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Preface

The third volume of Collected Reprints of the International 
Indian Ocean Expedition comprises reprints received by Unesco 
during the second half of 1964 and throughout 1965. The papers 
presented in the volume are roughly grouped into four major 
parts:

I. Marine biology;
II. Marine chemistry;

III. Physical oceanography;
IY. Marine geology and geophysics
As was indicated previously, this classification is only a very 
approximate one which is accepted here simply for convenience

of presentation. Some papers of biological importance are includ­
ed in Part III, “Physical oceanography” since they treat en­
vironmental processes, although with application to biological 
ones. Everyone knows also how difficult it is to separate a chem­
ical description of the environment from a physical one.

It is planned, therefore, to complete eventually the series of 
volumes of collected reprints with an index volume which will 
contain both the name and the subject indexes.

The fourth volume of the series will be compiled by the end of 
1966.
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R e p r in t e d  from E.  Afr.  a gr i e .  J . ,  v o l .  XXV, n o .  3, 1960, p .  2 0 2 -2 0 4

SHARKS OF THE WESTERN IN D IA N  OCEAN— II
Triaenodon obesus (Riippell)

By J. F. G. Wheeler, East African Marine Fisheries Research Organization, Zanzibar
(Received fo r  publication on 13th August, 1959)

Triaenodon obesus was first described by 
Riippell in 1835 (as Carcharias obesus) from  
specimens up to  3£ ft. in length (1,070 mm.) 
that he collected at D jetta on the Red Sea. It 
has since been recorded at a num ber of locali­
ties in the tropical Indian and Pacific Oceans, 
those of form er including the Seychelles 
(Playfair, 1867), M adagascar (Sauvage, 1891), 
India (Day, 1889) and the Chagos Archipelago 
(Wheeler and Ommanney, 1953), but, curiously 
enough, it has not been observed until recently 
in Zanzibar or am ong the fishes of East Africa 
(Playfair and G unther, 1866, Copley, 1952), 
nor does it range to  the south far enough to 
be included among the fishes of southern 
Africa (Barnard, 1927, Smith, 1949).

D ay (1878) described a second species, 
obtusus, from  a young male 19 inches long 
(483 mm.) collected at K urrachee (Karachi). 
In this specimen the first dorsal was much 
further forw ard than in obesus, so far indeed 
that the pectoral overlapped it as far as its m id­
point; also the second dorsal was considerably 
smaller than that shown in Rüppell’s figure or 
in the actual fins of preserved specimens in the 
British Museum. This species has not been 
found again as far as I know, but from  the 
evidence of my specimens it does not appear 
to be a growth stage of T. obesus.

M a t e r ia l

The description that follows is based on a 
full series of measurements and notes taken 
from  three im m ature females with a profile 
outline of one of them and a drawing of the 
underside of its head which was preserved and 
has since yielded the jaws and teeth. I have 
some measurem ents and a painting of a m ature 
male caught at Peros Banhos in the Chagos 
A rchipelago: also another record with a few 
m easurements of a pregnant fem ale caught at 
the same time and place. All the measurements, 
calculated as percentages of the total lengths, 
are given in the table appended. Those of the 
male from  the Chagos have been taken from  
the painting, the outline of which was reduced 
from  the profile made from  the shark itself. 
The m ethod of outlining and reduction was 
described on page 43 in the Report on the 
Mauritius-Seychelles Fisheries Survey, 1948-49 
(Wheeler and Ommanney, 1953).

Details of the m aterial examined are as 
follows : —

(1) Female, 680 mm. long, 2\  lb., caught 
on a handline from  5-8 fathoms, Vulture 
Bank, Mafia Channel (north) on 4th M arch, 
1955.

(2) Female, 830 mm. long, 5 lb., caught
in a '  tram m el net on Tutia Reef, South
Mafia, on 20th June, 1956.

(3) Female, 837 mm. long, 3 lb., caught
on a handline at Jewe Reef, Kilwa Main
Pass, on 30th October, 1958.

(4) Male, mature, 1,100 mm., 12 lb., 
caught on a handline off Yeye Island in the 
Lagoon of Peros Banhos, Chagos Archi­
pelago on 17th October, 1948.

(5) Female, mature, 1,170 mm., 16 lb., 
caught on a handline at same place and time 
as No. 4 above. Pregnant with two foetuses, 
47.5 mm. and 50 mm., sex undetermined.

D e s c r i p t i o n  

The Chagos specimens were black-grey on 
the back of the body, darker on the head and 
on all the fins, both paired and unpaired. Low 
on the flanks the colour faded to white 
beneath. The first dorsal and the upper lobe of 
the caudal were abruptly tipped with white. 
The Tanganyika females varied in colour from 
reddish-brown to  mauve-brown on the body, 
darker again on the head and fins, and again 
white beneath. In one specimen (680 mm.) there 
were abrupt white tips to  D  I, D  II and both 
dorsal and ventral lobes of the caudal. In 
another (837 mm.) D I was white at the tip 
but not D  II, the dorsal lobe of the caudal was 
white-tipped but not the ventral. In  all the 
underside of the pectorals was dark at the tip 
and trailing edge fading into white towards the 
insertion.

The form  is very slim and the head is flat, 
thin and nearly hemi-spherical in outline from  
above. Nictitating membranes are present but 
there are no spiracles, no ridge between first 
and second dorsals, no evident lateral line, no 
ventral caudal pit, and when lifted the body 
seems very limp. This lack of rigidity is a 
noticeable feature, as is the unusual sm ooth­
ness of the skin, and, o f course, the size of the 
second dorsal and anal relative to the size of
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the animal (Fig. 1A). The gili slits are large. 
In the 1,100 mm. m ale the second, third and 
fourth were about equal in length a t 35 mm.,
i.e. 3.2 per cent of the total length (3.1 per cent 
average length in the im m ature females). In 
the pregnant female of 1,170 mm. the third gili 
slit measured 40 mm.— 3.4 per cent total length. 
Labial furrows are confined to the angles of 
the m outh (Fig. IB).

The dentition in the specimen I examined 
23-1-25

(680 mm.) w a s  (Fig. 1 C). The teeth are
22- 1-22

in the main tricuspid with the centre cusps 
considerably longer than the side ones and 
they are sim ilar in both jaw s., In a few teeth 
there is a second anterior cusp. In  my speci­
men the 8th, 9th and 10th teeth in the upper 
jaw on the left and the 7th to the 10th on the 
right were quadricuspid and so were the 7th to 
the 12th on the left and the 7th to the 14th 
on the right in the lower jaw. F urther back 
this cusp merges into a knob at the base of the 
central cusp.

The scales are loosely spaced, irregular in 
size, faintly keeled with as m any as eight keels, 
and gently incurved (Fig. ID). The surface of 
each scale appears glazed like porcelain and 
their free ends are w ithout projections, hence 
the smoothness of the skin.

The percentage measurements indicate that 
the head as far as the gili slits tends to  become 
shorter relative to the increasing length of the 
growing shark. T hat growth concerns the body 
rather than the head latterly is shown by the 
relative increases in the distance of D  II  from  
D I and from  the snout to  the origin of the 
anal. According to  Klunzinger (1871; this 
species may attain  I I  m. I  believe this to be 
the extreme lim it o f growth.
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Fig. 1.— Triaenodon obesus (Riippell). A, 
from below ; C. Teeth of upper and lower

I. A. Profile of female 680 mm. long; B. Outline of head of same 
of-sam e; D. Scales of same.

Profile
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T r ia e n o d o n  o b e su s  (Rüppell)

F. F. F. Av. F. M.
8-3-55 23-6-56 9-10-58 per cent 17-10-48 17-10-48

Total length 680 830 837 1,170 1,100
Snout to line joining ant. end nostrils 21 1-3 1-8 1-7 1-1
Snout to line joining post, end nostrils 2-9 2-4 2-3 2-5 1-8
Snout to point of lower jaw 4-4 3-6 3-2 3-7 2-4
Snout to line joining angles of jaw 9-6 8-7 8-6 9-0 6-6
Snout to line joining 1st gili slits 15-4 14-5 14-9 14-9 13-7
Snout to line joining 5th gili slits 20-6 f 8-8 18-8 19-4 19-2
Snout to axilla o f pectoral 241 21-7 23-3 23-0
Snout to origin D I . . 34-6 35-0 34-6 34-7 35-8
Base of D I . . . . 7-4 7-2 8-6 7-7
End of  D I 4 1 4-6 4-5 4-4 ƒ  13 A
Height o f D I 81 8-4 9-0 8-5 8-5 6-6
Origin of D I to origin D II 24-3 27-7 28-1 26-7 28-9
Base of D II .. 5-9 5-4 6-2 5-8 \  Q-2End of D II . . 3-2 3-4 3-9 3-5 /  9 \
Height of D II 51 5-4 5-7 5-4 5-1 4-5
Origin D II to base o f caudal 14-7 15-0 13-6 14-4 13-7
Dorsal edge o f caudal (straight) 25-7 25-3 25-1 25-4 22-4
Base caudal (dorsal) to notch 8-1 8-2 8-6 8-3
Base ventral lobe to notch 8-5 7-8 7-8 8-0
Ventral base to tip o f ventral lobe 12-9 12-7 13-1 12-9 11-1
Snout to insertion of pelvics 45-6 47-0 47-2 46-6 46-8
Ant. edge pelvics 7-4 7-3 7-2 7-3
Post, edge pelvics (median) 2-9 3-6 3-6 3-4
Post, free edge pelvics 5-9 6 0 6-6 6-2
Snout to origin A 58-8 62-7 60-9 60-8 64-2
Base o f A 5-3 5-4 6-0 5-6 4-2
End of A 2-6 3-1 3-7 3-1 3-7
Height o f A .. 4-4 4-8 5-4 4-9 4-2
Origin A to base o f caudal (ventral) 13-9 13-6 14-3 13-9
Ant. edge pectoral 13-7 13-9 14-3 14-0 12-9
Greatest width o f pectoral 8-2 8-4 8-4 8-3 6-6
Depth body at D I . . 8-1 9-0 — 8-5 11-3
Length 3rd or longest gili slit 3-5 2-7 3-1 3-1 3-4 3-2
Largest diameter eye 2-2 1-9 1-0 1-7
Distance between ant. ends o f nostrils 8-5 6-6 6-9 7-3
Width head at e y e s ........................................ 10-6 10-8 10-8 10-7
W idth head at 1st gili s l i t ........................... 11-4 13-0 13-1 12-5
Snout to centre o f eye ........................... 6-2 5-1 5-3 5-5
Distance between post, ends o f nostrils 4-5 4-7 5-0 4-7
Distance between angles o f  jaw 9-4 8-4 8-7 8-8
W idth of head at gape 11-4 12-0 12-2 11-9
Origin o f pectoral to origin of A .. 26-5(7) 44-0 43-0
Origin o f pelvic to origin o f A 14-7 15-1 14-7 14-8
Length of c l a s p e r s ........................................ — — — — — 9-2
Presence or absence of ridge 0 0

4
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19 . W o l f g a n g  K l a u s e w i t z :

Systematisch-evolutive Untersuchungen über die 
Abstammung einiger Fische des Roten Meeres

(Mit 5 Abbildungen)

Der paläogeographisch-historische W andel des Roten Meeres ist für die Zu­
sammensetzung und Evolution der dort lebenden Ichthyofauna bedeutsam. Nach 
K r e n k e l  (1925, 1957) entstand dieses Meer an der W ende von Eozän und 
Oligozän, also im  unteren Tertiär, durch Tafrogenese als Erythreischer Graben. 
Allerdings war diese Zone zu dieser Zeit noeli nicht überflutet, sondern gekenn­
zeichnet durch einen m editerranen Meeresarm im Norden, während sich im süd­
licheren Bereich m ehrere Süßwasserseen befanden, wie sie heute auch für die 
Grabenbildungen des ostafrikanischen Festlandes charakteristisch sind. Die 
eigentliche tiefe Rinne des Roten Meeres entstand im oberen Miozän durch eine 
weitere starke Bruchphase. Zu dieser Zeit entstand hier ein riesiger Binnensee, 
der durch den abessinisehen Landriegel, eine Querschwelle zwischen dem Jem en 
und Abessinien, vom  Indischen Ozean getrennt war. E rst im oberen Pliozän, 
also der letzten Phase des Tertiärs, sank diese Schwelle so weit ab, daß das 
W asser des Indik über die Perim straße in den Rotmeer-Graben eindringen und 
bis ans Ende des Suez-Golfes vorstoßen konnten.

Im  unteren Diluvium, also bereits im Quartär, entstand im Norden für rela­
tiv kurze Zeit ein M eeresarm zum Mittelmeer, so daß sich während eines be­
grenzten Zeitraumes im Rotmeer die indopazifischen und  m editerranen Faunen­
reiche mischen konnten. Mit Ausnahme der erneuten Schließung dieser nörd­
lichen Verbindung durch eine epirogenetisclie Bewegung im ägyptisch-syrischen 
Raum  ist seitdem der Rotmeer-Graben geologisch zur Ruhe gekommen und 

. scheint keine größere gestaltliche Veränderung m ehr erfahren zu haben.
Vom zoogeographischen S tandpunkt aus ist die durchgehende Nord-Süd- 

Verbindung zwischen M ittelmeer und Indischem Ozean über das Rote Meer zu 
Beginn des Pleistozän besonders bemerkenswert, da m an infolgedessen auch 
heute noch eine M ischfauna aus beiden Anteilen vorfinden sollte.

Merkwürdigerweise unterscheidet sich aber die Ichthyofauna des Roten 
Meeres in vieler Hinsicht von beiden benachbarten Gewässern, und zwar ganz 
erheblich von derjenigen des Mittelmeeres, weniger erheblich, aber doch be­
m erkenswert vom  Indischen Ozean. W ir hatten Gelegenheit, auf der jüngsten 
Xarifa-Reise durch vergleichende Untersuchungen im Roten Meer und im Indi­
schen Ozean diese Fragen eingehender zu studieren.

Bereits K l u n z i n g e r  (1870, 1871) wies darauf hin, daß es im  Roten Meer 
m ehrere Fischarten gibt, die im Indischen Ozean nicht Vorkommen. C la r k  & 
G o h a r  (1953) gaben eine Reihe von Beispielen für unterschiedliche Formen 
an, ohne allerdings in den meisten Fällen systematisch-nomenklatorische Konse­
quenzen daraus gezogen zu haben. Nach G o h a r  (1954) sind etwa 15% aller 
Rotmeer-Fische endemisch. Allerdings beschränkt sich nach unseren Feststellun­
gen dieser Endem ism us in  den weitaus meisten Fällen auf subspezifische K ri­
terien, so daß die indopazifischen Ursprungsformen und die Deszendenten des 
Roten Meeres vielfach Rassenkreise im Sinne von R e n s c h  (1929) bilden. Aller-
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dings berücksichtigt merkwürdigerweise F o w l e r  (1956) diese Differenzierungen 
überhaupt nicht.

Eindeutig s u b s p e z i f i s c h e  Differenzierungen weist z. B. der Kugel­
fisch Arothron hispidus auf. Diese Art hat auf Kopf, Rücken und Flanken zahl­
reiche weiße Flecken auf dunklem Untergrund, während der Bauch einfarbig 
hell erscheint. Bei den Exem plaren aus dem Roten Meer ist ventralwärts eine 
±  ausgeprägte Tendenz zur Streifenbildung festzustellen und sind die hellen 
Dorsaltupfen bedeutend kleiner und zahlreicher als bei der Stammform aus 
dem Indischen Ozean. W ir bezeichnen daher die Nominatrasse aus dem Indik 
Arothron hispidus hispidus (Linnaeus) und die geographische Rasse des Roten 
Meeres A. h. perspicillaris (Rüppell).

Bei Anisochaetodon auriga des Indopazifik (Abb. 1 a) befindet sich ein gro­
ßer ovaler schwarzer Fleck auf dem weichen Teil der Dorsale unterhalb des 
Filaments. Den zur selben Art gehörenden Tieren aus dem Roten Meer fehlt 
hingegen normalerweise dieser Dorsalfleck beim adulten Farbkleid (Abb. 1 b). 
Die juvenilen und subadulten Exemplare weisen hingegen einen solchen, alle]-

Abb. 1 a. Anisochaetodon auriga se tife r  (Bloch), Indopazifik; 
b. Anisochaetodon auriga auriga  (Forskäl), adu lt; Rotes Meer; c. Jugendk le id  von b.

dings relativ kleinen schwarzen Tupfen auf, der aber im Verlaufe des Wachs­
tums allmählich verschwindet. In der Jugendzeichnung der Deszendenten 
(Abb. 1 c) sind also die Zeichnungskriterien der Vorfahren manifestiert. Auch 
diese Differenzierung sehen wir nur als subspezifisch an, wobei nach den No­
menklaturregeln aus Prioritätsgründen die Form des Roten Meeres als Nomi­
natrasse Anisochaetodon auriga auriga (Forskàl), die Ursprungsform aus dem 
Indischen Ozean A. a. setifer (Bloch) heißen muß.

Des weiteren sind eine Reihe s p e z i f i s c h e r  Differenzierungen festzu- 
stellen, von denen einige Beispiele genannt werden sollen. Aus dem allbekann­
ten sogenannten Picassofisch, Rhinecanthus aculeatus (Linnaeus) des Indopazi­
fik hat sich unter Rückbildung der Flankenzeichnung, leichter Veränderung der 
Grundfärbung von lichtgrau zu helloliv und unter einem gewissen W andel der 
Lebensweise von einem Bewohner der reinen Sandzone zu einem solchen der 
Tangwälder im Roten Meer die Art Rhinecanthus assasi (Forskäl) entwickelt. 
Auf diese Differenzierung wie die der folgenden Art sind C l a r k  &  G o h a r  

(1953) näher eingegangen. Der schlanke, langschnäuzige Pinzettenfisch, O xym o­
nacanthus longirostris (Bloch & Schneider) (Abb. 2 a) des Indopazifik wurde im 
Roten Meer zu einer relativ kurzschnäuzigen, kom pakter gebauten, farblich ab­
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weichenden und auch in den Flossenformeln differierenden Spezies, O xym ona­
canthus halli M arshall (Abb. 2 b).

Ferner hat sich der in den Korallenriffen des Indischen Ozeans häufige Chae­
todon trifasciatus (Mungo Park) (Abb. 3 a) im Roten Meer zu einer deutlich 
abweichenden eigenen Art entwickelt, nämlich Ch. austriacus Rüppell (Abb. 3 b).

b

Abb. 2 a. O xym onacanthus long irostris  (Bloch & Schneider), Indopazifik; 
b. O xym onacanthus halli M arshall, R otes Meer.

Beiden steht nach F r a s e r - B r u n n e r  (1951) die im Golf von Aden beheimatete 
Spezies Ch. melapterus (Guichenoti sehr nahe, so daß alle drei Arten einen For­
menkreis bilden. W ir können aber nicht der Auffassung von A h l  (1923) zu­
stimmen, daß es sich bei Ch. trifasciatus und dessen Verwandten um einen 
Rassenkreis handelt.

Abb. 3 a. C haetodon trifascia tus  (Mungo P a rk ), Indópazifik; 
b. Chaetodon austriacus R üppell, R otes Meer.

Neben solchen Arten, deren Deszendenz leicht rekonstruierbar ist, gibt es 
im  Roten Meer auch eine Reihe von Spezies, die so stark abgewandelt sind, 
daß m an deren Abstammung nicht m ehr ohne weiteres nachzuweisen vermag. 
So ist Acanthurus sohal (Rüppell) (Abb. 4 a) ein im Roten Meer häufiger Fisch, 
der im Indik völlig fehlt. Morphologisch, ökologisch und ethologisch sehr ähn­
lich ist dort A. lineatus (Linnaeus) (Abb. 4 b). Obwohl beide Arten längsgestreift 
sind, unterscheiden sie sich doch im  Farbkleid so erheblich, daß eine direkte 
Verwandtschaft nur verm utet werden kann.

Als g e n e t i s c h e  U r s a c h e  dieser schwächeren oder stärkeren Verän­
derungsprozesse liegt hier wohl in jedem Falle eine inlraspezifische Evolution 
m it richtungslosen M utationen vor. Als weiterer wesentlicher formbildender

12 V erh. d. Dtsch. Zool. 1959

7



178 W olfgang Klause wilz

Faktor kam  die beim Eindringen des Indischen Ozeans in das Rote Meer be­
dingte erhebliche Verschiebung der Arealgrenze m it sehr kleinen Anfangspopu­
lationen hinzu, was ohne Zweifel im JSinnc einer Evolutionsbeschleunigung 
wirksam war. W ährend die Selektion für den evolutiven Ablauf in diesem Falle 
sicher nicht sehr bedeutungsvoll war, hatte hingegen die Isolation daran einen 
wesentlichen Anteil. Es handelt sich dabei um  eine relative geographische Iso­
lation durch die teilweise als Barriere wirkende Flachzone des Südens und um 
eine dam it zusammenhängende hydrographisch wirksame ökologische Isolation, 
die, worauf bereits G o h a r  (1954) hinwies, besonders in erhöhter Salinität und 
W assertem peratur ihren Ausdruck findet. Ob diese Abtrennung allerdings so 
absolut wirksam ist, wie der genannte Autor annimmt, erscheint uns fraglich, 
denn im m erhin gibt es eine Reihe von Arten, die nicht nur im Roten Meer,

Abb. 4 a. A canthurus sohal (R üppell), R otes Meer; 
b. A canthurus linea tus  (L innaeus), Indopazifik. 

Zeichnungen: K. G r o s s m a n n .

sondern auch im Golf von Aden Vorkommen, nicht aber in den übrigen Gebieten 
des Indischen Ozeans.

Eine andere, uns wesentlich erscheinende Frage ist die nach dem A l t e r  
der im Roten Meer abgewandelten Arten und Unterarten. Man sollte anneh­
men, daß diese Form en indopazifischen Ursprungs aus dem oberen Pliozän 
stammen. Da, wie anfangs ausgeführt wurde, aber im unteren Pleistozän durch 
eine Verbindung m it dem  Mittelmeer im  Roten Meer eine Mischfauna entstan­
den war, m üßten heute zumindest noch Reste dieser Vergesellschaftung tropi­
scher und gemäßigter Faunenelem ente zu finden sein. Demgegenüber gibt aber 
G o h a r  an, daß nicht nur die Fische, sondern auch zahlreiche andere Tiergrup­
pen des Roten Meeres in der Heutzeit rein indopazifischen Ursprungs sind, 
während von dem m editerranen Anteil nichts m ehr zu finden sei. Dieser Autor 
vertritt die Ansicht, daß die Verbindung über die Perimstraße seit dem Pliozän 
ununterbrochen bestehen geblieben ist; der Rückgang und das endliche Ver­
schwinden der m editerranen Form en sei durch die geographische Unterbrechung 
des nördlichen Nachschubweges bedingt, was zu einer Entartung und zum Aus­
sterben dieser Faunenelem ente geführt haben soll.

Dem ist aber entgegenzuhalten, daß eine solche völlige Verdrängung eines 
ganzen Faunenreiches durch rein biologische Einflüsse, Nahrungskonkurrenten, 
Feinde usw. als völlig unwahrscheinlich erscheint. Es ist aber auch nicht anzu­
nehmen, daß ungewöhnliche abiologische Umwelteinflüsse, wie hoher Salinitäts­
grad und hohe W assertemperaturen, selektiv nur die m editerrane Ichthyofauna 
vernichtet haben, während die indopazifischen Formen am Leben geblieben sind. 
Daß bestimmte Arten des Mittelmeeres im Roten Meer trotz erheblich verän­
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derlei* Umweltbedingungen günstige Lebensmöglichkeiten und ökologische Ni­
schen finden, zeigen jene Formen, die m it Eröffnung des Suezkanals von N 
nach S vorgedrungen sind und sich, wie wir selbst feststellen konnten, recht 
weiträumig ausgebreitet haben. Es müssen also andere Gründe für das Fehlen 
des ursprünglichen m editerranen Anteils der Ichthyofauna Vorgelegen haben.

Es ist anzunehmen, daß im Pleistozän nochmals eine völlige Isolierung des 
Roten .Meeres eingetreten war. Zwar ist die Ursache hierfür sicher nicht in 
Krustenbewegungen zu suchen, sondern in  e u s t a t i s c h e n  S c h w a n ­
k u n g e n  des Meeresspiegels. Nach K o s s m a t  (1936) fanden während der gla­
zialen Inlandvereisungen im Eiszeitalter erhebliche allgemeine Senkungen des 
Ozeanspiegels statt. Diese durch W asserentzug bedingte Niveau-Änderung soll 
im Indopazifik 50—70 m. betragen haben. Nach Z e u n e r  (1945) hat dieser 
Niveaufall sogar 90—200 m  ausgemacht, so daß an einem Trockenfallen der 
flachgründigen Südpforte von Bab-el-Mandeb des Roten Meeres und somit an 
einem völligen Abschluß gegen den Adengolf nicht mehr zu zweifeln ist.

W ir stehen zwar m it dieser Anschauung im Gegensatz zu G o h a r ,  finden 
aber keinerlei andere Erklärung für die rein indopazifische Fischfauna im Roten 
Meer. Daher sind wir der Ansicht, daß im Pleistozän während der beschriebe­
nen, postulierten Isolierung des Roten Meeres die Umweltbedingungen so lebens­
feindlich geworden waren, daß die g e s a m t e  Ichthyofauna, und nicht nur 
der m editerrane Anteil, ausgerottet wurde und daß die heutigen Form en erst 
nach dieser Isolierung m it Ansteigen des Wasserspiegels den Erythräiscben Gra­
ben besiedelt haben. Die von S t e i n i t z  (1929) angenommene pleistozäne Ver­
bindung des Roten Meeres m it dem Mittelmeer m uß vor der Isolationsphase 
gelegen haben.

Auch S e w e l l  (1948) vertritt auf G rund der Untersuchungen an der Ver­
breitung der Copepoden die Ansicht, daß während der letzten Glazialperiode das 
Rote Meer vom Mittelmeer und vom Indischen Ozean separiert und sogar zu 
zwei Binnenseen reduziert worden war. H ypersalinität hätte während dieser 
Zeit dort jegliches Leben ausgelöscht. Erst am  Ende der Glazialperiode sei eine 
neue m arine Fauna vom Indischen Ozean her in das Rote Meer vorgedrungen.

W enn wir im  Prinzip m it dieser Ansicht übereinstimmen, so können wir 
hingegen nicht glauben, daß diese geographische Situation einer Isolierung des 
Roten Meeres während des langen Ablaufes aller Glazial- und Interglazialperi­
oden angehalten hat und sich erst postglazial verändert habe. Denn die relativ 
kurze Zeitspanne von höchstens 10000 Jahren  seit dem Abklingen der letzten, 
also W ürm-Eiszeit, genügt wohl nicht zur Entstehung jener deutlich differen­
zierten Form en des Roten Meeres. Vielmehr glauben wir, daß nur zu einem 
relativ kurzen Teil des Gesamtablaufes, höchstwahrscheinlich nur im M aximal­
stadium der Günz-Eiszeit allein oder auch zur Mindel-Eiszeit, also vor etwa 
700000 und 400000 Jahren, eine Isolation des Roten Meeres stattgefunden 
habe. Diese Auffassung erhärtet sich auch durch die Angaben von W e r t h  

(1952), der für die 1. (Günz-) Eiszeit die größte Pegeldepression der W eltmeere 
von etwa 200 m errechnet hat, für die 2. (Mindel-) Eiszeit eine solche von etwa 
100 m; hingegen hätten die eustatischen Meeresschwankungen während der bei­
den letzten Eiszeiten (Riß, W ürm) nur etwa maximal 60 bzw. 30 m Tiefe be­
tragen. Da die Südzone des Roten Meeres relativ flach ist und die Tiefenwerte 
nicht unter 200 m liegen (meistens sogar erheblich darüber), war zweifelsohne

12*
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180 W olfgang Klausewitz

eine völlige Isolation zumindest während der 1. Eiszeit die Folge (Abb. 5). Hier­
bei entstanden lebensfeindliche Bedingungen, die das Aussterben der gesamten 
m arinen Fauna bewirkten. Eine Neubesiedelung fand daraufhin vor etwa 
600000 Jahren  im  Günz-M indel-Interglazial statt, das gegenüber dem heutigen 
Pegel einen M eereshochstand bis zu 80 m aufgewiesen haben soll. Eine noch­
malige, wohl aber nur relative Isolation tra t während der folgenden 2. Eiszeit

 Begrenzung zur 1, Eiszeit
(100-Meter- Tiefen!/nie)

 Begrenzung zur 2. Eiszeit
(100-Meter- Tiefen ¡¡nie} 

 Küsten Unie der Heutzeit

Abb. 5. K üstenverlauf des R oten  Meeres im P leistozän .

ein: durch eine schmale, unter 100 m Tiefe liegende, langgezogene kanalartige 
Rinne blieben Rotes Meer und Indik über die Perimstraße und den Golf von 
Aden m iteinander in Verbindung. Es erscheint uns daher fraglich, ob während 
dieses Zeitraums die Lebensbedingungen wiederum so unnorm al wurden, daß 
die m arine Fauna verschwand. Vielleicht deutet eine Reihe von ganz erheb­
lichen Differenzierungen bestimmter Rotmeer-Fische auf evolutive Vorgänge be­
sonders während der geographischen Isolation der 2. Eiszeit hin. Hingegen wür­
den die geringeren subspezilischen Differenzierungen so zu deuten sein, daß es
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U ntersuchungen über die A bstam m ung einiger Fische des R oten Meeres 181

sich bei diesen Form en um  Im m igranten aus dem M indel-Riß-Interglazial oder 
folgender Zeiten handelt.

Damit berühren wir die Frage nach der absoluten G e s c h w i n d i g k e i t  
dieser evolutiven Vorgänge. R e n s c h  (1954) gibt für die Differenzierung von 
Arten und Rassenkreisen u. a. eine Reihe eiszeitlich entstandener Fische an. 
Entsprechende Verhältnisse liegen in unserem Falle vor. W ir könnten für die 
stärker differenzierten Form en des Roten Meeres, wie z. B. Acanthurus sohal, 
Haliophis guttatus, Anisochaetodon semilarvatus, einen Zeitraum von etwa 400 
bis 500000 Jahren, für die Unterarten oder weniger stark abgewandelten Arten 
hingegen höchstens einen solchen von 300—350000 Jah ren  annehmen. W enn 
allerdings die von G e r m a n  (1959) dargestellten Ergebnisse der Radiokarbon­
methode für die Eiszeitforschung, die eine erhebliche Reduzierung der bisheri­
gen jüngeren Zeitangaben erbracht hat, entsprechende Resultate für die gesamte 
Glazialepoche ergeben sollten, m üßten wir doch bedeutend kürzere Zeiträume, 
etwa 300000 bzw. 150000 Jahre, für die Herausbildung der Arten und  U nter­
arten der differenzierten Rotmeer-Fische ansetzen.

Abschließend sei nur noch erwähnt, daß nach unseren Erfahrungen niemals 
pelagische Fische oder Arten m it großem Aktionsradius eine Tendenz zur Ras­
senbildung aufweisen, da bei ihnen eine relative Panm ixie die isolierte H eraus­
bildung besonderer Merkmale verhindert. Hingegen weisen die Biotop-Spezia­
listen oder Korallenfische m it ausgeprägter Standorttreue, Bindung an Areal- 
bzw. Reviergrenzen oder m it geringer Vagilität eine Tendenz zur Variabilität 
auf, die durch die bekannten Evolutionsgesetze zur subspezifischen und spezi­
fischen Differenzierung geführt hat.

D i s k u s s i o n  :

K o s s w i g i  Die folgenden Einwände sollten diskutiert werden:
1. Reicht die Zahl der Individuen, welche aus dem Roten Meer untersucht wur­

den, aus, um  sicher zu sein, daß die Merkmale von systematischem W ert bei 
den Fischen aus dem Roten Meer außerhalb der Variabilitätsbreite ihrer Ver­
wandten aus dem Indischen Ozean liegen?

2. Gibt es Unterschiede zwischen den Bewohnern der indischen Küste einerseits 
und der afrikanischen andererseits bei den als Nächstverwandte der Rotes- 
Meer-Fische betrachteten Formen?

3. Bereits mehrfach ist darauf hingewiesen worden, daß als Ergebnis der eusta­
tischen Meeresspiegelschwankungen w ährend des Pleistozäns in Glazialen das 
Becken des Roten Meeres in einen oder in eine Reihe von hypersalineti Bin­
nenseen umgewandelt wurde. Gibt es Anhaltspunkte dafür, daß nicht nur in 
den Interglazialen, sondern auch in den Glazialen im  Roten Meer Korallen­
riffe bestanden? W enn man bedenkt, daß trotz des Vorhandenseins von inter­
glazialen Verbindungen zwischen Rotem Meer und M ittelmeer keine erythrä- 
ischen Form en die W ürmeiszeit im M ittelmeer überstanden, liegt es nahe, für 
Glazialperioden auch ungünstige Tem peraturverhältnisse im  Roten Meer an­
zunehmen.

4. Eine Neubesiedlung des Roten Meers in postglazialer Zeit kann m. E. auch für 
die systematisch abzweigbaren und endemischen Form en des Roten Meers 
nicht ausgeschlossen werden, und zwar
a) in Anbetracht der oben angeführten Gründe,
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b) weil die phylogenetische Enlwicklungsgeschwindigkeit bei Knochenfischen 
offenbar besonders groß ist und

c) dam it gerechnet werden muß, daß die Eroberung des wiederbesiedelbaren 
Roten Meers nur durch eine relativ geringe Individuenzahl durchgeführt 
wurde. Es sei daran erinnert, daß Einwanderer durch den Suezkanal ins 
M ittelmeer sich teilweise in ihren äußeren Merkmalen außerordentlich 
schnell veränderten, woraus noch nicht auf genetische Veränderungen ge­
schlossen werden muß.

Schlußwort K l a u s e w i t z :  Das vorhandene und untersuchte M useumsmate­
rial an Rotmeer-Fischen ist groß genug, um  eine eindeutige systematische Ein­
ordnung sicherzustellen.

Unterschiede zwischen den Bewohnern der indischen und der afrikanischen 
Küste gibt es normalerweise nicht, hingegen in einigen Fällen zwischen Formen 
des Indischen Ozeans und des Golfes von Aden.

Der Einfluß ungünstiger Tem peraturverhältnisse während der Glazialperi­
oden im Roten Meer ist durchaus möglich, kann aber nicht als alleiniger »us- 
m erzender Faktor angesehen werden, da er für dic m editerrane Fauna (dic im 
Roten Meer unterdessen verschwunden ist) positiven Selektionswert hatte.

Gegen eine postglaziale W iederbesiedelung des Roten Meeres spricht die 
starke Differenzierung zahlreicher endemischer Formen, wofür trotz großer 
phylogenetischer Entwicklungsgeschwindigkeit mancher Knochenfische der anzu­
setzende Zeitraum von maximal I000G  Jahren  nicht ausreichen dürfte.
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ON U R A S P I S  W A K I Y A I  SP. NOV. (PISCES, CA RAN G IDA E), 
FROM T H E  W E S T E R N  IN D IA N  OCEAN, W IT H  A R E V IE W  OF 

T H E  SPE C IE S  OF U R A S P IS  B L E E K E R , 1855, S.S.

By F. W i l l i a m s ,

E a s t A frican M arine Fisheries R esearch O rganization, Zanzibar.
[P late IV]

A m o n g  th e  stom ach contents of a  yellow-fin tu n a  (AC macropterus) taken  
by surface trolling in British East A frican w aters on 18th June , 1952, 
was a very  small unusual Carangid fish. A fter exam ination  and  p reserva­
tion th e  fish was pu t to  one side an d  no t discussed by  th e  au th o r in

Fishes of th e  Fam ily  Carangidae in  British East African W aters ” 
(W illiams 1958). However, a sim ilar fish was tak en  from  the stom ach 
of a sailfish (Istiophorus sp.) caught by longline on 19th Jan u a ry , 1959, 
which revived in terest in  the  first specimen. A lthough th e  specim ens 
had suffered dam age by digestion to  varying degrees, it proved possible 
to  carry  ou t detailed  exam inations for taxonom ic evaluation. B oth  
specim ens obviously belonged to  th e  genus Uraspis, bu t it has been found 
necessary to  describe them  as species vovum. An apparen tly  sim ilar 
specim en tak en  in Japanese  w aters and  described in W akiyai 1924 was 
referred to  Caranx (Uraspis) uraspis G thr. U nfo rtunate ly  th is species 
cannot s tan d  as G ün ther’s Caranx uraspis is indeterm inate  and  is itse lf 
based on an  indeterm inate  species, U. carangoides Blkr. This m a tte r  is 
discussed more fully la te r in th e  paper. The litera tu re  on Uraspis-like 
Carangids is in a  m o s t confused s ta te  an d  m any nom inal species, referred 
to  Uraspis or o ther genera, have been described. An a tte m p t has been 
made, therefore, by  th e  au tho r to  collate and  discuss all available d a ta  on 
the  subject, and  reduce the  num ber of nom inal species on th e  grounds 
th a t geographical varia tion  and  grow th  changes have invariab ly  been 
described as new or separate  species.

Definition of term s used in th e  paper is as given in W illiams (1958).

Fam ily  Carangidae.
Genus U r a s p i s  Bleeker, 1855 s.s.

U raspis  B leeker 1855.
Leucoglossa Jordan & E ven n an n  in Jordan, E verm ann & T anaka 1927.
T ype species— U raspis carangoides B leeker 1855 (M onotypie).

Body oblong, com pressed. Adipose eyelids only feebly developed, 
form ing a  rim  around  eye. Lower jaw  slightly  prom inent. Small tee th  
in bo th  jaw s in  one or tw o series (in the  la tte r  m ay be in  a  single series 
posteriorly) ; no te e th  on vom er, palatines or tongue. P a la te  and  tongue 
covered w ith  th ick  m em branes. Colour of m outh  distinctive, pa la te  and  
tongue and  im m ediately  surrounding areas w hite, contrasting  sharply  
w ith th e  rest of th e  m outh  m ainly blue black. Gili rakers of norm al size.
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66 F . W illiam s : U raspis wakiyai sp. nov. (Pisces, Carangidae)

Scales sm all ; b reast naked  ventra lly , and  la terally  for abou t ha lf distance 
to  pectoral base. L a te ra l line w ith  a long, low to  m oderate arch ; 
posterior s tra ig h t p a r t of la te ra l line w ith  arm ed scutes th roughout its  
length. Second dorsal and  anal fins w ithou t falcate  lobes an teriorly  ; 
rays decreasing in  size gradually  from  an terio r to  posterior of fin.

Uraspis, a  genus of carangid fish, was first used by Bleeker in 1855 
and  was characterized by b iseriate te e th  on th e  inter- and  infra-m ax i ilarie.s 
and  no tee th  on th e  vom er, palatines or tongue. B leeker goes on to  describe 
Uraspis carangoides, th e  type  species, a  129 mm. long fish from  Amboina, 
E a s t Indies, w ith  b iseriate te e th  in th e  jaw s except th a t  posteriorly in the 
lower th e  te e th  m ay be uniseriate. The o ther m ain feature of th e  genus 
as described in th e  type  species, was th e  swollen tongue and  the  palate  
m em branes which are w hite and  con trast w ith  the  blackness of the  rest 
o f th e  m outh. A lthough Bleeker, and  G ünther, I860 (Caranx urasp is=  
U . carangoides preoccupied in Caranx) d id  no t m ention th e  presence of 
scutes in th e  la te ra l line w ith  reversed points, th a t is points directed 
an terio rly  (and th u s  a  unique feature in  Carangidae), la te r workers 
(W akiya 1924, Jo rd an , E verm ann  & T anaka 1927, Fow ler 1938 (ii), 
1949 and  G insberg 1952) have regarded th is  feature as the  m ain generic 
character. I t  is n o t understood  how so careful a  worker as Bleeker would 
have missed such an  unusual and  im p o rtan t character as scutes with 
reversed points. The type  species is no t p resen t in the  A m sterdam  or 
Leiden M useums and  is presum ed lost and, in  the  absence o f any th ing  to  
th e  contrary  in th e  original description, th e  character of reversed scute 
points cannot be accepted as diagnostic of th e  genus Uraspis in the  
s tr ic t sense.

The genus Leucoglossa was erected by  Jo rd an  and  E verm ann to  take  
twro fishes w hich were sim ilar to  Uraspis in general characters except 
th a t  the  d irection  of th e  points of the  la tera l line scutes was norm al, th a t  
is d irected  posteriorly . However as s ta ted  previously, Uraspis  Blkr. 
senso stricto does no t have reversed scute points as a  diagnostic feature 
and  thus Leucoglossa is here regarded as a  synonym  of Uraspis s.s.

I t  is in teresting  to  note th a t  W eber & de B eaufort 1931, though 
copying W ak iya’s 1924 description of C. (U) uraspis (non G thr.), om itted  
th e  character of reversed scute points as given by  W akiya for his 172 mm. 
specimen. The 60 mm. specim en referred to  by  W eber & de B eaufort 
from  N ias I., S um atra  is also missing from  th e  A m sterdam  and  Leiden 
Museums. Fow ler 1928 believed Leucoglossa, to  be synonym ous w ith  
Uraspis, th e  only real difference between th e  tw o being th e  reversed scute 
po in ts and  th a t  th is m ight be a  factor of age (see Discussion la te r in th is 
paper). In  1949, however, Fowler reverted  to  Uraspis and  Leucoglossa 
as separate  genera on th e  character of reversed and  norm al scute points 
respectively.

Uraspis wakiyai, sp. nov. (P late IV , fig. 1.)
(?) U raspis carangoides B leeker 1855.
(?) Caranx u rasp is  G ünther 1860. (carangoides preoccupied in Caranx).
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C aranx (U rasp is) u rasp is  (non  Gthr.) W akiya 1924.
U raspis carangoides (non B lkr.), Jordan, E verm ann & W akiya in  Jordan, E verm ann & 

T anaka 1927 (in k ey  to  species o f  U raspis  on ly) ;
(?) U raspis reversa  Jordan, E verm ann & W akiya in  Jordan E verm ann & T anaka 1927. 
(?) U raspis carangoides B lkr., Fow ler 192S (after Blkr. 1855).
(?) Caranx (U rasp is) u rasp is  G thr., W eber & de B eaufort 1931.

Tlie H olotype 66 mm. s tan d ard  length  from  th e  stom ach of a  yellow-fin 
tu n a  (N. macropterus) tak en  trolling on 18th Ju n e , 1952, off th e  coast 
o f T anganyika T errito ry— position 4° 45' S. 39° 30' E . A single P a ra ty p e  
51 mm. s tan d ard  length  from  th e  stom ach of a  sailfish (Istiophorus sp.) 
tak en  on tu n a  longline on 19th Jan u a ry , 1959, off th e  coast of T anganyika 
T errito ry—position 7° 30' S. 40° E . B oth  specim ens are dam aged due to  
d igestive action  in  th e  stom achs of th e  fishes in  which they  were found. 
H olotype and  P a ra ty p e  to  be deposited  in  th e  B ritish  M useum (N at. H ist.)

D e s c r i p t i o n .

Holotype.
D  I  (P) +  V II I  +  I  31.
A I I +  121.
Pect. I  23-25.

Scutes p resen t along whole o f la te ra l line s tra ig h t as fa r as base o f central 
caudal rays, 26-27 ; th e  posterior 75 per cent of th e  scutes strong and  la te r­
ally  produced in to  p late-like keels having a  forw ard d irected point, th e  
rem ainder of th e  scutes decreasing in  size an teriorly , th e  d irection of th e  
scute po in ts changing th rough  la tera lly  to  posteriorly  directed. H ighest 
scute 3 in  eye.

Gili rakers on first gili a rch  (left) 7 +  1 +  14 =  22. U pper lim b, first 
tw o rakers club-like, o thers of norm al shape and  increasing in  size tow ards 
angle of arch  ; single rak er a t  angle ; lower lim b, rakers larger near angle, 
1-33 in  eye, decreasing in  size an teriorly . In n e r edges of rakers of lower 
lim b w ith  a  few m inute bony setæ. On lower lim b of arch  abou t 14 
tubercles detached  from  rakers and  each w ith  several small bony setæ. 
Longest gili filam ents 1-7 in  eye.

D ep th  2-31 ; head  2-87 ; b o th  in  s tan d ard  length. E ye 3-83 ; snout
3-28 ; in terob ita l 3-83 ; suborb ita l 9-2 ; posto rb ita l 2-19 ; upper jaw
1-93 ; pectoral fin 1-6 ; pelvic fin 0-88 ; 3rd dorsal spine 4-18 ; 1st dorsal 
ray  2-87 ; 1st anal ray  2-09 ; all in  length  of head. E ye in  snout 1-16 ; 
in  posto rb ita l 1*75. L atera l line curve in  la te ra l line s tra ig h t 1*18. Angle 
of snout profile w ith  longitudinal axis of body 60° to  in tero rb ita l, th e n  
ab o u t 30°-35° to  origin of dorsal fin.

B ody oblong compressed. D orsal profile strongly  convex to  in te r­
o rb ita l th en  in  an  even curve to  origin of 2nd dorsal fin ; ven tra l profile 
slightly  convex to  isthm us, th en  alm ost s tra ig h t to  origin o f 2nd anal fin. 
C audal peduncle w ider th a n  high. H ead  as high as long. In te ro rb ita l 
only slightly convex. E ye in  fron t half of head. Cleft of m ou th  a  little  
below level of eye, slightly  oblique. U pper jaw  m oderately  protrusib le, 
lower jaw  slightly  prom inent. M axilla w ith  large posterior expansion, 
reaches under a po in t betw een posterior edge of pupil and  posterior edge
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o f eye. Adipose eyelids only feebly developed, and  because of dam age it 
is difficult to  determ ine if th ey  form  a  rim  around  the  eye.

Teeth, sm all acu te  curved “ conicals In  two series in each jaw  
except posteriorly  in  lower jaw  becom ing uniserial. In  add ition  there  are, 
in  each jaw . a small num ber of m inute te e th  im m ediately posterior to  th e  
inner row ; and  on bo th  sides of th e  upper jaw  there are tw o odd 
“ conicals ” posteriorly  which po in t inw ards. The tee th  are no t dense or 
regular in  either jaw . and  the ou te r row of te e th  flare outw ards as a 
resu lt of which th e  jaws do no t close com pletely. No tee th  on vomer, 
palatines or tongue. Tongue covered by a  th ick  m em brane p a rtia lly  
dam aged ; th e  m em brane covering th e  pa la te  has been alm ost com pletely 
destroyed. O perculum  and  pre-operculum  entire, the la tte r  expanded a t 
lower posterior corner. Pectora l girdle no t crossed by a  furrow  a t  th e  
isthm us. Cheeks and  p a r t of upper operculum  scaled, rest of head naked. 
Scales on body sm all b u t conspicuous, missing in  places because of p artia l 
digestion. B reast naked  ventra lly , and  la terally  for a  short d istance 
tow ards pectoral base. L atera l line w ith  a  low regular arch  which joins 
s tra ig h t section under 10 th - 11th dorsal ray.

P rocum ben t dorsal spine alm ost com pletely covered. T hird  dorsal spine 
longest, 8 th  th e  sm allest ; 1st and  7th ab o u t equal in  length. The 
dorsal spines are basally  strong an d  th ick , whereas the tips are produced 
in to  very  fine filam ents. The m em brane betw een the spines appears to  
be strong although  it  is severely dam aged in th is specimen. Spine o f 
second dorsal fin abou t length  of 1st dorsal spine. Second dorsal fin not 
falcate an teriorly , th e  rays decreasing in size posteriorly. As w ith  the  
dorsal spines, th e  fin rays are produced in to  very  fine filam ents ; however, 
th e  fin m em brane reaches to  the  tips o f the  filaments, the  edge of th e  fin 
being stra igh t. A nal spines alm ost em bedded. Spine of second anal fin 
very small, rest of fin the  same as the  second dorsal. Pectorals short, 
rounded  ; pelvics very  long (middle ray  longest), subfalcate, reach beyond 
origin of second anal fin. Pelvic origin in advance of pectoral origin. 
Caudal fin dam aged b u t appears to  be widely forked w ith upper and  lower 
lobes abou t equal in  length.

C o l o u r .

Preserved in formalin. H ead  brownish, cheeks an 1 in tero rb ita l gener­
ally a  little  darker. R em ains of a vertical blue brown band on upper 
operculum  and  nape. Inside of m ou th  pale. Body brownish, w ith  seven 
vertical blue-brow n crossbands w hich are w ider th a n  the  interspaces. F irst 
band  from  dorsal spines th rough  origin of pectoral to ju s t behind pelvic 
base : second from  fron t of second dorsal fin to  anus ; th ird  from dorsal fin 
to  anal spines : fou rth  from  dorsal fin th rough  join of arch and  s tra igh t 
section of la teral line to  fron t of anal fin ; fifth and  six th  from  second 
dorsal to  anal fin across la tera l line s tra ig h t an d  seventh from  last rays of 
second dorsal to  anal across an terio r end of caudal peduncle. There is 
possibly an  eighth  crossband posteriorly  on th e  caudal peduncle. The 
crossbands of colour are carried across on to  th e  dorsal and  anal fins, b u t
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posteriorly  become very  fa in t tow ards th e  edges of th e  fin. Pectora ls 
pale except inside base of th e  fin and  inner p a rts  of some rays d ark  brow n, 
as is th e  axil. Pelvics ; outside base and  ou ter rays pale to  dusky, m id 
rays black ; inside of fin black. Caudal pale. E ye dark , pup il lighter.

Im m ediately  a fte r cap tu re  th e  crossbands on the  body appeared  blue 
black. The tongue and  pa la te  pale w hitish, res t of th e  m ou th  dusky.

F ig. l .

,:-v

2 5 MM.

U raspis w ak iya i sp. nov. H olo typ e. Standard length  66 m m .

Paratype (similar to  H olo type unless otherw ise s tated).
D I  (P) +  V II I  +  I 29.
A I - J - I 2 1 .
P ect. 21-23.

Scutes on la te ra l line s tra igh t, 26-27. H ighest scute 5-5 in eye.
Hill rakers on first gili arch  4 +  I +  15 =  20 (left) and  5 +  1 +  1 4 = 2 0  

(right). All of norm al shape. Longest gili raker 2-2 in  eye ; longest gili 
filam ent 2-2 in eye.

D ep th  2-31 ; head 2-83 ; b o th  in s tan d ard  length. Eye 3-27 ; snou t
4-5 ; in tero rb ita l 6 ; suborb ita l 18 ; posto rb ita l 2-25 ; upper jaw  1-89 ; 
pectoral fin 1-63 ; pelvic fin 1-00 ; 3rd dorsal spine 3 ; 1st dorsal ray
2-11 ; 1st anal ray  1-58 ; all in  length of head. E ye in  snout 0-72 ; in 
posto rb ita l I -45. L atera l line curve in la tera l line s tra ig h t L46. Angle 
o f snout profile w ith  longitudinal axis of body 50° to  in tero rb ita l, then  
30° to  origin of dorsal fin.

Cleft of m outh  oblique and  a little  above lower level of eye. M axilla 
reaches to  a  po in t under centre of eye. T ee th  sim ilar to  those in H olo type 
except th a t  th e  tw o odd tee th  posteriorly  in the  upper jaw  are absen t; how ­
ever, the re  is a  single acu te  to o th  centrally  ju s t an terio r to  th e  vom er. 
Tongue and  pala te  covered by  th ick  m em branes.
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Adipose eyelids, operculæ, scales on head, breast and  th e  la te ra l line 
arch  are all dam aged by p a rtia l digestion.

Third, 4 th  and  5th  dorsal spines alm ost equal in  length. Pelvics long, 
reach to  origin of anal fin, tip s  of rays filamentous.
C o l o u r .

A lm ost all colour lost since preservation  in  form alin. W hen freshly 
“ caugh t ” , grey w ith  vertical blue black crossbands on th e  body as in  the  
H olotype. Pectorals pale ; d a rk  ax illary  patch . Pelvics ; base, edges 
aiid  filam ents of ou ter rays pale, rest black. Tongue and  pa la te  m em branes 
pale w hitish, rest of m outh  dusky to  black.

D a ta  on th e  H olo type and  P a ra ty p e  are given in  Table I  as a  percentage 
o f th e  s tan d ard  length.

T a b l e  I .—D a ta  on th e  H olotype and  P ara ty p e  of Uraspis wakiyai 
sp. nov. expressed as a  percentage of th e  s tandard  length.

Character H olotyp e SL. 66 m m . P aratype SL. 51 m m .

H ead 34-84 35-29
D ep th 43-18 43-13
E ye 9-09 10-78
Snout 10-66 7-84
Interorbital 9-09 5-88
P ostorb ital 15-99 15-68
U pper jaw 18-18 18-62
Pectoral fin 22-75 21-56
P elv ic  fin 39-39 37-25
3rd dorsal spine 8-33 11-76
1st dorsal ray 12-12 16-66
1st anal ray 16-66 22-54

T a x o n o m i c  r e l a t i o n s h i p s .

Uraspis wakiyai is m ost closely rela ted  to  U. heidi Fw lr. of th e  A tlan tic 
Ocean. In  U. heidi th e  d ark  crossbands are restric ted  to  the  body, 
w hereas in  U. wakiyai th ey  are  carried onto  th e  second dorsal an d  anal 
fins (see figs. I and  3). C ertain proportions such as dep th  and  head  in  
s tan d a rd  length  v ary  slightly  betw een th e  tw o species b u t m ay be grow th 
factors (see Tables I  & I I I ) .  The affinities of U.. wakiyai and  U. heidi 
w ith  U. helvola are discussed fully in  th e  review of the  genus Uraspis 
w hich follows.

D i s t r i b u t i o n .

Coast of E as t Africa (two specimens). N agasaki, J a p a n  (one specimen).
The R yukyu  Islands are also given as a  locality  by W akiya (1924) b u t 

w ith o u t reference to  p articu la r specimens. As W eber and  de B eaufort 
(1931) po in ted  ou t, W akiya ra th e r exaggerated w hen he s ta ted  th a t  th e  
species is d is tribu ted  th roughou t th e  Indo-Pacific Ocean. The dubious 
position  of U. carangoides and  17. reversa, as shown in th e  synonom y, 
fu rth e r lim its th e  known d istribu tion  [U. carangoides from  A m boina
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(one specimen) and  N ias I. (one specim en) in  th e  E a s t Indies, and  U. re­
versa, from  H aw aii], said in  Jo rd an , E verm ann  & T anaka  1927 no t to  be 
rare.

E c o l o g i c a l  n o t e .

The stom ach contents of th e  yellow-fin tu n a  an d  sailfish from  which 
th e  H olotype and  P a ra ty p e  were tak en  are as follows :—

Holotype Paratype
Penæ id praw n  . . . . 1 Squid . . . . . . 1
“ Shrim ps ” . . . . 40-50 Chiasmodontidae . . 1
O plophorid praw n . . 1 B alistid  juvenile . . 1
Chiasmodontidae . . . . 30-35 U nident, fish rem ains . .  1
Nemipterus sp. juv . . . 1
B alistid  juv . . . . . 1
U nident. juv . fish . . 1

All were in  an  extrem ely  fresh s ta te . The presence of th e  deep-w ater 
praw n an d  Chiasmodontidae suggests th a t  th e  fish m ay have been feeding 
a t  the  rich  food zone which is th o u g h t to  be p resen t ju s t above th e  m ain 
therm ocline in  these w aters. This seems to  be borne ou t by  th e  character 
o f the  stom ach contents of th e  fishes caught on a  tu n a  longline used by  
th is O rganization a t subsurface levels, i.e. therm ocline depths. H owever, 
th e  tak ing  of Uraspis wakiyai in  th is  zone does no t m ean th a t  the  species 
is defintely one of deep-w ater, as th e  juveniles an d  postlarval form s of 
m any shallower w ater fishes are also found a t  th is  depth . N othing is 
know n of th e  origin of W akiya’s 1924  specimen.

R e v i e w  o f  t h e  s p e c i e s  o f  U r a s p i s  B l e e k e k  1855 , s.s.
The exac t s ta tu s  of B leeker’s ty p e  species Uraspis carangoides is 

uncerta in  because of th e  lack of inform ation  concerning th e  direction  
of th e  scute points in  th e  original description. The details given by 
Bleeker are very  close to  those of U. wakiyai, b u t are also n o t unlike those 
o f Uraspis spp. w ith  norm al d irection  scute points, th a t  is C. helvolus 
(Forster) (see la te r in th is discussion) provided th e  irregularly  biserial 
te e th  becom e uniserial w ith  age. B leeker po in ted  ou t in  his discussion 
th a t  U. carangoides was very  sim ilar to  C. helvolus and  C. micropterus 
R üpp., especially th e  form er, b u t th a t  th e  d is ta n t po in ts of cap ture 
suggested different species ; m odem  work on th e  Carangidae, however, 
shows th a t  th e  differences betw een th e  th ree  species could easily be 
grow th factors. U. carangoides is, in  th e  absence o f th e  type  specim en 
(presum ed lost), best regarded as an  indeterm inate  species. Caranx 
uraspis G ün ther I860 was based on Bleeker’s descrip tion and  th is also 
m ust be regarded as an  inde term inate  species. W ak iya ( 1924) described 
and  gave a  te x t figure, under C. (U ) uraspis, of a  172 mm . specim en from  
N agasaki, Jap an , which is identical w ith  th e  specim ens from  E as t Africa. 
U nfortunate ly , G ün ther’s C. uraspis is inde term inate  and  cannot be used 
as a valid  nam e for W akiya’s specim en. In  Table I I  d a ta  on U. wakiyai
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and  W ak iya’s fish are given, an d  in  th e  case of the  la tte r  add itional d a ta  
have been derived from  th e  te x t figure and  one given in  parentheses. 
D a ta  for B leeker’s U. carangoides are also given in  Table I I  ; i t  is no ted  th a t 
th e  pectoral fin in  U. carangoides is falcate and  m uch shorter th a n  in 
specim ens of U. wakiyai, a lthough the  form er is in term ediate  in  length

T a b l e  I I .— D a ta  on U. wakiya  sp. nov. from  E as t Africa, an d  Jap an  
[under C. (U ) uraspis (non G thr.) W akiya 1924], and  on th e  inde ter­
m inate but.possible synonym , 17. carangoides Blkr.

U rasp is w ak iya  sp. nov. C. (U ) u rasp is U. carangoides
(non Gthr.) B leeker 1855

W akiya 1924 T ype
Character P aratype H olotyp e SL. 172 m m . description.

SL. 51 m m . SL. 66 m m . Japan L. 129 m m .
E ast A frica E ast A frica A m boina, 

E a st Indies

Source o f  data specim en specim en te x t  (tex t fig.) te x t

H  in  TL. 3-22 3-39 3-84 (3-88) 4
D  in TL. 2-63 2-73 2-74 (2-65) 2-75
H  in SL. 2-83 2-87 3-30 (3-46) —
D  in SL. 2-31 2-31 2-35 (2-36) —
E  in  H . 3-27 3-83 4 1 6  (4-33) 2-4
Snt. in  H . 4-5 3-20 3-25 (3-25) —
IO in H . 6 3-83 —  .— —
SO in H . 18 9-2 —  (8-66) —
PO  in H . 2-25 2 1 9 -  (2-16) —
U pper jaw  in  H . 1-89 1-93 —  (2-36) —
P ect, in  H . 1-63 1-6 —  (1-23) 1 0 0

(rounded) (rounded) (rounded) (falcate)
P elv . in H . 1 0-88 1 (1-04) —
M ax. h t. D 1 in  H . 3 4-18 —  (3-71) —

f f  J) O *  >> » 2 1 1 2-87 1-58 (1-36) —
A®99 99 A  f t  99 1-58 2 0 9 —  (1-52) —

E  in Snt. 0-72 1 1 6 —  (1-33) —
E  in PO. 1-45 1-75 -  (2) —
L Í C in  L Í S. 1-46 1 1 8 0-87 (M ) —

D orsal fin count V III  + 1 29 V III  + 1 31 V III  + 1 28 V I I I + I  28
A nal fin count I  +  I 2 1 I I  +  I  21 0 +  12 1 I I + I  21
P ect. fin count 1 2 1 I 21-23 — I I  19
Scutes on L Í S 26 -2 7 1 26 -271 331 321
Gili rakers (1st 

arch)
5 + 1  +  14 1 —on 
4 + 1 + 1 5 / 7 + 1  +  14 =  22 — —

T eeth Biserial B iserial, 
posteriorly on  

low er jaw  
uniserial.

Biserial B iserial, 
posteriorly on 

lower jaw  
uniserial.

P osition  o f  m axilla R eaches centre B etw een  post. A lm ost to R eaches centre
in  relation  to  eye. o f eye. edge o f  pupil 

and eye.
centre of eye. o f eye.

V ertical crossbands Y es Y es Y es Y es
on body.

1 M ajority o f  scute points reversed. 1 R eversed 1 D irection  o f
scute points. scute points 

n ot m entioned.
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betw een th e  specim ens of th e  la tte r  from  E a s t A frica and  Jap an . Increase 
in  th e  num ber of scutes is a  know n grow th change in  juvenile Carangids 
(Blegvad 1944, B ap a t & P rasad  1952, an d  W illiams 1958). D etails 
given in Jo rd an , E verm ann  & T anaka  1927 under U. carangoides and  
those in W eber and  de B eaufort 1931 under C. (U) uraspis  are obviously 
based on W akiya 1924 ; and  those in  Fow ler 1928 under U. carangoides 
on B leeker 1855.

T a b l e  I I I .— D ata  on Uraspis reversa Jo rd an , E verm ann  & W akiya 1927 
from  th e  te x t, te x t figure and  key to  th e  species in  Jo rd an , 
E verm ann  & T anaka 1927.

Character
U raspis reversa  J .E .W . 1927. 
T ype specim en SL. 133 m m . 

H onolulu

Source o f  data T ext T ex t figure K ey

H  in  SL. 3-4 3-59 ____

D  in SL. 2-5 2-50 2-2
E  in  H . 4-3 4 1 1 4*25
Snt. in  H . — 3-36 —
IO  in H . — — —
SO in H . — 6 1 6 —

PO  in H . — 2 0 5 —

U pper jaw  in H . 2-6 2-84 —

P ect, in H . I1 0-901 _i
P elv . in  H . 1-752 1-602 1-2*
M ax. H t. D l in H . — 5-28 —

», „ D 2 „ 2 2-05 —
» „ A2 „ 2 2 0 5 —

E  in Snt. -— 1-22 —
E  in PO. — 2 —
L Í C in L I'S . — 1-24 —

D orsal fin count ____ V I I I +  1 2 8 ____

A nal fin count — —  1 2 1 —
P ect. fin count — — —

Scutes on L Í S. 263 — 26
Gili rakers (1st arch) — — —

T eeth Biserial — B iserial
P osition  o f m axilla  in  rela­ — R eaches anterior R eaches anterior

tion  to  eye. edge o f  eye. edge o f  pupil.
V ertical crossbands on Yes N one visible. Y es, bu t fa in t or

body. obsolete.

1 pectorals short, rounded. 1 pectorals long,
2 pel v ies long, reach to  anal. falcate.
3 reversed scute points. 2p elv ics short, n o t

reaching to  anal.

Uraspis reversa Jo rd an , E verm ann  & W akiya from  H onolulu was 
described as a  new species in Jo rd an , E verm ann  & T anaka  1927 and  was 
said no t to  be rare  in th a t  area. The position  of th e  species is m ost 
uncerta in  because o f considerable variations betw een details given in th e  
key, te x t and  te x t  figure in  th e  original description. These details are
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given in  Table I I I  an d  it  m ay be seen th a t  th e  m ajor differences concern 
th e  pectoral an d  pelvic fins. F rom  th e  key th e  species w ould be close 
to  U. wakiyai,  b u t from  th e  te x t an d  te x t figure close to  th e  o ther section 
o f th e  genus in  w hich th e  d irec tion  of th e  scute points is norm al 
(C. helvolus, etc.), and  also to  th e  original Bleeker description o f 
U . carangoides (in w hich th e  d irection  of scute points was no t given). 
I f  U. reversa were th e  young of U. helvola th e n  th is would postu la te  a 
change in  scute po in t d irection  w ith  age, and  th is was considered a 
likely even t by  Fow ler 1928 (see also com m ents of Fow ler 1938 (ii) on 
scute po in ts of subgenus Platyuraspis). In  th e  key to  th e  species Uraspis 
in Jo rd an , E verm ann  & T anaka  1927 d ifferen tiation  betw een U. reversa 
and  U. carangoides (the la tte r  based on C. (U) uraspis  (non G thr.) W ak. 
1924) is as follows :—

(i) D  in  SL.
(ii) E  in  H.

(iii) Max. h t. D 1 in  H .
(iv) R eversed scutes

U. reversa Type

133 mm.
2-2 (tex t 2-5) 

2-25 
2-2 

26

U . carangoides 
(non Blkr.)

172 mm.
2-5
4
1-5

32
Centre of eye.

6, reach onto  D 2 and  
A2 fins. Tips of fins 
white.

(v) M axilla reaches under A nterior m argin of
pupil.

(vi) Crossbands on body 7-8, do no t reach D 2
and  A2 fins. Tips of 
fins n o t w hite.

The first five differences are very  slight and  can be accounted for by  th e  
varia tions in  size of th e  specim ens ; i t  is also probable th a t  th e  extension 
of th e  bands onto  th e  fins an d  th e  whiteness of fin tips varies w ith  age. 
Fow ler 1928 included U. reversa as a  synonym  of C. uraspis  G thr., 
b u t th e  same au th o r in  1949 gives U. reversa as a  separate  species 
(C. uraspis  no t being m entioned). A lthough U . reversa was said to  be 
com m on in  th e  H aw aiian  area the re  seems to  be very few other references 
to  th e  species in  th e  lite ra tu re . The exact position of U. reversa m ight be 
solved by exam ination  of th e  ty p e  (Musm. Cal. Acad. Sei. 307) b u t th is  
has n o t been done by  th e  au thor.

T here is thus U. wakiyai  (three existing specimens), w ith  17. carangoides 
(type lost) an d  U. reversa (type) as doubtfu l synonyms.

Y et ano ther species of Uraspis  w ith  reversed scute points was described 
from  New Jersey , U .S.A ., by  Fow ler 1938 (ii) (Type fig. in  Fow ler 1952) 
as Uraspis heidi from  a  fish of SL. 273 mm. Since then  o ther confirmed 
records in  th e  lite ra tu re  are, a  207 mm. specim en from off th e  Mississippi 
D elta  (Ginsberg 1952) and  one 192 mm . from  off N orth  Carolina, U.S.N.M. 
163884 (Berry 1959 and  personal com m unication). The d a ta  for the  
th ree  specim ens are given in  Table IV  (in th e  case of th e  type  additional 
d a ta  has been derived from  th e  tex t figure). More recently  tw o o ther 
specim ens have been tak en  by  th e  M arine L aboratory , U niversity  of
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M iami, a  1^ in. specim en off P u erto  R ica  an d  an  ad u lt (length no t know n 
to  th e  au thor) off F lorida. R ichards, U niversity  of M iami (personal 
com m unication) sta tes  th a t  b o th  accord w ith  th e  ty p e  and  th a t  his 
findings on th e  ad u lt in  no w ay add  to  th e  inform ation  given in  Ginsberg 
1952. T he la tte r  th o u g h t th a t  d irec t com parison of specim ens of 
U. carangoides and  U. heidi m ight show them  to  be th e  same species ; 
however, R ichards believes th a t  th e y  are no t sim ilar. U. heidi differs

T a b l e  IV .— D ata  on U. heidi Fw lr. from  th e  N .W . A tlan tic  Ocean.

U rasp is heidi Fwlr.

Character U .S .N .M . 163884  
Berry 1959 

SL. 192 m m . 
N orth  Carolina

G insberg 1952

SL. 207 m m . 
Off M ississippi 

D elta

F ow ler 1938 
and 1952 

T yp e SL. 273 m m . 
N ew  Jersey

Source o f  D ata T ext T ex t T ex t (T ext fig.)

H  in  SL. — 3 1 2 3-25 (3-4)
D  in  SL. — 2 1 2 1-9 (2)
E  in H . — — 4 (4-33)
Snt. in  H . — — 3 1 3  (3-25)
IO in  H . — — 2-75 —
SO in H . — — —  (7-09)
PO  in H . — ■— —  (2-29)
U pper jaw  in  H . — •— —  (2-36)
P ec t in  H . (s ligh tly  fa lcate) 1 0 0

(sligh tly  falcate)
1-2 (rounded) 

(1-14)
P elv . in  H . — — 0-9 (0-95)
M ax. H t. D 1 in  H . — — 3-5 (3-9)

„ D 2 „ — — 1-75 (1-62)
„ A 2 „ — — 1-5 (1-5)

E  in Snt. — ■— 1-33 (1-33)
E  in  PO. ■— — —  (1-88)
L Í C in  L Í  S. — ? 1-4 1-25 (1-22)

D orsal fin coun t V I I I + 1 29 V III  + 1 29 V I I I + 1 28
A nal fin count I + I 2 2 O +  I  21 I I + I  22
Pectoral fin count 1 2 2 23 ii 21
Scutes on L Í S. 1 0 + 2 5  =  361 381 341
Gili rakers (1st arch) 6 + 1 4 = 2 0 6 + 1 4  =  20 6 + 1 5  =  21
T eeth — Biserial B iserial
P osition  o f  m axilla  in  rela­ A t least to  anterior A nterior edge o f F ront edge o f

tion  to  eye. m argin o f  eye. eye. pupil.
V ertical crossbands on  

body.
? fa in t. 6 on body, fa in t. 8 on body and  head.

1 first 10 norm al, 1 anterior 5 norm al 1 m ajority  o f  scutes
rest w ith  reversed  
points.

or lateral, rest re­
versed.

w ith  reversed points.

from  U. wakiyai  in  only a few features ; dep th  an d  head  in  s tan d ard  
length, th e  crossbands on th e  body being very  m uch w ider th a n  th e  in te r­
spaces in  U. heidi and, as in  U. reversa, no t carried on to  th e  second dorsal 
an d  anal fins. A lthough Fow ler’s te x t figure o f th e  ty p e  (273 m m .) shows
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T a b l e  V.—Data on Uraspis helvola (Forster), and its synonyms ;

Character

U. pectoralis  
Fwlr. 

F ow ler 1938

SL. approx.
165 m m . T ype  

(TL. 215)

U .S .N .M . 98820  
P hilippine Islands

L . herklotsi 
Herr e 

Herre 1932

SL .180 m m . T ype  

H on g K ong

C. micropterus 
R üpp. 

R iipp ell 1835

SL. 190 m m . 
(TL. 226)

R ed  Sea

Source o f  D ata T ex t (T ext F ig .) T ex t T ex t (T ext F ig .)

H ead  in  Standard L ength 2-88 (2-96) 3 1 5 (2-90)
D ep th  „ „ „ 2-33 (2-61) 2-2 (2-46)
E y e  in  H ead 3-2 (3-9) 3-35 (4-12)
Snout in  H ead 2-88 (3) 2-9 (4-12)
Interorb ital in  H ead 3 — — —
Suborbital in  H ead —  — — (11)
P ostorb ita l in  H ead —  (2-66) — (3)
U pper jaw  in  H ead 2-33 (2-66) 2-3 (2-75)
P ectoral in  H ead —  (1-00) 0-91 (0-99)

P elv ic  in  H ead 2-75 (2-4) 2-4 (2-75)
M axim um  h eigh t D 1 in  H ead 6-25 (6-85) — (10-75)

D 299 99 99 >9 2-10 (2-4) 1-6 (2-75)
A 299 99 99 99 2-50 (2-6) 1-8 (2-36)

E y e  in  Snout 1-2 — — (1)
E y e  in postorbital ■— — — (1-36)
L ateral line curve in  lateral line  

straight.
0-8 (0-87) L Í C. a  little  

longer than  L Í S.
(0-86)

D orsal fin coun t V I I I + I  25 
(V II I+ 1 28)2

V III  + 1 27 V I I I + I  17 
(V III +  I  27)2

A nal fin  count I I  +  I  20 II  +  I 20 ? + 1  21
P ectoral fin count ii 21 — 22
Scutes on lateral line straight 361 311 2 5 -3 0 1
Gili rakers (1st arch) 4 + 1 3  =  17 i4 +  13i =  17ii2 —
T eeth U niserial Uniserial U niserial
P osition  o f  m axilla  in  relation J u st b eyon d  front N o t quite reaching F ront edge o f  pupil.

to  eye. edge o f  pupil. front edge o f  eye.

Crossbands on  body N one F ain t crossbands 
present.

N one

1 D irection  o f 1 D irection  o f 1 D irection o f
scute p oints are scute p oints are scute points are
n o t m entioned n ot m entioned, n o t m entioned,
(requires checking  
on typ e specim en).

presum ed norm al. b u t appear norm al 
in  te x t  figure.

2 T ex t figure 
different to  tex t.

2 ii =  short stubs. 2 T ex t figure 
different to  tex t .
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and L. albilinguis J.E.W. 1927 a probable synonym.

L . candens C. helvolus L . a lb ilingu is
J .E .W . S . helvolus C. helvolus F orst. J .E .W .
Jordan, F orst. F orst. Jordan and Jordan,

E verm an  and Forster 1775 Jayak ar del. E verm ann 1905 E verm ann and
T anaka 1927 T anaka 1927

SL. 268 m m . SL. 274 m m . T ype SL. 281 m m . SL. 380 m m . SL. 267 m m . T ype

B.M . (N .H .) Mus. Cal. Acad.
H aw aiian A scension B.M . (N .H .) H aw aiian Sei. 305

Islands Island , M uscat Islands H aw aiian
A tlan tic  Ocean Islands

T ex t T yp e Specim en Specim en T ex t (T ext F ig .) T ex t (T ext F ig.)

3-37 3-22 3 3-3 (3-82) 3-52 (3)
2-45 2-81 2-39 2-5 (2-74) 2-33 (2-54)
4-2 3-5 4-00 4-3 (4-25) —  (4-35)
— —• — 2-9 (2-83) —  (3-52)
— 3-5 3-03 2-9 — _
— — — - (7-25) —  (7-4)
— 2-33 2-32 —  (2-31) —  (2-17)
■— 2-27 2-54 2-5 (2-43) —  (2-78)

> 1 0-89 1-03 —  (0-87) greater (0-88)
than head

2-34 2-8 2-47 —  (2-21) 2-17 (2-31)
5-91 — — —  (5-1) 6-29 (6-16)
2-54 — — —  (2-55) 2-17 (2-31)
— — — —  (2-37) —  (2-24)
— — — —  (1-5) —  (1-23)
— 1-5 1-72 —  (1-83) —  (2)

—  (1-04) —  (1-27)

V I I I + I  28 V I I I + I  29 V I + 1 28 V + I 2 8 V I + I 2 7
( V I I I + I  30)2

T +  I 2 8 2 I I I +  1 2 1 I I I + I  19 1 2 2 (1 2 1  1 2 1 )a

331 321 321 361 361
4 + 1 5  =  19 5 + 1  +  13 =  19 5 +  1 + 1 2 -1 3  =  18-19 _ Lower lim b 15
U niserial U niserial U niserial U niserial U niserial

J u st beyon d  a n ­ — — F ront edge o f  eye. J u st beyond a n ­
terior edge o f terior edge o f
pupil. pupil.

N one N one N one N one N one

1 Scute points 1 Scu te p oints 1 Scute p oints 1 Scute points 1 K eels w ith
w eak norm al : norm al. norm al. norm al, m od er­ p la tes w ell d e ­
keels w eak. a te ly  w ell d e ­ veloped: a b lunt

veloped  keels. spine posteriorly.

2 In  synonym ous 2 T ex t figure
G. helvolus J .E . different to  tex t.
1905 is I  22.
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d istinc t crossbands, th e y  are already  fa in t in  the  sm aller specimens of 
192 and  207 mm . s tan d ard  length.

The genus Uraspis, as s ta ted  earlier, includes a  num ber of fishes which 
have th e  characteristic  w hite an d  b lack m outh  b u t in  which the  tee th  are  
uniserial and  th e  scute po in ts norm al in  d irection (points directed 
posteriorly). F o rste r (1775) described th e  first of these “ w hite m outh  
crevalles ” under Scomber helvolus and  according to  his description th e  
specim en was from  Ascension I., A tlan tic  Ocean— “ Habitat in  mori 
Atlántico albierite Insularim  Ascensionis ” . The type  specim en is p resent 
in  th e  B ritish  M useum (N at. H ist.) an d  th e  au th o r is indebted  to  Mr. 
G. P alm er for his exam ination  of th e  fish, full details of which are given 
in  Table V. R uppeli (1835) described and  gave a  te x t  figure of C. 
micropterus from  th e  R ed  Sea; p roportional d a ta  (see Table V) have been 
derived from  th e  te x t  figure to  supplem ent th e  description of th e  229 m m - 
(approx. 190 mm . SL.) ty p e  specimen, which is presum ed lost. The 
second dorsal fin coun t is given in  th e  te x t as 17 b u t from  th e  te x t figure 
i t  is obviously 27. There is no m ention of th e  direction of th e  scute po in ts 
and  it  is presum ed th a t  th ey  are norm al, an d  certain ly  th ey  appear so in  the  
te x t figure. The te e th  of R üppell’s type  were no t described b u t th e  
species was placed under th e  k ind  of Caranx w ith  one small row of fine 
te e th  in  th e  jaws. G ünther 1860 synonym ises C. micropterus R üpp. 
w ith  C. helvolus F orster, and  a lthough as B leeker (1855) points ou t th e re  
are some differences betw een th e  tw o species, th e  au tho r does no t believe 
th ey  are o ther th a n  varia tions w ith  grow th an d  geographical location. 
Jo rd an  and  E verm ann  (1905) described C. helvolus F orster from  H aw aii 
a t  381 mm . an d  details (also given from  te x t figure) are given in  Table V. 
There is general agreem ent w ith  th e  types o f  C'. helvolus an d  C. micropterus 
except th a t  th e  snou t an d  posto rb ita l are longer in  th is larger H aw aiian 
fish, th e  num ber of dorsal spines is reduced to  five and  also th e  scutes 
of th e  la tera l line s tra ig h t have a  d is tinc t keel w ith  a  b lun t spine 
posteriorly . Jo rd an , E verm ann  & W akiya in Jo rd ., Ever., & T anaka 
1927 s ta te  th a t  C. helvolus J .  & E . (1905) can no t be th e  same as C. 
helvolus F orster, as th e  scute points in  th e  form er specim en were norm al 
in  direction. To tak e  these Uraspis-like fishes w ith  norm al direction 
scute points, Jo rd a n  & E verm ann  (in Jo rd ., Ever., & T anaka 1927) 
in s titu ted  th e  new genus Leucoglossa ; th e  ty p e  species was given as 
L. candens J .E .W . 1927 =  C. helvolus J .  & E. 1905 and  the  type  specim en 
designated as Synder’s C. helvolus F orster U.S.N.M. 55170. However, th e  
1927 sta tem en t o f Jo rd an , E verm ann  & W akiya is incorrect, as th e  type  
specim en of C. helvolus (Forster) definitely has norm al direction scute 
points ; in  addition , as Leucoglossa J .  & E . =  Uraspis Blkr. s.s., th e  
position is th a t  C. helvolus F orster =  C. helvolus J . & E. — L. candens 
J .E .W .

Leucoglossa herklotsi H erre (1932) was described from  a  single specimen 
180 mm. in  length  collected in  th e  H ong K ong fish m arket in  1931. D etails 
are given in Table V and  th e  fish is obviously very  sim ilar to  C. micropterus 
R üpp. and  th e  following species U. pectoralis Fwlr. The direction of th e
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scute points is not stated, but as the species is described under Leucoglossa, 
it is presumed that it is normal, i.e. points directed posteriorly. L. 
herklotsi differs from other fish in this category in having vertical cross­
bands remaining on the body, but as they number only four, or perhaps 
five, it suggests that this juvenile feature is gradually fading. The 
disappearance of crossbands in the Carangidae rarely takes place at a 
fixed length, even in specimens of the same species.

Uraspis pectoralis Fw lr. 1938 (ii) is described from  th e  ty p e  only, a 
215 mm. long (SL. approx. 165 m m .) specim en collected from  Manilla, 
P hilippine Is. in  1908. D etails are given in  Table V (from te x t an d  te x t 
figure) an d  it  m ay be seen th a t  U. pectoralis is also very  sim ilar to  
C. micropterus R üpp. (G reatest differences are in  th e  proportions E in  H  
an d  E in  Snout.) I t  is also no ted  th a t  in  Fow ler’s type  descrip tion the  
second dorsal fin count is I  25 (24 i) w hereas th e  te x t figure shows i t  to  be 
I  28. The direction  o f th e  scute poin ts is no t m entioned an d  can no t be 
discerned in  th e  te x t  figure ; a lthough  described under Uraspis Bleeker 
p resum ably  in  th e  wide sense (i.e. w ith  reversed scutes) th e  fish is very  
m uch closer in  o th e r details to  th e  U. helvolus group— especially in  th e  
leng th  o f the  pelvic, shape o f th e  pectoral an d  dentition . I t  is m ost 
probable th a t  on exam ination  th e  ty p e  specim en will prove to  have norm al 
d irection scute points.

D a ta  are given in  Table V on a  281 mm . SL. specim en of C. helvolus 
(Forster) collected by  Ja y a k e r from  M uscat and  present in th e  collections 
of th e  B ritish  M useum (N at. H ist.).

I n  th e  opinion of th e  au th o r th e  very  sim ilar fishes, d a ta  on w hich is 
listed in  Table V, should be com bined under th e  nam e Uraspis helvola 
(Forster) 1775. Thus U. helvola becomes a species know n from  165 to  
a t  least 380 m m . s tan d ard  length , an d  w ith in  these lim its characterized 
by  uniserial te e th  in th e  jaw s and  th e  scute points d irected  posteriorly  
(the 165 mm. ty p e  specim en of U . pectoralis needs checking on th is la tte r  
p o in t— see above).

Although it is clearly stated by Forster that his type specimen of 
C. helvolus was from Ascension Island, Atlantic Ocean, doubt as to the 
correctness of his statement has been made by all later authors on this 
subject. Günther (1860) states “ % Atlantic ” , and Jordan & Evermann 
(1905) “ ? Society Islands ” as he visited that group on the second 
voyage of Captain Cook. Fowler (1936) states “ S. helvolus Forster1 is 
evidently only known from the Indo-Pacific. Lichtenstein’s record from 
Ascension Island doubtless pertains to the Pacific Island of that name ” . 
Fowler’s footnote is as follows : “ 1 Descr. An.” , pp. 414, 415. Probably 
Society Is.—Lichtenstein’s 1884, Descript. Animal Forster, p. 415, 
Ascension Is.” There is little definite proof to show that Forster’s type 
locality is incorrect except that U. helvola does not seem to have been 
identified from the Atlantic Ocean since that date.

Leucoglossa albilinguis Jordan, Evermann & Wakiya in Jordan, 
Evermann & Tanaka 1927 was described at the same time as L. candens
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J .E .W . and  it  was supposed to  be d ifferentiated  from it as under :—
L. candens L. albilinguis

(i) B ody oblong, its  dep th  no t 2/5 its  B ody ra th e r deep, its  dep th  more
length. th a n  2/5 its  length.

(ii) K eel on scutes d istinc t b u t scarcely K eel on scutes each developed
developed in to  a p late, ending in to  a p late w ith  a  b lun t spine
in  a b lu n t spine a t  posterior end. posteriorly.

N either o f these differences can be regarded as really significant, and  th e  
developm ent of th e  scute keels in  L. albilinguis is more like th a t  in 
C. helvolus of Jo rd a n  & E verm ann  which is said to  be synonym ous w ith  
L. candens. D etails on L. albilinguis (tex t and  te x t figure) are given in 
T able V, and  it  is trea ted  as a probable synonym  of U. helvola Forster. 
Fow ler 1928 com bined L. candens an d  L. albilinguis under C. helvolus b u t 
in  1949 referred to  them  as separate  species of Leucoglossa.

T a b l e  V I.— D ata  on C. helvolus and  C. micropterus bo th  of W akiya 1924.

Character

C. (U ) m icropterus 
(non R üpp.) 

W akiya 1924 
( =  U. riukiuensis 

W ak. in  J .E .T . 1927) 
SL. 210 m m .

C. (U ) helvolus 
(non Forster) 
W akiya 1924

SL. 250 m m .

Source o f  D ata T ext (T ext fig.) T ex t (T ext fig.)

H ead  in  SL. 3-44 (3-4) 3-52 (3-65)
D epth  in  SL. 2-36 (2-33) 2-55 (2-47)
E y e  in  H ead 4-7 (4-42) 4-58 (5-75)
Sn out in  H ead 3 (3-44) 2-95 (3-28)
Interorbital in H ead —  — —  —

Suborbital in  H ead —  (7-75) —  —
P ostorb ita l in H ead —  (2-06) —  (2-2)
M ax. in  H ead —  (2-58) ~  (2-3)
P ect. in  H ead sligh tly  (1-06) sligh tly  (0-88)

less than more than
head. head.

P elv . in H ead 1-45 (1-55) 1-65 (1-77)
M ax. h t. D 1 in  H . —  (3-44) —  (3-83)

„ „ D 2 „ 1-6 (1-63) 1-82 (1-91)
„ „ A 2 „ —  (1-72) —  ( 1-77)

E y e  in  Snout —  (1-28) —  ?( 1-75)
,, ,, Postorb ital —  (2-14) —  (2)

L Í C in  L Í S. 0-862 ( 1-14) 1-2 (1-37)

D orsal fin count V I I I + I  29 V I +  I 2 7
A nal fin count I + I  22 O +  I  21
Pectoral fin count — —

Scutes on  L Í S. 361 371
G ili rakers (1st arch) 13 on low er lim b. 13 on lower limb.
T eeth U niserial Uniserial
P osition  o f  m axilla  in  relation  to  eye F ron t m argin o f  pupil. F ront edge o f  eye.
V ertical crossbands on  body N one N one

1 R eversed  scute points. 1 R eversed  scute
2 T ex t and tex t figure vary. points.
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The position of C. helvolus (non F orster) an d  G. micropterus (non R üpp .) 
b o th  of W akiya 1924 is in  doubt. D a ta  (from te x t and  te x t figures) for 
th e  tw o species are given in  Table VI.

The author believes C. (U ) helvola Wak. to be the same as G. (U ) 
micropterus Wak., even though the two species are separated by Wakiya 
as under :—

C. (U) microptera Wak. 210 mm. G. (U ) helvola Wak. 250 mm. 
Body more than 2-5 in its length. Body lower than 2-5 in its length.
Maxilla reaching pupil. Maxilla not reaching pupil.
Gili rakers 2-17 in  eye. Gili rakers 1-7.2 in  eye.
Lateral line moderately curved. Lateral line a little curved.
Ventral 1-45 in head. Ventral 1-65 in head.
Colour blackish brown. Colour brown.

Wakiya in Jordan, Evermann & Tanaka 1927 describes G. micropterus 
(non Rüpp.) Wak. 1924 as a new species U. riukiuensis because “ . . .  it 
cannot be Rüppell’s species as shown in the original description and figure 
given by Ruppeli, it has the body no deeper than in helvola." This was 
a questionable decision, but in any case it has now been shown that 
C. helvolus (Forster) ( =  C. micropterus Rüpp.) has normal direction scute 
points and not reversed ones as in Wakiya’s specimens given the same 
names. If the adult of U. heidi taken off Florida has the majority of 
scute points reversed (as is assumed from Richards’ remark, see page 12) 
then it is possible that G. (U ) micropterus ( =  U. riukiuensis) and 
G. (U ) helvolus, all of Wakiya, are the adults of U. wakiyai sp. nov., the 
vertical crossbands disappearing and the biserial teeth becoming uniserial 
with growth. It was stated by Jordan, Evermann & Wakiya that 
U. riukiuensis was very close to L. albilinguis but differed in several 
features, the only one which appears to be significant being the different 
direction of the scute points.

Table VII summarizes the specimens and varying nominal species of 
fish which should be described under the genus U raspis Blkr. s.s. There 
appears to be a maximum of three confirmed species.

(i) Uraspis wakiyai from the Indo-Pacific Ocean.
(ii) Uraspis heidi Fwlr. from the Atlantic Ocean.

These species are  very  sim ilar and  th e  d irect com parison of all know n 
specimens is required  (as Ginsberg 1952 suggested) to  ascertain  if  th e y  
m ight no t be th e  sam e species.

(iii) Uraspis helvola (Forster) which has been recorded under many
different names from the Indo-Pacific and Atlantic Oceans.

Of the five species of doubtful taxonomic position assignments may 
possibly be as follows for reasons given earlier :—

(i) U. carangoides and U. reversa to Uraspis wakiyai or U. helvola.
(ii) C. micropterus Wak. ( =  U. riukiuensis Wak.) and6'. helvolus Wak.

to II. wakiyai.
(iii) L. albilinguis to U. helvola.
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T a b l e  V II.—The species of Uraspis B lkr. s.s.

U raspis  Bleeker 1855 senso str 
U raspis  Bleeker 1855 ; Leucoglossa  Jordan & E verm ann 1927. (N o te e t l

m em branes w ith  characteristic black and

icto.
on vom er, palatine  

w hite m outh  colorati
>r tongue ; large tongue and palate  
on.)

Reference L ocality Standard length  in mm. Characters
( l)* U ra sp is  heidi  Fwlr. 1938. 

N .W . A tlantic Ocean.
U. heidi 
U . heidi 
U. heidi

Berry 1959 
Ginsberg 1952 
Fow ler 1938 (i)

N orth  Carolina 
G ulf o f M exico  
N ew  Jersey

192
207

273 H olotype

b /rs/x
b /rs/x
b /rs/x

(2) U raspis w a kiya i 
Indo-Pacific Ocean.

U. w a k iya i 
U. w a kiya i
C. ( U ) urasp is  (non Gthr.)

W illiam s 
W illiam s 
W akiya 1924

E ast Africa  
E ast Africa 
Japan

51 P aratype  
66 H olotype  

172

b /rs/x
b/rs/x
b /rs/x

(3) U raspis helvola  (Forster) 1775. 
Indo-Pacific and A tlantic  

Oceans.
U . pectoralis 
Leucoglossa herklotsi 
C. m icropterus 

f i .  candens

Scomber helvolus

C. helvolus  (Forster) 
tC1. helvolus

Fow ler 1938 (ii)
Herre 1932 
R uppeli 1835
Jordan, Everm ann & W akiya in J .E .T .

1927.
Forster 1775

Jayakar del. (specim en in B.M . [N .H .]) 
Jordan <fc E verm ann 1905

Philippine Is. 
H ong K ong  
R ed Sea 
H aw aiian Is.

Ascension I. 
A tlantic Ocean 
M uscat 
H aw aiian Is.

165 H olotype  
180 H olotype  
190 H olotype  

268

274 H olotype

284
380

u /?ns/nx
u /n s/x
u /n s/n x
u /ns/nx

u/n s/n x

u /n s/n x
u/n s/n x

(4) Species o f doubtful position  :
(a) U. carangoides 

j(b ) U. reversa

(c) 0 .  m icropterus  (non R üpp.) 
( - U .  r iuk iuensis)

(d) C. helvolus  (non Forster)
(e) L . a lb ilingu is

Bleeker 1855
Jordan, E verm ann & W akiya in J .E .T .

1927.
W akiya 1924 
W akiya in J .E .T . 1927.
W akiya 1924
Jordan, Everm ann & W akiya in J .E .T . 

1927.

Am boina  
H aw aiian Is.

Japan

Japan
H aw aiian  Is.

129 H olotyp e  
133 H olotype

210 H olotype

250
280

b/T/x
b/rs/x

u /rs/nx

u /rs/nx
u /n s/n x

* A  1 | in. specim en from  P uerto R ica  and an adult from Florida said to  be sim ilar to  above specim ens, 
f  Other specim ens know n ; com m on in H aw aiian Islands.
C haracters:  b = b iser ia l teeth  in  jaws. r = d irection  o f  scute points reversed. x = v e r t ic a l crossbands on body.

u —uniserial teeth  in  jaw s. n s= d ir e c tio n  o f  scute points norm al. n x = n o  vertical crossbands on body.
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Tentative K ey to the confirmed species of Uraspis Blkr. s.s. as given in
Table VII.

1 (a) T eeth  in  jaw s biserial excep t th a t posteriorly in  lower 
jaw  m ay b e uniserial. M ajority o f  points o f  lateral 
line scu tes reversed, th a t is directed anteriorly.

2 (a) D ark crossbands on b od y  do n o t reach onto
th e second dorsal and  anal f in s ...........................  U. heidi Fw lr. (A tlantic).

2 (b) D ark crossbands on b od y  reach on to  th e
second dorsal and anal f in s ....................................  U. w a k iya i sp. n ov .

(Indo-Pacific).
1 (b) T eeth  in  jaw s uniserial. P o in ts  o f  lateral line scutes 

norm al, th a t is d irected  posteriorly. N o crossbands 
on bod y  ...........................................................................................  U. helvola (F str.)

(Indo-Pacific & A tlan tic).
F ig . 2.

IO O  MM.

C aranx  ( U ra sp is) u rasp is  (non G nthr.), W akiya  1924. 192 m m . (after W akiya 1924.)

F ig . 3.

I O O  M M .

U rasp is heidi Fw lr. 1938. H o lo typ e  273 m m . (after Fow ler 1952).
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T ex t figures 2-5  give outline drawings, w ith  position of crossbands where 
present, of some o f th e  species of Uraspis referred to  in  th is discussion. 
F igure 6 shows th e  geographical d is tribu tion  o f th e  species o f Uraspis 
Bleeker, 1855, s.s.

F ig . 4.

U rasp is helvolus (Forster) 1775 and  its  synonym s, A . U raspis pectoralis Fw lr. 1938. 
H olotyp e 180 m m . (after Fow ler 1938). B . C aranx micropterus R üpp. 1835. H olo typ e  
190 m m . (after R uppeli 1835). C. Carangus helvolus (Forster) 1775. 380 m m .
(after Jordan & E verm ann 1903).

A c k n o w l e d g m e n t s  .

I wish to express my thanks for much help and advice to the Director 
and staff of the East African Marine Fisheries Research Organization, 
Zanzibar ; Mr. G. Palmer, Fish Section, British Museum (Nat. Hist.) ; 
Dr. J. J. Hoedmann, Zoologische Museum, Amsterdam ; Mr. Frederick H. 
Berry, Biological Laboratory (U.S. Fish & Wildlife Service), Brunswick, 
Georgia ; Mr. C. Richard Robins, Marine Laboratory, University of 
Miami, Florida ; and Mr. E. H. Bryan, Jnr., Bernice P. Bishop Museum, 
Honolulu, Hawaii.

I am also indebted to Mr. N. B. Marshall, British Museum (Nat. Hist.) 
for critical reading of the manuscript and making suggestions for its 
improvement.

32



F. W illiam s : Uraspis wakiyai sp. nov. (Pisces, Carangidae) 85

F ig. 5.

B

C

I O O  MM.

D

Species o f  th e  genus Uraspis, th e  taxon om ic positions o f  w hich  are still in  doub t. A . Uraspis 
reversa J ., E . & W ak. 1927. H olo typ e 133 m m . (after Jordan , E verm ann & T anaka  
1927). B . Caranx  ( U raspis) micropterus W ak iya  1924 =  Uraspis riukiuensis  W ak. 
1937. H o lo typ e  210 m m . (after W akiya  1924). C. Caranx (Uraspis) helvolus 
W akiya  1924. 250 m m . (after W akiya  1924). D . Leucoglossa albilinguis J ., E . & 
W ak. 1927. H o lo typ e  267 m m . (after Jordan, E verm ann & T anaka 1927).
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F ig . 6.

©  U.RE VERSA  J..E.&wakiya©  U .C A R A N G O I D E S  b l k r .

©  C . ( U ) .M I C R O P T E R U S  w ak iya  ( n o n  ru p p .) =  U. RIUKIUENSIS w ak iy a  

®  C .C U X H E L V O L U S w a k iy a c n o n f o r s i íD  L.ALBILINGUIS j .,e .« w a k iy a

•  U. H E L V O L A  ( F O R S T E R )  

■  U. HEIDI F O W L E R  

▲ U.WAKIYAI S P .  N O V .

The world d istribution o f  the species o f  U raspis B lkr., 1855, s.s. (as g iven  in  T able V II).
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A d d e n d u m .

Since th is  paper was w ritten  a  th ird  specim en of Uraspis wakiyai has 
been tak en  from  th e  stom ach o f a  s triped  m arlin  (M akaira audax) caught 
by  longline on 4 th  M arch, 1960, off th e  K enya Coast—position 4° 10' S. 
39° 50' E . The specim en was badly  dam aged, th e  upper head being 
alm ost to rn  from  th e  res t of th e  body.

I t  has been possible to  w ork ou t th e  following : dep th  2-11 ;
head  2-71 ; b o th  in  s tan d ard  length. P ecto ra l 1-30 ; pelvic 0*87 ; 
4 th  an d  5 th  dorsal spines 4-2 ; an terio r dorsal ray  1-75 ; an terio r anal 
ray  1-31 ; all in leng th  of head. L atera l line curve in  la te ra l line s tra ig h t 
1-15.

D  V II I  +  I  30-31.
A O +  I  21.

Scutes on la tera l line 26-28 ; an terio r 5 or 6 scutes w ith  la tera l points, 
rest w ith  po in ts reversed, th a t  is d irec ted  an teriorly . Gili rakers on 
1st gili a rch  (left) 5 +  1 +  14 =  20. Gili rakers, tee th , m ou th  m em branes, 
scalation  of b reast are as in  th e  o ther tw o specimens. Second dorsal and  
anal fins are  dam aged b u t tip s  of rays appear filam entous. A nal spines 
em bedded. Pectorals no t falcate ; pel vies very  long, tips filam entous. 
Pelvic origin in  advance of pectoral origin. O ther features not discernible 
because of dam age.
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(Reprint ed  f rom Nature ,  Vol .  192, N o .  4805, pp.  890-891.
December  2, 1961)

Plankton on the  N o rth  Kenya Banks
D u r i n g  the  investigations of the E ast African 

Marine Fisheries Research Organization into the 
resources of p a rt of the  coast of E ast Africa a h itherto  
uncharted shallow area was located off the  north  
K enya coast in the vicinity of L arau1. Subsequent 
investigations have indicated th a t this area, designat­
ed the N orth K enya Banks, has a good fish popula­
tion and is of im portance as a poten tial fishery2,3.

Due to lack of specialists it has been difficult to  
m ake an extended and continuous investigation of 
the various facets of this m arine environm ent which, 
together, result in the production of a  good fishery. 
However, during plankton investigations along the 
E ast African coast, facts were discovered which 
substan tiate  the  claim th a t th e  N orth  K enya Banks 
is a  fertile area and potentially  a  good fishery.

P a r t of the  plankton investigations constituted 
tak ing  a  series of lines of samples from the  coast 
(c. 100 fm., or 50 fm. when the  fringing reef perm itted) 
outw ards for some 40 or 50 miles. These lines of 
stations were worked from Cape Delgado, near the 
southern Tanganyika border, to  D ick’s Head, near 
the northern  K enya border; the outw ard lines from 
the coast were a t  approxim ately 30-50-mile intervals. 
The plankton net used was a  Currie and  Foxton 
70-cm. n e t4 w ithout the m eter. A filtration coefficient 
of 1 : 1 has been assumed (reasonable in the light of 
former experience), in view o f the  short duration of 
the  haul, the speed of hauling (c. 1 m./sec.) and the  
evident lack of clogging. All were vertical samples 
from, usually, both  200 m. and 50 m. to  the  surface a t 
each station. In  shallower w ater the samples were 
from the bottom  to  the  surface. All samples were 
duplicated, the  first being for num erical and  specific 
analysis, the second for dry  weights. These la tte r 
samples were dried to  a  constant weight a t 50° C. in a 
controlled oven. The resulting weights were applied 
to  th e  height of the w ater column from which they  
were taken, the  final result being expressed as m gm ./ 
m .3 of sea-water.

Full analysis of the  results is no t yet complete, bu t 
the  prelim inary results are of m uch interest. Towards 
Cape Delgado th e  p lankton  dry  weight is about 
8-12 m gm ./m .3, w ith no great variation in off-shore 
samples.' F arth er no rth  in th e  Mafia area th e  coastal 
w ater is ra th e r richer w ith c. 20-30 m gm ./m .3, 
decreasing to c. 8-12 m gm ./m .3 in off-shore waters. 
This trend  tow ards a  relatively enriched coastal 
w ater increases to  the  north , and  in th e  D ick’s Head
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area in-shore figures are c. 30-40 m gm ./m .3, th e  off­
shore figures being c. 10-15 m gm ./m .3.

A prelim inary Survey R eport of the 1960 cruise of 
the Russian research vessel Vitiaz, for the  In te rn a ­
tional Ind ian  Ocean Expedition, shows the  contouring 
of the  plankton dry  weight in the top-m ost 100 m. of 
the  Ind ian  Ocean. I t  agrees in showing th a t w ater 
with a  low plankton dry  weight (7-5 m gm ./m .3) is 
m uch nearer the  coast-line in the  Cape Delgado area 
th an  farther no rth  in the D ick’s H ead area.

The stations worked over the N orth K enya Banks 
showed the highest figures. Thus, among others, 
plankton dry  weights of 65-1, 55-0 and 62-8 m gm ./m .3 
were recorded a t th e  bottom  end of th e  range, w ith 
the  largest reading being 161-6 m gm ./m .3. This 
sample was taken  a t  a depth  of 108 m ., the  position 
being 2° 25-5' S. 40° 54' E.

These readings show th a t the  w ater over th e  N orth 
K enya Banks is dem onstrably richer th an  the 
rem ainder of the T anganyika-K enya coast. F u rther 
readings will have to  be tak en  before i t  can be stated  
confidently th a t th is  applies throughout the  year, 
although there is reason to  believe th a t th is  is, in fact, 
the  case.

I t  is w orth noting th a t the  colour of the  sea over 
these Banks was the  ‘bottle-green’ associated with 
such tem perate w ater as the N orth Sea, and  neither 
the clear blue of the  off-shore E ast African w aters nor 
the dirtier blue or pale greens of the in-shore waters 
was in evidence.

Of interest is the  consideration of the  plankton  dry 
weight underneath  one acre of w ater over the  N orth 
K enya Banks. Assuming a m ean depth  of 80 m. and a 
plankton dry  weight of 100 m gm ./m .3 th e  resulting 
figure is 32-27 kgm. p lankton  dry weight beneath 
1 acre of water.

Analysis of the preserved samples has no t yet been 
completed, b u t random  exam inations give every 
indication of a  richer population of fish eggs and 
larvæ com pared w ith the  rest of the coast. This poses 
the  problem, to  be investigated later, of w hether the 
N orth  K enya Banks are a  breeding ground, w ith the 
fish converging from outlying waters to  breed, or 
w hether the  N orth  K enya Banks are m ainly a  feeding 
ground, th e  breeding being resu ltan t and  dependent 
on this.

J . W ic k s t e a d
E ast African Marine Fisheries 

Research Organization,
Zanzibar.
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Indian Species of Synchytrium.
By John S. K a r lin g ,

(Department of Biological Sciences, Purdue University, Lafayette, Indiana,
U.S.A.).

Species o f Synchytrium  are ab u n d an t an d  widely d istribu ted  in 
Ind ia , and  up  to  th e  p resen t tim e fifty-nine species have been reported  
from  th a t  country . P rio r to  1945 only six species were know n to  occur 
there , according to  B u t l e r  and  B is b y  (1931), b u t since th a t  tim e 
in te rest in  these fungi has increased g reatly  w ith  th e  resu lt th a t  
fifty -three species have been added  w ithin  a  decade and  a  half. M ost 
s tu d en ts  of these obligate parasites, how ever, have created new species 
w ithou t in tensive s tu d y  of th e  developm ental stages a t  different season 
o f th e  y ear an d  cross inoculation studies to  determ ine th e  host range 
o f th e  species. C onsequently, m any  of these are poorly know n, and  
it  is n o t ev ident from  th e  descriptions in  th e  lite ra tu re  w hether th ey  
are long — or short-cycled. T h a t m any  species which were previously 
diagnosed as short-cycled are really  long-cycled became evident when 
L i n g a p p a  (1952) reexam ined such species in  the  living s ta te . My 
s tu d y  o f herbarium  specim ens of th e  In d ia  species has confirmed these 
observations in  several instances.

The p resen t con tribu tion  is a  resu lt of th is  s tu d y  and  is presented  
as a supplem ent to  th e  observations of num erous m ycologists in 
In d ia  who have stud ied  these obligate parasites. I t  is presented  also 
to  em phasize th e  need o f m ore in tensive s tu d y  a t  different seasons 
o f th e  year, and  to  sum m arize th e  available inform ation on Ind ian  
species o f Synchytrium. I t  is based on a  s tu d y  of types and  o ther 
specim ens in  th e  H erbarium  C ryptogam iae Indae  O rientalis (HCIO), 
D ivision of M ycology and  P la n t Pathology, New Delhi, th e  Com m on­
w ealth  m ycolocigal In s titu te  (CMI), th e  H erbarium  of A gra College, 
A gra, an d  th e  R oyal B otanic G ardens, Kew, (K). I  am  very  gryteful 
to  D irectors J .  C. F . H o p k in s ,  G. T a y lo r ,  and  R . S. V a s u d e v a ,  
and  D rs. Grace M. W a te r h o u s e ,  S. S in h a ,  and  B. G. N ik a m  for 
th e  loan  of these and  o th e r specim ens. Also, I  w ish to  express m y th an k s 
to  D r. B. T. L i n g a p p a  for th e  generous g ift of specimens which he 
collected and  identified. U nfo rtunate ly , I  have n o t been able to  secure 
an d  s tu d y  ty p e  specim ens of all In d ian  species, and  for th is  reason 
I  do n o t regard  th is  con tribu tion  as com plete.

This study has been supported by a grant from the National Science 
Foundation.
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S y n c h y t r i u m  r y t z i i .
This species was created  by  S y d o w  and  B u t l e r  in  1907 for a 

p arasite  on Anisomclis ovata w hich th e y  placed in th e  subgenus 
Pycnochytrium  because only  resting  spores were found. In  1912, 
however, th e y  rep o rted  i t  on th ree  add itional hosts, Peristrope sp., 
Justicia  sp., and  Leucas aspera, and  created  th ree  form s o f i t  on these 
hosts on th e  basis o f d istribu tion , size, appearance and  s tru c tu re  of 
th e  galls, size an d  m ethod  of gem ination o f th e  resting  spores, and  th e  
size o f th e  sporangia. According to  them , form  a differs from  S. rytzii 
on Anisomelis ovata b y  th e  aggregation o f galls in  crusts, its  sligh tly  to  
com pletely com posite galls, th e  shape of th e  infected cell an d  its  lack 
of residue, an d  th e  size of th e  resting  spores, average 96 ¡x. F o rm  b on 
Justicia  has sm aller resting  spores, average 79 [x, which germ inate 
in  th e  living host w ithou t a  d o rm an t period and  give rise to  ex terna l 
sori o f sporangia w hich are 18 — 30 (x in  d iam eter. In  form  c on Leucas 
aspera th e  infected  cell is qu ite  sm all an d  bears 2 to  4 resting  spores 
w hich average 78 g. in  d iam eter. These germ inate in  th e  living host 
cells also and  functio  nas prosori. In  th is  form , however, th e  sporangia 
are sm aller, 12—24 ¡x, th a n  in  form  c.

In  s tudy ing  these  and  o ther herbarium  specim ens, M h a t r e  and  
M u n d k u r  (1945) reported  only  resting  spores in  S. rytzii, and  lim ited  
i t  in  host range to  Anisomelis ovata, Leucas sp. and  L. aspera. S y d o w  
and  B u t l e r ’s form s a an d  b on Peristrophe an d  Justicia  were segre­
ga ted  to  con stitu te  a  new  species S. lepidagathidis. L i n g a p p a  (1952) 
found S. rytzii on these hosts as well as on Orthosiphon pallidus and  
repo rted  th a t  i t  develops prosori, sori, sporangia and  resting  spores. 
I  have exam ined H CIO  specim ens 653, 1379, 1382, 2035, 20476, 
N ik a m  an d  K u l k a r n i ’s collection on Leucas aspera a t  Gwalior 
(1959), as well as those collected b y  L in g a p p a ,  and  in  all o f these 
prosori, sori, sporangia, resting-sporegalls and  resting  spores w ere 
p resent, w hich confirm s L i n g a p p a ’s discoveries. F rom  these obser­
vations I  in te rp re t th e  germ inating  resting  spores in  th e  living host, 
w hich were repo rted  b y  S y d o w  and  B u t l e r ,  as evanescent in itia l 
cells w hich functioned  as prosori and  gave rise to  sori o f sporangia. 
In  th e  m ateria l stud ied  th e ir  walls are am ber colored and  only  2 to  
2.6 [x th ick  in  co n tra st to  those o f th e  resting  spores w hich are 3.8 to  
5 —2 ¡x th ick  an d  brow n in  color. F u rtherm ore , th e  em p ty  prosori 
in  th e  base o f th e  infected cell h ad  collapsed. This does n o t occur 
generally  w hen th ick-w alled  resting  spores germ inate as L i n g a p p a  
(1955, fig. 54, 57) showed for th is  species. A ccording to  these obser­
vations an d  in te rp re ta tio n s , S. rytzii is a  long-cycled species w hich 
belongs in  th e  subgenus M icrosynchytrium.

T he differences in  size and  s tru c tu re  o f th e  galls, size an d  shape 
of th e  infected  cell, size o f th e  resting  spore an d  lack  or presence of 
residue around  it, w hich were no ted  b y  Sydow and  B utler, fall w ith in

27

41



th e  range o f v a ria tio n  w hich a  species m igh t exh ib it on different hosts, 
in  m y  opinion. N evertheless, these differences as well as th e  varia tions 
in  th e  size o f th e  sporangia should be s tud ied  more in tensively  in  
living as well as in  fixed and stained  sections o f m aterial. H o st range 
studies m ay  possibly reveal biological races w ithin  th is species.

S y n c h y t r i u m  co l l apsum.
This is th e  second In d ian  species crea ted  b y  S y d o w  and  B u t l e r  

in  1907 for a  fungus on Clerodendron infortunation, and th e y  described 
i t  as a  m em ber o f th e  subgenus Pycnochytrium  w hich develops only 
resting  spores. M h a t r e  and  M u n d k u r  s tud ied  th e  ty p e  (HCIO, 654) 
an d  o th e r specim ens and  described only resting  spores also. L i n g a p p a
(1952), how ever, found prosori, sori, sporangia and  resting  spores 
in  living m ateria l collected in  Septem ber, an d  dem onstra ted  th a t  
S. collapsum  is a  long-cycled species. L a te r  (1955) he germ inated  th e  
res tin g  spores an d  th u s  com pleted our know ledge o f its  life cycle. 
In  a  collection (H CIO, 2006) m ade b y  B u t l e r ,  8—10—1913, in 
B engal I  found  num erous cupulate  sporangial galls w ith  collapsed, 
e m p ty  prosori in  th em  in  add ition  to  resting-spore galls an d  resting  
spores, an d  m y  observations th u s  confirm  those  o f L i n g a p p a .

S y n c h y t r i u m  l e p i d a g a t h i d i s
As no ted  above M h a t r e  and  M u n d k u r  segregated S y d o w  and  

B u t l e r ’s form s a  and  h of S. rytzii  on  Peristrophe an d  Justicia, 
com bined th em  w ith  a  species w hich h ad  been collected on Lepidagathis 
sp., L. cristata and  Dicliptera  sp., an d  nam ed i t  S. lepidagathidis. 
T hey  repo rted  only  resting  spores in  th is  species, b u t in  1952 L i n g a p p a  
found  prosori, sori, sporangia an d  resting  spores in  living specim ens 
on Andrographis paniculata, Dicliptera roxburghiana, Justicia diffusa, 
J . quinqueangularis, Peristrophe bicalyculata, and  Bungia parviflora 
var. pectinata. H e m ade a  careful com parison o f th e  resting  spores on 
these  host w ith  those  on th e  hosts listed  b y  M h a t r e  and  M u n d k u r  
an d  cam e to  th e  conclusion th a t  his fungus w as S. lepidagathidis. In  
specim ens 10355 (type), 10355A, 2020, 2023, 20472, 20473, 20477, 
2048, H CIO , I  found prosori, sori sporangia an d  resting spores and  
confirm ed L i n g a p p a ’s observations. Accordingly, S. lepidagathidis 
also is a  long-cycled species w hich belongs in  th e  subgenus Micro- 
synchytrium.

W hether or n o t i t  is d is tinc t from  S. rytzii  is open to  question, 
how ever. I t s  resting-spore galls are reported  to  be simple, b u t in  th e  
m a teria l no ted  above sim ple to  com posite galls are  present. A pparently , 
th e  host reaction  m ay  v a ry  to  a  m arked degree as I  have found w hen 
S. macrosporum  is grow n on different hosts, and  i t  is doub tfu l th a t  
S. lepidagathidis  is alw ays diheterogallic. I t s  hosts are acanthaceous
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an d  overlap those o f S. rytzii. T he differences in  th e  prosori, sori, 
sporangia an d  resting  spores o f b o th  species are n o t very  g reat, and  
on these grounds I  believe S. lepidagathidis m ay  prove to  be iden tica l 
w ith  S. rytzii.

S y n c h y t r i u m  l a g e n a r i a e

M h a t r e  an d  M u n d k u r  created  S. lagenariae for a  species on th e  
leaves o f  Lagenaria vulgaris w hich M o n y  collected a t  Pusa, A ugust 
31, 1918. H ere also th e y  described only resting  spores, b u t in  exam ining 
th is  ty p e  m ateria l as well as specim en. 25549 on Luffa aegyptica, 
25450 on L. acutangula, 25451 on Cucumic sativus, 2452 on Citrullus 
vulgaris v a r. fistulosus an d  25453 on Curcurbita pepo, H CIO , I  found 
sporangial galls w ith  em p ty  prosori, sori an d  sporangia in  add ition  to  
resting-spore galls w ith  resting  spores. A ccordingly, th is  species is 
long-cycled and  belongs in  th e  subgenus Microsynchytrium. Synchy­
trium luffae S inha (H CIO, 25449 an d  25450), S. cucumis — sativa  
S inha (HCIO, 25451), an d  S. fistulosus S inha (HCIO, 25452) in  herb , 
are iden tica l to  th e  fungus in  ty p e  specim en 2019, and  should be 
listed  as synonym s of S. lagenariae.

L i n g a p p a  (1952, 1955a) regarded  th is  species as well as S. 
trichosanthidis as iden tica l w ith  S. umrthii w hich R y  t z  (1907) described 
on an o th er cucurb it, Gymnopetalum cochinchinense, from  fixed m a teria l 
sen t h im  b y  W u r t h  from  Ja v a . R y tz  found  only  resting  spores in  
th is  m ateria l b u t no ted  th a t  these  h ad  germ inated  in  th e  living host 
w ithou t a  long d o rm an t period and  given rise to  sori o f sporangia. 
L i n g a p p a  believed th a t  R y t z  overlooked th e  th in-w alled  prosori, 
b u t, in  m y  opinion, i t  is p robable th a t  th e  germ inated  spores found 
by  R y tz  w ere evanescent prosori. In  th a t  even t S. umrthii and  S. 
lagenariae a re  fa irly  sim ilar, and  L i n g a p p a ’s view m ay  prove to  be 
correct. H ow ever, u n til S. wurthii is collected again in  Ja v a , s tud ied  
in tensively  in  living m ateria l an d  com pared developm entally  an d  
m orphologically w ith  S. lagenariae on different hosts, i t  is p ru d en t to  
m ain ta in  th em  as d is tinc t species. In  th e  even t S. lagenariae is iden tica l 
w ith  S. wurthii its  host range includes Bryonopsis laciniosa, Coccinia 
indica, Cucurbita maxima, Momordica charantia an d  Trichosanthis 
dioica in  add ition  to  th e  hosts listed  above.

S y n c h y t r i u m  t r i c h o s a n t h i d i s
M h a t r e  an d  M u n d k u r  crea ted  th is  species for a  fungus th e y  

found on herbarium  specim ens o f Trichosanthes dioica, Citrullus 
vulgaris an d  Cephalandra sp. H ere again  th e y  reported  only resting  
spores. H ow ever, in  th e  ty p e  m a teria l (10365, H CIO ), I  found tw o 
types of galls: large cupu la te  em p ty  ones w hich look like sporangial 
galls w ith  collapsed em p ty  prosori in  th e ir  base, an d  sm aller ones 
bearing resting  spores. Som etim es resting  spores occurred in  th e  basal
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sheath  cells o f th e  sporangial galls. N o sori and  sporangia were found 
in  th e  larger galls, b u t because o f th e  presence of em pty  prosori I  
believe these developm ental stages will be found on th is  host w hen 
collections an d  observations are m ade on it  a t  different seasons o f 
th e  year.

In  specim ens labeled S. trichosanthidis on Cucumis melo var. 
pubescens (25548, H CIO ) w hich S in h a  collected in  1956 an d  1957, 
sporangial galls w ith  prosori, sori and  sporangia are p resent in  add ition  
to  resting-spore galls an d  resting  spores.' T he sheath  cells o f th e  
sporangial galls are  com m only infected  w ith  resting spores and  in  
such cases are unusually  large. Sim ilar developm ental stages were 
found on C. melo var. ultissimus collected b y  G u p ta  and  S inha in 
Septem ber 1948 a t  A gra, w hich S inha k indly  sen t to  me. Also, sim ilar 
developm ental stages were found  in  cotypes 10363 and  10364, H CIO, 
on Citrullus vulgaris and  Cephalandra sp., respectively. The fungi on 
these hosts are v ery  sim ilar to  S. lagenariae, and  I  believe th e y  are 
iden tical w ith  it.

T he appearance o f th e  fungus on Trichosanthes dioica an d  th e  
reaction  of th is  h ost to  infection, how ever, are different in  th e  m ateria l 
I  exam ined, an d  i t  m ay  prove to  be a  different species from  th e  ones 
collected on th e  o th e r cucurbitaceous hosts. As no ted  previously, 
L ingappa (1952, 1955b) believed th a t  8 . trichosanthidis as well as 
S. lagenariae a re  iden tica l w ith  S. umrthii.

S y n c h y t r i u m  s e s a m i c o l a

This species w as created b y  L a c y  (1950) for a  parasite  on Sesamum  
indicum  w hich he described as developing only resting spores. H ow ­
ever, in  th e  ty p e  m ateria l I  found large em p ty  cupulate galls which 
are different in  appearance from  those w hich bear resting spores. In  
th e  base o f some o f these were am ber colored, thin-w alled collapsed 
vesicles w hich I  in te rp re t to  be em pty  prosori. Accordingly, from  
these observations S. sesamicola appears to  be a  long-cycled species, 
as rep o rted  b y  L i n g a p p a  (1955).

S in h a  and  G u p t a  (1951) described a  new species, 8 . sesami, 
on th e  sam e host from  A gra w hich form s large single galls or scarlet 
crusts o f coalescing galls on th e  young shoots, leaves and stem s. 
These galls v ary  from  300—400 ¡i. in  d iam ter on th e  leaves to  600—700 jjl 
on th e  stem s an d  con tain  so litary , spherical, 172—201 jx, sm ooth, 
olive-btow n resting  spores w ith  an  epispore 10—13 ¡i. th ick . H owever, 
in  a  collection of th is  species b y  G u p t a  in  1954 (HCIO, 22115) 
I  found  sporangial galls w ith  em p ty  prosori, sori, an d  sporangia in  
add ition  to  resting-spore galls and  resting spores. The prosori are 
subspherical, 80—90 (x, or ovoid, 75—8 7 x 9 0 —98 |x, w ith  an  am ber- 
brow n wall, 1.8—2 ¡x th ick . The sori are subspherical 90—102 ¡x, ovoid, 
72—9 6 x 1 0 2 —116 [x, or fla ttened  on th e  lower surface and  contain
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50—92 sporangia w hich are golden-yellow, polyhedral and  19—28 ¡x 
in  g rea test d iam eter. T he resting  spores are d ark  am berbrow n, ovoid, 
spherical, 55—186 ¡x, w ith  a  sm ooth  wall, 3.4—4.6 [x th ick . S in h a  
and  G u p t a  repo rted  th a t  th e  epispore is 10—13 (x th ick , b u t th e y  
probab ly  included th e  adhering  layer o f residue in  th e ir  m easurem ents.

In  an o th er collection on Sesamum indicum  from  A gra, A ugust, 
1955, w hich S in h a  sen t me sim ilar sporangial galls, em p ty  prosori 
and  sori w ith  sporangia in  add ition  to  resting-spore galls and  resting  
spores w ere found. The resting  spores varied  m arkedly  in  size, depen­
ding on th e  degree o f in jection. In  areas w here m ost of th e  epiderm al 
cells were infected th e  spores w ere as sm all as 40 [x in  d iam eter. 
Also, th e  shea th  cells o f th e  sporangial galls were infected  frequently , 
and  in  such instances th e  spores w ere heaped  up  in  masses sim ilar ,to 
w hat I  (1957) described for S. cinnamomeum.

I f  G u p t a ’s an d  th e  1955 collections are represen tative , S. sesami 
is a long-cycled species like S. sesamicola, and  seems to  be identica l 
w ith  it. Accordingly, I  am  listing i t  as a  synonym  of S. sesamicola.

S y n c h y t r i u m  m e l o n g e n a e

This fungus was collected and  described by  G u p ta  and  S in h a  
(1951) as a  short-cycled species w hich develops rela tively  sm all, 
56—76 [x, spherical, so litary  resting  spores in  spherical to  oval galls 
on leaves o f Solanum melongena a t  Agra. I  have stud ied  th e ir  ty p e  
m ateria l an d  can confirm  in  general th e ir  observations on th e  resting  
spores, a lthough  I  found  th e  spores to  v a ry  from  40 to  92 ¡x w ith  a 
w all only 4.8 to  6.2 ¡x th ick  and  yellow contents. In  addition  to  th e  
com posite resting-spore galls I  found  several larger em p ty  cupulate  
ones w hich looked like sporangial galls w hich h ad  discharged th e ir  
sporangia. These were thoroughly  soaked an d  dissected ap a rt, b u t no 
sori or sporangia were found. In  th e  apex o f some, how ever, occurred 
a  collapsed, dark -am ber vesicle or cell w hich looked very  m uch like 
an  em p ty  prosorus. In  ligh t o f these observations I  suggest th e  possi­
b ility  th a t  S. melongenae m ay be a  long-cycled species w hich form s 
prosori, sori and  sporangia in  add ition  to  resting  spores. A t least, i t  
should be stud ied  m ore in tensively  a t  different seasons of th e  year. 
In  th e  even t i t  proves to  be long-cycled as suggested i t  m ay  tu rn  ou t 
th a t  L i n g a p p a ’s, (1953) S. akshaiberi on th e  sam e host a t  B añaras 
m ay be iden tica l w ith  it.

S y n c h y t r i u m  m i c r a n t h u m

This species was created  by  S in g h  (1954) for a  fungus on M icran­
thus oppositifolius w hich he collected in  B ihar. H e described sporangial 
sori, 68,5—145.8 [x in  d iam eter, w hich bear 100 to  150 sporangia, 
22.2 — 35.9 in  d iam eter, in  add ition  to  ovate  and  spherical resting
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spores, 55.5 to  142.2 ¡x in  d iam eter. My s tu d y  of th e  ty p e  m ateria l 
(HCIO, 2213) confirm s his observations th a t  th is  is a  long-cycled 
species. Singh, how ever, did no t rep o rt th e  presence of a prosorus, 
ans i t  is n o t certa in  from  his description w hether or n o t th e  in itia l 
cells is transfo rm ed  d irec tly  in to  a  sorus. In  th e  type  specim ens which 
I  exam ined em p ty  prosori were p resen t in  th e  base of th e  h ost cell 
w ith  sori o f sporangia lying above them . These prosori were sub- 
spherical, 130—166 (X, w ith  sm ooth, am ber wall 2 .5—4.2 ¡x th ick . 
The sori w ere subspherical, 60—144 [x, or ovate, 102—114 x  132 —180 jx. 
The resting  spores were ab u n d an t in  separa te  or confluent com posite 
galls, and  in  some instances th e  sh ea th  cells o f sporangial galls were 
infected  w ith  resting  spores.

A lthough germ ination  of th e  resting  spores has no t been o b ­
served, I  believe th is  species will prove to  be a  m em ber o f th e  sub- 
gerius Microsynchytrium. W hen its  life cycle and  host range are 
fully  know n, i t  m ay  possibly prove to  be identical w ith  S. lepida- 
gathidis w hich occurs on num erous acanthaceous hosts in  Ind ia .

S y n c h y t r i u m  a l y s i c a r p i
R a m a k r i s h n a n  and  S u n d a r a m  (1954) created  th is  species for 

a  fungus on Alysicarpus vaginalis w hich had  been collected a t  W alayar 
b y  S u n d a r a m  an d  R a o  (Septem ber 19, 1953). T hey  described it  
as follows: “ Galls num erous, on stem s and  leaves, reddish-orange 
in  color, galls on stem  swollen, som etim es irregularly  lobed; on 
leaf am phigenous, becom ing cupulate  and  w hitish  w ith  age; hypno- 
spores num erous, em bedded w ith in  hypertroph ied  cells an d  surrounded 
b y  pro liferating  tissue, subglobose o r oval, orange brown, th ick- 
walled, w all d ifferen tiated  in to  a  th ickened  endospore surrounded 
b y  a  lam in ated  th ick er exospore, w ith  g ranu la r contents, 53— 130 x  
50—98 [x, sorus subglobose or elliptical, m ade u p  of several sporangia, 
orange-yellow  con ten ts, 2 5 x 2 2  jx (19—4 3 x 1 9 —37), rounded or 
polygonal, due to  p ressu re .” T hey d id  n o t rep o rt th e  presence o f a 
prosorus, b u t  one o f th e ir  figures suggestes its  presence in  th e  upper 
pact o f th e  in fected  cell.

The fleshy ou tgrow ths induced b y  th is  species on th e  stem , 
as shown in  th e ir  fig. 1, resem bles very  closely those caused b y  S. cookii 
on Alysicarpus monilifer as shown b y  L in g a p p a  (1953). I  exam ined 
a  po rtion  o f  S u n d a r a m  and  R a o ’s m ateria l (HCIO, 22500), b u t it  
w as a  poor sam ple and  yielded no th ing  significantly different. N ever­
theless, I  believe S. alysicarpi will prove to  be identical w ith  S. cookii 
w hen i t  has been s tud ied  intensively. I ts  resting  spores and  sporangia 
are sim ilar in  size to  those o f S. cookii.

R ecen tly  I  received some leaves o f Alysicarpus sp. from  G. B. 
N i k a m  a t  Gwalior, In d ia  which are infected  w ith  a  species o f S yn ­
chytrium. This m a teria l was collected b y  N ik  a  m  and  K u lk a r n i  on
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Aug. 10, 1959 a t  Gwalior. O nly resting  spores are p resen t and  these 
occur in  abundance on th e  low er surface o f th e  leaves and  on stem s 
in  large, p ro trud ing , light-yellow  to  slightly  redd ish  galls. The spores 
are spherical, 156— 180 ¡j l , subspherical, 180—206 ¡j l , or ovoid, 160— 
190x  175—200 ¡i, w ith  a  dark -am ber wall, 4 —5.2 ¡i th ick , and  hyaline 
g ranu la r con ten t. T hey  are enveloped b y  a  fa irly  th ick  layer o f residue 

« w hich fills th e  rem ainder o f th e  host cell. The galls are subspherical
to  ovoid in  general outline, 200—276 ¡x h igh b y  208—280 ¡i broad, 
w ith  a  sh ea th  2—4 cells th ick . The sh ea th  cells are g reatly  enlarged.

T he resting  spores o f th is  fungus are considerably larger th a n  
those o f S. alysicarpi an d  S. cookii, w ith  hyaline instead  o f yellow 
con ten ts, an d  on these  grounds i t  appears to  be a  different species. 
N o outgrow ths or m alform ations were p resen t on th e  stem s Alysicarpus 
sp. like those induced  b y  S. cookii on A . monilifer.

A nother un identified  species o f Synchytrium  w as collected by  
N ik a m  an d  K u lk a r n i ,  8—10—1959, a t  Gwalior, In d ia  on Corchorus 
sp. and  k ind ly  sen t to  me. This is th e  first species to  be collected on 
Corchorus or an y  o th e r m em ber o f th e  Tilliaceae in  n a tu re , a lthough  
I  (1960) have succeeded in  infecting species o f th is  fam ily  w ith  S. 
macrosporum  un d er greenhouse conditions. O nly resting  spores are 
p resen t in  th e  G walior fungus, and  these are subspherical, 140—168 fx, 
o r ovoid, 152—1 6 5 x 1 7 0 —178 [x, w ith  a  sm ooth , am ber-brow n wall,
4 .6—5.3 {i. th ick , w hich is enveloped b y  a  rela tive ly  th ick  layer o f 
brow nish-red residue an d  light-yellow  contents. T he galls occur on th e  
leaves, petioles an d  stem s an d  are dark-brow n, large an d  pro trud ing , 
fla ttened  on to p  w ith  a  well-defined apical pore, 208—468 ¡i. b road  b y  
208—312 ¡X high w ith  sheaths 3 —5 cells th ick . T he shea th  cells are 
g rea tly  elongate an d  enlarged ou tw ard , an d  m ost o f th e  galls appear 
to  “ s i t” on th e  palisade layer. I n  o th e r galls th e  base is em bedded in  
th e  palisade, an d  occasionally th e  base o f th e  gall causes a  p ro trusion  
on th e  opposite side o f th e  leaf. A pparen tly , th is  is a  short-cycled 
species, b u t its  id e n tity  is uncerta in . I n  th e  m ateria l T studied  there  
w ere no  characteristics w hich distinguishes i t  sharp ly  from  o ther 
short-cycled species w ith  sim ilar spores.

N ik a m  and  K u l k a r n i  collected, 8 —17 — 1959, a  th ird  species a t  
Gwalior on  Ipomoea sp., w hich is th e  first record o f Synchytrium  
on  a  m em ber o f th is  genus in  n a tu re . A pparen tly , th is  is a  short- 
cycled species also inasm uch as only resting  spores were present. 
On th e  m ateria l sen t m e th e  galls were sparse on th e  under side of 
th e  leaf, re la tive ly  sm all, and  d id  n o t p ro tru d e  conspicuously. In  
fixed an d  sta ined  sections, th e y  w ere em bedded largely in  th e  leaf 
w ith  th e ir  base p ro trud ing  slightly  or equally  on th e  opposite side of 
th e  leaf. In  size th e y  were 98—274 (x h igh b y  70—168 ¡x b road  w ith  
a  shea th  1 — 3 cells th ick . In  several cases th e  upper p o rt o f th e  infected 
cell w as exposed w ith  only a  basal fringe o f sh ea th  cells, and  these galls
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often  appeared  to  be simple. The spores w ere ovoid, 64—90 X 70—120 (a, 

spherical to  subspherical, 144—168 ¡a , th ick  w ith  a  sm ooth, dark- 
am ber wall, 4 .8—6 (jl and  lem on-yellow content. T hey filled th e  host 
cell alm ost com pletely and  h ad  little  or no enveloping residue.

S y n c h y t r i u m  v u l g a t u m .

M h a t r e  and  M u n d k u r  identified as S. vulgatum  R y tz  a  parasite  
w hich h ad  been collected by  K h a n  and  o thers on leaves of Launea 
asplenifolia  and  Conyza sp. Inasm uch  as th e y  found only resting 
spores w hich resem bled those o f R y t z ’s fungus, th e y  assum ed th a t  
i t  was th e  sam e species. L a te r L i g a p p a  (1952) exam ined K a h n ’s 
collection a t  N ew  D elhi an d  found th in-w alled  prosori an d  sporangia 
in  some o f th e  galls. T heir presence as well as sori and  resting spores in 
th is  fungus was verified b y  a  s tu d y  of living m ateria l which he collect­
ed  on Launea asplenifolia, and  i t  becam e ev iden t th a t  M h a t r e  and  
M u n d k u r ’s identification w as incom plete and  incorrect. As a  resu lt, 
L i n g a p p a  (1955) crea ted  a  new species for th is  fungus and  nam ed it  
S. launeae. I  stud ied  sam ples o f th e  sam e specim ens (HCIO, 10358, 
10359) th a t  M h a t r e  and  M u n d k u r  exam ined, and  in  b o th  of these 
a  few large em p ty  cupu late  galls were p resen t in which em p ty  prosori 
occured. In  th is  respect th e n  m y observations confirm those of 
L i n g a p p a  th a t  th is  is n o t S. vulgatum.

S y n c h y t r i u m  e m i l i a e .

This species w as created  b y  R a m a k r i s h n a n  and  S u n d a r a m
(1953) for a fungus th e y  found on th e  petioles and  lam ina of E m ilia  
sonchifolia a t  B an taw al, Sou th  K an ara . T hey  described i t  as follows : 
“ Galls num erous, on petioles and  lam ina, m inute, crowded, yellow 
brow n, am phigenous; hypnospores spherical, so litary  or som etim es 
tw o in  each gall, d a rk  brow n, 47 — 124 ¡a , wall th ick , 3-layered, epis- 
pore d ark  brow n, up  to  15 ¡a th ick ; sporangial sorus yellow; subglobose 
or oval, 98—140 X 65—93 ¡a , m ade u p  of num erous sporangia ; spo ran ­
gia rounded  or angular by  pressure, th in-w alled , 1 9 x 1 5  (a (16—2 2 x  
12—19), yellow .” T hey reported  fu rth e r th a t  “ th e  sorus escapes out 
o f th e  resting  spore as a  yellowish globular body w ith  num erous 
sporang ia,” w hich suggest th a t  th e y  observed germ inating resting 
spores.

I  exam ined th e ir  m ateria l (HCIO, 20421) and found num erous 
sporangial galls in  w hich were em p ty  prosori, sori, and  sporangia. 
The prosori were subspherical to  spherical, 50—110 (a, w ith  a  dark  
brow n encrusted  wall, 2—2.6 ¡a th ick . T he sori were subspherical, 
64—130 [a, or fla ttened  on th e ir  lower surface and  bore 60—140 spor­
angia w hich were polyhedral, 17 to  24 ¡a in  diam eter. The resting 
spores were predom inen tly  spherical to  subspherical, 45—120 [a, w ith
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a d a rk  brow n wall, 4 .8—5.2 [a th ick , and  an  enveloping encrusted  
layer o f residue. These occurred usually  in  com posite galls, b u t th e  
shea th  cells o f th e  sporangial galls also were frequen tly  infected  w ith  
resting  spores so th a t  th e y  appeared  heaped up.

A lthough R a m a k r i s h n a n  and  S u n d a r a m ’s descrip tion  sug­
gests th a t  th e y  observed germ inating  resting  spores, m y observations 
lead  me to  believe th e y  saw  evanescent prosori w hich were form ing sori.

I t  m ay  be no ted  here th a t  P e t c h  (1926) earlier described. S. 
fuscum  on E m ilia sonchifolia in  Ceylon, and  th e  question has been 
raised  w hether or n o t S. emiliae is identical w ith  it. H e reported  only 
resting  spores and  described th e ir  con ten ts  as dividing in to  hyaline 
globose zoospores. I  stud ied  a  fragm en t o f th e  ty p e  m ateria l in  th e  
herbarium  of th e  Peraden iya D epartm en t o f A griculture, (PDA) b u t 
i t  y ielded very  little  new inform ation . A few large cupulate  and  em p ty  
galls were p resen t, an d  in  tw o o f these a  collapsed prosorus-like vesicle 
w as p resen t. H ow ever, in  th e  ex type  m a teria l (Kew, spec. 3367) from  
G alboda, Ceylon, num erous sporangial galls, prosori, sori, sporangia, 
resting  spore galls and  resting  spores are p resen t, and  these are sim ilar 
to  those found  in  R am ak rish n an ’s collection a t  B an taw al. On th e  
basis o f these observations and  com parisons I  believe th a t  S. emiliae 
is iden tica l w ith  S. fuscum  an d  belongs in  th e  subgenus Microsynchy- 
trium  in stead  o f Pycnochytrium.

S y n c h y t r i u m  v e r n o n i a e .

T his species w as created  b y  G u p t a  an d  S in h a  (1951) for a  
fungus on th e  stem s o f Vernonia patula  w hich th e y  collected a t  A gra 
in Septem ber, 1948. T hey  described th e  galls as scattered , single, 
rare ly  com pound, and  spherical, 350—600 jx in  d iam eter. E ach  gall 
contained  a  spherical, 106—149 ¡a , or ovoid, 88—9 9 x 1 3 2  [a , d ark  
brow n resting  spore w ith  an  epospore, 8—10 ¡a th ick . I n  a  po rtion  o f 
th e ir  specim en (HCIO, 20026) I  found  th e  resting  spores to  be generally  
as th e y  described them , except th a t  th e  w all was only  4 to  5.6 ça th ick . 
In  add ition  to  th e  resting-spore galls a  few larger, cupulate  em p ty  
ones were p resen t and  looked like sporangial galls. N o prosori, sori, 
an d  sporangia w ere found in  them , b u t th e  difference in  appearance 
o f these  galls suggested th a t  S. vernonia& m igh t prove to  be a  long- 
cycled species. T he shea th  cells o f th e  galls were frequen tly  infected  
b y  resting  spores and  had  a  heaped ;up appearance som ew hat sim ilar 
to  th a t  I  (1957) described for S. cinnamomeum. Sim ilar galls w ere 
observed in  a  species on  Vernonia cinera w hich B. G. N ikam  sen t me 
from  Gwalior in  1958. I n  add itional infected m ateria l o f  V. patula  
received from  N ik a m  in  1960 from  Gwalior, sporangial galls w ith  
prosori, sori, an d  sporangia were p resen t as w all as resting  spores, and  
th e ir  presence show th a t  S . vernoniae is long-cycled and  p robab ly  
belongs to  th e  subgenus M icrosynchytrium.
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S y n c h y t r i u m  h ib i s c i .

G u p t a  an d  S in h a  (1951) estab lished  th is  species for a  fungus 
which develops so litary , spherical, 182—210 ¡x, sm ooth, resting spores, 
w ith  an  epispore 20 [x th ick , in  scattered  o r confluent, spherical, 
500—700 ¡x, galls on th e  leaves an d  stem s o f Hibiscus esculentus a t 
A gra. In  CMI specim en 53271 sm all galls are  p resen t and  form  an  
alm ost uniform  brow n scarf over th e  surface o f th e  leaf. F ixed  and  
sta ined  sections o f th e  leaf contain  uniform ly stained  bodies in  th e  
galls w hich are qu ite  unlike resting  spores o f Synchytrium. On th e  
basis o f these observations, I  concluded th a t  S. hibisci was a  doubtfu l 
o r invalid  species. H ow ever, in  specim ens received from  S in g h  a 
a t  A gra College th e  lower p a r t  o f th e  stem  is covered w ith  large sepa­
ra te  or confluent galls w ith  bear 1 to  3 resting  spores These spores 
range in  size from  115 to  230 fx in  d iam eter w ith  a dark-am ber wall, 
3.8 to  4.6 ¡x th ick , an d  yellow con ten t. G up ta  an d  Sinha, as no ted  
above reported  th e  w all to  be 20 [x th ick , b u t is is probable th a t  th e y  
included th e  enveloping reddish-brow n residue in  th e ir m easurem ents.

S y n c h y t r i u m  t r a v a n c o r i c u m .

Ramakrishna, 1956. Proc. Ind. Acad. Sei., Sect. B, 44: 114, 
fig. 1-8.

This name relates to a fungus which T. S, Ramakrishnan collected  
on Impat iens  chinensis  and deposited as type specimen 23860 in the 
Herbarium Cryptogamiae Indae Orientalis. A few sporangial galls with 
empty prosori, sori and sporangia were present in addition to resting- 
spore galls and resting spores. On the basis of the meager information 
at hand I am offering the following description, realizing fully that it 
will have to be emended considerably as more data are obtained.

Prosori usually  so litary , subspherical, 60—114 ¡x, w ith  am ber 
walls, 2—2.8 ¡x th ick , collapsing and  lying in  base o f infected cell 
w hen em pty . Sori spherical to  subspherical, 72—130 ¡x, ovoid or 
f la ttened  on lower surface. Sporangia, 110—160 per sorus, polyhedral, 
20—30 ¡x. P lanospores unknow n. R esting  spores solitary, subspherical, 
54—72 ¡x, to  ovoid, 60—8 0 x 7 2 —96 fx, w ith  a  dark-am ber w all
3 .6—4.2 ¡x th ick ; residue sparse o r usually  lacking; germ ination 
unknow n.

Com positely dihom eogallic, galls sca tte red  on leaves or aggre­
ga ted  along m idrib , frequen tly  confluent an d  som etim es com pound. 
Sporangial galls low ly m ound-shaped, 220—260 ¡x broad  by  80—150 ¡x 
h igh ; shea th  1 — 3 cells th ick . R esting  spore galls sm all, low, 170—208 ¡x 
b road  by  78—130 ¡x h igh; shea th  1 — 2 cells th ick ; sheath  cellwalls 
usually  th ickened  an d  lignified.

T ype spec. 23860, H C IO , New Delhi.
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On leaves petioles and  stem s of Im patiens chinensis, K ohayan , 
T. C. S ta te , Ind ia .

O bviously th is  is a  long-cycled species w hich p robab ly  belongs 
in  th e  subgenus M icrosynchytrium, b u t I  h esita te  to  diagnose i t  as 
a  new species on th e  grounds th a t  only  a  sm all am oun t o f m ateria l 
was availab le  for s tudy . T he only  o ther species know n to  occur on 
Im patiens in  n a tu re  is 8 . im patientis Cook (1951), a  parasite  o f I . 
biflora in  Louisiana, U .S.A . w hich I  (1955) found to  be long-cycled. 
In  general i t  is considerably  larger th a n  8 . travancoricum  so fa r 
as th e  la t te r  is know n, b u t fu rth e r studies m ay  possibly prove them  
to  be iden tica l or closely rela ted .

The life cycles o f o th e r In d ian  species, 8 . ajarelcari, S . melongenae 
(S . akshaiberi), S. biophytii, S. cassiae, S . cookii, 8 . crustaceum, 
8 . maculans, 8 . meliloti, S. millingtonicolum, 8 . minutum, 8 . nyctanthi- 
dis, S . oroxyli, 8 . phyllanthi, S. rhynchosiae, S. thirumalachari, S. 
trichodesmatis, and  S. zorniae, are now  fully  know n from  L i n g a p p a ’s 
(1952, 1953, 1955a, 1955b, 1955c) excellent supp lem entary  studies 
and  need  n o t be discussed fu rth er. I  have exam ined th e  types o f his 
species (HCIO) as well as his p repared  slides o f th em  and  can confirm  
his observations. O ther species such as 8 . ampelocissi, 8 . anemones, 
S. biophytum, S. celosiae, 8 . cessampelum, S. cymopsae, 8 . desmodicolum, 
8 . gei, 8 . micranthum, 8 . phaseoli-radiati, S . physalidis, S. phyllanthi- 
colum, an d  S . stereospermi are incom pletely know n an d  will require 
add itio n a l in tensive s tu d y  before th e ir  re lationships and  classifications 
are  fu lly  understood.

Possib ly  8 . akshaiberi is th e  sorus and  sporangial stages o f 
8 . melongenae, an d  S. biophytum  and  8 . phyllanthicolum  m ay  prove to  
be th e  resting  spore stages o f S. biophyti and  S. phyllanthi, respectively .

T he short-cycled species w hich form  only resting  spores and  
parasitize  Phaseolus an d  o th e r legum es have been sub ject to  con­
siderable d isagreem ent am ong In d ian  m ycologists. Synchytrium  
indicum (S. phaseoli P a te l e t al.) on Phaseolus mungo is a  doub tfu l 
species, as will be ind icated  fu rth e r on. In  1951 G u p t a  and  S in h a  
created  S. phaseoli-radiati for a  fungus w hich th e y  found on Phaseolus 
radiatus, P . mungo, Gajanus cajan and  Grotalaria junceae because 
i t  appeared  to  be qu ite  different from  8 . indicum. I n  th e  sam e y ear 
P a j a k  estab lished  8 . ajrekari for a  p arasite  on P . mungo. Synchytrium  
phaseoli-radiati is repo rted  to  have resting  spores 165—200 ¡i in  
d iam eter w ith  an epispore 13—16.5 ¡a th ick , w hich are borne in  
single, ra re ly  com pound cupulate , sherical galls, 400 to  600 ¡a in  
d iam eter. Synchytrium ajrekari, on th e  o th e r h and , is described as 
having  resting  spores 114— to  270 ¡jl in  d iam ete r w ith  a  wall, 8 —11.5 ¡a 

th ick . S a f e e u l a  an d  G o v in d u  (1952), ap p aren tly  w ith o u t study ing  
G u p ta  and  S in h a ’s m ateria l, m ain ta ined  th a t  8 . phaseoli-radiati is 
identical w ith  8 . ajrekari and , therefore, a  synonym  of it. In  study ing
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G u p t a  and  S in h a ’s m ateria l (CMI, 253266) o f S. phaseoli-radiati I  
found th e  galls to  be unicellular or simple, and  rarely  com posite. 
In  S. ajrekari, on th e  o ther hand , L i n g a p p a  (1952) figured th e  
galls as being com posite on P . mungo, an d  I  have confirm ed his 
observations from  a  s tu d y  of his m aterial. Sim ilar galls are present 
in  specim ens of S. ajrekari collected by P ay ak  on P . radiatus a t  
Poona (HCIO, 19810) and  b y  P arg i (HCIO, 20114) a t  B añaras. 
H ow ever, th e  specim ens (HCIO, 20017) collected by  S i n h a  and 
G u p t a  (A ugust 22, 1948) a t  A gra on P . radiatus and  labeled S. 
ajrekari is n o t a  Synchytrium  species. The large, ligh t-am ber bodies 
in  th e  galls are p robab ly  th e  eggs o f an  insect or microscopic anim al. 
S im ilar galls and  bodies were found in ano ther collection o f P . radiatus 
m ade b y  S i n h a  and  G u p t a  on Septem ber 12, 1948 a t  A gra w hich 
S i n h a  k ind ly  sen t me. F rom  exam ination  o f these specim ens i t  
appears th a t  S. ajrekari will infect P . radiatus as well as P . mungo, 
and  th a t  i t  differs from  S. phaseoli-radiati by  th e  reaction i t  induces 
in  th e  sam e host, P . mungo. Obviously, m ore intensive stu d y  of living 
as well as fixed and  sta ined  sections o f these tw o species is essential 
before th e ir  exac t id e n tity  and  relationships are fully  known.

So fa r only six represen tatives o f th e  subgenus Woroninella 
have been reported  from  In d ia  — S. atylosiae, S. dolichi, S. decipiens 
(S . aecidioides), S. minutum (S . puerariae), and  S. umbilicytum. 
Synchytrium cajani in  herb  (HCIO, 20089) is a  questionable species 
an d  is p robab ly  iden tica l w ith  S. umbilicatum. The la tte r  species was 
described as Aecidium  umbilicata b y  B e r k e l e y  and  B r o o m e  (1875) 
on Phaseolus grahamianus. P e t c h  (1909) described i t  as A . cajani on 
Cajanus cajan and  la te r  (1918) on as Woroninella umbilicata. In  1950 
P e t c h  and  B i s b y  s ta ted  th a t  th e  sam e species apparen tly  occurs on 
Phaseolus calcarius, Cajanus cajan, A tylosia rugosa, A . çondollei, 
Dunbaria heynei, Crotalaria walkeri, and  Glycine javanica. In  1954 
Ramakrishnan  and  Sundaram  reported  i t  as Woroninella umbilicata 
on Cajanus cajan a t  C inchona (Anam alais) in  Ind ia . H owever, the ir 
herbarium  specim en is labeled S. cajani (type 20889, H CIO). The 
fungi reported  by  P e t c h  (1909) and  P e t c h  and  B i s b y  on Atylosia  
condollei and  A . rugosa ap p aren tly  are S. atylosiae, as G ä u m a n n  
(1927) has ind icated . W hether or n o t th e  fungi on th e  o ther hosts 
are one species rem ains to  be proven, in  m y opinion. R a m a k r i s h n a n  
and  S u n d a r a m  no ted  th a t  th e  sporangia of th e ir species were brigh t 
orange in  con trast to  th e  hyaline sporangia previously reported  for 
S. umbilicatum, an d  th is  is p robab ly  th e  reason w hy th e y  labeled 
th e ir  specim ens S. cajani. I  have studied  th e ir  ty p e  m ateria l and  
can confirm  th e ir  observations on th e  size an d  shape of th e  sori 
and  sporangia. H ow ever, th e  sporangia are hyaline, w hich shows 
th a t  in  th e  six years since th e  m ateria l was collected th e y  have lost 
th e ir  b righ t orange color.

38

52



Synchytrium atylosiae, S. decipiens, S. dolichi and  S. minutum  
are well know n, an d  I  have confirm ed th e  identifications by  a  s tu d y  
o f th e  specim ens in  th e  H erbarium  C ryptogam iae In d ae  O rientalis and  
th e  Com m onw ealth M ycological In s titu te . I  have some reservations, 
however, regarding th e  R a m a k r i s h n a n ’s identification (1950) of 
S. crotalariae. T hey described th e  sporangia as being slightly  larger, 
1 7 - 2 0  X 34 [a, th a n  those o f o th e r In d ian  Woroninella species, b u t 
these differences are no t g rea t enough to  ju s tify  th e  creation  o f a  new 
species. Synchytrium umbilicatum  parasitizes Crotalaria also, and  
R a m a k r i s h n a n ’s species m ay  prove to  be identical w ith  it. 
Woroninella species are qu ite  com m on on legumes in  trop ical and  
sub trop ical countries, and  are very  sim ilar in developm ent and  
m orphology. Therefore, to  iden tify  th em  more sharp ly , host range 
experim ents m ust be m ade w ith  each species to  supplem ent studies 
on th e  m orphological varia tions w hich th e y  exh ib it on th e  sam e and  
different hosts. My s tu d y  (1954) o f S. decipiens, (S . aecidioides) 
produced unexpected  resu lts w hen a ttem p ts  were m ade to  grow i t  on 
a  large num ber o f different legumes.

D o u b t f u l  S p e c i e s

A dditional species to  those m entioned above have been reported  
from  Ind ia , b u t a s tu d y  o f specim ens o f these in  th e  H erbarium  
C ryptogam iae Ind iae  O rientalis and  th e  Com m onw ealth Mycological 
In s titu te  has shown th a t  th e y  are doub tfu l or invalid  species. These 
are described below.
S. piperi M hatre and  M undkur, 1945. L loydia 8: 136.

This species was created  for w hat M h a t r e  a n d  M u n d k u r  
believed to  be Synchytrium  species in  th e  leaves of Piper betle which 
had  been collected b y  B. R . T o p a n y  (May 24, 1921) a t  Alibog, 
B om bay. T hey described th e  galls as m inu te w hite dots, som ew hat 
deep-seated in  th e  leaves, w hich b ear a  single, spherical, 30—38 ¡a , 

sm ooth, thin-w alled, ligh t brow n resting  spore. I  observed these dots 
in  a  po rtion  of th e  ty p e  (HCIO, 10366), and  o th e r m ateria l (HCIO, 
22681), b u t found no th ing  th a t  resem bles th e  resting  spores of 
Synchytrium. D eep-seated and  fairly  uniform ly d istribu ted , th in - 
walled, am ber bodies are p resen t th ro u g h o u t th e  leaves in  fixed and  
sta ined  sections o f these specim ens, b u t th e y  do n o t re la te  to  Synchy­
trium . Also, in  fixed and  sta ined  sections of S. piperi collected by  
M. I . T h i r u m a l a c h a r  a t  Bangalore (Jan u a ry  26, 1946) and  sen t to  
th e  herbarium  of th e  U niversity  o f W isconsin, I  found sim ilar bodies 
th ro u g h o u t th e  leaves. I f  th e  specim ens w hich I  have stud ied  are 
rep resen ta tive , I  do n o t believe S. piperi is a  species o f Synchytrium. 
S. indicum  (P ate l e t al.) K arling, 1953. Mycologia 45: 282.
S. phaseoli P ate l, K u lk arn ia  and  D hande, 1949. C urren t Sei. 18: 342.
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This fungus was described as a  short-cycled species, S. phaseoli, 
on Phaseolus mungo a t  Poona, b u t inasm uch as its  specific nam e had  
been p reem pted  b y  W e s t o n ’s (1934) S. phaseoli, I  renam ed i t  S. in d i­
cum. P a t e l  e t al. described th e  resting  spores as unusually  small, 
spherical, 18—26.6 jjl,  to  slightly  ellipsoidal w ith  a  th ick , sm ooth, 
b row n wall. N o galls per se w ere p resen t on th e  host, b u t th e  leaves 
were covered on b o th  sides w ith  quadrila te ra l to  polygonal crusts, 
l X l  — 2 m m  in  d iam eter. P a y a k  (1951) exam ined th e  m ateria l 
collected b y  P a t e l  e t al. and  found th a t  th e  so-called sporangia in  
th e  in tercellu lar spaces o f th e  m esophyll were sim ilar to  th e  oospores 
o f dow ny mildews. A ccordingly, he questioned th e  valid ity  o f th is 
fungus as a  m em ber o f Synchytrium. L i n g a p p a  (1952) also exam ined 
th e  herbarium  specim ens a t  th e  A gricu ltural College a t  Poona and  
found  no trac e  o f th e  fungus. In  view o f th e  sm all size of th e  resting 
spores rep o rted  b y  P a te l e t ál. and  th e  observations of P ay ak  and  
L i n g a p p a  I  do n o t th in k  th is  is a  species o f Synchytrium. H ow ­
ever, I  have n o t been able to  secure specim ens for study.
S. borreriae Lacy, 1950. In d ian  P h y to p a th . 3: 159.

T he resting  spores o f th is  species on Borreria hispida  has been 
show n b y  L i n g a p p a  (1956) to  be th e  cysts o f an  endophytic alga. 
S. khandalensis P a y a k  and  T hirum alachar, 1956. Sydowia 10: 38.

This species w as described as having  globose, ovate  to  spherical 
resting  spore, 110— 175 [a in  d iam eter, w ith  a  re ticu la te  o r areolate 
exospore, 7.1 — 15 p, th ick . These are borne in  glistening, lemon- 
yellow to  brow nish com posite galls on b o th  surfaces o f th e  leaves of 
Blepharis asperrima  an d  A systasia dahelliona a t  K handula , Bom bay. 
P reviously , P a y a k  (1953) listed  tw o species, S. asytdsiae and  S. 
khandalensis fo r th is  organism , b u t  as ind icated  above he and  Thiru-. 
m alachar m erged them .

In  th e  ty p e  m a te ria l (HCIO, 26540) on B. asperrima and  th e  
specim en (HCIO, 26541) on A . dalzelliana I  found th a t  th e  reticu la te  
o r areolate  bodies described above are n o t resting  spores o f Synchy­
trium. T hey occur singly in  sm all galls o r in  groups o f large p ro trud ing  
galls, an d  each is su rrounded  by  a  hyaline envelope. T hey  are p re ­
dom inan tly  pyrifo rm  w ith  a  b lu n t peg a t  one end, b u t m ay  be ovoid 
to  elongate also. The w all is unusaully  th ick  an d  sculp tured  by  regular 
or irregu lar polygons. The po in ts o f convergence o f th e  polygons m ay 
p ro tru d e  ou tw ard  as b lu n t spines over th e  periphery . The con ten t of 
these bodies is m arked ly  different from  th a t  o f Synchytrium  resting 
spores, and  I  believe th e y  m ay be th e  eggs or cysts of an  insect or 
possibly cysts of an  alga.

K e y  to  I n d i a n  s p e c i e s
The know n In d ian  species w hich I  regard  a t  p resent to  be valid 

m ay  be classified in various subgenera according to  th e  following

40

54



key. In  th e  lis t o f species p resen ted  below in  th e  subgenera, those 
in  parentheses are regarded as possible synonym s o f th e  im m ediately  
preceding ones.
A. Long-cycled; life cycle including sum m er sporangial sori and  

resting  spores.
1. M ature in itia l cell or tha llu s  functioning  as a  prosorus; con ten ts 

em erging to  form  a  th in-w alled  vesicle w hich cleaves in to  
sporangia and  becom es a  sorus w ith in  th e  infected  cell.
a. R esting  spore functioning  as a  prosorus in  germ ination ; 

con ten ts  em erging to  form  a  th in-w alled  superficial sorus 
w hich cleaves in to  sporangia.

Subgenus M ic ro s y n c h y tr iu m
Synchytrium melongenae (S .  akshaiberi), S. biophyti, S. cassiae, 

S. collapsum, S. cookii (S . alysicarpi), S. crustaceum, S. lagenariae, 
S. lannae, S. lepidagathidis, S. maculans, S. nyctanthidis, S. olden- 
landiae, S. oroxyli, S. phyllanthi, S. rytzii, S. sesamicola (S.  sesami), 
S. trichodesmatis, S. trichsanthidis, an d  S. zorniae. R esting  spore 
germ ination  has n o t been observed in  S. micranthum, S. stereospermi, 
an d  S. travancoricum, b u t these species w ill p robab ly  prove to  be 
species o f th is  subgenus w hen th e y  are fu lly  know n.

b. R esting  spore functioning  as a  sporangium  in  germ ination  
an d  form ing planospores d irectly .

Subgenus M eso c h y tr iu m  
Synchytrium endobioticum

2. M ature in itia l cell o r tha llu s  developing d irectly  in to  a  sorus 
o f sporang ia; sporangia delim ited b y  cleavage w ith in  th e  sorus 
an d  freed b y  th e  ru p tu re  o f its  wall.
a. R esting  spores function ing  as sporangium  in  germ ination  and  

giving rise d irec tly  to  planospores.

Subgenus S y n c h y tr iu m  (E u s y n c h y tr iu m )
(Unless S. desmodicolum belongs here, th is  subgenus is no t 

rep resen ted  in  In d ia  so fa r as ou r know ledge goes.)
b. R esting  spore functioning  as a  prosorus in  germ ination ; 

con ten ts  em erging to  form  a  superficial vesicle o r incip ient 
sorus w hich cleaves in to  sporangia.

Subgenus E x o sy n c h y tr iu m
(This subgenus is n o t represen ted  in  In d ia  so fa r as our knowledge 

goes.)
B. Short-cycled, life cycle including only  sporangial sori, o r resting  

spores.
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1. O nly resting  spores know n.
a. B esting  spore functioning  as a  prosorus in  germ ination.

Subgenus P y c n o c h y tr iu m
Synchytrium ajrekari, S. meliloti, S. millingtonicolum, S. rhinchosiae, 

S. thirumalachari, and  S. vitícola. R esting  spore germ ination has 
no t been observed in  S. ampelocissi, S. anemones, S. biophytum, 
S. celosiae, S. cessampelum, S. cymopsae, S. gei, S. phaseoli-radiati, 
S. physalidis, an d  S. phyUanthicolum, b u t th e y  will p robab ly  prove to  
be m em bers o f th is  subgenus w hen th e y  are fu lly  known.

2. O nly sporangial sori an d  sporangia know n.
a. M ature in itia l cell or th a llu s  developing d irectly  in to  a  sorus 

o f sporangia. Sporangia delim ited b y  cleavage w ith in  th e  
incip ient sorus ; freed b y  ru p tu re  o f sorus w all an d  appearing 
as pow dery m asses in  open aecidium -like pustules.

Subgenus W o ro n in e lla
Synchytrium alytosiae, S. crotalariae, S. decipiens (S. ascidioides), 

S. dolichi, S. minutum (S. puerariae), an d  S. umbilicatum (S. cajani).

S u m m a ry .
1. Species of Synchytrium are abundant in India, and up to the present time 

fifty-nine species have been reported from that country. However, a study 
of the types and other specimens has shown that several of these are identical, 
or not fully known, and require further intensive study. Several others have 
been found to  be invalid.

2. Synchytrium rytzii, S. collapsum, S. lepidagathidis, S. lagenariae, S. tricho- 
santhidi8, S. sesamicola, S. micrantum and S. fuscum (S. emiliae) were found 
to  be long-cycled, and belong, thus, in the subgenus Microsynchytrium.

3. Synchytrium luffae, S. cucumis-sativa and S. fistulosa in herb. (HCIO) appear 
to be identical with S. lagenariae. Synchytrium sesami, S. alysicarpi, S. 
akshaiberi, S. biophytum, and S. phyUanthicolum appear to be identical with 
S. sesamicola, S. cookii, S. melongenae, S. biophytii, and S. phyllanthi, re­
spectively.

4. Species previously identified as S. vulgatum have been found to be long- 
cycled and identical with S. launeae.

5. Synchytrium indicum (S. phseoli), S. khandalensis, S. borrariae and S. piperi 
are invalid.

6. On the basis of their life cycles and development the known valid species 
may be classified provisionally in five subgenera :
M icrosynchytrium, Mesochytrium, Synchytrium (Eusynchytrium), Pycnochy- 
trium  and Woroninella.
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NOTES ON TH E T H R E E  COMMON SPEC IES OF S H A R K S  
IN TH E M A U R IT IU S-SE Y C H E L L E S A R E A .

by

J. F. G. W h e e l e r ,
F o r m e r ly  D ir e c to r  o f  th e  F a s t  A f r i c a n  M a r in e  F is h e r ie s  R e s e a r c h  O r g a n iz a t io n .

During the Mauritius-Seychelles Fisheries Survey of 1948-49 all 
b u t 18 of the i , 138 sharks caught belonged to one or other of three species 
o f  the genus Carcharinus, and, in the absence of relevant literature they 
were known and recorded under vernacular names. T w o of these names —  
R e q u i n  b a r  (or b a r r e )  and R e q u i n  b l a n c  —  were used by the Seychellois 
fishermen, w ho, not being interested in sharks as such, make no distinction 
between the species most frequently taken on the barrier reefs or «barres»  
of the Seychelles plateau, but recognise R e q u i n  b l a n c  as different because 
o f  its pallid appearance in the water as seen from above.

W hen fishing from the schooner «Sarcelle» on the Vigilant Bank 
(Seychelles plateau N .W .) in October. 1947, 1 noticed that four sharks, 
being noticeably different in colour and markings, could be set aside from 
the remainder of the catch of ten which were similar to the forty-seven 
caught during the previous day on another part of the Bank. These had 
been called R e q u i n  b a r  by René Houareau, skipper o f  the «Sarcelle» at that 
time. I gave the name R E Q U IN  h o u a r e a u  to  the new  kind of shark and it was 
retained thereafter throughout the Survey. R E Q U IN  BAR w as thus restricted to 
a single species of which six hundred and sixty-two were caught in the 
course of the Survey and seventy-six had been noted previously in the 
catches of the «Sarce lle»  and the motor launch « Jan e tte» .  Four hundred 
and twenty-nine R e q u i n  h o u a r e a u  plus eleven from earlier cruises were 
recorded bu t only forty R e q u i n  b l a n c  were seen altogether, eight o f  them 
before the arrival of the Survey vessel M .F.R .V .i at the Seychelles.

The taxonomy o f the Carcharinid sharks is very confused. Because 
m ost of the species grow  to  a large size and in consequence are difficult 
to preserve and transport there are few specimens in collections and the 
majority of these are dried and distorted. Information concerning the group 
is derived mainly from written accounts, usually of single specimens, more 
often than not juveniles, w hose proportions, dentition and colour pattern 
may change w ith age, and which, even if adult, possess few distinctive 
characters.

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. I I I ,  contribu tion  no. 135 59
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Provisional identifications of the sharks of the Survey from my notes 
and paintings were made in 1950 by Mr. Fraser-Brunner at the British 
Museum (Natural History). Comparison w ith Ruppell's figure and text of 
Carcharinus albimarginatus from the Red Sea confirmed his identification of 
R e q u i n  h o u a r e a u .  The identification of R e q u i n  b a r  as C. amblyrhynchus 
Bleeker and o f R e q u i n  b l a n c  as C. bleekeri Dumeril appeared more open to 
question although the latter was recorded from the Seychelles by Playfair 
(1867) and the descriptions could quite well apply to them . Our many 
records were not sufficiently critical to make confirmation certain as there 
were a larger num ber of similar species in the literature than had been 
anticipated.

Gunther (1870) suggested that Duméril's bleekeri was synonym ous 
with spallanzani of Lesueur (1822) and that Bleeker s henlei and brachyrhyn­
chus were actually Quoy and Gaimard's melanopterus. Fowler (1941) con­
curred. Muller and Hen le (1841) had placed Lesueur’s spallanzani with 
melanopterus CL- and G. but their description of this latter species included 
specimens w ith tw o  shapes of snout, one moderately long and pointed, 
the other short and round, as well as f5 teeth in some but §j, in one 
small example. Klunzinger (1871) retained melanopterus for the short­
snouted species, synonym ous with Bleeker’s brachyrhynchus and named the 
other form ehrenbergi. Bleeker's henlei, according to his own account in a 
note appended to his description of amblyrhynchus, was re-named bra­
chyrhynchus when he found that henlei was preoccupied by another type 
from Cayenne (C . henlei Val. of Müller and Henle).

The characters on which these species are based do not differ greatly 
and individual variations or growth changes have not, of course, b ien  
taken into account. Nevertheless, there are differences. For instance, the 
upper teeth of melanopterus and bleekeri are said to be oblique w ith  a 
re-entrant angle while those of ehrenbergi and amblyrhynchus are almost 
upright and almost equal sided. It would appear that the pectoral fins of 
melanopterus are broad, while those of all the other species, including bra­
chyrhynchus. are narrow and falciform.

Since 19 5 1, when the East African Marine Fisheries Research Organi­
zation came into being, many specimens of sharks from Zanzibar and the 
East African coast have been studied and it is now possible to confirm the 
identification of R e q u i n  b a r  as C. amblyrhynchus and to correct that of 
R e q u i n  b l a n c  to C. milberti (M. and H.), a species named b y  Valenciennes 
to commemorate the donor, Milbert, o f a specimen from New York pre­
served in spirit in the Paris Museum and recognised by Muller and Henle 
am ong specimens from the Mediterranean. Fowler (1936) as quoted by 
Bigelow and Schroeder, held that Nardo’s (1827) meagre description of 
plumbeus from the Mediterranean (Adriatic) which 26 years later he referred 
to milberti gives his specific name precedence over milberti for the Euro­
pean form and also for the American form if it should turn out to be iden­
tical. 1 retain the know n and well-authenticated milberti.
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Fig. i .— Three com m pn sharks of the  Mauritius-Seychelles area. A, Carcharinus am blyrhynchus 
Blkr. ; B, Carcharinus albim arginatus  Rupp . ; C. Carcharinus m ilberti M. and  H.
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Carcharinus amblyrhynchus Bleeker 
(Fig. i ,  A.)

R e q u i n  b a r  w as caught i n  the shallow waters over and immediately 
around all the banks and islands of the Mauritius and Seychelles Dependen­
cies area.

The largest one taken w as a female, 1720 mm. long, weighing 85 lb. 
A male of 1680 mm. weighed 64 lb. From a length of about 1100 m m . 
females are heavier than males o f  the same length, this difference increasing 
to  nearly io  lb. among the largest specimens.

Study material
Descriptions of seven females and one male taken on the M auritius- 

Seychelles Survey have been used, supplemented by full measurement 
series and colour notes of five females and four males from Zanzibar or the 
East African coast. On the Survey (w ith the above exceptions) only the total 
length, weight, sex, sexual condition and stomach contents were recorded 
and it is from these data tha t the conclusions on growth and breeding have 
been extracted. Proportional measurements expressed as percentages of the 
total lengths are given in the table appended.

Fig. 2 .— Under surface of heads of : (A), C , amblyrhynchus, female, n o o  m m . from the  Sw an  
Bank, Seychelles; (B), C. albim arginatus, female, 1 2 1 0  m m . from the Vigilant Bank, Seychelles; 
(C ) ,  C. m ilberti, male, 1 8 5 0  m m . from the  Chagos Archipelago.

Descriplion
The form is typically Carcharinid with a broad head flattened in pro­

file, a rounded pointed snout, nostrils nearer the snout tip than the point of 
the lower jaw  and very short labial furrows extending at right angles on 
the upper jaw s (fig. 2, A.). The first dorsal fin is higher than its base is long
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and is about three times higher than the 2nd dorsal which is opposite the 
anal and about equal to it in size. There is no longitudinal ridge betw een D1 
and DII bu t occasionally a slightly raised seam can be felt rather than seen.

The pectorals are narrow, the distal margin being sharply incurved 
from the posterior point. I should here remark that considerable variation 
occurs in the proportional measurements. This is due in some degree to  
individual oddity bu t mainly to  changes in grow th . Thus the proportion 
of caudal fin decreases as the total length increases while measurements 
such as snout to origin of DI, Dll or the anal tend to increase. The eye is 
invariably larger in the small individuals and it seems that the fins stop 
grow ing before the body has attained its maximum size.

The head o f Bleeker's single specimen w as 20°/o of its total length. 
My figures vary from 16.7 to 2 i .2 ° /0 in eleven specimens. Similarly the 
caudal measurement of his specimen was 25 %  of the total length while 
mine range from 25.4 to 3 1 .2 %  in eight specimens, all bu t one of which 
were far smaller than his specimen in length. His pectoral w as i7.9°/o 
and mine vary between 16.5 and 2 1 .5%  ; his body depth w as 13%  and 
mine vary from 11.7 to 16 .0% .

Four or five teeth in the upper jaw  on each side of the small sym phy- 
sial tooth are almost symmetrical, the blade being equal-sided and sprin­
ging sharply from the shoulders of the base. The fifth or sixth and the 
remaining lateral teeth of the upper set slope more and more obliquely, 
the median edge becoming straighter and the outer re-entrant angle more 
acute as they diminish in size. Both edges are serrated, the blade finely, the 
basal shoulders more coarsely (fig. } ) .

Fig. 3 .— C. amblyrhynchus. Upper and  low er  teeth of left side and  4 th  
upper and  low er tee th  enlarged.

The lower teeth are more awl-shaped, i.e. the points are less blade­
like than the uppers, and the points arise, from bases of about their ow n 
length and are only slightly canted backwards and outwards. The outer

63



151 ROYAL SOCIETY OF ARTS AND SCIEN CES OF M A U RITIU S

shoulder of the base is lower than the median one and the edges of both 
shoulders and point are finely serrated —  the serrations being more evident
to the touch than to sight. In tw o specimens the dentition w as — 1 ~  1 * •

In a third it was 12 ---  !   13

W hen freshly caught the back is bronze with a glistening sheen. On 
the sides the colour fades into w hite . A broad strip of bronze passes obli­
quely dow n from the region of the pectoral and fades towards the region 
of the pelvics. The first dorsal fin is brown or bronze like the back bu t has 
a white or whitish tip fairly sharply marked and extending down the trai­
ling edge. The second dorsal is brow n like the back or som ewhat darker 
and the upper surfaces of the pectorals are brown, darker than the back, 
and m erging into blackish at the tips. The undersides o f  the pectoral tips 
are blackish fading gradually into white and the trailing edges of these fins 
are also edged with black. The lower part o f the lower lobe of the caudal 
and the trailing edge to the tip of the dorsal lobe are blackish. The free 
edges of the anal and pelvics may be grey merging into white.

«*■-

Fig. 4  — C. am blyrhynchus. F requency of im m ature  (°) and m ature  (•) males.

The rich bronze or copper colour of the fresh specimens from the 
banks of the Mauritius-Seychelles area becomes dull after death. I have re­
cords of pale blue grey, pale brow n grey, grevish olive and grey with very 
faint darker cross-bars am ong specimens brought in from East African 
waters w ith  all the fins except the white tipped DI darker than the back.

The average proportional measurements expressed as percentages of 
the total length with their maxim um  and minimum values are given in the 
comparative table on p.

C. amblyrhynchus males become sexually mature between 112 and 
140 cms. and do not appear to exceed 170 cms. in length when fully 
grow n (1 6 8 cm. & 641b.) (Fig. 4). (It is likely that the specimen 193cm. 
long w as erroneously recorded as R e q u i n  b a r ) .
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The smallest female w ith eggs in the oviduct w as 122 cm. long and 
the smallest pregnant female w as 12s cm. long carrying a single male foe­
tus 16 cm. long. The largest female taken w as 172 cm. long, weighing 85 lb. 
inclusive of her four foetuses. The largest non-pregnant female was 168 cm. 
long and weighed 70 lb, The num ber of foetuses carried ranged from one 
to four with a very distinct tendency for larger numbers in the larger sharks.

No of Foetuses
Length of female One Two Three Four

From 120-130 cm. 5 3 _ _

From 131-140 cm. 2 16 7 ---
From 141-1 so cm. 2 »7 18 ---
From 1 s i-160  cm. — 2 8 4
From 161-170 cm. — 1 3 —

From 171-180 cm. — — — i

W hen the lengths o f the foetuses are plotted month by month (Fig. 5) 
a broad path of grow th  is evident which indicates a season of sexual acti­
vity from June to January w ith the greatest intensity about September. 
Foetal growth starting in this month culminates some twelve or thirteen 
months later in birth at about 70cm . Continuation of the curve o f  grow th 
suggests  that the length is about 105 cm. at the end of the first year and 
that sharks of this species become sexually mature at the end of their 
second year of free life when they are about 125 cm. long.

The stomachs of half the sharks examined contained food. C. ambly­
rhynchus ate fish of a num ber of surface and bottom species along w ith  
squid and octopus.

Carcharinus albimarginatus Riippell 

(Fig. i , B.)

The m ost conspicuous features of R e q u i n  h o u a r e a u  are the w hite  bor­
ders of the pectorals, caudal and ist dorsal fins. Small specimens were 
caught along w ith R e q u i n  BAR on all the banks, particularly of the Sey­
chelles plateau bu t the larger ones inhabited the deeper surrounding waters.

C. albimarginatus grows to a very much larger size than C. ambly­
rhynchus. the largest male w e caught being 235 cm. (160 lb.) and the 
largest female 261 cm. (245 lb .). This one carried tw o  full term foetuses, 
both males, 80 and 82 cm. long.
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Fig. 5 .— C. amblyrhynchus. Frequency of females and  foetuses (of bo th  sexes) in each m onth  of the 
year. (F igures  of w ho le  period com bined  and  fu s t  four m on ths  duplicated) .  Im m ature  and  non-pregnant 
females —  o. P regnan t females —  • .

Material S tudied

A partial series of measurements and descriptions of four females and one male taken 
at the Seychelles with the lower teeth of one specimen and outlines and a painting made 
at that time. The recorded lengths, weights, sex, sexual condition and stomach con­
tents of the 429 specimens caught before and during the Mauritius-Seychelles Survey.
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Description

Carcharinus albimarginatus is golden bronze or rich burnt sienna in 
colour on the back, darker than amblyrhynchus, and its white fin borders 
are sharply distinct at all stages of grow th. It is white beneath. The white 
borders can be seen on the undersides o f the pectorals where they appear 
densely white against the slightly translucent white of the fin. The iris of 
the eye is amber w ith a dark rim.

The body form is slimmer and more shapely than amblyrhynchus and 
there is a proportionally longer snout and a very distinctly lower and 
smaller 2nd dorsal fin (Fig. i , B). There is a s trong ridge between DI 
and Dll.

Fig. 6 .— C. albimarginatus. A, Lower teeth  of left side ; B, 4th  low er  too th  of female,
12 io  m m. ; C, 4 th  lower tooth  of C. dussumieri, male, 1260 m m .

The teeth in the upper and lower jaw s are similar in shape to those of 
amblyrhynchus. Both sets are serrated bu t the serrations of the lower set 
are too fine to be seen. They are barely perceptible to the finger nail. The 
points of these teeth are fairly narrow where they join the basal shoulders 
and in this they differ from those of C. dussumieri (Fig. 6, A, B, & C.) 
which are wider. C. dussumieri is the only species likely to be confused 
with C. albimarginatus, particularly when young, because of the w hitish 
edges to its fins; bu t (a) it has only a very slight ridge between Dl and 
Dll whereas in C. albimarginatus the ridge is very strong, (b) its w hite  
edgings are little more than an absence of fringing colour to the fins quite 
unlike the conspicuous and sharply marked borders of albimarginatus, 
(c) its 2nd dorsal fin is white-edged but in albimarginatus this fin is darker 
than the back, (d) its teeth are small compared w ith  those of albimarginatus 
of approximately the same length, and (e) the points o f  its lower teeth are 
flatter and broader than those of albimarginatus.

O f  the 247 females recorded during the Mauritius-Seychelles Survey 
tw enty-tw o were pregnant. The smallest being 2150 m m . long. The 
num ber of foetuses carried varied from 1 to io  and there was no apparent 
increase in num ber w ith  increase in length of the  parent.

A
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L eng th  of m other  No of FœtUSes
m m . O ne T w o  Three Four Five Six Seven E igh t Nine Ten

2101-2200 
2201-2300 
2301-2400 
2401-2500 
2501-2600 
2601-2700

Males were approaching maturity at 1650-1730 m m. long judging by 
the increased length of their claspers, and fully mature at 1800 mm.

W hen the length of the females and their foetuses are plotted against 
the months in which they were caught (fig. 7) the approximate curve of 
fœtal grow th carried onwards suggests tha t if conception occurs in January 
or February, birth will take place about a year later at 800 mm. and sexual 
maturity at about three years from birth. It is not supposed that the lar­
gest shark of this species caught (2610 mm.) represents the limit of growth. 
C. albimarginatus has not been recorded so far from Zanzibar or the East 
African coast.

Carcharinus milberti M. & H.
(Fig. i ,  C.)

W hen freshly caught this species is easily recognised am ong specimens 
of amblyrhynchus or albimarginatus by reason of its yellowish grey-green or 
pale blue-grey colour on the back and by the height of its is t  dorsal fin.

The body appears heavily built an impression due partly to the thick­
ness of the trunk and partly to the position of DI and the breadth of the 
pectorals (Fig. 1, C.). The snout is shoit and bluntly rounded as seen 
from above. The eyes are relatively small.

DI is inserted above or slightly before the axilla o f  the pectoral and 
its vertical height (13.8 i,j0 total length) is greater than the distance from 
the eye to the is t  gili slit (1 0 .7 % ) but less than that from the eye to the 
5th gili ( i 6 .3°/ o ). DII is inserted anterior to the anal but it is neither so high 
nor so long. The free ends of both fins are short. There is a variably 
s trong ridge between DI and DII. The pectoral is longer and broader than 
that of either of the other species.

The colour on the back is palely blue —  or greenish-grey and the 
lateral stripes from the origin of the pectoral towards the anus are faintly 
marked. The belly is white. DI and Dll are coloured as the back but the 
posterior margins and extreme tips are blackish. The pectorals are dark 
grey on their dorsal surfaces, white ventrally w ith black trailing edges and 
slight grey or blackish tips. The dorsal lobe of the caudal is grey, the 
ventral lobe sometimes w hitish . Both lobes have thin black posterior mar­
gins.
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The teeth in a female 1910 m m .) are as usual dissimilar,
the uppers being triangular and blade-like, the lowers narrow  points on 
broad bases (Fig. 8). The serrations are very fine. Towards the tips of the

Fia. 8 .— C. m ilberti. Upper and  lower teeth  of le f ts ide .  5 th  upper and lower teeth enlarged.

upper teeth they can be felt rather than seen, particularly on the inner 
edges ; but am ong the lower teeth they are perceptible to the fingernail 
tow ards the tips of the points only. Under magnification the ‘ w av y ' — ra­
ther than ‘ saw  ’ —  edging can be traced from point to base.

Fig. 9 .— C. m ilberti. Scales from back magnified.

The skin of this species is much thicker than either of the preceding 
ones and the scales are convex and loosely spaced (Fig. 9).
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Three of the 18 females caught were noted as immature (i 110- 
1670 m m .) , eight were mature, non-pregnant ( 1770-2200 m m .) and seven 
were pregnant (1850-2180 m m .) .  Tw o of the pregnant females carried 
seven foetuses, the other five had six, eight, nine, ten and eleven respec­
tively. The numbers are small bu t when the average size of the foetuses 
of each litter is plotted against the time of year when it w as taken and the 
curve of growth carried on to the following year (Fig. 10) it coincides 
approximately w ith the four smallest sharks (2 males, 2 females, all im m a­
ture) caught in September which so should be approximately six months 
old.

There were 18 mature males (1800-2130 m m ), 1 noted as immature- 
mature (1700 m m .)  and three immatures (1220-1590).

cm

4 0 -

Fig. i o .— C. milberti. Average size or foetuses of  each litter (•) and  size of smallest 
juveniles  (°) at each m onth  of the  year.
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TABLE of average proportional measurements of the three species C. am blyrhynchus, C. albim arginatus, 
and C. m ilberti expressed as percentages of the total lengths with the extreme values and the 
number of records from which they were derived

Carcharinus amblyrhynchus Carcharinus albimarginatus Carcharinus milberti

Total lengths 730 - - 1460mm 1050 - - 137 Omm 1110 — 1910mm
Snout—line of ant. ends of nostrils 2.7 ( 2.3 _ 3.0) (17) -- 2.7 (1)
Snout—line of post, end of nostrils 4.0 ( 3.6 — 4.4) (18) 4.9 ( 4.5 --- 5.1) (5) 3.7 ( 3.2 — 4.0) (3)
Snout—point lower jaw 7.2 ( 6.8 — 7.7) (17) 8.7 ( 8.3 -- 9.1) (5) 6.6 ( 6.2 — 6.9) (6)
Snout—line of angles of jaw 12.5 (10.9 — 13.4) (18) 13.9 (13.6 -- 14.3) (5) 12.0 (10.8 — 12.6) (3)
Snout—line of 1st gili slits 18.8 (16.7 — 21.2) (12) --- 19.1 (17.7 — 21.1) (5)
Snout—line of 5th gili slits 23.3 (21.3 — 24.6) (17) 24.1 (24.0 --- 24.3) (5) 24.7 (22.6 — 26.8) (2)
Snout—insertion of pectoral 22.9 (1) -- .—

Snout—axilla of pectoral 25.7 (23.2 — 28.3) (11) -- 28.3 (1)
Snout—origin Dl 30.3 (29.2 — 31.5) (13) --- 27.4 (26.2 — 28.9) (4)
Base of Dl 9.5 t  8.5 — 10.3) (14) -- 7.3 ( 7.0 — 7.6) (2)
End of Dl 4.5 ( 3.7 — 5.4) (14) --- 5.9 ( 4.2 — 7.3) (5)
Height of Dl 9.8 ( 9.1 — 10.5) (22) 9.7 ( 8.0 -- 11.5) (5) 13.8 (12.6 — 15.2) (5)
Origin Dl—origin Dll 30.7 (28.3 — 32.6) (14) --- 35.1 (32.2 — 37.2) (4)
Base of Dll 4.2 ( 3.2 — 5.0) (14) 7.0 ( 6.9 --- 7.1) (2) 4.3 ( 3.7 — 4.7) (6)
End of Dll 4.2 ( 4.2 — 4.7) (15) 5.0 (1) 3.4 ( 3.1 — 3.7) (5)
Height of Dll 3.3 ( 2.9 — 3.7) (18) 1.8 ( 1.5 --- 2.2) (3) 3.1 ( 2.6 — 3.5) (3)
Origin Dll—base C. 11.5 (10.8 — 11.8) (12) --- 11.3 (1)
Dorsal edge C. 27.4 (25.4 — 31.2) (13) --- 27.3 (26.7 — 28.4) (3)
Dorsal base C to notch 8.7 ( 8.1 — 9.2) (10) -- 8.6 (1)
Ventral base C to notch 8.1 ( 7.1 — 8.9) (9) --- 8.3 (1)
Ventral base to tip ventral lobe 13.6 (12.2 — 15.0) (10) --- 12.8 (11.7 — 12.6) (3)
Snout—insertion of pelvics 48.8 (46.6 — 51.0) (14) --- 49.4 (1)
Anterior edge pelvic 5.1 ( 4.9 — 5.3) (9) --- 6.5 ( 5.1 — 7.9) (2)
Post edge pelv. 5.7 ( 5.1 — 6.3) (9) --- 7.2 (1)
Snout—origin of A. 61.2 (58.3 — 64.7) (13) -- 62.3 (1)
Base of A. 4.1 ( 3.6 — 4.7) (13) --- 5.3 ( 4.3 — 6.9) (3)
End of A. 3.9 ( 3.4 — 4 2) (13) -- 3.5 (1)
Height of A. 3.4 ( 2.7 — 4.1) (13) -- 3.7 (1)
Origin A—base C. 10.4 ( 9.2 — 10.6) (12) -- 6.3 (1)
Ant. edge pectoral 18.1 (16.5 — 21.5) (19) 16.5 (16.2 -- 16.8) (5) 20.3 (19.3 — 21.4) (4)
Greatest width pect. 8.8 ( 8.2 — 9.9) (14) 8.8 (D 11.3 (1)
Depth of body 13.7(11.7 — 16.0) (10) -- 15.1 (I)
Length longest gili slit 3.9 ( 3.2 — 4.2) (15) 3.4 ( 3.2 -- 3.6) (4) 4.0 (1)
Diameter of orbit 2.2 ( 1.8 — 2.5) (3) -- —
Diameter of eye 1.8 ( 1.4 — 2.3) (12) 2.1 0 ) 1.4 (1)
Distance between ant. ends nostrils 7.7 ( 6.3 — 8.6) (13) -- 8.1 (1)
Width head at eyes 11.3 (10.0 — 12.2) (14) --- 11.7 (1)
Width head at 1st gili slit 13.3 (11.6 _ 15.4) (10) -- 14.8 (1)
Snout—centre of eye 7.7 ( 7.0 — 8.2) (13) 8.4 ( 7.9 -- 8.8) (3) 8.4 ( 6.7 — 9 4) (3)
Distance between post, ends nostrils 6.3 ( 5.4 — 6.9) (11) 7.1 ( 6.6 -- 7.6) (4) 6.3 ( 5 7 — 6.4) (4)
Distance between angles of jaw 9.6 ( 7.7 — 10 4) (15) 9.7 ( 9.1 -- 11.2) (ö) 8.9 ( 8.1 — 9 4) (5)
Width head at gape 12.8 (11.0 — 13.8) (13) 13.0 (12.4 -- 13.7) (6) 12.4(11.3 — 13.5) (2)
Origin pect.—origin pelv. 40.2 (38.0 — 41.3) (11) -- 27.0 (1)
Origin pelv.—origin anal 12.9 (11.2 — 13.7) (11) -- 14.7 (13.6 — 15.7) (2)
Teeth 13 -- 1 -  13 13 - 1 - 13 1 4 - 1 - 1 5

12 - 1 - 1 2  (13) 12 - 1 ■-1 2 1 3 - 1 - 1 4
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( R e p r in te d  f r o m  N a tu re ,  Vol.  193, N o .  4810, p p .  86-87 ,
Jan u ary  6, 1962)

Ecological A spects of D em ersal T ropical 
Fishes off E ast Africa

C o m p a r a t i v e l y  li ttle  is know n o f th e  ecology o f  
w arm -w ater trop ical fisheries an d  there  is, in p a r ­
ticu lar, no body of general knowledge ab o u t th e  
dem ersal fishes except, perhaps, for those in and  
ab o u t coral reefs. N o w  th a t  a  p relim inary  survey  o f 
th e  b o tto m  fishes o f th e  N orth  K enya B anks has been 
com pleted, a  num ber of facts have come to  ligh t th a t  
are likely to  be o f general in terest.

Since m y form er com m unication1 there  have been 
fu rth er cruises and  a  full report is ready  for subm is­
sion to  th e  Colonial Office for its series of pub lica­
tions on fisheries. Fishes were obta ined  by handlin ing 
a t  th e  bottom , generally a t  20-60 fathom s, in all 
seasons. N atu ra lly  th is  was selective.

More th a n  s ix ty  species were taken . O f these a 
dozen or so were especially im portan t, b u t th e  q u an tity  
of tra sh  fish was negligible. Catches consisted of the  
following groups: L utjan idae (8 spp.), Serranidae 
(14 spp.), L ethrin idae (11 spp.), sharks (more th a n  
13 spp.) and  miscellaneous (14 spp.), in th e  proportion 
by w eight of 8 : 6 : 4 : 2 : 1 respectively. The fishes 
generally ranged in size from  3 to  20 lb. Inciden ta lly , 
th e  sharks took  th e  hook legitim ately and  the re  was 
no robbing of th e  lines by  them .

I t  m ust be explained th a t  th e  sorts o f species 
tak en  (and consequently  th e ir  proportions in cruise 
catches, as quo ted  here) depended on w h a t body o f 
w ater was fished. C ertain species inhab it th e  surface 
layer, th e  E a s t A frican Coastal C urrent, an d  others 
th e  A rabian  Sea w ater beneath . The in tervening 
therm ocline lies a t  very variab le dep th , 30-70 
fathom s, an d  is usually  shallow during  th e  n o r th ­
eas t m onsoon and  deep during  th e  sou th-east 
monsoon.

More th a n  h a lf  th e  catch  (by weight) ta k en  from  th e  
E a s t A frican Coastal C urren t was m ade up  b y  th ree  
species o f Lutianus, one o f Lethrinus and  one of 
Epinephelus. In  th e  A rabian Sea w ater th e  m ost 
im p o rtan t species were Cheimerius nufar (D enticidae) 
and  Pristipomoides spp. No flatfishes o r rays took  
th e  hook.

V irtually  all th e  species have been found to  be 
general p redato rs a t  th e  bo ttom . The chief foods 
were fishes, C rustacea an d  Cephalopoda, all o f sm all 
size. Occasionally large p lank ton , for exam ple,
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planktonic tunicates, dom inated th e  stom ach con­
ten ts  o f several species. M ost of th e  p redators 
obviously took  m oving prey and  only th e  Letlirinidae 
appeared  to  favour th e  additional h ab it of plucking 
food th a t  lay  on th e  bo ttom  (echinoderma o f m any 
types). There seemed to  be no species th a t  specialized 
in  grubbing  ab o u t under th e  bo ttom  deposits. An 
im p o rtan t deduction is th a t  these line fishes are 
unlikely to  m igrate in  close pu rsu it o f specially 
favoured foods.

The b o tto m  topography  o f th e  N orth  K enya Banks 
is extrem ely  varied, w ith  sm ooth and  rough grounds, 
hills and  valleys in close proxim ity . D epths can 
change from  20 to  60 fathom s w ithin a  mile. This 
high relief is im p o rtan t to  th e  d istribu tion  of the  
fishes w hen tak en  in  conjunction w ith  th e  dep th  of 
th e  therm ocline, for th e  various regions betw een the 
30 an d  70 fa thom  contours are b a thed  in E as t African 
Coastal C urren t w ater on some occasions and  in 
A rabian  Sea w ater on others. This surely causes a 
concentration  of th e  fishes o f th e  E a s t A frican Coastal 
C urren t in  th e  north -east monsoon, when th e  the rm o­
cline is shallow, and  a  dispersal of th e  sam e fishes in 
th e  south-east m onsoon when th e  therm ocline is 
deep.

I t  seems th a t  m ost of th e  bottom s are predom in­
an tly  sandy despite th e  ‘rough’ or ‘folded’ profiles 
recorded by  th e  echo-sounder. R ocks and  m ud  seem 
to  be rare , certain ly  in qu an tity . Consequently it is 
no t surprising th a t  th e  available species are taken 
alm ost anyw here on bottom s of appropria te  depth , 
a lthough  they  clearly favour th e  ‘rough’ or ‘folded’ 
localities. I t  does seem, though, th a t  th e  very  flat 
regions support a  d istinctive fish population dom inat­
ed by Lethrinus crocineus Smith.

The N orth  K enya B anks are n o t only a  feeding 
ground b u t also a  breeding ground. Gonad inspec­
tions suggest th a t  m ost species m ain ta in  a  low level of 
breeding th roughou t th e  year w ith  add itional peaks of 
intense ac tiv ity . There is strong evidence for two 
general breeding peaks, one ab o u t A pril an d  one abou t 
N óvem ber-D ecem ber (th a t is, a t  th e  s ta r t  of each 
m onsoon). There is th e  possibility  of an  additional 
peak ab o u t A ugust, perhaps for some species only.

I t  was a  strik ing  featuro of catches th a t  th ey  had 
peaks a t  th e  tu rn  of th e  monsoons plus a  high general 
level in  th e  n o rth -east monsoon and  a  low general 
level in th e  sou th-east monsoon. U ndoubtedly , 
w eather conditions influence th e  catches by  being, 
typ ically , m ost benign when catches are best and  m ost 
severe w hen catches are w orst: b u t  w eather could 
no t possibly account for all th e  great differential 
th a t  was found.
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I t  has been m entioned th a t  the re  are no m igrations 
for e ither feeding o r breeding purposes. One notes 
th a t  th e  m onths o f peak  catches coincide w ith  (or 
slightly  precede) th e  peaks of general sexual ac tiv ity . 
Dissection showed th a t  when a  particu la r species was 
caugh t in unusually  large num bers th e  specim ens 
possessed an  unduly  large p roportion  of gonads in 
stages from  nearly  ripe to  spent.

I t  is suggested th a t  th e  dem ersal fishes of th e  E as t 
A frican Coastal C urrent behave, typically , as a  
diffuse m ix ture of species spread across th e  banks to  
th e  lim it set by th e  dep th  o f th e  therm ocline, b u t 
favouring especially th e  regions of irregular bo ttom  
topography: the re  seems to  be a  low b u t definite 
tendency  to  form  loose-knit shoals and  in th is  i t  is 
likely th a t  species show preference for shoaling w ith 
th e ir  own k ind: m ost species te n d  to  avoid the  flat, 
level bottom s which are especially favoured b y  others. 
This basic p a tte rn  is affected b y  th e  onset o f sexual 
ripeness, which appears to  em phasize th e  tendency of 
each fish to  shoal w ith  o ther fishes in  general and  w ith  
its own species in  particu lar. Thus dense shoals of 
fishes are  congregated, usually  o f several species 
m ixed together b u t som etim es alm ost en tirely  com ­
posed o f one species: the  fishes of each species are 
n o t all in th e  sam e stage of sexual ac tiv ity  and, 
indeed, include very  m any  which are  sexually 
inactive. The p a tte rn  o f shoaling and  dispersal is 
m ade sharper or m ore diffuse b y  th e  rising and  falling 
of th e  therm ocline, which greatly  affects th e  area  of 
the  bo ttom  over which th e  fishes m ay roam  for food.

I  do n o t have sufficient d a ta  to  propose a  corre­
sponding hypothesis for th e  behaviour of fishes of th e  
A rabian  Sea w ater.

J .  F . C. M o r g a n s

E a s t A frican M arine Fisheries 
R esearch O rganization,

P .O . B ox 668,
Zanzibar.

1 Morgans, J. F . C., Nature, 184, 259 (1959).
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( i i e p r in te d  from  N atu re ,  Vol.  196, N o .  4860, p p .  1224- 1225,
D e c e m b e r  22, 1962)

Plankton  from  th e  East A frican A rea  
of th e  Indian O cean

A n  earlier com m unication1 has described how  a  
series o f p lan k to n  sam ples was tak en  from  th e  coastal 
s trip s  o f K enya  an d  T anganyika, extending outw ards 
for some 50 miles. A n analysis o f some of th e  dry- 
w eight d a ta  shows th e  following results.

F o r Figs. l a  an d  b  all n igh t sam ples, shallow w ater 
sam ples (th a t is, w here th e  to ta l dep th  was less th a n  
200 fathom s), sam ples tak en  w ith in  1 h  a fte r sunrise 
a n d  w ith in  1 h  before sunse t h ave  been ignored. The 
rem aining sam ples represen t a  scattering  th roughou t 
an  a rea  o f m any  thousand  square miles.

In  association w ith  all these p lank ton  samples 
Secchi disk readings were taken , using a  50-cm disk, 
to  give a  m easure o f th e  w ater transparency .

In  Figs. l a  an d  b  th e  Secchi disk  readings, th a t  is, 
th e  w ater transparency , has been p lo tted  against the  
d ry  w eight of p lank ton  per m 3, th is  la tte r  being on a
logarithm ic scale. T he regression coefficient has been
calcu la ted  for each graph  an d  th e  calculated  regres­
sion lines indicated . The independen t equations are :

Fig. la  log j/, =  1-6433 — 0-01717*1
Fig. lb  log Vt =  1-9441 -  0-0-2535*,

I n  b o th  th e  regression is significant, P  =  <  0-001 ; 
th e  difference betw een th e  regression lines is n o t 
significant.

T hus th e  d a ta  are consisten t w ith  equal ra te  of fall- 
off in  th e  p lank ton  d ry  w eight/m 3 in  th e  topm ost 
200 m  w ith  increase in  transparency .

I t  m igh t be argued  th a t  th e  relationship  betw een 
th e  p lank ton  and  th e  w ater transparency  is direct, 
th e  transparency  depending on th e  p lank ton  concen­
tra tio n . There is alw ays a  certa in  am oun t o f sus­
pended inorganic m a tte r  in  th e  sea, plus vary ing  con­
centrations of th e  m icroplankton  ; these m igh t be th e  
d irec t cause o f varia tions in  transparency . I t  is con­
sidered unlikely th a t  th e  ty p e  and  q u a n tity  of 
p lank ton  tak en  in  a  74 m .p.i. ne t, w ith  apertu res of 
0-205 m m , will influence th e  transparency  to  a  
significant degree.

A  fu rth er a rgum ent is th a t  as th e  transparency  
increases so th e re  is a n  increased ra te  of loss of
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Fig. 1. Diagrams showing the relation o f water transparency 
and plankton dry weight per m 3 (on logarithmic scale) from vertical 
samples taken from 200 m to the surface (a) and 50 m to the 

surface (6) ; the calculated regressions are indicated

p lank ton  due to  n e t avoidance. There was no 
evidence to  su p p o rt this.

My conclusions from  th e  d a ta  available, applying 
therefore to  th e  area  w ith in  th e  lim its of th e  survey, 
are as follows.

A sm all p a r t  of th e  p lank ton  is a  norm al in h ab itan t 
of th e  topm ost layers of th e  sea; therefore, th eo re ti­
cally, the re  would alw ays be p lan k to n  a t  th e  surface 
even w ith w ater of infinite transparency .

The bulk  o f tn e  p lank ton  reac ts according to  the  
degree to  which th e  transpàrency  of th e  w ater perm its 
penetra tion  of lig h t; th is  reaction  modifies vertical 
m ovem ents due to  negative geotropism , inherent 
vertical m igration  p a tte rn s , etc. Thus, th roughou t 
th e  area  o f th e  survey where th e  to ta l dep th  exceeds 
200 fathom s, the re  is, during  daylight, no significant 
v aria tion  in  th e  p lank ton  d ry  w eight per u n it volum e 
in th e  topm ost 200 m. (The fac t th a t  all th e  points 
o f th e  graphs do n o t lie on, or m uch closer to , the  
regression lines is no do u b t due to  th e  discrepancies
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Fig. 2. Diagram showing the variation of the plankton dry weight 
(mg/in'*), taken in vertical samples from both 200 m and 50 m 
to the surface, throughout 24 h; the former is shown as con­
secutive 3-hourly means o f the latter. Secchi disk readings 
(m) are also indicated as four consecutive 3-hourly means 

o f the 12-h daylight period

inheren t w ith  n e t sam pling.) V ariations o f th is  
p lank ton  indicated  previously1 are no t indicative of 
richer or poorer areas, b u t of th e  re la tive  w ater 
transparency  a t  th e  tim e of sampling.

Clearly th is  does n o t preclude th e  possibility  th a t  an  
assessm ent o f th e  p lank ton  of th e  com plete w ater 
colum n, ex tending  to  beyond 200 m , w ould show wide 
varia tions in  rela tive richness; b u t i t  does ind icate  
th a t  p lank ton  estim ations based on day ligh t sam ples 
from  th e  topm ost 200 m  only can be m isleading unless 
th e  sam ples are considered in rela tion  to  th e  w ater 
transparency .

The varia tions shown in  th e  shallow w ater coastal 
areas do n o t necessarily conform to  th e  deeper w ater 
p lank ton  p a tte rn  and  are tru e  varia tions o f p lank ton ' 
abundance ind icating  rela tively  rich  or poor areas.

In  F ig. 2 all shallow -w ater sam ples have been 
ignored; th e  rem ainder include sam ples ta k en  a t  
various tim es th ro u g h o u t th e  24-h period. Tim e and 
Secchi disk readings are shown as 3-hourly m eans.

A vertical m igration  p a tte rn  is shown w ith  th e  single 
peak occurring betw een 18.30 an d  21.30 h  (the 
annual range o f sunset tim es here is betw een 18.15 
and  18.45 h). Some indication is also given here of 
th e  relationship  betw een w ater transparency  an d  the  
p lank ton . As is to  be  expected th e  theore tical cross­
over p o in t values, a b o u t 23 m g/m 3-2 3  m , are very  
close to  th e  regression line in F ig. 15, less so in F ig. lo .

J .  W i c k s t e a d  * 

D epartm en t of Technical Co-operation.
* Present address : The Laboratory, Citadel H ill, P lym outh.

1 W ickstead, J ., Nature, 192, 890 (1961).
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(Reprinted from Nature, Vol. 198, No. 4886, pp. 1179-1180, 
June 22, 1963)

COMPARISON OF ZO O PLA N K TO N  
BIOMASS DETERMINATIONS BY 

INDIAN OCEAN STANDARD NET, 
JUDAY NET A N D  CLARKEBUMPUS 

SAMPLER
By D. J. TRANTER

C.S.I.R..O. Division of Fisheries and Oceanography, 
Cronulla, Sydney

WIT H  th e  recent increase in  th e  in tensity  o f oceano­
graphic research in  th e  ín d ian  Ocean there  has 

come th e  need for com paring th e  various Zooplankton 
sam pling methods. The Ju d ay  n e t1, the  C larke-Bum pus 
sam pler8 and  th e  Ind ian  Ocean standard  n e ts>4 are now 
in use. The essential characteristics of these nets are as 
follows: Indian Ocean standard net, large, non-trúncate, 
medium-coarse m esh; Juday net, large, trunca te , fine 
m esh; Clarke-Bumpus sampler, small, truncate , m edium  
mesh. Their dimensions are shown in Fig. 1.

These nets were com pared in  August 1962 from  th e  
Soviet expedition vessel Vitiae a t  SCOR-UNESCO  
Reference S tation 1 in th e  south-east Ind ian  Ocean 
(32° S. 111° 50' E.). The experim ent consisted of sam pling 
w ith  each n e t in quick succession th e  w ater column to  
200 m . The work was carried ou t between 2100 h  (August 
6) an d  0700 h  (August 7), in which tim e nine successful 
hauls were m ade w ith  each net.

H auls w ith the  Ind ian  Ocean standard  n e t and  the 
Ju d ay  net were in tended to  be vertical, b u t in practico 
th e  d rift of th e  ship led to  considerable wire s tray  and  a t  
tim es th e  angle was as m uch as 50° from th e  vertical. 
The volume of w ater filtered was calculated by m u lti­
plying th e  m outh  area of th e  ne t (Indian Ocean standard . 
1 m 2; Juday , 0-5 m 2) by  th e  length of wire out, th is  
having been adjusted  in accordance w ith  th e  wire angle 
to  place th e  net a t  approxim ately 200 m. H auls with 
th e  C larke-Bum pus were oblique, the  volume filtered 
being m easured by  a  flow-meter previously calibrated  in 
a  flume ta n k  in which th e  flow p a tte rn  sim ulates th a t 
under operational conditions2.

The Ind ian  Ocean s tandard  n e t was recovered from 
200 m  a t  I m/sec, th e  Ju d ay  net. at. 0-6-0-8 m/sec, these 
being th e  recommended speeds of hauling. The C larke-
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Fig. 1. The Zooplankton samplers. A , Indian Ocean standard net (21*5 meshes/cm; 
mesh aperture 0-33 mm); B , Soviet ‘Tropical’ Juday net (38 meshes/cm; mesh aperture 
0-17 mm); C, Australian Clarke-Bumpus sampler (24-4 meshes/cm; mesh aperture 

0-27 mm). Hatching not to scale

Bum pus was paid  out and  hauled in a t a  constant speed 
of 0-4 m/sec w ith  th e  ship under way a t 2-3 knots. This 
yielded a  wire angle of 45-50° which was m aintained by 
stopping and  starting  the  ship’s engines as required. The 
larger nets were washed down after each haul by dipping 
in the  sea an d  th e  washings were collected. The C larke- 
Bum pus was washed down in a bucket.

Samples were la ter weighed in th e  laboratory  by the  
m ethod described in  T ran ter2. To facilitate removal of 
external in terstitia l w ater, weighing dishes w ith  a  large 
straining surface (25 cm 2) were used for large samples.
On only tw o occasions were disproportionately massive 
organisms found in a  catch. On th e  first occasion (Juday 
net, 2330 h) a  single siphonophore increased th e  biomass 
of th e  sample by 86 per cent, and on th e  second (Clarke- 
Bumpus, 0241 h) th e  inclusion of an  eel larva led to  a 
sim ilar arte fact (Table 1). In  th e  statistical analysis of 
th e  results th e  weight of these organisms is no t in ­
cluded.

The results of th è  comparison are shown in Table 1.
I t  is rem arkable th a t  th ree  nets, so different in size and 
construction, should give such sim ilar values. The mean 
o f nine determ inations w ith  th e  Ind ian  Ocean standard  
net was 40 m g/m 3, w ith  tho Jud ay  not 56 m g/m 3, and

2
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T a b le  i .  R e s u l t s  o f  t h e  I n t e r c a iib r a t io n  E x p e r im e n t

GO

ooOn

(a) Biomass values for each net (mg/m9)

Indian Ocean, standard Juday Clarke-Bumpus

Time Biomass Time Biomass Time Biomass

2100 36 2055 18 2130 45
2210 43 2207 42 2230 42
0001 38 2330 72 (134) 0120 42
0235 39 0035 60 0241 56 (97)
0305 36 0240 44 0330 66
0355 31 0310 60 0420 76
0453 52 0410 73 0510 44
0550 39 0550 95 0607 48
0645 45 0642 38 0705 54

Where values are exclusive of single massive organisms, the gross biomass of the sample is given in brackets

(6) Analysis of variation

Source o f variation d.f. S.S. M .S. F d.f. S.S. M .S.

Between blocks 2 153-56 76-78
3-21

2 918-22 459-11

Within blocks 6 143-33 23-89 6 3287-33 547-89
Total 8 296-89 37-11 8 4205-56 525-69

n.s.

d.f. S.S.

861-56

256-67
1118-22

M .S.

430-78

42-78
139-78

10-071

t  Significant at 5 per cent level, 

(c) Summary o f results
Mean (mg/m9)
Ratio
S.D .
S.D .: Percentage of 

mean

40 56 53
1 1-4 1-3
6-1 (4-9)* 22-9 (23-4)* 11-8 (6-5)*

15 (12)* 41 (42)* 22  (12)*

( ) * Excluding variation due to time of sampling
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Fig. 2. Mean (200-0 in) Zooplankton abundance along meridian 110" E.
as determined by Indian Ocean standard net (------ ) (northward run,
August 20-27) and Clarke-Bumpus sampler (------ ) (southward run.
September 8-16). The values plotted (mg/m*) are the means of day 
(0800-1200) and night (2000-2400) observations at successive stations

w ith  th e  Clarke-Bum pus 53 m g/m 3. F urther, bo th  Indian  
Ocean s tandard  n e t and  C larke-Bum pus sam pler gave 
surprisingly consistent results. The standard  deviations 
of single hauls were 6-1 an d  11*8 m g/m 3, respectively 
(4-9 and  6-5 m g/m 3 respectively, when gross tim e effects 
due apparen tly  to  diurnal m igration are excluded). Such 
variab ility  is relatively sm all when one considers th a t  
biom ass values in  th e  eastern Ind ian  Ocean vary  from 
practically  nil to  m ore th a n  100 m g/m 3 (ref. 2). Results 
w ith  these tw o nets are therefore comparable.

More recent observations in th e  area support such a 
thesis. On cruise 04/62 of H.M.A.S. Gascoyne along 
m eridian 110° E ., sampling was carried ou t on th e  w ay 
no rth  w ith  th e  Ind ian  Ocean standard  n e t and  on the  
w ay south  (two weeks lator) w ith  th e  Clarke-Bum pus. 
The biomass d istribution along th e  section is shown in 
Fig. 2. There is a  significant difference between observa­
tions w ith  th e  tw o nets a t  the  northernm ost station, 
otherwise th e  profiles are essentially th e  same.

The lack of consistency o f th e  Ju d ay  n e t in th e  com ­
parison is difficult to  explain. Of th e  th ree  nets it was 
by far th e  finest mesh (38/cm) and  was m ade of silk. Perhaps 
there  could have been some degree of clogging or uneven 
washing. I t  m ight be significant th a t  on one occasion 
when th e  washings were no t collected th e  catch was less 
th a n  one-th ird  th a t  im m ediately before or after. Never -

4
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theless, th e  variability  (41 per cent of th e  mean) was no t 
excessive and, given a  sufficient num ber of observations, 
results w ith  th is n e t are probably com parable w ith  the  
other two.

I t  needs to  be em phasized th a t, in  th is investigation, 
th e  catches were all handled by a  standard  m ethod. 
W here a  variety  of m ethods is used for m easuring the  
weight or volum e of samples th e  resu ltan t variability  
m ight be greater th a n  th a t  due to  th e  nets themselves. 
I t  is also necessary to  d irect a tten tion  to  th e  lim ited 
na tu re  of the  experim ent, which consists of only nine 
samples w ith  each net. A more extensive series of observa­
tions by day  and  n ight a t  m ore th a n  one sta tion  m ight 
lead to  some modification of the  conclusions outlined 
here.

The samples taken  during th e  intercalibration on Vitiaz 
are being studied fu rther in th is  laboratory. Counts are 
being m ade of m ajor ta x a  and  some selected species and 
genera. I  wish to  th a n k  Dr. M. E . Vinogradov, of th e  
In s titu te  of Oceanology, U .S.S.R., for th e  incentive to  
carry out th is  investigation, and  Dr. I . Sukhanova 
(U.S.S.R.), Dr. A. Daniel (India) and  Dr. P . Cana- 
garatnam  (Ceylon) for the ir generous assistance w ith  the  
field work.
1 Bogorov, V. G., and Vinogradov, M. E ., Oceanol. Res., 4, 66 (1961).
2 Tranter, D. J ., Austral. J . M ar. Freshw. lies., 13, 106 (1962).
3 Currie, B . I ., N at. Inst. Ocean. Internal Report B l  (unpublished, 1962).
4 Motoda, S., Inform. Bull. Flankt. Japan, 8, 30 (1962).

Prim ed in G reat Britain by F isher, K night & C o ., L td ., St. Albans.
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A new record of Ellobiopsis chatton i (Flagellata incertae sedis) 
and its incidence in a population of Undinula 

vulgaris var. m ajor (Crustacea Copepoda)

By J. H. WICKSTEAD*
Department of Technical Co-operation

(Received 6 July 1962)

Ellobiopsis chattoni is an external parasite of pelagic copepods found, usually, on 
the cephalic appendages. First described by Caullery (1910), it was provisionally 
considered a peridinian, but no developmental stages were observed. Chatton 
(1920) found no developmental stages, but followed Caullery in referring it to the 
Peridiniidae, albeit with some misgivings. Jepps (1936) in her study of ‘This 
enigmatical organism. . .  ’ concluded by saying ‘ . . .  the information at present 
available seems to me to suggest a fungus relationship rather than any other... 
Boschma (1949) discusses the Ellobiopsidae, suggesting ‘Principally Amallocystis 
is nothing but a compound Ellobiopsis.. .  He also reviews the literature of the 
Ellobiopsidae.

This parasite has been recorded from widely separated points, Steuer (1932) 
considering that it appears to inhabit the upper levels in colder areas and between 
200-400 m. depth in warmer areas. Sewell (1951) lists the following copepods from 
which this parasite has been recorded: Calanus finmarchicus (Gunn.), C. helgo­
landicus (Claus), Pseudocalanus sp. (elongatus Boeck), Pleuromamma borealis (Dahl), 
P. gracilis (Claus) and Acartia clausi Giesbrecht ; to these he adds, although doubt­
fully, Euchaeta marina (Prest.) and E. wolfendeni A. Scott.

The present record is from two stations in the Zanzibar Channel ; one in near­
shore shallow water, position 6° 13' 30" S, 39° 11' 30" E., total depth ca. 10-12 m. ; 
the other farther off-shore in deeper water, position 6° 17' S., 39° 7 'E., total 
depth ca. 39-41 m. In every case where the parasite was observed it was attached 
to Undinula vulgaris var. major (Fig. 1). This species of copepod and the parasite 
proved to be particularly common in October, 1960, and a plankton sample from 
the deeper station was analysed completely for its incidence (Table 1).

These figures are to be regarded as minimal. Jepps (1936) has recorded the 
parasite as being as small as 3-4 ¡ i ; such small parasites might have been un­
detected on the copepods recorded as unparasitized. In this locality the host- 
parasite relationship was 100 % specific, not one species of copepod from both of 
the stations other than U. vulgaris being parasitized. It was not possible to record 
any possible distinction between varieties since all the Undinula present were 
var. major.

All the specimens had been fixed in neutral formalin, a disadvantage when 
preparations for histological examination are-made. However, serial sections were 

* Present address : The Laboratory, Citadel H ill, P lym outh.
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294 J. H. W i c k s t e a d

prepared and examined. The results, as far as they went, were in agreement with 
those of Jepps (1936), to which nothing could be added. After clearing and 
staining, the ovaries of numbers of parasitized and non-parasitized Stage VI 
females were examined, with the following results and conclusions.

F ig. 1. E llobiopsis chattoni on Undinula vulgaris var. major. (A) $ w ith  six  parasites 
attached. (B) Y oung parasite on 1st. antenna. Note: In  (A) to ta l length o f copepod is 
2-78 m m . In  (B) parasite m easures 8-3 x 10-9 ¡i.

A small number of individuals, both parasitized and non-parasitized, had no 
apparent signs of eggs in the ovary or oviducts. Since they had attached spermato- 
phores they were regarded as spent; The remaining non-parasitized females showed 
distended ovaries containing well-developed eggs, which extended anteriorly to the 
anterior end of the longitudinal muscle bands. Oviducts were completely or mostly 
filled, with the eggs looking healthy. A similar condition was observed in some of 
the parasitized females, this normal condition coinciding with only a slight degree 
of infestation. In other parasitized females the ovary was deflated, in varying 
degrees, the contained eggs being smaller, angular in outline, and not extending to 
the end of the longitudinal muscles. Oviducts were empty, or nearly so. These 
findings on a relatively large number of individuals agree with those of Jepps 
(1936) for Calanus finmarchicus.

Castration, partial or complete, of crustacea due to parasitization is well known, 
e.g. Inachus and Sacculina. Sewell (1951) discusses such castration in copepods. 
Here, there appears to be a hormonal and/or chemical upset, the ovary being
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N ew record of E llobiopsis ch a tto n i 295
affected permanently. My observations suggest that the effect of Ellobiopsis on 
Undinula is dependent on the degree of infestation, and is reversible.

Table 1. Analysis of a population of Undinula vulgaris var. major 
parasitized with Ellobiopsis chattoni

Im m atures
(m ostly V,
som e IV) . <? 9 Total

T otal individuals (% o f total) 291 337 428 1056
(27-6% ) (31-9% ) (40-6% ) (100% )

Parasitized individuals (% o f total 43 103 129 275
equivalents) (14-8% ) (30-6% ) (30-1% ) (26-0% )

Individuals w ith  more than one large 12 39 21 72
cy sf (% o f parasitized equivalents) (27-9% ) (37-9% ) (16-3% ) (26.2% )

*Total individuals w ith
'1 spermatophore — — 109 \

(25-5% )
2 sperm atophores — — 33

The % .is o f (7-7% ) 183
to ta l fem ales 3 sperm atophores --- ------- 31

(7-2% )
' (42-8% )

4 sperm atophores 10
(2-3% )

*Parasitized individuals w ith

The % is o f 
parasitized  
fem ales

1 spermatophore

2 sperm atophores

41
(31-8% )

22
63

(48-8% )
. (17-1% ).

* Some sperm atophores had  becom e detached and were loose in  th e  sam ple, b u t not in 
sufficient numbers to  affect the results significantly.

T otal no. calanoid copepods in  sam ple 9360
T otal no. U ndinula  in  sam ple 1056
T otal no./m 3 o f calanoid copepods in  sam ple 581
T otal no./m 3 o f  U ndinula  in  sam ple 66
% o f Undinula  in calanoids 11-4%

Marshall & Orr (1955) have shown that, in Calanus, the production of eggs 
depends on food. I t  is reasonable to assume that this would apply also to Undinula. 
Calculations indicate tha t the volume of a well-developed Ellobiopsis is ca. 0-04r- 
0-05 mm3; the volume of an average female Stage VI Undinula is ca. 0-7-0-9 mm3. 
Therefore a female Undinula with one large Ellobiopsis would be nourishing a 
parasite the equivalent of ca. YS~iö its own volume ; with two, this would be the 
equivalent of ca. its own volume. This does not include the several smaller 
cysts which are usually to be found with the large cyst(s). The result would be a 
not inconsiderable drain upon the food resources of the copepod, and this could 
affect seriously such a specialized body function as egg production. In  effect the 
animal would be starved (albeit the guts were almost invariably full), and starva­
tion inhibits egg production. On this assumption if the parasite could, in some 
manner, be disposed of, recovery would be complete, and egg production would 
revert to normal.
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296 J. H. W i c k s t e a d

SUMMARY

The presence of Ellobiopsis chattoni is recorded on Undinula vulgaris var. major 
for the first time.

The presence of this parasite in shallow tropical water, within a temperature1 
range of 25-92-26-280 C. (salinity range 35-43-36-38%0) is recorded for the first time. 

It is noted that the parasite was completely species specific to its host.
Table 1 analyses the incidence of the parasite in a population of Undinula vulgaris. 
It was found that the parasite affected egg production in the ovaries. The 

suggestion is that it produces a starvation effect on the copepod, this effect being 
reversible.
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THE CLADOCERA OF THE Z A N Z IB A R  AREA OF THE 
IN D IA N  OCEAN, W IT H  A  NOTE O N  THE COMPARATIVE  

CATCHES OF T W O  PLANK TO N NETS

By J. H. Wickstead*, Department of Technical Co-operation

(Received fo r publication on 4th February, 1963)

This paper form s part of the results from  
a p lankton survey conducted along the 
K enya/T anganyika coast during 1960/61. 
The data shown apply to  the three plankton 
stations in the Z anzibar area which were
worked m ore or less continuously for 13 
months. Two plankton nets were used,
vertically, and were clamped side by side. The 
International Coarse Silk N et (I.C.S.N.) had 
an aperture of 50 cm., length of 2 m., mesh 
of 58 m.p.i. (23 per cm.), aperture size of
0.288 mm. and the open area of mesh is
47 per cent. The C urrie and F oxton M easur­
ing N et (CF 70) had an aperture of 70 cm., 
length of 2.5 m., mesh of 74 m.p.i. (29 per 
cm.), aperture size o f 0.205 mm. and the open 
area of mesh is 34 per cent. Fuller details of 
the apparatus, m ethods of sampling and 
analysis, local conditions, descriptions of the 
stations, etc., can be found in a previous 
publication (W ickstead, 1963).

The plankton stations, called P .S .l, P.S.2
and P.S.3, are as follows: —

P .S .l—Position 6°13'30"S. 39°11'30"E.,
total depth ca. 12 m., about 400-700 
yards off-shore.

P.S.2.— Position 6°17'S. 39°7'E., total" depth 
ca. 40 m., about 7 miles off-shore.

P.S.3.— Position 6°30'S. 39°48'E., total
depth ca. 750 m., about 20 miles off­
shore.

Vertical samples were taken from  bottom  
to surface a t P.S.l and P.S.2 and from  both 
50 m. and 200 m. to  the surface a t P.S.3. All 
stations were w orked by day and by night.

R e s u l t s

Only three species were found, Penilia 
avirostris D ana, Evadne tergestina Claus and 
Podon polyphem oides  Leuck. Penilia was the 
com m onest while only six Podon  were 
recorded from  P.S.3 and two from  P.S.2.

Penilia avirostris
This is a characteristic m arine anim al 

which is very readily identified, and is the 
only m arine ctenopod cladoceran. Originally 
several species were included in the genus but 
it is now generally accepted that they all 
belong to the single species (Cattley and 
H arding, 1949). D istribution is in the warm er 
waters and is world wide (see D ella Croce, 
1958). Some subsequent records are Furnestin 
(1959), Negrea (1959) and Della Croce (1960).

As can be seen from  Figs. 1 and 2 the 
appearance of this species in the plankton, 
and its subsequent disappearance, is very 
abrupt. This has been noted as a  character­
istic of this species wherever it has occurred. 
M uch has been written about its biology; the 
papers of Lochhead (1954) and Pavlova (1961) 
have comprehensive literature lists.

The range of tem peratures during its p re­
sence in the plankton was as follows.

A t P .S .l the species was first noted at
28.10° C., with the tem perature rising. M axi­
m um  num bers occurred a t 29.62° C., the
tem perature still generally rising. I t was still 
present at the m axim um  of 30.02° C., but the 
num bers were falling rapidly. The last record 
was at 28.50° C., the tem perature now falling. 
As seen in Fig. 3 there is a steady tem perature 
curve a t this station throughout the year. 
W ithout exception, at all periods when the 
tem perature was 28.0° C. and above, Penilia 
was present; a t all periods when below, it was 
absent.

A t P.S.2 the presence and absence of 
Penilia was recorded at the same times here 
as at P .S .l. (The numbers at P.S.2 fo r the 
N ovem ber/D ecem ber period were in the 
range 0.5 to  1.5 per m3; with the scale in Figs. 
1 and 2 this appears to be plotted as “0” .) It 
was first noted a t a  rising tem perature of 
28.05° C. 5 m. below the surface, with

*Present address.—The Laboratory, Citadel Hill, Plymouth, England.
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FIG . IA: DAY

5 0 0 -
P .S .I

P . S . 2

2 5 0 -
200 '

1 5 0 -
I O O -

5 0 -

2/86
FIG. IB : NIGHTsoa

2 5 0 -  
2 0 0 -  

I 5 0 -  
IO O - 
5 0 -

h i r T a  T iö ft j  ï  j  T a  î
Fig. 1.—N o/m 3 of Penilia avirostris in the plankton, taken with the I.C.S. Net. lA = D a v  samples. 

IB  =  Night samples. Note : There were no samples for the last period in IB

26.92° C. 5 m. above the bottom . M axim um  
num bers occurred at 29.25° C. 5 m. below the 
surface, with 28.65° C. 5 m. above the bottom ; 
the tem perature just below the surface had 
passed its m axim um  of 29.90° C. and was 
dropping. T he last record was a t 28.25° C., 
with the tem perature still dropping.

The results of various w orkers show that 
Penilia lives in the topm ost few m etres of 
water. This being so it will be correct to say 
that a t P.S.2, as was the case a t P .S .l, a t all 
periods when the tem perature was 28.0° C. 
and above Penilia was present, and at all 
times when below, it was absent.

A t P.S.3 only five or so specimens were 
-ecorded, all from  the upper layers. The

period corresponded with the highest tem pe­
ratures at this station, tha t is ca. 27.0° C. at 
30 m. depth. I have no doubt tha t in the 
upper few metres where the anim als are to  
be found the tem perature was 28.0° C. or 
more.

The form s of Penilia appeared in a logical 
succession. W hen first observed no males 
were found and the females had developing 
young in the brood sac; no resting eggs were 
noted. W hen num bers were a t their maximum 
a small percentage of these were males. The 
m ajority of the females still had developing 
young in the brood sac, but about 1 0  per 
cent had one, m ore usually two, resting 
egg(s). In  the last p lankton sample taken 
which had Penilia present, no males were
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found. M ost o f the females still had develop­
ing young in the brood sac, bu t about 30 per 
cent carried resting eggs. A  num ber of brood 
sacs plus egg(s) were found in the plankton, 
sometimes w ith a  disintegrating female 
attached.

Both the food and feeding mechanisms of 
Penilia have been studied (Pavlova, 1959b and 
Lochhead, 1936-7). All the Zanzibar speci­
mens had a full gut; the food was clearly that 
of a filter feeder.

In  Zanzibar, as is the case wherever it 
occurs, Penilia was far m ore com m on in-shore 
than over the deep water off-shore. I t would 
seem tha t the Penilia were in a greater con­
centration at P .S.l than  a t P.S.2. However, 
from  the percentage depth distribution data

(Wickstead, 1961), the w riter has calculated 
that, a t P.S.2, it would occur in about the 
upper quarter o f the water column, having 
a concentration here of ca. 1,500/m3. Thus 
they would occur in concentrations only a 
little less than a t P .S .l.

Penilia is noted for its appearance quite 
abruptly in the plankton, its enorm ous in­
crease in numbers, followed by its equally 
rapid disappearance. In the author’s experi­
ence this disappearance is quite complete, 
there being no residual active population to  
carry on the species. If, as in some areas, it 
is present in the plankton for a relatively 
extended period there appear to  be always 
two peaks of abundance (Wickstead, 1961; 
Bainbridge, 1960). Since the conditions a t the

n o / m
2 , 0 3 3FIG.2A: DAY

5 0 0

P.S.I
P .S .2

2 5 0 -  
200 -  

1 5 0  - 
IO O - 
5 0 -

1810
F I G . 2 B :  NIGHT5 0 0 -

2 5 0 -
200 -

1 5 0 -
IO O  - 

5 0  -

Fig. 2.—N o/m ’ of Penilia avirostris io the plankton, taken with the CF 70 Net. 2A =  Day samples. 
2B =N ight samples. N o te : There were no samples for the last period in 2B
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FIG. 33 0  - P.S.l
P.S.2 (5M DEPTH) 
P.S.3 (SOM DEPTH)29

28

27

28

25

24

Fig. 3.—Surface, r t  near surface, temperatures a t P .S .l, P.S.2 and P.S.3 during the period of the 
survey. Note : There were no records for the periods M ar./A pr., Jan./Feb. and M ar./A pr., a t P.S.3

tíme of their disappearance are often, appa­
rently, suitable fo r the continuation of the 
population, clearly something limits the 
duration of any population of this species. 
The following ideas are offered in explanation 
of this.

The author has little doubt tha t the resting 
eggs fall to  the bottom  with the paren t dis­
integrating from  around them ; this differs 
from  such form s as Daphnia, where the 
ephippium  and the contained resting eggs is 
cast off. W hen conditions are favourable the 
eggs hatch and form  the beginnings of the 
next population. It m ay be tha t conditions 
are favourable later on in the same year, in 
which case there will be two populations 
within the one year; otherwise there will p rob ­
ably be a lapse of tim e equivalent to  about 
a year’s interval between the populations. The 
resting eggs hatch as parthenogenetic 
females; each o f  these can have up to 13 
young (Lochhead, 1954) with a  m ean figure 
of about six to  eight (Pavlova, 1959a). These 
female Penilia have, norm ally, eight instars 
before becoming a fully grown adult; but 
start to  have broods of young after the third 
instar (Pavlova, 1959a, p. 58). In the con­
ditions prevailing in Zanzibar, using the find­

ings of Pavlova (1959a) as a basis, the writer 
estimates that a brood of young can become 
developed and hatched w ith 3-4 days and the 
hatched young will themselves bear broods in 
2-3 days. Since the original m other will con­
tinue to  have broods, clearly there will be 
w hat can be aptly referred to  as an explosive 
expansion in the population. The expansion 
reaches its climax and then diminishes with 
equal rapidity, coincident with the production 
of males and resting eggs. F rom  the results 
of various workers it appears tha t a rapidly 
expanding population of Penilia cannot sur­
vive for longer than three m onths. The 
factors which end the population m ight be 
internal, as suggested by W eism ann (1876-9), 
external (see Berg, 1934), or, in the au th o r’s 
opinion, a com bination of the two. The 
following suggestion is m ade concerning the 
explosive population cycle, based on the 
plankton observations m ade in Singapore and 
Zanzibar and the experim ental observations 
of Pavlova (1959).

The dorm ant eggs rem ain on the bottom  
until conditions are suitable for hatching; the 
dom inant factor would appear to  be tem pe­
rature. They hatch as females, which, in a 
very few days, begin to  hatch broods of
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parthenogenetically produced young, all 
females. These in their turn  soon begin to 
produce female young; thus the population 
increases a t an ever increasing rate. Since 
every m other will go on to  produce about 
five broods after the hatching of the first, the 
population  will expand according to the 
expression 1— 8 — 8 2— 83— 81— 85— 86, where 7 
is the m ean num ber of young per brood. If 
we allow 6  as the num ber of generations, 
from  a single m other there will be produced 
ca. 260,000 young within a period of about 
36-40 days; that is to say approxim ately from  
the initiation to the climax of the population. 
This of course does not allow for any deaths; 
the au thor estimates that, o f the theoretical 
260,000, only 1 / 1 ,0 0 0 , or 260, will survive.

This leads to such a  rapid increase in the 
plankton population per unit volume that the 
respiration of the Zooplankton uses m ore 0 2 
an d  produces m ore CO, than can be replaced 
by norm al diffusion (there is norm ally very 
little turbulence in these waters). I t has been 
observed that outbursts o f Penilia coincide 
with a very great increase in the num bers of 
diatom s. It is suggested tha t these diatoms 
m aintain  the 0 2 and CO, concentrations at 
acceptable levels. The diatom s then dis­
appear quite rapidly, thus, in effect, destroy­
ing the balance between the Zooplankton and 
the 0 2 and C 0 2. Lowering the 0 2 concentra­
tion (or raising the C 0 2 concentration) in the 
w ater will have its effect on the Penilia. This 
effect will be to  cause the parthenogenetic 
females to  produce both m ales and sexual 
eggs. I t  is a fact that the males and the rest­
ing eggs always seem to pu t in their first 
appearance at the climax o f the population. 
A lthough it is possible that, under experi­
mental conditions, a female Penilia which has 
produced resting eggs m ay revert to  produc­
ing m ore parthenogenetic broods (Berg, 1934, 
p. 142), in nature it will die. This rem oval of 
m others, plus the production of males, will 
cause a rapid decline in the population. To 
supplem ent this decrease, the females, plus 
their young, which are still reproducing 
parthenogenetically, will by now be getting 
degenerate, producing fewer and fewer young 
(Berg, 1934, p. 146). Thus, if there is no 
inception of a new population, the old 
population will die out. If  conditions become 
favourable for hatching the resting eggs 
before the old population has disappeared, 
the rem nants o f the dying population will 
become mixed with the vigorous, partheno­
genetic females of the new population. This

stage will be the valley between two popula­
tion peaks which sometimes occur within a 
few m onths in some areas.

I t does seem that the factor most directly 
concerned with hatching the resting eggs is 
the tem perature. Each population of Penilia, 
in its particular area, will have a tem perature 
threshold related to local conditions; in  the 
Z anzibar area it appears to be ca. 28° C. 
Figs. 1 and 2 show that peak numbers at 
P.S.2 occur approxim ately one m onth fatter 
than at P .S .l. As has been noted above when 
the population at P .S.l was expanding the 
bottom  tem perature at P.S.2 was just below 
27° C. The hatching of the resting eggs on 
the bottom  would thus be delayed until a 
tem perature of 28° C. is reached. This would 
explain the different peak periods.

From  the idea of a  tem perature threshold 
it would follow that, generally speaking, in 
an area which has a regular annual tem pera­
ture cycle with a single peak, Penilia will 
show a single population “explosion”, and in 
an area which has a tem perature cycle with 
two peaks, will show two populations. T h e  
Zanzibar area is an example of the single 
population; the Singapore area an example of 
the double population (Wickstead, 1961).

The suggested relationship between the 
Penilia and the increase in phytoplankton can 
explain the relationship found by Delia Croce 
(1958) between Penilia and water trans­
parency.

Evadne tergestina
In the writer’s experience this species is 

alm ost invariably associated with Penilia in 
the tropics. It is typical o f warm  water 
coastal plankton, but does extend rather more 
off-shore than Penilia', however, it cannot be 
considered an oceanic species.

Figs. 4 and 5 show the occurrence of this 
species; sufficient num bers were taken at 
P.S.3 on occasion for this station to be 
included in the graph. It will be seen th a t its 
appearance, and disappearance, in the plank­
ton corresponds with Penilia. Similar also is 
the sequence of parthenogenetic young and 
resting eggs; no males were found in the 
samples examined.

This species appears to have a slightly lower 
tem perature threshold than Penilia', in these 
samples there were no records occurring at a 
tem perature of less than 27.0° C. (The
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N o / M
3 2 3F IG .  5 A :  DAY

I O O -
P .S .I

P .S .2

P . S . 3  ( 5 O m 0

7 5  -

5 0 -

2 5  -

F IG . 5 B :  N IG H TIO O -

7 5 -

5 0 -

2 5 -

Fig. S.—N o/m s of Evadne tergestina in the plankton, taken with the CF 70 Net. 5A =D ay samples. 
5B =N ight samples. N o te : There were no samples, for the Jan./Feb. and M ar./Apr. periods at P.S.3 

in 5A and SB or for the last period in 5B

T h e  C l a d o c e r a  in  t h e  P l a n k t o n

The group as a  whole was absent, or virtu­
ally absent, throughout m ost o f the year. In 
com plete contrast, when at their maximum, 
they dom inated the p lankton numerically, 
form ing 61 í  per cent o f the to tal num bers at 
one period according to  the I.C.S.N., and 37 
per cent of the to ta l num bers according to 
the C F  70. Fig. 6  shows the percentages of 
Penilia and E. tergestina in the to ta l plankton 
num bers during their periods of greatest 
abundance.

This group could well play a most im por­
tan t part in a fishery. They are, in the 
au thor’s opinion, ideal food organism s for

fish larvae in this area; the size range is just 
about right. A  population of fish eggs which 
hatch at the beginning of the expansion phase 
of the Cladocera will have a great abundance 
of food, and a high proportion  of them should 
reach the rather less vulnerable post-larval 
stage, say about 50 mm. W ith a m inim um  
concentration of one cladoceran per 7 cm .3 an 
active fish larva should have little difficulty in 
catching them.

In  a previous paper (Wickstead, 1961) it 
was stated that while one series of samples 
suggested that the C ladocera were fewer by 
night than by day, the other suggested that 
there was no difference; here the w riter was
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N o /M
4 2 3F IG .  4 A-. DAY
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P .S .I
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5 0 -

2 5  -

F I G . 4 B :  N IG H TI O O -

7 5  -

5 0 -

2 5  -

Fig. 4.—No/m ’ of Evadne tergestina in the plankton, taken with the I.S.C. Net. 4A =D ay samples. 
4B =N ight samples. Note: There were no samples for the Jan./Feb. and Mar./Apr. periods at P.S.3 

in 4A and 4B or for the last period in 4B

remarks concerning the temperature at P.S.3 
(p. 3) will apply here also.) Even so, the 
vitality of the population appeared to be at a 
low ebb when the temperature dropped below 
28.0° C. E. tergestina was the only cladoceran 
recorded from the Great Barrier Reef 
plankton samples (Foxon, 1932). From the 
data of Russell and Colman (1934 and 1935, 
p. 270) it can be seen that, with one excep­
tion, it was recorded only when the tempera­
ture was above 28.0° C. The exception, when 
a small number was taken, was immediately 
after the end of the period during which the 
temperature was above 28.0° C.; the recorded 
temperature was 26.8° C. at 10 m. depth.

When comparing Penilia and E. tergestina 
the evidence suggests that these are two 
species which do inhabit the same ecological 
niche. Possibly there is a significant difference 
in the particle size of the food ingested, but 
a comparison of the setal configuration on 
the limbs makes this appear unlikely.

Podon polyphemoides
N o fair comment can be made on this 

species in view of the very few individuals 
taken. The literature indicates that it is a 
widespread species, extending to rather higher 
latitudes than the other two, is not necessarily 
found near the coast and always appears to 
be found in relatively small numbers.
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-P.&l P.S.2 o P.S.3

r " 1

IO-

FIG.6

-IO

Fig. 6.—The numbers of Penilia avirostris and Evadne tergestina as a percentage of the total 
plankton numbers during their period of abundance. A = Penilia, I.C.S. Net day samples; B = Penilia, 
I.C.S. Net night samples; C=Penilia, CF 70 Net day samples; D=Penilia, CF 70 Net night samples; 
E =Evadne, I.C.S. Net day samples; F =Evadne, I.C.S. Net night samples; G = Evadne, CF 70 Net 

day samples; H = Evadne, CF 70 Net night samples

dealing with Penilia and E. tergestina together. 
The Zanzibar material, with its greater num­
bers, appears to resolve this point. There is 
no significant difference between the numbers 
of Penilia in day and night samples, but there 
is with E. tergestina. By night the I.C.S.N. 
samples showed a quarter of the daylight 
numbers, the CF 70 a sixth. (It must be 
remembered that each monthly period does 
not represent a single sample, but the mean 
of several samples taken within the monthly 
period.) N o completely satisfactory explana­
tion for this can be offered here. Possibly 
selective feeding by carnivores on this species 
occurs. It was suggested previously (Wick- 
stead, 1961, p. 158), with some evidence, that 
predation occurs mainly at about sunset. 
Selective feeding on E. tergestina at this time 
could reduce the numbers in the night 
plankton compared with the num bers.in the 
day plankton. If new broods are hatched at 
about dawn, this would replace the overnight 
losses.

The catches o f  the I.C .S.N . and C F  70 N ets  
compared
Each hauling of the clamped pair of nets 

gave a pair of samples, one from each of 
the nets. Only pairs of samples which con­
tained significant numbers of the organisms 
are considered here. Thus there were 13 pairs 
of samples with significant numbers of 
Penilia and six pairs with E. tergestina.

The figures shown below are the numbers 
taken in the CF 70 expressed as a percentage 
above or below the numbers taken in the 
corresponding paired sample of the I.C.S.N. 
The figures are arranged in ascending order 
for convenience, there being no significance 
in the arrangement.

Penilia avirostris
1 2 3 4 5 6

- 3 6 %  - 3 5 %  - 3 2 %  - 1 7 %  - 1 6 %  -1 5 %
7 8 9 10 11 12 13

- 1 4 %  - 1 4 %  - 1 0 %  - 3 %  + 1 9 %  + 2 2 %  + 39%
M ean =  —9%
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Thus ten C F  70 samples took fewer per 
unit volume than the I.C.S.N.; only three 
took m ore. A  general assessment then is that, 
for sampling Penilia avirostris quantitatively, 
the C F  70 is a little less efficient than  the 
I.C.S.N ., taking on average about 10 per cent 
fewer animals per unit volume of water 
filtered.

Evadne tergestina
1 2 - 3  4 5 6

- 4 6 %  - 3 6 %  - 2 4 %  - 2 2 %  - 7 %  - 4 %
M ean =  — 23%

In every example here the C F  70 net took 
fewer per unit volume than the I.C.S.N. 
A gain the C F  70 appears to  be less efficient 
than the I.C.S.N., taking about 20 per cent 
fewer animals per unit volume of water.

Since it is the coarser mesh net which 
catches the m ore animals, thus eliminating 
any differences which might be caused by 
mesh selection, it is clear that when the
I.C.S.N. and C F  70 nets are used as they were 
in this survey (W ickstead, 1963), the I.C.S.N. 
is the m ore efficient for quantitative sampling 
of the Zanzibar cladocerans.

S u m m a r y

Three species of C ladocera are recorded 
from  the Zanzibar area of the Indian  Ocean, 
Penilia avirostris, Evadne tergestina and 
Podon polyphemoides', this last species was 
rarely taken. Two nets were w orked at 
three stations fo r 13 m onths. Figs. 1 and 
2 show the incidence of Penilia in the 
plankton, Figs. 4 and 5 the incidence of E. 
tergestina. Fig. 6  shows these two species as 
a percentage of the to tal plankton num bers 
during their periods of abundance. Fig. 3 
shows the tem perature conditions at the three 
stations. “Explosive” populations of Penilia 
are discussed, with the suggestion that a 
com bination of the 0 2 content of the water 
and inherent progressive degeneration of 
parthenogenetic females are the limiting 
factors of a population. The coincidence of 
heavy diatom  and Penilia populations is 
noted, w ith the suggestion that the form er 
supplies 0 2 for the latter.

Catches of two nets are com pared. The 
C F  70 catches about 10 per cent less Penilia 
and about 20 per cent less E. tergestina per 
un it volume of w ater than the I.C.S.N., this 
latter being therefore the m ore efficient net 
under the conditions in which they were 
used.
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(With 16 figures in the text)
Total plankton from vertical samples is estimated in terms of numbers, volume and dry 
weight per m3. Three stations were sampled, by day and by night, over a period of 
thirteen months, using both a 58 m.p.i. and a 74 m.p.i. net clamped together. Three 
stations had total depths of 12, 40 and 750 m respectively. Some relevant and con­
temporary climatic and hydrographic factors are shown. The relative catches of the 
two nets are shown for all three measures and their relative catching ability is discussed.
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IN T R O D U C T IO N

Our knowledge of tropical plankton has been extended by various surveys 
over the past years. The Indian Ocean has been relatively unexplored, but 
the forthcoming international expedition should assist greatly in understanding 
the composition and distribution of the plankton of this area. There is always 
the disadvantage of such surveys, which have to  cover such large areas, th a t 
cycles and variations in the plankton associated with any particular locality 
cannot be recorded owing to the wide intervals of time between sampling. 
I t  is hoped th a t the present work, which extended for over a year a t three 
fixed localities, and indicates temporal variations, will provide a basis for 
comparison with the results from future extended cruise samples.

To make comparisons valid the choice of nets used was im portant. A t the 
time of the survey, the problem of the standard Indian Ocean N et ” had
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not been settled. However, after consideration of the surveys from other 
tropical, sub-tropical and temperate areas, it was decided to use the 
International Coarse Silk Net and the Currie & Foxton Net, this latter slightly 
modified. By using both of these nets together, a t the same time (Fig. 1), 
a direct comparison could be made between the two nets and the results from 
each would be available for comparison with samples taken with the same 
net from elsewhere.

S w iv e l

Fig.  1 —D ia g ra m  to  sh o w  h o w  th e  v e r t ic a l  p la n k to n  n e ts  w e re  a ssem b led .

No previous systematic plankton work has been done in these waters. 
Some random samples were taken during various expeditions, e.g. “ Valdivia ” 
1898-99, “ Dana ” 1928-30 and “ John Murray ” 1933-34, but these were very 
limited in numbers. Thus the area covered can be regarded, planktologically, 
as unexplored ground.

Systematic sampling of tropical plankton from fixed stations for 
extended periods has been limited, being restricted generally to  such 
surveys as the Great Barrier Reef (Russell & Colman, 1931, etc.) and the 
Malacca Strait-Singapore Strait-South China Sea area (Tham, 1953 ; 
Wickstead, 1961). The present survey is of rather different scope from these,
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but since the nets used were either the same, or one from which a relationship 
can be estimated directly, the results will be comparable from various aspects.

T H E  S T A T IO N S

For this section of the plankton survey three ” Permanent Stations ” 
were chosen ; these will be referred to as P .S .l, P .S .2 and P.S.3 (Fig. 2).

/ o

M

ps t

m/ kunouc hi  light;bagamoyo
'^ 'V  j

PS 3

DAR -  E S-S AL A A

3 9*3 O'E3 9°E

F ig .  2— M a p  o f  Z a n z ib a r  to  sh o w  th e  lo c a l i ty  o f  th e  th r e e  p la n k to n  s ta t io n s .

P .S .l
Position 6° 13'30" S, 39° 11'30" E. This is between 400-700 yards off 

the western coast of Zanzibar, in Zanzibar Channel, in a mean depth of 
12 m (see note about tides). The bottom is of fairly clean sand with some
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mud patches, these la tter being more extensive closer in-shore ; the bottom 
deposits are rich in Foraminifera, with a typical shallow water assemblage, 
including Elphidium. Tretomphalus was abundant and small globigerinacids 
fairly common. There were isolated patches of coral, with more continuous 
growths off-shore and surrounding the islands and sand-banks. Some 
Sargassum weed was present and there were fairly extensive areas of an 
“ Enhalus ” type of plant between and just below tide levels.

P.S. 2
Position 6° 17' S., 39° 7' E. This is also off the western coast of Zanzibar, 

bu t farther out in the Zanzibar Channel ; mean depth is 40 m. The bottom 
appeared to be of fairly clean sand, with some mud. Bottom deposits are 
again rich in Foraminifera constituting a shallow water assemblage character­
ized by in-shore forms including Ammonia beccarii, peneroplids, alveolinids, 
miliolacids and Elphidium (striatopunctatum ?). Some of the larger specimens 
are abraded (operculinids and alveolinids). Pelagic species are rare, but 
include Tretomphalus. Dredges and trawls brought up amounts of seaweed 
and small sponges.

P.S.3
Position 6° 30' S., 39° 48' E. This is a little under 20 miles just south of 

east from the southern tip  of Zanzibar, situated in clear oceanic water having 
a total depth of 750 m. The bottom deposit is a grey mud, rich in Foraminifera. 
These were of a deep-water assemblage with no obvious in-shore forms except 
possibly a few miliolacids. The benthonic agglutinated forms are typical 
deep-water species. Radiolaria were rarely present ; adult pelagic Foraminifera 
were abundant.

Note.—The Zanzibar tidal range is not very extensive. During the plankton 
survey the average high tide was about 10'-11', with minimum 7-6', 
maximum 14-4'. Average low tide was about 2 '-3 ', with minimum 
—0 -6', maximum 5-8'. These heights refer to the datum  of 
Admiralty Chart No. 3211.

C L IM A T IC  A S P E C T S

The three stations are directly affected by the monsoon conditions of the 
Indian Ocean, the North-east monsoon from about December to March, and 
the  South-east monsoon from about June to October. I t  must be noted th a t 
the duration of either monsoon is not constant from year to  year.

There are two main periods of rainfall, the so-called long rains in 
March-April-May, and the so-called short rains in October-November. 
Newell (1957) says “ Heavy rains occur all along the coast (of East Africa— 
Auth.) between March and May, and light rains in October, so tha t the outflow 
from the five principal rivers (the Ruvuma, Rufiji, Pangani, Sabaki and Tana) 
is a t a maximum from April to  June. However, it has been found tha t the 
brackish outflow from these rivers is kept close inshore by the prevailing 
natural forces, and only rarely are isolated patches of water of low salinity 
found out to  sea ” .
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Fig. 3 shows the monthly total rainfall, in inches, and the mean maximum 
air temperature for a twelve-month period during which the plankton survey 
was being made.

A point which might affect P .S .l and P .S .2 : as a general statem ent it 
can be said th a t Zanzibar is mainly of limestone with no surface drainage 
system, but with a well-defined water table. A t low tides, particularly on the 
eastern coast between the shore and the barrier reef, numerous tiny springs 
can be found coming up through the sand marking the entry of fresh water 
into the sea. ' This local dilution might affect the plankton a t P .S .l and 
possibly a t P.S.2.

° c  INCHES
•2533

TEMPERATURE, °C. 

RAINFALL, INCHES. -203 2 -

- 1 531-

- I O3 0 -

29 -

JUNE 1 JULY 1 AUG. 1 SEPT. 1 OCT. 1 NOV. 1 DEC. FEB. 1 MAR. 1 APR.JAN.MAR. 1 APR.

F ig . 3— M o n th ly  t o t a l  r a in fa l l ,  in  in c h e s , a n d  m e a n  m a x im u m  a i r  te m p e r a tu r e  in  t h e  Z a n z ib a r  a r e a  
fo r  tw e lv e  m o n th s  o f  t h e  p la n k to n  s u rv e y .

Full details of the general weather conditions of thé area can be seen in 
Williams (1956), Newell (1957) and the Africa Pilot (1954).

H Y D R O G R A P H Y

The only systematic work th a t has been done with particular reference to 
the coasts of Kenya and Tanganyika is th a t carried out by the East African 
Marine Fisheries Research Organization (Newell, 1957, 1959).

P.S. 1 (Fig. 4)
The data are insufficient to show if there is a regular cycle in the salinity, 

bu t the temperatures suggest regularity, with the lowest a t the end of the 
South-east monsoon and the ' highest a t the end of the North-east monsoon. 
The annual range of ca. 4-5° C is not very great for a station so close to the 
shore. Secchi disc readings do not show any marked periodicity. I t  must be

107



582 J .  H . W ICK STEA D

noted th a t some of these readings, where the disc was actually resting on the 
bottom, are either extrapolations (when the disc was almost invisible), or 
taken in slightly deeper water (when the disc was plainly visible on the bottom).
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The absence of any river system on the island, or any close mainland river 
system, makes for conditions more than  usually stable for stations so close 
in-shore.

P.S.2 (Fig. 5)
Regarding salinity, the same remarks apply here as to  P .S .l.
The general pattern  of temperature variations is similar to th a t a t P .S .l. 

The difference between the temperature a t 5 m below the surface and 5 m 
above the bottom is much more pronounced during the North-east monsoon ; 
no indications of a thermocline were found.

There appears to  be no definite cycle of Secchi disc readings, bu t the general 
transparency is fairly high ; greater than  Singapore S trait or the English 
Channel off Plym outh for instance.

Zanzibar Channel appears to  be open to  a constant through flow of water 
from south to  north (the coastal currents of this part of East Africa move in 
a northerly direction throughout the year). However, it is clear from the 
plankton th a t the inflow of oceanic water into the channel is very limited. 
In  samples taken from P .S .l a t the end of May some species of Lucicutia and 
Pleuromamma were recorded. This was the only time th a t these typical 
Slope/deep-water copepoda were recorded here. Similarly, such indicators of 
oceanic water as Sapphirina spp. and the long eye-stalked species of Lucifer 
were taken but rarely in the Channel.

P.S.3 (Fig. 6)
The same remarks concerning salinity apply here as to  P .S .l.
A thermocline was always present here, and there was never any overlap 

between the temperatures a t 30 m and a t 150 m. The general pattern  of 
temperatures a t the two depths was similar during the South-east monsoon, 
but not so during the North-east. In  neither case was i t  similar to  P .S .l or 
P.S.2. On three occasions the temperature a t 200 m was taken ; these were 
14-63° C on 30 xii 60, 15-20° C on 10 i 61 and 14-98° C on 22 ii 61.

The Secchi disc readings showed two peaks, each a t an interim monsoon 
period.

For the plankton analyses there is no doubt th a t P.S.3 can be regarded 
as an oceanic station beyond the influence of coastal variations.

A P P A R A T U S  A N D  M E T H O D S  O F  S A M P L IN G

Two boats were used, a  28-foot launch, the “ Chermin ” , and a 119-foot 
converted trawler, the “ Manihine ” . Fuller descriptions and pictures of these 
can be seen in another publication (Wickstead, 1961). The “ Chermin ” was 
used for some series of samples a t P .S .l and P.S .2 ; the “ Manihine ” was 
used for some of the series of samples a t P .S .l and P.S .2 and for all those 
taken a t P.S.3.

For the quantitative work vertical samples were taken using the two nets 
clamped side by side' (Fig. 1) ; thus the two nets sampled simultaneously 
the same body of water, and the varying results from the two nets could be 
compared directly.
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The two types of net used were the International Coarse Silk Net (hereafter 
called the I.C.S.N.) and the Currie & Foxton quantitative net (hereafter called 
the CF 70), this la tter w ith some qualifications. A full description of the 
I.C.S.N. can be seen in Russell & Colman (1931).. Briefly, it has an aperture 
of 50 cm, length of 2 m, mesh of 58 per inch (23 per cm), aperture size of 
0-288 mm and the open area of mesh is 47 per cent. A full description of 
the CF 70 has been given by Currie & Foxton (1957), bu t for this survey it 
was not possible to  have the canvas fore-section and the brass drum with its 
contained flow-meter and depth gauge. However, this was not considered 
serious since it was not used as a closing net for mid-water samples, and the 
maximum amount of warp used for quantitative work was 200 m. Thus 
the  results should be comparable w ith those from a complete CF 70 net.
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Briefly, as used, the CF 70 had an aperture of 70 cm and consisted of a 
6-inch wide band of canvas, a i m  cylindrical length of nylon mesh and a 
1 *5 m conical length of the same nylon mesh. Mesh throughout was 74 per inch 
(29 per cm), aperture size of 0-205 mm and the  open area of mesh is 34 per cent.

Both iiets were rigged and used as shown in Fig. 1 with a 70 lb (32 kg) 
weight. The catch was pu t through a concentrator (Wickstead, 1961).

I t  is im portant to  note th a t a t P .S .l and P.S .2 all vertical samples started 
from the very bottom of the water column. At neither of these two stations 
was a thermocline found to  be present. At P.S.3 a thermocline was always 
present, usually well defined, but, particularly from the end of December to 
February, sometimes in a series of small steps ; this was a major consideration 
when deciding upon a scheme of sampling. I t  was decided to take a double
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series of vertical samples, one from above the thermocline to the surface, the 
other from below to the surface. For the former there was, from the surface, 
50 m of warp out ; for the latter, 200 m. I t  was ensured a t every , sample 
th a t one sample was from above and the other from below the thermocline. 
The depth of the thermocline itself was variable, bu t it was usually a t ca. 80 m 
(a more detailed account, of this, and of the general hydrography, will be 
published a t a later date by Mr B. E. Bell, hydrographer to the E ast African 
Marine Fisheries Research Organization). Owing to  varying undercurrents, 
wind-induced drift, etc., the warp was usually a t some angle from the vertical. 
Checks on the vertical depth of the net were made from time to time with 
Kelvin sounding tubes ; with 200 m of warp out it was usually ca. 175 m ; 
with 50 m out it was usually ca. 44 m. Calculations of plankton concentration 
were based on the amount of warp out, not on the vertical depth of the nets. 
I t  is considered th a t deviations from the true vertical sampling a t P.S.3 were 
not significant for the purposes of this survey.

Rate of hauling has an im portant bearing on the efficiency of plankton 
nets. Every effort was made to  ensure th a t the nets were hauled through 
the water a t a consistent speed a t all three stations and from both boats. 
The mean rate of hauling was 0-86 m/sec.

The object was to  estimate the to tal plankton in terms of numbers, volume 
and dry weight per m3. The volumes were measured from the preserved 
samples after counting ; the dry weights were measured from duplicates of 
the samples taken for numerical estimations.

At each station, on each sampling day, two consecutive samples were taken, 
mixed, and pu t aside for numerical analysis. Immediately afterwards another 
two consecutive samples were taken and pu t aside for dry weight measurements.

Since night plankton can vary so much from day plankton, particularly in 
tropical areas,' it was decided to  take samples a t about midnight in addition to 
those taken a t about midday.

The length of the survey was fixed for thirteen months. All the samples 
would be grouped and analysed as monthly means, from mid-March/mid-April 
1960 to  mid-March/mid-April 1961. In  practice continuous sampling through­
out the t hirteen months was not completely possible, due mostly to  engine 
troubles. Thus, as shown on the graphs, a t P .S .l all daylight samples are 
present, bu t the thirteenth night sample is missing. Similarly with P.S.2. 
At P.S.3 the eleventh and thirteenth daylight samples are missing and the first, 
eleventh and th irteenth  night samples.

W ater samples were taken with an Ekm an reversing bottle ; temperature 
readings with the attached, paired, protected thermometers.

Thermocline and continuous temperature recordings were taken with a 
Spilhaus bathythermograph. This instrum ent was, unfortunately, out of 
action from the middle of August until the middle of December.

A measure of the water transparency was obtained with a 50 cm Secchi disc.

A P P A R A T U S  A N D  M E T H O D S  O F  A N A L Y S IS

The plankton was analysed in three ways, numerically, volume and dry 
weight. The method used for the numerical estimations was the same as
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used previously (Wickstead, 1961). For this survey a 1/10 sub-sample was 
used for all the animal groups excepting the cyclopoid and calanoid copepoda 
from the CF 70 samples. Here a “ 1/100 ” sub-sample was taken, the resultant 
counts being multiplied by a factor to  bring them to a 1/10 sub-sample. 
While it was straightforward to  take accurately a 1/10 sub-sample (500 cm3 
from 5,000 cm3), this was not so with a 1/100 sub-sample (50 cm3), since 
small errors would result in significant differences in the final figure per m3. 
A scoop was made approximating to 50 cm3 and the results of 200 comparative 
1/10 and “ 1/100” sub-samples analysed statistically. I t  was found th a t 
to  bring the copepod “ 1/1 0 0” sub-samples up to  a 1/10 sub-sample they 
had to  be multiplied by a factor of 8*17.

The to tal numbers of the animal groups were found by multiplying the 
1/10 sub-samples by 10. These totals were then divided by the number of 
cubic metres through which the appropriate net was hauled ; this gave the 
numbers per m3.

These calculations were based on a filtration ratio of 1 : 1. This is not 
unreasonable in view of the short distance through which the nets were hauled 
and the lack of clogging due to  the short period of hauling.

Measurements of volume, by displacement, were made on the preserved 
samples after they had been counted, using the container shown in Fig. 7.

F ig . 7— C o n ta in e r  u s e d  f o r  m e a s u r in g  th e  p la n k to n  d isp la c e m e n t v o lu m e s  ; 
f o r  e x p la n a t io n  see  t e x t .

This container held a known volume of water, measured accurately a t the 
m ark on the narrow stem (actual volume 59’00 cm3). Surplus liquid was 
removed from the sample by using a vacuum pump, filtering through 
600 m.p.i. nylon. The plankton was then “ peeled ” off the nylon and put 
in to  the bottom  part of the container via the large ground glass joint. The
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container was assembled, keeping to the same alignment each time, and water 
run in from a burette up to the mark. The displacement volume was found 
by difference. Large solitary salps which were occasionally present were 
removed before the volume measurements. The resulting plankton volume 
was divided by the number of cubic metres filtered by the nets, the resulting 
figure being the displacement volume/m3.

This container was convenient, quick and accurate for plankton volumes 
up to 10 cm3. The few total volumes which exceeded this had to be divided 
into two or more parts.

For the dry weight samples the first stage of preparation was on the boat. 
When the two consecutive plankton samples were filtered through the 
concentrators the plankton was washed with distilled water to  remove surplus 
sea water. The resulting “ pat ” of plankton was put directly into a 
wide-necked weighing bottle, and the ground glass lid pu t in place. In  the 
prevailing climatic conditions decomposition of the plankton would begin very 
rapidly indeed. Therefore, in the “ Chermin ” the weighing bottles, plus 
plankton, were pu t into a wide-necked vacuum flask, containing ice ; in the 
“ Manihine ” they were put into a refrigerator, the température being held a t a 
little above freezing point. Back a t the laboratory the plankton and weighing 
bottles, lids removed bu t present, were dried to a constant weight a t a constant 
tem perature of 50° C. The plankton and weighing bottles, with lids securely 
replaced, were allowed to  cool to  room temperature. The use of a desiccator 
to dry plankton samples is not very effective in such high temperatures and 
humidities. The weighing bottles were^ then weighed as rapidly as possible. 
The bottles were cleaned out and then re-weighed. The weight of the plankton 
was found by difference. As with the volumes, the occasional large salp was 
removed before measurement. The resulting to tal plankton dry weight was 
divided by the number of cubic metres through which the nets were hauled 
to  give the dry weight of plankton per m3.

Salinities were determined by Mr B. E. Bell by the chloride titration 
method, using Knudsen burettes and pipettes. Standard sea water was 
provided by the Association d ’Océanographie Physique, Charlottenlund, 
Denmark. Unfortunately, due to  accidents, no burettes, and hence no salinities, 
were available for half the period of the survey. W ater samples were stored 
with a view to analysis a t a later date, bu t the results were clearly highly 
inaccurate. Fortunately some data in Newell (1959) will be relevant to  P.S.3.

P L A N K T O N  E S T IM A T E S

The graphs representing these show the total plankton in terms of numbers, 
volume and dry weight per m3 by day and by night for each of the two types 
of net used and for each of the three stations. Each graph has been drawn to  
the same scale, therefore each can be compared directly with another.

P.S.1 (Figs. 8A, 8B, 8C & 8D)
All three measures of the plankton follow a  similar pattern  for the 

daylight samples, rather less so with the night samples.
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There is some difference between the numbers taken in the I.C.S.N. and 
CF 70 catches, due mainly to  the different stages and numbers of some of 
the different groups of animals caught ; e.g. when significant numbers of 
copepod nauplii were taken with the CF 70 relatively few were taken with 
the I.C.S.N. Also considerably more copepods were taken with the finer 
mesh net.

Greater differences are apparent with the volumes and dry weights due, 
mainly, to the very many fewer, bu t larger, animals involved. As was 
particularly noticeable a t this station, less so a t P .S .2 and not a t all a t P.S.3, 
many relatively large larval and adult forms of Crustacea were present in 
the plankton a t night which were virtually absent during the day. As one 
example, the addition of about fifty Leptochaeta larvae per m3 in the plankton 
a t night would affect the numbers but little, the volume more so and the dry 
weight the most. Conversely, other types of animals which are present in 
greater numbers during the day would similarly affect the results. Throughout 
the year these differences were balanced out (see p. 589).

In  general it can be said th a t the to tal numbers reflect largely the numbers 
of copepods present since these formed, numerically, the greatest part of the 
plankton (one notable exception was Jan./Feb. when many of the cladoceran 
Penilia avirostris were present) ; the volume, the numbers of siphonophores, 
salps and medusae present, and the dry weight, the numbers of decapod larvae 
and copepods by day, and decapod larvae, gammarid amphipoda, mysida and 
ostracoda by night.

A factor which affected the CF 70 samples in varying degrees was the 
phytoplankton. While the amount taken with the 58 m.p.i. net could be 
usually ignored, the amount taken with the 74 m.p.i. net, although of just 
a little finer mesh, was, a t times, considerable. From the July/August period 
up to the November/December period the phytoplankton, according to  the 
net samples, was present in very small amounts or virtually absent. For the 
remainder of the year it was present in much greater quantities, and a t times 
was very thick. I t  consisted mainly of Bacillaria and small Rhizosolenia spp., 
and a t times was sufficiently common to give the water, throughout the 
yisible depth, a distinct silky sheen. A settled, preserved, Zooplankton 
sample taken in such conditions would be overlain by a deposit of diatom 
trust ules. This did not affect the numerical analysis of course, bu t did 
contribute a significant amount to  the volume and dry weight. Dinoflagellates 
excepted, the larger phytoplankton can be considered absent from P.S.3 
throughout the year.

P.S.2  (Figs. 9A, 9B, 9C & 9D)

The remarks which applied to numbers, volumes and dry weights a t P .S .l 
are generally applicable here. There were fewer larval types present and the 
plankton was rather more constant than a t P .S .l, However, there is still the 
well-marked peak during February/March.

114



ZOOPLANKTON IN  ZANZIBAR A R EA  O F IN D IA N  OCEAN 589

P .S .3 (Figs. 10A, 10B, IOC & 10D ; HA, 11B, 11C & 11D ; 12A, 12B, 12C & 12D)

The plankton here clearly follows a different pattern from both P .S .l and 
P.S.2. The differences between the catches of the two different types of nets 
are not so marked (see below) due to  the generally larger sizes of the plankton 
animals.

There was a marked increase in the night plankton due to  the upward 
migration of various animals ; no larval types or animals entered the plankton 
from the sea-bed as was the case w ith the  other two stations.

The night samples show clearly tha t, in the topmost 200 m a t least, the 
plankton is richer in the South-east monsoon than  in the North-east monsoon. 
The night samples will give a better indication of this since the day plankton 
will vary according to  the water transparency (Wickstead, 1963). There 
is a much greater variation between the day and night volumes and dry weights 
than  in the numbers. This is due to  the upward migration of larger 
planktonic forms such as euphasiid larvae and adults, large copepods such as 
Pleuromamma xiphias, Scottocalanus, Gaetanus, etc. Given below are the mean 
figures per m3 for the period of the survey, for numbers, volume and dry weight, 
for day and night samples, according to  the CF 70, a t P .S .l, 2 and 3.

P .S . l P .S .2 P .S .3
(5 0  m  t  ) (200  m  t  )

D a y N ig h t D a y N ig h t D a y N ig h t D a y N ig h t

N u m b e rs 2 ,770 3 ,1 9 4 2 ,439 2 ,4 4 3 1 ,096 1,482 693 1 ,170
V o lu m e  (cm 1) 0 -206 0-258 0-206 0-203 0-106 0-167 0-072 0 -133
D r y  w e ig h t  (m g) 4 9-50 47-17 47-21 4 7-28 18-26 38-34 12-58 23-19

This shows clearly tha t, when taken over the whole year, the relative 
increase of the night plankton over the day plankton is much greater than  
a t the coastal stations.

D ISC U SSIO N

All the figures per m3 quoted are representative of a uniform distribution 
of the plankton throughout the water column ; this uniform distribution would 
be exceptional. Thus, from the Singapore survey (Wickstead, 1961), it is 
most probable th a t, a t least a t P.S.2, the station most comparable with 
Singapore, the greater part of the plankton, numerically, would be towards 
the surface. An overall concentration of, say, 2,000/m3 will probably indicate 
a concentration of 6-8,000/m3 in the upper layers. This uneven distribution 
in depth must be borne in mind continually when making any relative 
assessment of the plankton.
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From these results of the three methods of assessing the plankton it is 
clearly impossible to  establish any constant relationship between any two 
methods. Of the three, the volumes and dry weights have the most similar 
trends. For P .S .l and P.S .2 each method has its disadvantages, and no one 
method appears markedly superior to another. I f  it is possible to use a single 
method only, this must be chosen with due regard to the purpose of the 
investigation.

W ith oceanic stations, as shown by P.S.3, volumes and dry weights agree 
fairly reasonably, both forming rather different graphs from the numbers. 
From these results it would seem that, for any survey of an oceanic area 
with a large number of stations, the simplest and most revealing estimations 
of the total plankton would be dry weight estimations based on night samples. 
However, all three would undoubtedly be better.

Comparing the yearly mean of each of the three stations (see above) it 
will be seen tha t, superficially, P .S .l and P .S .2 are much the same, both 
appearing richer than  P.S.3. Numerically speaking this is an undoubted 
fact. However, it  has been pointed out above th a t the general size of the 
plankton a t P.S.3 is larger than  a t the other two stations. Comparing then 
the dry weights, the night plankton in the top 50 m a t P.S.3 appears to be 
a  little over 75 per cent of th a t a t the other two stations. Considering the 
heavy phytoplankton populations a t times present a t P .S .l and P.S.2, plus 
the greater amounts of detritus and suspended matter, I  consider th a t the 
amount of Zooplankton in the topmost 50 m during darkness a t P.S.3 is 
very little, if a t all, less than  th a t a t the other two stations. In  my opinion, 
contrary to  generally accepted ideas (e.g. Sverdrup, Johnson & Fleming, 1942, 
pp. 783-4), for this area it is not true to  say th a t the sea becomes increasingly 
barren the farther off-shore one goes ; it may be a little less rich, but by only 
a  small amount. From my surveys along this part of the East African coast, 
this statem ent appears valid up to ca. 40-50 miles from the coast. When 
considering this statem ent it must be remembered how narrow the 
Continental Shelf is here ; a t this distance off-shore the depth would be 
ca. 1,000-1,500 fathoms.

Qualitatively, P.S.3 is quite distinct from the other two ; there appears 
to  be no overlapping. As can be expected there is more similarity between 
P .S .l and P.S.2, bu t even so, the plankton communities are different in both 
types of animals and differing proportions of animals present. An unlabelled 
sample from one of these three stations could be placed in its correct station 
with little difficulty.

Valid comparisons with to tal plankton data from other areas are difficult 
owing to the different methods and apparatus used. Fig. 13 does, however, 
give numerical estimations which are directly comparable in tha t the same net 
and methods of sampling were used. Even so, care must be taken in 
considering which areas are relatively richer than  others, as not all the stations 
are really comparable, the plankton communities being therefore different. 
I  have noted before (Wickstead, 1961, p. 184) th a t a .single Bathycalanus 
copepod per m3 is the equivalent in biomass of ca. 725 other calanoid copepods 
per m3 of the type found a t the Singapore station. In  Fig. 13 three stations
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which can be reasonably directly and validly compared numerically are P.S.2, 
Great Barrier Reef (G.B.R.) and Singapore ; a closely similar plankton population 
was present a t each. Thus, the volumes and dry weights from the G.B.R. and 
Singapore would no doubt have a similar relationship with the numbers as 
a t P.S.2.

From Fig. 13 P.S.2 is richer than  the G.B.R., which in tu rn  is richer than  
Singapore. These figures relate to  standing crops only. The higher tem pera­
tures of the Singapore waters would probably mean a rather more rapid rate 
of turnover, which would make it richer relative to  the other two.

The proximity of deep oceanic water might well influence the richness of 
coastal plankton. Thus, oceanic w ater was very much removed from the 
Singapore station, close to  P .S .2 and rather more distant from the G.B.R. 
station. This last station also had small reefs and the barrier reef interposed.

T H E  R E L A T IV E  C A T C H IN G  P O W E R S  O B T H E  I .C .S .N .  A N D  T H E  CB  70 N E T

All the information obtained from this survey is expressed graphically in 
Figs. 14, 15 and 16. As was to  be expected the most variation about the 
means was a t P .S .l, the least a t P.S.3.

Numbers
W ith the exception of P.S.2 daylight, all the yearly mean percentage 

increases were greater during the night samples than  during the day. I t  is 
clear th a t the 74 m.p.i. net, although bu t a little finer mesh than  the 58 m.p.i. 
net, will catch considerably, more animals ; ca. 60 per cent a t oceanic stations, 
rather more a t in-shore stations.

From the analysis of the animal groups of plankton samples from East 
Africa, Singapore and other tropical areas the following observations can be 
made on sampling tropical plankton.

Coastal and shallow water
For general plankton sampling a mesh size of ca. 150-160 ¡i would be the 

best. This would have the disadvantage, a t times, of taking large amounts 
of phytoplankton. Most of the developmental stages of most of the copepod 
species would pass through this mesh in addition to  some small animals such 
as some chaetognatha, appendicularians and Amphioxus larvae. For the 
collection of life-history and developmental material a mesh size of ca. 70-75 p. 
will be necessary. Stramin nets, or other nets having a large mesh size, would 
be of little use other than  for the collection of specific types of animals. I f  it  
is possible to  ignore the loss of many of the smaller organisms, including some 
adult forms, using a 58 m.p.i. net does have the advantage of not taking large 
quantities of phytoplankton, and there is the im portant point th a t i t  is of 
international size and mesh.

Oceanic water
For general plankton sampling a mesh size of 200 / 1  is about the best ; 

even so this mesh size would take inadequate samples of certain adult copepod
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species. As before, any adequate sampling for life-history and developmental 
material would require a mesh size of ca. 70-75 p. Most of the forms 
migrating up towards the surface a t night are robust animals ; a coarse net 
with apertures of ca. 500 ¡ j l  is very useful here. Sampling for such animals 
would be best done with such a net. This mesh would exclude a large part 
of the plankton which lives always a t the surface. Forms such as the 
deep-water sergestids and carideans, medusae such as Atolla, and other such 
types of animals are best taken with a  still larger mesh.

Volume and dry weight

The yearly mean catches of the two nets generally conformed quite closely. 
Some variability in the in-shore samples -will be due to phytoplankton, detritus, 
etc. For all practical purposes oceanic samples taken with these two nets 
may be considered directly comparable.
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S U M M A R Y

Three stations were chosen in the Zanzibar area : P .S .l, depth 12 m, 
ca. J-mile off-shore ; P.S.2 , depth 40 m, ca. 7 miles off-shore ; P.S.3, to tal 
depth 750 m, ca. 20 miles off-shore. Vertical plankton samples were taken 
by day and by night a t each station throughout a period of thirteen months 
using both a 50 cm, 58 m.p.i. and a 70 cm, 74 m.p.i. net clamped together. 
At P .S .l and P .S .2 sampling was from bottom to  surface ; a t P.S.3 it was 
from both 200 m and 50 m to  the surface, i.e. from both below and above the 
thermocline to  the surface. Total plankton was estimated as numbers, volume 
and dry weight per m3. All the results are presented graphically, each station 
and each measure being compared w ith the other two. Sqme comparison of 
numbers is made with plankton from other areas. Some relevant hydrographic 
data are shown.

The mean monthly catches of the 74 m.p.i. net are shown as a percentage 
increase or decrease above or below the catch of the 58 m.p.i. net a t each 
station. The mean variation throughout the period of the survey is shown 
and the conclusions are given.
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DR* WEIGHT
CM,/»’)

VOLUME/m1 
(c.mm.)

120NUMBERS6 , 0 0 0 “  “ 6 0 0

  VOLUME, c.mm-

DRY WEIGHT, m g/m .1

IOO5 , 0 0 0 - - 5 0 0

4 , 0 0 0 - - 4 0 0

3 . 0 0 0 - - 3 0 0 -60

2,0 0 0 - - 2 0 0 - 4 0

- 2 01 , 0 0 0 - -IO O

-IO

MAR. 1 APR. 1 MAY 1 JUNE 1 JULY I AUG. 1 SEPT. 1 OCT. 1 NOV. 1 DEC. 1 JAN. FEB. 1 MAR. 1 APR.

A

VOLUME/ms 
(c . mm.)

NUMBERS 

VOLUME, c.mm.

DRY WEIGHT, mg/m.9

-1 2 06 , 0 0 0 “  - 6 0 0

-IO O5 , 0 0 0 - - 5 0 0

4 , 0 0 0 - - 4 0 0 -BO

- 6 03 , 0 0 0 -  - 3 0 0

2,000- -200 - 4 0

- 2 0

MAR. 1 APR. I MAY >JUNE 1 JULY 1 AUG. 1 SE PT .' OCT. ’ NOV. 1  DEC. I JAN. ■ FEB. I MAR. > APR.

B
Fig. 8—Total plankton a t  P .S .l. 8A =taken  w ith I.C.S.N. ca. m idday ; 8B —taken with

IÆ.S.N. ca. midnight.
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N o/m ’ vOLUME/m: 
(c . mm.)

6 , 0 0 0 - - 6 0 0

DRY WEIGHT CMgAn1)
NUMBERS -120

VOLUME, c.mm.

DRY WEIGHT, mg/m.3

S ,0 0 0 .----- 5 0 0 -IO O

4 , 0 0 0 - - 4 0 0 -00

- 6 03 , 0 0 0 - - 3 0 0 ---

2,0 0 0 -- 2 0 0 - 4 0

-201 , 0 0 0 - -IO O

-IO

MAR. 1 APR. 1 MAY 1 JU N E  1 JULY 1 AUG. 1 SEPT. I OCT. I NOV. 1 DEC. 1 JAN. I FEB. I MAR. 1 APR.

C

VOLUME/m1 
(c.mm.)

No/m* DRY WEIGHT
CMg/mO

6,000 6 0 0 NUMBERS 

VOLUME, c.mm.

DRY WEIGHT mg/m*

-120

5 , 0 0 0 -  -  5 0 0 -100

4 , 0 0 0 -  - 4 0 0 - 8 0

3 , 0 0 0 - - 3 0 0 6 0

2,000 200 - 4 0

1 , 0 0 0 - -IO O

-IO

D

8C =  tak en  w ith  CF 70 ca. m idday ; 8 D = ta k e n  w ith  CF 70 ca. m idnight.
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N e/m 3 VOLUME/m 
(c. mm.)

6 , 0 0 0 - - 6 0 0 NUMBERS — 120

- -  VOLUME, c. mm.

DRY WEIGHT, mg/m.

-1005 , 0 0 0 - -  5 0 0

-804 , 0 0 0 ------4 0 0

3 , 0 0 0 - - 3 0 0

-402,000--200

ip o o -- io o

-IO

MAR. I APR. 1 MAY 1 JU N E 1 JULY ^  A ü ä  1 S E P t*  OCX * NOV. » D E t. > JAN. 1 FEB. * MAR. I APR.

A

No/m VOLUME/m: 
(c.m m .)

-  6 0 0 ■1206,000 NUMBERS 

VOLUME, e.m m .

DRY WEIGHT, m g /n .3

-IO O5 , 0 0 0 - - 5 0 0

4 , 0 0 0 - - 4 0 0 - 8 0

- 6 03 ,0 0 0 3 0 0

-200 - 4 02,000

1 , 0 0 0 - -IO O -20
-I O

MAR. ' APR. 1 MAY 1 JUNE 1 JULY 1 AUG. 1 SEPT. 1 OCT. 1 NOV. 1 OEC. 1 JAN. 1 FEB. 1 MAR. 1 APR .

B
Pig . 9—T otal p lank ton  a t  P .S .2. 9 A = tak en  w ith  I.C.S.N . ca. m id d a y ; 9 B =  tak en  w ith

I.C .S.N . ca. m idnight..
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No/m VOLUME/«
( c . « « . )

DRY WEIGHT 
CMfl/ma) 
-120NUMBERS6006,C 00-

VOLUME, e.m «.

DRY WEIGHT, mqfm?

5,000 500 •100

4,000 400

300 -60

•t>-----<y*2002,000- -40

1001,000* 20
•IO

MAR. I APR. 1 MAY ■ JUNE I JULY I AUG. I SEPT. 1 OCT. I NOV. I DEC. I JA N . I FEB. > MAR. I APR.

C

VOLUME/«’('.««■)
-600

DRY WEIGHT
Cms/«*)

NUMBERS

« VOLUME, C .*« .

-»>—  ORY WEIGHT, ■ « /■ .

6,000- 120

5,000 500 •IOO

4,000- 400 SO

3,000- •60300

2.000 200 -40

1,000 -20‘100
-IO

klAR. 1 APR . 1 MAY 1 JU N E  1 JULY 1 AUG. 1 SEPT. 1 OCT. 1 NOV, J DEC. 1 JAN. 1 FEB. 1 M A R .1 APR.

D

9C « ta k e n  w ith  CF 70 ca. m idday  ; 9D = tak en  w ith  CF 60 ca, m idnight.
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VOLUME/m *

— • —  NUMBERS

. .X  VOLUME, C .R I.

•-o - -  ORT WEICHT, m g /a *

6 , 0 0 0  6 0 0 -120

5 , 0 0 0 -  -S O O -IO O

-60

3 , 0 0 0 -  - 3 0 0 - 6 0

2,000- -200 - 4 0

ipoo- -1 0 0 -20
-I O

M AR 1 APR. 1 MAY I JUNE > JULY ■ AUG. I S E P T > OCT I NOV. I DEC < JAN. I F E B  I MAR. I APR.

A

N o/m 9 VOLUME/** 
( c . « » . )

6 , 0 0 0  6 0 0

•  VOLUME, c.am .

-  DRY WEIGHT, m g/m .1

’SOO5 ,0 0 0 -

- 8 04 , 0 0 0 -  - 4 0 0

- 6 03 , 0 0 0 -  - 3 0 0

- 4 0

-201 , 0 0 0 -  -IO O

MAR. 1 APR. I MAY 1 JUNE 1 JULY I AUG. I SEPT. 1 OCT. > NOV. > D EC  I JA N . I FEB. I MAR. I APR

B

Fig. 10—Total plankton at P.S.3, samples taken from ca. 50 m to the surface, i.e. from above 
the thermocline to  the surface. 10A = taken with I.C.S.N. ca. midday ; 1 OB =  taken w ith
I.C.S.N. ca. midnight.
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DRY WEIGHT CMg/m’ )
NUMBERS6,000-“600 -120

VOLUME, c. mm.

DRY WEIGHT, mg/m.1

5,000--500 -100

4,000 -  -400 -BO

3,000--300 -60

200 -40

-201,000

-IO

MAR. 1 APR. 1 MAY * JU N E > JULY 1 AUG. 1 SEPT 1 OCT. I NOV. FEB. I MAR. I APR.DEC.

C

N®/m

6,000 -

4,000—-400

3,000- -300

VOLUME/m* 
(c .m m .)

NUMBERS 

VOLUME, c.mm.

DRY WEIGHT, mg /m.3

/•

DRY WEIGHT Ĉg/m3)

-20
- I O

I APR. 1 MAY I JU N E • JULY I AUG. > SEPT. I OCT. I NOV. I DEC. > JAN. I FEB. 1 MAR. 1 APR.

IOC = ta k e n  w ith  C F  70 ca. m id d a y  ; 10D = ta k e n  w ith  CF 70 ca. m idn igh t.
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VOLUME /m 3 
(c .m m .)

- 6 0 0

N o /m : DRY WEIGHT 
kM g/ms)

NUMBERS -1206,000 '
VOLUME, c.mm.

DRY WEIGHT, mg/m.3

5 , 0 0 0 -  -  5 0 0 -IO O

4 0 04 , 0 0 0

3 0 03 , 0 0 0

•200 - 4 02,000

-20

-IO

A

N o/m DRY WEIGHT M̂g/m9)
NUMBERS6 , 0 0 0  6 0 0 -120

VOLUME, c.mm.

DRY WEIGHT, m g/m .5

-IO O5 , 0 0 0 -  - 5 0 0

- a o

- 6 03 , 0 0 0 -  - 3 0 0

- 4 0P —

1,000“  -  loo

- I O

MAR. 1 APR. ' MAY

B

Fig. 11—Total plankton at P .S.3, samples taken from ca. 200 m to the surface, i.e. from below 
the thermocline to the surface. llA = ta k e n  with I.C.S.N. co. midday ; l lB = ta k e n  with 
I.C.S.N. co. midnight.
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No/m* VOLUME/m: 
(c .m m .)

NUMBERS -1206 , 0 0 0 “  “ 6 0 0

VOLUME, c.mm.

DRY WEIGHT, m g/m .9

5 , 0 0 0 -  - 5 0 0 -100

- 6 04 , 0 0 0 -  - 4 0 0

6 03 0 0 0 -  -  3 0 0

- 4 02,000 - - 200

-20ICO1,000
- I O

MAR. 1 APR. 1 MAY 1 JUNE 1 JULY 1 AUG. 1 SEPT. 1 OCT. 1 ^T ov. I DEC. I JAN. I FEB. 1 MAR. I APR.

C
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CMgto3)
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VOLUME, c.mm.
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4 , 0 0 0 - - 4 0 0 ■60

3 , 0 0 0 3 0 0

2,000 --2 0 0 4 0
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M A R .1 A PR . I MAY I JU N E  T JULY 1 AUG. I SEPT. ' OCT. I NOV. 1 DEC. 1 JAN. 1 FEB. I MAR, I APR.

D

11C =  ta k e n  ■with C F  70 co. m id d a y  ; 1 I D = ta k e n  w ith  CF 70 co. m id n ig h t.
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DRY WEIGHT 
CMg/m9) 
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NUMBERS6 , 0 0 0 -  - 6 0 0

- -  VOLUME, e.m m.

- -  DRY WEIGHT, m ç /m /

5 , 0 0 0 -  - 5 0 0

- 9 04 , 0 0 0 ----- 4 0 0

3 , 0 0 0 “ - 3 0 0

2,00 0 --2 0 0 - 4 0

-20

- I O

A

VOLUME Im1 
Ce. mm.)

DRY WEIGHT 
CM9 /m » )

No/m:

NUMBERS -1206 , 0 0 0 -  - 6 0 0

 VOLUME, e.mm.

,-o _ —  DRY WEIGHT, mç/m.1

- lO O5 , 0 0 0 - - 5 0 0

4 , 0 0 0 -  “ 4 0 0 - 8 0

3 , 0 0 0 - - 3 0 0 - 6 0

2,000- -200 - 4 0

1,000 lOO

-IO

MAR. I APR . 1 MAY I JUNE 1 JULY T AUG. I SEPT I OCT. I NOV. I DEC. • JAN. I FEB I MAR. I APR.

B

F ig . 12— T o ta l p la n k to n  a t  P .S .3 in  th e  zone fro m  co. 200 m  to  co. 50 m  d e p th , i.e. th e  lay e r
o f  w a te r  in  w hich  th e  therm o clin e  lies, b u t  exclud ing  th e  su rface  50 m . 1 2 A = ta k e n  w ith
I.C .S .N . co. m id d a y  ; 12B = ta k e n  w ith  I.C .S .N . co. m id n ig h t.

127



602 J .  H . W ICK STEA D

DRY WEIGHT 
( M g / m 3 )

No/ra 3 VOLUME/m* 
(c. mm.)

NU MB ER S 

V O L U M E ,  c . rara.

DRY WEIGHT,  m g / m . 3

6 . 0 0 0 - - 6 0 0

5 , 0 0 0 - - 5 0 0

4 , 0 0 0 ------ 4 0 0

- 6 03 , 0 0 0  -  - 3 0 0

200 - 4 02,000

-201,000 100
- I O

MA R.  1 APR.

C

V OLU M E/m : DRY WEIGHT 
CMg/ms)

No/m

-120N U M B E R S

V O L U M E ,  c.mm.

DRY WEIG HT,  m g / m :

-1005 , 0 0 0 ------ 5 0 0

-BO4 , 0 0 0 - - 4 0 0

- 6 03 , 0 0 0 - - 3 0 0

- 4 02002,000

-201 , 0 0 0 —-lO O

A P R .  * MAYMAR.

D

1 2 C = ta k e n  w ith  CF 70 co. m id d a y  : 12D = ta k e n  w ith  CF 70 co. m id n ig h t.
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5 , 0 0 0

ZAN ZIBAR,  P - S .  I

Z A N Z I B A R ,  P. S .  2 

Z A N Z I B A R ,  P . S . 3  ( S O m . f )  

Z A N Z I B A R ,  P . S . 3  ( 2 0 0 m . T )  

G R E A T  B A R R I E R  R E E F  LA G O O N

4 , 0 0 0 -

S I N G A P O R E  S T R A I T

3 , 0 0 0 -

2,0 0 0 -

1,000-
7 5 0 -

5 0 0 -

2 5 0

M A R . 1 APR.

Fig. 13— The plankton numbers per m3, according to the I.C.S.N., from P .S .l, P .S .2, P.S.3  
(co. 50 m  to the surface), P.S.3 (co. 200 m to the surface) Great Barrier R eef Lagoon and 
Singapore Strait. All are daylight samples.
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300*

NUMBERS

-  VOLUME

DRY WEIGHT

200-

IO O -

5 0 -

IOO
MAR. I APR. I MAY 1 JU N E  I JULY I AUG. 1 SEPT. 1 OCT. 1 ~NOV. 1 DEC. FEB. 1 MAR. 1 APR.

A

3 0 0

NUMBERS

VOLUME

DRY WEIGHT

200-

lO O -

5 0 -

A -  ____' sV/
so-

IOO
MAR. 1 APR. 1 MAY

B

Fig. 14—The percentage of the catch o f the CF 70 above.or below that of the I.C.S.N. at P .S .l. 
14A =ca. midday samples ; 14B = ca . midnight samples.
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300

NUMBERS
2 5 0 -

VOLUME

DRY WEIGHT

200-

I 5 0 -

lO O -

5 0 -

v MEAN ü&£
LtS Het

V
5 0 -

lOO-
DEC £ JAN. I APR.MAR. * APR. i MAY I JUNE I JULY I AUG. 1 SEPT. I OCT. FEB.NOV.

A

°/o
3 0 0

NUM BERS

VOLUME

DRY WEIGHT

200-

IO O-

5 0 -

.CS.Htft

5 0 -

100-

B

Fig. 15— The percentage of the catch of the CF 70 above or below that o f the I.C.S.N. a t P.S.2. 
15A =ca. midday samples ; 15B =ca . midnight samples.
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300

N U M B E R S

V O L U M E

DRY W E IG H T

200-

loo-

50"

■C. S. Wet

SO-

l O O

A

®/o
300

N U M B E R S

V O L U M E

DRY W E IG H T

200-

I O O -

50-

/  y MEAN

50-

100

B

Fig. 16—The percentage o f the  catch  of th e  CF 70 above or below th a t  o f the  I.C.S.N . a t  P .S.3. 
16A =co. m idday sam ples, 50 m  to  th e  surface ; 16B =ca. m idnight samples, 50 m  to  the  surface.
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«fo
3 0 0

N U M B E R S

V O L U M E

DRY W E I G H T  C m E AN O F  +  0 - 2 7 )

200-

100-

5 0 -

5 0 -

I O O
FEB.  1 MAR.  1 APR.NOV.  1 DEC.  1 JAN .MAR.  1 A P R .  1 MAY 1 J U N E  1 J U L Y  1 AU G .  1 S EP T.  1 OCT.

C

°fo
3 0 0

N U M B E R S

V O L U M E

DRY W E I G H T

200-

l O O -

50-

.C S.Ncl

5 0 -

l O O

D

16C = c a . m id d a y  sam ples, 200 m  to  th e  su rface  ; 16D = c a .  m id n ig h t sam ples fro m  200 m  to  th e
surface.
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F rom  the A n n a l s  a n d  M a g a z i n e  o r  N a t u r a l  H i s t o r y  
S e r .  1 3 ,  v o l .  v i ,  p .  5 0 1 ,  August, 1 9 6 3 .

PELAGIC POLYCHAETES FROM WATERS OFF THE COASTS 
OF KENYA AND TANGANYIKA.

B y R . P h i l l i p s  D a l e s ,

B edford College, U niversity  o f London.

T h i r t y - e o u r  sam ples were chosen a t  random  from  a  p lan k to n  survey  of 
th e  w aters oif th e  K enya-T angany ika  coasts m ade during  1960 (W ickstead 
1961), and  all th e  pelagic polychaetes th e y  contained rem oved and  
identified. I  am  indeb ted  to  D r. J .  H . W ickstead for allowing me to  do 
th is, an d  for supplying th e  collection d a ta . Sam ples sorted  were ta k en  
w ith in  th e  area ex tending  from  I o 40' S, 41° 37' E  in  th e  n o rth , to  10° 41' S, 
40° 39' E  in  th e  south . The whole sam ple was so rted  and  all contained a t 
least some polychaetes. T he sam ples w ere collected w ith  a  Currie & 
F o x to n  n e t (Currie & F o x to n  1957) used w ith o u t th e  fore-section an d  its  
contained flow -m eter and  d ep th  gauge. This n e t has an  apertu re  of 
70 cm and  a  constan t m esh apertu re  th roughou t of 205 ¡i (29 m eshes per 
cm, or 74 per inch). All th e  hauls were vertica l an d  were ta k en  e ither 
from  150-200 m  (below th e  therm ocline) to  th e  surface, or from  30-50 m  
(above th e  therm ocline) to  th e  surface. W here th e  w ater was shallow 
hauls were ta k en  from  th e  bo ttom  to  th e  surface. Sam ples were tak en  a t  
various tim es during  th e  d ay  and  night. The collection is o f in te rest in  
th a t  there  are no previous records o f pelagic polychaetes from  th is region.

Family Phyllodocidae Grube.
Subfam ily L o p a d o r h y n c h i n a e  Clarapède sensu Reibisch.

Lopadorhynchus (Lopadorhynchus) brevis Grube.
One specim en ta k en  a t  7° 25' S, 40° 20 ' E  during  day ligh t in  a  hau l 

from  above th e  therm ocline from  35 m, and  several o thers from  9° 10 ' S, 
39° 49' E  during day ligh t in  a  deeper h au l (145 m) from  below th e  therm o­
cline.

Lopadorhynchus (Lopadorhynchus) krohnii (Clarapède).
Collected more often than L. brevis though usually singly in samples 

taken over the whole area.

Pelagobia longicirrata Greeffi
Several specim ens ta k en  from  each o f five sam ples from  I o 53' S to  

10° 39' S and  probab ly  n o t uncom m on over th e  whole area studied.

M aupasia coeca Yiguier.
Only tw o specim ens, one from  2° 30' S, 41° 18' E , th e  o ther from  

3° 25' S, 40° 02 ' E , b o th  in  hauls tak en  from  140-150 m  and  s ta rtin g  
below th e  therm ocline.

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. I I I ,  contribution  no. 142 135
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Subfam ily I o s p i l i n a e  Bergström .
Phalacrophorus uniformis Reibisch.

O nly th ree  specim ens collected, one a t  I o 40' S, 41° 37' E , one a t  
9° 15' S, 39° 40' E  and  th e  th ird  a t  a  s ta tio n  in  betw een, so th a t  th e  
species m ay  be sparsely d is tribu ted  over th e  whole area.

F am ily  Alciopidae Ehlers.
Naiades cantrainii Delle Chiaje.

Only one specim en was found in  th e  sam ples sorted, and  th is  w as 
collected from  10° 40' S, 41° 10 ' E  in  a  deep hau l m ade from  170 m  
during  daylight.

Vanadis minuta Treadwell.
P erhaps th e  m ost núm erous polychaete, a t  least one occurring in  h a lf 

th e  sam ples so rted  an d  often several found together. N o o th e r species of 
Vanadis w as encountered.

Plotohelmis capitata (Greeff).
F a irly  com mon, especially in  th e  m ore n o rthern  p a r t  o f th e  area  

although  several occurred together in  a sam ple as far sou th  as 7° 32' S, 
39° 53' E .

Alciopina parasitica Clarapède and  Panceri.
F o u r  specim ens tak en  singly from  sta tions betw een I o 53' S, 41° 36' E  

and  5° 05' S, 40° 05' E , all from  deeper hauls s ta rting  from  below the  
therm ocline.

Rhynchonerella petersii (Langerhans).
Several specim ens from  different sam ples collected th roughou t th e  area. 

O f tw o specim ens from  5° 26' S, 40° 05' E , one had  some acicular chæ tæ  
unserra ted , th e  o th e r h ad  th e  end-pieces sim ple so th a t  i t  could have been 
m istaken  for R, angelini (K inberg). These were very  small specimens.

Fam ily Tomopteridae Grube.
Tomopteris membranacea Caroli.

T hree specim ens w hich cam e closest to  Caroli’s (1928) species were 
collected on consecutive days (24, 25, 26-4-1960) from  2° 30' S, 41° 45' E , 
2° 40' S, 41° 20 ' E  and  3° 30' S,-40° 25' E . The form  o f th e  parapod ia  and  
glands w ere identical w ith  Caroli’s T av . I ,  fig. 8 , an d  th e  gonads were 
p resen t in  th e  dorsal ram i only, unlike T. nationalis A pstein  amend. 
Terio 1950, to  w hich th e  specim ens showed some resem blance. T hey  were 
m ore like T. nationalis in  th e  sm aller num ber of segm ents in  th e  body 
(16-18 in  these specim ens as com pared w ith  28 described by  Caroli for 
membranacea) and  in  having  rela tive ly  p rom inen t eyes, b u t  th e  position o f
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th e  rosettes  on th e  tru n k s  o f th e  first tw o parapod ia  w as m ore like th a t  of 
membranacea, w hich th e y  resem ble also in  th e  form  o f th e  body  an d  ta il. 
T . membranacea was described from  specim ens collected in  th e  R ed  Sea 
b u t has n o t been found since.

Tomopteris nisseni Rosa.
O nly tw o specim ens, b o th  in  a  sam ple collected from  9° 20 ' 30" S, 

40° 58' E  in  a  n ig h t h au l from  a  d ep th  of 150-160 m  on 21-7-1960.

Tomopteris planktonis A pstein.
F o u r specim ens, each  collected on  different occasions. M any o f th e  

Tomopteris too  poorly  preserved  to  enable th e ir  id e n tity  to  be determ ined  
m ay  have belonged to  th is  species. T hree o f th e  four certa in ly  a ttr ib u ta b le  
to  th is  species occurred a t  s ta tions sou th  o f 9° 00 ' S.

Tomopteris elegans Chun.
Two specim ens only, from  I o 53' S, 41° 36' E  an d  9° 20 ' S, 40° 58' E  

in  hauls m ade from  ab o u t 160 m.

F am ily  Typhloscolecidae U ljan in .
Typhloscolex mulleri Busch.

Common th ro u g h o u t th e  area.

Sagitella kowalevskii W agner.
Occasionally represen ted  in  sam ples collected th ro u g h o u t th e  area.

R e f e r e n c e s .
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U .K .  36 , 17-32 .
Terio, B . 1960. P er u na p iù  esa tta  conoscenza della  m orfología della  T om opteris  
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W ic k s te a d , J .  H . 1961. P lan k ton  on  th e  N orth  K en y a  B an k s. N atu re , L ond. 192, 

890-91 .

137



R eprin ted  from  “Curr. S d .”, March 20, 1964, 33, No. 6 ,  168-170

ON THE OCCURRENCE OF ‘RED WATER’ PHENOMENON ON THE
WEST COAST OF INDIA*

A . P R A K A S H
F isheries R esearch  B oard  o f Canada, B iological S ta tio n , S t. A n d re w s , N .B .

AND

A. H. V ISW A N A TH A  SARM A 
In d ia n  N a tiona l C o m m ittee  on O ceanic Research, C .S.I.R ., N e w  D elh i

T ’H E  p h en o m en o n  of d isco loured  se a -w a te r, 
w h ich  ow es its  o rig in  m a in ly  to  a  v e ry  h ig h  

a n d  localized  c o n c en tra tio n  of m a rin e  p h y to ­
p la n k to n , h a s  been  o b se rv ed  in  v a rio u s  p a r ts  of 
th e  w o rld . S uch  d isco lou rations m a y  b e  of an y  
sh ad e  b e tw e e n  red , b ro w n , yellow  an d  g reen , 
dep en d in g  up o n  th e  cau sa tiv e  o rg an ism  involved . 
A lth o u g h  th e  te rm  ‘red  t id e ’ h as  o ften  b ee n  
used r a th e r  in d isc rim in a te ly  to  d escribe  
d isco lou ra tions w h ich  a re  n o t n ecessa rily  re d  
a n d  m ay  n o t b e  of b io logical o rig in , th e  ch a ra c ­
te r is tic  red  w a te r  is caused  p r im a rily  b y  th e  
d inoflagella tes. V arious g e n e ra  lik e  C ochlo­
d in iu m , G o n ya u la x , G ym n o d in iu m , N octiluca  
an d  P erid in iu m  h av e  b een  im p lica ted .

T h e  s tu d y  of red  w a te r  p h enom enon  is of 
considerab le  in te re s t n o t on ly  fro m  th e  b io ­
logical s tan d p o in t, b u t also d u e  to  econom ic 
reasons since m ass m o rta litie s  o f com m ercially  
im p o r ta n t fish an d  shellfish  h av e  b een  caused  by 
re d  w a te r  o u tb rea k s  in  d iv e rse  geograph ic 
locations. O n th e  w est coast o f In d ia , d is­
co loured  w a te r  caused  by  a v a r ie ty  of o rgan ism s 
an d  som etim es associa ted  w ith  m ass m o rta lity  
o f local m a rin e  fau n a , has  b ee n  rep o rted  fro m  
se v e ra l localities ( re fe r  H ayes an d  A ustin , 1951; 
B ro n g ersm a-S an d ers , 1957 an d  S u b ra h m an y a n , 
1959 fo r  b ib lio g ra p h y ). T h e  d inoflagella tes 
associa ted  w ith  red  d isco lou rations in  th e  coasta l 
w a te rs  h av e  been  iden tified  as N octiluca  m iliaris  
(B h im a ch a r a n d  G eorge, 1950) ; G y m n o d in iu m  
sp. (S u b ra h m a n y a n , 1959); tw o  species of 
C och lod in ium  (H ornei! and  N ayudu , 1923) ; an d  
a n  u n id en tified  P e r id in ia n  (H ornell, 1917). 
R ecen tly , w h ile  p a r tic ip a tin g  in  th e  In te rn a tio n a l 
In d ia n  O cean E x p ed itio n  P ro g ram m e, an  
in te re s tin g  phenom enon  of red  w a te r  caused  by  
a d iffe ren t d inoflagella te  species w as observed  
on  th e  w est coast of In d ia . D eta ils  a re  g iven  
below  :

O n N ovem ber 5, 1963, w h ile  on  a co llection  
tr ip  on b o a rd  th e  In d o -N o rw eg ian  P ro je c t vessel 
‘K A LA V A ’, a n  ex ten siv e  p a tc h  of re d  w a te r

* C ontribution from the  Indian Ocean Biological C entre, 
Err.akulam, India.

w as sigh ted  ab o u t e ig h t m iles n o r th -w e s t o f 
C ochin H arbou r. B e in g  a  b r ig h t su n n y  d ay  
w ith  an  ex tre m ely  ca lm  sea, i t  w as possib le to  
see  ru 's t-red  or b r ic k - re d  w a te r  fo r  m iles a round . 
A t our req u e s t th e  C om m ander, N av a l A ir 
S ta tio n  a t  Cochin, a r ra n g e d  to  send  a few  
reconnaissance flights ov er th e  re d  w a te r  a re a  
th a t  evening  an d  also on su b se q u en t days. T h e  
purpose  of these  flights w as to  get an  id e a  of 
th e  ex a c t locations, configurations, an d  th e  
sp read  of d isco loured  w a te r  patches. T h e  P ilo ts  
rep o rted  sigh ting  a few  re d  w a te r  pa tches along  
th e  coast, th e  la rg e s t p a tc h  being  a b o u t 
1 0  m iles w ide a n d  d r if tin g  in  a  n o r th -w e s te rly  
d irec tio n  aw ay  fro m  th e  coast.

M icroscopic ex a m in a tio n  of the red  w a te r  
sam ples collected  th a t  day  rev ea led  th a t  th e  
d isco louration  w as caused  by  an  ex ten siv e  
b loom  of G o n ya u la x  p o lygram m a  S te in— a 
com m on tro p ica l an d  su b -tro p ica l d inoflagellate , 
h ith e rto  n o t reco rd ed  fro m  th e  w est coast of 
Ind ia . G. p o lygram m a  w as p re se n t in  v e ry  
h ig h  co n cen tra tio n s an d  ce ll c o u n ts  of th e  bloom  
sam ples uising U te rm o h l’s m e th o d  gave th e  d e n ­
sity  as h ig h  as 1 1 ,0 0 0 ,0 0 0  ce lls p e r  l i t re  of se a ­
w ate r. T his species p re se n ted  a h  alm ost m ono- 
specific n a tu ra l  cu ltu re  com prising  ab o u t 99% 
of th e  to ta l n u m b e r  of o rgan ism s p re se n t in  th e  
b loom  sam ples. O th e r  p h y to p la n k to n  species 
w ere  v e ry  in sign ifican t in  n u m b e rs  an d  th e re  
w as a v ir tu a l exc lu sion  of zoop lank te rs 
(T ab le  I ) .

E xcep t fo r G. p o lygram m a  a ll th e  o th e r  
species lis ted  ■ in  T ab le  I  have, a lre ad y  
been  reco rded  fro m  th e  w est coast of In d ia  
(S u b rah m an y an , 1958). O nly  tw o  species of 
G onyau lax , viz., G. diegensis  an d  G. scrippsae 
h av e  been  in c lu d ed  in  S u b ra h m an y a n ’s lis t of 
th e  p h y to p lan k to n  o rgan ism s of th e  w est coast 
of In d ia  an d  none of th e se  h av e  b een  k n o w n  
to  occur in  such  h ig h  co n cen tra tio n s a s  to  
cause re d  w ate r.

G. p o lygram m a  is e ssen tia lly  a w arm  w a te r  
species an d  has  been  re p o rte d  fro m  m a n y  a re as  
in  th e  trop ics an d  sub -trop ics. I t  is  of com m on
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o c c u r r e n c e  i n  t h e  I n d i a n  O c e a n  a n d  h a s  b e e n  
r e c o r d e d  f r o m  t h e  G u l f  o f  A d e n ,  A r a b i a n  S e a ,

T a b l e  I  
C o m p o s i t i o n  o f  t h e  r e d  w a t e r

Component organisms Cell count/litre Percentage

DINOFLAGELLATES
Gonyaulax polygramma . .  10,828,000 99*00
P erid in ium  steinii 9,000 0*08
Prorocentrum micans , , 8,000 0*07
Ornithocercus magnificus , , 7000 0-06
P erid in ium  crassipes 7,000 0*06
P erid in ium  g ra n ii • • 4.000 0*04
P erid in ium  pentagonum • • 3,000 0*03
P erid in ium  depressum 2  000 0*02

DIATOMS
Sceletnoema costatum # , 63,000 0*67
Rhizosolenia styliform is 2,C00 0*02
N a ticu ta  sp. , , 2,000 0*02
Corethron h ystrix # # 1,000 0*01
N itzsch ia  seriata , , 1,000 0*01

M i c r o f l a g e l l a t e s  —unidentified ? ?

e a s t e r n  a n d  s o u t h e r n  c o a s t s  o f  A f r i c a ,  o f f  t h e  
M a l d i v e s  a n d  A u s t r a l i a  ( W o o d ,  1 9 6 3 ) .  T h e r e ­
f o r e ,  t h e  o c c u r r e n c e  o f  t h i s  's p e c i e s  o n  t h e  w e s t  
c o a s t  o f  I n d i a  i s  b y  n o  m e a n s  u n i q u e ,  n e v e r ­
t h e l e s s ,  i t s  p r e s e n c e  i n  t h e  f o r m  o f  v a s t  m o n o ­
s p e c i f i c  b l o o m  i n  t h e  c o a s t a l  w a t e r s  i s  c e r t a i n l y  
o f  i n t e r e s t  b e c a u s e  o f  t h e  r e p o r t e d  i l l - e f f e c t s  
o f  i t s  b l o o m s  o n  m a r i n e  l i f e .  N i s h i k a w a  ( 1 9 0 1 )  
r e p o r t e d  t h a t  ‘r e d  t i d é ’ c a u s e d  b y  G . p o l y g r a m m a  
b l o o m  i n  t h e  B a y  o f  A g u  i n  J a p a n  w a s  r e s p o n ­
s i b l e  f o r  c o n s i d e r a b l e  d e s t r u c t i o n  o f  o y s t e r s  a n d  
w a s  g e n e r a l l y  t o x i c  t o  o t h e r  o r g a n i s m s ;  M a s s  
m o r t a l i t y  o f  f i s h  a n d  m a r i n e  i n v e r t e b r a t e s  n e a r  
C a p e  T o w n ,  S o u t h  A f r i c a ,  h a s  b e e n  a t t r i b u t e d  
t o  r e d  w a t e r  b l o o m  o f  G . p o l y g r a m m a  b y  
G r i n d l e y  a n d  T a y l o r  ( 1 9 6 2 ) .  I t  i s  n o t  c l e a r  
f r o m  N i s h i k a w a ’s  a c c o u n t  i f  t h e  m a s s  d e s t r u c ­
t i o n  o f  m a r i n e  l i f e  i n  J a p a n  w a s  d u e  t o  a c t u a l  
r e l e a s e  o f  t h e  t o x i c  p r i n c i p l e  b y  t h e  d i n o f l a g e l ­
l a t e s  i n t o  t h e  s u r r o u n d i n g  w a t e r .  I n  t h e  c a s e  
o f  S o u t h  A f r i c a n  m o r t a l i t y ,  h o w e v e r ,  G r i n d l e y  
a n d  T a y l o r  a r e  o f  t h e  o p i n i o n  t h a t  t h e  d e a t h  
o f  f i s h  a n d  i n v e r t e b r a t e s  w a s  d u e  t o  l a c k  o f  
o x y g e n  i n  t h e  w a t e r  w h i c h  h a d .  r e s u l t e d  f r o m  
m a s s  d e c a y  o f  t h e  r e d  p l a n k t o n  a n d  w a s  
a g g r a v a t e d  b y  t h e  r e l e a s e  o f  d e c a y  p r o d u c t s .

S i n c e  a  n u m b e r  o f  G o n y a u l a x  s p e c i e s ,  v i z . ,  
G . t a m a r e n s i s ,  G . c a t e n e l l a  a n d  G . p o l y e d r a  a r e  
c a p a b l e  o f  p r o d u c i n g  e x t r e m e l y  p o t e n t  t o x i n s  
l e t h a l  t o  v a r i o u s  a n i m a l  g r o u p s  a s  w e l l  a s  t o  
h u m a n  b e i n g s ,  i t  w a s  d e c i d e d  t o  t e s t  t h e  t o x i c i t y ,  
i f  a n y ,  i n  t h e  c a s e  o f  G . p o l y g r a m m a .  A t t e m p t s  
t o  r a i s e  G . p o l y g r a m m a  i n  a x e n i c  u n i a l g a l  
c u l t u r e s  i n  t h e  l a b o r a t o r y  h a d  t o  b e  a b a n d o n e d  
d u e  t o  l a c k  o f  p r o p e r  f a c i l i t i e s ,  b u t  i t  w a s

p o s s i b l e  t o  p r e p a r e  ‘a c i d  e x t r a c t '  o f  t h e  c e l l s  
c o n c e n t r a t e d  f r o m  f r e s h  r e d  w a t e r  s a m p l e s  f o r  
b i o a s s a y .  P r o c e d u r e s  f o r  t h e  p r e p a r a t i o n  o f  
e x t r a c t  a n d  f o r  b i o a s s a y  w e r e  s i m i l a r  t o  t h o s e  
a d o p t e d  f o r  G . t a m a r e n s i s  b y  P r a k a s h  ( 1 9 6 3 ) .  
A  s e r i e s  o f  t o x ic i ty -  t e s t s  w e r e  c o n d u c t e d  
o n  w h i t e  m i c e  a t  t h e  H a f f k i n e  I n s t i t u t e ,  
B o m b a y ,  a n d  i n  e a c h  c a s e  t h e  c h a r a c t e r i s t i c  
n e u r o t o x i c  s y m p t o m s  l e a d i n g  t o  d e a t h  o f  t h e  
m i c e  w e r e  m i s s i n g .  B a s e d  o n  t h e s e  o b s e r v a t i o n s ,  
w e  a r e  o f  t h e  o p i n i o n  t h a t  G .  p o l y g r a m m a  b l o o m  
o f f  C o c h in  w a s  n o n - t o x i c .  N o  f i s h  o r  o t h e r  
m o r t a l i t y  a s  a  r e s u l t  o f  r e d  w a t e r  b l o o m  w a s  
o b s e r v e d  o r  r e p o r t e d  f r o m  t h e  s u r r o u n d i n g  
a r e a s .  H o w e v e r ,  t h e r e  w a s  s o m e  e v i d e n c e  f r o m  
t h e  f i s h i n g  l o g  o f  R .V . ‘K A L A V A ’ t h a t  f i s h  
s e e m e d  t o  a v o i d  t h e  b l o o m  a r e a  b u t  a p p e a r e d  
a g a i n  i n  t h e  s a m e  a r e a  a f t e r  t w o  d a y s  w h e n  t h e  
b l o o m  h a d  d r i f t e d  a w a y .

B a s e d  o n  t h e  p o s i t i o n s  o f  t h e  v a r i o u s  r e d  
w a t e r  p a t c h e s  g i v e n  b y  N a v a l  a i r c r a f t s ,  w e  h a v e  
a t t e m p t e d  t o  d e t e r m i n e  t h e  a v e r a g e  r a t e s  o f  
s u r f a c e  d r i f t  i n  t h e  c o a s t a l  w a t e r  o f f  C o c h in  
f o r  t h e  t w o  c o n s e c u t i v e  d a y s .  T h e  g e n e r a l  
d i r e c t i o n  o f  w i n d  d u r i n g  t h e  b l o o m  p e r i o d  w a s  
w e s t e r l y  ( 2 7 0 ° )  a n d  t h a t  o f  t h e  r e d  w a t e r  d r i f t  
w a s  n o r t h - w e s t e r l y  ( 3 2 5 ° ) .  T a b l e  I I  s u m m a r i s e s  
t h e  m a i n  m e t e o r o l o g i c a l  c o n d i t i o n s  a t  t h e  t i m e  
o f  r e d  w a t e r  b l o o m  a n d  t h e  c a l c u l a t e d  r a t e s  o f  
s u r f a c e  d r i f t .

T a b l e  I I
M e t e o r o l o g i c a l  c o n d i t i o n s  a t  C o c h in  d u r i n g  r e d

w a t e r  b l o o m

Aii Temp. cC. 
(Surface)

Wind speed 
(knots)

C
al

cu
la

te
d 

dr
ift

 
ra

te
 

(m
ile

s/
hr

.)

Date
«  .5 

S  S

Sky
i  I

S  s

November 4 
November 6 
November 6

31*8 24*5 
32*0 23*7 
31*6 22-7

clear
clear
clear

14 7 
11* 9

7* variable
0*67
0-53

* Reported calm after 6 p.m.

S i n c e  r e d  w a ' e r  b l o o m s  a r e  l a r g e l y  a  s u r f a c e  
p h e n o m e n o n  a n d  w i n d s  a n d  c u r r e n t s  a r e  
p r i m a r y  f a c t o r s  g o v e r n i n g  t h e i r  d i s t r i b u t i o n ,  t h e  
u s e  o f  a i r c r a f t s  i n  l o c a t i n g  a n d  r e g u l a r l y  f o l l o w ­
i n g  s u c h  d i s c o l o u r e d  w a t e r  p a t c h e s  o v e r  a  
c e r t a i n  t i m e  p e r i o d  s u g g e s t s  a n  i n t e r e s t i n g  
p o s s i b i l i t y  o f  e s t i m a t i n g  t h e  r a t e  a n d  d i r e c t i o n  
o f  t h e  s u r f a c e  w a t e r  d r i f t .  O f  c o u r s e ,  f o r  a  
m o r e  r e f i n e d  e s t i m a t i o n  t h e  g r o w t h  p o t e n t i a l  o r  
t h e  g e n e r a t i o n  t i m e  o f  t h e  c a u s a t i v e  s p e c i e s  
m u s t  b e  t a k e n  i n t o  a c c o u n t .
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The exact mechanism of the development of 
a monospecific dinoflagellate bloom causing red 
water is not fully understood. Primary factors 
like light, temperature and nutrients which 
control the production of phytoplankton in the 
sea are not the only necessary conditions for 
the establishment and subsequent development 
of a monospecific bloom. Probably certain other 
factors or a combination of factors is involved. 
The period of maximum phytoplankton produc­
tion on the west coast of India is during the 
south-west monsoon months, May-September, 
with production peak occurring in July or 
August (Subrahmanyan, 1959). But most red 
water blooms on the west coast of India have 
been observed during September-November, and 
according to Bhimachar and George (1950) 
there appears to  be a periodicity in the 
occurrence of such blooms. The obvious 
explanation for this periodicity appears to be 
the onset of north-east monsoon. There ils also 
a suggestion that during this period water of 
lower salinity from the Bay of Bengal enters 
the coastal circulation on the west coast of 
India and probably favours development of 
blooms of certain species (Subrahmanyan, 1960). 
While certain dinoflagellate species are known 
to require a discrete mass of water of relatively 
low salinity for their growth, it does not imply 
that salinity difference is the sole requirement 
for the development of a monospecific bloom. 
Laboratory studies on dinoflagellate cultures have 
provided some clues to what makes the 
water physiologically suitable for growth, 
but this is still a very open question 
and more work is needed in this field. Hydro- 
graphic information from the west coast of 
India, particularly that concerning the origin

and characteristics of the coastal water masses, 
is at present too sketchy to put forward a 
reasonable hypothesis. A study of the physio­
logical ecplogy of the causative organism in 
relation to physical and chemical characteristics 
of the coastal waters would be a right step 
towards understanding the phenomenon of 
blooms causing red water.
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•  147(2)
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F ig . 1. —  Positions o f  stations occupied on Anton Bruun Cruises 3 and 4 in August 
and  Septem ber, 1963, with series num bers for photom eter casts.
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Measurements of the penetration of surface light, transparency, 
and bioluminescent flashing were carried out on north-south transects 
in the western Indian Ocean made by the Research Vessel Anton Bruun 
during August and September, 1963, as a part of the U.S. Program in 
Biology of the International Indian Ocean Expedition. Very little 
was known previously of the light conditions in this ocean. Information 
on the rate of daylight penetration was sought primarily in relation to 
the photic reactions of animals [C l a r k e  &  D e n t o n , 1962; C l a r k e  &  
B a c k u s , 1964], but it was also desired to supplement near-surface 
measurements made by others in studies of phytoplankton productivity. 
Transparency values, determined from the foregoing as attenuation 
coefficients, were needed to determine the maximum depths both by day 
and by night at which animals with eyes could see objects, and the depths 
at which these and other animals could detect the daily cycle o f light, 
carry out diurnal migrations, or respond to light in other ways. No 
knowledge existed heretofore as to the occurrence of bioluminescence at 
sub-surface levels in the Indian Ocean. Quantitative records were 
desired on the frequency and intensity of flashing. This information in 
combination with transparency values may be used to approximate the 
distance over which one animal would be able to respond to the lumi­
nescence of another.

Procedure

The instruments and methods used were described by C l a r k e  and 
W e r t h e im  [1956], C l a r k e  and H u b b a r d  [1959], and C l a r k e  and 
B r e s l a u  [1959]. The deep-sea photometer contains a photomultiplier 
tube which has a spectral sensitivity extending from 320 to 650 m p 
with a maximum at 480 m¡x. A pressure-potentiometer depth sensor is 
attached to the photometer. The instrument is suspended by a 4-con- 
ductor steel-armored cable and the signals relating to light and depth 
register on a dual-channel Sanborn recorder. During daylight hours the 
photometer was used in the upright position, i.e. with sensing surface 
upward, for the purpose of determining transparency to the greatest 
depth possible. F o t the measurements in the upper few hundred meters 
a filter holder, containing a diffusing disc of plexiglass and neutral 
filters, was placed over the receiving window. These reduced the incident 
irradiance by a factor of about IO6 and thus avoided saturation of the 
phototube in strong daylight. For measurements at greater depths and 
at night the filter holder was removed.

For the investigation of bioluminescence the photometer was 
usually employed in the inverted position (sensing surface downward) 
to reduce interference by ambient light from the surface. During the 
later part of the investigation Nansen water bottles were placed at

(1319)
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intervals on the photometer cable, thus combining the hydrographic 
cast with the photometer cast and saving a corresponding amount of 
time. The depth sensor was attached in the “ o ff”  position to the lowest 
water bottle. When this bottle was reversed by its messenger, the depth 
meter was turned on by its mercury switch and thus indicated to the 
operator the moment when the messenger had reached the lowest bottle 
as well as the depth. The incident surface light was reported by an 
Eppley Pyranometer mounted on the upper deck and connected to 
a “ Speedomax ”  Recorder in the ship’s laboratory.

The stations occupied fell on a transect running south on the 60°E 
meridian from latitude 11°N to 41°S (Cruise 3) and on a second transect 
running north from Mauritius Island (203S) to the eastern tip of Somalia 
(12°N) following roughly the 55°E meridian (Cruise 4) as shown in 
Figure 1 with pertinent station data in Table 1. The ship’s schedule was 
such that transparency measurements were confined chiefly to Cruise 3, 
but bioluminescence was recorded on both transects.

Table 1

Summary o f  Station Data and Measurements 
Anton Bruun Cruises 3 and 4

Station
D ate
1963 Latitude Longitude

Bottom
D epth

(m)
Series

Time
(Local)

W ind
Force

145 A Aug. 14 10°39' N 60 °0 7 'E 4355 1 a,b 1513-1645 6
147 Aug. 16 0 7 °0 4 'N 60°01' E 2049 2  a,b 0138-0347 4
147 A Aug. 17 0 4 °0 9 'N 59°52 'E 3 a,b 1535-1930 —
149 Aug. 19 01°16' N 60°08 'E 4385 4 a,b 1236-1500 4
150 Aug. 21 02°02' S 60°00 'E 4315 5 a,b 1127-1340 3
151 Aug. 22 0 5 °0 5 'S 60°05' E 3950 6  a,b 1440-1626 5
152 Aug. 24 07°21' S 59°44 'E 2926 7 a,b,c 1435-1631 6
153 Aug. 26 11 °3 9 'S 58°02 'E 2246 8 a,b 1938-2248 5
153B Aug. 28 16°26' S 58°02’ E 9 a,b 1128-1305 —
154 Sept. 4 2 2 °5 8 'S 59°45 'E 4243 1 0  a,b 0943-1217 4
155 Sept. 5 2 5 °5 5 'S 60°01' E 4846 11 a,b 1721-2100 2
156 Sept. 7 2 9 °2 4 'S 60°03' E 4627 1 2  a,b 0749-1016 3
157 Sept. 8 31°58’ S 5 9 °5 r  E 4792 13 a,b 0725-0939 4
158 Sept. 9 3 4 °5 4 'S 60°06 'E 4828 14 1502-1550 3
159 Sept. 11 3 8 °2 2 'S 59°51 'E 3219 15 a,b 0846-1122 4
160 Sept. 12 4 0 °5 4 'S 60°01' E 4974 16 0800-0850 4
161 Sept. 25 19°14’ S 56°27 'E 4224 17 1819-1920 4
162 Sept. 26 17°47' S 55°00 'E 4480 18 a,b 1410-1618 4
164 Sept. 29 11°37 'S 54°57' E 4252 2 0 0040-0135 5
165 Sept. 30 08° 12' S 55°00 'E 3828 21 0128-0200 5
166 Oct. 5 0 0 °2 4 'S 54°33 'E 4682 2 2 0530-0622 2
167 Oct. 6 02”45' N 53°51 'E 4929 23 0720-0802 4
168 Oct. 7 05u5 2 'N 52°57 'E 4953 24 0721-0828 3
170 Oct. 9 12°06 'N 51°31 ' E 667 25 0415-0438 4
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Hydrography

The hydrography of the region studied is presented here primarily 
on the basis of the section made on Cruise 3 (60°E long). The measure­
ments at the offshore stations of Cruise 4 are consistent wich the general 
picture obtained from Cruise 3. The temperature at the surface varied 
from 26.6°C at the northern end of the section, through a maximum of 
28.1°C near the equator, to a minimum of 13.4°C at the southern end of 
the section. The temperature at 2000 m remained between 2° and 3° 
throughout the section. A t stations from the northern limit of the section 
south to about 15°S a sharp thermocline was found between the bottom 
of the mixed surface layer and a depth of about 200 m, with a more 
gradual reduction of temperature below. N ear the equator the tempera­
ture dropped from 27.6°C at 75 m to 14.0°C at 200 m. From about 
15°S to the southern end of the section the thermocline became progres­
sively more spread out and deeper. At the last' two stations thermally 
uniform water was found to a depth of 500 m and the thermocline layer 
extended from 500 m to 1200 m.

The salinity profile for Cruise 3 revealed high values at the surface, 
ranging between 36.1°/00 and 35.0% o, and generally lower values at 
deeper levels, as shown in Fig. 2. Certain water masses were identified 
on the following basis : The upper and lower limits for temperature and 
salinity as reported by D e f a n t  [1961, vol. 1, p. 217] were used for the 
delineation of the “ Indian Ocean Central Water ”  and the “ Indian 
Ocean Equatorial W ater ” . T-S curve envelopes were drawn from these 
values and the portions o f the water column at each of our stations 
whose characteristics fell within these envelopes were considered to be 
part of the designated water masses. However, since the T-S values 
obtained before and after the present study at stations in the Arabian 
Sea east of the Red Sea did not agree with the values given by D e f a n t  
for “ Red Sea W ater” , an envelope for this part of the Arabian Sea was 
drawn with upper limits of 13.6°C and 35.86%0 and lower limits of 3°C 
and 34.85%0 and designated as “ Northern Boundary W ater” . (Water of 
these characteristics has been called “ Arabian Sea W ater” by M e n z e l ,  
1964.) This water mass appeared below 600 m, or deeper, in the northern 
stations of Cruise 3 (A in Fig. 2). Indian Ocean Equatorial W ater 
(B in Fig. 2) was found between 1°S and 8°S at depths of 200 to 1700 m. 
Indian Ocean Central Water (C in Fig. 2) occurred as a wedge with its 
base at 40°S, where it extended from the surface to 1400 m, and its apex 
at 4°S where it lay between 300 m and 600 m.

(1319)
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Light Penetration and Transparency

Measurement of the penetration of light during the day at 14 stations 
in Cruise 3 permitted the calculation of attenuation coefficients for 
various strata. The visible irradiance reported by the deck photometer 
reached daily maxima ranging from 8 X IO3 fxW/cm2 to 5 x  IO4 ¡xW/cm2 
at stations on this transect. Irradiance at night at the surface was too low 
to be recorded by the Eppley Pyranometer and no special study was made 
of it with the photomultiplier photom eter due to interference from the 
ship’s lights. However, for purposes of calculations of light penetration 
at night, we may use the values of 3 x  IO-1 ¡xW/cm2 for a clear sky with a 
full m oon and 3 x  IO-3 ¡xW/cm2 for a clear sky with no moon [U.S. 
Navy, 1952] and 3 x  IO-4 ¡xW/cm2 for a dark night [C l a r k e  &  W e r - 
T H E IM , 1956].

In the present study attenuation coefficients in the upper 30m ranged 
from k  =  .070 to .192 (Table 2). In the stratum below this, extending to 
about 100 m, the values ranged from k =  .023 to .066, and in the deeper 
strata they were generally lower with a minimum of k  =  .021. The 
relatively high coefficients found in the upper strata are partly due to the 
fact that the deep-sea photometer has a broad spectral sensitivity. The 
effect of the selective absorption of the water itself, with the ends of the 
spectrum being more rapidly attenuated, is thus included in the values 
obtained. Absorbing and scattering material present also contributed 
to the high coefficients of the upper layers, particularly at stations in the 
northern part of the transect. The rate of attenuation for the whole of the 
visible spectrum, due both to the water and to material in the water, was 
thus revealed by the measurements.

Appreciable changes in attenuation coefficient due to the selective 
action of water itself is limited to the upper 30 m; at greater depths 
differences in attenuation coefficients are due to differences in material 
in the water affecting the most penetrating wavelengths (centered near
475 m¡x). A transect showing the vertical distribution of coefficients for

F ig . 2. —  Sections show ing variations in salinity, transparency, and b iolum ines­
cence on north-south transects w ith station numbers indicated at top and bottom  and  
latitudes show n in the m iddle o f  the figure.

Upper : Salinity profile for Cruise 3 on longitude 60°E.
A  =  “ N orthern  B oundary W ater ” ,
B =  “  Indian Ocean E quatorial W ater ” , and
C =  “  Indian Ocean Central W ater ” .

M iddle : A ttenuation  coefficients a t indicated depths on longitude 60°E with 
contour lines every 5 units; parentheses refer to  one station on longitude 55°E.

Low er : Average num ber o f  lum inescent flashes/min received by photom eter a t 
depths between 1000 and 1500 m. Crosshatched columns fo r stations on longitude 
60°E; black columns for stations to  the west.

(1319)
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T a b l e  2

Sum m ary o f  M easurem ents o f  Light Penetration and Transparency

Series Station D epth  range (m) A ttenuation 
Coefficient, k*

1 145 A 0 - 2 0 .153
2 0 - 1 0 0 .058

100-350 .046
350-450 .038

3 147 A 0 - 2 0 .079
20-75 .042
75-200 -.023

260-558 .032

4 149 0-30 .077
30-125 .035

300-450 .033

5 150 0 - 1 0 .192
1 0 -1 0 0 .066

100-150 .046
150-350 .023
350-600 .030

6 151 0 - 1 0 .150
10-75 .051
75-175 .046

175-600 .033

7 152 0 - 2 0 .115
2 0 - 2 0 0 .042

200-400 .031
400-600. .035

9 153B 0 - 1 0 .115
10-40 .046
40-100 .035

100-450 .029
500-800 .023

10 154 25-100 .023
100-600 .029
600-800 .024

12 156 25-150 .038
150-250 .023
600-800 . 0 2 2

13 157 0-25 .070
25-75 .041
75-300 .035

300-700 .0 2 1

14 158 300-500 .027
500-800 .0 2 1
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S ;ries Station D epth  range (m) A ttenuation  
Coefficient, k*

15 159 0-100 .033
125-200 .023
225-325 .033
325-675 .026

16 160 300-530 .023

18- 162 50-200 .054
200-800 .023

* A ttenuation coefficient =  k  in equation — =  e~kL
*o

where light is reduced from  I0 to  ƒ by a  stratum  o f water L  
m eters thick.

depths below 30 m is plotted below the salinity transect in Fig. 2 and 
reveals the relation of these values to the hydrography. Relatively high 
coefficients (low transparency) were found in the water of high salinity 
down to a depth of 400 m at Station 145 A. High values also occurred 
in the upper 100 m at Stations 147 A to 150, and extended to greater 
depths at Stations 151 and 152. A bubble of very clear water was detected 
at about 250 m at Stations 147 A to 150. The occurrence of clear water 
here was not reflected in a salinity change but was just below the sharp 
thermocline occurring at these stations. This phenomenon may be related 
to  the complex o f water movements in the equatorial region. Farther 
south along the transect transparency was generally higher with less of a 
difference between the upper and lower levels. From 15°S to the end of 
the section attenuation coefficients were generally below k  =  .038 at 
depths greater than 75 m and no coefficient greater than .029 was re­
corded below 300 m. The occurrence of extremely clear water (k — .025) 
was found to occupy the stratum from about 500 m to 800 m in this 
region. The position of this clear water corresponded roughly with the 
tongue of Indian Ocean Central water (C in Fig. 2).

Curves showing the relation between depth and percentage of 
downwelling surface light for 9 stations are presented in Fig. 3. The 
tendency for rates o f attenuation o f visible light to become less with 
increasing depth is again indicated. In most instances there is no further 
change in transparency below 300 m. The highest average transparency 
for the whole stratum measured was found at Station 154. Here measur­
able daylight was detected at 900 m where the irradiance was 6 x  IO-9 % 
of the surface value, equivalent to an intensity of about 6 x  IO-6 ¡aW/cm2 
at noon (assuming a surface value of IO5 ¡aW/cm2). This is more than 
10 X the value of the irradiance at 900 m reported by C l a r k e  and 
B a c k u s  [1964] for the clearest water observed in the Brownson Deep, 
north of Puerto Rico. If  we take 3 x  IO-10 ¡aW/cm2 as the threshold for 
vision for deep-sea fishes [C l a r k e  &  D e n t o n , 1962], and if we extra-
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F i g . 3. —  Semilogarithmic p lo t for penetration o f daylight into the sea a t the 
indicated stations. All curves are fo r downwelling light except curve 152 U  represents 
upwelling light as a  percentage o f downwelling surface light, and curve 157 represents 
upwelling light as a percentage o f upwelling surface light. Curve 150 followed the 
slope o f curve 152 extended to  700 m. A ttenuation coefficients are given in Table 2.

polate the curve for Station 154, we find that a deep-sea fish could pro­
bably detect the presence of daylight at 1300 m at noon in this part of the 
Indian Ocean. A t Station 145 A,' where the least transparent water was 
observed, the irradiance at 400 m was about 10-4x  the value at Station 
154 at the same depth. Extrapolating this curve gives us a maximum 
depth of about 700 m for a deep-sea fish to perceive daylight at Station 
145 A. These values indicate the ranges of depths down to which daylight 
would be sufficient for vision and for the control of vertical diurnal 
migration.

The only previously published observations on transparency of 
the Indian Ocean are those of the Swedish Deep-Sea Expedition [Je r l o v , 
1951, Table 5]. Stations were made between 104°E and 59°E longitude 
a'nd between 11°S and 02°S latitude. Three stations were located south 
of Sumatra, two were southeast of Ceylon, and two were in the Western 
Indian Ocean, of which one (Sta 227) was 70 miles west of our Sta 150 and 
170 miles northwest of our Sta 151. At this station J e r l o v  reported a 
value of Ä: =  .031 for the stratum 20 to 50m and k =  .062 for 50 to 70 m. 
Since his photometer had a spectral sensitivity only 40 m¡x wide with a 
“ center of gravity ”  at 465 m[i., J e r l o v ’s results may be compared only 
with our deep measurements, and in addition, the depth strata considered

152-U
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are not the same. Nevertheless our values k =  .066 for 10 to 100 m at 
Sta 150 and k =  .051 for 10 to 75 m at Sta 151 are similar to  his value for 
50 to 70 m. The deepest stratum which J e r l o v  measured in the Indian 
Ocean was 75 to 100 m (at Sta 192) where he found k =  .036 and his 
values are very irregular. For example at Sta 201 he reported k =  .018 
for 10-25 m and k  =  .063 for 50-75 m. Our results extended to far greater 
depths and showed a more gradual change in transparency. Our value 
of k =  .021 for the stratum 300-700 m at Sta 157 and for 500-800 m at Sta 
158 is the lowest value ever reported for depths greater than 100 m. In 
general our results indicate the presence of extremely clear water at 
depths from 300 to 900 m in the western part o f the Indian Ocean. This 
region may thus be added to those previously reported in which the 
transparency of the deep water has been measured and found to be high 
[Je r l o v  &  K o c z y , 1951; C l a r k e  &  W e r t h e im , 1956; C l a r k e  &  B r e s­
l a u , 1959; and C l a r k e  &  B a c k u s , 1964]. All measurements thus far 
made in any part of any ocean within the stratum  from 300 to 1000 m 
have yielded consistently low attenuation coefficients which fall within the 
range k — .021 to .042.

Bioluminescence

The deep-sea photometer recorded flashes of bioluminescence at 
every station at all depths during the night, and at depths below the 
level at which light from the surface interfered during the day. As in 
other oceans considerable differences were found from station to station 
and from one depth to another. Previous observations have shown that 
increase in the movement o f the photometer due to the roll of the ship, 
or to raising or lowering the cable, causes an increase in the number of 
flashes recorded due to the stimulation of the luminescent organisms 
by turbulence or by actual contact with the photometer. Stabilizing the 
photometer by suspending it from an underwater parachute drogue, or 
in shallow water from a line held taut between a float and an anchor 
[unpublished report by J. R. P r in g l e ] has noticeably reduced the flash­
ing rate observed. Furthermore, a mathematical analysis of the relative 
numbers of flashes of different intensities recorded with the photometer 
suspended from the ship in the usual manner, shows that the number of 
weak flashes is much smaller than it would be if the flashing animals were 
uniformly distributed at all distances from the photometer. The probable 
explanation is that most of the flashes are usually produced within a 
meter or less from the photometer and are evoked to a large degree by the 
presence of the instrument. Our records, then, reveal a luminescent 
potential of the organisms present rather than the am ount of flashing 
which would occur if the organisms were undisturbed . In interpreting 
the records allowance must be made for any im portant differences in the 
amount of the ship’s roll, but comparisons may be made of records 
taken at different depths at the station or at different stations with about 
the same am ount of ship motion. During the present investigation the 
sea conditions were fairly uniform.

(1319)
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Considering first the depths between 1000 and 1500 m, the average 
number/min of flashes more intense than IO-6 p.W/cm2 are shown in the 
bottom  portion of Fig. 2. The flashing rate in this stratum tended to be 
low in the northern and central regions except at three stations where it 
rose to about 40 flashes/min. However, the rate increased greatly at the 
southern end of the 60°E transect to about 150 flashes/min at Sta 159 
and 160. In this region the Indian Ocean Central Water extended from 
the surface to 1400 m. Also the catches of invertebrates taken by the mid­
water trawl were much larger at these stations than farther north. For 
these transects there was no close correlation between the flashing rate 
recorded in Fig. 2 and the motion of the ship which is indicated roughly 
by the wind force (Table 1). The increase in flashing was thus associated 
with the presence of a greater abundance of luminescent organisms and 
probably ¿Iso of different species. The identification of the animals taken 
by the trawl at these stations is being carried out by other investigators, 
and is not yet available.

Turning now to the whole range of depths at which flashes were 
recorded at each station, the daytime observations may be considered 
first. Most of these were made with the photometer in the upright 
position and flashes of luminescence could not be recorded at depths 
shallower than 400 m. Below that depth increasingly weaker flashes 
were recorded as shown for the Stations 157 and 159 (Tables 3 & 4) 
which were selected as representing localities with low and high amounts 
of luminescence respectively. A t Sta 157 a maximum of 60 flashes/min 
occurred at 750 m and at 1110 m, and a minimum of 22 flashes/min at 
1310 m. At Sta 159, about 390 miles to the south, a maximum of more 
than 202 flashes/min was recorded at 670 m  and at 820 m and minimum 
of 94 flashes/min at 1730 m. At these and all other stations flashing rates 
tended to drop off progressively at levels deeper than 1100 m.

The five stations occupied during twilight hours showed results 
intermediate between those made during the day a n i  the night. The four 
night stations were made with the photometer in the inverted position. 
As an example, the tally for Sta 147 is presented in Table 5. Here a high 
frequency of flashing was recorded in the upper layers with a maximum of 
more than 284 flashes/min at 28 m. Rates greater than 100/min occurred 
at all levels down to 200 m below which rates dropped off rapidly to 
16 flashes/min at 1500 m. A high instrument dark level prevented the 
recording of flashes of IO-6 [i.W/cm2 and lower at this station. Closely 
parallel results were obtained at Sta 153 and Sta 164 except that at the 
latter station rates above 100/min extended to 400 m. The ship’s sched­
ule did not permit making both day and night observations at the same 
station but neighboring stations showed no diurnal difference in the rate 
or intensity of flashing below 700 m where flashes of all intensities could 
be recorded at any hour of the day. Some flashing was found at every 
level at every station down to the maximum depth sampled of 2000 m.

At all stations not only did the total number of flashes/min tend 
to be greater in the upper layers than i a the deeper layers (at night, much 
greater), but also the rates dropped off with depth in each of the ranges
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T a b l e  3

Relation between depth and occurrence o f flashes as received by the upright 
photometer, Sept. 9 , 1 9 6 3 , Sta. 1 5 7 . Ambient light obscured all flashes 
in categories marked with a dash and some o f the flashes in the next higher

intensity range.

Tim e 

I,ocal

D epth

m

N o. of flashes per min. in indicated range
Total 

flashes 
per min.

IO“2 to  
IO“3 

(iW /cm2

10 3 to  
IO“4 

pW /cm 2

IO“4 to 
IO“5 

[iW /cm2

IO“5 to 
IO“6 

pW /cm 2

IO”6 to 
D L

pW /cm 2

0808 500 0 >  8 >  8
0805 590 0 0 >  12 — — >  12
0803 660 0 2 10 >  32 — >  44
0800 750 0 0 8 12 40 60
0756 960 0 0 4 6 46 56
0752 1030 0 0 2 8 44 54
0750 1110 0 0 2 6 52 60
0749 1200 0 2 4 12 24 42
0748 1270 0 0 2 12 22 36
0741 1310 0 0 0 0 22 22
0738 1310 0 0 1 1 20 22
0734 1400 0 0 0 6 22 28
0731 1600 0 0 0 0 32 32
0725 1870 0 0 0 6 38 44

T a b l e  4 .

Relation between depth and occurrence o f flashes as received by the upright 
photometer, Sept. 11 , 1 9 6 3 , Sta. 159 .

Time

Local

D epth

m

N o. of flashes per min. in indicated range

Total 
flashes 

per min.
IO“2 to 

IO”3 
pW /cm 2

10 3 to 
IO”4 

pW /cm 2

IO“4 to  
IO“5 

pW /cm 2

1 0 '5 to 
IO“6 

pW /cm 2

IO”6 to 
D L

pW /cm 2

0937 590 0 > 100 >  100
0934 670 0 18 > 184 — — >  202
0930 820 2 16 80 >  98 — >  196
0927 900 2 16 64 >108 — >  190
0923 1020 0 6 42 110 16 174
0920 1070 0 24 90 46 0 160
0917 1220 2 4 50 96 4 156
0914 1290 1 5 46 86 4 142
0911 1360 2 6 32 104 4 148
0907 1460 0 8 38 78 10 134
0905 1560 0 4 10 94 20 128
0846 1730 0 2 16 46 30 94

(1319)

153



—  14 —

o f flash intensity. For example, a t Sta 147 (Table 5) flashes greater in 
intensity than IO-3 [xW/cm2 were found only in the upper 100m and flashes 
in the range IO-3 to IO-4 [xW/cm2 dropped in frequency from 249/min 
a t 28 m to less than 7/min below 200 m. In general at each depth flashes 
were more frequent in the progressively lower intensity categories, 
although at some stations at certain depths brighter flashes occurred at a 
higher rate. A t all times of day at depths at which the ambient light is 
above the dark level of the photometer, the highest flashing rate is charac­
teristically found in the intensity category just above the ambient light 
level. Thus at Sta 157 (Table 3) 8 flashes of IO-3 to IO-4 ¡xW/cm2 were 
recorded at 500m and the next highest number for flashes of this intensity 
was 2 .

T a b l e  5

Relation between depth and occurrence o f flashes as received by the upright 
photometer, Aug. 16, 1963, Sta. 147.

Time D epth N o. o f  flashes per m in. in indicated range Total

IO"2 to o
1 w o

1

IO"4 to IO"5 to flashes
10"s IO"4 IO"5 D L per min.Local m fiW /cm2 pW /cm 2 ¡j.W/cm3 jxW/cm2

0138 5 0 >  164 > 1 6 4
10 1 >  142 — — > 1 4 3
20 4 155 >  34 — >  193
28 8 249 >  37 — > 2 9 4

0147 39 2 121 >  99 — > 2 2 2
50 0 87 >  110 — > 1 9 7
70 0 40 126 >  16 > 1 8 2
80 0 31 157 >  28 > 2 1 6

100 1 13 64 87 165
0156 125 0 8 40 112 160

150 0 6 33 101 140
175 0 12 62 64 138
200 0 2 19 91 112

0209 250 0 0 18 80 98
300 0 5 14 40 59
350 0 2 17 23 42
400 0 6 9 35 50
500 0 4 7 31 42

0224 600 0 0 10 36 46
700 0 0 5 18 23
800 0 0 11 34 45

0234 900 0 0 3 34 37
1000 0 1 3 21 25
1100 0 3 9 33 45
1200 0 1 2 35 38

0247 1300 0 0 11 35 46
1400 0 0 3 30 33

0257 1500 0 0 2 14 16
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At 590 m no flashes in this category were recorded but 12 were found in the 
IO-4 to IO-5 [iW/cm2 range. The same situation occurred a t 660 m and at 
the first few sampling levels at Sta 159 (Table4). Similar relationships have 
been reported earlier [C l a r k e  &  H u b b a r d , 1959; C l a r k e  &  B r e s l a u , 
1959; C l a r k e  &  B a c k u s , 1964]. In all regions thus far investigated the 
brighter flashes have generally been found to occur more frequently in 
the upper layers of the depth range measured. This must mean that 
individual organisms of species having brighter luminescence must be 
present and flashing in the upper layers with greater frequency than in 
the deeper layers. The findings could not be accounted for by a larger 
number of weakly flashing organisms since we cannot suppose that the 
flashing of enough organisms would be synchronized so as to sum the 
energy of their short flashes simultaneously. These brighter organisms 
in  each o f the levels may or may not be more abundant than weaker 
flashers within the same layers. It is possible that they are in fact more 
numerous a t these levels (and less numerous than the weaker ones at 
deeper levels) but it is also possible that organisms with weaker flashes are 
more abundant, but undetected because of the interference of the ambient 
light.

A t Station 155 on Sept. 5 the numbers o f luminescent flashes were 
recorded at 8 depths from the surface to 300 m and the observations 
were repeated as the photometer was brought back to the surface (Fig. 4). 
The moon (3 days past full) rose as the series began and was well above 
the horizon when the series finished, 1 hr 24 min later. The difference in 
the m oon’s altitude caused a two-fold increase in the ambient light at 
each depth as is shown by the two curves in Fig. 4. During the first half 
o f the series the total number o f flashes/min reached a maximum of 156 
at 100 m, whereas in the second half a maximum of 192 flashes/min 
occurred at 175 m. Insofar as reliance may be placed on this one series of 
observations, there is evidence either that some luminescent organisms 
moved downward from about 100 m to about 180 m as the ambient light 
increased or that the am ount of flashing of stationary populations 
changed correspondingly. It is to be noted that no significant change in 
flashing rates occured at levels from 220 to 300 m where the intensity of 
the ambient light was less than 1 x  IO-6 ¡aW/cm2.

A comparison with previous studies of the rate and intensity of 
luminescent flashing showed general similarities but also certain specific 
differences. The most intense flashes received by the photometer in the 
Indian Ocean ranged between IO-2 and IO-3 ¡aW/cm2 with a maximum 
o f 8 flashes/min. In the Atlantic Ocean C l a r k e  and B a c k u s  [1964] 
reported a maximum of 20 flashes/min in the same highest intensity range, 
and C l a r k e  and B r e s l a u  [1959] found a maximum of 14 flashes/min in 
this category in the M editerranean Sea. Higher rates for the occurrence 
o f weaker flashes were observed in each of the three regions with the 
largest number o f bright flashes occurring in the upper layers, frequently 
just below the corresponding intensity of the ambient light. The highest 
total number of flashes/min of all intensities at any one depth were 
recorded in the upper layers at night. In  the Atlantic slope water off

(1319)

155



—  1 6  —

U G H T .  y u W / c m *
1 xl0‘ 2 xIO' 5x10' 2  X 1 0 ' 5x10' 2 x10“

20
D E R T H
(meters)

40

60

60

100

120

140

160

180^ ^

200

220

240

260

280

300, 200100
F L A S H E S / M I N  U T E

r iG . 4. —  Com parison o f the intensity of m oonlight and the numbers o f lumines­
cent flashes a t the indicated depths fo r two periods at Sta. 155. Solid curve and cross- 
hatched histogram s for m oonlight and flashes at 1920 hrs. to  2032 hrs. Broken curve 
and stippled histogram s a t 2050 hrs. to  2110 hrs. when the m oon was higher.

New York maximum totals ranged from 140 to 187 flashes/min and off 
the Virgin Islands the maximum value was 140 flashes/min [C l a r k e  &  
H u b b a r d , 1959; and C l a r k e  &  B a c k u s , 1964], In the Mediterranean 
total flash frequency at each depth Was generally lower and the maximum 
rate observed was 116 flashes/min. In the Indian Ocean maxima of just 
over 200 flashes/min were recorded during the day at 700 to 800 m and
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values ranged from 206 to 284 flashes/min in the upper 100 m at night. 
Thus, at the stations occupied, frequency of flashing tended to be higher 
in the Indian Ocean both by day and by night, although the number of 
the most intense flashes was generally less than in the other areas investi­
gated. In the western part of the Indian Ocean bioluminescence tended to 
diminish rapidly below 1100 m. Similar reduction with depth was obser­
ved below about 900 m to 1000 m in other seas in which the water was 
not quite as transparent as that reported here.

The present study thus extends our knowledge on the relationships 
between luminescence and ambient light in the sea. Evidence indicates 
that in the Indian Ocean, as in other regions, the largest number of 
bright flashes occurs near or just below the level where ambient light 
of the same intensity as these flashes is found. This is in the upper 
100 m at night and from about 500 m to 600 m at noon. It is possible 
that organisms with the brightest flashes tend to congregate a t this 
light level and follow it down and up as the sun rises and sets, or 
if the animals themselves do not migrate vertically, a wave of increased 
flashing may follow the vertical movement of a stimulating or controlling 
inte sity of the ambient light. In either case the ambient light in these 
upper layers, controlled by surface intensity and transparency, is of 
ecological significance to the luminescent organisms living there. Further­
more, the diminution of luminescence below about 1100 m occurred at 
the approximate depth at which daylight is reduced to the minimum for 
the vision of deep-sea fishes [C l a r k e  &  D e n t o n , 1962]. This is therefore 
probably the maximum depth at which the vertical migration of pelagic 
animals could be controlled by the diurnal changes in daylight, and the 
greatest depth at which animals with eyes could see others by means of 
light penetrating from the surface in relation to finding prey, avoiding 
predators, mating, or schooling. This depth is therefore another level 
of ecological significance.

Summary

Measurements of light penetration and luminescent flashing were 
made at 24 stations occupied by the R/V Anion Bruun on north-south 
transects in the Western Indian Ocean between 51° and 60°East longitude. 
Northern Boundary Water, Indian Ocean Equatorial Water, and Indian 
Ocean Central Water, were delineated from the hydrography. A deep- 
sea photomultiplier photometer capable of recording irradiance as low 
as IO-8 pW /cm2 was employed together with a depth sensor.

Transparency for radiation of wavelengths centering at 480 m p was 
determined during the middle of the day at 14 stations. Attenuation 
coefficients were found as follows : from 0 to 30 m, k =  .070 to .192; 
from 30 to 100 m, k — .023 to .066, and from 100 m to 900 m generally 
lower with a minimum of k =  .021, representing the most transparent 
water ever recorded below 100 m. At noon at the clearest station deep- 
sea fishes could probably detect daylight at 1300 m.

(1319)
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Luminescent flashing was found at every station and at every depth 
investigated below those at which light from the surface interfered. 
Between 1000 to 1500 m the average flashing rate was low in the northern 
and central regions but rose to about 150 flashes/min at the southern 
end of the transect where much larger catches of invertebrate plankton 
were taken.

The total number of flashes tended to be greatest in the upper 
layers, especially at night when as many as 284 flashes/min were recorded. 
In  general the frequency of flashing tended to be higher in the Indian 
Ocean, although the number o f the most intense flashes was generally 
less than in other seas where measurements have been made. The largest 
number of bright flashes occurred near, or just below, the level (changing 
during the course of the day) where ambient light of the same intensity 
was found. Evidence was found for the influence of moonlight on the 
flashing rate. Frequency o f flashing dropped markedly at levels deeper 
than about 1000 m.

Résumé

Des mesures de la pénétration de la lumière et des éclairs lumines­
cents ont été faites en 24 stations du navire océanographique Anton- 
Bruun, le long de coupes nord-sud de l ’océan Indien occidental, entre 
51° et 60° de longitude est. L ’hydrographie a permis de délimiter « les 
eaux de la limite nord », « les eaux équatoriales de l ’océan Indien » 
et « les eaux centrales de l ’océan Indien ». U n photomètre photom ul­
tiplicateur, capable d ’enregistrer le rayonnement jusqu’à IO-8 pW/cm2 
a été utilisé en même temps q u ’un indicateur de profondeur.

La transparence pour un rayonnement dont la bande de longueurs 
d ’onde est centrée sur 480 mp. a été déterminée au milieu du jour en 
14 stations. Les valeurs suivantes ont été trouvées pour le coefficient 
d ’atténuation : de 0 à 30 m, k =  0,070 à 0,192; de 30 à 100 m , k  =  0,023 
à 0,066; de 100 à 900 m, généralement plus bas avec un minimum de 
k =  0 ,021, représentant l ’eau la plus transparente jamais enregistrée 
au-dessous de 100 m. A midi, à la station la plus claire, les poissons 
de profondeur pourraient probablement distinguer la lumière du jour 
à  1 300 m.

L ’émission d ’éclairs luminescents s’est rencontrée à toutes les 
stations et à toutes les profondeurs examinées au-dessous de celle où 
la lumière provenant de la surface interfère. De 1 000 à 1 500 m, le 
taux moyen d ’émission d ’éclairs a été peu élevé dans les régions du 
nord et du centre mais a augmenté jusqu’à 150 éclairs par minute, 
environ, à l ’extrémité sud de la coupe où des prélèvements beaucoup 
plus importants d ’invertébrés planctoniques ont été effectués.

Le nombre total d ’éclairs tend à être plus grand dans les couches 
supérieures, spécialement la nuit, où il a été enregistré jusqu’à 284 éclairs 
par minute. Dans l ’ensemble, la fréquence des éclairs tend à être plus
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h a u te  d a n s  l ’o c é a n  I n d ie n ,  b ie n  q u e  le  n o m b r e  d e s  é c la irs  le s  p lu s  in te n s e s  
a i t  é té  g é n é ra le m e n t  m o in d r e  q u e  d a n s  d ’a u t r e s  m e rs  o ù  d e s  m e s u re s  
o n t  é té  fa i te s .  L e s  é c la irs  b r i l la n ts  se  p r o d u is e n t  e n  p lu s  g r a n d  n o m b r e  
à  p r o x im ité  o u  ju s t e  a u - d e s s o u s  d u  n iv e a u  —  v a r ia b le  a u  c o u r s  d e  la  
jo u r n é e  —  d ’é g a le  in te n s i té  d e  la  lu m iè re  a m b ia n te .  L ’in f lu e n c e  d e  la  
lu m iè re  d e  la  lu n e  s u r  le  ta u x  d e s  é c la irs  a  é té  d é m o n tr é e .  L a  f ré q u e n c e  
d e s  é c la irs  d im in u e  b r u ta le m e n t  a u - d e s s o u s  d e  1 0 Q0  m  e n v iro n .

M 3MeHeHHfl n p 0 3 paHH0 CTH H ÔHOJIOrHHeCKOrO CBeTOH3JiyneHHH B^OJIb 
n p o n o jib H b ix  npo(j)H jieH  b 3ananH O H  n a c r a  M H /w ü cK o ro  O iceaH a

T e o p r a i i  J I .  K J I A P K  h  M a n o H  T .  K E J I J I H  

K paT K oe conepacaH H e

B o  BpeMH 2 4  ocTaHOBOK OKeaHorpa(j)HHecKoro K o p a ô jia  “ A h t o h  
B p y y H ” , B flojib  ceB epo-ioacH bix  npcxJ)HJieH 3a n a n n o H  n a c r a  H h a h h c -  
K o ro  OKeaHa, M eacny 5 1 °  h  6 0 °  b o c to h h o í í  n o jiro T b i,  S b u in  n p o H 3- 
BeneH bi H3M epeHHa npoHHKHOBeHHa cBeTa h  c b c to b m x  B cnbim eK . 
r u n p o r p a ^ n a  n o 3BOJiHna ycTaHOBHTb rpaH H U bi “  ceB epH bix n p n -  
rpaH H nH bix B o n  “  SK B aTopnajibH bix B o n  H h o t h c k o f o  o x ea H a  ”  h  
“  ueH T pajibH bix  B o n  MHnHHCKoro O K eaH a.”  E bur H cn o jib 3 0 BaH (J)o to - 
MHoacHTejibHbiH (j)OTOMeTp, cnocoÔ H biH  perH C T pnpoB aT b H3JiyneHHe 
n o  IO-8  m k b t/c m 2 onHOBpeMeHHO c  rnyÔHHHbiM yKa3aTejieM .

n p o 3panHOCTb n J ia  o x p y a c H o c ra , jieH Ta x o T o p o ü  oxB aT biB ajia  
nJiHHHy BOjiH b 4 8 0  MMK, ô b u ia  o n p e n e jie H a  n o  c e p e n n H e  n n a  Ha 14 
ocTaHOBKax. E bu iH  H aËneH bi c jieny ioxnH e 3H aneHHa n n a  xoaijxjjH- 
HHeHTa yM eHbm eHH» : o t  0  n o  30  m , k  =  0 ,0 7 0  n o  0 ,1 9 2  ; o t  3 0  n o  
100  m , k  =  0 ,0 2 3  n o  0 ,0 6 6 ; o t  100  n o  9 0 0  m , 6 o jib u ie îi  n a c r a io  HHxce 
c  MHHHMyMOM k  =  0 ,0 2 1 , cooTBeTCTByKHHHM B one H an 6 o jib m e îi n p o -  
3panH ocT H , K o rn a -jin O o  3ap e racT p H p o B aH H o iï HHace 100 m . B  n o jin e m » , 
H a H an 6 o jie e  n p o 3panHOH CTaHUHH, rjiyÔHHHbie p b iô b i m o h ih ,  B e p o a r a o ,  
p a 3JinnaT b  nneBHOH c b c t  Ha rjiyÔHHe 1 3 0 0  m .

ÏIoaB jieH H e cBeTOBbix B cnbim e x  B C T penanocb  b o  BpeMH Bcex c t o h -  
h o k  h  Ha B cex rjiyÔ H H ax, HCCJienoBaHHbix HHace t o h ,  r n e  n p o aB Jia eT ca  
CBeT, npoH H K aiom H H  c  noB epxH ocT H . O t  1 0 0 0  n o  1 5 0 0  m , c p e n H a a  
H opM a noaBJieHHH B b icn b iin ex  ô b u ia  H eB bicoxa b  ceBepHOM h  qeH - 
TpajibH OM  p a n o H a x , h o  B0 3 p o c j ia  n o  150 n p n M ep H o  B cnb im ex  b  M H H yry 
b  io h c h o h  nacTH  npocJuuiH , r n e  njiaHKTOHHnecKne 6 e 3n o 3BOHonHbie 
ôbiJiH  n o n y n eH b i b  3HanHTenbHO S o jib u io M  KOJinnecTBe.

0 6 m e e  K o n n a e c r a o  B cn b im ex  B0 3 p o cT a eT  b  BepxHHx c n o a x ,  b 
o c o ô e H H O c ra , H onbK ), K o rn a  6 b in o  3aperacT pH poB aH O  n o  2 8 4  B cn- 
bim eK  b  M H H y iy . B  o ö m e M  H T ore nacTO Ta Bcnbim eK  B0 3p o cT a eT  b 
HHnHiicKOM o x ea H e, x o T a  x o n n ae cT B o  H a n ö o jie e  cn jibH b ix  B cnbim eK , 
b  o ö m e M , HHace x o n n n ec T B a  h x  b  n p y r n x  H ccnenoB aH H bix M o p a x . 
.H p x n e  BcnbiuiKH n p o H c x o n a T  b  ô o jib in o M  K onnnecT B e n o  6 nH 3 0 CTH

(1319)
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H J i H  K a K  p a 3  H H » c e  M eH aiom erocfl b  T e n e H n e  h h h  y p o B H a  o x p y x c a i o m e r o  

C B e T a  o f l H H a K O B o i i  C H J i b i .  B j i H H H H e  j i y H H o r o  C B e T a  H a  C H J i y  B c n w u i e K  

y a c e  ö b i j i o  o ö b h c h c h o  . H a c T O T a  B c n B i m e K  p e 3 K o  y M e H B i n a e T c a ,  n p n -  

M e p H o ,  H H a c e  1 0 0 0 m .
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INTRODUCTION

TH E IN CID EN CE of shark  a tta ck  on hum ans off the east coast 
of the  Republic of South A frica is high and, w ith  a view to 
preventing a ttack s  in the fu tu re , an  extensive program m e of 
research  on protective m easures is being conducted by the 
Oceanographic R esearch In s titu te  in D urban. The f irs t require­
m ent in th is  investigation of the problem of sh ark  a tta ck  was 
to  determ ine the species responsible for a ttack ing  hum ans 
in th is a rea  and, in order to  accomplish this, a survey of the 
poten tially  dangerous sh ark  fam ilies was begun in 1959. 
Fam ilies in which th e  species grow  to a  large size and possess 
well-developed cu tting  o r tearing  teeth  were considered to  be 
potentially  dangerous. These fam ilies include the Carchariidae 
(R agged Tooth S harks), I sur idae (Blue Po in ter and Mako 
S h arks), Alopiidae (T hresher S harks), Carcharhinidae (Tiger, 
Soupfin, Blue, Milk, Lemon, W hite-tipped, B lack-tailed Grey, 
Sandbar, Bronze, Ridge-backed Grey, Silky, Bignose, G alapagos, 
Black, Zambezi, Java, B lackspot, B lackfin and Black-tipped 
Sharks) and Sphyrnidae (H am m erhead S harks). Study m ateria l 
w as collected from  coastal and  offshore w aters between 
Lourenco M arques and  Cape Town. The m ajo rity  of specimens 
w as obtained from  coastal w aters in the  D urban area.

D uring the  early  p a r t of th e  survey it became evident th a t 
considerable confusion existed in  the identification of sharks  
and th a t, in view of th is, a  sim plified m ethod of identify ing the 
sharks  caught in th is  a rea  m ight be of considerable value to  
anglers and spearfisherm en. This prelim inary  guide has been 
compiled in an  a ttem p t to  help in the  identification of sharks  
belonging to  th e  fam ilies included in the survey. The survey has 
recently  been extended to  include all sharks, rays, saw fishes and 
sandsharks and it  is hoped th a t  a  com prehensive guide on these 
groups will be produced in th e  fu tu re . Before th is  is possible, 
however, it is necessary to  exam ine large num bers of specimens 
of each species. This can only be done w ith  the full co-operation
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of anglers in m aking specim ens (dead as well as alive) available 
to the  In stitu te . I t  is therefore u rgen tly  requested th a t anglers 
should make any sharks, rays, sawfishes or sandsharks caught, 
available to  the In s titu te  fo r research.

A rrangem ents can be made fo r sharks caught w ithin the 
D urban area  to  be collected by the In s titu te  (Phone 68374 or 
23432). O therwise specim ens can be b rough t to the  Aquarium , 
2 W est Street, D urban  o r sent to the O ceanographic Research 
In stitu te , Box 736, D urban. Postage costs will be refunded. 
Should i t  be impossible to send complete specimens to the 
In stitu te , pho tographs sim ilar to those included in th is  guide 
should be taken  and sen t to the In s titu te  toge ther w ith inform a­
tion as to  when and w here the  specimen was caught, the dried 
jaw s of the specimen (or detailed notes on the na tu re  and num ber 
of tee th  on each jaw ), and m easurem ents of the body length 
(from  the  tip  of the  snou t to the  beginning of the  ta il)  and to ta l 
length  (from  the  tip  of the snout to  the tip  of the ta il when held 
in its  n a tu ra l position). I t  is hoped th a t  th is  much-needed 
assistance in th e  collection of m ateria l and da ta  will be 
forthcom ing.
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MAIN FEATURES USED IN IDENTIFICATION 

OF SHARKS

These are  illu s tra ted  in Figs. 3 to 22 and consist of the 
following :

H ead: N orm al or ham m ershaped.

Snout: Long or short.
Po in ted  or rounded  tip.

N asal lobe: Long or short.

Teeth: Edges sm ooth or se rra ted  
Shape
B asal denticles p resen t or absent

D ental form ula: The den ta l fo rm ula enables the num ber of 
row s of tee th  on each side, of each jaw  to be sim ply 
expressed. I t  is w ritten  as follows:

No. of te e th  on  le f t  c e n tr a l  No. of te e th  on r ig h t  side 
side  of u p p e r  ja w  te e th  of u PPe r  Jaw

No. of te e th  on le f t  No. of te e th  on r ig h t  side
s id e  of lo w e r  ja w  ^ t e e th  of lo w e r  3aw

16 —  2 —  16 .
H ence a den ta l form ula of — ------- -------- — indicates th a t15 —  1 —  15
the  specim en has 16 tee th  on the le ft side of the  upper 
jaw , 2 tee th  in th e  centre of th e  jaw , 16 teeth  on the  rig h t 
side of the  upper jaw , 15 tee th  on the  le ft side of the 
low er jaw , 1 tooth  in the  cen tre  of the  low er jaw  and  15 
tee th  on the  rig h t side of the  low er jaw .

Spiracles: P resen t or absent.
W hen p resen t these are  very  sm all in th e  species described. 
T hey consist of a sm all hole on each side situa ted  betw een  
the  eye and  th e  f irs t gili slit bu t n ea re r th e  eye th an  
th e  firs t gili slit. They are  only sligh tly  la rg e r th an  the  
pores found on th e  head  in  th is  region b u t m ay be d is­
tinguished  from  them  as they  do not exude m ucus w hen 
squeezed.

G ili slits: Position of 5th gili slit (above or in  fron t of pectoral 
fin ).

D orsal ridge: P resen t or absent.

F ins: Position, shape and  size (p a rticu la rly  the  tw o dorsal fins).
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C audal fin : P roportion  of the  low er lobe to the upper lobe 
(i.e. w h e th er th e  low er lobe is alm ost a$ long as, or con­
siderab ly  sho rter th an  the  upper lobe).

K eel: P resen t or absent.

Colour: A lthough th is is no t alw ays reliab le  it m ay be of some 
use in  identification.

The overall colour of sh ark s  m ay show considerable 
varia tion  w ith in  the  sam e species when alive or fresh ly  
caught. A fter death  fu rth e r  colour changes take place. For 
th is reason  overall colour is usually  an  unreliab le  fea tu re  in 
the identification of sharks.

M arkings on the fins or body m ay also vary. F o r 
example, adu lt specimens of the B lack-tipped Shark (Car­
charhinus maculipinnis) have very d istinct black tips on 
th e ir  fins while th e  young have no m arkings a t all. In  a  few 
species, e.g. th e  Black S hark  ( Carcharhinus melanopterus) 
and the  B lack-tailed G rey (Carcharhinus spallanzani) ,  the 
m arkings are more reliable and m ay be used for identifica­
tion.

HOW TO IDENTIFY THE SPECIES
The general appearance of m any species of shark  m ay be 

closely sim ilar. As th e  differences betw een species are not 
alw ays ap p aren t in photographs, a b rie f description of each 
species has been included in this guide. Each description gives 
the  m ain  fea tu res by m eans of w hich each species can be 
iden tified  bu t identification  should be m ade by  using the keys. 
Iden tification  is likely  to be m ore accurate  w hen keys are used 
and, w ith  a little  practice, w ill be fa r quicker. The descriptions 
should be used as a m eans of checking the identification. If the 
identification  is correct, th e  description should agree on every  
poin t for the  sh ark  concerned.

HOW TO U SE T H E  KEYS

Each key  consists of a num ber of pa ired  statem ents. In 
o rder to iden tify  a specim en, s ta r t w ith  the  firs t pa ir of s ta te ­
m ents (num bers la  and lb )  and decide w hich of the  tw o 
sta tem en ts (a  or b ) applies to the  specim en being identified. 
Should th e  s ta tem en t chosen be d irec tly  followed by block 
type, th is  is the  nam e of the group to w hich the specim en 
belongs. If th e  s ta tem en t chosen is no t followed d irectly  by 
block type, re fe r to the  pa ir of sta tem en ts d irectly  beneath  and 
rep ea t th e  process.

This process of elim ination  is continued u n til the s ta tem ent 
chosen is d irec tly  followed by a group nam e (in  block type ). 
W henever a s ta tem en t th a t is no t follow ed by a group nam e is
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chosen, re fe r to the  p a ir of sta tem en ts d irectly  below  and 
rep ea t th e  process.

F or exam ple: To identify  a  sh ark  of the  fam ily Carchar­
hinidae, tu rn  to  the key to  th e  genera of the  fam ily 
Carcharhinidae on page 19. I f  the sh ark  in question has the 
following featu res: no spiracles, th e  m idpoin t of th e  base of 
the  firs t dorsal n ea re r the  pectorals th an  th e  pelvics, the  cusps 
of the  upper tee th  se rra ted  and  a la rge  firs t dorsal fin  w ith  a 
v ery  b road ly  rounded apex, the  identification  w ill be m ade as 
follows :

The f irs t pa ir of sta tem en ts is alw ays 1. T herefore choose 
betw een la  and  lb , and, as th e  above described shark  has no 
spiracles, lb  m ust be chosen.

T here is no group nam e opposite lb , so proceed to the 
p a ir  of s ta tem en ts  d irec tly  beneath  it —  in this case 3. Choose 
betw een 3a and  3b and, as the  m idpoint of the  firs t dorsal is 
n ea re r the pectorals th an  th e  pelvics, th e  choice w ill be 3b.

T here is no group nam e opposite 3b, so proceed to the  pa ir 
of s ta tem en ts  d irec tly  benea th  —  in  this case, 4. Choose 
betw een  4 a  and  4 b and, as the  cusps of the  upper tee th  are  
serra ted , th e  choice w ill be 4a.

T here is a group nam e opposite 4a —  in th is case 
Carcharhinus. The specimen in question therefo re  belongs to 
the  genus Carcharhinus (G rey S harks). To determ ine which 
species of Carcharhinus i t  is, use the key to  the  species of the  
genus Carcharhinus on page 26— identification LONGIMANUS.

I t is no t necessary  to use m ore th an  th ree  keys to iden tify  
any  one of th e  species described in  th is guide. The f irs t key  in 
the  guide w ill ind icate  th e  fam ily  to  w hich th e  species 
belongs. In  th e  section dealing w ith  th e  fam ily  th e re  m ay  be 
ano ther key  by m eans of w hich, excep t in  the  case of the 
genera Carcharhinus and Galeorhinus, it is possible to  identify  the 
species. To find  th e  species of the  genus Carcharhinus or Galeor­
hinus i t  is necessary  to  use a  th ird  key which is found a t  the 
beginning o f th e  subsection dealing w ith  the  genus.

KEY TO THE FAMILIES 
CARCHARIIDAE, ISURIDAE, ALOPIIDAE, 
CARCHARHINIDAE AND SPHYRNIDAE.

l a  HEAD ham m er-sh ap ed  ............  SPHYRNIDAE (26-28)
lb  HEAD norm al, no t h am m er-shaped

2a CAUDAL FIN  lunate , th e  low er lobe being
alm ost as long as th e  up p er l o b e   ISURIDAE (3 -4 )
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2b CAUDAL FIN not lunate , the  low er lobe being 
considerably sho rte r th an  the  upper lobe.
3a U PPER  CAUDAL LOBE very  long being 

equal in leng th  to th e  d istance from  the  tip  of 
th e  snout to the  beginning of the  caudal

ALOPIIDAE (5) 
3b U PPER CAUDAL LOBE less th a n  ¿ the length  

from  the  snout to the  beginning of the caudal.
4a 5th G ILL SLIT in fro n t of the  pectoral

fin  CARCHARIIDAE (1 -2 )
4b 5th G ILL SLIT above the  pectoral fin

CARCHARHINIDAE (6-25)

FAMILY: CARCHARIIDAE

K ey to the Species

la  EYE SMALL, the  d iam eter considerably  less than  tw ice
the  leng th  of th e  longest tooth CARCHARIAS TAURUS (1) 

lb  EYE LARGE, the  d iam eter tw ice the  length  of the
longest tooth* or m ore   CARCHARIAS KAMOHARAI (2)

1. CARCHARIAS TAURUS

(PLA TE 1)

Common Nam es:
RAGGED TOOTH SHARK, Sand Shark , G rey N urse Shark, 
Sand Tiger, B row n Shark , Yellow Shark , Yellow Belly, 
Sarda.

D escription:
H ead: N orm al, no t ham m er-shaped . (Fig. 3a),
Eye: Sm all, th e  d iam eter considerably less than  tw ice the 

leng th  of the  longest tooth.
G ili slits: F ifth  gili slit in fron t of the pectoral fin.

(Fig. 13b).
F irs t dorsal: M idpoint of base considerably neare r the 

pelvics th an  the  pectorals. (Fig. 15a).
Second dorsal: A lm ost as large as the  firs t dorsal.
C audal: Not lunate , the  low er lobe being considerably

sh o rte r th a n  the  upper lobe (Fig. 20b).
L ength  of upper lobe less th an  J the  distance from  the 
tip  of the  snout to the  beginning of the caudal (Fig. 
21a).
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Teeth: A sm all basal denticle is p resen t on each side of 
th e  cusp (Fig. I l a ) .
In  both  jaw s th e  tee th  a re  long in fro n t bu t decrease in
size tow ards the  sides of the  jaw s w here they  form  a
cobblestone-like surface.

D ental form ula:
17 to 27 — 0 — 17 to 27
16 to 25 —  0 — 16 to 25

Colour: G rey ish -b row n  to  yellow ish-brow n above and 
p a le r below. In  young specim ens the  posterior p a rt 
of the  body is m arked  w ith  irreg u la r d ark  spots bu t 
these fade w ith  age and are  not alw ays visible in 
la rge  specim ens.

Size: Reaches 1 0 | feet in length.
H ab ita t: They live on the  bottom  in shallow  w ater and  are 

usually  found close inshore.
Locality: N ot uncom m on off th e  east coast of South Africa. 

Also found in the M editerranean , eastern  and  w estern  
A tlantic.

:i:Season: In  D urban  th is species is m ost frequen tly  caught 
betw een Ju n e  and  N ovem ber although specim ens have also 
been obta ined  in Ja n u a ry  and  M arch. G ravid  fem ales have 
been caught in M arch, Ju n e  and  Ju ly .

D evelopm ent: O voviviparous—th e  young are  born  alive and, 
p rio r to th e ir  b irth , a re  nourished  firs t on th e ir yolk and 
la te r  feed on the  eggs lying n ear them  in the u terus. Each 
fem ale bears only tw o young w hich are  born  a t a leng th  
of approx im ate ly  36 inches.

H abits: They are  usually  so litary  and  sluggish bu t are m ore 
active a t night. They feed in inshore areas on fish and 
crabs.

Com m ercial im portance: None.
tR ecords:

N atal A ngling B oard of Control:
55 lb. L ine Test: 649 lbs. E. Scott, 1946.

’ S E A S O N : T h e  se aso n a l n o te s  a re  b a se d  on th e  sp ec im en s
o b ta in e d  b y  th is  In s t i tu te  an d  th e  a c c u ra c y  of th e se  n o te s  th e re fo re  
r e s ts  m a in ly  on  th e  n u m b e r  of sp ec im en s  o b ta in e d  by th e  In s t i tu te  fro m  
a n g le rs . I t  is  h o p ed  th a t  f u tu re  c o -o p e ra tio n  of a n g le rs  an d  s p e a rf ish e r -  
m e n  w ill e n a b le  g r e a te r  a c c u ra c y  in  th e  re c o rd s  to  be in c lu d e d  in  th e  
m o re  c o m p re h e n s iv e  g u id e  to  b e  com piled .

tR E C O R D S : T h e  re c o rd s  o f th e  N a ta l A n g lin g  B o a rd  of C o n tro l 
a r e  as o f N o v em b er, 1963. T hose  of th e  S o u th  A fr ic a n  A n g le rs  U n ion  
a r e  as of S e p te m b e r , 1963> T hose  of th e  G am e F ish  U n io n  of A fr ic a  a r e  
a s  o f 31st D ec em b e r, 1963. T h o se  of th e  In te rn a t io n a l G am e F ish  
A sso c ia tio n  a r e  as of 31st D ec em b e r, 1963. T h e  re c o rd s  o f th e  N a ta l 
U n d e rw a te r  U n io n  a re  a s  of O c to b e r, 1963.
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South A frican  A ng ler’s Union:
C aught by m em bers from  shore: 649 lbs. E. Scott. 

Gam e F ish  Union of A frica:
130 lb. L ine Test: 649 lbs. E. Scott 1946.

N atal U nderw ater: 39 lbs. E. F ranken .

2. CARCHARIAS KAMOHARAI
(PLA TE 2)

Common names:
JA PA N ESE RAGGED TOOTH SHARK, M izuwani.

Description:
H ead: N orm al, not ham m er-shaped . (F ig 3a).
Eye: Large, the  d iam eter tw ice the  leng th  of the  longest 

tooth  or more.
G ili slits: F ifth  gili slit in fron t of the pectoral fin.

(Fig. 13b).
F irs t dorsal: M idpoint of base a t least as near to the  pelvics 

as the  pectorals. (Fig. 15a).
Second dorsal: C onsiderably sm aller th a n  the firs t dorsal 

fin.
C audal: Not lunate , the low er lobe being considerably

sho rter th a n  the  upper lobe. (Fig. 20b).
L eng th  of the  upper lobe less th a n  \  the distance from  
the  tip  of the  snout to the beginning of the caudal. 
(Fig. 21a).

Teeth: No sm all basal denticle on each side of the cusp. 
(Fig. I l a ) .
In  both  jaw s the  teeth  are  long and sm ooth-edged. 
T hey decrease in size tow ards the sides of the jaws. 

D ental form ula:
13 or 14 — 0 — 13 or 14
12 or 13 —  0 —  12 or 13

Colour: B row nish -g rey  above, pa ler beneath.
Size: Probab ly  does not reach m uch m ore than  3 to 4 feet in 

length.

Habitat: P robab ly  w arm  tem perate  w aters.
Locality: One specim en caught close inshore a t Clifton Beach. 

Cape Town. Also found in Japanese  w aters and off W est 
Africa.

Season: The only specim en exam ined w as caught off Cape 
Town in  N ovem ber.

Development: U nknow n. Possibly sim ilar to the Ragged Tooth 
Shark  (C. taurus).

Habits: U nknow n. The South  A frican  specim en w as found
close inshore sw im m ing feebly.
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Commercial importance: Probab ly  m arke ted  as food in
Japanese  w aters.

Records:
No official South  A frican or in tern a tio n a l angling records 
for th is species could be found.

FAMILY: ISURIDAE
Key to the Species

la  TOOTH M ARGINS sm ooth ....  ... ISURUS GLAUCUS (3)
lb  TOOTH M ARGINS coarsely se rra ted

CARCHARODON CARCHARIAS (4)

3. ISURUS GLAUCUS

(PLA TE 3)

Common Names:
MAKO, M am bone, Sharp -nosed  M ackerel Shark, B lue 
Poin ter, B lue Porpoise Shark, Snapper Shark.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
M outh: N arrow , the  heigh t being m ore th an  § of the w idth. 
G ili slits: F ifth  gili slit in fron t of the pectoral fin. (Fig. 

13b).
C audal: L unate, the low er lobe being alm ost as long as the 

upper lobe. (Fig. 20a).
K eels: P resen t. (Fig. 22a).
Teeth : Tooth m argins smooth. (Fig. 9b).

No sm all basal denticles on each side of the cusp. 
(Fig. l i b ) .

D ental form ula:
11 to 13 —  0 —  11 to 13
12 to 15 —  0 —  12 to 15 

Colour: D eep b lue above, w hite  beneath .
Size: P robab ly  reaches 12 feet in length.
Habitat: U sually  found n ear the  surface in w arm , deep w aters.
Locality: This species is found off the  east coast of South A frica 

and  off M adagascar b u t does not often come inshore. I t  is 
also found in  tropical, su b -trop ica l and  w arm -tem p era te  
w aters  in th e  Pacific and Ind ian  Oceans.

Season: Off D urban , specim ens a re  usually  caught betw een 
A ugust and  N ovem ber a lthough one specim en w as obtained 
by  th is In s titu te  in Jan u ary . No gravid  fem ales have been 
obtained.
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D evelopm ent: D evelopm ent is sim ilar to th a t of the Ragged 
T ooth Shark  (Carcharias taurus).

Habits: This so litary , fast-sw im m ing  species is w ell know n as 
a gam e-fish  and  is no ted for leaping out of the w ate r w hen 
hooked as w ell as un d er n a tu ra l conditions. Feeds on fish 
and  squid. Said to be responsible for attacks on boats. 

Commercial importance: M arketed  as food.
Records:

N atal A ngling B oard  of Control:
D eep Sea: 18§ lbs. R. N ipper 1960.

South  A frican  A ng ler’s Union:
C aught by m em bers from  shore: 75 lbs. K. J. L illie- 

crona.
C aught by non-m em bers from  c ra ft a t sea: 18f lbs. 

R. N ipper.
G am e F ish  U nion of A frica:

130 lb. L ine Test: 602 lbs. M rs. M. M arot 1962. 
In te rn a tio h a l G am e F ish  Association:

A ll Tackle: 1,000 lbs. B. Ross 1943 (New  Zealand).

4. CARCHARODON CARCHARIAS
(PLA TE 4)

Common Names:
MANEATER, B lue Poin ter, D eath  Shark , W hite D eath 
Shark , G rea t W hite Shark, W hite Shark , W hite Pointer, 
Tom my, U ptail, S arda, Cow shark, M udshark. '

Description:
H ead: N orm al, no t ham m ershaped . (Fig. 3a).
M outh, Broad, the  heigh t being less th an  § of the w idth. 
G ili slits: F ifth  gili slit in fro n t of the pectoral fin. (Fig. 

13b).
C audal: L unate , th e  low er lobe being alm ost as long as 

th e  upper lobe. (Fig. 20a).
K eels: P resen t. (Fig. 22a).
T eeth : Tooth m argins coarsely serra ted . (Fig. 9a).
D ental form ula:

12 to  14 —  0 —  12 to 14
10 to  13 —  0 —  10 to 13

Colour: B lue-b lack  above and w hite  beneath ; the undertips 
of the  pectorals a re  black. This is the colouration 
observed a t th is  In s titu te  b u t th is  species has also been 
rep o rted  as being “s la ty -b ro w n ” and, in large speci­
m ens, “lead en -w h ite” above.

Size: M ay reach  40 feet in length. L arge fossil tee th  sim ilar to 
those of th is  species come from  an ex tinct species, Car­
charodon megalodon, wlpch is estim ated to  have reached 90 
feet in length.

176

16



Habitat: The M aneater ( Carcharodon carcharias) is a deep
w ater species, w here it is usually  found n ear th e  surface, 
b u t m ay freq u en tly  come inshore, som etim es even into 
very  shallow  w ater.

Locality: Specim ens are  caugh t in the  D urban  area  (from  South 
P ier and  in th e  sh a rk  nets) and  elsew here off th e  east 
coast of South  A frica bu t are  now here abundan t. This 
species is w idely  d is tribu ted  in trop ical and  w arm  tem ­
p era te  w aters and  is found in the  M editerranean , the 
A tlan tic  and  off A ustralia .

Season: Off D urban , specim ens are  usually  caught betw een 
Ju ly  and  D ecem ber b u t they  have also been obtained in 
F eb ru ary  and  M arch. No grav id  fem ales have been caught.

Development: No account of the  developm ental stages of this 
species has been published. U nborn young a re  said to 
reach 48 inches in length.

Habits: U sually  so litary  b u t som etim es found in  groups, th is 
is a sw ift, s trong-sw im m ing  species. I t feeds on a w ide 
varie ty  of p rey  including o ther sharks, large and  sm all fish, 
seals,, tu rtles , squid and  crabs. I t is also a scavenger 
and  eats a w ide v a rie ty  of dead anim als w ashed from  the 
shore. S trange  objects such as potatoes, coal, etc., have 
also been found in  th e ir  stomachs. This species has been 
proved responsible for a ttacks on hum ans and  a ttacks on 
sm all boats. In  both  cases identification  has been m ade 
possible by  tooth  fragm en ts  broken  off in the  attack.

Commercial importance: M áy be eaten.

Records:
N atal A ngling B oard  of Control:

55 lb. L ine Test: 880 lbs. M. G eerd ts 1934.
A ll Tackle: 1660 lbs. R. H arrison  1953.

South  A frican  A ng ler’s Union:
C aught by m em bers from  shore: 880 lbs. M. R. G eerdts 

and  G. T. Bush.
C aught by non-m em bers from  shore: 1660 lbs. R. S. 

H arrison.
Gam e F ish  U nion of A frica:

130 lb. L ine Test: 1660 lbs. R. H arrison  1953. 
In te rn a tio n a l G am e F ish  A ssociation:

All Tackle: 2664 lbs. A. D ean 1959 (A u stra lia ).
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FAMILY: ALOPIIDAE

O nly one species of th is  fam ily  has been found off the  east 
coast of Sou th  A frica.

5. ALOPIAS PELAGICUS
(PLA TE 5)

Common Names:
THRESHER SHARK, T hrasher Shark , W hiptail, Fox Shark.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
C audal: N ot lunate , the  low er lobe being considerably

sho rter th an  the  upper lobe. (Fig. 20b).
U pper lobe very  long, being equal in leng th  to  th e  
d istance from  the  tip  of the  snout to the beginning of 
the  caudal. (Fig. 21b).

Teeth: Sm ooth-edged (Fig. 9b) w ith  one or tw o sm all 
la te ra l denticles tow ards the edge of the base on each 
side of the  cusp. (Fig. I l a ) .

D en ta l form ula:
2 i  ___ 2   20

~2^-  ~2~—  22 bUt m ay Vary sligh tly -
Colour: D ark  b lu e -g rey  above, w hite  beneath.

Size: P robab ly  reaches 18 feet in length.

Habitat: A deep w ate r species, found n ear the surface in tropical 
and  sub-trop ica l areas bu t very  seldom comes inshore.

Locality: Found off the E ast Coast of South A frica and off 
Japan . P robab ly  also occurs elsew here in the Pacific and 
Ind ian  Oceans.

Season: The only specim en obtained  by this In stitu te  w as caught 
off M argate , N a ta l South  Coast in February .

Development: O voviviparous— the young are born alive bu t 
do no t have a p lacen ta l connection w ith  the ir m other. I t 
is said  th a t sm all num bers of la rge  young are born  bu t no 
evidence is available.

Habits: A n active species, w hich preys m ainly  on sm all shoal 
fish w hich it rounds up  in to  tigh t, easily -a ttacked  shoals 
using its elongated ta il.

Commercial importance: None.

Records: T here are  ap p aren tly  no official South A frican or 
In te rn a tio n a l angling records fo r th is species.
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FAMILY: CARCHARHINIDAE

In  th is fam ily  a n um ber of species are  found in  South  
A frica. These are  grouped in to  5 genera, the  key  to w hich is 
show n below :—

Key to the Genera

la  SPIRACLES p resen t
2a SNOUT v ery  short and  b lu n t   GALEOCERDO ( 6)
2b SNOUT poin ted  a t tip  and  of m odera te  leng th  ....

GALEORHINUS (7 -8 )
lb  SPIRACLES absen t

3a M IDPOINT OF THE FIRST DORSAL FIN
BASE is considerably  n eare r to the pelvics th an
the pectorals .......................................... PRIONACE (10)

3b M IDPOINT OF THE FIRST DORSAL FIN
BASE is as close (o r closer) to the  pectorals as 
th e  pelvics.
4a CUSPS of the  upper tee th  se rra ted  ...

CARCHARHINUS (12-25) 
4b CUSPS of up p er tee th  sm ooth-edged.

5a SECOND DORSAL BASE a t least f  length
of f irs t dorsal base .............. NEGAPRION (9)

5b SECOND DORSAL BASE less th an  ¿ as 
long as f irs t dorsal base

RHIZOPRIONODON (11)

GENUS: GALEOCERDO
O nly one species found off South  A frica.

6 . GALEOCERDO CUVIERI

(PLA TE 6 )

Common Names:
TIGER SHARK, L eopard  Shark , R equin R enard , R equin 
dem oiselle, Sora Min, Pez Zorro.

Description:
H ead: N orm al, no t ham m ershaped. (F ig  3a).
Snout: S ho rt and  b lun t. (Fig. 5a).
G ili slits: F ifth  gili slit above th e  pectoral fin. (Fig. 13a). 
Spiracle: P resen t. (Fig. 12b).
C audal: N ot lunate , th e  low er lobe being considerably  

sho rte r th an  th e  up p er lobe. (Fig. 20b).
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L ength  of the  upper lobe less than  \  the distance from  
th e  tip  of the  snout to the  beginning of the  caudal. 
(Fig. 21a).

Teeth: C haracteristically  cockscom b-shaped. (P la te  6c). 
D ental form ula:

10 to 12 —  1 or 2 — 10 to 12
10 to  12 ---  1 -------  10 to 12’

Colour: G rey ish -b row n  above w ith  d ark er m arkings in 
the  form  of spots or bands giving a “tig e r- lik e” 
appearance. These m arkings fade w ith  age and  m ay 
not be ap p aren t in very  la rge  specim ens. The low er 
surface is w hite  or off-w hite.

Size: Reaches a t least 18 feet in  length.

H ab ita t: Found in  trop ical and  sub-trop ica l w aters both off­
shore and  inshore w here  it m ay en te r bays and riv e r m ouths 
and  som etim es v ery  shallow  w ater.

Locality: Found off the  east coast of A frica bu t is not very
common. This species is w idely d istribu ted  and  is also
found on the  east and  w est coasts of N orth  and  South  
A m erica, in  the  easte rn  A tlan tic  and  from  Jap an  to New 
Zealand.

Season: H as been caught in  D urban  betw een M ay and D ecem ­
ber. No grav id  fem ales have been obtained.

D evelopm ent: O voviviparous— the young are  born  alive bu t 
do not have a p lacen ta l connection w ith  th e ir m other. T here 
m ay be from  10 to  82 young in a litte r. I t is likely  th a t the  
num ber of young in  the  li tte r  increases w ith  the  size of 
th e  m other. The young are  re la tive ly  sm all and  m ay be 
18 to 28 inches in  len g th  a t b irth .

H abits: A pparen tly  so litary , these are strong-sw im m ing, active 
sharks. They are voracious and  om nivorous and  feed on 
fish, sharks, rays, squid  and  crabs. They are  also w ell 
know n for the  w ide v a rie ty  of dead anim als and ex traneous 
artic les found in th e ir  stom achs. They are repu ted  to 
a ttack  m an.

Com m ercial im portance: The liver oil contains a h igher v itam in  
A content th a n  th a t of m ost o ther w arm  w ate r sharks. 
E xcellen t le a th er can be m ade from  the  skin.

Records:
N atal A ngling B oard of Control:

55 lb. L ine Test: 680 lbs. D. Boyes 1963.
A ll Tackle: 1034 lbs. H. R oseveare 1954.
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South  A frican  A ng ler’s Union:
C aught by m em bers from  shore: 680 lbs. D. L. Boyes. 
C aught by  non-m em bers from  shore: 1034 lbs. H. 

Roseveare.
G am e F ish  U nion of A frica:

130 lb. L ine Test: 1034 lbs. H. R oseveare 1954. 
In te rn a tio n a l Gam e F ish  A ssociation:

A ll Tackle: 1422 lbs. J. Robinson 1958 (A ustra lia ).

GENUS: GALEORHINUS
K ey to  the  Species

la  SECOND DORSAL and  anal fins about equal in  size ....
GALEUS (7 )

lb  SECOND DORSAL about tw ice the  size of the a n a l ...
ZANZIBARENSIS ( 8 )

7. GALEORHINUS GALEUS
(PLA TE 7)

Comm on N am es:
SOUPFIN, L iver Oil Shark , Oil Shark , School S hark , Tope, 
Speareye, Spierhaai, V aalhaai.

D escription:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
Snout: M oderately  long an d  pointed. (Fig. 6b).
G ili slits: F ifth  gili slit above th e  pectoral fin. (Fig. 13a). 
Spiracle: P resen t. (Fig. 12b).
Second dorsal: A bout equal in  size to anal.
C audal: N ot luna te , the  low er lobe being considerably  

sh o rte r th an  th e  upper lobe. (Fig. 20b).
L eng th  of th e  upper lobe less th an  £ the  d istance from  
th e  tip  of the  snout to  th e  beginning of the  caudal. 
(Fig. 21a).

T eeth : O blique, b u t noticeably  d ifferen t from  those of the  
T iger Shark  (Galeocerdo cuvier) .

D en ta l form ula:
16 to 22 —  0 to 2 —  16 to 22
16 to  18 —  1 or 2 —  16 to 18

Colour: D ark  g rey  above an d  w hitish  beneath . T he fins 
m ay  be dusky  tipped.

Size: M ay a tta in  6 fee t in  length.
H ab ita t: U sually  found in  deep w ater.
Locality: - Common off P o rt E lizabeth  and  the  sou th  easte rn

coast of South  A frica. Also found off th e  w est coast of
Sou th  A frica, th e  east coast of South  A m erica and  from  
Ja p a n  to  N ew  Zealand. I t  is also com mon off L ow er 
C alifornia.
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Development: No account of the  developm ent of this species
has been obtained.

Habits: This species is found in  groups w hen pursu ing  food 
and  is said to be m ore active a t night. I t feeds on sm all 
fish including bo ttom -dw elling  fish, squid and crustaceans 
(crabs, etc.). I t  is alm ost certa in ly  harm less to hum ans. 

Commercial importance: This is one of the  m ost im portan t
com m ercial species. Its fins are  used in the p reparation  
of sh ark  fin  soup by the Chinese, the liver oil is rich  in 
V itam in A and its hide m ay be used for leather.

Records: T here a re  apparen tly  no official South A frican or 
In tern a tio n a l angling records for th is species.

8. GALEORHINUS ZANZIBARENSIS
(PLA TE 8 )

Common Names:
ZANZIBAR SOUPFIN.

Description:
H ead: N orm al, no t ham m ershaped. (Fig 3a).
Snout: M oderately  long and  pointed. (Fig. 6b).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: P resen t. (Fig. 12b).
Second dorsal: A bout tw ice the size of the anal.
C audal: Not lunate , the low er lobe being considerably 

sho rter th a n  the upper lobe. (Fig. 20b).
L ength  of th e  upper lobe less than  ¿ the  distance from  
the tip  of th e  snout to the beginning of the caudal 
(Fig. 21a).

T eeth: Oblique, b u t noticeably d ifferen t from  those of the 
Tiger Shark  (Galeocerdo cuvier).

D ental form ula:
23 to 25 -------- 2-------  23 to 25
20 to 21 —  1 or 2 — 20 to 21 

Colour: G rey above, ligh ter beneath. R ear m argin  of 
dorsals d a rk  and  th a t of pectorals, pelvics and anal 
light.

Size: Does not reach  6£ feet in length.
Habitat: Probab ly  in sligh tly  offshore w aters.
Locality: Recorded from  off Z anzibar and off the D urban  and 

K enya coasts.
Development: No account of the  developm ental stages of this 

species has béen obtained.
Habits: Probably sim ilar to  those of the  Soupfin (Galeorhinus

galeus).
Records: T here are apparèn tly  no official South A frican or 

In te rn a tio n a l A ngling records for this species.
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GENUS: NEGAPRION

O n ly  o n e  sp ec ie s  h a s  b e e n  fo u n d  o ff  S o u th  A fr ic a .

9. NEGAPRION ACUTIDENS

(PLA TE 9)

Common Nam es:
LEMON SHARK, Kosi B ay Shark , Kosi Shark.

D escription:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
G ili slits: F ifth  gili s lit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
F irs t dorsal: M idpoint of base is as close (or closer) to the 

pectorals as the  pelvics. (Fig. 15b).
Second dorsal: Base is a t least ^ the leng th  of the  firs t 

dorsal base.
C audal: N ot lunate , the  low er lobe being considerably 

sho rter th an  the  up p er lobe. (Fig. 20b).
L eng th  of upper lobe less th an  ¿ the  distance from  the
tip  of th e  snout to  the beginning of the caudal. (Fig.
21a ).

T eeth: Cusps of the  upper tee th  a re  sm ooth-edged. The 
tee th  are  slender and  m ay have a basal denticle (Fig. 
I l a )  on th e  ou te r side of the  cusp.

D en tal form ula:
13 to 15 —  1 —  13 to 15
13 or 14 —  1 —  13 or 14

Colour: G rey above, w h ite  beneath .

Size: R eaches 10 feet in  length.

H ab ita t: F ound inshore in  w arm  seas.

Locality: Specim ens have been caught a t Kosi Bay and  M ape- 
lane, Zululand. I t  is un likely  th a t th is species is found as 
fa r  south  as D urban.

Season: The specim en from  M apelane w as caught in  May.

D evelopm ent: No account of the  developm ental stages of this 
species has been obtained.

H abits: N othing is know n of the  hab its  or d ie t of th is  species.

Com m ercial im portance: A pparen tly  none.

Records:
South A frican A ng ler’s Union:

C aught by m em bers from  shore: 253 lbs. H. E. Keen.
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GENUS: PRIONACE

Only one species is found off South Africa.

10. PRIONACE GLAUCA 

(A lso known as Glyphis glaucus)
(PLA TE 10)

Common Names:
BLUE SHARK, G rea t B lue Shark , B lue W haler, Requin 
Bleu, Jan iqu in .

Description:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
G ili slits: F ifth  gili slit above the pectoral fin. (Fig. 13a).
Spiracle: A bsent. (Fig. 12a).
F irs t dorsal: M idpoint of base n eare r to the pelvics than  

th e  pectorals. (Fig. 15a).
C audal: N ot luna te , the  low er lobe being considerably 

sh o rte r th an  th e  upper lobe. (Fig. 20b).
L ength  of th e  up p er lobe less than  £ the distance from  
the  tip  of the  snout to the beginning of the  caudal. 
(Fig. 21a).

Teeth: Tooth m arg ins coarsely serrated . (Fig. 9a).
D ental form ula:

12 to 15 —  0 or 1 — 12 to 15
12 to 14 —  1 or 2 —  12 to 14

Colour: Deep blue above becom ing black on death, w hite 
beneath . The pectorals m ay be dusky  tipped.

Size: Said to reach  20 feet in length  bu t there  is no positive 
evidence for this. I t does, how ever, reach a length  of 13 feet.

Habitat: Found in tropical to w arm  tem perate  offshore w aters 
n ear the  surface.

Locality: O ff the  east and  w est coasts of South  A frica w here 
it is p robably  one of the  m ost abundan t offshore species. 
I t  is w idely  d is trib u ted  in all oceans, being found off the 
east coast of A m erica from  N ew foundland to Brazil, off 
th e  w est coast of A m erica n ear C alifornia, Chile, H aw aii 
and  off Jap an  and  A ustralia .

Season: O wing to the  lack of reg u la r offshore shark -catch ing  
activ ities th e  exact season in  the  D urban  area is not known.

Development: V iviparous— the unborn  young absorb nu trim en t 
from  th e ir  m other by m eans of a yolk sac placenta. T here 
m ay be from  28 to  58 young in a litte r  and  these are  born 
a t a  leng th  of no t less th an  20 inches.

Habits: Solitary . Said to be sluggish except w hen in pu rsu it 
of prey  w hen it is a strong, fast sw im m er. I t  usually  
feeds on sm all fish and squid bu t m ay cause considerable
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dam age to w hales k illed  by w haling ships. T here is no 
au then tica ted  evidence of th is species being responsible 
for a ttacks on hum ans, and  as these sharks do not come 
inshore it is m ost un likely  th a t they  a re  responsible for 
a ttacks on bathers.

C om m ercial im portance: The m eat is sm oked and  m ark e ted  in 
C alifornia. I t is also eaten  in Jap an  and Morocco.

Records:
In te rn a tio n a l G am e F ish  A ssociation:

A ll Tackle: 410 lbs. R. W ebster 1960 (U.S.A.)

GENUS: RHIZOPRIONODON

O nly one species has been found off South A frica.

11. RHIZOPRIONODON ACUTUS 

(A lso know n as Scoliodon w albeehm i)

(PLA TE 11)

Common Nam es:
M ILK SHARK, M ilky, Sharpnosed  Shark.

D escription:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
G ili slits: F ifth  gili s lit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
F irs t dorsal: M idpoint of base is as close (o r closer) to the 

pectorals as th e  pelvics. (Fig. 15b).
Second dorsal: Base less th a n  £ the  leng th  of th e  firs t 

dorsal base.
C audal: Not lunate , the  low er lobe being considerably 

sho rter th an  the  upper lobe. (Fig. 20b).
L ength  of upper lobe less th a n  £ the  d istance from  the
tip  of th e  snout to the  beginning of the  caudal. (Fig.
21a ).

T eeth : Cusps of th e  upper tee th  sm ooth-edged. (Fig. 10b). 
D en ta l form ula:

12 or 13 —  0 or 1 —  12 or 13
10 to  12 -------  2--------  10 to 12

Colour: L igh t to d a rk  g rey  above, w hite beneath . T here are  
no conspicuous m arkings.

Size: Specim ens seldom  reach  m ore than  3 feet in length. 
H ab ita t: Close inshore in  w arm  w aters.
Locality: Common off D urban . A lso caught off Lourenco 

M arques and probab ly  M adagascar. The d istribu tion  of 
th is species is p robab ly  fa irly  w ide b u t cannot be ascer­
ta in ed  un til its nom enclatu re has been settled .
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Season: C aught off D urban  th roughou t th e  year. G ravid
fem ales have been caught in May, Ju ly , A ugust and  Sep­
tem ber.

D evelopm ent: V iviparous— the unborn  young absorb n u trim en t 
from  th e ir  m other by m eans of a  yolk sac placenta. The 
litte rs  are  sm all, th e re  being 3 and 5 em bryos respectively 
in  each of th e  tw o grav id  fem ales exam ined. The young 
are  born  a t a leng th  of approxim ately  12 inches.

H abits: O ften  found in groups and  generally  active. They feed 
on sm all fish and  squid. Too sm all to inflict severe wounds 
on hum ans.

Com m ercial im portance: M ay be eaten.

Records:
N atal A ngling B oard  of Control:

55 lb. L ine Test: 10£ lbs. J. B larney 1953.
South  A frican  A nglers Union:

C aught by  m em bers from  shore: lOf lbs. J. O. Blarney.

GENUS: CARCHARHINUS

15 species belonging to th is genus are found off South Africa.

K ey to the Species

la  FIRST DORSAL noticeably large w ith  a  very  broadly
rounded apex ..............................  LONGIMANUS (12)

lb  FIR ST DORSAL w ith  a pointed or m oderately  rounded 
apex.
2a FIRST DORSAL w h ite -tip p ed  and  the en tire  tra i l­

ing  edge of caudals deep b la c k .....................................
SPALLANZANI (13) 

2b FIRST DORSAL m ay be w h ite -tipped  or not or the 
tra iling  edge deep black or not bu t these do not occur 
in com bination.
3a RIDGE on back betw een the  dorsal fins.

4a FIR ST DORSAL vertica l heigh t tw ice the 
len g th  of the  snout or m ore ... M ILBERTI (14) 

4b FIR ST DORSAL vertical heigh t less than  
tw ice th e  leng th  of the  snout.
5a SECOND DORSAL low, its posterior 

m arg in  alm ost straight.
6a U PPER TEETH consist of narrow

cusps on broad bases AHENEA (15)
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6b U PPER  TEETH triangu lar, the 
cusps not d istinct from  th e ir  bases.
7 a SNOUT broadly  rounded

a t tip  OBSCURUS (16)
7b SNOUT pointed or narrow ly

rounded a t t i p ..........................
FALCIFORM IS (17) 

5b SECOND DORSAL erect, its posterior 
m arg in  concave.
8a NASAL FLA P long ... ALTIMUS (18)
8b  NASAL FLA P sho rt ...............

GALAPAGENSIS (19) 
3b NO RIDGE on back betw een dorsal fins.

9a SNOUT very  short and  blunt.
10a T IPS  of all fins deep b lack  ...............

M ELANOPTERUS (20) 
10b T IPS  of fins m ay be d ark  b u t not 

deep black.
I l a  FIR ST DORSAL vertical height 

less th an  3¿ tim es th a t of second
dorsal   LEUCAS (21)

l i b  FIR ST DORSAL vertica l height 
m ore th a n  3 J tim es th a t of second 
dorsal AM BOINENSIS (22)

9b SNOUT long to m oderately  long.
12a SNOUT m odera tely  rounded  a t tip.

13a SECOND DORSAL erect, its 
posterior m arg in  concave

TJU TJO T (23) 
13b SECOND DORSAL low, its

posterior m arg in  alm ost s tra ig h t
AHENEA (15) 

12b SNOUT pointed or n arrow ly  rounded 
a t tip.
14a SECOND DORSAL erect, its 

posterior m arg in  deeply concave
LIM BATUS (24) 

14b SECOND DORSAL low, its
posterior m arg in  alm ost s tra igh t

M ACULIPINNIS (25)
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12. CARCHARHINUS LONGIMANUS

(A lso know n as P terolam iops m agnipinnis)

(PLA TE 12)

Common N am e:
W HITE TIPPED  SHARK, R equin Canal.

D escription:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
F irs t dorsal: N oticeably la rge  w ith  a very  broadly  rounded 

apex. (Fig. 16a).
M idpoint of the  base is as close (o r closer) to the 
pectorals as the  pelvics. (Fig. 15b).

C audal: N ot lunate , the  low er lobe being considerably 
sh o rte r th a n  the  upper lobe. (Fig. 20b).
L eng th  of the  upper lobe less th a n  £ the  distance from  
th e  tip  of the  snout to  the  beginning of the  caudal. 
(Fig. 21a).

Teeth : Cusps of the  upper tee th  a re  se rra ted  as w ell as 
the bases. (Fig. 10a).

D ental form ula:
14 or 15 —  1 or 2 — 13 to 15
13 or 14 —  1 or 2 —  13 or 14

Colour: G rey to b row n above, o ff-w hite  beneath. In  adu lts 
the  firs t dorsal, low er caudal and pectoral fins are 
tipped  w ith  w hite bu t in young specim ens the fins are 
tipped  w ith  dark  grey or black.

Size: Reaches a t least 13 feet in  length.
H ab ita t: This species is found n ear the  surface in deep w ater.

It is seldom  found in less than  100 fathom s of w ater.
Locality: Specim ens have been caught a t the  surface ap p rox ­

im ately  40 m iles east of D urban  and  off Lourenco M arques. 
A cosm opolitan species, it also occurs in the M editerranean, 
Red and  A ustra lian  Seas and  the tropical and sub-trop ical 
A tlantic, Pacific and  Ind ian  Oceans.

Séason: O wing to lack of reg u la r offshore shark -catch ing
activ ities the  exact season off D urban  is not known.

D evelopm ent: V iviparous— the tm born  young absorb n u trim en t 
from  th e ir  m other by m eans of a yolk  sac placenta. T here 
are  6 to 9 young in a li tte r  and  these are born a t approx­
im ately  27 inches in length.

H abits: Because th is species is found so fa r  offshore, little  
is know n of its habits. H ow ever, it is probably solitary  
and  active. I t  feeds on both  la rge  and sm all fish and is
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also said to feed on tu rtles. Said to a ttack  hum ans but 
th e re  is no defin ite  evidence. As it does not come inshore 
it is un likely  to be responsible for a ttacks on bathers.

Com m ercial im portance: H as not been used com m ercially.
Records: T here are  ap p aren tly  no official South A frican or 

In te rn a tio n a l records for th is species.

13. CARCHARHINUS SPALLANZANI
(PLA TE 13)

Common Nam es:
BLA CK -TA ILED  GREY, B lack Shark, R equin  Bar.

D escription:
H ead: N orm al, no t ham m ershaped . (Fig. 3a).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
F irs t dorsal: A pex poin ted  or m oderately  rounded. (Fig. 

16b).
M idpoint of base is as close (or closer) to the  pectorals 
as the  pelvics. (Fig. 15b).

Caudal: N ot lunate , the  low er lobe being considerably 
sho rter th an  th e  upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  J the  d istance from  
the tip  of the  snout to the  beginning of the  caudal. 
(Fig. 21a).

Teeth : Cusps of the  upper tee th  are se rra ted  as w ell as the 
bases. (Fig. 10a).

D ental form ula:
13 or 14 —  1 — 13 or 14
12 or 13 —  1 — 12 or 13

Colour: The colour is d istinctive for th is species in th a t the  
posterior p a r t of th e  low er caudal and  the  en tire  rea r 
m arg in  of the  upper and  low er caudal lobes are  deep 
black and  the  firs t dorsal is tipped  w ith  w hite. The 
body is grey  above, w hite beneath  but, w hen fresh ly  
caught, the  upper surface is bronze.

N ote: This species is m ost easily d istinguished  by the
w h ite -tip p ed  f irs t dorsal—black-edged  caudal colour
com bination.

Size: Reaches a t least 5£ feet in length.
H ab ita t: Found inshore in  w arm  shallow  w aters  w here  it m ay 

be  found in  th e  v ic in ity  of reefs. Also en te rs  deep w ate r 
w here  it is qu ite  com mon betw een  40 to 50 fathom s.

Locality: Specim ens have been recorded  from  M adagascar, the  
M auritius-Seychelles area, B azaru to  and  Sordw ana Bay. 
I t  is un likely  th a t th is  species is found as fa r  south as 
D urban.
I t is found in th e  Red Sea as w ell as the  Ind ian  Ocean.
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Season: The only specim en obtained  a t this In stitu te  was
speared  a t Sordw ana Bay in Jan u ary .

Development: P robab ly  viv iparous— the unborn  young absorb 
n u trim en t from  th e ir  m other by m eans of a yolk sac 
p lacenta. T here m ay be 1 to 4 young in  a litte r  and  it is 
likely  th a t the  num ber of young in a litte r  increases w ith  
the  size of the  m other. The young are  born  a t a leng th  of 
20 to 28 inches.

Habits: U nlike m ost sharks, th is species is said to be m ore 
active du ring  the  day. I t is a strong figh ter w hen hooked. 
I t feeds on both surface and  bottom -dw elling  fish and on 
squid and  octopus.

Commercial importance: I t is not know n w hether the  flesh of 
th is sh ark  is m arketed .

Records: T here a re  ap p aren tly  no official South A frican or 
In te rn a tio n a l angling records for this species.

14. CARCHARHINUS MILBERTI

(PLA TE 14)

Common Names:
SANDBAR SHARK, B row n Shark.

Description:
Head: N orm al, no t ham m ershaped. (Fig. 3a).
G ili slits: F ifth  gili slit above the pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: P resen t on the  back betw een the dorsal fins. (Fig. 

14a).
F irs t dorsal: V ertical heigh t tw ice the length  of the snout or 

more.
A pex pointed or m oderately  rounded. (Fig. 16b). 
M idpoint of the base is as close (or closer) to the
pectorals as the  pelvics. (Fig. 15b).

C audal: Not lunate , the low er lobe being considerably 
shorter than  the  upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  i  the distance from  
the tip  of the snout to the beginning of the caudal. 
(Fig. 21a).

T eeth: Cusps of the  upper tee th  are se rra ted  as well as 
the bases. (Fig. 10a).

D ental form ula:
14 to 16 — 1 or 2 — 14 to 16
12 to 15 ------  1   12 to 15

Colour: G rey to brow n above, o ff-w hite  beneath . There 
are  no conspicuous m arkings.
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Size: M ay reach 8 feet in length.
Habitat: Found in w arm  w aters. This is an  inshore species 

w hich en ters  bays and  riv e r m ouths, som etim es coming 
r ig h t into very  shallow  w ater. Except in shallow  w ater it 
ra re ly  occurs n ear the  surface.

Locality: C aught off D urban. Also found off M adagascar,
M auritius and the  Seychelles as w ell as off the east coast 
of A m erica from  New England  to Brazil, in the M ed iter­
ranean- Sea and off the  w est coast of Africa.

Season: Only 3 specim ens have been obtained, one of which 
was caught in A pril w hile the  o ther tw o w ere caught in 
D ecem ber.

Development: Probably  viv iparous— the unborn  young absorb 
n u trim en t from  th e ir  m other by m eans of a yolk  sac 
p lacenta. The gestation  period is estim ated  as 8 - 1 2  
m onths. T here m ay be 1 to 27 young in a  litte r. They 
are  born a t approx im ate ly  24 inches in length.

Habits: M ainly so litary  bu t m ay congregate in schools a t times. 
Said to be m ore active a t n igh t and feed m ainly on sm all 
bottom  fish and  inverteb rates.

Commercial importance: V itam in A m ay be obtained  from  
the liver oil and good quality  lea ther from  the  skin.

Records: T here are  ap p aren tly  no official South A frican or 
In te rn a tio n a l angling records for this species.

15. CARCHARHINUS AHENEA 

(A lso known as Carcharhinus improvisus)

(PLA TE 15)

Common Names:
BRONZE SHARK, Bronze W haler, Spear-eye, Spierhaai, 
Requin.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
Snout: M oderately long and rounded a t the tip. (Fig. 5b). 
G ili slits: F ifth  gili slit above the pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: M ay or m ay not be p resen t on the back betw een the 

dorsal fins. (Fig. 14).
F irst dorsal: V ertical height less than  tw ice the  leng th  of 

the  snout.
Apex pointed or m oderately  rounded. (Fig. 16b). 
M idpoint of base is as close (or closer) to the pectorals 
as the pelvics. (Fig. 15b).
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Second dorsal: Low (Fig. 18b), its posterior margin almost 
straight. (Fig. 19b).

Caudal: Not lunate, the lower lobe being considerably
shorter than the upper lobe. (Fig. 20b).
Length of the upper lobe less than ¿ the distance from 
the tip of the snout to the beginning of the caudal. 
(Fig. 21a).

Teeth: Cusps of the upper teeth serrated as w ell as the 
bases. (Fig. 10a).
Upper, as w ell as lower, teeth consist of narrow cusps 
on broad bases. (Fig. 8a).

Dental formula:
15 or 16 — 2 — 15 or 16
14 or 15 — 1 — 14 or 15

Colour: When fresh, bronze above and cream beneath.
Later becomes grey-brown above and off-w hite  
beneath. There are no conspicuous markings.

Size: The largest specimen recorded was 9 feet in length.
H abitat: Found offshore in warm seas.
Locality: Rare off Durban but more common in the Port Eliza­

beth area. Also found in False Bay in the Cape, off the 
Seychelles, Australia and the Philippines.

Season: The only specimen obtained off Durban was a gravid 
female caught in March.

D evelopm ent: Viviparous—the unborn young absorb nutriment 
from their mother by means of a yolk sac placenta. There 
may be 10 to 20 young which are born at a length of 
approximately 24 inches.

H abits: Solitary or found in small groups. Said to be a strong 
fighter when hooked. Feeds on fish (including bottom- 
dwelling fish), small sharks and squid.

Com m ercial im portance: Apparently none.
Records: There are apparently no official South African or

International angling records for this species.
The 364 lb. and 722 lb. “Square-nose” specimens caught 

by D. E. Damp and G. J. Schmidt are incorrectly recorded 
by the South African Anglers Union as Smith No. 6a.

16. CARCHARHINUS OBSCURUS

(PLATE 16)

Common Names:
DUSKY SHARK, Ridge-Backed Grey, Lazy Grey, Brown 
Shark (Cape Town), Shovelnose (U .S.A.), Farqueita, 
Tiburon.
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Description:
Head: Normal, not hammershaped. (Fig. 3a).
Snout: Broadly rounded at tip. (Fig. 6a).
Gili slits: Fifth gili slit above the pectoral fin. (Fig. 13a). 
Spiracle: Absent. (Fig. 12a).
Ridge: Present on back between the dorsal fins. (Fig. 14a). 
First dorsal: Vertical height less than twice the length of 

the snout.
Apex pointed or moderately rounded. (Fig. 16b). 
Midpoint of base is as close (or closer) to the pectorals 
as the pelvics. (Fig. 15b).

Second dorsal: Low (Fig. 18b) its posterior margin almost 
straight. (Fig. 19b).

Caudal: Not lunate, the lower lobe being considerably
shorter than the upper lobe. (Fig. 20b).
Length of the upper lobe less than \  the distance from 
the tip of the snout to the beginning of the caudal. 
(Fig. 21a).

Teeth: Cusps of upper teeth serrated as well as the bases. 
(F ig 10a).
Upper teeth  triangu lar, the cusps not d istinct from  the 
bases. (Fig. 10a).

Dental formula:
14 or 15 — 2 — 14 or 15 
13 to 15 — 1 —  13 to 15 

Colour: Grey to grey-brown above and white to off-w hite  
beneath. Adults usually appear darker than juveniles. 
The fins are dusky-tipped.

Size: Reaches 12 feet in length and is reputed to grow longer 
although there is no positive evidence for this.

Habitat: A warm water shark which is found both inshore and 
offshore.

Locality: Off Durban specimens of less than 4 feet are common 
in the Umgeni mouth area and along the coast, while 
females of over 10 feet are caught in the shark nets and 
from the South Pier. The intermediate sizes, however, are 
rare and no adult males have been recorded at this Institute. 
This species is also found in tropical and sub-tropical 
waters off the east coast of Africa, Madagascar and both 
sides of the Atlantic.

Season: Caught off Durban mainly between July and December. 
Specimens have also been obtained in January, April and 
June. Gravid females have been caught in April, Sep­
tember (1 in each) and 2 in December.

Development: Viviparous— the unborn young absorb nutriment 
from their mother by means of a yolk sac placenta. There 
may be 9 to 12 young (usually 10) which are born at a 
length of approxim ately.36 inches. As adult females, some of
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w hich are  gravid , and  very  young specim ens are  common 
in D urban , w hile in term ed iate  sizes and  m ales are absent, 
it  is assum ed th a t th is  species drops its young n ear D urban.

Habits: Young specim ens usually  occur in groups a lthough the  
adu lts  m ay be so litary . Feeds on fish (including bottom - 
dw elling fish ), sharks and  squid.

Commercial importance: M ay be u tilized for leather.
Records:

N ata l A ngling B oard of C ontrol:
55 lb. L ine Test: 620 lbs. G. Ledingham  1956.
A ll Tackle: 720 lbs. T. Low 1946.

South A frican A nglers Union:
C aught by mem bers from  shore: 625 lbs. E. B. Downing. 
C aught by non-mem bers from  shore: 720 lbs. T. Low. 

Game F ish  Union of A frica:
130 lbs. Line T est: 257 lbs. T. D. van der Merwe 1962. 

N ote: A t least some of the  early  records for “B lack S h ark s” 
p robab ly  re fe r to  th is species.

17. CARCHARHINUS FALCIFORMIS

(PLA TE 17)

Common Name:
SILK Y  SHARK.

Description:
H ead: N orm al, no t ham m ershaped . (Fig. 3a).
Snout: Po in ted  or n arrow ly  rounded a t tip. (Fig. 6b).
G ili slits: F ifth  gili s lit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: P resen t on back betw een the dorsal fins. (Fig. 14a). 
F irs t dorsal: V ertical height less than  twice the  length  of 

the snout.
A pex pointed or m oderately  rounded. (Fig. 16b). 
M idpoint of base is as close (or closer) to the  pectorals 
as the  pelvics. (Fig. 15b).

Second dorsal: Low (Fig. 18b) its posterior m argin  alm ost 
stra igh t. (Fig. 19b).

C audal: Not lunate , the low er lobe being considerably 
sho rter th a n  the  upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  £ the distance from  
the  tip  of the  snout to the  beginning of the  caudal. 
(Fig. 21a).

T eeth : Cusps of up p er tee th  se rra ted  as w ell as the bases. 
(Fig. 10a).

U pper tee th  tr ian g u la r, the  cusps not d istinct from  the  
bases. (Fig. 8a).
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D ental form ula:
14 to 16 —  1 to 3 —  14 to 16
14 or 1 5 —  1 to 3 —  14 or 15

Colour: D ark  grey  above, o ff-w hite  beneath . The fins m ay 
be dusky-tipped .

Size: M ay reach  a leng th  of 10 feet.
Habitat: Found in  trop ical and  sub -trop ica l w aters. This is an 

offshore species bu t occasionally en ters  inshore w aters.
Young .specim ens m ay occur n ear shallow  offshore banks.

Locality: O nly one specim en has been obtained from  the  D urban  
area. Also found off W est A frica and from  D elaw are Bay 
in  the  U.S.A., to the  W est Indies.

Season: The only specim en exam ined a t th is In s titu te  w as 4 
feet in  leng th  and  w as caught in Septem ber.

Development: The young are  born  a t approx im ately  30 inches 
in  length. No fu r th e r  details of the developm ent of this 
species have been obtained.

Habits: N othing defin ite know n of its hab its  or diet.
Commercial importance: Used for le a th er and  V itam in A.
Records: T here are  apparen tly  no official South A frican or 

In te rn a tio n a l records for th is species.

18. CARCHARHINUS ALTIMUS

(PLA TE 18)

Common Name:
BIGNOSE SHARK.

Description:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
N asal flap: Long. (Fig. 7a).
G ili slits: F if th  gili s lit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
R idge: P resen t on the  back  betw een the  dorsal fins. (Fig. 

14a).
F irs t dorsal: V ertical height less th an  tw ice the  leng th  of 

th e  snout.
A pex poin ted  or m oderately  rounded. (Fig. 16b). 
M idpoint of base is as close (o r closer) to th e  pectorals 
as the  pelvics. (Fig. 15b).

Second dorsal: E rect (Fig. 18a), its posterior m arg in
concave. (Fig. 19a).

C audal: N ot lunate , the  low er lobe being considerably 
sho rter th an  the  upper lobe. (Fig. 20b).
L eng th  of th e  upper lobe less th an  £ th e  distance from  
th e  tip  of the  snout to the  beginning of the  caudal. 
(Fig. 21a).
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Teeth: Cusps of the upper teeth serrated as well as the 
bases. (Fig. 10a).

Dental formula:
14 to 16 — 1 or 2 —  14 to 16
14 or 15   1 ------  14 or 15

Colour: Light grey above, off-w hite beneath. The fins may 
be dusky-tipped.

Size: This species may reach over 11 feet in length.
H abita t: Towards the edge of continental shelves in tropical 

and sub-tropical waters.
Locality: This species has been caught in 50fa thom s off Durban 

where specimens of less than 5 feet in length are not un­
common. Also found off Madagascar, West Africa and in 
the West Indian region.

Season: Owing to the lack of regular fishing activities in this 
area no exact season is known. In three years, however, 
all specimens obtained at this Institute were caught between  
the months of July and November. No gravid females have 
been obtained.

D evelopm ent: There are 6 to 8 young in a litter and they are 
born at a length of approximately 26 inches. No further 
details of the development have been obtained.

H abits: Feeds largely on fish and small sharks.
Com m ercial im portance: May be utilised for leather and Vita­

min A.
Records: There are apparently no official South African or

International angling records for this species.

19. CARCHARHINUS GALAPAGENSIS

(PLATE 19)

Common N am e:
GALAPAGOS SHARK.

D escription:
Head: Normal, not hammershaped. (Fig. 3a).
Nasal flap: Short. (Fig. 7b).
Gili slits: Fifth gili slit above the pectoral fin. (Fig. 13a). 
Spiracle: Absent. (Fig. 12a).
Ridge: Present on the back between the dorsal fins. (Fig. 

14a).
First dorsal: Vertical height less than twice the length of 

the snout.
Apex pointed or moderately rounded. (Fig. 16b). 
Midpoint of base is as close (or closer) to the pectorals 
as the pelvics. (Fig. 15b).

Second dorsal: Erect (Fig. 18a), its posterior margin con­
cave. (Fig. 19a).
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C audal: Not lunate , the  low er lobe being considerably
shorter th an  the upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  ¿ the d istance from  
the  tip  of the  snout to the  beginning of the  caudal. 
(Fig. 21a).

T eeth: Cusps of the  upper tee th  se rra ted  as w ell as the 
bases. (Fig. 10a).

D en ta l form ula:
14 — 1 —  14
14 __ 1 __ 14 bu t m ay v ary  slightly.

Colour: G rey above, o ff-w hite  beneath. O ften m ottled  w ith  
grey. The fins m ay be dusky-tipped .

Size: A tta ins a leng th  of 11 feet or more.
Habitat: This species is typ ically  found in w arm  w aters su r­

rounding  oceanic islands of volcanic origin. U sually found 
3 to 10 feet above the  sea bottom .

Locality: The only know n locality  off the east coast of South 
A frica is in the  region of th e  W alters Shoal in the South 
M adagascar Ridge. I t is also found in the  easte rn  Pacific in 
th e  v icin ity  of the  R evilla Gigedo, C lipperton, Coco and 
G alapagos Islands off the w est coast of C entral Am erica.

Season: O nly 4 specim ens have been obtained by this In stitu te  
and  these w ere caught on the  W alters Shoal in F eb ruary  
1963.

Development: No account of the  developm ent of this species 
has been  obtained.

Habits: A lthough often  p resen t in la rge  num bers, th e re  appears 
to be no schooling behaviour. Said to feed a t the surface 
and  a t m idw ater bu t not on the sea bottom  w here they  
often  swim. M ay act aggressively tow ards divers.

Commercial importance: Probab ly  do not occur in sufficient 
num bers w ith in  reach  of sh ark  fisheries to be of m uch 
im portance.

Records: T here are  no official South A frican or In tern a tio n a l 
angling records for th is species.

20. CARCHARHINUS MELANOPTERUS

(PLA TE 20)

Common names:
BLACK SHARK, B lackfin  S hark , Nilow, R equin noir. 

Description:
H ead: N orm al, no t ham m ershaped. (Fig. 3a).
Snout: S ho rt an d  b lun t. (Fig. 5a).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
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Ridge: No ridge on the back betw een the dorsal fins. (F ig 
14b).

F irs t dorsal: A pex pointed or m oderately  rounded. (Fig. 
16b). M idpoint of base is as close (or closer) to the 
pectorals as th e  pelvics. (Fig. 15b).

C audal: Not lunate , the low er lobe being considerably
sho rter th a n  the  upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  \  the distance 
from  the  tip  of the  snout to the beginning of the 
caudal. (Fig. 21a).

T eeth : The cusps of the  upper tee th  are serra ted  as well 
as th e  bases. (Fig. 10a).

D en tal form ula:
13   2   13

-y2   1   12 bu t m ay vary  slightly.

Colour: The colour is characteristic  of th is species in th a t 
the  tips of all the  fins are  d ark  black. The low er caudal 
lobe m ay be alm ost en tire ly  black.

Size: Seldom  exceeds 5 feet in length.

Habitat: Found in w arm  w aters, both  shallow  (in the vicinity  
of coral reefs and  inside harbou rs) and deep, w here it is 
often  found a t 25 fathom s.

Locality: The only specim en exam ined  a t th is In stitu te  was 
caught a t B azaru to  and it seems unlikely  th a t this species 
occurs as fa r  south as D urban. I t is likely  th a t the “Black 
S h ark s” repea ted ly  recorded before W orld W ar II w ere 
w hat are know n today as “G rey S h ark s”, viz. R idge- 
backed-grey ( Carcharhinus obscurus) and Slipway-grey or 
Zambezi Sharks (Carcharhinus leucas). I t  is found off the 
trop ical east coast of A frica, M adagascar, H aw aiian Islands, 
w estern  Pacific and  A ustralia.

Season: Only one specim en has been obtained by this Institu te . 
I t w as caught off B azaruto in N ovem ber 1960.

Development: T here are  2 to 4 young in a litte r  and these are 
born  a t 18 to 20 inches in length.

Habits: Said to be m ig rato ry  and to swim strongly. Feeds on 
fish. Is said to be aggressive and a nuisance to shell 
collectors n ear coral reefs.

Commercial importance: Too sm all to be of com m ercial im por­
tance off M adagascar. Its im portance elsew here is not 
know n.

Records: The N atal A ngling B oard of Control and  South A frican 
A nglers Union records fo r th is  species probably apply to 
C. obscurus and possibly C. leucas (see locality notes).
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21. CARCHARHINUS LEUCAS
(Also know n as C archarh inus zam bezensis and  C archarhinus

vanrooyeni)
(PLA TE 21)

Common Nam es:
ZAM BEZI SHARK, Shovelnose G rey, S lipw ay G rey 
(.D urban), B ull Shark , Cub Shark , G round Shark, R iver 
Shark , Lake N icaragua Shark , V an Rooyen’s Shark, 
S quare-nose Shark .

D escription:
D ead: N orm al, no t ham m ershaped. (Fig. 3a).
Snout: S hort and  b lun t. (Fig. 5a).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: No ridge on the  back betw een the dorsal fins. (Fig. 

14b).
F irs t dorsal: V ertical heigh t less th an  3¿ tim es th a t of the 

second dorsal.*
A pex pointed or m oderately  rounded. (Fig. 16b). 
M idpoint of base is as close (or closer) to the pectorals 
as the pelvics. (Fig. 15b).

C audal: N ot lunate , the low er lobe being considerably
sho rter th an  the  upper lobe. (Fig. 20b).
L ength  of the  upper lobe less than  £ the  distance from  
the tip  of the  snout to the beginning of the caudal. 
(Fig. 21a).

Teeth: Cusps of upper tee th  se rra ted  as w ell as the bases.
(Fig. 10a).

D ental form ula:
12 or 13 — 1 — 12 to 14 
12 or 13 - 1 or 2 - 12 or 13 

Colour: G rey above, o ff-w hite  beneath . The fins are
dusky-tipped , m ore dark ly  so in juveniles.

Size: Reaches 10 feet in  length. P robab ly  does not exceed 4501b.
H abitat: Found close inshore often in shoal w ater. They en ter 

harbours, estuaries and  m ay be found in  fresh  w ater.
Locality: Specim ens longer than  5 feet are  com mon off D urban  

w hile sm aller specim ens are  caught a t St. Lucia E stuary . 
It has been caught off the east coast of A frica from  the 
Zam bezi R iver to A lgoa Bay and has been reported  from  
Knysna. Small specimens have been caught over 300 miles 
from  the  sea in the Zambezi River. I t  is also found off 
M adagascar, A ustra lia  and in the w estern  A tlan tic  from  
Brazil to  th e  v icinity  of New York.

"This proportion is the featu re  which distinguishes C. 
amboinensis from  C. leucas.
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Season: Specim ens are  caught off D urban  throughout the  year, 
the catches being h igher betw een D ecem ber and M arch. 
The only g rav id  fem ale obtained by this In stitu te  was 
caught in Ju n e  1963.

Development: V iviparous— the unborn  young absorb nu trim en t 
from  th e ir  m other by m eans of a yolk sac placenta. T here 
are  5 or 6 young in a litte r  and they  are born a t a little  
m ore than  24 inches in  length.

Habits: Feeds on fish, o ther sharks, rays, squid, and is a
scavenger feeding on dead anim als and w hale m eat w ashed 
from  the shore. An aggressive species, has been proved 
responsible for an a ttack  on a hum an off the N atal South 
Coast and  is probably  responsible for m ost of the attacks 
in th is area.

Commercial importance: M ay be u tilized for fish meal, lea ther 
and liver oil.

Records:
The N atal A ngling B oard of Control:

55 lb. L ine Test: 518 lbs. G. Ledingham  1956.
All Tackle: 722 lbs. G. Schm idt 1950.

South  A frican  A nglers Union:
C aught by  m em bers from  shore: 364 lbs. D. E. Damp. 
C aught by non-m em bers from  shore: 722 lbs. G. J. 

Schm idt.
There is some doubt concerning the identification of the 
518 lb. and 722 lb. specimens as the Zambezi Shark (C. 
leucas ).

22. CARCHARHINUS AMBOINENSIS 
(A lso known as Carcharhinus zambezensis)

(PLA TE 22)
Common Name:

JA V A  SHARK.
Description:

H ead: N orm al, no t ham m ershaped. (Fig. 3a).
Snout: S ho rt and  blunt. (F ig  5a).
G ili slits: F ifth  gili slit above the pectoral fin. (Fig. 13a). 
Spiracles: A bsent. (Fig. 12a).
Ridge: No ridge on the  back betw een the dorsal fins. (Fig. 

14b).
F irs t dorsal: V ertical heigh t m ore than  3¿ tim es th a t of 

the  second dorsal.*
A pex poin ted  or m odera tely  rounded. (Fig. 16b).

*This p roportion  is the fea tu re  w hich distinguishes 
C. amboinensis from  C. leucas.
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M idpoint of base is as close (o r closer) to the  pectorals 
as the  pelvics. (Fig. 15b).

C audal: N ot lunate , the  low er lobe being considerably
sho rter th an  the upper lobe. (Fig. 20b). x  
L ength  of the upper lobe less th an  £ the distance from  
the  tip  of the snout to the beginning of the  caudal. 
(Fig. 21a).

Teeth: Cusps of upper tee th  se rra ted  as w ell as the bases.
(Fig. 10a).

D ental form ula:
12 or 13 — 1 — 12 or 13 

T T o r  12 — 1 — 11 or 12 
Colour: G rey  above, o ff-w hite  beneath . The fins are

dusky-tipped .
H ab ita t: Found in  w arm  w aters  and m ay come inshore. O th e r­

wise not know n.
Locality: This species has been caught in the  S w artkops R iver, 

Algoa Bay and  off D urban  and  W inklespruit. I t also occurs 
in the B atav ian  Seas and  off Java.

Season: Specim ens have been caught off D urban  in every  m onth 
except A pril, O ctober and  N ovem ber. T here have been no 
grav id  fem ales.

Development: No account of the  developm ent has been obtained. 
Habits: Feeds on fish, o ther sharks and squid.
Commercial importance: No records are available.
Records: T here are  no official angling records for th is species.

23. CARCHARHINUS TJUTJOT

(PLA TE 23)

Common Names:
BLA CKSPOT SHARK, Lesser B lack Shark , R equin nene 
pointe.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
Snout: Long and broadly  rounded a t the  tip. (Fig. 5b). 
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracles: A bsent. (Fig. 12a).
Ridge: No ridge on back betw een the dorsal fins. (Fig. 14b). 
F irs t dorsal: A pex pointed or m oderately  rounded. (Fig. 

16b).
M idpoint of base is as close (or closer) to the  pectorals 
as the  pelvics. (Fig. 15b).

Second dorsal: Erect, (Fig. 18a) its posterior m arg in
concave. (F ig  19a).
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C audal: N ot lunate , the low er lobe being considerably 
sho rter th an  the upper lobe. (Fig. 20b).
L ength  of the upper lobe less than  \  the distance 
from  th e  tip  of the snout to the beginning of the 
caudal. (Fig. 21a).

T eeth: The cusps of the  upper tee th  serra ted  as well as 
the  bases. (Fig. 10a).

D ental form ula:
11 to 13 — 2 or 3 — 11 to 13

T l to 13 ---- 1 ------  11 to 13
Colour: Pale grey above, w hite beneath. The apex of the 

second dorsal is black.
Size: These are sm all sharks and  it is un likely  th a t they reach 

4 feet in length.
Habitat: Found close inshore in w arm  w aters.
Locality: O ccasionally caught off D urban. Also found off

Z anzibar and  Bazaruto.
Season: Specim ens have only been caught off D urban during  

A ugust and  Septem ber. T here have been no gravid  fem ales.
Development: The young are  born  a t a leng th  g rea ter than  9 

inches. No fu r th e r  details of the developm ent have been 
obtained.

Habits: No account of its  habits or diet has been obtained. 
Commercial importance: P robab ly  m ark e ted  as food.
Records: Included in the records of the N atal A ngling Board 

of C ontrol is a 91b. specim en caught off the Seychelles. 
South  A frican A nglers Union:

C aught by m em bers from  shore: 9 lbs. A. R. Thorpe. 
The South  A frican A ng ler’s Union record this specim en as 
Sm ith  No. 7a. This is incorrect for the new  edition of 
Sm ith  “The Sea Fishes of Southern  A frica” in w hich no 
num ber is given for this species.

24. CARCHARHINUS LIMBATUS

(PLA TE 24)

Common Names:
BLACK FIN, Sm all B lack-tipped  Shark , Lesser B lack- 
tipped  Shark, Spierhaai.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
Snout: Long to m odera tely  long and pointed or narrow ly  

rounded  a t tip. (Fig 6b).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: No ridge on back betw een dorsal fins. (Fig. 14b).
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F irs t dorsal: A pex pointed or m oderately  rounded. (Fig 
16b).
M idpoint of base is as close (or closer) to the  pectorals 
as the  pelvics. (Fig. 15b).

Second dorsal: E rect (Fig. 18a) its posterior m argin
concave. (Fig. 19a).

Caudal: Not lunate , the low er lobe being considerably
shorter th an  the  upper lobe. (Fig. 20b).
L ength  of the upper lobe less than  ¿ the distance 
from  the  tip  of the snout to the beginning of the 
caudal. (Fig. 21a).

Teeth: Cusps o f the upper tee th  serra ted  as w ell as the 
bases. (Fig. 10a).

D ental form ula:
15 or 16 - 2 or m ore - 15 or 16

_14 to 16  ' 14 to 16
Colour: G rey above, o ff-w hite  beneath. The fins a re  dusky- 

tipped, m ore dark ly  so in juveniles.
Size: Reaches 8 feet in length.
Habitat: Found in w arm  w aters both inshore and offshore.
Locality: C aught from  D urban  to K nysna. Also found in

tropical and  su b -trop ica l seas off M adagascar, the Canaries, 
Cape V erde Islands and W est A frica and in the  w estern  
A tlan tic  and  easte rn  Pacific Oceans.

Season: Specim ens have been caught off D urban th roughou t the 
year. G rav id  fem ales have been caught in August, Sep­
tem ber and  Novem ber.

Development: V iviparous— the unborn  young absorb n u trim en t 
from  th e ir m o ther by m eans of a yolk sac p lacenta. There 
m ay be 3 to 10 young in a litte r  and they are  born  a t a 
leng th  of about 27 inches.

Habits: These sharks often school; they are active and sw ift- 
sw im m ing and m ay leap out of the w ater. They feed on 
fish, sharks, rays and  squid.

Commercial importance: Can be eaten  and are used for hides 
and  oil.

Records:
N atal A ngling B oard of Control:

55 lb. L ine Test: 320 lbs. G. G erm ishuys 1949.
South A frican A nglers Union:

C aught by m em bers from  shore: 340 lbs. W. H. B erndt. 
The 735 lb. specim en caught by J. B. S teek is incorrectly  
recorded by the South  A frican A ng ler’s Union as a B lackfin, 
Sm ith  No. 5. This specim en has previously  been recorded 
as a  “Black S hark”, the identity  of which is probably the 
D usky Shark  (C. obscurus) — see locality notes of the  Black 
Shark (C. melanopterus).
N atal U nderw ater: 44 lbs. P. N. M alherbe.
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25. CARCHARHINUS MACULIPINNIS

(A lso known as Carcharhinus johnsoni)

(PLA TE 25)

Common Names:
BLACK TIPPED  SHARK, Long Nosed Grey, Long Nosed 
B lackfin, S harp -nosed  B lackfin, Requin nene pointe.

Description:
H ead: N orm al, not ham m ershaped. (Fig. 3a).
Snout: Long to  m odera tely  long and pointed to narrow ly  

rounded a t tip. (Fig. 6b).
G ili slits: F ifth  gili slit above the  pectoral fin. (Fig. 13a). 
Spiracle: A bsent. (Fig. 12a).
Ridge: No ridge on back betw een dorsal fins. (Fig. 14b). 
F irs t dorsal: A pex poin ted  or m oderately  rounded. (F ig 

16b).
M idpoint of base is as close (or closer) to the pectorals 
as the  pelvics. (Fig. 15b).

Second dorsal: Low (F ig  18b) its posterior m argin  alm ost 
straigh t. (Fig. 19b).

Caudal: Not lunate , the  low er lobe being considerably
shorter th an  the upper lobe. (Fig. 20b).
L ength  of the upper lobe less than  ¿ the distance 
from  the  tip  of the  snout to the beginning of the 
caudal. (Fig. 21a).

T eeth: Cusps of the upper tee th  se rra ted  as w ell as the 
bases. (Fig. 10a).

D ental form ula:
16 to 18 — 1 or 2 — 16 to 18
15 to 17 — 1 or 2 —  15 to 17

Colour: G rey above o ff-w hite  beneath . In  young specim ens 
th e re  are  no m arkings bu t in specim ens of betw een 2 
and  3 feet in leng th  the second dorsal becomes tipped  
w ith  b lack w hile th e  anal, low er caudal and pectoral 
fins are  dusky-tipped . In  specim ens of over 4 feet 
in leng th  the tips of the  second dorsal, anal, low er 
caudal and underside of the pectorals are black. The 
pelvics usually  have no m arkings.

Size: Specim ens m ay reach  9 feet in length.
Habitat: Found in w arm  w aters  apparen tly  both inshore and 

offshore.
Locality: C aught off D urban  b u t not abundant. Also found 

off P o rt E lizabeth, M adagascar, S ou thern  F lorida, Cuba 
and possibly P uerto  Rico.

Season: Specim ens have been caught off D urban in every
m onth  except F eb ruary . G ravid  fem ales have been caught 
in A pril and Septem ber.
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Development: V iviparous— the unborn  young absorb n u trim en t 
from  th e ir  m other by m eans of a yolk  sac placenta. T here 
m ay be 6 to 15 young in  a li tte r  and  they  are  born  a t 24 
to 31 inches in  length.

Habits: M ay be seen in schools, leaping a t the surface. I t  feeds 
on fish. O ther prey  have not been reported .

Commercial importance: M ay be u tilised  for fishm eal, hides 
and  liver oil.

Records:
N atal A ngling B oard of Control:

55 lb. L ine Test: 142 lbs. R. Heslop 1954.
South  A frican A nglers Union:

C aught by m em bers from  shore: 142 lbs. R. M. Heslop. 
N ata l U nderw ater: 64 lbs. G. Askew.

F A M IL Y : S P H Y R N ID A E

Key to the Species

la  CENTRE of an te rio r edge of ham m er not notched ...
SPHYRNA ZYGAENA (26) 

lb  CENTRE of an te rio r edge of ham m er notched
2a CUSPS of upper tee th  sm o o th -e d g e d ..........................

SPHYRNA LEWINI (27)
2b CUSPS of upper tee th  s e r r a te d .....................................

SPHYRNA MOKARRAN (28)

26. SPHYRNA ZYGAENA

(PLA TE 26)

Common Names:
HAMMERHEAD, B alance Fish, Cornuda.

Description:
H ead: H am m er shaped. (Fig. 3b).

C entre of an te rio r edge of ham m er not notched.
(Fig. 4b).

D ental form ula:
13 to  15 —  0 or 1 —  13 to 15
12 to 14 ------  1-------- 12 to 14

Colour: G rey above, w h ite  beneath . The fins m ay be
dusky-tipped .

Size: M ay reach  13 feet in  length.
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H abita t: A re found in  tropical to w arm  tem perate  seas and
m ay be found inshore b u t m ore com m only offshore.
U sually  sw im  n ear the  surface.

Locality: Specim ens have been obtained from  off Lourenco 
M arques, D urban  and  P o rt E lizabeth. I t is also found in 
trop ical and  w arm  tem pera te  w aters in the A tlan tic and 
Pacific Oceans.

Season: Specim ens have been caught off D urban  from  M ay to 
Jan u ary . No ad u lt specim ens have been obtained.

D evelopm ent: V iviparous— the unborn  young absorb n u trim en t 
from  th e ir m o ther by  m eans of a yolk sac placenta. There 
m ay be 29 to 37 young in a litte r. They are  born  a t about 
19 inches in  length.

H abits: This is a strong-sw im m ing species, w hich feeds on
fish, sharks, rays, crustaceans (crabs, etc.) and  squid. A t
least one H am m erhead  species is know n to a ttack  man.

Com m ercial im portance: M ay be used for fish meal, lea ther 
and  liv er oil.

Records: T here are  ap p aren tly  no official In tern a tio n a l angling 
records for th is species. The South A frican record ham m er­
head was m isidentified as the H am m erhead (S. zygaena) 
and is actually  the  G reat H am m erhead (S. mokarran).

27. SPHYRNA LEW INI 

(A lso confused w ith  Sphyrna zygaena)

(PLA TE 27)

Common Nam e:
BRONZE HAMMERHEAD.

D escription:
H ead: H am m ershaped. (Fig. 3b).

C entre of an te rio r edge of ham m er notched. (Fig. 
4a).

Teeth : Cusps of upper tee th  sm ooth-edged. (Fig. 10b). 
D en tal form ula:

15 or 16 —  0 to 2 —  15 or 16
15 or 16 —  1 or 2 —  15 or 16

Colour: Bronze w hen fresh, or grey above, w hite beneath. 
The pectorals and  low er caudal m ay be dark -tipped .

Size: Reaches a t least 10 feet in  length.

H ab ita t: A re found in  trop ical to w arm  tem perate  seas and 
m ay be found inshore and offshore. U sually  swim  near 
the  surface.
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Locality: In  D urban , m ales are  caught off the  South  P ie r w hile 
sm all specim ens a re  not Uncommon off the  U m geni 
m outh. This species is also found off M adagascar and  in the 
tropical and  w arm  tem p era te  w aters of the  A tlan tic  and 
Indo-Pacific  Oceans.

Season: Specim ens have been caught off D urban  from  M ay to 
Jan u ary . The m axim um  num ber of specim ens being caught 
in D ecem ber. No ad u lt fem ales have been obtained.

D evelopm ent: V iviparous— the unborn  young absorb n u trim en t 
from  th e ir  m other by m eans of a yolk  sac p lacenta. The 
num ber of young in  a litte r  is no t know n. A t b ir th  they 
m ay be about 15 inches in  length.

H abits: This is a fast-sw im m ing  species. I t feeds on fish,
crustaceans (crabs, etc.) and  squid. L arge specim ens also 
p robab ly  feed on o ther sharks and  rays. A t least one 
H am m erhead  species is know n to a ttack  m an.

Com m ercial im portance: P robab ly  used for fish m eal, lea ther 
and  liver oil as w ell as for food.

Records: No records have been claim ed for th is species.

28. SPHYRNA MOKARRAN

(PLA TE 28)

Common N am e:
GREAT HAMMERHEAD.

D escription:
H ead: H am m ershaped. (Fig. 3b).

C entre of an te rio r edge of ham m er notched. (Fig.
4a).
A dult specim ens can be d istinguished from  both
the  Bronze H am m erhead ( lewini)  and the H am m erhead 
(zygaena)  by m eans of the  very s tra ig h t ham m er the 
edges of which a re  on a level w ith, and no t behind the  
centre of the  ham m er. In  young specimens, however, 
the ham m er is very  sim ilar to  th a t  of the Bronze 
H am m erhead (lewini).

T eeth: Cusps of upper tee th  finely  serra ted . (Fig. 10a). 
D ental form ula:

17--------  2 or 3 ------  17
16 or 17 —  1 to  3 —  16 or 17 

Colour: V ery d ark  above, w h ite  beneath . H as also been 
described as “brow nish” and  “d ark  olive” above.

Size: Reaches a t least 15 feet in length.
H ab ita t: Found  in  trop ical to w arm -tem p era te  seas and  m ay be 

found bo th  inshore and  offshore. U sually  sw im s n ear 
th e  surface.
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Locality: In  the  D urban  a rea  th is species is no t uncom m on off 
the  Sou th  P ier, a lthough  only one specim en has been 
obtained  by th is In stitu te . Also found  off M adagascar 
and  in the  tropical and  subtropical areas of th e  A tlantic.

Season: The only specim en obtained  by  th is In s titu te  w as 
caught in  A ugust.

Development: V iviparous— th e  unborn  young absorb n u trim en t 
from  th e ir  m other by  m eans of a yolk sac placenta. T here 
m ay  be 30 to 38 young in  a litte r. T hey are  born  a t about 
24 inches in  length.

Habits: These are  strong-sw im m ing  sharks. T heir d ie t is 
probably sim ilar to  th a t of the Bronze H am m erhead (S. 
lewini) and  th e  H am m erhead (S. zygaena). A t least one 
H am m erhead species is known to a ttack  man.

Commercial importance: Some specim ens are  very  rich  in
V itam in A. Can also be u tilized fo r leather, fish-m eal, etc.

Records:
N ata l A ngling B oard  of Control:

55 lb. L ine Test: 295 lbs. G. Ledingham  1962.
A ll Tackle: 664 lbs. B. B laine 1936.

G am e F ish  Union of South  A frica:
130 lb. L ine Test: 664 lbs. B. B laine 1936.

(This sh a rk  was m isidentified as the Ham m erhead, S. 
zygaena).

2 0 8

48



(a )  L a te r a l  v ie w . T o ta l  le n g th  9 fe e t .

(b) V e n tra l v iew . T o ta l le n g th  9 fee t.

(c) T e e th  o f  le f t  s id e  of u p p e r  a n d  lo w e r  jaw s.

PLA TE 1 —  CARCHARIAS TAURUS.
THE RAGGED TOOTH SHARK
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(a) L a te ra l  v iew . T o ta l le n g th  2 fe e t 8 inches.

(b ) V e n tra l  v iew . T o ta l le n g th  2 fe e t 8 inches.

(c) T e e th  o f le f t  s ide  of u p p e r  a n d  lo w e r  jaw s. 

PLA TE 2 —  CARCHARIAS KAMOHARAI. MIZUWANI

0 5
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(a )  L a te r a l  v ie w . T o ta l  l e n g th  3 f e e t  10 in c h e s .

(b) V e n tra l  v iew . T o ta l le n g th  3 fe e t 4 inches.

(c) T e e th  of le f t  s id e  of u p p e r  a n d  lo w e r  ja w s . 

PLATE 3 —  ISURUS GLAUCUS. MAKO
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(a) L a te r a l  v iew . T o ta l le n g th  7 fe e t 3 inches.

i  -

(b) V e n tra l v iew . T o ta l le n g th  7 fe e t 3 inches.

(c) T e e th  of le f t  side of u p p e r  an d  lo w e r  jaw s.

P L A T E  4 —  C A R C H A R O D O N  C A R C H A R IA S . M A N E A T E R
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Ca) L a te ra l  v iew . T o ta l le n g th  12 fe e t 6 inches.

V

(c) T e e th  of le f t  s ide  of u p p e r  a n d  lo w e r  ja w s .

PLATE 5 —  ALOPIAS PELAGICUS. THRESHER SHARK
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(a) L a te ra l  v iew . T o ta l le n g th  5 fee t.

(b ) V e n tra l v iew . T o ta l le n g th  5 fe e t 6 inches.

(c) T e e th  of le f t  s id e  of u p p e r  an d  lo w e r  jaw s.

P L A T E  6 —  G A L E O R C E R D O  C U V IE R I. T IG E R  S H A R K
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( a )  L a te r a l  v ie w . T o ta l  l e n g th  4 f e e t  6 in c h e s

(b ) V e n tra l v iew . T o ta l le n g th  4 fe e t 6 inches.

,  „  .w , y  ^  ^ f  y r  y  y ,  y ,  y ,  y  y  ^  y

•»•. fo is  J H  ¿ fo *  J N l f e  « ä ^ lfc  ¿ ¡fo k  -dfc#» fo

(c) T e e th  of le f t  s id e  of u p p e r  a n d  lo w e r  jaw s.

P L A T E  7 —  G A L E O R H IN U S  G A L E U S . S O U P F IN  S H A R K
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( a )  L a te r a l  v ie w . T o ta l  l e n g th  4 fe e t .

(b) V e n tra l v iew . T o ta l le n g th  4 fee t.

(c) T e e th  of le f t  s ide  of u p p e r  a n d  lo w e r  jaw s.

PLATE 8 —  GALEORHINUS ZANZIBARENSIS.
ZANZIBAR SOUPFIN
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(a )  L a te r a l  v ie w .

PLATE 9 —  NEGAPRION ACUTIDENS. LEMON SHARK
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(a )  L a te r a l  v ie w . T o ta l  l e n g th  9 f e e t  4 in c h e s .

(b ) V e n tra l  v iew . T o ta l le n g th  9 fe e t 4 inches.

(c) T e e th  of le f t  s ide  of u p p e r  a n d  lo w e r  ja w s .

P L A T E  10 —  P R IO N A C E  G L A U C A . B L U E  S H A R K



(a )  L a te ra l  v iew . T o ta l le n g th  1 ft. 9 inches.

(b) V e n tra l v iew . T o ta l le n g th  2 fee t.

sm n  P m e. J h m  A »  dlhnt. JN * . *#»% <•*»% jN t*

TJT T|T Tjr 7JT

(c) T e e th  of le f t  s id e  of u p p e r  a n d  lo w e r  jaw s.

P L A T E  11 —  R H IZ O P R IO N O D O N  A C U T U S . M IL K  S H A R K
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( a )  L a te r a l  v ie w . T o ta l  l e n g th  5 fe e t .

(b ) V e n tra l  v iew . T o ta l le n g th  7 fe e t 8 inches.

a  a a A,.. -K A  ^  k  ^

(c) T e e th  of le f t  side of u p p e r  an d  lo w e r  jaw s.

PLATE 12 — CARCHARHINUS LONGIMANUS
WHITE TIPPED SHARK
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(a )  L a te r a l  v ie w . T o ta l  le n g th  4 f e e t  8 in c h e s .

(b) V e n tra l v iew . T o ta l le n g th  4 fe e t 8 in ch es.

(c) T e e th  of le f t  s id e  o f u p p e r  a n d  lo w e r  jaw s.

PLATE 13 —  CARCHARHINUS SPALLANZANI.
BLACK-TAILED GREY
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( a )  L a t e r a l  v ie w . T o ta l  l e n g th  6 fe e t .

(b) V entral v iew . T otal len g th  6 feet.

(c) T eeth  o f  le ft  sid e o f upper and low er jaws.

P L A T E  14 —  C A R C H A R H IN U S  M IL B E R T I. S A N D B A R  S H A R K
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(a ) L ateral v iew . T otal len gth  5 feet.

(b) V en tra l v iew . T otal len g th  5 feet.

(c) T eeth  o f  le ft  sid e o f upper and lo w er  jaw s.

P L A T E  15 —  C A R C H A R H IN U S  A H E N E A . B R O N Z E  S H A R K
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(a) L ateral v iew . Total length  5 fe e t  6 inches.

(b) V en tra l v iew . T otal length  5 fee t 6 inches.

(c) T eeth  of le ft  sid e of upper and lo w er  jaws.

PLA TE 16 —  CARCHARHINUS OBSCURUS.
RID GE-BACKED GREY
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(a) L ateral v iew . Total length  4 feet.

(b) V en tral v iew . T otal len gth  4 feet.

(c) T eeth  o f  le ft  sid e of upper and lo w er  jaws.

PLATE 17 —  CARCHARHINUS FALCIFORMIS. SILKY SHARK
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(a) L atera l v iew . Total len g th  4 feet.

Æ  ,

(b) V entral v iew . T otal length  4 feet.

A  A

(c) T eeth  o f le ft  side of upper and lo w er  jaws.

P L A T E  18 —  C A R C H A R H IN U S  A L T IM U S . B IG N O S E  S H A R K
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(a )  L a t e r a l  v ie w . T o ta l  l e n g th  3 fe e t .

(b) Ventral view. Total length 3 feet.

(c) T eeth  of le ft  side of upper and lo w er  jaws.

PLATE 19 —  CARCHARHINUS GALAPAGENSIS.
GALAPAGOS SHARK
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\tl. >ew. "•»'RflWiJ’.l!11

(a) Lateral v iew .

(c) T eeth  of le ft  side of upper jaw.

PLATE 20 —  CARCHARHINUS MELANOPTERUS.

BLACK SHARK

2 2 8
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(a) L ateral v iew . Total length  6 feet.

(b) V en tra l v iew . Total len gth  6 feet.

(c) T eeth  of le ft  sid e of upper and lo w er jaw s.

P L A T E  21 —  C A R C H A R H IN U S  L E U C A S . Z A M B E Z I S H A R K
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(a) L atera l v iew . T otal len gth  4 fee t 7 inches.

(b) V entral v iew . Total length  4 fee t 7 inches.

(c) T eeth  of le ft  side of upper and lo w er  jaws.

P L A T E  22 —  C A R C H A R H IN U S  A M B O IN E N S IS . JA V A  S H A R K
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(a) L ateral v iew . Total length  2 fee t 9 inches.

(b) V entral v iew . T otal len g th  2 fee t 9 inches.

(c) T eeth  of le ft  side of upper and lo w er jaws.

P L A T E  23 —  C A R C H A R H IN U S  T J U T J O T . B L A C K S P O T  S H A R K
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(a )  L a te r a l  v ie w . T o ta l  l e n g th  4 f e e t  6 in ch es .

(b) V entral v iew . T otal len gth  5 feet.

(c) T eeth  o f le ft  side o f upper and low er jaws.

P L A T E  24 —  C A R C H A R H IN U S  L IM B A T U S . B L A C K  F IN



(a )  L a te r a l  v ie w . T o ta l  l e n g th  6 fe e t .

(b) V en tra l v iew . T otal length  6 feet.

"ny»"

..,.4, ,»&£* ".Jfcx" #í- 'V̂H: «Mite. ^  mA* «A* .t*

j*rm

(c) T eeth  o f le ft  side of upper and lo w er jaw s.

PLA TE 25 —  CARCHARHINUS MACULIPINNIS.
BLA C K -TIPPED  SHARK

73

233



( a )  L a te r a l  v ie w . T o ta l  l e n g th  2 f e e t  6 in ch es .

(.b) V e n tra l v iew . T o ta l le n g th  3 fee t.

*00̂  ^00 ^00 ’̂ §0'

.-i#*";* íiá̂ í '•*!%*- «iPifc MiPü* 4̂ ''í, íŜ \

(c) T e e th  of le f t  s ide  of u p p e r  a n d  lo w e r  jaw s. 

PLA TE 26 —  SPHYRNA ZYGAENA. HAMMERHEAD
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(a ) L a te ra l  v iew . T o ta l le n g th  4 fe e t 6 inches.

(b ) V e n tra l v iew . T o ta l le n g th  3 fe e t 6 inches.

4P**' «p*- **0* ~*y**

-»•* «A » '4 ^ 4 '  ià^Ç fe  *rJ^Sf> « s l ^ »  t j h ,  *,

(c) T e e th  of le f t  s id e  o f u p p e r  an d  lo w e r  jaw s.

P L A T E  27 —  S P H Y R N A  L E W IN I. B R O N Z E  H A M M E R H E A D
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(a) L a te ra l  v iew . T o ta l le n g th  9 fe e t 8 inches.

(b) V e n tra l v iew . T o ta l le n g th  9 fe e t 8 inches.

Jhfc Jk*i- .It., Á-v Jfe I*,

(c) T e e th  of le f t  s ide  of u p p e r  a n d  lo w e r  jaw s.

P L A T E  28 —  S P H Y R N A  M O K A R R A N . G R E A T  H A M M E R H E A D
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Fig. 3a— H E A D : N o rm al, n o t 
h a m m e rsh a p e d .

F ig . 3b—H EA D : H a m m e rsh a p e d .

N o tch

V

Fig . 4a—H EA D : C e n tre  of a n te r io r  
edge  of “h a m m e r” no tched .

F ig . 4b— H EA D : C e n tre  of a n te r io r  
edge  of “h a m m e r” n o t n o tch ed .

F ig . 5a— SN O U T, sh o rt. F ig . 5b— SN O U T, long.
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Fig. 6a— SN O U T: B ro a d ly  ro u n d e d  
a t  tip .

F ig . 6b—SN O U T: P o in te d  a t  tip .

N asa l f lap

F ig . 7a—N O S T R IL  w ith  lo n g  
n a s a l  flap .

B ase

C usp

F ig . 8a—T E E T H : U p p er, as w e ll 
a s  lo w er, te e th  co n s is t of n a r ro w  

cusps on b ro a d  bases.

N asa l f la p

Fig . 7b— N O S T R IL  w ith  sh o r t 
n a s a l  flap .

F ig . 8b—T E E TH : U p p e r  te e th
t r ia n g u la r ,  th e  cusps n o t d is tin c t 

f ro m  th e ir  bases.
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Fig. 9a— T E E TH : T o o th  m a rg in s  F ig . 9b—T E E TH : T o o th  m a rg in s
c o a rse ly  s e r r a te d .  sm ooth .

B ase

C usp

B ase

C usp

Fig. 10a—T E E TH : C usps of u p p e r  F ig . 
te e th  s e r r a te d  as w e ll a s  b ases .

10b—TE E TH : C usps of u p p e r  
te e th  sm oo th -edged .

Cusp

B ase B a sa l d en tic le s

C usp

B ase

Fig . I l a —T E E T H : A  s m a ll b asa l 
d en tic le  p re s e n t  on  e a c h  side  of 

th e  cusp.

F ig . l i b — T E E TH : No sm a ll b a s a l 
d e n tic le  on  each  s id e  of th e  cusp.
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S p ira c le

F ig . 12a— S P IR A C L E : A bsen t. F ig . 12b— S PIR A C L E : P re se n t.

\

F ig . 13a— F IF T H  G IL L  s lit above 
th e  p e c to ra l fin .

F ig . 13b—F IF T H  G IL L  s li t  in  
f ro n t  of p e c to ra l fin .

R idge

F ig . 14a— R ID G E : P re s e n t on  b ac k  F ig . 14b— No R idge on  b ac k
b e tw e e n  th e  d o rsa l fin s. b e tw e e n  d o rsa l fins.

F ig . 15a— F IR S T  D O R SA L : M id­
p o in t o f b ase  co n s id e rab ly  n e a r e r  
th e  p e lv ic s  th a n  th e  p ec to ra ls .

F ig. 15b—F IR S T  D O R SA L: M id ­
p o in t of b ase  as close (o r  c lo ser) 
to  th e  p e c to ra ls  as th e  pelv ics .
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F ig. 16a— F IR S T  D O R SA L : 
N o tic ea b ly  la rg e  w ith  a v e ry  

b ro a d ly  ro u n d e d  apex .

Fig . 16b—F IR S T  D O R SA L : A pex  
p o in te d  o r  m o d e ra te ly  ro u n d ed .

F ig . 17a—F IR S T  D O R SA L : H igh.

Tig. 18a— S EC O N D  D O R SA L : E rect.

F ig . 19a —  SEC O N D  D O R SA L : 
P o s te r io r  m a rg in  concave .

F ig . 17b—F IR S T  D O R SA L : Low .

Fig . 18b— SEC O N D  D O R SA L : L ow .

F ig . 19b —  SEC O N D  D O R SA L : 
P o s te r io r  m a rg in  a lm o s t s tra ig h t.
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F ig . 20a— C A U D A L : L u n a te , th e  
lo w e r  lo b e  b e in g  a lm o st a s  long  

a s  th e  u p p e r  lobe.

F ig . 20b— C A U D A L: N ot lu n a te , 
th e  lo w e r lobe  b e in g  c o n s id e r­
ab ly  s h o r te r  th a n  th e  u p p e r  lobe.

Fig. 21a— C A U D A L: L e n g th  of 
u p p e r  lo b e  le ss  th a n  h a lf  th e  
d is tan c e  f ro m  th e  tip  o f th e  sn o u t 
to  th e  b e g in n in g  of th e  caudal.

F ig . 21b— C A U D A L: U p p e r lobe 
v e ry  long  b e in g  eq u a l in  le n g th  to  
th e  d is ta n c e  fro m  th e  tip  of th e  
sn o u t to  th e  b eg in n in g  of th e  

caudal.

F ig . 22a— K E E L S : P re s e n t.  F ig . 22b— K E EL S : A b sen t.
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A  Carchariid Shark new to South African Waters

Introduction
In December, 1961 a mature male specimen of total length 814 mm. belonging 
to the genus Carcharias was obtained by the Division of Sea Fisheries, Cape 
Town, and was sent to this Institute for further identification.

The characteristics of this specimen differed from those of Carcharias ferox , 
platensis, arenarius, tricuspidatus, owstoni, taurus, herbsti and noronhai but 
agreed with those of Carcharias kamoharai Matsubara 1936 in almost every 
respect except in possessing spiracles, lacking a prominent white spot behind 
the eye and in that the longest tooth is only slightly greater than half the 
diameter of the eye.

Since there is close agreement in every other respect, these differences are 
considered to be insufficient to exclude the specimen from the species Car­
charias kamoharai. It seems likely that there was some error concerning the 
recording of an absence of spiracles in the description by Matsubara.

The characteristics of the South African specimen also agreed with those 
of Pseodocarchañas pelagicus Cadenat 1963 in every respect except for a 
marked difference in first dorsal height and shape and in that P.pelagicus 
has basal denticles on some of the teeth. From the figure o í  P.pelagicus, how­
ever, it appears likely that the apical portion of the first dorsal had been 
lost due to an early injury and, as this specimen had only one tooth with a 
basal denticle, these differences are not considered sufficient to exclude the 
South African specimen from this species.

As the South African specimen cannot be excluded from either C.kam o­
harai or P.pelagicus these species are considered to be synonymous.

In his description of C.yangi Teng 1959, Chen mentions that it closely 
resembles C.kamoharai but differs from it in possessing the following:
1. Spiracles.
2. Basal cusps on the teeth.
3. No white spot behind the eye.
4. Weakly developed lateral keels.

On comparison with the specimens examined by Cadenat and that examined 
at this Institute, Nos. 1-3 become invalid as specific différences. As the longitu­
dinal thickenings on the caudal peduncle may be interpreted as lateral keels, 
No. 4 is probably a difference in interpretation rather than a specific differ­
ence. C.yangi may therefore be considered synonymous with C.kamoharai.

The synonymy of P.pelagicus, C.yangi and C.kamoharai is confirmed by 
their dimensional proportions (Table I) and, according to nomenclatural 
law, the specific name kamoharai has priority.

3

259



TABLE 1

C O M P A R I S O N  O F  T H E  S O U T H  A F R I C A N  S P E C I M E N  W I T H  T H O S E  O F T H E  T Y P E S  O F  
C A R C H A R I A S  K A M O H A R A I ,  P S E U D O C A R C H A R I A S  P E L A G I C U S  A N D  C A R C H A R I A S  Y ANGI

Type
C.kamoharai

S.A.
Spec im en

Type
P .pe lag icus

Type
C.yangi

A ccord ing  to desc r ip t ion  by . . . . . . . . . . . . . . . . . . . . M atsubara D'Aubrey Cadenat Chen
S e x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3

1 0 0 0Total leng th  in m m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 5 8 1 4 '9 75
H e a d f  in total l e n g t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 1 4 5 . 4 5 . 4 —
Head in p r e c a u d a l  l e n g t h . . . . . . . . . . . . . . . . . . . . . . . . 3 . 8 4 4 . 3 4 . 1 —
Distance  f rom sn out  to pelv ic  in total length . _ 1 . 7 1 . 8 —

Distance f rom snout to pelvic in p recau da l 1 . 3 8 1 . 3 1 . 3 — '
D is tance  from snout fo first do rsa l  in p recau da l 2 . 0 2 . 0 1 . 9 zh 2
Distance  f rom snout  to fifth gili slit in p re ca u da l — 3 . 1 3 . 4 3 . 2
Depth in p r e c a u d a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 . 5 3 — 5 . 6 7
Horizontal d i a m e te r  eye in in terorbita l  . . . 2 2 . 5 2 —
Horizontal d i a m e te r  eye in p reora l  . . . . > 2 2 . 9 2 . 4 2
Horizontal d ia m e te r  eye in head  . . . . 6 . 5 0 6 . 6 6 . 2 —

Horizontal d i a m e te r  eye in d i s t an c e  from snout 
to fifth gili s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 . 2 7 . 4 8

In te rorb i ta l  d i s t an c e  in h e a d . . . . . . . . . . . . . . . . . . . 3 . 1 2 2 . 6 ( 3 . 1 ) * —

Inte rorb i ta l  in d is tan c e  f rom snout  to fifth gili 
s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 7 ( 3 . 7 ) * 4 . 2

P reo ra l  in h e a d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 7 5 2 . 3 2 . 5
Mouth h e ig h t  in h e a d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 0 4 . 6 3 . 2 —
Mouth width in h e a d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 1 8 3 . 0 3 . 4 —
First  gili s lit  length in he a d  . . . . . . . . . . . . . . . . . . . . > 3 . 3 3 . 0 3 . 5 —
First  gili s lit  leng th  in d i s t an c e  from sn ou t  to 

fifth gili s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 2 4 . 2 4 . 3 0
S e c o n d  gi li  slit length in d i s t an c e  from snout  to 

fifth gili s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 , 2 4 . 0
Third gili slit leng th  in d is tan c e  f rom snout  to 

fifth gili s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 2 4 . 0
Fifth gili slit length in d is tan c e  from snout  to 

fifth gili s l i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' 4 . 8 3 . 9 4 . 3 0
P ec tora l  leng th  in he a d  . .. . . . . . . . . . . . . . . . . . . . . . . . ± 2 . 0 1 . 9 1 . 9 —
P e c to ra l  leng th  in d i s t a n c e  f rom snout  to  fifth 

gili slit .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 7 2 . 2 2 . 5
Caudal pe d unc le  leng th§  in he a d  . . . . 3 . 0 6 2 . 3 ( 2 . 5 ) * —
Caudal  pe d unc le  depth in h e a d . . . . . . . . . . . . . . . . . . . . 6 . 1 0 6 . 9 7 . 5 —
In te rdorsa l  d i s tan c e  in h e a d . . . . . . . . . . . . . . . . . . . . 1 . 1 3 1 . 0 ( 1 . D * —

First  do rsa l  he igh t  in ba se  '...................... _ 2 . 1 3 . 5 + —

First  do rsa l  he igh t  in f re e  r e a r  lobe . . . — 0 . 6 1 . 5 + —
S e c o n d  do rsa l  he ig h t  in b a s e .................. — 1 . 7 2 . 0 —
S e c ond  do rs a l  he ig h t  in f r e e  r e a r  lobe . . — 1 . 3 2 . 2 —
S e c o n d  do rs a l  b a s e  in in te rdo rsa l  . , . > 4 . 0 4 . 5 ( 4 . 8 ) * 4 . 0
Anal h e ig h t  in b a s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — 2 . 2 1 . 8 —
Anal h e ig h t  in f re e  r e a r  l o b e . . . . . . . . . . . . . . . . . . . . — 1 . 9 1 . 4 —
Dental f o r m u l a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 - 0 - 1 4 1 3 - 0 - 1 4 1 3 - 0 - 1 3 1 4 - 0 - 1 5

1 3 - 0 - 1 3 1 2 - 0 - 1 2 1 2 - 0 - 1 2 1 3 - 0 - 1 3
Relative le n g th s  of 2 a n te r io r  u p pe r  te e th .  . — Subequal Subequal —

Relative le n g th s  of 2  a n te r io r  lower  tee th  . . — S ubequal Subeaual —
No. of tee th  a n te r io r  to g a p  or  small  t e e t h . . — 2 2

} 3No. of small  tee th  in g a p ...................... __ 0  or  1 1
No. of b a sa l  d e n t ic le s  on e ac h  s ide  of tooth . 0 0 0 or 1 0  or  1
Diameter  eye in lon ges t  t o o t h . . . . . . . . . . . . . . . . . . . . > 5 > i ± i  (from fig.) —

Eye in i n t e r n a r i a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 9 > 1 > 1
Eye n e a r e r  snout  than fifth gili sl it  . . . . Yes Yes (Yes)* Yes
L onger  lip g r o o v e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Upper Upper Upper
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TABLE 1 (C o n t.)

Type
C.kamoharai

S.A.
Spec imen

Type
P .pe la g ic us

Type
C.yangi

Relative s ize s  of f i n s . . . . . . . . . . . . . . . . . . . . . . . DI>DII> DI>DII> DI>DII> Dl>  Dll>
Anal Anal Anal Anal

Posit ion of pelvic o r ig in  . . . . . . . Behind 01 Behind Dl Behind Dl Behind Dl
ba se base base base

Posit ion of ana l  or igin . . . . Behind Dll 0pp.  post Behind Dll
ba se b a se Dll b a se b a s e

S p i r a c l e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P re sen t Presen t P res en t
White spot  beh ind  eye . . .  . . . . P re s en t Absent Absent Absent

* b a se d  on m e a s u r e m e n t s  es t im a ted  f rom those  given in C a d e n a t ' s  descr ip t ion ,
t  Head l e n g t h = d i s t a n c e  f rom snout  to up pe r  end first gili sli t.**
§ Caudal pe d unc le  l e n g t h = d i s t a n c e  f rom po s te r io r  end of s e c o n d  do rsal  ba se  to or igin u p pe r  cauda l .**
** T h e se  a r e  the  m e a s u r e m e n t s  given for  the  South African sp ec im en  and the  type of P .p e la g ic us .  It Is p rob ab le

tha t  t h e s e  a r e  the  m e a s u r e m e n t s  fo r  the  type of C .kamoharai  but M atsuba ra  d o e s  not spec ify  how they w e re  taken.  
Í  The  p ropor t ional  d i s c r e p a n c i e s  between the S.A. sp ec im en  and P .p e la g ic u s  have a r i s en  due  to the  a b s e n c e  

of the  ap ica l  port ion of the  first do rsal  of P .pe lag icus .

Note: D l=firs t  do rsa l  
D II= second  do rsal

Cadenat has proposed a new subgenus for this species based on the 
following characteristics :
1. First dorsal low and different in shape to the second dorsal and anal.
2. Lengths of posterior lobes of second dorsal and anal greater than their 

respective heights.
3. Teeth with very few basal denticles.
4. Very low tooth count.
5. Only two anteriors (teeth anterior to the gap or small teeth on each side 

of the jaw).
6. No symphysials (small teeth on either side o f  the symphysis).

Of these, No. 1 has already been shown to be the result of damage and 
No. 3 does not exclude owstoni. It has not been possible to confirm that 
the dimensional proportions of the second dorsal and anal of kamoharai 
differ from those of all other Carcharias species as, other than in Cadenat’s 
paper, no references to this characteristic have been found. The subgeneric 
status of Pseudocarcharias rests, therefore, only on the low tooth count, the 
number of teeth anterior to the gap (or small teeth) and the lack of small 
anterior teeth. The greater length of the upper lip groove in relation to the 
lower also appears to separate kamoharai from the other species of Carcharias.

However, in view of the variability of the teeth within a single species of 
Carcharias, as seen in taurus, these four characteristics are not considered 
sufficient to justify subgeneric status for kamoharai. This is confirmed by 
a comparison of the species of Carcharias (Table 2).

5

261



TABLE 2 C O M P A R I S O N  O F  C . K A M O H A R A I  W I T H  O T H E R  S P E C I E S  O F  C A R C H A R I A S
taurus tricusp idatus noronhai arenarius herbsti fero x ow stoni kamoharai

According to desc r ip t ion  by . . Bigelow & 
S c h r o e d e r

Day Maui Whitley Whitley Daugher ty Garman 4  a u th o rs *

Relative leng ths  of 2  a n te r io r  u p p e r  
t e e t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Subequal First sm al le r Subequa l Subequal First sm al le r Subequal Subequal

Relative leng ths  of 2  a n te r io r  lower 
t e e t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . First sm al le r First sm a l le r First sm al le r First sm al le r First sm al le r First sm al le r First sm a l le r Subequal

No. of tee th  a n te r io r  to ga p  or  small 
t e e t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3 3 3 3 3 2

No. of small tee th  in g a p  . . . 1 1 1 1 4 4 1 0  or 1
No. o f  b a s a l  d e n t ic le s  on e ac h  s ide  

of tooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0  or  1 or  2 1 1 1 2 or  3 1 o r  2 or  3 0 0  or 1
Diameter  of eye in lon ges t  to o t h . . > 1 < 7 í5 < i
L onger  lip g r o o v e . . . . . . . . . . . . . . . . . . . . Lower Lip g roo ves  

a b se n t
Lower Lower Lip g ro o v e s  equal  Lower 

in length
Lower Upper

Dental fo rm ula  .. . . . . . . . . . . . . . . . . . . . . . . . 4 4  to 4 8 3 2  to 3 4 38 4 9 4 8 4 6  to 5 4 2 6  to 29
41 to 4 6 3 0  to 3 4 4 0 4 0 4 0 3 6  fo 4 8 2 4  fo 26

Preora l  in he a d  to first gili  s l i t .  . 4  or 5 3 . 8 4 . 4 2 . 7 2 . 6 2 . 3 - 2 . 7 5
Horizontal  d i a m e te r  eye in p reora l 2 . 5 - 3 . 3 2 . 7 5 3 . 4 3 . 7 3 2
Horizontal d ia m e te r  eye in in te r ­

orbital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i  2 . 7 2 . 9 2 . 7 5 2
Relative s izes  of fins . . . . Subequal S ubequal Dl> Dll> Anal Subequal Subequal Subequal S ubequal Dl> Dll> Anal
Inte rdorsa l  d is tan c e  in 2nd dorsal  

b a s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 6 - 0 . 7 0 . 5 0 . 4 0 . 3 0 . 7 5 0 . 2 5
Anterior margin  pec to ra l  in r e a r  lobe 0 . 4 0 . 2 0 . 3 0 . 3 0 . 5
Posit ion of pelv ic  o r ig in  . . . Behind Dl b a se Behind Dl b a se Behind Dl ba se Behind Dl b a s e Behind Dl b a se Behind 

Dl ba se
Position of anal  origin . . . . Opposite las t  'A 

Dll base
Behind Dll origin Behind Dll origin Opposite Last ?  

Dll ba se
Behind Dll ba se Behind Dll base Opposite last 

J i  Dll ba se
Behind 
Dll baseY

It a p p e a r s  likely tha t  Maui is 
c o r r e c t  in su g g e s t in g  tha t  the se  
two s p e c ie s  a r e  synonymous

*M atsubara ,  Chen, Cadena t  and  D'Aubrey.
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F ig .  1. Carcharias kamoharai, mature male, 
814 mm. in total length.

a. Lateral view.
b. Ventral View o f head.



c

0.2 mm

Fig. 2. Carcharias kamoharai, mature maie, 814 mm. in total length, 
a. D orsal view of dermal denticles, b. A nterior view of dermal denticle,

c. Lateral view of dermal denticle.

Description

Carcharias kamoharai was first described from Japanese waters and descrip­
tions have since been included in other works on the fishes of Japan. It has 
been described off Taiwan by Teng (1959) and off West Africa by Cadenat 
(1963). There is no previous record of it in South African waters and a 
description of the South African specimen is given as follows:

8

264



CARCHARIAS KAMOHARAI Matsubara 1936 
Material
One mature male specimen of 814 mm. in total length. Preserved in formalin. 
Unfortunately the specimen had been gutted before it was examined and no 
data for the total weight or the greatest width and depth could be obtained.

MEASUREMENTS IN mm. OF CARCHARIAS KAMOHARAI MALE 
814 mm. IN TOTAL LENGTH, AND AS PERCENTAGES OF THE

TOTAL LENGTH
mm. %

From snout to origin of p e l v i c   484 59.5
„ „ p e c t o r a l ................................  202 24.8
„ „ first d o r sa l  328 40.3
„ upper end first gili s l i t  152 18.7
,, anterior margin of e y e   52 6.4
„ inner end of n o s t r i l   45 5.5
„ mandible (mouth closed) . . . .  66 8.1

Length n o s t r i l ......................................................................... 12 1.5
Between inner ends n o s t r i l s ................................................  21 2.6
From inner end nostril to mandible (least) . . . .  22 2.7

„ „ orbit ( l e a s t )   29 3.6
Horizontal diameter o r b it ......................................................  23 2.8
Vertical diameter orb it............................................................  28 3.4
Interorbital d i s t a n c e ............................................................  58 7.1
From orbit to mandible ( l e a s t ) .......................................... 20 2.5
Mouth w i d t h   51 6.3
Mouth h e i g h t   33 4.1
Length upper lip g r o o v e   26 3.2

„ lower lip g r o o v e ............................... ! . .  20 2.5
From orbit to spiracle  31 3.8
Length spiracle.......................................................................... 4 0.5

„ first gili s l i t ..................................................................  51.' 6.3
,, second gili s l i t ............................................................  50 6.1
„ third gili s l i t ........................................................ 50 6.1
„ fourth gili s l i t   47 5.8
„ fifth gili s l i t .............................................................. 44 5.4

Between upper ends first to fifth gili s l i t ..............................  60 7.4
„ „ first to second gili slit . . . .  15 1.8

Interdorsal d i s t a n c e ............................................................... 150 18.4
Between fin fronts first to second dorsal..................  231 28.4

„ „ second dorsal to origin caudal . . 98 12.0
„ „ pectoral to p elv ic ........................  283 34.8
„ „ pelvic to a n a l .................................. 105 12.9
„ „ anal to origin lower caudal . . .  62 7.6

Least depth before caudal g r o o v e s ........................  22 2.7
„ width before caudal g r o o v e s ........................  22 2.7

First dorsal b a s e ..................................................................  81 10.0
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mm. %
First dorsal h e ig h t ..............................................................  38 4.7

„ „ length anterior m a r g in .................................  71 8.7
„ „ rear l o b e   21 2.6

Second dorsal b a se ............................................................  33 4.1
„ h e i g h t .......................................................  19 2.3
,, length anterior m a r g i n ......................... 32 3.9

,, ,, rear l o b e .................................................  24 2.9
Anal b a s e ..........................................................................  24 2.9

,, h e ig h t   11 1.4
„ length anterior m a r g in ............................................  27 3.3
„ rear l o b e   21 2.6

Pectoral length from origin to outer t i p ......................... 81 10.0
,, base .    32 3.9
„ rear lobe    37 4.5

Pelvic origin to lateral corner...........................................  46 5.7
„ „ median t i p ...........................................  67 8.2

Length claspers (cloaca to t i p ) .....................................  95 11.7
Caudal upper lobe from origin to t i p .......................... 202 24.8

,, lower lobe from origin to t i p .........................  83 10.2
„ terminal lobe from notch to t i p .......................... 40 4.9
„ upper origin to c o n c a v i t y ................................ 79 9.7

Standard length....................................................................  652 80.1

Description
Trunk slender, caudal peduncle moderately slender and without keels but a 
slight longitudinal thickening evident on each side; upper caudal groove 
present, lower slight; dorsal midline not ridged.

Dermal denticles widely spaced and not overlapping. They are small,
0.21 - 0.25 mm. in length and 0.15 - 0.18 mm. in width. Three longitudinal 
ridges present, all of which are strongly keeled anteriorly. The lateral ridges 
lie close to the edges of each denticle and converge posteriorly to form one 
posterior marginal tooth.

Head (from the snout to the first gili slit) 4.3 in precaudal length. Snout 
long, slightly depressed and broadly tipped in profile. Preorbital distance 
1.1 in interorbital and 2.9 in head. Eye large (horizontal diameter 6.6 in 
head); circular; anterior margin almost opposite anterior margin of mouth. 
Eye nearer tip of snout than first gili slit. No nictitans present. Spiracle well 
developed and situated level with and posterior to eye. Gili slits long (longest
3.0 in head) and anterior to origin of pectoral. Their ventral ends extend 
beneath level of pectoral origin. Nostrils much nearer mouth than tip of 
snout (prenarial distance nearly two-thirds preoral distance and a little more 
than twice internarial distance). Nostrils almost horizontal, small and slit­
like; their anterior edge nearly straight but for a short, narrow nasal lobe. 
Preoral distance 2.3 in head or three times eye diameter. Mouth narrowly 
arched but wider than high (height 1.5 in width which is 3.0 in head); 
corners of mouth deeply sunken, upper lip groove longer than lower.
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Teeth long, narrow, awl-shaped and similar in both jaws; longest tooth 
approximately equal to half eye diameter; no lateral basal denticles.

First two teeth on each side of centre are longest. Adjacent to these, on the 
upper jaw, there is a gap in which there may be one very small tooth. Teeth 
following the gap are smaller than first two teeth and decrease in size towards 
side of jaw. Situation of teeth on lower jaw same as on upper jaw, except no 
gap or small tooth between large central and smaller lateral teeth.

First dorsal origin midway between tip of snout and caudal origin, pos­
terior to pectorals even when outer corner of pectoral is adpressed laterally. 
Rear tip of first dorsal well anterior to origin of pelvics. First dorsal low 
(height 2.1 in base) and triangular; posterior margin nearly straight; apical 
tip rounded and rear lobe stout.

Second dorsal of same shape as first (height 1.7 in base) but considerably 
smaller (base and height being 2.5 and 2.0 in those of first dorsal respec­
tively). Base less than quarter of interdorsal distance; origin just posterior to 
rear end of pelvics; rear lobe terminates opposite posterior end of anal base.

Anal of same shape as first and second dorsals (height 2 .2  in base) but 
considerably smaller than either (base and height 1.4 and 1.7 in those of 
second dorsal respectively); base 1.6 in distance from origin to rear tips of 
pelvics; anal opposite posterior end of second dorsal base; rear lobe termi­
nates anterior to caudal origin by a distance nearly equal to length of base.

Pectorals short, quadrilateral in shape; slightly convex anterior margin; 
posterior margin almost straight; anterior (outer) and posterior (inner) 
corners rounded; inner margin slightly convex and almost equal in length 
to base or 2.2 in anterior margin. Anterior margin 1.9 in head.

Pelvics triangular and smaller than first dorsal but larger than second; 
anterior (outer) corner rounded but posterior corner pointed just outside of 
claspers. In this specimen claspers reach beyond anal origin.

Upper caudal short, length less than one third of precaudal length or less 
than quarter of total length. Length of terminal lobe from notch to apex
5.1 in upper caudal length and length of lower caudal 2.4.

After preservation in formalin the colour is dark brown above and on the 
sides and light brownish grey on the ventral surface. Fins dark brown except 
for the undersides of the paired fins which become paler towards the base. 
With the exception of the upper caudal, the posterior margin of each fin is 
narrowly edged with white or appears transparent. There is no conspicuous 
white spot between the mouth and first gili slit as described by Matsubara. 
This area is, however, slightly paler than the lateral colour and appears to 
be a slightly darker extension of the ventral colour.

Vertebral counts
Total c o u n t .......................................153
Precaudal c o u n t .........................  84

Dental formula ^

Colour

1 1
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a b

F ig . 3. Carcharias kamoharai, mature male, 814 mm. in total length, 
a. Lateral view. b. Ventral view.
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F i g . 4. Carcharias kamoharai, m ature male, 814  mm. in total length. 
Teeth of left side of upper and lower jaws.



General

In spite of the apparent rarity of this species (only 21 specimens are known 
to have been recorded), C.kamoharai is widely distributed and is found in 
the Atlantic, Pacific and Indian Oceans from approximately 33° N. to 35° S. 
The localities from which specimens have been recorded are as follows:

Spec im en L ocal i ty Date R em arks

C .kam o hara i  (holotype) Kochi, S.W. J a p a n
C.yangi (holotype) Taiwan — —

S.A. sp ec im en Cape  Town, S. Africa Dec 1961 Swimming feebly in shallow 
w a ter

P .pe la g ic us  (para type) Luanda,  Angola April 1 9 6 2 Between 2 5 0 - 3 0 0  m. in 
depth

P,p e lá g ic a s  (holotype) Guinea Coast A ug -S ep t
16  sp e c im e n s  r e c o rd e d  
by N. Merritt

S.W. of M a d a g a sc a r
2 3 - 2 8 ° S
3 8 - 4 T E

J u ne  1 9 6 4 Caught  on long lines

The type of C.kamoharai, the S.A. specimen and the paratype of P. 
pelagicus (males of 735, 814 and 975 mm. in total length respectively) had 
well developed claspers, which reached beyond the origin of the anal, and 
it is assumed that C.kamoharai matures at a length of approximately 735 mm.

Summary

1. Carcharias kamoharai is recorded for the first time from South African 
waters.

2. Pseudocarcharias pelagicus arid Carcharias yangi are synonymous with 
Carcharias kamoharai.

3. Pseudocarcharias is not considered to be of subgeneric status.
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The Miocene Shark Fauna o f  the Southern St. Lucia Area

Introduction
Amarine fauna belonging to the Lower* Miocene from Uloa, Zululand (Fig. 1) 
was discovered in July 1952 and has been described in considerable detail 
by Professor Lester King of the University o f Natal (1953). A total of 103 
metazoan species was described from a number of extremely rich fossili- 
ferous sandstone blocks which were removed from the area and examined in 
the laboratory. King considered the fauna to be typically sub-tropical Indo- 
Pacific and he found that there were many similarities between the fauna of 
the Uloa deposits and the Tertiary faunas o f East Africa and India. He found 
the fauna to be widely different from the more temperate Tertiary faunas of 
the Cape Province in South Africa.

The Uloa outcrop and the neighbouring hills at Sapolwana (Fig. 2) are 
situated on the coastal plain of Zululand and are located 6 to 7 miles inland 
at a height of approximately 60 feet above sea level. King (1953) considered 
the geomorphological implications o f the fossiliferous deposit and his views 
are summarised in the two paragraphs which follow:

The coastal plain in which St. Lucia Lake and the Umfolozi River are 
situated has had a varied history. Twice, in the late Cretaceous and in Miocene 
time, the entire plain has been submerged beneath the sea and marine fossili­
ferous deposits of these ages are to be found along the western side o f Lake 
Eteza (Fig. 1) near the main road. At other times it has been exposed as 
low-lying land. During the early Miocene period, with which we are con­
cerned, the shoreline lay probably not far inland from the marked ridge of 
Miocene fossiliferous sandstones (now seven miles inland) upon which stands 
the headquarters of the Uloa sugar plantations (Fig. 1).

After the withdrawal of the transgressive Pliocene sea, caused by an uplift 
of the land, the lower Umfolozi — St. Lucia drainage carved channels 
through the several fossiliferous series to depths o f more than 100 feet below 
the present river beds. Quaternary tilting of the landscape drowned these 
channels below sea level and they have since been filled in with alluvium 
to form the present extensive lands upon which sugarcane is grown.

A good description of the geological and fossiliferous composition of 
the deposits has been given by King (1953), but only brief mention has 
been made of sharks’ teeth from one species (Carcharodon megalodon) 
belonging in all probability, to'"a single specimen which became stranded at 
Uloa. During 1964 it was learned that work had been started on the removal 
of the smallest of three fossiliferous hills (Sapolwana 3) at Sapolwana with 
the aid of a bulldozer in order to create an additional area for the planting 
o f sugarcane and to provide hard material for the laying o f the tracks of 
a cane railway.

* According to the shark fauna this could be Middle Miocene rather than Lower Miocene.
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F i g  1. The southern  St. Lucia area showing location o f Fossil Beds a t 
U loa and Sapolwana

With the assistance of Mr. Errol Harrison, a farmer in the Mtubatuba dis­
trict, a search for sharks’ teeth was made in the Miocene deposits in order to 
establish the composition of the shark fauna of the area to the south of 
Lake St. Lucia during Miocene times. The Uloa deposits yielded two 
Carcharodon sulcidens teeth in addition to the specimens of C.megalodon  
teeth described by King, together with a single broken C.megalodon tooth 
obtained by us in 1964. Large numbers of teeth belonging to a number 
of different species of sharks were obtained from Sapolwana 3 during the 
course o f the examination o f the bulldozed material.
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Locality and Description o f Sites

The two sites at which fossil sharks’ teeth were found are Uloa and Sapol­
wana (Figs. 1 and 2). The general area o f the two sites is on the coastal plain 
approximately 160 road miles north of Durban in Zululand. The Uloa site 
lies to the south of the village of Monzi at a point where the narrow gauge 
cane railway enters a cutting (Fig. 3) before crossing the Umfolozi River 
by means of a high level bridge.

The Sapolwana site is the most northerly situated of three hills designated 
Sapolwana 1, 2 and 3 (Figs. 1 and 2). Although the hills Sapolwana 1 and 2 
are large and richly fossiliferous, they are thickly overgrown with bush and 
natural forest and have not been examined for sharks’ teeth or other fossils. 
Sapolwana 3 was the principal source of sharks’ teeth which were obtained 
as a result of the bulldozing of the hill. A general view of the three hills 
at Sapolwana is seen in Fig. 4, the razed hill Sapolwana 3 in Fig. 5 and 
the rich fossiliferous sandstone obtained from Sapolwana 3 is shown being 
used as a foundation for the cane railway in Fig. 6. A typical example of 
the extremely high density of fossil organisms found at both the Uloa and 
the Sapolwana deposits is seen in Fig. 7. Here the dominant fossil is the 
Scallop Aequipecten uloa King.

The general composition of both the Uloa and the Sapolwana deposits is 
similar, the lowest beds consisting of yellow sandy clays overlain by richly 
fossiliferous sandstone in a layer which varies from 20 to 30 feet in thickness. 
Aequipecten uloa is extraordinarily abundant in this layer. [The presence of 
scallops is characteristic of Miocene and later deposits and the phenomenon 
of swarming is characteristic of several Miocene deposits in various parts of 
the world, King (1953)]. Above the sandstone are flaggy Pliocene sandstones 
and succeeding layers of yellow sand, followed by grey sand and a layer of 
ironstone two to three feet thick.

According to King, the fossil beds comprise the remains o f a Miocene 
sandbank which was once situated at the mouth of the Umfolozi liver. 
Enormous numbers o f littoral and sub-littoral organisms were associated 
with the sandbank. These organisms, according to the record obtained from 
the fossil beds investigated, are typically marine and consist of corals, 
po lyzo a , brachiopoda, pelecypoda, gastropoda, cirripedia, crustacea and in­
clude neritic vertebrates in the form of sharks.

King states that from the point of view of the variety of fauna and number 
of species, the Uloa beds are by far the most important Tertiary locality so 
far found in South and East Africa. He also draws attention to the fact that 
a large proportion of the organisms found at Uloa are either identical with 
or closely similar to existing forms, showing that there has been relatively 
little change in the littoral sub-tropical Indo-Pacific type fauna of this area 
from Miocene to recent times. The survival of so large a variety of inverte­
brates from these deposits together with the remarkable survival o f the 
Coelacanth L atim eria chalumnae Smith since Cretaceous time in the Comores 
Islands region is indicative of a slow rate of evolution in this area.
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F ig . 3. The Fossil Beds at Uloa

F ig . 4. General view showing Sapolwana Hills, bush covered in middle distance
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F ig . 5. Sapolwana 3 after bulldozing

F ig . 6. Fossiliferous sandstone from Sapolwana 3 being used on cane railway
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F ig . 7. Section o f  fossiliferous sandstone showing extremely high density o f  organism s
taken from  U loa

The Sharks’ Teeth
Uloa
According to King (1953) many large teeth belonging to the extinct shark 
Carcharodon megalodon have been found in one section of the north side 
of the cutting at Uloa. Tooth counts made from the jaws of the existing form 
Carcharodon carcharias in the collection of jaws in the Oceanographic Re­
search Institute in Durban showed that there are approximately 130 fully 
formed teeth in the upper jaw and 120 teeth in the lower jaw. Further exca­
vation and systematic searching during a period of two weeks in June 1964 
yielded no additional C.megalodon  teeth, but four smaller specimens identi­
fied as belonging to Carcharodon sulcidens A gassiz were taken from the 
cutting site at Uloa. It is evident therefore that a single large C.megalodon  
and a smaller C.sulcidens became stranded in the Uloa beds. Details of the 
teeth obtained from Uloa are given in Table 1.

T A B L E  1 .  S H A R K  T E E T H  F O U N D  A T  U L O A ,  Z U L U L A N D
S p e c i e s N u m b e r  o f  T e e t h T o t a l  L e n g t h  ( r a n g e )  m m .  R e m a r k s

C a r c h a r o d o n  m e g a l o d o n 1 3 9 9  - 1 3 0  T e e t h  f r o m  u p p e r  j a w  o f  s i n g l e  s h a r k .
C a r c h a r o d o n  s u l c i d e n s 2 3 2 ,  2 5  D a m a g e d  t e e t h  f r o m  u p p e r  j a w .

2 1 6 .  2 1  V e r y  w o r n  t e e t h  f r o m  l o w e r  j a w .

Certain of the C.megalodon teeth found were extremely large and measured 
up to 120 mm. in total length according to King (1953). The damaged 
specimen obtained by us in 1964 was 90 mm. in total length but the tip had
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been broken off. Other specimens (13 in number) taken from the Uloa bed 
and now in the possession of the Durban Museum were examined and 
measured. The largest o f these was found to be 125 mm. in total length 
(Fig. 8). Two additional specimens obtained at Uloa, one loaned by Prof. 
King and the other by Mr. Mill-Colman of Durban, measured 115 mm. and 
130 mm. in total length respectively.

A large specimen o f C .megalodon's  nearest living relative the Blue Pointer 
Carcharodon carcharias was harpooned in the whaling grounds approxi­
mately 100 miles off Durban on 29 June 1962. The largest teeth in the upper 
jaw of this specimen measured 55 mm. in total length, the total length of the 
shark was 19 ft. and the estimated weight was 3,000 lbs. Assuming that the

F ig . 8. Teeth of Carcharodon megalodon found at the Uloa Fossil Beds

growth of C.megalodon was approximately proportional to that o f Charcha­
rias, the Uloa specimen would have measured nearly 45 ft. in length and 
would have weighed several tons. Estimates of size made from the fossil 
teeth o f this wide-ranging shark obtained in various parts of the world 
indicate that it may have reached 60 to 80 ft. in total length. The record for 
the largest specimen o f Charcharias obtained by Bigelow and Schroeder

10
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(1948) measured 36£ ft. in length — there is, however, some doubt as to the 
authenticity of the length measurement of this specimen. Reliable records of 
C.carcharias 17 to 20 ft. in total length are fairly numerous and the largest 
specimen, listed in Bigelow and Schroeder’s authenticated records of this 
species, which was taken off Havana in Cuba, was 21 ft. in length and weighed 
7,100 lbs. Unfortunately no mention of the tooth size of this specimen is made.

The distribution of C.megalodon according to fossil teeth found in various 
parts of the world is much the same as the present distribution of the existing 
C.carcharias, viz. world-wide, mainly in tropical and sub-tropical seas, but 
found at times in temperate areas as well. Records of fossil teeth of the genus 
Carcharodon are as follows: Europe (Upper Cretaceous-Pleistocene), 
Africa (Eocene — Pliocene), North America (Eocene — Pleistocene), South 
America (Miocene), New Zealand (Miocene — Pliocene) and Eastern Asia 
(Pliocene) according to Bigelow and Schroeder (1948). These records doubt­
less include both C.megalodon and C.sulcidens and in the case of these 
investigations, the teeth of both C.megalodon  and C.sulcidens were found 
in the Uloa deposits. At Sapolwana 3 large numbers of C.sulcidens teeth 
were found but no C.megalodon  teeth were obtained.

A comparison was made between fossil teeth of C.sulcidens and teeth 
belonging to a freshly caught specimen of C.carcharias possessing teeth of 
similar size. Although there was close similarity between the fossil teeth 
and fresh teeth certain differences were noticed. These included differences 
in axial symmetry of the teeth of the two species and the presence of coarser 
and less regular serrations together with greater lateral concavity in the teeth 
of existing C.carcharias. The larger teeth of C.megalodon appeared to differ 
mainly in relation to size and in possessing finer and more numerous 
serrations although in existing specimens of C.carcharias the number of 
serrations was found to increase with the size of the specimen.

Sapolwana 3
As far as is known, no fossil shark teeth have previously been described from 
the fossil beds of Sapolwana 3. Examination o f bulldozed material from the 
site revealed the presence of large numbers of teeth belonging to five species 
of shark: Carcharodon sulcidens, Galeocerdo cuvieri, Isurus benedictus, 
Carcharias taurus and H em ipristis serra. Details of the shark teeth obtained 
at Sapolwana 3 are given in Table 2.

An attempt was made to reconstruct the dental lay-out of the C.sulcidens 
teeth (Fig. 9) applying the known dental formula of the existing species. 
The first and second rows for the upper jaw and the first and second rows 
for the lower jaw were partially obtained together with large numbers of 
teeth without bases indicating that they came from immature back rows. 
It is likely that the teeth came from a single specimen of estimated total 
length 21 ft. and approximate weight 7,000 lbs. The presence of a small 
number of teeth in the collection from Sapolwana 3 which did not conform 
particularly well with the other specimens suggests that a second smaller 
C.sulcidens could have been stranded there as well.

A single large tooth in excellent condition belonging to the genus Isurus
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benedictus was found at Sapolwana 3 (Fig. 10). It was matched with a corre­
sponding tooth in a set of jaws belonging to a Mako Shark Isurus glaucus in 
the collection of jaws in the Oceanographic Research Institute. The jaws had 
been obtained from a specimen 8 ft. 8 ins. in length, weighing 290 lbs. Based 
on these data, the single tooth obtained from Sapolwana 3 belonged to a 
shark of estimated length 14 ft. and estimated weight over 1,000 lbs. Existing 
Isurus are said to reach 12 to 13 ft. in length and a weight of 1,000 lbs., 
Bigelow and Schroeder (1948). Fossil teeth belonging to the genus Isurus 
have been found in deposits dating back to the late Oligocene, Gregory (1957).

T A B L E  2 .  S H A R K  T E E T H  F O U N D  A T  S A P O L W A N A  3 ,  Z U L U L A N D
S p e c i e s N u m b e r  o f  T e e t h T o t a l  L e n g t h  ( r a n g e )  m m ,  R e m a r k s

C a r c h a r o d o n  s u l c i d e n s 7 5 1 0 - 6 1 U p p e r  J a w - p r o b a b l y  f r o m  2  s h a r k s .
6 1 1 8 - 5 4 L o w e r  J a w  -  p r o b a b l y  f r o m  2  s h a r k s .

I s u r u s  b e n e d i r t u s 1 5 0 S i n g l e  t o o t h  i n  e x c e l l e n t  c o n d i t i o n .
C a r c h a r i a s  t a u r u s 1 7 1 5 - 2 4 M a j o r i t y  o f  t e e t h  w e l l  w o r n .
G a l e o c e r d o  c u v i e r i 6 1 0 - 3 0 1 f r o m  U p p e r  J a w  ( l a r g e ) ,  1 f r o m  

L o w e r  J a w  ( s m a l l )  r e m a i n d e r  b r o k e n .
H e m i p r i s t i s  s e r r a 2 2 1 - 2 4 U p p e r  J a w .

Seventeen slender teeth of length range 15 to 24 mm. were obtained at 
Sapolwana 3; the majority o f these were in an extremely worn condition 
but two possessed well marked lateral denticles and were identified as be­
longing to the Ragged Tooth Shark Carcharias taurus. It is likely that the 
teeth came from a single specimen of moderate size.

A large tooth from the upper jaw, a small tooth from the lower jaw and 
four tooth fragments belonging to the Tiger Shark Galeocerdo cuvieri* were 
found at Sapolwana 3 (Fig. 10). The two intact teeth were in excellent con­
dition and, based on teeth in specimen jaws in the Oceanographic Research 
Institute, the total length of the shark from which they came was estimated 
to have been approximately 10 ft. and its weight about 220 lbs. Fossil teeth 
of this genus have been described from the following areas : North America 
(Cretaceous — Miocene), South America (Miocene), Europe (Eocene — 
Pliocene), Asia (Miocene), West Indies (Miocene) and Africa (Eocene — 
Miocene), Bigelow and Schroeder (1948).

Two teeth, one intact and one damaged, belonging to the Carcharinid 
species H em ipristis serra  Agassiz were obtained at Sapolwana 3 (Fig. 10). 
The genus H em ipristis was considered to be extinct until 1871 when a speci­
men was caught in the Red Sea. Since then specimens have been found in 
deep water off Bombay, Zanzibar and northern Moçambique, Fourmanoir 
(1961). Fossil teeth o f this species have been described from the following 
areas : North America (Cretaceous —■ Pliocene), South America (Miocene), 
Europe (Pliocene), Asia (Miocene), West Indies (Tertiary), and Africa (Eo­
cene and Miocene), Bigelow and Schroeder (1948).

* The two teeth obtained were indistinguishable from G.cuvieri, If a sufficient number of 
teeth are obtained for comparison in the future, it is possible that this species will be 
found to be G.aduncus Agassiz.
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F ig . 9. Teeth of Carcharodon sulcidens (upper and lower jaw) found at Sapolwana 3
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F ig . 10. Teeth of (A) Tiger Shark Galeocerdo cuvieri (B) Hemipristis serra and (C) Ragged 
Tooth Shark Carcharias taurus taken from Sapolwana 3
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F i g . 11. Tooth of Mako Shark Isurus benedictus taken from Sapolwana 3

Summary

A provisional determination o f the Miocene shark fauna of the area south 
of Lake St. Lucia based on the recovery of fossil teeth from extensive excava­
tions of fossiliferous sandstone of Middle Miocene origin from two sites 
in Zululand revealed the presence of fossil teeth belonging to the following 
sharks : Carcharodon megalodon  Agassiz, Carcharodon sulcidens Agassiz, the 
Mako Isurus benedictus, the Ragged Tooth Shark Carcharias taurus Rafi­
nesque, the Tiger Shark Galeocerdo cuvieri (Lesueur) and H em ipristis serra 
Agassiz. Four genera, viz. Carcharodon, Isurus, Geleocerdo and Carcharias 
are still found off the coasts of Zululand and Natal, one species, C.megalodon  
is extinct and the existing H em ipristis is found in the northern Indian Ocean 
and the Red Sea.

The examination of material from this area for the purpose of locating 
additional shark teeth is being continued.
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(Reprinted from  Nature, Vol. 202, No. 4939, pp. 1280-1282,
June 21, 1964)

REEF CORAL TOLERANCE OF HIGH  
TEMPERATURES A N D  SALINITIES

By Dr. D . J. J. K INSM A N
D epartm en t of Geology, Im perial College of Science and 

Technology, London, S.W .7
r  p H E  purpose of this article is to bring revised data to

1  the attention of geologists and others interested in 
the distribution of coral reefs, concerning the temperature 
and salinity conditions under which reef corals may grow.
, During the past three years I have been engaged in 

the investigation of Recent limestones and calcareous 
sediments near the town of Abu Dhabi, Trucial Coast, 
Persian Gulf. The area comprises a series of coastal 
islands and lagoons at the southern margin of a broad 
shelf, the Trucial Coast embayment. Field studies have 
revealed the presence of coral reefs, along the inner 
margin of the shelf, at its junction with the coastal island 
and lagoon complex. The reefs are associated with areas 
of oolite and skeletal sands, and farther back in the 
lagoons are extensive spreads o f pellet sands and aragonite 
muds. Early diagenetic dolomite and evaporite deposits 
exist in many of the innermost areas.

Reef or hermatypic corals are distinguished by the 
presence of symbiotic, unicellular, dinoflagellate algae or 
zooxanthellæ in their endodermal tissues. ‘Deep-sea’ or 
ahermatypic corals lack zooxanthellæ and can withstand 
a much wider range of environmental conditions than can 
reef corals. R eef corals are limited in their habitats 
largely because of the mutual interdependence of the 
coral polyps and their algal symbionts.

Limitations on reef coral growth include factors such 
as water circulation, illumination, temperature, and 
salinity :

(а) Water circulation : fairly vigorous water circulation 
is required to ensure the necessary supply of oxygen and 
nutrients.

(б) Illumination : reef corals generally live in depths of 
less than 50 m and most vigorous growth takes place in 
depths of less than 20 m. The depth control is a reflexion 
of the depth to which light may penetrate in sufficient 
amount to maintain the metabolic processes of the zooxan­
thellæ. The upper limit of coral growth is normally close 
to low water mark, as death ensues by desiccation if 
exposure is too prolonged.

(c) Temperature : water temperature is an important 
control and reef corals flourish best in the range 25°-29° C. 
They can withstand limited exposure to temperatures as 
low as 16°-17° C, and in the W est Indies the maximum  
endurable temperature for survival and continued growth 
has been found to be about 36° C, Because of its high 
rate of metabolism, Acropora is thought to be the most 
sensitive and can endure a maximum temperature of only 
32° C (Wells, personal communication).

(d) Salinity : average tropical ocean water has a
salinity of 35 parts per thousand and reef corals flourish 
best within the range 34-36 parts per thousand. How-
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l ’ig. 1. Temperature and salinity tolerances of reef corals. Black, 
optimum conditions; ■white, previously accepted lim its; hatched, 
extended limits derived from Persian Gulf investigations; broken 

hatched, extreme limits—boundaries uncertain

ever, they can tolerate dilution to 27 parts per thousand 
or concentration to 40 parts per thousand. In the West 
Indies it is found that Acropora can withstand salinities 
of 40 parts per thousand for only a few hours, although 
Porites can survive salinities of up to 48 parts per thousand. 
Above 48 parts per thousand all forms die or are damaged.

Along the Trucial Coast reef corals grow between low 
water mark and about 10-15 m depth. However, sea­
water temperatures and salinities have been found to 
exceed those recorded in other regions of reef coral 
growth. Surface and shallow sea-water temperatures 
range seasonally from a minimum of 16° C to a maximum 
of over 40° C ; deeper than 4 -5 m the seasonal temperature 
range is about 20°-36° C. Average surface water tem ­
peratures from May to October are in excess of 30° C. 
In  late July, August and early September air temperatures 
over the adjoining islands reach at least 47° C, and during 
this period shallow water temperatures in excess of 35° C 
are commonly encountered. Previous authors1 have 
found that a large diurnal range in water temperature 
has drastically affected the distribution of corals on reef 
flats and other very shoal areas. Along the Trucial 
Coast corals in very shallow depths endure diurnal 
temperature ranges in excess of 10° C and a total seasonal 
range o f over 20° C. The Trucial Coast reefs are com­
posed dominantly of Acropora, even in very shoal areas 
which suffer maximum temperature changes; yet Acro-
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pora is a form found to bo extremely temperature sensitive 
in the W est Indies.

Sea-water salinities along the Arabian shore of the 
Persian Gulf are everywhere high and near Abu Dhabi 
the open coast salinities are always in excess of 42 parts 
per thousand. Salinities in the reef areas range from 42 to 
45 parts per thousand and in the seaward parts of the 
lagoons large Porites colonies, up to 3 m in diameter, 
occur where salinities reach 48 parts per thousand. As 
in the West Indies, it is the massive coral Porites which is 
capable of withstanding the highest salinities, although 
above ‘48 parts per thousand even this form cannot 
survive. Other genera apparently cannot tolerate 
salinities much in excess of 45 parts per thousand.

The optimum and previously determined temperature 
and salinity limits of reef coral growth are indicated in 
Fig. 1 ; also shown are the extensions of the limits 
determined from the Trucial Coast reef coral environ­
ment.

The reef coral fauna from the Abu Dhabi area comprises :
vc A cro p o ra  sp. cf. A .  p h a ra o n is  (Milne Edwards and Haime) 
vc P o r ite s  sp. cf. P .  lu te a — Milne Edwards and Haime 
c P la ty g y r a  la m e llin a — Ehrenberg 
c C yp h a s tre a  m icro p h th a lm a  (lam ark ) 
c S ty lo p h o ra  p is t i l la ta  (Esper) 
n F a v ia  f a v u s  (Eorskaal) 
r C o sc in a r ia  m o n ile  (Forskaal)

S id era s trea  li lia c e a  (Klunzingeri 
r P sa m m o co ra  ( S te p h a n a r ia ) p la n ip o r a — Milne Edwards and 

Haime 
r T u r b in a r ia  sp. 
r P le s ia s tr e a  sp. nov.
vc, very common (dominant reef builders); c, common; u, 

uncommon; r, rare.
With the exception of the new species of Plesiastrea, 

all the foregoing forms are known to occur in the Red Sea 
and Indian Ocean faunas, and most of these species have 
been previously recorded in the northern Persian Gulf. 
The genus Psammocora is uncommon but widespread in 
the Red Sea and Indo-Pacific faunas, but this is the first 
recorded occurrence from the Persian Gulf. The presence 
of Siderastrea is also of interest as it is extremely rare in the 
living Indo-Pacific fauna, being typically an Atlantic genus.

The total number of reef coral genera now recorded 
from the Persian Gulf is fifteen, and eleven of these have 
been found in the Abu Dhabi area. The full Indo-Pacific 
fauna numbers over 80 genera. The attenuation in the 
number of genera between the Indo-Pacific and Persian 
Gulf regions may be explained either as a result of geo­
graphical isolation or because of the extreme temperatures 
and salinities experienced in the latter region. Even  
within the Persian Gulf the number of genera would 
appear to be lower along the Trucial Coast than in the 
northern parts of the Gulf, where water salinities are less 
than 39-40 parts per thousand and summer water tem ­
peratures probably do not exceed 35° C. It is therefore 
probable that the further reduction of genera along the 
Trucial Coast is a result of the higher water temperatures 
and salinities of this area.

The distribution of reef corals in areas affected by low 
temperatures has been remarked on by several authors1. 
Below 18° C the number of genera and species falls and 
reef development as a whole is less strong than in areas 
of higher temperatures. In the Abu Dhabi area reef
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structures are fairly well developed, though probably 
inferior to those formed under less extreme conditions of 
temperature and salinity. Despite the reduction in the 
number of reef coral genera, reef structures formed of 
several coral genera are still developed where salinities 
do not exceed 45 parts per thousand. Above 45 parts per 
thousand reefs are no longer formed and only Ione colonies 
of Porites, often of large size, are to be found.

In the geological record the presence of coral reefs is 
usually taken as good evidence that the environment was 
one in which sea-water salinities were close to normal 
(35 parts per thousand). However, in the Abu Dhabi 
area coral reefs are growing under conditions of elevated 
temperature and salinity. The only indication of extreme 
conditions is the reduction in the number of genera. 
Those genera which are present show “no noticeable 
differences or effects—they might all have come from 
waters of usual salinity and temperature” (Wells, personal 
communication).

Lying close behind the reefs are the lagoonal carbonate 
sediments together with early diagenetic dolomite and 
evaporite deposits. The close juxtaposition of coral 
reefs, apparently indicating normal salinity waters, 
and of evaporites and lagoonal ‘back-reef’ dolomites, 
normally considered indicative of elevated salinities, is 
of fairly frequent occurrence in the geological record. But 
investigations on the Trucial Coast have shown that the 
back-reef dolomite and evaporite deposits are a diagenetic 
development and that excessively high salinities in this 
environment are not attained by free-standing bodies 
of lagoon waters but by pore fluids within the sedi­
ments. Thus the concept of a back-reef lagoon with 
waters of salinity greater than 100 parts per thousand 
will in many instances be almost certainly incorrect. 
However, in order to produce.high salinities in the inter­
stitial fluids within the sediments, an area must be one 
of high net evaporation. High net evaporation will tend- 
to produce higher than normal salinity waters in shallow 
shelf and lagoon environments, as occurs along the 
Trucial Coast. I f  offshore depths are fairly great and 
water circulation unrestricted, then salinities at the sea­
ward edge of the lagoon barrier might rise little higher 
than those of normal ocean water. Thus, in any area, if 
fairly deep water conditions can be proved to have existed 
seaward of the coral reefs, then the corals probably lived 
in waters with salinities close to normal, even though 
shallow back lagoonal waters might have been fairly saline. 
But if evidence is found of coral reefs growing at the 
inner margins of a broad, shallow shelf, with saline 
lagoons behind, then it is quite possible that the corals 
themselves were living under fairly saline conditions. 
The latter type of occurrence is exemplified by the 
present-day Trucial Coast environment.

I thank Dr. J. W. W ells of Cornell University and Dr. 
W. J. Rees and Mr. E. W hite of the British Museum 
(Natural History) for identification of the corals and for 
their advice. This work forms part of a programme of 
research in the Persian Gulf, supported by the Depart­
ment of Scientific and Industrial Research.
1 Wells, J . W„ in Treatise on Marine Ecology and Palaeoecology, ’ , edit, by

Hedgepeth, J . W„ 1, Mem. 67, Geol. Soc. Amer. (1957).
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Abstract

T he present paper deals w ith  a  study of the vertical distribution of phytoplankton in 
an area near Cocos-Keeling Islands in the  Indian Ocean. Collections w ere made a t three 
stations in th is area, on the  13th, 15th and 16th of January 1963 on board the  “ Umitaka 
M aru ,”  T raining Ship of Tokyo University of Fisheries, during her cruise from  Colombo 
to Singapore. During th is cruise collections of surface plankton were also made a t several 
o ther stations between 5°S and 25°S along 78°E (F ig. 1). Taxonomic study of diatom s 
collected a t all these stations including those near Cocos-Keeling Islands w ill be dealt w ith 
in another paper.

Vertical hauls were made w ith  a  H art type closing net (25 cm in diam eter of mouth 
ring; 30 cm in diam eter of trunk ring; 0 .094 mm m esh, XX 13, Japanese bolting s ilk ).
No flow -m eter was attached to the net. Depths of zones w here collections were made 
w ere 200-100 m, 100-50 m, 50-20 m, and 20-0 m. D etails of collections are shown in Table 1.

Number of phytoplankton species identified from  the sam ples are as follows: Cyanophy­
ceae: 2 species; Bacillariophyceae: 30 species. One species is divided into two form s; 
Dinoflagellata: 52 species and one variety . Tw o species a re  divided into two form s each.

Only 6 species of diatom s were found in the  50-100 m zone, another 4 species of diatoms 
in the  100-200 zone, and th e  rest (nearly 75 per cent of th e  diatom s) w ere confined to 
the  upper 50 m zone. T otal num ber of the  diatom  cells also apparently  decreased w ith 
increase in depth. Some species of diatom s namely, Planktoniella sol, Asteromphalus 
flabellatus, A . wyvillei and Gossleriella tropica, seem to prefer the  dim  ligh t of the 
disphotic zone as they w ere found in the  100-200 m zone.

T he bulk of the  phytoplankton consisted of dinoflagellates. T h e  species most commonly 
found were Pyrophacus horologicum, Ceratium carriense forma ceylanicum, C. carriense 
form a kundhansenii and Pyrocystis (Dissodinium) hamulus var. inaequalis. As in the  case 
of the diatom s most of the dinoflagellates were confined to  the  0-50 m zone. I t  was 
observed th a t the  amount of dinoflagellates in the  50-100 m and 100-200 m zones was 
much more than the  amount of diatom s. As w ith  diatom s the  num ber of dinoflagellates 
was very few in the  100-200 m zone, and they w ere represented by Amphisolenia bidenta, 
Pyrophacus horologicum var. steinii, Ceratium brave, C. lunula, C. vultur, C. carriense 
form a volans, C. carriense form a ceylanicum, C. carriense forma hundhausenii, C. trichoceros 
form a claviceps and C . cephalatum.

I w ish to express my sincere thanks to Dr. Takashi Sekine, President of Tokyo 
University of Fisheries, for granting m e permission to join the  cruise of “ Umitaka M aru” 
from Colombo to Singapore. I am  grateful to professor H iroshi Niino, Tokyo Universty of 
Fisheries, Expedition Leader on th a t cruise, and Captain Keijiro Ozawa of the  “ Umitaka 
M aru” for m aking m y trip  comfortable and granting me all facilities to work. M y sincere 
thanks are due to Professor Sigeru Motoda, Hokkaido University, who was on board on 
that cruise, not only for assisting me in collecting m aterials a t sea, but also arranging my 
paper to be published in th is journal.
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Table 1. Data on sampling

Station Postion Date Time Wire iun out
(m)

Wire angle 
(degree)

Estimated 
depth (m)

1 97°19, E Jan. 13 9:56 a.m. 340 & 175 55 200—100
12°46'S (1963)

131 & 65 40 100—50

58 & 23 30 50—20

10:26 a.m. 23 & 0 30 20—0

2 98°42'E Jan. 15 10:20 a.m. 247 & 124 36 200—100
10°IT  S (1963)

111 & 56 26 100—50

56 & 22 26 50—20

10:45 a.m. 21 & 0 26 20—0

3 100°05'E Jan. 16 10:02 a.m. 278 & 159 44 200—100
8°15' S (1963)

118 & 59 32 100—50

53 & 21 20 50—20

10:26 a.m. 20 & 0 16 20—0

Table 2. Occurrence of phytoplankton at various depths in an area near 
Cocos-Keeling Islands, Indian Ocean

Date and position of collection 13 January 1963 
12046'S,97°19'E

15 January 1963 
10°0TS,98o42'E

16 January 1963 
8°15/S.100°05'E

Depths of collection

20
-0 

m

50
-2

0m

10
0-

50
m

20
0-

10
0m

20
-0 

m

50
-2

0m

10
0-

50
m

20
0-

10
0m

20
-0 

m

50
-2

0m

10
0-

50
m

20
0-

10
0m

CLASS : CYANOPHYCEAE

Oscillatoria laetevirens C rouan
Trichodesmium erythraeum Ehrenberg et 

Gomont
CLASS: BACILLARIOPHYCEAE

+

+

+

+ +

+

+

+

-  2 -
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Date and position of collection 13 January 1963 
12°46, S,9701 9 'E

15 January 1963 
10o0 1 'S .98°42 , E

16 January  1963 
8 ° 1 5 'S (100o0 5 'E

Depths of collection

20
-0

 
m

50
-2

0m

10
0-

50
m

‘ 2
00

-1
00

m

20
-0

 
m

50
-2

0m

10
0-

50
m

20
0-

10
0m

S
?
8 50

-2
0m

10
0-

50
m

20
0-

10
0m

O rder: Centrales

Skeletonema costatum (Greville) Cleve + + + + +

Melosira sulcata (Ehrenberg) Kuetzing + + + + +
Thalassiosira decipiens (Grunow) 

Jörgensen + + + +

Coscinodiscus lineatus Ehrenberg + +

Coscinodiscus marginatus Ehrenberg + +

Planktoniella sol (W allich) Schutt + + + + + + +

Asteromphalus wyvillei Castracane + + + + + +
Asteromophalus flabellatus (Brébisson) 

Greville + + + + + +

Gossleriella tropica Schutt + + + + + +

Actinocyclus ehrenbergii Ralfs + + + + +

Corethron hystrix Hensen + +

Rhizosolenia setigera Brightw ell + +

Rhizosolenia robusta Norman +

Rhizosolenia styliformis B rightw ell + + +
Rhizosolenia alata B rightw ell form a 

gracillima (Cleve) Grunow 
Rhizosolenia alata B rightw ell forma 

indica (Peragallo) Ostenfeld

+

+

+

+

+

+

Chaetoceros pervianus B rightw ell + +
Chaetoceros didymus Ehrenberg var

protuberans (Lauder) Gran e t Gendo +

Chaetoceros affinis Lauder + + + +

Chaetoceros diversus Cleve + + +

Eucampia zoodiacus Ehrenberg + + +

Climacodium Frauenfeldianum Grunow + + +

O rder: Pennales

Fragilaria oceanica Cleve +

Synedra formosa Hantzsch + +
Thalassiothrix longissima Cleve and 

Grunow + + + +

Pleurosigma angulatum (Quekett) W. Sm ith + +

Nitzchia longissima (B rob.) Ralfs + + + + +

Nitzschia seriata Cleve + + + +

Nitzschia closterium (Ehrenberg) Sm ith + + +
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Date and position of collection 13 January 1963 
1204 6 'S ,9 7 °1 9 'E

15 January 1963 
10°01'S,98o4 2 'E

16 January 1963 
8 °1 5 'S I100°05/ E

Depths of collection e
<p

b
S

e

?

s
gr-t
X

B
<?

B
S

B
g
X

B
g B B

I

E
S
A

S
g1-H
A

8 S g o
N à g É à g g

m

A m phiprora  g igentia  Grunow var. sulcata 
(O’M eara) Cleve +

N avicula H ennedyii W. Sm ith + + +

CLASS: DINOPHYCEAE

O rder: Diniferidea

Dinophysis m iles Cleve + +

A m phisolenia bispinosa Kofoid + + + +

Amphisolenia bidenta  Schroder + + + + + + +

A m phisolenia thrinax  Schutt + + + + + +

Ornithocercus steinii Schutt + + + + + + +

Pyrophacus horologicum  var. steinii 
Schiller + + + + + + + + +

Peridinium  thorianum  Paulsen + + +

Peridinium  steinii Jörgensen + + +

Peridinium  diabolus Cleve + + +
Peridinium  brochii form a in fla tu m  

(Okamura) Schiller + 4*

Peridinium  depressum  Bailey + + + +

Goniaulax birostris Stein + + + +

Goniaulax pacifica  Kofoid + +

Goniaulax m inim a  M atzenauer + + +

Ceratium  incisum  (K arsten) Jörgensen + +

Ceratium  teres Kofoid + + + +

C eratium  K ofoidii Jörgensen + + +

Ceratium  S ch m id tii Jörgensen + + + +

C eratium  in fla tu m  (Kofoid) Jörgensen + +

Ceratium reticulatum  (Pouchet) Cleve + + +

Ceratium  stric tum  (Okam ura e t 
N ishik.) Kofoid + +

Ceratium  oxtensum  (Gourret) Cleve + + +

Ceratium  breve (Ostenfeld and Schm idt) 
Schroder + + + +

Ceratium  karstenii Pavillard + + + + +

Ceratium  contortum  form a subcontortum  
(Schroder) Steem an Nielsen 

C eratium  furca  (E hrenberg) Clap and 
Lach.

C eratium  gibberum  form a sucaequale 
Jörgensen

+

+

+ + +

+

+
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Date and position of collection 13 January 1963 
12°46 'S ,97°19 'E

15 January 1963 
10°01 'S .98°42, E

16 January  1963 
8°15, S.100o0 5 'E

Depths of collection
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m

20
0-

10
0m

20
-O

m

50
-2

0m

es
¿

Boo

É
Ceratium lunula  Schimper + +

Ceratium S ch m id tii J6rgensen + +

Ceratium sym m etricum  Pavillard + + +

Ceratium lim ulus Gourret +
Ceratium buceros form a tenue

(Ostenfeld and Schm idt) Schiller 
Ceratium buceros form a molle (Kofoid) 

Schiller

+

+ + +

4*

+ +

Ceratium arietinum  Cleve + + +

Ceratium  fu su s  (Ehrenberg) Dujardin + + + +

Ceratium Pavillardii Jörgensen + + + + +
Ceratium  vultur  var. sum atranum  

(Karsten) Steeman Nielsen + + + + + + + +

Ceratium  deflexum  (Kofoid) Jörgensen + + + +

Ceratium  hexacanthum  Gourret + +

Ceratium  massiliense  (Gourret) Jörgensen + + + + + +

Ceratium pentagonum  Gourret + + + +
Ceratium carriense form a volans (Cleve) 

Jörgensen 
C era tiu m 'carriense form a ceylanicum  

(B .Schroder) Jörgensen 
Ceratium carriense form a hundhausenii 

(Schroder)

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Ceratium deflexum  (Kofoid) Jörgensen + + +

Ceratium gibberum  Gourret + + + + +
Ceratium  macroceros subsp. gallicum  

(Kofoid) Jörgensen + + +

Ceratium trichoceros (Ehrenberg) Kofoid + +
Ceratium  trichoceros var. contrarium  

(Gourret) Schiller 
C eratium  trichoceros form a claviceps 

Schroder
Ceratium cephalotum  (Lem m erm ann) 

Jörgensen

+

+ +

+

+

+

+

+

+

+ +

+

+

+

+

+

+ +

+

C eratium  longinum  Karsten + + +

Ceratium euarcuatum  Jörgensen + + + +

Ceratium reticulatum  (Pouchet) Cleve + + + +

Goniodoma acum inatum  Stein + +

—  5  —
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Fig . 1. Um itaka M aru cruise of Indian Ocean» December 

26 , 1962, to January  20, 1963. 
tg = tu n a  grounds.
O » sta tio n s covered in connection w ith  I. I .  O. E .
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F iltra tion  ratio , variance of samples and estim ated distance of

haul in vertical hauls w ith  Indian Ocean standard net 

Sigeru M otoda and Keisuke Osawa 

F aculty  o f  Fisheries, H okkaido University, H akodate  

A b s tra c t

I* F i l t r a t io n  r a t io  o f  In d ian  Ocean s ta n d a rd  n e t
In previous paper (Motoda et a!., 1963a) filtration  ratio of the  Indian Ocean standard 

net was reported to be 0 .70  (Um itaka M aru) and 0 .72  (Oshoro M aru). On the cruise in 
the  Indian Ocean 1963-64 filtration ratio  of th is net was again measured on the “ Umiatka
M aru” and “ Oshoro M aru”  (Tables 1, 2 ), w ith  the results of 0 .86  and 1 .0  respectively.
H igh value obtained by th e  experiment on the  “ Oshoro M aru” w as probably due to the 
fact that th e  experiment w ith  net was made a t a  station when the  angles of w ire were 
considerably great (15-24°), w hile the  experimént w ithout net was made at one o ther 
station on calm day. T he filtration  ratio of the  Indian Ocean standard net may be presumed

* d v  0 ^ 3 8 ^ * )

— l i ­

sos



h (1964)

as 0 .7 -0 .9 .
II. Variance of samples in vertical haul with Indian Ocean standard net

In previous paper (Motoda e t a l.,  1963a) it was reported that in 0-200 m vertical haul 
w ith  an Indian Ocean standard net, the standard deviation percentage of samples was 30.2 %  
(displacem ent), 39 .6  %  (w et weight) in 99 %  fiducial lim it; 18.4 %  (displacem ent),
23 .9  %  (w et w eight) in 95 %  fiducial lim it in the experiments on the “ Umitaka 
M aru ,”  and 34 .4  %  (displacem ent), 41 .4  %  (w et w eight) in 99 %  fiducial lim it; 18.7 %  
(displacem ent), 21 .4  %  (wet weight) in 95 %  fiducial limit in the  experiment on the 
“ Oshoro M aru .”  On the 1963-64 cruise by the “ Umitaka M aru” and “ Oshoro M aru” in the 
Indian Ocean, experiments were again made (Tables 3 , 4 ). From the above-mentioned four 
series of experiments, it can be said th a t the  variance of samples in 0-200 m haul w ith 
Indian Ocean standard net will be as follows;

Standard deviation percentage. 99 %  fiducial lim it:
30—75%  (displacement)
40—66%  (wet weight)

Standard deviation percentage. 9 5 '%  fiducial lim it:
18—45%  (displacement)
21—40%  (wet weight)

III. Estimation of distance of haul in vertical sampling with Indian Ocean 
standard net

T he w riters proposed a method of estim ation of the distance of haul of plankton net in 
vertical haul, which w ill differ w ith  drifting  velocity of the  ship (Motoda et al„  1963b).
P lotting the data on flow -m eter readings in the standard Zooplankton samplings obtained 
during the  cruises of the “ Kagoshima M aru” and “ Oshoro M aru” in the  Indian Ocean, 
from November 1963 to January 1964, in th e  previous figure of filtration line (Motoda et 
al., 1963, F ig . 3 ), F ig . 1 is obtained. I t  is found th a t the newly plotted dots generally 
satisfy the  filtration line previously drawn, y  — 0.482 X  +  130, where y  is length (m)- 
of w ire cable extended long enough for the net to reach 200 m depth, and x  is volume 
(m 3) of w ater filtered by the net th a t originally calculated by flow -m eter readings. 
Applying this line for calculation of volume of w ater filtered by the net in standard sam plings 
made by the  “ Umitaka M aru ,”  “ Koyo M aru”  and “ Oshoro M aru”  on 1962-63 cruises, 
and “ Kagoshima M aru,”  "Koyo M aru ,”  "U m itaka M aru”  and “ Oshoro M aru”  on 
1963-64 cruises, the  distribution charts of Zooplankton biomass in the upper 200 m zone 
in the eastern Indian Ocean are illustrated in Figs. 2 -5 .

IV. Estimation of underwater wire angles in vertical plankton net haul 
Using an underwater w ire clinometer (Fig. 6) (Motoda, 1963, p. 159, PI. 4 , F ig . 4)

an experiment was made to observe the  line of w ire cable underwater when the ship  was 
drifting considerably due to  wind. A Norpac plankton net w ith a  sinker was repeatedly 
lowered to the depth by running out the  w ire cable as a length of 200 metres. One underwater 
w ire clinom eter was attached to different positions on the  w ire cable each tim e. T he 
results (Table 7 , F ig . 7) indicate th a t the  w ire cable suspending the plankton net and 
sinker did not extend in a  stra igh t line, but curved to a  certain degree. T he position of the 
net is shown to be about 184 m depth. If  the  depth a t which net was positioned is 
simply estim ated by length of w ire run out and angle of w ire on deck, it amounts to 
112 m approxim ately. T he error is remarkably great.

1 ( ¡ fê g 0 .3 3 m m ) © i f *  I- 4  >

Ocfflrt *7 FSSjMfcflxfl-bTniêfc'tf

1 9 6 3 a ) K L t z i > < O t ,  9 < b © £ © 2

o m c x H m 9 6 3 b ) ,  a * ,

fiït3Lh£fïoT, 
fr b tió o  Tv
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Table 1. Estim ation of filtration ratio of Indian Ocean standard net;

1963-64 cruise of the  “ Umitaka M aru”  in the Indian Ocean. 

Flow -m eter: T SK  710.

Locality of observations: S ta. U m -I-28  , 03°55 'S , 9 9°35 'E .

Date and tim e January 22, 1964, 1131-1159 January 22, 1964, 1034-1111
Mean velocity 
of haul 0 .83  m /sec. 0 .84  m /sec.

Mounted on M outh ring w ithout net M outh ring  w ith  net

No. of haul Angle of 
wire

Length of 
w ire (m)

Revolutions
of

flow -m eter
Angle of 

w ire
Length of 
w ire (m)

Revolutions
of

flow -m eter

1 3 200 l i l i 1 200 929
2 0 200 1102 3 200 970
3 2 200 930 4 200 916
4 3 200 1190 4 200 924

Mean 1083. 200 935

Ratio 1 0.86

M easurem ent was m ade by M r. J .  Seno.

-  13 -
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Table 2 . Estim ation of filtration  ratio of Indian Ocean standard net;

1963-64 cruise of the “ Oshoro M aru”  in the  Indian Ooean. 

F low -m eter; RGS 292.

Velocity of haul: about 1 m /sec.

Locality Sta. Os 5, 12°54 'S , 109°04 'E Sta. Os 8 , . 10°12 'S , 110°50'E

Date and tim e December 17, 1963 , 0712-0752 December 20, 1963, 1029-1125

Mounted on M outh ring w ithout net Mouth ring w ith  net

No. of haul Angle of 
w ire

Length of 
w ire (m)

Revolutions
of

flow -m eter
Angle of 

wire
Length of 

w ire (m)
Revolutions

of
flow -m eter

1 13 200 2961 18 202 2868
2 13 205 3052 18 202 2800
3 16 198 2784 24 203 3130
4 13 201 2848 22 203 2805
5 14 201 2837 15 203 2880
6 14 201 2870
7 11 211 2957

Mean revolutions 
per one m etre 14.3 14.3

Ratio 1 1

Table 3. Estim ation of variance of sam ples taken by-0-200 m vertical 

hauls w ith  Indian Ocean standard ne t; 1963-64 cruise of the

“ Um itaka M aru” in the Indian Ocean. 

S ta. U m -I-28 , 03°55 'S , 99°35 'E .

January 22, 1964, 1034-1111.

No. of 
haul

Velocity 
of haul
(m /sec.)

Angle, of 
w ire

Length of 
w ire (m)

Displacement
of

sample (cc)

W et w eight 
of sam ple 

(gr)

1
2
3
4

0.81
0.83
0.89
0.84

1
3
4 
4

200
200
200
200

2 .2
2 .3
2 .3  
2 .0

2 .4
2 .5  
2 .1  
1.8

Mean 2 .2 2 .2

Standard deviation. 99%  fiducial lim it 0.41 0.94

Standard deviation. 95%  fiducial lim it 0 .23 0.51

Standard deviation percentage. 99%  fiducial lim it 18.64% 42.73%

Standard deviation percentage. 95%  fiducial lim it 10.45% 23.18%

Sampling and m easurem ent of displacement and 

w et w eight of samples were made by M r. J . Seno.

—  14 —
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Table 4 . Estim ation of variance of sam ples taken by 0-200 m vertical 

hauls w ith Indian Ocean standard ne t; 1963-64 cruise of the 

“ Oshoro M aru” in the  Indian Ocean.

Sta. Os 8 , 10°12 'S , 110°50'E .

December 20, 1963, 1029-1125.

Velocity of hau l: about 1 m /sec.

No. of 
haul Sample No. Angle of 

wire
Length of 
w ire run 
out (m)

Sample per 0-200 m
Displacement

(cc)
Wet weight

(gr)

1 63188 18 202 13.9 14.9
2 63189 18 202 19.8 19.8
3 63190 24 203 31.9 33 .9
4 63191 22 203 24.7 24.2
5 63192 15 203 22.6 19.4

Mean 22.6 22 .4

Standard deviation. 99%  fiducial lim it 17.02 14.82
Standard deviation. 95%  fiducial lim it 10.26 8.94

Standard deviation percentage. 99%  fiducial lim it 75 .3% 6 6 .2 %
Standard deviation percentage. 95%  fiducial lim it 45.4% 39.9  %

Large organisms such as fish larvae, salps, doliolids, etc. were removed before measurement.

Ê U i © ^ © * » * ^ : : ¿  0 , T v  *  1
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- 6 6 %  C S S * )  , 9 5 % tt® ÏÎI iJ? « C T 1 8 -~ 4 5 %  m  
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Ÿ S S *  gr/1000 m3) © ^ ^ i S b r ^ S è  Tables 

5 , 6 , Figs. 2 —5 © * !<  * S o

IV. 7 = 7 > ?  b > * . y h B * ? |± E ä s 'H -*  
* + 9  4 *«*31*  

f é ^ ÿ v *  b v^-y H c i S g Ü & i f c l c ^ r ,  * 
y h © T « S t ö ¥ f ö ± r $ i ; Ê b f c 7  7 7lB8£ , <

r  S b T K + f tK - t f  3  ?  T r  © ^ K ¿ s¡ t ig S ' *  ÿ  * v  y »  

-ê-fi, c: © t h o r i i  ̂  y i  © pM SK oJtifëfcSS  9 £
1 9 6 3 -6 4 4 fT  V F ^ K f f i O i i j É ^ y i ' - t S r *  

rfi ^  T -V lffifjft (Fig. 6) (Motoda 1963, p . 159, pi. 

4 . F ig . 4) 1 £ f f ib fc 2 0 0 m © 7  T  +  ©

7K43 ft n  tf 6  félfc SII5Ë b r  *  tZo fc fc* b  r  ©Bí l i  T 
X H Ä l R b T T v Ä O T ,

307



0*7-7 y » i- y m x m tt& m m m  a « «

Table 5 . Mean displacement volume (cc/1000 m 3) and mean wet weight (gr/1000 m 3)

Ref. to  A -J  ■ 
in Figs. 2 . 3. A B C D E F

L
at

itu
de

N
um

be
r 

of 
st

at
io

ns

M
ea

n 
di

sp
la

ce
m

en
t 

cc
/1

00
0 

m
3

M
ea

n 
w

et
 

w
ei

gh
t 

g
r/

10
00

 
m

3__
_

N
um

be
r 

of 
st

at
io

ns

i 
M

ea
n 

di
sp

la
ce

m
en

t 
cc

/1
00

0 
m

3
M

ea
n 

we
t 

w
ei

gh
t 

gr
/1

00
0 

m
3

N
um

be
r 

of 
st

at
io

ns

M
ea

n 
di

sp
la

ce
m

en
t 

cc
/1

00
0 

m
3

M
ea

n 
w

et
 

w
ei

gh
t 

gr
/1

00
0 

m
3

N
um

be
r 

of 
st

at
io

ns

M
ea

n 
di

sp
la

ce
m

en
t 

cc
/1

00
0 

m
3

M
ea

n 
w

et
 

w
ei

gh
t 

gr
/1

00
0 

m
3

N
um

be
r 

of 
st

at
io

ns

M
ea

n 
di

sp
la

ce
m

en
t 

| 
cc

/1
00

0 
m

3 
I

M
ea

n 
we

t 
w

ei
gh

t 
gr

/1
00

0 
m

3 
1

N
um

be
r 

of 
st

at
io

ns

M
ea

n 
di

sp
la

ce
m

en
t 

cc
/1

00
0 

m
3

M
ea

n 
w

et
 

w
ei

gh
t 

gr
/1

00
0 

m
3

08° N —06° N 2 74.5 74 .9

0 6 ° N —04°N 1 38.0 38.1 3 16.9 16.7

04° N —02° N 1 46.0 46.0 2 21.4 19.0

02° N —00° 3 toi. 1103. 6 1 51.9 49.4 3 42.1 28.7

00° —02° S 2 72.9 73.4 2 33.7 28 .6

02° S —04° S 1 65.7 72 .7 3 31.0 29 .3

04° S —06° S 1 101. 5102. 1 24.1 40.8

06° S —08? S 1 78.9 79.3 2 63.1 48.2 2 19.9 15.3

08° S —10° S 1 24.9 28.7 1 34.0 30.0 2 33.2 29.9 1 47.3 113. 0

10° S — 12° S 1 21.7 20.3 1 20.8 18.7 1 31.0 23.2 4 42.5 40.9 3 29.3 24.8

12° S —14° S 1 38.4 38.4 2 22.4 23 .9 2 48.8 42,8 2 33.1 31.8

14° S —16° S 1 49.8 49.8 1 18.4 11.4

16° S —18° S 1 28.1 29.3 1 13.8 12.4 4 37.5 39.8 1 40.3 35.2

18° S - 2 0 °  S 1 8 .5 9 .5 2 16.0 12.3 1 58.2 67.8

20° S —22° S 2 57.4 42.3

22° S —24° S 1 24.4 25.5

24° S - 2 6 °  S 1 16.5 16.2

31° S —33° S

Longitude 77° E —79° E 90° E - 9 2 °  E 93° E —95° E 104 ’E  — 
106° E

106 E — 
108° E

108 E  — 
110° E

308

-  16 -



Inform. Bull. P lanktd . Japan No. 11 (1964)

of Zooplankton samples (IOSN) in grid areas based on IIO E of Japan 1962-63.
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Table 6. Mean displacement volume (cc/1000 m3) and mean wet weight (gr/1000 m3) of
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Zooplankton sam ples (IOSN) in grid areas based on IIO E of Japan 1963-64.
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Fig. 1. Mean volume of water filtered in vertical haul 
with Indian Ocean standard net.
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Fig. 2. Distribution of Zooplankton biomass (displacement cc/1000 ms) 
in the eastern Indian Ocean. IIOE of Japan 1962-63.
A-J correspond to those in Table 5.
Figure in a grid indicates the number of observations inside the grid.
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Fig. 3. Distribution of Zooplankton biomass (wet weight gr/1000 m3) 
in the eastern Indian Ocean. IIOE of Japan 1962-63.
A-J correspond to those in Table 5.
Figure in a grid indicates the number of observations inside the grid. 
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Eig. 4. Distribution of Zooplankton biomass (displacement cc/1000 ms) 
in the eastern Indian Ocean. IIOE of Japan 1963-64.
A-I correspond to those in Table 6.
Figure in a grid indicates the number of observations inside the grid.
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Fig. 5. Distribution of Zooplankton biomass (wet weight gr/1000 ms) 

in the eastern Indian Ocean. IIOE of Japan 1963-64.
A-I correspond to those in Table 6.
Figure in a grid indicates the number of observations inside the grid. 
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Table 7. Estimation of underwater wire angles in vertical 
haul with plankton net.

Ship and cruise No: "Oshoro Maru” Cruise 6.
Date and time: January 19, 1964 , 0930-1300.
Location: 07° 45'N, 121°36'E, in Sulu Sea, about 29 miles west to Duluguin Point, Zamboganga 

Peninsula, Mindanao Island.
Wind velocity: 10 m/sec.
Net used: Norpac net (45 cm in mouth diametre, 180 cm in length, pylen cloth, having 0.35mm mesh 

apertures).
Sinker: 40 kg.
Wire cable: 4 mm diameter, steel wire.

Length of wire 
cable run out

(m)

Position of 
underwater 

wire-clinometer 
on the wire cable 

(m)

Angle of wire 
cable on deck

Angle of wire 
cable underwater 
as measured with 
underwater wire- 

clinometer

200 10 60 42
200 20 58 36
200 30 58 33
200 40 58 30
200 50 58 24
200 60 58 24
200 80 58 18*
200 80 58 25
200 100 55 8*
200 100 53 13
200 125 55 14
20Q 150 52 6
200 150 51 6
200 200 53 9*
200 200 53 4

Mean 56 (♦discarded)

Fig. 6. Underwater wire-clinometer (Motoda, 
1963). A wooden vane which is not 
shown in original design was attached 
to the clinometer.

1 S -JT lV 'T ^ b fc o  ^ » iJ H iS lO m /s e c T «  
« Ó F f f i P P * *  b ¿ 4 0 k g © ^ £  
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Reprinted from PACIFIC SCIENCE, vol. XVIII, no. 3, July, 1964

The Chaetognatha of the Monsoon Expedition in the Indian Ocean1

A n g eles  A l v a r iñ o

T h is  r e p o r t  deals with, the chaetognaths col­
lected by the "R/V  Argo” during the Monsoon 
Expedition in the Indian Ocean in I960 and 
I 96I. The Monsoon collections extended from 
about 8° S to 42° S (Fig. 1 ) ; that is, the region 
roughly limited by the Equatorial Countercurrent 
and the Subantarctic West Wind Drift (the 
Indian Central waters extending to the Sub­
tropical Convergence); and also the Indonesian 
seas and the South Australian waters. This re­
port includes only data from the Indian Ocean. 
Data from collections made by the same Ex­
pedition in the Pacific have been added to the 
study of the chaetognaths of the Pacific. How- 
ever, data derived from the Pacific are used here 
also in discussing the distribution of the species. 
The Monsoon Expedition covered in part the 
regions surveyed for chaetognaths by the Ga­
zelle, Gauss, Sealark, Siboga, and Snellius expe­
ditions, with the following exceptions: the Bay 
of Bengal, west coast of Ceylon, and waters of 
Somalia and eastern Africa.

The samples were taken with a 1-m open net, 
towed obliquely from a depth of 200 or 360 m 
to the surface; and several mid-water trawls are 
also included (see Table I) .

It is well known that the hydrographic changes 
taking place in the Indian Ocean are influenced 
by the monsoon regime. The sampling extended 
from November I960 to January 1961. This is 
the season of the northeast monsoon ( Mattheus, 
1926).

Two well-defined zoogeographical boundaries 
were indicated in the Indian Ocean by the study 
of the Chaetognatha population: (1 ) the equa­
torial boundary extending south of the equator 
(from about 5° S in the West to 15° S in the 
East), and (2) the Subtropical Convergence 
region (at about 40° S). These well-defined

1 Contribution from the Scripps Institution of Ocean­
ography, University of California, San Diego. 

Manuscript received May 13, 1963-

boundaries frame latitudinally three main re­
gions: Equatorial, Central, and Subantarctic.

Typical equatorial species of the Pacific that 
occur also in the Indian Ocean appear to be 
restricted to the Equatorial waters. Warm-water 
species that are cosmopolitan in distribution, 
extend along the Equatorial and Central Indian 
waters, while cold-water species do not extend 
to the Central waters. The Subtropical Conver­
gence appears to be the fluctuating northern 
boundary for the latter.

The data obtained aid in filling the gap that 
existed in the zoogeography of the chaetognaths 
by adding information from the Indian Ocean. 
These observations make it easy to compare the 
relationships found in the distributional pattern 
shown by each of the species in the Indian 
Ocean and their respective allies in the Atlantic 
and Pacific oceans.

The Indian Ocean collection contains 23 
oceanic species of chaetognaths, already known 
from the Atlantic and the Pacific oceans.

The following species were observed in the 
samples from the Monsoon Expedition in the 
Indian Ocean:

Eukrohnia bathypelagica Alvariño 
E. fowleri Ritter-Zahony 
E. hamata ( Möbius )
Krohnitta pacifica (Aida)
K. subtilis ( Grassi )
Pterosagitta draco (Krohn)
Sagitta bedoti Béraneck
S. bipunctata d’Orbigny
S. decipiens Fowler
S. enflata Grassi
S. ferox Doncaster
S. gazellae Ritter-Zahony
S. hexaptera Quoy and Gaimard
S. lyra Krohn
S. minima Grassi
S. neglecta Aida
S. pacifica Tokioka
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FlG. 1. Stations plan for the Zooplankton collections of the Monsoon Expedition in the Indian Ocean. 
O —  1-m  net 
A —  mid-water trawl

Stations corresponding to previous work in this region are:
F —  Siboga Expedition (Fowler, 1906)
R —  Gazelle Expedition, Fauna Southwestern Australia, Deutsche Südpolar Expedition 

(Ritter-Zahony, 1909, 1910, 1911)
B —  Sealark Expedition (Burfield and Harvey, 1926)
S — Snellius Expedition (Schilp, 1941)
T —  (Tokioka, 1956¿)
D —  (David, 1958, 1959)

S. planctonis Steinhaus 
S. pulchra Doncaster 
S. regularis Aida 
S. robusta Doncaster 
S. tasmanica Thomson 
S. zetesios Fowler

Seventeen of the 23 species recorded are epi­
plankton«:. Ten of these are cosmopolitan and 
seven are Indo-Pacific. Fifteen of the 17 epi­
plankton«: species in the Indian Ocean connect 
with their respective regions of distribution in

the Pacific Ocean along the Indonesian seas. 
The mesoplanktonic species S. decipiens and S. 
zetesios apparently connect with the Pacific 
population along the same route, while S. planc­
tonis extends into the Pacific following the 
South Australian waters. These mesoplanktonic 
species are also cosmopolitan. However, E. 
bathypelagica, obtained previously only in the 
Pacific at great depths, was recorded here once 
at the northern part of the region covered by 
the “R /V  Argo” in the Indian Ocean (m id­
water trawl no. 3, at 11° 56' 42" S— 115° 22'
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TABLE 1

L i s t  o f  S t a t i o n s  o f  t h e  M o n s o o n  E x p e d i t i o n  i n  t h e  I n d i a n  O c e a n

1 M  O PE N  N E T  OBLIQUE TOW

STATION DATE
Time

Position Depth
NUM BER Start End (meters)

7
I960

X-22 1745 1811 9° 11.5'S 127° 33.5’E 305
8 X-26 2109 2135 7° 47.0' S 121° 16.5'E 200
9 XI-7 2012 2037 13° 19.5'S 109° 35.5'E 240

10 XI-11 0437 0501 8° 53.0' S 109° 3 8 'E 271
11 XI-20 2203 2227 11° 15' S 103° 3 2 'E 297
12 XI-22 1929 1950 10° 30.0' S 98° 59.0' E 339
13 XI-25 2300 2327 17° 01'S 93° 28.6' E 278
14 XI-29 2213 2249 15° 51.0 'S 81° 10.3'E 335
15 X II-1 2108 2134 12° 57.9 'S 75° 13.6'E 356
16 XII-5 0319 0346 16° 24.5 'S 66° 02.4' E 235
17 XII-11 1753 1819 20° 18.9' S 58° 09.6' E 328
18 XII-15 0044 0109 23° 59.4' S 73° 57.5'E 283
19 X II-17 0313 0342 27° 48.6' S 73° 51.5'E 273
20 XII-20 0435 0507 37° 40.1 'S 71° 41'E 283
21 XII-22 1150 1216 39° 50' S 75° 03.7 'E 362
22 XII-26 0509 0540 37° 49.6' S 85° 21.7'E 283
23 XII-30 0013 0041 36° 18.7'S 98° 41.1 'E 235

24
1961

IX-1 1733 1806 39° 18 'S 119° 51 'E 269

MID-WATER TRAWLS

2 24-25-X-1960 2339 0259 7° 10' 00" S 
7° 09' 00" S

127° 22'00" E 
126° 58' 54" E

2121

3 29-30-X-1960 2157 0359 11° 56'42" S 
12° 15' 30" S

115° 22' 12" E 
115° 30' 06" E

2179

4 2-XI-1960 0121 0451 10° 10' 00" S 
10° 43' 00" S

115° 17' 12" E 
115° 14' 54" E

1721 .

5 22-23-XI-1960 2239 0235 10° 39' 00" S 
10° 50' 00" S

98° 50" 36" E 
98° 43' 42" E

1408

6 27-XI-1960 1817 2300 18° 49' 24" S 
18° 41' 06" S

88° 05'42" E 
87° 51'30" E

1643

7 3-XII-1960 1649 2128 14° 54' 00" S 
15° 01' 24" S

'  70° 12'00" E 
69° 52' 00" E

2000

8 12-XII-1960 1910 2342 22° 04' 18" S 
22° 15' 30" S

63° 02' 00" E 
63° 19'00" E

2000

9 19-XII-1960 0324 0829 33° W 18" S 
33° 38' 06" S

72° 34' 24" E 
72° 31'00" E

1878

10 21-22-XII-1960
i

2326 0415 42° 03' 48" S 
42° 01' 06" S

70° 39' 54" E 
71° 00' 18" E

2060

11 28-XII-1960 1738 2312 36° 35' 00" S 
36° 32' 18" S

95° 28' 00" E 
95° 52' 30” E

2000
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12" E, from 2179 m depth). No typical Indian 
Ocean species was found. The sampling only 
covered the oceanic regions, and it is assumed 
that some neritic species of chaetognaths may 
be restricted to the Indian waters.

Important previous works on the Chaetog­
natha in the Indian Ocean and adjacent waters 
include:

Number of valid
Authority species observed

Béraneck ( 1895 ), Bay of Amboine..............  5
Burfield and Harvey (1926), Indian Ocean.— 15 
Doncaster ( 1903 ), Maldive-Laccadive

Archipelago............................................... 11
Fowler ( 1906), Indian Ocean.......................  18
George (1952), Indian coastal waters  12
Lele and Gae (1936), Bombay harbor  3
Oye ( 1918), Java Sea......................................  12
Rao (1958), Lawson’s Bay, Waltair,

Bay of Bengal................................   13
Rao and Ganapati (1958), off east coast

of India and Ceylon................................ 12
Ritter-Zahony (1909), southern

Indian Ocean  ...................................  6
(1910), southwest Australia.....................  10
( 1911 ), Deutsche Südpolar Expedition.... 17

Schilp (1941), Indian Ocean.........................  19
Tokioka ( 1940 ), New South Wales  8

( 1955 ), NE Indian Ocean.........................  13
( 1956), Central Indian Ocean................... 13
( 1956), Arafura Sea....................................  9

The chaetognaths observed in the Indian Ocean 
can be grouped as follows:

a) Cosmopolitan (common to Atlantic, In­
dian, and Pacific oceans ) : S. lyra, S. en­
flata, S. hexaptera, S. minima, S. bipunc­
tata, K. subtilis, K. pacifica, P. draco, S. 
gazellae, S. tasmanica.

b) Cold-water représentants: S. gazellae, S. 
tasmanica, E. hamata.

c) Tropical-equatorial, and restricted to the 
Indo-Pacific waters: S. ferox, S. robusta, 
S. pacifica, S. pulchra, S. neglecta, S. bedoti, 
S. regularis.

d) Mesoplanktonic: S. decipiens, S. planc­
tonis, S. zetesios.

e) Deep water: E. hamata (in low latitudes), 
E. fowleri, E. bathypelagica.

It is important to notice that Sagitta macro­
cephala Fowler was not recorded here. The ab­
sence of this species from the samples may be 
due to its scarcity and to the small number of 
deep samplings. It was previously recorded in 
the Indian Ocean by Fowler (1906), Burfield 
and Harvey (1926), and Schilp (1941).

Sagitta gazellae, an oceanic species with a 
circumpolar distribution in the Antarctic and 
Subantarctic waters, enters the Atlantic, Indian, 
and Pacific oceans up to the Subtropical Con­
vergence, often extending further north in deep 
levels in the Atlantic and Pacific (Alvariño, 
1964¿). In the Monsoon collections (Fig. 2 ), 
S. gazellae occurred as far north as 36° S—98° 
E and 37° S— 71° E; whereas David (1958) 
reported it extending along the 90° E meridian 
from 63° S to approximately 41° 30' S (Fig. 2 ), 
and David ( 1959) from 66° 35' S to 42° 35' S 
(south of the Indian Ocean). The specimens of 
S. gazellae recorded in the Monsoon region 
might very well represent penetrations of the 
Subantarctic waters below the Subtropical. The 
penetration apparently does not extend farther 
north, because none were recorded at the mid­
water trawl station 9 situated north of the sep­
tentrional boundary of this species in the Indian 
Ocean, although the sampling went to 1878- 
2000 m deep. The northernmost records of S. 
gazellae in the Indian Ocean (David, 1955) 
were at 40° 30' S— 90° E, and in the Pacific at 
39° 20' S— 180° E and 38° 30' S— 126° W.

At station 22 (37° 49.6' S— 85° 21.7' E) 
only young specimens 28-30 mm long at early 
maturity stage 1 were found; while at station 
25 (57° 43' S— 169° 12' E) some were 50-60 
mm long and still at maturity stage 1. In the 
Pacific, at station 29 (40° 37' S— 164° 08' W ) 
the specimens were 20-30 mm in length, and 
at station 32 (28° 35.3' S— 158° 57.5' W ) 
they were 20-30 mm long and at maturity 
stage 1.

David (1955) points out that S. gazellae was 
occasionally taken north of the Subtropical Con­
vergence at 41° 49.7' S— 18° 49.9' E, and that 
the hydrographical data showed a northward 
extension of the Subantarctic waters. The obser­
vations in the Pacific (Alvariño, 1964¿) showed 
the progression of the Subantarctic waters at 
deep levels far north of the Subtropical Con-
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S.  p a c i f i c a

N o  p e r  1 0 0 0  m,  o f  w a t e r  f i l t e r e d

S. g a z e l l a e
l e s s  t h a n  1 0 0  

T O O  -  3 0 0

o r e  t h a n  3 0 0

2 0 *

4 0 *

80* I0 0 * I2 0 *

Fig. 2. Distribution of S. gazellae and S. pacifica in the Indian Ocean, including positive records from 
previous expeditions.

vergence. In the Pacific (Alvariño, loc. cit.), at 
about 35° S— 21° S, there is an overlapping 
of the populations of S. gazellae and S. pacifica 
at about 200-400 m depth. In the Indian Ocean, 
the northern boundary of S. gazellae and the 
southern boundary of S. pacifica did not overlap, 
and do not even appear well juxtaposed. How­
ever, this pattern cannot be admitted as defini­
tive; it may be due to scarcity of sampling in 
these localities. More data from this region will 
eventually show if this distributional pattern 
persists, or if both species occur in a pattern 
similar to that shown in the Pacific.

S. lyra recorded by Tokioka (1940) is most 
probably S. gazellae because of the geographic 
localities of the records (33° and 35° S and 
151° E); and the S. lyra recorded by David 
(1959) and by Johnson and Taylor (1921) 
may also be S. gazellae.

S. pacifica populations of the Pacific and In­
dian oceans connect along the Indonesian seas

(author’s records; Tokioka, 1955, 1956b; and 
possibly also the report of Béraneck, 1895)- It 
appears to extend with the South Equatorial 
Current to the Indonesian seas and then into the 
Indian Ocean (Fig. 2 ). It cannot be ascertained 
if some representatives of this species enter 
the Agulhas Current, since they have not yet 
been observed in the Atlantic.

Previous records of S. serratodentata in the 
Indian Ocean by Burfield and Harvey (1926), 
Doncaster (1903), Fowler (1906), John (1937), 
Ritter-Zahony (1910, 1911), and Schilp (1941), 
could be considered to be S. pacifica. Baldas- 
seroni (1915) was the first to distinguish At­
lantic specimens of serratodentata from those 
of the Pacific; he gave a short diagnosis and 
published drawings of the seminal vesicles of 
the species. Tokioka (1940) published a com­
plete diagnosis and named the species. Cleve’s 
(1901) records of S. serratodentata Krohn should 
correspond to S. pacifica. The John (1937),
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Rao (1958a, b) Rao and Ganapati (1958), 
and Ritter-Zahony (1910, 1911) records of S. 
serratodentata correspond to S. pacifica. Other 
records of S. pacifica in the Indian Ocean are 
given by Tokioka (1940, 1955, 1956«, b).

S. tasmanica populates the Atlantic and the 
southernmost part of both the Indian and Pa­
cific oceans up to the Subtropical Convergence. 
The northern boundary follows a pattern similar 
to that of S. gazellae, although it does not pro­
gress northward in deep layers as S. gazellae 
does. More data are needed to establish the ex­
tension of the distribution.

This species extends along southern Australia 
into the Pacific (Alvariño, 1964¿>); and it ap­
pears from the S. tasmanica records in the Pa­
cific and Indian oceans that the Subtropical Con­
vergence acts as a barrier which interrupts the 
distribution of the species northward from that 
boundary. W ith these findings in mind, and the 
fact that this species is recorded widely in the

Atlantic, more data are needed before definitive 
conclusions may be drawn (Fig. 3).

Unfortunately, some of the expeditions in the 
Indian Ocean did not cover the distributional 
region of S. tasmanica, and most of the data 
from the Atlantic are difficult to interpret, be­
cause this species has been recorded together 
with S. serratodentata under Krohn’s synonymy.

David’s (1958, 1959) records of S. serrato­
dentata Krohn refer probably to both S. tas­
manica and S. pacifica and to S. tasmanica re­
spectively.

S. lyra, a typical Atlantic chaetognath, ap­
peared in small numbers and only in the West- 
Central Indian waters (Fig. 3). Other records 
are given by Baldasseroni (1915), Burfield and 
Harvey (1926), Fowler (1906) as S. furcata, 
Oye (1918), Ritter-Zahony (1911), Schilp 
(1941), and Tokioka (1956«).

S. enflata extends along the Indian Equatorial 
waters. It is heavily distributed in the eastern

 1----------- 1------------ 1_______ I___ - __ I------------ I_______ I_______ I_______  l .  ' I I »
60* 80* 100* 120*

F ig . 3. Distribution of S. lyra and S. tasmanica in the Indian Ocean, including positive records {com pre­
vious expeditions.

323



342 PACIFIC SCIENCE, Vol. X V III, July 1964

part of these waters and in the Sunda Sea. I 
suspect that it will also extend along the Indian 
Central waters, but lack of sampling in the East- 
Central Indian Ocean does not permit a complete 
picture of the distribution of this species (Fig. 
4 ). Other records in the Indian Ocean: Baldas- 
seroni (1915), Béraneck (1895), Burfield and 
Harvey (1926), Chacko (1950), Qeve (1901), 
Doncaster (1903),. Fowler (1906), George 
(1952), John (1933, 1937), Lele and Gae 
(1936) as S. gardineri, Menon (1945), Oye 
(1918), Pillai (1944), Rao (1958«, b ), Rao 
and Ganapati (1958), Ritter-Zahony (1909, 
1910, 1911), Schilp (1941), Tokioka (1940, 
1955, 1956a, b ) ,  and Varadarajan and Chacko 
(1943).

S. hexaptera was observed at each of the sta­
tions of the Monsoon Expedition in the Indian 
Ocean and the Indonesian seas, though it was 
less abundant in the southernmost stations. As 
in the Pacific, this species extends into colder

regions than does S. enflata (Fig. 4), (Alvariño, 
1964a and other unpublished data; Bieri, 1959). 
Other records in the Indian Ocean: Baldasseroni 
(1915), Burfield and Harvey (1926), Don­
caster ( 1903 ) as S. tricuspidata and S. magna, 
Langerhans, Fowler (1906), Oye (1918), Ritter- 
Zahony (1909, 191.0, 1911), Schilp (1941), 
and Tokioka (1940, 1955, 1956a).

S, robusta was observed in the Indonesian 
seas and at the northeastern stations in the 
Equatorial Indian Ocean. It apparently remains 
(Fig. 5) restricted to the Equatoria! waters, 
whereas S. ferox (also an Equatorial species) 
spreads further south into the Tropical region. 
A similar pattern was observed in the Pacific 
(Alvariño, 1962b). It is obvious that the popu­
lations of both the Pacific and the Indian oceans 
connect along the Indonesian seas. Other records 
in the Indian Ocean: Baldasseroni (1915, S. 
robusta), Doncaster (1903), and Fowler (1906), 
recorded both species. Burfield and Harvey

S . h ê x a p t e r o

No .  p e r  1 0 0 0  m o f  w a t e r  f i l t e r e d  

l e a e  t h a n  l O O

40*

60* 80* 100* 120*
FIG. 4. Distribution of S. enflata and S. hexaptera in the Indian Ocean, including positive records from 

previous expeditions.
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No -  p e r  1 0 0 0  m o f  w a t e r  f i l t e r e d  

l e a e  t h a n  1 0 0

40»

60* 80* I00» I20*

Fig. 5. Distribution of S. robusta and S. ferox in the Indian Ocean, including positive records from pre­
vious expeditions.

(1926), George (1949, 1952), Oye (1918), 
Ritter-Zahony (1909, 1910, 1911), and Schilp 
( 1941 ) recorded both under the S. robusta syn­
onymy. Rao ( 1958a, b) and Rao and Ganapati 
(1958) récords of S. robusta probably correspond 
to S. ferox and those of S..hispida to S. robusta. 
Tokioka (1940) recorded both species in 1955, 
and in 1956è only S. robusta, in 1956a, both 
species, although S. ferox is recorded under the 
S. ai Tokioka synonymy. Other records: Chacko 
(1950), John (1933, 1937), and Varadarajan 
and Chacko (1943).

S. bipunctata was abundant in the stations 
north of 30° S. According to the data obtained, 
it appears that the populations of S. bipunctata 
of the Indian and Pacific oceans connect along 
the Indonesian seas, as no S. bipunctata was 
observed south of parallel 30° S; while the 35° 
S parallel appears to be the southern boundary 
for this species in the Pacific (Alvariño, 1964a, 
and other unpublished data; Bieri, 1959). It 
inhabits the Tropical Equatorial and Central Pa­

cific waters. Other records in the Indian Ocean: 
Baldasseroni (1915), Béraneck (1895), Cleve 
(1901), Oye (1918), Rao (1958*), Rao and 
Ganapati ( 1958), Ritter-Zahony (1910, 1911), 
Schilp ( 1941 ), Thomson ( 1948 ), and Tokioka 
(1940, 1955, 1956¿). The Burfield and Harvey 
(1926) and George (1952) drawings of S. 
hispida are more likely to be of S. bipunctata.

S. bedoti appeared abundantly in the Indo­
nesian seas to the southwest of Java, a position 
between Cocos Keeling Isl. and the Christmas 
Islands. Other records in the Indian Ocean: 
Baldasseroni (1915), Béraneck (1895), Bur­
field and Harvey (1926), Doncaster (1903, as 
S. polydon), Fowler (1906), George (1952), 
Lele and Gae (1936), Pillai (1944), Rao (1958a), 
Rao and Ganapati (1958), Ritter-Zahony (1910) 
Schilp (1941), Subramanian (1940), and To­
kioka (1955, 1956a, b).

S. neglecta was recorded only at station 11 
(11° 15' S— 103° 32' E ). Other records in the 
Indian Ocean: Baldasseroni (1915), Burfield
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and Harvey ( 1926), Chacko ( 1950), Doncaster 
(1903, as S. septata), Fowler (1906), George 
(1949, 1952), John (1933, 1937), Oye (1918), 
Rao ( 1958*, b), Rao and Ganapati (1958), 
Schilp (1941), Tokioka (1955, 1956¿), Vara- 
darajan and Chacko (1943).

S. pulchra was observed in the Indonesian 
seas and in the Equatorial Indian waters as far 
as the Mauritius Islands. Other records in the 
Indian Ocean: Baldasseroni (1915), Burfield 
and Harvey ( 1926 ), Doncaster ( 1903 ), Fowler 
(1906), George (1949, 1952), Oye (1918), 
Rao (1958*, b ),  Rao and Ganapati (1958), 
Ritter-Zahony ( 1910), Schilp (1941) and To­
kioka (1955).

S. minima, cosmopolitan in the warm and 
temperate waters, should be expected in the 
Central Indian Ocean waters. However, it was 
only observed in very small numbers at stations 
11, 13,15 (11° 15' S— 103° 32' E, 17° 01' S— 
93° 28.6' E, 12° 57.9' S— 75° 13.6' E) respec­
tively. The samples studied showed an abundance 
of S. bipunctata and a scarcity of S. minima, 
whereas the opposite was found by Tokioka 
( 1956¿ ). The samples examined by Tokioka 
(loc. cit.) were taken on December 11, 1954—  
January 16, 1955, and the Monsoon samples 
from October 22, I960—January 9,1961, which 
is practically during the same monsoon regimen. 
Therefore, no speculation could be made based 
on the monsoon influence in the distribution of 
these species. In the samples from the Naga 
Expedition in the South China Sea and the Gulf 
of Siam (Alvariño, unpublished data), S. bi­
punctata appeared also more abundant than S. 
minima, unlike the quantitative pattern shown 
by both species in the North Pacific. Other rec­
ords of S. minima in this ocean: Ritter-Zahony 
(1910, 1911), Schilp (1941), Thomson (1948), 
and Tokioka (1955, 1956*).

S. regularis extended in the Equatorial waters 
as far as the Mauritius Islands. Although no 
specimens of S. regularis were observed at the 
stations in the Indonesian seas, it is reasonable to 
assume that the species extends along those 
paths to the Pacific. Large numbers of S. regu­
laris were observed in the samples of the Naga 
Expedition, from the Gulf of Thailand and the 
South China Sea (Alvariño, unpublished data). 
The lack of positive records in regions where
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the presence of this species is to be expected, 
is likely due to the small size of the S. regularis 
which could easily escape owing to the size of 
the mesh used in the nets. The species has been 
recorded by previous workers in the Indonesian 
region. Other records in the Indian Ocean: Bur­
field and Harvey (1926), Doncaster (1903), 
Fowler (1906), George (1952), Menon (1945), 
Oye (1918), Rao (1958*, b), Rao and Ganapati 
(1958), Ritter-Zahony (1910, 1911), Schilp 
(1941), and Tokioka (1955, 1956*, b).

S. decipiens extended along the strata below 
250 m from the northern part of the region 
covered in the Indian Ocean to 37° S. In the 
Pacific it extended along those strata from 40° 
S (Alvariño, 1964¿; Bieri, 1959). Other records 
in the Indian Ocean: Burfield and Harvey 
(1926), David (1958), Fowler (1906) as S. 
sibogae, Rao and Ganapati (1958), Ritter- 
Zahony (1911), and Schilp (1941).

S. planctonis was observed along the northern 
part of the Subantarctic West Wind Drift ex­
tending into the Subtropical Convergence in the 
Indian Ocean. It was found below the 200-m 
level up to 36° S, and in deeper waters up to 
22° S (mid-water trawl from 2000 m deep, one 
specimen). The connection of the populations 
of S. planctonis of the Indian and Pacific oceans 
evidently occurs along the south Australian seas. 
Its distribution in the Pacific was also found 
limited by the Subtropical Convergence towards 
the north (Alvariño, 1964b). S. zetesios, a species 
closely related to S. planctonis, extends along 
the mesoplanktonic’ domain of the Tropical, 
Equatorial, and Central Indian waters. The two- 
dimensional pattern of distribution for S. zetesios 
overlaps that of S. planctonis at mid-water trawl 
station 8 (22° 04' S— 63° 02' E ), where one 
specimen of S. planctonis and two of S. zetesios 
were observed in a haul taken from 2000 m. 
At mid-water trawl 9 (33° IS)' S— 72° 34' E) 
taken from 1878 m, 38 specimen of S. zetesios 
were recorded with only three specimens of S. 
planctonis. The S. planctonis domain, then, ex­
tended south of that boundary.

The Burfield and Harvey (1926), George 
(1952), and John (1937) records of S. planc­
tonis are most likely to be S. zetesios in view of 
the location of the observations and the drawings 
and descriptions of the species included in the
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respective publications. David’s (1959) records 
of S. zetesios should have included S. planctonis. 
Fowler ( 1906) recorded S. zetesios and, in spe­
cies "incertae,” S. planctonis. Schilp’s (1941) 
records of S. planctonis may apply to S. zetesios. 
Ritter-Zahony (1911) observed S. planctonis 
at about 44° S in the Southwest Indian Ocean 
and in the Subantarctic-Antarctic waters of the 
Southwest Indian Ocean. Tokioka's (1940) rec­
ords of S. planctonis from Australian waters are 
accurate, but those of S. planctonis from Japa­
nese waters may apply to S. zetesios. The dis­
crepancy Tokioka refers to in relation to the 
percentage of the length of the tail segment to 
the total length between those populations indi­
cates that he was dealing with two different 
species: S. zetesios in the Japanese waters and S. 
planctonis in the New South Wales region. This 
is also understood when observing the drawings 
that appear on page 374 (loc. cit.): Fig. 8A is 
S. planctonis (the anterior end of the anterior 
fins reaches the level of the middle of the ventral 
ganglion); and Fig. 8D is S. zetesios (the an­
terior end of the anterior fins reaches the level of 
the posterior end of the ventral ganglion). (See 
original descriptions of Steinhaus, 1896, and 
Fowler, 1905.)

Krohnitta subtilis: ‘populates the Equatorial 
and Central Indian Ocean, and does not reach 
the boundaries of the Subtropical Convergence. 
The Indo-Pacific populations connect through 
the Indonesian seas. Other records in the Indian 
Ocean: Burfield and Harvey (1926), Fowler 
(1906), George (1952), Rao (1958a), Ritter- 
Zahony (1910, 1911), Schilp (1941), and To­
kioka (1940, 1955, 1956a, b).

K. pacifica was observed only at station 8 
(north of Flores Island). This species is not so 
widely distributed as is its congeneric K. subtilis, 
and is for the most part restricted to the Equa­
torial waters. This is the only equatorial-tropical 
species of chaetognath common to these regions 
in the Atlantic, Indian, and Pacific oceans. The 
presence of this species in the Equatorial-Trop­
ical Atlantic suggested one of two hypotheses: 
either it is conveyed by the Agulhas Current into 
the Benguella Current and assimilated by the 
Equatorial Current, or the populations of K. 
pacifica at both sides of Central America, al­
though long isolated, still somehow remain un­

changed morphologically, but the process of 
divergence is noticed. There are no conveniently 
available samples and data from the Atlantic to 
explain this problem. However, Heydorn (1959) 
did not observe it in the Benguella region.

Other records in the Indian Ocean: Burfield 
and Harvey (1926) under the K. subtilis syn­
onymy; Chacko (1950), Doncaster (1903), 
Fowler ( 1906), George (1952), Oye (1918) 
as K. kerberti; Pillai (1945), Rao (1958a, b) 
Rao and  G a n a p a ti (1958), Ritter-Zahony 
(1910), Schilp (1941), Tokioka (1955,1956*, b), 
and Varadarajan and Chacko ( 1943 ).

Pterosagitta draco inhabits the Equatorial and 
Central Indian waters, and its extension south­
ward is apparently limited by the Subtropical 
Convergence. Other records in the Indian Ocean: 
Baldasseroni (1915), Béraneck (1895), Bur­
field and Harvey (1926), Doncaster (1903), 
Fowler (1906), George (1952), Rao (1958*,
b ), Rao and Ganapati (1958), Ritter-Zahony 
(1910, 1911), Schilp (1941), and Tokioka 
(1940, 1955, 1956*, b).

Eukrohnia hamata was recorded at the sta­
tions along the southernmost part of the region 
sampled, in hauls taken from 283 and 268 m 
deep, and the records taken in the central gyral 
were from 1878 m deep. There are two possible 
alternatives: (1 ) E. hamata does not progress 
northward from the boundary of the Subtropical 
Convergence in the Indian Ocean, or (2) if it 
does progress northward it iá not very abundant 
and hence is missed by the sampling, or it may 
appear in layers deeper than those mostly sam­
pled. Other records in the Indian Ocean: Bur­
field and Harvey (1926), Fowler (1906), Ritter- 
Zahony ( 1911 ), and Schilp ( 1941 ).

E. fowleri was recorded at the mid-water 
trawls 2, 3, 4, and 10, taken from 2121, 2179, 
1721, and 2060 m deep, respectively. In all 
probability, E. fowleri populates the deep layers 
(below 1600 m ) of the Indian Ocean, as it 
does in the Pacific and Atlantic. The species E. 
fowleri was only recorded at the boundary of 
the Indian Ocean and the Indonesian seas. A 
peculiarity of this species is that it emerges to 
higher levels in the Equatorial regions than in 
others in the Pacific (author’s unpublished data), 
and that the populations extend along deeper 
levels in other parts of the oceans. Other records
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in this region: Ritter-Zahony (1911), and 
Schilp (1941).

E. bathypelagica was represented by only one 
specimen at mid-water trawl 3 (11° 56' S— 
115° 22' E) taken from 2179 m. This single 
record could be considered as a stray of the 
population extending along deeper levels. This 
is the first record of the species occurring other 
than in the Pacific Ocean (Alvariño, 1962a). 
This species could not be the spent stage of 
E. hamata, in view of the morphological charac­
teristics and the size reached at maturity (E. 
bathypelagica 23 mm, and E. hamata 43 mm).

Sagitta hexaptera is the most common species 
in the region of the Indian Ocean covered by 
the Monsoon Expedition, followed by P. draco, 
S. pacifica, S. ferox, S. bipunctata, and K. subtilis. 
The species appearing in the highest number 
relative to the frequency were, in regressive 
order: S. gazellae, S. bedoti, S. enflata, S. pacifica, 
and S. tasmanica.
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T R A W LI N G  RESULTS O F  THE R / V  A N T O N  BRUUN 
IN THE BAY OF  BENGAL A N D  A R A B I A N  SEA

By A. T. Pruter*

SUMMARY

Trawling surveys in the Bay of Bengal and in the Arabian Sea w ere conducted in 1963 
from the National Science Foundation resea rch  v e s se l  Anton Bruun as part of the United States 
contribution to the International Indian Ocean Expedition. R elatively sm all shrim p catches 
obtained may reflect a distribution of shrim p concentrations in shallow er w aters than w ere  
surveyed. D em ersal fish  in the Bay of Bengal generally  were sim ila r  to those observed in 
the Arabian Sea. Stingray dominated the catches in a ll regions at depths le s s  than 50 fathom s.

Fig . 1 -  U nited  S ta tes N a tiona l S c ie n c e  Foundation  research  vesse l A nton Bruun a t  an ch o r o ff P h u k e t, T h a ila n d , during  C ruise 1 in  d ie  
Bay o f B enga l.

L argest fish  catches w ere taken off M uscat and Oman (Arabia). The precip itous and uneven  
ocean bottom at depths greater than about 100 fathoms in both the Bay of Bengal and the A ra­
bian Sea, together with rela tively  few d em ersa l fish  at such depths, would seem  to hinder if  
not preclude developing deep-w ater traw l f ish er ie s .

INTRODUCTION
The International Indian Ocean Expedition (I.I.O .E.) is  sponsored by the United Nations 

Educational, Scientific, and Cultural Organization (UNESCO) with the cooperation of the Inter-
^ F ish e ry  B iologist, E xploratory Fishing and  G ear R esearch  Base, U . S . B ureau o f C o m m e rc ia l F isheries, S e a tt le ,  W ash.

U . S .  DEPARTMENT OF THE INTERIOR 
Fish and  W ild life  S erv ice  

S ep . N o. 717
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national Council of Scientific Unions. It is  an unprecedented, cooperative, international study 
of the sea s , and represen ts the first attempt to study scien tifica lly  an entire ocean. More 
than 40 v e s s e ls  and severa l hundred sc ien tis ts  from many nations are participating in the 3- 
year program . Information on the Indian Ocean w ill perm it m ore accurate weather fo reca st­
ing, charting sea  currents, and m ore econom ical navigational routes, locating latent fish eries  
reso u rces , and com piling new hydrographic charts.

From  March 12 to May 10, 1963, and from November 12 to Decem ber 10, 1963, trawling  
surveys of the Bay of Bengal and the Arabian Sea, respectively , w ere conducted from the Na­
tional Science Foundation research  v e s s e l Anton Bruun (fig. 1). Those surveys w ere part of 
the participation in the I.I.O.E. in which various governmental groups and educational and 
private institutions are participating.

The sc ien tific  program from the 243-foot Anton Bruun (form erly the P residentia l yacht 
W illiam sburg) is  d irected by the Woods Hole Oceanographic Institution. During its 2 -year as - 
signm ent in the Indian Ocean, the Anton Bruun has a permanent staff of oceanographers to 
provide continuity in the basic oceanographic program . V isiting sc ien tists  from  the United 
States and other countries participate in individual c ru ises . Personnel from the U. S. F ish  
and W ildlife S erv ice 's Bureau of C om m ercial F ish eries participate in m ost of the cru ises  
from the Anton Bruun, and on 4 of the cru ises  involving fish er ies  surveys— they d irect the 
fishing a ctiv itie s . O verall direction and coordination of the Bureau of C om m ercial F ish eries  
participation in the Indian Ocean program  is  being provided by the Bureau's B iological Labo­
ratory in Honolulu. Scientists and fisherm en from the Bureau's Exploratory Fishing and Gear 
R esearch  B ase at Seattle and from the B iological Laboratory in Honolulu directed exploratory  
trawling a ctiv ities  on C ruises 1 and 4B. This report d iscu sses  the trawling resu lts  of those 
two c r u ise s . Reports on hydrographic, ichthyological, and other activ ities during the cru ises  
w ill be published elsew here by the investigators concerned with such studies.

T hirty-one exploratory hauls with a Gulf of Mexico shrim p trawl were made on Cruise 1 
in the Bay of Bengal. Hauls were made off the w est coast of Thailand, near the Andaman Is ­
lands, off Burma, and off E ast Pakistan. The trawling phase of Cruise 1 ended 1 month ea r li­
er than planned due to malfunction of the trawl winch. On Cruise 4B, 86 trawl hauls were 
made in the Arabian Sea off northwest India, off West Pakistan, in the Gulf of Oman, and off 
Muscat and Oman (Arabia).

C om m ercial trawl fish er ies  for shrim p and fish  in the Bay of Bengal and in the Arabian 
Sea are restr icted  to re la tively  shallow waters of a maximum depth of about 40 fathoms and 
generally  le s s  than 20 fathom s. Exploratory trawling on C ruises 1 and 4B was prim arily  d e­
signed to provide information on fish  and shrim p resou rces in regions and at depths not p r e s ­
ently exploited.

On C ruise 1 in the Bay of Bengal the v e sse l track was chosen to accommodate both ocean­
ography and exploratory fishing; on C ruise 4B in the Arabian Sea, exploratory fishing only.

GEAR AND METHODS

Nylon Gulf of Mexico shrim p traw ls (Schaefers and Johnson 1957) m easuring 42 feet along 
the footrope and having a m esh s iz e  of l i  inches (stretched m easurem ent, opening including 
one knot) w ere used on both cru ises . The trawl was connected by a 25-fathom -long bridle to 
a single towing warp. A rectangular otter board m easuring 2j  feet by 5 feet and weighing 160 
pounds was attached to each wing of the net when trawling to depths of 200 fathom s. Below 200 
fathoms heavier boards (260 pounds each) were used.

The shrim p trawl was towed from an A -fram e on the starboard side of the Anton Brunn.
A hydraulic crane located aft of the A -fram e lifted the net and doors outboard and inboard and 
lifted the cod end of the net aboard after each haul. A "lazy lin e" --a  nylon rope with a loop 
on one end passing through puckering rings on the forward portion of the cod end--w as used  
lo  pull the net alongside the Anton Bruun and to lift the cod end aboard.

1/C ruises 2 and  5 a rc  tuna  surveys em ploy ing  p e la g ic  lo n g -lin e  g ear; C ruises 1 and 4B are  b o tto m -traw lin g  surveys.
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Echo-sounding tracings of the ocean bottom were obtained whenever the Anton Bruun was 
under way. They w ere supplemented by m ore detailed soundings prior to trawling and by 
sam ples of bottom sedim ents obtained with a sm all dredge or a spring-loaded bottom grab.

The Anton Bruun is  powered by two main engines supplemented by an active rudder. U s­
ing the port engine the v e sse l moved at 6 to 8 knots during setting of the trawl. When approxi­
mately 50 to 100 fathoms of cable rem ained to be let out on each haul, the v e s se l was slowed  
by reducing speed of the port engine as low as p ossib le and running the active rudder in r e ­
verse . This was done in an attempt to have the v e s se l proceeding at standard trawling speed  
when the trawl reached the ocean bottom. Either the port engine, the active rudder, or a co m ­
bination of both was used to maintain trawling speed after the net reached the ocean bottom. 
Trawling speed ranged between 2 and 3 j  knots.

The ratio between the amount of towing warp out and the depth to bottom was greater in 
shallow water than in deep water, ranging from  6 to 1 (6 fathoms of cable to 1 fathom of depth) 
in le s s  than 20 fathoms to approxim ately 2-jr to 1 at 1,000 fathom s. To ensure that the trawl 
reached bottom, a practice was followed of using slightly  higher ratios than w ere found satisfac  - 
tory in exploratory trawling with identical gear in the northeastern P acific Ocean (P ereyra 1963).

Duration of the hauls varied between 30 and 60 m inutes, counted as the tim e the net was 
on the bottom. Catches were em ptied onto a sorting table and separated by fam ily (genera or 
sp ecies  when possib le). Each group was exam ined (1) to determ ine the number of individuals 
present and their total weight, and (2) to estim ate their range in length by m easuring the to ­
tal lengths of the sm a llest and largest individuals present. Length frequencies were obtained 
from representative sam ples of som e groups of fish es. For the larger shrim p catches, e s t i ­
m ates of the number of whole (heads on) shrim p per pound w ere recorded.

REGIONS SURVEYED

Locations of trawl stations in the Bay 
Bengal and in the Arabian Sea are shown in 
figures 2 and 3. The topography of the con­
tinental sh elf (depths to 100 fathoms) in all 
regions surveyed was generally suitable for 
trawling except off Muscat and Oman and in  
the Gulf of Oman where numerous coral out­
croppings w ere encountered. Green mud 
was the dominant bottom sedim ent in both 
the Bay of Bengal and the Arabian Sea. The 
continental slope was precipitous and un­
even in a ll regions surveyed. This p r e ­
cluded much trawling at depths greater than 
about 100 fathoms.

For convenience in analyzing the dis - 
tribution and relative abundance of fish  and 
shrim p encountered, the survey regions 
were divided into the following areas: An­
daman Islands, Thailand, Burma, East Pak­
istan, northwest India, West Pakistan, Gulf 
of Oman, and Muscat and Oman (Arabia). 
Areas were subdivided into the following  
depth intervals: 8-49 fathoms, 50-99 fath­
om s, 100-199 fathoms, 200-299 fathoms, 
and 1,000-1,099 fathoms (no trawling from  
300 to 999 fathoms).

PAKISTAN
(EA ST)

CA LCU yA  .

INDIA

BURMA

BAY
OF

BENGAL.

ANDAMAN
ISLANDS

•  • •
—  10°

90°

F ig , 2 -  L ocation  o f traw l s t a t i o n s ,  cru ise  1 o f R /V  Anton 
Bruun.

traw lLochii of ts: i o n
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PAKISTAN
(WEST)

•  •
KARACHI

SAUDI ARABIAN

ARABIA
SEA

-  20a

IBM

70°60° 63'
F ig . 3 -  L ocation  o f traw l sta tions, C ruise 4B o f R /V  A nton Bruun.

RESULTS

Thirty-one traw l hauls were made in the Bay of Bengal; 27 were su ccessfu l and 4 r e ­
sulted in extensive damage to the nets. In the Arabian Sea 86 trawl hauls were completed; 77 
w ere su ccessfu l and 9 resulted  in extensive damage to nets. The highest incidence of gear 
damage occurred off Muscat and Oman where one-half of the hauls were unsuccessfu l and in 
the Gulf of Oman where the nets w ere extensively  damaged in one-quarter of the hauls.

Fishing effort and catch rates for fish  and shrim p by areas and depth intervals in the Bay 
of Bengal and the Arabian Sea are shown in tables 1 and 2. Because of the few trawl hauls and 
the probable low catching efficiency of the shrim p trawl, it is  im possib le to a s s e s s  the co m ­
m ercia l potential of fish and shrim p inhabiting the various areas. The surveys do provide, 
however, an indication of the relative abundance of fish  and shrim p between areas.

G reatest survey effort was expended in the depth range 8-49 fathoms, the shallow est zone 
surveyed. Within this depth range best coverage was attained off northwest India and off West 
Pakistan, where totals of 22 and 16 su ccessfu l trawl hauls were com pleted (table 2).

In the depth zone 5 0 -9 9 fathoms, best survey coverage was attained off northwest India, 
off W est Pakistan, and in the Gulf of Oman where from six  to seven su ccessfu l trawl hauls 
w ere com pleted in each area (table 2).

Maximum survey effort in the depth range 100-199 fathoms was expended in the Gulf of 
Oman (four su ccessfu l hauls) and off northwest India and West Pakistan (two su ccessfu l hauls

334



N o v e m b e r  1 9 6 4  -  S u p p le m e n t C O M M E R C IA L  F IS H E R IE S  R E V IE W 31

in each region). Only one su ccessfu l haul was made in the depth interval 200-299 fathoms and 
one in the 1 ,000- to 1,099-fathom  interval. Both of the latter hauls w ere made off Burma.

BAY OF BENGAL: F ish : 8 - to 49 -F ath ­
om Interval: Highest catch rates of fish  in the 
Bay of Bengal occurred in the 8 - to 49-fathom  
depth interval off Burma and off East Pakistan  
where 107 and 157 pounds of fish , re sp e c tiv e ­
ly, were caught per hour of trawling (table 1). 
In those regions and in this depth interval, 
stingray (Dasyatidae) and guitarfish (Rhino­
batidae) dominated the catch es. Other fish  
which com prised an important part of the 
catches w ere drum (Sciaenidae), lizardfish  
(Synodontidae), and snapper (Lutjanidae).
Some m iscellaneous fish  taken included sea  
catfish  (Ariidae), threadfin (Polynem idae), and 
tonguefish (C ynoglossidae).

50- to 99-Fathom  Interval: The only haul 
in this depth interval was made in the Andaman 
Islands area and was unproductive, yielding only 
4 pounds of fish  per hour of trawling (table 1). 
Included in the catch w ere a number of sm all 
threadfin-bream  (Nem ipteridae), c a r d i n a l -  
fish  (Apogonidae), lizardfish , goatfish (Mul­
lidae), and m ackerel (Scom bridae).

100- to 199-Fathom  Interval: The single  
haul in this depth interval was made off Burma 
and provided 68 pounds of fish  per hour of 

trawling. Chlorophthalmid (Chlorophthalmidae) was the dominant group encountered, account­
ing for over one-half the total fish  catch by weight. Chlorophthalmid w ere followed in order  
of abundance by scorpionfish  (Scorpaenidae) and butterfish  (Strom ateidae). M iscellaneous sp e ­
c ies  taken included bem bropsid (Bem bropsidae), requiem  shark (Carcharinidae), grenadier  
(M acruridae), b igeyes (Priacanthidae), and tripodfish (Triacanthidae).

200- to 299-Fathom  Interval: Single hauls were made off Thailand and Burma in this 
depth interval. Off Burma, hatchetfish (Sternoptychidae) w ere the dominant group encounter­
ed, accounting for over 70 percent of the to ­
tal fish  catch by weight. Hatchetfish w ere 
followed by requiem  shark, grenadier, cu t- 
la ssfish  (Trichiuridae), and chlorophthalm ids.
Off Thailand, skate (Rajidae), sea  robbin 
(P eristed iidae), and boafish (Stomiatidae) 
dominated the catches.

1 ,000- to 1,099-Fathom  Interval: The 
one su ccessfu l trawl haul made in the 1 ,000- 
to 1 ,099-fathom interval off Burma yielded a 
catch rate of 2 pounds per hour of trawling.
The catch consisted  of one snipe ee l (N em ich­
thyidae), four boafish, sev era l ee l larvae, and 
a number of unidentified fish .

The largest fish  encountered in the Bay 
of Bengal w ere stingray and guitarfish  which 
attained maximum estim ated weights of 200 
and 225 pounds, respectively . Fig* 4 -  S h rim p -traw l c a tch  in  Bay o f  B engal, C ruise 1 o f R /V  

A nton Braun.

T ab le  1 -  N um ber of Successful T raw l H au ls, Fishing Effort, and 
C atch  R ates by A reas and D epth  Zones in the  Bay o f B engal, 

R /V  A nton Bruun. M arch^A oril 1963

D epth In te rv a l, Fishing 
Effort, and C atch  R ates

A ndam an
Islands T h a ilan d Burma

East
Pakistan

8-49 fa thom s
N um ber o f h a u l s ................. 2 2 12 6
Hours t r a w l e d ..................... 1 .0 1 .0 8 .0 3 .9
Pounds fish /h o u r traw led  . 58 50 107 157
Pounds sh rim p /h o u r trawled! 0 1 6 5

50-99  fathom s
Number o f h a u l s ................. 1 0 0 0
-lours t r a w l e d ..................... 0 .5 • - -
3ounds fish /h o u r traw led  . 4 - - -

5ounds sh rim p /h o u r traw led 0 - - -
100-199 fathom s

N um ber o f h a u l s ................. 0 0 0
Hours t r a w l e d ..................... • - 0 .5 -

Pounds fish /h o u r traw led  . - - 68 -
Pounds sh rim p /h o u r traw led - - 56 -

200-299 fathom s
N um ber o f hauls .  . . .  . 0 1 1 0
Hours t r a w l e d ..................... - 0 .6 0 .5 •

Pounds fish /h o u r traw led  . - 21 80 -

Pounds sh rim p /h o u r traw led - 9 34 -

1 ,0 0 0 -1 ,0 9 9  fathom s
N um ber o f hauls . . . . . 0 0 1 0
Hours t r a w l e d ..................... - _ 1 .0 •
Pounds fish /h o u r traw led  . - - 2 -

Pounds sh rim p /h o u r traw led - - trace -
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Shrim p: With the exception of the Andaman Islands area, shrim p were taken in all depth 
zones and in a ll areas surveyed in the Bay of Bengal. However, no large catches were ob­
tained in any area. Off Burma, sev era l individual hauls made at depths between 14 and 35 
fathoms yielded from 10 to 20 pounds of shrim p per hour of trawling. Two f-hour hauls off 
Burma in 165 and 200 fathoms of water yielded 28 and 17 pounds of shrimp, respectively .

Most of the shrim p belonged to the fam ily Penaeidae (genera Penaeus and M etapenaeus) 
and to the tribe Caridea. They generally were sm all, ranging from 200 to 300 heads-on count 
per pound, although a few penaeid shrim p weighing over one-half pound each were caught.

ARABIAN SEA: F ish : 8 -to 49 -Fathom Interval: Highest catch rates of fish  in the A rabi­
an Sea occurred off Muscat and Oman in the 8 - to 49 -fathom depth interval (table 2) where 
four trawl hauls were made. Numerous 
coral outcroppings in that area r e ­
sulted in extensive damage to the trawl 
nets on 2 of the 4 hauls. Of the two 
su ccessfu l hauls, one of 30 minutes 
made at 23 fathoms yielded an e s t i ­
mated 5,500 pounds of stingray plus 
100 pounds of other fish; the other (45 
m inutes) made at 25 fathoms yielded  
1,700 pounds of fish --p rim a rily  grunt 
(Pom adasyidae), stingray, and cardinal 
fish --an d  1,840 pounds of swimming  
crab (Portunidae).

Catch rates in the 8 - to 49 -fathom  
depth interval off northwest India, West 
Pakistan, and in the Gulf of Oman were 
much lower than off Muscat and Oman, 
ranging from  64 to 214 pounds of fish  
per hour of trawling (table 2). Stingray 
again w ere dominant, accounting for from one 
weight. Other important sp ec ies  in a ll areas

T ab le  2 -  N um ber o f Successful T raw l H auls, Fishing Effort and 
C atch  R ates by A reas and D epth Zones in the  A rab ian  Sea, 

R /V  A nton Bruun, N o v em ber-D ecem ber 1963

D epth  In te rv a l, Fishing N orthwest West G ulf of M uscat G O m an
Effort, and C atch  R ates Ind ia Pakistan O m an (A rabia)

8-49 fathom s
N um ber of h a u l s ................ 22 16 9 2
Hours t r a w l e d .................... 1 6 .4 11.9 6 .5 1 .3
Pounds fish /h o u r traw led  . 214 137 64 5 ,8 4 0
Pounds sh rim p /h o u r traw led 8 trace 1 trace

50-99  fathom s
N um ber o f h a u l s ................ 7 7 6 0
Hours t r a w l e d ..................... 5 .5 6 ,1 4 . 1 .
Pounds fish /h o u r tra w le d , 132 246 118 -
Pounds sh rim p /h o u r traw led 1 1 1 -

100-199 fathom s
N um ber o f hauls . . . . 2 2 4 0
Hours t r a w l e d .................... 2 .0 2 .0 4 .0 -
Pounds fish /h o u r traw led  • 22 2 45 -
Pounds sh rim p /h o u r traw led trace 6 8 -

half to one-third of the total fish  catches by 
were threadfin-bream  and drum.. Grunt were 

numerous off West Pakistan and off Muscat 
and Oman. The apparent distribution of Bom ­
bay duck (Harpadontidae), a com m ercially  im ­
portant group in India, was interesting in that 
they were caught in substantial numbers in the 
Arabian Sea only off northwest India in the 
Gulfs of Kutch and Cambay and only in re la - . 
tively shallow water (8-20 fathoms).

50- to 99-Fathom Interval: No trawling 
was conducted below 49 fathoms off Muscat 
and Oman. Catch rates in the depth interval 
50-99 fathoms off W est Pakistan and in the 
Gulf of Oman were higher than in the shallow ­
er  interval surveyed in these regions. In con­
trast, off northwest India the catch rate in this 
interval was le s s  than that in the shallow er 8- 
to 49 -fathom interval. Within the 50- to 99- 
fathom interval, stingray com prised an im por­
tant part of the catches only off West Pakistan. 
Threadfin-bream  w ere as important in the 

catches in a ll areas surveyed as in shallow er water. Although drum and grunt were taken, 
they occurred le ss  often in m ost areas than in the shallow er 8 - to 49-fathom  interval. Other 
fish  accounting for much of the catches in this interval included jack (Carangidae), sea  bass 
(Serranidae), and lizardfish . Off West Pakistan and in the Gulf of Oman, m onocle-bream  
(Scolopsidae) were important in the catches; however, relatively  few were caught in other areas.

F ig . 5 -  C atch  o f fish and sw im m ing crabs tak en  in  sh rim p traw l 
o ff M uscat and  O m an (A rab ia), C ruise 4B o f R /V  Anton Bruun.
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100- to 199-Fathom Interval: Off northwest India, W est Pakistan, and in the Gulf of Oman, 
the catch rates declined markedly in this interval com pared to those in shallow er intervals  
(table 2). Drum and cardinalfish  formed important parts of the catches in a ll areas. Stingray 
were not taken in this depth interval in any area. Off northwest India, Champsodontidae was 
the dominant fam ily of fish  encountered but they were v irtually  absent from  catches off West 
Pakistan and in the Gulf of Oman. Threadfin-bream  com prised  an important part of the catch ­
es off northwest India.

The largest fish  captured in the Arabian Sea were stingray, which attained a maximum  
estim ated weight of 450 pounds. One haul made off M uscat and Oman contained approxim ately 
5,500 pounds of stingray estim ated at 40 pounds each. O ccasional large guitarfish (approxi­
m ately 400 pounds) were caught. Some other relatively  large fish  caught during the survey  
were fa lse  conger eel (M uraenesocidae) which ranged up to 14-pounds in weight apiece, drum 
of up to 22 pounds each, and threadfin of up to 15 pounds each. Many of the m ore abundant 
fish  in the catches were relatively  sm all. Grunt averaged about one-half pound and attained 
a maximum weight of approxim ately 4 pounds. Threadfin-bream  averaged about one-tenth  
pound each. Lizardfish averaged only a few ounces, but occasional specim ens ranged up to 
l j  pounds. M onocle-bream , cardinalfish, and flathead (Platycephalidae) all averaged only a 
few ounces in weight.

Shrimp: Shrimp were taken in a ll depth zones and in all regions surveyed in the Arabian 
Sea. Catches in a ll regions and depth zones, however, were disappointingly sm all. B est 
catches were taken off northwest India in the 8 - to 49 -fathom depth interval, and in the Gulf 
of Oman and off West Pakistan in the 100-  to 199-fathom depth interval (table 2). The largest  
single haul of shrimp taken in the Arabian Sea survey was 66 pounds, caught in a 45-m inute 
haul off northwest India at a depth of 18 fathom s. The next largest single haul was 30 pounds 
taken in a 1-hour haul in the Gulf of Oman at a depth of 163-170 fathom s. A 40-m inute haul 
off northwest India in the Gulf of Cambay in 1 5 fathoms produced 28 pounds of Caridean  
shrim p (Paleom on).

Most of the shrimp belonged to the fam ily Penaeidae (genera Penaeus, M etapenaeus, and 
Solenocerina) and to the tribe Caridea. As in the Bay of Bengal survey, the shrim p generally  
were sm all, although occasional hauls yielded fair numbers of 40 to 50 heads-on count per 
pound.

Many sea  snake (Hydrophidae) were caught in the sm a ll-m esh  shrim p traw ls in both the 
Bay of Bengal and in the Arabian Sea. B ecause they are extrem ely poisonous, the snakes must 
be handled with care when rem oving them from the net or from  the catches. Use of la rg er -  
m esh traw ls should reduce the catch of snakes.

DISCUSSION

Catching ability of the Anton Bruun may have been im paired in shallow water due to mud 
being stirred  up from the ocean bottom by the v e s s e l's  wake. This was noticeable in depths 
of about 12 fathoms and le s s  and may have frightened som e shallow -w ater anim als away from  
the path of the trawl. At those depths, the catching efficiency of a sm aller  v e s se l  with a sh a l­
lower draft might have been higher than that of the Anton Bruun.

Shrimp catches in the Bay of Bengal and in the Arabian Sea w ere surprisingly sm all in 
view of the large com m ercial shrim p fish er ie s  there. The com m ercia l fish er ies , however, 
occur in shallow er waters than w ere explored from the Anton Bruun. Shrimp appeared about 
equally available throughout all depth intervals surveyed out to a depth of 299 fathom s. The 
larger penaeid shrimp, however, were caught in the shallow er depth intervals.

L argest fish  catches w ere taken off M uscat and Oman where two su ccessfu l traw l hauls 
in the depth interval 8-49 fathoms yielded a catch rate over 20 tim es as high as that obtained 
in any other region or depth interval. Although catches off Muscat and Oman prim arily  con ­
sisted  of stingray and sw im m ing crab for which there is  no m arket, one 45 -m inute haul y ie ld ­
ed 980 pounds of grunt. It seem s probable that further explorations there would locate large  
populations of other m ore d esirab le sp ec ie s .
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Off northwest India, West Pakistan, and in the Gulf of Oman, dem ersal fish  appeared as 
abundant in the 50- to 99-fathom interval as in the shallower 8 - to 49-fathom  interval. Trawl­
ing effort in other areas was too inadequate in the 50- to 99-fathom interval to provide a m ean­
ingful com parison. R elative abundance of fish es at depths greater than 99 fathoms declined  
markedly in a ll areas surveyed.

Within the depth interval 8-49 fathoms in all areas surveyed, elasm obranchs, prim arily  
stingray, dominated the catches. The relative importance of stingray in the catches decreased  
greatly in the 50- to 99-fathom interval and they were virtually absent in hauls made below 99 
fathoms.

D em ersal fish  in the Bay of Bengal generally appeared sim ila r  to those observed in the 
Arabian Sea. In both regions, stingray, guitarfish, threadfin-bream , drum, lizardfish , thread- 
fin, and cardinalfish  were among the dominant groups encountered on the continental shelf. 
Grunt w ere important constituents of the fish  fauna throughout m ost of the Arabian Sea; how­
ever, in the Bay of Bengal they were caught only off Burma and only in sm all quantities.

Throughout m ost of the Bay of Bengal and Arabian Sea, the precipitous and uneven ocean  
bottom at depths greater than 100 fathoms prevented trawling. This factor, together with an 
apparent reduction in abundance of dem ersal fish es, would seem  to hinder if not preclude fu­
ture development of major com m ercial trawl fish er ies  at depths greater than about 100 fath­
om s.
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Woronina pythii Goldie-Smith in India1
John S. K arling

Purdue U niversity, L afayette , Indiana

K a r l i n g ,  J o h n  S. (Purdue U niv., L afayette , In d ian a). W oronina p y th ii Goldie- 
S m ith  in  In d ia . B ull. Torrey B ot. Club 91: 224-227. 1964.— W oronina p y th ii  Goldie-Smith 
was observed as a parasite o f P yth iu m  sp., which had been isolated from  dry brackish soil 
at Mandapam Camp, Bhamnad D istrict, Madras State, and grown in brackish tap water. 
The life  cycle, developm ent and general morphology o f the Indian isolate o f th is parasite 
conform s to those described previously in the literature, but the cytosori exhibit a 
higher degree of variation. N o evidence o f  fusion  o f zoospores produced by the zoo- 
sporangia or the germ inated resting spores was observed. In  addition to th is species 
two other members o f  the Plasm odiophoraceae were found in India, Sorodiscus colceri 
Goldie-Smith and W oronina p o lycy s tis  Cornu as parasites o f P yth iu m  and Saprolegnia, 
respectively.

W oronina p y th i i  is a plasmodiophorous parasite of P yth iu m  which 
Goldie-Smith mentioned briefly in 1951 and subsequently (1956) described 
fully from Florida, Louisiana, and Texas, U.S.A. It occurs in the soil, and 
as conditions become favorable for the development and growth of its hosts

1 T his study has been supported by a grant from  the N ational Science Foundation  
and also by the U . S. Program  in B iology, International Indian Ocean Expedition. I  
w ish to thank Dr. S . Jones, D irector o f the Central M arine Fisheries Besearch Institu te , 
M andapam Camp, and his staff for the research fac ilities  provided.

Beceived for publication December 26, 1963.
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it parasitizes them. Subsequent to its discovery by Goldie-Smith, the author 
(1960) reported its occurrence in Brazil, Jamaica, and Connecticut, Indiana 
and Louisiana, U.S.A. Since then he has found it in soil from Georgia, 
Maryland, New Jersey, New York, Oregon and Washington, U.S.A. In 1960 
Persiel reported its occurrence in the Alps, and later (1962) Miller found 
it in Texas. According to these reports, W. pythii appears to be widely dis­
tributed and is particularly common in the soil in the United States.

The present contribution concerns the discovery of its occurrence in 
another part of the world as well as observations on the variations exhibited 
by its cystosori. While participating as a marine mycologist with the Inter­
national Indian Expedition the author isolated a large number of species of 
Pythium  (as yet not identified fully) and other zoosporic fungi from soil 
and water in various parts of India, and one isolate of Pythium  on hemp 
seed from dry brackish soil collected at Mandapam Camp, Rhamnad Dis­
trict, Madras State, became parasitized by an organism which was tentatively 
identified as W. pythii. Subsequent study of the parasite revealed that it 
has the same cycle of development as Goldie-Smith’s species and conforms 
fairly closely with it in size and general morphology. Accordingly, no basic 
differences have been observed in the Indian isolate which would warrant 
the creation of a different species. However, some marked variations have 
been noted which extend and add to the excellent observations and descrip­
tion of Goldie-Smith (1956). These relate primarily to the cystosori.

These variations as well as the complete life cycle of W. pythii are 
illustrated in figures 1 to 39, and inasmuch as the general developmental 
cycle is well known it is not necessary to describe it in detail. Also, the 
legends accompanying illustrations are sufficiently detailed to explain fully  
the life cycle of the Indian isolate.

Goldie-Smith (1956) reported that elongate, irregular cystosori did not 
occur in her material of W. pythii, “ and that it seems that the parasite 
cannot complete its development without some lateral extension into a swell­
ing, although this may be quite small.’ ’ However, in the Indian material 
greatly elongate cystosori consisting of linear series of cysts (fig. 28, 35) 
were fairly common and similar to those which the author illustrated in the 
Indiana, U.S.A. isolate. Also, irregular and almost spongy (fig. 36), sub- 
hemispherical (fig. 30), slightly dumb-bell, (fig. 34), flattened and almost 
circular (fig. 33) cystosori were observed. Although most of the cystosori 
were ovoid to slightly elongate (fig. 31, 32), subspherical ones also occurred. 
Occasionally, the cystosori were quite small and consisted only of diads, 
triads, and tetrads of cysts (fig. 29). Other large ones consisted of nearly 
200 cysts (fig. 31). Accordingly, the cystosori of this species are indefinite 
in size and shape like those of Woronina polycystis and members of Ligniera 
and Polymyxa, and it is difficult to distinguish W. pythii solely by the type 
of its cystosori.

The cysts may be separated quite readily by pressure on the coverglass
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F ig . 1-39. W oronina p y th ii from  liv in g  m aterial.— F ig . 1, 2. Single and m ultiple 
in fection  o f incipient sporangia o f P yth iu m  sp. ; zoospore cysts persistent.— F ig . 3. 
E m pty persistent zoospore cysts on a hypha.— F ig . 4, 5. Later stages o f development of 
the sporangial plasmodium in  hypertrophied tip s of the host hyphae.— F ig . 6, 7. Enlarged  
hyphal tip s w ith two sporangial plasm odia.— F ig . 8. Irregularly enlarged hyphal tip  
w ith sporangial plasmodium undergoing cleavage.— F ig . 9. Elongate swollen hyphal tip  
with an extended plasmodium undergoing cleavage.— F ig . 10, 11. Completion o f cleavage 
to form  sporangiosori.— F ig . 12. Sporangiosorus, sporangia with short broad ex it tubes. 
— F ig . 13. Sm all sporangiosorus o f four sporangia connected by isthmuses.— F ig . 14-17. 
Single sporangia showing structure, cleavage, and dehiscence.— F ig . 18. Sporangiosorus 
with dehiscing sporangia; anteriorly biflagellate heterocont zoospores amoeboid immedi-
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(fig. 38), which indicates that they are not tightly united. Heavily infected 
hyphae of Pythium, with cystosori were accumulated in a dish during the 
course of several weeks and stored for study of cyst germination. As the 
host hyphae degenerated the cystosori were freed, and by this process a high 
number of them was obtained. By alternate drying and wetting, freezing 
and thawing over a period of 5 months a few of them were stimulated to 
germinate, and in these cystosori each cyst formed a single anteriorly 
biflagellate heteroeont zoospore (fig. 39). Such zoospores were kept under 
observation for the length of their life to determine whether or not they 
function as gametes and fuse, but no fusions were observed. For the same 
reason careful watch was kept on the zoospores produced by the zoospor- 
angia (fig. 18). Occasional pairings of zoospores (fig. 19, 20) were observed, 
but here also no fusions occurred. Accordingly, no evidence of sexuality 
has yet been observed in this species.

In relation to the above account of W . p y th i i ,  it may be noted that 
Sorodiscus cokeri Goldie-Smith also was found as a parasite of Pythium, 
species, and W oronina p o lycys t is  occurred fairly commonly in species of 
Saprolegnia. No significant differences in development and general morphol­
ogy from the descriptions given by Goldie-Smith (1954, 1956) were noted 
in these species ; accordingly they are not described here. In addition to the 
above-recorded species three other members of the Plasmodiophoraceae, 
Plasm odiophora brassicae Spongospora subterranea, and Sorodiscus rad ic i­
colus Cook (1931), have been found in India. Sorodiscus radicicolus was 
discovered by M. S. Ghemawat at Jodhpur on the roots of Gynandropsis  
p en ta p h y lla  where it causes conspicuous galls. Thus, six species of the 
Plasmodiophoraceae have been reported so far from India.
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ately  a fter em erging.— F ig . 19, 20. Paired zoospores.— F ig . 21. F ixed  and stained zoo­
spore.— F ig . 22, 23. Sm all sporangiosori w ith three and six em pty sporangia, respectively. 
— F ig . 24. Cystogenous plasmodium.— F ig . 25-28. Cleavage o f cystogenous plasmodium. 
— F ig . 29. Cystosori consisting o f diads, triads and tetrads o f cysts.— F ig . 30-37 . V aria­
tions in  the size and shape o f cystosori.— F ig . 38. Separated cysts.— F ig . 39. Germina­
tion o f cysts to form  anteriorly b iflagellate hetercont zoospores.
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Indian Anisochytrids *)
John S. K a r  1 i n g.

Purdue University, Lafayette, Indiana, USA.

(With 6 figures).

In  connection w ith the au tho r‘s (1964 ) studies on the chytrid 
flora of In d ia  several anisochytrids w ere  trapped  on various substra ta  
such as bleached corn leaves, bits of hem p seed and  fib rin  film  from  
soil .in num erous parts of the country. T hese fung i are strik ingly  
s im ilar in  s truc tu re  and  developm ent to m any  of the tru e  chytrids, 
bu t a re  d istingu ishab le  from  them  by the  p resence of an  an terior 
tinsel-type flage llum  on the ir zoospores. Com paratively few  species 
are know n so far, and  these have been c lassified  ( K a r l i n g ,  1943) 
into th ree  fam ilies, Anisolpidiaceae, Rhizidiomycetaceae, and Hypho- 
chytriaceae, on th e  basis of tha llu s  structu re  and organization. In  th is 
respect the  th ree  fam ilies correspond w ith  and  a re  fa irly  sim ilar, 
respectively, to the fam ilies Olpidiaceae, Rhizidiaceae  and  Cladochy­
triaceae of the true  chytrids.

A m ong the  anisochytrids isolated in th e  m an n er noted above 
occurred a species of Rhizidiomyces  w hich  parasitized v iru len tly  the 
th ick-w alled  sporang ia  of Rhizophlyctis  sp., a  true chytrid. The only 
other species of th is  genus reported to be p arasitic  is R. apophysatus  
w hich occurs on the oogonia of Achlya  and  Saprolegnia. A pparently , 
it is a  facu ltative p arasite  w hich  can be cultured readily  on synthetic 
miedia ( C o u c h ,  1939) and  also occurs on pollen g ra in s  w hen they 
are used to ba it soil sam ples ( G a e r t n e r ,  1954). The p resen t spe­
cies, on the  o ther hand , ap p ea rs  to be a v iru len t parasite  w ith  a  lim i­
ted host range. So fa r  all attem pts to  in fec t th e  sporang ia  of Karlin­
gia rosea, Phlyctorhiza variabilis, A llomyces arbuscula, Catenaria 
anguillulae, N owakowsM ella elegans and  N. ramosa  as w ell as the 
oogonia of Achlya  and  Saprolegnia  have been unsuccessfu l. Also, 
attem pts to  grow  it on n u trien t ag a r have failed. Furtherm ore , it is 
non-apophsate , has slightly  la rger zoospores, and  lacks the short 
sp ines  w h ich  a re  frequen tly  p resen t an  the  sporang ia  of R. apophy-

*) This study has been supported by the U. S. Program in Biology, 
International Indian Ocean Expedition and conducted a t the Central 
Marine Fisheries Research Institute, Mandapman Camp, Madras State, 
l  am very grateful to Dr. S. J  o n e s, Director of the Institute, for research 
facilities and assistance.
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satus. F o r these reasons th e  au thor believes it is d istinct from  
R. apophysaius  and  th e  other species of th is  genus. Accordingly, i t  is 
d iagnosed here as a  new  species fo r w hich  the nam e R. parasiticus is 
proposed.

Rhizidiomyces parasiticus sp. nov.

F u n g u s  parasiticus. Sporangiis ex tram atricaliis, non-apophysatis, 
levibus,, hyalin is, sphaeriois, 20— 40 p diam . ovalibus, 12—21 X  30

Figs. 1—6. Rhizidiom yces parasiticus. Fig. 1. Anteriorly uniflagellate zoo­
spore. Fig. 2. Zoospore after coming to rest. Fig. 3. Encysted and enlarged 
zoospores 24 hours after coming to rest. Fig. 4. Infection stages. Fig. 5. 
Mature thallus on and in sporangium of (?). Rhizophlyctis  sp. Fig. 6. 

Completion of cleavage of sporeplasm outside of sporangium.

—42 p diam . Zoosporis ovalibus au t oblongatis 3.5—4.2 X 5-7—7 p; 
flagell© 14— 16 p longo. Sporis p e rd u ran tib u s  non notis.

S porang ia  non-apophysate , smooth, hyaline, w ith  a w all 2—3 p 
th ick , spherical, 20—40 p diam ., or ovoid. 12— 21 X 30—42 p diam .; 
content em erging  slow ly th rough  an  exit tube, 12 p broad by 
18—25 p long, and  usually  undergo ing  cleavage outside of sp o ran ­
g ium ; vesicu lar m em brane around sporep lasm  lacking. Zoospores 
ovoid to  oblong, 3.5—4.2 X  5-7—7 p diam . w ith  coarsely g ran u la r 
refractive conten t; flage llum  14— 16 p long. R esting spores unknow n.
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P arasitic  on the spo ran g ia  of Rhizophlyctis  sp., isolated from  
brack ish  soil a t M andapam  Gamp, and  non-b rack ish  soil a t M adurai, 
M adas State. T ype slide no. 120 PU.

T he d istingu ish ing  stru c tu ra l fea tu res of th is species are show n 
in figu res 1 to 6 . Its developm ent, the dehiscence of the sporangia, 
and  th e  cleavage of the  sporep lasm  afte r em ergence are so s im ilar 
to  those of other species described by the au thor (1944, 1945) and 
P u l l e r  (1962) th a t it is not necessary  to  describe them  again. 
C areful observations and  p lasm olytic experim ents have been m ade 
on the em erged sporep lasm  of th is species, and  these have confirm ed 
the previous observations of the  au thor th a t it is not enveloped by a 
d istinct w all or m em brane. N a b  e l  (1939) and  F u l l e r  (1962) 
reported  the  p resence of a  m em brane around  the sporeplasm  of the 
species w hich  they  studied, bu t the au thor is confident th a t it does 
not exist.

O ccasionally, a  portion of the sporep lasm  m ay rem ain  in  the 
sporangium , as reported  by the author, (1939, 1944) in  Hyphochy-  
trium catenoides, Rhizidiomyces bivellatus and  R. hansonii, and  u n ­
dergoes cleavage to  produce zoospores w hich  then  sw im  out. Also, 
on ra re  occasions th e  developm ent of the exit tube m ay be  arrested, 
w ith  the  re su lt th a t the  sporep lasm  does not em erge bu t cleaves into 
zoospores w ith in  the  spoangium  as in  R. hansonii ( K a r l i n g ,  1944, 
fig. 60).

So fa r  the  only anisochytrid  reported  previously from  In d ia  is 
R. apophysaius  w hich C h a  u d h u r  i and  K o c h a r  (1935) found 
on th e  oogonia of Achlya klebsiana. However, as noted above, the 
au thor isolated several o ther species, as is ind icated  below.

R h i  z i  d i o  m y  c e s h i r s u t u s  K arling , 1945. Bull. Torrey Bot. 
Club 72: 47, 19 figs.

Saprophytic  on and  around bits of hem p seed, from  brack ish  
soil a t M andapam  Cam p, R ham nad  District, M adras State. 
R h i z i d i o m y c e s  b i v e l l a t u s  Nabel, 1939. Ark. M ikrobiol. 
10: 515—541.

Saprophytic on w ings of m osquito, from  non-b rack ish  soil 10  km . 
south of M adurai along the  R ham nad  Road, M adras State, and  Cal­
cutta, B engal State.
R h i z i d i o m y c e s  h a n s  o n i i  K arling, 1944. A m er J. Bot. 31 : 
396, figs, 35—64.

Saprophitic  on bleached corn leaves from  soil 2 km . north  of 
R ham nad, M adras State.
R h i z i d i o m y c e s  a p o p h y s a i u s  Zopf, 1884. Nova A cta Acad. 
Leop. Carol. 47 : 188, pi. 20, figs.. 1—7.

P arasitic  on the oogonia of Achlya  sp., from  soil in  a cotton 
paddy a t B odinakayanur, M adras Staate.
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H y p  h o  c h y  t r i u m  c a t e n o i d e s  K arling, 1939. Amer. J. Bot,
2 6 : 513, 19 figs.

Saprophytic  in  b leached corn leaves from  soil in  the T balayar
T ea Estate, n ea r M unnar, K erala  State.

L i t e r a t u r e  C i t e d .
C h a u d h u r i ,  H., and P. L. K o c h h a r .  1935. Indian water moulds. I. 

Proc. Indian Acad. Sei. Sect. B, 2: 137—154, pis. 5—12.
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trids. J. Elisha Mitchell Sei. Soc. 6 6 : 208—214.
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diomyces in pure culture. Amer. J. Bot. 49: 64—71, 24 figs.
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in Afrika, Schweden, und einigen mitteleuropäischen Standorten. 
Arch. f. Mikrobiol. 21: 4—56, 7 figs.
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nov. et sp. nov., and a synopsis and classification of other fungi with 
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Reprinted from Sydowia, Annales  Mycologici, Ser. II, Vol. XVII, Heft 1-6, 1964, 
p. 285-296

Indian Chytrids I. Eucarpic Monocentric Species,*)
By John S. K a r l i n g

(Department of Biological Sciences, Purdue University, Lafayette, Indiana,
U.S.A.)

(31 text-figures)

In  add ition  to  th e  species o f th e  Plasmodiophoraceae an d  Rhizi- 
diomycetaceae reported  b y  th e  a u th o r (1964a, b) from  In d ia , several 
eucarpic, m onocentric chy trid s were isolated on various su b s tra ta  
from  soil an d  w ater sam ples during  1963. These include tw o new  
species and  several o th e r well-know n operculate an d  inoperculate  
species w hich have been reported  previously  from  o th e r p a r ts  of 
th e  world.

Rhizophydium  collapsum  sp. nov.

F ungus saprophyticus. Sporangiis ex tram atricalibus, laevibus, 
hyalinis, subsphaericis a u t sphaericis, 14—27 fx d iam ., obpyriform ibus, 
14—1 6 x 1 8 —20 p. diam . Zoosporis sphaericis, 2 ,5—3 ¡i d iam . Sporis 
perd u ran tib u s  subsphaericis, sphaericis, 5 ,2—9 ¡x diam ., ovalibus, 
5 —6 ,3 x 6 —7,8 ¡x diam ., fuscis.

Thalli so lita ry  or up  to  7 on a  host cell. Sporangia ex tram atrica l, 
usually  sessile, hyaline, sm ooth, slightly  subspherical to  spherical, 
14—27 ¡x diam ., or b road ly  obpyriform , 14—1 6 x 1 8 —20 ¡x diam ., 
w ith  a  th in , 0,8 —1,2 p., wall w hich collapses and  p a rtia lly  dissolves 
as th e  zoospores em erge; basal po rtion  o f wall slightly  th ickened ; 
ex it papillae lacking. Rhizoids in tram atrica l, m ain  axis narrow  and  
finely b ranched  a t  base. Zoospores spherical, 2,5—3 fx diam ., w ith  a 
sm all hyaline refractive globule and  a  12—14 p long flagellum ; a  
few em erging singly in  succession th ro u g h  a  single m inu te apical, 
subapical or la te ra l pore. R esting  spores subspherical to  spherical,
5,2 to  9,5 (X diam ., or slightly  ovoid, 5 —6 ,3 x 6 —7,8 p, w ith  a  light- 
brow n w all w hich is usually  sm ooth  o r occasionally slightly  rough  
or verrucose ; functioning as prosporangia in  germ ination.

On dead  pollen o f Pinus silvestris, from  brackish  soil a t  M andapam  
Cam p and  n ear V alan tarvai along th e  R h am nad  R oad , M adras 
S ta te .

*) This study was supported by the U.S. Program in Biology, International 
Indian Ocean Expedition, and conducted at the Central Marine Fisheries 
Research Institute, Mandapam Camp, Madras State. I  am very grateful to  
Dr. S. Jones, Director of the Institute, for research facilities and assistance.
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As no ted  in  th e  diagnosis above th e  species is characterized  
p rim arily  b y  a very  th in  sporangium  w all w hich collapses and  dissolves 
p a rtia lly  as th e  zoospores em erge, and  b y  th e  lack of discernable ex it 
papillae. In  these respects i t  differs from  o th e r chytrids w hich have 
been repo rted  to  occur on pine pollen. I t s  developm ental stages 
(figs. 1 —15) are basically  sim ilar to  those o f o ther Rhizophydium  
species, and  for th is  reason i t  is no t necessary to  describe them  in  
detail. Suffice i t  to  no te  th a t  th e  incip ient sporangia are highly v a ­
cuolate and  include num erous large glistening globules (fig. 3). As th e  
sporangia m a tu re  th e y  m ay  be read ily  separa ted  from  th e  host cell 
b y  pressure on th e  cover glass, and  float free in  th e  w ater (fig. 4). 
I n  such sporangia a slight th icken ing  of th e  basal portion  of th e  w all 
is som etim es visible, b u t th e  rem aining po rtion  o f th e  wall is quite 
th in , 0 ,8 — 1,2 ¡i.. N o ex it papillae  are visible, b u t a  narrow  pore or 
te a r  is form ed in  th e  w all for th e  discharge o f th e  zoospores. The first 
visible ind ication  o f dehiscence is an  instan taneous discharge o f a  
m ass o f fluid a t  th e  p o in t w here th e  ex it pore occurs (fig. 5), and  th is  
is followed b y  th e  em ergence of a  few zoospores. As a resu lt th e  sporan­
g ium  loses tu rg id ity  and  begins to  sh rink  qu ite  percep tab ly  in  d ia ­
m eter (fig. 6) in  m uch th e  sam e m anner as C a n t e r  (1959) described 
i t  in  R. contractophilum. As m ore zoospores em erge th e  wall collapses 
a round  those still w ith in  th e  sporangium  (fig. 7, 8) and  w ith in  35 to  
70 m inutes i t  is frequen tly  no longer visible except for th e  slightly  
th ickened  basal po rtion  (fig. 9). Such persis ten t portions are som ew hat 
sim ilar to  those illu s tra ted  b y  W h if f e n  (1942) for Solutoparies 
pythii. I n  o ther dehisced sporangia, shriveled rem anents o f th e  upper 
p o rtion  o f th e  w all m ay  persist.

Com plete dissolution o r deliquescence o f th e  sporangium  wall 
upon  dehiscing has beèn repo rted  to  occur in  o ther chy trids such as 
Nowakowskia hormothecae Borzi (1885), Hapalopera piriformis F o tt  
(1942), Rhizophydium sphaerocystidis C anter (1950), R. difficile 
C an ter (1954), R. achanthis, and  R. melosirae F riedm an  (1952). Also, 
in  R. pelagicum P a tte rso n  (1948), th e  upper portion  o f th e  sporangium  
w all deliquesces, leaving th e  low er h a lf in tac t, while in  Solutoparis 
pythii W hiffen (1942) and  R. contractophilum C anter (1959) only a 
sm all basal po rtion  rem ains in tac t. Accordingly, com plete or p a rtia l 
dissolution o f  th e  sporangium  wall during dehiscence is no t uncom m on 
in  th e  chytrids, an d  its  occurrence alone does n o t distinguish R. collap­
sum  sharp ly  from  th e  above-nam ed species o f Rhizophydium. However, 
these  species are p arasites  o f algae in  con trast to  R. collapsum which 
is a  saprophyte. O ther characteristcs as well distinguish i t  from  th e  
species repo rted  to  occur on pollen grains.

T he zoospores w hich em erge singly th ro u g h  th e  ex it orifice lie 
quiescent in  a loose m ass for a  w hile or float aw ay slowly, a fte r which 
th e y  becom e dartin g ly  m otile. U sually , a fairly  large num ber fail to
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em erge in  th is  m anner and  are held  in  a cen tra l m ass b y  th e  collapsing 
sporangium  wall (fig. 8). These m ay  degenerate unless freed, or th e y  
becom e m otile and  swim aw ay if  th e  w all dissolves com pletely.

The resting  spores develop in  th e  sam e m anner as th e  sporangia 
w ith  th e  exception th a t  th e y  soon form  a  th icker w all and  con tain  
num erous refractive globules. So fa r no evidence o f sexual fusions 
has been observed in  re la tion  to  th e ir  developm ent. The w all o f th e  
spores is usually  sm ooth (fig. 10 , 11), b u t occasionally i t  m ay be 
slightly  rough  or verrucose (fig. 12, 13). As in  o th e r species o f Rhizo­
phydium  these spores function  as prosporangia in  germ ination  (fig. 
14, 15).

In  th e  sam e cu ltu re w ith  R. collapsum occured ano ther eucarpic 
m onocentric chy trid  w hich obviously belong in  th e  genus Phlycto­
chytrium. The au th o r has been unable to  iden tify  i t  w ith  any  of th e  
o ther know n species of th e  genus, and  for reasons w hich will become 
ap p aren t below he is diagnosing i t  as a  new species an d  proposing th e  
nam e, P . indicum, for it.

Phlyctochytrium  indicum  sp. nov.

Fungus saprophyticus. Sporangiis hyalinis, laevibus, pyriform ibus, 
18—2 8 x 2 4 —38 fx diam . citriform ibus, subsphaericis, 22— 29 [jl diam ., 
Zoosporis sphaericis, 2,5 — 3 ¡i diam . A pophysis subsphaericis, 8 — 12 ¡i, 
diam ., ovalibus, elongatis, irregularibus. Rhizoidis ram osis. Sporis 
perduran tibus, hyalinis, laevibus, subsphaericis, sphaericis, 16— 20 ¡x 
diam .

Sporangia hyaline, sm ooth, b road ly  pyrifo rm  w ith  a  slightly  
fla ttened  base, 18—28 ¡jl broad  b y  24—38 ¡x high, occasionally b road ly  
citriform , or alm ost spherical, 22 — 29 (x diam ., w ith  one b road  apical 
ex it papilla , 7 — 14 ¡x d iam . A pophysis subspherical, 8 — 12 ¡x diam ., 
ovoid, slightly  elongate, or irregu lar; rhizoids branched , m ain  axes 
arising a t  1 to  3 poin ts on surface of apophysis. Zoospores spherical,
2,5—3 jx diam ., w ith  a  m inu te refractive globule; flagellum  11 — 13 [x 
long. R esting  spores hyaline, sm ooth, subspherical to  spherical, 
16—20 ¡x d iam ., w ith  a large, som ew hat angular, refractive  body  and  
several sm aller ones ; function ing  as prosporangia in  germ ination.

Saprophytic  on dead  pollen o f Pinus silvestris, from  brackish  
soil a t  M andapam  Camp, R h am n ad  D istric t, M adras S ta te .

The life cycle and  developm ent o f th is  species are illu s tra ted  
in  figs. 16 to  31, an d  it  is ev iden t th a t  th e y  do n o t differ significantly 
from  those o f m ost o th e r know n species of Phlyctochytrium. H ence, 
detailed  descriptions o f these processes are om itted . This species 
differs p rim arily  from  th e  o ther m em bers o f th e  genus w hich occur 
on pollen b y  a single, unusually  b road  apical ex it papilla. So far, 
several species o f Phlyctochytrium, including P . biporosum Couch 
(1932), P. papillatum  Sparrow  (1952), P. palustre G aertner (1954),
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P . africanum G aertner (1954), P . semiglobiferum Uebelm esser (1956), 
P . spectabile U ebelm esser (1956), Phlyctochytrium n. sp. R einbold t 
(1951), or P . reinboldtae Persiel (1956), have been reported  to  occur on 
pine pollen. All o f these species excep t one have from  2 to  5 sm all or 
b road  an d  e levated  ex it papillae, an d  in  P . spectabile 15 to  20 m ay  be 
presen t on th e  sporangia. In  P .  indicum, however, only one ex it 
pap illa  per sporangium  has been found, and  th is  one occurs apically  
an d  m ay  be up  to  14 ¡jl in  d iam eter. H ow  significant and  specific 
th e  num ber o f ex it papillae m ay  be as a  diagnostic criterion in  Phlycto­
chytrium rem ains to  be proven, in  th e  a u th o r’s opinion, b u t i t  is n o te ­
w orthy  th a t  in  th e  hundreds o f sporangia observed in  th e  p resen t 
species only one broad  pap illa  occured. Also, in  P . palustre, according 
to  G a e r t n e r  (1954), th e re  w as no  increase beyond 5 in  num ber of 
papillae w hen he grew  i t  on agar w here th e  sporangia a tta in e d  a 
d iam ete r o f 55 ¡jl. In  these tw o species, a t  least, th e  num ber appears 
to  be specific. More recen tly  P a t e r s o n  (1963) repo rted  th a t  th e  
num ber o f papillae in  th e  tw o species o f Rhizophydium w hich he 
s tud ied  is co nstan t on all sub stra ta .

A lthough generally  sm aller, th e  sporangium  of P . indicum w ith  
its  large apical pap illa  an d  th e  presence o f a  visible inner sporangial 
w all a round  th e  p ro trud ing  pap illa  sho rtly  before dehiscence is s trik ing ­
ly  sim ilar to  th a t  o f Phlyctidium megastomum Sparrow  (1943), a 
species w hich R a i t c h e n k o  (1902) described as Rhizophydium 
sphaerocarpum on Anabaena flos-aquae in Russia. M il le r  (1961) 
rediscovered th is  species on Liquidamber styraciflua pollen in  Lake 
Texom a, bordering Texas and  O klahom a, and  except for th e  increase 
in  size o f th e  zoospores during  m o tility  and  th e  occurrence o f “ false 
pro lifera tion” o f th e  sporangia, he confirm ed in  general R a i t c h e n k o ’s 
observations an d  th e  presence o f an  in tram atrica l, non-rhizoidal peg 
or apophysis. G erm ination o f some zoospores w ith in  th e  sporangia 
occurs com m only in  Phlyctochytrium indicum  also, and  its  zoospores 
m ay  increase in  size as in  Phylctidium megastomum b u t only  a fte r th e y

Figs. 1 — 15. R h iz o p h id iu m  c o lla p su m . Figs. 16—31. P h ly c to c h y tr iu m  in d ic u m .  
Fig. 1. Zoospores. Fig. 2. Germinating zoospore on agar. Fig. 3. Heavily infested 
pollen grain with thalli in various stages of development. Fig. 4. Free-floating 
broadly obpyridorm sporangium with slightly thickened basal wall. Fig. 5. 
Sporangium showing first visible evidence of dehiscence. Fig. 6. Same sporan­
gium showing marked contraction in diameter as zoospores emerge. Fig. 7 — 9. 
Same sporangium showing collapse and partial disappearance of wall. Fig. 10, 
11. Stages in development of resting spore. Fig. 12, 13. Slightly rough and 
verrucose resting spores. Fig. 14, 15. Germination stages. Fig. 16. Zoospores. 
Fig. 17 — 20. Germination of zoospores and early stages of thallus development 
on agar. Fig. 21. Young thallus. Fig. 22. Pollen grain infected by zoospores and 
a large mature thallus. Fig. 23, 24. Variations in size, shape and position of 
sporangia relative to substratum. Fig. 25 — 27. Stages in dehiscence of sporan­
gium. Fig. 28. Dehisced sporangium with zoospores germinating within it. 
Fig. 29. Resting spore. Fig. 30, 31. Germination stages of resting spore.
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have come to  rest. F u rtherm ore , th e  resting  spores o f these tw o 
chy trids v a ry  sim ilarly in  size. H ow ever, these species differ m arkedly  
b y  th e  sizes of th e ir  zoospores an d  b y  th e  presence o f rhizoids on th e  
apophysis of th e  In d ian  chy trid , as no ted  previously. Such rhizoids 
are clearly ev iden t on th a lli which develop in  w ater or agar cultures 
(fig. 19, 20) as well as in  pollen grains w hich have been cleared by  
various agents.

In  add ition  to  th e  new  m onocentric, eucarpic species described 
above several o thers were isolated in  Ind ia , including operculate 
and  inoperculate  species.

R h i z o p h y d i u m  s p h a e r o th e c a  Zopf, 1887. A bhand. N atu rf. 
Gesell. H alle 17: 92, pi. 2 , figs. 33—41.
On dead  pollen of Pinus sylvestris from  brackish  soil, M andapam  

Camp, M adras S tate .

R h i z o p h y d i u m  k e r a t i n o p h i l u m  K arling, 1946. Am er. J .  Bot. 
33: 753, 43 figs.
On hum an  hair from  soil in  a  d ry  rice p ad d y  near U tta rkosam anga 

along th e  R h am n ad  R oad, M adras S tate .

R h i z o p h y d i u m  sp.
This species occurred in  abundance on bleached corn leaves in  

w atered  soil sam ples from  P anakud i, 15 km . from  Nagercoil, and  
V irudunagar, M adras S tate . No resting  spores were form ed during 
th e  b rief period of existence o f th is  fungus, and  the  au th o r is, thusly , 
unab le  to  iden tify  i t  w ith  an y  o f th e  know n m em bers o f th e  genus. 
N evertheless, i t  is described here insofar as i t  is known.

Sporangia ex tram atrica l, spherical, 25—60 [x d iam ., hyaline, 
sm ooth, w all p e rsis ten t a fte r  dehiscence, w ith  5 to  8 alm ost equally  
d is trib u ted  ex it papillae w hich are 3 to  4 in  diam . an d  filled w ith  
broad ly  conical, p ro trud ing , 4 ¡jl high by  5 ¡x diam . a t  base, plugs of 
slightly  opaque and  homogeneous m ateria l. Main rh izoidal axis
3,5—4 ¡x diam ., occasionally slightly  inflated  and  alm ost apophysis­
like. Zoospores spherical, 3—3,8 ¡x diam ., w ith  a  sm all refrigent 
globule, em erging sim ultaneously and  singly from  several ex it papillae.

P h l y c t o c h y t r i u m  c h a e t i f e r u m  K arling. 1937. Mycologia 29: 179, 
fig. 1 - 3 .
In  association w ith  Phlyctochytrium indicum ano ther species 

occurred fairly  often  on dead  pine pollen in  th e  M andapam  Camp 
culture. This species is identified as Phlyctochytrium chaetiferum 
K arling  w hich th e  au th o r found as a  saprophyte on dead cells of 
Hydrodictyon reticulatum and  Oedongonium sp. in New Y ork  City. 
A lthough th e  In d ian  isolate occurred on pine pollen and  differs in
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some m inor respects, these differences are n o t sufficient enough to  
w arran t th e  crea tion  o f ano ther species. U sually , th e  hairs on th e  
sporangia are n o t as num erous as in  th e  A m erican m ateria l and  do no t 
becom e as long (only u p  to  88 ¡i.). Also, th e y  are usually  narrow er or 
finer. The walls o f th e  resting  spores are th in n e r th a n  repo rted  for th e  
A m erican isolate, an d  th e  zoospore vary  only  from  2,5 to  3,2 ¡i, in 
d iam eter. G erm ination o f zoospores or “false p ro lifera tion” in  th e  
sporangia occurs com m only in  th e  In d ian  m ateria l, and  th e  single, 
apical ex it orifice m ay  be u p  to  20 ¡i, in  d iam eter. O therw ise, i t  is 
iden tica l w ith  th e  A m erican species.

P h l y c t o c h y t r i u m  sp.
This species occurred as a sap rophy te  on bleached corn leaves 

in  a  w atered  brackish  soil sam ple a t  M andapam  Cam p, R h am n ad  
D istric t, M adras S ta te . I ts  ex tram atrica l sporangia are spherical, 
20—42 ¡i, diam ., w ith  a  th in  hyaline an d  sm ooth  w all an d  num erous 
(5 — 12) sm all and  h ard ly  discernable ex it papillae w hich are fairly  
evenly d istribu ted . The in tram a trica l po rtion  o f th e  tha llu s  consists 
usually  o f  a  sm all, 3 ,2—5 [/, d iam ., apophysis from  w hich arise 1 to  3 
branched  rhizoids. Occasionally, th e  apophysis m ay  be lacking, and  
th e  species resem bles m em bers o f Rhizophydium. In  such th a lli th e  
m ain  rhizoidal axis m ay  be 2,8 to  4 ^  in  d iam eter. The zoospores are 
sm all, spherical 2 —2,5 [x diam ., an d  lack a  d is tinc t refractive  globule. 
In s tead , th e y  con tain  a  m inu te  d rop let or body  w hich appears d a rk  
to  b lack  b y  tra n sm itte d  ligh t. N o resting  spores w ere observed in  th is  
species, and  for th is  reason i t  is difficult to  iden tify  it . In  general 
appearance, i t  resem bles Phlyctochytrium spectabile U ebelm esser 
(1956), b u t its  sporangia, zoospores, apophysis and  rhizoids are 
m arkedly  smaller.

E n t o p h l y c t i s  t e x a n a  K arling , 1941. T orreya 41: 106.
In  bleached com  leaves from  soil in  a  te a  es ta te  39 km s. w est o f 

M unnar, K era la  S ta te , a t  an  a ltitu d e  of ab o u t 3500 ft.

D i p l o p h l y c t i s  i n t e s t i n a  (Schenk) Schroeter, 1893. E ngler and  
P ra n tl, N atü rlichen  Pflanzenf. (1) 1: 78.

Rhizidium intestinum Schenk, (pro p a rt) , 1858. Ü ber das 
V orkom m en con tractiler Zellen im  Pflanzenreich, p . 5, figs. 1 — 9, 
W ürzburg.
In  dead cortical cells of Chara delicatula from  a freshw ater lake 

ab o u t 4 km s. w est of U chippuli, M adras S tate .

P h l y c t o r h i z a  v a r i a b i l i s  K arling , 1947. A m er. J .  B ot. 3 8 :7 2 2 —777, 
3 figs.
This is one of th e  m ost com m on fungi encountered  b y  th e  au th o r 

in  Ind ia . I t  was found in  all 56 soil collections from  In d ia  as well as
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in  collections in  Ceylon, T hailand , H ong K ong and  Ja p a n . In  In d ia  
i t  occurred in  brackish  soil a t  sea level as well as in  nonbrackish  soils 
up  to  an  elevation of over 6000 ft. M onocentric and  polycentric th a lli 
w ere present, and  th e  la tte r , particu la rly , grew equally  well in  bleached 
corn leaves as in  keratin ized  su b s tra ta  which suggests th a t  th e  In d ian  
collections m igh t be different from  those reported  b y  th e  au th o r, 
G a e r t n e r  (1954) and  W i l l o u g h b y  (1962) from  o ther p a r ts  o f th e  
world. The m a jo rity  of th e  In d ian  th a lli were polycentric and  very  
ex tensive like those shown previously  b y  th e  au tho r (1951, figs. 1 — 3) 
for th e  Israe lian  stra in , particu la rly  when grown on hum an  fibrin 
film. The zoospores o f such th a lli gave rise to  b o th  m onocentric and  
polycentric tha lli. These stra ins are being investigated  m ore in te n ­
sively in  p u re  cu ltu re  a t  th e  p resen t tim e. P resen t studies indicate  
th a t  th is  fungus should be rem oved from  Phlyctorhiza as H a n s o n  
(1946) defined th is  genus, an d  as th e  au th o r (1951) s ta ted  previously 
i t  m ay  be closely re la ted  to  Catenaria.

R h i z i d i u m  v e r r u c o s u m  K arling , 1944. Amer. J .  B ot. 31: 255, 
figs. 34—63.
In  snake skin  from  soil in  M aden P a rk  along Chowringee S treet, 

C alcu tta , B engal S tate .

K a r l i n g i a  r o se a  (D eB ary and  W oronin) Johanson , 1944. Amer. 
J .  B ot. 31: 399, 37 figs.

Chytridium roseum D eB ary  and  W oronin, 1865. Ber. Ver- 
handl. N a tu rf. Gesell. F re iburg  3 (2): 52, pi. 2, figs. 17—20.

Rhizoplyctis rosea (D eB ary and  W oronin) F ischer, 1892. 
R ab en h o rs t’s K ryp togam en-F l. 1 (4): 122.
In  bleached com  leaves, cellophane and  onion skin from  all soil 

collections m ade in  In d ia  as well as in  Ceylon, Thailand, H ong K ong 
an d  Jap an .

L ike Phlyctorhiza variabilis th is  species occurred in  brackish  
soil a t  sea level as well as in  non-brackish  soil up  to  6000 ft. in  In d ia  
an d  Ceylon. V ariations in  size, s tru c tu re  and  p igm entation  were 
no ted  in  th e  collections, and  these varia tions suggest th a t  m ore th a n  
one s tra in  o f K . rosea is p resen t in  Ind ia .

Some w orkers, H a s k i n s  (1950) and  H a s k i n s  and  W e s t o n
(1950), have contended th a t  dehiscence in  th is  species is inoperculate 
an d  m ain ta ined  th a t  th e  presence of endo-opercula does n o t ind icate  
th a t  a  species is operculate. W i l l o u g h b y  (1958) m ade an  in tensive 
s tu d y  o f th is  species in  E ng land  and  found th a t  dehiscence w as alw ays 
opercu late  as described b y  J o h a n s o n  (1940). Careful observations 
over long periods o f tim e on th e  developm ent of th e  sporangia, ex it 
tu b es  an d  endo-opercula were m ade on th e  In d ian  collections, an d  in 
no cases w as inoperculate  dehiscense seen. Obviously, K . rosea is
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operculate an d  does n o t belong in  th e  genus Rhizophlyctis as some 
w riters claim.

K a r l i n g i a  m a r i l a n d i c a  K arling , 1949. M ycologia 41: 51, figs.
70—80.

Karlingiomyces marilandicus (K arling) Sparrow , 1960. A q u a­
tic  phycom ycetes, 2nd. ed. p. 562.
Iso la ted  on bleached corn leaves an d  strips o f cellophane from  

soil 39 km . w est o f M unar, K era la  S ta te  a t  an  elevation o f 3500 ft., 
an d  a t  sea level in  b rack ish  soil 14 km . n o rth  o f M andapam  Cam p 
along th e  R h am n ad  R oad, M adras S tate . The m a jo rity  o f th e  sporangia 
observed in  th e  In d ian  collections were exo-operculate, b u t fairly  
often  th e y  were endo-operculate also as th e  a u th o r described th em  
from  M aryland, USA. Careful and  continuous observations o f th e  
developm ent an d  dehiscence o f endo-operculate sporangia were m ade 
to  determ ine w hether or n o t th e y  dehisce w ithou t th e  ex trusion  o f 
an  operculum , and  in  no instance was th is  observed to  occur. As in  
th e  M aryland m ateria l (fig. 72) th e  sporangia were som etim es m ono- 
rhizoidal, and  th e  ex it canal ex tended  up  to  distances of 228 ¡a . N o 
resting  spores were observed in  th e  In d ian  collections.

C h y t r i d i u m  p a r a s i t i c u m  W illoughby, 1956. T rans. B rit. M ycol.
Soc. 39: 135, figs. 5 —7.
P arasitic  on Karlingia rosea w hich w as isolated  on bleached com  

leaves from  soil 14 km s. n o r th  o f M andapam  Cam p along th e  R h a m ­
n a d  R oad, M adras S ta te . A lthough th is  is a  new  host, th e  a u th o r 
believes th a t  th is  p arasite  is th e  sam e as C. parasiticum, and  i t  is 
identified as such. No resting  spores were found in  th e  In d ian  m ateria l.

C h y t r i o m y c e s  h y a l i n u s  K arling , 1945. A m er. J .  B ot. 32: 363,
figs. 46—61.

Chytriomyces nodulatum H askins, 1946. T rans. B rit. Mycol.
Soc. 29: 131, 8 figs.
On purified shrim p ch itin  in  w ater from  th e  P u lv ia r R iv e r on 

th e  G hat R oad . M adras S ta te .
So far, th e  au th o r has found th a t  chitinophilic species are ra re  

in  In d ia , an d  th is  is th e  only such species he has found  to  date .

C h y t r i o m y c e s  ver rucosus  K arling , 1960. B ull. T orrey  B ot. Club
87: 327, figs. 1 - 1 9 .
P arasitic  on Karlingia rosea from  brack ish  soil a t  M andapam  

Cam p, M adras S ta te .
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N e p h r o c h y t r i u m  a p p e n d i c u l a t u m  K arling, 1938. Amer. J .  
B ot. 25: 507, 5.09, 34 figs.
On bleached com  leaves from  soil in  a  te a  estate, 39 km s. w est 

o f M unnar, K era la  S tate .
In  th e  diagnosis o f th is  species th e  au th o r (1938) om itted  m ention 

o f th e  fac t th a t  th e  sporangia are operculate. This characteristic  has 
been observed b y  him  in  all subsequen t collections o f th is  species.

N e p h r o c h y t r i u m  a u r a n t i u m  W hiffen, 1941. Amer. J .  B ot. 
28: 41, 26 figs.
On bleached corn leaves from  soil in  a  te a  estate , 39 km s. w est 

o f M unnar, K erala  S ta te .

C y l i n d r o c h y t r i d i u m  J o h n s t o n i i  K arling , 1941. Bull. Torrey 
B ot. Club 6 8 : 383, 16 figs.
On bleached corn leaves from  soil in  a te a  esta te  45 km s. w est 

o f M unnar, K era la  S tate.

S u m m a r y

Two new  chytrids, Rhizophydium collapsum and  Phlyctochytrium 
indicum, occurred on dead  pine pollen w hen it  was used as a b a it 
in  w atered  brackish  soil sam ples a t  M andapam  Camp. In  add ition  
num erous o ther eucarpic m onocentric species were isolated on various 
su b stra ta . These include Rhizophydium  sp., R. sphaerotheca, R. Jcera- 
tinophilum, Phlyctochytrium chaetiferum, Phlyctochytrium sp., Ento­
phlyctis texana, Diplophlyctis intestina, Phlyctorhiza variabilis, Rhizi­
dium verrucosum, Karlingia rosea, K .  marilandica, Chytridium para­
siticum, Chytriomyces hyalinus, C. verrucosus, Nephrochytrium appen­
diculatum, N. aurantium  and  Cylindrochytridium johnstonii.
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Reprinted from Sydowia, Armales Mycologici, Ser. II, Vol. XVII, Heft 1-6, 1964, 
p. 302-307

Indian Chytrids. II. Olpidium indianum sp. nov. *)
By John S. K a r 1 i n g.

Department of Biological Sciences 
Purdue University, Lafayette, Indiana, U. S. A.

(21 text-figures).

In  1963 w hile partic ipa ting  as a  m ycologist in  the UNESCO- 
sponsored In terna tiona l Ind ian  Ocean Expedition the au thor isolated 
num erous chytrids from  soil, pools and  lakes in  various p arts  of 
Ind ia. Som e of the  m onocentric eue arp i c species w ere described in 
an  earlie r paper. ( K a r l i n g ,  1964a). In  addition to these, a  large 
Olpidum  species w as found w hich parasitized  the thalli and  spor­
ang ia  of Phlyctorhiza variabilis  and  the  sporangia of Rhizophlyctis 
fuscis  K arling  (1964 b). These host had been isolated from  soil at 
the edge of a  slightly  brackish  pool at M andapam  Camp, Rhaminad 
D istrict, and  grow n on bleached corn leaves in  tap  w ater w hose salt 
content varied  from  0.3 to  1.0 per cent. U nder such conditions they 
becam e so abundan tly  parasitized  by th e  Olpidium  species th a t a fte r 
tw o w eeks it w as d ifficu lt to find  any  thalli w hich w ere not attacked. 
Subsequently , i t  w as found in isolates of th e  sam e hosts from  soil in 
dry rice  paddies 10 and 51 kilom eters south of M adurai along the 
R ham nad  Road w here the soil is non-brackish .

T he sporang ia of the parasite  vary  m arkedly  in size and shape, 
depending  to  some degree on the num ber p resen t in a host cell, but 
w hen  they  occur singly in  a  large sporang ium  of Rhyzophlyctis fu s­
cis they  miay fill it and  atta in  a. d iam eter of 150 ¡i, th e  la rgest size 
reported  so fa r  for any  species of Olpidium. Such large sporangia of 
the p aras ite  m ay  develop exit tubes w hich  vary  from  8 to 12 ¡x  in  d ia ­
m eter an d  28 to 48 ¡x in  length. The hyaline to light am ber resting  
spores develop by the contraction of the  thallus content (fig. 14— 
16) and its investm ent by a faily  th ick  w all. As a result, th e  spores 
occupy only a  portion of the tha llu s in  w hich they develop and are 
usually  enveloped by a th in  hyaline m em brane as in Olpidium allo- 
m ycetos  K arling  (1948) and  other species. No evidence of fusion of

*) This study was supported by the U. S. Program in Biology, Inter­
national Indian Ocean Expedition and conducted at the Central Marine 
Fisheries Research Institute, Mandapam Camp. I am very grateful to 
Dr. S. J o n e s ,  Director of the Institute for research facilities and assist­
ance and to Dr. Eric S i l a s  for collecting numerous soil samples near 
the southern tip of India.
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gam etes p rio r to  resting  spore developm ent, such as S a h i t y a n c e  
(1962) found in  Pleotrachelus, h as  been observed so far. O ccasional 
b iflagella ta  zoospores (fig. 2) mlay occur, bu t these ap p ea r to  be the 
resu lt of unequal cleavage instead  of fused  gam etes.

A lthough the Ind ian  species of Olpidium  occurred so abundantly  
in  the hosts m entioned above,, it appears to have a  lim ited host range. 
O ther aquatic fung i such as, Catenaria anguillulae, N owakowskiella  
elegans, N. ramosa, Karlingia rosea and  Pythium  spp. w ere ab u n ­
d an t in  the parasitized cultures of P. variabilis  and  Rhizophlyctis fa s ­
cis, b u t none of th ese  w ere  a ttacked  during  th e  course of th is  study. 
Subsequent attem pts to  in fec t these and  other aquatic  fung i w ith 
O. indianum  in  the laboratory  a t P u rd u e  U niversity  w ere unsuccess­
ful. However, the  sporang ia  and  res tin g  spores of Allomyces arbus­
cula and  the re s tin g  spo ran g ia  of Physoderma pluriannulata  on 
Kundm annia sicula  becam e densely in fected  w hen  these  fung i w ere 
added to a  parasitized  cu ltu re  of P . variabilis. In  these additional 
hosts also, a  sdjngle to  several parasites occurred in  the host cells, and  
the exit cana ls w ere usually  quite long  and  contorted.

O l p i d i u m  i n d i a n u m  sp. nov.
F ungus parasiticus, sporangiis hyalin is, laevibus, sphaericis, 

30—'150 p., ovalibus, 22— 40 X  38—60 p., oblongatus, 20—30 X  40—52 /u, 
hem isphaeric is a u t angu la rib u s; tu b u lu m  exeuntibus 5—12 X  8— 
48 ¡X. Zoosporis sphaericis, 3—4 p singulis globulis re frin g en tib u s  in -  
structis ; flagello  18—22 p  longo. Sporis perduran tibus laevibuS', 
sphaericis, 12—28 p, ovalibus, 8—12 X  15—20 p, g ran u lis  globulis re ­
fractivas nuimerosis dense  in s tru c tis ; zoosporis germ inatione ortis.

S porang ia  1 to 18 in  a  host cell an d  filling  it partly  or com pletely, 
hyaline, smoth, spherical, 30—150 p, ovoid, 22—40 X  38—60 p, oblong, 
20—30 X  40—52 p, hem ispherical to polyhedral w hen  2 an d  a  large 
num ber, respectively, fill a host cell. Exit tubes usually  solitary, 
ra re ly  2 p e r sporangium , 5—12 p  in  d iam eter by 8—48 p in  length, 
p enetra ting  and crack ing  the host w all locally. Zoospores num erous, 
spherical, 3—4 p, w ith  a  hyaline, b rillian tly  refractive globule and  
an 18—22 p long flage llum ; rem ain ing  spherical th roughout motile 
period,. R esting spores, 1 to  25 in  a  host cell, spherical, 12—18 p, ovoid, 
8—12 X  45—20 p, w ith  a  hyaline to  light am ber, smooth w all, 1—8 to
3.2 p th ick, and  con ta in ing  1 to severa l large refractive globules; fo r­
m ed by contraction of tha llu s content and  ly ing  in  a  hyaline vesicle; 
fo rm ing  zoospores d irectly  in  germ ination  and  d ischarg ing  them  
through a  broad exit tube.

P arasitic  in  the tha lli apd  sporang ia  of Phlyctorhiza variabilis 
and  Rhizophlyctis fascis,  R ham nad  District, M adras State. Type spec, 
slide, PU, no. 103.

The life cycle and  developm ent of O. indicum  a re  basically

303

363



s im ila r to those of other know n species of th e  genus, and it is not 
essential th a t they  be described in  detail. They are illustrated  ful ly 
in  figures 1 to 21, and the descriptive legends of the figures are s u f ­
fic ien t fo r an  u nders tand ing  of th e  developm ental stages.

Rhizophlyctis fuscis  is  a species w hose sporangia develop an  u n ­
usually  thick, up to 8 ¡a , redd ish-brow n w all, but the exit tube of 
O. indicum  read ily  cracks th is w all locally and penetrates to the 
outside as show n in  fig. 13. L ikewise, th e  relatively th ick-w alled  spo­
ra n g ia  of polycentric s tra ins of Phylctorhiza variabilis K a r l i n g
(1951) and  resting  sporang ia  of Allomyces arbuscula and Physoder- 
m a pluriannulata  a re  penetrated  in  th e  sam e m anner.

So fa r  only tw o m em bers of the  fam ily  Olpidiaceae has been 
reported  from  Ijndia as fa r  as I am  aw are. T h i r u m a l a c h a r  
(1942) reported Olpidum uredinis  as a  parasite  of the uredospores of 
Hemileia canthii, and  L a c y  reported  Olpidium entophytum  in  S p i­
rogyra  from  P a tn a  in  1955. However, du ring  the course of th is study 
several m em bers of th is fam ily  w ere found in  Ind ia  in addition to 
O. indicum. These include the follow ing species :

Olpidium gregarium  (N ow akow ski) Schroeter, 1885. Cohn, K rypt. — 
Fl. Schlesiens 3 ( 1 ) :  182.
Chytridium gregarium  N ow akowski, 1876, Cohn, Beitr. Biol. 

P flanz. 2: 77.
P arasitic  in  ro tife r eggs. This species occurs com m only as a  p a ­

rasite  of ro tife r eggs, and  this is the firs t report of its occurrence in 
In d ia  so fa r  as I know . It w as found frequently  in ro tifer eggs in 
th e  cultures w hich contained O. indianum  from  M andapm an Camp.

O l p i d i u m  e n t o p h y t u m  (B raun) Rabenhorst, 1868. Flora 
Europ. A lgarum  3: 283.

C h y t r i d i u m  e n t o p h y t u m  B raun, 1856. M onatsber. Berlin 
Akad. 1856: 589.
P arasitic  in  Spirogyra  sp. This species occurred in  a large spe­

cies of Spyrogyra  w hich  w as collected in a freshw ater lake about 
4 kilom eters w est of U chippuli in  the R ham nad district.

O l p i d i u m  a l l o  m y  c e t o  s K arling, 1948. Amer. J. Bot, 35 : 
503—510, fig. 1—32.
P arasitic  in  Allomyces arbuscula  w hich w as isolated from  dry 

soil along the R ham nad Road n ear V alantarayai, R ham nad District, 
M adras State.

R o z e l l a  a l l o  m y  c i s Foust, 1937. J. E lisha M itchell Sei. Soc. 53  : 
198, pis. 22, 23.
P arasitic  in  Allomyces arbuscula. This host w as isolated on hem p 

seed from  soil in a slightly  brackish  pond 8 kilom eters north of M an-
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dap  am  Cam p along the R ham nad Road, and w ith in  a  few  days it be­
cam e so heavily  parasitized th a t nearly  all of thalli w ere killed. The 
zoosporangial phase of th e  parasite  occasionally caused septation of 
the hyphae and  inc ip ien t zoosporangia of the host, as described by 
Foust, bu t only  rare ly  did it induce sligh t cell enlargem ent. The re-

Figs. 1—21. Olpidium indianum. Fig. 1. Normale Zoospore. Fig. 2. Abnor­
mal biflagellate zoospore. Fig. 3. Multiple infection of host cell. Fig. 4. 
Young parasites in host protoplasm. Figs. 5—7. Development of thallus. 
Figs. 7—'10. Stages in cleavage and zoosporogenesis. Fig. 11. Ovoid spo­
rangium in thick-walled sporangium of Phlyctorhiza variabilis. Fig. 12. 
Two almost hemispherical sporangia in same host. Fig. 13. Median view 
of large sporangium of Rhizophlyctis fuscis w ith six polyhedral sporangia 
of 0. indianum in various stages of development and dehiscence. Figs.
14—16. Stages in contraction of thallus content to form resting spores. 
Fig. 17. Thallus with 2 resting spores. Figs. 18—20. Mature resting spo­

res. Fig. 21. Germination of resting spore.
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sting spore phase, on the other hand, caused considerable cell enlar­
gement, particularly when several spores were present in a cell. In 
some sporangia and hyphal cells of the host as many as 12 resting 
spores were present.

R o z e l l a  c l a d o c h y t r i i  Karling, 1941. Torreya 41: 105 ; 1942 a, 
Amer J. Bot. 2 9 : 25, figs. 1—24.
Parasitic in N owakowskiella  ramosa  and N. elegans, isolated on 

bleached corn leaves from a freshwater lake approximately 4 kilo­
meters w est of Uchippuli, Rhamnad District.

R o z e l l a  r h i  z o p h l y  c l i i  Karling, 1942. Amer. J. Bot. 2 9 : 32, 
figs 37—47.

Parasitic in the sporangia of Karlingia rosea which was isolated 
on bleached corn leaves from soil at the edge of a brackish ditch on 
Mandapam Camp, Rhamnad District.

R o z e l l a  l a e v i s  Karling, 1942. Mycologia 3 4 : 201 ; 1944, Myco- 
lologia 36: 638, figs. 1—19.

Parasitic in the sporangia and hyphae of Pythium  sp. causing  
marked hypertrophy of the host cells, Mandapam Camp, Madras 
State, Jodhpur, Rajasthan State, Calcutta, Bengal State and Mumnar, 
Kerala State.

One of the hosts of this parasite w as isolated on corn leaves from  
brackish soil in a dry ditch and cultured in brackish tap water at 
Mandapam Camp. Apparently, the resting spores of the parasite were 
present in the brackish soil with the oospores of the host. Subse­
quently, it w as found in numerous non-brackish soil collections as 
noted above, and appears to be a common parasite in India.

R o z e l l a  sp . Karling, 1947. Amier. J. B o l 34: 31, figs. 44—48.
Parasitic in the sporangia of Phlyctorhiza variabilis, Mandapam  

Camp, Madras State and Jodhpur, Rajasthan State. Apparently, the 
Indian parasite is the sam e one which the author (1947) found in

A  B  Ä  ^

America because it conforms closely with it. So far no resting spores 
have been observed.

Summary.

Olpidium indianum  sp. nov. is a virulent parasite of Phlyctorhiza  
variabilis Karling and Rhizophlyctis fuscis  which occur in the brack­
ish  soil at Mandapam: Camp, Madras State, and non-brachish soil 
in other parts of India. It is characterized by unusually large sporan­
gia with long or short exit tubes, minute spherical zoospores which  
contain a hyaline, brilliantly refractive globule, and resting spores 
which are formed by the contraction of the thallus content and its

306

366



investment by a relatively thick, hyaline wall. These spores function 
as sporangia in germination. Other members of the fam ily Olpidia­
ceae found in India include Olpidium gregarium  (Nowakowski) 
iSchroeter, O. entophytum  (Braun) Rabenhorst, O. allomycetos Kar­
ling, Rozella allomycis  Foust, R. cladochytrii Karling, R. rhizophlyctii 
Karling and R. laevis Karling which parasitized, respectively, rotifer 
eggs, Spirogyra  sp.;, Allomyces arbuscula, Noivakowskiella ramosa  
and N. elegans, Karlingia rosea and Pythium  spp.
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Reprinted from Sydowia, Annales Myco logici,  Ser. II, Vol. XVII, Heft 1-6, 1964, 
p. 314-319

Indian Chytrids. IV. Nowakowskiella Multispora 
Sp. Nov. and other Polycentric Species.*)

By John S. K a r l i n g .
Department of Biological Sciences 

Purdue University, Lafayette, Indiana, U.S.A.

(8 text-figures).

Previous publications by the author (1964 a—e) on the aquatic 
zoosporic fungi of India related to members of the fam ilies Plasm o­
diophoraceae, Olpidiaceae, Rhizidiaceae and Rhizidiomycetaceae. 
The present contribution concerns the aquatic polycentric chytrids 
w hich were isolated from soil and water samples in various parts 
of India in 1963. Sm all soil samples were covered with boiled tap 
water and baited with bits of various substrata such as bleached 
corn leaves, onion skin, cellophane, chitin, skin, hair, and hemp seed 
in the manner which has become almost standarized for the trapping, 
isolation and study of aquatic zoosporic fungi. In addition to these 
substrata human fibrin film  was used as a bait in most soil cultures, 
and several new  chytrids were isolated on this substratum.

Among the numerous chytrids trapped on bleached corn leaves, 
cellophane and onion skin occurred a species of Nowakowskiella  
which the author has been unable to identify with the other eleven 
species of this genus. It is characterized principally by an unusually 
abundant production of resting spores and by small zoospores. Ac­
cordingly, it is diagnosed as a new species and named multispora.

N ow akow skièlla m ultispora sp. nov.
Fungus saprophyticus. Rhizomycelio hyalino, profuso, copiose 

ramoso, partibus tenuibus, 2—5  ̂ diam,, increm ents pluribus non 
septatis, ovalibus, fusiformibus, 10— 15 X —30 g, aut elongatis. 
¡Sporangias terminalibus aut intercalaribus, 12—16 X  20—32 u diam., 
elongatis aut cylindris, 10—14 X  32—40 g diam., oblongatis, ovalibus 
aut sphericis, 8—26 g diam, Zoosporis sphaericis, 3—3.9 g diam., 
unico globulo refringenti ; flagello 12—14 g longo. Sporis peedura-nti- 
bus numerosis, intercalaribus, laevibus, hyalinis, ovalibus, 12—15 X

* This study was supported by the U. S. program in Biology, Inter­
national Indian Ocean Expedition and conducted at the Central Marine 
Fisheries Research Institute, Mandapam Camp. I am very grateful to 
Dr. S. J o n e s ,  Director of the Institute for research facilities and assi­
stance.
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15—30 ¡ix, oblongatis aut elongatis,, 8—10 X  17—22 ¡x; germiinantibus 
ut prosporangio membrano tenui ad superficium  sporae.

Rhizomycelium prof ose, tenuous portions 2—5 (x diam.; spindle- 
shaped enlargements numerous and frequently in tandem:, non-sep- 
tate, narrowly ovoid, fusiform, 10—15 X  17—30 jx diam., or elongate, 
8—10 X  17—22 jx diam. Sporangia usually terminal, sometimes inter­
calary,, non-apophysate, hyaline, smooth, predominantly fusiform  
12—16 X  20—32 [X diam., with long exit tubes, frequently elongate 
and alm ost cylindrical, ovoid or spherical, 8—26 |x diam., endo- or 
exo-op ere uii ate. Zoospores small, spherical, 3—3.9 ¡x diam., with a 
minute réfringent globule; flagellum  12—14 (x long. Resting spores 
unusually abundant, usually intercalarly ; formed by transformation 
of intercalary enlargements into fairly thick-walled structures, hya­
line, smooth, almost spherical, 15—30 |x, broodly to narrowly ovoid, 
12—15 X  15—30 jx, oblong or elongate 8—10 X  17—22 ¡x diam., with  
truncate ends, containing numerous large refractive globules; func­
tioning as prosporangia in germination.

Saprophytic in bleached corn leaves, and on cellophane from  
non-brackish soil in a dry catch basiin along the Rhamnad Road near 
Valantaravai, Rhamnad District, Madras State.

Type slide no. 104, P. U. L.
The structure and distinguishing characteristics of this species 

are illustrated in  figs. 1 to 8. Its development from zoospore to rhizo- 
mycelium, sporangium and resting spore is basically similar to that 
of other species; hence it is not described further. As noted earlier, 
attempts to identify this species with any of the 11 other known  
members of N owakowskiella  have been unsuccessful. In N. elegans, 
N. ramosa, N. hemisphaerospora, N. elongata, N. prof osa, N. atkinsii 
and N. macrospora  the zoospores are reported to be 5— 7.5 ¡.i, 6 .6—  
8.8 jx, 4.4—6.3 (x, 5—6 ^  4 .^ -5  g, 5.7—7.5 g ,  5—6.6 g , 4.5—5.5 ,x, 
5 X  3 jx and 10—12 in diameter, respectively, w hile in N. multispora  
they are only 3—3.9 [x in diameter. In this respect N. multispora  is 
more sim ilar tó N. sculptura  in which the zoospores are 3—3.8 (i in dia­
meter, but the two species differ markedly by the manner of deve­
lopment and structure of the resting spores.

Except for N. ramosa  and N. sculptura  in which -the resting spo­
res are formed at the end of buds on pseudoparenchymatous inter­
calary enlargements, resting spore development in N. multispora  is 
similar to that of the other species in that the spores develop by direct 
transformation of the enlargements into thicker-walled sructures in 
which numerous refractive globules have accumulated. However, in 
these other species resting spore production is sparse,, and in N. ele­
gans, particularly, they are rarely formed, according to the author’s 
observations. In N. multispora, on the other hand, their development 
may occur so soon and abundantly that zoosporangia may be corq-
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paratively few  or almost completely lacking. Sometimes strips of 
cellophane may contain almost nothing more than the tenons rhizo­
m ycelium  and mature and developing resting spores (fig. 1). Usually, 
the resting spores are more abundant than is  shown in figure 1. The 
sporangia usually occur at the edge of the cellophane, and immedia­
tely beneath is a relatively clear area of tenuous filaments, rhizoids 
and almost empty enlargements. Then follow inwardly the dense 
areas of resting spores.

The structure and appearance of the tenous portions of the rhizo­
mycelium, intercalary enlargements, and sporangia are not specifi­
cally characteristic for N. multispora. The sporangia vary markedly 
in size and shape as indicated in the diagnoses above and fig. 1, and 
the majority of them develop long necks on cellophajne. These may 
be endo- or exo-ope«rcuIate. In light of H a s k i n s  (1950) and 
H a s k i n ’s and W e s t o n ’s (1950) contention that the presence of 
endo-opercula is- not a decisive criterion of whether or not a species 
is operculata, particular attention was given to the development and 
dehiscence of the sporangia of N. multispora. Most of the sporangia 
along the edge of cellophane strips were exo-operculate but quite a 
few  were endo-operculate. In the latter, the development of the endo- 
operculum occurred in much the same manner as the author (1944, 
1945, 1961) described it for N. granulata, N. macrospora, and N. scu lp ­
tura, and in no instance w as inoperculate dehiscence observed.

So far only one other species of Nowaltowskiella, N. ramosa  But­
ler, has been reported in India, but during this study several other 
aquatic polycentric species were isolated from brackish and non- 
brackish soils at sea level and up to an altitude of 4000 feet. These 
include :

N o w a k o w s k i e l l a  e l e g a n s  (Nowak.) Schroeter, 1893. Eng­
ter and Prantl, Natürlich. Pflanzenf. 1, (1) : 82.
Cladochytrium elegans Nowakowski, 1876. (pro parte) in Cohn, 

Beitr. Biol. Pflanz. 2: 95, pi. 6, figs. 14—17.
N owakowskiella  endogena  Constantineanu, 1901. Rev. Gen. Bot. 

13: 387, fig. 83.
Saprophytic in bleached corn leaves, cellophane and fibrin film  

from dry non-brackish soil at Satur; 10 km., 30 km., and 60 km. south 
of Madurai along the Rhamnad Road, Virudunagar, and brackish soil 
at Mandapam Camp, Madras State. Also, this species occurred abun-

Figs. 1—8. Nowakowskiella multispora. Fig. 1. Portion of thallus on cel­
lophane; sporangia a t edge of substratum , resting  spores w ithin. Fig. 2. 
Zoospores. Fig. 3. Endo-operculate sporangium. Fig. 4. Dehiscence of 
alm ost cylindrical sporangium. Fig. 5. M ature polyhedral resting spore 
filled w ith  globules. Figs. G, 7, 8. Germ ination stages of resting spores.
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dantly in soil collections in Ceylon, Thailand, Victoria Peak. llong- 
Kong and Tokyo, Japan.

N o w a k o w s k i e l l a  r a m o s a  Butler, 1907. Mem. Dept. Agr. 
India, Bot. S er..l: 141, p. 10, figs. 3—10.
Saprophytic in bleached corn leaves, cellophane and fibrin film , 

from non-brackish soil and water at Satur, Uttarakosamangai, Viru- 
dunagar, and Rhamnad, Madras State, and Calcutta, Bengal State. 
Resting spore development was unusually abundant in all of these 
collections.

N o w a k o w s k i e l l a  e l o n g a t a  Karling, 1944. Bull. Torrey Bot. 
Club 71: 375, figs. 30—44.
Saprophytic in bleached corn leaves, from non-brackish soil in 

a dry catch basin 5 km. north of Rhamnad ala|ng the Rhamnad Road, 
Madras State.

C l a d o c h y t r i i ,  m  r e p l i c a t u m  Karling, 1931. Amer. J. Bot. 
18: 538, pis. 42—44.

C l a d o c h y t r i u m  h y a l i n u m  Berda, 1941. Amer. J. Bot. 28: 
425, figs. 1—84.
Both of these C ladochytrium  spezies were trapped on bleached 

corn leaves and onion skin from soil in a tea estate 39 km. w est of 
Munnar. Kerala State, at an altitude of about 3500 ft. It is significant 
that neither of these species were found in brackish soil where N. ele­
gans w as usually abundant.

S e p t o c h y t r i u m  v a r i a b i l e  Berdan, 1942. Amer. J. B o l 29: 
461, fig. 2.
Saprophytic in bleached corn leaves, from non-brackish soil in 

a dry catch basin near Valantarvai along the Rhamnad Road, Madras 
State.

It is significant to note that none of these polycentric species 
developed prolifically on human fibrin film . Sporadic infections 
occurred, but the rhizomyceilia developed only sparingly.

Summary.

N ow akow skie lla  m ultispora  sp. nov. is characterized primarily 
by a minute zoospores and an unusually abundant production of 
resting spores>. In addition to this species Cladochytrium  replicatum  
Karling, C. h ya linum  Berdan, N ow akow skie lla  elegans (Nowa.) 
Schroeter, N, ram osa  Butler, N. elongata  Karling, and Septochytrium  
variabile Berdan were isolated from, soil and water samples in India.
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(Reprinted from Nature, Vol. 205, No. 4966, pp. 103- 104,
January 2, 1965)

Blue P igm ent of a  Surface-living O ceanic  
Copepod

T h e  development o f special nets has made it possible to 
sample specifically the plankton living in the uppermost 
layers o f the sea. Routine sampling with such a net, 
designed by P. M. David at the National Institute o f  
Oceanography, to fish only in the top 4 in. o f the water, has 
been carried out during the present cruise o f the R .R .S. 
Discovery in the Indian Ocean. One o f the m ost striking 
features o f the living hauls is the predominance o f blue 
pigmented organisms, and these have been seen in a wide 
diversity o f groups, among them  copepods, mysids, 
decapods, stomatopod larvæ, siphonophores, chætognaths, 
salps, doliolids and appendicularians. The m ost typical 
members o f the catch are pontellid copepods, and these 
show a blue colour more intense than m ost other groups. 
Since blue is a colour almost completely absent in deeper- 
living plankton, it was considered to be o f interest to make 
a closer examination of this typical feature o f the tropical 
surface plankton. Using the surface net it was possible to  
capture very large numbers of Pontella fera  Dana and 
carry out a simple analysis of its pigment.

Three surface hauls were made in different regions and a 
few hundred P . fera  were either picked out individually 
or, on one occasion when several thousands were caught, 
the other components of the catch were removed. Having  
separated animals o f both sexes, excess water was removed 
on filter paper, and the animals were ground up with a 
little distilled water until a satisfactory homogenate was 
obtained. Further distilled water was added, and the 
suspension was centrifuged for 10 min at approximately 
4,000 r.p.m. This caused a layer o f solid carapace pieces 
to separate out at the bottom , above it a fatty  layer, and 
above this an opaque blue liquid. This supernatant liquid 
was pipetted off and filtered through a W hatman No. 42 
filter paper, the solids being discarded. The filtered liquid 
was a clear blue solution which was very stable on one 
occasion but rather more unstable on the two subsequent 
occasions, tending to precipitate out after some tim e. This 
is probably due to changes o f  p H  occurring in the solution. 
The blue solution was examined in a spectrophotometer 
between 400 and 1,000 m  ¡i, using a 1-cm cuvette— the  
high organic content o f the solution ruling out any useful 
examination in the ultra-violet region. The result is given  
in Fig. 1 A ,  the curves being almost identical on each 
occasion, and showing a broad absorption band with a 
peak at about 640 m ¡i..
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Pig. 1. Spectral absorption of the in itial ex tract o f blue pigment (curve 
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Fig. 2. Spectral energy curve of the upward illumination a t the Swedish 
Deep Sea Expedition station  192 in  the eastern Indian Ocean (after

Jerlov)

The blue pigment is insoluble in ether, benzene and 
carbon tetrachloride, and treatment with these agents 
accentuates the peak but does not alter its position. 
Treatment of the blue pigment with alkali, organic or 
mineral acids, alcohol or acetone permanently decolorizes 
it, giving a reddish-yellow solution, the characteristic 
absorption curve o f which is shown in Fig. IB . The blue 
colour is similarly lost on heating the solution slowly to 
about 65° C. After freezing the solution, precipitation 
occurs when it is subsequently thawed. Passage through
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activated charcoal com pletely removes the colour o f the  
solution. W hen the pigment is allowed to decay by stand­
ing for a day or more there is a tendency for a transient 
greenish tinge to appear and the solution becomes cloudy.

It seems probable that the pigment is a chromoprotein 
complex o f a carotenoid and a protein. This is suggested  
by its initial insolubility in fat solvents, the ease by which 
it  is denatured, particularly when p H  changes occur, and 
the fact that the peak absorption after dénaturation (pre­
sumed to involve breakage o f the carotenoid-protein link) 
is at 450-475 m ¡i, a region characteristic o f  the carotenoid 
pigments commonly found in planktonic animals. In  the 
living animal the pigment appears to be uniformly dis­
tributed over the body, both in the exoskeleton and in the 
underlying epidermis. There are three main sites where it 
appears to be more concentrated, namely, the thickened  
grasping portion o f the male right antenna, on the inside 
of the base o f the first antennae in both sexes, and over the 
ventral eye. The latter, particularly, appears deep blue, 
but dissection shows that a thickened layer o f deep blue 
chitin overlies a red fat-soluble pigment spot.

The reason for the preponderance of blue in the tropical 
surface plankton is not immediately clear, The back­
ground colour o f clear oceanic water is a deep blue, as can 
be seen from Fig. 2, showing the spectral energy o f upward 
illumination at 2 m  depth at the Albatross station 192 in 
the eastern Indian Ocean according to Jerlov1. I t  will be 
noted that the spectral transmission o f the pigment is 
relatively high over the same region and only decreases at 
about 550 m¡¿, above which the background energy is 
exceedingly low. The pigment, therefore, transmits the 
ambient light w ith little wave-length change and the 
animal matches the background very well. This will only  
apply when it is viewed from above or from the side, but 
the main predators o f surface-living copepods are probably 
flying-fish which are found at approximately the same 
horizontal level. Similarly, the blue o f Porpita  and other 
siphonophores m ay be a camouflage for the predator. 
This argument, however, would not seem to  hold good for 
animals which are more usually transparent, for example, 
the chætognaths, stomatopod larvæ and doliolids. In  
some species, such as the copepods, it m ay be that there is 
an obligatory accumulation o f carotenoids, the basic red 
colour o f which is masked by the linkage with a protein so 
that the animal becomes much less conspicuous.

The diffuse distribution o f the pigment in almost every 
case, and its appearancé in widely separate taxonomic 
groups, makes it seem more likely that it is, as Heinrich* 
has suggested, a protection against the strong solar radia­
tion to which the tropical surface plankton is exposed. 
The ultra-violet wave-lengths are generally considered as 
the m ost biologically harmful, but it is not known whether 
the blue pigm ents do strongly absorb these wave-lengths.
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Though the penetration o f the longer wave-lengths, par­
ticularly the infra-red, is very small, they may be an 
important factor in the top few inches o f the surface of the 
sea, and the pigment w ith the peak absorption at 640 m  ¡i. 
would screen the organs from much o f this energy. None 
of these explanations seems wholly satisfactory, however, 
and it is hoped that further work will make the reasons 
clearer. Preliminary work on another species o f Pontella 
has given similar results and it  is hoped to carry out 
further analysis o f the pigment o f this and other species o f  
surface plankton.

I  thank Mr. R. I. Currie and Mr. P. M. David for their 
interest and assistance in this work.
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SOUTHERN BLUEFIN T U NA POPULATIONS IN  SOUTH-WEST AUSTRALIA

By J. S. H y n d *

[Manuscript received September 17, 1963]

Summary

Length-frequency histograms of southern bluefin tuna caught for tagging and 
other purposes by F.V. Estelle Star in the course of survey operations showed hetero­
geneity in that the catches contained size groups, the differences between which could 
not be regarded as simply those to be expected between the age groups of a single stock.
The times at which these groups appeared in the catches showed that the groups were 
characterized by distinct distributional behaviour, and this was confirmed by the results 
of the tagging operations. However, the groups are indistinguishable in their growth 
rate, so far as this has been shown by the present work, and no evidence is yet available 
as to the origins or status of these groups.

I. I n t r o d u c t io n

From July 1961 to July 1962 the tuna fishing vessel Estelle Star operated under 
charter to the Australian Government in the coastal waters off south-western 
Australia. The objective o f the survey was to locate commercial quantities o f tuna, 
accessible either to trolling and poling vessels, or to longline vessels.

The principal species taken was southern bluefin. In all, about 6000 o f these 
were trolled or poled but none was taken by longline. All were small immature 
specimens. The largest specimen measured 80 cm L.C.F. (length to caudal foik) 
and the smallest 33 cm. In most catches two size groups could be distinguished. 
Scales from 50 fish from the larger-size group were examined for growth rings; in 
46 instances two rings were found, in two instances three rings, in one instance one ring, 
and in one the scales were unreadable. Scales from 16 fish from the smaller-size group 
all had one ring only. Hence, it was concluded that the larger-size group were 2 +  age 
group fish and the smaller were 1 +  age groùp fish. An attempt was made to con­
struct an age-length curve following the Petersen method o f tracing the progression 
o f modes but it was found that length distributions within the 2 +  age group were 
often bimodal. These distributions were subjected to further analysis.

II. Siz e  C h a r a c ter istic s  o f  t h e  P o pu la tio n s

(a) Fish Taken in the Vicinity o f  Albany

Most specimens (some 5000, odd) were taken between West Cape Howe and 
Bald I. in the months May, June, and July, 1962 (see Fig. 1 for these and other 
localities). The length frequencies o f the 2-f age group o f these specimens are given 
in Figure 2. The distribution o f L.C.F. o f fish taken on cruise 6 is unimodal, o f fish 
taken on cruises 7 and 8 bimodal, and o f fish taken on cruise 9 unimodal. Also the 
mode seen in cruise 6 data corresponds in location to the right hand modes seen in 
the data o f cruises 7 and 8 while the mode seen in cruise 9 data corresponds to the

* Division of Fisheries and Oceanography, CSIRO, Cronulla, N.S.W.
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26 J. S. HYND

left hand modes seen in the data o f cruises 7 and 8. A plausible explanation o f this 
disposition o f modes is that two distinct groups o f fish were present, one replacing the 
other over the period o f  the observations.
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Fig. 1.—Areas into which the survey area was divided for record purposes.

On the last 2 days of cruise 9 (July 4 and 5, 1962) 1295 fish were taken. These 
fish were located in the vicinity o f Vancouver Rock in an area less than 1 square 
mile. Their length frequencies are plotted in Figure 3. Inspection shows a near
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 j L r f fO
L.C.F.  (CM)

Fig. 2.—Length-frequency histogram of the L.C.F. of the 2 +  age group of southern bluefin 
tuna taken by F.V. Estelle Star in the vicinity of Albany, W. A. (West Cape Howe-Bald I.)

on cruises 6-9, inclusive, 1962.

symmetrical bell-shaped distribution with mode o f 65 cm. Mean and standard 
deviation were 64-91 cm and 3-34 cm, respectively. A normal curve was fitted and 
is shown in Figure 3. The observed distribution was found to differ from the expected 
(normal) distribution at the 0 • 1 % level. The major contribution to y 2 derived from
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POPULATIONS OF SOUTHERN BLUEFIN TUNA 27

the fact that the observed distribution is leptokurtic with respect to the normal, the 
contribution from the high observed frequencies in the 73 and 74 cm class intervals 
being negligible. Therefore, the distribution o f L.C.F. in the parent population is 
fundamentally symmetrical, leptokurtic with respect to the normal, and has estimated 
parameters o f  mean 64-91 cm, standard deviation 3 • 34 cm, and 95 % confidence range 
(1 -96 times S.D.) ± 6 -5 6  cm about the mean.

Applying these criteria o f homogeneity to the histograms in Figure 2 the 
distributions o f L.C.F. in the populations from which fish were taken on cruises 6, 
7, and 8 are "seen to be widely different from that in the population fished on cruise 9 
on July 4 and 5, 1962.

6 0 7 0
L C .F .  (C M )

Fig. 3.—Length-frequency histogram of the L.C.F. of the 2 +  age group of 
southern bluefin tuna taken by F.V. Estelle Star around Vancouver Rock, W.A., 
on July 4 and 5, 1962. The curve shown is the normal curve fitted to the data.

To investigate this difference further,- frequency histograms o f catches taken 
on single days or groups o f not more than 3 consecutive days separated by approxi­
mately weekly intervals were constructed. These histograms are shown in Figures 
4a-4i. The distribution in Figure 4a is practically identical with that in Figure 3. 
In Figures Ab-Ad inclusive, the distributions are, in general, right skewed with the 
same mode as in Figure Aa. Figures Ae and 4 /  show approximately symmetrical 
flat-topped distributions with appreciably higher means than that o f Figure Aa. 
In Figures Ah and Ai the distributions are left skewed with modes at approximately 
70 cm. This sequence o f length-frequency distributions is consistent with the hypo­
thesis that at the beginning o f the investigation period two distinct groups o f fish 
were present in the area; that their modal sizes were approximately 70 and 65 cm; 
that the group with the greater modal size outnumbered the other by 3 or 4 to 1 ; 
and that over the period o f the investigation the numbers o f the larger-size group 
decreased relative to those o f the smaller-size group until finally only the smaller-size 
group was present.

381



28 J. S. HYND

These fish were all taken from an area o f approximately 30 square miles lying 
between Breaksea I. and Eclipse I. Vessel movements were such that the whole of
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Fig. 4.—Length-frequency histograms of the 2 +  age group of southern bluefin 
tuna taken by F.V. Estelle Star in the vicinity of Albany, W.A. (Eclipse I -  
Breaksea I.) in May, June, and July, 1962. The data were selected to show the 

size composition at approximately weekly intervals.

the area investigated was covered each day, effort being concentrated in places 
where schools were located. Investigations o f the composition o f individual schools 
(as judged by the lengths o f the fish taken from them) showed that except at the end
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of the period of investigation fish from both groups schooled together. Thus, the 
observed sequence of length-frequency distributions could not have arisen by 
fortuitous application o f fishing effort to schools composed o f fish segregated by 
size within the area.

Confirmation o f this hypothesis o f replacement o f one group of fish by another 
comes from the results o f the tagging programme carried out in connection with the 
survey. In all, 241 fish measuring more than 70 cm L.C.F. and therefore belonging 
almost certainly to the larger-size group were tagged and released during cruises 
6 and 7. Nine were recovered by June 11, one more on June 24, but none between 
June 25 and July 7 when tagging ceased. In contrast, 69 o f the other tagged fish at 
large in the area were recovered between June 25 and July 7. The average number 
at large during this period, assuming no mortality and no emigration, was 3905. 
Therefore, the expected number o f recaptures from the 241 fish o f the larger-size 
group is :

(69 X  241)/3905 =  4-258.

The difference between this and the observed value o f zero is significant at the 1 % level.

This low return frpm the larger-size group could be due either to relatively 
higher mortality following on the tagging operation, greater loss of tags by shedding, 
or emigration from the fishing area. Schaefer, Chatwin, and Broadhead (1961) 
investigated mortality in yellowfin and skipjack following on tagging. They con­
sidered this mortality as consisting o f an initial, short-term mortality operating in a 
matter o f hours or at most days, and long-term mortality (including loss o f tags) 
operating over a period of months or years. For yellowfin, short-term mortality was 
found to be of the order o f 80 % and long-term mortality o f the order o f 5 % per year. 
In the present experiment short-term mortality will have operated equally on all fish 
except perhaps for the last few hundred tagged, and hence should not have produced 
differential survival in the two groups. Apart from tag losses, long-term mortality 
could have arisen from increased predation (e.g. through slower movement o f the 
tagged fish or attractiveness o f the tag) and increased susceptibility to disease. 
Evidence is that the effects o f these were slight or absent.

Fish newly released appeared to swim normally though somewhat faster than 
usual. Some were observed to rejoin the school around the stern o f the boat. (In 
subsequent experiments conducted under similar conditions two tagged fish were 
recaptured less than 20 sec after release.) Towards the end o f the experiment, schools 
o f fish attracted to the boat by live bait were observed to contain an appreciable 
proportion o f tagged fish. It is thus evident that the tagging operation did not produce 
any obvious change in swimming power or behaviour. Robins (1963, p. 570) lists 
sharks, dolphins, and seals as predators o f southern bluefin. None o f these animals 
were observed in the area where bluefin were being caught. Some tags in recaptured 
fish were found to be relatively loose in the flesh though still held by the barb. This 
indicates that some tag loss by shedding might have occurred. However, evidence 
from double tagging experiments (Hynd, unpublished data) shows that this loss is 
negligible in the first month and can therefore be ignored in this case. Tag wounds 
in fish with loose tags were not observed to be heavily infected. In view o f all these
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facts it is inferred that the low return from the larger-size group was due to emigration 
from the fishing area, this emigration being substantially complete by June 25.

Thus the evidence is conclusive that two distinct groups o f 2 +  fish were fished 
during the period May 3-July 4 in the area between Breaksea I. and Eclipse I. These 
groups differed in their size distributions and behaviour patterns. Parameters of the 
size distribution o f the smaller-size group are given above. Corresponding parameters 
cannot be estimated with the same accuracy from these data for the larger-size group
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Fig. 5.—Length-frequency distribution of southern bluefin tuna in Western Australia.
Data from F.V. Estelle Star cruises 1961 and 1962. An asterisk indicates the modal size 
of a group of 10 or more specimens; an asterisk with superscript indicates mean length 
of a group with no prominent mode; the superscript shows the number of specimens;

x , individual lengths.

since this group was always mixed with the smaller-size group whenever it was 
sampled. However, the modal value was approximately 70 cm and judging from the 
slope o f the right hand side o f the frequency distributions in Figures 4e, 4/, 4h, and 4/, 
the standard deviation and therefore 95% confidence limits are o f the same order o f  
magnitude as those o f the smaller-size group. For identification purposes the group 
with the larger modal size is designated “W.A. Group I” and that with the smaller 
modal size “W.A. Group II” .

The length-frequency distributions o f the 1 +  age group taken in the vicinity 
o f Albany in the months May, June, and July were also examined. Numbers involved 
were small but, nevertheless, two modes were detected in June.
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Having determined that two different groups o f fish were present during May, 
June, and July, attention was then directed to the length-frequency distributions of 
fish taken in the other 9 months. Figure 5c shows the modal sizes or mean lengths 
of the various groups month by month. The two groups distinguished above appear 
at top right, bottom right, and bottom left o f the figure. The remaining points at right 
centre and top left represent a third group quite distinct from the other two. For 
identification purposes this is called “W.A. Group III” .

(b) Fish Taken other than in the Vicinity o f  Albany

Figures 5a, 5b, and 5d  show the modal sizes or mean lengths o f the various 
groups o f fish taken in the areas Jurien Bay-Cape Naturaliste, Cape Naturaliste-West 
Cape Howe, and Bald I.-Israelite Bay, respectively. The data are somewhat scanty 
but suggest that all three groups are present in all areas at one time or another during 
the year.

BO

GROUP III
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»"G R O U P II
7 0

*2a. bo

5 0

■*7
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Fig. 6.—Modal lengths, month by month, of the three Western 
Australian groups of southern bluefin tuna (symbols as for Fig. 5).

III. G r o w t h  R ates

The relation between modal length and time o f year for each group is shown 
in Figure 6. This figure was obtained by combining the data o f Figures 5a-5d, 
omitting single measurements and plotting 1 +  fish 12 months to the left o f 2 +  fish. 
Parallel straight lines have been fitted by eye to each set o f data and give reasonably 
good representation o f the growth.

IV. D iscussio n

The question we now ask is—what status should these groups be given ? Figure 6 
shows that from just over 1 to nearly 3 years o f age the growth rates o f  the three 
groups are identical. It is unlikely that there would be major differences in growth 
rate during the first year so it may reasonably be assumed that each group is the 
result o f a separate spawning. These spawnings could be repeated spawnings o f the 
one stock or single spawnings o f three stocks or some combination o f these. Robins 
(1963, p. 571) states that there are at least two breeding peaks in the one spawning
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season in the Indian Ocean off the west coast o f Australia and infers (op. cit., p. 568) 
that there is another spawning in eastern Australian waters. Whether this is the 
correct solution or not will probably be decided if and when some o f the fish tagged 
are recovered in the Japanese longline fisheries in the Indian Ocean and the Tasman Sea.
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Summary
Results of studies of the structure and dynamics of two humpback whale stocks 

of the southern hemisphere (group IV, 70°E.-130°E.; group V, 130°E.-170°W.) 
are drawn together. Estimates are made of recruitment and mortality rates, and an 
assessment is made of the yields to be taken from these stocks under various conditions.

The two stocks are shown to be, in the main, independent of one another although 
there is a negligible sporadic exchange between them. The group V stock is shown to 
fragment, but probably randomly, in its northern migration.

Reproduction, nutrition, and growth are described. Birth rate of females is 
estimated to be 0-186, and since the sex ratio is approximately 1, the total birth rate is 
about 0-37. Parameters (von Bertalanffy) for growth are Loo 42 • 58 ft for males, 45 • 21 ft 
for females; k$  =  0-266, k? =  0-205.

The history of exploitation is reported.
Population structure is described from evidence drawn from examination of 

commercial catches; substantial changes in recent years (reduction of the numbers in 
older groups) are described.

Measurement of effort, and an analysis of variations in selectivity of the killings 
are reported in detail.

Decline in the abundance of these groups, group IV steadily since 1954 and 
group V sharply since 1959, is described.

Total mortality, natural mortality, fishing mortality, and recruitment rates 
are estimated and are used in estimating stock numbers and sustainable yields. The 
group IV stock probably consisted of 12,000-17,000 individuals in its unfished state, 
of about 10,000 individuals in 1949, and no more than 800 in 1962. The group V stock 
probably contained about 10,000 individuals in its unfished state, but only 500 or less 
in 1962. In its present state, group IV could give a sustainable yield of 18 (range 4-32) 
whales, and group V of 12 (range 3-21) whales. The maximum yields these stocks could 
sustain in completely regenerated state are: group IV, 390 whales per year; group V, 330 
whales per year. Group IV would require 28—49 years to reach that state, group V 
would require 36-63 years.

I. I n t r o d u c t io n

(a) Objectives

When postwar whaling was re-opened on the Australian coast, in 1949 on the 
west coast, and in 1952 on the east coast, a programme of research was commenced 
upon the two populations o f humpback whales being fished. While the ultimate 
objectives o f this research were the estimation of population size and assessment of 
maximum yields under various exploitation regimes, the parameters of the populations 
first had to be determined. Information concerning some of these parameters, i.e. 
migration, reproduction, age, growth, and population structure, has already appeared 
in various publications to which reference will be made in the relevant sections.

The present paper brings together all the available data (both published and 
unpublished) relating to these two populations, to measure the parameters more 
precisely, and to assess stock sizes and maximum yields at various levels o f fishing.

(b) M aterial
(i) Commercial Catches

Apart from a few specimens killed under special licence for research purposes, 
material for the study o f these populations has been obtained from humpback 
whales killed during commercial whaling operations. These operations were centred
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POPULATION DYNAMICS OF THE HUMPBACK WHALE 35

around shore-based whaling stations at Point Cloates, Carnarvon, and Albany on the 
west coast, at Tangalooma (Moreton I.), and Byron Bay on the east coast o f Australia, 
at Norfolk I., and in Cook Strait,. N.Z., the locality o f each station being shown in 
Figure 1. Catches of humpback whales were also taken by whaling fleets operating 
in Antarctic waters to the south o f Australia and New Zealand.

H O ° E  1 3 0 ° E  1 6 0 ° E .

A U S T R A L I A
,/ M O R E T O N  1A C A R N A R V O N

B Y R O N  B A Y

N O R F O L K  I.

N E W
Z E A L A N D

4 0 - ' 4 0 °

7 0 "

A N T A R C T I C A

Fig. 1.—Individual movements (simplified) by 27 marked whales whose recapture provided 
evidence of migrating behaviour in 1958-59. Rectangles indicate location of Antarctic 

humpback whale catch in February 1959.

Commercial catches o f whales are seldom (if ever) random samples of the 
populations from which they were drawn; in this case the following factors were of 
importance in the relationship between the commercial catch and the population.

The minimum legal length (35 ft) renders the young whales invulnerable to 
commercial operations. This regulation does not impose a knife-edge selection of 
the whales to be killed. Varying degrees o f selectivity are applied by individual 
gunners. The level of selection may vary with the abundance of whales. When 
whales are plentiful, individuals o f approximately 36 or 37 ft may be approached 
but passed by in favour o f larger specimens.
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36 R. G. CHITTLEBOROUGH

The method and level o f catch limitation may influence the degree of selection 
applied by gunners. In waters south o f 40 °S., where an overall catch limit has been 
applied, the competition for catch in the short season permitted has left little time 
for discriminating between whales, with the result that there has been very little 
selection of large whales. Each expedition has competed for the greatest proportion 
of the total limit. The allocation o f separate quotas to each Australian station 
reduced the competition between these stations so that they could afford to be selec­
tive. Gunners were encouraged to take large whales so that the highest possible
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Fig. 2.—Abundance (at weekly intervals) of various categories of 
humpback whales during northward migration past Albany (35 'OS'S.).

yield o f oil could be obtained from the allotted quota. In some instances, gunners 
were offered bonus payments based on the lengths of the whales killed. On occasion, 
gunners have been instructed to take (where possible) only whales exceeding 40 ft 
in length. The allocation of separate quotas to each Australian station led to some 
competition between stations for the highest average oil yield per whale killed.

A change in the quota can result in a change in the level of selection ; for example, 
a reduction in the quota is likely to lead to the average size of the catch being some­
what higher than it would have been if the quota had remained unchanged, provided 
there are sufficient whales from which to select.

The protection of female whales accompanied by calves imposes another 
type o f selection, a considerable proportion of the mature females being invulnerable 
at most times since lactation continues for nearly 11 months. Calves are weaned
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in June and early July (Chittleborough 1958c), such females and their “yearling” 
offspring being amongst the first to reach the Australian coast during the northward 
migration (Fig. 2). Although there is little doubt that the “ yearling” offspring could 
survive even if its parent was killed just prior to, or during weaning, interpretation 
of the regulation protecting lactating females has varied from station to station 
and from year to year. At some stations, gunners have spared females accompanied 
by yearlings, or have taken these females only when no other whales could be found. 
Lactating females would then be absent, or under-represented in the commercial catch.

N O R T H  B O U N D

( C O W S  W I T H  C A L V E S
S O U T H  B O U N D ÿ v \ jO T H  E R S

A U G O C T

Fig. 3.—Average weekly density (sightings per unit effort) of humpback whales migrating 
north and south on the east coast of Australia in the vicinity of 28 °S. latitude during 1961.

At Australian whaling stations the availability of whales changes as the migrat­
ing stream passes during the northward and southward migrations (Figs. 3 and 4). 
Within the migrating stream there is some segregation of the various categories of 
humpback whales (Fig. 2). The period of commercial operations is then of importance 
to the question o f whether the commercial catch samples the population fully. A 
whaling station with a small quota might fill its quota rapidly by operating only 
during the height o f the migration past that station, and in consequence the beginning 
and end of the migrating stream might not be sampled.

On the other hand, an increase in the quota could extend the season so that 
a much more intensive effort would be required in order to locate sufficient whales. 
The station in Cook Strait, N .Z., has not been limited by a quota, and operated 
throughout the period of (northward) migration every year, so that its catch could 
be expected to have been more representative o f the accessible population than the 
catches taken by stations operating under more restrictive conditions.

Commercial catches may vary in composition from one locality to another. 
For example, during the northward migration, pregnant females are carrying near- 
term foetuses, and the majority give birth soon after reaching the vicinity o f 35 °S. 
Thus the catches at the more southerly stations, such as that at Albany, Western 
Australia, and at Cook Strait, N.Z., include high proportions of pregnant females 
in their catches. By the time these females pass the more northerly whaling stations, 
most are lactating and are, therefore, protected.
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Since all factory ships and shore stations are required to send details of their 
catches to the Bureau o f International Whaling Statistics, the records of humpback 
whales taken from these populations in recent years should be complete. However, 
there is evidence that not all catches of humpback whales taken in recent years have 
been reported to International Whaling Statistics.

During the summer of 1954-55, the factory ship Olympic Challenger apparently 
slaughtered humpback whales in the Antarctic without regard for the time of open 
season, or the minimum legal length. The Panamanian whaling inspectors on board 
attempted to cover these infringements by submitting falsified statistics of catches
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Fig. 4.—Relative abundance (catch per unit effort) of catchable 
humpback whales each week off Albany (35 °S.) ; northbound migration.

to the Bureau of International Whaling Statistics (Ruud 1956). In all, 1097 hump­
back whales were taken from the group V population, but 170 were reported to 
International Whaling Statistics, and 28 were taken from the group IV population 
although none was reported. These illegal catches are included in the total catches 
listed in Tables 1 and 2. There are grounds, reported later, for believing the records 
to be incomplete in other respects.

(ii) Sampling o f  Catch
Whaling inspectors on each shore station and Antarctic factory ship are required 

to record, with respect to each whale in the catch, the date and location of killing, the 
sex and total length, and in the case o f females, the presence or absence o f milk, and 
the sex and length o f foetuses. These data are available for all humpback whales 
reported to the Bureau o f International Whaling Statistics as having been taken 
from the group IV and V populations since 1949.
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At Australian whaling stations further material and data were collected from 
humpback whales by the author, other members of CSIRO, and the whaling inspec­
tors. The most important of these items were the gonads and ear plugs required for 
studies o f reproduction and age determination. The numbers of these collected in 
each year, and the percentage o f the catch sampled for these organs, are shown in 
Table 3. Efforts were made to avoid bias in the sampling of the catches. During the 
earlier years most o f the collections were made by a few research staff, seldom more

T a b l e  1

HUMPBACK WHALES OF THE GROUP IV (70°E.-130°E.) POPULATION

Catches reported from 1949 to 1962

Year

Australian Shore Stations 
(quotas in parentheses)

Antarctic
(pelagic)

Total
Recorded

Catch
Point Cloates 
/22° 35'S., \ 
\113°40'E ./

Carnarvon 
/24° 53'S., \ 
\1 13° 38'E./

Albany 
/3 5 °0 5 'S .,\ 
(117° 56'E./

1949 (600) 190 0 190
1950 (600) 348 (600) 40 779 1167
1951 (600) 574 (650) 650 1112 2336
1952 (600) 536 (600) 600 (50) 51 1127 2314
1953 (603) 603 (600) 600 (100) 100 193 1496
1954 (600) 600 (600) 600 (120) 120 258 1578
1955 (500) 500 (500) 500 (126) 126 28* 1154
1956 (1000) 1000 (120) 119 832 1951
1957 Transferred (1000) 1018 (120) 102 0 1120
1958 (1000) 885 (120) 82 0 967
1959 r  to (1000) 541 (175) 159 1413f 2113
1960 (750) 440 (120) 105 66 611
1961 Carnarvon (475) 475 (105) 105 4 584
1962 > (540) 503 (100) 40 56 599

Total West coast of Australia, 12,312 5868 18,180

* Reported as being killed illegally by F. F. Olympic Challenger. 
t  Redistributed after considering intermingling of populations IV and V (Chittle- 

borough 1959).

than one member at a particular whaling station, so that it was not possible to examine 
all whales. Generally, whales processed during daylight and early evening were 
examined, without any preference being given to any particular category o f whale. 
In recent years, the close cooperation o f whaling inspectors has made it possible to 
examine the majority o f the whales caught.

The length frequency distribution o f the whales examined generally did not 
differ significantly from the length frequency distribution o f the catch from which 
the sample was taken, indicating that a representative sample o f the catch had been 
taken. The ear plugs o f the small whales were often soft and more difficult to remove 
intact than those o f large whales. Consequently, the samples o f ear plugs were less
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representative o f the small whales (those less than 39 ft in length) as shown in Figure 5. 
This bias did not reach significant levels, except for the male ear plugs sampled on the 
east coast o f Australia during 1961 (Fig. 5). In this case the length frequency dis­
tribution o f the sample aged from ear plugs differed at the 1 % level from that o f the 
total catch o f males.

Because o f the difficulty o f collecting ear plugs from the small (young) whales, 
the distribution o f ages in the sample should not be stepped up by a constant ratio 
(total catch : number in sample) in order to obtain the distribution o f ages in the

Table 2
HUMPBACK WHALES OF THE GROUP V (130°E.-170°W.) POPULATION 

Catches reported from 1949 to 1962

Year

Australian Stations (quotas in parentheses)

New
Zealand

Antarctic
(pelagic)

Total
Recorded

Catch
Tangalooma 
/27° l l 'S . , \  
\153° 23'E./

Byron Bay 
128° 37'S., \ 
\153° 38'EJ

Norfolk I. 
129° 01'S., \ 
\167° 58'E./

1949 141 0 141
1950 79 903 982
1951 111 162 273
1952 (600) 600 122 146 868
1953 (700) 700 109 504 1313
1954 (600) 598 (120) 120 180 0 898
1955 (600) 600 (120) 120 ■112 1097* 1929
1956 (600) 600 (120) 120 (150) 150 143 194 1207
1957 (600) 600 (121) 121 (120) 120 184 0 1025
1958 (600) 600 (120) 120 (120) 120 183 0 1023
1959 (660) 660 (150) 150 (150) 150 318 885t 2163
1960 (660) 660 (150) 150 (170) 170 361 931 2272
1961 (660) 591 (150) 140 (170) 170 80 293 1274
1962 (600) 68 (150) 105 (170) 4 32 0 209

Total Australia, 8307 2155 5115 15,577

* Reported as being killed illegally by F. F. Olympic Challenger.
t  Redistributed after considering intermingling. of populations IV and V (Chittleborough

1959).

whole catch. The best estimate o f age distribution o f the whole catch is obtained 
by applying the age to length key, derived from the sample, to the length frequency 
distribution o f the whole catch. This technique has been applied in the estimation 
of age distribution o f all catches from these populations (see Section V (c)).

(iii) Treatment o f  Material

Accounts have already been given of the methods used for the examination 
and interpretation o f ovaries (Chittleborough 1954), testes, vertebral epiphyses 
(Chittleborough 1955), ear plugs, and baleen (Chittleborough 1959c).
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In the description o f ovarian changes, Chittleborough (1954) stated, with 
little supporting evidence, that Graafian follicles exceeding 30 mm in diameter 
were approaching ovulation. As this is an important criterion in distinguishing 
phases within the reproductive cycle, further corroboration is given in Figure 6

Table 3
SAMPLES OF GONADS AND EAR PLUGS COLLECTED FROM AUSTRALIAN HUMPBACK WHALE CATCHES

West coast o f Australia (group IV  population)

Year

Males Females

Total
Catch

Testis Weight Ear Plugs

Total
Catch

Ovaries Ear Plugs

Number
Per­

centage 
of Catch

Number
Per­

centage 
of Catch

Number
Per­

centage 
of Catch

Number
Per­

centage 
of Catch

1949 135 0 — 0 — 55 27 49-1 0 _
1950 250 0 — 0 — 137 32 23-4 0 —
1951 907 395 43-6 0 — 310 92 29-7 0 —
1952 666 161 24-2 0 — 516 278 53-9 0 —
1953 726 111 15-3 0 — 572 246 43 0 0 —
1954 692 7 1 0 0 — 617 150 24-3 0 —
1955 581 0 — 0 — 543 8 1-5 0 —
1956 676 110 16-3 32 4-7 443 279 6 3 0 12 2-7
1957 583 488 83-7 182 31-2 536 521 97-2 187 34-9
1958 509 439 86-2 233 45-8 458 438 95-6 219 47-8
1959 331 254 76-7 179 54-1 369 353 95-7 221 59-9
1960 271 208 76-8 139 51-3 274 263 9 6 0 155 56-6
1961 306 291 9 5 1 217 70-9 272 263 96-7 195 71-7
1962 304 280 92-1 186 61-2 239 230 96-2 134 561

Total 6937 2744 1168 5341 3180 1123

East coast o f Australia and Norfolk I. (group V population)

1952 449 233 51-9 _ _ 150 104 69-3 _ _
1953 509 200 39-3 — — 191 121 63-4 — —
1954 511 298 58-3 — — 207 148 71-5 — —
1955 494 37 1-5 — — 226 118 52-2 — —
1956 577 190 1 8 0 — — 293 195 66-6 — —
1957 585 267 45-6 204 34-9 256 198 77-3 94 36-7
1958 574 205 35-7 93 16-2 266 121 45-5 57 21-4
1959 633 273 43-1 236 37-3 327 252 77-1 125 38-2
1960 592 319 53-9 276 46-6 388 282 72-7 198 5 1 0
1961 572 569 9 9 5 379 66-3 329 304 92-4 197 59-9
1962 103 103 1000 79 76-7 74 73 98-6 53 71 -6

Total 5599 2698 1267 2707 1916 724

which shows the diameter o f the largest follicle in 938 female humpback whales 
taken off the west coast o f Australia from June to October. The modal diameter 
of 20 mm, characteristic o f immature females, as well as o f those in anoestrus and
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42 R. G. CHITTLEBOROUGH

metoestrus is clearly illustrated. A second peak at a follicle diameter o f 42-45 mm 
which is shown in the results from mature (non-pregnant) females which did not 
carry a newly ruptured follicle nor a recently formed corpus luetum, was not present 
in the histogram for females which had recently ovulated. Maturation o f a follicle

2 5
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1 9 5 9
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1 9 6 0(E 1 0

i s  r

1961

4 84 64 0 4 2 4 43 83 2 3 4 3 6

B O D Y  L E N G T H  ( F T )

Fig. 5.—Male humpback whales from the east coast of Australia,
1959-61. Length frequency distribution of catch and of sample aged 

from ear plugs.

from the resting (anoestrous) phase is apparently a rapid process, as there are few 
follicles from 27 to 36 mm in diameter (Fig. 6b). Females carrying a follicle exceeding 
30 mm in diameter are approaching ovulation. On this basis, some of those females 
included in Figure 6a as immature, were in fact diagnosed as pubertal females killed 
during their first pro-oestrus.
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I I .  I d e n t it y  o f  P o p u l a t io n s

(a) Geographic Limits, Ranges, and Migrations

As reviewed by Mackintosh (1942), five more or less self-contained populations 
of humpback whales have been recognized in the southern hemisphere. Two of 
these are accessible to Australian shore-based whaling stations.

i
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Fig. 6.—Diameter of largest Graafian follicle in each of 938 female 
humpback whales taken on the west coast of Australia between June 

and October.

Humpback whales which spend the winter months off the west coast o f Aus­
tralia, and the summer months concentrated in Antarctic waters in the vicinity of 
80°E.-110°E. are known as the group IV population. The migration of these whales 
between the summer feeding grounds and the winter breeding grounds has been 
amply demonstrated by recapture o f marked whales (Rayner 1940; Chittleborough 
1959a). The meridional limits o f this population are given as 70°E. and 130°E., 
but these cannot be regarded as rigid boundaries.

Humpback whales which in the summer months are concentrated in the 
Antarctic in the vicinity o f 150°E.-180°E., and which migrate in the autumn to the 
east coast of Australia (Chittleborough 1959a) and the islands in the south-west
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Pacific Ocean (Dawbin 1959), comprise the group V population. The meridional 
limits o f this population are given as 130°E and 170°W., but there is some doubt as 
to the eastern limit of this range.

During the winter (breeding) season the majority of these humpback whales 
reach 20°S. latitude; Dawbin (1956) considers that most o f the group Y population 
reach 15°S. However, there is no particular latitude along the west and east coasts 
of Australia where migration ceases and breeding commences. Some individuals 
may migrate north o f 10 °S., while a few (late in their northward migration) may 
not reach 30°S. Parturition has been recorded as far south as Albany (35 °S.); 
such females continue to move northwards during the first few weeks of lactation.

TOO r-
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Z  6 0  
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0  5 0  0]
f  4 0D0to

J U N E J U L Y A U G U S T S E P T E M B E R

Fig. 7.—Proportions of southbound humpback whales in weekly sightings 
from the spotting aircraft operating from Point Cloates in 1953.

A few o f those in the extreme vanguard of the northward migration may 
reach the Australian coast in April but the main part of the north-bound stream arrives 
in June. Figure 3 shows that on the east coast of Australia (in 1961) most of the north­
bound humpback whales passed 28 °S. latitude during June and July, while a few 
stragglers were still making their way northwards as late as October. The south­
ward migration took place mainly from the latter part of August until mid-October. 
The mid-point (in time) between the northward and southward migration (in that 
year) was close to August 15.

The group IV population migrates along the west coast of Australia at times 
similar to those at which migration occurs on the east coast. The northward migration 
past Albany (35 °S.) is shown in Figure 4 (humpback whales do not pass Albany 
on their southward migration). At Point Cloates (22|°S .), the point in time mid-way 
between the northward and southward migration was close to August 24 in 1952 
(Chittleborough 1953), and August 20 in 1953, as shown in Figure 7.

The time at which the migrating stream of humpback whales passes a particular 
locality varies slightly from year to year, as shown by Dawbin (1956) who compared 
the times at which the peak o f the northward migration passed through Cook Strait, 
N.Z., in each o f 35 years. The difference between the earliest of these (June 21 in 
1947 and 1950) and the latest (July 29 in 1933) was 38 days. In the northward 
migration o f group IV humpback whales past Albany (Fig. 4), the peak density 
was approximately 3 weeks earlier in 1959 than in 1956. Annual variation in the
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availability of food in the Antarctic (either by behaviour of the Euphausia them­
selves, or by climatic changes such as the formation of sea ice making the Euphausia 
inaccessible) might be responsible for these annual variations in the time of the 
northward migration, but there are no precise data concerning these conditions in the 
Antarctic.

The speeds at which individual humpback whales travel during undisturbed 
migration have been measured by direct (aerial) observations over periods of a few 
hours, giving speeds from 2-6 to 7-7 knots (Chittleborough 1953), the mean of the 
values being 4-3 knots. Similar speeds have been maintained for longer periods by 
humpback whales marked during their migration along the Australian coast; one 
travelled a minimum of 520 nautical miles during 6 days subsequent to marking 
(average speed 3-6 knots), while another travelled at least 430 nautical miles in 7 
days (average speed 2-5 knots). That these speeds can be maintained over very 
considerable distances was demonstrated by a humpback whale marked when 
passing through Cook Strait, N.Z., on June 15, 1960, and shot 20 days later off 
Moreton I., on the east coast of Australia. The shortest distance between these 
points is 1350 nautical miles, so that this whale must have averaged at least 2-8  
knots.

In contrast to these relatively rapid movements by individual whales are those 
of whales seen idling or playing with little active migration. Some whales may spend 
several days in one locality before continuing their migration. For example, a 
humpback whale marked on July 30, 1960, close to Norfolk I., was killed 10 days later 
in the same locality.

Dawbin (1956) calculated the average rate of progression of the whole popu­
lation during migration from the times at which the maximum density of the north­
bound whales passed widely separated observation points. His figure of 1-3 knots 
is the rate o f progression o f the whole population in the course of its northward 
migration. Individuals may vary their speed from time to time, and sometimes 
change their direction temporarily. Some of the individuals shown in Figure 3 as 
migrating northwards during September and October may actually have been south­
bound whales which were milling around at the time observed.

Although most humpback whales have left the Australian coast by the end of 
October, some have been sighted in these waters in November and December. 
Three separate females seen migrating southwards along the west coast during Decem­
ber had probably been late in making the northward migration, each being accom­
panied by a calf (see Section II (d ) ). The appearance o f such whales, late in 
making their way south, and of others exceptionally early in migrating from the 
southern feeding grounds, might have been what led Mackintosh to suggest (Mackin­
tosh 1942, p. 238) that a few humpback whales remain in subtropical waters through­
out the summer.

During the summer the group IV population feeds in the Antarctic between 
56°S. and 66 °S. latitude, and the group V population from 59 °S. to 68 °S. (Omura 
1953).
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( 6 )  Discreteness o f  Populations

Very few humpback whales winter off the south coast of Australia. Occasionally 
an individual may terminate its northward migration at the head o f the Great 
Australian Bight. Calaby (personal communication) sighted a humpback whale 
there (at 130° 30'E.) on August 3, 1952. A  female humpback whale and its new­
born calf were reported in St. Vincent Gulf, South Australia (138£°E.) during the 
winter of 1961. On the western side of Australia some humpback whales meet 
the south coast during their northward migration, but they then follow the coastline 
to the west and south-west (passing the whaling station at Albany) until they can con­
tinue their northward migration up the west coast. Humpback whales do not pass the 
station at Albany at the time o f the southward migration.

Since almost all members o f these populations are distributed along the coast­
lines to the north of 30 °S. during the winter (breeding) season, there is complete 
reproductive isolation, as the two populations are separated at that time by the 
Australian continent.

The geographic distribution of catches from these populations during the 
summer (feeding) season (Omura 1953, fig. 9; Chittleborough 19596, Table 3) 
would indicate that there is generally little exchange of individuals between these 
populations in Antarctic waters. Humpback whales are seldom captured in the 
region from 120°E. to 140°E. A reservation which must be made here is that in recent 
years the period o f open season for humpback whales in the Antarctic has been so 
brief (4 days) that the location o f catches reflects the positions o f factory ships at that 
time. Whaling masters endeavour to place their vessels in regions o f greatest density 
o f whales, and if already operating successfully on fin whales, they would not move 
the fleet for the short season on humpback whales.

The composition o f the catches taken from the group IV and V populations 
from 1949 to 1954 affords evidence that there was little interchange between these 
populations. During this period the lengths o f males and females taken each year 
decreased both in the catches from the northern (west coast o f Australia) and 
southern (Antarctic area IV) ranges o f the group IV population (Chittleborough 
1958a). On the other hand, the sizes o f whales taken from both the east coast of 
Australia and from Antarctic area V remained at similar high levels during those 
years.

The migrations by individuals from these populations are demonstrated from 
the subsequent recapture o f humpback whales marked off the Australian coast 
(Table 4, and also Chittleborough 1959a), near islands in the south-west Pacific 
Ocean (Dawbin 1959), and in Antarctic waters (Rayner 1940). The intervals be­
tween marking and recapture of these whales ranged from a few days up to \1 \  years. 
Only those killed 6 months or more after marking can be considered to have had an 
opportunity to move from one population to another.

O f the humpback whales marked when within the territory of the group IV 
population (70°E.-130°E.), 56 have been recaptured after 6 months or more. Of 
these, 54 (96-4% ) had remained in the group IV population, while the remaining 
two had entered the confines o f the group V population.
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Of the humpback whales marked when within the territory o f the group V 
population (130°E.-170°W .), 84 have been recaptured after 6 months or more. Of

T a b l e  4

HUMPBACK WHALES MARKED OFF AUSTRALIA AND ALL KNOWN RECAPTURES FROM THESE UP TO 1962

Marked Whales

Year

1950
1952
1953
1954

1955

1956

1957

1958

1959

1960

1961
1962

1949
1954
1955

1956
1957

1958
1960
1961
1962

Number
Marked

Recaptured Whales (number of years after marking)

Locality 0 1 2i 3 i 4* 5 i

i i i i i i

(A) Humpback whales marked off east coast o f  Australia (group V population) 
4 
4 

14 
66

6 i

180

376

63

123

57

116

34
4

Eastern Australia 
Eastern Australia 
Antarctic Area V 
Western Australia 
Eastern Australia 
New Zealand 
Antarctic Area V 
Antarctic Area IV 
Western Australia 
Eastern Australia 
New Zealand 
Antarctic Area V 
Antarctic Area IV 
Eastern Australia 
New Zealand 
Eastern Australia 
Antarctic Area IV 
Eastern Australia 
Antarctic Area V 
Eastern Australia 
Antarctic Area V 
Eastern Australia 
Eastern Australia

1

(B) Humpback whales marked off west coast o f Australia (group IV population)
116

21
69

6
80

46
12
20
17

Western Australia 
Western Australia 
Western Australia 
Antarctic Area IV 
Western Australia 
Western Australia 
Antarctic Area IV 
Western Australia

1

these, 73 (86-9% ) had remained in the group V population, 10 (11-9% ) had moved 
into the area o f the group IV population, while one had joined the group I population 
(120°W .-60°W .).
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During the period of study the exchange between the group IV and group V 
population took place mainly in the summer feeding season of 1958-59. Chittle­
borough (19596) has shown that catches o f humpback whales taken during February 
1959 from the eastern portion o f the Antarctic feeding grounds o f the group IV 
population (i.e. from 110°E. to 130°E.), comprised approximately equal numbers 
of individuals from the group IV and group V populations. That there had been 
an expansion o f the feeding area of the group V population in that summer was 
confirmed by the capture in the eastern part o f the group IV sector, of eight hump­
back whales marked when in the normal range o f the group V population.

The movement between these two populations during the summer of 1958-59 
has been further clarified by the results from the recoveries o f marks fired during 
that summer. Figure 1 illustrates the movements o f marked whales which were 
either marked or killed in the summer o f 1958-59 or the following winter. During 
the summer o f 1958-59 the group V population extended its feeding range to overlap 
the feeding area o f the group IV population (which apparently had not been dispersed 
any more widely than usual). During the autumn, the majority o f the members of 
the group V population which had penetrated the eastern part o f the feeding grounds 
o f the group IV population, returned to the normal range of the group V population, 
migrating to the east coast o f Australia. However, some (at least two) o f the group V 
population remained with the group IV population and migrated to the west coast 
o f Australia (Fig. 1). The differences in abundance o f whales, and in the composition 
o f catches on the west and east coasts o f Australia during the winter o f 1959 
(Chittleborough 1960), suggest that very few individuals from the group V population 
had remained with the group IV population during the autumn northward 
migration.

The evidence o f humpback whale sightings, catches, catch composition, and 
o f movements o f marked whales, indicates that these populations remain separate 
in most years. Intermingling occurs occasionally in the southern feeding grounds, 
but this does not lead to much permanent exchange between the populations 
(perhaps because o f some inherent instinct o f individuals to return to the locality 
where they were born).

Little is known o f the factors responsible for maintaining the discreteness of 
southern humpback whale population in Antarctic waters during the summer 
feeding season. Beklemishev (1960, 1961) has postulated that humpback whales 
gather to feed on concentrations o f Euphausia superba brought to the surface in 
centres o f upwelling induced in the Antarctic Divergence by atmospheric 
cyclones. These cyclones are reputed to be quasi-stationary and to re-form in the 
same localities, concentrations o f krill being brought to the surface in the centres of  
upwelling so produced. If this is the mechanism by which populations of  
humpback whales remain separated during the feeding season, we might interpret 
the wider dispersion o f the group V population during the summer o f 1958-59 as 
having been caused by poor development o f the system of quasi-stationary cyclones 
in the vicinity o f the Balleny Is. (160 °E.) at that time.
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(c) Morphological Differences

Lillie (1915) distinguished seven colour patterns (four main and three 
intermediate groups) in humpback whales, these patterns ranging from completely 
black bodies (given as group 4) to individuals having white skin on the abdomen 
and sides (group 1). By comparing the frequency of occurrence of the various 
colour patterns, Matthews (1938) showed that humpback whales from South 
Georgia and South Africa (populations II and III) were predominantly of the darker 
patterns, while those from new Zealand (population V) 'were generally less 
pigmented. Using these seven colour patterns, Omura (1953) produced further 
evidence of a progressive decrease in pigmentation amongst Antarctic humpback 
whales from the South Atlantic eastwards towards the Ross Sea.

T a b le  5

FREQUENCY OF OCCURRENCE OF FOUR COLOUR PATTERNS IN HUMPBACK WHALES 
SAMPLED FROM VARIOUS LOCALITIES

L ocality
Sam ple F requency  o f  C o lo u r P a tte rn  (% )

Sex N u m b er 1 2 3 4

S. G eo rg ia  a n d  S. A frica M ale 25 4 0 120 1 6 0 68 0
(M atth ew s 1938) Fem ale 28 00 3 -6 17-9 78-6

W est co ast o f  A u stra lia M ale 599 16-2 3 4 1 32-9 16-9
Fem ale 428 13-8 36-2 3 2 0 1 8 0

E ast co as t o f  A u stra lia M ale 619 29-4 36-9 19-9 13-7
Fem ale 281 30-5 39-9 15-1 14-4

Because observers differed in their interpretation of the ill-defined intermediate 
patterns, only the four main colour patterns figured by Lillie and Matthews are used in 
comparison of Australian samples (Table 5). Figure 8 shows that although the 
complete range of colour patterns is found in each population, the less pigmented 
individuals are more plentiful in the group V population (east coast of Australia) 
than in the group IV population (west coast of Australia), while in the South 
Atlantic Ocean (group II and III populations) most individuals are heavily 
pigmented ventrally as well as dorsally.

Measurements were made of various parts of the bodies of humpback whales 
killed on the west and east coast of Australia, in order to determine whether 
members of these two populations differed significantly in body form. Statistical 
analysis of these measurements showed greater differences between the measurements 
taken by two observers measuring whales from the same population than between 
measurements from whales of the two populations.

Although these two populations of humpback whales are separate entities, 
there is apparently sufficient interchange between them to prevent genetic differences 
from reaching significant levels. Thus there is little justification for the separation 
of races or subspecies of humpback whales within the southern hemisphere, as 
has been done by Ivashin (1958).
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(d) Segregation within Populations

(i) Sub-division o f Breeding Grounds
While the group IV population has only one breeding area (along the west 

coast of Australia), the group V population is widely dispersed during the 
breeding season. A large portion of the group V population breeds along the east

SO U TH  ATLANTIC 
(M A TTH EW S)

AUSTRALIA. 
W E S T  C O A ST

A U STRALIA, 
EA ST C O A ST

C O L O U R  PATTERN

Fig. 8 .— F requency  d is tr ib u tio n  o f  fo u r co lo u r p a tte rn s  am ongst hu m p b ack  
w hales sam pled  fro m  p o p u la tio n s  I I —II I  (S o u th  A tlan tic), IV  (w est coast o f  

A u stra lia ), an d  V  (east coast o f  A ustra lia).

coast of Australia, but other members gather around island groups of the 
south-west Pacific Ocean. Dawbin (1959) postulated from the movements of marked
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whales recaptured up to 1958, that this population of humpback whales did not disperse 
at random across the width of the tropical breeding zone, but that individuals generally 
returned to the same coastline or island group year after year. From these results, 
Dawbin suggested that the population was segregated to some extent into a number 
of breeding units and that the individuals usually returned to breed in the locality 
where they had been born and weaned.

The total numbers of humpback whales marked (up to 1960) in the northern 
area of distribution of this population were 946 on the east coast of Australia and 
875 off the south-west Pacific islands. If these whales returned to the locality of 
marking (after mingling freely in the Antarctic feeding area), then whaling on the 
east coast of Australia should recover only marks implanted off that coast. 
However, if the whales remained randomly dispersed in their northward migration, 
whaling on the east coast of Australia should yield marks from both the east coast 
of Australia and the south-west Pacific islands, in the proportion 946 : 875. Table 6 
shows the recoveries of marks on the east coast of Australia in recent years and 
compares their origins, as observed, with what would be expected by the hypothesis 
that the marks from the two regions would be randomly distributed. Recoveries 
on the east coast of Australia during 1959 would support the theory of segregation 
of breeding grounds within this population, whereas the recoveries on this coast in 
1960 and 1961 support the hypothesis of random distribution during the breeding 
season.

From the recoveries of marks up to 1959 there may have been partial 
segregation of breeding grounds within the group V population, but this appears to 
have broken down in 1960 and 1961.

(ii) Segregation during Migration

Chittleborough (1958¿) and Dawbin (1960) showed that during the northward 
migration the whales of certain categories within the population travel ahead of 
others. These authors were not able to measure the abundance of one category 
relative to another throughout the migration past the particular points. This is now 
shown in Figure 2 for the population passing Albany (35°05'S.) on the south-west 
coast of Australia during the combined northbound migrations from 1952 to 1961. 
As set out in Table 7, the mean catch per 10 steaming hours within 7-day periods is 
used as an index of the abundance of each category. Because of the minimum 
legal length (35 ft), the immature groups are not fully vulnerable, so that the values 
shown in Figure 2 and Table 7 for immature groups are instead the abundance of 
those exceeding 35 ft.

Figure 2 shows that sexually immature individuals and mature females 
terminating lactation are in the vanguard of the northward migration. Non-pregnant 
mature females (those which had been in non-lactation anoestrus, and others which 
had completed lactation) continue to pass throughout the period of the northward 
migration, while pregnant females (carrying near-term foetuses) are in the rear of the 
northward migration. Adult males are most abundant in the centre of the migration, 
and continue to be relatively plentiful in the latter portion of the migrating stream.
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Segregation of the various categories during the northward migration may 
be the result of each leaving the Antarctic feeding grounds at a different time. There 
is no indication that individuals within a particular category travel at a higher average 
speed than those in any other.

Partial segregation of the various categories of humpback whales is 
apparently continued during the southward migration, those which were first to 
arrive in temperate and tropical waters being the first to depart on the southward 
migration. The pregnant females, which were amongst the last to migrate 
northwards (Fig. 2), gave birth on reaching warmer waters (Chittleborough 1958c), 
and were then amongst the last to migrate southwards (Chittleborough 1953, and also 
Fig. 3 above).

T a b l e  6
RECENT RECOVERIES ON THE EAST COAST OF AUSTRALIA OF MARKS FIRED ON OR NEAR 

THE BREEDING GROUNDS OF THIS POPULATION

Y ear o f 
C ap tu re

T otal
M arks

R ecovered

O rig in  o f  M arks

East C o ast o f  A ustra lia S.W . Pacific Is.

O bserved Expected* O bserved Expected*

1959 8 8 4 1 6 0 3-84

1960 9 5 4-68 4 4-32

1961 7 4 3-64 3 3-36

* O n the  hypo thesis o f  ran d o m  d istrib u tio n .

The main stream of humpback whales migrating past Australian shore 
stations passes within 10 miles of the coast; few humpback whales are seen or 
captured more than 20 miles from land in the vicinity of these stations, in spite 
of much wider ranging of searching aircraft and vessels operating from these stations 
in recent years. The various categories of humpback whales listed in Table 7 are 
dispersed across the width of the migrating stream, no group being confined either 
inshore or staying further offshore than any other group.

III. L if e  H is t o r y

(a) Reproduction
(i) Puberty

From the histological examination of testes, Chittleborough (1955a) showed 
that the length of the males at puberty ranged from 33-3 to 40-8 ft with a mean of 
36-75 ft. The average weight of the paired testes at this stage was 4-0 kg.

From the ages determined from baleen traces of 238 male humpback whales, 
Chittleborough (1959c) showed that the mean age of males at puberty was between 
4 and 5 years, more males reaching puberty at 5 than at 4 years of age. Further 
evidence upon the ages of males at puberty is given in Figure 9 which shows the growth 
of testes (by weight), based on the data from 1067 males. Using the testes weight
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T a b l e  7

RELATIVE ABUNDANCE, AS INDICATED BY CATCH PER UNIT EFFORT, OF VARIOUS CATEGORIES OF HUMPBACK WHALES THROUGHOUT THE NORTHWARD MIGRATION
PAST ALBANY (35°05 'S .)

C om bined  d a ta  from  1064 hu m p b ack  w hales tak en  from  1952 to  1961

W eek
E nd ing :

T o ta l
E ffort

(steam ­
ing

h ours)

T otal
C a tch

(h u m p ­
back

whales)

C atch
per
10

C atch  C agetory

M atu re  Fem ales

Im m atu re
Fem ales

Im m atu re
M ales

M atu re
M ales

N o n -p reg n an t
P regnant 

( near-term )T erm inating
L ac ta tio n

P o s t-lacta tion

H o u rs

N u m b er
K illed

C atch
per
10

Steam ing
H o u rs

N um ber
K illed

C atch
per
10

Steam ing
H o u rs

N u m b er
K illed

C atch
per
10

Steaming]
H ours

N u m b er
K illed

C atch
per
10

Steam ing
H ours

N u m b er
K illed

C atch
per
10

Steam ing
H ours

N um ber
K illed

C atch
per
10

Steam ing
H ours

M ay 28 87-5 1 0-11 1 0-11 0 0 0 0 0 0 0 0 0 0
Ju n e  4 204-2 5 0-24 1 0-05 0 0 0 0 1 0-05 2 010 1 0-05

11 584-8 30 0-51 11 0-19 2 0-03 0 0 8 0-14 6 0-10 3 0-05
18 915-2 65 0-71 19 0-21 6 0-07 0 0 18 0-20 12 0-13 10 0-11
25 1038-2 113 1-09 24 0-23 7 0-07 0 0 30 0-29 18 0 1 7 34 0-33

Ju ly  2 962-8 115 1 -19 14 0-15 4 0 -04 2 0-02 20 0-21 24 0-25 51 0-53
9 1051-2 170 1-62 14 0-13 12 0-11 8 0-08 29 0-28 30 0-29 77 0-73

16 1090-2 174 1-60 11 0-10 32 0 -29 6 0-06 24 0-22 29 0-27 72 0-66
23 883-2 120 1 -36 1 0-01 25 0-28 15 0-17 13 0-15 15 0 1 7 51 0-58
30 946-2 109 1 -15 0 0 21 0-22 18 0-19 17 0-18 6 0 0 6 47 0 -5 0

Aug. 6 854-0 80 0-94 0 0 20 0-23 20 0-23 3 0 -04 3 0-04 34 0 -4 0
13 477-2 40 0-84 0 0 6 0-13 16 0 -3 4 3 0 -06 1 0-02 14 0-29
20 413-2 31 0-75 0 0 6 0-15 9 0-22 1 0-02 2 0-05 13 0-31
27 106-2 8 0-75 0 0 0 0 3 0-28 0 0 0 0 5 0-47

Sept. 3 62-5 3 0-48 0 0 1 0 -16 1 0 -16 0 0 0 0 1 0-16

T otal 1064 96 1-18 142 1-78 98 I -75 167 1-84 148 1 -65 413 5-17
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of 4 0 kg as a criterion, puberty can be said to be reached at 3-6 years of age, 11 -8% 
being mature at 3 years, 33-0% at 4 years, 85-4% at 5 years, and 95-0% at 
6 years.

From an examination of females captured during their first oestrous cycle, 
Chittleborough (19556) found that females at puberty ranged in size from 35-2 ft 
to 43-5 ft, with a mean length of 38-50 ft. Subsequently, Chittleborough (19606) 
showed that the mean length of pubertal females taken in the catch varied with the 
degree of selection applied by gunners, and that after a period of intensive and 
selective killing, the capture of the slower growing individuals remaining in the 
population, resulted in an apparent decrease in the mean length at puberty.

25+1

L3*
I-
Xo
LÜ£
LJhth
LU

9 IO 19 20  20  +2 3 4 5 6 7 8 12 13 16 17 1614 15
A G E  ( Y E A R S )

Fig . 9.—D istr ib u tio n  o f  testes w eights an d  m ean  o f  each  age g ro u p  ( x )  in  1067 m ale 
h u m p b ack  w hales from  A ustra lia . Ages by ear plugs.

In New Zealand, under conditions of minimum selectivity, Dawbin (1960) 
estimated the average length at the attainment of sexual maturity to be 38 ft for 
males and 39-5 ft for females. These whales were killed early in the northward 
migration, so that pubertal whales were not available for study. Chittleborough 
(19556, p. 318) showed that the mean length of females reaching sexual maturity 
(1 year after puberty), on the west coast of Australia, was 39-66 ft.

From the ages determined from the baleen traces of 391 female humpback whales, 
Chittleborough (1959c) showed that the majority of females reach puberty at 4 and 
5 years of age. Further evidence upon the ages of females at puberty is given in Figure 
10, which is based upon the data from 1603 females whose ovaries and ear plugs 
were examined at Australian stations. While the ages at puberty range from 2 years 
to a (doubtful) extreme of 12 years, the majority of individuals (70%) attain puberty 
at 4 and 5 years of age. No indication has been found of any significant variation 
in age at puberty from year to year or between the group IV and group V 
populations.
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(ii) Breeding Season
Male humpback whales undergo a seasonal sexual cycle, as evidenced by changes 

in testes weight and spermatogenesis. Chittleborough (1955a), Symons and Weston 
(1958), and Nishiwaki (1959) have shown that testes weights are lower in males taken 
in polar waters during the summer (feeding season) than in those captured in 
temperate and subtropical waters during winter months (breeding season). 
Matthews (1938) and also Symons and Weston found very little testicular activity 
during summer months when the males were in Antarctic waters, while spermatozoa 
were plentiful both in testes tubules and in vasa deferentia of adult males taken off 
the Australian coast from June to October (Chittleborough 1955a).

100

IM M A T U R E
P U B E R T A L
M A T U R E
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8 15 +2 3 A 5 6 7 JO 12 13 149
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Fig . 10.— Percen tages o f  sexually im m atu re , p u b e rta l, a n d  m atu re  fem ales in 
each  age g ro u p  ; d a ta  f ro m  1603 fem ale h u m p b ack  w hales fro m  A u stra lian  sta tions.

Because of this seasonal activity of testes, the relationship between testes weight 
and age, shown in Figure 9, is valid only for the duration of the breeding season. 
The mean testes weight of 4-0 kg at puberty may not be applicable to males taken 
in polar waters, or even in New Zealand during the early part of the northward 
migration. This may account for the somewhat higher lengths of males at maturity 
estimated by Dawbin (1960) in New Zealand and by Omura (1953) in the Antarctic 
both of whom used the testes weight of 4 kg as the criterion of maturity.

Contrary to Harvey’s (1963) interpretation of the evidence given by 
Chittleborough (1954), female humpback whales are seasonally polyoestrus. Most 
oestrous cycles occur during the winter and early spring (June-October in the 
southern hemisphere) when the whales are in temperate and subtropical waters. 
There may be one or several successive cycles, terminated when conception succeeds 
or when the female migrates to the polar feeding grounds. In each oestrous cycle 
there is generally a single ovulation but multiple ovulations (seldom involving more 
than two follicles) occur occasionally.
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The average rate of ovulation is 1 ■ 1 ovulations per year (Chittleborough 1959c), 
but the distribution (in time) of ovulations during the 2-year breeding cycle has 
not been fully elucidated. Chittleborough (1959c, Table 5) estimated that during the 
first ovulatory season of the 2-year breeding cycle, there was an average of 1 • 2 
ovulations per mature female. If this were so, a very high percentage of females 
should have a post-partum ovulation in order to achieve an average annual rate of 
1 • 1 ovulations per year. However, Dawbin (personal communication) who has 
examined the ovaries of female humpback whales killed (by Tongan natives) soon 
after parturition, found no evidence that post-partum ovulation is of frequent 
occurrence in this species. Because of this, the actual rate of ovulation at the comm­
encement of a 2-year breeding cycle may be higher than 1 -2 ovulations per female.

JUNE JULY AUG SEPT. OCT.

Fig. 11.—Distribution in time o f 432 pubertal females killed (a) shortly before,
(b) soon after the first ovulation, during operations throughout the Australian

season.

Re-examination of ovarian material collected during the ovulatory period has 
led to the conclusion that in the ovaries of a female killed during the second or third 
successive oestrous cycle of a season, involution of the first corpus luteum had in 
many cases proceeded to the extent that it was classed as a corpus albicans (of an 
ovulation in a previous season). Robins (1960) presented evidence that an average 
of 1-48 ovulations occurred in females during the breeding season at the comm­
encements of the 2-year breeding cycle, but he then regarded this as the average 
annual rate of ovulation.

Laws (1961) suggested (from indirect evidence) that oestrus and pairing in the fin 
whale took place later in the season for primiparous females than for multiparous 
females. This can be checked by direct observation in the case of humpback whales 
taken at Australian shore stations. Although immature females (of all sizes) are 
present in Australian catches during June (Fig. 2), very few have the maturing 
follicle which would indicate prooestrus of the first oestrous cycle. Females in this 
condition (approaching their first ovulation) are taken more frequently during July 
and in early August (Fig. 11). Most of the pubertal females had ovulated by mid- 
August, although a few did not ovulate until October. From this evidence, obtained
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from 432 pubertal females, the first ovulation can occur between June and October, 
but most ovulate early in August. This is almost the same result as that obtained by 
Chittleborough (1956) for multiparous female humpback whales.

The timing of the first ovulation did not vary from year to year, nor did it 
differ in the two breeding regions under study (west and east coasts of Australia).

(iii) Pregnancy and Lactation

The gestation period is of approximately 11 £ months, conception generally 
occurring early in August, and parturition at the end of the following July or the 
beginning of August (Chittleborough 1958c), both conception and parturition 
taking place along the coasts of Australia. Embryonic and early foetal stages have 
been described by Stump, Robins, and Garde (1960). A foetal growth curve for 
this species is given by Laws (1959). Generally a single foetus is carried; 
Chittleborough (1958c) recorded twins in 0-28% of pregnancies. The modal length 
at birth is 14 ft (4-3 m) (Chittleborough 1958c). Caudal presentation at birth has 
been described by Dunstan (1957).

Lactation extends over 10^-11 months (Chittleborough 1958c), weaning taking 
place during June and early July as the whales reach temperate latitudes (Fig. 2 of 
this paper). During their first Antarctic summer, calves from 6 to 9 months of age 
might supplement their milk diet with euphausiids, but there is no definite evidence 
of this.

Sharks and killer whales are probable causes of mortality among calves 
(Chittleborough 1953). If the calf is lost at or close to the time of parturition, oestrous 
cycles recommence (Chittleborough 1958c). Oestrus can follow parturition while the 
female is suckling a calf but, as discussed in the previous section, post-partum 
ovulation is probably not of regular occurrence in this species.

(iv) Rate o f  Reproduction

The breeding cycle of the female humpback whale is basically a 2-year one 
(Chittleborough 1958c), variations of which can result in either one or two calves 
being born in that time. However, successive breeding cycles do not necessarily 
follow immediately one after another; a resting year (when a female is neither pregnant 
nor lactating) may intervene between two cycles.

The reproductive rate could be measured if the corpora albicantia derived 
from previous pregnancies could be distinguished from those of ovulations which 
did not lead to pregnancy. Various attempts have been made to separate corpora 
albicantia into these two categories. Robins (1954) suggested that corpora albicantia 
from an earlier pregnancy are characterized by a central cavity or capsule of connective 
tissue. However, Laws (1958) and Ivashin (1957) do not accept this theory. Ivashin 
claimed that the two types of corpora albicantia could be distinguished by size, 
density, texture, and content of connective tissue, but his descriptions are very similar 
to the “young” and “old” stages of corpora albicantia involution described by Laws. 
To date, there is no reliable method by which corpora albicantia can be separated 
into those derived from pregnancy and those from unsuccessful ovulations.
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A direct measure of the birth rate is the percentage of mature females found 
to be pregnant among those killed just prior to the period when parturition occurs. 
The whaling station at Albany is suitably located for such observations, as the 
population passes shortly before parturition occurs. The fishing effort expended has 
fluctuated from week to week during a season, and also from one season to another, 
operations sometimes terminating before the pregnant females had passed. These 
difficulties were resolved by expressing the abundance of pregnant and non-pregnant 
mature females in weekly periods throughout the season, in terms of catch per unit 
of effort, as shown in Table 7. From these values, the total relative abundance 
of non-pregnant mature females was 2-96 units, and that of pregnant females was 
1 -75 units. Then, 1-75 : 4-71 or 37-2% of the mature females give birth each year, 
i.e. the average annual birth rate is 0-37 in this species.

(b) Nutrition
(i) Food and Feeding

The most important item in the diet of humpback whales is Euphausia superba 
which is taken in large quantities in Antarctic waters during summer and autumn 
(Matthews 1938; Mackintosh 1942; Mizue and Murata 1951; Nemoto 1959). 
Nemoto and Nasu (1958) found that Thysanoessa macrura  was of some importance 
in the diet of humpback whales in Antarctic waters between 130°W. and 100°W.

According to Beklemishev (1960, 1961) humpback whales gather to feed upon 
late larval and adolescent Euphausia superba  which are concentrated in regions of 
upwelling along the Antarctic Divergence. These centres of upwelling are considered 
to be produced by quasi-stationary cyclonic depressions which re-form in the same 
localities. Klumov (1961) estimated that humpback whales feeding in polar watérs 
consume 1-1 -5 tons of euphausiids per day. He postulated that dense concentrations 
(exceeding 2000 mg/m3) of these organisms are actively sought by the whales using 
écholocation, vision, and touch.

Fish have been recorded occasionally in the stomachs of humpback whales 
(Matthews 1937; Nishiwaki 1959; Nemoto 1959) but in these instances the fish 
may have been swallowed accidentally by the whale while both fish and whale were 
feeding on the plankton.

In somewhat warmer waters, the pelagic Grimothea  post-larvae of Munida 
gregaria  are eaten while humpback whales are migrating along the coast of Patagonia 
(Matthews 1932) and New Zealand (Dawbin and Falla 1949; Dawbin 1956). Dawbin 
points out that off New Zealand the humpback whales could feed on Grimothea 
only during the southward migration of the whales, as shoaling of these post-larvae 
does not commence until late in the spring. During their northward migration past 
New Zealand, humpback whales occasionally take Nyctiphanes australis.

Humpback whales seldom find sufficiently dense swarms of plankton off the 
Australian coast to stimulate feeding. Dali and Dunstan (1957) recorded food present 
in only one of over 2000 humpback whales examined at Tangalooma. However, 
the stomachs of these whales were examined rather superficially; when only small 
amounts of foods are present, the remnants of this food may escape recognition
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unless the stomach contents are strained and the residues examined minutely. Close 
examination of the stomach contents from 197 humpback whales sampled at 
Carnarvon and Point Cloates (west coast of Australia) showed food remains in five 
of those taken off Point Cloates. In each of these whales the quantity of food ingested 
was small (probably less than 2 kg before decomposition began). Several species of 
food organisms were present in each case indicating that a small swarm of mixed 
plankton had been eaten. The most common species were Euphausia hemigibba  and 
Pseudeuphausia latifrons.  Other organisms noted were alima larvae of a stomatopod, 
probably Gonodactylus  sp., megalopa larvae, a large caridean larva, and salps— Ghalia 
democratica.
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Fig. 12.—Average weekly oil yield per whale at Carnarvon in the 1958 season.

A female humpback whale taken off Albany in July, 1955, carried approximately 
10 kg of Euphasia spinifera  in very fresh condition.

The discovery of a large mass of semi-digested Euphausia superba  in the 
stomach of a humpback whale at Tangalooma (27 °S.) in July, 1956 (Dali and Dunstan 
1957), stimulated some debate (Jonsgârd 1957; Marr 1957) as to whether the 
bathypelagic range of this Antarctic euphausiid should be extended, or whether the 
whale had carried this large sample 2400 miles from the Antarctic feeding grounds (the 
latter possibility appears to be the more favoured).

Humpback whales may occasionally ingest some plankton during their winter 
migration to temperate and subtropical waters but the total food intake is negligible 
for at least 4 months of each year. During this period the whales subsist on stored 
fat reserves, with the result that oil yields decline progressively at whaling stations in 
low latitudes, as demonstrated in Figure 12.
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(ii) Oil Yield
The quantity of oil which can be extracted from each whale is influenced by the 

following factors :
(1) The efficiency of the factory. Factory efficiency varies not only from one 

shore station or factory ship to another but may also vary at a particular 
factory from one season to another, due to changes in equipment (e.g. 
depreciation on the one hand, or more skilful operation of the plant, or 
addition and replacement of machinery on the other).
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Fig . 13.— O il y ield a n d  b o d y  leng th  o f  ind iv idual h u m p b ack  w hales p rocessed  a t A lb an y  during
1953 a n d  1954.

(2) The size of the whale. Larger whales obviously carry more oil, as shown 
in Figure 13.

(3) Time and place of capture. The highest oil yields could be expected from 
whales killed when they have spent the summer feeding in the Antarctic, 
just before they depart on the northward migration. In temperate regions, 
whales are fatter as they pass a station on their northward migration, than 
when returning southwards at the end of a breeding season, as shown 
in Figure 12.

(4) Sex or phase of breeding cycle. Female humpback whales grow to larger size, 
and hence yield more oil, than males of similar ages. Mature females carrying 
near-term foetuses have been considered by whalers to yield more oil than 
other mature females.
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(5) Availability of food. Humpback whales feeding in one area of the Antarctic 
may have access to more food (.Euphausia more abundant, or less 
intraspecific or interspecific competition for food) than is the case in an 
adjacent population of humpback whales. Food supply may fluctuate from 
one year to another, so that whales from a particular population may be fatter 
in one season than in another.

The effects of these variables could only be measured if the oil yield had been 
recorded for each whale processed, together with details of the size, sex, breeding 
phase, date, and locality when killed. However, processing of whales at most factories 
has been rapid and continuous, so that the yield could not be measured for each whale.

T a b l e  8  '

MEAN LENGTH AND AVERAGE OIL YIELD PER WHALE FROM ANNUAL CATCHES OF HUMPBACK WHALES AT
VARIOUS WHALING STATIONS

Poin t Cloates C arnarvon Albany Tangaloom a Byron Bay N orfolk I.
( ook
Strait
(N .Z .)

Year M ean
Length

(ft)

Oil
(barrels

per
whale)

M ean
Length

(ft)

Oil
(barrels

per
whale)

M ean
Length

(ft)

Oil
(barrels

per
whale)

M ean
Length

(ft)

Oil
(barrels

per
whale)

M ean
Length

(ft)

Oil
(barrels

per
whale)

M ean
Length

(ft)

Oil
(barrels

per
whale)

Oil
(barrels

per
whale)

1950 40-35 42*7 41-48 41-3 ___ — ___ — ___ ___ ___ ___ 36-0
1951 40-27 43*2 40-31 47-8 — — — — — — — — 40-4
1952 40-30 52*4 40-16 52-5 42-07 62-9 40-45 48-3 — — — — 39-3
1953 39-91 50*7 39-59 50-6 39-86 51-9 40-36 51-4 — — — — 41-8
1954 39-57 47-0 39-48 48-3 40-30 52-1 40-26 53-4 40-71 42-5 — — 49-0
1955 40-35 49*8 41-32 50-6 40-20 47-6 40-70 54-5 42-10 57-2 — — 44-8
1956 Closed 41-23 50-1 40-25 49-3 40-98 54-5 41-32 53-2 41*61 45*5 43-3
1957 — — 40-77 50-6 39-56 49-4 40-89 57-5 39-91 42-1 41*52 55-1 46-5
1958 — — 40-43 49-6 38-74 47-1 41-18 59-8 41-93 59-9 42*32 51-0 45-0
1959 — — 38-76 45-1 39-63 49-8 41-17 59-1 42-44 58-1 41*34 52-0 50-3
1960 — — 38-94 47-0 38-50 47-4 40-81 55-3 41-95 52-0 41*18 46-9 37-6
1961 — — 37-54 45-8 37-94 48-0 38-76 42-8 40-68 49-1 41*01 44-4 47-8
1962 — — 38-27 44-0 38-63 46-4 37-95 41-0 38-51 35-3 * t

* Only four humpback whales taken, 
t Data not available.

The station at Albany was unique in this regard. Having a small quota of humpback 
whales and very limited factory capacity (at least in the early years of operations), 
approximate quantities of oil extracted from individual whales were sometimes esti­
mated at this station. Oil yield ( T a) plotted against length of whale (L a), as shown 
in Figure 13, gave the relation:

Ta =  3 - 3 0  L a - 7 8 - 8 .

For the reasons discussed above, this result is applicable only to humpback whales 
taken by that station (35 °05'S.) during the northward migration of the group IV popu­
lation in 1953 and 1954. Most of the pregnant females represented in Figure 13 would 
have given birth (and hence become protected by law) before migrating much 
further north. With those females no longer vulnerable, and assuming that there had
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been no other change in the catch or factory efficiency, the relation between oil yield 
and length would then have been:

Y a  =  2 - 8 5  L a - 6 0 - 5 .

At other whaling stations, oil yields from individual whales could not be 
determined. From the total oil produced each season, the mean production per whale 
could be estimated (Table 8). At most stations the average oil production per whale 
was less in the first season of operation than in the second, and thereafter varied with 
the mean length of the catch. Other factors, such as length of catching period, 
sex ratio, breeding season, fluctuations in food supply, etc., appear to have been of 
less importance, but the degree of influence of these factors could not be measured.
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Fig. 14.—Regression o f oil yield on body length for average seasonal values at Tangalooma 
(T), Byron Bay (B), and Carnarvon (C ) stations (data for first season omitted).

The regressions of average annual oil yield per whale against mean body length 
of that season’s catch, calculated by least squares, differed from one station to another 
(Fig. 14). Similar slopes of the regressions estimated from catch data at Byron Bay 
(28°37'S.) and Tangalooma (27° 11'S.) indicate that these stations differed in only the 
first two of the five variables listed above as affecting oil yield. Less steeply inclined 
regressions derived from data collected at whaling stations on the west coast than the 
regressions from data on the east coast of Australia result from the influence of some 
factor or factors operating in addition to factory efficiency and sizes of whales killed. 
The group IV and V populations of humpback whales appear to differ in oil yield to 
body length relation, quite apart from any differences in factory efficiency or the time 
and location of commercial operations. There may be a difference in the availability 
of food to individual humpback whales within Antarctic areas IV and V. At present 
these possibilities cannot be explored owing to lack of data.
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(c) Growth

Chittleborough (1955b) studied the growth of mature female humpback whales 
taken on the west coast of Australia from 1949 to 1954, using numbers of previous 
ovulations as an index of age. Although the numbers of ovulations did not give an 
absolute measure of age, the shape of the growth curve was shown. The data showed 
that growth ceased at an average length of a little over 45 ft.
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Fig. 15.— Mean lengths o f  females in age groups 3-8 years sampled 
off the west coast o f Australia, 1957-61; ages from ear plugs.

Chittleborough (1958b) gave evidence of an apparent increase in the growth 
rate of pubertal and young mature females taken on the west coast of Australia in 
1956 and 1957, compared with that measured in females of similar ages taken in the 
period 1949-1954. Although he noted the possibility that this was the result of more 
stringent selection of large whales by the gunners in 1956 and 1957, Chittleborough

417



64 R . G . C H ITTLEB O RO U G H

suggested that young whales were actually growing faster than previously, as a result 
of the decrease in numbers of baleen whales competing for food in Antarctic waters.

However, the growth rate (as determined from the age-length relationship in 
the catch) of young females from the west coast of Australia has apparently decreased

WEST COAST OF AUSTRALIA EAST COAST OF AUSTRALIA
AGE 3 YEARS

I  - 5
1961 ------1 , Z 5  ,___ I 1961

3 t 3 2  3 3  3 4  3 5  3 6  3 7  3 0  39  °3 1  3 2  33 3 4  35  36  3 7  38  39  4 0  41

AGE 4 YEARS 
19571----- 1 I I I _L _ _L— I—^

1960
1960

1961

1957

1958

1959 195 7 -5 9

19601960

1961
35  36  37  3 8  3 9  4 0  41 4 2  36  37  38  3 9  4 0  41 42  43  44

BODY LENGTH (FT)

Fig. 16(a).—Distribution of lengths in annual samples o f females 
aged 3, 4 anp 5 years (aged from ear plugs).

since 1957, this being most marked from 1959, as shown in Figures 15 and 16. From 
the length frequency distribution within age groups 3-6 years (Fig. 16), there was 
also an apparent decrease from 1960 to 1961 in the growth rate of females sampled 
by the gunners on the east coast of Australia.
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This appearance of change in growth rates has resulted from changes in the 
level of selection of the catch by Australian gunners. Chittleborough (19606) has 
shown that the mean length of pubertal females in annual catches varied with the level 
of selection applied by gunners in each year. The full series of samples of pubertal

W EST COAST OF AUSTRALIA EAST COAST OF AUSTRALIA
AGE 6 YEARS

1959 
1----- ~ 1 ~ 1

1960
I I n  „

1961 I
I u

__ | 1 1960

r ~ I j 1961

AGE 7 YEARS

□ ------\ 1957-59

1960
1------1

,____. 1961

AGE 8 YEARS

to.
I I—I I—I

=Q=>

1960

37 38 39 40 41 42 43 44 45 46 38 39 40 41 42 43 44 45 46

BODY LENGTH (f t )

Fig. 16(¿>).—Distribution o f lengths in annual samples o f  females 
aged 6, 7, and 8 years (aged from ear plugs).

females is shown in Table 9. The more careful selection of large whales applied since 
1955 following the slight reduction of quotas (see Table 1) resulted in the capture of 
only the largest (and fastest growing) pubertal females in the following seasons, so 
that the mean length of pubertal females was higher in 1956 and 1957 than in the period 
1949-54. However, as the populations decreased in size, gunners were obliged to 
take smaller whales, with the result that the mean length of the pubertal females in 
the catch decreased. The juvenile (immature) section of the population also had been
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subject to selective hunting, only the largest being killed. Hence, when these young 
whales reached puberty in following years, the faster growing individuals had already 
been eliminated so that the mean length of the pubertal females captured was lower 
than that of the pubertal females of the original (unfished) population of whales.

Table 9 shows that the fall in the level of selection, brought about by the decline 
of that population, occurred earlier in the case of the group IV than in the group V 
population.

T a b l e  9

LENGTHS OF PUBERTAL FEMALE HUMPBACK WHALES FROM CATCHES ON AUSTRALIAN
COASTS

Number
Year Sampled Range (ft) Mean (ft) S.D. S.E.

W est coast (group I V  population)

1 9 4 9 -5 4 77 3 5 - 2 5 - 4 3 - 5 0 3 8 - 5 0 1 -6 6 0 - 1 8
1956 17 3 5 - 2 5 - 4 5 - 5 0 4 0 - 1 5 3 -0 4 0 - 7 4
1 957 4 2 3 5 - 7 5 - 4 4 - 5 0 3 9 - 4 9 2 - 1 8 0 - 3 4
1 958 59 3 5 - 0 0 - 4 3 - 2 5 3 9 -0 8 1 -1 1 0 - 1 4
1 95 9 43 3 5 - 0 0 - 4 0 - 5 0 3 7 - 9 6 1 -4 5 0 - 2 2
1 9 6 0 33 3 5 - 7 5 - 4 0 - 5 0 3 8 - 0 0 1 -2 9 0 - 2 3
1961 4 2 3 4 - 5 0 - 4 0 - 5 0 3 7 - 2 9 1 -4 3 ,  0 - 2 2
1 9 6 2 4 4 35 0 0 - 4 0 - 5 0 3 7 -7 5 1 -1 7 0 - 1 8

E ast coast (group V  population)

1 9 5 2 -5 4 6 0 3 4 - 5 0 - 4 2 - 1 7 3 8 -5 1 1 -7 3 0 - 2 2
1 9 5 6 -5 9 15 3 6 - 3 3 - 4 3 - 0 0 3 9 -3 8 1 -81 0 - 4 7

1 9 6 0 11 3 7 - 1 7 - 4 0 - 6 7 3 9 -2 1 1 -2 7 0 - 3 8
1961 39 3 5 - 1 7 - 4 0 - 5 0 3 8 - 0 9 1 -5 0 0 - 2 4

The evidence given above shows that no growth curve constructed from data on 
the age and length of whales in the commercial catches will accurately represent the 
growth of the younger year classes. If the samples obtained in the various years are 
pooled, some of the errors might cancel out. For example, if the large 6-year-old 
females taken on the west coast of Australia in 1957 and 1958 (Fig. 16b) repre­
sented the fast growing section of that population, and the small 6-year-old females 
taken on the same coast in 1959, 1960, and 1961 represented the slower growing 
section of that population, then the mean length of the pooled samples from 1957 to 
1961 might be close to the true mean length of 6-year-old females in the original 
population.

While pooling of samples might improve the reliability of the estimated growth 
curve to some extent, the curve derived from the commercial catches will always be 
biassed against those age groups whose length range extends below 35 ft (the minimum 
legal length). This applies to the males below 5 years of age (Table 10, Fig. 17), and 
to females below 4 years (Table 10, Fig. 18). For these age groups there may be 
another source of bias in addition to the selection applied by gunners. From time to 
time some whaling inspectors have recorded lengths of 35 ft or 36 ft (or even more) 
for small whales which were in fact below the minimum legal length. If the ages of 
such whales were determined accurately, they would appear in the growth data as
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unusually large young whales. When there have been few individuals in a particular 
age group (e.g. at 2 years), the mean length of that age group could be greatly distorted 
by a few instances of measuring bias.

T a b l e  10
LENGTHS* OBSERVED AND ESTIMATED IN EACH AGE GROUP

Determined from ear plugs o f 2031 male and 1605 female humpback whales taken on the Australian
coast

Males

Observed
Age
(yr)

Number

Range ■
Mean

Length
Var­
iance

Esti­
mated
Curve Number

Range
Mean

Length
Var­
iance

Esti­
mated
CurveMin.

Length
Max.

Length
Min. I Max. 

LengthLength

2 14 32 37 34 86 1 49 34 49 6 32 37 34 33 3 87 34 27
3 149 32 40 35 80 1 51 36 12 151 31 43 36 09 2 95 36 29
4 241 33 41 37 07 1 73 37 43 180 35 43 37 97 2 93 37 94
5 297 35 43 38 65 2 70 38 47 214 35 44 39 11 3 40 39 29
6 281 35 43 39 18 2 22 39 30 190 37 47 40 50 3 02 40 39
7 182 36 44 39 83 2 03 39 97 165 37 47 41 19 3 32 41 28
8 127 37 45 40 44 2 68 40 50 116 38 47 42 10 3 05 42 01
9 128 37 45 40 92 3 02 40 92 88 38 47 42 40 3 37 42 60

10 81 37 46 41 44 3 63 41 25 79 41 46 43 46 2 25 43 08
11 74 38 46 41 68 2 05 41 52 78 38 48 43 23 3 63 43 47
12 62 38 46 41 68 1 26 41 74 54 40 48 43 80 3 60 43 80
13 67 35 45 41 78 2 54 41 91 35 40 47 43 69 2 87 44 06
14 34 39 45 42 06 2 72 42 04 38 40 50 43 47 3 72 44 27
15 28 39 45 41 71 2 49 42 15 36 42 47 44 64 1 95 44 44
16 40 39 45 42 52 1 87 42 24 26 40 48 44 19 4 88 44 59
17 34 39 46 42 56 2 56 42 31 19 43 48 45 42 3 26 44 70
18 23 40 46 42 17 2 04 42 36 21 42 49 44 90 3 59 44 80
19 21 39 46 42 67 2 41 42 41 13 40 47 44 38 3 59 44 87
20 16 38 45 41 69 3 76 42 44 9 44 47 46 00 1 50 44 93

L 00 I 00

20 <- 132 39 47 42 64 2 84 42 58 87 42 50 45 46 3 04 45 21

Females

Observed

* Lengths in feet.

For the reasons given above, data from males of less than 6 years and from 
females of less than 5 years were not included in the calculation of the growth curves. 
The parameters of the growth curves were estimated for the von Bertalanffy growth 
equation as given by Beverton and Holt (1957), the fitted curves being shown in 
Figure 19. The form of these curves is:

L t =  Loo [1 -  e-*<(-*«>].
For the males, Loo =  42-58 ft,

k  =  0-226,
fo =  —5-348 years;

and for the females, Lo» =  45-21 ft,
k  =  0-205,
t0 =  —4-936 years.
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The growth curves have been fitted using data from whales ranging from 
5 to 19 years of age, and represent the best estimates of growth during these years. 
Since there are reliable data at certain other points in the life span, the growth curves 
can be extended to cover most ages.

If the von Bertalanffy curves were extrapolated to age 0 years (i =  0), i.e. the 
time of birth, the mean length of males would then have been 29-87 ft and that of the 
females 28-78 ft. However, the length of males and females at birth has already 
been shown to be 14 ft (from measurement of near-term foetuses, which were not 
subjected to selection or measuring bias).

From the calculated curves the mean length at 1 year of age would be 32-44 ft 
for males and 31 -82 ft for females. The author has examined and measured five small 
humpback whales identified (from baleen traces and in some cases by the presence of 
milk in the stomachs) as yearlings, and whose capture was not the result of gunner

3 2 1- '

3 C  L .___ __, r ,__,__,___,_,____ r r  T. ___ ,
2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 17 18 19 2 0  20  +

’ A G E  ( Y E A R S )

Fig. 17.—Observed lengths within each age group of males. Vertical line shows 
recorded range; horizontal line gives mean length; black bar extends two standard 
errors of mean on either side of mean ; hollow bar ends one standard deviation on 

either side of mean. Data from Australian samples aged from ear plugs.

selection. Two o f these yearlings, 28 ft 9 in. and 31 ft 4 in. in length were taken 
under special licence for research purposes. The other three specimens, 29 ft 3 in., 
30 ft 0 in., and 30 ft 3 in. in length, were struck by harpoons intended for their 
mothers, so that these yearlings might be regarded as random samples of 1-year-old 
whales. The mean length o f these five specimens is 29-92 ft, well below the estimates 
for the mean length o f this age group obtained from the calculated growth curves.

Obviously the slope o f the growth curves drawn from data from the commercial 
catches is not sufficiently steep where it represents the early years of growth. The
broken lines in Figure 19 represent more closely the growth during these years.

As shown in Table 10, in both sexes the estimated maximum length, Lx , is 
very close to the mean length o f individuals over 20 years of age. The length L*> is 
then equivalent to the mean length at physical maturity. The value of L x for each 
sex, being unaffected by changes in the level o f selection, should represent very 
closely the real values for these populations o f whales. The mean lengths o f males
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and females of ages exceeding 20 years in the group IV population did not differ 
significantly from those in the group V population. There did not appear to be any 
difference between the two populations under study in respect of rates of growth.

Nishiwaki (1959) gave growth curves (fitted by eye) for humpback whales 
sampled from catches in the North Pacific Ocean. In his samples the mean length 
of females at physical maturity was approximately 45-0 ft, while that of the males 
was close to 43-8 ft. The data do not indicate any real difference in rate of growth 
of humpback whales in the northern and southern hemispheres.

The largest individual whales of each sex examined by the author were a male 
of 47 ft, and a female of 51 ft. The latter was not yet physically mature, as the fusion 
of the posterior vertebral epiphyses had not extended further forwards than the sixth 
lumbar vertebra, so that this female had not completed its growth.

The oldest humpback whale (based on the examination of ear plugs) examined 
by the author was 48 years of age (95 ear plug laminations).

I
30  ¡____,____,________r . __,,______ _______,_.T. , .T_________ ^  ___r. _

2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 17 18 19 2 0  204-

AGE (y e a r s )

Fig. 18.—Observed lengths within age groups o f females sampled at 
Australian stations. Key as for Figure 17.

IV. H is t o r y  o f  E x p l o it a t io n

The group IV population was hunted along the west coast of Australia from 1912 
to 1916, from 1925 to 1928, and from 1936 to 1938 (Ruud 1952) and, in the latest cycle, 
from 1949 to 1963. Insignificant catches were obtained from this population in the 
Antarctic prior to 1934, but hunting there was intensified from the summer season of
1934-35 to that of 1938-39 (Jonsgârd, Ruud, and 0ynes 1957).

Ruud indicated that the severely depleted condition of the group IV population 
in 1938 was caused by the slaughter along the west coast of Australia of 7244 hump­
back whales from 1936 to 1938. However, the killing of 5429 humpback whales 
from the same population in the Antarctic from 1934-35 to 1938-39 must also 
have contributed to the condition of the population in 1938.
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From 1935 to 1939 at least 12,673 humpback whales (6804 males and 5869 
females) were taken from the group IV population. The catch per unit effort declined 
towards the end of this period (Ruud 1952) and catching was concentrated 
upon small whales (see Tables 11 and 12), indicating that the population had been 
severely depleted.

M IN IM U M  L E G A L  L E N G T H

0  30

B I R T H  2 4 6 e IO 12 14 16 8 20 24 2522

A G E  ( Y E A R S )

Fig. 19.—Growth curves for group IV and V humpback whales. Solid line 
estimated from samples o f commercial catch; broken line approximate position 

for natural population.

Individuals of 35 ft in length were highly vulnerable from 1935 to 1939, as 
shown in Figure 20. Most humpback whales of 35 ft are 3 and 4 years of age (see 
Section 111(c)). Therefore, in 1938, humpback whales aged from 3 years and above 
were greatly reduced in numbers. This means that the year class of 1935, and all 
earlier year classes, were much reduced by the exploitation of this population from 
1935 to 1938. Year classes subsequent to that of 1935 must also have been smaller 
than year classes in an unfished population, because of the smaller numbers of 
mature females in the reduced breeding stock.

Humpback whales were fully protected in the Antarctic from 1939 to 1949 
except for a temporary relaxation in 1940-41. There was no coastal whaling from 
Australia during this period.
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When commercial operations were re-opened in 1949, the group IV population 
had apparently recovered in numbers from the depletion induced between 1935 and 
1939, but it would still have been deficient in old whales (especially those over 14 years 
of age) as a result of the operations prior to 1939.

T a b le  11

LENGTH FREQUENCY DISTRIBUTION OF HUMPBACK WHALES TAKEN FROM ANTARCTIC AREA IV, 193 4 -3 9

Body
Length

(ft)

Males Females

1934-
35

1935-
36

1936-
37

1937-
38

1938-
39

Total
Males

1934-
35

1935-
36

1936-
37

1937-
38

1938-
39

Total
Females

24 1 1
25
26 1 1
27 3 3 2 1 3
28 3 1 4 1 2 3
29 2 1 1 4 3 1 1 5
30 6 2 1 9 5 2 1 1 9
31 8 3 1 3 15 2 5 1 3 11
32 18 8 1 1 28 6 1 8 4 7 26
33 18 1 17 '2 9 47 9 1 18 1 6 35
34 26 2 22 6 5 61 16 12 4 3 35 .
35 31 14 43 19 62 .169 23 22 37 24 68 174
36 50 17 51 32 30 180 37 32 39 20 33 161
37 46 18 57 22 23 166 26 32 45 23 50 176
38 48 32 48 21 36 185 29 22 43 24 40 158
39 35 34 46 26 7 148 34 34 40 23 21 152
40 73 36 77 45 30 261 55 56 83 53 69 316
41 52 30 60 29 14 185 45 57 45 60 48 255
42 73 22 68 18 11 192 89 50 67 78 59 343
43 47 18 54 18 11 148 66 74 62 78 54 334
44 27 19 44 5 3 98 60 70 63 50 22 265
45 23 9 32 5 6 75 56 92 65 71 54 338
46 15 11 12 2 1 41 51 50 52 36 27 216
47 8 5 14 1 28 37 32 28 32 22 151
48 5 3 3 2 13 33 17 26 15 11 102
49 1 1 2 10 8 12 4 34
50 1 1 10 11 11 8 4 44
51 2 2 5 9
52 2 3 2 7
53 1 1
54
55
56
57 1 1

Total 621 272 663 255 255 2066 710 666 773 611 603 3363

Catches from this population since 1949 (listed in Table 1) have been limited 
in various ways. Australian whaling stations have been allotted separate quotas 
of humpback whales each year by the Australian Government. Catching of humpback
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whales in the Antarctic (south of 40°S.) was limited to 1250 humpback whales each 
summer from 1949-50 to 1951-52. This quota applied to the whole of the Antarctic 
region with the exception of the area from 70 °W. to 160°W. which was declared a 
sanctuary. Since the summer season of 1952-53, limitation of the humpback whale

T a b le  12

LENGTH FREQUENCY DISTRIBUTION OF HUMPBACK WHALES TAKEN FROM WEST COAST OF AUSTRALIA, 1 93 6 -3 8

Body
Length

(ft)

Males .Fem ales

1936 1937 1938
Total
Males 1936 1937 1938

Total
Females

24 2 2
25 4 1 5 1 1
26
27 1 1 2 2 4
28 3 4 1 8 2 2 4
29 6 1 7 2 1 1 4
30 20 11 1 32 13 16 3 32
31 31 10 4 45 19 9 28
32 41 11 5 57 30 9 3 42
33 49 14 7 70 35 12 5 52
34 52 5 1 58 26 9 1 36
35 217 221 63 501 129 101 40 270
36 151 189 60 400 84 108 33 225
37 135 178 50 363 78 86 29 193
38 215 187 57 459 82 76 28 186
39 188 162 51 401 54 65 28 147
40 280 360 58 698 72 127 31 230
41 246 125 52 423 49 57 34 140
42 191 258 39 488 47 129 41 217
43 153 140 35 328 60 93 40 193
44 85 109 . 21 215 40 63 35 138
45 45 50 6 101 43 85 21 149
46 18 34 4 56 32 57 15 104
47 5 9 14 15 38 7 60
48 4 1 5 10 18 6 34
49 1 1 5 5 1 11
50 1 2 3
51 1 1
52 2 2

Total 2143 2080 515 4738 933 ' 1171 402 2506

catch has been affected by setting a limit to the time of taking humpback whales 
(generally a period of 4 days) instead of a direct limit on the number of humpback 
whales to be taken. The (area south of 40°S. from 70°W. to 160°W. remained a 
sanctuary until the summer of 1955-56. From the summer of 1954-55, waters 
south of 40 °S. between 0° and 70 °W. have also been closed to humpback whaling. 
In 1958-59, the western boundary of this closed sector was changed to 60°W.
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In 1960 the International Whaling Commission proposed to amend the 
Schedule to the Convention by closing Antarctic area IV (70°E.-130°E.) to humpback 
whaling for a period of 3 years, and reducing the open season for humpback whaling 
in Antarctic area V (130°E.-170°W.) from 4 days to 3 days in each of the following 
three seasons. However, objections lodged by the governments of Japan, Norway, 
U.S.S.R., and the United Kingdom (most of the countries engaged in pelagic whaling 
south of 40 °S.) rendered these amendments ineffective, so that the regulations for 
humpback whaling in 1960-61 reverted to a 4-day season for the whole of Antarctic 
waters (south of 40 °S.), with the exception of the area between 0° and 60 °W. which 
remained closed to humpback whaling.

MALES

FEMALES

j  » i i i  i l  i i i i i i i i i i i  i i
< 3 0  31 32  33  3 4  35  3 6  37  36  39  4 0  41 4 2  4 3  4 4  4 5  4 6  4 7  4 8  4 9  5 0  + 

BODY LENGTH (f t )

Fig. 20.—Frequency distribution o f length in total catch o f humpback 
whales taken from the group IV population, 1935-39.

The group V population was fished only lightly in the years prior to 1950. 
In the feeding area of this population (130°E.-170°W.), 24 humpback whales were 
recorded in International Whaling Statistics as killed during the summer of 1938-39, 
and Omura (1953) referred to 201 humpback whales which were killed in this area 
during the summer of 1940-41. For some years small catches had been taken in New 
Zealand (Dawbin 1956); and prior to 1930 a few humpback whales were taken at 
Twofold Bay on the east coast of Australia (Dakin 1934).

Hunting of the group V population was re-opened in the Antarctic in 1949-50, 
and on the east coast of Australia in 1952, as shown in Table 2. Catch limits in these 
localities have been the same as those described above for the corresponding regions 
of the group IV population.
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V. P o p u l a t io n  S t r u c t u r e

(a) Sex Ratio

Chittleborough (1958c) recorded 51-9% males amongst 1448 humpback whale 
foetuses taken during mid-pregnancy from Antarctic areas IV and V. At Australian 
whaling stations, 615 near-term foetuses have been recorded in the catches from 
1949 to 1962; 52 -2% of these were males. As foetuses are not subject to the sampling 
bias which is found in most commercial catches, the sex ratio at birth may be taken 
to be inclined towards males.

The sex ratio within the juvenile and adult portions of the population is less 
easily determined, because of varying kinds and intensity of selection applied in 
commercial whaling. Matthews (1938) has shown that females predominate in 
Antarctic (area II) catches, while males are in excess of females in catches from 
temperate waters (South Africa). Table 13 shows that this also occurs in catches 
from the group IV and group V populations of humpback whales.

The cause of the excess of females in Antarctic catches is obscure. There is no 
evidence of any segregation of the sexes during the summer feeding period.

The reasons for the excess of males in most catches from temperate and 
tropical regions are less obscure. Some 37% of the mature females give birth each 
year (Section III(a)(iv)), and pregnant females are late in the northward migration 
(Section ll(i/)(ii)), giving birth soon after reaching temperate waters, so that in 
subtropical waters at least one-third of the mature females are protected. Catches in 
warm waters would then be expected to have a preponderance of males.

The area in which chasers from the whaling station near Albany (Western Aus­
tralia) operate is one of the few in which mature males and females are equally vulner­
able, pregnant females being killed when they first reach 35 °S. latitude, and before 
parturition occurs. The relative abundance of mature males and females can be 
measured by the catch per unit effort within weekly periods throughout the 
northward migration past this station (Table 7). From these data, the ratio of 
abundance of mature males to mature females for the whole of the northward 
migration was 5-17 : 4-71 or 52-3% males. This is in close agreement with the per­
centage of males at birth.

Table 13 shows that on both the west and east coasts of Australia, the percentage 
of males in the annual catch tended to decrease in successive years. Budker (1953) 
showed a similar trend within catches off the coast of Gabon, the percentages of males 
killed being:

Year Total Catch Males (%)

1949 1356 64-6
1950 1404 57-6
1951 1105 49-1
1952 246 41-6

Because of differences in the times of migration of various categories (Section 11 
(rfXii)), the sex ratio within the catches will change as the humpback migratory 
stream moves past the shore stations. Thus, a change in the sex ratio of the total catch
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from one year to another could be caused by the whaling operations having taken 
place over different periods of the 2 years. However, Chittleborough (1960a, Fig. 10)

T a b le  13

PERCENTAGES OF MALES IN CATCHES FROM THE GROUP IV AND V POPULATIONS OF HUMPBACK WHALES

Year Total
Catch

Number 
of Males

Percentage 
of Males

Year Total
Catch

Number 
of Males

Percentage 
o f Males

West cotist o f  Austral a Antar c tic area IV
1935 0 0 — 1935 1331 621 46-7
1936 3076 2143 69-7 1936 938 272 2 9 0
1937 3251 2080 6 4 0 1937 1436 663 46-2
1938 917 515 56-2 1938 866 255 29-4
1939 0 0 — 1939 858 255 29-7

Total 7244 4738 65-4 Total 5429 2066 38 -1

1949 190 135 7 1 1 1949 0 0 —

1950 387 250 64-6 1950 779 354 45-4
1951 1217 907 74-5 1951 1112 468 42-1
1952 1182 666 56-3 1952 1127 546 48-4
1953 1297 726 5 6 0 1953 193 103 53-4
1954 1309 692 52-9 1954 258 133 51 6
1955 1123 580 51 6 1955 28 12 42-9
1956 1119 676 60-4 1956 824 320 38-8
1957 1119 583 52-1 1957 0 0 —
1958 967 509 52-6 1958 0 0 —
1959 700 331 47-3 1959 1413 645 45-6
1960 545 271 49-7 1960 66 28 42-4
1961 578 306 52-9 1961 4 3
1962 543 304 56-0 1962 56 24 42-9

Total 12,276 6936 56-5 Total 5860 2636 4 5 0

East coast o f  Austral¡a Antarc tic area V
1950 0 0 — 1950 903 441 48-8
1951 0 0 — 1951 162 79 48-8
1952 598 448 74-9 1952 146 51 34-9
1952 700 509 72-7 1953 504 212 42-1
1954 718 511 71-2 1954 0 0 —
1955 720 494 68-6 1955 1097 457 41-7
1956 720 485 67-4 1956 194 91 46-9
1957 721 492 68-2 1957 0 0 —
1958 720 511 71-0 1958 0 0 —
1959 810 543 6 7 0 1959 885 458 51 -8
1960 810 496 61-2 1960 931 407 43-7
1961 731 448 61 -3 1961 293 135 46-1
1962 177 103 58-2 1962 0 0 —

Total 7425 5040 67-9 Total 5115 2331 45-6

showed that when the same (weekly) periods at the same locality are compared, there 
has been a regular increase in the percentage of females in the catches of recent years.
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The decline in the percentage of males in the catch is linked with the rate of 
exploitation of the population in lower latitudes. Intensive fishing in warm waters 
reduces the male portion of the population faster than the female portion. This effect 
is even greater over the range of mature individuals because commercial catches 
initially contain more immature females than immature males (see Section V(i/)). 
Since the stock of mature males is reduced faster than that of the mature females, 
the percentage of males in the total catch decreases from year to year. This trend 
can occur only when the greater part of the total catch is taken from lower latitudes 
(temperate and subtropical waters), rather than from Antarctic waters.

Of the total overall catch of humpback whales from the whole of the group 
IV population from 1949 to 1962, 52-8% of the 18,136 humpback whales killed were 
males. This is very close to the percentage of males at birth and the estimate of the 
percentage of males in the stock of adults passing Albany during the northward 
migration.

(b) Size Composition

(i) Relation between Size Composition o f  Catch and o f  Population

As stressed in Section I (b) (i), commercial catches of whales may be far from 
random samples of the populations from which they were drawn. The size composition 
of a particular catch depends on the following factors :

(1) Rate of growth of individuals;
(2) Natural mortality;
(3) Time and place of sampling;
(4) Level of selection by gunners ;
(5) Effects of previous hunting (fishing mortality).
There is no evidence that either the first or second of these has changed 

appreciably during recent years, and variations in the time and place of sampling 
have had only slight effect upon the size composition of catches. Changes in the size 
composition of the catches have therefore been the result primarily of variations in 
the level of selection by gunners and the effects of previous fishing mortality.

The level of selection by gunners has not been simply the observation of the 
minimum legal length of 35 ft. i Selection (by size) has varied from one gunner to 
another, from one whaling station to another, and from one time to another. Selectivity 
has been influenced greatly by the type of incentive payments made to gunners. Bonuses 
based upon numbers of whales killed tend to discourage selection, because under those 
conditions gunners take whatever appears to be safely over 35 ft in length. On the 
other hand, bonuses based on oil yield or directly upon the length of each whale, 
lead gunners to look for bigger whales. Chittleborough (1960h) has shown that the 
mean length of pubertal females taken each year on the Australian coast has varied 
with the degree of selection applied by gunners and has also been influenced by previous 
selective killing of a diminishing stock.

In the Antarctic, limitation of the pelagic catch by limiting either the period of 
open season, or the total number of whales to be caught, had resulted in strong
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competition between the various expeditions for the highest proportion of the overall 
catch, so that selection there was at a minimum.

(ii) Catches from  the Group IV  Humpback Whale Population
The size composition of the catches recorded from the group IV population 

of humpback whales from 1949 to 1962 is shown in Tables 14-17. The majority 
of these data are from catch returns forwarded to the Bureau of International Whaling 
Statistics in Sandefjord, Norway. The data for Antarctic catches of 1959 have been 
adjusted in accordance with the evidence (Chittleborough 19596) of intermingling 
of the group IV and V populations of humpback whales in the eastern portion of 
Antarctic area IV during the summer of 1958-59.
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Fig. 21.— Mean lengths o f annual catches o f male and female humpback 
whales from the west coast o f Australia, 1949-62.

There was little change in selectivity on the west coast of Australia from 1949 
to 1954, but the mean lengths of both males and females in the catch declined during 
this period (Tables 14 and 15, Fig. 21). Mature males were more heavily fished than 
the mature females, with the result that the mean length of the males decreased more 
rapidly than that of the females.

Reduction of quotas prior to the 1955 whaling season (Table 1) stimulated 
more careful selection of large whales. At one station on the west coast the gunners 
were instructed to shoot, where possible, only those whales that appeared to be 40 ft 
or more in length, while another station introduced a new bonus system whereby 
the catchers were paid a bonus for every whale exceeding the average length in the 
previous season of 39*58 ft.

With the closing of one station on the west coast in 1956 (Table 1) and the 
concentration of catching power at Carnarvon, the level of selection was raised still 
higher, and the mean lengths of males and females in the catch rose to maxima in 
that year (Fig. 21). The increased selection from 1954 to 1956 caused the mean 
length of the females to rise more than that of the more heavily fished males.

Although attempts were made to maintain a high degree of selection after 1956, 
large whales became less abundant each year, so that gunners were obliged to accept
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T a b l e  14
GROUP IV POPULATION OF HUMPBACK WHALES

Distribution o f lengths within catches from the west coast o f Australia—Males

Length (ft) 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

30 1 1 1
31 1
32 2 1 4 1 2 2
33 5 3 4 2 4 4 3 1
34 5 1 1 4 2 3 3 6 1
35 1 5 17 38 49 46 16 11 13 20 24 14 56 28
36 3 10 38 36 62 72 27 28 28 27 46 27 51 46
37 11 15 64 71 84 87 35 30 40 48 59 54 58 79
38 18 16 81 72 112 127 60 55 77 68 70 62 59 53
39 23 38 133 106 111 113 98 78 98 82 57 50 41 46
40 16 51 167 97 96 84 133 131 102 102 35 25 18 25
41 20 41 167 88 66 61 63 114 69 64 15 18 6 15
42 20 41 108 66 68 51 69 102 71 47 8 7 3 5
43 12 17 72 52 28 23 42 72 38 29 2 5 1 3
44 6 8 37 18 21 18 19 29 27 10 3 2 1
45 4 4 15 8 16 6 12 18 13 6 3
46 1 1 3 3 4 3 4 2 3 2 1
47 1 1 3 1 1
48 1

Total 135 250 907 666 726 692 580 676 583 509 331 271 306 304

Mean length (ft) 40-36 40 10 4 0 1 1 39-48 39-05 38-77 39-88 40-35 39-78 39-35 37-93 37-97 36-96 37-60
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T a b l e  15

GROUP IV POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the west coast of Australia—Females

Length (ft) 1949 ' 1950 1951 1952 1953 1954 1955 1956
'

1957 1958 1959 1960 1961 1962

29 1 1 2
30 1 2
31 1 2 1
32 1 1 1 I 1 1 1 1
33 1 1 1 3 2 1 2 3 6 3
34 1 1 1 1 2 1 1
35 1 4 12 17 36 42 7 6 2 10 26 12 34 17
36 3 9 9 27 33 48 13 11 18 10 30 24 39 19
37 1 8 25 31 41 46 20 7 26 17 22 28 35 42
38 4 7 26 21 58 62 38 13 28 30 42 42 35 43
39 5 10 27 43 51 53 48 33 56 47 35 24 31 27
40 1 16 38 48 47 63 70 58 59 64 55 25 28 21
41 5 12 33 61 53 42 54 37 55 52 46 27 13 26
42 12 21 36 62 55 53 58 48 63 53 30 28 19 12
43 6 15 38 62 52 61 60 53 77 61 24 23 12 6
44 5 9 29 53 57 57 55 68 55 45 16 12 9 10
45 6 11 17 36 27 33 39 43 34 29 19 10 7 7
46 2 9 10 27 29 32 39 26 39 20 10 5 1 3
47 1 2 4 14 17 9 23 20 17 11 4 6 1
48 2 2 7 8 7 9 10 5 8 5 1 1
49 1 1 1 1 3 3 7 1 2 1
50 1 2 1 2 1 1
51
52 1

Total 55 137 310 516 571 617 543 443 536 458 369 274 272 239

Mean length (ft) 41-43 4115 40-92 41-35 40-67 40-50 41-72 42-32 41-62 41-33 39-88 39-73 38-35 39-18
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smaller whales, with the result that the mean lengths of males and females in the 
catch progressively declined, as shown in Figure 21.

In 1961 selectivity was changed again by a variation in whaling tactics. At the 
larger of the two remaining humpback whaling stations on the west coast of Australia 
(i.e. that at Carnarvon) the bonus system, previously based on the sizes of whales 
captured, reverted to one based on numbers captured. This stimulated the rate of

T a b l e  16

GROUP IV POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic — Males

Length
(ft) 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

28 2
29
30 2 3 2 1 4
31 1 1 1
32 2 5 7 1 1 5
33 4 10 13 5 1 1
34 8 4 2 1 4
35 19 11 68 10 11 1 14 74 6 2
36 31 38 46 12 9 1 35 84 3 2
37 34 57 40 14 19 1 53 105 3 2
38 22 40 43 19 24 1 48 116 4 3
39 36 55 63 13 24 1 42 94 6 2
40 58 62 74 9 19 58 65 3 8
41 40 60 62 5 8 1 34 47 2 2
42 46 56 52 6 11 1 16 33 3
43 25 33 28 4 3 1 8 8 1
44 16 15 21 2 3 8 4
45 8 17 13 1 2 1 1
46 2 5 1
47 1 1 3 1 1 1
48 1
49 1

Total 354 468 546 103 133 12* 320 0 0 645* 28 3 24

Mean length 
(ft) 39-48 39-44 39 00 38-11 38-83 38-78 37-98

* After adjustment of numbers reported to International Whaling Statistics.

capture of whales, and selection of large individuals was abandoned, so that the mean 
lengths of catches fell to the lowest level in 13 years (Fig. 21), catches being con­
centrated upon whales at or very close to the minimum legal length (Tables 14 and 15).

Because of the numbers of small humpback whales very close to the minimum 
legal length taken in 1961, the Australian companies were reminded prior to the 1962 
humpback whaling season that the minimum legal length would be enforced strictly.
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The mean length of males and females captured on the west coast in 1962 increased 
slightly from the values of the previous year (Fig. 21). This was achieved by sparing 
slightly higher proportions of individuals close to the minimum legal length; in other 
respects the length frequency distribution of the catches in 1962 was similar to that of 
1961 (Tables 14 and 15).

T a b l e  17

GROUP IV POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic — Females

Length
(ft)

1 9 5 0 1951 19 5 2 1953 1 9 5 4 1955 19 5 6 1957 195 8 19 5 9 1 9 6 o jl9 6 1 1962

2 7 2
28 1
2 9 2 1 1 1
30 1 1 1 2 3
31 1 5 1 6
3 2 4 5 4 1 2 6
33 6 9 8 3 1 1 1
3 4 3 4 3 1
35 11 15 52 7 11 1 15 6 8 6 1
3 6 13 2 6 32 3 5 1 43 7 0 3 2
37 18 2 8 2 4 7 11 1 37 55 1 4
38 27 50 2 9 10 18 1 4 0 7 5 1 5
39 38 4 7 4 8 8 13 1 4 6 8 0 4 2
4 0 4 5 4 8 58 9 18 63 91 2 3
41 3 6 6 9 5 2 10 12 1 65 8 0 2 1
4 2 6 2 9 7 5 4 13 9 6 0 7 4 1 8
43 4 7 7 9 5 4 5 8 1 3 9 52 3 3
4 4 4 9 71 43 3 5 1 38 4 2 7 2
4 5 3 2 35 4 0 4 4 1 24 3 0 2
4 6 15 28 37 3 5 1 23 20 1
47 11 18 18 1 7 7 1
4 8 4 10 10 4 2 1 3 3
4 9 1 2 2
5 0 2 1 3 1 1
51 2

Total 4 2 5 6 4 4 581 9 0 125 16* 5 0 4 0 0 7 6 8 * 38 1 32

Mean length 
(ft) 4 1 - 1 5 4 1 - 2 2 4 0 - 7 2 4 0 - 2 6 3 9 - 7 2 4 0 - 5 2 3 9 -6 7

* After adjustment of numbers reported to International Whaling Statistics.

(iii) Catches from  the Group V Humpback Whale Population
The size' composition of the catches recorded from the group V population of 

humpback whales from 1949 to 1962 is shown in Tables 18-24. These records are from 
catch returns forwarded to the Bureau of International Whaling Statistics, with the 
exception that the data for Antarctic catches of 1955 (the summer of 1954-55) include 
the original records from the factory ship Olympic Challenger, instead of the amended 
returns supplied by that expedition to the Bureau of International Whaling Statistics.
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The data for Antarctic catches of 1959 have been adjusted in accordance with the 
evidence of intermingling of the group IV and group V populations in that summer, 
as already discussed.

The size composition of catches taken on. the east coast of Australia reflected 
changes in selectivity induced mainly by events on the west coast. Although the size 
composition of the catches on the east coast had not changed appreciably from 1952 to 
1954, the slight reduction of quotas on the west coast prior to the 1955 whaling season,

T a b l e  18

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the east coast of Australia — Males

Length
(ft) 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

30 1 1 1
31 .1 1 1
32 1 1 1 3
33 1 1 2 2 2 2 1 1
34 1 2 1 1 1 2
35 6 9 18 10 7 5 6 6 7 47 15
36 15 9 13 13 11 14 8 11 12 41 14
37 20 31 18 21 22 20 18 14 26 46 15
38 42 50 59 32 25 46 31 42 46 59 10
39 65 75 75 55 56 57 45 50 63 50 9
40 77 76 89 92 97 94 76 82 78 51 11
41 86 94 78 79 82 88 114 96 84 47 10
42 71 89 78 82 81 96 84 93 66 51 7
43 40 56 47 66 51 40 75 81 62 25 5
44 15 14 19 30 27 23 26 43 31 13 1
45 6 3 11 7 15 3 15 18 9 8
46 1 3 3 6 4 12 6 5 3
47 1 1 3 1
48 1 1

Total No. 448 509 511 494 485 492 511 543 496 448 100

Mean length (ft) 40-25 40-25 40-17 40-59 40-65 40-38 40-96 41-00 40-47 39-06 38-03

caused more stringent selection of large whales to be applied on the east coast from 
that year onwards. The mean lengths of both males and females in the catches 
increased in 1955 and remained high until 1959 (Fig. 22). The mean length of males 
and females decreased slightly from 1959 to 1960, and in the following years fell dras­
tically (Fig. 22), the mean length of the females taken on the east coast in 1962 being 
less than that of the females taken on the west coast of Australia in the same year 
(Tables 19 and 15, respectively).

The small catches taken off Norfolk I. were generally composed of humpback 
whales larger than those in the catches from other localities within this population 
(compare Table 20 with Tables 18, 19, and 21-24). This has been due mainly to the
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very stringent selection of large whales successfully applied by the small station at 
Norfolk I., rather than to real differences in the size composition of the whales passing 
the various sampling points.

In the decline in size composition of catches from the two populations the 
mean length of the males from the group IV population decreased more rapidly 
than that of the females, whereas in the group V population the mean length of the

T a b l e  19

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the east coast of Australia — Females

Length
(ft) 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

31 1 1
32 1 2 3 3
33 2 4 1 1 1 1 2 1
34 1 1 1 1 2 4 6
35 5 7 9 7 3 7 1 1 4 38 5
36 5 11 4 3 4 7 3 6 3 21 12
37 11 7 6 12 15 13 5 11 15 28 6
38 6 11 20 13 10 17 14 15 11 32 8
39 15 21 28 21 11 16 12 19 25 33 4
40 14 11 16 27 22 14 18 15 35 23 11
41 20 29 31 22 23 29 22 29 38 24 3
42 22 34 24 27 30 33 30 33 43 25 6
43 21 32 19 27 42 24 26 36 43 12 4
44 14 12 17 23 34 27 22 41 27 7 3
45 10 5 8 22 20 18 26 26 28 18 2
46 1 1 12 9 9 12 15 18 20 5 1
47 4 3 5 9 8 4 7 13 12 3 1
48 1 3 2 4 4 2 3 4
49 1 1 1 2 1
50 1 1 1 2
51 1
52 1

Total No. 150 191 207 226 ,,
f.

p 5 229 209 267 314 283 73

Mean length (ft) 41 06 40-66 40-74 41-66 41-85 41-47 42-15 42-22 41-88 39-22 38-64

females decreased far more rapidly than that of the males. These differences resulted 
from higher fishing mortality in males than in females of the group IV population, 
and the reverse in the case of the group V population, as discussed in Section VII.

The maintenance of the size composition of catches from the east coast up 
to 1959, contrasted with the declining sizes of whales taken on the west coast during 
the same period (Figs. 22 and 21, respectively), is further evidence of the lack of 
regular exchange between these two populations of humpback whales, as discussed in 
Section 11(6).
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(c) Age Composition 
Ages were determined from collections of ear plugs and ovaries obtained from 

catches at Australian Whaling stations. Two laminations in the ear plugs were taken 
as representing 1 year, as shown by Chittleborough (1959c) and later verified by the 
evidence from two marked whales (Chittleborough 1960c, 1962). Age was estimated 
from the ovaries by dividing the total number of previous ovulations by 1 • 1 (the 
average annual rate of ovulation), and adding 5 years for the age at maturity 
(Chittleborough 1959c).

T a b l e  20
DISTRIBUTION OF LENGTHS IN CATCHES AT NORFOLK I.

Length
(ft)

Males Females

1956 1957 1958 1959 1960 1961 1962 1956 1957 1958 1959 1960 1961 1962

30 1
31
32 2
33 1 1
34 2
35 2 2 4 2 4 2 2
36 4 1 1 4 1 2 1 1 3 4
37 4 5 1 4 8 6 4 2 1 2 1 4
38 3 4 2 8 9 8 1 3 2 1 5
39 6 3 4 13 12 10 3 2 1 6 2
40 8 14 11 15 15 18 6 2 4 3 7 2
41 16 15 12 18 17 23 1 4 2 5 3 11 1
42 17 19 12 13 21 23 5 5 5 4 7 8
43 15 18 10 3 6 18 5 4 6 7 9 4
44 11 7 5 4 3 5 4 1 10 12 9 3
45 3 4 3 3 4 6 1 4 4 10 9 8 4
46 2 1 6 4 6 11 5 1
47 1 1 1 4 6 1 4 2 1
48 5 1 1 3 1 2
49 1
50 2

Total
catch 92 93 63 90 96 124 3 58 27 57 60 74 46 1

Mean 
length (ft) 41 ■ 31 41-24 41-35 40-75 40-48 40-85 42-09 42-47 43-40 43-47 42-10 41-46

The sizes of these age samples in relation to the catches are shown in Table 3. 
Ear plugs were collected only from 1956 onwards. Collections of ovaries were always 
larger than those of ear plugs obtained from females.

Although the larger collections obtained in recent years may be taken as direct 
measures of the age composition of the corresponding commercial catches 
(Chittleborough 1962), the best estimate of the age distribution within the catch is 
obtained by applying the age-length key derived from the age sample to the length 
frequency distribution of the commercial catch (as discussed in Section I(¿)(i)).
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For a catch from which the age sample was small or not obtained, the most suitable 
age-length key should be applied to the length frequency distribution of that catch. 
Some care is required in the choice of the age-length key most applicable in such 
instances, because the age-length relation has been shown to vary from one catch 
to another from the same population as detailed in Section 111(c), Selection of large 
whales may take the older whales almost at random, but from each of the younger 
age groups will take only the largest individuals. When most of the large whales 
have been removed by prolonged selective killing, only small individuals remain to

T a b l e  21

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from New Zealand, 1949-62—Males*

Body
Length

(ft)
1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

34 1 6 2 1 2 1 1 1
35 5 1 6 4 7 14 5 6 6 9 8 11 3 2
36 3 3 7 1 5 7 5 8 9 4 18 32 5 4
37 8 2 3 5 1 5 7 8 13 11 14 26 4 2
38 7 1 7 1 1 5 5 3 5 13 23 26 3 4
39 10 6 5 6 5 10 2 6 9 10 15 20 1 2
40 13 8 7 10 8 12 11 7 14 12 23 23 5
41 9 11 8 11 3 16 6 12 14 10 24 27 10 2
42 15 7 9 8 8 12 8 7 9 18 24 17 4 1
43 2 9 8 8 12 6 8 9 13 7 9 20 8 3
44 9 2 5 5 6 6 6 4 4 10 16 13 4 1
45 4 2 3 6 3 4 4 5 2 4 5 7 3
46 2 2 3 2 2 1 1 1 1 1
47 2 1 1 1 3 1 1 1 2
48 2 2 1 1 1
49 1
50 1 1

Total 89 52 72 73 65 103 71 80 102 112 181 227 50 23

Mean 
length (ft) 40-47 40-75 40-17 40-51 41 0 8 39-86 40-56 40-24 39-75 40-11 39-92 39-55 40-38 38-91

* D ata from International Whaling Statistics.

be taken from the younger age groups. The few large whales in the catches will then 
be relatively young (fast growing) individuals which had escaped the catches for a 
time.

In estimating the age composition of the catches of males, the age-length 
key from each age sample was applied to the length frequency distribution of the cor­
responding catch, for each of the annual catches of males from the west coast from 
1957 to 1962 (Table 25), and from the east coast in 1957, and from 1959 to 1962 
(Table 26). For the catch of males taken on the east coast in 1958, a combined age- 
length key for all males aged on the east coast from 1957 to 1961 was applied to the 
length frequency distribution of the 1958 catch.
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The size composition of catches of males from the east coast was fairly constant 
from 1952 to 1960 (Fig. 22) and there was little evidence of change in the age-length 
relation in collections of ear plugs obtained from 1957 to 1961. Therefore, a single 
age-length key, prepared from all males aged on the east coast from 1957 to 1961, 
was applied to the length frequency distribution of the east coast catches of males 
in each year from 1952 to 1956, to establish the age composition within catches of 
east coast males of those years.

T a b l e  2 2

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from New Zealand, 1949-62—Females*

Body
Length

(ft)
1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

33 1
34 3 1 2 1 1
35 3 2 6 6 6 2 7 8 2 7 6
36 3 1 6 5 10 5 5 1 10 14 9 2 2
37 3 4 1 1 2 3 4 4 9 7 16 9 4
38 4 2 3 5 2 5 2 1 8 16 6 1
39 5 1 8 1 2 3 1 6 7 3 10 9 3 3
40 6 2 3 2 7 7 1 4 3 10 12 1
41 7 4 3 2 4 7 1 6 9 6 10 12 1 1
42 5 3 5 7 2 7 7 3 6 5 5 16 3
43 3 3 5 5 5 7 3 2 7 9 14 7 4
44 4 2 4 3 3 4 1 8 11 8 13 9 5
45 9 2 3 2 4 2 3 6 4 7 14 13
46 2 1 3 3 6 1 6 6 6 8 12 1
47 1 3 3 1 2 1 5 1 1
48 1 2 2 2 2 2 2 3 1 1 1
49 2 2 3 1 1 1 2 2
50 1
51 1

Total 52 27 39 48 44 77 41 63 80 71 137 134 30 9

Mean 
length (ft) 41-58 41 07 41-18 4 0 1 0 41-45 40-83 40-51 41-03 41-16 41-42 40-93 41-02 40-60 39-44

* D ata from International Whaling Statistics.

Catches of males from the east coast from 1957 to 1961 appeared to be from a 
stock still containing a greater accumulation oT'Old males than found in catches of 
the same years from the west coast of Australia (Chittleborough 1962). The lengths 
of the males taken on the west coast in earlier years (1949-1956) were generally greater 
than those of more recent years (Table 14). In the earlier years the group IV popu­
lation probably contained an accumulation of old whales, although because of its 
previous history of exploitation (Section IV), the group IV population would not 
have contained, in the 1950’s, as great an accumulation of old whales as the group V 
population.
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The size composition of the catches of males from the west coast in the early 
1950’s was intermediate between the size composition of aged samples of males taken 
on the west and east coasts from 1957 to 1961 (Fig. 23). The age composition of

T a b le  23

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic — Males*

Length (ft) 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

23 3
24 1
25 3
26 5
27 4
28 6
29 1 3
30 1 1 14 1
31 8
32 5 1 22
33 7 1 3 26 i 1 1
34 3 1 14 4 ! 1 4
35 16 1 6 4 34 2 11 21 3
36 20 1 3 12 38 6 24 32 5
37 27 4 3 18 29 s : 32 40 9
38 26 6 3 20 1 45 17 i 34 44 25
39 55 3 1 20 48 20 67 53 27
40 73 12 8 31 63 18 ¡ 70 46 19
41 60 15 10 24 17 6 ¡ 53 55 9
42 62. 15 4 39 31 4 82 43 11
43 38 6 3 11 20 3 55 33 4
44 21 8 4 15 11 2 17 17 14
45 17 5 5 8 7 1 8 9 4
46 3 * 2 4 3 3 3
47 4 1 1 3 1 3 1
48 1 1
49
50 1 1
51
53 1

Total 441 79 51 212 0 457* 91 0 0 458t 407 135 0

Mean length (ft) 40 01 40-94 39-98 40-26 37-32 38-90 40-28 39-71 39-99

* From original records of F.F. Olympic Challenger.
t  Adjusted values.

catches of males from the west coast each year from 1949 to 1956 was estimated by 
applying to the length frequency distribution of each of these years a pooled age- 
length key obtained from all males aged on the west and east coasts in the period 
1957 to 1961 (Table 25).
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The age composition of catches of males at Norfolk I. was determined by 
applying an age-length key obtained from ear plugs collected there from 1957 to 1961, 
to the length frequency distribution of each year’s catch, with the results shown in 
Table 27.

T a b le  24
GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic — Females

Length (ft) 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961

25 1
26 3
27 2
28 1 3
29 4
30 1 1 10
31 6 3 1
32 5 1 16 1
33 6 1 21 1 1
34 3 19 1 4 2
35 19 1 5 11 35 2 4 10 1
36 17 1 2 11 27 8 19 25 2
37 11 1 4 13 22 13 26 32 7
38 33 2 4 10 39 12 21 37 17
39 26 2 2 13 33 13 55 48 19
40 48 8 3 29 78 15 41 56 18
41 54 8 7 17 59 11 57 47 12
42 61 11 11 48 84 5 53 49 17
43 57 7 13 32 60 10 64 45 16
44 50 18 12 32 53 5 30 57 12
45 28 10 15 32 38 5 28 34 8
46 20 9 8 22 19 1 17 35 6
47 11’ 2 4 10 8 2 8 17 10
48 5 2 3 5 3 2 9 3
49 1 1 3 2 9 5
50 2 2 1
51 5 1

Total 462 83 95 292 0 640* 103 0 0 4271 524 158

Mean length (ft) 41-00¡42-99 42-49 42-01 39-79 39-92 41-26 41-56 41-72

* From  original records of F.F. Olympic Challenger.
t  Adjusted values.

In the case of the females, ovaries were used for assessing the age composition 
of catches, since the samples of ovaries were far larger than those of ear plugs. -An 
age-length key based on ovarian data does not separate immature and pubertal 
females (ovary group “O”) into age groups: this was done by means of collections 
of ear plugs from immature and pubertal females.

From the discussion of selectivity in Sections I(6)(i) and V(¿>), the sequence of 
recent whaling on the west coast of Australia can be divided into three broad periods.
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From 1949 to 1954 selection was at a low level; from 1955 to 1958 selection was high 
and effective; while from 1959 to 1962 selection was ineffective as the large whales 
had been removed from the population. An age-length key was prepared from the 
ovarian data collected on the west coast in each of these periods, and applied, to the 
length frequency distribution of the annual catches within the respective periods, 
with the results shown in Table 28.

There have also been changes in selection of catch on the east coast of Australia, 
but not of quite the same magnitude, and though there has been a shift in the sizes 
and ages of whales taken, this has not resulted in a significant change in the age-length 
relation. Hence, the age composition of each year’s catch of females from the east 
coast was determined by applying the length frequency distribution of that year’s 
catch to a pooled age-length key containing all the ovarian data collected on that 
coast from 1952 to 1962, with the results shown in Table 29.
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Fig. 22.—Mean lengths o f annual catches of male and female hump­
back whales from the east coast of Australia, 1952-62.

The age composition of catches of females at Norfolk I. was estimated by 
applying an age-length key obtained from ovarian data collected there from 1956 
to 1961, to the length frequency distribution of each year’s catch, with the results 
shown in Table 30.

The age composition of these catches reflect the changes in size composition 
already discussed. The mean age of the adult males captured from the group IV 
population, was initially lower, and declined more rapidly, than that of the females 
(Table 31). The mean age of adults captured from the group V population remained 
at a relatively high level, falling abruptly in the last 2 years, the mean age of the 
females falling to a lower level than that of the males.

(d) Physiological Condition
(i) Immature Fraction

Because of the application of the minimum legal length, the immature individuals 
will always be a smaller proportion of the commercial catch than they are of the 
whole population. Since the mean length at puberty of females is greater than that
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of males, i.e. 38 ft 6 in. for females (Chittleborough 19556), and 36 ft 9 in. for males 
(Chittleborough 1955a), commercial catches will contain higher percentages of 
immature females than of immature males. Nevertheless, the proportions of im­
mature males and females in the catches at a particular locality should remain con­
stant from year to year if the level of selection and the composition of the population 
do not change. Tables 32 and 33 show that the percentages of immature males

T a b l e  25
GROUP IV POPULATION OF HUMPBACK WHALES

Estimated distribution of age in annual catches of males from the west coast of Australia, 1949-62*

Age
(yr) 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

2 0 3 3 7 8 6 2 2 3 7 5 4 7 6
3 4 11 40 54 72 70 28. 25 27 29 17 50 76 88
4 12 20 81 81 110 118 55 50 67 70 77 54 82 72
5 20 34 129 101 119 123 87 85 125 115 67 67 56 85
6 19 36 131 96 106 106 90 91 81 106 71 37 39 17
7 13 25 92 60 63 61 60 66 77 45 34 18 24 16
8 9 18 66 42 40 37 40 49 45 25 24 13 7 8
9 9 18 65 40 39 34 39 51 39 43 5 8 6 3

10 6 12 41 26 24 21 25 33 26 5 10 5 5 2
11 6 11 37 22 21 17 22 30 17 15 8 2 4
12 5 9 31 19 17 15 18 25 4 12 3 3
13 5 9 33 21 18 15 20 28 15 17 1 2
14 3 5 17 10 9 8 11 15 13 4 3
15 2 4 14 9 8 6 8 12 6
16 3 5 19 11 11 9 11 17 4 6 1
17 3 4 17 10 9 7 10 14 3 2 1
18 2 3 11 7 5 4 6 9 2
19 2 3 10 6 6 4 6 9 4
20 1 2 8 5 5 4 4 6 6 3 1
20+ 11 18 62 39 36 27 38 59 21 10 6 5

Total catch 135 250 907 666 726 692 580 676 583 509 331 271 306 304

* Using separate ear plug age-length keys of individual samples in each of 1957, 1958, 1959, 
1960, 1961, and 1962. For period 1949-56 using combined age-length key; west coast plus east 
coast, 1956-61.

and females in samples of the catches from the west and east coasts of Australia 
have not remained constant during the last decade. Percentages of immature whales 
generally increased from 1951 to 1954, decreased for a time when the level of selec­
tion was raised from 1955, then increased as the mature stock decreased in size. 
The recent increase in the percentage of immature whales captured from the group V 
population (Table 33) was far more abrupt than the change in catches from the 
group IV population (Table 32).

(ii) Pregnant Females
As discussed by Chittleborough (1958a), pregnant individuals constitute a 

greater proportion of the catch of mature females in the Antarctic (summer months)
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than of the catches of mature females from lower latitudes (winter months). This is 
because females carrying near-term foetuses are later than other females in their 
northward migration (Section II(d)(ii)), and give birth very soon after reaching 
temperate regions. On the other hand, as most conceptions take place during August, 
catches in September and Oetober (also from temperate and subtropical regions) 
will include females in the very early stages of pregnancy. These small embryos are 
not easy to locate, and so are not always recorded.
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Fig. 23.—Size composition of males in the catch from the west coast of Australia 
in 1951 compared with size composition of east and west coast samples of males 

aged by means of ear plugs.

As shown in Section Ill(a)(iv), the average annual birth rate for this species 
is 0-37, there being 37-2% of the mature females pregnant at one time. No evidence 
has been found of any variation in the birth rate which might be related to changes 
in population size brought about by commercial exploitation.

VI. P o p u l a t io n  D ensity

(a) Fishing Effort and Catch per Unit Effort

The abundance of whales at one time or place relative to another can be com­
pared using measurements of catch per unit effort, provided that effort is expressed 
in terms of a unit which has the same value at all times and places. The unit of 
effort might be defined as the operation of a vessel, gunner, and crew of standard 
efficiency or “catching power” in unit area of ocean for unit time. Units of time or 
area are simple enough, but the catching power is a complex thing, combining the

445



92 R . G . CHITTLEBOROUGH

abilities of the vessel, crew, and gunner, to locate, chase, and kill whales. The catch­
ing powers of whaling vessels are variable and have been increased over the years 
as vessels have increased in size, range, speed, and power; as navigational and whale 
finding aids have been installed ; and as gunners and crews have gained in experience.

While all would agree that the unit of effort should be based upon a vessel 
(and crew) of standard catching power, as yet no one has succeeded in calibrating 
all the factors affecting the catching power of vessels, so enabling the catching powers 
of whaling vessels to be measured in terms of a standard unit.

T a b l e  2 6

GROUP V POPULATION OF HUMPBACK WHALES

Estimated distribution of age in annual catches of males from the east coast of Australia, 1952-62*

Age (yr) 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

2 . 2 1 1 2 2 0 0 0 5 5
3 16 18 23 19 15 14 12 3 26 67 28
4 28 31 31 25 23 28 20 18 13 72 10
5 45 51 53 41 40 43 38 52 41 44 21
6 56 63 65 55 55 57 52 58 69 46 10
7 42 48 47 42 42 27 42 43 41 47 1
8 35 39 38 36 37 32 39 37 44 28 5
9 34 38 36 36 36 22 40 35 45 32 5

10 24 27 27 29 28 27 30 39 30 7 3
11 21 25 24 25 25 30 27 43 17 6 2
12 21 25 24 25 24 17 27 24 24 21 3
13 20 24 23 '26 25 30 27 30 30 10 0
14 10 11 12 13 13 16 14 6 16 6 0
15 11 12 12 12 12 17 14 23 10 6 2
16 12 14 14 16 15 17 18 23 16 5 1
17 11 13 13 15 15 9 17 21 13 8 1
18 8 10 9 11 10 13 14 10 4 8 1
19 7 8 8 9 9 4 12 16 14 1 0
20 5 6 5 6 5 7 6 7 8 3 0
20+ 40 45 46 53 54 80 62 55 35 26 2

Total catch 448 509 511 494 485 492 511 543 496 448 100

* Using separate ear plug age-length keys of individual samples in each of 1957, 1959, 1960, 
1961, and 1962. For 1958, and period 1952-56, using the combined age-length key of all east coast 
male samples 1957-61.

The unit of effort used so far in whale research is the “catcher’s day’s work”, 
introduced by Hjort, Lie, and Ruud (1933). This unit refers only to days when 
hunting was in progress: days lost by individual catchers due to adverse weather, 
mechanical failure, etc., should not be included as fishing effort. Hjort, Lie, and 
Ruud were well aware that the catcher’s day’s work was not a constant unit of effort, 
but at that time they considered that the variable factors were of minor importance 
in relation to changes in the size of the stock.

The importance of some of these variable factors can be demonstrated from 
data obtained in recent years from whaling operations along Australian coasts.
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The catcher’s day’s work is based on a 24-hr period, a variable portion of 
which is spent in actual whale hunting. In their earlier years of operations, Australian 
whaling stations generally had greater daily catching power (of the vessels) than 
the daily processing capacity (of the factory). Because of this, catching vessels 
were very often allotted a limited number of humpback whales to be killed in a day. 
In successive years the average catch per catcher’s day’s work increased (Fig. 24)

T a b l e  27
GROUP V POPULATION OF HUMPBACK WHALES

Estimated distribution of age within catches from Norfolk I. — Males*

Age
(yr) 1956 1957 1958 1959 1960 1961 1962

2
3 4 3

1
1

1
7 4 7

4 5 4 2 8 7 7
5 4 3 2 7 7 6
6 3 4 3 5 5 5
7 1 1 1 1 1 2
8 4 5 3 4 6 6
9 4 4 3 3 4 5

10 7 8 5 8 9 11
11 7 8 5 4 5 8
12 5 5 4 7 7 8
13 5 6 4 4 6 8
14 5 6 4 5 6 8
15 6 5 4 4 5 6
16 5 4 3 4 3 5
17 1 2 1 1 1 2
18 2 3 2 2 2 4
19 2 2 1 2 3 2
20 1 1 1 1 1 2
20+ 21 19 13 12 14 22

Total
catch 92 93 63 90 96 124 3

* Applying age-length key from Norfolk I. ear plugs, 1957-61, to length 
frequency distribution of catches.

as the improved factory capacity and efficiency enabled whales to be processed (and 
hence killed) more rapidly. If the unit of effort (the catcher day) had been constant, 
such an increase in the rate of catching might well have been interpreted as the 
result of an increase in availability of whales.

On the other hand, the use of the catcher day as a unit of effort can mask a 
decrease in the availability of whales. For example, Table 34 shows that at Tanga­
looma in 1960 the catch per catcher’s day’s work was only slightly less than in previous 
years, but considerably more hours were spent hunting each day in 1960 than in 
previous years. In other words, a greater effort had to be expended each day in 1960 
in order to maintain a daily rate of catching similar to that in previous years.
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The number of hours spent in whaling during each catcher day may vary from 
one station to another (during the same year). For example, throughout the 1959 
season the catcher at Byron Bay maintained an average of 8-8 hr of steaming per 
day, while in the same year, catchers at Carnarvon averaged 12-7 hr of steaming 
per day. Catchers operating on these populations of humpback whales in Antarctic 
areas IV and V were presumably steaming (and hunting) for almost the whole of 
each 24 hr because of the prolonged period of daylight.

T a b l e  28

GROUP IV POPULATION OF HUMPBACK WHALES

Estimated distribution of age in annual catches of females from the west coast of Australia, 1949-62*

Age
(yr) 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

2 0 0 1 2 3 3 2 2 2 2 2 2 2 2
3 4 11 27 40 58 66 41 26 40 36 45 36 49 41
4 4 12 29 43 63 72 45 29 44 39 49 39 53 45
5 4 12 28 43 61 70 44 28 43 39 48 38 52 44
6 4 13 33 44 54 60 57 42 58 52 50 35 33 31
7 4 12 29 44 47 52 67 54 67 62 37 25 21 22
8 4 9 22 34 37 38 45 37 46 40 26 19 14 14
9 5 11 26 43 41 41 34 29 36 31 20 15 11 13

10 3 7 15 26 23 25 27 24 28 24 13 8 6 5
11 4 8 18 32 30 30 24 21 24 19 13 9 6 4
12 3 7 15 27 24 24 17 15 18 14 14 10 6 3
13 3 6 11 22 20 21 16 16 16 12 8 6 4 2
14 2 4 9 16 14 15 16 15 16 13 5 4 2 1
15 1 3 6 12 11 11 16 16 16 12 4 3 2 0
16 2 6 11 23 21 24 21 20 21 16 9 6 3 2
17 0 1 2 4 4 5 13 12 12 10 4 2 1 3
18 1 2 3 6 5 6 13 13 10 8 4 2 2 1
19 1 0 1 2 2 2 6 6 6 5 1 1 0 1
20 1 1 2 5 5 5 7 6 6 4 2 1 0 1
20 + •5 12 22 48 48 47 32 33 27 20 15 13 5 4

Total catch 55 137 310 516 571 617 543 444 536 458 369 274 272 239

* Using separate ovary age-length keys, 1949-54, 1955-58, 1959-61, on length frequency of 
catches. Ovary group “O” converted to age on ear plug data.

The number of hours per day spent in whaling can vary, during a season at one 
locality, inversely to changes in density of whales passing that point. For example, at 
Tangalooma in 1960, from June 6 to 15 there was a mean of 10-35 hunting hours 
per catcher day. From July 6 to 15 (height of migration past this station) a mean of 
7-95 hunting hours per catcher day, and from August 6 to 15 (end of northward 
migration) a mean of 10-68 hunting hours per catcher day.

The hours spent hunting on a particular day might be reduced because of 
adverse weather, yet the unit of effort, the catcher’s day’s work, rates such a day as 
of equivalent fishing effort as a day when it was possible to stay on the whaling
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grounds throughout daylight hours. This effect of weather upon the hours spent 
whaling might be expected to occur at random, so that it might not be important 
when comparing rates of catching over long periods of time. Nevertheless, whalers 
have claimed that adverse weather conditions have been the real cause of an apparent 
decrease in density of whales from one year to another {Chittleborough 1960a).

T a b l e  2 9

GROUP V POPULATION OF HUMPBACK WHALES

Estimated distribution of age in annual catches of females from the east coast of Australia, 1952-62*

Age (yr) 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962

2 0 1 1 1 1 1 1 1 1 2 5
3 13 18 21 17 15 18 12 15 20 h5 18
4 14 20 22 19 17 20 13 17 22 50 12
5 14 19 22 18 16 20 13 17 21 49 11
6 15 20 23 22 20 21 18 22 30 27 10
7 12 16 16 17 16 16 15 17 24 17 4
8 13 17 17 18 19 19 17 21 27 17 2
9 10 12 11 14 16 14 13 17 20 11 1

10 8 10 10 12 15 12 12 16 17 8 2
11 8 10 9 12 14 12 13 16 18 9 2
12 7 8 8 11 13 11 11 15 16 7 2
13 5 6 6 8 10 8 9 11 12 6 1
14 5 6 5 7 9 7 7 10 10 4 0
15 3 3 4 5 6 5 6 7 8 4 0
16 6 7 7 10 12 10 11 14 15 7 0
17 2 2 4 5 5 . 5 5 7 7 3 0
18 2 2 2 3 4 3 4 5 5 .2 0
19 1 1 2 2 2 2 2 4 3 * 1 1
20 1 1 2 2 2 3 3 3 4 1 0
20+ 11 12 15 23 23 22 24 32 34 13 2

Total catch 150 191 207 226 235 229 209 267 314 283 73

* Applying age-length key for combined ovary samples east coast 1952-61, to length frequency 
distribution of each year’s catch. Ovulation group “O” distributed on ear plug data.

The examples given above show that the catcher day is not a constant unit of 
time. In an attempt to obtain a more precise unit within which to measure fishing 
effort, all available ships’ logs from Australian whaling companies were examined. 
Where a log had been kept in detail, it was generally possible to dissect each day’s 
operations into various categories, namely :

(1) Total steaming time; all the time absent from moorings, irrespective of 
duties.

(2) Steaming time on that day’s whaling; this excludes time spent away from 
moorings when engaged in bunkering, victualling, moving whales moored 
from the previous day’s catch, and other transport duties.

(3) Steaming time hunting (and killing) whales ; this excludes time spent steam­
ing out to whaling grounds from the previous night’s anchorage, and also

449



96 R. G . CHITTLEBOROUGH

excludes time spent towing whales back to the station (and returning to 
the whaling grounds). Obviously the hunting time is restricted to daylight 
hours, whereas (2) may include several hours of darkness.

The “catcher’s steaming hour”, from category (2), is a more precise measure 
of whaling effort than the catcher’s day’s work, as any time at anchor when the 
factory does not require more whales, is omitted. It also eliminates parts of days 
lost due to minor repairs, refuelling, adverse weather, etc. Hours spent towing the 
catch back to the station are included in this unit of effort. Certain vessels can tow 
fewer whales, and at slower speeds, than others, so that their average catch per 
steaming hour may be depressed below that of other vessels of equal hunting efficiency 
but more suited to towing whales.

T a b l e  30

GROUP V POPULATION OF HUMPBACK WHALES

Estimated distribution of age within catches from Norfolk I. — Females*

Age
(yr) 1956 1957 1958 1959 1960 1961 1962

3 6 2 2 2 6 5
4 6 2 2 3 6 6
5 6 2 2 3 6 6
6 4 3 3 3 5 4
7 3 1 3 2 6 2
8 2 1 2 2 4 i !
9 3 2 4 3 4 2 i

10 1 2 2 2 1
11 2 2 3 3 5 2
12 1 1 2 3 3 1
13 1 2 2 1 1
14 1 I 2 1 1 1
15 2 1 2 3 2 1
16 2 1 3 3 3 1
17 1 1 2 2 1 1
18 1 1 1 1
19
20 1 2 3 2 1
204- 15 7 , 18 19 16 10

Total 58 27 57 60 74 46 1

* Applying age-length key from ovaries Norfolk I., 1956-61, to length 
frequency distribution of catches.

The “catcher’s hunting hour”, derived from category (3) above, is in theory the 
most precise measure of whaling effort. However, many ships’ logs had not been 
entered in sufficient detail for this to be extracted for each day’s operations, and 
consequently the catcher’s steaming hours had to be taken as measure of effort for 
vessels operating at Point Cloates, Carnarvon, and Albany.

At Tangalooma and Byron Bay, catchers’ hunting hours could be tallied. A 
catcher’s steaming hour at the former station was. not equal to a catcher’s steaming
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hour at other stations, because at Tangalooma one of the whaling vessels was stationed 
on the whaling grounds each day to act solely as a towing vessel. Thus, although 
the catching vessels might tow some whales to the station, their steaming time included 
a much lower proportion of towing time than did the steaming time of catchers at 
other stations.

The effective length of the catcher day has also been increased by mooring 
the catchers closer to the whaling grounds, and by the use of spotting aircraft. The 
increased effort achieved by these means has been calculated in terms of catcher 
hours (Chittleborough 1962).

T a b l e  31

MEAN AGES OF ADULT HUMPBACK WHALES (OVER 5 YEARS OLD) IN CATCHES FROM THE WEST AND EAST
COASTS OF AUSTRALIA

Year

Males Females

Year

Males Females

Number
Taken

Mean
Age
(yr)

Number
Taken

Mean
Age
(yr)

Number
Taken

Mean
Age
(yr)

Number
Taken

Mean
Age
(yr)

i

West coast East coa sí
1949 99 1116 43 11-98 1949 — —

1950 182 10-82 102 11-52 1950 — —

1951 654 10-78 225 11-04 1951 — —

1952 423 10-58 388 11-72 1952 357 11-48 109 11-34
1953 417 10-29 386 11-47 1953 408 11-52 133 10-99
1954 375 9-86 406 11-37 1954 403 11-52 141 11-33
1955 408 10-59 411 11-20 1955 409 12-01 171 11-94
1956 514 11-24 359 11-65 1956 405 11-99 186 12-06
1957 361 9-56 407 10-96 1957 405 12-87 170 11-98
1958 288 8-61 342 10-66 1958 441 12-32 170 12-36
1959 165 8-02 225 10-13 1959 470 12-20 217 12-52
1960 96 8-47 159 10-24 1960 416 11-31 250 12-08
1961 85 7-31 116 9-22 1961 260 10-75 137 10-83
1962 53 8-02 107 9-00 1962 36 10-08 27 9-12

In the conversion of aircraft flying hours into equivalent catcher hour units, 
a rather arbitrary relation was assumed, i.e. 1 aircraft flying hour equals 5 catcher 
steaming hours. This relation can be calculated where sighting records were made 
simultaneously from catchers and aircraft operating in the same area at the same 
time. For example, off Albany, in the winter of 1961, two catchers sighted 226 hump­
back whales in a total of 605 steaming hours. Then 2-68 hours of steaming were 
required to sight one humpback whale. In the same period, the spotting aircraft 
sighted 241 humpback whales in 144-6 flying hours, i.e. 0-60 flying hours for each 
humpback whale sighted. In this instance, 2-68 catcher steaming hours were equiva­
lent to 0 • 60 aircraft flying hours, or 4 • 7 catcher steaming hours were 'equivalent to 1 
flying hour.

The relation between the catcher’s steaming hour and the aircraft’s flying hour 
would no doubt vary for different aircraft, catchers, personnel, and localities, but
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in the case where the ratio could be calculated, the result was close to the value of 
5 catcher steaming hours is equivalent to 1 aircraft flying hour, which has been 
used in calibrating fishing effort.

T a b l e  32

GROUP IV POPULATION OF HUMPBACK WHALES

Immature whales in samples of catches from the west coast of Australia

Males Females

Number Percentage
Year Total Number Number Percentage Total Number Immature Immature

Catch Examined Immature* Immature* Catch Examined and
Pubertal

and
Pubertal

1951 9 0 7 3 95 36 9 1 3 1 0 9 0 2 0 2 2 - 2
1 9 5 2 6 6 6 161 35 2 1 - 7 5 1 6 2 7 8 59 2 1 - 2
1 9 5 3 7 2 6 111 37 3 3 - 3 56 9 2 4 6 93 3 7 - 8
1 9 5 4 6 9 2 — — — 61 7 15 0 4 4 2 9 - 3
1955 5 8 0 — — — 53 8 — — —
1 9 5 6 6 7 6 — — — 4 4 3 2 7 9 34 1 2 - 2
1957 583 4 8 8 6 6 13 ■ 5 53 6 521 1 34 2 5 - 7
1958 5 0 9 4 3 9 79 1 8 0 4 5 8 4 3 8 11 4 2 6 0
1 9 5 9 331 2 5 4 88 3 4 - 6 36 9 35 2 12 4 3 5 - 2
1 9 6 0 271 2 0 8 54 2 6 0 2 7 4 263 12 0 4 5 - 6
1961 3 0 6 291 137 4 7 1 2 7 2 26 3 157 5 9 -7
1 9 6 2 30 4 2 8 0 1 4 2 5 0 -7 2 3 9 2 3 0 129 5 6 -1

* Testes weights at or less than 4 kg.

T a b l e  33

GROUP V POPULATION ON HUMPBACK WHALES

Immature whales in samples of catches from the east coast of Australia

Males Females

Year Total Number Number Percentage Total Number Number Percentage
Catch Examined Immature* Immature* Catch Examined Immature Immature

19 5 2 4 4 8 23 3 32 1 3 -7 150 1 02 2 4 2 3 - 5
1953 5 0 9 2 0 0 25 1 2 -5 191 1 20 37 3 0 - 8
1954 511 2 9 8 36 1 2 1 2 07 148 4 9 3 3 -1
195 5 4 9 4 — — — 2 2 6 114 2 4 2 1 -1
1 9 5 6 4 8 5 6 0 2 3 - 3 2 35 139 25 1 8 0
19 5 7 4 9 2 2 1 5 13 6 1 2 2 9 183 49 2 6 - 8
1958 511 2 0 5 17 8 - 3 2 0 9 121 2 9 2 4 0
195 9 54 3 2 7 3 8 2 - 9 2 6 7 2 0 5 4 6 2 2 - 4
19 6 0 4 9 6 29 3 2 2 7 - 5 3 1 4 2 1 2 4 4 2 0 - 8
1961 4 4 8 4 4 6 151 3 3 - 9 2 8 3 26 3 143 5 4 - 4
196 2 1 0 0 100 4 4 4 4 - 0 73 73 39 5 3 - 4

* Testes weights at or less than 4 kg.

When using the catch per unit effort to compare the abundance of whales from 
one year to another, it is important that the effort was applied during the same
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period of time in those years, because as shown by Chittleborough (1962, Figs. 4, 5, 
and 12; 1963 Fig. 6; and Figs. 3 and 4 in the present paper), the abundance of whales 
changes during the season, as the northward and southward migrating streams pass 
each shore station. The opening date and length of season has fluctuated at each 
Australian whaling station, but in most cases the stations were operated throughout 
the greater part of the northward migration. At Carnarvon the relative abundance 
(catch per unit effort) of humpback whales was measured each year from June 25 to 
August 26 (this being the only catching period common to every year from 1951 
to 1962). At Tangalooma the relative abundance of humpback whales was measured 
each year from June 10 to August 5.
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Fig. 24.—Average annual catch (humpback whales) per catcher’s day’s 
work at shore stations on the west coast of Australia.

In the measurement of fishing effort, variations in the “catching power” of 
whaling vessels present more difficulties than the units of time. The Australian 
whaling industry has employed as wide a range of types of vessels for hunting whales 
(Table 35), as could be found engaged in whaling in most other countries. Vessels 
differed very greatly in size, age, speed, manoeuvrability, towing power, and ability 
to operate successfully in heavy seas. Two small speedy launches, working together 
as one unit in coastal whaling, and the large steel “Antarctic”-type chaser, were 
not equivalent units of effort, nor would the relative efficiency of one type to the 
other, have remained the same under varied operating conditions (such as weather, 
or configuration of the coastline).

Table 34 shows that similar vessels, operated in the same locality, at the same 
time, by gunners of similar experience, achieved similar rates of catching. When 
dissimilar vessels, operating in one locality at the same time, are compared (Fig. 25), 
their contrasting rates of catching reflect their various efficiencies, during a period 
when whales were plentiful. However, when the population had been depleted, rates 
of catching converged to similar low levels, indicating that differences in catching 
power were of little importance when whales were scarce.

A number of the catchers have operated in each of the past 12 seasons on the 
Australian coast. This simplifies the analysis of fishing effort, because as pointed out 
by Hjort, Lie, and Ruud (1933), operations by the same vessels can be compared 
directly from one season to another. For present purposes, four catchers which
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T a b le  34
OPERATIONS OF CATCHERS AT TANGALOOMA DURING PERIOD JUNE 10-AUGUST 5 OF EACH SEASON, 1 9 5 3 -6 2

Year Vessel
Total
Days

Hunting

Total
Hours

Hunting

Total 
Humpback 

Whales Killed

Average 
Hunting Hours 

per Day

Average 
Whales per 
Catcher’s 

Day’s Work

Average 
Whales per 

Hunting Hour

Average 
Hours 

per Whale

1953 K os I 55 247 171 4-49 3-11 0-69 1-44

1954 K os VII 50 2 9 l i 157 5-83 3 1 4 0-54 1 -86

1955 K os II 45 312J 234 6-94 5-20 0-75 1-34
Kos VII 56 326 263 5-82 4-70 0-81 1-24

Total 101 638J 497 6-32 4-92 0-78 1-28

1956 Kos II 55 367 265 6-67 4-82 0-72 1-38
K os VII 55 374 257 6-80 4-67 0-69 1-46

Total 110 741 522 6-74 4-75 0-70 1-42

1957 K os  I 55 387J 270 7 0 5 4-91 0-70 1-44
K os  II 55 373i 274 6-79 4-98 0-73 1 -36

Total 110 761 544 6-92 4-95 0-71 1-40

1958 K o s l 55 389^ 291 7 08 5-29 0-75 1 -34
K os II 54 398J 300 7-38 5-56 0-75 1-33

Total 109 788 591 7-23 5-42 0-75 1 - 33

1959 K os I 57 401 i 302 7 0 4 5-30 0-75 1-33
K os II 57 418 305 7-33 5-35 0-73 1-37

Total 114 8194 607 7 1 9 5-32 0-74 1-35

1960 K os I 57 532J 270 9-34 4-74 0-51 1-97
Kos II 57 528£ 284 9-27 4-98 0-54 1-86

Total 114 1061 554 9-31 4-86 0-52 1-92

1961 K os I 56 534f 119 9-55 2-13 0-22 4-49
Kos II 57 5 5 0 i 131 9-66 2-30 0-24 4-20

Total 113 10851 250 9-60 2-21 0-23 4-34

1962 Loom a  II 47 4881 38 10-40 0-81 0-08 12-86
Loom a  III 47 500 30 10-64 0-64 0-06 16-67

Total 94 9881 68 10-52 0-72 0-07 14-54
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hunted each year on the west coast, and two which hunted each year on the east coast, 
have been used as standard units of catching power. The steaming or hunting hours 
of these catchers working in the same localities each year, and over the same period 
of time (during the northward migration), have been assessed. Adjustments have 
been made to the effort in those years where the effective hours were increased by 
the introduction of spotting aircraft or a change of moorings.' These adjustments 
have been made in terms of equivalent steaming or hunting hours by the catchers 
used as the standard.

T a b l e  35

SOME WHALE CATCHING VESSELS USED BY AUSTRALIAN COMPANIES

Vessel Hull Length (ft)
Tonnage

Engine
Gross Net

Carnarvon Steel 160 598 216 Steam
Tangalooma* Steel 147 392 294 Steam
Robert Moore Steel 138 374 155 Steam
Gascoyne Steel 137 344 123 Steam
Kos I Steel 125 254 97 Steam
Kos l í Steel 125 254 97 Steam
Kos VII Steel 125 253 108 Steam
Minilya Steel 116 248 118 Steam
Cheynes Steel 112 248 approx. 80 Steam
Haeremai Star Wood 112 120 78 Twin diesel
Point Cloates Wood 112 118 80 Twin diesel
Vigilant Steel 98 101 26 Twin diesel
Norfolk Whaler Wood 119 217 91 Twin diesel
Byrond I Wood 109 113 90 Twin diesel
Cascade Wood 36 Approx. 5 

weight)
tons (dead Petrol

Kingston Wood 36 Approx. 5 tons (dead 
weight) j

Petrol

* Used for towing only.

The unit of effort used for the Australian seasons prior to 1955 was not precisely 
the same as that from 1955 onwards. Owing to a reduction in quota, a more vigorous 
management policy made the unit fishing time more effective from 1955. Assuming 
that the mortality coefficient of 1954-55 was the mean of the 1953-54 and the 1955-56 
mortalities, then the effort units in 1954 and earlier years have to be reduced by a 
factor of 0 • 7 to equate them with the effort units of 1955 and later years.

From the adjusted effort, in standard units, applied each year by the same 
catchers operating in the same locality over the same period of time, and the catch of 
humpback whales taken by these same vessels under those conditions, indices of 
relative abundance (catch per unit effort) have been calculated for each year (Table 36).

Estimates of the total annual effort on the west coast of Australia were obtained 
for each winter season by multiplying the adjusted effort of the standard west coast 
catchers by the ratio of the total west coast catch to the catch by the standard catchers. 
The Antarctic (area IV) effort was estimated by dividing the catch in each summer
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by the mean catch per unit effort of the standard west coast catchers during the 
two adjacent winters (Table 37). Corresponding estimates of total annual effort 
applied within the group V population were made using the data from the catchers 
used as a standard on the east coast of Australia, and the annual catches from the 
various localities within the group V population (Table 38).

Humpback whale fishing effort in Antarctic areas IV and V had to be estimated 
in terms of the Australian units, partly because full details of the effort data were 
not available from these areas, and also because a variety of species was being hunted 
simultaneously in these southern feeding grounds, making it extremely difficult to 
separate from the overall Antarctic effort, that portion which had been applied to 
humpback whales.
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Fig. 25.—Catch per unit effort by four catchers operating on the west coast of 
Australia during the same period each year.

The total effort expended within a particular population of humpback whales 
and responsible for the estimated fishing mortality from a particular pair of years 
(Section VII), was estimated as the mean effort from the temperate regions in the 
winters of those 2 years, plus the corresponding Antarctic effort in the intervening 
summer.

(b) Changes in Abundance

Using the well-documented operations of certain Australian catchers, and 
after eliminating or adding weighted components for factors which varied the fishing 
effort in a particular year (where some measure could be mada of such factors), 
the estimated catch per unit effort gives an index of abundance of humpback whales 
from one season to another (Table 36). The values from the west cpast of Australia 
cannot be compared directly with those from the east coast of Australia as the catch­
ing power of the vessels used as standards in the two localities were not the same,
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and the unit of effort used on the west coast (catcher’s steaming hour) was not the 
same as that used on the west coast (catcher’s hunting hour). These differences 
cannot be resolved entirely, but the approximate relation would be that 1 standard 
unit of effort for the west coast was equivalent to 0 • 5 standard units for the east coast. 
The indices of abundance (catch per unit effort) are plotted in Figure 26 using this 
relation.

The two populations appear from Figure 26 tö have been initially of similar 
size. Although there was some decline in numbers soon after post-war whaling began, 
the abundance of humpback whales in the group IV population continued to be 
relatively high until 1954, whereas the group V population was relatively abundant 
until 1959. Since those years the populations have declined in numbers, the group V 
population decreasing more rapidly than the group IV population.

T a b l e  3 6

ADJUSTED EFFORT, HUMPBACK WHALE CATCH, a n d  CATCH PER UNIT EFFORT, BY CATCHERS ADOPTED AS 
STANDARD FOR OPERATIONS ON GROUP IV AND V POPULATIONS

Standard Catchers* from Group IV 
Population

Standard Catchers'! from Group V 
Population

Year Adjusted Humpback Catch per Adjusted Humpback Catch per
Effort (steaming Whale Catch Unit Effort (hunting Whale Catch Unit

hours) (number) Effort hours) (number) Effort

1950 341 162 0-475 __ — __

1951 995 422 0-424 — — —
1952 1568 544 0-347 — — —
1953 1465 517 0-353 176 171 0-972
1954 1852 650 0-351 208 157 0-755
1955 2378 580 0-244 638 497 0-779
1956 2631 467 0-178 741 522 0-704
1957 3351 489 0-146 761 544 0-714
1958 2847 350 0-123 788 591 0-750
1959 3015 271 0-090 820 607 0-740
1960 3957 245 0-062 1061 554 0-522
1961 6557 358 0-055 1085 250 0-230
1962 5524 284 0-051 989 68 0-069

* The same four catchers operating on the west coast of Australia from June 25 to August 26 
each year.

t  Two catchers operating on the east coast of Australia from June 10 to August 5 each year.

In 1962 the group V population was apparently smaller than the group IV 
population. This difference may have been even greater than indicated by the data 
in Figure 26, because in 1962 the two catchers previously used as the standard for 
the east coast data were replaced by two more modern catchers of considerably 
greater catching power. However, no adjustment was made to the data in order to 
allow for this change in catching power, because it has been shown above (Fig. 25) 
that when the abundance of whales has been reduced to a low level, differences in 
catching power of individual catchers are of minor importance.
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Jonsgärd, Ruud, and 0ynes (1957) claimed that in the Antarctic during the 
period from 1950 to 1956, the group IV and V populations of humpback whales had 
increased in abundance relative to the stocks of blue and fin whales. This has little 
meaning, for if blue and fin whale stocks were declining at faster rates than the 
humpback whale stocks, the humpback whales could appear to be relatively more 
abundant than the other species, yet decreasing themselves.

T a b l e  37

TOTAL EFFORT IN TERMS OF STANDARD CATCHERS EXPENDED ON THE GROUP IV POPULATION OF HUMPBACK
WHALES EACH YEAR FROM 1 9 4 9  TO 196 2

Effort on Males Effort on Females

Year West Coast Antarctic Total* West Coast Antarctic Total*
Australia Area IV Effort Australia Area IV Effort

1 9 4 9 2 7 8 113
7 4 5 11 4 7 89 5 10 9 6

1 9 5 0 5 2 6 2 8 8
1 0 4 0 2 3 7 2 1431 19 4 0

1951 2 1 3 8 731
141 5 3 4 4 4 150 5 2 6 1 5

1 9 5 2 1 9 2 0 14 8 7
2 9 4 2 2 8 2 2 5 7 18 0 9

1953 2 0 5 7 1618
3 78 2 3 9 3 35 5 2 0 4 3

1 9 5 4 1 9 7 2 17 5 8
4 0 2 2 1 5 54 2 0 4 6

1955 . 2 3 7 8 2 2 2 6
151 7 4 6 1 0 2 3 8 9 4 7 5 3

1 9 5 6 3 8 0 8 2501
0 3901 0 3 0 8 7

195 7 3 9 9 4 36 7 3
0 4 0 6 7 0 3 7 0 0

1 9 5 8 4 1 4 0 3 7 2 7
6 0 2 8 9 9 3 9 7 1 7 8 1 1 ,0 9 4

1 95 9 3 6 8 2 4 1 0 6
36 8 4 3 9 8 5 0 0 4 7 6 5

1 9 6 0 4 3 7 6 4 4 2 4
51 5041 17 4 7 2 0

1961 5 6 0 4 4 9 8 2
4 5 3 6 2 1 2 6 0 4 5421

196 2 59.13 465 1

* Catcher steaming hours.

(c) Changes in Distribution

As humpback whales have decreased in numbers from year to year, the catches 
at each Australian shore station have been dispersed over wider areas. This has not 
been caused by a change in the behaviour , of the migrating humpback whales, but 
because of the lowered density of the whales, forcing the catchers to scour larger 
areas of ocean in order to locate humpback whales of legal size.
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A typical example of the increased dispersion of catches is given in Figures 27 
and 28, showing the distribution of the catches by the Carnarvon station in 1951 and 
1962, respectively. By 1962 the catch was dispersed farther offshore as well as for a 
greater distance along the coast than in 1951, increasing accessibility and vulner­
ability, respectively.

In the 1951 season, the whales were captured within 40 miles of the coast, 
almost all within Shark Bay. Other whales which passed this latitude outside of 
Shark Bay. were not exposed to hunting at that time, i.e. they were not accessible to

T a b l e  3 8
TOTAL EFFORT IN  TERMS OF STANDARD CATCHERS EXPENDED ON THE GROUP V POPULATION OF HUMPBACK

WHALES EACH YEAR FROM 1 9 5 2  TO 1 9 6 2

Effort on Males Effort on Females

Year East
Coast Norfolk New Antarctic Total*

East
ç oast Norfolk New Antarctic Total*

Australia I. Zealand Area V Effort Australia I. Zealand Area V Effort

1952 461 75
218 782

154 49
300 523

1953 524 67
0 702

197 45
0 309

1954 677 136
596 1365

274 102
834 1196

1955 634 91
123 953

290 53
139 564

1956 689 131 114
0 948

334 82 90
0 489

1957 689 130 143
0 938

321 38 113
0 461

1958 681 84 149
615 1628

279 76 95
573 1112

1959 734 122 245 361 H 185
645 1980 830 1645

1960 950 184 435
359 2496

602 142 258
420 1701

1961 1948 539 217
0 2265

1230 200 130
0 1381

1962 1449 43 333 1058 14 129
♦Catcher hunting'hours.

the whaling operations of that year. By 1962 the catchers (assisted by spotting 
aircraft) had extended their operations up to 70 miles west of the whaling station, 
stretching right across the coastal migration path. The whole of this population was 
then exposed to hunting.

In 1951, the extreme range of the catch from north to south was less than 
60 miles (Fig. 27). A whale swimming at 2 \  knots would then take less than 24 hr to 
pass through the whaling area. Since half of the distance would have been travelled 
during darkness, some individuals could have passed through the whaling grounds
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without having been sighted. Thus vulnerability would have been relatively low 
within the whaling area occupied in 1951.

In 1962, the extreme range of the catch from north to south extended over 
160 miles. A whale travelling at 2 \  knots would in that year, take some 64 hr to 
migrate through the whaling area, so being exposed to hunting on 3 successive days. 
Vulnerability would then be very high during favourable weather.

GROUP V

Q l i i i i i i i 1 i i i I o  
1 9 5 0  1 9 5 2  1 9 5 4  1 9 5 6  1 9 5 6  1 9 6 0  1 9 6 2

Fig. 26.—Relative abundance (catch per unit effort) of humpback whales in 
group IV and V populations as measured each winter on the west and east coasts

of Australia.

Similar changes in the distribution of the catches have been recorded for the 
whaling stations at Albany, Tangalooma, Byron Bay, and Norfolk I. (Chittleborough 
1962).

VII. M o r t a l it y  

(a) Instantaneous Total M ortality Coefficients

Estimates of total mortality have been made from the age composition of 
Australian catches (Tables 25-30), weighted according to the total effort (Tables 37 
and 38) expended in making these catches. The catch in each season from each 
age group was divided by the value for total effort expended in the corresponding 
season, so that each of the Tables 25-30 was converted to age composition per unit
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of effort. This gives an index of abundance of whales in each age group at that time 
and locality, with the exception of some of the juvenile age groups which were not 
fully recruited into the catchable stock.

1 1 3 °E . 1 1 3 ° 3 0 '
195Î

TOTAL
CATCH

650
HUMPBACK

WHALES

2 4 °

10755

BERNIER 1.

i 116 224
CARNARVON

WHALING
STATION12

2 5 °

35 68
DORRE I.

SHARK BAY

2 6 °

Fig. 27.—Area off Carnarvon whaling station marked in squares, 10x10 nautical 
miles, showing in each square the number of humpback whales killed in 1951.

Let Ui be the catch per unit of effort at age i in a specified season and locality, 
and Ui+i the catch per unit effort at age i +  l in the same locality but one year later. 
Then :

Ui+ilUi =  S  =  e-z ,

where Z  is the total mortality coefficient. The survival rate (5) was calculated for 
each fully recruited age group in pairs of successive years, separate calculations 
being made for males and females on both the west and east coasts of Australia. For
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the older age groups (those exceeding 15 years of age) the numbers recorded in the 
catches were so few that the individual estimates of S  were unreliable. For these 
age groups a mean survival rate was calculated by the ratio of the total catch per unit 
of effort for all age groups from 15 years and over in year i+1, to the total catch per 
unit effort for all age groups from 14 years and over in year i.

1 I 3 ° E .  I 1 3 ° 3 0 '

1962
TOTAL
CATCH

503
HUM PBACK

W H A L E S

24

12

3815 21

64

B E R N IE R  I. C A R N A R V O N
W H A LIN G
ST A T IO N

2912

2 5

1315
□ O R R E  I.

26

S H A R K  BAY
12 38

17 24

IO 12

12

20

Fig. 28.—Area off Carnarvon whaling station marked in squares 10x10 nautical 
miles, showing in each square the number of humpback whales killed in 1962.

The instantaneous mortality coefficient (Z) was obtained for each age group 
from the value of S  using the tables prepared by Ricker (1958). This gives a number 
of estimates of Z for each sex, locality, and pair of years. A mean value of Z for 
each sex, locality, and pair of years was obtained, weighting the individual estimates
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of Z  for each age group by the number of whales upon which the estimáte was based. 
Total mortality from 1954 to 1955 was not calculated, owing to the change in the 
application o f effort between these years, as described in Section VI (a).

Table 39
INSTANTANEOUS MORTALITY COEFFICIENTS (Z) CALCULATED FROM CATCH AT AGE AND EFFORT DATA ON

WEST AND EAST COASTS OF AUSTRALIA

Year 1949-
50

1950-
51

1951-
52

1952-
53

1953-
54

1955-
56

1956-
57

1957-
58

1958-
59

1959-
60

1960-
61

1961-
62

Males 0-232 0-369 0-600 0-390
Group
0-382

IV pop 
0-425

dation
0-803 0-657 1-091 0-876 0-847 0-900

Females 0-226 0-318 0-315 0-283 0-215 0-360 0-391 0-366 0-803 0-670 0-802 0-539

Males — — — 0-254
Group
0-441

V popu 
0-264

lation
0198 -0 -0 1 0 0-194 0-476 1-562 1-577

Females — — — 0-325 0-507 0-167 0-233 - 0 0 1 4 0-139 0-512 1-561 1-753

The mortality coefficients derived from these calculations (Table 39) apply to 
the adult portion o f the relevant stock, since the juvenile age groups in most cases 
had not been fully recruited.

Table 39 shows that in the group IV population, total mortality was initially 
about the same in the two sexes, but as whaling progressed, total mortality o f males 
increased to much higher levels than that of females. This is consistent with the 
earlier changes in the composition o f catches o f the more heavily fished males (see 
Section V).

Table 40
PROVISIONAL ESTIMATES OF TOTAL MORTALITY COEFFICIENTS FROM NEW ZEALAND CATCHES

Year 1955-56 1956-57 1957-58 1958-59 1959-60 1960-61 1961-62

Males 0-79 0-14 1-02 0-22 0-81 1-60 1-77

Females 0-36 0-16 0-31 0-14 0-09 1 -62 2-15

Mean 0-58 0-15 0-67 0-18 0-45 1 -61 1-96

On the east coast o f Australia (group V population) total mortality rose moder­
ately in 1959-60, then became very high in 1960-61 and 1961-62 (Table 39), even 
though the catches in these years had not been unusually high (Table 2).

An independent estimate of mortality in 196.1-62 can be made from the fre­
quency o f sightings o f humpback whales off the east coast o f Australia during the two 
winter seasons. At Tangalooma 88-2 humpback whales were sighted per 100 catcher
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hunting hours in 1961, and 38-6 per 100 catcher hunting hours in 1962, both values 
being for the same period (June 12-August 6). These values give a survival rate (S) 
of 0 • 44, which is equivalent to a total mortality coefficient (Z) of 0 • 83. The mortality 
calculated from the sighting records is lower than the corresponding estimates of 
mortality from the catch data, but this is to be expected, since the former refers to 
the whole population (most o f the members of which were, in those years of obser­
vation, below the minimum legal length), while the latter refer only to the adult 
(highly exploited) part of it.
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1 0 0 0  2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  6 0 0 0  7 0 0 0  8 0 0 0  9 0 0 0  1 0 . 0 0 0O
T O T A L  E F F O R T  ( C A T C H E R  S T E A M I N G  H O U R S )  I f )

Fig. 29.—Mortality and effort, group IV male humpback whales; broken 
line regression on all points, solid line regression excluding 1958-59 value.

Further estimates of Z  for the group V population can be derived from the 
catches in Cook Strait, N.Z., making certain assumptions, mainly with regard to 
effort. Assuming that the growth rate o f humpback whales in New Zealand was the 
same as for Australian specimens, estimates were made of the age composition of 
New Zealand catches from 1955 to 1962, by applying to the length frequency distri­
bution o f males and females killed in New Zealand (records from International 
Whaling Statistics), the age-length keys derived from the Australian material.

There were no records o f measurement o f effort expended in taking the New  
Zealand catches which were made throughout the whole of the northward migration 
each year, searching being conducted from an elevated position on the shore. The
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increase in the annual catch from 1955 to 1960 (Table 2) was due to better searching 
and improved plant efficiency rather than to an increase in the stock.

The catch per unit effort o f each age group was calculated assuming that the 
total catch per unit effort had been constant from 1955 to 1960 (i.e. the stock did not 
increase), and that the effort in 1961 was the same as that in 1960. In 1962, two 
sighting lookouts were operated and approximately half of the sightings were made 
from the new lookout, so that the effort expended in 1962 was taken to be double 
that o f 1960.
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T O T A L  E F F O R T  ( C A T C H E R  S T E A M I N G  H O U R S )  ( f )

Fig. 30.—Mortality and effort : group IV female humpback whales ; broken 
line regressionon all points, solid line regression excluding 1958-59 value.

Total mortality coefficients were then estimated between pairs of years, using 
only those age groups which were fully recruited, following the same procedures as 
for the data from the Australian coasts. The mean values (Table 40) were more 
variable than the estimates o f Z  from the data collected on the east coast o f Australia 
but the values derived from the data from both localities rose to similar high levels 
in 1960-61 and 1961-62.

The results from two widely separated localities (east coast o f Australia and 
New Zealand) show a very sharp rise in total mortality within the group V population 
from 1960 to 1962. The evidence o f at least partial segregation into separate breeding 
units within this population during the winter (breeding season) suggests that the 
similar and high mortalities recorded at the same time in different localities were not 
due entirely to the fishing in those regions, but had a common origin. Recent catches 
reported from Antarctic area V (included in the total effort recorded in Table 38) 
have not been sufficiently large to account for these very high mortality coefficients.
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There are three possible explanations :
(1) That the group V stock o f humpback whales has recently changed its long 

established migration paths. This hypothesis is contradicted by widely 
scattered and independent observers throughout the South Pacific islands, 
on ships, and on the Australian coast, all reporting a great reduction in the 
number o f humpback whales during the winter seasons o f 1961 and 1962.

(2) That there was increased natural mortality (of epidemic proportions) due 
to disease, parasitic infections, or starvation. This also has no supporting 
evidence, as the few humpback whales captured were in good health, and 
had a normal thickness o f blubber, and gave a normal oil yield.

(3) That substantial catches o f humpback whales had recently been taken from 
this stock in addition to those shown in the available records, in a region 
where the humpback whales from New Zealand and the east coast of 
Australia can both be fished simultaneously, i.e. Antarctic area V.

There is some evidence supporting the last hypothesis. Although no humpback 
whales were reported to have been taken from Antarctic area V in the summer of  
1961-62 (Table 2), two marks, previously fired into humpback whales, were recovered 
from whales killed within Antarctic area V during that summer. The information 
reported with respect to these marks is shown in the following tabulation:

Mark No.

15898

2 1 8 1 5

There is no likelihood that there could have been any confusion as to the 
species at the time that these marks were fired into the whales. Some error must 
have been made with regard to the whales from which the marks were recovered, 
but whatever the explanation o f the obviously erroneous recovery data, the evidence 
is clear that at least two marked humpback whales were killed in Antarctic area Y 
during the summer o f 1961-62. Since marked whales represent only a small fraction 
of the total catch (in 1959, Australian marks were recovered from 0-9%  of the total 
catch of 2163 humpback whales taken from the group V population), one can infer 
that a considerable catch (possibly o f some hundreds) of humpback whales was 
taken from Antarctic area V during the summer season o f 1961-62.

(b) Natural M ortality and Fishing M ortality Coefficients
(i) Group I V  Population

The total mortality coefficient (Z) can be divided into its components, natural 
mortality (M ) and fishing mortality (F), by relating the total mortality to the corres­

Release Recapture

Date October 12, 1959 December 19, 1961
Locality East coast of Australia; 27°S., 153°30'E. 62°21'S., 166°10/E.
Species Humpback whale Sperm whale
Size Calf, 2-3 months old with cow 43 ft 8 in. (13 • 3 m), male

Date June 2, 1961 February 24, 1962
Locality Cook Strait, N.Z. 66°50'S., 162°59'E.
Species Humpback whale Fin whale
Size — 65 ft 4 in. (19 • 9 m), female
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ponding fishing effort (ƒ). The total effort was taken as the mean Australian effort in 
the particular pair of seasons from which the estimate of Z  was made, plus the
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Fig. 31.—Mortality and effort: group V male humpback whales; 
X recorded values, 0  postulated values for 1960-61 and 1961-62.

Antarctic effort in the intervening summer (Table 37). The estimates of total mortality 
(Z) were plotted against the estimated effort (ƒ) for each sex separately (Figs. 29 and 30).
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Fig. 32.—Mortality and effort: group V female humpback whales; 
X recorded values, 0  postulated values for 1960-61 and 1961-62.

In each plot the point for 1958-59 was anomalous, the estimated effort being far higher 
than for any other point, but the total mortality, while high, was not as high as might 
be expected from the regression. The high effort values derive from very large
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Antarctic catches during the summer of 1958-59. If some of these whales did not in 
fact belong to the group IV population (as indicated by Chittleborough 19596), then 
the effort as computed would be too high; if 40% of these catches were from outside 
group IV, then the 1958-59 point would fit closely on the regression line through the 
other points. For these reasons there appears to be justification in omitting the 
1958-59 point from the calculations.

The regressions fitted by least squares, omitting the mortality and effort recorded 
for 1958-59 gave intercepts on the y  axis of 0-086 for males and 0-087 for females 
(standard error 0-140 and 0-129, respectively). These are estimates of the natural 
mortality coefficient o f adult humpback whales from the group IV population.
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Fig. 33.—Stock-recruitment relationship for group IV humpback whales.

Another approach to the estimation of natural mortality in humpback whales 
can be made if the age composition has been assessed from a random sample o f the 
virgin stock. This cannot be done in the case o f the group IV population because of 
its previous history of exploitation.

The total mortality in the most recent seasons has ranged from 0-85 to 1-09 
for the males and from 0-54 to 0-80 for the females (Table 39). After deducting 
natural mortality o f 0 • 09, the corresponding fishing mortality coefficients were 0 • 76- 
1-00 for males and 0-46-0-71 for females. The difference between males and 
females is due to the fact that all mature males can be taken by the fishery, while 
females with calves (35-40% of the total number of mature females) cannot be taken.
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(ii) Group V Population
The estimates of Z  from the data obtained from the east coast of Australia 

(Table 39) have been plotted against corresponding total effort (Table 38) for each 
sex separately (Figs. 31 and 32). The regressions fitted by least squares to these 
points gave intercepts on the y  axis o f -0 -4 3 7  for males and —0-128 for females. 
These anomalous values for M  were caused by the points for 1960-61 and 1961-62, 
in which the estimates of effort (based on total reported catch) were far too low in 
relation to the very high values of Z  (the latter being confirmed by independent 
assessments o f mortality from New Zealand catches).

T a b le  41

RECRUITS SURVIVING FROM FEMALES BORN ANNUALLY PER 100 ADULT FEMALES

Female Births 
(per 100 adult 

females)

Possible
Juvenile
Natural

Mortality
(Aí)

Survivors 
to 3 Years 

of Age

Assumed 
Natural 

Mortality 
in 4th and 
5 th Years

Recruits, 
Survivors to 

5 Years (maturity)

18 6 0-15 11-9 0-07 10-3

18-6 0-11 13-4 0-07 11-6

18-6 0-07 15-1 0-07 13-1

If the points for the pairs o f years 1960-61 and 1961-62 were omitted from the 
data shown in Figures 31 and 32, significant regression lines could not be fitted to 
the remaining points as neither total mortality nor effort had changed sufficiently 
from 1952 to 1959. Then in this case the method o f the regression of Z upon ƒ  could 
not be used to separate total mortality into its components (natural and fishing 
mortality).

Chittleborough (1960a) assumed that his estimate of total mortality for adult 
male humpback whales of the group V population in 1957 and 1958 (based upon 
samples of ear plugs) was almost unaffected at that time by commercial operations. 
Then the total mortality coefficient derived from that sample of adult males (0 • 097) 
consisted mainly of natural mortality. The estimate o f 0-09 for natural mortality 
for the group IV population should then be regarded as the upper limit for the 
estimate o f M .

If the regression lines of total mortality on total effort for adult males and 
females in the group V population, are to intercept the y  axis at a value of 0-09, 
approximations can be made for the true positions of the points for 1960-61 and 
1961-62 (Figs. 31 and 32). From the difference between the postulated and recorded 
values o f total effort, the additional (unreported) catches in these years can be esti­
mated. On this basis additional mortality within Antarctic area V o f some 3700 
humpback whales in the summer of 1960-61 and o f approximately 1300 humpback 
whales in 1961-62, would (when added to all other known catches) explain the recent 
abrupt increase in the total mortality within this stock.
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VIII. R ec r u itm en t

(a) Stock-Recruitm ent Relationship

One approach to the task o f estimating recruitment makes use of data on the 
catch per unit effort from each female age group. The abundance of adult females in 
each year (from 1949 onwards) on the west coast of Australia has been estimated as 
the sum of the catches per unit effort of female humpback whales above 5 years of age.

Table 42
CATCH ABLE STOCK OF GROUP IV HUMPBACK WHALES ESTIMATED FROM CATCH AND FISHING MORTALITY

Year
Aus­

tralian
Catch

Ant­
arctic
Catch

Mean
Catch Z

F
(M  =  0 09)

Esti­
mated
Stock

Aus­
tralian
Catch

Ant­
arctic
Catch

Mean
Catch Z

F
(M  =  0 09)

Esti­
mated
Stock

Mates Fe males
1950 250 137

468 1047 0-37 0-28 3740 644 868 0-32 0-23 3775
1951 907 310

546 1333 0-60 0-51 2615 581 994 0-32 0-23 4320
1952 666 516

103 799 0-39 0-30 2665 90 634 0-28 0 1 9 3335
1953 726 571

133 842 0-38 0-29 2905 125 719 0-22 0 1 3 5530
1954 692 617

12 648 0-40 0 31 2095 16 596 0-29 0-20 2980
1955 580 543

320 948 0-43 0-34 2790 504 997 0-36 0-27 3690
1956 676 443

0 630 0-80 0-71 890 0 488 0-39 0-30 1625
1957 583 536

0 546 0-66 0-57 960 0 497 0-37 0-28 1775
1958 509 458

645 1065 109 100 1065 768 1181 0-80 0 7 1 1665
1959 331 369

28 329 0-88 0-79 415 38 360 0-67 0-58 620
1960 271 274

3 291 0-85 0-76 385 1 274 0-80 0-71 385
1961 306 272

24 329 0-90 0-81 405 32 287 0-54 0-45 635
1962 304 239

Recruitment to the fishery was taken to occur at 4 years, but since whales were not 
fully recruited at this age the catches per unit effort o f 3-year-old females cannot be 
used directly, and an indirect method had to be used. This was done for each year 
class by taking the catches per unit effort at the fully recruited ages, and converting 
these to actual numbers in the population using the relation that a catch per unit 
effort o f 0 • 1 is equivalent to a population o f 2000 whales (see Section IX (a)). The 
numbers o f 3-year-old females was then estimated by adding the known catches of 
females in the year class, and the estimated deaths by natural mortality (assuming 
M  =  0-1, but this value is not a critical one).
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The estimated number of recruits (3 years old) in each year was then plotted 
against the number of females in the parent generation, i.e. the number o f adult 
females 4 years earlier (i.e., the pregnant females o f 1950 give birth in 1951 and these 
are the 3-year-old recruits in 1954). The result is shown in Figure 33, giving the 
relationship R  (recruits) = 0 - 1 2  x  mature stock. Annual recruitment (of 3-year-old 
whales) as measured by this method is then 12 females per 100 adult females.
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Fig. 34.—Relationship between catch per unit effort and catchable stock 
size as estimated from catch and fishing mortality; group IV population.

(b) Estimates o f  Recruitment from  Pregnancy Data

A more direct measure of recruitment can be made by applying juvenile mor­
tality to the birth rate, if these values can be determined. In order to measure the 
latter, attempts have been made to distinguish in the ovaries, corpora albicantia of 
previous pregnancies from those o f ovulations which had not resulted in pregnancy, 
but as discussed in Section III (a)(iv), these attempts have been unsuccessful.

Since there is a seasonal breeding cycle, and the gestation period is almost 
12 months long, the proportion o f mature females carrying near-term foetuses during 
the northward migration (when all mature females are equally vulnerable), gives a 
measure o f the birth rate in this population. Using this method with the data from 
the whaling station at Albany, the average annual birth rate was found to be 0 • 372 
(Section III (a)(iv)).

Nishiwaki (1959) used a somewhat similar method to estimate the birth rate of 
humpback whales in Aleutian waters. He found that approximately 65% of the 
mature female humpback whales available for catching Were pregnant. Since lac- 
tating females were not vulnerable, and as equal numbers o f lactating and pregnant 
females could be expected, the composition o f the mature female stock feeding in 
Aleutian waters during the summer should be 65 pregnant : 65 lactating: 35 resting 
females. This is equivalent to an average annual birth rate o f 0-39.

The estimate from the data collected at Albany is more precise than that of 
Nishiwaki, as the former was based on samples o f all categories of mature females,
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weighted according to the fishing effort applied throughout the northward migration 
past that sampling point.

If the birth rate is 0-372 and the sex ratio at birth is 0-5, then 100 mature 
females will give birth to 18-6 female calves per year. The number o f 3-year-old 
female recruits is therefore : 18 • 6e~3M where M  is the average natural mortality in the 
first 3 years. Natural mortality o f juveniles has not been measured but it is almost 
certainly greater than adult natural mortality. A  likely range o f values for juvenile 
mortality and the resultant survivors to 3 years o f age are shown in Table 41. From 
the estimate o f recruitment at 3 years of age derived from the stock-recruitment 
relation in the previous section (12 per 100 adults) juvenile mortality would apparently 
lie in the upper part o f the range given in Table 41.

Table 43
ESTIMATES OF POPULATION SIZE OF GROUP IV HUMPBACK WHALES BY VARIOUS METHODS

Year

Estimated
Catchable
Population

(from
mortality

rates)

Catch
per

Unit
Effort

Estimated 
Catchable 
Population 

(from 
catch per unit 

effort)

Estimated
Catchable
Population
(DeLury)

Estimated
Total

Population
(sightings)

1930’s 10,200
1950 0-47 9400
1951 7225 0-42 8400
1952 6450 0-35 7000
1953 7220 0-35 7000
1954 6755 0-35 7000
1955 5775 0-24 4800 9800
1956 4495 0 1 8 3600 7800
1957 2625 0-15 3000 6700
1958 2730 0-12 2400 5600
1959 1880 0 0 9 1800 3700
1960 905 0-06 1200 2900
1961 905 0 055 1100 2400
1962 0 0 5 1000 1800

Although some whales are taken by the catchers when 3 years of age, females 
are not mature until, on the average they are 5 years old. Assuming natural mortality 
during their fourth and fifth years to be 0 -07 (though 0-09 has little effect on the 
result), recruitment (to maturity) may range from 0 10 to 0 -13 (Table 41).

IX. P o p u l a t i o n  S ize

(a) Group IV  Population

A first approximation o f population size can be derived from data o f sightings 
of baleen whales in the southern hemisphere in 1933-39. From these records Mackin­
tosh and Brown (1956) estimated a total baleen whale stock of 220,000-340,000, 
the larger figure being the more likely. Mackintosh (1942) had previously estimated
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that 10% of the larger baleen whales in the southern hemisphere were humpbacks so 
that in the 1930’s the southern humpback whale populations may have contained some 
22,000-34,000 individuals. These have to be apportioned between the five distinct 
populations. Following the guide given by Mackintosh (1951), a fair measure o f the 
relative abundance within the populations during the 1930’s is as follows:

Group I Group II Group III Group IV Group V 
1 1 2  3 3

Thus, if the group IV population included 30% of the total southern stocks of this 
species in the 1930’s this population contained from 6600 to 10,200 humpback 
whales, the larger figure being probably the more likely.
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Fig. 35.—DeLury method on group IV population of humpback whales.

The average population size during each recent season can be estimated directly 
from the catch data and the estimates o f fishing mortality (F), as shown in Table 42. 
The upper limit o f  M  (0 • 09) has been used ; lower values for natural mortality decrease 
the estimates o f stock size only slightly. These estimates refer to catchable stocks of  
males and females.

The regression o f catch per unit effort (best estimate) on total catchable stock 
is a straight line (Fig, 34) on which a catch per unit effort o f 0*1 is equivalent to 
2000 humpback whales in the catchable stock. The population sizes estimated from 
this relation are shown in Table 43.

Another independent estimate of stock size has been obtained from the DeLury 
(1947) method of plotting catch per unit effort against accumulated catch. This gives 
a very good relation for the data since 1955 (Fig. 35), with an intercept on the x  axis 
of 9800 ±  1100, which is an estimate of the catchable stock in 1955. However, this 
method gives biassed estimates because no allowances have been made for recruitment, 
natural mortality, the effects o f migration, etc. The errors resulting from neglect of 
these factors leads to an overestimate o f the population size.
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The various estimates o f group IV population size are shown together in 
Table 43. Unfortunately, the estimate from sightings cannot be compared directly 
with those by other methods because the period covered by the sighting records does 
not overlap that to which the other data refer. The history o f whaling on this stock 
(Section IV) is o f few catches before 1934, very heavy catches (12,673 in all) from 
1934 to 1939, and no whaling from 1939 to 1949. Thus, the stock in 1939 was probably 
considerably less than the 1950 stock, and the population in 1934 much more than that 
in 1939 (by an amount less than 12,000 whales). If the population size had been 9400 
in 1950, and if over the previous 11 years (when there had been no fishing mortality) 
the rate o f increase (r — M ) had been within the range of values given in Section 
X(o), the 1939 population was somewhere in the range of 4000-8000. The 1934 
population would then have been in the range o f 12,000-16,000. The sighting estimate 
of 10,000 humpback whales in this population during the period 1933-39 fits well 
inside this range.

Table 44
MEAN CATCHABLE STOCK OF GROUP V HUMPBACK WHALES ESTIMATED FROM CATCH

AND FISHING MORTALITY

Period 1952-59 1959-60 1960-61 1961-62

Mean total mortality (Z). 0-224 0-50 1-56 1-67
Fishing mortality (F) (M  =  0 • 09) 01 3 4 0-41 1-47 1-58
Annual catch (C) 1329* 2241* 1456* 595*

5156f 1895t
Mean population size (C/F) 9920* 5470* 990* 380*

3510t 1200f

* Total reported catches.
t  Assuming additional mortality of 3700 humpback whales in 1960-61 and 

of 1300 in 1961-62.

The best estimate of the mean catchable stock in 1962 is that it consisted of 
1000 whales. In order to determine the number left at the end of 1962, the estimate 
o f mean stock size should be reduced by approximately half the catch taken on the 
west coast o f Australia during the winter season o f 1962. Even allowing for some 
recruitment, the total number of catchable whales remaining in the group IV popu­
lation at the end o f 1962 would not exceed 800.

(b) Group V  Population

The population estimates from sightings (described in the previous section) 
suggest that the group V humpback whale population contained approximately 
10,000 individuals in the period 1935-39. Since there had been little previous 
exploitation of this population, this estimate is o f the size o f the population in the 
virgin state.

Estimates o f  the size o f the catchable stock in recent years, made from fishing 
mortality coefficients and total catch data (Table 44), suggest that its mean size 

between 1952 and 1959 was similar to that of the population between 1933 and 1939
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as calculated from sightings. There had been little fishing o f this population from 
1939 to 1950, and the population had apparently remained stabilized.

Since 1959 the population has diminished rapidly. If the total catches were as 
reported to the Bureau of International Whaling Statistics, the catchable stock 
remaining at the end o f 1962 was less than 200 humpback whales. However, if as 
suggested in Section VII (b), the catches were understated by 3700 humpbacks in 
1960-61 and by 1300 in 1961-62, the catchable stock left at the end of 1962 was 
close to 500 whales.

The method of DeLury was used to obtain independent estimates o f the upper 
limits of population size in recent years. Prom the regression o f catch per unit effort 
on the accumulated catch from all known records, fitted to the data from 1959, 1960,

1 9 5 5
1 9 5 9 .

1 9 5 6

2000 4 0 0 0 6 0 0 0 8 0 0 0 10.000 12.000 1 6 . 0 0 0
T O T A L  A C C U M U L A T E D  C A T C H

Fig. 36.—Group V population : catch per unit effort and cumulative catch.

1961, and 1962 (Fig. 36), the upper limit o f the population size in 1959 would have 
been 4600 humpback whales. Since the DeLury method must overestimate the 
population size (especially when used with data such as are available here) this estimate 
for 1959, being less than the estimate from catch and fishing mortality data (Table 44), 
is unacceptable.

If in Figure 36 the regression line is taken only through the values for 1959 and 
1960, the intercept on the x  axis gives an estimate o f the population size in 1959 of 
7600 humpback whales. This second regression would require that approximately 
4900 more humpback whales had been taken in 1961 and 1962: this value is very 
close to the estimate that 5000 more humpback whales must have been killed in the 
summers o f 1960-61 and 1961-62, to account for the very high mortality coefficients 
in those years (Section VII (¿>)(ii)).

X. S t o c k  A sse ssm e n t

(a) Group I V  Population

The net rate o f change o f the population is the difference between r (the recruit­
ment coefficient) and the sum of F  (the fishing mortality coefficient) and M  (the
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natural mortality coefficient). The population will be in balance, neither increasing 
nor decreasing if F  =  r — M , and the catch taken is F  X P  =  (r —M ) P , where P  is 
the mean population size. Either, or both, M  and r will change witn population size, 
M  increasing and r decreasing, or M  remaining stable and r decreasing, or M  in­
creasing and r remaining unchanged as the population increases, and when the 
population is at its maximum, in the unfished state, M  =  r. The exact relation of 
M  and r is difficult to determine but some reasonable assumptions can be made, and 
hence the form o f the curve c =  (r — M ) P  giving the steady yield determined, and in 
particular the position and height of the maximum estimated..

For the stock sizes of recent years, r has been estimated (Table 41) as 0-116, 
and the reasonable limits given as 0-10 and 0*13. The upper limit of M  was found 
to be 0-09 (Section YII (b)), the best estimate being 0-07, while the data are also 
consistent with a value of 0 -05.

A range of values of r - M  can now be given as follows :

Best estimate 0-116 —0-07 =  0-046,

High estimate 0-13 — 0 • 05 =  0 ■ 08,
Low estimate 0-10 - 0 - 0 9  =  0 01.

The total (catchable) population remaining at the end of 1962 was around
800 whales o f which not more than half were adults (Table 32). Taking the mature 
population as 400 whales, the catches that could be taken from this population 
without causing a further decline are :

Best estimate 400 x  0 -046 =  18,
High estimate 400 x  0-08 =  32,
Low estimate 400 x  0-01 =  4.

Therefore, some 18 whales could be taken per year, and the stock would main­
tain itself at the present level. Almost certainly if more than 32 whales were taken 
the stock would decline.

The size of the stock of humpback whales in the unfished state is not known 
accurately but before 1949 the catches taken from it were 5800 in 1912-16, 3400 in 
1925-28, and 12,800 in 1934-39. Assuming that the stock had recovered to some 
extent between these periods o f whaling, the unfished population was probably 
between 12,000 and 17,000. In this presumably stable population r — M = 0, so that 
as the stock approaches its maximum size there must be a critical reduction in r, or 
an increase in M,  or both.

The maximum sustainable catch therefore probably comes from a stock level 
of around 10,000 humpback whales, which is about the level in 1949. In this popu­
lation 85% were mature, so that the maximum sustainable yield is estimated as
follows:

Best estimate 8500 x  0-046 =  391,
High estimate 8500 X 0-08 =  680,
Low estirhate 8500 x  0-01 =  85.
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The calculation of these permissible catches has been based on data relating to 
the mature stock, with the assumption that the catch would be taken only from the 
mature segment o f the population. The result would have been much the same if 
the assumption were made that the catch would be drawn from both mature and 
immature whales. Catches o f immature whales would tend to reduce the net rate of  
recruitment to the mature part of the stock, and hence the sustainable catch from 
mature whales. However, allowing for the fact that under this regime, some of the 
whales that would die from natural causes before Teaching maturity are captured, the 
sustainable catch in numbers would be very slightly increased by fishing both mature 
and immature segments o f the population. On the other hand, the sustainable catch in 
weight will be slightly less if both mature and immature whales are taken.

If the populations were to be conserved by operating each year on the maximum 
sustainable yield, the minimum legal length could be abolished. As suggested by 
Ruud (1954) the application o f size limits in whaling may have done more harm 
than good.

The time taken for the stock to build up to the optimum level can be estimated 
from the potential net rate o f increase, r — M.  If whaling on the group IV population 
had been stopped at the end o f 1962 there would have been an initial rather rapid 
increase in the mature stock because o f recruitment from the larger mature stocks 
present in 1958 and 1959 (which now form the dominant immature stock). The 
mature stock in 1964 would therefore have been about 900 (allowing for some loss, 
because o f natural mortality, o f whales now in the stock). These 900 would then 
increase at a rate o f r — M,  and reach the 8500 level after T  years, where

e ( r - M ) T  =  8500/900,

i.e. (r — M ) T  =  2-25. Using the best estimate of r — M  (0-046), 7  =  49 years; using 
the high estimate o f r — M  (0-08), 7  =  28 years.

The length o f this delay period is critically dependent upon the level to which 
the population is reduced before whaling is stopped. If whaling had been stopped 
in 1959, when the catchable stock was about 1800, then the mature stock after 2 years 
would have been about 1620, and

e ( r - M ) r  =  8500/1620,

i.e. (r — M ) T  =  l - 6 6 ,r  =  36 years (best estimate), or 21 years (high estimate of r — M).
Conversely, if whaling continued at the present level, the mature stock would 

decline at the rate o f F — (r — M),  which is about 0 • 7. That is, each year that whaling 
continued at the present level in terms o f fishing mortality rate (the actual numbers 
taken would decline proportionately to the stock) would increase the delay, until the 
stock can recover to its optimum level, by at least 0-7/0-08 =  8-8 years, and pro­
bably by 0-7/0-046 =  15 years. In terms of catch lost at the optimum level these 
delays arq equivalent to 8-8 X 680 =  5984 whales, or 15 X 391 =  5865 whales. 
The actual estimate is therefore very little affected by the precise estimate of r — M : a
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long delay period, due to a low value o f r — M,  corresponds to a lower catch at the 
optimum stock level. This figure of the net loss o f 6000 from the potential catch for 
each year that operations are continued, may be compared with the actual catch in 
1962 of 543 whales.

(b) Group V Population

Pregnancy rates recorded from Cook Strait, N.Z., from 1948 to 1962 were 
almost identical with those recorded in recent years from Albany (west coast of  
Australia), so a similar value for recruitment applies to both populations. Natural 
mortality also appears to be the same in the two populations, so that the range of 
values for r — M  given for the group IV population will be applied to the assessments 
upon the group V stock.

The total catchable stock remaining at the end o f 1962 was close to 500 hump­
back whales. The mature population, therefore, was about 260 (52% of the 1962 
catch were mature). The catches that could be taken from this population without 
causing a further decline were :

Best estimate 260 x  0 046 =  12,
High estimate 260 x  0-08 =  21,
Low estimate 260 x  0 01 =  3.

Virtually any commercial catches from this population would reduce the stock 
below the present extremely low level. Hunting of this population in temperate 
latitudes has now ceased, so that provided these whales are not molested in Antarctic 
area V, the population may recover at the rate o f P.e{r~M'>T.

The size o f the original population was in the region of 10,000 humpback 
whales, whereas the maximum sustainable catch probably comes from a stock level 
of about 8500, and if 85% were mature, this means an adult stock of 7225 whales. 
The maximum sustainable yield would then have been :

Best estimate 7225 X 0-046 =  332,
High estimate 7225 x  0-08 =  578,
Low estimate 7225 x  0-01 =  72.

If there is no further hunting o f this population the mature stock size will be 
increased initially by the recruits from the larger population present in 1958 and 1959. 
However, the paucity o f sightings during the 1962 season suggests that these juveniles 
had also suffered heavy mortality, so that the mature stock cannot be expected to 
gain greatly from these recruits. The mature stock in 1964 may be no more than 
400 whales. This stock would reach 7225 after T  years, so that:

e(r-M)T =  7225/400,

(r — M ) T  =  2-89.

If r — M 0-046, then T  =  63 years; if r — M  =  0-08, then T  =  36 years.
The best estimate o f the period o f protection necessary for the population to 

recover to the level required for the maximum sustainable yield is then 65 years, and 
the most optimistic figure at least 38 years.
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As the period needed for full recovery is so great, a whaling station might desire 
to operate on a smaller scale after a shorter period of protection. An annual catch of 
say 150 humpback whales would require a mature stock of 3260 whales. If the 
mature stock size was 400 in 1964, the time taken to reach a level o f 3260 adults 
would be 46 years if r — M  =  0-046 (best estimate) or 19 years if r — M  =  0-08.

XI. P resen t  Sta tu s  o f  F ishery

The group IV and V populations of humpback whales are now so depleted 
that neither will support commercial operations relying solely on this species.

After the failure of the humpback whale fishery in 1962, the whaling stations at 
Tangalooma, Byron Bay, and Norfolk I., were closed down indefinitely, while the 
station in Cook Strait, N.Z., has turned to sperm whaling. Thus the group V popu­
lation of humpback whales was afforded some measure of protection, at least in the 
northern part of its range.

On the west coast o f Australia the station at Albany has depended mainly on 
sperm whales for several years, although some humpback whales continue to be taken. 
The station at Carnarvon has entered into other fishing as well as exploring the pros­
pects of sperm whaling, while continuing to hunt humpback whales. In 1963 the 
Australian Government issued quotas of 450 humpback whales to the station at 
Carnarvon, and 100 to the station at Albany. Both stations discontinued hunting 
humpback whales in August owing to scarcity o f whales; total catches were 68 
humpback whales at Carnarvon, and 19 at Albany.

In July, 1963, the International Whaling Commission passed a resolution 
that humpback whaling should cease in the southern hemisphere. If this resolution 
can be put into effect, the group IV and V populations of humpback whales will recover 
within the range o f rates set out above.

XII. A c k n o w l e d g m e n t s

A  large portion o f the data and material used in this paper was collected at 
whaling stations by various members o f the Division of Fisheries and Oceanography, 
CSIRO, as well as by Commonwealth and State whaling inspectors. Australian 
whaling companies cooperated closely, making facilities available at whaling stations, 
keeping special records o f effort and sightings on catchers and aircraft, giving the 
author access to ships’ logs, and by marking whales when opportunities occurred.

1 am grateful to Mr. W. H. Dawbin (Department o f Zoology, University of 
Sydney) for the exchange of information, especially o f New Zealand data. Pre­
liminary assessments were made jointly with Mr. W. H. Dawbin, Mr. G. A. Gulland 
(Fisheries Laboratory, Lowestoft, U .K .) and the International Whaling Com­
mission’s “Committee o f Three” , Mr. K. R. Allen (Marine Department, New  
Zealand), Dr. D. G. Chapman (Department o f Mathematics, University o f Washing­
ton, U.S.A.), and Mr. S. J. Holt (Fisheries Biology Branch, F.A.O., Rome), at a 
meeting held in Seattle during December, 1962. The calculations made at that 
meeting on the group IV and V populations o f humpback whales were revised when 
preparing the present paper.
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A  m ass fish m o rta lity  on the  Som ali C oast

P. Foxton
National Institute of Oceanography, Wormley, Godalming, Surrey 

(Received 10 December 1964)

D uring the period 7th-21st August and 28th August-7th September, 1964, R.R.S. 
Discovery worked in the inshore and offshore waters of the Somali coast, the survey 
forming part o f the National Institute o f Oceanography’s contribution to the 
International Indian Ocean Expedition. In the course of the survey dead and 
moribund fish in large numbers, together with the remains of squid and cuttlefish, 
were observed concentrated in an inshore area south of Ras Mabber but also 
dispersed in smaller numbers over a much larger area southwards as far as Ras 
El Cheil (7°55'N; 49° 550'E) and northwards to Cape Guardafui and into the 
Gulf o f Aden (Fig. 1).

Of the various species sampled or observed Porcupine Fish Cyclicthys echinatus 
(family Diodontidae) were the most abundant and were estimated to comprise at 
least 75 per cent of the mortality, while the Triggerfish Odonus niger and Abalistes 
stellaris (family Balistidae) were the next most common species. A  single specimen 
of Benthodesmus sp. was also taken while the following genera were tentatively 
identified from sightings but were not sampled, Lutianus sp. (Snapper) and Serranus 
sp. (Rock Cod). One dead squid was recorded while squid pens and cuttlebone 
were common in the main area of mortality and also at sta. 5557 (Fig. 1) where, 
with fish, they were concentrated in a well defined lane. It will be noted that all 
the fish are representatives of common tropical inshore genera and no commercially 
•important species were encountered. Most o f the dead fish were remarkable for 
their lack o f decomposition particularly during the first cruise—indicating the recent 
origin of the mortality. Decomposed fish tended to occur to the north and in 
particular at sta. 5557 where the majority of specimens sampled appeared to have 
been dead for some time. During the second part o f the survey more obvious signs 
of decay were indicated by the detached swimbladders which were taken, along 
with dead fish, in some of the surface plankton tows.

Large predators were notably absent from the region and few sea birds and no 
cetacea were seen. Catches o f phytoplankton and Zooplankton were exceptionally 
poor in the area south o f Ras Mabber and it was only to the north between Cape 
Guardafui and Socotra and in the vicinity of Ras Hafun that relatively rich plankton 
occurred. In the latter area swimming crabs were common and were observed on 
one occasion to be apparently feeding on dead fish.

In considering the cause or causes o f the mortality it is significant that the 
greatest concentration o f dpad fish coincided with an area of exceptionally cold 
surface water south o f Ras Mabber (Fig. 1). The disposition of the surface isotherms
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shows the presence of marked temperature discontinuities in this region and on the 
line of observations into the coast a drop of some 4°C was recorded between stations 
5552 and 5553, a distance o f 10 miles, with a minimum temperature of 13-2°C nearer

■

53°E

Fig. 1. The chart shows the occurrence of dead fish along the Somali Coast as shaded areas 
together with surface isotherms (broken line) and current measurements from the second 
cruise. The length of the current arrows indicate speed; heavy arrows are surface currents, 
dotted arrows current at 100 m depth. The first cruise track is shown as a thin line and the

second as a dotted line.

the coast. Elsewhere dead fish occurred in much warmer surface water but as the 
surface current measurements show (Fig. 1) these records are consistent with a 
northerly transport of cold water from the main area of mortality and its gradual 
warming up. The origin o f the cold water is probably due to local upwelling since
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temperature sections show an upward slope of the isotherms towards the coast. 
The dissolved oxygen showed saturation values in excess of 40 per cent near the 
bottom and 90 per cent at the surface at the inshore stations, and the nutrient 
content of these surface waters was in general similar to water of the same tempera­
ture and salinity taken at some depth further offshore. There was however no 
evidence of high productivity except in the more northerly warmer older surface 
water. No water blooms were observed nor was hydrogen sulphide present in any 
of the hydrological samples.

The mechanism by which the cold water had been upwelled is not at this stage 
clear. Certainly the conditions prevailing during the survey were not those normally 
encountered in such typical regions of upwelling as the Peru ( G u n t h e r  1936) and 
Benguela Currents ( H a r t  and C u r r i e  1960) where mass mortalities are well known. 
Both the prevailing wind during the period of the survey, which was at the time of 
the S.W. monsoon, and the surface currents were parallel to the coast and there 
was little offshore transport except in about 8°N where the course o f the Somali 
Current bears eastwards (Fig. 1). This extremely strong current develops and 
intensifies during the S.W. monsoon and it seems possible that this may be a factor 
causing the local upwelling since it will be noted that the cold inshore water occurs 
in the region where the Somali Current starts to diverge from the coast.

It seems likely therefore in the absence of any of the other features normally 
associated with mass mortalities (B ro n g e r s m a -S a n d e rs  1957) that the contributory 
factor here is the divergence on the coast south o f Ras Mabber of upwelled water 
some 7°C cooler than that normal to the region. If this is so, then it would be of 
interest to ascertain whether or not a mass mortality is an annual event, since 
meteorological charts o f the Indian Ocean show that the upwelling is a regular 
seasonal feature. It follows that if  fish are killed each year at this time then the 
recolonisation o f the area, when normal conditions return, must be extremely rapid. 
Only additional, more detailed synoptic observations will clarify this point. As Tar 
as the writer is aware this is the first record Qf a mass mortality on the Somali Coast 
although it provides a parallel to conditions sometimes encountered on the southern 
coast of Africa where a sudden drop in temperature can occur in the Agulhas Current 
{ibid. p. 949).
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A  Preliminary Report on the Penaeid Prawns o f  Durban Bay

Abstract
In this investigation the taxonomy of seven species of Penaeid prawns, found 
to date in Durban Bay, is considered. The following species were obtained : 
P enaeus ja p o n icu s  Bate, P .la tisu lca tu s  Kishinouye, P .cana licu la tus  Olivier, 
P .sem isu lca tu s  de Haan, P .m o n o d o n  Fabricius, P .ind icus  Milne-Edwards and 
M eta p en a eu s m onoceros  (Fabricius). Most of these species are found in large 
numbers in bays and estuaries along the east coast of Southern Africa and 
it is intended that this report should provide the means whereby any interested 
person can readily identify the more common inshore Penaeid prawns 
in this area. A first record of P .la tisu lca tu s  from South Africa and a new 
description of P .ca n a licu la tu s  Olivier, previously recorded by Barnard (1950) 
from Port Edward and Bonza Bay near East London have been included. 
The authenticity of P .cana licu la tus  has hitherto been regarded as doubtful 
due to its close resemblance to P .japon icus  and P .la tisu lca tu s , but this species 
is now considered to be valid.

The paper has been illustrated with diagrams of the species described and 
provision has been made in Figs. 3 and 4 for locating the various appendages, 
etc. of the prawn. A key to the sub-families of the family P enaeidae  has been 
included as a large number of other species of P enaeidae  are known to be 
present in deeper waters off the east coast of southern Africa.
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Introduction
Although the taxonomy and general biology of the Penaeid prawns has been 
extensively investigated in many parts of the world, relatively little work has 
been done on this group in South Africa. In May 1963 a small collection of 
Penaeid prawns was made in the Durban Bay and provisionally identified 
with the assistance of the late Dr. K. H. Barnard of the South African 
Museum. It was then decided that a programme of investigation of the sea­
sonal occurrence and general biology of the Penaeid prawns in the Durban 
Bay would be undertaken.

Durban Bay is situated adjacent to the city of Durban on the coast of 
Natal in the Republic of South Africa. The bay is approximately miles 
long and 2 miles wide and is landlocked except for a narrow dredged channel 
which connects it with the sea (Fig. 2). The channel is protected from wave 
action by two piers to the north and south of the entrance. The Bluff lies 
along the eastern shore of the bay and the western shore is bordered by the 
City of Durban. Two small rivers, the Umbilo and Umhlatuzana, drain into 
an area known as the Sanctuary at the south end of the bay. A series of 
water samples were collected from the bay and their salinity determined. 
Water in the area of the Sanctuary was found to have a salinity range of 
approximately 27.0 - 34.9°/00 The salinity increases rapidly as one moves 
towards the entrance and about £ mile from the Sanctuary, a mean salinity 
of approximately 34.8°/00 was obtained. The salinity remains at 34.8 - 35.5°!^ 
throughout the remainder of the bay. The greater part of the bottom of the 
bay consists of sandy mud and there is relatively little attached aquatic vege-
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T u rn in g  B a s in

S o u th  P ier

L ow  w a te r  o f  s p r in g  t id e s

N u m b e rs  in d ic a t e  d e p th  in  f e e i

Fig. 2. Durban Bay — modified from the map of the Harbour Engineer, 1964
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tation apart from seasonal outbursts of sea lettuce Ulva lactuca which appears 
on the sand banks along the west side of the bay near the Point Yacht Club 
in varying abundance during the period June-September. Eel grass, Zostera 
capensis may also be found during these months on the centre banks, but is 
subject to considerable variation in abundance. The year 1963 was extremely 
favourable for Zostera growth but during 1964 there was relatively little 
growth of Zostera in the bay.

Durban Bay is one of the finest natural harbours in the world but due to 
the policy of reclamation of extensive areas in the south-west region and 
because of the increasing pollution caused by shipping and the discharge of 
industrial and other effluent, the bay represents a deteriorating habitat for 
its natural flora and fauna. It is therefore of considerable interest to record 
the species of prawns found in the bay at the present time in order to be 
able to assess what effect these factors may have in the future.

The terms shrimp and prawn are used indiscriminately in South Africa 
in relation to all species of the Penaeidea. For example, P. japonicus may be 
called the Ginger Prawn or the Ginger Shrimp. The use of the terms shrimp 
and prawn is not confined to the Penaeidea, however, and may be used for 
certain species belonging to other crustacean groups such as the Caridea, 
e.g. Alpheus crassimanus the Cracker Shrimp and the Thalassinidea, e.g. 
Upogebia africana the Mud Prawn. In general, it is usual to use the term 
shrimp for a small specimen and prawn for a large specimen. In this paper 
the term prawn is used to describe all species of Penaeidea irrespective of size.

A typical pushnet used by Indian shrimpers in Durban Bay

5
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Method of Sampling
Samples of prawns were obtained from the bay from Indian netters, who net 
nightly using push nets. A push net consists of a net mounted on a frame 
4 ft. square. The net is 7 ft. 6 ins. long, the front 2 ft. consisting of \  in. bar 
net and the remaining 5 ft. 6 ins. being ¿ in. bar netting — these dimensions 
are in accordance with the regulations laid down in the coastal fisheries 
ordinance. The net is pushed from the rear by one or two people using a 
handle attached to the frame (Plate 2). A standard sample of prawns weighing 
approximately \  lb. was obtained from the netters every two weeks and was 
sorted according to species. The number, weight and size range of each 
species was recorded. In addition, plankton samples which will be examined 
for the presence of Penaeid larvae entering the bay, were collected at the 
harbour entrance.

Measurements
The use of total length as a standard measure of the size of a prawn was 
found to be most unsatisfactory as the tip of the rostrum or telson is often 
damaged while the prawns struggle in the nets. For this reason, the carapace 
length has been used as the standard measure of length, rather than total 
length. Carapace length is defined as the distance between the post-orbital 
margin and the median-posterior margin of the carapace.

Morphological Features
A number of features such as the pattern of grooves on the carapace, the 
shape and structure of the rostrum, etc. are used in the generic and specific 
identification of the Penaeidae.

The c a r a p a c e  (Fig. 3) has a number of grooves, carinae (= ridges) and 
spines which vary sufficiently in the different genera and species, for them to 
be important features in the identification of prawns.

The r o s t r u m  (Fig. 3) may possess dorsal and ventral teeth and although 
their number is never constant for a species, this feature may be of some 
value when used in conjunction with the presence or absence of ventral teeth 
and the shape and length of the rostrum.

The ANTENNULES (Fig. 4) each of which consist of a peduncle made up of 
three segments terminating in two flagella, are important in the identification 
of a species. The lengths of the stylocerite (a spine on the lateral margin of 
the 1st penduncular segment), the prosartema (a foliaceous appendage 
arising on the inner margin of the 1st peduncular segment) and the two 
flagella are used relative to the length of the peduncle.

6
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The PETASMA (Figs. 5-11) which consists of a modification of the endopods 
of the first pair of pleopods of the male to form a channel for the transmission 
of sperm, is also a feature which differs in relation to species.

The a p p e n d i x  m a s c u l in a  (Figs. 5-11) which is a modification of the distal 
portion of the endopods of the second pair of pleopods in the male, may 
vary in shape for different species.

The THELYCUM or seminal receptacle (Figs. 5-11) of the female is situated 
between the fifth pair of pareiopcds and varies in shape in the different 
species. Species which superficially appear identical may always be sepa­
rated on the basis of differences in the shape of the thelycum.

6 1415 717 0 )9  20

22

F ig . 3. Diagram of the Carapace of a Penaeid Prawn showing the features used in the 
classification o f the Penaeidae
Grooves, carinae and sutures: 1. Branchio-cardiac, 2. Adrostral, 3. Median, 4. Post rostral, 
5. Horizontal, 6. Cervical, 7. Gastro-frontal, 8. Gastro-oibital, 9. Gastro-antennal, 10. Sub- 
hepatic, 11. Vertical, 12. Pterygostomial, 13. Stridulating..
Spines: 14. Epigastric or first rostral tooth, 15. Hepatic, 16. Post-antennal, 17. Post-orbital, 
18. Orbital, 19. Antennal, 20. Rostral tooth, 21. Bianchiostegal, 22. Pterygostomian.

Taxonomy
A key to the sub-families of the family Penaeidae and the genera of the 
entire sub-family Penaeinae is given below. Only two genera, Penaeus and 
Metapenaeus of the sub-family Penaeinae, comprising seven species, were 
found in Durban Bay.

7
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Carapace

R ostrum
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A bdom en
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-A ntenna with 
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Maxilliped III

-Exopod

Telson

U ropods

Pareio p o d s l-V

F ig . 4. Diagram of typical Penaeid Prawn

Family PENAEIDAE Bate 
Penaeidae Bate 1888, Kubo 1949, Dali 1957

Body compressed; rostrum usually well developed, laterally compressed 
and armed with teeth; antennule with two flagella and a stylocerite; eye well 
developed; large antennal scale; maxillipeds 2 and 3 pediform with seven 
segments ; pareiopods 1 -3  chelate gradually increasing in length posteriorly ; 
pareiopods 4 and 5 well developed with a simple dactylus; well developed 
petasma, appendix masculina, and thelycum; gills numerous with double 
series of arthrobranchs.

KEY TO THE SUB-FAMILIES OF THE PENAEIDAE

la  U p p e r  a n t e n n u l a r  f l a g e l l u m  is inserted near posterior border
o f 3rd antennular segment and is much shorter than lower one; 
seven pleurobranchs of which all but last are usually rudimentary

lb  U p p e r  a n t e n n u l a r  f l a g e l l u m  is inserted on the apex of 3rd
antennular segment, equal to or sub-equal to lower one; 2-6 
pleurobranchs, all fully functional

2a C e r v i c a l  g r o o v e  reaching to or almost to dorsum; distal 
portion of appendix masculina made up of two scales . .

2b C e r v i c a l  g r o o v e  reaching not more than two thirds dis­
tance between hepatic spine and dorsum; distal portion of 
appendix masculina is single scale usually thickened. .

3a P r o s a r t e m a  present; exopods present on maxillipeds 
2 and 3 .................................................................................

Aristaeinae

. Solenocerinae

3b P r o s a r t e m a  absent ; no exopods present on maxillipeds 
2 and 3  ...........................................................................

Penaeinae

Sicyoninae
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Sub-family PENAEINAE  Burkenroad
Penaeinae Burkenroad 1934, Kubo 1949, Dali 1957

Rostrum well developed, armed dörsally and sometimes ventrally with 
teeth; post-orbital, post-antennal and supra-hepatic spines absent, other 
spines may or may not be present; cervical groove does not reach dorsum of 
carapace. Foliaceaus prosartema present on inner side of basal segment of 
antennular peduncle; upper antennular flagellum inserted on apex of third 
segment of peduncle. Second segment of mandibular palp lamellar, usually 
closing a respiratory canal formed by apposition of antennular peduncles 
and antennal scale; maxilliped 3 long and pediform, sometimes sexually 
dimorphic; exopods present on pareiopods 1 -4  and may or may not be 
present on pareiopod 5. Telson usually has median dorsal groove and may 
or may not have lateral spines.

The sub-family contains 16 genera, but as the genera Xiphopenaeus, 
Artemesia and Protrachypene are restricted to the Atlantic Ocean, they have 
not been included in this key.

KEY TO THE GENERA O F PEN AEINAE

la Petasma assymmetrical; maxilliped 3 with a basal spine and no 
epipod ; ventral rostral teeth a b s e n t ...................................

lb  Petasma symmetrical, maxilliped 3 without basal spine; ventral 
rostral teeth may or may be not present.

2a Carapace with longitudinal sutures.
3a F i r s t  p a r e i o p o d  without ischial spine; longitudinal 

sutures of carapace extend more than half length of 
carapace (except in P.venusta — not beyond hepatic 
s p i n e ) .............................................................................

3b F irst pareiopod with ischial spine.
4a L o n g i t u d i n a l  s u t u r e s  of carapace extend to just 

above hepatic spine; telson without fixed dorso­
lateral spines; pareiopod 2 with basal spine; distal 
portion of appendix masculina quadrate in outline

4b L o n g i t u d i n a l  s u t u r e s  of carapace nearly reach­
ing posterior margin of carapace; telson with pair 
of fixed dorsolateral spines; pareiopod 2 without 
basal spine; distal portion of appendix masculina 
fist-like in appearance  ........................

2b Carapace without longitudinal sutures.

Sa E y e  strikingly elongated with cornea as wide as stalk;
1st segment of antennular peduncle not exscavated for 
reception of the cornea; petasmal endopods without 
longitudinal folds, not united.  ..............................

5b Eye typical with cornea much wider than stalk; 1st seg­
ment of antennular peduncle excavated for the recep­
tion of the cornea; petasmal endopods with well deve­
loped longitudinal folds, united.

9

Metapenaeopsis
Bouvier

Parapeneopsis
Alcock

Trachypeneus
Alcock

Parapenaeus
Smith

Miyadiella
Kubo
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6a Pleurobranch present on the last throacic seg­
ment; epipod present on maxilliped 3; rostrum 
usually with dorsal and ventral teeth; carapace 
with gastro-orbital carina.
7a Body glabrous; incisor process of mandible 

short, almost right a n g le d .............................
7b Body densely pubescent; incisor process of 

mandible elongate and scimitarlike .
7c Body glabrous except for a row of stiff setae 

overlying grooves present on carapace and 
abdom en...........................................................

6b Pleurobranch absent on last thoracic segment; 
no epipod on maxilliped 3; rostrum with dorsal 
teeth but no ventral teeth; carapace without gastro- 
orbital carina.
8a

8b

B r a n c h i o s t e g a l  s p in e  
palp unsegmented .

present; maxillary

9b

B r a n c h i o s t e g a l  s p i n e  absent; maxillary palp
2-segmented.
9a E x o p o d s  present on pareiopods 1-4;  

7th thoracic segment with pleurobranch .

E x o p o d s  present on pareiopods 1 - 5 ;  
7th thoracic segment without pleuro­
branch; telson without a pair of fixed 
spines but with 4 pairs mobile spines; 
petasma with long stiletto-like terminals

9c Exopods present on pareiopods 1 - 5 ; 7th 
thoracic segment without pleurobranch.
10a T e l s o n  with mobile and fixed dor­

solateral spines; pareiopods 2 and 
3 without basal and ischial spines .

1 Ob T e l s o n  without dorsolateral spines ; 
pareiopod 2 has basal and ischial 
spine; pareiopod 3 with basal spine

Penaeus
Fabricius

Funchalia 
Johnson 

Heteropenaeus 
de Man

Penaeopsis
Bate

Metapenaeus 
Woodmason and 

Alcock

Macropetasma
Stebbing

Trachypenaeopsis
Burkenroad

Atypopeneus
Alcock

Genus PENAEUS Fabricius 
Penaeus Fabricius 1798, Bate 1888, de Man 1911, Bales 1914, Burkenroad 
1934, Kubo 1949, Barnard 1950, Dali 1957.
Peneus Alcock 1901.

Carapace and abdomen uniformly glabrous. Carapace without longitudinal 
or transverse sutures ; hepatic and antennal spines pronounced, cervical and 
antennal carinae always present; orbito-antennal groove always present. 
Rostrum toothed dorsally and ventrally. Antennular flagella shorter than 
carapace. Maxilliped 3 sexually dimorphic; basal spines present on pareio-
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pods 1 and 2 and exopods always present on 1st 4 pairs of pareiopods and 
usually present on 5th pair as well. Telson with deep dorso-median groove, 
no fixed subapical spines, may or may not have lateral movable spines. 
Petasma with thin median lobes ; lateral lobes usually have thickened rounded 
distal margins. Appendix masculina with ovoid distal segment bearing setae. 
Thelycum usually has anterior process lying between coxae of 4th pair 
pareiopods, receptacle lies between coxae of 5th pair pareiopods.

The type species of the genus Penaeus is Penaeus monodon. The genus con­
tains 28 species of which only 8 species are included in this key. For a com­
plete key to the species of Penaeus see Dali 1957 p. 142.

Discussion
The genus Penaeus is composed of a large number of species which are 
morphologically very similar. Six species of Penaeus have been found in 
Durban Bay, viz. P.iaponicus Bate, P.latisulcatus Kishinouye, P.canaliculatus 
Olivier, P.semisulcatus de Haan, P.monodon Fabricius and P.indicus Milne- 
Edwards. These species fall naturally into three groups:
I. The P.japonicus — P.latisulcatus — P.canaliculatus group characterised by
(a) the adrostral carina almost reaching the posterior margin of the carapace,
(b) the presence of a gastro-frontal groove and (c) the presence of a sub- 
hepatic carina.
II. The P.semisulcatus — P.monodon group characterised by (a) the adrostral 
groove reaching to or slightly beyond the first rostral tooth, (b) the absence 
of a gastro-frontal groove and (c) the presence of a sub-hepatic carina.
III. The P.indicus group characterised by (a) the adrostral groove reaching 
to the first rostral tooth, (b) the absence of a gastro-frontal groove and (c) the 
presence of a sub-hepatic carina.

TABLE 1. MAIN CHARACTERISTICS OF THE GROUPS OF THE GENUS Penaeus

Group 1 Group II Group III

ADROSTRAL CARINA To posterior margin of 
carapace

To or just beyond 1st 
rostral tooth

To 1st rostral tooth

GASTRO-FRONTAL GROOVE Present Absent Absent
SUB-HEPATIC CARINA Present Present Absent

I. P.japonicus — P.latisulcatus — P.canaliculatus are similar, particularly in 
relation to the size and position of the grooves and ridges on the carapace. 
P.canaliculatus can readily be distinguished from P.japonicus and P.latisul­
catus by the absence of spines on the telson. All three species may be dis­
tinguished from each other by the variation in the shape of the thelycum. 
Kubo (1949), Dali (1957) and Haii (1962) use the width of the postrostral 
carina as opposed to the width of the adrostral groove as the main feature
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distinguishing P.japonicus from P.latisulcatus. In the specimens examined 
this feature showed little variation and has therefore been excluded as a 
means of distinguishing the species.

TABLE 2. MAIN DIFFERENCES BETWEEN P.japonicus, P.latisulcatus AND P.canaliculatus

P.japonicus P.latisulcatus P.canaliculatus

POST-ROSTRAL GROOVE Narrows posteriorly Does not narrow pos­
teriorly

Narrows posteriorly

HEPATIC CARINA Ends directly below end 
of cervical carina

Ends slightly before end 
of cervical carina

Ends slightly before 
end of cervical carina

TELSON Lateral spines short 
usually only notches 
where spines inserted 
are visible

Lateral spines fairly 
long and easily visible

No lateral spines 
present

PETASMA Median lobes with well 
developed protuber­
ances at apex over­
hanging lateral lobes

Median lobes with slight 
protuberances at apex

Median lobes with well 
developed protuber­
ances at apex over­
hanging lateral lobes

APPENDIX MASCULINA Distal portion rect­
angular in outline; 
anterior surface and 
edge bearing setae.

Distal portion triangu­
lar in outline; edge 
fringed with setae 
anterior surface bear­
ing no setae.

Distal portion triangu­
lar in outline; edge 
fringed with setae, 
anterior surface bear­
ing no setae.

THELYCUM Anterior portion slightly 
shorter than receptacle, 
has rounded apex; 
receptacle cylindrical.

Anterior portion shorter 
than receptacle has bi­
furcate apex; recep­
tacle composed of two 
laberal lobes

Anterior portion as long 
as or longer than 
receptacle, has rounded 
apex; receptacle 
composed of two lateral 
lobes.

COLOUR Light fawn with broad 
red-brown transverse 
bands

Overall fawn to brown Light fawn with fairly 
narrow red-brown 
transverse bands

The discovery of P. latisulcatus Kishinouye (1900) in Durban Bay is a new 
record for South African waters. Although this species has been found in 
Durban Bay in fairly large numbers, it has previously been regarded as a 
colour variation of P.japonicus. It has not been possible to obtain Kishinouyei 
original description of P.latisulcatus but comparison of the specimens from 
Durban Bay with the descriptions of P.latisulcatus given by Kubo (1949), 
Dali (1957) and Haii (1962), has shown them to be synonymous with P.latisul­
catus Kishinouye. Lanchester (1901) examined two specimens (total length 
50.5 mm. and 59 mm.) which he called P.canaliculatus Olivier var. These 
specimens have since caused some confusion as they are identical to P.latisul­
catus, except that they possess a third median horn on the anterior portion of 
the thelycum. It has been possible to collect a wide size range of P.latisulcatus 
from Durban Bay and examination of the thelycum of specimens of 63 mm. 
to 143 mm. in total length has shown that the anterior portion of the thelycum
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is primarily trifúrcate in the juvenile of P.latisulcatus (Fig. 6b). Later the 
median horn apparently degenerates with a result that the mature thelycum 
of P.latisulcatus is typically bifurcate.

P.canaliculatus Olivier (1811) has been regarded as a doubtful species for 
some time. Very few specimens have been described and confusion arose 
after the establishment of P.japonicus Bate 1888 and P. latisulcatus Kishinouye 
(1900), as separate species. It was found that many of the specimens which 
had previously been identified as P.canaliculatus were either P.japonicus or 
P. latisulcatus, and the authenticity of Olivier’s identification became doubtful. 
Recently a number of specimens were found in Durban Bay which agreed 
with de Man’s description (1911) of P.canaliculatus (Olivier) in relation to 
the absence of spines on the telson and the shape of the thelycum. It has 
been impossible so far to obtain a copy of Olivier’s original description and 
the specimens have been identified as P.canaliculatus according to de Man’s 
description. Barnard (1950) briefly described two specimens from Port 
Edward, Natal. There are also specimens o f P.canaliculatus from East London, 
in the South African Museum.

II. P.semisulcatus — P.monodon are superficially similar and there has been 
some confusion with regard to their identification. They are nevertheless 
readily distinguishable as separate species by the following features:

TABLE 3. MAIN DIFFERENCES BETWEEN P.semisulcatus AND P.monodon

P.semisulcatus P.monodon

ROSTRUM Extends to tip of antennular peduncle Extends beyond'tip of antennular 
peduncle

ADROSTRAL CARINA Extends beyond first rostral tooth Extends to second rostral tooth
POST-ROSTRAL GROOVE Present Absent
SUBHEPATIC CARINA Inclined anteroventrally Horizontal
GASTRO-ORBITAL CARINA Occupies posterior % of distance 

between the hepatic spine and post- 
orbital margin of carapace

Occupies posterior /  of distance 
between hepatic spine and post­
orbital margin of carapace

ANTENNULAR FLAGELLA 
PAREIOPOD 5

Nearly as long as antennular peduncle 
Exopod present

Longer than antennular peduncle 
Exopod absent

III. P.indicus is the only species in this group which has been reported from 
South African waters. The two other species P.penicillatus and P.merguiensis 
which may also be included in this group, but which have not been reported 
from this area, have been included in this key.
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KEY TO THE SPECIES OF PENAEUS

la  A d r o s t r a l  g r o o v e  almost reaching posterior margin of cara­
pace. Well defined sub-hepatic carina and gastro-frontal grooves.

2a T e l s o n  bears no lateral spines ; postrostral carina with clear- 
cut median groove half length of carapace, seminal recep­
tacle of thelycum composed of two lateral lobes, anterior 
portion as long as or longer than seminal receptacle. . P.canaliculatus

Olivier
2b Telson bears three pairs lateral spines; post-rostral carina 

with clear-cut median groove half length of carapace; 
seminal receptacle of thelycum composed of one or two 
lobes, anterior portion slightly shorter than seminal recep­
tacle.

3a Thelycum with single cylindrical receptacle, anterior 
portion with rounded a p e x ............................................

3 b Thelycum  with receptacle composed of two lateral P.japonicus
lobes, anterior portion with bifurcate apex . . . .  Bate

lb A d r o s t r a l  g r o o v e  extending to or just beyond 1st rostral P.latisulcatus
tooth, gastro-frontal groove absent. Kishinouye

4a Subhepatic carina present.

5a Subhepatic c a r in a  inclined anteroventrally; gastro- 
orbital carina occupies posterior f  distance between 
hepatic spine and post-orbital margin of carapace; 
pareiopod 5 bears an exopod; antennular flagellum
shorter than peduncle...................  P.semisulcatus

de Haan
5b Subhepatic c a r in a  horizontal; gastro-orbital carina 

occupies posterior ^ distance between hepatic spine 
and post-orbital margin of carapace; pareiopod 5 bears 
no exopod ; antennular flagellum longer than peduncle . P.monodon

Fabricius
4b Subhepatic carina absent.

6a G a s tro -o rb ita l  c a r in a  well defined ; rostral crest not 
very high: Maxilliped 3 of male with dactylus .85 -
1.0 times length of propodus  ...................................  P.indicus

Milne-Edwards
6b G a s tro -o rb ita l  c a r in a  ill defined; rostral crest high.

7a M axilliped 3 o f male with dactylus 1.5-2.7
times length of p r o p o d u s .....................................  * P.penicillatus

Alcock
7b M axilliped 3 of male with dactylus .5 - .6 times

length o f propodus   * P. merguiensis
deMan

*Species not described in this paper
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Penaeus japonicus Bate

Penaeus canaliculatus Oliv. war. japonicus Bate, 1888, p. 245.
Penaeus canaliculatus (non Olivier) Ortmann, 1890, p. 488; Kishinouye, 

1900, pp. 6 and 11; Stebbing, 1914, p. 13.
Peneus canaliculatus (non Olivier) Alcock, 1906, p. 14.
Penaeus japonicus: de Man, 1911; Stebbing 1914, p. 12, 1917, p. 605; Kubo, 

1949, pp. 273-278; Barnard 1926, p. 121, 1950, pp. 590-592; Haii, 1962, 
p. 14.

Common Name g i n g e r  p r a w n

1cm
B

C

F ig . 5. Penaeus japonicus Bate. A, ? Cl 29 mm.; B, Thelycum of ? Cl 18 mm.;
C, Thelycum o f 9 Cl 29 mm. ; D , Petasma of <$ Cl 28 mm. ; E, Appendix masculina

of <? Cl 28 mm.

Study Material
Six Females of carapace length; 16 mm., 18 mm., 26 mm., 27 mm., 29 mm. 
and 30 mm.

Six Males of carapace length: 17 mm., 24 mm., 25 mm., 26 mm., 27 mm. 
and 28 mm.
(All specimens from Durban Bay.)

Description
Carapace and abdomen uniformly glabrous. Carapace with well developed 
orbital, antennal and hepatic spines; gastro-frontal groove relatively deep
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and bifurcate; orbito-antennal groove wide anteriorly, narrowing towards 
hepatic spine; gastro-antennal and gastro-orbital carinae well developed; 
cervical carina well developed; sub-hepatic carina extends posteriorly ending 
directly below cervical carina, anteriorly extending almost to anterior margin 
of carapace; pterygostomian margin rounded bearing no spine (Fig. 5a).

Rostrum armed with 8-10  dorsal teeth and one ventral tooth reaching 
just beyond tip of antennular peduncle; adrostral groove well defined reach­
ing posterior margin of carapace; post-rostral carina reaches posterior 
margin of carapace; post-rostral groove narrowing posteriorly, is about 
half length of carapace.

Flagella of antennules short and not more than half length of peduncle; 
stylocerite extends approximately half length of basal segment of peduncle; 
prosartema extends almost to distal end of basal segment of peduncle.

Maxilliped 3 almost reaches distal end of basal segment of antennular 
peduncle and bears an exopod and an epipod, exopod extending about half 
way along carpus of maxilliped 3 ; dactylus of maxilliped 3, sexually dimor­
phic. Exopods present on pareiopods 1 -5  and pareiopods 1 - 3 bear epipods; 
basal segment of pareiopods 1 and 2 each bears a spine.

Abdomen dorsaily carinated from posterior half of fourth segment to 
end of sixth segment.

Telson has median groove and bears three pairs lateral spines. In this 
species notches, where spines inserted, more obvious than spines themselves.

Median lobes of petasma (Fig. 5d) have well developed protuberances 
at apex.

Distal portion of appendix masculina (Fig. 5e) more or less rectangular 
in outline with slightly rounded distal margin and fringed with setae which 
also occur on anterior surface of distal portion.

Anterior portion of thelycum (Fig. 5b and 5c) slightly shorter than recep­
tacle with rounded apex, is more or less triangular in outline; seminal 
receptacle composed of single cylindrical receptacle.

Penaeus japonicus is a light fawn colour, striped with broad red-brown 
transverse bands on abdomen and céphalothorax; legs and pleopods tinged 
with blue; uropods brown, tipped with bands of deep yellow and blue and 
fringed with crimson setae.

P.japonicus is very abundant in Durban Bay throughout the year and 
usually makes up the majority of the catch.

Distribution
Two large specimens of P.japonicus were collected by Prof. J. L. B. Smith 
at Knysna (Barnard 1950), and constitute the most southerly limit on the 
South African coast of any species of the genus Penaeus.

P.japonicus has also been recorded from the following localities off the 
east coast of South Africa: Moçambique (Hilgendorf); off Cape St. Francis, 
32 fathoms and off Durban 15 fathoms (Stebbing); Delagoa Bay (Barnard); 
Richards Bay (Millard and Harrison); St. Lucia Estuary (Day, Millard and 
Broekhuysen).
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Penaeus latisulcatus Kishinouye
Penaeus latisulcatus: Kishinouye, 1900, p. 12; de Man, 1911, pp. 108-11; 

Kubo, 1949, pp. 278-82; Racek, 1955, pp. 222-3; Dalí, 1957, p. 149; Hall, 
1962, p. 14.

Penaeus canaliculatus (non Olivier) Lanchester, 1901, p. 571.

Common Name b r o w n  p r a w n  

Study Material
Six Females of çarapace length: 15 mm., 16 mm., 19.5 mm., 21 mm., 23.5 
mm., 24 mm. and 36 mm.

Six Males of carapace length: 15 mm., 16 mm., 18 mm., 21 mm., 23 mm., 
and 27 mm.
(All specimens from Durban Bay.)

Description
Carapace and abdomen uniformly glabrous. Carapace with well developed 
orbital, antennal and hepatic spines; gastro-frontal groove relatively deep 
and bifurcate; orbito-antennal groove wide anteriorly, narrowing towards 
hepatic spine; gastro-antennal and gastro-orbital carinae well developed; 
cervical carina well developed; sub-hepatic carina extends posteriorly ending

1cm B

D
F ig . 6. Penaeus latisulcatus Kishinouye. A, ? Cl 35.5 mm.; B, Thelycum o f ?  Cl 
15 mm.; C, Thelycum o f?  Cl 35.5 mm.; D , Petasma of 6  Cl 27 mm.; E, Appendix

Masculina of <? Cl 27 mm.
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before end of cervical carina, anteriorly extending almost to anterior margin 
of carapace; pterygostomian margin rounded bearing no spine.

Rostrum armed with 10-12 dorsal teeth and 1 ventral tooth, reaching tip 
of antennular peduncle; adrostral groove well defined, reaching posterior 
margin of carapace; post-rostral carina reaches posterior margin of carapace; 
post-rostral groove widens anteriorly and remains uniform width until it 
ends just before posterior margin of carapace, is about half length of carapace.

Flagella of antennules short and not more than half length of peduncle. 
Stylocerite extends approximately half length of basal segment of peduncle; 
prosartema extends almost to distal end of the basal segment of peduncle.

Maxilliped 3 almost reaches distal end of basal segment of antennular 
peduncle and bears an exopod and epipod, exopod extending about half­
way along carpus of maxilliped 3 ; dactylus of maxilliped 3 sexually dimor­
phic. Exopods present on pareiopods 1 -5  and pareiopods 1 -3  bear epipods; 
basal segments of pareiopods 1 and 2 each bears a spine.

Abdomen dorsally carinated from posterior half of fourth segment to end 
of sixth segment.

Telson has median groove and bears three pairs of lateral spines which 
are fairly long and easily visible.

Median lobes of petasma (Fig. 5d) have only very slight protuberances 
at apex.

Distal portion of appendix masculine (Fig. 5c) more or less triangular in 
outline with rounded distal margin and fringed with setae, anterior surface 
bearing no setae.

Apex of anterior portion of thelycum (Fig. 5b and 5c) bifurcate; seminal 
receptacle composed of two lateral lobes.

Penaeus latisulcatus is fawn to brown in colour; with blue tinged pareiopods 
and pleopods; telson tipped with bands of blue and red and fringed with 
crimson setae.

P.latisulcatus is fairly abundant in Durban Bay throughout the year and 
appears to live in close association with P.japonicus.

Distribution
This species has not been recorded from any other part of the east coast of 
Southern Africa to date.

Penaeus canaliculatus Olivier
Penaeus canaliculatus Olivier, 1811, p. 660; de Man, 1911, p. 106; Barnard, 

1950, p. 590.

Common Name s t r ip e d  p r a w n

Study Material
Six Females of carapace length: 14 mm., 15 mm., 16 mm., 24 mm., 29 mm. 
and 33 mm.
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Il
Fig. 7. Penaeus canaliculatus (Olivier). A, ? Cl 29 mm.; B, Thelycum of ? Cl 
29 mm.; C, Thelycum o f?  Cl 33 mm.; D , Petasma of $  Cl 29 mm.; E, Appendix

Masculina of $  Cl 29 mm.

Six Males of carapace length: 15 mm., 15 mm., 16 mm., 17 mm., 17 mm. 
and 29 mm.
(All specimens from Durban Bay except for one female of carapace length 
(Cl) 33 mm. and one male of Cl 29 mm., which were collected at Bonza 
Bay, East London by the South African Museum.)

Description
Carapace and abdomen uniformly glabrous. Carapace with well developed 
orbital, antennal and hepatic spines; gastro-frontal groove relatively deep 
and bifurcate; orbito-antennal groove wide anteriorly, narrowing towards 
hepatic spine; gastro-antennal and gastro-orbital carinae well developed; 
cervical carina well developed; sub-hepatic carina extends posteriorly termi­
nating before end of cervical carina, anteriorly extending almost to anterior 
margin of the carapace; pterygostomian margin rounded and bearing no 
spine (Fig. 7a).

Rostrum armed with 10-11 dorsal teeth and 1 ventral tooth, reaching to 
tip of antennular peduncle; adrostral groove well defined reaching posterior 
margin of carapace; post-rostral carina reaches posterior margin of carapace; 
post-rostral groove narrowing slightly posteriorly, is about half length of 
carapace.

Flagella of antennules short and not more than half length of peduncle; 
stylocerite extends approximately half length of basal segment of peduncle; 
prosartema extends almost to distal end of basal segment of peduncle.
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Maxilliped 3 almost reaches distal end of basal segment of antennular 
peduncle and bears an exopod and an epipod, exopod extending about half­
way along carpus of maxilliped 3 ; dactylus of maxilliped 3 is sexually dimor­
phic. Exopods present on pareiopods 1-5, pareiopods 1-3 bear epipods; 
basal segment of pareiopods 1-2 each bears a spine.

Abdomen dorsally carinated from posterior half of fourth segment to 
end of sixth segment.

Telson has a median groove and bears no lateral spines.
Median lobes of petasma (Fig. 7d) with well developed protuberances at 

apex similar to Penaeus japonicus.
Distal portion of appendix masculina (Fig. 7e) more or less triangular in 

outline ’with rounded distal margin fringed with setae, anterior surface 
bearing no setae.

Anterior portion of thelycum (Fig. 7b and 7c) as long as or longer than 
receptacle, with rounded apex; seminal receptacle composed of two lateral 
lobes.

Penaeus canaliculatus and P.japonicus are identical in colouring except that 
the transverse bands are slightly narrower in P.canaliculatus.

P.canaliculatus is found in small numbers in Durban Bay and appears to 
live in close association with P.japonicus and P.latisulcatus.

Distribution
This species has been recorded from only two other localities off the east 
coast of Southern Africa. Two specimens (both females) were collected off 
Port Edward (Barnard 1950) and a further two specimens (a male and a 
female) were collected at Bonza Bay, East London in 1962 by the South 
African Museum.

Penaeus semisulcatus de Haan

Penaeus semisulcatus de Haan, 1850, p. 191; de Man, 1911, pp. 97-100; 
Stebbing, 1917, p. 441; Caiman, 1925, p. 12; Holthius, 1949, p. 1056; 
Barnard, 1950, p. 588; Kubo, 1956; Dali, 1957 pp. 154-157; Haii, 1962, 
p. 15.

Penaeus ashiaka Kishinouye, 1900, pp. 7-14; Rathbun, 1902, p. 38; Nobili, 
1903, p. 2.

Peneus monodon (non Fabricius) Alcock, 1906, p. 8.
Penaeus monodon (non Fabricius) Bate 1888, p. 250; Kubo, 1949, pp. 291-6; 

Haii, 1956.

Common Name g r e e n  p r a w n

Study Material
Six Females of carapace length: 14 mm., 18 mm., 20.5 mm., 26 mm., 30 mm. 
and 33 mm.
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M:
c.

F ig . 8. Penaeus semisulcatus de Haan. A, $ Cl 26 mm.; B, Thelycum of ? Cl
20.5 mm.; C, Thelycum o f$  Cl 26 mm.; D, Petasma of c? Cl 27 mm.; E, Appendix

Masculina of £  Cl 27 mm.

Six Males of carapace length; 11 mm., 14.5 mm., 15 mm., 16 mm., 19 mm. 
and 27 mm.

(All specimens from Durban Bay.)

Description
Carapace and abdomen uniformly glabrous. Carapace with well developed 
antennal and hepatic spines but with no orbital spine; gastro-frontal groove 
absent; orbito-antennal groove shallow, narrowing slightly towards hepatic 
spine; gastro-antennal carina well developed reaching from antennal spine 
to below hepatic spine; gastro-orbital carina occupies posterior two-thirds 
of distance between post orbital margin of carapace and hepatic spine; 
cervical carina well developed; sub-hepatic carina relatively short and in­
clined at an angle of approximately 20° to horizontal; pterygostomian margin 
rounded bearing no spine (Fig. 8a).

Rostrum slightly curved and armed with 7-8 dorsal and 2-4 ventral teeth 
(usually 7 above and 3 below), reaching tip of antennular peduncle; adrostral 
carina well defined extending to just beyond first rostral tooth; post rostral 
carina almost reaches posterior margin of carapace; post rostral groove 
shallow and only about one-third length of carapace.

Flagella of antennules more than half length of peduncle; stylocerite 
extends just half length of basal segment of peduncle; prosartema reaches 
distal end of basal segment of peduncle.

Maxilliped 3 reaches distal end of basal segment of anteular peduncle 
and bears an exopod and an epipod, exopod reaching to proximal end of
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carpus of maxilliped 3 ; dactylus of maxilliped 3 sexually dimorphic. Exopods 
present on pareiopods 1-5; pareiopods 1-3 bear epipods; basal segment of 
pareiopods 1 and 2 each bears a spine; pareiopod 1 also bears an ischial spine.

Abdomen dorsally carinated from anterior portion of fourth segment of 
end of sixth segment.

Telson has median groove and bears no lateral spines.
Petasma (Fig. 8c) with two large lateral lobes entirely overhanging distal 

portion of median lobes.
Distal portion of appendix masculina (Fig. 8d) very similar to that of 

Penaeus japonicus but is broader and the margin only is fringed with setae.
Anterior plate of thelycum (Fig. 8b) small and knoblike; seminal receptacle 

composed of two lateral lobes.
P.semisulcatus is a pale brown-green colour with darker brown-green 

transverse bands; pleopods are green, fringed with crimson setae; uropods 
are tipped with green-blue and fringed with crimson setae.

P.semisulcatus is found in large numbers at times in Durban Bay. It is 
interesting to note that during the winter months (June to August) when 
there is a good growth of eel grass {Zostera capensis), on the centre banks in 
the bay, large numbers of P.semisulcatus are found living in it. Prolific growth 
of eel grass does not occur every winter, however, and during the years that 
there is little or no eel grass, very few specimens of P.semisulcatus are found 
in the bay.

Distribution
P.semisulcatus has also been recorded from the following localities off the 
east coast of South Africa: Off Durban 38 fathoms (Caiman); St. Lucia 
Estuary and off Zululand Coast, 26 fathoms (Barnard) ; Richards Bay 
(Millard and Harrison) ; St. Lucia Estuary (Day, Millard and Broekhuysen) ; 
Delagoa Bay (de Freitas).

Penaeus monodon Fabricius
Penaeus monodon Fabricius, 1798, p. 408; Holthius, 1949, pp. 1051-7; 
Barnard, 1926, p. 121; 1950, p. 584; Kubo, 1956; Dali, 1957, p. 152; Haii, 
1962, p. 15; de Freitas, 1963, p. 4.
Penaeus carinatus Dana, 1852, p. 602; de Man, 1911, p. 101; Racek, 1955, 

p. 215.
Peneus semisulcatus (non de Haan) Alcock, 1906, p. 10.
Penaeus caeruleus Stebbing, 1905, p. 77; Racek, 1955, p. 217.
Penaeus bubulus Kubo 1949, p. 296; Haii, 1956.

Common Name t ig e r  p r a w n  

Study Material
Six Females of carapace length: 12 mm., 16.5 mm., 26 mm., 31 mm., 40 mm. 
and 44 mm.
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F ig . 9. Penaeus monodon Fabricius. A, ? CI 16.5 mm.; B, Thelycum of ? CI 
16.5 mm.; C, Thelycum o f?  CI 40 mm.; D, Petasma of <? Cl 39 mm.; E, Appendix

Masculina of c? Cl 39 mm.

Six Males of carapace length: 12.5 mm., 22 mm., 25 mm., 30 mm., 34 mm. 
and 39 mm.

(All specimens from Durban Bay.)

Description
Carapace and abdomen uniformly glabrous; carapace with well developed 
antennal and hepatic spines but with no orbital spine; gastro-frontal groove 
absent; orbito-antennal groove shallow, narrowing slightly towards hepatic 
spine; gastro-antennal carina well developed reaching from antennal spine 
to below hepatic spine; gastro-orbital carina occupies posterior one-third 
of distance between post orbital margin of carapace and hepatic spine; 
cervical carina well developed; sub-hepatic carina very short and lies hori­
zontally; pterygostomian margin rounded, bearing no spine (Fig. 9a).

Rostrum with double curve and armed with 6-8 dorsal teeth and 2-4 
ventral teeth (usually 7 above and 3 below), reaching beyond tip of anten­
nular peduncle; adrostral carina well defined extending to 2nd rostral tooth; 
post-rostral carina almost reaches posterior margin of carapace; post-rostral 
groove virtually absent.

Flagella of antennules longer than antenullar peduncle; stylocerite extends 
nearly half length of basal segment of peduncle ; prosartema reaches distal 
end of basal segment of peduncle.

Maxilliped 3 reaches distal end of basal segment of antennular peduncle 
and bears an endopod and an epipod, exopod reaching to proximal end of 
carpus of maxilliped 3; dactylus of maxilliped 3 is sexually dimorphic. 
Exopods present on pareiopods 1-4 but there is no exopod present on pareio-

23

509



pod 5; pareiopods 1-3 bear epipods; basal segment of pareiopods 1 and 2 
each bears a basial spine; pareiopod 1 also bears an ischial spine.

Abdomen dorsally carinated from anterior portion of 4th segment to 
posterior end of 6th segment.

Telson has median groove and bears no dorso-lateral spines.
Petasma (Fig. 9d) with one median lobe slightly higher than other, two 

lateral lobes slightly overhang distal portions of median lobes.
Distal portion of appendix masculina (Fig. 9e) rectangular in shape and 

twice as long as broad, margin fringed with setae.
Anterior portion of thelycum (Fig. 9b and c) small and knoblike ; seminal 

receptacle composed of two lateral lobes.
P.monodon is a blue-fawn colour with darker, blue-brown transverse 

bands; uropods and pleopods tipped with crimson setae.
Very few specimens of P.monodon were found in Durban Bay. The largest 

specimen found until recently was a female with a carapace length of 16.5 mm., 
but in January 1964 a number of very large specimens of P.monodon (the 
largest having carapace length of 44 mm.) were netted from an enclosed 
area of the bay which is in the process of being reclaimed. These specimens 
were probably trapped in the basin when reclamation first started approxi­
mately six months previously, preventing them from migrating out to sea 
to breed at maturity.

Distribution
P.monodon has been recorded from the following localities along the east 
coast of South Africa : Natal (Krauss) ; Zwartkops River Mouth and Nahoon 
River (Stebbing) ; Buffalo River, Port St. Johns, Umgeni Lagoon and Delagoa 
Bay (S. Afr. Mus.); off Durban 27-40 fathoms (Gilchrist); Richards Bay 
(Millard and Harrison); St. Lucia Estuary (Day, Millard and Broekhuysen); 
Delagoa Bay (de Freitas).

Penaeus indicus Milne-Edwards

Penaeus indicus Milne-Edwards, 1837; de Man, 1911; Kubo, 1949, p. 311; 
Barnard, 1950, p. 588; Racek, 1955, p. 220; Haii, 1962, p. 16; de Freitas, 
1963, p. 3.

Penaeus indicus var. longirostris de Man, p. 511.
Peneus indicus Alcock, 1906, p. 12.
Penaeus semisulcatus (non de Haan) Stebbing, 1914, p. 69.
IPenaeus durbani Stebbing 1917, p. 442.

Common Name w h it e  p r a w n

Study Material
Six Females of carapace length: Í6 mm., 17 mm., 20 mm., 25 mm., 31 mm. 
and 38 mm.
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F ig . 10. Penaeus indicus Milne-Edwards. A, $ Cl 27 mm.; B, Thelycum of ? Cl 
17 mm.; C, Thelycum of ? Cl 31 mm.; D, Petasma of t? Cl 26 mm.; E, Appendix 

Masculina of c? Cl 26 mm. ; F , Tip of maxilliped 3 of <S (enlarged).

Six Males of carapace length; 15 mm., 16 mm., 22 mm., 26 mm., 30 mm. 
and 31 mm.

(All specimens from Durban Bay.)

Description
Carapace and abdomen uniformly glabrous. Carapace with well developed 
hepatic and antennal spines but with no orbital spine; gastro-frontal groove 
absent; orbito-antennal groove quite deep and not very wide; gastro-antennal 
carina well developed; gastro-orbital carina occupies posterior two-thirds 
of distance between post-orbital margin of carapace and hepatic spine; 
cervical carina short; no sub-hepatic carina present; pterygostomian margin 
rounded bearing no spine (Fig. 10a).

Rostrum with distinct double curve and armed with 7-9 dorsal and 4-5 
ventral teeth, reaching far beyond tip of antennular peduncle; adrostral 
carina well defined extending to first rostral tooth; post-rostral carina extends 
to within one-fifth of carapace length from posterior margin of carapace; 
post-rostral groove very shallow.

Flagella of antennule nearly l j  times length of antennular peduncle; 
stylocerite extends about ^ length of basal segment of peduncle; prosartema 
reaches distal end of basal segment of peduncle.

Maxilliped 3 reaches distal end of basal segment of antennular peduncle 
and bears an exopod and an epipod, exopod reaching to proximal end of 
the carpus of maxilliped 3; dactylus of maxilliped 3 sexually dimorphic 
(Fig. 9f). Exopods present on pareiopods 1-5; pareiopods 1-3 bear epipods; 
basal segment of pareiopods 1 and 2 bears a basal spine; pareiopod 1 also 
bears an ischial spine.
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Abdomen dorsally carinated from anterior portion of third segment to 
posterior portion of sixth segment.

Telson has median groove and bears no lateral spines.
Median lobes of petasma (Fig. lOd) with rounded tips which are longer 

than lateral lobes, lateral lobes slightly overlap median lobes.
The distal portion of appendix masculina (Fig. 10e) deltoid in shape and 

margin fringed with setae.
Anterior portion of thelycum (Fig. 10a and b) small and knoblike with a 

point like the radicle of a seed growing down between the two lateral lobes 
which make up seminal receptacle. In specimens with a carapace length 
greater than 27 mm. lateral lobes of seminal receptacle tend to curl back down 
midline, revealing small tubercles covering inner surfaces of lateral lobes.

Penaeus indicus is white, lightly speckled with brown; tips of pleopods 
and uropods are yellow.

Penaeus indicus is not common in Durban Bay. Fairly large numbers were 
found in the Sanctuary but very few specimens were found in the open areas 
of the bay. Recently a number of very large specimens of P.indicus were 
netted in the enclosed area of the bay which is being reclaimed, as was the 
case in P.monodon.

Distribution
P.indicus has also been recorded from the following localities oif the east 
coast of South Africa: Quelimane (Hilgendorf); Ümgeni Lagoon (Stebbing); 
off Tugela River, 24 fathoms, Zwartkops River mouth, Buffalo River, Port 
St. Johns and Delagoa Bay (S. Afr. Mus.); St. Lucia Estuary (Fisheries 
Survey, 1940); Richards Bay (Millard and Harrison); St. Lucia Estuary (Day, 
Millard and Broekhuysen); Delagoa Bay (de Freitas).

Genus METAPENAEUS Wood-Mason and Alcock
Metapenaeus Wood-Mason and Alcock, 1891.
Metapeneus Alcock 1906.
Penaeopsis de Man, 1911; Schmitt, 1926.

Carapace and abdomen usually partly pubescent. Carapace without 
longitudinal or transverse sutures; well developed hepatic and antennal 
spines; hepatic carina ill-defined behind level of hepatic spine but well 
defined in front; orbito-antennal groove present; pterygostomian angle 
blunt. Antennular flagella shorter than carapace; pereiopods 1-3 bear basal 
spines; exopods present on pareiopods 1-4; ischium and merus of pareiopod 5 
is often modified in adult male. Telson with deep dorsomedian groove, with 
no fixed subapical spines but usually with movable dorsolateral spines which 
may be microscopic and very numerous. Petasma tubular with thickened 
median lobes and even thicker lateral lobes which form disto-lateral spout­
like projections each with a dorsal lobule produced posteriorly into an 
expanded plate-like projection; median lobes have a dorsal lobule produced 
into a thin recurved hood-like structure; appendix masculina has no setae
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on the distal segment. Thelycum is composed of an anterior median plate 
and two posterior lateral plates. Pleurobranchiae are present on segments 3-7 
of the thorax.

Discussion
Metapenaeus monoceros is the best known species of the genus Metapenaeus 
in South Africa. A second species, M.stebbingi has been recorded from 
Delagoa Bay (Barnard 1950) but appears to be extremely rare. A third 
species, M.affinis, has been recorded by Stebbing (1914) but its identification 
is uncertain.

KEY TO THE SOUTH AFRICAN  SPECIES OF M ETAPENAEUS

la  Carapace has latge pubescent areas; 1st rostral tooth directly 
above hepatic spine; petasma with distomedian projections 
rounded ..............................................................................................

lb  Carapace glabrous with small pubescent areas along cervical 
carina and below first rostral tooth; 1st rostral tooth in front of 
hepatic spine. Petasma with distomedian projections long and 
spoutlike (see Barnard 1 9 5 0 ) .........................................................

M etapenaeus monoceros Fabricius
Penaeus monoceros Fabricius, 1798, p. 409.
Metapeneus monoceros Alcock, 1906, p. 18.
Metapenaeus monoceros Barnard 1950, p. 597; Flail, 1958, p. 537; de Freitas, 

1963, p. 5.
Penaeopsis spinulicauda Stebbing, 1914, p. 17, 1917, p. 444..
Penaeopsis monoceros Stebbing, 1914, p. 70; Caiman, 1925, p. 12.
Not
Penaeopsis monoceros de Man, 1911.
Metapenaeus monoceros Kubo, 1949, pp. 329-333; Dali, 1957, pp. 184-187. 

Common Names
s p e c k l e d  p r a w n  (Durban Bay).
g i n g e r  p r a w n  (St. Lucia and Richards Bay).

Study Material
Six Females with carapace length: 12 mm., 22 mm., 25 mm., 27 mm., 28 mm. 
and 29.5 mm.

Six Males with carapace length; 11 mm., 19 mm., 20 mm., 21 mm., 23 mm. 
and 25 mm.

Description
Carapace and abdomen irregularly pubescent. Carapace with well developed 
antennal, orbital and hepatic spines; no gastro-frontal groove or gastro- 
orbital carina; gastro-antennal carina ill-defined, slight depression of cara-
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Fig. 11. Metapenaeus monoceros (Fabricius). A, ? Cl 25 mm.; B, Thelycum o f?
Cl 18 mm. ; C, Thelycum o f?  Cl 29.5 mm. ; D, Petasma of â  Cl 20 mm. ; E, Appendix 

Masculina of ¿  Cl 20 mm. ; F, Forepart of Pareiopod 5 of <? (enlarged).

pace forms orbito-antennal groove ; cervical carina well developed and almost 
straight ; sub-hepatic carina descends vertically for a short distance and then 
curves anteriorly ending before pterygostomian margin which is rounded 
(Fig. Ila).

Rostrum straight with tip slightly uptilted bearing 9-10 dorsal teeth and 
no ventral teeth, it extends to tip of antennular peduncle. Adrostral carina 
well defined ending at base of second rostral tooth; post-rostral carina not 
very well defined and extends to posterior margin of carapace; post-rostrâl 
groove absent.

Flagella of antennules just over half length of antennular peduncle; 
stylocerite extends half length of basal segment of peduncle ; prosartema al­
most reaches distal end of basal segment of peduncle.

Maxilliped 3 reaches to end of stylocerite of antennule and bears an 
exopod but no epipod. Exopods present on pareiopods 1-4 and pareiopods 
1-3 bear epipods and a spine on each basal segment; pareiopod 1 bears 
ischial spine. Pareiopod 5 of adult male has a keel on posterior margin of 
ischium, with a spine on the merus, curving outwards and downwards 
(Fig. lOf).

Abdomen dorsally carinated from beginning of 4th segment to end of 
6th segment; traces of dorsal carina present on segment 2 and 3.

Telson has a median dorsal groove and bears no lateral spines.
Disto-median projections of petasma (Fig. lOd) extend beyond tip of 

lateral lobes and are rounded, whole length of lateral lobe is doubled over 
on each side meeting at mid-line to form an almost completely enclosed 
channel. Petasma greatly thickened.
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Distal portion of appendix masculina (Fig. 10e) rounded and attached to 
endopod of second pleopod by means of stalk.

Thelycum (Fig. l ib  and c) has elevated postero-lateral plate and an 
anterior median lobe which is elevated and grooved along its mid-line; 
coxopod of pareiopod 4 has a sharp vertical ridge.

M.monoceros is white, covered with speckles of dark brown pigment. 
M.monoceros is fairly common in Durban Bay being found in largest 

numbers in the Sanctuary.

Distribution
M.monoceros has also been recorded from the following localities off the 

east coast of South Africa: Quelimane (Hilgendorf); Delagoa Bay and off 
Tugela River 12-14 fathoms (Stebbing); off Umvoti River, 38 fathoms 
(Caiman); Delagoa Bay, Zululand Coast, Umgeni Lagoon, Umkomaas, 
Port St. Johns and Cape Henderson (S. Afr. Mus.); Richards Bay (Millard 
and Harrison) ; St. Lucia Estuary (Day, Millard and Broekhuysen) ; Delagoa 
Bay (de Freitas).

Summary
A survey of the Penaeid prawns in Durban Bay was carried out during the 
period May 1963 to August 1964. Seven species, belonging to two genera of 
the family Penaeidae were recorded from the bay ; they include the following 
species : the Ginger Prawn Penaeus japonicus Bate, the Brown Prawn P.latisul­
catus Kishinouye, the Striped Prawn P.canaliculatus Olivier, the Green 
Prawn P.semisulcatus de Haan, the Tiger Prawn P.monodon Fabricius, the 
White Prawn P. indicus Milne-Edwards, and the Speckled Prawn Metapenaeus 
monoceros (Fabricius). P.latisulcatus is a new record for South African waters.
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C a m b r id g e , M a s s . J u l y  15, 1965 N u m b e r  226

THE LARVAL FORM OF THE HETEROMI (PISCES)

By G il e s  W . M ea d  

Museum of Comparative Zoology, H arvard University

The distinctive order Heteromi (Lypomi, Halosaurif ormes, or 
Notacanthiformes) includes about 25 species arrayed among 
about eight genera within the three families Notacanthidae, 
Halosauridae, and Lipogenyidae. All appear to be bottom fishes 
which, as adults, live between a few hundred and about 3500 
meters. The placement of the order, which has been divided into 
two by many authors (Gili, 1889; Goode and Bean, 1896:129, 
162; Berg, 1940-.453 ; and Lagler, Bardach and Miller, 1962:40), 
within the teleostean hierarchy has been problematical. The most 
penetrating study of possible relationships is that of Marshall 
(1962) who emphasized the unity of the order, and allied it with 
the true eels or Apodes, chiefly on the basis of significant resem­
blances in swimbladder structure. The group was also recognized 
as a distinct order allied to the true eels within their superorder 
Elopomorpha by Greenwood, Rosen, Weitzman and Myers (1965) 
— a treatment in which I wholly concur.

The reproductive biology of the group has been a complete 
enigma. Neither eggs nor larvae have been reported, although 
Marshall (1962) and Greenwood et al. (1965) suggested that if 
the Heteromi shared common ancestry with the apodal fishes, a 
leptocephalus-Iike young should be expected. Similar speculation 
was included in the review of reproduction in the group provided 
by Mead, Bertelsen and Cohen (1964:583). I t  is thus most grati­
fying to report here on a single, relatively large leptocephalus 
taken during the midwater trawling program of the International 
Indian Ocean Expedition. I t is broken and badly damaged, but 
has the typical shape and transparency of a relatively large eel 
leptocephalus and head structure unmistakably that of a halosaur, 
probably of the genus Aldrovandia. This metamorphosing young 
was taken as follows :
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2 BREVIORA No. 226

Rr/V Anton Brunn, Cruise V I, Sta. 351D, APB label 7354; 
29 June 1964; Southern Indian Ocean between 31°45'S, 65°08'E 
and 32°26'S, 65°05'E ; 0359 to 1507 hrs. ; 10-foot Isaacs-Kidd 
trawl equipped with Foxton Trousers (Foxton, 1963) set to trip 
at 350 m; maximum depth of haul 1786 m; probable depth of 
capture below 125 m; depth of bottom 4480 m. MCZ catalog 
number 43994.

The body of this specimen which lacks the terminal part is 
263 mm long and is composed of 250 somites. I t  lacks much of 
its skin, and the anal and the ventral fins are either unde­
veloped or were lost during capture. The flanks are densely 
stippled with fine black pigment. The head is similarly but more 
darkly colored. Along the ventral profile are series of black spots, 
each continuous with its mate across the ventral midline and 
connected with the adjacent spots mid-ventrally by a fine line of 
dense pigment. These spots probably occur throughout the length 
of the fish, but both skin and pigment are missing in many areas 
(Fig. 1). W ithin or surmounting each ventral spot, at least 
anteriorly, is a pore which may be the precursor of the series of 
ventral luminous organs seen in Aldrovandia rostrata (Günther, 
1887, pi. 59, fig. A ). Spots and pores occur on every fourth or 
fifth somite, a relationship similar to that between light organs 
and rows of scales in certain species. Prior to preservation, the 
body was nearly as transparent as that of most eel leptocephali. 
The pectoral fin, which is set close behind the gili opening, is 
formed of twelve rays. The dorsal fin, badly damaged but includ­
ing at least eight rays, is short-based and situated relatively far 
forward compared to that of other halosaurs, suggesting a sub­
stantial relative shortening of the post-dorsal part of the body 
with growth. The anus cannot be found.

The head (Fig. 1) is about as broad as deep and terminates 
anterior to the gape in a prolonged fleshy snout. The gili open­
ings are broad and continue anteriorly to near the symphysis of 
the lower jaw. Branchiostegal membranes are free from each 
other and from the isthmus. The gili membrane is thin and 
fragile. None of the osteological peculiarities noted by Marshall 
(1962:253) can be ascertained. Gili rakers are present and lath­
like, are about as long as the opposite filaments, and number 4 +  
1 +  14 on the first arch.

Jaws are poorly developed and bear teeth only at the tip of the 
mandible. Upper jaw bones are similar in structure to adult 
Aldrovandia, i.e. a somewhat flattened maxillary bone that 
abuts anteriorly on the end of the premaxillary which, with its
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4 B R E V IO R A No. 226

opposite partner, courses transversely across the gape. Pores, 
presumably sensory, occur on the cheek (Fig. 1) and another pair 
is situated on the top of the head above the anterior edge of 
the orbit.

The capture of a specimen, small but of adult appearance, 
which has been identified provisionally as Halosaurus nigerrimus 
Alcock, 1899, indicates that halosaurs can complete their meta­
morphosis in midwater. This fish, 185 mm long, was also caught 
in the more southern latitudes of the Indian Ocean, as follows:

B /V  Anton Bruun, Cr. VI, Sta. 349B, APB label 7332; 26 
June 1964; 26°24'S, 65°02'E to 26°44'S, 65°05'E; 0830 to 1425 
hrs. ; 10-foot Isaacs-Kidd trawl equipped with Foxton Trousers set 
to trip  at 350 m ; maximum depth of haul 1470 m ; probable depth 
of capture below 125 m ; depth of bottom 4571 m. MCZ catalog 
number 43993.

These specimens thus clearly show that heteromous fishes have 
leptocephalus young so strikingly similar to those of the true 
eel that a close relationship between the two orders must he 
recognized, and that the young of at least some of these benthic 
fishes are pelagic. Thus either a spawning migration of the adults 
must occur or, less likely, buoyant eggs spawned on the bottom 
must rise through a water column of substantial height.
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Reprinted from Sea  S w a llo w  1-7, 52-56, 1965

C R U ISE  OF R.R.S. DISC O V ER Y  IN THE IN D IA N  OCEAN

By R. S. B a i l e y ,  British Ornithologist with expedition.

During 1964 The Royal Research Ship Discovery was working in the 
Indian Ocean to complete her part in the International Indian Ocean 
Expedition. A brief summary of the ornithological work during 1963 was 
published in the Ibis in January 1964. (Ibis, 106: no. 1.) The work was 
divided into three cruises, the first two of which were surveys along 58° 
east and 6 8 ° east meridians as far south as 20° south. The last was a survey 
of the Somali Current. The routine work included current measuring and 
the analysis of seawater to determine its salinity, temperature and the 
oxygen, nitrate and phosphate contents. Quantitative net hauls were made 
down to one thousand metres and the density of chlorophyll present in the 
plant plankton was measured in the surface layers.

I attempted to estimate bird numbers by counting for at least an hour 
four times a day. Many factors make it difficult to compare these counts, 
but they probably give a good indication of the changes in density over 
the ocean. It is extremely difficult to sample the food available to seabirds 
directly, but an attempt was made using a surface plankton net towed at 
five knots. The catches taken with this net give some idea of how productive 
the sea is and, when they have been analysed, it may be possible to deter­
mine some of the ecological factors which affect the distribution of seabirds.

Our first destination after leaving Aden at the beginning of March, 
the tail end of the N.E. Monsoon, was the Kuria Muria Islands. In 
July 1963, at the height of the S.W. Monsoon season we had spent 
several weeks in the upwelling area off the Arabian coast and many 
species . of birds were concentrated around these islands, suggesting 
that they are an important breeding station. Unfortunately con­
ditions in July were too rough to attempt landing, but in March this year 
we were able to land on Hasikiya, the westernmost island. Hasikiya was the 
most desolate island I have ever encountered. Only one species' of land 
plant was found growing, and rats were apparently the only mammals. 
Only one true land bird was seen— a Peregrine which probably subsisted 
on the rats. The island was deserted by most of the seabirds seen in the 
surrounding seas during the south-west monsoon and only the Blue-faced  
Booby was nesting. It had just begun laying and, while several thousand 
birds were seen, only about fifty nest scrapes contained eggs. The only 
other seabirds on the island were a few Socotra Cormorants, which 
suggests that the huge numbers of this species that I saw in Kuria Muria 
Bay in 1963 were migrants from the Persian Gulf,

Our vißit to the Arabian coast showed the profound effect of the 
seasonal changes on the bird community. The seas off Arabia in March 
were warm and few birds were seen. Only Jouanin’s Petrels and Blue­
faced Boobies were common, but a few Red-billed Tropic-birds, Lesser 
Black-backed Gulls and phalaropes were also seen. Upwelling was no 
longer progressing, so the water was poor in plankton and fish and, as a 
result, was presumably unable to support the huge populations of birds. 
Even Arabian Sea resident species, such as the Persian Shearwater, the 
Socotra Cormorant, the Brown-winged Tern and Hemprich’s Guii had 
disappeared, perhaps to find upwelling areas in other parts of the Arabian 
Sea.

It was not to find boobies that I had visited the island, however. I 
wanted to search for evidence of breeding petrels, especially Jouanin’s
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Petrel and the Persian Shearwater. The only signs of suitable nest sites 
were shallow burrows and crevices in the steep-sided gullies which serve 
as water courses at certain times of year. Some of these burrows contained 
small piles of feathers and bones which may provide evidence of the 
species which nest on the island, when they have been identified. Con­
clusive evidence, however, must wait until an expedition can visit the 
island during the breeding season.

The first longitudinal survey was carried out in March and April. The 
main aim was to study the system of equatorial currents before the 
beginning of the south-west monsoon. At the boundaries of these currents 
with the counter-current there is a tendency for the water layers to mix 
bringing nutrient salts to the surface. This results in an increase in produc­
tivity and consequently one might expect to find seabirds there in large 
numbers.

The distribution of oceanic birds was so patchy that it is difficult to 
make generalisations at this stage. None of the species were evenly spread 
along the transects, and both the Arabian Sea and the zone between 8 ® 
south and 13° south seemed especially unfavourable. This may be con­
nected with the greater distance from breeding colonies, but I believe that 
the productivity of the sea is more important. The richest areas were those 
just south of the equator and again south of 15° south. This suggests that 
the boundaries between the equatorial currents may be richer than the 
surrounding seas. When the biological material has been worked up it 
will be possible to analyse this more thoroughly.

On our way south W edge-tailed Shearwaters increased suddenly at 
4° south at a convergence marked by a drop in sea temperature and the 
presence of Sargassum weed. Two species of all-black storm-petrels were 
seen. A Swinhoe’s Storm-petrel came aboard at 7° north, but the other 
species remains a mystery. It was probably Matsudaira’s Storm-petrel and 
was commoner than the smaller Swinhoe’s Storm-petrel. In March both 
species were rare in the equatorial region. They probably spread along the 
rich boundaries of the equatorial currents from the Pacific Ocean during 
their non-breeding season.

The commonest bird at sea, however, was the Sooty Tern, and flocks 
of fifty to a hundred were seen almost everywhere. Along 58° east it was 
concentrated in three zones: 10-12° north, 5° north and 17-20° south, 
whereas in 6 8 ° east it was less common and more scattered. Sometimes 
flocks of Sooty Terns were accompanied by Frigate-birds, but these are 
difficult to identify at any distance. White-tailed Tropic-birds and Blue­
faced Boobies were also occasionally seen at sea but no obvious concentra­
tions were recorded. The other tropical seabirds, such as noddies, Audu­
bon’s Shearwaters, White and Brown-winged Terns, were very rarely 
recorded more than fifty miles from their breeding islands. By April a few 
W ilson’s Storm-petrels and Great Skuas had reached the area south of the 
equator.

On leaving Cochin in mid May we made for the Arabian coast to 
begin the second longitudinal survey. In the Arabian Sea at the beginning 
of the S.W. Monsoon a gradual build-up in numbers had begun to take 
place. Upwelling had just started close to the Arabian coast and small 
numbers of Persian Shearwaters, Hemprich’s Gulls and Crested Terns 
w£re seen around the Kuria Muria Islands, as well as small numbers of 
Pale-footed Shearwaters and Wilson’s Storm-petrels from the south. 
Jouanin’s Petrels and Red-billed Tropic-birds had also begun to concen­
trate near the coast.
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In the Arabian Sea and to the south of the Laccadives, Pale-footed  
Shearwaters and W hite-faced Storm petrels were seen moving north-west. 
By the end of May numbers of White-faced and Black-bellied Storm-petrels 
had appeared in the central Arabian Sea, but I was unable to confirm 
any records of White-bellied Storm-petrels. All I saw clearly had the black 
belly stripe. Few other birds were seen but Jouanin’s Petrels extended 
south to the equator in small numbers.

The second longitudinal survey gave me the opportunity to record 
changes in distribution which had occurred since the onset of the monsoon. 
The most obvious difference was the presence of Southern hemisphere 
migrants but there had been some changes in the distribution of resident 
species. There was some evidence that Wedge-tailed Shearwaters had 
spread north into the Arabian Sea. By June, the larger all-black storm- 
petrels had become much commoner in the area of calms on the equator. 
During both surveys they were concentrated in this zone. It is not easy 
to suggest why it should become more common in the south-west monsoon 
if one assumes that it breeds in the Pacific Ocean at this time of year. The 
birds in the Indian Ocean must belong to a non-breeding population unless 
they breed in the northern winter in an undiscovered area.

Blue-faced Boobies and W hite-tailed Tropic-birds were again seen 
scattered at sea, but the only concentration of note was of the latter around 
Mauritius in July. A few Red-tailed Tropic-birds were also seen south of 
15° south. Frigate-birds had shown a tendency to spread north but, with the 
exception of Sooty Terns, the distribution of most tropical species showed 
no significant changes. By late May Sooty Terns had disappeared from 
the central Arabian Sea and were not seen north of 8 ° north. They had 
presumably moved south towards tffeir breeding islands. In July large 
numbers were seen moving south-east after heavy winds in the area between 
Mauritius and the Seychelles. It is quite certain that their movements are 
extremely complex and are probably associated with differences in breed­
ing season in different parts of the ocean.

Few of the antarctic migrants were seen south of the Arabian Sea. 
Only during their migration are they seen in the equatorial zone. In June, 
for instance, small parties of W ilson’s and Black-bellied Storm-petrels 
were seen feeding close to the equator, where the more productive areas 
may serve as transit feeding grounds. A few other southern hemisphere 
migrants reach the tropics in small numbers. On several occasions I saw 
black and white gad-fly petrels. Some may have been Trinidade Petrels, 
but others were almost certainly Soft-plumaged Petrels, recognised by their 
dark underwing. Prions were also widespread between 13° and 20° south. 
Finally, I recorded a probable Giant Petrel off north Madagascar in July.

We had intended to land on one of the islands to the north of 
Madagascar, but this proved impossible owing to rough seas. W hile passing 
close to Farquar atoll, Astove and Cosmoledo, I was able to record the 
species moving to and from the islands. Off Farquhar, Sooty Terns were 
extremely common with small numbers of Common Noddies, Crested 
Terns and Red-footed Boobies. Off Astove few birds were seen, suggesting 
that there are no important breeding colonies there at that time of year. 
At dusk while passing Cosmoledo, large numbers of Sooty Terns and Red­
footed Boobies were seen moving towards the islands.

In August we made two short trips to the Somali coast south of Cape 
Gapdafui. The strong monsoon winds create a fast.-moving current running 
up the African coast and, as the water moves north, its course gradually 
veers away from the coastline. Water upwells to fill the gap and, from
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about 8 ° north to Cape Gardafui, there is a huge wedge of cold water 
which is rich in nutrient salts. As in other upwelling areas I expected to 
find large concentrations of birds but, compared with the Arabian coast 
upwelling area, there were remarkably few.

The warm Somali current further south was also poor for birds. Near 
the coast a few Jouanin’s Petrels, W ilson’s Storm-petrels and Little Terns 
were seen while, further out in the Arabian Sea, Sooty Terns and Black- 
bellied Storm-petrels appeared, with small numbers of W edge-tailed Shear­
waters and the larger all-black storm petrels. As soon as we entered the 
area of cold water there was a small but marked increase in numbers and 
the species composition changed completely. Persian Shearwaters, W ilson’s 
Storm-petrels and Red-billed Tropic-birds became widespread, but very 
few other birds were seen. Another sudden change occurred passing from 
the cold water into the hot Gulf of Aden water. Dolphins played round 
the ship’s bows and W ilson’s Storm-petrels and Jouanin’s Petrels became 
common.

It is very difficult to suggest why this upwelling area should be so 
poor in birds. A clue is given, however, by the fact that the cold water 
was extremely rich in plant plankton but only moderately rich in the 
planktonic animals which graze it. This suggests that large communities 
of fish, upon which birds can feed, had not had time to develop. This may 
happen when the water has drifted further east off Socotra. As our survey 
had to be restricted to the centre of the upwelling, centred on Ras Hafun 
and Ras Mabber, it was impossible to investigate this possibility.

In addition to my census work I was also interested in the food of 
seabirds. O f the seventeen which landed on board, some regurgitated their 
stomach contents which usually consist of remains of flying fish or squid. 
Among those which definitely feed on squid are Jouanin’s Petrel, Pale­
footed and W edge-tailed Shearwater, all three species of of booby, Greater 
Frigate-bird and Sooty Tern— all the common oceanic birds of the tropical 
Indian Ocean, in fact. The species of squid most frequently found is 
thought to come to the surface only at night. This is one more piece of 
evidence that many species of seabirds feed at night.

During the coming year, I shall be writing up this work at the 
Edward Grey Institute of Field Ornithology. I hope to reach some con­
clusions about the environmental factors which restrict the distribution 
of different species of seabirds; the plankton changes markedly from place 
to place in quantity and type, and I hope to find relationships between 
these changes and bird distribution.

I owe my thanks to a large number of people for their help and advice. 
When reading up the background to Indian Ocean ornithology I found 
the sea reports of the R.N.B.W .S. most helpful. The 1964 cruise was run 
by the National Institute of Oceanography, to whom I am most grateful 
for such an opportunity to study oceanic birds. I have also had a great 
deal of help from the officers and crew of the Discovery and my grant 
has very kindly been given by the Nuffield Foundation.
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Sum m ary Report on Photosynthesis and Chlorophyll in the E astern 

Indian Ocean observed by Japanese Ships during IIO E 

Prepared by

National W orking Group on Photosynthesis-Chlorophyll of IIOE

Japanese participation in the  observations on the photosynthetic ra te  and chlorophyll 
content of the  phytoplankton as an item  of IIO E  was made as follows (Figs. 1 , 2 ) :  (ref. 
to th is bulletin No. 11, p. 82)

Ship Period Participating scientist

Kagoshima Maru Dec. 1963- J a n .  1964 Takuro Endo
Koyo M aru Dec. 196 2 - J a n .  1963 Kaoru Takesue

V t Dec. 1963- J a n .  1964 tr t
U m itaka M aru Dec. 1962 -  Jan . 1963 Yatsuka Saijo

t  tr Dec. 19 6 3 - J a n .  1964 Ichitaro Sakamoto
Oshoro Maru Dec. 1963 Teruyoshi Kawamura

Photosynthetic ra te  as estim ated by tank m ethod was generally low except the region of 
upwelling, e. g ., southeast of Java Islands (Figs. 3 , 4 ) .  In  the west of 100°E the  photo­
synthetic ra te  near the surface was 0 .2 -0 .4  m gC /m 3/ h r  to  the  north of 5°S, while it 
was 0 .1  mg C /m 3 / h r  to the south of 5°S. In  the east of 100°E it was larger than 
0 .4  m g C /m 3/h r  to the south of 10°S, while it was 0 .1 -0 .3  m gC /m 3/h r  to the  south 
of 100°E.

T he depth of maximum photosynthetic activity (estim ated by tank exp.) was found at 
25 m in the north on 78°E line, while it was at 50 m or 75 m in the south. T he depth  of 
maximum photosynthetic activity was alw ays deeper than the  depth of maximum production 
estim ated by in situ  experiments.

Daily prim ary production estim ated by in  situ  experiments was generally 0 .1 -0 .2  
gC /m V d ay  (Figs. 5, 6 ) . Com paratively h igh values, 0 .3 -0 .7  g C /m 2/day , were obtained 
to the  southeast of Java Islands. Daily prim ary production on 94°E line was generally 
higher in 1963-64 than in 1962-63 (F igs. 5 , 6 ) .

Chlorophyll a  content was generally very poor, being about 0 .1  m g /m 3 in the  north 
and less than 0 .05  m g /m 3 in the south a t the surface to the west of 100°E, and about 
0 .05  m g /m 3 a t the surface to the east of 100°E (Figs. 7, 8 ) .  T he depth of maximum 
chlorophyll was often observed in the lower pa rt of th e  euphotic zone (50-125 m ) . T he 
depth of m aximum chlorophyll was 50-75 m in the  equatorial region, and 100-125 m 
in the south. These depths corresponded to the upper lim it of the  thermocline. The 
chlorophyll distributed in these depths were those which had lost their photosynthetic 
ability  as suggested by the  results of the  tank experiments. (Y. Saijo)
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1962-Jan. 1963.
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C. R . A cad . S c. P a r is , t . 2 6 1 , p . 2 2 45 -2248  (13 sep tem b re 1965). G roupe 11.

OCÉAN OC» KA PH IE BIOLOGIQUE. —  Phytoplancton et productivité prim aire  
dans une baie de N ossi-B é  (M adagascar). N ote de M. A l a i n  S o u i i n i a ,  

présentée par M. Théodore Monod.

Le phytoplancton d ’une baie tropicale est étudié ici en relation avec les facteurs 
hydrologiques et sous les aspects su ivants : composition taxonom ique, pigm ents 
photosynthétiques et productivité prim aire. Le cycle annuel est très accidenté, 
du fait de la proxim ité des côtes. L’in térêt est a ttiré  sur les variations nycthé- 
méralcs. Une com paraison est établie en tre les mesures de productiv ité par l’oxygène 
e t p a r le carbone 14.

De février ig63  à ju illet 1 9 6 4 , une étude du p hytop lancton  et de la 
productivité primaire, en relation avec les facteurs hydrologiques, a été 
effectuée dans la baie d ’Am banoro, à N ossi-B é. Ces recherches con sti­
tu an t les premières en date sur ce sujet et dans cette  région, nous en 
donnons ici les résultats préliminaires.

Le clim at annuel (latitude : 13° Sud) consiste essentiellem ent en l’alter­
nance de deux saisons, l ’une chaude et pluvieuse (été austral) d ’octobre 
à avril, l ’autre fraîche et sèche (hiver austral) de m ai à septem bre. L’h ydro­
logie annuelle reproduit cette  succession avec un certain décalage : eaux  
chaudes et dessalées de décembre à m ai, eaux fraîches et à forte salinité  
de juin à novem bre. Ces phénom ènes sont représentés sur le d ia ­
gramme T-S (fig . i ) ,  qui m ontre aussi que tem pératures et salinités 
n’évoluent pas sim ultaném ent dans le cours de l’année : ainsi, lors du 
passage de la saison sèche à la saison des pluies (décem bre), la tem pérature  
a ttein t rapidem ent une valeur élevée alors que la salin ité n ’a encore que 
très peu dim inué. A noter égalem ent sur ce diagram m e l’instabilité des 
valeurs estivales en com paraison de l ’hom ogénéité des valeurs h iver­
nales. Enfin, l ’écart therm ique annuel des eaux n ’excède pas 5°C, com m e 
il est d’usage en m ilieu tropical, alors que le dessalem ent en saison des pluies 
peut dépasser la dilution de io  % d’eau douce. Aussi peut-on  sans doute  
attribuer à la p luviosité le rôle essentiel dans les variations annuelles du 
m ilieu, sans perdre de vue toutefo is que deux ordres de phénom ènes se 
trouvent juxtaposés : d ’une part, m odifications therm iques, d ’autre part, 
m odifications de salinité par apports d ’eaux douces —  et donc d ’élém ents 
nutritifs —  d’origine atm osphérique.

Exam inons m aintenant le cycle annuel du phytop lancton  sous ses 
divers aspects : com position taxonom ique (prélèvem ents au filet, com ptages 
par la m éthode d ’U term ôhl), pigm ents photosynthétiques (m éthode de 
Richards et T hom pson, form ules de ParSons et Strickland), enfin, produc­
tiv ité  primaire (m éthode au carbone 14 de Steem ann N ielsen).

Le m icroplancton végéta l et le nanoplancton  se d istinguent n ettem en t 
l ’un de l ’autre par leurs caractères biologiques et taxonom iques : le premier 
est essentiellem ent constitué de D iatom ées, richem ent diversifié, et sujet
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(  2  )
à d ’im p ortan tes fluctuations annuelles a llan t de l’ex tin ctio n  quasi to ta le  
à de brusques floraisons de Rhizosolenia alata  B righ tw ., G uinardia  flaccida  
(Castr.) Per. e t Chaetoceros s p p . L a  cyan op h ycée p lan ctoniq u e Tricho­
desm ium  donne lieu  en sa ison  des p lu ies à de véritab les phénom ènes  
d ’« eau x  rouges ». Le n anop lancton  d ’autre part, ainsi que l ’u ltrap lancton, 
principalem ent com posé de P érid in iens e t d ivers F lagellés, m ontre plus 
de con stan ce et, à d éfau t de m icroplan cton , con stitu e à certaines époques  
de l ’année l ’essen tie l de la b iom asse p h ytop lan cton iq u e.

33

26‘-

PtqarQTimV T . ? 
(E a u  d« » u rfac # )

2 7 '

2 8 '

• t*

2 9 '

3
«S 30*

‘i
E M ëit.4>

3 1 -

Fig. i. —  V aria tions annuelles de la tem p éra tu re  e t de la  salinité (m esures hebdom adaires). 
Chaque po in t représen te la m oyenne en tre  deux m esures effectuées le m êm e jou r, l'une  
à  m arée hau te , l 'a u tre  à m arée basse.

L ’an alyse des p igm en ts ch lorophylliens (flg. 2 ) révèle une alternance de 
d eu x  saisons calquée sur le cycle hydrologiqi^e. D e septem bre à décem bre, 
c’est-à-d ire n o tab lem en t décalée par rapport à l ’h iver hydrologique, 
s ’étend une période h ivernale au cours de laquelle s ’ob servent les valeurs  
annuelles m in im ales. La seconde période, égalem ent décalée par rapport 
à l ’é té  hydrologiq u e, v a  de jan v ier  à ao û t; les concentrations rencontrées 
son t p lus élevées m ais aussi plus irrégulières, ce dernier p o in t é ta n t à 
rapprocher de l ’in sta b ilité  des sa lin ités p en dan t cette  partie de l ’année. 
Les varia tion s saisonnières de la p rod u ctiv ité  (flg. 2 ), quoique peu m arquées, 
reprodu isent cependant dans leurs grandes lignes celles des teneurs en  
p igm en ts : la période h ivernale est peu accentuée, m ais les valeurs

540



( 3 )
annuelles m axim ales, com m e pour les p igm en ts, se s itu en t entre janvier  
et août.

P roduction  prim aire e t con centration  en p igm en ts m on tren t l ’une et 
l ’autre des valeurs m oyenn es é levées, re la tivem en t fortes pour une zone  
trop icale , m ais ju stifiab les par la s itu a tio n  to u t à fa it littora le du secteur  
étud ié. La relation  p rod u ctiv ité  / b iom asse, te lle  que déterm inée par le 
rapport : p rod u ctiv ité  in  si tu  par u n ité  de ch lorophylle o, prend la va leu r  
m oyenn e annuelle de 7 ,6  m g  de carbone par heure et par m illigram m e de
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Fig. 2 . —  V ariations annuelles des teneurs en p igm ents (chlorophylles a, b e t c, caro- 
téno'ides) e t de la p ro d u ctiv ité  n e tte  ap p a ren te  (m esures ín silu  en tre  7 e t 11 heures 
locales, à  i m  de profondeur).

ch lorophylle o, ta u x  com parable au x  estim ation s des divers auteurs. 
Q uant à la p rod u ctiv ité  globale annuelle, elle a tte in t d ’après nos 
m esures i5  g de carbone par m ètre cube et par an pour la couche super­
ficielle.

Com m e le m ontre la figure 2 , le cycle  annuel est accid en té d ’im p ortan tes  
varia tion s secondaires. E n  effet, le dom aine littora l est é tro item en t soum is  
a u x  facteurs p hysiques tels que : p lu ies, m arées et courants de m arée, 
tu rb id ité , e tc ., d on t l ’effet est ici ressenti plus rap idem ent et p lus profon-
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dém en t q u 'en  dom aine pélag ique. C’est dans le b u t  d ’évaluer l’im portance  
de ces v a ria tio n s  à co u rt te rm e  que nous avons effectué, to u t  au  long du 
cycle annuel, p lusieurs é tudes du  cycle nyctliém éral, sous la form e de 
p rélèvem en ts à in te rvalles  réguliers p e n d a n t 3o à 4° h- E n  voici les 
prem ières conclusions :

D ans sa com position  tax o n o m iq u e , le p h y to p la n c to n  est soum is à une 
périod icité  de 24 h  ap p a re m m e n t liée au  cycle de l’éc la irem ent solaire ; 
ainsi les P érid in iens n anop lanc ton iques  m on tren t-ils  une m u ltip lica tion  
in tense  en d é b u t de m atinée . U ne seconde périodicité , im posée p a r  la 
m arée, so it de 12 h  env iron , d o it ê tre  invoquée  concurrem m ent à la 
p rem ière  po u r ren d re  com pte des v a ria tio n s  dans l’abondance des d ivers 
groupes sy stém atiq u es .

L ’in ten sité  de l ’ac tiv ité  p h o to sy n th étiq u e n ’est pas. répartie de façon  
régulière de part e t d ’autre de la m éridienne : en effet, la p rod u ctiv ité  est  
so u v en t plus élevée l ’après-m idi que le m atin . D ’autre part, la d im i­
n u tion  relative de la p h o to sy n th èse  su rven an t aux environs de m id i dans 
les ea u x  superficielles n ’a pu que dans quelques cas être m ise en parallèle  
avec une plus faib le d ensité  du p lancton  de surface. A ussi s ’agit-il gén é­
ralem ent d ’une in h ib ition  sous un écla irem ent défavorable.

Au cours de ces cycles d iurnes, nous avons sim u ltaném en t m esuré la
production  prim aire de d eu x  façons : d ’une part, par la m éthode du  
carbone 14 (en su b d iv isan t la journée solaire en quatre périodes d ’ex p o ­
sitio n  in  si tu  de 3 h chacune), d ’autre part par la m esure des variations  
du ta u x  d ’oxy g èn e dissous in situ  (celui-ci rapporté au pourcentage de 
satu ration ). Il est alors possib le de com parer, pour une m êm e journée, 
la q u a n tité  de carbone consom m é et la q uan tité  d ’oxygèn e dégagé. 
U ne corrélation  sa tisfa isan te  a été trouvée entre les deux m éthodes : 
si les d eu x  q u an tités son t exprim ées en m olécules-gram m e, on en déduit
un q u o tien t apparent de la p h o to sy n th èse  généralem ent vo isin  de 2 .
Le q u o tien t théorique est, com m e on sa it, égal à l ’unité. A ussi conclu t-on , 
sans préjuger des valeurs absolues, que l’estim ation  fournie par la  m éthode  
du carbone 14 est d eu x  fois plus faible que celle obtenue par les m esures 
d ’oxygène" in situ.

(Laboratoire des Pêches Outre-Mer, 
M uséum  N ational d ’Histoire naturelle, 

5?, rue Cuvier, Parie, 5e.)

170079. —  lm p. G a u t h i e r - V i l l a r s  & Cle, 55, Quai des G rands-A ugustins, P aris (6e).
Im prim é en France.
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R e p r i n t e d  from  A u s t .  J .  mar .  f r e s h w .  R e s . ,  v o l .  14, n o .  2 ,  1 9 6 3 ,  p .  1 1 9 - 1 3 8

SOME FEATURES OF ORGANIC PHOSPHORUS DISTRIBUTION IN  
THE SOUTH-EAST IN D IA N  A N D  SOUTH-WEST PACIFIC OCEANS

By D . J . R o c h f o r d *

[Manuscript received July 17, 1963]

Summary

Concentrations of organic phosphorus significantly different from zero 
(OTO-O-38 /ng-atom/1) have been found at most depths in a series of stations in the 
south-east Indian and south-west Pacific Oceans. F or three meridional sections 
of the central and west Pacific and east Indian Oceans mean concentrations of 
organic phosphorus in the 0-200 m layer were found to be maximal (0-20-0-38 /¿g~ 
atom/1) along the southern boundary of the South Equatorial Current, along the 
Equatorial Divergence, and within the boundary of the Counter Current and N orth 
Equatorial Current. South of 30° S. to about 40° S. another maximum was found 
which copld not be associated with marked current movements. Pronounced 
maxima were also found in the vertical profiles of organic phosphorus. These 
sometimes occurred at the same depth as major hydrological core layers. The most 
consistent agreement in depth was found between the Antarctic intermediate salinity 
minimum and an intermediate depth organic phosphorus maximum around 1000 m.
At 41 % of stations examined these two layers were found at the same depth. A t 
several locations the depths of the maxima in organic phosphorus varied in the 
same direction and at the same rate as the major hydrological layers during one 
year’s observations.

I. I n t r o d u c t io n

Although much earlier work had been carried out on the amounts o f organic 
phosphorus (difference between the total phosphorus and inorganic phosphate values) 
in surface and near surface waters (Kalle 1935; Redfield, Smith, and Ketchum 1937; 
Harvey 1948; Armstrong and Harvey 1950; Hansen and Robinson 1953) Ketchum, 
Corwin, and Keen (1955) were the first to determine concentrations o f organic phos­
phorus to depths o f 1000 m and more. Their results indicated that, whilst 95% of 
surface waters o f the equatorial Atlantic contained significant amounts o f organic 
phosphorus, waters deeper than 1000  m contained no measurable amounts o f organic 
phosphorus. However, in 1957-58 R.Y. Crawford found appreciable quantities of 
organic phosphorus at most depths of the Atlanic Ocean (Fuglister 1957; Metcalf 
1960). Also later Strickland and Austin (1960) detected organic phosphorus at 
concentrations o f 1 /¿g-atom/1 or more at depths of about 1000 m around 50° N . in 
the eastern Pacific.

In 1961 and 1962 organic phosphorus values of south-east Indian and south­
west Pacific Ocean waters were determined to at least 2000 m during cruises o f  
H.M.A.S. Diamantina and H.M .A.S. Gascoyne. These results also show appreciable 
amounts of organic phosphorus at most depths. This paper examines the general 
features o f organic phosphorus distribution based upon Diamantina and Gascoyne 
results and draws attention to the connection between vertical maxima o f organic 
phosphorus and circulation o f subsurface water masses.

* Division of Fisheries and Oceanography, C.S.I.R.O., Cronulla, N.S.W.
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1 2 0 D . J .  R O C H FO R D

II. M a t e r i a l  a n d  M e t h o d s

The inorganic and total phosphorus values used to calculate organic phosphorus 
are in course of publication (C.S.I.R.O. Aust. 1962b, 1962c, 1963, et seq.).

Organic phosphorus was determined at sea as follows: 100-ml samples of 
seawater were drawn from the Nansen bottles into 150-ml Pyrex conical flasks,

T a b l e  1
DETERMINATION OF THE SALT ERROR FACTOR

The figures given are the válues for absorbance

Amounts o f P as K H 2PO4 Added (/¿g/1)

20 40 50 60 70 80 100
Mean

Series 1, 3.xi.61 
Distilled water

Reading 0 070 0 1 3 0 — 0-187 — 0-242 0-297
Blank* 0 008 0 008 — 0 008 — 0-005 0 005
Corrected reading 0 062 0 122 — 0-179 — 0-237 0-292

Seawater
Reading 0 078 0 1 3 2 — 0-180 — 0-229 0-269
Blankf 0 025 0 025 — 0-025 — 0-022 0-022
Corrected reading 0 053 0 107 — 0-155 — 0-207 0-248

Factor 1 17 1 14 — 1 15 — 1 14 1-14 1-15
Series 2, 6.xi.61 

Distilled water
Reading 0 068 — 0 1 5 8 — 0-219 — 0-294
Blank* 0 007 — 0 007 — 0 007 — 0-007
Corrected reading 0 061 — 0151 — 0-212 — 0-287

Seawater
Reading 0 082 — 0 1 5 8 — 0-210 — 0-280
Blankf 0 030 — 0 029 — 0-028 — 0-027
Corrected reading 0 052 — 0 1 2 9 — 0-182 — 0-253

Factor 1 15 — 1 14 — 1 13 — 1 13 1-14
Series 3, 10.xi.61 

Distilled water
Reading 0 069 — 0 1 5 6 — — — —
Blank* 0 007 — 0 007 — — — —
Corrected reading 

3-5%  NaCl
0 062 —■ 0-149 — —— — —

Reading 0 072 — 0-149 — — — —
Blankf 0 0 1 8 — 0 0 1 8 — — — —
Corrected reading 0 054 — 0-131 — — — —

Factor 1 15 1 14 -- - — 1-15

* Reagent blank.
f  Blank for P in reagents and in seawater or NaCL solution.

0 • 2 ml o f 72 % perchloric acid added and digestion at 200-250°C carried out immedi­
ately on a sand tray. After evaporation o f water, heating was continued until fuming 
of the salt residue commenced. The samples were then allowed to cool and 100 ml 
o f distilled water and 2 drops o f 2% phenolphthalein added. If the solution was
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alkaline, perchloric acid was added until a slight acidity persisted. The flasks were 
allowed to stand 24 hr to dissolve the salts. Phosphate was then determined by the 
usual method (C.S.I.R.O. Aust. 1962a). The SCOR-UNESCO intercalibration tests 
at Honolulu in September 1961 (Ketchum 1961) showed that the salt error correction

T a b le  2
COMPARISON OF TOTAL PHOSPHORUS DETERMINATIONS

Depth
(m)

Mean of 4 Samples (^g-atom/l)
Mean Difference 

(ftg-atom/1)C.S.I.R.O. Woods Hole

42 0-42 0-42 0
173 0-46 0-46 0
353 1-35 1-30 0 0 5
535 2-64 2-49 0 1 5
812 3-02 301 0 0 1

factor of 1 • 10 as previously used by C.S.I.R.O. (Rochford 1960) was low. This salt 
error correction was redetermined in November 1961 and a value o f 1 -15 was found 
(Table 1). This correction has been applied to the data o f this paper. Table 2 shows 
the results of a comparison of total phosphorus values by the method of this paper

7
+ 2To

+  5%

6

5
Ul
D
_l
> 4
u.0
E
Ld 3Q23
Z 2

1

+  0 0 4  + 0 0 3  + 0 0 2  + 0 - 0 1 - O O I  - 0 0 2  - 0 0 3  - 0 - 0 4  - 0 0 5

D E V IA T IO N  F R O M  M E A N  -(flG ■ A T O M /L )

Fig. 1.—Deviations about the mean of 20 replicate inorganic phos­
phate analyses of a sample of seawater with a mean concentration of 

0*48 /¿g-atom/1.

with those by the modified Harvey autoclave method used at the Woods Hole Oceano­
graphic Institution, e.g. by Ketchum. The comparison samples were collected at a 
station between Oahu and Hawaii from R.S. Vityaz during a SCOR-UNESCO  
intercalibration cruise in September 1961. At this station both methods gave very
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-t-0’12
• T O T A L  P H O S P H O R U S  
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J  < +0-02
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-  0 - 0 6
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M E A N  O F  D U P L IC A T E S  ( /¿ G  - A T O M /O

Fig. 2.— Deviations about the mean of analyses of duplicate samples from the same 
Nansen bottle for inorganic phosphate and total phosphorus.

T a b le  3

REPLICATE PHOSPHATE DETERMINATIONS

Seawater was filtered through an H.A. Millipore filter. Organic phosphorus is the difference
between total and inorganic values

Sample
No.

Inorganic 
Phosphate P

W D

Total
Phosphorus

0*8/1)

Organic
Phosphorus

0*8/0

Sample
No.

Inorganic 
Phosphate P 

0*8/1)

Total
Phosphorus

0*8/1)

Organic
Phosphorus

0*8/1)

1 18 9 21 20 6
2 27 22 26
3 18 8 23 19 7
4 26 24 26
5 19 7 25 20 6
6 26 26 26
7 18 8 27 19 7
8 26 28 26
9 19 6 29 18 8

10 25 30 26
11 20 7 31 20 8
12 27 32 28
13 20 6 33 19 —
14 26 34 —
15 20 7 35 19 7
16 27 36 26
17 19 6 37 20 8
18 25 38 28
19 19 6 39 20 7
20 25 40 27
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much the same values o f total phosphorus. The inorganic phosphate determination 
had a standard deviation of 5% (0-025 /xg-atom/1) of the mean for 20 replicate 
determinations at a mean phosphate value o f 0 -4 8 /xg-atom/1 (Fig. 1). At a higher

T a b l e  4
PRECISION OF PHOSPHATE DETERMINATIONS

Series Determination Mean
(/xg-atom/1)

S.D.
( % of mean)

S.D.
(/xg-atom/1)

1 inorganic P 0-48 7 0 030
2 inorganic P 0-60 4 0-025
3 inorganic P 2-00 3 0-040
4 total P 0-85 4 0-034
5 total P 2-00 2 0-040
6 organic P (series 4 and 2) 0-23 8-2 0 0 1 8

phosphate range (1 -9 0 -2 -3 0 /xg-atom/1) a series of duplicate values of inorganic 
phosphate and total phosphorus had a standard deviation o f less than 2 % (0-04 /xg- 
atom/1) o f the mean of each duplicate series (Fig. 2). Table 3 gives the results o f a

•o* V

T * A  I

S E C T IO N  A

S E C T IO N

.•o'loo' lío" 140°

Fig. 3.—Chart of the positions of the comparison stations (A and B) and sections 1-7.

replicate series o f organic phosphorus determinations o f the same seawater. The 
standard deviations o f the inorganic phosphate, total phosphorus, and organic 
phosphorus values o f  Table 3 are given along with other estimates o f phosphate 
precision (Figs. 1 and 2) in Table 4. Use o f the formula (tri2+<r22)i where o-i is the
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standard deviation o f the total phosphorus determination (series 4) and 0 2  that o f the 
inorganic (series 2, Table 4) results in a standard deviation o f 17% or 0-04 /xg-atom/1 
for their differences. The observed standard deviation was much less (series 6 , Table 4). 
It is considered probable that the standard deviation o f organic phosphorus lies

EQ U A T O R IA L

SO U T H  EQ U A T O R IA L  C U R R E N T  C O U N T E R  E Q U A TO RIA L
0 - 4 0

C U R R E N T  C U R R E N T

SECTION 1

0 - 3 0

.1 0-10

20°

C O U N T E R ^  ^ N O R T H  EQ U A T O R IA L  

C U R R E N T

to° io° 1 5 °1 5 °fi¡ 4 5 ° S .  4 0 '
• 0 4 0  r  SO U T H  EQ U A T O R IA L

3 5 '

C U R R E N T C U R R E N T
EQ U A T O R IA L
D IV E R G E N C E

E Q U A T O R IA L  
D IV E R G E N C E  

SO U T H  E Q U A T O R IA L * * ^
SECTION 3SECTION 2

0 - 3 0
C U R R E N T

0-20

0*10

20°4 0 °

LATITUDE
3 0 ' 2 5 ' 1 5 '3 5 '

Fig. 4.— Mean concentration of organic phosphorus in the upper 200 m. (a) section 1 ; (6)
section 2; (c) section 3 (Fig. 3).

between these values. It is proposed to use a standard deviation o f 12% or 0-03 /xg- 
atom/1 at a mean organic phosphorus value o f 0 ■ 2 3 /xg-atom/1. Values o f organic 
phosphorus greater than three such standard deviations (0 -0 9 /xg-atom/1) will be 
considered significantly different from zero.
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III. M e r id i o n a l  D i s t r i b u t i o n

In the mid Pacific (section 1, Fig. 3) the mean concentration o f organic phos­
phorus within the upper 200 m varied greatly with latitude (Fig. 4(a)). Regions of  
high concentration (0-23-0-38 /xg-atom/1) were found at B, C, D , and E (Fig. 4(a)) 
and o f low concentration (0-01-0-19 /xg-atom/1) at B1, C1, and D 1.

160*«. ISO® 160° W.

G 3 /6 1  •

VITYAZ X

X Î6-9  ^
X 27-6

26.----- .XH-9

TEMP. M AX—
TEM P M I M . . . . ^ q l M . . E W . A . T O ? IAI,

o, /  X 29-3 -------
X 29-4

^ V » Í9  J X 29-1£ /  X 29-0
«9*3 X 29*3

X 29-2

P.iy.ERCENC;

TEMP. 
MAX '

1 6 0 * 6* n o *  160* W.

Fig. 5.—Surface temperatures and equatorial currents of the western Pacific Ocean. • ,  Gascoyne, 
August to  October 1961 ; x , Vityaz, October 1957 to February 1958.

In the west Pacific (section 2, Fig. 3) a region o f high concentration (0 • 33 /xg- 
atom/1) was found at C (Fig. 4(6)) in about the same latitude as region C o f section 1 
(Fig. 4(6)). Another region o f high concentration (0 • 28 /xg-atom/1) was found at A
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(Fig. 4(b)). Secondary regions o f high and low concentration at B and B1 o f section 2 
(Fig. 4(b)) also occurred along section 1 at about the same latitudes (B, B1, Fig. 4(a)). 
The region of low concentration at C1 (Fig. 4(a)) had its northern limit at C1 along 
section 2 (Fig. 4(b)).

In the south-east Indian Ocean the meridional variation in the mean concen­
tration of organic phosphorus in the upper 2 0 0  m was much less than in sections 1 
and 2 o f  the Pacific Ocean (Fig. 4(c)). A  region o f high concentration (0-23 /xg-atom/1)

O R G A N I C  P H O S P H O R U S  ( / X G - A T O M / L )
0-20

1 a  m í n . o r g . p  

| b  m a x . o r g . p l U P P E R  0 2  M IN .

C  M IN , O R G .  P
---t*

D  M A X . O R G .  P L O W E R  0 2  M IN

2000

2 5 0 0

F  M A X . O R G .  P4 0 0 0

Fig. 6.—Smoothed vertical profiles of organic phosphorus at the following positions:

Ocean Vessel Station Position

Atlantic Crawford 484/59 0° 14' S. 20° 17' W.
Pacific Gascoyne 211/61 2° 20' N. 172° 1 0 'E.
Indian Diamantina 43/62 31° 5 4 'S. 112° E.
Pacific Gascoyne 54/62 34° 0 1 'S. 153° 0 5 'E.

at D  (Fig. 4(c)) corresponds in latitude with region D of section 1 (Fig. 4(a)). The 
broad region of comparatively high values (0-19-0-21 /xg-atom/1) at E -E 1 (Fig. 4(c)) 
had a northern limit at the same latitude as E o f section 1 (Fig. 4(a)). The region of  
low concentration at D 1 (Fig. 4(c)) occurred further north than in section 1 (D 1, 
Fig. 4(a)).

From surface temperatures, zones o f maximum and minimum temperatures 
have been distinguished along sections 1 and 2 (Fig. 5). These zones in conjunction
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with salinity have been used to identify the meridional position o f the South Equatorial 
Current, Equatorial Divergence, Counter Current, and North Equatorial Current. 
Along section 3 the position o f the South Equatorial Current and Divergence along 
its northern boundary have been taken from Rochford (1962).

DEPTH OF OXYGEN MINIMUM (M)

1000

\ .  y\cu/bi 
X /  > £ 2 4 2 A l  

D * . I J V V A  .  .N Í>*W 2/t»l
C /D r»  Z tl/b O  \  C

/o»u/Ai* \  \
/ x  r>_ 17

N. •Dm.S4/6l

n̂.407/t)0. .1̂ 171/bi
\  ' \  '»On

•  UPPER OXYGEN MINIMUM <  6 0 0  M

*  DEEP OXYGEN M IN IM U M » 8 0 0  M

•G 23& /6I

TOTAL STATIONS =  2 7 ' \
PERCENTAGE W ITHIN ±  100 M -  85%  > 
PERCENTAGE AT SAME DEPTH =  37%

a  1000

PERCENTAGE W ITHIN ± 100 M — 43%  
PERCENTAGE AT SAME DEPTH =  32%

Fig. 7.—Relation between depths of upper and lower oxygen minima and organic phosphorus max­
ima B and D (Fig. 6) at stations of the south-east Indian and south-west Pacific Oceans (Fig. 3).

Along sections 1 and 3 the high concentration o f organic phosphorus at D  
(Figs. 4(a) and 4(c)) occurred at the southern boundary o f the South Equatorial 
Current. Along sections 1 and 2, and to a lesser extent along 3, the Equatorial 
Divergence is marked by the region o f high organic phosphorus concentration at C 
(Figs. 4(a) and 4(c)). The slight increase in organic phosphorus concentration at B 
along sections 1 and 2 (Figs. 4(a) and 4(6)) occurred at the boundary o f the Counter 
Current and North Equatorial Current. The region E -E 1, section 3 (Fig. 4(c)). was 
bounded to the north by the cyclonic eddy west of Fremantle (Wyrtki 1962a) and to
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the south by the subtropical, subantarctic transition zone (Rochford 1962). It was 
situated therefore within a region o f vertical mixing. Region E of section 1 (Fig. 4(a)) 
could mark the northern boundary o f a similar region of vertical mixing in the 
south-west Pacific.

IV . V e r tic a l  D ist r ib u t io n

Figure 6 shows the vertical distribution o f organic phosphorus at four widely 
separated stations in the Atlantic, Pacific, and Indian Oceans. At these stations

* D E P T H  O F  IN T E R M E D IA T E  SA L IN IT Y  MINIMUM (M)

134/61

C*.4 0 7 /6 0

Da 4 1 7 /6 0 *

^Da. 3 4 /6 2

1 4 2 /6 2

1.412/60

T O T A L  S T A T IO N S  = 2 6  
P E R C E N T A G E  W IT H IN  i t O O  M = 54%  
P E R C E N T A G E  S A M E  D E P T H  = 41%

« 1 5 0 0

Fig. 8.— Relation between depths o f intermediate salinity minimum and organic phosphorus 
maximum D  (Fig. 6) at stations o f the region (Fig. 3).

organic phosphorus did not increase or decrease uniformly with depth but passed 
through depth strata of high and low values. The values of organic phosphorus 
within these strata (A, B, C, D , and E, Fig. 6) varied more from station to station 
near the surface (A, Fig. 6) than at depths (E, Fig. 6). However, the depth range of 
these strata was much less near the surface (A, Fig. 6) than at depths (E, Fig. 6). The 
close correspondence in depth range o f the upper and lower oxygen minima and o f
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Fig. 9.—The distribution to the bottom  of organic phosphorus (/¿g-atom/l) along section 5 (Fig. 3) from Sunda Strait to 
oi North-W est Cape, Australia, in March 1962 (Cruise Dm l/62). Circled value cannot be regarded as significant. S%0 =  salinity.
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organic phosphorus maxima B and D (Fig. 6) at these four stations suggested that 
hydrological structure determined the depth of organic phosphorus maxima. However, 
the available evidence indicates (Fig. 7) that only 37% of stations of the region 
(Fig. 3) had an upper organic phosphorus maximum at the same depth as the upper 
oxygen minimum and only 32% had a lower organic phosphorus maximum at the 
same depth as the lower oxygen minimum. Better agreement in depth was found

D E P T H  O F  IN O R G A N IC  P H O S P H A T E  M AXIM UM  (m ) IOOO
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D i» 4 0 2 /6 0 «  ,  » 0 ( 1 1 4 2 7 /6 0

[ » » 7 /b O *  _ D„ « | / 6 0  ' Dm * 2V b o

Dm34 7 / 6 0

D m Jfl/6 2

Dm 3 7 2 / 6 0

•Dm 4 12 / 6 0
0 2 3 6 /6 1

D m 3 9 2 /6 0 Dm 4 3 # / 6 0  
. ,  •  Dm 3 6 7 / 6 0  

0 2 4 6 / 6 1 - D m |J 6 / b |
D m 4 0 7 / 6 0

D m l3 0 /6 I D m 3 9 /6 2
D m 34/b2

D m 4 3 2 /6 0 -
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D m l34/6I

T O T A L  S T A T IO N S  = 3 6  

P E R C E N T A G E  W IT H IN  ±  lOO M =  3 0 %  

P E R C E N T A G E  S A M E  D E P T H  = 1 4 %

1 7 5 0  L

Fig. 12.— R elation between depth o f interm ediate phosphate  m axim um  and organic phosphorus 
maxim um  D (Fig. 6) a t stations o f the region (Fig. 13).

between the lower organic phosphorus maximum and the intermediate salinity 
minimum where at 41 % of stations these layers had the same depth (Fig. 8). Along 
section 5 in March 1962 the depth of these two layers coincided at most stations 
(Fig. 9) but in June 1961 (Fig. 10) the organic phosphorus maximum was found along 
this section at much the same depth although the intermediate salinity minimum was 
absent or lying well above. However, on both these occasions and in October 1960, 
along section 4, the lower organic phosphorus maximum was found at much the same 
depth as the inorganic phosphate maximum (Figs. 9, 10, and 11). A more extensive 
examination of this relation however (Fig. 12) showed that these two layers coincided
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in depth at only 14% of a total of 36 stations. Along section 6 (Fig. 13) the major 
inorganic phosphate maximum, at 1500-2000 m, in general was found between 
organic phosphorus maxima.

At position A (Fig. 3) the intermediate organic phosphorus maximum (AA4A2, 
Fig. 14), the upper organic phosphorus maximum (B1B2, Fig. 14) and the near surface 
maximum (CClC2, Fig. 14) increased in value and ascended towards the surface at

ORGANi5 !LjUJospHpRus 07
  ... - r . -Si ;

. - j  I

Fig. 13.— The distribution  to  the bo ttom  of organic phosphorus Og-atom /1) along section 6 
(Fig. 3) from  the eastern A rafura to  the Flores Sea in M arch 1962 (Cruise D m l/62). 5%0 =  salinity.

an average rate of 6 x IO-4 cm/sec during the period between the north-west Monsoon 
in February and the south-east Trades in August. During this same period all major 
hydrological core layers ascended at this same rate, which is very similar to the value 
of 5 x IO-4 cm/sec calculated by Wyrtki (19626) for the rate of upwelling in this 
region. The highest values of organic phosphorus within these maxima were found 
in August during the period of greatest upwelling (Wyrtki 19626). At position B 
(Fig. 3) downward displacement of the major hydrological core layers between 
February and August was accompanied by a corresponding downward displacement 
of the organic phosphorus maxima (BB1B2. and AA4A2, Fig. 15). Again, however, 
the values of these organic phosphorus maxima increased from February to August 
(Fig. 15).
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V. P a r t i c u l a t e  C o n t e n t  o f  O r g a n i c  P h o s p h o ru s  M a x im a

During cruise Dml /62 of H.M.A.S. Diamantina total phosphorus determinations 
were carried out on both filtered (Millipore type H.A.) and unfiltered seawater at 
several stations between Java and north-west Australia. The results show the 
following (Fig. 16):

(1) From 1500 to 4000m at Station Dml/33/62 there was no significant difference 
between the total phosphorus of filtered and unfiltered seawater and only below 
3000 m could any significance be ascribed to the organic phosphorus values. However, 
at 4320 m there was an organic phosphorus maximum which consisted of about 40 % 
particulate and 60% dissolved organic phosphorus. The concentration of particulate 
organic was 0 • 09 /xg-atom/1 which is below the limit of significance (Section II).

(2) At Station Dm 1/36/62 the total phosphorus values of filtered and unfiltered 
seawater were the same in the upper 300 m. From 300 to 700 m, however, these two 
values progressively diverged, so that the organic phosphorus maximum at 700 m 
was formed entirely of particulate organic phosphorus at a concentration of 
0-12/xg-atom/1.

(3) At Station Dml/40/62 as at Dm 1/36/62, the total phosphorus values of 
filtered and unfiltered seawater were the same in the upper 300 m. The organic 
phosphorus maximum between 300 and 500 m consisted entirely of dissolved organic 
phosphorus at 300 m but of about 70% particulate at 490 m. The concentration of 
this particulate organic phosphorus was 0-13 /xg-atom/1.

At these three stations, therefore, the organic phosphorus maxima consisted of 
between 40 and 100% particulate organic phosphorus. It must be noted that the 
concentrations of particulate organic phosphorus involved (0-09-0-13 /xg-atom/1) 
were close to the limit of analytical significance. More evidence is required before 
a general conclusion can be drawn that particulate organic phosphorus forms the 
largest part of the organic phosphorus maxima. This would be in conformity with the 
results of Jerlov (1959), who found a particle maximum within the core of the inter­
mediate salinity minimum at 150° W. in the Pacific Ocean and attributed this to an 
accumulation of particles within a zone of strong eddy diffusivity. This also could 
be the explanation for the close conformity in the depth of the intermediate organic 
phosphorus maximum and the core of the Antarctic intermediate salinity minimum 
(Section IV).

VI. C o n c lu s io n s

In the south-east Indian and the south-west Pacific Oceans the difference between 
the total phosphorus and inorganic phosphate, the so-called organic phosphorus, is 
significantly greater than zero at most depths and stations sampled. Meridionally 
the organic phosphorus in the upper 200 m has maximum values near the boundaries 
or upwelling regions of the equatorial currents of the Pacific and Indian Oceans and 
between 30-40° S. in the latter. Vertical profiles of organic phosphorus are dominated 
by a series of organic phosphorus maxima, which sometimes coincide in depth with 
major hydrological layers. The most consistent relation was found between the 
depth of an intermediate depth organic phosphorus maximum and the intermediate
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salinity minimum. These organic phosphorus maxima were found to vary in depth 
with the upward and downward displacement o f  hydrological layers during a 6-7  
months period. Filtration o f seawater at three stations has shown that between 40  
and 100 0o of  the organic phosphorus in these organic phosphorus maxima was in the 
particulate form. However the concentrations o f  particulate organic phosphorus  
(0 -09-0-13  jug-atom/l) were very close to the experimental error and no great 
significance can be attached to these results.
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SOME OBSERVATIONS ON SILICATE AND OXYGEN 
IN THE INDIAN OCEAN

NORRIS W. RAKESTRAW

Scripps Institution o f  Oceanography 
La Jo lla , California, U .S .A .

During the Monsoon Expedition to the Indian Ocean in 1960 
analyses were made for silicate at ten stations, along with oxygen and 
other hydrographic observations. The location of the stations is 
shown in Fig. 1 and the date are given in the tables. In Fig. 2 the 
distribution of both silicate and oxygen is plotted for comparison. 
The temperature distribution is not included, to avoid complication, 
but may be inferred from the oxygen curves.

As is true elsewhere, the slope of the curve for silicate distribution 
follows that for oxygen and for temperature, being related to the depth 
of the thermocline and the oxygen minimum. The silicate maximum 
is very much greater than that in the Atlantic but somewhat less than 
that in the Pacific, another indication of the relation of the Indian to 
the Pacific. No intermediate maximum of silicate was found, a 
phenomenon occasionally encountered in the Pacific, but only in 
certain sections.

The oxygen curves for eight of the stations are plotted simulta­
neously in Fig. 3 (those for Stations IV-16 and 19 are closely similar 
to that for IV-12). The depth of the oxygen minimum shows a 
north-south trend and it is curious to observe that at all but the most 
north erly station (III-15) the oxygen concentration is nearly the 
same at a depth of about 700 meters. This may have a relation to 
the Antarctic Intermediate Water Mass, although it is not the present 
purpose to discuss hydrography and circulation. Oxygen in the deep 
water shows a progressive decrease from south to north, consistent 
with the presumed direction of motion.
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S ta tio n  I I I - l l .  18°53'S  ; 8 8 °0 2 'E . N ov. 27, 1960

Depth Temp. Silicate Oxygen
m °C /jg at. Si// c c//

0 25 .6 5 .5 4 .20
9 25.5 6 4.21

27 25.5 5 .5 4 .24
45 24 .8 6 4.29
69 23 .6 5 .5 4.47
87 22.5 5 4 .50

108 22.1 6 4.59
128 21.7 6 4.67
168 21.1 5 4 .58
205 19.4 7 3.83
243 18.5 7 4 .1 6 .
281 16.9 7 4.24
357 14.5 7 4 .62
431 12.3 7 4.93
495 11.1 7 .5 5.15
593 9 .5 9 .5 5.13
690 7 .8 19 4 .55
786 6 .4 53 3.30
881 6 .0 76 2.45
977 5 .6 93 2.20

1166 4 .9 102 2.41
1456 4 .0 112 2.62
1936 3.1 125 3.19
2413 2 .5 125 3.56
2894 2 .2 135 3.80
3380 2 .0 145 3 .89
3868 1.9 147 4.07
4457 1.9 147 —
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Station I I I -15. 13°S ; 75°E. Dec. 1, 1960

Depth Temp. Silicate Oxygen
m °G f ig  at. Si// c c / l

0 26.39 4.5 4.32
10 26.41 4.5 4.44
40 24.20 4.5 4.68
55 22.92 4.5 4.74
76 21.85 6 4.41

101 20.85 8 3.86
126 19.33 12 3.61
152 16.32 27 2.35
176 14.88 30 2.38
200 13.86 33 2.60
230 12.42 37 2.46
259 11.46 40 2.29
288 10.95 40 2.38
322 10.77 35 2.71
361 10.10 33 2.81
405 9.37 36 2.86
458 8.70 45 2.59
562 7.88 60 1.95
655 7.12 73 1.74
746 6.50 86 1.67
955 5.65 95 1.88

1150 4.77 105 2.02
1376 4.01 108 2.38
1647 3.24 118 2.73
2009 2.51 126 3.15
2479 1.95 138 3.60
3020 1.61 138 3.83
3581 1.38 142 3.90
4155 1.35 148 3.94
4880 1.43 148 3.97
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S ta tio n  IV - 2 .  20°19 'S  ; 58 °0 8 'E . D ec. 12, 1960

Depth Temp.
m  °G

0 26.04
34 25.08
63 24.54
97 23.90

131 22.57
163 20.79
195 19.70
227 18.98
259 17.49
290 16.54
326 15.26
371 13.98
439 12.71
507 11.56
599 10.14
695 8.92
789 7.32
808 7.30
902 6.18
997 5.70

1091 5.16
1186 4.63
1250 4.36
1419 3.75
1605 3.24
1888 2.54
2216 2.09
2721 1.83
3241 1.70
3748 1.57
4251 1.23

Silicate 
g  at. Si//

Oxygen 
•cc//

4 4.32
4 4.67
4 4.62
4.5 4.66
5 4.42
8.5 3.61

10.5 3.38
8.5 3.87

13 3.39
12 3.71
13 3.79
13 3.76
8 4.89
9 4.85
8 5.06

13 4.81
32 4.10
33 3.92
52 3.05
73 2.53
90 2.38

100 2.20
104 2.28
104 2.77
108 2.96
120 3.28
128 3.59
133 3.75
139 3.82
142 3.91
142 4.24

570



Silicate and. Oxygen in the Indian Ocean 2 4 9

Station IV-4. 25°01'S ; 69°34'E. Dec. 14, 1960

Depth Temp. Silicate Oxygen
m °C [ig at. Sijl cc/Z

0 23.94 4 4.77
10 23.71 4 4.74
24 23.52 4.5 4.98
43 21.86 4.5 4.73
67 21.08 4.5 4.93
96 20.81 4 5.01

125 20.24 4 4.78
152 19.70 5 4.69
190 18.42 4.5 4.76
237 17.11 4.5 4.89
282 15.37 5 4.93
327 14.11 5.5 5.03
395 13.20 6 —
463 12.42 6 5.07
550 11.66 6.5 5.12
639 10.72 7.5 5.10
816 8.49 11 4.85

1080 4.95 42 4.06
1353 3.62 78 3.31
1728 2.72 94 3.56
2218 1.92 124 3.92
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S ta tio n  I V - 5 .  24°30 'S  ; 7 3 °5 0 'E . D ec . 15, 1960

Depth Temp. Silicate Oxygen
m °C fig at. Si ¡I cc/Z

0 23.96 4.5 4.85
30 22.56 4.5 4.93
50 21.22 5 4.90
76 20.64 4.5 5.05

101 20.20 4 5.09
126 19.80 4 5.11
152 19.30 4 5.01
177 18.66 4 4.86
202 17.87 4.5 4.85
226 17.16 4.5 4.91
250 16.16 4 4.96
279 15.25 4.5 4.85
308 14.34 4.5 4.92
342 13.47 5 5.08
376 12.84 5.5 5.06
414 12.32 6.5 5.15
470 11.83 6.5 5.10
510 11.43 6 5.26
569 10.92 6.5 5.06
667 9.92 6.5 5.17
764 8.84 9 5.07
862 7.42 21 4.62
959 5.71 37 4.22

1056 4.58 58 3.74
1249 3.81 82 3.20
1541 3.19 106 3.11
2029 2.38 120 3.47
2528 1.86 120 3.98
3028 1.56 129 4.25
3555 1.44 138 4.18
3657 1.45 138 4.14
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Station IV-9. 33°21'S ;

Depth Temp.
m °G

0 18.92
10 18.32
21 18.22
51 16.22
91 14.58

131 13.91
171 13.42
210 12.98
249 12.69
288 12.46
327 12.20
365 12.00
403 11.75
442 11.68
489 11.36
537 11.10
632 10.30
732 9.12
827 7.79

1015 5.26
1202 3.85
1481 3.07
1784 2.64
2130 2.22
2497 1.92
2964 1.66
3441 1.38
3959 1.14

72°41'E. Dec. 18, 1960

Silicate Oxygen
fig at. Si// c c//

3.5 5.36
3.5 5.32
3.5 5.32
3.5 5.68
4 5.55
4 5.44
5.5 5.26
5.5 5.22
5.5 5.24
7 5.21
7 5.28
7 5.34
7 5.34
7 5.39
7 5.43
7 5.33
7.5 5.20

14 4.90
22 4.72
34 4.55
45 4.39
70 3.93
82 3.78
97 4.06

108 3.99
123 4.02
133 4.20
133 4.50
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S ta tio n  IV -1 1 . 42°07 'S  ; 70°41 'E . D ec. 21 , I960

Depth Temp. Silicate Oxygen
m °C fig at. Siß ccjl

0 10.88 4 6.22
11 10.89 4 6.15
46 10.56 4 6.26
56 10.53 4 6.18
76 9.81 4 6.08
96 9.76 5 5.99

121 9.08 5 6.02
152 8.90 6 5.95
192 — 8 5.76
232 8.68 9 5.79
272 8.40 10.5 5.45
311 8.12 12 5.26
350 7.62 15 5.29
400 7.54 17 4.91
448 6.98 22 4.87
520 5.84 29 4.95
594 5.42 31 4.78
667 4.72 39 4.87
707 4.28 40 4.90'
808 3.83 40 4.94
908 3.58 55 4.53

1005 3.32 62 4.37
1102 3.04 65 4.23
1199 2.92 73 4.13
1390 2.78 82 3.98
1679 2.56 83 4.09
1972 2.40 90 4.25
2462 2.06 100 4.48
2961 1.65 110 4.60
3465 1.08 134 4.63
3970 0.86 141 4.71
4054 0.90 142 4.73
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Station IV-12. 39°49'S ; 75°03/E. Dec. 23, I960

Depth Temp. Silicate Oxygen
rh °G [ig at. Si// cc//

0 13.67 3 6.04
39 13.40 3 6.02
78 12.58 6.5 5.82

116 12.17 7 5.69
154 11.78 7 5.62
192 11.46 7 5.67
230 11.37 7.5 5.78
267 11.28 7.5 5.76
303 11.06 7.5 5.79
338 11.03 — 5.88
374 10.97 7 5.88
410 10.93 7.5 5.86
448 10.88 8 5.82
485 10.77 8 5.80
522 10.39 8.5 5.64
607 9.28 11.5 5.10
704 7.82 19 4.79
804 6.60 27 4.72
901 5.47 33 4.78
998 4.59 40 4.77

1095 3.94 45 4.71
1191 3.52 55 4.43
1384 3.04 76 4.09
1678 2.69 84 3.99
1969 2.46 97 4.17
2472 1.96 138 4.23
2974 1.62 138 4.18
3481 1.32 143 4.29
3681 1.34 145 4.32
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S ta tio n  IV -1 6 . 37°50 'S  ; 8 4 °4 5 'E . D ec. 25, 1960

Depth Temp.
m  °G

0 14.78
10 14.77
40 14.46
55 13.01
75 12.24-

111 12.04
151 11.86
192 11.78
232 11.75
273 11.64
313 11.58
353 11.56
391 11.32
429 11.10
468 10.90
505 10.72
543 10.38
581 10.03
615 9.70
661 9.26
730 8.42
799 7.54
891 6.34
984 5.16

1168 3.78
1351 3.19
1730 2.68
2214 2.29
2700 1.78
3188 1.31

Silicate Oxygen
g  at. Si// cc//

3 5.84
3 5.84
3 5.94
4 6.09
5.5 6.00
6 5.69
6 5.80
6 5.81
6 5.84
6 5.83
6 5.72
6.5 5.60
7 5.61
7 5.63
7.5 5.60
8 5.55
8.5 5.57
8 5.52

10 5.12
14 5.01
15 4.86
20 4.74
28 4.72
41 4.75
50 4.45
71 3.83
96 4.25
96 4.41

113 4.56
133 4.62
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Station IV-19. 36°19'S ; 98°40'E. Dec. 29, 1960

Depth Temp. Silicate Oxygen
m °C pg  at. Si/Z cc ¡I

0 15.40 4 5.68
25 15.40 4 5.71
50 13.80 4 6.09
75 13.12 4.5 5.91

126 12.60 4.5 5.66
202 11.70 5.5 5.71
277 11.26 6 5.70
352 10.84 6.5 5.67
427 10.34 7 5.57
500 9.96 8 5.53
572 9.62 8 5.46
643 9.15 8.5 5.37
715 8.52 11 5.15
788 7.71 17 4.90
861 6.64 29 4.67
935 5.66 31 4.58
987 5.31 38 4.50

1034 4.64 47 4.44
1087 4.34 50 4.28
1181 3.89 66 4.02
1276 3.44 66 4.01
1369 3.34 88 3.66
1463 3.08 88 3.74
1653 2.77 89 3.74
1945 2.52 100 3.86
2433 2.13 109 4.23
2813 1.70 118 4.44
3137 1.40 132 4.56
3496 1.15 140 4.60
3657 1.06 142 4.66
3805 1.02 142 4.63
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YJXK 546.42; 551.464

H. H. n O n O B ,  B. M. O P,J1 OB,  C. A. II A T H H,
H. n.  y  UI A K O B A

CTPOHU.HÏÏ-90 b  nOBEPXHOCTHbIX BOAAX 
HHAHWCKOrO OKEAHA b  1960—1961 rr.

H hctutijt  OKeanoAozuu A H  C C C P

r e o r p a t jm y e c K o e  p acn p eA eA eH H e Sr90 Ha noBepxHOCTH M n p o B o ro  OKea- 
n a  ö ß jiaÄ ae -r, no-BHAHMOMy, pHAOM ocoóeH HO CTeñ n o  cpaBH eH H io c  p a c n p e -  
AGJieHneM e r o  Ha noBepxHOCTH c y u in . I T o m h m o  npnuH H , onpeA eA H eM bix  
pacnojioH ceH H eM  o n a ro B  3arpH 3H enH H  h  aTMoctJiepHOH UHpKyAHUHeñ, b  
3TOM a o a j k h h  npoHBHTbCH n p o u e c c b i UHpKyAHUHH b o a  M n p o B o ro  OKeaHa..

T o ro , HTOÓbl OneHHTb pOAb 3THX npOUeCCOB, TpeÔyeTCH OXBaTHTb HC- 
CAeAOBaHHHMH 3HaHHTeAbHbie nA om aA H  K an tA o ro  O KeaH a. K poM e T o ro , 
H3'BecTHO, HTO BOAbi O K eaH a n o A B ep * eH b i nepeM euiHBaH HK ), H M eiom eM y ce- 
30HHbIH XOA, B p e3 y jIb T a T e  H ero  npOHCXOAHT OÖHOBJieHHe BOA nOBepXHOCT- 
H o ro  CAOH. n p n  T3KHX OÓCTOHTeAbCTBaX OCOÖyiO UeHHOCTb npeACTaBAHIOT 
pe3yA bTaT bI nOBTOpHbIX, MHOrOKpaTHbIX HaÔAIOAeHHH.

B 3 3 -m  p e n c e  s / c  « B n T H 3 b »  6 m a h  npoA O A m eH bi p a ó o T b i n o  h c c a c a o -  
BaHHK) coAepjK aH H H  Sr90 b BO Aax H h a h h c k o p o  o n e a H a , H a n a r a e  b 3 1 -m  
p e n c e .  C 6 o p  o6p a 3 A O B  c t p o h u h h  oneaHCKOH b o a m  npon3BOAHACH H3 n p o 6 -  
BOAbi o ó teM O M  120— 160 a  nyTeM  ocam A eH H H  K apôoH aTO B b npHcyTCTBHH  
NH4CI. Ha 100 a  B O A b i  A o ô a B A H A O C b  600 2  NH4CI h  1200 2  Na2C 0 3. A j i h ; 
onpeA eA eH H H  S r 90 b K apöoH aT H b ix  o c a A K a x  npnivieH H A acb cx eM a  aH aAH 3a^  
H C K A ionaiom aH  H eoóxoA H M ocT b OTAejieHHH S r  o t  Ca: Y90 —  npoA yK T  p a c -  
n a A a  Sr90 —  BbiAeAHACH H enocpeA C T B eH H o « 3  c m c c h  c t p o h u h h  h  KaAbUHH, 
n o A B ep rH y T o n  paAHOXHMHuecKOH o n n cT K e. B m x o a  S r  onpeAeAHACH n p n  
noM O iun nAaMeHHOH (J jo to m c tp h h  '. 3 t o  3HanHTeAbHO y n p o cT H A o  XHMHue- 
CKyio cTaAHK) onpeA eA eH H H , n o  cpaB H eH H io c  m c to a b m h , HcnoAb3ytoiUHM H. 
AAH pa3A eA eH H H  S r .o T  Ca c o a h  3ATA h  K p en K yio  a30T H yio  KHCAOTy. X o a .  
aH aA H 3a npeA CTaBAeH  cxeMaTHUHO b TaÖA. 1. B ycAOBHHx cep H H H oro aH a- 
AH 33, K3iK 3T 0 HMCAO MeCTO B HaCTOHIUeH paÖ O Te, OUHCaHHaH MeTOAHKa* 
c ô ec n e H H A a  b h x o a  h t t p h h  Ha M HineHb o k o a o  50%.

C u eT  3KTHBH0CTH Y90 npOH3BOAHACH Ha 4 JC-CHeTHOH yCT3HOBKe C 3(J)- 
I^eKTHBHOCTblO CHeTa OKOAO 80% H (J)OHOM OKOAO 1 HMnyAbCa B MHHyTy
[3]. PaAHOXHMHHeCKaH UHCTOTa MHUieHH KOHTpOAHpOBaAaCb n o  CKOpOCTH. 
c n a A a  paA H oaK TH BH O cra.

A-tch T o r o , UToôbi oueH H Tb H aA em H ocT b pe3yA bTaTO B, n oA yneH H b ix  n p n  
noM O iun HOBOH MeTOAHKH, onpeA eA H A H  Y90 b pH Ae n p o 6  n o  HecKOAbKy 
p a 3  n o c A e  cooT B eT C T B yio iu ero  nepH O A a HaKonAeHHH. B ocnpoH 3BO AH M ocTb- 
pe3yA bTaTO B H A AiocTpnpyeT CH  TaÓA. 2 .

K aK  b h a h o  n o  AaHHbiM TaÖA. 2 , cA ynaeT C H , h t o  p a 3 Ó p o c  pe3yA bT aT O B , 
n oA yn eH H b ix  a j ih  o a h o h  h  t o h  m e  n p o ô b i ,  b h x o a h t  3 a  n p eA eA b i c t 3 t h -  
CTHnecKOH ouiHÖKH c n e T a  Y90. O neB H A H o, b x o A e  onpeA eA eH H H  Y90 h m c io t

1 KoHueHTpauHsi npnpoaHOro ctpohuhh ,B' 'BOAax Hhahîickoi-o OKeaHa npHHHTa p a B -  
HOH 8,7±0,5 Mii a {¿].
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CxeM a aHajiH3a T a 6 j i h  u a 1

OcaflOK KapôoHaTOB S r + + , C a + +  h M g + +

pacTB opaeTca b H C l ,
HeÜTpaJiH3yeTca N H 4O H ,

Ä o ß a B j i a e T c a  N a 2C 0 3 ( C 0 3 —  : C a + +  =  1 , 5 : 1 ) ;
(pHjibTpyercx.

OcaÄOK KapöoHaTOB S r + +  h C a + +

pacT B opaeT ca b  H N 0 3 ;

Äo6aBjiaeTca 15 mz B a + + , 2 ma IM  K ï C r 0 4 , 6 e 3 y ro jib n b iö  N H 4O H  ä o  p H  =  7— 8; 
(JiHjibTpyeTca.

PacTBop Sr++ h  Ca++

n o f l K H C M e T c a  H N 0 3 ,

Ä OÖaBJiaeTca Y-HOCHTejifa, < 5 e 3 y r o j i b H b i ñ  N H 4O H ;  
(J)HJlbTpyeTCH.

PacTBop Sr++ h Ca++

n o Ä K H C J i a e T c a  H N 0 3 ,
floöaBJiaeTca 5 0  Me F e + + + , 6e 3y r o  jibHúft N H 4O H  äo  p H  =  7—8; 
(J)HJibTpyeTca;
Ä o 6a B j7« e T c a  N a 2C 0 3) 

tpHjibTpyeTCH,
ocaAOK n p o M h iB a e rca  ahcthaahpobbh hom boaoh.

nJiaMeHHo-(})OTOMeTpH- 
~ ’’aecK o e  o n p e a e J ie im e  Sr

B b i Ä e p a c H B a e T c a  1 6  c y T O K ;
p acT B o p ae T ca  b H N 0 3 , noA K H C JiaeT ca ä o  p H  =  1 — 2 ;
Ä o ö a B jia e T c a  3 0  Ma Y 20 3-HOCHTejia, H a rp eB ae T c a  1  a a c  n p a  1 0 0 °  C ;  

o x jiaacÄ aeT ca;
ÄOÖaBJiaeTca 6 e3 y ro jib H b iä  N H 4O H  äo p H  =  6— 7 ,  H arpeB aeT ca  äo K w ieH H a; 
oxjiajKAaeTca, cjjHJibTpyeTca.

OcaÄOK Y  ( O H ) a

p a cT B o p ae T c a  b  H N 0 3 ;

Ä o ö a B a a e T C H  S r  ( N 0 3) 2 ,  6 e3yroA bH bifi N H 4 O H  ä o  p H  =  6 — 7 ;
(pnjibTpyeTCH.

O c a Ä O K  Y  ( 0 H )3

p a c T B o p a e T c a  b  H N O s ;

Ä O Ö a B J ia e T c a  H 2C 20 4 ,  6e3yrojibH biH  N H 4 O H  ä o  p H  =  5 ;  
( p H J I b T p y e T C H  .

O c a Ä O K  Y 2 ( C 20 4)3

n p o K a A H B a c T c a  n p n  1 0 0 0 °  C .

OcaÄOK Y203

HaHOCHTCH Ha MHUieHb ,
B3B eiuH B aeT ca,
npocaHTbiBaeTca ß-aKTHB'HOCTb Y 80.

4¡* 419
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T aÖ JiH u a  2

Pe3yjibraTbi noBTopHoro onpeaejieHHH Y 90 b oahmx m Tex m e n p o ö a x  S r 90

H h^ ckc npo ö u
C q e r Y " ,

B u x o f l Y

A K r m m o c T b  Y "°, 
u .w i  .V i/ if i /i ip o ó a O rHOCIiTC.IbllDC

o T K .lo iio in ie
UM n/M U H lM tU U U H b

OTACJlblllJO
o n p e ^ e jic H H H

CpC/UU'C
•JHa^VlDlC

p c . i y . i b r a r o u ,  
0 . 0

C t .— 2 , 5  ± 0 , 3  
6 , 6 ± 0 , 7

0 , 2 6
0 , 5 7

9 , 6 + 1 , 2  \  
1 1 , 6 ±  1 , 2  ƒ

10 , 6 9

C t . 4781 3 , 4 ± 0 , 2
4 , 2 ± 0 , 3

0 , 6 6
0 , 4 7

5 , 2 ± 0 , 3  \  
8 , 9 ± 0 , 6  J

7 , 0 27

C t . 4790 3 , 4 ± 0 , 5  
6 , 1  ± 0 , 6

0 , 4 0
0 , 6 9

8 , 5  ±  1 , 2  1 
8 , 8 ± 0 , 9  ƒ 8 , 7 2

C t . 4796
3 , 7  +  0 ,  4
2 . 4  +  0 , 3
2 . 5  ±  0 , 3

0 , 7 0
0 , 3 2
0 , 4 1

5 , 4 ± 0 , 6  j 
7 , 5 ± 1 , 5  
6 , 1  ± 0 , 7  1

6 , 3
14
19

3

C t . 4807 3 , 1 + 0 , 4  
4 , 0 ± 0 , 6

0 , 4 3
0 , 7 0

7 , 2 ± 0 , 9  1 
5 , 7 ± 0 , 9  J 0 , 4 12

C t . 4811 3 , 5  +  0 , 4  
4 , 7 ± 0 , 5

0 , 4 2
0 , 6 6

8 . 1  + 0 , 5  1
7 . 1  ±  0 , 8  ƒ 7 , 6 7

C t . 4974 1 4 , 3 + 1 , 4  
1 5 , 5  ± 1 , 2

0 . 3 3
0 , 4 7

4 3 , 3  +  4 , 2  1 
3 2 , 0 ± 2 , 6  ƒ 3 7 , 6 15

M e c r a  K a K H e - T O  c j i y n a i ï n b i e  n o r p e m n o c T H .  H a n ö o ^ e e  B e p o H T i i a n  o u i H Ö K a ,  
B Ü 3 H H  K a  l o m a n  3 a  c n e T  h h x ,  p a B i i a ,  110 t u i h h h m  T a ö j i .  2 ,  1 0 % .  3 ? a  B e . a u -  
■ 4 H n a  y n r e H a  n p n  o u e H K e  c y M M a p H o i ’i o l l i h ö k h  p e 3 y . i b i a T O B  H 3 M e p e H n f i .

Pacnpevie.H'HHO Sr30 na nonepxnocni Hn.mikKoi o OKcana 
b OKTafipe 1960 r.— Mapn- 1961 r. (pacna,u.r n MimyTy 

na 100 a)

P e 3 y n b T a T b i  o n p e , r e . n e i f H i i  Sr90 b  i i p o O a x  n o n e p x H o c T H b i . Y  b o j i  H i i / u i m -  
C K o r o  O K e a i r a  n p n B e / i e m , i  b t b O j t .  3. I I o i i p a r s K H  k  . ¡ o a v e H H í i M  h k t h b i i o c t k  
B K « i f 0 9 a K ) T  b c e ñ a  C T a T H C T n n e c K y i o  o h i h ó k v  e n e r a  < ik i  h b i i o c i  h  h i i o i p c i i i -  
t lO C T H  O n p e , r e j i e i l H H  B b IX O /lO B  CTpOM UM H H M TTpM H . „ ' U l l H b l e  r a O  lHIUil i i y -  
í ie c e n b i n a  K a p t y  ( p H c y n o K ) .
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T a 6 Ji il i; a 3
K o H u e H T p a n H H  St90 b  n o s e p x H O C T H U x  b  o^ax M H A M iicK oro O K e a H a  b  1960—61 rr.

K o o p A H llilT b l

CTaHU,HH
«IÍHTH3L»

m a p o T a A o a r o T a
A a-ra A k t h h h o c t l  S 

p a c il/M ilH  Ha

4780 22J21' c. 37°22' b .

1960 r. 
13.X 14± 2

— 18°3t' » 39°10' » 14.X 4 0 ±  8
4781 14°05' » 42°20' » 15.X 22 ±  5
4790 14°44' » 50°02' » 25.X 20 ±  5
4795 i r i i '  » 52°13' » 28.X 25 ±  8
479(5 10° 19' » 53=14' » 29.X 18± 5
4797 9°23' » 54°56' » 31.X 21 ±  4
4800 9°33' » 57°08' » l.X I 41 ±10
4803 15°23' » 58°25' » 3 .XI 49 ±10
4807 22°23' » 59=53' » 5 .XI 12± 2.
4811 22°49' » 62=03' » 8 .XI 14± 2
4816 15°03' » 62=09' » 10.XI 13 ±  2
4820 8°40' » 61=54' » 13 .XI 32 ±  5
4829 3°25' » 62=06' » 15.XI 23 ±  5
4840 00°55' io. 62=33' » 17 .XI 21 ±  5
4848 6°59' c. 65=57' » 21. XI 28 ±  4
4854 19°15' » 65=56' » 26 .XI 20 ±  5
4874 00°00' » 70=52' » 12 .XII 24 ±  5
4877 3°56' io. 73=10' » 14.XII 41 ±  9
4882 10°40' » 70=59' » 18.XII 21 ±  7
4885 16°42' » 70=58' » 2 0 .XII 36 ±  7
4888 24°04' » 71 = 17' » 22. XII 31 ±  8
4890 30°00' » 71=22' » 24 .XII 18 ±  9
4892 36°06' « 71=18' » 26 .XII 8 ±  3
4893 39°24' » 71=19' » 27 .XII 19± 4
4895 31°50' » 80=35' » 2 9 .XII 23 ±  6
4898 24°44' » 83=03' » 3 1 .XII 10±  5

4911 1°57' io. 83=03' »
1961 r. 
10.1 33 ±  5

4921 4°22' c. 83=05' » 24.1 14± 4
492(5 13°17' » 83=03' » 28-1 40+  9
4933 18°58' » 87=00’ » 31.1 28+  6
493(5 13°37' » 86=53' » 2 . II 7 +  3
4940 6=52' » 87=02' » 5 . II 24 ±  4
4955 11°04' » 92=02' » 14.11 40 ±  (i-
49(52 18°03' » 90=54' » 28.11 13+  3
4974 9 = 14' » 93=40' » 6 . Ill 56 ±  11
4984 00°.56' c. 92=35' » 10. III 45+  9
4990 01°00' io. 96=56' » 13. III 33 ±  (i
5001 5°17' » 100=37' » 17. III 28 ±  ;>
5006 13°40' » ■104=49' » 2 0 .III 34+  9
5020 8°10' » 104=39' » - 22. III 19 ±  3

H a n a j i y  c 6 o p a  n p o 6  n p e A m e c T B O B a .n o  OTHOCHTejibiioe 3 a T n m b e  b  n o ­
ri bí t  ¿n i h h H A e p n o r o  h T e p M O H jr e p i io r o  opy>KHH. n o c j i e A u n í i  aTOMiibii'i B3 p b in  
ób i j i  n p o H 3 B en ,en  b  C a x a p e  ö o j i e e  ueM  3 a  6  M e c n u e B  a o  c ô o p a  n e p B o i i  
i ip o ó b i  — l.IV—  1960 r .  2. K MOMeiiTy B T o p o r o  B3 p b iB a ,  n p o n 3 B e ,T ,em ioro  
TaM w e  27.XII — 1960 r .3, 6 biA 3 aK on<ie i i  c 6 o p  n p o 6  b  3 a n a A u o i i  n a c T H  
M i i / lH i i c K o r o  O K e a n a ,  a o  M e p H A u a n a  80° b .  a .  ( c m .  p i i c y n o K ) .  C jieAO B aTOJib-  
i io ,  n o  K p a i i n e i i  M e p e  n e p B a a  n o j iO B H iia  p e 3 y j ibT aTO B  i i a c T o n m e r o  u c c j i e -  
AOBailHH CBOÖOAIia CT BJIHHIIHH OTACAbllbIX B3 pbIBOB H n o 3 TOMy O T p a w a e T ,  
oneBHAHO, 3 a.K O nov iep i iocT H  r j i o ö a j i b i i o r o  3 a r p a 3 i ie m iH  b o a  H i i a h i í c k o p o  
O K e a n a .

2 «IIpaBAa» OT 2 .1X—1960 r.
3 «ripaB;ia» o t  31.XII —1960 r.
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'H 3 B e c T H 0 ,' HTO p a c n p e A e j ie H H e  npoA yK TO B  H A epH bix  B3pbiBOB b  aTM O- 
c c j i e p e  o Ö H a p y ^ H B a e T  o n p e A e J i e H H b i e  3 a K 0 H 0 M e p H 0 C T H ,  c B H 3 a H H b i e  c  o c o -  
ÖeHHOCTHMH. M epHÄHOHaJIbHOH im pK yJIH A H H  B03AyiUHbIX MaCC. B  CpeAHHX 
u iH p o T a x  0 6 0 HX n o j iy m a p H H  K O H ueH T pauH H  paA H oaK T H B H bix  a a p o 3 0 j ie H  b  
iipH 3eM H O M  c j io e  aTMOC(})epbi M aK C H M ajib H aa; n p n  s t o m  y p o B e H b  KOHiieHT- 
p a u H H  b  k » k h o m  n o j iy m a p H H  HHHte, neM  b  ceB epH O M . B  p a ñ o H e  sK B a T o p a  
H a ö /iio a a e T C B  M H H H M ajibH aa 3 a r p n 3 HeHH0 CTb B 0 3 A y x a  [5 ] .  C ooT B ercT B eH H O  
o Ô H apy jK H B aeT C H  3 0 H a jib H 0 C T b  b  p a c n p e ji ,e J ie H H H  paA H oaK T H B H bix  n p o A y K - 
TOB h  H a noB epxH O C T H  c y n iH  ,[4], O A H a x o  BCAeACTBHe CABHra 30H  c  H a n -  
6 o j ie e  Ó JiaronpH H T H biM H  ycjioB H H M H  a j i h  B binaA eH H H  paA H oaK T H B H bix  o c a A -  
KOB m n p o T H b iH  scjKjieKT 3 A e c b  HecKOJibKO civ ia>K eH .

H a ó J H O j x e H H H  3 a  p a A H o a K T H B H O C T b i o  a T M o e t j i e p b i  H aA  H h a h h c k h m  o K e a -  
H O M  n o K a 3 a J i H ,  h t o  b  n e p n o A ,  n p e A u i e c T B O B a B U i H H  h b i i i h m  H c c A e A O B a H H H M ,  
p a c n p e A e j i e H H e  p a A H o a K T H B H b i x  a 3 p o 3 0 J i e H  H a A  n o B e p x H O C T b i o  O K e a H a  
è b i A O  a H a j i o r H H H b i M  p a c n p e A e A e H H K )  h x  H a A  n o B e p x H O C T b i o  c y r n n .  B  o ö o h x  
n o A y m a p H H x  n p o c T y n a i O T  x a p a x T e p H b i e  M a n c H M y M b i  K O H u e H T p a u H H ,  a  b  
p a ñ o H e  S K B a T o p a  —  r j i y ö o K H H  M H H H M y M  [ 1 ] .  ^ t o  K a c a e T c n  p a c n p e A e J i e H H H  
Sr90 H a  n o B e p x H O C T H  o x e a H a ,  t o ,  K a x  b h a h o  n o  A a H H H M  T a ö j i .  3  h  p n c y H -  
K a , b  1 9 6 0 - — 1 9 6 1  r r .  3 A e c b  H e  o Ö H a p y j K H B a e T C H  K 3 k o h - a h 6 o  h c t k o h  3 3 b h -  
c h m o c t h  K O H u e H T p a H H H  Sr90 o t  r e o r p a c f i H H e c K O H  n i H p o r a  b  n p e A e A a x  h c -  
c j i e A O B a H H O H  o Ö A a c T H  o t  20° c .  u i .  a o  40° 10. u i .  B o  B c e x  p a f l o H a x  

c o ö c T B e H H o  H h a h h c k o t o  O K e a H a  3 H a H e H H H  3 k t h b h o c t h  ( J i A y x T y n p y i O T  n p n -  
ß j i H 3 H x e j i b H O  o K O J i o  O A H o ñ  h  T o n  * e  B e A H H H H b i ,  p a B H O H  b  c p e A H e M  2 5  p a c -  
n a A a M  b  M H H y T y  H a  1 0 0  a.

H a n ó o j i e e  n p H M en a T e jib H b iM  pe3yA bT aT O M  HBJineTCH OTcyTCTBHe noH H - 
j k c h h h  KOHHeHTpaHHH Sr90 b  3 K B 3 T 0 p H a jib H b ix  BO A ax. 3 t o , eCTeCTBeHHO, 
m o >k h o  p a c c M a T p H B a T b  K a n  cjieA C TB H e oÓ M eH a b o a  S K B aT opnaA bH O H  o ö j i a -  
CTH H h a h h c k o t o  O K eaH a c  b o a 3 m h  A p y r n x  e r o  p a ñ o H O B . B o 3 M O * H a , o A H a- 
K o , h  B T o p a n  n pH H H H a: H3BecTHO, HTO cy M M a roA O B bix  aTM O C ifjepH bix ocaA- 
KOB B npH 3K B 3T O pH aJIbH bIX  3 0 H aX  OKeaHOB HBJIHeTCH HaHBblCUieH [2], nOSTO- 
w y  H H 3K oe co A ep> K aH H e paA H oaK T H B H bix  a 3 p o 3 0 A e ñ  H aA  3 K B aT opoM  MOJKeT 
KOM neHCHpOBaTbCH Ó O Jiee HHTeHCHBHblM B blM blB aim eM  HX H3 aT M O C ^ep b l. 
O n e H K a  p o j in  o ó o h x  (JiaK T opoB  T p e ö y e T  A o n oA H H T ejibH bix  H ccjieA O B aH H ii.
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HIGH NITROGEN FIXATION RATES IN THE SARGASSO 
SEA AND THE ARABIAN SEA1

Richard C. Dugdale and John J. Goering
Institute of Marine Science, University of Alaska, College

and  

John H. Ryther
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 

ABSTRACT

Nitrogen fixation rates have been measured in the Sargasso Sea and the Arabian Sea 
using the N“  method. Heavy enrichments in Nlr> were found in a number of experiments in 
which the blue-green alga, Trichodesmium, was used for the experimental material.

INTRODUCTION

In a previous communication (Dugdale, 
Menzel, and Ryther 1961), we reported 
the results of an experiment in which low 
nitrogen fixation rates associated with the 
blue-green alga, T r ic h o d e s m iu m , were 
measured using the N15 method. We have 
recently obtained confirmation of large- 
scale nitrogen fixation in the Sargasso Sea, 
where the original experiment was carried 
out, and in the Arabian Sea.

METHODS

The N15 method for detecting nitrogen 
fixation has been adapted by Neess et al. 
(1962) to the measurement of fixation 
rates in aquatic communities. The follow­
ing procedure is carried out after placing 
water containing the desired organisms in 
a 1-liter flask having a standard taper joint 
at the neck and into which a specially de­
signed gas flushing unit is fitted: 1) At­
mospheric N2 (as well as other gases) is 
flushed from the water with a mixture of 
80% He and 20% 0 2 at a pressure of 0.8 
atm; 2) 0.2 atm N2 enriched to 95% N15 is 
added to the flask and equilibrated with

1 Contribution No. 3 from the Institute of Ma­
rine Science and No. 1510 from the Woods Hole 
Oceanographic Institution. This research was sup­
ported by National Science Foundation Grant 
GB-24 and by the United States Biological Pro­
gram of the International Indian Ocean Expedition. 
We wish to thank Dr. F. A. Richards, Department 
of Oceanography, University of Washington, for 
the Consolidated-Nier mass spectrometer used in 
these studies.

the aqueous phase by shaking; 3) the 
sample is incubated in the flask under the 
conditions selected for the experiment; 4) 
the particulate fraction is captured on a 
glass filter ( Hurlburt 984H ) and converted 
to molecular nitrogen by a Dumas combus­
tion (Dugdale and Barsdate 1964); 5) the 
N15/N 14 ratio of the resulting N2 is de­
termined with a mass spectrometer, the 
ratio converted to atom per cent N1B, and 
the enrichment over the normal atom per 
cent N15 of the organic material calculated.

Isotope ratios were measured with either 
a Consolidated-Nier 21-201 magnetic mass 
spectrometer or with a Bendix 17-210 time- 
of-flight mass spectrometer. The atom per 
cent N16 values in Table 2 that have two 
significant figures to the right of the deci­
mal point were obtained with the time-of- 
flight spectrometer. All other measure­
ments were made with the magnetic spec­
trometer. The atom per cent excess N15 
associated with each flask has been calcu­
lated by subtracting the control (normal 
atom per cent N15 of T r ic h o d e s m iu m )  or 
by subtracting the average of the five 
Bermuda controls (0.349) given in Table 1.

RESULTS

Results for the Sargasso Sea nitrogen 
fixation experiments conducted at Bermuda 
are given in Table 1. Material for these 
experiments was collected about 4 km from 
Bermuda by towing a No. 8 or No. 20 
plankton net at the surface. Upon return 
to the laboratory, individual colonies of
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T a b l e  1. Sargasso Sea fixation results

D ate Sam ple L ight Length  of 
incubation  (h r )

Atom %
N15

Atom % 
N16 excess

4 Sept 1962 Control 
Flask 1 Artificial light 13

0.348
0.350 0.002

11 Sept 1962 Control 
Flask 1 
Flask 2

Artificial light 
Artificial light

18
24

0.348
0.349
0.356

0.001
0.008

20 Sept 1962 Control 
Flask 1 
Flask 2

Direct sunlight 
Direct sunlight

8
8

0.350
0.518
0.566

0.169
0.217

1 Oct 1962 Flask 1 
Flask 2

Dark
Artificial light

24
24

0.353
0.358

0.004
0.009

12 Oct 1962 Control 
Flask 1 
Flask 2 
Flask 3

50% of incident light 
80% of incident light 
100% of incident light

4.5
4.5
4.5

0.350
0.399
0.377
0.384

0.049
0.027
0.034

19 Oct 1962 Control — — 0.351 —

Flask 1 5 hr direct sunlight, 
15 hr artificial light 20 0.559 0.208

Flask 2 5 hr direct sunlight, 
15 hr artificial light 20 0.447 0.096

Trichodesmium, were separated from the 
other plankton and placed in fixation flasks 
containing Millipore®2 (0.45 / a ) -filtered 
surface seawater. After treatment with 
N215, the flasks were incubated for various 
lengths of time either in artificial light 
(16,000 lux) at 20C or in a seawater-cooled 
box exposed to direct sunlight. The box was 
fitted with neutral density filters for the 12 
October 1962 experiment.

In some experiments (20 September 
1962, 19 October 1962), the rate of fixation 
was about 20 times the highest rate re­
ported in the earlier communication ( Dug­
dale et al. 1961 ). In the remainder, fixation 
was low or undetectable. The highest rates 
observed here are comparable to fixation 
rates observed in lakes during periods of 
nitrogen-fixing blooms (Dugdale and Dug­
dale 1962). The 19 October 1962 experi­
ment, in which 1 jug-at. NH4+-N/liter was 
added to flask 2, suggests that NH4+-N 
inhibits fixation. That a certain degree of 
variability occurs within a given experi­
ment may be seen in the 20 September 1962 
results, in which like treated flasks showed

2 Registered trademark, Millipore Filter Corpo­
ration, Bedford, Massachusetts.

a difference in rate of fixation. Some of the 
experimental conditions that may affect 
fixation will be discussed later.

The results of nitrogen fixation measure­
ments made during Cruise 4A of the U.S. 
Biological Ship for the International Indian 
Ocean Expedition, the RV Anton Bruun, 
are summarized in Table 2. The majority 
of the stations is located in the northern 
Arabian Sea; Stations 174 and 176 lie far­
ther south along the coast of Saudi Arabia. 
The enrichments in N15 observed are simi­
lar to those shown in Table 1, the value for 
the 4-hr experiment on Station 188, 4.65 
atom per cent excess, being the highest 
measured in the sea to date.

Colonies of Trichodesmium were used 
for experimental material in all the experi­
ments except at Station 183, where a large 
quantity of Rhizosolenia was collected from 
the surface, and at Station 194, where a 
heavy bloom of Noctiluca occurred. Two 
distinct forms of Trichodesmium were ob­
served in the No. 20 mesh nets normally 
towed for 10 min or less at 1, 10, 20, 30, 
and 40 m, one occurring as green bundles 
of filaments and the other as larger brown 
spherical clumps of filaments correspond­
ing to the form we have worked with in the
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T a b l e  2 .  Indian Ocean fixation results

D ate Station L a titu d e L ongitude L ength  of 
incubation  (h r )

Atom % 
Nie

A tom  % 
Nlß excess

17 Oct 1963 174 16°27' N 54°40' E 32 0.719 0.370
18 Oct 1963 176 16°28' N 57°09' E 5.5 0.387 0.038
28 Oct 1963 183 23° 42' N 66°21' E 9 0.366 0.017
29 Oct 1963 184 22°34' N 65°50' E 7 1.024 0.675
31 Oct 1963 188 23°21' N 64° 52' E 4 5.00 4.65

1 Nov 1963 190 24°47' N 61°39' E
Flask a 10 colonies 5 0.81 0.46
Flask b Numerous colonies 5 0.47 0.12

1 Nov 1963 191 23°57' N 60°58' E 10 0.352 0.003
1 Nov 1963 192 23°08' N 60°36' E 30 0.902 0.553
3 Nov 1963 194 22° 22' N 60°06' E 28 0.354 0.005
3 Nov 1963 195 21°32'N 60°40' E 38 0.354 0.005

Sargasso Sea. At six stations, the former 
type was observed at virtually all the 
depths mentioned above; the latter ap­
peared and became abundant in the col­
lections at Stations 191, 192, 193, and 195, 
all in northwestern Arabian Sea near the 
Gulf of Oman.

When the negative results with Rhizo­
solenia (Station 183) and Noctiluca (Sta­
tion 194) are removed from consideration, 
it becomes clear that high enrichments 
occurred in a large proportion of the 
Trichodesmium  experiments, that is, in 
five out of eight possibilities. Cloudiness, 
suggesting the presence of bacteria, devel­
oped quickly in the incubation flasks from 
Stations 191 and 195, a possible explanation 
for the failure to observe nitrogen fixation 
at these stations, which showed heavy con­
centrations of the brown form of Trichodes­
mium. Strong fixation occurred in experi­
ments using the brown form exclusively 
( Station 192 ) and in those using the “green 
bundles” form (Station 190).

DISCUSSION

The variability observed in these mea­
surements (see  below) precludes certain 
levels of speculation regarding the signifi­
cance of these data. However, we consider 
it a virtual certainty that the large-scale 
blooms of Trichodesmium  reported from 
tropical oceanic regions are indeed nitro­
gen-fixing blooms analogous to those 
observed in lakes associated with several 
species of Anabaena by Dugdale and Dug­

dale ( 1962 ) and by Goering ( 1962 ).
Certain reservations must be made; for 

example, our experiments do not prove that 
Trichodesmium  is itself able to fix nitrogen. 
However, this is unimportant from the 
point of view of the ecologist, since the 
ability to fix nitrogen has been clearly 
shown to lie with the Trichodesmium  col­
onies (that is, the alga and any associated 
bacteria or fungi).

Up to this point we have not been con­
cerned with the species composition of the 
experimental material beyond noting ob­
vious macroscopic differences. Three spe­
cies, T. erythraeum  Ehrenb., T. hildebrantii 
Gom., and T. thiebautii Gom., are reported 
for the Indian Ocean by Desikachary 
(1959), and McLeod, Curby, and Bobblis 
( 1962 ) suggested that two or more species 
may have been present in their collections 
at Bermuda.

The data obtained so far have been 
characterized by a disturbing lack of con­
sistency, that is, experiments at Bermuda 
separated by only a few days give highly 
divergent results, and the same is true for 
the cruise data. We suspect that a large 
portion of this discrepancy may lie in the 
experimental method. Now that we have 
obtained N15 enrichments of a high order, 
replication and suitable experimental de­
sign should yield insight into the problem. 
McLeod et al. (1962) report a twentyfold 
variation in the rate of photosynthesis from 
cells of a given collection of Trichodesmium. 
In some collections, cells were present that
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would Jiot photosynthesize, and other cells 
would do so only after a period of adaptation 
to light. Therefore, some of the variability 
from day to day and within any single ex­
periment may be the result of differences 
in the physiological condition of the col­
onies. Menzel (1962) has also shown an 
autoinhibition of photosynthesis by Tricho­
desmium  at Bermuda; at Station 190 flask 
a contained only 10 colonies and fixed 
nitrogen at double the rate of flask b, that 
contained numerous colonies. The orga­
nisms may also be sensitive to other fea­
tures of the technique such as the length 
of sparging and composition of the sparg­
ing gas.
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The distribution of dissolved organic carbon in the Western Indian 
Ocean*

D a v id  W . M e n z e l |

{Received 1 June 1964)

Abstract—The concentration o f dissolved organic carbon between 0 and 2000 m depth was measured 
along a  section from 20°S to  20°N in the W estern Indian Ocean. N o apparent correlation existed 
between primary production and the level o f dissolved carbon in the euphotic zone. Deep water 
masses were characterized by temperature-salinity relationships and by the concentration o f  carbon. 
Calculations for the mixing o f  these water masses o f differing origin on the basis o f salinity, corres­
ponded with similar calculations based on carbon. Assuming 90% conversion o f to tal particulate 
organic m atter to carbon dioxide by grazing organisms a minimum o f 260 years is required to  produce 
the am ount o f organic carbon present in the A rabian Sea. The conclusion is reached tha t carbon in 
solution and in particulate form in the ocean is extremely stable and subject to limited change by 
biological action.

I N T R O D U C T I O N

T h e  c y c l e  of organic matter at the surface of the oceans involves the synthesis of 
carbon-containing compounds by micro-organisms and the return to the environ­
ment of these compounds by respiration, excretion, and decomposition. The organic 
compounds may dissolve and subsequently be utilized by heterotrophic organisms, 
or may be impounded as a refractory residual which may be indefinitely lost to the 
biochemical cycle. The differential decomposition of organic matter is selective 
and must ultimately induce changes in the relative abundance of particular compounds 
(S k o p in s te v ,  1959).

Although data on the distribution of dissolved organic carbon are limited to only 
nine studies, several of which are limited to single stations (reviewed by D u u r s m a ,  
1961) it is obvious that concentrations in deep water may be as high as those recorded 
from the surface, and that there is a remarkable similarity in concentration over the 
oceans as a whole. The concentration of carbon in deep water depends upon the 
past history of the water mass, on the settling of organic particulate matter from the 
surface and its dissolution, and on factors enhancing or retarding decomposition 
by bacterial activity. On the other hand, concentrations in the euphotic layers where 
organic matter is synthesized, are commonly thought to be dependent largely upon 
the rate of biological production and upon the mechanisms controlling organic 
decomposition. If this is the case, one may ask why the amount of dissolved organic 
carbon (D.O.C.), which ranges from 0-5 to 3-0 mgC/L in the surface waters of the 
open sea does not vary more. Since seasonally primary production may vary by two

♦Contribution N o. 1482 from W oods Hole Oceanographic Institution. This work was supported 
by N SF grants 20952, GB 1525 and by contract w ith the U.S. Atomic Energy Commission 
AT (30-1)—3140.

fW oods Hole Oceanographic Institution, W oods Hole, Massachusetts.
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orders of magnitude, what determines the upper and lower limits of concentration 
of D.O.C., and how, if at all, does surface production control the concentration of 
carbon in the deep sea ?

O B S E R V A T I O N S  A N D  M E T H O D S

The present study of the distribution of dissolved organic carbon in the western 
Indian Ocean is based on data collected during the fourth cruise of the Anton Bruun 
in October-November, 1963. The general distribution and factors controlling the 
concentration of D.O.C. in the deep water are analyzed and the relation between 
plant production and D.O.C. examined in surface waters.

Fig. 1. Track o f the Anton Bruun (Cruise 4A) showing station locations.

Dissolved and particulate carbon were measured by wet and high temperature 
dry combustion respectively, and the carbon dioxide evolved measured by infra-red 
absorption ( M e n z e l  and V a c c a r o ,  1964). Primary production was measured by 
the carbon-14 method of S te e m a n n  N ie ls e n  (1952) using a simulated in situ incubator 
cooled with running surface sea water. Salinity was determined with an inductance 
salinometer. The data on which this study is based and ancillary data will be deposited 
with the National Oceanographic Data Center, Washington, D.C.

R ES U L TS

The distribution o f carbon in deep water
The location of stations occupied in this study are shown in Fig. 1. In Fig. 2 

typical T-S diagrams for the water masses of the Indian Ocean ( D e f a n t ,  1961)
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Fig. 2. T -S  diagrams o f w ater masses occurring in the W estern Indian Ocean. Indian Ocean 
Central, Equatorial a n d ’A ntarctic Interm ediate W ater from D efant (1961). Arabian Sea W ater 

from  data  o f  Anton Bruun Station 184.
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Fig. 3. Salinity profile o f the Western Indian Ocean (Anton Bruun Stations 161-169 and 
180-184) showing the location o f unattenuated Indian Ocean Central (A), Equatorial (B) and 

Arabian Sea W ater (C) and the depth o f  o, 27-0 and 27-5.
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are illustrated along with an idealized diagram from Sta. 184 (Arabian Sea) at the 
northern limit of the section. At individual stations isolated depths were compared 
to these diagrams and the regions where “ unadulterated ” water occured below 
200 m delineated (Fig. 3). A small residue of Antarctic Intermediate Water was 
apparent at Stations 161-162 (S  =  34-6%0) but the entire water column at all other 
stations may be characterized as consisting of Indian Ocean Central Water (Stas. 
161-163; A) Equatorial Water (Stas. 166-167; B), and Arabian Sea Water (Stas. 
181-184; C), or mixtures of the same. It is likely that the bulk of the water in the 
Arabian Sea is of Red Sea origin but since there is no basis for suggesting the presence 
of undiluted Red Sea water the designation Arabian Sea Water was chosen and 
defines the northern boundary limit.

The mixing influences of these three water masses (below 200 m) may be diagra- 
matically illustrated by increasing salinity between the southern and northern limits 
(Fig. 3). Along at surface 27-0 there are varying mixtures of all three masses while 
along at 27-5 the influence of Equatorial Water is not felt and it is likely that mixtures 
of Arabian Sea Water and Indian Ocean Central Water alone control the T-S rela­
tionships. This is not surprising since C lo w e s  and D e a c o n  (1935) have detected 
water of “ Red Sea ” origin at depths of 1200 m as far as 30°S.

The distribution of D.O.C. is correlated with salinity, decreasing in the south-to- 
north direction at depths below 200 m implying that organic carbon may have the 
characteristic of a conservative property. The three masses may be characterized as 
follows: Indian Ocean Central Water, 1-5-20 mgC/L; Equatorial Water,
0-6-0-8 mgC/L ; and Arabian Sea Water, 0-2-0-4 mgC/L. If the concentration of 
D.O.C. is in fact conservative, one would expect that dilution effects measured by 
changing D.O.C. should correspond to those indicated by salinity. In order to test 
this contention, two at surfaces (27-0 and 27-5) were selected and the assumption 
made that all mixing along these surfaces occurs only in a horizontal direction.

The dilution effects of two opposing water masses with parameters X-¡ and X2 
were calculated according to the formula :

where D  is percent of the given water mass with parameter X1 and x0 is the observed 
parameter at an intermediate station. The mixing effects calculated in this way 
from salinity and carbon are shown graphically in Fig. 5a and 5b. Considering the 
cumulative errors induced by necessary extrapolations between values to obtain 
the salinity and carbon concentration at a given at level, the agreement is by and 
large rather remarkable.

As stated above three water masses were evident along at 27-0 and in Fig. 5a 
the Equatorial Water has' been selected as a reference point. At Stas. 166 and 167 
100% of the water was of equatorial origin while at station 161 100% of the water 
was of Indian Ocean Central origin. Similarly, at Stas. 184 and 185 100% of the 
water was of Arabian Sea origin. Along <jt 27-5 only two water masses were apparent 
and the reference point (100 %) indicates the location of Arabian Sea Water. Examina­
tion of Fig. 2 will show at what point the at surfaces enter unadulaterated water as 
characterized by T-S relationships.
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The distribution o f  carbon in surface waters
In order to eliminate possible local influences in normal salinity and D.O.C. 

structures, the above discussion has been limited to depths below 200 m. Anomalies 
in salinity structure even in surface waters, however, also reflect corresponding 
anomalies in the concentration of D.O.C. (Figs. 3 and 4). The most marked devia­
tions in both parameters are evidenced at 100-200 m at Stas. 184 and 185, at the 
surface at Sta. 199, and at 10-100 m at Stas. 180 and 181.
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Fig. 4. Dissolved organic carbon profile o f the W estern Indian Ocean.

The conclusion drawn from these data is that variations in the concentration of 
D.O.C. at all depths sampled in the Indian Ocean are controlled by hydrodynamic 
features which are reflected by salinity distribution. If this is so, it would suggest 
that carbon in solution is not rapidly influenced by biological activity. This conclusion 
necessitates the assumption that the level of D.O.C. in the surface of the oceans is 
not directly related to primary production. Evidence to support this contention is 
presénted in Table 1. While the average amount of carbon in the euphotic zone 
varied only by a factor of two the corresponding rate of primary production integrated 
over the euphotic zone varied by over two orders of magnitude, with no obvious 
systematic correlation with D.O.C.

The vertical distribution of particulate and dissolved organic carbon at Stas. 
196 and 198 demonstrate an essentially constant relationship from the surface to the 
bottom of the Arabian Sea with higher values occurring at the surface (Table 2). 
These two fractions occur in an average ratio of approximately 1: 10 over the entire 
water column.
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Table 1. The relation between primary production and dissolved organic carbon 
in the euphotic zone o f  the western Indian Ocean

Station

Primary
production
gC/m2/day

D.O.C. 
(Av. mg/L) Station

Primary
production
gC/m2/day

D.O.C. 
(Av. mg/L)

161 0 0 4 1-76 181 106 0-65
162 01 5 1-76 199 109 0-88
169 0-28 1-23 187 1-40 0-68
180 0-46 0-85 196 1-62 0-73
164 0-49 1-20 190 1-65 0-68
168 0-56 0-86 193 1-69 0-59
182 0-60 0-68 197 1-80 0-84
165 0-70 1-20 198 1-81 0-98
167 0-71 0-86 188 1-82 0-78
185 0-73 0-60 189 204 0-62
184 0-86 0-82 186 205 0-89
166 0-97 101 191 2-28 0-56
163 0-97 0-82 195 5-28 0-81

194 6-82 0-51

Table 2. The vertical distribution o f particulate and dissolved organic carbon 
in the Arabian Sea

Station 196 Station 198

Depth
(m)

Part. C
(g/m3)

D.O.C.
(g/m3)

Depth
(m)

Part. C  
(g/m3)

D.O.C.
(g/m3)

1 0-157 1-00 1 0-057 1-48
6 0-166 1-10 13 0-068 —

12 0-155 0-92 20 0-073 —

19 0-204 0-96 26 0-079 —

29 0-114 1-04 30 0-064 0-90
39 0-086 0-74 40 0-084 0-76
50 0-040 0-74 50 0-048 1-04
75 0-025 0-84 75 0-040 0-72

100 0-026 0-76 100 0 041 0-72
150 0-016 0-82 150 0-043 —

200 0-018 0-78 200 0-026 —

250 0-035 0-50 397 0-021 0-22
300 0-027 0-46 596 0-022 0-46
400 0-017 0-64 795 0-030 0-54
500 0-043 — 916 0-051 0-54
600 0-054 0-60 1201 — 0-36
800 0-021 0-20 1492 0-040 0-20

1000 0-031 0-36 1892 0 031 0-48
1300 0-049 0-28 2291 . - 0-30
1600 0-026 0-36 2690 0-GJ2 0-36
2000 0-035 0-34 3090 — 0-36
2400 0-045 0-36 3390 0-037 —

2800 0-053 0-34
3200 0-030 0-36
Total

(gC/m2) 123 1275 118 1353

D I S C U S S I O N

An integration of the amount of carbon occurring at any one time in the Arabian 
Sea indicates a total concentration of approximately 120 g particulate and 1300 g 
dissolved organic carbon under a square meter of surface (Table 2). Assuming that
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100% of the surface production is reflected either in the particulate or dissolved 
fraction, and further assuming a mean annual production of 50 gC/m2/year ( R y t h e r ,
1959), the preceeding calculations would indicate an accumulation of 2-3 years of 
particulate and 26 years of dissolved carbon in the water column.

Obviously the assumption that 100% of the organic matter synthesized at the 
surface remains as organic carbon cannot be granted. Considerable fractions of the 
annual plant production are consumed by Zooplankton. This fraction may approach 
100% in the Sargasso Sea ( M e n z e l  and R y t h e r ,  1961). If approximately 10%

100
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Fig. 5. W ater mass dilution calculations based on  salinity (solid lines) and dissolved organic 
carbon (dashed lines) a t specified at levels in the W estern Indian Ocean. See text for explanation.

of the phytoplankton eaten are converted to organic matter and the remaining 
90 % respired as carbon dioxide, a single step in the food chain would increase the time 
required to produce 1300 g of dissolved carbon to 260 years. Additional corrections 
would have to be allowed for the conversion of primary to secondary consumers, 
and for respiration by bacteria at any stage in these conversions. Thus dissolved 
organic matter in sea water must be the result of an extremely long process of accumu­
lation. Considering the oceans as a whole this phenomenon may be even more 
marked since values for D.O.C. in the deep water of the Atlantic and Pacific Oceans 
are from 2 to 10 times higher than in the deep water of the Arabian Sea (reviewed by
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D u u r s m a ,  1961). Furthermore, present indications are that the annual rate of pri­
mary production in the Atlantic and Pacific are considerably lower than that in the 
Arabian sea.

On the basis of particulate carbon only, integrated values in the Tasman Sea of 
400 g/m2 indicate an excess of 10-20 times the annual production ( D a l  P o n t  and 
N e w e l l ,  1963) while values of 3-6 kg dry suspended matter from the Indian Ocean 
(LisnsiN, 1960), indicate an accumulation of 30-60 years (assuming 50% carbon). 
One explanation for relatively high D.O.C. concentrations in deep water may be that 
particles falling through a water column dissolve and continually increase the level of 
presumably unstable D.O.C. until an equilibrium is reached between decomposition 
and accumulation. This has been suggested and the hypothesis advanced that “ old ” 
water, being exposed to detrital rain for a longer period, contains more dissolved 
organic carbon than “ young ” water (D u u r s m a ,  1961). That such a critical equili­
brium could be maintained over a long period of time seems rather unrealistic, since, 
in the data presented earlier, carbon appears to maintain its integrity as well as does 
salinity. It seems more likely that D.O.C. occurring in deep water is the result of 
production at the time the water occupied a surface location, and that the great bulk of 
particulate matter entering subsurface waters is in fact insoluble. If this is so the 
bacterial decomposition of unstable and soluble carbon compounds would be princi­
pally a surface phenomenon ( R i l e y ,  1951). If subject to heterotrophic decomposition 
below the surface, each particle n.ay be attacked by bacteria and the bulk of the carbon 
converted directly to carbon dioxide without ever appearing in solution as organic 
matter. Evidence for this contention is supplied by the fact that maxima and minima 
of particulate matter have been shown to correspond to the stratification of water 
masses in vertical section suggesting that particles remain in suspension for con­
siderable lengths of time ( J e r l o v ,  1959; D a l  P o n t  and N e w e l l ,  1963). These 
particles may be derived from plankton production at the source of origin of the 
water, or may sink from the surface and stratify in density gradients. In addition, 
bottom sediments contain largely insoluble forms of carbon ( V a l l e n t y n e ,  1960). 
The presence of quantities of photosynthetic pigments in deep water and bottom 
sediments in the Indian Ocean ( K u t y u r i n  and L is i ts in ,  1961) does not contradict 
this supposition since these pigments are water insoluble and stable in the dark at 
low temperature.

One may also question the apparant lack of correlation between primary pro­
duction and D.O.C. since excretion and decomposition are integral parts of the 
photosynthetic cycle. D u u r s m a  (1963) has indeed shown seasonal cycles in D.O.C. 
which correspond to seasonal cycles of primary production in the north-eastern 
Atlantic. D u u r s m a  further estimated the annual increment of D.O.C. in surface 
waters and obtained a value (52 gC/m2/year) markedly similar to gross production 
in the same general area ( S t e e l e ,  1958). As he states, it is difficult to accept the im­
plication that all carbon produced could eventually appear as dissolved matter, 
with nothing decomposed or consumed and respired by Zooplankton or bacteria. 
In order for D u u r s m a ’s (1963) calculations to be meaningful, however, one must 
grant the assumption that the parcel of surface water studied was not enriched or 
diluted with respect to D.O.C. horizontally and/or vertically with other water masses. 
It is likely, however, that the rate with which organic matter is recycled in tropical 
environments is very rapid due to high temperature and higher levels of bacterial
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activity. In temperate waters (such as D u u r s m a  studied) the rate of this reaction 
may be considerably slower and the relation between production and accumulation 
of by-products would as a result be more obvious.

It has been shown ( F o g g ,  1958; H e l l e b u s t ,  in prep.) that significant quantities 
(2-80 %) of photosynthesized carbon may be excreted as extracellular products and 
some D.O.C. must originate from this source. It is conceivable, however, that in 
nature the bulk of these compounds are unstable and easily attacked, entering solution 
only briefly before being oxidized to the inorganic phase. Thus the small amount of 
dissolved carbon which remains as a residual is essentially refractory and may be 
decomposed only by long term processes (S k o p in ts e v ,  1959). This hypothesis is 
supported by the fact that D.O.C. may be used to characterize sub-surface and deep 
water masses and that there appears to be no direct correlation between primary 
production and dissolved carbon in these data.
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On the production, composition, and distribution of organic matter 
in the Western Arabian Sea*
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(Received 22 October 1964)

I N T R O D U C T I O N

D u r i n g  the period September-November, 1963, the R.V. Anton Bruun worked 
in the Western Arabian Sea, between Karachi and the Gulf of Aden, as a part of 
the U.S. Program in Biology, International Indian Ocean Expedition (IIOE). 
Similar cruises by other ships have been or will be made in the same area during 
the IIOE. Not until the results of these several surveys are compiled and compared 
can there be hope of understanding the complex circulation of the Arabian Sea 
on a seasonal basis and in relation to the reversing monsoon wind system.

The following account will describe conditions in a limited area and at just one 
time of year, the calm interval in autumn between the Southwest and Northeast 
Monsoons. Its purpose is to illustrate the unusual physical and chemical environ­
ment in the Arabian Sea and the extraordinary levels of primary productivity which 
result. A second objective is to present new data relating to the authors’ interests 
in the relationship between living and dead organic matter in the ocean, a study 
which was facilitated by the extreme range of biological productivity which was 
observed in the Arabian Sea and the waters immediately to its south.

Cruise 4A of the Anton Bruun departed Mauritius on September 25, 1963, and 
occupied 10 stations (161-170) between Mauritius and Cape Guardafui, Somalia, 
before reaching the Arabian Sea. Data from these 10 stations are included in the 
results to be discussed herein. In the Arabian Sea itself, 30 stations were occupied 
which together comprised a NE section along the central axis of the sea parallel 
to the Arabian coast, three sections from the central basin into and normal to the 
Arabian coast, and short sections across the Gulf of Oman and the Gulf of Aden 
(Fig. 1).

At all of the 40 stations referred to above Nansen bottle casts were made, usually 
to the bottom but in some cases to only 2000 m, and the following variables were 
measured : temperature, salinity, dissolved oxygen, phosphate, nitrite, nitrate, 
silicate, dissolved and particulate iron, and dissolved organic carbon. Also at each 
station samples were taken with a large-volume plastic sampler from 5-8 depths 
within the euphotic zone for subsequent determination of particulate carbon, 
nitrogen, and phosphorus, phytoplankton pigments, and carbon assimilation by 
the C14 technique. Samples for the latter were taken from the depths to which

*Contribution No. 1519 o f the W oods Hole Oceanographic Institution. This work represents 
a part o f the U.S. Program in Biology o f the International Indian Ocean Expedition. It was also 
partially supported by N SF G rant 1525 and AEC Contract AT(30-1)-1918 and N onr 2196. 

tW oods Hole Oceanographic Institution, Woods Hole, Massachusetts, U.S.A.
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100, 50, 25, 10 and 1 per cent of the incident light penetrated. The uptake of C14 
was measured for 24 hr on deck in incubators fitted with neutral density screens, 
thereby exposing the samples to the same fraction of incident sunlight to which 
they had been subjected in situ. In a second series of samples C14-uptake was 
measured for 4 hr under artificial illumination of approximately 1000 foot candles.

60* « 

^  >!?o
183,

183'
/  200

199 ,,175

>170

10‘

20*65‘

Fig. 1. Track o f  Anton Bruun Cruise 4A showing station positions.

All data from the cruise will be available from the National Oceanographic 
Data Center, Washington, D.C. The present discussion will be limited to considera­
tion of certain aspects of the temperature, phosphate, oxygen, chlorophyll-a, primary 
productivity, and particulate organic carbonj. The concentration and distribution 
of dissolved organic carbon has been described elsewhere ( M e n z e l ,  1964).

N U T R I E N T S  A N D  P R O D U C T I V I T Y

The physical structure and chemical characteristics of the surface layers of the 
Arabian Sea may be illustrated by means of a profile showing the distribution of

Í  References to  m ethods used :
Phosphate ( M u r p h y  and  R i l e y  1962); ch lo rophy lla  ( R i c h a r d s  with T h o m p s o n ,  1952 and 

C r e i t z  and R i c h a r d s ,  1955, substituting W hatm an G F/C  glass filters for Millipore® filters); 
prim ary productivity ( S t e e m a n n  N i e l s e ñ ;  T 9 5 2 )  with m inor modifications; particulate carbon 
( M e n z e l  and V a c c a r o ,  1964); oxygen (W inkler titration  with biniodate standardization).
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properties along a line consisting of five stations in the central basin roughly 100 
miles apart and extending in a SW-NE line towards Karachi. For contrast, a 
similar profile is shown for the North Atlantic (Sargasso Sea) as constructed from 
five stations occupied by R.V. Chain in February, 1962, alofig the 65°E meridian 
between 34° and 26°N (Fig. 2). By this it is not meant to be implied that the Sargasso 
Sea represents some kind of “ standard ” or “ normal ” ocean, but the differences 
between the two regions will serve to emphasize the features of the Arabian Sea 
which are especially pertinent to the following discussion.

SARGASSO SEA ARABIAN SEA

4 69 473 475 162 185
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Fig. 2. Vertical distribution o f  tem perature, phosphate, and dissolved oxygen for five stations 
each in the Sargasso Sea and Arabian Sea (see text for time and position o f  Sargasso Sea stations).

The Sargasso Sea is characterized by relatively weak thermal stratification in 
the region of the permanent thermocline, which extends approximately from 600 
to 900 m. At the latitudes illustrated there are seasonal changes in the surface 
waters with the development of a summer thermocline in the upper 100 m. The
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Arabian Sea, on the other hand, is permanently and strongly stratified near the 
surface with a gradient of 10-15°C in the upper 200 m. There is nothing comparable 
to the deep permanent thermocline of the North Atlantic.

Nutrient levels in the Arabian Sea increase sharply with depth beginning very 
near the surface, and fertile waters lie close to if not within the limits of the euphotic 
layer (50-100 m in the Central Arabian Sea). A comparable nutrient gradient in 
the Sargasso Sea is seen only within the deep, permanent thermocline, so that the 
euphotic zone in that region is underlaid by several hundreds of meters of 
impoverished water. In addition to this difference, the general level of nutrients 
in the Arabian Sea are appreciably higher than in the North Atlantic. Phosphate 
concentrations within the upper 200 m of the Arabian Sea exceed those found at 
any depth in the Sargasso Sea. Phosphate is used here merely as an index of 
nutrients in general. Nitrate and silicate, which were measured, and undoubtedly 
other non-conservative nutrient elements are distributed much the same as is 
inorganic phosphorus. For example the nitrate maximum at Stn. 182 (Arabian 
Sea) was 56-2 ¿¿gA/1 as compared to 29 0 ^gA/1 at Chain Stn. 473 (Sargasso Sea). 
Roughly speaking, it could be said that nutrient concentrations in the Arabian Sea 
are about twice those in the North Atlantic.

Clearly these two factors, the high levels of nutrients and their proximity to 
the surface, set the stage for high biological productivity in the Arabian Sea. Any 
vertical pertubation, whether it be wind-induced upwelling, divergence at current 
boundaries, Langmuir-type circulation, internal waves, or simple wind mixing, 
that can break down, disrupt or shift upwards even slightly the barrier of thermal 
stratification will turn the potential productivity to reality. Just as clearly, it is 
the monsoons which provide the energy required for these dynamic processes. 
It is not within the scope of this paper to describe or illustrate the various ways 
in which these forces may operate in the Arabian Sea. Many if not all of those 
named above are probably important at different times and places. In all likelihood 
they are highly localized and irregular in both time and space. One of the most 
obvious characteristics of the plankton production in the Arabian Sea during the 
cruise of the Anton Bruun was its patchy distribution. Commonly, the ship would 
drift, while on station, through areas of extremely dense plankton blooms which 
might vary in size from a hundred yards or less to several miles in diameter, but 
which were often sharply delineated by extremely clear and unproductive water. 
To describe in general terms the productivity of such a region is clearly a problem.

The vertical distribution of dissolved oxygen further reflects the productivity of 
the Arabian Sea (Fig. 2). In contrast to the Sargasso Sea, where high levels of 
oxygen prevail to depths of 1000 m or more, the oxygen concentration in the 
Arabian Sea drops sharply immediately below the euphotic zone, in mirror image 
of the nutrient distribution. Concentrations below 1 ml/1 were found as shallow 
as 100-200 m and only trace amounts were occasionally measured within the 500- 
1000-meter depth interval. No anoxic water was found either during Cruise 4A 
or earlier the same year (January 1963) when the Anton Bruun first arrived in the 
Indian Ocean and made the Arabian Sea crossing between Aden and Bombay. 
Scientists on the Soviet Vessel Vityaz did, however, report anoxic sulfide-containing 
water at mid-depths in the Arabian Sea during the fall of 1960 ( I v a n e n k o v  and 
R o z a n o v ,  1961).
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The inverse relationship between high surface nutrient and productivity levels 
and low concentrations of dissolved oxygen in the underlying waters is a common 
aspect of fertile marine areas. Presumably, it results from the sinking of organic 
matter produced at the surface and its subsequent decomposition and oxidation 
below the euphotic zone. Most frequently this combination occurs in the upwelling 
regions along the west coasts of continents as in West Africa ( H a r t  and C u r r i e ,
1960), Peru ( G u n t h e r ,  1936), and California ( S v e r d r u p  and F le m in g ,  1941). 
It is perhaps less common as far offshore as the central Arabian Sea and suggests 
that vertical turbulence with concomitant high productivity occurs throughout the 
entire region.

Probably the most wide-spread and predictable example of high productivity 
in the Arabian Sea is that associated with upwelling along the Somali and Arabian 
coasts. Even here, however, the factors causing the upwelling are complex and 
undoubtedly vary seasonally as well as locally. During the Southwest Monsoon
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Fig. 3. Vertical distribution to  200 m o f  tem perature and  phosphate and integrated prim ary 
productivity along section formed by Stn. 194-200 (See, Fig. 1).
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the strong and persistent winds which blow offshore or parallel to the coast may 
directly transport surface waters offshore with a resulting vertical replacement of 
deep, nutrient-laden water. These conditions were encountered by Discovery during 
the summer of 1963. In the preliminary report of that cruise (IIOE RRS. Discovery 
Cruise 1, the Royal Society, London; December 1963) profiles from offshore into 
the coast of Arabia showed a marked shoreward uptilting of isotherms and phosphate 
isopleths, the 18° isdtherm in one case rising from 200 m at the offshore end of the 
section to the surface at the shoreward end.
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Fig. 4. Vertical distribution to  200 m o f tem perature and phosphate and integrated primary 
productivity along section formed by Stn. 175-180 (See Fig. 1).

In the same report the surface currents were described as a “ predominantly 
north-eastward flow close to the coast.” It cannot be certain whether thèse water 
movements were local phenomena produced in situ by the monsoon winds or whether 
they were part of a much broader surface circulation, perhaps involving the entire 
Arabian Sea. If the latter, the associated upwelling could be considered as geostro- 
phic in nature rather than directly wind driven.
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During October-November, on the other hand, the above question did not 
arise. This was the period between the Southwest and Northeast monsoons : the 
wind was calm and the sea, flat. What little breeze did develop usually blew from 
the north or east. There could be no possibility of the surface water being wind 
driven offshore from the Arabian coast under these circumstances. Yet strong 
surface currents could be detected by the ship’s drift, northeasterly in direction 
at a distance of 100-200 mi offshore and southwesterly close along the Arabian 
coast from the Gulf of Oman to the Gulf of Aden. The “ doming ” of the isopleths 
at a distance of about 200 mi offshore could be intepreted as a divergence produced 
at the front between two opposing currents, though other explanations are possible.

Upwelling (using the term in its general sense) was unquestionably associated 
with these currents, as illustrated by the distribution of both temperature and 
phosphate along the two sections described by Stns. 194-200 and 175-180 
respectively (Figs. 3 and 4). Off the Gulf of Oman (Stns. 194 and 195) rates of 
production were 5-7 and 6-4 g carbon/m2/day, values which are, to the authors’ 
knowledge, higher than ever before reported for the ocean. While these rates were 
extraordinary and represent “ bloom ” conditions, the mean production rate for 
all 40 stations was 1-5 and for the 30 Arabian Sea stations 1-8 g carbon/m2/day, 
a level which is an order of magnitude greater than that of the oceans as a whole.

P R O D U C T I V I T Y  I N  R E L A T I O N  T O  O R G A N I C  M A T T E R

Figure 5 shows the relationship between carbon assimilation (measured at 1000 
foot candles) and particulate carbon at each of the five depths sampled within the 
euphotic zone and for all 40 stations occupied on Cruise 4A. The filled circles 
show the regression of carbon assimilation on total particulate organic carbon. 
The open circles represent the regression on particulate carbon associated with 
phytoplankton, or “ living carbon,” as it will be referred to henceforth. The latter 
has been calculated by multiplying values for chlorophyll-a by 35, the relationship 
between carbon and chlorophyll in healthy growing cultures of phytoplankton 
found at this laboratory ( M e n z e l ,  unpublished data). Actually, this is a minimal 
value, since ratios of 35-70 : 1 were measured in the algal cultures, this range being 
essentially in agreement with those reported by H a r r i s  and R i l e y  (1956), M c A l l i s t e r  
et al. (1964) and others. Higher ratios (ca. 50 : 1) were also found from the regression 
of chlorophyll on particulate carbon in the North Atlantic ( M e n z e l  and R y t h e r ,  
1964). The use of the minimal ratio is based on the authors’ hypothesis, advanced 
in the above mentioned publication, that higher ratios measured both in cultures 
and natural populations reflect the presence of dead cells or detritus as the case 
may be. The filled and open triangles are plots of carbon assimilation against total 
and living particulate carbon respectively for the very high values which, to enable 
them to be shown on the graph, have had both variables divided by ten.

The relationship between carbon assimilation and total particulate carbon is 
obviously non-linear and highly scattered suggesting the presence of large and 
variable quantities of dead or detrital carbon in the particulate matter. The open 
circles show rather less scatter and better linearity indicating that chlorophyll is 
probably a better index of living, photosynthetically-active carbon. The very high 
values (triangles) are particularly interesting in that the chlorophyll-based (living)
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and the total particulate carbon values for the most part agree well with each other 
indicating that, when very large concentrations of particulate carbon were present, 
as in a dense plankton bloom, it was mostly in the form of healthy, living organisms.

Much of the scatter seen in Fig. 5 in the relationship between photosynthesis 
and living carbon can be reduced if values are used for carbon assimilation under 
natural illumination and if carbon assimilation, living carbon, and total particulate 
carbon each are integrated over the entire euphotic zone. This is shown in Fig. 6 
for all 40 stations. In this figure the values for chlorophyll (used to calculate living
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Fig. 5. The regression o f carbon assimilation (a t 1000 foot candles) on living carbon (open 
circles and triangles) and on to tal particulate carbon (filled circles and triangles) for all depths 

sampled a t a ll Cruise 4A stations, (see text for further explanation).

carbon) have been adjusted by correcting for the amount of phaeophytin in the 
samples, using the method of Y e n t s c h  and M e n z e l  (1963). This correction was 
applied only for values of chlorophyll above 01 g/m2, since the change at lower 
concentrations was not great enough to be significant.

Again the total carbon values show no sign of a linear relationship to productivity, 
but now the regression of carbon assimilation on living carbon is clearly'linear and 
the fit, with a few exceptions, is surprisingly good enough, in fact, to inspire some 
confidence that the estimation of living carbon by this means may be quite reasonable.

It follows that the difference between living and total carbon is equivalent to 
detrital carbon and these values have been plotted serially for each station in Fig. 7. 
The irregularity of the curves in this figure merely reflect the fact that the ship passed 
in and out of areas containing variable amounts of organic matter and may recall 
what was said earlier concerning the patchy distribution of life in the Arabian Sea. 
What is evident from this figure is that the living phytoplankton represents no more
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g  c a r b o n / m *

Fig. 6. The regression o f carbon assimilation (natural light) on living carbon (open circles) 
and to ta l particulate carbon (filled circles) for all Cruise 4A stations (see Fig. 1). Values are 

integrated for entire euphotic zone. Broken line is least squares fit for open circles.

than 10-20 per cent of the total organic matter, though the two appear to increase 
and decrease in phase. The exceptions to this were the few stations where phyto­
plankton blooms were encountered (e.g. Stns. 194, 195). There the integrated living 
carbon for the whole euphotic zone accounted for 60 per cent of the total carbon, 
while at individual depths near or at the surface virtually all the carbon was 
represented by living organisms (Fig. 5).

It should perhaps be reiterated here that the living carbon fraction may have 
been underestimated by taking the minimal carbon : chlorophyll ratio (35 : 1)
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Fig. 7. T otal and living carbon and daily carbon production for all Cruise 4A stations (see Fig. 1)
shown in serial order.
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which we found in laboratory cultures. As we pointed out earlier, however, there 
is some justification for thinking that higher ratios in cultures may be due to the 
presence there of dead cells, which would be no different from the detritus we are 
attempting to measure in nature ( M e n z e l  and R y t h e r ,  1964). A small increase 
(e.g. 50 : 1) would not significantly affect the relative proportion of living and dead 
material. The implications of this relationship with respect to such matters as the 
food available to Zooplankton are worth some consideration.

The broken line in Fig. 7 shows the daily rate of primary productivity plotted 
in the same units. In view of the uncertainties in the calculation of the living caibon 
fraction, minor differences are probably not significant. It is obvious, however, 
that the standing crop of living organisms represents on the average approximately 
one day of primary production while the turnover rate of total carbon ranges from 
about a week to 10 days. This is perhaps not surprising in the tropics. It does 
illustrate not only the rapid turnover of organic matter but also the potential 
biological instability of such an area. If conditions are otherwise favourable for 
the existence of animal populations and the primary production is in the form of 
a food which the animals can utilize, enhanced productivity of these higher forms 
of life will be favored. If, on the other hand, animal populations are not present 
in adequate numbers or are otherwise unable to consume the primary production, 
and if an appreciable fraction of it sinks below the euphotic zone, its subsequent 
oxidation could easily lead to the anaerobiosis discussed above and its attendant 
threat to the animal life. Mass mortalities will, of course, accentuate the problem 
and tend to make it self-perpetuating, not only indirectly by contributing still more 
oxygen demand to the system but also in removing the trophic levels capable of 
utilizing the primary organic production.
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CReprinted from  Nature, Vol. 203, N o. 4945, pp. 590-591, August 8, 1964)

H I G H  SAL INIT Y IN SEA W A T E R

H ighest Salinity in the  W orld  O cean?
D U RIN G  the In ternational Geophysical Year the  R.V. 

Atlantis, passing through tho Red Sea (Cruise 242), 
found an  anomalously high tem perature  in tho deep w ater 
opposite Jeddah . This was reported  by N eum ann and

Donsmoro1 in an unpublished m anuscript of tho Woods 
Hole Oceanographic Institu tion . On its way to join tho 
International Indian Ocean Expedition tho now R.V. 
Atlantis I I  carried out a  sorios of hydrographic stations 
along tho length of the  R ed Soa. Purposely, tho ship
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stopped  a t  th e  position  w here N eu ­
m an n  a n d  D ensm ore1 found th is  h igh  
tem poratu re . A t 21° 21*5' N ., 38°
04*5' E ., S ta tio n  42 -A tla n tis  I I ,
sam ples o f h igh -tem pera tu re , high- 
sa lin ity  w a ter w ere ob ta in ed  close to  
th e  bo tto m .

F ig . 1 gives th e  profile o f sa lin ity  
d is tr ib u tio n  from  th e  G ulf o f  Suez 
to  th e  S tra its  o f B a b ’d  E l M andeb as 
de term ined  from  th e  R .V . A tlan tis I I  
du rin g  Ju ly  1963. A t S ta tio n  42 in 
th e  deepest p a r t  o f  th e  section,
1,931-1,978 m ., th e  w a te r w as found  
to  be  25*76°, 3*5° w arm er th a n  tho  
ra th e r  hom o th erm al w a ter above it.
I t s  sa lin ity  w as 43*18 p a r ts  pe r th o u ­
sand, 2*4 p a r ts  g rea te r th a n  th o  
surroundings im m ediately  ovor th is  
b an d  o f anom alous w ater (approx­
im ately  50 m  th ick ). F ig . 2 gives th e  
v e rtica l d is trib u tio n  o f tem p era tu re  
an d  sa lin ity  for S ta tio n  42.

(More recen tly  th e  B ritish  R .R .S .
Discovery h as sam pled  even  deeper 
dep ths, 2,400 m , in  th e  neighbouring 
a rca  a n d  h as fo u n d  clear ind ications 
o f m ix tu res  o f  norm al R ed  Soa 
w a ter an d  th e  h o t sa lty  w a ter from  
S ta tio n  42.)

Cruise 8 o f R .V . A tla n tis I I  w as sponsored  by  g ra n t 
N S F -G P 8 2 1  from  th e  U .S. N a tio n a l Science F o u n d a tio n .

A r t h u r  R .  M i l l e r  
W oods H ole O ceanographic In s titu tio n ,

W oods H ole, Mass.
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Fig. 1. P o ten tia l tem perature/salin ity  diagram  for hydrographic stations in  the Red Sea. U pper 
le ft: •  , Discovery 5247; 21° 07' N., 38° 10' E .; M arch 1, 1964; lower righ t: O . Albatross 254;
21° 1 0 'N., 38° 0 9 'E .; May 3, 1948; • ,  Atlantis I I 42; 21° 21' N., 38° 05' E. ; A u g u s t i, 1903;
 , Discovery 5247. The figures by the poin ts  are  depths in  m etres. The po ten tia l density

lines are  approxim ate, being extrapolated  from K nudsen’s form ula

1 N eum ann, A. C., and  Densmore, C. D., unpublished m anuscript, Jiej. 00-2, 
Woods Hole O ceanographic In s titu tio n  (1959).

* N eum ann, A. C., and  McGill, D. A., Deep-Sea lies., 8, 223 (1962).

Printed in Great Britain by Fisher, Knight 8c Co., Ltd., St. Albans.
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(R ep rin ted  fro m  N a tu re , Vol. 2 0 5 , N o . 4 9 6 7 , pp . 1 6 5 -1 6 6 ,
January  9 , 1965)

Hot Salty W ater at the Bottom of the Red Sea
W a te r  a t a tem perature of more than  44° C and salinity 

exceeding 270 parts per thousand (close to  saturation) has 
been found by the R .R .S. Discovery in a small depression 
below 2,000 m depth in the R ed Sea near 21° 17' N., 
38° 02' E. Three previous expeditions1-3 have reported 
abnorm al water in this neighbourhood, b u t nothing so 
extreme.

This unusual wator was found a t Discovery station 
5580, on September 11, 1964, on the  way back from the 
Indian Ocean, in attem pting to re-occupy the Atlantis I I  
station 42 (ref. 3). The deep parts  of the R ed Soa are very 
irregular, w ith depth changes of several hundred metres 
frequently occurring w ithin a few miles. There m ay be 
m any small isolated basins, though not all of them  
contain abnorm al water.

In  order to  find the m ost likely place for sampling, a 
dan buoy was anchored and a sounding survoy made 
relative to it, w ithin about 5 milos radius (Fig. 1). This 
revealed two small depressions ; one of them , about
1-5 miles across and 200 m deeper than  its im m ediate 
surroundings, was chosen. W ater samples were collected 
from it, using a pinger as a  guide in pu tting  the deepest 
bottle close to  the bottom . Two casts were made, the 
first one consisting of 12 bottles spread over 400 m  of 
depth  range. The tem peratures observed were norm al 
for R ed Sea deep w ater (about 22° C) down to 200 m off 
the bottom , followed by  a  sharp increase to well over 
40° C in the lowest 150 m. The second cast was arranged 
to provide more detail in tho transition zone and to  collect 
larger samples of the  abnorm al deep w ater. Above 
35° C we could use only 60° C unprotected therm om eters 
of low pressure-sensitivity since all other available therm o­
m eters, protected and  unprotected, wore off scale.

Tem peratures w ithin the  ho t w ater were obtained from 
the unprotected therm om eters by applying a pressure 
correction appropriate to  the sampling depth. The la tter 
could be determ ined by extrapolation from known 
shallower sampling depths, combined with evidence from 
the pinger reflexions and the  known depth  of water.

The vertical profiles of tem perature and  salinity are 
shown in Fig. 2. The ‘salinities’ were m easured on a 
conductivity bridge, after dilution where necessary. The 
highest salinities required dilution to  about one-eighth 
concentration by weight to  bring them  on scale. . The 
depths, and hence tem peratures, m arked t  are loss 
certain ( ±  15 m, ±  0 2 ° C) due to  greater wire angle and 
unknown effect of sea floor slope.
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Fig. 1. ba thyme t ry  and  sta tion  positions where unusually hot salty  
w ater lias been found. C ontours are  in  m etres, corrected according to
Matthews's table for Area 51 (ref. 5).  -—-, U .K.S. Discovery sounding
track,  Mar. 1, 1964; — — — —  , sounding track , Sept. 11, 1964;
...................sounding track , Sept. 11, 1964, w ith positions determ ined by-

radar from  an  anchored buoy

The ba thym etric  contours of Fig. 1, based only on 
Discovery soundings, suggest th a t  th e  Atlantis  stations 
m ay  well have been in  a  different sm all basin , and  indeed 
th e y  show a  different sill dep th  and  tem porat ure-salin ity  
curve from  Discovery s ta tion  5580. The position of the
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Albatross s ta tion  254, shown in Fig. 1, seems inconsistent 
w ith  th e  Discovery positions, since a t  Discovery s ta tion  
5247 only a  trace  o f th e  abnorm al w ater was found4.

P relim inary estim ates o f su lphate , m agnesium  and 
calcium , and  o f th e  chlorin ity  : conductiv ity  ratio , suggest 
th a t  th is  w ater is n o t ju s t concentrated  sea-w ater. F u rth e r  
chem ical w ork is proceeding a t  th e  U niversity  o f L iver­
pool and  a t  th e  N ational In s titu te  o f O ceanography.

Speculating on th e  origin o f th e  abnorm al w ater, i t  seems 
unlikely th a t  i t  can  have been form ed by  evaporation  in a 
shallow sea, as suggested b y  C ham pck4 for th e  previously 
reported  abnorm al w ater. More p robab ly  i t  m ay  be due 
to  solution o f sa lt deposits exposed on  th e  sea floor.

The increased density  o f th e  concen trated  solution 
would inh ib it convection th rough  th e  transition  layer due 
to  heating  from  th e  in terio r o f th e  E a rth , and  would 
perm it some increase o f tem peratu re . The observed 
tem pera tu re  g rad ien t in  th e  transition  region (nearly 
0-5° C m -1) is such th a t  th e  h e a t loss upw ards, w ith  no 
more th a n  m olecular conduction, m ust be approxim ately  
6 m icrocalories per square centim etre per second, com ­
parable to  th e  h e a t flow found com ing th rough  th e  sea 
floor itse lf in  regions o f h igh tectonic  ac tiv ity , such as th e  
cen tra l p a r t  o f th e  R ed Sea.

J .  C. S w a l l o w  
«T. C r e a s e

N ational In s titu te  o f Oceanography,
W orm ley, G odalm ing,

Surrey.
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1 B runeau , L ., Jerlov , N . G ., and  K oczy, F ., Rep. Swedish Deep-Sea E xpedi­
tion, 3, 4. A ppendix, Table 1, X X IX -X X X  (1953).

3 N eum ann, A. C., and  Densm ore, C. D ., unpublished m anuscrip t, Ref. 60-2, 
W oods Hole O ceanographic In s titu tio n  (1959).

3 M iller, A. B ., N a tu re ,203, 590 (1964).
4 C harnock, H ., Nature, 203, 591 (1964).
5 M atthew s, D . J . ,  Tables o f the Velocity o f Sound in  Pure Water and Sea­

water fo r Use in  Echo-sounding and Sound-ranging  (H ydrographic 
D epartm en t, A dm iralty , London, 1939).
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(R ep rin ted  fr o m  N a tu re , Vol. 2 0 5 , N o . 4 9 7 6 , pp . 1 0 9 9 -1 1 0 0 ,
M a rch  13, 1965)

Carbon Dioxide in Surface W aters
In  order to elucidate the role of atm osphere-ocean 

interaction in the geochemical cycle of carbon, the Scripps 
Institu tion  of Oceanography has been measuring the  con­
centration of carbon dioxide in surface ocean w aters and 
in the  adjacent atmosphere as p a rt of a  world-wide survey 
in itiated  during the  In ternational Geophysical Year. The 
results of the first two expeditions are reported by Keeling 
et ál.1. This work is continuing under the direction of the 
senior author.

The measurements of concentration of carbon dioxide
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Motj
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160 180 160 140 120120 140
° B. Longitude ° W.

Fig. 1. Top, track of B..V. Argo, May 18-June 9,1962. Bottom, concen­
tration  of carbon dioxide near the ocean surface, in  the atmosphere and  in  
ocean water, and surface ocean w ater tem perature, as a function of longi­
tude. Points represent averages o f all results for each 2-5° of longitude 

and  are plotted in  the centre o f the respective intervals
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Fig. 2. Top, track  of R.V. Argo, October 6-D ecem ber 21,1962. B ottom , 
results as in  Fig. 1. Po in ts represent averages o f all results for each 2-5° 

la titude interval

reported  here were m ade w ith  an  infra-red  gas analyser, 
described b y  S m ith2, aboard  th e  R .V . Argo on th e  Lusiad  
E xpedition , during M ay 18, 1962-A ugust 14, 1963. The 
carbon dioxide gas in  th e  surface w ater was determ ined by  
recording th e  concentration  of carbon dioxide in a  con­
tinuously  circulating, closed volum e o f a ir equilibrated  
w ith  à  constan tly  renew ed supply o f ocean w ater. The 
carbon dioxide in  atm ospheric air was determ ined in a 
stream  of a ir first sucked th rough  polyethylene tubing  
from  in takes located  on th e  forem ast and  a ft on  th e  ‘A ’ 
fram e, th e n  pum ped in to  th e  analyser and  ven ted1. The 
sam pling sequence yielded tw o 5-min average atm ospheric 
and  one 15-min average ocean w ater m easurem ent every 
30 m in.
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Fig. 3. Top, tra ck  of E .V . Argo, Ju n e  2 8 -Ju ly  7. 1963. B ottom , 
resu lts as in  F ig . 1. Po in ts represen t averages o f all d a ta  for each 1°

la titu d e  in terval

M easurem ents o f carbon dioxide in  ocean w ater were 
m ade w henever th e  ship was under-w ay and  during  some 
of th e  periods w hen th e  ship w as occupying sta tions. 
M easurem ents o f atm ospheric carbon dioxide were carried 
o u t during  th e  en tire  tim e th e  ship was a t  sea except for 
sho rt periods needed for equ ipm ent calibration . A  to ta l 
o f 11,313 atm ospheric and  4,874 ocean w ater m easure­
m ents, representing all th e  1962 d a ta  an d  10 days o f 1963 
d a ta  (June  2 8 -Ju ly  7), h ave  been fully  processed. The 
concentration  (mixing ra tio ) o f carbon dioxide is reported  
in  p a rts  per m illion b y  volum e o f d ry  a ir (p.p.m .). Positive 
or negative departu res o f th e  concentrations o f ocean 
w ater carbon dioxide from  equilibrium  w ith  th e  a tm o ­
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sphere a t  th e  tim e of m easurem ent are referred to  as 
supersatu ra tion  o r undersatu ra tion .

M arked undersa tu ra tion  occurred in  th e  Pacific Ocean 
during th e  spring o f  1962 betw een 152° W . and  122° E . 
near 35° N . w ith  th e  lowest concentration, 68 p .p.m . below 
satu ra tion , a t  175° E . (Fig. 1). In  th e  In d ian  Ocean, slight 
supersatu ration  occurred along th e  en tire  length  o f the 
equatorial track  betw een 45° E . and  95° E . on four equato r­
ial crossings (5° N . to  5° S.) m ade in  connexion w ith  a 
sub-surface cu rren t investigation® during th e  period of th e  
sum m er m onsoon. A subsequent survey  from  7° N. to  
52° S. m ade during  th e  southern  spring indicates a  slight 
supersatu ra tion  no rth , and  m oderate undersatu ra tion  
south, of 15° S. except for approxim ate sa tu ra tio n  near the 
island of K erguelen (49° S., 70° E .) (Fig. 2). On an 
A tlan tic  equatorial crossing in Ju ly  1963 supersaturation  
was clearly ev iden t a lthough less m arked  th a n  in the 
eastern  Pacific1 (Fig. 3).

Concentrations o f atm ospheric carbon dioxide ranged 
from  313 p.p.m . to  322 p.p.m . F o r th e  appropria te  season 
and  la titu d e  m ost o f th e  results agreed w ith in  1 p.p.m . 
w ith  resu lts reported  b y  Bolin and  K eeling4.

This w ork was supported  by  g ran t (719168 from  the  U.S. 
N ational Science F oundation . A  com plete repo rt of the  
Lusiad  E xpedition  is being prepared  for fu tu re  publica­
tion.

L e e  S. W a t e r m a n  
Scripps In s titu tio n  of O ceanography,

U niversity  o f California,
L a Jo lla , California.

1 Keeling, C. D., Rakestraw, N. W., and Waterman, L. S., J. Oeophys. Rea.
(in the press). 

s Smith, V. N., Instruments, 20, 421 (1953).
» Knauas, J. A., and Taft, B. A., Science, 143, 354 (1964).
* Bolin, B., and Keeling, C. D., J. Oeophys. Res., 68, 3899 (1963).
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(.Reprinted from Nature, Vol. 206, No. 4982, pp. 383-385,
April 24, 1965)

INORGANIC NUTRIENT ANIONS IN 
DEEP OCEAN WATERS

By D r. T S A I H W A  j .  C H O W  an d  
A R N O L D  W .  M A N T Y L A

Scripps Institu tion  of O ceanography, La Jolla, California

PH O SPH A TE, silicate and  n itra te  in  th e  oceans are 
considered to  be nu trien ts  for m arine life growth. 

Their presence in  th e  euphotic zone sustains biological 
activ ities and, in  tu rn , th e ir  concentrations in deep 
w aters are regula ted  by  th e  regeneration processes. 
N um erous papers on th is sub ject have been published 
and  sum m arized in  various review  artic les1-6. However, 
m ost of th e  lite ra tu re  deals w ith  th e  shallow coastal 
w aters and  seldom extends its  coverage to  th e  pelagic 
regions or below th e  m inim um  oxygen zone.

D uring th e  p as t several years, th e  Scripps In s titu tio n  
of O ceanography has carried  ou t various deep-sea 
expeditions: th e  S T E P -1 E xpedition  (1960) to  th e  Peru 
C urrent of th e  Pacific between th e  equato r and  th e  Tropic 
of Capricorn; th e  Lusiad  E xped ition  (1962-63) to  th e  
equatorial In d ian  Ocean; and  th e  Dodo E xpedition  
(1964) to  th e  Somali C urrent region of th e  In d ian  Ocean. 
D uring p a rts  of these expeditions, deep hydrographic 
s ta tions were occupied, and  th e  chem ical properties of 
the  deep w aters were analysed. The n o rth  A tlan tic d a ta  
cited  here were those of th e  tran sa tlan tic  cruise of th e  
R .R .S . Discovery I I  during th e  In te rn a tio n a l Geophysical 
Y ear (1957). The oceanographic properties o f these 
expeditions have been m ade available in  th e  form  of 
prelim inary  d a ta  repo rts7*8.

T he purpose of th is article is to  give a  brief description 
o f th e  inorganic n u tr ien t salts  in  th e  deep w aters which 
were covered b y  th e  aforem entioned expeditions.

E xcep t for th e  upwelling areas such as th e  P eruv ian  
coasts, th e  silicate concentration  o f sea-w ater above th e  
therm ocline was uniform  and  usually  less th a n  10 micro- 
gram -atom /litre. Below th e  therm ocline, th e  silicate 
con ten t increased rap id ly  w ith  increasing dep th . The 
P eruv ian  w aters showed a  silicate concentration of 140 
fxg-at/1. a t  th e  2 ,000-m dep th  ; in  th e  2 ,000- 6,000-m layer, 
th e  silicate con ten t increased only slightly  to  a  value of 
160 fzg-at/1. T he sam e p a tte rn  o f  silicate d is tribu tion  was 
also observed in  th e  equatorial In d ian  O cean w aters w ith
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a concentration o f 90 ¡ig-at/1. a t  th e  2,000-m level, and 
ab o u t 110 ¡ig-at/1. in  th e  2 ,000- 6,000-m deep w aters. 
T he highest silicate con ten t of th e  N orth  A tlan tic  deep 
w aters was ab o u t 60 [i.g-at/1. which was m uch lower th a n  
th a t  of th e  Pacific and  In d ian  Oceans. The silicate vertical 
profiles d id  n o t show any  anom aly in the  m inim um  oxygen 
zone. The m inim um  oxygen zone norm ally occurs a t  the  
800-1,000-m d ep th  in  th e  open ocean.

Along th e  P eruv ian  coastal region, surface w ater 
phosphate  con ten t as high as 2 gg -a t/1. w as detected. 
B eyond th e  upw elling region, a  uniform ly low phosphate 
concentration was p resen t in  th e  m ixed layer. The 
phosphate  con ten t increased w ith  increasing d ep th ; and 
in  th e  m inim um  oxygen zone, i t  reached th e  average 
m axim um  value o f 2-7 and  3-0 ¡ig-at/1. for th e  Ind ian  and  
Pacific Oceans, respectively. Then th e  phosphate concen­
tra tio n  of sea-w ater began to  decrease tow ard  th e  bottom . 
F o r th e  w ater colum n betw een 2,000 and  6,000 m, 
th e  average phosphate  con ten t w as abou t 2-5 ¡i.g-at/1. for 
th e  Pacific an d  2-4 ¡xg-at/1. for th e  In d ian  Ocean. The 
N o rth  A tlan tic  phosphate  d a ta  showed a  large degree of 
scattering , and  its  m axim um  concentration was about
2-0 ¡ig-at/1. a t  th e  in term ediate  dep th . The A tlantic 
w ater between 2,000  and  6,000  m  showed an average
phosphate concentration  of abou t 1-6 ¡ig-at/1.

\

PACIFIC OCEAN
150

INDIAN OCEAN

S  100Itc

;>o ATLANTIC OCEAN

10 3-02 0
Phosphate (ng-atß.)

Fig. 1. Relationship between silicate and phosphate in the Pacific, 
Indian and Atlantic Ocean waters
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Owing to  th e  com plex ana ly tica l procedure, th e  n itra te  
d e term ina tion  is often  difficult to  perform  a t  sea ; th e re ­
fore, only lim ited  d a ta  on th e  n itra te  d istrib u tio n  in  th e  
oóeans are available. W hen  coastal upw elling or river 
run-off w as prom inen t, h igh  n itra te  -concentration  was 
found in  th e  surface w ate rs7-9. H ow ever, th e  n itra te  
co n ten t w as often  dep leted  in  th e  surface w aters o f th e  
Pacific Ocean. ■ Below th e  euphotic zone, th e  n itra te  
con ten t increased sharp ly  to  30 {i.g-at/1. an d  reached its  
m axim um  concen tra tion  o f ab o u t 45 {ig-at/I. in  th e  
m inim um  oxygen zone, and  th e n  a tta in e d  an  average 
o f 40 {i.g-at/1. in  th e  2,000-6,000-m  deep w aters. The 
average n itra te  concen tra tion  for N o rth  A tlan tic  deep 
w ater was 20 [i.g-at/1., w hich w as only h a lf  th e  Pacific value. 
T he n itra te  co n ten t of th e  In d ian  O cean w as reported  
earlie r1 as being less th a n  th a t  o f th e  Pacific w aters. No 
significant n itra te  d a ta  o f th e  In d ian  O cean deep w aters 
have been repo rted  in  recen t years.

The correlations am ong th e  p h o sp h a te -s ilica te -n itra te  
d is tribu tion  in  th e  ocean w aters w ere also exam ined. In  
o rder to  ob ta in  consisten t resu lts, th e  n u tr ie n t a tom  ratios 
were based on th e  d a ta  w hich were ob ta ined  by  analysing 
equal portions o f th e  sam e w ate r sam ples. T he rela tionship  
betw een phosphate  an d  silicate for th e  th ree  m a jo r oceans 
is shown in  F ig. 1. The a tom  ra tio  o f these tw o chem icals 
w as usually  less th a n  10 in  th e  surface w aters o f all th ree  
oceans except for few sca tte red  A tlan tic  surface sam ples.

60

50

a> 30

0 0-5 10 1-5 3-52 0 2-5 30
Phosphate (/¿g-at/1.)

Fig. 2. Relationship between nitrate and phosphate in the Pacific Ocean
waters
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Below th e  surface-layer, th e  silicate-to-phosphate ratios 
are characteristic  for th e  various w aters and  significantly 
different from  each o ther. F o r th e  Pacific and  Ind ian  
Oceans, th e  silicate-to-phosphate ra tio  increased w ith  
increasing d ep th  to  a  ra tio  of ab o u t 25 in  th e  m inim um  
oxygen zone. W ith  th e  increasing silicate and  decreas­
ing phosphate  con ten ts  in  th e  2 ,000- 6 ,000 -m region, th e  
silicate-to-phosphate ra tio  increased exponentially  to  
ab o u t 55-65 for th e  Pacific deep w aters while th a t  o f th e  
In d ian  Ocean deep w aters was calculated  to  be abou t 
40-50. F o r th e  A tlan tic  w aters, th e  silicate versus phos­
p h a te  p lo t showed m uch dispersion, and  its  a tom  ra tio  
ranged  from  20 to  40 for th e  deep w aters.

Stefansson and  R ich ard s9, in  th e ir investigation  of 
n u tr ie n t d is tribu tion  off th e  W ashington  an d  Oregon 
coasts, s ta ted  th a t  “ th e  silicate-to-phosphate ra tio  is 
variable, a lthough  a t  silicate concentrations of less th a n  
55 [j.g-at/1. its  m ean value is approxim ately  22 : 1” , This 
estim ation  is in  agreem ent w ith  th e  upper layer of th e  
Pacific w ater as show n in  F ig. 1 of th is  article . Based 
on th e  Pacific deep w ater (1,700 m ) d a ta  given b y  S tefans­
son an d  R ichards (R /V  Brown Bear Cruise 299, S tation  
25), th e  silicate-to-phosphate ra tio  was com puted to  be 
56— a  value approaching  th a t  given in  th is  article. In  
prev ious w ork on A tlan tic  w ater, th e  silicate-to -phosphate  
a tom  ra tio  was given as 13-16 for th e  in term ed iate  
w ate rs10-11.

The rela tionship  betw een th e  phosphate  and  n itra te  
con ten ts  o f th e  Pacific w aters is given in  F ig. 2. I t  shows 
a  linear correlation, an d  th e  d a ta  have been fitted  by  th e  
least square  m ethod . The equation  o f th e  linear line i§ 
expressed in atom s as:

N  =  [(17-5 ±  4-0) P ] -  6-5

The linear line d id  n o t pass th rough  th e  po in t of origin 
ind icating  an  excess phosphate  in  respect to  n itra te  in 
the  ocean. The slope of th e  line represen ted  th e  in te r­
action  of these tw o elem ents in  th e  ocean. I f  th e  n itra te  
and  phosphate  were assim ilated or regenerated  according 
to  th is ra tio , th e n  th e  excess phosphate  in  th e  ocean would 
be 0-37 ¡i.g-at/1. S tefansson and  R ichards9 gave the  linear 
equation  as N  =  15-82 P  — 9-95 for th e  W ashington  and  
Oregon coastal w aters. The difference betw een these tw o 
sets o f equations w as w ith in  th e  analy tica l error. I t  should 
be m entioned here th a t  th e  m axim um  d ep th  of th e  
W ashington and  Oregon coastal region is ab o u t 2,000 m ; 
therefore, i t  was n o t possible to  include th e  deeper w aters, 
w hich were usually  h igh  in  ni t r a te -to-phosphate ratio , 
in  th e  least-square com putation  of Stefansson and R ichards. 
Owing to  lim ited  n itra te  d a ta  available, th e  n itra te-to - 
phosphate  ra tio  of th e  In d ian  O cean deep w aters was 
estim ated  to  be approx im ate ly  15 : 1.
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Fig. 3. Relationship between silicate and nitrate in the Pacific Ocean
waters

T he silica te-to -n itra te  correlation o f th e  Pacific w aters 
is show n in  F ig . 3. Since th e  silicate and  n itra te  con ten ts 
o f th e  surface w aters were low, th e  ind iv idual S i/N  ra tios 
showed m uch scattering . H ow ever, i t  was dem onstra ted  
th a t  these tw o elem ents w ere increasing in  equal p roportion  
w ith  d ep th  u n til th e  m inim um  oxygen zone was reached. 
Owing to  th e  progressive increasing silicate and  decreasing 
n itra te  in th e  w aters below th e  m inim um  oxygen zone, 
th e  s ilica te-to -n itra te  ra tio  increased to  ab o u t 3 -5  for th e  
Pacific deep w aters. F o r th e  A tlan tic  w aters, th e  silicate- 
to -n itra te  ra tio  w as com puted  from  R ich ard s’s d a ta 10 as 
approaching  2 as th e  lim it. Sinee th e  n itra te  d a ta  were 
lim ited  in  th e  In d ia n  O cean deep w aters, th e  silicate-to- 
n itra te  ra tio  w as only roughly  es tim ated  as 3 : 1 .
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T a b le  i .  R a n g e s  o r  P h o s p h a t e - S il ic a t e - N it r a t e  A t o m  R a t io s  in  
W a t e r s  b e t w e e n  2 ,0 0 0  a n d  6 ,0 0 0  m

Silicate Silicate N itrate
Phosphate Nitrate Phosphate

S.E. Pacific Ocean 
Equatorial Indian Ocean 
N. Atlantic Ocean

5 5 -6 5
4 0 -5 0

2 0 -4 0

3 - 5
3 *

1-2

1 3 -1 9
15 *

1 2 -1 6
* Estimated average values.

In  sum m ary , th e  ranges of th e  phospha te -s ilica te - 
n itra te  a tom  ra tio s  for th e  deep w aters betw een 2,000  and  
6,000 m  are given in  T able 1. The n u trien ts  showed th e  
sam e p a tte rn  o f d is tr ib u tio n  in  th e  th ree  m ajo r oceans, 
vary ing  only in  m agn itude o f concentration . W hen th e  
a to m  ra tio s  were com puted , th e  values showed significant 
characteristics for each ocean.

The oceanographic expeditions conducted  by  th e  Scripps 
In s titu tio n  of O ceanography were sponsored by  the  U.S. 
N ational Science F o u n d a tio n  and  th e  Office of N aval 
R esearch. T he hydrograph ic surveys o f th e  S T E P -1 and  
th e  Dodo E xpeditions w ere under th e  leadership of Prof. 
W . S. W ooster, and  th a t  o f th e  Lusiad  E xpedition  was 
un d er P rof. Jo h n  A. K nauss.

L usiad  and  Dodo were p a r ts  of th e  In te rn a tio n a l In d ian  
O cean E xped ition .
1 Sverdrup, H. U., Johnson, M. W., and Fleming, R. H., The Oceans 

(Prentice-Hall, Inc., New York, 1 9 4 2 ) .  
a Barnes, H., in Geol. Soc. Amer. Memoir, Ne. 6 7 ,  edit, by Hedgpeth, J. W.,

1 , 2 9 7  ( 1 9 5 7 ) .
3 Richards, F. A., in Phye, and Chem. of Earth, edit, by Ahrens, L. H., et al.,

2, 7 7  ( 1 9 5 7 ) .
4 Strickland, J. D. H., Fish. Res. Bd. Canada Bull., No. 1 2 2  ( 1 9 6 0 ) .
5 Hood, D. W., in Oceanogr. and Mar. Biol. Ann. Rev., edit, by Barnes, H., 1,

1 2 9  ( 1 9 6 3 ) .
* Redfield, A. C., Ketchum, B. H., and Richards, F. A., The Sea, 2, 2 6  ( 1 9 6 3 ) .  
5 Scripps I n s t ,  of Oceanogr., STEP-I Expedition Prelim. Dala Rep., Parts I

and I I  ( 1 9 6 1 ) ;  Lusiad Expedition Prelim. Data Rep. ( 1 9 6 3 ) ;  and Dodo 
Expedition Prelim. Data Rep. ( 1 9 6 4 ) .

8 Woods Hole Oceanogr. Inst., R.R.S. Discovery II IOY Cruise No. 2 , 
W.H.O.I. Ref. No. 5 8 - 3 0  ( 1 9 5 8 ) .

* Stefansson, U., and Richards, F. A., Limnol. Oceanogr., 8, 3 9 4  ( 1 9 6 3 ) .
10 Richards, F. A., J. Mar. Res., 17, 4 9 9  ( 1 9 5 8 ) .
11 Ketchum, B. H., Vaccaro, R., and Corwin, N., J. Mar. Res., 17, 2 8 2  ( 1 9 5 8 ) .
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(Reprinted from Nature, Vol. 206, No. 4991, pp. 1345-1346,
June 26, 1965)

Chemical Composition of the H ot Salty 
W ater a t the Bottom of the Red Sea

I n  a recen t com m unication Swallow and  Crease1 directed 
a tten tio n  to  th e  existence of a basin ab o u t 200 m  deep a t 
th e  bo ttom  of th e  R ed Sea near 21° 17' N ., 38° 02' E ., 
filled w ith  highly saline w ater a t  a tem pera tu re  of m ore 
th a n  44° C. The presen t com m unication gives a  brief 
prelim inary account o f th e  chem ical com position of th is 
w ater.

Table 1 shows th e  varia tion  of tem peratu re , salin ity  
(from conductiv ity) and  chlorin ity  w ith  dep th . The 
tem peratu res and  dep ths are revised values supplied to  
us by  Swallow and  differ slightly  from  th e  provisional 
values given in  th e  reference c ited1.. In  particu la r th e  
tem peratu re  o f th e  h o t w ater after, revision is ab o u t
0-4° C higher.

The constancy o f th e  chlorinity  of th e  w ater w ithin 
abou t 150 m  o f th e  bo ttom  suggested th a t  th is  w ater 
w ould be uniform  in com position and  th is  proved to  be 
th e  case. The average ionic ratios rela tive to  chlorinity  
were found to  be as follows (the corresponding ra tio s for 
ocean w aters are given in  b rackets): sodium , 0-5980 
(0-5556); potassium , 0-0139 (0-0205); calcium , 0-0303 
(0-0213); m agnesium , 0-0052 (0-0668); su lphate, 0-0048 
(0-1400); brom ine, 0-79 x IO-8 (3-48 x IO-8); m anganese
3-2 x IO-4 (about 2-5 x 10~6). These ra tio s suggest th a t  
th is  w ater cannot have been form ed by  evaporation  in  a  
shallow sea as suggested b y  C harnock8, or b y  th e  d is­
solution of sa lt déposits in  R ed  Sea b o tto m  w ater. 
The sim ilarity  o f th e  ionic ra tio s to  those o f oil field and  
o ther deep-well brines is qu ite  strik ing , in p articu la r th e

Table 1
Salinity (parts Chlorinity

Corrected Temperature per thousand) by (parts per
depth (m) (° C) conductivity thousand)

1,795 22-02 40-64
1,845 22-05 40-64
1,895 22-05 40-65
1,925 22-06 40-65 22-54
1,945 22-06 40-66
1,970 22-41 40-92 22-68
1,995 26-20 47-331 26-34
2,010 36-11 121-991 69-24
2,045 — 270-51 155-1
2,055 44-8 270-81 155-4
2,095 44-8 270-81 155-5
2,140 44-9 271-3*t 155-4
2,195 44-4 271-4f 155-4

* Salinity determined gravimetrically* 254-9; density (dJJ:g) 1-1989.
t  Owing to departures of ionic ratios from those of normal sea waters these 

values do not represent true salinities.
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low SO4/CI ra tio , and  th is  suggests th a t  th is  w ater has a  
connate origin, th a t  is, i t  has been expelled from  sedim ents 
by  geotherm al heating.

P . G. B r e w e r  
J .  P . R i l e y

D epartm en t o f Oceanography, 
U niversity  of Liverpool.

F . C u l k i n
N ational In s titu te  o f O ceanography, 

W orm ley, 
Godalm ing, Surrey.

1 Swallow, J . C., and Crease, J .,  Nature, 205, 165 (1965).
* Morris, A. W., and Riley, J . P ., Deep Sea Res., 11,899 (1964).
* Charnock, H., Nature, 203, 591 (1964).
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Reprinted from Deep-sea Res., vol. 12, 1965, p. 497-503

The chemical composition of the hot salty water from the bottom of
the Red Sea

P . G . B r e w e r ,* J . P . R il e y * and F . C uLK iN f

{Received 6 April 1965)

Abstract—Samples of a hot salty water discovered in a deep basin in the Red Sea have been analysed 
for dissolved gases and major and minor constitutents. It is shown that this water is different in 
composition from ordinary sea water and some possible explanations of its composition are discussed.

In a recent note S w a l l o w  and C rea se  (1965) have described the discovery of a 
basin 200 m deep filled with highly saline water at a temperature of ca. 44-8°C at the 
bottom of the Red Seai. Preliminary chemical analyses by the present authors (B r e w e r , 
R iley  and C u l k in , 1965) showed that this water had a different composition from 
ordinary sea water. The purpose of thp present paper is to record more complete 
chemical data on this most unusual water which may enable others to draw con­
clusions about its origin.

Two water bottle casts were made on 11 September 1964 at this station. The 
first, which consisted of 12 N.T.O. bottles, covered the bottom 400 m of the water 
column and showed that the temperature was normal to within 200 m of the bottom. 
However, in the next 50 m an increase of over 20°C was found ; beneath this region 
the temperature remained constant at ca. 45°C to the bottom. The second cast was 
made to cover the transition zone in more detail and to provide large samples of the 
abnormal water. These large samples were collected at distances of 25 m and 30 m 
from the bottom using NT.O. 51. polypropylene sampling bottles. The smaller samples 
were stored in 8 oz glass bottles with polyethylene closures. After collection all 
samples were analysed on board for salinity (by inductively-coupled salinometer), 
dissolved oxygen, nitrate, silicate and phosphate. The bulk samples were transferred 
to 5 high density polyethylene bottles for analysis at the National Institute of Oceano­
graphy and at the University of Liverpool.

A N A L Y S I S  OF  T H E  D I S S O L V E D  S O L I D S

Analyses of the water samples for major and minor components were made using 
thé methods detailed in Table 1. The results obtained at the N.I.O. for the major 
ions are shown in Table 2. The average analysis of the high salinity samples agreed 
well, for most components, with the results of analyses made by ion exchange methods 
at Liverpool (M. T o n g u d a i unpublished) on a bulk sample from 2155 m. The 
results of analyses for minor components are given in Table 3.

♦Department of Oceanography, The University, Liverpool 3.
tNational Institute of Oceanography, Wormley, Godalming, Surrey.
^Discovery Station 5580, 11th September 1964, 21° 17' N., 38° 02' E. Total water depth 2219 m,

497

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. I I I ,  contribution  no. 178 627



498 P. G . B r e w e r ,  J. P. R i le y  an d  F. C u l k i n

Table I .  Methods of analysis used for samples

Component Method used Reference
Salin ity G rav im etric M orris an d  R iley (1964)
C hlo rin ity P o ten tiom etrie  titra tio n FTermann (1951)
Sod ium  a n d  
P o tassium

Ion exchange for to ta l c a tio n s: deduct figures 
fo r K , M g, C a , Sr to o b ta in  N a  by difference.

Cui kin  (unpublished)

P o tassium  gravim etrically  as K B  (CcLLF C ulkin (unpublished)
M agnesium E D T A  titra tio n  a t pH IO  using  E B T  as 

in d ica to r, figures fo r C a  a n d  Sr deducted
C ulkin (unpublished)

C alcium E D T A  titra tio n  a t pH 13 using calcein  as 
in d ica to r

Pate and  R ohinson (1958)

S tro n tiu m D irec t flam e p ho tom etry C u t kin (unpublished)
S u lphate G rav im etric  as BaSCL Bather an d  R i i .iy  (1954)
B rom ide O x id a tio n  to  b ró m ate  w ith C IO - , excess 

oxidizing agen t reduced w ith  fo rm ate .
Iod ine liberated  by trea tm e n t w ith  I -  a n d  F P  
a n d  titra te d  w ith S2O 32-

H aslam and  M oses (1950) 
M orris a n d  R iley (unpublished)

F luoride P h o tom etric  w ith lan th an u m  alizarin  
com plexone

G reenhalgh  a n d  R iley (1961)

B oron P h o tom etric  w ith curcum in G reenhalgh and  R iley (1962)
L ith ium Ion  exchange sep a ra tio n , flam e ph o to m etry R iley and  T ongudai (1964)
Iodide C ata ly tic  action  on  reac tion  betw een 

C e4+ a n d  A s3+
Barkley and  T hompson (1960)

M anganese C oprecip ita tion  w ith  Fe (O H )s, p h o tom etric  
as K M n 0 4 . C hem ical y ield checked by tracer 
m ethod ; ch loride  rem oved, pho to m etric  as 
K M n 0 4.

P. G . Brewi r (unpublished)

C opper P hotom etric  w ith 2 ,2 '-d iq u in o ly l R iley an d  S inhaseni ( 1958)
Ferric  iron P hotom etric  w ith b a th o p h en an th ro lin c L ewis and  G oldbfrg  (1954)
F erro u s iron Pho tom etric  w ith 2 ,2 '-d ipy ridy l C ooper (1948)
Zinc A nion  exchange sep ara tio n , ph o to m etric  

w ith d ith izone
J. M urphy  (unpublished)

T o ta l carbon  
dioxide

Sam ple acidified, C O 2 stripped  from  it w ith 
a ir, abso rbed  a n d  weighed

Silicate P hotom etric  as m olybdenum  blue M ul.lin and  R iley (1955)
N itra te R eduction  to  n itrite  an d  pho tom etric  

de term ina tion
M orris an d  R iley (1963)

C O M P O S I T I O N  O F  T H E  D I S S O L V E D  G A S

A considerable amount of gas was liberated from the very saline waters shortly 
after they had been brought to the surface and caused them to effervesce slightly. 
Since it was thought that the composition of this gas might provide a clue to the 
origin of the water, it was decided to collect a sample of it. In the absence of con­
ventional gas sampling apparatus, a 500 ml Squibbs type funnel was connected to 
the sampling cock of the water bottle, and water was allowed to flow up into the 
funnel until it overflowed. The well greased tap of the funnel was then closed and its 
ground-glass stopper was inserted tightly, care being taken not to trap air underneath 
it. The stopper was well waxed and wired down and the funnel was stored on its 
side to prevent loss or ingress of air. Within a few hours the evolution of gas was 
complete and later examination showed that 25 ml of gas at S.T.P. had been liberated 
per litre of water. This gas had presumably been retained by the water by hydrostatic
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Table 2. Dissolved oxygen and major component analyses of Red Sea deep water

Corrected 
depth (m)

Temp.
°C

O 2
ml/1 Cl0/Voo

Ratios to chlorinity {by weight)
Na+ K+ Ca2+ Mg2+ Sr2+ x IO3 SO42- B t-  X  IO3 Mn2+ X  10̂

1925 22-06 2-25 22-542 0-5537 0-0206 0-0209 0-0675 0-38 0-1420 3-43 1-51
1970 22-41 — 22-681 0-5552 00205 0-0208 0-0669 0-34 0-1409 3-43 —
2010 3611 — 69-244 0-5914 0-0149 0-0289 0-0176 0-30 0-0368 1-32 3-47
2055 44-8 0-15 155-39 0-5979 00138 0-0303 00052 0-30 0-0048 0-80 3-15
2095 44-8 0-14 155 47 0-5979 0-0139 0-0304 0-0051 0-30 0-0049 0-80 3-42
2105 — 0-14 155-08 0-5974 0-0139 0-0304 0 0051 0-30 00047 0-78 3-48
2140 44-9 0-16 155-42 0-5978 00139 0-0303 0-0053 0-29 0-0048 0-78 3-42
2145 — 0-15 155-13 0-5980 00139 0-0303 0-0052 0-29 0-0048 0-79 3-22

. 2155* — — 154-28 — - — — — — — —
Standard Sea Water — — 19-374 0-5556 00205 0-0213 0-0668 0-41 0-1400 3-48 ~  2 X IO“3

♦Bulk sample, gravimetric salinity = 254-94 Densities, ¿/ff 5° =  1-19888 ; d f̂, — 1-19569
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Table 3. Minor components in average sea water and bulk sample of highly saline 
Red Sea water taken from 2140 m (/¿g/kg)

Component Boron Copper Fluorine Iodinef Iron (III)* Iron (II) Lithium Zinc

Red Sea water 7,800 
Average sea water 4,600

14
~ 5

51-2
1,400

30 -t 1-7 220 n.d. 262 ~  1,000 
~  60 < 20 0 0 190 < 5

Component
Total 

Carbon dioxide Nitrate-Nitrogen Silicate-silicon

Red Sea water 
Average sea water

6,500
90,000

10 5,500 
180) 2,600')

n.d. =  not detected, *passing 0-5 p. filter, fiodide, }in water at 1945 m at this station.

pressure while it was in situ. When the samples were brought to the surface its very 
low solubility in the highly saline water caused it to be evolved.

An AEI MS10 mass spectrometer was used for analysis of the gas. The separating 
funnel containing the sample was inverted and sealed to a vacuum line. The gas 
over the water sample was dried by passage through a cold trap and pumped into a 
glass bulb of small volume fitted with a stopcock and ball and socket joint. The 
bulb was connected to the mass spectrometer and the mass spectrum was plotted. 
The volume ratio of nitrogen/argon in the sample was found to be 100/ 1-21, which 
should be compared with a ratio of 100/ 1-19 in air and 100/2-59 in the dissolved 
gas in sea water (chlorinity 20 0%o at 22°) saturated with air. This suggests that the 
gas might have had its origin in air. The presence of "'He, which might have originated 
from radio-active decay of uranium, was specifically sought but it could not be 
detected.

The total carbon dioxide content of the sample (6-7 mg/1) was unusually low for a 
natural water.

DI S C US S I ON

The detailed discussion of the origin of the hot high salinity water demands a 
more expert knowledge of geology of the Red Sea area and of the geochemistry of 
natural waters than is possessed by the authors. Attention will therefore be drawn 
only to three possible modes of origin for it and to chemical evidence supporting one 
of them. It will be left to others, better qualified, to relate the hydrology to the 
geology of the rift valley which constitutes the bed of the Red Sea.

These possible modes of origin of the saline water are as follows :

(i) The water might have been concentrated by evaporation in the very hot 
shallow coastal regions and flowed down as a density current to the basin in which 
it is found. Against this hypothesis must be set the fact that waters of such high 
salinity are not known to occur in the marginal areas of the Red Sea, and if they 
did exist, it is improbable that they would be able to traverse ca. 100km of uneven 
sea floor without being diluted by turbulent mixing. An even more telling point 
against this hypothesis is the fact that the water has an ionic composition quite
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different from that of sea water (see Table 2), or of any water which might be formed 
as a residual mother liquor in the formation of an evaporite deposit.

(ii) That the water had resulted from the action of sea water on a bed of halite 
underlying the floor of the basin. Calculations show that to attain a chlorinity of 
155-2%0 227-02 g of sodium chloride would have to be dissolved in 0-77298 kg of 
sea water (Cl =  22-67%0). However, the ionic composition of íhe  saline water is 
quite different from that which would be formed by the dissolution of halite in sea 
water in such amounts as to give a chlorinity of 155%0, even if allowance is made 
for the dissolution of gypsum and dolomite or limestone which usually overlie salt 
beds (see Table 4). In particular attention should be drawn to the following facts : 
(a) the concentration of bromine in the water (0-13 g/kg) is about twice that expected 
from the dissolution of halite in sea water; halite itself normally contains only traces 
of bromine, (b) the concentration of potassium (ca. 2-1 g/kg) is ca. 5 times as great 
as that in the hypothetical water; halite usually contains very little potassium since 
the latter only crystallizes at a late stage in the marine evaporite series (B orchert, 
1964), (c) the concentration of sulphate is only ca. J of that of the hypothetical water, 
(d) the content of calcium is ca. ten times that of the hypothetical water; this extra 
calcium cannot have arisen from the solution of either calcium carbonate or calcium 
sulphate since the concentrations of both total carbon dioxide and sulphate are low.

Table 4. Ionic compositions (g/kg) of saline water and of hypothetical water of 
chlorinity 155-2 g/kg assuming sea water o f chlorinity 22-67%0 has dissolved sodium

chloride.

Salinity c i- S042- Br-X 10s F- X  10s Na+ K+ Mg2+ Ca2+ B X  IO3

Saline water 
Hypothetical 

water

254-9

258-7

155-2

155-2

0-749

2-455

0-123

0-060

0-0160

00012

92-77

99-05

2-15

0-351

0-81

1-172

4-70

0-370

0-008

0004

(iii) There remains the attractive possibility that the water is connate (i.e. that 
it originates from interstitial water of old sediments or from water of crystallization of 
evaporite sequences, from which it is removed by geothermal heating, and emerges as a 
hot spring). Such a possibility is attractive, particularly for a region such as the Red 
Sea floor which has a very high heat flux. This effect might provide an explanation of 
the high temperature of the saline water. A search through the analyses for sub-surface 
waters of all types collected by W hite, Hem and W aring (1963), showed that the only 
waters which resembled the Red Sea sample in either salinity or chemical composition 
were those of oil field brines and other deep well brines. A number of analyses 
from this collection which closely resemble that of the Red Sea water are shown 
as ionic ratios in Table 5 together with the corresponding ratios for the latter. It 
is apparent that there is sufficient agreement between the ratios to suggest that the 
highly saline water is a connate water of this type. However, there are a few points 
of difference which may perhaps not be significant since these brines display a con­
siderable variation in ionic ratios presumably related to the nature of their source rocks. 
In particular, the Ca/Na ratio is less than one third of any of those of the published 
analyses. The total carbon dioxide content of the Red Sea water is unusually low 
for a natural water. The Li/Na and I/Cl ratios are several orders of magnitude
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Table 5. Comparison of Red Sea saline water with oil well and other deep well
brines

Brines
Ratios by weight 1 2 3 4

Ca/Na 0051 014 0-26 0-17
Mg/Ca 017 012 0-23 0-27
K/Na 0 023 0014 0-018 0-012
Li/Na 0 000005 0-00030 — —

HCOa/Cl 000004 0-00090 0-00038 0-0077
SO4/CI 0 0048 0-0012 0-0035 000000
F/Cl 0 00011 000001 — —

Br/Cl 00079 0-0032 0-0046 0-0059
I/Cl 0 0000002 0-00015 0-00013 0-00003
B/Cl 000005 0-000076 — —

Total solids (g/kg) 254-9 200-0 217-0 25-7
SÍO2 (mg/1) 11 16 6

1. Red Sea highly saline water.
2. West Bay Plaquemines Parish Louisiana U.S.A. from silty Miocene sandstone near salt 

dome. Analysis by H . C . W h i t e  (cited by W h i t e ,  Hem and W a rin g , 1963, Table 13, analysis also 
showed 30 mg Mn/1; 51 mg Fe/1; 180 mg Sr/1; 0-4 mg Cu/1; 5 mg Zn/1.)

3. Polasna-Krasnokamsk NW of Molotov City U.S.S.R. from carboniferous limestone con­
taining CaSÛ4 and NaCl ( K u z n e t s o v  and N o v i k o v ,  1943; K u z n e t s o v ,  1943).

4. Paintsville, Johnson County, Kentucky, U.S.A. brine from Permian Sandstone ( H a u s e r ,  
1953).

less than any of those in the collected analyses. The comparatively high manganese 
and zinc contents of the sample (50 and ca. 1 mg/kg respectively) are unusual for 
a natural water, but somewhat similar concentrations were found in the Louisiana 
oil field brine (analysis 2 Table 5). It thus seems probable that the water is connate 
water, a similar conclusion has been reached by C . N e u m a n n  (personal communica­
tion to Dr. J. C . S w a l l o w ; N e u m a n n  and C h a v e , 1965).

The high concentration of dissolved gas contained in the sample and the similarity 
of its N/Ar ratio to that of air depleted in oxygen, rather than to that of the dissolved 
air in sea water is interesting. However, there are too few published analyses of 
dissolved gases from connate waters for any conclusions to be drawn.
Acknowledgement—The authois thank the Principal Scientist (Dr. J. C. S w a l l o w )  during the cruise 
for providing station data and samples, and Dr. R. A. Cox for helpful criticism.
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À Study o f M icroseism s in  South Africa

J. Darbyshire

(R eceived  1963 A p ril 22)

Summary

Microseisms have been recorded at Hermanus near Cape Town 
since 1961 October, using an N.I.O. two-component horizontal seis­
mograph. Wave records have also been taken by means of a ship- 
borne wave recorder aboard R.S. Africana II. The spectra of waves 
and microseisms due to a storm in 1962 April are compared and there 
is a two to one frequency relationship as would be expected from the 
wave interference theory of microseism generation. Estimates were 
made of the direction of approach of the microseisms, assuming various 
models and allowing for the effect of refraction. The evidence on the 
whole suggests that the microseisms consist of a mixture of Rayleigh 
and Love waves coming from the same range of directions.

1. Introduction

Since 1961 October, a two-component horizontal seismograph of the type 
described by Tucker (1958), and Darbyshire and Hinde (1961) has been installed 
at the Magnetic Observatory, Hermanus, Cape Province, about seventy-five miles 
south-east of Cape Town. Records have been taken regularly for fifteen minutes, 
eight times a day. Microseism activity was very low, less than 3jam until the onset 
of the winter in 1962 April. One storm in this month gave very interesting results 
and these form the subject of the present paper. It was fortunate that sea waves 
were also being systematically recorded at this time by means of an N.I.O. ship- 
borne wave recorder on board the Division of Sea Fisheries research ship Africana 
II.

2 . Description of the situation
Figure i shows sketches of the weather situation for April 9, io, 11, 12, 13 and 

14, at i2h GM T, extracted from the weather charts issued by the South African 
Weather Bureau. A storm approaches from WSW of Cape Town and moves round 
the Cape, being approximately south of it at 1962 April 11 i2h and it then moves 
up along the coast. On the 13th, another storm appears and for a time two storms 
are effective. The positions of wave recording for 1962 April io 22h, 1962 April 11 
22h, 1962 April 12 i i h and 1962 April 15 ooh are shown by crosses on the most 
appropriate weather chart.

The wave records were frequency analysed by using the N.I.O. wave analyser 
(Barber & others, 1946). The microseism records for 1962 April io  n h, 1962 
April l í  02h, 1962 April 11 n h, 1962 April 12 and 1962 April 14 n 11, were 
digitized and analysed by the DEUCE computer. The power frequency spectra 
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are shown in Figure 2, the frequency interval being 0-007 s-1 for the waves and 
also for the microseisms the frequencies of which have been halved to facilitate 
direct comparison. The ordinates on the microseism spectra represent the sum of 
the energies of the two components. As will be seen below, the positions of wave 
recording were outside the wave interference areas but the agreement between the 
two sets of spectra is very striking and gives good evidence for Longuet-Higgins’ 
theory of wave interference (1950).

9-4. S2 1200 12.4.62 1200

10.4.62 1200 13.4.62 1200

11.4.62 1200 14.4.62 1200

F i g .  i . — P o s i t i o n  o f  s t o r m s ,  1 9 6 2  A p r i l  9  t o  1 4 .

As no vertical seismograph was available, it was not possible to determine from 
the horizontal seismographs whether the microseisms consisted of Rayleigh waves 
only or a mixture of Rayleigh and Love waves but a knowledge of the positions of 
wave interference would greatly help in this regard. Accordingly wave frequency 
and directional spectra were predicted from the weather charts by a method 
developed by J. Darbyshire (1961) for the North Atlantic and adapted by 
M. Darbyshire (1962) for South African waters. This method predicts the wave 
energies contained in wave period bands 5-7, 8-10, 11-13, 14-16, 17-19 s and 
direction classes o°-45° and so on over a set of 300-mile side squares shown in 
Figure 3. This method indicated that there were bands of wave energy moving in 
opposite directions within the squares shown shaded. The square 23 applies to 
1962 April io i2h, 44 to 1962 April 11 i2h, 36 to 1962 April 12 i2h and 57 to 1962 
April 14 i2h. The energy values are shown in Table 1 and are compared with the 
sum of the variances of the two microseism records at that time.

There is some resemblance between the trends of the two sets of figures, both 
showing a marked decrease at 1962 April 12, but the waves show a marked rise 
between the 10th and n t h  whereas the microseisms only show a slight increase. 
The great increase in wave activity on the 14th is not shown by the microseisms
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WAVES M I C R O S E I S M S

G.M.T 1 0 .4 .6 2  1 1 0 01Q 4.62  2200

1 0 - -5

10- 11.4.62 220C 11.4.62 0 2 0 0 -5

io- 12.4.62 1 3 0 0 11.4.62 1100

3 0
12.4.62 17 0 015 .4 .62  0 0 0 0

2 0

14.4.62 110010- - 5

1!0 0!5secs-1
Fig. 2 .— Frequency spectra of waves and microseisms, 1962 April io

to 15 .

but this can be explained to some extent by the wave interference area being further 
away from the recording station. The predicted wave amplitudes are not un­
reasonable but the periods are too short. It is possible that a given wind speed 
generates waves of higher period in these waters where there is a permanent swell 
than it would in the North Atlantic (see Phillips 1961). As the time for the waves 
to travel is only about twenty-four hours, however, errors in period leading to 
errors in group velocity will not greatly affect the placing of the wave interference 
areas. In this work no allowance has been made for coastal reflection but the waves 
were only coming head-on towards the coast in one of the examples, that of 1962 
April 11 and the effect was probably slight apart from this.
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51 52 53 54 5 5 56 i l 58 59 60

Fig. 3 .—Diagram of 3 0 0 -mile square-grid system showing areas of wave
interference.

Table 1

Comparison of predicted wave energies and microseism variances

Date, time Period a i 2 0 2 2 Total a2
and band energy* Direction energy* Direction a i 2 Æ 2 2 Total for

location (s) ôi2û22 microseism
(¡i m2)

10 .4.62 5 - 7 2-4 N E i -i SW 2-65
1200 8 -1 0 5 6 N E 2-2 s w 12-30 15-5 4-58

square 23 M M 1 W 1-2 N E 0-44 SW 0 5 0

11 .4.62 5-7 1-5 SE 3 2 N W 4-8
1200 8 -1 0 3 ‘5 SE 7 6 N W 26-5 34-8 5-07

square 44 M M 1 M u> 0-8 SE 4 4 N W 3'5

12 .4.62 5 - 7 2 ’5 W 0-75 E 1-9
1200 8 -1 0 5 'B W 1-5 E 8 7 10-6 1 '34

square 36 M M 1 4-0 W 0

14 .4 .62 5-7 2 ‘5 SE 5-6 NW 14-0
1200 8 -1 0 5-8 SE II '2 N W 64-5 122-5 5 0 5

square 57 11-13 4 0 SE II-O NW 44-0
14-16 0 i  -6 N W 0

* U n i t  o f  e n e r g y  is  f t 2/ 3 s .

3 . Determination of direction o f approach of m icroseism s
Various models have been suggested for the nature of microseisms approaching 

a given station. In the simplest case of all, the waves consist entirely of Rayleigh 
waves coming from a single direction. This would lead to a correlation coefficient 
of unity between the two horizontal component records which is seldom obtained. 
The next case is that of a mixture of Rayleigh and Love waves coming from a 
single direction. This was considered by Darbyshire (1954). A more complicated 
case was considered by Iyer (1959) who took the Rayleigh waves to come from one 
direction but the Love waves to be isotropic. These models are clearly idealistic
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as the Rayleigh waves will only rarely come from one direction and Longuet- 
Higgins has considered the general case of both Rayleigh and Love waves coming 
from a range of directions. The analysis however, in the case of two horizontal 
components, even when this spreading is taken into account, gives the same value 
of the mean angle of approach as that of the angle in the simple case, and values of 
R 2¡L2, the Rayleigh to Love wave activity ratio, are not very different. The various 
models will be considered in order. The analysis is based on the maximum value 
of the correlation between two records (or the coherence) and the variances. These 
were worked out by computer and are given in Table 2.

Table 2

Variance and correlation coefficients of microseism records

Date T im e Direction Variance
o2

Total 
variance 

EW  +  NS

Correlation
coefficient

10.4.62 1 100 EW
N S

i '435 
3-145

4-580 - 0-183

11 .4 .62 0200 EW
NS

1-995 
2 -025

4-020 —0-284

11 .4.62 1 100 EW
NS

i -726 
3-343

5 0 6 9 0 0 3

12 .4 .62 1700 EW
NS

0-606
0-732

1-338 1 0 £ 00

14.4 .62 1 100 EW
NS

1-725
3-328

5-053 —0-246

(1) Mixture of Rayleigh and Love waves coming from the same direction.
Let R(t) represent the Rayleigh wave motion and L(t) the Love wave motion.
R(t)2 is the Rayleigh wave activity and L(t)2, the Love wave activity, * movement 

taken to be positive in W to E direction, jc2 variance of EW component, y  movement 
taken to be positive in S to N direction ay 2 variance of NS component, 8 measured 
from the positive x  axis,

x  =  R(t) eos8 — L(t) sind, y  =  R(t) s in8+L(t) eos8

x2 = R(t)2cos28+ L(t)2sin28, y 2 =  R(t)2ún29 + L(t)2cos26

rxy =  {R(t)2 — L(t)2} eos d sin d =  %{R(t)2 — L(t)2} sin 2#

and

so
x2 —y 2 =  — L(t)2} eos 28

2 rxy
sin 28 =

R(t)2 — L(t)2
X 2—ÿ2

eos 2  8 =
R (t)2 — L (t2)
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and so

tan 20 =  f̂ti—yi

The expressions for both sin 20 and eos 20 involve {i?(t)2 — ¿(i)2} which can be 
positive or negative and so there is no restriction on the signs of these and

20 =  ttTT + A
zrxyxÿ

where A  =  tan-1—------

R(t)2 +  L(t)2 = x2 + y2 and R(t)2 — L(t)2 = 2rXÿ/sin 20 
whence R(t)jL(t) can be determined.
(2) Rayleigh waves from one direction, Love waves isotropic.

The analysis is similar but we assume initially that the Love waves come at an 
angle </>,
then

R(t)2sm 20 — L(i)2sin 2 <f>
rxy — •ry

and x2 —y 2 =  R(t)2 eos 20 — L(t)2 eos 2<f>.
If all values of f  are equally probable, we can replace \  sin 2<f> by

27T

Then

A ƒ k sin 2<j> dp =  o. 
0

\R {t)2sin 20

and once again

rxy xy
and x2—y 2 = R{t)2 eos20

2rxyxv 
tan 20 = ---------.X%—y2

There is a difference between this case and case (1), however, as now R(t)2 is 
always positive and the sign of sin 20 is determined by that of rxy and that of 
eos 20 by that of x2— y 1 and so we can only accept the solutions of 20 = nn + A
which give the right sign to eos 20 and sin 20. R{t)jL{t) can be found in a similar
manner to case (1).
(3), (4) and (5). Cases taking into account a finite range of directions.

This has been discussed by Longuet-Higgins (1962). In general we have:

-c =  ^fnR n eos 9n cos(6 nt + cm) — ^ mL m sin dm cos(6 mt + <x.m)
y  =  ^nR n  sin0n cos(6nt+cm)+ ^ mL m eos6m cos(6mt +am);

if the as are uniformly distributed, it can be shown that for a small interval dadd

2  W  =  F(o, d)dodd

2  w  =  G(o, 9)dode.
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2yi 2 í t

eos26Fdd + f  sin28Gddx2 =  ƒ eos26Fdd + ƒ sir

0 0
2 f t  2  it

y 2 = ƒ sin28FdO +  ƒ eos28Gd8 

o o
2 í t  2 n

xÿ - Txyxÿ = ƒ eos $ sin 6Fdd — ƒ eos 6 sin OGdO. 

o o

It is more tractable analytically to assume a rectangular distribution of directions, 
and assuming the Rayleigh and Love waves have the same mean direction, thus

F = R2 for a — ß < 6 < <x + ß

and is o outside these limits.

G = I? fo ra  —y < 6 < a + y.
Thus

on integrating

a +  B a + y

Æ2 = \ß  i  R 2cos28d8 + \ y  Í  L 2sin28d8
a —ß  a—y

+ i“ J
y 2 =  Iß  R 2sm28dd + | y  L 2cos28d8

a —ß  a - y

a +ß  a+/?

xÿ = iß  I R 2cos 8 sin 8dd — \y  L 2cos8 sin 8d8\
a—ß  a - f i

R2 . L2 .
x2 = i(R2 + L2) 4----sin 2)8 eos 2a -----sin 2y eos 2a

Aß 4 y
R2 . L2

ÿ 2 = i(R2 + L2) ------sín 2)8 eos 2a H---- sin 2y eos 2a
Aß Ay

R2 . L2 .
îcÿ =  —sin 2)8 sin 2a  sm 2y s in 2a
y Aß AY

■ ¡ R Z - n  L 2 - \— s in 2 a |—sin 2j8 ------ sin 2y l.
Uß  4y !
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Then x2 +  y 2 =  R2 + L2

sin 20c
2 x ÿ

COS 2 a  =

aR2 L2 \
I—sin 2/3 — < s in 2y 
\218 2y /

¿c2 —ÿ2

\—sin 2 8 ------sin 2y I
\ 2j8 2y /

2xÿ
and tan 2 a =  ---------- .rxy

— 9 —9 *x¿—y ¿

which is the same equation as in the simple case. Three particular cases are of 
interest.

(3 ) No Love waves present.
Then

-ÿ2 / 2(8
eos 2 a = (— )\  sin 2 8 /R2 \ sin 2/8

2 xÿ / 2(8 
sin 2a =   1 -

R2 \  sin 2(8 /

and again if 2(8 < 900 the signs of eos 2a and sin 2a are determined by that of 
(x-- — y2) and x ÿ  and we have the same restrictions as in case (2). 2(8 can be calculated.
(4 ) Ravleigh and Love waves from the same range of directions.

Then
.i-’ — y2 2(8 . 2 xÿ  2(8

eos 2a = ------- 1----. --------- , sin 2a =
(R2 — L2) sin 2(8 (R2 — L2) sin 2(8

as tin- denominator can be positive or negative, there is no restriction on the sign of 
eos 27. and sin 2a and all the roots of 2a =  mr + A are admissible.
Now

2XV 28
R2 + I 2 = x2+ ÿ 2, R2 — L2 =  —r —  . - 7——

sin 2 a sin 2/3

so the only difference between these equations and the corresponding ones for 
case (1) is the factor 2(8/sin 2(8 which is near unity for moderate values of ß and so 
the value of R/L  will not be greatly changed.

(5) Love waves isotropic, y =  n.

(x2—ÿ 2) 2/3 . xÿ 2/3
eos 2a =  ----------- . --------- , sin 2a =

R2 sin 2/3 R2 sin 2(8

which gives the same result as in case (3 ) ; again for ß < 9 0 o as R2 is always positive, 
there is the same restriction as in cases (2 ) and (3). The expression for R/L  will 
again only be affected by the factor 2/3/sin 2(8 .

Table 3 gives values of a (or 6) and the maximum possible value of ß observed 
from Figure 4  which allows for the effect of refraction and those calculated according 
to these models, values of ß being calculated for case (4 ) and in cases (5) and (6 ), 
given the observed value.
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3C

4 0

20 3010 4 0

Fig. 4 .— Refraction diagram for 6 -sec microseisms.

Table 3

Observed and computed values of a and ß

D a te a p M o d e l  i M o d e l  2 M o d e l  3 M o d e l  4 M o d e l  5

E x a m ­
p le

T im e o b s e r ­
v e d

o b s e r ­
v e d

a  R j L a R I L a ß a R I L a R I L

a 1 0 .4 .6 a  
1 100

135° 5 ° 10 2 0 1 -50 102° 0 -8 2 102° 6 i i ° 102° I -50 102° 0 -8 2

b 1 1 .4 .6 2  
1 100

2 2 0 ° 30° 1 7 8 o 0-71 2 6 7 ° O M O 2 6 7 o 6 5 ° M "v
i 00 0 O0 2 6 7 o 0-71

c 1 2 .4 .6 2
1700

340° 2 0 ° 2 9 9 o I  -20 2 9 9 0 0 -4 6 299° 76° 2 9 9 ° I -2 1 299° 0 -4 8

d 1 4 .4 .6 2  
1 100

3 2 0 ° IO ° 2 8 8 °  1-41 2 8 8 o 0 00 2 8 8 ° 6 1 o N 00 00 0 I 41 b) 00 00 0 0 -7 8

The analysis was repeated by using a narrow band of frequencies, which 
included about the ten highest harmonics on the- spectrum. The correlation 
coefficients and the variances could be worked out from the Fourier coefficients, 
for if:

n = j  n  =  3
X =  2  A xn eos mat +  2  BXn sin mat

n  =  i  n = i

n = j  n = j
y  =  2  Ayn eos mot +  2  Byn siri mat

n = i  n = i

3 3
zxÿ =  2  AxnAyn +  2  BXnByn

i i
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2^2 = 2  (Axn2 + B xn2)

2 ÿ 2  =  2 ( A y n 2  +  B y n 2 ) ,

i

iw and jw  being the limits of the frequency band. The results are shown in Table 4.

Table 4

Observed, and computed values of a and ß

Period M odel 1 M odel 2 M odel 3 Model 4  Model 5
Example range a ß a R /L  a R jL  a ß « .  RI L  a Rj L  

secs
a 6 '4- 7 '2  135° 5 ° 102° 2-50  1020 1-64  102° 4 0 0 102° 2-50  1020 1-64
b  6 -7 -7  7  220° 30° 188 ° 0-67  2 78o o-8o 278° 5 7° 188° o-6o 2 78o 0-93
c 5 ‘4 - 6-5 340o 2 0 ° 327° 1-41 327o 0-70  327o 6 6 ° 327° 1-48 327° 0-77
d  7 -1- 8-2  3 2 0° 10° 300° 1-83 3 0 0° i-o8 3 0 0o 5 4 ° 300° 1-84 300o 1-09

The computed angles a are too small by 30o to 40o in the case of Table 3. 
The agreement, using a narrow frequency band is better, the computed angles now 
being between 130 and 32° too small. Of the various models used, (1) and (2) 
can be discarded as being unrealistic. Model (3) gives much too high values of ß 
and it seems therefore unlikely that the waves consist only of Rayleigh waves. 
Model (4) on the whole gives better values of a than (5) and so gives a more accurate 
representation than any other model.

4 . Refraction o f m icroseism s
Figure 4 shows a refraction diagram for 6 s microseisms. It is based on the 

same assumptions as the diagrams prepared for Bermuda, (Darbyshire 1955), 
the British Isles (Darbyshire & Darbyshire 1957), and the western North Atlantic 
(Iyer, Lambert & Hinde 1958). The same procedure is followed as in the last 
named reference, the waves being assumed to travel outwards from the recording 
station and using the reciprocity principle to find divergence and convergence areas. 
The velocity of distortional waves in the sea bed was assumed as before to be
2-8 km/s. The depths east of Cape Agulhas are based on recent soundings taken 
by the S.A.S. Natal and R.S. Africana II, in connexion with the International 
Indian Ocean Expedition. Fewer soundings are available for the portion to the 
w$st and this part may not be so reliable.

5 ! Conclusions
Microseisms and waves recorded near Cape Town show a two-to-one frequency 

relationship which supports Longuet-Higgins’s theory of microseism generation. 
Estimates of the direction of approach, taking into account the effect of refraction 
give some indication that the microseisms consist of a mixture of Love and Rayleigh 
waves coming from the same range of directions.
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WAVE OBSERVATIONS IN SOUTH AFRICAN WATERS*
J. Darbyshire  and  M o l l ie  Darbyshire

ABSTRACT
Instrum ental m easurem ents o f sea waves have been 

m ade off the coast o f  South  A frica since January  
1962. A ship-borne wave recorder is fitted in the 
R esearch Ship “ A fricana I I ” and  is in regular use 
when the ship is a t sea. T he area norm ally  covered 
lies between 31° and 38°S, and 15° and  22°E  bu t 
in add ition  tw o longer cruises have been m ade to  
M arion Island. R ecords, o f 15 m inutes dura tion , 
are usually taken fo u r times a  day, and a re  in the 
form  of a con tinuous trace o f  w ater level against 
time. The m axim um  wave height has been read 
from  each record  and values o f  m ean and  dom inan t 
wave periods have been calculated . T he wave 
direction is estim ated visually. T he frequency dis­
tribu tion  o f these variables is sum m arised in tables 
and graphs. M ore detailed know ledge is given by 
the wave spectrum , w hich shows the wave energy 
p lo tted  against its frequency. Exam ples obtained 
by m eans of harm onic analysis, illustrating  the wave 
patterns developed by tw o different storm s, a re  
show n and discussed.

INTRODUCTION

Regular measurements of sea waves have 
been made by the Division of Sea Fisheries 
Research Ship “Africana II” since January 
1962, using a ship-borne wave recorder. 
The general theory of wave generation and 
the method of measuring waves from a 
ship at ,sea have been described previously 
in this journal3. It is proposed to examine 
here the data which have so far been collected 
and to present the results available to date.

The area covered by the ship in its normal 
cruises is shown in Fig. 1. Two long cruises 
have also been made to Marion Island and 
these will be dealt with separately. The wave 
record appears as a continous trace of water 
level against time. Records of 15 minutes 
duration are usually taken four times a day 
while the ship is at sea. An example of a 
portion of a wave record is shown in Fig. 2. 
458 such records have been made in the 
normal cruise area between January 1962 
and March 1963. The number of observa­
tions in each one degree square is shown in 
Fig. 1. Unfortunately these are not well 
distributed through the year but are biased 
towards the summer months as shown in 
Table I. All available observations have
’ Presented in the  Sym posium  on  Physical O ceanography  at 
the D urban  Congres> o f the A ssociation . Ju ly , 1963. 
(A ccepted fo r publication N ovem ber, 1963.1

nevertheless been used to make the total as 
large as possible. When the ship is moving 
the time scale is distorted and the records 
are only useful for measuring wave heights. 
However, 318 completely useable records 
were made when the ship was stationary 
and the number of these in each month is 
also shown in Table 1.

MAXIMUM WAVE HEIGHT
The height from crest to trough of the 

highest wave on the record is known as the 
maximum wave height or H M a x - I n  the wave 
record in Fig. 2. this is 24 feet. The maximum 
height has been measured for each record 
and the percentage of values falling in each 
1 foot class is plotted in Fig. 3. The highest 
wave recorded was 30 feet and the modal 
value was 10 feet. The curve shown repre­
sents

y =  7-6exp — (log 0 - lx )2 / 0-45 
where x is the maximum wave height and y 
is the percentage frequency. This is a log 
normal curve and the constants have been 
chosen, both to give a reasonable fit to the 
observed data, and to satisfy the condition

^  “ y.dy =  100

The scatter of the points is due to the ob­
served data being rather few but the curve

TABLE I— T he num ber of w ave observations in 
each m onth .

N o. o f  
observations

No. o f  
observations 

with ship 
stationary

1962 January 61 46
February 39 34
M arch 41 28
A pril 55 29
A ugust 41 28
Septem ber 41 27
O ctober 57 42

1963 January 58 43
February 40 22
M arch 25 19

Total 458 318

Collected reprints o f  the International Ind ian  Ocean Expedition, vol. I I I ,  contribution  no. 180 649
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Fig. I . T he norm al cru ise  area show ing th e  num ber of observations in each one degree square.

gives a useful indication of the probability 
of the occurrence of any given wave height.

W A V E  P E R IO D

The wave period is a more difficult quantity 
to define and measure. In a simple wave 
pattern, the period is the length of time 
between the passage of two crests or two 
troughs, but the wave patterns we are studying 
tend to be rather complicated and a precise 
period difficult to determine. Two unsub- 
jective measures of period which can easily 
be obtained have been suggested by Tucker5. 
These are the zero-crossing period and the 
crest period. An approximate mean water 
level is drawn on the wave record and a

zero-crossing is then a point where the wave 
trace, moving in an upward direction, 
crosses this level, while a crest is a water 
level maximum. Zero-crossings and crests 
are indicated in Fig. 2.

If L is the length of record 
N z is the number of zero-crossings 

and N c is the number of crests, 
then the zero-crossing period T z =  L /N z 

and the crest period T c =  L/N c 
Most wave records consist of a mixture 

of sea and swell : that is, the waves generated 
by the local wind and those generated by 
distant storms. If the wave pattern is built 
up from a number of different periodicities, 
the spectrum is rather broad, and T z will
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Fig. 2 . A  five-m in u te  portion o f a
MINUTES

w ave record. W ave  
crossings 0 .

crests are marked C and zero-

be a good deal bigger than T c. If, however, 
the period range in the spectrum is small, 
Tz and T c will be almost equal. The ratio 
Tc/Tz gives a measure of the spectral band 
width. The mathematical theory for this 
has been discussed by Cartwright and 
Longuet-Higgins.1

T z and T c have been calculated for all 
records taken while the ship was stationary. 
The ratio T c/Tz is generally about J. The 
percentage in each \  second class has been 
plotted in Fig. 4(a). The values of T c lie 
quite close to the log-normal curve

y =  28/2 exp - (log x/7)2 /O-08 
while the values of Tz fit the curve

y =  23/2 exp - (log x /IO)2 /0-06 
reasonably well. The maxima are quite widely 
separated, showing that we are dealing with 
quite broad band spectra in most cases.

The relationship of wave height to wave 
period is also interesting. In Table II the 
distribution of maximum wave height against 
zero-crossing period, expressed as a per­
centage, has been shown for the areas A, 
B and C marked in Fig. 1. There is no 
significant difference in the height distribu­
tion for the three areas but the periods 
seem to be a little lower in area C than in 
A or B.

W A V E  D IR E C T IO N

The dominant wave direction is estimated 
visually by one of the ship’s officers at the 
time of recording. Table III shows the 
frequency distribution in eight direction 
classes for each of the three areas. South­
west and south are the most common wave 
directions in all areas. Very few waves come 
from the north, and in area A, very few 
from the east or south-east. This is to be 
expected since most waves are generated 
by storms moving from west to east in the 
depression belt usuapy located to the south 
of the African continent.

TABLE II— Distribution of maximum w ave height 
and zero-crossing period expressed as a percentage.

Height 
in feet 6 7 8 9 10 11 12 13 14 Total

0 - 5 2 1 1 1 1 2 1 9

5-10 1 8 6 5 A 1 27
10-15 2 6 8 12 6 2 2 38

15-20 2 2 6 1 3 14

20-25 1 2 2 1 2 8

25-30 1 1 1 1 4

Total 2 3 17 19 26 17 10 3 3 100

Height 
in feet 6 7 8 9 10 11 12 13 Total

0 - 5 1 1

5-10 1 3 6 5 6 4 3 28

10-15 1 4 5 11 9 10 5 2 47

15-20 1 4 3 4 1 4 4 21
20-25 1 1 1 3

Total 2 8 15 19 20 17 13 6 100

Height 
in feet 5 6 7 8 9 10 11 12 Total

0 - 5 1 1 1 1 4

5-10 5 12 14 9 3 43

10-15 1 3 2 10 11 2 1 30

15-20 2 2 2 2 4 3 15

20-25 4 1 2 7

25-30 1 1

Total 1 1 11 21 28 25 9 4 100

Area A . . .  143 observations 
Period in seconds 

Area B .. .80 observations 
Period in seconds 

Area C ...9 5  observations 
Period in seconds
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TABLE III— Frequency distribution of w ave direc­
tion expressed as a percentage.

Area N NE E SE S SW W N W

A 5 1 I 4 37 36 12 4

B 1 12 22 21 36 6 2

C 1 19 9 23 35 10 3

Total 2 10 11 28 36 10 3

C R U ISE S T O  M A R IO N  ISL A N D  
The data from these two cruises in June 

and July 1962 and April 1963 is presented 
separately from the main area. There were 
a total of 143 wave observations, 54 of them 
with the ship stationary. The maximum 
wave height against the percentage frequency 
in each 1 foot class is also shown in Fig. 3. 
Marion Island is in latitude 47 °S and so

during much of the time the ship was actually 
in the storm belt. The waves are generally 
higher than in the coastal region, 38 feet 
was the highest recorded and the modal 
value was about 15 feet. The period dis­
tribution is shown in Fig. 4 (b). Here the 
range covered is similar to that in the coastal 
region except that T e tends to be slightly 
higher so that the separation between the 
maxima of T z and Tc is less. The waves 
generated by storms in these latitudes travel 
to the coast of South Africa so that the 
longer waves in both regions would tend to 
be similar. Height would be reduced after 
the waves leave the generating area because 
the total energy is spread over a wider area. 
T c which depends more on the local wind 
would usually be higher in more southerly 
latitudes.

2

O

o 8

cc 4
Uu

X X

2

402 0 30IOO

^ m a x  f e e  t
Fig. 3 . The frequency distribution of maximum wave height. The circles show  data from the 

normal cruise area and th e  crosses data from the Marion Island cruises.

652



F
R

E
Q

U
E

N
C

Y
 

°
lo

20 -

•o

P E R I O D  IN S E C O N D S
Fig. 4 . The frequency distribution of w ave period (a) for normal cruise area, (b) for Marion 
Island cruises. The closed circles give the crest period and the open circles the zero crossing

period.

653



2 1 0 0  9 .2 .6 2  

H*= 3 7 .21000

5 0 0

0

0 0 0 0  1 0 .2 .6 2  
3 8 .1

1000

5 0 0

m
a
z  1000 0 6 0 0  1 0 .2 .6 2  

3 9 .8  '

1 9 0 0  1 0 .2 .6 2  
3 9 .61000

5 0 0

0
0 0 0 0  1 1 .2 .6 2  

3 4 .63  10  00

>-
5 0 0

íjJ

0 9 0 0  11. 2 .6 2

1000

‘ 5 0 0

P E R IO D

0 0 0 0  11.4.62 
27 .1

j   i

0 0 0 0  1 2 .4 .6 2

1 5 0 0  1 2 .4 .6 2  
4 3 .9

1 8 0 0  13 .4 .62  
7 4 .3  / -

0 0 0 0  15 .4 .62  
7 5 .1

0 6 0 0  1 5 .4 .6 2  
6 9 .0

1 8 0 0  1 5 .4 .6 2  
3 9 .8

15 2 0

0 .167  0.130 Q 0 9 2  0 .0 5 5  0 .167  0.13Ö' 0 .0 9 2  0 .0 5 5
FR EQ U EN C Y  IN S E C O N D S '1

Fig. 5 . Some exam ples o f w ave energy spectra.
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WAVE ENERGY SPECTRUM

Only a few records have so far been ana­
lysed to give the wave energy spectrum. 
An optical analogue method was used and 
the spectra obtained were divided into equal 
frequency bands of 0-0075 seconds“1. In 
Fig. 5. the energy in each of these bands is 
plotted against the frequency. The period 
scale is also indicated. The total energy in 
the spectrum is equal to l/8gpH2 where 
H  is the equivalent height, the height o f a 
simple sine wave having the same total 
energy. An empirical relationship 

H m a x  —  2  -40 M 
exists between the maximum and equivalent 
wave heights.2 The value of H 2 for each 
spectrum is indicated in the diagram.

The waves whose spectra are shown here 
were generated by two storms in February 
and April 1962. Both storms moved from 
west to east, but the one in April came 
closer to the coast of South Africa. All the 
spectra are simple in shape with a clear 
maximum. The period of maximum energy, 
Tf, varies from 12 to 16 seconds, correspond­
ing to values of T z of 10 to 12 seconds. 
This ratio is in agreement with an empirical 
relationship between Tf and T z found from 
data in the N orth Atlantic Ocean and around 
the coasts of Britain4.

These two sets of spectra would appear 
to be fairly typical but more records need 
to be analysed before any definite conclusions 
about the spectrum both inside and outside 
the generating area can be reached.

CONCLUSIONS 
The graphs and tables presented here 

provide a summary of the wave conditions 
experienced so far. They give a fairly good 
indication of the most common and the 
most extreme conditions to be expected 
although there is insufficient data at the 
moment to attempt a seasonal classification. 
The M arion Island cruises indicate that the 
wave height increases as one goes further 
south but that the period remains roughly 
the same. Examples of storm spectra show 
that most of the energy at these times is 
contained in the band from 10 to 16 seconds.
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551.506.5(267)

The International Indian Ocean Expedition
PROGRESS IN METEOROLOGY

B y  C. S. R a m a g e
(Scientific D irector for Meteorology, International Indian Ocean Expedition)

The two-year meteorological observing effort of the International Indian Ocean 
Expedition ( i i o e )  is now two-thirds over and most of the special measurement 
programmes have been completed. Thus the plans outlined in my article which 
appeared in the April 1963 issue of The Marine Observer have been largely fulfilled 
and investigators are now concentrating on assimilating and using the wealth of 
novel data at their disposal.

Of fundamental importance has been the continued and increasing help from 
merchant ships. On an average day the International Meteorological Centre in 
Bombay receives 200 weather reports by radio from ships in the Indian Ocean. A 
further 100 are added subsequently by mail. Many oceanographic vessels make 
radiation measurements and upper air soundings.

Research Aircraft
Five aircraft of the U.S. Weather Bureau and the Woods Hole Oceanographic 

Institution flew extensive scientific missions from their base in Bombay during 
May, June and July 1963, probing equatorial circulation systems and the Arabian 
Sea and Bay of Bengal monsoons. On 22nd May one of the DC-6 aircraft made the 
first aerial eye penetration of a north Indian Ocean tropical cyclone; on the 24th 
maximum winds of 104 kt. and an eye sea-level pressure of 947 mb. were recorded by 
the aircraft.

Three of the research planes returned for six weeks during February and March 
of this year. This time, besides equatorial flights, they ranged into the southern 
hemisphere, made many sorties in support of the University of Washington’s 
air-sea interaction study and measured the intensity and extent of the western 
Indian sea-breeze. During the two visits, 124 scientific missions, totalling 830 hours 
were flown.

Air-Sea Interaction
In a project timed to coincide with return of the research aircraft to India, 

meteorologists from the University of Washington shipped a specially instrumented 
buoy ( m e n t o r )  to Bombay and then with the Dutch tug Oceaan acting as tender 
made, and automatically recorded, continuous measurements of wind, temperature 
and humidity between 50 and 200 miles west of Bombay. While the fine structure 
of air-sea interaction was thus being recorded, m e n t o r  was being ‘boxed’ by the
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A daily event on the U .S . research vessel Anton Bruun—release of a balloon-borne radiosonde. 
A t other tim es during the day smaller balloons are tracked by theodolite to determ ine upper 
winds. T he Anton Bruun, prim arily designed for research into marine biology, has voyaged 

more extensively over the Indian Ocean than any other i i o e  ship.
Photo by Woods H ole Oceanographic Institution.
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research aircraft flying between i ,500 and 14,000 feet collecting data from which the 
total energy entering and leaving the 80 x 100 x 3 mile box could be evaluated.

Weather Satellites
As part of a grant from the U.S. National Science Foundation to the U.S. 

Meteorology programme of the expedition, a complete automatic picture taking 
ground equipment ( a p t )  for weather satellites was installed at the International 
Meteorological Centre in December 1963. A few days later, the new satellite 
t i r o s  8 was suitably instructed and pictures were received from it as it passed over 
the station. Immediate cloud information is thus available in Bombay from the 
North Indian Ocean and adjoining countries. In addition, intensive regular 
photography by t i r o s  7 and t i r o s  8 significantly contributes to research.

Meteorological Rockets
During 1964 meteorological rockets are being fired synoptically from Indian 

Ocean stations in a combined HOE-International Quiet Sun Year ( i q s y )  programme. 
Australia, India, Italy, Pakistan and the United States are participating. The rocket 
probes will provide wind data, and occasionally temperature, pressure and density 
information between 20 and 45 miles above the earth.

Data Processing
The IBM 1620 computer installed at the International Meteorological Centre is 

now rapidly checking expedition data for accuracy and has begun computing ocean/, 
atmosphere heat exchanges using punch card records of ship’s weather observations. 
Data are also being microfilmed and back-plotted on a master synoptic chart file. 
Progress has been so rapid that specific plans are now being formulated for prepara­
tion and publication of detailed i i o e  meteorological atlases.

Research
In August 1963 investigators reported preliminary research results at a seminar 

in Bombay. The proceedings have appeared in pre-published form. Studies have 
so far largely concentrated on monsoon circulations, upper air climatology, air-sea 
exchange, sea breezes, and tropical cyclones. Two investigations now in hand 
illustrate the wealth and variety of data that diligent effort can provide.

I n d i a n  S e a  B re e z e : T he sea breeze of the mountain-rimmed coast of western 
India is among the world’s most intense, extending a hundred miles or more inland 
and to seaward and two miles in depth. During early M arch the research aircraft 
flew multi-level day and night missions perpendicular to the coast and traversing 
Oceaan (the Netherlands Research Ship) whose officers were making frequent 
pilot balloon ascents. Besides continuous onboard electronic and photographic 
records, observers on the aircraft noted the drift of smoke and the edge of the 
Bombay ‘smog’; autographic records at coastal and inland stations pinpointed 
wind, temperature and humidity changes and a special programme of one-hourly 
wind observations by merchant ships provided information on circulation varia­
tions along the coast.

Opposite page (lower photograph) :
T h e  U niversity of W ashington’s m e n t o r  buoy being assembled in Bombay harbour. A movable 
instrum ented boom m easures wind, tem perature and hum idity  up and down the 30-ft. mast. 
Similar reference m easurem ents are made from the fixed boom, on the end of which can be 
seen a sonic anemometer.

W atertight wells in  the buoy’s pontoons contain electronic equipm ent. W hen m easure­
m ents begin at sea, stability is ensured by filling the cylindrical keel w ith w ater and lowering 
it to  a position vertically below the mast. T h e  buoy floats freely 1,000 feet upw ind of and 
attached by electric cables to the tug tender which houses recording equipm ent.

Photo  by U .S .,In form ation  Serrice.
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A satellite autom atic picture taking ( a p t )  antenna installed 
at the International Meteorological Centre. T he antenna, 
driven by Selsyn m otors rem ote-controlled from the 
receiving console, tracks the satellite as it orbits from, 

horizon to horizon.

Photo by U .S . Inform ation S ervice.

D o l d r u m s  : A study of doldrum weather over the eastern Indian Ocean is focussing 
attention on the meteorological events of 5th February 1964. On that day numerous 
merchant ships traversing the Singapore-Colombo, Singapore-South Africa, 
Singapore-Fremantle and Fremantle-Aden routes made weather reports. Surface 
and upper air observations were made at Gan, Diego Garcia and Cocos and at 
continental coast stations. Two research aircraft flew from Gan to Cocos. One RAF 

transport aircraft made excellent time-lapse films of clouds between Gan and 
Singapore and another, equally valuable 35 mm. stereo cloud photographs between 
Singapore and Gan. The Gan radarscope was photographed for rain echoes while 
t i r o s  7 and 8 recorded clouds over the whole region in a sequence of orbits.

New observing techniques and intensive application of older, well-tried methods 
are delineating the weather of the Indian Ocean in unprecedented detail. A relatively 
few scientists, powerfully aided by the computer, are now engaged in the challenging 
and exciting task of understanding and explaining.
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SALINITY MAXIMA IN THE UPPER 1000 METRES OF THE NORTH
INDIAN OCEAN

By D. J. R o c h f o r d *

[Manuscript received January 6, 1964]

Summary
The comprehensive hydrological data from cruise 31 of R.S. Vityaz in the north 

Indian Ocean have been used to identify all salinity maxima of the upper 1000 m. On 
the basis of density differences these salinity maxima have been grouped into five water 
masses. Three of these have been named according to their assumed origin ; Red Sea,
Persian Gulf, and Arabian Sea. The other two can not as yet be assigned origins, 
although one is confined largely to the northern part of the Arabian Sea and the other 
to the equatorial region of the Indian Ocean. Paths of flow of these water masses to the 
south and east have been established from salinity charts. Submarine topography in 
the Madagascar-Seychelles and Maldive-Chagos regions provides an explanation for 
the diversion and separation of the flow paths of these water masses.

1. I n t r o d u c t io n

The extensive hydrological data obtained by R.S. Vityaz during cruise 31 in 
the Indian Ocean have been used by Ivanov-Frantskevich (1961) to identify and plot 
the limits of Indian Central water, Arabian Sea Water, and Red Sea water. Mokiyev- 
skaya (1961) described the oxygen and nutrient characteristics of these high salinity 
water masses. However, in examining the hydrological structure of the upper 500 m 
of the south-east Indian Ocean, it was found necessary to make a more detailed study 
of the characteristics and distribution of north Indian Ocean high salinity water 
masses in order to decide the origin of the salinity maxima of the former region.

The data from cruise 31 of R.S. Vityaz are not extensive enough in space or 
depth to show all the features of the distribution of these salinity maxima, but as a 
guide to the planning of future cruises it was thought useful to publish the results of 
this study to show :

( 1) The deficiencies in our present knowledge of the number and general 
distribution of such maxima ;

(2) The degree of complexity in the salinity-temperature relations of north 
Indian Ocean waters ;

(3) The need for more closely spaced and more carefully chosen sampling 
depths to allow the fullest interpretation of the water mass structure of these 
waters.

I I .  M a t e r ia l  a n d  M e t h o d

The data from cruise 31 of R.S. Vityaz were obtained from World Data Centre B. 
The data from cruise 2 of R.S. Ob have been published (Arctic and Antarctic Research 
Institute, Leningrad, 1959). The distribution of statiohs used by six ships in the

* Division of Fisheries and Oceanography, CSIRO, Cronulla, N.S.W.
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2 D . J. ROCHFORD

north  Indian Ocean is given in Figure 1. The following steps were followed for the 
identification o f the high salinity water masses of the north Indian Ocean :

( 1) For each station a salinity-tem perature diagram was drawn (e.g. Fig. 2) 
using a scale of 2  cm for each 1°C and 0 - 10%o salinity.

(2) From  these diagrams the salinity-tem perature values of all salinity maxima 
(Fig. 2) o f the upper 1000 m were determined. A salinity maximum is defined as that 
point on a  salinity-tem perature curve which has a salinity value greater than the value
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Fig. 1.—Chart of the stations used.

obtained by the mixing of the waters above and below it on the curve. On an indi­
vidual curve maxima sometimes coincide with observed values (e.g. A, B, and D, 
Fig. 2) but in other cases they fall between observed values and their properties must 
be determined from  a sm ooth free-hand curve (e.g. C, Fig. 2). Generally, however, 
by comparing salinity-tem perature curves from adjacent stations, the shapes of these 
fitted curves can be kept consistent.

(3) The salinity-tem perature values o f these salinity maxima were plotted on a 
salinity-tem perature diagram o f the same scale as Figure 2, and each salinity
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SALINITY MAXIMA IN THE NO RTH IND IAN OCEAN 3

maximum is identified by its station number. Appropriate <x¿ curves were drawn 
(Fig. 3).

(4) These salinity maximum values were then grouped into water mass assem­
blages centred around a at surface (A and B, Fig. 3) or crossing the least number of 
at surfaces (C, D, and E, Fig. 3).

3 0

2 6

D 7 0 M )

2 6

2 4

2 2

2 0

C 150 M

LUOC=5h-<c
ae

3 6 - 5 03 6 0 03 4 - 8 0  3 5  0 0 3 5 - 5 0

S A L I N I T Y  ( % . )

Fig. 2.—Temperature-salinity diagram for Vityaz station 4710 showing 
the characteristics of salinity maxima A , B, C, and £>.

(5) On the same diagram salinity-temperature characteristics of the oxygen 
minima of the region were entered (Fig. 3). These oxygen minima generally form 
only in waters of poor advection (Wyrtki 1962) and therefore should not, as a rule, 
be found within the mixing envelope of any high salinity water mass assemblages.
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Fig. 3.—Salinity-temperature characteristics o f all salinity maxima of the upper 1000 m for the 
Arabian Sea and north Indian Ocean. Each maximum has been identified by its station number 
and grouped into water mass assemblages A , B, C, D, and E. The salinity-temperature characteristics 

o f oxygen minima have been plotted on the same diagram ( 0 ) .
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SALINITY MAXIMA IN IHI NORTH INDIAN OC LAN 5

If this does happen it is generally possible to adjust the temperature-salinity limits 
of the envelope to conform to this requirement.

(6) For each water mass, charts (e.g. Fig. 4) were then prepared showing the 
"distribution of salinity (read from Fig. 3) and its depth (from original data records).

Salinities were determined on Vityaz cruise 31 by the Knudsen titration and are 
probably accurate to about ±0-02%o. For this reason, salinity maxima cannot be

3O 0E. 4 0 °  5 0 °  6 0 °  7 0 °  8 0 °  9 0 ° E .

3 0 ° 3 0 °

PAKISTAN

20 °2 0 ° INDIA
> 3 5 9 0

* 3 0

10°¿9,

• 0 5

AFRICA

- 0 5

ÿ f„ •oo
-■ 9 0

— 8 0

10° IO "
•OO1.2 0 ' • 9 0

6 0 ° 7 0 °5 0 ° 8 0 °3 0 ° E .

Fig. 4.—Chart of the distribution of salinity within the core of salinity maximum B. In all charts of 
the distribution of salinity, salinities of 35 00%o or more are quoted as barred values less 35-00. 
Salinities of 34-00-34-99%0 are quoted as values less 34 00. Salinities greater than 35 -99%0 are 
quoted in full. Arrows show the major directions of drift from the source region. Cross rulings show 

the extent of stations, marked 0  at which salinity maximum B was not found.

considered significant unless their salinity is 0-04%o, or more, greater than the value 
at their temperature on the line connecting adjoining minima. The significance that 
can be attached to the depth calculated for a particular salinity maximum is also 
affected by the accuracy of the salinity determination. A maximum on the salinity- 
temperature curve will be displaced towards higher or lower temperatures, and hence 
towards greater or lesser depths, if opposing values (within the above accuracy 
limits) of salinity be used to define the maximum. In general terms it is difficult to
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6 D . J. ROCHFORD

assess the magnitude of this error of depth, since it is influenced by the shape of the 
individual salinity-temperature curves and by the depth separation of the points 
forming the curve. However, it is thought not'to exceed 100 m between 500-1000 m 
and to be less than 50 m between 0-500 m.

Inorganic phosphate distribution within the core of the various salinity maxima 
(e.g. Fig. 5 for salinity maximum B) was sometimes used to aid the correct contouring 
of salinity and to verify paths of distribution within the salinity pattern. Some isolated

8 0 °7 0 °5 0 ° 6 0 °

PAKISTAN

20°20° INDIA

• \

10°

AFRICA

5 0 ° 8 0 °4 0 °

Fig. 5.—Chart of the inorganic phosphate distribution within the core of salinity maximum B. 
Arrows show the major directions of drift from Figure 4.

stations within the major flow paths of these salinity maxima do not show in their 
temperature-salinity relation evidence of a particular maximum. An example of this 
is the group of stations to the south of India within the eastern drift of water mass D 
(Fig. 6). Whilst the absence of this water mass at these stations could be caused by 
localized strong mixing or diversion by counter drift, it is possible, and sometimes 
very probable, that this absence is the result of lack of sampling at the depth of this 
water mass. For example at station 4614 (Fig. 7) within the above group of stations, 
the shape of the temperature-salinity curve between 90 and 110 m, and hence the 
presence or absence of salinity maximum D, can not be decided from the data
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SALINITY MAXIMA IN  THE NO RTH IN D IA N  OCEAN 7

available. However, at all such stations the water mass has had to be considered 
absent. Future cruises are needed with sampling depths chosen so that the true 
shape of the temperature-salinity curve and hence the presence or absence of any 
water mass can be determined.

40° 50° 60° 70° 80° SOPE.
3cP

PAKISTAN

20°IN D IA

> 3 6 - 5 0

■60 , 
- 3 5  5 0 .AFRICA

-IO

3 5 0 0

70°50°

Fig: 6.—Chart of the distribution of salinity within the core of salinity maximum D. Salinity and 
other coding as in Figure 4. A -A 1 Major drift path during south-west monsoon. B -B l- B 2 Major

drift paths during north-east monsoon.

I I I . Sa lin ity  M axim a  of  th e  N o r t h  I n d ia n  O cean

Five salinity maxima were identified in the Arabian Sea and north Indian 
Ocean (A-E, Fig. 3).

(a) Salinity Maximum A
The highest salinity values were fóund in the Gulf of Aden (Fig. 8) and clearly 

identify the Red Sea as the origin of this salinity maximum. The salinity distribution 
of this water mass shows that it spreads from the Gulf of Aden eastwards towards 
India and southwards towards Madagascar and the African coast to at least 10° S.

667



8 D. J. ROCHFORD

The relatively high salinity of this water mass in the east Indian Ocean can be main­
tained only by persistent spreading from the west side but no indication of the routes 
of such spreading can be found in the salinity countours.
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Fig. 7.—Temperature-salinity diagram for Vityaz station 4614 
showing the characteristics of salinity maxima, A , B , and E.

The Red Sea water mass entered the Arabian Sea at about 800 m (Fig. 9) and 
spread south at about the same level. Generally this water mass shallowed to 
500-600 m as it spread eastwards. Along its southern limit of distribution in the

9 0  M&E

n o  m .

131 Ml
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SALINITY MAXIMA IN THE NO RTH IND IAN OCEAN 9

central and eastern parts of the Indian Ocean this water mass was found as deep as 
800-900 m. The sudden and somewhat anomalous deepening of this water mass at 
0-5° N. around 60° E. (Fig. 9) was caused by depths greater than 900 m at stations 
4703, 4705, and 4706. However, at both stations 4703 and 4705 two salinity maxima 
within the density range of water mass A were found at depths of 600-1052 m. At 
station 4706 only one salinity maximum identifiable as water mass A was found at 
970 m. The depths in Figure 9 show the deepest occurrence of water mass A in the 
above region around 60p E. where it is thought deep mixing was greatly increased.

30° 3 0 °
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20° INDIA

ëö'

5 0
> 3 5  9 0

10°

OOAFRICA

O O

ÔQ 10°•0O----

60°50° 80°40°

Fig. 8.—Chart of the distribution of salinity within the core of salinity maximum A. Salinity and 
other coding as in Figure 4. Arrows show major directions of drift from the source region.

(b) Salinity Maximum B
Since the highest salinity values in this group (Fig. 3) were found at depth in the 

central, north Arabian Sea (Fig. 4), and these high salinity waters were absent around 
the Gulf of Aden, the Persian Gulf is considered the origin of salinity maximum B. 
The comparatively high salinities along the Somali coast to at least 10° S. must be 
maintained by a spreading of these Persian Gulf waters in that direction. Centred 
around the equator, from 55°-90° E. at least, was a region of relatively high salinity
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waters; the eastward penetration of these Persian Gulf waters is thought to be 
principally through this region. Southward from this region salinities decreased, 
probably because of strong mixing with lower sàlinity waters along the frontal region 
at about 10° S. (Ivanov-Frantskevich 1961). This Persian Gulf water spreads into 
the Bay of Bengal but the data are not sufficient to show by which route this occurs. 
This Persian Gulf water was found at depths of about 300 m in the north Arabian 
Sea but elsewhere along its paths of spread (to the south-west and to the east along

30° 30°
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LOO7 0 0

IO®
5 0 0

-£p<

AFRICA

o°
6 0 0
7 0 0

-7 0 010°

40° 70° 80°60°

Fig. 9.—Depth of the core of salinity maximum A. Arrows from Figure 8.

the equator) its average depth was around 200 m (Fig. 10). In the Bay of Bengal 
and south of the equator it was found at depths of 300-400 m. In the north Arabian 
Sea the inorganic phosphate value of this Persian Gulf water was about 2 • 50 /xg-atom/1 
and this value was maintained throughout the eastern part of the Arabian Sea (Fig. 5). 
Along its principal paths of spread to the south-west and to the east, phosphate 
values were much lower (1 -00-1 -50 /¿g-atom/l). Very high phosphate values (greater 
than 3-00 /xg-atom/1) were found at the depth of these Persian Gulf-waters in the 
Bay of Bengal.
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(c) Salinity Maximum C
Near its apparent source region in the Arabian Sea .this salinity maximum pos­

sessed salinity-temperature characteristics which clearly separated it from the salinity 
maxima B and D adjoining it on the curve (Figs. 2 and 11). Its distribution was very 
limited in extent (Fig. 12) compared with that of B and D (Figs. 4 and 6) being found 
only at depths of 100-200 m (Fig. 13). The available salinity data suggest that this 
high salinity water drifts south in the central part of the Arabian Sea until it meets
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Fig. 10.—Depth of the core of salinity maximum B. Arrows from Figure 4.

the zonal currents around the equator. Within these zonal currents it either loses its 
identity by mixing or is spread as isolated patches of water usually towards the west. 
The origin of this high salinity water cannot be decided although it must be in the 
north Arabian Sea or from the surface of the Persian Gulf.

(d) Salinity Maximum D
This maximum was found at the surface of the central Arabian Sea (Fig. 14) 

where its highest salinities were recorded (Fig. 6). This water has therefore been 
called Arabian Sea high salinity water. Because of its shallow depth (Fig. 14) this 
water is subject to seasonal changes in distribution, caused by monsoonal reversal of
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surface currents. The general distribution of salinity within the core of this Arabian 
Sea high salinity water (Fig. 6) is thought to be governed by the north-east monsoon 
circulation pattern. This causes a movement of the water mass, to the west in the 
north  Arabian Sea, to the south-east in the region west of 60° E. and to the east
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C  140 M
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35 5 0 36  5 03 4 8 0 35 OO 36  OO
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Fig. 11.—Temperature-salinity diagram for Vityaz station 
4719 showing the clear separation of salinity maximum C 

from salinity maxima B  and D.

around 5° S. (B -B ^ B 2, Fig. 6). However, the distribution of this high salinity water 
southward past Ceylon {A -A 1, Fig. 6) is thought to be part of the south-west m onsoon 
pattern. In general the depth a t which this water occurred increased from north to 
south and from west to east (Fig. 14).
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(e) Salinity Maximum E
This high salinity water was found throughout the equatorial region of the 

Indian Ocean from about 10° S. to 10° N. (Fig. 15). It did not occur in the Arabian 
Sea or in the Bay of Bengal. High salinities (greater than 35-50%o) were found at 
V, W, and X Y (Fig. 15) close to the equator and at Z (Fig. 15) in the south Arabian 
Sea. The depth of this salinity maximum varied from 0-110 m (Fig. 16), with depths 
greater than 75 m predominating in the south, north, and east.
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Fig. 12.—Chart of the distribution of salinity within the core of salinity maximum C. Salinity and
other coding as in Figure 4.

IV . Ve rtica l  D istribu tio n  of Sa lin ity  M axima

Vityaz stations along the 76° E. meridian (Fig. 1) have been used to prepare a 
representative trans-equatorial section of salinity and of the vertical relations of the 
salinity maxima (Fig. 17) in the upper 900 m. South of 13° S. only one salinity maxi­
mum was found between 100-250 m. This maximum which comprises only the upper 
part of the Indian Central Water of Sverdrup et al. (1942) is considered continuous 
with the south-east Indian high salinity water (Rochford 1961). North of 13° S., 
however, a complex salinity pattern was found. This pattern was caused by variations 
in the depth and geographic positions of the various high salinity waters of northern
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origin (Fig. 3). Very weakly developed salinity maxima thought to be of Red Sea 
origin (A, Fig. 3) were found only between 2° and 4° S. at depths of 500-600 m, and 
at 500 m at stations 4618 and 4620 near South India. Since these waters are found 
as far east as the 110° meridian (Rochford 1961) considerable eastward transport must 
occur through this section at other times. Ovchinnikov (1961) using the “differential 
method” found that all flow along the 76° E. section at 500 m was directed to the east, 
in the same direction as deduced above from salinity distribution (Fig. 18).
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3 0 °

PAKISTAN

20( NDIA

109

AFRICA

10 °

9 0 ° E .4 0 ° 5 0 ° 6 0 ° 7 0 °

Fig. 13.—Depth of the core of salinity maximum C.

High salinity waters of the Persian Gulf (B, Figs. 3 and 17) were found át 200- 
300 m at all stations north of 12° S. except for station 4617 at 5° N. South of this station 
the phosphate content of these Persian Gulf waters was less than 2-00 /xg-atom/1 
whilst north it was much greater than 2-00 /xg-atom/1 (Fig. 17). South of 5° N. 
the highest salinity of these waters was found at station 4615 near the equator. This 
is believed (Section ill) to be the centre of eastward movement of these Persian Gulf 
waters. Ovchinnikov (1961) found from direct measurements that waters at 200 m 
were moving to the east in a zone from 2° S. to 3° N. centred around station 4615 
(Fig. 19); this is in good agreement with the deductions from salinity distribution.
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Ovchinnikov (1961) also found eastward movement from 5° S. to 12° S., the southern 
position agreeing with the southern limit of Persian Gulf waters, deduced from 
salinity values (Fig. 17).

Between 100 and 200 m isolated patches of high salinity waters C and D (Fig. 17) 
from the Arabian Sea (Section III) were found ; south of India the very high salinities 
(greater than 36-00%o) of waters from the Arabian Sea (D, Fig. 3) were thought to 
be caused by the previous south-west monsoon circulation (Section III). The very low

3 0 ° E .  4 0 °  5 0 °  6 0 °  7 0 °  8 0 °  9 0 ° E .

3 0 °

PAKISTAN

INDIA

AFRICA

'2 0 0

4 0 ° 5 0 ° 60° 70°

Fig. 1.4.—Depth of the core of salinity maximum D. Arrows from Figure 6.

salinity waters around 8° S. and 6° N., within the 100-200 m stratum (Fig. 17) must 
be part of a discrete horizontal circulation bounded by the high salinity water masses 
B, C, D and E.

Since the lowest salinities of the Indian Ocean, north of 20° S., at depths of 
100-200 m are found in the eastern part (Sverdrup et al: 1942) it is probable that these 
low salinity waters originate in this region and are flowing west. This would agree 
with observed currents at 15 m (Fig. 20) but not with those at 200 m (Fig. 19). Further
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consideration will be given to the origin and circulation of these low salinity waters 
in a separate paper (Rochford, unpublished data).

High salinity waters, E (Fig. 3), were found at 50-100 m at all stations from 
11° S. to 6° N. (Fig. 17). These waters form the subsurface salinity maximum with a 
at of about 23-30 as observed by Jerlov (1953). A section at 88° E. (Jerlov 1953) 
shows these waters to have high salinities (greater than 35 • 50%o) around the equator, 
in about the same position as-a high salinity belt of water mass E along the 76° E.

3 0 ° E .  4 0 9  5 0 °  6 0 °  7 0 °  S O 0  9 0 ° E

3 0 P

PAKISTAN

20°20° INDIA

io'

> 3 5  7 0

AFRICA

IO0 -io-----
■fo----

8 0 °7 0 °5CP

Fig. 15.—Chart of the distribution of salinity within the core of salinity maximum E. Salinity and
other coding as in Figure 4.

section of Vityaz near the equator (Fig. 19). Along this latter section the boundaries 
of this high salinity water mass E coincided to some extent with those of the counter 
current (Fig. 19). Presumably the counter current carries these high salinity waters to 
the east along the equator.

Moving south from the equator, water mass E mixed with low salinity waters 
(less than 34 • 50%o) of the south-equatorial current above the upper salinity minimum 
(Fig. 17). This mixing decreased the salinity of E which then increased again when 
E mixed with the south-east Indian high salinity water around 12° S. at the southern
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boundary of the South-Equatorial current. Spreading north from the equator E 
increased in salinity by mixing with Arabian Sea waters (D, Fig. 17).

30°

PAKISTAN

20° 20°INDIA

10° 10°

AFRICA

IOO
-75

50 d
•75

10°

40° 70° 80°

Fig. 16.—Depth of the core of salinity maximum E.

V. E f f e c t  o f  S u b m a rin e  T o p o g r a p h y  o n  t h e  E q u a t o r i a l  D i s t r i b u t i o n  o f  H ig h
Sa l in it y  W aters

In the west central Indian Ocean the zonal flow above 1000 m is somewhat 
restricted by the Madagascar-Seychelles-Nazareth Bank array of islands and shallow 
banks (Fig. 21).

Soon after leaving their source regions the Red Sea, Persian Gulf, and Arabian 
Sea high salinity waters separated into a south-westerly and an easterly flow path in 
the vicinity of the equator (e.g. A1 and A2, Fig. 21) caused probably by the obstruction 
of the Madagascar-Seychelles group of islands and shallow banks (Fig. 21). The 
south-west flow of Persian Gulf and Arabian Sea waters divided west of the Sey­
chelles into two paths (e.g. B2 and Bs, Fig. 21), the separation of which cannot be 
related to features of the submarine topography. Moreover, the direction of flow 
along these paths, based upon salinity distribution, was in opposition to direct 
measurements of flow at 200 m (Fig. 19).
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SALINITY MAXIMA IN  THE NO RTH IND IAN OCEAN 19

In the central equatorial regions of the Indian Ocean the Maldive-Chagos 
slands confine the easterly movement of high salinity waters, in the upper 1000 m, 
3 three main passages (Fig. 22) :

Passage 1. Between South India and the Maldive Islands the passage is some 
170 miles wide and between 2500 and 3000 m deep.

Passage 2. Between the Maldive Islands and the Chagos Islands the passage 
is some 240 miles wide and between 3500 and 4000 m deep.

Passage 3. South of the Chagos Islands there is an uninterrupted passage 
between 4000 and 5000 m deep.

30°

PAKISTAN

20°IN D IA

AFRICA

\ IO°

8Ö040° 60°

Fig. 18.—Chart from Ovchinnikov (1961) showing the direction of water movement at 500 m during
cruise 31 of R.S. Vityaz.

The evidence of Sections III and IV indicates that during the north-east monsoon 
at least the most clearly defined easterly path of Red Sea water {A, Fig. 22) occurred 
within Passage 2 at depths of about 500 m. Persian Gulf water (B, Fig. 22) as evidenced, 
by the peak in salinity near the equator (Fig. 4) also moved eastwards, predominantly 
through the northern part of this passage at depths of about 200 m. The' westward 
movement of waters through the centre of Passage 2 (Fig. 22) at this same depth is
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probably responsible for the diversion of another minor flow path of Persian Gulf 
waters to the south of this passage (B1, Fig. 22). The Chagos Islands spread some of 
these waters further to the south (B2, Fig. 22) and divert the major flow of supposed 
Arabian Sea waters eastwards into Passage 3 (C, Fig. 22) at depths of about 200 m.

The flow paths of Arabian Sea waters (D, Fig. 22) through these passages at 
depths of 100-125 m cannot be decided from salinity distribution (Fig. 6) and 
current measurements at 15 m (Fig. 20) but are probably more complicated in direction 
than those of the deeper waters. The Maldive-Chagos Islands therefore channel the

70°60° 80

30°30°

PAKISTAN

20°20° NDIA

10°10P

AFRICA

io°

80°60°

Fig. 19.—Chart from Ovchinnikov (1961) showing the direction of water movement at 200 m during
cruise 31 of R.S. Vityaz.

easterly flow of these high salinity waters into relatively restricted passages which 
could be used for the monitoring of seasonal changes in the eastward transport 
volume of such waters.

The bifurcation of flow of Red Sea water to the east, accentuated, if not entirely 
caused by the Maldive-Chagos Island barrier (Fig. 22) continues as far east as 
105° E. (Fig. 23) where it has been observed in the intermediate circulation (Rochford 
1961). Persian Gulf waters, on the other hand, constrained into a single major flow
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path during passage south of the Maldive Islands (Fig. 22) continue to flow east along 
a single path as far as north-west Australia (Fig. 23) (Rochford, unpublished data). 
Similarly, Arabian Sea waters, diverted south of the Chagos Islands (Fig. 22) flow to 
the east along a single major path which always lies south of 5° S. and continues into 
the region off north-west Australia (Fig. 23).

3O0 E. 4 0 °  5CP 6 0 °  7 0 °  8 0 °  9 0 °E .

PAKISTAN

20° 20°ND1A

icf
AFRICA

n ° R t h  e a s t  m o n s o o n

 COUNTER O U Ï S S E

SOUTHIO°

6 0 °4 0 °

Fig. 20.—Chart from Ovchinnikov (1961) showing the direction of water movement at 15 m during
cruise 31 of R.S. Vityaz.

VI. C o n c lu s io n s

From salinity-temperature characteristics five high salinity water masses have 
been identified in the upper 1000 m of the north Indian Ocean during the period of 
the north-east monsoon (Fig. 3). The general distribution of these water masses haŝ  
been found to agree with the direct measurements of currents as made by a differential 
method (Ovchinnikov 1961) for which current measurements were taken at 15, 50, 
100, 200, 300, 500 and 700 m at some 140 deep stations of the North Indian Ocean. 
Red Sea high salinity water at depths of 500-1200 m occurs along a path extending 
south-west to Madagascar at least, and along another path to the south-east extending 
south of the Maldive Islands to south-west Australia (Fig. 23). Persian Gulf high
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22 D. J. ROCHFORD

salinity water spreads along two major paths at depths of 200-500 m one of which 
carries this water to the west of Madagascar and the other along the equator to about 
90° E. and south-east to the Timor Sea (Fig.'23). Arabian Sea high salinity water 
spreads south-west to the Seychelles where it divides into two paths, one to the west 
of Madagascar and the other to the east at about 5° S., passing south of the Chagos 
Islands at depths of 60-100 m. This water is found to the north-west of Australia at

4 5 °

AFRICA

-  o °

SEYCHELLES

NAZARETH BANK

MADAGASCAR

20* 20°
4 5 °

Fig. 21.—The m ajor flow paths of high salinity waters, based upon salinity distribution, in relation to 
subm arine topography o f the west central Indian Ocean. The black arrows, from  Ovchinnikov 

(1961), show the measured direction of flow at 200 m.

depths of 200-250 m (Fig. 23). Persian Gulf water, and to a much less extent Red Sea 
high salinity waters are found in the centre of the Bay of Bengal at depths of 300-400 m 
and 400-500 m respectively (Fig. 23). A fourth high salinity water is thought to 
originate in the northern part of the Arabian Sea or Persian Gulf but at lower 
temperatures than the Arabian Sea high salinity water proper. This water occurs 
throughout the Arabian Sea to the equator but not east of about 80° E. (Fig. 23).
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The fifth high salinity water mass was found only between 10° N. and 10° S. within 
the equatorial region and is thought to be spreading east within the counter current

6 0 C'E  6 5 °  7 0 °  7 5 °  8 0 ° E .

S. INDIA

CEYLON V

MALDIVE AVJf

■Ps-îs v> ■«-

C H A G O S

IO ‘

6 5 ° 75*

Fig. 22.—The m ajor flow paths o f high salinity waters, from  salinity distribution, in relation to  
submarine topography o f the central equatorial Indian Ocean. Black arrows and continuous black 
lines show the direction and boundaries o f current flow a t 200 m  as measured by Ovchinnikov (1961).

(Fig. 23). The submarine topography of the Madagascar-Seychelles and Maldive- 
Chagos Islands provides an explanation for the diversion and separation of the flow 
paths of these water masses.
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Fig. 23.—The m ajor flow paths of high salinity water masses of the north Indian Ocean. Numbers 
along these paths show the depth at that point.
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HYDROLOGY OF THE INDIAN OCEAN

III. WATER MASSES OF THE UPPER 500 METRES OF THE SOUTH-EAST INDIAN OCEAN

By D. J .  R o c h f o r d *

[M anuscrip t received  M arch  6, 1964]

S u m m a ry

T he fo llow ing  seven w a ter m asses hav e  been  id en tified , a n d  th e ir  d is tr ib u tio n  
traced  d u rin g  several seaso n s o f  th e  y e a r: R ed  Sea m ass, w ith  th e  sam e d is tr ib u tio n  
a n d  p ro p e rtie s  in 1962 as th e  n o rth -w es t In d ia n  In te rm e d ia te  desc rib ed  in  1959-60; 
Persian  G u lf  m ass, w hich  is co nfined  to  th e  reg io n  so u th  o f  In d o n e s ia  a n d  is lim ited  
in ex ten t o f  eas te rly  flow  by the  o p p o sin g  flow  o f  B an d a  In te rm ed ia te  w a te r ; u p p e r  
sa lin ity  m in im u m  m ass, e n te rin g  v ia L o m b o k  S tra it  a n d  m o v in g  zo n ally  in  the  
d irec tio n  o f  th e  p rev ailin g  su rface  cu rre n ts , a  seco n d ary  m o v em en t o f  th is  w a te r  m ass 
to w a rd s  n o rth -w es t A u s tra lia  is lim ited  by  th e  n o r th e rn  b o u n d a ry  o f  a  so u th -e as t 
In d ian  h igh  sa lin ity  w a te r m ass. T h is la tte r  w a te r  m ass o ccu rs  as th ree  se p a ra te  co re  
layers n o r th  o f  2 2 -23° S. T h e  deep  co re  lay e r m ixes w ith  w aters o f  th e  oxygen 
m ax im u m  below  it, th e  m id -d ep th  c o re  lay e r m ixes w ith  P ersian  G u lf  a n d  u p p e r  
sa lin ity  m in im u m  w a te r m asses, a n d  th e  u p p e r  c o re  lay e r m ixes w ith  th e  A ra b ian  
Sea w a te r  m ass. T h e  la t te r  w a te r  m ass sp read s  ea s tw ard s  to  a b o u t 120° E . a n d  
so u th w a rd s  to  n o rth -w es t A u s tra lia , in  c o n fo rm ity  w ith  su rface  cu rre n ts . A  six th  
w a ter m ass en te rs  w ith  th e  c o u n te r-c u rre n t a n d  is fo u n d  as a  sa lin ity  m ax im u m  
w ith in  th e  th e rm o c lin e  to  a b o u t  20° S. A  sev en th  w a te r m ass c h a ra c te riz ed  by  a 
sa lin ity  m ax im u m  a ro u n d  te m p e ra tu re s  o f  2 8 -2 9 °C  h a s  a  lim ited  d is tr ib u tio n  a n d  
an  u n k n o w n  orig in . B oth  o f  th ese  w a te r m asses m o v e  in  th e  d irec tio n  o f  su rface  
cu rren ts .

I. I n t r o d u c t io n

General features of the intermediate water mass structure and circulation 
(Rochford 1961) and of the major hydrological zones within the upper 50 m (Roch­
ford 1962) o f the south-east Indian Ocean have been established from hydrological 
data of H.M.A.S. Diamantina. Within the upper 500 m o f this region, however, it 
was suspected that a number of high salinity water masses o f probable north Indian 
Ocean origin were contributing to its rather complicated water mass structure. The 
characteristics and origins of the high salinity water masses of the north Indian 
Ocean and their paths of entry into the east Indian Ocean have now been established 
(Rochford 1964). The analysis of the water mass structure and circulation o f the 
upper 500 m of the south-east Indian Ocean in this paper shows to what extent these 
high salinity waters, penetrate into the south-east Indian Ocean and what seasonal 
changes in the positions o f their paths of movement occur in this region.

I I .  M a t e r ia l  a n d  M e t h o d s

The Australian data used are in CSIRO Aust. (1963, 1964a, 19646). The data 
for Vityaz cruise 31 were obtained from World Data Centre B, Moscow.

Figures 1 and 2 show the location of the stations used. The salinity-temperature 
values o f all salinity maxima or minima have been read from smoothed salinity-

* D iv ision  o f  F isheries a n d  O c ea n o g rap h y , C S IR O , C ro n u lla , N .S .W .
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26 D. J. ROCHFORD

temperature diagrams (e.g. Fig. 3) for each station. The Australian salinity measure­
ments were made with an inductively coupled salinometer (Brown and Hamon 1961) 
and have a precision o f ± 0 -005%o. The Russian salinity measurements were made by 
Knudsen titration and therefore have a precision o f about ±0-01%o. When using

BORNEO

IO*292#
I I *

2 9 5 #297#

28b#
A203

194 A 336#205 A 339* 
192 A

299#

343#207A 345#

209A

AUSTRALIA

IOO*

Fig. 1.— L o ca tio n  o f  s ta tio n s.

Australian data, differences of 0-01%o were taken as definitive in locating a salinity 
maximum on a salinity-temperature curve. The corresponding value for Russian 
data was 0-02%o. These maxima and minima have been plotted on a general salinity- 
temperature diagram (e.g. Figs. 4 and 5) and grouped into water mass assemblages 
using previously described characteristics (Rochford 1964) whenever possible to 
identify high salinity waters from the north Indian Ocean (A, B, D  and E, Fig. 4).
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However, the northward spreading o f high salinity waters from the south (B 1 in 
Fig. 4) and the southward movement of high salinity waters from the north, gives 
rise to mixtures of waters whose water mass origin sometimes cannot be decided 
from their salinity-temperature characteristics (e.g. values in circles and triangles 
Figs. 4 and 5). The circled values in Figure 4 for example have salinity-temperature 
characteristics o f water mass D  but are some 0'2-0-4/ng-atom /l lower in inorganic 
phosphate than D  at the same density (Fig. 6). Similarly the values in triangles in 
Figure 4 should be considered part o f water mass assemblage E  but are some 0 • 4 -  
0 - 5 jng-atom/1 lower in inorganic phosphate at similar densities (Fig. 6). These 
differences in inorganic phosphate are o f sufficient magnitude to justify the classifica­
tion of circled values as water mass B 1 and o f the values in triangles as water mass F  
(Fig. 6).

90° IOO® IIO® I20®E. 130°

IO® IO®REF. STA. 11
TO COLOMBO

20® 20®

AUSTRALIA

30°

REF. STA. I

Fig . 2.— L o c a tio n  o f  V itya z  s ta tio n s  in  O c to b e r-D e c e m b e r  1959.

III. T h e  D is t r ib u t io n  o f  W a t e r  M a s s e s  D u r i n g  t h e  S o u t h - e a s t  T r a d e  S e a s o n

Diamantina cruises 2/60 and 2/62 and Gascoyne cruise 4/62 (Fig. 1) provided 
data for a study of the water mass distribution during this season. The following 
water masses have been identified and the distribution o f their core layers followed in 
this region. In ascending order o f depth these are :

Red Sea (A  in Fig. 4).—This water mass has the same salinity-temperature 
characteristics as the north-west Intermediate (Fig. 4) o f unknown origin previously 
found in this region (Rochford 1961). Its general distribution based on recent data 
(Fig. 7) ajso agrees well with that o f  the north-west Indian Intermediate from 1959-60 
data (Rochford 1961, Fig. 9). The north-west Indian Intermediate water mass can
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now be identified as Red Sea in origin. The depth of this Red Sea water has been 
shown (Rochford 1961, Fig. 8) to increase from about 700 m in the north to about 
1300 m in the south.

Persian G ulf (B  in Fig. 4).—This water mass entering from the north-west with 
salinities around 35 - 10%o (Fig. 8) at depths o f 150-200 m. (Fig. 9) spreads to the 
south-east, terminating at Z  (Fig. 8) with salinities around 34-80%o and depths of 
400 m (Fig. 9), and at V  (Fig. 8) with salinities around 34 • 65%0 and depths o f 500 m 
(Fig. 9), During the south-east trades this water mass was not found south of 15° S.

22

•19 MO'

•  Dm 0 6 / 6 2  
- *  Dm 9 C / 6 2  

A Dm 9 3 / 6 2  
□  Dm 1 0 0 /6 2

A  S a l i n it y  m a x i m u m

O  SALINITY M IN IM U M

34 OO 3 4 - 2 0 3 4 -B O 3 5 - 0 03 4  4 0 3 4  6 0 3 5  2 0

SA L IN iT Y  ( 7 o 0 )

3 5  4 0 3 5 - 6 0 3 5  8 0 3 6

Fig. 3.— Temperature-salinity diagram Diamantina stations 86, 90, 93, and 100/62. Numbers 
give depth o f observation. Letters indicate water mass (Section II o f text).

South-east Indian high salinity (B l in Fig. 4).— During its movement northward 
beyond X Y  (Fig. 10) this watet mass mixed principally with three kinds o f water. 
The salinity-temperature (Fig. 4) and the density-inorganic phosphate relations 
(Fig. 6) show these to be: (1) the oxygen maximum layer of density 26• 80-26• 90 at 
(2 in Fig. 6) ; (2) Persian Gulf or the salinity minimum water mass or both around a 
density of 26 • 30 a t (3 in Fig. 6) ; and (3) Arabian Sea of density 24 • 90-25 • 40 a t (4 in 
Fig. 6). Mixing with the-oxygen maximum occurred along a path extending north­
west (Fig. 10) at depths of 250-300 m (Fig. 11). Mixing with Persian Gulf or salinity 
minimum waters or both occurred mainly in the north-east (Fig. 12) at depths of 
200-250 m (Fig. 13). Mixing with Arabian Sea waters occurred along the whole 
extent of a frontal region north of X Y  (Fig. 14) at about 20° S. and as far north as 
12-15° S. within one region centred around 115° E. and another around 100° E. 
(Fig. 14) at depths o f 125-150 m (Fig. 15).

Upper salinity minimum {at 26-30, Fig. 4).— Lowest salinities within the core 
layer o f this water mass were found in the Banda and Flores Seas and off the southern
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Fig. 4.—W ater mass grouping of salinity maxima and minima observed in tem perature- 
salinity relations of cruises D m 2/62'and G4/62 (Fig. 1). Letters identify water masses 
(Section II of text). Large numbers indicate specific limits of identification of water 
masses. Maxima in circles and triangles grouped according to Figure 6. * Values of 

north-west Indian intermediate water mass (Rochford 1961).
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IO P '

3 5 0 0

6 b »

BORNEO
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9 7 6 9  t ) *
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3 4 - 8 0
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3 4 - 7 0
^ 5=-^/©

• 6 7 \
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3 4 - 6 5  __

20°20°
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30'

Fig. 7.—Distribution of the salinity of water mass A within the period July-September (1960— 
1962). Salinities should be prefixed by 35 (barred value), and by 34 (non-barred value) to 
obtain the correct value. O , stations without evidence of water mass A in the temperature-

salinity relation.
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• 0 5

BORNEO

3 5 - 1 0 -

3 5 - 0 5 v 
3 5  0 0

34-60r“ < ^ « .  J
34:71

.  3 4 - 8 0

0 3 4 - 7 0 —  —
© 3 4 - 6 0  o

20' 20'

AUSTRALIA

3 0 '3 0 '

9 0 ° I IO®

Fig. 8.—Distribution of the salinity of wáter mass B  during July-September (1960-1962). For 
salinity coding see Figure 7. * 1960 stations.
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♦o» IO P *

20<
BORNEO

2 0 0

5 0 0

H O **©•
Fig. 9.—D epth (m) of water mass B  during July-September. Arrows as in Figure 8.

1 0 0 °  1 1 0 °  1 2 0 °  1 3 0 ° E .

io(io°

20(20(
•fo

■ ß
AUSTRALIA

3 0 '

•n

120°110°
Fig. 10.—Salinity distribution within the core of water mass B1 (Fig. 4) and north of 
X Y  within the core of mixtures of B 1 and the oxygen maximum only (2 in Fig. 4). For

salinity coding see Figure 7.
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coasts o f Timor, Soembawa, and Java (Fig. 16). Salinity distribution indicated (Fig. 
16) that this water mass spread westward in the region o f about 10° S. to at least 
95° E. In the region o f lowest salinities in the Flores Sea at about 120° E. (Fig. 16) 
the depth o f this water mass was about 300 m (Fig. 17). Along its path o f westward 
movement and along its southern boundary, its depth varied bet\peen 250 and 300 m 
(Fig. 17), but to the north its depth shallowed to within 150 m o f the surface. Its 
origin seems to be at depths o f about 300 m within the Banda and Flores Seas. These 
two seas are connected with the Indian Ocean by the Bali-Lombok Strait which has a 
sill depth o f 300 m (Bruun and Kiilerich 1957) and this strait is presumably the path

IO O *  I I O *  I 2 0 * E .

2 5 0
3 0 0

20*20*
2 5 0

1 5 0

IOO
A U ST R A L IA

•  IO O

5 0
3 0 *

n o *IO O *

Fig. 11.—Depth (m) of water mass B 1 and of its mixtures with the oxygen maximum 
(2 in Fig. 4) north of X Y . Arrows as in Figure 10.

of entry of this water mass into the east Indian Ocean. The properties o f this water 
mass are very similar to those of the southern salinity minimum of Wyrtki (1961) 
for this region.

Arabian Sea (D  in Fig. 4).—This water mass entered the region at about 2° S. 
along the 95° E. meridian (Fig. 18). Its salinity decreased by mixing with: (1) water 
mass E  lying south o f its entry (6 in Figs. 4, 6, and 18); (2) near surface waters o f low  
salinity south o f Java (7 in Figs. 4, 6, and 18); (3) waters of the upper salinity minimum 
(5 in Figs. 4, 6, and 18). However, off the north-west coast o f Australia its salinity 
increased by mixing with high salinity waters from the south-east Indian Ocean (19 
in Figs. 5 and 18). This water mass entered the region at a depth of 125 m (Fig. 19), 
mixed with E  and the waters south o f Java at about the same depth, but deepened to
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200-250 m as it mixed with waters o f the upper salinity minimum and the high salinity 
waters from the south-east Indian Ocean (Fig. 14).

IOO° IIO° 120°E.

• 73
ae

20 20

3 5 - 7 0
*■«5

a u s t r a l ia

Fig. 12.—Salinity distribution within the core of mixtures of water mass B 1 (Fig. 4) 
and Persian Gulf waters (3 in Fig. 4). For salinity coding see Figure 7.

3 0 0•aeo
:*24( •340

3 0 0 -
2 5 0

• 260'270* 260«
• 240240«

20' 20'

2 0 0 -
165»

250

170» •260
2 0 0

150«
AUSTRALIA

Fig. 13.—D epth (m) of mixtures of water mass B 1 and Persian Gulf waters 
(3 in Fig. 4). Arrows as in Figure 12.

Salinity maximum E  (counter-current, E  in Fig. 4).—After entering the region 
at 10 (Fig. 20) this water mass decreased in salinity by mixing with: (1) low salinity 
surface waters south of Java (11 in Figs. 4, 6, and 20); (2) low salinity waters (5 in 
Fig. 18) to the south along the region 8 (Figs. 4, 6, and 20). As this water mass moved
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farther to the south, however, its salinity increased by mixing with high salinity surface 
waters south o f 20° S. (9 in Figs. 4, 6, and 20). During its mixing with (1), the depth 
of this water mass varied between 100-120 m (Fig. 21). Mixing with (2), however, 
caused this water mass to deepen to about 150 m (Fig. 21). At its southern limit o f  
identification this water mass was found at depths o f 75-100 m (Fig. 21). It has the 
same properties as the subtropical lower water o f Wyrtki (1961), who considered its 
origin was in the Arabian Sea. More recent evidence (Rochford 1964) does not agree 
with this.

Salinity maximum F  (Fig. 4).—This water mass, with a salinity at its point o f  
entry (17 in Fig. 22) 0-35%o less, but with a temperature some 3°C greater, than 
those of E  (Fig. 3), was not found in the north Indian Ocean during the north-east 
monsoon (Rochford 1964). In the south-east Indian Ocean it was found at isolated 
groups of stations between 2 and 20° ST. (Fig. 22). The salinity o f this water mass 
decreased by mixing with low salinity surface waters south o f Java (20 in Figs. 4 and 
22). This diluted water spread to the south and mixed with waters o f the .counter- 
current E  (Fig. 4) at 12 (Figs. 4 and 22). This water mass was found at depths o f 50- 
130 m (Fig. 23) with maximum depths towards the south-east.

Low salinity surface waters move south-east from the Bay o f Bengal during the 
south-east trades into the region west o f Sumatra and eastwards along the coast o f  
Java. At about 10° S. the westward south-equatorial current o f  low salinity (Rochford 
1962) commences. The distribution o f salinity o f this water mass F  (Fig. 22) could, 
with few exceptions, be fitted into such a circulation pattern if  its source region were 
situated north o f the equator, but not if  its source were to the north-east o f Indonesia 
or the Pacific Ocean.

IV . V e r t i c a l  D is t r ib u t i o n  o f  W a t e r  M a s s e s  A l o n g  t h e  105° E .  M e r i d ia n

Some features o f the mixing pattern observed in Figures 4 and 6 become clearer 
when the vertical distribution o f water masses based upon salinity-temperature rela­
tions (Fig. 3) along a typical north-south section is considered (Fig. 24). For example, 
the mixing between water mass B 1 and the oxygen maximum (Region 2 o f Figs. 4 
and 6) is seen to occur between 20-22° S. as the result of the downward displacement 
of B 1 by the surface frontal barrier at 23-24° S. (Fig. 24). Mixing between B 1 and 
Persian G ulf waters (Region 3 o f Figs. 4 and 6) occurs between 15° and 17° S. pre­
sumably because o f turbulence developed along the subsurface front at 14-15° S. 
separating water masses o f the north from those o f the south. Direct mixing between 
B 1 and D  (Region 4 o f Figs. 4 and 6) does not occur along 105° E. and along the 
salinity maximum at 170 m (Station 95, Fig. 24) although a mixture o f B 1 and D  is 
also mixing with the overlaying water mass E  at Station 94 (Fig. 24). High salinity 
water masses (B  and D, Fig. 4) o f the north Indian Ocean and the low salinity water 
mass (S%0 minimum Fig. 4) from north o f Java were not found south o f the front at 
14-15° S. (Fig. 24). This front corresponds to that of Ivanov-Frantskevich (1961) 
at 10-12° S. for the central and western Indian Ocean. Ivanov-Frantskevich (1961) 
claims that Antarctic Intermediate water ascends to the surface in this frontal zone 
eastward o f 90° E. N o evidence o f this can be found in the 105° E. section (Fig. 24).
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Waters o f the counter-current E  (Fig. 4) were found north of the 14-15° S. front with a 
much lower salinity than south o f  it (Fig. 24). The main entry o f E  occurred to the

•02

•Öb

7̂5
00* OJ

20° - 3 * 5 -7 0 • 34 20'• 33
•5*

• 2*
A U S T R A L IA

Fig. 14.— Salinity distribution within the core of mixtures of water mass B 1 (Fig. 4) 
and Arabian Sea waters (4 in Fig. 4). For salinity coding see Figure 7.

140

190«
iao*

• 124

>200
170» 10120' 20'¿40*

100

170«

ISO]
A U S T R A L IA

Jo  i o p
I I O °loo'

Fig. 15.—Depth (m) of mixtures of water mass B 1 and Arabian Sea waters (4 in Fig. 4).
Arrows as in Figure 14.

north o f this front (Fig. 24) so that the higher salinities of E  south of the front must 
be caused by mixing with B 1 (Fig. 24).

698



HYDROLOGY OF THE INDIAN OCEAN. III 39

110°
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BORNEO
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‘̂ 34-50 ®
\ ' S'* \  6,0®

AUSTRALIA 20
M O °

Fig. 16.—Salinity distribution within the core of the salinity minimum around at 26*30 
(Fig. 4). F or salinity coding see Figure 7.
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Fig. 17.—Depths (m) of the salinity minimum (Fig. 16). Arrows as in Figure 16.
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BORNEO

AUSTRALIA

Fig. 18.—Salinity distribution within the core of Arabian Sea waters (D in Fig. 4). 
Numbers refer to water mass limits of Figure 4. For salinity coding see Figure 7.

BORNEO

AUSTRALIA

Fig. 19.— Depth (m) of the Arabian Sea waters (D in Fig. 4). Arrows and numbers as in Figure 18.
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It could be argued that since water masses E  and Fare found close to the surface 
(Figs. 21 and 23) they could be formed by local processes rather than transport from 
an external source. Thus surface or near surface high salinity waters from south o f  
the front at 23-24° S. (Fig. 24) would be progressively diluted by increased precipita­
tion (Wyrtki 1961) as they moved towards the north. Mixing within the upper 100- 
125 m could form a temperature-salinity relation o f the type shown in Figure 3. 
However, the inorganic phosphate (Fig. 25) and oxygen (Fig. 26) along the 105° E.

1 0 0 °  110° 1 2 0 °  13O0 E.

'Oo-
*n

3 4 9 0 to*

20°

- 3 5  6 0

3 5 8 0

100° 120°
Fig. 20.— Salinity distribution within the core o f water mass E  (Fig. 4). Numbers 

refer to water mass limits o f Figure 4. For salinity coding see Figure 7.

section show that water masses E  and F  are low in oxygen (less than 4-00 ml/1) and 
high in phosphate (greater than 0-40 /xg-atom/1). These properties cannot be recon­
ciled with a surface formation o f these water masses within the south-east Indian 
Ocean, and their sources must be external to the region.

V. Sea so n a l  C h a n g e s  in  D ist r ib u t io n  of W a t e r  M asses

On cruise 31 R.S. Vityaz occupied a sufficient number o f stations in the south­
east Indian Ocean to trace the distribution o f the water masses o f Section III during 
October-December 1959, i.e. during the transition period from south-east to north­
west monsoon (Fig. 2).

In January-March 1962 H.M .A.S. Diamantina occupied stations throughout 
the region to the north-west of Australia (Fig. 1) during the north-west monsoon.
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These have been used to determine the eastern limits o f the water masses o f Section 
III during this period. On the assumption that the distribution observed in these 
different years and in July-September 1962 (Section III) is representative o f average 
conditions, comparison is made in this section o f the seasonal changes in position of  
the major distribution paths with selected isohalines o f the water masses within the 
upper 500 m o f the south-east Indian Ocean.

Persian Gulf.—This water mass was found along two major paths in October- 
December (Fig. 27) as previously established for July-September (Section III) but 
in January-March the station network was sufficient only to establish the northern 
division o f flow as a permanent year-round feature. Along this northern path, the 
position o f the 34 • 65%0 isohaline indicated that maximum flow to the east occurred 
in October-December.

1 0 0 °  110° 1 2 0 °  1 3 0 °E .

BO RN EO

'  120

10°

20°20°

IOq \

ioo° uo° 1 3 0 °E .

Fig. 21.— Depth (m) of water mass E  (Fig. 4). Arrows and numbers as in Figure 20.

South-east Indian high salinity.— Seasonal changes in position of the northern 
limits o f mixtures o f this water mass and the oxygen maximum (2 in Fig. 4) could not 
be examined because of lack of stations south of 20° S. on Diamantina cruise 1/62. 
The northern limit o f mixtures of this water mass and Persian Gulf water (3 in Fig. 4) 
was based upon the position o f the 34-90%o isohaline (Fig. 28) which lies within the 
frontal zone at 15° S. (Fig. 24) separating water mass B 1 from those o f the north 
Indian Ocean. The change in position of this isohaline indicates that the greatest 
penetration of water mass B 1 into the region north-west of Australia occurs in October- 
December, when the greatest eastward flow o f Persian Gulf waters also occurs (Fig.
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1 0 0 °  110° 1 2 0 ° E .
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2 0io°

34  6 0  
3 4 -8 0 -
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• 3 5 - 0 03 5 0 0 .

2020(
AUSTRALIA

ioo° 110°
Fig. 22.—Salinity distribution within the core of water mass F  (Fig. 4). Numbers refer 

to water mass limits of Figure 4. For salinity coding see Figure 7.
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Fig. 23.—Depth (m) of water mass F  (Fig. 4). Arrows and numbers as in Figure 22.
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27). The northern limit of mixtures o f water mass B 1 and Arabian Sea waters (4 in 
Fig. 4) was based upon the position o f the 35 * 10%o isohaline. The position o f this 
isohaline could be fixed on the eastern side only during January-March (Fig. 29) and 
on the western side only in October-December so that the extent of its seasonal 
change in position for the entire region cannot be established. Along the 105° E. 
meridian, however, the northern limit o f this isohaline was much further north in 
October-December than in July-September (Fig. 29).

Salinity minimum {at 26 • 30).—The southern limit of this water mass was defined 
by the position of the 34 • 70%o isohaline. This isohaline formed the northern limit 
of the frontal zone at 15° S. (Fig. 24). The seasonal changes in position o f this 
isohaline (Fig. 30) indicated that the greatest westward penetration occurred in July- 
September and the greatest penetration southward along the north-west coast of 
Australia in January-March. The relative stability o f position o f the isohaline in the 
centre of the region (* in Fig. 30) suggests that the volume transport of this water mass 
remains constant but its direction o f flow is varied during the year.

Arabian Sea .—The 34-90%o isohaline was chosen as the southern limit of this 
water mass. This isohaline lies within the frontal zone at 15° S. (Fig. 24). Changes in 
position of this isohaline (Fig. 31) indicated that this water mass moved eastwards to 
the greatest extent in January-March and receded westwards until October-December 
before eastward movement again occurred. The northern boundary of mixtures of 
water mass B 1 and Arabian Sea water along the 105° E. meridian (Fig. 29) varied in 
position according to the extent o f eastward penetration of Arabian Sea water (Fig. 31).

Water mass E  (counter-current).—The 34-80%o isohaline on the northern side 
of the minimum (8 in Fig. 20) was chosen as the invading boundary o f this water 
mass. This restriction was applied since salinity values south o f this minimum are 
formed by the mixing o f these minimum salinity waters and water mass B 1 and are 
more representative o f B 1 than E. N o data west of 105° E. were available in January- 
March and none within 200 miles of Sumatra in October-December. It has been 
assumed, however, that since water mass E  occurred east o f 105° E. during these periods 
there must have been a flow from the west at the same time (arrows in Fig. 32). The 
changes in position o f the 34 • 80%o isohaline indicated that this water mass penetrated 
further to the east in October-March than in July-September (Fig. 32).

Water mass F .— Invading from the north-west, this water mass first decreases 
in salinity to form a region o f minimum salinities (Fig. 22) and then increases its 
salinity by mixing with waters o f higher salinity from the south. The 34 • 70%o isohaline 
to the north o f  this salinity minimum was chosen as the invading boundary o f this 
water mass. Changes in position o f this isohaline (Fig. 33) indicated a progressive 
movement o f this water mass to the east during the north-west monsoon (November- 
March). A rate of flow o f 5-10 miles per day (0 -2 -0 -4  knots) would cause this dis­
placement within the maximum period (July-March) or minimum period (September- 
January) respectively. These values compare with a maximum velocity of 31 cm/sec 
(0-6 knot) for the eastwardly flowing Java current computed from the dynamic 
topography by Soeriaatmadja (1957).
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Fig. 25. Inorganic phosphate distribution to  500 m along the 105° E. meridian. Depths of the core layers and coding of the
various water masses as in Figure 24.
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V I. F a c to r s  C o n t r o l l in g  th e  F l o w  o f  W ater  M asses

The meridional boundary o f water mass F  oscillated about a mean position in 
November from an extreme western position in August to an extreme eastern position 
in March (Fig. 34). The changes in meridional position o f the other water masses 
above 250 m generally followed this timetable, but at 500 m water mass B  was found

IIP®
 ► J U L Y - S E P T E M B E R

 > O C T O B E R  - D E C E M B E R

0   >  F E B R U A R Y - M A R C H

IO0

I
4 0 0

3 0 0  __ '

n o 0too®

Fig. 27.—The position and average depth of the 34*65%o isohaline of water 
mass B  (Fig. 4) during July-September 1962, October-December 1959, and 

February-M arch 1962.

IO® 10®

2 5 0
3 4  9 0

 ► J U L Y - S E P T E M B E R

 O C T O B E R - D E C E M B E R

 »  F E B R U A R Y - M A R C H

20®20®

A USTRALIA3 5 - 5 0
90° 110°

Fig. 28.—The position and average depth of the 35-50%o and 34-90%o isohalines of mixtures of 
water mass B l and Persian G ulf waters (3 in Fig. 4) during July-September 1962, and October- 

December 1959, and of the 34-90%„ isohaline only during February-M arch 1962.

at an extreme western position in March and at an extreme eastern position in 
November. To a depth o f at least 250 m, therefore, the westwardly recession o f these 
water masses occurs during the period o f strong winds from the south-east and could 
be caused by increase in zonal circulation. This possibility has been examined by 
comparing the mean rate of westwardly recession, of these water masses between August

708



HYDROLOGY OF THE INDIAN OCEAN. III 49

and March, with the vertical distribution o f geostrophic velocity to the west (Wyrtki 
1962) for the same region during October (Fig. 34). The extent o f agreement in shape 
and magnitude o f these two curves, especially when it is considered that the water 
mass curve is an average for six months and the geostrophic curve is based upon one

10°IO 0

3 5 1 0 20®20°
 > j u l y - s e p t e M b e r

 ► O C T O B E R  - D E C E M B E R

 >  F E B R U A R Y - M A R C H
A USTRALIA

110°9 0 °

Fig. 29.—The position and average depth of the 35-40%o and 35*10%o isohalines of mixtures of 
water mass B 1 and Arabian Sea waters (4 in Fig. 4) during July-September 1962, and O ctober- 

December 1959, and of the 35* 10%o isohaline only during February-M arch 1962.

M O®I O P '

200

JULY-SEPTEMBER
OCTOBER - DECEMBER

" 3ÓÓFEBRUARY-MARCH

2 0 20'

Fig. 30.—The position and average depth of the 34 ■ 70%o isohaline of the salinity minimum around 
at 26-30 (Fig. 4) during July-September 1962, October-December 1959, and February-M arch 1962.

month only, indicates that westward movement o f the waters o f the upper 250. m 
causes the recession o f these water masses. Below 250 m, however, water mass B  
moves eastwards in opposition to the surface circulation during March-November 
(Fig. 34). During November-March this water mass recedes westwards at an average
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rate o f 0-75 miles per day. The Banda Intermediate water mass flows into the Indian 
Ocean at depths o f 800 m (Rochford 1961) during November-March (Wyrtki 1957).

l o o “  I l o “  I 2 0 “ E .

is S

130

JULY-SEPTEMBER
 > OCTOBER-DECEMBER

-- >  FEBRUARY-MARCH

20' IOO“

Fig. 31.—The position and average depth of the 34-90%o isohaline of water mass D (Fig. 4) during 
July-September 1962, October-December 1959, and February-M arch 1962.
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Fig. 32.—The position and average depth of the 35- 10%o and 34-80%„ isohalines of water mass E  
(Fig. 4) during July-September 1962, and of the 34-80%o isohaline only during October-December

1959, and February-M arch 1962.

Patches o f this water mass have been found drifting west (at depths o f 450-550 m) 
at a rate o f 1 - 4 miles per day (Rochford 1963) which is very similar to the rate o f B.
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It is thought therefore that the westwardly recession o f B  is governed by intermediate, 
and not by surface, circulation.

The extent of meridional movement o f water masses off north-west Australia 
(Fig. 35) increased with depth to a maximum around 250 m (Fig. 35). All these move­
ments therefore cannot be governed by the local surface circulation. The timetable 
of movement also changes with depth around 200 m (Fig. 35). Above 200 m move­
ments to the south occurred in August-March whilst below 200 m it occurred in 
March-November. Above 200 m the direction of movement of water mass B l (4 in 
Fig. 4) agreed with that of surface currents and is presumably, therefore, governed by 
them. Below 200 m, however, the direction of movement is in opposition to surface 
currents. At these depths the greatest southward penetration o f the upper salinity 
minimum occurs in November-March when the escape of this water mass to. the west

110° 1 2 0 °  E .100°0°
B O R N E O

JULY - SEPTEMBER
-  OCTOBER-DECEMBER
-->  FEBRUARY-MARCH

1 2 0 °  E .IO O °

Fig. 33.—The position and average depth of the 34 - 70%0 isohaline of water mass F  (Fig. 4) during 
July-September 1962, October-December 1959, and February-M arch 1962.

is blocked by eastward flow o f north Indian Ocean water masses (Figs. 34 and 35). 
This year-round movement o f this water mass from its source región indicates that 
its transport into the east Indian Ocean must persist throughout the year. Water mass 
B 1 (3 in Fig. 4) above the upper salinity minimum follows the same timetable, but has a 
greater range o f movement (Fig. 35). It is unlikely, therefore, that seasonal changes 
in the northward flow of water mass B 1 could be governed by changes in the position 
o f the upper salinity minimum. It is more probable that'the northward flow o f water 
mass B 1, to the north-west of Australia, is governed by factors o f a seasonal nature 
near its source region, off south-west Australia (Rochford 1962) and that movement 
of B 1 controls the direction o f flow o f the upper salinity minimum.

VII. C o n c lu sio n s

Four water masses o f the north Indian Ocean have been identified within the 
south-east Indian Ocean :
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Red Sea.—This water mass has the same temperature-salinity characteristics as 
the earlier north-west Indian Intermediate (Rochford 1961) and had the same distribu­
tion in July-September 1962 as in July-November 1959-60 (Rochford 1961). It is 
now considered the source of this earlier intermediate water mass.

Persian Gulf.—This water mass is found north of 15° S. only and its major flow 
is to the east within several hundred miles o'f Indonesia. Its depth along this flow path 
deepens from 150-500 m.

P O S IT IO N  O F  WATER M A SS BOUND ARY (L O N G IT U D E  ° E )
9 0 9 5 I O P 1 0 5 I I O 120 1 2 5

SOUTH EAST TRADES 7 m i l« > /< o y

NORTH WEST MONSOON S m ilM ^ d o v

w ia y
s u s t .......................................................

S o u t h  e a s t  t r a d e s  2 m i i « * / d o /
|NORTH WEST MONSOON 2 S m i l c i j f t qy

I O O

^ O U T H  EAST TRADES 2 m ik i / d a y

200
NORTH WEST MONSOON 3  m il« » /d q y

SA LIN ITY  M IN IM U M

3 0 0

MEAN WESTWARD VELOCITY (AU G U ST-M ARC H )

20 3 0  cm /tec

4 0 0
^  H O  7S i * i l« » / d a v

MARCH AUGUST NOVEMBERI O O

¿2 0 0

o  3 0 0

ic-l U P P E R  LIM IT O F
i - /  EASTW A RD FLOW4 0 0

Fig. 34.—(A) The longitude of the meridional water mass boundaries on the three cruises and 
average velocities of eastward and westward flow. The velocity of westward flow of the Banda inter­
mediate water mass is shown for comparison. (B) The vertical distribution of westward flow of 
water masses ( •  — •  ) compared with that of the geostrophic velocities (O — O) (Wyrtki 1962).

Arabian Sea.—This water mass is found north of a boundary from 10° S. and 
95° E. to 20° S. and 115° E. and flows predominantly to the east at depths increasing 
from 1-50 m to 250 m in the downstream direction. It mixes in the north with low- 
salinity, near-surface water south of Java and in the south-east with high salinity 
water of the south-east Indian high salinity water mass.

Water mass E  (counter-current).—This water mass enters the region to the 
south-west of Sumatra and flows to the east and  south-east at depths of 100-150 m.

712



12
 NORTH MOVEMENT)
13 14

“ I--------------------- 1-------

POSITION OF WATER MASS BOUNDARY 
15' 16 17

 1----------------- 1------T

(SOUTH MOVEMENT----
18 19

IOO

200

XI—a
LdQ

300

4 00  r-

0 - 7 5  mllcayHoy

I AUGUST B'co

3  m ilc» /d o y

NCNEMBERCE

2  m ilo /d a y

I------
NOVEMBERH I i II11

1-5 m lk i /d q y
2 tnUti/Hay

LATITUDE SCALE 
;-------7 0  m ile» , ■ »

I MARCH B 1

I m a r c h  SALINITY MINIMUM
l-S  m lle s /d a y

SURFACE CURRENTS

MARCHES

Fig. 35.—The latitude of the zonal water mass boundaries on the three cruises and average velocities o f northward and southward
flow. Meridional direction of surface currents shown for com'parison.

t—i 05 U>

HYDROLOGY 
OF 

THE 
INDIAN 

OCEAN. 
III



54 D. J. ROCHFORD

It mixes with low-salinity, near-surface water south of Java and in the south-east with 
high-salinity water o f the south-east Indian high-salinity water mass. M ixtures of 
this latter type are found as far south as 22° S.

Two other water masses, as yet unnam ed, have been found in the south-east 
Indian Ocean.

Upper salinity minimum .— From  the region o f the Lom bok Strait this water 
mass spreads a t abou t 300 m, westwards in A ugust-Septem ber and towards north ­
west A ustralia in February-M arch. Its southern limit was found at about 15° S. a t a 
depth o f 250 m.

Water mass F.—This water mass enters the region west of Sum atra at depths o f 
75-100 m. It is widely distributed in the region north  of about 15° S. but its salinity 
distribution does not show its direction o f movem ent eastwards. Its southern limit 
is similar to  tha t of E  some 25-50 m below it.

One m ajor water mass from  the south Indian Ocean has been found and has 
been nam ed the south-east Indian high salinity water mass. This is found within only 
one core layer south of about 20° S. bu t north  of this latitude it is found in several 
core layers according to  its m ode of mixing. The deepest mixing occurs between it 
and the oxygen m aximum a t depths of 250-300 m in the vicinity of 15° S. M id-depth 
mixing occurs between it and the Persian Gulf, and upper salinity minimum water 
masses to  the south of Java around 15° S. a t depths of about 300 m. Shallow depth 
mixing occurs between it and the Arabian Sea water mass around 12-15° S. along the 
95° and 115° E. meridians at depths of about 150 m.

Seasonal changes in the distribution of these water masses have been found. 
M ovements to  the east and west within the upper 300 m are controlled by surface 
currents. Below 300 m, however, such movements follow those of the Banda In ter­
m ediate water mass at 500-800 m. The extent of southern penetration of these water 
masses tow ards north-west Australia is governed by surface circulation to a depth of 
200 m, but by the extent of northw ard movement o f south-east Indian high salinity 
water at depths below 200 m.
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Survey of Traw l Grounds off th e  N orth-W est Coast of A ustra lia 
w ith  Special Reference to  H ydrographical Conditions 

on th e  Grounds 

Kiyoshi M a s u d a ,  Shigekatsu  N a k a n e ,  Shoji S a i t o  and Takeji F u j i i

Abstract

1. Exploratory traw lings were carried out off the north-west coast of 
A ustralia two successive summers, December 1962 and December 1963~ Ja n u a ry  
1964, on the ocassions of train ing cruises of the  “ Oshoro M aru”  of Hokkaido 
University. Full data  m ay be referred to  “  D ata Record of Oceanographic Obser­
vations and Exploratory F ish ing”  No. 8 , No. 9.

• 2. Off Legendre Island a shallow bottom extends northw ard, and the area 
around th is  bank has been known as a traw ling ground called by fishermen 
“ Nose of Long-nosed g en ie” . Horizontal isotherms and isohalines a t th e  bottom 
strongly curved tow ards the northern direction a t  th is  region, indicating th a t 
w ater of high tem perature and high salinity extended from  the coastal region to 
th e  offshore region. Such an area has been known to be a  good traw ling ground 
in general.

3. Off Cape Thouin there was an intrusion of low tem perature and low 
salinity offshore w ater into the coast in th e  direction from  ENE to WSW. Ex­
ploratory traw lings made in the areas around th is w ater and ap art from this 
w ater indicated th a t the  area off Cape Thouin was also a  good traw ling ground 
a t  th is season.

4. The current was measured w ith a  current m eter (Toho Dentan CM-2) off 
P ort W alcott. Tidal curren t was directed mostly to  150° during flood tide, and 
m ostly to  285° during ebb tide, w ith the  maximum velocity of 0.6 m /sec. recorded 
during th e  ebb tide.

5. Off th e  north-w est coast of A ustralia “ K uchim idai”  (Lethrinus ornatus 
C u v ie r  & V a le n c i e n n e s )  was most abundant among the  traw l caught fish, oc­
cupying 16.4% in w eight of to ta l catch including all fish in the  net, on the average 
of all stations. The catch of th is  species off th is  coast has been reported more 
than  40% in the  Fisheries S tatistics which was based on the  catch of commercially 
im portant fish stored on th e  ships. In the  present samples the  mean body length 
(fork length) of th is species was 28.26 cm in female and 29.95 cm in male. Ratio of 
num ber for female to  male was 1:0.67. The deeper the grounds shifted, the  

larger the  size of fish.
6 . A larger catch of “ Chikodai”  (Argyrops spinifer  F o r s k a l ) ,  “ A kadai” 

(Lutjanus janthinuropterus B le e k e r )  and “ N agadai”  (Scolopsis temporalis 
C u v ie r  & V a le n c ie n n e s )  was obtained in th e  grounds on the east side of the
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w arm  w ater extrusion (ref. to  2) and on the contrary, the catch of “ H im edai” 
(Nemipterus peronii C u v i e r  &  V a l e n c i e n n e s ) ,  “ Yokosujifuedai ”  {Lutjanus 
vitta Q u o y  & G a i m a r d )  and “ Sennendai”  (Lutjanus sebae C u v i e r  & V a l e n ­
c i e n n e s )  was increased on the  offshore of th is area.

7. The catch of “ Chikodai” , “ A kadai”  “  H ata ” (Epinephelinae), “ H ira a ji” 
(Caranx malabaricus B l o c h  &  S c h n e i d e r ) ,  “  Nagadai ” was apparently decreased 
a t  n igh t as compared w ith the  day ligh t catch.
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electronic computer 
elds research on 
indien ocean expedition

R. Suryanarayana 1 and 
Forrest R. M iller, Lt. Coi., U SA F 2 

International Meteorological Centre 

Bombay, India

1. Introduction
Before the turn of the century the Valdivia, a converted 
German steamship, rounded the Cape of Good Hope 
one day in the Fall of 1898 to carry out an extensive 
geophysical survey over the Indian Ocean on the Ger­
man Deep Sea Expedition. During the ensuing year she 
traversed the Indian Ocean many times, collecting ocean­
ographic samples, probing the depths and making de­
tailed meteorological observations. After 1899 and un­
til the beginning of the International Indian Ocean 
Expedition no other significant multi-disciplinary in ­
vestigation had been made in this region. T he general 
plans for tKe U. S. Program in meteorology on the In ­
ternational Indian Ocean Expedition (IIOE) were de­
scribed by Ramage (1962). Since October 1962 news­
letters covering the activities and programs have been 
published by Dr. C. S. Ramage, IIOE, Scientific Director 
for Meteorology at Colaba Observatory, Bombay 5, 
India.

In the early days, many months and even years in 
some cases were required to collect, assemble and ana­
le/e data from expedition ship reports like those of 
lile Valdivia  and from adjacent land stations. Long 
disunite communication networks had not been devel­
oped to provide rapid data transmission over so vast 
a region as the Indian Ocean. Today the situation has 
changed considerably: heavily instrumented research 
a ircraft3 cover thousands of air miles, automatically 
photographing clouds and recording observations at fre­
quent intervals; several oceanographic vessels equipped 
with modern laboratories and instruments simultane­
ously probe and sample large oceanic regions, recording

c Mr. Sunanara^aua is a senior scientist in the Indian Me­
teorology Department, currently assigned to the computer sec­
tion at the International Meteorological Centre.

?L t. Coi. Miller is on a 3-year assignment to the National 
Science Foundation and the International Indian Ocean 
Expedition.

3 The Woods Hole Oceanographic Institution and Weather 
Bureau Research Flight Facility aircraft flew weather missions 
in support of the IIOE meteorological program over the In ­
dian Ocean, Bay of Bengal and Arabian Sea from May to July 
1963 and February to March 1964. Reconnaissance missions 
were flown from 500 ft to 40,000 ft to obtain detailed meteoro­
logical data at frequent intervals on magnetic tape film, and 
from personal observations.
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most of their data automatically; and continental cen­
ters, island stations, aircraft and ships transmit large 
quantities of data daily through high speed communica­
tions networks to collection centers. Thus, modern sci­
entific expeditions are assured of accurate and timely 
information covering extensive areas under investigation. 
However, even the most efficient and well staffed scien­
tific expeditions are hard pressed to keep up with data 
collection and processing, not to mention performing 
research, in the field as data are received. T he need for 
electronic computers to assist researchers and process 
data as they are received is greater than ever before.

In  recent years engineering improvements and reduc­
tions in size and cost of computers have made possible 
their inclusion in the budgets of large scale field projects 
and expeditions, if not in a plan for field equipment, 
then certainly a t die earliest practicable date. At the 
International Meteorological Centre (IMC), established 
by the Indian  Meteorology D epartm ent a t Bombay, In ­
dia, to coordinate and direct the Indian Ocean Expedi­
tion meteorological program, a medium scale electronic 
computer and auxiliary machine equipm ent were in­
stalled in January 1964. T he establishment of the com­
puter at IMC was made possible through a U nited N a­
tions Special Fund grant and currently is supported by 
a U nited Nations Special Fund Mission.

T he activities at IMC include, in addition to a com­
puter facility, extensive data collection and analysis 
programs to support die research being actively pur­
sued by all staff members. Map analyses have been per­
formed twice daily since January 1963 for several levels 
from the surface to 100 mb, covering the IIOE region 
shown in Fig. I. T he data coverage on this chart is 
typical of that found on most days after late data has 
been plotted. Synoptic surface and upper air data are 
being plotted on semi-transparent master charts from 
which sepia and blue line ozalid copies can be repro­
duced. Late data are back-plotted from manuscripts, 
micro-film and hard copy teletype on die master charts 
as soon as possible. Nearly all meteorological data re­
ceived at IMC for the IIO E region are micro-filmed. At 
the University of Hawaii, T IR O S photographic com­
posites, are being made covering those periods diat one 
or more T IRO S satellites were over the IIO E regions.

Vol. 45, N o . 10, O ctober 1964
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Fic. 1. Plotted low level chart for 6 July 19C3 on the 1101:1 base map. This chart is typical of the data coverage 
after all late data are received and plotted a t IMC. AVinds for 3000 ft are usually plotted for land stations on the 
low level chart. T he wind shafts and arrows for upper air data stand out on this chart.

T IR O S Autom atic Picture Transm ission (APT) equip­
m ent was p u t in to  operation a t IM C in  January  1963.

T h e  com puter a t IM C is an IBM 1620 card system 
with a capability of reading 250 punched cards per 
m inute, or punching 125 cards per m inute. T h e  con­
figuration of this system includes a 60,000 digit core 
memory and autom atic floating po in t arithm etic cir­
cuitry. A console typewriter is used for optional in p u t/  
o u tp u t da ta  transmission in to  the com puter. Fig. 2 
shows pa rt of the com puter room  at IMC, Colaba 
Observatory.

T his com puter is serving as a research tool by being 
applied  to com pute various derived meteorological pa­
rameters which when analyzed will aid in developing 
an understanding of the seasonal m onsoon circulations.
I t  is also being used to process data. Radiosonde and 
upper wind reports, surface ship and selected island 
surface observations are being punched on cards. These 
data are thoroughly checked for accuracy and validity 
by 1620 com puter programs developed a t IMC. C lim ato­
lógica I summaries of meteorological data and air-sea 
energy exchange com putations are being made by the 
com puter. Derixcd data as well as checked original ob*

6 4 5

servations coveting the entire IIO lí period (1963-1965) 
are to be made available in the form of punched cards, 
tabulated forms, microfilm and atlases.

Fic. 2. Fan  oí ih r m m putor room at IMC. An additional 
I0.00U digit mu- m cnion unit is plait'd to the left of the 
1620 Consol ami is not shown. T he m m bined card icad / 
puntii unit is shown to the right.
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2. Processing upper air data
A 1620 p rogram  was developed to process an d  check 
radiosonde observations received a t IM C  from  ap p ro x i­
m ately 150 stations in  the IIO E  region. Fig. 1 shows the 
d is trib u tio n  of these upper-a ir stations over the IIO E  re ­
gion. T h e  com puter p rogram  is d iv ided in to  3 sections: 
the  first section meshes m andafory  and  significant level 
d a ta  w hich have been  pun ch ed  on  cards in  the  same 
fo rm at as received, i.e., m andatory  levels follow ed by 
significant levels; the second section decodes the d a ta  
a n d  com putes heights a t each level by the hydrostatic  
form ula, recom putes re la tive  hum id ities an d  checks for 
valid  tem peratu res an d  lapse rates. T h is  p a r t  of the p ro ­
gram  was developed to check rad iosonde reports in  a 
m an n e r sim ilar to th a t used a t the  C lim atic  C enter, 
Asheville, N . C. T h e  th ird  section m akes n a tu ra l log 
in te rp o la tio n s o f m eteorological param eters a t 50-mb 
in tervals an d  punches them  o u t in  a fo rm at sim ilar to 
th a t now used for N o rth e rn  H em isphere  radiosonde 
d a ta  a t Asheville.

U p p e r w inds are being  p u n ch ed  on cards from  a p ­
proxim ately  150 p ibal, raw in  and  rab al stations. T hese 
d a ta  are also being  checked by the com puter fo r validity  
and  u n usual shear conditions. For each upper-a ir obser­
vation  checked, an  e rro r list is typed o u t on  the 1620 
typew riter. All data  will be checked against the erro r 
lists by technicians and  correction  cards p u n ch ed  w her­
ever possible.

3. Air-sea energy exchange computations
Each m o n th  6000 to 8000 ship  rep o rts are received a t 
IM C  from  the In d ian  Ocean, Bay of B engal an d  A rab ian  
Sea. (Seas a ro u n d  Indonesia  included.) T hese d a ta  are 
extrem ely im p o rtan t in  p rov id ing  low level da ta  cover­
age over the vast oceanic area w hich includes only a few 
island stations and  makes u p  the cen tra l region of in ­
vestigation. Fig. 1 displays a typical d is trib u tio n  of ship 
reports p lo tted  on the surface chart a t IM C  for 6 Ju ly  
1963. D etailed  checking of all sh ip  reports pun ch ed  on 
cards is accom plished w ith the  a id  of a com puter p ro ­
gram . O riginally  this p rogram  was presen ted  to IM C  by 
the U. S. B ureau of C om m ercial Fisheries, U. S. D ep art­
m en t of In terio r. T h e  program  was m odified a t IM C  to 
fit da ta  checking an d  co m puta tional requ irem ents for 
die IIO E  region.

In d iv id u a l ship reports are pun ch ed  on cards in the 
fo rm at used in  synoptic broadcasts. T h is  p rocedure is 
follow ed to m in im i/e  punch in g  tim e an d  errors. Punched  
ship  da ta  covering a period  of one m on th , o r any o ther 
desired interval, are sorted in to  5° la titu d e  an d  long i­
tude blocks and  finally sorted in to  10° lo n g itud inal 
strips, all in ascending order. T h is  sorting  is quickly 
accom plished by an au tom atic  sorting  m achine. Each set 
of sorted data  front all sources is then  processed for 
errors by the. com puter. M any of the m eteorological p a ­
ram eters are checked against clim atological m ean values. 
T hose values which fall outside of acceptable ranges of 
the  m ean are rechecked an d  e rro r messages are typed.
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All o th er values are re ta in ed  for la te r com puta tion . E rro r 
messages s e n e  to ind ica te  which sh ip  observations should  
be checked fu rth er. W herever possible, errors are cor­
rected before the final co m p u ta tio n al ru n  is m ade.

Air-sea energy exchange com putations are m ade using 
the m eteorological da ta  averaged over 5° square  areas. 
T hese com puta tions are carried  o u t to o b ta in  rates of 
h eat tran sp o rt th rough  the  air-sea in terface in  cal c m '2 
pe r day according to the expression:

Qu =  — Qn — Qr — Q. — Qu.
W here, Q ,t  represen ts to ta l ra te  of h ea t transport. I n ­
com ing an d  o u tgo ing  rad ia tio n  a t the  surface of the sea 
are rep resen ted  by Q ,, Qb an d  Q r. H ea t exchange due 
to evapora tion  o r condensation  is com puted  according 
to a form  of Sverdrup 's evapora tion  eq u atio n  as de ­
scribed by T a b a ta  (1958) an d  R oden  (1959). Sensible 
h ea t exchange com putations are carried  o u t using the 
Bowen ra tio  m ethod. Finally, averaged m eteorological 
param eters an d  h ea t budget com puta tions are p u n ched  
on cards. A com puter p rogram  has been developed to 
a rrange these d a ta  for p r in tin g  in  g rid  form  so th a t 
analyses can be m ade directly  on  the grids.

4. Computer derived analytical aids
T h e  m ap  analyses together w ith  daily  discussion periods 
provide the co n tin u ity  an d  background  necessary to u n ­
d erstand  the  basic flow p a tte rn s a n d  also p rov ide guide 
lines along w hich research is be ing  conducted  a t IM C. 
However, m any in te res tin g 'q u e stio n s  concern ing  varia ­
tions in  the w eather and  flow p a tte rn s of the m onsoon 
circulations can n o t be answ ered th rough  conventional 
analyses alone. T h erefo re , several derived m eteorologi­
cal param eters are  com puted  w ith  the a id  o f 1620 com ­
p u te r  program s; the results are p lo tted  on  graphs ' or 
aux iliary  charts.

For exam ple, two program s to com pute  horizon tal 
velocity divergence an d  vorticity  have been  p u t  in to  
operation . O ne m eth o d  applies fin ite  differences using 
directions and  speeds ex tracted  from  stream line analyses. 
T h e  o th er m eth o d  is based on the  m ore objective B el­
lamy approach  w hereby observed w ind da ta  from  sets 
of th ree  stations are used. A t p resen t these com putations 
are being m ade over In d ia  an d  ad jacen t regions south 
of 25N w here there  is adequate  d a ta  coverage. A no ther 
program  com putes horizon tal partic le  trajectories a t 
specified levels from  the flow d irections and  speeds ob ­
tained  in the daily  stream line analyses.

Program s have been, o r are be ing  developed to investi­
gate therm al fields. As described in  Section 3, h eat 
budget com putations a t the air-sea in terface are being 
m ade over the IIO E  oceanic regions. In  add ition , rad io ­
sonde d a ta  p u n ch ed  on cards an d  com puter checked 
will provide the in p u t to a p rogram  now  be ing  devel­
o ped  to com pute  static  stab ility . Several statistical type 
program s are now in use o r are being  developed to  aid  
researchers. T hese program s are  be ing  designed to use 
o ld er d a ta  pun ch ed  on cards in  In d ia  as Well as d a ta
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received over the IIO E  region th rough  th e  period  
1963-1965.

5. Training and auxiliary equipment
In  Jan u a ry  1963 a  tra in in g  course covering basic 1620 
m achine language was p resen ted  by the  IB M  staff in  
B om bay to m eteorologists a t  IM C. T h is  course of tra in ­
in g  was follow ed by a  w orkshop p eriod  in  w hich p ro ­
g ram m ing  techniques w ere a p p lied  to m eteorological 
problem s of im m ediate in terest. P rio r to the  a rrival of 
the  co m puter several d a ta  checking program s were de­
veloped by m em bers assigned to the  co m puter section. 
Some in itia l p rogram  check-out and  testing  was carried  
o u t on  a 1620 com puter a t the Physical Research L ab ­
oratory , A hm edabad, In d ia , app rox im ately  350 m iles 
n o rth  of Bom bay. D u rin g  late  O ctober 1963 an  ap p lied  
course in  1620 F O R T R A N  program m ing  was p resen ted  
fo r the  benefit o f U. N . research fellows and  in terested  
personnel from  the  In d ia n  M eteorology D ep artm en t 
(IM D).

In  ad d itio n  to the  com puter, an  IB M  870 D ocum ent 
W ritin g  System was in sta lled  a t IM C . D ata  g enera ted  in 
th e  co m puter an d  pun ch ed  on  cards in  a  special fo rm at 
can be p u t  in to  the  870 system to o b ta in  p lo tted  graphs 
an d  curves. By m eans o f a w ired con tro l panel, th e  870 
system can be p rogram m ed to  read  5 ch annel p a p e r tape 
an d  sim ultaneously  p u n ch  a n d  p r in t o u t d a ta  selected 
to be read. Some tim e in  th e  fu tu re  this system will be 
used to selectively read  an d  p u n ch  sh ip  d a ta  from  p ap er 
tap e  p e rfo ra ted  from  w eather d a ta  received over tele­
type circuits. O th e r aux iliary  eq u ip m en t consists o f an  
IB M  au tom atic  sorter, IB M  514 rep roducing  punch , an

IB M  402 accounting  m achine an d  set eral au tom atic  key 
p u n ch  an d  verifying m achines.

6. Concluding remarks
D u rin g  1963 an d  the first h a lf o f 1964, research m e­
teorologists o f IM D , u n d e r the d irections of P. R. Pisha- 
ro ty  an d  C. R . V. R am an an d  the U . S. group, sponsored 
by the  N a tional Science Foundation , have w orked to­
g e th e r as a team . A ll m em bers assigned to IM C  have 
collectively poo led  th e ir skills an d  efforts to ensure suc­
cessful da ta  collection, analyses an d  research program s. 
T h e  U. S. g roup  a t IM C  will move to the  U niversity  of 
H aw aii by mid-1964 to jo in  o th er m em bers of the  IIO E  
M eteorology staff now w orking there. In  the fu tu re  ac­
tive co llaboration  in  research, tra in in g  a n d  da ta  process­
ing  w ill co n tinue  am ong scientists o f the  U niversity  of 
H aw aii, the  U. N . Special F u n d  M ission a n d  IM D  at 
the In te rn a tio n a l M eteorological C entre , Bombay, In d ia . 
Regardless of w here the  m eteorological research w ill be 
carried  out, an  electronic com puter w ill co n tin u e  to 
serve as the silent and  efficient a id  to researchers on  thé 
In te rn a tio n a l In d ian  O cean E xpedition .
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(R eprin ted from  N ature, Vol. 2 0 4 ,  N o.  4 9 5 7 ,  pp.  4 3 6 - 4 3 7 ,
O ctober  3 1 ,  1 9 6 4 )

E Q U A TO R IA L  U N D E R C U R R E N T  IN  
TH E  W ESTER N  IN D IA N  O C E A N

By D r. J. C. SW A L LO W ,
R.R.S. Discovery, c/o General PosÇ Office, London

F O U R  tim e s  d u rin g  M a rc h -J u n e  th is  y ea r, th e  eq u a to r ia l 
u n d e rc u rre n t h a s  b een  o b serv ed  b y  th e  R .R .S . 

Discovery  in  th e  course o f  i ts  p a r tic ip a tio n  in  th e  I n te r ­
n a tio n a l In d ia n  O cean  E x p ed itio n . W e h av e  fo u n d  m u ch  
h ig h e r speeds th a n  th o se  re p o rted  b y  K n a u ss  a n d  T a f t1 in  
th e  sam e season  o f  th e  p rev io u s y ea r, a n d  a  b r ie f  p re ­
lim in a ry  acco u n t m a y  b e  o f  in te re s t a lth o u g h  n o t  all th e  
re su lts  h av e  y e t  b een  processed .

K n a u ss  a n d  T a f t  fo u n d  on ly  a  w eak  u n d e rc u rre n t in  th e  
w este rn  In d ia n  O cean, w ith  m ax im u m  speeds g enerally  
less th a n  50 om /sec a n d  som etim es scarce ly  a n y  sign ifican t 
e a s tw a rd  flow  a t  all. I n  c o n tra s t,  tw o  o f  o u r sec tions 
show ed  speeds exceed ing  120 cm /sec, co m p arab le  w ith  
th o se  fo u n d  in  th e  Pacific u n d e rc u rre n t, a n d  som e s u b ­
su rface  ea s tw a rd  m o v em en t Was a lw ay s fo u n d .

O n th e  f irs t th ree  crossings o f  th e  e q u a to r , a  b u o y  w as 
an ch o red  a t  each  o f  th e  s ta tio n s  show n (Figs. 1-3). W a te r  
m o v em en t re la tiv e  to  th e  sh ip  w as m easu red  w ith  d ire c t- 
re ad in g  c u rre n t-m e te rs2 a n d  th e  sh ip ’s  d r if t  w as d e te rm in ed  
b y  ra d a r  re la tiv e  to  th e  an ch o red  b u o y . D rogues w ere also 
u sed  fo r m easu rin g  th e  n ea r-su rface  cu rre n t.

i° s.2 -5 °  S . Io N.0’

-50

-25

50 m

100  m

150 m -

200  m

Fig. 1. Section 1, 58° S . March 18-23,1964. Eastward component of 
velocity in cm/sec
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Fig. 2. Section 2, 67° 30' E . April 26-May 1, 1964. Eastward com­
ponent of velocity in  cm/sec

Sec tio n  1, 58° E . ,  M a r c h  1 8 -2 3 , 1964. T h e  u n d e rc u r re n t  
w a s  c e n tr e d  o n  th e  e q u a to r ,  w i th  a  m a x im u m  e a s tw a rd  
s p e e d  o f  122 cm /sec  a t  75 m  d e p th ,  in  t h e  th e rm o c lin e . 
T h e  m e rid io n a l c o m p o n e n t th e re  w a s  28 cm /sec  s o u th ­
w a rd . T h e  e a s tw a rd  sp e e d  fa lls  to  a b o u t  h a lf-v a lu e  a t  
I o N . a n d  I o S. a n d  m e rid io n a l flow  in  th e  u n d e rc u r re n t  
w a s  r e la t iv e ly  w e a k  a t  a ll  s ta t io n s . S p re a d in g  o f  th e  
th e rm o c lin e  w a s  o n ly  s l ig h t, th e  s e p a ra t io n  o f  th e  15° C 
a n d  25° C is o th e rm s  b e in g  105 m  a t  th e  e q u a to r ,  a n d  
8 0 -9 5  m  a t  2° S. a n d  2° N . T h e  w a te r  in  th e  u n d e rc u r re n t  
h a d  a  h ig h  s a l in i ty ,  th e  m a x im u m  v a lu e s  d ec rea s in g  
fro m  n o r th  to  s o u th .  A t  th e  e q u a to r  th e  m a x im u m  w as  
35-55 p a r t s  p e r  th o u s a n d  a t  100 m , s l ig h tly  d e e p e r  th a n  th e  
h ig h -sp e e d  co re . S u rfa ce  c u r re n ts  w e re  n o r th -w e s t, 
3 0 -6 0  cm /sec , a t  I o N .,  th e  e q u a to r  a n d  I o S ., a n d  s o u th ­
w e s t, 50 cm /sec , a t  2 \ °  S.

T h is  se c tio n  w o u ld  b e  v e ry  s im ila r  to  ty p ic a l  P ac ific  
s e c tio n s  b u t  fo r  th e  a s y m m e try  d u e  to  th e  d e e p e r  e a s t ­
w a rd  flow  a t  th e  s o u th e rn  e n d  o f  th e  sec tio n .

E v id e n c e  in  s u p p o r t  o f  th e  p e rs is te n c e  in  tim e , a n d  
c o n t in u i ty  w i th  lo n g itu d e , o f  th e  u n d e rc u r re n t  com es 
fro m  a n  o b s e rv a tio n  m a d e  2 w eeks a f te r  th is  sec tio n  w as 
c o m p le te d , b y  H .M .S . O w en3. A t  a n  a n c h o r  s ta t io n  o n  
th e  e q u a to r  in  55° 4 0 ' E . o n  A p ril 7, 1964, a n  e a s tw a rd  
c u r r e n t  o f  90 cm /sec  w as  fo u n d  a t  a  d e p th  o f  50 fa th o m s  
(91 m ) w ith  m u c h  w e a k e r  c u r re n ts  a b o v e  a n d  below .

Sec tion  2, 67° 3 0 ' E . ,  A p r i l  2 0 - M a y  1, 1964. O n th is  
se c tio n  th e  su rfa c e  c u r re n ts  w ere  e a s tw a rd , w ith  sp eed s 
o f  a b o u t  90 cm /sec  a n d  m e rid io n a l c o m p o n e n ts  co n v erg in g

2
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200 m
F ig . 3. S e c tio n  3, 58° E . J u n e  2 -7 , 1964. E a s tw a rd  c o m p o n e n t o f  

v e lo c ity  in  cm /sec

o n  th e  e q u a to r .  A t  th e  e q u a to r  a n d  l ü S . th e r e  w a s  a  
s ig n if ic a n t s u b -s u r fa c e  m a x im u m  o f  e a s tw a rd  flow , 
re a c h in g  126 c m /se c  a t  70 m  d e p th  a t  I o S. T h e  m e r id io n a l  
c o m p o n e n ts  o f  th i s  s u b -s u r fa c e  c u r r e n t  w e re  w e a k , w ith  
a  te n d e n c y  to  d iv e rg e  fro m  th e  e q u a to r ,  a n d  a g a in  th e r e  
w a s  a  s a l in i ty  m a x im u m  s l ig h tly  d e e p e r  t h a n  th e  h ig h -  
v e lo c i ty  co re , d e c re a s in g  in  s t r e n g th  fro m  n o r th  to  s o u th .  
I t  h a d  a  v a lu e  o f  35-42 p a r t s  p e r  th o u s a n d  a t  92 m  a t  th e  
e q u a to r .  T h e  s te e p e s t  p a r t  o f  th e  th e rm o c lin e  w a s  d e e p e r  
th a n  th e  v e lo c i ty  m a x im u m  w h ic h  la y  b e tw e e n  th e  

'2 8 ° C a n d  29° C is o th e rm s . T h e re  w a s  a  d i s t in c t  s p re a d in g  
o f  th e  th e rm o c lin e  o n  th i s  s e c tio n , th e  s e p a ra t io n  o f  th e  
25° C a n d  15° C is o th e rm s  b e in g  85 m  a t  t h e  e q u a to r ,  a n d  
o n ly  53 m  a n d  44  m  a t  2° N . a n d  2° S. S o m e in d ic a t io n  o f  
p o s s ib le  in s ta b i l i ty  co m es fro m  o n e  o f  th e  r e p e a t  o b s e r v a ­
t io n s  a t  2° S .;  t h e r e  a p p e a re d  to  b e  a n  e a s tw a rd  su rg e  
w h ic h  w o u ld  in c re a s e  th e  sp e e d s  sh o w n  a t  t h a t  s t a t io n  b y  
30 c m /se c , e x a g g e ra t in g  e v e n  m o re  t h e  a s y m m e try  a b o u t  
t h e  e q u a to r .

S ec tio n  3, 58° E . ,  J u n e  2 -7 ,  1964. T h e  u n d e r c u r r e n t  w a s  
s t i l l  p re s e n t ,  th o u g h  w e a k e r  a n d  s h a llo w e r  a n d  d is p la c e d  
s t i l l  f a r th e r  s o u th  f ro m  t h e  e q u a to r .  T h e  m a x im u m  
e a s tw a rd  s p e e d  o b s e rv e d  w a s  84 cm /se c  a t  39 m  a t  2° S. 
S u rfa c e  c u r r e n ts  h a d  o n ly  w e a k  z o n a l c o m p o n e n ts  a n d  
te n d e d  to  d iv e rg e  f ro m  th e  e q u a to r ,  b e in g  n o r th - e a s t  a t  
2° N . a n d  s o u th - e a s t  t o  s o u th  a t  I o S. to  3° S ., 3 0 -6 0  c m / 
sec . A t  t h e  e q u a to r  a n d  I o N . th e r e  w a s  a  w e a k  w e s tw a rd  
s u r fa c e  c u r r e n t .

3
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F ig . 4 . C u rre n t v e c to rs  u s in g  m ea n  o f  o b se rv a tio n s  a t  5 0 0 -1 ,5 0 0  m  d e p th  a s  re fe ren ce  v a lu e .
L en g th s  o f  a rro w s  in d ic a te  sp eed . E x a m p le s  sh o w n  re p re se n t 50 em /sec . J u n e  13 -2 1 , 1964

I n  t h e  h ig h -s p e e d  co re , m e r id io n a l  c o m p o n e n ts  w ere  
n o r th w a rd ,  w i th  a  m a x im u m  o f  49 cm /sec  a s s o c ia te d  w ith  
th e  84 cm /se c  e a s tw a rd  m a x im u m , b u t  b e lo w  t h a t ,  b e tw e e n  
th e  50  cm /se c  a n d  25 cm /se c  is o ta c h s , th e  m e rid io n a l 
flow  w a s  s o u th w a rd .  T h e  s a l in i ty  m a x im a  la y  c lose to  th is  
lo w er zo n e , w i th  a  v a lu e  o f  35-30 p a r t s  p e r  th o u s a n d  a t  
79 m  a t  th e  e q u a to r ,  a n d  th e  s te e p e s t  p a r t  o f  th e  th e r m o ­
c lin e  w a s  a t  a b o u t  th e  s a m e  d e p th .  T h e re  w a s  n o  s ig n ifi­
c a n t  s p re a d in g  o f  th e  th e rm o c lin e ,  w i th  th e  25° C a n d  
15° C is o th e rm s  v a r y in g  b e tw e e n  75 m  a n d  90 m  s e p a ra ­
t io n  th r o u g h o u t  t h e  s e c tio n .

O n  o u r  f o u r th  v is i t  to  th e  e q u a to r ,  d u r in g  J u n e  1 3 -2 1 ,
1964, s h o r t  s e c tio n s  w e re  w o rk e d  in  58° E .,  60° E .  a n d  
6 7 2° E .  w ith  s t a t io n s  a lo n g  th e  e q u a to r  b e tw e e n  th e  l a t t e r  
tw o . I t  see m s m o re  c o n v e n ie n t  t o  p r e s e n t  th e s e  o b s e rv a ­
t io n s  in  p la n  v ie w  in s te a d  o f  v e r t ic a l  p ro file s . T im e  
d id  n o t  p e r m i t  a n c h o r in g  b u o y s ;  in s te a d ,  a t  e a c h  s ta t io n  
th e  u s u a l  c u r r e n t - s h e a r  m e a s u re m e n ts  to  200  m  w ere  
s u p p le m e n te d  b y  o b s e rv a t io n s  a t  a  few  d e p th s  to  1,500 m  
u s in g  a  te le m e te r in g  c u r r e n t - m e te r  p ro v id e d  b y  th e  C h r. 
M ich e lsen  I n s t i t u t e  a n d  th e  G e o p h y s ic a l  I n s t i tu te ,  
B e rg e n . T h e  m e a n  s h e a r  b e tw e e n  10 m  a n d  5 0 0 -1 ,5 0 0  m  
d e p th s  h a s  b e e n  t a k e n  a s  r e p re s e n t in g  th e  n e a r -s u r fa c e  
c u r r e n t ,  to  w h ic h  th e  u p p e r  p a r t  o f  th e  s h e a r  p ro file  h a s

4
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b e e n  f i t te d .  I n  F ig . 4, c u r r e n t  v e c to r s  d e r iv e d  in  th i s  
w a y  a re  sh o w n  fo r  e a c h  s t a t i o n  a t  10 m  a n d  200 m  
d e p th s ,  a n d  in  th e  s u b -s u r fa c e  e a s tw a rd  m a x im u m , 
w h ic h  is  g e n e ra l ly  n e a r  50 m  d e p th .  W h e re  n o  s u b ­
su r fa c e  m a x im u m  w a s  fo u n d , t h e  50 m  v a lu e  h a s  b e e n  
p lo t te d .

C o n d itio n s  a t  58° E .  a n d  60° E .  w e re  n o t  v e r y  d if fe re n t  
f ro m  th o s e  in  s e c tio n  3, s u rv e y e d  tw o  w e e k s  p re v io u s ly . 
T h e  u n d e r c u r r e n t  a p p e a re d  to  s lo w  d o w n  to w a r d s  t h e  e a s t ,  
b u t  th i s  c o u ld  e q u a lly  w e ll b e  a  t im e  c h a n g e . T h e  s a l in i ty  
m a x im a  a n d  th e rm o c lin e  w e re  a g a in  fo u n d  a  l i t t l e  d e e p e r  
t h a n  t h e  e a s tw a rd  v e lo c i ty  m a x im a , a s  in  s e c t io n  3, a n d  
th e r e  w a s  l i t t l e  o r  n o  e v id e n c e  o f  th e rm o c lin e  s p re a d in g .

E v id e n t ly ,  c o m p a r in g  th e s e  o b s e rv a t io n s  w i th  th o s e  
o f  K n a u s s  a n d  T a f t ,  t h e  e q u a to r ia l  u n d e r c u r r e n t  in  t h e  
w e s te rn  I n d ia n  O c e a n  u n d e rg o e s  m o re  c o m p lic a te d  f lu c tu a ­
t io n s  t h a n  s im p lo  s e a s o n a l o n es . I t  is  h o p e d  t h a t  i t  m a y  
b e  p o s s ib le  to  r e la te  th e s e  f lu c tu a t io n s  to  d iffe re n c e s  in  
t h e  w in d s  in  t h e  tw o  y e a rs .

T h e  w o rk  o f  t h e  R .R .S .  D iscovery  d e s c r ib e d  h e r e  w a s  
c a r r ie d  o u t  b y  th e  N a t io n a l  I n s t i t u t e  o f  O c e a n o g ra p h y  as  
p a r t  o f  th e  U .K . c o n t r ib u t io n  to  th e  I n t e r n a t io n a l  I n d ia n  
O c e a n  E x p e d i t io n .  I  t h a n k  C o m m a n d e r  D . W . H a s la m , 
R .N .,  in  c o m m a n d  o f  H .M .S . O w en , a n d  a lso  t h e  H y d ro -  
g r a p h e r  o f  th e  N a v y  fo r  p e rm is s io n  to  re fe r  to  H .M .S . 
O w en 's  r e s u l ts  in  a d v a n c e  o f  p u b l ic a t io n .

1 K n a u ss , J .  A ., a n d  T a f t ,  B . A ., S c ie n c e , 143, 354 (1964). 
s C a r tw r ig h t , D . E .,  a n d  W o o d s, A . J . ,  D tsc h . h y d ro g . Z . ,  16, 64 (1963).
» P e rs o n a l  c o m m u n ic a tio n  fro m  th e  c o m m a n d in g  officer, H .M .S . O w en .

0rinted in Great Britain by Fisher, Knirht & Co., Ltd., St. Albans.
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P a rtic ip a tio n  fran ça ise  à l'E x p éd itio n  in te rn a tio n a le

de

1 ' océan I nd ¡en

PRESENTATION D'OBSERVATIONS FAITES AU G .E .K . 

EN I 962 *

p ar

M ichel CREPON

Océanographe physicien au Laboratoire d'Océanographie physique 

du Muséum national d ’Histoire naturelle

I  -  INTRODUCTION

Un c o u r a n to m è t r e  à  é le c t r o d e s  re m o rq u é e s  ( G . E . K . )  a  é t é  i n s t a l ­
l é  p a r  l a  D i r e c t i o n  d e s  C o n s t r u c t io n s  e t  A rm e s  n a v a le s  de  l ' a r s e n a l  d e  
D ié g o - S u a r e z  à  b o r d  de  l ' a v i s o  d e  l a  M a r in e  n a t i o n a le  "C o m m a n d a n t R o b e r t  
G i r a u d "  d u r a n t  l e s  4ème e t  5ème ca m p a g n e s  o c é a n o g r a p h iq u e s  de  ce  n a v i r e * * .
De n o m b re u s e s  m e s u re s  d e  c o u r a n t  s u p e r f i c i e l  o n t  é t é  e f f e c t u é e s  a v e c  c e t  
a p p a r e i l  d a n s  l 'o c é a n  I n d i e n ,  l e  g o l f e  d 'A d e n  e t  l a  m er R o u g e . N o u s  p r é s e n ­
to n s  i c i  l e s  r é s u l t a t s  o b te n u s  s u r  d e u x  t r a j e t s  D ié g o - S u a r e z  -  cap. G u a r d a f u i ,  
f a i t s  à  d e u x  é p o q u e s  d i f f é r e n t e s  de  l 'a n n é e  : l ' u n e  e n  j u i l l e t  19 6 2  (m o u s s o n  
d ' é t é  b o r é a l ) ,  l ' a u t r e  e n  d é c e m b re  1962  (m o u s s o n  d ' h i v e r  b o r é a l ) .

C es ca m p a g n e s  o n t  é t é  e f f e c t u é e s  d a n s  l e  c a d re  d e  l 'E x p é d i t i o n  
I n t e r n a t i o n a l e  d e  l 'O c é a n  I n d i e n  ( E . I . O . I . ) .  E l l e s  o n t  é t é  m is e s  a u  p o i n t  
s o u s ; l ' é g i d e  d u  C o m ité  N a t i o n a l  F r a n ç a is  d e  l a  R e c h e rc h e  O c é a n iq u e  ( C . N . F . R . O . )  
e t  f in a n c é e s  e n  g ra n d e  p a r t i e  p a r  l e  C o m ité  d ' E x p l o i t a t i o n  d e s  O cé a n s  (C .O .M .E .  
X . O . ) .

y
M a n u s c r i t  r e ç u  l e  3 1  a o û t  196 4

* *  V o i r  " C a h ie r s  O c é a n o g r a p h iq u e s "  X V , 4 ( a v r i l  1 9 6 3 )  p . 2 2 4  e t  8  ( s e p te m b r e -  
o c to b r e  1963 ) p p . 5 1 0 -5 1 1 *

1

Extrait des CAHIERS OCEANOGRAPHIQUES, XVIe année, n°lO, décembre I96A

Collected reprints of the International Indian Ocean Expedition, vol. III, contribution no. 187 741
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L e " C o m m an d a n t R o b e r t  G i r a u d "  é t a i t  com m andé p a r  l e  C a p i t a i n e  
d e  f r é g a t e  RAYNAUD-LACROZE. L a  m i s s i o n  s c i e n t i f i q u e  é t a i t  d i r i g é e  p a r  
M. MENACHE, D i r e c t e u r  d e  R e c h e r c h e  à  1 'ORSTOM. L e s  m e s u r e s  G .E .K .  o n t  
é t é  f a i t e s  s o u s  l a  d i r e c t i o n  d e  M. CREPON, O c é a n o g r a p h e  p h y s i c i e n  d u  
L a b o r a t o i r e  d 'O c é a n o g r a p h i e  p h y s i q u e  d u  M uséum  d 'H j . s t o i r e  n a t u r e l l e ,  
e f f e c t u a n t  à  c e t t e  é p o q u e  s o n  s e r v i c e  m i l i t a i r e .

I I  -  DESCRIPTION DE L 'A PP A R E IL  U T IL IS E

L e G .E .K .  d p n t  n o u s  n o u s  s e r v i o n s  é t a i t  i d e n t i q u e  à  c e l u i  d é ­
c r i t  p a r  J .  MARTIN ( ( 1 9 5 6 ) .  L a  d i f f é r e n c e  d e  p o t e n t i e l  c r é é e  p a r  i n d u c t i b n  
d a n s  l e  charjip m a g n é t i q u e  t e r r e s t r e  e s t  e n r e g i s t r é e  s u r  'u n  p o t e n t i o m è t r e  
M E C I, t y p e  s p e e d o m a x .  L e c â b l e  s u r  l e q u e l  s o n t  f i x é e s  l e s '  é l e c t r o d e s  e s t  
u n  c â b l e  c o - a x i a l  d e  même d e n s i t é  q u e  l ' e a u  d e  m e r .  Ce c â b l e  s e  m a i n t e n a n t  
a u  v o i s i n a g e  im m é d ia t  d e  l a  s u r f a c e  m a r i n e ,  i l  n ' y  a  p a s  d e  c o r r e c t i o n  d ' i m ­
m e r s i o n ,  c e  q u i  s i m p l i f i e  c o n s i d é r a b l e m e n t  l e  d é p o u i l l e m e n t ,  é l i m i n e  c e r t a i n s  
r i s q u e s  d ' e r r e u r s  e t  d o n n e  a u  n a v i r e  u n e  p l u s  g r a n d e  p o s s i b i l i t é  d e  m a n o e u v re  
( i l  n ' e s t  p a s  n é c e s s a i r e  d e  m a i n t e n i r  c o n s t a n t e  l a  v i t e s s e ) .

L e  c o n d u c t e u r  e x t é r i e u r  s ' é t a n t  r a p i d e m e n t  d é t é r i o r é ,  n o u s  a v o n s  
u t i l i s é ,  l o r s  d e  l a  5èm e c a m p a g n e  (d é c e m b re  I 9 6 2 ) ,  d e u x  c â b l e s  i d e n t i q u e s  
a u  p r é c é d e n t ,  r e l i é s  p a r  d u  l u s i n ,  c h a c u n e  d e s  é l e c t r o d e s  é t a n t  b r a n c h é e  
s u r  l e  c o n d u c t e u r  c e n t r a l  m é c a n iq u e m e n t  b e a u c o u p  p l u s  r é s i s t a n t .

L e s  é l e c t r o d e s  é t a i e n t  d i s t a n t e s  d e  1 0 0  m è t r e s ;  l ' é l e c t r o d e  l a  p l u s  
r a p p r o c h é e  d e . l a  c o q u e  m é t a l l i q u e  d u  b a t e a u  é t a i t  à  2 0 0  m è t r e s .

I I I  -  TECHNIQUES DE MESURE

N o u s .a v o n s  s u i v i  l e s  d i r e c t i v e s  d o n n é e s  p a r  J .  MARTIN ( 1 9 5 6 ) .

L a  v i t e s s e  d u  n a v i r e  é t a i t  à  p e u  p r è s  c o n s t a n t e ,  s o i t  d e  1 1  n o e u d s
e n v i r o n .

L e  v e c t e u r  c o u r a n t  e t  l a  p o l a r i s a t i o n  d e s  é l e c t r o d e s  o n t  é t é  d é t e r ­
m in é s  p a r  l a  m é th o d e  d e s  b o u c l e s .  On p a r c o u r a i t  u n e  b o u c l e  t o u t e s  l e s  d o u z e  
h e u r e s  l o r s  d e  l a  4èm e c a m p a g n e  ( t o u s  l e s  d e u x  d e g r é s  d e  l a t i t u d e  e n v i r o n )  e t  
t o u t e s  l e s  s i x  h e u r e s  l o r s  d e  l a  5 è me c a m p a g n e  ( t o u s  l e s  d e g r é s  d e  l a t i t u d e ) .

L a  c o n s t a n t e  d e  te m p s  d u  f i l t r e  d e  v a g u e s  é t a i t  c h o i s i e  p o u r  q u e  
l ' a m p l i t u d e  d e s  p e t i t e s  o s c i l l a t i o n s  p a r a s i t e s  s o i t  e n v i r o n  d e  0 , 5  cm s u r  
l ' e n r e g i s t r e m e n t  o b t e n u ;  l a  c o n s t a n t e  d e  t e m p s  n ' a  j a m a i s  é t é  s u p é r i e u r e  à  
10  s e c o n d e s .

2
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I V  -  P R E S E N T A T I O N S  D E S  O B S E R V A T I O N S

E n l ' a b s e n c e  d e  v e n t ,  l e  c â b l e  d u  G .E .K .  e s t  o r i e n t é  s e l o n  l e  
C ap  v r a i  ( C v ) . La c o m p o s a n t e  m e s u r é e  q u i  l u i  e s t  p e r p e n d i c u l a i r e  e t  l a  
n o r m a l e  à  l a  R o u t e - f o n d  ( R f )  f o n t  e n t r e - e l l e s  u n  a n g l e  é g a l  à  l a  s e u l e  
d é r i v e  d u e  a u  c o u r a n t  ( d e ) .

E n  p r é s e n c e  d u  v e n t  on  c o n s t a t e  q u e  l e  c â b l e  G .E .K .  r e s t e  d a n s  
l e  s i l l a g e  d u  n a v i r e  q u i  c o r r e s p o n d  s e n s i b l e m e n t  à  l a  R o u t e - v r a i e  (R v )  
c ' e s t - à - d i r e  a u  C ap  v r a i  + l a  d é r i v e  d u e  a u  v e n t  ( d v ) .

L ' a n g l e  ( c â b l e  G . E . K . ,  R o u t e - f o n d )  e s t  d o n c  d o n n é  p a r  
t,(Cv + d v  + d e )  -  (C v  + d v )  J e t  s e r a  t o u j o u r s  e n  1 è r e  a p p r o x i m a t i o n

é g a l  à  l a  d é r i v e  d u e  a u  c o u r a n t .

Le v e n t  p e u t  i n t e r v e n i r  l o r s  d e s  b o u c l e s  e n  d o n n a n t ,  e n  p a r t i c u ­
l i e r ,  u n e  f a u s s e  v a l e u r  d u  z é r o  d e s  é l e c t r o d e s .  On n ' a  p a s  t e n u  c o m p te  d e
c e t  e f f e t  q u i  s e r a  p r é c i s é  p a r  u n e  é t u d e  u l t é r i e u r e  d e  J .  MARTIN.

On a  t r a c é  l a  R o u t e - f o n d ,  e n  t r a i t  p l e i n  l o r s q u ' i l  y  a  d e s  m e su ­
r e s  G . E . K . ,  e n  p o i n t i l l é  l o r s q u ' i l  n ' y . a  p a s  d e  m e s u r e s . On a  p o r t é ,  à
p a r t i r  d e  l a  R o u t e - f o n d ,  e n  c h a q u e  p o i n t ,  u n  v e c t e u r  d o n t  l e  m o d u le  e s t  
p r o p o r t i o n n e l  à  l a  c o m p o s a n t e  d u  c o u r a n t  d o n n é e  p a r  l e  G .E .K .  e t  d o n t  l a  
d i r e c t i o n  e s t  p e r p e n d i c u l a i r e  à  l a  R o u t e - v r a i e .  On a  j o i n t  p a r  u n e  l i g n e  
l e s  e x t r é m i t é s  d e  c e s  v e c t e u r s .

C e s  v e c t e u r s  s o n t  t r a c é s  t o u t e s  l e s  3  h e u r e s .  On a  c o l o r i é  e n  
v e r t  c l a i r  l a  p a r t i e  d e  l a  c o m p o s a n t e  t r a n s v e r s a l e  d u  c o u r a n t  i n f é r i e u r e  à  
1 n o e u d ,  e n  v e r t  f o n c é  c e l l e  s u p é r i e u r e  à  1 n o e u d .

C h a q u e  b o u c l e  e s t  s c h é m a t i s é e  p a r  un  p e t i t  c r é n e a u  d o n t  l e  s e n s
a  é t é  c h o i s i  u n i q u e m e n t  p a r  d e s  c o n s i d é r a t i o n s  d e  d e s s i n .

L e s  h e u r e s  f i g u r a n t  s u r  l a  R o u t e - f o n d ,  s o n t  l e s  h e u r e s  T .U .

On a  r e p r é s e n t é  é g a l e m e n t  l e  v e n t  e t  l e  c o u r a n t ,  d é d u i t  d e  l a  
n a v i g a t i o n .

V -  RESULTATS

On o b s e r v e  e n  j u i l l e t  ( f i g . 2 )  e t  e n  d é c e m b r e  ( f i g . 5 )  u n  c o u r a n t  
i n t e n s e  p o r t a n t  à  l ' O u e s t  e n t r e  1 2 °S  e t  5 ° S  ( C o u r a n t  é q u a t o r i a l  S u d ) .  La 
v a l e u r  d e  c e  c o u r a n t  e s t  p l u s  é l e v é e  e n  j u i l l e t .

4
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E n  j u i l l e t  d e  5 ° S  à  2°N  ( f i g . 3 ) ,  l e  c o u r a n t  p o r t e  a u  N o r d  e n  s ' i n ­
f l é c h i s s a n t  v e r s  l ’E s t  d e  0 °  à  2 ° N .  De 3 °N  à  5°N  l e  c o u r a n t  p o r t e  v e r s  l e  
S u d  ( b o u c l e  9  e t  c o u r a n t  d é d u i t  d e  l a  n a v i g a t i o n ) .  I l  s e m b l e  d o n c  y  a v o i r  
u n e  c o n v e r g e n c e  e n t r e  2°N  e t  3 °N  ( e n t r e  l e s  b o u c l e s  8  ( f i g . 3 )  e t  9  ( f i g * ^ ) ) *  
A p a r t i r  d e  5 ° N ,  l e  c o u r a n t  q u i  p o r t e  a u  N o r d - E s t  c r o î t  c o n s t a m m e n t  p o u r  
a t t e i n d r e  d e s  v a l e u r s  t r è s  é l e v é e s  v e r s  7 °  e t  8°N  (3  n o e u d s  e t  p l u s ) .  M a l ­
h e u r e u s e m e n t  on  e s t  d a n s  l e s  p a r a g e s  d e  1 ’ é q u a t e u r  m a g n é t i q u e  e t  a u c u n e  
m e s u r e  a u  G .E .K .  n e  d e v i e n t  p l u s  p o s s i b l e .  [.On d é m o n t r e  q u e  ( J .  MARTIN -  
1 9 5 6 ) l ’ e r r e u r  c o m m ise  s u r  l a  v i t è s s e  t r a n s v e r s a l e  d u  c o u r a n t  v , e s t  é g a l e
\ X*a  :

d  v ,  d  mv d H  t  z

o ù  mv f i g u r e  l a  t e n s i o n  l u e  s u r  l ’ e n r e g i s t r e u r ,  H l a
Zi

p o s a n t e  v e r t i c a l e  d u  cham p m a g n é t i q u e  t e r r e s t r e ;  p r è s  d e  
t i q u e  Hz t e n d  v e r s  0  p a r  d é f i n i t i o n ,  l ' e r r e u r  r e l a t i v e

m e n te  d o n c  i n d é f i n i m e n t ] .

E n  d é c e m b r e  ( f i g . 6 ) ,  e n t r e  3 ° S  e t  2 ° N ,  l e  c o n t r e - c o u r a n t  é q u a t o r i a l  
p o r t a n t  à  l ’E s t  e s t  b i e n  m a r q u é  ( p l u s  d e  1 n o e u d  e n t r e  2 ° S  e t  0 ° ) .  S a  p o s i ­
t i o n  e n  l a t i t u d e  e s t  p l u s  a u  N o r d  q u ’ i l  n ’ e s t  c l a s s i q u e m e n t  a d m i s  : i l  s e  
s i t u e  d e  p a r t  e t  d ’ a u t r e  d e  i ’ é q u a t e u r .  E n t r e  2 °N  e t  7 ° N ,  l e  c o u r a n t  p o r t e  à  , 
l ’O u e s t ,  d o n c  e s t  d e  s e n s  o p p o s é  à  c e l u i  d u  c o u r a n t  v i o l e n t  o b s e r v é  a u  m o is  
d e  j u i l l e t .

On o b s e r v e  u n e  b o n n e  c o n c o r d a n c e  e n t r e  n a v i g a t i o n  e t  G .E .K .  ce  
q u i  d e v i e n t  p r é c i e u x  p r è s  d e  i ’ é q u a t e u r  m a g n é t i q u e  o ù  u n e  g r a n d e  i n c e r t i t u d e  
r è g n e  s u r  l a  m é th o d e  G .E .K .

V I  -  DETERMINATION DE L ’EQUATEUR MAGNETIQUE

D ’a p r è s  l e s  e n r e g i s t r e m e n t s  G . E . K . ,  l ’ é q u a t e u r  m a g n é t i q u e  s e r a i t  
d e  3 0 '  p l u s  a u  S u d  q u ’ i l  n ' e s t  i n d i q u é  s u r  l a  c a r t e  n ° 1 . 7 0 2 ,  d e  l 'U S  N a v y  
H y d r o g r a p h i e  O f f i c e .  On a  s i t u é  i ' é q u a t e u r  m a g n é t i q u e  s u r  l e  m é r i d i e n  , 
à  S ^ I O 'N  d e  l a t i t u d e .

Le  C a p i t a i n e  d e  F r é g a t e  RAYNAUD-LACROZE, l e s  o f f i c i e r s  e t  l ' é q u i ­
p a g e  d u  "C o m m an d an t  R o b e r t  G i r a ù d "  o n t  p a r t i c i p é  e f f i c a c e m e n t  à  l a  r é a l i s a ­
t i o n  d e  c e s  m e s u r e s .

5

v a l e u r  d e  l a  com -

1 ' é q u a t e u r  m a g n é -  
s u r  l e  c o u r a n t  a u g -
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L e  d é p o u i l l e m e n t  d e s  e n r e g i s t r e m e n t s  a  é t é  f a i t  a u  L a b o r a t o i r e  
d ' O c é a n o g r a p h i e  p h y s i q u e  d u  M uséum d ' H i s t o i r e  n a t u r e l l e .

L a  n a v i g a t i o n  a  é t é  r e c o n s t i t u é e  p a r  R . DE REALS, C a p i t a i n e  a u  
l o n g - c o u r s  q u i  n o u s  a  d o n n é  d e  p r é c i e u x  c o n s e i l s  l o r s  d e  l a  r é d a c t i o n  d e  
l a  p r é s e n t e  n o t e .

L e s  f i g u r e s  o n t  é t é  d e s s i n é e s  p a r  l ’E q u i p e  c a r t o g r a p h i q u e  d u  
L a b o r a t o i r e .
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Large-Amplitude Internal Waves Observed off the 
Northwest Coast of Sumatra

R ic h a k d  B . P e e e y  a n d  G e r a l d  R . S c h i m k e  

U. S. Coast and Geodetic Survey, Washington, D. C.

Abstract. Internal waves of large amplitude were observed north of Sumatra by the U. S. 
Coast & Geodetic Survey ship Pioneer in June 1964. The bathythermograph investigation 
which defined these waves was initiated after observation of curious periodic surface phe­
nomena resembling tide rips. Analysis of bathythermograph records indicates that internal 
waves with a maximum observèd wave height of 82 meters are the probable cause of the 
surface disturbances.

Introduction. The existence of internal waves 
in the sea, along surfaces separating layers of 
contrasting density, has been inferred from 
oceanographic observations for many years. A 
better understanding of these waves is important 
because of their effect on dynamic height com­
putations, current measurements, marine life, 
undersea navigation, and submarine warfare. 
Large internal waves, and surface disturbances 
believed to be associated with these waves, were 
observed in the Andaman Sea area between 
Great Nicobar Island and Sumatra by the U. S. 
Coast <fc Geodetic Survey ship Pioneer in June 
1964 during the vessel’s participation in the In­
ternational Indian Ocean Expedition.

Setting. The Andaman Sea is separated from 
the Bay of Bengal by the Andaman and Nicobar 
islands (see Figure 1) and a submerged, north- 
south trending ridge from which the exposed 
island peaks rise, the Andaman-Nicobar ridge 
(see Figure 2). The sea is bordered by Burma, 
Thailand, the northern end of the Strait of 
Malacca, and the northwest coast of Sumatra. 
Between Great Nicobar Island, the southern­
most island of the group, and Sumatra, the 
waters of the Andaman Sea connect with those 
of the Indian Ocean through the Great Channel, 
a passage in the submerged ridge characterized 
by rugged sea-bottom topography and depths 
greater than 2000 m.

General summaries of meteorological and 
oceanographic conditions in the Bay of Bengal- 
Andaman Sea area are given in U. S. N a vy  
Hydrographic Office Special Publication 63
[1960] and by Sewell [1932], They indicate that 
in June a well-mixed surface layer of water, hav­

ing lower salinity and higher temperature than 
the surface waters in the Bay of Bengal, flows 
southwest through the Great Channel. Tempera­
ture profiles taken by the Pioneer in June 1964 
showed a well-mixed layer extending to a depth 
of about 100 m. A recent analysis of oceano­
graphic conditions in the area indicates that 
surface currents in the Great Channel set to the 
west .at about 0.8 m/sec during much of the 
year and that a subsurface flow sets to the east, 
into the Andaman Sea, below the thermocline 
depth (R. H. Sullivan, Jr., U. S. Navy Fleet 
Weather Service, personal communication).

Observations. On the morning of June 12, 
1964, distinct zones of whitecaps ranging from 
200 to 800 m in width and stretching from hori­
zon to horizon (approximately 30 km) in a 
north-south direction were observed in the 
Andaman Sea north of Sumatra (see Figure 2). 
At least five of these zones, with a spacing of 
about 3200 m between each zone, were observed. 
The observed zones or bands of choppy water 
had short, steep, randomly oriented waves with 
heights of about 0.3 to 0.6 m..Each band stood 
out distinctly in an otherwise undisturbed sea. 
A 4-m/sec NNW wind and a surface water tem­
perature of 29°C were observed, but neither 
changed significantly as the ship crossed the 
bands of choppy water. Detailed salinity meas­
urements were not made while crossing the 
bands; however, routine bi-hourly salinity sam­
ples showed a maximum regional salinity gradi­
ent of 0.03%o per km. Later in the day, several 
other bands of similar dimensions, but having 
smaller waves, were observed.

On June 13, similar north-south trending
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Fig. 1. Indian Ocean area.

bands of choppy w ater were seen farther to  the 
west in th e  G reat Channel, near 06°09'N, 94° 
37'E. T en  bands, each approxim ately 200 m  
wide and 800 m  ap art, were observed. In  some 
instances, the  w ater between the bands of 
choppy w ater had a  slicked appearance despite 
a  9-m /sec SSW wind. Similar slicks were no t 
apparen t on the preceding day when the bands 
of choppy w ater were fa rther ap art. Boundaries 
of the choppy w ater were all well defined. A fter 
crossing a  num ber of the bands, the ship changed 
course to  an easterly direction to  in itiate a  
bathytherm ograph (B T ) investigation of the  
observed phenomenon. The tim e a t  which the

bow of th e  ship entered a  chop line and the 
tim e the stern entered the same line was ob­
served. By using the ship’s course and average 
speed as determined by  visual fixes on land, it 
was possible to  com pute the  ra te  a t  which the 
bands were moving, assuming the ir direction of 
progress to  be perpendicular to  the ir long axis. 
The bands were com puted to  be moving east­
w ard a t  2.6 m /sec. A series of five B T observa­
tions was obtained by repeatedly lowering the 
instrum ent while the ship steam ed west a t  4.7 
m /sec, approxim ately perpendicular to  the  long 
axis of the  chop lines. F our well-defined bands 
of choppy w ater were crossed during the B T
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Fig. 2. Trackline of VSC&GS ship Pioneer, June 12-13, 1964. Crosshatched areas indicate 
places where surface disturbances were observed. Depth contours in meters.

observations (see F igure 3). E ach B T  record 
taken while crossing th e  chop lines showed a 
split trace in the therm ocline region. A maxi­
m um  separation of nearly  15 m  was recorded on 
one lowering. Since the  bathytherm ograph func­
tioned properly on previous and subsequent 
measurements, the cause of the  split trace was 
attribu ted  to  pronounced horizontal tem pera­
tu re  gradients, possibly associated w ith internal 
waves.

The tem perature profile in F igure 3 was de­
rived by plotting the depth  of the isotherms 
from the five B T  traces against th e  tim e elapsed 
during the  observations. The tem peratures re­
corded during the descent of th e  B T  are sep­
ara ted  from  those recorded during the  ascent. 
In  the  resulting profile the periodic undulations 
of the closely spaced isotherms, which depict 
th e  depth  of the therm ocline, strongly suggest 
the  presence of in ternal waves. T he maximum 
height of the  apparen t waves is approxim ately 
80 m. I f  they are indeed in ternal waves, and 
moving a t the  same speed and in the same direc­
tion  as the surface chop lines, then  the  wave­
length is" calculated to  be about 2000 m.

U pon completing th e  special B T  observa­

tions, th e  Pioneer resumed its  westward course 
through the G reat Channel into th e  B ay of 
Bengal. As the  ship proceeded westward, the 
surface waves in the bands of choppy w ater 
were observed to  increase in size. T he last and 
westernmost chop line sighted, a t  06°03'N, 94° 
21'E, was a  very  choppy north-south zone char­
acterized by  seas of 1.8 to  2.1 m  and extending 
from  horizon to  horizon.

D uring th e  ship’s westward course through 
the  area where the internal waves were found, 
the  routine bi-hourly B T  observations indicated 
an intensification of the tem perature gradient 
in and a  rising of the  thermocline. F rom  the 
point where the  last line of surface chop was 
observed, and westward in to  the  B ay of Bengal, 
the  therm ocline dep th  gradually increased and 
its tem perature gradient became somewhat less 
intense.

Discussion. In  th e  Bay of Bengal and ad­
jacent waters, surface phenom ena sim ilar to  th a t 
observed aboard th e  Pioneer have been previ­
ously observed, and variously described as cur­
ren t rips, tide rips, lines of dem arcation, and 
disturbed and rippled w ater [M arine Observer, 
1958, 1959, 1962a, 19625, 1963, 1964], A lternate
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Fig . 3. T em p era tu re  profile as defined b y  b a th y th e rm o g rap h . D ashed  lines in d ica te  p a th
follow ed b y  b a th y th e rm o g rap h .

bands of rough and smooth w ater passed the 
R.V. A nton  Braun  a t  four oceanographic s ta ­
tions in the Andaman Sea in M arch 1963 while 
th a t ship was operating under the  National 
Science Foundation Program  in Biology for the 
In ternational Indian Ocean Expedition. A t one 
of these stations a low roar accompanied by 
breaking whitecaps was observed as the bands 
passed the ship in a  flat calm sea (E. C. LaFond, 
U. S. N . Electronics Laboratory, 1965, w ritten 
com munication).

In  more restricted areas similar but smaller- 
scale, elongated surface features occasionally are 
caused by converging currents, by  tide rips, or 
by the influence of bottom  topography. Pickard

[1961] has observed similar surface phenomena 
on a much reduced scale in certain inlets along 
the British Columbia mainland. His surface 
phenomena were related to progressive internal 
waves associated with a shear zone between in ­
flowing bottom  w ater and outflowing surface 
w ater in a positive estriarme situation.

Bands of surface chop have also been asso­
ciated w ith  oceanic fronts. Such fronts aTe gen­
erally characterized by strong horizontal tem ­
perature gradients a t  the surface and by marked 
faunal and color changes [Knauss, 1963], A 
pronounced lateral shear in the surface flow is 
often in evidence as the observing ship crosses 
the disturbed band of water. The Pioneer ex­
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perienced no difficulty in m aintaining a  true 
course while crossing the bands of disturbed 
water. There were no noticeable horizontal tem ­
perature or salinity gradients a t the surface for 
a  distance of more than  145 km  on either side 
of the five special B T observations taken on 
June 13. Therefore, the possibility th a t  the ob­
served phenomena were directly associated with 
an oceanic fron t can be dismissed.

The possibility of bottom  topographical in­
fluence as a  causative factor has been considered 
because reiharkable correlations have been made 
between sightings of disturbed w ater and sharp 
rises in the bottom  topography a t  relatively 
great depths. Such a correlation was noted 
aboard the Pioneer earlier in the expedition 
while in the  Andaman Sea. However, the jum ­
bled and rugged topographical features and great 
depth  of the sea floor in the im m ediate vicinity 
of the chop lines (Figure 2) m ake it  hard  to  
conceive of the bottom  features giving rise to 
long, straight, narrow  surface disturbances 
stretching from horizon to  horizon.

Surface slicks have been related to  internal 
waves in shallow w ater areas {Ewing, 1950; 
D ietz and LaFond, 1950], In  m any cases, slicks 
are particularly  noticeable in w aters close to 
shore, where they usually are associated with 
wave heights of 10 m  or less. Pickard  [1961] 
pointed ou t the  basic difference between these 
slicks and the bands of choppy w ater which wc 
observed.

In ternal waves of greater height than  10 m 
have been observed in the deep oceans by means 
of Nansen bottles with reversing therm ometers, 
B T ’s, and, more recently, therm istor chains. 
Generally, these internal waves have been long 
waves with periods of the same order of magni­
tude as the  tidal period. Slicks or disturbed sur­
face conditions have no t been associated with 
internal waves in deep w ater far from  shore be­
fore these observations.

The mechanism for generating internal waves 
is frequently in question. In  coastal areas the 
rise and fall of the tides over the  continental 
shelf [R a ttra y , 1960] and shear caused by  one 
mass of w ater flowing over another [Proudman, 
1953] are among th e  mechanisms proposed for 
the generation of internal waves. The internal 
waves observed by the Pioneer were of such 
short wavelength th a t  tidal generation hardly 
seems to  be a  reasonable explanation. On the

other hand, because of their large am plitude, it 
seems somewhat speculative in the absence of 
direct curren t measurem ents to  propose th a t 
shear flow was the generating mechanism. How­
ever, investigations by R. H . Sullivan, J r . U . S. 
N avy F leet W eather Service, personal commu­
nication, 1964), indicate th a t  a  strong shear flow 
m ay occur in the vicinity of the observed phe­
nomena during m ost of the  year. I f  this is the 
case, the  situation seems directly analogous to 
th a t observed by Pickard  [1961],

D efant [1961] wrote, 'th e  appearance of 
waves a t  the boundary surface between two 
w ater layers has for a  long tim e escaped th e  a t­
tention of observers because, even when the 
am plitude of the oscillation a t  the  boundary sur­
face is large, the free surface of the  upper layer 
is only slightly disturbed and remains practically 
a t rest.’ In  the  case a t  hand, th e  density of p' 
the upper well-mixed layer was 1.021 g/cm 3. 
From  the  previous observations of Sewell [1932] 
and U SN  H . O. Special Publication 53 [1960], 
the density p of the  lower layer can be reck­
oned as 1.026 g/cm 3. Using 40 m for the am pli­
tude of the internal wave, and the  form ula 
r¡0 =  — Z (p  — p")/p {Defant, 1961], where r¡0 
is the am plitude of the wave a t  the free surface 
and Z is the am plitude of the internal wave, we 
com pute a  0.2-m am plitude for the wave a t  the 
free surface.

The generating mechanism of the highly agi­
ta ted  bands of chop is n o t clear, b u t they prob­
ably are caused by a redistribution of mass th a t 
takes place w ith the passage of the  internal 
wave. P ickard’s observations in Canadian w aters 
indicate th a t  his 'ruffled bands’ are associated 
w ith the convergence taking place a t  the surface 
just behind the  advancing internal wave crest. 
As seen in Figure 3, i t  was n o t possible to  estab­
lish a  clear relationship between the  bands of 
chop a t  the surface and a particu lar phase of 
the wave.

There is no direct correlation of wind effects 
and the observed phenom ena since they were 
observed on June 12 in a  relatively calm sea. 
Also the waves of the chop zone showed variable 
heights under relatively constant wind condi­
tions on June 13. A topographic influence seems 
unlikely because of the irregular character and 
depth  of th e  bottom .

Owing to  the  prevailing oceanographic condi­
tions north  of Sum atra during much of the  year,
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and reported sightings of disturbed bands of 
w ater stretching from  horizon to  horizon, we 
believe th a t the existence of the phenomenon re­
ported herein m ay be common in this p a r t  of 
the world, and its occurrence on June 13, 1964, 
probably was n o t unique.

M ore comprehensive investigations of this 
phenomenon m ight include the use of aircraft 
for aerial reconnaissance and aerial photography 
to  chart the extent and periodicity of the  sur­
face disturbances. C urren t measurem ents and 
detailed therm al investigations should also be 
m ade using a t  least two ships equipped with 
therm istor chains.

Conclusions. The zones or narrow  bands of 
choppy w ater sighted by  the  TJSC&GS ship 
Pioneer in the  Andaman Sea area are believed 
to  have been caused by  internal waves. In ternal 
waves, which were observed to  occur sim ulta­
neously with th e  choppy surface phenomena, 
had uncommon dimensions of approxim ately 80 
m  in height and 2000 m in length.

A lthough the lim ited observational d a ta  pre­
clude any conclusive dem onstrations of a  gen­
erating mechanism for these waves, the cause 
m ay be related to  a  shear zone resulting from  a 
well-mixed upper layer of warm, low-salinity 
w ater flowing westward over cooler, higher-

salinity w ater flowing eastw ard through G reat
Channel north  of Sum atra.
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RAPID CHANGES IN  THE CHARACTERISTICS OF THE DEEP 
SALINITY M AXIM UM  OF THE SOUTH-EAST IN D IA N  OCEAN

By D . J. R o c h f o r d *

[.Manuscript received November 23, 1964]

Summary

Salinities of the deep salinity maximum at SCOR-UNESCO reference stations 
1 and 2 in the south-east Indian Ocean have varied much more ( ±  0-01-0-02%o about 
the mean) than those at a CSIRO reference station in the south-west Pacific Ocean 
( ±  0-004%„ about the mean) during 1959-63. A t the SCOR-UNESCO reference 
stations, and other stations between, the changes in salinity of this maximum during 
1959-63 were paralleled by changes in other properties, consistent' with an annual 
increase in the advection of a north Indian Ocean deep water mass during March-July. 
Changes in the properties of the deep water at the CSIRO Reference Station during 
1962-63 were within the precision limits of the Australian analytical methods found 
during the intercalibration tests on R.S. Vityaz in August 1962.

Seasonal changes of the same, or greater magnitude than those at SCOR- 
UNESCO reference stations 1 and 2 can be expected at other sites chosen for SCOR- 
UNESCO reference stations in the Indian Ocean, whenever they fall within the boun­
daries of the north Indian Ocean deep water mass. Such stations will be unsuitable, 
therefore, for comparing analytical accuracies but could be very useful for. monitoring 
changes in the deep circulation.

I. I n t r o d u c t io n

SCOR-UNESCO reference stations 1 and 2 (Fig. 1) have been sampled to depths 
greater than 4000 m since 1959 (No. 1) and 1962 (No. 2). Sufficient chemical data 
have now been obtained at these stations to decide whether the original intention 
of using their deep water as a standard for the intercalibration o f chemical methods 
is feasible. Unfortunately, so little is known about the magnitude o f the changes 
that can occur in the deep waters o f the Indian Ocean that no acceptance or rejection 
of any suspect value can be based upon statistical considerations of probability. 
Much of this paper, therefore, has had to be devoted to a consideration o f the limiting 
ranges of chemical properties o f the water masses o f the deep salinity maximum of the 
whole Indian Ocean. This consideration provides a framework against which the 
properties o f all observations within this deep salinity maximum at these reference 
stations can be viewed and on which their acceptance or rejection can be based.

II. M a ter ia l  a n d  M eth o d s

The location o f the stations used in Section IV, o f  the three reference stations, 
and o f the 110°E. meridional section are shown in Figure 1. Tables 1, 2, and 3 list 
particulars o f stations used in Sections III and V ; Table 4 lists particulars o f stations 
used in Section IV ; Table 5 lists particulars o f  stations used in Section VI. At each of 
these stations the potential temperature and the salinity o f the deep salinity maximum 
were read from a smoothed salinity-potential temperature curve. Potential 
temperatures were calculated by use o f the tables o f Helland-Hansen (1930).

* Division of Fisheries and Oceanography, CSIRO, Cronulla, N.S.W. (Reprint No. 555.)
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Methods used by CSIRO for the determination of salinity, phosphate, and 
oxygen have been published (CSIRO Aust. 1962a). Those used by other laboratories 
can be found in the original data sources o f Table 4. Differences o f 0 01%o in 
salinity were considered definitive for locating a salinity maximum on salinity-potential 
temperature curves of Diamantina, Gascoyne, Vema, and Crawford data. For data 
where titration was used to determine salinity, a difference of 0-02%o or more was 
required. The depth, oxygen, and inorganic phosphate of the deep salinity maximum 
were calculated by linear interpolation from the tabulated station data.

/  X d xi
7K32 I4X 27

NORTH INDIAN
to X DEEP

24 / MIXED CENTRAL ■Av. _ __•34

NORTH ATLANTIC DEEP

» IO

Fig. 1.—Chart of the stations used and approximate boundaries of the three major water masses 
comprising the deep salinity maximum of the Indian Ocean, x North Indian deep ; •  North Atlantic 
deep; ■  Central Indian deep; ▲ Representative Antarctic bottom water stations; * SCOR- 

UNESCO reference stations (IFOE Information Paper No. 1, 1962).

III. C h a n g e s  i n  t h e  S a l in it y  o f  t h e  D e e p  S a l in it y  M a x im u m  a t  

R e f e r e n c e  S t a t io n s  d u r i n g  1959-63

Figure 2 shows the changes that occurred in the salinity-potential temperature 
curves of the deep waters at the CSIRO Reference Station (Fig. 1) during 1962-63. 
The curves were of very regular shape and showed a maximum range of ±0-004%„ 
about the mean value of the deep salinity maximum. Such a deviation lies within 
the precision limits of the inductively coupled salinometer used by CSIRO (Brown 
and Hamon 1961). At depths below 3000 m the changes in salinity were less than 
±0'003%o about the mean (Fig. 2). However, at SCOR-UNESCO Reference Station 1 
the changes in salinity of the deep salinity maximum during 1959-62 (Fig. 3) and during
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1962-63 (Fig. 4) were much greater (±0-01% o about the mean.) The shapes o f  the 
curves were much more irregular at this station than at the CSIRO Reference Station

Table 1
SAMPLING AT SCOR-UNESCO REFERENCE STATION 1

Station Vessel Date Source of D ata Figure and 
Symbol

134 Diamantina 18.xi.59 CSIRO (1962a) Fig. 3 •
114 Diamantina 22.iii.60 CSIRO (19626) X
115 Diamantina 12.vii.60 CSIRO (1963a) A
350 Diamantina 17.X.60 CSIRO (1962c) m

10 Diamantina 21.ii.61 CSIRO (19636) +
49 Diamantina 2.V.61 CSIRO (1963c) o
43 Diamantina 24.iii.62 CSIRO (unpublished data) A

101 Diamantina 24.viii.62 CSIRO (unpublished data) □
102 Diamantina 25.ix.62 CSIRO (unpublished data) *

181 Gascoyne 19.viii.62 CSIRO (unpublished data) Fig. 4 •
126 Diamantina 16.X.62 CSIRO (unpublished data) X
161 Diamantina 12.xi.62 CSIRO (unpublished data) A

1 Gascoyne 18.Í.63 CSIRO (unpublished data) ■
35 Gascoyne 16.ii.63 CSIRO (unpublished data) +

1 Diamantina 29.iii.63 CSIRO (unpublished data) O
54 Diamantina 27.iv.63 CSIRO (unpublished data) A
55 Diamantina 7.V.63 CSIRO (unpublished data) □
89 Diamantina 10.vii.63 CSIRO (unpublished data) *

146 Diamantina 5.ix.63 CSIRO (unpublished data) A

Table 2
SAMPLING AT SCOR-UNESCO REFERENCE STATION 2

Station Vessel Date Source of D ata Symbol used 
in Figure 5

199 Gascoyne 29.viii.62 CSIRO (unpublished data) •
200 Gascoyne 7.ÍX.62 CSIRO (unpublished data) X
143 Diamantina 26.X.62 CSIRO (unpublished data) ▲
144 Diamantina 3.xi.62 CSIRO (unpublished data) ■

18 Gascoyne 28.Í.63 CSIRO (unpublished data) +
19 Gascoyne 7.Ü.63 CSIRO (unpublished data) O
36 Diamantina 7.iv.63 CSIRO (unpublished data) A
37 Diamantina 18.iv.63 CSIRO (unpublished data) □
72 Diamantina 16.V.63 CSIRO (unpublished data) *■
73 Diamantina 25.V.63 CSIRO (unpublished data) V

106 Diamantina 19.vii.63 CSIRO (unpublished data) ▼
108 Diamantina 2.viii.63 CSIRO (unpublished data)
157 Diamantina ll.ix.63 CSIRO (unpublished data) A

(Figs. 3 and 4). Salinities o f waters below the deep salinity maximum varied much more 
at SCOR-UNESCO reference stations than at the CSIRO Reference Station (Figs. 2, 
3, and 4). At SCOR-UNESCO Reference Station 2 (Fig. 1) the salinity o f  the deep
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salinity maximum changed some 0 03%o during 1962-63 (Fig. 5). Even at greater 
depths (Fig. 5; 3500 m) the salinity changed by 0 02%o during this period.

When plotted on an annual scale the salinities of the deep salinity maximum 
o f the two SCOR-UNESCO reference stations showed evidence o f a repeated annual 
cycle (Fig. 6). It is possible that the lower than average salinities during August- 
April 1962-63 were caused by increased vertical mixing since lower salinity water 
occurs within 500 m above or below this maximum (Fig. 7). However, it is considered 
very unlikely that vertical mixing could account for the higher than average salinities 
in March-July 1962-63 (Fig. 6). Such an increase in salinity would require the re­
distribution, within several months, o f  the salt content o f an overlying column some 
1500 m thick (Fig. 7). It is almost certain, therefore, that horizontal advection caused 
the increases in salinity during 1962-63. There remains the possibility, however (see 
Section I), that these higher than average salinities were in error.

T a b le  3

SAMPLING AT CSIRO REFERENCE STATION (34°01'S., 153°05'E.)

Station Vessel Date Source of Data Symbols used 
in Figure 2

54 Gascoyne 4.vi.62 CSIRO (unpublished data) •

76 Gascoyne 10.vii.63 CSIRO (unpublished data) X

132 Gascoyne 20.viii.63 CSIRO (unpublished data) ▲

133 Gascoyne 9.ix.63 CSIRO (unpublished data) ■

222 Gascoyne 14.xi.63 CSIRO (unpublished data) +

I V .  H y d r o l o g i c a l  C h a r a c t e r is t ic s  o f  t h e  D e e p  S a l in it y  M a x im u m  

o f  t h e  I n d i a n  O c e a n

A selection of recent stations (Fig. 1) has been used to determine the character­
istics o f the water masses which occur within the deep salinity maximum of the Indian 
Ocean. The salinity-potential temperature (Fig. 8), oxygen-potential temperature 
(Fig. 9), and inorganic phosphate-potential temperature relations (Fig. 10) all 
showed that three high salinity water masses (Figs. 8-10; A, C, and D) occurred within 
this salinity maximum and that Antarctic bottom water (Fig. 8; B) was important 
in forming at least water mass C. Water mass A was found south-west o f Africa 
(Fig. 1;1) and is o f the north Atlantic deep origin. Water mass D  was found in the 
central Arabian Sea (Fig. 1 ; 15 and 27) and is identical with the north Indian deep 
water o f Sverdrup, Johnson, and Fleming (1942). Water mass C which occupies 
a central belt o f the Indian Ocean, from Madagascar to Australia and southward to 
the Pacific Ocean (Fig. 1), is thought to be a mixture o f A, B , and Dl (Figs. 8-10) 
and will be referred to as central Indian deep water. Waters" with the salinity 
characteristics of D 1 cannot be formed by direct mixing between D and C (Fig. 8)



SALINITY CHARACTERISTICS OF THE SOUTH-EAST INDIAN OCEAN 1 3 3

although their oxygen and phosphate characteristics would indicate this mode o f  
formation (Figs. 9 and 10). Further data from the Arabian Sea will perhaps show that 
the salinity or potential temperature o f D  has not been correctly established. For

Table 4
STATIONS USED IN SECTION IV

Station Vessel Date Source of Data Reference 
No. (Fig. 1)

484 Crawford 22.xi.58 Metcalf (1960) 1
442 Crawford 19.X.58 Metcalf (1960) 2
150 Crawford 21.iv.57 Fuglister (1957) 3

2027 Discovery 2.iv.37 ‘Discovery’ Committee (19476) 4
1763 Discovery 5.V.36 ‘Discovery’ Committee (1947«) 5
1734 Discovery 5.iv.36 ‘Discovery’ Committee (1947a) 6
1556 Discovery 30.iii.35 ‘Discovery’ Committee (1942) 7
1699 Discovery 15.iii.36 ‘Discovery’ Committee (1947a) 8
2015 Discovery 25.iii.37 ‘Discovery’ Committee (19476) 9
1545 Discovery 28.ii.36 ‘Discovery’ Committee (1942) 10
1636 Discovery 30.xi.35 ‘Discovery’ Committee (1947a) 11
1756 Discovery 29.iv.36 ‘Discovery’ Committee (1947a) 12
1583 Discovery 30.iv.35 ‘Discovery’ Committee (1942) 13
4707 Vityaz 29.iii.60 Vityaz 14
4722 Vityaz 13.iv.60 Vityaz 15
4582 Vityaz 21.xii.59 Vityaz 16
4599 Vityaz 14.L60 Vityaz 17

71 Diamantina 7.viii.62 CSIRO (unpublished data) 18
95 Diamantina 20.viii.62 CSIRO (unpublished data) 19
14 Diamantina 2.iv.63 CSIRO (unpublished data) 20
29 Diamantina 5.ÍV.63 CSIRO (unpublished data) 21
70 Diamantina 5.iii.60 CSIRO (19626) 22
88 Diamantina 9.iii.60 CSIRO (19626) 23

129 Ob 25.V.56 USSR Acad. Sei. (1958) 24
11 Gascoyne 18.L61 CSIRO 25

4577 Vityaz 18.xii.59 Vityaz 26
4709 Vityaz 30.iii.60 Vityaz 27

69 Vema 16.xi.60 Friedman (1960) 28
47 Vema 26.iv.58 Friedman (1960) 29

132 Ob 28.V.56 USSR Acad. Sei. (1958) 30
291 Ob 14.iv.57 USSR Acad. Sei. (1959) 31

1588 Discovery 4.V.35 ‘Discovery’ Committee (1942) 32
1752 Discovery 26.iv.36 ‘Discovery’ Committee (1947a) 33
1769 Discovery 20.V.36 ‘Discovery’ Committee (1947a) 34
1801 Discovery 16.vi.36 ‘Discovery’ Committee (1947a) 35

176 Gascoyne 10.iii.61 CSIRO (unpublished data) 36
38 Diamantina 6.iii.61 CSIRO (19636) 37
45 Diamantina 19.vii.62 CSIRO (unpublished data) 38
58 Diamantina 24.vii.62 CSIRO (unpublished data) 39

the purpose o f this paper, however, it is sufficient to consider D 1 as the third high 
salinity water mass o f the deep salinity maximum. The envelopes in Figure 8 show the 
mixing circuits 'which maintain the salinity o f the deep salinity maximum of the 
Indian Ocean. These envelopes have been transferred to Figures 9 and 10 by using
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T a b le  5
STATIONS ALONG THE 110°E. MERIDIAN

Date Source of Data

2 0 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 2 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 4 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 5 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 6 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 7 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )
2 7 .v iii.6 2 CSIRO (u n p u b lis h e d d a ta )

9.ÍX.62 CSIRO (u n p u b lis h e d d a ta )
10 .ix .62 CSIRO (u n p u b lis h e d d a ta )
l l . i x .6 2 CSIRO (u n p u b lis h e d d a ta )
12 .ix .62 CSIRO (u n p u b lis h e d d a ta )
13 .ix .62 CSIRO (u n p u b lis h e d d a ta )
14 .ix .62 CSIRO (u n p u b lis h e d d a ta )
1 5 .ix .62 CSIRO (u n p u b lis h e d d a ta )

26 .ix .6 2 CSIRO (u n p u b lis h e d d a ta )
2 7 .ix .6 2 CSIRO (u n p u b lis h e d d a ta )
28 .ix .6 2 CSIRO (u n p u b lis h e d d a ta )
29 .ix .6 2 CSIRO (u n p u b lis h e d d a ta )
30 .ix .62 CSIRO (u n p u b lis h e d d a ta )

1.X.62 CSIRO (u n p u b lis h e d d a ta )
3.X.62 CSIRO (u n p u b lis h e d d a ta )

1 7 .x .62 CSIRO (u n p u b lis h e d d a ta )
19.X.62 CSIRO (u n p u b lis h e d d a ta )
20.X .62 CSIRO (u n p u b lish e d d a ta )
2 2 .x .62 CSIRO (u n p u b lis h e d d a ta )
24.X .62 CSIRO (u n p u b lis h e d d a ta )
5 .x i.62 CSIRO (u n p u b lish e d d a ta )
6 .x i.6 2 CSIRO (u n p u b lis h e d d a ta )
7 .x i.6 2 CSIRO (u n p u b lis h e d d a ta )
8 .x i.6 2 CSIRO (u n p u b lis h e d d a ta )
9 .x i.6 2 CSIRO (u n p u b lis h e d d a ta )

10 .x i.62 CSIRO (u n p u b lis h e d d a ta )
l l .x i .6 2 CSIRO (u n p u b lis h e d d a ta )

19.L63 CSIRO (u n p u b lis h e d d a ta )
20.Í.63 CSIRO (u n p u b lis h e d d a ta )
23.Í.63 CSIRO (u n p u b lis h e d d a ta )
24.Í.63 CSIRO (u n p u b lis h e d d a ta )
25.Í.63 CSIRO (u n p u b lis h e d d a ta )
26.Í.63 CSIRO (u n p u b lis h e d d a ta )
9.Ü .63 CSIRO (u n p u b lis h e d d a ta )

10.ii.63 CSIRO (u n p u b lis h e d d a ta )
l l . i i .6 3 CSIRO (u n p u b lis h e d d a ta )
12.ii.63 CSIRO (u n p u b lis h e d d a ta )
13.ii.63 CSIRO (u n p u b lish e d d a ta )
14.ii.63 CSIRO (u n p u b lish e d d a ta )
15.ii.63 CSIRO (u n p u b lis h e d d a ta )

Symbols used in 
Figs. 11,
12, and 13
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T a b le  5 (Continued)

Station Vessel Date Source of Data
Symbols used in 

Figs. 11,
12, and 13

2 Diamantina 30.iii.63 CSIRO (unpublished data) +
5 Diamantina 31.iii.63 CSIRO (unpublished data)

10 Diamantina l.iv.63 CSIRO (unpublished data)
14 Diamantina 2.iv.63 CSIRO (unpublished data)
19 Diamantina 3.iv.63 CSIRO (unpublished data)
24 Diamantina 4.iv.63 CSIRO (unpublished data)
29 Diamantina 5.iv.63 CSIRO (unpublished data)
34 Diamintana 6.iv.63 CSIRO (unpublished data)
40 Diamantina 20.iv.63 CSIRO (unpublished data)
42 Diamantina 21.iv.63 CSIRO (unpublished data)
44 Diamantina 22.iv.63 CSIRO (unpublished data)
46 Diamantina 23.iv.63 CSIRO (unpublished data)
48 Diamantina 24.iv.63 CSIRO (unpublished data)
50 Diamantina 25.iv.63 CSIRO (unpublished data)
52 Diamantina 26.iv.63 CSIRO (unpublished data)

56 Diamantina 8.V.63 CSIRO (unpublished data) O
58 Diamantina 9.V.63 CSIRO (unpublished data)
60 Diamantina 10.V.63 CSIRO (unpublished data)
62 Diamantina ll.v.63 CSIRO (unpublished data)
64 Diamantina 12.V.63 CSIRO (unpublished data)
66 Diamantina 13.V.63 CSIRO (unpublished data)
68 Diamantina 14.V.63 CSIRO (unpublished data)
70 Diamantina 15.V.63 CSIRO (unpublished data)
76 Diamantina 27.V.63 CSIRO (unpublished data)
78 Diamantina 28.V.63 CSIRO (unpublished data)
80 Diamantina 29.V.63 CSIRO (unpublished data)
82 Diamantina 30.V.63 CSIRO (unpublished data)
86 Diamantina l.vi.63 ' CSIRO (unpublished data)
88 Diamantina 2.VÍ.63 CSIRO (unpublished data)

90 Diamantina 11 .vii.63 CSIRO (unpublished data) ▼
92 Diamantina 12.vii.63 CSIRO (unpublished data)
94 Diamantina 13.vii.63 CSIRO (unpublished data)
96 Diamantina 14.vii.63 CSIRO (unpublished data)
98 Diamantina 15. vii.63 CSIRO (unpublished data)

100 Diamantina 16. vii.63 CSIRO (unpublished data)
102 Diamantina 17.vii.62 CSIRO (unpublished data)
104 Diamantina 18. vii.63 CSIRO (unpublished data)
111 Diamantina 4.viii.63 CSIRO (unpublished data)
113 Diamantina 5.viii.63 CSIRO (unpublished data)
115 Diamantina . 6.VÎÜ.63 CSIRO (unpublished data)
117 Diamantina 7.VÜL63 CSIRO (unpublished data)
119 Diamantina 8.viii.63 CSIRO (unpublished data)
121 Diamantina 9.viii.63 CSIRO (unpublished data)

corresponding station numbers and show that the oxygen and inorganic phosphate 
of this deep maximum are maintained by the same mixing circuits. Exceptions to 
this are stations 13,17, and 19 which have too low an oxygen content (Fig. 9) and stations 
13, 17, and 31 (Fig. 10) which have too high phosphate values.
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Fig. 2.—Salinity-potential temperature curves of deep water at CSIRO Reference Station
(see Fig. 1). (------- ) Potential density. The mean position of the 3000 m depth is indicated.

For symbols used see Table 3.
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Fig. 3.—Salinity-potential temperature curves of deep water at SCOR-UNESCO Reference
Station 1 (see Fig. 1) during 1959-62. (------- ) Potential density. The mean position of the

2800 m depth is given. For symbols used see Table 1.
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o -----

_

34-70
SALINITY

Fig. 4.—Salinity-potential temperature curves o f deep water at SCOR-UNESCO Reference
Station 1 (see Fig. 1) during 1962-63. (------- ) Potential density. The mean position of the

2800 m depth is shown. For symbols used see Table 1.
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Fig. 5.—Salinity-potential temperature curves of deep water at SCOR-UNESCO Reference
Station 2 (see Fig. 1) during 1962-63. (------- ) Potential density. Mean positions o f the

2000 and 3500 m depths are indicated. For symbols used see Table 2.
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V. C o m pa r iso n  o f  D eep C h a r a c ter istic s  o f  R eference  Sta tio n s  a n d  

M ix in g  E n velopes  o f  Sec t io n  IV

The observed oxygen-potential temperature combinations o f the deep salinity 
maximum of SCOR-UNESCO reference stations 1 and 2 lay within the mixing envelope 
of the Indian Ocean (Fig. 11). There were only a few anomalies in the inorganic 
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Fig. 6.—The monthly variation in salinity of the deep salinity maximum at the CSIRO and SCOR- 
UNESCO reference stations 1 and 2. □  1959; A 1960; +  1961; x 1962; O 1963. The depth (m)
of the maximum is shown. The annual mean (------- ) and its precision limits (•••■) with a curve

of the mean annual cycle (------- ) have been drawn.

phosphate-potential temperature combinations (Fig. 12) but the salinity-potential 
temperature combinations (Fig. 13) showed sufficient anomalies to warrant investi­
gation. Very probably these anomalies were caused by salinities being lower than those
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of the mixing envelope at a given potential temperature. They were mostly found at 
SCOR-UNESCO Reference Station 2.

Profiles o f  properties at a station representative o f conditions near this reference 
station are shown in Figure 7. When transferred to the mixing envelopes o f Figures 
11, 12, and 13, these profiles show that vertical mixing with shallower layers would 
reduce the salinity (and to a lesser extent the phosphates) without appreciable effect 
on the oxygen-potential temperature relation. The salinity-potential temperature

PO TEN TIA L T E M P E R A T U R E (°C )

0  1 2  3  4  5
O X Y G EN  ( m l / I )  P H O S P H A T E  P H O S P H O R U S  ( p g - a t / l . )

3 4  6 0  - 6 5 • 7 0 •7 5 • 6 0 3 0  3 52 0  2 -5 4 0
5 0 0

O O O

2000

E 3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

Fig. 7.—Profiles of salinity, potential temperature, oxygen, and inorganic phosphates (500 m - 
bottom), at Station Dm 58/62 (Fig. 1; 39) o f the south-east Indian Ocean in July 1962.

relations lying outside the mixing envelope o f the north Indian deep water (Fig. 11) 
can be explained, therefore, by á secondary mixing o f north Indian deep water with 
the waters above. This mixing would be facilitated in this region by the relatively 
shallow depth (Fig. 8; 1900-2000 m) o f the deep salinity maximum.

The deep salinity maximum o f Dm 73/63 had a salinity-potential temperature 
ratio outside o f the mixing envelope (Fig. 13), although its oxygen and inorganic 
phosphate to potential temperature ratios (Figs. 11 and 12) were within the limits 
of the mixing envelopes. This was considered sufficiënt to reject the observed 
salinity value for Dm 73/63 and to use an interpolated value from a smooth curve 
through remaining values (Fig. 5).

For the most part, however, the changes in properties at these reference stations 
and stations between, along the 110° E. section (Section VI), are consistent with varia­
tions in the intensity o f horizontal advection o f waters o f the deep salinity maximum of  
the adjoining Indian Ocean. Moreover, the consistent decrease in-oxygen and increase
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Fig. 8.—Salinity-potential temperature relations of the deep salinity maximum of the Indian Ocean 
and parts o f the south-east Atlantic and south-west Pacific oceans. Letters refer to water masses 
(see Section IV) and numbers indicate stations (Fig. 1). Bracketed numbers indicate depth (m), 
and broken lines potential density (at). The boxed values are from stations 36 and 37 (Table 4) 
occupied by H.M.A.S. Gascoyne and Diamantina a t nearly the same position and time. These show

the differences in salinity.
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differences in oxygen values of H.M.A.S. Gascoyne and Diamantina.
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in inorganic phosphate accompanying increases in salinity (Figs. 11 and 12), show 
that such advection is principally o f waters from the north Indian part o f the deep 
salinity maximum. The monthly changes in salinity (Fig. 6) show that this advection 
was at a maximum in March-July.
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Fig. 11.—Oxygen-potential temperature relations of the deep salinity maximum of the CSIRO 
Reference Station, of the SCOR-UNESCO reference stations 1 and 2 and stations along the 110°E. 
meridian during 1962-63 (Fig. 1). The envelope has been drawn to correspond to that of Fig. 9. 
A Reference Station 1, 1959-62; □  Reference Station 1, 1962-63; *Reference Station 2, 1962-63; 
V Pacific Reference Station 1962-63. For other symbols see Table 5. Broken line shows the 
change of the oxygen-potential temperature relation with depth at station 39 (Fig. 1). The boxed 

values show the variation in oxygen values a t the CSIRO Reference Station.

VI. S e a s o n a l  C h a n g e s  i n  S a l i n i t y  a l o n g  t h e  110°E. M e r id ia n

Salinities and potential temperatures o f the deep saliiiity maximum for stations 
along this meridian (Table 5) were read from smoothed salinity-potential temperature 
curves and the oxygen and inorganic phosphate o f this maximum were interpolated
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from the tabulated data (Table 5). The salinity-potential temperature, oxygen- 
potential temperature, and the inorganic phosphate-potential temperature ratios of 
these maxima were compared with those, o f the reference stations and o f the deep 
salinity maximum of the Indian Öcean (Figs. 11, 12, and 13). Below a potential
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Fig. 12.—Inorganic phosphate-potential temperature relations of the deep salinity maximum of 
stations of Figure 11. The envelope has been drawn to correspond to that of Figure 10. Broken line 
shows the change in the above relation with depth at station 39 (Fig. 1). The boxed values show 

the variation in phosphates at the CSIRO Reference Station.

temperature o f 1 • 80° C the width o f the mixing envelope at constant potential 
temperature increased as north Atlantic deep water and Antarctic bottom water entered 
the mixing circuit.
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It is quite difficult in this part o f  the mixing envelopes (Figs. 8, 9, and 10) 
to decide the water mass significance o f any relation of salinity, oxygen, and inorganic 
phosphate to potential temperature. Above a potential temperature of 1-80°C, 
however, the mixing envelope is separated into the north Atlantic deep and north
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Fig. 13.—Salinity-potential temperature relations o f the deep salinity maximum o f stations o f  
Figure 11. The envelope has been drawn to correspond to that o f Figure 8 . Broken line shows 
the change in the above relation with depth at station 39 (Fig. 1). The boxed values show the variation 

in salinity at the CSIRO Reference Station.

Indian deep circuits. The salinity-potential temperature relations o f the deep salinity 
maximum along the 110°E. meridian (Fig. 14) belonged to the north Indian deep part 
of the mixing circuit. Salinities greater than 34 • 76%0, and in high probability greater 
than 34- 740%o, indicate conclusively the advection o f north Indian deep water across
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the 110° E. meridian. This advection occurred during March-July 1963 north of 18° S. 
(Fig. 14) and in August 1962 around 26° S. North o f 30° S. salinities were greater than 
34-740%o in March-April.

The oxygen content o f the deep salinity maximum along the 110°E. meridian, 
northward o f 30°S., was lower (less than 3-70 ml/1) in March-April than at other 
times, except for August 1962 when increased advection o f north Indian deep water

1962 1963
A U G .  S E R  O C T .  N O V .  D E C .  J A N .  F E B .  M A R .  A P R .  M A Y  J U N E  J U L Y  A U G

-740 • 760 '760 -76<

• 1-740 -760

•1-740

■740
rnt• 7 3 6

o 20 “  7 2 9

-7 3 0 '
UJO3
I - 22
5_i 7 3 0

24
••731

26 ••740

28

3 0
•730- 7 3 9

32

ŒD SALINITIES >  34 7 6 0  ° / o o BY ADVECTION O f  NORTH INDIAN DEEP WATERSALINITIES

|  : Í ; 7 [  SALINITIES <  34 7 3 0 % o

Fig. 14.—Salinity o f the deep salinity maximum as a function o f time and latitude along the 110°E. 
meridian (Fig. 1). 34-000 to be added to values to give true value. Vertical line shading, salinity 
greater than 34-760%o by advection o f north Indian deep Water; stippled shading, salinity less than

34-730%.

caused lowered oxygen values (3-58 ml/1) around 26° S. (Fig. 15). These seasonal 
changes in oxygen are o f the appropriate sign to confirm that increases in salinity 
along this meridian are basically caused by advection o f north Indian deep water. 
The advection o f this north Indian Ocean water occurred at about the same period 
of the year as was previously found for SCOR-UNESCO reference stations 1 and 2 
(Fig. 6).

776



L
A

T
IT

U
D

E
 

(°
S

.)

SALINITY CHA RACTERISTICS O F TH E SOUTH-EAST IN D IA N  OCEAN 147

VII. L o n g -t e r m  P r e c is io n  o f  t h e  A u s t r a l ia n  

D e e p  C h e m ic a l  R e su l t s

During the SCOR-UNESCO chemical intercalibration tests off Fremantle, 
in August 1962, the precision of the Australian methods of oxygen and inorganic 
phosphate analyses were tested by a series of replicate determinations of the same 
water. From these tests standard deviations of 0-05 /¿g-atom/1 at a mean of 2-00

1962 1963
AUG. SEP OCT. NOV. DEC. JAN. F t  B. MAR. APR. MAY JUNE JULY AUG.

3 20
TN 3 3 03-30

3 35 3 403 22

3 30
3 26 3 0 4

3 4 0
3 26

3 603 26

3 42 3 49

13 2 0

3 47 3 65 3 6 03 49

20 3 72

3 723 4«3 9922
3-703 66

24
3 673 70 3 60

26 3 66

3 80 3 70 1,4 023 9828

3 86

30
3 8 03-94

32 4 034 0 8

OXYGEN VALUES <  3 * 3 0  m l/L  OF NORTH INDIAN DEEP WATER ORIGIN34

Fig. 15.—Oxygen (ml/1) of the deep salinity maximum as a function of time and latitude along the 
1J0°E. meridian (Fig. 1). Vertical line shading, oxygen values less than 3*30 ml/1 by advection

of north Indian deep water.

¿¿g-atom/I and of 0*02 ml/1 at a mean of 4*00 ml/1 were obtained for the phosphate 
and oxygen analyses, respectively (Rochford 1963).* However, it was felt that these 
precisions might not be maintained on a series of cruises extending over several 
years, and involving different analysts and field conditions.
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The changes in salinity o f the deep salinity maximum during 1962-63 at the 
CSIRO Reference Station were less than the experimental error of the salinometer 
and show that the deep waters were little affected by mixing during this period. 
Figures 11 and 12 show the variation in oxygen and inorganic phosphate in relation 
to potential temperature o f these waters during the same period. Deviations of 
± 0 -0 3  ml/1 in oyxgen, ± 0 -0 5  /¿g-atom/1 in inorganic phosphate about the mean were 
found and these are similar to the precisions obtained on R.S. Vityaz. There does 
not appear, therefore, to be any long-term change in the precision o f the Australian 
chemical data. In March 1961 a comparison was made o f the deep chemical results 
o f H.M .A.S. Gascoyne and Diamantina at two stations south of Australia in nearly 
the same position (Fig. 1; 36 and 37) and time (Table 4). The differences between 
the salinity, potential temperature, oxygen, and inorganic phosphate values obtained 
on the two-ships (Figs. 8, 9, and 10) were less than the differences in values obtained 
by the one ship at the Pacific Reference Station. On this occasion at least there was no 
evidence o f inter-ship discrepancies in the Australian chemical data.

VIII. Sta b il it y  o f  D eep  W a ters  o f  o th er  SCOR-UNESCO  
R eferen ce  Statio n s

For a deep reference station to be used to compare analytical accuracies it must 
have deep water <with chemical characteristics that are stable for several years and 
longer if possible. SCOR-UNESCO reference stations 1 and 2 have large seasonal 
changes in their deep chemical properties, principally caused by advection o f north 
Indian deep water (Section V) and are not suitable for comparison o f analytical 
accuracies. The probable boundaries o f this north Indian deep water (Fig. 1) en­
compass SCOR-UNESCO reference stations 4, 5, 7, 8, 10, 11, and 13 which are 
deeper than 3000 m. The seasonal changes in deep properties at these stations will be 
too large to allow their use for comparison o f analytical accuracies.

The central Indian deep water mass (C) varied little in salinity and other 
properties (Figs. 8-10) throughout its widespread distribution in the Indian and south­
west Pacific oceans (Fig. 1). At the CSIRO Reference Station (Fig. 1) the properties 
o f this deep water remained virtually unchanged during 1962-63 (Figs. 11-13). 
Reference stations within the boundaries o f  this water mass would be ideal for 
comparison o f analytical accuracies, but to date no such reference stations have been 
established (Fig. 1). Between stations 35 and 31 (Fig. 1) the salinity o f the north 
Atlantic deep water influx decreased rapidly by mixing (Fig. 8) indicating a region 
o f strong advection. In such a region large periodic changes in deep properties would 
seem very probable. The recently established SCOR-UNESCO Reference Station 15 
(Fig. 1) within the boundaries o f this water mass will in all probability be unsuitable 
for checking analytical accuracies. It is likely, therefore, that none o f the existing SCOR- 
UNESCO reference stations in the Indian Ocean will prove useful for comparison o f  
analytical accuracies o f the various IIOE ships, although their use for monitoring the 
rapid changes in deep circulation will be very important.

IX. C o n c lu sio n s

The extent o f annual change in the chemical properties o f the deep salinity 
maximum at the SCOR-UNESCO reference stations 1 and 2 makes the deep water 
of those stations unsuitable for intercalibration o f chemical data.
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This annual change is caused by an increase in the advection o f north Indian 
Ocean deep water into the south-east Indian Ocean during March-July. The deep 
waters o f a CSIRO reference station east o f Sydney have not changed their properties 
beyond limits o f experimental error o f the chemical analyses, which were found on 
R. S. Vityaz in August 1962. This station is quite suitable for intercalibration o f  
chemical data.

Many o f the other SCOR-UNESCO reference stations in the Indian Ocean are 
located within the distributional limits o f the north Indian Ocean deep water mass 
and are expected to be unsuitable for chemical intercalibration.
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RECONNAISSANCE OF THE SOMALI CURRENT DURING  
THE SOUTH W EST MONSOON

B y  H e n r y  S t o m m e l  a n d  W a r r e n  S . W o o s t e r

M ASSACHUSETTS IN S T IT U T E  OF TECHN O LO GY , CAM BRIDGE, M ASSACHUSETTS,
AND SCRIPTS IN STITU TIO N  OF OCEANOGRAPHY, LA JOLLA , CALIFORNIA

Communicated, A p ril 29, 1965

Previous observations off the coast of East Africa are inadequate in density or 
extent to identify the Somali Current as a true western boundary cur­
rent, or to establish its width, velocity, dynamic topography, etc. In August and 
September 1964, the research vessel Argo was engaged with Discovery on a joint 
Anglo-United States expedition to the Somali Current; our purpose is to present 
here a brief notice of some of the Argo observations. Detailed discussions and 
complete results, including presentation of the oceanographic station data and the 
results of direct measurements of currents by various meters will be reported else­
where.

Our work in the Somali Current was of an exploratory nature. We were un­
certain as to whether we would be able to trace the axis of the current at all by the 
topography of the temperature field: indeed, similar work in the Guiana Current 
had proved disappointing in the past. Some results of Atlantis II  in 1963 suggested 
that the Somali Current might be broad and diffuse and difficult to pinpoint. We 
found, on the contrary, that it is a clearly marked, definite, intense, narrow stream, 
easily measurable and identifiable.

The Somali Current as we found it appears to be of theoretical interest because, 
although like the Gulf Stream and Kuroshio it flows toward the north as an intense 
boundary current along the western coast of a great ocean basin, it differs from them 
in fundamental ways: (1) it is present during only part of the year, since the driving 
wind stresses reverse with the monsoons (a period rather short theoretically for 
baroclinie equilibrium), (2) it flows across the equator (where geostrophy breaks

reprints o f  the International Ind ian  Ocean Expedition , vol. I I I ,  contribution  no. 190 781
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down), (3) the current separates from the coast line in a region where the coast is 
very straight and steep, and where the bottom topography is smooth (whereas the 
Gulf Stream and Kuroshio leave the coast at prominent capes1), and (4) there is a 
conspicuous isolated cold upwelling region just north of the point of separation.

Figure 1 shows the location of Argo hydrographic stations and bathythermograph

X

F i g . 1.—Location of bathythermograph sections C through I, north of 5°N . Location of
sections A  and B  shown on Fig. 4.

sections north of 5°N , and Figure 2.shows these bathythermograph sections C, D, E 
G, H, and I. In each case the section is drawn so that the southernmost end is to­
ward the right, temperature is in degrees Centigrade, and depth is in meters. Thus, 
in section C the isothermal surfaces slope sharply downward from the coast toward the 
open-ocean values at the right-hand side. At a section further north (section D) the 
slope of the isotherms is greater due to the latitudinal increase of Coriolis force 
(assuming constant transport in the current). Sections H  and I  are normal to the 
axis of the current after it turns to flow eastward, but also show two other currents 
lo the north which seem to be part of a large clockwise-flowing eddy. This interpre­
tation is shown in Figure 3 by the depth of the 20° isotherm. The interpretation is 
as follows: the Somali Current flows strongly close to the coast at Garad as can be 
seen by following the 100-meter contour. Farther north, by Eil Marina, this con­
tour turns eastward and never goes farther north than 8°30'N. This appears to 
be the main axis of the Somali Current. The clockwise half-loop farther north 
appears to be a different water mass. The southeastern portion of the chart 
shows the smooth thermal topography characteristic of the interior regions of the 
Indian Ocean. Dr. A. Laughton's charts of bottom topography (not here re­
produced) show a'steep smooth cont inental slope all the way up to 1I°N . so there is
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left, open ocean on the right; thus in general the Somali Current flows into the plane of the figure.
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F i g . 3.— Depth of the 20°C isotherm in meters.

no obvious local bathymetrical feature which causes the observed separation near 
Garad.

We were able to obtain estimates of the surface velocity of the current farther up­
stream in the vicinity of the equator using towed electrodes as shown in Figure 4— 
which includes some data from Discovery as well. The two bathythermograph 
sections (Fig. 2, sections A  and B) taken along the lines in Figure 4 show very 
weak topography, in contrast to sections further north.

At certain places there are good radar targets on the coast itself, and the current 
runs so close to the coast that it can also be determined from drift of the vessel hove 
to. Maximum speeds, as measured by GEK or surface drift, were observed to in­
crease in a roughly linear fashion with latitude, from 178 cm/sec at 2°S to about 350 
cm/sec at 8°N.

It bas long been known to seafarers that during the south rest monsoon there is 
a region of low surface temperature near Ras Hafun, and Mrs. Mary Swallow of the 
British National Institute of Oceanography and Captain Britten of the Royal Naval 
Air Weather Service produced for us historical charts of the area which they plan to 
publish separately. The location of this region is shown in Figure 3 by the absence 
of any 20° isotherm off Ras Hafun and Ras Mabber. It is more clearly illustrated 
by the chart of surface temperature (Fig. 5) where the notably cold (as low as 
13.3 ° C) small region off Ras Mabber is revealed. The bathythermographic section E  
also cuts into this region. We were delighted to find such a highly developed cold 
region, marked as well by surface fog, dead fish, and undersaturated oxygen. From 
differences between the observations of Argo and Discovery'1 it appears that there 
is considerable variability in detail in this cold area, especially near Ras Mabber
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and in the long thin tongue of cold water extending far to the east, but we do not 
have enough observational material to discuss this variability.

The only other place in the world ocean where such low siirface temperatures are 
found at such low latitudes is the Peruvian coast, and even there it is uncommon to 
find surface temperatures lower than 15°C within 10° of the equator. Such cold 
regions are often attributed to transport of surface waters away from the coast due 
to local winds. The southwest monsoon is in proper direction to act in such a 
manner along this part of the Somali coast, but it seems to us that the intensity and 
location of the cold region is also to a large extent determined by the steep to­
pography associated with the western boundary current itself—and this, of course, is a 
result of wind distribution over the entire ocean, not merely locally. The relative 
importance of the two influences is not clear.

The authors are grateful to Drs. R. Currie, J. Swallow, and J. C. Crease aboard the Discov­
ery for their collaboration on this survey, to Mrs. Mary Swallow for her constant interest, to 
the National Science Foundation and the Office of Naval Research for financial support, and to 
the officers, crew, and scientific parties of both vessels.

1 Greenspan, H ., thèse P r o c e e d in g s , 4 8 , 2 0 3 4  (1 9 6 2 ); and J . Marine Res., 21 , 147 (1 9 6 3 ).
2 Foxton, P., Deep-Sea Res., 1 2 , 17 (1965).

786



P a r t  I V M a r i n e  g e o l o g y  

a n d  g e o p h y s i c s



G e o p h y s ic a l  s tu d ie s  i n  th e
I n d i a n  O c e a n  Reprinted from Endeavour, vol. 23, 1964, p. 43*47

B. D . Loncarevic

The Indian O cean is im portant to the densely populated countries that surround it, but it has been  
very little investigated. A n International Indian O cean Expedition is now  in progress, and this 
article is intended to provide a background to the accounts of that expedition. It describes the 
results of the expedition of H .M .S . Owen to the Indian O cean in 1 9 6 1 , a preliminary to the m ain  
British expedition, and discusses them , particularly in  the light of the drifting-continent theory.

The Indian Ocean is bordered by some of the most densely 
populated areas in the world and crossed by the oldest routes of 
oceanic commerce. Nevertheless, up to a few years ago it was 
the least known of the oceans of the world. Oceanography had 
bypassed it, and the question of the origin, characteristics, and 
effects of the monsoons, for example, were as much a puzzle 
as they had been to the ancient Arab mariners in their dhows. 
To solve some of these problems, an expedition has been 
organized, involving some 30-40' ships from ten nations, as an 
international contribution to the development of the countries 
bordering the Indian Ocean. This will study the large-scale inter­
actions between wind and sea, the equatorial currents, the pro­
ductivity of the ocean, and the structure and composition of the 
ocean bottom, and will provide data for many years of research 
and interpretation. This article describes recent work in the 
Indian Ocean, and is intended to give a background for the forth­
coming reports of the International Indian Ocean Expedition.

In 1961, H.M.S. Owen, one of Her Majesty’s surveying ships, 
was given the task of carrying out a reconnaissance survey of the 
area bounded by Africa on the west, Pakistan and India on the 
north and east, and the latitude of Mauritius on the south. The 
Department of Geodesy and Geophysics, Cambridge University, 
supplied scientific instruments and personnel and undertook 
the reduction and preliminary interpretation of the data. The 
purpose of the reconnaissance expedition was to outline the 
major features, and to delineate areas for future detailed studies 
by the British ships of the International Indian Ocean Expedi­
tion. The results of the survey have been published by the 
Hydrographic Department of the Admiralty [1] and form the 
basis of the following discussion. Figure 1 shows the ship’s track.

Instrumentation
The most important instrument used was a precision echo- 
sounder, designed and built by A. S. Laughton a t the National 
Institute of Oceanography. This instrument used an outboard 
transducer, and the time required for the echo to return from 
the ocean bottom was measured accurately with reference to 
the constant frequency of a tuning fork. Changes in depth of 
one to two metres could be detected even when the depth was 
more than five kilometres.

The second instrument in continuous use was a magneto­
meter developed by M. N. Hill at Cambridge University and 
built commercially in Edinburgh. This instrument measures 
the proton-precession frequency, which is a function of the 
local magnetic field, with an accuracy of one part in 100 ooo..

B. D. Loncarevic, M.A., Ph.D.Was born in 1930 in Belgrade, Yugoslavia. After graduation from the Univer­sity of Toronto, he worked with an airborne geophysical unit on the develop­ment of an electromagnetic prospecting Instrument. In 1958, he went to Cambridge on an Athione Fellowship to work at the Department of Geodesy and Geophysics on the problem of gravity measurement at sea. During 1961-62 he was a member of the U.K. scientific team taking part in the International Indian Ocean Expedition. He Is now a Senior Scientific Officer at the Bedford Institute of Oceanography, Dartmouth, Nova Scotia, where he Is In charge of the marine geophysical programme.

The sensor, a bottle of water with a coil wound round it, was 
towed 130 metres behind the ship to minimize the distortion of 
the Earth’s field by the presence of the ship. The associated 
electronic apparatus, chart recorder, and punched-tape output 
device were installed in the chart room.

The third instrument used routinely throughout the survey 
was an Askania-Graf sea gravimeter. This instrument is a 
very sensitive spring balance, highly damped in order to 
eliminate the effect of heaving of the ship, and mounted on a 
gyro-stabilized platform to compensate for roll and pitch of the 
ship. A gravimeter can measure with great precision the varia­
tions, due to the variations in the shape and structure of 
the ocean bottom, of the gravitational attraction. However, 
because of the residual effect of ship motions and inherent 
errors in navigation by star fixes alone, the overall accuracy 
of the gravity measurements was only of the order of one part 
in 100 000. Instruments for precise measurement of depth, of 
magnetic and gravitational fields, and of the sediment thickness
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arc indispensable tools in the study of the characteristic 
features of the ocean bottom.

It is only in the last ten or twenty years that the fascinating 
variety of the ocean-bottom features has been recognized. The 
crust, which is the outer layer of the solid Earth overlying the 
more dense and more uniform layer called the mantle, has a 
different structure and composition under the oceans from those 
under the continents. The continents are composed of granitic 
rocks of about 35 km thickness, though this increases to 60 km 
under some mountain ranges. The oceanic crust is made up of 
sediments underlain by basaltic rocks. The total thickness is 
about io km, with an increase under the oceanic mountains. 
Granitic rocks are normally completely absent, although there 
is one notable exception, the Seychelles Islands, which is 
discussed at length below. Figure 2 is a diagram of a typical 
cross-section of the crust, showing the difference between the 
continents and the oceans.

All the oceans are broadly similar. Beyond the edge of the 
continental shelf, the depth of the sea increases rapidly and 
some rough topography at the base of the continental slope 
leads to a plain. The surface of this abyssal plain, which slopes 
away from the continents with a gradient of less than one part 
in 1000, consists of slowly deposited sediments; it is not per­
fectly smooth, because of burrowing animals, ripple marks, and 
an occasional river channel or mid-ocean canyon. Abyssal hills, 
rising a couple of hundred metres, appear scattered on the 
plain; if they reach a height of over 1000 m they are called 
seamounts. As one moves away from the continents towards 
the middle of the ocean, the topography becomes rougher, 
until a mountain ridge is encountered with rugged peaks and 
deep valleys. This ridge follows the median line of the oceans 
round the world and represents the longest mountain chain on 
the Earth. Occasionally, the mountain peaks reach above the 
sea surface, giving rise to islands such as the Azores. Islands 
also occur away from the ridge, either isolated, as, for example, 
Madeira, or in chains. Of special interest are island arcs, which 
arc curved chains of islands with a deep trench and a large 
nrgative gravity anomaly on the convex side of the arc.

Most of the major ocean-bottom physiographical features 
arc present in the north-western Indian Ocean. There are 
two fully developed abyssal plains, and abyssal hills that 
merge with the mid-ocean ridge. The ridge is a branch of the 
world-wide system of mid-ocean ridges and may have a con­
tinental extension at its northern end. The area is studded 
with islands and coral atolls, and there are seamounts and
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submarine banks and even a deep-sea trench. The area is an 
attractive one for geophysical studies, and it is hoped that 
some major advances of knowledge will come from further 
investigations.

The Carlsberg Ridge
The major physiographic feature in the area is the Carlsberg 
Ridge, an impressive chain of mountains over 4000 km long. 
I t emerges from a complicated and little known area of 
rough topography somewhere south of Mauritius and stretches 
to the entrance of the Gulf of Aden. It was first recognized 
on a crossing by the ‘Dana’ expedition in 1930 between 
latitudes i° and 2°N, and on the basis of this single crossing 
Johannes Schmidt postulated the existence of a ridge and 
gave it the name ‘Carlsberg’ after the sponsor of the expedition. 
It was further investigated by the ‘John Murray’ expedition 
in 1934 [2] and has been crossed by many expeditions since 
then. These crossings have established the continuity of the 
ridge and some of its major characteristics. The abyssal plains 
in the north are well developed right up to the flanks of the 
ridge. Its width on the two crossings in the northern section is 
750 km and 950 km and the peak is at 1850 m, thus rising 
2350 m from the level of the abyssal plain. The sections of the 
ridge at A and B (figure 1) are illustrated with the profiles of 
bathymetric, magnetic, and gravitational anomalies in figure 
3. The most striking feature of these profiles is the appearance 
of a deep valley near the crest of the ridge. At A the north 
wall is over 2200 m high, the south wall is about 1500 m high, 
and the valley is 20 km wide. At B, both sides of the valley 
are about 1500 m high and at 500 m elevation the valley is 
12 km wide. On both crossings the depth to the floor of the 
valley is 4200 m and represents the greatest depth within the 
central part of the ridge. Although the valley seems to be a 
characteristic of the ridge, its continuity throughout the length 
of the ridge is questionable. Detailed investigations around 
5°N and 62°E have shown that the valley is disrupted there 
by fractures and faults. It seems likely that the valley has been 
disrupted, blocked, and twisted in various places, but at the 
same time it remains a basic characteristic of the ridge system 
and deserves more detailed study.

The magnetic anomaly (figure 3) across the ridge shows a 
disturbed field with generally poor correlation between the 
magnetic and bathymetric profiles. The only place where there 
is a clear correlation between the two profiles is over the cen­
tral valley itself. A distinct negative anomaly equivalent to
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more than  i per cent of the local magnetic field was measured 
when crossing the valley.

I t is impossible to say from  the m agnetic profile w hat causes 
the anomaly. However, it is possible to  calculate magnetic 
anomalies over assumed bodies of varying shape, size, and 
magnetic contrast, and  to com pare these calculated values 
with the observed one, thus obtaining some general idea about 
the possible source of the observed anomaly. These calculations 
have been m ade, taking into account the strength and in­
clination of the local m agnetic field and the general direction of 
orientation of the ridge. I t  was found th a t a  rectangular 
prismatic body of some 5-10 km cross-section, very long com­
pared  w ith its cross-section and  only a  few kilometres under 
the valley, would give an  anom aly corresponding fairly 
closely in shape and m agnitude w ith the observed one. Similar 
results have been obtained in the A tlantic ocean, around 45°N, 
and both there and in the Indian  O cean, they can be explained 
by assuming that there is a  dyke intrusion underlying the 
valley floor. This would also conveniently explain the high 
heat-flows observed in the centre of the ridge. This provides 
further evidence th a t the chains of m ountains on the ocean 
floor arc a  p art of a world-wide system, and tha t the same 
mechanism was responsible for all of them.

There are no other anomalies on the ridge that compare 
with the anomalies over the valley. However, on the smooth 
abyssal plains bordering the ridge similar large magnetic 
anomalies were encountered, and  these were completely 
unexpected. T he type and shape of the magnetic anomalies 
under the abyssal plains on either side of the Carlsberg Ridge 
can be seen on the south (left) end of the profiles in figure 3; 
they were even more m arked and persistent north of the ridge. 
There were no visible seamounts associated with magnetic 
anomalies on the flanks of the Carlsberg Ridge, and it is 
extremely unlikely that there were seamounts hidden under 
the sediments, as they would then  have been detected on the 
gravim eter trace. The gravim eter trace on the abyssal plain 
remained very steady and  indicated that under these plains 
were uniform layers. T he origin of these magnetic anomalies 
is still a mystery, but it is possible to guess the depth of a 
body th a t could cause these anomalies by assuming that the 
depth is roughly equal to the ‘half-width* of the anomaly. 
Using this rule, the approximate, depth of the body causing the 
anom aly is 25 km. Thus, it seems that the cause of these 
anomalies is in the upper m antle, below thfe base of the crust.

Two hypotheses can be pu t forward to explain the abyssal

plain anomalies, but it will be some time before they can be 
evaluated. T he first one derived from the obvious sim ilarity in 
shape and  m agnitude between the abyssal plain anomalies and 
those under the m edian valley. If  convective m otion is assumed 
in  the hot, relatively plastic m antle, then a  volcanic intrusion 
and  its associated m agnetic anom aly m ight be due to the 
m aterial brought up  by a  convection current. This convection 
current would rise under the medíajj valley and  cause the 
m agnetic anom aly over it. W hile coming up, this m aterial 
would be hot and non-magnetic, bu t after it  cooled down 
below its Curie point it  would become m agnetized and  the 
m agnetization would become ‘frozen’ into the intrusion. The 
nature and  mechanism of the convection current m otion is 
n o t well understood, but, according to one hypothesis, there 
is a period of rest after the current completes one cycle. D uring 
this period of quiescence, the intrusion m ight be cooling down 
and acquiring the frozen-in magnetic anomaly. D uring the 
next cycle of motion of the convection current, new m aterial is 
brought up  from the depths and m aterial brought up  in the 
previous cycle is pushed along the base of the crust. I t  eventually 
disappears under the continents and sinks to the depths, thus 
replacing the m aterial rising under the ridge. T he movement 
under the crust carries along the frozen-in anomalies. They 
appear as distinct anomalies because of the postulated pulsating 
nature of the convection currents. T he m ovem ent envisaged 
would be interm ittent and the distance travelled during the 
mobile phase would be represented by the distance between 
the anomalies.

T he hypothesis in the above form has m any points that 
could be criticized, bu t it does fit in w ith recent ideas of H . 
Hess and  R . Dietz [3] about the spreading of the* ocean floor. 
I t  also fits in with some ideas of J .  Tuzo Wilson [4], who col­
lected all the known age determ inations from  the oceanic islands 
and  showed that the ages increase w ith distance from  a ridge. 
This is presum ably because the older islands have travelled 
further. Thus the postulated m otion of the upper m antle could 
be the driving force for the crustal movements.

T he second hypothesis explaining the m agnetic anomalies 
under the abyssal plains is also based on the concept of con­
vection currents, bu t does not involve the m edian valley 
anomaly. I t  is again assumed th a t the convection current is 
rising under the ridge, flowing under the crust away from the 
ridge, and  sinking under the continents. T he upper boundary 
of this flow m ight not be smooth, indeed it is m ore likely to be 
undulating, so th a t the depth  of the isothermals is variable. 
This would im ply a variable depth of m aterials, a t tem peratures 
below the Curie point, which could acquire a  m agnetization 
th a t would manifest itself as the observed m agnetic anomaly. 
The density differences between m aterial above and below 
Curie poin t would be too small to be detected with the present 
equipm ent for measuring gravity a t sea. O n the other hand, the 
undulations of the upper boundary of the convection current 
could account for some of the observed variations of the heat 
flow. Indeed, a  dense profile of heat-flow stations m ight be a 
way of testing this hypothesis.

Seychelles Bank and Amirantes Trench
T o the south and  west of the Carlsberg Ridge lies the Sey­
chelles Bank w ith about 100 islands, 24 of which are inhabited. 
W hile most of the outlying islands are  low coral islands, the 
central p a rt of the M ahé-Praslin group is granitic in structure 
and  over 600 million years old (Precam brian) [5]. I t  is the 
only known mid-ocean island group composed of granite, and 
a  special explanation is required for its origin and  present 
location, as granitic rocks have always been considered as
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typically continental. W hile there rem ain m any objections to 
the theory of Continental drift, it is slowly gaining more support. 
In  the case of the Seychelles it provides acceptable explanations 
of a  num ber of phenom ena, and these will be now discussed.

If there were general rearrangem ent of continents that 
opened up  the Indian Ocean as we know it today, it is natural 
to suggest th a t the continental p a rt of the Seychelles has 
dropped off and was left behind, bu t where d id it belong 
originally? If  the Carlsberg Ridge divides the Indian Ocean, 
the Seychelles could reasonably be classified as p a rt of the 
original African continent. T he other possible connection is via 
M adagascar, and even a  cursory glance a t the m ap of the 
Indian  Ocean will show the rem arkable straightness of its east 
coast, which points towards the Seychelles. A large linear 
fault has been m apped on this coast, and it was only natural 
th a t a  northw ard drift along this fault has been postulated for 
the Seychelles, despite the paucity of evidence. T he evidence is 
still not conclusive. But new facts have emerged that support 
the idea. Seychelles Bank is bounded on the west side by a  low- 
lying ridge of coral islands called the Amirantes. Repeated 
crossings with a  shipbom e m agnetom eter have indicated that 
the ridge is underlain by highly magnetic rocks rising close to
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the surface underneath the coral. This ridge is directly in line 
w ith the M adagascar fault. Five crossings of the western 
approaches to the ridge are shown in figure 4. The striking 
feature on these crossings is the trench recently noticed by 
A. S. "Laughton and called by him  the Amirantes Trench. The 
gravitational anomaly profile reproduced in figure 5 indicates a 
uniformly increasing gravitational anomaly on top of which is 
superimposed a local negative anom aly of — o-12 cm/sec2. The 
m agnitude of this anom aly is comparable to that observed over 
other oceanic trenches, such as the A leutian Islands Trench.

The deep-ocean trenches have been investigated in  other 
areas, notably the Pacific, and  a general conclusion is that they 
are of tectonic origin. Together with the east coast of the 
M adagascar Fault, the Amirantes Trench is the most im por­
tan t new evidence for tectonic activity in this area. If the 
strike-slip origin for this trench could be proved, the riddle of 
the Seychelles m ight be solved and their ancient connection 
with Africa reconstructed by moving them  south to the east 
coast of M adagascar.

If the above were true, it would be natural to expect further 
evidence of cracking of the Indian Ocean floor to the north of 
Seychelles. This area has not been systematically investigated 
because, until now, nobody expected to find anything interest­
ing or unusual there. Further north, where the Carlsberg Ridge 
approaches the H orn of Africa (Cape G uardafui), D. H. 
M atthews [6] and his colleagues have recently shown, by 
skilful synthesis of bathym etric and seismic evidence, that the 
ridge has been fractured and  the western section moved per­
haps as m uch as 300 km to the north. Between M atthew s’ 
fault and  the Amirantes Trench, the evidence m ight be buried 
or confusing. Nevertheless, these two features indicate that 
there m ight be an enormous fault on the bottom  of the ocean 
stretching from the southern tip of M adagascar up to the 
northern shore of the Gulf of Aden and beyond. If this crack 
could be confirmed, its existence would profoundly affect our 
thinking about the structure of ocean floors.

Future work
In  order to investigate further m any fascinating puzzles on the 
bottom  of the Indian  Ocean, the new tools and  techniques of 
m arine geophysics will have to be applied on a large scale. In 
particular, seismic surveys of the thickness of various crustal 
layers will have to be extended. Both American and Russian 
scientists have conducted some measurements, bu t there is 
certainly room for an  extension of their work. M any m ore heat- 
flow measurements will be required, and they will have to be 
densely spaced along selected profiles. Palacomagnetic mea­
surements should be m ade on rock specimens from Seychelles 
and M adagascar. But, above all, systematic, detailed surveys 
and investigations of selected portions of the ocean floor m ust be 
carried out in spite of the difficulties, cost, and  tedious nature 
of the work. The progress from wild idea to hypothesis and 
thence to theory can be based only on factual survey information.
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Abstract

Three sedimentary cores from the Indian Ocean, a calcareous ooze, a siliceous ooze 
and an essentially biogenous-component free clay, were assayed for their rates of 
accumulation by the ionium/thorium technique. The average rate (on a calcium 
carbonate and opal free.basis) was about 1 mm/IO3 years, a value intermediate to those 
of the South Pacific (0.5 mm/103 years) and of the North Pacific and Atlantic Oceans 
( >  1 mm/103 years). Disequilibrium in the upper 15 cm or so of these cores between 
ionium (Th230) and its successor in the U 238 series, Pb210, suggests that the hypothesis 
of Koczy concerning the migration of radium from the sediments into the sea water 
is valid. A  model for such radium transfer is presented.

Previous studies on the rates of accumulation of deep-sea sediments by 
the ionium/thorium method (G oldberg  and K oide  [1962]) have indicated 
that the observed values for a given oceanic area are related to the 
relative quantities of continental contributions to the deposits. For 
example, rather uniform depositional rates (0.3-0.6 mm/IO3 years) are 
found for the South Pacific deep-sea sediments while in the North 
Pacific the figures were in general at least several times higher. It should 
be noted that such rates are averages over the last few hundred thousand 
years. These observations are compatible with the introduction of large 
amounts of quartz, feldspars and clay minerals from adjacent land masses 
in the northern sites while nearly all of the non-biogenous solid phases 
in the South Pacific can be attributed to local marine volcanic activity 
(P eterson  and G oldberg  [1962]).

A series of sediment samples collected in the Indian Ocean during the 
1960-61 “Monsoon Expedition” of the Scripps Institution of Ocean­
ography provided the opportunity to extend these studies. Although two 
groups of Russian workers have previously studied depositional rates by 
similar techniques (Sta r ik  et al. [1958] ; Baranov and K u zm ina  [1958]), 
their results are not strictly comparable to ours. First of all, the entire
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5, §2 SEDIMENT ACCUMULATION IN  THE INDIAN OCEAN 91

sediment sample was assayed for its thorium isotopes, whereas we 
analyzed only the leachates from hydrochloric acid treatment, presumably 
containing thorium isotopes derived from sea water, not from the land' 
derived detrital materials in addition. This leaching process usually 
removes about 70 percent of the total thorium from the samples. Second­
ly, their computed rates have not been corrected for dilution both by the 
opaline and by calcareous biological phases in order that sedimentation 
rates for the non-biogenous components can be ascertained.

During this work our attention was also directed to the hypothesis 
of K o c z y  [1958] that radium born through the radioactive decay of 
ionium (Th230) in the deep-sea deposits does diffuse into the adjacent sea 
water. Inasmuch as several of his water profiles were from areas near our 
sampling sites, it was considered worthwhile to determine if disequilibrium 
could be found between ionium and its daughters in our sediments.

1. Methodology

All of the techniques employed have been previously described in work 
from this laboratory: thorium isotope analyses as applied to sedimen­
tation rate determination ( G o l d b e r g  and K o id e , op. cit.) ; lead-210 
analyses ( R a m a , K o id e  and G o l d b e r g  [1961]); clay mineral analyses 
(G r if f in  and G o l d b e r g  [1963]) ; a modification of opal determinations 
( G o l d b e r g  [1958]); and quartz analyses (R e x  and G o l d b e r g  [1958]).

2. Results

Three cores were chosen for analyses on the basis that they represented 
different sediment types: (1) a siliceous ooze, Monsoon 49G; (2) a 
calcareous ooze, Monsoon 57G ; and (3) a sediment with only minor 
amounts of biogenous-components, Monsoon 68G. Detailed analyses are 
given in Appendix 1.

2.1. M O N SO O N  49G

This core, collected from a depth of 5214 meters at 14° 27' S and 78° 03' E, 
contained calcium carbonate in amounts under 3 % as determined both 
by X-ray diffraction data and by chemical analyses. The opal concen­
trations measured at 0-3 cm and 65-69 cm were 58 and 56 per cent by 
weight respectively. The overall sedimentation rate of 2.75 mm/103 years 
(Fig. 1) reduces to a value of 1.1 mm/103 for thé non-biogenous com­
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92 EDW ARD D . GOLDBERG AND MINORU KOIDE 5, §2

ponents. The exponential decay of the Io/Th ratio is seen to occur for 
at least four half-lives, indicating that the appearance of uranium sup­
ported ionium does not become significant until times of the order of 
300 000 years. Bottom disturbances, resulting from burrowing organisms 
and/or bottom water currents, cause deviations of the near-surface Io/Th 
values from a linear curve as drawn in Fig. 1 ( G o l d b e r g  and K o i d e ,  

op. cit.) and evidently are effective to depths of only 6 cm. The core 
contains unusually high thorium concentrations — levels of 20 ppm on 
an opal free basis. The principal detrital minerals were quartz and feld­
spars at concentrations under 5 % by weight for each mineral class. This
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Fig. 1. The Io/Th ratio in units of disintegrations of ionium per disintegration of
thorium for Monsoon 49G.
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5, §2 SEDIMENT ACCUMULATION IN  THE INDIAN OCEAN 93

core comes from an area where significant amounts of acidic volcanic 
debris are present in the deposits.

2.2. MONSOON 57G

This core was collected from a depth of 4110 meters at 26° 22' S and 
74° 08' E. Opal was absent from the non-calcareous portions of the 
sediment whereas the calcium carbonate content ranged between 43.6% 
and 87.5 % with an average value of 74 %. The gross sedimentation rate of 
3 mm/IO3 years (Fig. 2) yields a value of 0.8 mm/IO3 years on a calcium

MONSOON 570  
3 mm/IO3 ymara

JoTh

14010020 60 80 120400
DEPTH IN SEDIMENT IN CENTIMETERS

Fig. 2. The Io/Th ratio in units of disintegrations of ionium per disintegration of
thorium for Monsoon 57G.
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94 EDW ARD D . GOLDBERG AND MINORU KOIDE 5, §2

carbonate free basis. Surface disturbances are evident to depths of 7 cm. 
Thorium concentrations on a calcium carbonate free basis range between 
8.2 and 14.4 ppm with an average of 11 ppm. Exponential decrease in 
the ratio occurs over a time span of five half-lives, demonstrating the 
absence of appreciable quantities of uranium in the sediments. There is 
evidence for a modest change in rate at about 40 to 70 cm. On a calcium 
carbonate free basis the quartz contents were under 2%, while X-ray 
diffraction spectra indicated the feldspars to have an even smaller con­
centration.

100

MONSOON 6SG
0.75 mm/IO3 years

Io
Th

DEPTH IN SEDIMENT IN CENTIMETERS

. Fig. 3. The Io/Th ratio in units of disintegrations of ionium per disintegration of
thorium for Monsoon 68G.
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5, §3 SEDIMENT ACCUMULATION IN THE INDIAN OCEAN 95

2.3. MONSOON 68G

This core was recovered from a depth of 4941 meters at 39° 18' S and 
119° 52' E. There was no discernible opal but the content of calcium 
carbonate varied between 0 and 24.8 % with the highest values within the 
first 9 cm. The sedimentation rate measured over three half-lives gave a 
value of 0.75 mm/103 years (Fig. 3). Detrital quartz contents on a calcium 
carbonate free basis were 7 % at the surface and 3 % at a depth of 64-68 
cm. Surface disturbances again appear to be significant to depths of 
about 6 cm. This deposit, near the Australian continent, contained quartz 
and feldspars typical of a continental origin.

Lead-210 analyses were made on aliquots of the leachates from which 
the ionium measurements were carried out. These results are included in 
Appendix 1.

3. Discussion

The average rate of accumulation of the non-biogenous components, 
around 1 mm/103 years is intermediate to the values observed by us for 
the South Pacific (0.5 mm/103 years) and those of the North Pacific and 
Atlantic Oceans (>  1 mm/IO3 years).

The surface intercepts of the ionium/thorium ratio (in units of dis­
integrations of ionium per disintegration of thorium) vary between 38 
and 80, values somewhat higher than those previously reported by us 
(G oldberg  and K oide , op. cit.) for two cores recovered in the south­
western Indian Ocean, but comparable to those obtained from the two 
previously cited Russian papers (Table 1). Thus, the Indian Ocean

Table 1
The ionium/thorium ratio surface intercepts and average leachable thorium concentrations

from Indian Ocean cores

Core Latitude Longitude
Io/Th

surface
intercepts

Leachable
Thorium

(ppm)
Reference

V-14-85 24°59' S 51°18' E 20 7 Goldberg and Koide [1962]
V-14-86 23°37' S 53°08' E 27 10 Goldberg and Koide [1962]
Monsoon 49G 14°27' S 78°03' E 42 20 This paper
Monsoon 57G 26°22' S 74°08' E 80 11 This paper
Monsoon 68G 39°18' S 119°52' E 40 15 This paper
Russian # 1 2 9 30°07'S 60°35' E 80 Starik et al. [1958]
Russian # 1 2 7 30°41'S 60°42' E 37 Baranov and Kuzmina [1958]
Russian # 1 0 3 50°21'S 110°12' E 50 Baranov and Kuzmina [1958]
Russian #  97 40°32' S 120°35' E 30 Baranov and Kuzmina [1958]
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96 EDW ARD D. GOLDBERG AND MINORU KOIDE 5, §3

possesses surface intercepts that lie between and slightly overlap those 
of the South Pacific and those of the North Pacific and Atlantic Oceans 
(Table 2). This rather wide spread of values, compared to those of other 
oceanic areas, will be discussed in a subsequent paragraph.

Both of the above observations, the intermediate values of the ionium/ 
thorium ratio and the regional rates of sedimentation in the world ocean,

Table 2
Surface intercepts of the ionium/thorium ratio and thorium concentrations in marine 

sidements compared with oceanic areas and the land areas draining into them.

Oceanic area
(1) 

Area in’" 
km2 X IO3

(2) 
Land 
area* 

drained 
km2 X IO3

(2)
(1)

Io/Th Th (ppm)

Atlantic 98 000 67 000 0.68
North 1.5-6 12
South 9.4-19 8

Pacific 165 000 18000 0.11 6.0
South 143-158
East Equatorial 50-58
Northeast Coastal 16-25
Northeast 48-57
Mid-Central 30

Indian 65 500 17000 0.26 28-80 13

* From Lyman [1958].

are apparently related to the relative amounts of surface drainage to 
oceanic areas. The ionium-production from uranium in the oceans, which 
accounts for nearly all of this thorium isotope in the surface deposits, is 
essentially constant, due to the uniform distribution of uranium in all sea 
waters. On the other hand, the amounts of thorium-232 introduced to a 
given oceanic area per unit time is determined by the relative input of 
river waters. From Table 2, it is apparent that the Indian Ocean receives 
land-run-off at a value intermediate to those of the South Pacific and of 
the North Pacific and Atlantic Oceans.

A disturbing feature in these studies of thorium isotopes in the Indian 
Ocean deposits is the range in values of the surface intercepts of the 
ionium/thorium ratios such that even adjacent cores, as Russian 129 and 
127, display variations of a factor of two (Table 1). Such discrepancies 
were not found in our previous studies of the Pacific and Atlantic.
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5, §3 SEDIMENT ACCUMULATION IN THE INDIAN OCEAN 97

An explanation most probably lies in the introduction of thorium 
isotopes from the detrital minerals into some of the samples where the 
surface ratio is low. Inasmuch as thorium, on the average, is three times 
greater in crustal rocks than uranium, the activity of ionium will be about

i

i  í

Fig. 4. The quartz concentrations (on a calcium carbonate and opal free basis) in 
surface samples from Indian Ocean sediments. Values are in weight per cent of the

solid materials dried at 110°C.

equal to that of the thorium-232 due to the difference in half-lives 
(t¿ U-238 =  4.5 X IO9 years ; ti Th-232 =  1.4 x IO10 years). Hence the 
unwanted release of thorium isotopes from lithogenous phases will result 
in an ionium/thorium ratio less than that from the authigenic minerals 
alone and the resultant computed rate of sedimentation will have a value 
slightly too high.

The detrital minerals in the sediments helow the equator have a variety 
of origins. L isitz in  [1960] emphasizes the complex mineral assemblages,
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98 EDW ARD D . GOLDBERG AND MINORU KOIDE 5, §3

introduced by ice-rafting from the Antarctic land areas, which are found 
in the sediments at least as far north as 40° S. He also stresses the im­
portance of the volcanic contributions in the Indian Ocean sector of the 
Antarctic. Of greater pertinence to the problem at hand would be the 
eolian or water transported materials from the western continental areas, 
Madagascar and Africa, which have extensive exposures of granites and 
other acidic rocks, enriched in thorium containing minerals. This argu­
ment obtains support from the disposition of quartz, on a calcium carbo­
nate and opal free basis, as illustrated in Fig. 4. It is clear that in the open 
ocean latitudes between 10° and 20° S there is more quartz than in the 
areas below 25° S. Such a result could arise from a transport of these 
detrital grains from the west. In Monsoon 49G, at 14° 21' S, tourmaline, 
pyroxene, apatite, sphene, garnet, hornblend, zircon and possibly allanite 
were observed in the heavy mineral separates as detrital grains often in 
the form of somewhat rounded fragments under 20 microns in size. 
Minor contributions of allanite or monazite could markedly affect the 
ionium/thorium ratios. Some confirmation of such a hypothesis may be 
found in the leachable thorium values -  in the case of Monsoon 49G, a 
value of 20 ppm on a biogenous component free basis -  which are much 
higher than those of the Atlantic or Pacific deposits (Tables 1 and 2).

3.1. RADIUM LOSS FROM THE SEDIMENTS

From an inspection of the Th230 and Pb210 activities in these cores as 
given in Appendix 1, it is evident that to depths between 10 and 15 cm 
from the surface, these two nuclides are not in radioactive equilibrium. 
If the Pb210 deficit, relative to ionium, results from a migration of the 
radium from the sediments to the overlying sea water as postulated by 
K o c zy  [1958], a model can be formulated in the following way. (Note 
that we consider that the nuclides have come from the authigenic phases 
of the sediments only.) Initially, we make the assumptions :

(1) Th230 does not diffuse in the deposits.
(2) The sediments accumulate at a constant rate of C cm/sec.
(3) The arriving sedimentary components have a constant concentration 

of Th230.
(4) Steady state conditions prevail.
(5) The Ra226 activity can be given by the Pb210 activity.

The following notation will be adopted :
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5, §3 SEDIMENT ACCUMULATION IN THE INDIAN OCEAN 99

Z =  depth from instantaneous bottom, positive downward 
t =  time
Xi ■= decay constant of Th230
Á2 — decay constant of Ra226
n =  concentration of Ra226 in atoms/cm3
N  =  concentration of Th230 in atoms/cm3
C =  velocity of accumulation of sediment
No =  concentration of Th230 in freshly deposited sediment
K  =  migration coefficient of Ra226
no — concentration of Ra226 in freshly deposited sediment.

Using the relationship N  =  No e_Aii and Z =  Ct, the concentration 
of Th230 at depth Z is given by

In order to determine the relationship of Ra226 with depth, let Z ' be the 
depth measured from some fixed horizon, positive downward at the 
time t'. Then

8n
8p

82n
= K  — ;— |- XlN — A2/I 

8Z 2

but, t' = t and Z' = Z  — Ct, so

thus,

Now in the steady state — =  0, so
d t

82n 8n
K  C —

8Z2 8Z
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100 EDW ARD D. GOLDBERG AND MINORU KOIDE 5, §3

if K j  +  Aí — /  0, the general solution is

n(Z) =
AT(2i/C)2 +  Aí -  A2

( C — y/C2 + 4KXz) Z  x '
exp-----------— ---------------exp (- c z)

+  «(0)exp
( c - j c 2 +  4 /a 2) z

2K

Using values of 2i =  8.66 x IO-6 years-1, X2 = 4.33 x IO-4 years-1, 
C =  2.75 x IO-4 cm/year for Monsoon 49G and C =  3.0 x IO-4 cm/ 
year for Monsoon 57G, values of K  of about IO-9 cm2/sec are found for 
these two deposits. The calculations were not made for Monsoon 68G 
where the ratio Pb210/Th230 was essentially constant to depths of 9 cm, 
apparently resulting from a homogenization of the upper sedimentary 
layers by organisms and/or bottom water currents.

These low values of K, compared to diffusion coefficients of electro­
lytes in water which are of the order of IO-5 cm2/sec, strongly suggest that 
simple diffusion does not explain the migration of radium from the 
sediments to the sea water. It appears that diffusion of radium out of the 
sedimentary solid phases into the interstitial water and sorption reactions 
of radium on the surfaces of these solids limits the migration of radium. 
Hence, a more sophisticated model, taking such effects into account is 
needed to quantitatively describe the behavior of radium.
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Appendix 1
Chemical and mineralogical measurements on Indian Ocean cores.

Monsoon 49G

Depth
(cm) Io/Th Th232*

(ppm) Th230** p{j210** %
CaCo3

.%
Quartz

%
Opal

0-3 33.8 9.8 76.6 37.6 2.94 2.5 58
3-6 34.3 10.1 79.0 48.5
6-9 34.0 8.7 67.8 43.0
9-12 30.7 7.8 55.0 43.4

12-15 30.3 7.4 51.3 51.0
15-18 25.2 7.5 47.0 44.0
18-21 23.9 6.9 37.7 37.7
30-33 15.4 10.4 36.8
40-43 10.7 8.9 22.0
50-53 8.4 8.1 15.7 18.1
60-63 6.5 7.5 11.1
65-69 0.52 4.5 56
70-73 4.5 8.9 9.2
80-83 3.3 8.3 6.3 5.6

100-103 1.8 9.0 3.8 3.0
130-133 1.3 10.2 2.3
163-166 0.43 9.2 0.90

* On a calcium carbonate free basis. * * Given in arbitrary activity units.

Appendix 2
Chemical and mineralogical measurements on Indian Ocean cores.

Monsoon 57G

Depth
(cm) Io/Th

'J'J1232*
(ppm)

Th230** pij210** %
CaC03

°//o
Quartz

%
Opal

0-3 60.7 9.9 137 72
f

70.9 0.49 0
3-6 64.1 14.4 213 162 85.5
6-9 66.5 14.0 219 173 86.6
9-12 64.6 12.1 181 167 83.6

12-15 53.7 11.5 144 81.2
15-18 58.4 8.8 134 127 79.3
18-21 46.7 8.6 92 98 87.5
30-33 20.3 9.3 44 44 78.9
40-43 16.9 11.7 46 44 78.1
50-53 13.9 8.2 26 28 63.1
60-63 12.9 11.6 34 68.0
70-73 8.5 11.6 23 28 78.2
73-77 74.4 0.27 0
80-83 6.5 11.4 17 51.6
90-93 5.2 10.8 13 64.3

100-103 3.7 10.4 9.0 8.7 43.6
110-113 2.9
120-123 2.6
130-133 1.4 11.9 3.9 68.7

* On a calcium carbonate free basis. ** Given in arbitrary activity units.
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Appendix 3
Chemical and mineralogical measurements on Indian Ocean cores.

Monsoon 68G

Depth
(cm) Io/Th Th232*

(ppm)
Th230** ptj210** °/o

CaCC>3
V /  0

Quartz
%

Opal

0-3 18.7 15.5 66.8 42.6 24.8 5.2 0
3-6 21.4 12.1 59.3 39.8 28.2
6-9 20.5 13.6 65.0 41.6 22.3
9-12 10.7 14.9 36.7 34.1 7.0

12-15 10.8 16.3 0.0
15-18 7.1 15.6 7.9
18-21 5.2 11.0 2.6
30-33 0.87 13.9 2.0
40-43 0.48 13.8 0.0
50-53 0 0
60-63 0 33 18.3 0.0
64-68 0.0 3.0 0
70-73 0.27 15.1 2.7
80-83 0.24 18.0 13.7
94-97 0.52 15.9 6.8

* On a calcium carbonate free basis. ** Given in arbitrary activity units.
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(Reprinted from  Nature, Vol. 202, N o. 4930, pp. 385-386 ,
April 25, 1964)

R e c e n t  C e l e s t i n e  f r o m  t h e  S e d i m e n t s  o f  t h e  
T r u c i a l  C o a s t  o f  t h e  P e r s i a n  G u l f

C e l e s t i n e  of Recent origin was first recorded in 1958 
by Skinner1 from shallow coastal lagoons in the south-east 
of South Australia. It has since been found as an early 
diagenetic mineral in the Recent sediments of the coastal 
flats of the Sheikdom of Abu Dhabi, Trucial Coast of the 
Persian Gulf.

The islands and lagoons of the coast of Abu Dhabi are 
backed by a wide coastal flat, the sabkha, the surface of 
which stands only slightly above high-tide level2. The 
sediments of the sabkha consist of Recent un cemented 
aragonitic and calcitic deposits similar to those accumu­
lating around the present islands and lagoons. Anhydrite, 
dolomite, gypsum, and halite occur as early diagenetic 
minerals3-5, and appear to have formed largely as a result 
of reactions between the saline ground-waters of the sabkha 
and the calcium carbonate of the original sediment. The 
celestinewhich is described in this communication was found 
in samples collected during reconnaissance traverses over 
approximately 120 miles of coast and sabkha, west of 
Abu Dhabi Island. Although only present as a minor 
accessory mineral, it is apparently widespread in the 
sediments beneath algal mats in the uppermost part of 
the present intertidal zone.

Celestine has been found as euhedral single crystals 
and as mutually interfering aggregates. The single 
crystals are elongated parallel to the b - cry stallogr aphic 
axis, and are up to 1 mm in length. They show a com­
bination of prism and macrodome (Fig. 1). The clusters 
may be simple radiating aggregates of a few individuals 
(Figs. 2(i) and 2(ii)), or radiating sheaves (Fig. 2(iii)). 
The latter resemble sectors of spherulitic aggregates. 
Although* it is possible that the simple clusters may 
represent an early stage in the development of the radiat­
ing sheaves, no intermediate forms have been found; for 
this reason they are treated as distinct types.

Many O f the occurrences of celestine were closely 
associated with gypsum, which also shows a variety ©f 
habits. Sheaf-like bundles of celestine (Fig. 2(iii)) 
occurred with small lenticular gypsum crystals in the 
sediments within and beneath some of the algal mats in 
the upper parts of the intertidal zone. This appears to be 
the earliest phase of diagenetic gypsum and celestine. 
The two have also been found together with the same 
habits, approximately 2 ft. below the surface, in a short 
core taken from the sabkha several miles inland. The 
core also showed relics of an algal mat immediately 
above the gypsum and celestine. This horizon appears 
to represent a former intertidal zone.
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Largo, sand-filled gypsum crystals, up to 8 in. across, 
occur in abundance at the surface over wide areas of the 
sabkha. Celestine clusters o f the type shown in*Figs. 2(i) 
and 2(ii) have been found in tho sediment around the 
sand-filled gypsums, and also poikilitically enclosed 
within them (Fig. 3). The large sand-filled gypsum  
crystals have only been found in the sediments of the 
sabkha inland o f the high-tide mark, and appear, therefore, 
to have formed at a later phase than the gypsum of the  
intertidal zone.

The euhedral crystals of celestine (Fig. 1) have so far 
only bec n found in samples collected from the surface of 
tho sabkha. A t one locality, they occur within a surface 
crust o f mutually-interfering anhedral gypsum crystals.

Although the strontium of the celestine m ust ultimately 
have come from sea-water, much o f it m ay have been 
derived indirectly from strontium-bearing aragonite, and 
possibly ealcite, of the original sediment. However, 
Skinner® has claimed that celestine precipitates directly
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from soa-wate'r in tho shallow lagoons o f south-east 
Australia, and this m ay have happened also in the sabkha 
sediments. A ny diagenetic changes which result in tho 
solution or replacement o f aragonite and calcite would bo 
expected to release strontium  into the poro-waters. In tho 
sedim ents o f th e  sabkha there has been extensive replace­
m ent o f tho original aragonite and calcite by early 
diagenetic dolom ite: one phase o f celestine and gypsum  
formation m ay be a by-product o f this process. Some o f  
tho strontium released from the carbonate would accom ­
m odate itself in the calcium sulphate lattice, while the  
excess would be free to  crystallize as celestine.

The fieldwork which led to  this communication is part 
o f a research programme, financed by the Departm ent of 
Scientific and Industrial Research, being carried out by tho 
(¡eology Departm ent o f Imperial College, London, on tho 
Recent deposits o f the Persian Culf. W e thank Dr. R. 
W alls and Mrs. P. E. W hyman, o f British Petroleum  
R«'search Centre, Sunbury-on-Thame's, for the original 
opt i cal and X-ray determinations of the celestine. W e also 
thank Mr. R. Curtis for confirming the X -ray analysis and 
Mrs. R. Evans for drafting the figure.

C . E v a n s

D. J .  S h e a k m a n
Departm ent o f Geology,

Tmpe'rial College o f Science and IVchnology,
London, S .W .7.

1 S k in n e r, II. C. W ., P h .P .  th e s is , U n iv . A d e la id e  (1958).
2 E v a n s , G ., K in sm a n , P .  J .  J . ,  a n d  S h e a rm a n , P .  in Development* in

Sedim entology , e d it ,  b y  v a n  S t r a a te n ,  L. M. J . U. ( E lsev ier, A m ste rd am ) 
(in  th e  p ress).

3 W ells , A . J . ,  Nature, 194, 274 (1062).
4 C u rtis ,  K ., E v a n s , G ., K in sm a n , P . J .  J . ,  a n d  S h e a rm a n , P . J . ,  Nature,

197, 679 (1963).
5 S h e a rm a n , P .  .T., Proc. Geol. Soc. L o n d ., No. 1607, 63 (1963).
* S k in n e r, H . C. W ., A m er. J .  S e i.,  261, 449 (1963).
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CReprinted from  N ature , Vol. 202, N o. 4934, pp. 759 -7 6 1 ,
M ay  23, 1964)

ORIGIN OF THE COASTAL FLATS, 
THE SABKHA, OF THE TRUCIAL 

COAST, PERSIAN GULF
B y D r . G . E V A N S , C . G . S t .  C .  K E N D A L L  a n d  

S ir P A T R IC K  S K IP W IT H
D epartm ent of Geology, Imperial College of Science and 

Technology, London

T HE coast of the Sheikdom of Abu Dhabi, Trucial 
States, in the south-western part of the Persian Gulf, 

is bordered for most of its length by low coastal flats which 
stand just above normal high-tide level. These flats are 
known locally as sabkha. They are composed of uncon­
solidated carbonate sediment with minor amounts of 
quartz and other minerals and are the site of deposition 
of various evaporitic minerals1’2.

The flats stretch from Ras Ghanada in the east to almost 
the Qatar peninsula in the West, a total distance of almost 
200 miles. In their widest part, they are almost 20 miles 
across, and are everywhere bordered on their landward 
side by low bluffs of Tertiary and Quaternary rocks. In  
the east the flats are broad and continuous apart from a 
few isolated hills of older rocks, which project up above 
the flat surface. In the west the bluffs extend seawards 
as ridges to reach tho coast as headlands. Here the 
sabkha is separated into a series of isolated pockets open­
ing to seaward. In the extreme west, the Sabkha Mutti, 
a wide area of coastal flats extending far inland, is split 
in two by a long gravel and sand ridge which runs down 
to the coast. Similar areas of sabkha occur on other 
parts of the Arabian coast of the Persian Gulf, for example, 
at Umm Said, Qatar, and small areas occur on some o f the 
offshore islands, while areas with a similar surface, but 
which are completely landlocked can be found inland.

On the seaward side the sabkha is bordered by broad 
intertidal flats. Seaward o f these flats, in the west, is a 
large lagoon, the Khor al Bazm. This lagoon is separated 
from the open Gulf by a chain of islands (Fig. 1). In the 
east, the intertidal flats pass seawards into a complex of 
channels and shallow embayments with an outer chain o f  
islands (Fig. 1). This latter complex protects the main­
land coast with its intertidal flats much more, from the 
violent storms produced in tho open Gulf, than does the 
Khor al Bazm and its islands to the west.

The western part of tho sabkha plain is separated from 
tho intertidal flats by a low beach ridge on a series of
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ridges which are often capped by low dunes and on which 
sparse vegetation grows. The beach face o f this ridge is 
usually covered with thick deposits o f weed tom  up from 
the shallow water areas to seaward. In the east only a 
line o f flotsam with occasional bushes marks the high- 
water level. Well-developed beaches are thus found on the 
more exposed western coasts whereas in the sheltered 
eastern areas there is a gradation between the sabkha 
and the intertidal flats. A t intervals, the beach ridges or 
lines o f flotsam are cut through by shallow channels, 
which die .out when traced inland. At extreme high  
water the tidal waters m ove in along these channels and 
flood the outer part o f the sabkha plain. However, during 
the coincidence o f high tides w ith strong onshore gale- 
force winds and rain the coastal dime ridge can be 
breached and the greater part of the sabkha plain can be 
under water.

The surface o f the sabkha is, over large areas, blistered 
and encrusted with salt. Scattered crystals o f gypsum  
project from it at various localities and locally nodules of 
anhydrite occur on the surface. A planed off surface o f  
cross-bedded Quaternary limestone is exposed in some 
places and sometimes it is found just beneath the sabkha 
surface. Elsewhere the sediment o f the sabkha is much 
thicker.

Although the sabkha is in general a plain just above 
normal high-water-level w ith little relief, a series o f low 
linear ridges can be found particularly in the west. These 
ridges are clearly developed on the outer part o f the 
sabkha plain and decrease in height inland. They pro­
vide good transport routes over a surface which is apt 
to be treacherous for motor vehicles. The ridges can be 
seen to parallel the present coastline ; and small low depres­
sions cut across them at intervals. Where the Tertiary 
and Quaternary rocks form headlands these ridges can be 
seen to fan out from these features. The ridges are 
undoubtedly old beach ridges. Like the present-day 
outer seaward ridge they are sometimes almost pure 
gastropod shell concentrates and generally contain more 
quartz in the west. In tho eastern, more protected area, 
the sabkha plain does not show these well-developed 
ridges, but old strand lines and patterns of old drainage 
channels can be seen from the air.

'Fho beach ridges and old strand lines clearly mark 
various stages in the outward growth o f the sabkha plain8. 
Tho extension seawards has probably not been a smooth 
continuous process but has been intermittent, with periods 
of rapid advance alternating with periods when the coast­
line has been stationary or has been slightly receded.

The outward growth o f the sabkha plain is the result 
of the extensive and prolonged intertidal flat sedimenta­
tion, the sediment having partly originated in the 
lagoons to seaward and also partly having formed in
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place by chemical deposition and the growth o f calcareous 
organisms, for example, gastropods, etc., and the produc­
tion o f fæcal pellets. Wind-blown dust from inland and 
from the offshore islands also makes up a small proportion 
o f the sediment. Locally, outwash from the hills sur­
rounding the sabkha plain m ay b© important. This ou t­
growth has been interrupted by phases o f beach building 
dominantly in the west. Cores, taken from behind the 
outer beach ridges, sometimes show algal layers beneath 
the surface and all the features o f the m ost recent inter­
tidal flat sediments to seaward. Outside the outer beach 
ridge the upper parts o f the intertidal flats themselves 
often show a sabkha-type surface. Where sedimentation 
continues undisturbed, these parts m ay build up and 
extend seawards. From tim e to time, probably as a 
result o f storm action, a new beach ridge m ay develop to 
cut the sabkha flat off from the sea. In the east, the 
outward growth appears to have proceeded without the 
extensive development o f beach ridges, mainly because of 
the greater shelter afforded to the coast here by the 
complex o f islands and shallow embayments. In places, 
especially on the inner part, shoal bays or lagoons might 
have existed as in the inner part of the Louisiana chenier 
plain4.

As the ridges and sabkha flats become isolated from the 
sea, wind becomes the important agent o f change. The 
dominant wind in this region is onshore. I t  deflates the 
surface and more material inland. The saline crust, 
produced by evaporation o f water drawn up to th e surface 
by capillary action, protects the sediment surface and 
where it is broken, for example, along roads, a wide area 
o f dusty sand stretching away to the leeward can be 
observed. A  lag deposit o f gastropod shells is left on the 
surface. Around the hills o f Tertiary and Quaternary rocks 
thin haloes o f wind-driven material are developed, again 
extending to leeward, and on the sides o f the hills them ­
selves small dunes are seen m oving to leeward. Further 
evidence o f deflation is provided by the projecting gypsum  
crystals and anhydrite nodules which grow beneath the  
sabkha surface. The wind is thus reducing the features 
constructed by marine agencies, such as the beach ridges 
which become lower when traced inland, and is tending  
to lower the sabkha surface. Also there is scouring and 
redistribution o f  material when the sabkha becomes 
flooded under exceptional storm conditions.

As the.sabkha plain shows no major break in level 
when traced inland from the intertidal flats to the low  
bluffs o f Tertiary and Quaternary rocks, it seems reason­
able to conclude that there has been no significant change 
in sea-level during its development. There is, o f course, 
the possibility that such a feature might have been re­
m oved by deflation, but this is thought to be unlikely. 
The sabkha plain is therefore thought to be very young.

4
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After the last rise o f the sea to its present level, the coast­
line appears to have lain far inland along the foot o f the 
Tertiary bluffs. As intertidal flat sedimentation proceeded 
the flats and their associated beach ridges in the west 
grew seawards. The beach ridges also grew out from the 
low headlands and knolls o f older rocks and the areas 
behind became infilled. This caused a regression over a 
considerable stretch o f almost 20 miles w ithout any  
significant change in sea-level. The deposits are therefore 
diachronous and the sabkha plain in this respect resembles 
the Chenier plain o f Louisiana4, the ‘silt-lands’ o f the 
W ash5 and strand-plains in other parts o f the world6*7. 
However, it does differ significantly from these in being 
composed dominantly o f calcareous sediment and also 
being an environment o f formation o f a suite of evaporitic 
minerals.

This fi rtide presents some o f the results o f work 
financed by the Department o f Scientific and Industrial 
Research, which is being carried out by the Geology 
Department o f this College on the recent deposits o f the 
Persian Gulf. We also thank Mrs. R. Evans for drafting 
the figure, and Dr. J. W atson and Mr. D. J. Shearman 
for their advice with the manuscript.

1 Curtis, R., Evans, G., E insm an, D . J . J . ,  and Shearman, D . J ., Nature, 
197, 679 (1963).

* Evans, G., and Shearman, D . J ., Nature, 202, 385 (1964).
* Holm, D. A., Science, 132, 1369 (1960).
* Gould, H. R., and McFarlan, jun., E ., Gulf Coast Assoc. Geol. Soc. Trans.

ninth Ann. Meeting Houston, Texas, 9, 261 (1959).
* Evans, G., Quart. J . Geol. Soc. (in the press).
* Price, W. A., Environment and formation of the chenier plain. Texas A  and

M  Res. Found. Project 63, Ref. 54-64T  (1955).
’ Curray, J .  R., and Moore, D . G., in  Developments in  Sedimentology, edit, by 

van Straaten, L. M. J . U., 76 (Elsevier, Amsterdam, 1964).

Prin ted  in  G rea t Britain by  Fisher, K nigh t & C o., L td-, St. A lbans.
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(Reprinted from  Nature, Vol. 203, No. 4950, p. 1160 only,
September 12, 1964)

D i s a p p o i n t i n g  I n t e r i m  P a l æ o m a g n e t i c  R e s u l t s  
f r o m  t h e  S e y c h e l l e s

R e c e n t  s e i s m i c  r e f r a c t i o n  e x p e r i m e n t s  m a d e  i n  c o n ­

n e x i o n  w i t h  t h e  I n t e r n a t i o n a l  I n d i a n  O c e a n  E x p e d i t i o n  

h a v e  c o n f i r m e d  t h a t  t h e  s h a l l o w  S e y c h e l l e s  B a n k  h a s  

c r u s t a l  s t r u c t u r e  o f  a  c o n t i n e n t a l  t y p e  a n d  r e p r e s e n t s  a n  

i s o l a t e d  c o n t i n e n t a l  f r a g m e n t  i n  t h e  m i d d l e  o f  t h e  n o r t h ­

w e s t  I n d i a n  O c e a n 1 , 2 .  T h e  l a t e  P r e c a m b r i a n  g r a n i t e s  

e x p o s e d  o n  t h e  c e n t r a l  i s l a n d s  o f  t h e  S e y c h e l l e s  g r o u p  

h a v e  b e e n  s h o w n  t o  b e  c u t  b y  t w o  s e t s  o f  d o l e r i t e  d y k e s  

w h i c h  a r e  o f  a  P r e c a m b r i a n  a n d  e a r l y  T e r t i a r y  a g e ,  

r e s p e c t i v e l y 3 ’ 4 .

D u  T o i t  a n d  o t h e r  w r i t e r s  h a v e  s u g g e s t e d  t h a t  t h e  

S e y c h e l l e s  r e p r e s e n t  a  f r a g m e n t  l e f t  b e h i n d  d u r i n g  t h e  

b r e a k - u p  o f  G o n d w a n a l a n d 3 ,  a n d  i t  i s  c l e a r  t h a t  t h i s  

h y p o t h e s i s  i s  n o w  i n  n e e d  o f  t e s t i n g .  A c c o r d i n g l y ,  i n  

N o v e m b e r  1 9 6 3  ( r e f .  2 )  w e  c o l l e c t e d  7 1  o r i e n t a t e d  s p e c i ­

m e n s  f r o m  4 0  d i f f e r e n t  d y k e s ,  s a m p l i n g  a l l  t h e  m o r e  

a c c e s s i b l e  d y k e s  s h o w n  o n  M r .  B .  H .  B a k e r ’ s  g e o l o g i c a l  

m a p 4  o n  t h e  i s l a n d s  o f  M a h e ,  P r a s l i n ,  C o u s i n ,  L a  D i g n e ,  

F e l i c i t é  a n d  M a r i a n n e .  T h e  n a t u r a l  r e m a n e n t  m a g n e t i z a ­

t i o n  d i r e c t i o n s  o f  t h e s e  s p e c i m e n s  h a v e  b e e n  m e a s u r e d  

b y  o n e  o f  u s  ( T .  A .  R . )  u s i n g  a n  a s t a t i c  m a g n e t o m e t e r  i n  

N a i r o b i .  T h e  r e s u l t s  a r e  w i d e l y  s c a t t e r e d  a n d  s t r o n g l y  

s u g g e s t  t h a t  t h e  r o c k s  a r e  u n s t a b l e .  I t  i s  t o  b e  h o p e d  

t h a t  t h e  a . c .  d e m a g n e t i z a t i o n  a n d  t h e r m a l  ‘ w a s h i n g ’ 

t e c h n i q u e s ,  w h i c h  a r e  n o w  b e i n g  t r i e d ,  w i l l  r e v e a l  a  

s i g n i f i c a n t  g r o u p i n g  o f  t h e  m a g n e t i c  v e c t o r s .

T h i s  d i s a p p o i n t i n g  p r e l i m i n a r y  r e s u l t  w o u l d  c e r t a i n l y  

n o t  w a r r a n t  p u b l i c a t i o n  i n  t h e  n o r m a l  c o u r s e  o f  e v e n t s .  

H o w e v e r ,  t h e  S e y c h e l l e s  a r e  o f  c u r r e n t  i n t e r e s t  i n  c o n ­

n e x i o n  w i t h  t h e  I n t e r n a t i o n a l  I n d i a n  O c e a n  E x p e d i t i o n ,  

a n d  a s  t h i s  e x p e r i m e n t  i s  a  p a r t i c u l a r l y  o b v i o u s  o n e ,  w e  

i m a g i n e  t h a t  o t h e r  g r o u p s  a r e  l i k e l y  t o  c o n s i d e r  g o i n g  t o  

t h e s e  r e m o t e  i s l a n d s  t o  c o l l e c t  p a l æ o m a g n e t i c  m a t e r i a l .  

W e  w i s h  t h e m  b e t t e r  l u c k  t h a n  w e  h a v e  h a d .

D .  H .  M a t t h e w s  

D e p a r t m e n t  o f  G e o d e s y  a n d  G e o p h y s i c s ,

U n i v e r s i t y  o f  C a m b r i d g o .

T .  A .  R e i l l y

D e p a r t m e n t  o f  P h y s i c s ,

U n i v e r s i t y  C o l l e g e ,

N a i r o b i .

1 D avies, D ., and F rancis, T. J .  G., D e e p  S e a  R e s .  (in the press).
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C r u is e  2 R e p . ,  L ondon (1964).
3 B aker, B . H ., and  M iller, J .  A., N a tu r e ,  199, 346 (1963).
4 B aker, B . H ., G e o lo g ica l S u r v e y  o f  K e n y a ,  M e m .  No. 3 (1963).
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L. M . J . U. v an  S tra a te n  (E d ito r)  
D eltaic and Shallow  M arine Deposits

T H E  R E C E N T  C A R B O N A T E  S E D IM E N T S  N E A R  H A L A T  E L  B A H R A N I, 
T R U C IA L  C O A S T , P E R S IA N  G U L F

D .  J .  J .  K I N S M A N  

D epartm ent o f  Geology, R o ya l School o f  M ines, London (  Great Britain )

IN T R O D U C T IO N

T h e genera l p h y s io g ra p h y  o f  th e  a re a  to  be d esc rib ed  h as  been  given  in  th e  p a p e r  by 
E v a n s  et al. (1963). H ere in  th e  d a sh e d  rec tan g le  o f  fig .3 in d ica tes  th e  a re a  co n cern ed . 
T h e  m o re  d e ta iled  p h y s io g rap h y  ca n  b e  seen f ro m  F ig .l  o f  th is  p a p e r ; h ere , th e  h ig h  
w a te r  m a rk  is in d ic a ted  b y  a  so lid  line , w ith  th e  la n d  a reas  o rn a m e n te d  w ith in . L ow  
w ate r m a rk  is in d ic a te d  b y  a  sim ple d ash ed  line , th e  in te r-tid a l a reas  in side  it  b e in g  
m a rk e d  b y  a  v e rtica l o rn a m e n t. B a th y m e tric  c o u n to u rs  o f  1, 3 a n d  5 fa th o m s  a re  also  
in d ica ted . A ll d ep th s  a re  expressed  in  fa th o m s below  A d m ira lty  D a tu m  w h ich  is 
ap p ro x im a te ly  th e  level o f  low  w a te r  sp rin g  tides. T h e  m a x im u m  tid a l ra n g e  is 6 -7  ft. 
a n d  m ean  sea level is 4 ft. ab o v e  d a tu m . A ll d ep th s  in d ic a ted  o n  th e  m a p s  a n d  p ro files 
(F ig . l ,  3) h av e  b ee n  c o rrec ted  fo r  t id a l d ifference a n d  a re  re la te d  to  d a tu m . T h e  tid a l 
ran g e  is a t  a  m a x im u m  o n  th e  o p en  seaw ard  co asts  a n d  decreases la n d w a rd s  ac ro ss  
th e  sh o a l a reas  a n d  channels.

T h e  d o m in a n t w in d  a n d  w ave a p p ro a c h  is f ro m  th e  n o rth w est. O n rea ch in g  the  
d e lta  edges, w h ich  co in c id e  a lm o s t exac tly  w ith  th e  1 fa th o m  c o n to u r  line, th e  w aves 
s teepen  a n d  b re a k ; th e  seaw ard  lim it o f  th e  d e ltas  is ch a rac te r is tica lly  m a rk e d  b y  a 
line  o f  b rea k ers . W aves affect th e  en tire  su b a q u eo u s  d e lta  su rfaces as fa r  b ac k  as the  
channels. In  th e  ch an n e ls  th e  tid a l c u rre n ts  rea ch  speeds o f  u p  to  2 k n o ts  a n d  effecti­
vely d a m p  o u t th e  w aves w h ich  h av e  c ro ssed  th e  d e lta  to p s . T h u s  th e  a re as  ly ing  in side  
th e  ch an n els  a re  little  affected  b y  w ave a c tio n  a t  all. T h e  w ate rs  o f  th e  flood  tid e  flow  
in  a lo n g  th e  ch an n e ls  a n d  a lso  in  ov er th e  sh o a l d e lta  a re as , w hereas on  th e  eb b  tid e  
th e  d ra in a g e  is m a in ly  th ro u g h  th e  ch an n els . A sy m m etric  “ m e g arip p le s”  o rie n ta te d  
ac ro ss  th e  c h a n n e l flo o rs , to g e th e r  w ith  sc o u r fea tu re s  a ll in d ic a te  th e  e b b  c u rre n ts  to  
d o m in a te  ov er th e  flo o d  cu rren ts . W h e re  th e  tw o  m a in  b ran c h es  o f  th e  c h a n n e l m eet 
tu rb u le n ce  h a s  effected  a  deep  sc o u rin g  o f  th e  ch a n n e l f lo o r to  a  d e p th  o f  7 fa th o m s. 
S eaw ard s th e  c h a n n e l becom es sh a llo w er (F ig .3 , p ro file  2) u n til a t  th e  d e lta  edge it  is 
p re se n t o n ly  as a  1 -2  ft. fea tu re . T h e  m o u th s  o f  som e ch an n e ls  becom e com plete ly  
infilled  as fo r  exam ple  th a t  ly ing  p a ra lle l b u t  im m ed ia te ly  n o r th e a s t o f  th e  m ain  
channel.

S eaw ard s o f  th e  1 fa th o m  c o n to u r  th e  sea b ed  fa lls  ra p id ly  to  3 fa th o m s; th is  is c o n ­
sidered  as th e  d e lta  slope zone. In  c o m p a riso n  w ith  th e  w ide sh o a l a re as  th e  zo n e  below

Collected reprints o f  the International Indian Ocean Expedition, vol. I I I ,  contribution  no. 196 817
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3 fa th o m s  m ay  be co n s id e re d  as  re la tiv e ly  deep . B elow  th is  d e p th  th e  sea  b ed  slo p es 
gen tly  seaw ard s; th is  fo re se t zo n e  o f  th e  d e lta  is d ev e lo p e d  to  a  d e p th  o f  5 fa th o m s  
a n d  th is  m ay  be rea d ily  seen f ro m  F ig .l ,  w h ere  th e  p a ra lle lism  o f  th is  c o n to u r  w ith  
th e  d e lta  edge is m o s t o b v io u s. D e e p e r  th a n  5 fa th o m s  ev idence o f  th e  d e lta s  is en tire ly  
la ck in g  a n d  th e  sea  b ed  d eep en s ir re g u la rly  to  20 fa th o m s.

B etw een  th e  tw o  d e lta s  w h ich  im p in g e  u p o n  th e  n o r th e a s t  a n d  so u th w e s t tip s  o f  
H a la t  el B a h ra n i s tre tch e s  a  p o o r ly  d ev e lo p ed  c o ra l r e e f  b e h in d  w h ich  re la tiv e ly  d ee p  
w a te r  (1 -2  fa th o m s)  ex ten d s  a lm o s t to  th e  c o a s t. T h is  a r ra n g e m e n t o f  d e lta s , in  re s ­
p o n se  to  ch an n e ls ' w h ich  d ra in  se aw ard s  b e tw een  th e  is lan d s , a n d  c o ra l reefs a n d  
itish o re  d ee p e r  w a te r  in  th e  in te r -d e lta  p o s it io n s  is ty p ic a l o f  m u c h  o f  th is  reg io n .

SEDIMENTARY SUB-ENVIRONMENTS

T h e  se d im e n ta ry  su b -e n v iro n m e n ts  a re  closely  c o n tro lle d  by  d e p th  as  m a y  b e  seen 
f ro m  a  c o m p a riso n  o f  F ig .l  a n d  F ig .2 . T h ey  a re  a lso  b io lo g ica l su b -en v iro n m e n ts . In  
g en e ra l, th e  sed im e n ts  a re  p ro d u c e d  w ith in  th e  a re a ; th e  o n ly  m a te r ia ls  w h ich  o r ig i­
n a te  b ey o n d  th e  lo ca l a re a  o f  a c c u m u la tio n  h av e  a  w in d b lo w n  o rig in . T h ese  w in d ­
b lo w n  a d d itio n s  a re  co n s id e re d  to  co v e r th e  en tire  reg io n . S om e fine c a rb o n a te  as  w ell 
as  n o n -c a rb o n a te  m a te ria l w ill h av e  a  w in d b lo w n  o rig in  as  th e  ro c k s  ex p o sed  in la n d  
a re  la rge ly  ca lc a re o u s  in  n a tu re . A  d esc r ip tio n  o f  th e  several su b -e n v iro n m e n ts  o f  
d e p o s itio n  fo llow s.

D eep  w ater sub-environm ent

T h is  su b -e n v iro n m e n t is lim ited  o n  its  in n e r  m a rg in  b y  th e  3 -fa th o m  line ; i t  re p re se n ts  
th e  fo re -se t a re a  o f  th e  d e lta  a n d  slo p es g en tly  se aw ard s  f ro m  th e  b ase  o f  th e  d e lta -  
slope . T h e  sed im en ts , a lth o u g h  n o  d o u b t  su b je c t to  w ave a c tio n  u n d e r  s to rm  c o n d i­
tio n s , a re  n o t as c o n tin u a lly  affec ted  b y  w ave ac tiv ity  as a re  th o se  o f  th e  d e lta  to p . T h e  
sed im en ts  a re  g en e ra lly  m e d iu m  to  d a rk  grey  in  c o lo u r  a n d  a re  u su a lly  so m e w h a t 
fo e tid . T h ey  a re  n e ith e r  w ell so r te d  n o r  ro u n d e d , co n s is tin g  o f  fine a n d  very  fine sa n d s  
w ith  an  a d m ix tu re  o f  m e d iu m  a n d  co a rse  shelly  d eb ris  T h e  m e d iu m  a n d  co a rse  g ra d e s  
o f  th e  se d im e n t co n s is t a lm o s t en tire ly  o f  m o llu sca n  a n d  ec h in o d e rm  d eb ris ; m a n y  
la m e llib ra n c h  valves a re  still a r tic u la te d , o r  i f  se p a ra te d  th e y  sh o w  little  sign o f  a b r a ­
s io n ; u n b ro k e n , ex trem ely  th in -w a lled  shells a re  c o m m o n ly  p re se n t; b ro k e n  shells 
n e a rly  a lw ays h av e  a n g u la r  edges. O th e r  shelly  m a te ria ls  such  as  F o ra m in ife ra , frag ile  
P o ly z o a  a n d  o s tra c o d s  all o c c u r  u n a b ra d e d . T h e  fine a n d  very  fine g rad e s  o f  th e  sed i­
m e n t c o n ta in  a p p re c ia b le  q u a n titie s  o f  n o n -c a rb o n a te  m a te r ia ls ; o n e  to ta l  sam p le  
sh o w ed  7 5 %  c a rb o n a te  a n d  2 5 %  n o n -c a rb o n a te . M a n y  o f  th e  very  fine sa n d  a n d  silt 
sized  n o n -c a rb o n a te  g ra in s  a re  an g u la r , a l th o u g h  o cc as io n a l fine o r  m e d iu m  san d  
sized , well ro u n d e d , ty p ica l ae o lia n  q u a r tz  g ra in s  d o  occu r.

S om e c o m p o s ite  g ra in s  a re  fo u n d , c o n s is tin g  o f  th e  finer g rad e s  o f  th e  se d im e n t 
cem en ted  to g e th e r  by  g ra n u la r  a ra g o n ite . M a n y  o f  th e  finer g ra in s  a lso  h av e  a n  irreg -
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u la r  a n d  in c o m p le te  c o a tin g  o f  such  g ra n u la r  a ra g o n ite . T h e  d e p o s itio n  o f  a ra g o n ite  
is c o m m o n  in s id e  m a n y  shells; la m e llib ran c h s , g a s tro p o d s , F o ra m in ife ra  a n d  P o ly zo a  
m a y  all sh o w  a n  in filling  o f  sm a ll d e tr i ta l  g ra in s  ce m e n ted  to g e th e r  b y  g ra n u la r  a ra g o ­
n ite . T h e  d e p o s itio n  o f  a ra g o n ite  in  th is  specia lised  m ic ro -e n v iro n m en t m a y  be in ­
fluenced  b y  o rg a n ic  agencies. A  m ixed zo n e  o f  d eep  w a te r  a n d  d e lta  to p  sed im en ts  
o cc u rs  in  th e  d e l ta  slope zo n e  b e tw een  1 a n d  3 fa th o m s.

D elta  top  sub-environm ent

T h e  d e lta s  a re  lim ited  se aw ard s  b y  th e  1 fa th o m  line a n d  ex tend  in w ard s  e i th e r  to  th e  
m a in  eb b  ch a n n e ls  o r  to  th e  is la n d  co asts . T h e  w aves, a p p ro a c h in g  d o m in a n tly  f ro m  
th e  n o r th w e s t, b u ild  long , en  éch e lo n  b a rs  o f  th e  d e lta  san d s, su b -p a ra lle l to  th e  d e lta - 
edges. T h ese  b a rs  a re  several h u n d re d  fee t in  w av e len g th  a n d  2 -4  ft. in  a m p litu d e . T h ey  
m a y  b e  seen in fig .2  o f  th e  e a r lie r  p a p e r  by  E vans e t al. (1963) a n d  F ig .3  o f  th e  p re se n t 
p a p e r . T h e  b a rs  p a ra lle l th e  n o r th w e s te r ly  fac in g  d e lta  edges b u t  ex ten d  ac ro ss  th e  
d e lta  to p s  w h ere  th ey  sw ing so u th w e s t in to w a rd s  th e  is lan d  co asts . T h is  so u th w e s tw a rd  
m o v e m e n t o f  th e  d e lta  sa n d s  h a s  re su lted  in  th e  a d d itio n  o f  a  la rge  sp it to  th e  n o r th e rn  
tip  o f  H a la t el B a h ra n i since 1958 w hen  th e  ae ria l p h o to g ra p h s  w ere ta k e n . T h e  d e lta  
to p  se d im en ts  a re  a lw ays w ell r ip p le  m a rk e d , a n d  in  p laces seaw eed g ro w th  is p ro lific.

T h e  se d im en ts  a re  p re d o m in a n tly  m e d iu m  a n d  fine g ra in e d  oo lite  sa n d s, w ith  
s u b o rd in a te  sk e le ta l f ra g m e n ts , b u t b eco m e co a rse r  g ra in e d  to w a rd s  th e  d e lta  edge. 
T h e  sa n d s  o f  th e  in te r tid a l b a n k s  n o r th  a n d  so u th w e s t o f  H a la t el B a h ra n i a re  s lightly  
finer in  g ra in -size . T h e  o o lite  c o n te n t o f  th ese  sed im en ts  is gen era lly  g re a te r  th a n  60 %. 
T h e  ske le ta l d eb ris  co n sis ts  d o m in a n tly  o f  ro u n d e d , th ic k  shelled m a te ria l. L ittle  th in  
shelled  d eb ris  o ccu rs  ex cep t fo r  th e  o cc as io n a l ra th e r  a b ra d e d  F o ra m in ife ra  a n d  sm all 
la m e llib ra n c h  shells. N o n c a rb o n a te  g ra in s  a re  p re se n t, som e show ing  th e  firs t stages 
o f  o o litisa tio n . S m all a b ra d e d  sp ines o f  th e  b u rro w in g  ec h in o id  Echinodiscus bisper­

fo r a tu s  a re  fa ir ly  c o m m o n  to g e th e r  w ith  o cc as io n a l very  a b ra d e d  sp ine  fra g m en ts  o f  
th e  re e f  ec h in o id  E ch inom etra  m athaei. In  g en era l, th e re  is a  lack  o f  th e  lig h te r  a n d  
m o re  frag ile  o rg an ic  rem a in s  su ch  as F o ra m in ife ra , O s tra c o d a  a n d  P o ly z o a ; th o se  
m a te r ia ls  w h ich  a re  p re se n t a re  all heav ily  a b ra d e d .

In ter-d e lta  sub -env ironm en t a n d  o ffshore coral reefs

C o ra l reefs a re  ty p ica lly  d ev e lo p e d  in th e  in te r-d e lta  a reas . S eaw ard  o f  th e  re e f  ex ten d s 
th e  d eep  w a te r  zone . T h e  re e f  is c o m p o sed  m a in ly  o f  A cropora  a l th o u g h  m u c h  o f  the  
c o ra l is d e a d ; P la tygyra , P orites  a n d  o th e r  m assive  co ra ls  a lso  occu r, to g e th e r  w ith  th e  
re e f  ec h in o id  E ch inom etra  m athaei. L a n d w a rd s  o f  th e  co ra l re e f  ex tends th e  in te r-d e lta  
zo n e ; h e re  th e  w a te r  is ty p ica lly  1-2 fa th o m s  in d ep th . T h e  sed im en t su rface  is gen tly  
r ip p le -m a rk e d  a n d  litte red  w ith  c o ra l a n d  co a rse  shell frag m en ts . T h e  sed im en ts  o f  th is  
zo n e  h av e  m a n y  c h a ra c te rs  in co m m o n  w ith  th o se  o f  th e  d eep  w a te r  zo n e  to g e th e r  
w ith  the  a d d itio n  o f  fine o o lite  a n d  co ra l san d . T h ey  are  u sua lly  grey  in c o lo u r  a n d  
so m e w h a t fo e tid .
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Inner cora l r e e f  sub-environm ent

T h is  su b -e n v iro n m e n t o ccu rs  in  sh o a l a re a s  sh e lte re d  f ro m  w ave a c tio n  b y  th e  c h a n ­
nels. I t  ca n  be seen  f ro m  F ig . 1 th a t  th e  a re a  lies ab o v e  d a tu m  a n d  th u s  d rie s  d u r in g  
very  low  tides. A cropora  is th e  d o m in a n t c o ra l a n d  a lo n g  th e  c h a n n e l sides, w h ich  
m a rk  th e  edge o f  th is  su b -e n v iro n m e n t, is ex trem ely  p ro lific . O n  th e  re e f  fla t itse lf, 
c o ra l g ro w th  is ra th e r  m o re  p a tc h y  a n d  w ide a re a s  o f  sa n d s  o c c u r  b e tw e en  th e  c o ra l 
h ea d s , m a n y  o f  w h ich  a re  d ea d  a n d  b e a r  lu x u r ia n t g ro w th s  o f  seaw eed . A cro p o ra  is 
jo in e d  o n  th e  re e f  to p  by  m assive  c o ra ls  su ch  as  P la tyg yra . T h e  re e f  ec h in o id  E ch in o ­
m etra  m a th a e i is  o ften  ex trem ely  a b u n d a n t,  as  a lso  a re  m a n y  species o f  c ra b s , m o l­
lu scs , fo ra m in ife ra  a n d  fish. O n  th e  re e f  to p  th e  c o ra l h e a d s  g ro w  u p  to  2 ft. a b o v e  th e  
level o f  th e  sed im en t. N e a r  th e  b ase  o f  th e  c o ra l c lu m p s, th e  c a lc a re o u s  A lg a  L ith o ­
tham n ium  is a b u n d a n t.  T h e  b ro k e n  c o ra l a n d  c a lc a re o u s  a lg a l d e b r is  fo rm  th e  m a in  
c o m p o n e n ts  o f  th e  c o ra l san d s , a l th o u g h  u n a b ra d e d  sp ines o f  E ch inom etra  a re  a lso  
fa ir ly  a b u n d a n t.  T h e  sa n d s  a re  ex trem ely  a n g u la r  a n d  ill so r te d ; f ra g m e n ts  m a y  ran g e  
in  size f ro m  en tire  c o ra l h ea d s  to  silt a n d  c lay  sized  p artic le s . T h e  re d u c tio n  o f  d e b r is  
to  sm all p a r tic le  size is co n s id e red  to  be la rg e ly  b io lo g ica l; m u c h  b re a k d o w n  is p r o b a ­
b ly  effected  b y  th e  ac tiv itie s  o f  E chinom etra .

A n  a re a  o f  m ix ed  c o ra l a n d  o o lite  sa n d s  is fo u n d  to  th e  n o r th  o f  th e  m a in  c h a n n e l; 
c o ra l g ro w th  h e re  is r a th e r  p o o r  a n d  th e  se d im e n ts  a re  b e t te r  so r te d  a n d  ro u n d e d  th a n  
th e  tru e  c o ra l sa n d s .

C hannel sub-environm ent

T h e  c h a n n e l w alls, ex cep t fo r  th e  se aw ard  1 -2  m iles, b e a r  a  p ro lif ic  g ro w th  o f  th e  
b ra n c h in g  c o ra l A cropora . T h e  c h a n n e l d e p o s its  c o m p rise  c o m p o n e n ts  f ro m  severa l 
su b -e n v iro n m e n ts  a n d  a re  th u s  o f  a n  ex tre m ely  h e te ro g e n e o u s  c h a ra c te r .  T h e  su rfa ce  
is l it te re d  w ith  a  c o a rse  lag  d e p o s it o f  c o ra l a n d  shell m a te r ia l;  finer c o ra l a n d  
o o lite  sa n d  o cc u p y  a n  in te rs titia l p o s itio n . T h e  fin er m a te r ia ls  a re  c a r r ie d  se aw ard s  b y  
th e  e b b  c u rre n ts  a n d  w h ere  th ese  c u r re n ts  s lack en , b ec o m e g ra d u a lly  d e p o s ite d ; th u s  
th e  d e p o s its  o f  th e  m a in  c h a n n e l, ju s t  in  f ro m  its  m o u th , a re  g en e ra lly  m e d iu m  a n d  
fin e -g ra in ed  in  c h a ra c te r  a n d  a t  its  m o u th  o o lites  p re d o m in a te .

B each , island  a n d  inner sub-environm ents

T h e  b ea ch  d e p o s its  b e a r  a  c lose  re la tio n sh ip  to  th e  o ffsh o re  sed im en ts . T h u s  a  b ea ch  
in la n d  o f  a n  o o lite  sa n d  a re a  is co m p o se d  la rg e ly  o f  o o lite s , o n e  in la n d  o f  a  c o ra l sa n d  
a re a , la rg e ly  o f  c o ra l d eb ris . T h e  sa n d s  o f  th e  se aw ard  c o a s t o f  H a la t  el B a h ra n i a re  
m ixed , c o n ta in in g  o o lite s  a n d  m u c h  m e d iu m  a n d  c o a rse  shell d eb ris , d e riv e d  f ro m  th e  
in te r-d e lta  a re a . T h e  sa n d s  o f  th e  u p p e r  b e a c h  a n d  b e rm s  b ec o m e w in n o w ed  b y  w in d  
a c tio n  a n d  m o v e d  in la n d  to  th e  f ro n ta l  d u n e  ridge . M u c h  o f  th e  fin er f ra c tio n  is b lo w n  
fu r th e r  in la n d , a c ro ss  th e  w in d  s tr ip p e d  c e n tra l a re a , finally  to  th e  sh o a l in n e r  b a n k s  
b etw een  H a la t  el B a h ra n i a n d  J a z ir a t  F ta is i. T h u s  th e  sed im e n ts  o f  th e  ex ten siv e  c ra b
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fla ts  (F ig .2 ) a re  fine a n d  very  fine sa n d  b u t  h av e  la rge ly  o rig in a ted  in  o th e r  su b -en v iro n ­
m e n ts . B o th  in n e r  co a s ts  o f  H a la t  el B a h ra n i a re  c h a rac te rise d  b y  a  succession  o f  sp its 
a n d  w ide  c ra b  f la ts ; th e  la t te r  lie ju s t  ab o v e  th e  level o f  m e an  h ig h  w a te r; seaw ard  o f  
th e  c ra b  flats, w h ere  sp its  en c lo se  espec ia lly  sh e lte red  en v iro n m en ts , a  g a s tro p o d  fla t 
is  d ev e lo p e d  w h ich  is c o v e red  b y  every  tid e . H ere , th e  sed im en ts  o f te n  c o n ta in  som e silt 
a n d  c lay  g rad e  m a te r ia ls . T h e  finest se d im en ts  o f  th e  reg io n  a re  th o se  o f  th e  tid a l 
sw am p s; a n  a re a  o f  tid a l sw am p s lies b e h in d  th e  f ro n ta l d u n e  ridge  o f  H a la t  el B a h ra n i 
a n d  a  m u c h  la rg e r  a re a  ex ten d s  f ro m  th e  so u th e a s te rn  t ip  o f  th e  is la n d  a lm o s t to  th e  
m a in la n d . T h e  se d im en ts  c o m p rise  p re c ip ita te d  a ra g o n ite  m u d s to g e th e r  w ith  co a rse r  
w in d  b lo w n  m a te ria ls .

I t  is rea d ily  a p p a re n t f ro m  th e  tw o  p a p e rs  w h ich  h av e  d esc rib ed  th e  T ru c ia l C o a s t 
re g io n  th a t  th e  d e ta ile d  p h y s io g ra p h y  is r a th e r  com plex . T h is  co m p lex ity  is m irro re d  
in  th e  se d im e n ta ry  su b -en v iro n m e n ts . I t  is th e  p h y s io g ra p h y  w h ich  h a s  la rge ly  given 
rise to  th e  co m p lex  se d im e n t p a t te rn , b u t  th e  reverse  is a lso  in  p a r t  tru e , th e  sed im en ­
ta ry  a n d  b io lo g ica l su b -e n v iro n m e n ts  h av in g  given  rise  to  th e  co m p lex  p h y sio g rap h y .
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SUMMARY

A  d e sc r ip tio n  is g iven  o f  th e  d e ta ile d  p h y s io g ra p h y  o f  a n  a re a  o f  rec en t c a rb o n a te  
s e d im e n ta tio n . T h e  re la tio n sh ip  o f  t id a l  w a te rs  to  th e  a re a  is d iscussed  a n d  th e  several 
s e d im e n ta ry  su b -e n v iro n m e n ts  a re  d escrib ed .
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Imperial College, London (Great Britain)

INTRODUCTION

T h e  P e rs ia n  G u lf  is a  re la tiv e ly  sha llow  sea  b e in g  ra re ly  d e e p e r  th a n  50 fa th o m s1 
(90 m ). C o m m u n ic a tio n  w ith  th e  In d ia n  O cean  is th ro u g h  th e  S tra it  o f  H o rm u z , w h ich  
a l th o u g h  n a r ro w  is n o t  re s tr ic ted  b y  a  su b m a rin e  sill, as  o ccu rs  fo r  exam ple  a t  th e  
so u th e rn  en d  o f  th e  R e d  Sea. T h e  d eep est w a te r  lies, in  fac t, a t  its  en tra n ce . T h e  G u lf  
is asy m m etric  in  c ro ss  sec tio n  w ith  th e  d ee p er w a te r  axis ly ing  close a g a in s t th e  P e rs ian  
shore , in la n d  o f  w h ich  rise th e  Z a g ro s  M o u n ta in s . A lo n g  th e  so u th e rn  o r  A ra b ia n  h a l f  
o f  th e  G u lf  th e  w a te r  is n o w h ere  d ee p er th a n  20 fa th o m s  (F ig .l) .

E m e r y  (1956) m a d e  a  d e sc rip tio n  o f  th e  sed im en ts  a n d  w a te rs  o f  th e  a re a , b a se d  o n  
rec o rd s  a n d  sam p les o b ta in e d  b y  R o y a l N a v a l a n d  U n ite d  S ta te s  S urvey  vessels. H e  
show ed  th a t  th e  a re a  is o n e  o f  c a rb o n a te  se d im e n ta tio n  w ith  a p p re c ia b le  a m o u n ts  o f  
te rr ig e n o u s  d e tr i tu s  o cc u rrin g  on ly  a ro u n d  th e  T ig r is -E u p h ra te s  d e lta  a t  th e  h e a d  o f  
th e  G u lf  a n d  a lo n g  th e  P e rs ia n  sho re . H o u b o l t  (1958) m a d e  a  d e ta iled  s tu d y  o f  th e  
o ffsh o re  sed im en ts  to  th e  n o r th  a n d  e a s t o f  th e  Q a ta r  P en in su la . T h e  sh a llo w  w a te r  
sed im en ts  w ere  fo u n d  to  be essen tia lly  sk e le ta l ca lcaren ites  a n d  th ese  p ass  la te ra lly  
in to  ca lc ilu tites  a n d  m a rls  to w a rd s  th e  d ee p e r w a te r  axis. T h e  co a s ta l la g o o n s  o f  
Q a ta r  w ere in v estig a ted  b y  B r a m k a m p  a n d  P o w e r s  (1955) w here  th e y  re p o r te d  a  
series o f  c a rb o n a te  a n d  e v a p o ritic  sed im en ts  to  b e  ac cu m u la tin g . S u g d e n  (1963) 
s tu d ied  th e  R e ce n t sed im en ts  o f  th e  sh a llo w  G u lf  o f  S alw a (to  th e  w est o f  th e  Q a ta r  
P en in su la ) w here  h e  fo u n d  a  w id esp read  d ev e lo p m e n t o f  a ra g o n ite  m u d s, o o lith s  an d  
p se u d o -o o lith s . H e  a lso  m a d e  a  reg io n a l su rvey  o f  th e  v a r ia tio n  in  sa lin ity , w ith  p a r tic ­
u la r  re feren ce  to  th e  re m a rk a b ly  h ig h  va lues o cc u rrin g  in  th e  G u lf  o f  S a lw a a n d  a lo n g  
th e  T ru c ia l C o a s t, w h ere  sa lin ities as m u c h  as  6 0 %  ab o v e  th a t  o f  n o rm a l o ce an  w a te r  
o ccu r. H e  co n c lu d e d  th a t  th ese  h ig h  sa lin ities h a d  little  effect o n  th e  d iv e rsity  a n d  
a b u n d a n c e  o f  th e  m a rin e  fa u n a . R ecen tly , W e l l s  a n d  h is co -w o rk e rs  (1962) m a d e  th e  
in te res tin g  d isco v ery  o f  th e  fo rm a tio n  o f  R e c e n t d o lo m ite  in  th e  se d im en ts  o f  th e  
h ig h e r p a r ts  o f  th e  tid a l flats a ro u n d  th e  Q a ta r  P e n in su la  a n d  C u r t i s  e t  a l. (1963)

1 All depths are. expressed in fathoms below Admiralty Chart Datum (approximately Low Water 
Spring Tides).
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PERSIAN GULF TRUCIAL COAST

Fig.l. Inset map of Persian Gulf showing broad bathymetry and asymmetric character in cross sec­
tion. Map of Trucial Coast showing nearshore bathymetry and distribution of islands and embayments.

show ed  th a t  b o th  d o lo m ite  a n d  an h y d rite  occu r in  th e  sed im ents o f  th e  S ab k h a  n ea r  
A b u  D h ab i. W ells an d  I l l in g  (1963) have  rep o rte d  m o s t in te resting  ob se rv a tio n s on  
th e  in s tan ta n eo u s  p rec ip ita tio n  o f  ca lc ium  c a rb o n a te  in  th e  w aters o f  th e  so u th e rn  G ulf.

I t  w as ag a in s t th e  b ac k g ro u n d  o f  th e  w o rk  by  E m ery , H o u b o lt a n d  B ram k am p  an d  
P ow ers , th a t  th e  D e p a rtm e n ts  o f  G eo logy , a n d  G eophysics o f  th e  Im p eria l C ollege o f  
Science a n d  T echno logy , L o n d o n , in itia ted  in  1961 a  p ro g ram m e o f  research  o n  th e  
R ecen t sed im en ts a lo n g  th e  T ru c ia l C o ast. T h e  n ea rsh o re  zone  ab o v e  5 fa th o m s (9 m ) 
w as fo u n d  to  b e  a n  a re a  o f  c a rb o n a te  sed im en ta tio n  in  w hich  ske le ta l ca lcaren ites, 
oo lite  san d s a n d  a ra g o n ite  m u d s a re  being  deposited , to g e th e r  w ith  b io h e rm a l accu­
m u la tio n s  a n d  accesso ry  c o n trib u tio n s  f ro m  w in d b lo w n  m ateria ls . A n  evapo ritic  
facies occu rs im m ed ia te ly  in la n d . T h e  p u rp o se  o f  th is  p a p e r  is to  describe  th e  physio ­
g rap h ic  se ttin g  in  w h ich  th ese  v a rio u s  sed im en ts occu r, in  th e  reg ion  betw een  R as 
G h a n a d h a  in  th e  n o r th e a s t a n d  la b a l  D h a n n a  in  th e  w est, w ith  m o re  d e ta iled  ref­
erence to  th e  a re a  a ro u n d  H a la t el B ah ran i. T h e  sed im ents o f  th e  la tte r  a re a  a re  
described  in  th e  ac co m p an y in g  p a p e r  b y  K insm an  (1963).

PHYSIOGRAPHY

T h e  reg ion  co n sis ts  o f  a  b ro a d  c o a s ta l s trip , u p  to  15 m iles w ide, o f  is lan d s a n d  p en in ­
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su la s  w h ich  en c lo se  a  series o f  la rg e , sh a llo w  tid a l  em b ay m e n ts . In  th e  w est, th e  is lan d s  
a re  jo in e d  b y  sa n d y  sh o a ls  a n d  a re  se p a ra te d  f ro m  th e  m a in la n d  b y  a  lo n g  la g o o n , 
K h o r  al B azm , w h ich  is n o t  co m p le te ly  c lo sed  a t  its  e a s te rn  en d  (F ig .l) .  A p a r t  f ro m  
a  few  sm all ch a n n e ls  w h ich  c u t a c ro ss  th is  o ffsh o re  b a r r ie r  th e  m a in  e b b  tid e  d ra in a g e  
is w estw ard s . In  th e  ea s t, h o w ev er, th e  o ffsh o re  is lan d s  a re  se p a ra te d  f ro m  each  o th e r  
b y  d ee p  e b b  ch a n n e ls  w h ich  d ra in  th e  la rge  sh a llo w  e m b ay m e n ts  b e h in d  th e m  (F ig . l ,  
2, 3). In itia lly  th e  sm all e b b  ch a n n e ls  h av e  a  d e n d r it ic  p a t te rn  b u t  th ese  coa lesce  to  
fo rm  o n e  o r  m o re  m a jo r  ch a n n e ls  w h ich  th e n  d ra in  b e tw een  th e  is lan d s  a n d  ac ro ss  
b ro a d  su b -a q u e o u s  d e lta s  b e fo re  rea c h in g  th e  o p en  sea. T h e  lo n g  p ro files o f  th e  eb b  
ch a n n e ls  a re  o f  p a r t ic u la r  in te re s t. T h e  ch a n n e ls  d eep en  as  th e y  a p p ro a c h  th e  g ap  
b e tw een  th e  is lan d s , to  d e p th s  o f  5 -7  fa th o m s , b u t  sh a llo w  ag a in , c o m m o n ly  to  less 
th a n  1 fa th o m  as th e y  flow  o u t a c ro ss  th e  seaw ard  edge o f  th e  su b -a q u e o u s  d e ltas . In  
so m e  p laces  th e  c h a n n e ls  lo se  th e ir  id e n tity  co m p le te ly . T h e  d e lta s  a re  b o u n d e d  
se aw ard s  b y  th e  1 fa th o m  d e p th  c o n to u r  a n d  shelve steep ly  a t  th e ir  o u te r  edge  to  3 
fa th o m s. T h e y  a re  sim p le  in  fo rm  a t  th e  m o u th  o f  a  sing le e b b  ch a n n e l, e .g ., th a t  
n o r th e a s t  o f  A b u  D h a b i is lan d , o r  co m p lex  w h ere  m o re  th a n  o n e  c h a n n e l d isch arg es 
b e tw een  th e  is lan d s , a s  fo r  ex a m p le  th e  d e lta s  n o r th e a s t  a n d  so u th w e s t o f  H a la t  el 
B a h ra n i. T h e y  a re  b e in g  deflected  p a r t ly  so u th w e s tw ard s  b y  th e  d o m in a n t w ave 
a p p ro a c h  w h ich  is la rg e ly  c o n tro lle d  b y  th e  p re v a le n t n o r th w e s t o r  “ S h a m a l”  w inds. 
T h e  d e lta s  p ro b a b ly  h av e  a  co m p lex  o rig in , p e rh a p s  rep re se n tin g  several s tages o f  
d e p o s itio n  se p a ra te d  b y  p e r io d s  o f  e le v a tio n  w h ich  m a y  c o rre la te  w ith  P le is to cen e  
a n d  p o st-P le is to ce n e  sea-level ch an g es . T h e y  a re  a lso  in  p a r t  e ro s io n a l p la tfo rm s  c u t 
in to  e a r lie r  Q u a te rn a ry  lim esto n es  o n  w h ich  th e  R e c e n t se d im en ts  a re  a c cu m u la tin g . 
H o w ev er, th e ir  g en e ra l a rc u a te  fo rm  a n d  th e ir  c lo se  re la tio n sh ip  to  th e  p re se n t 
c h a n n e l system s suggests th a t  th e y  a re  d o m in a n tly  o f  t id a l o rig in .

T h e  se aw ard  is lan d s  a re  c o m p o se d  la rg e ly  o f  u n c o n so lid a te d  R e c e n t sed im en ts. 
L im esto n es, p ro b a b ly  Q u a te rn a ry  in  age , u n d e r lie  th ese  d es im e n ts  in  so m e p a r ts ,  a n d  
o n  th e  m a in la n d  o f te n  o verlie  o ld e r  T e r tia ry  d ep o s its . T h is  co m p lex  o f  lag o o n s, 
em b a y m e n ts  a n d  is lan d s  is b o rd e re d  in  so m e p laces o n  its  la n d w a rd  m a rg in  b y  b ro a d , 
low  b ea ch  rid g es a n d  iso la te d  h ills  o f  T e r tia ry  a n d  Q u a te rn a ry  se d im e n ts ; in  o th e r  
p laces , ex tensive  a re a s  o f  in te r tid a l flats, w ith  w ide  s tre tch e s  o f  A lg ae  in  so m e lo c a li­
ties, o c c u r  a lo n g  th e  in n e r  co as tlin e . In la n d  o f  th e  m a in la n d  c o a s t is a  w ide  fla t san d y  
p la in , o ften  w ith  a  sa line  c ru s t, th e  S ab k h a . T h e  S a b k h a  lies ju s t  ab o v e  th e  level o f  
h ig h  sp rin g  tid e s  a n d  m ay  b e  u p  to  15 m iles w ide. I t  is b o u n d e d  o n  its  in la n d  m a rg in s  
b y  low  T e r tia ry  h ills c a p p e d  o cc as io n a lly  b y  Q u a te rn a ry  lim esto n e  a n d  o f te n  co v e red  
lo ca lly  w ith  a  th in  ven eer o f  b lo w n  sa n d . In  p laces a  few , f la t- to p p e d , s teep -sided , 
iso la te d  h illo ck s, b u tte s , s ta n d  u p  f ro m  th e  S a b k h a  su rface , s u r ro u n d e d  b y  a  fringe 
o f  b lo w n  d e se r t sa n d . T o  th e  w est th e  h ills rea ch  th e  c o a s t a n d  th e  S a b k h a  h e re  o ccu rs  
as  iso la te d  p a tc h e s  o ccu p y in g  th e  low  g ro u n d .

A  d e ta iled  d e sc r ip tio n  o f  th e  a re a  b e tw e en  H a la t  el B a h ra n i a n d  A b u  D h a b i w ill 
n o w  b e  g iven ; th is  a re a  is fa ir ly  ty p ic a l o f  th e  ea s te rn  p a r t  o f  th e  c o a s ta l reg io n . T h e  
seaw ard  fac in g  co a s ts  o f  th ese  is lan d s  a re  a lig n ed  so u th w e s t to  n o r th e a s t  a n d  p a ra lle l 
th e  g en e ra l c o a s t tre n d . T h e  b each es  a re  fa ir ly  s teep  a n d  a re  b a c k e d  b y  la rg e  f ro n ta l
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Fig.2. Aerial mosaic of Abu Dhabi region. (Royal Air Force Photograph, Crown Copyright
Reserved.)
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d u n e  ridges. T h e  m a x im u m  tid a l ra n g e  is a b o u t  6 ft. b u t  th is  m ay  be in c re ase d  d u r in g  
p e r io d s  o f  s tro n g  n o r th w e s te r ly  w inds. T h e  o r ie n ta t io n  o f  th e  b each es a n d  th e  f ro n ta l 
d u n e  r id g es  is a  re sp o n se  to  th is  o n sh o re  w in d . T h e  s teep  b ea ch  faces a re  c h a rac te rise d  
b y  th e  d ev e lo p m e n t o f  cu sp s  a n d  a re  f ro n te d  by  a  n a r ro w  low  tid e  te rrac e . A t th e  to p  
o f  th e  b each es  o n e  o r  m o re  b e rm s  a re  u su a lly  d ev e lo p ed , o f ten  ex tensively  co lo n ised  
b y  th e  b u rro w in g  c ra b  O cypoda  aegyp tica . T h e  b e rm s  a re  succeeded  la n d w a rd s  by  a 
w in d  s tr ip p e d  te rrac e . L o w , h u m m o c k y , p a r t ly  v eg e ta ted  d u n es  le ad  in la n d  fro m  th is  
u p p e r  te rra c e  a n d  m erg e  in to  th e  f ro n ta l  d u n e  ridge  w h ich  o n  H a la t  el B a h ra n i reach es 
30 ft. in  h e ig h t a n d  is th e  h ig h e s t p a r t  o f  th e  is lan d . B eh ind  th is  ridge is a n  ex tensive 
fla t, w in d  s tr ip p e d  a re a  w ith  a  su rfa ce  lag  d e p o s it o f  c o a rse r  d e b ris ; sm a lle r d u n es  a re  
p re se n t, espec ia lly  n e a r  th e  in n e r  so u th e a s te rn  c o rn e r  o f  th e  island . In  th e  so u th w e st 
o f  H a la t  el B a h ra n i, h o w ev er, b eh in d  th e  f ro n ta l d u n e  ridge is a  w ide sw am py  a re a  
w ith  a  ty p ic a l d e n d rit ic  d ra in a g e  p a t te rn  o f  creeks. T h is  a re a  is dense ly  v eg e ta ted  by 
A rth ro cn em u m  g laucum .

T h e  sh e lte re d  in n e r  c o a s ts  o f  H a la t  e l B a h ra n i a re  ch a ra c te r ise d  by  a  succession  o f  
sp its . T h ese  a re  a r ra n g e d  e n  éch e lo n  a n d  a re  a ll d irec ted  in w ard s  to w a rd  the  m a in la n d . 
T h e  to n g u e s  b e tw een  th e  sp its  a re  co lo n ise d  by  la rg e  n u m b e rs  o f  g a s tro p o d s  a n d  c rab s . 
F a e c a l p e lle ts  a n d  tra ils  co v e r m u c h  o f  th e  g a s tro p o d  zone , w h ich  is in u n d a te d  by  
every  tid e . T h e  sm all b u rro w in g  c ra b  Scop im era  lives in th e  h ig h e r zo n e  w hich  is 
in u n d a te d  o n ly  d u r in g  h ig h  sp rin g  tid e s ; th e  su rface  o f  th is  zo n e  is co v ered  by th e  
b u rro w in g  p e lle ts  p ro d u c e d  by  Scop im era , a l th o u g h  th ese  a re  d es tro y e d  w henever th e  
zo n e  is flo o d ed . W id e  c ra b  flats ex ten d  a lo n g  m o st o f  th ese  co asts , o ften  la n d w a rd s  o f  
th e  sp it a re a . T h e  g a s tro p o d  flats b eco m e very  ex tensive  in  th e  ex trem e  so u th e a s t o f  
th e  is lan d . F u r th e r  a g a in  s o u th e a s t a n  ex tensive  a re a  o f  tid a l sw am ps is d ev e lo p ed  
ex te n d in g  a lm o s t to  th e  m a in la n d  co a s t.

B etw een  th e  d e ltas , d irec tly  f ro n tin g  th e  is lan d s  a re  c o ra l reefs, p re d o m in a n tly  o f  
A cropora  w ith  s u b o rd in a te  P la ty g yra  a n d  o th e r  m assive co ra ls . T h e  m a in  eb b  c h a n n e l 
flow ing  ac ro ss  th e  d e lta  b e tw een  H a le t el B a h ra n i a n d  A b u  D h a b i b ifu rc a te s  3 m iles 
f ro m  its  m o u th  a ro u n d  th e  is la n d  o f  J a z ir a t  el F ta is i. T h is  la tte r  is lan d  is th u s  s e p a ra ­
te d  f ro m  th e  o p en  sea  b y  th e  w ide  sh o a l a re a  o f  th e  d e lta  a n d  d o es n o t h av e  th e  c o a s t­
lin e  ty p ic a l o f  th e  m o re  se aw ard  is lan d s . T h e  sh o a l a re a  enc lo sed  b y  th e  m a in  b ran c h es  
o f  th e  e b b  ch a n n e l is a n o th e r  a re a  o f  c o ra l g ro w th . T h e  c o ra l h e re  is d iffuse an d  
o cc u rs  in  p a tch e s , w h ereas  o n  th e  steep  w alls o f  th e  e b b  c h a n n e ls  th e  g ro w th  o f  th e  
d o m in a n t co ra l, A cropora , is ex trem ely  pro lific .
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SUMMARY

T h e  p h y s io g ra p h ic  se ttin g  o f  a n  a re a  o f  R e c e n t c a rb o n a te  s e d im e n ta tio n  a lo n g  th e  
T rijc ia l C o a s t,  P e rs ia n  G u lf  is d esc rib ed . P re v io u s  w o rk  o n  th e  se d im e n ts  a n d  w a te rs  
o f  th e  P e rs ia n  G u lf  is b riefly  rev iew ed . T h e  p a p e r  fo rm s  th e  b a c k g ro u n d  f o r  th e  
d e sc r ip tio n  o f  th e  se d im e n ts  o f  p a r t  o f  th e  a re a  d iscu ssed  (see K in s m a n , 1963).
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R eprin ted  from E nvironm ent and processes of petroleum formation, 1964, p . 100-129

K  x a p a K T e p H C T H K e  o p r a m i n e c K o r o  B e u i,e c T B a  

AOHHbIX O TJIO X eH H H

T u x o r o  h  ffH A H H C K o ro  o K ea H O B

O . K .  B o p d o e c K u u

O c h o b h o h  3ananeñ « a c T O H m n x  HccAeAOBaHHH HBAHAOCb H 3yneH H e  o p -  
r a H H ^ e c K o r o  B e m e c T B a  r j iyöoK O B O A H bix  o k e a n c K H X  o c a a x o B  b  a c n e x T e  n p o -  
ÖJieMbl npOHCXOJKaeBHH He(J)TH.

O a h h m  'H3 B e a y m H x  H â n p a B jie H H H  b  p e u ieH H H  n p o ö j r e M b i  n p o H c x o » A e -  
HHH He<j)TH HBJiHeTCH H 3 y q eH H e  c o c r a B a  h  y c j ioB H H  n p e o 6 p a 3 0 B a H H H  o p r a -  
H H q e c K o r o  s e m e c T B a  ib o c aA O H H H x  n o p o A a x .  H e o ó x o A H M b iM  3 B 6 h o m  b  s t h x  
HCCJieAOBaHHBX, H ep a3 p b IB H O  CBH3aHHbIM CO BCeM OCTaJIbHblM KOMIIJieKCOM 
p a ó o T ,  HBJiaeTCH H 3 y n eH H e  n p o H cx o jK f leH H H , ycAOBHft H a K o n j i e n n a  h  c o c T a s a  
o p r a H H ^ e c K o r o  B e m e c T B a  b  c o B p eM eH H b ix  o c a A K a x .  I l p o u e c c  A a A b H e i iu i e p o  
n p e o 6 p a 3 0 B a H H H  o p r a H H n e c K o r o  B e m e c T B a  h  e r o  n o T e m i H a j i b H b i e  B0 3 MOMÍ- 
h o c t h  b  OTHOuieHHH r e n e p a n n H  He(J)THHbix y r j ieB O A opoÄ O B  b o  m h o t o m  o n p e -  
Ae^iHiOTCH e r o  n e p B O H a n aA b H b iM  o Ó a h k o m .

C y m ecT B eH H b iM  n p o ö e A O M  b  H3yqeHHH o p r a H H n e c K o r o  B e m e c T B a  c o -  
EpeM eHHblX OC3AKOB HBAHeTCH TO OÔCTOHTejIbCTBO, BTO HCCAeAOBaHHH ÖblJIH 
co cp eA O T O ^eH b i  b  o c h o b h o m  H a  n p n ó p e iK H b i x  h  u ie j ib tj jOB bix  o c a A K a x  h  A H u ib  
b  M ajioH  C T en en H  3 a T p a r H B a j i H  rnyöoK O B O A H bie .  3 t o  oöcTOHTeAbCTBo 
OÖyCAOBAeHO IHHpOKO p aC npO C T paH eH H blM  MHeHHeM, HTO B OCaAKaX, OTAa- 
r a io m H x c H  Ha rA yÖ H H ax  ö o j i e e  2 0 0 — 3 0 0  m , t .  e. 3 a  n p e A e j iaM H  m eA b(j)a ,  
n o n a A a e T  m raTO JK H oe K O JinnecTB o o p r a H m e c K o r o  B e m e c T B a ,  H a x o A H m e r o c a  
b  rA yßoK O H  CT3AHH pa3Jio>KeHHH ( B e ö e p ,  1 9 4 7 ;  B e ö e p  h  AP-, 1 9 5 6 ) .  r i o -  
3TOMy oîK H A aTb b  n o A o Ö H b ix  o c a A K a x  n p o u e o c o B  ÖHTyMHHH3aimH He n p n -  
x o a h t c h .  3 t o  noAOJKeHHe n o  c y r a  O T p n i ia e T  B03M0>KH0CTb <J)opM,HpoBaH.HH 
ne4 )T e n p o H 3 B O A H m H x  o t j i o j k 6 h h h  b  r j iyöoK OB OA Hbix  n a c T H x  é a c c e ñ H O B  c  
hOpM ajlbHblM  TaaOBblM pe>KHMOM.

B M e c T e  c  TeM, b  H a c T o n m e e  BpeMH H3BecTHO, h to  CKonAeHHH HeijiTH 
o Ö H a p y jK e H b i  « a n  b  m  e u  ko  b  o a h  bí x n a c r u x  » c K o n a e M b i x  ó a c c e ñ H O B ,  T a x  h  
B rAyÖOKOBOAHblX HX naCTHX. ÜOSTOMy BbIHCHeHHe nOTeHHHaAbHblX B 03- 
MOKHOCTeft OpraHHHeCKOrO B e m e c T B a  TJiyÓOKOBOAHblX OTAOJKeHHH B o t h o - 
m eH H H  e r o  A a n b H e H i u e r o  n p e o 6 p a 3 0 B a H H H  b C T o p o H y  höiJi th  n p eA C T aB A ae T  
3HaHHTeAbHbIH HHTepeC. 0 A H 0 3 H 3 H H 0 e  p e iU eH H e 3T0T0 B o n p o c a  HBHAOCb 
Öbl OAHHM H3 Ba>KHbIX KpH TepHeB  n p H  AHarHOCTHKe He(})TeMaTepHHCKHX OT- 
AOJKeHHfl.

H a c T O H m H e  HCCJieAOBaHHH h  6 b i ; i h H a in p a B j ie n b i  Ha BbIHCHeHHe h c t o h h h - 
k o b  o p r a H H q e c K o r o  B e m e c T B a ,  y c j io B H ñ  e r o  H aK onj ie i iH H  h  x a p a K T e p a  c  to h -  
KH 3P6HHH B03MHOJKHOCTeH KaK H e t} )T eo 6 p a3 0 B aT eJ IH  B p a 3 H 0 0 6 p a 3 H b I X  TH- 
i i a x  co B p eM eH H b ix  rAyöoK OBOA Hbix o K e an c K H X  ocaAKOB. T A a B H o e  BHHMaHHe 
b HccAeAOBaHHH ó b iA o  o ö p a m é H o  H a c o c T a B  h p a c n p e A e A e H H e  ÖHTyMHH03- 
Hbix B e m e cT B ,  K aK  n a H ö o A e e  6 j i h 3k h x  b  r e H e r a n e c K O M  o t h o u i c h k h  HeiJmH. 
C 3T0H >Ke u e A b io  npoH3BOAHAOCb Taic>Ke H 3 y n e n H e  a H a j i o r a H H b i x  B e m e c T B  
b nAaHKTOHHbix o p r a H H 3 M a x  —  r j iaBHOM ncTOHHHKe o p r a H H n e c K o r o  B eiue- 
CTB3 OcaAKOB.

lo o
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H c c ^ e ^ O B a j i H C b  T a io K e  ry M H i io n u ie  k h c a o t b i  —  B e m e c T B a  o  n p o n c x o n c -  
ACh h h  K O Topbix  h poA H  b  n p o u e c c e  i i e c l n e o ó p a i ï O B a i n m  c y m e c T B y iO T  A n a -  
M eT p a j ib H O  n p o T H B o n o .a o x i i i b i e  npeAC TaB A eiiH H.

r io c K O J ib K y  b  n p e o ô p a 30BaiiHH o p r a n n n e c K o r o  B e m e c T B a  o r p o . \ n i y i o  
p O Jlb  H rp a iO T  (|)H31lKO-XHMHlieCKHC yCAOBHH CpeAbl,  HpOII3BOAHAOCb T3K>Ke 
o n p e A e j i e u H e  T a n u x  <J)H3HKO-xHMH>iecKnx x a p a ic re p H C T H K ,  n a n  p H  h  E h  
OCaAKOB.

Æ p y r H M  BaiKHbiM B o n p o c o M ,  H a o c B e m e H i i e  K O T o p o r o  c h i a i i  H a n p a B A C H b i  
A a H H b i e  H C C AeAOB aHHH, HBiiAOCb H 3 y i e i i i i e  n a K o i u i e n i i . H  o p r a m m e c K o r o  
B e m e c T a a  b î k h a k o h  cj>a3e —  b r p y i i T O B b i x  p a c T B o p a x  o c b a k o b  n a  p a n i i n x  
CT3AHHX (j)OpMHpOBaiIHH OTAOJKeHIIH.

K a n  ö b iA o  A oi< a3a H o  p h a o m  p a ß o T ,  n a  c o c T a B  h K O H u e iiT p au H K ) o p r a i m -  
n e c K o r o  B 'em ecT B a  o r p o M H o e  b a i i h i i h c  OKa3b i r . a io r  M H iie p a A i i3a m i H  h  n p n -  
cyTCTBHe n e K O T o p b ix  B e m e c T B  b p a c T B o p e  ( B e in < e p ,  1960; B a p c  h  K o r a n ,  
1962) .  B  CBH3H C 3THM B /KIIAKOU (JiaBC OCaAKOB HOMII n p O H 3BOAHAOCb OPpC- 

A eA eH H e  m eA O H H ocT ii  h  aM M O H iiH H oro  a 30T a  —  n o K a 3a T e A e i ’r, H en o cp e A C T B e H -  
Ho c B H s a i n ib i x  c  n p e o ô p a a o B a i n i e M  o p r a i m n e c K o r o  B e u ^e cT B a .

M a T e p H a A O M  a a h  H c cA eA O B ain i i i  r i o c n y > K iu H  n p o ö b i  o c h a k o b ,  c o ô p a i i -  
Hbie  b  26 p e n c e  3K c n c A n m i o i i i i o r o  c y a n a  « B n T H 3b» ,  n p o B e A e m iO M  b i i e n -  
T paA bH O H  HacTH T u x o r o  O K ea H a  ( e ra H U H i t  N s 3778— 3876) u  b  31 p e i ' i c e ,  
n p o B e A e m iO M  b H i i a h h c k o m  O K e a n e  ( c i a n u n n  A s  4511— 4730) .  Æ a h  n c c A e -  
AOBaiiHii ObiAH H c n o A b 30B aiib i  TaK/KC o ô p a s u b i  A i iT ap K T H n ecK o i ' i  SK cneA H - 
UHH ( c r a n H H H  N °  17— -151) ,  A io6 e 3i io  n p e A o c i a B A e n i i b i e  H a n  c t .  H a y n i ib iM  
coTpyA iiHK OM  H n c T H T y T a  O K e a n o A o n n i  A H  C C C P  A .  n .  J l n e n u b iH b iM .

HccACAOBanHHMH 6biAH oxB aneiibi npeiiM yiuecT B enno rAvóoKOBOAiibie' 
OCaAKH, B TOM HHCAe OTAO/KeHlIH TA V 6 O K O B O AH bí X OKeaiICKHX BriaAHH T oil- 
r a ,  K epM aaeK  h  H B ancK ou h  Aimib o m a c r u  cpaBiniTCAbiio MeAKOBOAiibie. 
HccAeAOBaAHCb n a n  noB epxnocT iib ie ocaAKn, co ô p a in ib ie  n p n  noM ouui a i i o -  
n e p n a T e A e n ,  T a n  h  k o a o i i k h  a o i i i i m x  OTAO/Keiinn, oxB aTbiB aiom ne y>Ke 311 a  - 
HHTeAbHblH npOMOKVTOK BpeMeiIH. HTOÖbl n o  B03M0/KII0CTII HCKAIOHIlTb 
BAHHIIHe AHTOAOrHHeCKIIX pa3AHHH]'ï, B KOAOI1KHX AAH IICCAeAOB3 IIHÍÍ BblÔH- 
p a A H C b  r0pH30HTbI C OAHOpOAHblM COCTaiïOM.

C xeM a pacnoAO>KeHHH H c c n e A O B a m ib ix  c T a n u n i i  î ip e A C T a B A e n a  n a  pue. I.

K paT K aa xapaKTepHCTHKa o c a /w o B

0 6 p a 3 0 B a n H e  o c h a k o b  b O K c a n a x  n p o i ic x o A i iT  3 a  c n e T  T e p p i i r e i m o r o ,  
B y A K a H o r e i iH o r o ,  ô i i o r e i m o r o  h  . x e M o r e m i o r o  M a T e p i i a n a .  K a n  o t m c h o c t  
i l .  J l .  B e 3 p y K O B ,  b  p a c n p e A O A e i i i i n  o c b a k o b  b o K e a u a x  n aÖ A ioA aeT C H  r e o -  
rp acf iH H ecK aH  a o u a A b i i o c T b ,  b b ip  a ík  a  101 p a n  c h  b 3 a K o n o M e p n o i i  c M e n e  c o -  
C T a s a  ocaAK OB  n o  M e p e  n e p e x o p a  o t  o a h o i ' ï  k a i i M a T i i n e c K o i i  3011M k  A p y r o i i  
(KAHMaTHHeCKaH 3 0 n a A b l I 0 C T b )  , 30 I iaA bII0C T b ,  CBH3aiIIiaH C yBeAHHCIIHCM 
rAyÔHHbï O K e a n a  ( B e p T H K a A b i i a n ) , a  T a n a t e  3 o n a A b i io c T b ,  3 a B iic H i i iaH  o r  
paCCTOHHHH AO KOHTHHeiITOB (u i ipK yM K O IIT lI I ie i IT aA bliaH )  . B e e  TPH 3 0 H a A b -  
HOCTH, c a o h î h o  n a K A a A b iB aH C b  A P y r  Ha A p y r a ,  b  t o i !  h a i i  iihoi 'i  C T e n e m i  
CTpa>KaK)TCH KaK 11a  B e m e c T B e im o M ,  T a n  h  11a  rp a n y A O M C T p in iec K O M  c o c t o -  
Be ocaAK OB (B e 3 p y K O B  n  p p . ,  1961) .

T e p p n r e H H b i e  o c aA K ii  p a c n p o c T p a H e i i b i  b  n p e A C A a x  ii ieAbclia ,  H a  M a T e p i i -  
KOBOM CKAOHe, a  M ecTaM H 11a  AO>i<e o n e a n a  h  b  rA yöoK O B O A iib ix  > K eA o 6 ax ,  
p a c n o A O H ie i iH b ix  n o  O K p a n n a M  o n e a n a  ( î i a n p i i .M e p ,  f l B a i i c n a n  i i n a A i i i i a ) .

y p H T b i B a n ,  HTO B O A O c ô o p i i a n  i iA o u ta A b  T n x o r o  o n e a n a  ( T p n  neT B ep T H  
KO TopoH n p H y p o n e H o  k a 3 n a T C K 0 M y  K o i iT m ie i iT y )  c o c T a B A n e T  n p u M e p i i o  
16X106 km2 h a h  TOAbKo ' / i o  nA O iu aA H  o n e a n a ,  CAeAveT n p H 3 i i a T b  p o A b  T e p -  
p n r e H H o r o  M a T e p n a A a  b  o c a A K O i ia K o n A e in iH  B e c b M a  c n p o M H o n .  O c o ô e n n o  
M3AO e r o  y n a c T H e  b th k o m  y A a A e H iio M  o t  K o n r a i ie i iT O B  p a i i o n e  KaK n c c A e -  
A O B aH H an  u e n T p a A b H a H  n a c T b  O K eaH a .
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HecKCuibKO ö o n b i n y i o  p o j i b  H r p a e T  T e p p n r e i i H b i H  M a T e p n a A  b o 6 p a 3 0 B a -  • 
HHH ocaAKOB H h a h h c k o to  o n e a n a .  O c o ô e H H O  m h o to  e r o  n p i iH o c H T  peK H  c o  
c x o p o H b i  H iia h h  h ro p H C T b ix  3 o h a c k h x  ocTpoB O B . C ß e p e r o B  m e  C e B .  A b- 
c r p a j i H H  h A p a B H ü c K o r o  n o A v o c r p o B a ,  o Ö A a A a io u iH x  3 a e y in j iH B b iM  kah m 3 - 
to m , T e p p H r e H H o r o  M a T e p n a j i a  n o c T y n a e T  m 3ao , h b OKeaiHe y m e  b6ah3H  
ô e p e r o B  n p e o ô . n a a a i o T  Ô H o reH H b ie  ocaA K H , c o c to h iu h c  h3 C K e j ie ro B  M opcKHX 
o p raH H 3 M O B  (B e 3 p y K O B ,  1961).

B H o reH H b iH  M a T e p H a j i  b  o c aA K O H a K o n j ieH H H  b  o x e a H a x  n r p a e T  o r p o M -  
HVK) p o j i b .  C p e A H  o p r a n o r e H H b i x  ocaAK OB  H a n ô o A e e  p a c n p o c T p a n e H b i  b  
o x e a n a x  H3BecTKOBbie. B  T h x o m  oxeaH e o h h  b m c t h a a k >t  36 ,2 %  AHa, a  b 
H h a h h c k o m  —  5 4 ,3 %  ( S v e r d r u p  e t ,  1942).

B o j i e e  cKpoMHy'K) p o j i b  H rp a iO T  KpeMHHCTbie o caA K H  (1 4 ,7 %  b  T h x o m  
o K e a H e  h  2 0 ,4 %  b H h a h h c k o m ) .  H a n ê o A b m e e  p a c n p o c T p a H e u H e  c p e a n  h h x  
HMeiOT AHaTOMOBbie o caA K H , o 6 p a 3 y i o u i ,H e  i h h p o k h h  h o h c  B o x p y r  A H T a p K -  
THAbi h  « e n p e p b i B H y i o  n o / i o c y  b  c e B e p H o f t  n a c r a  T r i x o r o  O K ea H a .  Æ p y r a M  
THHOM KpeMHHlCTblX OCaflKOB, p aO n p O C T p aH eH H b lM  B SKBaTOpHaJIbHOH 3 0 H e  
ThXOTO H HhAHHCKOTO OKeaHOB, HBAHIOTCH paAHOAHp,HeBbie HAbI, p a 3 B H T b ie  
H a r j iy Ô H H a x  6 o J i e e  4 3 0 0 — 4500  m . H a K O H e u ,  b  o r a p b i r a i x  r j iyôoK O B O A H bix  
p a f t o H a x  O K ea H a  p a3B H T bi  T a x  H a 3 b iB a e M b ie  « K p a c H b ie  rAH Hbi» .  3 t o  T a n m e  
6 e c K a p 6 o H a r a b i e  rjiHHHCTbie o caA K H , o ô o r a m e i i H b i e  BbicuiHMH o k h c a h m h  
M a p r a H U a  h  m e j i e 3 a .

i l o  M e p e  yB ejiHneHH H rj iyÔ H H  n p o H c x o A H T  CMeHa c o c T a B a  ocaAK OB . H a  
r J i y ô H H a x  a o  45 0 0  m n p e o Ô A a A a iO T  6 'H oreH H bie  o caA K H  —  n p e n M y m e c r a e H H o  
<t)opaMHHH(J)epOBbie Hjibi. r a y ó m e  4 5 0 0 — 4 7 0 0  m o h h  H c n e 3 a io T ,  t h k  x a x  
c A a r a i o u tH H  h x  K a p ô o H a T  KaAbiiHH ,n ocT eneH H O  p a c T B o p n e T c n  b T O A m e x o -  
AOAHblX rAyÔ'HiHHblX BOA. ÜO STOM y B UeH TpaA bH blX  HaCTHX O K ea H a  H a TAy- 
ÔHHax 4 7 0 0 — 6000 m p a c n p o c T p a H e n b i  6 e c K a p 6 o H a r a b r e  o caA K H , T a x  H a3 b i -  
B a e M b ie  K p a c H b ie  t a h h w ,  b « o T o p b i x  n a c r a  B C T p en a ro x cH  m e A e 3 0 M a p r a H U O -  
Bbie -KOHKpeUHH.

B  CBH3H c  3THMH oöcTOHTejibCTBaMH o caA K H  n o  BemecTBeHHOMy CQCTaBy 
ycAOBHo n o A p a 3AeAHK)TCH H a K a p ó o H a T H b ie  h  6e c K a p 6o H aT H bie .

K K a T e r o p H H  ô e c K a p ô o H a T H u x  o t j i o x s h  h fi n p H H a A J i e m a T  
TA HHHCTbie HAH. TnnHHH blM  npeACTABHTeAeM TAHHHCTblX HA OB HBAfleTCH 
« K p a c H a a  rA H H a » .  O c a A K H  a r a r a  r a n a  n o K p u B a i o T  A o m e  O K ea H a  b  
j ? T K p u T b ix ,  HaHÔOAee rAyôoK OB OA Hbix  n a c r a x .  M a A a n  C K o p o c T b  o caA K O - 
HaKonA eHH H h  H H n r a m H b i e  KOAHnecTBa T e p p H r e H H o r o  M a T e p n a A a  
npHBOAHT k  3 a M e r a o M y  o ô o r a m e H H i o  s r a x  o r A o m e H H H  b  T p o n n n e c K O H  
3 0 H e  o c T a r a a M H  paAHOAHpHÎi.  / I p y r H M  p a ü o H O M  pa3BHTHH t a h h h c t h x  
h a o b  h b a h i o t c h  TAyôoKOBOAHbie  B naAHH bi ( T o H r a ,  K e p M a A e K ,  51B3H- 
c K a a ) ,  b  K O Topbix  ocaA K H  nO A O Ô H oro  r a n a  BbinoAHHioT u e H T p a A b H y io  
n a c r a .

T h h o m  ocaAK OB, 3aHHM aiom,HM n p o M e m y T O H H o e  noA ornem ie M e m A y  6 e c -  
Ka p  6 o h  a r a b i  MH h  K a p ô o n a r a b i M H  oTAom eH HHM H, h b a h i o t c h  t a h h h c t o - 
H 3 B e C T K O B b i e  H  A  bí.

H p e s B b i n a H H o  i h h p o k h m  p a c n p o c T p a H e n H e M  c p eA H  h o c a  eAOB a  h h bíx  o t a o - 
m eH H H  n o A b 3yioTCH K a p ô û H a T H b i e  o c a A K H ,  B C T p e n a i o m n e c H  b  p a 3- 
AHHHblX 4>aUHaAbHbIX o 6CT3HOBKaX H OXBaTblBaKHUHe IHHpOKHH TpaH yA O M eT - 
pHMeCKHH C neK Tp —  OT aAeBpiHTOBO-rAHHHCTbIX HAOB AO neCKOB. B (})OpMH- 
pOBaH'HH ocaAK OB  3T0r 0 T H n a  B e A y m y iO  pO A b H r p a iO T  10CT3TKH nAaHKTOHHblX 
h AOHHbix <})opaMHHH(j)ep. B H eK O Topb ix  C A y n a a x ,  H a  MeHbuiHX rA yÔ H - 
H a x ,  AOnOAHHTeAbHblM HCTOHHHKOM K a p 6OH3THOr0 M a T e p H a A a  HBAHIOTCH 
OÖAOMKH KOpaAAO’B, (J iparM eH Tbl paKOBHH H MOAAIOCKOB, a  TAKJKe C3MH p a -  
KOBHHbl H T. n .

H 3 B ecT K O B b ie  aAeBpHTO-rAHH'HCTbie h a h  p a c n p o c T p a H e H b i  n p e H M y m e c T -  
BeHHO H a rA yÔ M H ax  o t  3 a o  4 — 4 ,5  km. B M e c T e  c  TeM H a  p n A e  CTaHHHH 
ocaA K H  y K a 3 a H H o r o  r a n a  6 w a h  B C T peneH bi  H a  r o p a 3 A O  M e H b in n x  rAyÔH- 
n a x  —  b  H H m H eñ  n a c r a  M aT ep H K O B o ro  oKAOHa.
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AjieBpHTOBbie HJibi TaKHte noAb3yioTCH pa3BHTHeM, KaK Ha ö o a m u h x  rjiy - 
6 h h 3 x  ( 2 , 5 — 3 ,5  km) , T aK  h  H a  M e H b m n x ,  b  n p e A e j i a x  M a T ep H K O B o ro  c k a o -  
Ha h  y  e r o  o c u o B a H H H ,

H a K O H eir ,  K a p ö o H a T H b ie  ocaA K H  o p r a H H H e c K o r o  n p o n c x o jK A e H H H  H rpa iO T  
H eM ajiO B aH iH y io  p o A b  T aK H ie  b  o 6 p a 3 0 B a H H H  n e c A a H b ix  ocaAK OB, h  6 m a h  
BCTp e n e H b i  KaK H a  ö o A b i i iH x  r j iy Ô H H a x ,  T aK  h  Ha M aAbix  —  b  o ô j i a c T H  
u ie A b 4 ) a .

B  p a c n p e A e J i e H H H  nepeA H C A eH H bix  T H noB  ocaAK OB b ôoAbuiHH C TB e cA y- 
H aeB  HaÔAioAaeTCH o n p e A e A e 'H H a n  ycToiiAHBOcTb. M H o r n e  rpyH T O B bie  k o a o h - 
KH H a BCK» CBOK) MOIIIHOCTb npeA C T aB A eH bl  KaKHM-AHÖO OAHHM THnOM OCaA" 
K a .  B M e c T e  c  TeM, b  p n A e  c A y n a e B  b  KOAOHKax HaÓAiOAaeTCH n e p e c A a n a a -  
HHe p a3A H H H bix  ocaAK OB, B b i3B 3H H oe  b  o a h h x  C A y A an x  noHBAeHHeM n p o -  
CAoeB B y A K aH H H ecK o ro  n e n A a ,  b A p y r n x —  b o 3 m o >k h o  ACHTeAbHOCTbio c y c -
HCH3HOHHbIX nOTOKOB. KpOM C TOTO, KaK y jK e  TOBOpHAOCb, KOAOHKH OX'BaTbl- 
B3K3T 3H3AHTeAbHbIH npOMeJKyTOK BpeM eHH, 3 a  KOTOpblH B O K eaH e He p a 3  
npOHCXOAHAH KAHMaTHHeCKHe H TeKTOHHAeCKHe H3MeHeHHH

O p ra e n ie c K o e  BeniecTBO ocaAKOB

B  B O A ax M n p o B o r o  O K ea H a  3 aK A ioA eH o a o  1 , 3 x 1 0 12 t o p r a H H A e c K o r o  
y i 'A e p o A a .  3 i a  BeAHAHHa T o r o  * e  n o p H A K a ,  a t o  h  coA ep>K aH H e Copr b  m h-  
p o B b i x  3 a n a c a x  K aM O H H oro  y rA H  h a h  T op( j)a .  X o t h  n o A a B A H io m a H  A acT b  
o p r a H H H e c K o r o  B e m e c T B a  M o p c K H x  b o a  HMeeT aBTOXTOHHoe n p o n c x o i K A e -  
HHe H e K O T o p a n  e r o  a o a h  npHHOCHTCH p eK aM H . E a i e r o A H o  peKH npHHOCHT b 
OKeaH a o  7 ,OX IO8 r  o p r a H H A e c K o r o  B e m e c T B a ,  a t o  c o e r a B A H e T  c o T b ie  a o a h  
n p o u e H T a  o t  B c e r o  o p r a H H A e c K o r o  B e m e c T B a ,  c o A e p H c a m e r o c H  b  BOAax o K e a -  
n a .  T aK H M  o 6 p a 3 0 M ,  M aTepnKO BbiH  c t o k  HMeeT noAHHHeHHoe 3 H a n e H n e  b  
IlHTaHHH MOpCKHX H OKeaHCKHX ÖaCCeHHOO OpraHHAeCKHM BemeCTBOM.

OcHOBHbIM HCTOAHHKOM OpraHHAeCKOTO BeiACCTBa B MOpCKHX BOA3X HB- 
AHeTCH c B o e  M ecT H o e  jKiHBoe o p r a H H A e c K o e  B em ecT B O , n p e o Ö A a A a i o m y i o  
p o A b  c p eA H  K O T o p o ro  H rp a iO T  o p r a H H 3 M b i  ijiHTonAaHKTOHa. B  p a c n p e A e A e -  
HHH HAaHKTOHa b  O K eaH e  BHAHa o n p e A e A e H H a n  3a«OHOMepHOCTb. E r o  m 3 a o  
B npHnO AHpH bIX A3CTHX H B IHHpOKOH 3KBâTOpHaAbHOH nOAOCe. M e iK A y  3TH- 
MH 30H 3M H , KaK b  K)ä h o m , T aK  h  b  ceB epH O M  n o A y u i a p H  h , p acnoA O >K eH a 
3 0 H a  e r o  b h c o k h x  KOHiieHTpaiiHH. T aK H M  o 6 p a 3 0 M ,  b  p a c n p e A e A e H H H  
nAaHK TO Ha b h a h o  T H roT eH H e k  b h c o k h m  m n p o T a M  h  npHÓpeJKHbiM  o ö A a -  
CTHM. OcOÖeHHO MHOTOAHCAeH nAaHKTOH B npHyC TbeB bIX  VAaCTKaX p e K  H 
B 3 0 H e  BOCXOAHIAHX TeAeHHH, TAe H a nOBepXHOCTb nOAHHMaiOTCH BOAbI,
o ß o r a m e H H b i e  ÖHoreHHbiMH sA eM eH TaM H . 3 t o  HBAeHHe o t a c t a h b o  B b ip a -  
HieHO b  H h a h h c k o m  O K eaH e  ( p n c .  2 ) .

XÍBHHceHHe b o a , B A H H io m e e  H a p a c n p e A e A B H H e  n H T aT eA b H b ix  B em ecT B ,  
OÔyCAOBAHBaeT yBeAHA eH He KOAHAeCTBa nAaHKTOHa B nOBepXHOCTHOM c})o t o - 
cH H T e3 H p y io u re M  c A o e .  r i o s T O M y  e r o  m h o t o  b 6 a h 3 h  ó e p e r o B ,  r A e  n a c c a T H b i e  
HAH MyCCOHHbie B eTpb l  BbI3bIB3K)T nOATjCM TAyÖHHHblX BOA, ÖOraTblX n H T a-  
TeAbHHM H CO AH M  H  (B oT O pO B  H  BHHOTpaAOB, 1961). TaKOBbI paHOH bl K  l o r y  
OT HHAOHe3HHCKHX OCTPOBOB H K 3 a n a A y  OT A ßC T paA H H , H h AHH, U eH A O H a,  
M aAbAHBCKHX OCTpOBOB. OcOÖeHHO ÔOTaTO nAaHKTOHOM ApaBHH CKOe M o p e ,  
M H o ro  e r o  h b  B eH raA bC K O M  33AH Be.

OÖHAHe OCTpOBOB b  a a n a A H O H  noAOB'HHe O K eaH a  h  HaAHAHe A B yx  AHBep- 
reHHHH ÔAaronp 'H HTC TB yeT  noAHHTHio ö o r a T b i x  nHTaTeAbHbiMH B em ecT B aM H  
IAyÖHHHblX CA06B BOAbI K nOBepXHOCTH. F l0 3 T 0 M y  BCH 3 a n a A H a H  AaCTb O K ea ­
H a  b  A B a-T p H  p a 3 a  ö o r a A e  nAaHKTOHOM, AeM BOCTOAHan. 0 6 a 3 c t h , ö o r a T b i e  
nAaHKTOHOM, BbITHHyTbl B UIHpOTHOM H an p aB A eH H H ,  KaK H nOBepXHOCTHbie 
TeAeHHH. I O * H e e  16°  io .  u i .  n o B c eM ec T H O  OAeHb m 3 a o  nAaHK TO Ha, a t p  o 6 t>-

1 B KOAOHKax AAH HCCAeAOBaHIIH BblÓHpaAHCb no B03MOHCHOCTH r0pH3OHTbl C ÔAII3KHM 
AHTOAOrHHeCKHM COCTaBOM.
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Pue. 2. Pacnpe/re.TCime ônow acctr iwiaHKTOHa b H hahhckom OKeaHe b  c m 3/ WOO m 3 
(no B. T. BoropoBy h A. IL BnHorpaflOBy, 1961)

HCHHeTCH OTCyTCTBHeM yCAOBHH AAH nOAHHTHH TAyÔHHIIblX BOA K IIOBepX- 
HOCTH. XtaAee k io ry  (nocA e 38° io. m .) koahaoctbo nAaHKTOHa OHOBa yBe- 
AHHHBaexcH ( B o r o p o B  h B-HHorpaAO'B, 1961) .

AHa,Jior-H9Hbie n e p r a  npoHBAHioTca h b pacnpeA enem -iH  nAaHKTOHa b 
T hxom  OKeaHe, rAe ÔHOMacca e ro  y b e a hh h b a ctch b SKBaTopnaAbHOH 30He b 
CBH3H C BbIXOAOM Ha nOBepXHOCTb TAyÔHHHblX BOA-

H o  0TH0IU6HHI0 K CjlHTOnAaHKTOHy BCe OCTaAbHbie OpraHH3MbI MOpH HB­
AHIOTCH nOTpeÔHTeAHMH H MOryT AHUIb TpaHC(|)OpMHpOBaTb OpraHHHeCKOe 
BemeCTBO, HO He C03HAHTb eTO. OÔbIHHO B CACA 3a p33BHTHeM (pBTOnJIBHK- 
TOHa 6ypHO pa3BHBaeTCH 300nAaHKT0H, KOTOpblH B SHaHHTeAbHOH M epe e ro  
BbieAaeT. T a  ace nacT b nAaHKTOHa, KOTopan He noTpeÖAHeTCH eenocpeA CT- 
B6HH0 ApyrHMH opranH3M aM H, a  n o rn ß a e T  ecTecTBeHHon cM epTbio, noABep- 
raeTCH HHTeHCHBHOMy, ôaKTepnaAbHOMy pa3AO*eHHio. SKcnepHMeHTaAbHbi- 
MH HccAeAOBaHHHMH ôbiAO ycTa'HOBAeHo, HTo p33A0>KeHHe OTMepuiHX o p ra -  
HH3MOB nAaHKTOHa, OCyiAeCTBAHeMOe MHKpO(j)AOpOH, npOHCXOAHT C yôbl- 
B aiom en  CKOpOCTbIO H CTaÔHAH3:HpyeTCH B CpaBHHTeAbHO KOpOTKHH CpOK.

B m poueoce noTpeÖAeHHH opraH H HecK oro BemecTBa ApyrHMH opraH H 3- 
M3MH ôoAbinaH HacTb e ro  noABepraeTCH p a c n a A y  h BHOBb B03BpamaeTCH b 
boav b bhaê  ÔHoreHHbix 3AeMeHT0B. 9 to pa3pyuieH H e opraH H HecK oro B em e­
cTBa b HeKOTopoH cTeneHH KOMneHCHpyeTCH oHHTeaoM e ro  b TeAax r e îè p o -  
Tpo<}>Hbix opraHH3MOB. K poM e Toro, reTepoTpotjiH bie opraHH3Mbi HHKorAa He 
ycBaHBaioT e ro  noA nocTbio, HeKOTopan nacT b BbiôpacbiBaeTCH opraHH3M3MH 
h b ycAOBHHX BOAoeMa nonaA aeT  b  ocaAKH. B ueAOM h3 reTepoTpocJm oro 
miKAa rHApoctJiepbi no  MHeHHio B . A . YcneHCKoro BbinaAaeT okoao 0 ,8 %  
opraH H HecK oro BemecTBa, co3AaHHoro a btot p o cji h h  mh opraHH3M3MH (Y c- 
neHCKHH, 1956) .
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Oah3ko npeiKÄe neM nepefi™ b ocaAOK, Bce JKHBoe BemecTBO b MopcKHx 
CacceHHax npoxoAHT cAo>KHbie nnmeBbie penn h ÔAaroAapa STOMy noABep- 
raeTCH hi-itchchbhoh nepecrpoHKe, hto OTpaxiaeTCH Ha h3M6H6hhh ero xhmh- 
necKoro cocTaBa.

H3yneHiHe xHMHHecKoro cocTaBa iuiaHKTOHa Hhahhckoto oxeaHa noxa- 
33A0, HTO COÂepXOHHe Copr H3MeHHeTCH B HeM OT 19,97 flO 31,11%, oômero 
aaoTa — ot 5,58 ao 9,60. TaKHM o6pa30M, no coAepwaHHio yKa3anHbix 3Ae- 
MeHTOB njiaHKTOH p33AHHHbIX paHOHOB HhAHHCKOTO OKeaHa 33MeTHO pa3- 
AHHeH MeJKAy C060H, HeCMOTpn Ha TO, HTO B BHAOBOM OTHOUieHHH OH AO- 
BOAbiHO ÖAH30K.

B eme óojibmeñ cTeneHH 3th pa3AHHHH omyTHMbi b coAepmaHHH AHnn- 
aob. Koarhoctbo nocAeAHHx KOjreöjieTCH ot 6,42 ao 13,63%. Bojiee 90%
jinnHAOB npeACTaBjieno Majio nojinpHbiMH coeAHHeHHHMH, nepexoAHiPHMH 
ripH SKCTpaK'UHH B XAOpO())OpMeHHbIH SKCTpaKT. 3 t0  nOAOJKeHH'e HOATBepH<- 
AaeTCH t  axine ahhhmmh KOMnoHeHTHoro aHaAH3a ahhhahoh (jipaKHHH
(B %):

M a c  jia  .................................................................. 4 8 ,2 5
C m o jiu  6 e H 3 0 J ib H b ie ............................................  3 ,3 5
C m o jiu  c n H p T o 6 e H 3 0 Jib H b ie ......................  3 3 ,2 0
A c ^ ia j ib T e H b i............................................................. 6 ,5 5

B AHHHAHOH (ÿpaKHHH ÔblAO OÔHapyiKeHO T3K>Ke ¡npHCyTCTB'He 3H3HH- 
TejIbHOrO KOAHHeCTBa aMHHOKHCJlOT.

Ecah cpaBHHTb coAepiKaHHe yrAepoAa h a30Ta b njiaHKTOHe c coAepiKa- 
HHeM 3TKX 3AeMeHT0B B OKeaHCKHX BOAax, TO MOJKHO 33MeTHTb, HTO nOCAeA" 
HHe npHMepHo BABoe 6eAHee 330thcthmh coeAHHeHHHMH. CyAH no OTHouie- 
HHK) C/N, KOTopoe b cpeAHeM paBHO 10, opraHHHecKoe BemecTBO OKeaHCKHX 
boa no CBoeMy cocTaBy ropa3AO ÓAHiKe ctoh t k opraunnecKOMy BeipecTBy 
COBpeMeHHblX AOHHblX OCaA'KOB, HeM BemeCTBy HCXOAHblX OpraHH3MOB.

B uejioM h cca e AOB an h bí e ocaAKH xapa,KTepH3yioTCH hbbucokhm coAep- 
>KaHHeM opraHHHecKoro BemecTBa. Koahhoctbo Copr Anuib b pcakhx cAy- 
nanx noAHHMaeTcn ao 1— 1,5%. HanôoAee ôeAHbi opraHHnecKHM Beme- 
CTBOM TAHHHCTbie ocaAKH IieHTpaAbHblX OÔAaCTeft OKeaHOB. HanpHMep B TAH- 
HHCTbix HAax Tnxoro OKeaHa coAepjKamie Copr cocTaBAneT b cpeAHeM 
0,20%.

ripHMepHO T3K0H JKe HH3KOH KOHpeHTpaUHeH X3paKTep'H3yIOTCH TAHHH- 
CTo-aAöBpHTöBbie hah (0,26% ). KoHU,eHTpauiHH opraHHHecKoro BemecTBa b 
aAeBpHTOBO-rAHiHHCTbIX HA3X HOCKOAbKO B03pacTaeT (0,35%) H AOCTHraeT 
MaiKCHMaAbHoro 3HaneHHH b aAeBpHTOBbix (0,40% ). B necxax b h ob b na- 
ÔAiOAaeTCH HeKOTopoe CHHJKeHHe coAepjKaHHH opraHHHecKoro BemecTBa 
(0,34% ).

TaKHM o6pa30M, b pacnpeAeAeHHH opraHHHecKoro BemecTBa b OKeaH- 
CKHX ocaAKax He OTMenaeTCH oôhhhoh cbh3h c rpaHyAOMeTpHHecKHM co- 
CT3B0M ocaAKOB, BbipaiKaiOmeHCH B B03paCTaHHH CTO :vOHpeHTpaUHH no 
Mepe yBeAHHCHHH AHCnepGHOCTH OcaAKOB.

OôpamaeT Ha ce6n BHHMaHHe tot (Jiakt, hto HanöoAee oöorameHbi op- 
raHHHecKHM BemecTBOM MeHee A'HcnepcHbie-aAeBpHTOBbie h aAeBpHTOBO- 
rAHHHCTbie HA H , TOTAa KaK ÔOAee AHCnepCHbie fAHHHCTbie HAbI XapaKTepH- 
3yiOTCH noHHJKeHHOH KOH ne h Tp a n h e ii. AnaAorHHHaH nepTa HaÔAioAaAacb h  

b pacnpeAeAeHHH opraHHHecKoro BemecTBa b rAyöoKOBOAHbix ocaAKax Be- 
pHHroBa MopH, rAe Tanxie MaKCHMaAbHbie KOHueHTpauHH opraHHHecKoro 
BemecTBa 6hah BCTpeneHbi b aAeBpHTOBbix h aAeBpHTOBo-rAHHHCTbix HAax 
H3 paHOHa OCHOB3HHH MaTepHKOBOTO CKA0H3 (JlHCHUblH, 1955).

B pacnpeAeAeHHH opraHHHecKoro BemecTBa no nAomaAH AHa b oKeaH- 
CKHx ocaAKax HaÔAiOAaeTCH onpeAeAeHHoe TnroTeHHe noBbiuieHHbix koh- 
UeHTpaUHH K paHOHaM, H30ÖHAyiOmHM nAaHKTOHOM.
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TyM HHOBble KHCAOTbl

B noAaBAaromeM ôojibiiiHHCTBe HCCAeAOBaHHbix ocaAKOB 6mah oÖHa- 
py*eHbi ryMHHOBbie k h c a o th , Koropbie uinpoKO pacnpocTpaHeHbi TaK>Ke 
bo MHorHX HCKonaeMbix ocaaoHHbix nopoAax. HeKOTopbie HCCAeAOBaTeAH 
o tb o a h t 3T0H rpyiine BemecTB HeMaAOBa>KHyio poAb b o6pa30BaHHH HecjiTH 
(Cokoaob, 1951; MexTHeB h flnrypoB a, 1952). B nacTHOCTH, A. O. J\o6- 
pHHCKHH OTMenaeT, h to  cnocoÔHOCTb ryMHHOBbix CTpyKTyp JierKo TepaTb 
b npouecce npeo6pa30BaHHa KapöoKCHAbHbie rpynnbi npn coxpaHeHHH 
(JjeHOJIbHblX 3aCJiy>KHBaeT BHHMaHHa B CBB3H C BOnpOCOM npOHCXOXAeHHH 
UHKJiHHHMecKHX KOMnoHeHTOB He(J)TeH (,Ho6paHCKHH, 1948). Xipyrae 
HCCJieAOBarejiH, HanpoTHB, b bo3hhkhob6hhh ryMHHOBbix BemecTB b h ah t 
(JjaKTop OTpHuaTeAbHbiH AAa 6HTyMHHH3au.HH (Beöep, 1950).

ryM HHOBbie KHCJlOTbl B03HHKaiOT B OKHCAHTeAbHblX yCAOBHHX ÖAai'O- 
A a p a  B03AeHCTBHK) M HKp00pr3HH3M 0B Ha OpraHHHeCKHe '0CT3TKH. MaCTb 
op raH H H ecK oro  B em ecT B a, H 3Ö e>K aB m aa noA H oro  pa3AO>KeHHa, n p e o ö p a -  
3 y e r c a  n p n  stom b öo A ee  CTaÖHAbHyio b AaHHbix ycaobhhx C T pyK typy . 
XapaKTepiHO, hto HecMOTpa Ha p a 3 H o o ö p a 3 H e  hcxoahoto M aT ep n aA a , bo3- 
HHKaiOmiHe ryMHHOBbie KHCAOTbl OÖAaAaiOT 6aH3KHM XH'MHHeCKHM COCTa-
bom (ycneHCKHH h PaA^eHKo, 1955).

ryMHHOBbie KHCAOTbl B OCaAKaX MOpCKHX H OKeaHCKHX ßacceÜHOB 
HMeiOT ABOHKoe npoHCxoHCAeHHe. HacTb ryMHHOBbix KHCAOT, nocTynaiomaa 
C peHHbIMH B0A3MH, ÜO M'HeHHIO B. A. CKOHHHHeBa, CnOCOÖHa TipOHHKaTb B 
AajibH'He MopcKHe npocTopbi (CKonHHiteB, 1947). Oah3ko noAOÖHbie aa- 
AOXTOHHbie ryMHHOBbie KHCAOTbl iMoryT npHoßpeTaTb cymecTBeHHoe 3Hane- 
HHe AHiub b öacceHHax, rA'e BeAHKa poAb penHoro ctok3.

OcHOBHbIM HCTOHHHKOM ryMHHOBbix KHCAOT, KaK H BCeTO Opra'HHHeCKOTO 
BemecTBa ocaAKOB, b MopcKHx h OKeaHCKHX öaccefiHax cAyjKHT aBTOXTOH- 
HOe BemecTBO, CBH3aHHOe, TAaBHblM 0Öpa30M, C nAaHKTOHOM.

0 6  3TOM CBHAeTeAbCTByeT HaAHHHe ryMHHOBbix KHCAOT B ocaAKax 
HeHTpaAbHbix öÖAacrefi OKeaHa, AOCTaTOHHo yAaACHiibix ot bahhhhh MaTe- 
pHKOBoro CT0K3, a TaKJKe b OTAOHieHHHX paiiona AHTapKTHAbi, rAe inocryn- 
AeHHe ryMHHOBbix KHCAOT C CyiHH He npOHCXOAHT.

CoAepxcaHHe ryMHHOBbix khcaot b HccAeAOBauHbix ocaAKax KOAeÖAeT- 
CH ot 0 ao 0,75%' h cocTaBAHeT b cpeAHeM 0,13% *. ,D(ah cpaBHeHHa m o»- 
ho yKa3aTb, hto b ocaAKax KacnHHCKoro Mopa coAepacaHHe ryMHHOBbix 
khcaot cocTaBAaeT 0,02—0,20%, b oKpanHHbix Mopax 0,13—0,80%, a b 
OTAOJKeHHax HepHoro Mopa 0,14—0,38% (Beöep, 1956; TopcKaa, 1956).

TaKHM o6pa30M, coBpeMeHHbie cyöaKBaAbHbie ocaAKH pa3AHHHbix 
MOpCKHX H OKeaHCKHX ÖacCeHHOB XapaKTepH3yiOTCa AOBOAbHO ÖAH3KHM 
coAep}Ka(HHeM ryMHHOBbix khcaot.

B pacnpeAeAeHHH ryMHHOBbix khcaot no THnaM ochakob onpeAeaeHHO 
BHAHa Te'HAeHUHa k yßeAHHeHHio hx KOHireHTpauHH b ocaAKax oöorameH- 
HblM OpraHHHeCKHM BeiUeCTBOM. B TAHHHCTblX HA3X CpeAHee COAepHiaHHe 
COCTaBAaeT 0,10%, B rAHHHCTO-H3BeCTKOBbIX—0,07%. BOAee BWCOKHe KOH- 
ueHTpauHH HaÖAioAaiOTca b KapßoHaTHbix ocaAKax. B aAeßpHTOBO-rAH- 
HHCTblX HAax COAepXiaHHe COCTaBAaCT 0,10% H AOCTHraeT MaKCHMaAbHOH 
KOHHeHTpauHH b aAeBpHTOBbix HAax — 0,23%; b necKax coAepxiaHHe hx 
BHOBb CHHJKaeTCa (0,13% ). TaKHM 06pa30M, MaKCHMaAbHbie KOHHeHTpa- 
HHH ryMHHOBbix KHCAOT npHypOHeHbl K 0C3AK3M, OÖOraiH,eHHbIM OpraHHHe­
CKHM BemecTBOM.

ripaMaa 33BHCHM0CTb Me>KAy KOHueHTpauneH opraHHHecKoro Beme- 
CTBa h coAepxcaHHeM ryMHHOBbix khcaot 6 bl a a ycTaHOBAeHa paHee aBTO- 
pOM B OTAOHCeHHHX BepHHTOBa MOpa (BopAOBCKHH, 1957; 1960), a TaKJKe

1 ÜOÄ noHUTHeM «ryM HHOBbie k h c j i o t h »  noapa3yM eB aioT C 5i B e m e e re a ,  aK C T parnpoB aH H ue  
2% -HbiM  pacT B opoM  KOH n p n  T eM .nepaT ype 60—70°C  h 3  o 6 p a 3 u o B , n p e flB ap m ejib H O  o c b o -  
6o>KAeHHbix o t  ÖHTyMa. C o a e p a c a H iie  ryMHHOBbix k h c j i o t  o n p e A e ji iu io c b  KOJiopimeTpHHeCKH.
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P h c . 3 . C x eM a  pacn p e^eJieH H H  ryMHHOBHX k h c jio t  b  BepxHeM  c jio e  oca^K O B  H H ju iH c K o ra
OKeaHa

KoHiteHTpaijHH ryMHHOBwx khcjiot: I — 6ojiee 0,1%; 2 — ot 0,1 äo 0,05%; 3 — ot 0,05 ao 0,03%; 4 — MeHes 
0,03%; 5 — coaepJKaHHe ryMHHOBbix khcjiot b npoaeHTax Ha ocaaoK

E. A. PoMâHKeBH1! b ocaAKax ceBepo-3anaÄHOH nacTH Thxoto oxeaHa (Po- 
MaHKeBHH, 1962) h B. B. BeöepoM b pa3AHHHbix ocaAKax cjjauHH 33ahbob 
Kacn«ñcKoro Mopn (Beöep, 1956). YBeAHHeHHe coAepncaHHH ryMHHOBbix 
KHCAOT C B03paCTaHHeM KOHIjeHTp 3HHH OpraHHHeCKOTO BemecTBa HaÖAIO- 
AaeTCH TaKHce h b HeKOTopbix HCKonaeMbix ocaAOHHbix nopoAax (MexTHes 
h ¿ínrypoBa, 1952; AHApeeB h AP-, 1953). TakHM oöpa30M, STa ocoöeH- 
HOCTb xapaKTepHa, no-BHAHMOMy, KaK aah coBpeMeHHbix aohhhx ocaAKOB, 
TaK H AAH HeKOTopbix HCKOnaeMbIX nopOA.

CBH3b c opraHHHecKHM BemecTBOM npoHBAHeTCH « b paonpeAeAeHiHH 
ryMHHOBbix khcaot no nAomaAH AHa öaccefiHa. B Hhahhckom oxeaHe 
30Ha nOBbimeHHOH KOHAeHTpaAHH ryMHHOBbix KHCAOT HBHO THTOTeeT K 
npHÖpeJKHbIM BblCOKOnpOAyKTHBHbIM paHOHaM (pHC. 3).

OcOÖeHHO OÖO ram eH bl TyMHHOBblMH KHCA0T3MH OTAOJKeHHH rjiyfi OKO- 
boahoh HßaHCKOH BnaAHHbi, paflO H a o. Hchaoh «  3 an aA H o ro  n o ö e p e x ïb H  
noA yocT pO B a H haoct3h, ocaAKH Aachckoto 33AHB3 h boctohhoto n o ö e -  
pexcbH  Ac{>phkh. B c e  n e p e ra c A e H H b ie  p a ñ o H b i H30ÖHAyiOT nAaHKTOHOM, hto  
OÖyCAOBAeHO BblXOAOM Ha HOBepXHOCTb OÖOrameHHblX ÖHOreHHbIMH 3Ae- 
MeHTaMH BOA'HbIX M acc.

HecKOAbKo MeHbiHHM coAepmaHHeM ryMHHOBbix khcaot xapaKTepH- 
3yiOTCH OTAO>KeHHH TAyÖOKOBOAHOH OKeaHCKOH OÖA3CTH AO 15° IO. III., HTO 
TaKHie COOTBeTCTByeT OÖeAHCHHIO nAaHKTOHOM BOAHOH Maccbl STOrO 
pañoHa.

4pe3BbIHaHH0 HiH3KHe KOHUeHTpaUHH ryMH'HOBbIX KHCAOT CBOHCTBeHHbl 
ocaAKaM, pacnpocTpaHeHHbiM HH*e 15° io. hi. 3 tot pañOH COOTBeTCTByeT 
30He HeHTpaAbHOH HHÄHHCKOH BOAHOH MaCCbl H OTAHHaeTCH HCKAKDHHTeAb- 
HOH ÖeAHOCTblO nAaHKTOHOM.
1 0 8

840



ripH B eaeH H bie  AaHHbie noK a3U B arc>T , h t o  MeiKAy k o a h h c c tb o m  ryMHHO­
Bbix k h c j i o t  b  ocaA K ax  «  p acn p e^ e jieH H eM  G n o M a c c u  njiaHKTOHa b b o a h o h  
T O jiiue H a6jiio j;aeT C H  npH M aa cBH3b, h t o  OTpa>KaeTCH h b c x o a c t b c  cxeM . 
A-HajiorHHHaH cBH3b H aöJHO ÄaeTca b p acn p eA eJieH H «  ryMHHOBbix k h c j i o t  b 
o c aA K ax  T h x o to  O KeaHa.

3 t h  CjiaKTbl C HeCOMJjeHHOCTbK) CBH^eTejIbCTByiOT 0 TOM, HTO OCHOBHbIM 
HCTOHHHKOM ryMHHOBbix KHCJIOT HBAHIOTCH 0CT3TKH nJI3HKTOHHbIX O p r a -  
HH3MOB '.

OTHOCHTejibHoe coAep>KaHHe ryMHHOBbix k h c jio t  b c o c T a ß e  o p ra« H H e- 
CKoro B em ecT B a HccAeAOBa'HHHx ocaAKOB, h jih  ryMHHOBbiñ KO^cjxJjHiiHeHT, 
H3MeHHeTCH OT 1 AO 1 0 % . TaKHM o 6 p a3 0 M , pOJIb ryMHHOBbix k h c jio t  b co - 
cT aB e  o p raH H H ecK oro  B em ecT B a OKeaHCKHX ocaAKOB B ecbM a HeBejiHKa.

B pacnpeA eA eH H H  ryMHHOBbix k h c a o t  b m / im e  ocaAKOB onpeAeAeHHOH 
CBH3H C TAyÖHHOH 3aX 0p0H jeHHH He H30AIOAaeTCH. B OAHHX KOAOHKaX CO- 
A epjK aH w e h x  oeraeT C H  Ha npoTHJKeHiHH B een  HCCAeAOBamioH t o a i h h  a o -  
BOAbHO nOCTOHHHblM, B A pyrH X  —  KOAeÔAeTCH B IHHpOKOM A H ana30H e BeAH- 
HHH, HTO BHAHMO CBH33HO C H3MeHeHHeM yCAOBHÜ OCaAKOH3KOnAeHHH.

BHTyMbi

XoTH ÖHTyMbl COCTaBAHIOT He3HaHHTeAbHyK> AOAIO OpraHHHeCKOrO B e­
m ecT B a B MOpCKHX o caA K ax , ÔOAblHHHCTBO HCCACAOBaTeAeH OTBOAHT hm  
BeA ym yiO  pOAb B 06pa30B aH H H  He(})TH. MM'eHHO B CBH3H C pem eH H eM  3T0H 
npoÖ A eM H  6biAO H anaTO  HccAeAOBAHHe p accen H H b ix  ô h tv m o b  b H CK onaeM H x 
n o p o A a x  h coB peM eH H bix ocaA K ax , TaK KaK b h h x  b h a c a h  h c t o h h h k , oÔ Aa- 
AaiOmHÖ HaHÔOAbUIHMH nOTeHUHaAbHblMH B03M0JKH0CTHMH AAH 0 6 p a 3 0 B a -  
HHH Het})TH. O co6eH H O  B03p0C HHTOpeC K HHM B nOCACA'Hee BpeMH B CBH3H 
C OTKpblTHeM B COCTaBe ÖHTyMOB COBpeMeHHbIX MOpCKHX OCaA’KOB JKHAKHX 
yrAeBOAopoAOB.

ripHCyTCTBHe ÖHTyMOB B COBpeMeHHHX MOpCKHX OCaAKax oGyCAOBAeHO 
C OÄHOH CTOpOHbl H3AHHHeM HX B JKHBÛM BemeCTBe HCXOAHblX OpraflH3MOB, 
c  A p yroH  —  B03HHKH0BeHHeM b  KAeTKax opraH H3M OB-noTpeÖ HTeAeH  n p n  
ÔHOAorHHecKOM inpeo '6pa30B aH H H  st o t o  B em ecT B a.

B OCHOBHOM HCTOHHHKe OpraHHHeCKOTO Bem eCTBa MOpCKHX ocaA K O B —  
b  o p raH H 3M ax  nAaHKTOHa, KaK y a te  roBopHAOCb B bim e, coAepJKHTCH 3HanH- 
TeAbHOe KOAHHeCTBO ÔHTyMOB (AHnHAOB).. BHTyMbI H OCOÔeH'HO COAepJKa- 
m neCH  B HHX yrAeBOAPpOAbl HBAHIOTCH AOBOAbHO yCTOHHHBblMH n o  OTHO- 
meHHK) k  ÔHOAorHHemcoMy o k h c a c h h io  KOMnoHeHTaMH op raH H H ecK oro  
B em ecT B a h  Ö A aroA apH  STOMy M oryT  aK K yM yA H poB aTbcn b o caA K ax . BÓAb- 
m a n  >Ke n acT b  o p raH H H ecK oro  B em ecT B a nAaHKTOHa, npeA CTaBAeH Han y rA e- 
B0A3MH h  GeAKaMH, no cA e  rnSeA H  opraHH3M OB AerKO noA B epraeTC H  MHKpo- 
ÓHOAorHHecKOMy pa3AO>KeHHio. Pa3B H B aiom aH C H  3 a  cneT  noAOÖHbix a b tk o  
ycB oneM bix  Bem ecTB  MHKpoi})Aopa TpaHCiJiopM HpyeT n acT b  h x  b c b o h  KAeT- 
KH, B KOTOpbIX T3KJKe COAepJKHTCH 'ÖiHTyM. f i o  pa3AHHHbIM A3HHHM, B KACT-
K ax  GaKTepHH 33KAioHeHO o t  3 ,4  a o  6 ,5 %  ÔHTyMOB Ha cyxoH  Bec h b c o cT a - 
Be hx  coAepxcaTCH yrA eBOA opoAbi ( S t o n e  a n d  Z o b e l l ,  1 9 5 2 ) . TaKHM o 6 p a -  
30M , Ö A aro A ap n  MHKpoÓHOAorHHecKHM n p o u e c c a M  n acT b  HeöHTyMHbix k o m - 
noHeHTOB op raH H H ecK oro  B em ecT B a MOJKeT n p e o 6 p a 3 0 B H B a T b c n  b ÖHTyMbi.

BHTyMHH03H0CTb HCCAeA0B3HHbIX OCaAKOB .KOAeSjPeTCH OT 0 ,01  AO 0 ,0 7 %  
H a cy x o H  ocaAOK h  b cpeAHeM  cocT aB A neT  0 ,0 3 % , T orA a K au  n b  a s h h b im  
T paC K a CpeAHHH 0HTyMHH03HOCTb COBpeMeHHHX MOpCKHX ocaAKOB COCTaB- 
AHeT 0 ,0 6 %  2. TaKHM o 6 p a 3 0 M , OKeaHCKHe ocaAKH o t a h h 3 iotch  noHHJKeHHOH

1 3 t o  nojioKeHHe nojiHOCTbio c o r j ia c y e T c a  c  b h b o ä o m  J ! .  A . T y jia e B o ii , uro ryMviHono- 
AOÔHbie BemecTBa b nopoAax AOMaHHKa BauiKHpHH b o s h h k j i h  npa o k h c j to h h h  b xo/nne b o a h  
MejibnaflfflHx re.n eu  njiaHKTOHHbix opraHH3MOB (TyjiaeBa h  TaM atoHO Ba, 1 9 6 2 ).

2 ËHTyMHHoaHOCTb onpeA eJiH Jiacb  im e M  sKCTpaKHHH Ha a n n a p a T e  CoKCJieTa CM ecbio, 
cocTOHmeft H3 7 0 %  6 e H 3 0 jia , 15%  aueT O H a h  15%  M e ia a o j ia .
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P h c . 4. C x eM a p a c n p e a e jie H H a  6H ryM iiH 03H bix B em ecTB  b BepxHeM  c .io e  o ch äkob  H h a h íi-
CK oro OKeaHa

/  — 6o;i ee  0,05%; 2 — 0,05—0,03%; 3 — 0.02%; ^ — 0,01 % ; 5 — coAepHtamio ÖHTVMa b  % n a  oca;ioK

ÖHTyMHH03HOCTbK>, HTO, nO-BHAHMOMy, OÖyCAOBAeHO HOHHHieHHOH KOHLieHT- 
panHeü opraHHHecKoro BemecTBa.

B pacnpe^ejieHHH SmyMOB no mnaM ocaAKOB onpeAeAeHnofi cbh3h 
ÖHTyMHH03H0CTiH C THn3MH OTAO/KeHHH He HaÖAiOAaeTCH H Bce OHH xapaK- 
TepH3yiOTCH AOBOAbHO ÖAH3KHMH CpeAHHMH BeAHHHH3MH KOHUeHTpaUHH 
ÖHTyMHH03Hbix BemecTB. B npeAeAax KaJKAoro THna ochakob ÖHTy.MHH03- 
HocTb MenneTCH b AOBOAbHO uiHpoKHX npeAeAax h öoAee oömeft 3aKOHO- 
MiepHOCTblO HBAHeTCH 33BHCHM0CTb ÖHTyMHH03HOCTH OC3AKOB OT KOHHeHT- 
paUHH opraHHHecKoro BemecTBa. flpHMan CBH3b Me>KAy ÖHTyMHH03HOCTbK> 
ocaAKOB h coAepacaHHeM opraHHHecKoro BemecTBa öbiAa yeraHOBAeHa aB- 
TOpOM T3KJKe B AOHHblX OTAO>KeHHHX BepHHTOBa MOpH (ßopAOBCKHH, 1957).

OTHOCHTeAbHoe coAepHcamie ÔHTyMHH03Horo BemecTBa b cocTaBe o p ra ­
HHHecKoro BemecTBa 0C3AK0B HAH ÖHTyMHblH K03(|)4)HUHeHT KOAeÖAeTCH 
b npeAeAax ot 1 ao 10% h öoAee BbicoKHe ero 3HaneHHH npnypoH'eHbi k 
ÖeCKapÖOHaTHblM TAHHHCTbl.M HAaM. XI AH cpaBHeHHH MO>KHO yKa3aTb, HTO 
B OTAOJKeHHHX BepHHTOBa MOpH ÖHTyMHblH K03c{)(|>iHUHeHT H3MeHHeTCH B
npeAeAax ot 2,3 ao 11,3% h b cpeAneM cocTaBAaeT 5,0%- B H'eAOM, no 
CTcnenn ßHTymhhh33uhh opraHHnecKoe BemecTBO coBpeMeHHbix MopcKHx 
Il OKeaHCKHX ocaAKOB OTAHHaeTCH HeCKOAbKO ÖOAee BbICOKHMH ÖHTyMHbIMH 
ko3i|h|)ii miciiTa m n, HieM oprauHHecKoe BemecTBO HCKonaeMbix ocaAOHHbix 
liopo.r, B KOTÖpblX ÖHTyMHblH K03C))Cj)HHHeHT COCTaBAHeT B CpeAHeM OKOAO
3% (ycnencKHÍ'i h AP-, 1948).

rio  CpaBlieHHIO c OTHOCHTeAbHbIM COAepHOHHeM ÖHTyMHH03HbIX BemecTB 
b cocTaBe opraHHHecKoro BemecTBa nAaHKTOHa, oprauHHecKoe BemecTBO 
ocaAKOB b 5—8 paa öeAnee öhtymom. ü,aH<e caMbie BbicoKHe 3HaneHHH 
ÖHTVMHOrO K03Cf)4)HUHeHTa 0C3AK0B ABACKH OT HCXOAHOH BeAHHHHbl.
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B .v ie c T e  c  tc -m ,  M e J K ^ y  6 m y M H H 0 3 H 0 C T b i o  o c a A K O B  h  Ö H O M a c c o f t  n . i a H K -  
T O H a B BOAHOH T O A II ie  B H A H a n p H M a a  CBH3b (pHC. 4 ) .  r iO B b im e H H O H  ÔHTy- 
MHII03HOCTbJO OCaAKOB OTAHHaiOTCH OTAOHieHHH TAyÖOKOBOAHOH ^ B a H C K O H

oak

\

\

003 ■

002

0,01

50 100 150
ßUOMOCCa, CM3/ 1000 CM3

200 250

Pue. 5. 3aBHCHMOCTb MeîKAy ÔHTyMHH03HOCTbK> ocaAKOB H ÔHOMaCCOH 
naaHKTOHa b noBepxHocTHbix BOAax b T hxom oxeaHe (no  ocpeAHeHHbiM

AaHHblM)

BnaAHHbi, o. Ueñ.ioH, ApaBHHCKoro Mopn h  BocTOHHoro noôepe>KbH Acfi- 
pHKH. OcOÔeHHO BbICOKOH ÔHTyMHH03H0CTbIO Xap3KTepH3yK)TCH OTAOHieHHH 
AAeHCKoro 3aAHBa. Kan ynce roBOpHAOCb, s t h  pañoHbi OTAH<iaiOTCH npe3- 
BbinaHHO BbICOKOH ÔHOMaCCOH nAaHKTOHHblX 0pr3HH3M0B.

C yAa.fie¡IHeM OT BblCOKOnpOAyKTHBHblX paHOHOB Ô H T y M H H 0 3 H 0 C T b  ocaA­
KOB CHHJKaeTCH H OCOÔeHHO 
HH3K0H ÔHTyMHH03H0CTbK> Xa- $8  
paKTepH3yioTCH ocaAKH 30Hbi 
pacnpocTpaKeHHH MaAonpo- ¿77 
AyKTHBHOH UeHTpaAbHOH BOA' Ö?
HOH MaOCbl HhAHHCKOPO  ̂ ffff 
OKeaHa.

B o caA K ax  T h x o to  O Kea­
Ha TaK>Ke HaÖAiOAaeTCH npn
Man CBH3b M O K A Y  ÖH TyM H - 4

<3

^ 0,5

HO3H0CTbK) AOHHblX OTAOJKe- 
HHH H ÖHOMaCCOH n A a H K T O -  J
s a  ( p a c .  5 ) .

0,k

i  0.3 
sT a K H M  O Ô p a 3 0 M ,  OCHOBHblM 

HCTOHHHKOM Ô H T yM H H 03H bIX  ^  0,2 
B e m e c T B  b  o c a A K a x ,  K a K  h  
B c e r o  o p r a H H H e c K o r o  B e m e -  gi

C T B a , HBAHIOTCH H A aH K TO H H bie  
opraHH3Mbi.

Bbiuie öbiAo noKa3aHO, o
h t o  Me>KAy p a c n p e A e A e H H e M  
n A aH K T O H H b lX  O p r a H H 3 M O B  B

0,01 0,02 0,03 0,0k 0,05 0,05 0,07
Oum¡/MUH03HOC/77b ,  %

BOAHOH T O A IIte  H H 3 K 0 n A e H H -  Pb'C. 6. 3aBHCHM0CTb MeîKAy 6HTyMHH03H0CTbK) 
eM  ry M H H O B b ix  k h c a o t  b  ocí« kob h coAepwaHneM ryMHHOBbix khcaot  (no  
o c a A K a x  H a Ö A iO A aeT C H  n P H- OCpeAHeHHHM AaHHHM)

M aH  33B H C H M 0 C T b .

1 I 1
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EumyMUH03H0crb, %
CxeMa pacnpeAeAeHHH ry­

MHHOBbix KHCJIOT B AOHHbIX OT-
j i o j K e H H H x  b  O T A e J ib H b ix  p a ñ o -  
H a x  nOJIHOCTbK) COOTBeTCTByeT 
p a c n p e A e J i e H H K )  Ö H O M a c c b i
n A aH K T O H H b lX  0 p r 3 H H 3 M 0 B  B 
BOAHOH T O J im e .  A H aA O T H H H a H  
K a p T H H a  H aÖ A iO A aeT C H  h  b  p a c ­
n p e A e A e H H H  Ô H TyM H H 03H bIX  Be-  
m e c T B  b  H C C A eA O B aH H bix  o c a A ­
K a x .  H 3  3TOTO MOJKHO C A e A a T b  
BblBOA, HTO OCHOBHblM HCTOHHH- 
KOM K a K  ry M H H O B b ix ,  T a K  H 6 h - 
T y M H H 0 3 H b ix  B e m e c T B  b  o c a A K a x  
HBAHIOTCH n A 3 H K T 0 H H b ie  O p r a -  
HH3MbI.

B CBH3H c 3THM naMenaeTCH
ÖAH3K3H K npHMOH 33BHCHMOCTb 
M6HÍAY 6HTyMH.H03H0C'TbK) OCHA" 
KOB H OOAep )K a  HH e M B HHX t r y -  
MHHOBblX KHCAOT ('PHC. 6).

3 t OT cjiaKT CBH A CTeA bCTByeT  
O TOM, HTO 0 Ô p a 3 0 B a H H e  r y M H ­
H O B b ix  KHCAOT IipOHCXOAHT 3 a  
CHeT H e  ÔHTyM HblX K O M nO H eH - 
TOB H C X O A H oro  o p r a H H H e c K o r o  
B e m e c T B a ,  a  3 a  c n e T  ö o A e e  A a -  
Ô H A b H b ix  ( ô e A K O B b ix  h  y r A e -  
B O A H b lx )  B e m e C T 3 ,  H B 3TOM 
CM biCAe n p o n e c c  ryMHi})HKau.HH 
H e  HBAHeTCH O Ô p aT H b lM  n p O -  
u e c c y  Ô H T yM H H H 3aU H H .

B K O A Q H K ax o c a A K O B  y K a -  
3 3 H H 0 H  33:BHCHMOCTH MGJKAy I*y- 
MHHOBblMH KHCAOT3MH H Ô H Ty- 
MHH03H0CTbK> H e  H aÖ A iO A aeT C H , 
HTO, BO3MOHCH0, O Ô yC A O B A e- 
HO p 33A H H H bIM H  n y T H M H  O p e -  
0 Ó p a 3 0 B 3 H H H  3THX KOMnOHeHTOB 
b  n p o n e c c e  A H à r e H e 3 a  o c a A K O B .

Ho H3MeHeHHK> Ô H T yM H H 03-  
HOCTH B TOAIIie  OCaA'KOB HCCAe- 
A O B a H H b ie  KOAOHKH MOHÍHO p a 3 -
ÔHTb Ha HecKOAbKO rpynn 
(PHC. 7 ) .

B pHAe KOAOHOK (CT3H- 
UHH 4609—• TAHHHCTO-paAHOAH- 

pHeBblH HA, CT3HUHH 3827 H 4535 — TAHHHCTbie HAbI, CT3HHHH 3840 — Kap- 
ÖOHaTHblH aAeBpHTOBO-TAHHHCTblH HA) ÔHTyMHH03H0CTb B03paCTaeT OT 
BepXHHX ropH30HTOB K HHJKHHM B TOAIUe OC3AKOB. Bce 3TH KOAOHKH, He- 
CMOTpH Ha p33AHHHbIH COCTaB OC3ÄKOB H pa3HOOÖpa3He 03THMeTpHHeCKHX 
VCAOBHH, OTAHH3IOTCH nOHHHieHHbIMH HAH ' OTpHUaTeAbHblMH 3H3HeHHHMH 
OKHCAHTeAbHO-BOCCTaHOBHTeAbHOTO nOTeHHHaAa H nOBblUieHHOH MHHepaAH- 
3auHeñ rpyHTOBoro pacTBopa.

K A p y r o H  r p y n n e  o t h o c h t c h  k o a o h k h ,  b  K O T o p b ix  Ô H T y M H H 0 3 H 0 C T b  
H e  TOAbKO H e  B 0 3 p a c T a e T  BHH3 n o  p a 3 p e 3 y ,  h o  b  O T A e A b H b ix  C A y n a n x  A a s K e  
CH H H taeTC H  ( H a n p H M e p  c t 3 H h h h  3802). 3Ta r p y n n a  o x B a T b i B a e r  p a 3 H o o ô -

3835
100

m

381L
i\ 3302300

bOO

soa

700 -im

800

900

1000

1200

1300

P u e .  7. PacnpeAejieHHe 6HTyMHH03Hux Be- 
ùiecTB b TOJime OKeaHCKHX ocanKOB
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pa3H b ie  THIIH OCaflKOB: rJIHHHCTO-paflHOJlHpHeBblii HA —  CT3HUHH 3 8 0 2 , CJia- 
6oK ap6oH aT H bie  rjiHHHCTo-aJieBpHTOBbie h a h —  c t h h iih h  4 6 1 4  h  4 6 3 4  h K ap- 
60H3THbIH aJieBpHTOBO-rJIHHHCTblH HA —  CT3HUHH 3 8 3 5 .

X apaK T epH O H  A epToii oKHCAHTeAbHo-BoccTaHOBHTeAbHoro c o c to h h h h  Bcex 
3THX k o a o h o k  h b a h io t c h  BbicoKHe noAo>KHTeAbHbie 3Ha«ieHHfl Eh, 6oA ee-M e- 
H ce cTaÔHJibHbie pH, a  b pHAe c A y n a e B —  3aM eTH oe CHH>KeHHe ih c a o a h o c th  
rpyHTOBHX paCTBOpOB.

llaKOHeu, ocoôoe noAOJKemie 33HHMaeT KOAOHKa c t3 h u h h  4 5 9 9 , rAe Ha 
ropm oiiTe 4 0 0 — 6 0 0  cm 6HTyMniio3HOCTb B03pacTaeT, x o t j t b c h  t o a i h a  ocaA- 
Ka XapaKTepH3yeTCH BblCOKHMH IK)AO>KHTeAbHbIMH 3H3AeHHHMH Eh H HH3KOH 
ïiU'.'i om HocTbio rpyHTOBoro pacTHopa.

K;ik h h a h o  H3 iipHBeAcmibix .la iu ib ix , HaMenaeTCH TeHAPHHHH k  yBeAH- 
•h'iiiik) coAepa<aHHH 6HTyMHH03iiH.\ BemecTB b n p o u e c c e  paH H ero AHareHe3a 
» Tex ocaAKax, rAe HaÖAiOAaeTCH HmeHCHBHoe npeo6pa30BaiH H e opraHHAec- 
Koro itemecTBa (o  AeM CBHACTeAbCTByeT noHHJKeHHe Eh h VBeAHAeHHe m e- 
AimioeTM rpvHTOBbix pacT B o p o ß ). B Tex o ta o / k c h h h x ,  rA e n p o u ec cb i n p eo 6 - 
pfi'jOBtAHMH opraHHAecKoro BemecTBa ocymecTBAHiOTca K paim e b h a o ,  yBeAH- 
MeHHe 6myMHH03H0CTH He HaÖAiOAaeTCH. H, naKOHeu, b OTAeAbHbix cAy- 
A a n X. HecMOTpa Ha oKHCAHreAbHbie v c a o b h h  cpeAbi ocaAKa h  HH3Kyio m e- 
¿tOMMOCTb rpyHTOBoro paCTBOpa, lia HOKOTOpbIX TOpH30HTaX 6HTy.WHH03H0CTb 
BOapacraOT, ATO, B03MOJKHO, CBH3aHO C HeCTaÓHAbHOCTblO yCAOBHH OCaAKO- 
linKonACHHH.

ri« iiaiiHbiM SAeMeHTapHoro aHaAH3a, ÖHTyMbi HCCAeAOBaHHbix ocaAKOB
xnpaK repH 3yioT C H  CAeAyiomHM cocTaBOM : C —  o t  6 1 ,5 9  a o  7 2 ,4 8 % , H —  o t  
8 71 no 1 0 ,5 6 %  h  N —  o t  1 ,23 a o  3 ,8 0 % . O TH om eH H e C/H H3MeHHeTca b 
iip e n c A a x  o t  6 ,0 9  a o  7 ,4 2  ( t 3 6 a .  1 ) .

T a 6  jiH iia  1
SaeMeHTapHbiH cocTas ÖMTyMoa oxeaHCKHx ocaAKOB

OcaflKH
3jieMeHTapHbiñ cocTaB

c H N C/H o + s

FJIHHHCTbie IlJlbl . . 
AjieBpHTOBO-r.HI H H-

CTbie H JIbl.....................
AjieBplITOHhie ll.Tbl 

riecKii .....................

61,69—71,94

61,59—71,19
71,42—72,48
66 ,92-70 ,24

8,71—10,56

10,10—10,11
10,08—10,12
9,31—10,21

1,23—2,96

3,21—3,55
2,87—3,04
1,32—3,41

6,65—7,42

6 .0 9 -7 ,1 2
7.09—7,14 
6,69—7,29

15,61—24,33

15,16—24,51
14,53—15,46
18,00—20,36

,1.1« ÖOAbUIHHCTBa 06pa3U,OB KOAeÖaHHH B COAepJKaHHH yKa3aHiHbIX 
SAeMenTOB yK AaA UBaiO Tca b ö o A ee  y3KHe npeA eA bi, ato cBHAeTeAbCTByeT o 
ÖAH3KOM COCTaBe ÔHTyMOB.

He vAaeTCH 3 aMeTHTb h  k 3 k o h - a h 6 o  CHCTeMaTHnecKOH c b h 3 h  Menmy
COCTaitOM ÖHTyMOB H THHaMH OCaAKOB. HeCMOTpH Ha OTAeAbHbie OTKAO- 
HeHHH, cpcA HH e AaHHbie SA eM eH T apH oro co cT aB a  ÖHTyMOB ocaAKOB pa3AHA- 
H oro  T im a a o c t 3 to a h o  6 a h 3Kh Me>KAy c o ö o ii .

Ile  naÓAiOAaeTiCH Tanate 3aMeTHHx p33ahahh b SAeMeHTapHOM cocTaBe
OllTVMOII OAHOTHnHbIX OCaAKOB, B3HTbIX H3 p33AHAHbIX 4>aU¡HaAbHbIX o 6 c T a - 
HOBOK. H an p H M ep  rAHHHCTbie HAbI, B3HTHe Ha TAyÔHHe 2 4 0  M (cTaHUHfl 7 8 ) ,  
xapaKTepH3yK)TCH npH M epH o TaKHM a te  cocTaBOM , KaK h  aHaAorH A HbiS o c a -  
AOK c rAyÔHHH öo A ee  2  km ( c t 3 h h h h  3 3 ) .

C H N C/H
Oraminii 78 (rjiyÔHHa 240 m) 67,84 10,20 1,23 6,65

» 33 ( » 2230 m) 68,51 9,92 2,84 6,95

3 to a te  noA O w eH H e HaÖAiOAaeTCH h b A p y rn x  rp y in n a x  o c h a k o b .
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B a H 3 K H H  C O C T a B  Ô H T V M O B  H C C A e A O B 3 H H b I X  O C a A K O B ,  n O - B H A H M O M y ,  c A e -  
A y e T  o 6 " b H C H H T b  o A H O o 6 p a 3 H e M  H C x o A H o r o  o p r a H H A e c K o r o  B e m e c T B a ,  o c h o b - 

H b l M  H C T O H H H K O M  K O T O p O r O ,  K a K  y j K e  r O B O p H A O C b ,  H B A H e T C H  ( J ) H T O I I A a H K T O H .

Æah Aa^bHenmeH xapaKTepHCTHKH ÔHTyMOB npoBOAHAOCb uccAeAOBaHHe 
hx rpynnoBoro cocTaBa.

K o A H H e c T B o  a c ( } ) a A b T e H O B  o n p e A e A H A O c b  n y T e M  o c a x i A 6 H H H  A e r K H M  n e T -  

p O A e Ö H b i M  a ^ J H p o M .  Z I , a A b H e H m e e  p a 3 A e A e H H e  o c y m e c T B A H A O C b  x p O M a T o -  

r p a 4 > H H e c K H  H a  K O A O H K e  c C H A H K a r e A e M .  O p a K U H H  m b c c a  o n p e A e A H A a c b  

O T M b l B K O H  IICTpOAeHHblM 3 ( | ) H p O M ,  a a A C O p Ô H p O B a H H b l e  C H A H K a r e A e M  C M O A b I  

H3BAeK3AHCb C M e c b i o  6eH30Aa, aiieTOHa h  M e i a H O A a .

FIpeACTaBAeHHe o rpynnoBOM cocTaBe HccAeAOBanHbix ÔHTyMOB AaeT 
TaÖA. 2.

T a 6 ji h u. a 2
rpynnoBofl coctaB ÖHryMOB OKeaHCKHX ocaflKOB

THn ocaAKOB AaJjciJibTeHbi CpeflHee CMOJlbl CpeflHee M acjia CpeflHee

BecKapÖOHaTHue t j ih h h -  
CTbie HJlbl ...................... 6 9 , 6 — 7 7 , 1 7 3 , 3 1 7 , 7 — 2 1 , 3 1 9 , 0 5 , 2 — 5 , 4 5 , 3

CjiaÖoKapÖoHaTHbie i\nn- 
HHCTO-aJieBpHTOBbie HJlbl 7 1 , 8 — 7 5 , 0 7 3 , 4 1 6 , 0 — 1 7 , 6 1 6 , 8 4 , 4 - 7 , 3 5 , 9

KapÖOHaTHbie ajieBpHTo- 
O-rJIHHHCTbie h ™  . . . 5 8 , 8 - 6 6 , 1 6 2 , 4 1 9 , 3 — 3 2 , 4 2 5 , 9 6 , 2 — 8 , 8 7 , 5

KaK B H A H O  H 3  T 3 Ô A . 2, O T A H H H T eA bH O H  H e p T O H  C 0 C T 3 B a  Ô H T yM O B  H B A H -
e T C H  B b i c o K o e  c o A e p J K a H H e  a c i J i a A b T e H O B  ( o t  59 a o  77% ). C o A e p J K a H H e

CMOA KOAeÖAeTCH OT 16 AO 32% . KOAHHeCTBO MaCeA BO Bcex HCCAeAOBaH- 
Hbix ÖHTyMax cocTaBAHeT BeAHHHHy nopHAKa 4,4—8,8%.

C o n o c T a B A e H H e  r p y n n o B o r o  c o e r a B a  Ô H T y M O B  n o K 3 3 b i B a e T ,  h t o  H e c M o -  

T p H  H a  H e K O T O p b l e  K O A e ß a H H H  C O C T a B  H X  O T A H H a e T C H  A O C T a T O H H b I M  O A H O -  

o ó p a 3 H e M .  3 t o  n o A O J K e H H e  n o A T B e p j K A a e T  C A e A a H H b i f l  p a H e e  H a  o c h o b 3 h h h  
3 A e M e H T a p H o r o  c o c T a B a  b h b o a  o  6 a h 3 k o m  c o c T a B e  H C C A e A O B a r i H b i x  6 h - 

T y M O B .

Tax ) K e  K a x  h  b  t o m  c A y n a e ,  H e T  3 a M e T H b i x  p 3 3 A h h h h  M e x c A y  r p y n n o B b i M  

c o c T a B O M  o c a A K O B  p a 3 H b i x  T H n o B .  He O K a 3 b i B a i O T  c y m e c T B e H H o r o  b a h h h h h  

H a  C O C T a B  Ô H T y M O B  H  p a 3 A H H H H  B  Ó a T H M e T p H H e C K H X  y C A O B H H X  H a X O J K A e -  

H H H  O c a A K O B .  H a n p H M e p ,  Ô H T y M  H 3 B e C T K O B O r O  a A e B p H T O B O - r A H H H C T O r O  H A a ,  
B 3 H T O T O  n a  T A y Ô H H e  890 m ( c T a n u K H  4728), x a p a K T e p H 3 y e T C H ,  n p H M e p a o ,  

T a K H M  * e  C O C T a B O M ,  K a K  H Ô H T y M  T A H H H C T O r O  H A a  C r A y Ô H H b l  O K O A O  4 KM 
( C T .  4511).

CMOJibi Macjia

C t s h u h h  4 7 2 8  ( r j i y ö H H a  8 9 0  m) 6 6 , 1  1 9 , 3  6 , 2

» 4 5 1 1  (  » 3 8 7 5  m) 6 9 , 6  2 1 , 3  5 , 4

B c p e A H e M  Ô H T y M b i H C C A e A O B a H H b ix  o c a A K O B  H a  70% c o c t o h t  H 3  a c -  
(J )a A b T e H O B , n a  2 0 % — H 3 c m o a h c t h x  B e m e c T B  h  H a  6— 7% —  h 3  M a c e A .  
r i p H M e p H O  T a K H M  H ie  C 0 C T 3 B 0 M  X a p a K T e p H 3 0 B 3 A H C b  Ô H T y M b i C O B p e M e H H b lX  
o c a A K O B  B e p H H r o B a  M o p n ,  H c c A e A O B a H H b ie  a H a A o rH H H b iM  m c t o a o m  ( a c -  
4 » a A b T e H b i —  65%, c m o a h  —  24% h  M a c A a  —  o k o a o  10%). T a K H M  o ô p a 3 0 M ,  
Ô H T y M b i C O B p e M e H H b lX  T A yÔ O K O B O A H blX  C y Ô a K B a A b H b lX  o c a A K O B  X a p a K T e p H -  
3y iO T C H  A O B O A bH O  Ô A H 3K H M  C O C T aB O M , n p 'H H e M  n O A aB A S H O II iy iO  H a C T b  HX CO- 
C T 3B A H IO T  a C l J ia A b T e H b l ,  a  p O A b  H a H Ô O A e e  Ô A H 3K H X  B re H e T H H eC K O M  O TH O - 

U ie H H H  K H ecJlT H  M aC A H H b lX  K O M n O H eH T O B  B e C b M a  C K p O M H a .
C y m e c T B e H H o  h h h m  c o c T a B O M  x a p a K T e p H 3 0 B a x c n  Ô H T yM  h 3  o ô a o m k o b  

Ko p a A A O B o r o  p H iJ ia  ( M a A b A H B C K H e  o c T p o B a ) .  O T X H H H T e A b H o ñ  q e p T O H  e r o  
C O C T a B a  H B A H eT C H  n O H H H te H H O e  C O A e p iK a H H e  a C tJ ja A b T C H O B  H C O O T B eT C T B eH - 
HO ô o A e e  B b i c o K o e  c o A e p x i a H H e  c m o a  h  M a c e A  ( a c c J j a A b T e n b i  —  36,1%, 
1 1 4
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CMOJibi — 33,4% h MacJia — 23,9%). rio CBoeMy rpynnoBOMy cocTaBy hc- 
cjieÂOBaHHbiii ÔHTyM BecbMa HanoMHHaeT AHnHAHyio (JjpaxuHio hcxoahhx
JKHBbIX OpraHH3MOB.

Kan y» e  roBopHJiocb, ochobhhm hctohhhkom opraHHHecKoro BemecTBa 
HCCJieAOBaHHblX ocaAKOB HBAHeTCH npOAyKHHH nAaHKTOHHblX OpraHH3MOB. 
B 3TOH CBH3H HHTepeCHO COnOCTaBHTb TpynnOBOH COCTaB AHnHAHOH (J)paK- 
UHH nAaHKTOHa c rpynnoBbiM cocTaBOM ôhtymob aohiihx otaojkchhh. 3 to  
cpaBHeHHe noKa3biBaeT, hto AHnHAHan (JipaKmiH b nponecce ceAUMeHTauHH 
noABepraeTca cymecTBeHHOMy npeoôpa30BaHHio, b pe3yAbTaTe nero b ee 
cocTaBe 3aMeTHo B03pacTaeT poAb accJjaAbTeHonoAOÔHbix BemecTB, npn co- 
OTBeTCTByromeM CHHJKeHHH OTHOCHTeAbHOrO COAepJKaHHH C MOA H MaceA.

Mpe3BbIHaHHO MaAbie KOAHHeCTBa ÔHTyMHH03HbIX BemeCTB He n03B0AHAH 
pa3AeAHTb Ha KOMnOHeHTbl ÔHTVMbl HCCAeAOBaHHblX KOAOKOK. KoMnOHeHT- 
HblH COCTaB (b %) ÔblA OnpeAOAeH TOAbKO b AByx 00pa3uax KOAOHKH
CTaHUHH 4609 (ropH30HTbi 433—460 cm  h 550—590 c m )  :

Acÿm jih- _
T G H b l C M O v lb l M a c .J 1 0

CTaHUHH 4609 ropH30HT 433—460 cm 69,8 14,3 15,1
» » » 550—590 cm 71,3 15,2 12,6

rio  COAepJKaHHIO aC(J)aAbTeHOB AaHHbie ÔHTyMbi ne HMeiOT 3aMeTHbIX 
OTAHHHH OT ÔHTyMOB BepXHeTO CAOH OCaAKOB. B 0TH01H6HHH COAep>KaHHH 
CMOAHCTbIX KOMnOHeHTOB H a 6 AIOA 3 eTCH HeKOTOpOe yMeUbUieHHe HX OTHO- 
CHTeAbHOTO KOAHHeCTBa npH COOTBeTCTByiOineM yBeAHHeHHH pOAH MaceA.

riOAOÔHbie >Ke HepTbl npeOÔpa30BaHHH ÔHTyMHH03HbIX BemecTB 6 HA H 
npocAeJKeHbi hhmh b TOAipe OTAOXieHHH BepHHroBa Mopa (Bopaobckhh, 
1959). B npopecce AnareneTHnecKoro npeoôpa30BaHHH b 3thx otaojkchhhx 
HaÔAiOAaAocb nocTeneHHoe yBeAHneHHe coAep>KaHHH MaceA r  cocTaBe 6h- 
TyMOB npn OAHOBpeMeHHOM CHHHieHHH COAep>KaHHH CMOAHCTbIX KOMnOHeH­
TOB. Bo3MO>kho, hto noAOÔHbiM JKe nyTeM npeoôpa3yiOTCH 6irryMHii03Hbie 
BemecTBa b koaohkc CTaHUHH 4609, b KOTopofi, KaK ynce roBopHAOCb, Haô- 
AiOAaeTCH yBeAHneHHe coAepmaHHH ÔHTyMa Ha (JjoHe nponecca SHepriinnoro 
npeoôpa30BaiiHH opraHHHecKoro BemecTBa, o neM CBHAOTCAbCTByioT iiohh- 
jKeHHbie 3iiaHeHHH Eh h 3HaHHTeAbHan MHHepaAH3auHH rpviiTOBoro nac-
TBOpa.

PacîBopeuHoe oprammecKoe BemecTBO, mejioHHocTb 
H aMMOHHHHblH a33T B TpyHTOBblX paCTBOpaX OCa^KOB

PacTBopeHHoe opraHHnecKoe BemecTBO npeACTaBAHCT 3HaHHTeAbHbiii 
HHTepec KaK ajih npoôAeMbi npoHcxomAeHHH Hecjmi, TaK h aah BbiHCHeHHH 
npoueccoB ee MHrpaiWH h oôpa30BaHHn cKonAeHHÎi. B HecJiTHHoii reoAornn 
uiHpoKo pacnpocTpaHeHo npeACTaBAeHHe, hto cobmcctho c boaoh, bh>kh- 
MaeMoii H3 ocaAKOB b pe3yAbTaTe ceAHMeHTaunoHHoro ynAOTneHHH, MoryT 
MHrpnpoBaTb necfiTHHbie yrAeBOAopoAH.

HccAeAOBaHHH E. T. Bennepa noKa3aAH, hto b SKcnepHMeHTaAbHbix yc- 
AOBHHX HeKOTopbie apoM3THHecKHe h napaijiHHOBbie yrAeBOAopoAH b sackt- 
poAHTax rana ceAUMeHTariHOHHbix boa oÔAaAaiOT pacTBopHMOcTbio, npHneM 
HOCAeAHHH 33MeTHO H3MeHHeTCH B 33BHCHMOCTH OT COCTaBa C3MHX paCTBO-
p o B . B e iiK e p  (1960) .n p n u ie A  k bhboay, hto c y m e c T B y e T  o n p e A eA eH H a H
CBH3b MeHCAy COCTaBOM HdJlTH H paCTBOpHMOCTbK) yTAeBOAOpOAOB B pa3ÔaB- 
AeHHblX KOAAOHAHblX paCTBOpax SAeKTPOAHTOB.

PeaAbHOCTb npoueccoB MHrpauHH pacTBôpeHHoro opraHHHecKoro Beme­
cTBa b rpyHTOBbix pacTBopax b npnpoAHOH oôcTaHOBKe ôbiAa APKa3aHa 
H. A. JOpKeBHHeM, KOTopbiM oÓHapymeHO BTopHHHoe oôorameHHè necna- 
HblX OCaAKOB HeKOTOpbIMH OpraHHHeCKHMH K0Mn0HeHT3MH 3a CHCT MHrpa- 
UHH hx H3 BbiuieAeHtamnx opraHoreHHbix haob Ha paHHHx ct3AHhx A«a- 
reHe3a (KDpKeBHH, 1955; 1956;. 1962). Bhao OTMeneHO ranmé HBHoe
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KaqecTBeHHoe otahhhc opraHHHecKoro MaTepnajia necKOB ot opraHHHecKoro 
MaTepnajia caMHx haob. OnaaaAocb, m o aoah rHApoAH3ye.\ibix BemecTB b 
necKax cocTaBJineT 50—70%, TorAa KaK b HJiax — Bcero 20— 30%.

Kan 3T0 6hao ycTaHOBJieHo E. A. Bapc, koahhcctbo h cocTaB opraHH- 
necKoro BemecTBa b nAacTOBbix BOAax hbahiotch npnMbiM noHCKOBbiM npn- 
3H3K0M Ha He4)Tb (Bapc, 1957; Bapc h Koran, 1962). OnHaKo, KaK cnpa- 
bcaahbo OTMenaeT E. Ä. Bapc, pacTBopeHHoe oprauHHecKoe BemecTBO npn-
pOAHWX BOA OCTaeTCH AO CHX nOp OAHHM H3 HaHMeHCe HCCJjeAOBaHHblX
KOMnoHeHTOB (Bapc h HocoBa, 1962). EcTecTBeHHO nosTOMy, hto H3yneHHe 
vcaobhh ero oèpa30BaHHH h AaAbHeimmx npeBpameHHii ripeACTaBAneT oahh 
H3 aKTyaAbHbIX BOnpOCOB HecjlTHHOH reoAorHH.

T a ö f l i m a  3
CoaepwaHHe opraHMMecKoro yraepona b rpyHTOBWx pacTBopax HeKOTopbix OKeaHCKHX ocaAKOB

H o M C p
C Tc'lH U ,n iI

< & M 3 IIK O X I [M H U C C K a i i  x a p a K T c -  
p H C T H K c l O C Ü A K O IJ

X i i M i m e c K H i i  c o c T a B  r p y a i o i u . i x  p a c r n o p O B

T o p H 3 0 H T

pH E h ,  Me AIK,MB-9K0/.1 N H 4—N,
M2¡. I

c'"'opr*
MZf.%

KpacHbie ZAUHbi
3793 2-10 7,52 +512 0,505 0,93 22,6

55—60 7,36 +532 ■ 1,124 1,239 12,3
100—110 7,35 +547 1,693 0,592 9,3
260—270 8,72 +357 2,487 0,980 6,4
320—330 7,35 +483 2,267 0,654 6,5

3827 0—10 7,22 +475 1,858 0,531 14,2
22—35 7,14 +405 9,888 0,480 12,0
64—76 7,26 +436 1,524 0,746 11,4

100—112 7,64 +218 3,356 0,725 10,6
3856 2—15 7,28 +450 2,500 0,036 12,0

102—120 7,52 +439 2,497 0,281 11,0
222—240 7,54 +469 2,087 0,390 9,0

3802 0—12 7,60 +529 2,868 0,178 14,0
50—62 7,34 +532 2,480 0,138 12,3

150—162 7,24 +502 1,585 0,370 11,0
246—256 7,52 -[-492 2,009 0,104 9,1

Ajieepumoeo-ZAUHucmue uam
0—10 7,42 + 23  J. 1,996 1,126 23,1

4 2 -5 2 6,98 +193 4,208 1,020 —
106—116 7,20 +195 5,954 0,788 28,2
232—242 7,38 +190 8,002 0,847 43,4
292—306 7,50 +177 9,801 0,826 48,8

r AOÔueepuHoebie uam

3840 0—5 6,74 +317 2,987 0,672 16,8
22—40 7,48 +328 2,838 0,480 20,3

100—115 7,52 +208 2,399 0,417 16,3
182—200 7,32 +314 3,616 0,390 14,6

<PopaMUHU<pepoebie uam

3835 0—10 7,38 +430 2,412 ■ — 15,6
3 2 -4 5 7,74 +249 1,975 — 16,8
72—80 7,60 +157 1,865 — 14,6

3854 2 2 -4 0 8,02 -¡-363 2,957 0,308 16,1
152—172 8,42 +389 2,767 0,282 10,0
202—220 — +395 2,477 0,432 8,3
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Onpe^ejieHHe coAepncaHHH opraHHHecKoro yrAepoAa b rpymoBux p ac ­
TBopax OKeaHCKHX ocaAKOB noKa3ajio, h to  KOHueHTpauHH ero 1 no KpafiHeii 
Mepe Ha nopnAOK Bbiuie, neM b boahoh TOAiue (TaÖA. 3).

B KpacHbix rjiHHax KOHueHTpauHH opraHHHecKoro yrAepoua H3MeriHeTCH 
o t 22,6 ao 6,4 m z/a  (phc. 8). XapaKTepHoii nepTofl pacnpeAeAeHHH Copr
no K0A0HK3M OcaAKOB STOrO rana

C ops j mz/a  
30 M 5010 20

hbahbtch OTneTJiHBoe n o H H JK eH ne  
KOHueHTpauHH vrAepOAa b rpyHTO- 
BblX pacTBopax. B OTAeAbHbIX 
cAynanx coAepniaHHe ero coKpa- 
ipaeTcn noHTH b neTbipe pa3a 
(CTaHUHH 3793).

AHaAorHHHoe HBAeHHe h a 6 a io ■
AaeTCH H B rAHHHCTO-paAHOAHpIie- 
BblX HAax (cTa.HHHH 3802), TAe 
KOHUeilTpaHHH C CHHJKaeTCH OT
14,0 M e / a  b BepxHeM ropH30HTe 
AO 9,1 M e / A  B HH'JKHeM. ^

HecKOAbKO HHoe pacnpeAeAe- 5 
HHe opraHHHecKoro yrAepoAa  ̂
xapaKTepHO aah aAeBpHTOBO- ç 
TAHHHCTblX HAOB (CT3HHHH 3838), 5 
tab  KOHHeHTpapHH ero, HaoöopoT, ^
B o a p a c T a e T  o t 23,1 m z / a  b B e p x -  ^
HeM c A o e  ao 43,8 m z / a  Ha hhhíhcm 
ropH30HTe.

CAeAyeT OTMeTHTb, HTO 3T0 
CpaBHHTeAbHO MeAKOBOAHaH npn- 
öpéiKHaH CTaHUHH. CyuH no BeAH- 
HHHe Eh H KOHueHTpauHH aMMO- 
HHHHoro a30Ta b rpyHTOBOM pac- 
TBOpe, B 3THX OTAOHieHHHX OCY- 
mecTBAHeTCH HHTeHCHBHoe npeoö- 
pa30Ba.HHe opraHHHecKoro Beiue- 
CTB3.

B TAOÖHrepHHOBblX H A a x  TaK- 
>Ke c o A e p n c a H H e  Copr b jkhakoö 
c})a3e H3MeHHeTCH o t 16,8 b B e p x ­
HeM r o p H 3 0 H T e  ao 14,6 m z / a  b 
HHXKHeM ( CTaHUHH 3840).

CHHJKeHHe K O H u eH T p au H H  o p r a H H H e c K o r o  y r A e p o u a  b jkhakoh c})a3e 
HaÖAiOAaeTCH h b 4)opaMHHH<})epoBbix H A a x  (CTaHUHH 3825 h 3854).

FIpHBeABHHbiH MaTepHaA noKa3biBaeT, h to  b ocaAKax, xapaKTepH3yio- 
HXHXCH OKHCAHTeAbHblMH yCAOBHHMH H He3H3HHTeAbHOH MHHepaAH33UHeH 
rpyHTOBbix pacTBopoB, HaKonAeHHe opraHHHecKoro BemecTBa nponcxoAin 
TOAbKO B BepXHHX T0pH30HTaX, a HHHCe, BHÄHMO, B CBH3H C paCnaAOM, KOH- 
UeHTpaUHH ero CHHJKaeTCH. B OTAOJKeHHHX, OTAHHaiOlUHXCH nOHHHteHHblMH 
3H3HeHHHMH : OKHCAHTeAbHO-BOCCTaHOBHTeAbHOTO nOTeHUH3Aa H 3aMeTHOÍI 
MHHepaAH3auHeñ rpyHTOBoro pacTBopa, coAepntaHHe opraHHHecKoro yrne- 
poAa, HanpoTHB, npoAoAncaeT B03pacTáTb yrAyö.neHHeM b TOAiuy ocaAKOB. 
ÍIo3TOMy nOAOÖHbie otaojk6hhh hbahiotch öoAee nepcneKTHBiibiMH b otho- 
uieiiHH AaAbHeHiuen MnrpauHH opraHHHecKoro BeiuecTBa, HaxoAHiuerocn 
b jkhakoh (})a3e.

3835
100 -

3827

200

'385B 
'3802

38383733

¡tOO
Phc. 8. PaonpeAeJieHHe opraHHHecKoro yrJiepo- 

Aa b rpyHTOBbix pacTBopax oxeaHCKiix 
OCaAKOB

1 OnpeA&nciiHe Copr b ooôpaHHHx hbmh npoóax 6h.ho Afo6e3HO npoBeAeno H. JX. Cia- 
pHKOBOfl, CT. HayHHbIM COTPVAHHKOM XH.MHHeCKOTO OTACA3 HHCTHTyTa CKeaHOJlOTHH AH CCCP.
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L U e jIO H H O C T b  r p y H T O B b ix  p a C T B O p O B  T eC H O  C B H 3 â H 3  c  M H H e p a jI H 3 a U H 6 H  
o p r a H H H e c K o r o  B e m e c T B a .  K á n  y K a 3 b i B a e T  C . B . B p y e B H q ,  n o B b i i u e H H e  r n e -  

aohhoto p e 3 e p B a  r p y H T O B b ix  p a c T B o p o B  b 3 H a q H r e n b H o u  C T e n e H H  H B J ia e T c n  
p e 3 y j i b T a T O M  B O c c T a H O B n e H H H  c y j ib (} )a T O B  3 a  c q e T  o p r a H H q e c K o r o  B e m e c T B a  
o c a A K O B . P a c n a A  o p r a H H q e c K o r o  B e m e c T B a  b o c a A K a x  h  B b i A e j i e n n e  cboöoa- 
h o h  y r j i e K H C A O T b i ,  a  T a K H ie ,  B e p o n T H o ,  h  bahhhhc n o j iy n p o A y K T O B  p a c n a A a  
flB A H IO TC H  O A H H M  H 3  m a B H e H lU H X  A e H C T B y iO IU H X  (J laK T O p O B  A a J Ib H e fllH H X
npou,eccoB AHarene3a ocaAKOB (BpyeBHq, 1956).

X a p a K T e p H o i i  o c o ö e u H O C T b i o  p a c n p e A e n e H H u  m e n o q u o c T H  b  H c c n e A O B a f i -  

H b lX  o c a A K a x  H B A U eT C fl TO O Ö C T O H T eU bC T B O , ATO B e jIH A H H a  e e  B Ô O A bU IH H C T B e 
c n y q a e B  n e  T O A b K o  n e  n p e B b i m a e T  m e n o q H O C T b  n p H A O H H O H  boau, ho h b 
p u A e  c n y q a e B  3 i i a q H T e A b H o  H H * e  ee ( T a 6a. 4).

T  a  6  .i h u  a  4

lU ,e j l0 4 H 0 C T b  H aMMOHHHHblfi a 3 0 T  B HpM/lOHHOM BOfl.e H B rpyHTOBHX pacTBOpaX
OKeaHCKHX ocaAKOB

HoMep
cram piíl rjTyÖIIHi), M

IIpHAOHHÍlH BO^a l'pyHTOla.m pacTBop

lUCJIO'lHOCI'b, M3 ■ 3KB¡Jl N H ,- N .MC/.l
mC.lOMHOCTB, MC • 3/.Ö/.1

N H 4—N,
M3/.1

3 8 7 4 5 2 3 7 2 ,7 3 7 __ 0 ,4 6 7 __

3 7 9 3 6 0 0 8 2 ,6 8 7 — 0 ,5 0 5 0 , 9 3

3 8 0 2 5 3 4 9 2 ,8 5 7 0 ,0 6 1 2 ,8 6 8 0 , 1 8
382 7 8 9 2 7 2 ,5 1 9 0 , 0 7 5 1 ,8 5 8 0 ,5 3 1
38 5 6 5 3 0 6 2 ,5 0 0 0 ,0 3 6 2 ,4 9 7 0 ,2 8 1

3 8 7 2 5 7 3 8 2 ,2 2 7 — 2 ,0 8 7 0 ,0 7 0
3 8 3 4 4 6 0 4 2 ,4 3 2 — 1 ,6 1 6 —

38 4 5 3 7 9 8 2 ,4 2 1 — 2 ,4 4 0 0 , 3 6
38 5 4 3 4 2 2 2 ,6 1 7 — 3 ,3 2 6 0 , 3 1

B BepXHeM CAOe HCCAeAOBaHHblX ocaAKOB lUeAOqHOCTb mchhctch ot 
0 ,4 2  ao 5 ,4 3  Mz • 9KejA. B  KpaCHbix tamu ax BeAuquna ee KOjieöJieTCH ot 0 ,42  
AO 3 ,4 8  mz • 3K6/A, npHqeM aah öoubiuuHCTBa CTaHUHH xapaKTepHbi 3Haqe- 
HHH, 6jlH3KHe no BeAHAHHe meAOHHOCTH npHAOHHOH BOA bí. 3HaAHTeAbHOe 
VBeuHqeHHe menonHOCTH HaÖAiOAaeTCH b rpyHTOBbix pacTBopax rnHUHcrax 
haob JlBaHCKOH BnaAHHbi, rAe meAOHHOCTb AOCTHraeT 3 ,5 2 8 —3 ,5 8 7  mb ■ 9K8/a 
(C T a H U H H  4 5 3 0 , 4 5 3 5 ) .

O T p H U a T e A b H b ie  3 H a q e H H U  O K H C A H T eA b H O -B O C C T aH O B H T eA b H O rO  n O T e H -  
U H a A a ,  H H 3 K H e  3 H a q e H H 5 I  p H  H B b lC O K a u  IU eU O H H O C T b C H eC O M H eH H O C .T bK ) 
C B H A e T e A b C T B y iO T , HTO H e C M O T p H  H a  Ó O A b U iy iO  r A y Ó H H y  B n a A H H b i  H O K H CA H - 

T e A b H b iH  p e m H M  B O A H b ix  M a c c ,  b  o c a A K H  n o n a A a e T  o p r a u H H e c K o e  B e m e c T B O ,  
c n o c o Ô H o e  k  A a A b H e i i u i e M y  a K T H B H O M y  n p e o ß p a 3 0 B a H H i o .

HeBblCOKHMH nOKa3aTeAHMH XapaKTepiI3yiOTCH TAHHHCTbie H3BeCTKOBbie 
h a  bí. H oB bim eH H bie h x  3HaqeHHH 6 u a h  oÓ H apyu teH bi TOAbKO Ha c t 3 h u h h  
3 8 3 7 , pacnonorK eH H O H  y  n o ß e p e m b H  H o b o h  3enaH A H H  h  b  rp y H x a x  A paBH H- 
CKoro M op« (CTaHUHH 4 7 0 7 , 4 7 0 9 , 4 7 1 3  h  4 7 1 4 ) .

n o H u m e H u a u  B e A H M H iia  m e A O H H o c T H  o Ô H a p y m e H a  T a K iK e  b  a n e B p H T O B O -  

T A H H H C T blX  H A 3 X  (C T a H U H H  3 8 3 1 , 4 6 8 0 , 4 6 4 9  H A P - )  ■ H a p H A y  c  3T H M  B p H A e  
C A y q a e B  b  s t h x  o c a A K a x  B C T p e q e H a  i u e n o H H O c r b ,  n p e B b i m a i o m a H  m e n o q -  

H O C T b n p H A O H H O H  B O A bI.
B  aAeBpHTOBbix H A ax meAOHHOCTb H3MeHHeTCH OT 2 ,2 8 0  AO 3 ,1 9 6  M2- 

• 3kb!a  h  iiHTAe He onycK aeTC H  H M e  m eA oqH ocTH  np H A o m io ñ  b o a h .  I I ( e -  
AO M H O CTb necKOB H3MeHueTCH b  y3KHX n p e A e u a x  —  2 ,1 5 2 — 2 ,7 3 4 , h t o ,  n o - 
BHAHMOMy, oôycAOBAeHO KaK HeôoAbiuHM  coAepjKaHHeM  o p raH H q ecK o ro  
B em ecT B a, T ax  h  x o p o iu e ñ  npoM biBaeM OCTbio s t h x  rp y O o A H cn ep c im ix  o c a A ­
KOB.
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P a c n p e u e j ie im e  iucjiohhoctih b TOJime ocauKOB HMeeT BecbMa npnxoT - 
JIHBblH XapaKTep (pHC. 9 ) .  B  ÓOJIblIIHHCTBe KOJlOHOK meJIOHHOCTb, B03pa- 
CTan Ha OTuejibHbix ropH30HTax, He TOJibKO He oÖHapyjKHBaer cHCTe.MaTH- 
necK oro  yBejiHneHHH khh3v, ho h, HanpoTHB, b p a n e  cjiynaeB  CHnmaeTCa h 
AOCTHraet BecbMa hh3khx BejiHHHH

AIK, M2-3hB/j7(CTaHUHH 3 8 0 2 ,  4 5 9 9 ,  4 6 1 4 ,  4 6 3 4 ,
3 8 3 5 ) .

BcTpenaiOTCH kojiohkh, b ko- 
TOpblX nOHTH BCH TOJIIUa OCaflKOB 
XapaKTepH3yeTCH yCTOHHHBblMH 
HH3MHMH BeJIHHHHaMH ÍUeJIOHHOCTH.

CHCTeMaTHHecKoe n jianoM ep- 
Hoe yBejiHHeHHe iucjiohho cth c 
rjiyÔHHOH b TOJime ocaAKOB 
H aß jn o u a jio cb  jiHUib b necKOJibKHx 
c jiy n a a x ; n p n  stom OTJiomeHHn x a- 
paKrepH30BajIHCb HOHHlKeHHblMH 
HJIH OTPHUaTejlbHblMH 3HaHe-
HHHMH E h  (cTaHUHH 3 8 2 7 ,  4 5 3 5 ,
3 8 4 0 ) .

Phäom npeAbiuyiU'HX paöoT 6bi- 
JIO yCT3HOBJieHO, HTO B TOJIIUe MOp- 
CKHX OcaAKOB meJIOHHOCTb, nan 
npaBHJio, 3aKOHOMep,HO B03pacTaeT 
c  nepexoAOM k hhjkhhm ropH30H- 
TaM. Kan HOKa3biBaeT npHBeuen- 
HbiH MaTepnaji, b HccjieuoBaHiibix 
OKeaHCKHX ocauKax mejiOHHOCTb b 
ßojibiHHHCTBe cjiynaeB b TOJime 
ocaAKOB ocTaeTCH 6jih3koh k me- 
JIOHHOCTH npHAOHHOH B O U bí HJIH JX&- 
m e  HecKOJibKO HHHie e e .  3aKOHO- 
MepHoe yBejiHHeHHe mejiOHHOCTH b 
TOJime ocauKOB BCTpenaeTca cpaB- 
HHTejibHO peuKO h xapaKTepHO B 
öojibmHHCTBe cjiynaeB npn-
ÖpOKHblX paHOHOB.

H n 3 K a H  m e j iO H H O C T b  c n e u H i j m H -  
H a  H e  TOJIbKO UJIH OTJIOHieHHH HC- 
c j i e u o B a H H o r o  p a f t o n a .  r i o A o Ö H o e  
H B J ieH H e  6 b i j i o  O T M e n e H O
E .  XE 3 a n u e B O H  äjih r j i y ö o K O B o u -

HblX OTJIOJKeHHH B e p H H T O B a  M O pH H C .  B .  B p y e B H H e M  ÄJ1H o c a A K O B  C e B e p o -  
3 a n a u H O H  n a c r a  Thxoto o n e a n a .  O z m a K o  n p m i H H b i  stoto H H T e p e c H o r o  hb- 
JieHHH UO CHX n o p  OCTaK)TCH HeHCHbIMH.

E c j I H  m e jIO H H O C T b  B r p y H T O B b i x  p a c T B o p a x  HCC JieUO BaHHblX O caA K O B , 
n a n  ö b i j i o  n o K a 3 a H O ,  >6jiH3Ka k m ejiO H H O C T H  n p u u o H H O H  boäh hjih u a m e  
HHJKe e e ,  to  K O H u e H T p a u H H  3mmohhhhoto a 3 0 T a  b rp y H T O B O M  p a c T B o p e ,  
n a n  n p a B iH J io ,  3 H a H H T e j i b H 0  B b i m e ,  hom b n p n u o H H O H  B o u e  (cm. T a ö j i .  4 ) .  
K o j iH H e c T B O  a M M O H H H H o ro  a 3 0 T a  B a p b H p y e T  b H c c j i e u c m a H H b i x  o c a u n a x  ot 
0 , 0 3  u 'o  1 , 1 3  mz/a . K p a c H b i e  tjihhw OTJiHHaioTCH B e c b M a  hh3khm c o u e p m a -  
HHeM a M M H a K a  ( 0 , 0 6 —0 , 7 7  ms/a ). E Io u o Ö H b iM H  m e  hh3khmh B e jiH H H H aM H  
x a p a K T e p n a y i o T C H  r j iH H H C T O -H 3 B ecT K O B b ie  hjih h J i n n i b  H a  cthhuhh 3 8 3 8  
K O H u e H T p a u H H  a M M H a K a  n o u H H M a e T C H  u o  1 , 1 3  mb/a . H e c K O J ib K O  6 o j i b -
HIHMH KOHUeHTpaUHHMH OTJIHHaiOTCH KapÖOHaTHbie OCaUKH, HTO, B03MOJK- 
Ho, BbiabiBaeTCH He TOJibKO ^ojibiHHM coueprnanH eM  opraHHHecKoro Be­
m ecTBa, HO H MeHbHieH nOfJIOTHTejIbHOH CnOCOÖHOCTbK) KapÖOIiaTHblX HJIOB.
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K a K  H 3 B e cT H O , K a.cTb a M M O H H H H o ro  a 3 0 T a  b x o ä 'Ht  b  n o r j i o m a i o m H - H  
K O M n j ie K c  o c a r i n a  h  n o s T O M y  k o  h  l i e  h  T p  a  u  h  h  e r o  b  r p y i iT O B O M  p a c T B O p e  H e  
C OO TBeTC TByeT B c e M y  K O J iH n e c T B y ,  B b i a e J i H B i u e M y c a  b  n p o u e c c e  p a 3 J i o > K e -  
HHH o p r a H H H e c K o r o  B e m e c T B a .  I l o  A a H H b iM  E .  ¿I,. 3 a ñ u e B O H ,  c o ^ e p > K a H H e

NH3-  N , M Z ffl
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Phc. 10. PacnpeAeJieHHe aMMOHHHHoro a30Ta b rpyHTOBbix 
pacTBopax OKeaHCKHX oca/woB

aMMOlHHH B rp y H T O B O M  p a C T B O p e  H B aA C O p Ô H p O B a H H O M  COCTOHHHH KOJIH-
H ecT B eH H O  ÓJIH3KH ( 3 a H u e B a ,  1956). TaK K a K  H 3 M eH S H H e m ejiO H H O C TH  h  
a M M O H H H H o ro  a 3 0 T a  o ô y c j i O B J i e H o  o â h o h  h  t o h  m e  i i p h h h h o h  —  p a 3 J i o m e -  
H u e M  o p r a H H H e c K o r o  B e m e c T B a ,  t o  H 3 M e H e H H e  s t h x  n o K a 3 a T e j i e ñ  n p o H c x o -  
ÄHT OÔbIHHO C O rJ ia C O B a H H O  H B T O J i m e  MOpCKHX OCaAKOB OHH, K a K  n p a B H J i o ,  

HBHO yB eJIH H H B aiO T C H  C TJiyÔHHOH.
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B HCCJieaOBaHHblX OCaÄKax KOHUeHTpaUHH aMMOHHHHOTO a30Ta B ÔOJIb- 
uiHHCTBe cjiyqa'eB ocTaeTCH AOBOjibHO itoctohhhoh no Been TOJime nccjie- 
JlOBaHHblX 0TJ10>KeHHH H B HeKOTOpblX CJiyUaHX UaJKe HeCKOJIbKO yMeHb- 
inaeTcn k hh*hhm ropn30HTaM. BerpenaiOTCH, npaBua, ropn30HTbi, h3 koto- 
pbix KOHU.eHTpan.HH 3HaUHTe l̂bH0 B03paCTaeT, HO B UeJIOM TeHUeHUHH K 
yBejÎHueHHio coueputaHHH aMMuana bhh3 no kojiohk3M BbipaxeHa He CTOJib 
HBHO, KaK B OÔblHHblX MOpCKHX OCaUKaX (pHC. 10).

TaKHM 0Ôpa30;M, B TOUUie THnHHHblX OKeaHCKHX OCaUKOB, OTJIHnaromn- 
MHCH BbICOKHMH nOJIOJKHTeJIbHblMH 3HaneHHHMiH OKHCJIHTejIbH'O-BOCCTaHO- 
BHTejibHoro noTeHunajia, xapaKTepncTHKH rpyHTOBoro pacTBopa, CBH3au- 
Hbie c npeo6pa30BaHneM opraHHuecKoro BemecTBa (meuonHOCTb h aiwMo- 
HHHHblH a30T), MajIO H3MeHHK)TCH nO CpaBHeHHK) C BepXHHMH r0pH30HT3MH 
OCaflKOB. IU,ejIOHHOCTb B 3THX OTJIOJKeHHHX He TOJIbKO He B03paCTaeT, HO, 
b pnue cJiynaeB, 3aMeTHO yMeHbuiaeTcn no .cpaBHeHinio c npnuoHHOÜ bo- 
Uoh. HanpoTHB, b otjiojkchhhx, rue HaôjuouaeTCH noHHHieHne oKHcuHTejib- 
HO-BOccTaHOBHTejibHoro noTeHunajia, mejiouHOCTb h couepjuaHHe aMMOHnü- 
Horo a30Ta b rpyHTOBOM paoTBope B03pacTaeT, hto CBHU'eTeubCTByeT o npo- 
ueccax npeo6pa30BaHHH opraHunecKoro BemecTBa. B sthx OTjioxieHHHX 
HaôjuouaeTCH 3aMeTHan MHHepajiH3auHH rpyHTOBoro pacTBopa no cpaB- 
HeHHK) C BOUHOH TOJUUeH.

^>H3HK0-XHMHieCKafl XapaKTepHCTHKa OCaAKOB1

BejiHHHHa pH b ocauxax CBH33Ha npoKue Bcero c npeoôpa30BaHHeM 
opraHHHecKoro BemecTBa. B HccjieuoBaHHbix ocauKax ona KoueôjieTCH b 
npeaejiax ot 6,47 uo 8,61. XIjih cpaBHeHHH mohîho yKa33Tb, nTO b oôpa3- 
uax MopcKHX ocauKOB pañoHa Kajin<})opHHH nouoóuan BejiHHHHa BapbHpo- 
Bajia ot 6,4 uo 9,5 (Zobell, 1946). B KpacHbix rjiHHax oHa KOJieôjieTCH ot 
6,96 uo 8,34, MTO CKopee Bcero cBH3aHO c bhjioh MKHepajinsaunen h MaubiM 
couepîKaHHeM opraunnecKoro BemecTBa, pa3Jio>KeHHe KOToporo He Bbi3bi- 
BaeT cymecTBeHHbix HSMeHeHHH b KOHueHTpaunn BouopouHbix hohob b 
ocauKe.

OôpanjaeT «a ce6n BHHMaHHe to t  (JtaKT, uto noHH>KeHHbiMH 3HaneHHH- 
MH pH OTJIHUaiOTCH OCaUKH C OTHOCHTejIbHO HH3KHMH nOJIOJKHTeJIbHblMH 
3HaneHHHMH OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHOrO noTeHunajia. B TJIHHHCTblX 
HJiax HBancKOH BnauHHbi 3Ta cBH3b BbiCTynaeT ôojiee OTneTJiHBo: nouHJKeH- 
Hbie 3HaneHHH pH npHypomeHbi k ocauKaM c OTpuuaTejibHbiMH h hh3khmh 
nOJlOiHCHTejIbHblMH 3 H 3 lI 0H H H M H OKH C JIH Tejí b'H 0 - B OC CTaHOBHTejlbHOTO HOTeH-
UHajia (CT3HUHH 4535).

yKa3aHHan 3aBHCHM0CTb, no-BHUHMOMy, oôycjiOBJieHa npoueccaMH 
pacna.ua opraHHuecKoro BemecTBa, npn KOTopbix KOHueHTpauHH yrueKuc- 
JIOTbl B paCTBOpe B03paCTaeT, UTO BbI3bIBaeT H3MeHeHwe Kap6oH3THoro 
paBHOBecHH h conpoBOJKÂaeTCiH noHHHieHHeM pH 2. Ouh o Bp e m e h ho pacnau 
opraHHnecKoro BemecTBa Bbi3biBaeT noHHJKeHue oKHCJiHTejibHO-BOccTano- 
BHTejibHoro nOTenunajia Bceñ cncTeMbi.

B rjiHHHCTO-H3BecTKOBbix HJiax pH H3MeHHeTCH ot 6,52 uo 8,33, npnneM 
CBH3b MeJKUy H3M6HeHHeM pH H OKHCJIHTejIbHO-BOCCTaHOBHTeJIbHOTO nOTÇH- 
unaua npoHBjineTCH uocTaTOUHO npKO. HHTepecHO OTMeTHTb, uto MaKOH- 
MajibHbie Bê HHHHbi pH npHyponeHbi k Haußo^ee rjiyöoKOBOUHbiM ocauxaM,

1 OnpeAeJieHHe pH h Eh npoH3BOAHJiocb noTeHUHOMeTpuwecKH n p u  Aomoiiih noreHuno- 
MeTpa Jin-5.

2 Ha BeJiHHHHy pH O K a3biBaeT TaKJKe.BJiHHHHe T e M n e p a T y p a . Kan H3BecTHO, rjiyôoK O - 
BOAHbie ocanK H  xapaK Tepiw yiO TC H  hh3khmh T eM nepaT ypaM H , 6jih3khmh k 0°. Ilo sT O M y pH 
ocaA K a in  s i t u  a o ju k h o  6 b m  HecKOJibKo B birne. B M ecTe c TeM B bicoK oe AaBJieHHe, ro c n o a c T -  
B y ro m e e  Ha rjiyÔ H H ax, n3MCiiHeT KOHCTauTbi A nccouH auH H  yrjieKHCJioTbi, b  pe3V JibT aT e n e ro  pH 
C H H Ä aeT ca (X a p B e ñ , 1948).
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TOrÆa KaK MHHHMaAbHbie 3HaHeHHH, HanpOTHB, CBH33HbI C ÔO.iee MeJIKO- 
BOJHblMH OCaflKa'MH.

B Kap6oH3THbix ocaAKax— b a jieB pH T O B o-rjiH H H C T bix Hjiax, a jie B p H T a x  
h necKax pH BapbHpyeT b mnpoKHx npejejiax — o t  6,47 ao 8,07, npme.M

pH yK33aHHaH 33BHCHMOCTb HpOHBAH-
6,00 20 bO 00 80 7,00 20 50 60 80 8,00 ctch He bo Bcex cJiynaax AOCTa- 

TOHHO 'OTHeTJlHBO. B03M0*H0, HTO 
3T0 OÔCTOHTeJlbCTBO CBH3aH0 C 
oShahom KapôoHaTHoro MaTepna- 
jra, ¡noAmeAaniiBaiomero cpe^y.

H3yneHHe phaom HCCJieaoBaie- 
jieñ pacnpe^ejieHHH pH  b m nm e 
ocaAKOB n o K a 3 a A o ,  hto b 6 o A b -  
uiHHCTBe cjiynaeB pH 33MCTHO bo3- 
pacTaeT c rAyónuoñ. OAHaKO b 
TOJime HccjieAOBaHHbix ocaAKOB Be- 
JlHHHHa pH H3MeHHeTCH pa3AHHHO 
(pHC. 11).  B OAHHX KOAOHKaX pH 
OCTaeTCH npaKTHHeCKH nOCTOHH- 
HOH no BceMy pa3pe3y (craHHHH 
3 8 0 2 ,  4 6 1 4 ) .  XapaKTepHO, hto ko-
AOHKH 3THX OTAOJKeHHH OTAHHaiOT- 
CH BblCOKHMH nOAOJKHTeAbHblMH 
3HaneHHHMH OKHCAHTeAbHO-BOCCTa- 
HOBHTeAbHoro noTeHnnaAa.

flpyryio rpyririy koaohok co-
CTaBAHKDT OTAOÎKeHHH, B KOTOpbIX
p H  B03pacTaeT o t  BepxHHX r o p n -
30HT0B K HHHÍHHM (CT3HUHH 3827,
3 8 3 5 ,  3 8 4 0 ,  4 5 9 9 ,  4 6 3 4 ) ,  npn stom 
HaÖAiOAaeTCH CHHHceiiKe okhcah- 
TeAbHO-BoecTanoBHTeAbHoro no- 
TeHunaAa.

CorAacoBaHHoe n3MeneHHe 060- 
HX 3THX BeAHHHH TOBOPHT 0 TOM, 
HTO OCHOBHbIM (|)aKTOpOM, BAHHIO- 
UIHM Ha H3MeHeiIHe KOHUeHTpaUHH 
BOAopoAHbix HOhob b npopecce 
panHero AHareHe3a hbahctch npe- 
o6pa30BaHHe oprannqecKoro Be­
mecTBa.

B BepxHeM CAOe HccAeAOBan- 
HblX ocaAKOB 0KHCAHTeAbH0-30C- 
CTa'HOBHTeAbHblH nOTCHUHaA KO-
AeÖAeTCH o t  — 3 4 8  a o  + 5 9 1  m b ,
npHAeM ÔOAbUIHHCTBO OCaAKOB 
xapaKTepH3yeTcn BecbMa bmco- 
KHMH nOAOJKHTenhHblMH 3iiaqe- 
HHHMH ero. HanóoAee bhcokhmh 

HOAOXKHTeAbHblMH 3HaneHHHMH nOTeHHHaAa OTAHHaiOTCH KpaCHbie TAHHbl, 
b KOTopbix BeAHHHHa ero H3MeHHeTCH b cpaBHHTeAbHo y3KHX npcAeAax—OT
+  4 6 2  ao + 5 9 1  Me. BwcoKan oKHCAeHHOCTb ocaAKOB stoto rana npencAe
Bcero oóycAOBAeHa CTaÖHAbHOCTbio h  MaAofi KOHueHTpaimeñ opraHHnecKoro 
BemecTBa, a Taione 3HanHTeAbH0H KOHueHTpauneH bhcuihx okhcaob nceAe- 
3a h MapraHna. 3HanHTeAbHoe coAepncaHHe nocAeAHHx cnocoöCTByeT CTa- 
ÓHAH3aiIHH COCTOHIIHH BbICOKOH OKHCAeHHOCTH BCeft CHCTeMbl.
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TJIHHaXKOHUeHTpaUHH B KpaCHbIX

Eh, m3
-300-200-100 0 100 2003001,00500 BOO

MsBecTiio, h t o  u j i h  penyKUnu sjieMeHTOB rpynnw >Kejie3a b npouecce 
,THarene3a TpeöyiOTca 3naqHTejibHbie KOjmnecTBa opranHnecKoro BemecTBa 
li no OTHOUJCMHIO K Iie.My 3TH 3JieMeHTbI MO/KHO paCCMaTpHB3Tb KaK aKTHB- 
HblH OKHCJIHTejIb. Fl03T0My BbÎCÔKaH 
OKHCJiOB >Kejre3a h  Mapramia h b j i h -  
c t c h  CBoero pona 6y(})epoM, cno- 
co6cTByK)in,HM coxpaneiiHto o k h c -  
jiHTeJibHbix ycjioBHH b  ocauKe na- 
>Ke npn 3HaHHTeJlt>HOH KOHUeHTpa­
UHH opraHHuecKoro BemecTBa.

B OTUHUHe OT KpaCHbIX TJ1HH. B 
ruHHHCTbix HJiax HnaHCKOH BriauH- 
Hbl ÖbïJIH BCTpeueHbl OTpHuaTeJib- 
Hbie H HH3KHC IIOJIOHŸHTeJIbHbie 3H3- 
neHHH noTenunaua, CBHueTeubCTBy- 
louiHe (uau h noBbimeHHaH meuon- 
HOCTb b rpyHTOBbix pacTBopax) 06 
HHTeHCHBHOM upeo6pa30BaHHH op- 
ranHuecKoro BemecTBa. HcKJnoue- 
HHe COCTaBUHeT JIHHIb CT3HUH5I
4 5 3 6 ,  OT.TnnaiouiaucH b h c o k h m  h o -
JlOJKHTeUbllbiM UOTeHUHaUOM
( +  5 2 4  m o ) h ,  c y u H  n o  UBeTy 
r p y H T a  ( c B e T J io - c e p o B a T O -K o p H u -  
H C B b lu ) , nO B bim eilH blM  COUep>KaHH- 
eM OKHCJiOB > K eu e 3 a  h  M a p r a H u a .

B rjJHHHCTO-H3BeCTKOBbIX HJia.X 
OKHCJIHTeJIbHO - BOCCTaHOBHTeUb- 
HbiH noTenunau KOueÓJieTca o t  
—3 4 8  n o  +556 m o .  XapaKTepHO. 
m t o  OTpuuaTeubHbie h  HH3i<He r io -  
no>KHTCJibHbie 3HaueHiia ero ô m j i h  
BCTpeneHbl B ApaBHlïCKOM MOpe 
( CT a h  u h  h  4 7 0 7 ,  4 7 0 9 ,  4 7 1 3 )  b  paii- 
OHe, OTUHuaiouieMCH b h c o k o h  npo- 
.lyKTHBHOCTbío, a rais>Ke y aijjpn- 
KaHCKoro no6epe>KbH ( c t 3 h u h î i  
4 6 9 4 ) .

B u e j io M  noBbime.HH u m  h  3 H a u e -  
h h îu m h  o r j iu q a iO T C H  G o J ie e  r n y ô o K O -  
B o u u b i e  oca/ÀKH 3Toro T H n a ,  T o m a  
K a u  6 o u e e  m e  .a k  o  b ou, h  bí e  x a p a i c r e -
pH3yiOTC>I nOHIIUCeHHblMH 3HaneHH- 
HMH.

B  r p y n n e  ajieBpuTOBO-rjiHHH-
CTblX HJIOB OKHCUIITeUbHO-BOCCTaHO- 
BHTeJIbHblH nOTeHUHaJI KOJieÔJieTCH
o t  — 3 1 6  n o  + 5 2 4  m o , n p n q e M  Tai<-
>Ke OTpHUaTejIbHblMl! H HH3KHMH 
nOUOHiHTejIbHblMH BHaneHHHMH rio-
r e H u n a J i a  O T JiH q a io T ca  o c a u K H  p a i i o H a  acJjpHKaHÇKOro no6epe>K bH  ( c t 3 h - 
Uh h  4 6 7 4 ,  4 6 7 5 ,  4 6 8 1 ,  4 6 9 3 )  h A p a B H H C K o r o  M o p a  ( c t 3 h u h h  ( 4 7 1 2 ,  4 7 1 9 ,  
4 7 2 8  h  4 7 3 0 ) .  H a n p o T H B ,  a j ieBpHTOBO-rj iHHHCTbie  h j i m  OTKpbiTbix  O K eaHC K ux 
p a i lo H O B  x a p aK T ep H 3 y K )T C H  b h c o k h m h  n o u o K H T e j ib H b iM H  n o T e H u u a j i a M H ,  
naCTO UOCTHraiOUiHMH BeJIHUHH BblCOKOOKHCJieHHbIX KpaCHbIX TJIHH. 3 T a  
6 jIH30CTb (J)H3HKO-XHMHUeCKHX yCJIOBHH nOUHCpKHBaeTCH T3K>Ke TeM OÓCTOH- 
TeUbCTBOM, UTO B HeCKOJlbKHX CJiyUaHX B nOÂOÔHblX B bIC 0K 0K ap60H 3TH bIX  
a jieB puTO B O -ruH H H C Tbix  H J ia x  ôbiJiH B C TpeueH bi H < e J i e 3 0 - M a p r a H u e B b ie  k o h - 
KpeUHH.
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B  ÖJ1H3KHX n p e / ie j i a x  H3MeHH'eTCH OKHCJIHTeJIbHO-BOCCTaHOBHTCJIbHblH
n o T eH U H aji ,h b  a jreB pH T O B bix  H Jia x  ( o t  — 343 a o  +548 M e ) ,  n p n n e M  b o  
Bcex c j iy n a n x  O T pnuaT ejibH bie  h  HH3KHe noaox tH T ejibH b ie  BejiHHHHbi n o T en - 
U H aaa  é b ij i«  3aperH C T pH poB aH bi b  o c a a x a x  CTaHUHH, p a c n o jio x e H H b ix  b 
n p n ô p o K H b ix  p a ñ o H a x  ( c t 3 h u h h  4532, 4533, 4564, 4616, 4617, 4618, 4623 
h  4688).

O r p H u a T e j i b H b i M H  h  h h 3 k h m h  n o j io J K H T e j ib H b iM H  n o T e H U H a j i a M H  ( o r  
— 218 a o  +124 mb) OTJiHwaiOTCH T a K J K e  n e c n a H b i e  o c a a K H ,  x o th  b o p r a H o -  
reH H bix K a p ô o H a T H b i x  n e c K a x  craHUHH 4565, p a c n o j i o x t e H H O H  6 jih 3  n o ô e -  
pe> K bH  A ß C T p a j i H H ,  6 b i j i  3 a p e r n c T p n p o B a H  n o T e H u n a j i  +417 Me. B m co k h m  
Eh o T jiH q a iO T C H  T a K * e  iv i a Ó H r e p H H O B h ie  n e c K H  Tnxoro o x e a H a .

rio iH3MeHeHHIO OKHCJIiHTeJIbHO-BOCCTaHOBHTeabHOrO COCTOHHHH b m am e 
ocaaKOB, HccjieaoBaHHbie o t j io jk c h h h  pe3KO aejiHTCH Ha aße rpynnbi 
(pHC. 12). B THIlHHHblX TJiyÓOKOBOaHblX OKeaHCKHX OTJIOJKeHHHX B ÔOJIb- 
uiHHCTBe caynaeB Eh H3MeHHeTCH b He3HanHTe;ibH0H CTeneHH h  ocaaKH Ha 
BCeM ÎipOTHJKeHHH KOJIOHÖK XapaKTepH3yiOTCH BeCbMa BHCOKHMH nOJIOJKH-
TejibHbiMH 3HaweHHHMH noT eH H H ajia  (cTaHHHH 3802, 4599, 4614).

B HeKOTopbix KOJiOHKax BejiHHHHa noT eH U H ajia  a a * e  HecKOJibKo yBean- 
HHBaeTCH K HHKHHM r0pH 30H T3M .

X apaK T epH O , h t o  ropH 30H Thi, O TaH H arom necH  b m co k h m h  3HaneHHHMH 
noTéH U H aJia ( +  500—600 mb), b o  m h o th x  c-nyH anx c o a e p x ia T  * e J i e 3 0 -  
M apraH U O B bie KOHKpeuHH, K O T opue BCTpenaiOTCH KaK b rjiyôoK O B oaH bix  
6 ecK ap6oH aT H bix  t a h h b c t h x  H jiax , T ax  h  b B H coK O K apöoH aTH bix-rjioÖ H re- 
pHHOBblX, HTO TaKJKe IIO aT B epH iaaeT  BbIBOa o  ÖJIH30CTH (J)H3HKO-XHMHHeCKHX. 
ycJiOBHH 3THX o c a a x o B . B m c c tc  c  TeM HajiHHHe ropH30HTOB > K eJie30-M apraH - 
UeBblX KOHKpeUHH B TOJime ocaaK O B  CBHaeTeJlbCTByeT O CTaÔHJlbHOCTH OKHC- 
JlHTeJIbHO-BOCCTaHOBHTe^lbHOrO COCTOHHHH O CaaK a. B 3TOÍI CBH3H HHTe- 
pecHO OTMeTHTb, HTO H <eJie30-M apraH aeB bie  p y a u  o c a a o H H o ro  n p oH C xoxcae-
HHH OTaHHaiOTCH T3K3Ke BeCbMa BbICOKHMH 3H3HeHHHMH OKHCJlHTeJIbHO-BOĈ - 
CTaHOBHTeJibHoro noT eH U H aJia: +550— 650 Me (F lycT O B aaoB  h  CoKOJiOBa, 
1957).

X lp y ry io  r p y n n y  k o j io h o k  cocT aB Jin ioT  OTaoaceHHH, b KOTopHX o k h c j ih -  
TeabHO-BOCCTaHOBHTeabHblH nOTeHUHaa 33MeTH0 CHHÎKaeTCH OT BepXHHX TO* 
PH30HT0B K HHJKHHM (CT3HUHH, 4609, 3827, 4634, 3835, 3840).

yKa3aHHbie pa3aHHHH B H3MeHeHHH (J)H3HKO-XHMHHeCKHX xapaKTepncTHK. 
CBH33Hbi, npentae Bcero, c npoueccaMH npeo6pa30BaHHH opraHHnecKoro 
BemecTBa. B THiiHHHbix OKeaHCKHX OTJio*eHHHx 3TH npoueccbi npoTeKaiOT 
KpaHHC BHJIO H ÖJiarOaapH 3TOMy (})H3HKO-XHMHHeCKHe CB0HCTB3 ocaaKOB 
ocTaiOTCH 6oJiee-MeHee craónabHbiMH. B Tex CJiynanx, Koraa npeo6pa30Ba- 
HHe opraHHnecKOro BemecTBa npoTexaeT SHeprHHHO, nponcxoaHT 3aMeTHbie 
H3MeHeHHH (J)H3HKO-XHMHHeCKHX XapaKTepHCTHK OcaaKOB. 3tOT BUBOa CO- 
raacyeTCH Tansce c ifëMeHeHHHMH XHMHnecKoro cocTaBa rpyHTOBbix paer- 
BOpOB.

B u b o a m

K a x  BHaHo H3 npH B caeH H oro  M are p 'H a a a , o c h o b h u m  h c to h h h k o m  op 'ra - 
HHHecKorô B em ecTB a b H ccjieaoaaH H bix  o c a a x a x  h b jih io tc h  tu i a  h  k to h h  bí e  
opraH H 3M bi. H aM enaeT C H  n p a iv ian  CBH3b M en tay  oÔHJmeM njiaHKTOHa h  
K O H ueH TpauH eñ o p ra H H n e c K o ro  B em ecT B a b o c a a K a x . P a ñ o H b i c  b h c o k o h  
ÔHOMaCCOH nJiaHKTOHHblX OpraHH3MOB OTJIHHaiOTCH ÔOJiee BbICOKOH KOH- 
u eH T p au H eñ  o p ra H H n e c K o ro  B etuecT B a b o c a a x a x .

XOTH IViaBHbIM HCTOHHHKOM OpraHHHeCKOTO BemeCTBa ocaaKOB CJiyatai 
njiaHKTOHHbie opraHH3Mbi, Men<ay cocTaBOM opraHHnecKoro BemecTBa aoH- 
Hbix oTJioxeHHH h cocTaBOM HCxoaHOTO hîhboto BemecTBa HaÓJiioaaioTCH 
3aMeTHbie pa3JIHHHH.

X apaK TepH O H  HepTOH o p ra H H n e c K o ro  B em ecT B a ocaaK O B  h b j ih c tc h  noHB- 
jieH H e T a x o ro  H 0B 006pa30B aH H H , n a x  ryMHHOBbie k h c j i o tu .  B HcxoaHOM 
B em ecT B e o h h  OTcyTCTBOBajiH h  B03HHKHOBeHHe h x  oôycJiO B aeH o n p e o ô p a -  
30B3HHeM n a c r a  o p ra H H n e c K o ro  B em ecT B a b  n p o a e c c e  ceaH M eHTauH H.
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HaxoíKAeHHe ryMHHOBbix khcaot b ocaAKax uempaJibHbix nacTen one- 
aHOB — b panonax, AOCTaTonHo ynaAeHHbix o t bahhhhh MaTepHKOBoro cto- 
Ka, a TaKJKe b aohhhx otaojkichhhx pañoHa AHTapKTHAM, rae nocTynAeHne 
opraHHHecKoro BemecTBa c cyinn Majio BeponTHO, roBopuT 3a hx 3btoxtoh- 
Hoe npoHcxojKAeHHe. Kpoiwe toto, npnMan CBH3b iMeJKAy pacnpeAeAeHHe.M 
ryMHHOBblX KHCAOT B OCaAKaX H ÖHOMaCCOH nJiaHKTOHHblX OpraHH3MOB B 
BOAHOH TOJime CBHAeTeJIbCTByeT 06 o6pa30BaHHH HX H3 nJiaHKTOHHblX op- 
raHH3MOB.

MencAy coA'epaiaHHeM ryMHHOBbix khcaot b ocaAKax h KornjeHTpauHefl 
opraHHuecKoro yrjiepoAa HaiwenaeTCH npnMan cBH3b. 3 to aBjieHHe Haöjiro- 
AaercH Ta'iOKe b coBpéMeHHbix ocaAKax Apyrnx MopcKHX ôacceHHOB h b 
HeKOTopbix iHCKonaeMbix ocaAOMHbix nopoAáx.

CoAepxiaHHe ÖHTyMHHoaHbix BemecTB b HccAeAOBaHHHx ocaAKax TaK- 
me HaxoAHTCH b np»Moñ cbh3h c ônoMaccoH njiaHKTOHHbix opraHHBMOB. 
TaKHM oßpaSOM, OCHOBHHM HCTOHHHKOM ÖHTyMOB B HCCAeAOBaHHblX ocaA­
Kax HBAHIOTCH OCTaTKH HAaHKTOHHblX OpraHH3MOB.

HaÖAIOAaeTCH npAMaa CBH3b MeJKAy 6HTyMHH03HOCTbIO OOaAKOB h co- 
AepxcaHHeM b ,hhx opraHHnecKoro yraepoAa.

FIoAOÖHaH x e  3aBHCHM0CTb öbuia oÖHapyjKeHa «aMH paHee b aohhux 
OTAOHîeHHHX BepHHTOBa MOpH.

HaMenaeTCH TaKJke npnMaa CBH3b MejKAy 6HTyMHH03H0CTbió ocbäkob 
h coAepjKaHHeM ryMHHOßhix khcaot, h3 Hero mqjkho cAeaaTb bhboa, mto 
nponecc ryMHcjjHKaixHH opraHHnecKoro BemecTBa He 3aTparHBaeT ÖHTyMH- 
H03HyK) (})paKUHIO.

rio XHMHHeCKOMy COCTaBy ÖHTyMbl HCCAeAOBaHHblX ocaAKOB B 3Ha«IH- 
TeAbHOH Mepe OÄHOo6pa3HbI, HTO, nO-BHAHMOMy, CBH33H0 C eAHHMM HCTOH- 
HHKOM o6pa30BaHHH — OCTaTKAMH nAAHKTOHa.

KaK no SAeMeHTapHOMy cocTaßy, TaK h no KOMnoHeHTHOMy, ÖHTyMbi 
HCCAeAOBaHHblX OKieaHCKHX OcaAKOB He HMeiOT Cym,eCTBeHHHX OTAHHHH OT 
ÖHTyMOB coBpeMeHHbix rAyßoKOBOAHbix ocaAKOB Apyrnx MopcKHX 6ac- 
CeHHOB.

B OTHonieHHH npeo6pa30BaHHH opraHHHecKoro BemecTBa HCCAeAOBaH- 
Hbie ocaAKH pe3Ko AeAHTCH na Aße rpynnbi.

noAaBAHioman nacTb THnnnHUx OKeaHCKHX ochakob xapaKTepH3yeTcn 
npeaBbinaHHO bhahm npeo6pa30BaHweM oprammecKoro BeniecTBa. FIooTOMy 
b TeneHHe AAHTeAbHoro BpeM&HH b Taxnx ocaAKax He nponcxoAHT 3aMCT- 
HOTO H3M0HeHHH (})H3HKO-XHMHHeCKHX yCAOBHH; MHHepaAH3aU,HH TpyHTOBblX 
pacTBopoB BbipaaceHa »paflHe CAaöo « coAepiKaHHe 6HTyMHH03Hbix Be- 
m*eCTB COXpaHHeT.CH AOBOAbHO HOCTOHHHHM.

B ApyroH rpynne ochäkob, HanpoTHB, npeoßpaaoBaHHe opraHHHecKoro 
BemecTBa npoTeKaer cpaBHHTeAbHo SHepranHO. B cbh3h c sthm (Jxh3hko- 
XHMHHeCKHe yCAOBHH COOTBCTCTByiOmHM OÖpa30M npeOÖpa3yiOTCH: 33MeTHO 
B03>pacTaeT MHHepaAH3auHH rpyHTOBoro pacTBopa (yBeAHnnaaeTCH menon- 
HOCTb, coA'epjKanHe aMMOHHHHoro a30Ta h pacTBopeHHoro opraHHHecKoro 
BemecTBa), h HecKOAbKO B03pacTaeT coAep»aHHe ÖHTyMHHOßHHx BemecTB. 
B 3THX ocaAKax HaMenaeTca TaKHte TCHAeHUHH k yBeAHneHHio ooAepJKaHHH 
MaceA b cocTaBe ÖHTyMa.

yKa3aHHue pa3AHHHH b npeoßpaaoBaHHH opraHHHecKoro BemecTBa, no 
HarneMy mhchhio, CBnaaHbi npe*Ae 'Bcero c TeM, mto b nepBOM CAynae 3a- 
xopoHeHHK) b ocaAOK noABepraeTCH y*e TAyßoKO npeoöpaaoßaHHoe opra- 
HHnecKoe BemecTBo, TorAa Ka« bo BTopoM 3axopaHHBaeTCH öoAee Aeecno- 
coßHan— AaÖHAbHan opräHHKa.

KaKOBa » e  npunHHa SToro hbachihh? LUhpoko pacnpocTpaHeHO mhchhc, 
hto Ha npeo6pa30BaHHe opraHHHecKoro BemecTBa b nponecce ceAHMeHTa- 
hhh orpoMHoe BAHHune OKa3brBaeT TAyÖHHa öacceflna. CnHTaeTCH, hto op- 
raHH.necKoe BemecTBO, ocajKAasicb nepe3 MontHyio BOAHyio TOAUty, noAßep- 
raeTCH HHTeHCHBHOMy pa3AOÄeHHio h ÖAaroAapa STOMy b rAyóoKOBOAHbie
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npHJIOJKfeHHe I
reoxHMHHccKHe xapaKTepMCTMKH BepxHero cjiob oxeaHCKHx ocaAKOB (ycpenneHHbie BejiimHiibi)

KapßoHaTHOCTb Tun ocanKOB

OH3HKO-XHMH- 
MCCKHC CB00CTBÍ1

X hmhmcckhA COCTaB 
rpyHFOBbix pacTBOpoB PI

§•¡5'S o 
ua X. Ty

M
HH

OB
bi

e 
KH

CJ
IO

TU
, 

%

pH E h.Me AIK,MZ'3Kejjl NH<—N
MS/A

Tuxuü OKeaH
B ecK apôonaT H bie rjIHHHCTbie HJIbl . . 7,61 +474 2,10 0,45 0,03 0,04
Cjia6oi<ap6oH aTH bie T jIHH HCTO-H3B6CTK0-

Bbie HJIbl ........................... 7,84 +296 2,41 0,52 0,045 0,063
KapÖoHaTHbie AjieBpHTO-rjIHHHCTbie

H J I b l ........................................... 7,52 +399 2,34 0,25 0,015 0,047
AjieBpHTOBbie HJIbl . 7,57 +412 3,53 0,23 — —
n e C K H ................................. 8,14 +385 2,41 0,30 0,035 0,01

Mhóuückuü otcean
B ecnap6oH aT H bie F  JIHHHCTbie HJIbl . . 7,36 1 +431 2,71 0,21 0,03 0,166
CjI30OKapÖ0H3THhle rJIHHHCTO-H3BeCTKO -

BUe HJIbl ........................... 7,90 +365 2,54 0,08 0,02 0,08
K apóoH aT H bie AjieBpHTO-rjIHHHCTbie -

H J I b l ........................................... 7,64 +312 2,34 0,20 0,02 0,13
AjieBpHTOBUe h jih  . 7,25 +319 2,64 0,198 0,018 0,12
n e C K H ................................. 7,32 +223 2,72 0,19 0,037 0,235

o c a A K H  B b i n a f l a e T H e ó o ^ b u i o é K O J i H ^ e c T B o y ^ í e  C T a 6 H A H 3 H p o B a H H o ro  h  M a j io  
c n o c o Ô H o r o  k  A a A b H e f i i i ie M y  n p e o 6 p a 3 0 B a H H i o  o p r a H H H e c K o r o  B e m e c T B a .  
H a M  n p e A C T a B J ia e T C H  T a n o e  T O jiK O B a H n e  H e s e p H b iM . H a A H H H e  a o h h h x  * h - 
BOTHblX, a  T3KJKG 6 a K T e p H 3 A b H O H  <})AOpbI C B H A O TeA bC TB yeT  O TOM, HTO O p -  
r a H H H e c K o e  B e m e c T B O , n o n a A a i o m e e  b  o c a A K H  b  o k c h h c k h x  v c a o b h h x , e m e  
A aA eK O  OT COCTOHHHH ÓHOXHMHHeCKOH C TaÓ H A H 3aiI,H H .

K p o M e  T o r o ,  b  o c a A K a x  r j iy ô o K O B O A H b ix  O KeaH CKHX B n aA H H  ( H a n p H M e p  
b  5 Iß a H C K O H ), n p H  o n a A a H H H  b  K O T o p b ie  o p r a H H H e c K o e  B e m e c T B O  a o a >k h o  
npO H T H  nOHTH B A B a  p a 3 a  Ô O A blIiy iO  T O A IIty  S o raT b IX  KHCAOpOAOM b o a , 
o p r a H H H e c K o e  B e m e c T B O  n o A B e p ra e T C H  H H T encH B H O M y npeo6pa30BaHHK>, 
MTO CB H A 'CTeA bC TB yeT 0 eTO A aÖ H A bH O C TH .

Ilo H a r n e M y  M H eH H io , o c h o b h h m  (J )a K T o p o M , B b i3 b iB a io m H M  B H A o e  n p e -  
o 6 p a 3 0 B a n H e  o p r a H H n e c K o r o  B e m e c T B a  b  T O A iu e  t h h h h h h x  O KeaH CKHX o c a A -  
KOB, HBAHeTCH H p e 3 B H H a H H o  M e A ^ B H H o e  o c a A K O H a K o n A e H H e . B A a r o A a p n  
3 T o w y  pa3 A O JK € H H e o p r a H H H e c K o r o  B e m e c T B a  t a 3 b h h m  o 6 p a 3 0 M  o c y m e c r -  
B A H ercH  H a  n o B e p x H O C T H  o c a A K a  h  b  A a A b H e ñ m e M  3 a x o p a H H B a e T c n  y n c e  
t a \T )o k o  n p e o 6 p a 3 0 B a H H o e ,  c r a Ö H A b H o e  o p r a H H n e c K o e  B e m e c T B O , m 3 a o  
c n o c o Ö H o e  k  A a A b n e f l iu e M y  H3M eH<eHHio.

B T e x  >Ke CAynanx, K o rA a  c K o p o c T b  H a K o n A e m iH  ocaA K O B  3 H a H H T e A b H a , 
o p r a H H H e c K o e  B e m e c T B O  ß b ic T p o  H 3 0 A H p y eT C H  o t  H e n o c p e A C T B e H H o ro  k o h - 
T íiK T a c  BOAHOH T O A m e fi, p a c n a A  e r o  n p o T e K a e T  e  m / i m e  o c a A K a  h  b  c o - 
OTIiCTCTBHH C 3THM  n e p e C T p a H B a e T C H  B e c b  O p ra H O -M H H e p a A b H b lH  KOMHAeKC 
o c a A K a .

EC A H  p a C C H H T aT b  B p e M H , HeOÔX OAHM Oe A A n  AOCTHJKeHHH O TM epU lH X  
HA aH K TO H H blX  0 p r3 H H 3 M 0 B  M aK C H M aA bH bIX  O KeaH CKHX TAyÖHH, TO OHO H 3 -  

M e p n e T C H  a g c h t k h m h  A H e n  h  M e o m a M H . B t o  * e  B peM H  a a h  3 a x o p o H e H H H  
o p ra H H H e c K H X  o c T a r e o B  b  o c a A K H  H a  rA y Ô H H y  B c e r o  1 m m  b  o x e a H C K H x  
yCAOBHHX T p e6 y K )T C H  AÊCHTKH A eT . E cT eC T B eH H O , HTO Ö A a rO A a p H  3 T 0 M y  H e- 
n o c p e A C T B e H H o e  BAH HHHe rA y Ö H H b i 6 a c c e Ö H a  H a  c o c T a B  H a K o n A H io m 'e ro c H  
b  o c a A K a x  o p r a H H H e c K o r o  B e m e c T B a  o t x o a h t  A aA eK O  H a B T o p o f i  n A a H .

B CBH3H c 3THM orpoM H oe BAHHHHe Ha cocTaB opraHHHecKoro BemecTBa 
h  n a  Becb n p o u e c c  e ro  AaAbHeHuiero AnareHeTHHecKotro npeo6pa30BaHHH 
OKa3bIBaeT CKOpOCTb OCaAKOH3KOnAeHHH.
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r i p H J i o x e H H e  II
reOXHMKMeCKHe XapaKTepHCTHKH KOAOHOK OKeaHCKHX ocaAKOB

HoMep 4>rf3HKO-XHMHMeCKHeCBOflCTBa XhmhhcckhA cocTaB rpyHTOBtJX paCTBOpOB BHTyMHH03- TyMHHOBbie
r0pH3OHT B CM pH Eh, M8 meJIÔHOCTb, M2 ' 3K8/A nh4—n,M2/A

HOCTb,
%

KIICJTOTbl,
%

EecKapôoHamubie ocadnu 
a) r j I H H H C T O - p a A H O J I H p H e B U e  HA bí

Cthhuhh 3802
0—12 7,60 +529 2,868 0,178 0,06 0,07

50—62 7,34 +532 2,480 0,138 0,06 CjieAbl
90—100 — +433 2,127 0,159 0,02 »

150—162 .7,24 +502 1,585 0,370 0,05 »
200—210 7,51 +521 2,147 0,195 0,03 »
246—256 7,52 +492 2,009 0,104 0,03 »

CraHUHH 4599
0—11 7,16 +462 2,336 0,08 0,11 HeT

31—46 7,53 +563 2,212 0,05 0,03 »
80—100 — — 2,155 0,52 0,01 »

135-150 7,11 +573 2,155 0,32 0,01 »
233—272 7,53 +563 1,648 0,16 0,01 »
476—514 7,07 +553 . 0,956 0,40 0,03 »
605—625 7,39 + 513 1,543 0,11 0,02 »

CTaHUHH 4609
0—10 6,10 +513 2,112 0,30 0,02 0,03

40—50 6,12 +603 2,102 0,33 0,02 0,02
90—115 6,80 +523 1,796 0,90 0,08 0,05

185—195 6,47 +633 1,817 0,88 0,07 0,04
405—420 6,83 +143 3,153 1,00 0,10 0,03
600—610 7,32 +143 3,754 0,60 0,11 0,04
800—815 6,98 +  23 2,953 0,57 0,08 0,05

6) '  A H H H C T H ï H A bí
CTaHUHH 3827

0—10 7,22 +475 1,853 0,531 0,02 0,20
22—35 7,14 +405 9,888 0,480 0,02 0,10
67—76 7,26 +436 1,524 0,746 0,02 0,10
92—102 7,70 +206 2,487 0,705 0,07 0,21

110—112 7,61 +218 3,356 0,725 0,12 0,03
CranuHH 4535

0-10 7.18 —326 3,528 0,03 0,03 0,02
40-57 6,92 +  76 6,700 1,55 0,03 0,03
95-105 7,46 +132 6,631 1,29 0,06 0,03

150-166 7.36 — 38 6,708 1,00 0,11 0,03
235-245 7,06 -  38 5,632 0,81 0,09 0,12

Cjiaôc-KapôoHamHble ocadiiu 
r  JIHHHCTO-aj ieBpHTOBbie HA bí

Ct3huhh4614
0-10 7,16 +472 2,407 0,15 0,02 0,06

40—55 7,16 +583 2,247 0,67 0,01 0,03
140—150 7,28 +593 - 2,522 0,09 0,07 0,01
256—275 7,06 +578 1,708 0,10 0,01 0,01
430—450 7,30 +573 2,099 0,12 0,02 0,01
650—670 7,18 +558 1,284 0,12 0,01 0,01
830 —905 7,13 +518 . 2,099 0,10 — —
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n p h a o xc e h h e II (npoAOJiiKemie)

IIOMCP CTanium n ropH.ÎOlir 13 CM

<t>II3MKO-XHMIIiICCKHCCIÏOilCTP.'i XlIMimcCKIlH COCTHB rpyIITOÜ1.IX pHCTEOpon ÏSirryMHiioi-[ÎOCIL, . 
%

ryMUlIOBhlC* KIICJIO l’bl, 0 .0pH Eh, mg moJIOHHqCTb, M2-3K6;.1 . NH.-N,.Ul.'/.I

OraHUHH 4634
0-10 . 7,00 +263 2,682 0,10 0,02 0,04

30—45 7,20 +502 2,714 0,08 0,01 0,03
95—107 7,15 +527 2,714 0,07 0,01 0,05

200—212 7,18 +552 2,979 0,07 0,01 0,03
280—295 7,16 +282 3,128 0,11 0,01 0,03
3 i • i—390 7,18 +332 2,096 0,09 0,01 0,03
015—060 7,19 +102 1,870 0,11 0,01 0,02
803—830. 7,18 +  152 1,253 0,11 0,01 0+2

■1108—1132 7,18 +  107 — 0,10 0,02 0,0L
KapOoHamHbie ocadicu

AjieBpHTOBO-rj IHHHCTUe II Jl bí
CiaHuiiii 3835

0-10 7,38 +430 2,412 — 0,00 0,03
32—45 7,74 +249 1,975 — 0,03 0,20
72—80 7,60 +157 1,865 — 0,04 0,20

CTaHUHH 3810
0-5 6,74 +317 2,987 0+72 0,02 0,35

22—40 7,48 +328 2,838 0,480 0,03 0,33
100—115 7,52 +208 2,399 0,417 0,05 0,31
182—200 7,32 +314 3,016 0,390 0,04 0,33
220—240 7,62 +284 3,128 0,432 — —

no/! T3KHM yiyiOM 3peHHH ÔO/iee ßjiarOnpHHTHblMH B03M0/KH0CTHMH b 
OTiiomeHH'H 6HTyMHHH3auH,ii opraHHHecKoro Beiuecma oö/ia/iaiOT paitonbi 
c noBbimeiiHoii cKopocTbio naKonjieniiH ocauKOB.
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H . B> B e a  n e e  a

PACIIPEflEJIEHHE IIJIAHKTOHHblX OOPAMHHHOEP 
B BOßAX H  HA ßHE HHflHflCKOrO OKEAHA

IljiaHKTOHHHe $OpaMHHH$epH HBJIHIOTCH BajKHOH COCTaBJIHK»in¡eH HaCTblO- 
□JiaHKTOHa. H a j iu r a e  h 3 B 6 c tk o b h x  paKOBiiH flenaeT bo3m ojkhhm  3axopoH e- 
Hne 3THX opraHH3MOB b ocaAKax. B coBpeMeHHbix oKeaHax MHoronHCjieHHue 
ocTaTKH njiaHKTOHHEix $opaM HHH$ep o6pa3yioT rjioÖHrepHHOBïie h j ih ,  k o - 
T opne  b T hxom  oKeaHe noKpuBaioT 36 % njiom affii Ana, b AuiaHTHqecKOM — 
6 7 % ,  h  b H h ah h ck o m  — 5 4 % , 3 aHHMan b o 6 m,eM 126 m jih. k m 2 (S w erd ru p  
a . o th . ,  1946). rjioßnrepH H OB H e h j ih  cymecTByioT c MejioBoro BpeMeHH. 
TaK oe innpoK oe pacnpocTpaHeHHe njiaHKTOHHHx <j>opaMHHH$ep bo BpeMeHH 
h  npocTpaHCTBe h  TecHan CBH3b c ycjioBHHMH cpeflH  onpeflejiHeT h x  orpoMHoe 
3HaneHHe a jih  peKOHCTpyKqHH ycjioBHH reo jio rn n ecK o ro  n p o n u io ro . ^ e n c T -  
BHTejibHOH OCHOBOH flJiH najieoaKOJiorHnecKHX h  najieoreorpa<J>HHecKHx h o c t-  
poeHHH MOJKeT ÖHTb 3HBHHe 3KOJIOrHH COBpeMeHHHX $opaM HHH$ep, OCHO- 
BaHHoe Ha H3yneHHH h x  b Tex b o a h h x  M accax, r^ e  o h h  jKHByT, h  cpaBHeHHe 
h x  pacnpeAejieHHH n o  njionjaAH b noBepxHOCTHOM cjioe b o a h  c pacnpeA ejie- 
HH6M nyCTHX paKOBHH Ha AHe.

f lo  nocjieA H ero BpeMeHH Bee cbbhbrhb 0 6  sKOJioma njiaHKTOHHHX $opaM H- 
HH$ep 6a3HpoBajiHCb Ha H3yneHHH pacnpeAejieHHH h x  paKOBHH b ocaAKax. 
PaèoTbi B e (B e, 1960) h  EpaA inoy (B rad sh o w , 1959), ocHOBaHHHe Ha MaTe- 
p n a j ia x ,  coôpaHHHX b T hxom  h  ATjiaHTHueCKOM OKeaHax, 6 h jih  nepBbiMH 
3KOJiorHnecKHMH paôoTaMH n o  cobpeMeHHbiM nejiarnnecKHM  $opaM HHH$e- 
paM.

B H h ah h ck o m  OKeaHe njiaHKTOHHue $ ° P aMHHH$epH H3ynajiHCb Majio. 
HenMcH (C h a p m a n , 1895) o n n ca ji b h ao b o h  cocTaB <j)opaMHHH(j)ep B cero  c 
m e c ra  CTaHAHH ApaBHHCKoro Mopn, X epoH -A juieH  h  HpjiaHA (H e ro n -A lie n  
a . E a r la n d ,  1914) — c 16 c th h a h h  h3 pauoH a a p x n n e jia ra  KepnMÖo. C h h co k  
b h a o b  H3 ApaBHHCKoro MopH Aa H TaKJKe ÜTaôÔHHroM (Stu b b in g s ,  1939).

OcHOBHHe 3aAauH AaHHoii paöoTbi — HCCJieAOBaHHe 3KOJiornH coppe- 
MeHHHX HJiaHKTOHHHX $OpaMHHH<|>ep, H3yueHHe HX KOJIIiqeCTBeHHOrO H 
BHAOBoro pacnpeAejieHHH n o  aKBaTopun h  Ha Ane H h a h h c k o c o  oKeaHa, a 
TaKHte ycjioBHH jk h 3 h h  h  3axopoHeHHH. BHnojiHHJiacb oHa b OTAejie MopCKofi 
re o jio rn n  ÜHCTHTyTa oKeanojiorHH A H  C C C P. H cxoahbim  M aiepnajioM  n o c jiy - 
jk h jih  npoßb i HJiaHKTOHa h  a o h h h x  ocaAKOB, coßpaH H iie b H hahhckom  oKea- 
He b 1956— 1958 r r .  b nepBOM h  b topom  p e n c a x  KoMHJieKCHOH aHTapKTnnecKOH 
3KcneAHAHH A H  CC CP Ha A/a «06b» (HanajibHHK reo jio rn n ecK o ro  oTpuAa 
A . n . J Ih c h ijh h )  h  b 1959— 1960 r r .  b 31-m peu ce  KoMHJieKCHOH oKeaHO- 
rpa^HueCKOH sKcneAHijHH HHCTHTyTa oKeaHOJiornn A H  CCCP Ha 3/c «BnTH3 b» 
(HanajibHHK reo jio rn n e cK o ro  oTpHAa n .  J I . B e3 pyKOB). B c e ro  6biJio H3yneH0 
4 0 9  n p o 6  HJiaHKTOHa h  286  n p o 6  a o h h h x  ocaAKOB (p n c . 1 h  2 ). 06pa6oT K a Ma- 
TepnajioB npoBOAHjiacb MeTOAOM MaTeMaTHuecKOH CTaTHCTHKH. bmbcbb-
hhh  [3aK0H0MepH0CTeü pacnpeAejieHHH jkhbbix «JopaMHHH^ep npHBJieneHbi
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P e c .  1 .  PacnojioweHHe CTaHUHH, Ha KOTOpnx 6pajincb npo6u flan nayqeHna pacnpeAejieHHH 
$opaMHHH$ep Ha ahb HHflHHCKoro OKeaHa 

1 —  CTaHHHH a/a « 0 6 b »  (1 — 3 2 9 )  n a/c « B h t h s l »  ( 4 4 9 7 — 4 7 2 6 ) ;  2  —  CTaHRHH A H T apK T m eC K O ft aKCneHHHHH
1 9 2 9 — 1 9 3 1  r r .

J iH T e p a T y p H H e  ^ a H H u e  no T e M n e p a T y p e ,  cojieH O C T H  b o a , c o A o p jK a H H n  b  h h x  
$ o c < J )o p a , K H C jio p o f la  n  K peM H H H  n  n o  s p y r H M  B o n p o c a M . B K a n e c T B e  6 a T H -  
M e T p n n e c K O H  o c h o b h  H c n o j ib 3 0 B a H a  n a p T a  penteijba a h  a H h a h h c k o p o  o n e a H a  
n a  M o p c K o r o  A ï j i a c a  c  yqeT O M  H e K O T o p tix  h o b h x  CB eA eH H H , n o j iy n e H H H X  b  
3 1 - m  p e n c e  a / c  « B n T H 3 b » .

METO.HHKA CBOPA H OBPAEOTKH nPOB

I I p o Ó H  a o h h h x  ocaA K O B  ß p a j iH C b  A H o n e p n a T e j ie M  « O K e a H -5 0 »  c  n jio m ;aA i> io  
a a x B a T a  0 , 2 5  a í2 , f l j i a  6 o j i e e  n o j i H o r o  h  n p a B H J ib H o r o  n p eA C T aB JieH H H  o  b h a o -  
BOM COCTaBe H KOJIHHeCTBeHHOM p a c n p e A e j ie H H H  nJiaH K TO H H blX  $O paM H H H (J)ep  
H â M n  6 h j i h  B 3H TH  H 3 A H o n e p n a T e j ib H H X  n p o 6  H aB ecK H  n o  1 0 — 2 5  a .  O caA O K  
n p o M H B a j in  n e p e 3  M e jib H n n H H H  r a 3  N° 76. ü o j iy n e H H b iH  « « jjo p aM H H H tJep o - 
BH H  ocT aT O K » n o A B e p ra j iC H  K O jin n ecT B eH H O É  o p e H K e  ( n r r y K )  n o  b h a s m

863



14 H. B. EEJIflEBA

60 120

20

▲ 314726
470' (469C

47OÛ0 4630̂*4̂33
*4666 ft4667av i •

u 9 I • 4630f \  4660 4649 ft4641 •' ,4693*^9 a4640
J — £%  « * *

4647.4609

.4502

•  •

270
271

261 273 274 270
212

60

172200.
206

Ö103 184/- Ol91 J  0)90
■92

30 60 120

P h c . 2 .  P a c n o jio jK e H H e  CTaHAHH, H a K O T o p u x  ß p a jm c b  n p o Ö H  ^ jih  H 3y^eH H fl pacnpeA ejieH H H  
$ o p a M H H H $ e p  b TOJinje boa Hhahhckofo o n e a H a

1 — [H3y'jeH*i BMflOBOÄ cocTaB $aym.i b noBepxHOCTHCM cJioe boabi (C—200 ¿i); 2 —  noyneHO KOJiHHe- 
CTBeiiHoe pacnpeuejieHHe b tom we cjioe; 3 — ii3y*ieHO pacnpeflejicHne; b TOJiire OflLi ot 0 flo 4000 m

b  10 a  o c a f lK a .  Ha ocH O B aH H H  n o j iy n e H H b ix  p n i j p  6 h j i h  n o C T p o e H ti  K a p T H  
o ß n j e r o  K O JiH n ecT B eH H o ro  p a c n p e A e j ie H H H  iraaH K T O H H H X  $ o p a M H H H $ e p  (b 
n e p e c n e T e  H a  1 a  o c a A K a )  h  p a c n p e A e j ie H H H  o T A e jib H u x  b h a o b  H a  A n e  Hhahíí- 
C K o ro  O K e a H a . H 3 0 j i h h h h  c o A e p n i a i m n  $ o p a M H H H $ e p  n p o B e f le H H  H a  K a p -  
T a x  c yneT O M  p e s t e r a  A n a ,  K O T o p iiH  0 K a 3H B a e T  ô o j i b i n o e  B jiH H H n e  H a  p a c -  
n p e f le j i e H H e  h x  paK O B H H  (C aH A O B a, 1961).

PacnpeAejieHHe $opaMHHH$ep no BepranajiH b Tojnpe boah 6hjio H3yieHO 
no npoßaM, coôpaHHHM otphaom nJiaHKTOHa (HanajibHHK OTpaAa M. E. Bh- 
HorpaAOB) b 31-m pence si c «BnTH3b» b nepnoA c oKTnöpn 1959 r. no anpejib 
1960 r. Bcero 6hjio HCCJieAOBaHO 104 npoßbi c 14 CTaHAnn, pacnojionteHHbix 
b Hhahhckom OKeaHe MentAy 20 h 28° c. m. C6op HJiaHKTOHa b 3KChcahahh 
OcymeCTBJIHACH no MeTOAHKe, npHHHTOH B HHCTHTyTe OKeaHOJIOrHH AH CCCP. 
OpyAneM cßopa cjiyjKHJia ceTb BP c AnaMeTpoM BXOAHoro oTBepcTHH 113 cm 
h AnaMeTpoM $HJibTpyiomero KOHyca 140 cm (chto N° 15). 9toh ceTbio Ha
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PACrrPEflEJlEHlIE njIAHKTOHHBIX COPAlVlllHlIOEP ■15

K a æ f lo H  C T a H i i ; i i i i  n p o B O A H J iH C B  B e p T i i K a j iB H b i e  o 6 j i o b b i  n o  c j i o h m :  0 — 5 0 ,  

5 0 — 1 0 0 ,  1 0 0 - 2 0 0 ,  2 0 0 — 5 0 0 ,  5 0 0 - 1 0 0 0 ,  1 0 0 0 - 2 0 0 0  m h j i h  1 0 0 0 - 1 5 0 0  

h  1 5 0 0 — 2 0 0 0 , 2 0 0 0 — 3 0 0 0 ,  3 0 0 0 — 4 0 0 0  a i . M 3 K a n t o n  n p o Ö B i  6 b i j i h  o T o ß p a H B i  

B e e  < J )o p a M H H H < i> e p i> i.  f l a n e e  o h h  6 b i j i h  o K p a in e H B i  ß e i i r a j i b C K o ü  p o 3 0 B o n  

K p a C K O Í Í  B p e j I H X  B B I f le j ie H H H  J K H B H X  3 K 3 e M n J I H p O B . f l j I H  3 T O r o  $ o p a M I I H H ( f i e -  

p H  H a  1 — 2  f f lH H  n o r p y n t a j i n  b  p a c T B o p  K p a c K H ,  3 a T e M  n p o M B i B a j n i .  n o  p B e i y  

n p O T O n J ia 3 M B I  ( i i p a C H B I H  H J IH  I I H T e H C H B H 0 - p 0 3 0 B B I H )  B B I f le j IH J I I I C B  J K I IB B ie  1 

o p r a H ii3 M b i . M e r o f l H K a  o K p a n i i i B a H i m  B n e p B B ie  o n u c a H a  B o j i t o h o m  ( W a l t o n ,  

1 9 5 2 ) .  O j i c f l j K o p  ( P h l o g e r ,  1 9 5 4 )  y K a 3 B i B a j i ,  n r o  n p o T o n J i a 3 M a  b  p a K O B i m a x  

$ o p a M H H i i ( J ) e p  p a 3 n a r a e T C H  n e p e 3  1 2 — 1 4  n a c o B ,  n o a T O M y  B e e  < f> o p a M H H H < |)e -  

p n  c  n p o T o n j i a 3 M o n  n p a K T i i H e c K i i  M o r y T  c m iT a T B C H  j k i i b h m h .  B  K a v K j i o i i  n p o -  

6 e  6 b i j i o  n o f l c m iT a H O  o 6 m ; e e  K O J i i r a e c T B o  3 K 3 e M n jm p o B  h  o t a c j i b h o  h i i c j i o  h ; h -  

b b i x  h  M e p T B B ix  o c o ö e i i ,  a  T a K » e  K O J in n e c T B o  b h a o b .  B e e  n p i iB e f l e H H B i e  

p i n j i p B i  p ;a H B i n o  o 6 iH , e n p H H H T o i i  M e T O A H K e  b  n e p e c n e T e  H a  1 0 0 0  A t3 ( B e ,  

1 9 6 0 a ;  P a r k e r ,  1 9 6 0 ) .

X a p a K T e p  r o p H 3 0 H T a j i B H o r o  p a c n p e A e j i e H H H  < j io p a M H H H < |> e p  b  n o B e p x -  

H O C T H B ix  B O A a x  M H A H i i c K o r o  O K e a H a  6 b ij i  i i 3 y > i e H  n o  n p o ö a M ,  c o ö p a H H B iM  b  

n e p B H X  T p e x  p e n c a x  a / s  « 0 6 b »  h  b  3 1 -m  p e n c e  a / c  « B h t h 3 b » .  I I p e i K A e  B c e r o  

6 h j i h  p a c c M O T p e H B i  9 3  n p o Ö B i  c  3 9  c t  a  i m  n i i  « 0 6 h » ,  n p e A O C T a B j ie H H B ie  H a M  

K .  A .  B p o A C K H M  h  K .  B .  E e K J ie M n m e B B iM .  C 6 o p  o c y m e c T B j iH J iC H  c e T f l M H f l m e -  

A H  ( h 3  C H T a  N °  3 8 )  c  A n a M e T p o M  b x o a h o t o  o T B e p c T H H  3 7  cm. B  T o j i m e  Ti n .AlTTa
Ö O J IB H IH H C T B e  C T a H U ,H II  O T M O H e H O  p a C T B O p e H H e  ( J )O p a M H H H ( |) e p ,  J IH Ö O  n a C T H H -  

H o e ,  j i h 6 o  n o j i H o e ,  h t o  A e j i a e T  h 6 b o 3 m o h < h b im  H C n o j iB 3 0 B a H H e  b t h x  n p o 6  n p n  

K o j iH n e c T B e H H B ix  n o A c n e T a x .  n PH H 3 y n e i i H H  p a c n p e A e j i e H H H  b h a o b  < j> o p a M H -  

H H $ e p  3 T H  A a H H B ie  y H H T B iB a j iH C B . P a C T B O p e H H e  p a K O B H H  O T M e n e H O  H a  B c e x  

a H T a p K T H n e c K H X  C T a H i jH H X  h  Ha M e p H A H O H a j ib H H X  p a 3 p e 3 a x  a o  4 0 °  i o .  m .  

K c e B e p y  o t  b t h x  c t h h i i h h ,  n o  M a T e p r ia n a M  n e p B o r o  h  B T o p o r o  p e n c a  

A / a  « 0 6 b » ,  p a c T B o p e H H H  H e  H a ô j i i O A a j i o c B .  I I o - B H A H M O M y ,  p a C T B O p e H H e  b  

3 T H X  n p o 6 a x  H e  C B H 3 a H O  c  B 0 3 A e n c T B H e M  ( J o p M a j i H H a ,  K a K  n p e A n o j i a r a j i o c B  

B H a n a j i e ,  a  n p o n c x o A H T  b  p e 3 y j iB T a T e  a r p e c c H B H O C T H  x o j i o a h m x  a H T a p K T i i -

n e c K H X  b o a  n o  o T H o m e H H io  k  K a p ö o H a T y  K a j i B i p a h .

H a n 6 o j i e e  n o A p o Ô H O M y  K a n e c T B e H H O M y  h  K O J in n e c T B e H H O M y  a H a j i H 3 y  

Ö H j i a  H O A s e p r H y T a  $ a y H a  T p o n n n e c K H x  p a i i o H O B ;  n p n  3 t o m  6 b i j i o  H 3 y n e H O  3 1 0  

n p o 6  H J ia H K T O H a  ( 3 1 - ä  p e ñ e  « B h t h 3 h » ) ,  c o ô p a H H B ix  c e T b io  f l æ e A H  c  A n a M e T p o M  

B x o A H o r o  O T B e p c T H H  8 0  cm h  $HJiBTpyiomero K O H y c a  ( c h t o  JV° 3 8 )  1 1 3  cm. 
H c c j i e A O B a j i i i c B  n p o 6 i> i  h 3  c j i o e B  0 — 2 5 ,  2 5 — 5 0 ,  5 0 — 1 0 0 ,  1 0 0 — 2 0 0  a i .  K a p -  

t b i  p a c n p e A e j i e H H H  $ o p a M H H H $ e p  h  o T A e j i B H H X  h x  b i i a o b  (b  aK 3 . H a  1 0 0 0  a i 3 
b o a b i )  n o c T p o e H U  a h h  c j i o h  0 — 2 0 0  m.

I Ip H  H 3yneH H H  K O JinnecT B eH H oro  p a cn p e A e jie H H H  <J>opaMHHH$ep aBTopoM  
B nepB B ie 6 h j I H  H C n0JIB 30B aH H  MeTOAH MaTeMaTHHeCKOM CTaTHCTHKH2.

C o A e p m a H H e  $ o p a M H H H $ e p  o t  M e c T a  k  M e c T y  K O J ie ô j ie T C H .  E c j i h  H H T e p -  

B a j i  K O J ie 6 a H H H  b  p H A e  T o n e n  n e B e j i H K ,  t o  c o A e p H t a m ie  C H H T a e T C H  p a B H O M e p -  

H B iM ,  e c j i H  m e  o h  3 H a n H T e j i e H ,  t o  K O H C T a T n p y e T C H  H e p a B H O M e p H o c T b  p a c n p e ­

A e j ie H H H .  K a K  b  n e p B O M ,  t k k  h  b o  B T o p o M  c j i y n a e  b t o  —  B e j i n m i H a  n e p e M e H -  

H a H .  X a p a K T e p H O H  O C o 6 e H H O C T B K ) B e J IH H H H H  C O A e p æ a H H H  $ O p a M H H H $ e p  H B J IH e T -  

CH H e n p e p B iB H O C T B ,  t .  e . ,  K a K  6 h  h h  6 h j i h  6 j i h 3 k h  A s a  3 H a n e H H H  3 t o h  B e j iH H H H U ,  

n p n  ö e c K O H e n H O M  n o B T o p e H H H  o n p e A e j i e n H H  b  a h h h o m  T a H a T o n ; e H 0 3 e ,  m o b k h o  
B C T p e T H T B  c o A e p H t a H H e ,  n p o M e jK y T O H H o e  M e iK A Y  h h m h .  K p o M e  T o r o ,  c o A e p -  

S K a H H e  $ o p a M H H H $ e p  b  o c a A K a x  h b j i h c t c h  c j i y n a H H O H  B e j r a n H H O H ,  t h k  K a K  

H e j iB 3 H  3 a p a H e e  n p e A C K a 3 a T b ,  K a K o e  3 H a n e H H e  o h o  n p n M e T  b  p e 3 y j iB T a T e

1 B MOMeHT B3HTIIH npo6u.
2 l i p a  3TOM H cn o iita o B a jiH C b  p a ô o T i i  f l .  A. PoflHOHOBa (1961a, 6 ,  b ; 1962a, 6 ; P o a h o -

h o b  h  J I h x o b h h , 1961).
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16 H. B. EEJIHEBA

eflHHHUHoro onpeflejieHHH. TaKHM o6pa30M , b jiioôom ocaflKe, b jiio ô n x  TaHa- 
Ton;eH03e h  6Hon;eHo3e mm HMeeM flejio c coBOKynHOCTbio cjiyqaÜHbix anane- 
h h h , KOTopue cn jiom b 3anojiHHiOT HeKOTopLiii HHTepBaji. H a 9Toro cjieAyeT, 
h to  3aflaqa conocTaBjieHHH coflepjKaHHH $opaMHHH(j)ep b pa3jiHHHNX Ta- 
HaTon,eH03ax h  ÖHOAeiioaax c b o a h tc h  k  conocTaBjieHiiio coBOKynHocTefi c¿iy- 
qaËHbix 3HaqeHHH othx coAepiKamiH, a He oTAejibHbix pe3yjibTaroB onpefle- 
jieHHH. noaTOMy HCKJirowrejibHyio BajKHOCTb npHoöpeTaeT Bonpoc o npaBHJib- 
HOM BHÖope xapaKTepHCTHKH TaKHX COBOKyHHOCTeil.

f lo  nocjieflH ero BpeMeHH nm poK o iicnojib30BajiöCb cpeAHBa apn$MeTH- 
necK e« pe3yjn>TaTOB oTAejibHHX onpeAejieHHH. OflHaKo oho  hc flaeT nojiH oro 
onncaHHH coBOKynHocra coflepæaHHH. T a n , xojibKo no  cpeAHe*i^ apH$MeTH- 
qecK0ÄHejib3H cyAHTb 0 6  HHTepBajie KOJieöaHHH Haöjno^aeMbix 3HaqeHHii co- 
sepjKaHHH, a  TeM öojiee nejib3H CKa3aTb, K anne 3HaneHHH H3 3Toro HHTepBajia 
BCTpenaioTCH naniy , a  K anne pcvKe. KpoM e T oro , ab  e coBOKynHOCTH, oöjiaflaio- 
m ne OflHHaKOBHMH epeflHHMH COAepHîaHHHMH, MOryT 6 LIT b B KOpHe OTJIHH- 
HbiMH n p y r  o t  f lp y ra . H anpH M ep, H3 A syx TaHaTou;eH030B hjiii Aayx tiih o b  
ocaAKa c npiï6jiH3HTejibHO OAHHaKOBbiMii cpeAHHMH coAepæaHHHMH KaKoro- 
jih 6 o BHAa b OAHOM BHA pacnpeA ejieH  AosojibHO paBHOMepHO h  3HaqeHHH ero  
coAepjKaHHH 3aKjiioqeHbi b BecbMa y3KOM HHTepBajie, a b ApyroM — HapHAy 
c BecbMa MajibiMH coAep?KaHHHMH MoryT HaöjiioAaTbCH ynacTKH 3aMeTHoro 
o 6 orain;eHHH. CjieAyeT o tm o th tb , h to  b iipupoA e HepeAKii c jiy q an , KorAa co- 
AepjKaHHH, 6jiH3KHe no  CBoeMy 3HaqeHHK> k  cpeAHeÄ^ aputfiMCTHqecKotiu Ha- 
ßjiioAaioTCH ropa3AO pe>ne, neM 3HaHHTejibHo oTjinnaiomHecH o t  Heeo.

O Bcex 3THX OCOÖeHHOCTHX COBOKynHOCTH COAepjKaHHII $opaMHHH<J)ep 
Hejib3H cyAHTb TOJibKo no  OAHOHijcpeAHeHjapH^MeTHqecKoií^. H 3 T eopnn  Bepo- 
HTHOCTeñ H3BeCTHO, HTO yHHBepCajIbHOH XapaKTepHCTHKOH CjiyqaHHOII BejIH- 
h h h h  HBJineTCH $ynKu;HH ee pacnpeAejieHHH. 3 ï a  (JynKUHH BbipaæaeT Bepo- 
HTHOCTb Toro, HTo cjiyqaim aH  BejiHHHHa npHMeT b pe3yjibTaTe CAHmiHiioro 
HaßjnoAeHHH 3HaneHHe MeHbmee 3aAaHHoro h jih  paBHoe eMy. BecbMa Banm oe 
c b o h c tb o  $yHKijHH pacnpeAejieHHH — ee 0AH03naqH0CTb a jih  coBOKynHOCTH, 
t .  e . AaHHan cjiyqaiiH aH  BejiHHHHa oßnaAaeT to jib k o  o a h o ü  $yHKii;HeH p a c ­
npeAejieHHH, KOTopaH noJiHOCTbio onHCHBaer Bce ee CBOiicTBa. ^ B e  coBOKyn- 
HOCTH C OAHIiaKOBblMH (fiyHKHHHMH pacnpeAejieHHH XapaKTepH3yH)TCH OAHHa- 
KOBHMH CbOHCTBBMH. B 3aBHCHMoCTH o t  CBoero BHAa $yHKipiH pacnpeAejieHHH 
cjiynaHHOH BejiHHHHH onpeAejineTCH TeM h jih  h h h m  hhcjiom  napaMeTpoB. 
EcjIH BHA ee H3BeCTeH, TO, nOJIb3yHCb COOTBeTCTByiOin,HMH CTaTHCTHHeCKHMH 
OAeHKaMH napaM eTpoB, m ojkho AaTb n o jm o e  onncaHHe AaHHoii coBOKynHOCTH.

H an ö o jiee  pacnpocTpaHeHHbiM bhaom pacnpeAejieHHH $opaM HHH$ep hb- 
jineTCH jiorapH(j)MHHecKH-HopMajibHMH. fljiH  Hero xapaKTepHo HopMajibHoe 
pacnpeAejieHHe jiorapmJiMOB AaHHofi cjiynaHHOH BejiHHHHH, t . e.

Igx (lg X — mlg „)*
F ( l g x ) = F ( x )  =  - 1 \  e~ *°'ign d (lg*).°ig ti y  2it j° —00

KpHBan njioTHOCTH BepoHTHo c th  pacnpeAejieHHH jiorapniJiMHqecKH-Hop- 
MajibHO pacnpeAejieHHOH BejiHHHHH oßjiaAaeT cymecTBeHHO BbipanteHHOH no- 
jioHtHTejibHOH acnM M eTpneii. YpaBHeHHe s to h  k p h b o h  m ojkho nojiyHHTb, npo - 
AH^i^epeHAHpoBaB F (x) n o  x:

dH.)  ! J ' « - - ! . , ! ' - ! » » -

KaK b h a h o  h3 3Toro ypaBHeHHH, jiorapn(|»MHqecKH-HOpMajibHoe p acn p e- 
AeneHHe onpeAejineTCH ABy MH napaMeTpaMH ml g H ' a i Sfl, h c th h h o 6  3Hane- 
HHe KOTopHX a jih  Hac ocTaeTCH HeH3BecTHMM. 0  npnöJiHJKeHHOM 3HaneHHH

8 6 6



PACnPEAEJIEHHE nJIAHKTOHHblX fl>OPAMHHH®EP 17

3THX n a p a M e T p o B  ( m )g n  m h  M oraeM  c y A H T b H a  o c H O B a H n n  (J ia n ra n e C K O -
r o  M a T e p n a j i a  n o  c o A e p ra a H H io  (j> o p aM H H H $ ep  b  B O flax  n  o c a A K a x .  O n e i iK n  
n a p a M e T p o B  jio ra p in ^ M n n e C K H -H o p M a jz b H o ro  p a c n p e A e j ie H H H  npoH 3BO A H TC H  
n o  c jie f ly ro m H M  $ o p M y j ia M :

n

=  ^Exi — lg
i = l

n

Gig n ~ ^ l g n  =  n   ̂ 2  US xi x)2'
i = l

C jie f lO B a T e jib H o , a j i h  t o t o  h t o 6 h  o x a p a K T e p H 3 0 B a T b  c  M a K c iiM a jib H o ii  n o j i -  
H O T on  coB O K ynH O C T b 3 H an eH H H  j io ra p n $ M H H e c K H -H o p M a jib H O  p a c n p e A e j i e H -  
h o ii  B ejiH H H H bi co A ep jK a H H H  $ o p aM H H H (J)ep  b  o c a A K a x ,  H eoßxoA H M O  n c n o j i b -  

3 0 B a T b  c p e A H ô a  a p H ^ M e r a n e c K p ®  j io r a p n $ M O B  c o A e p ra a H H H  ( l g  x) 1 h  A n e n e p -  

CHK) jio ra p w J iM O B  co A e p jK a H H H  («S'fg t¡) -
O n p e A e jie H H e  BH A a <$yHKn;nH p a c n p e A e j ie H H H  o c y m e c T B jiH e T C H  o p e H K o n  o t -  

H O ineH H H  aC H M M eT piiii p a c n p e A e j ie H H H  j io ra p H $ M O B  (y  i )  k  C T aH A apT H O M y o t -  
K jiOHeHHK) aC H M M eTpiiH  ( o y i )  h  3 K C p e c c a  p a c n p e A e jie H H H  j io r a p n $ M O B  ( y 2) k  
C T aH A apT H O M y o t k j i o h b h h i o  a K C p e c c a  (0 7 2 )-  B  T0M c j i y n a e ,  e c j i n  ara  o r a o m e -  
HHH o K a n ty T C H  M e H b m e  h j i h  p a B H H  T p e M , r n n o T C 3 a  jio ra p n iJ iM H H e c K H -H o p -  
M a j ib H o ro  p a c n p e A e jie H H H  ôy^ er  n o A T B e p ra A e H a .

PacnpoCTpaHeHHOCTb $opaMHHH<jep b  ocaAKax h  BOAax npeAJiaraeTCH 
xapaKTepH30BaTb nacTOTOH BCTpenaeMocra (p),  BuparaeHHOH b  a o j i h x  eAH- 
HHHIiI.

HanSojiee nacTbi b Hhahhckom OKeaHe rjiyßnHbi ot 4 ao 5 rac . m. PeAKo 
BCTpenaioTCH rjiyÔHHH 6ojiee 6 rac . m, MaKCHMajibHan rjiyÔHHa — 7450 m — 
oÔHapyjKeHa b  ÎÎBaHCKOM rjiyßoKOBOAHOM OKeaHHnecKOM raejioße. CaMoe 
KpynHoe noAHHTne — t(eHTpajibHHH Hhahhckhh xpeßeT, npoththbaiomHH- 
CH k rory ot n-OBa HHAOCTaH. Oh pa3BeTBjiHeTCH b CBoeü ioîkhoh nacra na 
TpH BeTBH: AßCTpajio-AHTapKTHHecKoe noAHflTne, xpeôeT KeprejieH-rayc- 
c6epr h njiaTo Kpo3e, nepexoAnmee AaJiee Ha 3anaA b A<j>pHKaHCKo-AHTapKra- 
necKoe noAHHTne. B ceBepHOH nacra IJeHTpajiBHoro Hhahhckoto xpeÖTa ornjie- 
HHeTCH ApaBHHCKO-MHAHHCKHH HOABOAHHH XpeßeT. CnCTeMOH nOABOAHHX nOA- 
HHTHH AHO Hhahhckoto OKeaHa pacnjieHHeTCH Ha AeBHTb kotjiobhh c rjiyÔHHa- 
MH 4—6 Tue. m. B peHTpajibHOH nacra OKeaHa aho kotjiobhh, thk rae KaK h 
noBepxHocTb hoaboahhx xpeßTOB, oôhhho oneHb HepoBHoe. Ilo oKpaHHaM 
OKeaHa aho kotjiobhh b ochobhom npeACTaBJineT coôoh aKKyMyjiHTHBHHe 
paBHHHH (JKHBaro, 1960; JIhchahh, 1961; Be3pyKOB, 1962).

B H h a h h c k o m  O K eaH e b h a b j ih io t c h  T p n  o cH O B H H e K J iH M a ra n e c K H e  3 0 h b i : 
a H T a p K T n n e c K a H  n o j i n p H a n ,  y M e p e H H a n  h  T p o n n n e c K a n .  O c h o b h h c  K j iH M a ra -  
n e c K H e  rp a H H n ;H  T e c H o  CB H 3aH bi c  3 0 H 3 m h  K O H B ep re H ijH H  (o n y c K a H H H )  h  a h -
BepreHpHH (noAteMa) boa.

AHTapKranecKan nojinpHan 30Ha npocrapaeTCH ot ôeperoB KOHTHHeHTa 
Ha 900—1200 MHJib k ceBepy ao 30Hbi aHTapKranecKoñ KOHBepreHpHH. Ha  
BepTHKajíbHOM pa3pe3e 3Aecb bhabjihiotch Tpn Tnna boa: xojioAHHe noBepx- 
HOCTHiie, TenjiLie rjiyÔHHHbie h xojioAHHe npHAOHHue. J\jih nepBwx xapaKTep- 
Ha TeMnepaTypa ot + 4  ao —l,9°HHH3KaH cojieHocTb(33,8—34,2°/00); Mom- 
HOCTb 3TOTO ejión KOJießjieTCH ot 60 ao 400 m .Mom,HOCTbTenjioro cjioh KOJießjieTCH 
ot 800 a o 4000 m, TeMnepaTypa — ot 0 ao 2,5°, cojieHocTb — ot 34,1 ao 34,9°/o0.

1 f l a n  xapaK T ep n cT H K H  p a cn p e fle jie H H H  b  a b h h o h  p a 6 o T e  H c n o n tay e T C H  c p e ^ n t t #  r e o -  
M eT pH necK ô®  c o f l e p r a a m f t  (x), K O T O p « ( tn o n y n a e ic a  KaK a H T H Jio rap n ÿ M  cpeflH eiBapH iJiM eTH - 
necKofenorapn̂ MOB coAepraaHHH.
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IIpH flO H H H e xo jio flH B ie BOflH x apaK T epH 3yioT C H  T e M n e p a T y p o ii  0,1 — 
0,5° H COJieHOCTLH) 34,6— 34,8°/uo. B oßaaC T H  pa3BHTHfl aHTapKTHHeCKHX BOfl 
ecT b  3 0 H a  n o flb eM a  T e n j i t ix  rayÖ H H H H X  bofl H a n o B ep x H o C T b , r f le  c  rayÖ H H bi 
BbIHOCHTCH ÖOJIbHIoe KOHHHeCTBO ÖHOreHHblX 3JieMeHTOB. 0 T a  3 0 H a  aH TapK TH - 
a e c K o ii  f lH B ep rem jH H  p a c n o a o n te H a  H a r p a H H p e  boahhx M acc  B octohhoto 
f l p e n $ a  h n p H Ö p e a tH o r o  3 a n a f lH o ro  T eaeH H H , T e M n e p a T y p a  boabi b K O Topbix 
H H w e 0°, a  c o jie H o cT b  m in te  34,5°/00 (JIhchubih, 1961).

M e a tf ly  aH T apK T H uecK oii h  c y Ö T p o n H ae c K o ii K O H B epreH iuw M H  H axoflH T cn  
yM epeH H aH  3 0 H a; cp eflH H e roflO B bie T e M n e p a T y p n  3 flecb  o t  +10° flo -(-20°. 
K c e B e p y  o t  c y Ö T p o n H a e c K o ii KO HBepreHflHH p a c n o j io a te H a  T p o n n a e -  
CK3H 30H a (JlHCHflbiH, 1961). I l o  10— 12° io . u i .  Ü H flH iicK H ii oK eaH  n epeceicaeT G fl 
ÿpO'HTaJIbHOH 30H 0H , KOTOpaH B nOBepXHOCTHHX CJIOHX HBJIHeTCH 30HOÍÍ flH- 
B epreH flH H  M eatfly  S K B aT o p n an b H H M  npoTH B O TeaeH neM  h  I O j k h h m  n a c c a T -  
HbiM T eaeH H eM . lO a tH e e  n o c a e f l i ie H  c jio i i  flo  r a y o ïn i b i  600 m  aau H T  i in f l i r ä c i to n  
p eH T p aab H O H  b o a h o h  M a c c o a  ( H E B ) ,  x a p a K T e p n a y r o m e i ic n  T e M n e p a T y p o ii  
10—23° C, coJieHocTbK» 34,7— 35,7°/00, 6onbm H M  3 a n ac o M  K iic a o p o f la ,  M a a o ii  
npoflyK TH BH ocTbK ) h  r a y S o K o  p a c n o a o a te H H H M  (400—500 m) c ao eM  c i t a a n a  
pH, <j)OC<j)aTOB H KpeM HeKHCaoTH.

K ceBepy o t  (jipoHTaabHoii 3 o h h  BHfleamoTCH flBe BOflHHe Maccu. B Bepx- 
HeM cjioe (flo 200 m) — öoaee «Moaoflaa» HHflHiicKaa 3KBaTopnaabHaH Bofl- 
HaH Macca (H3B), o6pa3yioiH,aHCH b  ApaBHÜCKOM Mope öaaroflapn cnabHOMy 
HcnapeHHH). OHa oTanaaeTCH b m c o k o h  TeMnepaTypoii ( o t  14 flo 28°) n b h c o -  

k o h  coaeHocTbK» ( o t  35,1 flo 36,5n/oo)- Hnate ( o t  200 flo 2000 3t) pacnoaoateH 
MomHHH caoñ 6 oaee «CTapon» coaeHoñ Boflu. 3 t o  — Bofla ApaBiincitoro 
Mopn (BAM) c  TeMnepaTypoii 3— 25°, coaeHOCTbio 34,8—35,3"/oo> CJioeM k h c -  
aopoflHoro MHHHMyMa, b h c o k o  noflHHTbiM (flo 50—100 m), caoeM cnaana pH,
$OC$aTOB H ItpeMHeKHC.TIOTH H BMCOKOH npoflyKTHBHOCTblO (ÜBaHOB-OpaHU,-
KeBna, 1961; MoKneBcnan, 1961). BoflooÔMeH Meatfly ceBepo-BocToaHoii h  

loatHoñ aacTHMH OKeaHa orpaHHaeH; oh nponcxoflHT raaBHHM o6pa30M b no- 
BepxHOCTHHx caonx n, bo3mo>kho, Ha rayßmiax ßoaee 2000 m. Ochobhoü 
BoflooÖMeH Meatfly ceBepHoö h roatHoii aacTHMH OKeaHa nponcxoflHT Ha 3ana- 
fle, b pañoHe Maflaracitapa.

3ohh KOHBepreHflHii b  OKeaHe onpefleaaioT He t o j i b k o  KaHMaT, c h h m h  

CBH33HO pacnpefleaeHHe h  <|>hto- h  3oonaaHKTOHa. naaHKTOHHHe opraHH3MH 
xapaKTepHH flan pa3aHHHHx boahhx Macc h  cayataT xopomHM HHflHKaTo- 
poM TeMnepaTypHHx, coaeHOCTHHX h  flpyrnx ocoßeHHOcTeii oKeaHOB. CMeHa bh- 
floB b  oTKpHTOM oKeaHe Hanöoaee pe3Ko BHpaateHa b  MepnflHOHaabHoM Han- 
paBaeHiiii, h  no3ToMy naaHKTOH HBaaeTca xopomHM noKa3aTeaeM mnpoTHHx 
30H. npaBfla, nocaeflHHe HCcaeflOBaHHH noKaaaan, h t o  oöaacTH KoHBepreH- 
iflHH h flHBepreHflHH He npeflCTaBaaioT coöoii HenpeofloaHMoñ nperpaflH flan 
BHfloB. n PH H3MeHeHHii MeTeopoaornaecKHX ycaoBHH h noaoateHHH noaap- 
Horo $poHTa naaHKTOHHHe opraHH3MM MoryT ero nepecenaTb, aeM h  oßbHC- 
HHeTCH niHpoKoe pacnpoCTpaHeHHe HeKOTopHx bhaob (Ko3aoßa, 1963).

f l a n  aH TapK TH aecK O H  o ß a a c r a  x ap aK T ep H O  H e ö o n b m o e  K o a n ae c T B o  b h -  

flOB, HMeroiflHX M accoB oe pa3 B H T n e. O nT onaaH K T O H  3 flecb  n p eflC T aB aeH  b  
o c h o b h o m  flHaTOMOBHMH BO flopocaH M H ; o a e H b  p eflK o  h  b  M a a H x  K o a n a e c T -  
B a x  BCTpeaaioTCH n ep H flH H en . 3 ï a  o ß a aC T b  p a3 fleaaeT C H  a H T a p K m a e c K o ii  f lH -  

B e p re H flH e n  H a flBe n o f lo 6 a a c T H  —  B H C O K oaH TapK TH aecK yio, o rp a H H a eH H y io  
B O fla M H n p H Ö p e a tH o ro  3 a n a f lH o ro  TeaeH H H , h  H H atH eaH T apK T H aecK yio , o rp a H H ­
a e H H y io  BOflaMH B o c T o a H O ro  f l p e n ^ a .

Y M epeH H aH  30H a o a e H b  GeflHa $HTonaaHKTOHOM . 3oonaaH K T O H  npeflC T aB ­
a e H  b  H eii B H fla M H  C a la n u s  s e m i l l i m u s ,  L i m a c i n a  b a l e a ,  P l e u r o m a m m a  
r o b u s t a  h  E u c a l a n u s  s p .  f l a n  3 t o h  3 o h h  x ap aK T epH O  M a a o e  a n c a o  
O H f le M H a H H X  B H flO B  (E eK a e M H m e B , 1960; K opoT K eB H a h  E eK aeM H ineB , 
1960).
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PACnPEflEJIEHIIE njIAHKTOHHbIX OOPAMIIHIIOE P lii

T p o n H H e c K a n  o ß jia c T b  oTJiiinaeTC H  ó o jib ih h m  b h ^ o b h m  p a 3 H O o 6 p a3 iieM  
n jia H K T o iia , h o  ß e ^ i ia  h m  K ojiiraecT B eH H O . B  9t o h  o ö J ia c T ii n p e o o j i a A a e r  
n e p iiflH H iieB b iii (jniToiuiaH K TO H , jiiim eH H b iii K p e M H ea o ro  c ic e jieT a  (K o p o T ic e -  
b h h  h  B e K J ie M H m e B ,  1 9 6 0 ) .

K a ie  b h a h o , b o6ni,eM  p a c n p e f le j ie n n e  njiaHK TO HHH x o p r a m m i o B  b B e p x -  
HHX CJIOHX b o a  K )>KHoro n o jiy m a p H H  neTK o o ß p a co B b iB a eT  aH T ap K T iin ecK y io , 
y M ep eH H y io  h  T p o m iH e c ic y io  30 h b i .

H a n ó o j ib m e e  K O JiiinecTBo naaH K TO H a b  c eB e p H o ii n a c r a  H h a h h c k o t o  
OKe a H a  oTM enaeTCH b  p a í ío H a x  n p n ó p e iK H o ro  noAHHTiiH rjiyÖ H H H H X  b o a  k  
r o r y  o t  o -B a  H b h , H a  c e B e p e  A paB H H C K oro  M o p a , a  TaK nce b 30H e A H B epreH - 
h;h h  MexKfly B K B aT opnajibH biM  npoTH B O TeneH iieM  h  C eB epH H M  a K B a T o p n a jib -  
HHM (M yccoHHbiM ) TeaeH HeM  h  b  p a iío H e  p iiK J io H iia e c K o ro  K p y ro B o p o T a  k  
io r o - 3 a n a f ly  o t  o c t p o b o b  H a r o c ;  H a iiM eH b m ee  —  lo n n ie e  1 5 — 1 6 °  io . ín .  B c jie f l-  
CTBHe H e r j iy ö o K o ro  3 aJieraH H H  rjiy ô iiH H H X  bo a  b  p a ñ o H e  aK B aT o p a  o h h  b o - 
BJieKaiOTCfl b  T y p ô y jieH T H o e  n ep eM em iiB aH H e  h  noB epxH O C T H ue c jio h  b o a m  bo  
Be e n  3K B aTopH ajibH O H  30H e o ö o ram a io T C H  ÓHoreHHHMH BJieMeHTaMH. B  p a i io -  
H a x  AHBepreHAHH BK BaTopnaJibH M X  TeneHHH ö o ra T H e  ö n o reH aM H  r jiy ô iiH H H e
BOAM OCOÖeHHO HHTeHCHBHO BHHOCHTCH K nOBepXHOCTII H BH3HBaiOT OÖHJIb-
H oe pa3BHTHe njiaH K TO H a. B  T p o n n n e c K iix  p a i io H a x  ö o ra T H e  ÖHoreHHbiM ii 
ajieM eHTaM H b o a m  jiencaT  r jiy ô o K O  11 n o n r a  He nonaA aiO T  b  noBepxHOCTHM e 
c j io h .  IloaT O M y njiaHKTOH b  TponHHecK HX p a n o H a x  o t k p h t o t o  O K eaH a r o -  
pa3AO öeA H ee, neM  b a K B a T o p n a jib H H x . OcH O BH yio p o j ib  b  p e r y jm p o B a H im  
n p o A y K p H H  njiaH K TO H a n r p a e T  c n a S /K e rn ie  b o a  a y ^ o r a n e c K o n  3 0 h w  nura- 
TeJIbHHMH COJIHMH. B  paH O H e HCCHeAOBaHHH B ÖOJIblHHHCTBe C JiynaeB  MaKCII' 
MyMM coA epH îaH H ii (Jh ito - h  3oonjiaH K T O H a c o B n a A a jii i  c  3 0 h o h  noAT>eMa b o a  
(B o r o p o B  h  B H H O rpaA O B , 1 9 6 1 ; B iiH o rp aA O B , B o p o H H H a  h  C y x aH O B a , 1 9 6 1 ) .

B  p acn p e A e jie H H H  a ° h h h x  o c h a k o b  b  H h a h h c k o m  OK eaHe o t h c t jih b o  b h - 
pa>KeHa KJiHM aTHnecKaH h  B ep T H K ajib H an  30H ajibH 0C T b (B e3 p y K O B , 1 9 6 1 .  
1 9 6 2 ;  J I h c h a h h , 1 9 5 8 , 1 9 6 0 , 1 9 6 1 ; B e3pyK O B  h  a P -, 1 9 6 1 ) .

B  KHKHOH nacT H  HHAHHCKoro O K eaH a pa3B H TH  T e p p n re H H H e  a ä c ö e p r o -  
B u e  ocaA K H . O h h  cn jion iH O H  h o j io c o h  onoflCM BaiOT M aTepHK A H TapK TiiA bi, 
n o K p M B an  noB epxH O C T b m e j i b ^ a ,  M aTepiiKOBHH c k j io h  h  n p H J ie r a ïo n m e  n a c -  
TH Jionca O K eaH a. I I In p H H a  n o j io c H  b t h x  o c b a k o b  KOJieÔJieTCH o t  4 0 0  a o  1 2 0 0  km. 
O ô j io m o h h h h  M aT epH aJi b  a H c ß e p ro B H x  o c aA K ax  co cT aB Jin eT  8 0 — 9 0 ? »  
h  6 o j ie e .  n o  rpaH yjiO M eT pH necK O M y c o c T a B y  b t i i  o c k a k h  B ecbM a p a 3 H o o 6 p a 3 ~  
HH —  OT BaJiyHOB H meÔHH AO TOHKHX neJIHTOBHX HJIOB ( îK H B a ro  h  J I h c h -
pb iH , 1 9 5 7 ; J I h c h a h h  h  H ÎH B a ro , 1 9 5 8 ,  1 9 5 8 a ) .  B  pHAe MecT k  oßjiOMOHHOMy 
M a T e p n a jiy  npHM eniHBaioTCH ó h o k o m h o h c h t h :  AHaTOMOBHe B O A opocjiH , c n n -  
K y jiH  ry ö o K , m h k ih k h ,  ÿ o p a M H H H ÿ e p n . C o A ep /K aH iie  C a C O s  b  a ic ô e p r o B H X  
o caA K ax  KOJießjieTCH o t  0  a o  2 0 % ,  h o  n a m e  B c e ro  H e n p e B H in a e T  3  96 - C o A e p - 
HîaHHe S i 0 2aMop$H KOJieÔJieTCH o t  0 ,8  a o  2 0 % .  n p n  noB tim eH H O M  coA epncaH H H  
KpeM HHCToro h  p en ce  K a p ß o H a T H o ro  M a T e p n a jia  (cB H m e 1 0 % )  a ä c ß e p r o B H e  
ocaA K H  M OryT 6 h T B  H a3B 3H H  CJiaÔOKpeMHHCTHMH H  CJiaÔOKapÔOHaTHHMH 
KojIHHeCTBO C opr B HHX TaKJKe HeBeJIHKO (OT 0 ,0 4  AO 1 ,2 % ) .  TaK H M  o 6 p a 3 0 M , 
a ä c ß e p r o B H e  ocaA K H  h b j ih i o t c h  t h h h h h h m h  o ô j io m o h h h m h  c  o n e H b  H e3H anH - 
TejibHOH n p H M ec b io  ßnoKOMHOHeHTOB.

B  p a A e  MecT m e jib if ia  BCTpenaiOTCH ocaAK H c  b h c o k h m  coA epncaH H eM  K a p -  
S o H aT a  K aJib p iiH . H a n ß o J ie e  TH nnH H H e H3 h h x  K ap ß o H aT H H e , c jionceH H H e 
M maHKaMH h  c o A e p n c a m n e  a o  1 5 %  C a C 0 3. < t>opaM H H H $epoB N e ocaA K H  BCTpe- 
n e H H  HecK OJibK o c eB ep H ee  H a h o a b o a h h x  h o a h h t h h x  jio n c a  O K eaH a. H a  m e u b ­
l e  Ä H TapKTHAH C OCOÔeHHO XOJIOAHHMH BOAaMH <J>opaMHHH$epOBHe ocaA K H  
H e o Ö H ap y /K e iib i, x o t h  b  pHA e MecT $ o p a M H H H $ e p H  b  K anecT B e n p H M ec n  BCTpe- 
HeHH B 33MeTHHX KOJIHHeCTBaX. C aM aH  HMKHHH H3 BCeX H3BeCTHHX H p o ß  
(JiopaM HHHiiiepoBHX ocaAKOB n o j iy n e H a  H a  o tm c j ih  T a H H e p y c , H a  r a n p o T e  
6 7 ° 2 8 '.  O opaM H H H iJiepoB H e o c h a k i i  h o a b o a h h x  h o a h h t h h  aHTapKTHHecKOH
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HOJIHpHOH 30H H  n p n y p O H eH H  K T enjIH M  TtpOMCIKyTOHHBIM BOflaM B H H T epB ajie  
rjiyÖ H H  9 3 4 — 4 0 1 7  m . B  h h x  n p n cy T C T B y eT  KaM CHHufi M a T ep n a Ji, cn H K y jiH  KpeM - 
H eB H x ry Ö o K , ^naTOM O BHe B o a o p o c j in .  C o a e p m a H H e  C a C O s  b  3 t h x  o caA K ax  
flo cT H raeT  4 0 % .  B  n p e a e j i a x  j ie a o B o ii  3 o h h  <})opaMHHH<J>epoBHe o c aa K H  H a n -  
ß o j ie e  in n p o K o  p a c n p o c T p a H e H H  H a B e p m H H a x  n o a n o a H H X  xpeÖTOB h  r o p ,  
TaM, r a e  n o c jie a H H e  oMHBaioTCH T enjiH M H  npoM eiKyTOHHHM H B oaaM H .

K  c e B e p y  o t  3 o h h  a ö c ö e p r o B H x  h j io b  n p o c r a p a e T c a  h o h c  anaTOM OBHx 
HJioB HiHpHHOH 9 0 0 — 2 0 0 0  km. C eB ep H aH  rp a H H ija  h x  npHÖJnmHTeJiBHO 
c o B n a fla e T  c  aH T apK T unecK O H  K O H B ep reH p n cH . ^n aT O M O B u e  h j i h  BCTpe- 
HaxoTCH H a caM H X  p a 3 jiH iH H X  r j iy ß H H a x .  I l o  rp aH y jiO M eT p n n ecK O M y  c o cT a-  
B y  3T0 OÖHHHO ajieBpHTOBO-rJIHHHCTHe H rjIHHHCTHe HJIH, CO flepjK am H e
flo  6 0 — 8 5 %  n e jiH T O B oro  M a T e p n a jia  (M e J ita e  0 ,0 1  mm). B  k h k h o h  aacT H  H h- 
flH H CK oro O K eaH a flnaTOM OBHe h j i h  o ö h h h o  c o a e p m a T  M eH w ne 1 0 %  C aO C h ; 
n o  M epe npoflBHJKeHHH k  c e B e p y  k o j ih h c c tb o  K a p ö o H a T H o ro  M a T ep n a J ia  B 03- 
p a c T a e T  3 0  3 0 — 5 0 %  h  flnaTOMOBHe h j i h  nocT eneH H O  n e p e x o a n T  b  K a p ß o -  
H aTH H e $ o p a M H H H $ e p o B H e . E n o re H H H e  k o m h o h 6 h th  (C a C 0 3 ,  S i 0 2aMop$H> o p -  
raH H H ecK oe B em ecT B o) b  3 H 3 to m o b h x  o caA K ax  cocTaBjiH W T ß o j ie e  7 0 %  (JIh-  
c h i j h h ,  1 9 6 1 ) .

K  c e B e p y  o t  3 o h h  aH T apK T H aecK oii KOHBepreHU,HH H a n ö o j ie e  m n p o K o  
p a c n p o c T p a H e H H  $opaM H H H (|)epoB H e o c aa K H . O h h  3aHHMaiOT o ß m n p H H e  
n p o cT p aH C T B a  a n a  T a ro n e  b  peH T pajiB H O H  h  ceB epH O H  naCTHX H h a h h c k o t o  
O K eaH a H a rjiy Ö H H a x  a o  4 5 0 0  —  4 7 0 0  m. K p o M e  T o ro ,  3 t h  o c aa K H  pa3B H TH  
H a m e j iB ^ a x  h  H a MaTepHKOBHX cK JiO H ax A $ p h k h ,  A 3 h h  h  ABCTpaJiHH ( J I h -  
c h i^ h h ,  1 9 6 0 , 1 9 6 1 ;  J I h c h d ;h h  h  H tn B a r o ,  1 9 5 8 , 1 9 5 8 a ,  6 , b ) .  H a  MejiKOBOflBe 
b  h x  c o c T a ß e  o 6 h h h o  n p eo Ö Jia fla io T  öeHTOCHHe <})opaMHHH(|>epH, c y B e jin n e -  
HHeM rjiyÔ H H  rjiaB H U M  KOMHOHÇHTOM CTaHOBHTCH njiaHKTOHHHe b h a h .  C o - 
a e p a ia H H e  K a p ö o H a T a  K a j iB p n s  b  $opaM H H H $ ep o B H X  o c a a K a x  a o c r a r a e T  9 0 —  
9 5 % .  n o  rpaH yjioM eT pH H ecK O M y c o cT aB y  o h h  BecBM a pa3H O o6pa3H B i: o t  M eji- 
KHX necK O B  h  K p y n H H x  ajieBpHTOB a °  TOHHaäniHX nejiHTOBbix h j io b ;  b 
nOCJleaHIIX paKOBHHH $OpaMHHH(|»ep B OCHOBHOM HaXOflHTCH B H3MeJIBHeH- 
HOM COCTOHHHH.

nOMHMO $O paM H H H $epO B H X  HJIOB, B TpOIIHHeCKOH HaCTH MHAHHCKOrO 
O K eaH a n m p o K O  p a c n p o c T p a H e H H  K o p aJiJio B H e o c aa K H . n T e p o n o a o B H e  
OTJIOHteHHH BBipa/KeHBI MeJIKHMH HHTHaMH nO 3 an aaH O H  H CeBepHOH OK- 
pa iiH aM  O K eaH a h  n p n y p o H e H H  k  o t h o c h t c j i b h o  h c S o j ib h ih m  rjiyÔ H H aM  
( a o  1 5 0 0  m).

B  aeH T pajiB H O H  n a c r a  O K eaH a H a rjiy Ö H H a x  CBHm e 4 5 0 0 —4 7 0 0  m K a p ö o - 
HaTH H e o c aa K H  nocT eneH H O  n e p e x o a H T  b  K p acH H e  rjiy ö o K O B o aH H e  t j i h h h .  
H a  n e p e x o a H H x  r j i y o m i a x  ( 4 5 0 0 — 4 7 0 0  m) n a c r a  m o ik h o  BHaeTB o c t 3 t k h  p a ­
KOBHH $ o p a M H H H $ e p  c o  c jieaaM H  pacT B opeH H H . K p a c H H e  t j i h h h  c o c t o h t  h 3  
T O H H an m ero  T e p p n re H H o ro  h  B y jiK aH o reH H o ro  M a T e p n a J ia , npoayK T O B  pacTBO- 
peHHH njiaHKTOHHHX $opaM H H H (J)ep h  CKejieTOB p a a H O J in p n ü ;  co aep jK aH H e  
OKHCJiOB M a p ra H p a  h  w e j ie a a  b  h h x  noB H ineH O . H o  n o a c n e T a M  C ß e p -  
a p y n a ,  J^VKOHCOHa h  <DjieM HHra ( S w e r d r u p ,  J o h n s o n ,  a .  F l e m i n g ,  1 9 4 6 ) , 
$ o p aM H H H $ ep o B H e  o c aa K H  3aHHM aioT o k o j io  5 4 ,3 %  n j io m a a n  a n a  H H a n ii-  
C K oro  O K eaH a, a  K p a cH H e  t j i h h h  —  2 5 ,3 % .  n o c J ie a H H e  b  3HanHTejiBHOii 
M epe o6 p a3 0 B ajiH C B  b p e 3 y jiB T aT e  pacT B opeH H H  njiaHKTOHHHX <$opaM HHH $ep 
H a  öojiBHiHX rjiy Ö H H a x  h  h b j ih i o t c h  o ö jio m o h h o h  naCTBio <j>opaMHHH<£epoBHX 
ocaaK O B . C o a e p m a H H e  C a C 0 3 b  K pacH H X  rjiyßoK O B oaH H X  r jiH H a x  o ö h h h o  
M eHBine 1 0 % .  K o j i h h c c t b o  a M o p $ H o ro  K peM H e3eM a T o ro  a e  n o p a a K a ,  h t o  
h  b  $ o p aM H H H $ ep o B H X  o c a a K a x .  K peM H e3eM  C B H 3an c  p a a n o J in p n a M H  h  
TpOHHHeCKHMH aHaTOMOBHMH BOaOpOCJIHMH. B  OÖJiaCTH paC npO C TpaH eH H H  
rjio ö n re p H H O B H x  ocaaK O B  h  ocoöeH H O  K p a c H o n  rayßoK O B oaH O H  t j i h h h  m ii-  
poKO p a c n p o c T p a H e H H  H te jie 3 o -M ap ra H i;eB H e  K O H K pepnH . O h h  o6pa3y ioT C H  
b  p a n o H a x  c  HH3KHMH CKopocTHMH ceaH M eH TaijH H , coB epm eH H O  H e B C T pena-
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iotch b o ß jia c T H  p a c n p o c T p a H e H H H  a ä c ß e p ro B H X  ocaflKOB h pe^K H  b 30He
AHaTOMOBHX HJIOB.

I Ip H  y  b  e  jiHHeHHH c o fle p æ aH H H  b  KpaCHHX r jiH H a x  CKeJieTOB paAHOJiHpHH 
o h h  n e p e x o flH T  b  paA H O JiH pneB H e h j i h .  3 t h  o c a^ K H  pa3BH Tbi b  M h a h h c k o -  
ABCTpaJIHHCKOH H CoMaJIHHCKOH KOTJIOBHHaX, HpeHM ymeCTBeHHO H a  r j i y -  
SH H ax CBBirne 5  km  (E e3 p y K O B , 1 9 6 1 ) .  B y jiK a H o re H H H e  o ca^ K H  BCTpeiaiOTCH 
OT^ejIbHHM H nHTHaMH B OÔjiaCTH paC H poC T paH eH H H  flnaTOMOBHX HJIOB K 3 a -  
n a f ly  o t  x p eÖ T a  K e p r e j i e H - r a y c c ô e p r .  B  ceB epH O H  i a c r a  O K eaH a o h h  o r a e -  
le H H  6 jih 3  C y M aT p H , H b h  h  K o m o p c k h x  ocTpoB O B . T e p p n re H H H e  o c a^ K H  3 a -  
J ie ra io T  n p e H M y m e cra eH H O  H a  n ie j ib ij ta x  h  b  B e p x H e ii  i a c r a  M aTepH K O B oro 
CKJioHa y  n o ô e p e iK H H  A $ P h k h ,  A B C T pajiH H , H h a h h ,  M h a o h 6 3 h h  h  c y ô a H T a p K - 
r a ie c K H X  ocTpoB O B . B  flBaHCKOM m e j io ô e  T e p p n re H H H e  ocaflKH cny cK aio T C H  
H a e r o  M akcH M aJiB m ue rjiyÔ H H H  '( c B H in e  7  km).

3K0JI0rHH COBPEMEHHblX IIJIAHKTOHHMX «DOPAMHHHOEP
f l o  3K cnej(H pH H  H a  « H e ju ie H jp K e p e »  ( 1 8 7 2 — 1 8 7 4  r r . )  HJiaHKTOHHHH o 6 p a 3  

JKH3HH $ o p a M H H H $ e p  n o A B e p ra j ic n  c o m h c h h k ). OflHaKO M e p p e Ë  ( M u r r a y ,  1 8 9 7 )  
H a 0CH0B3HHH H 3 y ieH H H  HJiaHKTOHHHX JIOBOB n O K a3 a jI, IT O  OHH OÖHTaiOT B HO~
BepxHOCTHHx cjioHX BOflH. MeppeeM h  B p 3flH (Brady, 1 8 8 4 )  ycTaHOBJieHH 
Tpn (JayHH s t h x  $opaMHHH$ep — TponniecKan, yiaepeHHaH h  h o -  
JinpHaa. ÜHTepec k  h j i 3 h k t o h h h m  $opaMHHH$epaM ocoôeHHO B03poc noc- 
Jie Toro, nan O h j i h h h h  ( P h i l l i p p i ,  1 9 1 0 )  yKa3aJi Ha b o 3 m o jk h o c tb  h x  ncnojib- 
30BaHHH npn pemeHHH BonpocoB najieoKJiHMaïoJiorHH.

BoJIbHIHHCTBO CBe^eHHII n o  3K 0JI0rH H  HJiaHKTOHHHX <j)OpaMHHH$ep OCHO- 
B3H0 H a  h x  BCTpeiaeM OCTH b  o c aA K ax  H a  A n e  OKeaHOB. B o n p o c H  CHCTeMaraKH 
h  H e K o T o p n e  CBefleHHH o re o rp a $ H ie c K O M  p a cn p e A e jie H H H  h x  n p H B eß eH H  b  
p a ô o T a x  K em M eH a, H e n M e H a , X e p o H - A ju ie H a ,  H p j ia H f la .

I I I o t t o m  ( S c h o t t ,  1 9 3 5 )  6 h j i o  BBefleHO « $ o p aM H H H $ ep o B o e  i h c j io »  —  
KOJiHiecTBO $opaM HHH(j>ep B i a  o c a ^ K a  ( a ^ h  $paK A H H  > 0 , 1  mm). U m  æ e
( S c h o t t ,  1 9 3 5 , 1 9 5 2 ) ,  a  T a m  Ô jieA îK ep o M  ( P h l e g e r ,  1 9 6 0 a ;  P h l e g e r  a .  o t h . ,  
1 9 5 3 )  ycTaHOBJieHO, i t o  m n p o r a o e  p a c n p e A e jie H H e  b h a o b  b  3K B aT opnaJibH O H  
h  ceB epH O H  la c T H X  A r a a H T H ie c K o r o  O K eaH a b  o c h o b h h x  l e p T a x  c o rjia c y e T C H  
c  p a cn p e A e jie H H e M  n o B e p x H O c r a n x  T eM n e p a T y p  h  n r a p o r a o n  30H ajibH O C Tbio. 
K o J iH ie c ra e H H y io  o p e H K y  B C T p e ia eM O cra  b h a o b  I I I o t t  a s a  b  n p o p e H T a x  ot  
Be e n  $ a y ô H  njiaHKTOHHHX $opaM H H H <jiep. T a K o e  B H p am eH H e H e B C erA a a o -  
CTaToiHO HOJiHO x a p a K T e p H 3 y e T  p a c n p o c T p a H e H H e  BHAa h  e r o  a K O Jio rn io , 
T o rA a  KaK p a c n p e A e jie H H e  aôcoJiioT H H X  K O JiH ie c ra  no3B O JineT  b h h c h h t b  
pailO H H  MaKCHMajIbHHX H MHHHMaJIbHHX K O H peH TpapH H , yCT3H0BHTb CBH3B
K O JiH iec rae H H o ro  p a cn p e A e jie H H H  BHAa c  ycjioBHH M H cp eA H  h  b h h c h h t b  o n -  
TH M ajibH H e yc jioB H H  e r o  o 6 h t 3h h h .

O b c h  ( W is e m a n  a .  O v e y ,  1 9 5 0 ) ,  H3y iH B  a o b h ti>  n p o 6  H3  A r a a H r a i e c K o r o  
O K eaH a, b 3 h t h x  MeîKAy 6 6 ° io . m . h  6 9 °  c . m . ,  b h a c j i h j i  a p K r a ie c K H e  h  aH - 
T apK T H iecK H e b h a h  —  G l o b i g e r i n a  p a c h y d e r m a  ( E h r e n b e r g ) ,  G l o b i g e r i n a  d u t e r ­
t r e i  O r b i g n y ,  b h a h  yM epeH H H X  n m p o T  —  G l o b i g e r i n a  b u l l o i d e s  O r b i g n y ,  G l o b i ­
g e r i n a  i n f l a t a  O r b i g n y ,  G l o b o r o t a l i a  c r a s s u l a  C u s h m a n  a n d  S t e w a r t ,  G l o b o r o ­
t a l i a  c a n a r i e n s i s  ( O r b i g n y ) ,  G l o b o r o t a l i a  h i r s u t a  ( O r b i g n y ) ,  G l o b o r o t a l i a  
t r u n c a t u l i n o i d e s  ( O r b i g n y )  h  TenjioBOAH He b h a h  —  O r b u l i n a  u n i v e r s a  O r ­
b i g n y ,  G l o b i g e r i n a  d u b i a  E g g e r ,  G l o b i g e r i n e l l a  a e q u i l a t e r a l i s  ( B r a d y ) ,  G lo ­
b i g e r i n o i d e s  r u b e r  ( O r b i g n y ) ,  G l o b i g e r i n o i d e s  s a c c u l i f e r  ( B r a d y ) ,  G l o b i ­
g e r in o i d e s  c o n g l o b a t u s  ( B r a d y ) ,  G l o b o r o t a l i a  m e n a r d i i  ( O r b i g n y ) ,  G lo b o ­
r o t a l i a  t u m i d a  ( B r a d y ) ,  G l o b o r o t a l i a  s c i t u l a  ( B r a d y ) ,  S p h a e r o i d i n e l l a  
d e h i s c e n s  ( P a r i e r  e t  J o n e s ) ,  P u l l e n i a t i n a  o b l i q u i l o c u l a t a  ( P a r k e r  e t  J o n e s ) .

P h a  aB T opoB  ( M u r r a y ,  1 8 9 7 ; P h l e g e r ,  1 9 4 5 , . 1 9 5 1 ;  P h l e g e r  a .  H a m i l ­
t o n ,  1 9 4 6 ;  C u s h m a n ,  1 9 4 8 6 ;  B a n d y ,  1 9 6 0 )  o T M e ra ji ö o JiB m o e  BHAOBoe
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pa )HOo6 pa;iiie njiaHKTOHHHX <j>opaMHHii<i)ep BTponiiKax. B ApuTHKen AHTapK- 
TiiKe H3BecTHO MeHee i i h t h  b h a o b ,  nphhoim  AOMiraiipyioT o a iih  i i j ih  ABa-

Bbhah (Bandy, 1960) ycTaHOBHJi mupoTiioe pacnpeAejieHHe njiaHKTOHHHX 
$opaMHHii4)ep b coBpeM eH H H X  OKeaHax, b h a c j i h b  b  nojioce miipoT o t  0°ao 
30 +  10° TpommecKHe bhah— Candeina nitida Orbigny, Globorotalia menar­
dii (Orbigny), Globorotalia truncatulinoides (Orbigny), Globorotalia tumi­
da (Brady), Orbulina universa Orbigny, Pulleniatina obliquiloculata 
(Parker et Jones), Sphaeroidinella dehiscens (Parker et Jones),b h a b i  yiie- 
peHHBix nmpoT (nieiKAy 30 h  60°)—Globigerina bulloides Orbigny, Glo­
bigerina eggeri Rhumbler, Globigerina quinqueloba Natland, Globigerina 
pachyderma (Ehrenberg), Globigerinita glutinata (Egger), Globigerinoides 
minuta Natland, Globorotalia punctulata (Orbigny), Globorotalia truncatuli­
noides (Orbigny) h  ap u T H u ecK H H  h  aHTapKTHU^CKHH b h a  — Globigerina pachy­
derma (Enrenberg).

IIpH BeA eH H Bie Aa HHHe no3B O JiuioT  cyAHTB o b h c o k o i h h p o t h o h ,  cpeA H e- 
nm pOTHOH H HH3KOHIHpOTHOH (JiayHe. X oT U  3TH nOCTpoeHHU ÖHJIH CAeJiaHH u o  
M aT ep n aJiaM , n o jiy u eH H H M  b  CeBepH OH A TJiaHTHKe, n p e A n o J ia ra e T c u ,  u t o  
noAOÔHoe r e o rp a $ H u e c K o e  p a c n p e A e jie H H e  c y iq e cT B y e T  h  b  T h x o m  O K eaH e. 
Ha oCHOBaHHH o6o6iu,eH H H  jiH T epaT ypH H X  a u h h b ix  C n ra J iB  (1956) Aa Ji c jie -  
A y ro iu y io  K apT H H y p a cn p o c T p a H e H H H  njiaHKTOHHHX (JopaM H H H ^ep :

a) xojioAHOJiioSHBBie $opMH — Globigerina pachyderma (Ehrenberg), 
Globigerina dutertrei Orbigny;

6 ) <j)opMH H3 b o a  yM epeHHOH T eM nepaT ypB i —  G l o b i g e r i n a  b u l l o i d e s  O r ­
b i g n y ,  G l o b i g e r i n a  i n f l a t a  O r b i g n y ,  G l o b o r o t a l i a  c r a s s u l a  C u s h m a n  e t  S t e ­
w a r t ,  G l o b o r o t a l i a  c a n a r i e n s i s  ( O r b i g n y ) ,  G l o b o r o t a l i a  h i r s u t a  ( O r b i g n y ) ,  
G l o b o r o t a l i a  t r u n c a t u l i n o i d e s  ( O r b i g n y ) ;

b )  TenjiojnoÖHBBie T p o n n u e c K u e  h j i i i  cyÖTponnuecKiie ifiopMBi —  Globi­
gerina dubia Egger, Globigerinella aequilateralis Brady, Globigerinoides 
ruber (Orbigny), G. sacculifer (Brady), Globigerinoides conglobatus (Bra­
dy), Orbulina universa Orbigny, Candeina nitida Orbigny, Pulleniatina obli­
quiloculata (Parker et Jones), Sphaeroidinella dehiscens (Parker et Jones), 
Globorotalia menardii (Orbigny), G. tumida (Brady), G. scitula (Brady).

3aKOHOMepHoe yBeJinueHHe uncjia njiaHKTOHHHX <£opaMiiHH<|>ep Ha ö o j ib -  

ih i ix  rjiyÖHHax no Mepe yAaJieHHu o t  öepera oTMeuajiu ülapuep (Parker, 
1958), HeriMeH (Chapman, 1901,1902), Bajuiep h  ü o j i b c k h h  (Waller a. Pols- 
ky, 1959), OjieAiuep (1954), KeuiMeH c coaBTopaMH (Cushman a. oth., 1954) 
h  B3HAH (Bandy, 1956). IIocjieAHHH oTMeraji Taume, u t o  öojiBHiiie CKonjie- 
HHH njiaHKTOHHHX $opaMHHH<(>ep yKa3BIBaiOT Ha nJIOIUaAH OTKpHTOTO Mopu 
H nJIOIUaAH BHCOKOH npoAyKTIIBHOCTH HX B TOJIipe BOABI.

I I o j i b c k h h  ( W a l l e r  a .  P o l s k y ,  1959) CBU3aji y B eJinueH H e KO JinuecTB a n jiaH K - 
t o h h h x  (j)opaM HHH(|)ep n o  M epe yA ajieH H H O T  ö e p e r a  c  npuypoueH H O C T B io  b h a o b  
K pa3H H M  rO pH 30H TaM  B CTOJiöe SOAK (BHAOBau CTpaTII$HKaU,HH). ÜO 3T0M y 
b HaH Ö ojiB iueM  b o a h o m  CTOJiöe oT M eu aeT cu  MaKCHMajiBHoe u i ic j io  b h a o b  h  MaK- 
CHM ajiBHoe u i ic j io  $opaM H H H (J)ep H a eAH H H uy n jio iq a A H . H ii3 K iie  coA epm aH H U  
njiaHKTOHHHX (j)opaM HHHi|)ep y  ö e p e ro B  o h  T a itm e  o ö b h c h i i j i  b i ia o b o h  CTpa- 
Tiuj)HKan;HeH h  c b o h  n p e A n o jio m e H H H  noA TB epiK A aeT  TeM, u t o  pa3JiH U H H e 
b h a h  b ocaA K e B C TpeuaioTC u H a pa3H B ix  r jiy Ö H H a x , a  h m b h h o : G l o b i g e r i n a  
b u l l o i d e s  — H a 150 (JiyT ax, G. s u b c r e t a c e a  — H a 160 $ y T a x ,  G l o b o r o t a l i a  
t r i g o n u l a  —  H a 200 <|>yTax, P u l l e n i a t i n a  o b l i q u i l o c u l a t a  —  H a 220 <|>yTax, 
O r b u l i n a  u n i v e r s a  —  H a 260 <|>yTax, G l o b o r o t a l i a  m e n a r d i i  —  H a 300 $ y -  
T a x ;  G l o b i g e r i n a  q u i n q u e l o b a  —  H a 300 $ y T a x ,  G l o b i g e r i n o i d e s  c o n g lo b a ­
t u s  —  H a 310 $ y T a x .  T a u n e  b h b o a h ,  H a  H a m  B3rjiH A , HeAOCTaTouHO o ö o c h o -  
baH H B i. Ilo HaiHHM AäHHHM H 3yueH H e $ o p a M H H H $ e p  b  CTOJiöe b o a h  H e noA" 
T B ep m A a eT h x  BHAOByio CTpaTH<J>HKaii;HK>. H a A e m H o e  3Ha«BHHe 3 K o j io th h  m o- 
JKeT Aa TB TOJIBKO H3yU eH He BHAOB b  T ex  BOAHHX M a c c a x , B KOTOpHX OHH HÎHByT.
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T a K , I I I o t t  (1 9 3 5 ) ,  b  aacTH OCTii, OTMeTuji, h t o  p a c n p e f le j ie H iie  njiaHKTOHHHX 
$ o p a ju iH H (j)e p  b  o 6 i u , h x  u e p T a x  c o B n a ^ a e T  c p a c n p e f le jie H iie M  (JiociJaTOB i i  

o ö iq e r o  K O JinaecT B a HJiaHKTOHa, t .  e .  o h o  c b h 3 3 h o  c  co A e p m a m ie M  m rra T e J ib -  
h h x  Bem ecTB  b  BOfle. B  MeKCHKaHCKOM 3ajiH B e njiaHK TO HHw e <J)opaMiimi<i)epH 
b  ö o j ib in n x  KO JiiiH ecTBax oÖHapy>KeHbi <ï>jiefl>i;epoM (1 9 4 5 ,  1 9 5 1 )  B e a n i i  o t  ö e ­
p e r a .  C o r j ia c H o  B e  (1 9 5 9 ) ,  b  p a n o H e  E e p j i y A C K n x  ocTpoBO B H a H Ö o jib m n e  k o j i h -  

HeCTBa njiaHKTOHHHX <j)OpaMHHH<ï)ep THrOTeiOT K  T oJIb^C T pH M y (flO 12  4 0 0  3 K 3 .

H a 1 0 0 0  m3 b o ^ h ) .  T a w  >Ke O T M eaaeT ca h  H a n ö o j ib m e e  B im oB oe p a 3 H o o ö -  
p a s i i e  $ o p a M H H H $ e p . B  B o g a x  6 j i h 3  B e p M y g c K n x  ocTpoBO B ö h j i h  B HfleJieH H 
xojiosH O B O flH H e i i  TenjioB O flH H e b h a h .  K  x o j i o a h o b o a h h m  OTHeceHH G l o b i ­
g e r i n a  i n f l a t a ,  G l o b i g e r i n a  b u l l o i d e s ,  G l o b i g e r i n a  e g g e r i ,  G l o b i g e r i n a  p a ­
c h y d e r m a ,  G l o b i g e r i n i t a  g l u t i n a t a ;  G l o b o r o t a l i a  h i r s u t a  n  P u l l e n i a t i n a  
o b l i q u i l o c u l a t a  BCTpeuaioTCH p e flK o , H x  p a c n p e A e jie H H e  H eacH O . T en jioB O A - 
HHMH B e  cuH T aeT  H a s t i g e r i n a  p e l a g i c a ,  G l o b i g e r i n e l l a  a e q u i l a t e r a l i s ,  
G l o b i g e r i n o i d e s  s a c c u l i f e r ,  G l o b o r o t a l i a  p u n c t u l a t a .  G l o b o r o t a l i a  m e n a r ­
d i i ,  G l o b i g e r i n o i d e s  r u b e r ,  O r b u l i n a  u n i v e r s a ,  C a n d e i n a  n i t i d a ,  G l o b i g e r i ­
n o i d e s  c o n g l o b a t u s ;  s t h  b u s h  r ip n y p o u e H H  b  o c h o b h o m  k  T o jib ^cT p H M y .

B p a s n i o y  ( B r a d s h o w ,  1 9 5 9 )  ycTaHOBHJi p a c n p e A e jie H H e  2 7  b h a o b  n jia H -  
KTOHHHX $opaM H H H (J)ep b  ceBepHOH h  3K B aT opiiajibH O H  a a c T a x  T n x o r o  OKe­
a H a .  M aK C H M ajibH H e K O JinaecT B a n p n y p o a e H H  k  BepxHHM  1 0 0  m. H a  o c h o -  

BaHHH p a c n p e s e J ie n H H  b h a o b  b  3 t o m  c j io e  B p a ^ m o y  BHflejiHJi u e T H p e  $ a y H H : 
x o J io sH O B o sn y ro  —  « c y ö ap K T H u ecK y io » , n p e sc T a B JieH H y io  öojibniH M H  k o j i h -  

uecTBaM H G l o b i g e r i n a  c f .  «g . d u t e r t r e i » ,  G l o b i g e r i n a  p a c h y d e r m a ,  G. 
q u i n q u e l o b a ,  G l o b i g e r i n o i d e s  c f .  g . m i n u t a ;  n e p e x o s H y io  M e æ s y  c y ö ap K T H - 
uecKOH h  T enjioB ogH O H  (cM em eH H yio), b  KOTopoH H a n ô o j ie e  a a c T H  G l o b i g e ­
r i n a  b u l l o i d e s ,  G. e g g e r i  (K p y n H H e ), G. q u i n q u e l o b a ,  G l o b i g e r i n o i d e s  r u ­
b e r ,  O r b u l i n a  u n i v e r s a ;  TenjioB O A H yio, c o c T o a m y io  h 3  c o o ô ip e c T B a  A eH T paJib- 
H o ii b o s h o h  M accH  h  'cooö in ,ecT B a o K iia T o p n a J ib u o n  a a n a sH O -y e iiT p a jib H O ii 
BOflHOH M accbi. n e p B o e  cooö ipecT B O  B K JiiouaeT  b h a h  G l o b o r o t a l i a  t r u n c a t u ­
l i n o i d e s  h  G l o b i g e r i n a  i n f l a t a ;  s j i h  B T o p o ro  x a p aK T e p H b i G l o b i g e r i n a  c o n ­
g l o m e r a t a ,  G l o b o r o t a l i a  t u m i d a ,  P u l l e n i a t i n a  o b l i q u i l o c u l a t a ,  S p h a e r o i d i ­
n e l l a  d e h i s c e n s .

n a p n e p  (1 9 6 0 )  n p o B e jia  aH ajio rH H H y io  p a ö o T y  b  k h k h o h  h  S K B aT o p n a jib H o n  
uacTH X  T n x o r o  O K eaH a h  oÖHapy>KHJia c x o g H y io  K apT H H y p acn p eA e jieH H H  
1 6  b h a o b  njiaHKTOHHHX <$opaM H H H $ep. Ü H a  T a n a te  B H se jiH Jia  u e T b ip e  ijiayH H : 
3 K B aT o p H ajib H y io  h  KKKHO-peHTpaJibHyK), n p e sc T a B JieH H y io  B i i s a m i  G lo b ig e ­
r i n a  e g g e r i ,  G l o b i g e r i n o i d e s  s a c c u l i f e r ,  G. c o n g l o b a t u s ;  SK B aT opna.’ib H y io , 
B K JH O uaiom yio G l o b i g e r i n a  c o n g l o m e r a t a ,  G. h e x a g o n a ,  G l o b o r o t a l i a  m e ­
n a r d i i ,  P u l l e n i a t i n a  o b l i q u i l o c u l a t a ;  lO /K H O -peH TpajibH yio  ii cy ö aH T ap K T ii- 
H ecK yio , x a p a K T e p ii3 y eM y io  npncyT C T B iieM  G l o b i g e r i n a  b u l lo i d e s ,  G. i n f l a ­
t a ,  G l o b o r o t a l i a  p u n c t u l a t a  h  G. t r u n c a t u l i n o i d e s ;  c y ö a iiT a p K T H u e c K y io . 
n p e sc T a B JieH H y io  j i h i h b  o a h h m  b h a o m  —  G l o b o r o t a l i a  s c i t u l a .  G l o b i g e r i n e l l a  
a e q u i l a t e r a l i s ,  G l o b i g e r i n o i d e s  r u b e r ,  H a s t i g e r i n a  p e l a g i c a .  O r b u l i n a  u n i ­
v e r s a  BCTpeueHH noBceM ecTHO h  OTHeceHH k  n ra p o K o  p a c n p o c T p a H e H H H  m 

Aam. H a n ö o j ib m n e  n o n y j i n g n n  n p n y p o n e H H  k  BepxHHM  2 0 0  ot b o a h .  B  
c jio e  <J)opaMiiHn<i>epH H a n ö o j ie e  M H o ro aiic jieH H H  b  sK B aT o p n a .T k h h x  D a i io i iü ja j |É  
O T fle jib H H e  y n a c T K ii c  b h c o k h m  c o A e p a ta m ie M  i i x  o T M e a e H b i  T a n a te  y  K ) , i ; i i u ! ! r  

A M epnK aH C K oro  n o ö e p e a tb a  n  b  ceB ep H O H aacT H  c y ö a H T a p K T iia e c K o ro  p a i im ia .
P e 3 y j i b T a T H  n e p e u n c j i e H H b i x  n c c j i e f l O B a H n n  n o 3 B O J iH K » T  c A C J ia T b  p a v o n e n ) -  

H H T e p e c H H X  S K o a o r n a e c K i i x  o ö o ö m e H i i i i .  / K i i b h c  < J ) o p a M i im i ( l ) e p H  o ö i i T a K i ï  . i n  

r a y Ö H H H  1 0 0 0  o t ,  h o  H a n ö o a b m n e  K o n n o H T p a n , i i H  i i x  n p i i v p o a e u H  k  B c p x u e -  

M v  c j i o i o  b o a h .  H a  o c H O B a H n n  g e T a j i b H o r o  H 3 y a e H n a  p a c n p e A e j i e H H H  $ o p a M i i -  

H H iJ ie p  b  n o B e p x H O C T H O M  C J io e  B H f l e a e i i b i  i i x  ( J a y H H .  C i u e H y  b h a o b o t o  c o c T a B a  

p a f l  a B T o p o B  o ö b a c H a e T  i i 3 M e H e H n e M  T e o m e p a T y p H  b o a h ,  t .  e .  p a c n p e f l e j i e -  

H i i e  Ö o a b m n H C T B a  b h a o b  b  o ö i p e M  c o o T B e T C T B y e T  m n p o T a M  ( B r a d s h o w ,  1 9 5 9 ) .
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< I ) l l3 H 0 J I0 rH ’IC C K Ilii D(J)(J)OKT ÍIJIVIÍIIIMH T C M IIO JIaT y p i.I  l i a  ll.M III.IO I I J ia i l l tT O I l -  
III.IO ÿ o p a M H i i H ÿ c p i i i  i i c i i a n o c T ü i i .  J I a í i o p a T o p i n > i e  u c c j i o A O u a n i i n  c K o p n c T i i  p o r  i a  

( i e u T o c n o r o  u n / p i  Strcbilu.s beccari (Linnei) v a r .  l e p i d a  ( ( u i s l n n a n )  n o K a a a j i i i ,  
a t o  i i p i t  T O M iie p a T y p e  n o ;p . i  m c i i r .m e  10° n  n w u i e  35° p o c T  u p e K p a n p i c T c n ,  n p i i -  
h c 'm  u p a  T O M iie p a T y p e  M e i n n u e  10° m m i o m n a  ; i ; i i : i i i i> ,  a  n p i i  T O M n 'o p a T y p o  
» M in e  35° i i a c T y i i a o T  ñ i . i c T p a n  rn (5 e J ii>  (Bradsbow, 1957, 1001). M e v i r ^ y  b t i i -  
m ii  i i p o /p í J i a M i i  j i a ß j n o / p u i c n  p o c T  p u u o i m i i M ,  y c i u i H n a i i i i m i i c j i  n o - M e p e  n o . i p a -  
c T a u n n  T O M iK 'p a T y p i .i .  B o c n p o H . 'i i i o A C T n o  o t m o ' i c i i o  h  ( í o j i c e  / K o c t k i i x  T C M iie p a -  
T y p m . i x  1’p a i i m t . a x  —  o t  20 / p i  25°. T e M n e p a T y p a  i i j i i i í i o t  n  n a  n p o A O Ji/K H T C Jri» - 
n o c T b  c y L n e o T i i o i i a n i i n  K a n t j p i i t  i’o n o p a n n w ,  t .  o .  n a  n p o A y K T u n n o c T i> .  I I o o t o -  
A iy o í i u j i h c  n n / p t i i  n  p a i i o i i a x  T p o m t K o i i  t í p a ; | i n o y  c n n .u . i i i a o T  c T e M n e p a T y p o i i .  
K o i i e O a i i n n  c o J i e n o c T i i ,  a  n p e A e n a x  K o T o p o i i  n p o u c x o / p i T  p o c T  n  n o c n p o i i a -  
b o a c t b o  < j> opaM M iin< j)e]), A io ry T  G m ti>  ( í o j i c c  3 n a xiiiT e J ii> n ii iM n  —  o t  20 p ,o  40°,', 
PnflOM a D T o p o n  (Phleger, 1900; Be, 1959, 1960a; B r a d s h o w ,  1959) o T M c u a J io e i .  
n a v K i io e  . m a n e n n e  / p i n  p a c n p e p , c J i c i m n  <(>opaM H H íi<l>ep n  / i p y i n x  c f ia ic T o p o ii ,  
T a i m x ,  n a n  c o j i c i i o c t í . ,  x a p a K T e p  n  k o j i h t o c t b o  i r a n í , » ,  pH, n i A p o C T a T in io c K o o  
A a i u i e n n e ,  n o j i H e i n i e ,  M y T n o c T i» , G i i o j i o m n o c i t a n  n o H i t y p e n u n n ,  x n n p n i K n ,  
G o j i e a n n .

CymecTnennoc njiníinne na aniani» opranH3MOB OKaatmaiOT pe;i,KHC :>Jie- 
moiitm, n MajiMx KOJiii'iecTnax innpono pacnpocTpaiieiuibie n Mopcitoii no/ie. 
Dto — itoGajiBT, moa, M aninil, íípoAi, (iop, h,iihk, moai», cbiihch. Ilo  flamiMM 
Tana (Tascli, 1953), iipncyTCTiine KaTHonoii moa«, enram a, pTyTH, cepeOpa, 
ojiona n AocraTOBiio 6oJir>nmx KOJivi'iecTiiax boact k i i i G o j i u  oprann3Moii haii 
BaAep-iíiinaeT ux  pocT.

Bojitobckmm (Boltovsky, 1950) ycTaiioßJiena cbíkib xnAinnccKoro cocTana 
paKOBIIII C XHMHHeCKMM COCTanOM l!OAI*I M 3aBHCHMOCTB KOJIllBCCTBa $opaAUi- 
mnjiep o t  nocjieAHero. Tan, b aaJiiiBc CaH-Bjiac, i’ao ecTi» cojiii CBWHiia, $ 0- 
paM iimi^op Mano (TaÜJi. 1), a k iory o t Teppa Aeni> (I>yro, ta c  cojien emunoa 
lie r, Te- me BHAu (j>opaMHiin<I)ep oßpaayiOT Gojinnrao CKoiuienim.

T a ö .a ii a  a 1
3annciiMocTi. MCíKgy kojiiimoctbom (¡iopaMiiHii([iop h iiaaieinou 

pe/IKitx aneMCHTon lí iioac

lv a i i n i ilJIOMOIITI,!

lina i]K)|>aMiiHiit{iep u iio a a x  o 0o.iu.uniM 
coauiiiiiaiiiii'M im aa

n iio a a x , ra o  im a  
M aao 'iuoao ii

Q ii inqu ilooul ina se ni in ni um Ca, Mg, l e ,  Si,  
Ti, Mn, S u , Sr

Te « o  -|- 1 ’!>

l iu ir c l la  frigida Ca, Mg, Sr, Si, rl’e a t e .Mii, S u, (Iii,
Al,  Ti,  Fe lii ,  Ag, l ’l.

J i a  o c n o B a i i n i i  n a j i o n c e i m o r o  m o j k i i o  s a i u i i o u i i T L ,  <i t o  reorpaiJim iecK iie (Jiay- 
i i i >i  ( J io p a M i i n in j i e j )  p a s j i i i ' i i i h i ,  i i o i ’O M y h t o  o h h  n p n c i i o c o G j i c n i . i  k  p a . ' i j i i i ' i n u M  
B O A ni.iM  M a c c n M .  P e o r p a ( |» H H  n J ia i iK T O H i i i . ix  ( j i o p a M i u m ^ e p  —  o t o  r e o r p a i j i i m  
B o / p i b i x  M a c e .

K a n  ysKC o T M o n a j i o c n ,  B i i e p n i . i c  m i >i c j u > o  n p u y p o ' i c i i n o c n i  u jia iiK T o n u u ix  
(JiopaM n i i i i t f i e p  K n o B c p x i io C T i iU M  c j i o b m  b o a i .i G i.uia m .iC K aaan a  JVloppeoM ( M u r ­
r a y ,  1 8 9 7 )  n a  o c i io n a n u i r  j i a c n p e / p y i e n i i n  n y c n . i x  p a K o n n n  n a  A*ie o n e a n a  u  
’l a c n n i n o  n o  A<mni>iM n p o í í  b o a m . K a p n e i r r e p  ( C a r j i e n l e r ,  1 8 7 5 ) u IJpuA ii ( B r a ­
d y ,  188-1) oTM OTiíjin i i a j i i u n i e  m o j i o a m x  m o j i k i i x  $ o p M  b  n o n e p x i io c r in . ix  c .iio n x  
n o A iJ, a  ( ío jic e  K p y n m .ix  —  n a  A » e .  I l o  J Io M a n y  ( L o lm i a n n ,  1 9 2 0 ), n a u m .ii  u ra e  
K o n n ,o n T p a n iiH  n jia i iK T o n n i.ix  ijiopaA iim inJiop  n p u y p o n e n u  k iie p x n u M  1 0 0  .u ,
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'ITO IIOflTliepjKMCIIO H IICCJICAOBaHHHMH IIJoTTa (Shott, 1935). flaHHfcie niOTTa 
» JloMana ur.ipajKCiii.i b DK3CMnjiHpax Ha jiob 6e3 yneTa oßbeMa npoiJiHJibTpo- 
BailllOM 110/(1.1.

(b jie /p K c p  ( P l i l e g e r ,  1 9 4 5 ,  1 9 5 1 )  B n epB i.io  p a 3 g e jiH J i o p raH H 3 M H  H a jkhbmc ii
MOpTBI.ie nyTCM OKpaniHBaHHH paKOBHH, n pO B ejI M H3yHHJI HX BepTH KajIBHO e 
p a c u p c g o jie iiH O  b C e B cp H o it A ijia iiT M K e m b McKCHKaHCKOM 3 a jiH B e . B o  B cex  
i ip o f ia x  n a  r j iy fÍH H a x  ot 2 0  g o  2 0 0 0  m n a ñ ji io g a jiH C b  jKHBbie $ o p a M H H H $ o p u ; 
m.icoKHO K O H pcH T papH H  hx T H roT eioT  k c /1010 0 —2 0 0  m . E p a g n i o y  ( B r a d s h o w ,  
1 9 5 9 )  OTMCTHJI, 'ITO B ThXOM OKOaiie BbTCOKHO KOHpGHTpagHH $O paM H H H (j)ep II p il-  
y p o 'ic H b i o ô b i 'i t io  K cjioK) 6 — 3 0  m; hhiko 1 0 0  m blicokhx K O H geH T paiiH ií He 
o T M eieH o .

B e  ( B e ,  1 9 6 0 a )  p accM O T p eji p a c n p e A e jie H H e  oT gejibH H X  bhaob b boahoh toji- 
m e  b C eB epH O H  A TjiaH TH K e h ycTaHOBH Ji, hto H a n S o jib m e e  o ö n je e  kojihhcctbo 
$ o p a M H H H $ e p  h M aKCHM ajibHbie coA epiK aH H H  o T g ejib H b ix  bhaob n p n y p o B e H b i  
K BCpXHHM 2 0 0  M. OCOÖCHHO Ö JiaronpH H TH H M H  HJIH ÎKH3IIH 4>opaMHHH<j>ep BHyT- 
p n  o T o ro  cjioh hbjihiotch rjiyÖ H H bi 2 5 —5 0  h 1 0 0 —1 5 0  m . T a n o e  p a c n p e A e jie H H e
E e  OÖIHCHHCT B3aHMOCBH3bK) MCJKAy 4>°PaMHHH$ e P aMH H $HTOnjiaHKTOHOM 
KaK hctohhhkom nHEAH. Hhcjio bhaob, n o  B e ,  crA yÖ H H O H  yM CH bniaeTCH . G r e -  
H oßaT H Lie b h ah  He 6hjih oÖ H ap y jK eH H .

T a 6  ji n n a 2
K o H I J C H T p a i I I I I I  I I J ia H K T O H H I . lX  ( |) O p a M H H U ( { > e p  B  A H e n H I .I X  I I  H O M H M X  a o B a x

b  p a i i o n e  B c p M y A C K i i x  o c t p o b o b  

(no 13e, 1960)

B n Ä

C p e ju ice  q iic jio  a n a . Ha 
1U00

Ahcbiioü jiob] HO'IHOlt JIOB

Globorotalia m e n a r d i i .................................... 98 42
G. h i r s u t a ............................................................. 79 3
G. p u n c t u l a t a .................................................... 2 0
G. trunca tu lino ides............................................ 5833 5088
Globigerinita g l u t i n a t a ................................ 163 17
Globigerina inflata ........................................ 45 3
G. b u l lo id e s ........................................................ 554 38

168 3
Globigerinoides r u b e r .................................... 665 99
G. sa cc u life r ........................................................ 18 0
Orbulina u n iv e rs a ............................................ 20 14
Pulleniatina o b liq u ilo c u la ta ........................ 700 134
Hastigerina p e lag ica ........................................ 27 14
Globigerinella aequilateralis ......................... 1320 687

O óigee bOJiii'iecTDO (JiopaMiminjiep 9692 6142

B e ,  [<I>jiCA>Kcp h B pD A ïu o y  A ° K a 3 a ji i i ,  hto OTAejibHbie bhah njiaHKTOHHHX 
(JopaM m im jiep n e  n p iiy p o H O H H  k  o n p eA ejieH H H M  rjiyÔ H H aM , a  noaTO M y pHA n o -  
CTpoeiiHii ÔM iijiH aiiH . ( E m i l i a n i ,  1 9 5 4 ,  1 9 5 5 )  h I Io j ib C K o ro  ( W a l l e r  a .  P o l s k y ,
1 9 5 9 ) ,  B OClIOBC K O Topbix JieiKHT BHAOBaH CTpaTH(J)HKail,HH (J)O paM HHH $ep B 
lO Jim e BOAH, OIHIlÔO'IHH.

KoJIHBCCTBO $ O p aM H H H $ ep  B JIOBaX 3BBHCHT TaKHte OT BpeM eHH CyTOK 
( r a f a i .  2 ) .  IIoB bK ) oho b ôojibm iiH C T B e c j iy 'ia e B  M eH bine, neM  a h c m  ( R h u m b l e r ,  
1 9 1 1 ;  l î r a d s h o w ,  1 9 5 9 ) .
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K o jiH TiecT B o n y c T u x  paKOBHH $ 0 PaMHHH$ eP c  B o a p a c ia H iie M  r jiy ß iiH M  
yBejiiiH HBaeTCH ( P h l e g e r ,  1951; Be, 1960), n  c o o t b c t c t p c h h o  y B e jin u H B aeT cn  
i i x  p o j ib  b  c o cT aB e  (Jm paM iiH iu jsepoB oii ijiayH M . ü y c T w e  paKOBHHM co c iaB jiH io T  
oKOJio l ° i  b  noBopxHOCTHOM c jio e  b o a m  i i  o K o jio  35% H a rjiy ö iiH C  1000 m .  Bo- 
n p o c  o  CKopoCTii naA eH iifl paKOBHH H a a h o  o cB en jeH  n o n a  HeAi rraT o u H O . (p jieA - 
/K ep  ( P h l e g e r ,  1954) n H m eT  o  MeAJieHHOM h x  o n y c u a H im ,  h o  BMecTe c  t c m  oTw e- 
HaeT oTCyTCTBHe 3 aM eT H oro  ro p n a o H T a jiB H o ro  n e p e H o c a  b o  BpeMH naA C H iin . 
Ha H a m  B 3rjiH A , M a jio e  K O Jiim ecTB o n y c T b ix  p a n o B iiH  b  B e p x H iix  c j i o h x ,  na- 
o ö o p o T , CBiiAeTejiBCTByeT 0 6  h x  ß u c T p o M  o n y c K a H im . C o o T H o m eH iie  m o k a Y  
n.iaHKTOHHbiMH $opaM HHH<J)epaM H b  BOAe h  h x  ocTaTK aM ii H a A n e  ycT aH O B jie-, 
h o  M e p p e e M  ( M u r r a y ,  1897) h  noA TB epm A eH O  a u h h l i m h  IIIoT T a ( S c h o t t ,  1935) 
h  (p jieA JK ep a  ( P h l e g e r ,  1951). CooTBeTCTBHe BHAOBoro h  KO JiHHecTBeiiHoro p a c ­
np eA ejieH H H  (jo p aM H H H $ ep  b  BOAe h  H a AHe noA T B epm A aeT  b m b o a  M e p p e n  oö  
OTCyTCTBHH G o jib iu o ro  n e p e H o c a  b  ropH 30H TajibH O M  H a n p aß jieH H H .

KoppeHC (Correos, 1935) npeAJioaoui cjieAyiomyio ÿopMyby ajih Bbiuiicjie- 
HHH n e p e H o c a  paKOBHH TeueH iieM  o t  M ecTa h x  oÖHTaHiiH:

r A e  T  —  r j i y ß H H a  C T a H H im  b  m; s —  C K o p o c T b  n p i iA O H H o r o  T e o e i iH H  b  m/cék', 
V  — C K o p o c T b  n aA O H H H  $ o p a M H H i i ( J i e p ,  K O T o p a H , n o  Tyjie, ajih o c o ß e i i  A n a -
MeTpoM 0 , 4  .«.« p a B H a  2 , 1 1  c.u/ceK.

n e p e c H C T b i ,  C A e j i a H i i u e  n o  o t o h  i j s o p M y j ie  I U o t t o m  ( S c h ö l t ,  1 9 3 5 ) ,  n o A T B e p -  
ÎK A aiO T , UTO BO B p eM H  n a A C H IIH  p a K O B H H  H a  AHO r o p H 3 0 H T a j I b H b l f í  I ie p e H O C  h x  
H e s H a u H T e j i e H .

C e 3 0 H H o e  p a c n p e A e j i e H H e  n a a H K T O H H M x  ÿ o p a M i i H i i ÿ e p  o c i s e m c H o  b  p a ß o r e  
E e  ( B e ,  1 9 6 0 a ) .  B o c H O B y  e e  j i e r j i n  M H o r o j ie T H i ie  H a ñ .u o A o m iH  b  p a f t o n e  E e p -  
M y A C K iix  o c t p o b o b . H a i i B L i c i u n e  K O H ii ;e n T p a n H ii  ÿ o p a M U H i i ÿ c p  ( 2 1 6 0  j k 3 .  n a  
1 0 0 0  m3 b o a h )  6b iJ i i i  o T M e u e H b i b  M a p T e  1 9 5 8  r . ,  t .  e .  b  i i e p u o A ,  c j i c A y i o m n i i  s a  
B ec e H H H M  p B e T e H i ie M  (J s i iT o n jia H K T O H a  b  s t o m  p a i i o H e .  l l e p u o A  a u p e j i b  —  c e H -  
T H Ô p b  x a p a K T e p i m o B a j i c H  c p a B H i i T e j i b H o  h i i s k h m u  K o p e H T p a ip iH M i i  ( a o  
5 0 0  3 K 3 . Ha 1 0 0 0  M 3).  B O K T H Ö pe  B H O B b OTMCHCH M aK C IIM yM  (AO 1 5 0 0  3 K 3 .H a  
1 0 0 0  m 3) ,  a  b  A e K a ß p e  —  M iiH H M yM  ( a o  2 0 0  3K 3. H a  1 0 0 0  . « 3) .  H a  o C H O B a H im
B C T p e u a e M o c T i i  b  T c u e H i i e  r o A a  h  K o jm u e c T B e H H M X  x a p a K T e p n c T H K  p a 3 JiH U H M X  
b h a o b  B e e  o h h  61.IJ111 o ß i .e A H H e H b i  B e  b  T p n  r p y n n b i  ( t h G j i .  3 ) .

r p y r m a  I B K jn o u a e T  x  o  j i  o a h o b  O A H b ie , C T e H O T e p M H b ie  b i i a m ,  K O T o p b ie  c o c T a B -  
j i f l io T  ß o H b m y i o  u a c T b  i i o n y j i H p i i i i  b  n e p n o A  o t  H H B a p n  a o  M a p i a ;  M ew A Y  h k > - 
j ie M  i i  A e K a G p e M  o h i i  B C T p e u a io T C H  p e A K O , a  H H o r A a  o T c y T C T B y io T . 3 t h  b i i a m  
x a p a K T e p H b i  a j i h  c p e A H i i x  m i i p o T  C e B e p H O H  A T j i a H T i iK i i  ( P h l e g e r  a .  o t h . ,  
1 9 5 3 ;  P h l e g e r ,  1 9 5 4 )  h  M o r y T  6h t b  H a a B a H b i  y M e p e H H H M ii  h a i i ,  6o n e e  t o u h o ,  
T e n j io y M e p e H H b iM H .  O t h  C T eH O T e p M H b ie  b h a h  H tH B y T  b  p a i i o H e ,  r A e  c p e A n i i e  r o A o -  
B b ie  T e M n e p a T y p H  b o a h  m i m e  2 0 ° ,  3 iiM H H e  H e  H H æ e  1 0 °  n  j i e T H i ie  —  n o p H A K a  
1 6 — 2 5 °  ( S t e p h e n s o n ,  1 9 4 7 ) .

T p y n n a  II c o c t o h t  i i 3  b h a o b :  a )  a B p i iT e p M H b ix ,  M H o r o u H c n e H H b ix  b  
T e u e H H e  B c e r o  r o A a  h  o ß u n b H M x  b  j i e T H i i e  M e c n p w ,  i i  6) b h a o b ,  B C T p e u a e M b ix  
b  M a j i b i x  K O J ii iu e C T B a x  b  T e u e H H e  B c e r o  r o A a ,  h o  c  M aK C iiM a n b H M M  c o A e p m a m i e M  
b  j i e T H i i e  M e c H p b i .

T p y n n a  III B K m o u a e T  T e n n o c T e H O T e p M H u e  b i i a m ,  n p i i y p o u e H H b i e  k  h i o h i o  —  
A e K a ô p i o  c  nH K O M  p a 3 B i iT i iH  b  o K T H Ô p e ; c  H H B a p n  n o  i n o . i b  o h h  n c T p e u a i o r c H  
p e A K o  h j i h  O T c y T C T B y io T . B i i a m  s t o h  r p y m i M  b  6o j i b u i i i x  K o n H u e c T B a x  06- 
H a p y æ e H H  b  h h 3 k h x  m n p o T a x  h  o t h o c h t c h ,  n o  o n p e A e j i e H i n o  C T e< j> eH 30H a 
( 1 9 4 7 ) ,  k  T p o n n u e c K H M  h j i h  c y Ô T p o n n u e c K H M . C p e A H H H  r o A O B a n  T e M n e p a T y p a  
b o a m  H a  n o B e p x H O C T i i  b  p a n o H e  o O h t b h h h  3TH X  b h a o b  p a B H a  2 5 °  h  B b im e ,  
3H M H H H  —  H H H ie  2 0 °  H  J ieT H H H  —  OT 2 5 °  H  6o j i  e .
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PACIIPEÆEJIEHHE nJIAHKTOHHblX OOPAMIIHIItPEP 27

T a 6 ji ii n a 3

C ß j i 3 b  c e a o H H o r o  p a c n p o ; i e . i e H i i J i  n . i a m j T O H H b i x  ( J i o p a M i i H i n j i e p  b  p a i i o H e  E e p u y A C K i i x  
octpobob  c  TeM nepaTypoii h c o . ' i e H O C T b i o  rionepxnocTH bix boa

( i i o  l ie ,  1960)

B h n CeuoH
noBepXHdCTHclH 
TeMnepaTypa, °C

IIOBepXHOCT- 
Han C(i;ie- 
HDCTb, %o

T p  y  i i  n  a I

G lo b o ro ta l ia  h i r s u ta ,  G. t r u n ­
c a tu l in o id e s ,  G lo b ig e r in a  in f la ­
ta ,  G. b u llo id e s

H iiB api, —  Mail, 
M aK C IIM ajIb llb IC  KOJIH- 
uccTBa b  ijieBpajie- 
MapTC

'18,5—23 3 6 ,4 —36,6

E p y n n a  I I

O rb u lin a  in iv c r s a ,  H a s t ig e ­
r in a  p e la g ic a , G lo b ig e r in e lla  
a e q u ila te r a l is ,  G lo b ig e r in o id e s  
ru b e r , G lo b o ro ta l ia  p u n c tu la t a

B ecb  ro ;i, M ancn- 
M ajib iiue Ko.inueCTBa 
jieioM  h  oceiibio

1 8 ,5 —27 
(iian o o .iee  qacTU 

n p u  23— 27°)

3 6 ,1 —36,6

P u l le n ia t in a  o b l iq u i lo c u la ta ,  
G lo b ig e r in i ta  g lu t in a ta ,  G lo b i­
g e r in a  e g g e ri

B t c h c i i h o  ro -ia , 
pe;iK O

T p  y  n  n  a I I I

G lo b ig e r in o id e s  sa c c u life r ,  
G. c o n g lo b a tu s , -G lo b o ro ta lia  
m e n a rd i i

IiioHb —  At'Kaôpb, 
MaKCiiMajibiiue k o . i i i -  
HCCTBa B O KTflSpO

23—27 3 6 ,1 —36,4

Ce30HH0CTB apKO npoHBjiHeTCH b CMeHe rpynn b nepnoA c HHBapn no inoHb 
(bhah I rpynnw) n c iiiojih no Aenaßpb (bhah III rpyrain). 9to TecHO cbh33ho 
c ii3MeHôHneM coAepnîaHHH çjniTonjiaHKTOHa. ManciiMajibiiLie KOJiiiHccTBa $o- 
paMiiHĤ ep oTMeneni.t b nepnoA BeceHHero yBeTCHnn (JniTonjjaiiKTona.

PAC1ÏPEAEJIEHIIE IIJIAHKTOHHblX OOPAMIIHIIOEP  
B TOJIIUE B O A H

IIjiaHKTOHHbie $opaMMHH(|)epLi pacnpeflejieHbi b TOJime b o a h  HepaBHOMep- 
Ho. HaMii iiccjieAOBaHO pacnpeAejieHHe ^opaMHHH^ep no MaTepnajiaM 14 
nepTiiKajibHHx pa3pe30B, CAejiaHHbix b TponnnecKoIi 30He M h a h h c k o to  onea- 
n a .  PacnpeAejiemie j k h b h x  h  MepTBbix paKOBHH pa3JiHHHo h  noaTOMy pac- 
iMaTpiiBaeTCH oTAejibHO.

PacnpeAejieHHe ¡khbmx (JiopaMiuiHijiep

KojiHnecTBeHHoe pacnpeAejieHHe jkiibhx <J>opaMHHH$ep no BepTHKajiH npeA- 
CTaBJieHO b Taôji. 4, ii3 noTopon cjieAyeT, hto Hanóojibiuee kojihhcctbo hîhbhx 
iiJiaHKTOHHbix (j)opaMHHH(í)ep npnyponeHO noBceMecTHO k cjioio 0—200 m. 
CjieAOBaTeJibHO, b btom cjioe ycjioBHH rjiîi ikh3hh Hanöojiee ßjiaronpnHTHbi. 
Bojibinoe hiicjio mojioahx 3K3eMnJinpoB no3BOJineT CHHTaTb, hto 3Aecb 
HMeiOTCH ôjiaronpiiHTHHe ycjioBHH h ana BocnpoH3BOACTBa noTOMCTBa, hto 
coBnaAaeT c tohkoh 3peHHH Be (Be, 1960a) h Hamefi (BejinoBa, 1961).

P e 3 K o e  y M e H b iu e m ie  o G n je ro  HHCjia iJiopaM HHHiJiep h  noH T ii n o j r n o e  oT cyT - 
CTBHe mojioahx 3K 3eM nJiH poB  H a ß jiio A a jio c b  b c j io e  200—500 m ii ocoôeH H O  
b G o jiee  r jiy ß o K H X  cjiohx. K o jin n ecT B O  o c o ß e ä  b 3tom c jio e  HaxoAiiTCH b n p a -  
M on 3aBHCHM0CTH OT IIX KOJIHHeCTBa B BepXHHX CJIOHX. Ha CTaHU,HHX, rA e
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28 H. B. EEJTHEBA

T a 6 ji h na 4

Pacnpe#e.TeHiie jkiibmx naaHKTOHHbrx <j)opaMitHn<f>ep b Toante boam, ana. Ha 1000 ai3

JNi, ropiiaOHT, M  -

CTilHmiH 0—50 50—100 100—200 200—500 500—1000 1000—1500 1500—2000 2000-3000 3000—4000

4504 211 626 1310 265 157 HeT npoS
4530 647 673 220 166 258 0 0 HeT npoß
4535 150 120 0 0 0 0 0 0
4548 60 0 33 8 0 0 0 0 0
4577 59 1104 87 24 0 0 0 0
4582 1840 2312 550 88 8 0 0 0 0
4594 155 2160 622 77 72 55 0 0 0
4599 105 418 560 74 0 0 0 HeT npoSfci 0
4630 1060 552 82 4 12 8 0 0 HeT npoöbi

4634 306 1800 329 33 12 0 0 0 »
. 4712 3810 260 329 9 0 0 0 »

4718 3529 HeT npodbi 570 533 232 133 0 0 »
4721 82 423 160 26 104 52 0 0 0
4724 20 60 20 23 18 34 46 0 0

OTMeqeHO ocoôeHHoe oónjine njiaHKTOHHHx $opaMHHH$ep y noBepxHocra boah, 
KojiHHecTBO hx b cnoe 200—500 m Tanate Han6ojiBraee. ManoMy coAepntaHHio 
(JiopaMiiHinJtep b BepxHHX cjiohx cooTBeTCTByioT h oneHb Majiwe KOjranecTBa hx 
b cjioe 200—500 m, HHorAa <J>opaMHHH$epbi b stom cjioe oTcyTCTByioT (ct. 4535). 
CyflH no pacnpeAejieHHio mohoahx h B3pocjibix 3K3eMnnjipoB n no cooTHome- 
HHIO HX KOJIHneCTBa Ha pa3HHX ropH30HTaX, M05KHO npeAHOJIOHtHTb, HTO 
nacTb HtH3HeHHoro pnnjia miaHKTOHHHX $opaMHHH$ep npoTenaeT b cnoe hh- 
ate 2 0 0  m .

PacnpeAeneHHe $opaMHHH$ep b BUAejieHHUX 30Hax HecoMHeHHo CB«3aHO c 
$H3HKo-XHMHnecKHMH ycjioBHHMH (Taôn. 5). BepxHHH 30Ha (0—200 m) xapaK- 
TepH3yexcH TeMnepaTypon boam ot 29,3 A« 12,9° (b cpeAHeM —18°), cojieHO- 
CTbH) ot 34,1 Ao 36,2°/00, O2— ot 0,1 ao 5,2 mMa; pH — ot 7,71 ao 8,13,
AOCTynoM connenHoro CBeTa h moiaehm pa3BHTHeM <J>HTonjiaHKTOHa. B hhîk- 
Heñ 30He (200—2000 m) TeMnepaTypa boabi KOJieôneTCH ot 2,44 ao 18,1°, co- 
jieHOGTB — ot 34,6 ao 35,7°/00, O2— ot 0,1 ao 5,2 mjiIji, pH — ot 7,61 
Ao8,01. Hajinnne chmöhohtob b paKOBHHax $opaMHHH$ep h hx CBH3b c coji- 
HeHHHM cBeTOM onpeAejiniOT THroTeHHe ÿopaMHHnÿep k BepxHen sy^oTHne- 
CKOH 30He.

H3 cpaBHeHHH bhaho, hto xapaKTep BepTHKajibHoro pacnpeAejieHHH $°P a- 
MHHH$ep 33BHCHT OT pacnpeAejieHHH (flHTOnJiaHKTOHa, HajIHHHH COHHeiHOro
CBeTa h TeMnepaTypH boah.

Hanôojiee BaatHoe 3HaneHHe, Ha nani b3i\jiha, HMeeT pacnpeAejieHHe <£h- 
TonjiaHKTOHa.

TeMnepaTypa boah ona3HBaeT HeKOTopoe BJiHHHHe Ha BepTHKanbHoe pac­
npeAejieHHe $opaMHHH$ep. Tan, bhah c bhcokoh KOHpeHTpapHeii b TenjiHX 
BOAax He MoryT BCTpenaTbcn b 6 oJibmHX KOJranecTBax b xojioahhx rjiyÔHH- 
hhx BOAax, ho TeMnepaTypa He HBjineTCn pemaiomHM ^aieropoM, Tan KaK 
pe3KOMy H3MeHeHHK) KOJiHnecTBa $opaMHHH$ep Ha rnyÖHHe 200 m HeT coot- 
BercTByiomero pe3Koro nsMenennn TeMnepaTypw. PacnpeAeneHHe $oc<J>opa, 
KpeMHHH, KHCjiopoAa Tanate He ona3biBaeT öojibnioro bjihhhhh Ha BepTH- 
KajibHoe pacnpeAOJ16000  njiaHKTOHHux $opaMHHH$ep.
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PACnPEflEJIEHHE IUIAHKTOHHMX <J>0PAMÍIHÍÍ4>EP 29

T a 6 ji h a a 5
3aBiiciiMOCTb pacnpeAejieHHH /Khbbix <})opaMHHH(j)ep b TponiiTOCKon 30He 

IlHAiincKoro OKeana ot ycJiOBHH cpeabi

CoMepmaHiie, an3. HaBOAbI 1000 m?

rOPH30HT, JW
OT HO

epeHHHHreoMeTpn-necKas
<*)

Hiicnep-CHH
(°)

i, °c s. %. 02, MJlfjl pH

0—50* 0 20 3529 307 0,510 25,70—29,30 34,1—36,2 0,36—5,04 8,08—8,13
50—100 *2>. 60 2312 655 0,239 20,00-28,40 34,1—36,2 0,77—5,04 7,76—8,11

100—200 *3> 20 1310 245 0,290 12,90—25,50 34,6—36,2 0,10—5,2 7,71—7,11
200—500 *4> 533 63 0,383 18,10—7,79 34,6—35,75 0,10—5,2 7,61—8,01
500—1000 *5> 8 258 38 3,470 12,26—5,00 34,6-35,6 0,13—5,25 7,61—8,01

1000—1500 *6) 8 133 40 0,201 5,95—4,01 34,6—35,44 0,13—4,3 7,64—7,93
1500—2000 *7>— 46 — — 5,29—2,44 34,73—35,07 0,37—3,66 7,64—7,86

n p h m e h a h h h: *0 nonyaapua npeacTaBjieHa b ochobhom mcjikhmh mojioahmh
3K30MnjiflpaMH. *2) Ha ct. 4504, 4530, 4582, 4594, 4599, 4634, 4721, 4724 kojihtoctbo 
ocoocH b 3T0M cjioe Btmie, tom b cjioc 0—50 m .  noam BCH nonyjiuaHH npeflCTaBneHa 
MejiKHMH MOJiORbiMii 3K3eMnjiHpaMH. *3) Ha ct. 4504, 4577, 4594, 4599, 4634, 4721 cojiep- 
ataiiHe b 3TOM cjioe BBiue, tom b cnoe 50—100 m ,  a Ha cxaHniiHX 4530, 4535, 4548, 4582, 
4630, 4712, 4718, 4724 — HHHte. Kojihtoctbo mojioamx h B3pocjiux 3K3eMnjinpoB npn- 
6jiH3HTejibHO OAHHaKOBO. *4) Hhhîo 200 m Ha Bcex CTaHpHHx naGjiioAaeTca pe3Koe yMCHb- 
nieHiie KOJinaecTBa ocoôeii. nonyjiapHH coctoht hohth pejiHKOM H3 B3pocjiux KpynHUX 
3K3ÜMnjIHpOB. *5) MojIOAbie 3K3eMHJIHpU He BCTpOTOHbl. Ha Tpex CTaHHHHX (JlOpaMHHH({iep 
He DUJIO. *6) <PopaMHHHl|)epM OTMeieHH Ha CeMH CTaHAHHX. *7) d)OpaMIIHII(jiepLI OTMeTOHLI 
TOJILKO Ha OAHOH CTaiTHHII.

Pacnpe êjieHHe nycTbix paKOBHH 
D.TiaHKTOHHblX )̂OpaMHHH<|>ep

üycTbie paKOBHHbi oÔHapyœeHH no npeflejibHHx rjiyÔHH onpoßoBaHHH 
{4000 m) Ha Bcex 14 CTaHpHHX TpomriecKOH 3ohh Hhahhckoto oKeaHa (Taßji. 6). 
CpeflHHe apH$MeTHHecKHe coflepacaHHH ' u n i  aacTOTa BCTpeaaeMocTH npHBe- 
p;eHH b Taßji. 7.

H3  conocTaBaeHHH Ta6a. 4 h 6 caep;yeT, hto ao rjiyÔHHM 1000 m, pente ao 
2000 M, COBMeCTHO C 5KHBHMH (J)OpaMHHH$epaMH BCTpeaaiOTCH H nyCTHe pa- 
KOBHHH. B cjioe 0—200 m nyCTHe paKOBiiHH coCTaBJiaioT okojio 1% Bcex 
$opaMHHH$ep, b cjioe 200—500 m — okojio 10%, b cjioe 500—1000 m — okojio 
30%, a HHnte 2000 m — ynte 100%. AôcojiioTHHe KojmaecTBa nyCTtix paKO- 
BHH HeBejIHKH. MaKCHMaJIbHOe HHCJIO (124 3K3. Ha 1000 M3 BOAbl) OTMeneHO Ha 
ct. 4594. KojiHHecTBo nycrax paKOBHH bo Bcex cjiohx, jieatamnx HHHte noBepx- 
HOCTHOrO, npflMO npOHOpHHOHaJIbHO KOJIHHeCTBy HÍHBMX OpraHH3MOB B CJIOe 
0—200 m. Majibie aßcojHOTHbie KOjmaecTBa nycrax paKOBHH Ha rjiyÔHHax moîk- 
HO OÖbHCHHTb ÖblCTpilM 0HyCK3HHeM paKOBHH Ha AHO HOCJie OTMHpaHHH Op- 
raHH3MOB. Hanßojiee aacTo nyoTHe paKOBiiHti BCTpeaajincb b cjiohx ot 100 
Ao 1000 m, MaKCHMajibHoe nte hhcjio oTMeaeHO b cjiohx ot 500 ao 3000 aí 
(TaÔJi. 7).

Iïpn H3yneHHH njiaHKTOHHHX $opaMHHH$ep b TOJime boah (Aante Ha 
ct. 4634, oßcjieAOBaHHOH ao Ana) npH3HaKOB pacTBopeHHH paKOBHH He 6hjio ot- 
MeneHO, Ha Ane Hte jiojkht mhoto 9K3eMHJiHpoB c hbheimh cjieAaMH pacTBope- 
HHH. 9tO H03B0JIfleT CAOJiaTb BHBOA O TOM, HTO TOJIbKO AJIHTeJTI>HOe HpeÔHBa-

1 HeflocTaTOHHoe kojihtoctbo an^poBoro MaTepnajia He no3BOJinjio npoBecTH MaieMa-
THaecKyio oßpaöoTKy.
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30 H. B. EEJIHEBA

T a u  .i h n a 6

Paciipeae.iPHiie nycTWx pai.oniiH ii.iaHUTOHHUx (JiojiaMiiHiiipop b to.htu' n0,71.1,
aí.a. Ha 1000 at3

IVt
ropm O H T, M

CTaHHIIII ‘0—50 50—lfiu 100—200 200—500 500—1000 1000—1500 1500—20OO 2000—3000 3000—4000

4 5 0 4 0 0 10 2 4 5 4 HeT npoöi.i IieT iipoöu HeT npoö
4 5 3 0 0 0 10 21 75 0 0 HeT npoö
4 5 3 5 10 10 0 0 0 0 0 0
4 5 4 8 0 0 0 0 0 0 0 0 0
457 7 0 0 10 10 12 0 0 0 0
45 8 2 2 0 10 9 6 14 33 43
4 5 9 4 0 20 10 8 20 2 8 124 19 — * ■
459 9 0 4 6 8 6 6 HeT npoCw 0
4 6 3 0 2 0 10 10 3 6 8 25 18 HeT IipoÓbT
4 6 3 4 0 0 IO 12 10 7 2 » »

4 7 1 2 20 26 30 9 41 16 » »

47 1 8 20 HeT npoö ij 6 6 23 4 8 57 2 7 0 » »

4721 0 0 10 10 35 52 42 3 2  — » ■
4 7 2 4 0 20 0 9 9 17 23 0 0

H i i e  H a  / i H e  n p H B O f lH T  k  p a 3 p y m e H H i o  p a K O B H H . O T c y T C T B i i e  c a e A O B  p a c x B o p e -  

H H H  y  p a K O B H H  H 3  r a y Ó H H H B i x  c j i o e B  B o ^ H  n o A T B e p / K ^ a G T  n p e f l n o j i o æ e H H e  o  

Ö L i c r p o M  na ne h i h i  h x  H a  h h o .

T a 6 a  h 17 a 7

MacTOTa ncTpciapMOCTH ( p )  11 cpeflHiie apingnieTHMecKiie coaepæaHiiJt 
nycTi.ix paKOBHH (JiopainiHiiíJiep b to.iiup ho,xi.i

ropIIOOHT, .11 p
X OK3. Ha1000 .ie ropn.lOHT, M p

.e ana. Ha 
1U00 .u'1

0 — 50 0 ,2 1 5 10 0 0 — 1500 0 ,6 0 17
5 0 — 100 0 ,3 5 7 150 0 — 2 0 0 0 0 ,6 0 30

1 0 0 — 2 0 0 0 ,8 5 9 2 0 0 0 — 3 0 0 0 0 ,6 0 30
2 0 0 — 50 0 0 ,8 5 10 3 0 0 0 — 4 0 0 0 0 ,2 0 7

5 0 0 — 10 0 0 0 , 8 5 22

Pacnpe^e.xcHHe oTjjeaBHbix bh^ob ({jopaMiiHHtjiep

BnfloBoe pacnpefleaeHHe naaHKTOHHBix <jiopaMHHH($ep no Bepranaan nep- 
BOHanajibHO 6hjio H3yaeHO Ha Tex æe MaTepnaaax, hto h cyMMapHoe hx pao 
npeflejieHHe b Tóame bo^h. B naaHKTOHHBix aoBax ot noBepxHOCTH flo rayón- 
HBI 2000 M H3MH ÓBiaO BCTpeaeHO 19 OHHCaHHBIX B HHTepaType bh^ob. Hhjkb 
npHBOflHTCH CBefleHHH 06 hx BepTHKaaBHOM pacnpefleaeHHH (Taóa. 8) h aa- 
CTOTe BCTpeaaeMocTH (Taóa. 9).

Globorotalia menardii (Orbigny) oÓHapyaceHa Ha 13 CTaHijHflx, Ha rayón- 
Hax o t  0 flo 1500 m (Taóa. 10).

B H a H Ö o a B H i e M  K o a i i a e c T B e  O H a  o T M e a e H a  b  c a o e  50—200 m; flan b t o t o  c a o H  

x a p a K T e p H a  h  H a n ó o a e e  B B i c o K a n  a a c T O T a  B C T p e a a e M O C T H  B H Z ja  ( c m .  T a ó a .  8 ) .
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PACnPEÆEJIEHIIE nJlAHKTOHHbIX OOl’AMIIHIIOEP

Hume 200 m c o f l e p æ a H i i e  B i i g a  p e 3 K o  n a ^ a e T  (b  8— 10 p a 3 )  h y M e H b iu a e T C H  ua- 
C TO Ta e r o  B C T p e u a e M o c T i i .

Orbulina universa Orbigny pacnpocTpaHeHa TaK>KO 3 0  rayßiiHM 1500 m 
(TaÖA. 11). MaKCiiMajiBHBie coflepnoHHH h HanSojibmaH uacTOTa BCTpeuaeMo- 
CTH oTMeneHbi b  cjioe ao 200 m ( c m .  Taôji. 8 h  9). Hnnte KojiiiuecxBa 3K3ew- 
nJiHpoB pe3KO yMeHbfflaioTCH (b  10—15 pa3).

Globigerinoides ruber (Orbigny) oÖHapyateH Ha rjiyßiiHax go 2000 m (Taôji. 
12), ho HanGoaee pacnpocTpaHeH b cjioe 0— 100 m (Tafln. 8 h 9).

T a ó ;i u n a  8

l IacTOTa Bc^pe'iaeMOCTii (p) HouoTopbix b u ,tou n.iaHi.TOHiii.ix i[)opaunHii(f)ep b  to.huc* 
BOAbi rponifWCKoii .iohm JIhahückoi’o oi.’eaHa

B il a

ropiiisoriT, .u

i

Globorotalia menardii  . . .
Orbulina u n i v e r s a ..................
Globigerinoides ruber . . . 
G. sa c c u l i f e r ................................
G. c o n g l o b a t u s .......................
Globigerinella aequilateralis  
Hastigerina pelagica  . . . .
H. d i g i t a t a ................................

0,57  
0 ,57  
0 ,6 4  
0,29  
0 ,1 4  
II eT

0 ,6 4
0 ,7 0
0,81
0 ,29
0 ,1 4
0 ,5 0
0 ,29
0 ,07

0 ,64
0,57
0 ,50
0 ,50
0,35
0,35
0 ,50
0,21

0 ,42
0 ,42
0,57
0 ,5 0
0 ,29
0 ,29
0,57
0 ,29

0 ,28
0,35
0,57
0 ,29
0,21
0 ,42
0 ,35
0,21

0,21
0,15
0,33
0,29
0 ,07
0 ,29
0 ,14
0,07

Hot
»

0 ,0 8
HeT

»
0 ,07

Globigerinoides sacculifer (Brady) BCTpeuaeTCH a o  rjiyÔKHH 1 5 0 0  m  
(Taßji. 1 3 ) ,  ho HaHÔojiee uacTO —  Ha rjiyÔHHax o t  1 0 0  a o  5 0 0  m. HaCTOTa 
BCTpeuaeMocTH h cpeAHHe coAepHiaHHH bhah noKasaHLi b ra6ji. 8 h 9. Han- 
ßojibnine coAepœaHHH npHypoueHbi k  c a o i o  5 0 — 1 0 0  m.

Globigerinoides conglobatus (Brady) oÔHTaeT b  t o h  Hte TOAipe (TaÔA. 14), 
h o  HandoAee pacnpocTpaHeH b  CAoe 100—200 m , a MaKCHMaABHue KOAHuecT- 
B a  o T M e u e H b i  H a  r A y Ô H H e  50— 100 m ( c m .  T a Ô A .  9).

T a  5 a h  q a  9

CpeAHue api«J)MeTiiMCCKHe coTepwamiflYHeKOTOpbix bmaob naaHKTOHHbix 4>opaMiiHi«f>ep 
b To.une BoAbi Tponn>iecKoii 30Hbi ÜHAHÜCKoro OKeana, 3K3. Ha 1000 m 3

b  »  n

ro p u a o H T M

■z>ifi
O

OO
7
s 100

—2
00

20
0—

50
0

50
0—

10
00

10
00

—
15

00

i 1
50

0—
20

00
1 

1

G loborotalia m e n a r d i i ............................ 90 247 167 22 10 < 1 H ot

Orbulina u n i v e r s a ..................................... 75 127 100 8 3 < 1 »
Globigerinoides r u b e r ............................ 438 178 24 22 21 10 »

G. sa c c u l i f e r ................................................... 20 46 36 21 5 5 »

G. c o n g l o b a t u s ......................................... 9 18 5 1 < 1 < 1 »
Globigerinella  aequilateralis . . . . Ilex 32 26 31 18 1 »
H astiger ina p e l a g i c a ................................ » 17 23 3 2 < 1 »
H. d i g i t a t a .................................................. » 1 8 2 1 < 1 < 1

8 8 1



32 H. B. EEJIHEBA

Globigerinella aequilateralis ( B r a d y )  o Ö H a p y a te H a  H a r j i y ö i r a a x  ot 50 #o 
1500 m (T a ö ji .  15). C paB H H TejibH O  B iic o K o e  c p e flH e e  c o fle p m a H H e  BHfla oT M eua- 
eTCH b H H T epB ajie  rjiyÖ H H  ot 50 flo  500 m. H hhko  500 m oho yM eH tm aeT C H . H a -  
CTOTa BCTpeuaeMOCTH c  rjiyÔ H H O ü MeHHeTCn H e3H aH H TejibH O  (c m . T a ß j i .  8 ) .

Hastigerina pelagica (Orbigny) OTMeueHa b tom æ e  HHTepBajie r jiy ß H H  (T aß ji. 
16). 9to t b h r  H a n ß o jie e  p a c n p o C T p a H e H  H a ra y Ö H H a x  ot 100 s o  500 m n p n  n o -  
B H ineH H H x c o fle p a ta H H H x  b c jio e  ot 50 flo  200 m (cm. T aö ji. 9).

TaSüH iia 10

PacnpeaeJieHne Globorotalia menardii n TOJime boau, ana. na 1000 Ae3

cTaHaHii

ropH30HT, M

0—50 50—100 100-200 200—500 500—1000 1000—1500 1500-2000

4 5 0 4 77 4 7 9 1126 211 131 HeT npo6
4 5 3 0 0 73 37 0 0 0 0
4 5 3 5 0 0 0 0 0 0 0
4 5 4 8 2 0 0 22 0 0 0 0
45 7 7 0 0 67 6 0 0 0
4 5 8 2 22 0 6 0 4 3 3 0 58 0 0 0
4 5 9 4 0 16 0 0 3 2 2 0
45 9 9 0 63 61 0 0 0 0
4 6 3 0 5 2 0 41 0 0 0 4 0
4 6 3 4 2 24 13 0 0 247 7 6 0 0
4 7 1 2 4 0 10 0 0 0 0
4 7 1 8 0 0 34 2 3 0 4 4 0
4721 0 0 0 0 0 0 0
4 7 2 4 2 0 0 0 0 0 0 0

TaöJiEua 11

PacnpeaejieHae Orbulina universa n T o.im ,e  b o ^ b i , s k .3. na 1000 m 3

Mi
CTaHUHH

r0pH3OHT, M

0 -5 0 50—100 100—200 200—500 500—1000 1000—1500 1500-2000

4 5 0 4 9 6 84 9 0 12 HeT npoö

4 5 3 0 0 146 9 6 7 0 0

4 5 3 5 70 110 0 0 0 0

4 5 4 8 2 0 0 0 0 0 0 0

45 7 7 0 0 961 55 10 0 0

4 5 8 2 68 0 6 4 6 20 7 0 0 0

4 5 9 4 0 20 0 0 6 2 0

4 5 9 9 21 3 13 2 24 32 0 0 0

4 6 3 0 4 0 82 0 0 0 0 0

4 6 3 4 41 16 0 41 0 2 0 0

4 7 1 2 7 0 0 13 0 0 0

4 7 1 8 0 0 0 0 0 7 0

4721 0 77 30 3 0 0 0

-4724 0 0 0 0 0 0 0
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PACnPEflEJIEHHE IttlAHKTOHHUX <POPAIVtHHH<PEP 33

T a 6 a h na 12
Pacnpegeaenne Globigerinoides ruber b Tóame boasi, ai¡3. Ha 1000 m 3

JV5
CTaHUHII

ropH30HT, M

0—50 50-100 100—200 200—500 500—1000 1000—1500 1500—2000

4504 0 42 0 0 2 HeT np o 6
4530 627 36 0 93 138 0 0
4548 20 0 0 0 0 0 0
4582 700 875 30 7 4 0 0
4594 640 26 20 8 8 0 0
4599 63 42 31 16 0 0 0
4630 200 82 0 0 0 0 0
4634 40 41 0 0 0 0 0
4712 3560 10 40 7 0 0
4718 3529 HeT npoO u 139 110 31 66 0
4721 82 327 90 20 98 38 0
Villi . 0 60 10 3 8 26 24

T a 6 a h ga 13
PacnpeAeaeHne Globigerinoides sacculifer b Tóame boasi, 3K3. Ha 1000 jw3

JVft
CTaHHHH

ropaaoHT, m

0 -5 0 50—100 100-200 200^500 500—1000 1000—1500 1500—2000

4530 20 236 74 16 2 0 0 0
4582 140 104 40 7 0 0 0

4594 0 260 207 17 21 19 0

4599 0 0 10 0 0 0 0
4630 100 0 10 0 0 0 0
4634 0 0 20 0 0 0 0
4712 60 90 47 0 0 0
4718 0 0 76 193 33 42 0
4721 ° 0 0 3 4 10 0

T a 6 a ana 14
Pacnpefle.TCHHO Globigerinoides conglobatus b TOJime boasi, ana. Ha 1000 m3

CTaHUHH

ropnaoH T , m

0 -5 0 50—100 100—200 200—500 500—1000 1000-1500 1500-2000

4504 0 0 0 6 2 HeT npoS

4530 0 73 9 0 0 0 0
4535 0 0 10 0 0 0 0
4548 0 0 11 4 0 0 0
4582 100 0 0 0 0 0 0
4594 0 160 26 7 8 6 0
4630 20 0 0 0 0 0 0
4634 0 0 0 0 2 0 0
4718 0 0 13 3 0 0 0
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34 H. B. KK.HHEBA

P a c n p e » e . ie H i ie  G l o b i g e r i n e l l a  a e q u i l a t e r a l i s  b  T o a iq e  b o r o i,  a n a .  H a  100 0  .wH

JVo
CTaHIUIIt

ropiIíiOHT, .u

ÍI—50 50—JIJO J 00—200 2'IO—500 500—1000 1000—1500 1500—2001T

4 5 0 4 0 21 9 0 0 H e r npoö

4 5 3 0 0 73 27 13 69 0 0

45 3 5 20 0 0 0 0 0

4 5 9 4 0 20 0 104 3 6 0 0

4 5 9 9 0 0 31 0 0 0 0

46 3 0 0 102 41 0 4 4 0

4 7 1 2 80 160 223 2 0 0

4 7 1 8 0 0 0 197 168 7 0

4721 0 19 0 0 2 2 0

ï  a  6  a  m a  16

P aen p eA < ‘Ji(“H n e  H a s t i g e r i n a  p e l a g i c a  b  t o j i i h c  b o r m ,  ok.s. H a  10 0 0  m 3

M  
c ra i III mi

I'ojiIiaOHT, M

0—50 50—100 100—200 200—500 500—1000 1000—1500 1500—2000

4 5 0 4 0 0 9 3 6 H er ipo6

4 5 3 0 0 0 55 13 8 0 0

45 3 5 3 0 0 0 0 0 0

4 5 4 8 0 0 0 4 0 0 0
45 7 7 59 38 10 10 0 0

45 8 2 0 0 H O 3 0 0 0

45 9 4 0 6 0 9 0 17 2 0

4 5 9 9 0 0 51 10 0 0 0

4 6 3 0 0 143 10 4 6 0 0

4 6 3 4 ! o

i

0 0 3 0 0 0

T a ß j i H q a  17

P a c n p e a e a e H H e  H a s t i g e r i n a  d i g i t a t a  b To.nue boroi, dk3. Ha 1 0 0 0  m 3

■Ns ropHSOHT, M

c ra n iu m
0—50 50—100 100—200 200—500 500—1000 1000—1500 1500—2000

4 5 0 4 0 0 57 0 0 IleT ipoO
4 5 4 0 0 0 0 13 7 0 0
4 5 9 4 0 20 0 7 0 2 0
4 7 1 2 0 0 0 3 0 0 0
4721 0 0 40 0 0 0 0
4 7 2 4 0 0 10 10 10 0 22
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RUUEPICgJC.’IHHJIH JIJlaHK TO HilblX  0()PAM]1H11<PKP

H a s t i g e r i n a  d i g i t a t a  B r a d y  B c r p e n a e T C H  H a  r j i y ß u n a x  o r  5 0  g o  2 0 0 0  a t 
( r a ú j i .  1 7 ) ,  h o  H n r g e  b  T o j i i g e  B o g b i  H e  o G p a 3 y e r  M a c c o n u x  C K o n j iC H n i i  (cm . 

T a S j i .  9 ) .  H e c K o j i b K o  n o B u m e m m e  c o g e p m a H H H  T H r o T e io T  k  c je o io  1 0 0 — 2 0 0  a t .
G l o b  g e r m a  c o n g l o m e r a t a  S c h w a g e r  o Ô H a p y m e H a  H a  T p e x  C T a H ig m x  H a  r j i y -  

Ö H H a x  g o  2 0 0  a t .  8 t o t  B u g  p e g o n  i i  M a j i o n n c j i e H  b  B o g a x  H 3 y n e H H o r o  p a ñ -  
O H a ; H e C K O Jib K o  n o B b iu ie H H b i e  c o g e p m a H H H  ( 1 0 0 — 3 0 0  a n a . )  o T M e n e H b i b  c j i o e  
5 0 — 1 0 0  a t .

P u l le n ia t in a  o b l iq u i lo c u la ta (P a r k e r  e t  .iones) HafigeHa Ha nHTH CTaHgHHX 
Ha r j i y Ö H H a x  go 5 0 0  a t  b  K O J ii iu e c T B e  o t  3  go 2 0  3 K 3 . H a  1 0 0 0  a t 3 Bogbi.

G l o b o r o t a l i a  t u m i d a  ( B r a d y )  o T M e u e H a  H a  u e T b i p e x  C T a H g H H X , H a  r e x  m e  
r j i y Ö H H a x .  K o j i H u e c T B o  3 K 3 e M n jiH p o B  K O Jie ß jie T C H  o t  3  g o  3 8  H a  1 0 0 0  a t 3 B o g b i .

S p h a e ro id in e lla  d eh isce n s  (P a rk e r  e t Jo n es) BCTpenena Ha Tpex CTaHgHHX, 
H a  r j i y ß i i H a x  go 2 0 0  a t ,  b  K O jiH u e c T B e  o t  9  go 3 6  o k s . H a  1 0 0 0  a t 3 Bogu.

H a s t i g e r i n e l l a  r h u m b l e r i  G a l l o w a y  B C T p e u e H a  T a K * e  H a  T p e x  C T a m jH H x  
H a  r j i y ß H H a x  2 0 0 — 5 0 0  a t  b  K o jm u e C T B e  o t  3  g o  6  b k s . H a  1 0 0 0  a t 3 .

G l o b i g e r i n a  b u l l o i d e s  O r b i g n y  o Ô H a p y m e H a  H a  n H T H  C T a H g n a x  H a  r j i y ö n -  
H a x  or 5 0  g o  1 5 0 0  a t ,  n p n u e M  b  c j i o e  5 0 — 1 0 0  a t  b h g  B C T p e u e H  o g H H  p a 3  (p =  
—- 0 , 0 7 ) ,  a  b  c j i o e  1 0 0 — 2 0 0  a t  h  ß o j i e e  r j i y ô o K H X  —  g B a ,  H H o r g a  T p H  p a 3 a .

G l o b o r o t a l i a  p u n c t u l a t a  ( O r b i g n y )  h  G l o b o r o t a l i a  t r u n c a t u l i n o i d e s  
( O r b i g n y )  H a i ig e H M  b  c j i o e  m i m e  2 0 0  a t .  G .  t r u n c a t u l i n o i d e s  T n r o r e e T  k  r j i y ô n -  
H aM  2 0 0 — 5 0 0  a t ,  a  G .  p u n c t u l a t a  b  K O J in u e c T B e  H e cK O Jib K H X  3 K 3 e M n jm p o B  
H a  1 0 0 0  a t 3 B o g w  o T M e u e H a  H a  r n y Ô H H a x  o t  2 0 0  g o  1 5 0 0  a t .

G l o b i g e r i n a  e g g e r i ,  G l o b i g e r i n a  h e x a g o n a  h  H a s t i g e r i n a  m u r r h a y  6 b i J i n o 6 -  
H apy>K C H i,i B c e r o  H a  o g H o n - g B y x  C T a H n n n x  b  n e s H a u H T e j i L i i b i x  K O J ir ra e C T B a x .  n o a -  
TO M y B b iH B H T b  3 aK O H O M ep H O C T H  h x  B e p T H K a j i b H o r o  p a c n p e g e j i e H H H  H e y g a j i o c b .

B o JIb lH H H C T B O  O n H C a H H H X  B H gO B  OTHOCHTCH K  T p o n H U e C K H M . H o  H aC T O T e 
B C T peU aeM O C T H  H  K O JIH U eC T B eH H H M  X a p a K T e p H C T H K a M  OHH M O r y T  Ö H T b  O T H e- 
c e H H  k  c j i e g y r o r g H M  g B y M  r p y n n a M .

1 .  B u g b i ,  o ß H T a r o m n e  H a  B c e x  r j i y Ô H H a x  o t  0  g o  1 5 0 0  a t  ( H H o r g a  g o  2 0 0 0  a t ) .  
9 t o  —  G l o b o r o t a l i a  m e n a r d i i ,  O r b u l i n a  u n i v e r s a ,  G l o b i g e r i n o i d e s  c o n g l o b a ­
t u s ,  G. s a c c u l i f e r .  ,H ,jih  h i i x  x a p a K T e p H a  n p n y p o u e H H O C T b  S o jib iH H X  K O H g e H T p a -  
g H H  k  B e p x H e M y  c j i o i o  ( g o  2 0 0  a t )  B o g b t .  H n m e  K O J in u e c T B o  3 K 3 e M n j in p o B  pe3- 
K o  y M e H b m a e T C H . C p a B H H T e j ib H O  H e ß o j ib iH H e  H 3 M e H e H H H  u aC T O T  B C T p e u a e M o -  
CTH rO B O p H T  O C O OTB eTCTBHH  (g J IH  3TH X  B H g O B ) B H g O B O rO  C O C T aB a  B ep X H H X  H  
h h j k h h x  c j i o e B  H a  ß o j ib iH H H C T B e  C T a H g H H . K 3 T o h  m e  r p y n n e  M o r y T  6 h t b  o t -  
H e c e H b i B H g b i G l o b i g e r i n e l l a  a e q u i l a t e r a l i s ,  H a s t i g e r i n a  p e l a g i c a  h  H .  d i g i ­
t a t a ,  o T c y T C T B y io ig H e  j i n m b  b  caM O M  n p H n o B e p x H o c T H O M  c j i o e  ( 0 — 5 0  a t ) .

2 .  B n g b t ,  o Ó H a p y m e H H b ie  T o j ib K O  H a  r j i y Ö H H a x  g o  5 0 0 ,  a  H H o r g a  h  g o  2 0 0  a t ,  
h  B c e r g a  b  M a j i b ix  K O J in u e c T B a x .  K h h m  o t h o c h t c h  P u l l e n i a t i n a  o b l i q u i l o ­
c u l a t a ,  G l o b o r o t a l i a  t u m i d a ,  G l o b i g e r i n a  c o n g l o m e r a t a ,  S p h a e r o i d i n e l l a  
d e h i s c e n s ,  G l o b i g e r i n a  e g g e r i  h  g p .  O r p a m i u e H H o e  p a c n p o C T p a H e H H H e  3 T h x  
BH g o B  n o  r j i y Ô H H e  o ß b H C H H e T C H  H e  n p H y p o n e H H O C T b io  h x  k  m b j e h m  r j i y Ô H H a M , 
a M a jto H  n p o g y K T H B H o c T b io  b  g a H H O M  M e c T e  b  g a H H o e  B p eM H  r o g a .

B n g b i  y M e p e H H H X  m n p o r  ( G l o b o r o t a l i a  t r u n c a t u l i n o i d e s ,  G .  p u n c t u l a t a  
m  G l o b i g e r i n a  b u l l o i d e s ) ,  n p n y p o u e H H b i e  b  o c h o b h o m  k  r j i y ß H H a M  ß o j i b i n e  
2 0 0 a t ,  B C T p e n a j iH C b  p e g K O  h  b  M a j i u x  K O J iH u e c T B a x .  B  y M e p e H H H X  m n p o T a x  
OHH o Ö H T a io T  b  B e p x H H X  c j i o h x  B o g b i  h  M H o r o u H C jie H H H  ( P a r k e r ,  1 9 6 0 ) ,  a  b  

T p o H H K a x  o n y c K a io T C H  b  ß o j i e e  r j i y ß o K n e  h  x o j i o g H b i e  B o g b i .  T a n n e  B H g H  
n o j i y n H J i H  H 3 3 B a H H e  « T p o n n u e c u H e  y T o n j ie H H H K H » .  B  Ä T jia H T H K e  k  h h m  o t h o ­
c h t c h  G l o b i g e r i n a  i n f l a t a ,  G l o b o r o t a l i a  t r u n c a t u l i n o i d e s  h  G l o b i g e r i n a  b u l ­
l o i d e s  ( P h l e g e r ,  1 9 5 4 ;  W i s e m a n  a .  O v e y ,  1 9 5 0 ) .

9 t h M H o ß b H C H H e T C H  TOT <$aK T , HTO H a  T J iy Ö H H a X  1 0 0 —5 0 0  a t  h h m h  OTMe- 
n e H o  H a i i G o j i b i u e e  h h c j i o  B H g O B , ö o j i b i n e e ,  u e M  b  c j i o e  0 — 1 0 0  a t ,  r g e  H e T  B H g o B  
y M o p e H H b ix  n i n p o T ,  h  ö o j i b i n e e ,  u e M B C j i o e  5 0 0 — 1 5 0 0  a t ,  r g e  H C u e 3 a io T  H eK O - 
T O p b ie  T p o H H ie C K H e  B H g b i.
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H. B. BEJIHEBA

PA dlPEflEJIEÍIIIE  IIJIAHKTOHHMX OOPAMHHHOEP nO  IUIOmAÆH 
B CJIOE 0—200 At H IIX BH 0IIEH 03bI

KojraqecTBeHHoe pacnpeuejieHHe
K o j iH ^ e C T B e H H o e  p a c n p e a e j i e H H e  n j ia H K T O H H H x  $ o p a M H H H $ e p  b n o B e p x -  

hocthhx B O f la x  (0—200 a í )  T p o n n n e c n o H  n a c r a  Mhuhhckoto o K e a H a  b n e p n o f l  
3 H M H e ro  M y c c o H a  6hjio H C C jie n o B a H o  n o  M a T e p n a j i a M  409 C T a H p n n .  I l e p B o -  
H a n a j i B H o  6lijio o n p e ,n ;e j ie H O  K O Jin n e c T B O  iJ io p a M H H H if ie p , c o f l e p a t a m u x c a  b cjio­
hx 0—25, 25—50, 50—100 h 100—200 aí, H a  o c H O B a m n i  n e r o  y c T a H O B J ie m a  
o c H O B H u e  3aK O H O M epH O C T H  p a c n p e f l e j i e H H f l  n x B C j i o e  0—200 m n o  B e e n  a K B a -

TOpnn.
B cjioe 0—25 aí njiaHKTOHHtie $opaMHHH<J>epH BCTpeneHH Ha Sojibhihh- 

CTBe CTaminn (95%) b KoannecTBe ot 20 flo 8055 3K3. Ha 1000 aí3 bohh 1. Cpe«- 
Hfift reoMeTpnnecKeÄ.cô epHíaHHft hx b cjioe (x) paBHO 1070 3K3., flHCnep- 
CHH—0,309. Kau bhaho h3 Taßji. 18, Hanöojiee nacTo b 3tom cjioe BCTpenpioTCH 
KOJinneCTBa öojiee 1000 3K3. (p = 0,51).

T a 6  ji im  a 18

MacTOTa BCTpenaeMoeni (p)  paajiiWHbix ko.ih'ièctb 
njianKTOHHbix t()opaMHH[ii(>ep b caoe 0—200 m

rO p lIB O H T , M

KOJIHieCTBO <J>opa\nTHU(tiep, ona. Ha 1000 .m3 Bo:sr,i

<100 100—150 500—1000 >  1000

0 - 2 5 0 ,0 3 0 ,3 2 0 ,0 6 0 ,5 1
2 5 — 50 H eT. 0 ,1 9 0 ,2 3 0 ,5 8
5 0 — 100 0 ,0 9 0 , 4 2 0 , 2 4 0 ,2 4

1 0 0 - 2 0 0 0 ,2 2 0 ,4 7 0 ,1 6 0 ,1 4
0 - 2 0 0 0 ,0 6 0 ,2 2 0 ,3 4 0 ,3 6

B cjioe 2 5 —5 0  aí njiaHKTOHHEie «JiopaMHHH^epEi oÖHapyateHM noBceMeCTHo 
b KOjiHnecTBe ot 2 4 0  po 5 4 0 0  3K3., x =  1 0 9 0  3K3., flncnepcHH — 0 , 1 3 2 .  Tanate, 
Kan h b npeflsmymeM caoe, npeoöJianaiOT KojinnecTBa 6ojn>me 1 0 0 0  3K3. 
(p =  0 , 5 8 ) .  OflHano coflepataHHH 5 0 0 —1 0 0 0 3K3. h ßojiee b flaHHOM cjioe BCTpena- 
K)TCH name, nTo BMecTe c bhcokwS cpe^HSti reoMeTpnnecKSd» conepatamnBHCBHfle- 
TejIBCTByeT O HajIHHIlH 3HeCB OHTHMajIBHHX yCJIOBHH flJIH HÎH3HH $opaMHHH-
<£ep.

B c a o e  5 0 —1 0 0  m $ o p a M H H H $ e p u  n p n c y T C T B y io T  H a  B c e x  C TaH n;H H X  b ko- 
a n n e c T B e  ot 2 3  po 3 5 2 5  a n a . ;  x =  4 0 3  3 K 3 . ,  t .  e. b 2 —2 , 5  p a 3 a  H H a t e ,  n e M  b 
B e p x H H X  cjiohx, f lH c n e p c H H  — 0 , 2 5 5 .  B o j i b m n e  C K o n jie H H H  $ o p a M H H H < i> ep  b 
3TOM  c a o e ,  K a n  h b n p e f l t m y m e M ,  o Ö H a p y a t e H H  tojibko b T e x  M e c T a x ,  rpe bmb- 
HDTCH HX B H C O K H e K O H Q C H T p a y H H , H  B n e J K a n jH X  B H m e  CJIOHX, HO B C T p e n a iO T -  
CH O HH 3 H a n H T e j iB H 0  p e a t e  ( H a  2 4 %  C T a H q H ä ) .  H a n 6 o j i e e  x a p a n T e p H H  kojih- 
n e c T B a  ot 1 0 0  « o  5 0 0  3 K 3 . ( p  =  0 , 4 2 ) .

B caoe 1 0 0 —2 0 0  aí $opaMHHH<i>epM oTMeneHH Tanate Ha Bcex c t3hh;hhx b 
KoannecTBe ot 2 0  flo 1 8 1 0  3K3.; x =  2 1 7  3H3., uncnepcHH— 0 , 2 6 6 .  BoatniHe 
KOJiHnecTBa ( 5 0 0 —1 0 0 0  3K3. h 6 oaee) BCTpenaioTCH peate, neM b npeflbmymax 
cjiohx. Pe3Ko B03pacTaeT nacToTa BCTpenaeMocTH noJinnecTB ot 1 0 0  flo 5 0 0  
3K3. (p — 0 , 4 7 )  h MeHee 1 0 0  3K3. (p =  0 , 2 2 ) .

1 Tau KaK Bee pnifipbi b aajiBHeämeM aaiin  b nepecneTe Ha 1000 m3 boah, ccbijikii Ha 
OÖteM HpOlJlHAbTpOBaHHOH BOflH ÖyflyT OnyCKaTbCH.
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m u

P h c . 3 .  P a c n p e ; te J ie H n e  njiaHKTOHHHX 4iopaM H H H $ep  (aK 3 . n a  1 0 0 0  m 3 BO flu) n o  n j io m a n n  
HHflHM CKoro o n e a H a  b  c j io e  0 — 2 0 0  m

! —  ao  lu i) 3K3.; — ot ion a" son o n a .;  3 — ot 500 no 1000 3K3.; ■/ — ot 1000 a o  5000 r>n3.;
>— ÔOJlblIIC 5000 3K3.

ŷ HTHBaH pacnpeneneHHe njiaHKTOHHHX $opaMHHH<i>ep h  nacTOTy BCTpe- 
aaeMOCTH pa3JIHHHHX KOJIHHeCTB, MOJKHO OTMGTHTb, HTO MaKCHMyMH HX TH- 
roTeioT k  cjioHM 0 — 2 5  h  2 5 — 5 0  m , r^e TeMnepaTypa BoflH KOJieöjieTCH b  npe- 
nejiax ot 2 4 , 9 2  no 2 9 , 2 1 °  (Ha noBepxHocTH oKeaHa). B  cjioe 5 0 —1 0 0  n  
1 0 0 —2 0 0  M KOJIHHeCTBO $OpaMHHH$ep yMeHbHiaeTCH COOTBeTCTBeHHO B flBa 
h HHTb pa3. TeMnepaTypa BOßu Ha rjiyÖHHe 2 0 0  m  KOJieöjieTCH ot 1 2 , 1 4  no 
1 8 , 8 4 ° ,  t. e .  y M e H b H ia e T C H  n p n 6 j iH 3 H T e j ib H O  H a  1 0 ° .

P a c n p e n e j i e H H e  <j>opaM H H H (J>ep B H y T p n  c j i o h  0 — 2 0 0  m  h  T H r o T e m i e  M a n c n -  
M a jIb H b lX  K O JIH neC T B  K CJIOK) 0 —5 0  M C B H 3 aH O  C B H C O K O nO nH H T H M  ( n o  5 0 — 
1 0 0  m ) c j i o e M  C K a n K a  p H ,  $ o c $ a T O B ,  K p e M H e K H C jio T H , a  T a K M te  B e p T H K a n b H b iM  
p a c n p e n e n e H H e M  T e M n e p a T y p m  B o n u  h  ( j jH T o n jia H K T O H a .

K o j i n n e c T B o  ÿ o p a M H H H ^ e p  b  c j i o e  n o  2 0 0  m  b  p e j i o M  K O Jie ß jie T C H  o t  3 3  n o  
5 5 5 7  3 K 3 . ,  c p e n H f i f t  r e o M e T p H ie c K O Ä  c o n e p j K a H n a  p a B H O  7 4 4  a n a . ,  n a c n e p -  
CHH —  0 , 2 2 1 .  H a  ß o J ib m H H C T B e  C T a H ijH H  ( 3 6  % )  B C T p e n a n o c b  6 o j i e e  1 0 0 0  3 K 3 . 
H J iH O T  5 0 0  n o  1 0 0 0  3 K 3 .( 3 4 % C T a H H H H ) .M a K C H M a n b H H e  K o j i n n e c T B a  ( o t  1 0 0 0  n o  
5 5 5 7  3 K 3 .)  o Ö H a p y m e H b i  b  A p a B H H C K O M  M o p e ,  b  p a n o H e  o - B a  f l B a ,  y  K o k o c o b h x  
H  M a jI b n H B C K H X  O C T pO B O B , a  T 3K ?K e B O T K p H T H X  H aC T H X  o K e a H a  (p 'H C . 3 ) .  n o  
5 0 0 — 1 0 0 0  3 K 3 .  O T M en eH O  b  p a n o H e  o - B a  f l B a ,  M a jib n H B C K H X  o c T p o B O B , 6 j i h 3  
S e p e r o B  Ü H n n n ,  k  B o c T O K y  o t  M a n a r a c n a p a ,  b  A p a B H H C K O M  M o p e  h  b  o t k p h -  
T H x n a c T H X  O K e a H a .C o n e p j K a H H e  1 0 0 — 5 0 0  3 K 3 . ( 2 2 %  C T a H p H n )  H e  x a p a K T e p H O  
n J IH  CJIOH 0 — 2 0 0  M  B TpO H H H G C K O H  H aC T H  O K e a H a ,  OHO OTM CHeHO Ö JIH 3 O -B a  
C y M a T p a ,  y  M a jib n H B C K H X  o c T p o B O B , k  c e B e p y  h  k  B o c T O K y  o t  M a n a r a c n a p a ,  
b  A p a B H H C K O M  M o p e  h  b  o T K p u T O M  o K e a H e  (p H C . 3 ) .  M e n e e  1 0 0  3 K 3 .  B C T p e n a -  
j i o c b p e n K O  ( 6 %  C T a H H H H ). T a K o e  p a c n p e n e n e H H e  n j ia H K T O H H H X  $ o p a M H H H $ e p  
b  o 6 m ,H x  n e p T a x  c o r j i a c y e T c n  c  p a c n p e n e n e H H e M  B c e r o  n j ia H K T O H a  h  o n p e n e j i n -  
6TCH B OCHOBHOM  T eM H  }Ke H p H H H H a M H .

H a n ö o j i b r a e e  K o a n n e c T B o  $ o p a M H H H $ e p  ( 5 0 0  3 K 3 .  h  ß o j i e e )  H a ß j i io n a e T C H  
b  p a n o H a x  n o n H H T H H  rn y Ô H H H H X  Bon b  c e B e p H o n  n a c T H  A p a B H H C K o r o  M o p a  h
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b  p a n o H e  B K B a T o p n a j ib H b ix  T e u e H i m ;  o h o  n p n y p o u e H o  k  b o a h h m  M a c c a M  A p a -  
B H H C K O ro  M o p a  H  H H flH H C K O H  3 K B a T O p n a jI b H O H  B O flH O H  M a c c e ,  flJIH  K O T O pblX  
x a p a K T e p H O  B b ic o K o e  n o j i o n t e H H e  c j i o h  C K a u K a ,  n o f lb e M  r j i y Ô H H H b ix  b o a , 60-  
r a T b i x  Ô H o re H H b iM H  a j ie M e H T a M ii ,  o c o ô e H H o  b  p a ñ o H a x  A H B e p r e H p H i i  l O a t H o r o  
3 K B a T o p n a j i b H o r o  T e a e H H H  h  n p o T i iB O T e u e H H H . M o ip H b ie  A H B e p r e m j u H  o ß p a a y -  
IOTCH T aK > K e n p n  n p o x o ïK f l e H H H  C T p y i i  M y c c o H H o r o  T e u e H iiH  h  n p o T H B O T e u e H iif l  
b  n p o M e î K y T K a x  M e a t f l y  M a jib f lH B C K H M H  h  J la K K a fli iB C K H M H  o c T p o B a M H  h  a p x n -  
n e j i a r o M  H a r o c .  M m  T o n t e  c o o T B e T C T B y io T  ö o j i b u i H e  K O J iH u e c T B a  $ o p a M iiH H < í> e p . 
O Ö H J in e  ( J io p a M H H H ^ e p  b  b o c t o h h o h  u a c T H  A p a B H H C K o r o  M o p a  o ô y c j io B J ie H O  
B jiH H H H eM  c e B e p o - B o c T O H H o r o  M y c c o H a ,  K O T o p H H  B b i3 H B a e T  n o f lb e M  B o fl  y 6e -  
p e r o B  P ÏH flH H , a  C K o n J ie H H H  y ö e p e r o B  H b h  C B H 3 a H H  c  b j i h h h h c m  l o a t H o r o  n a c -  
c a T a ,  K O T o p b iH , O T ro H H H  B O fly  o t  6e p e r a ,  B H 3 b iB a e T  n o f lb e M  r j i y 6i iH H b ix  b o a ;.

B n p e f l e a a x  p a c n p o c T p a H e H i i H  h h a h h c k o h  p e H T p a j i b H o i i  b o a h o h  M a c c u  
K o a n a e c T B o  < j> opaM H H H (|)ep  H e  n p e B b i m a e T  500 3 K 3 . ^ j i h  3T o i i  b o a h o h  M a c c b i  x a -  
p a K T e p H O  c j i a ô o e  B e p T H K a j i b H o e  n e p e M e n iH B a H H e  c H e f lo c r a T o u H b iM  b h h o c o m  
ô n o r e H H b i x  a a e M e n T O B  H a  i iO B e p x H O C T b . P a c n p e f l e j i e H i i e  n j ia H K T O H a  ( E o r o -  
poB h  B H H o r p a f lO B ,  1961; E p o f lC K H i i  h  B i i H o r p a f l O B ,  1958) k  i o r y  o t  18° c .  n i .  
n o 3 B O J ia e T  c w r a T b ,  h t o  3 T a  c p a B H H T e j ib H o  ö e f l H a n  iJ io p a M H H H ijie p a M H  o ô j i a c T b  
n p o T H T H B a e T C H  flo 40° i o .  u i .  h  n o K p u B a e T  B c e  n p o c T p a H C T B o ,  3 a H H T o e  p e H -  
T p a j ib H o iiH f lH H C K O H  b o a h o h  M a c c o f i .  B k h k h o h  u a c T i i  T h x o t o  O K e a H a  (Par­
k e r ,  1960) o ô j i a c T b  M H H H M a a b H b ix  K O jm u e c T B  <j>opaM H H H <|)ep T a K a te  npuypoue- 
H a  k  p e H T p a j ib H H M  B o flH b iM  M a c c a M  ( o t  16—18 f l o  40° i o .  m . ) .

Y G e p e r o B  A B C T p a j iH H  K O Jm u e c T B O  <J)opaM M HH<J)ep y B eJ iH U H B a e T C H  f lo  ÎOOU 
3 K 3 . h  6o j i e e .  9 t o  C B H 3aH O  c  H a j n i u n e M  c h j i h h u x  M e p i i f l i i o H a j ib H b ix  T e a e H H ii  
( O b u i i h h h k o b ,  1961), c n o c o 6cT B yio iH ,H X  B e p T H K a jib H O M y  n e p e M e n iH B a H H io  b o a -  
h i . i x  c j i o e B  h  B b iH o c y  ô n o r e H H b i x  K O M n o H e H T O B .

P a c i i p e f l e a e H H e  O T f le . i i .H i . ix  b h a o b  
b  H O B e p x H o c T H b ix  B o f l a x  T p o n i i a e c K o ô  30111.1

(ilol)igerinoides ruber (Orbigny) (ra6a. I) h b j i c t c h  Han6 ojiee pacnpocTpa- 
iieiiHi.iM b h a o m  (p  —  0,9) b  TponiiHecKoii 30He klHfliiHCKoro OKeaHa (Taôji. 19). 
Oh oöiiapyateH b  KoanuecTBax flo 3150 3K3 . h  cocTamiHeT o t  1 flo 98 ?ô $ay- 
Hi.i (JiopaMiiHHijiep (pnc. 4), npnueM Ha 6 ojibiuiiHCTBe CTaHpnii — 6 ojiee 50 ?o. 
MaKciiMaabHbie KOJiiraecTBa (6 ojibme 1000 3K3 .) oTMeueHH b  b o c t o h h o h  nojio- 
BiiHe ApaBHHCKoro Mopa, b  o t k p h t o h  aacTH OKeaHa b  BHfle flByx nonoc, npo- 
TarMBaioDAHxcfl o t  MaabflHBCKHx ocTpoBOB k  ceBepo-BocTOKy h  k  K o k o c o b w m  
ocTpoBaM, a Tanate oTflejibHbiMii nHTHaMH. HacTOTa BCTpeuaeMocTH b t h x  k o -  
jinuecTB paBHa 0,20 (Ta6 ji. 19). KojinuecTBaMH o t  500 flo 1000 3K3. xapaKTe- 
pH3yioTCH flBe noaocbi umporaoro HanpaBjieHHH (oflHa h 3  h h x  fljiHHHaH, npo- 
caeacHBaeTCH o t  55° b .  a .  a o  o-Ba flBa, flpyraa —  6 ojiee KopoTKaa) h  paüoH 
b  3anaflHOH uaCTH ApaBHHCKoro Mopa. B KOJiHuecTBe 100— 500 3K3. b t o t  b h a  
BCTpeueH y i o h î h o h  o k o h c h h o c t h  H h a h h ,  Ha sKBaTope, y 6eperoB ABCTpajiHH, 
y o-Ba flßa h  b  paüoHe MaflaraCKapa h  CeiimejibCKHX o c t p o b o b ;  flBe y3Kiie no- 
jiocbi c TaKHM coflepataHHeM npocaeiKHBaioTCH b  o t k p k i t o m  OKeaHe h b  10 h  18° 
1 0 . ni. (p =  0,28). KojiHuecTBa MeHee 100 3K3. oÔHapyHteHH b  3anaAHoii uaCTH 
ApaBHHCKoro Mopn, k  3anafly o t  o-Ba flBa, y b o c t o k h o t o  noôepeHtbn A i ^ p h k h  
h  k  iory o t  20° io. m. flacTOTa BCTpeuaeMocTH h x  0,22. He oÖHapyateH G. ru­
ber Ha OflHOII CTaHflHH B ApaBHHCKOM MOpe, 6jIII3 3 K B ITOpa ( c t .  4592) h  k  lory 
o t  20° io. m. Ha 90° b .  a .  CpeflHeÆ-reoMeTpHuecKOJt coflepæaHH®.BHfla b  cjioe 
0—200 m  —  266 3K3., HTo no cpaHeHHio c flpyrnMH b h a b m h  h b j i h c t c h  MaK- 
CHMajibHbiM, flucnepCHH — 0,481. TeMnepaTypa noBepxHOCTHbix b o a  na CTaH- 
P h h x ,  rfle o h  BCTpeuaeTCH, Kojieôajiacb b  npeflejiax o t  24,92 flo 29,21°, cone- 
H O CTb —  o t  33,52 a o  35,90°/no*
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T a ö ji h  u , a I

IIjiaHKTOHHM e $ o p a M H H n d )e p u  Hhhhhckofo O K eaH a. Y BejiHHCHo b  20 p a 3 .

1,2  — G lo b ig e rin a  c o n g lo m e ra ta  S ch w a g er, c t .  319; 3 ,4 ,s  —  G lo b ig e rin a*  b u llo id e s  O rb ig n y , c t .  4594; 6 ,7 ,8  — G lo b ig e ­
r in a  e g g eri R h u m b le r ,  c t .  139; 9,10,11 —  G lo b ig e rin a  p ach y d e rm a  E h re n b e rg , c t .  177; 12,13 — G lo b ig e r in a  h e x ag o n a  
N a tla n d , c t .  4726; 14 —  G lo b ig e r in a  q u in q u e lo b a  N a tla n d . c t .  4720; 15,16 ,17 ,18  —  G lo b ig e r in ita  g lu t in a ta  E g g e r ,  c t .  
4619; 19,20 — G lo b ig e rin o id e s  sac c u life r  (B ra d y ), c t .  4582; 21,22,25 — G lo b ig e rin o id e s  ru b e r  (O rb ig n y ), c t .  135;
2* — G lo b ig e rin o id e s  c o n g lo b a tu s  (B rad y ), c t .  4504; 25,26,27  — G lo b ig e rin e lla  a e q u i la te ra l is  (B ra d y ), c t .  4630; 
2$ ~  S p h a e ro id in e lla  d eh iscen s  (P a rk e r  e t  Jo n es), c t .  324; 29,30,31  — P u lle n ia t in a  o b liq u ilo c u la ta  (P a rk e r  e t  J o n e s ) ,

c t .  319; 32 — C an d e in a  n i t id a  O rb ig n y , c t .  4575.
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f ï ï ï ï l  2

P h c . 4 .  P a c u p o c T p a n e H H e  G l o b i g e r i n o i d e s  r u b e r  b  noBepxHOCTHOM c a o e
TI __ «    /«____  4AAA « _______ \

r u b e r nOBepXHOCTHOM 
HHflHÜCKoro OKeaHa (3K3. Ha 1000 m3 bo^h)

c a o eB

1 —  BKH HC nuttaen; s —  no  100 on a .; 3  —  o t  100 «o  500 3K3.; t —  o t  500 no 100Ü 3K3.;
.5 — Sojibine 1000 3K3.

T a  6  n  H u a  19
HacTora BCTpenaeMocrn (p)  pa3Jin4Hbix KOJiu'iecTB n.iaHKTOHHbix tjiopaMHHnijiep 

(no BHflaM) b caoe 0 —200 m

b h n OSman KOJIHieCTBO 3K3. Ha 1000 m‘ Bonei

(PoGml < 100 100—500 500-1000 > 1000

Globigerinoides r u b e r ........................ 0,90 0 , 2 2 0,28 0 , 2 0 0 , 2 0
Globorotalia m enardii........................... 0,83 0,51 0 , 2 2 0,08 0 , 0 2
Orbulina u n iv e rs a ................................. 0,75 0,59 0,17 HeT HeT
Hastigerina p e lag ica ............................. 0,67 0,65 0 , 0 2 » »
Globigerinella aequilateralis . . . . 0,65 0,51 0,14 » »
Globigerinoides s a c c u l i f e r ................ 0,60 0,32 0 , 2 2 0,04 0 , 0 2
Globigerina b u l l o i d e s ........................ 0,55 0,47 0,08 HeT H ct

Globigerinoides conglobatus . . . . 0,49 0,44 0,04 » »
Hastigerina d ig i ta ta ............................. 0,45 0,40 0,06 » »
Globigerina e g g e r i................................ 0,40 0,40 HeT » »
Globorotalia p u n c t u l a t a .................... 0 , 2 0 0 , 2 0 » » »
Globigerina h e x a g o n a ........................ 0,16 0,16 » » »
G. conglom erata.................................... 0,16 0,14 0 , 0 2 » »
Pulleniatina obliquiloculata . . . . 0,14 0,14 HeT » »
Globigerina i n f l a t a ............................. 0 , 1 2 0 , 1 2 » » %
Sphaeroidinella d e h i s c e n s ................ 0,08 0,08 » » »
Globigerina qu inque loba................ .... 0,08 0,08 » » »
G. g lu tin a ta ............................................. 0,08 0,08 » » »
Globorotalia tu m id a ............................. 0,06 0,06 » » »
G. tru n c a tu lin o id e s ............................. 0,05 0,05 » » »
Candeina n i t i d a .................................... 0,04 0,04 » » »
Hastigerinella rh u m b le ri..................... 0 , 0 2 0 , 0 2 » » »
Hastigerina m u r r h a y i ......................... 0 , 0 2 0 , 0 2 » » »
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T  a 6 ji i m  a II

IlnaH K T O H H H e (fiopaM iinii(|>epM  I I h ä h h c k o io  o n e a H a .  V B ejiiineH O  b  2 0  p a 3

i ,  2, 3— G lo b o ro ta lia  m e n a rd ii (O rb in g y ), ct.4682; 4, 5, 6 — G lo b o ro ta lia  tu m id a  (B ra d y ), c t . 139; 7, S,0— G lo­
b o ro ta lia  t ru n c a tu lin o id e s  (O rb in g y ), ct. 302; 10, 11, 12—G lo b o ro ta lia  h ir s u ta  (O rb in g y ), ct.297; 13, 14 — G lo­
b o ro ta lia  p u n c tu la ta  (O rb ig n y ), ct. 149; 16, 16, 17 —  G lo b ig e rin a  in f la ta  O rb ig n y , c t . 261; IS  —  O rb u lin a

u n iv e rsa  O rb ig n y , c t . 4718.
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30 90

P h c . 5 .  P a c n p o c T p a H e H H e  Globorotalia m e n a r d i i  b  noBepxHOCTHOM c jio eP a c n p o c T p a H e H H e
HH flHHCKoro OKeaHa (a n a .  n a  1 0 0 0  m 3 iioam )

1 —  B iw  HO H a l ia e t i ;  2  —  g o  100 3K3.; ; i—  o t  100 a o  500 3K3.; / — o t  500 g o  1000 s k . i . ;

.5 — Gojlbllte 1000 3K3 .

BucoKwe KOHU,eHTpamiH bhas (ßojibine 1000 3K3.) BCTpeueHbi tojibko b npe- 
Mt'Jiax pacnpocTpaHeHHH Hhahhckoh BKBaTopnajibHon boah, k ceBepy ot 20° 
io. ni. B Thxom oKeane bha oTMeneH b SKBaTopnajibHbix n peHTpajibHbix boa- 
Hbix Maccax ceBepHoro h kukhoto nojiyinapnn (Bradshow, 1959; Parker, 1960). 
Ilo AaHHbiM BpsAinoy, G. ruber BCTpenaercn npn TeMnepaType boa ot 15 ao 
32°, MaKCHMajibHbie KOHU,eHTpaiuiu npnyponenw k TeMnepaTypaM nopnAKa 
19—31°.

Globigerinoides ruber innpono pacnpocTpaHeH b sKBaTopnajibHHx n peH- 
TpanbHbix -BOAHbix Maccax Tnxoro n Hhahhckoto oKeaHOB c HanBLicninMn 
KOHpeHTpapnuMH b  3KBaTopnajrr.ur.ix Bopax. Y p,ejibHhiä  Bec aroro BHpa b  H h -  
Ahhckom oneaHe Bbinie, neM b  Thxom, rpe oh coCTaBjineT tojibko okojio 20% 
ijiayHbi ij)opaMHHH$ep (Bradshow, 1959).

Globorotalia menardii (Orbigny) (Tabu. II) BCTpenaeTcn b TponnnecKon 
naCTH ÜHAnncKoro OKeaHa nonTH noBceMecTHo (p — 0,83) b KOJinnecTBax ao 
1400 3K3. (cm. Ta6ji. 19) n coCTaBjineT ot 1 ao 83% (ftayroi $opaMHHH$ep 
(pHC. 5).CoAepmaHHe ero Ha öojibniHHCTBe CTami,HH cocTaBJiajio MeHee 20 % $ay- 
Hbl njiaHKTOHHHX $opaMHHH$ep. KoHpeHTpapHH Bbinie 1000 3K 3. BCTpenajIHCb 
oneHb pepKo (p = 0,02), a 1400 .'IKS. oTMeneHO tojibko b oahom paikme, k loro- 
BOCTOKy OT MajIbAHBCKHX OCTPOBOB. B KOJIHHeCTBe 500—1000 3K3. 3TOT BHA 
oÔHapynceH b otkphtoh nacTH OKeaHa, b paiioHe apxnnejiara Haroc, k ce­
Bepy h BocTOKy ot Hero, h k loro-BocTOKy ot o-Ba Hua. HacTOTa BCTpeuacMo- 
CTH T3KHX KojiHuecTB 0,08. Bouée nacTo (p =  0,22) BCTpenaiOTcn KOJinnecTBa 
B 100— 500 3K3.IIojIOCa TaKHX KOHpeHTpapHH npOTHTHBaeTCH BAOJIb BOCTOHHOro 
noßepeiKbH Hhahh, 3axBaTbiBaeT panoH MajIbAHBCKHX octpobob, Ha sanape 
AoxoAHT ao 55° b. a- h no napajuiejin 15—20° io. in. AocTiiraeT o-Ba Hßa h 
3anaAHHx ßeperoB ABCTpajiHH. B oßipeM, b KonanecTBax ßoiiee 100 3K3. 
G. menardii oÔHapynteHa b hhahhckoh BKBaTopnajibHon boahoh Macce. Han- 
ßoJiee xapaKTepHbi ppa Hee, oAHaKo, KojinuecTBa MeHee 100 3K3. (p = 0,51), 
KOToptie oTMeneHbi b  ApaBHHCKOM Mope, hhahhckoh peHTpajibHOH boahoh 
Macee, y BocTonHoro noßepembH A$phkh, k 3anaAy ot IJeHTpajibHoro H h -  
Ahhckoto xpeßra, y iovkhoh OKOHenHOCTH Hhahh, Ha oKBaTope, y o-Ba Hbbi, 
k 3anaAy ot 90° b .  a- h k rory ot 13—20° io. m. OTCyTCTBOBaji stot
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i ’n c .  6 . P a c n p o c T p a H e H H e  O r b u l i n a  u n i v e r s a  b noB epxnocT H O M  c a o e  Hhäiihckofo 
O KeaHa (aK3. n a  1 0 0 0  m 3 b o ^ w )

2 — B na ire iiaflace; 2  — n o  100 a n a . ;  :¡ — o t  10(1 n o  500 3 K 3 .

BHa Ha Tpex CTaHu;HHX b ApaBHHCKOM Mope, k K)ro-3auaay ot CeñinejiB- 
CKHX OCTpOBOB, Ha 90° B. fl. k ceBepy OT OKBaTopa H K)5KHee 30° io. ni. 
CpeflHea reoMeTpHneCKfl« coaepaoHH® ero 64 3K3., ancnepcna 0,476. TeM­
nepaTypa noBepxHocTHux Boa b MecTax HaxoæaeHHH 24,92—29,21°, a co- 
jieHocTb 33,52—35,70°/o0.

B Thxom oKeaHe G. menardii oÓHapyareHa tojibko b Boflax TponnnecKoH h 
TenjioH yMepeHHon 3ohbi (Bradshow, 1959), b ochobhom TaK*e b KoJinnecrae 
MeHee 20% ot Bceií $ayHH njiaHKTOHHHX $opaMHHH$ep. OÖHTaeT npn TeMne- 
paType ot 10 ao 35°, ho HaHÓoJiBinne KoHn,eHTpan;HH oTMeneHbi Ha 3KBarape 
npn TeMnepaType 27—32°. Bkokhoh nacra Thxoto OKeaHa (Parker, 1960) 
3ToT Bna npnypoueH raxwe k aKBaTopiiajiBHBiM h io JKHo-poHTp anbhbtm BoaaM 
h cocTaBJineT b ochobhom MeHee 20% (JiayHBi. TeMnepaTypa noßepxHocTHMX 
soa b MecTax oÖHTaHHH ero KoneôjieTca b npeaejiax 17,7—27,3°, cone- 
hoctb — ot 34 ao 35,9n/00; HaHBHcinne KOHn;eHTpan;HH oTMeneHH Ha aKBaTope.

Orbulina universa Orbigny (Taöji. II) TaKæe othochtch k BnaaM, oneHB 
pacnpocTpaHeHHBiM b MHaHHCKoM oKeaHe (p =  0,75), h BCTpenaeTCH b kojih- 
necraax ao 480 3K3. (pnc. 6). Oh cocTaBJiaeT ot 0,3 ao 35% Been $ayHH nnaHK- 
tohhbix $opaMHHH(J)ep, a HHoraa coaepmaHHe araro Bnaa aocTnraeT 83%. 
KojinuecTBa 6onee 100 OKs. OTMeneHH b otkphtoh nacra oKeaHa, k ceBepy h 
loro-BocTOKy ot apxnnejiara Haroc h y Kokocobbix octpobob; oTaejibHbie hht- 
Ha noBHmeHHHX KomieHTp alinii HaßjiioaajiHCB b boctouhoh nacra ApaBHH­
CKoro Mopa, k BocTOKy ot o-Ba Kosthbh h loatHee 20° io. m. MacToTa BCTpe- 
naeMocTH srax Konnnecra paBHa 0,18 (Ta6ji. 19). MeHee 100 3K3. nacTo BCTpe- 
naeTCH (p =  0,59) b ApaBHHCKOM Mope, y BocTonHoro noôepeiKBH A$phkh, 
b HBaHCKoM paüoHe, y 3anaaHoro noSepemba ABCTpajiHH h loiKHee 40° io. m. 
Ha CTaHijHHX MepnaHoHaJibHHX pa3pe3on a/o «06b». CpeaHflÇ. reoMeTpnnecKfl®. 
coaepmaHH® BHaa 39 3K3., ancnepcna 0,298. Bna oÖHapyaieH npn TeMnepaType 
noBepxHocTHHx Boa ot 10,92 ao 29,05° h cojichocth 33,52—35,85%o- Han- 
öojibume KoJiHnecTBa npnyponeHH k KHanbcKofi neHTpajiBHon BoaHoñ Macce.

B Thxom oKeaHe btot Bna pacnpocTpaHeH b TponnnecKoS h yMepeHHon 30- 
nax (Bradshow, 1959), rae oh cocTaBJiaeT ot 1 ao 50% $ayHH. MaKCHMaJiBHHe 
KOHiieHTpaî HH oTMeneHW 6jih3 TaBaËCKHX octpobob h b oönacra xonoanoro
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T a ö j i H p a  I I I

n jiaHKTOHHU8 $opaMHHH((iepu Hhahhckoi'o OKeaHa. y Be.TiiMeiio b 20 pas. 
i ,  H a s tig e r in a  m u rra y i T h o m so n , c t .  4504; 3 — H a s tig e r in e lla  rh u m b le r i G a llow ay , c t .  4633; 4 , i ,  

«—H a s tig e r in a  d ig i t a ta  R h u m b le r , c t .  4724; 7, S, 9 —  to  m e, c t .  4712; io , 11. 1 2 —  H a s tig e rin a  p e lag ica
(O rb ig n y ), ct. 4632.
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90 130

30

00 130

P h c . 7 . P a c n p o c T p a H e H H e  H a s t i g e r i n a  p e l a g i c a  b  noBepxHOCTHOM c j io e  llHAHHCKoro 
O K eaH a (s k 3 . H a 1 0 0 0  m 3 b o ,hbi)

1 — BHfl He HaiineH; 2 — ao 100 3K3.; 3  — ot 100 ao 500 ona.

K aJiH $ o p H H H C K o ro  TetieH H H , a  T a n a te  b B a n e  oT ^ejibH H X  iiHTeH H a 3 K B a T o p e a  
« a  rp a H H fie  T e a e H a a  O h h -C ho  h  K y p o - C a o  (6 o J ie e  5 0 % ) .  3 t o t  b h a  H a a ß o -  
j i e e  x a p a K T e p e H  a jih  $ a y H i i ,  n e p e x o A H o a  o t  c y ß a p K T a a e c K o a  k  n e H T p a jib H o a . 
B  c e ß e p H o ä  n a c r a  T a x o r o  o a e a H a  o h  o ß a T a e T  n p a  T e M n e p a T y p e  b o a h  1 1 — 3 1 °  
( H a a ß o j ib r a a e  K O JiaaecT B a o ß H a p y a te H u  n p a  T eM n ep a T y p e  1 1 — 1 6 ° ) ,  b  hmk- 
h o h  a acT H  ( P a r k e r ,  1 9 6 0 )  p a c n p o c T p a H e H  m a p o K o ,  h o  b o c h o b h o m  b M a jit ix  
K O JiaaecT B ax  (a o  5 0 %  $ a y H t i ) .  3H aaeH H H  T e M n e p a T y p a  b M ecT ax  oßaTaH H H  
co cT aB Jia io T  9 , 2 — 2 7 ° ,  a  c o j i e H o c r a  —  3 3 , 6 — 3 6 ,5 % o -

U lap o K H H  A a a n a 3 0 H  3 H a a e H a a  T e M n e p a T y p a  a  c o j ie H o c r a  b o a  h  m a p o a o e  
r e o r p a ÿ a a e c K o e  p a c n p o c T p a H e H a e  AaioT bo3m05khoctb npeA nojioH C H Tb BCJieA 
3 a  X o $ K e p o M  ( H o f k e r ,  1 9 5 9 ) ,  a T o  b b a  O r b u l i n a  u n i v e r s a  HBjiaeTCH c o ß a p a -  
TejibHHM  a  apeA C T aB jiaeT  c o ß o a  CTaAaio B ocapoa3B O A C TB a H ecK O JibK ax b b a o b .  
H a j i a a a e  B H y T p a  m a p o B a A H o a  K a M e p a  H e o n p e A e j ia M a x  a o  BHAa r j i o ß a r e p a H  
HoATBepjKAaeT 3To.

H a s t i g e r i n a  p e l a g i c a  ( O r b ig n y )  (T aß ji. III) aobojibho a a c T o  BCTpeaaeTCH 
B T p o a a a e c K O M p a a o H e H H A H a c K o ro  O K eaH a ( p  =  0 ,6 7 )B K O J ia a e c T B a x A o 4 4 9 3 K 3 . 
a  co cT aB JiaeT  ot 0 ,4  ao 2 2 ,7 %  $ a y H a  $ o p a M B H a $ e p  ( p a c .  7 ) . K o j i a a e -  
CTBo 4 4 9  3K3. (p — 0 ,0 2 )  oTMeaeHO b fie H T p a jib H o â  n a c r a  O K eaH a H a 1 8 °  io .  ra .  
n p a  T e M n e p a T y p e  BOA a 2 7 ,0 4 °  a  c o a e H o c T a  3 4 ,6 5 ° /00, H a  o c T a n b H a x  c r a H -  
f i u a x  K o jiaa ec T B o  BHAa ( T a 6 j i . l 9 )  He n p e B a r a a J io  1 0 0  3K3. ( p = 0 , 6 5 ) .  3 to t  bha 
oTcyTCTByeT n o aT H  H a B c e a  n jio in aA H  A paB H H C K oro  MopH a  b n e H T p a jib H o a  
aacT H  O K eaH a M eatA y sK B aT opoM  a  2 0 °  io . r a .  C p e A u e a . re o M e T p a a e c K O ® .c o A e p -  
> K aH H ft23  3 K 3 ., A H cnepcH H  0 ,1 6 6 .  T e M n e p a T y p a  boah b p a a o H a x  p a c n p o c T p a -  
HeHHH H .  p e l a g i c a  KOJießaeTCH ot 2 6 ,7 6 °  ao 2 9 ,0 4 ° ,  a  c o jie H o cT b  —  ot 3 3 ,5 2  
Ao 3 5 ,8 5 ° /00. M aK C H M ajibH oe K o jiaa ec T B o  oT M eaeH o b hhahhckoh n e H T p a jib H o a  
boahoh M a c ce . B  boahoh M acce  A paB H H C K oro  M o p a  a  b a K B a T o p a a n b H o a  bha 
He A aeT bhcokhx K O H n e H T p a n a a .

B  c e ß e p H o ä  a acT H  T a x o r o  O K eaH a oh o ß H a p y a te H  b «Jay H e , n e p e x o A H o a  ot 
c y ö a p K T H a e c K o ä  k y M ep eH H o n , a b 3 K B a T o p a a jib H o a  (M eHee 5 0 % )  n p a  T eM ne­
p a T y p e  1 4 — 3 1 °  ( B r a d s h o w ,  1 9 5 9 ) ,  ho H a a ß o J ie e  x a p a K T e p e H  ajih n e H T p a jib H o a
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<j>ayHH (cB B inie 5 0 % ) .  B o 3 J ie  T aB aücK H X  octpobob K ojin u ecT B o  e r o  n p e s t im a e T  
7 0 0  9K3. H a a ö o J i e e  ß jia ro n p H H T H a  ajih jkh3hh T e M n e p a T y p a  1 7 —2 4 ° . I I In p o K o  
p a c n p o c T p a H e H  bha TaKHce b kukhoh n a c r a  T n x o r o  OK eaHa ( P a r k e r ,  1 9 6 0 ) ,  
r f le  co cT aB jin eT  ot 1 ao 5 0 %  $ a y H H , a  k l o r y  ot 2 0 °  io . m . — ß o jie e  5 0 % .  T eM ­
n e p a T y p a  n oB epxH ocT H H X  b o a  b M ecT ax  e r o  oßnT aH H H  p aB H a  9 — 2 7 ° , a  eone*  
H ocT b— 3 4 — 3 6 ,5 ° /00. B c e B e p H o n  A T JiaH T n n e  sto t bha oTM eueH k io r y  ot 6 0 °  c. ra .

T aE H M  o5pa30M, H .  pelagica MoweT 6htb  oTHeceHaK BHAaM n;eH T pajibH bix  
BOAHblX Macc.

G l o b i g e r i n e l l a  a e q u i l a t e r a l i s  ( B r a d y )  (T a ß ji .  I) BCTpeuaeTCH b  T p o n n n e -  
cK o ii 3oH e Hhahhckoto o K e aH a  (p =  0 ,6 5 )  b K O JinuecTB e ot 6 ao 2 5 2  3K3. h coc 
T aB jineT  o t  0 ,6  ao 1 3 %  $ a y H b i  n e J ia rn u e c K H x  $ o p a M H H H $ e p  ( p n c .  8 ) .  H a n -  
ô o j ib m n e  K O JiH u e cT B a(o T l0 0  ao 2 5 2  9K 3.)oTM eueH bi BAOJib a a n a A H o ro  n o ö e p e iK b H  
Hhahh, y MajIbAHBCKHX octpobob, b p a ü o H e  Kokocobhx octpobob h k c e ß e p o -  
3 a n a A y  ot hhx (p =  0 ,1 4 ) .  B K O jrauecT B e M eHee 1 0 0  3K3. bha o ß H a p y m e H  Ha 
B c e ö  m io n ja A H  (p =  0 ,5 1 ) .  CpeAHfl®  reo M eT p n u ecK ó ® , c o A ep w aH H ft 3 4  9K 3 ., 
A H cnepcH H , 0 ,2 2 4 .  O TcyTCTByeT b ApaBHHCKOM M o p e , b p a n o H e  C eñm ejibC K H X  
octpobob, k B ocT oK y ot M a A a r a c K a p a  h b p a n o H e  2 0 °  io .  in .  X a p a K T e p e H  A-a» 
Hhahhckhx SK B aTopH aJibH H X  boa c  T eM n ep a T y p o H  2 4 ,9 2 — 2 9 °  h co jieH o cT b io  
3 3 , 5 2 - 3 5 , 0 % o.

B ceBepHOH nacra Tnxoro OKeaHa 9 t o t  b h a  npnypoueH k  panoHaM nepe- 
x o a h o h ,  AeHTpajibHOH h  9KBaTopnaJibHOH $ayHbi h  coCTaBjineT ao 2 0 % .  H a u -  
B H C H iH e  K O H q e H T p a n H H  o T M e u e H b i b  9 K B a T o p n a j ib H H X  B o A a x  (öojiee 2 0 %). 
TeMnepaTypa b o a b i  b  MecTax ero o  Gurami h  k o j i c G . u c t c h  o t  1 5  ao 3 2 °  (Brad- 
show, 1 9 5 9 ) .  B IOJKHOH nacTH Tnxoro oKeaHa HaHÖoJibnrae KoHqeHTpaijHH (6 o- 
Jiee 3 3 % )  oTMeueHM Ha aKBaTope; b  KwuioneHTpajibHux h  cyoaHTapKTuue- 
c k h x  BoAax coAepiKaHHe BHAa He npeBbimaeT 2 0 %  (Parker, 1 9 6 0 ) .  
TeMnepaTypbi b  b t h x  paiioHax paBHbi 1 0 —2 4 ° , cojieHocTb —3 4 —3 6 ° /on.

Globigerinoides sacculifer (Brady) (Taöji. I) aobojibho uuipoKo paenpo- 
CTpaHen b npeAenax TpomiuecKoro panoHa Hhahhckoto OKeaHa (p =  0 ,6 )  b 
KojiHuecTBax ao 5 4 5 4  9K3. (pnc. 9 )  h cocTaBMeT ao 9 8 %  p̂ayHH 9KBaTopnaJib- 
Hbix boa* MaKCHManbHbie KoHii;eHTpaH¡HH c uacToTon BCTpeuaeMocTH 0 ,0 2  ot- 
MeueHbi Ha aKBaTope (8 8 °  b. a-)- KoJinuecTBa ot 5 0 0  ao 1 0 0 0  9K3. oÖHapyweHbi 
y  ceBepo-3anaAHoro noCepeatbH Hhahh h k ioro-3anaAy ot MajIbAHBCKHX oc- 
TpoBOB. B a c T o T a  BCTpeuaeMocTH hx (Taöji. 1 9 ) paBHa 0 ,0 4 .  Ilo 1 0 0 — 5 0 0  9K3. 
BHAa (p — 0 ,2 2 )  6hjio oÖHapyïKeHo k ceBepo-BocToKy ot MaAaracKapa, y 3a- 
naAHoro noóepeacbH Hhahh, k 3anaAy ot MajIbAHBCKHX octpobob, b OTKpbi- 
TOM oKeane k lory ot aKBaTopa, y  o-bob PoJKAecTBa h Kokocobhx. Ham,e 3to t  
bha BCTpeuajiCH b KOJiHuecTBax MeHee 1 0 0  9K3. (p =  0 ,3 2 ) ;  Tanne KonncHTpa- 
HHH oTMeueHbi b boctohhoh uacTH OKeaHaHBinnpoKOH nojioce, npoTarHBaiomeH- 
CH ot o-Ba MaAaracKap Ao ABCTpajiHH. Gh oÖHapysïeH npn TeMnepaType no- 
BepxHocTHHX boa 2 6 ,7 6 —2 9 ,0 4 °  h coJieHoçTH —3 3 ,5 2 —3 5 ,8 5 ° /00. OTcyTCTBy- 
eT G. sacculifer b neHTpaJibHoñ nacra ApaBHHCKoro Mopa, k BocTony ot ap- 
xnneJiara Maroc, k lory ot o-Ba PoiKAecTBa, b paiioHe o-Ba CyMaTpan k lory ot 
2 0 °  io. hi. CpeAHfl®. reoMeTpHuecKeft, coAepHtaHH®. 8 6  9K3., AHcnepcnn 
0 ,5 2 8 .

B ceBepHOH nacra Tnxoro oneaHa bha xapaKTepH3yeT oKBaTopnajibHyio 
H AeHTpaJibHyio $ayHy h cocTaBJiaeT ao 3 0 %  <j)ayHbi (j>opaMHHH$ep, a b 3anaA-
H O H uacT H  H a  1 0 — 2 0 ° c .  i n . — 6 o J ie e 8 0 %  ( B r a d s h o w ,  1 9 5 9 ) .  T eM n ep a T y p a B O A H  
b M ecT ax e r o  oÔHTaHHH p a B n a l 7 — 3 2 ° ;  MaKCHMajibHue KoHnenrpanHH n p n y p o -  
u eH H  k BoAaM c  T eM n ep a T y p o H  2 3 — 3 2 ° . B kukhoh n a c r a  G. s a c c u l i f e r  p a c -  
np o C T p aH eH  b  a K B a T o p n a jib H b ix  h  io>KHo-H,eHTpajibHbix b o a k x ! h o  BCTpenaeTCH 
h b  n ep ex o A H H X  k cyöauT apK T H uecK H M ; H an B bicn iH e k0 H n ,eH T pan in i (6 o Jiee  
9 8 % )  H aôjiioA aioTC H  b  io ro -3 an aA H O H  n a c r a  9 K B a T o p n aJ ib H o ro  p a n o H a  ( P a r ­
k e r ,  1 9 6 0 ) .  T e M n e p a T y p a  b  M ecT ax p a c n p o c T p a H e H H S  BHAa K O JießjieT cn o t  

1 7 ,7  a o  2 8 ° ,  c o a e H o c T b —  o t  3 4 ,7  a o  3 6 ,5 ° /00.
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Phc. 8 . PacnpocTpaHeHHe Globigerinella aequilateralis b noBepxHOCTHOM cjioe 
Hn;piiicKoro OKeaHa (3K3. Ha 1000 m3 bo l̂i)

1 — B n a  He Haftaen; 2 — ao  100 3K3.; 3 — o t  100 ao  500 3K3.

Globigerina bulloides Orbigny (Taôji. I) BCTpenaeTCH b  TpormuecKou 30He 
ÜHAHHCKoro oKeaHa b  KOJinuecTBax ao 4 3 5  3 K 3 . npn nacToTe BCTpeuaeMocra 
0 ,5 5  (pac. 1 0 ) .  CoflepjKaHHe BHfla KojieôjieTCH o t  0 ,1  a «  1 2 %  $ayHH $opaMH-

&

P h c .  9 .  P a c n p o c T p a H e H H e  G lo b i g e r i n o i d e s  s a c c u l i f e r  b noBepxHOCTHOM c jio e  
IlH ^H H C K oro OKeaHa (3K3. H a 1000 m3 bo^bi) 

i  — b*w ne nafineH; 2 — no 100 3K3.; 3 — o t  100 no  500 3K3.; 4 — o t  500 no, 1000 awa.;
ô — ôojiee 1000 3K3 .

HH$ep; HCKjnoueHHe cocTaBJiHioT HecKojibKo CTaHn;HH, rae o h o  ö h j i o  20—5 0 % ' .  
KojiHuecTBa ßojiee 100 ans. peaKH (p =  0,08), oTMeueHM b  panoHe »»m ee Cy- 
MaTpa, y MajIBaHBCKHX OCTPOBOB H  Ha 20° K). H I. KoHHUeCTBa ao 100 3K3. 
BCTpeueHH y  b o c t o h h h x  öeperoB A ^ p h k h  h  Ha öojibmeä nacra ApaBHHCKoro
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P h c . 1 0 .  P a c n p o c T p ä H e H H e  G l o b ig e r in a  b u l l o i d e s  b  noBepxHOCTHOM c j io e  
ÜHflHHCKoro O K eaH a (aK 3. H a 1 0 0 0  m 3  B O gu)

1 — BHn He HaftneH; 2 — go 100 3K3.; 3 — o t  100 no 500 3K3.

M opn, a  TaKîKe b otkphtom OKeaHe k c eB ep o -3 a n a f ly  ot Kokocoblix octpobob 
h k lo r y  ot 1 7 — 2 0 °  io . in . (p  =  0 ,4 7 ) . CpeAH83,reoMeTpHHecKeftcoAep>KaHH®,B 
T ponnnecK oH  3oHe 32  3K 3., flncnepCHH 0 ,2 3 9 . Bha oÖHapyiKeH TaKJKe bo 
B cex n p o ö a x ,  b3hthx lontH ee 4 0 °  io . m . ,  a  m arn ée  60° io . ín . npeACTaBjin- 
eT Bero $ a y H y  (JopaM HHinjiep. T eM n ep aT y p a  noBepxHocTH bix boa b MecTax 
e r o  oÖHTaHHH KOJieöjieTca ot 2 4 ,7 5  ao 2 9 ,0 1 ° , a  cojieH ocTb — ot 3 3 ,6 4  ao 
3 5 ,8 5 ° /00.

BoceMB n p o ö  nnaH K ToH a öhjio H auH  b3hto b ATjiaHTnnecKoM OKeaHe Me>K- 
Ay 4 5  h 6 0 °  c . m . G . b u l lo id e s  oÖHapyiKeH bo Bcex n p o ö a x , h CoCTaBjineT ao 
70 — 8 0 % , a  HHorAa h ao 1 0 0 %  $ ay H H .

B  ceBepHOH nacTH T n x o r o  oK eaH a 3Tot bha innpoK o  npeACTaBjieH b c y ö -  
apKTHnecKOH (JiayHe (öoJiee 2 0 % ) ,  a  oTAeJibHHMH iraraaM H  BCTpenacTca TaKHte 
b nepexoAHOH h b sK B aTopnajibH oH  (ao 2 0 % )  (B ra d s h o w , 1959). T eM n ep aT y p a  
noB epxH ocTH H x boa b M ecTax, rAe oh oÔ H apynteH , paB H a 8 — 3 2°, ho H an ö o jiee  
BHCoKne KoHqeHTpan|HH n p n y p o n e H H  k TeM nepaT ype 11 — 12°. B  iojkhoh n a -  
CTH G . b u l lo id e s  oTMeueH b cyöaHTapKTHuecKHX BoAax KOKHee 4 0 °  io . in . h y 
KUKHoaMepHKaHCKoro noöepeiK bH  M estAy .10 h 2 5 °  io . m .; coA epJK am ie e ro  
3Aecb He npeB H m aeT  2 0 %  $ ay H H  ( P a r k e r ,  1 9 6 0 ). T eM n ep aT y p a  boah b 
M ecTax pacnpocT paH eH H H  cocTaBJiHeT 1 0 — 2 4 ° , cojieH ocTb — ot 3 4 ,0  ao 
3 5 ,3  o /e .

G . b u l lo id e s  HaöAOH Ha Bcex in n p o T ax  M n p o B o ro  OKeaHa, HHorAa b öoubm oM  
KOJIHUeCTBO, HO TOJIBKO B CyÖaHTapKTHUeCKHX H CyÖapKTHUeCKHX paÜOHaX 
npeACTaBJiHeT nouTH noJiHocTbio bcio $ a y H y  <£opaMHHH$ep (7 0 %  h ö o jie e ). I Io -  
3TOMy OH MOIKeT CUHTaTbCH TimHHHHM CyÖaHTapKTHUeCKHM H CyoapKTHHe- 
CKHM BHAOM.

G lo b ig e r in o id e s  c o n g lo b a tu s  (B ra d y )  (T aöji. I )  oÖ Hapym eH  b T p o n n n ecK o n  
3 0 He ÜHAHHCKoro oK eaH a b K ojrauecT B ax ao 154  3K3. n p u  nacToTe BCTpenae- 
MocTH 0 ,4 9  (cm. TaÖJi. 1 9 ). CoAepiKaHHe e ro  KOJieöjieTCH ot 0 ,3  ao 1 0 %  (fiaym i 
<$opaMHHH<J)ep. K o jinnecT B a ö o jie e  1 0 0  3K3. OTMeneHH Ha H ecKojibKiix cTamiHHX 
b otkphtom OKeaHe h y  Kokocobhx octpobob (p = 0 ,0 4 ) . E o jie e  nacTbi (p = 0 ,4 4 )  
KOHn;eHTpan;HH MeHee 1 0 0  3K3.; ohh n p n y p o n e H H  k p a ö o H y  MaabAHBCKHx oct-
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poBOB, o-B a H b s ,  o-BaM K a p ra f lo c  h 3 anaAHOMy noßepejK B io Mhaiih. 9tot bha 
oÖHTaeT b M ecTax c T eM nepaT ypo ii noB epxH ocT H bix boa ot 26,76 ao 29,00° h 
coAeHocTBH) ot 33,64 ao 35,70°/on- CpeAHea reoMeTpHqecKoe.coAep5KaHH8.ero 
15 3K 3., AHCnepcHH 0,242.

B ceBepHOH n a c r a  Taxoro OKeaHa ashhbih bha n p n y p o n e H  k neH TpanbH biM  
H 3KBaTOpnajIbHBIM BOAaM, TAe OH COCTâBJIHGT OT 1 AO 1 0 %  $ayH BI $OpaMHHH(J)ep; 
HecKOAbKo noBbiuieHHbie coAepjKaHHH OTMeneHBi b SKBaTopnanBHOM p a ñ o H e  
( B ra d s h o w , 1 9 5 9 ). BcTpenaeTCH  b M ecTax c  T eM nepaT ypo ii n o B e p x H o c ra o ii 
boah 1 7 — 3 2 ° . B KHKHOH n a c r a  n p n y p o n e H  k sKBaTopnanBHBiM h (H anbonB inne  
coA ep*aH H H ) KHKHO-peHTpaAbHHM BOAaM (2 0 °  c . m . h  3 5 °  io . m .)  c T eM nepa- 
T y p o ii Ha noBepxHOCTH ot 1 7 ,7  ao 2 7 ,3 °  h coneHOCTBio ot 3 4 ,7  ao 3 6 ,3 ° /00. 
B ceB epH oii A T n a H ra n e  Ha m n p o T a x  6 6 — 4 5 ° c . hi. He o ß H apym eH .

H a s t i g e r in a  d i g i t a t a  Rhumbler (T ab n . III) BCTpenaeTCn b T p o n n n ecK o ii n a -  
CTH Hhahhckoto OKeaHa b K onnnecT B ax  ao 326 3K3 . (p =0,45) h cocTaBAHeT 
ot 0,3 ao 9% $ayHH $opaM H H H $ep; toabko Ha A sy x  CTaHHiHflx (4652 h 4680) 
coAepæaHHe sT o ro  BHAa AoCTHraAO 33 h 57%. B K OAHnecrae ß o n e e  100 3K3. 
(cm. T a ß n . 19) H. d i g i t a t a  BCTpeneHa B cero  Ha HecKOAbKHX CTaHpHHX ( p  = 0,06) 
b p añ o H e  MaABAHBCKHX octpobob h octpobob K a p ra A o c . M eH ee 100 3K3 . 0 6 - 
H apym eH O  b ApaBHHCKOM M ope, k io ro -3 a n a A y  ot Hhaoh63hh h Ha oTAeABHbix 
y n a c r a a x  otkphthx nacT efi o n e a H a  ao 20° io . hi. ( p  — 0,40). C peA H ££  reoM eT- 
p iixie c K 0 4  coA epiK aH H tt 26 3K 3., A H cn ep cn a  0,249. T eM n ep aT y p a  noB epxH O - 
CTHBix boa b M ecrax  B C T p e n a e M o c ra /1 2 4 ,9 2 — 29,00°, conenoC T b 33,52—  
35,70°/00. ‘

B T hxom  oK eaH e, n o  M aT epnanaM  EpsAmoy h  Ilapnep, H. d i g i t a t a  BCTpe- 
q aeT cn  oneH b peAKo.

G lo b ig e r in a  e g g e r i  R h u m b l e r  (T aßn . II) naiiA ona  b T ponnnecK H X  boahx 
IlH A H iicK oro o n eaH a  ■ a H a q i i T e n b H O =  0 ,4 ),n eM  npeA H - 
A ym ne b h a h  (T aßn . 1 9 ). C oA epw aH H e e e  KoneôneTCH ot 2 a o  75  3K3. h  cocTaB- 
AHeT ot0,1 ao 1 6 %  $ ay H H  <¿opaM HHH$ep. 3tot bha oßH apyiK eH  Ha otaoabhhx 
CTaHpiiHX y  boctohhhx ßep e ro B  A<j>pHKH, k io r y  ot ApaBHHCKoro M opn h  Ha 
BocTOKe —  y  Kokocobhx octpobob. B  ApaBHHCKOM M ope KUKHee 10° io . m . o h  
oTcyTCTByeT. C p eA H aa .reo M eT p iiq ecK « c ,co A ep n iaH H a l7  3K3., A ncnepcH H  0 ,2 0 9 . 
T e M n e p a T y p a  b M ecTax oßnTaHHH o t  2 7 ,4 0  a o  2 9 ,2 1 ° , coneHoCTB ot 3 3 ,5 2  
Ao 3 5 ,4 7 ° /0o-

B ceBepHOH qacTH T n x o r o  OKeaHa G. e g g e r i  p a c n p o c T p a H e n a  b bo a a x , n e -  
pexoAHHX ot cyßapKTHuecKHX k  neHTpanBHHM (ß o n e e  20% $ayH B i (jtopaMHHH- 
<ï»ep), b peHTpaABHHX h 3KBaTopiiaABHbix BOAHx — MeHee 20% (B ra d s h o w , 1959). 
McKAioneHHe cocTaBAneT p añ o H  loatHoaM epHKaHCKoro noßepe/K BH  MeîK- 
Ay 3KBaTopoM h  10° io . n i. B ha  BCTpenaeTCH n p n  T eM nepaT ype 8 —31°, 
HanßoABm H e K o n H n ec raa  n p n y p o n e H H  k  TeM nepaTypaM  8 — 12 h  17— 21°. 
B KUKHOH nacTH OKeaHa oh oßnTaeT  b sK B aTopnanB H bix h  p e u r  p  a n  bhbix  
BoA ax (10° c . m .— 35° io . m .) ,  h o  k  3 an aA y  ot 135° 3. A- n e  BCTpenaeTCH ( P a r k e r ,
1960). Ha 6 oaBniHHCTBe cTaHpHH G . e g g e r i  cocTaBAneT 20% fyayBbi .  TeM­
n e p a T y p a  BOABi b M ecTax e r o  pacnpocT paH eH H H  o t  16 a o  27°, c o a c h o c tb  
o t  34,0 a o  36,4%o-

B ceBepHOH AraaHTHKe OTMeneHH ennHHUHbie 3K3eMnAHpw Ha 56° c. m. 
G lo b o r o t a l i a  p u n c t u l a t a  (O rb ig n y )  (T aßn . II) oTMeneHa o t a 6 a b h h m h  He- 
ßoABmHMH HHTHaMH b 3KBaTopHaABHHX BOAax y  ß ep ero B  M h a h h , k  ceB epy  
h  BocTOKy o t  M a A a ra c K a p a  h  y  K o k o c o b h x  o c tp o b o b  (p =  0 ,2 ) ;  BCTpenaeTCH 
eAHHHHHHMH 3K36MIIAHpaMH (cm. T aß n . 19) h  cocTaBAHeT He ß o n e e  1,5% $ a y -  
HH. CpeAHsa reoMeTpHuecKa* coAepHcaHH®.4 3 K3 .,A HcnepcH H  0,058. TeMnepa­
T y p a  b M ecTax oßnTaHHH —  o t  27,4 a o  29,0°, c o a c h o c tb  o t  33,64 a o  
35,47°/00.

B ceBepHOH n a c r a  Tnxoro OKeaHa sto t  b h a  n e  oTMeneH (Bradshow, 1959). 
B KHKHOH nacTH  nonaA aeTC fl b cyßaH T apK ranecK H X  BOAax, BOAax, nepexoA H H X
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k  KtHîHo-ucHTpajibHLiM, h  b K»KHo-u,eHTpajii)Hi>ix, BC3flo cocTaBJiiieT MeHee 
35 % $ ay H H  <J>opaMHHii<ï>ep. T eM n ep aT y p a  b sth x  p a ü o H a x  ot 9 a o  18°, co .ie -  
HOCTb — OT 34 a o  35°/oo-

G lo b ig e r in a  h e x a g o n a  N a t l a n d  (T aßn . 1) BCTpenaeTCH b paiioH e o c tp o b o b  
Cenm ejibCKHX, K a p r a a o c ,  M anbaiiB C K iix  n  k  B ocTony o t  n o c jie a m ix  b k o jih -  
uecT B ax o t  5 a o  90 3K3. (p  =  0,16) n  co c ia B jin eT  a o  10"o (Jpaynbi (cm. T aß n . 19). 
T eM n e p a T y p a  noB epxH ocTH bix Boa b s t i ix  M ecTax 27,61— 29,21°, cojieH ocTb 
33,52—35,25n'o0. C p eaH aa .reo M eT p iiu ecK eeco aep ?K aH iia  23 o k .i . ,  a n c n e p c iiH  — 
0 ,1 6 4 .

B  ceB ep n o ii n acT ii T n x o r o  o n eaH a  3 t o t  B iia oßH apym eH  b ueH TpajibH oii H 
SK B aT opuajibH oii (JayH e (o k o jio  l % ) r i p n  T eM nepaT ype o t  13 a o  29°. B  h kkhoh - 
uacT ii oK eaH a o h  n p iiy p o u e ii  k  3kb aT op  n  a  ji bHUM BoaaM (M em ay 20° c . u i. n  10° 
io . n i.)  n  coCTaBjineT a o  3 %  (JiayHH njiaHKTOHHbix <j|>opaMHHnii>ep. T eM n ep aT y p a  
Boabi b M ecTax e ro  o ß iiT am in  KOJießneTCH o t  24 ,4  a o  2 0 ,7 ° , co jienocT b  — 
OT 3 4 ,7  a o  3 5 ,7 ° /00.

G . hexagona HBJineTCH BiiaoM oK B aT opuajibH ux n o a , ho  ne aaeT  b h c o k u x  
KOHu;eHTpau,iiH n He o6pa3yeT in u p o K iix  apeajion pacnpocTpaHemm.

G lo b ig e r in a  c o n g lo m e r a ta  S c h w a g e r  (T aßn . 1) oß H ap y m em i b T pom ine- 
CKoii 30He H H an iicK o ro  o n eaH a  b K onnnecT B ax a o  113 3K3.. n  cocT aB jinoT ao  14%  
$ a y iib i  <J)opaMiiHH<£ep. B acT oT a BCTpenaeMocTii 0 ,1 0  (cm. T aßn . 1 9 ). K  ceB epo- 
3 a n a a y  o t  a p x n n e n a r a  B a r o c  B na BCTpenaeTCH b K onunecTiie 113 3k.i. (p  =  0 ,0 2 ) , 
h o  ß o n e e  nacTbi ( p  — 0 ,1 4 )  K om inecTB a MeHbine 100  3K3., n p u y p o n e H - 
Hbie k  BocTOHHOMy iio o ep o K b io  A $ p iiK ii, k  aanaaHLiM ßeporaM  I lH a n u , k  
p a iio H y  ceB ep o -aan aaH ee  a p x n n e n a r a  B a ro c , k  K o k o co b h m  ocTpoBaM n  
S eperaM  CyM aTpm.

T eM n ep aT y p a  noBepxH ocTH bix Boa a MecTax oßiiTaH im  m in a  paB H a 2 7 ,4 0 — 
2 8 ,5 3 ° , c o jie H o c T b — 3 3 ,6 4 — 3 5 ,4 6  C p e a n n n  reoM eT pnnecK aa c o a e p m a m in  
19 3 K3 ., a n c n e p c i in  0 ,3 2 1 .

B T h x o m  OKeaHe b to t  B iia u p iiy p o u e ii  TaK æ e k  3 KBaTopnajibHbiM BoaaM 
(B ra d s h o w , 1959; P a r k e r ,  1900) n  coCTaBjineT o t  1 a o  3 0 %  (JiayHbi. T eM ne­
p a T y p a  b M ecrax , r a e  o h  BCTpenaeTCH, p a s n a  2 4 — 3 0°, a cojieH ocTb —
3 4 — 35"/ou-

TaKHM oôpa30M , G . c o n g lo m e r a ta  HBJineTCH TH nrnrao 3KBaTopnaJibHHM b h - 
aoM , ho  cpaBHHTejibHo peaKHM h  He naiom iiM  BbICOKHX KOHn,eHTpaiI,HÜ.

P u l l e n i a t i n a  o b l iq u i l o c u la t a  ( P a r k e r  e t  J o n e s )  (T aßn. I)  oß irraeT  y  Boeron* 
H oro  noßepeiK bH  AifipiiKH, y  a a n a a H o ro  no ß ep en tb H  H n a n n ,  b p añ o H e  M ann- 
aiIBCKHX OCTpOBOB, y  0-153 l i l i a  II B OTKpbITOM OKeaHe. BCTpenaeTCH BHa OUOHb
p eaK o  (p  =  0 ,1 4 )  b KoJinnecTBe o t  0  a o  31 h  cocTaBJineT o t  0 ,3  a o  3 ,3 %  $ a y iiH  
(})opaMiiHii(|)ep (cm. T aö ji. 1 9 ). T e M n e p a T y p a  n o a , n n o ro p H x  o n a  o Ô H a p y m tu a , 
KoJießjieTCH o t  2 6 ,7 9  a o  2 8 ,4 9 ° , coneH ocTb — o t  3 3 ,8 5  a o  3 5 ,4 6 ° /00. C p e a n e e  
reoM eT pm iecK aa  coaepm aH iiQ . 10  3K 3., a n c n e p c i in  0 ,1 3 8 .

B  Thxom OKeaHe stot B na BCTpenaeTCH b S K B aT opiianb im x  B o aax  aoB ojib - 
Ho nacT o  h  o6pa3yeT  BHCOKne k o m ie H T p a a n n  (ß o n ee  1000 3K3.) k  to ry  ot T a- 
BaHCKHX octpobob (B ra d s h o w , 1959). B ucoK H e coaepæ aH H H  (ß o n ee  20"a 
(JayHbi) oT M enenu H a sK B aTope. T eM n ep aT y p a  b M ecTax o ß iiT an im  paB ­
Ha 1 6 — 32°; BHCoKiie KOH iteHTpaanii n p n y p o n e H H  k  TeM nepaT ype 2 7 — 30". 
ITo I la p K e p  (1960), P. o b l i q u i l o c u la t a  oTMcncna b sKBaTopHanbHHX 
B o aax  b KOJinnecTBe ok ojio  5% $ ayH b i n p n  TeM nepaT ype o t  24 ao 27° u cojic-  
HocTH o t  34,5 a o  35,4°/u(). P a 3 Hiin,a b e ro  K onunecTB e, rio B p sa m o y , I la p K e p  h 
HamiiM M aTepiianaM , oßTm cH neTcn co.ioiihlimh H3MeHeHiiHMii. 3tot B na moik- 
ho cnHTaTb thiiiihho 3 K b a t o p h a ji bh um .

G lo b ig e r in a  i n f l a t a  O rb ig n y  (T aßn . I I )  b T pom m ecK on  30He H n a n n c K o ro  
OKeaHa n o n a a a e T c n  necbM a peaK o ( p  =  0 ,1 2 )  b KOJinuecTBe a o  75 3K3. 
(cm. T aßn . 19) h  CoCTaBjineT o t  0 ,1  a o 9 ,6 %  ijiayHbi (JmpaMiiHinJiep.OHa oTM eueua 
OTaejibHHMH nuTHaM ii y  b o c to u h m x  ßep ero B  A $piiK H , a  TaKm e y  C e in n e n b -

900



r.-scin'FjiE.'iuimE n.ri\nnToiiiibi\ oi> \mh

c k h x , MajibnHBCKHX n  K okocoblix o c t po b o b , n p n  TeM nepaType OT 2 7 ,4 0  flO 
2 9 ,2 1 °  il cojieH ocT ii o t  3 3 ,8 5  p,o 3 5 ,4 3  

B  T iix o m  OKeaHe s t o t  b h  a n p u y p o n e i i  k  i um i t  [i a.i i,hi>im b o ^ h l im  MaccaM 
(oT flejibH bie H a x o m fle H iia  bb m aio T  n  b î ie p e x o flH b ix  b o a a x )  n  c o e i a u h h c t  o k o j io  
1 0 %  $  a y  hu i ( B r a d s h o w ,  1 9 5 9 ) ;  b  ip o m im 'C K o n  h o h o  n e  BCTpenaeTCH.
1 eMnepaTypa b MecTax obnTaHitn paBHa 15—24°, Hanboanmiie kojih- 
q ecT B a  oTMeueiibi npn 21 — 22°. B  lomiioii u a c T it OKeaHa G . i n f l a t a  mnßeT b 
cyöaHTapKTiinecKHX n romHo-neiiTpaabHbix Boflax romiiee 2 5 °  io. iii. npn no- 
nepxHocTHoii TeMnepaType 1 0—23 °  ncoaeHocni ot 34  ;̂o 3 5 ,7 !*/no-

B  CeBepHoii AïaaimiKe G . inflata lanme ö b i.ia  obnapymeiia hhmh na óojib- 
iuiihctbo CTaHpiiü Memfly 60 h 45° c. in.; caefloBaTeabHo, 3To TimiiuHi.iii biir 
cyóapKTiinecKiix, cyuaHTapKTiinecKnx n neHTpanbiu.ix bofl.

Sphaeroidinella dehiscens (Parker et Jones) (Taba. 1) b IIhauííckom oKea­
He BCTpenaeTCH onenn peflKo (p = 0 ,0 8 )  b KoaimecTBo flo 1 5  3K3. ii cocTaBaneT 
ot 0 ,5  flo 3 %  (JiayHbi ôpaMiiHinJiep (cm. Taba. 1 9 ) . PacnpocTpaneii oTfleabHid- 
Mii mrraaMH k ceBepy ot 1 0 °  io. ui. npn TeMnepaType hobopxhocthhx boa 
2 8 ,0 0 flo 2 8 ,5 1 °  n coaeHocTH ot 3 4 ,3 8  flo 3 5 ,2 8 % , , .  B  Tjixom oKeane ou obnraeT 
b 3KBaTopHaabHHx Boflax npn TeMnepaType 2 3 —3 0 °  (Bradshow, 1959); b 3a- 
iiaflHon ii BocToHHoü nacTHx oneaHa (no OKBaropy) coCTaBjineT Moneo 5 °ó  $ a -  
yiibi, b peHTpaabHoii —  HecKojibKo boaee. IlapKep (Parker, I 9 6 0 )  TaKme n a -  
xoflima ero b 3KBaTopiiajibiii,ix Boflax, ho ouchl peflKo. Tokiim obpaaoM 
Sphaeroidinella dehiscens npeflcTaBaneT coboii biia Tiirinmio TpoininecKnii, 
oneHb pepinii h He o6pa3yiomnii MaccoBbix CKouaeHiiü.

G l o b i g e r i n a  q u i n q u e l o b a  N a t l a n d  (Taba. I I )  oÓHapymcHa b I I h a u ííc k o m
OKeaHe B cero  H a H ecKoJibKiix C T a n n iin x  k ceB ep y  ot 1 0 °  io . u i .  (p  = 0 ,0 8 )
b KO JinnecTB e ot 3  flo 1 5  3K3. (Taba. 1 9 ) ,  h cocTananeT M eHee 2 %  $ayHU.
T eM nepaT ypa Ha o th x  CTaraflHHX b b ia a  2 7 ,6 1 — 2 9 ,2 1 ° ,  a cojieH ocTb — 3 3 ,8 2 —
35 4°in/0 0 , - 1 0  / 0,1 .

B  Thxom me OKeaHe k ceBepy ot 4 0 °  c. ra. otot Biifl, rio E p o f lr a o y  ( B r a d ­
s h o w , 1 9 5 9 ) ,  cocTanaaeT boaee 5 0 %  «JayHM «JrapaMiiHinfiep. BCTpenaeTCH oh 
h b Boflax, nepexoflHbix ot cybapKTnnecKnx k neHTpajyraMM ( K a a m jm p i in i i -  
CKoe h IlepyaHCKoe TeneHnn),ho oneHb pefloK b oKBaïopiiajibHbix Boflax. TeM- 
nepaTypa noBepxHocTHbix boa, b KoTopux HaiifleHaG. quinqueloba, KoaebjteT- 
CH ot 8  flo 2 8 ° ; Hanboabinne KOHneHTpapiiii oTMeneraa npn 11 —17°.

B  io m n o i i  nami T i i x o r o  oneana flanuMÍi n iifl n e  o b u a p v m e i i .  O ra ra n  p e f lo K  
oh h b 1 0 /K H oii A ïa a H T iiK e  ( B o l to v s k o y ,  1 9 6 1 ) ,  b to BpeMH Kan b cybap- 
KTHnecKiix Boflax CeBepiioñ ATjiaHTiiKii h T n x o r o  OKeaHa cocTaBaneT flo  5 0 %  
(fray hui.

Globigerinita glutinata Egger (Taba. I) Tome oneHb peflKa b Tponiiuec- 
Kiix Boflax ÜHfliiücKoro OKeaHa (p =0,08) (cm. Taba. 19). KoairaecTBa ee ko- 
aebaioTCH ot 6 flo 50 3K.3., h oHa cocTaBaneT flo 2,5% $ayHbr ^opaMiiiimbep. 
ObHapymeHa npn TeMnepaType noBepxnocTHwx boa, paBHoii 28,08—28,60°, 
n coaeHocTn 34,62—35,26%0.

B  BocTOHHoií aacTii T p o n n n ecK o ro  p a fio H a  T n x o r o  OKeaHa oh o u erib  M iio ro - 
ra icaeH ; b MaaoM K oannecT B e oTM enen TaKm e b n e H T p a a b iiu x  n  c y b a p ii -  
TiraecKHX B oflax . X oaofliioB oflH bie B iif lu  M eabne, neM T po n iraecK n e . 3tot bh a  
BCTpenaeTCH n p n  T eM nepaT ype BoflH 9— 32°; MaKCiiMaabHbie KOHu.eHTpan.Hu 
ïijiiiyponeH bi k BoflaM c T eM nepaT ypo ii 23— 32°. B  lom H oii uacT ii T n x o r o  o n e a -  
iia  aecbM a pefloK . B  O eB epH oü A TaaH TiiK e (M emfly 5 6  ii 6 0 °  c. iii.) nonaflaeTC R  
o n e iib  nacT o .

Globorotalia tumida (Brady) (Taba. II) BCTpeneiia b IIhauííckom OKeaHe 
annii. Ha HecKoairanx cranniiHX (p — 0,06) b KoannecTBe flo 19 3K3. (cm. Tab.ii. 
19) n  cocTaBjineT ot 1 ao 3 %  (JayHU $opaMHHH$ep, TeMnepaTypa iioBepxHOci- 
in.rx boa b MecTax ee obnTaHiin paBHa 27.27—28.51°, a cohchoctu Koaebaer- 
ch ot 31,4 flo 35.80
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B  T h x o m  oKeaHe H añfleH a b SKBaTopHajibHOM p aü o H e  n p n  TeM nepaT ype 
1 7 — 2 9 °, ho H an 6 oJib n rae  K ojranecT B a n p n y p o n eH b i k 2 7 — 28° (B ra d s h o w ,
1959). G . t u m i d a  cocTaBJineT ot 1 flo 20% <J>ayHbi. B khkhoh n a c r a  T n x o ro  
OKeaHa He BCTpenaeTCH.

B oTjiHHHe o t  G . m e n a r d i i  3 t o t  b h a  oSnaflaeT  6 oJiee y 3KHMH apeajiaM H  p a c -  
npocTpaH eH H H , n p n y p o n e H  k  BOflaM c 6 oJiee b h c o k o h  T eM nepaT ypoii, He flaeT 
b h c o k h x  KOHfleHTpaflHH h  cocTaBJxneT He3HanHTejibHyio n a c r a  ijiayHH $opaM H - 
H H ^ep . O h  ra n n n e H  a j ih  sK B aT opnajibH H x b o a h h x  M acc.

G lo b o r o t a l i a  t r u n c a tu l in o i d e s  (O rb ig n y )  (T aôji. I I )  oÔ H apyaîeH a B cero  Ha 
flByx cTaHflHHX (4 5 5 4  h  4 5 8 3 ) b KOJinnecTBe 12 h  2 2  3K3. cooTBeTcraeH H o, n p n  
T eM nepaT ype 2 7 ,0 4 °  h  c o jie H o c ra  3 4 ,6 5 ° /00. HacTOTa B CTpenaeM ocra ee  paBHa 
0 ,0 5 .

B  T hxom  oKeaHe bita n a c r a  BCTpenaeTCH b l eHTpaJibHHX bo a h h x  M accax  Mem- 
f ly 2 0  h  4 0 °  c . m .;  HaHBLicmne KoHfleHTpauHH oTMeneHH H a rp a H iip e  K y p o -C n o  
h  O í íh -C ho  (B ra d s h o w , 1 9 5 9 ). OTflejibHbie H axoiK fleiiuii otm chchh  b B oflax, 
nepexoflH H X  ot c y ö a p K ra n e c K iix  k ucHTpaJibHHM . B ha  cocTaBJineT ao  10%  
$ ay H b i $opaM H H H $ep h öoJiee . T eM n ep aT y p a  b o a , b k o t o p h x  oH a oÖHTaeT, 
paB H a 1 3 — 2 6 °, MaKCHMajibHbie K O H ueHTpauim  OTMeneHH n p n  1 8 — 2 0 °. B  iojk- 
h o h  n a c r a  OKeaHa G . t r u n c a tu l in o i d e s  n p n y p o n e H a  k  kh kh hm  peHTpajibHHM  
BOflaM (2 5 —3 0 °  k>. m .)  h k nepexoflHbiM  ot cyöaH TapK ranecK H X  k u;eH Tpajib- 
h h m ; BCTpenaeTCH n p n  T eM nepaT ype 2 0 ,6 — 2 3 ,5 ° , c o jie H o c ra  3 4 ,8 — 3 5 ,7 0/ 00-
9 to — BHfl ueHTpajIbHLIX BOflHblX M acc.

Candeina nitida Orbigny (Taßn. I) BCTpeneHa hhmh Ha flByx cTaHUHHX 
(p =  0,04), rfle OHa cocTaBJiHJiaMeHee 1 nó ijiayHH <j>opaMHHH<j)ep (cm. Taöji. 19). 
TeMnepaTypa Boflbi öbijia 27,40—28,25°, cojieHocTb —33,96—34,91°/00.

B  T h x o m  oKeaHe G . n i t i d a  oöuapyiK CH a oTflejibHHMH hhthbmh b sK B arapH - 
ajibHHX B oflax (B ra d s h o w , 1959). B o jie e  m u p o K o  stot bha pacnpocT paH O H  b 
neHTpaJibHOH BoflHoii M acce, ho coflepjKaHHe e ro  HHrqe He npeB bim aeT  1 0 %  
$ ay H b i. T e M n e p a T y p a  boa b M ecTax oÖHTaHHH BHfla paB H a 13— 29°, ho H an- 
ß o Jib m n e  K oH peffrpa p ir a  n p y p o n eH b i k 13— 14°. B  khkhoh nacTH T n x o r o  OKe­
aH a He BCTpenaeTCH.

H a s t i g e r in e l l a  r h u m b le r i  G a llo w a y  (Taöji. I I I )  oßH apym eH a ToJibKo Ha 
oflnoH  CTaHflHH (4633) b KOJinnecTBe 25 OKs. n p n  TeM nepaT ype 28,73° h coJie- 
HocTH 35u/on (cm . T aß n . 19). B  T hxom  oKeaHe o n a  t aKHie oneH b peflK a; BCTpe­
naeTCH b BKBaTopnajibHbix h yMepeHHbix n ra p o T a x  h cocTaB jraeT ao  5% <j>a- 
yHH $opaM H H H $ep (B ra d s h o w , 1959).

H a s t i g e r in a m u r r h a y i  T h o m s o n  ( ï a ö j i .  I I I )  H aiifleH a HaMii Ha oahoh CTaH- 
UHH n p n  T eM nepaT ype 27,27° h co jieH o c ra  34,4U/0(I (cm. T aßn . 19). B nepB bie 
OHa oTM enena b njiaHKToiiHLix jioB ax  y n n o  (U c h io , 1960).

G lo b ig e r in a  p a c h y d e r m a  E h r e n b e r g  (tu6ji. I)  b Hhahhckom OKeaHe HaM 
He B C T penajiacb. B Thxom OKeaHe k ceB ep y  ot40°c. i i i .  stot bha oÓ H apym eH  
b cyöapKTHnecKOH boahoíí M acce h oTflejibHHMH n n raaM H  oTMeneH B K a jim jio p -  
HHiicKOM TeneHHH, a TaK/Ke k ceB epy  ot flnoH H H . B  nepB bix  flByx p a ñ o H a x  oh 
cocTaBjiHeT ot 1 flo 20 "o (JiayHbi <j()opaMHHH<j>ep, a b TperaeM  — ö o jie e  2 0 % . 
T eM n e p a T y p a  n o B e p x rio c ra b ix  boa b MecTax e ro  oÖHTaHHH KOJießjieTCH ot 10 
flo 20° (B ra d s h o w , 1959). B ioikhoh n a c r a  T n x o r o  OKeaHa bha n e  H aäfleH  ( P a r ­
k e r ,  1960).

B  njiaHKTOHHHX n p o ö a x ,  b 3h t h x  Ha a / s  « 0 6 b » , H B n p o b a x  Y n n o  (U c h io ,
1960) H3 aHTapKTHnecKHX boa G . p a c h y d e r m a  He ÖHJia oÖ H apym eH a, xoth
3TOT BHfl n on ™  peJIHKOM npeflCTaBJIHeT TaHaT0IieH03 XOJIOflHOBOflHHX BHflOB.
B  b o a h h x  n p o ö a x  h 3  s t h x  paäoHOB oTMeneHa ToJibKo G . b u l lo id e s .  B  n p o 6 ax  
njiaHKToHa coB epH oii nacT ii A T jiaH T nnecK oro OKeaHa G . p a c h y d e r m a  T anm e 
He n o n a f la jia c b  (B e , 1 9 6 0 a ) , T orflaK aK  b a o h h h x  n p o 6 a x  s t o t  b iia  n p e o ö jia f la ji . 
G. b u l lo id e s ,  H aoôopoT , p e æ e  B C T penajiacb Ha flHe h  n o n r a  noJiHocTbio npeflCTaB- 
JiHJia $ a y H y  $opaMHHH<J>ep b njiaHKTOHHHX J io ß ax .
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T aK o e  p a c n p e A e J ie n n e  mojkgt 6  lit b  oßbHCHeHo a b o h k o : h jih  G. p a c h y d e r ­
m a  He HBJIHCTCH nJiaHKTOHHHM BHAOM, HJIH B TOJHUe BOflH OHa JKHBeT TJiyÖHte
e jió n  o n p o ö o B aHHH (200 m ) .  flaH H bie B p a ^ m o y  (B ra d s h o w , 1959) no3BoJiHH)T 
o n poB eprH yT b  nepB oe npeflnojio iK eH H e. BepoH TH o, G. p a c h y d e r m a  oóm raeT 
a a  ß o jib m e n  rjiy ö iiH e . ^eñcT B H T ejibH o, Ha o a h o íi  ctaH ijH H  b ceB epH oü uacT ii 
A TaaHTHHecKoro oK eaH a oH a ßb ijia  h b m h  oÖ H apyateH a b c jio e  HHHte 300 m . H to -  
6m OKOHHaTeJJbHO yflOCTOBepHTbCH B 3TOM, HeoÖXOflHMO ÖOJiee fleTaJIbHO H3y- 
HHTb BepTHKaJibHoe p acnpeA eaeH H e b h a  a  b T ó am e  b o a h .

Globorotalia hirsuta (Orbigny) (Taôa. II) b TpoiiHuecKou aoiic I íh a h íí- 
CKoro OKeaHa TOHíe He HañAeHa.

B T iix o m  oKeane oHa oTMoaona H a oTAeabHbix yaacT K ax  k  ceB ep y  o t  3K- 
B aTopa h  cocTaBJineT MeHee 10% $ a y H H  $opaM H H H $ep (B ra d s h o w , 1959). 
B ceB epH oü n a c r a  A TaaH T H uecK oro OKeaHa G. hirsuta BCTpeaaeTca k  rory o t  
50° c. in .

O T cyTC TB H e 3 T o ro  B H fla  b B O A ax h  o c a ^ K a x  T p o n n u e c K o H  3 ohm  H h a h h c k o - 
r o  O K e a H a  h  H a a n a n e  e r o  b o c a f lK a x  y M e p e H H H x  n r a p o T  n o 3 B o a a e T  o T H e c m  
e r o  k  BH flaM  p e H T p a a b H H x  bo ah m x  M a c c .

BuoueHoabi naaHKTOHHbix (JjopaMHiintJep
M 3 y u e H H c  $ o p a M H H H $ e p  b n p o ö a x  boah ho M e p H A H O H aabhhm p a 3 p e 3 a M ,  

H c n o jib 3 0 B a H H e  ochobhhx 3 aK O H O M ep H o cT eñ  p a c n p e A e jie H H H  $hto- h 3 o o n a a H -  
K T o H a (K o p o T K e B H H  h E e K jie M H H ie B , 1960; B e it j ie M H m e B , 1960; E o r o p o B  h B h - 
H o rp a A O B , 1961) hosbojihjio B H A eaH T b  o c H o B H u e  0 H o ije H 0 3 H  h hx r p a H H -  
AbI,KOTOpbTMH HBJIHIOTCH $ p O H T a JIb H H 6  3 0 H H  K O H B epreH IJH H  H A U B e p re H - 
u ,H ii. B B O A ax Ü H A H H C K o ro  O K e a H a  tia M ii  B b iA e jieH o  n a T b  6 n o i ie H 0 3 0 B  
(pH C . 11).

E l O A e B 0 3  X O J I O A H O B O A H H X  B H A O B n p H y p O H C H  K BOA- 
HNM M a c c a M  3 a n a A H o r o  n p n ô p e î K H o r o  T e a e H u a  ( B H c o K o a H T a p K T n a e c K a a  hoa- 
o 6 j ia c T b )  c  T e M n e p a T y p o n  0° h  c o a e H o c T b io  34,5°/o0. O h  n p e A C T a B jie H  bhaom  
Globigerina bulloides, o Ö H a p y a ie H H H M  b K o a n a e c T B e  H ecK O Jib K iix  3 K 3 e M n a a -  
p o B  H a  1000 m 3 BoA Li, h  30H O H  a H T a p K T H u e c K oh  A H B ep re H ijH H  o T A e jia e T c a  ot 
6Hon,eH03a yMepeHHo-xoaoAHOBOAHHX b h a o b .

B n o u e H 0 3  y M e p e H H o - x o J i o A H O B O A H H x  b h a o b  n p n -  
y p o a e H  k boahoh M a c e e  Boctohhoto A p e i í $ a  c  T e M n e p a T y p o n  0° h c o j ie H o c T b io  
34,5° /00 (H H 3 K o a H T a p K T iia e c K a a  n o A o ö J ia c T b ) .  3tot 6 n o i ;e H 0 3  n p e A C T a B jie H  TeM 
a« e  bhaom G. b u l l o i d e s ,  ho b ö o a b u ie M  K o a n a e c T B e .  Il3peAKa B C T p caa io T C H  
bhah y M e p e H H M x  u m p o T ,  uto A aeT  n p a B o  c u H T a T b  e r o  n e p e x o A H H M  ot x o -  
a o A H O B o A H o ro  k 6 n o u ;e H 0 3 y  bhaob y M e p e H H H x  m n p o T .  K a a e c T B e H H a a  6 e A - 
H o c T b  « Ja y H H  $ o p a M H H H $ e p  b 3THX 6 H 0 A e H 0 3 a x  x o p o m o  c o r a a c y e T c a  c mhhhm 
K OJiHuecTBOM  bhaob n a a H K T O H a  b u e j io M  ( n a T b  bhaob). C e B e p i i o ö  r p a H H p e ä  
H BJiaeTC H  3 0 H a  aH TapK TH B eC K O H  K O H B C p reH p iIH .

B n o E ( e H 0 3  b i i a ob  y i i e p e H H H x  m n p o T  B K aioaaeT  b 
ce 6 a  G lo b ig e r in a  i n f l a t a ,  G lo b o r o t a l i a  t r u n c a tu l in o i d e s ,  G l.  h i r s u t a  h aP - 
3th bhah n p n y p o a e H H  k noBepxHOCTHHM BOAaM c T eM nepaT ypon  o t—1,06 ao 
9,73° h cojieH ocTbio ot 33,72 ao 35,70°/oo. C eaep H o ii rp a H H u e u  6H ou,eH03a hb- 
jia eT ca  30H a cyÖTpoHHaecKoH KOHBepreHijHH. K ceB ep y  ot Hee BM A eaaeTca ne- 
pexoAHHH 6 h o a 6 h o 3  y M e p e H H o - T p o n n a e c K H X  b h a o b ,  
npH ypoaeH H H H  k neH T paabH o ii boahoh M acce c  T eM nepaT ypon  ot 10 ao 23c 
h cojieH ocTbio 34,7—35,7°/00- B n p e A e a a x  6H opeH 03a pacnocT paH eH H  bhah 
yM epeHHHx h T ponnaecK H x  m npoT  — G lo b ig e r in o id e s  r u b e r ,  O r b u l in a  u n i ­
v e r s a ,  G lo b ig e r in o id e s  c o n g lo b a tu s ,  G. s a c c u l i f e r  h a p -

B H o n , e H 0 3  T p o n n a e c K H X  b h a o b  BHAeaeH k ceB ep y  ot 
$poH TaabH O H  30HH fl̂ -10—12° io . m . O h  n p n y p o a e H  k aK B aT opnaabH on  boahoh
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P h c . 1 1 .  P a c n p o c T p a H e H H e  6 a o p e H 0 3 0 B  i u i a i i K T O H H u x  ( J i o p a M j m m f æ p  b  H h ^ h h c k o m  O K e a H e

7 — 0HOHCIIO3 XOAOAHOBOAHblX BHAOB, 2 — yMepeHHO-XOJIOAIIOBOAHblX BHAOB, 3 — BHAOB yMepeHHbTX 
lUHpOT, '/ — yMOpeHHO'TpOI1HH6CKHX BHAOB, 5 — TpOÜHHCCKHX BHAOB, 6 — rjiaUIIIUíI UM0pí‘H030B,

7 — rpauHHbT TaiiaTopeiio30B

M acco  c  T e M n e p a T y p o n  ot 14 ao 28° h bhcokoh co jieH o cT b io  — ot 35,1 ao 
36,5%o- B 3TOM 6 n o n ;eH 0 3 e  ß o J ib in e  B c e ro  bhaob, b ochobhom T p o n n u ecK H X , —  
G l o b o r o t a l i a  m e n a r d i i ,  G l o b i g e r i n a  c o n g l o m e r a t a ,  G l o b o r o t a l i a  t u m i d a ,  
S p h a e r o i d i n e l l a  d e h i s c e n s ,  P u l l e n i a t i n a  o b l i q u i l o c u l a t a .  PeA K o h b M a r a x  
K o JiH u ecT B ax  BCTpeuaioTCH b habí A pyrH X  ÖHon;eH030B.

Ü3 CKa3aHHOro BHAHO, UTO ÖOJIbLUHHCTBO BHAOB BCTpeuaeTCH OAHOBpe- 
MeHHO b Asyx, HHorAa Tpex 6non;eH03ax. üoaToMy auh BHAejieHHH 6non;eHo- 
30B OCOÖeHHO BaJKHH KOJIHUeCTBeHHEJC OÜ,eHKH COAGpiK 3HHH OTAeJIbHHX BH­
AOB, noJiyuenHLie mctoaom MaTeMaTHuecKoü cththcthkh.

r paH H H H  Bi.iAejieHHLix Ô H oqeH osoB  x o p o m o  coB uaA aioT  c  rp aH H q aM H  boa- 
h h x  M acc  h c o  CMeHOH BHAOBoro c o c T a ß a  B c e ro  njiaH K TO H a. ü e p e x o A H b ie  6ho- 
n;eH 03i.i c o A ep m a T  sjieM eH T u re o rp a tJu tu e c K H  cmc/Kheix $ a y H .  Bhaoboh c o c T a ß  
h x  3aBHCHT ot paccToH H H H  ao rp aH H u , coceA H H x 6H on,eH 030B h cT eneH H  C M em e- 
HHH. M HHHM aJIbHHe KOJIHUeCTBa (Jl0paMHHH(J)ep OTMeueHH B aHTapKTHUeCKHX 
p a n o H a x  b Hhahhckom OKeaHe —  3to 6H on,eH 03bi xojioahoboahhx h y M e p e H -
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PACnPEflEJIEHHE ITJIAHKTOHHblX OOPAMUHHOEP

HO-XOnOAHOBOAHbIX BHAOB (KOJIHHeCTBO$OpaMHHH$ep He npeBBim aeT 10— 20 3 K 3 .
n a  1000 Ma b o a h ) .  3K BaTopH ajibH H e b o a h  h  b o a h  yM epeHHHx nm p o T  x a -  
paKTepil3yH)TCH BHCOKHMH KOHH,eHTpan,HHMH, OCOÔeHHO B paÖOHe 3KBaTOpHaJIb- 
HHX TeneHHH (HeCKOJIBKO TBtCHH 3K3eMHJIHpOB Ha 1000 3t3 b o a h ) .  B peH T pajIb - 
HHX b o a h h x  M accax  M H AiiiicKoro o n eaH a  oTM eaeHu 11113K110 KOnn,ein p a n i in  $ o -  
paM HHH^ep (a o  500 3K3. H alO O O jit3). TaKHM o6pa30M , KOJiHnecTBeHHoe p a c n p e -  
AejxeHHe <j>opaMHHH<|>ep b noBepxHocTHOM c jio e  b o a h  s b b h c h t  o t  i in ip o r a o ii  
30HajibH0CTH h  TecHo CBH33H0 c  b o a h h m h  MaccaMH. üoAOÔHoe p ac n p e A e jie -  
Hiie $opaMHHH(J)ep b oóh^hx n e p T a x  xapaK T epH o h  a m  T n x o r o  OKeaHa ( B r a d -  
s lio w , 1959; P a r k e r ,  1960).

PACnPEAEJIEHHE PAKOBHH] 
njIAHKTOHHblX OOPAMHHHOEP HA flHE

K ojiH H ecTB em ioe p acn p eA e jie im e

PaKOBHHH OTMepiHHX HJiaHKTOHHHX $O paM HHH$ep O ieH b HIHpOKO paC H po- 
cxpaH eH H  H a A ne OKeaHa. Ohh B CTpeaaioTca Ha n ie jiB ije , MaTepHKOBOM CKjioHe, 
noABOAHHX xpeÔ T ax , h o a h h th h x  h  b rjiyßoK H X  KOTjioBHHax. 06m,ee k o jih - 
qecTBeHHoe pacn p eA ejieH n e  h x  yjKe paccM aT pnB ajiocb  aBTopoM (B ejiH eB a, 
1961,1963); oho onpeAejineTCH, c oahoh  c io p o H H , npoAyKTHBHOCTbio opraH H S - 
MOB b BepxHeM c jio e  b o a h , a c A p y ro iî —  rjiyÖ H H on OKeaHa. P acnpeA eneH H e 
HJiaHKTOHHHX <J>opaMHHH$ep n o  HJioiAaAH 3aBHCHT ot p e n n e lla  A na. Ha MaTe- 
piiKOBOM n ie j ib |) e  h x  M ano (MeHee 100 3K3. Ha 1 s  ocaA K a), hto  B n o jrae  c o r j ia -  
c y e x c a  c pacnpeA eJieH HeM  jkhbbix  4>opaMHHH$ep b boabx  HaA m eJib$oM .

B oöJiacTH  MaTepHKOBoro cKJioHa njiAHKTOHHHe «JopaM HHH^epH B c rp e q a -  
iotch H a AHe 3HanHTeJibHo a  a m e  h  b ô o jib h ih x  K ojm necT B ax, 3 a  HCKJironeHHeM 
AHTapKTHAH (MeHee 100 3K3. Ha 1 3 ocaA K a), rAe pa3BHTH rJiaBHHM o6pa30M  
aiicG eproB H e, T eppnreH H H e h  AnaTOMOBHe ocaAKH. B o J ib in n e  K O Jinnecraa  
(ao HecKoJibKHX TbiCHH H a 1 3 ocaA Ka) n p n y p o q e H H  k oTAejibHHM h o a h h th h m . 
Ha MaTepHKOBOM CKjioHe 6oJiee ceBepHHX panoHOB OKeaHa b npeA eJiax  T po- 
miqecKOH h  yMepeHHOH 30 h h  Ha 1 3 ocaA K a npnxoAHTCH 6oJiee 1000 3K3., hto 
coiJiacyeTC H  c KOJiiraecTBCHHbiM pacnpeA eJieH HeM  $opaM H H H $ep b n o B e p x - 
h o c t iih x  BOAax. 3A ecb  pa3BiiTH  rjiaBHHM  o6pa30M  (JiopaMiiHiiiJtepoBbie ocaAKH.

Ha H onte OKeaHa Ha rjiyÔ H H ax a o  4500— 4700 m  b o ß n a c r a  p a 3 B H raa  $ o p a -
MHHH(J>epOBHX OCaAKOB HJlaHKTOHHbie <J)OpaMHHH(j)epH BCK>Ay HpHCyTCTByiOT B
KOJiiiaecTBe 6oJiee 1 0 0 0  3K3., a  MaKciiMaJiBHo ao  7 0 0 0  a n a . H a 1 3 ocaA K a.

Ha h o a b o a h h x  xpeÔ T ax h  BoaBbimeHHoCTHX, b peH TpajibH HX  n a c r a  x oK ea- 
Ha Ha rjiyÖ H H ax o t  h c c k o jib k h x  c o t  a o  4500— 4700 m  KOJinnecTBo $opáM H - 
H ii^ ep  AocTHraeT 18 000 3K3. 3AecB pa3B iiTH  npenM ym ecraeH H o  $opaM H H H $e- 
p o B b ie  HJiH. I],eHTpajiBHHH H h a h h c k h h  x p eô eT  xapaK TepnyaeT C H  oneH b 6 o jib -  
HIIIM1I KOHH,eHTpau;HHMH <|>opaMHHH$ep (ao  HeCKOJIBKHX a g c h tk o b  THCHH Ha 
1 e ocaA K a): b  io jk h o h  e r o  n a c r a  MaKciiMajiBHHe K oJiH necraa  n p n y p o n e H b i k  
rjiyÔHHaM o t  1500 a o  2257 m,  b  ceßepHOH —  k  HHTepBajiy rjiyÖHH o t  2234 a o  
4400 m.  n p n y p o n eH H O cT b  6 o jib d ih x  KoHu,eHTpan,HH k  m chb ihhm  rjiyÖHHaM b 
io jk h o h  n a c r a  xpeÖ T a CBH3aHa c TeM, n r a  b  ö o jie e  x o j io a h h x  p a â o H a x  p a c -  
TBopeHHe K apöoH aT a KaJiBpnH nponcxoA H T  h m ch h o  H a arax rnyÔ H H ax . Bh- 
COKIie KOHpeHTpapHH paKOBHH $opaMHHH(J)ep X apaKTepHH  H AJIH ApaBHH- 
CKo-ÜHAHHCKoro x p e ô r a ,  Ha n o B e p x H o c ra  K O Toporo pa3BHTH <j)opaMHHH<|>e- 
poBbie ocaAKH.

B rjiyöoKOBOAHHX KOTjioBHHax oneaHa Ha rjiyÖHHax cBBime 4500—4700 m  
paKoBHHH BCTpenaioTCH b KoJiHnecTBe MeHee 100 3K3. H a 1 3 ocaAKa; b b th x  
BnaAHHax pa3BHTH npoHMymecraeHHo KpacHHe t j i h h h .  Majine Kojranecraa 
$opaMHHH$ep Ha a  n e  k o t j io b h h  He oTpaHtaioT KoJiHnecraeHHoro pacnpeAejie- 
h h h  h c h b h x  opraHH3MoB b TOJime BoABi, a oßycjioBJieHbi pacTBopeHHeM  h x  pa-
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56 H. B. EEJIHEBA

kobhh Ha öojibhihx rjiyÖ H H ax. B  HßaHCKoM ucejioöe (rjiyÖ H Ha 6 0 0 0 — 7 4 5 0  .«) 
njiaHK ToHH ue $opaMHHH<|»epBi oTcyTCTByioT; 3flecB pacnpocT paH eH B i ö ecK ap - 
6 oHaTHBie rJIHHHCTBie HJIBI.

KoJiHHecTBeHHoe p ac iip eA e jiem ie  $opaM H H H $ep 3 aBHCHT ot nm poT H . Ot 
AHTapKTHKH ao 6 1 —6 2 °  io . u i. oHii oTMeueHH ne Ha Bcex CTaHHHHX ( p = 0 ,6 5 ) ;  
cpeAHft®. reoM eTpH uecKO tt coflep jK aH iia . hx ( x )  Ha 3Thx n m p o T a x —1 ,6  3K3.1, 
AHCnepcHH 2 ,2 7 5 . MeiKAy 5 2 —61 h 4 8 —52° io . m. (j>opaMHHH<|>epi>i BCTpeua- 
iotch n a m e  ( p  =  0 ,7 5 ) ; x  =  7 0  3K 3., AHcnepciiH  2 ,1 9 7 . M ew fly  imipoTaM U 
4 8 — 52 h  3 0 — 3 6 ° io . ín . p  = 1 ,  x  =  9 4 2  a n a .,  AHCnepcHH 0 ,6 2 2 . B  n o jio c e  
ot 3 0 —36  ao 1 8 —2 6 ° io . m. TaKuce p  =  1 ,0 , ho x  =  61 3K 3., A iicn ep c ii«  1 ,6 3 6 . 
K  ceB ep y  ot 18 — 2 6 ° io . m. <j)opaMHHH<|)epH BCTpeuaioTCH HecKoJiBKo peuce 
( p  =  0 ,9 2 ) ;  x  =  89  3K3., A H cnepcim  1 ,7 9 6 .

TaKHM o6pa3oM , p a c n p e A e jie m ie  p aK o ß in i n j ih h k to h h lix ÿopaM H H iiÿep  b 
ocaA K ax oTpaucaeT h  BepTHKajiBHyio, ii KjiiiMaTHuecKyio aoHajiBHocTB.

PacnpeAe.aeiiHC paKOBiiii o t a c j i b h b i x  b h a o b

G lo b ig e r in a  b u l lo id e s  O rb ig n y  rnnpoK o p acn p o cT p aH eH a b H h a h ííc k o m  OKe­
aH e (p o cm = 0 ,4 3 ),o co 6 eH H o  k  io ry  o t  4 0 °  e .m .O H a  oÖ H apym eH a H a l2 3 c T a H H iin x  
B KoJiHuecTBax a o  2 2 0 0 0  a n a . (T aßji. 2 0 ). CoAepacaHHe ee cocTaBjineT o t  0 ,1  
Ao 1 0 0 %  $ a y H H  $opaM iiH H $ep  (p iic . 12 ). M aKCHM ajibHue KoJiiiuecTBa n p n y p o -  
neHBi k  rjiyÖHHaM o t  20 4  a o  4 6 2 4  m . E o Jiee  10 0 0  3 K3 . b 1 z ocaAKa BCTpeuaeTcn 
peAKo ( p  =  0 ,0 4 ) — H a LJeffrpajiBHOM H h a h ííc k o m  xpeÔ Te, k  lo ry  o t  AtJipiiKH, 
H a oöuiH pH oH  njiom aA H  MeiKAy xpeÔToM h  sanaAHUM n o 6 epe?Ki>eM ABCTpa.niui, 
y  ô ep e ro B  o-B a H bbi h  6 jih 3  n -o ß a  CoM anH . TaK uce peAKo (b BHAe ysK iix  n o a o c  
y  ô ep e ro B  A $ p h k h  ii H bb i, n o  oK paim aM  rjiyßoKoBoAHBix k o t j io b h h  h  o ta c . tb -  
hum m  nuTHaMH y  CeümeJiBCKHX ocTpoßoB h  b M ope f le iiB iic a  Ha rjiy ô iiH e  o t  
11 0  a o  1 3 5 8  m) BCTpeuaioTCH K ojm uecTB a o t  5 0 0  a o  10 0 0  sk 3 . { p  =  0 ,0 1 ) . 
B  KOJiHuecTBe o t  1 0 0  a o  5 0 0  a n s .  b h a  HaiiAßH H a rnyÔ H H ax o t  95  a o  4 9 0 0  m  bo 
Bcex nepeuHCjieHHBix p a ä o H a x , a  TaKHie y  3anaAHHX ôep ero B  A B C T pajiim  h  
y  MajiBAHBCKHX oCTpoBoB; p  =  0 ,0 6 . H a n ô o J ie e  u a c T u  koHpeHTpaii|HH Me­
Hee 1 0 0  3K3. ( p  =  0 ,3 0 ) ,  oTMeneHHBie Ha rjiyÔ H H ax o t  59 a o  49 8 8  m  y  ôep ero B  
AHTapKTHAH, H a oßm npH oH  njiom aA H  o t k p h t h x  u acT eñ  OKeaHa, k  BocToKy h  
3 an aA y  o t  IJeH T pajibH oro  H h a h h c k o to  xpeÔ Ta, b ApaBHHCKoM M ope, y  ô ep e ro B  
AßCTpajiHH h  H a oTAejiBHHX ynacT K ax  A na MHAHHCKo-ApaBHHCKoü k o tj io b i ih b i ,  
K poM e T o ro , 3 T o t b h a  HaüAeH b a p x n n e j i a r e  KepHMÔo (H e ro n -A lle n  a . E a r -  
l a n d ,  1 9 1 4 ), y  ô ep e ro B  TacMaHHH h  K e p re jie H a  h  Ha n o 6 epe>KBe A m apuT iiA B i 
( P a r r ,  1 9 5 0 ; H e r o n - A lle n  a . E a r l a n d ,  1 9 22 ).

B  ATjiaHTHuecKoM OKeaHe G . b u l lo id e s  BCTpeuaeTCH Ha Bcex m n p o T a x . H a  
aK BaTope oH a cocT aB jineT  MeHee 1 %  $ a y H H  <j>opaMHHH<j>ep, Ha CKjioHe ceB epo - 
B ocTouH oro noßepejKBH C H IA — a o  5 0 % , b p aü o H e  6 0 °  c . m . — 1 8 %  (P h le g e r  a . 
o t h . ,  1 9 5 3 ). B  HeôoJiBHiHX K oJinuecTB ax b h a  HaiÎAeH b MeKCHKaHCKoM 3 ajiHBe 
h  K apnöcK oM  M ope ( P a r k e r ,  1 9 5 4 ; P h le g e r ,  1 951 ; C u s h m a n , 1924  6 ), y ô e p e ro B  
HcjiaHAHH (C u s h m a n , 1 9 4 8 a ; N o r v a n g ,  1 945 ; O . T e rq u e m  a . E . T e rq u e m , 1 8 86 ), 
y  cDoJiKJieHACKHX OCTpoBoB (H e ro n -A lle n  a . E a r la n d ,  1 932 ; E a r l a n d ,  1934) 
h  oCTpoBoB IO jk h o h  T eoprH H  ( E a r l a n d ,  1 9 33 ); oTAejiBHBie HaxoAKH oTMeue- 
HBi k  lo r y  o t  jiHHHH aHTapKTHuecKoH KoHBepreHpHH h  y  jieA oB oro 6 api>epa 
( E a r l a n d ,  1 9 3 6 ). B  CpeAH 3 eMHOM M ope G . b u l lo id e s  uacT o BCTpeuaeTcn.

B  T h x o m  OKeaHe s t o t  b h a  oÓHapynceH b o  Bcex n p o ô a x  «HejiJieHAJKepa» 
( B r a d y ,  1 8 8 4 ), a  TaKHte y  TaBaHCKHX (C u s h m a n , 1914) h  y  O njiiinnHHCKHx 
(C u s h m a n , 1 9 2 1 ) oCTpoBoB, y  ocTpoßoB  C aM oa (C u s h m a n , 1 9 2 4 a) h  y  aanaA H o- 
r o  noôepe>Ki>H IO ik h o h  AMepHKH 6 j ih 3 3 K BaTopa (C u sh m a n  a . K e l l e t t ,  1929).

1 C o A e p w a i r a e  p a K O B H H  ( J o p a M i i i u K j i e p  3 A e c b  h  b  a a j i b u e i ï u i e M  n a o T C H  H a  1  a  o c a ^ K a ,  
a  n o a T O M y  B e j m n i H a  H a n e c K H  o c o 6 o  o r o B a p i i B a T b c f l  H e  ß y ^ e r .
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PACnPEgEJlEHHE IMAHKTOHHbIX <POPAMIIHH<I<EP

TaKHM  o 6 p a 3 0 M , G .  b u l l o i d e s  i ir a p o K o  p a c n p o C T p a H e H a  b o  Bcex o K e aH ax  
C MaKCHMaabHHMH KOHpeHTpai^HHMH b  yM epeH H H x IU H poTaX .

G lo b ig e r in a  p a c h y d e r m a  E h r e n b e r g  H añgeH a humh Ha 104 -x  C TaH gnux 
(Poöm =  0 ,3 6 )  b  K oJinuecTB ax g o  5 1 2 0  3 K3 eM njinpoB  (p u c . 13 ) n cocTaB jiueT  ot 
0 ,1  g o  1 0 0 %  $ a y H H  $opaM H H n$ep  (cm. T aSji. 2 0 ). B KoJinnecTBe 6 oJiee 
10 0 0  3K3. nonagaeT C U  pegK o (p =  0 ,0 3 )  — Ha x p e ô r e  K e p re jie H  h Ha nogHH- 
THHX y  ô ep e ro B  AHTapKTHgH (p  =  0 ,0 3 )  Ha rjiyÖHHe ot 93 4  g o  22 5 7  m.  
Ot 5 0 0  g o  10 0 0  9K3. BCTpeuaeTCH T a n w e  pegK o (p =  0 ,0 2 )  Ha rjiyÖ H H ax ot 4 8 6  
g o  3 8 5 0  m b  Tex a te  M ecTax h k io r y  ot A$phkh h k B ocT ony ot xpeÖ Ta K e p re -  
jieH . B K oH ueH TpaniiH x ot 10 0  g o  5 0 0  3 K3 . G. p a c h y d e r m a  oÖ H apyateH a 
Ha rayÖ H H ax ot 141 g o  3 1 2 2  m b BHge oTgeJibHHX n n i e a  (p  =  0 ,0 3 )  BgoJib 
Ho6 epe>KbH AHTapKTHgH, y iojkhhx ô ep e ro B  A$phkh, Ha «peÔTe K e p re jie H  
h k BocToKy ot H ero . M eH ee 1 0 0  3K3. BCTpenaeTcn n a m e  (p  =  0 ,2 7 ) ,  b  

ochobhom b n o J io c e  B goJib  n o ö e p e a tb H  A H T apK T H gH , H a  x p e ô ï e  K e p r e j ie H  h  k  
B ocToK y ot H e ro , a  TaKjKe H a  oT gejibH H X  y u a c T K a x  k c e B e p y  ot 50° io . u i .  
(g o  1 0  3K 3.)

B H H gH ücK oM  OK eaHe G .  p a c h y d e r m a  HBjmeTCH t h h h h h o  aH TapK TnuecK U M
BHgOM, H a  ÔoJIbHIHHCTBe aH T apK TH U eC K H X  C T aH gH H  O H a CO C TaBJIflJia 100% 
$ a y H H  $ o p a M H H H $ e p  h  b  K o a r ra e c T B e  SoJiee 100 3K 3 . Ô H Jia  o T M eu eH a  t o j ib k o

T a 6  j i  h  g a 20

MacTOTa BCTpe<iacMOCTn (p ) pa3nn»iHbix nouii'ieCTB naaHKTOHHHx <jM>paiiiinn(}>ep 
ua gué IÏHgHHCKoro OKeaHa (no BitgaM)

B a n
0 6 m a n

KoJiimecTBO o n a . b 1 a d e a n n a

< Po6m ' 1000 1000—500 500—100 < 100

G lobigerina b u l l o i d e s .......................... 0 , 4 3 0 , 0 4 0 , 0 1
1

0 , 0 6 0 , 3 0
G. p a c h y d e r m a ...................................... 0 , 3 6 0 , 0 3 0 , 0 2 0 , 0 3 0 , 2 7
G lobigerinoides r u b e r .......................... 0 , 3 4 0 , 0 2 0 , 0 1 0 , 0 9 0 , 1 8
G loborotalia m e n a r d i i .......................... 0 , 3 3 0 , 0 2 0 , 0 3 0 , 0 8 0 , 2 0
P u llen ia tin a  o b liq u ilocu la ta  . . . . 0 , 3 0 H eT 0 , 0 0 7 0 , 0 7 0 , 2 2
G lobigerina e g g e r i .................................. 0 , 3 0 » 0 ,0 1 0 , 0 8 0 , 1 9
G lobigerinoides s a c c u l i f e r ................. 0 , 2 3 0 ,0 1 0 , 0 3 0 , 0 7 0 , 1 2
G. c o n g lo b a t u s ...................................... 0 , 2 3 H eT 0 , 0 1 0 , 0 4 0 , 1 8
G lobigerinella aequ ila te ra lis  . . . . 0 , 2 3 » H eT 0 , 0 3 0 , 2 0
Sphaero id inella  d e h i s c e n s ................. 0 , 2 3 » » H eT 0 , 2 3
O rbulina u n iv e r s a .................................. 0 ,2 1 » 0 , 0 0 3 0 , 0 3 0 , 1 7
G loborotalia tu m id a .............................. 0 , 1 8 » H eT 0 , 0 0 7 0 , 1 7
G lobigerina i n f l a t a ..................... .... . 0 , 1 7 0 , 0 2 0 , 0 1 0 , 0 2 0 , 1 1
G loborotalia trunca tu lino ides . . . . 0 , 1 7 0 ,0 0 7 0 , 0 0 7 0 , 0 4 0 , 1 2
G lobigerina c o n g lo m e r a t a ................. 0 , 1 6 H eT 0 , 0 0 7 0 , 0 2 0 , 1 3
G loborotalia p u n c t u l a t a ..................... 0 , 1 5 » H eT 0 , 0 0 3 0 , 1 4
G. h i r s u t a ................................................... 0 , 0 6 » » 0 , 0 0 3 0 , 0 6
G lobigerina h e x a g o n a .......................... 0 , 0 5 » » HeT 0 , 0 5
H astigerina d i g i t a t a .............................. 0 , 0 3 » » » 0 , 0 3
Candeina n i t i d a ...................................... 0 , 0 3 » » » 0 , 0 3
G lobigerin ita  g l u t i n a t a ..................... 0 , 0 2 » » » 0 , 0 2
G loborotalia s c i t u l a .............................. 0 , 0 1 5 » » » 0 , 0 1 5
H astigerina  p e la g ic a .............................. 0 , 0 1 » » » 0 , 0 1
G lobigerina q u in q u e lo b a ..................... 0 , 0 0 3 » » » 0,003
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<Z3

Phc. 12. PacnpocTpaHeHHe Globigerina bulloides Ha flHe Hhahhckoto OKeana
(3K3. Ha 1 ? ocaflKa)

1 — bha He naiiAcir; — ao 100 bkb.; 3 — o t 100 ao 500 3K3 .; 1 — o t 500 ao 1000 3K3 .,
.5 —  ö o j i e e  1 0 0 0  3 K 3 .

K io ry  ot 50° io . u i. MaKCiiM ajibHbie K onnnecT B a ee  iip u y p o u e H ti k hoaboahhm 
nOAHHTHHM, K O Topue HaXOAHTCH B oÖJlaCTII paCnpoCTpaHeHHH npoMeiKyTOU- 
HHX TenJIHX BOA"

B ATjiaHTHHecKOM OKeaHe 3Tot bha HaiiAeH b pañoHe OappepCKoro nopora, 
y ßeperos Hca3hahh, HIotahhahh h y ceBepo-BocTouHoro noßepeacbh CUJA 
(Brady, 1884; Pearcey, 1914; Cushman, 1948a; Norvang, 1945). Ha 60° c. m. 
oh coCTaBAHeT 72% $ayHH <$opaMHHH<j)ep, ioro-3anaAHee EpHTaHCKHX ocTpo- 
BoB — 0,08%, a KMKHee 20° c. m. He BCTpenaeTCH (Phleger a. oth., 1953). 
OueHb peAKo G. pachyderma nonaAaeTCH b MeKCUKancKoM aajiHBC (Parker, 
1954; Phleger, 1951). Y  (Dojikjichackhx octpobob h o-Ba lOnmaH TeoprnH 
HBjmeTCH AOMHHHpyiomeH h oTMeueHa noßceMecTHo (Heron-Allen a. Earland, 
1932; Earland, 1933, 1934). ÜInpoKo pacnpocTpaHeH bha b AHTapKTHKe 
(Heron-Allen a. Earland, 1922; Pearcey, 1914; Earland, 1936).

Kau BHAHo, G. >achyderma THnrnma a-kh Apkthkh h AffrapKTHKH, rAe co-
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Piic. 13. PacnpocTpaiieHHe Globigerina pachyderma na Ĥe IIĥ hhckoio OKeaiia
(ana. na 1 e ocaAKa)

1 —  Bilii no nativen; 'J — no 100 3K3.; — o t  100 ao 500 ano.; 4— o t  500 ao 1000 8K3.;
•5 —Gojice 1000 8K3.

c iaB jin eT  100% $ayH B i $opaMHHH<j)ep, xoth  aßcoJiioTHw e K oJinnecTBa sT o ro  
B iifla b OoJiBuiMHCTBe c jiy n aeB  HeBejiHKH.

G lo b ig e r in o id e s  r u b e r  (O rb ig n y )  oÔ H apyæ eH  Ha 92 cTaHijUHX (p0om =  0,34) 
b K o.annecTB ax 3 0  2054 s u s .  (cm, TaÖJi. 20), cocTaBJineT o t  0,1 a o  6 8 ,8 % B een 
$ ay H H  $opaM H H H $ep (p n c .  14). K onnnecT B a 6 oJiee 1000 3 K3 . (p =  0,02) oTMe- 
ueHH Ha rjiyÔ H H ax o t  162 a o  4830 m Ha IJeHTpajiBHOM H h a h h c k o m  xpeÔ Te, 
y  iohchoh  OKOH6 HHOCTH A $ p h k h  h  k  BocToKy o t  M aA aracK ap a ;o T  500 Ao 1000 3K3.
(p  =  0,01) Ha rjiyÖ H H ax o t  802 a o  2942 m 6 jih 3  d ep e ro B  A<J>phkh, A B C T pajinn , 
H bbi, Ha L(eHTpajibHoM H h a h h c k o m  xpeÖ Te; o t  100 a o  500 3 K3 . ( /? =  0,09) oÖHa- 
py>KeHo Ha rjiyÖ H H ax o t  95 a o  4400 m y k h k h o to  h  b o c to u h o to  nodepentB H  A $ -  
pHKH, y  3anaA H H x O eperoB  H h a h h  h  A ß C T p an n n , Ha IJeHTpajiBHOM H h a h h c k o m  
XpeÖTe H H a OTACJIBHBIX HOAHHTHHX HHAHHCKO-ABCTpajIHHCKOH k o tj io b h h b i .
H a n ö o J ie e  n acT o  b h a  BCTpeuaeTCH b KoJiHuecTBax MeHee 1 0 0  3 K3 . (p  =  0 ,1 8 )  
Ha rjiyÖ H H ax o t  5 0  a o  5 0 8 9  m b io jk h o h  nacTH  A paBH HCK oro MopH, H a CKjioHax 
IleH T pajiB H oro  H h a h h c k o to  xpeÔ Ta, y  ö e p e ro ß  A $ p h k h ,  H b h  h  Ha h o a h h t i ih x  
MHliHHCKO-ABCTpajIHHCKOH KOTJIOBHHBI. K  K )ry OT 3 5 °  IO. HI. OTMeUGHO TOJIBKO 
n o  oAHOMy 3K3eMHJiHpy H a neTBipex CTaHn,Hnx. BcTpenaeTCH  b h a  TaKHte b a p -  
X H ricjiare  KepHMÖo ( H e ro n -A lle n  a . E a r l a n d ,  1 9 1 4 ). B  oömeM  G . r u b e r  p a c -  
npocT paH eH  b H h a h ííc k o m  OKeaHe MejKAY 3 5 °  io . n i. h  20° c . u i. TpaHHAH
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□

20

P h c . 1 4 .  P a c n p o c T p a H e H i i e  Globigerinoides ruber H a  g n e  I l H f l i i ü c K o r o  o n e a n a
(3K3. Ha 1 a ocaAKa)

1 — BHA HC Haüneil: S — a o 100 3K3.; 3 — O T 100 f lO  500 3K3.; ƒ —  O T 500 f lO  1000 3K3..
5 — ÖOJ7CC 1000 3H3.

pacnpeflejieHHH bhab b boahom cjioe 0 — 2 0 0  m  h b oca/ptax coBnagaioT, ho 
KOJiHHOCTBOHHoe pacnpeAejiCHne cymecTBeHHo pa3JiHiaeTCii. Ilpn HajiHiim 
ÖJiaronpHHTHHX ycjioBHH fljiH 3axopoHGHHH G .  r u b e r  o6pa3yeT b o c a a u a x  
BHCOKHe KOHIieHTpapilH. H a  flHO KOTJIOBIIH HC HaHACII.

B  A T J ia H T H u e c K o M  O K e a H e  b t o t  b h a  B C T p e ia e T C H  M e iK f ly  a K B a r a p o M  h  4 0 °  
c .  n i .  h c o c T a B j iH e T  ot 1 0  ao 1 9  %  ( J ia y H H  $ o p a M H H H (jj) e p  M ejK A Y  3 K B a r a p o M  h 2 0 °  
c .  hi. M a K C H M a jib H o e  c o A e p H í a i m e  e r o  o T M e ie H o  b M eK C H K aH C K o M  3 a j i i i B e  
(ao 3 0 — 7 0 % )  h  b K a p n ß c K o M  M o p e .  M e iK A y  2 0  h  4 0 °  c .  m .  o h  c o c T a B j i a e T  ao 
3 %  $ a y H H ,  a  c e B e p H e e  —  a o  0 , 1  %  ( C u s h m a n ,  1 9 2 4 b ;  P h l e g e r ,  1 9 5 1 ;  P h l e g e r  
a .  o t h . ,  1 9 5 3 ;  P a r k e r ,  1 9 5 4 ) .  H a  5 0 °  i o .  m .  G .  r u b e r  o T M e ie H  b H e 3 H a iH T e j ib H 0 M  
K o A H n e c T B e  H a c e M H  c T a m j H H x  ( E a r l a n d ,  1 9 3 4 ;  H e r o n - A l l e n  a .  E a r l a n d ,  1 9 3 2 ) .  
O Ô H a p y iK e H  h  b C p e A H 3 e M H 0 M  M o p e  ( P a r k e r ,  1 9 5 8 ) .

B  Tiixom OKeaHe G .  r u b e r  pacn p o cT p aH eH  ot rpaH Hu,H  ahbtomobhx hjiob 
Ao H oK araM H  (35° c . m .) ,  npeH M ym ecraeH H O  b MajiOM K O JiH iecrae . B lk o -  
KHe KOHAeHTpaAHH oTMeneHU y  T aB a iíc  r a x  ocTpoßoB  (C u s h m a n , 1 9 1 4 , 1 921 , 
1 9 2 4 a ; B r a d y ,  1 8 8 4 ). B  ioîkhoh i a c r a  o n eaH a  B C T peiaeT ca peAKo (H e ro n -A l 
le n  a . E a r l a n d ,  1 9 2 2 ), a  b aH T apK raiecK H X  BoAax BoBce oTcyTCTByeT ( P a r r ,  
1 9 5 0 ). P acnpeA ejieH H e biiaa  b A raaH T H iecK oM  h Thxom oK eaH ax bhoahc co- 
rjiacyeT C H  c pacnpeA eJieH H eM  e r o  b Hhahhckom OKeaHe.

Globorotalia menardii (Orbigny) pacnpoCTpaHeHa b ocaAKax Hhahhckoto
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□  '
m 2

30 60 90

P u e .  1 5 .  P a c n p o c T p a n e H H e  G l o b o r o t a l i a  m e n a r d i i  n a  â n e  M u f l i i H C K o r o  O K e a H a

(3K3. na 1 e ocaAKa)
J — BHÆ HO HaiÎJIOH; 2 — flO 100 3K3 .; 3 — OT 100 flO 500 9K3 .; / — OT 500-AO 1000 3K3 .;

.5 —  O O JICC 1 0 0 0  9 K 3 .

O K e a H a  M e i K f l y  30° i o .  m .  h 20° c .  m .  ( p n c .  15). O H a  o Ô H a p y i K e H a  H a M H  

H a  98 C T a H H H H X  (p00m. --0 ,33) b K o J i n q e c T B a x  ao 1670 3 K 3 .  (cm. i - a ß j i .  20) h co- 
C T a B A H e r  ot 0,32 ao 100% $ a y H H  $ o p a M H H H < | ) e p .  K o H p e H T p a p H H  6 o J i e e  1000 
3 K 3 .  (p =  0,02) BCTpeneHH Ha rjiyÔHHax ot 446 ao 3500 m  y sanaAHoro h  c e -  

B e p o ' 3 a n a A H o r o  n o ß e p e i K H H  A ß C T p a j i H H ,  y o-bob P o J K A O C T B a  h  H a  Hhahhckom 
I J e H T p a j i b H o M  x p e Ô T e  ( p u e .  15). Ot 500 ao 1000 3K3. n o n a A a J i o c b ,  K p o M e  T o r o ,  

y ô e p e r o B  A$phkh h Hbh h H a  r j i y Ô H H a x  ot 250 ao 3169 m (p — 0,03). Ot 
100 Ao 500 3 K 3 .  B C T p e n a j i o C b  H a  r j i y S i m a x  ot 109 ao 4660 m  y boctokhoto no- 
ôepeœ bH  Ai^phkh, H a  A p a B H H C K o - H H A H Ô C K O M  h L ( e H T p a j i b H o M  Hhahhckom 
x p e Ô T a x ,  y  ë e p e r o B  A ß C T p a j i H H  h Hbh h H a  hoahhthhx b H H A H H C K o - A ß C T p a -  

J i H H C K o H  K o T J i o B H H e  (p = 0,08). HanßoJiee n a c T t i  (p —  0,20) K o J i n n e c T B a  M e H b -  

iho 100 3 K 3 . ,  H a ü A C H H b i e  H a M H  H a  r j i y Ô H H a x  ot 95 ao 4705 m k c e B e p y  ot 30°
K). Hl. H a AHe HHAHHCKO-ABCTpaJIHHCKOH H CoMajIHHCKOH KOTJIOBHH, B E e H - 
rajibCKoM  3ajiHBe, y 3 anaA H oro  noßepeiK bH  H h a h h  h  Ha ABy x  CTaHpHHX k » k - 
Hee 30° io . m . OTMeneH 3 t o t  b h a  T aK æ e b a p x n n e j i a r e  KepHMÔo (H e ro n -  
A lle n  a .  E a r l a n d ,  1914) h  y io îk h h x  ß ep e ro B  AßCTpajiHH ( P a r r ,  1950).

IUnpoTHoe pacnpeAejieHHe BHAa b ocaAKax h b to  jupe boah oAHHaKoßo. 
H  TaM, H TyT HHOrAa o6pa3VIOTCH BHCOKIie KOHpeHTpapHH, XOTH B ocaAKax
H ecK ojibK o p en ie .
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P i i c . 1 6 .  P a c n p o c T p a i i e r o i e  P u l l e n i a t i n a  o b l i q u i l o c u l a t a  l i a  f l u e  I I i i f l i i n c K o r o  

O K e a u a  ( a n a .  n a  1 e  o c a f l K a )

1 — mm n o  i M H A o n ;  -  — IC O  0 K 3 . ;  3 — o t  i ( J ( )  no 500 n i « 3 . ;  /  —  o t  Ó0U ao 1000 3 K 3 .

B  ATJiaHTHnecKoM OKeaHe G . m e n a r d i i  n inpoK o p acn p o cT p aH eH a M em ny 
3 KBaTopoM it 20° c . m . (no  2 0 %  <i>ayHH $opaM iiH H $ep). Memny 20  i i  4 0 °  c . in . 
B an  BCTpenaeTCH penK o b  K ojim ecT B e o t  6  n o  2 5  ok3. (P h le g e r  a . o th . ,  1953). 
Oh ohohk M iioroHiicJicH b  KapnGcKOM M ope h MeKCHKaHCKOM 3 ajiHBe (Cush­
m a n , 1 931 ; P h le g e r ,  1 951 ; P h le g e r  a . o t l i . ,  1 9 53 ). B  p a iioH e OoJiKJieHflCKiix 
ocTpoßoB  oTMCueHo HecKoJiBKo 3 K3 eM iuiHpoB Ha onH oii CTaHii,Hii (H e ro n -A l-  
le n  a .  E a r l a n d ,  193 2 ). B  T i ix o m  OKeaHe Biin na ilneH  b  p aiioH e (p inranniiH C K iix  
ocT poßoB  (C u s h m a n , 1 9 2 1 ).

P u l l e n i a t i n a  o b l i q u i l o c u la t a  (Porker e t  J o n e s )  oÔ H apyn a n a  b M h ah h ck o m  
OKeaHe Ha 88 CTaHHiiax (p o o m -O ^ O ) b K onnuecT B ax no  810 ran;s. (cm. tu G ji. 20) 
h  cocTaBJineT o t  0,05 no  66 ,6 % ijiayHLi (Jo p aM im n ^ ep  (p u e . 16). K oJinnecTB a 
o t  5 0 0  n o  810 3K3. BCTpeuaJiiici. upeaBM uaÜ Ho penK o (p =  0,007) Ha P(eH Tpajib- 
HoM ÜHnHiicKoM xpeÔTe h  y  o-B a H e a ,  Ha r jiy G im a x  o t  1610 no  2414 m . K o h - 
ueH TpapviH  o t  100 no 500 o k s . Tom e penK ii (p  =  0,07); o h h  ncTpeuaioTCii na 
rjiyG H H ax o t  250 n o  4023 m b to x  m e p a i io n a x  h  y  b o c to h h h x  G eperoß  A m p lu m . 
M eH ee 100 3K3. (p  =  0,22) o G h h h o  n o n a n a e r c a  Ha rjiyG nH ax  o t  95 no  5383 m 
k  ceB ep y  o t  20° io. m . y  B ocT ounoro  iioG epem m i A(f)piiKii, b ApaBHÜCKost Mope, 
u a  Il,euT pa jtbnoM  IltinnucKOM xpeÔ Te n  k noci’OKy o t  u e r o ,  b E e i i i  a a i , - 
CKoM aajiH B e, y  G eperoß  H bbi h  ABCTpamixi h  Ha nonHHTHnx b H H fliiiicK o-A pa- 
BHHCKOÜ KOTJIOBHHe. K3/KHCC 50° IO. m . Il auflCH B KOJIHUCCTDO, MO neo 1 3K3. 
P. o b l i q u i l o c u la t a  oTMeueHa TaKme b a p x im e j ia r e  K epm iG o  11 b pa iio H e  T a c -  
MaHHH (H e ro n -A lle n  a. E a r l a n d ,  1914; P a r r ,  1950).
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□

P h c . 1 7 .  P a C n p o c T p a H e H H e  G l o b i g e r i n a  e g g e r i  n a  f l n e  P l H a m i c K o r o  O K e a H a  

( 3 K 3 .  n a  1  a  o c a f f K a )

1 — nun ne naitaen; 2 — no 100 3 K 3 . ;  -i — o t  100 no 500 3 K 3 . ;  d — c i t  500 no 1000 3 K 3 .

IIpHcyTCTBiie 9TOTO BHfla Ha rjiyÔ H H ax CBbirne 4 7 0 0  a« roB opiiT  0 6  y cT o iiiH - 
BOCTH e r o  paKOBHH K  paCTBopeHHK), UTO noATBepiKfflaeTCH BLIBOAaMH O jieflJK e- 
p a  (P h le g e r ,  1 9 5 1 ). IIInpoTH bie rp a H iiH ti p acn p eA ejiem iH  Biifla b b o  Ae h  ocaA ­
K ax coBnaA aioT.

B ATjiaHTiraecKoM  oKeaHe P. o b l i q u i l o c u la t a  HaiiAeHa Ha m e jib $ e  CHIA 
K»KHee Mbica K o a  (a o  5 %  $ay H b i ç[)opaMHHH$ep) h  Ha 20° c . h i. (a o  1 %  $ a y -  
Hbi). H a n ß o J ie e  pacnpoC T paH eH a (1 0 — 2096 $ ayH b i) oH a Ha oKBaTope, y  n o 6 e- 
peatbH  IO jk h o ii AMepHKH h  b MeKcimaHCKoM 3 ajiHBe (P h le g e r  a .  o th . ,  1 953 ; 
P h le g e r ,  1951 ; P a r k e r ,  1954 ; C u s h m a n , 1 9 2 4 6 ). Y  O o jik a b h a c k h x  o c tp o b o b  11 
o-B a lO u tn a n  IPeopriiH  b h a  o u e u b  peAOK (H e ro n -A lle n  a . E a r l a n d ,  1932 ; 
Earland, 1 9 3 3 ). B CpeAH3 eMHOM M ope e r o  HeT, b  T h x o m  oneaH e oTMeneH n a  
öoJibHioM HHCjie cTaHAHH Me»AY IloK araM oH  h  o-bom  PyaM  (C u s h m a n , 1 9 14 ). 
Bo Bcex oK eaH ax b h a  BCTpeuaeTCH MeiKAy 20° c . m . 11 20° 1 0 . m .,  h o  b T h x o m  
pacnpocT paH eH , no-BHAHMoMy, 6 oJiee n in p o K o  h  b ö o jib iiih x  KOJnraecTBax.

G lo b ig e r in a  e g g e r i  (B h u m b le r )  Ha Ane IlH A niicK oro  OKeaHa BCTpeneHa Ha 
86 CTaHHHHX (p0om=  0 ,3 )  b K oJm uecTB ax a o  1005  3K3. (cm. T aö ji. 20) h  cocTaB - 
JiHeT o t  0 ,3  a o  76% $ a y H H  ^opaM H rnn jiep . K oJinuecT B a o t  5 0 0  a o  1 0 0 0  3 K3 . peA- 
KH ( p  =  0 ,0 1 ) ,  n p H y p o u e im  k  rjiyÖHHaM  o t  2 5 0  a o  3 2 0 3  m  H a IJeHTpajiBHOM 
H h a h h c k o m  xpeÔ Te, y  Ô eperoB  A b u  h  CoM ajiHÜCKoro noJiyocT poB a (p n c . 1 7 ). 
K oHpeH TpapH H  1 0 0 — 5 0 0  3K3. ( p  — 0 ,0 8 )  oTMeueiibi y  k u k h o to  h  b o c to h h o to  
n o 6 epe>KHH A $pH K H , Ha L(eHTpajiBHOM H h a h h c k o m  xpeÔ Te, y  6 ep e ro B  A b c t-  
paJIHH H H b h  H H a OTAejIBHHX HOAHHTHHX B HHAHHCKO-ABCTpaJIHHCKOH KOTJIO-
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Phc. 18. PacnpocTpaiiemie Globigerinoides sacculifer Ha gnc HngimcKoro 
OKeaHa (3K3. Ha 1 e ocaAKa)

1 — BHfl ae HaflacH; 2 — ao 100 3K3.; 3 — OT 100 ao 500 3K3.; 4 — ot 500 ao 1000 3K3.;
0 — 60J1CC 1000 9K3.

BHHe, H a rjiyÖ H H ax o t  109  a o  43 5  ) m. M eH ee 100  sk 3 . BCTpeuaoTCH H anßoJiee 
nacT o (p  =  0 ,1 9 ) y  3 anaAHbix G eperoß  H h a h h ,  y  ßep ero B  AßCTpajiHH, H bbi, 
Ha LJeHTpajibHOM H h a h ííc k o m  h  H h a h h c k o -A p 3 b h h ck o m  xpeÖ Tax, a  TaK/Ke Ha 
MejIKHX HOAHHTHHX b HHAHÍÍCKO-ABCTpajIHHCKOH KOTAOBHHe H Ha OTAejIb-
Hbix ct3hh;h h x  k  K>ry ot 4 0 o io . hi

B ATJiaHTiiqecKoM OKeaHe 3T o t b h a  oTMenen y  ceßepo-B ocToH H oro n o 6 e- 
peiKbH C H IA , b MeKCHKaHCKoM 3 ajiHBe h  y  A(£pnKaHCKoro n o 6 e p e » b «  MencAy 
3KB3T0p0M H 2 0 °  C. HI.; B 3HaHHTejIbHbIX KoJIHHeCTBax OH H3HACH MOKAy 2 0  H 
4 0 °  c . in . ,  ceB epH ee (ao  60° c . m .)  BCTpenaeTCH peAKo h  b m u jilix  KOJimiecTBax 
( P h le g e r  a . o th . ,  1953 ; C u s h m a n , 1 9 2 4 b ). B T h x o m  oneaH e b h a  u inpoK o  p a c -  
npocT paH eH  b rjioG nrepuH O B bix  H jiax  C eaep H o ro  noJiym apH H  (B r a d y ,  1884; 
C u s h m a n , 1 9 1 4 , 1921) h  peAoK b io jk h o h  nacTH (H e ro n -A lle n  a . E a r la n d ,  
1 9 22 ). CAeAOBaTejibHo, G . e g g e r i  xapaK T epH a a h h  C eB epH oro  n o ay a ia p H H .

Globigerinoides s a c c u l i f e r  (Brady) b H h a h ííc k o m  oKeaHe oßH apyrneH a HaMH 
h a  67  C T a H p H H X  (p  =  0 ,2 3 )  b K O J m n e c T B a x  a o  1872  3 K 3 .  (cm. T a Ö A .  20) h  co - 
C T a B J i n e T  o t  0 ,1  Ao 6 9 ,4 %  (J)a y h h  n j i a H K T o H H b i x  4)opaMHHH<j>ep ( p n c .  1 8 ). C b h -  
rne 10 0 0  3 K 3 .  O T M e n e H o  H a  I J e H T p a j i b H o M  H h a h h c k o m  x p e Ô T e  (p  =■ 0 ,0 1 ) 
H a  r j i y Ô H H e  o t  28 9  a o  2 9 4 2  m, o t  50 0  a o  1 0 0 0  3 K 3 .  ( p  =  0 ,0 3 )  — H a  

r j i y Ö H H a x  o t  82  a o  3 3 7 6  m y B o c T o n H o r o  n o ô e p e œ b H  A ijip rnm , H a  I J e H T p a j i b H o M  

H h a h ííc k o m  x p e Ö T e  h  b n a ñ o H e  o c tp o b o b  CeHuieabCKHX h  K a p a ra A o c . K ojih-
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qecTBa ot 10 0  ao 5 0 0  3K3. (p  =  0 ,0 7 )  BCTpeaaioTca Ha rjiyÖHHax ot 9 5  ao 
4 4 0 0  m y BocToHHoro noóepeatba A$phkh h MaAaracKapa, Ha Hhahhckom 
UeHTpajibHOM xpefrre y ceBepo-3anaAHHX öeperoß AßCTpajiHH, 6jih3 Hbh h Ha 
OAHOM 113 noflHHTHn HHAHHCKO-ABCTpaJIHHCKOH KOTJIOBHHH. HanßoJlCe UaCTH
(p  =  0 ,1 2 )  KOHpeHTpapHH ao 10 0  3K3. Ohh oTMeneHH Ha rjiyÖ H H ax ot 162 ao 
5383 m y iojkhhx h boitohhhx 6 ep ero B  A $pH K H  h M a A a ra c K a p a , Ha o jib iiieü  
njiom aA H  ApaBHHCKoro MopH, k 3anaA y  h ioro-B ocT oK y ot IJeH T pajibH oro  Hh- 
AHiicKoro xpeÔ Ta, y  ô ep ero B  ABCTpajiiiH h Hbh, Ha oTAejibHHX hoahhtiihx b 
HHAHiiCKo-ABCTpajiHilcKoH KOTjioBHHe. K lo ry  ot 35° io . n i.  G. s a c c u l i f e r  o 6 n a -  
p y æ e iia  Ha 2 CTaHUjiiHx b KoJnmecTBe MeHee 1 3K3. O Ha HaHAeHa b a p x im e j ia r e  
KepnMÖo (Heron-Allen a . E a r l a n d ,  1914 ) h y  ôeperoB AßCTpajiHH ( P a r r ,  1 9 5 0 ).

rpaHHpb^acnpeAejieHHH BiiAa b BoAe h b ocaAKax coBnaAaioT; h b noßepx- 
hocthom cjio^ffH a AHe oh o6pa3yeT BbicoKHe KoHqeHTpan;Hii. B boahoh TOJime 
bha pacnpoCTpaHeH oueHb rnnpoKo, ho b ocaAKax kotjiobhh oTcyTCTByeT.

B ATjiaHTHuecKOM OKeaHe G. s a c c u la i f e r  oTMeueH MencAY 40° c . n i. h 35° 
io. ín . (B r a d y ,  1884), Ha sK BaTope cocTaB jineT  20— 40% $ ay H H  $opaMHHH<|>ep, 
Ha 10° c . ín. —  60% ( P h l e j e r  a . o t h . ,  1953). Mnoro HaHgeHO b K apnöcK oM  
Mope (C u s h m a n , 1924b), MeKCHKaHCKoM 3 ajiHBe (P h le g e r ,  1951; P a r k e r ,  1954) 
h y  B ocTouH oro n o 6 epe>KbH IOjkhoh AMepHKH. IIpHcyTCTByeT b ocaA K ax C p e - 
AH3 eMHoro MopH ( P a r k e r ,  1958). B Thxom OKeaHe oh BCTpeuaeTCH y  çDhjihh- 
miHCKiix (C u s h m a n , 1921) h ÉaBaHCKHX (C u s h m a n , 1914) ocTpoßoB .

G lo b ig e r in o id e s  c o n g lo b a tu s  (B ra d y )  HaÜAeHa b ocaA K ax Hhahhckoto 
oK ean a  Ha 6 8  CTaHijHHX (p üô m =  0 ,2 3 )  b KoJiHuecTBax ao 6 6 6  3K3. (T aßji. 20) 
h cocTaB jineT o t  0 ,3  ao 2 4 %  (jfmyHbi <J>opaMHHH<j)ep. B KoHu;eHTpai;HHx o t  50 0  
Ao 6 6 6  3K3. (p =  0 ,0 1 )  bha oÔHapyiKeH Ha rjiyÔHHe 1 0 1 8—3 3 7 6  m y  boctou- 
H oro n o 6 epe>KbH A$phkh h Ha IJjeHTpajibHOM Hhahhckom xpeÔ Te (p n c . 19) 
K oniiuecT B a o t  1 0 0  ao 5 0 0  3K3. (p — 0 ,0 4 )  BCTpenaioTcn y  BocToÙHoro n o 6 e - 
peiKbH A(j)pHKH, k ceB ep y  ot M a A a ra c K a p a  b p a iioH e oCTpoBoB K a p ra A o c  H 
C eiim ejibC K iix h Ha IJeHTpajibHOM Hhahhckom xpeÖTe, Ha rjiyÔ H H ax ot 289 
Ao 3 3 2 5  m. H a n ô o J ie e  pacnpocT paH eH bi (p =  0 ,1 8 )  koH ijeH T paun ii MeHbme 
100 3K3.—  y  toHiHoro h B ocTouH oro n o 6 epe>KHH A$phkii, H a HHAHÜCKo-Apa- 
BniicKoM h L(eHTpajibHoM Hhahhckom xpeÔ Te, y  3anaA Hbix noßepeiK H H  Hhahh 
h AitcTpa.’iiru, k ceB ep y  ot M a A a ra c K a p a , otacjikhmmh hhthumh Ha A ne kot- 
rioBiiii h b B e H i ajibCKoM 3 aJiHBe. K poM e T o ro , biia OTMeueH y  a p x n n e j i a r a  K e- 
piiMoo (H e ro n -A lle n  a .  E a r l a n d ,  1 9 1 4 ). lO a m e e  3 5 °  io. m . G. c o n g lo b a tu s  He 
HaiiAOHa. IIIiipoTH oe p acn p eA ejieH iie  bhau b BoAe h ocaA K ax Hhahhckopo 
o neaH a coB uaA aeT .

B AmaHTHuecKOM OKeaHe pacn p o cT p aH eH  M eæAy 4 0 °  c. u i. h 3 5 °  io . m . 
(B ra d y ,  1 8 8 4 ), ho HnrA e He o 6 p a 3 yeT ß o J ib n ra x  cKonjieHHH. Ha SKBaTope
G. c o n g lo b a tu s  coCTaBJiaeT ao 5 %  $ ay H H  «JiopaMHHH^ep ( P h le g e r  a . o th . ,
1953 ), BCTpenaeTCH b MeKCHKaHCKoM 3a:iHBe h K apnßcK oM  M ope (P h le g e r ,  
1951 ; P a r k e r ,  1 954 ; C u s h m a n , 1 9 2 4 b ), oueH b peAOK b k»khoh n a c r a  oK eaH a 
y o-B a KlHîHaH T e o p r n a  (Earland, 1 9 3 3 ). B CpeAH36MHOM M ope bha BCTpeuaeT- 
c a  AoBoabHo aacT o  ( P a r k e r ,  1 9 5 8 ). B Thxom OKeaHe oh H3BecTeH y  T aB aiicK iix  
OCTpoBoB (B ra d y ,  1 8 84 ), aobojibho M H orouiicjieH  Me»Ay raBañaMii h CaH- 
OpaHHHCKo (Cushman, 1 9 1 4 ), y  ocTpoßoB  CaMoa (Cushman, 1 9 2 4 a ) h y Ghuran- 
niiH  (Cushman, 1 9 21 ).

Globigerinella aequilateralis (Brady) BCTpeneHa HaMH b Hhahhckom oKea- 
He Ha 67  cTaHpnax (p  =  0 ,2 3 )  b KOJmnecTBax ao 2 9 2  3K3. (cm. TaÔJi. 20) a  
cocTaBJiaeT ot 0 ,1  ao '1 4 ,2 %  (J>ayHH (JopaMHHii^ep. KoHueHTpaqHH ot 10 0  ao 
292  3K3. (pnc. 20) oTMeueHH Ha rayÔHHax ot 2 5 0  ao 4 3 8 0  m (p  =  0 ,0 3 )  y bo- 
CTouHoro noßepeaiba A$Phkh, Ha IJeHTpajibHoM Hhahííckom xpeÖTe h Ha oa- 
HOM H3 noAHHTHH HHAHHCKO-ABCTpaJIHIÎCKOH KOTJIOBHHH. MeHee 1 0 0  3K3. 
iionaAaeTca aaïqe (p =  0 ,2 0 ) ,  TaKHe KoanaecTBa oÔHapyaîeHH Ha rjiyôiiHax ot 
109 ao 4 9 8 8  m y  loaiHoro h BocTouHoro noôepeaniii Â$phkh, Ha Hhahhckom
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P u c .  1 9 .  P a c n p o c i p a H e H i i e  G l o b i g e r i n o i d e s  c o n g l o b a t u s  H a  p u e  I I u ^ n ü c K o r o  
oKeana (ok3. Ha 1 a ocapKa)

1 —  B H n  n e  H a f l a e H ;  2  —  n o  1 0 0  a n a . ;  3 —  o t  1 0 0  n o  5 0 0  3 i< 3 . ;  4  —  o t  5 0 0  » o  1 0 0 0  a r a .

LJeHTpaJiBHoM  h  HHflHHCKo-ApaBHÖCKoM  x p e Ö T a x , y 3 a n a f lH o ro  n o S e p e n iB H  
Mhpiih, b EeH rajiB C K O M  3 a jn iB e , y ô e p e ro B  A B C T p a jm ii, Hbbi h H a nopH H TH nx 
b H H flH iicK o -A B C T p ajiH iicK o ö  K oTjioBH He. B cT peuaeT C H  Biip; h b a p x H n e j i a r e  
K epH M Ö o ( H e r o n - A l l e n  a . E a r l a n d , 1914). lOnrnHe rpaH im ,B i e r o  p a c n p o c T p a H e -  
HiiH H a pH e  h b xoJim ;e bopbi (0—200 aí) c o B n ap a iO T . Ha flHe kotjiobhhG. a e q u i ­
l a t e r a l i s  He o Ö H ap y m eH a .

JB ATjiaHTHnecKoM OKeaHe btot bhp  p acn p o cT p aH eH  M em py 5 0 °  c .  in . n  
35° io . m . ( B r a d y ,  1 8 8 4 ); bbicokhx KoHneHTpannii TaKüte He o 6 p a 3 yeT . Ha 
3KBaTope e r o  c o n ep jK am ie  KOJieÔJieTcn ot 1 p o  7 %  $ ay H H  ^opaM HHinJiep (P h le -  
g e r  a .  o t h . ,  1 9 5 3 , W is e m a n  a . O v e y , 1 9 5 0 ), b MeKCHKaHCKoM 3 ajiHBe, K a p n ß -  
CKOM M ope h k BocToKy ot K y 6 i>i noBBnnaeTCH p o  5 — 13%  (C u s h m a n , 1 9 2 4 b ; 
P h le g e r ,  1 9 5 1 ; P a r k e r ,  1 9 5 4 ). H acT o  BCTpenaeTcn b CpepimeMHOM M ope. B Th­
xom OKeaHe bh p  oÔ H apym eH  y  O njiim nH H CK H x (C u s h m a n , 1921), TaBancKHX 
(C u s h m a n , 1914 ) h T a jia n a ro c c K H x  OCTpoBoB. B o  B cex oK eaH ax bha o T cy r- 
CTByeT KUKHee 3 5 °  io . m .;  ceB epH an  r p a H n p a  e ro  p acn p o cT p aH eH n n  MeHee 
nocToHHHa h b ATJiaHTHuecKOM OKeaHe, b H ehojinm oM  K orauecT B e oh n o - 
naflaeTCH p,o 50° c . m .

Sphaeroidinella dehiscens (Parker et Jones) Ha flHe HH/pmcKoro OKeaHa 
ohHapymeHa Ha 68 CTaHnnax (po5n( =  0,23) b KojiHuecTBe po 70 bks. 
(CM.Taßji. 20). B öoJiBmiiHCTBe cjiynaeB bhp; cocTaBjraeT MeHee 5%$ayHBi $opa-
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□  '

m 220

P h c . 2 0 .  P a c n p o c T p a H e H H e  Globigerinella aequilateralis H a  flue l l H f lH U C K o r o  
O K e a H a  (3K3. H a  1  a ocaAKa)

1 — bha He HaKneH; 2 — ao 100 bkb.; 3 — 6ojiLine 100 sks.

MHHH(j)ep, pacn p o cT p aH eH  npeH M ym ecT B em ioK  ceB ep y  o t  20° ïo . in .H a  rjiyÔ H H ax 
Ao 4607 m (pHC. 21). r p a H H p u  pacnpocT paH eH H H  b boAe h  b ocaA K ax coB naA aioT. 
B h c o k h x  KOHpenTpaiiHH o h  He o 6 p a 3 y eT .B  ATjianTHuccKOM oneaH e 3 t o t  b h a  b 
Ma.ïïOM KOJiiiuecTBe HaHAeH b T po n n u ecK iix  h  cyÔ Tpom iuecK H x p a ü o H a x  (B r a ­
d y ,  1884). B MeKCHKaHCKoM 3aJiHBe,KapH6cKOM M ope h  MemAy SKBaTopoM h  20° 
c .m .o h  cocT aB jineT  o t  0,7 a o  1 % $ayH M $opaM H H H $ep  (C u s h m a n , 19246;P h le g e r
a . o t h . ,  1953; P h le g e r ,  1951; P a r k e r ,  1954). B T h x o m  OKeaHe b h a  HaHAeH y  
PaBaHCKHx 0 -bob  (C u s h m a n , 1914; B r a d y ,  1884) h  y  O h j ih h h h h  (C u s h m a n , 
1921). B o  B cex oK eaH ax o h  pacn p o cT p aH eH  MemAy 20° c . m . h  20° io . m .

O rb u lin a  u n iv e r sa  (O rb ig n y ) oTMeuena b H ha hhckom  OKeaHe Ha 61 CTâH- 
HHH (po6ai = 0,21) b KOJiHuecTBax ao  867 3K3. (cm . Taôji. 20), hto  cocTaBJineT 
ot 0,02 ao  23,4% çfiayHbi njiaHKToHHHx <J>opaMHHH<£ep. KoH ueHTpapnii 6 oJiee 
500 3K3. BCTpeuaioTCH oueH t peAKO ( p  =  0,003) —  y  BoCTouHoro noöepem bH  
A $ p h k h  Ha rjiySnH e ao  1018 m (p n c . 22). O t 100 ao 500 3 K3 . oTMeuaeTca Tome 
peAKo (p  =  0,03) Ha rjiyÔHHax ot 2172 ao 4380 m  y BOCTouHoro noôepem bH  
A«J>p h k h , Ha IljeHTpajibHOM H hahhckom  xpeÔTe h  Ha oTAejibHbix h o a h h th h x  
b HHAHHCKo-ABCTpajiHÜCKoH KOTjioBHHe. H a n 6 oAee qacTH KOJiHuecTBa MeHee 
100 3K3. (p  =  0,17); oHH BCTpeuaioTCH Ha myÔ HH ax ot 109 ao  5383 m ba ojib  bo - 
CTouHoro noÖepeiKbH A $ p h k h  h  M aA aracK apa, Ha IJeHTpajibHOM H hahh ck om  
h  HHAHHCKO-ApaBHHCKoM xpeÔ Tax, y  ceBepo-3anaAH bix ôeperoB  ABCTpaJiHH,
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o

Phc. 21. PacnpocTpaneHHe Sphaeroidinella dehiscens Ha ah e Hh^hhckoio oneaHa
(3K3. Ha 1 e ocaflKa)

1 — BIIA ne Jiaii;K'R ; 2 — go 100 3K3.

6jih3 Hbbi, Ha oTflejitHBix hoahhthhx llHAniicKo-ABCTpamiiicKoii kotjiobhhbi, 
y  lOJKHOH oKoHeHHocTH A $pH K H  h b HecKOJiBKHX M ecTax b paiioH e 4 0 °  IO. HI. 
B ha  HaHfleH TaKîKe b a p x n n e j i a r e  K epnM Ô o (H e ro n -A lle n  a . E a r la n d ,  1914) 
H y  KHKHBix G eperoß  A B C T pajiH iih TacMaHHH ( P a r r ,  1950 ), ho H aiiôoJiee p a c -  
npocT paH eH  b ocaA K ax Tpom raecK O H uacTH  OKeaHa k ceB epy  ot 20° io . m .;  
io>KHee oTMeneHBi jihihb pe^K iie  naxo flK ii, xoth b TOJim,e boah oh 3A6Cb n o n a -  
AaeTCH oneHB uacT o h b aobojibho 6 ojibhihx KOJiHuecTBax. T aK oe HecooTBeTCT- 
BHe oÔBHCHHeTCH, BepoHTHo, TeM, HTo TOHKocTeHHHe paKoBHHH O . u n iv e r s a  
k  lo ry  ot 2 0 °  io . n i .  pacTBopnioTCH H a M eH bm nx rjiyÔ H H ax, ueM b 3K BaTopnajiB- 
HOM p a iio H e , h noaToM y He B cerA a coxpaHHioTCH b ocaAKe.

B  ATJiaHTHuecKOM OKeaHe O . universa oTMeueHa MemAy 70° c. m. h 50° io. m . 
(Brady, 1884). K iory ot40°c.ih. OHacocTaBJineT 1—2% (j>ayHH njiaHKTOHHBix 
$opaMHHH$ep, a Ha aKBaTope ao 7 % . HanßoJiee bbicokiic KOHgeHTpau,nn (23% 
4»ayHBi) oTMeueHH BocTouHee KyÔH (Phleger a. oth., 1953). B  MeKCHKaHCKoM 
aaiiHBe bha cocTaBJineT ao 5 % $ayHH (Parker, 1954; Phleger, 1951) u b ôojibiuom 
KOJiHuecTBe BCTpeuaeTCii b KapnöcKOM Mope (Cushman, 1924h).HaiíAeH 3Tot bha 
TaKîKe Ha Anyx CTaHn¡HHX y ÔoJiKJieHACKHx oCTpoBoB ii o-Ba KDîKHaH TeoprHH 
(Heron-Allen a. Earland, 1932; Earland, 1933, 1934); ecTB oh ii b CpeAimeM- 
HOM Mope (Parker, 1958). B  Thxom OKeaHe oTMeueHo ABa HaxoîKAeHiiH BiiAa — 
b  paüoHe cDiiJiHnniiHCKHX oCTpoBoB (Cushman, 1921) n y  ôeperoB KajimJop- 
hhh (C u s h m a n  a. Moyer, 1930).
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Phc. 22. PacnpocTpaHeHne Orbulina universa Ha ¿ute ÜHUHHCKoro oneaHa 
(3K3 . Ha 1 b ocaAKa)

1 — bha He HaflneH; 8 — ao 100 ana.; 3 — o t 100 ao 500 ana.; 4 — o t 500 ao 1000 ana.

G l o b o r o t a l i a  t u m i d a  ( B r a d y )  b o c aA K ax  H h ^ h h c k o to  o K eaH a o Ô H a p y a ie H a  
H a 53 c t  a m i n a  x  (¿)oflIIl= 0 ,18 ) b K O JinuecT B ax  a o  208 3K 3. (cm. T a ß ji .  20) h  co - 
CTaBjiHex o t  0,2 ¿io 67% $ a y H H  <J)opaMHHH<J»ep, a  H a  o a h o h  CTami,HH (4597)— 
100 % . K o jiH u ecT B o  o t  100 ¿io 208 3K 3. ( p n c .  23) 6 h j io  B C T peaeH o to j ib k o  5 jih 3  
o -B a  K a p r a f lo c  H a m y Ö H H e 2234—4350 At (p =  0,007). H ax o A K H  M eHee 100 ana. 
o 6 h h h h  ¿ijih o ô J ia c T e ü  k  c e B e p y  o t  20° io . m . —  H a ÜH¿iHHCKo-ApaBHHCKOM 
xp eÖ T e, y  b o c t o i h o t o  n o ô e p e a tB H  A ^ p h k h ,  k  c e B e p y  h  B ocT oK y o t  M a ¿ ¿ a ra c K a -
p a ,  H a OT¿iejIBHHX HOAHHTHHX HHAHHCKO-ABCTpaJIHHCKOH KOTJIOBHHH, ÖJIH3
o-Ba flBa, ocTpoßoB PoiKAecTBa h  K o k o c o b h x . lOamee stot b h a  HaüACH jmmb 
y losKHoro noôepeatBH A$phkh (35° io. m.).

B A TjiaH TH uecK oM  OK eaHe G. t u m i d a  p a c n p o c T p a H e H a  MeatAy 35° c .  m .  h  
35° io . h i . (Brady, 1884). y  n o ô e p e a iB H  CHIA c o A ep a iaH H e  BHAa He n p e B H m a e T  
1 %  $ a y H H  $ o p a M H H H $ e p , b  MeKCHKaHCKoM 3aJiHBe A ocT H raeT  5% . B h c o k h c  c o -  
A epw aH H H  ( o t  20 a o  40%) oTM eaeH H  y  ô e p e r o B  A $ p h k h  M eatA y 20° c .  m .  h
3KBaTOpOM, a OUeHB BHCOKHe — y OCTPOBOB 0epH aH A y-A H -H opO H BH  0JIH3 HO-
G epeatB H  lO a m o n  A M epnK H  (Phleger a .  oth., 1953). B CpeAH3eMHOM M o p e  stot 
bh a  He B C TpeaaeTC H . B T hxom  OK eaHe oh  o Ô H ap y a ie H  y  O h h h h h h h  (Cushman, 
1921). n in p o T H o e  p a c n p e A e j ie n n e  BHAa oA H H anoB o bo  B c ex  o n e a H a x ,  h o , ho- b h - 
AHMoMy, H a n ö o jie e  p a c n p o c T p a H e H  oh  b ATJiaH TiraecK O M .
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P h c . 23. PacnpocTpaHeHHe Globorotalia tum ida H a flHe H h a h h c k o f o  OKeaHa
(3K3. Ha 1 a ocaflKa)

1 — bha He iiafinen; 2 — ao 100 ana. ; 3 — o t 100 ho 208 BK3.

G lo b ig e r in a  i n f l a t a  ( O rb ig n y )  H aü flena  HaMH Ha 5 0  CTaHu,iiHX ÜHflHHCKoro 
o n eaH a  (p 06w =  0 ,1 7 )  b  KOJinnecTBax a o  2 8 4 6  3K3. (cm. T aßji. 20) h  cocTaBJineT 
o t  0 ,1  a o  7 9 %  $ ay H H  njiaHKTOHHBix $opaM H H H $ep (p n c . 2 4 ). KoHijeHTpaiiHH 
S o jiee  1 0 0 0  3K3. ( p  =  0 ,0 2 )  oTMeneHbi Ha rjiyÖ H H ax o t  142  a o  4 6 4 2  m  b 
OTKpuTOM oKeaHe MeJKAy 4 0  h  50° io . h i . ,  y  o c tp o b o b  IlpHH u;a O A yapA a h  K p o 3e 
H y  IOJKHOH OKOHeHHOCTH A $pH K H . KoJIHHeCTBa OT 5 0 0  AO 1000  3K3. (p  =  0 ,0 1 )  
oÔHapyHteHbi y  k h k h m x  ô ep e ro B  A $ p h k h ,  b p a iioH e cyôaHTapKTHnecKHX o c t-  
poBOB, Ha IljeHTpajibHOM H h a h h c k o m  xpeÔTe h  k  roro-BOCTOKy o t  o c tp o b o b  
C b . I la B J ia  h  H o b h h  AMCTepAaM, Ha rjiyÔ H H ax o t  1358  a o  4 4 0 0  m . O t 1 0 0  a o  
5 0 0  3K3. ( p  =  0 ,0 2 )  BCTpenaoTCH b o  B cex nepenncjieH H bix  p a ü o H a x  h  b oT K pu- 
ToH n a c r a  oK eaH a K ceB ep y  o t  4 0 °  io . ín . ,  Ha rnyÔ H H ax o t  2807  a o  4 9 0 0  m . 
K offijeH TpapH H  MeHee 1 0 0  3K3. H an ß o jiee  n a c ra i  { p  =  0 ,1 1 ) MeatAy 4 0  h  20°
io . n i. H a rjiyÔ H H ax ot 1 1 0  ao 6841  jit — k lo r y  ot M aA aracK ap a  h A $ p h k h  
h  Ha IJeHTpaJibHoM  H hahhckom  xpeÔ Te; loiKHee h  ceB epH ee bh a  oneH b peAOK. 
OÔHapyiKeH bh a  TaKHte b a p x n n e j i a r e  KepHMÔo (H e ro n -A lle n  a . E a r l a n d ,  
1914 ) h y  ô ep e ro B  TacMaHHH ( P a r r ,  1 9 5 0 ).

B A ra a n ra n e c K o M  OKeaHe G. i n f l a t a  H3 BecTHa mokaY 8 8 ° c . m . h 53° io . m . 
( B r a d y ,  1 8 8 4 ). H a iiB u c m n e  KOHneHTpapHH oTMeneHM MestAy 3 5  h 5 4 °  c . m .,  
A aJibm e k ceB ep y  coAepacaHHe BHAa chhik a e ra n  a o  5 %  ((»ayHbi HJiaHKTOHHHX 
^•opaM H H H ^ep. B p a â o H e  aK B aT opa, b  MeKCHKaHCKoM 3 ajiHBe h K apnöcKOM
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Phc. 24. PacnpocTpaHéHHe Globigerina inflata na flHe HHflHHCKoro OKeaHa
( 9 K 3 .  H a  1  a  o c a f l K a )

1 — BHfl ne HaflaeH; 2 — no 100 3K3.; 3 — ot 100 no 500 3K3.; i — ot 500 no 1000 sua.;
S — 6ojiee 1000 3K3.

Mope bh a  cocTaBJiaeT He 6oJiee 1% $ayHH (Phleger, 1951; Phleger a. oth., 
1953; Cushman,1924b;Parker,1954).B pañoHe cDojnuieHflCKHX o- b o b , o-BalOnt- 
Haa TeoprHH h m o ph  Ya^ejuia o h  BCTpeuaeTCH b MajiHx KOJiHuecTBax (Heron- 
Allen a. Earland, 1932; Earland, 1933,1934,1936).B T hxom  OKeaHe oÖHapynteH 
Ha 5 CTaHitHHX b ceBepHOH nacTH (Brady,1884) h y O h jih h h h h  (Cushman,1921).

Globorotalia truncatulinoides (Orbigny) b H h a h h c k o m  oKeaHe ofmapy- 
steH a  Ha 4 9  cT aH pH ux (p o6lIÏ =  0 ,1 7 )  b KOJiHuecTBax a o  1186  OKs. h  cocTaBJineT 
■ot 0 ,2  « o  5 2 %  <)>ayHH njiaHKTOHHHx $opaM H H H $ep (cm. T aô ji. 2 0 ). KoJiHuecTBa 
6 oJiee 10 0 0  3K3. BCTpeuajiHCb oueH b peflKo (p  =  0 ,007),B uacT H ocT H  y  o c tp o b o b  
IIp iiH u a  S f ly a p f la  h  Ha c t .  4 5 7 5  b o t k p h t o h  n a c r a  o n eaH a  Ha rjiyÔHHe 
2 8 0 7  m  (pH c. 2 5 ). K oHpeH TpanH H  o t  5 0 0  flo 1 0 0 0  3K3. B CTpenaJiucb TaKHte 
peflKo (p =  0 ,0 0 7 )  Ha rjiyÔ HH e a o  4 1 3 2  m b p aü o H e  cyôaH TapK ranecK H X  o c t-  
poBoB h  Ha CTaHAHHX 2 9 7  h  4 5 7 5 . /J j ih  o ô m n p u o ü  im om aA H  oT K puT oro  oK eaH a, 
a TaKHte npnSpeHtHOH 3 o h h  IO îk h o h  A $ p h k h  h  o-B a Hßa h  p a iio H a  cy ô aH T ap K ra - 
uecKHx o c tp o b o b ,  Ha r.iyÔ H H ax o t  2 0 4  a o  4 6 4 2  m xapaK T epH bi BeJinunH bi o t  
lOOflo 5 0 0  3 K3 . (p =  0 ,0 4 ) .  H a n ß o J ie e  nacT bi (p =  0 ,1 2 )  KOJiHuecTBa MeHee 
10 0  3K3. O h h  oTMeueHbi H a rjiyÔ H H ax o t  3 1 9  a o  4 9 8 8  m b p aü o H e  cy ô aH T ap K ra- 
UeCKHX OCTpOBOB, y  lOHtHOrO H BOCTOUHOrO noÔepeHtHH A(f)pHKH H B OTKpbITOH 
n a c r a  OKeaHa b b h  Ae y3KHX noJioc  h j ih  oTAejibHHX ira ie H . 3 t o t  b h a  p a c n p o -  
CTpaHeH b ocaA K ax MentAy 5 0 h  20° io. m.; ceB epH ee o h  nonaAaeTCH oneH b peAKo.
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Phc. 25. PacnpocTpaHeHHe Globorotalia truncatulinoides Ha flue MnflHHCKoro 
OKeaHa (aK3. Ha 1 e ocâ Ka)

1 — BHA He naflHCH: 2 — ao 100 bk3 .; 3 — o t  100 ao 500 bkb.; 4 —  o t 500 ao 1000 oks.;
5 — donee 1000 3K3 .

B ATJiaHTiiuecKoM OKeaHe G. t r u n c a tu l in o i d e s  OTMeueHa M eatfly 79°26'c. m. 
h  46°46' io . in . (B r a d y ,  1884). H a  60° c . m . b h a  cocTaBJineT MeHee 1 % (jiayHbi 
$opaM H H H $ep, io ro -3anaA H ee EpnTaHCKHX o c tp o b o b  coA epm aH He e ro  noBbi- 
maeTCH A° 2%. H a n ö o J ie e  uacT o h  b ö o jik q o m  KOJiHuecTBe G. t r u n c a tu l in o id e s  
oÖHapyiKeHa MejKAy BpHTaHCKHMH ocTpoBaMH h  noôepeæ bC M  CUJA ii b M c k c h - 
KaHCKoM 3aJiHBe. H a  BKBaTope a o jih  ee  b $ a y H e  $opaMHHH(J)ep paB H a 1% 
(P h le g e r ,  1951; P h le g e r  a .  o t h . ,  1953; P a r k e r ,  1954). npncyTC TB yeT b h a  
y  <l>0 JiKJieHflCKHX o c tp o b o b  h  y  o-Ba lO /KHan T e o p r n a  (H e ro n -A lle n  a . E a r la n d ,  
1932; Earland, 1933, 1934).

B C pe^H 3 eMHOM M ope o h  BCTpeuaeTCH pe«KO (Parker, 1958). B T h x o m  
OKeaHe b h a  HaÜAeH y  O h j ih h h h h  h  y  ô ep e ro B  KajiHcJtopHim (C u sh m a n , 1921). 
MaKCHManbHHx KOHAeHTpapHH h  H a n o o jib m e ro  pacnpocT paH eH H H  b o  Bcex 
oK eaH ax G. t r u n c a tu l in o i d e s  AocTHraeT Me®Ay 40 h  50° c . h  io . h ih p o t h .

G lo b ig e r in a  c o n g lo m e r a ta  (S c h w a g e r)  Ha Ane Hhahhckoto OKeaHa BCTpe- 
ueH a H a 47 C TaH uunx (p0rm — 0,16) b K onnuecT B ax ao 713 3K3. (cm. TaGji. 20), 
uto cocTaBJineT ot 0,3 ao 33,3% $ ay H b i $opaMHHH(J>ep. K oH neH T pan iin  GoJiee 
500 3K3. (pH c. 26) oueH b peAKH (p = 0,007), ohh oTMeueHU B ceroB  A sy x  MecTax 
n a  L(cHTpaJibHOM Hhahhckom x p eß T e  (rjiyÖ H na 2460—2942 m). Ot 100 ao 
500 3 K3 . B C T peuajiocb Tom e peAKo (p = 0,02) h t a n m e  n a  L(eHTpanbHOM Hh­
ahhckom XpeÔTe H Ha HOAHHTHHX b HHAHHCKO-ABCTpajIHHCKOII KOTJIOBHHe,
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Phc. 26. PacnpocTpaHeHHe Globigerina conglomerata Ha gHe HHflHHCKoro OKeaHa
(3K3. Ha 1 a ocaRKa)

1 —  B i i f l  ne n a f i f l C H ;  s  —  n o  100 3K3 .; 3  —  o t  100 a o  500 3K3 .; 4 —  o t  500 a o  1000 3K3 .

Ha rjiyÔ H H ax ot 250— 4023 m . K ojiH uecTBa MeHee 100 3K3. (p  =  0,13) x a p a K - 
TepHH A na BocTOHHoro h loiKH oro noôepejK H Ë  A4>phkh h  M a A aracK ap a , 
IieH T p a jib H o ro  Hhahhckoto h ApaBHHCKO-ïlHAHHCKoro xpeÔTOB, npH Ó p eam o n  
30HH o-B a Hbbi h Ceñm eJibCKH x octpobob,a  TaKjKe ajih hoahhthiib Hhahhcko- 
AßCTpajiHHCKOH KOTJioBHHe; pacnpocT paH eH bi Ha r j iy ô n H a x  ot 289 ao 5164 m. 
B ocHOBHOM bha BCTpeuaeTCH k ceB ep y  ot 18°k).hi., uto coB naA aeT c p a c n p o c T - 
paHeHHeM e r o  b  c jio e  boah 0 —  2 0 0  m .

B ATJiaHTHiecKOM OKeaHe otohb peAKHe hhxoakh sToro BHAa oTMeueHH 
y OojiKJieHACKHX octpobob h o-B a KlîKHaH T eoprH H  (H e ro n -A lle n  a . E a r l a n d ,  
1932; E a r l a n d ,  1933, 1934). B Thxom OKeaHe G. c o n g lo m e r a ta  HaiÍAeHa b 
p an o H e  OnjiHnnHHCKHX octpobob (C u s h m a n , 1921).

G lo b o r o t a l i a  p u n c t u l a t a  (O rb ig n y )  HanAeHa b Hhahhckom OKeaHe Ha 
44 CTaHAHHX (p06m= 0,15) b KOJiHuecTBax ao 155 bk3 ., uto cocTaBJiHeT o r  
0,06 ao 6 % $ayHBi njiaHKTOHHHx $opaMHHH$ep (cm. TaÔA. 2 0 ). HaxoAKH 
n p iiy p o u eH H  k rJiyÔHHaM ot 312 ao 4640 m y  boctouhbix n o 6 epe>KHii A$phkh h 
M a A aracK ap a , Ha HHAHHCKo-ApaBHHCKOM x p e ô re ,  Ha t(eHTpajibHOM  Hhahh­
ckom xpeÔ Te k ceB ep y  ot 20° io . m .,  a  T anm e oTAejibHHMii nnTHaMH k io ry . 
B ATjiaHTHuecKOM OKeaHe bha b H eô o jib m n x  KOJinuecTBax oTMeueH io ro -3 a -  
naA Hee E pnraH C K H x octpobob, b MeKCHKaHCKoM 3 ajiiiB e, b pa iio H e  K y 6 bi, 
y noSepejKBH A$phkh ( P h le g e r  a .  o t h . ,  1953) h b oßjiacTH  a im aT o p a  (W is e m a n
a .  O v e y , 1950). C eB epH an rpaH H H a e r o  pacnpocT paireH H H  — 55° c . m . B Th-
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Phc. 27. PaenpocTpaHeHHe Globorotalia hirsuta Ha /pie HHflHÜCKoro OKeaHa

(3K3. Ha 1 a ocaAKa)
1 — BHfl He Haflaen; 2  — no 100 ona.; 3  —  o t  100 no 182 a K 3 .

xom OKeaHe G. p u n c tu la ta  HaËAeHa b paüoH e Ohjihhhhhckhx octpobob 
(C u sh m a n , 1921). TaKHM oöpa30M , bo B cex oneaH ax 3tot bha BCTpeaaeTca 
b yMepeHHHx h aKBaTopnajibHHX nm poT ax; ßojibnm x CKOHJieHHH He oöpa3yeT .

Globorotalia hirsuta (Orbigny) Ha p;He H h a h h c k o to  OKeaHa oÖ H apyateH a Ha 
18 CTaHpHHX (poCm= 0,06) b K Ojm uecTBax 3 0  182 3K3. (cm. T aöji. 20); b h a  co -  
CTaBJiHeT 30  2% $ ay H H  <J)opaMHHH<ï>ep, 3a HCKJiioueHHeM T pex crampm, r ^ e  c o -  
flepaiaH H e e ro  A o c ra ra j io  7,33 h  41% (p n c . 27). B oJiee  100 ana. (p =  0,003) 
OTMeueHO TOJibKo Ha c t .  4575 (rayÔ H H a 2807 m). M eH burae KOHpeHTpapHH 
oÔ H apyæ eH H  Ha IJeHTpajibHOM H h a h h c k o m  xpeÖTe h  k  BOCTOKy o t  H ero  Ha 
20—40° io . m . h  y k o k h o to  n o ß e p e a ib a  A $ p h k h  h  b HHTepBaae rjiyÔHH o t  250 
Ao 5164 m. C eB epH ee b h a  oaeH b peflOK (p =  0,06).

B ATJiaHTHuecKOM OKeaHe G. hirsuta HaÜAeHa k lory ot 60° c. m., y ceBepo- 
BocToiHoro no6epe>KbH GTTTA h ioro-3anaAHee BpHTaHCKHX octpobob. B bthx 
pañoHax OHa BCTpeaaeTca aôbojieho aacxo, ho cocTaBJineT MeHee 1% $ayHbi 
(|)opaMHHH<J>ep. B MeKCHKaHCKoM 3aaHBe, k BOCTOKy ot Ky6n h b nojioce Meaî- 
Ay 3KBaTopoM 3 0  20° c. m. stot bha peAOK (Cushman, 1931; Phleger, 1951; 
Phleger a. oth., 1953; Parker, 1954; Cushman a. Henbest, 1940). B Heôojib- 
mnx KoanaecTBax oh HaiiAeH y OoJiKJieHACKHX octpobob h o-Ba lOamaa 
Teoprna (Heron-Allen a. Earland, 1932; Earland, 1933, 1934). B Thxom 
OKeaHe bh a oÔHapyateH y CDhjihuhhh (Cushman, 1921) h y Hoboh 3ejiaHAHH 
(Heron-Allen a. Earland, 1922).
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G. hirsuta — thhhuhhh bha yM epeHHHx m n p o T . OHa He o 6pa3yeT  bhco- 
khx KOHiteHTpapHH b ocaflK e h cocTaBJineT He3HaHHTejibHyio uacT b  <J>ayHH <£o- 
paM HHH$ep.

G lo b ig e r in a  h e x a g o n a  ( N a t la n d )  oÖHapyïKeHa b H h a h h c k o m  OKeaHe Ha 
15 cTaHpHHX (p O0m =  0 ,0 5 )  b KOAHuecTBax a o  59  OKs. (cm. TaÔA. 20) Ha r j iy ß n -  
He o t  4 4 6  a o  4 9 8 8  m  h  cocTaBAneT MeHee 1 % <$ayHH <|>opaMHHH$ep. B cT peuaeT - 
CH Ha HHAHiicKO-ApaBHHCKOM h  IJeHTpaJibHOM H h a h h c k o m  xpeÖ Tax h  Ha o t -  
A enbHbix noAHHTHHX A na k  ceB ep y  o t  18° io . h i. B AuiaHTHHecKOM OKeaHe 
BCTpeuaeTCH oueH b peAKo h  b M a r a x  KOAHuecTBax MeiKAy 3KBaTopoM h
20° c. hi. (Phleger a oth., 1953).

Hastigerina digitata Rhumbler HaÜAeHa Ha 10 ctahahhx Hhahhckopo 
oK eana  (p0ou\— 0,03) b KOAHuecTBax ot 2 ao 64 3K3. h cocTaBA.ieT MeHee 3% 
((layHH nAaHKTOHHHx $opaM H H H $ep (cm. TaÖA. 20). OHa npncyTCTByeT Ha r n y -  
ÖHHax ot 95 ao 4705 m  k ceB ep y  ot 17° io . m . Ha IJeHTpaAbHOM Hhahhckom 
xpeÔTe, y khkhoh okohohhocth n-oB a HHAOCTaH h y  boctouhhx n o S ep en o iH  
A $pH K H  h M a A a ra c K a p a . IH npoT H oe pacnpeA eA eH H e BHAa b boag h ocaA K ax 
oueH b cxoA Ho, ho Ha A ue oh BCTpeuaeTCH peaie. B AïAaHTHuecKOM OKeaHe
H. digitata n o n aA aeT ca  peAKo h He o 6 p a 3 yeT Soabihhx ckoha6hhh (Phleger a . 
oth., 1953; P a r k e r ,  1954), b Thxom on eaH e BCTpeuaeTca, no-BHAHMOMy, n a m e ; 
oTMeueHa y  TaBaiiCKHX h dÖHAHnniiHCKiix octpobob h o-bob CaMoa (Cushman, 
1914, 1921, 1924a). H. digitata — thühthhä Tpom m ecKH H  bha.

T a  6  a h q a  21
l I a c T O T a  B C T p e n a e M O C T H  (p) n n a H K T O H iu n x  i [ ) o p a M n n n ( { ) o p  H a  « H e  Ü H A i m c K o r o  O K e a H a

B u n

TaHaroueHoa

XOJIOHHO-
BOßHblX
BHAOB

yM epeHHO- 
XOilOHHO- 
BOflHMX 
BHAOB

1

BHAOB
yniepeH-

Hbix mnpoT

yjwepeHHO- 
Tponnae-

CKHX
BHAOB

Tponiiae-
CKIIX
BHAOB

■Globigerina pachyderma . . . . . . 0,62 0,47 0,32 0,27 0,06
G. b u llo id e s .............................................. 0,21 0,52 0,96 0,78 0,53
G. in f la t a ................................................... 0,018 0,19 0,97 0,90 0,15
Globorotalia truncatulinoides . . . 0,027 0,09 0,61 0,39 0,24
G. p u n c tu la ta .......................................... 0,009 0,027 0,44 0,22 HeT
G. s c i tu la ................................................... 0,018 Her 0,06 0,13 0,02
Globigerina e g g er i.................................. 0,018 0,08 0,23 0,52 0,67
Globigerinoides r u b e r .......................... 0,009 0,05 0,49 0,64 0,70
Pulleniatina obliquiloculata . . . . 0,009 0,09 0,06 0,39 0,76
Globigerinoides s a c c u l if e r ................. HeT 0,018 0,16 0,52 0,66
Globorotalia h ir s u ta .............................. » HeT 0,44 0,27 0,07
G. m en a rd ii............................................... » » 0,22 0,77 0,87
Sphaeroidinella d e h is c e n s ................. » » 0,11 0,27 0,61
Globigerinoides conglobatus . . . . » » 0,22 0,64 0,54
Globigerinella aequilateralis . . . . » » 0,28 0,64 0,58
Orbulina u n iv e r s a .................................. » » 0,49 0,53 0,45
Globorotalia tu m id a .............................. » » 0,06 Her 0,49
Globigerina c o n g lo m e r a ta ................. » » 0,06 » 0,43
G. hexagona .......................................... » » HeT 0,14 0,13
Hastigerina d ig ita ta .............................. » » » H e T 0,14
Candeina n i t i d a ...................................... » » » 0,14 0,10
Globigerinita g l u t i n a t a ..................... » » » 0,14 0,05
Globigerina q u in q u elob a ..................... » » » HeT 0,03
Hastigerina p e la g ica .............................. » » » » 0,02

<irE S cS'
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C a n d e in a  n i t i d a  (O rb ig n y )  oS H apyn teH a Ha flHe IlHflHHCKoro OKeaHa Ha 
11 CTaHitHHX (p0ßm= 0,03) b KOJiHuecTBax ot 2 flo 50 3K3., hto He npeB H uiaeT  
2,5% Been $ a y H u  4>opaMHHH$ep (cm. T aöji. 20). H añ fleH a  oHa Ha rjiyÖ H H ax ot 
446 flo 4380 m 6jih3 boctohhhx ô ep ero B  A<f>pnKH h M a fla ra c K a p a , y  C eñ m e jib - 
CKHX octpobob, b ApaBHHCKOM M ope, 6jih3 I05KHHX ô ep ero B  ÜHflHH, y  ceB ep - 
HHX ß ep e ro B  AßCTpannn h Ha ct. 4575 b otkphtom OKeaHe. B ATjiaHTHuecKOM 
OKeaHe b öojimhom KOJinuecTBe a s h h u h  b h a  BCTpeuaeTCH b K apnßcKO M  M ope, 
y  noßepeJK bH  Bpa3HJiHH h O jio p n flb r, HHorfla b MeKCHKaHCKoM 3ajiHBe (Phle­
g e r  a .  o t h . ,  1953; C u s h m a n , 1924a; B r a d y ,  1884). Y no ö ep ea tb H  A$phkh 
M eatfly sKBaTopoM h 20° c . m . OHpefloK iijih oTcyTCTByeT (S c h o t t ,  1935), H aüfleH  
Ha oflHOH cTaHflHH y  (PojiKJieHflcKHx octpobob. CyflH n o  pacnpeflejieH H K ) 
b ocaflK ax , C. n i t i d a  MoatHO othccth k Tpomm ecKHM , ho oaeH b peflKHM BHflaM.

G lobigerinita g lu tin a ta  Egger BCTpeueHa b Hhahhckom OKeaHe Ha mecTH 
CTaHflHHX (po6m= 0,02) b KOJiHuecTBax flo 13 3K3. (cm. Ta6a. 20) h cocTaBJiaeT 
ot 0,3 flo 4,2% $ayHH (J>opaMHHH<J>ep. Bce 3th CTaHflHH pacnoaoateHii ceBep^- 
Hee 18° io. hi., h HaxoatfleHHH BHfla npayponeHH k rjiyÖHHaM ot 95 flo 3953 m . 
B ATaaHTHuecKOM OKeaHe oh OTMeaeH y noßepeatbH A$phkh Ha 10° c. m. 
(Egger, 1893) h b ceBepo-3anaflHoü uacTH MèKCHKaHCKoro 3aanBa (Parker, 
1954), npncyTCTByeT Tanate b ocaflKax CpeflH3eMHoro MopH.

G loborotalia scitu la  (Brady) Ha flHe MHflHÜCKoro oneaHa (rayßnHbi ot 
284 flo 4488 m) HañfleHa Toabno Ha hhth cTamjHHX (p =  0,015) b KoanaecTBe 
ot 5 flo 24 3K3. (cm. Taßa. 20) h cocTaBaneT ot 0,3 flo 29% $ayHBi $opaMHHH-

T a 6  ji h u a 22

CpeflHHe reoMeTpnaecKHe coflepsnamijl (JtopaMUHtnfiep b  TanaT0ueH03ax

B  Hfl
I

XO.TOflHO-
BOflHblX
BHAOB

l í
yMepeHHo-
XGJIOflHO-
BOAHUX
BHAOB

I I I  
b h a o b  yMe- 
peHHblX 
mnpoT

I V
yMepeHHo- 
TeniiOBOfl- 

HfalX BH A O B

V
Tpona'iec- 
KHX BHAOB

G l o b i g e r i n a  p a c h y d e r m a ....................................... 3 6

G .  b u l l o i d e s ..................................................................................... 1 5 3 5 — 1 6

G l o b o r o t a l i a  t r u n c a t u l i n o i d e s  .  .  . - * — 1 2 0 — 7

G l o b i g e r i n a  i n f l a t a .............................................................. 4 1 4 5 — 1

G l o b o r o t a l i a  p u n c t u l a t a ....................................... - — 1 4 8

G .  h i r s u t a ............................................................................................ 6 , 5

G l o b i g e r i n a  e g g e r i .............................................................. 9 8 2 5

G l o b i g e r i n o i d e s  c o n g l o b a t u s  . . . . HeT HeT 1 2 2 6

G .  r u b e r .................................................................................................... — — 1 3 0 2 3

G .  s a c c u l i f e r ..................................................................................... HeT — 1 1 3 3

S p h a e r o i d i n e l l a  d e h i s c e n s ............................... » 6

G l o b o r o t a l i a  m e n a r d i i ............................................... » » 8 3 9

G l o b i g e r i n e l l a  a e q u i l a t e r a l i s  . . . . » » 7 1 4

O r b u l i n a  u n i v e r s a .............................................................. » » 1 6 1 3

P u l l e n i a t i n a  o b l i q u i l o c u l a t a  . . . . 1 1 7

G l o b i g e r i n a  c o n g l o m e r a t a ....................................... HeT HeT — HeT 2 9

G l o b o r o t a l i a  t u m i d a ...................................................... » » — » 1 3

G l o b i g e r i n a  h e x a g o n a ............................................... » » HeT — 6

H a s t i g e r i n a  d i g i t a t a ...................................................... » » » » 1 3

C a n d e i n a  n i t i d a ...................................................................... » » » — 5
Bce (|opaMHHH<|iepLi..................... 1 , 6 70 942 iii 89

* BHflu BCTpeqeHbi b npenejiax TaHaToueH03a, ho TaK pejiKO, *jto oCpaöOTKa aûhhlix c noMom'bia 
MaTeMaTHHecKoä CTainCTUKH HeB03MOHma.
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<J>ep. 9 t o  n p e 3 BbniaHHO pegKHH h  MaJioHHCJieHHHH b H h a h h c k o m  OKeaHe b h a ,  
TaK HTO roB opH Tb o 3aK0H0MepH0CTflx e r o  pacnpeA ejieH H H  3gecB n o n a  HeB03- 
MO/KHO. B  ATJiaHTHHecKOM OKeaHe o h  OTMeneH E p a g k  (B r a d y ,  1884 ) M em gy 4 0  
h  60° e .m . ,  KpoMe T o ro , HaHAeH b MeKCHKaHCKoM 3ajiHBe h  k  BOCTOKy o t  K y 6 n  
{ C u s h m a n , 1 9 3 1 ; P h le g e r ,  1 9 5 1 ; P h le g e r  a . o t h . ,  1 953 ; P a r k e r ,  1 9 5 4 ), a T a n a te  
y  OojiKJieHACKHX o c tp o b o b  h  o-B a lO n tH an  P eop rH H  (H e ro n -A lle n  a .  E a r l a n d ,  
1 9 3 2 ; E a r l a n d ,  1 9 3 3 ,1 9 3 4 ) .  B e 3 Ae b h a  cocTaBJineT MeHee 5  % $ ay H H  ^opaM H -
HH$ep h  BCTpenaeTCH b M a jiu x  KOJinuecTBax.

H a s t i g e r in a  p e la g ic a  ( O rb ig n y )  Ha gH e MHgHHCKoro OKeaHa oÓ H apynteH a 
B cero  Ha neTB ipex cTaHgHHX (p  =  0 ,0 1 )  b  KOjranecTBe o t  5  go  4 8  3K3. (cm. 
T aö ji. 20 ) h  cocTaBJiHeT MeHee 1 % $ a y H ii  ^opaM H H H iJep. BcTpenaeTCH  Ha 
rjiyÖ H H ax o t  2 1 7 2  g o  3 2 7 2  m y  BOCTOUHoro noôepen tB H  A $ p h k h ,  y  C e n - 
mejibCKHX o c tp o b o b  h  Ha IJeHTpaJibHOM H h a h h c k o m  xpeÔ Te, BCiogy ceB ep- 
Hee 17° io . m . B  HOBepxHOCTHOM c jio e  (0 — 2 0 0  m) b h a  p acn p o cT p aH eH  3H a- 
HHTejibHo m n p e .  T aK o e  HecooTBeTCTBHe M entgy p acn p eg e jieH n eM  b B oge h  
b o cag K ax  oÔbHCHaeTCH MajioH ycToHHHBocTBK» e ro  k  pacTBopeHHK) Ha r j iy -  
ÔHHax cB iim e  3 3 0 0  m. B  A uiaH T nuecK oM  oK eaHe H . p e la g ic a  oÔ H apynteH a 
b K apnßcK oM  M ope (C u s h m a n , 1 9 2 4 b ), MeKCHKaHCKoM 3 ajiHBe ( P a r k e r ,
1954) h  H a ogHOH cTaHgHH y  cpoJiKjieH gcKnx octpo bob  ( E a r l a n d ,  1 9 3 4 ). B  
T hxom  OKeaHe o H aH aiigeH a M entgy raBaiicKHM H ocTpoßaM H h  o-bom  TyaM  ( F l in t ,  
189 9 ), a  T an a te  b c eB ep n o ü  n a c r a  OKeaHa (B r a d y ,  1 8 84 ).

G lo b ig e r in a  q u in g u e lo b a  N a t la n d  oÓ H apynteH a b H hahhckom  OKeaHe 
TOJIbKO Ha OgHOH CTaHgHH (4627) B KOJIHneCTBe 5 3K3. (cm . Taßjl. 20 ).

n o  BHgoBoMy h  KOJiHuecTBeHHOMy pacnpegejieH H K ) <|>opaMHHH<j)ep 
h  nacToTe B CTpenaeM ocra h x  H a pa3JiHHHBix m n p o T a x  6 b ijih  BHgeJieHH T aH ara - 
n eH 0 3 H H ag H e  oK eaH a (B e jia e B a , 1 9 6 3 ). B  T aô ji. 21 npHBegeHH n a c ra T H  BCTpe- 
n aeM o cra , a  b T aôji. 22 — cpegH H e reoM eTpnnecK H e cogepHtaHHH b h a o b  b p a 3 -  
j ih h h h x  T aH aT ogeH 03ax; rpaH H gH  TaHaTogeH030B noKa3aHBi Ha p n c . 11 .

B bí B O A LI
1 . npHM eHeHHe MeTogoB M aT eM aranecK oii cTaTHCTHKH n o 3 BoJiHeT np o B o - 

gHTB cpaBHeHHe cogepHtaHHH h  x ap a K T e p a  pacnpegejieH H H  $opaM H H H $ep 
b Ô H ogeH osax h  TaHaTon,eH 03ax. nap aM eT p n i, noJiyueH H bie n p n  c T a ra c ra n e -  
c K O H o ô p aô o rae , h b j ih io tc h  H cnepnH B aiom ,eii xapaK TepH CTiiK oii pacnpegejieH H H  
cogepm aH H ii, TaK K an  o h h  hokasB iB aioT  He to j ib k o  cpegH H e cogepHtaHHH, h o  
H BejIHHHHy OTKJIOHeHHH OT HHX, a  TaKHte HaCTOTy BCTpenaeMOCTH pa3JIHHHHX 
cogepHtaHHH, HaôJiiogaeM Lix b gaH H oñ coB O K ynH ocra.

2 . H aH B Licm ne KoHgeHTpagHH h îh b h x  n j ik h k to h h h x  $opaM H H H $ep bo  
Bcex reorpatJm necK H X  30H ax rrp iryponeH H  k  noßepxHoCTHOMy cjiok» BogH 
(0 — 20 0  m), h t o  CBHgeTeJibCTByeT o HaJiHUHH 3gecB onraM aJiBHHX ycjioBHÜ 
gJIH HÎH3HH H BOCnpoH3BOgCTBa 3THX 0 praH H 3M0 B. OCHOBHHM (JaKTOpoM, 
onpegejiHiom.HM pacnpege jieH H e h îh b h x  (J>opaMHHH<ï>ep b b o a h o h  TOJiige, h b -  
JineTCH HajiHHHe nn igH  —  <$HTonJiaHKTOHa, k o t o p h h  MoHteT pa3BHBaTbcn ToJib- 
KO B 30He npoHIIKHOBeHHH COJIHeHHOro CBeTa (go TJiyÔHHH 10 0  m). npHCyTCT- 
BHe c h m ö h o h to b  (z o o x a n te l la e )  b paKoBHHax TaKHte o ó t- h c h h c t  THroTeHHe $ o -  
paMHHII(J)ep K HOBepXHOCTHOMy CJIOK). B oJIbm oe 3HaHeHIie B BepTHKajIbHOM 
pacnpegejieH H H  $opaMHHH<$ep HMeeT h  T eM nepaT ypa b o a h ,  h o  OHa He h b j ih c tc h  
onpegejim oigH M  $aK TopoM , TaK KaK pe3KOMy H3MeHeHHio K oJnraecTB a o c o ö e ü  
Ha rjiyÖHHe n o p n g K a  100  m He conyTCTByeT pe3K oe H3MeHeHHe TeM nepaTypBi.

3 . H n n te  2Ö0 m KoHgeHTpagHH h îh b h x  $opaM H H H $ep b t o  Jim, e  b o a h  pe3K o 
yMeHBmaeTCH, h o  b He3 HanHTejiBH0 M K o Jin u ec rae  o h h  BCTpenaioTCH go rjiyÔHHH 
2 0 0 0  M. KoJIHHeCTBO $opaM H H H $ep B HHHtHHX CJIOHX 3BBHCHT OT KOJIHieCTBa 
HX B noBepXHOCTHOM CJIoe. 3 t o  HBJieHHe CBH3aH0 C TeM, HTO HaCTB HX HtH3HeH-
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H o ro  ijH K jia  n p o x o f l iiT  b  c jio c  h i i jk c  2 0 0 — 3 0 0  m . B  p a ü o H a x  b h c o k h x  k o h -  
p e H T p a p H ii $opaM H H H (J)epti oT M enem ,i H a 6 ö a b ih i ix  rJ iy Ö H H ax , neM  b p a ü o H a x  
M a r a x  K o H iie m p a n i in .

4 .  P a c n p e f le j ie H H e  oT^ejiBH H X  b i ia o b  noA H im eH o TeM >Ke 3aK0H0M epH0CTHM, 
HTo h  o6m ;ee p a c n p e ^ e jie H H e  <J>opaMiiHii<ï>ep. M aK C im aA bH B ie K oA iraecT B a B cex  
b h a o b  n p n y p o 'ie i iM  k  noB epx H o cT H o M y  c jio k ) , v a o  pa3B H T (J in o n .aaH K T o H . H i i -  
KaKHe BHflbi He o Ô p a ay io T  b b ic o k h x  K oH H C H T pam iü hh/K C  2 0 0  m . B h a o b o ü  C T pa- 
T H ^H K apH ii, t .  e .  n p u y p o B eH H o C T ii p a sA in im .rx  b  h a  ob  k  pa3H H M  rjiyÖ H H aM  
b  CTOJiÖe b o a h ,  o  KOTopoH roB opH T  IIoJibC K iiH  ( W a l l e r  a .  P o l s k y ,  1 9 5 9 )  h  9 m ii-  
jraaH H  ( E m i l i a n i ,  1 9 5 4 ) ,  HaMH He o Ö H ap y m eH o .

IlpoAyKTHBH oCTb BiiA a b  c jio e  0 — 2 0 0  m o n p e A e jin e T  e r o  m iC A em io cT b  b 
F A y ß o K II X  C A O ÍIX  II 3aK O H O M epH O C T H  BepTH K aA bH O ro paC npO C TpaH eH H fl.

5 . H a p H A y  c  ik h b b im ii (J jopaM m nnjjepaM ii b  T o jiip e  b o a b i a o  npcA O A i.- 
H b ix  rjiyÖ H H  onpoÖ B B aH M H  ecT b  n y c T b ie  p a K o ß iiH b i. B  c n o e  a o  2 0 0  m 
h x  He ß o A ee  1 % o r  o S m e r o  K oA iraecT B a (Jo p a M iran iJ ie p , h o  c  r j iy ß i iH o i i  c o A e p m a -  
HHc B03p a cT ae T  h  HHHie 2 0 0 0  m A o cT iiraeT  1 0 0 %  ( to . 'ib k o  n y cT b ie  p aK o ß iiH b i). 
ÜMeeTCH npH M afl 3aBHCiiM ocTb Memp;y KoA iinecTBoM  j k h b h x  (JmpaMHHiKfrep 
B B epxH eM  c n o e  b o a b i  h  K oniraecTB oM  n y c T b ix  p a K o B ira  b  h i k k h h x  c a o h x .  
A5coAK)THBie K oA iH iecTBa n y c T b ix  paK oB H H  HHrAe b  b o a h o i i  ToA ipe He np eB M - 
HiaiOT HeCKOJIbKHX AeCHTKOB 3K3eM nA HpoB, TOrAa KaK IKHBbie opraH H 3M H  06-  
p a a y io T  b  B epxH eM  c jio e  K o H tieH T p au m i a o  h o c k o a b k i ix  tb ic h h  oK aeM iinnpoB  
B 1 0 0 0  M3 BOAE!. 3 t o  CBH3aHO, nO'BIIAHMOMy, C ÖLICTpLIM onyCKaHHeM  paKOBIIH 
H a  AHO noC A e OTMHpaHIIH opraH H 3M O B. PaC T B opeH H e paKOBHH CTaHOBHTCH 3 a -  
MeTHBIM TOABKO noC A e A^HTeABHOro npeßblB aH IIH  HX B npiIAOHHBIX BOAaX. 
OTcyTCTBHe CAeAOB pacT B opeH H H  y  paK oB H H  113 rA yßiiH H B ix CAoeB b o a b i n oA - 
TBepiKAaeT lí p  eA n o a  o>k e u  ii e  o  h x  ÖBicTpoM naAeHHH H a  a h o .

6 . 06m ;ee  K oA nnecTB eH H oe p a c n p e A e n e m ie  nAaHKToHHHX $opaM H H H (|)ep 
n o  nA om aA H  b  n o ß ep x H o cT H o M  CAoe TecH o CBH3aHo c  pacnpoC T paH eH H eM  $ i i t o -  
nA aH K ToH a h  3aBHCiiT OT x a p a K T e p a  b o a h b i x  M acc n  T en eH iiü . MaKCHM aAbHbie 
K O H peH T papiIH  JKIIBblX (J)opaMHHH(J)(!p OTMeHCIH.I B paÜ o H aX  yM epeHHH X HIHpoT 
n p i i  T eM n ep a T y p e  n o B ep x H o cT H b ix  b o a  o t  1 a o  1 0 ° . B  sK B a T o p n a n b H o ii n  a p a -  
b h h c k o h  b o a h b i x  M a c c a x  c  T e M n ep a T y p o ii n o B ep x H o cT H b ix  b o a  + 3 0 °  x a p a K T e p -  
Hbi B LicoK ne k oHUCHTpaiiiTo , o c o ö e m io  b  p a iio H a x  h o a u h t i i h  m y o iiH H u x  b o a »  
ó o ra T b ix  öiioreH H B iM ii a  a  eM eHT aM ii.

H ii3 K iie  K oH peH TpauA iii oTMeneHBi b  n e H T p a n b H o ü  b o a h o h  M acce , K o T o p a n  
x apaK T epH 3yeT C H  c a aociM  BepTiiKaAbHBiM n e p eM cu irm a n iie M  h  iieAocTaTOAHBiM 
BBIHOCOM ß n o re H H B I X  3AeMeHT0B C TAyÖHH, IM IIH IIM aA bH IA e —  b  aH T ap K T im e- 
CKoii 30H e n p i i  T eM n ep a T y p e  noB epX H ocTH B ix bo a  o k o a o  0 °  (ßoAHBie M accBi I I p i i -  
ß p e iK H o ro  a a n a A H o ro  T en em iH  h  B o c to a h o to  Æ p e in fia ) .

7 . B h a o b o ii c o c T a ß  ifiayHLi fJ)opaM iiiiiir{jep h  k o a ih ic c t b o  b iia o b  TecH o 
CBH3aHBI C BOAHBIMH MBCCaMH O K eaH a II  MeHHIOTCH n o  H IIipoTe B COOTBeTCTBIIII 
c  h 3MeHeHHeM HoCA eA Hiix. H a u ß o n e e  B a n m y io  p o A b  n p i i  sto m  i i r p a e T  T eM n ep a - 
TypH B iü $ a K T o p ; TaK , K o n m iecT B o  b iia o b  b  T p o n im e c K iix  p a i io H a x  b  1 0 — 2 0  p a a  
ö o A b in e , neM  b aH T ap K T iraecK iix . T paH H ijaM H  b o a h b ix  M acc , a  CAeAoßaTeAbHo 
h  r p a m m a M ii  b h a o b , ï ip i iy p o 'ie im c ix  k  onpeA eneH H B iM  bo a h bim  M accaM , h b a h - 
io tch  a  m i l l i i  K o H B e p re im iiii  n  A H B eprem i,H ii.

8 . d> o p aM iiH ii$ ep B i H3 n o ß e p x H o C T H o ro  c a o h  b o a b i ( 0 — 2 0 0  .«) M oryT  übitb  
OTHeceHBi k  CAeAyioni,iiM r p y n n a M .

а .  B h a b i, H tiiB y m n e  t o a b k o  b S K B aT o p iia n b H o ü  b o a h o h  M a c c e ,—  G l o b o ­
r o t a l i a  t u m i d a ,  G l o b i g e r i n a  c o n g l o m e r a t a ,  G . h e x a g o n a ,  P u l l e n i a t i n a  o b l i q u i ­
l o c u l a t a ,  S p h a e r o i d i n e l l a  d e h i s c e n s .  K aK  n p a B iiA o , o h ii  He o 6 p a 3 y io T  b h c o - 
KllX KOHH,eHTpan,HII.

б . B h a b i , H iH B yiq iie  b  3K B aT o p iiaA b H o ii h  p e H T p a n b H o ü  b o a h b ix  M a c c a x ,— 
G l o b i g e r i n o i d e s  r u b e r ,  G . s a c c u l i f e r ,  G . c o n g l o b a t u s ,  G l o b o r o t a l i a  m e n a r d i i ,  
H a s t i g e r i n a  d i g i t a t a ,  G l o b i g e r i n e l l a  a e q u i l a t e r a l i s .  B  ö o a b ih iix  K o n iro ecT -
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B ax  (ao  1 0 0 0  h  G oJiee 3K 3eM njiH poB  b 1 0 0 0  .m 3 b o a b i) o h ii BCTpenaioTCH t o jib k o  
b aK B aT op iia jiB H oH  b o a h o h  M acce .

b .  B h a b i ,  x ap aK T ep H B ie  a j i h  p e iiT p a jiB H o ii b o a h o i ï  M accB i,—  H a s t i g e r i n a  
p e l a g i c a ,  G l o b o r o t a l i a  h i r s u t a ,  G . p u n c t u l a t a ,  G. t r u n c a t u l i n o i d e s ,  C a n d e i n a  
n i t i d a ,  G l o b i g e r i n a  e g g e r i ,  G . i n f l a t a .  B  H e S o J in m o M  K o J i i r a e c T B o  o h i i  n o n a g a -  
lOTCH h  b  a K B a T o p n a j iB H o H  b o a h o i i  M acce .

r .  B habi cyöaHTapKTHuecKnx n  aHTapKTHnecKHx b o a  — G lo b ig e r in a  b u l ­
lo ides ,  G. q u in g u e lo b a  h G lo b ig e r in i t a  g lu t i n a t a .

9 . P a c n p e A e j ie H n e  o t a c j i b h b i x  b h a o b  b  nonepxHocTHOM c n o e  b o a b i  n e m o  
b  oCHOBy BBiAejieHHH 6H oii,eH 03oB , n p H y p o n eH H B ix  k  onpeAejieH HBiM  b o a u b i m  
M accaM  h  x a p a K T e p ii3 y io in ;iix c H  oripcA CJieniiBiM  iia o o p o M  b i i a o b .  F p a im iia M ii  
6non;eH 030B  c n y m a T  T aK m e j i h h i i h  K oH B epreH gH H  11 A H B ep re H p in i. B  H h a h h c k o m  
o K e a H e  h h m h  .B B iA e jie H o  T p n  o c h o b b i x  0 H 0 p e H O 3 a .

a . B h o h c h o 3  x o j i o a h o b o a h b i x  b h a o b ,  n p i iy p o u e n n i . iH  k  b o a h b i m  M accaM  
aH T apK T H uecK oro  H p n G p e m iio r o  3 a n a A H o ro  T eu eH im  c  T e M n e p a T y p o ü  0 ° .  
X apaK T epH B iM  b h a o m  6 H o p e H 0 3 a  H B jineT cn  G l o b i g e r i n a  b i l l o i d e s ,  a  c eB e p H o ü  
rp a H H p e ü  e r o  c jiy m n T  30H a aH T apK T H uecK oü A H B ep reH g iiii.

6 . B H on,eH 03 b h a o b  y M e p em iB tx  n rn p o T , n p n y p o n eH H B iH  k  BoAaM c T eM ne- 
p a T y p o i i  b  noB epxH ocTH O M  c jio e  o t  — 1 a o  + 9 , 7 “. O h  npeA C TaB jieH  BiigaM H 
G l o b i g e r i n a  i n f l a t a ,  G l o b o r o t a l i a  t r u n c a t u l i n o i d e s ,  G. h i r s u t a  h  A P y rn M ii 
(B c e ro  1 8  b i i a o b ) .  rp a H H g a M H  6 n o n ;eH 0 3 a  c jiy m a T  3 0 h i> i aH T ap K T iin ecK o ii n  
cyÓ T po n H u ecK o H  K oH B epreH pH H .

b . B iio n ;eH 0 3  T pom raecK H X  b h a o b , n p n y p o n e H » « !  k  sK B a T o p n a jib H o ü  n  
a p aB H iicK o ii b o a h h m  M accaM  c  T e M n e p a T y p o ü  n o s e p x H o c T H o ro  c j i o h  1 4 — 2 8 ° . 
B 3T0M 0Hon;eHO3e HacuHTUBaeTCH G oJiee 2 0  b h a o b  —  G l o b o r o t a l i a  m e n a r d i i ,  
G l o b i g e r i n o i d e s  c o n g l o b a t u s ,  G l o b i g e r i n a  c o n g l o m e r a t a ,  P u l l e n i a t i n a  o b l i ­
q u i l o c u l a t a ,  S p h a e r o i d i n e l l a  d e h i s c e n s  h  AP- B  oSjiacT H X  M em A y p a ü o H a M ii 
oÖHTaHHH 3THX 6Hoii,eH03oB BBiAejieHH e rg e  A s a  nep ex o A H B ix  G i io p e n o a a .

1 0 . K oJiH uecT B eH H oe p a c n p e A e jie H H e  paK oB H H  njiaHK ToH HLix (JtopaMHHH- 
$ e p  H a A ne o K e aH a  onpeA ejiH eTC H , c o a h o i i  C TopoHbi, npoA yK TH B H ocTbio B e p x -  
Heii ToJiigH  b o a b i,  a  c A p y r o ü  —  r j iy G n H o ü . H a n G o jib m n e  K O JinuecTB a h x  
n p n y p o n e H b i  k  r j iy ß n H a M  o t  1 0 0 0  a o  4 7 0 0  m .  P a c n p e A e j ie H n e  n o  n jio ig a A ii 3 a -  
B iiciiT  o t  p e jib e< £ a  h  re o M o p i^ o J io r im e c K H x  o co S eH H o cT eü  A n a . M eH B ine  B c e ro  
paK oBH H  H a M aTepHKoBoM  m e u b l e .  H a  MaTepHKOBoM CKjioHe, noABOAHbix 
x p e Ö T a x , r o p a x ,  noA H H T im x h  H a J io m e  O K eaH a a o  rjiy G iiH  4 5 0 0 — 4 7 0 0  m oTMe- 
m chbi MaKCHM ajibHbie K oH peH T papH H . H a  AHe rjiyßoK oB oA H B ix  k o t j i o b i i h  
( r j iy ö m e  4 5 0 0 — 4 7 0 0  m) n jiaH K ToH H bie <|>opaMHHH<|)epH BCTpenaioTCH p e p K o  h  
B MajlbTX KOJIHUeCTBaX He3aBIICIIMO OT K O H peH T papiIII IIX B TOJIIgO b o a b i. 
OÖbHCHHeTCH 3TO TeM, UTO H a  3THX rjiyÖ H H aX  paKOBHIIbl paCTBopHIOTCH.

1 1 . OTMenaeTCH c b h 3 b  M em A y KOJiimecTBeHHBiM p a c n p e A e n e m ie M  b i i a o b  
b  b o a  c h  o caA K ax  H a  r j iy G m ia x  M eHee 4 5 0 0 — 4 7 0 0  m. B i i a b i ,  o 6 p a 3 y io in ;iie  G oJib- 
m iie  C K onjieH iiH  b  B o p e , h  b  o c aA K ax  AaioT B HCoK ne K O H g eH T p ag iiii. B h a b i .  
peAKHe i i  M ajio n iic jieH H b ie  b  b o a G j  He co3A aioT  b b i c o k h x  K o H g e H T p a g iiü  n  Ha 
AHe. IIIiip o T H b ie  r p a H H p u  p acn p eA e jieH H H  b h a o b  b  TOJiige b o a b i  h  b  o caA K ax  
co B n aA aio T . A p e a j ib i  p a cn p o c T p a H e H H H  oT A eJibiib ix  b h a o b  b  BoAe b  G o j i b i h h h c t -  
Be c jiy n a e B  H e n p e p u B H u e ,  a  b  o caA K ax  —  npepw B H C T bie H 3 -3 a  pacT B opeH H H  
paK oBH H  oTAejibH H X  b h a o b .  X a p a K T e p  h  rp a H H g b i a p e a jio B  b  o c aA K ax  3aBiiCHT 
He ToJibK o o t  p acn p eA e jieH H H  B n p a  b  BoAe, h o  h  o t  p e j i b e $ a  A n a .

1 2 . C p eA ii njiaHK ToH HLix (Jo p a M im m jie p  t o j i b k o  H eM H om e b h a b i  iiM eioT 
y3KH e a p e a j iH  p a c n p o c T p a H c n i iH ,  GoJibuuiHCTBo oT M eueno  b o  B cex  m n p o T a x .  
B t o  m e  BpeMH K O Jim iecTB o, co A ep m aH H e  b h a b  n o  oTH om eH H io k o  B c eü  $ a y H e  
$ o p aM H H H $ ep  h  n a c T o T a  BCTpenaeM oCTii H a pa3H H X  m n p o T a x  c h j ib h o  B ap b H - 
p y io T , A o c T iira n  M aK ciiM ajibH H X  3H aneH iiH  b  ycjioB H H X , Ö JiaronpH H TH B ix K a n  
A -th 5KH3HH, TaK h  3ax o p o H eH H H . H p H  m iip o K iix  a p e a j i a x  p a c n p o c T p a H e -
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80 H. B. EEJIHEBA

HHH nJiaHKTOHHHX <J>opaMHHH(j>ep KOJIHHeCTBeHHbie OUeHKH HBJIHIOTCH Hafle?K- 
HHMH KpHTepHHMH flJIH BHAejieHHH TaHaTOIjeHOaOB.

1 3 . PacnpeAejieHHe oTAejibHHx bhaob njiaHKToHHHX iJopaMHHHijiep Ha Ane 
flaeT B03M0JKH0CTB BblAejIHTb TpH OCHOBHNX T3HaT0Ii;eH03a (XOJIOÄHOBOAHWX 
bhaob, bhaob yMepeHHbix rnnpoT h TponnuecKHX bhaob) h Aßa nepexoAHbix 
(cm. piic. 1 1 ) . KoJiimecTBo bhaob b TaHaTon;eH03ax yBejuinnBaeTCH c  iora Ha 
ceßep. HanSoJibiuee hhcjio hx oTMeueHo b TponmiecKoM TaHaToi],6H03e, a MaK- 
CHMaJibHbie KOHH,eHTpau,HH npHyponeHbi k pafioHy pacnpocTpaHeHHH bhaob 
yMepeHHbix rnnpoT.

1 4 . rp a H H p b i  o c iioB H bix  TaH aTon;eH 030B  coB naA aiO T  c  rp a H n q a M n  ochobhhx 
6 H o n ;en o 3 0 B  (cm. p n c .  1 1 ) .  H a  r j iy Ö H H a x  ao 4 5 0 0 — 4 7 0 0  m  n o u T H  no JiH o cT b io  
«O B naA aeT  T aK w e bhaoboh cocT aB  h n p o p eH T H o e  c o A e p * a H H e  bhaob B H yT pn 
6 ho- h T a iiaT o n eH 0 3 0 B . H a  A ue rjiyßoK oB O A H bix kotjiobhh, npoH cxoA H T  p a c -  
T B o p e m ie  paK oB H H . n o a T o M y  H a n ö o J ie e  j ie rK o  pacT B opH M bie bhah (poa H a s t i ­
g e r in a )  H a öoJibiHHX r j i y ö i i n a x  b o caA K ax  He BCTpenaiOTCH. Bojibhihhctbo 
bhaob ( G l o b o r o t a l i a  m e n a r d i i ,  S p h a e r o i d i n e l l a  d e h i s c e n s ,  G l o b o r o t a l i a  t u ­
m i d a  H A P-) paCTBOpHIOTCH JIHHIb HaCTHHHO H BCTpeuaiOTCH B BHAe oßjIOMKOB, 
onpeA eJiH M H X  ao BHAa. H a n ö o J ie e  y cT o ü u H B H  k pacT B opeH H io  P u l l e n i a t i n a  
o b l i q u i l o c u l a t a ,  G l o b i g e r i n a  i n f l a t a  h AP-

B oßm eM  no BHAOBoMy co C T aß y  h cooT H om eH H io  otacjibhux bhaob b T aH a- 
T o n eH 0 3 e  mohího cyA H Tb o cooTBeTCTByiom eM  6HopeHo3e h ycjioBHH X e r o  jkh3- 
hh (n a jieo 6 H o reo rp a« j)H H ecK aH  3 0 H a, B o A n an  M a c ca , T e M n e p a T y p a  h t .  a>). 
a TaKHçe h o6 ycjioB H H X  3axopoH eH H H  (rJiyÖ H H a, p e j ib e ^ ) .

1 5 . f l a iu ib ie  o  pacnpeAejieHHH njiaHKToHHbix (J)opaMHHH$ep b boahoii toji- 
m,e h b ocaAKax MHAuiicKoro OKeaHa MoryT ölitb ncnoJibsoBaHbi npii AaJibHeü- 
uieM H3yueHHH cTpaTiirpa$HH aohhhx oTJioîKeHHH h BoccTaHOBjieHim najieo- 
reorpa^HuecKHx ycjioBiiií reoJiornuecKoro npomjioro. MayuHB ycjioBun híh3- 
HH H 3aXOpoHeHHH COBpeMeHHHX $opaMHHH(|)ep, MOIKHO pemaTb II oßpaTHyiO 
3aAauy — no TaHaTou,eH03aM BoccTaHaBJiHBaTb ycjioBiifl b cooTBcrcTByiomiix 
6HopeH03ax. MaTeMaTHuecKaa oßpaboTKa MaTepnajioB h3 öoJiee ApeBmix otjio- 
jKeHHÖ oöecneuHT öoJibiuyio HaAeîKHocTb najieorcorpa<j>iiqcciiiix nocTpoennii.
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N .V .  B  e l  y  a  e v  a

DISTRIBUTION OF PLANKTONIC FO RA M IN IFER A  IN  THE 
W A TER AND ON THE FLOOR IN  IN DIAN  OCEAN

P la n k t o n ic  f o r a m in i f e r a  w e re  e x a m in e d  f ro m  28 6  b o t t o m  s a m p le s  a n d  
o v e r  4 0 0  p l a n k t o n  s a m p le s  i n  t h e  I n d i a n  o c e a n . T h e  q u a n t i t a t i v e  d i s t r i b u ­
t i o n  o f t h e  m o re  c o m m o n  p la n k t o n ic  s p e c ie s  i n  t h e  w a te r  m a s se s  a n d  s e d i ­
m e n ts  o f o c e a n  a r e  p l o t t e d .

T h e  p l a n c t o n ic  f o r a m in i f e r a  i n  t h e  w a te r  o f I n d i a n  o c e a n  w e re  g ro u p e d  
i n t o  f iv e  b io c o e n o s e s  c o ld - w a te r  (C o a s t W e s t  C u r r e n t  w a te r  m a s s , t°  =  0 °  C , 
S  =  34 ,5°/oo), t r a n s i t i o n a l  ( E a s t  d r i f t  w a te r  m a s s ,  t°  =  0 °C , S  =  3 4 ,5 ° /0o),
t e m p e r a tu r e  ( w a te r  m a s s  o f  t e m p e r a t e  l a t i t u d e  t°  =  — I o  1-10° C ,
S  =  3 3 ,7 2 — 3 5 ,70°/oo), t r a n s i t i o n a l  (C e n t r a l  w a te r  m a s s ,  t°  — 1 0 — 2 3 °  C , 
S  — 3 4 ,7  —  35,7°/oo), t r o p i c a l  ( E q u a t o r i a l  w a te r  m a s s , t°  =  1 4 — 2 8 ° C , 
S  =  3 5 ,1 — 3 6 ,5 ° /00) . F iv e  ta n a to c o e n o s e s  w e re  e s t a b l i s h e d  o n  th e  b o t t o m  of 
o c e a n  r e s p e c t iv e ly .
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Synopsis

Geophysical investigations of the northern Somali Basin and the 

Seychelles-M auritius Ridge conducted aboard R/V CHAIN of the Woods 

Hole Oceanographic Institution are described and som e resu lts presented. 

Gravitational and total magnetic fields and bathymetry were measured 

continuously, and continuous se ism ic  reflection profiles were recorded  

over a major portion of the track. C ores, dredge sam ples, heat flow 

m easurem ents, and underwater photographs were also obtained.

It is  considered that the northern portion of the Somali Basin is  

a deep sedim entary basin partially enclosed to the east by a submarine 

ridge from which alkaline gabbro has been dredged and to the south by 

partially buried abyssal hills.

On the evidence from seven crossings of the Seychelles-M auritius 

Ridge, it is  proposed that the Ridge com prises two sections. The 

northern section, composed of nearly horizontally stratified rocks, 

extends from near the northern part of Saya de Malha Bank to the Sey­

chelles Platform. The southern section is  a linear, probably volcanic 

ridge that extends from north of Mauritius through Saya de Malha Bank, 

and may continue as a subsurface feature to the northeast. The two 

sections abut near Saya de Malha Bank, forming a continuous topographic 

feature.
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Prelim inary Results of the 1964 Cruise of R/V  CHAIN to the Indian Ocean

b y

Elizabeth T. Bunce, C. O. Bov/in and R. L. Chase

A broad area of the northwest Indian Ocean was investigated  

during April and May 1964 on a voyage of R/V CHAIN (figure 1). This 

report presents prelim inary resu lts and. som e conclusions concerning  

structural relationships for two particular areas: the northern Somali 

Basin and the Seychelles-M auritius Ridge.

Underway observations discussed here are m easurem ents of free-  

air gravity anomaly and total intensity magnetic field with a LaCoste- 

Romberg gravim eter and proton magnetometer respectively , bathymetric 

profiles determined by p recise  echo-sounding, and continuous se ism ic  

profiling (spark source) to record the deeper sub sea-floor structure 

(H ersey, 1963). C ores, dredge sam ples, and underwater photographs 

also contribute to the findings.

Northern Somali Basin

A number of traverses were made across Owen Ridge, near the 

eastern border of the northern Somali Abyssal Plain. The traverses  

were planned to determine whether separated h ills  or sea  mounts shown 

on an earlier version of the diagram of figure 1 are instead part of a 

ridge and to investigate the associated magnetic anomaly. The ridge was 

traced as a topographic feature of 1000 to 1700 fm s re lie f  above the abyssal
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plain as far south as 3°30' north latitude. The magnetic anomaly associated  

with the ridge is  lower than would be expected for a recent volcanic feature. 

This interpretation is  reinforced by sam ples of alkaline gabbro, a rock 

of deep seated origin, dredged from the southeastern slope of the ridge 

between the depths indicated at 5. 75 and 6. 75 sec  reflection travel time 

(figure 2, d).

P rofiles of the total-field  magnetic intensity, free-a ir  gravity 

anomaly, and sub sea-floor structure of the continental r ise  south of 

Socotra and of the Somali abyssal plain as far south as Owen Ridge are 

shown in. figure 2. The significant departures from regional trends are 

a magnetic anomaly of 300 gamma associated with the subbottom structure 

(a), the increase in the negative free-a ir  anomaly over the deep, uniform  

layers of the abyssal plain (b), and the relatively  low amplitude magnetic 

anomaly over the northwestern slope of Owen Ridge (c).

Echo soundings made with very short pulses reveal sequences of 

thinly layered sedim ents at the top of the subbottom sequence which are 

continuous over great distances on the continental r ise  (figure 3, top) and 

on the abyssal plain to the south. The deeper structure of the northern 

basin , which extends as far south as Owen Ridge, is  shown by the se ism ic  

reflection profile. Flat uniform layers 2 seconds of travel tim e below 

seabottom are evident. A photograph of a portion of the original record, 

obtained over the continental r is e , is  shown in figure 3 (bottom).
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There is  a marked difference between the subbottom structure 

north and south of Owen Ridge. The topography to the south is  slightly  

rougher than to the north, although som e shallow stratification occurs 

between sm all h ills (50-200 fm) r isin g  above the bottom. A reflection  

more or le s s  continuous at 0. 25 second after the bottom echo is  shov/n 

on the reflection p rofiles, but the deep echoes from uniform reflectors  

sim ilar to those of the northern part of the basin are not present. Instead, 

echoes suggesting a rough reflecting surface at an average delay of 1 

second after the sea  bottom echo, with re lie f of 0. 5 second or greater, 

suggests buried and partially buried h ills. The section resem bles those 

found in areas of abyssal h ills  in the North Atlantic.

It appears that the northwest portion of the Somali Basin is  a deep 

sedim entary basin partially enclosed to the east by Owen Ridge and to 

the south by buried and exposed abyssal h ills. Corroboration of this 

hypothesis is  furnished by se ism ic  reflection profiles recorded during 

two traverses made by R/V  VEMA of Lamont Geological Observatory 

(Langseth, personal communication, 1964). The VEMA profiles show 

the structure w est of Owen Ridge to be the sam e as that to the north, already  

described, while to the southwest it resem bles the section of abyssal h ills . 

These structures to the south may be an extension of the Ridge.
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The S ey ch e lle s-M a u r itiu s  Ridge

Seven  c r o s s in g s  w ere  m ade o f the r id ge ly in g  betw een  the 

S e y c h e lle s  Islan d s and the islan d  of M auritius. The b ea r in g s o f the  

c r o ss in g s  v a r y , so m e  b e in g  le s s  norm al to  the trend of the Ridge than 

oth ers.

The p r o file s  o f figu re  4 p resen t sec tio n s  a c r o s s  the northern part 

of the R idge, from  the S e y c h e lle s  P latform  to Saya de M alha Bank. The 

e ffe c ts  of the reg io n a l gradient on to ta l in ten sity  m agn etic  fie ld  and th o se  

of topography on the fr e e  a ir  g ra v ity  anom aly are  c le a r ly to  be seen . A 

p o ss ib le  m agn etic  anom aly is  a sso c ia ted  with the Ridge or s e r ie s  of h ills  

w hich r is e  from  th e w estern  s lo p e  of the cen tra l Ridge; T h is anom aly  

i s  sm a ll on p ro file  1 but m ore  d istin ct on p ro file s  2 and 3.

The s e is m ic  re f le c tio n  p r o file s  over  the cen tra l R idge on the th ree  

northern c r o s s in g s  (p ro file s  1-3) although not p resen ted  in figu re  4 , show  

rath er  uniform  ech o  seq u en ces su g g estin g  sub s e a - f lo o r  layerin g . The 

ech o es  a r r iv e  up to  0. 5 s e c  a fter  the bottom  echo.

In p ro file  4 , a c r o s s  the northern sec tio n  of Saya de M alha Bank, 

and in  the th ree  p r o file s  to  the south of it  shown in  figu re 5 the cen tra l 

part o f the R idge h a s r e la t iv e ly  s teep  s lo p e s  and a fla t top. The s e is m ic  

re flec tio n  r e c o r d s  contain  no ev id en ce that the fla t top i s  un derla in  b y  fla t  

ly in g  sed im en ts: although the w ater depth i s  sh a llo w , the bottom  r e f le c ts
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sound so  p oorly  h ere  that on ly  one m u ltip le  ç f  the bottom  r e f lec tio n  i s  

d etectab le  on the r e c o r d s , and it would be p o ss ib le  to  d etect fla t ly in g  

subbottcrn r e f le c to r s  i f  th ey  ex isted .

In the th ree  southern  p r o file s  (nos. 5 - 7 ,  figu re  5 ), a s  on Saya de 

M alha Bank, th ere  i s  no s e is m ic  r e f lec tio n  ev id en ce  for  la y er in g  of the  

fla t, high cen tra l part o f the R idge. H ow ever, r e f le c t in g  h o r izo n s with  

ech o d e la y s  as great a s  0. 65 s e c  beyond the bottom  ech o  can b e  tra ced  

e a st  and w est up the flanks o f the r id ge  to  the 1000- or 700-fathom  le v e l  

on each  of th e se  c r o s s in g s . T h ere fo re  it  i s  ten ta tiv e ly  concluded that 

the fla t top i s  a product of e r o s io n , not d eposition . The. fourth m agn etic  

p ro file  show s no high in ten sity  anom aly over  the cen tra l part o f the Ridge. 

The corresp on d in g  g ra v ity  p r o file  and o th ers  to  the south are  in com p lete  

b eca u se  rough s e a s  encountered  in th is  a r ea  preven ted  uninterrupted  

operation  of the g ra v im eter .

The high am plitude m agn etic  a n o m a lies  a s so c ia te d  w ith the cen ter  

of the fla t top o f the R idge in  p ro file  7 and w ith i t s  w e ste r n  edge in p r o file s  

5 and 6 are  in co n tra st with th o se  of r e la t iv e ly  low  am plitude in  p ro file  4.

P r o file  7 , shown again  in figu re  6 , p r e se n ts  the s tru c tu re  shown  

by the s e is m ic  r e f le c t io n  reco rd . The d is tin c tiv e  fea tu re  i s  the la y er in g  

su g g ested  beneath the lo w er  e a ste r n  part of the Ridge by. ech o  seq u en ces  

at 1. 75 s e c  (700 fm ) w ater  depth. A la y ered  se c t io n  o f the sa m e  th ick n ess  

is  su g g ested  by the s e is m ic  r e c o r d s  at the foot of th e e a ster n  s lo p e  o f the
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Ridge, at a depth of over 2000 fathoms. Thus the eastern slope of the 

Ridge in this area m aybe a zone of faulting. It is  also possib le, however, 

that the higher layered sequence consists of sediments derived from the 

central part of the Ridge, and, further, that the deeper sequence is  not 

related to it, but is  derived from the area south of the Ridge (figure 1), 

or from elsewhere.

Twenty-five dredge lowerings were made, on and along the flanks 

of the Seychelles-M auritius Ridge. Except for one sm all piece of granite 

SE of Seychelles Platform and one pebble of volcanic (?) rock obtained 

northeast of Saya de Malha Bank, all the sam ples obtained are lim estone, 

coral fragm ents, or calcareous sand whose foraminifera have been 

identified as Recent by Dr. War.. A. Berggren (personal communication, 

1964).
?

F igu re^  shows a portion of a m osaic of underwater photographs 

covering about a half m ile of the southwest slope of Saya de Malha Bank 

at 1100 fathoms depth. The m osaic shows quite clearly that a considerable 

area of the bottom consists of outcrop of nearly horizontally layered rocks. 

In light of the dredged m aterial these rocks are considered to be limestone. 

Ripple marks indicate current activity at this depth.
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D iscu ss io n

It is  reasonable to postulate that the northern part of the Seychelles- 

Mauritius Ridge is  structurally different from the southern part. In the 

form er, layered structures, probably sedim entary in origin, occur 

beneath the central part of the Ridge. No evidence for sedim entary layer­

ing is  found on Saya de Malha Bank nor beneath the central part of the Ridge 

to the south. The magnetic anomalies associated with the northern Ridge 

(figure 4, profiles 1-3) are weaker than those to the south and are 

apparently associated with a local structure, a sm all topographic high 

near or on the western margin of the Ridge. South of Saya de Malha Bank 

magnetic anomalies of 400 gamma or greater are associated with the 

western margin of the Ridge and with the central portion south of Cargados 

Carajos Shoals (figure 5, profiles 5-7). Shor and Pollard, (p. 49, 1S63), 

in a discussion of se ism ic  refraction data from the Seychelles and Saya 

de Malha Banks, suggested that the difference between the two areas 

might be explained by the presence of a "linear volcanic ridge (sim ilar to 

the Hawaiian Ridge) extending from Mauritius through Cargados Carajos 

shoals to Saya de Malha Bank, caused by volcanic outpourings from a line 

of weakness in the ocean floor." They further suggested that the line  

continues north smd passes c lose  to the Seychelles granitic block, a feature 

probably much older. The hypothesis is  presented here that the magnetic
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anom aly ovor the cen ter  of C argados C arajos sh o a ls  is  continuous with 

th ose  o b served  along the w e ste r n  m argin  of the Ridge as far north as Saya  

d e 'M alha Bank and i s  in d ica tive  of the trend of a lin ear  fea tu re , probably  

younger than the R idge, and p o s s ib ly  rep resen tin g  a m ore recen t zone of 

w eak n ess and v o lca n ic  outpouring. F u rth er , the p re se n c e  of layered  

stru ctu re  on the northern part of the R idge argues sed im en ta ry  or ig in , 

o ld er than the v o lca n ic  sec tio n  to the south.

It would be in ter e st in g  to exp lore  the p o ss ib ility  that the h yp oth esized  

younger v o lca n ic  r id ge stru ctu re  tren d s n orth east, abuts the sed im ent 

co v ered  featu re extending south from  the S ey ch e lle s  p la tform , thus form in g  

an apparently  hom ogeneous topographic fea tu re , and p a s s e s  e a s t  of the  

o lder gran itic  s tr u c tu r e , or a ltern a tiv e ly  that i t  continues along the 

arcu ate lin e  o f the R idge, b ecom in g  m ore  deep ly  buried  to the north , as 

far as the S e y c h e lle s  P latform .

T his r e se a r c h  w as jo in tly  supported at-the W oods H ole O ceanographic  

Institu tion  by the N ational S c ien ce  Foundation under R esea rch  Grant 2370 

and the O ffice of N aval R esea rch  under C ontract Nonr 402S.
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LEGEND OF FIGURES

Figure 1: Physiographic Diagram of Northwest Indian Ocean (Heezen and

T harp, 190-1) show ing track  of R /V  CHAIN.

F igure 2: N orthern Som ali Basin: Continental R ise  and A b yssa l Plain.

T otal in ten sity  m agn etic  f ie ld , free  a ir  grav ity  anom aly , and 

s e is m ic  re f lec tio n  p ro file s .

.Figure 3: Som ali A b y ssa l Plain: Echo sounding reco rd  (top) and R eflection  

p r o file  (bottom).

F igu re 4: S ey ch e lle s-M a u r itiu s  Ridge: P r o f ile s  im m ed ia te ly  south of

S e y c h e lle s  P latform  to  north part of Saya de M alha Bank. T otal 

in ten sity  m agn etic  f ie ld , fr e e  a ir  grav ity  anom aly, and bathym etry.

F igure 5: S ey ch e lle s-M a u r itiu s  Ridge: P r o f ile s  south of Saya de M alha

Bank to south of C argados Shoals. T otal in ten sity  m agn etic  

f ie ld , free  a ir  gra v ity  anom aly , and bathym etry.

F igu re 6: S e y c h e lle s-M a u r itiu s  Ridge: South of C argados C ar ajos Shcals.

T ota l in ten sity  m agn etic  f ie ld , fr e e  a ir  grav ity  anom aly, and 

s e is m ic  r e f le c t io n  p ro file s .

F igu re  7: M o sa ic  of underw ater photographs; w e ste r n  s lo p e  of the S e y c h e lle s-  

M auritius Ridge at Latitude 8 °3 0 IS , Longitude 5 8 °5 1 ’E , w ater  

depth 1100 fathom s.
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Reprinted from J. geophys. R es., vol. 69, no. 22, 1964, p. 4918-4919

Sea Bottom Heat-Flow Measurements in the Andaman Sea

R o b e r t  E . B t j b n s

U. S. Coast and G eodetic Survey, Washington, D . C.

T he p a rtic ip a tio n  of th e  'U SC & G SS Pioneer  
in  th e  In te rn a tio n a l In d ia n  O cean E xped ition  
included a  m a jo r geophysical investiga tion  of 
th e  A ndam an  Sea d u ring  A pril an d  M a y  of 
1964. A  p ro g ram  of heat-flow  m easurem ents 
w as m o tiv a ted  b y  know n volcanism  w ith in  th e  
basin , ind ications of w arm er b o tto m  w a te r th a n  
can be explained b y  sim ple ad iab a tic  heating , 
an d  a  general lack  of d a ta  on th e  m a jo r  seism ic 
b e lt th a t  ru n s th ro u g h  th e  A ndam an-N icobar 
area  from  B u rm a  in to  S u m atra .

As p a r t  of o p era tions in  th e  area , fo u r suc­
cessful m easurem en ts w ere m ade  of th e  h e a t 
flow associated  w ith  th e  in n e r o r volcanic tr e n d  
of th e  p r im a ry .a rc  th a t  encloses th e  A ndam an  
Sea. A  m odified form  of th e  th e rm o g rad  [G e ra rd  
e t al., 1962] w as used  to  o b ta in  a  recording of 
th e  tem p e ra tu re  g rad ien t in  th e  b o tto m  sedi­
m e n t an d  a  core, from  w hich th e  coefficient o f 
th e rm a l conduc tiv ity  o f th e  b o tto m  sed im ent 
can  be  determ ined . T h e  h e a t flow defined here  
is a  flow p e r  u n it a re a ; i t  is de term ined  as th e  
p ro d u c t of th e  te m p e ra tu re  g rad ien t in  th e  b o t­
to m  sed im en t an d  th e  th e rm a l conduc tiv ity  of 
th e  sedim ent.

T h e  te m p e ra tu re  g rad ien t in  th e  sed im ent is 
d e te rm ined  b y  th ree  th e rm is to rs  fastened  to  th e  
b a rre l of a  coring tu b e  a t  a  fixed vertica l sep a ­
ra tio n  o f 104 cm . T h e  th e rm is to rs  a re  sw itched 
in to  a  W heatstone  b ridge  c ircu it in  a lte rn a tin g  
sequence w ith  fixed-calib ration  resistors. T h e  
tem p e ra tu re  a t  th e  p en e tra tio n  d e p th  of each  
th e rm is to r  is d e te rm ined  as a  function  of th e  
c u rre n t flow in  th e  b ridge c ircu it, w hich is . re ­
corded on film.

T h e  th e rm is to rs  w ere ca lib ra ted  b o th  before  
a n d  a f te r  th e  op e ra tio n  in  th e  A ndam an  Sea. 
O n th e  basis o f these tw o  ca lib ra tions, an  e rro r  
in  ab so lu te  te m p e ra tu re  o f 0 .05°C  could be  
p resen t in  th e  m easurem en ts. H ow ever, an  ad d i­
tio n a l ca lib ra tion  of th e  th e rm is to rs  w as m ade 
a t  each s ta tio n  b y  com paring  th e  th e rm is to r-  
ind ica ted  te m p e ra tu re s  of th e  n ea r-b o tto m

w a te r b o th  before  an d  a f te r  th e  coring device 
p e n e tra te d  th e  b o tto m . T he  m axim um  range of 
ind ica ted  tem p e ra tu re s  in  these  com parisons 
w as 0 .02°C . H ence, th e  te m p e ra tu re s  used to  
determ ine  th e  te m p e ra tu re  g rad ien t in  th e  sed i­
m e n t a re  considered to  be precise w ith in  
± 0 .0 2 °C . T h e  sep a ra tio n  of th e  th e rm is to rs  is 
know n to  w ith in  1% .

Since equ ipm en t w as lacking to  m ake  d irec t 
m easu rem en ts o f th e  th e rm a l co n d uc tiv ity  of 
sed im ent from  th e  core [ Von H erzen  and, M ax­
well, 1959], an  in d irec t de te rm in a tio n  based  on 
th e  w a te r  co n ten t o f th e  core sam ple w as used 
[R atcliffe, I9 6 0 ]. Sections w ere cu t from  th e  
core a t  positions corresponding  to  th e  location  
of th e  th e rm isto rs . T hese  sam ples w ere th e n  
capped  a n d  sealed w ith  paraffin . Subsequently , 
th e  m ean  value  of th e rm a l co n duc tiv ity  was 
d e te rm ined  fo r each s ta tio n  on th e  basis of 
w a te r co n ten t o f th e  sam ples a n d  on corrections 
fo r b o tto m  tem p e ra tu re  an d  p ressu re . Special 
p recau tio n s w ere ta k e n  d u rin g  th e  p rocedure 
to  p re v e n t d ry in g  of th e  sed im en t sam ple, w hich 
m ig h t resu lt in  re la ted  e rro rs  in  th e  conduc­
tiv ity  values. Such e rro rs  a re  difficult to  ev a lu ­
a te , b u t  h igher w a te r  co n ten t in  th e  in  s itu  
sed im en t sam ples w ould  resu lt in  low er values 
of th e rm a l co n duc tiv ity  th a n  those  g iven  in  
th is  re p o r t. E x am ina tion  of th e  th e rm a l con­
d u c tiv ity  values ind ica tes th a t  th e y  a re  com ­
p arab le  a t  th è  fo u r s ta tio n s  an d  a re  low er th a n  
th e  average  rep o r ted  from  o th e r  a rea s  [see fo r 
exam ple F oster, 1962; U yeda e t al., 1962; Von 
H erzen  and U yeda, 1963; Y asu i e t al., 1963]. 
A t each  of th e  s ta tio n s  in  th e  A ndam an  Sea, 
all d e te rm in a tio n s o f th e rm a l co n d u c tiv ity  w ere 
w ith in  ± 1 0 %  o f th e  m ean  value  listed  fo r th e  
s ta tio n .

T h e  h e a t flow m easu red  a t  th e  fo u r s ta tions 
in  th e  A ndam an  basin  is show n in  T ab le  1.

A lthough  significant regional in te rp re ta tio n  
o f th e  lim ite d  d a ta  is h a rd ly  possible, several 
observations of in te re s t a re  n o ted :
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L E T T E R S

T A B L E  1. H eat-Flow  M easurem ents in the A ndam an Basin

4 9 1 9

Station  D epth , T em perature T herm al H eat
No. Location m  G radient* C onductiv ity! FlowJ

A-I 10°01'N  4206 31 1 .70 5.27
93°45'E

A-1I i r O l 'N  2562 13 1.83 2 .38
93°42'E

A -III 11 °56'N  1390 5 1.79 0 .90
93°22'E

A-IV 12°44'N 2151
93°58'E

* IO "4 °C cm -1.
t IO-3 cal °C_1 cm-1 sec-1.
Î IO-6 cal cm-2 sec-1.

1. T h e  h ighes t h e a t flow is associated  w ith  
th e  deepest p o rtio n  of th e  basin  (s ta tio n  A -I) , 
an d , fo r th e  m easu rem en ts  availab le , i t  co rre ­
la te s  w ith  d e p th . V on H erzen  and U yeda  [1963] 
considered  th e  effect o f ir reg u la r rock  surface  
bu ried  b y  sed im en ts an d  p roposed  th a t  h ea t 
from  th e  in te r io r  w ill flow o u t p re fe ren tia lly  
from  th e  th in ly  covered  areas . T h e  deep  basin  
a t  s ta tio n  A -I w ould n o rm ally  be  expected  to  
h ave  re la tiv e ly  th ic k  sed im en ta ry  fill an d  con­
seq u en tly  a  re la tiv e ly  low  h e a t flow. T h e  fac t 
th a t  th e  h e a t flow is h igh  ind ica tes  a  possible 
lack  o f th ic k  sed im en ta ry  fill in  th e  deeper 
p o rtio n s  o f th e  A n d am an  basin .

2. T h e re  is no  a p p a re n t effect reflecting  th e  
volcanism  a t  B a rre n  Is lan d  (12°16 'N , 9 3 °5 0 'E ).

3. In itia l conclusions on th e  re la tio n sh ip  of 
h e a t flow to  is land  a rcs  [ U yeda  e t al., 1962; 
Y asui e t al., 1963] h ave  been  based  on  trav e rse s  
g enera lly  n o rm al to  th e  s tru c tu ra l  tre n d . T h e  
m easu rem en ts  in  th e  A n d am an  Sea are , on th e  
o th e r  h an d , a ll p ara lle l to  th e  m a jo r  In d o n es ian  
p r im a ry  a rc  system  a n d  h av e  as g re a t a  v a ria ­
b ility  as those  on w hich these  in itia l conclusions 
h av e  been  based .

T h ese  considera tions in d ica te  th a t  th e  sy s te ­
m a tic  collection of m an y  m ore  heat-flow  m eas­

11 1.76 1.94

u rem en ts  will be requ ired  if th e  re la tionsh ips 
betw een  h e a t flow a n d  th e  tec ton ic  p a tte rn s  
a n d  geophysical processes of is land-arc s tru c ­
tu re s  a re  to  be  m ore  fu lly  understood .
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T H E  S E I S M I C I T Y  O F  E A S T  A F R I C A ,  T H E  G U L F  O F  A D E N  

A N D  T H E  A R A B I A N  A N D  R E D  S E A S

B y  L y n n  R . S y k e s  a n d  M a h k  L a n d i s m a n  

A B ST R A C T

M aps of e a rth q u a k e  ep icen te rs  a re  p resen ted  for E a s t  A frica , th e  G ulf of A den an d  th e  A rab ian  
a n d  R ed Seas fo r th e  perio d  J a n u a ry  1955 to  M arch  1964. M any  of these  ep icen te rs  w ere lo ca ted  
w ith  an  accu racy  of a b o u t 10 km ; e rro rs  of 100 km  or m ore w ere com m on in p rev ious stud ies .

Several tec to n ic  fea tu re s  can  be reso lved  w ith  th e  new  ep icen te rs . In  th e  G ulf of A den and  
in  th e  A rab ian  Sea, th e  ep icen te rs  a re  confined to  narro w  lin ea r segm en ts. A large fra c tu re  zone 
th a t  in te rsec ts  th e  m id-oceanic ridge  n ea r 58°E is c lea rly  d e lin ea ted  w ith  th e  new  ep icen te rs . 
In  th e  G ulf of A den reg ions of h igh  seism ic a c tiv ity  a re  found  w here X N E -SSW  tre n d in g  fau lts  
in te rse c t th e  m ed ian  ridge. T he seism ic a c tiv ity  in  th e  R ed Sea is less th a n  th a t  in th e  G ulf of 
A den an d  th e  A rab ian  Sea.

A large nu m b er of th e  e a r th q u a k e s  in  E a s t  A frica  are  a ssoc ia ted  w ith  v arious b ranches of t he 
r i f t  sy s tem . H ow ever, m an y  w ell-recorded  ea r th q u a k e s  w ere n o t lo ca ted  a long  th e  rif t va lleys. 
T he  large a rea l e x te n t of seism ic a c tiv ity  in  E a s t  A frica  differs from  th e  narro w  lin ea r p a tte rn  
of a c tiv ity  th a t  is a ssoc ia ted  w ith  th e  m id-oceanic  ridge.

I n t r o d u c t i o n

D u r in g  t h e  l a s t  d e c a d e  t h e  d e t e c t io n  a n d  lo c a t io n  o f  e a r th q u a k e s  in  A f r ic a  a n d  
a d j a c e n t  a r e a s  h a s  im p r o v e d  s ig n if ic a n t ly .  T h e  e s t a b l i s h m e n t  o f  s e v e r a l  n e w  s e is m o ­
g r a p h  s t a t i o n s  a n d  t h e  u se  o f  m o r e  p re c is e  c o m p u t a t i o n a l  m e th o d s  h a v e  c o n t r ib u t e d  
s u b s t a n t i a l l y  t o  t h e  d e te c t io n  a n d  lo c a t io n  o f  s e ism ic  e v e n t s  in  th e s e  r e g io n s . T h e  
n u m b e r  o f  e a r t h q u a k e s  r e c o r d e d  in  t h e  p a s t  t e n  y e a r s  is  c o m p a r a b le  t o  th e  t o t a l  
n u m b e r  o f  e v e n t s  d e te c te d  in  t h e  p r e v io u s  f i f ty  y e a r s .  I n  a d d i t io n ,  t h e  e p ic e n te r s  o f  
t h e  m o r e  r e c e n t  e a r th q u a k e s  c a n  b e  lo c a te d  w i th  a n  a c c u r a c y  o f  a b o u t  10  t o  2 0  k m . 
T e c to n ic  f e a tu r e s  w i th  d im e n s io n s  a s  s m a ll  a s  a  fe w  t e n s  o f  k i lo m e te r s  m a y  b e  r e ­
s o lv e d  w i th  t h e  n e w  e p ic e n t r a l  lo c a t io n s .  E r r o r s  in  lo c a t io n  o f  1 0 0  k m  o r  m o r e  w e re  
c o m m o n  in  m a n y  p re v io u s  s tu d ie s  o f  e a r t h q u a k e s  in  E a s t  A f r ic a  a n d  t h e  I n d i a n  
O c e a n .

T h e  re f in e d  e p ic e n t r a l  lo c a t io n s  r e p o r t e d  in  t h i s  p a p e r  m a y  b e  u s e d  to  i n v e s t i g a te  
t h e  r e la t io n s h ip  b e tw e e n  th e  s e is m ic i ty  a n d  la r g e - s c a le  g e o lo g ic a l p h e n o m e n a  s u c h  
a s  f a u l t s ,  f r a c tu r e  z o n e s , t h e  m id -o c e a n ic  r id g e s  a n d  t h e  E a s t  A f r ic a n  r i f t  v a l le y s .  
O n e  f e a t u r e  o f  p a r t i c u l a r  i n t e r e s t  is  t h e  r e l a t i o n s h ip  o f  t h e  m id -o c e a n ic  r id g e  to  t h e  
r i f t  v a l le y  s y s te m  in  E a s t  A f r ic a .  S im ila r i t ie s  a n d  d if fe re n c e s  in  t h e  s e is m ic i ty  o f  
th e s e  tw o  g e o lo g ic a l s t r u c tu r e s  w ill  b e  e x p lo r e d  in  t h i s  p a p e r .

I n  o c e a n ic  a r e a s  p re c is e  e p ic e n t r a l  lo c a t io n s  m a y  b e  u s e d  e f f e c t iv e ly  in  c o n ju n c t io n  
w i th  b a th y m e t r i c  p ro f ile s . B a th y m e t r i c  d a t a  s u g g e s t  t h a t  s e v e r a l  la r g e  f a u l t s  a r e  
p r e s e n t  in  t h e  G u lf  o f  A d e n  a n d  in  t h e  A r a b ia n  S e a  ( M a t th e w s ,  1 9 6 3 ; H e e z e n  a n d  
T h a r p ,  1 9 6 4 ). T h e s e  f a u l t s  a r e  c le a r ly  d e l in e a te d  b y  t h e  n e w  e p ic e n t r a l  d a t a .

T h e  L o c a t i o n  o f  E p i c e n t e r s

A ll w e ll r e c o r d e d  e a r th q u a k e s  f o r  t h e  p e r io d  J a n u a r y  19 6 5  to  M a r c h  19 6 4  in  
E a s t  A f r ic a ,  t h e  G u lf  o f  A d e n  a n d  t h e  A r a b ia n  a n d  R e d  s e a s  w e re  r e lo c a te d  b y  
m in im iz in g  t h e  r e s id u a ls  o f  t h e  t im e s  o f  P  a n d  P K P .  A ll e a r t h q u a k e s  w i th  f iv e
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o r  m o re  c o n s i s te n t  r e a d in g s  o f  P  w e re  r e a n a ly z e d  u s in g  a  c o m p u te r  p ro g r a m  s im ila r  
to  th e  o n e  d e s c r ib e d  b y  B o l t  (1 9 6 0 ). T h e  B u lle tin  M en su e l o f th e  B u r e a u  C e n tr a l  
I n t e r n a t io n a l  d e  S é ism o lo g ie  w a s  th e  p r in c ip a l  so u rc e  o f  a r r iv a l  t im e  in f o rm a t io n .  
S u p p le m e n ta r y  d a t a  w e re  o b ta in e d  f ro m  t h e  In te rn a tio n a l S e ism o log ica l S u m m a ry ,  
f r o m  th e  S eism o lo g ica l B u lle tin  a n d  th e  c a rd s  (P re lim in a ry  D e te rm in a tio n  o f E p i ­
cen ters) o f  th e  U S  C o a s t  a n d  G e o d e tic  S u r v e y  (U S C G S ) , a n d  f ro m  th e  se ism o lo g ic a l 
b u l le t in s  o f  A d d is  A b a b a ,  E th io p ia ,  a n d  th e  I n s t i t u t  p o u r  la  R e c h e rc h e  S c ie n tif ic  
e n  A f r iq u e  C e n t r a le  ( I R S A C ) ,  R e p u b lic  C o n g o . M o re  t h a n  100  o b s e r v a t io n s  w e re  
u s e d  in  r e lo c a t in g  s o m e  o f  th e  la r g e r  e a r th q u a k e s .

T h e  re lo c a te d  e p ic e n te r s  in  t h e  A r a b ia n  S e a , t h e  G u lf  o f A d e n  a n d  th e  R e d  S e a  
a r e  l i s te d  in  ta b l e  1. O n e  a d d i t io n a l  e p ic e n te r  in  1954  is  a lso  in c lu d e d  in  th i s  ta b le .  
E p ic e n te r s  in  E a s t  A fr ic a  a r e  p r e s e n te d  in  ta b l e  2 . T h e  e p ic e n tr a l  lo c a t io n s  a r e  
s h o w n  in  f ig u re s  1 a n d  2.

F ocal D ep th . A  s u r fa c e  fo c u s  w a s  a s s u m e d  in  a l l  o f th e  c o m p u ta t io n s .  T h is  r e ­
s t r a i n t  o n  th e  d e p th  w a s  n e c e s s a ry  s in c e  m o s t  o f th e  s e ism o g ra p h  s t a t i o n s  w e re  
lo c a te d  a t  te le se ism ic  d is ta n c e s  a n d  b e c a u s e  th e  d e p th s  c o m p u te d  f ro m  r e p o r ts  o f 
p P  — P  o f te n  w e re  n o t  c o n s is te n t  w i th  o n e  a n o th e r .  H o w e v e r , th e  r e la t iv e  a m p l i ­
tu d e s  o f  b o d y  a n d  s u r fa c e  w a v e s  a n d  th e  d is t r ib u t io n  o f is o in te n s i ty  lin e s  ( S u t to n  
a n d  B e rg , 1958 ) in d ic a te  t h a t  th e  e a r th q u a k e s  e x a m in e d  in  th i s  p a p e r  h a v e  a  sh a llo w  
fo c a l d e p th  (i.e ., le s s  t h a n  7 0  k m ) .

A cc u ra c y  o f  E p ic e n tra l L oca tion s. T h e  a c c u ra c y  o f  th e  c o m p u te r  p ro g r a m  w a s  
c h e c k e d  u s in g  P  w a v e  re a d in g s  f ro m  th r e e  w e ll re c o rd e d  n u c le a r  e x p lo s io n s  in  th e  
S o u th w e s t  P a c if ic  d u r in g  1954 . T h e  e r r o r s  r e la t iv e  to  th e  lo c a t io n s  re le a s e d  b y  th e  
A to m ic  E n e r g y  C o m m is s io n  a r e  sh o w n  in  ta b l e  3 . E r r o r s  in  th e  c o m p u te d  p o s i t io n s  
o f n u c le a r  ex p lo s io n s  w e re  r e p o r te d  b y  B o l t  (1 9 6 0 ) a n d  b y  G u n s t  a n d  E n g d a h l  (1962 ). 
M o r e  th a n  5 0  o b s e r v a t io n s  w e re  u s e d  fo r  e a c h  o f  t h e  c o m p u ta t io n s  m a d e  b y  th e  
U S C G S  (G u n s t  a n d  E n g d a h l ,  1 9 6 2 ); th e  p r e s e n t  a u th o r s  u se d  th e  s a m e  re a d in g s . 
T o r  th e  th r e e  n u c le a r  e x p lo s io n s  a c c u ra c ie s  o f a b o u t  5  k m  w ere  o b ta in e d  w h e n  50  
o r  m o re  o b s e r v a t io n s  w e re  e m p lo y e d . W i th  19 re a d in g s  B o lt (1960 ) e s t im a te d  th e  
lo c a t io n  o f  th e  b r a v o  e v e n t  to  w ith in  10 k m .

H e r r in  a n d  T a g g a r t  (1 9 6 2 ) sh o w e d  th a t  th e  lo c a t io n s  of e p ic e n te rs  m a y  b e  in  
e r r o r  b y  a s  m u c h  a s  3 0  k m  if th e  s o lu tio n  is b a s e d  u p o n  re a d in g s  a t  d is ta n c e s  s h o r te r  
t h a n  15° o r  2 0 °. S ta t io n s  a t  th e s e  d is ta n c e s  w e re  no t u sed  in  lo c a t in g  th e  n u c le a r  
e x p lo s io n s  c i te d  a b o v e . N e a r ly  a ll o f th e  e p ic e n te r s  in  th e  A ra b ia n  S e a , th e  G u lf  o f 
A d e n  a n d  th e  R e d  S e a  w e re  d e te r m in e d  u s in g  s t a t io n s  a t  d is ta n c e s  in  ex cess  o f 20°. 
R e a d in g s  a t  s h o r te r  d is ta n c e s  w e re  a v a i la b le  fo r  m o s t o f  th e  e v e n ts  in  E a s t A fr ic a . 
N o n e th e le s s ,  o n ly  th e  lo c a t io n s  o f th e  s m a lle r  e a r th q u a k e s  (less th a n  10 re a d in g s  
a v a i la b le )  a r e  h e a v ily  w e ig h te d  b y  re a d in g s  a t d is ta n c e s  s h o r te r  th a n  20°.

I n  A fr ic a  a n d  a d ja c e n t  re g io n s  th e  a n a ly s is  of e p ic e n te r s  is o f te n  c o m p lic a te d  b y  
a  d is p ro p o r t io n a l ly  la r g e  n u m b e r  of s t a t i o n s  to  th e  n o r th  o f th e  e a r th q u a k e s .  F o r  
s e v e ra l  o f th e s e  e v e n ts  t h e  w e ig h ts  o f th e  in d iv id u a l  s t a t io n s  w ere  r e c o m p u te d  su c h  
t h a t  th e  su m  of th e  w e ig h ts  w a s  Ih e  s a m e  fo r  e a c h  q u a d r a n t .  N e v e r th e le s s ,  th e  
s o lu t io n s  o b ta in e d  b y  th i s  n o rm a liz a t io n  ra r e ly  d if fe re d  fro m  th e  u n n o rm a liz e d  
c o m p u ta t io n s  b y  m o re  th a n  10 k m . F o r  th e  n u c le a r  e x p lo s io n s  in  1954 th e  a z im u th a l  
d i s t r i b u t io n  o f  s t a t i o n s  w a s  m o re  u n ifo rm , a n d  (h e  tw o  ty p e s  o f  s o lu tio n s  d id  n o t 
d if fe r  b y  m o re  th a n  2 k m . H e n c e , fo r  m o s t o f  th e  e a r th q u a k e s  t h a t  w e re  re c o rd e d  
b y  10 o r  m o re  s t a t io n s ,  th e  a c c u ra c y  o f  th e  e p ic e n tr a l  lo c a tio n s  is p r o b a b ly  a b o u t
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T A B L E  1

E arthquakes in  t h e  A rabian  Se a , th e  G ulf of Aden  and th e  R ed Sea 
for  th e  P erio d  J anuary  1955 to M arch 1964

Date
Origin Time

Lat. Long. S.E. 
Sec. A’ Mag L

11 .11 S

A pr. 11, 1954 10 25 21.5 10.81N 5 7 .13E 2.34 121 5.8 1
Ja n . 17, 1955 15 35 13.2 12.32N 46.02E 1.45 5
M ar. 03, 1955 00 43 40.2 . 16.46N 41.29E 0.43 4
A pr.' 26, 1955 01 37 19.9 14.59N 56.34E 3.15 7
O ct. 17, 1955 20 08 53.1 17.16N 43.65E 2.61 12
N ov. 12, 1955 05 32 14.5 25.29N 34.58E 2.01 95 6. 1

*Jan. 29, 1956 03 39 07.9 16.54N 58.31E 0.55 4
Ju n . 25, 1956 20 10 18.5 20.31N 37.95E 1.78 12
D ec. 11, 1956 16 52 56.2 05.58N 61.53E 1.74 22
M ar. 14, 1957 00 11 33.0 14.80N 40,.22E 1.34 13
A pr. 12, 1957 15 58 43.5 11.54N 43.05E 1.45 12 5.0 1
D ec. 19, 1957 15 56 32.0 14.36N 53.44E 1.23 11
Ja n . 09, 1958 07 56 27.2 17.71N 40.12E 1.46 7
Feb . 13, 1958 10 23 33.7 14.34N 42.00E 1.86 20
M ay  24, 1958 22 25 32.6 12.17N 43.58E 1.70 9
M ay 24, 1958 23 53 38.0 12.14N 43.59E 2.61 44 5 .5 1
M ay 25, 1958 02 53 48.4 12.13N 43.69E 1.51 37 5. 1
Ju n . 28, 1958 '17 05 16.2 11.94N 45.44E 2.34 9

*Nov. 04, 1958 05 06 11.6 14.08N 53.58E 1.12 9
N ov. 13, 1958 23 19 22.2 14.97N 53.81E 3.18 13

»Nov. 13, 1958 23 26 37.5 13.29N 53.74E 2.83 6
D ec. 04, 1958 10 25 48.3 13.84N 51.70E 2.06 23
D ec. 19, 1958 11 13 56.0 06.67N 60.23E 2.28 24
D ec. 19, 1958 23 57 00.5 06.58N 60.27E 2.15 19
Jan . 05, 1959 08 17 14.6 13.72N 51.61E 1.36 25
Ja n . 21, 1959 13 57 29.9 13.60N 51.76E 1.97 29
A pr. 14, 1959 01 23 08.2 14.86N 56.50E 0.99 6
A pr. 14, 1959 01 39 52.6 15.34N 56.21E 1.56 5
Ju n . 07, 1959 09 03 44.0 14.55N 53.70E 1.78 13
Aug. 16, 1959 13 31 10.4 14.54N 43.14E 1.16 9
D ec. 21, 1959 11 19 15.1 13.98N 51.71E 1.92 136 6.7 11
D ec. 22, 1959 00 09 39.8 13.95N 51.40E 2.47 53
Ja n . 04, 1960 06 07 55.1 11.50N 42.87E 1.96 8
Ja n . 04, 1960 06 16 30.9 U .55N 42.77E 1.45 22
M ar. 25, 1960 09 45 40.4 12.12N 46.42E 1.78 21
M ay 31, 1960 00 23 49.5 14.87N 54.56E 1.96 32
Ju n . 07, 1960 15 34 48.9 13.74N 56.97E 1.92 44 4 .8 1
Ju n . 22, 1960 16 12 00.3 11.78N 57.76E 1.61 82 4.5 1
Ju l. 16, 1960 00 17 56.8 12.66N 57.83E 1.87 12
Aug. 08, 1960 12 28 07.7 12.06N 44.49E 1.59 41 5.4 2

*Aug. 13, 1960 22 28 13.6 14.70N 40.16E 0.12 5
S ept. 12, 1960 03 13 43.7 11.78N 46.61E 0.33 . 6
O ct. 23, 1960 19 21 07.7 17.50N 40.07E 1.06 8
D ec. 16, 1960 16 49 15.0 14.65N 42.57E 1.82 28
F eb . 07, 1961 02 57 53.4 14.65N 53.90E 1.87 24

jF eb . 16, 1961 14 33 15.1 13.0 N 57 .6E
M ar. 11, 1961 08 41 03.6 11.65N 42.95E 2.26 85 5.9 4
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TA B L E  1—Continued

Date
Origin Time

Lat. Long. S.E.
Sec. .V Mag L

11 .11 S

A pr. 06, 1961 21 23 45.7 14.28N 5 4 .11E 2.06 17
fA pr. 26, 1961 12 03 48.6 09 .8N 57 .0E
Ju n . 20, 1961 03 21 29.5 12.23N 44.34E 1.92 77 0.1 3
Ju l. 18, 1961 21 26 28.0 13.88N 56.80E 1.75 43
Aug. 03, 1961 00 41 30.7 14.48N 52.16E 2.00 29 5.5 1
O ct. 25, 1961 16 24 12.4 14.21N 56.44E 2.05 61 5. 1
Nov. 10, 1961 13 52 33.4 13.24N 51.69E 2.48 14
D ec. 08, 1961 10 40 36.7 13.45N 50.22E 1.54 13

jJ u n e  16, 1962 21 42 07.3 14.3N 53 .6E
fJu n e  24, 1962 15 08 18.6 13. ON 48. OE

Ju l. 06, 1962 02 12 07.6 11.75N 57.57E 1.71 89 5.5 6
Ju l. 15, 1962 21 52 20.1 14 .11N 53.51E 2.14 37 4 .5 1
A ug. 15, 1962 13 08 30.5 14.51N 56.49E 2.02 38 5 .0 1
Aug. 25, 1962 00 54 08.0 16.49N 40.12E 1.52 11 4.8 1
S ep t. 01, 1962 00 38 12.8 12.69N 48.10E 1.79 23 5 .0 1
O ct. 29, 1962 07 17 34.8 04.15N 62.69E 2.32 36 5. 1
N ov. 11, 1962 15 15 28.0 17.05N 40.58E 1.09 95 5.6 7
N ov. 29, 1962 02 20 29.4 14.70N 54.86E 2.18 10
D ec. 21, 1962 17 47 25.0 13.87N 51.63E 1.84 44 5.3 1
Dec. 26, 1962 23 25 11.8 23.80N 65.19E 1.80 101 5.9 3
Dec. 27, 1962 00 29 32.3 23.59N 65.09E 1.73 10
D ec. 29, 1962 08 04 20.7 23.62N 65.31E 2.00 59 5 .2 5

|F e b . 07, 1963 16 44 45.3 14.4N 53 .3E
fF eb . 13, 1963 01 34 40.4 13. ON 57.9E
fF e b . 13, 1963 19 55 36.0 11.6N 57 .7E
fM ar. 09, 1963 02 17 39.5 21.9N 62 .0E 5.1 USCGS
fA pr. 25, 1963 11 09 29.5 04 .3N 62 .4E
f Ju ly  21, 1963 06 01 57.3 14.8N 56. IE
fS ep t. 29, 1963 19 31 22.7 13.5N 57 .5E
f()c t. 04, 1963 13 29 44.6 18. IN 60. IE 5.3 USCGS
jO c t. 05, 1963 14 57 47.4 11.6N 42 .8E 5.3 USCGS
fO ct. 05, 1963 17 18 25.0 11.7N 42 .6E
fF eb . 09, 1964 06 07 30. 25 .6N 36.4E
fM ar. 19, 1964 09 42 34.9 14.7N 56 .3E

* Solu tion  only  app rox im ate , accuracy  of locations ab o u t 50 km  (usually  caused by a  poor 
d is tr ib u tio n  of s ta tio n s).

t  Solu tion  by  U .S. C oast and  G eodetic Survey (USCGS).
S .E . =  S ta n d a rd  erro r, N  =  num ber of P  and  P K P  read ings. M ag =  M agn itude  averaged  

fo r L readings.
T h ree -le tte r  codes of U SCGS used for s ta tio n s.

10  k m . A l th o u g h  t h e  o r ig in  t im e  d e p e n d s  u p o n  th e  d e p th  o f fo c u s  u s e d  in  t h e  c a l­
c u la t io n s ,  t h e  e p ic e n t r a l  lo c a t io n s  d o  n o t  c h a n g e  s ig n if ic a n tly  w h e n  th e  so u rc e  d e p th  
is  v a r i e d  f ro m  0  t o  10 0  k m .

E p i c e n t e r s  i n  t h e  A r a b i a n  S e a  a n d  t h e  G u l f  o f  A d e n  

E p ic e n te r s  in  t h e  G u lf  o f  A d e n  a n d  th e  A r a b ia n  a n d  R e d  sea s  d u r in g  th e  in t e r v a l  
1 9 5 5  to  1904  a r e  sh o w n  in  f ig u re  1. T h e  c o r r e la t io n  o f  se ism ic  a c t i v i t y  w i th  th e
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T A B L E  2
E a r t h q u a k e s  in  E ast  A frica  f o r  t h e  P e r io d  J a n u a r i ' 1955 to  M arch 19(14

Origin Time
J)ate

II .1/ A'
Lat. Long. S.E.

Sec. A' Mag
(LUI) Mag (Other

F e b . 04, 1955 05 21 00 .9 05 .8 0 N 36.62E 1.75 13
M a r. 01, 1955 22 10 24.7 15.14S 4 1 .52E 1.55 9 5 .6
J u l .  22, 1955 04 00 02 .9 0 1 .4 2 N 30.52E 1.31 7 5.
S e p t. 02, 1955 10 24 03 .3 17.30S 41 .81E 2 .22 10
S e p t. 04, 1955 22 12 4 7 .0 01 .6 6 N 30 .90E 1.87 23 6 .3 5 .9  T A C , 

5 .8  PA S
O c t. 10, 1955 04 41 4 8 .5 05 .42S 5 1 .42E 0 .79 12
N o v . 09, 1955 21 58 49 .5 17.18S 4 8 .55E 1.99 19
D ec. 15, 1955 10 18 44 .8 06 .25S 3 0 .99E 0.67 6 5.
F e b . 03, 1950 21 37 53 .9 05 .03S 30 .21E 1.47 25 5.
F e b . 04, 1950 22 12 47.1 06 .48S 31 .05E 2.03 12 6 .2
A p r. 04, 1956 21 21 14.6 04 .98S 35 .44E 1.40 6 6 .5
A p r. 29, 1956 21 52 32 .2 06 .44S 51 .81E 2 .2 5 40
S e p t. 17, 1956 22 39 57.1 10.15S 34 .29E 0 .23 5 6.
J a n .  04, 1957 18 16 11.4 0 7 .4 2 N 12.52W 1.01 12
J a n .  22, 1957 11 18 24 .5 04 .82S 28 .73E 1.41 41 6 .3 6 .1  A ST
A p r. 13, 1957 21 51 04 .4 30.18S 2P 97 E 3 .34 10 (6 .4 )
M a y  25, 1957 18 -33 0 3 .0 07 .18S 30 .51E 0 .8 6 4 5 .6
J u l .  05, 1957 15 32 05 .3 01 .89S 26 .75E 2.19 55 5 .6 6 .2  M A T
J u l .  09, 1957 22 24 43 .9 0 0 .11S 29 .32E 0.96 15 4 .8
J u l .  20, 1957 09 55 3 8 .0 21.41S 33 .40E 2.15 23 6 .2 6 .0  JO H
S e p t. 05, 1957 07 22 12 .5 21 .36S 3 3 .25E 1.59 7 6 .0  JO H
O c t. 17, 1957 02 52 0 2 .9 12.32S 3 3 .68E 2 .00 5 5.

* M ar. 25, 1958 09 08 47 .7 09 .62S 31 .08E 1.56 4 5.
M ay  05, 1958 06 31 38 .2 09 .64S 27 .83E 1.50 105 7 .2 6 .3  a v e ra g e  

s ta t io n s
J u l .  16, 1958 21 58 18.3 11.58S 29 .51E 1.94 12 6 .0
O c t. 03, 1958 17 15 21.1 14.93S 41 .20E 1.32 7
O c t. 30, 1958 02 26 0 8 .2 00.41S 48 .53E 1.35 7
J a n .  15, 1959 23 02 33 .6 00.IO S 29.76E 0.49 6
J a n .  27, 1959 05 44 03 .1 0 0 .4 6 N 2 9 ,97E 0 .2 6 5 4 .2

*M ar. 08, 1959 22 37 16.9 0 3 .7 8 N 36.94E 0 .9 2 5
M a r. 10, 1959 17 48 19.7 15.31S 30 .16E 2.27 27 6 .1
A p r. 04, 1959 15 07 19.1 06 .30S 5 1 .75E 2.17 10

*A pr. 14, 1959 09 36 4 3 .2 14.55S 22. H E 3.57 11 5 .8
A p r. 21, 1959 07 42 58 .6 10.51S 24 .99E 1.34 6 4 .8
M ay  04, 1959 16 25 5 7 .4 07 .45S 32 .86E 1.83 10
M a y  10, 1959 10 24 55 .6 03 .19S 35 .91E 1.11 5 4 .2
M a y  17, 1959 11 39 47 .0 04 .23S 33 .4 0 E 0 .93 5 4 .5
J u n .  01, 1959 11 22 5 6 .8 21.05S 26 .75E 2 .42 5
J u n .  01, 1959 17 58 5 1 .2 11.50S 26 .46E 1.93 6 5.

* Ju n . 14, 1959 15 02 4 7 .0 20 .96S 16.99E 2 .1 4 5
J u n .  19, 19-59 11 58 5 1 .6 00 .17S 29 .38E 2 .40 21 5 .4
J u n .  24, 1959 22 50 24 .3 03 .56S 31 .08E 1.39 5 4 .5
J u l .  05, 1959 09 46 40 .5 . 01 .63S 26 .50E 0.81 5
A ug. 05, 1959 02 26 4 8 .5 08 .63S 21 .21E 0 .59 5
A ug. 09, 1959 11 16 51 .4 0 0 .7 9 N 29.91E 1.81 12 5.1
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T A B L E  I — C o n tin u ed

Date
Origin Time

Lat. .Long, S.E. N Mag
(LWI) Mag (Other)

a M .  5
Sec.

A u g . 12, 1959 04 05 17.1 14.96S 26 .54E 2.21 51 6 .6 5 .2  K E W
A u g . 12, 1959 18 30 54 .3 26.44S 30.2513 i 2 .41 4
A u g . 24, 1959 01 26 03 .9 04. k s 35 .04E 1.57 14 6.1

*A ug. 24, 1959 20 05 24. 19 .8S 3 3 .4E 3
* S e p t. 09, 1959 16 54 16 .0 09 .12S 30 .0 8 E 0 .3 5 4

S e p t. 22, 1959 06 43 26 .6 0 0 .91N 29 .7 6 E 1 .42 5 4 .5
*O ct. 25, 1959 12 31 20 .4 04 .83S 35 .64E 0 .86 4 5 .2
*M ay  04, 1960 02 17 33 .4 01.21S 32 .4 6 E 0 .0 5 4 5 .7
J u l .  14, 1960 18 39 35 .8 0 7 .1 7 N 38 .46E 1.96 38 6 .3
J u l .  15, 1960 01 07 16.8 14.15S 21 .85E 1.68 7 5 .9
J u l .  15, 1960 05 02 0 3 .0 12.18S 45 .54E 1.58 72

* Ju l. 22, 1960 19 31 15.9 24.87S 36 .71E 0 .03 4
S e p t. 22, 1960 05 38 10.0 03 .60S 29 .08E 2 .05 97 5 .4 5.8 a v e ra g e  o f 4 

s ta t io n s
S e p t. 22, 1960 09 05 32 .5 03 .61S 29 .03E 1.97 121 6 .6  a v e ra g e  of 3 

s ta tio n s
S e p t .  22, 1960 09 14 5 5 .5 02 .89S 29 .41E 2 .62 76 6 .2  P A S , K E W
O c t. 24, 1960 03 58 18.0 03 .54S 28 .44E 1.87 12 4 .9
N o v . 27, 1960 20 37 18.8 03 .67S 28 .72E 1.28 20 4 .9
D e c . 02, 1960 13 43 20 .6 03 .52S 29 .14E 1.63 13 5 .1
J a n .  27, 1961 18 33 16.8 06.42S 30 .66E 1.50 7 5 .1
M a y  11, 1961 14 16 5 9 .0 03.70S 29 .31E 0.11 4 4 .9
M a y  20, 1961 17 51 5 8 .0 06.52S 30 .66E 2.49 50 6 .1
M a y  29, 1961 04 59 38.9 10 .50N 39 .7 4 E 1.88 21 5 .0  M O S
M a y  29, 1961 10 51 5 9 .5 10 .39N 39 .81E 1.56 55 5 .5  M O S

*M ay  29, 1961 11 39 4 7 .5 10.17N 40 .12E 1.89 11
M a y  29, 1961 19 24 01 .3 10.50N 39 .84E 1.70 46 5 .0  M O S
M a y  29, 1961 19 40 24 .4 10.43N 39 .77E 1.69 22
M a y  30, 1961 13 11 16.9 10.72N 39 .79E 1.71 16
J u n .  01, 1961 21 07 18.5 10 .92N 39 .57E 2.32 11
J u n .  01, 1961 23 29 18.8 10 .63N 39.81E 2.64 147 6 .4  a v e ra g e  of 12 

s ta t io n s
* Ju n . 01, 1961 23 56 37 .8 09 .4 3 N 39 .89E 0.51 10

J u n .  02, 1961 00 01 42 .8 10.46N 39 .63E 1.20 32
J u n .  02, 1961 00 08 53 .5 10 .41N 39 .9 0 E 1.63 46
J u n .  02, 1961 00 21 18.9 10 .41N 39 .70E 0.77 13

* Ju n . 02, 1961 00 57 5 3 .2 10 .03N 39 .20E 2.25 16
* Ju n . 02, 1961 02 35 33 .9 10 .88N 40 .5 1 E 2.23 17

J u n .  02, 1961 03 19 34 .9 10 .03N 40 .12E 1.41 9
* Ju n . 02, 1961 03 49 0 4 .0 09 .7 1 N 40 .69E 1.82 11
J u n .  02, 1961 04 51 10.6 10 .36N 39 .91E 1.60 142 6 .2  a v e ra g e  of 10 

s ta t io n s
J u n .  02, 1961 05 22 28 .5 10 .30N 40 .0 5 E 2 .14 72
J u n .  02, 1961 05 44 52 .7 10 .59N 40 .0 6 E 1.95 82 5 .8  K I R , 

5 .7  K E W
J u n .  02, 1961 06 17 10.7 10 .54N 39 .8 2 E 1.56 26
J u n .  02, 1961 07 02 46 .1 10 .14N 39 .91E 1.94 62 5 .5  M O S, 

5 .2  K I R

960



S E IS M IC IT Y  O F E A ST  A FR IC A  1933

TABLE 2— Continued

Date

Origin Time

Lat. Long. S.E. N Mag 
(LU'ij Mag (Other)■ Sec.

II M 5'

J u n .  02, 1961 07 21 4 3 .7 10 .50N 3 9 .7 4 E 1.29 26
* Ju n . 02, 1961 22 19 3 0 .0 1 0 .3 1 N 3 9 .8 9 E 1.33 9

J u n .  02, 1961 23 32 3 4 .6 10 .4 2 N 3 9 .9 5 E 1.51 34
*Jun . 03, 1961 02 05 2 7 .5 0 9 .8 0 N 4 0 .2 2 E 1 .25 11
J u n .  03, 1961 15 20 22 .4 10 .1 7 N 39 .9 7 E 1.26 33
J u n .  03, 1961 15 23 16 .4 10 .4 9 N 39 .9 3 E 1.59 68 5 .8  K I B ,  

5 .6  M A T
J u n .  03, 1961 16 25 5 1 .8 10 .6 1 N 4 0 .0 1 E 1 .90 15
J u n .  04, 1961 00 41 3 9 .2 10 .40N 3 9 .8 2 E 2 .1 7 9
J u n .  06, 1961 17 46 4 2 .8 11 .0 8 N 3 9 .1 9 E 1.96 8
J u n .  07, 1961 15 01 12 .2 10 .59N 4 0 .0 4 E 1.98 11

* Ju n . 09, 1961 03 15 5 7 .8 0 1 .98S 2 7 .5 1 E 2 .6 9 4 4 .6
J u n .  14, 1961 20 32 17 .8 10 .64N 3 9 .8 0 E 1.95 89 5 .7  U P P , 

5 .5  B U G  
5 . M O S

J u n .  19, 1961 04 34 11 .6 10 .46N 39 .9 6 E 1.49 8
J u n .  24, 1961 07 27 4 7 .2 12.69S 25 .8 3 E 2 .78 5
J u n .  24, 1961 15 04 3 1 .3 10 .6 9 N 3 9 .8 9 E 1.86 5
J u l .  03, 1961 21 25 55 .7 16 .28S 28 .7 7 E 0 .9 9 6

*A ug. 16, 1961 01 08 12 .0 12.04S 34 .9 1 E 0 .1 6 4 4 .8
S e p t .  13, 1961 19 20 12.7 1 7 .OIS 27 .7 6 E 1.88 7
N o v . 12, 1961 02 15 12 .0 0 .5 1 N 2 9 .5 0 E 1.78 70 5. P A L , 

5 .5  K E W
N o v . 13, 1961 04 30 4 3 .9 11 .32S 33 .9 4 E 0 .41 0
N o v . 30, 1961 13 30 16 .0 0 8 .54S 33.6910 1 .76 6

(M a r .  08, 1962 01 54 4 1 .9 2 2 .3S 3 9 .2  E
fM a r . 08, 1962 21 38 3 5 .8 03. OS 2 9 .2E 5.
S e p t . 25, 1962 04 48 3 6 .3 0 7 .52S 3 5 .1 2 E 1.74 14
S e p t. 30, 1962 03 35 32 .1 0 8 .50S 29 .0 3 E 1 .08 4 5 .0

( J a n .  09, 1963 18 22 3 3 .4 0 3 .3S 2 9 .4E
fM a y  26, 1963 19 24 4 1 .8 15. OS 3 5 .2E 5 .8 5 .0  U S C G S
j j u l .  06, 1963 22 32 3 1 .7 1 6 .3S 3 7 .7E 6 .1
(A u g . 14, 1963 00 15 07 .1 1 0 .7S 28 .7  E 5 .9
f S e p t . 23, 1963 06 40 3 6 .5 1 6 .6S 2 8 .6  E 6 .5 5 .5  U S C G S
fS e p t.  23, 1963 09 01 5 6 .8 1 6 .6S 2 8 .8E 7 . 5 .8  U S C G S
(S e p t .  23, 1963 15 02 23 .3 1 6 .7S 2 8 .4  E 0 .2
fS e p t .  23, 1903 22 23 37 .7 16 .6S 2 8 .7  E 6 .5
fS e p t .  25, 1963 07 03 5 4 .6 1 6 .7S 2 8 .7  E 0 .9 5 .8  U S C G S
fN o v . 08, 1963 09 59 24 .3 1 6 .5S 2 8 .5E 6 .5 5 .5  U S C G S
fF e b . 27, 1964 02 32 23 .7 0 7 .6S 3 9 .6E

S y m b o ls  sam e  a s  T a b le  1.

mid-oceanic l'idge system and the continuation of the seismic belt into the East 
African lift valleys were recognized previously (Ilothé, 19f>4; Ewing and Hoezen, 
1906; Hoezen and Ewing, 1963). Likewise, several authors described the similarities 
in the morphology of the two regions (Wiseman and Seymour-Sewell, 1937; Ewing 
and Hoezen, 19ñ6; Heezeni and Ewing, 1963).
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In previous studies (Gutenberg and Richter, 1954; Rothé, 1954; Drake and 
Girdler, 1964) many of the epicentral locations in these regions were uncertain by 
100 km. Several tectonic features can now be resolved with the more precise epi­
centers that are shown in figure 1.

In the Gulf of Aden and the Arabian Sea the earthquakes are confined almost 
exclusively to narrow linear belts. Epicenters in the southeast corner of the map

F i g . 1. E a r th q u a k e s  in  th e  G u lf o f A d en , A ra b ia , a n d  th e  A ra b ian  a n d  R e d  seas fo r th e  
p e r io d  J a n u a ry  1955 to  M a rc h  1964. L a rg e  c irc le s—e p ic e n te rs  co m p u te d  u s in g  10 o r m ore  s t a ­
t io n s ;  sm a ll c irc le s—e p ic e n te rs  d e te rm in e d  u s in g  less th a n  10 s ta tio n s .  R e c e n t e p ic e n te rs  lo ­
c a te d  b y  th e  U S C o a s t a n d  G eo d e tic  S u rv e y  (U S C G S) a re  in d ic a te d  b y  a  la rg e  o r sm all A'. 
S e ism o g rap h  s ta t io n s  t h a t  w ere  u sed  in  th is  s tu d y  a re  d e n o te d  b y  so lid  tr ia n g le s ;  th r e e - le t te r  
co d es of U S C G S u se d  fo r th e  id e n tif ic a tio n  of s ta tio n s .  T h e  e p ic e n te rs  a re  d ra f te d  on  a  p o r t io n  
of th e  P h y s io g ra p h ic  D ia g ra m  of th e  I n d ia n  O cean , p u b lish e d  b y  th e  G eo log ical S o c ie ty  of 
A m e ric a  (C o p y rig h t 1964 b y  B ru ce  C . H e ez e n  a n d  M a rie  T h a rp .  R e p ro d u ce d  b y  p e rm iss io n .)

follow the NW -SE trend of the Carlsberg ridge, a portion of the mid-oceanic ridge 
system. Between 10°N, 57°E and 13°N, 58°E, the seismic zone strikes NNE-SSW . 
The NW -SE trend is repeated between 13°N and 14 |°N . The main seismic belt 
follows the crest of the median ridge in the Gulf of Aden and joins the African 
continent in the Gulf of Tadjoura. In the Gulf of Aden a rift valley has been found 
along the crest of the oceanic ridge (Heezen and Tharp, 1964). Nearly all of the 
epicenters are confined to the rift valley.

M atthews (1963) and Heezen and Tharp (1964) used bathymetric data to deline­
ate a large fault that displaces the Carlsberg ridge in the Arabian Sea. The portion
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of the seismic belt that strikes NNE-SSW  coincides with the fault zone. Much of 
the seismic activity associated with the fault is confined to the region between the 
displaced crests of the mid-oceanic ridge. This distribution of epicenters is also 
typical of other fracture zones that intersect the crest of the mid-oceanic ridge

SEISMICITY O F  AFRICA
FIG. 3O  RELOCATED EPICENTERS 
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F i g . 2. E a r th q u a k e s  in  E a s t  A frica  fo r th e  p e r io d  J a n u a r y  1955 to  M a rc h  1964. S y m b o ls a re  
th e  sam e  a s in  F ig u re  1. F a u l ts  f ro m  th e  fo llo w in g  geo log ical m a p s : C ongo  (C ah en , 1952), E a s t  
A frica  ( I n te r - te r r i to r ia l  co n fe ren ce , 1954), a n d  A fr ica  (F u ro n  a n d  D a u m a in , 1959; U N E S C O , 
1963). T h e  a re a  e n co m p assed  in  F ig u re  3 is  a lso  in d ic a te d .

(Sykes, 1963; Heezen, Gerard and Tharp, 1964; Sykes, in preparation, 1965). The 
epicenters at 18.1°N, 60.1°E and 21.9°N, '62.0°E are located on] the northern exten­
sion of the fracture zone. The reported location for the event on January 29, 1965, 
near 16.5°N, 58.5°E may be in error by 51 to 100 km (table 2).
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Drake and Girdler (1964) and others have suggested that the Gulf of Aden and 
the Red Sea developed in response to a relative displacement of Arabia with respect 
to the African continent. In the Arabian Sea the NW -SE trend of. epicenters is dis­
placed in a right lateral sense approximately 300 km in the vicinity of the fault near 
58°E. This displacement is almost exactly equal to the width of the mouth of the 
Gulf of Aden. The fault near 58°E may represent the southeastern boundary of the 
Arabian tectonic block. The concentration of epicenters along this fault indicates 
continued movement at the present time. A study of the focal mechanism of these 
earthquakes could give additional information on the sense of the movement along 
the fault.

Heezen and Tharp (1964) indicate that this large fault system in the Arabian 
Sea may extend as far south as the east coast of the Malagasy Republic. Two epi-

T A B L E  3
E r r o r s  in  C o m p u t e d  L o c a t io n s  f o r  T h r e e  L a r g e  N u c lea r  E x p l o s io n s  

in  t h e  S o u t h w e s t  P a c ific  in  1954 
E r r o rs  g iv en  r e la t iv e  to  lo c a t io n s  re le a se d  b y  U S A to m ic  E n e rg y  C o m m iss io n  

(G rig g s  a n d  P re s s , 1961). D e p th  c o n s tra in e d  to  th e  su rfa ce  o f th e  e a r th
in  a ll c a lc u la tio n s

Author
bravo—February 28 rom'eo—March 26 union—April 25

Alat. Along.
/
Alat. Along. Alat. Along.

P re s e n t  P a p e r
G u n s t  a n d  E n g d a h l  (1962)
B o lt  (1960)

.02°N

.03°N

.05°N

.02°W

.02°W

.05°E

.05°N

.05°N o 
o

o 
o

S: 
3 . o r s

.01°S
,07°W
.02°W

centers are found in the vicinity of the fault near 6°S, 52°E. Hence, this fault is one 
of the great tectonic features of the earth; its influence should be considered in 
future seismological investigations.

Heezen and Tharp (1964) also mapped other faults that are approximately paral­
lel to the major NNE-SSW  fault zone. In the Gulf of Aden regions of high seismicity 
are found where these faults intersect the median ridge, e.g., near 48 |°E  and near 
51|°E . The largest earthquake reported in this study occurred at one of these in­
tersections on December 21, 1959 (14.0°N, 51.7°E, magnitude M =  6.7). This 
region was a locus of seismic activity throughout the period 1955 to 1964. The 
concentration of epicenters near 54°E may be indicative of another NNE-SSW  
striking fault.

S e i s m i c i t y  o f  t h e  R e d  S e a

Seismic activity in the Red Sea during the interval 1955 to 1964 was considerably 
less than that associated with the Gulf of Aden and the Arabian Sea. Most of the 
earthquakes were concentrated in the southern half of the Red Sea. The distribution 
of seismic activity is similar to that found by Gutenberg and Richter (1954) and by 
Drake and Girdler (1964). Unlike the Gulf of Aden, many of the epicenters in the 
Red Sea are located along marginal faults (Drake and Girdler, 1964) rather than 
along the median rift. The lower seismic activity in the Red Sea may be related

964



S E ISM IC IT Y  O F EA ST  A FRIC A 1937

to an absence of faults that intersect the rift valley. Other factors such as the relative 
ages of the tectonic units or differences in the pattern of stress may account for the 
variations in seismic activity.

The US Coast and Geodetic Survey reported an earthquake in northeastern 
Arabia near 27°N, 47§°E on M ay 10, 1960. From 21 readings of P  the epicenter was 
relocated in southern Iran near 31.77°N, 50.84°E. Thus none of the computed epi­
centers are associated with the Precambrian or Paleozoic rock units of Arabia.

E arthquakes in  E ast Africa

Epicenters in East Africa for the period 1955 to 1964 are shown in figure 2. 
Previous studies of the seismicity of Africa are summarized in a review by Gorshkov

11.5'
N.

11.0'

10.5°

10.0*

9 . 5 '

3 9 .0 ' 3 9 .5 ' 40.0* 40.5* 41.0 'E.
F i g . 3. E a r th q u a k e s  in  E th io p ia  d u r in g  M a y  a n d  Ju n e  1961. T h e  tw o  la rg e s t  e v e n ts  a re  d e ­

n o te d  b y  so lid  c irc le s ; w ell lo c a te d  a f te rsh o c k s , la rg e  o p en  c irc le s ; p o o rly  lo c a te d  a f te rsh o c k s , 
sm a ll o p en  c irc les. F a u l ts  f ro m  p re lim in a ry  m a p  of M o h r (1960). F a u l ts  in  th e  a re a  b e tw een  
9.5° a n d  10.5°N  a n d  b e tw een  40° a n d  41 °E  w ere  n o t  m ap p ed .

(1963). DeBremaecker (1959) investigated earthquakes as small as magnitude 2 in 
a portion of the western rift; Gane and Oliver (1953) and Oliver (1956) discussed 
earthquakes in South Africa; Korn and Martin (1950) studied the seismicity of 
southwest Africa.

Many of the earthquakes in East Africa are associated with the various branches 
of the rift system. During the past nine years the western rift was the most seismi- 
cally active region in East Africa. In a previous study Gutenberg and Richter (1954) 
indicated that the seismic activity in the Ethiopian rift valleys was comparable to 
that found in the western rift. However, a number of other epicenters such as those 
near Elizabethville (ELI) and Broken Hill (BHA) are not located along the rift 
valleys. It might be supposed that these epicenters are mislocated. There are several 
indications, however, that the epicentral determinations are in fact quite accurate. 
Several of the largest events reported in this paper were not located along the rift

cP;
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valleys. These include earthquakes on July 5, 1957; .May 5, 1958; August 12, 1959, 
and September 23,1963. Each of these shocks was well recorded with respect to both 
distance and azimuth. The stated locations are consistent with the arrival times of 
stations within a few degrees of the epicenters. The errors in location are at least 
an order of magnitude smaller than the distances to 1hc nearest rift valleys.

The epicentral determinations reported in this paper are in close agreement with 
the locations computed by IRSAC (Lwiro) for earthquakes within the central 
African network (DeBremaecker, 1959). Also the epicentral locations are consistent 
with the locations that may be inferred from intensities published by Sutton and 
Berg (1958). Several of thé epicenters computed by ( ¡utenberg and Richter (1954) 
and by DeBremaecker (1959) are also located outside the rift valleys. Hence, the 
scatter of the epicentral locations in East Africa cannot be ascribed to computational 
errors.

The complexity of the East African rift system and the large areal extent of seismic 
activity contrast considerably with the pattern of seismicity observed for various 
portions of the mid-oceanic ridge. Epicenters along the oceanic ridges are restricted 
to narrow linear belts that are less than 50 km wide. Earthquakes in other con­
tinental areas are not confined to single narrow seismic belts. Although many shocks 
in the Califronia-Nevada region occur along the San Andreas fault, other earth­
quakes are not located along this major fault zone (Richter, 1958, pp. 472-474). 
These contrasts in the pattern of seismicity are apparently indicative of either 
different stress patterns or different responses to stress between oceanic and con­
tinental regions.

E th iop ian  E a r th q u a k e s  D u rin g  1961

Two earthquakes of magnitude approximately 65 and a series of aftershocks oc­
curred near Karakore, Ethiopia, during May and June 1961. Thirty-four of these 
events were relocated from teleseismic data. The epicenters are shown in figure 3, 
and the computations are listed in table 2 . The locations denoted by large circles 
are probably accurate to within about 10 km. However, the earthquakes indicated 
by small circles may be in error by 50 or 100 km since essentially three stations were 
used in these computations (usually several European stations at approximately 
the same distance and azimuth plus Shiraz and Bangui). The region defined by the 
well-recorded earthquakes is assumed to represent the area of aftershock occur­
rence. The size of this area is consistent with the extent of the region that suffered 
a vertical displacement of about 6 feet (Gouin, 1963).

Since seismic readings were not available from Addis Ababa for 1961, the closest 
station used in any of these computations was Lwiro (17°). Figure 3 demonstrates 
that, even in the case of a main shock of only moderate size, teleseismic readings 
can be used to estimate the area involved in an aftershock sequence.

E arthquakes in Western Africa

The epicenter of an earthquake on January 4, 1957, was located in Sierra Leone 
near 7.4°N, 12.5°W. All other epicenters reported in this study occurred to the east 
of 16°E. Gutenberg and Richter (1954) list individual epicenters in Ghana (6°N, 
01°W), Cameroons (2°N, 15°E), Angola (10°S, 15°E) and off the Cape of Good
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Hope (39°S, 21°E). Gorshkov (1963) discusses several historical epicenters in these 
regions. Western Africa south of 30°N may be characterized as a region of only 
minor seismic activity.
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JOHN J. VEEVERS

SU B M A R IN E M O R P H O L O G Y  O F  T H E  SAH U L SH E L F, 
N O R T H W E S T E R N  AUSTRALIA

A b s tra c t  : T h e  Sahu l Shelf, lo ca ted  b e tw een  n o r th ­
w este rn  A u stra lia  a n d  th e  T im o r T ro u g h , consists 
o f  a  c en tra l basin  su rro u n d e d  b y  b ro ad , shallow  
rises. S up erim p o sed  on  th e  reg ional re lie f  is a 
system  o f  banks, terraces, a n d  channels . T h e  flat 
to p s  o f  ban k s an d  te rraces fo rm  p a r ts  o f  several 
reg ional, su b h o rizo n ta l surfaces. T h e  s tep lik e  to ­
p o g ra p h y  closely resem bles th e  system  o f  la te  
C enozo ic  erosional surfaces o n  th e  a d ja ce n t land

I n t r o d u c t i o n

The Sahul Shelf, off the northwest coast of 
Australia, is a very wide continental shelf 
which derives its interest primarily from its 
position between the continental mass of 
Australia and the island arches and geosynclines 
of Indonesia. An early study, based on con­
ventional nautical charts, was made by Fair- 
bridge (1953). In 1960 and 1961, Scripps Insti­
tution of Oceanography made a detailed 
bathymetric and sampling survey of the region 
and the adjacent Timor Trough (van Andel 
and others, 1961; van Andel and Veevers, 
in press) as part of the International Indian 
Ocean Expedition. The resulting information, 
supplemented by detailed sounding data for 
parts of the shelf provided by the Hydrogra- 
pher, Royal Australian Navy, forms the basis 
of this report.

R e g i o n a l  M o r p h o l o g y

The regional morphology of the Sahul Shelf 
is unusual (Fig. 1); instead of the flat, gently 
seaward-sloping plain of most shelves, the 
Sahul Shelf contains a large central basin, the 
Bonaparte Depression, with a maximum depth 
of 120-140 m. This basin is reflected in the 
coast line by a deep embayment, the Joseph 
Bonaparte Gulf. The Bonaparte Depression is 
surrounded by broad rises with crest depths 
of 40-50 m. The Van Diemen Rise, extending 
seaward from Melville and Bathurst Islands, 
is the submerged continuation of these islands; 
the Londonderry Rise connects the Kimberley

o f  w h ich  i t  p ro b a b ly  is th e  su b m erg ed  ex tension . 
T h is  req u ire s  u p lif t, w ea th e rin g , and  d e n u d a tio n  
of. th e  sh e lf in  m id d le  and  la te  T e r t ia ry . S u bse­
q u e n tly , th e  she lf was d e fo rm ed  to  fo rm  th e  basin 
a n d  rises. T h is  d e fo rm a tio n  caused th e  o rig ina l 
d ra in ag e  to  b ecom e a n te c e d e n t. L o w er surfaces 
w ere  fo rm ed  d u r in g  P le is tocene  low  sea-level 
s tands.

area with the shelf edge. The Sahul Rise sepa­
rates the Bonaparte Depression from the Timor 
Trough. The basin is connected with deep 
water by a long, narrow valley with a maximum 
depth of 200 m. Malita Shelf Valley.

The shelf edge is represented by a gradual 
change in slope, usually marked by a low cliff 
at 110-130 m. A second shelf edge at approxi­
mately 550 m, reported by Fairbridge (1953), 
does not exist. Just beyond the edge of the 
shelf on the upper continental slope are numer­
ous clusters of small, steep-sided banks, 1-5 km 
in diameter; they rise from 200 to 400 m and 
universally have flat tops at 20-25 m. Fair­
bridge (1953) has explained these banks as 
strings of reefs, a broken barrier originally 
formed in shallow water, and slowly grown- up 
during gradual subsidence of the Timor Trough.

Superimposed on this broad regional relief 
is a complex fine structure of banks, terraces, 
and channels. The tops of the banks are gener­
ally flat; their slopes are fairly steep and 
occasionally interrupted by terraces. The chan­
nels are closely spaced, subparallel or, in the 
form of a braided pattern, and steep-walled 
(Fig. 2). In most cases, the channels cut 
through the rises, suggesting antecedent sys­
tems, and are much deeper in their central 
portions than at either end. They lose their 
identity in the Bonaparte Basin and on the 
outer shelf, in depths, of approximately 100 m.

On the Van Diemen Rise, the bank and 
channel topography is strikingly similar to the 
morphology of Melville and Bathurst Islands. 
On the Londonderry and Sahul Rises, the
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tp p o g ra p h y  is m o re  su b d u e d , th e  d iffe ren ces in  
re lie f  sm alle r, a n d  th e  m a x im u m  e lev a tio n s  
low er. T h e  B o n a p a r te  D ep ressio n  is a n  a rea  o f  
g e n tle  slopes o r  fla t b o tto m s , w ith  o n ly  a few  
m in o r  ban k s. T h e  o u te r  sh e lf  is c h a ra c te riz e d  
by  f la t b o tto m s ; w id e , low  te rra ce s ; a n d  sha llow  
ch an n e ls . A g g rad ed  su rfaces p re d o m in a te  in  th e  
Jo sep h  B o n a p a r te  G u lf .

c o n v e rg e  in  th e  sam e d ire c tio n . S u rfaces I I I  
a n d  IV  (F ig s. 3, 4) c an  be  tra c e d  w ith  co n fi­
d en ce  o v e r  m o st o f  th e  sh e lf  a rea . O n  th e  rises, 
th e y  fo rm  te rra ce s  a n d  v a lley  floors; in  th e  
B o n a p a r te  B asin , th e y  a re  d e v e lo p ed  as b a n k  
top s. B e lo w  su rface  IV , sev era l o th e r  te r ra c e  
a n d  v a lley -flo o r leve ls can  b e  tra c e d  in  th e  
basin , o n  th e  flanks o f  th e  rises, a n d  o n  th e

1 2 4 °  1 2 6 °  12 8 ° 130®

B&THURSr
BONAPARTE
DEPRESSION

JOSEPH
BONAPARTE

GULF

KIMBERLEY

N.W. AUSTRALIA
124° 126° 128° 130°

Figure 1. R egional m orphology o f the Sahul Shelf, northw estern  Australia

T h e  m o st s tr ik in g  f e a tu re  o f  th e  sh e lf 
to p o g ra p h y  is th e  w id e sp rea d  o c c u rre n c e  o f  
f la t, s u b h o r iz o n ta l surfaces, se p a ra te d  b y  sh o rt, 
s te e p e r  slopes (F ig . 3 ). G ra d ie n ts  ou  th e  fla t 
su rfaces a re  o f  th e  o rd e r  o f  0 .05 m /k m  w ith  
o n ly  m in o r  ir reg u la ritie s . T h e  surfaces o c cu r 
a t  n u m e ro u s  levels a n d  a re  c o v e re d  by  u n c o n ­
so lid a te d  ca lcareous sed im en ts .

M a n y  o f  these  flat su rfaces can  be c o rre la te d  
re g io n a lly  o n  th e  basis c f  c ro ss-c o rre la tio n  b e ­
tw een  sec tions, tra c in g  o n  d e ta ile d  c h a rts , 
e le v a tio n , a n d  se q u e n tia l o rd e r. T h e  h ig h e r 
surfaces sh o w n  in F ig u re s  3 a n d  4 (1 a n d  II )  a re  
re s tr ic te d  to  th e  rises w h e re  th e y  fo rm  th e  tops 
o f  h ig h er banks. T h e y  d ip  n o rt h w est w a rd  a n d

o u te r  shelf. S u rface  IV  a n d  lo w er surfaces 
co n v erg e" m a rk e d ly  o n  th e  rises a n d  d iv e rg e  
to w a rd  th e  o u te r  sh e lf  a n d  th e  c e n te r  o f  th e  
B o n a p a r te  D epression .

Interpretation

T h e  b a n k  a n d  c h a n n e l to p o g ra p h y  m ig h t  be  
a t t r ib u te d  to  fo rm a tio n  o f  p la tfo rm  reefs, a d ­
ju s te d  b y  g ro w th  a n d  m arin e  erosion  to  va rio u s 
sea-level s tan d s . A few  a c tiv e  p la tfo rm  reels 
o c cu r lo ca lly  o n  th e  S ah u l S h e lf  (F a irb r id g e , 
1950). H o w ev e r, on  th e  w hole, th e  b a n k  m o r ­
p h o lo g y  is n o t  s im ilar to  re e f  to p o g ra p h y ; l i t t le  
re e f  m a te r ia l  has b een  lo u n d  in  som e 375 
sam ples ta k e n , a n d  th e  sy s te m  ol sea-level
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changes needed to explain all surfaces is im­
probably complex.

Fairbridge (1953) has pointed out the simi­
larity between topography of the shelf and the 
relief of the adjacent land. The now available 
detailed knowledge of- the shelf relief shows 
that this similarity is very striking and strongly

cise correlations are not yet obtainable. The 
oldest and highest of these surfaces, variously 
named the Australian, Bradshaw, or Tennant 
Creek surface, is probably of mid-Tertiary age 
and deeply laterized, indicating a long period 
of peneplanation and weathering before uplift. 
A Miocene marine-transgressive sediment, the

m - á .

. ÁL % •£"
*r P

aSHMORE * 11REEF

s* CHANNEL

Figure 2. Bank and channel topography of the Sahul Shelf, northwestern Australia, showing only 
those banks that have closed contours greater than 40 m above the surrounding terrain. Arrows 
indicate detailed cross section in Figure 3. One degree latitude equals 60 nautical miles.

suggests that both are of the same origin. Thus, 
the shelf relief would be due to subaerial 
weathering, erosion and peneplanation, and 
subsequent submergence with little sedimen­
tation. This hypothesis, although plausible, 
cannot be proved at this time, but its conse­
quences are interesting enough to explore 
briefly in this paper.

Various authors (Hays, unpub. rept., Bur. 
Min. Res. Australia; Kang, 1949, Paterson, in 
press; Wright, 1963) have described series of 
late Tertiary and Quaternary erosion surfaces 
on the adjacent land. Several of these are 
apparently continuous over large portions of 
western and northern Australia although pre-

White Mountain formation, occurs in places 
on the laterite and predates the uplift. Strip­
ping of parts of the laterite resulted in the 
formation of a slightly younger, much less 
deeply weathered lower surface, the Wave Hill 
or Maranboy surface. Even lower are several 
cycles of partly erosional, partly depositional 
plains which are generally attributed to Pleisto­
cene sea-level fluctuations. Tentatively, it is 
suggested that the Australian and Wave Hill 
surfaces are the landward equivalents of Sahul 
Shelf surfaces I and II, whereas surface III and 
lower surfaces represent the seaward extensions 
of the Pleistocene cycles.

All shelf surfaces follow the regional pattern
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Figure 3. Topographic cross sections o f the  Sahul Shelf, northw estern  A ustralia. V ertical exaggeration 200 X . Locations (A, B, and C) on F igure 2. P repared  
from  echo-sounding records and detailed contour m aps
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SPACING OF
s u rf a c e s  n a m

0_______ 50
NAUT miles 

CHANNELS 9 AM

SPACING OF 
SURFACES m  a  DZ

NAUT. MILES

Figure  4. Spacing betw een surfaces I I  and I II  and  surfaces I I I  and IV  (see F ig. 3) 
over th e  Sahul Shelf, northw estern  A ustralia

o f  rises a n d  d ep ress io n s. I f  th e  h y p o th e s is  ju s t  
p re se n te d  is c o rre c t,  th is  re g io n a l re lie f  is 
p ro b a b ly  d u e  to  e p e ir ic  d e fo rm a tio n  d u r in g  o r  
a f te r  th e  fo rm a tio n  a n d  u p l if t  o f  th e  e ro s io n a l 
su rfaces. D e fo rm a tio n  o f  th e  W av e  H ill  su rface  
h as b e e n  n o te d  b y  H a y s  (u n p u b . r e p t . ,  B u r .  
M in . R es., A u s tra lia )  a n d  a p p e a rs  to  be  w ell 
a lig n e d  w ith  th e  re g io n a l s t r u c tu r e  o f  th e  shelf.

B ecau se  th e re  is n o  c o n v e rg e n c e  o f  su rfaces 
I / I I  o r  I I / I I I  o v e r  th e  rises (F ig . 4 ), i t  m a y  b e  
a ssu m ed  t h a t  n o  d e fo rm a tio n  to o k  p lace  u n t i l  
th e  t im e  o f  u p lif t  o f  su rface  I I I .  T h e  c h a n n e l 
sy s te m  o f  th e  V a n  D ie m e n  R ise , n o w  a n te ­
c e d e n t,  m a y  re p re se n t  th e  o r ig in a l n o r th e r ly  
d ra in a g e  o n  th ese  surfaces. W h e n  th e  S a h u l 
a n d  V a n  D ie m e n  R ises d e v e lo p e d , d ra in a g e

9 7 3



700 V AN A N D E L  A N D  V E E V E R S —S U B M A R IN E  M O R P H O L O G Y  O F  T H E  SA H U L SH EL F

was diverted to the west. Subsequent uplift of 
the Londonderry Rise converted these channels 
also into an antecedent system.

Surfaces III and IV and, even more marked­
ly, those below IV show clear divergences 
toward low areas and convergences over the 
rises (Fig. 4). Hence, deformation probably 
began between surfaces III and IV, possibly in 
the early Pleistocene, and has continued since 
that time.

The hypothesis of subaerial origin, if correct, 
requires that during most of its Cenozoic 
history the Sahul Shelf was above sea level and 
intermittently rising. Unless we assume that 
successive Pleistocene minima of sea level were 
progressively lower, this rise must have con­
tinued until relatively late in the Pleistocene.
Then it was followed by a rather abrupt sub­
sidence of some 120 m. Because the original 
relief seems well preserved, not much sedimen­
tation can have taken place since the sub­
sidence. The shelf appears to be mainly a zone 
of sediment bypassing. The smooth, long, gentle 
southeastern slope of the Timor Trough, on the 
other hand, suggests that a thick, continuous
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sequence of late Cenozoic sediments may occur 
here. During the period of emergence, the 
shelf-edge banks formed a fringe of reefs just 
beyond the hinge line between continental 
uplift and geosynclinal subsidence.

If this hypothesis, admittedly speculative, 
should prove to be correct through further 
geophysical work and drilling, this late Ceno­
zoic history would represent one more cycle 
in a long series of shallow marine transgressions 
followed by uplifts and erosion along structural 
lines quite similar to the present ones (Fair- 
bridge, 1953).
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A  M A G N E T I C  M I N E R A L  F R O M  T H E  I N D I A N  O C E A N 1

C . G . A . H a r r i s o n  a n d  M .  N .  A .  P e t e r s o n ,  S c r i p p s  I n s t i t u t i o n  o f  

O c e a n o g r a p h y , U n i v e r s i t y  o f  C a l i f o r n i a ,  S a n  D i e g o ,  L a  J o l l a ,  C a l i f o r n i a .

A b str a c t

A h ig h  c o n c e n tra t io n  of a  m a g n e tic  m in e ra l w as fo u n d  n e a r  th e  to p  of tw o  co res from  
th e  I n d ia n  O cean . M a g n e tic  p ro p e rt ie s  of th e  se d im e n t su g g e st a n  in  s itu  fo rm a tio n . X -ra y  
a n d  m a g n e tic  d a ta  sh o w  th a t  th e  m in e ra l is b e tw ee n  m a g n e tite  a n d  m ag h e m ite  in s tru c tu re ,  
a n d  th e  fo rm a tio n  o f su c h  a  m in e ra l in  th e  d eep  sea  e n v iro n m e n t is considered .

D u r in g  th e  S c r ip p s  I n s t i t u t i o n  o f O c e a n o g ra p h y ’s M o n s o o n  e x p e d it io n  

a  p is to n  co re  a n d  t r i p  g r a v i t y  co re  w e re  ta k e n  a t  la t  2 3 °5 6 'S , lo n g  
7 3 ° 5 3 'E , in  a d e p th  o f  2022 fm .  T h e  re g io n  w as  one  o f a b y s s a l h i l ls  

h a v in g  m a x im u m  h e ig h ts  o f a b o u t  200 fm ,  th e  d e p th  o f  w a te r  ra n g in g  

f r o m  1700 fm  to  234 0  fm .  T h e  m a x im u m  s lo p e  o f th e  h i l ls ,  m e a s u re d  f r o m  

th e  P D R  re c o rd , w as  a ^ o u t  14°. T h e  re c o rd  sh o w s  fe w  p la ce s  w h e re  th e re  

a re  f la t  p o r t io n s  b e tw e e n  th e  a b y s s a l h i l ls .  T h e  te n ta t iv e  p o s i t io n  o f th e  

I n d ia n  O ce a n  r is e  (R .  L .  F is h e r ,  p e rs . c o m m .)  p u ts  th e  p o s i t io n  o f th e  

co re  225 m ile s  e a s t o f  th e  c e n te r  o f th e  r id g e .
I n  th e  u p p e rm o s t p o r t io n  o f b o th  co res , th e re  w as  a n  a n o m a lo u s ly  h ig h  

v a lu e  o f th e  m a g n e t ic  s u s c e p t ib i l i t y .  I n  th e  p is to n  co re , m e a s u re m e n ts  o f 
m a g n e t ic  s u s c e p t ib i l i t y  o n  s a m p le s  ta k e n  a t  2 c m , 30  c m , 41 c m , a n d  57 

c m , f r o m  th e  to p  o f  th e  c o re , w e re  a l l  in  th e  re g io n  o f 300  m ic ro  e m u /c c ,  

w h e re a s  s a m p le s  f r o m  64  c m , 72 c m , 91 c m , a n d  f u r th e r  d o w n  h a d  m a g n e t­

ic  s u s c e p t ib i l i t ie s  o f th e  o rd e r  o f 10 m ic ro  e m u /c c  (F ig .  1 ). I n  th e  g r a v i t y  
co re , s a m p le s  f r o m  16 c m  a n d  23 c m  h a d  a h ig h  s u s c e p t ib i l i t y  o f  a b o u t  
1000 m ic ro  e m u /c c ,  a n d  s a m p le s  f r o m  6 c m , 28 c m , a n d  45 cm  h a d  m o re  

n o rm a l s u s c e p t ib i l i t ie s  o f b e tw e e n  10 a n d  25 m ic ro  e m u /c c .
I t  seem ed  l ik e ly  t h a t  a s h a rp  c o n ta c t  f r o m  g ra y is h  b u f f  to  l ig h t  b u f f  

c a lc a re o u s  ooze  a t  58  c m  in  th e  p is to n  c o re  w o u ld  be d ia g n o s t ic  o f  th e  

s e d im e n t ty p e  c h a n g in g  f r o m  one  o f h ig h  m a g n e t ic  s u s c e p t ib i l i t y  to  one  

o f lo w  m a g n e t ic  s u s c e p t ib i l i t y ,  a n d  th is  w a s  v e r i f ie d  w i t h  a n  a s ta t ic  

m a g n e to m e te r  s y s te m . O v e r  th e  p o r t io n s  o f th e  co re  w h e re  th e  m a g n e t ic  
s u s c e p t ib i l i t y  w as  v e r y  h ig h ,  th e  d e f le c t io n  o f a s p o t o f l ig h t  f r o m  th e  

m a g n e to m e te r  m i r r o r  w a s  s e v e ra l c e n t im e te rs ,  b u t  o v e r th e  o th e r  p o r ­

t io n s , l i t t l e  o r  n o  d e f le c t io n  w as o b s e rv a b le . A l l  o f  th e  s e d im e n t a b o v e  58 

c m  g a v e  la rg e  d e f le c t io n s , w h e re a s  t h a t  b e lo w  58 cm  ga ve  o n ly  s m a ll 

d e f le c t io n s .

1 T h is  p a p e r  re p re se n ts  re su lts  of re sea rc h  sp o n so red  b y  the. A m erican  C h em ica l S o c ie ty , 
G ra n t  N o . P R F  700A , b y  th e  N a t io n a l  Science F o u n d a t io n  N S F  G P -489  a n d  N S F  G -22255 
a n d  th e  Office o f N a v a l  R e se a rc h  c o n tra c t  N o n r  2216(05).

C o n tr ib u tio n  fro m  th e  S c rip p s  I n s t i tu t io n  of O c ea n o g ra p h y , U n iv e rs ity  of C a lifo rn ia , 
S a n  D iego .
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F ig . 1. M agnetic susceptibility of M SN 56 in micro em u/cc for various depths.

T h e  g r a v i t y  co re  ( b u f f  c a lc a re o u s  ooze , s o m e w h a t d a rk e r  a n d  s l ig h t ly  
z e o l it ic  in  th e  lo w e r  p a r t )  w as  58 c m  lo n g  a n d  o n ly  f iv e  s a m p le s  w e re  

ta k e n . T h e  s e d im e n t in  th e  g r a v i t y  co re  a p p a r e n t ly  has  a w e a k ly  m a g n e t­

ic  s e c tio n  a b o v e  as w e ll as b e lo w  th e  s t r o n g ly - m a g n e t ic  s e c tio n , as th e  

s a m p le  a t  6 c m  h a d  a n o rm a l s u s c e p t ib i l i t y .  T h e  tw o  b o u n d a r ie s  o f  th e  
m o re  m a g n e t ic  s e c tio n  w e re  th u s  b e tw e e n  6 a n d  16 c m , a n d  b e tw e e n  23 

a n d  28 c m .

T h e  d if fe re n c e  b e tw e e n  th e  th ic k n e s s  o f  th e  s t r o n g ly - m a g n e t ic  p o r t io n  

in  th e  g r a v i t y  a n d  p is to n  co res  is p r o b a b ly  d u e  to  a s h o r te n in g  p ro d u c e d  

b y  th e  g r a v i t y  c o r in g  p ro ce ss . T h is  w o u ld  a lso  o b s c u re  th e  l i t h o lo g ic a l  
b o u n d a ry ,  w h ic h  is  o n ly  seen in  th e  p is to n  co re .

T h e  m a g n e t ic  m in e ra l  o c c u r r in g  in  th e  to p  58  c m  o f M S N  56  P  has 

bee n  c a r e fu l ly  s tu d ie d  b y  s e v e ra l m e th o d s , w h ic h  a re  n o w  d e s c r ib e d . T h e  

C u r ie  te m p e ra tu re  w as  d e te rm in e d  b y  m e a s u r in g  th e  s a tu r a t io n  m a g n e ­

t iz a t io n  o f  a s m a ll s a m p le  as a f u n c t io n  o f te m p e ra tu r e .  T h e  h e a t in g  w as
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d o n e  in  a i r ,  a l lo w in g  e a sy  o x id a t io n  o f  th e  m in e ra l.  T h e  C u r ie  te m p e ra ­

tu r e  w as  fo u n d  to b e 6 4 0 °  C . ( F ig .  2 ) . T h e  m a g n e t ic  s u s c e p t ib i l i t y  in  a s m a ll 

f ie ld  w a s  0 .0 4 5  e m u /g m /o e r s te d .  F r o m  th e se  tw o  o b s e rv a t io n s , w e  can  

s a y  t h a t  th e  m in e ra l  is  n e i th e r  m a g n e t ite  ( h a v in g  a C u r ie  p o in t  o f 5 8 5 ° C . 
w h ic h  is  lo w e re d  b y  th e  p re se n ce  o f im p u r i t ie s ) ,  n o r  h e m a t ite ,  w h ic h  has a 

v e r y  lo w  in i t i a l  s u s c e p t ib i l i t y .  T h e  o n ly  o th e r  m in e ra l  w h ic h  w o u ld  seem 

l ik e ly  is  m a g h e m ite  o r  a  m in e ra l  w i t h  m a g h e m ite  s t r u c tu re .  M a g h e m ite  

is  u n s ta b le  to w a rd s  h e a t,  b e in g  c o n v e r te d  to  h e m a t ite  a t  a te m p e ra tu re  

b e tw e e n  200° a n d  8 0 0 ° C . (M a s o n , 1 9 4 3 ). T h e  C u r ie  p o in t  o f p u re

io
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•

•
•

•
•

•
•

•
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__ •
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•
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F ig .  2. S a tu ra t io n  m a g n e tiz a tio n  o f m a g n e tic  “ m in e ra l” from  M S N  56  P  fo r in creas in g  
te m p e ra tu re .  T h e  s a tu ra t io n  m a g n e tiz a tio n  is p lo tte d  a s  th e  frac tio n  of th e  s a tu ra tio n  
m a g n e tiz a tio n  a t  0 °  C ., re m a in in g  a t  T °  C . T h e  d o ts  a re  fo r in creas in g  te m p e ra tu re . T h e  
o p en  c irc le  is  th e  f ra c tio n  of s a tu ra t io n  m a g n e tiz a tio n  a t  100° C . a f te r  coo ling  h a d  ta k e n  
p lace .
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m a g h e m ite  has  n e v e r  bee n  d i r e c t ly  d e te rm in e d ',  b u t  b y  m e a s u re m e n t o f  

th e  C u r ie  p o in t  o f  s o lid  s o lu t io n s  o f m a g h e m ite  w i t h  a n o th e r  c a t io n ,  a n d  

b y  e x t r a p o la t io n  to  p u re  m a g h e m ite  i t  has  been  q u o te d  as 6 8 0 °  C . 

( M ic h e l  a n d  C h a u d ro n , 1 9 3 5 ).

T h is  p a r t ic u la r  fo r m  is q u i te  s ta b le  to w a rd  h e a t ;  w h e n  th e  C u r ie  p o in t  
Was b e in g  d e te rm in e d ,  th e  m a te r ia l  w as k e p t  a t  c e r ta in  c o n s ta n t  te m p e ra ­

tu re s  fo r  p e r io d s  o f  u p  to  tw e n ty  m in u te s , in  o rd e r  to  see i f  a n y  ch a n g e  

f r o m  m a g h e m ite  to  h e m a t ite  (m a n ife s te d  b y  a f a l l  in  s a tu r a t io n  m a g n e ­

t iz a t io n )  w as  o c c u r r in g .  A s  n o  su ch  ch a n g e  to o k  p la c e  b e lo w  th e  C u r ie  

p o in t ,  th e  m a te r ia l  n e e d e d  a te m p e ra tu re  g re a te r  th a n  6 4 0 ° C . fo r  th e  

ch a n g e  to  o c c u r ;  th e  ch a n g e  f r o m  m a g h e m ite  to  h e m a t ite  h a d  u n ­

d o u b te d ly  o c c u r re d  b y  th e  e n d  o f th e  e x p e r im e n t,  as th e  s a tu r a t io n  
m a g n e t iz a t io n  o n ly  rose s l ig h t ly  d u r in g  c o o lin g . I t  m a y  a lso  be  t h a t  m o re  

t im e  w as  n e e d e d , because  o f th e  p o s s ib i l i t y  t h a t  s t r u c tu r a l  w a te r  m a y  

c o n t r ib u te  to  th e  s t a b i l i t y  o f m a g h e m ite . I t  s h o u ld  be  n o te d  t h a t  th is  

m in e ra l w as k e p t  w e t in  fre s h , re f r ig e ra te d  co re  m a te r ia l  u n t i l  s e p a ra te d  

fo r  s tu d y .

X - r a y  e x a m in a t io n  o f th e  m in e ra l c o n f irm s  th e  a b o v e  th e o r y .  T h e  

x - r a y  d i f f r a c t io n  p a t t e r n  (T a b le  I )  is  g e n e ra lly  t h a t  o f  m a g h e m ite  
( y F ^ C b ) ,  a n d  sh o w s  m o s t o f th e  im p o r t a n t  s u p e rs t ru c tu re  lin e s . S p a c in g s  

a re  in te rm e d ia te  b e tw e e n  m a g n e t ite  a n d  m a g h e m ite , s u g g e s tin g  t h a t  th e  

m in e ra l is  a n  in c o m p le te ly  o x id iz e d  m a g n e t ite ,  in  w h ic h  th e  o rd e r in g  o f  

e x is t in g  v a c a n c ie s  is  o n ly  p a r t ia l .  A t  lo w  a n g le s  20 th e  u n i t  c e ll in  th e  

c u b ic  s y s te m  has a  =  a b o u t  8 .3 4  A . A t  h ig h e r  a n g le s , th e  p a t t e r n  be co m e s  
m o re  n e a r ly  t h a t  o f  m a g n e t ite  th a n  o f m a g h e m ite ;  a  is  a b o u t  8 .3 8  A .  T h is  

p r o b a b ly  re s u lts  f r o m  d if fe re n c e s  in  d i f f r a c t io n  e f f ic ie n c y  b e tw e e n  th e  

m a g n e t ite  t h a t  is  r e la t iv e ly  u n o x id iz e d , a n d  re ta in s  r e la t iv e ly  g o o d  c ry s -  

t a l l i n i t y ,  a n d  th e  m a g h e m ite , in  w h ic h  c r y s t a l l in i t y  m a y  be  c o n s id e ra b ly  

less p e r fe c t .  S m a ll a m o u n ts  o f  b o th  le p id o c ro c ite  a n d  g e o th ite  a re  a lso  

p re s e n t. T h e re  is  n o  o b s e rv a b le  h e m a t ite ,  a l th o u g h  th e  p re se n ce  o f  a v e r y  

s m a ll a m o u n t  c a n n o t be  p re c lu d e d , because  o f in te r fe re n c e  o f th e  tw o  

s tro n g e s t x - r a y  re f le c t io n s  o f  h e m a t ite  (1 0 4 ) a n d  (1 1 0 , h e x ) w i t h  re f le c ­

t io n s  f r o m  g e o th ite  (1 3 0 ) a n d  m a g n e t ite  (3 1 1 ) o r  m a g h e m ite  (3 1 3 , te t ) .
A t t e n t io n  w a s  f i r s t  b r o u g h t  to  th is  m in e ra l  because  o f th e  p o s s ib i l i t y  

o f  i t s  i n  s i t u  f o r m a t io n .  T e x tu r a l ly ,  i t  does n o t  a p p e a r  to  be  in  ro u n d e d  

g ra in s , w h ic h  w o u ld  s u g g e s t a d e t r i t a l  o r ig in ,  n o r  does i t  h a v e  th e  o c ta ­

h e d ra l c r y s ta l  sh a p e  o f  m a g n e t ite  t h a t  is  t y p ic a l  o f  re s id u a l m a g n e t ite  

f r o m  a lte re d  b a s ic  v o lc a n ic  m a te r ia l.  R a th e r ,  th e  s u rfa c e  o f  th e  in d i ­
v id u a l  f r a g m e n ts  is  d r u z y ,  b e in g  fo rm e d  o f  m a n y  c lo s e ly  c ro w d e d  

c ry s ta ls .  A  s l ig h t  o c h re  s ta in  in  p la ce s  o n  th e  s u rfa c e  is p r o b a b ly  th e  
le p id o c ro c ite  a n d  g o e th ite  o b s e rv e d  b y  x - r a y .

T h e  m a g n e t ic  a n is o t ro p y  o f  th e  f iv e  h ig h ly  m a g n e t ic  s a m p le s  f r o m
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T a b l e  I .  C o m p a r iso n  o f  X - R ay D a ta  f o r  M a g n e t ic  “ M in e r a l ” from  M S N  56, 
w it h  T h a t  o f  O t h e r  I r o n  M in e r a l s  o f  W h ic h  it  is  C o m po se d

Observed Observed Goelhite1Pattern Intensity Magnetite1 Magh emite1 Lepidocrocite1

— — 7.91 O)
6.94 VW 6.94 (2)
6.26 w 6.27 (100)
5.90 vvw 5.90 (6)
5.31 w 5.33 (1)

— — 4.98 (10)
4.83 M 4.85 (10) 4.82 (6)

— — 4.29 (2)
4.18 w 4.18 (100)

— — 3.73 (6)
— — 3.40 (7)
- — 3.38 (10)

3.27 w 3.29 (60)
3.20 v v w 3.20 (3)
2.96 s 2.97 (30) 2.95 (30)
2.78 M 2.78 (3)
2.69 VVW 2.69 (30)

— 2.638 (4)
— 2.58 (8)

2.524 VWS 2.532 (100) 2.514 (100) 2.520 (3)
2.49? VVW?

2.473 (30)
2.490 (15)

2.45? VVW? 2.452 (25)
2.419 w 2.425 (8) 2.408 (2)

— 2.362 (15)
2.307 w 2.315 (2)

2.230 (2)
2.252 (10)

— 2.192 (20)
2.095 s 2.100 (20) 2.086 (15) 2.086 (12) 

1.935 (30)
2.009 (2)

— 1.920 (6)
— 1.865 '1)
— 1.848 (10)
— 1.820 (3)

1 .799 w 1.799 (7)

— 1.733 (15)
1.770 (2) 

1.721 (20)
1 .712 w 1.714 115)
1. 70? VVW 1 .701 i,9)

— 1.694 (10)
— 1 .670 12)

1.661 (4)
1 .613 M 1.617 (25;

- 1.604 (20) 1.606 (6)
- 1.567 (8) 1.564 (15)

1.550 (2)
- 1.532 (7)_ 1 .525 (3) 1.523 (15)

1.483 s 1.485 (35) 1.509 (10)
1.474 (40) et cetera et cetera

1.326 VW 1.327 (6) et cetera et cetera
- 1.318 (6) et cetera et cetera

1.279 w 1.280 (10) et cetera et cetera
— 1.272 (8) et cetera et cetera

1 Data from Brown, 1961, 38b. Data obtained with a Xorelco wide angle diffractometer, using Mn filtered 
Fe radiation, scanning speed of J° 26 per minute, chart speed of per minute, divergent, scatter and re­
ceiving slits of Io, Io and .006" respectively.
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M S N  56 P  a n d  M S N  56 P G  w e re  m e a s u re d  o n  a su sp e n d e d  s a m p le  to rq u e  
m a g n e to m e te r  b u i l t  b y  D r .  A . R ees ( K in g  a n d  R ees, 1 9 6 2 ). T h e  re s u lts  

(F ig .  3 ) s h o w  t h a t  a l l  th e  s a m p le s  h a v e  m a x im u m  m a g n e t ic  s u s c e p t ib i l i ­

t ie s  g ro u p e d  a ro u n d  th e  v e r t ic a l ,  th e  f i r s t  t im e ,  to  o u r  k n o w le d g e , t h a t  

c o n s is te n t re s u lts  o f th is  n a tu r e  h a v e  e v e r bee n  fo u n d  in  a s e d im e n ta ry

MSN 56p a PG
MAXIMUM AND MINIMUM SUSCEPTI BI LI TY

0

3 0
I6g

90270 —
3 0

2 3 g

180 LEGEND:
•  MAX. I UPPER 
O MIN.  j HEMISPHERE

Kig . 3. M a x im u m  a n d  m in im u m  su sc e p tib il ity  d ire c tio n s  p lo tte d  o n  a n  e q u a l a rc a  n e t. 
T h e  c losed  c irc les a re  m ax im a , th e  o p en  c irc les a re  m in im a . A “ g ” b y  th e  side  of a  n u m b e r  
d e n o te s  t h a t  t h a t  sp ec im en  c am e  fro m  th e  g ra v it) ' core.

d e p o s it .  N o r m a l ly  th e  m a x im u m  a n d  in te rm e d ia te  s u s c e p t ib i l i t ie s  te n d  

to  l ie  c lose to  th e  h o r iz o n ta l  p la n e  (R ees , 1 9 6 1 ). A n o th e r  s u rp r is in g  fa c t  

is th a t ,  in  a l l  cases, th e  fo r m  o f  s u s c e p t ib i l i t y  is  t h a t  o f a p ro la te  e l l ip s o id , 

r a th e r  th a n  a n  o b la te  e l l ip s o id ,  w h ic h  is n o r m a l ly  fo u n d  in  s e d im e n ta ry  
d e p o s its . O n  a r t i f ic ia l l y  d e p o s it in g  som e o f th e  h ig h ly  m a g n e t ic  p o r t io n  

{ i . e . ,  th e  e n t ire  s e d im e n t)  o f  M S N  56 P i t  w as  fo u n d  t h a t  th e  m a g n e t ic
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s u s c e p t ib i l i t y  h a d  a s t ro n g  m a x im u m  in  th e  h o r iz o n ta l  p la n e  a n d  th a t  
th e  fo r m  o f th e  s u s c e p t ib i l i t y  w as  th a t  o f  a n  o b la te  e ll ip s o id , T h e s e  tw o  

o b s e rv a t io n s  s u g g e s t t h a t  th e  m a g n e t ic  m in e ra l  in  th e  co res u n d e r  d is ­
c u s s io n  w as  n o t  d e p o s ite d  b y  u s u a l d e t r i t a l  p rocesses, a n d  th a t  th e  m o s t 

l ik e ly  a l te r n a t iv e  is  t h a t  i t  w as  fo rm e d  i n  s i t u .

T h e  fo r m a t io n  o f th is  m a g n e t ic  m in e ra l  b y  d ia g e n e t ic  p rocesses, o r  b y  

v o lc a n ic -a s s o c ia te d  p rocesses, o r  b y  som e c o m b in a t io n  o f  th e se , is  s u g ­

g e s te d . T e x tu r a l  e v id e n c e  has a lre a d y  b e e n  m e n t io n e d  a g a in s t th e  

p o s s ib i l i t y  t h a t  th e  m in e ra l  is  d i r e c t ly  re s id u a l f r o m  th e  s u b m a r in e  a l te r ­

a t io n  o f v o lc a n ic  d e b r is , a n d  a lso  a g a in s t th e  d e t r i t a l  o r ig in  fo r  th e  
m in e ra l.

S e v e ra l p o s s ib il it ie s  fo r  i n  s i t u  f o r m a t io n  a re  c o n c e iv a b le . A  n u m b e r  o f 
w a y s  o f fo r m in g  m a g h e m ite  a re  l is te d  b y  B e rn a l e t  a l .  (1 9 5 9 ) . N a tu r a l  

c o u n te r p a r ts  o f som e  o f  th e se  m e th o d s  e x is t.  D e h y d r a t io n  o f  p re -e x is t in g  

le p id o c ro c ite  w i l l  fo r m  m a g h e m ite  t h a t  is  m is s in g  th e  “ o r d e r in g ”  re f le c ­

t io n s . In a s m u c h  as th e  m a te r ia l  f r o m  M S N  56 h a s  m a n y  o f th e se  “ e x t r a ”  

re f le c t io n s , i t  is  c o n s id e re d  u n l ik e ly  t h a t  i t  h a s  be e n  fo rm e d  in  th is  w a y . 

D ir e c t  p r e c ip i t a t io n  o f m a g h e m ite  a n d  m a g n e t ite  w as s h o w n  to  be p o s ­

s ib le , th e  p r o d u c t  d e p e n d in g  o n  w h e th e r  th e re  w as o r  w as n o t  a n  excess 

o f  o x id iz in g  a g e n t, re s p e c t iv e ly .  O x id a t io n  o f p re -e x is t in g  m a g n e t ite  can  
fo r m  m a g h e m ite ;  m o s t n a tu r a l  m a g h e m ite s  a p p e a r  to  h a v e  fo rm e d  in  

th is  m a n n e r . T h is  m e c h a n is m  a lso  y ie ld s  g o o d  o rd e r in g  o f v a c a n c ie s .

T h e  p e la g ic  s e d im e n ts  o f th e  d e e p  sea w o u ld  seem  e s p e c ia lly  s u ite d  to  

th e  p o s s ib le  fo r m a t io n  o f a u th ig e n ic  m a g n e t ite  o r  m a g h e m ite , p a r t ic u ­
l a r l y  i f  th e y  c o n ta in  i r o n - r ic h  v o lc a n ic  d e b r is . S lo w  d e p o s it io n  in  o x y ­

g e n a te d  b o t to m  w a te rs  e f fe c t iv e ly  re m o v e s  a l l  e a s ily  o x id iz e d  o rg a n ic  

m a te r ia l.  I n  th e  re s u lt in g  v e r y  s m a ll  c o n te n t  o f  d is s o lv e d  s u lf id e , F e 24 

w o u ld  n o t  p r e c ip ita te  as a s u lf id e . B e rn e r  (1 9 6 4 ) has  s h o w n  th e  s ta b i l i t y  

f ie ld s  o f  i r o n  m in e ra ls  fo r  som e t y p ic a l  s e d im e n ta ry  s i tu a t io n s .  L i t t l e  is 

k n o w n  a b o u t  c o m p o s it io n s  o f s o lu t io n s  in  p e la g ic  s e d im e n ts ; h o w e v e r , 

re c e n t ly ,  o n  e x p e d it io n  “ A m p h i t r i t e ”  (se co n d  le g ) o f  S c r ip p s  I n s t i t u t io n ,  

m e a s u re m e n ts  w e re  m a d e  o f  p H  o f s o lu t io n s  squeezed , a t  400  p s i in  a 

c lo se d  s y s te m , f r c m  re d  c la y  c o re d  in  2500  fa th o m s  o f w a te r  n e a r th e  
A u s t r a l  Is la n d s . A  ra th e r  dense  a n d  s tr o n g  c ru s t ,  c o m p o se d  m o s t ly  o f  

m a n g a n e se  o x id e  m a te r ia l,  w as  p re s e n t a t  th e  s u rfa c e  o f th e  s e d im e n t, 

a n d  a t y p ic a l  c a rb o n a te - fre e  re d  c la y  w as b e n e a th . T h e  p H  o f  th e  s o lu ­

t io n s  w a s  6 .9  to  7 .0 . I f  le f t  o p e n  to  th e  a tm o s p h e re , th e  p H  c l im b e d  

q u ic k ly  to  7 .3 -7 .4  ( w i t h in  m in u te s ) ,  a n d  u l t im a t e ly  to  8 .0 -8 .1  ( w i t h in  

h o u rs ) .  S u re ly  o u t-g a s s in g  o f  C 0 2, as a re s u lt  o f  changes  in  te m p e ra tu r e  

a n d  p re s s u re , is  re s p o n s ib le  fo r  th is  p H  c h a n g e . A t  h ig h  Pco2, th e  f ie ld  o f  

s t a b i l i t y  o f  m a g n e t ite  b e co m e s  s m a lle r ,  o r  v a n is h e s  c o m p le te ly ,  as i t  is 
s u p p la n te d  b y  s id e r ite  (B e rn e r ,  1 9 6 4 ). N o  s id e r ite ,  h o w e v e r , is  p re s e n t in
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these  re d  c la y s , so i t  w o u ld  a p p e a r  t h a t  s u f f ic ie n t  C 0 2 is n o t  d is s o lv e d  
in  th e se  s o lu t io n s  to  fo r m  th is  m in e ra l a t  th e  p re s s u re  a n d  te m p e ra tu re  

in v o lv e d .  T h e  s e d im e n t f r o m  th e  I n d ia n  O ce a n , in  w h ic h  th e  m a g h e m ite  

w as fo u n d , c o n ta in e d  a b o u t  5 0 %  C aC O s.
I n  a re d  o r  b ro w n  c la y  t h a t  is b u r ie d  s u f f ic ie n t ly  to  be e f fe c t iv e ly  

is o la te d  f r o m  a d d it io n s  o f  o x y g e n , a n d  w h ic h  c o n ta in s  F e 2+ b e a r in g  

m in e ra ls ,  su ch  as o l iv in e ,  t h a t  w o u ld  be  s u b je c t  to  f u r t h e r  a l te r a t io n ,  th e  
E h  w o u ld  b e  .c o n tro lle d  b y  re a c t io n s  su ch  as :

2Fe30 4 +  H 20  ±5 3Fe20 3 +  2 H + +  2e 
m agnetite liquid hem atite

in v o lv in g  b o th  F e 2+ a n d  F e 3+. O th e r  m in e ra ls ,  su ch  as th e  h y d ra te d  

fe r r ic  o x id e s , m ig h t  be  im p o r t a n t  in  th e se  re a c t io n s , b u t  a d e q u a te  th e r ­

m o d y n a m ic  d a ta  a re  n o t  a v a i la b le .  H o w e v e r ,  i t  is  c e r t a in ly  p e rm is s iv e  

t h a t  m a g n e t ite  c o u ld  fo r m .  O n ce  fo rm e d  a u th ig e n ic a l ly ,  i t  m ig h t  th e n  be 
f u r t h e r  o x id iz e d  to  m a g h e m ite , o r  p o s s ib ly ,  in  v ie w  o f th e  d i r e c t  p re ­

c ip i t a t io n  o f  m a g h e m ite  d e m o n s tra te d  b y  B e rn a l,  e t  a l .  (1 9 5 9 ) , m a g ­
h e m ite  m ig h t  fo r m  d i r e c t ly ,  h o w b e it ,  m e ta s ta b ly .  I t  m a y  a lso  be  th a t ,  

in  som e  w a y , v o lc a n ic  e m a n a t io n s  o r  h y d r o th e r m a l  s o lu t io n s  h a v e  p la y e d  

som e ro le . E v id e n c e  f o r  re c e n t v o lc a n is m , fre s h  g lass  a t  th e  s u rfa c e , is  

p re s e n t 240 m ile s  s o u th  o f  th e  lo c a t io n  o f  th is  m a g n e t ic  m in e ra l.  I f  

s e c o n d a ry  o x id a t io n  has  o c c u rre d , th e re  m u s t  h a v e  bee n  n o  a t te n d a n t  

e ro s io n  a n d  re d e p o s it io n  o f  th e  m a g n e t ite -m a g h e m ite  b e a r in g  m u d , 

because  th e  m a x im u m  m a g n e t ic  s u s c e p t ib i l i t y  d ir e c t io n  has re m a in e d  
v e r t ic a l .  T h e  fo r m a t io n  o f le p id o c ro c ite  a n d  g e o th ite  is  p r o b a b ly  a s t i l l  

la te r  e v e n t,  b e in g  a c o a t in g  o n  th e  o u ts id e  o f th e  fr a g m e n ts  o f m a g n e t ite -  

m a g h e m ite .

Su m m a r y

1. A n  u n u s u a l a b u n d a n c e  o f  a  h ig h ly  m a g n e t ic  m in e ra l  o c c u rs  in  one  

co re  s ite  f r o m  th e  c e n tr a l  I n d ia n  O ce a n .
2. I t s  m a g n e t ic  a n d  x - r a y  p ro p e r t ie s  in d ic a te  t h a t  i t  is  m o s t ly  m a g ­

h e m ite , w i t h  som e a s p e c ts  o f m a g n e t ite .
3 . F o r  th e  m o s t p a r t  p e rm is s iv e  a rg u m e n ts  le a d  to  th e  c o n c lu s io n  t h a t  

i t  fo rm e d  i n  s i t u .

4 . T h e  d ir e c t io n s  o f m a x im u m  m a g n e t ic  s u s c e p t ib i l i t y  o f  th e  s e d im e n t 

a re  g e n e ra l ly  v e r t ic a l  a n d  th e  fo r m  o f  th e  s u s c e p t ib i l i t y  is  t h a t  o f  a  p r o ­

la te  e l l ip s o id .
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