
International 
Indian Ocean 

Expedition

Collected reprints IV P u b lish ed  up o n  th e  reco m m en d a tio n
o f th e  Scientific C om m ittee  on  O ceanic  R esearch  (SCOR)
an d  th e
In te rg o v e rn m e n ta l O ceanograph ic  C om m ission (IOC)

Unesco



International Indian Ocean E xpedition . Collected reprints IV



Copyright in each paper reprin ted  in th is 
collected edition rem ains in th e  possession 
of each au tho r and publisher, from  whom  
perm ission to  reproduce has been obtained.

Collected edition published in 19o7 by  the  
U nited  N ations
E ducational, Scientific and  Cultural Organization,
Place de Fontenoy, Paris 7e
P rin ted  by  Les Presses Saint-A ugustin , Bruges.

NS.66/D.37/4A 
P rin ted  in Belgium



Preface

T he fo u rth  vo lum e of co llected  re p rin ts  o f  th e  In te rn a tio n a l 
In d ia n  O cean E x p ed itio n  com prises re p rin ts  received  b y  U nesco 
d u rin g  th e  second h a lf  o f  1966. T h e  pap ers  p re sen ted  in  th e  
vo lum e are  ro ugh ly  g rouped  in to  five m ajo r p a r ts  :

I .  M arine b io logy ;
I I .  M arine ch em is try ;

I I I .  P h y sica l o cean o g rap h y ;
IV . M arine geology an d  geophysics ;
V. P ap e rs  p resen ted  b y  t it le  or an  a b s tra c t only.

As w as in d ica ted  p rev iously , th is  c lassification  is o n ly  a v e ry  
a p p ro x im ate  one w hich  is accep ted  here  sim ply  fo r convenience

o f p re sen ta tio n . Som e p ap ers  o f  biological im p o rtan ce  are  in c lu d 
ed in  P a r t  I I I ,  “ P h y s ica l o cean o g rap h y ” since th e y  t r e a t  en 
v iro n m e n ta l processes, a lth o u g h  w ith  ap p lica tio n  to  biological 
ones. E v ery o n e  know s also how  d ifficu lt i t  is to  se p a ra te  a  chem 
ical desc rip tio n  o f th e  en v iro n m en t from  a p h y sica l one.

I t  is p lan n ed , there fo re , to  com plete  e v en tu a lly  th e  series o f  
vo lum es o f  co llected  re p rin ts  w ith  a n  in d ex  vo lum e w hich  will 
co n ta in  b o th  th e  n am e an d  th e  su b jec t indexes.

T he fifth  vo lum e o f th e  series w ill b e  com piled  b y  th e  m iddle  o f  
1967.
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GHECK-LIST OF DINOFLAGELLATES RECORDED FROM THE INDIAN OCEAN

By E .J .F .  Wood

INTRODUCTION

Because o f th e  in te r n a t io n a l  i n t e r e s t  i n  th e  In d ian  Ocean as 
an o b je c t o f s tu d y  by oceanographers from v a rio u s  c o u n tr ie s  o f  th e  
w orld , i t  seemed opportune to  scan  p rev ious work which has been 
c a r r ie d  out in  th e  re g io n . Phytoplankton  s tu d ie s  have been con
s id e r a b le ,  and because many of th e  papers a re  n o t easy o f a cc e ss , 
a  c h e c k - l i s t  o f p rev io u s re c o rd s  from th e  In d ian  Ocean re g io n  has 
been p rep a red . I t  i s  hoped th a t  t h i s  c h e c k - l is t  w i l l  prove u s e fu l  
to  phy to p la rx k to lo g ists  working on d in o f la g e l la te s  c o lle c te d  from 
th e  In d ia n  Ocean re g io n  du ring  th e  SCOR-UNESCO p ro je c t  in  th e  In d ian  
Ocean (1959-1965).

Genus AMPHIDINIUM 

Amphidinium extensum W ulff, 1916

M atzenauer, 1933; In d ian  Ocean 

A. globosum S chroeder, 1911

M atzenauer, 1933; In d ian  Ocean 

A. tu rb o  K ofoid , 1922

M atzenauer, 1933; In d ian  Ocean

Genus AMPHISOLENIA 

A m phisolenia b id e n ta ta  S chroeder, 1900

O sten fe ld  and Schm idt, 1901j Red S ea , G ulf o f Aden 
S chroeder, 1906; Red Sea, G. o f Aden, A rabian Sea,

In d ia n  Ocean to  Sumatra 
K ars ten , 1907; E a s t A frican  C o ast, In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r a i t  
M atzenauer, 1933; In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea
Wood, 1962; In d ia n  Ocean, Jav a  S eas, Timor Sea, A rafu ra  Sea

When c i t in g  t h i s  r e p o r t  a b b re v ia te  a s  fo llo w s:
_______ C .S .I .R .O . A ust. Div. F is h . Oceanogr» Rep. No. 28
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Am phisolenia b i f u r c a ta  Murray and W hitting , 1899

K arsten , 1907; In d ian  Ocean

A. b rev icau d a  Kofc id , 1907

Wood, 1962; In d ia n  Ocean

A. c la v ic e p s  K ofoid, 1907

Wood, 1962; In d ian  Ocean

A. e lo n g a ta  Kofoid and Skogsberg, 1928

Subrahmanyan, 1958; A rabian Sea

A. g lo b ife ra  S te in , 1883

C leve, 1901; Malaya
C leve, 1903; Red Sea, A rabian Sea
Wood, .1962; In d ia n  Ocean

A. i n f l a t a  Murray and W h ittin g , 1899

C leve, 1903; A rabian Sea
S ch roeder, 1906; G. o f  Aden, In d ian  Ocean to  Sumatra

A. lemmermanni K ofoid, 1907

M atzenauer, 1933; In d ian  Océan 
Wood, 1962; In d ia n  Ocean

A. p a la e o th e ro id e s  K ofoid, 1907

Wood, 1962; In d ia n  Ocean

A. palm ata S te in , 1883

C leve, 1900, 1901; Red Sea, A rabian Sea, In d ia n  Ocean 
C leve, 1903; Red Sea, A rabian Sea, G. o f  Aden 
S chroeder, 1906; G. o f  Aden, A rabian Sea 
K arsten , 1907; In d ian  Ocean

A. r e c ta n g u la ta  K ofoid, 1907

Wood, 1962; In d ian  Ocean

6



- 3 -
A m phisolenia sch a u in s la n d i Lemmermann, 1899

O sten fe ld  and Schm idt, 1901$ G. o f ¿den 
S chroeder, 1906$ In d ia n  Ocean 
M atzenauer, 1933; G. o f Aden, In d ian  Ocean 
B a l la n tin e , 1961$ Z anzibar 
Wood, 1962$ In d ia n  Ocean

A. sch ro ed e ri K ofoid, 1907

Wood, 1962$ In d ian  Ocean

A. th r in a x  S c h ü tt, 1895

O sten fe ld  and Schm idt, 1901$ A rabian Sea
C leve, 1901$ A rabian Sea
S chroeder, 1906$ A rabian Sea, In d ia n  Ocean
M atzenauer, 1933; In d ia n  Ocean
Wood, 1962$ In d ia n  Ocean

Genus BLEPHAROCYSTA

B lepharocysta  p a u lse n i S c h i l l e r ,  1937

Wood, 1962$ In d ian  Ocean

B. sp len d o r m aris Ehrenberg, 1873

O sten fe ld  and Schm idt, 1901$ G. o f Aden 
S chroeder, 1906$ Red Sea, G. o f  Aden 
Wood, 1962$ In d ia n  Ocean

Genus CENTRODINIUM 

Centrodinium  eminens Bohm, 1933

Wood, 1962$ In d ian  Ocean(N.E.) 

C. interm edium  P a v i l la rd ,  1930

Wood, 1962$ In d ia n  Ocean (N .E .)
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Genus CERATIUM
Ceratium arcticum (Ehr.) Cleve, 1901 .

Wood, I 96I 1 In d ia n  Ocean

C. a rie tin u m  C leve, 1900b} South In d ia n  Ocean

'Cleve, 1901} A rabian Sea, In d ian  Ocean
S chroeder, 1906} In d ia n  Ocean
K arsten , 1907; In d ia n  Ocean
M atzenauer, 1933} In d ia n  Ocean
Steemann N ie lse n , 1939} In d ia n  Ocean
Wood, 1954} Cape I n s c r ip t io n ,  W estern A u s t r a l ia

C. a x ia le  K ofoid, 1907

Steemann N ie lse n , 1939} In d ian  Ocean 
Wood, 1954} West o f  King I .

C. azoricum  C leve, 1900b; South In d ian  Ocean

C leve, 1901, 1903} In d ian  Ocean, A rabian Sea 
S chroeder, 1906} Red Sea, A rabian Sea, Colombo-Sumatra 
K arsten , 1907} In d ia n  Ocean 
Czapek, 1909} In d ian  Ocean 
Steemann N ie lse n , 1939} In d ian  Ocean 
Wood, 1954} sou th  and w est c o as ts  o f A u s t r a l ia ,  In d ian  

Ocean

C. belone C leve, 1900

C leve, 1901} In d ia n  Ocean
S chroeder, 1906} Red Sea, G. o f Aden, A rabian Sea 
K arsten , 1907} In d ian  Ocean 
Steemann N ie lse n , 1939} In d ia n  Ocean 
Wood, 1962} In d ian  0c6an

C. b ige low i K ofoid, 1907

Steemann N ie lsen , 1939} In d ian  Ocean 
Wood, 1962} In d ia n  Ocean

C. b rachyceros Daday, 1907} t r o p i c a l  la k e s  o f  A fr ic a  and A sia

S chroeder, 1914} E a s t A frica

8



- 5 -
Ceratium breve (Ostenfeld and Schmidt) Schroeder, 1906

O sten fe ld  and Schm idt, 1901 (as  C. t r ip o s  v . b rev e );
Red and A rabian Seas 

S chroeder, 1906; A rabian  Sea
K arsten , 1907 (as  C. t r i p o s  azoricum ); In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r a i t  
Steemann N ie lsen , 1939? In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; e a s te rn  In d ian  Ocean 
B a lla n tin e ,  1961; ' Z anzibar

C. bucephalum (Cleve) C leve, 1901

C leve, 1901, 1903 (as  C.. h e te ro  camptum J ö r g . ) ;
A rabian Sea, sou th  In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901 (as C. heterocam ptum ) :
G. o f  Aden 

S ch roeder, 1906; A rabian  Sea 
Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ia n  Ocean

C ..b u ce ro s  Z a c h a ria s , 1905

v . ten u e  (O st. and Schm idt) J ö r g . ,  1911
O sten fe ld  and Schm idt, 1901 (as  C. tenue n . s p . ) ;  Red Sea 
Steemann N ie lsen , 1939 (as  C. te n u e ) ;  In d ian  Ocean 
Wood, 1954; w est and sou th  A u s tra l ia ;  1960; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

v . m olle (Kofoid) Jo rg en sen , 1911
S chroeder, 1906 (as  C. undulatum ) ; In d ian  Ocean 
K arsten , 1907 (as C. t r i p o s  inversum , and C. t r ip o s  

b u ce ro s) In d ia n  Ocean 
Steemann N ie lse n , 1939 (as  C. m o lle ) :  In d ia n  Ocean 
Wood, 1954; C. In s c r ip t io n  to  C. Leeuwin: 1962; In d ia n

Ocean

C. candelabrum  (E h r.)  S te in ,  1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903; Red Sea, G. o f  Aden, A rabian  Sea, 

In d ia n  Ocean, Malaya 
S ch roeder, 1906; Red Sea, G. o f  Aden, A rabian S ea , In d ia n  

Ocean, S ingapore , Sunda Sea 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
B a l la n t in e ,  1961; Z anzibar
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Ceratium candelabrum (contd)

f .  depressum Pouchet, 1883
K arsten , 1907; sou th  In d ia n  Ocean 
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1954; sou thern  A u s tra l ia ,  Bass S t r a i t  to  Albany: 

1962; In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea

C. c a r r ie n se  G o u rre t, 1883 (and v a r s . )

C leve, 1900, 1901, 1903 (as C. v o la n s ); Red S ea , G. of 
Aden, A rabian Sea, Malaya 

O sten fe ld  and Schm idt, 1901 (as C. v o la n s . C. p a te n t is 
simum) ; Red Sea 

S ch ro ed er, 1906 (as C. ceylonicum , n . s p . ,  C. e le g a n s .
C. pa ten tissim um '): Frem antle  H arbour, G. o f 
Aden, In d ian  Ocean 

K arsten , 1907 (as  C. t r i p o s  v o la n s , e t c . ) ;  In d ian  Ocean 
Steemann N ie lse n , 1939| In d ia n  Ocean 
Wood, 1955; w est and sou th  c o as ts  o f A u s tra l ia :

1962; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

C. cephalotum  (Lemm.) J ö r g . , 1911

S chroeder, 1906 (as C. gravidum v . hydrocephala) : Ceylon 
to  Sumatra 

K ars ten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

C. c o n c il ia n s  J ö r g . ,  1920

K arsten , 1909; In d ia n  Ocean
Steemann N ie lsen  1939; In d ia n  Ocean
Wood, 1954» 1962; w est o f Bass S t r . ,  In d ian  Ocean

• C. contortum  (G ourret) C leve, 1900a; A rabian Sea, Red Sea,
In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903; Red Sea, G. o f Aden, A rabian Sea, 

In d ian  Ocean
S chroeder, 1906 (a s  C. subcontortum ) : A rabian Sea, 

F rem antle , In d ian  Ocean, S ingapore 
K arsten , 1907; In d ian  Ocean
Czapek, 1909 (as  C. arcuatum  f .  contortum ) : In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

10
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Ceratium contrarium (Gourret) Pav., 1905
Cleve, 1900a, 1901 (as C. flagelliferum) ; Red Sea, 

Indian Ocean, Malaya 
Schroeder, 1906; Indian Ocean east of Colombo 
Karsten, 1907 (as C. tripos flagelliferum v. undulata);

Indian Ocean 
Ostenfeld, 1915 (a s  C. inflexum); Boeton Str.
Steemann N ie lsen , 1939» In d ian  Ocean 
Wood, 1954 (a s C. t r ic h o c e ro s  v . co n tra riu m ) : 1962;

In d ia n  Ocean

C. cu rv ico rn e  v . Daday, 1888

C leve, 1901, 1903; Red Sea, G. o f  Aden, A rabian Sea

C. declinatum  K arsten , 1907 (and as C. t r i p o s  heterooamotum) :
In d ia n  Ocean 

Steemann N ie lsen , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ian  Ocean

C. deflexum  (Kofoid) Jü rg en sen, 1911

S chroeder, 1906 (as  C. recurvatum ); e a s t  o f Ceylon 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

C. dens O sten fe ld  and Schm idt, 1901; Red Sea, A rabian Sea

C leve , 1903; Red S ea , A rabian Sea 
S chroeder, 1906; Red S ea , G. o f Aden, In d ian  Ocean 
K ars ten , 1907; In d ian  Ocean 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea 
Wood, 1962; In d ian  Ocean

C. d ig ita tu m  S c h ü tt, 1895

K arsten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

11
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Ceratium euarcuatum Jörg., 1920

Schroeder, 1906 (as C. inflexum  (G our.) S e h r .) ;  In d ian  
Ocean

K arsten , 1907; In d ian  Ocean 
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1962j In d ia n  Ocean

C. extensum (G ourret) C leve, 1901

C leve, 1901, 1903; Red S ea , A rabian Sea, Malaya 
O sten fe ld  and Schm idt, 1901 (as  C. fu sus v . ex ten sa ) :

Red Sea, G. o f  Aden 
S chroeder, I 9065 A rabian Sea, G. o f Aden, S ingapore ,

Sunda Sea 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1954-, 19625 w est o f  Bass S t r . ,  In d ian  Ocean, west 

o f  A u s tra l ia
f .  s tr ic tu m

O sten fa ld  1915; Boeton S t r .
Wood, 1954-> 19o2j In d ia n  Ocean

C. fa lc a ti fo rm e  J ö rg . 1920

K arsten , 1907; In d ian  Ocean 
Steemann N ie lsen , 1939; In d ian  Ocean 
Wood, 1954, 1962; In d ian  Ocean

C. fa lca tu m  (Kofoid) J ö r g . ,  1920

C leve, 1900a (as  C. pennatum); A rabian Sea, In d ian  Ocean, 
Red Sea

K arsten , 1907 (as  C. pennatum f .  fa lca tum ) 5In d ian  Ocean 
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1954; 1962; w est o f  Bass S t r . ,  In d ia n  Ocean 
B a l la n t in a ,  19615 Z anzibar

C. f i l i c o r n e  Steemann N ie lse n , 1934.

Steemann N ie lsen , 19395 In d ian  Ocean

C. fu rc a  (E h r.) C lap, and Lach.

S chroeder, 1906; Red Sea, G. o f  Aden e a s t  to  Sunda Sea

12
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Ceratium furca (contd)
V. flUP-pamrmTm (E h r.)  .Tórg., 1911

Steemann N ie lse n , 1939J In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea 
Wood, 1954; Swan R. to  Kangaroo I*
B a l la n t in a , 1961j Z anzibar

v . b e rg h i ( J b r g .) S c h i l l e r ,  1911
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903; Red Sea, G. o f  Aden, A rab ian  Sea, 

Malaya
S chroeder, 1906j N.E. In d ia n  Ocean 
Czapek, 1909; In d ian  Ocean 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1954; 1962,* Bass S t r a i t ,  Southern  and In d ian  

Oceans

C. fu su s  (E h r.)  D u jard in , 1841

C leve, 1900 a,b,19 01 ; In d ia n  Ocean, Red Sea 
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S chroeder, 1906; Red S ea , G. o f  Aden, A rab ian  Sea,

N.E. In d ian  Ocean 
K ars ten , 1907; In d ian  Ocean 
Czapek, 1909; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lse n , 1939; In d ia n  Ocean
Wood, 1954; sou th  and w est c o a s ts  o f  A u s t r a l ia :

1962; In d ia n  Ocean 
Subrahmanyan, 1954; A rab ian  Sea 
B a l la n tin e , 1961; Z anzibar

0 . gftlliflnm K ofoid, 1907

S chroeder, 1906 (a s  C. hundhauseni) : In d ia n  Ocean 
K a rs ten , 1907 (as  C. t r i p o s  m acroceros v* te n u is s im a ) ;

In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
Wood, 1954» 1962; so u th  and w est c o a s ts  o f  A u s t r a l i a ,  

In d ia n  Ocean
Subrahmanyan, 1958 (as  C. m acroceros v . gal 11 emmi : 

A rab ian  Sea

C. genicu latum  (Lemm.) C leve, 1901
K arsten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

13
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Ceratium gibberum Gourret, 1883
O sten fe ld  and Schm idt, 1901 (as C. cu rv ico rne  Daday) 

C leve; Red Sea 
C leve, 1901, 1903; Red Sea, G. o f  Aden, A rabian Sea 
Schroeder, 1906; In d ia n  Ocean, Frem antle Harbour 
K ars ten , 1907; In d ian  Ocean 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ia n  Ocean

C. gravidum G o u rre t, 1883

O sten fe ld  and Schm idt, 1901; G. o f  Aden, Red Sea 
C leve, 1901, 1903; Red Sea, A rabian Sea, In d ia n  Ocean 
S chroeder, .1906; Red Sea, G. o f  Aden, A rab ian  Sea, 

In d ia n  Ocean 
K arsten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1954; w est o f  Bass S t r a i t .  1962; In d ia n  Ocean

C. hexacanthum G o u rre t, 1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903 (as  C. re tic u la tu m  (P o u ch e t)) ;

Red S ea , A rabian Sea, In d ia n  Ocean, Malaya 
S chroeder, 1906 (as  C. re tic u la tu m ) :  In d ia n  Ocean 
K arsten , 1907; In d ia n  Ocean
O sten fe ld , 1915 (a s  C. re tic u la tu m ): Boeton S t r .  
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1954» 1962; In d ia n  Ocean to  Bass S t r .

0 . h im ndinp.na (O.F.M. ) Bergh, 1882

W est, 1907; V ic to r ia  Nyanza 
O sten fe ld , 1909, Tanganyika 
W oloszynska, 1912; Jav a  
S chroeder, 1914; E a s t A fr ic a  
Wood, 1954; Swan R iv e r, West A u s tra l ia

C. hori-idum Gran, 1902

Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ian  Ocean

C. hum ile J f trg .,  1911
Steemann N ie lsen , 1939; In d ian  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ia n  Ocean
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Ceratium incisum (Karsten) Jörg. 1911
S chroeder, 1906; Red Sea 
K arsten , 1907; In d ian  Ocean 
Steemann N ie lsen , 1939; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

C. in fla tu m  (Kofoid) Jö rg . 1911

S chroeder, 1906; N.E. In d ia n  Ocean 
Steemann N ie lsen , 1939; In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ian  Ocean

C. k a r s te n i  P a v ., 1907

O sten fe ld  and Schm idt, 1901 (as C. t r i p o s  v . a rc u a ta ) î  
Red Sea, G. o f  Aden 

C leve, 1901, 1903 (as  C. arcuatum  G o u rre t); Red Sea,
G. o f  Aden, A rabian Sea 

S chroeder, 1906 (as C. arcuatum ) : Red Sea, G. o f Aden, 
A rabian Sea, In d ian  Ocean 

K ars ten , 1907 (as  C. t r i p o s  s c h ra n k i); In d ia n  Ocean 
Czapek, 1909 (as  C. arcuatum ) : In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1954-j 1962; In d ia n  Ocean 
¿¡ubrahmanyan, 1958; A rabian  Sea 
B a l la n tin e , 1961; Z anzibar

C. k o fo id i J ö r g . ,  1911

K arsten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

C. lim u lu s  G o u rre t, 1883

O sten fe ld  and Schm idt, 1901; A rabian Sea 
C leve, 1901, 1903; Red Sea, Malaya 
S chroeder, 1906; A rab ian  Sea 
K arsten , 1907; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1954> 1962; Southern  and In d ia n  Oceans

C. linea tum  (E h r.)  C leve, 1899

Cleve 1900a,b (p robab ly  in  p a r t  = C. pentagonum) : South 
In d ia n  Ocean, Red Sea, A rab ian  Sea, Malaya
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Ceratium lineatum (contd)
S chroeder, 1906 (= C. pentagonum) ¡ Red Sea, G. o f  Aden, 

A rabian Sea
Wood, 1954-, I960; S u b a n ta rc tic  Convergence, c e n tr a l  

In d ia n  Ocean

C. longinum K arsten , I 906

S c h i l l e r ,  1937; In d ia n  Ocean

C. lo n g ip e s  (B a iley ) Gran, 1902

Subrahmanyan, 1958; A rabian  Sea

C. lo n g iro stru m  G o u rre t, 1883

O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; Ind ian , Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

C. longissim um  (Schroeder) K ofoid, I907

Steemann N ie lse n , 1939; In d ia n  Ocean

C. lu n u la  Schim per, 1900

K arsten , 1907; In d ian  Ocean 
Czapek, 1909; In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1954 > 1962; Southern  and In d ian  Oceans 
Subrahmanyan, 1958; A rabian  Sea

C. m acroceros (E h r.) C leve, 1900

O sten fe ld  and Schm idt, 1901 (as  C. m acroceras) ;  Red 
Sea, G. o f  Aden 

C leve, 1901, 1903; Red S ea , G. o f  Aden, A rabian Sea, 
In d ian  Ocean, Malaya 

S chroeder, 1906; Red Sea, G. o f  Aden, A rabian Sea, 
S ingapore , Frem antle 

K arsten , 1907; In d ia n  Ocean 
Czapek, 1909; In d ian  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea 
Wood, 1962; In d ian  Océan 
B a l la n tin e , I 96I ;  Z anzibar
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Ceratium ma.q.qll i P.ngfi (Gourret) Jftrg., 1911
S chroeder, 1906 (as  C. a e q u a to r ia le ): S ingapore , Red 

Sea, G. o f  Aden 
K arsten , 1907 (a s  C. t r i p o s  lo n g ip es  v . c r i s t a t a »

C. t r i p o s  f la g e l l i f e ru m  v . c ra s s a  e t c . ) ;  
In d ian  Ocean 

O sten fe ld , 1915; Boeton S t r .
Steemann N ie lsen , 1939; In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; Ind ian  Ocean

v . m a c ro u ro id e s  (K a rs t .)  Jftrg . 1911
Wood, 1954; G reat A u s tra lia n  B igh t, c o a s ta l  w a te rs  o f 

w est A u s t r a l ia  sou th  o f Shark Bay 
( c h a r a c te r i s t i c ) :  1962; In d ian  Ocean

Subrahmanyan, 1958; A rabian Sea

0 . minutum J f t rg . ,  1920

S chroeder, 1906; Frem antle
Wood, 1954, 1962; c e n tr a l  and S .E . In d ian  Ocean, south

w est c o as t o f  A u s tra l ia

C. okamurai S chroeder, 1906; In d ian  Ocean, A rabian  Sea

C. paradox ides C leve, 1900

S chroeder, 1906; A rabian, Sea 
Steemann N ie lsen , 1939; In d ian  Ocean

C. p a v i l l a r d i  J f t rg . ,  1911

Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1954, 1962; S outhern  and In d ian  Oceans

C. pentagonum G o u rre t, 1883

C leve, 1900a (as C. lin ea tu m  v . ro b u s ta  C l . ) ;  sou th  
In d ian  Ocean 

O sten fe ld  and Schm idt, 1901 (as  C. lin ea tu m  and 
v . ro b u s ta ) : Red Sea, G. o f  Aden 

C leve, 1903 (a s  C. lin ea tu m  v . lo n g is e ta  O st. and S c h .) ;
Red Sea, A rabian Sea 

S ch roeder, 1906; In d ia n  Ocean 
K ars ten , 1907; In d ian  Ocean
Steemann N ie lsen , 1939 (as  C. subrobustum ) :  In d ia n  Ocean 
Wood, 1954, 1962; Heard I . ,  A n ta rc t ic ,  Sou thern  and 

In d ia n  Oceans 
B a l la n tin a , 1961 ( f .  t e n e r a ) : Z anzibar
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Ceratium platycorne v..Dadav, 1888
C leve, 1903; A rabian Sea 
K arsten , 1907; In d ian  Ocean 
Steemann N ie lsen , 1939; In d ian  Ocean 
Wood, *1954-5 w est o f  Bass S t r .

C. porrectum  K arsten , 1907; S ey ch e lles

Wood, 1962; In d ian  Ocean

C. praelongum (Lemm.) K ofoid, 1907

O sten fe ld  and Schm idt, 1901 (a s  C. gravidum v. p rae
longum) ; Red Sea, A rabian Sea 

Steemann N ie lsen , 1939; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

C. pulchellum  Schroeder, 1906; A rabian Sea.

K ars ten , 1907; In d ia n  Ocean 
Czapek, 1909; In d ian  Ocean
Wood, 1962; In d ia n  Ocean ( in c lu d in g  C. eupulchellum )

v . sem ipulchellum  Jttrg . 1920
Steemann N ie lse n , 1939 .(as C. sem ipulchellum ) ; In d ian  

Ocean
Subrahmanyan, 1958; Arabian Sea 
Wood, 1962; In d ian  Ocean- 
B a l la n tin e , 1961; Z anzibar

v . eupulchellum  Jb rg . 1920
Steemann N ie lse n , 1939 (as C. pulchellum ): In d ian  Ocean 
Wood, 1962; In d ian  Ocean

C. ra n ip e s  C leve, 1900, 1903; A rabian Sea, Malaya

S chroeder, 1906; G. o f  Aden
K arsten , 1907; In d ian  Ocean
Steemann N ie lsen , 1939; -Indian Ocean
Wood, 1954-5 S»W. A u s tra l ia ;  1962; In d ian  Ocean

C. reflexum  Cleve 1900
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden
C leve, 1903; Red Sea
S chroeder, 1906; N.E. In d ian  Ocean
K arsten , 1907; In d ia n  Ocean
Steemann N ie lsen , 1939; In d ia n  Ocean
Wood, 1962; In d ia n  Ocean

18
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Ceratium schmidti Jörg., 1911
O sten fe ld , 1915; Boeton S t r .
Bohm, 1931î In d ian  Ocean 
Steemann N ie lsen , 19395 In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

C. scapiform e K ofoid, 1907 (probab ly  = C. fa lca tu m  J ö rg .)

Steemann N ie lse n , 1939; In d ia n  Ocean

C. s c h r o e te r i  S ch roeder, 1906; A rabian Sea

Wood, 1962; In d ia n  Ocean

C. setaceum  J ö r g . ,  1911

Ostenfeld and Schmidt, 1901 (as C. lineatum v.
lo n g is e ta ) ; Red Sea, G. o f  Aden 

S chroeder, 1906; e a s t  In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea 
Wood, 1962; In d ian  Ocean

C. symmetricum P a v ., 1905

K arsten , 1907; In d ia n  Ocean
Steemann N ie lse n , 1939; In d ia n  Ocean
Wood, 1954-, 1962; P o rt F a iry  to  A lbany, In d ia n  Ocean

C. t e r e s  K ofoid, 1907

Steemann N ie lsen , 1939; In d ia n  Ocean
Wood, 1954-, 1962; Southern  Ocean, In d ia n  Ocean
Subrahmanyan, 1958; A rabian  Sea

C. t r ic h o c e ro s  (E h r.) K ofoid, 1907

C leve, 1900a, 1903 (as C. f la g e l l i f e r u m ): In d ia n  Ocean,
Red Sea, A rab ian  Sea 

O sten fe ld  and Schm idt, 1901 (as C. f la g e l l i f e r u m ): Red Sea 
S chroeder, 1906 (as C. f la g e l l i f e ru m ) ;  Red Sea to  Singapore 
K ars ten , 1907 (as C. t r i p o s  f la g e l l i f e r u m ) :  In d ia n  Ocean 
Steemann N ie lse n , 1939; In d ia n  Ocean 
Wood, 1954, 1962; S outhern  and In d ia n  Oceans 
Subrahmanyan, 1958; A rabian Sea 
B a l la n tin a , 1961; Z anzibar
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Ceratium tripos (O.F. Müller) Nitzsch, 1817
S chroeder, 1906; A rabian Sea 
K arsten , 1907; In d ian  Ocean 
Czapek, 1909; In d ia n  Ocean 
Steemann N ie lsen , 1939; In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1954» 1962; In d ian  Ocean

C. v u l tu r  C leve, 1900a; Red Sea, In d ia n  Ocean
C leve, 1900b, 1903 (as C. robustum O st. and S c h .) ;

Red Sea, Arabian Sea , Malaya 
O sten fe ld  and Schm idt, 1901 (as  C. robustum ): Red Sea 
S chroeder, 1906; Red Sea, A rabian Sea, G» o f Aden, 

Ind ian  Ocean
K arsten , 1907 (as  C. t r i p o s  robustum ) ; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
Steemann N ie lse n , 1939; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

v . sumatranum (K a rs t .) ;  Steemann N ie lsen , 1934
O sten fe ld  and Schmidt (as  C. v u l tu r ) : Red Sea 
S chroeder, 1906; In d ia n  Ocean
K arsten , 1907 (as C. t r i p o s  v u l tu r  and v . sumatranum) ;

In d ia n  Ocean 
O sten fe ld , 1915 (as C. sumatranum); Boeton S t r .  
Steemann N ie lsen , 1939; In d ia n  Ocean 
Wood, 1954; Southern  and In d ian  Oceans 
Subrahmanyan, 1958; A rabian Sea 
B a lla n tin e , 1961; Z anzibar

Genus CERATOCORYS

C erato co ry s  arm ata  (S ch ü tt)  K ofoid, 1910

O sten fe ld  and Schm idt, 1901 ; Red Sea, G. o f Aden 
S chroeder, 1906 (as  G oniaulax fim briatum ); In d ia n  Ocean 
M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

C. b ip e s  (C lave) K ofoid, 1910

C leve, 1903 (a s  Goniodoma b ip e s ) ;  Red Sea, A rabian Sea 
K a rs ten , 1907 (as Cr asymme t r i c a ) ; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean

20
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C eratoco rys g o u r e t t i  P au lsen , 1930

O sten fe ld  and Schm idt, 1901 (as C. jo u rd a n i) ; Red Sea, 
G. o f  Aden

M atzenauer, 1933 (as  C. jo u rd a n i '); In d ian  Ocean 
Wood, 1954; w est c f  Bass S t r . :  1962, In d ian  Ocean

C. h i r s u ta  M atzenauer, 1933; In d ia n  Ocean

C. h o rr id a  S te in , 1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903; Red-Sea, G. o f  Aden, Malaya,

In d ia n  Ocean
S chroeder, 1906; Red Sea, G. o f  Aden, A rabian Sea, 

In d ian  Ocean 
K arsten , 1907 (a s  v . a f r ic a n a ) : In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ian  Ocean 
Wood, 195A> 1962; Southern  and In d ia n  Oceans 
Subrahmanyan, 1958; A rabian Sea 
B a l la n tin e , 1961; Z anzibar

Genus CITHARISTES 

C i th a r i s te s  a p s te in i  S c h tltt , 1895 

Wood, 1962; In d ia n  Ocean

Genus CLADOPYXIS

C ladopyxis b r a c h io la ta  S te in ,  1883

O sten fe ld  and Schm idt, 1901; G. o f  Aden
C leve, 1901; In d ia n  Ocean
S chroeder, 1906; G. o f  Aden, In d ia n  Ocean

Genus CONGRUENTIDIUM 

Congruentidium  compressum Abe, 1927

M atzenauer, 1933; In d ia n  Ocean
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Genus DESMOCAPSA
Desmocapsa 3p

Subrahmanyan, 1 9 5 8 A rabian  Sea

Genus DINOPHYSIS

Dinophvsi a acunri n a ta  C lap, and L ach ., 1859

Wood, 1954; Swan R iv e r, W. A u s tra l ia  
Subrahmanyan, 1958; A rabian  Sea

D. a c u ta  E h r . ,  1839

Wood, 1954-5 so u th -w est c o a s t o f  A u s tra l ia

D. a r c t i c a  Mereschowsky, 1879

Wood, 1954.» Heard I . ,  A n ta rc tic

D. a n ta r c t i c a  B alech , 1957; A d e lie  Land

D. cau d a ta  S a v i l le  K ent, 1881

C leve , 1900a, 1901; South In d ian  Ocean, A rabian  Sea, 
In d ian  Ocean 

O sten fe ld  and Schm idt, 1901 (as D. homunculus): 
A rabian Sea

S chroeder, 1906 (and as  P. homunculush  A rabian Sea
K arsten , 1907; In d ia n  Ocean
Czapek, 1909 (a s  D. homunculus) i In d ia n  Ocean
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954; w est and so u th  c o as ts  o f  A u s tra l ia :

1962; In d ian  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
B a l la n tin e , I 96I ;  Z anzibar

D. d ie g e n s is  K ofoid, 1907

O sten fe ld , 1915; Boeton S t r .

D. exigua Kofoid and Skogsberg, 1928
Wood, 1962; In d ia n  Ocean
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D inophysis f o r t i i  P a v ., 1923

M atzenauer, "19331 In d ia n  Ocean
Wood, 1954-j 1962; so u th ern  Tasmania, Southern  Ocean,

In d ia n  Ocean

D. h a s ta ta  S te in ,  1883

O sten fe ld  and Schm idt, 1901; G o f Aden, Red Sea
C leve, 1901, 1903; Red Sea, A rabian  Sea, G. o f Aden,

Ind ian  Ocean 
K arsten , 1907; In d ian  Ocean 
M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

D. h y a lin a  Wood, 1962; In d ia n  Ocean

D. mil or C leve, 1900a; Red Sea

O sten fe ld  and Schm idt, 1901 (and as D. mi oh n p-~H ; Red Sea
C leve, 1901, 1903; Red Sea, A rabian Sea, Malaya
Lemmermann, 1901; E a s t In d ie s
Schroeder, 1906; Red Sea, A rabian Sea, G. o f  Aden,

In d ia n  Ocean, Singapore 
Czapek, 1909; In d ian  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ian  Ocean 
Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; Jav a  S eas , n o rth e rn  A u s tra l ia  
B a l la n tin e , 1961; Z anzibar

D. n ia s  K arsten , 1907; In d ia n  Ocean

D. ovum S c h ü tt, 1895

O sten fe ld  and Schm idt, 1901; Aden 
K arsten , 1907; In d ia n  Ocean
Wood, 195A; Swan R : , A n ta rc tic ;  1962, In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

D. p arva  S c h i l l e r ,  1929

Wood, 1962; In d ia n  Ocean

D. p u n c ta ta  J f t r g . , 1923

M atzenauer, 1933; In d ia n  Ocean

D. ro tu n d a ta  K a rs ten , 1907 = Phalacrom a rotundatum  q .v .

23
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D inophysis saccu lu s  S te in ,  1883

Wood, 195A; Tasmania, Albany, W. A u s tra l ia

D. sch ro ed e ri P a v ., 1909

Wood, 1962; In d ia n  Ocean

D. s c h u e t t i  Mur. and W h it., 1899

C leve, 1901; In d ian  Ocean 
K a rs ten , 1907; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

D. sp h a e r ic a  S te in  (em. Kof. and S ko g s., 1928)

C leve, 1900a, 1900b, 1903 (as D. v an h o ffen i) :  South 
In d ian  Ocean, Red Sea 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
M atzenauer, 19335 In d ian  Ocean
Wood, 195A; Swan R .,  A n ta rc t ic :  1962; In d ian  Ocean

D. t r i p o s  G o u rre t, 1883

O sten fe ld  and Schm idt, 1901 (as  D. homunculus v . t r i p o s ): 
Red Sea

C leve, 1903; Red Sea, G. o f  Aden, A rabian Sea 
O sten fe ld , 1915 (a s  D. p ed u n cu la ta ): Boeton S t r .
Wood, 195Aí South A u s t r a l ia

D. t r u n c a ta  C leve, 1900b; South A fr ic a , South In d ian  Ocean

Wood, 195Ai S u b a n ta rc tic , Tasmania

D. tu b e r c u la ta  Mangin, 1912

Wood, 195A; A n ta rc t ic  
B alech, 1958; A d e lie  Land

D. u racan th a  S te in ,  1883

O sten fe ld  and Sbhm idt, 1901; G. o f  Aden 
C leve, 1903; Red Sea 
Schroeder, 1906; In d ia n  Ocean 
K ars ten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean
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Genus DIPLOPSALIS 

D ip lo p sa lis  l e n t i c u l a  Bergh 1882

C leve, 1900a, 1900b, 1901, 1903$ South In d ia n  Ocean,
Red Sea, G. o f  Aden, A rabian  Sea,
M alaya, In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901$ Red Sea, G. o f Aden 
S chroeder, 1906; Red Sea, G. o f  Aden, In d ia n  Ocean, 

A rabian  Sea 
K ars ten , 1907$ In d ia n  Ocean 
Czapek, 1909$ In d ia n  Ocean
O sten fe ld , 1915 (as Pe-MHinlum asymmetricum) :  Boeton S t r .  
Wood, 1954» 1962$ A n ta rc t ic ,  n o r th e rn  A u s t r a l ia ,  In d ian

Ocean
B a lla n tin a , I 96I (a s  P e r id in io p s is  asym m etrina) î Zanzibar

D. minor P au lsen  1907

M atzenauer, 1933 (a s  Perid in ium  asymmetricum) :  In d ian
Ocean

Subrahmanyan, 1958 (a s  Glenodinium le n t i c u l a  v.
asym m etrica) :  A rabian  Sea 

Wood, 1954., 1962$ A n ta rc t ic ,  In d ian  Ocean 
B alech, 1958 (as  D ip lo p e lto p s is ) : A d e lie  Land

D. p i l u l a  O sten fe ld , 1908

Subrahmanyan, 1958 (as  Glenodinium ) : A rabian  Sea

D. o r b ic u la r i s  (P au lsen ) Lebour, 1922

M atzenauer, 1933$ In d ia n  Ocean
Wood, 1954-$ A n ta rc t ic ,  n o rth e rn  A u s t r a l ia

D. ro tu n d a ta  Lebour, 1922

Wood, 1954$ Swan R ., A n ta rc tic

D. s a e c u la r is  Mur. and W h it., 1899

O sten fe ld  and Schm idt, 1901$ Red S ea , G. o f  Aden 
S ch roeder, 1906; Red Sea, G. o f Aden, A rab ian  Sea

Genus EXUVIAELLA 

E x u v iae lla  b a l t i c a  Lohmann, I 908 
Wood, 1962$ In d ia n  Ocean



-  2 2  -

E x u v ia e lla  oompressa (B a iley ) O s t . ,  1903

C leve, 1900b, 1901, 1903; Red S ea , G. o f Aden, Ind ian  
Ocean, Malaya 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
S chroeder, 1906; Red Sea, G. o f  Aden, Frem antle 

H arbour, In d ian  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954-1 Frem antle H arbour: 1962; In d ian  Ocean
Subrahmanyan, 1958; A rabian Sea

E. l e n t i c u l a t a  M atzenauer, 1933; In d ian  Ocean

E. m arina C ienkowski, 1881

Wood, 1962; In d ia n  Ocean

E. m ed ite rran ea  S c h i l l e r ,  1928

Wood, 1962; In d ia n  Ocean

E. oblonga S c h i l l e r ,  1928

M atzenauer, 1933; Red Sea, G. o f Aden

Genus GLENODINIOPSIS 

Gl ^nod-inio tis is  p r e t io s a  Lindemann, 1931; Sumatra

Genus GLENODINIUM 

Glenodinium  cinctum  E hr. (dubious form)

W est, 1909; Yan Yean r e s e r v o i r ,  V ic to r ia  

G. e lp a tiew sk y i (O s t.)  Lemm. 1910

Lemm., 1910; Malaya: 1931 (as Perid¿a£y£) ; In d o n es ia

G. lindem anni L e fe v re , 1932; Madagascar 

G. p en ard i Lemm., 1900

S chroeder, 1914- (a s  Perid in ium !; E ast A fr ic a
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Glenodinium penard iform e (L in d .) S c h i l l e r ,  1937

Lindemann, 1931 (as  P e rid in iu m ); Ind o n esia

G. p u lv is c u lu s  (E h r.)  S te in ,  1883

W est, 1907; Tanganyika

G. pygmaeum (L in d .)  S c h i l l e r ,  1937

• Lindemann, 1931 ( sis P erid in ium ) : In d o n esia

G. quadridens S te in  1883

W est, 1907 (a s  P e r id in io p s is  cu n n in g to n i) ;  Tanganyika

W oloszynska, 1912 (a s  P. t r e u b i  Wol. and P. w ild -  
manni W ol.) Java  

S ch roeder, 1914- (as  P e r id in io p s is  cu n n in g to n i) : 
Tanganyika

Lindemann, 1931 (as P erid in ium  and as P. w ildem anii.) ;
In d o n es ia  

L efev re , 1932; A sia

G. v ig u ie r i  (L efevre) S ch il 1 e r , 1937; Madagascar

Genus GONIAULAX

G oniaulax a la s k e n s is  K ofoid, 1911

Wood, 1954-, 1962; A n ta rc t ic ,  In d ian  Ocean

G. a p ic u la ta  (Penard) E n tz , 1904

Wood, 1962; In d ia n  Ocean

G. b i r o s t r i s  S te in ,  1883

K arsten , 1907; In d ia n  Ocean
M atzenauer, 'I933; In d ia n  Ocean
Wood, 1954, 1962; o f f  P o rt F a iry , In d ia n  Ocean
B a l la n t in a ,  1961; Z anzibar

G. co n iu n c ta  Wood, 1954

B allan  t i n e ,  1961; Z anzibar
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G oniaulax d ie g e n s is  K ofoid, 1911

Wood, 1954, 1962; Swan R w est New Guinea, In d ian  Ocean 
Subrahmanyan, 1958; A rabian  Sea

G. d ig i t a l e  (Pouchet) K ofoid, 1911

Wood, 1954» 1962; Swan R ., In d ia n  Ocean

G. f r a g i l i s  (S ch ü tt)  K ofoid, 1911

Wood, 1962; In d ia n  Ocean

G. g lyptorhynchus Mur. and W h it., 1899

Wood, 1962; In d ian  Ocean

G. h ig h le y i  Mur. and W h it., 1899

C leve, 1901; In d ia n  Ocean

O. O sten fe ld  and Schm idt, 1901; G. o f Aden

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

G. . j o l l i f f e i  M ir. and W hit. 1899

S chroeder, 1906; Red Sea (p robab ly  does n o t = C eratocorys 
g o u r e t t i  a s  S c h i l l e r ,  1937, su g g ests)

G. k o fo id i P a v i l la r d ,  1909

Wood, 195-4; sou th  o f  P o rt F a iry : 1962; In d ia n  Ocean

G. lo n g is p in a  Lebour, 1925

M atzenauer, 1933; In d ian  Ocean

G. m iln e r i  (Mur. and W h it.) K o f., 1911

Wood, 1962; In d ia n  Ocean

r,. minimw M atzenauer, 1933; In d ia n  Ocean

Wood, 1954; In d ian  Ocean, sou th -w est o f  Albany? 1962; 
In d ian  Ocean
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G oniaulax monacantha Pav i l l a r d ,  1916 

Wood, 1962; In d ia n  Ocean 

G. o r i e n t a l i s  Lindemann, 1924

M atzenauer, 1933; In d ian  Ocean 

G. o v a lis  S c h i l l e r ,  1937

M atzenauer, 1933 (as  G. o v a ta ) :  In d ia n  Ocean 

G. p a c i f ic a  K ofoid, 1907

K arsten , 1907 (as  S t e i n i e l l a  c o rn u ta ) :  In d ia n  Ocean 
Wood, 1954-5 S outhern  Ocean, P o r t Fairy? 1962, In d ian  

Ocean

G. p o ly ed ra  S te in ,  1883

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean

G. polygramma S te in ,  1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
C leve, 1901, 1903; Red Sea, A rabian Sea, In d ian  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
Wood, 1954; sou th  o f P o rt F a iry : 1962; In d ia n  Ocean
B a l la n tin e , 1961; Z anzibar

G. s c r ip p sa e  K ofoid, 1911

Wood, 1954) 19Ó2; Swan R ., In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea

G. sp h aerio d ea  K ofoid, 1911

M atzenauer, 1933; In d ian  Ocean

G. s p in i f e r a  (C lap, and L ach.) D iesin g , 1866

S chroeder, 1906 (as  C era to co ry s) ; In d ia n  Ocean 
K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954; A n ta rc tic  Convergence: 1962; In d ia n  Ocean
B a lla n tin e , 1961; Z anzibar
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Goniaulax turbynei Mur. and Whit., 1899
S chroeder, 1906; In d ia n  Ocean 
M atzenauer, 1933; In d ian  Ocean 
Wood, 1954-, 1962$ Swan R ., In d ian  Ocean

Genus GONIODOMA

Goniodoma polyedricum  (Pouchet) J ö r g . ,  1899

C leve, 1900b, 1901, 1903 (as G. acuminatum): Red Sea, 
M alaya, In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901 (as G. acuminatum); Red 
S ea , G. o f  Aden 

S ch roeder, 1906j Red Sea, G. o f Aden 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean 
B a l la n tin e , 19^1 ; Z anzibar

G. sphaericum  Mur. and W h it., 1899

O sten fe ld  and Schm idt, 1899» G° of Aden, Red Sea 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954; w est o f Bass S t r .

Genus GYMNASTER 

Gymnaster p e n ta s te r ia s  S c h ü tt, 1895

C leve, 1900> 1901  ̂ sou th  In d ian  Ocean

Genus GYMNODINIUM 

Gymnodinium bogoriense  K le b s .. 1912; Java

G. chuckwani B a l la n tin e , 19615 Z anzibar

G. d ip loconus S c h ü tt, 1895

B alech, 1958; A delie  Land

G. fu su s  S c h ü tt ,  1895

K arsten , 1907; In d ia n  Ocean
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Gymnodinium g a lae ifo rm e M atzenauer, 1933; Red See

Wood, 1962; In d ia n  Ocean

G. gelbum K ofoid, 1931

Subrahmanyan, 1958; A rab ian  Sea

G. marinum S a v i l i e  K ent, 1882

Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

G. m ira b ile  Penard, 1891

Subrahmanyan, 1958; A rab ian  Sea

G. sim plex (Lohmann) Kofoid and Swezy, 1921

Wood, 1962; In d ia n  Ocean

G» sp lendens Lebour, 1925

Subrahmanyan, 1958; A rabian Sea

G. uberrimum (Allmann) Kofoid and Swezy, 1921

Subrahmanyan, 1958; A rabian  Sea

G. v a r ia b le  Herdman, 1924

Subrahmanyan, 1958; A rab ian  Sea

Genus GYRODINIUM 

Gyrodinium aureum Conrad, 1926

Subrahmanyan, 1958; A rabian Sea

G. c itr in u m  K ofoid, 1931

Subrahmanyan, 1958; A rabian Sea

G. fu s ifo rm e  Kofoid and Swezy, 1921

Subrahmanyan, 1958; A rab ian  Sea
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Gyrodinium 1 in<ml-ifot-a Lebour, 1925

Subrahmanyan, 1958» A rabian Sea

G. obtusum (S ch lltt) Kofoid and Swezy, 1921 

Subrahmanyan, 1958j A rabian Sea

G. pepo (S ch ü tt)  Kofoid and Swezy, 1921 

Subrahmanyan, 1958; A rabian Sea

G. pingue (S ch ü tt)  K ofoid and Swezy, 1921 

Subrahmanyan, 1958; A rabian Sea

G. s p i r a le  (Bergh) Kofoid and Swezy, 1921

Subrahmanyan, 1958; A rabian Sea

Genus HAPLODINIUM 

Haplodinium a n t jo l ie n s e  K lebs, 1912; Java 

Haplodinium spp. Subrahmanyan, 1958; A rabian Sea

Genus HEMIDINIUM 

Hemidinium nasutum S te in ,  1883 

Wood, 1954; Swan R.

Genus HETERODINIUM 

H eterodinium  assym etricum  Kofoid and Adamson, 1933 

Wood, 1954» Sou thern  Ocean w est o f Bass S t r .

H. a u s t r a le  Wood, 1962; In d ian  Ocean

H. blackm ani (Mur. and W h it.)  K ofoid, 1906

S chroeder, 1906; N.E. In d ian  Ocean 
K ars ten , 1907; In d ian  Ocean
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H eterodinium  d is p a r  Kofoid and Adamson, 1933 

Wood, 1962; In d ia n  Ocean

H. doma (Mur. and W h it.) K ofoid , 1906

Wood, 1954, 1962; S ou thern  Ocean w est o f  Bass S t r . , 
In d ia n  Ocean

H. r lg d e n i  K ofoid , 1906

K arsten , 1907; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

H. g c r iP D B i .K ofoid. 1906

Wood, 1954; Southern  Ocean w est o f  Bass S t r . :
1962; In d ia n  Ocean

Genus HISTIONEIS

h i s t io n e i s  camlnue Bohm in  S c h i l l e r ,  1933; In d ia n  Ocean

H« c e rasu s  Bohm i n  S c h i l l e r ,  1933; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean

H. c o s ta ta  Kofoid and M ichener, 1911

Wood, 1962; In d ia n  Ocean

H. dolon Mur. and W h it., 1899

K arsten , 1907; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

H. e lo n g a ta  Kofoid and M ichener, 1911

S c h i l l e r ,  1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

H. f r a g i l i s  Bohm i n  S c h i l l e r ,  1933; In d ia n  Ocean

H. gubernans S c h tttt, 1895

Schütt., 1896; In d ian  Ocean

H. h e len ae  M ir. and W hit, 1899

Wood, 1962; In d ian  Ocean
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H is tio n a ^  h y a lin a  Kofoid and M ichener, 1911

S c h i l l e r ,  1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

H. i n c l in a t a  Kofoid and M ichener, 1911

Wood, 1962; In d ia n  Ocean

H. lo n g ic o l l i s  K ofoid, 1907

Wood, 1962; In d ia n  Ocean

H. m iln e r i  Mur. and W h it., 1899

Wood, 1962; In d ia n  Ocean

H. m itc h e lla n a  Mur. and W hit., 1899

S chroeder, 1906; In d ia n  Ocean

H. p a n a r ia  Kofoid and Skogsberg, 1928

Wood, 1962; In d ia n  Ocean

H. p ie tschm ann i Bohm in  S c h i l l e r ,  1933; M ia n  Ocean

H. rem ora S te in , 1883

C leve, 1901; A rabian Sea, In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

H. s c h i l l e r i  Bohm in  S c h i l le r ',  1933» In d ian  Ocean

H. tu b i f e r a  Bohm in  S c h i l l e r ,  1933; In d ia n  Ocean

Wood, 1962; In d ia n  Ocean

H. v a r i a b i l i s  S c h i l l e r ,  1933

Wood, 1962; In d ia n  Ocean

Genus LISSODINIUM 

y^gsort-inlum s c h il l e r i  M atzenauer, 1933; In d ia n  Ocean
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Genus MASSARTIA 

M assa rtia  g lau ca  (Lebour) S c h i l l e r ,  1933 

Subrahmanyan, 1958; A rabian Sea

Genus MELANODINIUM 

Melanodinium n ig r ic a n s  S c h i l l e r ,  1937 

Wood, 1962; In d ia n  Ocean

Genus NOCTILUCA

N o c tilu c a  m i l i a r i s  S u r ira y , 1816

P rasad , 1958; In d ia n  Ocean, c o a s t o f  In d ia  
Subrahmanyan, 1958; A rabian  Sea

Genus ORNITHOCERCUS

O rn ithocercus c r i s t a t u s  M atzenauer, 1933; In d ian  Ocean

0 . g e n ic u la tu s  Dangeard, 1927

Wood, 1962; In d ia n  Ocean

0. h e te ro p o ru s  K ofoid, 1907

M atzenauer, 1933; In d ia n  Ocean

0 . m agn ificus S t6 in , 1883

C leve, 1900a, 1901, 1903 (as  H is t io n e is  m ag n ifica ) :
Red Sea, A rabian  Sea, In d ia n  Ocean, Malaya 

O sten fe ld  and Schm idt, 1901; Red S ea , G. o f  Aden 
S ch ro ed er, 1906; Red Sea, G. o f  Aden, A rabian  Sea,

In d ian  Ocean, F rem antle  Harbour 
K ars ten , 1907; In d ian  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954, 1962; Sou thern  and In d ia n  Oceans 
Subrahmanyan, 1958; A rabian  Sea 
B a l la n tin e , 1961; Z an z ib ar
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■O rn ith o cercu s  quad ra tu s S c h ü tt, 1900

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden
C leve, 1903; Red Sea, A rabian Sea
S chroeder, 1906; A rabian Sea, In d ian  Ocean
K arsten , 1907; In d ia n  Ocean
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954-, 1962; S outhern  and In d ian  Oceans

0 . sp len d id u s  S c h ü tt ,  1895

S chroeder, 1906; N.E. In d ian  Ocean 
K a rs ten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

0 . s t e i n i  S c h ü tt ,  1895

O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

0 . th u m i  (Schm idt) Kof. and Skogsb ., 1928

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean 
B a l la n tin e , 1961; Z anzibar

Genus OXYRRHIS 

O xyrrh is m arina D ujard in  18-41

Subrahmanyan, 1958; A rabian Sea

Genus OXYTOXUM 

Oxytoxum caudatum S c h i l l e r ,  1937 

Wood, 1962; In d ia n  Ocean 

O. c h a i iangfi-roidfis K ofoid, 1907 

Wood, 1962; In d ia n  Ocean
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Oxytoxum compressum Kofoid, 1907

Wood, 1962; In d ian  Ocean

0 . co n str ic tu m  S te in ,  1883

O sten fe ld  and Schm idt, 1901; Red Sea 
C leve, 1903; A rabian Sea 
Schroeder,* 1906; A rabian Sea 
Wood, 19Ó2; In d ia n  Ocean

0 . coronatum S c h i l l e r ,  1937

Wood, 1962; In d ia n  Ocean

0 . curvatum K ofoid, 1911

Wood, 1962; In d ian  Ocean

0 . d ip loconus S te in ,  1883

C leve, 1903; A rabian Sea 
K arsten , 1907; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

0 . e leg an s P a v i l la rd ,  1910

M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

0 . g la d io lu s  S te in  1883

O sten fe ld  and Schm idt, 1901; Red Sea 
S chroeder, 1906; A rab ian  Sea, In d ia n  Ocean

0. m iln e r i  Mur. and W h it., 1899

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S ch roeder, I 906; N.E. In d ia n  Ocean 
K ars ten , 1907; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

0 . m itra. (S te in )  S chroeder, 1906; A rabian  Sea

Wood, 1962; In d ian  Ocean

0. parvum S c h i l l e r ,  1937

Wood, 1962; In d ia n  Ocean
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Oxytoxum reticulatum (Stein) Schütt, 1896

Wood, 1962; In d ian  Ocean

0 . sceptrum  S te in ,  1883

C leve, 1901; A rabian Sea, In d ia n  Ocean 
S ch roeder, 1906; A rabian  Sea 
Wood, 1962; In d ia n  Ocean

0 . sco lopax  S te in ,  1883

C leve, 1900a,b, 1901; sou th  In d ia n  Ocean, Arabian Sea, 
Red Sea

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S ch ro ed er, 1906; A rab ian  Sea, G. o f  Aden, Indian-O cean, 

Frem antle 
K ars ten , 1907; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

0 . sphaeroideum  S te in ,  1883

C leve, 1900b; In d ian  Ocean 
O sten fe ld  and Schm idt, 1901; Red Sea 
Wood, 1962; In d ia n  Ocean

0 . subulatum  K ofoid, 1907

Wood, 1962; In d ian  Ocean

0 . te s s e l la tu m  S te in ,  1883

C leve, 1901, 1903; Red Sea, A rabian  Sea 
O sten fe ld  and Schm idt, 1901; Red Sea; G. o f Aden 
S ch ro ed er, 1906; A rabian Sea 
M atzenauer, 1933; Indian- Ocean 
Wood, 1962; In d ia n  Ocean

0. tu rb o  K ofoid, 1907

Wood, 1962; In d ia n  Ocean

0 . v a r ia b i le  S c h i l l e r ,  1937

Wood, 1962; In d ia n  Ocean
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Genus PACHÏDINIUM 

Pachydinium indicum  M atzenauer, 1933; In d ia n  Ocean

Genus PARAHISTIONEIS

P a ra h is t io n e is  a c u ta  Bohm in  S c h i l l e r ,  1933; In d ia n  Ocean

P. c r a te r i fo rm is  (S te in )  K ofoid, 1907

C leve, 1901 (as H is t io n e is ) ; Red Sea, G. o f  Aden 
O sten fe ld  and Schm idt, 1901 (a s  H is t io n e is ) . Red Sea, 

G. o f  Aden

P. ro tu n d a ta  K ofoid and M ichener, 1911

Subrahmanyan, 1958,* A rabian Sea

Genus PERIDINIUM

P erid in ium  ab e i P au lsen , 1930

M atzenauer, 1933 (as  P. biconicum  Abe); In d ia n  Ocean 
Wood, 1954-1 Swan R.

P. achromaticum Levander, 1902

M atzenauer, 1933; In d ia n  Ocean

P. a d e lie n se  Balech 1958; A d e lie  Land

P» adense M atzenauer, 1933; G. o f Aden

P. a f f in e  B alech, 1958; A delie  Land (= P. p a llid u m )

P. a f r ic a n o id e s  Dangeard, 1927 (= P. s t e i n i )

M atzenauer, 1933; In d ia n  Ocean

P. africanum  Lemm., 1907; M adagascar, Malaya

West, 1907; Tanganyika
S chroeder, 1914; E as t A fr ic a
Lindemann, 1931 (a s  P. ornamentosum) ;  Jav a
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Perid in ium  amplum M atzenauer, 1933; In d ian  Ocean

P. am pulliform e Wood, 1954; Swan R.

P. a n ta rc ticu m  Schimper 1907 (= P. depressum )

B alech , 1958; A delie  Land

P. applanatum  Mangin, 1914

B alech, 1958; A delie  Land

P. archiovatum  B alech , 1957

B alech , 1958; A d e lie  Land

P. a v e lla n a  (Meunier) Lebour, 1925

Wood, 1954) 1962; A n ta rc t ic ,  In d ian  Ocean

P» b a lie n s e  Lindemann, 1931; Malaya, B a li

P. b e ro lin e n se  Lemm., 1910

W est, 1907; Tanganyika (d o u b tfu l)

P. biconicum  Dangeard, 1927

M atzenauer, 1933; In d ia n  Ocean

P . brachypus S c h i l l e r ,  1937; Sum atra

P. breve P au lsen , 1907

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954; A n ta rc t ic ,  Heard I .

P. b re v ip e s  P au lsen , 1908

Wood, 1954; A n ta rc t ic ,  Heard I .

P. b ro c h i Kofoid and Swezy, 1921

Subrahmanyan, 1958; A rabian  Sea 
Wood, 1962; In d ia n  Ocean

f .  in fla tu m  Okamura, 1912
M atzenauer, 1933; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian  Sea

40



- 37 -
Peridinium hui 1 a Meunier, 1910

Subrahmanyan, 1958; A rabian Sea

P. c e n te n n ia le  (P lay) L efev re , 1932

Lindemann, 1931; In d o n es ia  
L efev re , 1932; Malaya

P. c e rasu s  P au lsen , 1907

M atzenauer, 1933? In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P . c h a rc o ti  B alech , 1958; A delie  Land

P. cinctum  (O.F.M. ) E h r .,  1838; A sia

W oloszynska, 1912; Jav a
S c h i l l e r ,  1914- (as  P. w e s t i ) :  E as t A fr ic a
Lindemann, 1931; E as t In d ie s

v . tuberosum  M eunier, 1919; M adagascar 

P. c lau d ica n s  P au lsen , 1907

K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954; S ou thern  Ocean, Swan R .: 1962; In d ia n  Ocean
Subrahmanyan, 1958; A rabian  Sea

P. colombense M atzenauer, 1933; Colombo Harbour

P. conicum (Gran) O sten fe ld  and Schm idt, 1901; Red Sea, G. o f
Aden

O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954; Sou thern  Ocean, Heard I .
Subrahmanyan, 1958; A rabian Sea

f .  concava M atzenauer, 1933; In d ia n  Ocean 
f .  g u a rd a fu ian a  M atz ., 1933; In d ia n  Ocean

P. c o n ico id es  P au lsen , 1905

Wood, 1954; A lbany, A n ta rc t ic ,  Heard I  
Subrahmanyan, 1958; A rabian Sea

P. c ra s s ip e s  K ofoid, 1907

K arsten , 1907; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
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Peridinium crassipes (contd)
M atzenauer, 1933 (as f .  asym m etrica) i In d ian  Ocean 
Wood, 1954; w est c o a s t o f A u s t r a l ia ,  Heard I . ,  A n ta rc tic :  

1962; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. c u r t ip e s  Jö rg en sen , 1913

K arsten , 1907; In d ian  Ocean
M atzenauer, 1933 (and as f .  asym m etrica') : In d ian  Ocean 
Wood, 1954; A n ta rc t ic ,  Heard I .

P. curtum B alech , 1958; A delie  Land

P. cu rv ip e s O sten fe ld , 1906

Wood, 1954-1 A n ta rc tic

P. d e c ip ie n s ' Jö rg en sen , 1899

M atzenauer, 19335 In d ia n  Ocean 
Wood, 1954» A n ta rc tiç

P. depressum  B a ile y , 1855

K arsten , 1907; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933 (and f .  a n ta r c t i c a ) i In d ian  Ocern 
Wood, 1954» 1962; A n ta rc t ic ,  Heard I . ,  In d ian  and 

Southern  Ocesns 
Subranmanyan, 1958; A rabian Ser 
B r l lc n t in e ,  1961; Zonzibcr

P. d ia b o lu s  C leve, 1900a ; Red Ser

C leve , 1900b, 1901, 1903, South In d ian  Ocean, G. o f Aden, 
A rabian S e r , In d ia n  Ocean, Malaya 

O sten fe ld  and Schm idt, 1901; G. o f  Aden 
S chroeder, 1906; e a s t  In d ian  Ocean 
K arsten , 1907 (as  P. lo n g ip e s ) ;  In d ian  Ocean 
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954» 1962; A n ta rc tic ,. Heard I . , In d ian  Ocean

P. d ive rg en s E h r .,  1840

C leve, 1900a, 1903; Red Sea, A rabian Sea, In d ia n  Ocean 
O sten fe ld  and Schm idt, 1901; Red Sea, G. of Aden 
S chroeder, 1906; G. o f  Aden to  Malaya, Frem antle 
K arsten , 1907; In d ia n  Ocean
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Peridinium divergens (contd)
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933 (ns P. '-c u tip e s ) :  In d ia n  Ocean 
Wood, 1954-, 1962} Albany, South A u s tra l ia ,  Ind ian  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. e legans C leve, 1900a; Red Sea

C leve, 1901, 1903; Red Sea, G. o f Aden, A rabian Sea, 
Malaya

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
S ch roeder, 1906; Red S6a to  Malaya 
M atzenauer, 1933 (and f .  g ra n u la ta ) ; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean

P. excentricum  P au lsen , 1907

M atzenauer, 1933; Malacca S t r .
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

P. f a tu l ip e s  K ofoid, 1907

M atzenauer, 1933 (and as P. tumidum Okam.); In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. gatunense

v . m adagascarense Lefevre,, 1927; Madagascar

P. gibbosum M atzenauer, 1933} In d ia n  Ocean

P. g lobu lus S te in ,  1883

C leve , 1900a, 1901, 1903; Red Sea, G. o f Aden to  Malaya 
O sten fe ld  and Schm idt, 1901; Red S ea , G. o f Aden 
S ch ro ed er, 1906; Red Sea to  Malaya, Frem antle 
K a rs ten , 1907; In d ian  Ocean
M atzenauer, 1933 (and as P. sp h ae ro id e s )!  In d ian  Ocean 
Wood, 1954, 1962; P o rt F a iry  to  Frem ontle H arbour,

In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. grande K ofoid, 1907

K ars ten , 1907; In d ia n  Ocean 
Czapek, 1909; In d ia n  Ocean
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Peridinium gronde (contd)
O sten fe ld , 1915; Boeton S t r .
M atzenouer, 1933; In d ie n  Oceon
Wood, 1954» 1962; G reat A u s tra lia n  B ig h t, In d ie n  Oceon 
Subrohmanyon, 1954; A rabian Sea

P. g ra n i O sten fe ld , 1906

M atzenauer, 1933; In d ian  Ocean
Subrohmanyon, 1958; A rabian Sea
Wood, 1954» 1962; Heard I . ,  In d ia n  Ocean

P. gutw inskvi Woloszynska 1912; Jav a , Madagascar

Lindemann, 1931; In d o n es ia

P. heteracanthum  Dangeard, 1927

M atzenauer, 1933; In d ia n  Ocean

P. heteroconicum  M atzenauer, 1933; In d ian  Ocean

P. h iro b is  Abé, 1927

Wood, 1962; In d ian  Ocean

P. hum ile S c h i l l e r ,  1937

M atzenauer, 1933 (as  P. d e c ip ie n s ) :  In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. hyalinum  M eunier, 1910

Subrahmanyan, 1958; A rabian Sea

P. inconspicuum  Lindemann, 1931; Malaya

W oloszynska, 1912, 1932 (as  P. parvulum and P. ste inm ann i1 ; 
Malaya

P. keyense Nygaard , 1926; Malaya

P. le o n is  P a v i l la rd ,  1916

M atzenauer, 1933; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ian  Ocean
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Perid in ium  le v a n d e ri Abe, 1927

M atzenauer, 1933; In d ia n  Ocean

P. marchicum Leram. 1906

W oloszynska, 1912} Java

P. m arie lebourae  P au lsen , 1930

S c h i l l e r ,  1937; In d ia n  Ocean

P. m ediochre B alech , 1958; A d e lie  Land

P. minutum K ofoid, 1907

Subrahmanyan, 1958; A rabian Sea

P. m ite  P & v illa rd , 1916

K arsten , 1907; In d ian  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954-; A n ta rc t ic ,  Heard I .

P. monacanthum Brock, 1910

Wood, 1962; In d ia n  Ocean

P. m urrayi K ofoid , 1907

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954» 1962; A lbany, In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. nipponicum Ab¿, 1927

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P« nux S c h i l l e r ,  1937; In d ia n  Ocean

P. obesum M atzenauer, 1933 ( c f .  P. he teracan thum ^i In d ia n  Ocean 

P. oblongum ( A u r iv i l l iu s )  C leve, 1900

O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954» 1962; A lbany, Heard I . ,  In d ia n  Ocean
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Perid in ium  obovatum Wood, 1954» A n ta rc tic

P. obtusum K arsten , 1906

Subrahmanyan, 1958 (? = P. m arie leb o u rae ): A rabian Sea

P. oceanicum V anhoffen, 1897

C leve, 1900a,b , 1901, 1903j Bed Sea, G. o f Aden to  Malaya, 
sou th  In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
Schroeder, 1906; A rabian  Sea, G. o f  Aden, Red Sea 
K a rs ten , 1907; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954; V ic to r ia  to  Albany, In d ian  Ocean: 1962;

In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea 
B a l la n tin e , 1961; Z anzibar

P. okamurai Abe, 1927

Wood, 1962; In d ia n  Ocean

P. o r ie n ta le  M atzenauer, 1933; In d ia n  Ocean

P. ovatum (Pouchet) S c h ü tt, 1895

M atzenauer, 1933; In d ian  Ocean 
Wood, 1954; Heard I .
Subrahmanyan, 1958 (as  P. g lobu lus v . ovatum) : A rabian Sea

P. oviform e Dangeard, 1937

M atzenauer, 1933; In d ia n  Ocean

P. pa llidum  O sten fe ld , 1899

B alech, 1958 (a s  P. a f f i n e ) :  A delia  Land 
Wood, 1962; In d ia n  Ocean

P. parv ico llum  B alech, 1957

B alech , 1958; A d e lie  Land

P. pedunculatum S c h ü tt ,  1895

C leve, 1900a,b , 1901; In d ian  Ocean, Malaya 
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden
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Peridinium pedunculatum (contd)

S chroeder, 1906; Red Sea to  S ingapore , Frem antle  
M atzenauer, 1933 (a s  P. pe lluc idum ) ; In d ia n  Ocean 
Wood, 1954-, 1962; Albany, In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. pe llucidum  (B ergh)„S ch ü tt, 1883

C leve, 1900b; sou th  In d ia n  Ocean
O sten fe ld  and Schm idt, 1901; Red S ea , G. o f Aden
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ian  Ocean 
Wood, 1954-! 1962; In d ia n  Ocean

P. pentagonum Gran, 1902

K arsten , 1907; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954-; V ic to r ia ,  Swan R ., N orth A u s t r a l ia :  

1962; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian  Sea

v . la t i s s im a  K ofoid , 1907
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954; Swan R.
B a l la n t in a ,  1961; Z anzibar

P. p e r r i e r i  Faure F rem ie t, 1909; In d ia n  Ocean

P. persicum  S c h i l l e r ,  1937

Bohm, 1931 (as P. s c h i l l e r i ) :  P e rs ia n  G ulf

P. p ie tschm anni Bohm, 1931; P e rs ia n  G ulf

P. pyrifo rm e P au lsen , 1904

O sten fe ld , 1915; Boeton S t r  
Wood, 1954; Heard I .

P. p l a y f a i r i  Lindemann, 1931; Malaya, B a li

P. p seudoan tarc ticum  B alech , 1937
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Perid in ium  punctulatum  P au lsen , 1908

M atzenauer, 1933? In d ia n  Ocean
Wood, 1954» I s r a e l i t e  Bay, Albany, Heard I .
B a l la n tin e , 1961; Z anzibar

P. pyriform e P au lsen , 1907

M atzenauer, 1933; In d ian  Ocean
Wood, 1954; Heard I . ,  A n ta rc t ic ,  In d ian  Ocean
B alech , 1958; A delie  Land

P. quadratum M atzenauer, 1933; In d ia n  Ocean

P. quarnerense S chroeder, 1910; In d ian  Ocean

O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933 (as  P. subpyriform e D ang.); In d ian  Ocean 
Wood, 1954; Swan R ., N orthern  A u s tra l ia  
Subrahmanyan, 19*58 (a s  P. g lobu lus v . quarnerense) : 

A rab ian .S ea

P. r a c ib o r s k i i  W oloszynski, 1912, Java

P. remotum K arsten  1907; In d ian  Ocean

M atzenauer, 1933; In d ia n  Ocean

P. re tife ru m  M atzenauer, 1933; In d ia n  Ocean

P. rosaceum B alech, 1957

B alech , 1958; A delie  Land

P. roseum P au lsen , 1929

Wood, 1954, 1962; Swan R .,  In d ia n  Ocean

P. sanguineum C a r te r ,  1858

S a v i l le  K ent, 1880; Bombay

P. sinaicum  M atzenauer, 1933; Red Sea

Subrahmanyan, 1958; A rabian  Sea

P. s o l id ic o rn e  Mangln, 1926
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean
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P erid in ium  somma M atzenauer, 1933? In d ia n  Ocean

P, sp? Subrahmanyan, 1958; A rabian Sea

P. sphaericum  Okamura, 1912

M atzenauer, 1933 (v . g r a c i l i s  es  P. sphaero idea  Abé);
In d ian  Ocean 

B a l la n tin e , 1961; Z anzibar

P. s t e i n i  Jo rgensen , 1899

C leve, 1900a,b , 1901, 1903; Red Sea to  Malaya, south  
In d ian  Ocean 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S chroeder, 1906; Red Sea to  S ingapore 
K arsten , 1907; In d ia n  Ocean 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ia n  Ocean
Wood, 1954» 1962; F rem an tle , G era ld to n , In d ia n  Ocean, 

A n ta rc t ic  convergence 
Subrahmanyan, 1958; A rabian  Sea 
B a l la n tin e , 1961; Z anzibar

P. subinerme P au lsen , 1904

M atzenauer, 1933 (a s  P. asym m etrica) ;  In d ia n  Ocean 
Wood, 1954, 1962; V ic to r ia ,  A lbany, A n ta rc tic  convergence, 

In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea

P. tenuissim um  K ofoid, 1907

K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. thorianum  P au lsen , 1905

M atzenauer, 1933; In d ia n  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

P. t r e u b i  Woloszynska (v . G lenodinium quadridens S te in )
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Peridinium tristylum Stein, 1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
M atzenauer, 1933; In d ia n  Ocean

f . o v a ta  S chroeder, 1906; In d ia n  Ocean, Frem antle 
Harbour

P. trochoideum  (S te in )  Lemm., 1910

Subrahmanyan, 1958 (a s  Glenodinium ) ; A rabian Sea

P. tu rb in a tu m  Mangin, 1926

Wood, 1954-; Heard I . ,  A n ta rc tic
B alech, 1958; A d e lie  Land (= P. in aeq u a le  P e te rs )

P. umbonatum S te in .  1883

W oloszynska, 1912; Java
Lindemann, 1931 (a s  P. ambiguum. Glenodinium g u ild fo rd e n se , 

and G. geminum) ! J a v a

P. variegatum  P e te r s ,  1928

Wood, 1954-» 1962; A n ta rc t ic ,  In d ia n  Ocean 
B alech, 1958, A delie  Land

P. ventricum  Abé, 192?

Wood, 1962; In d ia n  Ocean

P. venustum M atzenauer, 1933; In d ia n  Ocean

Subrahmanyan, 1958; A rabian Sea 
B a l la n tin e , 1961; Z anzibar

P» v o lz i  Lemm., 1905; M adagascar, A fr ic a

W est, 1909; Yan Yean, V ic to r ia  
Lindemann, 1931; In d o n es ia

v . botanicum  Lindemann, 1909; Malaya
f .  sinuatum  (Lindemann) L efev re , 1932

Lindemûnn, 1931 (as  P. sinuatum ) : Malaya

P. w ildem ani W oloszynska, 1912 (v . Glenodinium quadridens S te in )
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Pfvrlrii nium w i l l e i  H u itfe ld -K aas , 1900 

Lindemann, 1931? In d o n es ia

Genus PHALACROMA.

Phalacroma acutum (S ch ü tt)  P a v ., 1916

M atzenauer, 1933? In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. argus S te in ,  1883

O sten fe ld  and Schm idt, 1901? Red Sea, G. o f Aden 
C lev e , 1901; A rabian S ea , In d ia n  Ocean 
S ch roeder, 1906; Red S ea , A rabian Sea 
M atzenauer, 1933? In d ia n  Ocean 
Wood, 1954; w est o f  Bass S t r .

P. circumsutum K arsten , 1907; In d ia n  Ocean

M atzenauer, 1933? In d ia n  Ocean 
B a l la n tin e , 1961; Z an z ib ar

P. cuneus S c h ü tt, 1895

C lev e , 1901, 1903? A rabian  Sea, In d ian  Ocean 
O sten fe ld  and Schm idt, 1901; G. o f Aden 
S chroeder, 1906 (a s  P. b lackm anii i A rabian Sea, 

F rem an tle , In d ia n  Ocean 
K a rsten , 1907? In d ia n  Ocean 
M atzenauer, 1933? In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. do lichop teryg ium  Mur. and"W hit., 1899

C leve, 1901 ; In d ia n  Ocean 
M atzenauer, 1933? In d ia n  Ocean 
Subrahmanyan, 1958; A rab ian  Sea

P. doryphorum S te in ,  1883

C leve, 1900, 1903? Red S ea , A rabian  S ee , In d ian  Ocean 
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S ch ro ed er, 1906; G. o f Aden, A rabian S ee , In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean
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Phalacroma favus Kof. and Mich., 1911
M atzenauer, 1933i In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. hindm archi Mur. and W h it., 1899

Wood, 1962; In d ian  Ocean

P . l i r e g u ia re  Lebour, 1926

Wood, 1954; sou th  c o a s t o f  A u s tra l ia

P. .jourdani G o u rre t, 1883

C leve, 1901, 1903; Red Sea, G. o f  Aden, A rabian Sea, 
In d ia n  Ocean

P. la te v e la tu m  Kof. and S kogsb ., 1928

M atzenauer, 1933; In d ian  Ocean

P. le n s  Kof. and S k o g s ., 1928

Wood, 1954; Swan R.

P. mawsoni Wood, 1954; A n ta rc tic  convergence

P. m itra  S c h ü tt, 1895

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S ch roeder, 1906; A rabian Sea, e a s t  In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

P. operculatum  S te in ,  1883

C leve, 1901, 1903; Red S ea , G. o f Aden, A rabian Sea, 
In d ia n  Ocean 

S ch roeder, 1906; A rabian  Sea, N.E. In d ian  Ocean 
K arsten , 1907; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

P. ovum S c h ü tt, 1895

Wood, 1954, 1962; Swan R . ,  In d ia n  Ocean
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Phalacroma parvulum (Schütt) Jbrgensen, 1923
O sten fe ld  and Schm idt, 1901 (as  P. porodictyum  v .

parvulum 1 : G. o f  Aden 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. porodictyum  S te in ,  1883

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
S ch ro ed er, 1906 (as  P. porodictum ) : A rabian Sea 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ian  Ocean

P . porosum (Kof. and M ich.) Kof. and S k o g s., 1928

Wood, 1954» A n ta rc tic

P. pulchellum  Lebour, 1925

Wood, 1954; A n ta rc tic  convergence sou th  o f  C. Leeuwin

P. rap a  S te in ,  1883

C leve, 1901, 1903; A rabian Sea, In d ia n  Ocean 
O sten fe ld  and Schm idt, 1901; G. o f Aden 
M atzenauer, 1933; In d ia n  Ocean, Red Sea 
Wood, 1962; In d ia n  Ocean

P. rotundatum  (C lap , and L ach.) Kof. and M ich., 1911

K arsten , 1907 (as D inophysis ro tundatum ) :  In d ian  Ocean 
M atzenauer, 1933; G. o f  Aden, In d ia n  Ocean 
Subrahmanyan, 195£j A rabian  Sea

P. ru d g e i Mur. and W h it., 1899

S chroeder, 1906; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. s tr ia tu m  K ofoid, 1907

Wood, 1962; In d ia n  Ocean

P. vastum S chroeder, 1906; G. o f  ''den, A rabian  Sea
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Genus PODOLAMPAS

Podolampas b ip e s  S te in ,  1883

C leve, 1901, 1903; Red Sea, G. o f Aden, A rabian Sea, 
In d ia n  Ocean, Malaya 

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S ch roeder, 1906; Red Sea, A rabian Sea, In d ia n  Ocean 
O sten fe ld , 1915? Boeton S t r .
M atzenauer, 1933? In d ian  Ocean 
Subrahmanyan, 1958? A rabian Sea 
Wood, 1962; In d ia n  Ocean 
B a l la n tin e , 1961? Z anzibar

f .  r e t i c u l a t a  (Kofoid) S c h i l l e r ,  1937

M atzenauer, 1933 (as P. r e t  i  c ilia ta  K o f .) , In d ia n  Ocean 
Wood, 19¿2; In d ia n  Ocean

P. e leg an s S c h ü tt, 1895

S chroeder, 1906; Red Sea, G. o f Aden, A rabian Sea 
M atzenauer, 1933? In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

P. nalnn nea S te in , 1883

C leve, 1900a, 1903; Red Sea, G. of Aden, A rabian Sea 
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f  Aden 
S chroeder, 1906; Red Sea to  Sunda Sec 
M atzenauer, 1933? In d ian  Ocean 
Subrahmanyan, 1958; A rabian Sea 
Wood, 1962; In d ia n  Ocean

P. s p in i f e r  Okamurai 1912

Wood, 1962; In d ia n  Ocean

Genus POLYKRIKOS 

P o lykrikos sch w artz i B u tsc h li ,  1873

Subrahmanyan, 1958; A rabian Sea
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Genus PRONOCTILUCA 

P ro n o c tilu ca  dela g r in  Fabre-Domergue, 1889 

Wood, 1962; In d ian  Ocean 

P. s p in i f e r a  (Lohmann) S c h i l l e r ,  1933 

Wood, 1962; In d ian  Ocean

Genus PROROCENTRUM 

Prorocentrum  arcuatum  I s s e l ,  1928

M atzenauer, 1933 (a s  P. gibbosum S c h i l l e r ) ;  In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. dentatum  S te in ,  1883

Wood, 1954-, 1962; Swan R ., Ind ian  Ocean

P. maximum S c h i l l e r ,  1931

M atzenauer, 1933; In d ia n  Ocean

P. g ra c i le  S c h ü tt, 1895

O sten fe ld  and Schm idt, 1901; Red Sea 
S chroeder, 1906; A rabian Sea, In d ia n  Ocean

P. micans E h r . . 1833

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
C leve, 1903; A rabian Sea
S chroeder, 1906; G. o f Aden, Red Sea, A rabian Sec 
O sten fe ld , 1915; Boeton S t r .
M atzenauer; 1933; In d ia n  Ocean
Wood, 1954-, 1962; Swan R ., In d ia n  Ocean
Subrahmanyan, 1958; A rabian Sea

P. minimum S c h i l l e r ,  1933

Wood, 1962; In d ia n  Ocean

P. ro s tra tu m  S te in ,  1883

Wood, 1962; In d ia n  Ocean
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Prorocentrum  scu te llu m  S chroeder, 1901? In d ia  

P. sigm oides Bohm, 1931

Subrahmanyan, 1958; A rabian Sea 

P» spinulosum  K arsten , 1907; In d ia n  Ocean

Genus FR0T0CERATIUM

P ro to cera tiu m  areo latum  K ofoid, 1907

M atzenauer, 19335 In d ian  Ocean 
Wood, 1962; In d ia n  Ocean

P. re tic u la tu m  (C lap, and L ach .) B u tsc h li , 1885

O sten fe ld  and Schm idt, 1901; Red Sea, G. of Aden 
M atzenauer, 1933; In d ian  Ocean

Genus PTYCHODISCUS 

P tychodiscus c a r in a tu s  K ofoid, 1907 

Matzenauer, 1933; In d ia n  Ocean 

P. in f l a tu s  P a v i l la rd ,  1916

M atzenauer, 1933; In d ia n  Ocean

Genus PSEUDOPHALACROMA.

Pseudophalacroma nasutum (S te in )  J 5 r g . ,  1923

K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ian  Ocean

Genus PYROCYSTIS

P y ro cy s tis  e legans P a v ., 1931

M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ian  Ocean
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P y ro cy s tis  e l l ip s o id e s  (H ackel) Lemm., 1890

M atzenauer, 1933; In d ian  Ocean

P. fu s ifo rm is  Murrey, 1885

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden
C leve, 1901; In d ia n  Ocean, Malaya
K arsten , 1907; In d ia n  Ocean
M atzenauer, 1933; In d ia n  Ocean
Subrahmanyan, 1958; A rabian  Sea
Wood, 1962; In d ia n  Ocean

P. hamulus C leve, 1900

C leve , 1901, 1903; In d ia n  Ocean, Malaya, Red Sea
O sten fe ld  and Schm idt, 1901; G. o f  Aden
S chroeder, 1906; In d ia n  Ocean
K arsten , 1907; In d ia n  Ocean
M atzenauer, 1933; In d ia n  Ocean
Wocd, 1962; In d ia n  Ocean

f .  s e m ic ir c u la r is  K ofoid , 1907

M atzenauer, 1933; In d ia n  Ocean 
Wood, 1962; In d ia n  Ocean

P. la n c e o la ta  Sehr o c ^ r ,  1900

K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean

P. lu n u la  S c h u tt ,  1896

O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
C lev e , 1901; A rabian  Sea, In d ia n  Ocean 
S chroeder, 1906; In d ia n  Ocean 
K arsten , 1907; In d ia n  Ocean 
Wood, 1962; In d ian  Ocean

P. micans S ch roeder, 1906; Red Sea

P. minima M atzenauer, 1933; In d ia n  Ocean

P. ob tu sa  P a v ., 1931

M atzenauer, 1933; In d ia n  Ocean
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P y ro c y s tis  p seu d o n o c tilu ca  W. Thompson, 1876

C leve, 1900a,b, 1901, 1903» Red Sea, G. of Aden, A rabian 
Sea, Malaya, In d ia n  Ocean 

O sten fe ld  and Schm idt, 1901; Red Sea,- G. o f Aden 
K arsten , 1907; In d ia n  Ocean 
M atzenauer, 1933; In d ia n  Ocean 
Wood, 1954> 1962; In d ian  and Southern Oceans 
Subrahmanyan, 1958; A rabian  Sea

P. rhomboides M atzenauer, 1933; In d ia n  Ocean

P. ro b u s ta  K ofoid, 1907

M atzenauer, 1933; In d ia n  Ocean 
K ars ten , 1907; In d ian  Ocean 
Wood, 1962, In d ian  Ocean 
B a l la n tin e , 196I ;  Z anzibar

Genus PYRODINIUM 

Pyrodinium s c h i l l e r i  (M atz.) S c h i l l e r ,  1937

M atzenauer, 1933 (a s G oniaulax) ; Red Sea, P e rs ia n  G ulf

Genus PYROPHACUS

Pyrophacus horologicum  S te in ,  1883

C leve, 1900a,b, 1901, 1903; Red Sea, In d ian  Ocean, Malaya 
O sten fe ld  and Schm idt, 1901; Red Sea, G. o f Aden 
S chroeder, 1906; Red Sea to  Sunda Sea 
O sten fe ld , 1915; Boeton S t r .
M atzenauer, 1933; In d ian  Ocean 
Wood, 1954» 1962; Bass S t r a i t  to  Ind ian  Ocean 
Subrahmanyan, 1958 (and v . s t e i n i ) : A rabian Sea 
B a l la n tin e , 1961; Z anzibar

Genus SPHAERODINIUM 

Sphaerodinium  javanicum  W oloszynska, 1930; Java 

S . spp. Subrahmanyan, 1958; A rabian  Sea
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Genus SPIRAULAX

Spiraulax jolliffei (Mur. and Whit.) Kofoid, 1911
C leve, 1903 (as  G oniaulax) : Red Sea, A rabian Sea 
S chroeder, 1906 (a s  G oniaulax) ;  In d ia n  Ocean 
M atzenauer, 1933; In d ian  Ocean 
Wood, 1962; In d ian  Ocean

1305
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Studies on the Seasonal Cycle of Sea Surface Temperatures, 
Salinities and Phytoplankton in Puttalam Lagoon, 

Dutch Bay and Portugal Bay along the 
W est Coast of Ceylon

M. D u b a i b a t n a m  

Department of Fisheries, Colombo 3, Ceylon

Introduction
A study of the sea surface temperatures, salinities and phytoplankton was carried out at Puttalam 
lagoon, which is the largest Jagoon in Ceylon and in the adjacent bays, Dutch Bay and Portugal Bay, 
for one year from June, 1960 to May, 1961. Lagoon fishing is carried out throughout the year, but 
most of the fishing is done during the South West Monsoon, as the sea outside is too rough for 
small vallams, theppams and orus to go out fishing. Surface temperatures and salinities for the Bay 
of Bengal have been reported by Sewell (1926), Das (1954) and Jayaraman (1954). They have made 
detailed studies for specific nearshore locations along the Indian coasts. La Fond (1954, 1957) 
had shown the relation of these data to the water masses and circulation. La Fond (1958) had also 
described the seasonal cycle of sea surface temperatures and salinities along the East Coast of India. 
Studies on the plankton of the inshore waters off Mandapam were made by Prasad (1954, l9ö6). 
Studies on plankton were aiso made by Chacko (1950), Ganapathi and Murthy (1953 and 1955), 
Ganapathy and Rao (1953), and Menon (1945).

However, no work on marine plankton had been described for Ceylon waters. I t  was thought 
worthwhile to study the seasonal cycle of sea surface temperatures, salinities and phytoplankton and 
their effect on fisheries production in these areas, as phytoplankton forms the food of Zooplankton 
and the food of fishes directly or indirectly.

Material and Methods
Surface plankton hauls were made with Kitahara’s surface plankton net with an over all 
length of 120 cms. and diameter of 30 cms. The mesh is in conformity with the International Standard 
No. 13 and with the Japanese standard X X  13. Plankton hauls were made once a month from the 
departmental motor launches the “ Seer “ Kelawalla ” , and “ Halmessa ” . The speed of the boat 
was kept constant during the tow which was confined to 15 minutes. The plankton collected was 
transferred into clean bottles and preserved in 4% formalin. Temperature readings of surface water 
were made on the dates of collection. Salinities were obtained by determining chlorinity by Knudsen’s 
method and reading salinity values directly from Knudsen’s table. Quantitative estimations were 
made by counting under a binocular microscope the plankton contained in 1 c.c. samples. Different 
symbols were used to denote the comparative abundance of the différant diatoms, dinoflagellates and 
Cyanophyceae.

Sea surface temperature
The mean monthly surface temperatures at Puttalam lagoon vary from 27.6° C to 30.8° C. The 
peak temperatures were in April, May and June and the lowest found were in November, December
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1 0  PH YTO PLA N K TO N  CYCLES IN  P U T T ALAM LAGOON

and January. The temperature range is 3.2° C. There is a gradual fall in temperature from April to 
September and from October to January. The lowering of the temperature from April to September 
is probably due to the high winds during the South-West Monsoon which causes turbulence, which 
results in the mixing of the surface water and subsurface cold water. The lowering of temperature 
from October to December can be attributed to the general cooling of the atmosphere and the onset of 
the North-East winds as reported by Ganapathi and Venkata Rama Sarma (1958). The surface 
temperatures at Dutch Bay and Portugal Bay reveal the same pattern as in Puttalam lagoon, although 
the temperatures are relatively lower. This is because Puttalam lagoon is further away from the sea 
and is rather shallow compared to Dutch Bay and Portugal Bay.

T A B L E  I

MONTHLY SURFACE TEMPERATURE AND SALINITY AT FOUR LOCATIONS ON PUTTALAM LAGOON FROM
JUNE, 1960 TO MAY, 1961

Puttalam Lagoon Dutch Bay Portugal Bay Portugal Bay
towards Pallugaturai towards Kovil Munai

i— —
Temp.

(°C)

— .. . 
Sal. 
(% .)

Temp.
(°C)

—^ ------ — >.

Sal.
(% .)

,--------------A—
Temp.

(°C)

----- ----- *
Sal.
(% .)

!--------------
Temp.

(°C)
Sal.
(%o)

J a n u a ry 27-6 . . 20-4 . 27-0 . .  21-3 . 27-1 30-0 . 27-1 30-5
F e b ru a ry 28-0 24-7 . 27-6 . . 25-2 . 27-6 . . 30-5 . 27-6 . 30-8
M arch 29-2 . .  24-5 . 28-8 29-1 28-8 . . 30-2 . 28-6 . 30-1
A pril . . 30-8 . . 22-8 . 30-4 29-6 . 30-4 . . 30-5 . 30-6 . 31-4
M ay 30-6 . . 29-9 . 30-2 . .  20-0 . 30-3 . . 32’0 . 30-4 . 31-9
J u n e 30-0 . . 30-4 . 28-9 30-8 . 29-0 . . 31-8 . 29-2 . 35-6
J u ly . . 28-8 . . 33-8 . 28-2 . .  35-0 . 29-4 . . 33-2 . 29-2 . 34-3
A u g u st . . . .  28-6 35-3 . 28-0 . . 34-5 . 28-2 . . 32-2 . 28-3 . 32-1
S ep tem ber . .  28-2 33-8 . 27-6 33-4 . 27-7 . . 3 3 1  . 27-7 . 32-2
O ctober . . . . 28-4 . . 36-4 . 27-8 . .  34-8' . 27-8 . . 35-4 . 27-9 . 35-6
N ovem ber . .  28-0 20-0 . 27-4 . .  18-5 . 27-5 . . 28-2 . 27-6 . 29-4
D ecem ber 27-8 . . 20-2 . 27-2 . . 20-4 . 27-2 . . 31-4 . 27-2 . 31-5

Salinity

The highest salinities at Puttalam lagoon are from May to October ranging from 29.9%0 in May to 
36.4%0 in October. The salinities vary from 20%o in November to 22.8%0 in April. This shows 
that during the South-West Monsoon the salinity is high and low during the North-East Monsoon. 
Probably the salinities are relatively high from May to October due to the high evaporation that takes 
place during these months, as the lagoon is rather shallow not exceeding two fathoms in the deepest 
area and 1-2 feet in the shallowest area, and to the prevalence of high winds during the S.-W. Monsoon. 
Further, higher salinity waters are brought into the lagoon from the Central Indian Ocean and southern 
part of the Arabian Sea as the current is from South to North (Sewell 1925-32). There is a close 
resemblance between the temperature and salinity of waters at Mandapam described by La Fond (1958) 
and in the bays of the west coast of Ceylon. During the North-East Monsoon the current is reversed, 
i.e., from North to South (Sewell 1925-32), as a result, the salinity values are low from November to 
April, namely 20%o to 24.7%0. At Dutch Bay the salinity range was similar to Puttalam lagoon 
except that the salinities in March and April were higher which coincides with the high temperatures 
reached during these months. The salinities at Portugal Bay towards Kovil Munai and Paflugaturai 
are comparatively higher than at Puttalam Lagoon or Dutch Bay as Portugal Bay is closer to the 
sea. Although there is an increase in the salinities in Portugal Bay from April to October during the 
South-West Monsoon the increase is not as high as in Puttalam lagoon.
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Plankton

There were sudden fluctuations in the distribution of phytoplankton but no definite conclusions 
can be drawn due to the short period of observation. The distribútion of phytoplankton including 
Dinophyceae and Cyanophyceae is shown in tables 2, 3, 4 and 5. There are more than one phyto
plankton maximum in a year. At Puttalam lagoon blooms of Thalassiosira subtilis occurred in Novem
ber, Rhizosolenia alata in February, Rhizosolenia imblricata in March and May, Chaetoceros lascinosus in 
February, Thalassionema nitzschioides and Thalassiothrix Frauenfeldii in May. At Dutch Bay 
blooms of Coscinodiscus gigas occurred in June, Sceletonema costatum in August, Bacteriastrum varians 
in July, Chaetoceros diversus in October, Rhizosolenia imbricata in February, Rhizosolenia alata in 
March, Biddulphia mobilensis in May, Thalassiothrix frauenfeldii July to September, Rhaphoneis 
discoides in September, Asterionella japonica May and in October, Thallassionema nitzschioides in 
April and May. Blooms at Portugal Bay towards Kovil Munai were identical with those of Dutch Bay. 
Blooms at Portugal Bay towards Pallugaturai were mostly iden icd , but blooms of Chaetoceros 
pervianus occurred in October, and Thalassiosira subtilis in November.

In all the 4 regions the bulk of phytoplankton occurred from May to September during the 
South-West Monsoon and is the cumulative effect of several species. For example the bulk of 
phytoplankton in May was composed of Thalassiosira decipens, Thalassiosira subtilis, Coscinodiscus 
gigas, Rhizosolenia imbricata, Rhizosolenia alata, Rhizosolenia styliformis, Bacteriastrum varians, 
Chaetoceros lorenzianus, Chaetoceros pervianus, Biddulphia sinensis, Biddulphia pulchella, Rhaphoneis 
discoides, Thallasionema nitzschoides, Thallassiothrix longissima, Thallassicthrix frauenfeldii and 
Gyrosigma balticum. There were two outburts of diatoms in June and in October. The June outburst 
consisted of several species, the dominant ones being Sceletonema costatum, Coscinodiscus gigas, 
Rhizosolenia styliformis, Rhizosolenia alata, Biddulphia sinensis, Thallassionema nitzschioides, Thallas
siothrix frauenfeldii and Asterionella japonica. The October outburst consisted of several species of 
Chaetoceros, Chaetoceros lorenzianus, Chaetoceros pervianus, Chaetoceros lascinosus, Chaetoceros 
diversus, Thallassiothrix frauenfeldii, Asterionella japonica, Rhizosolenia imbricata, Rhizosolenia 
alata and Rhizosolenia styliformis.

Sudden outbursts of a single species were common especially Thallassiothrix frauenfeldii, 
Chaetoceros species and Rhizosolenia species. The distribution of diatoms at Puttalam lagoon 
is different from the other three localities. The relative abundance of plankton was small and the 
number of species of diatoms much less. This may be attributed to the fact that it is further away 
from the sea and lacks nutrient salts. In the other three areas the rivers Kai Aru and Pomparippu 
Aru empty and bring in nutrient salts.

Four species of Dinophyceae were found in these areas and their relative abundance is shown in 
the tables 2-5.

Trichodesmium erythraeum a blue green algae belonging to the Cyanophyceae was found in 
plenty in January, February, March and November. Dsvanesan (1942) states that Trichodesmium 
found off Krusadai in abundance forms a favourite item in the food of the Indian sprat (Sardinella 
gibbosa) and the mullet (Mugil waigiensis). During the year June, 1960 to May, 1961 the months in 
which sprats were caught in large quantities were January, February, March and November. This 
seems to correspond with the relative abundance of Trichodesmium erythraeum during these months.

From the fisheries statistics available for this period the best fishing months were from May 
to September which corresponded to the peak months for phytoplankton. But no conclusions can 
be derived as there is more intensive fishing during these months of the S.-W. Monsoon in these 
protected regions due to the sea being too rough for distant fishing.
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OsOS
PHYTOPLANKTON CALENDAS,

Species June July Aug
1. M elosira su lca ta  (E hrenberg) 

K u e tz in g R
2. S tep hanopyx is p a lm erian a  (G re

ville) G runow _ __ _
3. Sceletonem a c o sta tu m  (Greville) 

Cleve __ .___ __

4. T halassiosira  coram andeliana  Subr. --- __ _
6. T halassiosira  decipiens (Grunow) 

Jo rg en so n __ _ _
6. T halassiosira  su b tilis  (Ostenfeld) 

G ran C
7. Coscinodiscus gigas E hren b erg c ! c ! c
8. C oscinodiscus m arg in a tu s  E hren - 

berg c . c . c
9. P lan k to n ie lla  sol (W allich) S c h u tt  . . R . R . —

10. A ulacodiscus o rb icu la tus Subr. — — —
11. C orethron inerm e K a rs ten — — —
12. Schroederella  de lica tu la  (Peragallo) 

P av illa rd . R
13. L ep tocy lind ricus dan icus Cleve — . — . —
14. L eptocy lindricus m in im us G ran  . . — . — . —
15. G u in ard ia  flaccida (C astracane) 

P eragallo — . — . —
16. R hizosolenia cy lind rus Cleve R . R . R
17. R hizosolenia  -styliform is B rightw ell R . R . —
18. R hizosolenia  se tigera  B rightw ell . . R . —

R19. R hizosolenia c rassip lana Sch ro ed er. . — —
20. R hizosolenia  a la ta  B rightw ell R . R . C
21. R hizosolenia  im b rica ta  B rightw ell — . P . P
22. B ac te ria s tru m  v arian s L auder R . R —
23. C haetoceros lorenzianus G runow  . . — . R . —
24. C haetoceros pe rv ian u s B righ tw ell . . — . — . P
25. C haetoceros lascinosus S ch u tt — — . P
26. C haetoceros d idym us E h ren b erg  . . — . R . P
27. C haetoceros d iversus Cleve ■— — —
28. E u cam p ia  c o rn u ta  (Cleve) G runow — . — . —
29. E u cam p ia  zoodiacus E hren b erg  . . — — —
30. D ity lu m  brightw ellii (W est) G runow C . R . —
31. T rice ra tiu m  fav u s E hren b erg C . C . C
32. T ricera tiu m  d u b iu m  B rightw ell •— — . R
33. T ricera tiu m  a lte rn a n s  B ailey P . F . F
34. B id d u lp h ia  pu lchella  G ray F . F . —
35. B id d u lp h ia  sinensis Greville — — R
36. B id d u lp h ia  m obilen  is B ailey R . F . R
37. R h ab d o n em a  m irificum  W . Sm ith — . — . R

TABLE I I

I960

C

R

R

R
C

F

R

C
C
R
R

LAGOON, JUNE} 1960 to MAY, 1961

1961
A

Oct. Nov. Dec.
“ '\ <

Jan. Feb. March April May

. .  F . .  — . .  — . .  — —  ' . F  . R . R

. .  — . .  — . .  — — . R —  . . —

. . — . .  — . .  C . .  —  . — . —  . —  . . —

. .  F . .  — . .  — — . —  . —  . . —

■ . — . .  P . .  — . .  R — . —  . R  . . R

. .  C . .  B . .  F . .  C . — — — —
— — — — — . —  . R R

. .  F . .  P __ F . R  . F  . . F

. .  R — ’ R . R .— — — __

. .  R . .  — . .  — . .  R  . — . —  . R . R
— . . ---- ♦ • — . . --- — — — . R

__ --- __ __ __ __ __ . R
— . . --- — . . ---  . — . —  . —  . —
— --- — --- R . —  . —  . • —

. .  — . . ~ . .  — . .  R  . — . —  . —  . . R
__ --- __ __ __ __ R . R

. .  — . .  R . . — —  . — ! r  ! __ . C

. .  — . .  R . . — . . —  . — . R  . R . —
— . .  — ,. — . .  — — — — . R

. .  C . . — . .  C . .  F  . B . R  . R  ! . C
— . .  — . .  C . .  R  . — . . B . — . B

. .  — . .  — . .  R . .  R  . — — — . R
— . .  R . .  — . .  — R — — . R

. .  F . .  — . .  R R  . — — R  ! 4 _

. .  R . .  — . .  R . .  R  . B . R  . _ _

. .  — . .  — . .  R . .  R  . — — c . _

. .  — . .  R . .  — . .  R  . C . R  . —  . . —
— — . .  C — — — — 4 _

. . — . .  — . .  — R . R —  . . —
— —— — — — — _ . R

. .  C . .  — . .  R . .  R R . R  ! F

. .  — . .  — . .  — —  . — . —  . —  . . —
— — — — — — _ _

. .  C . .  C . .  — . . —  . R . R F  ! -

.. c — — — _ . R _ _

. .  — . . — . .  R . .  R  . _ _ _ _

. .  F  ' . .  — . .  C . .  R  . — . —  . —  . _
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38. R h a b d o n em a  a rc u a tu m 'K u e tz in g . . R R . B
39. H em id iscus h a rd m a n n ia n u s  (G re

ville) M ann R R __ . B
40. L iom orpha a b b rev ia ta  A gardh — — . C _
41. L icom orpha litto ra lis  M isra — — . — . .—
42. C lim acosphenia m oniligera E hren - 

berg C — __ —
43. C lim acosphenia e lo n g a ta  B ailey C — — , —
44. F ra g ila ria  oceanica Cleve — - — _ —
45. R hap h o n eis discoides S u b rah 

m an y an _ R . C . C
46. S yn ed ra  closterioides G runow — — — .—
47. S yn ed ra  form osa H an tzsch — — — . B
48. T hallassionem a nitzschioides G ru 

now . c
49. T hallassio th rix  longissim a Cleve 

a n d  G runow F _ _ .

50. T hallassio th rix  frauenfeld ii G runow C _ . c . C
51. A sterionella  japon ica  Cleve — --- .  — . —
52. G yrosigm a b a lticu m  (Ehrenberg) 

R ab en h o rs t F F _ -

53. P leurosigm a elongatum  W . S m ith C — . — . C
54. P leurosigm a norm anii R alfs — — — . B
55. P leurosigm a an g u la tu m  (Q uekett) 

W . Sm ith __ __ __ .__

56. P leurosigm a aes tu a rii B réb isson  . . C — . c . —
57. Pleurosigm a c a rin a tu m  D onkin — — — . B
58. D iploneis weissflogii (A. Schm idt) 

Cleve — __ __ . " __
59. D iploneis ro b u stu s Subr. — — . — . B
60. N av icu la  hennedyii W . Sm ith — — — . B
61. N av icu la  longa (Gregory) R alfs . . . — — — . F
62. P in n u la ria  d irec ta  Sm ith R — — ■—
63. T rach y n eis  a sp e ra  E liren b erg — — . — —
64. C ym bella  m arin a  C astraeane — — . B ■—
65. B acilla ria  p a rad o x a  Gm elin — — . — . C
66. A m phora  sa lin a  S m ith — — . B —
67. N itzsch ia  c losterium  (E hrenberg) 

W . S m ith C — . — . C
68. N itzsch ia  longissim a (Brébisson) 

R alfs. C __ __ . p

69. N itzsch ia  se ria ta  Cleve R B . — . —
70. N itzsch ia  sigm a (K uetzing) S m i th . . R — — . B

71.

Dinophyceae 

C eratium  trichoceros K ofoid . B . B
72. C eratium  m assiliense G o urre t — B . B
73. C eratium  trip o s N itzsch R . B . B . —
74. P erid in eu m  sp. R  . . B  . . — . B



o TABLE I I— (contd.)

PHYTOPLANKTON CALENDAS,, PUTTALAM LAGOON, JUNE, I9 6 0  TO MAY, I9 6 I

I960 *301
______________________________________________  A -  . »A  .  . .

Species June July Aug. Sept. Oct. Nov. Dec. Jan. Neb. March April

Cyanophyceae
75. T richodesm ium  e ry th ra eu m  E hren -

b erg  . .  •• P  . .  C . . C  . .  R  P  P  . .  P  . .  C . . C

* R  =  R a re  1— 10 ind iv iduals p e r C.C.
F  =  Few  11— 25 do.
C =  Com m on 26— 75 do.
P  — P le n ty  76— 200 do.
B  =  B loom  =  m ore th a n  200 do.

T A B L E  I I I

PHYTOPLANKTON CALENDAS, DUTCH BAY, JUNE, 1960 TO MAY, 1961

1960 1961

Species June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March April

1. M elosira su lc a ta  (E hrenberg)
K u e tz in g R . R . R

2. S tephanopyx is p a lm erian a  (Greville) R • R . R
3. Sceletonem a co sta tu m  (Greville)

Cleve P . P . B
4. T halassiosira  co ram an d e lian a  Subr. R . R . —
5. T halassiosira  decip iens (G runow ;

. RJorg en so n F . F
6. T halassiosira  su b tilis  (Ostenfeld)

G ran C . R —
7. Coscinodiscus gigas E h ren b erg B . B . P
8. C oscinodiscus m arg in a tu s E h ren b erg C . P . P
9. P lan k to n ie lla  sol (W allich) S c h u tt. . R R R

10. A ulacodiscus o rb icu la tu s Subr. — . — . —
11. C orethron  inerm e K a rs te n — — —
12. Schroederella  de lica tu la  (Peragallo)

. RP a v illa rd — ■ —

13. L eptocy lindricus dan icus Cleve C . R . —
14. L ep to cy lin d ricu s m in im us G ran C R •—
15. G uinard ia  flaccida (C astracane)

. RPeragallo ■— —
16. R hizosolenia cy lind rus Cleve C R R
17. R hizosolenia sty lifo rm is B rightw ell R . R . C
18. R hizosolenia se tigera  B rightw ell C . F . C
19. R hizosolenia crassip iana  Schroeder C . F ■—
20. R hizosolenia a la ta  B rightw ell P . F —
21. R hizosolenia  im b rica ta  B r ig h tw e ll . . R . P . P

R __ __ __ __ . F . F  . . F
. — . R . — . —  • . —  • . F  . . F

F . P . P . P — . R  . . R . —
— • — • •— • — • —  ■ — — R

C . C . C . — . —  • . R . R . R

C . B _ . R  . . C . __ . R
C ! c . C ! c . F  . . F  . .’ R  . . C
C . R . F . F . C . . C . — —
R . c . R . F . F . F  . . C . C
_ . c — — . R . R  . . —  . . R
— • — . R . R — • — . —

I . R _ _ . R
— — — — —• . C . — . —

___ ___ — — . — . R . F .  —

R — ___ .— .— — — . R
R —  . ___ . R . C .  — . R . R
C ! p . F . F . C . R . R . R
___ . C . C . C . F . R . R . F
___ . p . C . C . F . R . R F
R . p . C .  C . C . R . B .  —

M ay

. C

1
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. R

! R  
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. C 

. R  
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22. B a c te r ia s tru m  varian a  L au d e r C . . B . P  . —
23. C haetoceros lo renzianus G runow  . . R  . . R — —
24. C haetoceros p e rv ian u s B righ tw ell . .  

C haetoceros lascinosus S c h u tt
— . C . C . . p

25. C . C . C . . C
26. C haetoceros d idym us E h ren b e rg  . . C . — — . C
27. C haetoceros d iversus Cleve — __ — . F
28. E u ca m p ia  c o rn u ta  (Cleve) G runow ■—  . . R . —  . . B
29. E u ca m p ia  zoodiacus E hren b erg —  . . R . —  . . B
30. D ity lu m  brightw ellii (W est) G runow P . C . c . . —
31. T rice ra tiu m  fav u s E h ren b erg C . R . F . P
32. T rice ra tiu m  d u b iu m  B righ tw ell R . R —  . —
33. T rice ra tiu m  a lte rn a n s  B ailey C . C . C —
34. B id d u lp h ia  pu lche lla  G ray C . . C — . —
35. B id d u lp h ia  sinensis G reville P . R . R . B
36. B id d u lp h ia  m obilensis B ailey P . P . C . C
37. R h a b d o n em a  m irificum  W . S m ith  . . F . C — —
38. R h ab d o n em a  a rc u a tu m  K u e tz R __ __ —
39. H em idiscus h a rd m a n n ia n u s  (G re

ville) M ann __ __ __ __

40 . L iom orpha a b b re v ia ta  A gard h R . F . F . —
41. L iom orpha  litto ra lis  M isra R . F — . B
42. C lim acosphenia m on iligera  E h ren - 

b e rg  . . R __ __ . B
43. C lim acosphenia e lo n g a ta  B a iley  . . —  . . — . F —
44. F ra g ila ria  oceanica Cleve — — . B  . . B
45. R h ap h o n eis  d iscoides S u b ra h 

m an y a n P  . . C . C . . C
46. S y n ed ra  closterio ides G runow R . R __ . —
47. S y n ed ra  form osa H an tzsch R . R . —  . . —
48 . T hallassionem a nitzsch io ides G runow P . C . B  . . P
49. T h allassio th rix  longissim a Cleve 

a n d  G runow F  . . R . B  . . C
50. T hallassio th rix  frauenfe ld ii G runow P . B . B  . . B
51. A sterionella  jap o n ica  Cleve P . C . —  . . —
52. G yrosigm a b a lticu m  (E hrenberg) 

R a b en h o rs t F _ __ __

53. P leu ro sig m a  e lo n g a tu m  W . S m ith C . . F —  . . —
54. P leu rosigm a n o rm an ii R alfs — . R . B  . . F
55. Pleu ro sig m a  a n g u la tu m  (Q uekett) 

W . S m ith _ . R . B . B
56. P leu rosigm a aes tu a rii B réb isson  . . R . R . B  . . B
57. P leu rosigm a c a rin a tu m  D o n k in R . C . —  . . B
58. D iploneis weissflogii (A. Schm idt) 

Cleve __ __ . B  . . B
59. D iploneis ro b u stu s  Subr. — --- —  . . R
60. N av icu la  h ennedy ii W . S m ith —  . . --- . B . R
61 . N av icu la  longa (Gregory) R a lfs R . B . —  . . B
6 2 . P in n u la ria  d irec ta  Sm ith —  . — —  . . B
63. T rachyneis a sp e ra  E h ren b erg —  . . — . —  , —
64. C ym bella m arin a  C astracane — — — . B
65. B acilla ria  p a rad o x a  G m elin R . — s .-- • —



TABLE m —(contd.)

HYTOPLANKTON CALENDAS DUTCH BAY JUNE 1960 TO MAY 1961

I9 6 0  1961

Species June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March April M ay
66. A m phora  sa lin a  S m ith R  . _ . R . .  R  . . R  . . R  . . _ . R  . . . — ____

67. N itzsch ia  c loste rium  (E hrenberg i 
W . Sm ith R  . . R  . . F . C . R R  . .

68. N itzsch ia  longissim a (Brébisson) 
R alfs R . R . R . .  R  . . R . .  F  . . F  . . F  . . . R  . . R R

69. N itzsch ia  se ria ta  Cleve C . . R .— . R _ _ — R -_ _ __
70. N itzsch ia  sigm a (K uetzing) Sm ith R  . . R  . . R . R . R . F  . • F  . . F R  . . R  . . R R

71.
IKnopM/ceae 

C eratium  trichoceros K ofoid R  . . R . R . R . R . R  . R  . . R  . . R
72. C eratium  m assiliense G o u rre t R  . . R . R . R  . __ __ — ’. R  ’. 1 —  , . R  . . R  . . R
73. C eratium  trip o s N itzsch R  . . R . F . .  R  . . R . R  . __ — — __ __ __
74. P erid ineum  sp. R  . . R . —  . . R . R R

75.
Cyanophyceae 

T richodesm ium  e ry th ra eu m  E h ren - 
b erg P . C . . C . . C . . P  . . P  . . P  . . C . . C . . C

T A B L E  IV

PHYTOPLANKTON CALENDAR PORTUGAL BAY TOWARDS KOVIL MUNAI JUNE, 1960 TO MAY 1961

Species J u n e

1. M e lo sira  s u lc a ta  (E h re n b e rg i  K u e t 
z in g C

2. S te p h a n o p y x is  p a lm e r ia n a  (G re 
v ille )  G ru n o w F

3. S c e le to n e m a  c o s ta tu m  (G rev ille )
C lev e P

4. T h a la s s io s ira  c o ra m a n d e lia n a  S u b r . R
5. T h a la s s io s ira  d e c ip ie n s  (G ru n o w )

Jo rg e n s o n F
6. T h a la s s io s ira  su b t i l is  (O sten fe ld )

G ra n C
7. C o sc in o d iscu s g ig a s  E h re n b e rg B
8. C o sc in o d iscu s  m a rg in a tu s  E h re n b e rg C
9. P la n k to n ie l la  so l (W allich ) S c h u t t .  . R

10. A u la c o d isc u s  o rb ic u la tu s  S u b r . •—
11. C o re th ro n  in e rm e  K a r s te n —

12. S c h ro e d e re lla  d e l ic a tu la  (P e ra g a llo )
P a v i l la rd

I9 6 0
__Aw—

J u ly A u g . S e p t. Oct. N o v . D ec.

R . R . . R . C . R

F . R  . . R . — . . — •. —
P . B . C . P . P . P
R . R . .  C . C . .  F  . . —
F . F .. c . . c . F  . . —
C . R .. c . R . B _
B . C . c . C . C . ! R
C . . C . . F . C . F . C
R  . . R . . c . F . — . . —
— — — . .  C . .  0 . —
— . — ..  R  . . R  . . R  . —

R

1961

J a n . F eb . M a rc h A p r i l M a y

—  . . R . .  R . F . F

—  . . R . .  R . F . F

—  . — __ . F . R
— — . .  R  . . C . C

—  . • — . .  R . F . C

F  . . C . C . C
R . R . R  '. . R  . . C
R . F . .  C  . . R . R
F . F . . F . F . F
R  . . R . .  —  . . R  . . R
~ • . — — — • —
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l à .  L ep to cy lin d ricu s dan icu s Cleve . .  R  . .  B  . .  —
14. L eptocy lind rious m in im us O ra n  F  . .  —  —
15. G u in a rd ia  flaocida (C astracanei

P erag allo  . .  . .  —  . .  —  . .  R
16. R hizoso len ia  cy lin d ru s Cleve . .  C . .  R  . .  F
17. R hizoso len ia  cy lind rus Cleve . .  C . .  R  . .  F
18. R hizoso len ia  se tig e ra  B righ tw ell . .  C . .  R  . .  R
19. R hizoso len ia  c rassip inna  Schroeder C . .  R  . .  •—
20. R hizoso len ia  a la ta  B righ tw ell . .  P  . .  C . .  F
21. R hizoso len ia  im b ric a ta  B rig h tw ell C . .  P  . .  P
22. B a c te ria s tru m  v a rian s L au d e r . .  F  . .  B  . .  P
23. C haetoceros lo renz ianus G runow  . .  R  . .  0  ■ • R
24. C haetoceros perv ian u s B r ig h tw e ll . . —  . .  R  . .  C
25. C haetoceros lascinosus S c h u tt  . .  C . .  C . .  F
26. C haetoceros d id y m u s E b ren b e rg  . .  R  . .  R  . .  —
27. C haetoceros d iversus Cleve . .  R  . .  —  . .  R
28. E u ca m p ia  c o rn u ta  (Cleve) G runow  —  . .  R  . .  —
29. E u ca m p ia  zoodiacus E h ren b e rg  . .  R  . .  —  . .  R
30. D ity lu m  brigh tw ellii (W est) G runow  P  . .  C . .  0
31. T rice ra tiu m  fav u s  E h ren b e rg  . .  C . .  C . .  F
32. T ricera tiu m  d u b iu m  B righ tw ell . .  R  . .  R
33. T rice ra tiu m  a lte rn a n s  B ailey  . .  C . .  F  . .  R
34. B id d u lp h ia  pu lche lla  G ray  . .  C . .  F  . .  F
35. B id d u lp h ia  sinensis G reville . .  P  . .  C . .  R
36. B id d u lp h ia  m obilensis B ailey  . .  P  . .  P  . .  C
37. R h a b d o n em a  m irificum  W . S m i th . . F  . . F  . .  —
38. R h a b d o n em a  a rc u a tu m  K u e tz in g . .  R  . .  —  . .  —
39. H em id iscus h a rd m an n ian u s  (G re

ville) M ann. . .  . .  R  —  —
40. L iom orpha  a b b re v ia ta  A g ard h  . .  R  .'. —  . .  R
41. L iom orpha  lit to ra lis  M isra . .  R  . .  —  . .  —
42. C lim acosphenia m oniligera  E h ren -

b e rg  . .  . .  R  . .  R  . .  —
43. C lim acosphenia e lo n g a ta  B ailey  . .  —  . .  —  . .  —
44. F ra g ila ria  ocean ica  Cleve . .  —  . .  —  . .  —
45. R h ap h o n e is  discoides S u b ra h 

m a n y a n  . .  —  . .  —  . .  —
46. S y n ed ra  c losterio ides G runow
47. S y n ed ra  fo rm osa H an tzsch
48. T hallassionem a n itzschioides

G runow
49. T h allassio th rix  longissim a Cleve

a n d  G runow
50. T h allassio th rix  F rau en fe ld ii

G runow
51. A sterionella  jap o n ica  Cleve
52 . G yrosigm a b a lticu m  (E hrenberg )

R a b en h o rs t
53. P leu ro sig m a  e lo n g a tu m  W . S m ith  . .
54. P leu ro sig m a  n o rm an ii R a i e  . .
66 . P leu ro sig m a  an g u la tu m  Q u ek ett)

03 W . S m ith

C . . C . .  C
R  . . R . .  —

P C . .  F

0  . . 0 . .  F

P B . .  B
P C • • —

F R —
0  . . C . .  —
“  • • — . .  R

- — R



-4 TABLE TV— (oontd.)

PHYTOPLANKTON CALENDAN PORTUGAL BAY TOWARDS KOVIL MUNAI JUNK, 1960 TO HAY 1961

I960 1961
—A---------------------------------------------------------------   .-t—

Species June July Aug. Sept. Oct. Nov.
- u

Dec. Jan. Feb. March April M ay
66. P leu rosigm a aes tu a rii B réb isson  . . R . .  R . .  R . F . .  C __ __ __ . R . .  R  . . R  . . F
57. P leu rosigm a c a rin a tu m  D on k in  . . R . .  C . .  R . F . .  R . — . — __ . ,— . R . R  . . R
58. D iploneis weissflogii (A. Schm idt) 

Cleve . .  R
59. D iploneis ro b u stu s Subr. — . .  — . .  R — . .  R . — __ . __ __ ___ __ __
60. N av icu la  hennedyii W . Sm ith — . .  — . .  R . .  R . .  R __
61. N av icu la  longa (Gregory) R a lfs  . . R . .  R . .  R . R . .  R . — —  . — — . R  . . R  . . .__
62. P in n u la ria  d irec ta  Sm ith _ — . .  R . .  R -- ■
63. T rach y n eis a sp era  E h ren b erg .— . .  — — — — . .  — . .  R R — — — R
64. C ym bella  m arin a  C astracane — — — . .  R . .  R — — — . R __ __ __
65. B acilla ria  p a rad o x a  Gm elin R . .  — . .  — . .  F . .  R . .  R . R  . — __ — . R  . __
66. A m p h o ra  sa lin a  Sm ith R . .  R . . — . .  R . .  R . .  R . — — __ . .  R  . — __
67. N itzsch ia  c loste rium  (E hrenberg) W . 

Sm ith R . .  R . . R . . F . .  F R R
68. N itzsch ia  longissim a (B rébisson) 

R a lfs R . .  R . .  F . .  F . .  R . .  R . R F . .  R . R  . R
69. N itzsch ia  se r ia ta  Cleve C . .  C . .  — . .  — . .  F . .  — — __ . R .__ _
70. N itzsch ia  sigm a (K uetzing) S m ith  . . — . .  — .. — . .  R . .  R . .  R . .  R . .  — . .  R . R  . . —

Dinophyceae
71. C eratium  trichoceros K ofoid R . R  . . R . .  R . .  R  . . R — __ . .  R . .  R - - . .  R
72. C eratium  m assiliense G o urre t R  . . R  . . R . .  R . .  —  . . — _ — . .  R R . .  R
73. C eratium  tr ip o s  N itzsch R  . . R . F . .  F . .  R  . . R . .  R . .  R — R . .  R . .  R
74. P erid in eu m  species R . R  . • — . . — . ,  R • — — . .  — • ■ — . .  — . .  — . .  R

75.
Cyanophyceae

T richodesm ium  e ry th ra eu m  E hren - 
berg C . . C . . F . .  0 . P -  F . .  P „  P _  C . .  C

T A B L E  V

PHYTOPLANKTON CALENDAS PORTUGAL BAY TOWARDS PALLUGATUBAI JUNK 1960 TO HAY 1961

I960
—A _ _

Species June July Aug. Sept.

1. M elosira su lc a ta  (Ehrenberg) F . F . C  . . C
2. S tep h an o p h y x is  P a lm e rian a  (G re

ville) G runow R . F  . . R  . . F
3. Sceletonem a c o sta tu m  (Greville) 

Cleve P . P  . . B  . . P
4. T halassiosira  co ram an d e lian a  Subr. F  . • R  . . R  . . F

1961
, A -

Oc*. N o v . Dec. Jan. Feb. March A pril May
. . C  . R  . .  — . .  R . .  R  . . F  . .  R
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5. T h a la s s io s ira  d e c ip ie n s  (G ru n o w ) 
Jo rg e n s o n F  - . F . .  R

6. T h a la ss io s ira  s u b ti l is  (O sten fe ld )  
G ra n  . . C  . . C . .  C

7. C osc in o d iscu s g ig a s  E h re n b e rg B  . . B . .  C
8. C o sc in o d iscu s m a rg in a tu s  E h re n -  

b e rg P  . . P . .  C
9. P la n k to n ie l la  so l (W allich ) S c h u t t R  . . R . .  R

10. A u laco d iscu s  o rb ic u la tu s  S u b r. —  . . — . .  —
11. C o re th ro n  in e rm e  K a r s te n —  . . .— . .  —
12. S c h ro e d e re lla  d e l ic a tu la  (P e ra g 

a llo ) P a v i l la rd _ R ____

13. L e p to c y lin d r ic u s  d a n ic u s  C leve R  . . R . .  R
14. L e p to c y lin d r ic u s  m in im u s  G ra n  . . F  . . — . .  —
15. G u in a rd ia  f la c c id a  (C a s tra c a n e i 

P e ra g a llo —  . . _ . .  R
16. R h iz o so le n ia  c y lin d ru s  C leve C . . F . .  F
17. R h iz o so le n ia  s ty lifo rm is  B r ig h tw e ll P F . .  C
18. R h izo so len ia  s e t ig e ra  B rig h tw e ll  . . C  . . R . .  R
19. R h iz o so le n ia  c ra s s ip la n a  S ch ro o d e r F R —
20. R h iz o so le n ia  a la ta  B rig h tw e ll P C . .  F
21. R h iz o so le n ia  im b ric a ta  B rig h tw e ll R  . . C . .  P
22. B a c te r ia s t ru m  v a r ia n s  L a u d e r R B . .  P
23. C h a e to c e ro s  lo re n z ia n u s  G ru n o w  . . R  . . C . .  C
24. C h a e to c e ro s  p e rv ia n u s  B r ig h tw e ll .—  . . R . .  F
25. C h a e to c e ro s  la sc in o su s  S c h u t t F  . . R . .  F
26. C h a e to c e ro s  d id y m u s  E h re n b e rg  . . R  . . R . .  ■—
27. C h a e to c e ro s  d iv e rsu s  C leve R  . . R . .  R
28. E u c a m p ia  c o rn u ta —  . . R . .  —
29. E u c a m p ia  zo o d iacu s  E h re n b e rg  . . R  . . — . .  R
30. D ity lu m  b r ig h tw e llii  (W est)  G ru n o w P  . . C . .  C
31. T ric e ra tiu m  fa v u s  E h re n b e rg C . . C . .  C
32. T ric e ra tiu m  d u b iu m  B rig h tw e ll  . . R  . . R
33. T ric e ra tiu m  a l te rn a n s  B a iley F  . . C . .  R
34. B id d u lp h ia  p u lc h e lla  G ra y C . . C . .  F
35. B id d u lp h ia  s in e n sis  G rev ille P C . .  R
36. B id d u lp h ia  m o b ilen sis  B a ile y P  . . C . .  0
37. R h a b d o n e m a  m irificu m  W . S m i th . . R  . . R —
38. R h a h d  n e m a  a rc u a tu m  K u e tz in g . . F R —
39 . H e m id isc u s  h a rd m a n n ia n u s  (G re

v ille) M a n n F  . . R —

40. L io m o rp h a  a b b r e v ia ta  A g a rd h R R . .  R
41 . L io m o rp h a  l i t to ra l is  M isra R —• . .  —
42. C lim a c o sp h e n ia  m o n ilig e ra  E h re n -  

b e rg R  . . — . .  R
43. C lim a c o sp h e n ia  e lo n g a ta  B a iley  . . —  . . R . .  —
44. F ra g ila r ia  o ce a n ic a  C love — — . .  R
45 . R h a p h o n e is  d isc o id e s  S u b ra h 

m a n y a n C . . C . .  C
4 6 . S y n e d ra  c lo s te rio id e s  G ru n o w C . . R . .  C
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Species June July Aug.
47. S yn ed ra  fo rm osa H o n tzsch ____ C . .  R
48. T hallassionem a n itzschio ides 

G runow P . C . .  F
49. T h allassio th rix  longissim a Cleve 

a n d  G nm ow C . . C . .  F
60. T h allassio th rix  frauenfeld ii G runow P  . . B . .  B
61. A sterionella  jap o n ica  Cleve P  . . P —
62. G yrosigm a b a lticu m  (E hrenberg) 

R a b en h o rs t. E  . . F ,

63. Pleurosigm a e longatum  W . S m ith . . E  . . C ..  C
64. P leurosigm a norm anii R a lfs —  . . — . .  R
66. P leu rosigm a a n g u la tu m  (Q uekett) 

W . Sm ith R  . . - ■*—
56. P leurosigm a a es tu a rii B rébisson . . R  . . R . .  R
57. P leu rosigm a c a rin a tu m  D onk in  . . R  . . R . .  F
58. D iploneis weissflogii (A. Schm idt) 

Cleve . .  R
59. D iploneis ro b u stu s  Subr. —  . . — . .  R
60. N av icu la  hennedyii W . S m ith .—  . . — . .  R
61. N av icu la  longa (Gregory) R alfs . . . F  . . R . .  R
62. P in n u la ria  d irec ta  Sm ith —  . . — . .  R
63. T rachyneis a sp era  E h renberg
64. C ym bella m arin a  C astracane —  . . — . .  R
65. B acilla ria  p a rad o x a  Gm elin C . . R . .  —
66. A m phora  sa lin a  Sm ith R  . . — , . —
67. N itzsch ia  c loste rium  (E hrenberg) 

W . S m ith F  . . R . .  R
68. N itzsch ia  longissim a (Brébisson.) 

R alfs . . F  . . R  .. .  F
69. N itzsch ia  se ria ta  Cleve F  . . C . .  —
70. N itzsch ia  sigm a (K uetzing) S m ith •— R  . •—

71.

Dinophyceae 

C eratium  trichoceros K ofoid R  . . R  . . R
72. C eratium  m assiliense G o urre t R  . . R  . . —
73. C eratium  tr ip o s  N itzsch R  . . R  . . —
74. Perid in eu m  species R  . . R  . . R

75.

Cyanophyceae

T richodesm ium  e ry th ra eu m  Ehren* 
berg C . . C . C

T A B L E  Y —(corad.)

BAY TOWABDS PA T.T.D GATUBAI JUNE, 1960 TO HAY 1961.
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■ Summary

The monthly average temperatures at Puttalam Lagoon, Dutch Bay, Portugal Bay towards Kovil- 
munai and Portugal Bay towards Pallugaturai showed a distinct annual cycle. The peak was in 
April and values gradually fell till September. There was a further gradual fall in temperature 
from October to January. The highest tempertures in all four stations were in April.

The highest salinities in all the stations were from May to October i.e., during the South-West 
Monsoon. The salinities at Dutch Bay and Portugal Bay were high in March and April corresponding 
to the highest temperatures reached during these months.

Two maxima have been observed in phytoplankton production. A  primary maximum in 
May-June and a secondary maximum in October. The primary and secondary maxima are due to 
the influx of nutrient laden waters from the rivers Kai Ara and Pomparippu Am. -

The phytoplankton producing blooms were Rhizosolenia alata. Rhizosolenia imbricata, Chaeto
ceros lascinosus, Chaetoceros pervianus, Chaetoceros diversus, Coscinodiscus gigas, Thallasionema 
nitzschioides, Thalassiosira subtilis, Thallassiothrix frauenfeldii, Asterionella japonica, Sceletonema 
costatum, Bacteriastrum varians and Biddulphia sinensis.

Sudden outbursts of a single species were common. These diatoms were species of Chaeto
ceros and Rhizosolenia, and Thallassiothrix frauenfeldii.

Wide fluctuations have been observed in the distribution of phytoplankton but no definite 
conclusions can be drawn as the period of observation was only one year.
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Primary Production in the Antarctic Ocean*

Yatsuka S a IJO** and Takuji K a WASHIMA***

A b s tra c t :  Studies on p rim ary  production  w ere m ade in the A ntarctic  O cean, betw een 40°W  
and 100; E, during  D ecem ber 1961 to  F ebruary  1962. A t ten stations, cblorophyll-a and ph o to 
synthetic  ra te  were determ ined  for sam ple w aters from  surface as well as the dep th  of Secchi 
disk  reading, and a t o th er 35 stations only chlorophyll-a in surface w ater was d e te rm in ed . At 
m ost of th e  stations the  chlorophyll a contents w ere very low (/'. e. 0.02 to  0.22 m g/m 3) except 
at a few stations w here  h igher values, [i. e. 0.3-0.6 g./m3) w ere obtained. T h e  p'notosynthetic 
ra tes de term ined  by “ C technique under the optim um  light ranged from  0.06 to 0.8Q m g C /m 1/ 
h r, and th e  m ean value of photosynthesis per unit am ount of chlorophyll was 1.22 mg C/mg 
chl./hr. T h e  daily prim ary  production  beneath  a unit surface, calculated from  the  above results 
and light da ta  w ere ranged from  0.01 to 0 1 5  g C /m -/day. After consideration about the high 
concen tra tion  of nu trien ts  in the  sam ple w aters and ra th e r plenty incident radiation during  this 
period, it was concluded that such lów values of prim ary  production in th e  A ntarctic Ocean 
m ight be caused by the  n ear freezing w ater tem pera tu re  and deep m ixing layer in th a t area.

1. Introduction
In the study of primary production in the 

sea, the Antarctic Ocean might be one of the 
most interesting field because of its character
istic environmental conditions, such as long 
day- or night-time, low water temperature 
and high concentration of inorganic nutrients. 
Valuable observations have been reported on 
the species and quantitative distribution of 
plankton in this ocean, however, only a few 
results have yet appeared in the available 
publications concerning the phytoplankton 
production by recently developed UC and 
chlorophyll techniques.

During the Antarctic summer of 1958-59, 
B u r k h o l d e r  and S i e b u r t h  (1961) made the 
studies on chlorophyll-a content in waters 
along the western coast of the Antarctic 
Peninsula on the Argentine Hydrographic ship 
“ Chiriguano ” and icebreaker “ San M artin.” 
In January-M arch 1959, DYSON (IGY Oceano
graphy Report, No. 4, 1961) made the measure
ments on primary production by 14C technique 
and plant pigment determination in the area

* Received Oct. 4, 1963
* ' Water Research Laboratory, Faculty of Science, 

Nagoya University
** ' Institute of Chemistry. Faculty of Science,

Nagoya University

between 110°- and 160° E until 66339’ S on 
board Australian ship “ Magga Dan.” But 
studied area by these researches are quite 
limited and insufficient to know the general 
feature of primary production in that ocean.
From December 1961 to February 1962, during 

the cruise of “ Umitaka-maru ” (the trainning 
and research ship of Tokyo University of 
Fisheries) one of the authors, KaWASHIMA 
had an opportunity to collect the samples for 
primary production in the Antarctic Ocean 
while his work on chemical analysis of sea 
water. The measurement of “ C activity and 
chlorophyll-a analysis on filtered samples were 
made at senior author’s laboratory.

2. Area studied and method
The studied area was between 403 W and 

100°E, mainly the region so-called Atlantic- 
Indian Antarctic basin which covers about one 
third of the sea surrounding Antarctica. At 
ten stations, the sample waters were collected 
with a plastic Van Dorn sampler from surface 
and the depth of Secchi disk reading. For 
measuring chlorophyll-a content, normally five 
liter samples from each depth were filtered 
with Membrane No. 1 filters, then treated 
with steam for about 30 seconds and kept in a 
desiccator at dark place. Having been brought

80 Collected reprints o f the International Indian Ocean Expedition, vol. IV, contribution no. 207
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to the laboratory chlorophyll-a determinations 
were made on these samples according to the 
method of R i c h a r d s  and T h o m p s o n  (1952). 
For measuring photosynthetic rate of phyto
plankton, sample water from each depth was 
dispensed into two transparent and one 
darkened bottles, and 5 /<c Na2 UC 0 3 solution 
was added into each bottle. All six bottles 
were then placed in a incubator (IcHiML'RA 
and S a i jo ,  1959) during 4 hours cooled with 
running surface water, and illuminated with 
two circular fluorescent lamps which provide 
a light intensity of about 10,000 lux. These 
bottles were removed after 4 hours, filtered, 
and then G. M. counting were made at the 
home laboratory.

At the other 35 stations, only chlorophyll-a 
was determined on the surface waters. The 
solar radiation was recorded every day with 
Robitzsch pyrheliometer equipped on the upper 
bridge. Third officer K o TAKE was in charge 
of this work.

3. Chlorophyll
The results of chlorophyll-a determination

were presented in Tables 1 and 2, and horizon
tal distribution of chlorophyll-a was illustrated 
in Fig. 1. In the same figure, some of the 
chlorophyll-a data obtained by DYSON were 
added as a reference. As seen from these 
data, the chlorophyll-a content of pelagic waters 
in the Antarctic Ocean is generally low 
including a few exceptions.

In the area from southwestern Australia to 
the subtropical eonvergencé (St. 36-63), chloro
phyll-a content were about 0.1 m g/m 3 except 
St. 61 (0.29mg/m3), whereas at two stations 
(St. 64 and 66) between subtropical and ant
arctic convergence, maximum values in this 
cruise, 0.72 anb 0.64 m g/m 3 were obtained. Be
yond the antarctic convergence, in the ant
arctic region, the chlorophyll-a contents were 
ranged from 0.02 to 0.22 m g/m 3, except some 
stations in the area between 30=E and 20°W, 
off Queen Maud Land, where the chlorophyll-a 
contents were 0.3-0.6mg/m3. At St. 164 which 
situates on the antarctic convergence, a rather 
high value 0.30 m g/m 3 was obtained.

uAFRICA
•4

¡TRALIA

.107

IK v.-*'-*«A©J©4
0 .5

139

SOUTH GEORGIA

Fig. 1. D istribution  of th e  chlorophyll-a con ten t in surface w aters in th e  
A ntarctic  O cean. T h e  figures show  th e  sta tio n  num bers . T h e  close 
circles rep re sen t th e  values obtained by  th e  au th o rs , and th e  open circles 
a re  values obtained by D y so n .
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T ab le  1. Chlorophyll-a, and tem pera tu re  of surface w aters.

St. Lat. Long. Date T im e W ater
tem p era tu re

°C

Secchi
disk

m

C hloroph

m g /m

56 37-"59. 'OS 106°-44. '2  E 5, Dec. 1961 1140 15.3 11 0.09
57 39-35 .2 104-32.2 6, 0200 12.8 19 0 .08

59 4 2-09 .7 100-49.8 7. 0210 12 .0 17 0.12
61 44-47 .2 9 7-06 .3 8, 0230 10.5 13 0 .29
63 47-30 .8 93-11.2 9, 0240 7 .6 16 0.13
64 49-55 .7 90-00 .0 10, 0255 4 7 12 0.72
66 52-52 .6 87-43.9 11. 0300 4 .1 10 0 .64
76 63-09 .0 72-09.0 16, 0410 - 0 . 7 12 0.05
78 62-28 .0 66-07 .5 17, 0440 - 1 . 3 26 0.07
80 62-01 .0 60-47.5 18. 0500 - 1 . 2 24 0 .04
83 62-30 .4 52-23 .0 19, 1520 - 0 . 4 15 0 .14
84 63-15 .4 48-34 .5 20, 0550 - 0 . 2 16 0.11
87 64-49 .0 38-52 .3 21, 1615 - 0 . 6 23 0.05
88 65-02 .3 34-47.5 22, 1640 - 1 . 2 23 0.06
92 61-18 .8 33-55.6 25, 0700 - 0 . 8 20 0.36

107 52-35 .5 3 -5 7 .8W 31, 1940 0 .4 23 0.07
112 52-29 .0 2-58 .8 2, Jan . 1962 0800 1 .4 — 0.05
115 52-16 .8 7 -2 5 .5 3, 0820 0 .7 18 0 .10
127 50-51 .9 26-58.7 7, 0940 4 2 10 0.07
130 52-41 .9 3 1-02 .0■ 8, 1140 1 .8 26 0.02
133 54-25 .2 35-02.7 9, 1035 2 .2 20 0.18
135 56-20.7 3 3-06 .0 15, 1010 1 .8 18 0.22
138 58-47.1 20-26.0 16, 1010 - 1 . 1 20 0.06
141 58-51 .5 15-33.0 18, 1030 0.1 16 0.09
147 59-30 .0 4 -1 7 .0 20, 0840 - 1 . 1 12 0.14
150 59-30. 5 3 -0 5 .0  E 21, 0750 - 0 . 3 12 0.17
151 59-34.7 5 -45 .5 21, 1750 - 0 . 1 9 0.13
153 59-41.7 9 -46 .1 22, 0750 0 .0 — 0.50
156 57-13 .9 12-30.4 23, 0720 - 0 . 1 18 0.06
158 54-45. 3 12-57.0 24, 0720 0 .4 20 0.05
159 54-00. 3 13-18.9 24, 1220 0 .5 — 0.08
160 53-20 .8 13-48.0 24, 1620 0 .4 0.18
164 50-14.5 15-10. 5 25, 1240 3 .7 — 0.30
165 49-54.8 15-11. 2 25, 1440 4 .2 — 0.16
168 47-03.4 15-49.5 26, 0730 5 .3 — 0.13

I t  is interesting to compare these values 
•with those of D Y S O N  shown in Fig. 1. As 
seen from this figure; both data coincide well. 
Namely, most of Dyson’s results ranged from 
Û.1 to 0.2 m g/m 3 and a t only four stations

higher values 0.31, 0,33, 0.44 and 0.76 mg/m* 
were obtained. IC H IM U R A  and F U K U SH IM A  
(unpublished) also found similar chlorophyll-a 
values on the samples collected on board 
“ Soya” in arctic summer 1960 to 1961 in the
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Table 2. C hlorophyll-a, pho tosynthetic  ra te  of w aters and p rim ary  production.

St. Lat. Long. « Date Tim e
W ate r

tem p era 
tu re
°C

1

Chi. a  ■
P hotosynthe tic

ra te P rim arv
production
g C /m 2/daym g /m 3 :m g C / I 

' m 3/hr|
m g C /m g 

c h l /h r

68 56°-17 '. S S 86°-25'. 2 E 0 12, Dec. 1961 0310 0.25 0.15 0. 12! 0.81 0.03
15 — 0.10 0 .14!- I 1.38

82 62 -02 .9 54 -48 .0 0 19, Dec. 0520 - 0 . 6 0 .19 0. 17' 0 .66 0.07
20 ■ - 0 . 8 0,16 0.08; 0 .48 1

90 64 -05 .5 31 -54 .0 0 23, Dec. 0655 - 1 . 4 0 .13 0. 15'i 1 .14 0. 03
14 - 1 . 5 0 .12 0 .13 1.05

96 60 -01 .8 22 -19 .0 0 27, Dec. 0610 - 1 . 5 0 .05 O.IO: 2 .04 0.02
22 - 1 : 4 0.05 0.06! 1.20

98 58 -33 .2 18 - 4 7 .0 0 28, Dec. 0630! - 1 . 1 0.27' 0. 34' 1.26 0.14
13 - 1 . 2 O.35; 0. 26; 0 .75

121 - 50 -56  .1 16 -29  . 9W 0 5, Jan . 1962 0900 4 .0 0.4L 0. 56 1.38 0. 14
16 4 .0 0.22, 0.41;1 1.89

144 59 -25 .7 9 -11 .5 0 19, Jan. 0900 - 1 . 0 0. 41; 0.57, 1.38 0. 09
12 - 1 . 0 0 .40 0.40'1 1.00

148 59 -30 .0 1 -06 .8 0 20, Jan. 1820| - 0 . 8 0.41 0.63; 1.53 0.14
10 - 0 . 9 0. 51; 0 .80 1. 56

154 59 -10  . 2 12 -26 .1  E 0 22, Jan. 1730 -  0.1 0.48 0.53 1.11 0. 17
10; - 0 . 1 0. £6 0.63 0 .96

163 50 -39  .4 15 -08 . 6 o' 25. Jan . 0720 2 .8 ¡ 0.43 0. H
15 1 2 .9 0 .25 0 .4 2 1.64

area off the Prince Harald Coast.
According to the results obtained by BURK

HOLDER and SiEBURTH, in northeastern Brans- 
field Strait, the chlorophyll-a contents were 
ranged from 0.3 to 0.5 m g/m 3, whereas in the 
Gerlache Strait the values were in the range 
of 10 to 25 m g/m 3. The highest values of 
chlorophyll-a contents in the Gerlache Strait 
are comparable to those found in some eu- 
trophic coastal waters in Japan at the time of 
phytoplankton blooming.

Summerizing the data described above, it can 
be said that the chlorophyll-a contents in the 
antarctic offshore water are commonly very 
low, i. e. smaller than 0,2 mg/m3, even in an 
tarctic summer, and only in some restricted 
areas rather high values, 0.3 to 0.(5 mg/m3 will 
be observed. W hen comparing these values 
with those obtained in the Northwestern Paci
fic, the former low values are comparable to 
chlorophyll-a contents in the Kuroshio area, 
on the other hand, the latter high values are 
same order with the data obtained in the 
Oyashio area.

Concerning the stratification of the chloro
phyll-a contents, no marked differences were 
observed between the surface and the depth 
of Secchi disk reading (10~25m). D y s o n  
found also that there was almost no difference 
between the surface and 25 m depth water. 
Therefore, the stratification of chrolophyll-a 
contents might be obscure in offshore area 
except some restricted regions where distinct 
stagnation of the water can be found. On 
this problem discussions will be repeated later 
on in relation to the hydrographic condition in 
the Antarctic Ocean.

4. Photosynthetic rate
The photosynthetic rates determined by 14C 

technique were presented in Table 2-. As seen 
from this table, at the 4 stations the obtained 
values were ranged from 0.06 to 0.17mg C /m 3/  
hr, whereas at the other 6 stations from 0.26 
to 0.80 mg C/m V hr. Through all ten stations, 
no clear difference was found between the 
surface vfrater and the water from the depth 
of Secchi disk reading. These values are
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also fairly in accordance with those obtained 
by D y so n  which were commonly in the range 
between 0.2- 0.6 mg C /m 3/h r  except a few 
stations where high values, maximum 1.45mg 
C /m 3/h r , were observed. If our results are 
compared with those of Pacific water in the 
area off Japan, these values are substantially 
same with the data obtained in the Kuroshio 
area and considerably lower than the values 
in the Oyashio area.

W hen we consider the photosynthetic rate 
per unit am ount of chlorophyll-a, these values 
correspond to  0.48 to 2.04 mg C /m g chi. hr 
and the mean value is 1.22 mg C mg chi. hr. 
These values are almost same as the value 
1.5 mg C /m g chl./hr which was adopted by 
S.\ljO and IC H lM l'R A  (1960) as mean value of 
photosynthetic rate in Kuroshio area for 
calculating the daily production, however, they 
are considerably lower than the value 3.7mg 
C /m g chl./hr employed by R y t h e r  and 
Y EN TSC H  (1957) for similar calculation in the 
area of Long Island Sound.

From these results of. photosynthetic rate 
and chlorophyll-a determination, daily pro
duction beneath a square meter of sea surface 
was estimated by using the data of incident 
radiation and Secchi disk reading. The process 
of calculation is substantially same as that 
described by R y t h e r  and YENTSCH (1957), 
but the light-photosynthesis curve was con
structed from the data obtained by SA IJO  in 
the Oyashio area off Japan in summer 1961, 
and as photosynthetic rate under the optimum 
light the mean value described above, 1.22 mg 
C /m g chl./hr was adopted. As the incident 
radiation value the data recorded by Robitzsch 
Pyrheliometer fixed on deck was employed, 
and the extinction coefficient of sea water was 
estimated from Secchi disk reading by using 
the relationship

k =  1.7/Secchi disk

by P o o l e  and A t k i n s  (1929). The chlorophyll- 
a contents were assumed to be uniform within 
euphotic layers and mean value for each station 
was employed as basis for calculation. The 
daily primary production calculated from these 
data are given in Table 2. The production

value obtained were ranged from 0.01 to 0.15 
C/m -/day. These results are almost same value 
with those obtained by SAIJO and ICHLML'RA 
(1960) in summer in the Kuroshio area off 
midcoast of Japan, one of the typical low- 
productive area in the Pacific.

5. Discussion
From these results it may be surmised that 

the standing crop of phytoplankton, which 
indicated by chlorophyll-a content, as well as 
primary production are very low in the antarctic 
offshore water even in antarctic summer; 
though much higher amount of phytoplankton 
can be observed in some restricted areas.

This fact seems incompatible with well known 
high concentration of inorganic nutrients in 
the antarctic water. The results of P 0 4-P and 
SiCL-Si determination of water for the stations, 
where production was studied, were summarized 
in Table 3. Although, this data does not include

T able 3. Phosphate and silicate of w aters.

S ta tion D epth
m

P (),-P
yg a to m //

SiO,.-Si 
yg atom/7

82 0 1. 69 32
18 1. 66 32

90 0 1.69 36
20 1. 69 35

96 0 1. 55 39
25 1. 51 38

98 0 1. 46 37
10 1. 48 37

141 0 1. 40 43
10 1.40 -13

118 0 1. 31 37
10 1.31 35

154 0 1. 39 40
10 1. 37 40

163 0 1. 31 4
19 1. 26 4

the values on nitrogen compounds, it is clear
that the nutrients concentrations are very high 
even in surface water. During the cruise of 
“ Soya” (Japanese Antarctic Expedition ship) 
in the antarcfic water off the Prince Harald 
Coast, similar high values of nutrients were 
observed in which the amount of NO3-N were 
20/(g atom // or so. Therefore, it can be said 
that in the antarctic offshore water the nutrients
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condition will not usually become a limiting 
factor for phytoplankton production.

As a next step to analyse the factors regulat
ing the primary production, it will be neces
sary to consider about the solar radiation in 
the Antarctic Ocean. Kimball’s table (1928) 
on the distribution of incident radiation shows 
that the average amount of radiation from 
sun and sky at the location 60'S , 45C'W  is in 
the range from 0.204 to 0.221 g cal/cnr,'m in 
from November to January, these values are 
approximately same as those obtained at the 
location 30°N, 67-77’W or 128-130 E in March 
or September. If fact the solar radiation data, 
recorded on “ Umitaka-maru ” during this 
cruise, gave considerably high amount of radi
ation. The maximum radiation was 65 g cal/  
cm-/hr, which corresponds to about 70.000 lux 
as the intensity of illumination. The length 
of daytime was also very long in comparison 
with that of the region in temperate latitude. 
These results show clearly the fact that at 
water surface the incident radiation is sufficient 
for photosynthetic activity of phytoplankton in 
the Antarctic Ocean during a summer period.

It is well known fact that the photosynthetic 
rate of phytoplankton generally decreases with 
the lowering of water temperature. S a ijo  and 
SAKAMOTO (unpublished) found in some Japan
ese lakes in winter that the rate of photo
synthesis per unit amount of chlorophyll-a are 
consistently low near the freezing temperature 
regardless of their nutrient concentration. This 
phenomena may’ be one of the important reason 
for low photosynthetic rate and low primary 
production in the antarctic water where high 
nutrient contents were observed It will be 
necessary to consider the problem of vertical 
stability of the water as an another reason for 
the low primary production in that area. In 
high latitudes, the average plant cell does not 
receive sufficient light to grow when the depth 
of mixed layer is deeper than that of euphotic 
layer and the phytoplankton production remains 
at low level. This phenomena was discussed 
precisely by SvERD Rl’P (1953) and others as 
the problem of so-called critical depth.

During the previous cruise of “ Umitaka- 
m aru” in the Antarctic Ocean from December

1956 to January 1957, the immense phyto
plankton bloom was found only in the area 
where marked change of <7t in a vertical 
direction was observed. In this cruise there 
was no such clear relation between the phyto
plankton standing crop and vertical difference 
of <rt. However, it is quite probable that the 
vertical mixing takes place easily even to the 
much deeper layer than the depth of euphotic 
layer because the surface water temperatures 
were near the freezing point and the vertical 
differences of <rt were generally very small in 
the area studied.

From the results presented here, it can be 
concluded that the chlorophyll-a a content and 
primary production in the Antarctic offshore 
water is generally very low in spite of its high 
concentration of nutrients. As the reasons of 
these low values two facts were considered. 
The one is low photosynthetic rate of phy
toplankton caused by near freezing water 
temperature, and the other is the insufficience 
of submarine light for growing of phytoplank
ton as a result of the low stability of the 
waters in the upper layer.
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Size Distribution of Photosynthesizing Phytoplankton 
in the Indian Ocean*

Y atsuka SAIJO**

Abstract; The size distribution of photosynthesizing phytoplankton was estimated at 7 sta
tions in the Indian Ocean for the waters at the surface as well as at 50 m depth. Four light 
bottles filled with the same sample water were incubated under light source after adding UC 
solution, and then filtered through XX13 net, Millipore HA, AA, SM filter respectively. The 
photosynthetic activities of each fraction were evaluated from the results of counting for each
filter. The activity of organisms retained by net is only a small part of total activity whereas
the phytoplankton with the size between 0.8 and 110// play the most part of the activity.
The smallest size fraction with the size smaller than 0.8ft has a considerable activity for the
surface water, but is almost negligible for the water from 50m depth.

1. Introduction
T he significant role of nano- or microplank

ton in prim ary production in the ocean has 
been pointed out by H o l m e s  (1958) in  his 
study in the Tropical Eastern Pacific. He at
tempted to estimate the size range of photo
synthesizing phytoplankton in surface waters 
by using MC technique, and found that the 
bulk of carbon fixating organism s passes 
through fine nylon or silk net, and moreover, 
only about one-half of them  retained by AA 
Millipore filter with pore size 0.8//. YENTSCH 
and RYTHER (1959) compared the chlorophyll, 
photosynthesis and cell num bers in the net- 
and nanoplankton in the w aters of Vineyard 
Sound. They found also that the net portion 
comprises a small percentage of the total 
population and exhibits m arked seasonal trends, 
whereas the nanoplankton does not show 
any marked difference. In  the N orth Pacific 
Ocean and Bering Sea, K a w a m u r a  (1961) 
determined the difference of photosynthetic 
activity between net filtpred and unfiltered water 
also by UC technique. In  a fresh w ater lake, 
RODHE et al. (1960) carried out sim ilar experi
m ents throughout a year, and their results 
show the importance of small size plankton in 
prim ary production in the lake.

* Received Oct. 4, 1963
** Water Research Laboratory, Faculty of Science, 

Nagoya University

F o r the purpose of accumulating further 
knowledge in this field, the author attempted 
to  determine the size distribution of phyto
plankton according to their photosynthetic rate 
during the Indian Ocean Expedition from N o
vember 1962 to  January  1963 on board “ Umi- 
taka-m aru”.

2. Method and stations
The experim ents were made at 7 stations in

•u

COCOS M. \sr.7

Fig. 1. Location of the sampling stations in the 
Indian Ocean.
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the Eastern Indian Ocean as illustrated in Fig. 1. 
The method employed is similar to that of 
HO LM ES. The sample w aters were taken from 
surface and 50 m depth with plastic V an Dorn 
type sampler. Each sample water was poured 
into four 250m/ transparent bottles. After 
adding lm / Na2 “ CO3 (lOftc) in each bottle, 
all light bottles were incubated for four hours 
under 15,000 lux illumination at surface water 
tem perature. Then, each of four bottles from 
the same sample water was filtered through 
Millipore HA, AA, SM filter and XX13 net 
respectively. The pore size of these filters is
0.45, 0.8, 5.0 and 110/i The radioactivity of the 
precipitate caught on each filter was determ in
ed. The counting value of each size fraction 
was shown as the percentage, assuming that 
the total counting for H A  filter is 100%.

3. Results and discussion
Table 1 shows that the activity of netplank- 

ton, which retained by XX13 net, represents
0 —12% of total activity. These values are 
comparable to those obtained by HOLM ES 
also in tropical waters, or by Y EN TSC H  and 
R y t h e r  in temperate waters but considerably 
lower than  the values observed by K a w AMURA

in the N orth Pacific or Bering Sea. K a w a - 
MURA found the values from 16.1 to 56.0%. 
The method employed by K a w a m u r a  is a 
little different from that of H o l m e s  and the 
author’s. K a w a m u r a  filtered the sample 
waters with XX13 net before the incubation, 
whereas HOLMES and the author filtered the 
sample waters with a similar size net after the 
incubation. However, it seems that such big 
difference between the results was not caused 
by the slight difference in technique employed, 
but instead by geographical variation of plank
ton species relating to the environmental con
ditions.

On the other hand, about one-half or more 
of total activity was retained by SM Millipore 
filter. The fractions of this size correspond to 
the so-called nanoplankton, and their average 
activity was 48% in surface and 73% in 50m 
depth water. Mean value of the activity of 
microplankton retained by A,A and H A  filters 
was 49% in surface water and 22% in 50 m 
depth water respectively. Therefore, in surface 
water the activity of microplankton seems to 
be comparable to that of nanoplankton, where
as in 50 m  depth water the former is far small
er than the latter.

Table 1. Size distribution of photosynthesizing phytoplankton in the
Indian Ocean.

i1 j Millipore filter
Net 

XX13C110/
!

i  Station
1i

Depth HA 
0.45-0.8 /i

AA 
0.8—5 ft

SM
5~110/z

! Total

1 3°-22.'5N, 79‘,-07.'6E 0 m 15% 36% 46% 3% 100%

2 4 -58. 9 S, 78 -03. 4 E 0
50

37
0

36
28

27
70

0
2

100
100

3 10 -55. 5 S, 78 -07. 0 E 0
50

25’
0

26
40

49
60

0
0

100
100

4 19 -54. IS , 78 -01. OE 0
50

5
0

41
5

48
85

6
10

100
100

5 24 -58. 7 S. 77 -59. 6 E 0
50

33
0

3
25

52
71

12
4

100
100

6 19 -50. 2 S, 86 -11. 9 E 0
50

2
0

35
11

63
78

0
11

100
100

7 12 -44 .3S, 97 -20. 0E 0
50

16
10

47
16

37
74

0
0

100
100

Mean value 0
50

19
2

30
20

48
73

3
5

100
100
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It is interesting that at five out of seven sta
tions in surface waters the activity of organisms 
passed through AA filter plays 15 to 37% of 
total activity. F o r same fraction, HOLMES ob
tained the value 44.5, 8.4 and 51.9% in the 
surface waters. He was in doubt to attribute 
all of high values to the carbon fixating ac
tivity of bacteria, and he attempted to explain 
it by protoplasmatic frangm ents released from 
fragile cells which ruptured on the filters su r
face. In the present study such phenomena 
aiso might be one of the reasons of high activity 
of small size fraction. But for final expla
nation further precise studies including the dark 
bottle experiments for each fraction and simul
taneous microscopic inspection on board will 
be necessary.

It can be concluded that in the Indian 
Ocean, the significance of netplankton in photo
synthetic activity is generally very small, on 
the other hand the phytoplankton with the 
size between 0.8 and .90,« play the m ost part 
of the activity. The smallest size fraction re
tained by HA filter also has considerable ac
tivity for surface waters, but almost negligible 
for 50m depth waters. From  these fact it may 
be said that the size of photosynthesizing 
phytoplankton in tropical water is smaller at 
the surface and larger in 50 m  depth. This 
tendency coincides with many results of micro

scopic study on the geographical distribution 
of plankton in the ocean. Gessn er  (1960) 
described tha t the smaller phytoplankton in a 
fresh water lake have higher photosynthetic 
activity by unit am ount than that of bigger 
organisms. Similar phenomena might be ob
served in the ocean in future studies in this 
field. Including such problem, the studies on 
size distribution of phytoplankton will give im
portant basis for the explanation of primary 
production in the oceans.
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PREMIERES DONNEES 
SUR LES BIOMASSES DE L’HERBIER 

A M ACRO CYSTIS P Y R IF E R A  
DE LA BAIE DU MORBIHAN 

(ARCHIPEL KERGUELEN)

par Paul Grua,
Station Biologique de Roscof f  (Finistère)

Au cours d’un programme d’étude de biotopes marins 
infralittoraux, des plongées avec scaphandres autonomes 
se sont déroulées dans la Baie du Morbihan, dans l’archi
pel Kerguelen, du 23 décembre 1962 au 5 février 1963 ; 
un peu plus tôt, du 17 au 19 décembre, quelques plongées 
avaient eu lieu à l’Ile de la Possession dans l’Archipel 
de Crozet. Plus de cinquante heures ont été passées ainsi 
dans l’eau, entre la surface et 15 mètres de profondeur, 
au cours de 54 plongées (Grua, 1963). La Baie du Mor
bihan est une vaste étendue abritée de 25 kilomètres 
sur 18, semée d’îles et de fjords dans sa moitié Ouest, et 
communiquant vers l’Est avec le large par la Passe Royale 
de 13 kilométrés de largeur. La transparence des eaux 
intérieures de la Baie est moindre que celle des rivages 
extérieurs. Des indications écologiques sont données dans 
Borojevic et Grua ; il paraît inutile de les reprendre 
ici.

Les limites supérieures et inférieures de fixation des 
Macrocystis varient suivant les lieux. Le facteur essentiel 
responsable de la distribution verticale a paru être l’éclai- 
rement du fond, lié à la transparence des eaux. Dans les 
stations visitées, ces limites sont à 1 m. et 12 m. sous la 
surface en eaux peu transparentes, tandis que dans les 
eaux plus claires ces limites sont déplacées vers la pro
fondeur : à l’extérieur de la Passe (Ile Buchanan), le 
peuplement s’établit à 8 m. et descend bien au-dessous de 
15 m. (Grua, 1964).

La détermination de l’étendue des herbiers ne peut 
être encore qu’imprécise. En appliquant les résultats des 
observations relatives à la distribution verticale en fonc-
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tion de la transparence des eaux, il est possible de faire 
une évaluation de la répartition des Macrocystis dans la 
Baie. Il y a lieu de considérer séparément les parties Est 
et Ouest de celle-ci. La première, entourée de côtes basses 
ou rarement élevées, offre des fonds peu inclinés le long 
de rivages sans découpures. Dans la partie Ouest, les 
côtes très développées sont principalement rocheuses et 
plongent rapidement sous la surface. La présence des 
Macrocystis  est porté sur les cartes avec quelque validité 
dans le secteur Nord-Est de la Baie, aux abords de Port 
aux Français (carte 6087). Les herbiers existent cepen
dant en dehors de cette zone, mais la mention en est faite 
de façon très incomplète sur la carte générale (5748) 
figurant la partie Ouest. En comparant nos observations 
personnelles, faites à diverses stations, en plongée et en 
surface, et en tenant compte de la surface de l’herbier 
représenté dans la partie Est, un chiffre de l’ordre de 
45 kilomètres carrés paraît une valeur admissible pour 
l’ensemble des herbiers de la Baie.

Ín

P o r t  A ix  F r a n ç a i .

% M O R B IH A N

F ig u re  1. — C a rte  sc h é m a tiq u e  de la  B a ie  du  M orb ihan , av ec  in d ic a 
tio n  de l ’e m p la c e m en t des s ta t io n s  d ’o b se rv a tio n  m en tio n n ées  d a n s

le tex te .

Pour permettre une estimation de la biomasse de ces 
algues, un procédé pratique prend pour référence le poids 
moyen du mètre linéaire de stipe, de préférence à de 
laborieuses récoltes à grande échelle suivies de pesées 
difficiles. Le nombre de mètres linéaires est tiré du dénom
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brement des stipes au mètre carré, multiplié par la lon
gueur moyenne de ces stipes. Le poids moyen du mètre 
linéaire a été déterminé d’après un pied détaché en tota
lité, en coupant ses haptères au ras du substrat, au milieu 
d’un herbier représentatif au Cap Kidder ; ce pied a été 
pesé au retour au port. Le « poids du mètre linéaire de 
stipe » fait intervenir le poids frais global du pied, avec 
ses haptères et ses lames, que l’on a rapporté convention-

T A B L E A U  1

L o ca lité
N ° de 

la
s ta t .

N o m b re  
de s tip e s  

a u  m 2

L o n g u eu r 
m oyenne 
(m .) de la  

v é g é ta 
tio n  au  

m ilieu  du 
p eu p le 

m e n t

M ètres 
lin é a ire s  
de s tip es  

a u  m 2

P o id s  au  
m 2 a r 

ro n d is  au  
kg

— E a u x  p ro p re s  : 
I le  B u c h a n a n  . 16 20 25 500 95

— E a u x  m o y en n e
m e n t t r a n s p a 
re n te s  :
C ap  K idder . . 22 60 11 660 125
I lo t C h a n n e r  . 24 60 14 840 160

— E a u x  p eu  c la i
re s  :
Ile  M ussel . . . . 5 90 8 720 137
P o in te  des C or
m o ra n s  ........... 3-7 290 11 3190 606

nellement au mètre de stipe. Ce poids pris comme unité 
de calcul est de 190 grammes. Le tableau 1 montre les 
variations du nombre de stipes au m2 de substrat et celles 
de la longueur des stipes en différentes stations.

La valeur relevée à la Pointe des Cormorans est très 
nettement supérieure aux autres. La cause en est la proxi
mité de Port aux Français dont les égoûts enrichissent 
les eaux en matières nutritives. L’Ile Buchanan, quant à 
elle, demeure en dehors du domaine propre de la Baie 
dont les eaux sont moins claires que celles du large. Ces 
brèves remarques nous conduisent à écarter les deux 
valeurs extrêmes du tableau pour prendre un chiffre de 
l’ordre de 140 kg comme moyenne  du poids de M acrocystis  
au mètre carré d’herbier dans la Baie. La masse des 
Macrocystis, en prenant pour termes du calcul le chiffre 
précédent et une surface d’herbier de 45 km2, s’établit 
donc à 6,3 millions de tonnes pour la Baie.
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La sous-strate des herbiers est un espace où l’éclair- 
rement est réduit. La masse de végétation y est faible. Au 
point de vue zoologique, les groupes les plus importants 
pondéralement sont par ordre décroissant les moules, 
les éponges, les astéries, les tuniciers, les holothuries, lés 
annélides, les ophiures. Les biomasses qui ont été relevées 
présentaient des valeurs diverses, en ce qui concerne 
leur poids total et les proportions relatives des parties 
animales et végétales. Les chiffres suivants donnent une 
idée de l’abondance des Invertébrés benthiques se pressant 
sur le substrat ou en épibioses multiples pour former une 
couche vivante dépassant parfois 10 centimètres d’épais
seur.

Nos quelques prélèvements, réalisés chaque fois sur 
des surfaces de 4 à 6 décimètres carrés, ne peuvent guère 
donner qu’un ordre de grandeur. Sur la base des dix 
valeurs de biomasse obtenues dans différentes conditions 
dans le cadre de l’herbier, il paraît cependant possible 
d’adopter comme moyenne au décimètre carré un chiffre 
de l’ordre de 300 à 400 grammes (poids frais). Comme cela 
a été fait pour la masse d’ensemble des Macrocystis répar
ties dans la Baie, il est alors intéressant de tenter une 
estimation de la biomasse de la sous-strate de l’herbier. 
11 faut pour cela considérer la surface réelle du fond 
rocheux, avec son relief irrégulier, de laquelle doit être 
retranchée la surface occupée par les haptères des Macro
cystis. Si le calcul est fait sur ces bases, la masse totale 
de la sous-strate atteint ainsi 2,8 millions de tonnes dans 
l’aire couverte par l’herbier.

T A B L E A U  2

L o ca lité
N ° de 
s ta t io n

P ro fo n 
d e u r  en  
m è tre s

In c lin a i
son  du 
s u b s tra t

P ro p o rtio
d ’orga

an im au x
c/c

n re la tiv e  
n ism es 
v ég é tau x

%

P o id s 
to ta l  en  
g /d m 2

C ap K idder 22.a 7
H o rizo n 

ta l 11 89 56

I le  B u c h a n a n 16.b 15
H o rizo n 

ta l 20 80 192
16.a 15 V ertica l 80 20 127

Ile  d u  C h a t 13.a 15 V ertica l 90 10 360

P o in te  des C or
m o ra n s 7.a 5 V ertica l 90 10 1200

I lo t C h a n n e r 10.a 7 O blique 90 10 1500

9 4

—  2 1 8  —



Envisagée après les formes sessiles ou sédentaires, 
la faune benthique mobile n’est représentée que par de 
très rares poissons. Alors que les fonds constitués de 
sédiments nourrissent une masse peu importante de pois
sons, l’herbier de Macrocystis peut sembler à priori le 
milieu propice à une concentration d’individus nombreux. 
Or, ce n’est pas du tout le cas. Durant une trentaine 
d’heures passées dans des zones à Macrocystis, une dizaine 
de poissons seulement ont été vus, appartenant aux genres 
Chaenichthys et Notothenia.

Les Vertébrés rencontrés dans la zone superficielle 
de l’herbier étaient des cormorans Phalacrocorax verru
cosus, des manchots Aptenodytes patagonica  et Pygoscelis 
papua, et, à petite distance de côtes basses, des éléphants 
de mer Mirounga leonina. Dans une zone à Macrocystis 
clairsemées sur un fond de 12 m. a été remarqué à l’Ile 
du Chat, un H ydrurga leptonyx  (Léopard de mer), inha
bituel à cette période de l’année, dont le comportement à 
notre égard a été circonspect — quoique investigateur au 
cours des trois quarts d’heure que dura notre confronta
tion. A l’Ile de la Possession (Crozet), au-dessus de fonds 
comparables, une troupe de quatre Orcinus orca a longé 
le rivage de la Baie du Navire alors que l’un de nous venait 
de reprendre pied sur le radeau. Ces Vertébrés à respira
tion aérienne ne sont que des hôtes occasionnels des sec
teurs où croissent les Macrocystis et leur présence consta
tée est mentionnée pour mémoire ici. L’évaluation de leur 
biomasse est hors de propos, et serait d’ailleurs illusoire 
du fait des déplacements au long cours qui poussent 
nombre d’entre eux à abandonner temporairement les 
lieux.

CONCLUSION. — Les estimations de biomasses que 
nous avons tentées dans l’herbier de Macrocystis pyrifera  
de la Baie du Morbihan (Archipel des Kerguelen), étage 
bionomique défini comme un milieu précis, n’ont pu être 
accompagnées du calcul de l’erreur pouvant entacher les 
valeurs indiquées. Dans une étude plus large, la question 
abordée brièvement ici sera traitée de façon critique. 
Cependant les chiffres obtenus indiquent que les masses 
vivantes, animales et végétales, y atteignent des valeurs 
dépassant largement ce que l’on peut rencontrer dans les 
mers boréales tempérées pour lesquelles des estimations 
analogues ont été faites.
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L ’herb ier de Macrocystis te l qu’il appa- Ile  B uchanan . Ci-dessous, h e rb ie r en
ra ît  au  p longeur : ci-dessus, en eau claire, é ta t  décadent, à  7 m  de profondeur, I lo t
15 m de profondeur, exposé au  large, C hanner.



Sous-strate trè s  riche dans un peuple
m ent trè s  dense de Macrocystis, à 5 m 
de profondeur, à  la Po in te  des Cormo
rans. Au centre, des ac tin ies dans un 
banc de m oules carac téris tiq u e  de l'étage 
in fra litto ra l et, à  la  périphérie, des R ho
dophyceae et des Serpulidae.
C ette photographie, com m e celles de la 
p lanche précédente, a  été fa ite  par l’au 
teur. Cliché P . G rua, CNRS.
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PLONGÉES AUX ILES SAINT-PAUL 
ET NOUVELLE AMSTERDAM

P L O N G É E S  E N  E A U X  F R O ID E S  

P. GRUA
Station Biologique de Roscoff, Finistère, France

The possibilities of research using diving techniques, and the precautions required, 
at these two French southern islands are examined. Local conditions of topography 
and hydrography and potential dangers are reviewed from the point o f view o f an 
underwater biologist and in the particular context o f diving. Emphasis is plac
ed on the importance, in unfamiliar waters, o f  knowing one's personal capacities, 
which depend on good physical and psychological condition as well as equipment. 
Work in cold water, although often less efficient, is nevertheless quite feasible with 
the equipment available and some practical advice is given on this subject.

Les plongées sous-marines présentent d’incontestables avantages par rapport 
aux méthodes conventionnelles d’investigation. Les dragages ont en effet l’incon
vénient de détériorer et la faune et la flore sédentaires, de provoquer la fuite 
de la faune mobile, de mélanger les peuplements biologiques, sans même 
pouvoir permettre l’exploration des zones anfractueuses.
Tous ces inconvénients sont évités par les plongées qui donnent en outre au 
biologiste la possibilité d’observer et de photographier directement les commu
nautés biologiques et leur étagement.
Toutefois les plongées ne sont pas sans présenter quelques inconvénients. La 
basse température de l’eau et le dépaysement provoquent une inhibition apprécia
ble des facultés mentales. Aussi le plongeur doit-il avant de s’introduire dans 
l’eau, être assuré que son matériel est parfaitement au point. Ceci étant, son 
sentiment de sécurité et de confiance en lui-même sera d’autant moins altéré, 
s’il se trouve brusquement placé devant une situation imprévue.
A la faveur des plongées faites aux Iles Saint-Paul et Nouvelle Amsterdam au 
cours de l’été 1958-1959 (Grua, 1963a), dans les premiers mètres de la surface, 
nous préciserons ce que sont les conditions du travail sous-marin dans ces régions. 
Nous terminerons cette brève note par quelques indications sur le matériel qu’il 
convient d’utiliser en eaux très froides (Grua, 19636).
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La c ô t e  e t  l e s  f o n d s

Les côtes de ces deux îles sont en général formées de falaises abruptes, à l’excep
tion du rivage nord-est de la Nouvelle Amsterdam et de l ’ouverture du cratère 
à Saint-Paul. En conséquence, une embarcation à moteur, transportant le plon
geur et son matériel, s’avère indispensable. On peut, par ce moyen, s’approcher 
sans difficulté de la plupart des rivages, à l’exception toutefois des côtes ouest 
des deux îles, battues par une boule quasi-permanente.

Les fonds proches de la côte sont formés d’éboulis rocheux parsemés çà et là 
de petites étendues de sable. Au pied des falaises on peut trouver, à certains 
endroits, quelques grottes.

Les algues géantes, Macrocystis pyrifera , allant de 10 à 30 m de profondeur 
jusqu’à la surface, sont fréquentes, particulièrement sur les côtes orientées 
à l’Est. Au cours d’une récente campagne de plongées aux Iles de Kerguelen 
(1962-63) nous avons pu pénétrer sous leur couvert sans trop de difficulté.

Gomme on le sait, l ’Ile Saint-Paul est d’origine volcanique et les eaux de son 
cratère communiquent avec celles du large par un étroit goulet,, dont le fond est 
un seuil rocheux où la barre est très fréquente. On peut atteindre aisément 
la zone des galets qui entoure le goulet et un plongeur équipé peut, avec quel
ques difficultés faire le tour du cratère. Cette île étant inhabitée en permanence 
il est nécessaire d’y  établir au préalable un campement.

La m e r  e t  l e  v e n t

L’amplitude maximum des marées est de l’ordre de 1,80 m. Les courants, dont 
l’intensité et la direction sont très variables, sont assez fréquents à proximité 
de la côte. Le plongeur en scaphandre autonome doit donc en tenir compte pour 
éviter tout essoufflement superflu. Mais ces courants peuvent aussi provoquer 
la dérive de l’embarcation; pour assurer efficacement la sécurité du plongeur, 
cette dernière doit donc toujours être maintenue à l’endroit où les bulles d’air 
viennent crever à la surface. Une corde d’appel reliant le plongeur au bateau, 
n’est toutefois pas souhaitable en raison de la présence des bancs de Macrocystis 
et du relief accidenté du fond.

La température des eaux de surface varie entre 12,7° en septembre et 17,4°C 
en février à la Nouvelle Amsterdam et entre 12,3° et 16,8°G respectivement à 
l’Ile Saint-Paul (Météorologie Nationale, comm. pers.). A trente mètres de 
profondeur en janvier 1959, l’eau de l’Ile Saint-Paul était voisine de 14° celle de 
la Nouvelle Amsterdam de 18°C.
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En hiver les tempêtes sont fréquentes et compliquent ou interdisent même tota
lement tout travail sous-marin. La période (l’été est nettement plus favorable, 
mais il faut toujours se souvenir que le vent peut se lever, en toute saison, en 
deux ou trois heures. Toute embarcation évoluant sans secours éventuel doit donc 
tenir compte de ce laps de temps, notamment quand elle se trouve face à une 
côte hostile.
La transparence des eaux, plus agréable que nécessaire, procure néanmoins un 
sentiment subjectif de sécurité. Ces petites îles sont entourées par des eaux du 
large toujours propres et renouvelées. Ce n’est pas le cas pour le cratère de l’Ile 
Saint-Paul; la relative turbidité de ses eaux est due à la présence de nombreuses 
sources sous-marines d’eau chaude et de gaz qui sont libérées dans un milieu 
relativement confiné.

A s p e c t s  g é n é r a u x  d e  s é c u r i t é

Les délais de transport vers un moyen de secours pouvant être assez longs, 
les plongées doivent être effectuées avec d’autant plus de prudence. En effet, 
les incidents physiologiques ou les blessures prennent dans ces régions une impor
tance plus grande que sur les côtes bien équipées de nos régions habitées. Si la 
station de la Nouvelle Amsterdam héberge en permanence un médecin susceptible 
d’intervenir, il n’y  a rien par contre à l’Ile Saint-Paul.
Certains animaux représentent des dangers directs pour l’homme immergé, 
tandis que d’autres peuvent simplement effrayer. Ce sont Orca gladiator, Isurus 
glaucus, Carcharodon sp., Squalus fernandinus, Thyrsites atun, Polyprion 
americanus, Mirounga leonina, Arctocephalus australis.
Un plongeur même expérimenté doit donc se garder de dépasser 10 mètres de 
profondeur; au-delà il est indispensable qu’il soit accompagné. Mais dans tous les 
cas un veilleur doit se tenir à proximité, que ce soit sur la côte ou dans l’embar
cation, prêt à intervenir.

L e s  c o n d i t i o n s  d e  t r a v a i l  e n  e a u x  f r o i d e s

Les eaux de l’Océan Antarctique, limitées au Nord par la ligne de convergence, 
ont une température de surface variant selon les beux et la saison entre — 2° et 
+  4° C, tandis que les températures moyennes de l’air restent voisines de 0° C 
pendant l’été.
Les glaces dérivantes ou fixées, la présence de banquettes côtières, les vents 
violents et subits peuvent sérieusement gêner les plongées. Ces dernières sont 
d’autant plus efficaces que le plongeur est mieux protégé du froid ambiant. 
Ceci implique donc le choix de vêtements isothermiques particuHèrement adaptés 
au genre de travail à effectuer. Une épaisseur de dix milbmètres de néoprène
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mousse obtenue de préférence par la superposition de deux combinaisons bien  
ajustées, isole de façon pratique et confortable le plongeur évoluant entre la 
surface et une quinzaine de mètres de profondeur. Le vêtem ent étanche, avec 
les doublures nécessaires, quoique d’un emploi plus délicat, peut être préféré 
au-dessous de ce niveau pour les travaux statiques; ce vêtem ent une fois gonflé 
procure d’ailleurs un meilleur isolem ent au froid. Une nouvelle combinaison  
en feuille de la tex  mince non doublée de tissu , d’une grande résistance aux 
accrocs, semble une heureuse innovation. E lle peut recouvrir la combinaison  
en néoprène et son élasticité diminue les inconvénients du placage en plongée. 
Ces enveloppes protectrices étant relativem ent épaisses il faut donc augmenter 
le lestage et le répartir de préférence sur les divers sanglages plutôt que d’utiliser 
une lourde ceinture.
L’étanchéité au niveau des poignets et du cou n ’est pas encore résolue de façon 
satisfaisante. Un vêtem ent trop serré à ce niveau peut provoquer en effet des 
constrictions gênant la circulation sanguine, dont les effets sont rapidement 
ressentis en eaux très froides.
La préhension manuelle doit rester précise pour les manipulations diverses et 
l ’isolem ent avec des gants de néoprène est le meilleur compromis. On peut 
lim iter le refroidissement périphérique par l ’emploi d’un révulsif provoquant 
une vaso-dilatation superficielle. I l est bon de consommer une préparation  
polyvitam inée aidant à conserver une bonne forme physique.
Pour éviter au plongeur de respirer un air tTop froid, il est préférable que les 
scaphandres soient tiédis à l ’avance, et isolés dans une enveloppe de néoprène. 
Le détendeur à deux étages, avec valve située contre la bouche et tube uni
que, est égalem ent préférable.
Mentionnons accessoirement la récente sortie sur le marché du « Calypso-Phot », 
appareil photographique com plet de format 24 X 36 étanche et de manipulation  
facile.
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LE CYCLE SEXUEL ET L’ÉVOLUTION 
DES SOIES OVIGÈRES DES FEMELLES 
DE JASUS PAULENSIS  (PALINURIDAE)

P. GRUA
Station Biologique, Roscoff, Finistère, France

The southern crayfish live in two separate populations around lies Saint-Paul 
and Nouvelle Amsterdam.
The annual sexual cycle, determined for the population of Nouvelle 
Amsterdam, is related to water temperature : egg-laying occurs in M ay and 
June and hatching takes place in August and September. A t both islands, 
the ovigerous setae then become very variable in size, being damaged by the female 
taking off the empty egg-shells. The setae are renewed during the southern summer.
This phenomenon is being studied by an original biometric method involving size 
ratios, the validity of which is discussed. Pilosity becomes complete again about 
March, owing to a moult distinct from the pre-breeding one. The populations at 
the two islands, and the various size-classes, differ in their detailed pattern.

La biologie des langoustes australes, vivant autour des îles Saint-Paul et Nou
velle Amsterdam, n’est connue que de façon très fragmentaire. Après une cam
pagne d’été en 1958-59 à  bord du navire langoustier congélateur S a p m e r ,  
une première étude a contribué à  la connaissance de l ’écologie de cette espèce. 
L’objet de cette communication est de préciser le cycle annuel de J . paulensis 
Heller ; lors de la recherche de la taille de maturité précisée récemment (Grua, 
1963), un phénomène estival particulier intéressant les soies ovigères a été étudié 
au moyen d’une méthode biométrique qui, à  notre connaissance tout au moins, 
n’avait jam ais été utilisée auparavant (*).

L e  c y c l e  s e x u e l

La figure 1 exprime, par période de quinze jours, la proportion de femelles 
portant des œufs extérieurs fixés aux pléopodes par rapport au nombre total des

(>) Nous retiendrons avec L. B. Holthuis le nom de J . paulensis Heller 1862 pour la langouste australe française. Holthuis a 
en effet rejeté dernièrement J . lalandii Lamk., H. M. Edw 1837, employé jusqu’à m aintenant par assimilation avec les langoustes 
du Cap.
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femelles capturées. Ces captures systématiques ont été faites au casier, de 
juin 1959 à septembre 1960, à la cale de débarquement de la Nouvelle Amsterdam, 
par le Docteur Aubert qui a bien voulu suivre les indications de l’auteur. Les 
casiers ont été immergés dans une seule station proche du rivage à quelques 
mètres de profondeur.

50

XX X XX X X X X X X X XX X

F i  G. 1. —  Nouvelle Amsterdam, a ) Pourcentage du nombre de femelles œuvées, par rapport 
au nombre total de femelles capturées chaque quinzaine, en fonction du temps, b ) 
Températures moyennes mensuelles en 1959-60.
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Ces résultats ne rendent sans doute pas compte exactement du phénomène tel 
qu’il se produit dans l’ensemble des populations exploitées ; ces précisions sont 
cependant intéressantes car ce sont les seules dont nous disposons. Notons 
enfin que la température de l’eau a été relevée systématiquement au même 
endroit en 1959-60.

Nous avons pu déduire de ces observations que la ponte de l’année 1960 avait 
commencé à la fin du mois d’avril ou au début de mai, dans une eau dont la 
température atteignait 16°C environ. L’éclosion se produit dans la deuxième 
moitié de l’hiver, étalée sensiblement sur deux mois, tandis que la température 
de l’eau recommence à s’élever. A la fin du mois de septembre, les températures 
de l’eau étaient voisines de 13°C et les femelles ne portaient plus d’œufs extérieurs. 
Les femelles sont donc dépourvues d’œufs pendant sept à neuf mois, le milieu 
de cette période se situant au mois de janvier, un mois environ avant que la 
température, moyenne de l’eau atteigne sa valeur la plus élevée. La fréquence 
maximum du nombre des femelles œuvées a été observée vers le milieu de juillet, 
quelques semaines avant que l ’eau atteigne sa température minimum.

L e s  s o i e s  o v i g è r e s  e n  é t é

Au cours de la campagne d’été 1958-1959 à  bord du navire S a p m e r  nous avons 
étudié la longueur et la densité de la pilosité de 1 720 langoustes femelles. Quand 
les femelles ne portent pas d’œufs extérieurs (après l’éclosion des larves à  la fin 
de l’hiver) leurs soies sont de longueurs très inégales, selon que la taille des 
individus est plus ou moins grande, mais il existe aussi des différences entre 
deux spécimens de même taille. Les pléopodes paraissent partiellement épilés, 
et les soies sont irrégulièrement écourtées. La proportion de femelles aux soies 
écourtées diminue pendant le déroulement de l’été austral. Cette épilation est 
probablement imputable aux femelles elles-mêmes qui détachent les coques 
d'œufs vides fixées aux soies par la sécrétion cémentaire avec la petite pince 
terminale de leur cinquième paire de péréiopodes. Cette toilette des pléopodes 
parût responsable de l’amputation de très nombreuses soies.

M é t h o d e  u t i l i s é e

Pour rendre compte des divers états des soies, nous avons utilisé le rapport 
existant entre leur longueur et la largeur de l’article sétigère de l’endopodite, 
ce qui nous a permis d’indexer la pilosité individuelle à la taille de l’animal. 
En effet une mesure millimétrique aurait pu donner le même chiffre pour deux 
états de pilosité de signification différente. L’établissement de ces notations a été 
rendue possible du fait de la grande largeur de l’article sétigère de Jasus (Boas, 
1880 ; Holthuis, 1946).
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Nous avons classé les soies en quatre catégories en fonction de quatre valeurs 
type du rapport précédent.

a

1 .3

F ig . 2. — Pléopodes et soies ovigères de J a s u s  pau lensis, a) Pilosité complète, b ) deux 
exemples d'épilalion avec la notation correspondante utilisée pour en rendre compte.

Rapport 0. — aucune soie,
— 1. — soie de longueur inférieure à la largeur de la palette sétigère,
— 2. — soie de longueur comprise entre une et deux largeurs de palette,
— 3. — soie de longueur supérieure à deux largeurs de palette.
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Il est exceptionnel que des soies atteignent trois largeurs de palette.
Il faut remarquer par ailleurs qu’il existe souvent sur un même pléopode, des 
soies de longueurs diverses. Dans un tel cas, nous avons relevé les valeurs ex
trêmes, celles des soies longues et celle des soies courtes. Dans nos calculs nous 
avons utilisé soit ces valeurs extrêmes, soit leur moyenne arithmétique. Remar
quons aussi que sur un même animal l’ensemble des pléopodes présente très 
sensiblement le même aspect d’épilation ; par conséquent la notation appliquée 
à chacun d’entre eux rend compte de l’état de tous les pléopodes.
De plus nous avons rangé l’ensemble des sujets étudiés en deux catégories fonction 
de la richesse et de la densité de l’ensemble de la pilosité : la catégorie I, qui 
correspond à une pilosité moyenne ou réduite, comprend la majorité des individus. 
La catégorie II, où les franges de soies sont très fournies, n’est guère observée 
que chez des sujets de grande taille.
La combinaison réciproque de ces deux notations a été appliquée à toutes les 
langoustes, sans aucune difficulté. On pourrait, faire des réserves sur ce mode de 
chiffrage soumis à un élément subjectif d’appréciation, mais nous avons pu 
constater que la variabilité de la longueur et de la densité des soies entre individus 
de même taille est très largement supérieure à la latitude d’estimation.
Chaque mensuration de pilosité a été prise en même temps que la longueur 
totale de l’animal (de l’extrémité de l’épine supra-orbitaire à l’extrémité du 
telson).
L’ensemble des animaux étudiés a permis d’établir deux mille deux cents nota
tions de pilosité. Les chiffres obtenus rendent compte de la grande diversité 
présentée par les soies, que ce soit en fonction des tailles ou en fonction de la 
date des captures ; aussi a-t-il été nécessaire de les classer en plusieurs groupes. 
Les moyennes obtenues statistiquement donnent des courbes continues à évo
lution progressive. Par contre, à l’échelon individuel, chaque langouste étant 
soumise aux brusques étapes de croissance, l’évolution de ses soies ne peut être 
continue.

M i s e  e n  é v i d e n c e  d u  p h é n o m è n e

D i s c u s s i o n

Avant toute interprétation il faut être certain que la codification adoptée et le 
rapport caractérisant les soies sont justifiées. En d’autres termes, il s’agit de 
savoir si les variations de ce rapport dépendent effectivement de l’inégalité de 
longueurs de soies.
Définissons donc les variables entrant dans les graphiques. Elles se composent 
sous la forme suivante :

longueur de soie 
largeur de l’article sétigère

X  longueur totale de la femelle

1 0 7
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Soient deux états pileux correspondant à deux sujets dont la capture est séparée 
par un long intervalle de temps. En ordonnée sont représentées les valeurs déci
males obtenues par les moyennes arithmétiques définissant la pilosité.

.2>8

2.6
.2,4
■22
.2,0

FiG. 3. —  Aspects de la pilosité ovigère des femelles au milieu et à la fin  de son renou
vellement à la Nouvelle Amsterdam, a) 17 et 19 janvier, 127 femelles ; b ) 2 e t  4 mars 
1959; 113 femelles.

La courbe 1 de la figure 3 est assimilable à une droite inclinée de forme 
y  =  ax +  b, de pente a positive. Pour des valeurs de x croissantes, y  croît 
également.

Quatre cas sont alors possibles pour y  :

I. L’article sétigère s’accroît moins vite que les soies.
II. L’article reste de taille constante et les soies grandissent.

III. L’article décroît et les soies restent de même taille.
IV. L’article décroît plus vite que ne diminuent les soies.
Comme l’on sait que l’article sétigère s’accroît en même temps que la taille de 
l’animal augmente, on en déduit que seul le premier cas est possible et l’on 
conclut donc à une augmentation de la longueur absolue des soies.
La courbe 2 de la figure 3, également assimilable à une droite de formule 
y  =  ax +  b, a un coefficient angulaire a égal à zéro. Pour toute valeur de x, 
y  est égal à la constante b ; y  étant constant, la longueur des soies et la largeur 
de l’article sétigère varient de façon directement proportionnelle. Donc pour 
des tailles successives croissantes, la longueur absolue des soies augmente.
De la courbe 1 à la courbe 2, le passage dans le temps, d’une valeur de y  à une 
autre plus élevée, peut être défini en prenant une valeur constante de x. Pour 
une taille donnée de langouste x, l’article sétigère conserve une même dimension, 
c’est le cas II. Donc l’accroissement de y  est lié à un allongement absolu des 
soies.
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La discrimination précédente basée sur la longueur totale de l’animal et la lar
geur de l’article sétigère nous permet de conclure que le rapport caractérisant la 
dimension des soies varie dans le même sens que les soies, jusqu’au rapport 3 
qui est une valeur-limite constante.

R é s u l t a t s

La figure 4 représente l’évolution des soies dans le temps. Les résultats concernant 
les spécimens des deux îles ont été juxtaposés chronologiquement. En nous 
référant à la taille de maturité, plus petite à la Nouvelle Amsterdam qu’à Saint- 
Paul, nous avons pu séparer les langoustes de chaque île en trois groupes homo
logues deux à deux.

Sl-Paul Nile- Amsterdam

Déc. 1 Janv. Fev.
F jg . 4. — Iles Saint-Paul et Nouvelle Amsterdam. Evolution chronologique de la pilosité 

en fonction de trois groupes de tailles : A  - petites ; B  - moyennes ; C - grandes.

Les courbes obtenues ont une pente générale ascendante, malgré quelques 
inflexions dues à des captures effectuées dans des conditions topographiques et 
météorologiques différentes (Grua, 1960). Tous les groupes de taille subissent un 
allongement progressif des soies et les courbes tendent toutes vers la pilosité 3. 
l^es langoustes de grande taille y  accèdent avant celles dont la taille est moyenne, 
elles-mêmes plus avancées que les petites. La précocité relative des grands 
individus a déjà été remarquée par Bradstock (1950) chez Jasus lalandii, et par 
George (1957) chez Palinurus longipes. Gela nous incite à penser que les richesses 
en soies, différentes selon les tailles, sont dues également à un décalage du cycle 
sexuel aux îles australes françaises, avec une éclosion comparativement plus 
tardive des œufs chez les individus de taille inférieure.

L’association des courbes nous permet de faire la synthèse du rythme de renou
vellement des soies dans son ensemble : le début est lent, suivi d’une phase 
intermédiaire d’accroissement rapide, avec un ralentissement terminal au 
voisinage de l’état pileux complet. Ce schéma est à rapprocher de la courbe 
sigmoïde représentant le processus des croissances limitées.
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Une representation complémentaire du phénomène est donnée dans la figure 5.

100

60

40

20

1 2 3 4 5
Déc. X Janv. J. Fêv. x  Mars.

F ig . 5. —  Iles Sainl-Paul et Nouvelle Amsterdam. Evolution chronologique du pourcentage de 
femelles présentant la même pilosité : pourcentage du nombre de femelles de même pilosité par 
rapport au nombre total des femelles capturées, à chaque période de rété.

Les langoustes dont la pilosité est du groupe 0, sont très rarement capturées 
par le bateau ; ce sont pour la plupart des immatures dont il ne sera pas question 
dans cette discussion. Le fléchissement observé à la cinquième période, à la 
Nouvelle Amsterdam, ne correspond pas au début d’une évolution ultérieure, 
mais à une cause mineure tenant simplement aux conditions de pêche.

A ce stade, deux faits évidents s’imposent : d’une part la réduction du pour
centage des individus de pilosité 2 et 1, qui diminue jusqu’à devenir nul ; d’autre 
part, l’augmentation relative du pourcentage des individus du stade 3 : l’état 3 
incorpore peu à peu toutes les femelles qui y  parviennent successivement.

Nous devons nous rappeler ici que le milieu de la période où les femelles ne 
portent pas d’œufs extérieurs se situe en janvier. Nous ne disposons d’aucun 
relevé concernant le début de cette période, mais il est très vraisemblable de 
supposer que le renouvellement des soies a débuté sensiblement avant la fin de 
décembre.
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Les individus à pilosité très fournie 3-II, sont plus fréquents à l’Ile Saint-Paul 
qu’à la Nouvelle Amsterdam ; nous savons en effet que les grosses langoustes, 
celles dont les soies sont les plus riches, sont plus nombreuses dans la première 
des deux îles.
L’hypothèse retenue pour expliquer l’allongement des soies est celle de la mue. 
D ’ailleurs, l’examen des pléopodes épilés montre des soies tronquées, alors que 
les soies complètes ont une extrémité effilée. Les soies écourtées sont donc 
remplacées par d’autres, lors de l’exuviation, selon le processus décrit par 
Drach (1939).
La courbe 3 de la figure 5 est une courbe cumulative. Cette courbe est l ’expression 
additive de la courbe normale de distribution de Gauss. La distribution des 
date de la mue, responsable du renouvellement des soies, doit être comme la 
distribution des dates de ponte et d’éclosion dans le cycle sexuel. Le renouvel
lement des soies correspond donc naturellement, sous sa forme sigmoïde, à la 
sommation du nombre des mues dans la population.
Avant de conclure, un rapprochement doit être fait.
lia richesse des soies d’un animal donné, c’est-à-dire, la longueur absolue 
de ses soies et leur abondance, est en relation directe avec sa taille. L’on sait 
par ailleurs depuis Herrick (1895) que la relation entre la fertilité et la taille 
chez les crustacés est donnée par la formule : E X  KL3. Si d’une part la 
fertilité est proportionnelle à la taille de la femelle, et si d’autre part la pilosité 
est bée à cette même taille, la pilosité, autrement dit la capacité à porter les 
œufs produits, est en rapport avec la fertibté.

C o n c l u s i o n

L’ensemble des résultats acquis nous permet d’étabbr le schéma du déroulement 
du cycle annuel et celui de l’évolution des soies. La femelle immature accède à la 
maturité qui s’étabbt à la taille moyenne de 172-173 mm à Saint-Paul et de 
167-168 mm à la Nouvelle Amsterdam ; elle acquiert, à ce stade, des soies 
ovigères. Dès lors son cycle sexuel se déroule comme suit : fécondation puis 
ponte en mai et juin, incubation des œufs, éclosion des larves en août et septembre 
(à la Nouvelle Amsterdam), nettoyage actif des pléopodes pour les débarrasser 
des coques d’œufs vides avec amputation partielle des soies ovigères, mue 
estivale pouvant intervenir au cours d’une période de 4 à 5 mois, s’achevant 
en mars et responsable du renouvellement des soies, enfin mue précédant immé
diatement la fécondation. Les grosses femelles sont généralement plus précoces 
que les petites.
Les soies redevenues complètes, de longueur supérieure à deux largeurs de la 
palette sétigère de l’endopodite, sont plus longues chez les gros individus que 
chez les petits. La longueur et la densité de la pilosité des pléopodes est en 
rapport avec la fertibté des femelles.
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Reprinted from C.R. Acad. Sc. Paris, vol. 259, groupe II, 1964, p. 1541-1543.

OCÉANOGRAPHIE BIOLOGIQUE. — Su r la structure des peuplements de 
Macrocystis pyrifera (L.) C. A g . observés en plongée à Kerguelen et 
Crozet. Note (*) de M. P a u l  G r u a ,  présentée par M. Roger Heim.

La pénétration en scaphandre autonome dans l’épaisseur de ces herbiers a rendu 
possibles des précisions écologiques reliées à la transparence des eaux, concernant 
la configuration verticale, la densité et les limites bathym étriques de la végétation.
Des constatations sur la faune sont rapportées.

Les observations ont porté, entre o et 15 m d’immersion, sur l ’étage 
infralittoral de terres situées au voisinage de la convergence antarctique 
dont la localisation semble être à quelques degrés tout au plus au Sud 
des îles étudiées (*). Après quelques plongées à l ’île de la Possession, dans 
l’archipel de Crozet, les autres se sont déroulées à Kerguelen, dans la baie 
du Morbihan, vaste espace intérieur s’ouvrant sur une large passe en 

.direction de l’Est. Les eaux fréquentées, au long des rivages côtiers ou 
autour d’îlots, étaient de transparences diverses; les valeurs relevées au 
disque de Secchi s’établissaient en moyenne entre 4 et 15 m. La température 
fraîche (-) de ces eaux varie, pour la couche superficielle, entre les moyennes 
mensuelles de i  et 8,5°C, selon les lieux et les saisons.

Les pieds de M acrocystis, individualisables par leur bloc de haptères, 
ne sont pas contigus et laissent entre eux des espaces variables de l ’ordre 
de o,5 à i m. Dans la partie centrale de l ’herbier, les stipes issus de chaque 
pied sont souvent nombreux, de quelques dizaines à plusieurs centaines, 
s’élevant verticalem ent en un faisceau serré et plus ou moins tressé 
sur lui-même. Dans le cas des pieds dont le nombre de stipes est lim ité  
à quelques unités, l ’espacem ent entre eux peut être inférieur aux valeurs 
indiquées ci-dessus. La fixation des haptères, constituant parfois des 
masses volumineuses, s’effectue sur des faces subhorizontales, le plus 
souvent surélevées. Les faces horizontales des creux et les faces verticales 
ne sont pas colonisées, à moins d’être occupées par l ’extension des haptères 
voisins. Le substrat n’est pas nécessairement de la roche en place, la végé
tation étant possible sur des blocs dont la stabilité est suffisante pour 
résister à la turbulence des eaux^JÈn eaux calmes, on peut observer comme 
base des galets isolés, entourés parïeqs de sédim ent, ou des galets rapprochés 
recouverts par la croissance progressive des haptères. Dans les zones 
favorables à une végétation puissante,- celle-ci subsiste sur des roches 
pesantes ou fixes.

Dans les eaux peu transparentes, rencontrées le plus souvent, la lim ite 
supérieure d’im plantation apparaît à 2 ou 3 m de profondeur. Cette fixation  
peut se faire plus près de la surface, exceptionnellem ent jusqu’à la ceinture 
de Durvillea antarctica  (Cham.) Hariot, soit à la frange inférieure de 
l’étage littoral. Batham  (“), qui a relevé la présence de M acrocystis à un 
niveau homologue dans les stations abritées de Nouvelle-Zélande, explique 
le fait par la faible turbulence locale, élém ent directem ent accessible à
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un observateur de surface. Cette relation ne paraît pas généralisable, 
car elle porte sur un cas particulier de la lim ite supérieure du peuplement. 
L’éclairement reçu par le fond se révèle par contre un facteur lim itatif 
essentiel de la distribution verticale (4). Le peuplement disparaît progres
sivem ent en s’espaçant aux environs de 12 m de profondeur. Entre ces 
lim ites, la végétation est dense, soit que l ’espace compris entre les pieds 
soit réduit, soit que de nombreux pieds com ptent une grande quantité 
de stipes serrés les uns contre les autres, formant alors des sortes de 
colonnes atteignant 3o cm de diamètre. Des pieds peu prolifiques se 
répartissent autour de ces fûts, mais cependant ils n’empêchent pas 
totalem ent la circulation entre eux. Dans la couche d’eau, d’une épaisseur 
voisine de i m com pté au-dessous de la surface, la végétation forme une 
masse considérable de stipes et de lames dont certaines, enchevêtrées, 
s’étendent parallèlement à la surface au lieu de pendre obliquement 
vers le fond. Cela constitue un écran dense que des rais de lumière 
traversent difficilement par endroit. Il en résulte un espace ombragé 
au-dessous. Lorsque le couvert est très épais, les stipes ne portent que 
peu de lames dans leur portion inférieure. Par ailleurs, les lames sont 
ondulées, rappelant l ’aspect des frondes de Lam inaria saccharina, et cela 
d’autant plus que les eaux sont plus turbides.

Si l’on considère des eaux plus transparentes, soumises à l ’influence 
du large, la lim ite supérieure de fixation des pieds a été constatée à 8 m 
de profondeur. Sur un fond de 15 m, le peuplement se manifeste en pleine 
puissance et se poursuit au-delà vers la profondeur. Il est connu que les 
M acrocystis se fixent sur des fonds plus importants, et les nombres de 3o 
ou 4 ° m sont couramment avancés ; nous verrons plus loin ce qu’il faut 
penser des lim ites bathym étriques. A la différence de ce qui a été remarqué 
en eaux peu claires, l ’impression générale ressentie dans le corps du 
peuplement est celle donnée par une forêt plus claire, plus pénétrable 
à la lumière, et dont le faîte, en surface, reste lâche. La végétation est 
moins serrée du fait que les pieds peuvent être moins rapprochés et que, 
d’autre part et surtout, le nombre des stipes issus de chacun d’eux se 
lim ite le plus souvent à quelques unités.

Tous 1 es intermédiaires ont été rencontrés, entre les cas schématiques 
ci-dessus, depuis l ’aspect d’une futaie portant sa frondaison au niveau 
supérieur, ne com ptant que des troncs volum ineux quoique peu élevés, 
jusqu’à celui d’un champ de cannes à sucre démesurées, aux pieds peu 
serrés et au feuillage prospère, en passant par le bois taillis aux plants 
d’importance inégale et où tous les individus, bien verticaux, atteindraient 
cependant la couche de surface. Dans les cas extrêmes qui ont été observés, 
une estim ation a donné les valeurs approchées suivantes, par mètre carré 
de fond situé dans le milieu d’herbiers bien établis : 5oo m linéaires de 
stipes en eaux claires et jusqu’à 3 000 m linéaires de stipes en eaux 
enrichies de matières organiques (â). Parfois ont été rencontrées des
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clairières à peuplement détérioré, avec des pieds dont les stipes restants, 
après avoir perdu la majorité des lames et des flotteurs pendaient en 
guirlandes festonnantes entre la surface et le fond. Sur le substrat ne 
subsistaient par place que les blocs de haptères morts enlacés de stipes 
affaissés.

Les lim ites des peuplements im posent les remarques suivantes. Au voisi
nage de la lim ite extérieure des bancs, au-dessus des fonds dont le faible 
éclairement est encore favorable à l’espèce, le peuplem ent se poursuit 
en profondeur tandis que la hauteur de la végétation diminue. Le somm et 
des plants s’éloigne progressivement de la surface, les pieds s’espacent, 
et, pour chacun d’eux, décroît le nombre de stipes. On ne peut, en consé
quence, déterminer l ’étendue de l ’herbier à M acrocystis par l ’observation 
des contours de celui-ci à la surface. D ’ailleurs, sous l ’effet de courants 
qui inclinent les stipes, les lim ites visibles des bancs se rétrécissent. A la 
lim ite opposée, du côté des éclairements im portants, le peuplement typique 
ne présente pas un éclaircissem ent symétrique : la bordure supérieure 
s’érige en une lisière précise, surgissant du fond jusqu’à la surface.

Un fait inattendu est la rareté de la faune mobile dans cet herbier. 
Durant une trentaine d’heures passées dans des zones à M acrocystis, 
outre des incursions de m anchots Aptenodytes patagonica  Miller, Pygoscelis 
papua  (Forster), et de cormorans Phalacrocorax verrucosus Cabanis, une 
dizaine de poissons ont été vus, encore n’était-ce que sur les marges des 
bancs. Le nombre généralement faible de poissons v ivant dans la Baie 
n’est peut-être pas étranger à cette pauvreté constatée dans l ’herbier; 
celui-ci n ’est pas le milieu d’élection favorable qu’on a pu supposer. 
Les M acrocystis exercent-elles une influence à laquelle seraient sensibles 
certains vertébrés ? Des extraits analysés de M . pyrifera  californiennes 
se sont révélés toxiques pour les souris (6). Des invertébrés peuvent se 
nourrir de cette algue (:) tandis que sous leur couvert d’autres viennent 
chercher abri (8) et que des formes sessiles s’y  développent en masses 
considérables. Des mesures de biomasse animale ont donné des valeurs 
s’élevant jusqu’à i,5kg/dm 'J; les espèces constituantes, actuellem ent à 
l’é tu d e , sont surtout constituées par des synascidies, des moules et des 
éponges.

Une collection de photographies en couleurs a été faite dans les herbiers.

(*) Séance du 17 août 196.Í.
(') R. D e l é p i n e ,  C .N .F .R .A ., 3 , 1 9 6 3 ,  p .  25.
('-) P. G r u a ,  Third Intern. Biometeor. Congr., Pau, 1 9 6 3 ,  Pergamon Press, Oxford 

(sous presse).
(:1) Ë. J. Batham, Trans. Roy. Soc. New Zealand, 84, 1956, p. 447.
(4) P .  D r a c h ,  C. R. Soc. Biogéogr., 227, 1 9 4 9 ,  p .  4 6 .
( ’) Le mètre linéaire utilisé comme unité est le produit du nombre de stipes comptés

à i m au-dessus du fond, par la longueur moyenne de la végétation au lieu considéré.
C') R. C. H a b e k o s t ,  M. F. I a n  e t  W. H .  B r u c e ,  J. Washington Acad. Sc., 45 ,  1 9 5 5 ,  

p .  l o i .
(7) \V. J. N o r t h ,  Nature, 190, 1 9 6 1 ,  p .  1 2 1 4 .
(8) P. G r u a ,  T. A . A. F ., 10, i 9 6 0 ,  p .  15.

(Station Biologique de Roscoff, Finistère.)
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R e p r in te d  from  B u l l .  S o c .  P h y c o l .  d e  F ra n c e ,  n o .  10, 1964, p< 14.

La végétation infra-littorale efe la Baie du Morbihan
(Kergueleni

p a r  R . DELÊPIN E et P. GRUA

D ans le  cadre de l ’étude de la flore algale des îles  australes, 
l ’un de nous avait déjà eu l ’occasion  de présenter ic i m êm e des 
photographies en couleurs sur l ’étagem ent de la végétation litto 
rale. Lors d ’une m ission  d’été en 1962-1963, P. Grua a réalisé des 
photograph ies sous-m arines au cours de plongées en scaphandre  
autonom e, pour une étude des peuplem ents infra-littoraux jam ais  
entreprise a insi. Il a pu préciser  certa ins points écologiques de 
cet étage qu’il expose ic i  au sujet de la  végétation. Par ailleurs, 
des problèm es systém atiques sont signalés ; les photographies sui
vantes illustrent ces points.

Le caractère fondam ental de la  végétation  de l’étage littoral est 
la  cein ture de D u roillea  an ta rctica , qui ind ique la lim ite  inférieure  
de l’étage m édio-littoral. Les photos sous-m arines la issen t suggérer  
qu’une deuxièm e espèce (D. caepaestipes)  est peut-être présen te à 
K erguelen et se situerait îiu  som m et de l’étage infra-littoral. 
L’absence de données certa in es sur la base de fixation nécessite  
d ’autres investigations.

Un échantillon nage de la  végétation  in fra-littora le , est ensuite  
m ontré : D elesseriacées, Iridaea , U lva, A crosiph on ia  et d iverses  
D esm arestia  de caractères écologiques différents. U ne espèce de 
ces dern ières peut form er une strate caractéristique d ’eaux calm es, 
notam m ent sous les M acrocystis  dans des zones où ce lles-c i sont 
peu denses.

Les p longées ont perm is de retrouver en place, dans l ’herbier  
de M acrocystis  à 15 m ètres de profondeur, à l ’Ilot Buchanan, une 
esp èce  de L esson ia  qui n’y avait été loca lisée  que par quelques 
fragm ents l’année précédente. U ne autre localisation  a été décou
verte  à l ’Ile du Chat à la m êm e profondeur.

Enfin, la végétation  caractéristique de cet étage infra-littoral 
est form ée par M acrocystis  p y r ife ra , dont les fo lio les portées par 
les grandes lan ières flottent à la surface de l ’eau, form ant ainsi 
d’im m enses herb iers dans la Baie du M orbihan (K erguelen). Ces 
herb iers d essinent sou ven t une cein ture très nette à quelque 10 ou 
20 m de l ’aplom b des côtes, correspondant à des thalles fixés au 
substrat à des profondeurs variant de quelques m ètres à 25 m 
environ .

En outre, des prises de vue en 16 mm ont été effectuées ; ce  
film sur l’éco log ie  in fralittorale à K erguelen, est en préparation.

•  Laboratoire de B iologie végétale m arine, Paris.
•  Station B iologique, B oscoff.

116 Collected reprints o f  the International Ind ian  Ocean Expedition , vol. IV , contribution  no. 213



R ep rin ted  from  Z o o lo g is c h e r  A n ze ig e r ,  B d. 175, H eft 4 -6 , 1965, S. 371 -377 .

Aus dem Instituto Oceanógrafico Cumaná, Venezuela

Ptychodera flava  (Enteropneusta) von Tanikely, Madagaskar
Ergebnisse der österreichischen Indo-Westpazifik-Expedition 1959/60 

Teil X

Von

E r n s t  K i r s t e u e r 1

Mit 4 Abbildungen 
(Eingegangen am 5. November 1964)

Das vorliegende Material wurde im Verlaufe der von der „österreichischen  
Indo-W estpazifik-Expedition 1959 /60“ durchgeführten faunistisch-ökologischen  
Untersuchungen an madagassischen Korallenriffen gesam m elt und beschränkt 
sich auf eine Art, Ptychodera flava  Eschscholtz 1825. Es ist dies nicht nur die 
am längsten bekannte und oftmals in der Literatur erscheinende Enteropneusten- 
Species, sondern nach den gemachten Erfahrungen auch der im  Bereidt des In
dischen Ozeans (und pazifischen Raumes) w eitest verbreitete Vertreter der 
Gruppe (Abb. 1). W enn nun dieser an sich wohlbekannten Art noch eine weitere 
Studie gew idm et ist, so m öge dies damit begründet sein, daß es sich zum einen  
um einen für die m arine Fauna Madagaskars neuen Repräsentanten handelt, 
zum anderen aber eine Art zur Rede steht, die nach bisherigen M itteilungen eine 
große Vielfalt an anatomisch-morphologischen Abweichungen aufweisen kann, 
welche ihren Niederschlag in der Beschreibung von nicht weniger als 15 Varie
täten fand ( P ü N N E T T  [1903] m eldet allein sieben Varietäten der Art von  den 
M alediven und Lakkadiven, R a o  [1963] fünf weitere von der Insel Krusadai 
und deren näherer Umgebung) und vereinzelt auch zur Darstellung neuer Arten 
führten, die erst durch die eingehenden Arbeiten von  T r e w a v a s  (1931) und  
H o r s t  (1939) als m it Ptychodera flava identisch erkannt wurden.

D ie Nachricht über einen tiergeographisch neuen Fund sollte demnach 
einer W iedergabe der anatomischen Organisationsverhältnisse nicht entbehren. 
Für letzteres stehen 14 in Bouin fixierte, vollständige und gut erhaltene Indi
viduen zur Verfügung, welche auf der Madagaskar im NW  unmittelbar vorge
lagerten Insel Tanikely ( MtWTO, I30¿8'9'5 ) gesam m elt wurden. D ie Tiere be
fanden sich unter Steinen an der Oberfläche eines Grobsandbodens in einem  
durchschnittlich 20 cm tiefen Fluttümpel an der Ostseite der Insel.

Ptychodera flava  E s c h s c h o l t z  1825  
Clamydothorax ceylonensis N a r a y a n a r a o  1934  
C. krusadiensis ders. 1934  
Ptychodera flava  H o r s t  1940

1 Dr. E m st Kirsteuer, Museum of Natural Historv, Department of Living Invertebra
tes, CENTRAL PARK WEST at 79 St. NEW YORK, N.Ÿ.
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372 E. Kirsteuer, P tychodera flava  (Enteropneusta) von Tanikely . . .

P. f. R a o  1952 
P. ƒ. ders. 1954 
P. ƒ. ders. 1962
(w eitere , ä lte re  L ite ra tu r  s ieh e  b e i H o r s t  1939)

4 0

80 100

Abb. 1. Übersichtskarte m it den Fundorten von  Ptychodera flava  im Bereich des Indischen Ozeans

H a b i t u s
In der Färbung zeigen die madagassischen Exemplare der Art eine weit

gehende Übereinstim mung m it der von W i l l e y  (1897) gegebenen Beschrei
bung. Allerdings ist die Grundfarbe etwas heller, nämlich weißgelb, und inten
sives Gelb tritt nur an der Eichelspitze und am Vorderrand des Kragens sowie 
dorsomedian entlang des Rückennervenstranges auf. Die Genilalllügel haben 
einen schwachen grauen Anflug, offensichtlich durch das Durchschimmern der 
Gonaden bedingt. Die Lebersäckchen sind größtenteils dunkelbraun, mit. fort
schreitendem Kleinerwerden der Säckchen gegen das caudale Ende der Leber
region zu wird aber das Braun mehr und mehr von einem gelben Farbton ver
drängt. In der Abdominalregion kann der Darm je nach Füllungszustand stellen
weise oder durchlaufend grau durchscheinen.

Die lebenden Tiere maßen 40 bis 55 mm in der Länge. Bei einem 50 mm  
langen Exem plar (Abh. 2) war die Eichel annähernd 5.7 mm lang und 4,5 mm  
im Durchmesser. In ihrer Form veränderlich, zeigte sie jedoch immer und bei 
allen beobachteten Tieren einige in der Längsrichtung verlaufende Einbuch
tungen, die sich bei der Fixierung noch verstärkten (Abh. 3, a). Der Kragen mit 
seiner typischen Einengung in der Mitte und der Ringfurche in der N ähe seines 
Hinterendes hatte eine Länge von 5.5 mm und kam an Dicke der Eichel gleich.
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Anschließend an den Kragen und mii diesem verwachsen erstreckten sich über 
rund 9 mm die ventrolateral vom  Körper allgehenden Genitalflügel, welche an 
ihrer äußeren Oberfläche durch seichte und unregelmäßige Ringkerben etwas 
gewellt sind. Sie reichen caudal über die 6 m m  lange Kiemenregion hinaus und 
in die etwa 12 mm lange Leberregion hinein. D ie größte Breite des Körpers 
liegt mit ungefähr 5.5 mm in der mittleren Genilalregion. Die Lebersäckchen 
sind relativ- schwach entwickelt und weisen wie bei Ptychodera flava  var. saxi
cola und P. f. var. gracilis (P u N N E T T  1903' keine Lappenbildungen auf. In der 
Abdominalregion treten m ehr oder minder regelmäßig angeordnete Ringwülste 
auf. welche dorso- und ventromedian unterbrochen  sind. D ie oben angeführten 
Maße zeigen, daß sich die madagassische Form in den Körperproportionen den 
gleich großen Individuen in dem von T r e w a v a s  (1931. p . /i2 1 ■beschriebenen 
australischen Material stark nähert.

5 m m

Abb. 2. Ptychodera fl uca  vo» Tiifiikoïy. fbibitus vo »  dorsal rim-m Jrbemb*n Tior ¿lezeb'b not)

A n a t o m  i e
Das Epithel der Eichel erreicht durchschnittlich 1/7 der Muskularisdicke 

und wird von einer kräftigen Nervenschicht unterlagert. Im Bereiche der an
schließenden Basalmembrän sind an den Querschnitten mehrere Längsgefäße 
zu beobachten. W ie üblich ist die Ringmuskulatur zart entwickelt und die den 
Hauptteil der Muskularis stellenden Längsfasern in radiären Bündeln angeord
net (Abb. 3. a). Die inneren Enden der letzteren liegen größtenteils dicht bei
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sammen und in Verbindung mit locker verteilten zirkulären Bindegewebsfibril- 
len wird damit eine deutliche Begrenzung des Eichelcoeloms geschaffen. Das 
ventrale Septum reicht w eit caudal und obliteriert erst kurz vor dem Hinterende 
des ventral am Eichelhals auf treten den traubigen Organs, welches im vorlie
genden Fall sehr einfach gestaltet ist, anfänglich zwei Lappen zeigt und caudal 
in einen ungegliederten Sack ausläuft (Abb. 3, b). Von den beiden dorsalen

Abb. 3. Ptychodera flava, a) Querschnitt durch die Eichel, b) Querschnitt durch die vordere Kragenregion
(Erklärung der A bkürzungen s. S. 5)

Coelomtaschen steht die rechte über einen Porus mit der rechten Eichelpforte in 
Kommunikation, während die Verbindung der linken Tasche zur linken Pforte 
unterbrochen ist. Die Pforten sind symmetrisch angeordnet und gleich groß 
(Abb. 3, b). D ie verschiedenen innerhalb der Art auftretenden Kombinations
möglichkeiten von  durchlaufenden Coelomporen und Eichelpforten sind bei 
W i l l e y  (1899), S p e n g e l  (1903, 1904) und H o r s t  (1930, 1939) ausführlich
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behandelt und können an dieser Stelle übergangen werden. Die Herzblase endet 
terminal ein Stück hinter der Eicheldarmspitze. D ie den beiden Organen größ
tenteils lateral aufliegenden Glomerulushälften vereinigen sich dorsal im  vor
deren Herzblasenbereich und um hüllen vollständig das Vorderende des Eichel
darms. Letzterer besitzt ein  durchgehendes und relativ w eit terminal reichendes 
zentrales Lumen von stark wechselndem  Durchmesser, welches in der vorderen  
Eicheldarmhälfte stellenweise nur einen engen vertikalen Schlitz darstellt. Der 
größte Durchmesser des Kanals als auch des Eicheldarmes selbst ist an jener 
Stelle zu beobachten, wo die durch Zusammenfließen der beiden lateroventralen  
Blindsäcke gebildete ventrom ediane kurze Tasche m it dem Hauptlumen in Ver
bindung tritt. Hinsichtlich des Eichelskeletts ist nur zu vermerken, daß der Kiel 
anfänglich trotz des kleinen traubigen Organs ventral eingebuchtet ist, und zwar 
so weit als das erwähnte Organ zweilappig in Erscheinung tritt, in der Fort
setzung nach caudal aber dann ventral zugespitzt und im Querschnitt keil
förmig ist (Abb. 3, b).

In der Kragenregion zeigt die Epidermis annähernd gleiche Dicke w ie an 
der Eichel. Unterschiedlich ist nur die abwechselnde Folge von Zonen m it w eni
ger Drüsen und solchen wo diese dicht angelagert sind, wobei insgesamt, und  
wie bisher immer bei P. flava beobachtet, fünf Zonen zu unterscheiden sind. 
Eine äußere Ringmuskulatur fehlt, und eine dünne Längsmuskellage legt sich 
von innen her der Basalmembran direkt an. D ie den Pharynx umschließende 
Muskulatur ist gut ausgebildet. Das Kragenmark mit seinem  durchgehenden 
Zentralkanal ist zu Beginn im Querschnitt nierenförmig, gegen die Kragenmitte 
wird es rund, und nur der Kanal behält seine ursprüngliche Querschnittsform, 
und im caudalen Drittel des Längsverlaufes tritt wieder eine ventrale Einbuch
tung des Neurochords auf, und der Kanal zeigt hier einen elliptischen Quer
schnitt. Bei der vorliegenden Form entsendet das Kragenmark nur eine Dorsal
wurzel, deren Kanal auf den proxim alen Abschnitt beschränkt ist. Sie liegt 
etwas links außerhalb der Mediansagittalen und zieht terminal ansteigend zur 
Epidermis, in die sie eindringt. D ie Epidermis zeigt aber an dieser Stelle keine 
Invagination, w ie sie etwa T r e w a v a s  (1931) bei australischen Individuen der 
Art vorgefunden hat. Das dorsale Kragenseptum fängt erst etwas hinter der 
Dorsalwurzel an und erstreckt sich bis an das caudale Kragenende, wobei es im  
hinteren Teil stark gefaltet ist. D ie überwiegend von Längsmuskeif asem  durch
setzten Perihaemalräume liegen dem Kragenmark lateral und ventral auf und 
schließen sich mit ihren m edianen W änden, soweit es das Rückengefäß zuläßt, 
dicht zusammen. Das ventrale Kragenseptum beginnt ein w enig früher als das 
dorsale, ist aber unvollständig und reicht nicht bis an die ventrale Kragenwand  
heran. Besonders am Anfang, d. h. unmittelbar hinter dem Kragenringgefäß ist 
es sehr kurz und stellt nur e in e  das Ventralgefäß haltende Falte dar. D ie Kra
genpforten sind von dorsal her tief eingefaltet und m ünden in die ersten K ie
mentaschen.

Die Kiemenregion ist vergleichsweise kurz. Von den beiden durch einen  
kräftigen Grenzwulst getrennten Darmabschnitten dieses Gebietes ist der K ie
mendarm der m it dem größeren Volumen, selbst wenn man berücksichtigt, daß

121



376 E. Kivsteuer, Ptychodera flava (Enteropneusta) von TanikcJy

der nutritive Darm durch Kontraktion etwas eingeengt wurde, wie dies die 
Faltung seiner W and anzeigt (Abb. 4, a). Gegen das caudale Ende des K iem en
darms zu steigen die Grenzwülste mit zunehmendem Kürzerwerden der Kie
m enspalten m ehr und mehr dorsal auf, um letztlich das Darmdach der Post- 
branchialregion zu bilden. Es entspricht dies vollkom men der von T r e w a v a s

A1>1). Ptychodera flava, a) Qucrschnitl <lurch die K iem euregiou. b) Q ueiscliuitt durch «lie Postbranchial- 
region im  Bereich dev DnrmhTindsäckc (Erklärung der Abkürzungen s. S. 5)

(1931) gegebenen Beschreibung. Die Zahl der vorliegend zu findenden Synapti- 
kel liegt m it m axim al sechs Stück an der unteren Grenze des bisher bei P. flava 
Registrierten.

Uber die ganze Länge des Kiemengebietes liegt der Abgang der Genilal- 
flügel vom  Körper tief ventrolateral (Abb. 4, a), verschiebt sich aber postbran- 
chial rasch dorsal, so daß die caudal auslaufenden Enden der Flügel dorsolateral 
angeheftet sind (Abb. 4, b). D ie Gonaden haben vorliegend noch, nicht ihre vo ll
ständige Reife erreicht. Sie befinden sich ventral von den die Genitalflügel bis 
zur Spitze durchziehenden Lateralsepten, es sind jedoch keine Gonoporen aus
gebildet. Proxim al setzen dic Lateralsepten in dem von Kiemenkorb und Ge
nitalflügel begrenzten W inkel an. hinter der Kiemenregion in der Witte der dor-
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salen Darmwand und in der caudalen Genitalregion dorsolateral àm Darm. Die 
in der Postbranchialregion auftretenden lateralen Darmblindsäcke (Abb. 4, b . 
die durch ihre dorsale Verlötung m it der Darmwand zwei in das Darmlumen  
caudal hineinreichende Coelomblindsäcke bilden, entsprechen in Form- und 
Lageverhältnissen ganz der von T r e w a v a s  (1931. Fig. 2, p. 44) gegebenen Dar
stellung. Die bei dem zur Diskussion stehenden Material in diesem Abschnitt 
stellenw eise zu beobachtende enorme Erweiterung des dorsalen Gefäßstammes 
(Abb. 4 ,b ) ist vermutlich kontraktionsbedingt Die terminal ungefähr gleich
zeitig mit der Leberregion beginnenden beiden dorsolateralen W imperstreif eu 
des Darmes sind verhältnismäßig seicht, die sie medianwärts abdeckepde E pi
thelleiste ist schmal, und os sind keine sehr ausgeprägten, mit den Lebersäckchen 
alternierenden Vertiefungen der W imperstreifen gegeben. W as das Pygochord 
betrifft, so liegen die gleichen Verhältnisse vor wie sie W i l l e y  (1899. p. 243) be
schrieben hat.

E r k l ä r u n g  d e r  A b k ü r z u n g e n

bg Blutgefäß Im Längsmuskulalur
dbs Darmblindsack Is Latcralscplum
dg üorsalgefäß nd nutritiver Darm
dn Dorsalnerv ns Nervenschicht
ed Eicheldarm ph Perihacmalraunt
ep Eichclpfortc pliv Pharynx
ex Eichelskelett rm Ringmuskulatur
gl Glomerulus se Eichelseptum
go Gonaden sy Synaptikel
gw Grenzwulst to Iraubiges Organ
hb Herzblas c Vg V entralgef äß
lg Latralgcfäß VII Ven train erv
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S w arm ing  of  Charybdis  ( Goniohellenus ) edwardsi  

Leene  & Buitendijk in the Indian O c e a n  

( C r u s t a c e a  D e c a p o d a ,  P o r tu n id a e )

Swimming crabs of the family Portunidae as a rule are bottom 
dwelling animals. An exception is the only known species of the genus 
Polybius, P. henslowi Leach, which has been observed in large groups 
(often in hundreds or thousands of specimens) on the surface of the 
sea at considerable distances from the shore (Clark, 1909, p. 287; Balss, 
1955, pp. 1318-1319; Della Croce, 1961, pp. 5-13, where older records 
are cited).

The pelagic occurrence of this species evidently is a periodic 
phenomenon; schools appear rather suddendly and disappear equally 
abruptly. Whether this occurrence is connected with the reproductive 
cycle, or is caused by the temporary presence of food in the upper layers 
of the sea (Polybius often attacks sardines voraciously and is considered 
a severe pest by sardine fishermen), is still an open question.

So far as is known to us, this swarming habit has not been observed 
in other Portunidae. It seems therefore bf interest to report here on 
the observations of such swarms of the Portunid Charybdis (Goniohellenus) 
edwardsi Leene & Buitendijk, 1949 made in the Indian Ocean during 
cruise no. 8 of the R./V. << Anton Bruun » of the National Science Found
ation, held under the auspices of the U .S. Biological Program for the 
International Indian Ocean Expedition.
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During this expedition swimming crabs were spotted in surface
waters on three consecutive days and at three different stations:

The stations were located in the open sea at a distance of not less 
than 120 miles from the nearest land (in the case of Sta. 416 the nearest 
land were the Comore Islands, and in that of Sta. 418 the East African 
coast). The area covered by these stations exceeds 240 miles in length 
from South to North, and we may therefore assume that the area oc
cupied by these swimming crabs was very extensive. The crabs appeared 
on 1 November after sunset, between 0700 and 0800 p.m. and were 
very abundant. Fourteen males and 26 females (none ovigerous) were 
collected. The size range of the measured males varied from 51 to 65 
mm carapace breadth, and that of the females from 48 to 61 mm. On 
2 November the crabs appeared again in the evening, but were not so 
numerous as the day before, while only few specimens were observed, 
again after sunset, on 3 November.

Examination of the crabs showed them to belong to the species 
Charybdis (Goniohellenus) edwardsi Leene & Buitendijk, 1949, a species, 
the correct status of which was only recently ascertained. It was des
cribed and figured as early as 1861 by A. Milne Edwards (1861, p. 380, 
pi. 34, fig. 4) and identified by him as Goniosoma truncatum (Fabricius, 
1798) ( =  Charybdis truncata (Fabr.) ), but Leene & Buitendijk (1949, 
p. 296, figs. 3, 4 c) showed that A. Milne Edwards’s material was 
different from Fabricius’s species and represented an unnamed form 
for which they proposed the new name Charybdis edwardsi. The des
criptions and figures provided by A. Milne Edwards and by Leene 
& Buitendijk agree very well with our specimen, so that we are fully 
convinced of their identity. Leene & Buitendijk described and figured 
a male specimen from Malabar, west coast of India, which is now 
selected to be the lectotype of the species. A. Milne Edwards’s material 
came also from the Malabar coast of India and furthermore from Port 
Natal ( =  Durban, Natal, South Africa).

Date Sta. Lat. Long. Tem per. Salinity

1 N ovem ber 1964
2 N ovem ber 1964
3 Novem ber 1964

416 09° 45'• S - 43° 39' E 25,91“C 35,108°/Oo
417 07° 03' S - 42° 34' E 26,54°C 35,308°/Oo
418 05° 14' S - 41° 40' E 26,30°C 35,393°/oo
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Barnard (1950, p. 818) suggested that the present species should be 
identical with Gonioneptunus smithii (MacLeay, 1838). He based this con
clusion on a photograph of the type specimen of Charybdis smithii Mac 
Leay and on information provided on this type specimen by Mr. M el
bourne Ward, who was of the opinion that MacLeay’s species is identical

Charybdis (Goniohellenus) edwardsi Leene & Buitendijk, 1949. Female from  the R./V .
« A. Bruuni). Station 416.

with Goniosoma truncatum A. Milne Edwards non Fabr. In our opinion 
this identification seems rather unlikely, since the type of Charybdis 
smithii is described by Barnard (1950, p. 163) as having « very faint fine 
granular transverse lines, with patches of granules on cardiac and inner 
branchial regions », while in our specimens, as well as in the type of 
Charybdis edwardsi the carapace « is absolutely smooth » (Leene & Buiten
dijk, 1949, p. 296). Though Barnard (1950) in his description of Gonio
neptunus smithii did not mention the position of the antennule, the fact 
that he placed the species in the genus Gonioneptunus shows that the 
antennule is not excluded from the orbit. In Charybdis edwardsi, however,
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the antennule is definitely excluded from the orbit, as is shown by our 
specimens and clearly indicated by Leene & Buitendijk. It is interesting 
to note that Leene (1938, p. 16) mentioned that, again at the suggestion 
of Mr. Melbourne Ward, who had examined MacLeay’s type, she con
sidered Charybdis smithii MacLeay to be a synonym of Charybdis (Go
nioneptunus) bimaculata (Miers), which in our opinion indeed seems far 
more likely. It is not clear why Leene (1938, p. 126) did not include a 
reference to C. smithii MacLeay, 1836, in her synonymy of C. bimaculata 
(Miers, 1886), and why she did not substitute the former name for the 
latter, as it has distinct priority.

It is of interest that the smooth and highly polished (though minut
ely shagreened) carapace of Charybdis edwardsi is one of the conspicuous 
and most characteristic features of this species, which it has in common 
with Polybius henslowi Leach.

So far nothing was known about the biology of Charybdis edwardsi. 
The present observations of its pelagic occurrence in the open ocean, 
and the fact that it forms swarms, therefore are of special interest.

We may state that the only certain locality, from where the present 
species has been reported before, is Malabar on the west coast of India. 
The present records to some degree do extend the known range of the 
species, which remains restricted to the western Indian Ocean. C. 
edwardsi may possibly also occurs in Natal. It would be interesting 
to know whether A. Milne Edwards’s Durban specimen actually is 
identical (*) with the present species or that it perhaps belongs to Go
nioneptunus smithii (MacLeay), so that Ward indeed was correct in 
identifying MacLeay’s type with (part of) A. Milne Edwards’s G. 
truncatum. Only the examination of the Durban specimen can solve 
this problem, while new records from that area would prove a more 
wide pattern of distribution of the species.

A D D E N D U M

We received through the kindness of Dr. Isabella Gordon, British 
Museum (Natural History), London, the following extract from an entry 
in the log book of M.V. « Herefordshire » made on a voyage from Co
lombo towards Aden:

(*) T he figure of Goniosoma truncatum by A. Milne Edwards (1861) is based 
on a specimen « des mers de l lInde », thus evidently on the M alabar specimen mentioned 
in his text. T his figured specimen is unmistakably Charybdis edwardsi.
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« 21st October, 1963, between 0345 and 0400 G.M .T. in 10° 
43' N, 59° 26' E. During this time observed a great number of crabs 
(approximately 1 crab every 15 feet for 4 miles and stretching either side 
of ship’s course as far as could be seen by binoculars) floating on surface. 
The crabs were dark reddish brown in colour, average size about 5 
inches long and 2% inches wide, they appeared to be lying still until 
disturbed by bow wave, when they were observed to paddle their legs. 
Sea temperature 83°, sea smooth, no swell, calm, fine and clear ».

This phenomenon shows a remarkable resemblance to that observed 
during the cruise of the R./V. « Anton Bruun ». The colour of the animals 
checks well with that of Charybdis edwardsi, while the measurements 
could pertain to the animal with extended legs, the given width then 
should be the actual length and viceversa. Unfortunately no specimens 
were taken by the « Herefordshire », and therefore the identity of the 
species must remain uncertain. It is interesting to note that this obser
vation resembles those made at the « Anton Bruun » in that it is made (1) 
in the extreme western part of the Indian Ocean, (2) in the autumn and 
(3) at night.
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R IA SSU N TO

Gli A.A. riportano alcune osservazioni biologiche e sistematiche su Charybdis 
edwardsi raccolto nel corso della crociera n. 8 del R./V. « A. Bruun » in occasione della 
Spedizione Internazionale nell’Oceano Indiano.

SU M M A R Y

T h e A.A. report some biological and systematic observations on Charybdis ed
wardsi collected on cruise no. 8 of the R./V. « A. Bruun » during the International 
Indian Ocean Expedition.
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Further Studies on the Size Distribution of Photosynthesizing 
Phytoplankton in the Indian Ocean*

Yatsuka SAIJO** and Kaoru T a k e s u e ***

Abstract; T h e  m easu rem en t of th e  size d istrib u tio n  of photosynthesizing phy top lank ton  was 
rep ea ted  a t 8 s ta tio n s in  th e  Ind ian  O cean  and  one sta tion  in th e  Sou th  C hina Sea. T h e  sam ple 
w a ters  w ere taken  from  0, 25 an d  75 m dep th . A fter incubating hy 14C tan k  technique, the  
sam ple w a te rs  w ere  filtered  th ro u g h  X X 17 net, M illipore H A , A A  and  SM  filter resp ;ctively , 
and  th e  p recip ita tes w ere  counted  by  w indow less G .M . counter. T h e  chlorophyll-a  con ten ts of 
each frac tion  w ere  also d e term ined  a fte r  th e  filtra tion  th rough  the  sam e filters w ith  14C  technique.

C oncern ing  th e  photosynthetic  activity, th e  re su lts  obtained in th is cru ise  w ere essentially  sam e 
to  those  d e term ined  in  th e  last cruise. N am ely, th e  photosynthetic  activ ity  cau g h t by  X X 17 net 
(90 fi pore  sire) takes only a  sm all p a rt of th e  to ta l activity and  increases w ith depth , w hereas 
th e  p h y to p lank ton  w ith the  size betw een 0.8 and 90 p. play th e  m ost p a rt of th e  activity . T h e  
sm allest size fraction  w ith  th e  size sm aller th an  0.8 ¡i has a considerable activity  fo r the  surface 
w a ter, b u t i t  decreases w ith  depth .

T h o u g h  th e re  w ere no  m arked  differences am ong the  ra tes  of d ark  fixation of carbon  fo r each 
frac tion  of sam e sam ple  w ater, the  h ig h es t ra te  of d a rk  fixation w as generally  found  in  the  
sm allest size. T h e  size fractionation  of th e  ehlorophll-a  content seem s to  give a sim ilar inclina
tio n  w ith th a t of photosyn thesis . B u t th e  details w ere obscure because of th e  difficulties of 
m easu rin g  th e  extrem e low  concentra tion  of pigm ents in  the  tropical w ater.

T h e  photosynthetic  activity  by  un it am o u n t of chlorophyll-a was the  h ighest in  th e  fraction 
re ta in ed  by  A A  filters, w hereas it w as th e  low est in XX17 net re ta ined  sam ples. T h e  low  ph o to 
sy n th e tic  ra te s  w ere  also fo u n d  in  m ost of the  sam ples taken from  75 m  depth.

1. Introduction
In  a previous paper the senior author (S A IJO  

1964) reported on the size distribution of photo
synthesizing phytoplankton which was m easured 
during the Indian Ocean Expedition from 
Novem ber 1 62 through January 1963. It was 
found that the activity of organisms retained 
by XX13 net is only a small part of total ac
tivity, whereas the organism s with the size 
between 0.8 and HO;« play the essential part 
of the activity. T hé smallest size fraction with 
the size smaller than 0.8 ß  has a considerable 
activity for the surface water, but is negligible 
for the w ater from 50 m depth. In  the previous 
study, however some im portant questions were 
still rem ained unanswered, one of which was

* R eceived Sept. 18, 1964
** W ate r R esearch  L abora to ry , N agoya U niversity

*** Shim onosek i, U niversity  of F isheries

the relation between the size of each fraction 
and the rate of dark  fixation in tropical waters. 
I t has often observed that the rates of dark  
fixation in tropical waters are sometimes con
siderably higher than those obtained in high 
latitude waters, probably due to the vigorous 
uptake of carbon by the bacteria in tropical 
waters. Therefore, the m easurem ent of dark  
fixation at each fraction will give some explana
tion for this problem.

Another question was the relation between 
the size of fraction and the rate of photosyn
thesis by unit am ount of chlorophyll-a. 
G essner  (1959) pointed out the fact that the 
phytoplankton of smaller size give higher photo
synthetic activity than the lager phytoplankton 
in his study of the fresh w ater lakes. T his 
fact seems to be probable in the tropical waters 
where the smaller size plankton are dominant.

To have more precise knowledge on these
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problem s the experiments were repeated by 
the junior author on board “ K oyo-m aru”, the 
training and research ship of the Shimonoseki, 
U niversity of Fisheries, during the second cruise 
of the Indian Ocean Expedition from November 
1963 through January 1964.

2. Area studied and method
T he experim ents were made at 8 stations in 

the Eastern Indian Ocean and one station in 
the South China Sea as illustrated in Fig. 1.

ST

ST. 2 «

ST. 3 #

ST.S •
IO*S

ALI

30*5

ST. 9 «

IQCfE no"e

Fig. 1. Location of the sampling stations.

The sample waters were collected with a 
Van D orn type twin sampler (12/ capacity) 
from the surface, 25m and 75m  depth at each 
station. A bout 50/ w aters were taken from 
each depth and mixed thoroughly in a big 
plastic bucket A  part of each sample w ater 
was poured into four transparent and four 
darkened bottles of 250 m / capacity respectively. 
After adding lrq f  of N a214C 0 3 solution (10//c 
radioactivity/m/) in each bottle, all transparent 
hottles were incubated in a w ater tank  which

was illuminated by six 30W  reflecter type 
fluorescent lamps and kept a t surface w ater 
tem perature by running water. In this tank 
the bottles received the light intensity of about 
15 000 lux. The darkened bottles were im 
mersed in the w ater of bucket and also kept 
a t same w ater tem perature with the illuminated 
bottles. After 4 hours incubation, each of four 
bottles from the same sample w ater was filtered 
through Millipore HA, AA, SM type filters and 
XX17 net (24 mm diameter). The pore size of 
these filters is 0.45, 0.8, 5.0 and 90/« respectively. 
The radioactivity of the precipitate caught on 
each filter was determined with windowless .GM 
counter.

On the other hand, 40 / of sample w ater was 
filtered through XX17 net of 47 mm diameter, 
and then the each of 8 ~ 8 /  of the filtrate was 
filtered through Millipore HA, AA and SM type 
filters (47mm diameter) separately. The filters 
were treated by steam about 30 seconds, and 
kept in a dessicator in the refrigerator. The 
chlorophyll-a content of the precipitates on each 
filters was determined by using the R IC H A R D S  

and T H O M P S O N  (1952) technique with some 
modification. T he m ost im portant point of the 
modification is the treatm ent of filtered samples 
by 10 KC sonic oscillation for 5 to 10 min. at 
the first stage of the extraction by aceton.

3. Results and discussion
(1) Photosynthetic activity
T he raw  data of GM  counting for each size 

fraction of the samples were summerized in 
Table 1. The absolute values of photosynthesis 
were illustrated in F igure 2 as diagram  and 
the relative ratio of the photosynthesis of each 
size fraction was shown in Table 2, assuming 
the photosynthetic activity on H A  filter is 
100%.

As seien from these data, the ratio of photo
synthetic activity of each fraction is fairly 
constant a t almost all the stations, even though 
the absolute value of the to tal photosynthesis 
differs considerably from  one station to  another. 
Namely, the fraction between 5 and 90ft was 
the largest and ranged from  55 to 72% (in the 
previous study, it was 48~73% ) of the total 
photosynthetic activity and this fraction increas-
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Table 1. Raw data of GM counting (c.p.m.). Upper value shows the **C uptake 
in light bottle and under value shows that of in dark bottle.

Station Date Depth
m

Millipore filter Net 
XX17 
>90 fiHA 

>0. 45 fi
AA

>0. 8 ft
SM
> 5 ft

0 161 143 97 5

9-00'N Oct.ICQ18 25
15

461
14

413
13

310
0

21
109-22'E DC 68 50 17 0

75 365 339 275 43
19 16 13 0

0 688 618 393 30
69 62 36 0

6-30'N OA 25 678 614. 506 46
93-59'E v C t . 54 34 19 0

75 451 415 326 44
50 18 15 0

0 369 329 210 20
23 20 10 0

2-00'N 9 7 25 359 331 261 25
94-00'E U C t . ¿ i 17 16 1 1 0

75 101 99 89 5
14 12 10 0

0 333 299 240 13
13 13 11 0

3-30'S i 25 481 433 305 33
94-00'E uec. 1 117 100 61 0

75 147 141 108 9
96 90 60 0

0 130 99 76 4
15 11 5 0

8-30'S 1 fl 25 171 155 115 13
94-00'E jjec. lo 14 13 9 0

75 259 250 214 14
21 18 7 2

0 228 199 115 6
31 27 21 0

14-00'S Jan. 4 25 283 256 190 5
100-00'E ’64 34 22 14 0

75 288 280 230 16
32 29 15 0

0 122 113 81 3
33 33 20 0

17-00'S T o « C 25 245 223 161 5
100-00'E jan. D 50 44 31 0

75 231 125 94 14
34 31 12 0

0 238 203 134 3
33 27 17 0

20-00'S T o « Q 25 227 207 168 50
100-00'E J a n . O 41 33 33 3

75 209 195 159 32
42 32 18 5

0 311 260 163 10
18 15 12 0

31-56'S T o « 1 Û 25 282 268 212 3
111-40'E J a n . 21 19 16 0

75 177 165 132 16
17 17 16 0
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Table 2. Relative rate of photosynthesis of each size fraction.

Station Depth
m

Millipore filter Net 
XX17 
90 ¡i

TotalHA 
0. 45-0. 8

AA 
0. 8-5 ¡i

SM 
5-90 ju

0 11. 4% 31. 2% 53. 8% 3.6% 100%
1 25 7.4 17.9 69.1 5.6

75 6.8 18.1 63.0 12.1
0 10.3 32.1 52.8 4.8 100

2 25 7.1 15.1 70.9 6. 9
75 1.1 21.4 66.6 10. 9
0 10. 9 31.4 52.0 5.7 100

3 25 7.8 18.9 65.8 6. 5
75 1.5 9.3 84.1 5.1
0 10.3 18.2 67. 5 4.0 100

4 25 8.5 25.1 58. 2 8. 2
75 1.1 6.5 75. 1 17.3
0 22.3 15.1 59.3 3.2 100

5 25 9.0 22. 9 60.0 8. 1
75 2.5 10.9 81.7 4.9
0 12.8 39.6 44.7 3.4 100

6 25 6.0 23.1 68. 9 2.0
75 1.9 14.1 77.7 6.3
0 9.9 20.7 61.0 3. 4 100

7 25 8.5 24.8 64. 2 2.5
75 3.0 12.3 70.5 14.2
0 14.0 28.8 55.6 1.6 100

8 25 6.5 21.0 48. 1 24. 4
75 3.0 12.5 68.7 15.8
0 16.2 32. 2 48. 3 3.3 100

9 25 5.0 20.2 73.8 1. 0
75 7.4 20.0 62.7 9.9

0 13.2 27.8 55.2 3.8 100
Average 25 7.4 21.0 64.3 7.3 100

75 3.2 13.9 72.2 10.7 100

ed obviously with depth. T he fraction between 
0.8—5.0 ft was 14-^28% (in the previous study, 
20—30,%) of the total activity, and this fraction 
decreased with depth. Furtherm ore, the frac
tion smaller than  0.8 ß  was ranged from 3 to 
1 %  (in the previous s udy, 2~Vè%)  of the 
toted activity, and decreased rem arkably with 
depth. T he activity of the fraction which was 
retained by XX17 net and has the size of larger 
than 90¿í represented only 4 to  11%  (in the 
previous study, 3 ~ 5 % ) of the total activity, 
and showed m arked increase with depth. As 
understood from these results, the general 
features of the* photosynthetic rate of the each 
fraction in this cruise coincide surprisingly well 
with those obtained during the previous cruise, 
in spite of the. difference of studied areas. 
Furtherm ore these results are also comparable 
to  those obtained by H O LM ES (1958) in the

Equatorial Pacific or by Y e n t SCH and R y t HER 
(1959) in the Sargasso Sea. On the other hand, 
considerably high activities in larger size frac
tion were found by K a w a m u r a  (1960) in the 
N orth  Pacific or Bering Sea and by HOLMES 
and ANDERSON (1963) in Friday H arbor or 
East Sound.

(2) Fixation of the carbon in dark place
T he ratio of the carbon fixation in dark  bottle 

to tha t of light bottle obtained for each fraction 
of sample water was summerized in Table 3. 
As seen from  this table, the rate of dark fixa
tion of the carbon was generally ranged from  
several percent to  20 percent or m ore of tha t 
of light fixation. These values are considerably 
h igh compared with those obtained in tem perate 
or high latitude areas, w here the rate of dark 
fixation is usually two or three percent in surface
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PHOTOSYNTHESIS < mg C/nfV hr)
0 .30.20.1

25 a  DEPTHST. I

ST. 2

ST. 3

ST. 4

ST. S

ST. 6

ST. 7

SIZE
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045*040 .5-5  5 - 0 0  > 9 0 p

ST. 9

Fig. 2. The photosynthesis of each size fraction.

Table 3. The ratio of the carbon uptake in dark 
bottle to light bottle for each size fraction.

Station Depth
m

Millipore filter Net 
XX17 
90 ftHA 

0. 45-0. 8/i
AA 

0. 8-5 ft
SM

5-90//
0 9. 6% 10. 0% 13. 7% 0%

1 25 14.8 12. 1 5.6 0
75 5.3 4.8 4.8 0
0 10.0 10.0 9.2 0

2 25 7.9 5.5 3.8 0
75 11. 1 4.3 4.7 0
0 6.2 6.1 4.6 0

3 25 4.7 4.7 .4.1 0
75- 13.6 12.6 11.7 0
0 4.0 4.2 4.6 0

4 25 24.0 23.2 19.9 0
75 65.0 64.0 56.0 0
0 11. 9 10.8 6.6 0

5 25 8.4 8.1 7.6 0
75 8.1' 7.1 3.4 0
0 13.6 13.4 18.0 0

6 25 12. 2 8.6 7.3 0
75 11.1 10.4 6.5 0
0 27.3 28.0 24.4 0

7 25 20. 4 19.7 19.4 0
75 14.7 24.9 12.8 0
0 14.0 13.2 12.9 0

8 25 18. 1 16. 1 19.0 6.8
75 20.0 16.5 11.0 16.4
0 5.8 5.8 7.5 0

9 25 7.4 6.9 7.5 0
75 9.7 10.2 12.5 0

layers a s  stated by S t e e m a n N N IELSEN  (1960). 
Such high dark  values in tropical waters have 
been reported in some papers, and believed to 
be caused by the vigorous bacterial activity in 
the water of high tem erature or by the low 
photosynthetic activity of the algae due to  the 
deficit of the nutrients.

On the other hand, in our results, the rela
tion between the rate of dark fixation and the 
size of fraction .was not so obvious. However, 
when we compare the rates of dark fixation 
for each fraction within a certain sample water,’ 
it can be recognized that in most cases the 
highest rate of dark  fixation is obtained in the 
smallest size fractions except a few stations. 
This tendency m ight be came from the activity 
of bacteria which supposed to be most abundant 
in the smallest size fraction, but it can be said 
that even in the Indian Ocean, the influence of 
the bacterial activity to the . size distribution of 
dark fixation was not so conspicuous as we 
expected. HOLMES and ANDERSON (1963) 
could not find any indication that dark uptake 
by bacteria or other heterotrophic organisms 
can account the greater amount of activity

Table 4. The chlorophyll-a (mg/m3) content of 
each fraction which was retained by the dif
ferent pore size filters.

Station Depth
m

Millipore filter Net
XX17
>90/iHA

>0. 45 ft
AA

>0.8 ft
SM
>5/i

0 0.12 0.094 0.073 0. 014
1 25 0. 12 0.076 0.070 0.009

75 0.25 0. 29 0. 31 0. 014
0 0.40 0. 13 0. 086 0. 036

2 25 0.13 0.14 0.099 0. 014
75 0. 12 0. 36 0.27 0. 011
0 Ó. 073 0.085 0.052 0.005

3 25 0.075 0.062 0.059 0.007
75 0. 34 0.28 0.23 0. 013
0 0.086 0.084 0.047 0.009

4 25 0.070 0. 077 0.078 0.009
75 0. 27 0.22 0.19 0.077
0 0.076 0.062 0.053 0.021

5 25 0.085 0.054 0.053 0.009
75 0.25 0.24 0.025 0.009
0 0.069 0.042 0.050 0.009

6 25 0.077 0.048 0.039 0.004
75 0.13 0.096 0.078 0.008
0 0.078 0.055 0.038 0.005

9 25 0.083 0.090 0.057 0.007
75 0.089 0.091 0.046 0.005
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T ab le  5. T h e  relative am o u n t o f th e  chlorophyll- 
a  fo r  each frac tion  w hich  w as re ta in ed  by 
th e  different p o re  size filters, assum ing  the  
am o u n t of H A  filtered frac tio n  is 100%.

S tation D epth
m

M illipore  filter N et 
X X 17 
> 9 0  ¡iH A  

> 0 . 45/i
A A

> 0 . 8 ft
SM
> 5  ft

0 100% 81 .8 % 63. 5% 12. 2%
1 25 6 1 .8 5 7 .0 7 .3

75 113.5 122.0 5 .5
0 100 32 .0 2 1 .4 9 .0

2 25 105.2 7 6 .8 8 .5
75 304. 0* 226. 0* 9 .3

0 100 106.0 71. 3 6 .9
3 25 8 2 .8 7 8 .8 9. 3

75 8 3 .0 67. 1 3 .9
0 100 97 .8 5 4 .7 10 .4

4 25 110.0 111.2 12 .9
75 8 1 .3 70 .2 2 8 .4

0 100 8 1 .6 7 0 .0 2 7 .7
5 25 6 3 .5 6 2 .4 11 .2

75 9 9 .5 10. 2 3 .7
0 100 61 .0 7 2 .5 13 .0

6 25 6 2 .4 5 0 .7 '5 .2
75 73.1 5 9 .5 6 .1

0 100 7 1 .0 4 8 .8 6 .4
9 25 109.0 5 8 .6 5 .8

75 102.0 51. 5 5 .6

0 100 75 .9 5 7 .5 12. 2A v er 25 100 85 .0 7 0 .8 8 .6age 75 100 92.1 6 3 .4 8 .9

* O m itted  fro m  th e  average.

retained by the finer porosity filters.

(3) Chlorophyll-a
T he results of the chlorophll-a determ ination 

were given in Table 4. The total am ount of 
chlorophyll-a which was retained by thé dif
ferent pore size filters were given in Table 5 as 
the relative value, assuming the am ount of H A  
filtered fraction is 100%. A t some samples in 
these tables the retention by coarser filters 
exceeded the retention by finer ones as seen 
a t the St. 1, 100m, St. 2, 25 and 75m  etc., even 
though there was no such a discrepancy in the 
results of 14C determination. Such phenom ena 
m ight be resulted from  the difficulties of mea
suring the Very few am ount of chlorophyll in 
the tropical waters. T hen, it was impossible 
to  calculate accurately the ratio of each size 
fraction for all of the samples, though some of 
which were illustrated as diagram  in Fig. 2.

However, these data show that, on the average,

the fraction of 5—90/; size takes the largest 
part of the chlorophyll content in the samples 
and the value increased with depth. This 
tendency seems to be similar with that of 
photosynthetic activity. Also, the fraction, 
which has larger size than the 90p., represented 
the part of smaller than 10%. Other relations 
were obscure because of the insufficience of the 
accuracy of the determination.

(4) Photosynthetic activity by unit amount 
of chlorophyll-a

From  the ecological view point, it is interest
ing to know the relation between the size of 
phytoplankton and their photosynthetic activity 
by unit am ount of chlorophyll. T he rates of 
photosynthesis by unit am ount of chlorophyll 
a t each fraction were given in Table 6. In 
this table the ratios were calculated from  the 
value of photosynthesis and chlorophyll-a con
tent, not on each size fraction but as the total

T ab le  6. T h e  ra te  of photosyn thesis by  un it 
am o u n t of ch lorophyll-a  (m g C /m g C hl.-a/hr.) 
fo r  each frac tions w hich  re ta ined  by th e  dif
fe re n t p o re  size filter.

Station D epth
m

M illipore filter N et
X X 17
> 9 0 /;H A  

> 0 . 45 fi
A A

> 0 . 8¡i
SM
> 5  fi

0 0 .8 0 .8 0 .7 0 .2
1 25 2 .0 2. 9 2 .7 1 .5

75 0 .8 0 .7 0 .5 1 .9
0 0 .9 2 .7 2 .5 0 .5

2 25 3 .0 2 .6 3 .0 2 .0
75 2 .0 0 .7 0 .7 2 .4

0 2 .9 2 .2 2 .4 2 .4
3 25 2 .8 3. 1 2 .6 2 .2

75 0 .2 0 .2 0 .2 0. 2
0 2 .3 2 .1 3 .0 0 .9

4 25 3. 2 2 .7 1 .9 2 .2
75 0 .1 0 .1 0 .2 0 .7

0 0 .9 0 .9 0 .8 0. 1
5 25 1 .1 1 .6 1 .4 0 .9

75 0 .6 0 .6 5 .1* 0 .8
0 1 .8 2 .5 1 .1 0 .4

6 25 2 .0 3 .0 2 .8 0 .8
75 1 .2 1 .6 1 .7 1. 2

0 2 .2 2 .7 2 .5 1 .2
9 25 1 ,9 1 .7 2 .1 0 .3

75 1. 1 1 .0 1 .5 1 .9

0 1 .7 2 .0 1 .9 0 .8A v e r 25 2 .3 2 .5 2. 3 1 .4age 75 0 .9 0 .7 0 .8 1 .3

* O m itted  fro m  th e  average.
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am ount retained on each pore size filters, i.e., 
the each value shows the total am ount of the 
part which is larger than the pore size of the 
filters employed, because of the insufficience of 
the accuracy of the- chlorophyll-a determination 
in these samples.

Even though detailed discussions are impos
sible on each value, following facts can be 
recognized as the tendency of this table.

1) T he photosynthetic activity by unit 
am ount of chlorophyll was very low for the 
fraction of phytoplankton which were retained 
by XX17 net (90 a pore size). But it is im prob
able fact that all of the phytoplankton retained 
by XX17 net are composed of linger size phyto
plankton which has low photosynthetic activity, 
and it seems more plausible that most part of 
this fraction was formed by the floccuration of 
phytoplankton which nearly lost their activity. 
This phenomena m ight be more conspicuous 
at the samples taken from deeper layer. Iii 
fact, the XX17 fraction from 75 m depth showed 
the lowest activity except St. 6.

2) In  general, the photosynthetic activity of 
the samples from  the surface and 25 m depth 
gave rather high values of 2 ~ 3 m g  C/mg chi./ 
hr. except the fraction retained by XX17 net. 
T he highest values were obtained in AA frac
tion, especially at 25 m depth. The somewhat 
smaller values in H A  fraction m ight be caused 
by the fact that some part of this fraction were 
composed of protoplasmic fragm ents released 
from  fragile cells which ruptured on the filter 
surface, as stated by HOLMES (1959).

From  these results it can be said that as the 
tendency the phytoplankton of smaller size have 
higher photosynthetic activity than those of 
larger fractions, even though the difference is 
not so much. H ere, it is notew orthy that 
these com parisons were made not among the 
values a t each size fractiofi but among the 
total values retained on each pore size filter. 
Therefore, real differences of photosynthetic 
rate among each size fraction m ight be con- 
sidrably higher than those given in this table.

These results coincide fairly well w ith those 
obtained by G e s s n e r  (1959) in a fresh water 
lake. In some Japanese lakes SAKAMOTO and 
SAIJO (unpublished) also found similar tendency

in the relation between the size of fraction and 
the photosynthetic rate by unit am ount of 
chlorophyll, i.e., the higher photosynthetic rates 
were found in smaller size fraction.

4. Conclusion
From  the results described above, it can be 

concluded as follows:
(1) The general features of the photosynthetic 

rate of the each size fraction in this cruise 
coincide very well with those obtained during 
the previous cruise. Namely, the activity of the 
organisms retained by XX17 net represents 
only small part of the total activity, on the 
other hand, the organisms having the size be
tween 5 and 90 a  play the largest part (55~  
12%) of the activity. The activity of the 
organisms in larger fractions increased with 
depth, whereas that of the smaller fractions 
shown inverse relation to  the  depth.

(2) Though there were no m arked difference 
of the rate of dark fixation among the organ
isms in each fraction from the same sample, 
at most of the stations, the highest rate of 
dark fixation was found in the smallest size 
fraction.

(3) The size fraction of the chlorophyll-a 
content seems to give a similar inclination with 
that of photosynthesis, though it was not so 
clear as the case of photosynthesis, probably due 
to the difficulties of determinating such a low 
concentration of pigments in the tropical waters.

(4) The photosynthetic activity by unit 
amount of chlorophyll-a was the highest in th e ' 
fraction which was retained by AA filter (0.8 a 
pore size), while the value was the lowest in 
XX17 net filtered samples. The low photo
synthetic activity was also found in most of the 
75 m sample waters.

Now, it can be expected that the studies on 
the size distribution of phytoplankton will give 
an important basis for the explanation of the 
geographical and seasonal variation of primary 
production in the oceans. From  this view point, 
w e.should begin our future studies from  the 
accumlation of the data in this direction, be
cause our present knowledge concerned is quite 
limited to the resticted space and time.
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Some Planktonic Diatoms from the Indian Ocean
By

M. D u r a i r a t n a m

(Fisheries Research Station, Colombo 3 Ceylon)
Introduction
Collections of phytoplankton were made by me at various stations between latitude 5°S and 25°S and 
longitude 78° E and 101° E (Fig. 1) from December 1962 to January 1963 during a cruise of the 
research vessel “ Umitaka Maru ” belonging to the Tokyo University of Fisheries. This vessel was 
engaged in work in connection with the 1 .1. O. E. The collections made by me from these stations 
were examined at the Fisheries Research Station, Colombo, for the various diatoms present and 
the findings are reported in this paper.

Some Stations covered by Umitaka Maru in connection with 1.1.O.E.

29.12.62 Station 11 Latitude 4 ° -5 7 '. 2"S Longitude 78°-49'. 6"E
30.12.62 Station 12 Latitude 7°. 05'. 0"S Longitude 78°-04'. 0"E
31.12.62 Station 13 Latitude 8°-52'.4"S Longitude 78°-03'.0"E

2. 1.63 Station 15 Latitude 12°-55'.9"S Longitude 78°-02'.2"E
3. 1.63 Station 16 Latitude 15°-10'. 6"S Longitude 78°-03'. 8'E

Some Stations where experimental tuna fishing was carried out from the Umitaka Maru
13. 1.62 Station 1 Latitude 12°-46'S Longitude 97°-19'E
15. 1.63 Station 2 Latitude 10°-10'. 8"S Longitude 98°-41"E
16. 1.63 Station 3 Latitude 8°-15'.2"S Longitude 100°-04'.6"E

Stations covered in connection with the International Indian Ocean Expedition will be referred 
to as 1 .1. O. E; Stations covered for experimental tuna fishing will be referred to as T. G.

Material and Method
Horizontal hauls were made at Stations 11-16 with thé following nets :—

(1) Pocket high-speed sampler, 4*5 cm. dia., 30 cm. long metal cylinder, 2 cm. dia. mouth
opening with Japanese standard net No. X X  13.

(2) Marutoku net, 45 cm. diameter mouth ring, 90 cm. long with Japanese standard net
No. X X  13.

Vertical hauls were made at Stations 1-3 with a Hart closing net, 25 cm. dia. mouth ring, 30 cm. 
diameter trunk ring ; Japanese standard net No. X X  13.

The plankton collected was poured into a plankton concentration net and transferred into 
glass bottles, preserved in 10% formalin and examined in the laboratory.

Bacillariophyceae
Order : Centrales
Sub-order : Discoidea«
Family : Coscinodisceae
Genus : Melosira Agardh

Melosira sulcata (Ehrenberg) Kuetzing

Cupp 1943, p. 40, fig. 2, Orthosira marina Smith 1856, p. 59, pi. 53, fig. 338, Paralia sulcata 
(Ehrenberg) Gran 1908, p. 14, fig. 5, Lebour 1930, p. 28, fig. 9.
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Cells were found in long chains. Cells disc shaped thick walled 20-28 /x in diameter. Valves 
concave, areolate and punctate. Margin of valve with double rows of cells. Chromatophores 
numerous and disc shaped.

Station : T. G. 1, 2, 3.
Geographic distribution : Arctic Ocean, Indian Ocean, Atlantic and Pacific coasts of America, 

West Coast of France, Northern seas, Mediterranean Sea, Java Sea, Skaggerak.

Sub-family Sceletonemineae 
Genus Skeletonema Greville 

Skeletonema costatum (Greville) Cleve

Cleve 1878, p. 18, Lebour 1930, p. 311, fig. 149, Cupp 1943, p. 43, fig. 6.
Melosira costata Greville 1866, p. 77, pi. 8, figs. 3-6.
These were found in long straight chains, cells lens-shaped or cylindrical with rounded ends. 

Cells separated from each other by a long space and connected by straight marginal spines. Chro
matophores two, plate like, sometimes dissected. Diameter of cells 12-18 (j l . Auxospores were 
observed.

Station : T.G. 1, 2, 3.
Geographic distribution : Generally neritic and widely distributed, Indian Ocean, English 

coasts, Baltic Sea, Arctic Sea, and Java Sea.

Genus Thalassiosira Cleve 
Thalassiosira decipiens (Grunow) Jorgenson

Hustedt 1864, p. 322, fig. 168. Cupp. 1943, p. 48, fig. 10.
Coscinodiscus decipiens Grunow 1899, p. 532, pi. 34, fig. 905.
Cells disc-shaped, united in loose chains with long spaces between cells. Valves with minute 

spines along the border ; diameter 18 ¡i. Areolae in the valves larger in the centre than towards the 
periphery. Chromatophores small and numerous.

Station : T. G. 1, 2, 3.
Geographic distribution : Europe, Indian Ocean, Mediteranean Sea, Aral Sea, Caspian Sea.

Sub-family Coscinodiscineae 
Genus Coscinodiscus Ehrenberg 
Conscinodiscus lineatus Grunow

Cupp. 1943, p. 53, fig. 15.
Cells disc-shaped 34-36 p  in diameter. Valve surface areolated. Areolae arranged in straight 

lines, those at the centre large* than those at the peripheiy. \a lv e  margin radially striated, striae 
12 in 10 ¡i ; marginal spinolae strong.

Station T.G. 1, 2.
Geographic distribution : Europe, Indian Ocean, Pacific coast of America, Campechi Bay, 

Florida, Vera Cruz, Java.
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Coscinodiscus centralis Ehrenberg

Lebour 1930, p. 39, fig. 16 a-b, 17b, 18b., Cupp. 1943, p. 60, fig. 24.
Disc-shaped cells of 162 /a  diameter. Valves -with distinct rosette at the centre. Areolae 4  

in 10 ¡i near centre, 4-5 midway to margin and 5-6 near the margin. Valve margin radially striated, 
6-8 striae in 10 /a.

Station : 1 .1. O. E. 15.
Geographic distribution : North Atlantic Ocean, Mediterranean Sea, Gulf of California, Florida, 

Algeria.

Coscinodiscus marginatus Ehrenberg

De Toni, 1891-94, p. 1241, Allen and Cupp. 1935, p. 115, fig. 7, Cupp. 1943, 55, fig. 19 ; 
plate 1, fig. 3.

Cells with fiat valves, diameter 35-128 ja. Valves with areolae 3 in 10 fi at centre becoming 
smaller towards margin, 5 in 10 ¡i. Central rosette absent. Border of valve striated.

Station : T. G. 2, 3.
Geographic distribution : Sumatra, Indian Ocean, Singapore, Antarctic, Ceylon, Arabian Sea 

and in all oceans.

Genus Planktoniella Schutt
Planktoniella sol (Wallich) Schutt

Lebour 1930, p. 50, pi. 1, fig. 5, Cupp. 1943, p. 63.
Coscinodiscus sol Wallich, 1860, p. 38, figs. 1-2.
Cells disc-shaped ; diameter of central disc 45 ¡i with wing 120 fi.
Valve surface areolated ; areolae 5-7 in 10 /a at the centre of valve, 7-8 in the middle and 

8-9 in the margin, wing like expansions present on cell margin.
Station : T. G. 1, 2, 3.
Geographic distribution : Widely distributed, common in sub-tropical and tropical seas. Red 

Sea, Gulf of Aden, Arabian Sea, Indian Ocean, Antarctic, Arafura Sea. In Europe only in the 
Mediterranean region.

Genus Asteromphalus Ehrenberg 
Asteromphalus wyvillei Castracane

Castracane 1876, p. 134, PI. 5, fig. 6.
Cells round ; diameter 72 / a ,  with numerous small disc-shaped chromotophores. Segments 

wedge-shaped, areolated.
Station : T. G. 1, 2, 3.
Geographic distribution : Indian Ocean.

Asteromphalus flabellatus (Brebisson) Greville

Greville, 1859, p. 160, pi. 7, figs. 4, 5, 1891-94, De Toni, p. 1414.
Cells convex, valves sub-elliptical ; long axis 55-60 /a, short axis 40-52 p.. Compartments finely 

reticulated. Median ray straight or slightly curved. Border segments areolated.
Station : T. G. 1, 2, 3.
Geographic distribution: Mediterranean Sea, Campeche Bay, Java Sea, Peruvian guano» 

North Sea, Indian Ocean.

143



1 6 2  SOME PLANKTONIC DIATOMS

Genus Gossleriella Schutt 
Gossleriella tropica Schutt

Schutt 1893, p. 20 ; Subrahmanyan 1946, p. 107, fig. 86.
Cells disciform, valves orbicular, diameter 180 to 190 ¡m. Valve border with a ring of hairs of 

equal length but of unequal thickness. Chromatophores numerous and disc-shaped.
Station : 1.1. 0 . E. 11; T. G. 1, 2, 3.
Geographic distribution : Mediterranean Sea, Indian Ocean.

Genus Actinocyclus Ehrenberg 
Actinocyclus ehrenbergii Ralfs

Pritchard 1861, p. 834; De Toni 1891-94, p. 1177 ; Lebour 1930, p. 53; Subrahmanyan 
1946 p. 109, figs. 82-92 and 96, Eupodiscus crassus Smith 1853, p. 24, PI. IV, fig. 41.

Cells disc-shaped, slightly convex 54 p  in diameter. Valve circular, pseudo-nodule very large, 
sub-marginal. Central area with scattered areolae. Valve magin finely striated.

Station : T. G. 1, 2, 3.
Geographic distribution : Atlantic and Pacific Coasts of America, North Sea, Norwegian and 

Danish Seas, Gulf of Einland Gulf of Bothnia, Baltic, Skaggerak, Aral and Caspian Seas, Black 
Sea, North Atlantic, Mediterranean, Peruvian guano.

Sub-order : Solenoideae 
Family : Solenieae 
Sub-family : Lauderiineae 
Genus : Corethron Castracane 

Corethron hystrix Hensen

Hustedt 1930, p. 547, fig. 311 ; Cupp. 1943, p. 70. Corethron criophylum Castracane 1886, 
p. 85, pi. 21, figs. 12, 14 and 15 ; Lebour 1930, p. 80, fig. 24.

Cells with cylindrical mantle and valves arched hemispherically. Diameter 52 p . Valve
margin with a crown of slender spines. Spines of both valves pointed in the same direction. 
Chromatophores numerous, small and disc-shaped.

Station : T. G. 1 ,3 .
Geographic distribution : Atlantic Ocean, Java Sea, Vancouver, California.

Sub-family Rhizosoleniinae 
Genera : Rhizosolenia Ehrenberg 
Rhizosolenia setigera Brightwell

Brightwell 1858, p. 95, pi. 5, fig. 7, De Toni, 1891-94, p. 827, Lebour 1930, p. 98, fig. 70, 
Hustedt 1930, p. 588, fig. 336, Cupp. 1943, p. 88, fig. 40.

Cells cylindrical, diameter 38 p., length 512 p , valves conical, slightly oblique. Apical process
hollow for some distance and ending in a long spine. Chromatophores numerous, small and ellip
soidal.

Station : T. G. 1, 2. *
Geographic distribution : California, Vancouver, Java Sea, European Seas, Bay of Fundy.
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Rhizosolenia robusta Norman

Norman 1861, p. 866, pi. 8, fig. 42, Lebour 1930, p. 94, fig. 68, Cupp. 1943, p. 83, fig. 46.
Cells cylindrical, valves convex or conical curved, 52-258 p. in diameter cells crescent-shaped 

or S-shaped. Intercalary bands robust, collar shaped. Cell wall thin, membrane delicately punct
uated, puncta in three lines self crossing system. Numerous chromatophores lying along the wall. 

Station : T. G. 2.
Géographie, distribution : European Seas, Pacific Coast of America.

Rhizosolenia alata Brightwell

Brightwell 1858, p. 96, pi. 5, fig. 8, Lebour 1930, p. 88, fig. 60 ; Allen and Cupp 1935, p. 131, 
fig. 43 ; Cupp 1943, p. 90, fig. 52A.

Cells rod shaped, cylindrical, 7-24 p. in diameter and 658-980 ¡a in length. Valves conical 
ending in tube-like or curved oblique process. Depression at the base of tube into which the apical 
process of adjoining cell fits. Intercalary bands scalelike rhombic in two dorsiventral rows. Cell 
wall thin and finely striated. Chromatophores small and numerous.

Station■ : 1 .1. O. E. 11, 12, 13, 16.
Geographic distribution : Java Sea, Indian Ocean, Red Sea, Gulf of Aden, Arabia, Malaya, 

Antarctic, Madras, Boston Strait, America.

Rhizosolenia alata Brightwell forma gracillima (Cleve) Grunow

Allen and Cupp 1935, p. 131, fig. 44 ; Cupp 1943, p. 92, fig. 52B ; Subrahmanyan 1946, p. 121
Cells rod-shaped, straight 4-7 p  in diameter.
Station : T. G. 1, 2.
Geographic distribution : Coastal form found in most, usually northern, seas.

Rhizosolenia alata Brightwell forma indica (Peragallo) Ostenfeld

Allen and Cupp 1935, p. 131, fig. 45 ; Cupp 1943, p. 93.
Cells much broader than the type 15-110 p.. Calyptrae suddenly attenuated due to the greater 

diameter of cell. Process very strikingly curved. Cell wall finely punctuated, puncta in quincunx., 
rows short and irregular.

Station : T. G. 1, 2, 3.
Geographic distribution : In all warm seas, California.

Rhizosolenia styliformis Brightwell

Brightwell 1858, p. 95, PI. 5, fig. 5d ; De Toni, 1891-94, p. 826 ; Hustedt 1930, p. 584, fig 
335 ; Cupp. 1943, p. 87, fig. 46.

Cells cylindrical, diameter 54 p. and length 484 p, valves obliquely pointed. Apical process 
long and hollow. Wing not distinct. Intercalary bands scale like in two rows, punctuate. Chro
matophores round, small, and numerous.

Station : 1 .1 . O. E. 12,13, 16 ; T. G. 2, 3.
Geographic distribution : European seas, Vancouver, California, West Indies, Antarctic, coast 

of Barbardos, Java Sea.
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Sub-order : Biddulphioides«
Family : Chaetocereae 

Chaetoceros pervianus Brightwell
1856, p. 107, pi. 7, figs. 16-18 ; Allen and Cupp 1935, p. 137, fig. 57, Cupp 1943, p. 113.
Cells usually single, sometimes forming short chains 15-35 [x broad. Valves dissimilar, the 

upper rounded, the lower flat. Both with well developed valve mantles. Setae of upper valve 
originate near the centre, turn sharply and runs backwards in wide outwardly convex curves. Setae 
of Tower valve originate near the margin, curve outwards and run parallel to the pervalvar axis. 
Setae strong, four sided, 3-5 ¡x thick with strong spines ; striated 19-25 in 10 fx. Chromatophores 
numerous, small and disc-shaped, present in setae as well.

Station : I. I. O. E. 16 ; T. G. 2, 3.
Geographic distribution : Atlantic and Pacific Oceans, Java Sea, Peruvian guano, Mediterranean 

Sea, widely distributed in warmer seas.

Chaetoceros didymus var. protuberans (Lauder) Gran and Yendo
Allen and Cupp 1935, p. 139, fig. 62 ; Cupp 1943, p. 121 ; Chaetoceros protuberans Lauder, 

1864, pi. 8, fig. 11.
Cells forming straight chains 15-36 ¡i wide with concave surface and with semicircular knob 

in the middle. Setae arising from the comers of the adjacent cells crossing at the base or further 
out. Terminal setae mostly thicker than others and strongly divergent. Chromatophores two 
in each cell pressed against the valve with a pyrenoid located in the protuberance.

Station : T. G. 2, 3.
Geographic distribution : Mediterranean, warmer seas, California, Arctic and Atlantic Oceana 

Peruvian guano, Europe.

Chaetoceros affinis Laudpr

Lauder 1864, p. 78, pi. 8, fig. 5, Lebour 1930, p. 135, fig. 99 ; Allen and Cupp 1935, p. 140, 
fig. 66 ; Cupp 1943, p. 125.

Chains straight, 6-25 ¡x wide, apertures lanceolate and constricted in the middle. Celia 
oblong in broad girdle view. Setae delicate, terminal setae strongly divergent with spirally 
arranged spines; chromatophores one in each cell lying on broad side of girdle with single pyrenoid.

Station : T. G. 1, 2, 3.
Geographic distribution : Common in all seas.

Chaetoceros diversus Cleve
Cleve 1873, p. 9, pi. 11, fig. 12 ; Allen and Cupp 1935, p. 142, fig. 71 ; Cupp 1943, p. 132, fig. 87,
Short straight chains 10-12 ¡i broad. Valves flat or slightly raised at the centre. Apioal 

axis 5-12 ju long. Apertures very small. Setae arise from 4 comers of cell. Setae thick, tubular 
and spinous, more or less curved or straight turning towards chain ends. Terminal setae thin and 
hair-like. Chromatophores are in each cell on girdle side.

Station : T. G. 1, 2, 3.
Geographic distribution : Tropical and sub-tropical, North Sea, Mediterranean.

Chaetoceros coarctatus Lauder

Lauder 1864, p. 79, pi. 8, fig. 8 ; Lebour 1930, p. 119, Allen and Cupp 1935, p. 135, fig. 62 ; 
Cupp 1943, p. 107, fig. 62.

Cells cylindrical, elliptical in valve view. Apical axis 30-48 fx. in length. Cells united to 
form chains robust in appearance. Mantle with clear ring like furrow. Valve surface flat. Posterior
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terminal setae shorter than others, strongly curved and heavily spined. Anterior terminal setae 
less robust, curved backwards and sparsely spined. Inner setae resembling the anterior ones. 
Chromatophores numerous and disc-shaped.

Station : 1 .1. O. E. No. 15.
Geographic distribution : Tropical and sub-tropical seas, Mediterranean Sea.

Family Biddulphieae 
Sub-family Eucampineae 
Genus Eucampia Ehrenberg 
Eucampia zodiacus Ehrenberg

Ehrenberg 1840, p. 71, pi. 4. fig. 8. ; Lebour 1930, p. 187, fig. 147 ; Allen and Cupp, 1935, 
p. 143 ; Cupp 1943, p. 145; fig. 103.

Eucampia britannica. W. Smith 1856, p. 25, pi. 71, fig. 378 ; Eucampia groenlandica, Cleve 
1896, p. 10, pi. 2, fig. 10.

Cells flattened, linear united in chains by two blunt processes. Chains spirally curved. 
Valves in surface view elliptical. Apical axis 20-60 ¡x. Apertures of variable size. Punctae 16-20 
in 10 ju.. Chromatophores numerous, small and highly refractive.

Station : T. G. 1, 2, 3.
Geographic distribution : North Sea, Skaggerak, Baltic Sea, English Channel, Mediterranean, 

North Atlantic, California, Europe, Belgian Coast.

Genus Climacodium Grunow 
Climacodium frauenfeldianum Grunow

Grunow 1867, p. 102, pi. la, fig. 24 ; De Toni 1891-94, p. 986 ; Lebour 1930, p. 189, fig. 149a 
Allen and Cupp, 1935, p. 144, fig. 76 ; Cupp 1943, p. 147, fig. 10J.

Cells flat, forming ribbon-like chains. Length of apical axis 70-158 ju, pervalvar axis 12-20 ƒx. 
In valve view cells are linear-elliptical. Apertures large, oblong or almost at right angles and wider 
than the cell in pervalvar direction.

Station : 1 .1. O. E. 11, 13 ; T. G. 1, 3.
Geographic distribution : Mediterranean, Red Sea, California; Central America.

Order : Pennales
Sub-order : Araphidineae
Family : Fragilarioideae
Sub-family : Fragilarieae,

Fragilariinae
Genus Fragilariae Lyngbye 
Fragilaria oceanica Cleve

Cleve 1873, p. 22, pi. 4, fig. 25 ; Lebour 1930, p. 193, fig. 153.
Fragilaria arctica Grunow, Cleve and Grunow, p. 110, pi. 7, fig. 124.
Cells in girdle view rectangular, forming compact ribbon-like chains ; valves lanceolate or 

elliptical, with rounded ends 12-30 ju in length and 7-8 ¡x broad. Pseudoraphi, narrow and linear.
Station : T. G. 1.
Geographic distribution : Norway, Denmark, Russia, Davis Strait, England and Golf of Maine.
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Grenus Synedra 
Synedra formosa Hantzsch

Hustedt 1931-32, p. 233, fig. 720 ; Subrahmanyan 1946, p. 167, figs. 342, 343 and 348.
Ardissonia formosa (Hantzsch), De Toni 1891-94, p. 675.
Valves linear with rounded ends, 135-300 fx long, 18-21 fx broad. Cell wall porous, valves 

with three longitudinal ribs. Outer membrane areolate punctate. Double series of areolae lie 
between two ribs.

Station : T. G. 1.
Geographic distribution : Honduras, Vera Cruz, East Indian Archipelago, Europe.

Genus Thallassiothrix Cleve and Grunow 
Thallassiothrix longissima Cleve and Grunow

Cleve ana Grunow 1880, p. 108 ; De Toni 1891-94, p. 672 ; Lebour 1930, p. 199, fig. 159 ; 
Cupp 1943, p. 184, fig. 134.

Cells four sided, long and threadlike often more or less curved. Valves narrow and linear, 
ends slightly narrowed more in one end than the other. Length 0 ■ 5 to 4 mm. width 2 • 5-6 [X. Deli
cate spines present in the comer of the valves, more towards the centre than towards the ends or 
absent.

Station : I. I. O. E. 12, 13, 15 ; T. G. 1, 2, 3.
Geographic distribution : North Atlantic, Arctic Sea, Scotland, Belgium, Russia, Sweden, 

Norway, Germany, California and Antarctic, Denmark, Mediterranean.

Genus Pleurosigma W. Smith 
Pleurosigma angulatum (Quekett) W. Smith 

var strigosa (W. Smith) Van Heurck

Van Heurck 1899, p. 251, pi. 6, fig. 261 ; De Toni 1891-94, p. 233, Allen and Cupp 1935, p. 158, 
fig. 108 ; Pleurosigma “ strigosum ” W. Smith* p. 7, pi. 1, fig. 6.

Valves lanceolate, slightly sigmoid, 110 /x long and 15 ¡x broad, raphe sigmoid, excentric at 
the ends. Oblique and transverse striae equidistant, 18-22 in 10 ¡x.

Station : T. G. 1.
Geographic distribution : England, Sicily, Italy, Finmark, Adriatic Sea, Mediterranean

Baltic.

Nitzschia longissima (Brebisson) Ralfs

De Toni 1891-94, p. 547 ; Allen'and Cupp 1935, p. 163, fig. 121, Allen and Cupp 1935, p. 163, 
fig. 121 ; Cupp 1943, p. 200, fig. 154.

Nitzschia birostrata W. Smith 1853, p. 42, pi. 14, fig. 119 ; Ceratoneis longissima (Brébisson) 
Ralfs, 1861, p. 783 ; Nitzschiella longissima (Brébisson) Rabenhorst, 1864, p. 164.

Cells 95-565 ¡x long and 3-6 ¡x broad ; valves linear, lanceolate ; ends elongated into hair-like 
horns. Keel punctae, 8-14 in 10 ¡x. Chromatophores, two in the centre.

Station : T. G. 1, 2, 3.
Geographic distribution : England, Denmark, France, Virgin Islands, New Jersey, Pacific 

Coast of America, Java Sea.
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Nitzschia closterium (Ehrenberg) W. Smith

W. Smith 1853, p. 42, pi. 15 ; Lebour 1930, p. 212, fig. 176 ; Allen and Cupp 1935, p.163, 
fig. 122 ; Cupp 1943, p. 200, fig. 153.

Ceratoneis closterium Ralfs 1861, p. 783, pi. 12, fig. 59 ; Nitzschiella closterium (Ehrenberg) 
Rabenhorst 1864, p. 163.

Cells single, valves spindle-shaped or lanceolate in the middle, ends hair-like, slightly bent. 
Two Chromatophores placed in the centre. Valves 25-150 p, in length, 3-7 p  broad.

Station : T. G. 1, 2, 3.
Geographic distribution : England, Scotland, Davis Strait, Norway, Sweden, Denmark, 

California, Java Sea.

Nitzschia seriola Cleve

Cleve 1883, p. 478, pi. 38, fig. 75 ; De Toni 1891-94, p. 501 ; Lebour 1930, p. 213, fig. 178 ; 
Allen and Cupp 1935, p. 164, fig. 124 ; Cupp 1943, p. 201, fig. 155.

Cells spindle shaped, ends pointed or slightly rounded, united into stiff hair-like chains by the 
overlapping points of the cells. Length of valves 60-135 p , width 3-5*8 p. Striae 13-19 in 10 p. 
Chromatophores 2 on each side of the central nucleus.

Station : T. G. 1, 2, 3.
Geographic distribution : Davis Strait, England, Scotland, Holland, Belgium, Germany, Sweden, 

Denmark, Atlantic and Pacific Coasts of America, Antarctic and Java Sea.

Navicula hennedyii W. Smith

W. Smith 1856, p. 93 ; De Toni 1891-94, p. 103 ; Cleve 1894, p. 57 ; Subrahmanyan, p. 181, 
fig. 402.

Valves elliptical, 38-62 p  long, 21-36 p. wide. Lateral areas, narrow, linear, lanceolate or broad 
semilanceolate with parallel inner margins. Striae 12-15 in 10 p.

Station : I. I. O. E. 16.
Geographic distribution : England, Belgium, Italy, Greenland, Spitzbergen, Finmark,

Lusitania, Adriatic, North America, Ceylon.

Sub-family : Amphiproroideae 
Genus Amphiprora Ehrenberg 

Amphiprora gigantea Grunow, var. sulcata (O’meara) Cleve

Cleve 1894, p. 18 ; Allen and Cupp 1935, p. 160, fig. 113 : Cupp 1943, p. 198, fig. 151. 
Amphiprora sulcata O’meara 1871, p. 22, pi. 3, fig. 3.
Cells strongly constricted, keel with hyaline margin broader towards the ends. Junction line 

curved like a bow. Cells 62-122 p  long. Striae of the valve curved and divergent from the central 
nodule. Striae in connecting zone 20-24 in 10 p .

Station : T. G. 1, 2, 3.
Geographic distribution : Java Sea, California.
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COELENTERATE-ASSOCIATED PRO SO BRANCH  GASTROPODS.1 Rob
ert Robertson, Academy of Natural Sciences of Philadelphia, Pennsylvania.

(Abstract)
Nematocysts presumably protect coelenterates from most animals which 

might otherwise feed on them. Nevertheless, there are animals in various 
groups which feed in whole or in part on the soft, nematocyst-bearing, 
living tissues. Many associates of hydroids, sea anemones, and corals feed on 
their hosts.

Among the prosobranch gastropods, 21 genera in seven families are now
known that include such associates:

ARCHITECTONICIDAE [=  “Solariidae” ] ( Heliacus [=  “Torinia”] with
the zoanthids Palythoa and Zoanthus').

EPITONIIDAE [=  “Scalidae”] (.Alexania [=  “Habea”], Epitonium , Opalia,
and Amaea with sea anemones, zoanthids, and stony corals).

JANTHINIDAE (Janthina with pleustonic siphonophores and sea anemones
on Sargassum^ Recluzia with Minyas, a pleustonic sea anemone).
1 The field work in the Indian  Ocean was supported by the National Science Foundation as a 

part of the U.S. Program in Biology, International Indian Ocean Expedition.
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LAMELLARIIDAE ( Velutina plicatilis with hydroids in Europe).
OVULIDAE [ r=  “Amphiperalidae” ] (Simnia, Primovula, Neosimnia, Cy

phoma, Calpurnus, and Ovula with gorgonians, soft corals, and rarely hy- 
droids ; Pedicularia with hydrocorals and doubtfully stony corals).

CORALLIOPHILIDAE [ =  “Magilidae” & “Rapidae”] (Coralliophila, 
Quoyula, Leptoconchus and Magilus with stony corals, zoanthids, and 
gorgonians; Rapa with soft corals).

COLUMBELLIDAE (Nitidella nitida with the sea anemone Stoichactis 
helianthus in the West Indies).

Most of these prosobranchs are known to feed on the living tissues of 
their hosts, but none are as specialized for this habit as are the aeolid nudi- 
branchs. In the Architectonicidae, only Heliacus spp. are known coelenterate- 
(zoanthid-) associates; nothing is yet known about the food and possible 
associations in other genera in the family. Lamellariidae other than Velutina 
plicatilis are mostly tunicate-associates. In the Columbellidae, Nitidella 
nitida is exceptional; whether it feeds on its anemone host is unknown; 
other columbellids are nonspecialized carnivores or even herbivores (Marcus, 
1962). Associations with coelenterates involving feeding are so prevalent in 
the other four families (Epitoniidae, Janthinidae, Ovulidae, and Corallio
philidae) that the habit may virtually be characteristic of each entire group. 
However, Janthina is so voracious that it will swallow noncoelenterate foods—  
there even is cannibalism (Bayer, 1963)— and the larger epitoniids commonly 
forage for smaller coelenterates. Epitoniids have a cuticularized esophageal 
lining which may prevent injury from nematocysts. Coralliophilids have no 
radula or jaws; seemingly, penetration of coral tissues is aided by salivary 
secretions, and the muscular proboscis functions as an ingesting pump (J. 
Ward, 1965). Otherwise, there are few obvious anatomical specializations.

In 1964, I spent from January to May in the Indian Ocean, where I 
made general collections o f marine mollusks and observed prosobranchs 
associated with coelenterates in three areas: near Central Marine Fisheries 
Research Institute, Mandapam Camp (coast of Gulf o f Mannar), S.E. India; 
Beruwala and Galle, S.W. Ceylon; Maldive Islands.

Locality Prosobranch Coelenterate host
S.E. India Alexania sp. Anthopleura sp. [a sea anemone]

n  i t  tt Epitonium  3 spp. t t  t t  It tt  tt

S.W. Ceylon Ctdpurnus verrucosus soft corals
(Linn.)

ft t t  ft Calpurnus lacteus t t  tt

(Lamarck)
Ceylon and Maldives Coralliophila cf. C.

sugimotonis Kuroda, Palythoa sp. [a zoanthid]
1930-31

t t  t t  tt Epitonium  sp. t t  f t It tt

Maldives Heliacus trochoides Palythoa tuberculata (Esper)
(Deshayes)

tt Epitonium  sp. Fungia [a stony coral]
tt Amaea sp. Tubastraea aurea (Quoy &

Gaimard) [a stony coral]

- 7 -
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The Epitonium  with Palythoa in Ceylon and the Maldives is the first epitoniid 
to be found with a zoanthid. The shell and body of the Maldivian Amaea 
was bright orange in life, and its coral host was similarly colored.

Much remains to be learned about coelenterate-associated prosobranchs; 
for example: their taxonomy and zoogeography, their specificity and their 
methods of feeding without injury from nematocysts. Architectonicid, 
ovulid, and coralliophilid larvae occur in tropical plankton far from shallow- 
water benthic sources, so there are also interesting problems in larval ecol
ogy— especially the location of and settlement on appropriate hosts.

1 5 4
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SIPUNCULIS OF MADAGASCAR 

by

Edward B. C U T L E R  *

RESUME

C e ta r t ic l e  e s t  un compte-rendu sur les 
S ipunculides dans la région de N o s y - B é ,  
Madagascar. Ils ont é té  réunis par l ' a u t e u r  
pendant sa partic ipation à l 'Expédit ion  Inter
nationale  dans l 'O céan  Indien, du 24 juin au 
10 septembre 1964. Neuf e sp è c e s  y sont en re 
g is t ré e s  : Sipunculus indicus, S. robustus, 
Siphonosoma cumanense, S. australe. P h a sco 
losoma n igrescens, P. sco lo ps ,  P. dentigerum, 
A spidos iphon  corallicola  e t  CleosiphOn asper
gillum.  Aucune de c e s  e s p è c e s  n ' e s t  nouvelle 
pour la sc ien ce ,  mais cinq d 'en tre  e l le s  sont 
nouvelles  pour c e t te  région, fa isan t  un total 
de 13 e s p è c e s  m aintenant connues à Mada
gascar .  Une d is c u s s io n  quant à leur hab ita t  
préféré e t  leurs re la tions comm ensales e s t  
p résen tée  en supplément à une brève d i s c u s 
sion relative à chaque e sp è c e .  Une c lé  il lus
trée  des  13 e s p è c e s  connues e s t  égalem ent 
jointe .

ABSTRACT

T his  paper is a  report of the  sipun- 
cu i id s  in the region of Nosy Be, M adagascar.  
T hey  were co l lec ted  by the  author during 
h is  part ic ipa tion  in the  In ternat ional Indian 
O cean  E xpedit ion  from 24 Ju ne  to  10 Sep tem 
ber 1964. T here  a re  n ine  sp e c ie s  recorded : 
S ipunculus indicus, S. robustus.  S iphonosoma  
cum anense, S. australe ,  P hasco lo som a  n i 
g rescens ,  P. sco lo ps ,  P. dentigerum, A s p i 
dosiphon corallicola, and Cleosipho'n a sper
gillum.  None of th e s e  a re  new to s c i e n c e  
b u f  five are new to  th is  country, making a 
to ta l of th ir teen  sp e c ie s  now known from 
M adagascar.  A d is c u ss io n  of the ir  h ab i ta t  
preference  and commensal re la t io n sh ip s  is 
p resen ted  in addition  to a brief d i s c u s s io n  
of e a c h  s p e c i e s .  An i l lu s t ra te d  key to  th e  
th ir teen  known sp e c ie s  is a l s o  included.

INTRODUCTION

The information p resen ted  in th is  paper is based  on co l lec t io n s  I made a s  a p a r t ic ipan t  
in the U . S .  Program in Biology of th e J 'n te rn a t ion a l  Indian O cean E xpedition . Most of the  
specim ens were co l lec ted  in the v ic in ity  of Nosy Bé, M adagascar,  between 24 Ju ne  1964 and 
24 July  1964. A few spec im ens  were co l lec ted  a t  T.uléar, M adagascar,  during a  s topover of the 
R / V  «Anton Bruun » from 8-10 A ugust 1964.

The sipunculid  fauna has been d escr ibed  from surrounding a reqs  (F igure  1): Mauritius 
(Wesenberg-Lund 1959), Z anzibar  (L an ches te r  1905; S tephens & Robertson 1952), Mozambique 
(Kalk 1958, 1962), South Africa (Stephens 1942; Wesenberg-Lund 1963), and A us tra l ia  (Edmonds 
1955, 1956). In Herubel (1908) s ix  sp e c ie s  are  l is ted  from M adagascar.  Hammerstein (1915) 
added two more to  th is  l i s t ,  each  represen ted  by only one specimen and one of th e se (D en dro sfo -  
mum sign ifer)  w as in poor condition. In the materia l I co l le c te d  were n ine  s p e c i e s ,  none new

* Zoo lo g y  D ep a r tm en t  U n iv e r s i t y  of Rhode Is lond K in g s to n ,  Rhode I s la n d  U .S .A .
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to s c ie n c e  but five previously unreported from Madagascar.  The co llec tion  has been d ep os i ted  
in the U.S. National Museum, Washington, D.C.

LIST OF MADAGASCAR S IP U N C U L IS

Sipunculus indicus - He, pp 
Sipunculus robustus - pp 
Siphonosoma cumanense  - He, pp 
Siphonosoma australe  - pp 
P hascolosom a n igrescens  - He, Ha, pp 
P hascolosom a sco lops  - He, Ha, pp 
Phascolosom a dentigerum - pp 
P hascolosom a  a s s e r  - He 
P hascolosom a lobostomum - Ha 
Dendrostomum s ign ife r  - Ha 
Aspidos iphon  truncatus - He, Ha 
Aspidos iphon  corallicola - pp 
Cleosiphon aspergillum - pp

He - Herubel (1908)
Ha - Hammerstein (1915) 
pp - the p resen t paper

io«

NOSY-BE,

20 °

MAURITIUS

T o u r e n c o

MARQUES

30°

PORT ELIZABETH

40°
60°

Fig. 1 - The southwestern  Indian Ocean showing local i t ies  where s ipunculids have 
been co llec ted .

THE AREAS AND STATIONS

The is land of Nosy Bé lies off the  northwestern c o as t  of M adagascar a t  13° 20 '  S a n d  
48° 15' E (Figure 1). L ocated  on the sou theas te rn  corner of the is land  i s . t h e  C en tre  de  
l 'O céanographie  e t  des  P ê c h e s  which is operated by the Office de la Recherche  Scientif ique 
et Technique  Outre-Mer. This  çerved a s  the headquarters  for the American IIOE program on 
Madagascar.
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The climate is tropical with a warm rainy sea so n  from October to April and a cool dry 
s eason  from May to September. The total average  rainfall is 2244 mm with a maximum recorded 
in January of 462 mm and a minimum of 37 mm in July . T he  air temperature ranges from 34.8°C  
in November to 15.0°C in June. The surface  water temperature ranges from 25 .2°C  in August-  
September to 31.3°C in January-February  and the sa l in i ty  from 35.57 °/oo in August-October to
29.05 %o in January . The average  t ide d ifferent ia l is 2.2 m but may increase  to 4 .4  m a t  spring 
tides  (Centre records).  There is a wide variety of h ab i ta ts  within e a sy  reach of the Centre  
ranging from coral is lands  through sand  and mud f la ts  to mangrove swamps.

Tulear is about 900 miles south of Nosy Be jus t  north of the Tropic of Capricorn a t  
23° 20' S and 43° 40' E. Along the shore is a broad muddy sand flat and off shore l ies  a large 
fringing re e f  which is partia lly  exposed  a t  low tide. As time and equipment were limited th e se  
co llec tions  were not ex tens ive .

The s ta t io ns  where co llec tions  were made are descr ibed  in Appendix I and shown in 
F ¡gure 2.

Ftg. 2

Fig. 2 - Map of Nosy Be, Madagascar, showing s ta t ions  where co llec tions  for 
this  s tudy  were made. (For the descr ip t ions  of the s ta tions  see  
Appendix I).

ECOLOGICAL RELATIONSHIPS

A clear-cut pattern of hab ita t  preference emerged from this study. From the information 
summarized in Table  1 and Appendix 1, I was able  to make the following observa t ions .

Most of the coral formations (Stations 10, 14, 16, 17 and 20) were inhabited by a complex 
of four sp ec ie s .  The most numerous and cosm opolitan was P hascolosom a n igrescens .  The

53

157



other P hascolosom a (P. dentigerum  and  P. sco lo ps)  were  found here a s  well a s  Cleosiphon  
asperigillum. Most of the Cleosiphon  were found in Millipora. The P hascolosom a  spp .  were 
a l s o  found in the pecu liar  rock-like c lay  (hardened, indurated, muddy sand) at Station 5. The 
fac t  th a t  one m ass  of material about 25  cm in diameter y ie lded  s ix teen  specim ens ind ica te s  
the unusually  high densi ty  in th is  material.  A few specim ens were found under rocks  in t id e  
pools in th is  same a rea  (Station 3).  Only P.  n ig re scen s  was found in the coral f rom th e tw o  
small is lands (Stations 2 and 4). P o s s ib ly  more ex ten s iv e  co llec ting  would have  produced 
other forms.

This  information leads to the conclus ion tha t  th ese  four sp e c ie s  prefer a hard, rock-like 
environment where1 they can live in holes and c racks ,  e i ther  of their own construction  or 
abandoned works of other organisms. Additional ev idence  was supplied  by the  following 
experim ent:  Two P. n igrescens  from Station 5 were p laced in an aquarium conta in ing  two
inches of sand with a p iece  of Tubipora  a t  one end. One worm worked its way into the  Tubipora  
and the second (which w as a t  the other end, 5 or 6 inches away) buried i tse l f  in the sand. 
When checked s ix  hours la ter ,  both individuals were located  in the  Tubipora.  In add it ion  to 
the  four sipunculids  mentioned there were numerous po lychae tes ,  c ru s tace an s ,  pe lecypods 
(Rocellaria  and Lithophaga),  ophiuroids, holo thurians, and tu n ica te s  p resen t  at th e se  s ta t io n s .

A unique commensal re la tionsh ip ,  which app ea rs  to be obligatory, e x is t s  between the 
Aspidosiphon  corallicola  and two genera of so lita ry  coral .  A bivalve mollusc is sometimes 
a third member of th is  complex. T h is  a s so c ia t io n  has been previously reported by Bovier 
(1894), Bourne (1906), Sluiter (1902), and Stephens and  Robertson (1952). In this in s tance  
the co ra ls  were Heteropsammia (cf) gemínale  and H eterocyanthus  (cf) rouseanus,  thé  former 
being more numerous. On the trunk of two of the worms within Heteropsammia  there  were severa l  
small white b iva lves .  After conferring with Dr. W.J. C lench, Museum of Comparative Zoology, 
Harvard University ,  i tw a s  decided they were members of the genus Jo u sseau m ie l la  and probably 
J. heteropsammia  (famiIly Montacutidge).

The quest ion  of how this re la tionsh ip  comes into being has been d is c u s se d  a t  length 
but no experimentation has been done nor has an indisputable  answ er been given. The most 
reasonable  idea seems to be S lu i te r 's  (1902) sugges tion  that the young worm inhabits an 
empty gastropod shell which is then covered by the coral, the shell being subsequently  absorbed  
or d is so lved .  T he  re la t ionsh ip  seem s to be benefic ial to  both the worm (provides protection) 
and the coral (keeps it upright and provides locomotion to more des i reab le  hab ita ts ) .

A third type of hab i ta t  was preferred by the two spec ies  of Sipunculus  (5. ind icus  and
S. robustus). They were found a t  widely separa ted  points but a t  both s ta t io ns  (12 and 13b) 
there was a very low tide and c lean ,  white ,  apparently  well oxygenated, c o a rse  sand. There 
was no apparen t mixing of these  two populations .

The two members of Siphonosoma  were a lso  segregated  from one another, but a d ifferent 
su b s tra te  preference was apparen t .  All of the 5. cumanense  came from a rather homogenous, 
muddy sand (Stations 6, 11, 13, 15, 19). The 5. australe  were found in a more heterogenous
sub s tra te ,  mostly firm, muddy sand but a l s o  conta in ing  larger p a r t ic le s  such a s  p ebb les ,
mangrove roots, e tc .  (Stations 8, 9). It would have  been il lus tra t ive  had I made a t r a n se c t
between Stations 6 and 8 to see  if there was a d is t in c t  separa tion  or how much overlap  of
sp ec ie s  occurred a t  the border a rea .

T h ese  Siphonosoma  s ta t ions  all differed from the Sipunculus  s ta t io ns  in tha t  the former 
were exposed with alm ost every  low tide. This  information about these  two genera(Siphonosoma  
and S ipunculus)  is in teresting  because  of the physio log ica l  implications. Without doing any 
laboratory experiments one could pred ic t  that the Siphonosoma  a re  much more to leran t with 
regard to a t  le a s t  three param eters : temperature, sa l in i ty ,  and  oxygen (Figure 3) .
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Fig. 3 -
Hypothetical re la tive  to le rance  limits 

for Sipunculus  ( — ) and Siphonosoma ( •  •  •)

High

i:

Low 

Oxygen

This a l s o  has in te res t ing  evolutionary  - phylogenetic  implications if it  is true tha t 
Siphonosoma  does  have more of a  capac i ty  to a cc l im a te  (as  ref lec ted  by wider to le ran ce  limits). 
The evolutionary s ign if ican ce  of the capac i ty  to a cc l im a te  is b ased  on the a ssum ption  that 
genetic adap ta tion  is se lec t ion  ac t in g  upon genetic  varia tion . Therefore,  genetic  ad ap ta t io n  is 
a primary mechanism of evolution (Kinne 1963), i .e .  the more capac i ty  to acc l im a te ,  the  more 
genetic  adapta tion  which is, in a s e n s e ,  evolution. As yet, within the  s ipu n cu lid s ,  no a t tem pt 
has been made to e s ta b l i sh  any taxa  between genus and phylum. The foregoing ideas m a y b e  
helpful when such an a ttempt is made.

Habitats  which co ns is ten t ly  yielded no spec im ens  were those  a re a s  composed of sof t ,  
fine, s i l ty  mud. T h is  probably w as a very u ns tab le  s i tua t ion  and not su i tab le  for worm burrows 
of any sort.

I. Coral, rock, hard clay
Phascolosoma sco lops,  P n igres
cens, P  dentigerum  and C leosi
phon aspergillum

II. Within base  of solitary  corals 
Aspidosiphon corallicola

III. C lean, white, coarse  sand; exposed 
rarely
Sipunculus indicus and S. robustus

IV. Homogenous, muddy sand ; exposed 
regularly
Siphonosoma cumanense

V. Firm, muddy sand with pebbles ,  
s to nes ,  roots, e tc .
Siphonosoma australe

Fig. 4 - Diagramatic, pictoral summary of h ab ita t  preference

High High

Low Low

Temperature Salinity
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DISCUSSION OF SPECIES

Sipunculus indicus  P E TE R S, 1850
8 spec im ens .  Length ranged from 165-5l0mm ; diam eter 7-11 mm ; color, white.
T h ese  anim als were very abundant at th is  s ta tion  but apparently  qu ite  re s tr ic ted .  

There  are many in te res t ing  s im ila r i t ies  between the s i tua t ion  here and tha t  reported on Z anz ibar  
by Stephen and Robertson (1952). When we arrived a t  A ntsakoabe, there was a fisherman co llec ting  
the animals for ba it by inserting a square, s t ra igh t s t ic k ,  which was «burred» on the end, into 
the burrow and exerting  just the proper amount of p ressu re  so tha t  a s  the animal re t rac ted  the 
introvert it pulled the s t ick  down ins ide immobilizing itse lf .  The native then dug down in the 
sand next to the worm with his hand, loosened the sand around the worm, got a firm g rasp  and 
pulled it out more or less  in tac t .  Even though it looked easy  I was unable to obtain any in 
th is  manner, finally gave up, and purchased some from the fisherman.

Sipunculus robustus  K EFERSTEIN , 1865
1 specimen. Size 185mm X 13 mm; color, grey.
This  individual was found moving along the surface  of the sand. As the tide  was 

very low and the sun was hot tha t day, its micro-habitat might have become intolerable  c a u s ing  
it to move to a better location. Although Dr. Humes had seen  them there on previous o ccas io ns ,
I was unable to locate  any more. When found, it w as  covered with a layer of sand  and mucus. 
After returning to the laboratory it was placed in an aquarium but was not very ac t iv e .  It did 
produce, however, copius amounts of mucus, much of it apparently  coming from the posterior 
bulb. T h is  sp e c ie s  c lose ly  resem bles  S. angasi  Baird, but lacks the tufted organs pear  the  
rectum.

Siphonosoma cum anense  (KEFERSTEIN, 1866)
54 spec im ens .  Length ranged from 35-245mm (average 120mm); color, pinkish when 

alive , dirty white to pale yellow preserved.
T h ese  individuals are  common and fit published descr ip tions  quite well.  Edmonds 

(1955) u se s  the  terms «skin bodies  » an d  «pap il lae»  a s  synonyms to d escr ib le  the m ultice llu lar 
epidermal glands p resen t in this  form. Gerould (1913) u se s  « epiderma I organs » . It should be 
pointed out tha t these  are quite d ifferent from the pap il lae  in the Phascolosom a  which protrude 
a s  well-defined «w arts»  or «knobs» that remain after  the underlying muscle layers are  s tr ipped 
off. In Siphonosoma,  however, when the muscle layer is removed there is left only a thin p iece 
of skin with ho les  which were the pores of the g lands . The glands them selves remain a t tached  
to the muscle layer. As the term papil lae  sug ges ts  well-developed protuberances, it could be 
misleading to a person to look for them on the smooth-skinned Siphonosoma.  T herefore ,  in 
this  sp ec ie s  I sugges t  that the term multicellu lar  epidermal glands be used rather than pap il lae ,  
skin bodies , or epidermal organs.

An in terest ing  example of autotomy occurred when one individual, damaged while being 
dug out, pinched off the posterior damaged quarter of the trunk within 24 hours after  it was 
co llec ted .  This  portion contained part of the d iges t iv e  trac t  but no other organs. I have been 
unable to find any previous record of this  for the sipunculids .

Siphonosoma australe  (K EFERSTE IN, 1865)
17 spec im ens .  Length ranged from 45-210mm (average 105mm); color, yellow (straw) 

to dark brown ; 50-20 rows of hooks.
One noteworthy feature of this  group is the variabil ity  of color. Some were a uniform 

dark brown, others mottled, some uniform yellow with a darker introvert , and one , small, 
damaged specimen h ad 'an  a lm ost white trunk but re ta ined the brown introvert . On examination 
this  color proved to be a t rans ien t ,  superfic ial layer, probably due to the a n im a ls '  environment. 
This color can be rubbed off exposing an ir r idescen t bluish-grey color similar to Siphonosoma  
cumanense.  A ttached by byssa l  threads to the posterio r end of one specimen was a small 
b ivalve which looked very similar to the Joussea um ie l la  found on the A spidos iphon  (page 5).
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P hascolosoma  n ig rescens  K EFERSTEIN  sensu  STEPHEN
44 spec im ens .  B ecause  of the varied  s t a te s  of contraction the s iz e  measurem ents are 

not very meaningful. The approximate range is from 25-120mm, most between 40-80mm in 
length. The color varied from dark to very pale brown; most w ith , but some without, the 
alternat ing  dark and light c ro s s  bands on the introvert. In a few the skin w as  very loose  and 
ea s i ly  removed.

T h is  sp ec ie s  is common in this  region of the world and has  been reported by severa l  
authors .  There does e x is t ,  however, a  good deal of varia tion  in the d e sc r ip t ion s ,  and the 
d is t inc tion  between P. n igrescens  and P. puntarenae  is not a lw ays  c lear.  Many s t ruc tu res  
such a s  the hooks, pap il lae ,  segmental organs, e tc .  a re  quite  variab le  and it may be tha t these  
two sp ec ies  are the same (Edmonds 1956, page 2 8 9 ;  Wesenberg-Lund 1963, page 129 and 
table  1; F isher  1952, page 430). W esenberg-Lund's  (1963) descr ip tion  of P. n ig rescen s  is 
parti cularly confusing for severa l  reaso ns  and seem s to more c lo se ly  agree  with other desc r ip t io n s  
of P . puntarenae  (e.g. caecum and con trac t i le  v e s s e l  vil li) .  The material I have is P . n ig rescens  
b ased  on Dr. S tephen 's  cr i te r ia ,  S e len k a 's  (1883) figure 130, and  comparison to spec im ens  of 
both sp e c ie s  from the United S ta te s  National Museum a s  identif ied by W.K. F ishe r .

One cha rac te r is t ic  which is som etimes reported is the hook d im ensions .  On the a ssu m p
tion that this  might be important I measured the he igh t and width of 152 hooks from thirteen 
P. n igrescens  and fifteen hooks from the one P. puntarenae  (Figure 5 and Appendix 3). At 
f irs t it looked a s  though there w as a pos i t ive  correlation between body s ize  and hook s iz e ,  but 
as  I measured more hooks, the correlation was not a lw ays  c o n s i s t e n t .  It is difficult to say 
anything more than : a s  the hook s i z e  of P. n igrescens  is var iab le  it should not be used  a s  a
taxonomic character .  In most of the spec im ens ,  which are  between 40 and 80mm long, the 
width of the hook (at the b ase)  is between 70 and 80 / i .

1JO-

I 100

a o -

goso50

SIZE OF ANIMAIS ■ m m

Fig. 5 - The hook s ize  of P hascolosom a n igrescens

T h ese  two forms, P. n ig rescen s  and P. pun ta renae  are a good example of a s i tua t ion  
where an a ly s is  of specim ens  from around the world should be carr ied  out. Either a be tte r  
d is tinc tion  between the two should be made or the two should be combined a s  one sp e c ie s .

Phascolosom a sco lop s  (SELENKA and DE MAN, 1883)
T hese  two specim ens (6 0 and I5mm respec tive ly )  rep resen t  another common Indo-Pacific  

form. It is perhaps noteworthy that  only two were found. On the  Zanzibar-Mozambique-South 
Africa coas t  they genera l ly  comprise a large percen tage  of the to ta l .  They have not been 
reported, however, from Mauritius. T h is  apparen t d e c re a s e  in frequency with d is tan c e  from
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the continen t may be s ign if ican t.  This  sp e c ie s ,  together with P. aga ss iz i ,  P. japonicum  and  
others form another complex of P hascolosom a  with very similar hooks and the  internal anatomy 
exhibiting only minor d if ferences .  T h is  sp ec ie s  differs from P. a g a s s iz i  by the a b s e n c e  of 
a rec ta l  caecum. T he  nature of the pap il lae  p la te le t s  s e p a ra te s  it from P. japonicum.

Phascolosom a  c/entigerum(SELENKA and DE MAN, 1883)
20 spec im en s .  T he  trunks ranged in length from 20-52mm. The expanded introverts  

were a ll  a t  lè a s t  ha lf  a s  long and some as  long a s  the body. The la rges t  individual was 77mm 
overall.  Most of these  individuals had a very pale body with the ta il ,  con ica l ,  preanal pap il lae  
oriented posterior ly  and the introvert showing the  reddish-brow n bands or b lo tches  which 
charac te r ize  th is  sp e c ie s .

A sp idos iphon  corallicola  SLUITER, 1902
11 spec im ens .  I am indebted to  Dr. M. P ichón  for pointing th e se  out to  me in the  b a se s  

of the so l i ta ry  co ra ls .  The anal sh ie lds  fi t S tephen 's  (1952) descr ip tion  very w ell.  They are  
dark red - brown and composed of longitudinal furrows next to the anus changing to rounded 
granules anter ior ly .  The caudal sh ie ld  is not deep red-brown, however, but a rather pale tan 
becoming somewhat darker towards the cen te r .  The  secondary tooth on the hook is qu i te  
variab le  in s ize  but u sua l ly  p resen t.

C leosiphon aspergillum  (QUATREFAGES 1865)
15 spec im ens .  Most of these  were an ivory color but a few were a rather dark brown.

T h ese  are  unique anim als with their white ,  compound, acorn-like cap or knob a t  the anter ior
end of the trunk through which the introvert protrudes. The  hooks differ sl igh t ly from  Edmonds 
(1956, Figure 21) in tha t  the secondary tooth is even more strongly developed  a s  in Selenita 
(1883) Figure 216. The s iz e  of the trunk ranged from 30-75mm. The average  w as  48mm. T h e s e  
were very difficult to obtain in tac t  a s  they were most abundant in very hard Millipora.

KEY TO THE KNOWN SPECIES OF S IP U N C U L I S  OF MADAGASCAR

1 a. Horny or ca lca reo us  sh ie lds  a b se n t  from both ends  of the t r u n k .............................................  2
1 b. Above sh ie lds  p re se n t  a t  one or both end s  of trunk  .......................................................  10
2 a.  Longitudinal m usc les  gathered into a number of b a n d s ..............................................................  3
2 b. Longitudinal m usc les  form a continuous s h e a t h ...............................................................................  12
3 a . Skin divided into numerous rec tang les  or squares  (Figure 6-1).  ..............................  4
3 b. Skin not div ided into rec tang les  or s q u a r e s .....................................................................................  5
4 a. 24-30 strong longitudinal muscle  b a n d s  S ipunculus robustus
4 b. 41-43 weak longitudinal muscle b a n d s ..................................................................Sipunculus indicus
5 a. Skin papi liae complex ; made up of numerous p la te le t s  (Figure 6-2 & 3 ) ........................... 6
5 b. Protruding and complex skin pap il lae  a b s e n t ................................................................................. 9
6 a. Hooks p resen t on in t ro ve r t .....................   7
6 b. Introvert without h o o k s ..............................................................................    P hasyo losom a a sse r
7 a. C lear  s treak  of hook merged with basa l ,  tr iangular c lea r  sp ace  (Figure 6 - 4 ) .............................

...............................................................................................................................  Phascolosom a n igrescens
7 b. C lear s treak  of hook sepa ra te  from triangular c lea r  space  (Figure 6-5 & 6 ) .  .  .............  8
8 a. Introvert with reddish  bands and ta li ,  con ica l ,  preanal pap il lae  oriented somewhat p o s te r i 

orly (Figure 6 -7 ) ............................................... ...........................................  P hasco losom a dentigerum
8 b. P a p i l la e  smaller and not a s  a b o v e ............................................................ P hascolosom a sco lo ps
9 a . Introvert with h o o k s ......................................   Siphonosoma australe
9 b. Introvert lacking h o o k s ..............................................................................  Siphonosoma cum anense

10 a.  A white p ineapple-l ike  cap a t  the anter ior end of trunk (Figure 6 - 8 ) .............................................
......................... ..................................................................................................... C leosiphon asperig il lum

10 b. Corrugated sh ie ld s  a t  both ends of trunk. The caudal sh ield  is pale with rad ia ting  grooves
   11

11 a.  Grooves of anal sh ie ld  run from ventral edge to margin . . . . . . .  Aspidos iphon  truncatus
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1. Generalized appearance  of body surface, in 
Sipunculus

2-3. Two views of a complex P hascolosom a  papil lae  
covered with numerous small p la te le ts .

4. Hook of Phasco losom a n igrescens;  c lea r  s t reak  
merged with tr iangular c lea r  space .

5-6. Phascolosom a  hook with separa te  tr iangular 
c lear space  (P. sco lop s  and P dentigerum).

7. B ase of introvert of P hascolosom a dentigerum  
showing ta i l ,  conica l,  pre-anal pap il lae .

8. Anterior end of Cleosiphon aspergillum  showing 
complex "cap" .

9. Anal sh ie ld  of Aspidos iphon  corallicola.

Fig. 6 - Morphological fea tures  to a s s i s t  in identifying 
the  known s ipunculids  of Madagascar.
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11 b. Anal sh ie ld  with two d is t in c t  a r e a s ;  longitudinal grooves posterior ly ,  g ranu les  near
introvert (Figure 6 - 9 ) ........................................................................................A sp idos iphon  corallicola

12 a. T e n ta c le s  d e n d r i t i c ................................., ..............................................  T h em is te  s ign i fe r
(formerly Dendrostomum)

12 b. T en ta c le s  filiform or d igitiform ; complicated  hooks p re s e n t .  . . . ; F isherana  lobostomum
(formerly P hascolosom a)
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TABLE I
DISTRIBUTION OF SIPUÑCULID SPECIES AT EACH STATION

S P E C I E S
2 3 4 5 6 7 8 9

S T

10

A T I

11
ON!

12 13 14 15 16 17 19 20

Total 
no. of 

each  s p .

Sipun cuius 
indicus 8 8

Sipunculus  
robus tus b í 1

Siphonosoma
cumanense 7 14 a l2 3 18 54

Siphonosoma
australe 16 1 17

Phascolosom a
nigrescens 4 5 3 20 1 5 3 2 1 44

P hascolosoma
sco lop s 1 1 2

Phascolosom a
dentigerum 1 2 9 4 4 20

Aspidos iphon
corallicola 11 11

Cleosiphon
aspergillum 5 4 2 4 15

T otal no. of 
individuals 
a t  each  s ta tion

4 5 3 22 7 11 16 1 3 14 8 12
8.1

20 3 11 8 18 5 172

A PPE N D IX  I

Station L is t

2. Nosy Ambariobe; 25 Ju ne  1964; 2 .3  m t i d e ;  coral m a sse s .
3. Shore south of laboratory; 25 June  1964; tide pools under rocks.
4. Nosy Tanikely  ; 26 June  1964 ; 2 .3  m tide ; cora l ,  dead and living.
5. Shore south of laboratory; 28 June  1964: and  21 July  1964; hardened, muddy sand (indurated)

appeared  like rock but with the con s is te n c y  of hard c lay .
6. Ambanoro B ay ; 30 June 1964, 1 & 9 July 1964 ; 3.1 m, 3.5 m, 1.3 m t i d e s ;  north end of 

b ay ;  muddy sand f la ts  with some rocks.
7. Southwest of Nosy Komba ; 13° 30 ' S 48° 20 ' E ;  2 July 1964; dredged in 2 0 m ;  bottom - 

sand ,  shell  fragments, and solita ry  cora ls .
8. A Kirintsa ,  mangrove a t  north end of Ambanoro B ay; 5 & 19 July  1964; firm sandy  mud,

s to n es ,  and roots.
9. Ampasindava, e a s t  s ide  of Ambanoro B ay; 6 Ju ly  1964; mostly rocks , few sandy pa tch es  

with underlying pebbles and s to nes .
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10. Ambatoloaka ; 8 Ju ly  1964; 1.9 m t id e ;  coral, sands tone .
11. Antafianambitry ; 10 July  1964; 0 .9  m t id e ;  co llec ted  by R. Maddocks; ex ten s iv e  black,

muddy sandf la ts .
12. A ntsakoabe ; 12 July  1964; 0 .9  m t id e ;  c lean ,  w hite ,  coarse ,  well-oxygenated sand.
13. Ankifi, e a s t  of coffee factory ; 11 & 14 July  1 964 ;

13a . sand with « g ra s s e s »  and some organic m ate r ia l ;
13 b. clean , barren sand.

14. Lokobe Point ; 13, 16 & 17 July  1964 ; 1.4 m, 4.0m, 4 .7  m t ides  ; coral .
15. Ambatozavavy ; 16 Ju ly  1964; coarse ,  muddy sand.
16. I lot Ambariots ¡maramara ; 20 July 1964; coral heads .
17. Crater L ak e ;  flooded ex t inc t  volcanic  crater with one side somewhat open to s e a ;  22 July  

1964; 3.4 m tide ; coral.
19. Tulear ; 8 & 9 August 1964 ; sandy mud f la ts  south of pier.
20. T u lea r ;  10 A ugust 1964; coral reef.

A PPEN D IX  II

Methods and Materials

The collec ting  methods were of two general types : (1) digging and sif ting  sand a n d /o r
mud; and (2) snorkeling in the coral a re a s ,  breaking off large p iece s  of coral, and subsequen tly
fragmenting th ese  with a hammer to obtain the en c losed  organisms.

Several types of relaxing agen ts  were tr ied, but menthol c ry s ta ls  generally  gave the 
best  resu l ts .  Other s u b s ta n c e s  tried le s s  su c ces s fu l ly  were propylene phenoxetol , MgCl, and 
slow addition of e thanol.  All the specim ens were preserved in 70 per cent ethanol, but the 
larger ones were f irs t in jec ted  with formalin to prevent deter ioration  of the internal s tru c tu res .

APPEN DIX  III

Data on Phascolosoma n igrescens  Hook Size

Animal Size 
(in mm)

Number of 
Hooks 

measured

Average height 
(in microns)

Average width 
a t  base  

(in microns)

s-12 25 12 48 51
t-1 35 12 74 73
s-13 40 14 66 73
USNM-1 45 5 72 76
s-124 50 9 74 70
s-15 60 9 74 79
s-9 65 10 71 69
s-157 70 10 67 72
s-165 80 10 62 72
s-5 80 23 68 80
s-150 85 16 87 86
s-8 95 10 84 85
s-1 100 12 92 96

63

167



Reprinted from Océanographie, vol. III« no« 2, 1965« p. 79*113.

NEW SPECIES OF THE GENUS A N T H E S S I U S  (COPEPODA., CYCLOPOIDA) 
ASSOCIATED WITH MOLLUSKS IN MADAGASCAR

ARTHUR G. HUMES * 

and

JU -S H E Y  HO *

Four sp ec ie s  of A n th e s s iu s  a re  a lready known from M adagascar,  a l l  of them from 
pelecypods a t  Nosy Bé. They comprise A n th e s s iu s  p innae  Humes, 1959, from Pinna  muricata- L . ,  
and three other sp e c ie s  from Tridacna  w hose desc r ip t io ns  are currently  in p ress  (Humes and 
Stock).

This  report d ea ls  with three new sp e c ie s  of A n th e s s iu s ,  two from op is thobranchs  and 
one from a pelecypod. T h e s e  were co l lec ted  a t  Nosy Bé by the f i rs t  au thor  during 1963-64 a s  
part of the work of the U.S. Prpgram in Biology of the International Indian O cean E xpedit ion .

The study of the material has been a ided  by a grant from the Nationa I Science  Foundation  
of the United S ta te s .

The authors wish to  thank Dr. William J .  C lench of the Museum of C omparative Zoology, 
Harvard University, for the identif ication  of the pelecypod and Mrs. J . N i jssen-M eyer of the 
Zoological Museum, University of Amsterdam, for the de term inations  of the op is thobranchs .
It is a p leasure  a lso  to e x p ress  apprec ia tion  for the help rece ived  from the s ta f f  of the  C entre  
d 'O céanographie  et des  P ê ch es  a t  Nosy Bé during the year and a half  when the  f i rs t  au thor 
w as res iden t there.

ANTHESSIUS D O L A B E L L A E  n. sp . F ig s .  1-34

Type materia ls .  17 fem ales ,  42 males, and 17 copepodids w ashed  from 29  tec t ib ra n c h s ,  
Dolabella scapula  (Martijn), under rocks in 0 .5 m  a t  Tany Kely, near Nosy Bé, M adagascar .  
C o llec ted  by AGH on March 29, 1964. Holotype female, a llo type ,  and 40 para types  (10 fem ales  
and 30 males) deposi ted  in the United S ta tes  National Museum, Washington, and the remaining 
para types in the collec tion  of A.G. Humes.
Other specim ens (all from Dolabella  scapula).  2 fem ales ,  2 m ales ,  and 5 copepodids from 
4 h os ts ,  under in tertidal rocks a t  Ambariotelo, be tw een Nosy Bé and Nosy Komba, A ugust 9 ,
1960 ; 1 male and 1 copepodid from 1 host ,under  in tertidal rock a t  Nosy N 'Tangam, nearN osyB é, 
October 5, 1960; 1 male from 4 h o s ts ,  on an in tertidal f la t  on the w es t  s id e  of Nosy F a ly ,  
near Nosy Bé, October 21, 1960; 3 copepodids from 2 h o s ts ,  under in tert idal rocks a t  Nosy 
N 'Tangam, March 17, 1964; 1 female and 1 male, from 2 h o s ts ,  under dead  coral in 1 m, P te .  
Ambarionaomby, Nosy Komba, September 11, 1964; and 1 female from 2 h os ts ,  pnder rocks in 
0 .5m , Tany Kely, September 23, 1964.

* D e p o r t m e n t  o f  B i o l ogy ,  B o s t o n  U n i v e r s i t y ,  M a s s a c h u s e t t s .  U . S . A .
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Female. The body (fig. 1) resem bles  th a t  of other sp ec ie s  in the genus. The length (not 
including the s e ta e  on the caudal rami) is 1.67mm (1 .58-1 .76mm) and the g re a te s t  width, jus t 
in front of the segment bearing leg 1, is 0.78mm (0 .73-0 .85mm), b ased  on 7 spec im ens .  T he  
prosome is rather broad, not unusua l ly  inflated, the ratio  of length to width being 1.3 : 1. 
The segm ent of leg 1 is separa ted  from the head dorsa lly  and la terally  by a furrow. The 
epimeral a reas  of the metasomal segm ents  are  rounded.

The segment of leg 5 (f igs. 2 and 3) has a sw ell ing  on its m idlateral margins and  is 
w ides t  posterior ly .  The fifth legs a r i s e  sl igh t ly  dorsa lly .  The segm ent measures 221 X 226 p  
in its g rea te s t  d im ensions, and the width a t  the lateral sw ell ings is 1 9 8 /¿ .T he  gen ita l  segm ent 
(fig. 4) is somewhat wider than long, measuring 169 X  192 p .  On its lateral margins there are 
sl igh t ¡dentations a t  the beginning of the posterior third. T h ese  indentations are poster io r  to 
the a reas  of a t tachm ent of the egg s a c s  (fig. 5), which are dorsal in position and show two 
small unequal sp ines  20 p  and 11 in length respec t ive ly .  The three postgen ita l  segm ents  
are 64, 55 and 69 p  in length from anter ior to  posterior .  The anal segm ent bears ventrally  on 
e ach  posterior outer margin a  row of minute sp inu les .

The caudal ramus (fig. 6) is moderately e longate ,  70 X 45 p  (the length taken a long 
its outer margin), the ratio of the length to the g re a te s t  width being about 1 .5 5 :1 .  On the 
outer basal margin there is a small hyaline se tu le  (hair ?). The outer lateral seta  is inserted  
dorsa lly  s l ightly  beyond the midregion of the ramus. It measures 234 p  in length and is naked. 
The p ed ice l la te  dorsal se ta ,  62 p  long, bears a few lateral ha irs .  The  outer subterminal 
se ta ,  146 p ,  bears  hairs  along its inner margin. The inner terminal se ta ,  258 p ,  bears prominent 
lateral ha irs .  The two long terminal se ta e ,  582 and 874 p  in length re sp ec t ive ly ,  bear lateral 
hairs ; the basal portion of these  two s e ta e  proximal to the « joint» is finely punctate ,  and the 
two se tae  are inserted  somewhat dorsa lly  on the ramus between two flaps,  the ventral one of 
which bears a marginal row of minute sp inu les .  There are refracti le  points on the dorsal and 
ventral su rfaces  of the ramus as  indicated in figs. 4 and 6.

The dorsal surface of the prosome bears sca t te red  refrac ti le  points and hairs .  The 
dorsal and ventral surfaces of the urosome bear refrac ti le  points a s  shown in the f igures .  
The ratio of the length of the prosome to tha t of the urosome is about 1 .9 :1 .

The egg s a c s  (fig. 1) reach a li tt le beyond the se tae  on the caudal rami. Each sac  
measures about 1187 X 336 p  (in one female) and con ta ins  many small eggs 65 p  in diameter.

The rostral region (fig. 7) is not strongly delimited ventrally ,  and bears refrac ti le  
points as  shown in the figure.

The seven segm ents of the first an tenna (fig. 8) have the following lengths (measured 
along their posterior non-setiferous margins) : 21 (65 p  along the anter ior margin), 164, 39, 
127, 94, 36, and 42 p  re sp ec t iv e ly .  The first segment bears 4 s e t a e ;  the s e c o n d a  basal 
group of 7 s e ta e  and a d is ta l  group of 9 se ta e  (the d is ta lm ost  one bearing hairs a long  its 
posterior margin); the third 5 s e t a e ;  the fourth a basal haired se ta  and 2 d is ta l  s e t a e ;  the 
fifth 2 centrally  located haired se ta e  and 2 terminal se ta e  plus 1 a e s t h e t e ;  the six th  2 s e ta e  
and 1 a e s t h e t e ;  and the  seventh  7 se ta e  and 1 a e s th e te .  The  formula thus is 4, 16 (7 + 9), 
5, 3, 4 + 1 a e s th e te ,  2 + 1 ae s th e te ,  and 7 + 1 a e s th e te .  Excep t for those specif ied , all  the  
se ta e  are naked. The dorsal surface  of the first an tenna bears a few refrac ti le  points a s  
indicated in the figure. The sixth segment has a sc le ro tized  groove on its ventral surface  in 
which the a e s th e te  of the fifth segm ent may fi i c lo se ly .

The second antenna (fig. 9) is apparently  4-segmented and re la tive ly  s lender .  Its 
entire length, including the c law s,  is about 390 p  and its width 56 p .  Each of the f i rs t  two 
segm ents bears a small naked se ta .  The  third segment bears 4 small,  s lender se ta e ,  three of 
them in a  row (one of th ese  with an interruption in the sc le ro tiza tion  suggesting  a c law) and 
the fourth ad jac en t  but separa te  from the row. The fourth segm ent is short and rather poorly 
delimited from the th ird ;  it bears one inner se ta ,  2 unequal outer se ta e ,  and 4 c law s, one of 
which is more sc le ro tized  and unguiform than the others.  A row of minute sp inu les  occurs 
on the proximal outer a rea  of this, segment.

The labrum (fig. 7) bears lateral groups of long s lender se tu le s  ; its posterior edge is
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bifurcated, each  lobe having a short d is ta l  marginal row of minute sp in u le s .  The ventral 
surface of the labrum bears ref rac ti le  points and hairs a s  shown in the figure.

The mandible (fig. 10) has the usual ap ica l  lash, a t  whose base  there are two inner 
ornamented a r t icu la ted  tooth-like sp ines  and an outer long setiform element, on w h ose  inner 
basal a rea  there  are two hyaline  lam ellate  lobes. T he  paragnath (fig. 11) is  probably rep resen ted  
by a small sc le ro t ized  lobe seen  in ventral view under the inner edge of the lobe of the  labrum 
a t  the level of the mandibles and f i rs t  maxillae .  The f i rs t  maxilla (fig. 12) c o n s i s t s  of a 
single fla ttened  segment with a bilobed margin and bearing a smooth s lender  se ta ,  a prominent 
spine, four small hyaline sp in u les ,  and a c re sc en t ic  row of s t i l l  sm aller  sp in u le s .  T h e  sm a lle r  
of the two lobes shows a d is t in c t  marginal notch. The second maxilla (fig. 13) is 2 -segm ented . 
The d is ta l  segm ent has five teeth on the d is ta l  median margin (the second  and third large, the 
f irs t  and fourth small, and the d is ta lm os t  intermediate in s ize),  a hyaline sp ine  on the  poste r io r  
surface, and on the proximal median surface  a small protuberance (fig. 14) armed with small 
sp inules  ond with an ad ja c en t  row of minute sp inu les .  The maxill iped (fig. 15) app ea rs  to  be
3-segmented, with d i s ta  11 y a minute spiniform p ro cess  and a hyaline sp in e  (?), in add it ion  to 
rows of minute sp inu les  as  shown in the figure.

The a rea  between the maxill ipeds and the f irs t pair of legs is not produced ven tra lly .  
A tronsverse  line ex tends  between the b a se s  of the m axill ipeds (fig. 16).

The rami of legs 1-4 (f igs. 17, 18, 20 and  21) are  3-segmented, with the sp in e  and  
se ta l  formula as  follows:

PI protopod 0:1 1:0 exp 1:0 1:1 111,1,4
end 0:1 0:1 1,5

P2 protopod 0:1 1:0 exp 1:0 1:1 111,1,5
end 0:1 0:2 111,3

P3 protopod 0:1 1:0 exp 1:0 1:1 111,1,5
end 0:1 0:2 IV,2

P4 protopod 0:1 1:0 exp 1:0 1:1 11,1,5
end 0:1 0:2 IV,1

All four coxae bear a feathered inner se ta ,  but the se ta  on the  fourth
smaller (26 p in length) than the others.  The b a s is  of each leg bears an outer se ta ,  a row of 
hairs on the rounded inner margin, and .b e tw een  the rami (except on leg 4) a row of sp in u le s .  
The b a s is  of leg 1 has an addit ional row of sp inu les  ad ja c en t  to the row of h a ir s .  T he  d e ta i led
ornamentation of the rami may be seen in the  f igures .  The d is ta l  end of the  endopod in legs
2-4 shows a bifurcated spinous p ro c es s ,  i l lu s tra ted  for leg 2 in fig. 19. The l a s t  segm en t of 
the endopod of leg 4 is 96 p in length, the inner se ta  78 p, and the four sp ines  from inner to 
Outer 95, 62, 55, and 44 p .

Leg 5 (fig. 22) has a free segment measuring 130 X  46 p in g re a te s t  d im ensions ,  being 
about 2 .8  times longer than wide. The three fringed sp ines  are of nearly equal length (57, 52, 
and 61 p from proximal to d is ta l)  and the s lender  naked se ta  is 91 p long. Rows of sp inu les  
occur ventrally  on the segment near the insertions of the sp ines .  T he  se ta  a r i s in g  from the 
body near the insertion of the free segm ent is 60 p long and naked.

Leg 6 is probably represen ted  by the two sp ines  near the a t tachm ent  of the egg s a c s
(see fig. 5).

The color in life in transmitted light is t ran s lu ce n t  to light tan, with th e  eye  red, the  
in test ine  brown, and the egg s a c s  gray.
Male. The body (fig7 23) is similar in form to tha t  of the female, but the prosome is re la tive ly  
less" broadened, the ratio  of length to width being 1.44:1. The length (not including the s e ta e  
on the caudal rami) is 1.13 mm (1 .01-1 .25mm) and the g re a te s t  width 0.51mm (0 .45 -0 .57mm), 
based on 10 spec im ens .  The segm ent of leg 5 (fig. 24) is more be ll-shaped  than in the female 
and lacks the midlateral sw ell ings .  The  genita l segm ent is su brec tangu la r  and only s l igh t ly  
swollen, measuring 122 p in length by 138 p in width. The four postanal segm ents  a re  56, 49, 
38, and 49 p  in length respec t ive ly ,  the third being the sh o r te s t .
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The caudal ramus (fig. 25) resem bles  that of the female bu t is smaller, 44 X 39 p ,  
and re la tive ly  shorter, the ratio  being 1.13:1.

The surface  ornamentation of the prosome and urosome resem bles tha t  of the  female. 
The ratio  of prosome to urosome is about 1.6:1.

The rostra l orea is like that of the  female. T he  firs t antenna  resem bles  tha t  of the 
female, but three more s e tae  are added on the second segment (fig. 26), so  tha t  the  formula 
becomes 4, 19 (9 + 10), 5, 3, 4 + 1 a e s th e te ,  2 + 1 a e s th e te ,  and 7 +  1 a e s th e te .

The second antenna resem bles tha t  of the female, but the  se ta  on the f i rs t  segm ent is 
large (88 p in length) and spiniform (fig. 27) with a row of hairs a long the inner margin.

The labrum, mandible, paragnath, and f i rs t  maxilla resemble those  in the female. The 
second maxilla (fig. 28) shows sexual dimorphism in having a d is t in c t  outer g ibbosity  on the 
f i rs t  segment. There are only four teeth  on the d is ta l  segment, the f irs t small tooth being 
ab sen t  in the specim ens d is se c te d .

The maxilliped (fig. 29) is 4-segmented, assum ing  tha t  part of the claw rep resen ts  the 
fourth segment. The f irs t  segment bears  a  d is ta l  group of long sp in u les .  The second  segm ent 
bears  on its posterior and inner surface  a longitudinal row of minute sp inu les ,  a se ta ,  and  
two dense  patches  of sp in e s ;  and on its anterior and dorsal surface a se ta  and a row of s lender  
sp inu les .  A hyaline  lamella protrudes like a c re s t  along the ventral margin of the segm ent,  
and the dorsal margin of the segment shows two p ro c es se s .  The third segment is re la t ive ly  
very short and bears a spiniform se ta  40 p long and an ad jac en t  sm aller  spiniform p ro ces s .  
The claw (fig. 30) is 216 p in length (measured a long its g rea te s t  axis  and no t a long the 
curvature), is ra ther strongly recurved, and bears a hyaline fringe a long part of its concave 
margin, d is ta l  to which there is a row of hairs.  Near the base  of the claw on the anterodorsa l 
surface there is a small se tu le .

The ventral a rea  between the m axill ipeds and the f irs t pair of legs (fig. 31) is not 
produced, and shows a sc le ro t ized  area joining the b a se s  of the maxill ipeds.

Legs 1-4 resemble those of the female, excep t for the la s t  segment of the endopod of 
leg 1 (fig. 32) where the outermost of the five s e tae  is transformed to a sp ine , the  formula for 
that segm ent being 1,1,4.

Leg 5 resem bles that of the female.
Leg 6 (fig. 33) is represen ted  by a p oste ro la te ra l  flop on the ventral surface  of the 

genital segm ent;  it bears a spiniform se ta  44 p in length and a s lender  and somewhat shorter 
se ta  27 p long.

The spermatophore (fig. 34), seen  only inside the body of the male, is e longa te  , 
159 X 57 p (not including the neck of 6 p).

The color in life is similar to tha t of the female.
(The spec if ic  name dolabellae  is derived from Dolabella,  the generic name of the host .)

REMARKS : This  spec ie s  differs from all known sp ec ie s  of A n th e s s iu s  which a l s o  have  the 
formula 11,1,5 on the third segm ent of the exopod of leg 4. In the female of A. navanacis  
(Wilson, 1935) the free segment of leg 5 is re la tive ly  shorter (1.8:1), the caudal ramus is of 
different proportions (2.5.1), and the genita l segment appears  to be re la tive ly  shorter  and 
wider. In the male the second segm ent of the maxilliped apparently  lacks the two p ro c e s se s  
and the lamella seen  in A. dolabellae. (P a r f  of the information for th is  comparison is taken 
from II Ig, 1960.)

In the female of A. varidens  Stock, Humes & Gooding., 1963, the genita l segment is of 
a different form, the egg sacs  are rela tive ly  shorter, and the two hyaline lamellae between 
the ap ica l  e lem ents of the mandible are ab se n t .  The male is somewhat larger, and the two 
sp ines on the las t segment of the endopod of leg 1 are peculiarly  modified. The male a l s o  
lacks the two p ro ces se s  and the lamella on the second segment of the maxilliped.

In the female of A. proximus Stock, Humes & Gooding, 1963, the sp inu les  ornamenting 
leg 5 a re  inconspicuous and occur only a t  the b a ses  of the sp ines .  In the male the two sp ines  
on the las t  segment of the endopod of leg 1 are modified a s  in A. varidens.
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In A. s e n s i t i v u s  Stock, Humes & Gooding, 1963, the female is sm aller (the male is
unknown), and the f i rs t  antenna  bears  numerous a e s th e te s .

In A. nortoni l l lg ,  I960, the female has a more e longate  caudal ramus (3:1), and the
a c cesso ry  ornamentation with sp inu les  on leg 5 is le s s  consp icuous .  In the male there  is
sl igh t sexual dimorphism in the proximal outer sp ine  on the third segment of the endopod of 
leg 3, and the second segment of the maxill iped lacks the two p ro c e s se s  and  the lamella.

In the male of A. inves tiga tor is  Sew ell,  1949 (the female is unknown), the free segm ent 
of leg 5 is c lava te ,  and, as  i l lu s tra ted  in S ew ell 's  fig. 18 A, is longer than the gen ita l  segm ent.  
The caudal ramus is about 1.5 times longer than wide, being somewhat longer than in A. d o la b e l la e .

In A. dila ta tus  (Sars, 1918) the female is somewhat sm aller (the male is unknown). 
The caudal rami are more e longate  (longer than the anal segment), the second an tenna appears  
to be shorter and more robust and has three terminal c law s ,  and the free segm ent of leg 5 has 
alm ost parallel s ides  rather than being as  in A. dolabellae.

In A. lep to s ty l i s  (Sars, 1916)the female is larger, and the caudal rami are  very e lo n g a te .
In A. pinnae  Humes, 1959, the female is somewhat sm aller,  the caudal rami are more 

elongate  (much longer than the ana l segment), the egg sa c s  reach only to the midpoint of the 
caudal rami, the free segm ent of leg 5 is only 1.7 times longer than wide and rather ovoid, and 
of the terminal claws on the  second  antenna two are  strong and two are  very weakly developed 
and setiform. (The d is ta l  armature of the second  an tenna of A. pinnae  has  been ver i f ied  by 
us in freshly d is s e c te d  paratypic  material. The armature is seen  to be similar to th a t  in 
other sp e c ie s ,  namely, four d e l ic a te  se ta e  on the third segment and three stronger s e ta e  and 
four more or less  claw-like e lem ents  on the fourth segm ent.)  The male is a l s o  smaller, has  
prominent a e s th e te s  on the f i rs t  an tenna , and shows a modified sp ine  on the la s t  segm ent of 
the endopod of leg 1.

In A. saecular is  Stock, 1964, the caudal ramus is more e longa te  (3.5 times longer 
than w ide ,and  1 .5 tim es longer than the anal segment), on the free segment of leg 5 in the female 
the lengths of the three sp ines and the de ta i ls  of the spinular ornamentation are somewhat d if 
ferent,  and the second segment of the maxilliped in the male lacks the two p ro cesses  and the 
lamella seen in A. dolabellae.

Other de ta i led  d ifferences may be found between th ese  10 sp ec ie s  and A. d o la b e l la e , 
but the comparisons made serve to  indicate  some of the major d is s im ila r i t ie s .  A. dolabel lae  
seems to be unigue in the form of the second segm ent of the maxilliped in the male, with its 
two p ro ce s se s  and its lamella.

ANTHESSIUS S T Y L O C H E IL I  n. sp. F igs  35-62

Type material. 24 fem ales ,  21 males, and 5 copepodids w ashed  from 58 t e c t ib r a n c h s , 
S ty locheilus  longicauda  (Quoy & Gaimard), exposed  on in tertidal sand on the eas te rn  s ide  
ofAnkify, on the mainland of M adagascar opposite  Nosy Komba. C o i lected by AGH on O c to b e r4, 
1963. Holotype female, a llo type ,  and 30 para types  (16 fem ales and 14 m ales) d epo s i ted  in 
the United S ta tes  National Museum, Washington, and the remaining para types in the co l lec t ion  
of A.G. Humes.
Other specim ens (all from S ty lo che i lu s  longicauda  in the  same locality  a s  the types).  16 
females, 4 males, and 3  copepodids from 150 h os ts ,  November 2, 1963; 11 fem ales and 9 
males from 53 ho s ts ,  A ugust 8, 1964; and 11 fem ales and 8 m ales  from 400 small h o s t s ,  
September 9, 1964.
Female. The body (fig. 35) is similar to that in the preceding species but is a little less broadened. 
The length (excluding the s e tae  on the caudal rami) is 1.82mm (1 .60-2 .04mm), an d  the 
grea te s t  width is 0.73mm (0 .61-0 .85mm), based  on .10 sp ec im en s .  The prosome is moderately 
broad, the ratio  of length to width being 1.4:1. The segm ent of leg 1 is sepa ra ted  from the 
head by a dorsal tran sve rse  furrow. The rounded epim eral a rea  of the segm ents of legs 2 
and 3 s l ightly  overlap posterior ly  the succeed ing  segm ents .  T he  tergum of the segm ent of 
leg 4 is not indented posterior ly  as  in the preceding sp e c ie s .
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The segment of leg 5 (f igs.  35 and 36) is inserted under the tergum of the l a s t  prosomal 
segm ent;  here  the segm ent has nearly para lle l s id e s .  The segment expands la terally  behind 
th is  point. Its dorsal posterior margin s l igh t ly  overlaps the genital segment. On the ventral 
surface of the segm ent there are  two c re scen t ic  l ines .  Between the segment of leg 5 and  the 
genital segm ent there is  seen  ventrally  a short intersegmental sc le r i te .  The genita l segm ent 
is wider than long, 205 X  300 //. It is w id es t  a t  its middle, where it is abruptly  ¡dented and 
constr ic ted  posterio r ly .  The  a reas  of a ttachm ent of the egg  s a c s  (fig. 37) are dorsa l  in position  
just in front of the  indentation, and have two small s e ta e  13 ß  and 9 ß in length. The three 
postgenita l segm ents  are  117, 78 and 161 ß  in length from anterior to posterior. The anal 
segment bears on each outer posterior ventral margin a short row of minute sp in u le s .

The caudal ramus (fig. 38) is e longa te ,  about equal in length to the anal segm en t;  
its g rea te s t  length is 180 ß ,  its length along the inner margin 156 ß ,  and its g re a te s t  width 
61 ß ,  the ratio  of length to width being about 2 .8 :1 . The arrangement of the s e ta e  is similar 
to that in the preceding s p e c ie s .  The  naked outer la teral seto , 55 ß in length, is inser ted  
somewhat dorsa lly  about halfway on the outer margin. The short naked p ed ice l la te  dorsa l  
se ta  is 30 ß long. The naked outer terminal se ta  is 66 ß ;  the inner terminal s e ta  is 108// 
in length and bears  la teral ha i r s .  The two long median terminal se toe ,  140 and 247  ß  in length 
respectively , a re  le s s  a t tenu a ted  than usual and naked. The ramus is inserted  dorsa lly  on 
the anal segm ent.  The terminal s e tae  are inser ted  somewhat dorsa lly  and the  d is ta l  ventral 
margin of the ramus bears  a row of minute sp in u le s .  There are  ref rac ti le  points and hairs  on 
the dorsal and ventral su r faces  of the ramus as indicated in figs. 36 and 38.

The dorsal surface of the prosome and the dorsal and ventral su r faces  of the urosome 
bear sca t te red  ref rac ti le  points and hairs .  The ratio  of the length of the  prosome to th a t  of 
the urosome is about 1.3:1.

The egg s a c s  extend to the end of the s e ta e  on the caudal rami. Each s ac  (fig. 39) is 
about 896 X  325 ß (in one female) and contains  many small eggs 57 ß in diameter.

The rostral a rea  is similar to  tha t of A. dolabellae.
The seven segm ents  of the f irs t an tenna (fig. 40) have the following lengths (measured 

along their posterior non-se tiferous margins): 24 (65 ß a long the anterior margin), 162, 31, 
81, 73, 20, and 21 ß  respec t ive ly .  The formula for the armature is the same as  in the  preceding 
s p e c ie s .  The se ta e  are re la tive ly  shorter than in A. dolabellae  and all  are naked.

The second an tenna  resem bles that of the  preceding sp e c ie s ,  excep t th a t  the second  
segment is le s s  s lender .

The labrum resem bles  tha t of A. dolabellae ,  but the fine ornamentation of the two 
lobes is rather different (fig. 41), with minute marginal sp inu les  and a submarginal row of 
larger hyaline sp inu les .

The mandible (fig. 42) resem bles that of A. d o labe l lae ,  but the hyaline lobes a t  the 
inner basal a rea  of the setiform elem ent are of a different form. The paragnaths are  probably 
represented  by two small sc le ro t ized  lobes (fig.43) between the insertions of the f i rs t  m axillae .  
The firs t maxilla is like tha t  of the preceding sp e c ie s .  The second maxilla (fig. 44) resem bles  
in general form tha t of A. dolabel lae ,  but the  d is ta l  segment usually  has s ix  tee th ,  a s  in the 
specimen il lus tra ted .  (The second maxilla on the opposite  s id e  of the same individual had 
seven teeth  a s  in fig. 45.) In other females there may be five tee th  (fig, 46). The maxill iped 
resembles tha t  of A. dolabellae.

The area between the maxill ipeds and the f irs t pair of legs (fig. 47) is produced
ventrally in a balloon-like swelling, which in la tera l view of the animal is ra ther prominent.
A transverse  line connects  the b a se s  of the maxill ipeds.

T he segm entation  of the legs and the form of the intercoxal p la te s  are  in major r e sp ec ts  
similar to the preceding sp e c ie s .  The spine and se ta l  formula is a l s o  similar ex cep t  th a t  for 
the exopod of leg 4 the arrangement is 1,0; 1,1; 111,1,5. Leg 1 (fig. 48) show s only minor
differences from that of A. dolabellae. T he  la s t  segm ent of the endopod of leg 2 (fig. 49)
shows a d is ta l  bifurcation (p resen t  a l s o  in leg 3). The exopod of leg 4 ,  with th re e o u te r  
sp in es  on the las t  segment ( ins tead  of two as  in A. do labellae) ,  is i l lus tra ted  in fig. 50.
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Leg 5 (fig. 51) has a free segment measuring  117 ¡i (the length along the inner margin) 
X  41 ¡i (the g re a te s t  width), the ratio  being about 3:1. T he  three sp in e s ,  each  with smooth 
lateral lamellae, a re  nearly equal in length (39, 36, and 42 ¡i from proximal to  d is ta l )  and the 
slender naked se ta  is 36 p  long. There  are  rows of sp inu les  ventrally  near the  inser tions of 
the sp in e s ,  but th e s e  rows tend to  be shorter than in the preceding s p e c i e s .  T h e  s e t a  a r is ing  
from the body near the insertion of the free segm ent is re la tive ly  short,  only 28 ¡i in length.

Leg 6 is probably represen ted  by the two s e ta e  near the a ttachm ent of the  egg  s a c s  
(see  fig. 37).

T he color in life in transmitted  light is pa le  amber, nearly  tran s lu cen t ,  with the eye
red, the egg s a c s  opaque gray. A few females had a  s l igh t  pink color.
Male. The body (fig. 52) has a general form s im ilar to tha t  of the  female. T h e  ratio  of the 
length of the prosome to its width is about 1.5:1. The length (without the s e ta e  on the caudal 
rami) is 1.70mm (1.57-1.83 mm) and the g r e a t e s t  width 0.63mm (0.58-0.68mm), b ased  on 10 
spec im ens .  The segment of leg 5 (figs. 52 and 53) is not inserted  under the tergum of the 
las t prosomal segm ent as  it is in the fem ale . The  genita l segm ent is about a s  long a s  wide 
(177 X  172 ¡i), with its s id es  very s l igh t ly  sw ollen . The four p os tgen ita l  segm ents  are  99, 
104, 72, and 130 p in length re sp ec t ive ly ,  the  third being the sho r te s t .

The  caudal ramus (fig. 53) resem bles  tha t  of the female, but is som ewhat longer and
narrower, being a l i t t le  longer than the  anal segment. There is some varia tion  in its leng th ; 
in one male the ramus was 156 X  44 ¡i (ratio of 3.54:1) and in ano ther 143 X  41 p (ratio  of 
3.49:1), in both c a s e s  the length being measured along the inner margin.

T he surface  ornamentation of the prosome and urosome is much like tha t  of the female. 
The  ratio  of prosome to urosome is 1.28:1.

T he rostra l a rea  resem bles  tha t of the  female.
The f i rs t  an tenna (fig. 54) resem bles  tha t  of the female e x cep t  for the addit ion  of 

four long a e s th e te s  (three on segm ent 2 and one on segment 4), so  th a t  the formula becomes 
4, 16 (7 + 2 a e s th e te s  and 9 +  1 ae s th e te ) ,  5, 3 + 1 a e s th e te ,  4 +  1 a e s th e te ,  2 + 1 a e s th e te ,  
and 7 + 1 a e s th e te .

The second antenna resem bles  th a t  of the  female, but the se ta  on the  f i r s t  segm ent 
(fig. 55) is spiniform (44 p in length) with a row of hairs  a long its inner margin.

T he labrum, mandible, and paragnath are  like tho se  in the  female. T he  f i rs t  maxilla
a lso  resem bles  tha t in the female excep t  tha t  the  s e ta  seem s to be a li t t le  shorter than the
sp ine . The second  maxilla (fig. 56) has  a  d is t in c t  outer g ibbosity  on the  firs t segm ent a s  in 
the male of A. dolabellae.  There are five teeth  (three large and two small) on the d is ta l  
segm ent;  the hyaline spine on tha t  segm ent has a finely den ta te  lamella a long  the  d is ta l  
margin (fig. 57).

The maxilliped (fig. 58) has  4 segm ents ,  a ssum ing  part of the  claw to rep resen t  the  
fourth segm ent.  There is a  pronounced, rather angular p rojection on the mid-inner margin-of 
the f irs t  segment. The second  segm ent is rather s lender  (lacking the  ventral lamella and  the 
ir regula rit ies  of the dorsal margin seen in the preceding sp ec ies ) ,  and the  row of s lender  
sp inu les  on its anter ior and dorsal su rfaces  is short.  The  se ta  on the third segm ent is rather 
long and s lender (68 ¡i in length).  The a rcua te  claw is 242 fi in length (measured a long its 
g rea te s t  ax is  and not along its curvature).  O therw ise the  armature and ornamentation is 
sim ilar  to tha t  in the preceding sp e c ie s .

The ventral area between the m axill ipeds and the f i rs t  pair of legs (fig. 59) is le s s  
produced than in the female. In p reserved specim ens the concave su r faces  of the  c law s  of 
the maxill ipeds often res t  a g a in s t  the anter ior part of the swollen area .  A s c le ro t iz e d  line 
joins the b ases  of the maxill ipeds as  in the female.

Legs 1-4 resem ble  those  of the female, ex cep t  for the  la s t  segm ent of the  endopod of
leg 1 (fig. 60), where the outermost of the  five s e ta e  is transformed to a  sp in e  a s  in the
preceding sp e c ie s .  T he  formula for tha t segm ent is 1,1,4.

Leg 5 (fig. 61) is re la tive ly  longer and more s lender  than in the  female, measuring 
130 X 31 fi in g rea te s t  d im ensions, with a ratio  of about 4.2:1.
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Leg 6 (fig. 62) c o n s i s ts  of a poste ro la te ra l  flap on the ventral surface  of the genita l 
segment. T h is  is extended po ste ro la te ra l ly  into a subconical projection bearing a d is ta l  
se ta  48 ¡X in length and a more proximal, smaller, and less  sc le ro t ized  se ta  21 ¡i long.

Spermatophores were not observed.
The color in life is similar to tha t  in the female.
(The sp ec if ic  name s ty loche i l i  is derived from S t y lo che i l u s , the generic  name of the

host .)

REMARKS  : A. s t y l oche i l i  belongs to  the group of sp ec ie s  of An th es s iu s  which have the 
formula 111,1,5 on the third segment of the exopod of leg 4. It thus should be compared with 
each of the 17 sp ec ie s  in this  group. From th ese  A. s t ylochei l i  may be d is t ing u ish ed  on the 
bas is  of a combination of three charac te rs :  the re la tive ly  short ap ica l  se ta e  on the caudal 
ramus (only about 1.4 times longer than the ramus), the abruptly indented genital segm ent 
in the female, and the angular projection on the inner margin of the f irs t segment of the 
maxilliped in the male.

In addition, A. f i tchi  111 g, 1960, has a very different body form, is much larger, the 
caudal rami in the female are  elongate  and about 2 times the length of the anal segment, and the 
free segment of leg 5 is 2 times longer than wide and of a different form.

Each of the three sp ec ie s  of A n th es s iu s  from Tridacna  a t  Nosy Bé (Humes & Stock, 
in press) have a marked latera I indentation of the cephalosome near the level of the maxi 11 ipeds.

A. lighti  111 g, 1960, and A. hawai iensi  s (Wilson, 1921) are much larger.
In A. brevi furca Sewell, 1949, the  caudal rami in the female are short, but li tt le  longer 

than wide, and less  than the length of the anal segm ent (the male is unknown).
In A. arenicola  (Brady, 1872) and A te i ss i er i  Bocquet & Stock, 1958, the f irs t an tenna 

has six segm ents ,  and the anal segm ent has two ventral rows of sp ines  (arenicola)  or sp inu les  
( te iss ieri ) .

In A. minor Stock, 1959, the female is much smaller in s ize ,  and there are two ventral 
rows of sp ines  on the anal segment.

A. solecurt i  Della V alle ,  1880 (based on Stock, -1959) is larger; the female shows 
two rows of sp inu les  on the ventral surface  of the anal segment, and the caudal rami are 
3.5-4 times longer than wide.

A. oval i pes  Stock, Humes & Gooding, 1963, is larger; the free segment of leg 5
is e ll ip t ica l  or oval in outline, le s s  than two times as  long as  wide.

A. concinnus (A.  Scott ,  1909) is larger, has  a more rounded prosome (in dorsal view), 
and leg 5 is of a somewhat different outline.

In A. pleurobrancheae  Della V a lle ,  1880. the female is much larger, and the genital 
segment is more e longate .  The d is ta l  end of the second maxilla has more than 10 tee th .

A. pec t i n is  Tanaka, 1961, is much larger;  the caudal rami are very e longate  (in the
female 12 times longer than wide).

A. groenlandicus  (Hansen, 1923) has in the female a shorter genita l segment, of quite 
different form than in A. stylochei l i .

A. brevicauda  (Leigh-Sharpe, 1934) has in the female a very short caudal ramus and 
the fifth leg is irregularly e l l ip t ica l ,  nearly 1.5 times longer than wide.

ANTHESSIUS DISTENSUS  n sp. F ig s .  63-88

Type material.  24 females , 44 males, and 11 copepodids from the mantle cavity  of 1 9 pe lecypods , 
Pteria macroptera Lamarck, a t tached  to coral in 6 m, e a s t  of P te .  Ambarionaomby, Nosy Komba, 
near Nosy Bé, Madagascar. C o llec ted  by AGH on September 21, 1964. Holotype female, 
a llotype, and 50 paratypes (15 females and 35 males) deposi ted  in the United S ta tes  National 
Museum, Washington, and the remaining para types in the collec tion  of A.G. Humes.
Other specim ens (all from Pteria macroptera).  1 male from 1 host, in 2m, w e s t  of Ambariote lo, 
between Nosy Bé and Nosy Komba, August 24, V960 ; 2 females and 3 males from 1 host , in
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20m, Tany Kely, December 20, 1963; 13 fem ales ,  3 m ales ,  and 3 çopepodids from 3 ho s ts ,  
in 4 -1 0 m, off Ampombilava, Nosy Bé, December 21, 1963; 4 fem ales ,  13 m ales ,  and 13 cope- 
podids from 1 h o s t ,  in 10m, P te .  Lokobe, Nosy Bé, December 27, 1963 ; 9 fem ales  and 3 
males from 4 h o s ts ,  in 7 m, Ambariotelo, A ugust 18, 1964 ; 3 fem ales and 1 male from 2 h os ts ,  
in 3m, e a s t  of P te .  Ambarionaomby, Nosy Komba, September 18, 1964; and 1 female and 
4 m ales  from 3 h o s ts ,  Ambariobe, between Nosy Bé and Nosy Komba, September 19, 1964. 
Female. The body (fig. 63) has a form som ewhat d ifferent from e i the r  of the two preceding 
sp ec ie s .  The length (not including the se tae  on the caudaT ram i)  is 1.52mm (1,26-1 ,77mm) 
ond the g rea te s t  width is 0 .67  mm (0.55-0.79 mm), b ased  on 10 spec im ens .  The prosome in 
dorsal view is e longa te  rather than suboval, the ratio  of length of width being 1.6:1. The 
segment bearing leg 1 is s e t  off from the head by a dorsa l  t r a n sve rse  furrow. T he  epimeral 
a reas  of the segm ents  bearing legs 2 and 3 are rather acu te  posteriorly .

The segment of leg 5 (f igs. 64 and  65) is inser ted  s l ightly  under the tergum o f  the  
las t  prosomal segment. The s ides  of the segm ent are somewhat swollen  in the an ter io r  ha lf  
(the width here being 244 jx) but nearly para l le l in the posterior half (203 ß).  The length of 
the segm ent is 155 ß .  In ventral view there is a lightly sc le ro t ized  line between the  b a se s  
of the fifth legs. Between the segment of leg 5 and the genital segm ent a narrow in tersegm enta I 
sc le r i te  may be seen on the ventral surface . The genita l segment is longer than wide, 231 X 203 ß . 
It is w id es t  in its posterior half, a t  the level of the a reas  of a ttachm en t of the egg  s a c s . 
Behind this  area the segment is indented la tera l ly  and the s ides  are  nearly para l le l  (the 
width here being 138 ß).  The egg s a c s  a re  a tta c h e d  dorsally ,  and each  area  of a ttachm ent 
(fig. 66) shows two se tae ,  one 29 ß  in length and bent, the other. 7 /x, hyaline , and  rather 
obscure. The three postgenita l segm ents are 65, 49, and 60ß  in length from anterior to  posterio r 
(the las t  segment being measured along its outer margin rather than in the midline where the  
length is 75 ß). Ventral ly the posterior margins of the genita l segm ent and  the f i r s t  two 
postgenita l segm ents bear a row of hyaline  s p in u le s ;  the anal segment bears a row of sm aller 
sp inu les  near the insertion of each caudal ramus. Dorsally  th ese  margins are unornamented.

The caudal ramus (fig. 67) is nearly  quadrate ,  about half as  long a s  the anal segment. 
Its g re a te s t  length (to the tip of the terminal flap) is 37 ß, and its width is 36  ß.  Its length 
along the outer margin is 27 p, and a long the inner margin 23 ß.  The  ratio  of the g re a te s t  
length to the width is about 1:1. The se ta e  are arranged a s  in the preceding s p e c i e s .  The 
outer la teral se ta ,  inserted somewhat dorsa lly ,  is 75 ß in length; the p ed ice l la te  do rsa l  se ta  
52 ß ; the outer terminal se ta  114 ß ;  the inner terminal se ta  146 ß ; and the two long median 
terminal se tae  336 and 550 ß  r espec t ive ly .  All the se ta e  are naked excep t  for the innermost 
terminal one which bears s lender  sp inu les  along the inner edge. The ramus is inser ted  on 
the anal segment between sl igh t dorsal and ventral f laps .  The terminal s e t a e  are  inser ted  
dorsally  above a terminal ventral tr iangular flap which bears a submarginal row of sp in u le s .  
There are  refrac ti le  points and hairs on the dorsa l  and ventral su r faces  of the ramus a s  shown 
in figs. 64 and 67.

The dorsal surface  of the prosome and the dorsal and ventral su r faces  of the urosome 
bear sc a t te red  refrac ti le  points and ha irs .  The ratio  of the length of the prosome to th a t  of 
the urosome is about 2.25:1.

The e longa te  egg s ac s  extend far beyond the end of the se ta e  on the caudal rami. 
Each sac  (fig. 63) is about 1 175 X 225 ß (in one female) and conta ins  many small eg gs  75 ß 
in diameter.

The rostral area (fig. 68) resem bles  in general a s p e c t s  tha t in A. do labe llae  and
A. s ty loche i l i .

The seven  segm ents  of the f irs t an tenna  (fig. 69) have the following lengths (m easured 
along their posterior non-setiferous margins): 18 (55 ß a long the anter ior margin), 146, 35, 
61, 47, 22, and 21 ß  respec tive ly .  The formula for the armature is the sam e a s  in the two 
preceding sp e c ie s .  All the se ta e  a re  naked. The pattern of sc le ro t iza t io n  between the  se con d  
and third segm ents (fig. 70) sug g es ts  ano ther incomplete segment.

The second antenna (f igs. 71 and 72) has the same armature a s  in the two preced ing
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sp e c ie s .  The second segm ent sh o w s o fe w  rugos i t ies  on i tspos te ro -inner  surface  and term inates  
d i s ta  I ly on its antero-inner surface  in a small sc le ro t ized  p ro ces s .  On the  third segment, 
in addition  to the four hyaline  se ta e  (the outermost more blunt than the others) ,  there a re  
two rows of sp inu les  a s  shown in fig. 71. Of the four terminal c law s ,  two are  strongly  formed., 
one is short and  weak, and the other is long and rather slender.

T he two lobes of the labrum (fig. 73) a re  different from th ose  in e i th e r  of the  two 
preceding sp e c i e s .  Each lobe is rather a cu te  ins tead of being rounded and bears  two sm aller  
h ya l in e  lobes on the median margin.

T he  mandible (fig. 74) is in general similar to tha t  of A. dolabellae  and A. s t y lo c h e i l i , 
but the two tooth-l ike inner sp in e s  a t  the base  of the ap ica l  lash are  more s len d e r  and have  
long sp inu les  rather than d e n t i c le s ,  and  the hyaline  lobes ad ja c en t  to the b a se  of the  lash  
resem ble  those  of A. s ty lo ch e i l i  more c lo se ly  than those  of A. dolabellae.  T h e  p a ragna ths  
are  probably represen ted  by two small lobes seen  in ventral view under the tips  of the  lobes 
of the labrum (see  fig. 73, ind icated  in dashed  lines). T he  f i rs t  maxilla (fig. 75) has  the  
same general armature and ornamentation a s  in the two preceding s p e c ie s ,  but the small inner 
lobe has no notch and its two hyaline p ro ces se s  are  unequal in s iz e .  The  seco nd  maxilla  
(fig. 76) differs considerab ly  from that in A. dolabellae  and A. s ty lo c h e i l i . T he  second  
segment bears on its proximal outer margin a  small hyaline p rocess  (se ta  ?) p receded  by a 
minute prominence, and has on its posterior surface two very unequal se tae ,  one long, sp i r 'fo rm , 
and armed with sp inu les  along one s ide , the other short (only about 1 / 4  the length of the  
first),  s lender,  and naked. The segment is ex tended d i s ta I ly to form a long b lade w ith  a row 
of 13-14 sp in es  along the outer edge . The maxill iped (fig. 77) is highly modified. Its 
segm entation is obscure, though there  is a sugges tion  of d iv is ion  into four segm ents .  The  
area of the second segment is outwardly sw ollen , so  that the appendage in posteroventral 
view appears  to be greatly  inflated. The only ornamentation, a s id e  from a few refrac ti le  
points,  c o n s i s ts  of a terminal hyaline p rocess  (s e ta  ?) 6 y  long and an a d ja c e n t  small spiniform 
projection .

The a rea  between the m axill ipeds and the f i rs t  pair of legs (fig. 78) is s l igh t ly  swollen 
ventrally , but less  so  than in A. s ty loch e i l i .  A transve rse  line connec ts  the b a se s  of th e  
m axill ipeds .

T he segmentation of legs 1-4 (figs. 79, 80, 81, and 82) is like tha t in the  two preceding 
sp e c ie s ,  but the las t  two segm ents  of the endopods are no ticeably  longer and  s lenderer .  The 
spine and se ta l  formula is like tha t of A. s ty loch e i l i .  On the b a s i s  of a l l  four legs the  sp inu les  
near the insertion of the endopod a re  unusually  prominent, and there is a minute hyaline  
se tu le  (?) near the outer end of the row of ha irs  on the rounded inner margin. T he  la s t  segm ent 
of the endopod of leg 4 is 70 y  in length, the outer se ta  100 y ,  and the four sp in e s  from inner 
to outer 76, 26, 27, and 24 y .

Leg 5 (fig. 83) has a short free segment measuring 64 X 48 y  in g re a te s t  d im ensions ,  
the ratio  being about 1.33:1. This  segm ent is a t tached  ventrally  on the  body. T he  three 
prominent fringed sp in es  a re  of about equal length (33 y)  ; their narrow hyaline  fr inges are 
den ta te  along the edge, with' the t ip s  of the fr inges projecting near the ex trem ities  of the  
sp ines  so  a s  to produce a tr ifid appearance .  The naked seta  is 56 y  in length. The segm ent 
is ornamented  with a row of strong sp inu les  a long the inner margin and o th e r  s im ilar  sp in u les  
submarginal ly on the dorsal outer a rea .  T h e ' s e t a  a r is ing  from the body near the insertion of 
the free segment is about 80 y  long and naked.

Leg 6 is probably rep resen ted  by the  two s e t a e  near the a t tachm ent  of the egg  s a c s  
(see  fig. 66).

The color in life in transmitted  light is t ran s lu ce n t  to  light tan, with the eye  red, 
the ovary dark gray, and the egg s a c s  gray.
Male. The body (fig. 84) resem bles  tha t of the female, though the cephalosome is somewhat 
more rounded. The length (not counting the s e ta e  on the caudal rami) is 0.91 mm (0.84-0.98mm) 
and the  g rea te s t  width is 0.42 ntm (0.37-0.47 mm ),-based on 10 spec im ens .  T he  ratio  of the  
length of the prosome to its width is abou t  1.5:1. The segment bearing  leg 5 (fig. 85) is
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shaped differently  from that in the  fem ale ,  being narrowed an ter ior ly  (109 p. w i d e )  and  
expanded posteriorly  (164 p  w id e ) ;  its length is 78 p .  T he  genita l segm ent is  w ider than 
long (86 X  143 p ) , being sl ightly  swollen in front of the  six th  legs .  T he  four postgen ita l  
segm ents are 47, 40, 30 , and 39 p  in length from an ter io r  to  posterior (the la s t  segm ent being 
measured along its outer margin rather than in the midline where its length is 43 p ) . T he  
posterior ventral margin of the genita l segm ent is unornamented, but th ose  margins of th e  
postgen ita l  segm ents  have rows of h ya line  sp inu les  a s  in the female. D orsally  such sp in u le s  
are ab sen t .

The caudal ramus, its g re a te s t  d im ensions being 30 X  29 p ,  is much like th a t  of th e
female.

The surface  ornamentation of the  prosome and urosome is sim ilar  to tha t  in the female. 
The ratio  of the  length of the prosome to  tha t  of the urosome is about 2 .4 :1 .

The rostral a rea, f i rs t  an tenna , second  an tenna ,  labrum, mandible, paragnath, f i r s t  
maxilla, and second  maxilla resem ble  those  of th e  female.

The maxill iped (fig. 86) h as  4 segm ents ,  assum ing  part of the claw to rep resen t the 
fourth segment. The firs t segm ent is rather e longa te  and bears a d is ta l  group of long sp in u le s .  
The s lender second  segment shows rugos it ies  or folds in the sc le ro t iza t io n  of its outer margin 
and the  row of minute sp inu les  seen  in the two preceding sp e c ie s  is here apparently  absen t .  
The se ta  on the third segm ent is 47 p in length. The gently  a rcua te  claw is 200 ¿i long 
(measured along its g re a te s t  a x is  and not a long its curvature). O therw ise  the armature and 
ornamentation is similar to  tha t  in A. dolabellae  and A. s ty loch e i l i .

The ventral area  between the m axill ipeds and the f i rs t  pair of legs (fig. 87) is not
much produced. The line between the b a se s  of the m axill ipeds i s  somewhat be tter  s c le ro t iz ed
than in the female.

Legs 1-4 resemble those  of the female, excep t tha t ,  a s  in A. do label lae  and A. s ty lo che i l i ,
the outermost of the five s e ta e  on the la s t  segm ent of the endopod of leg 1 is transformed to
a sp ine , thus creating the  formula of 1,1,4 for tha t  segment.

Leg 5 resem bles  tha t  of the female.
Leg 6 (fig. 88) c o n s i s t s  of a p oste ro la te ra l  flap on the ventral surface  of the gen ita l  

segment. T h is  flap is s l igh t ly  produced poste ro la te ra l ly  where it bears a spin ¡form p ro cess  
and a d is ta l  s e ta  33 p  in length, with nearby another se ta  43 p  long.

Spermatophores were not observed.
Several pairs  of males and females in .am plexus  were seen .  In th e se  the c law s of 

the maxill ipeds were p laced around the  la teroventral a reas  of the  segm ent of leg 5, and  the 
surfaces of the second segm ents  of the  m axill ipeds (those bearing the  pa tch es  of sp in u les )  
were p ressed  a g a in s t  the dorso la tera l  a re a s  of th is  segment.

The color in life resem bles  tha t  of the female.
(The sp ec if ic  name d is te n su s ,  from Latin ,  d is tenderé ,  to s t re tch  out, to become swoilén, 

a l lu des  to the tumid form of the  maxill iped in the female.)

REMARKS : A. d is te n su s  belongs to the group of sp e c ie s  of A n th e s s iu s  having the formula
111,1,5 on the  third segm ent of the exopod of leg 4. It may be d is t ing u ish ed  from most of the  
sp e c ie s  of th is  group by the swollen nature of the maxill iped in the female. In the following 
spec ie s  the  maxill iped is of the  usual e longa te  and ra ther s lender  type: A. pleurobrancheae  
Della Valle, 1880, A. concinnus ( A. Scott,  1909), A. so lecurti  D ella  V alle ,  1880, A .a ren ico la  
(Brady, 1872), A. ha w a iiens is  (Wilson, 1921), A. brevifurca  Sewell, 1949, A. te i s s ie r i  B ocquet 
& Stock, 1958, A. minor  Stock, 1959, A. f i tch i  l l lg , 1960, A. lighti  l l lg ,  1960, A. o v a l ip e s  
Stock, Humes & Gooding, 1963, and  the three  s p e c ie s  of A n th e s s iu s  from Tridacna a t  N osy Bé 
(Humes & Stock, in press) .  In A. brevicauda  (Leigh-Sharpe, 1934) the  m axill ipeds in the 
female were desc r ibed  by Leigh-Sharpe a s  having enormous b a se s ,  but S to ck 's  (1964 )redesc r ip -  
tion based  on púratypic material shows the maxill iped to be of the  usual more or le s s  s len d e r  
form. In A. groenlandicus  (Hansen, 1923) the  form of the maxill iped in the female is  not
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descr ibed  of figured, but th is  sp ec ie s  has a much more e longate  caudal ramus and fewer 
teeth on the end of the second  maxilla than in A. d i s t e n s u s .

In only one sp e c ie s  of th is  group does the maxilliped of the female approach th e  
swollen condition seen  in A. d is ten su s .  In the large A. p ec t in is  T anaka,  1961, the second  
segment a r t icu la te s  with the following segment a lm ost a t  a right ang le ,  and the  whole appendage 
is less  tumid than in the sp e c ie s  from M adagascar.  The caudal rami of th is  J a p a n e s e  sp e c ie s  
aré very long (12 times longer than wide).

REMARKS ON THE GENUS ANTHESSIUS

The genus A n th e s s iu s  is a rather large, fairly homogeneous group. Its sp e c ie s  are 
often recognized on the b a s is  of rather sub t le  d if fe rences .  During the las t  five years  (s tart ing  
with 1960) the fairly complete descr ip tions  of fifteen new spec ies  have been published . This 
equals  the number of all prev iously  descr ibed  sp ec ie s  s ince  1880 when Della Valle  e rec ted  
the genus.

Twenty-four sp ec ie s  of A n th e s s iu s  a re  known to  be a s s o c ia te d  with m ollusks, e i the r  
with gastropods (12 spec ie s )  or with pelecypods (12 sp e c ie s ) .  The remaining s ix  sp e c ie s  
have been recovered from weed-v*ashings, plankton, or dredged materia l,  but is seem s likely 
that they too may ac tua lly  be a s s o c ia te d  with mollusks.

Among the spec ie s  known from mollusks there seem to be no obvious morphological 
cha rac te rs  which might se rve  to  d is t ingu ish  those  from gastropods from tho se  from pelecypods .  
Although the genus may readily  be divided into two groups on the  b a s is  of the formula of the 
las t segment of the exopod of leg 4 (for example, in the key provided by Stock, Humes 8> 
Gooding, 1963), th is  d iv is ion  does not re f lec t  h os t  preferences. T hus ,  of those  with the 
formula 11,1,5, two are known from pelecypods, four from tec t ib ranchs ,  and two from other 
gastropods, and of those  with 111,1,5 ten are known from pelecypods, three from nudibranchs, 
two from tec t ib ranchs ,  and one from another gastropod. Other charac te rs ,  such a s  the denti tion 
of the second  maxilla and  the  form of the  caudal ramus, do not appear to be  corre la ted  with 
host  p references .  The three sp e c ie s  from Tridacna  soon to be descr ibed  by Humes and Stock 
(in p ress)  show, however, a surpris ingly  sim ilar  fa c ie s ,  e sp e c ia l ly  in the form of the  lateral 
a reas  of the cephalosome.
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EXPLANATION OF THE FIGURES

All the figures have been drawn with the a id  of a camera lucida. T he  le t te r  af te r  
the explana tion  of each  figure refers to the s c a le  a t  which the figure was drawn.
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Fig . 1-7 A n th ess iu s  dolabellae  n. sp .,  female

1 - Body, dorsal (A)

2 - Segment of leg 5, dorsa l  (B)

3 - Segment of leg 5, ventral (B)

4 - Genital and postgenita l segments, ventral (C)

5 - Area of a ttachm ent of egg sac ,  dorsal (D)

6 - Caudal ramus, dorsal (D)

/  - Rostral a rea  and labrum, ventral (B)
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Fig. 8-17 - A n th e s s iu s  dolabellae  n. sp .,  female (continued)

8 - F i r s t  antenna , dorsal (B)

9 - Second an tenna , anter ior (B)

10 - Mandible (D)

11 - Paragnath  below edge of labrum, ventral (E)

12 - F ir s t  maxilla, anter ior (D)

13 - Second maxilla, posterior (F)

14 - P ro c e s s  on second segment of second maxilla, posterior (E)

15 - Maxilliped, anterior (F)

16 - Area between maxill ipeds and leg 1, ventral (C)

17 - Leg 1, anterior (B)
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Fig. 18-22 - A n th ess iu s  dolabellae  n. sp.,  female (continued)

18 - Leg 2, anterior (B)

19 - Tip of endopod of leg 2, anterior (G)

20 - Leg 3, anter ior (B)

21 - Leg 4, anterior (B)

22 - Leg 5, ventral (F)

Fig. 23-24 - A n th e ss iu s  dolabellae  n. sp .,  male

23 - Body, dorsa l  (A)

24 - Urosome, ventral (C)
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Fig. 25-34 - A n th ess iu s  dolabellae  n. sp ., male (continued)

25 - Caudal ramus, ventral (D)

26 - Second segment of f irst antenna, ventral (H)

27 - Second segment of second antenna, anterior (F)

28 - Second maxilla, posterior (F)

29 - Maxilliped, posterior and inner (F)

30 - Claw of maxilliped, posterior (F)

31 - Area between maxillipeds and leg 1, ventral (C)

32 - Third segment of endopod of leg 1, anterior (F)

33 - Leg 6, ventral (D)

34 - Spermatophore inside body of male (H)
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Fig. 35-46 - A n th e s s iu s  s ty loche i l i  n. sp., female

35 - Body, dorsal (A)

36 - Urosome, ventral (I)

37 - Area of ä t tachm ent of egg s ae ,  dorsal (D)

38 - Caudal ramus, dorsal (B)

39 - Egg sac  (A)

40 - F ir s t  an tenna , ventral (B)

41 - Tip of labrum, ventral (F)

42 - Detail of mandible (G)

43 - P aragna ths ,  ventral (H)

44 - Second maxilla, anterior (F)

45 - Tip of second maxilla, same individual a s  in fig. 44 but opposite  s ide, anterior (D)

46 - Tip of second maxilla, anterior (D).
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Fig. 47-51 - A n th e s s iu s  s ty loch e i l i  n. sp .,  female (continued)

47 - Area between maxill ipeds and leg 1, ventral (C)

48 - Leg 1, anter ior (B)

49 - Tip of endopod of leg 2, anter ior (G)

50 - Exopod of leg 4, posterior (B)

51 - Leg 5, ventral (F)

Fig. 52-57 - A n th e s s iu s  s ty lo che i l i  n. sp . ,  male

52 - Body, dorsal (A)

53 - Urosome, dorsal (I)

54 - F ir s t  an tenna , ventral (B)

55 - Second segment of second antenna , anterior (F)

56 - Second p a x i l la ,  posterior (H)

57 - Hyaline spine on second segment of second maxilla, anterior (E)
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Fig. 58-62 - A n th ess iu s  s ty lo ch e i l i n. sp .,  male (continued)

58 - Maxill iped, posterior and inner (H)

59 - Area between maxill ipeds and leg 1, ventral (C)

60 - Tip of la s t  segment of endopod of leg 1, anterior (F)

61 - Leg 5, ventral (F)

62 - Leg 6, ventral (D)

Fig. 63-64 - A n th e s s iu s  d is te n su s  n. sp .,  female

63 - Body, dorsal (A)

64 - Urosome, dorsal (C)
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Fig. 65-73 - A n th e s s iu s  d is ten su s  n. sp .,  female (continued)

65 - Urosome, ventral (C)

66 - Area of a ttachm ent óf egg sac ,  dorsal (D)

67 - Caudal ramus, ventral (G)

68 - Rostral area, ventral (B)

69 - F irs t  antenna , ventral (B)

70 - Third segment of f irs t an tenna , ventral (G)

71 - Second antenna, posterior (H)

72 - Second antenna , anterior -(H)

73 - Labrum, with paragnaths indicated by dashed lines,  ventral (H)
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Fig. 74-81 - A n th e s s iu s  d is te n su s  n. sp., fema le (continued)

74 - Mandible (D)

75 - F irs t maxi 1 la tD)

76 - Second maxilla, anter ior (D)

77 - Maxill iped, posteroventral (D)

78 - Area between maxillipeds and leg 1, ventral (C)

79 - Leg 1, anterior (B)

80 - Leg 2, anter ior (B)

81 - Leg 3, anterior (B)-
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Fig. 82-83 - A n th e s s iu s  d is ten su s  n. sp .,  female (continued)

82 - Leg 4, anterior (B)

83 - Leg 5, dorsal (D)

Fig. 84-88 - A n th ess iu s  d is te n su s  n. sp .,  male

84 - Body, dorsaI (I)

85 - Urosome, ventral (B)

86 - Maxilliped, posterior and inner (F)

87 - Area between maxill ipeds and leg 1, ventral (B)

88 - Leg 6, ventral (D)

- 112 -
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NEW SPECIES OF HEMICYCLOPS (COPEPODA, CYCLOPOIDA) 
FROM MADAGASCAR

ARTHUR G. HUMES1

INTRODUCTION

One species of the genus Hemicyclops,
H. visendus Humes, Cressey, and Gooding, 
1958, is already known from Madagascar. 
This copepod lives at Nosy Bé in association 
with the thalassinidean shrimp Upogebia 
( Upogebia) sp., having been recovered by 
washing the bodies of the crustaceans in sea 
water with a small amount of ethyl alcohol.

As a result of extensive collecting in the 
region of Nosy Bé during 1960 and 1963-64, 
seven more species of Hemicyclops have 
been found, all of them new. Two of the 
species came from burrows known to be 
inhabited by a shrimp, one was washed 
from the body of a stomatopod, and the 
remaining four were recovered from water 
drawn from intertidal burrows of unknown 
origin by means of a small hand-operated 
bilge pump.

The island of Nosy Bé lies a few miles off 
the northwestern coast of Madagascar and 
is intersected by Lat. 13°20'S and Long. 
48°15'E. (The map presented by Humes, 
1962, p. 39, shows a French geographic grid 
based on a circle of 400°, with the longitude 
relative to the Paris meridian, instead of 
the more conventional degrees of latitude 
and longitude.) The spelling “Nosy Bé” 
( nosy =  island, and bé =  large, in Mal
gache) is the preferred form, although 
“Nossi Bé” is sometimes used.

The collecting in 1960 was supported by 
the Academy of Natural Sciences of Phila

1 Boston University, Boston, Mass., and Associate 
in Marine Invertebrates, Museum of Comparative 
Zoology.

delphia, and that of 1963-64 by the U.S. 
Program in Biology of the International 
Indian Ocean Expedition. I wish to thank 
the directors of both the Institut de Recher
che Scientifique de Madagascar and the Of
fice de la Recherche Scientifique et Tech
nique Outre-Mer (ORSTOM) for making 
certain facilities available to me at the 
Centre d’Océanographie et des Pèches at 
Nosy Bé. I am indebted to Dr. Richard U. 
Gooding for certain helpful suggestions in 
connection with the first four species de
scribed.

I wish also to thank Dr. Fenner A. Chace, 
Jr., for the identification of the thalassinid
ean and Dr. Raymond B. Manning for the 
generic name of the stomatopod.

The study of the material and the prep
aration of this paper have been aided by 
grants G 15911 and GB 1809 from the Na
tional Science Foundation of the United 
States.

The material covered in this work com
prises copepods from (1) burrows of the 
thalassinidean shrimp Axius (Neaxius) acan
thus A. Milne Edwards:

Hemicyclops axiophilus n. sp.
Hemicyclops amplicaudatus n. sp.

(2) burrows of unknown origin:
Hemicyclops carinifer n. sp.
Hemicyclops diremptus n. sp.
Hemicyclops kombensis n. sp.
Hemicyclops biflagellatus n. sp.

(3) the body of the stomatopod crusta
cean Acanthosquilla sp.:

Hemicyclops acanthosquillae n. sp.
159
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SYSTEMATIC DESCRIPTION 

Hemicyclops axiophilus1 n. sp.
Pis. I—VI; VII, figs. 39-40

Type material.—276 females, 282 males, 
and about 100 copepodids from water in 
the burrows of the thalassinidean crusta
cean Axius (Neaxius) acanthus A. Milne Ed
wards (determined by Dr. Fenner A. Chace, 
Jr.) in sand exposed at low tide at the north
eastern end of the beach at Andilana ( some
times spelled Andilah), on the northern side 
of Nosy Bé, Madagascar. Collected by A.
G. Humes September 4, 1960. Holotype 
female, allotype, and 110 paratypes (55 of 
each sex) deposited in the United States 
National Museum, Washington; the same 
number of paratypes in the Muséum Na
tional d’Histoire Naturelle, Paris, the British 
Museum (Natural History), London, and 
the Museum of Comparative Zoology, Cam
bridge, Mass. The remaining paratypes are 
in the collection of the author.

Other specimens (from burrows presumed 
to be of the same host).—68 females, 64 
males, and 30 copepodids along the south
western shore of Nosy Iranjà, about 55 
kilometers southwest of Nosy Bé, Septem
ber 7,1960; 26 females, 6 males, and 3 copep
odids in the same locality, October 7, 1960; 
12 females, 9 males, and 3 copepodids at 
Andilana, October 8, 1960; 93 females, 96 
males, and 3 copepodids at Andilana, Au
gust 8, I960; 98 females, 47 males, and 3 
copepodids at Nosy Iranja, November 4, 
1963; 38 females, 60 males, and 40 copep
odids at Antsakoabe, east of Andilana, 
November 1, 1963; 50 females, 41 males, 
and 22 copepodids at Navetsy, on the north
ernmost end of Nosy Bé, November 3,1963; 
19 females, 26 males, and 19 copepodids 
from Nosy NTangam, near Dzamandzar, 
Nosy Bé, December 2,1963; and 97 females, 
37 males, and 11 copepodids from the same 
locality, January 1, 1964.

Female.—The body length (not including 
the setae on the caudal rami) is 1.80 mm

1 The specific name axiophilus is derived from 
Axius, the generic name of the crustacean with 
which the copepod is associated, and <t>t\os, loving.

(1.66-1.89 mm) and the greatest width 
(near the posterior edge of the cephalo- 
some ) is 0.79 mm ( 0.70-0.86 mm ), based on 
10 individuals. The prosome is a little 
longer than the urosome, the ratio being 
about 1.4 : 1 (Fig. 1). The tergal plates of 
pedigerous segments 1-4 (Fig. 2) are well 
separated laterally (with acute posterolat
eral angles) and are ornamented, like the 
rest of the dorsal surface of the prosome, 
with small knobs and hairs. The segment of 
leg 5 is smaller, without produced epimera 
and with two groups of rather long hairs on 
the dorsolateral areas. An almost complete 
intersegmental sclerite occurs between this 
segment, and the next. The genital segment 
(Fig. 3) is about 310 ¡j. in length, without a 
trace of division into its two constituent 
somites. It is broadest in its anterior third 
(268 p.), has a moderate ventrolateral ex
pansion in its middle third (211 p.), and is 
narrowest in its posterior third (169/a), 
where the sides are nearly parallel. There 
is an extensive lateral invagination between 
the anterior and middle thirds. Details of 
the border of the anterior two-thirds of the 
genital segment are shown in Figures 4 and 
5. The egg sacs are attached dorsolaterally 
on the anterior part of the broadened ante
rior third. Near the attachment of each sac 
there are two minute blunt spines, each 
about 9 p in length ( Fig. 6) ; posterior to the 
attachment area there is a single isolated 
small seta. Each egg sac is oval, about 
507 X 253p. (based on 3 individuals), and 
contains many small eggs ( Fig. 1 ).

The spermatophores when attached to the 
female are carried along the posterior third 
of the genital segment (Fig. 1), behind the 
middle expansion. The three postgenital 
segments (Fig. 3) measure in length, re
spectively, 122, 96, and 72 p, the last of these 
segments with a row of minute spinules on 
the ventral posterior margin near the inser
tion of the ramus. A row of smaller spinules 
continues laterally on the ventral posterior 
margin (see Fig. 7). Two diagonal rows 
of very fine spinules form a V on the dorsal 
anal area. A few minute refractile points
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occur on the ventral surface of the first post
genital somite.

The caudal ramus (Fig. 7) measures 
102 x  53/* (2.0 times longer than wide), 
based on 5 individuals, the length‘measured 
ventrally along the inner edge. The lateral 
seta is 88 ¡x in length, without hairs or spi
nules, but with a narrow flange along the 
posterior edge. The dorsal seta is 100 ¡x long 
and haired. The innermost terminal seta is 
226 /* long, with erect lateral hairs; the out
ermost terminal seta is 83 /* long, naked, with 
the proximal two-thirds having an inner 
flange and terminating in two pointed proc
esses, the distal third forming a hyaline 
flagellum (Fig. 8). Of the two long terminal 
setae, the outer one is 437 ¡x in length, the 
inner one 728 /*, both with a basal peg and 
with lateral hairs. A minute hyaline setule 
(hair ?) occurs on the outer edge near the 
base of the ramus. There is a row of long 
setules along the distal half of the inner 
edge, and a small group of spinules at the 
inner distal corner of the ramus. The distal 
end of the ramus overlaps ventrally the in
sertions of the four terminal setae.

The rostral area (Fig. 9) bears two small 
hairs and a few refractile points.

The first antenna (Fig. 10) has 7 seg
ments, their lengths (measured along their 
forward setiferous margins) beginning at 
the base: 56, 94, 55, 117, 62, 53, and 52 /*, 
respectively. The first segment bears 4 
setae, the second 15 (some of them appar
ently with extremely short lateral hairs in 
their proximal halves), the third 6, the 
fourth 3, the fifth 4 and 1 aesthete, the sixth 
2 and 1 aesthete, and the seventh 7 and 1 
aesthete. All but 6 setae are annulate, these 
six being disposed as follows: 1 each on 
segments 5 and 6, 4 on the terminal seg
ment. On the distal anterodorsal surface of 
the second segment there are a few trans
verse refractile lines as shown in the figure.

The second antenna (Fig. 11) is 4-seg- 
mented, with the third segment produced 
on the inner distal comer and bearing there 
2 spines, the proximal one blunt and having 
a spinulose flange, the distal one attenuated

and bearing a row of spinules, both spines 
with a subterminal setule. The fourth seg
ment measures about 36 X 29 ¡i and has 3 
hyaline, pectinate flanges, two on the outer 
side and one on its posterior surface. The 
remaining armature and ornamentation is 
shown in the figure.

The labrum in anterior (dorsal) view 
(Fig. 12) is slightly trilobed with a row 
of 5-10 setules along its free edge. In 
posterior (ventral) view (Fig. 13) the la
brum has a complex ornamentation, as 
shown in the figure.

The metastomal areas have the ornamen
tation indicated in Figure 14, with the ante
rior area showing mostly hairs, the posterior 
one bearing spinules.

The mandible (Fig. 15) has the usual two 
stout elements and two spinulose setae. The 
paragnath (Fig. 16) is a large lobe bearing 
spinules and hairs. The first maxilla (Fig. 
17), the second maxilla (Fig. 18), and the 
maxilliped (Fig. 19) present no outstand
ing differences from other species. Seen 
ventrally, the maxillipeds are connected by 
a line (Fig. 20) probably representing a 
trace of an intercoxal plate. The postoral 
protuberance is neither well defined nor 
particularly well developed.

The armature of legs 1-4 (Figs. 21, 22, 
23, and 24) is as follows (the Roman nu
merals representing the spines, the Arabic 
numerals the setae):
PI protopod 0:1 1:1 exp 1:0 1:1 1,7

end 0:1 0:1 1,5 
P2 protopod 0:1 1:0 exp 1:0 1:1 11,7

end 0:1 0:2 1,11,3 
P3 protopod 0:1 1:0 exp 1:0 1:1 11,7

end 0:1 0:2 1,11,3 
P4 protopod 0:1 1:0 exp 1:0 1:1 1,7

end 0:1 0:2 1,11,2
The formula for the terminal segments of 
the exopods and endopods depends in some 
cases upon whether an element is inter
preted as a “spine” or a “seta.” Thus, when 
comparing the armature of the legs, refer
ence ishould also be made to the figures.

Leg 1 bears on its basis an inner spine 
70 ix in length, and its exopod spines have 
subterminal setules; both of these features

2 0 7



162 B u lle tin  M u seu m  o f C om para tive  Zoo logy, V ol. 134, N o. 6

being absent on legs 2-4. On leg 3 the dis- 
talmost of the three spines on the last 
exopod segment is somewhat intermediate 
in form between a spine and a seta, and the 
distalmost of the three spines on the last 
endopod segment is nearly twice the length 
of the other two (48, 49,-and 95 ¡x, respec
tively). The spines on all four legs have 
slight spinulose flanges.

Leg 5 ( Figs. 25 and 26 ) has a rather short 
and broad free segment, measuring 134 X 
84p (based on 4 specimens), or about 1.6 
times longer than wide. There are rows of 
spinules on both outer and inner margins. 
The three terminal spines are 60, 57, and 
68 p. in length, respectively, from outer to 
inner, and the terminal seta is 104 /* long. 
(One female from Nosy Iranja showed a 
normal right leg, but the left leg 5 was ab
normal, lacking the innermost terminal 
spine and having a smooth inner margin on 
the free segment.) The seta arising from 
the body near the base of the free segment 
is about as long as the free segment. The 
area adjacent to the insertion of the free 
segment of leg 5 is ornamented with groups 
of slender setules and spines, as shown in 
the figures.

Leg 6 is apparently absent.
The color in living specimens in trans

mitted light includes red speckling along 
the sides of the prosome, a red eye, a gray 
ovary, and orange-red to gray egg sacs.

Male.—The body length (not including 
the setae on the caudal rami) is 1.57 mm 
(1.44-1.73 mm), and the greatest width is 
0.67 mm (0.61-0.77 mm), based on 10 indi
viduals. The body form (Fig. 27) in gen
eral resembles that of the female, with a 
similar ratio of prosome to urosome. The 
tergum of the fifth pedigerous segment ap
pears to be not as clearly defined as in the 
female and lacks the two groups of hairs 
near the insertion of leg 5. The genital seg
ment in dorsal or ventral outline is sub- 
circular (Fig. 28), 190¡X long and 247¡x 
wide. The four postgenital segments are 
125,104,72, and 62 /* in length, respectively. 
A few scattered refractile points and hairs 
may be seen on the dorsal surface of the

genital and postgenital segments, as shown 
in the figure.

The caudal ramus is similar to that of the 
female but a little shorter, its average size 
( based on 5 individuals ) being 88 X 51 /*, 
or about 1.7 times longer than wide.

The spermatophore attached to the body 
of the female (Fig. 29) is pyriform, 99 X 
70 p., not including the short neck; the 
spermatophore seen inside the body of the 
male (Fig. 30) appears to be a little smaller 
186 x 62/*).

The rostral area is like that of the female.
The first antenna is similar to that of the 

female, but there is an additional seta on 
the third and fourth segments (Fig. 31), so 
that the formula for the seven segments is: 
4, 15, 7, 4, 4 +  1 aesthete, 2 +  1 aesthete, 
and 7 + 1 aesthete.

The second antenna resembles that of the 
female.

The labrum (Fig. 32) lacks the line of 
long setules on its anterior surface and 
shows a more extensive area of fine, close- 
set spinules medially below the free ventral 
edge (replacing the two rows of spinules 
in the female). The second metastomal 
area has only one row of blunt triangular 
spines (instead of two as in the female).

The mandible, paragnath, and first maxilla 
are similar to those of the female. The 
second maxilla (Fig. 33) shows the stout 
inner spine on the second segment here 
replaced by a strongly sclerotized, claw-like 
element lacking an articulation with the 
segment. The details of the compound ele
ment are also slightly modified (Fig. 34).

The maxilliped (Figs. 35, 36, and 37) has 
a single seta on the first segment. The prox
imal inner angle of the second segment is 
greatly expanded, the segment being 190/* 
along its outer margin and 169 ¡x in greatest 
width. There are three rows of blunt spi
nules and two setae on the inner surface of 
this segment. It also shows three groups of 
cuticular furrows on its inner posterior sur
face, as indicated in Figure 36. The third 
segment is very short and unarmed. The 
fourth segment extends into a long claw 
260 p. in length ( measured along its axis and
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not along the curvature) bearing near its 
base a slender setiform process, a slender 
seta, and a minute setule.

Leg 1 lacks the inner spine on the basis 
(Fig. 38); otherwise legs 1-4 are similar to 
those of the female, with the same armature.

Leg 5 (Fig. 39) has a free segment more 
slender than in the female, measuring about 
138 X 68 /i, or about — times longer than 
wide, with its armature resembling that in 
the female (the three spines are 70, 68, and 
74 /j. in length from outer to inner, the seta 
83 /A. long ). The processes at the outer sides 
of the bases of the two proximal spines are 
larger than in the female. The seta arising 
from the body near the base of the free 
segment is shorter than the segment; near 
this seta there is a row of spinules, but the 
group of slender setules seen in the female 
is absent.

Leg 6 (Fig. 40) consists of a sclerotized 
flap bearing laterally a seta 64 p. in length. 
The sclerotizations on the segment, against 
which these flaps fit, are particularly 
heavy.

The color in living specimens resembles 
that of the female.

Remarks on its biology.—H. axiophilus 
was found in water in the relatively small 
burrows of Axius acanthus but never in bur
rows of larger size and presumed to be in
habited by other animals. (In  every collec
tion of H. axiophilus the copepod next de
scribed also occurred.) It seems to show a 
distinct preference for the burrows of 
Axius in the Nosy Bé region. The copepod 
apparently lives in the burrow, water and 
not on the body of Axius, since no copepods 
were found on the bodies of 16 Axius dug 
from their burrows. All specimens were 
recovered by drawing water from the bur
rows by means of a small bilge pump.

In artificial lighting under a binocular 
microscope, the copepods showed a fairly 
strong positive photokinesis, with the ma
jority of them concentrating on the side of 
the dish nearest the light source.

Two specimens (one female and one 
male) were observed whose intestines con

tained fragments- of copepods, suggesting 
that in part at least the food of H. axiophilus 
includes copepods.

Relationship to other species.—H. axio
philus belongs to the group of species in 
the genus Hemicyclops having four setae 
on the first segment of the first antenna 
and a short terminal segment on the second 
antenna. It seems to be closest to H. visen
dus Humes, Cressey, and Gooding, 1958 
(found associated with Upogebia at Nosy 
Bé). It differs from that species, however, 
in several respects. In the female of H. 
visendus the caudal ramus is about 1.7 
times longer than wide, a rather large num
ber of the setae on the first antenna have 
conspicious lateral hairs, and the genital 
segment does not show two lateral expan
sions; in the male the body length is 2.06 
mm, the genital segment is subrectangular 
in dorsal or ventral outline rather than sub- 
circular, the second segment of the maxil- 
liped is pyriform in outline rather than sub- 
triangular, and the free segment of leg 5 is 
elongate, being 2.4 times longer than wide.

H em icyclops  a m p l i c a u d a t u s 1 n. sp.

PI. VII, figs. 41-46; Pis. VIII—X; PI. XI, 
figs. 71-72

Type material.—7 females and 17 males 
from water in burrows of Axius ( Neaxius) 
acanthus A. Milne Edwards (determined 
by Dr. Fenner A. Chace, Jr.) in sand ex
posed at low tide along the southwestern 
shore of Nosy Iranja, about 55 kilometers 
southwest of Nosy Bé, Madagascar. Col
lected by A. G. Humes September 7, 1960. 
Holotype female, allotype, and 11 para
types ( 2 females and 9 males ) deposited in 
the United States National Museum, Wash
ington; 6 paratypes ( 1 female and 5 males ) 
in the Museum of Comparative Zoology, 
Cambridge, Mass.; and the remaining para
types in the collection of the author.

Other specimens ( from burrows pre-

1 The specific name amplicaudatus, from Latin 
amplus =  wide, broad, and cauda =  tail, refers 
to the unusually wide genital segment in this 
species.
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sumecl to be of the same host). — 13 fe
males and 13 males on the northeastern 
end of the beach at Andilana, on the north
ern side of Nosy Bé, September 4, 1960; 7 
females from the same locality, October 8, 
1960; 11 females, 3 males, and 1 copepodid 
again from the same locality, August 8, 
1963; 9 females and 1 male from Nosy Iran- 
ja, November 4, 1963; 9 females and 1 male 
from Antsakoabe, east of Andilana, Novem
ber 1, 1963; 6 females and 5 males from 
Navetsy, on the northernmost end of Nosy 
Bé, November 3, 1963; 30 females and 21 
males from Nosy N’Tangam, near Dzam- 
andzar, Nosy Bé, January 1, 1964; and 10 
females and 2 males from the same locality, 
December 2, 1963.

Female.—The length of the body (not 
including the setae on the caudal rami) is
1.34 mm (1.24-1.42 mm), and the greatest 
width (in the posterior third of the cepha- 
losome) is 0.57 mm (0.53-0.62 mm), based 
on 10 individuals. The prosome is distinctly 
longer than the urosome (Fig. 41), the ratio 
being about 1.5 : 1. The epimera of pediger- 
ous segments 1-4 are laterally somewhat 
rounded and closely imbricate, those of the 
segment bearing leg 4 partly covered by 
the tergal area of the preceding segment. 
The dorsal surface of the prosome bears 
scattered hairs mounted on refractile points; 
these hairs extend around onto the ven
tral edges of the cephalosome (Fig. 42). 
The segment bearing leg 5 has dorsally two 
raised lobes, each bearing a somewhat 
ragged membranous fringe along the outer 
edge and resembling reduced epimera 
(Figs. 43 and 61). The genital segment 
( Figs. 43 and 44) is greatly widened, 280 p 
in length ( including the attached spermato- 
phores) X 325 p in greatest width. An in- 
tersegmental sclerite extends ventrally and 
laterally between the segment of leg 5 and 
the genital segment. The egg sacs are at
tached far forward and laterally on the gen
ital segment, lying dorsally to the fifth legs. 
Each egg sac is moderately elongated ( Fig. 
41), about 430 X 154 p , and contains many 
small eggs.

The spermatophores are cemented firmly

to the posterolateral areas of the genital 
segment in all females observed (Figs. 43 
and 44).

The three postgenital segments measure 
75, 53, and 41 p in length, respectively. The 
surfaces of these segments ( and the genital 
segment) show a few hairs and refractile 
points, as indicated in the figures. The last 
postgenital segment has dorsally a flap-like 
operculum (Fig. 45) extending into the 
wide anal area. The sides of the aperture 
are finely rugose so as to produce the ap
pearance of striations around the oper
culum. The last segment bears a short row 
of very small spinules on its ventral pos
terior margin near the insertion of each 
ramus.

The caudal ramus (Fig. 45) is inserted 
somewhat ventrally, and measures 71 X 20 
P,  about 3.6 times longer than wide, the 
length being taken along the inner edge. A 
small hyaline hair (setule ?) is situated on 
the outer margin near the base. The dorsal 
seta has lateral hairs. The lateral seta and 
the outermost terminal seta have minute 
spiniform projections about midway along 
their lengths (two such projections on the 
former and one on the latter), beyond 
which the setae are annulated. The inner
most distal seta is 112 p in length, with con
spicuous lateral hairs along the inner edge 
and less well-developed hairs along the 
outer edge. The inner long terminal seta is 
414 p in length, the outer 240 p, both with 
short outer spinules and long inner hairs 
and both showing a basal peg. The distal 
end of the ramus overlaps ventrally the in
sertions of the four terminal setae.

The rostral area (Fig. 46) is slightly pro
tuberant anteriorly but weakly developed, 
with a few hairs as shown in the figure.

The first antenna (Fig. 47) is 7-seg- 
mented, about 350 p in length, the lengths 
of the segments from the base, respectively, 
20, 49, 49, 58, 44, 50, and 38 p ( measured 
along their non-setiferous margins). The 
first segment bears 4 setae, the second 15, 
the third 6, the fourth 3, the fifth 4 and 1 
aesthete, the sixth 2 and 1 aesthete, and the 
seventh 7 and 1 aesthete; the formula thus
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being the same as in H. axiophilus. The 
aesthetes on segments 5 and 6 have their 
basal portions (about one-fifth) sclerotized 
like á seta. All the long setae are annulated 
and naked. The longest seta on the last 
segment is unusually long, about 290 ¡x.

The second antenna (Fig. 48) is 4-seg- 
m ented,. with the third segment consider
ably produced on the inner (anterior) cor
ner and bearing four elements: two of them 
relatively short spines with a flange of 
spinules on the anterior side and a subter
minal setule, the third very long and strong
ly recurved with annulations and a spinu
lose flange (Fig. 49), and the fourth a 
naked annulated seta. The fourth segment 
is subcylindrica!, 40 X 20 /x, and bears 7 
setae, of which the outermost has distinct 
lateral hairs and is relatively short; the re
maining 6 setae are either naked or show 
very short lateral spinules as indicated in 
the figure.

The labrum (Fig. 50) is slightly trilobed, 
with teeth and setules as shown in the fig
ure. The two metastomal areas have a com
plex ornamentation, as indicated in Figure 
50.

The mandible (Figs. 51 and 52) is pro
vided terminally with two stout elements of 
unusual shape for the genus, both of them 
edged with tooth-like serrations (perhaps 
modified spines ?) and the outer one hav
ing a dorsal protuberance that fits into a 
concavity on the adjacent element, and with 
two inner spinulose spines. The paragnath 
(Figs. 50 and 53) is an elongated hairy 
lobe. The first maxilla (Fig. 54) is similar 
to that of other species. The second max
illa (Fig. 55) has the same armature as in 
that of other species, but the ornamentation 
of the spines and setae is less strongly de
veloped, and the accessory spinous processes 
of the terminal compound element are re
placed by spinulose flanges. The maxil- 
liped (Fig. 56) is small and rather slender. 
The bases of the two maxillipeds are con
nected ventrally by a weak line perhaps 
representing a trace of the intercoxal plate.

The armature of legs 1-4 (Figs. 57, 58, 
59, and 60) has the same formula as in H.

axiophilus. The element distal to the two 
outer spines on the third exopod segment of 
all four legs is here considered as a modi
fied seta, since it shows annulations. The 
outer seta on the basis of legs 2 and 3 is 
relatively short, but in legs 1 and 4 this 
seta is long, reaching 200 /i in length in leg 
4 (longer than the entire exopod which is 
about 140 fi. long).

Leg 5 (Fig. 61) has two segments, the 
distal one elongate, 110 X 34 /x, or about 3 
times longer than wide. There are rows of 
long spinules on both outer and inner mar
gins. The three spines measure 49, 35, and 
54 fji in length, respectively, from outer to 
inner. The seta is 99 ¡x long. The seta on 
the basal segment of the leg is 112 ¡x in 
length.

Leg 6 is apparently absent.
In life, in transmitted light, the body is 

nearly colorless, the eye red, and the sper- 
matophores brownish.

Male.—The body length (not including 
the setae on the caudal rami) is 1.0 mm 
(0.92-1.0 mm) and the greatest width is 
0.39 mm (0.35-0.41 mm), based on 10 in
dividuals. The form of the body (Fig. 62) 
is much like that of the female. The ratio 
of the length of the prosome to that of the 
urosome is about 1.4 : 1. The segment bear
ing leg 5 shows dorsally the two raised 
lobes only weakly developed, and lacks the 
membrane seen in the female. The genital 
segment (Fig. 63) is widened, 195 ¡x in 
length X 234 /x in greatest width, with its 
lateral margins more evenly rounded than 
in the female. The four postgenital seg
ments are 65, 55, 43, and 36 ¡x in length, 
respectively. There are scattered hairs and 
refractile points over the surface of the 
urosome as shown in the figure.

The caudal ramus resembles that of the 
female.

The spermatophore while inside the body 
of the male has the form shown in Figure 
63, with its neck arising subterminally on 
the inner anterior margin. The greatest 
length of the spermatophore is 130 ¡x, the 
width anterior to the neck 78 ¡x, and the 
width in the posterior third 49 ¡x.
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The rostral area is like that of the female.
The first antenna is similar to that of the 

female, but the third and fourth segments 
have an additional seta (7 and 4, respec
tively, as in the male of H. axiophilus), in
dicated in Figure 64.

The second antenna resembles that of 
the female.

The labrum, metastomal areas, mandible, 
paragnath, and first maxilla are essentially 
like those of the female.

The second maxilla (Figs. 65 and 66) has 
the large dorsal spine transformed into a 
very large, blunt, strongly sclerotized, claw
like process. The compound element is also 
modified.

The maxilliped (Fig. 67) has a single 
seta on the first segment. The second seg
ment has its proximal inner angle greatly 
expanded, with the inner margin of the 
segment being distinctly curved (not al
most straight as in H. axiophilus). The 
length of this segment is 150 p along the 
outer edge and its greatest width is 117 p.  
Along its inner surface there are two rows 
of stout spines and a row of slender spi
nules, plus the usual two small setae. The 
third segment is very short and unarmed. 
The fourth segment forms part of the long 
claw which is 179 p. in length (measured 
along its axis and not along the curvature). 
The claw has an interrupted membranous 
fringe along part of its concave edge, and 
near its base bears two small setae (the 
one on the anterior surface of the claw an
nulate ) and a spinous process, as shown in 
the figure. A distinct transverse line may 
be seen ventrally between the bases of the 
maxillipeds (Fig. 68), probably represent
ing the edge of the intercoxal plate.

Leg 1 lacks the inner spine on the basis 
(Fig. 69); otherwise legs 1-4 are similar 
to those of the female, with the same spine 
and setal formula but with somewhat larger 
endopod spines.

Leg 5 (Fig. 70) has a single free segment 
which is shorter than in the female, measur
ing 99 X  43 p ,  or about 2.3 times longer 
than wide. Its armature resembles that of 
the female (the three spines being 53, 47,

and 53 p in length, respectively, from outer 
to inner, and the seta 66 p ) . The seta on the 
basal area is shorter than in the female 
( about 60 p in length ).

Leg 6 (Figs. 71 and 72) consists of a ven
trolateral posterior flap bearing a spine 47 
p in length with fine lateral spinules.

The color in life resembles that of the 
female.

Remarks on its biology.—Each time that
H. amplicaudatus was collected it was 
found in company with H. axiophilus, 
though in smaller numbers. As in the case 
of H. axiophilus, this species seems to show 
a preference for Axius burrows, apparently 
living in the water rather than on the bodies 
of the crustaceans, since no copepods were 
recovered after washing the bodies of 
Axius.

Relationship to other species.—H. ampli
caudatus differs in its unusually broad 
genital segment from all known species of 
Hemicyclops that have four setae on the 
first segment of the first antenna. Only one 
species, H. aberdonensis (T. and A. Scott, 
1892), shows a genital segment approaching 
that of H. amplicaudatus in width, but here 
the shape is very different (see the Scotts’ 
pi. VI, figs. 1 and 12). Other distinctive 
features are the form of the spermatophores, 
the unusually long, recurved, fringed spine 
on the third segment of the second antenna, 
and the unusual shape of the two stout ele
ments on the end of the mandible.

H em icyclops  c a r in ife r1 n. sp .

PI. XI, figs. 73-81; Pis. XII—XV; PI. XVI, 
figs. 109-115

Type material.—16 females and 4 males 
from water in burrows 3-4 cm in diameter 
and more than 90 cm deep, of unknown 
origin, in intertidal sand at Bamoko, 3 
kilometers north of Dzamandzar, Nosy Bé, 
Madagascar. Collected by A. G. Humes 
October 22, 1960. Holotype female, allo
type, and 11 paratypes (10 females and 1

1 T h e  specific nam e carinifer, from  L atin  carina 
=  a keel, and  ferre  =  to bear, alludes to the  keel
like ridge on the  ven tra l area betw een  the  m axil
lipeds and  th e  first p a ir of legs.
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male) deposited in the United States Na
tional Museum, Washington; 6 paratypes 
(5 females and 1 male) in the Museum of 
Comparative Zoology, Cambridge, Mass.; 
and one dissected paratype male in the au
thor’s collection.

Other specimens ( from similar burrows). 
—19 females in sand near the village of 
Antafiabe, on the western shore of Nosy 
Faly, an island to the east of Nosy Bé, 
October 21, 1960; 1 female in sand on the 
southeastern shore of Nosy Sakatia, oppo
site the village of Antanambe, about 3 kilom
eters west of Nosy Bé, October 23, 1960; 
16 females, 11 males, and 1 copepodid in 
muddy sand at the Centre d’Océanographie 
et des Pêches, Pointe à la Fièvre, Nosy Bé, 
August 28, 1960; 2 females from the same 
locality, August 22,1960; 1 female in muddy 
sand near mangroves at Ambanoro, across 
the bay from the Centre d’Océanographie 
et des Pêches, Nosy Bé, August 23, 1960; 
36 females, 9 males, and 1 copepodid from 
sand west of Pte. Ambarionaomby, Nosy 
Komba, March 14, 1964; 10 females from 
the same locality, March 28, 1964; 21 
females and 5 males in sand at Bamoko, 
Nosy Bé, February 29, 1964; 2 females and 
1 male from sand at Antviabe, on the south
ern shore of Nosy Komba, March 16, 1964; 
6 females from sand at Nosy Kisimany, 25 
kilometers southwest of Nosy Bé, April 12, 
1964; 2 females from sand at Madirokely, 
Nosy Bé, April 28, 1964; 12 females and 2 
males from sand at Befotaka, Nosy Bé, 
April 29, 1964; 22 females and 12 males 
from sand at Nosy Boty, near Nosy Sakatia, 
May 12, 1964; 6 females and 2 males from 
muddy sand at Ampassipohe, Nosy Bé, 
May 11, 1964; and 1 female from sand at 
Boloboxo, Nosy Faly, May 13, 1964.

Female.—The length of the body (ex
cluding the setae on the caudal rami) is
1.42 mm (1.32-1.55 mm), and the greatest 
width ( in the posterior half of the cephalo- 
some) is 0.50 mm (0.45-0.52 mm), based 
on 10 individuals. The body (Fig. 73) has 
a rather slender form, the prosome being 
only slightly longer than the urosome, with 
the ratio 1.18 : 1. The dorsal body surface

has relatively few small hairs. The epimera 
are prominent but have subacute or round
ed posterolateral angles in dorsal or ven
tral view. The genital segment (Fig. 74) 
is wider than long, 132 X 161 ¡x, broadest 
in its anterior third, and with the median 
posterior dorsal surface raised and abrupt
ly truncated (Fig. 75)., forming a trans
verse crescentic sclerotized line in dorsal 
view. The egg sacs are attached dorsolater- 
ally near the widest part of the segment. 
Near the attachment of each egg sac there 
are three slender naked setae (Fig. 76), 
62, 57, and 23 ¡x in length, respectively, 
borne within the genital area surrounding 
the oviducal opening. Each sac is slender 
and elongated, 560 X 123 ¡i, held parallel 
to the abdomen in preserved specimens, 
and containing 4 rows of approximately 12 
eggs each (Fig. 77).

No spermatophore was found attached 
to the female.

The four postgenital segments measure 
91, 78, 55, and 117 ¡x in length, respectively. 
The anal segment (Figs. 78 and 79) has a 
posterior fringe of small spinules extend
ing from each side dorsally and ventrally 
near the insertions of the rami; this seg
ment shows dorsally a large, oval, weakly 
sclerotized anal region and ventrally a pair 
of transverse rows of slender spinules near 
the anterior edge.

The caudal ramus (Fig. 80) measures 
220 X 27 /x (the width taken at its mid
region, the len g th ‘along its inner edge), 
about 8.0 times longer than wide. A small 
hyaline hair (setule ?) is situated on the 
outer margin in the proximal third. The 
lateral seta is naked, 49 ¡j. in length. The 
dorsal seta, borne on a minute basal seg
ment, is naked, 122 fx long. The outermost 
terminal seta is naked, 59 ¡x long. Of the 2 
long terminal setae, the outer one is 426 fx 
and the inner one 280 \x in length, both 
with a basal peg and with lateral hairs. 
The innermost terminal seta is 114 ¡x in 
length and haired along its inner edge. 
The distal end of the ramus slightly over
laps ventrally the insertions of the 4 ter
minal setae.
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The rostral area (Fig. 81) is small and 
inconspicuous, set off from the anterior 
surface of the head by a furrow, and pro
truding ventrally.

The first antenna (Fig. 82) is about 582 
p. in length, with 7 segments, in length 
from the base, 55, 91, 33, 130, 83, 83, and 
106 ju. (measured along their forward setif
erous margins). The first segment bears 
5 setae, the second 15, the third 6, the 
fourth 3, the fifth 4, the sixth 2 . and 1 
aesthete, and the seventh 7 and 1 aesthete. 
Certain of the setae have lateral hairs, as 
indicated in the figure. The terminal 
aesthete seems to insert independently of 
any seta.

The second antenna (Fig. 83) is 4-seg- 
mented, with the third segment not pro
duced on the inner distal corner and bear
ing there 4 setae as indicated, the largest 
similar in structure to the 4 terminal curved 
setae; the last segment is slender and elon
gated, 105 X 22 ¡X, about 4.8 times longer 
than wide, with the usual 7 elements. The 
long spinules along the edges of the third 
and fourth segments are rather flattened 
and have brush-like tips (as in Fig. 84).

The labrum (Fig. 85) has the usual 
transversely oval shape, its free margin 
having a row of large teeth, its sublateral 
areas a few spinules, and its lateral areas 
groups of hairs.

The metastomal areas (Fig. 86) have an 
ornamentation as shown in the figure.

The mandible (Fig. 87) has a terminal 
armature consisting of a stout spine with 
teeth on each side, two more slender 
lamelliform spines bearing lateral spinules, 
and a very small spinule. The paragnath 
(Fig. 88; see also Fig. 86) is a lobe bear
ing a distal row of teeth (broad spinules ?), 
a small semicircular subapical lobe, and 
two groups of hairs on its posterior surface 
which merge into a proximal patch; the 
more ventral row of these hairs continues 
distally into a line of minute denticles. 
The first maxilla (Fig. 89) and the second 
maxilla (Fig. 90) have the number and 
arrangement of the spines and setae similar

to other species, but with minor differences 
in their lateral spinules as indicated in the 
figures. The maxilliped (Fig. 91) has a 
large inner process on the fourth segment, 
this process being distinctly bent, approach
ing an S in contour; there are 2 slender 
setae arising from the terminal segment; 
the tips of the S-shaped process and of the 
terminal element are rather blunt, while 
the proximal seta on the first segment and 
the 2 setae on the second segment have 
minutely bifid tips (see Fig. 92). The 
bases of the maxillipeds are connected ven
trally by a cuticular line (Fig. 93) prob
ably representing a trace of the intercoxal 
plate.

The area between the bases of the maxil
lipeds and the first pair of legs, forming 
the postoral protuberance, lacks ornamen
tation but shows prominent lateral sclerites 
(Fig. 93), and is produced medially to 
form a longitudinal keel (Fig. 94).

The armature of legs 1-4 (Figs. 95, 96, 
97, and 98) is as follows:
PI pro topod  0:1 1:1 exp 1:0 1:1 111,5

end  0:1 0:1 1,5
P2 pro topod  0:1 1:0 exp 1:0 1:1 111,6

end 0:1 0:2 1,11,3 
P3 pro topod  0:1 1:0 exp 1:0 1:1 1,11,5

end 0 :1  0 :2  1,111,2
P4 pro topod  0:0 1:0 exp 1:0 1:1 1,11,5

end 0:1 0:1 I ,I I I

Leg 1 bears on the basis a straight inner 
spine 50 ju. in length; the outer distal corner 
of the second endopod segment of this leg 
forms a spiniform process. Leg 4 shows 
the rami relatively more elongated than 
in the preceding legs; the last endopod 
segment has four spines, 31, 52, 87, and 26 
p. in length from outer to inner, respective
ly. The coxa of leg 4 lacks an inner seta. 
All four legs show minute flagella near the 
tips of the outer exopod spines. Legs 1-3 
show 2-3 unusually strong lateral spinules 
on the outer side of the bases of certain of 
the distal setae on the last endopod seg
ment, as shown in the figures.

Leg 5 (Fig. 99) has a ventral row of 
spinules near the seta on the basal segment. 
The distal segment is elongated, 114 ¡j.
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along its inner edge; it is wider in its basal 
half (45 p) than in its distal half (36 p), 
and deeply indented at the insertion of the 
lateral seta. There is an outer marginal 
row of spinules on the basal half, and a 
similar inner row of spinules along part of 
the margin of the distal half. The outer 
margin forms a blunt projection near the 
insertion of the marginal spine and also 
near the distal outer spine; there is a row 
of slender spinules ventrally on these pro
jections. There is also a row of minute 
spinules ventrally near the insertion of the 
inner distal spine. The 3 spines and the 
seta measure 42, 42, 77, and 49 p. in length 
from outer to inner, respectively.

Leg 6 is apparently absent, but may be 
represented by the 3 setae near the egg sac 
attachments.

The color in living specimens, in trans
mitted light, is translucid, slightly amber 
or reddish brown, with reddish orange 
globules in the prosome, the ovary dark 
gray, the eye red, and the egg sacs reddish 
gray to orange.

Male.—The body length (not including 
the setae on the caudal rami) is 1.61 mm 
(1.57-1.66 mm) and the greatest width is 
0.55 mm (0.53-0.58 mm), based on 4 in
dividuals. The ratio of the prosome to 
urosome is 1.35 : 1, with the prosome only 
slightly longer (Fig. 100) than in the fe
male. The genital segment (Fig. 101) is 
nearly quadrate in dorsal or ventral view, 
measuring 156 X 151 p.. The 4 postgenital 
segments have proportions similar to those 
of the female. The ornamentation of the 
anal segment is also like that in the female.

The caudal ramus is as in the female.
Spermatophores were seen only inside 

the genital segment of the male (Fig. 101).
The rostral area resembles that of the 

female.
The first antenna is similar to that of the 

female, but the third segment has 7 setae 
and the fourth 4 setae (see Fig. 102).

The second antenna is like that of the 
female.

The labrum (Fig. 103) has a row of slen
der spines along its free edge and a row of

additional, broad, scale-like denticles curv
ing dorsally along the posteroventral face 
on either side. The metastomal areas are 
much like those of the female, but the most 
posterior rows of spines are smaller (Fig. 
104).

The mandible, paragnath, first maxilla, 
and second maxilla are similar to those of 
the female.

The maxilliped (Figs. 105 and 106) has 
2 unequal setae on the first segment, the 
proximal seta with prominent lateral spi
nules, the distal one naked. The second 
segment is slender, 239 X 101 p., with 2 
rows of broad spinules and 2 annulated 
setae on its inner surface; one of these 
rows is interrupted by the bases of the 
setae, proximal to which the row becomes 
a series of blunt serrations and then a 
group of broad spinules. The third seg
ment is short and unarmed. The fourth 
segment forms part of the claw, which is 
260 p in length (measured along its axis 
and not along the curvature), slightly 
sinuous in outline, and with a distinct flex
ure near its tip, where there is a small outer 
lamella and 2 rows of denticle-like ridges 
which decrease in size proximally. Near 
the base of the claw there may be seen a 
setiform process and 3 slender setae (the 
one nearest to the process recurved and 
unilaterally haired) (see Fig. 107).

The postoral area between the bases of 
the maxillipeds and the first pair of legs 
(Fig. 108) is raised to form a ventral longi
tudinal keel (Fig. 109). This keel bears 
a row of serrations along its edge, a short 
transverse crescentic row of irregular ser
rations anteriorly, and laterally a few mi
nute refractile points. Between the bases of 
the second maxillae there is a minute bi
furcated sclerotization.

Legs 1-4 have the same number and ar
rangement of spines and setae as in the 
female. The inner spine on the basis of leg 
1 (Fig. 110). is larger than in the female 
and slightly recurved, about 77 p in length, 
with a transverse weakening in the sclero
tization in its basal third, a row of minute 
refractile points, and a cluster of rather
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blunt minute spinules near its tip (Fig. 
111). The second endopod segment of leg 
1 does not show a distal outer spiniform 
process as in the female. The middle 
spine on the outer side of the third exopod 
segment of leg 1 is relatively smaller than 
in the female. Leg 2 shows the 3 spines 
on the third endopod segment of different 
proportions than those of the female, their 
lengths from outer to inner being 38, 28, 
and 77 p., the middle spine being distinctly 
shorter and more slender (Fig. 112). There 
is on this endopod only a single terminal 
spiniform process. (One male showed the 
distal margin of the third endopod seg
ments of leg 3 with a single spiniform proc
ess between the 2 middle spines on one 
leg, and with a bifurcated process at this 
point on the opposite leg, as indicated in 
Fig. 113).

Leg 5 (Fig. 114) is similar to that of the 
female, but the row of spinules on the dis
tal inner margin of the distal segment is 
shorter, and the processes near tbe bases 
of the 2 outermost spines are more acute 
than rounded.

Leg 6 (Fig. 115) consists of a small 
ventrolateral flap on whose extreme lateral 
portion a slender seta 34 p. in length is 
borne on a slight prominence.

The color in living specimens resembles 
that of the female.

Remarks on its biology.—H. carinifer 
frequently occurred in the same burrows 
with the following species ( in 10 of 16 col
lections ).

Relationship to other species. — This 
copepod falls in the group of Hemicyclops 
species having five setae on the first seg
ment of the first antenna, an elongated ter
minal segment on the second antenna, and 
elongated caudal rami. Four species attrib
utable to this group ( H . elongatus Wil
son, 1937, H. adhaerens (Williams, 1907),
H. subadhaerens Gooding, 1960, and H. 
arenicolae Gooding, 1960) have in the fe
male a caudal ramus which is much shorter 
than in H. carinifer ( only a little more than 
4 times longer than wide, or less). These 
species also appear ( as nearly as can be as

certained from the published descriptions) 
to lack two features of H. carinifer, namely, 
the projections near the insertions of the 
two outer spines on the distal segment of 
leg 5, and the keel on the ventral surface 
between the maxillipeds and the first legs.
Hem icyclops  d i r e m p tu s1 n. sp.

PI. XVI, figs. 116-117; Pis. XVII—XX;
PI. XXI, figs. 147-152

Type material.—6 females and 5 males 
from burrows of unknown origin 3-4 cm 
in diameter and more than 90 cm deep in 
intertidal sand near the village of Anta- 
fiabe, on the western shore of Nosy Faly, 
an island to the east of Nosy Bé, Madagas
car. Collected by A. G. Humes October 21, 
1960. Holotype female, allotype, and 3 
paratypes (2 females and 1 male) depos
ited in the United States National Museum, 
Washington; 2 paratypes ( 1 female and 1 
male) in the Museum of Comparative Zo
ology, Cambridge, Mass.; and the remain
ing paratypes in the author’s collection.

Other specimens ( from similar burrows). 
—1 male from sandy mud in front of the 
Centre d’Océanographie et des Pèches, 
Nosy Bé, August 22, 1960; 8 females in 
sand west of Pte. Ambarionaomby, Nosy 
Komba, March 14, 1964; 2 females from 
the same locality, March 28, 1964; 1 male 
from sand north of Antafiabe, Nosy Faly, 
March 15, 1964; 5 females and 13 males 
from sand at Nosy Kisimany, April 12, 
1964; 1 female and 2 males from sand at 
Madirokely, Nosy Bé, April 28, 1964; 176 
females and 118 males from sand at Befo- 
taka, Nosy Bé, April 29, 1964; 77 females 
and 21 males from sand at Nosy Boty, near 
Nosy Sakatia, May 12, 1964; 15 females 
and 22 males from muddy sand at Ampas- 
sipohe, Nosy Bé, May 11, 1964; and 1 fe
male and 2 males from sand at Boloboxo, 
Nosy Faly, May 13, 1964.

Female.—The length of the body (not 
including the setae on the caudal rami) is

1 T he specific nam e direm ptus, from  L atin  di- 
rem pere  =  to separate, div ide, alludes to the  
d iv ided  condition  of the  gen ita l segm ent in the  
fem ale.
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1.90 mm (1.82-1.97 mm), and the greatest 
width ( in the posterior part of the cephalo- 
somej is 0.81 mm (0.76-0.87 m m), based 
on 6 individuals. The prosome is moder
ately broad and a little longer than the uro
some, the ratio being about 1.37 : 1 (Fig.
116). In dorsal or ventral view the epimera 
are conspicuous and angulate. The seg
ment bearing leg 5 is narrow in front and 
broadened posteriorly at the level of the 
legs, where it shows a dorsal transverse 
sclerotized ridge (probably a remnant of 
the epimeron of this segment). An inter- 
segmental sclerite occurs between the first 
two urosomal segments. The genital seg
ment (Figs. 117, 118, and 119) is widened 
and divided transversely into an anterior 
portion bearing the attachments of the egg 
sacs and a slightly narrower posterior por
tion. The length of the genital segment is 
195 ¡x, the anterior part being 117 X 273 ¡x 
and the posterior part 78 X 229 ¡x.

The egg sacs are attached dorsolaterally 
on the anterior half of the genital segment 
between small dorsolateral and more exten
sive ventrolateral flanges (see Fig. 119). 
Each egg sac is about 560 X 200 ¡x, and con
tains numerous small eggs (Figs. 116 and
117).

The three postgenital segments measure 
respectively 114 X 178 /x, 62 X 133 ¡x, and 
62 X 114 fx, the first segment being longer, 
wider, and more globose than the other two, 
which are somewhat more closely associ
ated. The last segment has near the in
sertion of each caudal ramus a ventral 
transverse row of about four small spinules 
followed by a row of much smaller spinules 
(see Figs. 119, 120, and 121). The thinly 
sclerotized anal area occupies virtually the 
whole dorsal side of the anal segment. 
There is no anal plate, but the posterior 
edge of the preceding postgenital segment 
is modified (see Fig. 121).

The dorsal surface of the prosome and 
the dorsal and ventral surfaces of the uro
some are covered with minute hairs, each 
arising from a refractile point.

The caudal ramus (Fig. 121) is elongated,

117 X 24 /X ( the length measured along the 
inner edge and the width at the middle of 
the ramus ), nearly 5 times longer than wide. 
A small hyaline hair occurs on the basal 
outer margin and a few minute hairs are to 
be found on the ventral surface. The lat
eral seta is 47 ¡x in length and the outermost 
terminal seta is 65 /x, including the basal 
shaft and the distal flagelliform part. The 
dorsal seta is 91 ¡x long and bears only a few 
lateral hairs. The innermost terminal seta 
is 112 ¡X in length with an inner row of hairs. 
The inner long terminal seta is 728 ¡x and 
the outer one 437 )x in length, both with 
lateral spinules, these being at first widely 
spaced and long, then in the distal two- 
thirds of the setae short and closely spaced.

The rostral area (Fig. 122) is very weakly 
developed.

The first antenna (Fig. 123) is about 
400 ¡x long, 7-segmented, the segments, be
ginning at the base, 20, 55, 52, 88, 51, 55, 
and 47 ¡x in length (measured along their 
non-setiferous margins ). The formula for 
the armature is 4, 15, 6, 3, 4 +  1 aesthete, 
2 + 1  aesthete, and 7 +  1 aesthete. Most of 
the setae are annulated with minute lateral 
hairs, but there are a few setae which are 
entire with longer lateral hairs (1 on the 
second segment, 2 on the fifth, 1 on the 
sixth, and 4 on the seventh).

The second antenna (Fig. 124) is 4-seg- 
mented, with the third segment produced 
on the inner distal corner where it bears 
four elements: proximally a small posterior 
seta, more distally a large and slightly sin
uous spine, and distally two more slender 
and somewhat recurved spines with sub
terminal setules. The fourth segment is 
quadrate in flat view, 29 X 29 ¡x, and bears 
seven setae, the four long curved setae with 
their tips not as attenuated as the others, 
and the outermost of these seven setae lying 
across the bases of the others and having 
long lateral spinules.

The labrum (Fig. 125) is tilted forward, 
so that the ventral view shown in the figure 
is equivalent to posterior in other species.
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The labrum is somewhat trilobed and has 
setules and teeth as shown in the figure; 
there is a curved row of long hyaline setules 
along the anteroventral margin. The meta- 
stomal areas have a complex ornamentation, 
as indicated in Figure 125.

The mandible (Fig. 126) has the usual 
two stout elements and two well-developed 
setae with lateral hairs. The paragnath 
(Figs. 125 and 127) is a stout hairy lobe. 
The first maxilla (Fig. 128) is similar in 
structure to that of other species; it has 
prominent lateral spinules on certain of the 
setae. The second maxilla (Fig. 129) is 
armed as in other species, the innermost 
spine on the second segment having long 
outer spinules. The maxilliped (Fig. 130) 
shows the two setae on the second segment 
with prominent lateral spinules, and the 
margin distal to these two setae bears a row 
of hairs. The last maxilliped segment (Fig. 
131 ) bears two large setae ( spines ? ) ( one 
of them with about five very long slender 
spinules on its inner margin), four more 
slender setae, and a row of 4-5 slender 
hyaline setules on the outer side near the 
bases of the spines. The bases of the maxil- 
lipeds are connected by a ventral transverse 
line as indicated in Figure 125.

The postoral protuberance is poorly dif
ferentiated.

The armature of legs 1-4 (Figs. 132, 133, 
134, and 135) is similar to that of H. axio
philus and H. amplicaudatus, although cer
tain elements are difficult to classify as a 
“spine” or a “seta.” In leg 1 the inner spine 
on the basis is 65 p in length, its inner mar
gin serrated and its outer margin with a row 
of short hairs; the margin of the basis medial 
to this spine is prominently rounded and 
smooth. In legs 2-4 this inner area of the 
basis has a broadly rounded margin and 
bears a row of short marginal setules and 
another row of hyaline spinules on its ante
rior surface. The ventral margin of the 
intercoxal plate of leg 1 bears on each side 
a row of hairs; in legs 2—4 this margin has 
on each side a patch of long spinules. The

outer margin of the coxa of leg 4 lacks the 
long hairs seen in the preceding three legs.

Leg 5 (Fig. 136) has a rather broad and 
short free segment (its greatest diagonal 
length from the outer proximal corner to 
the inner distal angle 143 p , its length along 
the inner side 125 p , its greatest width 
105 p ). There are rows of spinules on the 
distal half of both the outer and inner mar
gins. The three spines are 48, 63, and 50 p 
in length, respectively, from outer to inner; 
the seta is very short, only 34 p in length. 
A row of spinules occurs laterally on the 
basal area of the leg just anterior to the in
sertion of the free segment. The seta on the 
basal area is 68 p long. Traces of a basal 
segment may be seen in the pattern of scle- 
rotization on the segment of leg 5; the fifth 
legs are joined ventrally by a strong ridge 
near the posterior edge of this segment.

Leg 6 is apparently absent.
The color in living specimens, in trans

mitted light, is translucid, the eye red.
Male.—The length of the body (not in

cluding the setae on the caudal rami) is 1.14 
mm (1.04-1.28 mm) and the width in the 
posterior part of the cephalosome is 0.48 
mm (0.44-0.52 mm), based on 4 individuals. 
The ratio of the length of the prosome to 
that of the urosome is about 1.36 : 1 (Fig. 
137). The epimera are prominent as in the 
female. The genital segment (Fig. 138) is 
undivided and subcircular in dorsal or ven
tral view, 143 p long X 174 p wide. The 
spermatophore (seen only within the body 
of the male) is elongated (Fig. 139), 99 X 
36 p including the neck of 13 p.

The four postgenital segments are re
spectively 68, 60, 40, and 40 p in length.

There are hairs and refractile points on 
both the urosome and prosome as in the 
female, but the general sclerotization seems 
to be stronger.

The caudal ramus (Fig. 140) is shorter 
than in the female, 55 p ( the length along 
the inner edge) X  28 p  (the greatest width), 
or two times longer than wide. The setae 
are arranged as in the female.
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The rostral area (Fig. 141) is a little 
better defined than in the female.

The first antenna is similar to that of the 
femalfe, but the third segment has 7 setae 
and the fourth 4 setae (Fig. 142). The 
second antenna is like that of the female.

The labrum and the metastomal areas 
(Fig. 143) are generally like those of the 
female, but the long hyaline setules on the 
anteroventral margin of the labrum are ab
sent, and the second metastomal area shows 
only a single row of broad tooth-like spines.

The mandible, paragnath, and first max
illa are like those of the female. The second 
maxilla (Fig. 144) is similar to that of the 
female, but the spinules on the innermost 
spine of the second segment are much less 
developed.

The maxilliped (Figs. 145 and 146) has a 
single long seta on the first segment. The 
second segment has its proximal inner angle 
greatly expanded, making the segment al
most pyriform in outline. The length of this 
segment along the outer margin is 114 ¡x, 
its greatest length along the inner spinose 
margin is 143 ¡x, and the greatest width is 
112 ¡X. There are three rows of stout, rather 
blunt spines along the inner margin, in 
addition to the usual two setae. The third 
segment is very short and unarmed. The 
fourth segment forms part of a long claw 
148 /X in length ( measured along its axis 
and not along the curvature), bearing near 
its base a small seta on the posterior side, 
and a spinous process and a minute setule 
on the inner curvature. The transverse line 
on the ventral surface between the bases 
of the maxillipeds is weakly developed.

Leg 1 lacks the inner spine on the basis 
(Fig. 147). Otherwise the spine and setal 
formula of legs 1-4 is like that of the fe
male. There is a slight sexual dimorphism 
in the last endopod segment of legs 2-4 
(Figs. 148, 149, and 150), where the termi
nal spine-like processes are reduced and the 
sclerotization at the base of the two distal 
spines is stronger.

Leg 5 (Fig. 151) has a free segment

which is not as broad as in the female, mea
suring 85 fx long ( along the inner side ) X 
51 ¡X in greatest width. Its armature is like 
that of the female.

Leg 6 (Fig. 152) consists of a ventral flap 
on the posterior part of the genital segment. 
It bears .a stout spine 30 /x long with minute 
lateral spinules.

The color is like that of the female.
Remarks on its biology.—H. diremptus 

was often found in burrows along with H. 
carinifer (in 10 of 11 collections).

Relationship to other species.—H. diremp
tus belongs to the group of species with four 
setae on the basal segment of the first an
tenna, along with H. axiophilus and H. 
amplicaudatus. It differs from all other 
species in this group in having a distinctly 
divided genital segment in the female. In 
the original description of H. bacescui 
(Serban, 1956) the genital segment is de
scribed as double, and Stock (1959), who 
has restudied the species, mentions a trace 
of a suture on its dorsal surface. The di
vision is much weaker, however, than in H. 
diremptus. H. bacescui further differs from 
the new species in the form of the fifth legs 
and the caudal rami. H. indicus Sewell, 
1949, shows lateral indentations on the 
female genital segment (see Sewell’s fig. 
16A), but the segment is single. Although 
this species shows certain similarities to H. 
diremptus (for example, in the form of the 
fifth legs and in the armature of the second 
maxilla ), it differs in the form of the caudal 
ramus, in the relative length of the second 
and third segments of the first antenna, and 
in the size of the body. The female of H. 
leggii (Thompson and Scott, 1903) is un
known, but the male differs from that of 
the new species in its body length, in the 
relative lengths of the first antennal seg
ments, in the form of the innermost terminal 
spine on the second segment of the second 
maxilla, in the shape of the second segment 
of the maxilliped, and in the size of the 
caudal ramus. The fifth leg of H. leggii 
seems to resemble closely that of the new 
species.
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H em icyclops  k o m b e n s is1 n. sp.

PI. XXI, figs. 153-154; Pis. XXII-XXVI
Type material.—3 females and 2 males 

from water in burrows of unknown origin 
3-4 cm in diameter and more than 90 cm 
deep in intertidal sand west of Pte. Amba- 
rionaomby, Nosy Komba, near Nosy Bé, 
Madagascar. Collected by A. G. Humes 
March 14, 1964. Holotype female, allotype, 
and one paratype female deposited in the 
United States National Museum, Washing
ton; the remaining female and male dis
sected and in the collection of the author.

Other specimens ( from similar burrows ). 
—1 male from sand in front of the village of 
Antviabe, on the southern shore of Nosy 
Komba, March 16, 1964; 1 female and 1 
male from sand at Madirokely, Nosy Bé, 
April 28, 1964; and 1 female from sand at 
Nosy Roty, near Nosy Sakatia, May 12, 
1964.

Female.—The length of the body (not 
including the setae on the caudal rami) is 
2.27 mm (2.26-2.29 mm), and the greatest 
width is 0.83 mm (0.80-0.89 mm), based 
on 3 individuals. The prosome is moder
ately broad and only slightly longer than 
the urosome, the ratio being about 1.08 : 1 
(Fig. 153). In dorsal or ventral view the 
epimera of the segments of legs 1-4 are 
conspicuous and angulate. The segment of 
the fifth legs shows a dorsal transverse 
sclerotized band, bearing a row of long 
slender spinules on each side (Fig. 154). 
An intersegmental sclerite, best seen from 
the ventral side, occurs between the first 
two segments of the urosome. The genital 
segment (Figs. 154 and 155) is elongated, 
with the sides nearly parallel except for 
slight swellings near the attachments of the 
egg sacs, and shows dorsally in the middle 
of the segment a transverse internal scle- 
rodzation. The segment measures 475 ¡x in 
le.igth; its width in the anterior one-fourth 
is 305 ¡X and in the posterior half 27Í ¡x.

1 T h e  specific nam e kom bensis, a com bination  
m ade from  Nosy Kom ba and  L atin  -ensis =  living 
in, refers to th e  island w here  this species was first 
found.

The egg sacs are attached ventrolaterally 
far forward on the genital segment, between 
small dorsal and ventral flanges (Fig. 155). 
Near the point of attachment there are two 
minute, rather obscure spiniform processes, 
each about 10 ¡x in length. Each egg sac is 
elongated oval, 633 X 249 ¡x, and contains 
numerous rather small eggs (Fig. 156).

The three postgenital segments measure, 
respectively, 203 X 220,140 X 184, and 92 x  
158 g. The last segment is thus shorter and 
narrower than the preceding ones; there is 
no apparent anal operculum. Above and 
below fhe insertion of each caudal ramus 
there are slight flanges, the dorsal one 
smooth, the ventral one with an outer row 
of minute spinules and an inner row of 
larger spinules (Fig. 157).

The dorsal surface of the prosome and the 
dorsal and ventral surfaces of the urosome 
bear minute hairs and refractile points.

The caudal ramus (Fig. 157) is moder
ately elongated, 170 fx in length, 70 ¡x wide 
near the base, 62 (x at the middle, and 54 ¡x 
near the distal end; taking the width at the 
middle, the ramus is 2.74 times longer than 
wide. A small hyaline hair arises from the 
outer basal margin. The lateral seta is 68 ¡.i 
in length and shows only a slight differenti
ation into a basal shaft and a distal flagel
lum. The outermost terminal seta is 117 /x 
long, including the basal shaft of 68 ¡x and 
the distal flagelliform part of 49 ¡x. The 
dorsal seta is 149 ¡x long and bears a few 
lateral hairs. The innermost terminal seta 
is 260 ¡X in length and bears lateral spinules, 
those along the inner side being longer and 
better developed. The inner long terminal 
seta is 948 ¡x and the outer one 588 fx in 
length, the middle region of both bearing 
short outer spinules and longer inner hairs 
(see Fig. 153). The 'four terminal setae 
are inserted somewhat dorsally and the re
sulting ventral flange at the end of the 
ramus bears a row of minute spinules and a 
group of longer spinules on the inner angle. 
Along the distal third of the inner margin 
of the ramus there is a row of long slender 
spinules.
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The rostral area (Fig. 158) is moderately 
well defined.

The first antenna (Fig. 159) is about 510 p 
long, 7-segmented, the segments, beginning 
at the base, 15, 74, 65, 110, 65, 73, and 56 p 
in length (measured along their non-setif- 
erous margins). The formula for the arma
ture is 4, .15, 6, 3, 4 +  1 aesthete, 2 +  1 aes
thete, and 7 + 1  aesthete. Most of the setae 
are annulated and a few of those on the 
second segment show minute lateral hairs. 
There are, however, certain entire setae 
with long lateral hairs (one on the second 
segment, one on the fourth, 2 on the fifth, 
one on the sixth, and 4 on the seventh). 
The armature is thus very similar to that in 
H. diremptus. On the distal anteroventral 
surface of the second segment there are a 
few transverse narrow refractile bars.

The second antenna (Fig. 160) is 4-seg- 
mented, with the third segment produced 
on the inner distal corner where it bears 
four elements: proximally a slender poste
rior seta, more distally a larger recurved 
annulated seta, and distally two slender 
spines bearing unilateral spinules and sub
terminal setules. The fourth segment is 
nearly quadrate in flat view, 35 p. in length 
X 30 p , and bears seven setae, the four long 
recurved annulated setae with their tips less 
attenuated than the others, and the seta 
lying posteriorly across the bases of the long 
setae having conspicuous lateral spinules 
(Fig. 161).

The labrum (Fig. 162) is tilted forward 
as in H. diremptus, and in a ventral and 
somewhat posterior view has a rather tri- 
lobed appearance, with setules and teeth 
as shown in the figure. The metastomal 
areas have a complex ornamentation, as 
indicated in Figure 163.

The mandible (Fig. 164) has two stout 
elements and two well-developed setae with 
lateral hairs. The paragnath ( Fig. 165 ) is a 
moderately elongated lobe bearing hairs 
and a row of delicate hyaline spinules as 
indicated. The first maxilla (Fig. 166) is 
similar in structure to that of H. diremptus; 
the lateral setules on the outermost seta, 
however, are longer than in that species.

The second maxilla (Fig. 167) is in major 
respects similar to that of H. diremptus. 
The maxilliped (Fig. 168) has the same 
general form as in H. diremptus, but the 
two setae on the first segment are more 
slender, and the two setae on the second 
segment are relatively shorter; the last 
segment bears two large recurved setae 
(spines?), one of them with conspicuous 
lateral spinules ( four on one side and three 
on the other), and four slender setae. Be
tween the bases of the maxillipeds there is a 
ventral transverse line as shown in Figure 
169.

The area between the maxillipeds and the 
first pair of legs shows little differentiation.

The armature of legs 1-4 (Figs. 170-173) 
is similar to that of H. axiophilus, H. ampli
caudatus, and H. diremptus, but again cer
tain elements are difficult to classify as a 
“spine” or a “seta.” In leg 1 the inner spine 
on the basis is 97 p in length, with both 
margins bearing a narrow, finely serrated 
fringe. The margin of the basis medial to 
this spine is rounded and smooth except for 
a small tooth-like process near the base of 
the spine. In legs 2-4 this inner area of the 
basis bears a row of slender marginal spi
nules and another row of larger hyaline 
spinules on its anterior surface. The ventral 
margin of the intercoxal plate of leg 1 bears 
on each side a row of long hairs, but in legs
2-4 these hairs are replaced by rather stout 
spinules. The outer margin of the coxa of 
leg 4 lacks the long spinules seen on legs
1-3, but a row of slender spinules occurs 
on the outer posterior margin. On the last 
segment of the endopod of leg 4 the two 
inner elements are setiform, with long lat
eral hairs basally and short lateral spinules 
in the distal two-thirds.

Leg 5 (Fig. 174) has a free segment 
which is shaped rather like a petal, narrow 
at the base but broadened distally; its great
est length is 180 p., its greatest width 98 p , 
and its width basally 32 p.  There are rows 
of spinules on both outer and inner margins, 
those on the outer margin being longer 
than the others. The three spiiles are 65, 52, 
and 71 p in length, respectively, from outer
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to inner; the seta is 89 p. long. Rows of small 
spinules occur ventrally near the insertions 
of the three spines. The two outer spines 
are bilaterally fringed, but the inner spine 
is fringed outwardly and bears small spi
nules inwardly. The basal area of leg 5 
shows a pattern of sclerotization which sug
gests a discrete segment; the seta is 110 p 
long and lightly plumose distally. There is 
a row of small spinules adjacent to the seta.

Leg 6 is apparently absent.
The color in living specimens in trans

mitted light is somewhat opaque to light 
amber, with reddish globules in the pro- 
some, the eye red, the egg sacs reddish 
brown.

Male.—The length of the body (without 
the setae on the caudal rami) is 2.09 mm 
(1.99-2.19 mm) and the greatest width is
0.77 mm, based on 2 individuals. The ratio 
of the length of the prosome to that of the 
urosome (Fig. 175) is about the same as 
that in the female. The epimera of the 
segment bearing leg 4 are less angular than 
in the female. The genital segment (Fig. 
176) measures 240 X 287 p., being wider 
than long, constricted anteriorly, with the 
posterolateral areas pointed. Spermato- 
phores were not seen in any of the males 
collected.

The four postgenital segments measure, 
• respectively, 221 X 205, 170 X 167, 124 X 
148, and 82 X 140 p.

As in the female, the prosome and the 
urosome bear hairs and refractile points. 
The general sclerotization of the body is 
stronger than in the female (see Fig. 187 
below ).

The caudal ramus (Fig. 177) is relatively 
shorter than in the female, 132 p. long, 58 p 
wide basally, 54 p. in the middle, and 46 p  
distally; thus, taking the middle width, the 
ramus is about 2.4 times longer than wide. 
The armature of the ramus is like that of 
the female.

The rostral area is similar to that in the 
female.

The first antenna is generally like that of 
the female, but as in the previous species 
shows an additional seta on the third and

fourth segments, the formula being 4, 15, 7, 
4, 4 -I-1 aesthete, 2 +  1 aesthete, and 7+ 1  
aesthete.

The second antenna is similar to that of 
the female.

The labrum (Fig. 178) shows certain dif
ferences in details of the spinules and teeth. 
The number of large teeth at either side of 
the transverse row appears to be somewhat 
variable (see Figure 179 of these teeth in 
another male). There are two diagonal 
lines of very small refractile points (spi
nules ? ) on each side of the ventral surface 
of the labrum. The metastomal areas (Fig. 
178) are ornamented as indicated in the 
figure. (In the specimen from which Figure 
178 was drawn, the two groups of tooth-like 
spines on the left side, indicated by broken 
lines, were missing and presumably broken 
off.)

The mandible resembles that of the fe
male, but the teeth on the largest element 
appear to be more pointed (see Fig. 180). 
The paragnath (Fig. 181) is similar to that 
of the female, but has a protuberance on the 
inner margin, which in the female is regular. 
The first maxilla (Fig. 182) appears to be 
shorter and less slender than in the female, 
and, although the long spines and setae are 
much like those in the opposite sex, there 
is an additional row of short spinules on the 
inner margin. The second maxilla (Fig. 
183) shows the stout inner element on the 
second segment here replaced by a strongly 
sclerotized, rather blunt, claw-like element 
lacking an articulation with the segment.

The maxilliped (Fig. 184) has a single 
long seta on the first segment. The second 
segment has its proximal inner angle greatly 
expanded. The length of this segment along 
the outer margin is 224 p ,  its greatest length 
from the distal end to the tip of the inner 
expansion is 260 p,  and its greatest width is 
189 p .  There are three rows of fairly stout 
spines along the inner surface, in addition 
to the usual two setae. The third segment 
is very short and unarmed. The fourth seg
ment forms part of a long recurved claw 
270 p in length ( measured along its axis and 
not along the curvature), bearing near its
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base a small seta on the posterior side, and 
a spinous process and a minute setule on the 
inner curvature. The ventral surface be- 
tweert the bases of the maxillipeds (Fig. 
185) does not show a transverse line. The 
region between the maxillipeds and the first 
pair of legs is unmodified as in the female.

Leg 1 lacks the inner spine on the basis 
( Fig. 186). Otherwise legs 1-4 have a spine 
and setal formula like that of the female. 
The sclerotization of the legs, illustrated in 
the endopod of leg 4 ( Fig. 187 ), seems to 
be stronger than in the female. (This may 
be an individual difference, however, since 
only one male was dissected.)

Leg 5 (Fig. 188) has a free segment 
which is not broadened distally as in the 
female, its greatest dimensions being 173 X 
73 fi. Its armature is like that of the female.

Leg 6 (Fig. 189) consists of a ventral 
flap on the posterior part of the genital 
segment, bearing a strong spine 51 ^ in 
length. In dorsal view the sixth leg is com
pletely hidden except for the tip of the 
spine.

The color in life is similar to that of the 
female.

Remarks on its biology.—H. kombensis 
was always found in burrows in company 
with other species of Hemicyclops, once 
with H. carinifer and three times with both 
lí. diremptus and H. carinifer.

Relationship to other species.—H. komb
ensis is included in the group of species 
having four setae on the basal segment of 
the first antenna. It may be compared only 
with the male of II. leggii (Thompson and 
Scott, 1903 ), since the female of that species 
remains unknown. The male of H. leggii, 
however, differs in having nearly quadrate 
caudal rami and in having two setae on the 
basal segment of the maxilliped. H. dila
tatus Shen and Bai, 1956, has a “squarish” 
genital segment in the female. H. australis 
Nicholls, 194 A has two setae on the basal 
segment of the male maxilliped and the 
caudal ramus is almost quadrate. H. indicus 
Sewell, 1949, has a genital segment which is 
very slightly wider than long and the caudal 
rami are but little longer than broad. In H.

purpureus Boeck, 1873, as figured by Sars 
(1917), the fifth leg in the female is not 
markedly expanded distally and the caudal 
rami are relatively shorter than in H. komb
ensis. H. thysanotus Wilson, 1935, shows 
lateral expansions in the anterior part of the 
genital segment and the form of the fifth 
leg is different from that in the species from 
Madagascar. In H. aberdonensis (T. and A. 
Scott, 1892) the genital segment is much 
wider than long, and there are two setae 
on the basal segment of the male maxilliped. 
In H. thompsoni (Canu, 1888) the genital 
segment, though elongate, is expanded in 
its extreme anterior part. H. tamilensis 
( Thompson and Scott, 1903 ) has in the fe
male broad lateral expansions on the genital 
segment, and short, almost quadrate caudal 
rami. In the female of H. bacescui ( Serban, 
1956 ) the caudal rami are two times longer 
than wide, the inner spine on the basis of 
leg 1 is strongly denticulated ( Stock, 1959 ), 
and the lateral margins of the genital seg
ment are not almost parallel as in H. komb
ensis. H. visendus Humes, Cressey, and 
Gooding, 1958, shows in the female a gen
ital segment somewhat resembling that of 
II. kombensis but which has a pair of dorso
lateral ridges; the caudal ramus is only 1.7 
times longer than wide; the third segment 
of the second antenna bears spinules and 
setae of a different form than in the species 
from Madagascar; and the free segment of 
the fifth leg is oval rather than petal-like in 
outline. The inner side of the second seg
ment of the male maxilliped of H. visendus 
is broadly inflated rather than angularly 
produced as in H. kombensis.

H em icyclops  b i f l a g e l l a tu s 1 n. sp.

Pis. XXVII-XXXI; PI. XXXII, figs. 221-222
Type material.—24 females and 6 males 

from water in burrows of unknown origin
3-4 cm in diameter and about 50 cm deep in 
intertidal muddy sand at Ampassipohe, on 
the southern shore of the bay of Ambato-

1 The specific name biflagellatus, a combination 
from Latin bis =  twice and flagellum =  a whip, 
refers to the two setiform processes on the segment 
of leg 5 in the female.
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zavavy, Nosy Bé, Madagascar. Collected 
by A. G. Humes May 1Í, 1964. Holotype 
female, allotype, and 22 paratypes (19 fe
males and 3 males ) deposited in the United 
States National Museum, Washington; one 
paratypic female in the Museum of Com
parative Zoology, Cambridge, Mass.; and 
the remaining paratypes in the author’s col
lection.

Female.—The length of the body (exclud
ing the setae on the caudal rami) is 1.63 mm 
(1.51-1.80 mm) and the greatest width (in 
the cephalosome, although in some speci
mens the segment of leg 2 may be expanded 
laterally so that its width is slightly greater) 
is 0.56 mm (0.51-0.61 mm), based on 5 indi
viduals. The prosome is not much broad
ened, and somewhat longer than the uro
some, the ratio being about 1.46 : 1 (Fig. 
190). In dorsal aspect the epimera of the 
segments of legs 1-4 are conspicuously 
angulate. The segment bearing the fifth 
legs has a posterior transverse ridge, and 
bears a pair of prominent posterolateral 
recurved setiform processes about 100 p 
long, with delicate hyaline lateral hairs ( ? ). 
These processes are perhaps true setae, but 
an articulation could not be established 
with certainty. A very narrow interseg- 
mental sclerite, more evident in a ventral 
view, occurs between the first two segments 
of the urosome. The genital segment ( Fig. 
191 ) is elongated, with two rounded lateral 
wings in its anterior fourth and with the 
sides of the posterior three-fourths sub
parallel and only very slightly swollen. An 
extremely indistinct transverse indication of 
subdivision occurs internally near the mid
dle of the segment in some specimens. The 
genital segment measures 294 p. in dorsal 
length; its width at the anterior lateral ex
pansions is 270 p , and in the posterior third 
167 p .

The egg sacs are attached dorsolaterally 
on the two expansions of the genital seg
ment, the actual attachment being covered 
by a dorsal flange (Fig. 192). Near the 
point of attachment there are two strongly 
sclerotized spine-like processes each about 
6jn in length. Each egg sac (Fig. 190) is

e lo n g a te d , a b o u t  519 X 170 p , a n d  c o n ta in s  
n u m e r o u s  sm a ll eg g s .

The three postgenital segments measure, 
respectively, 122 X 143, 84 X 130, and 78 X 
108 p. There is no apparent anal operculum. 
The anal segment bears on its dorsal and 
ventral surfaces fine hairs, as indicated in 
the figure. The caudal rami are inserted 
dorsally and the posterior ventral border of 
the segment below each ramus bears an 
outer row of minute spinules and an inner 
submarginal row of prominent spinules ( the 
longest about 15p in length), as shown in 
Figure 193.

The dorsal surface of the prosome and the 
dorsal ahd ventral surfaces of the urosome 
bear minute hairs and refractile points.

The caudal ramus (Fig. 193) is moder
ately elongated, 100 p in length, 41 p. wide 
just proximal to the lateral seta and 35 p. 
wide distal to that seta. Taking the width 
as 41 p , the ramus is 2.44 times longer than 
wide. A minute hyaline hair arises on the 
outer basal margin. The lateral seta (52 p 
long ) and the outermost terminal seta ( 90 p 
long) are both composed of a basal shaft 
and a distal flagelliform part. The dorsal 
seta is 200/x long and bears a few lateral 
hairs. The innermost terminal seta is 227 p 
in length and bears lateral spinules, those 
on the inner side being slightly better devel
oped. The inner long terminal seta is 746 ju 
and the outer one 407 p. in length, both bear
ing lateral hairs (see Fig. 190). The four 
terminal setae are inserted somewhat dor
sally and the resulting terminal ventral 
flange on the ramus bears a row of minute 
spinules. Along the inner margin of the 
ramus there is a row of very slender setules. 
Both the dorsal and ventral surfaces of the 
ramus bear scattered hyaline hairs.

The rostral region (Fig. 194) is well de
fined and bears a pair of setules and pairs of 
small hairs as indicated.

The first antenna (Fig. 195) is about 
410 /u long, 7-segmented, the segments, be
ginning at the base, 15, 54, 49, 85, 58, 54, 
and 52 p in length (measured along their 
non-setiferous margins ). The armature is 4, 
15, 6, 3, 4 +  1 aesthete, 2 +  1 aesthete, and
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7 +  1 aesthete (the same formula as in H. 
axiophilus, H. amplicaudatus, H. diremptus, 
and /ƒ, kom bensis). A few of the setae on 
the.,second segment show very short lateral 
hairs. On the distal posteroventral surface 
of this segment there are a few short rows 
of minute refractile points. Certain setae 
bear long lateral hairs as in H. kombensis.

The second antenna (Fig. 196) is 4-seg- 
mented, with the third segment produced 
on the inner distal corner where it bears 
four elements: proximally a slender pos
terior seta, more distally a long recurved 
seta (which resembles the four long ter
minal recurved setae on the last segment), 
and distally two unequal recurved spines, 
both bearing subterminal setules and the 
longer one a row of prominent spinules. 
The fourth segment is nearly quadrate, 33 X 
30 ¡X, and bears seven setae much like those 
in H. kombensis.

The labrum (Fig. 197), in addition to 
ornamentation suggesting that in H. kom b
ensis, shows a crescentic row of long hyaline 
setules, with the surface posterior to this 
row bearing conspicuous obtuse scales. The 
metastomal areas have a complex ornamen
tation, as shown in Figure 198.

The mandible (Fig. 199) has two stout 
elements and two well-developed setae with 
lateral hairs. The paragnath (Fig. 200) is 
a moderately elongated lobe bearing long 
hairs ( shorter at the tip ) and a row of small 
spinules as indicated. The first maxilla 
(Fig. 201) is in general similar to that of 
H. kombensis. The second maxilla (Fig. 
202) also resembles in major features that 
of H. kombensis. The maxilliped (Fig. 203) 
is also much like that of H. kombensis, but 
the second segment is relatively'longer and 
more slender, and the setae (including the 
two terminal claw-like setaè) tend to be 
relatively longer. From near the base of 
the shorter claw-like seta there arises a seti- 
form process without clear articulation. 
Between the bases of the maxillipeds there 
is a conspicuous ventral transverse scleroti
zation as shown in Figure 198.

The area between the maxillipeds and the

first pair of legs is without conspicuous fea
tures.

The armature of legs 1-4 (Figs. 204, 205, 
206, and 208) is as follows:
PI protopod 0:1 1:1 exp 1:0 1:1 ‘1,1,6

end 0:1 0:1 1,5
P2 protopod 0:1 1:0 exp 1:0 1:1 11,7

end 0:1 0:2 I,II,3 
P3 protopod 0:1 1:0 exp 1:0 1:1 11,1,6

end 0:1 0:2 1,11,3 
P4 protopod 0:1 1:0 exp 1:0 1:1 1,7

end 0:1 0:2 1,11,2
This formula is somewhat different from 
that of H. axiophilus, the third exopod seg
ment of leg 1 having two spines and the 
same segment in leg 3 having three spines. 
In leg 1 the inner spine on the basis is 105 /x 
in length, with short lateral spinules and 
with a blunt tip. The margin of the basis 
medial to this spine is rounded and smooth 
except for a tooth-like process near the base 
of the spine. In legs 2-4 this inner area of 
the basis bears a row of marginal hairs and 
a group of slender hyaline spinules on its 
anterior surface. The ventral margin of the 
intercoxal plate of leg 1 bears on each side 
rows of long hairs, but in legs 2-4 these 
hairs are replaced by spinules. The outer 
margin of the coxa of leg 4 lacks the long 
spinules seen on legs 1-3, but a row of slen
der spinules occurs on the outer posterior 
margin. In leg 3 the distalmost spine on the 
last segment of the exopod is distinctly 
spiné-like rather than almost setiform as in
H. kombensis. (An abnormal second seg
ment of the exopod of leg 3, with two outer 
spines instead of one, is shown in Fig. 207.) 
On the last segment of the endopod of leg 4 
the inner two elements are different from 
the outer three: the inner one being almost 
spine-like with lateral hairs basally and with 
a bilateral fringe of spinules in the distal 
three-fourths, the outer one being setiform 
with lateral hairs.

Leg 5 (Fig. 209) has a free segment 
which is somewhat constricted basally, 
broadened in the middle, and narrowed 
beyond the first outer spine. Its greatest 
length is 120 ¡x (91 ¡x along the outer edge to 
the base of the first spine and 94 fx along
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the inner edge), and its greatest width is 
56 g. The ratio of greatest length to width 
is 2.14 : 1. There are rows of prominent 
spinules on both outer and inner margins. 
The three spines are 63, 59, and 71 ¡x in 
length, respectively, from outer to inner. 
The first few inner lateral spinules on the 
innermost spine are unusually long. The 
outermost spine seems to lack outer spi
nules. The seta is 93 ¡x long and bears a few 
lateral hairs. The basal area of leg 5 sug
gests a discrete segment; it is armed with 
a plumose seta about 100 ¡x in length and a 
group of outer spinules.

Leg 6 is apparently absent.
The color in living specimens, in trans

mitted light, is slightly opaque, with reddish 
orange globules in the prosome, the eye 
dark red, the ovary gray, the egg sacs dark 
reddish orange.

Male.—The length of the body (not in
cluding the setae on the caudal rami) is 1.34 
mm (1.25-1.46 mm) and the greatest width 
is 0.45 mm (0.41-0.50 mm), based on 5 
individuals. The prosome is less expanded 
than in the female (Fig. 210). The ratio of 
the length of the prosome to that of the uro
some is about the same as that in the female. 
The segment of leg 5 lacks the two setiform 
processes seen in the female. The genital 
segment (Fig. 211) is wider than long, 
148 X 178 fx, with gently rounded lateral 
margins.

The four postgenital segments measure, 
respectively, 108 X 103, 95 X 101, 62 X 98, 
and 54 x 89 /i.

As in the female, the prosome and uro
some bear hairs and refractile points.

The caudal ramus is similar to that of the 
female, but is relatively shorter, the greatest 
length being 80 ¡x, the width just proximal 
to the lateral seta 35 p., and the width distal 
to that seta 31 ¡x. Taking the width as 35 fx, 
the ramus is 2.29 times longer than wide.

The spermatophore (Fig. 212), as seen at
tached to the female, is pyriform, 68 ¡x long 
( including the slender neck of 6 g.) and 40 ¡x 
wide.

The rostral area is like that of the female.
The first antenna resembles that of the

female, but, as in previous species, has an 
additional seta on the third and fourth seg
ments, so that the formula is 4, 15, 7, 4, 4 +  
1 aesthete, 2 +  1 aesthete, and 7 +  1 aes
thete.

The second antenna is similar to that of 
the female.

The labrum (Fig. 213) lacks the crescen
tic row of hyaline spinules, and the medial 
posteroventral surface has numerous scales 
and spinules, as shown in the figure. The 
metastomal areas (Fig. 214) are orna
mented as indicated in the figure.

The mandible is like that in the female. 
The paragnath (Fig. 214) resembles that 
of the female, but seems to be somewhat 
more slender. The first maxilla is similar to 
that of the female. The second maxilla 
(Fig. 215) shows the stout inner element 
on the second segment here replaced by a 
strongly sclerotized, rather blunt, claw-like 
structure, sometimes pale yellowish in color, 
which lacks an articulation with the seg
ment.

The maxilliped (Fig. 216) has a single 
long seta on the first segment. The second 
segment has its proximal inner angle ex
panded and rounded; the length of this 
segment along the outer margin is 137 ¡x, its 
greatest length from the distal end to the 
tip of the inner expansion is 173 /a, and its 
greatest width is 115 ¡x. There are three 
rows of fairly stout spines along the inner 
margin, in addition to the usual two setae. 
The third segment is very short and un
armed. The fourth segment forms part of 
the long recurved claw 189 ¡x in length 
(measured along its axis and not along its 
curvature), bearing near its base on the 
posterior surface a small seta 18 ¡x long, 
and on its inner curvature a spinous process 
25 fx long and a minute setule 5 ¡x long. 
The ventral surface of the cephalosome be
tween the bases of the maxillipeds (Fig. 
217) shows only an incomplete transverse 
line, instead of the readily visible scleroti
zation seen in the female.

Leg 1 lacks the inner spine on the basis 
(Fig. 218). Otherwise legs 1-4 show the 
same spine and setal formula as in the fe
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male. The last endopod segments of legs 
2 and 3 (Figs. 219 and 220) show the three 
terminal processes reduced and blunt, in 
contrast to their acute spiniform condition 
in the female.

Leg 5 (Fig. 221) has a free segment 
which is relatively longer and more slender 
than in the female. Its greatest length is 116 
fx ( 81 fx along the outer edge to the base of 
the first spine and 93 ¡x along the inner 
edge ) and its greatest width is 44 ¡x. The 
armature resembles in major respects that 
of the female, although the outermost spine 
has spinules along both sides. The basal 
area of leg 5 does not seem to show a clear 
separation from the body.

Leg 6 (Fig. 222) consists of a ventral 
flap on the posterior part of the genital seg
ment, bearing a strong spine 44 fx in length. 
In a dorsal view of the animal this spine 
projects posterolaterally beyond the edge of 
the segment.

The color in life resembles that of the fe
male.

Remarks on its biology.—H. biflagellatus 
was collected on only one occasion, and 
then from burrows which also contained H. 
diremptus and H. carinifer.

Relationship to other species.—This spe
cies seems to be unique among the previ
ously described species of the genus in 
having two posterolateral setiform processes 
on the segment of leg 5. Otherwise, it re
sembles H. thysanotus Wilson, 1935, in cer
tain respects. However, in the female of H. 
thysanotus the inner spine on the basis of 
leg 1 is recurved and rather blunt instead of 
straight, and in the male the form of the 
maxilliped is rather different from that of 
the Madagascar species. H. biflagellatus is 
unlike H. leggii (Thompson and Scott, 
1903), of which only the male is known; in 
this species the caudal rami are nearly 
quadrate and the basal segment of the male 
maxilliped has two setae. H. bacescui ( ¡yer
ban, 1956) has, in the female, less promi
nent expansions on the genital segment and 
the inner spine on the basis of leg 1 has 
strong denticulations. H. purpureus Boeck, 
1873, has, in the female, a broader distal

segment in leg 5 and shorter caudal rami, 
and the inner distal corner of the third seg
ment of the second antenna is not pro
longed. H. thompsoni (Canu, 1888) has a 
broad distal segment of leg 5 in the female.

The following species also has a pair of 
setiform processes on the segment of leg 5, 
but may be readily distinguished from H. 
biflagellatus as pointed out below.

H em icyclops  a c a n th o s q u i l l a e 1 n. sp.

PI. XXXII, figs. 223-227; Pis.
XXXIII-XXXVI

Type material.—8 females and 5 males 
washed from the bodies of two stomatopods, 
Acanthosquilla sp., dug from intertidal sand 
at Antsakoabe, on the northwestern shore of 
Nosy Bé, Madagascar. Collected by A. G. 
Humes July 12, 1964. Holotype female, 
allotype, and 8 paratypes (5 females and 3 
males) deposited in the United States Na
tional Museum, Washington; one paratypic 
female in the Museum of Comparative Zool
ogy, Cambridge, Mass.; and the remaining 
paratypes in the author’s collection.

Female.—The length of the body (not 
including the setae on the caudal rami) is 
2.24 mm (2.00-2.44 mm) and the greatest 
width (taken at the level of the segment 
bearing leg 2 ) is 0.71 mm ( 0.68-0.80 mm ), 
based on 5 individuals. The prosome is 
moderately broadened and of about the 
same length as the urosome (Fig. 223). In 
dorsal aspect the epimera of the segments 
of legs 1-4 are angulate posterolaterally. 
The segment bearing the fifth legs is 
rounded laterally and bears a pair of pos
terolateral smooth setiform processes about 
72 fx in length (Figs. 224 and 225.). (These 
resemble somewhat the two setiform proc
esses described in the preceding species.) 
Medial to the two processes there is a pair of 
minute hyaline setules (hairs ?) about 8 ¡x 
long. An intersegmental sclerite may be seen 
ventrally between the first two urosomal seg
ments. The genital segment (Fig. 224) is

1 T h e  specific  nam e acanthosquillae is taken  
from  th e  generic nam e of th e  c rustacean  upon 
w hose bod y  th e  copepod  w as found.
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greatly elongated. In dorsal view it shows 
two pronounced lateral swellings in its ante
rior fifth, the remaining portion of the seg
ment having the sides nearly parallel. Dor- 
sally, just anterior to the midregion, there 
are four longitudinally oblique sclerotiza- 
tions. The segment measures 486 p. in 
length; its width at the level of the two 
swellings is 289 p , and in the posterior part 
224 p.

The egg sacs are attached slightly dor- 
sally on the lateral swellings of the genital 
segment, between dorsal and ventral flanges. 
Each egg sac is elongated (Fig. 223), about 
730 X 235 p , and contains many small eggs, 
each about 53 p in diameter.

The three postgenital segments measure, 
respectively, 243 X 205, 159 X 159, and 
100 X 135 p. There is no evident anal oper
culum. The anal segment is provided ven- 
trally on each side along its posterior margin 
with an outer row of minute spinules and 
an inner row of spines (see Fig. 226). The 
dorsal surface of the urosome bears minute 
refractile points and hairs as shown in Fig
ure 224.

The caudal ramus (Fig. 226) measures 
116 X 54 p (2.15 times longer than wide). All 
six setae are inserted somewhat dorsally. 
There is a minute hyaline hair on the basal 
outer margin. The lateral seta (58 p long) 
and the outermost terminal seta ( 103 p 
long) are both composed of a distinct basal 
shaft and a distal flagelliform part. The 
sparsely haired dorsal seta is 95 p in length. 
The innermost terminal seta is 282 p in 
length and bears lateral spinules. The inner 
long terminal seta is 1017 p and the outer 
one 542 p in length, both bearing lateral 
hairs (see Fig. 223). The posterior end of 
the ramus is prolonged ventrally to form a 
flange bearing a row of minute spinules 
and, near the base of the innermost terminal 
seta, a row of larger spinules. The distal 
half of the inner margin of the ramus bears 
a row of very slender spinules.

The rostral area (Fig. 227) is well defined 
and bears a pair of setules.

The first antenna (Fig. 228) is about 
441 p long, 7-segmented, the segments, be

ginning at the base, being 15, 68, 49, 94, 59, 
58, and 54 p in length ( measured along their 
non-setiferous margins). The armature is 
similar to that of H. biflagellatus.

The second antenna (Figs. 229 and 230) 
is 4-segmented, with the third segment 
much produced on the inner distal corner, 
where it bears four elements: proximally a 
slender seta, more distally a stout recurved 
seta, and terminally two recurved unequal 
spines, both provided with subterminal set
ules and the longer one having a row of 
spinules. The fourth segment is quadrate, 
23 X 23 p, and bears the usual seven setae. 
The convex inner area of the second seg
ment bears on its posterior surface numer
ous scale-like protuberances, and the con
cave inner area of the third segment bears 
also on its posterior surface short spine-like 
knobs (see Fig. 230).

The labrum (Fig. 231) has a group of 
broad irregular ventromedial lobes, in addi
tion to the other ornamentation shown in 
the figure. The metastomal areas have a 
complex ornamentation, as indicated in Fig
ure 232.

The mandible (Fig. 233) has the usual 
two stout elements and two well-developed 
setae with lateral spinules. The paragnath 
(Fig. 234) is a moderately elongated lobe 
with hairs and short spinules as indicated in 
the figure. The first maxilla (Fig. 235) 
resembles in major respects that of H. bi
flagellatus. The second maxilla (Fig. 236) 
is similar to that of the preceding species. 
The maxilliped (Fig. 237) also resembles in 
general structure that of the preceding spe
cies, but there is a greater number of small 
hyaline setae near the bases of the two ter
minal claw-like setae. There is a conspicu
ous ventral transverse sclerotization between 
the bases of the maxillipeds (see Fig. 232) 
as in H. biflagellatus.

The area between the maxillipeds and the 
first pair of legs lacks outstanding features.

The armature of legs 1-4 (Figs. 238, 240, 
242, and 243) is similar to that of H. axi
ophilus. In leg 1 the inner spine on the 
basis is 52 p in length, with short truncated 
lateral spinules, giving the edges the ap
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pearance of a saw blade (Fig. 239). The 
margin of the basis medial to this spine is 
smooth, except for a rather blunt tooth-like 
process near the base of the spine. In legs
2-4 this inner area of the basis bears a row 
of marginal hairs and a group of slender 
hyaline setules on its anterior surface. As in 
the precéding species, the ventral margin of 
the intercoxal plate of leg 1 bears hairs, 
while in legs 2-4 it bears spinules; and the 
coxa of leg 4 lacks the long slender spinules 
seen in legs 1-3, instead having a row of 
spinules on the outer posterior margin. In 
leg 1 the outer margin of the second seg
ment of the endopod bears only a row of 
hairs, but in legs 2-4 this margin bears 
basally a group of small knobs (Fig. 241) 
followed by the usual hairs. On the last 
endopod segment of leg 4 the inner two 
elements are setae, thé lateral hairs on the 
innermost being equal but those on the 
adjacent seta being longer near the base and 
shorter on the distal three-fourths of the 
seta; the fringed inner terminal spine is 
more than twice as long as either the outer 
terminal spine or the outer lateral spine.

Leg 5 (Fig. 244) has a free segment 
which is narrow basally but broadened dis- 
tally, its greatest dimensions being 142 X 
95 ¡i, with a ratio of length to width of 1.5 :
1. There are rows of long spinules on both 
outer and inner edges of the segment. The 
three spines measure 67, 73, and 86 ¡i in 
length, respectively, from outer to inner; the 
seta is 88 ¡j. long. The basal area of the leg 
suggests a discrete segment and is armed as 
in the preceding species.

Leg 6 is apparently absent.
The color in living specimens in trans

mitted light is slightly amber,, with the eye 
red and the egg sacs gray. The spermato- 
ohores attached to the female are golden 
brown.

Male.—The length of the body (not in
cluding the setae on the caudal rami) is 1.85 
mm ( 1.79-1.91 mm ). and the greatest width 
is 0.63 mm ( 0.60-0.66 mm ), based on 5 
individuals. The prosome is only slightly 
less expanded than in the female, and is 
somewhat longer than the urosome (Fig.

245), the ratio being 1.2 : 1. The segment 
of leg 5 lacks the two setiform processes 
seen in the female, but instead has dorsally 
on each side, medial to the seta associated 
with the leg, a somewhat triangular-projec
tion (Figs. 246 and 247). The genital seg
ment (Fig. 246) is about as long as wide, 
260 X 271 /n, with gently rounded lateral 
margins.

The four postgenital segments measure, 
respectively, 186 X 157, 157 X 130, 108 X 
116, and 76 X 116 p.

The dorsal surface of the urosome bears 
hairs and refractile points, as indicated in 
the figure.

The caudal ramus resembles that of the 
female, but is relatively shorter, the great
est dimensions being 92 X 49 /i. The ratio 
of length to width is 1.88 : 1.

The spermatophore (Fig. 248), as seen 
attached ventrally on the genital segment 
of the female, is somewhat irregularly 
ovoid. Its greatest dimensions are 124 X 99 
fi plus a neck of 13 ft,.

The rostral region (Fig. 249) is only 
slightly less defined than that of the female.

The first antenna resembles that of the 
female, but, as in previous species, has an 
additional seta on the third and fourth seg
ments, thus giving the formula of 4, 15, 7, 
4, 4 +  1 aesthete, 2 + 1  aesthete, and 7 +  1 
aesthete.

The second antenna is like that of the 
female.

The labrum (Fig. 250) has a more com
plex ornamentation than in the female. The 
metastomal areas (Fig. 251) are ornamented 
as shown in the figure.

The mandible resembles that of the fe
male. The paragnath appears to be similar 
to that of the female, but the notch on the 
outer edge is less apparent. The first max
illa is like that of the female. The second 
maxilla (Fig. 252), as in previous species, 
has the stout inner element on the second 
segment transformed to form a strongly 
sclerotized, rather blunt, claw-like structure, 
having a conspicuous yellowish amber color 
and lacking an articulation with the seg
ment.
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The maxilliped (Fig. 253) has a single 
long seta on the first segment. The second 
segment has its proximal inner angle rather 
acutely expanded. The length of this seg
ment along its outer margin is 197 p., its 
greatest length from the distal end to the 
tip of the inner expansion is 240 p., and its 
greatest width is 159 p.  There are three 
rows of moderately stout but somewhat ob
tuse spines along the inner surface, plus the 
usual two setae. The third segment is very 
short and unarmed. The fourth segment 
forms part of the long, slightly recurved 
claw, 235 p in length ( measured along its 
axis and not along its curvature ). The claw 
bears near the base on its posterior surface 
a slender seta 35 p in length, and on its inner 
curvature a spinous process 28 p long and 
a minute setule 10 p long. The ventral sur
face of the cephalosome between the bases 
of the maxillipeds shows only an incomplete 
transverse line (Fig. 251), as in H. biflagel
latus.

Leg 1 lacks the inner spine on the basis 
(Fig. 254) and the spinules in this region 
are longer and more slender than in the fe
male. Otherwise legs 1-4 have the same 
spine and setal formula as in the female. 
The sclerotization of the rami appears to be 
stronger than in the opposite sex.

Leg 5 (Fig. 255) has an elongated free 
segment which is relatively much more 
slender than in the female. Its greatest di
mensions are 132 X 57 p ,  the ratio of length 
to width being about 2.3 : 1. The ornamen
tation resembles that of the female, but the 
lateral spinules on the three terminal spines 
are shorter. The basal area of leg 5 does 
not show a separation from the body. Leg 
6 (Fig. 256) consists of a ventral sclerotized 
flap on the posterior region of the genital 
segment, bearing an outwardly directed 
spine 38 p in length with minute lateral 
spinules on each side. This spine in dorsal 
view of the body projects posterolaterally 
beyond the edge of the genital segment 
(see Figs. 245 and 246).

The color in life resembles that of the 
female.

Remarks on its biology.—The two stoma-

topods from which these copepods were 
taken appeared in the water seeping into a 
hole 30 cm deep which had been dug in 
clean sand. They were quickly placed in a 
plastic bag with a small amount of sea 
water. Later a few drops of ethyl alcohol 
were added, the whole gently agitated, and 
the copepods recovered from the sediment. 
There seems to be justification for assuming 
that these Hemicyclops were living on the 
bodies of the Acanthosquilla. This is the 
first record of a member of the genus Hemi
cyclops occurring on a stomatopod.

Relationship to other species.—H. acan
thosquillae belongs to the group of Hemi
cyclops species having four setae on the first 
segment of the first antenna. It possesses 
several very characteristic features by which 
it may be distinguished from other members 
of this group: on the segment of leg 5 in 
the female a pair of dorsolateral setiform 
processes and in the male a pair of triangu
lar projections; the form, armature, and 
ornamentation of the second antenna, espe
cially the greatly produced inner distal 
corner of the third segment and the very 
small quadrate fourth segment; the orna
mentation of the outer edge of the second 
segment of the endopods of legs 2-4; and 
the acute inner proximal expansion of the 
second segment of the male maxilliped.

H. acanthosquillae bears certain resem
blances to H. biflagellatus. For example, in 
the female, the elongated genital segment 
has anterior lateral Expansions and there is 
a pair of setiform processes on the segment 
of leg 5. It may be distinguished from H. 
biflagellatus, however, by several readily 
observable characters, such as the form of 
the second antenna, the fifth leg, and the 
male maxilliped.

REMARKS ON THE SPECIES OF H EM I
CYCLOPS FROM MADAGASCAR

Gooding (1960) divided the American 
species of Hemicyclops into two groups on 
the basis of morphological characters. Later 
( 1963, unpublished thesis ), he developed 
further this concept of groups of species 
within the genus. Selecting a few typical
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characters, the eight known species from 
Madagascar (comprising the seven de
scribe^ above and H. visendus) may be 
placed in two groups ( corresponding to two 
of Gooding’s):

1 ) those species with the urosome of the 
adult female having five segments, with 
four setaie on the first segment of the first 
antenna, with a short terminal segment on 
the second antenna, and with a sexually di
morphic second maxilla, including:

H. axiophilus n. sp.
H. amplicaudatus n. sp.
H. diremptus n. sp.
H. kombensis n. sp.
H. biflagellatus n. sp.
H. acanthosquillae n. sp.
H. visendus Humes, Cressey, 

and Gooding, 1958;
2) that species with the urosome of the 

adult female having six segments, with five 
setae on the first segment of the first an
tenna, with an elongate terminal segment on 
the second antenna, and without sexual di
morphism in the second maxilla:

H. carinifer n. sp.

THE GENUS HEMICYCLOPS IN THE 
INDIAN OCEAN

Five species of Hemicyclops have been 
reported from the Indian Ocean area: H. 
indicus Sewell, 1949, from Nankouri Har
bour, Nicobar Islands, in weed-washings; 
H. leggii (Thompson and Scott, 1903) in 
washings from dredgings, sponges, in the 
Gulf of Manaar, Ceylon; H. intermedius 
Ummerkutty, 1962, from weed-washings in 
the Gulf of Manaar, southeastern coast of 
India; H. tamilensis (Thompson and Scott, 
1903) in Muttuvaratu pearl oyster wash
ings, Ceylon; and H. visendus Humes, Cres
sey, and Gooding, 1958, from Upogebia sp. 
at Nosy Bé, Madagascar.

In addition, Pillai ( 1963 ) has reported 
Hemicyclops sp. from brackish water at 
Ashtamudi Lake, Quilon, Kerala State, 
India. The only specimen, a male, is 2.3 mm 
in length and belongs to the group of spe
cies having four setae on the first segment

of the first antenna. Its size alone distin
guishes it from all six of the species in this 
group from Madagascar described above. 
The caudal ramus is nearly three times 
longer than wide ( in H. amplicaudatus it is 
3.6 times, in H. axiophilus, H. diremptus, 
H. kombensis, H. biflagellatus, and H. acan
thosquillae it is 2.4 times or less ). The male 
of H. kombensis appears to be closest to the 
Indian specimen, having a length of 2.09 
mm and the caudal ramus being 2.4 times 
longer than wide. In the Indian form, how
ever, the free segment of leg 5 is broader, 
the genital segment is not constricted ante
riorly, and hairs occur along the entire inner 
border of the caudal ramus.

The question arises whether Pillai’s speci
men may be one of the five Indian Ocean 
species mentioned above. This male shows 
the fourth segment of the first antenna 
distinctly longer than the second (Pillai’s 
fig. 49), while in H. indicus the reverse is 
true. The free segment of leg 5 is broad
ened and the second segment of the male 
maxilliped has its inner side rather angu
larly expanded proximally, while in H. vi
sendus the free segment is elongate and the 
second segment of the maxilliped has its 
inner side broadly expanded. The caudal 
rami are nearly three times longer than wide 
and the first segment of the male maxilliped 
has one seta, while in H. leggii the caudal 
rami are nearly quadrate and the first seg
ment of the maxilliped has two setae. The 
male of H. tamilensis is unknown, but the 
female of this Ceylonese species has nearly 
quadrate caudal rami, and it is perhaps safe 
to assume for the present that H. tamilensis 
and Pillai’s single male are distinct.

Only the female of H. intermedius is 
known. It belongs to the group of Hemicy
clops species having four setae on the first 
segment of the first antenna. It appears to 
be distinct from all six new species in this 
group described above. In these the caudal 
ramus is two or more times longer than wide, 
while in H. intermedius it is quadrate; the 
contour of the genital segment in dorsal 
view is different from that in H . intermedius; 
the inner distal corner of the third segment
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of the second antenna is produced, while in 
H. intermedius this region is rounded; and 
the armature of the four legs is somewhat 
different than in H. intermedius, where, for 
example, the formula for the third exopod 
segment of the first leg is 111,1,4.

It is difficult to compare H. intermedius 
and Pillai’s Hemicyclops sp., since the corre
sponding sexes are not known. These two 
copepods seem to be distinct, however, 
since in the male Hemicyclops sp. the cau
dal rami are nearly three times longer than 
wide, the inner distal corner of the third 
segment of the second antenna is produced, 
and the armature of the third exopod seg
ment of the first leg is 1,7.

Twelve described species and one un
named form of Hemicyclops are now known 
from the Indian Ocean area: H. indicus 
from the Nicobar Islands, H. leggii and H. 
tamilensis from Ceylon, H. intermedius and 
H. sp. from India, and H. axiophilus, H. 
amplicaudatus, H. carinifer, H. diremptus, 
H. kombensis, H. biflagellatus, H. acan
thosquillae, and H. visendus from Mada
gascar.
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EXPLANATION O F  FIGURES

Alt figures w ere  d raw n  with the a id  of  a  c a m e r a  luc ida.  The le tte r a f te r  ea ch  figure refers to the sca le  a t  which it was  
d raw n.

Pla te  I

H e m ic y c lo p s  a x io p h i l u s  n. sp . ,  fem ale
Fig. 1. Body, d o rs a l  (A).
Fig. 2. Edges of  somites o f  legs 1-5, dorsa l  (B|.
Fig. 3. Urosome,  ventra l (C).
Fig. 4. Part of e d g e  of  gen i ta l s egm ent  showing a r e a s  of  a t tach m en t  o f  egg  sac a n d  sp e rm a to p h o re ,  vent ra l (D).
Fig. 5. Part of e d g e  of g en i ta l segm ent,  dorsa l (D).
Fig. 6. Sam e ,  la te ra l (E).
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Plate II
H e m i c y c l o p s  a x i o p h i l u s n. sp., female (continued)

f'9- 7. Caudal ramus, ventral (E).
Fig. 8. Outermost terminal seta on caudal ramus, dorsal (F)
Fig. 9. Rostral area, ventral (G).
Fig- 10. First antenna, onterodorsal (H).
Fig. 11. Second antenna, anterior or ventral (G).
Fig- 12. Edge of labrum, anterior and dorsal (E).
Fig. 13. Posterior surface of labrum, pushed forward (E).
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Plate III
H e m ic y c lo p s  a x io p h i l u s  n. sp .,  fem ale  (continued) 

Fig. 14. M eta stomal a r e a s ,  ven t ra l  (E).
Fig. 15. M an d ib le ,  an te r io r  a n d  dorsa l (E).
Fig. 16. P a rag n a th ,  an t e r io r  (E).
Fig. 17.. First maxi lla,  po ste r ior  (E).
Fig. 18. Second maxi lla,  po ste r ior  (G).
Fig. 19. Maxil liped , an te r io r  or  dorsa l (G).
Fig. 20. Region be tw e en  maxil l ipeds  a n d  leg 1, vent ral  (H).
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Fig. 21. Leg 1, an te r io r  (H).
Fig. 22. Leg 2, poste rior (H)
Fig. 23. Leg 3, pos terior  (H).
Fig. 24. ' Leg 4, poste r ior  (H).

Plate IV
H e m ic y c lo p s  a x io p h i l u s  n. sp.,  fem ale  (continued)
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Plate V
H e m i c y c l o p s  a x i o p h i l u s n. sp., female (continued)

Fig. 25. Leg 5, ventral (D).
Fig. 26. Leg 5, dorsal (D).

H e m i c y c l o p s  a x i o p h i l u s n. sp., male
Fig. 27. - Body, dorsal (A).
Fig. 28. Urosome, dorsal (C).
Fig. 29. Spermatophore attached to female (D).
Fig. 30. Spermatophore inside male (D).
Fig. 31. Segments 3 and 4 of first antenna, anterodorsal (D).
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Fig. 32. 
Fig. 33. 
Fig. 34. 
Fig. 35. 
Fig. 36. 
Fig. 37. 
Fig. 38.

Plate VI
H e m i c y c l o p s  a x i o p h i l u s n. sp., male (continued) 

Part of cephalosome, ventral (H).
Second maxilla, posterior (G).
Distal segment of second maxilla, posterior (E).
Maxilliped, anterior (dorsal of large segment and claw) (G).
Maxilliped, posterior (ventral of large segment and claw) (G). 
Maxilliped, inner surface (G).
Detail of part of leg 1, posterior (H).

Abbreviations
aí, first antenna 
as, second antenna 
md, mandible 
p, paragnath

2 4 5

mxi, first maxilla 
mx2, second maxilla 
mxpd, maxilliped 
pi, leg 1
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P l a t e VII
H e m i c y c l o p s  a x i o p h i l u s n. sp., male (continued)

Fig. 39. Leg 5, ventral (D).
Fig. 40. Genital segment showing leg 6, ventral (H).

H e m i c y c l o p s  a m p l i c a u d a t u s n. sp., female
Fig. 41. Body, dorsal (A).
Fig. 42. Part of cephalosome, ventral (B).
Fig. 43. Urosome, ventral (B).
Fig. 44. Genital segment, dorsal (B).
Fig. 45. Caudal ramus and part of anal segment, dorsal (E).
Fig. 46. Rostral area, ventral (D).
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Plate VIII
H e m i c y c l o p s  a m p l i c a u d a t u s n. sp., female (continued) 

Fig. 47. First antenna, ventral (G).
Fig. 48. Second antenna, posterior (G).
Fig. 49. Last two. segments of second antenna, posterior (E).
Fig. 50. - Oral area, ventral (E).
Fig. 51. Mandible, ventral (E).
Fig. 52. Mandible, dorsal (E).
Fig. 53. Paragnath, ventral and posterior (F).
Fig. 54. First maxilla, posterior (G).
Fig. 55. Second maxilla, posterior (G).
Fig. 5ó. Maxilliped, posterior and slightly outer (G).
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Plate IX
H e m i c y c l o p s  a m p l i c a u d a t u s n. sp., female (continued)

Fig. 57. Leg 1, anterior (G).
Fig. 58. Leg 2, anterior (G).
Fig. 59. Leg 3, posterior (G).
Fig. 00.. Leg 4, posterior (G).
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Plate X
Hemicyc/ops amplicaudatus n. sp., female (continued)

Fig. 61. Leg 5, dorsal (D).
H e m i c y c l o p s  a m p l i c a u d a t u s n. sp., male

Fig. 62. Body, dorsal (A).
Fig. 63.̂  Urosome, dorsal (H).
Fig. 64. Segments 3 and 4 of first antenna, ventral (D).
Fig. 65. Second maxilla, anterior (0).
Fig. 66. Second maxilla, posterior (D).
Fig. 67. Maxilliped, anterior (D).
Fig. 60. Area between maxillipeds and leg 1, ventral (H).
Fig. 69. Portion of leg 1, anterior (G).
Fig. 70. Leg 5, ventral (D).
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Fig. 71. 
Fig. 72.

Fig. 73. 
Fig. 74. 
Fig. 75. 
Fig. 7 6 .  

Fig- 77. 
Fig. 78. 
Fig. 79. 
Fig. 80. 
Fig. 81.

Plate XI
H e m i c y c l o p s  a m p l i c a u d a t u s n. sp., male (continued}

Leg 6 , ventral (D).
Segment of leg 5, genital segment, and adjacent areas, lateral (H).

H e m i c y c l o p s carinifer n. sp., female
Body, dorsal (A).
Urosome, dorsal (C).
Urosome, lateral (B).
Area of attachment of egg sac, dorsal and slightly lateral (E).
Egg sac, dorsal (B).
Anal segment, dorsal (G).
Anal segment, ventral (G).
Caudal ramus, ventral (G).
Rostral area, ventral (D).
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Fig. 82. 
Fig. 83. 
Fig. 84. 
Fig. 85. 
Fig. 86: 
Fig. 87. 
Fig. 88. 
Fig. 89.

Plate XII
H e m i c y c l o p s  c a r i n i f e r n. sp., female (continued)

First antenna, dorsal (H).
Second antenna, posterior mesial (G).
Seta on third segment of second antenna (I).
Labrum, anterior and ventral (E).
Metastomal areas and paragnaths, ventral (E).
Mandible, posterior (E).
Paragnath, ventral and posterior (F).
First maxilla, posterior (E).
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Plate XIII
H e m i c y c l o p s  c a r i n i f e r n. sp., female (continued) 

Pig. 90. Second maxilla, posterior and dorsal (0).
Fig. 91. Maxilliped, dorsal (G).
Pig. 92. Terminal part of distal seta on second segment of maxilliped (I).
Pig. 93. Area between maxillipeds and leg 1, ventral (G).
Pig. 94. Area between maxillipeds and leg 1, lateral (G).
Fig. 95. Leg 1, anterior (G).
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Plate XIV
H e m i c y c l o p s  c a r i n i f e r n. sp., female (continu*.

Fig. 96. Leg 2, anterior (G).
Fig. 97. Le3 3, posterior (H).
Fig. 98. Leg 4, posterior (H).
Fig. 99. Leg 5, ventral and lateral (D).

H e m i c y c l o p s  c a r i n i f e r n. sp., male
Fig. 100. Body, dorsal (A).
Fig. 101. Segment of leg 5 and genital segment, dorsal (G).
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Fig. 102. 
Fig. 103. 
Fig. 104. 
Fig. 105. 
Fig. 106. 
Fig. 107. 
Fig. 108.

Piale XV
Hemicyclops c a r i n i f e r n. sp., male (continued) 

Third and fourth segments of first antenna, dorsal (D).
Labrum, ventral and anterior (E).
Metastomal areas and paragnaths, ventral (E).
Maxilliped, anterior (G).
Maxilliped, posterior (G).
Detail of third and fourth segments of maxilliped, anterior (E).
Area between maxillipeds and leg 1, ventral (G).
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Plate XVI
H e m i c y c l o p s  c a r i n i f e r n. sp., male (continued) 

Fig. 109. Area between maxillipeds and leg 1, lateral (G).
Fig. 110. Leg 1, anterior (G).
Fig. 111. Inner spine on basis of leg 1, posterior (E).
Fig. 112. Endopod of leg 2, posterior (G).
Fig. 113. Distal margins of endopods in leg 3 of 1 male, posterior (E).
Fig. 114. Leg 5, dorsomesial (D).
Fig. 115. Leg 6, ventral (E).

H e m i c y c l o p s  d i r e m p t u s n. sp., female
Fig. 116. Body, dorsal (A).
Fig. 117. Urosome, ventral (C).
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Plate XVII
H e m i c y c l o p s  d i r e m p t u s n. sp., female (continued) 

Fig. 118. Genital segment, dorsal (H).
Fig. 119. Genital and postgenital segments, lateral (B).
Fig. 120. Area of insertion of a caudal ramus, ventral (I)
Fig. 121. Caudal ramus, dorsal (D).
Fig. 122. Rostral area, ventral (G).
Fig. 123. First antenna, ventral (G).
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Plate XVIII
H e m i c y c l o p s  d i r e m p t u s  n .  s p . , female (continued)

Fig. 124. Second antenna, anterior (G).
Fig. 125. Oral area, ventral (D).
Fig. 126. Mandible, posterior and ventral (D).
Fig. 127. Paragnath, posterodorsal (E).
Fig. 128. First maxilla, posterior (D).
Fig. 129. Second maxilla, anterior (D).
Fig. 130. Maxilliped, anterodorsal (G).
Fig. 131. Tip of maxilliped, posteroventral IE}.
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Fig. 132. 
Fig. 133. 
Fig. 134. 
Fig. 135. 
Fig. 136.

Plate XIX
Hemicyclops diremptus n. sp., female (continued)

Leg 1, anterior (H).
Leg 2, anterior (H).
Leg 3, anterior (H).
Leg 4, anterior (H).
Leg 5, dorsal (G).
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Plate XX 
H e m i c y c l o p s  d i r e m p t u s n.

Fig. 137. Body, dorsal (A).
Fig. 138. Urosome, ventral (C).
Fig. 139. Spermatophore from inside body of male (E).
Fig. 140. Caudal ramus and part of anal segment, ventral (D).
Fig. 141. Rostral area, ventrol (E).
Fig. 142. Third and fourth segments of first antenna, ventral (D).
Fig. 143. Oral area, ventral (E).
Fig. 144. Second maxilla, anterior (E).
Fig. 145. Maxilliped, anterior (D).
Fig. 146. Maxilliped, posterior (D).

sp., male
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Plate XXI
H e m i c y c l o p s  d i r e m p t u s n. sp., male (continued) 

Fig. 147. Portion of leg 1, anterior (G).
Fig. 148. Endopod of leg 2, anterior (G).
Fig. 149. Endopod of leg 3, anterior (G).
Fig. 150. Endopod of leg 4, anterior (G).
Fig. 151. Leg 5, dorsal (D).
Fig. 152. Leg 6 , ventral (E).

H e m i c y c l o p s  k o m b e n s i s n. sp., female
Fig. 153. Body, dorsal (A).
Fig. 154. Urosome, dorsal (J).
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Plate XXII
H e m i c y c l o p s  k o m b e n s i s n. sp., female (continued) 

Fig. 155. Genital and postgenital segments, nearly latéral (J).
Fig. 156. Egg sac attached to urosome, nearly lateral (A).
Fig. 157. Caudal ramus, ventral (G).
Fig. 158. Rostral area, ventral (G).
Fig. 159. First antenna, ventral (H).
Fig. 160. Second antenna, anterior (H).
Fig. 161. Last three segments of second antenna, posterior (D).
Fig. 162. Labrum, ventral and somewhat posterior (E).
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Plate XXIII
H e m i c y c l o p s  k o m b e n s i s n. sp., female (continued) 

Fig. 163. Metastoma! areas, ventral (E).
Fig. 164. Mandible, anterior and dorsal (D).
Fig. 165. Paragnath, posterior and ventral (E).
Fig. 166. First maxilla, posterior (D).
Fig. 167. Second maxilla, anterior (G).
Fig. 168. Maxilliped, posterior and ventral (G).
Fig. 169. Region between maxillipeds and leg 1, ventral (H).

279



234 Bulletin Museum of Com parative Zoology, Vol. 134, No. 6

280



N e w  H e m i c y c l o p s  f r o m  M a d a g a s c a r  • Humes 235

Fig. 170. Leg 1, anterior (H),
Fig. 171. Leg 2, anterior (H)
Fig. 172. Leg 3, anterior (H)
Fig. 173. Leg 4, anterior (H)

Plate  XXIV
H e m ic y c lo p s  k o m b e n s i s  n. sp .,  fem ale  (continued)
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Plate XXV 
H e m i c y c l o p s  k o m b e n s i s n. sp

Fig. 174. Leg 5, ventral (G).
H e m i c y c l o p s  k o m b e n s i s n.

Fig. 175. Body, dorsal (A).
Fig. 176. Urosome, ventral (C).
Fig. 177. Caudal ramus and part of anal segment, ventral (G).
Fig. 178. Labrum and metastomal areas, ventral (E).
Fig. 179. Spines at corner of labrum, ventral (E).
Fig. 180. Tip of mandible, anterior (D).
Fig. 181. Paragnath, posterior and ventral (E).

female (continued) 

sp., male
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Plate XXVI
H e m i c y c l o p s  k o m b e n s i s n. sp., male (continued)

Fig. 182. First maxilla, posterior (D).
Fig. 183. Second maxilla, anterior (G).
Fig. 184. Maxilliped, anterior (H).
Fig. 185. Region between maxillipeds and leg 1, ventral (H)
Fig. 186. Detail of leg 1, anterior (G).
Fig. 187. Endopod of leg 4, anterior (H).
Fig. 188. Leg 5, dorsal (G).
Fig. 189. Leg 6 , ventral (G).
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Plate XXVII 
Hemicyclops biflagellatus n. sp., female

Fig. 190. Body, dorsal (J).
Fig. 191. Urosome, dorsal (B).
Fig. 192. Area of attachment of egg sac, dorsal (E).
Fig. 193. Caudal ramus, ventral (E).
Fig. 194. Rostral area, ventral (E).
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o

Plate XXVIII
H e m i c y c l o p s  b i f l a g e l l a t u s n. sp., female (continued)

Fig. 195. First antenna, anterodorsal (H).
Fig. 19 6 . Second antenna, anterior (G).
Fig. 197. Labrum, ventral (E).
Fig. 198. Metastomal areas and region between maxillipeds and leg 1 (with outline of labrum in dashed lines), ventral

(G).
Fig. 199. Mandible, anterior and dorsal (E).
Fig. 200. Paragnath, posterior (E).
Fig. 201. First maxilla, posterior (E).

289



244 Bulletin Museum of Com parative Zoology, Vol. 134, No. 6

290



N e w  H e m i c y c l o p s  f r o m  M a d a g a s c a r  • Humes 245

Plate XXIX
H e m i c y c l o p s  b i f l a g e l l a t u s n. sp., female (continued) 

Fig. 202. Second maxilla, anterior (E).
Fig. 203. Maxilliped, dorsal (D).
Fig. 204. Leg 1, anterior (G).
Fig. 205. Leg 2, anterior (G).
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Plaie XXX
H e m i c y c l o p s  b i f l a g e l l a t u s n. sp., female (continued)

Fig. 206. Leg 3, anterior (G).
Fig. 207. Abnormal second segment of exopod of leg 3, anterior (GÏ.
Fig. 208. Leg 4, anterior (G).
Fig. 209. Leg 5, dorsal (D).

H e m i c y c l o p s  b i f l a g e l l a t u s n. sp., male
Fig. 210. Body, dorsal (J).
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Plate XXXI
H e m i c y c l o p s  b i f l a g e l l a t u s  n .  s p . , male (continued)

Fig. 211. Urosome, dorsal (B).
Fig. 212. Spermatophore attached to female, ventral (E).
Fig. 213. Labrum, ventral [E].
Fig. 214. Metastomal areas, with one paragnath in position, ventral (D).
Fig. 215. Second maxilla, anterior (D).
Fig. 216. Maxilliped, anterior (G).
Fig. 217. Region between maxillipeds and leg 1, ventral (G).
Fig. 218. Detail of leg 1, anterior (D).
Fig. 219. Last segment of endopod of leg 2, anterior (Ej.
Fig. 220. Last segment of endopod of leg 3, anterior (E).
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Plate XXXII
Hem/cyc/ops b i f l a g e l l a t u s n. sp., male (continued)

Fig. 221. Leg 5, dorsal (DJ.
Fig. 222. Leg 6 , ventral (D).

H e m i c y c l o p s  a c a n t h o s q u i l l a e n. sp., female
Fig. 223. Body, dorsal (A).
Fig. 224. Urosome, dorsal (C).
Fig. 225. Portion of segment of leg 5 showing setiform process, dorsal (D).
Fig. 226. Caudal ramus, ventral (D).
Fig. 227. Rostral area, ventral (G).
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Plate XXXIII 
H e m i c y c l o p s  a c a n t h o s q u i l l a e n. sp., 

Fig. 228. First antenna, anterodorsal (H).
Fig. 229. Second antenna, anterior (G).
Fig. 230. Second antenna, posterior (D).
Fig. 231. Labrum, ventral (0}.
Fig. 232. Metastomal areas and region between maxillipeds and
Fig. 233. Mandible, anterior and dorsal (E).
Fig. 234. Paragnath, posterior and ventral (E).

female (continued)

leg 1, ventral (G).

299



254 Bulletin Museum of Comparative Zoology, Vol. 134, No. 6

300



N e w  H e m i c y c l o p s  f r o m  M a d a g a s c a r  • Humes 255

Fig. 235. 
Fig. 236. 
Fig. 237. 
Fig. 238. 
Fig. 239. 
Fig. 240. 
Fig. 241. 
Fig. 242.

Plate XXXIV
H e m i c y c l o p s  a c a n t h o s q u i l l a e n. sp., female (continued) 

First maxilla, posterior (E).
Second maxilla, posterior (D).
MaxiUiped, dorsal (D).
Leg 1, anterior (H).
Inner spine on basis of leg 1, anterior (E).
Leg 2, anterior (M).
Outer edge of second segment of endopod of leg 2, anterior (E).
Leg 3, anterior (H).
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Fig. 243. 
Fig. 244.

Fig. 245. 
Fig. 246. 
Fig. 247. 
Fig. 248.

Piafe XXXV
Hemicyc/ops ocanfhosaui/Jae n. sp., female (continued)

Leg 4, anterior (H).
Leg 5, dorsal (G).

H e m i c y c l o p s  a c a n t h o s q u i l l a e n. sp., male
Body, dorsal (A).
Urosome, dorsal (C).
Portion of segment of leg 5 showing projection, dorsal (E).
Spermatophore (G).
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Plate XXXVI
H e m i c y c l o p s  a c a n t h o s q u i l l a e n. sp., male-(continued) 

Fig. 249. Rostral area, ventral (G).
Fig. 250. Labrum, ventral (D).
Fig. 251. Metastomal areas and region between maxillipeds and leg 1, ventral (H).
Fig. 252. Second maxilla, anterior (G).
Fig. 253. Maxilliped, anterior (G).
Fig. 254. Detail of leg 1, anterior (H).
Fig. 255. Leg 5, ventral (G).
Fig. 256. Leg 6, ventral (G).
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NEW OCEANIC CHEILODIPTERID 
OCEAN

GILES W . MEAD and J. E. De FALLA

ABSTRACT

The collections made in or adjacent to the 
Indian Ocean during voyages of R /V  A n
ton Bruun  and the “Monsoon” Expedition  
of Scripps Institution of Oceanography in
clude six species of high-seas cheilodipterid  
fishes. Two, Rosenblattia robusta and Flor
enciella lugubris, are described here as new  
genera and species; the other four, Howella  
brodiei, Bathysphyraenops simplex, Brink
mannella elongata, arid a second unidenti
fied species of Brinkmannella are new  rec
ords for the Indian Ocean. Included in 
the description of Rosenblattia robusta is 
material taken in the sub-Antarctic part of 
the Pacific Ocean dining the Antarctic Re
search Program of the University of South
ern California.

IN T R O D U C T IO N

In addition to the abundant mesopelagic 
malacopterygians such as myctophids and 
gonostomatids, midwater nets fished far 
from shore occasionally take spiny-rayed 
fishes which are related to coastal groups. 
W e are concerned here with one such 
group, the midwater segment of the per- 
comorph family Cheilodipteridae (Apogo
n idae), a family that is chiefly coastal, but 
that does contain a few  off-shore species.

Although these fishes are customarily re
ferred to the Cheilodipteridae, the family 
relationships have not properly been estab
lished. For example, Norman (1957:242A)

FISHES FROM THE INDIAN

tentatively placed the genera Howella, 
Neoscombrops, Bathysphyraenops, and 
Apogonops in the serranid subfamily Ser
raninae. The problem is the recognition of 
those characters which are adaptations for 
mesopelagic life as distinct or partially dis
tinct from those which reflect ancestry and 
relationship to an inshore family or sub
family. Various features found in these 
fishes, such as reduction or loss of color 
pattern, lack of countershading, occasional 
presence of terminal and horizontal antrorse 
teeth in the jaws, increased development of 
the lateral line, etc., are certainly character
istic of many mesopelagic fishes of diverse 
relationships. Variability in other charac
ters, such as number of anal spines, decidu
ous vs. adherent scales, presence or absence 
of opercular spines, and the extension of the 
lateral line onto the caudal fin, suggests 
that the group is not homogeneous. H ow
ever, some of these features also may reflect 
the requirements of oceanic life as well as 
ancestry. A critical study of the family re
lationships is clearly in order, but cannot 
be attempted here.

The midwater species discussed below  
are so different from their coastal relatives 
that comparison is pointless. However, 
mindful of the possibility that these forms 
may represent the pelagic young or pre
juveniles of benthic cheilodipterids from the 
continental shelf and abyssal plain, various 
benthic genera ( e.g. Brephostoma Alcock, 
Synagrops Günther, Epigonus Rafinesque, 
N eoscom brops  Gilchrist, Paroncheilus
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Smith) were considered while arriving at 
the identifications which are given.

Only two oceanic cheilodipterids, Oxyo
don macrops Brauer 1906 and Hynnodus 
atherinoides Gilbert, 1905 (Fourmanoir, 
1957) have been previously reported from 
the Indian Ocean. Neither of these is rep
resented in our collections.

The area with which w e are primarily 
concerned is the Indian Ocean. The type 
locality of Rosenblattia robusta lies in the 
southwestern Pacific, but the species was 
also caught in the Indian Ocean. In addi
tion, we have included in our description 
of this species a few specimens taken in the 
sub-Antarctic part of the Pacific Ocean. 
Our principal material was taken during 
Cruises III and VI of R /V  Anton Bruun  
during the American Program in Biology, 
International Inilian Ocean Expedition. 
Cruise III fished along the 60°E meridian 
from 12°N to 44°S, 13 August to 13 Septem
ber, 1963. Cruise VI sampled waters along 
65°E from 18°N to 41°S, 17 May to 4 July, 
1964. Supplementing the A nton Bruun  col
lections are several lots taken by Scripps 
Institution of Oceanography during its 
“Monsoon” Expedition to the Pacific and 
Indian Oceans, October, 1960 to March, 
1961 (Clarke, 1963), and a few lots taken 
by the R /V  Eltanin  during the Antarctic 
Research Program of the University of 
Southern California.

Both cruises of the A nton Bruun  used a 
10-foot Isaacs-Kidd Midwater Trawl; the 
Foxton Trousers (see Foxton, 1963), an 
opening-closing device designed to separate 
a shallow from a deep fraction of the trawl 
haul; and occasionally a time-depth re
corder. Attempts to calibrate the Foxton 
Trousers by repeated lowerings of the in
strument on the hydrographic wire showed 
that the depth at which the device trig
gered varied greatly. The device did sepa
rate the shallow from the deep part of the 
catch, but the actual depth of such separa
tion was imprecise. Even limits of error of 
half or double the nominal depth of separa
tion may be unrealistically narrow.

Our methods of counting and measuring 
are chiefly those of Hubbs and Lagler 
( 1947 ). The tip of the snout is taken as the 
midpoint of the upper jaw, even though 
this point may not be terminal. The length 
of the head is taken from the tip of the 
snout to the most posterior edge of the gili 
flap exclusive of opercular spines. The 
number of scales between the first dorsal 
fin and the lateral line is counted along the 
oblique row beginning at the base of the 
second dorsal spine. This count includes 
the small scale at the base of the fin but 
excludes the lateral line scale. The count 
between the lateral line and anal fin is 
made on the oblique row terminating at 
the base of the first anal spine. This count 
also excludes the lateral line scale, and is 
somewhat variable due to the occasional 
presence of a half scale at either end of the 
row. The last soft dorsal and the last anal 
rays may or may not be divided to the base, 
but in either instance the ray is counted as 
one.

The following abbreviations are used: 
IIOE (International Indian Ocean Expedi
tion), IKMT (Isaacs-Kidd Midwater 
Trawl), l.s.t. (local standard tim e), t.d.r. 
(time-depth recorder), s.l. (standard 
length), ANSP (Academy of Natural Sci
ences of Philadelphia), LACM (Los Ange
les County Museum), MCZ (Museum of 
Comparative Zoology, Harvard University), 
SIO (Scripps Institution of Oceanography), 
USC (University of Southern California), 
and USNM (United States National Muse
um).

We are indebted to Basil G. Nafpaktitis 
for the illustrations, to E. A. Lachner and 
D. M. Cohen for review of the manuscript, 
and to Richard H. Rosenblatt, R. H. Gibbs, 
Jr., Jay M. Savage, and John R. Paxton for 
the loan of specimens. We are particularly 
indebted to John H. Ryther of the Woods 
Hole Oceanographic Institution, Scientific 
Director of the American Program in Biol
ogy, International Indian Ocean Expedio 
tion, and to the National Science Founda
tion for the organization of the field pro
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gram of which the Anton Bruun cruisés 
were a part. This study was aided by Grant 
GF147 from the National Science Founda
tion to Harvard University, whose support 
is here gratefully acknowledged.

ROSENBLATTIA, N E W  G E N U S

Type species: Rosenblattia robusta new 
species. Gender of generic name: feminine.

Generic characters. Rosenblattia is dis
tinguished from all other known oceanic 
cheilodipterid fishes by the more robust 
body and by the pair of caudal keels formed 
by the scales of the mid-lateral series of the 
caudal peduncle. The high number (ca. 
52) of scales in the lateral line and the an- 
trorse teeth anteriorly in both jaws dis
tinguish this genus from all others except 
Florenciella which is discussed below.

All scales strongly ctenoid; head almost 
completely covered, fins largely naked. 
Scales on body small and numerous; about 
four between base of dorsal fin and lateral 
line and about fifteen between lateral line 
and base of anal fin. Lateral line complete, 

ninterrupted, and continuing onto caudal 
fin 'he scales along the caudal peduncle 
particularly spinulose and V-shaped. Strong 
spines in vertical fins. Anal fin with two 
spines. Body raised and stiffened at origins 
of unpaired fins. Procurrent caudal fin 
rays stiff and spiny, their tips free. Eye 
large, a small aphakic space present. A few  
discrete simple spines along the upper edge 
of opercle; opercle and subopercle else
where serrated. Upper edge of orbit spiny 
when viewed from above. Teeth present 
on jaws, vomer, and palatines; some of an
terior jaw teeth antrorse.

This genus is named in honor of Dr. 
Richard Rosenblatt of Scripps Institution 
of Oceanography, friend and fellow ichthy
ologist.

ROSENBLATTIA ROBUSTA, N E W  SPECIES

Holotype. An 84.8 mm s.l. specimen 
taken in the South Pacific by the Scripps 
Institution of Oceanography “Monsoon” 
Expedition; IKMT haul no. 17; 28 February

to 1 March, 1961; 2206 to 0250 hrs. l.s.t.; 46° 
53'S, 179°48'W to 46°42'S, 179°32'W; 
maximum calculated depth 1878 m, open 
net. SIO 61-45.

Paratypes. Two, 94.4 and 48.8 mm s.l.; 
same data as holotype. MCZ and SIO, re
spectively.

One, 75.8 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise II; Sta. 
882; 30 December 1963; 0805 to 1210 hrs. 
l.s.t.; SS'HO'S, 114°15'W to 55°52'S, 114° 
22'W; IKMT; maximum depth of sampling 
1737 m, open net. LACM 10075.

One, 67.0 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise 10; Sta. 
846; 10 November 1963; 2315 to 0330 hrs. 
l.s.t.; 57°52'S, 74°43'W to 57°27'S, 74°42'W; 
IKMT; maximum depth of sampling 1829 
m, open net. LACM 10074.

One, 61.0 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise 13; Sta. 
1107; 24 May 1964; 0513 to 0855 hrs. l.s.t.; 
57°59.6'S, 90°36.3'W to 58°20'S, 90°46.9'W; 
IKMT; maximum depth of sampling 713 
m, open net. LACM 10077.

One, 49.9 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise 13; Sta. 
1099; 22 May 1964; 1510 to 1845 hrs. l.s.t.; 
Ó Ó ^ ^ S , 89°09.3'W to 57°03.1'S, 88°54,3' 
W; IKMT; maximum depth of sampling 
759 to 1207 m, open net. LACM 10076.

One, 49.5 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise 15; Sta. 
1380; 17-18 November 1964; 2250 to 0250 
hrs. l.s.t.; 54°0rS, 145°02'W to 53°53'S, 
145°13'W; IKMT; maximum depth of sam
pling 841 m, open net. LACM 10078.

One, 49.0 mm s.l.; R /V  Eltanin, USC Ant
arctic Research Program, Cruise 6; Sta. 348; 
4 December 1962; 1125 to 1445 hrs. l.s.t.; 
54°40.1'S, 58°57.8'W to 55°05.8'S, 59°05.3' 
W; IKMT; maximum depth of sampling 
896 m, open net. LACM 10073.

One, 35.1 mm s.l.; “Monsoon” Expedi
tion; IKMT haul no. 13; 13 January 1961; 
0004 to 0457 hrs. l.s.t.; 49°26'30"S, 132° 
18'24"E to 49°21'00"S, 132°39'24"E; maxi
mum calculated depth 1878 m, open net. 
SIO 61-41.
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Figure 1. R o s e n b l a t t i a  r o b u s t a , new genus ond species; 
holotype, 84.8 mm in standard length; SIO 61-45. Squama- 
tion not shown. Drawn by Basil G. Nalpaktitis.
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Table 1. Proportional dimensions ( in per cent of standard length) of nine specimens, 
including the holotype, of Rosenblattia robusta

IO CO CD
IO
I

IO
ST

l>O© ooi-H
oo oo OO in

7
pH

T
CD S S S s S pH© pHCD
O ■32 o< U< u< U< u< O oC/3 Seo s J J s CA CD

S tan d ard  len g th  ( n u n  ) 94.4 84.8 75.8 67.0 61.0 49.9 49.0 48.8 35.1
F o rk  leng th 112.0 113.1 111.2 110.6 115.1 114.2 112.4 111.2 118.2
G reatest d e p th  of body 36.8 38.0 38.7 38.7 40.0 38.5 39.8 42.0 39.9
L east d e p th  o f cau d a l ped u n cle 16.2 17.3 15.0 14.9 14.9 13.6 14.7 14.5 14.0
G reatest w id th  o f body 23.3 23.6 22.3 24.2 26.4 2 4 .0 25.1 25 .0 27.4
Snout to orig in  o f first dorsal fin 40.8 40.8 39.6 43.7 41 .0 42,1 43.3 45.5 48.7
Snout to  o rig in  of anal fin 67.3 64.4 67.7 65.8 73.1 72.1 71.6 68.0 72.4
Snout to insertion  of ven tra l fin 41.7 40.3 47.9 41.8 50.0 47.7 47.8 46.3 47.6
Snout to insertion  o f p ecto ral fin 36.7 36.0 38.4 37.0 41.0 39.3 40.4 41.0 43.9
L en g th  o f base  o f first dorsal fin 17.8 17.1 16.2 14.5 14.9 14.6 15.9 14.7 14.2
L en g th  of b ase  of second dorsal fin 11.6 11.2 11.2 10.9 10.5 13.0 11.8 10.6 11.7
D istance  b e tw een  firs t an d  second dorsal fins 7.6 8.1 7.7 7.5 7.4 8.2 7.1 7.4 7.4
D istance  be tw een  anus an d  insertion  of v en tra l

fin 19.6 18.6 16.2 19.3 18.4 21.8 19.0 20.5 18.5
D istance  b e tw een  anus an d  orig in  o f anal fin 5.9 6.1 4.4 4.9 5.1 5.2 5.3 5.5 8.3
L en g th  of p ecto ral fin 24.9 24.8 25.7 27.6 26.7 28.7 28.6 28.7 29.9
L en g th  of v en tra l fin 16.9 18.9 19.5 21.6 20.3 20.0 20.8 19.5 21.7
L en g th  of h ead 35.5 35.1 34.7 36.3 38.0 37.3 39.0 38.9 42.2
L en g th  of snout 8.5 7.9 8.6 8.1 8.7 7.6 8.4 8.4 8.8
L en g th  o f u p p e r jaw 14.9 15.9 15.6 16.7 17.7 18.0 17.6 18.2 20.8
H orizontal d iam ete r of eye 13.3 15.0 14.5 15.7 17.5 17.2 18.8 17.4 21.4
W id th  of in te ro rb ita l space 9.7 12.0 12.3 14.6 14.4 13.8 14.7 10.0 11.4

Two juveniles, 25.0 and 27.5 mm s.l.; R /V  
Anton Bruun, HOE, Cr. VI; Sta. 353A; 2 
July 1964; 1115 to 1925 hrs. l.s.t.; 37°59'S, 
64°56'E to 38°15'S, 64°45'E; maximum 
calculated depth 2394 m; IKMT, deep frac
tion of catch with Foxton Trousers nomi
nally set at 350 m, specimens probably from 
below 175 m. MCZ.

One juvenile, 26.5 mm s.l.; R /V  A nton  
Bruun, HOE, Cr. VI; Sta. 354A; 4 July 1964; 
0915 to 1510 hrs. l.s.t.; 40°48'S, 65°03'E to 
40°51'S, 64°49'E; maximum calculated 
depth 1650 m; IKMT, considered to be an 
open net. USNM.

Two juveniles, 24.5 and 25.5 mm s.l.; R/V  
Anton Bruun, HOE, Cr. VI; Sta. 354B; 4 
July 1964; 1605 to 2210 hrs. l.s.t.; 40°51'S, 
64°49'E to 40°56'S, 64°25'E; maximum 
calculated depth 885 m; IKMT, considered 
to be an open net. SIO.

Description. Morphometrie data on the 
larger specimens are provided in Table 1. 
Meristic data (value, followed in paren

theses by the number of specimens ) as fol
lows: first dorsal fin VII (14); second dor
sal fin I, 7 ( 2 ) or 1, 8 ( 12 ) ; anal fin II, 8 
(14); pectoral fin (left side) 18 (9 ) or 19 
(5 ); gili rakers on first arch 5 (3 ) , 6 (9 ) or 
7 (2 ) +  1 +13 (1 ) , 14 (1 ) , 15 (5 ) , 16 (5 )  
or 17 (2 ) totaling 20 to 24; branchiostegal 
rays 4 +  3 (14); complete scale rows be
tween origin of first dorsal fin and lateral 
line, 4 (14); between lateral line and origin 
of anal fin, 14 (1 ) , 15 (11) or 16(2); scales 
in lateral line from origin to base of mid- 
caudal ray, 49 (1 ) , 50 ( 3 ), 51 (3 ) , 52 ( 5) or 
53 (1 ); lateral line scales overlying central 
caudal rays 1 to 4, somewhat correlated 
with size of fish. Vertebrae, 10 +  14 +  1 =  
25 (2 ).

The notes which follow are based chiefly 
on the four larger specimens. Observations 
of juvenile conditions are identified as such. 
Body compressed and relatively deep; its 
greatest depth (at origin of dorsal fin) 2.4 
to 2.7 in s.l. Greatest width 1.5 to 1.7 in
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greatest depth. All of body and head, ex
cept for the tip of the snout anterior to the 
eye and the isthmus, covered by heavy, 
strongly ctenoid, adherent scales, the cteni 
of which continue onto the surface of the 
scale as tranverse ridges. Squamation on the 
body is complete in our smallest juvenile 
( 24.5 mm s.l. ), although the cteni and ridges 
are poorly developed and the scale coverings 
on the head and fins are incomplete. The 
lateral line is well developed. The lateral 
line scales are produced laterally to form 
a pair of mid-caudal keels, the beginnings 
of which are evident in juveniles. Aside 
from the single simple tranverse tube, the 
anterior scales of the lateral line are similar 
to their neighbors. The lateral line con
tinues onto the proximal half of the capdal 
fin. Other fins are naked.

Distance between snout and origin of 
first dorsal fin 2.1 to 2.5 in s.l.; preanal dis
tance 1.4 to 1.6 in s.l., preventral distance
2.0 to 2.5 in S .I . ,  prepectoral distance 2.3 to 
2.8 in s.l. Spines in fins strong and sharp. 
Those in first dorsal lie alternately to the 
right or left of center when the fin is de
pressed. The second anal and ventral spines 
are as long or nearly as long as the succeed
ing soft rays. Pectoral fin set at about 45° 
with the horizontal, its length 1.4 in length 
of head. The anus is located about one- 
fourth of the distance from anal origin to 
the base of the ventral fin and is separated 
from the first anal spine by about four 
scales.

Head broad; interorbital slightly convex,
2.5 to 3.9 in length of head. Eye large, 
aphakic space small but prominent. Hori
zontal diameter of eye 2.0 to 2.7 in length 
of head. Dorsal, and to a lesser extent 
posterior, edge of orbit spinulose, the 
spines small and nearly uniform in size. 
Preopercle with two free edges, the pos
terior spinulose, the anterior less so or com
pletely without serrations. Opercle, es
pecially its lower half, armed with small 
simple cteni. Three simple spines, the 
longest in the middle, present along the 
upper edge of the opercle.

Gili openings wide. Branchiostegal mem
branes attached to isthmus but not over
lapping. Pseudobranchs present, formed 
of about 14 filaments. Gili rakers on first 
arch long and of the usual lath-like shape, 
those on successive arches reduced to 
spinulose knobs. Gili filaments notably few  
and short, those on the first arch no more 
than half the length of the gili rakers oppo
site them.

Teeth present on jaws, vomer, and pala
tines. Tongue toothless. Posterior end of 
maxillary but little expanded posteriorly 
and incompletely covered by the suborbi
tals. Premaxillaries separate and protrac
tile. Each premaxillary bears one to three 
large antrorse teeth that lie in a horizontal 
plane and are excluded from the mouth 
when it is closed. These, as well as the 
similar teeth at the tip of the lower jaw, 
are present in juveniles as well as in adults. 
Premaxillary with a row of minute teeth 
posterior to the anterior protruding series. 
Mandibular teeth similar, with antrorse 
fangs lateral to the median terminal bony 
boss followed posteriorly by a row of mi
nute teeth. A transverse patch of small 
teeth present on the vomer, and an irregular 
band can be found on each palatine.

In alcohol, the adults are uniformly 
yellowish brown. All fins slightly dusky. 
Iris and linings of pharyngeal and abdomi
nal cavities black. Juvenile coloration is far 
more striking. Pigmentation of the caudal 
part of the body appears last during devel
opment; and in young, shorter than 35 mm, 
the caudal peduncle and fin are completely 
colorless, while the more anterior part is 
dark brown or black. There is a darker 
broad vertical band at about the level of 
the second dorsal and anal fins, a narrower 
band through the rear part of the gili cover, 
and a dark patch on the body ventrally 
where the black peritoneum can be seen 
through the body wall. In these young the 
body coloration is not solid but formed of 
melanophores more or less closely spaced. 
When newly caught, the 20-30 mm young 
showed a ventral reflective zone anterior
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Figure 2. F lo r e n c ie l la  l u g u b r is, new genus and species; 
holotype, 89.2 mm in standard length; MCZ 43089. Squama- 
fion not shown; the scale illustrated is typical of those on 
the flank under tip of pectoral fin. Drawn by Basil G. 
Nafpaktitis.
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to the pelvic fins reminiscent of some 
luminescent systems reported in other 
cheilodipterid genera ( e.g. Siphamia, 
Haneda, 1961), but no structural evidence 
has been found.

FLORENCIELLA, N E W  G E N U S

Type species: Florenciella lugubris new 
species. Gender of generic name: feminine.

Generic characters. This genus most 
closely resembles Rosenblattia, especially 
by the presence of relatively large antrorse 
teeth in the anterior parts of both jaws. 
However, it lacks the mid-lateral caudal 
keels of Rosenblattia and has a less deep 
body than that genus.

All scales strongly ctenoid. Head almost 
completely covered by scales; fins largely 
naked. Lateral line complete, uninter
rupted, and extending onto the caudal fin. 
Mid-lateral scales of caudal peduncle dif
fering from those adjacent to them only by 
the presence o f a lateral line channel. 
About three rows of scales between base of 
dorsal fin and lateral line, about seventeen 
between lateral line and base of anal fin. 
Strong spines in vertical fins. Two anal 
spines. Procurrent caudal spines stiff, spiny, 
and exposed. Eye large, aphakic space 
prominent. One prominent spine, simple or 
multifid, at upper end of gili flap which is 
flanked above and below by lesser spines. 
Subopercle and preopercle with feeble 
spines or serrations. Spines present along 
upper edge of orbit. Teeth present on jaws, 
palatines, and usually vomer.

FLORENCIELLA LUGUBRIS, N E W  SPECIES

Holotype. A 89.2 mm s.l. specimen taken 
in the equatorial Indian Ocean by R /V  A n 
ton Bruun, IIOE, Cruise III; Sta. 6, coli. 
AE13B; 21 August 1963; 0155 to 0440 hrs. 
l.s.t.; 01°58'S, 60°06'E to 02°06'S, 60°02'E; 
maximum calculated depth 510 m (depth  
from t.d.r. 500 m ); IKMT, considered an 
open net collection. MCZ 43089.

Paratypes. Fifty-seven specimens, 22.7 
to 97.0 mm s.l.; same data as holotype. 
Eight specimens in USNM; eight in SIO;

eight in ANSP; three in Zoological Museum, 
University of Copenhagen; remainder, in
cluding one cleared and stained individual, 
in MCZ.

One, 89.9 mm s.l.; R /V  A nton Bruun, 
IIOE, Cr. III; Sta. 5, coli. AE 12A; 19 Au
gust 1963; 2035 to 2350 hrs, l.s.t.; 01°23'N, 
60°11'E to 01°22'N, 60°04'E; maximum 
calculated depth 750 m (maximum depth 
from t.d.r. 800 m ) ; shallow fraction of catch 
with Foxton Trousers set for ca. 275 m, 
specimen probably from above 550 m. 
MCZ.

Seven, 22.7 to 65.5 mm s.l.; R /V  Anton  
Bruun, IIOE, Cr. III; Sta. 6, coll. AE14B; 
21 August 1963; 0445 to 1010 hrs. l.s.t.; 
02°06'S, 60°02'E to 01°48'S, 59°50'E; maxi
mum calculated depth 1600 m; deep frac
tion of catch with Foxton Trousers set for 
ca. 275 m, specimens probably taken below  
140 m. MCZ and USNM.

Two, 24.7 and 25.9 mm s.l.; R /V  Anton  
Bruun, IIOE, Cr. III; Sta. 7, coll. AE15D; 
23 August 1963; 0250 to 0610 hrs. l.s.t.; 
05°03'S, 60°10'E to 04°52'S, 60°02'E; max
imum calculated depth 685 m; deep frac
tion of catch with Foxton Trousers set for 
ca. 150 m, probably taken below 75 m. 
MCZ.

One, 26.1 mm s.l.; R /V  Anton Bruun, 
IIOE, Cr. III; Sta. 13, coll. AE24A; 8 Sep
tember 1963; 1055 to 1500 hrs. l.s.t.; 31°58'S, 
59°45'E to 32°11'S, 59°30'E; maximum 
calculated depth 1360 jn  ( depth from t.d.r. 
1350 m ); deep fraction of catch with Fox
ton Trousers set for 275 m, probably taken 
below 110 m. Cleared and stained in MCZ.

One, 26.8 mm s.l.; R /V  A nton Bruun, 
IIOE, Cr. VI; Sta. 336B; 27 May 1964; 0047 
to 0530 hrs. l.s.t.; 01°50'N, 65°06'E to 01° 
37'N, 65°07'E; maximum calculated depth 
1250 m; deep fraction of catch with Foxton 
Trousers set for 275 m, probably taken 
below 140 m. USNM.

One, 26.0 mm s.l.; R /V  Anton Bruun, 
HOE, Cr. VI; Sta, 337A; 27 May 1964; 2130 
to 0245 hrs. l.s.t.; 00°03'N, ö ö W E  to 00° 
14'S, 65°03'E; maximum calculated depth 
525 m; deep fraction of catch with Foxton
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Table 2. Proportional dimensions ( in per cent of standard length) of a series of 21 specimens, including the holotype, of Florenciella
lugubris caught by R/V Anton Bruun, IIOE, Cruise III.

Sta. 13 Sta. 6 Sta. 6 Sta. 6 Sta. 6 Sta. 6 Sta. 5 Sta. 6
A E24A  AE13B AE14B ,-------------AE13B------------- , ,------A E14B ------ , ,-----------------------------AE13B---------------------------- , AE12A --,------- A E 13B -------- ,

Holo
type

S tandard length 26.1 28.8 33.1 36.6 45.6 54.4 57.7 58.9 61.6 65.5 66.2 70.5 73.0 76.0 78.5 84.7 89.2 89.9 90.3 95.4 97.0
Fork  length 111.9 108.7 110.3 111.5 109.0 112.7 109.2 111.0 109.1 109.6 108.5 109.2 108.5 110.4 108.9 109.6 108.4 107.4 105.7 107.6 108.2
G reatest d ep th  of 

body 27.2 26.7 27.8 25.1 26.3 27.6 27.6 28.5 28.4 28.1 25.5 26.9 25.9 27.4 27.4 26.2 29.1 29.6 28.2 28.3 27.5
L east d ep th  of caudal 

peduncle 10.0 11.1 12.4 11.5 11.4 11.9 13.3 12.7 12.8 11.1 14.1 13.6 13.4 14.1 12.9 13.9 14.3 13.9 13.9 13.8 13.1
G reatest w idth  of 

body 21.1 14.2 15.4 17.2 17.1 17.1 17.3 17.1 16.2 17.7 16.9 18.4 17.0 17.8 18.1 18.0 17.4 19.7 18.6 18.7 19.2
Snout to  origin of first 

dorsal fin 46.7 44.1 41.4 37.7 41.0 38.8 37.1 38.9 39.9 39.9 39.1 39.0 38.1 38.4 37.5 35.3 38.2 38.3 36.8 38.3 36.8
Snout to  origin of anal 

fin 65.1 62.5 65.0 64.7 63.6 62.5 60.7 61.5 60.5 60.9 60.3 59.4 60.7 60.8 61.5 57.0 59.6 59.3 60.8 58.3 60.4
Snout to  insertion of 

ven tra l fin 43.7 39.6 37.2 39.6 35.7 37.3 37.3 37.7 36.2 37.3 36.1 35.0 36.3 37.4 35.8 36.4 33.7 34.6 35.2 34.6 35.4
Snout to  insertion of 

pectoral fin 40.6 36.8 35.9 35 .8 33.8 34.7 33.4 33.8 33.8 34.8 33.2 32.8 32.6 34.2 32.6 33.2 31.9 33.5 33.8 31.1 33.0
Length  of base of first 

dorsal tin 16.1 13.9 13.9 14.2 13.6 12.5 13.7 13.4 16.2 15.1 12.5 13.6 15.8 15.7 12.7 13.3 13.7 13.7 13.5 14.5 14.3
L ength  of base of sec

ond dorsal fin 10.3 11.1 11.2 10.9 10.5 10.7 11.4 11.5 9.7 11.5 10.3 11.1 10.7 11.1 10.6 10.4 11.5 11.0 10.4 10.9 11.1
D istance betw een first 

and  second dorsal 
fins 8.0 6.9 9.1 8.7 7.5 9.6 9.7 9.8 4.7 8.6 9.1 9.5 9.7 8.9 10.3 8.6 8.4 11.0 9.3 9.0 10.3

L ength  of base of anal 
fin 13.8 10.7 10.6 11.2 9.4 11.0 11.3 11.4 11.0 11.1 10.6 9.4 10.8 11.2 10.7 11.3 11.2 11.1 10.4 10.7 11.0

D istance betw een 
anus and  insertion 
of ventral fin 17.6 19.4 18.1 18.9 19.5 18.9 18.2 17.1 18.8 17.7 19.9 20.8 19.9 19.0 19.5 18.1 20.2 19.7 18.8 19.8 16.4

D istance betw een 
anus and  origin of 
anal fin 6.1 5.2 8.2 8.2 7.5 5.5 7.8 7.0 6.3 5.8 7.1 6.1 6.4 6.6 7.3 6.0 6.8 7.3 6.8 6.0 6.8

L ength  of pectoral fin 23.8 21.5 26.0 24.6 20.8 24.4 24.4 24.6 23.2 25.0 24.8 23.0 22.2 23.6 22.9 23.0 22.6 22.2 21.6 20.4 21.2
L ength  of ventral fin 19.9 16.7 17.8 18.3 16.7 17.6 16.5 17.1 17.9 1 5 .1 + 14.5 15.9 15.5 16.2 15.3 15.0 15.1 1 2 .3 + 15.5 14.7 14.9
L ength of head 40.6 37.5 35.0 32 .5 35 .7 36.0 34.7 34.0 34.2 35.1 32.5 33.2 32.1 33.8 32.5 31.9 34.1 33.5 32.4 34.2 33.5
L ength  of snout 10.7 9.7 9.4 7.4 7.0 9.2 6.4 7.5 6.8 8.6 6.3 6.9 7.0 7.8 7.1 6.8 7.0 7.3 7.2 6.4 7.2
L ength  of u pper jaw 19.5 19.1 18.2 18.0 16.9 16.5 16.1 16.8 16.4 16.3 15.9 15.9 15.6 15.8 14.9 14.4 15.0 13.6 14.6 15.0 15.2
H orizontal diam eter 

of eye 19.5 16.7 16.0 15.8 15.4 14.3 15.6 15.8 15.1 15.3 13.8 13.8 14.5 14.2 13.4 13.2 13.5 11.2 12.7 12.8 13.6
W idth of in terorbital 

space 13.4 8.3 9.4 9.0 9.9 10.7 9.5 10.0 9.4 9.5 10.1 10.1 9.2 11.1 10.4 9.8 10.3 9.9 10.4 9.5 9.7
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Figure 3. Dortal views of heads of Rosenblattia1 robusta (left) and Florenciella lugubris (right). Squamation not shown. 
Drawn by Basil G. Nafpaktitis.

Trousers set for 275 m, probably taken 
below 140 m. MCZ.

Description. Morphometrie data, taken 
from the type and a series of paratypes, are 
provided in Table 2. Meristic data were 
taken from fifty specimens including the 
type. These data (value, followed in pa
rentheses by the number of specimens ) fol
low: first dorsal fin VII (50); second dor
sal fin I, 8 (50); anal fin II, 8 (49) or rarely 
II, 7 ( 1 ) ; pectoral fin ( left side, or if -dam
aged the right) 16 (1 ) , 17 (28 ), 18 (20) 
or 19 ( 1 ) ; gili rakers on first arch 5 ( 1 ), 6 
(39) of 7 (10) + 1  +  14 (16), 15 (32) or 
16 (2 ) totaling 20 ( 2 ), 21 (13), 22 ( 24) or 
23 (11); branchiostega! rays 4 +  3 (50); 
complete rows of scales between origin of 
first dorsal fin and lateral line 4 (50); be
tween lateral line and origin of anal fin 15 
(5 ) , 16 (37) or 17 (8 ); scales in lateral 
line from origin to base of mid-caudal ray 
49 ( 3 ), 50 (1 4 ), 51 (18 ), 52 ( 8) or 53 (7 );

one to four lateral line scales on caudal fin, 
some of these frequently missing and ap
parently more numerous in larger than in 
smaller specimens. Vertebrae, 10 +  14 +  
1 =  25 (8 ) or 10 +  13 +  1 =  24 (1 ).

Body compressed and relatively shallow, 
its greatest depth (at origin of first dorsal 
fin ) 3.3 to 3.8 in s.l., its greatest width ( im
mediately behind orbit) 1.3 to 1.8 in great
est depth. All of body and head, except for 
the snout anterior to eye, covered by ad
herent ctenoid scales, the cteni of which 
are continuous with transverse ridges on 
the surface of each scale. Squamation es
sentially complete at 30 mm s.l., but at this 
size the cteni and associated ridges are 
scarcely evident. Scales of lateral line nor
mal, the line terminating with one, two or 
three pored scales overlying central rays of 
the caudal fin. The other fins, both paired 
and vertical, are naked and there are no 
axillary scales.
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Distance between snout and origin of 
first dorsal fin 2.2 to 2.8 in s.l.; preanal dis
tance 1.5 to 1.8 in s.l.; preventral 2.3 to 2.9 
in s.l.; prepectoral 2.5 to 3.2 in s.l. Spines 
in fins strong, high and sharp, those in the 
first dorsal fin lying alternately on the right 
or left of center when the fin is depressed. 
Dorsal and second anal spines about as long 
as the soft rays which follow them; spiny 
elements in the vertical fins longer than 
the soft. Base of pectoral fin set at about 
45° angle with the horizontal, the fin rela
tively short and rounded, its length 1.4 to 
1.7 in length of head. Anus located about 
one-fourth of the way from origin of anal 
to insertion of ventral fins and separated 
from the first anal spine by about five 
scales. Head broad and bony, its greatest 
width 1.7 to 2.3 in length of head, its length
2.5 to 3.1 in s.l. Interorbital nearly flat, its 
least bony width 3.0 to 3.7 in length of 
head. Eye large, its horizontal diameter
2.1 to 3.0 in length of head. Pupil elliptical, 
aphakic space prominent. Dorsal and pos
terior edges of orbit spinulose, the supra
orbital ridge terminating anteriorly in a 
broad, flat spine. Free edge of preopercle 
single, usually smooth, but occasionally ( es
pecially in smaller individuals) bearing a 
few minute spines. A complex cluster of 
spines originate near the more posterior 
part of the opercular bone. The largest 
spine is the most posterior; it is usually 
simple in smaller specimens, but compound 
in the larger. Smaller and more or less sim
ple spines lie above and below that at the 
angle of the operculum. Elsewhere the free 
edge of the gili cover is either smooth or 
weakly serrated.

Gili openings wide, the gili flaps and 
branchiostegal membranes meeting at the 
ventral midline but not overlapping. 
Pseudobranchs present, formed of about 14 
filaments. Gili rakers on first arch of the 
usual lath-like shape and about half as long 
as diameter of eye. Gili filaments unusually 
short and few, those of first arch about two- 
thirds as long as the opposite rakers.

Symphysis of upper jaw toothless. On

each side lateral to the midpoint is a patch 
of minute teeth and two or three conical, 
slightly recurved antrorse teeth. A single 
series of minute teeth is present on the 
more posterior biting edge of the pre
maxilla. The two or three conical antrorse 
canines on the mandible are followed by a 
row of small teeth. The vomer may bear a 
few minute, sharp teeth or be completely 
toothless. Palatines with teeth in a simple 
series or in a band. Tongue toothless.

In alcohol, the flanks are uniformly 
dusky, with more pigment along the mar
gins of the scale pockets than elsewhere 
and with darker areas along the bases of 
the vertical fins. All fins are dark brown. 
The eye is dark, but elsewhere the head is 
similar in pigmentation to the body. Lin
ings of mouth, pharynx, and abdominal 
cavity black. In young of about 35 mm s.l., 
the black linings of the body cavities are 
evident through the lighter dermal pig
mentation, the black bases of the second 
dorsal and anal fins contrast in a more strik
ing way with the pale flanks, the tip of the 
caudal is black, and there is a prominent 
dark vertical bar across the caudal peduncle 
in an area bounded by the upper and lower 
procurrent caudal rays.

HOW ELLA BRODIEI OGILBY 189 8

The three nominal species of Howella 
have never been critically compared. The 
type specimen of Howella brodiei was 
found on the beach at Lord Howe Island 
near Australia. The type locality for the 
second species, H. sherborni (Norman, 
1930, as Rhectogramma sherborni) lies in 
the eastern Atlantic off South Africa, ca. 
34°S, 17°E. The third species, H. pam 
melas ( Heller and Snodgrass, 1903, as 
Galeagra pammelas) was first taken at 
Wenman Island in the Galapagos group.

The type of H. pammelas (Heller and 
Snodgrass, 1903: pi. 4) and additional
eastern Pacific material of this species from 
the collections of Scripps Institution of 
Oceanography show both an upper and a 
lower opercular spine to be complex. In
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contrast, only the upper opercular spine is 
complex in specimens of Howella  from the 
western Pacific and Atlantic. On this basis 
alone, other morphometric data being simi
lar, our Indian Ocean specimens, all of 
which have only an upper complex oper
cular spine, are referred here to H. brodiei, 
a species of which H. sherborni is tenta
tively considered conspecific. A critical 
and more detailed examination of the now 
considerable material from all oceans is 
obviously in order.

This genus is hitherto unknown from the 
Indian Ocean, the nearest records being the 
South African-Atlantic type locality of H. 
sherborni, the Australian type locality of
H. brodiei, and a Philippine locality re
ported for the latter species by Herre and 
Herald (1951).

The A nton Bruun  took specimens of H. 
brodiei at each of the following twelve sta
tions:

One, 18.0 mm s.l.; Cr. III; Sta. 2, coli. 
AE6E; 15 August 1963; 0350 to 0715 hrs.
I.s.t.; 10°09'N, 59°55'E to lO W N , 60o01'E; 
maximum calculated depth 560 m (depth  
from t.d.r. 520 m); IKMT, deep fraction of 
catch with Foxton Trousers nominally set 
for 150 m, specimen probably taken below  
75 m. MCZ.

One, 14.5 mm s.l.; Cr. III; Sta. 3, coli. 
AE8B; 16 August 1963; 1845 to 2213 hrs. 
l.s.t.; 06°54'N, 59°55'E to 06°37'N, 59°57'E; 
maximum calculated depth 750 m; IKMT, 
shallow fraction of catch with Foxton 
Trousers set for 150 m, probably taken 
above 300 m. MCZ.

One, 13.6 mm s.l.; Cr. III; Sta. 5, poll. 
AE12B; 19 August 1963; 2035 to 2350 hrs. 
l.s.t.; 01°23'N, 60°11'E to 01°22'N, 60°04'E; 
maximum calculated depth 750 m (depth 
from t.d.r. 800 m); IKMT, shallow fraction 
of catch with Foxton Trousers set for 275 
m, probably taken above 550 m. Zoological 
Museum, University of Copenhagen.

One, 65.0 mm s.l.; Cr. III; Sta. 7, coli. 
AE16D; 23 August 1963; 0625 to 1350 hrs. 
l.s.t.; 04°52'S, 60°02'E to 04°27'S, 59°55'E; 
maximum calculatèd depth 2030 m; IKMT,

deep fraction of catch with Foxton Trousers 
set at 275 m, probably caught below 140 
m. MCZ.

One, 42.5 mm s.l.; Cr. III; Sta. 16, coli. 
AE30B; 12 September 1963; 1110 to 1710 
hrs. l.s.t.; 40°53'S, 60°01'E to 41°07'S, 
59°52'E; maximum calculated depth 2750 
m; IKMT, deep fraction of catch with Fox
ton Trousers set for 275 m, probably taken 
below 140 m. SIO.

One, 61.0 mm s.l.; Cr. III; Sta. 16, coli. 
AE31B; 12 September 1963; 1725 to 2105 
hrs. l.s.t.; 41°07'S, 59°52'E to 41°07'S, 
60°08'E; maximum calculated depth 635 m; 
IKMT, deep fraction of catch with Foxton 
Trousers set for 150 m, probably from be
low 75 m. MCZ.

Two, each 14.6 mm s.l.; Cr. VI; Sta. 334A; 
24 May 1964; 1912 to 2345 hrs. l.s.t.; 06° 
01'N, 64°59'E to 05°48'N, 64°57'E; maxi
mum calculated depth 700 m; IKMT, deep 
fraction of catch with Foxton Trousers set 
for 275 m, probably taken below 140 m. 
MCZ.

One, 47.0 mm s.l.; Cr. VI; Sta. 335 B; 26 
May 1964; 0100 to 0850 hrs. l.s.t.; 03°46'N, 
65°05'E to 03°27'N, 65°07'E; maximum 
calculated depth 2575 m; IKMT, deep frac
tion of catch with Foxton Trousers set for 
275 m, probably taken below 140 m. 
USNM.

One, 15.5 mm s.l.; Cr. VI; Sta. 337B; 28 
May 1964; 0300 to 0930 hrs. l.s.t.; 00°14'S, 
65°03'E to 00°29'S, 65°08'E; maximum 
calculated depth 2250 m; IKMT, shallow 
fraction of catch with Foxton Trousers set 
for 275 m, probably taken above 550 m. 
USNM.

Three, 11.8 to 14.6 mm s.l.; Cr. VI; Sta. 
340B; 31 May 1964; 1945 to 0155 hrs. l.s.t.; 
05°55'S, 64°48'E to 06°08'S, 64°58'E; max
imum calculated depth 746 m; IKMT, shal
low fraction of catch with Foxton Trousers 
set for 275 m, probably taken above 550 m. 
MCZ.

Two, 11.1 and 11.9 mm s.l.; Cr. VI; Sta. 
341B; 1-2 June 1964; 2200 to 0300 hrs. l.s.t.; 
07°56'S, 65°14'E to 07°57'S, 64°51'E; max
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imum calculated depth 504 m; IKMT, con
sidered an open net. MCZ.

Three, 10.2 to 12.4 mm s.l.; Cr. VI; Sta. 
342A; 2 June 1964; 1755 to 2250 hrs. l.s.t.; 
09°57'S, 64°55'E to 10°0rS, 64°19'E; max
imum calculated depth 580 m; IKMT, deep 
fraction of catch with Foxton Trousers set 
for 200-250 m, probably taken below 125 
m. MCZ.

BATHYSPHYRAENOPS PARR 193 3

Bathysphyraenops, a monotypic genus, 
has been known only from the type series 
of B. simplex  Parr 1933, which was taken 
off the Bahamas and adjacent islands, and 
from unpublished catches made elsewhere 
in the Atlantic and Pacific. Our Indian 
Ocean collection contains two specimens,
84.5 and 90.8 mm s.l., which we have criti
cally compared with the holotype of B. 
simplex ( Bingham Oceanographic Lab. no. 
2847). Meristic values, with the possible 
exception of the number of scale rows be
tween the lateral line and origin of anal fin, 
are nearly identical, and differences in body 
proportions, armature, etc. are insignifi
cant. These Indian Ocean B. simplex were 
taken at the following station:

R /V  Anton Bruun, IIOE, Cr. III; Sta. 6, 
coll. AE13B; 21 August 1963; 0155 to 0440 
hrs. l.s.t.; 01°58'S, 60°06'E to 02°06'S, 
60°02'E; maximum calculated depth 510 m 
(depth from t.d.r. 500 m ); IKMT, con
sidered an open net. MCZ and USNM.

BRINKMANNELLA PARR 1 9 3 3

Included within the small group of 
oceanic cheilodipterids with single anal 
spines and unarmed opercular flaps are 
Brinkmannella elongata Parr, previously 
known only from midwaters off the Baha
ma Islands (Parr, 1933:26), and Brephos
toma carpenteri Alcock, an abyssal benthic 
species from the Bay of Bengal (Alcock, 
1889:383). Brinkmannella elongata has de
ciduous scales and teeth in jaws, palatines, 
and vomer. Brephostoma carpenteri has 
adherent scales and a toothless mouth. In

other respects the two genera are suspi
ciously similar.

Our Indian Ocean material contains two 
lots of specimens within this group. The 
first is a single individual, 104.5 mm s.l., 
which is larger but otherwise identical to 
the Atlantic Brinkmannella elongata. It 
was taken as follows:

Scripps Institution of Oceanography 
“Monsoon” Expedition; IKMT haul no. 9; 
19 December 1960; 0324 to 0829 hrs. l.s.t.; 
33°19'18"S, 72°34'24"E to 33°38'06"S, 72° 
31W 'E ; maximum calculated depth 1878 
m, open net. SIO 61-37.

The second lot contains four fishes, ca. 
64-ca. 103 mm s.l., all in poor condition, 
which are meristically more similar to 
Brephostoma carpenteri than to Brinkman
nella elongata but show the generic char
acters diagnostic of this latter genus: teeth 
in jaw, palatines, and vomer; deciduous 
scales; and an area of relatively light pig
mentation on the flanks posterior to the 
anal fin. These are characters which pos
sibly could change as a pelagic young as
sumes a benthic adult life. Therefore, • '
pending further study, the identity of this 
lot is left open as “Brinkmannella sp.” The 
series came from the following locality: 

R/V A nton Bruun, IIOE, Cr. III; Sta. 6, 
coll. AE13B; 21 August 1963; 0155 to 0440 
hrs. l.s.t.; 01°58'S, 6 0 W  to 02°06'S, 60° 
02'E; maximum calculated depth 510 m 
(depth from t.d.r. 510 m ); IKMT, con
sidered an open net. MCZ.
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E inleitung

Die vorliegende Schrift behandelt die Hoplonemertini monostilifera aus dem 
Material der „Österreichischen Indo-Westpazifik-Expedition l'959/60“. Die Auf
sammlung erfolgte im Saumriff der nordwestlich von Madagaskar im Mozambique- 
Kanal gelegenen Insel Tanikely ( q S 'IN 'I 'O , I3°28’9'S ). Die Proben wurden tauchend 
im Ostabschnitt des Riffes entlang eines abgesteckten Profiles abgetragen und im 
Feldlabor mittels Klimaverschlechterung aufbereitet. Um auch hinsichtlich der quan
titativen Verteilung der Nemertinenfauna eine Aussage möglich zu machen, wurden 
die insgesamt 40 zur Aufarbeitung gelangten Proben volumengleich gehalten, wo-
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bei eine Probe 3 Glaswannen zu je 30 Liter, gefüllt mit Substrat, entsprach. Die bei 
der Untersuchung berücksichtigten Bestandsbildner waren: Seriatopora angulata 
K l u n z in g e r , Acropora pharaonis (E d w a r d s  & H a im e), Acropora corymbosa (L a 
m arck), Porites nigrescens D a n a , Porites iwayamaensis E guchi und Millepora te
nella Or t m a n n , sowie eine dicke Rasen bildende Alge, deren Bestimmung noch aus
ständig ist1). Die Nemertinen-Ausbeute der Expedition umfaßt 38 Arten mit zu
sammen 488 Individuen. Auf die Hoplonemertini monistilifera entfallen 9 Arten, 
von denen 8 nachfolgend dargestellt sind, während eine mit zwei Individuen ver
tretene Tetrastemma-Species wegen des schlechten Erhaltungszustandes nicht weiter 
determiniert werden konnte und nur kurz Erwähnung findet.

Für Unterstützung und Förderung der im Rahmen der „Österreichischen Ar
beitsgemeinschaft für Meeresforschung“ durchgeführten Expedition sei an dieser 
Stelle Herrn Prof. Dr. W. Ma r in e l l i , Herrn Doz. Dr. R. R ie d l  und Herrn Doz. 
Dr. F. St a r m ü h l n e r , I. Zoologisches Institut der Universität Wien, aufrichtig ge
dankt. Die Feldarbeit auf Tanikely wurde durch Herrn Prof. Dr. J. M illot , Herrn 
Prof. Dr. R. P a u l ia n , Herrn Dr. A. Cr o sn ie r , Herrn Dr. P. F ourm ano ir  und Herrn 
M. B jo r n u m , Institut de Recherche Scientifique a Madagascar, Station Océano
graphique Nossi Bé, in dankenswerter Weise gefördert und erleichtert. Dank gebührt 
auch Herrn Dr. F. B a ld a  und Herrn Dr. R. Curr a  vom Instituto Oceanógrafico 
Cumana, Venezuela, für gezeigtes Interesse an der Bearbeitung des vorliegenden 
Teiles. Für die Bestimmung der bestandsbildenden Madreporaria und Hydroidea 
möchte ich Frau Dr. L. R ossi, Istituto e Museo di Zoología, Universita di Torino, 
herzlichst danken.

Beschreibungen
Cratenemertes F r ie d r ic h  1955

Im Genus Cratenemertes wurden von F r ie d r ic h  (1955) alle jene bis dahin unter 
Amphiporus geführten Arten zusammengefaßt, bei welchen in der Rhynchocoelom- 
wand eine Verflechtung der Muskulatur auftritt. Es sind dies Cratenemertes amboien
sis (B ü r g e r ) 1890, C. drepanophoroides (G r if f in ) 1898, C. pacificus (Co e ) 1905, 
C. occidentalis (Co e) 1905, C. punctatulus (Coe) 1905 und C. bergendali (G e r in g ) 
1912. Hinzu kamen Cratenemertes danae F r ie d r ic h  1957 und C. pelagicus K orot- 
k ev itsc h  1961 sowie die in der Folge beschriebene Form

Cratenemertes madagascarensis n. sp.
Habitus

Die aufgesammelten Exemplare der Art hatten eine Körperlänge von 5— 7 mm 
und erreichten eine maximale Breite von 1,5 mm. Im Leben wirkten die dorsoventral

1) Da in den Algenproben keine Hoplonemertini monostilifera auftraten, ist das Fehlen 
einer Bestimmung ohne Bedeutung für die vorliegende Arbeit.
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leicht abgeflachten Tiere etwas plump. Die terminad sich verjüngende Kopf region 
ist nur schwach abgesetzt und weist 12 unregelmäßig angeordnete Augen auf, von 
denen je 6 auf eine Körperseite entfallen. Von der dorsal intensiver als ventral in 
Erscheinung tretenden ockergelben Grundfarbe heben sich auf der Rückenpartie 
dhr Tiere rostbraune Pigmentschollen ab (Abb. 3, C). Diese Pigmentschollenzone be
ginnt bald hinter der Kopfregion und reicht nicht bis ganz an das caudale Körper
ende heran. Damit ähnelt die vorliegende Form sehr Amphiporus maculosus (Coe 
1944 a), bei welcher rotbraune Flecken auf grauem Grund aufscheinen, wobei eben
falls die Zeichnung auf die Dorsalseite beschränkt ist und der Kopf frei b leib t Wenn
gleich von A. maculosus keine Habitusabbildung vorhanden ist, scheint doch auf 
Grund der von Coe (1944 a, S. 30) gegebenen Beschreibung eine recht gleichartige 
lockere Verteilung der Pigmentflecken beiden erwähnten Formen zuzukommen, so 
daß zu deren habitueller Trennung, abgesehen von dem nicht sehr signifikanten 
Unterschied in der Grundfarbe, nur das Vorhandensein von Augen bei Cratene
mertes madagascarensis und deren Fehlen bei Amphiporus maculosus herangezogen 
werden kann. Der gleichfalls von Coe (1901) beschriebene Amphiporus nebulosus als 
auch Cratenemertes punctatulus (Coe  1905) zeigen die dorsalen braunen Flecken 
dicht beisammen, oftmals ineinanderfließend und vor allem auch am Kopf vor
handen, wodurch sich die beiden Arten deutlich von der zur Rede stehenden Form 
distanzieren.

Anatomie

Das Epithel ist besonders in der vorderen Körperhälfte stark entwickelt, ebenso 
auch die Grundschicht, die in dieser Region die Dicke der Ringmuskulatur erreicht. 
Die Höhe des Epithels entspricht annähernd der Dicke von Grundschicht und Mus
kularis zusammen. Eine Diagonalmuskelschicht wie bei C. punctatulus und C. bergen
dali ist bei C. 'madagascarensis nicht realisiert. Die Kopfspitze wird größtenteils von 
der Kopfdrüse erfüllt, welche in schlauchförmige Lappen gegliedert, dorsomedian 
und bei einem der untersuchten Tiere auch ventral das Praecerebralseptum durch
dringt, ohne dann noch erwähnenswert weiter caudad zu reichen (Abb. 1, kd). Eine 
gut ausgebildete Kopfdrüse ist auch bei den meisten der anderen Cratenemertes-Arten 
gefunden worden und lediglich von C. pelagicus wird berichtet, daß sie nicht vor
handen ist. Submuskulare Drüsenzellen, wie sie bei C. drepanophoroides und C. punc
tatulus beobachtet wurden, fehlen im vorliegenden Fall.

Der Cerebralkomplex ist im Vergleich zum Körperquerschnitt als sehr groß zu 
bezeichnen. In der terminalen Hälfte des Gehirns ist kaum eine Begrenzung der 
Ganglien an der Oberfläche zu bemerken, im caudalen Abschnitt hingegen sind Dor
sal- und Ventralganglien vollständig isoliert. Die Seitennervenstämme gehen nach 
ihrem Austritt von den ventralen Ganglien erst über eine starke Bogenbildung in 
ihren Längsverlauf ein. Die ventrale Gehirnkommissur ist gering an Durchmesser

19 Zool. Jb . Syst. Bd. 92
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Abb. 1. Cratenemertes madagascarensis — Vorderende. Projektion der Organisation (der linken 
Körperseite) in die Median-Sagittale. (Erklärung der Abkürzungen s. S. 324.)

und extrem kurz, da sich die korrespondierenden Ganglien median berühren. Ein
gekeilt zwischen den kuppenförmigen Enden der Ganglien und den Bögen der Late
ralstämme liegen die großen Cerebralorgane, die sich caudad noch ein kleines Stück 
über das Gehirn hinaus erstrecken (Abb. 1, co). Sie münden seitlich in den Kopf
furchen aus.

Das Rhynchocoelom ist bis an das caudale Körperende zu verfolgen. Die Musku
latur der je nach Kontraktionszustand an Dicke variierenden Rüsselscheide wird in 
erster Linie von einer Ringfaserschicht gebildet, in welcher regellos eingebettet 
Längsfibrillen verlaufen, so daß eine Verflechtung der Muskulatur zustandekommt. 
Rhynchocoelomtaschen sind nicht vorhanden und wurden in der Gattung bislang 
nur von C. bergendali mitgeteilt. Der Rüssel selbst weist keine Besonderheiten auf, 
er wird von 9 Rüsselnerven versorgt, die in der von einer äußeren und inneren Ring
faserlage umgebenen Längsmuskulatur des vorderen Rüsselzylinders liegen (Abb. 2). 
Das Angriffstilett und die Form seiner Basis konnten an Hand des zur Verfügung 
stehenden Materials nicht rekonstruiert werden. In den beiden Reservestilettaschen 
sind 2 oder 3 Stilette gelagert.

Im Gegensatz zu C. pelagicus, wo nach Mitteilung K orotkevitschs der Mund 
von der Rüsselöffnung getrennt ist, ist bei der vorliegenden Form nur ein gemein-
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Abb. 2. Cratenemertes madagascarensis. Q uerschnitt durch die M itteldarm region. (E rk lärung  der 
A bkürzungen s. S. 324.)

sanier Porus gegeben, welcher sich etwas subterminal an der Kopfspitze in einer seich
ten medianen Einbuchtung, in der auch die Kopfdriise ausleitet, befindet. Das Rhyn- 
chodaeum ist kurz, ebenso auch der Ösophagus, der sich unmittelbar hinter der 
Ventralkommissur zum Magen erweitert. An letzterem ist dorsomedian ein kleiner, 
nicht ganz bis zur Gehirnmitte terminad reichender Blindsack zu beobachten (Abb. 1, 
mdb), sowie eine caudale Blindsackbildung, die durch den ein wenig terminad ver
schobenen Abgang des anhanglosen Pylorus bedingt ist. Die Taschen an dem kurzen 
Mitteldarmblindsack sind wie die des Mitteldarmes selbst unverzweigt und stiegen 
leicht terminad geneigt bis zur Mitte des Rhynchocoeloms dorsad auf (Abb. 1, bt,dt; 
Abb. 2, dt). Beginnend mit dem Mitteldarmblindsack ist eine relativ gut entwickelte 
Dorsoventralmuskulatur zu bemerken, deren Fibrillen lateral von der Rhyncho- 
eoelomwand ausgehen und zwischen den Darmtaschen hindurch lateroventral an 
den Darm heranführen. Differenzierungen am Vorderdarm sind auch von anderen 
Vertretern des Genus bekannt geworden. So ist bei C. occidentalis außer einem Blind- 
saek am Magen auch ein solcher am Ösophagus vorhanden, während C. bergendali 
zwei Blindsackbildungen am Magen und eine am Pylorus aufweist. Unterschiedlich 
zur vorliegenden Situation ist auch der Beginn des Magens vor dem Gehirn sowie 
das Fehlen eines Mitteldarmblindsackes bei C. pelagicus.

Die Kopfgefäße ziehen nach ihrer Vereinigung in der Kopfspitze, sich zusehend 
verengend, durch den Cerebralring und setzen sich als Lateralgefäße fort, wobei sie 
noch in der Cerebralregion ^dorsad aufsteigend, im Endbereich der Dorsalganglien 
über den Seitenstämmen zu liegen kommen, hier von den Nephridien umgeben wer
den und in der Pylorusregion steil abfallend ihren weiteren Verlauf ventral von den 
Seitenstämmen einnehmen. Eine Gehirnanastomose ist nicht ausgebildet und das 
Dorsalgefäß zweigt vom rechten Lateralgefäß knapp hinter der Ventralkommissur
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ab, dringt darauf in das Rhynchocoelom ein und tritt aus diesem m it Beginn des dor
salen Magenblindsackes wieder aus. Sowohl die Lateralgefäße als auch das Dorsal
gefäß zeigen stellenweise Erweiterungen und Anschwellungen (Abb. 1, lg, dg).

Die Nephridien befinden sich über den Endkuppen der Dorsalganglien und öff
nen sich über je einen, die Seitenstämme lateral umgreifenden Ableitungskanal 
lateroventral hinter den Ventralganglien nach außen (Abb. 1, ne). Ein wesentlicher 
Unterschied ergibt sich daraus nur zu C. pelagicus, bei welcher Form überhaupt kein 
Nephridialapparat gefunden wurde ( K o r o t k e v i t s c h  1961, p. 1420).

D ie untersuchten Tiere erwiesen sich als geschlechtsreife Weibchen, deren Go
naden hauptsächlich in der caudalen Körperhälfte ventral von den Lateralnerven- 
stämmen angeordnet sind (Abb. 2, ov). Die Ausfuhrgänge der Ovarien sind nach 
lateroventral gerichtet.

Verbreitung
Jndo-westpazifischer Raum: Madagaskar (Tanikelv) [Mozambique-Kanal]. 

Verteilung
Cratenemertes madagascarensis wurde im Untersuchungsgebiet auf abgestorbenen, 

stark ineinander verkeilten und von krustenbildenden Bryozoen bewachsenem Geäst 
von Acropora pharaonis mit einer Frequenz von 30 % bei einer Dominanz von 2,8 % 
registriert. Ebenfalls totes Material (zum Teil abgebrochene und übereinander ge
schichtete Platten) von Acropora corymbosa erbrachte die Art mit 16,7%  Fr. und 
1,4 %Do. und auf Stöcken von Seriatopora angulata (60 % Totmaterial in den Proben) 
betrug die Fr. 11,2 % und Do. 1,5 %.

Paramphiporus n. g.

In seiner synoptischen Darstellung der Hoplonemertini monostilifera verweist 
F r i e d r i c h  (1955) mit Nachdruck auf die Heterogenität der Gattung Amphiporus 
und gliedert diese Sammelgattung durch Umstellung einer Reihe von Arten in neue 
Genera auf. Eine weitere Anzahl von Arten, zum Teil hinsichtlich ihrer anatomischen 
Verhältnisse nicht genügend bekannt, aber doch in dem einen oder anderen Merkmal 
von Amphiporus sensu F r i e d r i c h  abweichend, wird in Formengruppen zusammen
gefaßt. Von diesen ist im vorliegendem Fall die Hastatus-Gruppe von Interesse, da 
deren Vertreter Amphiporus hastatus, A . bioculatus, A. nebulosus und A. korschelti 
ähnlich der hier zu beschreibenden Form eine Spaltung der Längsfibrillenschicht in 
der vorderen Körperwandmuskularis zeigen. Ansonsten ist diese Gruppe uneinheit
lich, wie aus dem Fehlen eines Praecerebralseptums bei A. korschelti und der eigen
tümlichen Ausbildung des Blutgefäßsystems bei letztgenannter Art und bei A. ha
status zu ersehen ist. Auch A . nebulosus dürfte entsprechend der Abbildung bei Coe 
(1901, Taf. 11, Fig. 1) extracerebrale Gefäßäste besitzen. Hinzu kommt, daß bei
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Abb. 3. A . Tetrastemma sp. H ab itu s von dorsal; B. Friedrichia corallicola. H ab itus von dorsal; 
C. Cratenemertes madagascarensis. H ab itu s von  dorsal; D. Tetrastemma melanocephalum. H ab itus 
von dorsal; E. Tetrastemma melanocephalum. Basis und  K nauf des A ngriffstile tts ; Basis und  
K nauf des A ngriffstile tts; F. Tetrastemma tanikelyensis. Basis und  K nauf des A ngriffstile tts; 
G. Tetrastemma tanikelyensis. H ab itu s von  dorsal.

A. nebulosus im Gegensatz zu den drei anderen Arten die Muskulatur nicht durch einen 
Bindegewebseinschub, sondern durch dicht angelagerte subepitheliale Drüsenzellen 
geteilt wird. Da F r i e d r i c h  (1955) auf Grund der von den erwähnten Arten bekannt
gewordenen Merkmale eine Abtrennung der Gruppe von Amphiporus als vorerst 
noch ungerechtfertigt betrachtet, andererseits es nun aber nicht wünschenswert er
scheinen kann, neue Arten in diese, in ihrer Bindung zu Amphiporus unsicheren und 
in sich nicht geschlossenen Gruppe einzureihen, wurde die vorliegende Art in eine 
eigene, neue Gattung gestellt. Paramphiporus n. g. unterscheidet sich von Am phi
porus in erster Linie durch die Teilung der Längsmuskulatur im Vorderkörper, ist 
aber damit nicht identisch mit der Hastatus-Gruppe. Eine Nachuntersuchung der 
Anatomie von Amphiporus bioculatus könnte es vielleicht notwendig machen, die 
Art zu Paramphiporus zu ziehen.

Unklar ist vorerst noch die Beziehung der neuen Gattung zu Paranemertes, 
welch letztere sich nach der von F r i e d r i c h  (1955) gegebenen Diagnose'von A m phi
porus durch getrennte Längsmuskulatur und kurzes, nur über die halbe Körperlänge 
reichendes Rhynchocoelom und demnach von Paramphiporus nur durch die Rhyncho- 
coelomlänge unterscheidet. Tm Hinblick auf diese beiden Merkmale näher betrachtet,
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erweist sich aber Paranemertes ebenfalls als eine uneinheitliche Gattung, zumal nicht 
von allen Arten die Spaltung der Muskulatur eindeutig nachgewiesen ist. C o e  (1901) 
erwähnt dieses Merkmal nicht bei Paranemertes peregrina, P. pallida  und P. carnea 
und betont bei der Beschreibung der Muskelteilung von P . californica (C o e  1904), 
daß „in no other species, so far as I am aware, has any such condition been described, 
though an approach to it is met with in Amphiporus n e b u lo s u s Auch in seiner Re- 
vision der pazifischen Nemertinen von den amerikanischen Küsten hebt C o e  (1940) 
nur bei Paranemertes californica die Zweischichtigkeit als Charakteristikum hervor 
und vergleicht auch später ( C o e  1944b) die Teilung der Län'gsfaserschicht bei P. bio
cellatus nur nút der bei P. californica. Daß Iw a t a  (1952) bei seiner Paranemertes 
incola keine Zweischichtigkeit erwähnt, wurde schon von F r i e d r i c h  (1955) vermerkt. 
Was nun die Länge des Rhynchocoeloms betrifft, so sind auch hier beachtliche Unter
schiede gegeben, und zwar gerade bei den beiden Arten mit Muskelteilung, denn 
Paranemertes californica hat ein bis an die Körpermitte reichendes Rynchocoelom, 
während es bei P. biocellatus „nearly as long as the body“ ist (C o e  1944b).

Unterschiede zur Gattung Nemertes, deren Arten N. antonina und N. rubro
lineata (vgl. S. 317) auch die Längsmuskulatur durch Bindegewebe geteilt haben, 
liegen hauptsächlich in der Körperform und der geringen Ausdehnung des Rhyncho
coeloms bei Nemertes.

Die Diagnose für Paramphiporus hätte zu lauten: Kleinen Amphiporus-Arten 
ähnliche Form: Cerebralorgane normal ausgebildet und vor dem Gehirn gelegen: 
Ring- und Längsmuskulatur der Körperwand zieht bis in die Kopfspitze, die Längs
muskulatur ist caudal vom geschlossenen Praecerebralseptum in der Gehirnregion 
durch Bindegewebe in zwei Schichten zerlegt; Rhynchocoelom körperlang und ohne 
Anhänge; Ösophagus mündet in das Rhynchodaeum; Vorderdarm ohne Blindsack
bildungen; Mitteldarmblindsack mit zwei terminad gerichteten Taschen; Dorso- 
ventralmuskulatur fehlt; Lateralnervenstämme mit einem Faserkern; Blutgefäß
system einfach; Nephridialapparat auf die Magenregion beschränkt.

Paramphiporus albimarginatus n. sp.
Habitus

Paramphiporus albimarginatus ist im Leben 25—30 mm lang und 1— 1,5 mm 
dick. Bei kriechenden Tieren ist der Kopf deutlich von Rumpf abgesetzt und das 
hintere Körperende verjüngt und abgerundet (Abb. 12, A). In der Färbung zeigt die 
Art große Ähnlichkeit mit Amphiporus texanus C o e  1951 (entsprechend der von 
C o r r e a  (1961) gegebenen Beschreibung), indem die einheitliche dunkelbraune Grund
farbe von keiner Zeichnung unterbrochen wird und nur die Körperkonturen weiß 
erscheinen. Dieser eine Spur blau getönte weiße Saum wird nicht durch Fehlen von 
braunem Pigment, sondern durch das Irisieren der Epidermiszilien hervorgerufen 
und ist auf dem im Gegensatz zum fast drehrunden Rumpf dorsoventral stärker ab-

328



Über das Vorkommen von Nemertinen usw. 2 9 7

gs mu

100/jm tu

ou

*au

mro au

Abb. 4. Param phiporus albimarginatus — V orderende. P ro jek tion  der O rganisation (der linken  
K örperseite) in  die M edian-Sagittale. (E rk lä ru n g  der A bkürzungen s. S. 324.)

geflachten Kopf breiter als am übrigen Körper. Eine derartige Beeinflussung des 
Farbkleides durch Lichteffekte an den Zilien wurde u. a. auch von M c I n t o s h  (1873 
bis 1874) bei Emplectonema neesii beobachtet. In einigen Fällen schimmerte das 
Rhynchocoelom stellenweise durch die dorsale Pigmentschicht, die Augen waren 
jedoch nie zu erkennen.

Anatomie

Epithel und Grundschicht sind vergleichsweise schwach ausgebildet und zeigen 
keine Besonderheiten. An der Körperwandmuskularis, welche an Dicke dem Epithel 
annähernd entspricht, fällt die Spaltung der Längsmuskulatur in der Cerebralregion 
auf. Von ventralbis dorsolateral wird die Längsfibrillenlage durch eine Bindegewebs- 
schicht in eine äußere und innere Portion unterteilt (Abb. 5, A, bs). Die innere Kom
ponente endet terminal mit dem geschlossenen Praecerebralseptum, während die 
peripheren Fasern ringsum bis in die Kopfspitze ziehen. Neben der gut entwickelten, 
dorsal das Septum durchdringenden und bis an die dorsale Gehirnkommissur heran
reichenden Kopfdrüse sind praeseptal einige wenige subepitheliale Drüsen zu finden. 
Die 14—16 Augen sind nur an Schnittpräparaten zu sehen und liegen in je einer un
regelmäßigen Reihe zu beiden Seiten der Kopfdrüse. Die vordersten Augen sind die 
größten und befinden sich im Bereich der Mundöffnung, nach caudad werden die 
Augen kleiner und das letzte in jeder Reihe ist unmittelbar vor dem Gehirn anzu
treffen (Abb. 4, au). Etwa in der Mitte der praecerebralen Region beginnen die Cere
bralorgane mit den in den Kopffurchen lateroventral angeordneten Pori. Sie sind 
einfach gebaut und erstrecken sich bis an das Septum, mit ihrem caudalen Ende 
dessen Muskelfasern teilweise verdrängend, so daß dieses an jenen Stellen schwächer 
erscheint (Abb. 4, co). Von den an der Oberfläche des umfangreichen Gehirns nur
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Abb. 5. Param phiporus albimarginatus. A. Q uerschnitt durch die G ehirnregion auf Höhe der 
V entra lkom m issur; B. Q uerschnitt du rch  die Pylorusregion. (E rk lä rung  der A bkürzungen 
s. S. 324.)

undeutlich begrenzten Ganglien übertreffen die dorsalen die ventralen an Größe. 
Die sie verbindende Dorsalkommissur ist dünn und umgreift in einem weiten Bogen 
das Rhynchocoelom, welches sehr geräumig ist. Die caudal von den Ventralganglien 
abgehenden Lateralnervenstämme sind über ihre ganze Länge einfaserkernig. Nach 
ihrem Austritt vom Gehirn steigen sie langsam dorsal an und erreichen erst in der 
Pylorusregion ihre laterale Lage.

Das Rhynchocoelom ist körperlang und ohne Anhänge. In seiner dünnen Wand 
sind die Muskelschichten deutlich getrennt. Die bei den untersuchten Tieren Vor
gefundene enorme Erweiterung des Rhynchocoeloms postcerebral bis zur Körper
m itte hin (Abb. 5, B), ist auf unterschiedliche Kontraktion bei der Fixierung zurück
zuführen ünd daher ohne Bedeutung. Der Rüssel ist kräftig und zeigt in seinem  
proximalen Abschnitt eine dreischichtige Muskularis. Die Innervation erfolgt über 
15 Nerven (Abb. 5, A, rü, rn). Die Bewaffnung besteht aus einem Angriffstilett, 
welches einer konischen, caudal abgerundeten Basis aufsitzt. Zwei Reservestilett
taschen mit je 2 oder 3 Stiletten sind vorhanden.

Der Ösophagus mündet nur wenig vor dem Praecerebralseptum in das Rhyncho- 
daeum. Hinter der Ventralkommissur beginnt der äußerst einfache und englumige 
Magen, der sich caudal in einen sehr langen, dorsoventral abgeflachten und sich bis 
an das Ende des ersten Körperdrittels erstreckenden Pylorus fortsetzt. Der Mittel
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darmblindsack ist mit einer Länge von rund 25 p, bemerkenswert kurz und die beiden 
von ihm abgehenden Blindsacktaschen reichen, neben dem Pylorus verlaufend, nur 
über 240 p  terminad (Abb. 5, B, bt, py). Seichte, kaum über das dorsale Darmniveau 
aufsteigende Mitteldarmtaschen treten erst in der caudalen Hälfte des Körpers auf.

Die sich über der Mund-Rüsselöffnung verbindenden Kopfgefäße sind nach 
Durchlaufen des Gehirnringes als Lateralgefäße weiter zu verfolgen. Das Dorsal- 
gefäß, welches keine Rhynchocoelombeziehung zeigt, nimmt seinen Abgang vom  
rechten Lateralgefäß.

' D ie Exkretionsorgane liegen dorsolateral von den Seitennerv-enstämmen und 
reichen caudal bis in die Pylorusregion hinein. Terminal kommen sie bis an das Ge
hirn heran, wo sie durch je einen, vor Eintritt in das Epithel leicht blasig erweiterten 
Ableitungskanal lateral ausmünden (Abb. 4, ne). Die Gonaden sind bei den vor
liegenden Exemplaren der Art nicht ausgebildet.

Verbreitung
Indo-westpazifischer Raum: Madagaskar (Tanikelv) [Mozambique-Kanal], 

Verteilung
Mit 69 registrierten Individuen zählt Paramphiporus albimarginatus zu den 

häufigsten Arten im untersuchten Riffgebiet. Die Art schien in allen Proben von 
Acropora pharaonis und Acropora corymbosa auf (jeweil 100% Frequenz), wobei sich 
auf ersterer eine Dominanz von 21,8 %, auf letzterer von 23,9 % ergab. Auf Seriato
pora angulata wurde die Art mit einer Frequenz von 77,8 % bei eine Dominanz von 
15,6%  vorgefunden.

Africanemertes S t i a s n y - W i j n h o f f  1942
Die Gattung Africanemertes wurde von S t i a s n y - W i j n h o f f  für eine, selbst im 

fixierten Zustand noch an Tetrastemma erinnernde Nemertine von der westafrika
nischen Küste errichtet. Die aus der sehr sorgfältigen Beschreibung der Typusart, 
Africanemertes swakopmundi, ersichtlichen und von S t i a s n y - W i j n h o f f  (1942, p. 188) 
zum Teil zur Gattungsdiagnose zusammengefaßten anatomischen Charakteristika 
sind: Rhynchodaeum mündet in den Ösophagus; vom Normalen abweichende Mus
kulatur in der Kopfspitze (horizontale Muskelplatte und den Ösophagus begleitende 
Längsmuskulatur); geschlossenes Praecerebralseptum; eigenartiger Ursprung der 
Seitennervenstämme vom Gehirn; Cerebral organe in der Kopf spitze; Vorderteil des 
Rüssels schwach und mit nur zweischichtiger Muskularis; Rüsselnerven bilden eine 
zusammenhängende Schicht; Pylorus und Mitteldarmblindsack fehlen; zwei bis über 
das Gehirn reichende Mitteldarmtaschen; Längsgefäße bilden Schlingen.

Neben Africanemertes swakopmundi, der bisher einzigen Art des Genus, kann 
nun eine weitere Art gestellt werden, welche meinem Freund und Expeditions
gefährten Dr. K l a u s  R ü t z l e r  gewidmet sei.
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Abb. 6. Africanemertes rützleri — V orderende. P ro jek tion  der O rganisation  (der linken K örper
seite, ergänzt durch den M agendarm blindsack der rech ten  Seite) in  die M edian-Sagittale. (E r
k lärung  der A bkürzungen  s. S. 324.)

Africanemertes rützleri n. sp.
H abitus

Mit einer Länge von 15 mm bei einer Dicke von maximal- 0,8 mm ist die vor
liegende Form wesentlich schlanker als Africanemertes swakopmundi. Die Grund
farbe ist ein semitransparentes Weißgelb und läßt die Cerebralganglien rosa, den 
stark gewundenen Rüssel orangerot und den Darm dottergelb durchscheinen. Die 
beiden von vergleichsweise kleinen Ocellen dargestellten Augenpaare sind weit von 
einander entfernt und nur undeutlich im Leben zu erkennen. Der Kopf ist von dem 
dorsoventral leicht abgeflachten Rumpf kaum abgesetzt und letzterer läuft, sich im 
•Cfudah n Körperviertel kontinuierlich verengend, in ein fast spitzes Hinterende aus. 
Mn diesem Habitus weist die Form wieder eine Ähnlichkeit zu Tetrastemma auf 
(Abb. 12, C).

Anatomie
Das Epithel ist über den ganzen Körper hin einheitlich entwickelt und ist post

cerebral gleich hoch wie Grundschicht und Körperwandmuskularis zusammen. Prae- 
septal verändert sich das Dickeverhältnis zugunsten des Epithels durch die ein wenig 
schwächere Ausbildung der über das Septum bis in die Kopfspitze reichenden Längs
muskulatur. Das Septum ist geschlossen und normal gestaltet, d. h. es fehlt die bei 
Africanemertes swakopmundi beobachtete Verschiebung ventraler Septalmuskulatur 
durch den Ösophagus nach caudad, mit F r i e d r i c h  (1955, p. 156) bin ich aber der 
Meinung, daß es sich dabei um ein Artefakt gehandelt hat, zumal S t i a s n y - W i j n h o f f  

(1942, S. 185) hinsichtlich der verschobenen Rüsselinsertion und der das Gehirn 
umgebenden Rhvnchocoelomblindsäcke selbst auf die starke Kontraktion des vor
gelegenen Materials verweist und diese Bildungen als Artefakte anspricht. Eine Fort-
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sctzung des Sphincter rhvnchodaei in Form einer Horizontalmuskulatur ist auch im 
vorliegendem Fall realisiert, kann aber nicht wie bei A . swakopmundi als Muskel- 
platte bezeichnet werden, da die Faserzüge eher locker angeordnet sind. Die Kopf
drüse nimmt den größten Teil der Kopfspitze ein und bedingt das fast vollständige 
Fehlen von Parenchym in dieser Region. Sie ist in drei Lappen gegliedert, von denen 
der dorsomediane bis dicht an das Septum heranreicht. Subepitheliale Drüsen sind 
in der Kopfregion in geringer Anzahl vorhanden.

Die kleinen Cerebralorgane liegen vor dem Gehirn (Abb. 6, co). Sie sind einfach 
gebaut und besitzen wie bei Africanemertes swakopmundi kein eigenes Neurilemma, 
im Gegensatz zur Situation bei letztgenannter Art führt aber der Cerebralkanal nicht 
vertikal aufsteigend direkt in das Organ, sondern weicht nach Durchdringen der 
Körperwand caudad ab und verläuft annähernd horizontal im Organ. Die Ausmün
dung der Cerebral organe erfolgt in den kurzen Kopffurchen, die gleich hinter der 
Mund-Rüsselöffnung ventral beginnen und über lateral etwa zwei Drittel des Körper
umfanges bedecken.

Das Gehirn liegt dem Praecerebralseptum zum Teil direkt auf. In seiner termi
nalen Hälfte zeigt es nur geringe Oberflächendifferenzierung und stellt im Quer
schnitt einen geschlossenen Ring dar, da sich sowohl die Ventral- als auch Dorsal
ganglien median berühren und die Länge der Kommissuren auf Null reduziert ist. Der 
Cerebralkomplex ist im vorliegenden Fall größer als bei Africanemertes sioakop- 
mundi, in der inneren Struktur und mit dem Abgang der Seitennervenstämme 
vom Gehirn sind jedoch weitgehende Übereinstimmungen gegeben. Die Lateral
nerven entstehen nach Abtrennung der Fasermasse von den Dorsalganglien und 
Abbiegen nach lateral mehr minder zwischen den Dorsal- und Ventralganglien, 
durch Kontraktion können diese Lageverhältnisse aber kleinen Veränderungen unter
worfen sein (Abb. 7, A). Postcerebral steigen die einfaserkernigen Seitenstämme 
leicht dorsad an, senken sich dann aber rasch wieder auf ein lateroventrales Niveau.

Das Rhynchocoelom erstreckt sich über vier Fünftel des Körpers. Seine Wand 
ist in der vorderen Hälfte auffallend dick, was vor allem durch eine starke Längs
muskulatur verursacht wird. Der Rüssel hingegen muß als bemerkenswert schwach 
bezeichnet werden, besonders im ersten Abschnitt des proximalen Zylinders ist er 
sehr eng und hat außer dem Epithel nur eine dünne zweischichtige Muskularis (Abb. 7, 
A, B, rü). Die Rüsselnerven bilden eine zusammenhängende Schicht, und erst in der 
mittleren Mitteldarmregion, wo der Rüssel durch das Auftreten einer dritten Muskel
lage an Dicke zunimmt, sind stellenweise die Nerven als Verdickungen zu erkennen. 
Insgesamt wurden 11 Rüsselnerven gezählt. Die Basis des Angriffstiletts ist tropfen
förmig und ungefähr gleich lang wie die 2 0 p  langen Reservestilette, welche zu je 
zweien in den beiden Reservestilettaschen eingelagert sind.

Der <j,n die subterminal gelegene.Mundöffnung anschließende Vorderdarm ist in 
Ösophagus und Magen gegliedert. Wie bei Africanemertes swakopmundi ist kein

333



3 0 2 E r n s t  K i r s t e u e r

Abb. 7. Africanemertes rützleri. A. Q uerschnitt durch die G ehirnregion; B. Q uerschnitt durch 
die M itteldarm region. (E rk lä rung  der A bkürzungen s. S. 324.)

Pylorus vorhanden und auch die Einmündung des kurzen Rhynchodaeums in den 
Ösophagus ist übereinstimmend mit den Verhältnissen bei der erwähnten Art. Die 
von S t i a s n y - W i j n h o f f  (1942) beobachtete, den Ösophagus begleitende Längs
muskulatur tritt im vorliegenden Fall nicht auf. Es sind wohl in der Praecerebral- 
region einige von der Körperwand stammende Längsfibrillen nach innen verlagert 
und diese tangieren auch teilweise den Ösophagus, es kommt aber zu keiner mit der 
ventralen Muskulatur in Verbindung stehenden Kammbildung. Im Bereich des Ge
hirns ist der Ösophagus zwischen den Ventralganglien eingekeilt und abgeflacht 
(Abb. 7, A, oe), erweitert sich aber postcerebral rasch zum Magen. Dieser besitzt 
zwei laterale, tief eingreifende Längsfalten, welche den Magenhohlraum in zwei,nur 
über einen medianen Spalt in Verbindung stehende Kammern teilen. Kurz vor dem 
Magenende bricht die ventrale Kammer zum Mitteldarm durch und caudal von 
dieser Magen-Mitteldarmöffnung vereinigen sich die beiden Lateralfalten. Die Dorsal
kammer setzt sich als caudaler Magenblindsack fort, während der ursprünglich die 
Ventralkammer dorsal begrenzende Faltenanteil unter Beibehaltung der histolo
gischen Magenmerkmale noch ein Stück in die dorsale Mitteldarmwand wulstartig
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Abb. 8. Africanemertes rützleri. M agen u n d  V orderende des M itteldarm s. R ekonstruk tion  nach 
einer Q uerschnittserie, ergänzt durch  drei s ta rk  vereinfach te Q uerschnittdarstellungen . Die ein
getragenen  E benen  geben die Lage der S chn itte  an.

einstrahlt. Zu diesen Differenzierungen kommt noch ein dorsolateraler, terminad ge
richteter Blindsack an der rechten Magenseite hinzu, dessen Lumen mit der Dorsal
kammer im Bereich der Magen-Mitteldarmverbindung kommuniziert (Abb. 8). Vom 
Vorderende des Mitteldarms gehen zwei kopfwärts geneigte unverzweigte Taschen 
ab, die den Cerebralganglien lateral aufliegen und bis in die terminale Gehirnregion 
reichen. Ein unpaarer medianer Mitteldarmblindsack fehlt. Die dorsolateralen Mittel
darmtaschen sind gut ausgeprägt, wenngleich der zentrale Darmraum sehr weit ist. 
Die ersten unmittelbar hinter dem Magen zu findenden Taschen stellen zwar nur 
kurze, hornförmige Ausstülpungen dar (Abb. 6, dt), größere, geräumigere Taschen 
folgen jedoch in einigem Abstand.

Das Blutgefäßsystem beginnt auf Höhe der vorderen Augen m it der Kopf
schlinge. Auf ihrem Weg zum Gehirn kommen die Gefäße dicht an den Cerebral
organen vorbei, ob sie aber wie bei Africanemertes swakopmundi diese Organe netz
artig umgeben, konnte an Hand des vorliegenden Materials nicht sichergestellt wer
den. Die Gehirnanastomose liegt relativ weit vorne, nämlich schon über dem Ende 
der Ventralkommissur, und die von ihr entspringenden Längsgefäße verlaufen zu
erst dorsal von den Lateralnerven, später dann lateral und lateroventral. Das Dorsal
gefäß zweigt noch in der Gehirnregion vom rechten Lateralgefäß ab, dringt aber 
nicht wie bei A. stvakopmundi in die Rhynchocoelomwand ein und zeigt auch keine 
Netzbildung. Das Auftreten von Gefäßschlingen ist vorliegend auf die Lateralgefäße 
beschränkt, an denen sie im Mitteldarmbereich zwischen den Darmtaschen zu beob
achten sind (Abb. 7, B, lg).

Die Nephridien erstrecken sich vom Gehirn bis zu den ersten dorsolateralen 
Mitteldarmtaschen. Die Ausleitungskanäle umgreifen die Seitennervenstämme von 
außen und münden lateroventral in der Cerebralregion (Abb. 6, ne).
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Die Gonaden sind über die beiden caudal en Körper drittel v erteilt und stellen 
unregelmäßig aber durchweg dorsal von den Seitenstämmen angeordnete Ovarien 
dar, welche die Darmtaschen oft weitgehend verdrängen.

Auf Grund der angeführten Merkmale kann die zur Rede stehende Form in das 
Genus Africanemertes eingereiht werden und unterscheidet sich von der Typusart 
A. swakopmundi durch folgende Gegebenheiten : Es sind nur vier Augen vorhanden ; 
die Cerebralorgane liegen horizontal in der Kopfspitze ; die Rüsselinnervation erfolgt 
über 11 Nerven; es fehlen die bei A. swakopmundi den Ösophagus begleitenden Längs
muskelkämme, ebenso fehlt ein ventraler Magenblindsack, hingegen ist ein caudaler 
und dorsolateraler Blindsack am Magen ausgebildet; die zum Gehirn ziehenden M ittel- 
darmtaschen sind unverzweigt; das Dorsalgefäß zeigt keine Rhvnchocoelombeziehung 
und auch keine Tendenzen zu Netzbildungen.

Verbreitung
Indo-westpazifischer Raum: Madagaskar (Tanikelv) |Mozambique-Kanal]. 

Verteilung
Africanemertes rützleri wurde nur auf Acropora pharaonis mit einer Frequenz 

von 10%  bei einer Dominanz von 0,7%  angetroffen und zählt damit zu den selten
sten Arten im Untersuchungsgebiet.

Nemertellina F r i e d r i c h  1935

Die seit 1935 bekannt gewordenen drei Vertreter der Gattung, Nemertellina 
oculata, N . canea und N . minuta sind kleine schlanke Formen, die durch den Besitz 
von vier Augen einige Ähnlichkeit mit Tetrastemma-Arten zeigen. Als wichtigste 
anatomische Gattungsmerkmale haben zu gelten die Lage der Cerebralorgane in der 
Kopfspitze; das geschlossene Praecerebralseptum; das kurze, zwischen Körpermitte 
und Beginn des letzten Körperdrittels endende Rhynchocoelom ; ein unpaarer taschen
loser Mitteldarmblindsack; die Einfaserkernigkeit der Lateralnervenstämme sowie 
das nur bei dieser Gattung der Hoplonemertini bisher festgestellte Querseptum im 
Bereich des caudalen Rhynchocoelomendes, gebildet durch Ringmuskelfasern der 
Rhynchocoelomwand.

Die hier zu behandelnde Form war zufolge der inneren Organisationsverhält
nisse in keine andere Gattung einzureihen, kann aber auch nur m it einem gewissen 
Vorbehalt Nemertellina zugeordnet werden, da sich das erwähnte Querseptum nicht 
genau erkennen läßt. Leider ist das vorhandene Material auf ein Individuum be
schränkt, welches sich bei der Fixierung trotz ' vorangegangener Betäubung mit 
Urethanum in zwei Teile autotomisierte. Der die Gonaden führende hintere Körper
hälfte abtrennende Bruch erfolgte im Endbereich des Rhynchocoeloms, dort wo das 
Septum zu erwarten wäre. Wenngleich zu beiden Seiten der Bruchstelle einige den
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Körper durchsetzende Ringmuskelfasern zu finden sind, ist es nun nachträglich nicht 
sicherzustellen, ob sie als Reste des Septrums angesprochen werden können. Sollte 
sich an Hand von weiterem Material die vorliegende Form als einwandfrei zu Nemer
tellina gehörig erweisen (abgesehen von der Unsicherheit hinsichtlich des Septums 
sprechen alle Merkmale.dafür), so wäre die Lage der Trennlinie eine Stütze für die von 
F r i e d r i c h  (1935 b, S. 322) geäußerte Vermutung, wonach das Septum der Neyner- 
tellina-Arten eine praeformierte Bruchstelle sein könnte.

Nemertellina tropica n. sp.
Habitus

Das Tier ist 3 mm lang und 0,3 mm dick. Die einheitliche weiße, mit einem 
schwachen gelblichen Toil versehene Grundfarbe des Körpers wird durch das Durch
schimmern des grauen Darmes und der hell organgegelben Ovarien unterbrochen. Eine 
besondere Zeichung fehlt. Der Körper ist nur wenig dorsoventral abgeflacht, der 
Kopf vom Rumpf nicht abgesetzt und das Hinterende des Körpers stumpf abge
rundet. Die vier Augen sind in einem Trapez angeordnet, die vorderen sind einander 
näher als die hinteren und der Abstand der beiden Augenpaare zueinander ist wie bei 
Nemertellina minuta relativ groß. Auffallend während der Lebendbeobachtung war 
die unregelmäßige Oberfläche des Tieres, verursacht durch Epithelwülste und Höcker, 
die auch beim Kriechen erhalten blieben (Abb. 12, B).

Anatomie
Das Körperepithel übertrifft fast durchweg die Muskularis an Dicke. Die stellen

weise auftretenden Wülste sind Überwachsungen, die im Querschnitt (Abb. 10, ev) 
ein annähernd gleiches Bild ergeben wie bei Tetrastemma pinnatum  ( I w a t a  1954a), 
nur daß im vorliegendem Fall die Grundschicht nicht in diese Verdickungen ein
strahlt. Beide Komponenten der Körperwandmuskulatur reichen bis in die Kopf
spitze, die Längsmuskulatur wird jedoch durch Abgabe von Faserzügen zur Bildung 
des geschlossenen Praecerebralseptums etwas schwächer. In das Parenchym der 
Kopfspitze eingesenkte Retraktoren sind vorhanden. Die Kopfdrüse ist klein und be
steht nur aus einem dorsomedianen Drüsenbündel, welches noch vor dem Praecere- 
bralseptum endet (Abb. 9, kd). Die Cerebralorgane liegen vor dem Gehirn in der 
Kopfspitze. Sie beginnen auf Höhe der vorderen Augen mit einem ventrolateralen 
Porus, welcher sich am oberen Ende einer histologisch nicht als Kopffurche gekenn
zeichneten Einteilung befindet. Das caudale Ende der Organe folgt bald nach dem 
hinteren Augenpaar (Abb. 9, co).

Die Abgrenzung der Ganglien zueinander ist an der Oberfläche des Gehirns nicht 
stark ausgeprägt. Dorsal- und Ventralganglien sind annähernd gleich groß, die ven
trale Kommissur aber wesentlich kürzer und dicker als die dorsale. Die caudal von 
den Ventralganglien abgehenden Lateralnervenstämme führen nur einen Faserkern.
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Abb. 9. Nemertellina tropica — V orderende. P ro jek tion  der O rganisation (der linken  K örperseite) 
in  die M edian-Sagittale . (E rk lä rung  der A bkürzungen s. S. 324.)

Abb. 10. Nemertellina tropica. Q uerschn itt durch die Pylorusregion. (E rk lä rung  der A bkürzungen 
s. S. 324.)

Der von F r i e d r i c h  (1935a) bei Nemertellina oculata beobachtete kurze Rückennerv 
konnte im vorliegenden Material nicht gefunden werden.

Das Rhynchocoelom reicht bis an die Körpermitte heran. Die Ring- und Längs- 
muskulatur seiner Wand ist getrennt. Auf die im Endabschnitt der Rüsselscheide den 
Körper durchsetzenden Ringmuskelfasern wurde schon weiter oben verwiesen und 
es dürfte sich dabei um Reste des für Nemertellina charakteristischen Querseptums 
handeln. Der Rüssel ist nicht stark gewunden und demnach vergleichsweise kurz. Die 
Muskularis seines proximalen Zylinders ist dreischichtig und in der Längsfibrillen
lage sind 9 Rüsselnerven eingebettet (Abb. 10). An der Rüsselbewaffnung sind keine 
Besonderheiten festzustellen. Die Basis des Angriffstilettes ist tropfenförmig. In der 
einen der beiden Reservestilettaschen sind zwei, in der anderen drei Stilette.

Der in das Rhynchodaeum mündende Ösophagus ist kurz und wird schon vor 
dem Praecerebralseptum zum Magen. Dieser zeigt insofern eine Gliederung, als von 
caudal her die Magenwand einen kuppenartigen Fortsatz in das Magenlumen ent
sendet. Die an der Dorsalseite dieser Kuppe anfänglich zu beobachtende Rinne wird 
durch Überwachsung von den beiden Lateralseiten her rasch zu einem Rohr, welches 
sich dann caudal in den Mitteldarm öffnet (Abb. 11). Wenngleich dieses, das zentrale 
Magenlumen mit dem Mitteldarm verbindende Rohr morphologisch einem Pylorus 
gleicht, zeigt doch der histologische Aufbau seiner Wand, daß nur ein kleiner Ab
schnitt unmittelbar vor dem Mitteldarm als solcher aufgefaßt werden kann. Der
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Mitteldarm reicht nur wenig über die Pyloruseinmündung terminad (Abb. 9, md) 
und es sind keine Taschen an diesem kurzen Blindsack ausgebildet. Die nicht sehr 
zahlreich auftretenden Taschen am Mitteldarm sind seicht und liegen, sich kaum über 
die Seitennervenstämme dorsad erhebend, dem Darm eng an.

Die beiden in der Nähe des vorderen Augenpaares sich verbindenden Kopf
gefäße bilden keine Cerebralanastomose und setzen sich caudad als Lateralgefäße 
fort. Das nicht in die Rhynchocoelom wand eintretende Dorsalgefäß zweigt vom  
linken Lateralgefäß ab. Auffallend sind die starken Erweiterungen der Seitengefäße 
im Bereich zwischen ventraler Gehirnkommissur und Mitteldarmbeginn (Abb. 9, 10, 
lg), wo auch der Exkretionsapparat gelegen ist, dessen Nephridialkanäle stellenweise 
die Blutgefäße tangieren (Abb. 9, 10, ne).

Die Ovarien des geschlechtsreifen Tieres befinden sich in der caudalen Körper
hälfte und liegen nur dorsal von den Seitennerven.

Abb. 11. Nemertellina tropica. M agen u n d  M ittel darm blindsack . R ekonstruk tion  nach einer Q uer
schnittserie, ergänzt durch  z w ei s ta rk  vereinfachte Q uerschn ittdarste llungen . Die eingetragenen  
Ebenen geben die Lage der S chn itte  an.

Abb. 12. A. P aram phiporus albimarginatus. H ab itu s  von dorsal; B. Nemertellina tropica. H ab itu s  
von dorsal; C. Africanemertes rützleri. H ab itu s von dorsal; D. Nemertes rubrolineata. H ab itu s  
g rößtenteils von dorsal.

20 Zool.  J b .  S y s t .  B d .  92
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Verbreitung

Indo-westpazifischer Raum: Madagaskar (Tanikely) [Mozambique-Kanal]. 

Verteilung
Während der Aufsammlungen wurde Nemertellina tropica lediglich auf Acropora 

pharaonis gefunden. Die sich für die Art ergebende Frequenz beträgt 10% , die Domi
nanz 0,7% .

Tetrastemma E h r e n b e r g  1831  ( s e n s u  F r i e d r i c h  1955 )

Ähnlich wie bei der Gattung Amphiporus wurde durch F r i e d r i c h  (1 9 5 5 ) auch 
bei Tetrastemma mehr Klarheit durch Umstellung einiger Arten und Ausbau der Gat
tungsdiagnose geschaffen. Es verblieben allerdings noch viele Arten im Genus, die 
ursprünglich größtenteils nur auf Grund des Habitus eingereiht wurden und deren 
unzureichend bekannt gewordene anatomische Gegebenheiten zur Zeit keine Ent
scheidung über ihre systematische Stellung erlauben. Zu Tetrastemma sensu F r i e d 

r i c h  gehören kleine, schlanke, meist vieräugige Formen, deren anhangloses Rhyncho
coelom körperlang ist, bei denen der Ösophagus in das Rhynchodaeum mündet und 
der Mitteldarmblindsack zwei terminad gerichtete Taschen besitzt. Weiter ist bei 
Tetrastemma-Arten die Ring- und Längsmuskulatur bis in die Kopfspitze hinein aus
gebildet und das Praecerebralspektrum geschlossen. Die Cerebralorgane liegen vor 
oder in der Gehirnregion und die Seitennervenstämme sind einfaserkernig.

Tetrastemma melanocephalum ( J o h n s t o n )

T . m. V a n s t o n e  &  B e a u m o n t  1894 P . m. M o n a s t e r o  1930 
T. m. B e a u m o n t  1895 (part) P . melanocephala F r i e d r i c h  1935b
T . m. B ü r g e r  1895 P . melanocephalum, ders. 1936
T . m. B e r g e n d a l  1903 Testrastemma m. G o n t c h a r o f f  1955
Prostoma m. B ü r g e r  1904 T. m. B é n a r d  1960
P . m. W i j n h o f f  1912 T. m. K i r s t e u e r  1963
P . m. S o u t h e r n  1913 

(A ngaben ä lte rer L ite ra tu r  finden  sieh bei B ü r g e r  1895 und  1904.)

Habitus
Die beobachteten Tiere entsprechen in der Färbung jenen von W i j n h o f f  (1912) 

in der Umgebung von Plymouth aufgesammelten Individuen. Das Gelb der Dorsal
seite zeigt einen zarten orangen Anflug und läßt teilweise den Rüssel, die Darm
taschen und die Gonaden dunkel durchscheinen. Die Ventralseite als auch die Rän
der des stark abgesetzten Kopfes sind weißgelb. Der dunkelbraune Pigmentfleck am 
Kopf stimmt in Form und Anordnung mit dem bei adriatischen Vertretern der Art 
Vorgefundenen überein ( K i r s t e u e r  1963). Er überlagert fast vollständig das vordere 
Augenpaar, reicht aber caudal nicht bis an die hinteren Augen heran. Vor dem Pig
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mentschild liegen drei kurze, längsgerichtete, weißgeflockte Felder, ein weiteres 
findet sich quergestellt caudal vom Kopffleck und ein ebenfalls weißer Saum umgibt 
das Hinterende des Körpers (Abb. 3, D). Die lebenden Tiere waren nur 8 mm lang 
und 0,8 mm dick, erwiesen sich aber trotz der unterhalb der bislang mitgeteilten  
Größenordnung gelegenen Ausmaße als bereits geschlechtsreif.

Anatomie
In der inneren Organisation stimmen die vorliegenden Individuen weitestgehend 

überein m it der auf Grund von adriatischen Funden gegebenen Beschreibung ( K i r 

s t e u e r  1963, p. 570). Wieder reichen beide Komponenten der Körperwandmusku- 
laris bis in die Kopfspitze. Subepitheliale Drüsen sind vorwiegend lateroventral in 
der Praecerebralregion zu sehen. Die Kopfdrüse erscheint stärker ausgebildet und 
durchbricht dorsal das geschlossene Septum. Die zum Teil dem Cerebralkomplex auf
liegenden Cerebralorgane reichen etwas über die ventrale Gehirnkommissur caudad 
(Abb. 13, co), der daraus entstehende Unterschied zur adriatischen Form ist jedoch 
sehr gering und muß wohl als Ausdruck verschiedener Kontraktion aufgefaßt werden. 
Rhynchocoelom und Rüssel sind ohne Besonderheiten, lediglich die Basis des An- 
griffstiletts (Abb. 3, E) wirkt gedrungener als die bei F r i e d r i c h  (1935 b, S. 338, 
Abb. 30, b) abgebildete. Eine gut entwickelte Ringmuskulatur am Rhynchodaeum  
im Bereich des Ösophagus ist auch vorliegend realisiert. Die Gliederung des Vorder
darmes läßt Ösophagus, Magen und Pylorus erkennen und am Magen tritt wieder 
eine starke dorsale Einfaltung auf (Abb. 13, mdf). Von den Taschen des Mitteldarm
blindsacks reicht das erste Taschenpaar bis an die dorsale Gehirnkommissur terminad. 
Blutgefäßsystem und Exkretionsapparat (Abb. 13) zeigen im großen und ganzen die 
schon früher bei der Art festgestellte Ausbildung 
und Lagebeziehung. Die vorliegenden Individuen 
sind geschlechtsreif e Männchen, deren Gonaden 
bereits in der Pylorusregion beginnen und, mit 
den Darmtaschen alternierend, dorsal und ven
tral von den Lateralnervenstämmen angeordnet 
sind.

A bb. 13. Tetrastemma melanocephalum. — V orderende. 
P ro jek tion  der O rganisation  (der linken K örperseite) 
in  die M edian-Sagittale. (E rk lä ru n g  der A bkürzungen 
s. S. 324.)

20*
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Verbreitung

Eine Zusammenstellung der bisher nur aus dem Atlantik und Mittelmeerraum 
gemeldeten Fundorte ist bei K i r s t e u e r  (1963, S. 571) gegeben. Zu ergänzen ist diese 
Übersicht mit

Indo-westpazifischer Raum: Madagaskar (Tanikely) [Mozambique-Kanal], 

Verteilung
Bislang wurde die Art vornehmlich in gezeitennahen Bereichen gefunden, ihre 

bathymetrische Verteilung ist jedoch bis zu 60 m Tiefe nachgewiesen. Bei der Sub
stratwahl werden offensichtlich seichte Phvtalbestände wie Ulva, Cystosira und 
Zostera bevorzugt. Ein Vorkommen auf Sand und zwischen Steinen ist nur zweimal 
in der Literatur verm erkt.

Das Aufscheinen von Tetrastemma melanocephalum auf Korallenstöcken im 
Untersuchungsgebiet schließt sich, was den Substratcharakter betrifft, an das Vor
kommen der Art auf Corallina officinalis und Lithophyllum incrustans an, indem es 
sich um Besiedlung von durch Organismenverkalkung zustandegekommene feste 
Lückenraumsysteme handelt. Auf Porites nigrescens war die Ar.t mit einer Frequenz 
von 50%  bei einer Dominanz von 7,7%  vertreten. Auf Seriatopora angulata betrug 
die Frequenz 11,1% und die Dominanz 0,7% .

Tetrastemma tanikelyensis n. sp.
Habitus

Die in den Probenprotokollen aufscheinenden Individuen dieser Art maßen 
rund 25 mm in der Länge und maximal 1,5 mm in der Dicke. Der Körper wirkt etwas 
gedrungen und ist dorsoventral leicht abgeflacht. Im Leben ist der Kopf deutlich 
abgesetzt und bei kriechenden Tieren gewinnt man den Eindruck vom Vorhanden
sein zweier Kopffurchenpaare (Abb. 3, G), die Untersuchung der Schnittpräparate 
ergibt jedoch nur ein Paar Kopffurchen, welches dorsal zu den hinteren Augen zieht, 
während die andere beobachtete Einkerbung anscheinend eine den Kopf begrenzende 
Faltenbildung darstellt, die bei der fixationsbedingten Kontraktion verloren geht 
bzw. von weiteren auftretenden Falten nicht mehr unterscheidbar ist. Die sich von 
der hellen orangegelben Grundfarbe abhebende Zeichnung beschränkt sich auf 
einen dunkelbraunen Kopffleck, einem diesen vorgelagerten, nicht ganz terminad 
reichenden weißen Areal und locker verteilten ocker Schollen gegen das caudale 
Körperende zu (Abb. 3, G). Von den inneren Organen schimmern die Cerebral
ganglien rötlich und der Rüssel stellenweise braun durch.

Die im vorliegendem Fall auftretende, die vorderen Augen überdeckende und 
verbindende Pigmentbrücke macht es naheliegend, die Form mit jenen Arten des 
Genus Tetrastemma in Beziehung zu bringen, bei denen ähnliche Pigmentanlage
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rangen gefunden wurden. Hierbei sind vor allem die sich habituell um Tetrastemma 
coronatum gruppierenden Arten Tetrastemma peltatum, T. melanocephalum, T. dia
dema und auch T. longissimum  zu erwähnen1). Eine vergleichende Betrachtung zeigt 
wohl, daß Umriß und Lage des Kopffleckes nicht ganz mit der Situation bei den ge
nannten Arten übereinstimmt, die äußerlichen Trennungsmerkmale aber keineswegs 
markant sind und sich die Form leicht als Varietät der einen oder anderen Species 
auffassen ließe. Nicht zuletzt wurde ja auch schon früher des öfteren versucht, einige 
dieser Arten zu vereinigen (J o u b in  1890, 1894, B ic h e s  1893) und in neuerer Zeit 
findet sich dieses Problem bei R i e d l  (1959) und K i r s t e u e r  (1963) wieder aufge
griffen, wobei gezeigt werden konnte, daß auf Grund von anatomischen Fakten die 
Arten zu Recht bestehen. Es wird demnach auch für die zur Diskussion stehende 
Form vorerst nur an Hand der inneren Organisation Klarheit hinsichtlich ihrer syste
matischen Position zu erlangen sein. Neben den oben zitierten, hauptsächlich nord
atlantischen und mediterranen Formen2) sind auch noch einige wenige indopazifische 
Arten in den Vergleich einzuschließen, zumal aus tiergeographischen Erwägungen 
eine Beziehung zur vorliegenden Form mit höherer Wahrscheinlichkeit zu erwarten 
ist. Es sind dies Tetrastemma verinigrum  (Iw a t a  1954 a) mit deren Varietät T. v. var. 
meridianum  ( I w a t a  1954b), Formen, bei denen jedoch der Kopf nicht abgesetzt ist 
und keine Kopffurchen auftreten, weiter Tetrastemma insolens ( I w a t a  1952) mit 
zwei Paar Kopffurchen und Verdoppelung der hinteren Augen, Tetrastemma yamao
kai ( I w a t a  1954 a) mit einem orangeroten Schild auf dem vom Rumpf nicht abge
setzten Kopf, der auch keine Kopffurchen zeigt, und Tetrastemma nigrifrons (C oe  
1904), von der bislang 7 Varietäten beschrieben wurden, wobei die von I w a t a  (1954a, 
S. 30) gefundene T. n. var. punctata  die meiste Ähnlichkeit mit der zu behandelnden 
madagassischen Form zeigt. Die aus den Abbildungen bei C oe (1904) und I w a t a  
(1954 a) ersichtliche enorme Variabilitätsbreite von Testrastemma nigrifrons macht 
es unmöglich, dem Habitus in diesem Rahmen eine artdifferenzialdiagnostische Be
deutung beizumessen.

Anatomie

Das Epithel der Körperwand entspricht in seiner histologischen Struktur dem 
bei Tetrastemma gemeiniglich Vorgefundenen Typus und ist verglichen mit dem von 
Testrastemma nigrifrons wesentlich schwächer, da es durchschnittlich nur die Dicke 
der Muskularis erreicht. Es liegt einer an Stärke der Ringfaserlage gleichkommenden

1) Tetrastemma nimbatum, B ü r g e r  1895, durch die b rau n ro te  F arb e  des Rum pfes s ta rk  
von der vorliegenden Form  abw eichend, aber doch auch  eine schwarze P igm entb inde zwischen 
den vorderen Augen aufw eisend, k ann  h ier n ich t berücksich tig t werden, da die anatom ischen  Ge
gebenheiten  ungenügend b ek an n t sind.

2) N ur fü r Testrastemma peltatum , T . coronatum  und  T . melanocephalum  zeigen Einzel
funde ein V orkom m en außerhalb  des H aup tverb re itungsgeb ietes an.
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Grundschicht auf. Sowohl die Ring- als auch die Längsmuskelschicht reicht bis in 
die Kopfspitze. Das von inneren Lagen der Längsschicht gebildete Praecerebral- 
septum ist geschlossen, wird aber von dorsalen Anteilen der großen Kopfdrüse durch
drungen (Abb. 14, kd). Wie das Septum bei den erwähnten indopazifischen Formen 
gestaltet ist, läßt sich nicht genau beurteilen, da es weder C oe noch I w a t a  beschreibt, 
allerdings vermerkt C oe (1904, S. 162) bei T. nigrifrons hinsichtlich des stark ent
wickelten Körperparenchyms, daß “this parenchyma extends forward into the head 
in front of the brain”, was aber vermutlich nur bei einem zumindest teilweise auf
gelösten Septum möglich wäre. Das in der Kopfregion auftretende Parenchym selbst, 
bei den vorliegenden Individuen ist nur wenig vorhanden, bietet keine brauchbare 
Vergleichsgrundlage, da es soweit angegeben, bei allen Tetrastemmen gefunden würde, 
die quantitativen Unterschiede vom Ausbildungsgrad der Kopfdrüse abhängig sind, 
letzterer jedoch kein Artcharakteristikum darstellt. Wie Tetrastemma melanocephalum 
und T. diadema hat die vorliegende Form subepitheliale Drüsen in der praecerebralen 
Region. Die im Bereich des vorderen Augenpaares den Kopffleck hervorrufenden 
dunkelbraunen Pigmentschollen sind subepithelial angeordnet und zeigen damit 
gleiche Lageverhältnisse wie bei T. coronatum und T. nigrifrons. Die Vierzahl der 
Augen liefert keine Handhabe zur Artunterscheidung, da, abgesehen von dem Um
stand, daß über die Veränderung der Augenzahl innerhalb einer Art wenig bekannt 
ist, sowohl bei Tetrastemma insolens ( I w a t a  1952) als auch gelegentlich bei Indivi
duen von T. nigrifrons 6 Augen ausgebildet sind. Bei den sechsäugigen Tetrastemma 
nigrifrons Exemplaren handelt es sich um T. n. var. purpureum  (C oe 1904, Taf. 17, 
Fig. 1), die nicht nur im Habitus T. insolens sehr ähnlich ist, sondern auch in allen 
von I w a t a  (1952) angeführten anatomischen Merkmalen mit dieser übereinstimmt 
und daher vorerst die Frage offen bleiben muß, ob die beiden Formen nicht identisch 
sind.

Die Cerebralorgane liegen größtenteils vor dem Septum. Sie beginnen latero
ventral in den Kopffurchen und reichen mit ihrem caudalen Ende noeli etwas in die 
Cerebralregion hinein (Abb. 14, co). Kleine Unterschiede ergeben sich daraus zu 
Tetrastemma verinigrum , bei welcher sich die Cerebralorgane über die ganze Gehirn
region erstrecken u n d . zu T. nigrifrons als auch T. insolens, wo sie in einer ihrem 
eigenen Durchmesser gleichkommenden Distanz vor dem Gehirn liegen. Zu den 
übrigen in die Diskussion einbezogenen Arten sind die Abweichungen sehr gering 
und ohne Bedeutung. Der Cerebralkomplex ist ähnlich dem von Tetrastemma diadema 
wesentlich höher als lang (Abb. 14, gd, gv) und läßt nach außen hin keine Unter
teilung in Ganglien erkennen. Die einfaserkernigen Seitennervenstämme verlaufen 
lateral im Körper.

Das von einer dünnen Ring- und Längsmuskellage umscheidete Rhynchocoelom  
reicht bis an das caudale Körperende heran. Im Gegensatz zu Tetrastemma peltatum, 
T. melanocephalum sowie T. longissimum  und in Übereinstimmung mit T. coronatum
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Abb. 14. Tetrastemma tanikelyensis  — V orderende. P ro jek tion  der O rganisation (der linken 
K örperseite) in  die M edian-Sagittale . (E rk lä rung  der A bkürzungen s. S. 324.)

ist vorliegend die Muskularis des vorderen Rüsselzylinders dreischichtig. Für die 
restlichen in Betracht kommenden Arten liegen keine diesbezüglichen Angaben vor, 
hingegen wird die Innervation durchweg erwähnt und es zeigt sich, daß fast immer 
10 Rüsselnerven auftreten und nur bei den japanischen Varietäten von T. nigrifrons 
( I w a t a  1954 a und 1957) 11 Nerven vorhanden sind. Das Angriffstilett ruht auf einer 
Basis von der in Abb. 3, Fig. F, wiedergegebenen Form und der Knauf des Stilettes 
entspricht einem sechsseitigen Pyramidenstumpf. In den beiden Reservestilettaschen 
sind je zwei oder drei Stilette zu finden.

Der Ösophagus mündet nahe dem Praecerebralseptum in das Rhynchodaeum. 
Hinter der ventralen Gehirnkommissur geht er kontinuierlich in den Magen über, 
welcher bald darauf eine schwache, dorsale, terminad gerichtete Ausbuchtung und 
eine an diese anschließende auffallende Faltenbildung zeigt. Von den beiden Dorso- 
lateralseiten des Magens senken sich zwei Horizontalfalten tief in das Lumen ein, 
so daß eine große ventrale und eine kleine dorsale Gastralkammer entsteht (Abb. 14, 
md, mdf), es kommt aber zu keiner vollständigen Abtrennung, da sich die Falten  
median nicht berühren. Mit Beginn des letzten Magendrittels ist dann wieder ein ein
heitlicher Hohlraum vorhanden und auf Höhe des Mitteldarmblindsack-Vorderendes 
liegt der Anfang des langen, mondsichelförmig gewölbten Pylorus. Das erste und 
einzig gut ausgebildete T^schenpaar des Mitteldarmblindsacks reicht, flach an
steigend, bis zur Dorsalkommissur nach vorne und ist extrem lang (Abb. 14, bt). 
Diese in ihrer terminalen Hälfte schlauchartigen Taschen erscheinen gegen den Blind
sack zu mehr und mehr abgeplattet und umgreifen mit ihrer Innenseite lateroventral 
das Magenende und den ersten Teil des Pylorus, während sie sich nach außen hin der
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Rundung der Körperwand anpassen. Die nachfolgenden Blindsacktaschen stellen 
nur seichte, kaum bis zu den Seitennerven sich erhebende Aussackungen dar und 
erst am Mittel darm selbst ist ein Auftreten von normalen, höher auf steigen den 
Taschen zu beobachten. Dam it liegen Verhältnisse vor, die im Grundsätzlichen, i. e. 
einem Mitteldarmblindsack mit Seitentaschen und zwei terminad gerichteten Ta
schen, mit den bisher innerhalb der Gattung gemachten Feststellungen überein
stimmen, deren Analyse und graphische Wiedergabe jedoch ein vom Gewohnten 
stark abweichendes Bild liefern, welches nicht auf Kontraktion oder Darmfüllungs
zustand zurückzuführen ist. Eine ähnliche Situation wurde auch bei Tetrastemma 
signifer (C oe 1904, S. 158) und T. fulvum  ( K i r s t e u e r  1963, S. 582) gefunden, Unter
schiede im Aufbau des Vorderdarms und des Blutgefäßsystems sowie in der Gesamt
organisation schließen jedoch eine Identität m it der vorliegenden Form aus. Zur Ab
grenzung gegen die aufgezählten Vergleichsarten sind die Differenzierungen am 
Vorder- und Mitteldarm gut verwertbar, wobei sich aus dieser Gruppe besonders 
Tetrastemma nigrifrons var. bilineatum  ( I w a ta  1957, S. 27) abhebt, da der Mittel
darmblindsack bis an das Gehirn heranreicht, weiter auch Tetrastemma verinigrum 
( I w a t a  1954a, S. 32), bei welcher die kurzen vorderen Blindsacktaschen bis in die- 
terminale Gehirnregion ziehen.

Das Blutgefäßsystem gliedert sich in die Kopfschlinge und von dieser abgehende 
Lateralgefäße sowie Dorsalgefäß, welch letzteres nicht in das Rhynchocoelom ein
dringt (Abb. 14). Mit diesen Eigenschaften sind weitere Merkmale zur Abgrenzung 
gegeben, da bei Tetrastemma nigrifrons und T. diadema das Dorsalgefäß Rhvncho- 
coelombeziehung zeigt, bei T. coronatum, T. melanocephalum und T. longissimum  
ebenfalls Eintritt in das Rhynchocoelom und außerdem noch Abgang von einem der 
beiden Lateralgefäße beobachtet wurde. Lediglich Tetrastemma peltatum  weist in 
diesem Punkt keine andersartige Ausbildung auf — für die restlichen indopazi
fischen Formen fehlen leider Vergleichsmöglichkeiten.

Die relativ kleinen Exkretionsorgane liegen zwischen dem Gehirn und der er
wähnten Magenfaltenbildung den Seitennerven lateral auf und münden über je 
einen Ableitungskanal lateroventral nach außen. Akzessorische Ableitungskanälchen, 
wie sie bei einigen Individuen von Tetrastemma nigrifrons (C oe 1904, S. 163) ge
funden wurden, sind vorliegend nicht ausgebildet.

Die Genitalregion der untersuchten weiblichen und männlichen Exemplare be
ginnt etwas nach dem ersten Körperdrittel. Die Ovarien liegen dorsal und ventral 
von den Seitenstämmen, die Testis nur dorsal von diesen und die Ausfuhrgänge der 
letzteren durchbrechen die Körperwand lateral bis zur Grundschicht, sind aber im 
Epithelbereich nicht mehr zu sehen.

Verbreitung
Indo-westpazifischer Raum: Madagaskar (Tanikely) [Mozambique-Kanal].
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Verteilung
Die Aufsammlungen ergaben für Tetrastemma tanikelyensis auf Acropora corym

bosa eine Frequenz von 33,3 %  bei einer Dominanz von 11,3 %. Auf Seriatopora angu
lata waren 11,1% Frequenz und 0,7%  Dominanz festzustellen.

Tetrastemma sp.

Wie schon eingangs vermerkt wurde, befindet sich unter den aufgesammelten 
Hoplonemertini monostilfera eine durch zwei Individuen repräsentierte Art, deren 
genaue Bestimmung durch den schlechten Erhaltungszustand der konservierten 
Tiere leider nicht möglich ist. Die beiden vorliegenden Schnittserien lassen die Art 
als Vertreter des Genus Tetrastemma erkennen, gestatten aber keine ins Detail gehende 
Beschreibung der anatomischen Verhältnisse. Da nach Abschluß der systematischen 
Bearbeitung dqs gesamten Nemertinenmaterials der Expedition eine allgemeine, zu
sammenfassende Darstellung der Gruppe geplant ist, sei die Form der Vollständig
keit halber hier kurz erwähnt.

Habitus
Die Tiere waren 10 und 12 mm lang und 0,3—0,4 mm dick. Die einheitliche 

Grundfarbe war ein milchiges, semitransparentes Weiß, welches den Darm dunkel
grau durch schimmern ließ, während der Rüssel nur stellenweise zu erkennen war. 
Von den vier in einem Rechteck stehenden, kleinen Augen wurden die vorderen von 
einem rotbraunen, dreieckigen Pigmentfleck überdeckt (Abb. 3, A).

Verbreitung
Indo-westpazifischer Raum: Madagaskar (Tanikely) [Mozambique-Kanal]. 

Verteilung
Die Form wurde auf Acropora pharaonis mit einer Frequenz von 10%  bei einer 

Dominanz von nur 0,7%  registiert. Fast gleiche Werte ergaben sich für das Vor
kommen auf Seriatopora angulata mit einer Frequenz von 11,1%  und einer Domi
nanz von 0,7 %.

Nemertes J o h n s t o n  1837

Die Gattung Nemertes wurde von F r ie d r ic h  (1955) restituiert, und zwar für 
Nemertes (Emplectonema) antonina Q u a t r e f a g e s ,  deren durch Bindegewebe ge
teilte Längsmuskulatur in der Cerebralregion sie deutlich von den übrigen Emplec- 
tonema-Arten distanziert. Von B r u n b e r g  (1959) wurde diese Abtrennung nicht ak
zeptiert, wird aber in der vorliegenden Schrift beibehalten, da sie den ersten kon
kreten Schritt zur Klärung der Verhältnisse in der als uneinheitlich zu betrachtenden
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Gattung Emplectonema darstellt. Die nachfolgend beschriebene Form zeigt sowohl 
im Habitus als auch in der inneren Organisation weitgehende Emplectonema-Äla.n- 
lichkeit, vor allem zu jener Gruppe innerhalb der Gattung, bei deren Vertretern die 
Cerebralorgane vor dem Septum liegen. Da aber außerdem zwei durch Bindegewebe 
isolierte Längsmuskellagen im Bereich des Gehirns zu beobachten sind, steht ihre 
Zugehörigkeit zum Genus Nemertes außer Zweifel.

Nemertes rubrolineata 11. sp.
Habitus

Die Exemplare dieser Art waren 25—50 mm lang, jedoch nur 0,2—0,4 mm dick. 
Die Grundfarbe des schwach dorsoventral abgeflachten Körpers ist ein semitranspa
rentes Weiß oder Weißgelb, von dem sich ein weinroter dorsaler Medianstreifen ab
hebt, welcher am terminalen Körperende beginnt, aber nicht bis an das Caudalende 
heranreicht (Abb. 12, D). D ie Cerebralorgane schimmern gelb, der Darm braun durch. 
Auf dem vom Rumpf nicht abgesetzten Kopf sind beiderseits vom roten Längsband 
mehrere Augen zu finden. Ihre Anzahl und Anordnung läßt sich an lebenden Tieren 
nur schwer feststellen, die Schnittuntersuchung erbrachte aber, daß in jeder Kopf
hälfte 10— 12 Augen in zwei übereinander verlaufenden Reihen gegeben sind 
(Abb. 15, au). Kopffurchen sind vorhanden, fallen jedoch bei einer Habitusbetrach
tung nicht auf, da sie sehr seicht sind und kaum über die Lateralkontur dorsad auf
steigen. Die Tiere zeigten immer eine starke Neigung zu Knäuel- und Schlingen- 
bildung, wobei dann nur der vorderste Körperabschnitt frei und etwas vorgestreckt 
blieb.

tnrö au »  oe vk gv ss lg md ep gs atu bt M

Abb. 15. Nemertes rubrolineata — V orderende. P ro jek tion  der O rganisation (der linken K örper
seite) in  die M edian-Sagittale . (E rk lärung  der A bkürzungen s. S. 324.)
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Anatomie

Die Elemente der Körperwand sind m it Ausnahme der Ringmuskelschicht alle 
sehr gut entwickelt. Das drüsenreiche Epithel ist bemerkenswert hoch und kommt 
an Dicke der Muskularis gleich, die Grundschicht ist in der Kopf region annähernd 
gleich stark wie die Ringfaserlage, im mittleren Körperbereich aber übertrifft sie 
letztere um mehr als das Doppelte an Dicke. Beide Muskellagen ziehen bis in die 
Kopfspitze. Caudad vom ringsum geschlossenen Praecerebralseptum wird die Längs
muskulatur durch eine Bindegewebslage in eine äußere und innere Schicht zerlegt 
(Abb. 16, bs). Diese Aufspaltung beschränkt sich auf die Gehirnregion und ist, wie 
oben erwähnt, für die systematische Einordnung der Form von Bedeutung. Die bei
den lateralen Lappen der Kopfdrüse füllen die Kopfspitze größtenteils aus und kom
men dorsolateral nahe an das Septum heran. Die Cerebralorgane sind klein und ein
fach und liegen wohl noch vor dem Septum, aber doch näher beim Gehirn, als dies bei 
Nemertes antonina der Fall ist, münden aber wie bei der genannten Art ventral aus 
(Abb. lo , co). Subepitheliale Drüsen sind weder im Kopf noch im übrigen Körper 
zu finden.

Das Gehirn stellt in seiner terminalen Hälfte einen einheitlichen Komplex dar, 
an dessen Oberfläche keine Gliederung in Ganglien und die sie verbindenden Kom
missuren zu erkennen ist (Abb. 16, gd, gv). Erst hinter der Ventralkommissur setzt 
eine rasch stärker werdende Abgrenzung der Ganglien ein und caudal enden sie 
kuppenförmig und vollständig voneinander getrennt. Die Seitennervenstämme treten
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Abb. 16. Nemertes rubrolineata. Q uerschn itt durch  die Cerebralregion im  B ereich der K om m is
suren. (E rk lä ru n g  der A bkürzungen s. S. 324.)

Abb. 17. Nemertes rubrolineata. M ittlere R üsselregion m it A ngriffstile tt und  Basis. G ezeichnet 
nach einem  L ängsschn itt und  etw as vereinfacht.
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lateral von den Ventralganglien aus und nehmen über eine Bogenbildung ihren Längs
verlauf ein. Wie bei Nemertes antonina sind auch vorliegend die Cerebrälkommissuren 
außerordentlich breit, die dorsalen Ganglien sind aber caudal nicht in zwei Zipfel 
ausgezogen und es fehlen Anschwellungen der Seitenstämme im Bereich ihres Ur
sprunges.

Das Rhynchocoelom ist etwas länger als ein Drittel des Körpers, endet aber noch 
vor der Körpermitte. Seine Wand ist durchlaufend sehr dünn und Ring- als auch 
Längsmuskulatur meist nur in einfaserigen Schichten vorhanden. Auch der Rüssel 
ist, vor allem in seinem vorderen Abschnitt, sehr schwach ausgebildet (Abb. 15, 

16 , rü). Die Muskularis des proximalen Rüsselzylinders besteht aus einer Ring- und 
einer Längsfibrillenlage, die beide anfangs zart, gegen die Rüsselmitte zu etwas an 
Dicke zunehmen. Die Rüssel nerven bilden eine einheitliche Schicht, die in der Längs
muskulatur gelegen ist. Das Angriffstilett sitzt einer schlanken, birnenförmigen 
Basis auf (Abb. 17), die der von Emplectonema gracilis ( C o r r e a  1 9 5 5 , Tafel 1, Fig. 2) 

ähnlich ist. In den beiden Reservestilettaschen sind ein oder zwei Stilette eingelagert.
Der Vorderarm ist wie normal in Ösophagus, Magen und Pylorus unterteilt. 

Der sich in das Rhynchodaeum öffnende Ösophagus verläuft in der Gehirnregion in 
der die Längsmuskulatur spaltenden Bindegewebeschicht und geht postcerebral in 
einen faltenreichen Magen über. Dieser, im Querschnitt hufeisenförmig, legt sich dem 
Rhynchocoelom an (Abb. 15, mdf). Der Pylorus ist kurz, ebenso der Mitteldarm
blindsack, der nur wenig den Pylorus an Länge übertrifft und zwei kleine terminad 
gerichtete und lateroventral vom Magen liegende Taschen entsendet (Abb. 15, bd, bt). 
Wie der Magen umgreifen auch der Mitteldarmblindsack und der Mitteldarm mit 
ihren weiten geräumigen Taschen das Rhynchocoelom an den Lateralseiten.

Das Blutgefäßsystem besteht aus den beiden Kopfgefäßen, die sich nach Durch
laufen des Gehirnringes als Seitengefäße fortsetzen, und dem Rückengefäß, welches 
vom rechten Lateralgefäß abzweigt und keine Rhynchocoelombeziehung zeigt 
(Abb. 15).

Die Nepliridien sind schon in der hinteren Gehirnregion zu finden und erstrecken 
sich bis an den Mitteldarmblindsackbeginn caudad (Abb. 15, ne). Sie sind dorsal von 
den Seitennervenstämmen in dem zwischen Vorderdarm und Körperwand einge
schobenen Bindegewebe gelagert. Ihre Ausmündung erfolgt vermutlich bald nach 
dem Gehirn lateroventral, mit Sicherheit konnte dies aber am vorliegendem Material 
nicht festgestellt werden.

Die bei einigen Individuen angetroffenen Ovarien sind ventral und dorsal von 
den Lateralstämmen angeordnet, wobei die vordersten noch in den Caudalbereich 
des Rhynchocoeloms fallen.

Verbreitung
Indo-westpazifischer Raum: Madagaskar (Tanikely) [Mozambique-Kanal],
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Verteilung

Nemertes rubrolineata war eine im Untersuchungsgebiet relativ häufig auftretende 
Form. Auf Acropora corymbosa schien sie mit einer Frequenz von 16,7%  bei einer 
Dominanz von 2,8%  auf. Für das Vorkommen auf Seriatopora angulata ergab, sich 
eine Frequenz von 33,3 % und eine Dominanz von 2,2 %, für Acropora pharaonis eine 
Frequenz von 40%  und Dominanz von 7% , während auf Porites nigrescens' 50 % 
Frequenz und 15,4%  Dominanz festgestellt wurden.

Friedrichia n. g.
Vorliegend ist eine Form, die zufolge ihrer inneren Organisation in keines der 

bestehenden Genera der monostiliferen Hoplonemertinen eingereiht werden kann. 
Auf Grund der Tetraneurie ergeben sich wohl Beziehungen zu einigen wenigen Gat
tungen, bei kritischer Prüfung unter Heranziehen weiterer Merkmale erweisen sich 
diese Bindungen aber nicht stark genug, um eine Einordnung der Form zu rechtfer
tigen. So zeigen sich Unterschiede zu Gononemertes B e r g e n d a l  (1900) in der Länge 
des Rhynchocoeloms und durch das Fehlen eines Stilettapparates und eines Ösopha
gus sowie durch das Auftreten von terminad gerichteten Taschen am Mitteldarm- 
blindsack und einer Diagonalmuskelschicht im Hautmuskelschlauch bei Gonone
mertes parasita, der einzigen Art des Genus. Bei Antarctonemertes F r ie d r ic h  (1955) 
hingegen sind es die großen, nahe beim Gehirn gelegenen Cerebralorgane, das körper
lange Rhynchocoelom und Differenzierungen am Mitteldarmblindsack, welche die 
Gattung für die zur Rede stehende Form nicht in Betracht kommen lassen. Es sei auch 
darauf verwiesen, daß sich keine engere Beziehung zu der bislang als Nemertopsis 
actinophila B ü r g e r  (1904) geführten, jedoch wie F r ie d r ic h  (1955) m it Recht be
tont, nicht zur Gattung Nemertopsis gehörenden und 1958 in die Gattung Nemertop
sella F r ie d r ic h  gestellten Form abzeichnet, da bei dieser die Seitenstämme nicht 
über die ganze Länge zweifaserkernig sind und auch durch die direkte Einmündung 
des Magens in das Rhynchodaeum und das kurze Rhynchocoelom eine sehr ab
weichende Situation geschaffen ist. Die größte Annäherung zeigt sich zu dem Gat
tungsdreieck Oerstedia —• Paroerstedia — Oerstediella. Die Übereinstimmungen liegen 
in der Ausbildung und Anordnung der Cerebralorganc, Aufspaltung des Praecerebral- 
septums in Fixatoren, Fehlen einer postcerebralen Gefäßverbindnng und weitest
gehender Ähnlichkeit in der Körperform. Unterschiede zu Oerstedia sensu F r ie d r ic h  
(1955) entstehen durch Vorhandensein eines Ösophagus und Erstreckung der Längs
muskulatur bis in die Kopfspitze, der vollkommen taschenlose Mitteldarmblindsack 
steht im Widerspruch mit den Diagnosen von allen drei oben genannten Genera, 
ebenso die Tatsache, daß vorliegend das Rückengefäß in das Rhynchocoelom ein
dringt. Hinzu kommt, daß bei Oerstediella F r ie d r ic h  (1955) der zweite Faserkern in 
den Lateralnervenstämmen nicht über deren große Länge reicht.
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Es ergibt sich damit die Notwendigkeit der Errichtung einer neuen Gattung, und 
ich erlaube mir diese nach Herrn Prof. Dr. H e r m a n n  F r ie d r ic h  zu benennen, der 
sich in den letzten Jahrzehnten um die Nemertinenforschung große Verdienste er
worben hat.

Dem Genus Friedrichia, welches in den Verwandschaftskreis um Oerstedia ein
zuschließen ist, kommt die folgende Diagnose zu: Walzenförmige an Oerstedia er
innernde Form ohné Kriechsohle und Kopffurchen; Cerebralorgane klein, einfach 
und weit vorne in der Kopfspitze, diese m it Längsmuskulatur; Praecerebralseptum  
in Fixatoren aufgelöst; Rhynchocoelom einfach, vier Fünftel der Körperlänge; Öso
phagus mündet in das Rhynchodaeum; Mitteldarmblindsack ohne terminale und 
laterale Taschen; Dorsoventralmuskulatur fehlt; Seitennervenstämme über ihre 
ganze Länge mit zwei Faserkernen; Blutgefäßsystem ohne Cerebralanastomose, das 
Dorsalgefäß dringt in das Rhynchocoelom ein. Die Typusart für die neue Gattung ist

Friedrichia corallicola n. sp.
Habitus

Der drehrunde, 20 mm lange und 1,2 mm dicke Körper erinnert an Oerstedia, 
es ist jedoch keine Kriechsohle ausgebildet und im Vergleich 'zu Beobachtungen an 
Oerstedia dorsalis wirkt Friedrichia corallicola weniger starr in den Bewegungen und 
zeigt auch eine stärkere Kontraktionsfähigkeit. Das Vorderende ist abgerundet und 
es ist keine abgegrenzte Kopfregion äußerlich zu erkennen, das Hinterende ist stumpf 
abgestutzt und wirkt rein optisch wie eine Bruchstelle. Von der ocker Grundfarbe 
wird der größte Teil durch rostbraune Pigmente überdeckt. In der terminalen Körper
region sind diese so dicht gelagert, daß eine einheitliche Färbung zustande kommt, 
innerhalb welcher nur im Bereich der Augen kreisrunde ocker Flächen erhalten blei
ben. Ebenfalls ocker ist das dorsomediane, an das braune Vorderende anschließende 
Längsband, welches die weißen und braunen, gegeneinander nicht scharf begrenzten 
Querbinden dorsal unterteilt. Die erste der sechs weißen Querbinden ist 3—4mal so 
breit wie die nachfolgenden, die braunen Binden sind alle von annähernd gleicher 
Breite und setzen sich aus rostbraunen, länglichen Pigmentschollen zusammen 
(Abb. 3, B). Im Gegensatz zu den bisher bekannten Vertretern des Oerstedia-Kreises 
sind vorliegend mehr als nur vier Augen vorhanden, diese allerdings in vier Gruppen 
vereint. Das terminale Gruppenpaar besteht aus je einem Doppelauge und einem 
Einzelauge, die beiden hinteren Gruppen aus je zwei separierten Augen (Abb. 18, au).

Anatomie
Körperepithel und Grundschicht sind ohne Besonderheiten. Die Längsmusku

latur setzt sich terminad über das in Fixatoren aufgespaltene Praecerebralseptum  
bis in die Kopfspitze hinein fort. Zum Teil sind Längsfibrillen in das durch die enorme
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Abb. 18. Friedrichia corallicola — V orderende. P ro jek tion  der O rganisation  (der linken K örper
seite) in  die M edian-Sagittale. (E rk lä rung  der A bkürzungen s. S. 324.)

Entwicklung der Kopfdrüse spärlich vorhandene Parenchym eingesenkt. Dorsal und 
ventral ziehen Lappen der Kopfdrüse bis in die Gehirnregion. Eine größere Anzahl 
von lateroventral gelagerten subepithelialen Drüsenzellen ist praecerebral festzu
stellen. Die Cerebralorgane sind klein und einfach und liegen weit vorne in der Kopf
spitze (Abb. 18, co).

Das Gehirn ist vergleichsweise klein und zeigt an seiner Oberfläche keine Unter
teilung in Ganglien. Die Seitennervenstämme treten caudal vom Gehirn aus und be
sitzen über ihre ganze Länge zwei Faserkerne (Abb. 19, A, B, ss, fk).

Das Rhynchocoelom erreicht vier Fünftel der Körperlänge. Bis zur Mitte hin 
ist es stark erweitert und der Rüssel liegt hier in vielen Windungen, im caudalen Ab
schnitt wird aber das Lumen rasch enger und die Rhynchocoelomwand legt sich 
meist dem Rüssel direkt an; möglicherweise ist aber diese Situation kontraktions
bedingt. Am Aufbau des proximalen Rüsselzylinders sind drei Muskelschichten be
teiligt und in der Längsfibrillenlage verlaufen die 11 Rüsselnerven. Der Stilett
apparat besteht aus dem Angriffstilett, dessen Knauf bemerkenswert groß und halb 
kugelförmig ist, der Stilettbasis, von der keine Details ermittelt werden konnten, 
und zwei Reservestilettaschen mit je drei Stiletten.

Anschließend an die subterminal gelegene Mund-Rüsselöffnung folgt das kurze 
Rhynchodaeum, in welches der ebenfalls kurze Ösophagus einmündet. Letzterer geht
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Abb. 19. Friedrichia corallicola. A. Q uerschnitt durch die M agenregion; B. Q uerschnitt durch 
die M itteldarm region. (E rk lä ru n g  der A bkürzungen s. S. 324.)

schon im Bereich des Septums in den Magen über, der als besondere Differenzierung 
einen ventralen, bis unter die ventrale Gehirnkommissur reichenden Blindsack auf
weist (Abb. 18, mdb). Caudad setzt sich der Magen in einen langen Pylorus fort. 
Auffallend ist die schwache Ausbildung von Taschen am mittleren Darmabschnitt. 
Dem Mitteldarmblindsack fehlen sowohl terminale als auch laterale Taschen und er 
stellt eine einheitliche Rinne dar, da er sich lateral bis zu den Seitenstämmen aufwölbt. 
Die Taschen am Mitteldarm selbst sind sehr seicht, bleibén stets unterhalb des dor
salen Darmniveaus und sind nur undeutlich zu erkennen.

Die beiden Kopfgefäße vereinigen sich auf der Höhe der ersten Augengruppen 
und setzen sich, da eine Gehirnanastomose fehlt, postcerebral als Lateralgefäße fort. 
Das Dorsalgefäß geht vom rechten Lateralgefäß ab und verläuft ab der Mitte des 
Magenblindsacks bis zum Ende des Magens im Rhynchocoelom (Abb. 18).

Die Nephridien liegen dorsal und lateral von den Seitenstämmen. Terminal enden 
sie nahe der Magen-Pylorusgrenze mit je einem láteral sich öffnenden, vor Durch
bruch der Körperwand bulbusartig erweiterten Ableitungskanal; caudal reichen sie 
noch etwas über das Pylorusende in die Mitteldarmregion hinein (Abb. 18, ne).
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Die Ovarien liegen rings um den Darm angeordnet und sind bereits mit Beginn 
des zweiten Körperdrittels zu beobachten.

Verbreitung
Indo-westpazifiseher Raum: Madagaskar (Tanikely) [Mozambique-Kanal]. 

Verteilung
Friedrichia corallicola wurde auf Acropora corymbosa mit einer Frequenz von 

16,7% bei einer Dominanz von 1,4%  registriert.

Z usam m enfassung

In  der vorliegenden A rbeit w urden  die im  V erlauf der „Ö sterreichischen Indo-W estpazifik- 
E xped ition  1959/60“ im  Saum riff der Insel T anikely  aufgesam m elten  H oplonem ertin i m onostili
fera behandelt. Das M aterial e n ts ta m m t P roben  von  Seriatopora angulata, Acropora pharaonis, 
A . corymbosa, Porites nigrescens, P . iw ayam aensis  und  M illepora tenella. Die anatom ische U n ter
suchung  ergab die N otw endigkeit der E rrich tu n g  von zwei neuen Genera, näm lich P aram phi
porus  und  Friedrichia. Die dargestellten  A rten  sind : Cratenemertes madagascarensis n. sp., P aram 
phiporus albimarginatus n. sp., Africanemertes rüizleri n. sp., Nemertellina tropica n. sp., Tetra
stemma melanocephalum  ( J o h n s t o n ) ,  Tetrastemma tanikelyensis  n. sp., Nemertes rubrolineata 
n. sp., Friedrichia corallicola n. sp. u n d  eine n u r kurz angeführte  Tetrastemma  sp. D aß von  den 
neun  m onostiliferen H oplonem ertinenarten  sieben neu fü r die W issenschaft sind, is t zum  einen 
darauf zurückzuführen, daß von der N em ertinenfauna des Ind ischen  Ozeans vergleichsweise we
nig b ek an n t is t, zum  anderen  is t es durch die A ufsam m lungsm ethode bed ing t, da durch fre i
tauchendes E inholen  des P robensubstra tes und  anschließender A ufbereitung der P roben  m it 
H ilfe der K lim averschlechterung auch K lein- und  K leinstform en erfaß t w erden konnten . D ie 
q u an tita tiv e  V erteilung der A rten  im  U ntersuchungsgebiet is t durch  P rozen tw erte  ih rer F requenz 
und  D om inanz ausgedrück t (vgl. R i e d l  1959 und  K i r s t e u e r  1963).

21 Zool.  J b .  S y s t .  B d .  92
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E r k l ä r u n g  d e r  A b k ü r z u n g e n

au Augen m d M agendarm
bd B linddarm mdb M agendarm blindsack
bs Bindegewebeschicht mdf M agendarm falte
b t B linddarm  tasche mid M itteldarm
CO Cerebralorgan mrö M und-Rüsselöffnung
dg Dorsalgefäß mu M uskulatur
dk D orsalkom m issur ne N ephridien
d t M itteldarm tas che oe Ösophagus
ep E pithe l ov Ovar
ev E pithelverd ickung ps P raecerebralsep tum
fk F aserkern py Pylorus
gd D orsalganglion rd R hynchodaeum
gs G rundschicht rm R ingm usku la tu r
gv V entralganglion rn R üsselnerven
kd K opfdrüse rü Rüssel
kg Kopfgefäß rw Rhynchocoelom w and
lg L ateralgefäß SS S eitennervenstam m
lm L ängsm usku la tu r vk V entralkom m issur
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I. Summary.
During a non-stop voyage of the Division ot Sea 

Fisheries’ R.S. AFRICANA II from Durban to 
Cape Town during July, 1961, a continuous 
plankton catch was made by straining surface 
water pumped from the hull of the ship to deck 
lével.

Simultaneously, a surface thermogram was 
obtained.

The catch extended over a distance o f neaily 
800 miles and was subdivided into 12 separate 
plankton samples by emptying the collecting gear 
at what seemed to be critical points along the 
route.

A brief outline of the bathymetric and hydro- 
graphic conditions in the area south of Africa is 
given, followed by an analysis of the tempei ature 
fluctuations recorded by the thermograph. This 
leads to a subdivision o f the route into 4 main 
sections:—

(1) The Agulhas Current;
(2) a transitional stretch;
(3) the eastern part of the Agulhas Bank;
(4; the western part of the Agulhas Bank and the 

vicinity of the Cape Peninsula.
At the time, no important upwelling occurred 

in the western part of the route.
The plankton volumes showed a sharp increase 

during the dark hours, amounting to as much as 
six times the volumes obtained in daylight. They 
also showed that near the Cape o f Good Hope the 
Zooplankton density was about four times greater 
than that off Natal. The latter increase is correlated 
with the presence of nutrient-rich cold water near 
or at the surface.

Phytoplankton blooms were found twice along 
the coast o f the Eastern Cape Province, each time 
in the vicinity of a sharp drop in the water tem
perature. lire main components of both these 
blooms were the same species that cause blooms 
along the West Coast, in the Benguela Current 
system.

Ninety-two species of Copepods were identified, 
28 o f them being first records for the South African 
seas. Their local occurrence, general distribution 
and references by previous workers in this area 
are compared and discussed.

The Copepods o f the Agulhas Current were a 
most sharply characterized group in this plankton 
collection, due to the presence of a high percentage 
of genuine Indo-Pacific species. This characteristic 
community disappeared as soon as the shelf 
started broadening towards the Agulhas Bank.

On the Bank itself, hardly any Indo-Pacific 
Copepods were fcund, but a local community 
comprising mainly cosmopolitan species seemed 
to be distinguishable. One o f its features is the 
presence o f an apparently isolated colony of 
Calanus finmarchicus.

The western part of the Agulhas Bank and the 
vicinity o f the Cape Peninsula are characterized by 
a predominance of those species which are known 
to form a part of the huge Zooplankton swarms 
that are typical of the Benguela Current system 
along the West Coast.

An isolated local occurrence of a number of 
warm water species near Danger Point seems to 
indicate that a northward directed arm o f the 
Agulhas Current had reached the shore at that time.

2. Introduction.
The plankton life in South African seas is the 

source of food for an exceptionally rich fish popu
lation which itself serves as a basis for a fishing 
industry well-known for its remarkable develop
ment during the past few years.

Consequently this plankton and its environment 
have been investigated by the Division of Sea 
Fisheries for more than ten years. From the 
routine observations and mapping o f many 
thousands of plankton samples by the staff of the 
Division’s laboratories at Sea Point, a general 
picture of the plankton distribution in our coastal 
waters has gradually been built up over the course 
of years. That picture was broadly outlined 
during the Symposium of the CCTA /CSA held in 
Cape Town in September 1960, in so far as it 
related to the Copepoda, a group which constitutes 
an average o f more than half o f the total mass of  
Zooplankton in the sea. In the meantime the 
investigation is proceeding and more particulars 
are continually coming to light. These will make 
it possible to give a much more accurate descrip
tion o f the plankton relationships in our waters 
within the foreseeable future.

This paper was a somewhat unexpected by
product o f the abovementioned research pro
gramme. It contains the results of an experiment 
conducted outside the fixed programme. One of 
its values is perhaps that it may serve as a control 
for results usually obtained by completely different 
methods. The research ships generally carry out 
vertical or short horizontal hauls with a plankton 
net at a number of stations in the routine investi
gational area. Here the opportunity presented 
itself for obtaining plankton over almost 800 miles
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in an uninterrupted and uniform manner even 
though such plankton came only from the surface 
layer of water.

Before the method is described in greater detail 
I should like to express my gratitude to the officers 
and crew of R.S. AFRICANA II who gave me 
greatly appreciated assistance in the experiment. 
I am particularly indebted to the Third Officer, 
Mr. H. HOY, who provided the accurate record 
of the ship’s route illustrating the text.

Thanks are also due to my colleagues in the 
laboratory of the Division of Sea Fisheries at Sea 
Point for their critical reading of the manuscript 
and to Miss R. THORNTON, Technical Assistant, 
for the care with which she prepared the map and 
diagrams.

Finally I should like to express my special 
indebtedness to Mr. C. G. DU PLESSIS, the former 
Director of Sea Fisheries, for the assistance ánd 
encouragement received from him at all times.

3. Method.
In the afternoon of 17 July 1961, the R.S. 

AFRICANA II began the return voyage to its 
home port Cape Town, after the completion of a 
commission in the S.W. Indian Ocean. The cruise 
was made without interruption at the normal speed 
o f 11 to 12 knots, so that the vessel reached Cape 
Town by the afternoon of 20 July.

Plankton was obtained by means of a permanent 
installation which pumped the sea water through 
a hole in the hull of the vessel, about 4 metres 
below the water line, through a pipe and into the 
laboratory. This installation, which was intended 
mainly for the replacement of water in the aqua
rium tanks of the ship’s laboratory, can divert the 
water to the deck without first conducting it 
through any aquaria. This pipe was used for the 
collection of plankton samples. At the open end 
of the tube a cylinder of plankton gauze of medium
sized mesh was attached; its diameter was the 
same as that of the tube (± 5  cm) and its length 
about 50 cm. A plankton bucket was attached to a 
ring at the free end of the cylinder. The pump 
delivered water at the rate of 27 • 3 litres (6 gallons) 
per minute. The pump was put into operation 
shortly after the ship had left Durban harbour. 
Initially no plankton was collected, the plankton 
bucket being attached for the first time only an 
hour later. In the meantime the water rushing 
through the pipe system cleared out all plankton

remains which might still have been present after 
the eailier collection o f plankton samples.

During the cruise the bucket was removed from 
time to time and immediately replaced by another 
(see Table 2). The contents were preserved in 
formalin and transferred to a measuring cylinder 
thereby measuring the settled volume of the plank
ton. In this manner the total catch was divided 
into 12 tubes with plankton from 12 contiguous 
parts of the route. It was the intention to ascertain 
from the contents of the 12 samples how the 
quantity and composition of the plankton varied 
along each section according to the locality, the 
hydrographic nature of the water and the time of 
the day.

Only one hydrographic factor, namely tempera
ture, could be measured from the moving ship 
and this was done by a continuously registering 
thermograph.

It was the author’s first intention to change the 
plankton buckets whenever any important varia
tion occurred in the water temperature, the object 
being to avoid as far as possible two different 
plankton communities becoming mixed in a single 
sample. In practice, however, this was difficult to 
do because the irregular trend of the temperature 
curve made it impossible to predict whether any 
incipient rise or fall of the thermograph needle 
would continue long enough to be of significance. 
Generally such movements were of very short 
duration. Where large deviations actually did 
occur, they were frequently observed too late 
owing to the fact that the thermograph was located 
in a place on the ship where it could not be kept 
under continuous observation.

Since this experiment was undertaken outside 
the normal programme of work, there was very 
little time on land for the taxonomic processing 
of the available material. Quantitative determina
tions could not be carried out. The adult Copepoda 
and the recognisable juvenile stages were identified 
in all samples except in the case of certain “ more 
difficult ” genera, such as Corycaeus, Oithona, 
Oncaea, the representatives of which were investi
gated with reasonable completeness only in a small 
number of samples. The numbers for each species 
were estimated and reflected by means of symbols, 
as follows:—■

r =  1 to 3 individuals per sample, 
f  =  4 to 20 individuals per sample.

+  =  20-50 individuals per sample, 
c =  50 to 100 individuals per sample, 

cc =  100 to 200 individuals per sample, 
ccc =  200 to 400 individuals per sample.

3 6 4
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F o r a  com parison  o f  the  occurrence o f  a  species 
in  the  different sections o f  th e  rou te , i t  is, o f  course, 
necessary to  take accoun t o f  the  leng th  o f  the 
relevant sections in  ad d itio n  to  these sym bols (see 
T able 2).

T he p lan k to n  d id  n o t suffer g reater dam age in  
the ir passage th ro u g h  th e  pu m p  th a n  w ould  have 
occurred  in  a  classic ca tch  w ith  a  vertical net. 
T heir sta te  o f  p reservation  w as com pletely  sa tis
factory.

4. Morphological and Hydrographic 
Conditions.

T he general structu re  o f  the  a rea  concerned  will 
first be described in  b ro ad  outline.

O ff th e  sou th -east coast o f  A frica the  co n ti
nen ta l shelf is fo r the  m ost p a r t  very narro w  an d  
the g rad ien t steep. A t h ard ly  any p o in t between 
D u rb a n  an d  E ast L on d o n  is the 100-fathom  fine 
fu rther th a n  12 m iles from  the  coast, the  distance 
generally  being less th an  six m iles. Between P o rt 
Shepstone an d  P o rt St. Joh n s the  ro u te  o f  
A F R IC A N A  II  consequently  ran  seaw ards o f  
th is dep th . W est o f  E ast L o n d o n  the shelf g radually  
becom es b roader an d  o ff P o rt E lizabeth th e  100- 
fa thom  line a lready  lies 25 m iles from  the  coast, 
bending  m ore an d  m ore to  th e  so u th  fu rth e r dow n 
while the  co ast line tu rn s  to  the  west. T he A gulhas 
B ank lies in  the  fo rm  o f  a  triang le along  th e  w hole 
length  o f  th e  sou th  coast since a t its m o st southerly  
po in t, the  100-fathom  line bends sharp ly  to  the 
north -w est 120 m iles sou th  o f  C ape In fan te  to  ru n  
close to  th e  co as t again  n ea r the  C ape o f  G o o d  
H ope.

T he hyd rograph ic  s truc tu re  show s a n  unm is
tak ab le  agreem ent w ith  th e  b o tto m  topography . 
P arallel to  th e  sou th-w est coast ru n s the b ro a d  
A gulhas C u rren t in  a  south-w esterly  d irec tion  w ith  
the w ater tem pera tu re  above 20 °C. Betw een th is 
w arm  w ater m ass an d  the  coast the re  flows a  very 
narro w  b u t som etim es very  rap id  an d  appreciab ly  
colder co u n te r cu rren t. A t a  la te r stage in  its course 
the A gulhas C u rren t ceases to  follow  the  coast 
b u t flows a long  th e  sou th -eastern  edge o f  the  
A gulhas B ank. A s fa r  as the a u th o r  is aw are , no  
w ater from  the  A gu lhas C u rren t flows over the  
sou th -eastern  edge o f  th e  bank , despite th e  regu la r 
occurrence over th e  so u th ern  p o rtio n  o f  a  to n g u e  o f  
w arm  surface w ate r (19°C  to  23°C) w hich, how 
ever, ru n s from  a  south-w esterly  d irec tion  across 
th is  p a r t  o f  th e  bank . Except fo r th is  occasional 
an d  localised tongue o f  w arm  w ater, the  w ater 
on  th e  b a n k  is influenced by co lder w ate r m asses o f  
sou thern  o rig in  w hich well u p  fro m  the  dep ths 
against th e  slope o f  the bank .

W h a t subsequently  happens to  the  A gulhas 
C u rren t when it  com es in to  co n tac t w ith the  S outh  
A tlan tic  w ater is a  p o in t on  w hich oceanographers 
a re  still n o t agreed. T he possibility, how ever, is n o t 
ru led  o u t a n d  it is even highly p robab le  th a t 
a  n o rth w ard  m oving  a rm  m ay  occu r a t  tim es an d  
ru n  to  th e  sou th  an d  w est o f  the C ape o f  G ood  
H ope in  the  vicinity o f  th e  coast. P a r t o f  the  
p la n k to n  dea lt w ith  in  th is  re p o rt is derived from  
th a t  area.

A long  the la st section o f  th e  ro u te  lies still 
an o th er a rea  w hich m erits special m en tion , 
nam ely  th a t to  the  w est o f  D anger P o in t. T he 
sa lien t features o f  th is a rea  becom e increasingly 
regu lar an d  p rom inen t tow ards the  w est coast o f  
the  C ape Peninsula. H ere we find the  Benguela 
C u rren t w hich in  its typ ical course appears a t  the  
surface n ea r S langkop in  the  fo rm  o f  a  narrow  
strip  o f  cold w ater (approxim ately  10°C) an d  then  
m oves in  a  no rtherly  direction . This typical form , 
how ever, seldom  m akes its appearance during  the 
w in ter m onths, because o f  the  absence during  
th a t season  o f  the  con tinuous, stro n g  so u th 
easterly  w inds w hich drive the  w arm  A tlan tic  
surface w ater aw ay from  the  coast an d  cause co ld  
w ater from  the  dep ths to  take its  place.

D u rin g  the cruise o f  A F R IC A N A  I I  n o  Benguela 
w ater w as p resen t a t  th e  surface an d  on ly  a  few 
elem ents o f  its typical co ld-w ater p lan k to n  w ere 
fo u n d  in  the sam ples.

5. Surface Temperature.
A lthough  there w as n o  tem pera tu re  decline to  

10°C on  th is occasion, as w ould  p ro b ab ly  have 
hap p en ed  tow ards th e  en d  o f  the cruise o r  du ring  
som e o th e r season, i t  nevertheless appears from  
the  tem pera tu re  curve th a t  an  a rea  o f  sudden  
hyd rograph ic  changes h a d  been  crossed w ith  rap id  
tem peratu re  fluctuations betw een lim its o f  24°C  
an d  14°C (see F ig. 1).

In  th e  curve o f  F igure  I  the  follow ing sections 
can  be d istinguished:

5.1 The Agulhas Current and its Margin (Sections I- 
III).
T he co u n ter cu rren t m anifests itself in  the  

curve in  th e  fo rm  o f  repeated  coolings.

T he average tem p era tu re  is app rox im ate ly  
22• 5 °C (m ax im um : 24°C, m in im um : 2 1 ° 0 .

5.2 A Zone of Transition to the Agulhas Bank (Sections 
IV-VII).

A  sudden  tem p era tu re  decline o f  5 -5°C  over a 
distance o f  10 m iles b rings o s  to  a n  a re a  w ith  a  
d istinct general tren d  tow ards cooling  (from

365



10 Reprint izom "Commerce & In du stry”, June, 1964

Fig. 1
SURFACE TEMPERATURE 

(Correction: +  0-5°C)

20 0/  /

X I  X I I

Trigsurvey 1964.

19°C to  16°C). Tw o fu rth e r im p o rta n t tem 
p e ra tu re  changes follow , nam ely  one o f  4°C  (V) 
an d  one o f  2 - 5°C  (V II). Such sh a rp  tem p era tu re  
differences m ay  possib ly  be caused b y  th e  deflec
tio n  o f  deeper co ld  w ater by  subm arine ridges, 
o r  a  gyrato ry  effect in  the  cu rren t as a  resu lt o f  
irregularities in the  coastline m ay  force the  co ld  
deep w ater upw ards.

T he tem p era tu re  average here lies a t  17 , 5°C 
(m axim um : 19-5°C , m in im um : 15-5°C ).

5.3 The Eastern Agulhas Bank (Sections VIII—IX).
F o r  th e  first tim e du ring  the  cruise an  area  was 

now  traversed  w here the re  w ere n o  large tem 
p era tu re  fluctuations. I t  is clearly  ap p a ren t from

the  iireg u lar tren d  o f  th e  curve, how ever, th a t  
the  w ater tem pera tu re  w as n o t yet qu ite  stab le .

H ere the  cu rve is in  the  fo rm  o f  an arc  w ith  
its peak  a t 17-5°C  du ring  the afte rn o o n  ho u rs . 
This p articu la r fo rm  m ay be due to  so la r 
rad ia tion  o r  to  the  course taken  by  the  vessel. 
T he la tte r  lies like a  ch o rd  d raw n  u n d e r a  w ide 
arc o f  the coast an d  m ay  consequently  in te rsec t 
a series o f  concentric  iso therm s run n in g  para lle l 
to  the coast. T he tem peratu re  difference o f  2°C  
between the  m orn ing  an d  evening m in im a an d  
the a fte rnoon  m axim um  m ay possibly also  be 
caused sim ultaneously  by b o th  o f  the  above- 
m entioned  factors.
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5.4 The W estern Agulhas Bank and the Vicinity of the 
Cape Peninsula (Sections X-XII).
A  sm all tem p era tu re  fluctuation  o f  1 -5°C  

tw enty  m iles sou th -east o f  C ape In fa n te  in tro 
duces th e  co ldest p a r t  o f  th e  curve. W ith  th e  
exception o f  a  single stric tly  local tem pera tu re  
increase betw een Q uo in  P o in t a n d  D anger P o in t, 
also  am oun ting  to  1-5°C , th e  tem p era tu re  n o 
w here exceeds 16°C. T he m in im a rem ain  above 
14-5°C , except a t  th e  very en d  o f  th e  curve o ff 
M ouille P o in t w hich is th e  m o st no rtherly  tip  
o f  th e  C ape P eninsu la an d  the  en h a n ce  to  
T ab le  Bay.

In  co n tra s t w ith  the  relatively un ifo rm  tem 
p era tu re  tren d  in  the  easte rn  h a lf  (X ) o f  th is  
area , the  w estern  h a lf  (X I) show s repeated  
coolings o f  b r ie f  d u ra tio n . I t  seems th a t these 
m ay  be regarded  as upw elling o f  cold  w ate r an d  
as p recurso rs o f  th a t  deep  w ater m ass w hich, 
u nder favourab le  cond itions (a  sou th-easterly  
w ind), appears a t  the  surface o ff  the  w est coast 
o f  the  C ape P eninsu la a n d  fu rth e r  to  the  n o r th  
and , in  th e  fo rm  o f  th e  B enguela C urren t, 
influences th e  env ironm enta l cond itions along  
th e  en tire w est co ast as fa r as W alvis Bay.

A  characteristic  fea tu re  is th a t  the  co ldest 
p o in t o f  th e  curve is a t  its extrem ity, i.e. a t  the

en trance  to  T ab le  Bay. T ow ards n o o n  o n  the  
20 th  Ju ly  a  s trong  sou th -easter w as blow ing 
across T able Bay, th is being  som eth ing  u n u su a l 
a t  th a t  tim e o f  the  year. T h e  effect o f  th is b r ie f  
period  o f  w ind w as sufficient to  b rin g  co lder 
w ater to  th e  surface.

In  the  accom panying  tab le  a  sum m ary  is given 
o f  th e  sub-division  o f  the  ro u te  accord ing  to  
surface tem perature .

T able  1.

Sections.
Temperature in °C.

Area.
Maxi
mum.

Mini
mum.

Ave
rage.

I-III 24 21 22-5 Agulhas Current and its 
marginal area.

IV-VIL. 19-5 15-5 17-5 Transitional area (counter 
current?).

V III-IX 17-5 15-5 16-5 Eastern part o f  Agulhas 
Bank.

X -X II... 16-5 14-5 15-5 Western part o f Agulhas 
Bank and Cape Penin
sula.

T a b le  2.— Sum m ary  o f  P lan k to n  Sam ples.

Sample Date. Hour. Coastal Localities. Distances in Sea
Plankton Volumes.

Remarks.No. Miles. Volume.
(cc)

cc/Hour. 
(X 1,000).

I ............... 17th July 1715 Illovo..................... — — — —

I I .............. 2115 P ort Shepstone- 
M argate

45 0-5 125 —

I I I ............ 18 th July 0745 Bashee River....... 125 3 286 —

IV ............ 1300 East London....... 80 1-25 238 —

V.............. 1430 Keiskama Point.. 20 0-5 333 phytoplankton
bloom.

V I............ 2200 Bird Island.......... 75 3-5 466 —

VII 2330 South-east of Port 
Elizabeth

30 0-75 500 phytoplankton
bloom.

V III......... 19th July 0800 Tsitsikama River. 85 7-5 882 —

IX ............ 1600 Mossel Bay.......... 95 1-5 188 —

X .............. 2130 Cape In fan t;....... 60 3 545 —

X I............ 20th July 0500 Danger Point___ 85 8 1,067 —

X II . , 1130

1230

Duiker Point 
(Hout Bay)

Mouille P o in t...

75

10

2
Volume to 

accura 
ment

308 
o small for 
te measure- :
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6. Plankton Volumes. hour (and  then  m ultip lied  by one th o u san d  in  o rd er
In  o rd er to  com pare  th e  volum es o f  p la n k to n  to  avoid  fractional num bers), 

sam ples fro m  sections o f  varying length , th e  F ro m  the h istogram  o f  the  hour-vo lum es (Fig. 2)
fo rm er w ere converted  in to  cubic centim etres p er  the follow ing facts are clearly observable.
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6 .1 Daily Fluctuations in Plankton Density near the 
Surface.

T he th ree largest volum es w ere on  each  
occasion  ob ta ined  a t n igh t. T he first n igh t 
section ( I ii  y ielded tw ice as m uch p lan k to n  as 
th e  preced ing  section (I), a lth o u g h  the  catching 
tim e fo r sam ple I  lasted  u n til the  earliest hou rs 
o f  the  n igh t an d  the  volum e w as consequently  
w ith o u t any d o u b t increased by  th e  n o ctu rn a l 
ascen t o f  the p lank ton . D u rin g  th e  second n igh t 
(V II) fo u r tim es m ore p la n k to n , an d  d u ring  the 
th ird  n igh t (X ) six tim es m ore  p lan k to n , were 
ob ta in ed  th a n  du ring  th e  preceding day ligh t 
sections ( III  an d  V III).
6.2 Increase in the Quantity of Plankton in a 

W esterly Direction with DecliningTemperature.
This increase is a lready  visible in  the sm all 

volum es from  th e  consecutive day ligh t periods. 
Section V III yielded 50 p e r  cen t m ore  th a n  
section I  a lthough  th e  la tte r  w as favoured  by 
ascending p lan k to n  du rin g  th e  la te  evening. 
T he volum e in  section V  is still larger, b u t is n o t 
com parab le  w ith  th e  above-m entioned  tw o 
volum es since a  p h y to p lan k to n  b loom  w as 
traversed  here. Section X I, how ever, y ielded 60 
p e r  cen t m ore  th a n  section V III.

T he catches m ade a t  n igh t give a n  idea  o f  the 
a m o u n t o f  p lan k to n  w hich sinks in to  deeper 
w ater du ring  the d ay  an d  w hich w as consequently  
b eyond  the  reach  o f  the  p um p . A  com parison  
o f  the  th ree n o c tu rn a l catches show s th a t during  
th e  second n igh t the re  w as th ree  tim es m ore 
p la n k to n  an d  du ring  the  th ird  n igh t a lm ost fou r 
tim es m ore p lan k to n  th a n  du rin g  th e  first.

T h e  follow ing com parison  m akes it  clear 
th a t  th e  tem pera tu re  decline is n o t in  itse lf the  
fac to r w hich causes the  p la n k to n  to  increase.

O n  the final p a r t  o f  its  cru ise th ro u g h  the 
sou th-w estern  p a r t o f  the  In d ian  O cean betw een 
6 an d  15 Ju ly  A F R IC A N A  I I  m ade obser
vations a t  a  num ber o f  oceanograph ic sta tions 
lying in  a  stra igh t line from  38 °S, 58 °E as 
fa r as 100 m iles S.S.E. o f  D u rb an . Between 
th e  sta tions, w here th e  w hole o f  th e  day  w as 
generally  spen t in  m ak ing  observa tions, p la n k 
to n  w as caugh t a t  n igh t w ith  the  pum ping  
ap p a ra tu s  described above. T he surface tem 
p era tu res  lay between 15-5°C  a n d  17-5°C  in  
the  sou th -eastern  h a lf  o f  the  section, an d  between 
17-5°C  an d  20°C in  th e  no rth -w estern  half. 
T he average p lan k to n  vo lum e p e r  h o u r  (x i ,000) 
w as 66 cc in  the  colder h a lf  a n d  138 cc in  the  
w arm er half. In  b o th  halves a  sh o rt ca tch  was 
a lso  m ade du ring  th e  d ay  an d  these yielded 28 
cc a n d  38 cc (per h o u r  x  1,000) respectively. 
These values from  th e  open  sea a re  on ly  frac
tions o f  those  ob ta in ed  tw o  days la te r in  the  
appreciab ly  w arm er co asta l w aters south-w est 
o f  D u rb a n  d u ring  th e  cruise to  the  C ape.

T he increase in  the  p lan k to n  o f  the  S ou th  
A frican coasta l a rea  is undoub ted ly  caused  by 
a  large num ber o f  factors. O ne o f  these is the  
influence o f  the  con tinen ta l shelf w ith its g rea ter 
com plexity  o f  com m unities th a n  the open  sea. 
A n o th er very im p o rta n t fac to r in  the a re a  
concerned  is th e  influx o f  nu trien ts from  the  
dep ths, cold  w ate r rising  to  the surface along  th e  
sou th  coast. -T h e  ex ten t o f  th is phenom enon  
becom es g rea ter tow ards the  west, the  density  
o f  the  p lan k to n  also  increasing from  east to  west. 
In  the  p lankton-deficient m arine  a re a  in  the 
S.W . In d ian  O cean m entioned above, the  15°C 
iso therm s lay  "between 200 an d  400 m etres below  
the  surface an d  th e  10°C isotherm s betw een 700 
an d  400 m etres. A long  the edge o f  the  A gulhas 
b an k  a  sharp  therm ocline regularly  occurs an d  
rises tow ards the  n o rth , the  10°C iso therm  there  
being on ly  a t  100 m etres depth .

7. Distribution of Phytoplankton.
T he m a in  constituen t o f  the p lan k to n  sam ples 

w as m ade  u p  o f  C rustacea, except in  areas V  an d  
V II w here the  sh ip  passed th ro u g h  dense m asses o f  
phy to p lan k to n . This phy to p lan k to n  b loom  w as 
encoun tered  in  th e  sam e locality  w here the  th ree  
large tem p era tu re  declines occurred . I t  illu stra tes 
th e  effect o f  nu trien t-rich  deep w ater rising  u p  a n d  
reach ing  th e  p h o tic  region. F irs t the re  is .a  trem en 
dous ac tiva tion  o f  algal g row th  (= p r im a ry  
p ro duction ) o n  w hich  th e  hetero troph ic  (anim al) 
finks o f  the  living com m unity  can  th en  subse
quently  feed in  abundance.

I t  w as im possib le to  determ ine accurately  the  
place o f  occurrence, th e  density  an d  the  ex ten t o f  
th e  p h y to p lan k to n  patches because o f  th e  lim ita
tions o f  th e  ap p a ra tu s . T he question  o f  the ir 
location  in  respect o f  the tem p era tu re  m in im a m u st 
un fo rtuna te ly  rem ain  unansw ered.

I  am  deeply indeb ted  to  M iss V. A . H IL L H O U S E  
o f  the  D ivision o f  Sea F isheries, fo r  the  read iness 
w ith  w hich  she u n d e rto o k  the  identification  o f  th e  
algae from  these tw o  sam ples. In  b o th  cases th e ir  
com position  w as very  sim ilar in  so  fa r  as th e  p re 
d om in a tin g  species a re  concerned, on ly  th e  five 
d ia tom  species w hich w ere m o st a b u n d a n t in  b o th  
sam ples being  m en tioned  here, nam ely :—

Schröderelia schroderi.
Thalassionema nitzschioides.
Thalassiosira rotula.
Thalassiothrix longissima.
Chaetoceros decipiens.

I t  is no tew orthy  th a t  th is a lgal com m unity  show s 
little  re la tionsh ip  to  th a t  know n from  th e  sea  a re a  
a long  th e  so u th  east an d  so u th  coasts  o f  S o u th  
A frica  as a  w hole b u t i t  does indeed  reflect a  go o d  
ag reem ent w ith  th a t  occurring  in  th e  co ld  B enguela 
w aters along  th e  w est coast.
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8. The Copepoda.
8 .1 Systematic Review.

L ittle research  w o rk  has  been done as  yet on  the 
C opepod  fau n a  o f  S ou th  A frica. T he tro s t  
im p o rta n t an d  m o st exhaustive co n trib u tio n  h ith e r
to  m ade w as th a t  o f  C L E V E  (1904). H e h ad  a t  his 
d isposal a  nu m b er o f  n e t ca tches from  th e  w estern, 
so u th ern  an d  easte rn  p a rts  o f  th e  a rea , ob ta ined  
m ain ly  fro m  sta tions near th e  coast, as well as a  
few  vertical hau ls fro m  g rea ter dep ths (dow n to  780 
m etres). H e  fo u n d  a ltoge ther 110 species.

S T E B B IN G ’s C a ta logue o f  S ou th  A frican 
C rustacea (1910) con ta in s m ain ly  the  list o f  species 
g iven by  C L E V E , p lus th ree  species w hich he h ad  
fo u n d  in  D A N A ’s w o rk  (1852-55).

B R A D Y  (1914-15) w ro te  th ree  sh o rt co n trib u 
tio n s  o n  m ateria l ob ta ined  tro m  D u rb a n , w ith  
app rox im ate ly  48 “  recognisab le ”  species o f  w hich 
18 w ere new  to  S o u th  A frica. In  ad d itio n  a 
nu m b er o f  “  species novae ”  w ere m en tioned  in  
those  pub lications. T h e  descrip tion  an d  illu stra tion  
o f  th e  la tte r, how ever, a re  inadequa te  fo r  iden ti
fication.

In  th e  m ean tim e W O L F E N D E N  (1911) p u b - 
fished his excellent w o ik  o n  th e  m a teria l ob ta ined  
by  th e  G erm an  D eep-sea E xpedition , in  w hich a  
nu m b er o f  sam ples from  the  S ou th  A frican  m arine 
a re a  a re  also  fou n d . Som etim es, how ever, 
W O L F E N D E N  is very  vague in  h is locality  d e ter
m ina tions, especially in  regard  to  his species from  
the  S ou th  A tlan tic  O cean, w ith  the  resu lt th a t i t  is 
o ften  difficult to  deduce from  the  tex t w hether a  
species w as fo u n d  n ea r  th e  co as t o r  a  thousand  
m iles away.

By applying the  b ro ad est geographic criteria  the 
a u th o r  fo u n d  th a t  45 o f  W O L F E N D E N I species 
w ere th en  new  to  S o u th  A frica.

F inally  T A N A K A  (1960) ob ta in ed  37 n e a r
surface species from  m a teria l collected by  the  
Second Japanese  A n ta rtic  E xpedition  a t  a  s ta tio n  
so u th  o f  C ape A gulhas (erroneously  called  the 
“  C ape o f  G o o d  H ope ”  in  th e  w ork  concerned). 
O f  these, 22 w ere new  to  S ou th  A frica, I t  is 
w orth  m ention ing  th a t  am ong  the  17 p la n k to n  
s ta tions occupied by  the  R esearch  Vessel SO Y A  
betw een Jap an  an d  A n tarc tica , the  one s ta tio n  on 
th e  A gulhas B ank w as the  richest in  species and  
individuals.

T he au th o r  identified 92 species in  h is m ateria l, 
28 o f  these being new  to  the S o u th  A frican  fauna . 
T hey are arranged  below  in  alphabetical o rder.

T he follow ing abbreviations a re  u sed :—
C/(eve), Br(ady), IFo(lfenden) an d  7a«(aka). 

W hen one o f  these is used afte r the  nam e o f  a 
species, i t  m eans th a t th e  au th o r  concerned 
established the  presence o f  the  relevant species in  
th e  S ou th  A frican area.

St. . . .  : is p laced in  f ro n t o f  the  nu m b er 
(R om an) o f  the  sam ple(s) in  w hich the  species 
w as found .

L : th is m eans the to ta l length  in m illim etres 
(from  the  an te rio r p o in t o f  th e  céphalo tho rax  
to  the end  o f  the furca) as estab lished  in  speci
m ens from  the w hole a rea  (n o t m erely  those  
from  the m ateria l dea lt w ith  here). M any  c f  th e  
S ou th  A frican  species are la rger th a n  th e  sizes 
recorded  in  the  litera tu re  fo r  th e ir  congeners 
fro m  o th e r areas.

“  (D F ) ”  a n d  “  (IO P) ”  a re  p laced  afte r in fo r
m a tio n  ex tracted  from  unpub lished  d a ta  on  
C opepod  m ateria l o f  the  D ivision o f  Sea F ish- 
ries. D r. F . M O M B E C K  an d  the  a u th o r  have 
been busy  processing th is m ateria l fo r over th ree 
years. “  (IO P )” relates m ore  particu la rly  to  the  
results o f  th e  first cruise o f  A F R IC A N A  I I  in  
connection  w ith  th e  In te rn a tio n a l In d ian  O cean 
P ro ject und ertak en  in  Ju n e -Ju ly , 1961.

T a b le  3.— O ccurrence an d  A bundance.

I. II. m . IV. V. VI. VU. VIII. IX. X. XI. XII.

Acartia—
amboinensis................................. r
danae............................................ f r r
negligens...................................... r r r f

Acrocalanus—
gracilis......................................... f f + + f r f f
monachus..................................... r r

Calanoides—
carinatus...................................... r f r r r . f + f f f

Calanopia—
minor........................................... r r r

Calanus—
finmarchicus............................... r f r c f + + f
tenuicornis................................... r r r r
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T a b le  3.— O ccurrence a n d  A bu n d an ce  {continued).

I. II. III. IV. V. VI. VII. v n i . IX. X. XI. XII.

Calocalanus—
contractus................................... r r
pavo.............................................. r r f r r
plumulosus................................... r f r f r f r
styliremis..................................... r r r r
tenuis............................................ f f r

Candacia—
armataCl)..................................... f r r
bipinnata...................................... r r r
catula........................................... r r r
curta............................................. r
truncata....................................... r r

Canthocalanus—
pauper.......................................... r r r r r

Centropages—
brachiatus.................................... f + + c r
calaninus...................................... r r r
elongatus...................................... r
furcatus........................................ f f r r r
gracilis......................................... r r r
p a c ific u s . ................................. r

Clausocalanus—
arcuicornis................................... f r f cc c f
furcatus........................................ f c + + c f c + f r
paululus........................................ r

Clytemnestra—
rostrata........................................ r r
scutellata..................................... r

Copilia—
mediterranea.............................. r
mirabilis....................................... r f

Corycaeus—
africanus...................................... f
agilis............................................. f f
asiaticus....................................... r r r f f
crassiusculus............................... r f r f
dubius........................................... r
latus............................... : ............ r r
longistylis..................................... r
pacificus....................................... f f f f
speciosus...................................... f f r r f
subtilis.......................................... r

Corycella—
concinna....................................... r + + f + f f r r
curta............................................. r
gibbula......................................... f f f r f r

Ctenocalanus—
vanus............................................ r

Eucalanus—
attenuatus.................................... r f r r
elongatus..................................... r
monachus..................................... r
mucronatus.................................. * r r
pileatus......................................... r r r r f
subcrassus.................................... f

Bichaeta—
wolfendeni................................... r r

Euterpina—
acutifrons..................................... f f r + cc cc c f f r f

Labidocera—
acutum......................................... r f r f r r
minutum....................................... r
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T a b le  3.— O ccurrence an d  A bundance (continued).

• I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII.

Macrosetella—
gracilis................................. r f r r r r

Mecynocera—
clausi................................... r r

Metridia—
lucens................................... r f

Microsetella—
norvegica.............................. r r r r r r r
rosea.................................... r r

Nannocalanus—
minor.................................. f r f f + ccc cc

Oithona—
fallax................................... f
nana.................................... + f f f f
plumifera.............................. f f f f r + c r
rigida................................... r
tenuis................................... r

Oncaea—
clevei................................... r
media.........................1 ........ f f f r
mediterranea......................... f f f f
subtilis................................. f f f f
venusta................................. f c f f f

Pachos—
tuberosum............................. r

Paracalanus—■
aculeatus.............................. f + r f c + c f
crassirostris.......................... + f f + + f f
denudatus............................. r
parvus.................................. r f c cc cc ccc + +

Pleuromamma—
abdominalis.......................... r r
gracilis.............................. r
robusta................................. f

Pontellina
plumata............................... r r

Pseudodiaptomus—
nudus................................... f f f

Rhincalanus—
cornutus............................... r f r f f
nasutus................................. r r r r

Sapphirina—
gastrica................................ r
nigromaculata....................... r
ovatolanceolata-gemma.......... r r

Scolecithrix—
danae................................... r

Temora—■
discaudata............................. r f + f r r
turbinata............................... r f f f c r c f f r r

Undinula—
darwinii................................ f f r
vulgaris............. ... . r

T o t a a l ......................... 24 40 39 20 35 27 33 17 22 26 34 11

372



Reprint hom  “Commerce & Industry", June, 1964 17

Acartia amboinensis C A R L . N ew  to  S ou th  A frica.
In  St. I I  one fem ale an d  one m ale  w ere found . 

T he agreem ent w ith  S T E U E R ’s descrip tion  (1923) 
w as very sa tisfactory  in  respect o f  b o th  sexes.
’ L  =  $1 - 45, $1  • 32.

T he sam e species w hich is new  to  the  S ou th  
A frican  fauna , has  in  the  m eantim e also been 
found  in  tw o surface, catches (vertical h au l 50-0  
m etres) 20 an d  100 m iles, respectively, east o f  
D elagoa Bay (M ocam bique), nam ely  one fem ale 
on  each  occasion. L  =  1-43 (IO P).

In  his lis t o f  species fo r  D u rb a n  Bay, B R A D Y  
(1915) m entions th e  closely re la ted  species A. 
erythraea G IE S B R E C H T , w hich  h as  n o t been 
fo u n d  in  the  a rea  aga in  since th a t  date. S T E U E R  
d id  n o t include these d a ta  in h is m o n o g rap h  on  
th e  genes Acartia, obviously because B R A D Y ’s 
co n trib u tio n  w as n o t accessible to  h im  (see 
S T E U E R  Le., p . 37, N achtrag).

Very little  in fo rm ation  on  th e  d is trib u tio n  o f  
A. amboinensis cou ld  be fo u n d  by  the  au th o r  in  
the  available literature .

S T E U E R ’s d istribu tion  m ap  show s th e  In d o 
nesian  A rchipelago, the  G u lf  o f  B engal an d  th e  G u lf  
o f  A den. S EW E L L  (1948) m en tions in  ad d itio n  the  
C en tra l Pacific O cean, an d  he h im self (1932, 1947) 
repeated ly  encoun tered  th e  species in  th e  n o rth e rn  
a re a  o f  the  In d ian  O cean, on  m any  occasions 
to ge ther w ith A. erythraea.
Acartia danae G IE S B R E C H T . Cl : W , S, E.

St. I I , V I, X I (tw o n igh t sections an d  one n igh t 
a n d  day  section).

T his species w as fairly  scarce in  o u r  m ateria l 
b u t otherw ise it  is a b u n d a n t in  th e  w arm  surface 
w ater a ro u n d  S ou th  A frica. I t  is frequently  
encoun tered  in  associa tion  w ith  A. negligens. T he 
la tte r  is scarce o ff the w est co as t b u t frequently  
p redom inates over A. danae in  th e  A gulhas 
C u rren t (D F ). L =  $1-13-1  -28, ¿  0 -8 2 -0 -8 6 . 
Acartia negligens D A N A  Wo: W , E. Tan.

St. I II , V, V I, V II. (O ne day ligh t section w ith  
on ly  juveniles; th ree  n igh t sections w ith  ad u lt 
fem ales; m ales w ere p resen t also  in  V).

T his species is found  everyw here in  w arm  w ater 
a ro u n d  S ou th  A frica ; fo r  th e  re s t it is d istribu ted  
in  th e  tro p ica l an d  tem perate  p a r ts  o f  the  In d o - 
Pacific an d  A tlan tic  areas.'

L =  $ 1 -0 4 -1 -1 6 , ¿1  ■ 04.
Acrocalanus gracilis G IE S B R E C H T . Cl: E : Wo: 

E ; Tan.
St. I  to  V II a n d  IX  (in th e  last-m en tioned  St. 

on ly  juveniles).
This w as one o f  the  m o st a b u n d a n t rep resen ta

tives o f  the  sm aller Z ooplankton  in  th e  A gulhas 
C urren t. In  the  w arm  w ate r i t  is p resen t th ro u g h 
o u t the  Indo-Pacific area. T h e  a u th o r  w as unab le

to  find any  m en tio n  in  th e  lite ra tu re  o f  its occu r
rence in  th e  A tlan tic  O cean ; its  d is trib u tio n  a ro u n d  
S ou th  A frica (D F ), how ever, show s th a t i t  occa
sionally  penetra tes in to  the  A tlan tic  a re a  as fa r  as 
100 m iles w est o f  the  C ape o f  G o o d  H ope a n d  
equally  fa r  no rth w ard s (30°S). L =  $1 • 30-1 ■ 32. 
Acrocalanus monachus G IE S B R E C H T . N ew  to  

S ou th  A frica.
St. I  an d  V.
This species is ra re  in  the a u th o r’s m ateria l, as 

indeed  it  is th ro u g h o u t the  en tire  a rea  w here it  is 
fo u n d  only  o ff the  so u th  an d  sou th -east coasts 
(D F ). I ts  general d istribu tion  is Indo-Pacific.

L =  $0 -9 9 -1 -0 8 .
Calanoides carinatus (K R Ö Y E R ). Cl: W , S, E. 

Tan. [—Calanoides brevicornis (L U B B O C K )].
This species w as fo u n d  a t  a ll s ta tions except V I 

an d  V II I ;  in  I  to  V  juveniles p redom inated  (only  
th ree  adults), w hile in  V II to  X II  m ostly  adults, 
an d  in  X I also  m ales w ere found .

T his species is very num erous along  th e  w est 
co as t an d  occurs th e re  du rin g  th e  sum m er in  
gigantic sw arm s over the w hole leng th  o f  the  
Benguela C u rren t as fa r  as A ngola. T he species 
here occupies th e  biological n iche filled by Calanus 
finmarchicus in  o th e r seas.

A ccord ing  to  th e  a u th o r’s m ateria l i t  w ou ld  
ap p e ar th a t th e  species g radually  becom es ra re r  
tow ards the  east, a t  an y  ra te  n ea r th e  surface. 
O ff th e  coast o f  N a ta l i t  has never ye t been fo u n d  
in  vertical hau ls betw een 100 an d  0 m etres (D F ) 
in  any  quan tities w o rth  m ention ing . S o u th  o f  
M adagascar the  a u th o r  regularly  fo u n d  th is species 
in  closing nets opera ted  betw een 700 a n d  3,000 
m etres.

B R A D Y  (1914) described a new  species from  
D u rb a n  Bay, nam ely  Calanoides natalis, w hich  has 
n o t been fo u n d  again  since th a t  tim e, an d  S E W E L L  
(1947) discovered a  nu m b er o f  juvenile specim ens 
in  the  N .W . In d ian  O cean (p artly  a t  g rea t dep ths) 
w hich  he w ith  reservations identified as Calanoides 
patagoniensis (B R A D Y ), a  species w hich is very 
closely re la ted  to  C. carinatus. Since n o  Calanoides 
species h as  as y e t been  fo u n d  in  th e  In d ia n  O cean , 
a  connection  m ay  exist betw een S E W E L L ’S find 
an d  th e  occurrence o f  C. carinatus in  th e  S ou th  
A frican  area.

T his species also  occurs a long  th e  east a n d  so u th  
coast o f  A u stra lia ; in  ad d itio n  i t  has  been show n 
to  th e  p resen t in  th e  In d o -M alay an  area  an d  
appears to  be w idely d istribu ted , b u t now here 
ab u n d an t, in the  A tlan tic  O cean.

L =  $ 2 -6 3 -2 -7 7 , ¿ 2 -3 3 -2 -5 0 .
Calanopia minor A . SC O TT. N ew  to  S ou th  A frica.

St. I I  (1 $), V I (1 ¿ )  a n d  V II (1 juv .). N ig h t 
sections.
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T his species has  also  been  cau g h t o ff D elagoa 
B ay (IO P ) an d  in  N a ta l w aters (D F ), b u t is ra re  
in  o u r  area . I t  occurs in  th e  cen tra l an d  eastern  
areas o f  th e  Pacific O cean , in  th e  n o rth e rn  p a r t  o f  
th e  In d ian  O cean an d  in  the  R ed  Sea. (A lso  see 
B O W M A N , 1957). L =  $1 -28-1 -46, ¿ 1 - 0 8 - 1 -37.
Calanus finmarchicus (G U N N E R ). Cl. : W , S, E.

St. I I I  (1 ju v . <?) an d  V  to  X I (predom inan tly  
a d u lt $  $ ; 1 <? in V II).

O bservations conducted  over a  num ber o f  years 
(D F ) ind icate th a t  a  fa irly  num erous colony o f  
th is  species is consisten tly  p resen t over the  A gulhas 
B ank. T he d istribu tion  in  the  au th o r’s sam ples 
is in  agreem ent w ith  these observations (Table 3). 
O ff the  W est C o ast an d  o ff N a ta l it occurs only 
a t  certa in  tim es an d  in  sm all num bers. C L E V E ’s 
q u an tita tiv e  d a ta  (1904) a re  also  in  agreem ent w ith  
th is  finding.

In  th e  S o u th  A tlan tic  O cean the  species is ( 
scarce, an d  in  th e  In d ian  O cean, the  on ly  record  
know n  to  th e  a u th o r  is th a t by  S E W E L L  (1947), 
w ho fo u n d  one single m ale in  a  1 ,000-0 m etre hau l 
in  th e  A ra b ia n  Sea.

N ever yet has an y  m assive sw arm ing been 
no ticed  in  th e  C. finmarchicus colony  o f  the  A gulhas 
B ank, com parab le  to  w h a t happens in  th is species 
in  o th e r seas a t  certa in  tim es o f  th e  year. T he 
a u th o r  h as  also  never fo u n d  a  specim en w hich h ad  
th e  w ell-nourished oil-rich  appearance w hich is a  
general fea tu re  o f  the  large C alan ids du ring  th e  
sw arm ing season. In  o u r  w aters th is is indeed  the 
case w ith  Calanoides carinatus a n d  Calanus tonsus. 
T his local C. finmarchicus colony  gives the  im 
p ression  th a t i t  m ay  be a  relic w hich is try ing  to  
m ain ta in  itse lf un d er un favou rab le  conditions.

L =  $ 2 -7 7 -2 -9 8 , ¿ 2 -73-2-82 .

Calanus tenuicornis D A N A . Cl: W , E.
St. IV , V, V II an d  X  (only  juveniles). N ig h t 

sections.
T his species occurs regularly  ro u n d  S ou th  

A frica  b u t is now here ab u n d an t. I t  inhab its  the 
w arm er areas o f  all oceans b u t appears to  be a  
ra r ity  in  the  In d ian  O cean. T he au th o r  caugh t i t  in  
deep closing nets (dow n to  3,000 m etres) sou th  o f  
M adagascar toge ther w ith  Calanoides carinatus 
a n d  Calanus tonsus (IO P ).

L =  $2 -13-2  -19, <¿1-81-2-12.

Calocalanus contractus F A R R A N . N ew  to  S ou th  
A frica.

St. I I  an d  IV  (on ly  m ales, one w ith  sperm a- 
tophores).

This species is know n fro m  th e  Bay o f  Biscay 
a n d  the  G re a t B arrier R eef (F A R R A N  1926,1936), 
th e  N . In d ian  O cean (SE W E L L  1929), th e  N .E .

A tlan tic  O cean an d  the  w estern p a r t o f  the  
M editerranean  Sea (B E R N A R D  I960). This 
inconspicuous species m ay have rem ained u n 
noticed  in  m any  p lank ton  sam ples. This find 
confirm s SEW E L L ’s (1948) hypothesis in regard  
to  th e  m igration  o f  the  species along  th e  C ape o f  
G o o d  H ope. L =  $0-74.
Calocalanus pavo (D A N A ). Cl: W , S, E.

St. I , II, IH , V  an d  VI.
O nly fem ales, partly  juvenile.
T h is species is d istribu ted  in  the  w arm  w ater 

ro u n d  S outh  A frica (D F ), being fo r the  rest cos- 
m opolitic  (occurring  n o t only  in  w arm  seas: 
W IL S O N  1950).

L =  $0-94 -1 -05 .
Calocalanus plumulosus (C LA U S). N ew  to  South  

Africa.
St. I I  to  V II an d  IX  (only fem ales).
I ts  d istribu tion  is roughly  the  sam e as th a t o f  th e  

foregoing species.
L =  $1-10 -1 -13 .

Calocalanus styliremis G IE S B R E C H T . N ew  to  
S ou th  A frica.

St. V, V I an d  IX  (n igh t sections), an d  X I (day). 
A ll adults.

This species is ab u n d a n t th ro u g h o u t the  Pacific 
O cean an d  ro u n d  N ew  Z ealand , an d  is n o t ra re  in  
the  A tlan tic  O cean an d  the w estern M editerranean . 
SEW lELL (1929) found  a  few specim ens n ea r the 
N ico b a r Is lan d s; the  au th o r cou ld  find n o  o ther 
d a ta  on  the In d ian  Ocean.

L =  $0-68.
Calocalanus tenuis F A R R A N . N ew  to  South  

A frica.
St. IX , X  an d  X I. M ostly  n igh t sections. Only 

ad u lt fem ales.
T he Bay o f  Biscay (F A R R A N  1926) an d  th e  

w estern  M edite rranean  Sea (B E R N A R D  1960) 
a re  the  only  places know n to  the  au th o r  w here th is 
species has been found . T he fac t th a t such a  
consp icuous an d  by  n o  m eans sm all species should  
have escaped the  no tice o f  p lankto log ists is perhaps 
even m ore rem arkab le  th a n  its  appearance o ff 
S ou th  A frica.

I t  occurs particu larly  along  th e  w est coast an d  
becom es ra re r  a long  the  sou th  coast b u t is now here 
very  abu n d an t. I ts  m o s t no rth erly  occurrence 
in  S outhern  A frica know n to  th e  au th o r lies 20 
m iles off th e  m o u th  o f  th e  K unene (sou thern  
bo u n d ary  o f  A ngola) (D F).

L== $1-06 -1 -28 .
Candacia armata (B O E C K ) (?) [—C. pectinata 

(B R A D Y )].
Candacia bipinnata (G IE S B R E C H T ). Cl. : S.
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St. VII. IX. X (Night Sections).

C. armata... 

L=

99, 33

9 1-82 
3  2 -10̂ 2-20

33 $9, 33.
9$ have no sper- 

matophores.
$ 1-72.
3  2-20

C. bipinnata 

L=

99 $9 99
$9 all have sper- 
matophores. 

2-20
W ith  the ind iv iduals given here as C. armata, the  

au th o r is faced w ith  a  p ro b lem  sim ilar to  th a t  w hich 
apparen tly  also  troub led  D A K IN  &  C O L E F A X  
(1940) in th e ir  study o f  the  p la n k to n  o f  N ew  
S ou th  W ales.

T he fem ale armata am ong  the  au th o r’s specim ens 
n o t only lack  the  la te ra l po in ts  o n  the  genital 
segm ent w hich are typical o f  bipinnata, b u t also  do 
n o t have th e  asym m etrical g row th  o n  the  second 
abdom inal segm ent w hich is characteristic  o f  
armata. O n  the  fifth leg there is n o  strik ing  
difference betw een th e  tw o species. T he body  
leng th  o f  th e  au th o r’s specim ens co rresponds to  
th a t o f  armata.

T he fem ales identified as bipinnata possess all 
the  fea tu res o f  th is species, includ ing  th e  body  
length.

T he size a n d  bu ild  o f  th e  m ales is th e  sam e as  in  
the case o f  bipinnata, b u t th e  fifth  leg has a  large 
curved spine a t  the  end  o f  th e  chelate segm ent: 
th is is a  characteristic  o f  armata w hich accord ing  
to  R O S E ’S (1939) redescrip tion  does n o t occur in  
bipinnata. T h e fifth leg, how ever, is in  com plete 
agreem ent w ith  th e  draw ing  o f  “  Candacia pecti
nata var. Sidney ” in  D A K IN  & C O L E F A X  
(1940). I t  is no tew orthy  th a t  in  th e  S idney varie ty  
th e  m ales a re  2 -3  m m . an d  the  fem ales on ly  1-9  
m m . long, w hile th e  bipinnata fem ales from  th e  sam e 
area  a tta in  a  leng th  o f  2 -25  m m .

D A K IN  & C O L E F A X  do  n o t m en tion  the 
exact p lace w here the ir specim ens w ere fo u n d  b u t 
the  au th o r’s specim ens occurred  toge ther in  all 
th ree sam ples. T his sim ultaneous occurrence, the  
agreem ent in  body  size a n d  th e  presence o f  sper- 
m atopho res in  th e  bipinnata fem ales a re  regarded  
by th e  a u th o r  as adequate  reasons fo r  accepting  
th a t these m ales belong to  th e  la tte r  species. T he 
co rrec t nam e o f  the Sydney variety shou ld  th en  be 
Candacia bipinnata Sidney variety . N eith er 
D A K IN  &  C O L E F A X  n o r  th e  au th o r  fo u n d  
bipinnata m ales w hich agreed  w ith  R O S E ’S 
descrip tion ; th e  fo rm er w ere apparen tly  n o t 
acquain ted  w ith  th e  w ork  o f  R O S E  (1929).

T he a u th o r’s armata fem ales m ay perh ap s be 
jiivenile stages o f  armata o r  o f  bipinnata. A s fa r 
as th e  a u th o r  is aw are, th e  developm ental stages

o f  these tw o species have never yet been described.
Candacia bipinnata occurs along  o u r  sou th  

coast a t  least as fa r east as th e  easte rn  edge o f  the  
A gu lhas B an k ; along  th e  w est coast i t  avoids the 
co ld  w ater n ea r th e  coast b u t fo r the  rest i t  is 
w idely d istribu ted  no rth w ard s (D F ).

Candacia catula (G IE S B R E C H T ). Cl. : E .
St. I  ( Ç), I I I  a n d  VI (juvenile).
T his species is ra re  in  S o u th  A frican  w aters an d  

h as  never yet been fo u n d  w est o f  th e  A gulhas 
B ank  (D F ). T he general d is trib u tio n  is Indo - 
Pacific.

L =  $1-46.

Candacia curta (D A N A ). Cl: E ; Br.
St. II ( Ç).
T his species h ad  been  fo u n d  earlier sou th  o f  the  

A gu lhas B ank  an d  80 m iles w est o f  St. H elena Bay 
(W est C oast, 33°S) (D F ) as well as in  the  S.W . 
In d ian  O cean (IO P). T he general d is trib u tio n  
is Indo-Pacific an d  S ou th  A tlantic .

L =  Ç2-50, ¿2 -2 0 .
Candacia truncata (D A N A ). Cl: E ; Br.

St. I  an d  I I  ( Ç. Ç).
T his species is ra re  in  o u r  w aters b u t w idely 

d istribu ted  in  the  Indo-P acific an d  A tlan tic  areas.
L =  Ç 1-78-2-10 , ¿ 2 -0 5 .

Canthocalanus pauper (G IE S B R E C H T ). Tan.
St. I I I  to  V II.
T his species m u st undou b ted ly  have escaped 

earlier no tice here because the  au th o r  found  it  in , 
sam ples from  o th e r localities only afte r recognising 
i t  fo r the  first tim e in  the  IO P  m aterial. T A N A K A ’S 
find (1960) off C ape A gulhas is u p  to  th e  p resen t 
th e  m ost w esterly locality  recorded . W O L 
F E N D E N I  (1911) s ta tem ent th a t th is  species 
occurs “  in  g rea t abundance  ”  in  th e  A tlan tic  
O cean, appears to  th e  au th o r  to  be doub tfu l, 
firstly because th is finding has never been con
firm ed an d  fu rthe rm ore  because th e  relevant 
tex t w as com piled  in  such  a  m anner th a t  a  p rin ting  
o r  record ing  e rro r  cou ld  easily have slipped in  
here. F o r  th e  tim e being  therefo re  th e  au th o r  w ishes 
to  regard  th is  species as Indo-Pacific.

L== Ç 1-47-1-75 , <J1- 34-1 -40.
Centropages brachiatus (D A N A ). Dana: S(1853);

(?) Cl: S, E.
St. V III  to  X II  (m ostly  ad u lt Ç $  a n d  <$ <?).
T his species is alw ays ab u n d a n t a long  the  w est 

a n d  sou th  coasts o f  S o u th  A frica  a n d  p lays an  
im p o rta n t p a r t  in  th e  la rge  sw arm s o f  C op ep o d a  
w hich occur in  th e  Benguela C u rren t a re a  a t 
certa in  tim es o f  th e  year. T ogether w ith  Calanoides 
carinatus it is one o f  th e  p rincipal food  organism s 
fo r fish in  o u r  a rea  (D F ).
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I t  is surprising  th a t, o f  all the earlier investigators 
o f  S ou th  A frican  p lan k to n , only D A N A  recognised 
th is species as such. T he au th o r considers it 
h ighly p robab le  th a t C L E V E ’s (1904) Centropages 
typicus  w as a  w rongly identified C. brachiatus. 
T h e  p articu la rs  given by  C L E V E  ab o u t the  d istri
b u tio n  o f  th is  species along  o u r coasts are on  the  
w hole in  agreem ent w ith  the  d istribu tion  o f  
C. brachiatus as the  p resen t au th o r know s it:  
“ S ou th  o f  th e  C ape C o lo n y ” : c, r, r, + ,  r, 
(p resen t in  five o u t o f  eleven ne t catches)— “ E ast 
o f  S ou th  A frica  ” : r, r, r, (in  th ree n e t catches o u t 
o f six). I ts  absence from  the  w est coast catches o f  
C LE V E  can  be explained by the  fact th a t the 
sta tions w ere to o  fa r offshore, i.e. outside the dense 
p lan k to n  zone w hich occurs along  the cold  coasta l 
w ater.

A p art from  this, C. typicus h as  never yet been 
found  in  o u r area. T A N A K A ’S m ention  o f  this 
species on  the  A gu lhas B ank (1960) w as an  error, 
as he has k indly  m en tioned  to  the  au tho r. Tljie 
specim ens w ere in  fact Centropages chierchiae, 
th e  second m o st ab u n d a n t Centropages species in  
o u r area.

T he geographic d istribu tion  o f Centropages 
brachiatus is no tew orthy . Besides occurring  in  the 
Benguela C u rren t area, it is also  encoun tered  in  
g igantic sw arm s along  th e  H u m b o ld t C u rren t 
from  P a tag o n ia  to  P eru  (D A N A , B R A D Y , G IE S 
B R E C H T , SA R S), an d  R O S E  fo u n d  it a t tim es 
a b u n d a n t o ff the coast o f  M a u ritan ia  (N .W . 
A frica). T H O M P S O N  also  m en tions it as 
occurring  n ea r the  C anary  Islands an d  M a lta  (?), 
w hile R O S E  fo u n d  it nea r the  A zores. N o  finds 
from  o ther localities a re  know n  to  the au thor.

L =  $ 1 -7 0 -1 -9 1 , ¿1 -5 8 -1 -7 5 .
Centropages calaninus (D A N A ). N ew  to  South  

A frica.
St. I I I  ( ?  +  ¿ ) ,  V ( ?) an d  VI (juven.).
L =  $2-00, ¿ 1 - 7 6 - 1 -88.

Centropages elongatus G IE S B R E C H T . N ew  to 
S ou th  A frica.

St. I I  (juven.).
L =  Ç1-42.

Centropages fu rca tu s  (D A N A ). Cl: E ; W o: S ; Br.
St. II, IV  to  V II (ad u lt $ Ç an d  ¿  ¿ ) .
L =  $1 • 61—1 - 86, ¿1 -6 1 -1 -6 9 .

Centropages gracilis (D A N A ). N ew  to  S ou th  
A frica.

St. II, I I I  V  (only  $ ?).
L  =  1 -85-1 -88 .

Centropages pacificus C H IB A . N ew  to  S outh  
A frica.

St. I I I  ( ¿  ¿ ) .
L  =  ¿1 -6 3 -1 -7 5 .

T he last m entioned five Centropages species 
occurred  in  the au th o r’s sam ples only  east o f  the 
d istribu tion  area  fo r C. brachiatus. O nly  C. 
fu rca tu s  is know n to  the  au th o r from  a  m ore 
w esterly location , nam ely 10 miles so u th  o f  the 
C ape o f  G o o d  H ope (D F ).

C. furca tus, C. calaninus an d  C. gracilis  are 
know n in the trop ical an d  tem perate p a rts  o f  the 
th ree oceans, while the ra re r C. elongatus has up  to  
the  present been found  only  in  the  Pacific O cean 
an d  in  the n o rth ern  p a r t o f  the  In d ian  O cean.

C. pacificus w as discovered in  1956 by  T A K U O  
C H IB A  in  th e  vicinity o f  the  Bikini A toll. Shortly  
before th e  au th o r found  th is  species in  his m aterial, 
his colleague D r F . M O M B E C K  h a d  identified it 
in  a 50-0  m etre vertical hau l from  shallow  w ater 
near M auritius (IOP).
Clausocalanus arcuicornis (D A N A ). Cl. : W , S, E ; 

Tan.
St. III , V I, V III to  X I (only $ ?).
In  the au th o r’s sam ples th is species shows in 

respect o f  its occurrence an d  abundance a  very 
close agreem ent w ith  Centropages brachiatus, and 
it is o n  the w hole m ore  ab u n d a n t ro u n d  w estern 
South  A frica th an  in  the east (D F ). I t  is one o f  the 
m ost widely d istribu ted  C opepoda.

L  =  Ç1 • 18-1-97, ¿ 0 -9 6 -1 -0 9 .
Tw o length  groups can  be d istinguished in  the 

females. There are ovigerous fem ales m easuring 
op ly  1 • 24 m m . T he la rger individuals (over 1 • 50 
m m .) frequently  have a b lu ish  colour. I t  is possible 
th a t we have an  exam ple here o f  th a t d im orphism  
w hich w as first described by SEW E L L  an d  la ter 
confirm ed by num erous o ther investigators (form ae  
major and  minor). A  m orphological analysis o f 
the S outh  A frican form s m ust be held  over fo r a 
la te r con tribu tion . L arge individuals w ere seen in  
th is  m ateria l a t St. V III only.
Clausocalanus fu rca tus  (B R A D Y ). Cl: W , E ; 

Tan.
This species occurred  in  all sam ples except X  

an d  X II (ovigerous fem ales in  I ;  m ales in  II, IV  
an d  V).

T o  the east o f  South  A frica th is species is m uch 
m ore ab u n d an t th a n  the  form er. I t  lives in  all 
w arm  seas.

L  =  $1-25.
Clausocalanus paululus F A R R A N . N ew  to  South  

A frica.
St. X  ( $).
L  = 0 - 8 6 .
This species occurs in  the  Bay o f  Biscay an d  has 

also been found  in  the south-w estern  Pacific O cean 
(F A R R A N ). I t  has recently  also been recorded 
east o f  M auritiu s by  T A N A K A  (1960).
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C lytem nestra rostrata  (B R A D Y ). N ew  to  South  
A frica.

St. V an d  IX.
L  =  1 ■ 02. N ig h t catches.

C lytem nestra scutellata  (D A N A ). N ew  to  S outh  
A frica.

St. II. N igh t catches.
B oth  species occur in  all oceans. O ff S ou th  

A frica they are  ra re  in  th e  surface p la n k to n  (100-0  
m .) (D F ).

Copilia mediterranea  C LA U S. N ew  to  S ou th  
A frica.

St. V I (juv. $).
L  =  $ 2 -8 5 -4 -1 6 , ¿ 5 • 20-6• 20.

Copilia mirabilis D A N A . N ew  to  S ou th  A frica.
St. I I  an d  I I I  ( $ $).
L  =  $ 2 -6 3 -3 -8 5 , ¿4 -8 4 -5 -1 5 .
B oth  Copilia species are d istribu ted  in  all w arm  

seas. O ff South  A frica, how ever, C. mirabilis has 
n o t yet been fo u n d  in  the  A tlan tic  a re a  although  
its m ost w estern location  lies 10 m iles sou th  o f  the  
C ape o f  G o o d  H ope. C. m editerranea  has already  
been encoun tered  in  the  open  ocean  off L uderitz  
(S ou th  W est A frica) and  also off N a ta l (D F ).

Corycaeus (D itricho-) africanus F . D A H L . N ew  
to  S ou th  A frica.

St. V II ( ¿ ) .
L  =  1-11.

Corycaeus (O nycho-) agilis D A N A . Br; Tan.
St. IV  ( $ $) an d  X I ( ¿  ¿ ) .
L  =  ¿ 0 -8 0 -0 -8 6 .

Corycaeus (D itricho-) asiaticus F . D A H L . Tan. 
St. I  to  IV, V II, V III (only  ¿  ¿ ) .
L =  ¿ 1 -0 7 -1 -1 5 .

Corycaeus (C .) crassiusculus D A N A . Br. Tan.
St. I  ( ¿ ) ,  I I I  ( 2), V II ( ¿ ) ,  X I (ovigerous ? , ¿ ) . 
L =  $ 1 -4 8 -1 -6 9 , ¿ 1 -4 7 -1 -4 9 .

Corycaeus (D itricho-) dubius F A R R A N . N ew  to 
S ou th  A frica.

St. I  ( $).
L  =  1-00.

Corycaeus (Onycho-) latus D A N A . N ew  to  S ou th  
A frica.

St. IV  an d  V III ( ¿  ¿ ) .
L  = 0 -8 6 - 0 - 9 3 .

Corycaeus (Uro-) longistylis D A N A . Br. ; Tan. 
St. II  ( $) an d  I I I  ( ¿  ¿ ) .
L  =  Ç2-38, ¿2 -1 0 .

Corycaeus (Onycho-) pacificus F. D A H L . Tan. 
St. I I I  ( $ $), V III, X , an d  X I (only ¿  ¿ ).
L  =  $1 09-1 • 15, ¿1 -0 8 .

Corycaeus (C .) speciosus D A N A . Cl: E ; Br.; W o: 
E.

St. II, I II , V, V III, an d  X I ( ?  $ only in  V III, 
¿  ¿  in  others).

L =  $ 1 -8 9 -1 -9 7 , ¿ 1 -6 6 -1 -7 2  (in  X I: 1 -4 5 - 
1-80).
Corycaeus (D itricho-) subtilis F . D A H L . Tan. 

St. I  ( ¿ ) .
L  =  ¿0 -8 2 .

Corycella concinna D A N A . Tan.
St. I  to  V III, an d  X I (I to  IV  : sperm atophore- 

bearing  $ $  an d  num erous ¿  ¿ ) .
L  =  $0-86 , ¿ 0 -8 1 .

Corycella curta  F A R R A N . N ew  to  S ou th  A frica. 
St. X  ( $).
L  =  $0-74.

Corycella gibbula  G IE S B R E C H T . N ew  to  S outh  
Africa.

St. I  to  V, an d  V III. (I to  V: $  $ w ith  sperm a- 
tophores, an d  ¿  ¿ ) .

L  =  $0-84.

Ctenocalanus vanus G IE S B R E C H T . N ew  to  S ou th  
A frica.

St. X I ( $).
L  =  $1 -18 -1 -30 .

This species easily escapes notice, especially w hen 
the  organism s occur am ong  num erous specim ens 
o f  Paracalanus o r  Clausocalanus, as is o ften  the 
case in  o u r w aters.

In  S ou th  A frican  p lan k to n  th is species is by  no 
m eans rare , especially along  the  W est coast, b u t 
its d istribu tion  appears to  be irregular. T he 
a u th o r  gained  the  im pression th a t it is encoun tered  
m ain ly  in  the  coldest patches o f  fresh upw elled 
w ater ( ±  10°C) w here the o th e r C opepod  species 
are p o o rly  represented . This does n o t m ean  th a t 
it is a  co ld  steno therm  because it also  occurs in  
w arm er w aters (D F , IO P).

I t  occurs in  tro p ica l seas an d  in  the  M ed ite rra 
nean , as well as in  th e  A ntarc tic  O cean. I t  h a d  n o t 
been  recorded  in  the  In d ian  O cean, un til i t  w as 
fo u n d  recently  sou th  o f  M adagascar in  a t  least 
20 sam ples o f  th e  IO P  m ateria l, one o f  them  
being ta k en  n ea r the  surface off D elagoa Bay, the 
o thers a t  various depths rang ing  from  750 to  1,000 
m etres. I ts  d istribu tion  in  deep w ater show s an  
agreem ent w ith  th a t o f  Calanoides carinatus an d  
Calanus tonsus.
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Eucalanus attenuatus (D A N A ) . Cl: E; W o: S, E; 
Br.

St. II, III, X  and X I (only juven.).
L =  $ 4 -7 4 -6 -4 0 , ¿5 -76 .

Eucalanus elongatus D A N A . Cl. : E.
St. V  (juven.).
E =  $ 5 -7 8 -6 -8 8 , ¿ 4 -4 -4 -5 4 .

Eucalanus monachus GIESBRECHT. Cl. : E.
St. VII ( $).

Eucalanus m ucronatus GIESBRECHT. Cl: E; 
Tan.

St. III ( $) and VII (juven. $).
L =  $3-13.

Eucalanus p ileatus  GIESBRECHT. Cl: E.
St. II to V  and VII ( $ $  +  ¿  ¿).
L =  $2 -19 -2 -22 .

Eucalanus subcrassus GIESBRECHT. Cl. : E.
St. VI (one $ +  one ¿ ). '
L  =  $2 -1 0 -2 -8 1 .
A ll o f  these Eucalanus species occur in the warm  

and temperate areas o f  the three oceans. Off 
South Africa, E. attenuatus, E. elongatus, E. 
pileatus  and E. subcrassus are fairly abundant (D F). 
Euchaeta wolfendeni A .  SCOTT. N ew  to South  
Africa.

St. II (ovigerous and juvenile $  $) and III 
(juven.1 $).

This species is Indo-Pacific. It has been found  
off N atal and M ocam bique (D F , IOP).

L =  $2-66 -2 -77 .
Euterpina acutifrons (D A N A ). Br. ; Tan

A ll samples, except XII, contained $ $, IV  to  
VII ovigerous specimens, and VII also ¿  ¿ .

L  =  $ 0 -5 8 -0 -8 2 , ¿ 0 -6 2 -0 -6 4 .
This species is present round South Africa and is 

known in all seas. Its occurrence in the author’s 
material points to a distribution similar to that o f  
Calanus finm archicus, being more abundant on  the 
Agulhas Bank. It is significant that on the whole 
voyage from  Japan to Antarctica, the SO YA  
found this species only here, 17 individuals 
occurring in one sample.
Labidocera acutum  (D A N A ). Cl: E; Wo: E; Br.

St. I to IV, VI and VII (adult $  $ and ¿  ¿  in  I 
to  III only, elsewhere juveniles).

L =  $ 3 -0 2 -3 -3 5 , ¿ 2 -9 5 -3 -3 0 .
The above distribution is com pletely in agreement 

with the general findings round South Africa (D F), 
as well as with the literature: the species is m ore 
abundant in  the Indo-Pacific than in the Atlantic 
area [cf. W O L FE N D E N  (1911), W ILSO N (1942)].

Labidocera m inutum  G IE S B R E C H T . N ew  to 
South  Africa.

St. IX  ( $).
L  =  1-94-2-04.
T his species has h ithe rto  been found  in  the 

S ou th  A frican area  only  along  the sou th  an d  east 
coasts (D F ) and  fo r th e  rest only in  the Indo- 
Pacific area  (G IE S B R E C H T , A . SCOTT, 
W ILSO N ).
M acrosetella gracilis (D A N A ). W o: S ; Br; Tan.

St. I, II, V  to  V II ( ¿  ¿  here) an d  X I.
L  =  $1-30-1 -40 .
T his species is d istribu ted  in  th e  w arm  w aters 

ro u n d  South  A frica, m ostly  in  sm all patches, b u t 
occasionally it occurs in  swarm s. I t  is m ore 
ab u n d a n t in  the A gulhas C u rren t (D F ). The 
general d istribu tion  is cosm opolitic, includ ing  the 
A ntarctic  Ocean.
M ecynocera clausi I. C. T H O M P S O N . N ew  to 

S ou th  Africa.
St. I II  an d  XI.
L  =  1-09-1-29.
T his species is cosm opolitic an d  is fairly  ab u n 

d an t here an d  there ro u n d  S ou th  A frica (D F).
M etrid ia  lucens B O EC K . Cl: W , S.

St. X  and  X I.
L  =  $2 -2 4 -2 -9 2 , ¿ 1 -7 8 -1 -8 3 .
This species is one o f  o u r m ost im p o rta n t food 

organism s fo r fish an d  plays a  m ajo r ro le  in  m any 
o f  the large p lan k to n  sw arm s in  the  Benguela 
C urren t area. I t shows a  preference fo r cold  w ater 
an d  the densest sw arm s occur near the coldest 
patches o f  upwelling. W here w arm  A tlan tic  w ater 
lies near the surface along  the  w est coast, this 
species can be found  in  deeper w ater o r below  the 
therm ocline. I t  is also found  regularly  along  the 
sou th  coast in  100-0 m etre vertical hauls, b u t 
sw arm s are ra rer here th a n  off the  w est coast (D F ).

Its  general d istribu tion  includes n o t only the 
N o rth  an d  South  A tlan tic  an d  Pacific areas b u t 
also  areas near the  G alapagos an d  Philippine 
Islands w here it has been found  in  sm all num bers. 
T he au th o r w as unab le  to  find any d a ta  o n  the 
In d ian  O cean in  the  litera tu re , except fo r one 
lacon ic  observation  o f  SAR S (1925): “  M er
R ouge ” . In  the a rea  sou th  o f  M adagascar this 
species has, however, been tak en  in  five closing net 
catches a t depths betw een 500 an d  1,500 m etres 
(IO P).
M icrosetella norvegica (B O E C K ). Ñ ew  to  South  

Africa.
St. III , V, V II an d  IX  to  X II  (only $).
L  =  $ 0 -4 0 -0 -5 6 .
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M icrosetella  rosea  (D A N A ). Tan.
St. V and X.
L =  $0 -7 9 -0 -9 3 .

The distribution o f  these two species in  our area 
compares well with that given by W IL SO N  in the 
Carnegie plankton, I.e . norvegica  m ore abundant 
in the Atlantic, rosea more abundant in  the Indian  
(resp. Pacific) Ocean.

In the deep catches south o f  M adagascar both  
species show a certain agreement in their distribu
tion with that o f  the calanids Calanoides carinatus 
and Calanus tonsus. M . norvegica, however, does 
not occur near the surface there, whereas rosea 
does (IOP).

Nannocalanus m inor (CLAUS). Cl: W, S, E. ; Tan. 
St. II, III, VI, VII, IX , X  and XI. N ight sections. 
L =  $ 1 -7 5 -2 -2 0 , ¿ 1 -6 7 -1 -8 4 .

According to W ILSO N  (1950), “ this is one o f  
the m ost widely distributed Calanids ” . This 
statement is entirely pertinent in the South African 
area, since this species ís absent only from  a very 
narrow strip along the west coast where the 
temperature is too  low . A t times it represents 
m ore than 50 per cent o f  the Copepoda found in a 
catch (D F).

O ithona fa lla x  F A R R A N . Tan.
St. X I $  $.

O ithona nana  GIESBRECHT. Cl: S; Tan .
St. VII to IX , X I and XII (mainly night sections). 

L =  $0-62.

This species is abundant round our coast, 
particularly in  colder water.

O ithona plum ifera  BA IR D . Cl: W , S, E; W o: W , 
E; B r ; Tan.

St: Present everywhere except I, II, VII and IX . 
L =  $1 -1 2 -1 -3 9 .

O ithona rigida  G IESBRECH T. Cl. : E.
St. III (  $).
L  =  $0-90.

O ithona tenuis R O SE N D O R N . N ew  to South  
Africa.

St. X II ( $).
L  =  $1-27.

Oncaea clevei FR Ü C H T L . Tan.
St. II (ovigerous $).

L =  0 -6 8 .

Oncaea m edia  G IE S B R E C H T . Cl: W , E ; Tan.
St. I , I II , X I an d  X II  (  $  $ everywhere, in  I I I :  

ovigerous $ $  +  ¿  ¿ ).
L  =  $0 -6 2 -0 -9 7 , $0 -64 -0 -75 .

Ocaea m editerranea  (C LA U S). Cl: W , S, E.
St. V I, V II, X  an d  X I (ovigerous $ $ every

where).
L  =  $1-33.

Oncaea subtilis G IE S B R E C H T . Cl: S.
St. V II, X , X I an d  X II  (only  $  $, ovigerous in 

X I).
L  =  $0-5 8 -0 -5 9 .

Oncaea venusta  P H IL IP P I. Cl: W , S, E ; Wo: E ; 
B r ; Tan,

St. I, II , I II , V, V III an d  X  (ovigerous $ $ in 
III).

L  =  $ 0 -9 9 -1 -5 0  (m ostly  1-42-1 -46), ¿0 -8 7 .
M o st o f  the Oncaea  species are cosm opolitic in 

w arm  an d  tem perate  areas.
Pachos tuberosum  (G IE SB R E C H T ). Cl: E ; Br. (?). 

St. I I I  ( ¿ ) .
L  =  ¿ 2 -5 8 -2 -6 3 .
In  o u r a rea  th is  species is found  only  off the  

N a ta l coast w here it occurs in frequently  b u t 
nevertheless regularly . H ith e rto  only m ales were 
tak en  (D F ).
Paracalanus aculeatus (G IE S B R E C H T ). Cl: S ; 

Tan.
St. I  to  VI, X I an d  X II  (  ¿  ¿  in  V an d  VI).
T his is a  cosm opolitic species w hich in  o u r area  

avoids the  proxim ity  o f  co ld  patches o f  upw elled 
w ater n ea r th e  coast b u t fo r  the  rest it is the  
com m onest Paracalanus species ro u n d  S ou th  A frica. 
Paracalanus crassirostris F . D A H L . ƒ. typica  

F R Ü C H T L . Tan.
St. II, V, V III to  X II.
L  =  $0-5 7 -0 -6 6 .
In  these specim ens the an te rio r an tennae ex tend  

as fa r as th e  ex trem ity  o f  th e  furca, in  agreem ent 
w ith  T A N A K A ’S rem arks (I960), w hereas 
S E W E L L  observes a b o u t h is specim ens from  the 
In d ian  Seas : “  T he an ten n a  reaches b ack  only  to  
the  level o f  the  p o ste rio r tho rac ic  m argin  ” .

In  o u r a rea  th e  species is ab u n d a n t in  the  w est 
(D F ). M A R Q U E S  (1953) found  the  fo rm a  sco tti 
F R Ü C H T L  in  all p la n k to n  sam ples from  A ngola  
a n d  frequently  in  g rea t abundance.
Paracalanus denudatus SEW ELL. N ew  to  S ou th  

A frica.
St. I ( $).
L  =  0-83.
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Its  presence has also been established from  the 
Sou th  C h ina Sea (T A N A K A  1960) an d  the  G re a t 
B arrie r R eef (F A R R A N  1936) rig h t th ro u g h  the 
N o rth e rn  In d ian  O cean as far as the A ra b ia n  Sea 
(SE W E L L  1947).

Paracalanus parvus  (C L A U S). Cl\ S ; Br; Tan. 
St. I I  ( $), V I to  X II  ( $ ?  +  d  <?)•
L  =  $0 -9 0 -0 -9 5 .
T his species takes the place o f  P. aculeatus 

a lm ost everywhere in  the co lder w aters along  ou r 
w estern  an d  so u th ern  coasts w here it m ay occur in  
la rg e  quan tities (D F ). I t  is cosm opolitic.

Pleurom am m a abdominalis (LU B B O C K ). Cl: W , 
E ; W o: W , S; Br.

St. V I an d  V II ( $ $). N ig h t section.
L =  $ 2 -7 7 -3 -6 0 , <$3-18-3-40.

Pleurom am m a robusta  (F . D A H L ). C l : W , E ‘
St. I I  ( $ +  juv .). N igh t section.

Pleurom am m a gracilis (C LA U S). Cl: W , S, E ; 
W o: S.

St. V ( $ +  juv . $).
L  =  $ 2 -0 0 -2 -25 .
A ll th ree  o f  these Pleuromam m a  species are ços- 

m opolitic.
Pontellina p lum ata  (D A N A ) . Cl: E ; Br.

St. I I I  an d  V  (juven.).
L  =  $ 1 -7 5 -1 -8 5 , <$1-43-1-58.
T his species is a w arm -w ater cosm opolite w hich 

is never ab u n d a n t in  o u r a rea  b u t w hich occurs 
regularly  in  the w arm  w aters off ou r co ast; off 
N a ta l it is m ore  num erous th an  elsewhere (D F ).
Pseudodiaptom us nudus T A N A K A . Cl: S ; Tan.

St. IX , X  an d  X I (ovigerous $ $ ,  $  $  an d  
juveniles).

L  =  $ 1 -2 2 -1 -5 2  (m ainly  1-42-1 -48), $ 1 -2 0 -  
1-29.

T A N A K A  (1960) discovered th is species in  
m ateria l from  the  A gulhas B ank and  described it 
as being d ifferent from  Ps. serricaudatus (T. 
SCO TT).

T here can  be no  d o u b t th a t the organism s w hich 
were ob ta ined  from  th e  sam e area  an d  w hich 
C L E V E  (1904) called  Ps. serricaudatus, were 
really Ps. nudus.

This species occurs on  the A gulhas B ank 
th ro u g h o u t the year an d  can  a t places be fairly 
num erous. Som etim es its a rea  appears to  extend 
w estw ards beyond the C ape o f  G o o d  H ope, afte r 
w hich it tu rn s  to  the n o rth  and  appears as a 
narro w  strip  parallel to  the w est coast a t least as 
fa r as 30°S. (D F ). This d is tribu tion  p ic ture
suggests w ater tran sp o rt accord ing  to  the sam e

pattern, possibly a northward sweeping arm o f the 
Agulhas Current.

It is noteworthy that the author also repeatedly 
found this species off the Kunene River m outh  
(southern boundary o f  Angola). M A R Q U ES  
(1953, 1958) m entions the occurrence o f  Ps. 
serricaudatus off Angola, and her measurements 
agree more closely with T. SCOTT’S (1894, as 
Heterocalanus serricaudatus) than with those o f  the 
author (DF).

The genus Pseudodiaptomus is well known for its 
numerous species, the majority o f  which are 
littoral forms with a lim ited distribution.
Rhincalanus cornutus D A N A . Cl: E; Br.

St. I ( $), II to V  (juven.) and VII ( $). Adults in 
night sections.
Rhincalanus nasutus GIESBRECHT. Cl. : W, S, E.

St. II, VII (adult $ $), and X  and XI (juven. 
$ $). N ight sections.

L =  $3 ■ 60-4  • 52, <$3 ■ 45-3 • 67.
Although both Rhincalanus species are repre

sented in the waters round South Africa and in 
fact both live in the three great oceans, it is very 
clear from their distribution in our area that 
Rh. cornutus has a predilection for warmer water; 
its real habitat is the Agulhas Current since it is 
a rarity off the west coast. Rh. nasutus on the other 
hand, is abundant along the west coast, especially 
in the Benguela Current, and also over the Agulhas 
Bank (DF). Both species are present in the S.W. 
Indian Ocean, cornutus seldom being encountered  
deeper, and nasutus seldom  higher, than the 500 
m. level (IOP). This occurrence is in agreement 
with SEWELL’S diagram (1948, p. 366, Fig. 81) 
o f  the vertical distribution o f  the Rhincalanus 
species in the Indian Ocean.
Sapphirina gastrica  GIESBRECHT. N ew  to

South Africa.
St. III ( c$).
L  =  1-85.

Sapphirina nigromaculata  C LAU S. Cl: E.
St. II (ovigerous $ +  juven.).
L =  $2 -16 -2 -34 , $ 1 -8 1 -2 -5 7 .

Sapphirina ovatolanceolata-gemma  (D A N A ). Cl: 
E; Br; Tan.

St. II (juv. $) and V  ( $).
L =  $2-22, $3 -86 .
These Sapphirina  species occur in all three 

oceans.
Scolecithrix danae (LUBBO CK ). Cl: W. E; 

Wo: W ; Br.
St. II (juv. $).
L =  $1 -94 -2 -19 , $ 2 -0 5 -2 -3 9 .
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This is a cosm opolitic warm-water species which 
occurs regularly round South Africa but which 
is nowhere very abundant (DF).
Temora discaudata  GIESBRECHT. CT. E.

St. II. IV to VII, IX and XI (Both sexes, with 
juveniles also in V)r

L =  Ç1-73-2-05 , ¿ 1 -7 8 -1 -9 5 .
This is an !ndo-Pacific species, although  

TH O M PSO N and A. SCOTT recorded it on one 
occasion in the Mediterranean. A t times it is 
fairly abundant along our south and east coasts; 
its most westerly point o f  occurrence hitherto 
recorded lies 10 miles south o f  the Cape o f  G ood  
H ope (DF).
Temora turbinata  (D A N A ). Br. (as T. africana)', 

Tan.
Everywhere except in St. XII ( ¿  ¿  in VI and 

IX; juv. in I, IV, V and VIII).
L =  9(1 • 16)—1 - 34—1 - 45, ¿ 1 -1 8 -1 -2 8 .
This species is m ore abundant in our area than 

the foregoing and is also fairly numerous off the 
west coast— but never in the upwelled water (D F). 
It is a cosm opolite.
Undinula darwinii (LUBBO CK ). Cl: E; Br.

St. I to III ( ? Ç +  ¿  ¿).
L =  Ç 2-08-2-39, ¿ 1 -9 7 -2 -3 0 .

Undinula vulgaris (D A N A ). - Cl: E ; Br.
St. I ( ?).
L =  5 2 -8 0 -3 -0 0 , ¿ 2 -4 7 -2 -6 0 .
Both Undinula species were frequently found  

together in our nets. They are far more abundant 
in the eastern area but nevertheless not rare in 
the west. From their distribution pattern for the 
west coast, it is clearly apparent that they avoid the 
cold water. In winter when the upwelling is 
slightest, they may occur fom  the Cape o f  G ood  
Hope to far in the north (D F).

Both are cosm opolites. W ILSO N (1942) found  
vulgaris abundant in the Atlantic Ocean and 
darwinii more abundant in the Pacific Ocean. 
T A N A K A  (1960) encountered vulgaris even in the 
Sub-Antarctic area (48 °S).
8 .2  D iscussion .

Before proceeding to draw conclusions from  
the above results, we should first consider fhe 
following three sources o f  errors:—

I. Only a single plankton catch is discussed here 
and if  taken in another season its com position  
might have been different.

II. Only surface plankton was collected (from a 
depth not exceeding 4 metres). Its com posi
tion could have been strongly influenced by 
the daily vertical m igration o f  a number o f

species. F o r  th is reason  the  absence o f  a 
species from  certain  p a r ts  o f  a  section should  
n o t necessarily be regarded  as a gap in  its 
d istribu tion  because the  organism s m ay 
possibly have re trea ted  tem porarily  to  deeper 
w ater u nder the influence o f sunlight.

III . O ur know ledge o f  th e  general d istribu tion  o f 
the C opepoda is still very incom plete and  
partly  uncertain . M any  d a ta  from  the 
litera tu re  u p o n  w hich one is dependen t fo r a 
b io-geographic assessm ent - o f  one’s ow n 
findings will in  course o f  tim e ap p ear to  be 
incom plete o r som etim es even inaccura te  as 
a resu lt o f  incorrec t identification.

In  regard  to  po in ts I  an d  II, the  follow ing 
observations m ay be m a d e :—

A d I. U p  to  a  certain  p o in t the  possible occur
rence o f  seasonal changes m ay be tested 
against the  results o f  earlier investiga
tions in  th is  a rea  and  against the  u n 
pub lished  d a ta  in  th e  archives o f  the 
D ivision o f  Sea F isheries a t Sea P oin t. 
W ith in  the  fram ew ork  o f  th is  short 
com m unication  it is n o t possible to  
en ter in to  details, bu t none o f  the 
above-m entioned  sources o f  in fo rm ation  
is in  flag ran t conflict w ith the  au th o r’s 
results. O nly T A N A K A ’S (1960) d a ta  
on  the A gulhas B ank sta tion  o n  1 /12 /57  
will be briefly m en tioned  here because 
they w ere ob ta ined  in  the  opposite 
season and  by a m ethod  very sim ilar to  
the  a u th o r’s, nam ely by filtra tion  o f  the 
cooling  w ater o f  the sh ip ’s engines.

O f th e  37 species ob ta ined  by 
T A N A K A  a t th is s ta tion , 29 also occur 
in  the au th o r’s lis t an d  o f  these 29 
species com m on to  b o th  investigators 
the au th o r caugh t only  nine in  ano ther 
p a r t o f  the  section. A m ong these nine 
there w ere th ree  Corycaeus species and 
one Oncaea, in  o th e r w ords, g roups 
w hich, due to  the  a u th o r’s m ethod , have 
n o t correctly  been  reflected here (see 
“ M ethod  ” , sixth parag raph , p. 8). 
T he rem ain ing  five species w ere:—

Canthocalanus pauper (1 Ç, 2 ¿  ¿ ).
Eucalanus mucronatus (1 juv.).
Acrocalanus gracilis (5 $  $).
A cartia  negligens (3 $ $, 1 juv.).
Sapphirina gem m a  (2 Ç $).

Sapphirina gem m a  an d  Eucalanus 
mucronatus a re  iso lated  ran d o m  catches 
o f  little significance. T he presence o f  the 
o ther th ree  species cou ld  possibly be
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explained  by seasonal fluctuations. In  
the  a u th o r’s m ateria l they w ere fo u n d  in  
th e  A gulhas C u rren t an d  in  the  tran s i
tio n a l zone. In  D ecem ber easterly  an d  
south-easterly  w inds prevailed  in  th is 
a rea  an d  these m ay perhaps have shifted 
th e  b o u n d ary  o f  the transitiona l zone 
to  the  west. I t  shou ld  be observed in  
th is  connection , how ever, th a t the SO Y A  
ap p roached  th is s ta tion  fro m  the east. 
T he possib ility  exists th a t p a r t o f  the 
p lan k to n  ob ta ined  a t th a t  s ta tio n  h ad  
been re ta ined  fo r som e considerab le tim e 
in  th e  less w ell-flushed p arts  o f  the 
cooling  system  afte r being tak en  in  a t 
som e p o in t fu rth e r to  the  east.

A d  II. In  regard  to  th e  vertical m igra tion  o f 
certa in  species, the  follow ing observa
tions m ay be m ade.

F o rty  species were caugh t only  in  those 
sections traversed  wholly or p a rtly  during  
n ight-tim e. A m ong  these, 19 species 
w ere ob ta ined  only a t night, th e  fo llow 
ing five occurring  in  m ore th a n  one 
sam ple :—

A cartia  danae.
A . negligens.
Calanopia minor.
Candacia bipinnata.
Pleurom am m a abdominalis.

Besides being taken  in  n igh t catches, 
ten  o f  the above-m entioned 40 species 
w ere also found  in  catches m ade p artly  
du ring  daylight in  the  evening o r  the 
m orn ing . The follow ing species occurred  
th ree to  fou r tim es in  n o ctu rn a l catches 
an d  one to  th ree tim es in  m ixed 
catches :—

M acrosetella gracilis.
Nannocalanus minor.
Rhincalanus nasutus.
Tem ora discaudata.

E ach  o f  the rem ain ing  11 w as found  
only  in  one sam ple, an d  on  each  occasion 
in  a  sam ple w hich h ad  been  ob ta ined  
partly  du ring  daylight an d  partly  in  the 
dark .

F inally  the re  were fu rth e r species 
w hich were found  b o th  a t n igh t an d  
during  the day b u t w hich w ere ap p re 
ciably m ore ab u n d an t a t night, nam e
ly :—

Calanus finm archicus.
Centropages brachiatus.
Clausocalanus arcuicornis.
Cl. furcatus.
Euterpina acutifrons.
Paracalanus aculeatus.
P. crassirostris.

A s will be seen from  the d istribu tion  
discussed below , the  daily  vertical m ig ra
tio n  caused no  discernible d isturbance 
in  the  d istribu tion  p a tte rn  o f  the num e
rically  im p o rta n t species.

In  his a ttem p t a t  a  biogeographic subdivision 
o f  the  coastal w aters investigated, the  au th o r has 
m ade use o f  the  fou r areas identified in  the descrip
tio n  o f  the tem peratu re  curve (Table I).

The species occurring  in  each separate area  o r in  
various regional groupings were determ ined, and" 
these populations were then  subjected to  closer 
investigation an d  com pared  w ith  one ano ther.

F  o f sim plicity’s sake the  respective areas will 
be indicated  below  by le tters as follow s:—

A  fo r I—III  : A gulhas C urren t an d  its m arg inal 
area,

B fo r IV -V II: T ransitional area,
C  for V III-IX : E astern  A gulhas B ank, and  
D  fo r X -X II : W estern  A gulhas B ank an d  

C ape Peninsula.

T he four areas are sim ilar in  the ir leng th  a n d  
ligh t re la tionsh ips:—

A : 250 miles— day  and  nigh t;
B : 210 m iles— day an d  n igh t;
C  : 180 miles— day an d  evening (till 2130) ; and  
D : 170 m iles— day an d  night.

O nly in  the case o f  C  was the period  o f  darkness 
shortened  an d  th is fact m ay perhaps explain  th e  
relative paucity  o f  species found  in  th a t area.
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T able 4 .— O ccurrence in  S eparate A reas.

Species.

Atlantic
Ocean.

Cape-Durban. Indian
Ocean.

Pac.
Ocn.

XII. XI. X. IX. VIII. VII. VI. V. IV. III. II.

“ aT

I.
-----Lite

ra 
ture.

DF. D F .-
IOP.

Lite
ra

ture.

Lite^
ra 

ture.D.
V

C. B.

A Acartia amboinensis.................. r r X X
Candacia

curta................................... X X r X X X
truncata............................... X r X X X X

Centropages
elongatus.............................. r X X X
pacificus. ... : ....................... r X X X

Clytemnestra scutellata............. X r X X X
Copilia mirabilis...................... rare f r X X X
Corycaeus

dubius.................................. r X X
longistylis............................. r X X
subtilis................................. r X X

Euchaeta wolfendeni................. r r X X X
Oithona rigida......................... r X X
Oncaea clevei.......................... r X X
Pachos tuberosum..................... r X X X
Paracalanus denudatus.............. r X X
Pleuromamma robusta.............. X X f X X
Sapphirina

gastrica..................................................... X r X X
nigromaculata....................................... X X r X X X

Scolecithrix danae................... X X r X X X
Undinula

darwinii................................ rarer X r f f X X X
vulgaris................................ X X r X rarer rarer

AB Acartia negligens..................... X X f r r r X X X
Acrocalanus monachus.............. r r X X X
Calanopia minor--- ; .................... r r r X X X
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T able 4 .—O ccurrence in  S epara te  A reas (continued).

Species.

Atlantic
Ocean.

Cape-Durban. Indian
Ocean.

Pac.
Ocn.

XII. XI. X. IX. VIII. VII. VI.------
I

V. IV. III. II. I. iLite
ra 

ture.
DF. D F .-

IOP.
Lite
ra

ture.

Lite
ra

ture.
Y

D. t. A.

Calocalanus
contractus......................... X r r X X
pavo................................. X X r r r r r X X X

Candacia catula.................... r r r X X
Canthocalanus pauper........... r r r ï r X X X
Centropages—

calaninus........................... X r r r X X X
furcatus............................ X r r r f f X X X
gracilis............................. X r r r X X X

Eucalanus—
mucronatus........................ X r r X X
pileatus............................. X f r r r r X X

Labidocera acutum................ X X r r- - f r f r X X X
Pontellina plumata................ X r r X X X
Rhincalanus cornutus............. X X f f r f r X X X
Sapphirina ovatol.-gemma.. . . X X r r X X X

ABC Acrocalanus gracilis.............. X f f r f + + f f X X X

Calocalanus plumulosus......... X r f r f r f r X X X
Corycaeus asiaticus............... f f r r r X X X
Corycella gibbula.................. ( X ) r f r. f t t X X

B Copilia mediterranea............. X X r X X X
Corycaeus africanus.............. X f ( X ? )
Eucalanus

elongatus........................... X X r X X X
monachus.......................... X X r X X X
subcrassus ........................ X f X X X

Pleuromamma
abdominalis....................... X X r r X X X
gracilis............................. X X r X X X

BC Clytemnestra rostrata............ X X r r X X X
Corycaeus latus.................... X r r X X

C Labidocera minutum.............. r X X
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T able 4.— O ccurrence in  S eparate A reas (continued).

Species.

Atlantic
Ocean.

XII. XI. X.

Cape-E 

IX. VIII.

>urban.

VII. VI. V. IV. III. II. I.

Indian
Ocean.

Pac.
Ocn.

Lite
ra 

ture.
DF. DF.-

IOP.
Lite- 

' ra 
ture.

Lite
ra 

ture.
V
D. c. B. A.

D  Clausocalanus paululus.............. X r X X
Corycella curta........................ X r X X
Ctenocalanus vanus................... X X r X X

^abys
sa!)

Metridia lucens........................ X X f r X X X
(abys [S.A.)
sal)

Oithona—
tenuis................................... X r X
fallax.............................. . X f X X

CD Centropages brachiatus............. X X r c + + f X ( X ? ) X
Cleve)

Pseudodiaptomus nudus............. X 1' t X X
Calocalanus tenuis................... X X r f f X (S.A.)

BCD Calanus tenuicornis.................. X X r r r r X rare X

Calocalanus styliremis.............. X r r r r X X
Candacia bipinnata................... X X r r r X X X
Corycaeus agilis...................... X t 1 X X
Microsetella rosea................... X X r r X X X
Oithona nana........................... X X f 1 1 t + X X X
Oncaea

mediterranea........................ X X t t t t X X
subtilis................................. X X f f t X

ACD Corycaeus pacificus.................. f f f f X X

ABD Acartia danae.......................... X X r f f X X X
Corycaeus crassiusculus............ ( X ? ) t r t r X X X
Macrosetella gracilis................ X X r r r r t r X X X
Paracalanus aculeatus............... X X t c + c t r + t X X X
Rhincalanus nasutus................. X X r r r r -X X X
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Table 4.— O ccurrence in  Separate A reas (continued).

Species.

Atlantic
Ocean.

XII. XI. X.

Cape-D 

IX. VIII.

cT

urban

VII VI. V. IV. III.
t

II. I.

Indian
Ocean.

Pac.
Ocn.

Lite
ra 

ture.
DF. D F .-

IOP.
Lite
ra 

ture.

Lite
ra 

ture.
Y
D. B. A.

ABCD Calanoides carinatus.............. X X f f f + f r r r f r X X X
(S.A.)

Calanus finmarchicus............ X X f + + f c r f r X X X
(S.A.)

Clausocalanus
arcuicornis........................ X X f c cc f f r X X X
furcatus............................ X X r f + c f c + "h c f X X X

Corycaeus speciosus.............. X X f r r f f X X X
Corycella concinna................ r r f f ' + f + + r X X
Euterpina acutifrons.............. X X f r f f c cc cc + r f f X X X
Microsetella norvegica........... X X r r r r r r r X X X
Nannocalanus minor.............. X X cc Ccc + f f r f X X X
Oithona plumifera................. X X r c + r f f f f X X X
Oncaea venusta..................... X X f r f f c f X X X
Paracalanus

crassirostris....................... X X f f + + f f + X X X
parvus............................... X X + + ccc cc cfc c f r X X X

Temora
discaudata......................... 9 r r f + f r c X X X

(South)
turbinata........................... X X r r f f c r c t t t r X X X

ACD Eucalanus attenuatus............. X X r r f r X X X
Mecynocera clausi................ X X r • r X X X
Oncaea media...................... X X r f f f X X
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In  T able 4 th e  species are g rouped  accord ing  to  
the ir occurrence: A , B, C  o r D  fo r only  one a rea ; 
A B, BC, C D ; A B C  o r B C D  fo r 2 (o r 3) ad jacen t 
areas, A B C D  fo r  all fo u r areas, an d  A B D , A C D  
o r A D  fo r non -ad jacen t areas.

T he various groupings in  T able 4 can  be sum 
m arised  as follow s fro m  th e  p o in t o f view o f species- 
content.

(a) Individual areas :—

Area.
Number of Species Found.

Only there. Also elsewhere.

A ......................................... 21 42
B ......................................... 7 48
C ......................................... 1 28
D ......................................... 6 34

T he 21 A  species were m ade u p  as fo llow s:—
11 solely Indo-Pacific,
4 p redom inan tly  Indo-Pacific, an d  
6 cosm opolitic.

A m ongst th e  seven B species there w ere:—
6 cosm opolites;
1 coasta l species from  W . A frica (F. D A H L ), 

w hich possib ly  also occurs in  the  In d ian  
O cean (SE W E L L  1947).

T he six D  species inc luded :—
3 cosm opolites,
2  n o t previously fo u n d  in  th e  In d ian  O cean, 

an d
1 n o t yet found  in  the  Pacific O cean.

T he solitary  C  species is a  ra rity  w hich has n o t 
yet been encoun tered  outside the  Indo-Pacific area.

(b) A djacent areas.

Area.
Number of Species Found.

Only there. Also elsewhere.

AB...................................... 16 65
BC....................................... 2 59
C D ...................................... 3 44

T he easterly  p a r t  (AB) is still th e  richest in  
species although  it is p o o re r th a n  A. T he p re
dom inantly  Indo-Pacific charac ter o f  A  is already  
d im inishing here and  it will n o t reappear fu rth e r 
to  the  west.

T he 16 A B  species co n ta in  only—
4 Indo-Pacific specim ens as aga inst 12 cos

m opolites.

B oth  BC species a re  cosm opolites, w hile the 
th ree  C D  species a re  b io-geographic curiosities 
(see “ System atic Review  ”  above).

F u rth e r  com parisons betw een areas do  n o t 
reveal any  im p o rta n t facts. A s a  conclusion from  
the  above findings, the  au th o r  wishes to  em phasise 
th a t  in  th e  A  area  a C op ep o d a  com m unity  w ith  a  
strong  Indo-Pacific character, w hich we will call 
the  Agulhas Current com m unity, w as identified 
an d  th a t th is  com m unity  d id  n o t occur over the 
n o rth e rn  p a r t o f  the  A gulhas B a n k  in  Ju ly , 1961. 
I t  h ad  already d isappeared  fro m  the  coasta l w aters 
off E ast L ondon. O n  the  strength  o f  observations 
m ade o n  o ther occasions (D F ) th e  au th o r is o f  the 
op in ion  th a t  th is com m unity  seldom  i f  ever 
extends beyond the  easte rn  edge o f  the  A gulhas 
B ank. P ro o f  o f  th is assertion , how ever, m u st be 
reserved fo r  a  la te r con tribu tion .

(c) T he whole section  (A B C D ) yielded 15 species 
w hich occurred  in  all fo u r areas. I t  will c learly  be 
seen from  the  tab le, how ever, th a t they are  n o t 
un iform ly  d istribu ted . In  add ition , the ir group  
includes those  species w hich w ere m o st ab u n d a n t 
in  the  a u th o r’s m ateria l: 10 o f  th e  15 species 
w ere m ark ed  w ith  th e  abundance sym bol c in  a t 
least one sam ple, th is  sym bol hav ing  been  given 
only  twice outside th is group.

A s eastern  com ponents th e  follow ing are  clearly 
d istinguishable :—

Clausocalanus fu rca tu s  (w arm -w ater cosm o
polite),

Corycella concinna (Indo-Pacific), .
Tem ora discaudata  (Indo-Pacific).

In  the  south  th e  follow ing species w ere m ost 
a b u n d a n t:—

Calanus finm archicus,
Euterpina acutifrons,
Tem ora turbinata.

T ogether w ith  Pseudodiaptomus nudus an d  Calo
calanus tenuis, th e  la tte r  a re  so co n s tan t in  the ir 
occurrence on  th e  A gulhas B ank  (D F ) th a t the 
au th o r feels tem pted  to  regard  th is  g ro u p  o f  species 
as p a r t o f  a  plankton  com m unity peculiar to the 
Agulhas Bank.

T he follow ing species appear to  be western  com 
p o n en ts :—

Calanoides carinatus (represen ted  in  A B  alm ost 
exclusively by  juveniles),

Clausocalanus arcuicornis,
Nannocalanus minor,
Paracalanus crassirostris,
Paracalanus parvus.

T ogether w ith  Centropages brachiatus, M etridia  
lucens an d  perhaps also  Ctenocalanus vanus, they 
occur in  very great abundance  along  the  w hole
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w est coast an d  are associated  w ith  the B enguela 
C u rren t (D F ). A long  the W est C oast, th e  d isper
sion area  o f  these species runs parallel to  d irection  
o f  the Benguela C urren t. E ach  o f  them  seem s to  
keep a t an  ap p ro p ria te  d istance from  th e  cold  core, 
w ith in  th e  tem p era tu re  lim its th a t suits it. T he 
au th o r proposes to  regard  th is g roup  o f  species as 
m em bers o f  the p lankton  com m unity o f  the 
Benguela Current.

A  strik ing feature in  the case o f  the  groups 
A B C D  an d  A B D  is the richness in  species o f
sam ple X I. I t  con ta ined  34 species, being su r
passed in  th is respect only by  sam ples II, I I I  an d
V. I t  w ou ld  be possible to  regard  a t least 11
species in  the  a u th o r’s m aterial as sou thern  an d  
sou th -eastern  w arm -w ater inhab itan ts  w ithou t 
fu rthe r ad o  if  they h ad  n o t also cropped  up  in  
sam ple X I. T hey  w ere the fo llow ing:—

A cartia  danae,
Calocalanus styliremis,
Cc ycaeus agilis,
Corycaeus crassiusculus,
Corycaeus speciosus,
Clausocalanus furca tus,
Corycella concinna,
M acrosetella gracilis,
M ecynocera clausi,
Paracalanus aculeatus 
Temora discaudata.

Sam ple X  also appears to  share in  th is pheno 
m enon  because it  con ta ins six -pecies w hich are 
d istribu te  in  a m anner sim ilar to  th a t o f  the 
foregoing an d  o f  w hich four also occur in X I :—  

Corycaeus pacificus,
Eucalanus attenuatus.
Oncaea media,
Oithona plum ifera,
Calanus tenuicornis,
Oncaea venusta.

W hen one recalls the sharp  tem peratu re  increase 
o f  1 -5°C  w hich to o k  place in  a  ten-m ile strip  on  
the b o u n d ary  betw een sections X  and  X I, one 
ca n n o t help  feeling inclined to  associate it w ith  
the local occurrence o f  so m any  w arm -w ater 
species, an d  it w ould  ap p ear th a t a tongue o f  
w arm  w ater pene tra ted  to  a p o in t near th e  coast 
in  th is locality . T he presence o f  th e  follow ing 
fou r Indo-Pacific species, nam ely—

Corycaeus crassiusculus,
Corycaeus pacificus,
Corycella concinna,
Temora discaudata

gives an  ind ication  o f  the possible orig in  o f  this 
w ater; it cou ld  perhaps have been a  n o rth w ard  
m oving off-shoot o f  th e  A gulhas C urren t.
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A PRELIMINARY REPORT ON THE PLANKTONIC COPEPODA
by

A. D E  D E C K E R  an d  F . J. M O M B E C K .

1. A bstract.
Som e 274 C opepod  species w ere collected in  the 

S ou th  W estern  In d ian  O cean during  1961. Sixty- 
five o f  these species appear to  be new  to  the In d ian  
O cean. They have been grouped  in to  local com 
m unities an d  appear to  ind icate certain  oceano
graph ic  phenom ena. T he bathypelagic C opepods 
are  com pared  w ith  those repo rted  by SEW ELL 
an d  A . SC O TT from  th e  N o rth e rn  In d ian  O cean 
an d  the Indonesian  A rchipelago, respectively.

2. Introduction.
T he area  covered by  the 1961 cruise o f 

A F R IC A N A  II  is situated  in  one o f  the least 
know n p arts  o f  the  Ind ian  O cean as fa r as Zoo
p lan k to n , an d  especially the copepod  fauna  are 
concerned.

T he exam ination  o f  the  A F R IC A N A  II  m ateria l 
yielded 274 C opepod species, am ong w hich 65 
appear to  b e  new  to  th e  In d ian  O cean. I t  seems 
un likely  th a t fu rth e r an d  m ore th o rough  processing 
o f  the sam ples will greatly  a d d  to  the num ber o f  
species sta ted  above. N evertheless, such a  variety 
found  du ring  a  relatively sho rt cruise show s th a t 
the  diversity in  th is p a r t  o f  the  ocean is qu ite  com 
p arab le  w ith  th a t o f  o the r oceanic areas w here m ore 
intensive sam pling w as carried  o u t in  the  p as t over 
g rea ter areas an d  fo r  longer periods. S E W E L L ’s 
m a jo r papers (1929, 1932, 1947) on  the N o rth e rn  
In d ian  O cean m ake m en tion  o f  a  to ta l o f  som e 
350 species fo u n d  betw een B urm a and  E ast A frica. 
In  sam ples taken  by the Siboga E xpedition  in  the 
E astern  M alay  A rchipelago, A. SC O T T  (1909) 
identified 278 ho lop lank ton ic  species. O ver 1,000 
p la n k to n  sam ples collected by  Prince A L B E R T  I 
o f  M onaco  du ring  his long  cruises th ro u g h  the 
A tlan tic  n o r th  o f  the E q u a to r included 348 C ope
p o d  species, as identified by S A R S (1925) an d  
R O S E  (1929). Q  B. W IL S O N  (1942, 1950) found  
281 species in  the C A R N E G IE  collections and  
473 species in  those  m ade by th e  A L B A T R O SS, 
b o th  vessels hav ing  w orked  num erous sta tions 
scattered  all over the Pacific as well as in  som e p arts  
o f  th e  W estern  A tlan tic  n o rth  an d  sou th  o f  the 
E quato r. In  the case o f  the A L B A TR O SS, th is 
w as carried  on for over tw enty-tw o years.

T he variety o f  the C opepod  fau n a  in  o u r sam ples, 
toge ther w ith  a few observations on the spatial 
d istribu tion  o f  certain  o f  its com ponents, justifies 
th is  short prelim inary report. The area concerned 
is o f  special b iogeographical in terest as it lies on  
the  bo rder o f  the In d ian  O cean w here influences 
o f  th e  South A tlan tic  an d  the W est W ind D rift 
m ay, a t tim es, in terfere w ith the dom inan t features 
p rov ided  by the M ozam bique-A gulhas system and  
the South  E quato ria l C urrent.

3. M ethods.
T he procedures follow ed a t sea fo r catching 

an d  preserving the p lan k to n  are described in the 
general narrative o f  th is cruise (R. W . R A N D , 
pp . 4-9).

T he in form ation  contained  in  this rep o rt was 
derived from —

(a) a  routine general ca taloguing o f  the entire 
contents o f the  N  70 V -sam ples; and

(b) a  detailed identification o f  all the C opepods 
found  in  the  N  200-net used as a m id-w ater 
trawl.

O u t o f th e  199 N  70 V-sam ples, 14 day-light hauls 
(viz. the 100-50 m. hauls a t a lternate  stations) 
and  18 hauls taken  in  the d a rk  in  100-0 m. are as 
yet unprocessed. T he rem aining 167 sam ples were 
exam ined under a  b inocu lar dissecting m icroscope 
an d  the ir general con ten ts cata logued  on  special 
record  sheets. E ach species o r higher taxonom ic 
group  w as given a sym bol to  indicate its estim ated 
abundance in the sam ple, as follow s:—

r =  1 to  5 indiv. 1 =  50 to  100 indiv.
f =  6 to  20 indiv. 2 = 1 0 0  to  200 indiv.

+ = 2 0  to  50 indiv. 3 = 2 0 0  to  400 indiv.
T he p lank ton  o f  the N  200-sam ples was fully

sorted  in to  groups an d  all C opepods were identified 
an d  counted. I t  m ay be o f  in terest to  no te th a t the 
N  200 catches yielded a to ta l o f  115 C opepod 
species, o f w hich 43 were new  additions to  o u r list; 
the rem aining 72 were also found  in  the N  70-nets. 
O ne o f  the au thors o f  th is rep o rt (F . J. M .) w ho 
has carried ou t all the taxonom ic w ork on C ope
pods from  the N  200-nets, will discuss his findings 
in  greater detail in a separate paper.
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T he occurrence o f  each species in  the  N  70 V- 
sam ples has been p lo tted  o n  a  separate  diagram , 
w hich shows the ho rizo n ta l an d  vertical d istri
b u tio n  o f  the species as well as the ir approx im ate  
abundance in  each haul. E igh ty-four o f  these 
d iag ram s form  an  appendix  to  th is report. The 
d is tribu tion  o f  the o ther species is detailed  in  the 
species list. In  th is list the serial num ber o f  the 
s ta tion  is follow ed by a cap ita l le tte r w hich ind i
cates the dep th  range w here the  n e t w as operated . 
T hus the sta tions A  1224 to  A  1255 are given the 
serial num bers 1 to  32, an d  the dep th  ranges 50-0 
m . to  1,500-1,000 m. are represen ted  by the letters 
A  to  G , H  being applied  to  som e nets used in  depths 
o f  m ore th an  1,500 m.

A s far as possible, the C opepods were identified 
accord ing  to  species, free use being m ade o f  dissection 
an d  exam ination  under high pow er. W here neces
sary, perm anen t m ounts w ere m ade and  specim ens 
kep t fo r fu tu re reference. This procedure , however, 
cou ld  only be follow ed w ith  C opepod  form s whose 
specific identification w ould  n o t involve too  g reat 
a  delay in the rou tine cata loguing  o f  the general 
Zooplankton. C onsequently , no  consisten t effort 
was m ade to  identify all specim ens belonging to  
such genera as Oithona, Oncaea, Corycaeus, 
Paracalanus, etc., w hich either th ro u g h  the ir large 
num ber an d  variety  o r  th rough  the technical 
difficulties associated w ith  the ir taxonom y, could  
n o t be positively identified a t  th is  stage. They will 
receive closer a tten tion  in an  exhaustive accoun t o f  
the C opepod  fau n a  o f  the w hole area.

4. L ist o f Species and O ccurrence.
Sym bols used in  the follow ing species list and  

annexed diagram s o f  d istribu tion  are  show n in 
T able I below :—

T able  I.

Symbol used in
Definition.

List. Diagrams.

X Found in N 200 nets only.
xx Found in both N 70 V nets and N 

200 nets.
N New to Indian Ocean.♦

t Net has sampled all the way up to 
the surface, because closing mecha
nism failed to operate.

• Specimen of same genus present, 
but not identified to species.

? Species present, but no data on 
abundance.

— Sample not yet examined.

5 6 4 0 0 4 2 -3

Species. Occurrence.
Acartia amboinensis C ari........................  2A, 5A, 8A.
A. danae Giesbrecht................................. See diagram.
A. negligens D ana....................................  See diagram.
Acrocalanus gibber Giesbrecht...............  See diagram.
A. gracilis Giesbrecht..............................  See diagram.
A. longicornis Giesbrecht........................  See diagram.
A. monachus Giesbrecht.................. .. See diagram
Aegisthus mucronatus Giesbrecht  See diagram.
Aetidlopsis divaricata Esterly.................. 14G N.
A. rostrata Sars?......................................  6B N.
Aetideus armatus (Boeck).......................  See diagram xx.
Amallothrix emarginata (Farran)  13E, 28F.

Amallothrix sp. was also recorded in 
4E, 16G, 26G, 30G and 30F.

Arietellus aculeatus (T. Scott)................  xN.
A. giesbrechti Sars.................................... 14F xx.
A. pavoninus Sars.....................................  xN.
A. plumifera Sars...................................... x.
A. setosus Giesbrecht........................ .. 15C xx.
A. simplex Sars.........................................  x.
Augaptilus glacialis Sars.......................... 30F N.
A. longicaudatus Claus............................  30F.
A. spinifrons Sars.....................................  15C N.

Augaptilus specimens occurred in ten
other closing-nets, all between 100 
and 1,000 m.

Bathypontia elegans Sars........................  xN.
B. minor Sars............................................  30F N.
Calanoides carinatus (ICröyer)................ See diagram xx.
Calanopia elliptica (Dana)......................  2A, IO, 8A,

11A.
C. minor A. Scott..................................... 2A, 11 A.

Unidentified specimens of Calanopia
were recorded at 1A, 3A, 4B, 5A,
23A.

Calanus tenuicornis D ana.......................  See diagram.
C. tonsus Brady........................................  See diagram. N.
Calocalanus contractus Farran ........ 6A, 28A?, 30A,

32A.
C. gracilis Tanaka.................................... 32A N.
C. pavo (D ana).........................................  See diagram.
C. plumulosus (Claus)..............................  See diagram.
C. styliremis Giesbrecht..........................  See diagram.
C. tenuis Farran .......................................  32A N.

Calocalanus spp. were present in 
almost all catches from all depths 
(see diagram).

Candacia aethiopica (Dana).................... See diagram xx.
C. bipinnata (Giesbrecht)........................  3A, 6B, 17A xx.
C. bispinosa (Claus).................................  See diagram.
C. catula (Giesbrecht).............................  See diagram.
C. curta (D ana)........................................  8A xx.
C. longimana (Claus)...............................  See diagram xx.
C. pachydactyla (D ana)........................... 5 A, 6A.
C. simplex (Giesbrecht)........................... See diagram.

xx.
C. truncata (Dana)...................................  See diagram.
C. varicans (Giesbrecht).......................... 11 A.
Canthocalanus pauper (Giesbrecht)  See diagram.

xx.
Centraugaptilus horridus (Farran)  x.
Centr. rattrayi (T. Scott).................. ' . . .  x.
Centropages calaninus (D ana)................  See diagram.
C. elongatus Giesbrecht..........................  See diagram.
C. furcatus (Dana)...................................  See diagram.
C. gracilis (Dana)..................................... See diagram.
C. orsinii Giesbrecht................................  2A.
Cephalophanes sp......................................  13F N.

The species could not be identified 
with the literature at our disposal.

Chiridiella macrodactyla Sars.................  26F N.
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Species. Occurrence.
Chiridius poppei Giesbrecht....................  27C.

Chiridius sp. was recorded in six o‘her 
catches but has not yet Iäcii iden
tified to species (see diagram).

Chirundina street, ii Giesbrecht..............  24E, 26E, 30E
xx.

Clausocalanus arcuicornis (D ana)  See diagram.
C. furcatus (Brady)................................... See diagram.
C. paululus Farran...................................  See diagram N.
C. pergens Farran..................................... 10A, 12A, 14A

N.
Clytemnestra rostrata (Brady)................ 3OF, 32A.
C. scutellata D ana.................................... 6E, 8B, 10A,

11 A, 26G.
Conaea gracilis (Dana)............................  See diagram.
Copilia mediterranea C laus..................... 12B, 13A, 32A,

xx.
Copilia mirabilis D ana............................. See diagram.

xx.
C. quadrata D ana..................................... See diagram.

XX.
C. vitrea Haeckel...................................... 14B, 14E*,

32A. xx.
Corina granulosa Giesbrecht..................  11G. N.
Cornucalanus chelifer (I. C. Thompson) 24F, 24G? xx.
Corycaeus agilis D ana .............................  6A, 8A, 30A,

32A.
C. asiaticus F. D ahl.................................  8A.
C. catus F . D ahl.......................................  26A.
C. clausii F. D ahl..................................... 12A, 14A, 20A.
C. crassiusculus D ana..............................  6A, 8A, 10A,

20A, 30A,
32A.

C. flaccus Giesbrecht...............................  6A, 8A, 12A,
14A, 20, 32A.

C. giesbrechti F. D ahl.............................  12A.
C. latus D ana............................................ 30A. N.
C. limbatus Brady....................................  8A, 14A.
C. longistylus D ana.................................. 12A, 32A.
C. pacificus F. D ahl.................................  6A, 8A, 12A.
C. speciosus D ana....................................  6A, 8A, 10A,

12A, 14A, 32A.
C. typicus Kröyer.....................................  6A.
Corycella carinata Giesbrecht................  10A, 12A, 14A,

18A.
C. concinna D ana.....................................  6A, 8 A, 10A,

12A, 14A, 32A.
C. curta Farran .............................. .......... 10A, 12A, 28A,

30A, 32A.
C. rostrata Claus...................................  10A, 12A, 14A, "

20A, 21A.26A, 
28A, 30A, 32A,

The genera Corycaeus and Corycella 
were represented in the majority 
of the hauls and in all depths (see 
diagram). The data given here 
apply to a  number o f surface
samples only.

Ctenocalanus vanus Giesbrecht..............  See diagram.
N.

Disseta palumboi Giesbrecht..................  30F.
Euaetidius acutus (Farran).....................  See diagram N.
E. giesbrechti Cleve..................................  See diagram.
Euaugaptilus affinis Sars.......................... x N.
E. angustus (Sars).....................................  x.
E. bullifer (Giesbrecht)............................  12G. xx.
E. filigerus (Claus).................................... x.
E. gibbus (Wolfenden).............................  28F N.
E. laticeps (Sars).......................................  x.

Species. Occurrence.
E. magnus (Wolfenden)...........................  27F xx.
E. nodifrons (Sars).................................. '. 28F xx.
E. oblongus (Sars)....................................  27F xx.
E. palumboi (Giesbrecht)........................  See diagram.
Eucalanus attenuatus (Dana)..................  See diagram.

xx.
E. crassus Giesbrecht..............................  See diagram.

xx.
E. elongatus (Dana).................................  See diagram.

XX.
E. longiceps Matthews............................  12B, 24G, 32B?
E. mucronatus Giesbrecht.......................  4B, 5A, 7A, 8B,

32A.
E. subcrassus Giesbrecht......................... 6A, 8A, 8B,

10A, 11 A, 32A.
E. subtenuis Giesbrecht........................... 1A, 3A, 8B,

32B.
Euchaeta acuta Giesbrecht.....................  28A. xx.
E. concinna D ana..................................... 6G. xx.
E. longicornis Giesbrecht........................  6A.
E. marina (Prestandrea)..........................  1A, 2A, 4A,

6A, 8A, 12A, 
32A. xx.

E. media Giesbrecht................................  x.
E. spinosa Giesbrecht..............................  x.
E. wolfendeni A. Scott ..........................  4A, 6A, 8A.
Euchirella amoena Giesbrecht................  6A, 8A, 15A.

xx.
E. bitumida W ith...................................... x N.
E. curticauda Giesbrecht........................  16G, 25C xx.
E. maxima Wolfenden............................  x.
E. messinensis (Claus):............................ x.
E. rostrata (Claus)...................................  31A.
E. formosa Vervoort................................ x N.
E. venusta Giesbrecht.............................. x.
Euterpina acutifrons D ana......................  See diagrams.
Gaetanus curvicornis Sars.......................  16G.
G. kruppi Giesbrecht...............................  7E. xx.
G. latifrons Sars.......................................  30F. xx.
G. miles Giesbrecht.................................  See diagram.

xx.
G. minor Farran ....................................... See diagram.
G. pileatus Farran.................................... 7E, 14E, 24E,

28E. xx.
G. recticornis Wolfenden.......................  x N.
Gaidius tenuispinus Sars..........................  27F, 30F.
Haloptilus acutifrons Giesbrecht  28C, 30G.
H. angusticeps Sars.................................. 24F. N.
H. longicornis (Claus).............................. See diagram.

xx.
H. mucronatus (Claus)............................. 6G.
H. ornatus (Giesbrecht)........................... 7E, 8B, 14D

XX.
H. oxycephalus (Giesbrecht)..................  13A, 28C, 32B

xx.
H. spiniceps (Giesbrecht)........................  28C xx N.
H. tenuis Farran....................................... x N.
H. validus Sars.........................................  x.
Heterorhabdus abyssalis (Giesbrecht).. .  23A (Cast), 30F

xx.
H. austrinus Giesbrecht..........................  28F.
H. clausi (Giesbrecht).............................  7E, 14B.
H. compactus Sars.................................... 16G N.
H. norvegicus (Boeck).............................  29F, 4E N.
H. papilliger (Claus)................................  22A, 22B, 29C

xx.
H. spinifrons (Claus)................................ See diagrams.

xx.
Heterostylites longicornis (Giesbrecht).. 23D, 27D, 30D

xx.
Labidocera acutifrons (Dana).................  x.
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Species. Occurrence.
L . acutum  G iesbrecht................................. IA , 2A, 3A,

11A.
L . minutum  G iesbrecht..............................  4A, 11 A.
Lophothrix frontalis G iesbrecht  14E, 26D xx.
L . latipes (T. Scott)....................................  14D, 14E*.

24F, 28C, N .
L . varicans W olfendeni ?).........................  23F N .
Lubbockia aculeata G iesbrecht...............  7D , 14E, 15D.
L . squillimana C lau s .. .  : ...........................  See diagram.

N .
Lucicutia clausi (G iesbrecht)...................  See diagram.
L . curta F a rra n ........................ : .................  See diagram  N.
L. flavicornis (C laus)..................................  See diagram .

xx.
L. magna W olfenden.................................. 28 A.
L. maxima  W olfenden............................... 27F xx.
L . ovalis W olfenden...................................  8A, 24E, 26A,

28B, 32B.
L. simulans Sars........................................... 26F N .
Macrosetella gracilis (D ana).................... See diagrams.
Mecynocera clausi I. C. T hom pson  See diagrams.
Megacalanus princeps W olfenden  13F., 23F. xx.
Mesorhabdus angustus Sars......................  x.
Mesundeuchaeta asymmetrica W olfen- x. 

den.
M etridia bicornuta D av is ..........................  16G, 24F, 26F,

27F, 28F xx.
M . boecki G iesbrecht................................. 27F.
M . brevicauda G iesbrecht.........................  See diagram .
M . longa (Lubbock)...................................  13G, 16G, 24G.
M . lucens B oeck..........................................  See diagram .
M . venusta G iesbrecht...............................  See diagram.
Microcalanus pygmaeus S a rs ...................  10G, 12G. N .
Microsetella norvegica (Boeck)...............  See diagram.
M . rosea (D an a)..........................................  See diagram.
M iracia minor T. Sco tt.............................. 24B, 32A. N.
Monacilla tenera S ars................................  30G.
M . typica Sars..............................................  See diagram.

N .
Mormonilla minor G iesbrecht.................. See diagram .

N - .
M . phasma G iesbrecht............................... See diagram  N.
Nannocalanus minor (C laus).................... See diagram .

xx.
Neocalanus gracilis (D an a)....................... See diagram.

xx.
N . robustior (G iesbrecht)..........................  6A, 12A , 22C,

28B. xx.
Oculosetella gracilis (D ana).....................  4A, 27D, 30B.
Oithona atlantica F a rran ........................... 24A, 28A.
O. attenuata F a rran ...................................  30A, 32A.
O. fa lla x  F a rran ..........................................  6A, 10A, 12A,

30A, 32A.
O. nana G iesbrecht..................................... 12A.
O. plumifera  B a ird ...................................... 6A, 8A ,  10A,

12 A, 14A, 16 A, 
18A, 20A, 22A, 
24A, 30A, 32A. 
xx.

O. rigida G iesbrecht................................... 6A.
O. setigera (D ana)......................................  10A, 12A, 14A,

20A, 30A, 32A.
O. similis C laus...........................................  10A, 16A, 22A,

24A, 28A, 30A,
32A.

O. simplex F a rra n ....................................... 3B.
O. tenuis R osen d o m ..................................  6A, 10A, 12A,

14A, 30A, 32A.
Oncaea clevei F riich tl................................  6A, 8A, 10A,

12A 32A.
O. conifera G iesbrecht............................... 10A, 24A, 32A,

Species. Occurrence.
O. curta Sars................................................  20A. N.
O. dentipes G iesbrecht..............................  20A. N .
O. media G iesbrecht..................................  6A, 8A, 10A,

12A, 14A, 20A, 
28A, 30A, 32A.

O. mediterranea C laus...............................  14A.
O. obscura F a rran ....................................... 28A . N.
O. similis Sars..............................................  10A, 14A. N\
O. venusta Philippi.....................................  6A, 8A, 10A,

12A, 26A, 32A, 
xx.

Onchocalanus sp ..........................................  27F.
Pachyptilus eurygnathus Sars...................  x.
Paracalanus aculeatus G iesbrecht  2A, 2B, 6A,

8A, 10A, 30A, 
32A.

P. nanus Sars................................................  6A, 6D , 10A,
12A, 16A, 26A, 
26D, 28A, 30A, 
32A.

P. nudus Sewell............................................  6A, 10A, 30A,
32A.

P. parvus (Claus).........................................  10A, 12A, 16A.
22A, 32A, xx.

P. pygmaeus (C laus)................................... 8A, 10A, 24A,
26A, 28A, N.

Paraeuchaeta barbata (Brady)................. 13G, 26G, 30G.
X .

P. biloba F a rra n ............................... .. x N.
P. dubia Esterly...........................................  x N.
P. diegensis (Esterly)..................................  x N.
P. exigua (W olfenden)...............................  x N.
P. gracilis Sars.............................................  x N.
P. hanseni W ith ...........................................  x.
P. malayensis Sewell................................... x.
P. norvegica (Boeck)..................................  30F. N.
P. sarsi F a rran ............................................. x.
P. scotti (F arran )......................................... x.
P. tonsa (G iesbrecht).................................  x.
Phaenna spinifera C laus............................  3A, 4E, 5C, 7A,

12C, 14E*, 14G, 
14H, 22C, 25C.

Phyllopus aequalis Sars.............................. 23F. N.
P. helgae F a rran .......................................... 5E, 14E, 24E.

28F, 30E. xx.
Pleuromamma abdominalis (L ubbock)..  3 A, 8B, 14A,

16A. xx.
P. borealis D a h l........................................... x N.
P. gracilis, (C laus)........................................ x.
P. piseki Partan........................................... 3A xx.
P. xiphias (Giesbrecht)..............................  See diagram .

xx.
Pontella diagonalis C. B. W ilson  IOC. xx N.
Pontellina plumata (D an a)........................ See diagram.
Pontellopsis regalis (D ana).......................  4A, 10G.
Pontoeciella abyssicola (T. Scott)  6F, 14D. N.
Ratania atlantica Partan..........................  14F. N.
R. flava G iesbrecht.....................................  32B N .
Rhincalanus cornutus D a n a ......................  See diagram .

xx.
R. nasutus G iesbrecht................................  See diagram.

xx.
Sapphirina angusta D a n a ..........................  12C xx.
S. auronitens C laus.....................................  8 A, 11 A, 32A,
S. bicuspidata G iesbrecht.........................  8A.
S. gastrica G iesbrecht................................ 6A.
S. maculosa G iesbrecht.............................  4E*. N .
S. metallina D a n a .......................................  4E, 6B, 14B,

14C, 14E, 15C, 
20A, 32B.

S. nigromaculata C laus.............................. 8A, 12A.
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Species. Occurrence.
S. opalina D a n a ...........................................  3 A, 4B, 11 A.

xx.
S. ovatolanceolata D a n a ............................  10A, 14B, 30A,

32A. xx.
S. stellata G iesbrecht.................................  x.
Scaphocalanus magnus (T. S co tt)  x.
S. medius S ars..............................................  13F, 24 F.
Scolecithricella dentata (Giesbrecht)  See diagram.

N .
S. dubia (G iesbrecht).................................  22C. N .
S. media W olfenden...................................  x N.
S. vittata (G iesbrecht)...............................  27c, 28C, 29C

N.
Scolecithrix bradyi G iesbrecht................  See diagram.

N .
S. danae (L ubbock)....................................  See diagram.
Scottocalanus longispinus A. S co tt  28F xx N.
S. persecans (G iesbrecht).......................... 28F xx.
S. securifrons (T. Scott)............................. 22F, 28E xx.

Species. Occurrence.
Spinocalanus magnus W olfenden  16G.
S. spinosus F a rran ......................................  16G. N .
Temora discaudata G iesbrecht................  See diagram.
T. stylifera D a n a .........................................  See diagram.
T. turbinata D a n a .......................................  See diagram.
Temoropia mayumbaensis T. Sco tt  See diagram.

- N .
Undeuchaeta intermedia A. S co tt  22E, 30E xx.
U. major G iesbrecht...................................  26F. x x .
U. plumosa (Lubbock)...............................  See diagram.

xx.
Undinula caroli (G iesbrecht)....................  See diagram.
U. darwinii (L ubbock)...............................  See diagram .

xx.
U. vulgaris (D ana)......................................  See diagram.

xx.
Xanthocalanus sp .........................................  4C, 14C, 16E,

16G, 19C, 22C, 
30F xx.

Fig. 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 A verage

A 44 46 53 37 34 51 38 58 10 40 47 51 15 35 14 16 37

B 19 - 34 - 27 - 43 - 0 - 24 - 25 15 23

C 18 6 30 23 24 19 7 25 9 11 31 13 25 24 12 18

D 21 13 15 9 10 18 10 6 11 10 10 11 26 20 15 14

E 33 23 20 44 7 14 10 17 24 31 24 12 22

F 14 14 6 9 9 22 28 15 18 15

G 22 29 24 12 27 27 29 15 35 24

H 22 24 9 19

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A 52 16 37 8 26 13 18 15 13 15 9 12 22 18 7 21 19

B 36 - 15 - 24 - 14 — 13 - 13 - 8 - - 18

C 22 14 25 18 21 23 22 24 9 12 22 12 10 21 18

D 9 9 16 14 8 6 14 12 8 26 11 9 17 13 12

E 11 17 10 28 8 23 21 12 21 9 13 16

F 13 45 15 49 35 37 25 19 12 6 13 24

G 28 17 12 19 26 14 21 13 19

Trigsurvey 1964
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5. Discussion.
Diversity distribution.

The total number o f  C opepod species found in 
each separate haul ( = diversity) is recorded in 
Fig. 1. A lthough our taxonom ic work is not com 
plete, the present data already show two maxima: 
one in the surface layers along the northern line, 
the other in the deep hauls between 750 and 1,500 
m. throughout the area. The occurrence o f  maxima  
in  those levels has been observed on many occa
sions in all oceans, as SEW ELL (1948) has already 
emphasized.

In the greater part o f  the southern area, how 
ever, the surface water was marked by a paucity o f  
species as well as by low  plankton volumes. In 
fact, comparatively few adult copepods were found  
near the surface at m ost o f  the southern stations 
and the populations were com posed o f  a very high  
percentage o f  early copepodid stages o f  small 
Calanoids and Oithona.

Distribution o f certain species within the area.
In m ore than 100 o f  our distribution diagrams 

o f  individual species som e sort o f  pattern is 
apparent. W hen we compare these patterns, it is 
possible to  classify them into four groups, which 
could well correspond to four separate com m uni
ties. By utilizing one diagram on which was 
plotted the occurrence o f  all the species which  
appear to fall into the same group (or supposed  
com m unity), we obtained the results shown in  
Figs. 2 to 5, where each dot represents the occur
rence o f  one species o f  the group in a certain haul.

Table II shows that both groups C and D , 
occurring in deeper levels, contain a number o f

species known to occur in the Atlantic and P acific, 
but n ot previously found in the Indian Ocean. 
The number o f  these species appears to  increase 
with depth. Furthermore, from Table II, the 
per cent occurrence o f  each o f  the four groups is 
uniform ly high in that area to which we have 
tentatively assigned it. This strengthens our sup
position that the four groups correspond with 
real plankton communities.

The vertical distribution o f  the four groups 
closely agrees with that o f  the water masses as 
deduced from the hydrological data o f  the cruise 
(O R R E N  1963):—

M ocam bique and Agulhas Cur
rents: Stat. 1-5, 0 -500  m . . .  Group A.

Surface and subsurface water:
0 -200  m ............................................  Group B.

Central water: ' 200-600 m   Group C.
Antarctic Intermediate water:

600-1, 300 m ................................... G roup D .
D eep  water: 1,400-3,000 m: A s the nets 

seldom  reached further down than the upper 
limit o f  the “ D eep water ” , it cannot be 
expected that a separate com m unity (which 
m ight well occur here) would be distinguish
able in our catches.

Again, the surface water at the southern line o f  
stations did not yield any species falling within any 
o f  the four groups. This water mass seems to be 
inhabited by a few ubiquitous species only. The 
hydrological data here point towards a general 
sinking o f  the surface water (O R R E N  1963), but 
we can find no connection between this pheno
m enon and the dearth o f  surface plankton.

T a b l e  II.

N o. o f 
species.

G eneral distribution.
N o. o f occurrences in our 

catches.

G roup.
Atlantic. Indian. Pacific. In /O u tside  

group area. Total.

Percentage 
occurrence in 

group area.

A .............................................. 12 10 12 12 52 10 62 84
B .............................................. 21 15 21 21 166 37 203 82
C .............................................. 14 14 10 14 107 41 148 72
D ............................................. 81 75 50 75 491 83 574 85

3 9 9
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Fig. 2

1 2 3 '4 5 6 7 8 9 10 11 12 13 14 15 16
A :»• :::: :: » ** ** *• ::: •
B *•

C ’
D *

E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F
G

GROEP A

Canthocalanus pauper 
Eucalanus crassus 
C. subtenuis 
Euterpina acutifrons 

Labidocera acutum  
L. minutum  
Pontellina plumata 
Sapphirina opalina 
Temora discaudata 
T. stylifera 
T. turbinata 
Undinula caroli

Fig. 3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A g» *î* U" iV.i :::: ....

B •••• ** ::::
C * * '* * * *
D ...

E **

F "

G * *

H
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A Hi: " • îî”

B
....

C
...

D •

E *

F • ' *
1,

G

GROUP B

Acrocalanus gibber 
A. gracilis 
A. longicornis 
A. m onachus 
Calanopia elliptica 
Candacia simplex 
C. truncata
Centropages calaninus 
C. elongatus 
C .fu rcatus 
C. gracilis
Clytemnestra rostrata 
C. scutellata 
Copilia mirabilis 
Eucalanus a ttenua tus 
E. longiceps 
E. m ucronatus 
E. subcrassus 
Scolecithrix danae 
Undinula darwinii 
U. vulgaris

Trtgsumey 1964
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Fig. 4

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A ” ' ' *

B . . .

C • • •

D • • • . . .

E •  e

F
• '

G
• •  •

H
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A a

'

B •

C "

D • • • • * •  •  • . . . •

E ”
•

F.
G

GROUP C

A etidius arm atus  
Candacia longim ana  
E uaetld ius g iesb rechti 
H aloptilus longicornis 
H. ornatu s  
H. oxycep h alu s  
H. sp in icep s
H eterorhabdus papilliger 
H. sp in ifrons  
P h aen na spinifera  
Sapphirina m etallina  
S colecithricella  vittata  
Scolecithrix bradyi 
U n d eu ch aeta  p lum osa

Trigsurvey 1964
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GROUP D

Amallothrix em arginata  
A ugaptilus g lacia lis
A. long icau datus  
Bathypontia m inor
B. e leg a n s
C alanoides carinatus  
C alanus to n su s  
Chiridiella m acrodactyla  
Chiridius poppei 
Chirundina streetsi 
C onaea gracilis  
C ornucalanus chelifer  
C tenocalanu s van u s  
D isseta  palum boi 
E uaugaptilus (all 10 spp .) 
E ucalanus e lo n g a tu s  
G aetanus (all 7 spp.)
Gaidius ten u isp in u s  
H aloptilus acutifrons  
H aloptilus a n gu sticep s  
H. m u cronatus  
Lophothrix (all 3 spp.) 
Lucicutia m axim a  
M egacalanus princeps 
Metridia (all 6 spp.) 
M esun deuchaeta  asym m etrica  
M icrocalanus p ygm aeu s  
M onacilla (both spp.) 
M ormonilla (both spp.) 
O nchocalanus sp. 
Paraeuchaeta  (all 12 spp .) 
Phyllopus (both spp.) 
P on toeciella  abyssicola  
Ratania atlantica  
R hincalanus n asu tu s  
S cap h oca lan u s (both spp.) 
S co ttoca lan u s (all 3 spp.) 
Sp inoca lanus (both spp.) 
Tem oropia m ayu m b aen sis  
U ndeuchaeta  interm edia  
U.major

Trigsurvey 1964

Fig. 5

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • • ■ * * • • •

B
C • • • •* • ' • * * * ‘
D

. . . * * *
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E • • ;  . . .

F :::: • . . . .

G
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H
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
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B
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'
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'
•

.

D •• • •

E • • • • *•••

F : : :: . . .

'

. . . .
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A  certain number o f  species showed no special 
distribution pattern as they were found in nearly 
every haul from  all depths, including the surface 
nets along the southern traverse. Such species were 
am ong others, Acartia danae, A. negligens and  
Mecynocera clausi. I t  seems probable that after 
com pletion o f  the taxonom ic work certain species 
o f  Oithona, Paracalanus, Clausocalanus, Calo
calanus and perhaps a few others will show the 
same ubiquitous trend. They could be placed into  
a fifth group, which . we w ill here call the 
“ ubiquists ” .

Macrosetella gracilis could be classified as a 
“ ubiquist ” , if  only the northern profile (stations
1-12) were considered. Elsewhere, it is found only  
in the deepest nets (1,500-1,000 m .) and near the 
250 m.-level, except at station 32 where it is again 
found at all depths down to 500 m. (no deeper 
hauls could be made at that station). Hydro- 
logically, station 32 has the same type o f  water as 
the northern stations. M. gracilis provides an apt 
transition towards a sixth group o f  distribution  
patterns which is n ot uncom m on in our material 
and which could be defined as “ dichotopic ” , i.e. 
occurring in two or more rather widely separated 
areas, and being conspicuously absent between  
them.

The following are som e examples o f  dichotopic 
distribution:—

Acrocalanus gracilis and A. monachus are found  
regularly in the upper 50 (seldom  100)m. from  
station 1 to 11, at stations 17 and 32. H ow 
ever, they also appear below 500 m. and down 
to 1,500 m. at stations 6, 7, 11 and 12.

Centropages gracilis is rather scattered in the 
upper 250 m. at stations 1, 5 and 11, but 
occurs twice below 1,000 m. at stations 11 
and 12.

Euaetidius acutus is found in the upper 100 m. 
in the M ocam bique Current but also below  
1,000 m. at stations 6 and 10. The waters 
between them accom modate E. giesbrechti.

Aetideus armatus occurs in the Central water in 
the north, but only in the Atlantic Inter
m ediate water in the south.

Ctenocalanus vanus is found at six stations 
above the 100 m .-level and at four stations 
below the 750 m .-level along the northern 
profile, whereas in the south it occurs in one 
surface catch, five central water catches 
shallower than 500 m. and eight deep catches 
in over 1,000 m.

5640042-4

Although it is premature at this stage to theorise 
about these cases o f  “ dichotopic ” occurrence, 
we feei tempted to put forward the following  
considerations.

In many cases o f  “ dichotopy ” we are dealing  
with species known to occur in both the Indian  
and the Atlantic Oceans. It is known that Atlantic 
water flows eastward around the Cape o f  G ood  
H ope at a certain depth and penetrates the Indian 
Ocean. This influx carries elements o f  Atlantic 
plankton into the deep layers o f  the Indian Ocean, 
whereas the autochthonous Indian population o f  
the same species lives near the surface. Hence the 
appearance o f  such species at two separate levels 
in our cross sections.

There are other cases o f  dichotopy involving  
species which are rare or entirely absent in the 
Atlantic, such as Acrocalanus gracilis and A. 
monachus. Their occurrence in our deep nets seems 
to coincide with that o f  N orth Indian D eep  water 
originating from  surface water sinking in the Ara
bian Sea. Thus our northern transect would s ,ow  
these species to occur both as a “ normal ” 
epiplanktonic population and as a deep “ dis
placed ” one.

The distribution o f meso- and bathypelagic Copepods through
out the Indian Ocean.
The frequent occurrence in our deep catches o f  

such species as Calanus tonsus, Calanoides carinatus, 
Ctenocalanus vanus, Metridia lucens as well as 
many others considered to be representatives o f  
the Atlantic and Subantarctic plankton, suggests 
a considerable influx o f  southern and western 
origin into this part o f  the Indian Ocean. The four 
species just mentioned are am ong those that have 
not been found elsewhere in the Indian Ocean. 
W ith the exception o f  C. tonsus, they are at times 
very com m on along the western and southwestern  
coasts o f  South Africa, where they reach the surface 
with the upwelling water m asses (Benguela Current 
system). C. tonsus can be found in great numbers 
in the upper layers som e 100 miles south o f  the 
Cape o f  G ood  Hope.

SEWELL- (1948) has shown a correlation  
between a deep current o f  Antarctic Intermediate 
water flowing into the Arabian Sea and the occur
rence in that area o f  a number o f  species which he 
considers to  be o f  N orth Atlantic and Arctic 
origin and transported there by way o f  the Cape. 
Follow ing the path o f  that current northward, he 
finds a decrease in the number o f  these species 
from 56 and 38, respectively, at tw o stations in the

4 0 3
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southern and central Arabian Sea, to 32, 19 and 12, 
respectively, at three stations near the G u lf o f  Oman 
and the G u lf o f  Aden.

By applying SEW ELL’s standards (SEW ELL  
1948, pp. 498-506, list o f  species) we find that the 
Atlantic contribution to our SW -Indian bathy- 
pelagic fauna has reached 134 species so far, which 
agrees very well with SEW ELL’s views. This trend 
in the western part o f  the Indian Ocean, as shown 
by SEW ELL, is seen to continue in the region east 
o f  the Laccadive-M aldive Ridge as well, if  we 
com pare the contents o f  the six mid-water trawls 
described by SEW ELL (1929, 1932) with our list 
o f  m eso- and bathypelagic species. Proceeding 
from west to east, we find—

20 o f  our “ Atlantic ” species at station 682 
(Laccadive Sea, 1,260 m., 54 spp. in total);

11 o f  our “ Atlantic ” species at station 670 (W  
o f  Ceylon, 360 m., 40 spp. in total);

5 o f our “ Atlantic ” species at station 393 (ESE 
o f  Ceylon, 720 m., 45 spp. in total);

2 o f  our “ Atlantic ” species at station 463 (E o f  
Ceylon, 720 m., 8 spp. in total);

none o f  our “ Atlantic ” species at station 462 
(central southern area o f  Bay o f  Bengal, 855 
m ., 9 spp. in total); and

none o f  our “ Atlantic ” species at station 461 
(W o f  Andaman Islands, 675 m., 1 sp.).

From  the foregoing figures it will be noted that 
a gradual decrease in the numbers o f  Atlantic 
species in a northerly and easterly direction is 
apparent in the Indian Ocean, and that a minimum  
is reached in the Bay o f  Bengal.

A  similar regression seems to occur from the 
opposite direction, along the axis o f  the deep 
current penetrating into the Indian Ocean from the 
W est Pacific through the M oluccan Passage, the 
Banda and Timor Seas.

In eleven deep hauls made by the Siboga Expe
dition in the Eastern Malay Archipelago, A. 
SCOTT (1909) found a number o f  our “ Atlantic ” 
species. W hen the number o f  species which each 
Siboga station has in com m on with the Central

and Antarctic Intermediate waters in our area is 
plotted on a map, a decrease in a southerly and 
westerly direction becomes apparent. Isolines 
drawn around the stations with more than 15 
species in com m on, and around those with more 
than 20 species in com m on with our southwestern 
deep fauna, follow  much the same trend as the 
contour lines o f  the lower oxygen minimum given 
by W YRTK I (1961, plates 32 and 35); see Fig. 6.

W e may conclude that the influxes o f  deep water 
into the Indian Ocean from the South Atlantic as 
well as from the Western Pacific are clearly indi
cated by the changes observed in the bathypelagic 
and m esopelagic Copepod fauna.
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DEEP WATER 
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Num ber of Atlantic and  Polar Copepod 
species which each deep haul of the  
SIBOGA Expedition has in comm on with 
the  S.W. Indian Ocean fauna as  recorded 
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406 A cartia danae A cartia negligens

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + f + f f f f r + + + r f r +
B f f f f r f
C
D r r f r • r +
E • • • • •
F r f r r r
G • •
H • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + + r + i f r r r f f f f
B f • r r r f
C f • • f f
D • • • f •
E f f + r f
F
G f f r r r r

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f f f r + f f f r r
B f f f f
C
D r • r r
E • • • • • • • • • •
F r r r
G • •
H • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f f f + f + r r r f f
B f f + + f f
C f f f f f f
D • • • •
E r f f r r
F •
G f f

A crocalanus gibber

i 2 3 ,4 5 6 7 8 9 10 11 12 13 14 15 16
A r r r r r
B • r
C • • •
D
E • •
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B
C
D
E
F
G

C O R R IG E N D U M  and A D D E N D U M . 
A c a r tia  negligens:

Insert . in square C 28.
D elete . in square C  30.
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Acrocalanus gracilis Acrocalanus longicornis

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A 1 Í f f r r r
B . r r
C • • •
D
E- • •
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B
C
D
E
F
G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + r f f f f r f r t r
B • f
C . • ■
D
E • •
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B
C
D r
E
F
G .

Acrocalanus monachus

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r r r r f r r
B •
C • • •
D
E • r.
F r
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
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C
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F
G

A D D E N D A .
A croca lanus gracilis:

Insert r  in squares : F7, F I 1 and G 12.
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408 Aegisthus spp. (m = A . mucronatus)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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E *m r r

F
G rm r
H
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Aetideus armatus
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C • r r r
D
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Calanoides carinatus
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T ngsu '»e>  1964 P L A T E  II

CORRIGENDUM  and ADDENDUM
A etid eu s  a rm atus:

Insert r in square  A  28.
D elete r in square B 28.
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Calanus tenuicornis Calanus tonsus
(B) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A • • • • f r r r r i r
B • • r r r f
C r • • •
D r r r
E • •
F r r
G r r • • •
H r •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f r r + f • r r r
B r . r
C r f f r r f r r
D • r
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F • • • • • •
G r r r r
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Tricsu'vey 1964

Calocalanus (all spp.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A i 1 + f f f r f r f f f r f r r
B r f f f f r r
C r r r r r r r r r r
D r r r r r r r f f r f
E r r r r r r r f r r
F f r f r r r
G r f f r f r f r
H r f r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A 1 + 1 f + f I f f r f f + f f
B + + f f + f
C f + f f f f f r r f r r r
D + f f f f r f f r r r
E f f + + f f f r r
F f f f f r f f f f r r
G + 1 f + f i r

P L A T E  II

A D D E N D A .
Calanus tonsus:

In s e r t . in sam e squares as in Calanus 
tenuicornis, except where another 
sym bol is already present in C.
tonsus.

K)
C/1

R
eprint 

trom 
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410 Calocalanus pavo Calocalanus plumulosus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f • . • r • f • f • f • r • r
B • • • •

C
D •

E •
F • • •

G •
H • • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r • f • r • r • r • • • • •

B • • • •

C
D • • • • • • • • • •

E
F
G » • • • •

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A • • • • r . r f • f • f . r
B • • . .
C
D .
E • • •
F • • • • •
G • •
H . • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f • f • f • 1 • • • • r • r •

B • • • • •

C
D • • • • • • • • • •

E
F
G • , • • • • •

Calocalanus styliremis

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • • • • • • f • f • r • • • •
B • • • • •
C •
D •
E • •
F • • • • •
G •
H • • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f • f • f • r • r r « • ' • •
B • • • • •
C
D • • • • • • • • • •
E
F
G • • • • *

T rigsurvcy 1964. P L A T E  III

C O R R IG E N D A  and  A D D E N D A .
C alocalanus p avo:

I n s e r t . in squares E  19, F  19. 
Calocalanus p lu m u lo su s:

D elete . in squares: A 2, A 4 , A  18 
A 20, A  22.

R
eprint 

hom 
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om
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Industry", 
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C a n d a c ia  ae th io p ica C a n d ac ia  bispinosa

(B ) i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A • r • f r
B • • •
C • • • • • •
D r •
E • • ■ • •
F •
G • • •
H •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B • •
C r • • • • r
D • •
E • •

F
G

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • • • r r r r
B • r r •
C ■ • • • • r •
D •
E • • • • • i

F •
G • • •
H •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r • •
B • •
C • • • •
D • •

E • ' •
F
G

C a n d a c ia  ca tu la

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • r • r • r r r
B r • r r •
C • • • • • •
D •
E • • • • •
F •
G • • .
H •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A r
B • •

C • • • •

D • •

E • •

F
G

T r i n u m y  1964. P L A T E  III K)

R
eprint 
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trlfturvcy 1964.

Candacia longimana

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C
D r
E r r
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
0 r
D r
E ■r
F
ç

Candacia simplex

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f r r r r r
B r r
C r
D r
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B f
C r r
D
E
F r
G -

Candacia, truncata

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f r r r r f
B r
C
D r
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 ?0 19 18 17
A
B
C
D
E
F
e

ADDENDA.
Candacia longimana, C. simplex, C. 

truncata:
Insert . in same squares as in other 

Candaciae (page 27), except where 
another symbol is already present 
in the square concerned.

PLATE IV

R
epiint 
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Industry", 
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Canthocalanus pauper Centropages calaninus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A i f + Í f i r A • f r r r r
B B -- r
C t C
D r * D.
E E
F F --G G •
H H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r A r
B i -- B •

--C C
D D
E

- - -- — E
--

-- —F -- F
0 G

Centropages elongatus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516
A • r r
B
C
D
E
F
G r •

H
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A r r
B r
C r
D
E
F
ç

Trlpunwr is««. PLATE IV
to
VO

R
eprint 

izom 
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414 C e n tro p a g e s  fu rca tus C e n tro p ag es  gracilis
uio

(A ) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + + f r r
B r
C
D
E
F
C • r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B •

C
D
E
F
G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A - f r f r r •
B
C r
D
E
F
G • r r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B •
C
D
E
F
G

C h irid iu s  sp.

1 -2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C
D r
E r
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C f
D r r

E r
F r
G -

f r i j t v r v i y  1964. P L A T E  V

R
eprint 
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Clausocalanus arcuicornis

1 2 3 4 5 b 7 8 9 10 11 12 13 14 15 16
A 2 + • + . 1 • + • f • 1 f f r
B . • • • f
C .
D •
E •
F • • • • • •
G • • • • • r •
H • • r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + • f r • r • • f • / •
B • • • •
C •
D ■ • •

E • •
F •
G • • • • •

Clausocalanus furcatus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516
A 3 + • + • 2 + • + • 1 •
B • • •
C
D • r r *
E r
F • • • • •
G •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f • f • • • • • •

B • ■ • •
C •

D • • •
E • •

F
G • • • • •

C lausocalanus paululus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A . • • r • r • r • • / . r
B • • • •

C •

D •

E •

F • . • • • •

G .

H • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A r • r . r « • • • •
B • •
C •
D • •
E . • • • •
F •

G • • • • /

A D D E N D U M . 
Clausocalanus furcatus:  

I n s e r t . in  square H  13.

Trigsurvey 1964 P L A T E  V
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Clausocalanus (all spp.) Conaea gracilis
u>to

(A ) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A 3 I + 1 + 2 + + f + i 2 + f f
B f + f + f f f
C f f f f f f f f f f f f
D f f f r r f f f f f r r f
E r + f r f r i r f f f
F i i f f r f f r
G + + + f + + + f r
H f + r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + f f r f f + r r f f f f
B + f + + f

C t + f i f + f f i + r f

D f ( r r f f r f r r f r
E I ' I + i f + r f
F f f + f r f f r r f f
G f f f f i f

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r
B r
C
D r
E f r r r
F r r r r
G r i r r r
H f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B
C r
D r
E f r r
F r + r f r + r r
G f r f r r r

Copilia mirabilis

1 2 3 4 6 7 8 9 10 11 12 13 14 15 16
A r f f r r r r r
B r
C • •
D * *
E r .1

F
G •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B r
C
D
E
F
G •

Trigsurvey 1964 P L A T E  V I
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Copilia ' quadrata Ctenocalanus vaniis

(B) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r
B r
C • • r
D +
E
F
G •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B
C
D
E
F
G •

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r
B r r r r r r
C
D
E
F r V

G « r r r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B r i
C r r
D r r
E
F f r f r' r r
G r r

Corycaeus sensu lato  (all Spp„ excl. Corycella)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A i I + 1 + + + + f + + f + r
B r f f + + f r
C r ? ? ? ? ? p ? ? ? ? ?
D r f» f f + + r r f ? r r
E r r f r r f f r +T r r
F i r f f r
G f f f f + r f r
H f + f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + f + r f f f + f
B + r r
C + r + i r r r r f 5
D r r f r r f ?
E r f f r f r r
F r r r
G f r r f

ADDENDA. 
Ctenocalanus vanus:

Insert r in squares A  12 and A  25.

T r i . s u r v a y  1 964 . PL A T E  V l
u  u>
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418 Corycella (all spp.) Euaugaptilus palumboi

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C
D
E
F
G r r
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F r f r
G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f f f r f f f f i + i i f +
B f f + f
C ? ? ? ? ?
D r f r * f r
E f r f r V
F r r « r
G + r r r ?' f
H f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + + 1 1 f f f r r r f
B + + + f r
C + r r r r r r ?
D f + f f f f r f r r r ?
E f r r
F 1 f 1 f f r r r
G f r r 5 r r

Euaetidius acutus

1 2 3 ■4 5 6 7 8 9 10 11 12 13 14 15 16
A r r
B r r
C
D
E
F
G r r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F
G

TngsurÿCy 196-1
P L A T E  V II

a d d e n d u m .
Corycella  (all spp.):

Insert +  in square A  32.
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Euaetidius giesbrechti Eucalanus attenuatus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516
A f + + • r f r •

B • r r • •

C • • • • • •

D • • • r
E • • • • • «
F •
G • • f
H •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f • f
B •
C • •
D • • • • • • •

E r • r
F • • • • • •
G • •

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B r r
C 5 5 7 ?

D f
E r T r r

F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B r
C r f f r f r •

D r r f r
E
F
G

E u ca lan u s crassus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f + r • f r r
B • r •
C • • •

D • • • •

E ■ • • • • •

F •

G • •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r •
B •

C • •
D • • • • ■ • •
E • •

F • • • • • •
G ■ •

ADDENDUM . 
Eucalanus crassus!

Insert. in square H 13.

£  Trigsufvey 1964 P L A T E  V I1
U l
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Eucalanus elongatus Euchaeta (all spp.)

Tri«»urv«y 1964,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f f i f 2 2 I + r f r
B r f r + r
C ? ? ? p ? p ? P

D r r r i
E r r r r r r r
F
G r r r r
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f r i r

B f r r
C f f f f f f r r f
D f f f + f f +

E f f f f r
F f r r r r
G r r

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • * • • r •
B • • • • •

C • • • • • •

D • • • •

E • • • • • •

F r r
G • • f
H •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A •

B •

C •

D • « • • .
E r • r
F • • • • • •
G r , • r

Euchirella (all spp.)

1 2 3 4 6 7 8 9 10 11 12 13 14 15 16
A r r r
B r

C r r r
D t
E r f f r '

F r
G r r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r

B
C r r r

D f f r
E f
F r

ç r r

PLATE VIII

R
epxint 
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Euterpina acutifrons Gaetanus miles

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C •

D r r
E • • •

F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B r
C r
D r r
E • r
F •
G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f r r
B
C r
D r r
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F
G

Gaetanus minor

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516
A
B
C • r r
D r
E r r • r r •
F
G r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B
C r
D • r f r r
E • r •
F r r • r
ç 1

ADDENDUM. 
Gaetanus minor:

Insert r In square A  21.

Trigsurvey 1964 P L A T E  V III
U>-J
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422 Haloptilus longicornis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B f r
C r ? ? ? 5 ? ? 5 5 5
D r • f f f
E r 1 r r r r f r
F r
G • • r • r • f
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
’A
B r
C • f r r ?
D r f f f r r r f •

E f • r
F •\ • r • •
G • r

Heterorhabdus spinifrons

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • r r •
B • • • •
C > p ? 5 • ? •
D • • • • • • •
E f • ' f • • •
F • • • • •
G • • • •
H • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A • • r
B • .
C r r • f f • • • •
D • • f f » r r f

E • • • • •
F r • • • •
G — • • • •

Lubbockia squillimana

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B r r
C • •
D r
E
F • •
G r r r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B r r
C r
D r
E
F »

G •
Trigsurvey  1964

P L A T E  IX
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Lucicutia clausi Lucicutia curta

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • r • •

B •

C • • • • • •

D • • • • • r f
E • • • • « • • •

F • • • • • r •

G • • r • • • •

H • • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A • • • •

B • • r
C • • • • • r • + • •

D • • • • • • • • • •

E • • • • • • • • •

F •

G • • • • •

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r
B r r r r

C
D
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r • • • •

B r r r •
C • • • • • • • • •
D • • • • • • • • • •

E • • • • • • • • •
F •
G • • • • •

Lucicutia flavicomis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • f r • r
B • r r f r r
C • • r • • • • • • • •
D • • • • • •
E • • • • • • •

F • • • • • •

G • • • • • . ■ •
H • • •

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A • r • • •
B r r r • •

C • • • • • • • • • r r
D • • • • • • • • •

E • • • • • • • • •

F •

G • • • • •

ADDENDA.
Lucicutia curta:

Insert . in same squares as in L, 
clausi, except where another sym
bol is already present in L. curta. 

Insert . also in squares D  15» G 10.

Trlgsurvey l t 64. P L A T E  IX KjiVO
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T ft |s u 'v * y  19(4.

M a cro se te lla  g racilis M e cy n o ce ra  clausi

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + f + f f r f f f f f r
B r r r f f
C 5 5 5 ? ? ? ? ?
D r r r r f 5
E r r r r r
F r
G r r f r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A f r r
B f
C r r r
D 1 r r
E
F r r
G r

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r r r r r + f f f f r r
B r f 1 f r
C r ? ? ? 5 5 ? 5 5
D s r r f f ? f
E r ' r r r r f r f r
F r f f r r
G r r r r r r r r
H r f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + f + 1 f r + + f f f r r
B + f f + f f
C f f + + f r f r r f f r r ?
D + + + f f f r r f r r r
E r f f r r r r r
F f f 1 + f. r r r f
G n + r r r r

M etridia brevicauda

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B r
C • • •
D • • •
E f • *■ • • • •
F • • •
G • •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B
C • « •
D • • • r •
E • . • r
F • • • f r r • • • • •
G • • • •

ADDENDUM. 
Metridia brevicauda:

Insert. in square D  27.

P L A T E  X
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Metridia lucens Metridia venusta

(B) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r
B
C • • • •

D • • • •

E f • • • • • •

F • • •
G • •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C • • •
D •
E • r. • •
F •

'G • r f ? • •

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C • • • •
D • • . •

E • • • •

F • r r •

G • • •

H •
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A
B r
C • • •

D . • • • . •
E r • r r
F • • ■ r f • • • f • •
G • • • •

Monacilla typica

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C
D
E r
F
G r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F f r r
G r r

P L A T E  X
ro
U l

R
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M ic r o s e t e l l a  n o rv e g ic a  M i c r o s e t e l l a  ro s ea

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r r r r r r r
B r r r
C • . • .

D r r r r
E • • • • •
F r r r r
G • r r r

H f
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A r r r
B r
C • • • • •

D • ° • • •

E r r
F r r . •
G r r

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r
B
C • • • •
D r r
E • • • • •
F
G •
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B
C • • ■ • •
D • • • • •
E r r r
F r. r • •
G

M o r m q n i l l a  s p p .  m  1™ no r
11 P  =  p h a s m ;

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A rP r tin rP
B
C i ? p p p
D f r r r f
E f f f f r f f r f r r r
F r f r

G r r f f f f i f
H +

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r,n H» r P
B
C tin r ?
D f + f f f f r i r
E + f f r r r
F f 1 f + f f f i f r r
G + + f r ? +■ f
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N annoca lanus  m inor  N eo ca la n u s  gracilis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r r r r r r
B f
C p ? ? ? ? p

D r r
E r r r
F r r
G r r r
H

32 3J 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r
B f
C f r f r f f f f s

D + + r 4- 2

E r f r r
F r f r
G r f

i
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A + 4- 2 r f r f f r + 1 r
B f r + f f

C p p ? p p

D r r r r t (
E r r r

F r r
G 1 ?

H r r
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A + f f f r r r r r f r f f
B + r f f r f r
C + r r r r r f ?

D f r + f r r r
E r
F r

G

O ithona (all spp.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A 2 1 4 1 2 1 1 4- f 1 2 ? f -1- f f
B f 2 1 1 1 ‘ + 4-

C f f 5 5 7 5 7 ? ? ? ? ? 7 ? 7

D f f f + f 1 4- f 4- 4- 7 f r - r

E 4- f + + r f f 4- f 1 + +

F 1 f 4- -1- f f + +

G 4- + 4- f 4- f 1 f i
H + 1 f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A 1 1 2 + 1 1 1 1 4- 4- 4- f 4- r 4-

B 1 2 1 1 1 1 f
C 4- 1 4- 4- 1 4- 4- 4- 1 4- f r ?

D 3 3 3 3 2 3 3 3 4- 4 f f fI

E 1 1 1 1 1 1 4- 4- 4- f *r

F 1 2 3 2 1 2 1 2 2 4-
G 1 1 4- 4- 7 1 1 4-

Trlgsurvey 1964. PLATE XI
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Trigsurvcy

Oncaea (all spp.) Paracalanus (ali spp.) •
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A 2 1 I f 1 f + f f f + I r f r r
B r + + + f r

C r r ? ? p ? ? ? ? ? ?
D r r r r f f ? r
E r f f r r f f f r r r f
F r f f r r r
G f f f f f r f f f

H f +
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A I f f r r f f + r f f r f r f

B + f f f r
C f + r f f r r

D f f r f r r r f
E f r f r f f r
F f f f f r f f f f f f
G r r r

1 .2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A 2 2 4 1 2 2 1 + f f 2 + f f r
B + 2 1 + 1 f f
C f f p ? ? ? ? ? p ? ? ? ? ?

D f f f f f + + f + f ? r f r f
E + f + + r f f f + f +
F 1 + f f + f + f f
G + + + f + r + + f
H + 1 f

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A 1 f f f r r r r r r f + f
B + f f r f r
C + 1 1 r I + + i f r f r r ?

D + 1 1 + + f f f + f f + r
E + + + + f i + f f r +
F 1 2 lí + .i + + + f f
G 1 +■ + + ? i i +

Phyllopus (ali spp.)

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B

. C
D
E r r r r
F r
G r r r
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B r
C
D f f r f r r
E f f r r r
F r f r r
G r

P L A T E  XII

ADDENDA and CORRIGENDA. 
Oncaea (ali spp.):

Delete f  in A 28.
Paracalanus (ali spp.):

Delete ? in C 5.
Phyllopus {ali spp.):

Insert r in E 24.
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Pleuromamma xiphias

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A • •
B •
C • • • • • •
D • • • • • •

E f • f • f •

F • •
G • • • • • r
H •

32 3 f 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A • r • •
B • r • •
C • • • • • • » f • • •
D f • • + • • f • •
E • • • • • •
F • r • • •

G • • • • •

Rhincalanus cornutus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r r f
B f ? r r
C r 5 5 5 5
D r *
E r f 'V

F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r
B f

C r r r
D r
E
F r
G

Rhincalanus nasutus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C p
D
E r f f f
F r f
G r
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A r r r
B r
C r r
D f
E f f f r f
F r + f r f
G 5 r

ADDENDUM . 
Rhincalanus cornutus:

Insert ? in C 5.

Trigsurvey 1964. P L A T E  XII 4*.
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T rtgsurvey  1964.

Pontellina plumata

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r f r f r r f r r r
B
C
D
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B r
C
D
E
F i
G

Scolecithricella dentata

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A •
B • •
C . •
D r r r •
E • r • •
F r
G • • • • •
H • .

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B •
C r r
D • • • .
E • . •
F • •
G r •

Scolecithrix bradyi

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r f
B r r
C ? ? • . • p •
D • r r f
E • r r
F r r r
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C r •
D
E
F • •
G
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Scolecithrix danae

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A i + + f + I f f f r
B r r f
C • • • •

D t • r

E
F
G
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A f f r

B
C •

D
E
F • • r
G

Temora discaudata

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + f r r
B r
C •

D
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A
B
C
D
E
F
G

Temora stylifera

i 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16
A f + r
B r

C
D
E
F
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A
B
C
D
E
F
G

£  *,«*»,.9«. PLATE X III
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432 Temora turbinata Temoropia mayumbaensis
-uoo

(A ) i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A r f r
B r
C •

D r
E
F
G
H

32 31 30 29 28. 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E
F
G

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C r
D r
E r r

F r
G r
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C
D
E r
F r r
G r

Undeuchaeta plumosa

1 2 3 '4 5 6 7 8 9 10 11 12 13 14 15 16
A
B
C r r
D
E F r • •
F •
G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A
B
C r
D
E r
F f r •
G •

Inesu,,w 1964 P L A T E  X IV

ADDENDUM . 
Undeuchaeta plumosa:

In se rt. in D  2.
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Undinula caroli

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1« 16

A f f r r r

B r

C
D
E
F •

G
H

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

A
B
C
D
E
F
G

Undinula vulgaris

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A + + + r r r + f
B r

C ? ?

D t
E r • •

F *
G
H

32 31 30 29 28 27 26 2524 23 22 21 20 19 18 17
A r

B
C
D f

E
F
G

Undinula darwinii

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A f + r f + + + f f f
B f
C • r p
D ♦
E r T • •

F
G f
H r

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
A + f
B
C r
D
E
F
e

ADDENDA. 
Undinula caroli:

In s e rt. in  C 6, E 12, E 15.

T rigsurvev 1964. P L A T E  X IV
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R e p r in te d  from  Z o o l o g i c a  A f r i c a n a ,  v o l .  1, n o . 2 , 1965 , p .  2 7 5 -2 9 5 .

N O T E S ON THE B A T H Y PE L A G IC  FA U N A  OF TH E SE A S
AROUND SOUTH AFRICA

J .  R .  G R I N D L E Y  A N D  M.  J .  P E N R I T H *

South African Museum, Cape Town

I N T R O D U C T I O N

The bathypelagic fauna o f the sea may be regarded as comprising those pelagic animals which 
dwell during daylight hours in the darkness o f  the mid-depths o f  the ocean, below the depth 
to which visible light penetrates. A t night m ost o f these bathypelagic animals migrate vertically 
upwards and some actually reach the surface. The present study was limited to animals obtained 
with a mid-water trawl, \yith netting o f half-inch stretched mesh size, fishing down to a depth o f  
approximately 500 metres. The *area covered included southern African coastal waters and the 
South West Indian Ocean, as shown in Figure 1.

Until recently collecting in the bathypelagic zone was hampered by lack of. suitable 
equipment. Available devices were based either on some sort o f  frame net, such as beam trawls 
and scaled up plankton nets, or adaptations o f otter trawls, where the shearing effect o f  doors 
takes the place o f the frame,, as in the case o f the Petersen young fish trawl and Parr’s (1934) 
triangular trawl. Both types suffered from a number o f  disadvantages, the major ones being 
that to maintain depth they had to be towed slowly. They required a great length o f cable to  
reach even moderate depths and, because o f the slow speed o f  towing, they had to be large to  
capture the faster swimming animals ánd were therefore extremely unwieldy.

The Isaac-Kidd mid-water trawl (Devereaux & Winsett 1953) developed at the Scripps 
Institution o f Oceanography, has to  a large extent overcome many o f the faults o f earlier types. 
The diving action o f  the wide Y-shaped steel depressor vane enables fast towing and the trawl 
maintains its fishing depth within wide margins o f  speed. If the ship’s speed is increased, the 
additional drag on the cable tends to lift the net, but the depressing action o f  the vane also 
increases. The vane used in the present programme was slightly modified to increase its 
strength.

In 1960 the South African M useum began a survey o f the biology o f tuna in South African 
waters, including a study o f  their stomach contents. To make a reference collection o f  the 
possible forage organisms o f  the tuna a ten ft. Isaacs-Kidd mid-water trawl was obtained. 
This trawl proved so efficient for the collection o f  bathypelagic animals that its use was 
continued after the end o f  the tuna survey and it is hoped to  continue this programme further 
to cover more intensively the seas around South Africa. Little work in this field had been 
done in these seas apart from the early trawling surveys by the S.S. Pieter Faure (1897-1907) 
and S.S. Pickle  (1920-1929) and a few stations worked by the Danish D ana expedition  
(1928-1930).

The stations at which successful trawls have so far been made are shown on the chart

*Seconded from the Council for Scientific and Industrial Research, Oceanographic Unit, 
University o f  Cape Town.
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F i g u r e  1. Chart showing positions of mid-water trawl stations and isotherms (°C) at the 500 metre depth level. 
The isotherms were plotted on the basis of published data from several sources enumerated in the text. 
To allow for seasonal and other variations recorded by different vessels at different times the isotherms 
have been smoothed in several places. The continental margin at the 500 metre level has been indicated 
by a broken line.
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(Figure 1) and station list (Table 1), and were in the following six general areas: (1) Two trawls 
off Saldanha Bay (IK 50, 51) at estimated fishing depths (E.F.D.) of 120 and 280 metres. 
(2) Twenty-four trawls (IK 4-7 and 10-29) west of the Cape Peninsula at varying depths 
between 10 and 500 metres. (3) Three trawls south-east of Cape Agulhas (IK 38, 39 and 42) 
at Ë.F.D. 500 metres. (4) Five trawls east of Natal (IK 30, 36, 37, 47, 48) at E.F.D. 200 and 
500 metres. (5) Nine trawls in the south-west Indian Ocean (IK 31-35, 43-46) E.F.D. 500 
metres. (6) Two trawls (IK 40, 41) just north of the subtropical convergence, E.F.D. 500 metres. 
The estimated fishing depth has been assumed to be equal to half the length of cable out. King 
and Iversen (1961) give a table for estimating fishing depth at different wire angles, but the 
slightly modified trawl used in this programme appeared to go deeper. The depth factor of 
half cable out was confirmed on several occasions when the net touched the bottom. In the 
first three trawls the gear hit the bottom and no catch was made and the bottom was also 
touched at Station IK 16.

Except for certain of the trawls made off the Cape Peninsula and one off Durban, all were 
made at night. As the trawls made in daylight caught extremely few bathypelagic invertebrates 
and fish, and as time available for trawling was limited, especially in the Indian Ocean, it was 
felt that a large collection in this poorly known area was of the first importance.

Many of the species found are new records for the Indian Ocean, although usually known 
from the Atlantic and Pacific Oceans whereas off the Cape Peninsula and west coast, where 
there has long been much active scientific collecting and a large deep-sea trawling industry, 
few new South African records have been obtained.

It must be emphasised that this is a general report, and that more detailed taxonomic 
reports on the various animal groups will be published later. In the following account the 
first author is responsible for the work on invertebrates and hydrography, and the second 
author is responsible for the work on fishes. A preliminary report on this work was read at the 
Oceanography Symposium in Durban in 1963 (Penrith & Grindley 1963).

T A B L E  1 .  S T A T I O N  L I S T

Estimated
IK Fishing Water Position

Station Date Time Depth Depth (Approx.)
Number (Metres) (Metres)

4 1/10/60 1415-1515 200 600 N.W. of Cape Town
5 23/ 4/61 1500-1515 10 2,000 West of Slangkop*
6 23/ 4/61 1800-2030 200 1,600 West of Cape Town
7 25/ 5/61 1900-2045 250 300 West of Slangkop

10 7/ 9/61 1310-1510 20 140 West of Slangkop
11 7/ 9/61 1820-2220 40 130 West of Slangkop
12 7-8/ 9/61 2230-0630 40 140 West of Slangkop
13 8/ 9/61 1345-1545 500 2,000 West of Slangkop
14 . . 8/ 9/61 1830-2230 500 2,000 West of Slangkop

437
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Estimated
IK Fishing Water Position

Station Date Time Depth Depth (Approx.)
Number (Metres) (Metres)

15 8-9/ 9/61 2300-0300 15 400 West of Slangkop
16 9/ 9/61 0345-0745 350 350 West of Slangkop
17 9/ 9/61 1115-1315 400 1,600 West of Slangkop
18 9/ 9/61 1800-2200 400 1,600 West of Slangkop
19 .. 11-12/11/61 2200-Q700 100 200 West of Slangkop
20 12/11/61 0800-1300 100 200 West of Slangkop
21 12/11/61 1330-1800 10 200 West of Slangkop
22 .. 12-13/11/61 1830-0600 15 200 N.W. of Slangkop
23 .’. 14-15/11/61 2000-0600 250 500 West of Slangkop
24 15/11/61 0600-1200 100 300 West of Slangkop
25 15/11/61 1200-1900 400 600 West of Slangkop
26 .. 15-16/11/61 1900-0600 400 700 West of Slangkop
27 16/11/61 0600-1200 100 600 West of Slangkop
28 16/11/61 1200-1900 15 300 West of Slangkop
29 16/11/61 1900-2200 15 150 West of Slangkop
30 10/ 8/62 1430-1700 500 3,120 30° 30' 32° 33'
31 12/ 8/62 0300-0500 500 1,320 32° 30' 35° 08'
32 15/ 8/62 0145-0440 500 1,880 31° 44' 44° 35'
33 17/ 8/62 2200-0420 500 2,900 26° 38' 44° 28'
34 18/ 8/62 1825-2Í25 500 4,540 26° 30' 42° 40'
35 19/ 8/62 1825-0745 500 4,320 25° 55' 39° 30'
36 21/ 8/62 1800-0725 500 710 26° 30' 33° 40'
37 23/ 8/62 1815-0330 200 930 30° 30' 31° 45'
38 7/11/62 2100-2340 500 3,300 37° 10' 21° 50'
39 10/11/62 . 2036-2345 500 5,750 37° 40' 22° 59'
40 .. 13-14/11/62 2230-0050 500 5,000 38° 50' 33° 08'
41 14/11/62 2030-2300 500 3,920 36° 47' 34° 40'
42 .. 17-18/11/62 2030-0015 500 4,810 35° 42' 24° 40'
43 14/ 2/63 2100-0330 500 1,390 32° 20' 35° 15'
44 .. 19-20/2/63 2045-0005 500 1,980 30° 47' 45° 50'
45 .. 21-22/ 2/63 2037-0045 500 4,310 27° 00' 43° 30'
46 22/ 2/63 2035-2337 500 4,760 26° 40' 40° 00'
47 24/ 2/63 2030-2335 500 1,820 28° 12' 33° 24'
48 .. 25-26/ 2/63 2130-0040 500 810 29° 52' 31° 36'
50 .. 17-18/ 4/63 1835-0710 280 450 33° 10' 17° 20'
51 .. 18-19/ 4/63 1850-0700 120 400 33° 10' 17° 20'

♦Slangkop is on the west coast of the Cape Peninsula (Pos. 3A° 09' S., 18° 19' E.).
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T A BL E  2 .  D I S T R I B U T I O N  OF I N V E R T E B R A T E  S P E C I E S
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S ip h o n o p h o ra .......................... + + +
♦Periphylla periphylla (Péron and Leseur) + +
Unidentified medusae + + + +

CTENOPHORA
Beroe sp. .. + +
Pleurobrachia sp........................... +

CHAETOGNATHA
Sagitta bipunctata Quoy and Gaimard

♦Sagitta gazellae Ritter-Zahony +
Sagitta hexaptera d’O r b ig n y .......................... +
Sagitta lyra? Krohn ...................................... +
Sagitta sp. indet.............................

ANNELIDA
Polychaete larvae +

CRUSTACEA
Hoplocarida
Larval stages + + +
Amphipoda
Cystisoma spp. + +
Hyperia galba Mont. +
Oxycephalus sp...................................................... +
Phronima sedentaria (Forskal) + + + +
Phrosina semilunata Risso + + + +
Platyscelus c.f. armatus + + + +
Scina c.f. crassicornis +
Scinids (other) + +
Streetsia sp. +
Mysidacea
Gnathophausia ingens (Dohrn) +
Euphausiacea

♦Euphausia longirostris Hansen.......................... +
Euphausia lucens Hansen + +
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Euphausia similis var. armata Hansen.. + +
Euphausia spinifera Sars + + +
Nematobrachion flexipes. (Ortman) +
Nematoscelis megalops S a r s ........................ + + + + + +
Nematoscelis tenella Sars +
Stylocheiron abbreviatum Sars + + +
Stylocheiron maximum Hansen + + + + + +
Thysanoëssa gregaria Sars +
Thysanopoda acutifrons Holt and T í tt. + + + + +

"“Thysanopoda cristata Sars +
Thysanopoda monocantha Ortman + + + + +
Thysanopoda obtusifrons Sars + + +

■"Thysanopoda orientalis Hansen + + + +
■"Thysanopoda pectinata Ortman + + +
■"Thysanopoda tricuspidata Milne-Edwards +
Juvenile Euphausiids + + +
Decapoda
Acanthephyra haeckelii (von Martens) +
Acanthephyra quadrispinosa Kemp + + + + + +
Aristeomorpha foliacea (Risso)........................ +
Chlorotocus crassicornis (Costa) +
Funchalia woodwardi Johnson + + + +
Gennadas gilchristi Calman + + +
Gennadas spp. + + + + +

■"Notostomus longirostris Bate +
Notostomus juv. +
Oplophorus grimaldi Coutiére +

■"Oplophorus typus Bate +
Oplophorus juv. +

■"Pasiphaea acutifrons Bate + + +
Plesionika longirostris Borradaile + +
Plesiopenaeus nitidus Barnard +
Sergestes arcticus Kröyer ........................ + + +
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Sergestes armatus Kroyer + + + + +
Sergestes gloriosus Stebbing + + + + + +
Sergestes phorcus Faxon + + + +
Sergestes splendens Sund + + + +
Sergestes spp...................... + + + + + +
Solenocera africanum Stebbing +
Systellaspis debilis (Milne Edwards) .. + + + + + +
Decapod larvae
Eryoneicus larva .. .......................... +
Megalopa la r v a ...................................... + +
Phyllosoma larva...................................... + + + + +
Puerulus l a r v a ...................................... +
Other decapod larvae + + + +

MOLLUSCA
Pteropoda
Cavolinia tridentata Forskal , , + +
Heteropoda
Carinaria lamarcki Péron and Leseur .. . . +
Pterotrachea coronata Forskal , , + +
Pterotrachea hippocampus Philippi • • +
Pterotrachea scutata Gegenbaur + + +
Cephalopoda
Spirula spirula Linnaeus • . + +
Other cephalopods .......................... + + + + + +

PROTOCHORDATA
Larvacea
Oikopleura sp............................................ « . + +
Thaliacea
Doliolum spp. + + + + + +
Pyrosoma sp.............................................. + + + +
Salpa spp............................ + + + + +

* New records for South Africa
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T A B L E  3 .  D I S T R I B U T I O N  OF F IS H  S PE CI E S
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Xenodermichthys socialis Valliant +
Bathylagidae

Bathymacrops macrolepis Gilchrist +
■¡■♦Bathylagus microcephalus Norman + +
Gonostomidae
■(■♦Margrethia obtusirostra Jespersen afed Taning + +

Gonostoma elongatum Gunther + + + +
Vinciguerria sanzoi Jespersen and Taning +

■¡•Photichthys argenteus Hutton + +
Diplophos taenia Gunther +
Maurolicus muelleri (Gmelin) + +

♦Valenciennellus tripunctulatus Esmark + +
Sternoptychidae

♦Argyropelecus aculeatus Cuvier and Valenc. .. + + + +
f  ♦Argyropelecus amabilis Ogilby + +

Argyropelecus hemigymnus Cocco + + + + +
Polyipnus spinosus Gunther +

Chauliodontidae
Chauliodus sloani Schneider + +
Stomiatidae (sensu lato) + + + + +

Idiacanthidae
Idiacanthus niger Regan
Idiacanthus fasciola Peters +

Evermanellidae
•¡•♦Evermanella balbo Risso + + +
Myctophidae

♦Electroma subasper (Gunther) +
♦Electroma tenisoni (Norman) +
♦Hygophum hygomi Lutken + + + +
♦Hygophum hanseni (Taning) +
Hygophum reinhardti (Lutken) + +

♦Benthosema fibulata (Gilbert and Crane) +
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Myctophum evermanni Gilbert.. +
Myctophum humboldti (Risso) +
Diaphus gemellari (Cocco) +

♦Diaphus brachycephalus Taning +
•{•♦Diaphus dofleini Zugermayer +

Diaphus effulgens Goode and Bean + +
♦Diaphus diadematus Taning +

•{•♦Diaphus fulgens Brauer + + +
t  ♦Diaphus lutkeni Brauer + +
t  ♦Diaphus theta Eigenmann and Eigenmann + + + +

Lampanyctodes hectoris (Gunther) + +
Lampanyctus niger Günther +

•{•♦Lampanyctus leucosaurus Eigenmann and
Eigenmann +

!♦ Lampanyctus superlateratus Parr +
•{•Lampanyctus alatus Goode and Bean + + + + + +
♦Lampanyctus pyrosobolus Alcock +
Ceratoscopelus townsendi (Eigenmann and

Eigenmann) + +
Neoscopelidae
•(■♦Notoscopelus elongatus (Costa) + + +

Scoleopsis multipunctatus Brauer + + + +
Cetomimidae

Rondeletia bicolor Goode and Bean +
Nemichthyidae

Nemichthys scolopacea Richardson + + +
Avocettina infans (Gunther) + + + +
Serrivomer beani Gili + +

Gadidae
Physiculus capensis Gilchrist +
Malacocephalus laevis (L ow e).......................... +
Bregmaceros macclellandi Thompson +

♦Melanonus gracilis Gunther + +
Merluccius capensis Castlenau + +
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Trachipteridae
Regalecus glesne (Ascanius) 
Trachipterus arcticus (Brunnich) 

Melamphaidae 
♦Melamphaes microps Gunther ..
♦Sio nordenskjoeldi (Lonnberg) .. 

Zeidae
Zeus faber L in n ..........................
Oreosoma atlanticum Cuvier .. 

Scombropidae 
fHowella sherborni (Norman) .. 

Caragidae 
Trachurus trachurus Linn 

Bramidae
Brama brama 

■{■♦Collybus drachme Snyder 
t  ♦Taractes asper Lowe 
Champsodon tidae 

Champsodon capensis Regan .. 
Chiasmodontidae 

Chiasmodon niger Thompson .. 
Brotulidae
•(•♦ Brotulotaenia crassa Parr 
Callionymidae 

Paracallionymus costatus (Boulenger) 
Gempylidae 

Thrysites atun (Euphrasen) 
Trichiuridae

Benthodesmus tenuis Gunther .. 
Lepidopus caudatus (Euphrasen) 

Scomberidae 
Scomber japonicus Houttyn 

Scorpaenidae
Helicolenus maculatus (Cuvier)

♦ New South African records
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S Y S T E M A T I C  N O T E S  O N  S P E C I E S

Lists of the species of invertebrates (Table 2) and fishes (Table 3) taken during this survey 
have been given above, but it must be emphasised that these are not complete lists. Detailed 
taxonomic reports on the major groups will be published separately.

Among the Coelenterata was the characteristic bathypelagic medusa Periphylla periphylla 
(Péron and Leseur) which has been described under a number of different names throughout 
the world. Kramp (1961) has, however, indicated that there is only a single species with an 
extensive synonymy. This is apparently the first record of this species from the South African 
region.

Sagitta gazellae is a species new to the South African list but the other Sagitta species 
are previously known from South Africa (Heydorn 1959).

The Amphipoda obtained were mostly not typical bathypelagic forms and may have been 
caught near the surface, but two species of the rare and interesting bathypelagic genus Cystisoma 
are represented.

Some of the specimens of Phronima sedentaria were in their transparent gelatinous 
“houses”. Others, however, were found inside Pyrosoma colonies and there were a number of 
houses that were clearly the remains of Pyrosoma colonies that had the zooids missing to 
varying degrees, until they formed a normal smooth, gelatinous house. Phronima is normally 
reported to live in the tests of salps and doliolids.

The giant mysid Gnathophausia ingens (Dohrn) is a remarkable example of evolutionary 
convergence, resembling closely the bathypelagic prawns. It is large and red and has a long 
serrated rostrum like a bathypelagic prawn and it is many times the size of a normal mysid. 
This genus has seven abdominal segments instead of six. Typical mysids have seven abdominal 
segments as embryos, of which the last two fuse, while in Gnathophausia they remain separate 
(Mantón 1928). The specific identification of the Gnathophausia specimens proved proble
matical as they showed a wide range of size and proportions, particularly in the length of the 
rostrum and carapace spines. The forms they appeared to resemble were regarded by Fage 
(1943) as synonymous and grouped under the name ingens.

Various characters such as the lengths of the rostrum and carapace spines, and the numbers 
of teeth on the rostrum and antennal scale were compared graphically with total lengths. These 
morphometric data when plotted indicated that all our material could be regarded as a single 
species, G. ingens, and that the striking differences in appearance were merely due to allometric 
growth.

Amongst the Euphausiacea four species of Thysanopoda, (T. cristata, T. orientalis, T. 
pectinata and T. tricuspidata) as well as Euphausia longirostris appear to be new records for 
South Africa, although T. cristata is the only species not included in Boden’s (1951) review 
which includes records from neighbouring regions.

The Decapoda have not yet all been identified and there appear to be some new records 
for South Africa in several genera. Earlier records of bathypelagic prawns obtained by trawling 
around South Africa are included in Barnard’s (1950) monograph, while Lebour (1954) has 
discussed material from the Benguela current off South West Africa.
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Further work is required particularly on the species o f  the genus Sergestes. The Noto
stomus obtained has been referred to  N. longirostris Bate although the rostrum is relatively 
shorter than in the small original specimen. The specimens o f  Plesionika obtained have been 
referred to  P. longirostris but the rostral teeth are rather more widely spaced than is normal 
for the species. The erioneicus larva appears to  be the form described as “Kempi” which is the 
larva o f  Polycheles typhlops.

M ost o f  the phyllosom a and puerulus larvae obtained off the west coast appeared to be 
Jasus lalandii as described by Gilchrist (1916), whereas the phyllosom ata obtained elsewhere 
represented other genera and species.

The small squid Spirula spirula (Linnaeus) is generally regarded as rare throughout the 
world although its characteristic spiral shell is found on beaches everywhere. It was, however, 
found in large numbers in the southern M ozam bique channel by the Dana expedition (Bruun 
1943). This expedition also obtained a single juvenile specimen from south o f Cape Point and 
there is a specimen in the South African M useum believed to be from Table Bay. During this 
survey we obtained live specimens o f  Spirula from three stations off Natal and in the South 
W est Indian Ocean.

Pelagic m olluscs other than Cephalopoda included the pteropod Cavolinia tridentata and 
four species o f  Heteropoda. One specimen o f  Pterotrachea coronata was exceptionally large, 
measuring approximately 300 mm. in total length, which is larger than any known to Tesch 
(1949).

The list o f  the fishes identified (Table 3) does not include Stomiatid fishes (sensu lato), 
larval fishes, and some o f the m yctophid fishes, which still require study.

Schultz (1961) in his review o f  the hatchet fishes states that Argyropelecus hemigymnus is 
confined to  the Mediterranean and Atlantic while in the Indo-Pacific it is replaced by the 
related A. intermedius, and he places A. hemigymnus recorded off South Africa by Gilchrist 
(1913), Barnard (1925) and Smith (1949) in the synonomy o f  A. intermedius. Unfortunately no 
Cape or Indian Ocean specimens o f  this fish were available to Schultz at the time. All specimens 
found in this survey having a barbed dorsal blade, clearly fitted A. hemigymnus rather than 
A. intermedius. Both seem to be very closely related and rather variable species. It was also 
surprising that although large numbers o f  Argyropelecus species were taken, only one specimen 
o f  the related genus Polyipnus was caught.

A  single specimen o f Brotulotaenia was found and has been assigned to  B. crassa; the two  
known species B. nigra Parr (1933) and B. crassa Parr (1934) are very similar, but the present 
species seems to be closer to crassa. This catch is not only the first record o f the genus outside 
the Caribbean but is also believed to be only the fourth example o f  the genus ever found.

Bathylagus microcephalus was formerly only recorded from the South Atlantic. These 
further records indicate that it is present in the southern Indian Ocean also.

Smith (1949) placed Lampanyctus alatus in the synonymy o f  L. pusillus although they can 
be separated easily by the presence o f a luminous organ at the adipose fin in alatus. All the 
specimens recorded here were clearly alatus rather than pusillus. All examples in the collections 
o f  the South African M useum on which Barnard’s (1925) records o f  alatus were based were 
re-examined and found to be correctly identified as alatus.
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Included in the table are a few species taken off the Cape Peninsula which do not form part 
o f the bathypelagic fauna, but are rather the juveniles o f  com m on Cape fishes. It is presumed 
that they were caught while the net was being hauled. They are m ostly the juveniles o f  the 
bottom-dwelling species Lepidopus caudatus, Merluccius capensis and Helicolenus maculatus, 
but other juveniles included Trachurus trachurus and Scomber japonicus.

One o f  the m ost unexpected results o f  the stirvey has been the complete absence o f  
Cyclothone species. O f all bathypelagic fish genera this is considered to be the m ost abundant 
in number o f  individuals (Marshall 1954), yet apart from one doubtful and badly damaged 
specimen, no fish o f  this genus were found. M ost Cyclothone are small, but the posterior end 
o f the trawl was lined with half inch stretched mesh netting which captured many other very 
small species o f  fishes.

H Y D R O G R A P H Y  O F  T H E  E N V I R O N M E N T

M ost specimens obtained in this survey were caught at night at a depth o f  about 500 metres, 
and it is well known that m ost bathypelagic animals migrate down to a deeper level diurnally. 
To understand their distribution it is thus necessary to know something o f  the hydrographic 
conditions in the seas around South Africa at a depth o f  500 metres and perhaps a few hundred 
metres below this. Conditions at these depths differ greatly from surface conditions and data 
on their hydrography is limited and scattered in the literature. It has, however, been possible 
to obtain a picture o f the hydrographic environment o f  this bathypelagic fauna by extracting 
data from the following published reports: Clowes and D eacon (1935), Dietrich (1935) 
Clowes (1950), Zoutendyk (1960), le Pichón (1960), Trotti and W elsh (1961), Fukase (1962), 
Kort (1962), Menaché (1963), Orren (1963), Zoutendyk (1963), Taft (1963), Darbyshire (1963), 
Darbyshire (1964), Shipley and Zoutendyk (1964), Station lists in the Discovery Reports, and 
Annual Reports o f  the D ivision o f  Sea Fisheries.

In the south-western part o f  the Indian Ocean there are three main water masses that 
concern us (Figure 2). In vertical sections Agulhas water, which, following the delimitations o f  
Darbyshire (1964), may be regarded as water above the 17° C isotherm, extends down to appro
ximately 3C0 metres below the main stream o f  the Agulhas current. Further offshore, however, 
the Agulhas water does not extend down so far, and near the coast it may be considerably less 
than 100 metres thick. The southern limit o f the Agulhas water varies but the 17° C isotherm  
reaches the surface between about 35° and 40° south, where Fukase (1962) has described the 
“Agulhas Convergence” .

Below the Agulhas water is the South Indian Central Water which may be regarded as 
extending down from the 17° C isotherm to the 5° C isotherm. Salinities in this water mass lie 
between approximately 35-5°/0o and 34-5°/00, and there is an approximately linear tempera- 
ture-salinity gradient within this range. It extends down to  about 1,300 metres in the open 
ocean but only to about 800 metres at the continental margin (Darbyshire 1964). The origin 
o f this water mass is problematical, probably involving sinking at the subtropical convergence, 
northward drift, and mixing with adjoining water along its path (Orren 1963). In the south o f
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the region covered it lies closer to the surface and may extend down to a depth of less than 
700 metres. Under the Agulhas Current, Le Pichón (1960), Kort (1962) and Taft (1963) have 
suggested that the South Indian Central Water has a strong westward component and tends 
to follow the Agulhas water. In the north of the region covered the South Indian Central 
Water lies closer to the surface and the work of Menaché (1963) has shown that it extends 
steeply upwards to within about 150 metres of surface at the divergence at 24° S in the southern 
end of the Mozambique channel.

Under the South Indian Central Water lies the Antarctic Intermediate Water which may 
be regarded as being below 5° C and which is characterised by a marked salinity minimum. 
This water originates by sinking just north of the Antarctic Convergence, and drifts northwards 
under the South Indian Central Water, except under the Agulhas Current where it may also 
drift towards the south-west.

In the south-eastern Atlantic, west of the Cape, the same pattern of three water masses is 
present. The warm waters of the South Atlantic Gyral, which may also be delimited by the 
17° C isotherm, are only found offshore and in the area concerned only extend down about 
100 metres.

The Central Water, here known as the South Atlantic Central Water, occupies the layer 
between about 100 and about 700 metres. Clowes (1950) showed that there was a well marked 
linear T-S relationship between 6° C, 34-4°f00 and 16° C, 35-5°/00 and that the same T-S 
characteristics were found in water along the west coast right up to the surface indicating 
upwelling of South Atlantic Central Water.

The Antarctic Intermediate Water delimited by the 5° C isotherm and characterised by the 
salinity minimum is usually below 700 metres but marked fluctuations occur. It may be below 
1,000 metres, or as suggested by the data of Trotti and Welsh (1961), may come up to less than 
300 metres over the shelf in August, 1959).

It is thus apparent that all the mid-water catches which were made at a depth of about 500 
metres were in Central Water (South Indian and South Atlantic). Shallower hauls made near 
the coast would also have been in the same water mass owing to the tendency of the Central 
Water to approach the surface at the coast. Even during the hours of daylight when these 
bathypelagic animals may migrate downwards a few hundred metres they would in most areas 
remain within the Central Water.

Conditions within the Central Water mass vary considerably at any particular level in 
different parts of the area concerned. Using all the data available it was possible to get à picture 
of the temperature distribution at the 500 metre level over the region covered by this survey 
(Figure 1). The isotherms were plotted on the basis of published data from a number of sources 
enumerated above. To allow for seasonal and other variations recorded by different vessels at 
different times the isotherms were smoothed in a few places. Periodic variations appear to 
occur particularly in the area south of the Cape Province (Darbyshire 1963), in the eddies in 
the northern and southern parts of the South West Indian Ocean (Darbyshire 1964), and in the 
extent of the upwelled water west of the Cape Peninsula (Trotti and Welsh, 1961), and further 
north (Hart and Currie 1960, Stander 1964). Over most of the South West Indian Ocean 
temperatures at the 500 metre level range between 12° and 14° C. Where the Antarctic Inter
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mediate Water is not far below, temperatures at the 500 metre level are lower. In the south they 
may be as low as 8° C at 38° S. Near the east coast of South Africa the isotherms curve up 
sharply so that near the continental margin temperatures fall in places to 10°C and well below, 
particularly off the southern coast. The low temperature shown in Figure 1 at a point in the 
middle of the South West Indian Ocean (33° 02' S., 37° 35' E.) is based on a single series of 
observations at Station NIOE-102 (Shipley and Zoutendyk, 1964). This anomaly has not been 
found in any other data and it may not be a normal feature. Off the south-west Cape coast in 
the region of upwelling temperatures are even lower. The data of Trotti and Welsh (1961) for 
this area show considerable seasonal fluctuations in the temperature at the 500 metre level 
between 8° C and 5° C and occasional incursions of Antarctic Intermediate Water onto the 
shelf probably occur.

Regional differences in the bathypelagic fauna may be associated in some way with the 
variations of temperature at the 500 metre level described above. They might also be related 
to the depth of the Antarctic Intermediate Water, because many bathypelagic animals are 
capable of making extensive vertical migrations, and where this lower water mass is closest, 
animals from it may be represented in catches.

N O T E S  O N  D I S T R I B U T I O N  O F  F I S H E S  A N D  I N V E R T E B R A T E S

Several interesting features in the distribution of the invertebrates and fishes represented in 
these collections appear worthy of discussion although it would be premature to draw final 
conclusions.

Vertical distribution

Hauls made during daylight were remarkably poor. No prawns at all were obtained, only 
two euphausiids (and those at 500 metres) and few fish. Even at night most prawns and 
euphausiids appeared only in the deep hauls at 500 metres. Solenocera africanum was however 
obtained at night at only 100 metres and Funchalia woodwardi came up to only 20 metres at 
night. Amphipods, salps and medusae appeared in both day and night hauls but many of these 
should perhaps be regarded as epipelagic, as should many of the juvenile fishes.

Regional distribution

It has been shown above that the Central Water Mass extends throughout the region 
concerned so that many species may be expected to occur throughout the region. In fact few 
species have so far heen found in all areas, but this may be due to differences in depth of the 
Central Water Mass in different parts of the region. Many species were not obtained in the 
warmer central area of the South West Indian Ocean (Figure 1), where they may occur deeper 
down than 500 metres. Several species obtained only in the upwelled water off the Cape Penin
sula and West Coast may also be more widely distributed at greater depths.
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Amongst the prawns most species were found in both the Atlantic and Indian Oceans. 
Five species (Plesiopenaeus nitidus, Aristeomorpha foliacea, Gennadas gilchristi, Acanthephyra 
haeckelii and Plesionika longirostris) were found only in the Indian Ocean samples while 
Solenocera africanum was only obtained from the Atlantic. Acanthephyra haeckelii only 
appeared in the extreme south (Station 40). The closely related form A. acanthitelsonis was 
recorded by Lebour (1954) in the Benguela Current off South West Africa. Sergestes arcticus 
also appeared in the extreme south and otherwise only in the cold upwelled water west of the 
Cape. Gnathophausia ingens appeared only in the colder regions, and it is interesting to note 
that Fage (1941) found that this species in the north Atlantic was limited to regions below a 
temperature of 10° C at 600 metres. (There are large areas above 13° C at this depth iii the 
N. Atlantic also.)

Many fish also showed very wide ranges, and the scattered incidence of many rarer species 
suggests that they are probably also widely if sparsely distributed. A distinct distribution 
pattern was however evident in the presence of vast numbers of Maurolicus muelleri and large 
numbers of Lampanyctodes hectoris in the cold water off the west coast and their almost 
complete absence in the Indian Ocean. Only one example of M. muelleri was found in the 
extreme south (IK 40). Inshore off the east coast it appeared that the place of M. muelleri was 
taken by Scoleopsis multipunctatus which was not found off the west coast and only once off 
the Cape Peninsula.

Two specimens of Sagitta gazellae were obtained in the cold upwelled water west of the 
Cape Peninsula. David (1955) in his study of the distribution of Sagitta gazellae found that it 
was limited to waters south of the region of the subtropical convergence. David (1955), 
however, did find specimens in some hauls just north of the subtropical convergence where 
subantarctic water was present below the surface. He remarked that they might penetrate further 
north in deeper waters but regarded this as unlikely as a large number of hauls in areas further 
north had not revealed a single specimen. The present specimens thus represent a very interesting 
extension of the range of this characteristically antarctic and subantarctic species. The other 
Sagitta species appearing in Table 2 represent too few specimens to draw any conclusions as to 
their regional distribution.

Spirula spirula which is generally regarded as a tropical species was only found in the 
northern part of the region.

Amongst the amphipods Phrosina semilunata was found throughout the area and Phronima 
sedentaria and a species of Platyscelus appeared everywhere except in the extreme south.

One of the most striking distributional features was the great abundance of Euphausia 
similis var. armata off the west coast and its complete absence elsewhere. Numerically there 
were far more of this species than of all the other euphasiids together. It occurred associated 
with very large numbers of the fish Maurolicus muelleri. It would appear that this strikingly 
distinct population was related to the cold water upwelling and possibly to the presence of 
Antarctic Intermediate Water in this area. It is interesting that Nepgen (1957) in his study 
of the euphausiids of this same region west of the Cape found that Euphausia similis var. 
armata “did not occur in large numbers or often”. It seems probable that this anomaly is due 
to his work being based mainly on shallower plankton hauls, taken mainly in daylight.
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Euphausia spinifera appeared at almost all of the southern stations in this survey and other
wise only inshore off Durban. This species is known to occur in waters north of the sub
tropical convergence while it is replaced by a closely related species E. longirostris south of the 
convergence (Boden 1951). The occurrence of E. spinifera off Durban is not surprising as the 
temperatures at the 500 metre level are much lower close to the coast than in the regions 
offshore. E. spinifera occurred at most of the southerly stations while the prawns Sergestes 
arcticus and Acanthephyra haeckelii only appeared at the most southerly station (IK 40) and 
west of the Cape in the case of S. arcticus. In both these areas the Antarctic intermediate water 
is not far below 500 metres and they may have migrated up from this water. These prawns 
are larger and perhaps migrate further than Euphausia spinifera, which would probably be 
confined to the Central Water Mass. However moré work is reauired before the apparent 
differences in distribution pattern can be explained.

It is interesting that Euphausia longirostris was obtained in the cold upwelled water west 
of the Cape Peninsula. Boden (1951) regarded it as characteristically subantarctic and reported 
that it was rarely encountered north of the subtropical convergence, and he did not find it in 
the Benguela Current off South West ^Africa either (Boden, 1955).
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S U M M A R Y

The results of a mid-water trawling survey for bathypelagic fauna in the seas around South 
Africa and in the South West Indian Ocean is described.. The programme was carried out by 
the South African Museum using a 10 ft’Isaacs-Kidd mid-water trawl down to a depth of 
500 m from several vessels. A station list gives details of the trawling stations and the species
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of invertebrates and fishes obtained are listed for six areas resulting from a grouping of these 
stations. Many species new to the South African fauna list and new to the Indian Ocean fauna 
list are recorded. Brief systematic notes have been included where necessary. The hydrography 
of the environment of the bathypelagic fauna at a depth of 500 m is discussed on the basis of 
data extracted from published reports and the temperature distribution at this level is described. 
Outstanding features of the distribution of species are discussed in relation to the hydrographic 
background. Distribution patterns appear to be related largely to the depth of the central water 
mass and some interesting records appear where this water upwells to near the surface. Two 
species, Sagitta gazellae and Euphausia longirostris, previously regarded as characteristically 
sub-antarctic are recorded in the cold upwelled water west of the Cape.
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W., Ahlstrom, E. H ., Bary B.M cK ., Bé, A . W. H., and Clarke, W. D. (Limnol.OceanogrAO: 
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A V O C E TTIN O P S Y A N O I , A NEW  NEM ICHTHYID E E L  
FROM TH E SOUTHERN INDIAN OCEAN

By G i le s  W. M e a d  a n d  I r a  R u b i n o f f
Museum of Comparative Zoology, Harvard University

The oceanic eels of the genus Avocettinops lack the prolonged 
jaws or snout typical of other snipe eels, although they do have 
fleshy anterior appendages; and they can be distinguished from 
all other apodal fishes by the complete absence of teeth, if not 
from their bizarre physiognomies alone. The number of known 
specimens is small: the type of A . schmidti (Roule and Bertin, 
1924) ; a second specimen taken off Zanzibar during the “ John 
M urray”  expedition (Norman, 1939; the specimen rather casu
ally christened Avocettinops normani by Bertin in 1947) ; a speci
men collected from the Arcturus  by W illiam Beebe, New York 
Zoological Society, off New York and reported as A . schmidti by 
Böhlke and Cliff (1956) (SU 47758) ; and the fish described 
below. Böhlke and Cliff (1956) also discussed in some detail the 
nomenclatorial and taxonomic entanglements generated by earlier 
authors, and reviewed the relationship of the genus to other 
snipe eels.

A v o c e t t i n o p s  y a n o i ,  n e w  sp ec ies  
Figure 1

Holotype. — A specimen 620 mm long collected by R /V  Anton  
B ruun  during the International Indian Ocean Expedition, Cruise 
VI, Sta. 350 B, APB label 7314; 27 June 1964; 28°05' S, 64°58' 
E to 28°28' S, 65°04' E ;  depth of bottom 2200-4000 m ; 10-ft. 
Isaacs Kidd Midwater Trawl with catch dividing device nomi
nally set to operate at 350 m ; deep fraction of catch the probable 
depth of capture between the maximum depth reached, 1750 m 
and 125 m. MCZ Catalog No. 44404.

Collected reprints o f the International Indian Ocean Expedition, yol. IV, contribution no. 227 457
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Distinctive characters. —  Avocettinops yanoi differs from its 
congeners in the position of the dorsal fin, which originates well 
in advance of the gili slit, and by the more anterior anal origin, 
the preanal distance being about 1.3 times the length of the head 
(cf. 2.0 or 2.1 in specimens hitherto described). The species has 
a correspondingly low number of preanal vertebrae (13 cf. 20 
or more), and of lateral line pores between the temporal pore 
and that above the origin of the anal fin (13 cf. 18 or more).

Description. — Meristic data and measurements, which are ex
pressed in per cent of head length to facilitate comparison with 
prior catches, are provided in Table 1.

Body about two-thirds as broad as deep anteriorly, becoming 
more compressed posteriorly. Head 12 in total length. Jaws 
coterminal and bearing fleshy protuberances anteriorly both of 
which were damaged during capture. Angle of gape under pos
terior edge of eye. Mouth without teeth but with minute denticles 
on skin overlying jaws and roof of mouth. Anterior nostril be
fore center of orbit, the tube anteriorly directed. Posterior 
nostrils large deep pits, the posterior edges of which lie on à 
tangent with anteriormost points of orbits. Gili slits short (13 
in length of head), ventrally directed, and placed below bases of 
pectoral fins. Eye circular, its diameter 7 in length of head. 
Acustico-lateralis system on head well developed (Fig. 1), the 
pores large. The system includes series of lappets, which are 
presumably sensory, such as the vertical row behind and the 
horizontal series above and behind the eye. Similar lappets are 
interspersed at irregular intervals between pairs of pores in 
the lateral line along the flank. These lappets are not bilaterally 
symmetrical. The lateral line is continuous and complete.

Dorsal and anal fins originating far forward and nearly 
continuous around tip of tail. Predorsal distance 17 in total 
length, preanal 10 in length. Pectoral fin broad, short, and 
lying in a horizontal plane when expanded. Anus and urogenital 
openings immediately anterior to origin of anal fin. The fish is 
completely black externally. Internally, the peritoneum, linings 
of mouth, and pharyngeal cavities are white. The coelom extends 
posteriorly far beyond the anus to about the midpoint of the 
total length. Most of this space is filled by the swollen, con
voluted and apparently mature pair of gonads. These appear to 
be ovaries, although they are too decomposed for close study. 
The muscular stomach, which is placed anterior to the anus, is 
empty.
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The success of any trawling expedition is dependent in no 
small measure on those responsible for the maintenance and op
eration of the nets and associated equipment. Throughout the 
trawling activities which produced the collections of which this 
specimen is a part, Mr. Shigeru Yano and his associate, Mr. C. P. 
Lee, devoted themselves to this equipment with ability, under
standing, and scrupulous care; without these master fishermen 
these cruises-would have fallen short of their goals. W ith respect 
and professional admiration we take pleasure in naming this 
new eel in honor of Shigeru Yano, friend and fellow fisherman.

Remarks. — The identity of the nominal species of Avocet
tinops remains in doubt. The type of A. schmidti has been cleared 
in potassium hydroxide and stained with alizarine. Norman’s 
“ John M urray”  specimen from off Zanzibar lacks the tail, and 
has a fragm entary head which has also been cleared and stained, 
while the Atlantic individual discussed by Böhlke and Cliff is 
also fragmentary. Hence meaningful morphological comparison 
is impossible. A qualitative study of the latter specimen and the 
published accounts of the two others, in comparison with A. 
yanoi, suggests that the Zanzibar specimen is probably identical 
with A. schmidti, while the western North Atlantic specimen of 
Böhlke and Cliff probably represents a distinct and unnamed 
species.

This specimen was taken during the American Program in 
Biology, International Indian Ocean Expedition, a program 
financed by the National Science Foundation and under the gen
eral scientific direction of Dr. John H. Ryther of the Woods 
Hole Oceanographic Institution. To the National Science Foun
dation, which has also financed the research of which this is a 
part through GF 147 with H arvard University, and to Dr. 
Ryther the authors express here their sincere appreciation.
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T a b l e  1

Proportional dimensions, expressed as per cent of length of head, 
of Avocettinops schmidti and A. yanoi. Data for the type of A. 
schmidti taken from the descriptions and figures of Roule and 
Bertin (1924, 1929) ; those of the Stanford University specimen 
from Böhlke and Cliff (1956), and from the specimen.

W este rn  N o rth  
T y p e  of A tla n t ic  T ype of

A. schm id ti (SU  47758) A. yanoi

Total length (mm)
Length of head (mm)

Depth of body at anus 
(% of h.)

Greatest depth of body 
W idth of body at anus 
Greatest width of body 
Greatest depth of head 
Greatest width of head 
Length of snout 
Diameter of orbit 
Postorbital length of head 
Length of upper jaw 
Length of lower jaw 
Length of gili slit 
Interorbital width 
Predorsal length 
Preanal distance 
W idth of base of pectoral fin 
Length of pectoral fin

Dorsal fin rays 
Anal fin rays 
Pectoral fin rays 
Total number of vertebrae 
Preanal vertebrae (±1) 
Total number pores in lateral 

line
Lateral-line pores, temporal 

pore to anus

510.0 — 620.0
32.0 32.0 50.0

21.9 24.4
43.8 28.4 35.8

9.4 ea. 7.8 15.4
10.9 — 16.4
25.6 ca. 23.4 26.4
18.8 17.5 19.8
25.0 25.0 24.0
15.6 12.5? 13.4
59.4 55.9 62.4
39.1 33.1 34.8
32.8 24.7 32.8
13.1 17.2 7.6
14.1 — 16.6
90.6 108.8 73.8

203.1 207.8 127.4
14.1? 9.7 9.0
28.1 24.7 29.0

340 --- 285
315 --- 266

16-17 15-15 12-1Í
194 --- 184
20 24 13

188 — 185

18? 23 13
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461 Figure 1. Avocettinops yanoi, holotype, 620 mm in total length, MCZ 44404. (Drawn by Nicholas Strekalovsky. )
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S E L E C T IV E  F E E D IN G  BY CA LA N O ID  C O PEPO D S 
FRO M  T H E  IN D IA N  OCEAN*

M IC H A E L  M . MTTLLIN

Institute of M arine Resources, University of California at San  Diego

Planktonic copepoda form an important part o f marine food webs, but the assign
ment of the various populations o f an area to trophic levels is difficult because 
the feeding o f most oceanic species has not been thoroughly studied. Where closely 
related species are sympatric in distribution and their populations are limited by  
food supply, a difference in selective feeding m ay provide the ecological distinctness 
which permits the populations to coexist.

The probable food of planktonic copepoda has been deduced from the mor
phology of their mouthparts, by examining the contents of the guts of preserved 
animals, testing the feeding of living animals on one type of food at a time, or by 
measuring the feeding rate on various types of food in a mixture. All four methods 
were used in the present study, since each provides a different type of information.

An abundance o f fine seta« on the second maxilla and other mouthparts and 
blunt, grinding mandibular teeth are generally thought to indicate a herbivorous 
food habit, while spined or grasping mouthparts and long, sharp mandibular teeth  
suggest that the copepod is a carnivore. This conclusion is supported by experi
mental studies (Anraku and Omori, 1963). An examination o f the mouthparts 
alone does not, however, tell what food the species eats, but only indicates what 
general type o f food the species may be morphologically best adapted to eat. 
Analysis o f the gut contents o f preserved animals m ay tell what the animal had 
actually eaten just prior to capture, but the majority o f animals generally have  
empty guts when examined, either because they had rapidly voided their gut 
contents or because they had not fed recently. Even when food is found in the 
gut, many types o f food organisms, such as the naked flagellates, leave no recog
nizable remains ; true rates o f feeding cannot be estimated by this method or by 
examination o f mouthparts.

Measurement of the feeding of a copepod on a single type of food determines 
to what extent the copepod will eat that food when no other food is available. 
Comparison between different foods in different experiments is difficult, however,

* Contribution No. 1593 from the Woods Hole Oceanographic Institution.
S

reprin ts o f  the In te rn a tio n a l In d ia n  Ocean E xp ed itio n ,  v o l. IV , c o n tr ib u tio n  no . 228 463
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T a b l e  I

Copepods used in feeding experiments; the locations from which the experimental animals were taken; the 
production of fecal pellets when fed  Thalassiosira; and the organisms 'present in the gut contents of preserved specimens,

listed in  order of decreasing abundance

Symbols: D  —diatoms S —silicoflagellates T —tintinnida l from Heinrich, 1958
Di —dinoflagellates R  —radiolarians Cr —crustaceans 2 from W ickstead, 1962
C —coccolithophorids F  —foraminiferans N .E.—not examined

Family Genus and species Locations collected Fecal pellet production Gut contents

Calanidae Neocalanus (Calanus) 02°N-10°S, 55°E; 32°S, 55°E good D, R , S, Cr, C
gracilis (Dana) 27°-39°S, 62°-70°E

Nannocalanus (Calanus) minor 26°-33°S, 75°E good D, R , Cr
(Claus)

Eucalanidae Rhincalanus nasutus Giesbrecht lft?-15°N, 58°-62°E good D, R
R. cornutus (Dana) 15°-05°N, 55°E ; 08°S, 75°E good D
Eucalanus attenuatus (Dana) 16°N-03°S, 55°-62°E good D, C, 8, Di, F , Cr1,

02°-08°S, 75°E D, R , S, Cr, F , C

Metridiidae Pleuromamma xiphias (Giesbrecht) 02 °N, 55°E; 25°-35°S, 55°E fair D, S, C, T, F , R ,' Cr1» 2
P . abdominalis (Lubbock) 02°-00°N, 55°-75°E; 25°-35°S, 55°E fair D, R , F , S, Cr2
P . gracilis (Claus) 21 °S, 75 °E poor D, R , Cr1, D, R , S, F, Cr2
P . piseki Farran 21 °S, 75°E poor N.E.

Aetideidae Euchirella curticauda Giesbrecht 25°-35°S, 55°E poor Di(?), S, F , C
E. bella Giesbrecht 15°-30°S, 75°E; 08°-02°N, 75°E fair Di(?), Cr, S, C
Chirundina indica Sewell 16°-340S, 55°E poor Cr, S

Scolecithricidae Scolecithrix danae (Lubbock) 19°S-05°N, 75°E poor R , Cr
Lophothrix latipes (Scott) 26°-43°S, 75°E poor N.E.

Euchaetidae Euchaeta acuta Giesbrecht 23°-39°S, 55°—70°E; 26°-33°S, 75°E poor Cr, S
E. marina (Prestandrea) 05°-02°N, 75°E poor Cr

Pontellidae Labidocera acutifrons (Dana) 27 °S, 61 °E N.E. N.E.

Candaciidae Candacia aethiopica (Dana) 33°S, 67 °E poor N.E.

Augaptilidae Haloptilus ornatus (Giesbrecht) Í0°-21°S, 55°E; 04°-08°S, 75°E poor N.E.
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because so many other factors affect the rate o f feeding (Mullin, 1963). Measure
ment o f feeding on various kinds o f food in a mixture overcomes this difficulty 
since any factor other than selective feeding affects consumption o f all foods 
equally. This type o f experiment only shows what kind of food o f those offered 
in the mixture the copepod will eat most readily; it does not necessarily show 
what food the copepod eats in nature unless the mixture is a good approximation 
to  the types o f food actually available in the sea.

METHODS

Copepoda for experimental work were collected at night in the upper 200 m of 
water with a plankton net and sorted into species and developmental stages under 
a dissecting microscope, using Rose (1933) and Grice (1962) as taxonomic refer
ences. These identifications were later verified in a shore laboratory using animals 
preserved in formaldehyde after the experiments. The mouthparts o f preserved 
male and female animals were removed for examination. Living animals on 
shipboard were kept in the dark at 20 °C in filtered sea water. The species used 
and the locations where they were collected are shown in Table I ; the table shows 
only those locations from which the (experimental animals were taken, and not all 
the locations at which the species were encountered.

Animals containing food were picked out of preserved Zooplankton collections 
from the Lusiad  Expedition (equatorial Indian Ocean). The guts o f these animals 
were dissected out, crushed under a cover glass on a glass slide, and examined at 
645 X magnification.

Three species of phytoplanktonic organisms, Coscinodiscus perforatus, Thalassio
sira fluviatilis, and Cyclotella nana, were grown in enriched sea water as unialgal 
cultures (medium “f-1 ” o f Guillard and Ryther, 1962). These cells, plus newly 
hatched Artemia  nauplii, were used in selective feeding experiments (Table H). 
All the phytoplankters were centric diatoms living as isolated cells and differing 
greatly in cell size but not in shape.

The feeding of each species of copepod on Thalassiosira was tested by placing 
the animals in a suspension o f the diatom (about IO4 cells/ml) and examining the

T a b l e  II

The sizes of various food organisms computed from linear dimensions, and their 
initial concentrations in experimental mixtures

Food organism Approximate Approximate initial
volume, ft3 concentration

Artemia nauplius 9x10* 1 per ml
Coscinodiscus perforatus1 8 x 10s 2 per ml
Thalassiosira fluviatilis ‘ 3 • 5 x 10“ 2,000 per ml
Cyclotella nama* 1 • 5 x IO2 18,000 per ml

1 isolated by  the author from M auritius w aters and identified by  B . W . Holmes.
* from the culture collection of the Woods Hole Oceanographic Institution.
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containers for fecal pellets after 48 or 72 hours. Selective feeding experiments 
with m ixtures of food were run  a t  20°C in the dark for 18 to 24 hours, using the 
method described by Mullin (1963). A m ixture of Artemia nauplii and a t  least one 
diatom was usually used. In  order to measure grazing on phytoplankton in the 
absence of animal food, Artemia was om itted from the food m ixture in some 
experiments. The food organisms present in the control and experimental con
tainers after an experiment were counted after concentration by sedimentation or 
by filtration on to  a membrane filter with a printed grid. The volume of water 
swept clear of food per copepod per day was then computed for each type of food 
in the m ixture

The fecal pellet production of each species when fed Thalassiosira was rated  on 
a  qualitative scale as ‘good’, ‘fair’, or ‘poor’, and the relative abundance of the

T a b l e  I I I

Results of selective feeding experiments. Each horizontal row represents a separate experiment; for 
any experiment, N .P . means thai the particular food organism was not present in the mixture

of food tested

T.B.L. is the total body length of the copepod, in mm.
G.R. is the grazing rate, in ml/day/copepod, significant (P <  • 05) by rank sum test. 
I.R. is the ingestion rate, in number of food organisms eaten/day/copepod

Copepod, species and stage
T.B.L.

Food organisms in mixture

Artemia 
G.R. I.R.

Coscinodiscus
G.R.

Thalassiosira
G.R.

Cyclotella
G.R.

Neocalanus gracilis female 30-3-7 '172-4 44 N.P. 20-4 0
99 ** 52-0 58 0 0 0
99 99 N.P. — 222-0 37-2 12-0

male 30-3-2 0 0 N.P. 0 0
stage V 2-5-30 152-6 26 N.P. 0 0

99 99 29-6 32 0 0 0
stage IV 2-0-2-3 35-2 20 N.P. 0 0

Nannocalanus minor female 1-8-1-9 21-8 19 17-8 18-4 0

Rhincalanus nasutus female 3-8-4-3 16-7 14 N.P. 0 N.P.

R. cornutus female 31-3-4 15-8 14 N.P. 51-7 N.P.
99 99 119-9 41 0 0 0

stage V 2•5-2•9 0 0 N.P. 30-7 N.P.
99 99 64-0 28 0 0 0

Eucalanus attenuatus female 3~8-5■8 37-8 26 N.P. 14-8 N.P.
99 99 105-1 43 54-6 0 0

stage V 3-0-31 0 0 N.P. 45-1 N.P.

Pleuromamma xiphias female 4-2-50 520-2 155 N.P. 0 0
99 99 359-0 108 0 0 0

male 4-3-4-Ö 180-0 246 N.P. 0 0
stage V 3-4-4-3 178-6 86 N.P. 0 0

99 99 250-0 97 0 0 0

(continued opposite)
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T a b l e  I I I  ( c o n t in u e d )

Copepod, species end stage T.B.L.
Food organisms in mixture

Artemia 
G.R. I.R.

Coscinodiscus
G.R.

Thalassiosira
G.R.

Cyclotella
G.R.

P. abdominalis female 3-0-3 4 210-4 150 N.P. 0 0
it ii 250-0 97 0 0 0
it it N.P. — 38-4 0 0

male 2-9-3 6 527-0 167 N.P. 0 0
» it 280-0 128 0 0 0

P. gracilis female 1-7-1 8 73-0 27 0 0 0

P. piseki female 1-7-1 8 110-0 49 0 0 0

Euchirella curticauda female 3-6-3 7 264-0 180 0 0 0
stage V 3-1-3 3 127-5 112 0 0 0
stage IV 2-1-2 6 51-3 53 0 0 0

E. bella female 3-1-3 9 231-5 70 0 0 0
it it N.P. — 0 0 0

stage V 2-6-3 1 550-0 60 0 0 0
stage IV 2-0-2 2 290-0 42 0 0 0
stage III 1-7-1 8 117-0 54 111-2 0 0

Chirundina indica female 3-3-3 9 197-0 75 0 48-7 68-3
stage V 2-4-3 1 126-0 59 0 0 0

Scolecithrix danae female 1-7-2 0 117-5 48 0 0 0
it it N.P. — 0 0 0

Lophothrix latipes female 2-9-3 1 57-5 43 31-0 0 0
stage V 2-2-2 5 33-8 28 33-0 0 0

Euchaeta acuta female 3-2-3 9 84-5' 83 0 0 0
male 3-4-3 6 0 0 0 0 0
stage V 2-7-3 4 99-5 80 0 0 0

E. marina female 3-1-3 6 N.P. — 0 0 0
male 2-9-3 4 0 0 0 0 0

Labidocera acutifrons female 3-3-3 9 86-0 91 0 0 0

Candacia aethiopica female 2-1-2 4 0 0 0 0 0
male 2-0-2 3 0 0 0 0 0

Haloptilus ornatus female 3-8-4- 3 0 0 0 0 0

various types of food organisms identified in the guts of preserved specimens was 
estimated (Table I). Table I I I  summarizes the quantitative results of the experi
ments in which the copepods grazed on a mixture of foods. All the results will now 
be summarized by  copepod families (ref. Table I). Some of the m outhparts referred 
to  are illustrated by Giesbrecht (1892).

R E S U L T S
Calanidae
Both species have ‘typical’ herbivorous m outhparts, i.e. abundaht setae on the 
second maxilla ; m any heavy, rather blunt mandibular teeth ; and no m ajor spines

467



5 5 0 M I C H A E L  M. M U L L I N

or raptorial appendages. Diatom and radiolarian fragments constituted the major 
portion of the recognizable gut content«, although crustacean and other remains 
were also present. Similar gut contents are usually found in Calanus (see, Marshall, 
1924; Beklemishev, 1954). Nannocalanus fed on both plant and animal food in 
the experiments. Neocalanus grazed Artemia almost exclusively in the food 
mixture, even the copepodid stage IV preferring Artemia to the diatoms. Neo
calanus thus exhibits more carnivorous tendencies than found in the genus 
Calanus, since although female Calanus finmarchicus grazes Artemia nauplii a t 
higher rates than  diatoms (Mullin, 1963), this preference is reversed in the cope
podid stages IV and V (Anraku and Omori, 1963). The mandibular teeth of 
Neocalanus are somewhat sharper in appearance than  those of Calanus. Female 
Neocalanus ate the diatoms readily in the absence of Artemia, showing a direct 
relationship between grazing rate and cell size as does Calanus (Harvey, 1937; 
Mullin, 1963).

Male Calanus have greatly reduced grazing rates compared to  the females 
(Raym ont and Gross, 1942 ; Mullin, 1963) and the mandibular blade and the second 
maxilla are reduced in size. Both these observations also apply to Neocalanus, 
where the reduction in male m outhparts is much more pronounced. As in Calanus, 
the male second antenna and mandibular palp are not reduced. These appendages 
are presumably necessary for normal swimming during the finding of potential 
mates.

Eucalanidae

The mandibular teeth of Eucalanus are quite blunt and heavy ; those of Rhincala
nus are somewhat sharper. The other m outhparts also fit the herbivorous pattern, 
although the setae on the second maxillae are rather coarse. The gut contents 
suggest a basically herbivorous diet, although protozoans are equally abundant 
in the gut. Thalassiosira fluviatilis was eaten readily (see, Conover, 1960) and 
both Artemia nauplii and diatoms were eaten in the selective feeding experiments. 
Different experiments gave rather contradictory results.

Metridiidae

The mandibular teeth are quite sharp, especially in Pleuromamma xiphias and 
P. abdominalis, bu t the other m outhparts are herbivorous. The gut contents 
include phytoplankton, protozoans, and crustaceans. Beklemishev (1954) reports 
similar gu t contents for Metridia pacifica and M . ochotensis. Although some 
fecal pellets were produced when only the diatom Thalassiosira was provided as 
food, all species of Pleuromamma fed exclusively on Artemia when it was avail
able. This is also true for female Metridia lucens and M . longa from the Gulf of 
Maine (Mullin, unpubl.). Very high grazing and ingestion rates were found, e.g. 
the ingestion rate of P. piseki is equivalent to  a consumption of about twice its 
body volume per day. P. abdominalis grazed Coscinodiscus a t low rates when 
Artemia was not present. Males fed just as voraciously as females, and no reduc
tion in their m outhparts was noted.
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Aetideidae
All three species have stout spines on the second maxilla and Chirundina has a 
raptorial maxilliped and sharp m andibular teeth. In  Euchirella the mandibular 
blade is rather narrow and its teeth are heavy and rather blunt. Both species of 
Euchirella contained large numbers of what appeared to  be fragments of armoured 
dinoflagellateSy while Chirundina contained abundant crustacean remains. There 
was little feeding on diatoms in the experiments, even in the absence of Artemia 
(see Conover* 1960, for E . rostrata). The apparent feeding by female Chirundina 
on the two small diatoms is difficult to  interpret. All three species grazed Artemia 
a t high rates, even in the younger copepodid stages.

Scolecithricidae
Neither species has obviously carnivorous modifications of the m outhparts; in 
both, the mandibular blade is narrow, its teeth are not particularly sharp, and 
the second maxilla is rather stum py and equipped with thread-like as well as 
stout setae. The gut contents of Scolecithrix suggest predominantly carnivorous 
feeding, although W ickstead (1962) reported diatoms and silicoflagellates as well 
as protozoans and crustaceans from the gut of Lophothrix frontalis. Scolecithrix 
did not feed on any of the diatoms used, although Lophothrix grazed Coscinodiscus 
a t about the same rates as it did Artemia nauplii.

Euchaetidae
The enlarged raptorial second maxilla and maxilliped, both armed with heavy 
setae, and the edged cutting teeth of the mandible suggest predaceous feeding. 
Gut contents and feeding experiments supported this conclusion. Males of both 
species have virtually lost the mandibular blade and second maxilla, and did not 
feed during the experiments.

Pontellidae
The enlarged maxilla with its stout setae, the modified maxilliped, and the sharp 
mandibular teeth  are suited for the selective predation shown by Labidocera in 
the feeding experiments (see Anraku and Omori, 1963, for L. aestiva). No 
reductions in male m outhparts were noted.

Candaciidae and Augaptilidae
Neither Candacia nor Haloptilus fed during the present experiments on either 
diatoms or Artemia. Both have stout spines on the first and second maxillae, the 
second maxilla of Candacia being highly modified for grasping prey. Both have a 
very slender m andibular blade term inating in two sharp points. W ickstead (1959) 
suggested th a t Candacia bradyi feeds on large animals such as Sagitta, grasping 
them with the second maxilla ( =  first maxilliped) and piercing them  with the 
pointed m andibular blade. I t  is tem pting to  suggest, by analogy, th a t Haloptilus 
feeds in the same way on animals larger than  itself, although Haloptilus does not
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look nearly so robust as Candacia; however, opposed to  this suggestion, is 
Heinrich’s (1958) report of diatoms, radiolarium, foraminiferans, and tintinnida 
in the guts of three species of Haloptilus.

D IS C U S S IO N

No obligate herbivores were found ; all species tested fed on Artemia nauplii and 
contained animal protozoans in the guts. R ather than  classifying copepods as 
herbivores or carnivores, it  seems more useful to  use terms such as particle grazers 
and predators, realizing th a t even these terms impose an artificial division on a 
continuum of types of feeding behaviour.

The particle grazers (the Calanidae and Eucalanidae) ingested Artemia and 
diatoms a t high rates, although sometimes showing a marked preference for 
Artemia. The genus Acartia also seems to  fit into this category (Lebour, 1922; 
Anraku and Omori, 1963). These copepods have no obvious morphological adapta
tions for capturing motile prey and apparently eat most types of available particles 
óf suitable size, such as diatoms and radiolarians, without regard to the taxonomic 
character of the particles. They feed, a t least in part, by filtration, often removing 
larger particles preferentially. An intermediate situation is exemplified by the 
Metridiidae, which never fed as readily on diatoms as on Artemia. However, the 
gut contents and m outhparts suggest th a t these copepods are basically particle 
grazers. Lophothrix and Centropages (Lebour, 1922; Anraku and Omori, 1963) 
present a rather similar situation. In  all the particle grazers, selective feeding on 
certain types of food is particularly marked when food is abundant, as in the 
feeding experiments, and probably involves behavioural mechanisms in addition 
to  mechanical selection based on particle size. The extent to  which the copepods 
‘search’ for particular types of food and the mechanism permitting discrimination 
between food particles of similar size, such as Artemia nauplii and Coscinodiscus, 
are not known.

Most of the so-called predatory forms (the Aetideidae, Euchaetidae Pontellidae 
and probably Scolecithrix and the Candaciidae) are adapted to  catch and hold 
motile animals, or a t least to  grasp large masses of food, and seldom capture small 
particles by filtration. Tortanus should be included here (Anraku and Omori, 1963). 
Prey is presumably detected by contact, bu t the mechanism of discrimination 
and selection of particular food requires further study (see, however, Horridge, 
this Volume, p. 395).

Available evidence suggests th a t less than  one-fourth of the total particulate 
carbon in the surface waters of the Indian Ocean is in the form of particles larger 
than  30 p  (Mullin, 1965). The preference for large food particles shown by almost 
all copepods tested therefore provides indirect evidence as to  the possible im port
ance of micro-zooplankton and large aggregates of detritus in marine food webs. 
Estim ation of the biomass and dynamics of production and utilization of these 
categories of organic m atter is only beginning (Banse, 1962; Riley, 1963; Riley, 
Wangersky and Van Hemert, 1964). Since feeding on detritus was not tested
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experimentally and cannot be readily distinguished from feeding on living 
organisms by examination of gut contents, this possibility cannot be further 
discussed.

Cases of rather specialized feeding by a particular genus, such as the utilization 
of dinoflagellates by Euchirella or the possible predation by Candacia on large 
animals, are suggested by this study. In  general, however, the particle grazers 
on the one hand and the predators on the other, seem to be rather unselective as 
to  diet and opportunistic in what they ingest. Neither the analyses of gut contents 
nor the selective feeding experiments reveal significant differences in the food 
materials utilized by most of the different species within each category. Special
izations in feeding behaviour sufficient by themselves to  provide the ecological 
distinctness theoretically necessary for the coexistence of food-limited sym- 
patric populations thus have not been demonstrated by the present investiga
tion.

SU M M A RY

Selective feeding experiments were used to  investigate the food preferences of 19 
species of planktonic copepods, and the m outhparts and gut contents of these 
species were examined. All species consumed animal food a t least as readily as 
phytoplankton, and several species ate only animal food. Most species could be 
tentatively classified as either particle grazers or predators, but there seems to  be 
considerable overlap in the food preferences of different species.
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YAK 550.42 : 517/475(267)

B. r.  B O r O P O B ,  O. K. E O P Ä O B C K H H ,  M.  E. B H H O r P A A O B

EHOTEOXUMMfl  OKEAHHHECKOTO ÍIJIAHKTOHA.  
P A C n P E A E J í E H M E  HEKOTOPblX XHMHMECKHX K O M n O H E H T O B  

nJ IAHKT OHA  B H H A H H C K O M  OKEAHE

H h c tu t i j t  eeoAoeuu u pa3pa6oTKu eo p io m x  ucKonaeMbix 
HhCTUTyr oxeauoAoauu AH CCCP

OcHoniian npoo/:eMa coapeMemiofi MOpcKofi nAaiiKTOHOAOTHii—  H3yiie- 
ime 3i<ojiorHM£CKHx c h c t c m  neAarnaAii. ripw s t o m  ocoöemio cymecTBeiiiio 
oueiiHTb noTOK aneprm i, lu y m e ii  nepe3 3 t h  sxociicTeMbi, nepe3 h x  TpatJiHHe- 
CKyK) ceTb.

C o B e p u i e i i H o  o n e B H A i io ,  h t o  a a h  B b i f l c i i e i m n  n e p e i i o c a  a i i e p r H H ,  ee x o i i -  
u e i i T p a u H H  h  n o T e p b  n'a p a 3 A i i in i b i x  T p o cJ i iP iecK i lx  y p o B i i a x ,  i i e A o c T a T p m i o  
i iM eT b c B e A e i i n j i  T O A b x o  o ô H O M a c c e  h j i h  A a > x e  n p o A y x m i H  n A a i n c r o n a .  A a h  
K O A im e c T B e m io i i  o u e i i x i i  s n e p r e T i m e c x o r o  ß a i i a i i c a  i i e o ö x o A H M o  A e T a A b i i o e  
a i i a i i n e  xv iM T H iecK oro  c o c T a n a  riJiaiiKTOiia n ,  npe>WAe B c e r o ,  c o o T i i o m e n H H  b  
n e w  o c i iO B i ib ix  x i i M i m e c x i i x  K O M noneiiT O B , T a x i i x ,  x a x  yrj ieB O A W , 6 e A X H ,  
Jiviipbi, x a p a K T e p i i 3 y p m n x c a  p a 3 J ih m n o i l  s n e p r o e M x o c T b i o .  3 t h  x o M n o i i e i i T b i  
c p a 3 J i n iiHbiM 3 i i e p r e T H iiecKHM 3tJt(j)eKT0M M o r y t  y c B a i i B a T b c n  h T p a i ic iJ io p M H -  
p o B a T b c n  o p r a i iH 3 M a M H .

O a h u  H3 Ea>KiieMLUiix 3axoiiOB öiioaiiepreTiixH 3axAioHaeTCH b t o m ,  h t o  
Bee nocAeAyiomne iripeapamemin opramiMecxoro BemecTBa, ‘CoaAaiiuioro asTO- 
Tpo(|)iibiMH oprami3MaMH, ocymecTBAHXvrcH 3K30TepMiinecKHM nyTeM, t . e ,  c  
ocBoóo>KAeiiHeM iicKOToporo KoaimecTBa aiieprmi r ip n  s t o m  na xaixAoïi no- 
cjieayiomeH cTaAini npeBpamein-in o p ram m ecxoe  BemecTBO b ueAO'M öyAeT 
xapaKTepH30BaTLCH B-ce óojiee h h 3 x h m  3a'nacoM noTeifUHaAbiiofi siiepinin no 
CpaBIieillMO C 'KCXOAHbI'M.

H3MeHHIIB0CTb 3KOCHCTeM B p a 3 JI H'M 11 bí X paflOHaX H X A H M 3 T HllI e C’X H X 30- 
nax oxeana CAyixiiT q a i u i m  it3 o c i i o b i i m x  m o m b i i t o b ,  onipeAeAHiouinx bck>  
oiiOAoniqecKyio 'CTpyxTypy oxeana. C s t o h  t o h x h  apeHiiH MpeaBbiÁaiiiio cy- 
mecTBeiiHo BbiHciieuHe xiiMiinecKoro cocTaBa Bceft Maccbi nAaiiXTOiia 
(ToiaAbHoro. naaHKTOna), n3Meiiemin ero b pa3Hbix pañoiiax oKeana h  
BAIIHII1IH BHeUIIIHX — aÖHOTIHieCXHX (JiaXTOpOB, C KOTOpblMH CBH3aiIbI 3TH 
H3MCHeHHH.

H a x o i i e u ,  o t  x i i M i m e c x o r o  c o c T a B a  TiAaxTOJia b 3 n a iiiH'reAbiioiTi CTeneiiH  
33BIICHT e r o  p c A b  x a x  0 c a A K 0 0 6 p a 3 0 B a T e A H .  K a p ô o n a T i i b i e  ocaA'XH O T A a ra -  
i o t c h  b  T e x  p a i ' i o i i a x ,  r A e  b r iAaiiKTOiie n p e o Ö A a A a iO T  AtRBOTiibie c lUBecTXO- 
BiicTbiMii p a K O B 'im a M ii— n iT e p o n o A b i  h  r A o ß i i r c p i n i b i .  O c a A K i i  c  b m c o h i i m  
c o A e p j K a m ie M  K p e M n e 3 e M a  x a p a x T e p t i b i  a a h  p a i io i iO B  M a c c o B o r o  p a a B i i r i iH  
n e A a r i m e c K K x  AiiaTOMOBbix B O A o p o cA eñ  h a h  Ate a a h  ö o A b i m ix  rAyÖHH o x e a -  
n a ,  r A e  c x e A e T i ib ie  ocTaTX H, c o c T o a m n e  H3 x a p é o n a î a  x a A b u n a ,  He w i i p e -

1 B a .T b T e p c  [29] y K a 3 U B a e T , m to  n a  x a w A u f i  MOAb OKHCAetiHOH rjiK>K03bt npx n e p e x o A e  
o t  o A H o ro  n m u c B o r o  y p o ß im  k  c j ie A y io iu e M y  T ep jieT cn  n p m i e p H o  275 k i w a .
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miiOTcn, ß jia r c a a p ji p a c m o p c im io  » iicA o iiacb im en iib ix  C 02 rA yön iiiib ix  bo*
AHX. CyiUeCTUOllIIblM KOMIIOIICIITOM T3KHX OCaAKOB OÓbl'IlIO OKa3bIBaiOTCH 
C KOACTbl p a Al IOA M p-I I ¡I.

l l a y n e i iH C M  x i i .M H 'iccK oro  c o c T a B a  n A a m c r o n a  3 a m iM a A i iC b  M i i o n i e  H ccne- 
A o ih itc a ii, h  b i i a c T o a m e e  iipc.Mn y>i<e n a K o m i e n  B i ia m iT e A b i ib iñ  M a T e p n a A ,  
x a p a K T c p i i 3 y i o m n i i  k b k  o t ; u v ib i lb ie  a n / ib i  11 u e A b ie  r p y n n b i  í k h b o t h h x  [ 6 — 7, 
IO, 12, 16, 2-1, 2 7  il mii. .i'P-1, T a u  n  TOTaAbiibiii  n j i a i iK T o n  p a 3 A i i in i b ix  y n a -  
CTKOii Mopei'i  h  i icK O Topbix  p a i i o n o a  o x e a n a  [1 1 ,  1 3 — 15, 2 2 ,  2 5 — 2 7  h  AP-]. 
O . i i i a K O  B o n p o c  o ö  ] i3M cii im j io c T i i  xiiM im ecK oro c o c T a B a  O K e a m n ie c K H x  
n j i a i iK T o m i b ix  c o o ó m e c T B  n c r o  cb h 3h  c  B iie innH M H  (p a K T o p a M H  Bce e m e  
g c t h c t c h  oa iiu m  ii3 ï i a i iM e n c c  i i3 y ii e m i b i x .  To-nbKo b n ocA eA im e roAbi HocAe- 
A o u a p i m  o ú u m p i i b i x  O K ca ii ' i iaecK iix  a l m a  T o p  n i i ,  n p c A n p i iH H T b ie  phaom  c u p a » ,  
11U3B.OJ1IIA1I n c v i o i i r n  k  n o c T a n o B K c  n o A o ó i i b ix  3aAa>i.

O c o ö e m io  iin ipoK o p a a iiep iiy jin cb  iiccjieA O Bam in B3Becn n o B e p x n o c n io r o  
cn o ii BOAbi, b 3iiaaiiTejibiioi"[ c r e n e im  cocT on m en  M3 m h k p o  n ji a ifktoha [1 7 —  
10]. 5b i;i iiccjieAO Baii, b nacT iiocT ii, cocTaB B3Becn b kukhm x  h uenTpaAbH bix  
p a iio n a x 'H iiA 'iii’icK oro o n e a iia . K  co ïK ajie im io , n o  on noiu en H io  k ôov iee  K pyn- 
îiOMy cern oM y 3O0inAaiiKTOiiy n oA oöiib ix  iia'ÖAioAenHH cxaeAano HecoH3MepH- 
MO MOlIblIie.

O n p cA eJ ic iiiie  x m p n o c r u  nAaiiKTOiia npoBOAHAQCb Ha MapuAHonaAbiHbix 
p a 3 p c 3 a x  >iepe3 T iixhh n A T jiaiiT m iecK iiiï on ea iib i [2— 3], a T a ïon e Ha He- 
CKOJibKiix CTanm inx b H iiaiuïckom  h A Tjiaim m ecK OM  o x ea H a x  [30].

B  A ajibiieiiiueM  iiocAeAOBaiiiiH ÔHOXWMHHecKoro cocT aB a OKeaHHAeckoro 
njiaiiK Toiia ôbiAn p a c im ip e iib i. H ei<oropbiM  pe3yAbTaTaiM st h x  h cca caob an  h h 
h nocB iim aeT cH  n a cro H iu ee  coou m eiiH e.

MATEPHAJ1 H M ETOflHKA

M aT ep iia ji óbiji c o ß p a n  bo BpeMH 3 1 -r o  p e n c a  a /c  «BnTH3b» b H h a h h -  
c k i i il o x e a n  ceT bio Tim a flx ieA H  c  nA om aA bio b x o a h o to  oT B epcrnn  0 ,5  m 2 h c  
<|)ii.TbTpyiomiiM Konycojw 113 M eA bim m ioro ciiTa JMà 3 8  (pa3M ep m ien  0 ,1 8  m m ) .  
H a  cT a iim m x  oöjiaBjiiinaACH c a o h  0 — 100 .M.T IojiyneH H bie npoób i 6 e 3  (pHKca- 
UH1I cpiiJibTpoBaAiicb, B 3B em iiB ajincb , a 3aTeM BbicyiuHBajiHcb. B  A aA bnefi- 
uieM b m ix  onpeA ejiH Jiocb co A ep w A n n e K apóoiiaT a KaAbUHH, opraHH>iecKoro  
yrvicpoA a h AiinnAOB.

K apöoiianiocT ij o6pa3nOB h co,aep>i<aiiwe opranii'iecK oro y ra ep o a a  onpeaeanaHCb no 
K iionny. Æ aaec KapConaTiiun C 0 2 nepec'iHTbiBaan ira C a C 0 3. r i p a  3 t o m  caeayeT  n.weTb 
b Biiay, MTo, XOTH C a C 0 3 h  n-BaiieTca npeoöaaaaiow H M  KOMnoiienTOM b cocTaiBe Kapßo- 
naTHbix CKeaeTOB n aam aom ib ix  op ran im ioB , b  iieicoTopbix cjiynaflx o h  b anaMHTeabHOH 
CToncmi Mo>KCT 3aMcmaTbCH M g C 0 3. ycTaHOBaeno, h t o  c  noBbmieHHeM TewnepaTypbi 
onpy>Kaioincii bo;u>i poab M g C 0 3 b cocTaBe KapCoiiaTHbix CKeJieTOB B03pacTaeT h , Ha- 
npnw ep, y (|)opaMinim|iep KO/ieó.ricTCíi b 3aoHCHM0CTH o t  TeMinepaTypbi h 'HeKOTOpux a p y -  
r n ,\  ([iaKTopoB o t  0 ,3  a p  16%  [2 3 ],

C oaep/K aim e anniraoB on p ea ea n a ii nyTeiw SKCTpaïauiH1 Ha annapaTe CoKcacTa CMCCbio, 
cocTonm en M3 7 0 %  b eii3oaa, 15%  aueTotia h  15%  MeTanoaa.

J ljifi a n a ju iso B  6 bí a  n cn o a b 3 0 B a ii M a iep iia j i, c o ó p  an  h bí ïi n a  142 craH - 
m m x . B  CBH3H c  TeM, MTO KoamiecTBO naaiiK T ona, n ojiyn ae.v ioe  c  o a h o h  CTan- 
UHH, nacTO öbiAO iieAocxaTom ibiM  a a h  anaA H sa, t o  CTami'Hii, cA eA an iib ie  b 
p a íio iie  c o  cxoAHbiMii rnApoAorim ecKiiM H ycAOBimMH h 6 a h 3 » h m  T a x co n o -  
iMII'ICCKlIM CCCTaBOM II KOJIIIHCCTBOM nAaiIKTOIia, OÖTjQAH'HHA'irCb B IIÖÖOAb- 
u iiie  rp yn n b i. O npeA C A em ie T axcoiioM m icoK oro cocT aB a, ÖHOMaccbi nAaiiK - 
TOIla II nOACHCT MaCCOBblX BIIAOB inpOBOAHAH. B npOÖaX, KOTOpbie ÖpaAHCb 
na xa>KAoii cT a im m i napaAAeAbHO e  npoöa'MH A ah  xHMWHecKoro an a A H 3 a 2. 
Pe3jM bT3Tbi xHMimecKHx anaAH30B npuBeAeHbi b TaÔAHue, rAe M aTepnaA no  
OTACAbiibiM cTanuHHM oöneA H iieii n o  ecTecTBemibiM  6  n o  - r h a p  o a  o  ni'H e ck  hm

3 CBeacHiiH o cocTaBe naaiiKTOiia npiiBeaenu b paae cTaTeü [4, 9, 21],
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476 XiiMunecKitH co c ía n  njiaiiKTOiia HtiAiiftcKoro oxeana

(s  c.ioe 0— 100 m )

,V> paft-
OIIOB ,\iV.> cT a n n n ft b Ka>KAOM p a floue X apaxTepiiC TH K a pa iirm a

B u o M acca
(cy x o ii
Bee).

MC/M*

C aC O j ^ u p r J l t m u a u
OTHiieiiTeabM oc 

c o A ep a iam te  -n in ii-  
AOB B o p ra m m o -  

CKOM ECUlCCTBe 
n.i.iH Toiia ( h  ° 0 

0T *-opr )

C a C O , *4>pr J lq in iA 1.!

b %  Ha c y x o ii Bcc ru iauK - 
TOHB

Ç OObOMC

1 4546-551 P a iló n  B3anMOAeMCTBÎm c yM aipancK iix
BOA h b o a  IO /K iioro  3K BaTopna.nbnorp Te-
qem ia 4,02 21,0 29,46 7,26 16,52 0,84 1,19 0,29

2 4556— 559 P a iló n  CM euiemia boa npiiH B ancK oro
pailo tia  h u e n rp a .ib n w x  iiHAooKeaiicKnx
BOA 3,75 15,56 33,71 7,62 15,19 0,58 1,26 0,24

3 4555 JIoKajibHbifi p a iló n  q p eaßb iqaiino  Jim en-
CHBiioro C TanuoH apiioro  noA^eM a boa 29,5 8,29 24,17 9,04 25,1 2,44 7,11 2,66

4 4518, 4521—525, 4553, 4554 riep ii4 'ep im ecK a n  qacTb npiiH BancK oro
p a ilo n a 5,78 10,5 31,41 8.08 17,21 0,61 1,82 0,47

5 4508, 4515, 4527, 4530,4531, BblCOKOnpoAVKTÜBlIblM np iiaB aacK iiil
4533, 4534 paiio ii 15,5 9,85 31,58 9,84 20,9 0,15 4,89 1,52

6 4560—562, 4570 BoAbi 3anaA no-A B C TpajiiiiicK oro Teqe-
HHfl 5,60 21,0 26,95 7,37 18,35 1,17 1,51 0,41

7 4564-565 ripn6pe>KHbie BOA« ceB epo-3anáA noñ
A ßC TpaanH 13,5 5,38 30,86 6,42 13,92 0,73 4,16 0,87

8 4573-581 UeilTpaAbHbie BoAbi BOCTOqlloil MaCTH '
o x ean a 2,1 11,6 30,38 6,83 15,1 0,24 0,64 0 ,14

9 4599, 4600, 4605—609 BoAbi IO /KHoro 3K B aT opnaabiioro  Tene-
HHH 3,5 9,87 31,84 9 ,9 20,81 0,35 1,11 0,35

10 4595, 4596, 4598, 4610, 4612 3 o n a  AHBeprenmiH Me>KAy BOAaMH 3 k-
BaTopna.ibnoro npoTHBOTeqemia u IO>kho-
ro 3KBaTopnaAbnoro leq ew ia 7 ,0 14,3 30,95 10,06 21,82 1,00 2,16 0 ,70

11 4590—592, 4594, 4613—616 P a iló n  onycK an iiii b o a  Ha i o jk h o h  ne-
pmJ'epp.H M y cc o im o ro  T eqem ia 3,44 14,05 28,41 7,51 17,72 0 ,48 0,98 0 ,26

12 4617—622 flpn6pe»cnbie b o a w n 30iia  noA ie.iia
boa, Bbi3BaHHoro pacxo»cA eniieM  BeTBeil
M yccoH CKoro re q e n n a  nepeA  MajibAHBc-
KHMH O-Ba.MII 5,73 7,85 29,13 7,82 18,0 0,45 1,68 0,45

13 4625-632 nOAT>e.M EOA B 30He paCXOJKAeilHH BeT-
Beft M yccoiinoro Teqen.na IO, 69 11,2 26,65 13,63 34,38 1,20 2,84 1,45
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14  4 6 3 5 — 6 4 0  , 46 4 2

15  4 6 4 8 - 6 5 0  , 46 5 3

16 4 6 6 4 - 6 6 5 ,  4 6 6 7

17 4 6 6 0 , .4 6 0 2 — 6 6 3 ,  4 6 6 8

18 4 6 0 6 ,4 6 7 6 ,4 0 7 7 ,4 6 9 0 ,4 0 9 2 ,4 0 9 4 ,  
4 5 9 5 ,  4 6 9 7 ,  4 6 9 9 ,  4 7 0 0

19 4675
2 0  4 7 0 3

21 4 6 7 8  , 4 6 8 0 — 6 8 2  , 4686

22  4 7 0 1 , 470 2
23  4 7 0 4 — 70 9
2 4  4 7 1 4 - 7 1 7

2 5  4 7 1 0 — 71 3  , 4 7 1 8 - 7 2 3  , 472 5

2 6  4 7 2 6 , 47 2 7

27  4 7 2 8 - 7 3 2

r iO A teM  BOJ, BbI3BaWIbIH UllK.IOHIiqeO
Koií unpK y.inu .neii 'l a c r n  b o j  SuR aT opii 
a jib u o ro  npoTHBOTeuemiH, pa3BopaqiiB a- 
íoiuHXCH 3 a n a ju e e  ap x im e .n a ra  t la r o c  

H eiiTpa.nbHbie B o jb t 3 a n a ju o i í  q a c n i  
OKeaiia

3 o u a  A H B eprenum i M e w jy  3K BaTopn- 
ajbHbiMH ripoTiiBOTeqeiiiia.MU n IO íkmhm  
3KBa ropna.3biibiM  Teqeiiiie.M

Bojbi K )> K n o ro  S K B a T o p u a .n b iio ro  Teue 
u n a  b 3anajH0i't q a c m  oueaua

Bojbi SKBaTopnajbiioro npcmiBOTeqe- 
hiisi b 3 a n a jn o f t  q a c tu  o u e au a  

P a iio i! Ko.MOpCIOIX O-BOB 
3 o n a  iiUTeiicHBHOÜ j i iß e p r e u m m  b ,\ie- 

c r e  p acx o K je iiH H  BeTBeü M y cc o im o ro  Te- 
qe ium

np o jy K T itB iíb ie  n p u ó p e jK iiu e  b o j  bí b 
30ne CTbiua 10>KHoro SK B aTopua.ibnoro u 
CoMa.iHÜcKoro T eqem iii

PafloH CeñuieJibCKitx o-bob  
lOiKiiaa qacTb ApaaiiiicKoro Mopa
n p H Ö p ejK H b ie  BOJ bí CeBepO-BOCTO'IHOH

qacT ii A paB iiiicK oro  Mopa
BbicoKonpojyKTiiBHan ceBepuan qacTb 

ApaBHÜCKoro Mopsi
P a fló n  nojT>eí,ia b o j  k  3 a n a j y  o t  o. Co- 

KOTpa b HCTOKax CoM ajHÜCKoro TeqenuH 
y cT b e B aa  q acT b  A je H c u o ro  3auHBa

10,21 13,4 30,95 12,45 27,0 1,37 3,16 1.27

4,01 4,84 35,61 9,37 20,6 0,19 1,4.3 o . os

11,93 8,9 31,41 11,09 23,6 1.06 3.75 1.32

7,31 12,1 30,29 9,24 20,4 0 , 8 8 2,22 0.07

7,24 9.25 25,9 10,77 27.9 0.67 1,87 0.78
12,3 8,03 31,16 9,23 19,89 0 , 9 9 ,8 ,8 2 1,14

27,3 7,8.3 28,02 9,58 22,8 2,14 7 ,6 5 2,62

10,4 13,29 29,0 10,66 24,0 1,38 3.02 1,11
16,2.5 18,7 25,94 8,00 20,7 3,04 4.21 1,30
8,03 9 ,4 32,17 9,06 18,9 0,75 2,58 0,73

18,35 7,96 29,85 10,09 22,6 1,46 5,49 1,85

13,34 12,26 27,15 6,78 16,8 1,63 2,03 0,90

20,6 11,1 30,27 11,17 24,7 2,29 6,24 2,30
14,34 10,85 30,55 13,62 29,9 1,55 4,38 1,96
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Pite. 1. PacnpCAe^cmic öiiOMnccbi n.iaPKTOHO ( m ¿ / m ? )  n cjioe 0—100 m  [no 4]
/  — < 2 5 ;  2 — 25^-50 ; 3 —  5 0 -1 0 0 ;  <f —  100—250; 5 — > 2 5 0  m ¿ ím *

TyijKii  — no^o>KCHUc C T áim iu i. n a  KOTopu x n p o n o ;u i/ in c b  c ö o p w  n ^ a iiK T o iia ; M e-nxiie u m fc p u  — HOMepa 
C T annH ü; K p y n u b i c  m ii jjp u  —  H O M c p a  p a iio n o B  ( c m .  T a ó / m u y ) .

p a n o n a M  ( p u e . -1) .  f l a m m e ,  n p i i B e a e n i ib i e  b T a ß a i m e ,  a a i o T  B03M0>i<H0CTb 
Ko.nHMecTneinio o x a p a K T e p u 30BaTb o c o C ien i io cT n  p a c n p e a e a e in iH  o c h o b h h x  
XH M ii ' iecK ux K O M none ii^oB  n o B e p x n o c T i i o r o  c e m o r o  n a a u K T o n a  n  naM eTHTb 
CBfi3b  3T c r o  p a c n p e a e a e n i i n  c  ncKOTopbiMii aö n o T in iecK i iM H  (JiaxTopaMH.

OPrAMHMECKH« yrJIEPOfl
CoAep>i<aHne oprannnecKoro,, ymepo.ua b nccaeaoBannoM naaiiKTone ao- 

BOJibno nocToniiHo b pa3iibix paftonax n cocTaBjiaeT b cpejueM 29,9%, ko- 
¿leßjincb o t  24,2 ao 35,6% or cyxoro Beca. Konoßaimn ani ne cjihuikom 
3aKoiiowepiibi, no TeM ne Menee mo>kiio oTMeniTb, i to  6o;iee mi3Koe coaep- 
>Kanne Copr b njiaiMTone naöjiioaaeTcn b païionax miTencHBiioro noaunTnn 
noa, rae cymecTBeunyio nacTb b oômeiï wacce cecTona cocTaBiineT rj)mo
nai an KTOii (anaTOMen) c TB>KejiUMn xpeMiießbiMH cTBopxaMii. Hanöoaee bh- 
coKoe coaepnonne Copr iiMeeT Meció b neiioTopbix cpaBiiHTeabiio öennbix 
panonax, rae poab t}^'TonaanKTona Maaa. Oanano, nanpnMep, b TanoM Bbi- 
coKO npoayKTiiBiioM paiioue, nan npiiHBancKiiii, me pa3BHBaeTcn öonbuioe 
KoannecTBo cliiiTonaaiiKTona, coaepixaune oprannnecKoro ymepoaa aoBoab- 
iio BbicoKoe (äo 3—7 m¿Jm3).

Bnaroaapn Maao MenniomeMycn ornocnTeabnoMy KOJiuuecTBy Copr b 
njiaiiKTOiie Kapmna pacnpeaeaeimn ero aöco,moTnoro KOjnmecTBa (pnc. 2) 
b BepxneM c t o m c t p o b o m  caoe b oöme.M aoBo.ibiio noano noBTopneT Kapmny 
pacnpeaeaennn oömeii ßnoMaccbi nnaiiKTona (cm .  pnc. 1) .  Hanóoabuian 
KcnneiiTpanun nnauxTonoreiinoro oprammecnoro ymepoaa naôaioaaercn b 
nonax npHBBanCKoro paiiona, b 3one noate.Ma Boa k ioro-3anaay o t  nero, 
b 3onax noa^eMa noa na 6—8° io. ui. n na aicßaTope b 3ainaanoii nacra 
oneana, a Taioxe b npnôpoKimx panonax céBepnon nacrii ApamiftcKoro 
Mopn, t .  e. b HanóoJiee npoayxTiiBiibix paüonax. HawMeiibinan ero k o h -  
neiiTpaunn OTMenena b  neiiTpaabHbix Boaax n b  Boaax k o k i i o h  nepinJiepHH
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Pnc. 2. Cxeiwa pacnpeaejieHHH Copr (mz/m3), cojiep/KamerocH b nnaflKTcme b cjioe 0— ICO ai:
/  — > 7 ;  2 — 7—3; 3 — 3—2; 4 — 2 - 1 ;  5 —  < 1  m z /m *

M y c c o i ü i o r o  T e n e l í n a  a  B O C T o m io í i  n a c n i  o n e a n a ,  t . e .  b  B c w a x ,  o e o ö e H 'H O  
ÖCAHblX TIJT aiIIKT OIIOM.

H iiT e p e c i io  cpaBiiiiTb KOjmnecTBO opra i iH H eoK oro  yin/iepo;]. a , 3aKJUoneH- ' 
n o r o  b TLiaiiKTOiie, c  aö m iiM  m nim ecTBOM  o p r a n i in e c K o r o  y r j i e p o ^ a ,  p a c r a o -  
.p e m io ro  b Bone, f i o  aaiiHbiM M e i i3e.nn [28], KOirueHTpauHH p acT B O p e m io ro  
o p r a i n in e c K c r o  y m e p o ^ a  «  noBepxTiocTiibix Boa,ax 3 a in a a n o i ï  nacTH H h a i i h -  
cK oro  o x e a n a  06 bí mu o cocraB TiaeT  0 ,5 — 0,3  M e / A .  3 î a  BeJiHUHiia npHMepHO 
n AecHTb p 3 3  ó o j ib iu e ,  new  co aep > K aiin e  Copr bo  B'3BecH, h b c o t k h  p a 3  
Combine, neM e r o  coj,ep>KaHne b ' ir -nauKroiie, mto  no^TBapn<iiaeT p e 3Koe n p e -  
o f m a a a i m e  MepTBoro —  « k o c i io to »  o p r a i in n e c K o r o  BemeCTBa n a à  jk'wbmm.

j i m  n u  a m

B  KanecTBe oA'Horo H3 o c h o b i i u x  KOMinoiieiiTOB, x a p a K T e p n 3 y io m n x  x h -  
MirnecKiiü c o c t s b  ruiaiiKTOiia h  e r o  s i iep reT H n ecK n e  oco öem iocT H , paocM aT - 
p i iB a j ia c b  J in n iv rn a a  c p p a ïa u in  o p r a i m n e c K o r o  B em ecT na .  3 t o  m 0 tw b  n p  ob  a - 
j iocb  npc>K^e B cero  TeM c o o ô p a jx e n n e M ,  h t o  m ienH O  JKHpoBbie BemecTBa b  
o p r a m i3 M a x  o 6 .na.aaiOT naHÔojibuiHM 3an a co M  aneprH H  h  xapaKTepn3yiOTCfi 
BbICOKofi 'Ka/IOpnilTlCCTblO. fi3BeCTH0 TaïOKe, 1TO B naaHKTOlIHblX OpraHH3- 
Max >k 11 p bí inpeacTaB.TiiiOT, n 0 -b u n  h m om v , o c i iob 'ho u  p e3epB  SHepirHH h co-  
^ep>[<aiine h x  Ainia'MHmno CBH3ano c an e p re in n e c K H M n  3aTiparaMH opraiHH3- 
Ma [20],

> K n p O B b ie  T ie m e c T B a  m o j k i i o  p a c c M a r p i i B a î b  x a x  Be'CbMa Ba>KHbifi  h  J i a -  
ô n a b i i b i i ï  K O M n o n e i iT ,  T e c n o  CB B3aiim >n“i c  n p o u e c c a M i i  o Ô M e i i a  h  s H e p r e T H -  
MCCKHMII COCTOBflHBMII BCeX OCTajIb 'HblX KOMBOIieUTOB o p r a i m a M a .  B J im m i-  
j i a x  n o c T O B H n o  o c y m e c T B j in iO T C f i  n p o u e c c w  c i i H T e 3 a  h  p a c n a n a  H e f i T p a j i b -  
i ib ix  JK H poB , n e p e x o f l  o a h h x  j K u p i i b i x  k h c j i o t  b  f l p y r n e  h  H O B o o 6 p a 3 0 B a n H e  
> K i ipoB bix  B e m e c T B  H3 y i \n e B 0 / i .0 B  h ,  n a c T u n n o ,  ôeJ iKOB. C j i e j i y e T  n o a n e p K -  
n v T b ,  i i t o  ô 6 p a 3 0 B a n n e  h  n a K o r u i e i i H e  >i<HpoBbix BemecTB . a  o p r a H H 3 M a x  n p o -  
KCxoflH T  n e  CToab'KO 3 a  c n e T  x< H poB , c o a e p J K a ï u H x c f i  b  n m u e ,  CKOTibKo 6 j i a -  
r o f l a p i i  i n p e B p a m e i i H B M  y r j ie B O A O B .  B c b o i o  o n e p e A b ,  n p n  a e c j i i iU H T e  y n n e -
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boaob haii ncnocraTOMiioM iix nciioxbaoBannn, >Kiipbi ncnoAbayioTCii 
Opi'ailll3MOM l)_KaJICCTHO IICTO'llllIKa Alicprilll. T a K H M  0 0 p a 3 0 M ,  JKHpbl 5IBJIÍ1- 
101 cm noi<a3aTCJieM, ' c y M M i i p y i o n u i M  ¡ v í n o m e  o Ö M o i n i b i e  nponeccu h b i i 3 b c -  
C Ti i o i i  M e p e  O T o f i p a w a i o r  anoprcrimccKoc cocTomine opraiiU3Ma.

Tccnan CBii3b m o k  Ay ji n rm /i 11 o i'i t|ipanuneii nAaiiKTomibix opraiiH3MOB c 
iix ApyniMii Ba/KiiciiiLiiiMu KOMrioneiiTaMn, b nacTiiocTH c öeAKaMii, npoHB- 
jiHCTcn b iiajiiiMiiii b cocTauc ximnxoB umpoKoro cneicrpa aMiinoKiicAOT, Becb- 
Ria npo'iiio c  un m h cBB3ainibix. H ocae  k i icaot i io to  riiApoAH3a ahíihaob Häsin 
öbuni onpe/ieaeiibi mctoaom 6yMa>Kiioii xpoMaTorpatjmn cAeAyiomne aMiuio- 
KiicjiOTbi: HI1CTIIII, aiibiiu, niCTiixnn, acnaparmioBaii h rAiOTaMHiioBan khc- 
aotbi, aAaiinii, iiaonpojiim, aprinum, Tiipo3im, MeTiioiimi, BaAHii, cpeniiAaAa- 
iniii lí Tpiiimxpan. llaAiimie aMiinoKiicAOT, no-BiiAHMOMy, oöycAonxeno npn- 
cyTCTimcM nenTii/ioB, n, tbkiim oópa30M, BbiAeAemibie AHniiAbi o t i ioch tch  k 

• rpyniic A i i n o i i | ) o r o i i A < ) B .
Ilo aACMcmaipnoMy cocTaay nccACAOBauiibie AimnAbi b  cpeAiieiw na 67% 

cocroar 113 ynepojui 11 11a 10% 113 BOAopoAa, mto cBiiAeTeAbCTiiyeT ö 3a- 
MCTIIOÜ pOAH B IIX COCTBBC reTCpoaTOMOB H, B MaCTIIOCTH . KHCAOpOAa, CBÍI- 
aaniioro cnopee Bcero c wnpubiMii KiiCAOTaMn. 3 to  noATBepwAaeTCH Ta'Kwe 
3aMcriibiM coAep>KamieM oMbiAJiCMbix Bemecra h b  to  we Bpeivm othoch- 
TCAbiio iieöcAbUJoii po.'ibio (okoao 10%) naiiöoAee BOCCTanoBAeniibix kom- 
rioneiiTOB-yrAeFOAopoAor».

Ha Beei'! HCCACAOBamioi'i a im a io p m i  c o A e p w a n n e  ah nii aii ori ijipaKUiin b 
n.naiiKToiie KOAeöaAOCb o t  6,4 a o  13 ,6% , cocTa'BAHH b cpeAneM 9,4%  c y x o r o  
n eca .  n p iiM op iio  T axoe w e  co . ic ip w a im e  a h a i ia o b  xa p a icrep u o  TaKwe a-hh 

TiAaiiKToiia b npeA ejiax TpominecKoii 3oiibi ATAaiiTimeCKoro n T n x o ro  o x e a -  
iiob. .Hiimb b cyÔTponmieçKiix 11 yiviepemio xoAOAiioBoanbix p a iio i iax  t io a h p -  
n ee  20—30° c o A e p w a m ie  AiiniiAnoii (JipaKUHH miorAa npeBbiuiaeT 15—20% 
[2, 3],

Meiibiiiee c o A e p w a n n e  aiitibaob b n A a i i K T o n e  T p o n i m e c K i t x  h S K B a T o p n -  
a A b i i b i x  p a i ' i o n o B  abct a c i i o B a n i i e  cnirraTb, hto hx c o A e p w a n n e  0 B H 3 a n o  
o ó p a T i i o i ' i  3 a B H c i i ’\ i o c T b i o  c  TCMinoparypoii boaw. B T e x  p a i i o i i a x ,  r A e  3 T a  
T C M i i e p a T y p a  B b i c o n a , '  r i p o n e c c b i  MeTa6oAH3Ma i i A y T  ó b i c r p o ,  B p e M B  cy- 
m e c T b O B a i i i m  x a w A o i i  r e i i e p a i u m  n A a i i K T o m i b i x  jkhbothux n e B e A i i K o  
lí w i i B O T i i b i M  u e T  n e o ö x o A i i M o c T H  c o 3 A a B a T b  ö o A b u i i i e  3 a n a c b i  miipa. 
B C C OT Be T CT BHH C 3 T I I M C O A C p i K a i I I i e  A i m i I A O B  B n A a i l K T O I i e  O K a 3 b I B a e T C H  

1IH3KIIM.
OAiiaKo ncTKoe cooTBCTCTBiie wewAy Te\inepaTypoii boaw h KOAimecTBOM 

jinniiAHOH (ppaKmni b nAaiiKTone npocAewiinaeTCH TOAbKo npn oóoömeH- 
'IOM epaBiieHiiH TenAbix TponnnecKiix n 6oAee xoaoaiiux boa bhcokiix iuh- 
pOT. BnyTpn TponiinecKoii 3011 bí Ta koto cooTBercTBiiH oönapywHTb i-ie 
yAaeTCB. B oGcAeAonaniioii na m i i  ceBepiioii nacTH HiiAHiicKoro oxeana, ue- 
jiiiKOM Aewameii b TparrmiecKOii 3one, coomouieiine MewAy TeMmepaTypoii 
b orpaniimeiiiibix paiioiiax n 'coAepwauneM AiiiniiAOB b irmaiiiKTone oxa3brBaeT- 
01 Aaaeuo ne Ta km m mctkhm. Tax K03(]j'(|iirnHeHT KoppeAnmin moka y coAep- 
wanneM ahiihaob L (b npoueiiTax ot cyxoro neca) b nAanKTOiie caoh 
0— 100 m in TeM'neparypoii T na r,ny6iiiie 50 m aaii 27 paocMaTpiiBaeMbix 
na m m pafionoB oneiib iieBeAine r u  =0,15 h CTaTiicTimecKH HeAocTOBepeu 
(^=0,764, t. e. p ^ 0 ,9 5 ) .  B oomem nAaiiKTOH oöbmiio oxa3brBaeTca naii- 
Coaee oôoramen AirniiAaMn b paiioiiax ero MaxcHMaAbHbix KonueiiTpaimiii, 
t .  e. Ta m , rAe ycAOBim aab  paauiiTiiA AAaiiKTOiia oKaabiBaioTca nanóoAce 
ÖAaronpiiiiTiibiMii. ÆeiicTBiiTeAbno, KoacpicJnmneuT KOippeAimun MewAy 6ho- 
Maccoii nAaiiKTOiia P 11 coAepwaniieM aihíhaob L Bbiuie ( r u  =0,25), new 
m o k  Ay coAcpwaniiOM aiiahaob b naaiiKTone n TeMinepaTypoü na rAyónne 
50 m.

Kau H3BecTH0, b TponimecKoii 30iie, h b naci iiocth b 3KBaTopHajibiioii nacTH 
lliiAniicKoro OKeaiia, naaiiKTon noaynaeT onTHMaAbiibie ycaoBiin aab pa3BHTnn 
h îiMeeT nanSoAbuiyio 6noMaccy b paiioiiax KBa3HCTau.HOHapHbix noÂ eMOB boa. 
o KOTopbix Mowiio cyAHTb no noAbCMy Bepxueii rpannubi caoh CKanxa njior-
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n o e m  [8]. OK;i3i.inacTCH, u r o  Moxay kojihhcctbom annnaoB b naanicroiie L h 
r a y ö m i o i i  3a.icramiH B c p x n e i i  r p a m i u u  c a o »  TcpMOKamia H  K oppeasm roi  Bbiuie, 
HeM c ApyniMH paccMOTpemiiiiMH Hawii ruapoaorHqecKHMH cJiaKTopaMH \rLH — 
—  —  0 , 3 2 ) .  H o n m  cto.% >Ke B e ;m i< a  Koppeanima Meacay c o a e p a e a n n e M  jihbhaob 

b  i i j i a i iK T Q i i e  h  T CM neparypoii  n a  r a y o n n e  1 0 0  m  ( r l t  =  —  0 , 2 6 ) ,  nO H H JK eH ue

Pue. 3. CxeMa paenpeaerenna .ninujnoii ¿ p p a m u t í  njiamcroHa b cjioe 0—100 m  ( m z I m 3) :
1 —  >2.0; 2 —  2,0—1.0; S —  1,0—0,5; 4  — 0,5—0,25; S —  <0,25 »¿¡M?

KOTopoii yKa3biBaeT Ha noabeM rayômmbix Boa, a noBbimeHHe — Ha onycKaHHe 
nOBepXHOCTHblX.

B CBH3H C TeM, HTO HeT nOJIHOH yßepeHHOCTH B npHMOJIHHeñHOCTH CBH3H 
Meatay coaepjKaHHeM annaaoB b naarncroHe h paccMOTpenHbiMH Bbiuie raapoao- 
nmecKHMH cjmTopaMH, KpoMe KoacJxfwuHeHTa KoppeaaunH, 6biaa paccanTaHa 
BCJlHHHHa KOppeaflTHBHOrO OTHOUieHHH Meacay HHMH. BeJimnHbl KOppeaHTHBHOro 
OTiioLueiiHa yiva3biBaiOT Ha öojibuiee bjihhhhc rHapoaoraqecKHX cjjaKTopoB, CBH3aH- 
Hbix c noa^eMOM Boa, aeM sto caeaoBaao H3 Bejinqnn KoacjxjjHHHeHTOB Koppe- 
anmiH. T ai<, KoppeaHTHBHoe OTHomeHHe Meacay coaepacaHHeM JiunnaoB L h  TeM- 
nepaTypofi na rayÔHHe 100 m (t) =  0,514 npw mn =  0,171 h ¿,,=3,0,
t .  e. npn ¿>>0,99, a Mextay KoaHqecTBOM aannaoB L u  rayÔHHoa BepxHeîî 
rpammbi cjioh CKaqita H r\l1L — 0,506 npn =  0,188 h tn=  2,62, t .  e. 
npn p >  0,95.

noayqeHHbie aamibie mo3BoaiiiOT cqHTarb, hto yBeanqeHHe Han yMeHb- 
uieime coaepa<aiiHH airniianoíi tJipaKUHH b naaHKTOHe. (bo bchkom eayqae b 
npeaeaax TponniiecKon 30iibi) Tecuo cBfl3ano c ycaoBHHMH ero oÖHTaiina. 
O ho 33BHCHT npe>Kae Bcero Ot ioMeiieHiui Bcero KOMnaeicca ^aarapoB, cbh- 
3aiiHoro c Boa^eMOM rayôoKnx Boa b SBctioTHqecKyio 30Hy, npH Kotopom 
co3aaiOTca oimiMaabHbie ycaoBHH aan pa3BiiTHH naaHKTOHa. noHHKeHue 
nan noBbiuienne TeMnepaTypbi b aannoM eayqae Bansei Ha KoanqecTBo an- 
nnaoB b naaHKTOHe ne caMO no ce6e, a cayxíHT anuib HHaHKaTopoM cyM- 
Mbi ôaaronpiiHTHUx ycaoBHÎï a a h cymecTBOBaHHH (jiHialina) naaHKT- 
loiia.
9 OKeaiiojioniÂ, 2
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KapTiiiia paciipe/ie.ncuasi aöco;iioTiioro KOAiinecTBa AiinnAOB, coÀep>na* 
milXCSI B CCTHOM nAaiIKTOIIC Bcpxucro CTOMCTpOBOrO CAOSI (pil'C. 3), nOBTO- 
psier b onciib cooomeniioM niue KapTiiny pacnpcAejiennsi onoMaccbi naaiiK- 
Tona (cm .  pnc. 1). MaKciiMaJibiioe k o a i i h c c t b o  a i i h i i a o b  (öojice 1—2 mz/m3) 
coAepwnrcsi 'B aBCTpa^o-smaiiCKOM pai'ione oKcana, b 3oiie Aiinepreii'min y 
3KBaT(jpa h Jia 5—8° io. ui., a Taioxe n b ceBepo-aainaAiion nacTH Ap a b 11 it - 
CKoro Mopsi; iiaiiMeiibUJee — b neiiTpajibiiibix BOAax b o c t o h i i o j í  nacTH oxeana.

K A P C O H A T  K A J I b U M f l

WnpoKO ii3necTiia Bcviyman poab îiAanxToniiux opraiui3MOB 'B k o i i h c i i t - 
pamin KapôoiisTOB xajibiuisi it b oópasoBanim pa3^imiibix xaipöoiiaTiibix 
o c b a k o b . Bee ocasKAcnuc xa-nbiuisi n oKcane nponcxo;inr óiioreniibiM ïivtcm, 
n 03 to  m y oneiiKa xa.ibnncBoii (jiyii ku.ii m naaiiKTOiia caya? i it  neaôxo;uiMi.iM 
3Beiio.M b KOJii-mecTBeiiiioii xapaxTepiicriixe xpyro'BopoTa groro ajieMeiiTa 
B oKca'iie.

CoAepjKanne C aC 03 b rUianxTOne paccMOTpeiinbix paftonoB cocraBasieT 
b cpeAiieiM 11,7% h ii3MeiisiCTcsi o r  4,8 ao 21%, t . e. KOJieôJiercsi b ropa3AO 
ôojibiiien cTenemi, ne\i coAepjxaiiiie jiiööoro h3 xnMH'neexnx xoMnoneiiTOB, 
paccMOTpcKiibix Bbime. B ueimpajibiibix BOAax 3aina¡Anon nacTii oxeana n b 
npnaBCTpaAni'iCKOM paiïone D,no eABa AOCTHra¿io 5% o t cyxoro seca nAa'Hx- 
Tona, a b npncyMaTpaiicxoM paiione n b BOAax 3anaAuo-ABCTpa.iiHHCKoro 
TeneiHisi ct pea hui a a c 20%.

O c ir o B H b ie  ho c m e j i n  x a p ö o n a T a  x a A b m is i  b njiainKTOiie —  im e p o in o A H  n  
r A o ô i i r e p n u b i .  O A i i a x o  c ^ o t b c t c t b i i h  Mex<Ay K a p ó o H a m o c T b i o  T O T ajibH oro  
n ^ a i i K T o n a  n  x o A im ecT B O M  n T e p o n o A  b neM  mw n e  dG n âpy> xH A H . B o A e e  T o r o ,  
in i3 i<asi  K a p 'ô o i ia T i io c T b  n A a n x T O i ia  o x a a a A a c b  x a p a x T e p i i o n  a a h  p n % a  n p n -  
6 p e > x i i b i x  p a i ï o n o B  ( K o M o p c x n e  n C e i i m e A b o x n e  o - B a ,  KSiKiian o x o p e n n o c T b  
H'iiAOCTana n  A p . ) ,  r a e  i n i r p o x o  pa3BHTbi x a ip ô o n a T H b ie  AOHHbie o t a o > k € h ’h h ,  
b n e p B y i o  o n e p e A b  n i e p o n o A O B b i e  n a b i .

40

Pnc. 4 Cxevia pacnpeAeneirnsi CaCOipia/,»3), conepiKawerocH b  n n a H K T O H e

b  c jio e  0 — 1 0 0  m :
J — >2.0; 2 — 2,0—1,0; i -1,0-0,5; <—<0,5
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] Ina  h itapTin in  a m 'v n o / ia t 'T o i  a p a  cpnu iic i i i i i i  p aenp cA C viennn  K a p ß o iiaT -  
i ioc r i i  iiJiaiiKToaa co  cxoMoii luvui'ieciueiiiioro p a c n p c f le j i e i i i i a  r n a ö n r a p n n ,  
cocTanocniioi'i B cJ ií ie a o n  [1], O ita n n j io c b ,  m t o  p aiio iib i  c i i a i r ö o ^ c e  Bbicoitoä 
K a p ó o i ia T i iü c i i>io in.aaiiKToiia ( ¡o n t i ia a  aaCTb A pauniV cK oro  M opa, o p n a B a n -  
CKiiii a  iipiiaHCTpaaiiiiCKiiii pa iio iib i)  connapaiOT c p a i io i i a w n  OTiiocmejibiio 
»bicoxoii MiicviennocTii rjioóiirepan. B t o  a te  npeM n i i a n o o n e e  ö e ^ i ib ic  njianit- 
T onorcm ib iM  KapöonaTOM ï t a j i b u a a  n e i r rp a a b H b ie  BOAbi T aitx te  oócA neiib i a  
iv io ó n rcp n i iaM ii .  Co3,iacTCH iviicuaTJiciinc, m t o  c o A o p a ta n n c  i tap iöonaT a  itaAb- 
miH b rponiPiecKOM n a a n i t T o a c  onpcACAncTcn n p e a tA e  Bcero k o a h m c c tb o m  
r j io o i i r c p i i i i ;

B . i a r o x a p n  cpaBiiiiTtvibiio  fioabiiii iM K o a e ö a u n a M  b  c o A e p a ta i in n  C a C O î  
b  ii.TaiiKTwiie K a p n u i a  paonpo;uvic ii ii> i e r o  a'öcoaiOTiibix sn a M e n a n  (pac. 4) 
b  MeiibLHci'i Mcpe, mcm a a s i  a p y r n x  paco M o n p e i in b ix  Bbiuie itoMnonenTOB, co- 
raacyc-TCH c i tapT irno iï  pa cn p c A C J ien n n  önoM accb i  n n a i i i tT o iia  (pnc. 1).

i l a p ó o a c c  BbicoKoe c c x e p / i t a a n e  'n n an i tT on o rem io T O  i t a p ö o n a T a  K a a m m i  
oKaaa.Tocb x a p a i tT u p i ib n i  x a h  aoiibi „u iB c p rc im m i  n a  s i tB aT ope  b  3a'naAHOft 
M acra  o x e a n a  a  b  b o a b x  y i ix o x a  n A x e n c i tn í i  3axiiB ; aecKOJibKo M eab iu ee  —  

b A pa 'im ück öM  iwope, k nocToity  o t  M a x a r a c i t a p a  h me>KAy Mboîi h  Aßcrpa- 
.niicii ( no n e  b a p n ó p o i t i i b i x  B o x a x ) .  H aa .M eiib iaee  c o A e p w a 'n a e  KapóoiiaTOB 
OT.MOMcao b  ueiiT pa jib i ib ix  BOAax b o c t o m i i o ü  MacTn o i t e a a a  a  b BOAax HDjkho- 
ro  a i t B a T o p n a x b n o r o  TCMeaaa k BocTOity o t  a p x a n e x a r a  Maroc.

H i i T e p c c a o  n p o c j i e p i i T b ,  ¡tait o ip a a taeT C H  p a c n p e x e x e i i a e  x a M a a e c K a x  
K o a n o a o i iT O B  n o n e p x i io c T i io ro  n a a i i K T o a a  a a  x a p a K T e p e  i i a K a n x e a a H  Tex a t e  
a c a ic c T B  b A o a i ib ix  O T A o a tc i in n x .

K a ï t  v a t e  ro B o p n x o c b ,  iweatxy p a o n p e x e x e n a e M  n x a i iK T o a o r e m io r o  i ta p -  
ö o a a r a  ïtaAbuiiH a  pa.iMc'mcniicM K apó o aaT i ib ix  ocax ito B  a e  aaiöxioAaeTCH 
MCTKoii a a'BiiciiMocTa. rTo-BiiABuMOMy, p a c r a o p e a a e  i t a x b m iT a  arpeccaBHbiMH 
rx y ö n n i ib iM a  BOAa'Mii b  n p o u c c c e  ceA HM eiiTanaa, a T a n a te  p a a ô a B X H i o m e e  
B aaa -aae  T e p p a r e n i i o r o  a  oöxo.MOMHoro î t a p ô o n a T H o r o  M a x e p a a J ia  b  ropa- 
ö p e a tn o f t  3 o a e  a a p y iu a io T  ec.

B t o  a t e  B p e M a  w e a t A y  6 n T y M H iio 3 H O C T b io  a o h h m x  o T x o a t e H H a  a  p a o n p e -  
x e x e n n e . \ i  ö a o M a c c b i  T i x a n i t T o n a  b  n o B e p x n o c T U b i x  B O A a x  a a iö x io A a e T C H  a o -  
CTaTOMiio M e T K a a ,  n p a M a a  CBH3b [5] . A u a J i o r a M i i a a  C B a 3 b  npof l 'B A íieT C íi  a  
w e a < A y  p a c n p e A e a e a a e M  J i i m i i A n o a  c p p a K u a a  n j i a a a r o a a  a  6 i i T y M H H 0 3 n o c T b i o  
o c a x K O B ,  mto n o A T B e p a < A a e T  n o A o a t e n n e  o B e A y m e í i  p c w ia  x a n a A O B  inxaiHK- 
T o a a b i x  o p r a a a a M O ' B  b  r e a e p a u a n  ó a T y M a a o 3 i i b i x  K O M inoaeaT O B  A o a a b i x
OTJIOTKCaafb

H a M c a a e T c a  T a n a t e  c o o T B e T C T B i ie  ' M e a t a y  o i ö a A a e M  n j i a u K T o a a b i x  o p r a -  
HIÍ3MOB a K o a a e a T p a n a e ä  o p r a i u i M e c K o r o  o e a r e c T B a  b A o a n i b i x  O T J i o a t e H a a x  
O T a p b iT b ix  paäoacB O K e a a a .

Y 'M a c T a e  p a s j u r a a b i x  n A a i i K T o n o r e i i a b i x  i t o M n o a e n T O B  b o c a A K o a 6 p a 3 0 -  
B a a a a  ib O T K p b n o M  o a e a n e  b 3 H a M a T e j i b i i o ä  M e p e  3 a B a c a T  o t  a x  y c T o ä a a B O -  
cT ii  ¡no o T i i o m e a a i o  k B H e m a a A i  B03Aei"iCT3iiaM . F Io a T O M y  T a i t a e ,  o x a o c a T e A b -  
a o  C T a ó a a b H b i e  B e m e c T B a ,  a a a  J i a n a A a a a  ( p p a a u a a ,  b  r o p a a ^ o  ö o j ib u ie ä  CTe- 
r i e a a  3 a n e M e T J ie B a iO T  b o c a A K a x  o o m y io  a a p T a a y  c B o e r o  p a a n i p e A e j i e a a a .  
b  n a a i i K T o a e ,  mcm ß o ^ e e  a a ö a j i b i l b i e  i t a p ö o a a T b i .
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11. G. BOGOROV, O. K. BORPOVSKY, Al. E. VINOGRADOV

B IO G K O C .i le m i s t r y  o r  T H E  o c e a n i c  p l a n k t o n .
THE DISTRIBUTION OE SOME CHEMICAL COMPONENTS 

01- THE PLANKTON IN THE INDIAN OCEAN

S u mma r y
Tile m a te r i a l  for th e  p r e s e n t  s t u d y  h a s  been  co l lec ted  d u r i n g  th e  3 1 s t  c ru ise  (O c to b e r  

I fib!) —  April  1060) of the  R /V  «V ilynz»  in tile I n d ia n  O cea n .  T he  0— 100 m la y e r  w a s  
s a m p le d .  T he  s a m p le s  w e re  d r ied  w i th o u t  f ix ing .  C a lc iu m  c a r b o n a t e ,  o r g a n i c  c a rb o n  an d  
lipid c o n te n t  d e t e r m in a t io n s  w e re  m ade .

The organic carbon content of the investigated plankton amounts to an average of 
29.9% ranging from 24.2 to 35.6% of the dry weight. The lowest carbon content of the 
plankton is observed in the areas of the intensive upwelling where an essential part of 
ihe total si-slon biomass is composed of phytoplankton (diatoms). Due ‘ to little flu
ctuations in the relative amount of organic carbon in the plankton its absolute amount 
distribution in the upper 100 m layer generally follows rather closely the distribution .pat
tern of the total plankton biomass.

T he  lipid f rac t io n  c o n te n t  r a n g e s  f rom  6.4 to  13.6% w i th  a n  a v e r a g e  of 9 .4%  of the  
d ry  w e ig h t .  P l a n k t o n  is e s p e c ia l ly  r ich  in l ip id s  in th e  a r e a s  of  i ts  m a x im u m  c o n c e n t r a t i o n s .  
A  h ig h  c o r re la t io n  w a s  fo u n d  b e tw e e n  th e  a m o u n t  of l ip id s  in th e  
p la n k to n  a n d  th e  d ep th  of the  u p p e r  b o u n d a r y  of th e  th erm ocl ine .  A s im i la r ly  h ig h  c o r r e 
la t ion  ex is ts  b e tw e e n  th e  l ipid  c o n te n t  of th e  p l a n k to n  a n d  t e m p e r a tu r e  a t  a d e p th  of  
100 in. T he  o b ta in e d  d a t a  le a d  to th e  co n c lu s io n  t h a t  a n  i n c r e a se  o r  d e c re a s e  in th e  lipid 
f ra c t io n  c o n te n t  of  th e  p l a n k to n ,  is c lo s e ly  c o n n e c te d  w i th  e n v i r o n m e n ta l  co n d i t io n s .  T h e  
d i s t r ib u t io n  p a t t e r n  of the  l ipid  a b s o lu te  a m o u n t s  fo l low s in a  v e ry  g e n e r a l  fo rm  the  
p l a n k to n  b io m a s s  d i s t r ib u t io n  p a t t e rn .

T h e  c a lc iu m  c a r b o n a t e  c o n te n t  a v e r a g e s  11.7% r a n g i n g  f ro m  4.8 to  2 1 %  of th e  d ry  
w e ig h t .  T h e  c o m p a r i s o n  of th e  c a r b o n a t e  c o n te n t  of th e  p l a n k to n  w i th  th e  d is t r ib u t io n  
of  p t e ro p o d s  a n d  g lo b o g e r in s  s h o w s  th a t ,  a p p a re n t ly ,  th e  c a lc iu m  c a r b o n a t e  c o n te n t  of 
the  t r o p ic a l  p l a n k to n  is d e te rm in e d ,  f i rs t  of  all , b y  th e  g lo b ig e r in s  a b u n d a n c e .
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PSEUDANTHESSIUS PROCURRENS N.SP., A CYCLOPOID 
COPEPOD ASSOCIATED W ITH A CIDARID ECHINOID

IN MADAGASCAR

B y  A r t h u r  G . H u m e s

B oston  U n iv ersity , B oston , M assachusetts  
an d

A ssocia te  in  M arin e  In v e r te b ra te s , M useum  of C om parative Zoology

INTRODUCTION
During an extensive search in 1963-64 for copepods associated 

with marine invertebrates at Nosy Bé, in northwestern Mada
gascar, 109 adults and 9 copepodids of the new lichomolgid cope- 
pod described below were recovered from the sediment obtained 
after washing 30 large pencil urchins, Phyllacanthus imperialis 
(Lamarck), in weakly alcoholized sea water. (The host echinoid 
is widespread in the Indo-Pacific region, where it occurs, for ex
ample, in Australia, the Marshall Islands, the Philippine Islands, 
Ceylon, the Red Sea, and Zanzibar). This new form brings the 
total number of species known in the genus Pseudanthessius to 
24 (including the 22 species listed by Stock, Humes, and Gooding, 
1963, and a new species from a polychaete annelid in Madagascar 
whose description by Humes and Ho is in press).
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2 BBÉVXORA No. 246

DESCRIPTION

Family LICHOMOLGIDAE Kossmann, 1877 
Genus P s e u d a n t h e s s i u s  Claus, 1889 
P s e u d a n t h e s s i u s  p r o c u r r e n s 1 n.sp.

Figures 1-29

Type material. — 16 females, 9 males, and 1 copepodid from 
washings of 3 pencil urchins, Phyllacanthus imperialis (La
marck), in 1 meter depth among dead coral (Acropora) at Pte. 
Ambarionaomby, Nosy Kómba, near Nosy Bé, Madagascar. Col
lected November 28, 1963. Holotype female, allotype, and 19 
paratypes (13 females and. 6 males) deposited in the U. S. Na
tional Museum, Washington, and the remaining paratypic adults 
(dissected) together w^th the copepodid in the collection of the 
author.

Other specimens (all from Phyllacanthus imperialis collected 
in 1963 at the type locality). — 2 females from 1 host, Ju ly  3 ; 
10 females and 7 males from 3 hosts, Ju ly  18 ; 14 females and 5 
males from 6 hosts, August 23 ; 13 females, 6 males, and 4 cope
podids from 7 hostá, October 30; and 16 females, 11 males, and 
4 copepodids from 10 hosts, December 14. This last collection is 
deposited in the Museum of Comparative Zoology.

Female. — The body (Figs. 1 and 2) has a broadened pro- 
some. The length (excluding the setae on the caudal rami) is 
0.95 mm (0.90-1.01 mm) and the greatest width is 0.44 mm 
(0.42-0.46 mm), based on 10 specimens. The ratio of the length 
to the width of the prosome is 1.28:1. The segment bearing leg 1 
is almost completely fused with the head, the only indication of 
separation being a short weak crease on each side. The lateral 
areas of the metasomal segments are rounded.

The segment of leg 5 (Fig. 3) is expanded laterally, being 50 [A 
in length and 133 ¡a in width. Between the segment of leg 5 and 
the genital segment there is a ventral intersegmental sclerite (see 
Fig. 2). The genital segment (Fig. 3) is 127 ¡a long. Anteriorly 
its lateral margins form 2 rounded, strongly sclerotized lobes 
(the width of the segment at this level being 115 ¡a ) .  The width 
at the level of the dorsolateral areas of attachment of the egg sacs 
is 107 [a . Behind each attachment area the segment is slightly

1 T he  specific n am e procurrens, from  L a tin  procurrere, m ean ing  to bulge o u t o r 
p ro jec t, a llu d es to  th e  o u te r  expansion  on th e  coxa of leg 1 an d  to th e  2 rounded  
lobes on th e  a n te r io r  p a r t  o f th e  g e n ita l segm en t in th e  fem ale.
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1966 NEW  COPEPOD FROM AN ECHINOID 3

constricted with nearly parallel margins (the width in this re
gion being 86 ja )  v Each egg sac attachment area (Fig. 4) bears 
anteriorly a slender, slightly haired seta (21 p. long) and just 
posterior to it a short naked seta (6.5 ja long) composed of an ex
panded sclerotized basal portion and a slender hyaline distal 
part. Medial to the latter seta there are 2 small spinelike proc
esses. The three po'stgenital segments are 44 x 81, 39 x 75, 
and 65 x 72 ¡a from anterior to posterior. The anal segment bears 
on each side on its distal margin a dorsal and ventral row of 
spinules.

The caudal ramus (Fig. 5) is elongated, with a terminal 
ventral expansion whose margin bears a row of spinules. The 
length along the inner side of the ramus to the end of the ex
pansion is 114 [A, along the outer side 104 ja, and the width at the 
level of the outer seta is 24 ja. The ratio of length to width is 
about 4.5:1. The outer seta, inserted 70 ¡a from the base of the 
ramus, is naked and 56 ja in length. The pedicellate dorsal seta is 
33 ja and slightly haired. The outermost terminal seta (100 ja )  

and the innermost terminal seta (72 j a )  are haired. The 2 long 
median terminal setae are 177 and 250 ¡a in length respectively 
and haired. A minute lateral setule is borne on the outer basal 
margin of the ramus. The dorsal and ventral surfaces of the 
ramus bear a few refractile points.

The dorsal surface of the prosome and the dorsal and ventral 
surfaces of the urosome bear minute setules and refractile points. 
In addition, the outer ventral areas of the head carry a sub
marginal row of refractile points (Fig. 6). The ratio of the 
length of the prosome to that of the urosome is 1.53 :1.

The egg sacs (Fig. 1) are moderately elongated, often rather 
pointed posteriorly, and contain numerous eggs. In  one female 
the egg sacs measured 385 x 220 ¡a , with each egg about 57-60 ¡a 

in diameter.
The rostral area (Fig. 7) is moderately well developed. Be

tween this area and the front of the labral region there is a 
slight protrusion on the ventral surface of the head.

The first antenna (Fig. 8) is 7-segmented, with the lengths of 
the segments (measured along their posterior non-setiferous mar
gins) 24 (39 ¡a along the anterior m argin), 103, 21, 39, 33, 20, 
and 17 ja respectively. The formula for the armature is 4, 13, 6, 
3, 4 -f- 1 aesthete, 2 —f- 1 aesthete, and 7 + 1  aesthete. All the 
setae are naked.

The second antenna (Fig. 9) is 4-segmented, with the last seg
ment elongated (69 ¡a along the shorter ventral margin, 93 ¡a along
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4 B R E V IO R A No. 246

the dorsal margin, and 19 [x in width). Each of the first two seg
ments bears a small ventral seta, the third segment bears 4 
slender setae (one of them very small), and the last segment 
bears 2 unequal slender recurved claws (47 and 25 jx respectively 
along their axes) and 5 setae, one of them very long (99 [x). The 
extremity of the last segment is swollen, so that the 2 claws 
insert at one side rather than directly on the tip of the segment. 
All the setae are naked.

The labrum (Fig. 10) consists of 2 diverging, pointed lobes 
with their medial edges straight and finely dentate, both arising 
from a large, conspicuous, sclerotized area which projects (Fig. 
2) from the ventral surface of the head. On the posterior wall of 
the labrum, in front of the mouth area, there is a pair of small 
sclerotized lobes. The surface of the labrum lacks fine ornamenta
tion. ^

The mandible (Fig. 11) has on the concave side of the blade 
an oblique row of spinules followed distally by a spinelike process 
lying parallel to the blade and evidently not articulated with it. 
The convex side of the blade bears a fringe of graduated spinuli- 
form structures without definite articulations. The paragnath 
(Fig. 12), lying medial to the base of the first maxilla (as in 
Fig. 16), is a rounded lobe bearing a small sclerotized outer 
process, a small postero-inner knob, and a posterior group of 
hairs. The first maxilla (Fig. 13) is a single segment bearing 4 
naked elements, comprising terminally 2 obtuse subequal spines 
(10 and 8 ¡x long) and a shorter pointed spine (5 ¡x) and sub- 
terminally a naked hyaline seta (11 [x). The second maxilla 
(Fig. 14) is 2-segmented. The first segment is unarmed but has a 
small sclerotized protuberance on its expanded margin. The sec
ond segment is produced to form a long bilaterally spinulose 
lash; the dorsal surface bears a proximal seta 29 ¡x in length 
(bearing lateral spinules along one edge) and a distal row of 3-5 
spinules. The maxilliped (Fig. 15) is 3-segmented. There are 2 
naked setae on the second segment. The terminal segment bears 
proximally a spine with unilateral spinules, a hyaline naked 
setule, and near the base of the latter a minute setule ; the seg
ment is produced to form an attenuated spinelike structure with 
a row of long spinules along one side and a row of minute 
spinules near the opposite margin.

The postoral area (Fig. 16) shows between the paragnaths a 
shield-shaped area which projects ventrally to form a low median 
process. Posterior to the sclerotization which almost joins the
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1966 N E W  COPEPOD FROM A N  ECHINOID 5

bases of the maxillipedis, the ventral surface of the cephalosome 
protrudes slightly (best seen in a lateral view, as in Fig. 2).

Legs 1-4 (Figs. 17, 18, 19, and 20) have trimerous rami except 
for the endopod of leg 4 which is unimerous. The armature of 
the legs is as follows (the Eoman numerals indicating spines, the 
Arabic numerals setae) :

p  1 protopod 0-1; 1-0 exp 1-0; 1-1 ; 111,1,4
end 0-1; 0-1 ; 1,2,3

P  2 protopod 0-1; 1-0 exp 1-0; 1-1 ; 111,1,5
end 0-1; 0-2 ; 1,11,3

P  3 protopod 0-1; 1-0 exp 1-0; 1-1 ; 111,1,5
end 0-1; 0-2 ; 1,11,2

P  4 protopod 0-1; 1-0 exp 1-0; 1-1 ; 11,1,5
end II

The inner seta on the coxa of legs 1-3 is long and plumose, but 
in leg 4 this seta is minute (7 g long) and naked. In  the first 3 
legs the inner margin of the basis bears a short row of hairs, but 
in leg 4 these hairs are lacking. The outer coxal margin of leg 1 
is expanded to form a prominent lobe (Fig. 17) ; in legs 2 and 3 
this expansion is much less prominent and in leg 4 it is ap
parently absent. The tips of the outer spines on the exopods are 
slightly recurved posteriorly and the more proximal ones have 
minute terminal flagella. The 3 spines on the last segment of 
the endopod of leg 2 are 14, 10, and 13 g in length from proximal 
to distal, with the middle one having a short terminal flagellum. 
In leg 4 the exopod is longer than in any of the preceding legs. 
The endopod measures 53 x 16 g and has nearly parallel margins 
without a constriction or notch. I t  bears a row of hairs on its 
outer proximal third and an anterior row of small spinules near 
the insertions of the 2 divergent terminal spines (the outer 18 g 
long with a minute flagellum, the inner 37 g long with a more 
strongly spinulose flange along the outer side than along the 
inner side).

Leg 5 (Fig. 21) consists of a strong spine (33 g long) and an 
adjacent seta (21 g), together with a dorsal seta (22 g), orna
mented as in the figure. External to the spine and seta there is a 
row of minute blunt spinules at the apex of the segment. Al
though, as in other species of Pseudanthessius, there is no free 
segment of leg 5, it is likely that the spine and its adjacent seta 
correspond to the terminal armature in other lichomolgids.

Leg 6 is probably represented by the 2 setae near the attach
ment of each egg sac (see Fig. 4).
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The color in life in transmitted light is translucid, the eye red, 
the intestine black, the ovary gray, the egg sacs opaque gray. 
(Although in specimens preserved in 70 per cent ethyl alcohol 
the color is an opaque grayish brown, the color changes quickly 
to a bright red when the copepods are placed in lactic acid.)

Male. — The body (Figs. 22 and 23) has a much narrower 
prosome than in the female, but otherwise resembles that sex in 
general form. The length (not including the setae on the caudal 
rami) is 0.76 mm (0J3-0.78 mm) and the greatest width is 0.27 
mm (0.25-0.28 mm), based on 10 specimens (including the allo
type, 8 paratypes, and 1 specimen from Pte. Ambarionaomby on 
October 30). The ratio of length to width of the prosome is 
1.57:1.

The segment of leg 5 is similar to that of the female, and meas
ures 31 x 9̂ 4 [JL. The genital segment (Fig. 24) is nearly as long 
as wide, 104 x 110 g, and in dorsal view has a subspherical out
line. In  lateral view (Fig. 25) the anteroventral part of the 
segment projects noticeably. There is no intersegmental selerite 
between the segment of leg 5 and the genital segment. The 4 
postgenital segments are 39 x 52, 32 x 51, 30 x 50, and 43 x 53 g 
from anterior to posterior.

The caudal ramus resembles that of the female, but is a little 
shorter, the inner length being 78 ¡a , the outer length 73 ¡a ,  the 
width 23 ¡a , andrthe ratio of length to width 3.26:1.

The surfaces of the prosome and urosome bear minute setules 
as in the female. The ratio of the length of the prosome to that 
of the urosome is 1.31 :l!

The rostral area, first antenna, second antenna, labrum, man
dible, paragnath, and first maxilla are like those in the female. 
The second maxilla also resembles that of the female, but lacks 
the small sclerotized protuberance on the expanded margin of 
the basal segment. The maxilliped (Fig. 26) is much elongated, 
slender, and 4-segmented (assuming that the fourth segment is 
represeirted by the proximal part of the claw). Its entire length 
including the claw is about 300 ¡a . The first segment is unarmed. 
The second bears 2 unequal inner setae and 2 rows of hairs, one 
along the inner margin distal to the setae and another starting on 
the proximal inner margin and passing obliquely to the distal 
posterior surface of the segment. The very short third segment is 
unarmed. The terminal recurved claw, 135 ¡a in length along its 
axis, bears a conspicuous terminal lamella. The slightly crenated 
fringe along its concave margin is interrupted about midway. 
Near the base of the claw on its posterior surface there is a seta
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42 ¡i, long with minute lateral spinules, and on its anterior sur
face there are 2 small naked setules, one 10 ¡i, the other 4 ¡J. long.

The postoral area is like that of the female.
Legs 1-4 resemble those of the female except that the last seg

ment of the endopod of leg 1 is more elongated (Fig. 27), and 
the terminal segment of the endopod of leg 2 is more elongated, 
and its 3 spines are longer (24, 22, and 25 from proximal to 
distal), as seen in Figure 28.

Leg 5 is similar to that of the female.
Leg 6 (Fig. 29) consists of a posteroventral flap on the genital 

segment. Beyond the rim of the segment the leg projects con
spicuously (see Fig. 24) as a large, pointed, ventral sclerotized 
process dorsal to which there is a shorter rounded process bearing 
2 naked setae 22 and 24 ¡jl in length.

The spermatophore, seen only inside the body of the male 
(Fig. 24), is oval, about 72 x 45 ¡jl, with a short neck.

The color in life in transmitted light resembles that of the 
female.

RELATIONSHIP TO OTHER SPECIES IN THE GENUS

Twelve species of Pseudanthessius may be readily distin
guished from P. procurrens in that they lack the prominent 
outer expansion on the coxa of leg 1 and do not bear the two 
rounded sclerotized lobes on the anterior part of the genital 
segment in the female. These species are : P. aestheticus Stock, 
Humes, and Gooding, 1963, P. concinnus Thompson and A. Scott, 
1903, P. deficiens Stock, Humes, and Gooding, 1963, P. dubius 
G. 0 . Sars, 1918, P. graciloides Sewell, 1949, P. luculentus Humes 
and Cressey, 1961, P. mucronatus Gurney, 1927, P. nemertophi
lus Gallien, 1935, P. notabilis Humes and Cressey, 1961, P. pec
tinifer Stock, Humes, and Gooding, 1963, P. tortuosus Stock, 
Humes, and Gooding, 1963, and a new species (Humes and Ho, 
in press) from a polychaete annelid in Madagascar.

Eight other species may be separated from P. procurrens in 
that they lack the two lobes on the anterior part of the genital 
segment in the female and have a different armature on the last 
segment of the second antenna. (Unfortunately, in the original 
descriptions of these species, definite information on the con
dition of the outer coxal margin of leg 1 was not given.) These 
species are: P. gracilis Claus, 188'9, P. latus Illg, 1950, P. ob
scurus A. Scott, 1909, P. sauvagei Canu, 1892, P. spinifer Lind- 
berg 1945, P. tenuis Nicholls, 1944, P. thorelli (Brady, 1880), 
and P. weberi A. Scott, 1909.
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Three species remain to be compared with P. p rocurrens  : P .  
l iber  sensu Sewell, 1949, P. l iber  (Brady, 1880), and P . assimilis  
G. 0. Sars, 1917. The species referred to as P. liber  (Brady and 
Robertson) by Sewell (1949) is probably a new and unnamed 
species of the genus (see Humes and Cressey, 1961, pp. 80-81). 
It differs from P . p rocu rren s  chiefly in the presence of two long 
elements (aesthetes ?) on the basal segment of the first antenna, 
in the inwardly curving terminal spine on the last segment of 
the exopod of legs 2-4, and in the notch on the outer margin of 
the endopod of leg 4. No information was given for this form 
regarding the nature of the genital segment in the female, and 
the condition of the outer coxal margin of leg 1 is not clearly 
shown in Sewell’s text figure 32 D.

P. liber  (Brady, 1880)2 lacks the two lobes on the anterior 
part of the genital segment of the female, has a caudal ramus 
about twic^ as long as wide, and has a different armature on the 
last segment of the second antenna. Brady did not mention an 
outer coxal expansion on leg 1, but Sars (1917) both mentioned 
and figured such an expansion in specimens taken in Norway. 
The expansion illustrated on Sars’ plate NCIV is, however, less 
pronounced than in P. procurrens.  The armature for the last 
segment of the endopod of leg 3 in the female is, according to 
Sars, 1,11,3, instead of 1,11,2 as in the Madagascan species.

P . assim ilis  G. 0. Sars, 1917, is said by Sars to be closely allied 
to P. l iber  (Brady, 1880). Like the latter species it lacks the two 
lobes on the genital segment of the female and has an armature 
on the last segment of the second antenna unlike that of P. p r o 
currens.  Sars stated that the legs are “ almost exactly as in P. 
l ib e r ,”  implying that there is a similar outer coxal expansion 
on leg 1.

Judging from the available information, P. procurrens  appears 
to be near both P. l iber  (Brady, 1880) and P. assimilis  G. 0. 
Sars, 1917, resembling them in having an outer coxal expansion 
on leg 1, but differing in having two lobes on the anterior part 
of the genital segment in the female and in having a different 
armature on the last segment of the second antenna.

SUMMARY

The new species P seudan thessius  p rocu rren s  is associated with 
the cidarid echinoid P h y lla ca n th u s  im per ia l is  (Lamarck) in the

2 N ot B rady  an d  R obertson , 1870. See Stook. H um es, and  Gooding, 1963, p. 10, 
footnote.
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region of Nosy Bé, northwestern Madagascar. Within the genus 
the copepod may be recognized by the conspicuous expansion on 
the (juter coxal area of leg 1 and by the two rounded lateral lobes 
on the anterior part of the genital segment in the female. The 
species nearest to Jthe new form appear to be P. liber (Brady, 
1880) and P. assimilis G. 0 . Sars, 1917. Although the host 
echinoderm is widely distributed in the Indo-Pacific area, the 
new copepod associated with it is known at present only from the 
type locality in Madagascar.
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E X PL A N A T IO N  OF T H E  FIG U R ES

A ll the figures have been draw n w ith the a id  of a  cam era lucida. The le t
te r  a f te r  the explanation  of each figure re fe rs  to  the  scale a t  which the  figure 
was draw n.

A bbreviations : a í  =  first an tenna, md =  m andible, p =  p a rag n a th , m xi =  
first m axilla, mx2 =  second m axilla , m xpd =  m axilliped, p i  =  leg 1.
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F ig u re s  1-7. Pseudanthessius procurrens n .sp., fem ale. 1, dorsal (A ) ; 2, 
la te ra l (A ) ; 3, urosome, dorsal (B )  ; 4, a rea  of a ttach m en t of egg sac, dor
sa l (C ) ;  Ó, caudal ram us, v en tra l (D ) ; 6, edge of cephalosome, ven tra l 
(E )  ; 7, ro s tra l a rea , v en tra l ( F ) .
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m d

m x

mxpd j

F ig u re s  8-16. Pseudanthessius procurrens n.sp., fem ale (con tinued). 8, 
first an tenna, an terodorsa l ( F )  ; 9, second an tenna, inner ( F )  ; 10, labrum , 
ven tra l (D ) ; 11, m andible, inner (D ) ; 12, para  gnath ,. ven tral (D ) ; 13, first 
m axilla, ou ter (G ) ; 14, second m axilla, dorsal (D ) ; 15, m axilliped, inner 
(D ) ; 16, posto ra l a rea , v en tra l (H ) .
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F ig u re s  17-21. Pseudanthessius procurrens n .sp., fem ale (con tinued ). 17, 
leg 1, an te rio r  ( F )  ; 18, leg 2, a n te rio r ( F )  ; 19, leg 3, posterio r ( F )  ; 20, 
leg 4, a n te rio r ( F )  ; 21, leg 5, dorsal (D ).
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23

24

22

27

F i g u r e s  22-29. Pseudanthessius procurrens n.sp., male. 22, dorsal ( A )  ; 
23, lateral ( A )  ; 24, urosome, dorsal (B ) ; 25, genital segment, lateral (H ) ; 
26, maxilliped, anterior (F ) ; 27, endopod of leg 1, anterior (F ) ; 28, endo
pod of leg 2, anterior (F ) ; 29, leg 6, ventral (D ).
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Reprinted from A u s t. J . mar. fre sh w . R e s . ,  v o l. 16, 1965, p . 273-280 .

THE MEASUREMENT OF TOTAL CARBON DIOXIDE IN DILUTE
TROPICAL WATERS

By D . V. Subba R ao*

[Manuscript received November 16, 1964]

Summary

A shipboard conductivity technique to  measure the total carbon dioxide in dilute 
tropical water is described. The standard error o f a single determination in the range 
40-100 mg CO 2/I is 6-0 mg/l. There were 41-102 mg COa/l in waters o f the G ulf of 
Thailand. In these waters, prim ary production determined with the usually assumed 
value of 90 mg COa/l gave errors ranging from  11 to  120% for the individual depth 
samples and from  6 to  92 % for column values as compared to  the values obtained using 
the measured C 0 2 concentration.

I . I n t r o d u c t io n

The concentration of total C 0 2 in oceanic water has been found to vary between 
85 and 103 mg/l (Clarke 1954; Rotschi, Angot, and Legand 1959). Based on the 
constancy o f C 0 2/pH and C 0 2/salinity (%0) relationships, Buch (1951) presented 
tables to determine the total C 0 2 in seawater. In studies on oceanic primary produc
tion employing the radiocarbon method it is sufficient to assume avalué o f 90 mg C 0 2/1. 
However, in dilute tropical waters such as those in the present study, owing probably 
to C aC 03 precipitation, the C 0 2/pH and C 0 2/salinity (%0) relationships do not 
remain constant, and the total C 0 2 cannot be interpolated from Buch’s tables. There
fore there is need for a suitable shipboard method for the direct determination o f total 
C 0 2 in dilute tropical waters.

In the present study a modified conductivity method based essentially on the 
method given by Milbtirn and Beadle (1960) is employed. The C 0 2 is removed by 
acidification of the sample and absorbed by a standard volume of NaOH, whose 
change in conductance is measured. This method was used in conjunction with studies 
on primary production in the Gulf of Thailand.

II. M e t h o d s

The apparatus (Fig. 1) is made from Pyrex glass and is mounted against a 
plywood board. The details o f the temperature-compensated conductivity bridge 
are given by Dal Pont and Newell (1963).

Before each series o f measurements the apparatus is flushed for 30 min with 
C 0 2-free air without introducing samples or NaOH. By this procedure the blank is 
reduced to 0-5 mg C 0 2/1.

* Division o f Fisheries and Oceanography, CSIRO, Cronulla, N.S.W . (Reprint N o. 568.)
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Samples o f 20 ml of seawater are pipetted into tube (1) and the tube connected 
to the apparatus by a ground-glass joint; 40 ml o f 0-005 N NaOH solution are drawn 
from a tower (5) into absorption unit (6). With suction at (2), air is drawn through 
a soda lime tower (3) and a flowmeter (4), at a rate of 900 ml/min. Tap 7 \ is then 
opened and 2-5 ml of concentrated H3P 0 4 (7) are added to the sample. After 15 min 
a further 2 • 5 ml o f acid are added. This double addition of acid gave slightly higher 
results than a single addition o f 5 ml. The C 0 2 thus liberated is sucked through the 
diffuser into the absorption unit containing NaOH solution. The aeration and absorb-

T2

0  T lP2 P 3

T 6

Fig. 1.—The COa apparatus. K ey: (1 )C 0 2 liberation unit; (2) suction; (3)soda- 
lime tow er; (4) flowmeter; (5) N aO H  tower with a C 0 2 guard; (6) C 0 2 absorp
tion unit; (7) orthophosphoric acid tow er; (8) conductom etric cell; (9) con
ductivity bridge; Pu P¿, Pa, screw clam ps; Tx, T,¿, Ts, T t, T5, two-way taps; Te. 

three-way tap  with a C 0 2 guard.

tion are continued for 25 min, after which the solution is passed into the conducto
metric cell (8). The bridge reading o f the solution is taken and the initial reading of 
the 0-005n NaOH solution subtracted.

After every estimation, tap T6 is opened to admit C 0 2-free air to the apparatus 
and the absorption unit is drained, flushed with fresh 0-005n NaOH, and drained 
again. After closing tap T s, tube (1) is disconnected and the stem of the acid tower 
washed in a jet o f distilled water. Tube (1) is rinsed with C 0 2-free distilled water 
before admitting a subsequent seawater sample for analysis.

For calibration, 20-ml o f standard N a2C 0 3 solutions containing 37-5-250 
mg C 0 2/1 were used. Such calibration showed a linear relation between dial readings 
and C 0 2 present (Fig. 2). A  change of 2-04 divisions on the dial was equivalent to
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MEASUREMENT OF TOTAL CARBON DIOXIDE 275

1 mg C 0 2/1 in the standard or sample. In each series o f measurements a standard 
solution was included. The standard error o f a single determination in the range 
40-100 mg C 0 2/1 was 6-0 mg/l.

During cruise Dm 3/64 o f H.M.A.S. Diamantina in May 1964, water samples 
were taken at eight stations in the Gulf of Thailand. Samples were transferred from, 
the plastic samplers to glass bottles, and the total C 0 2 content determined immediately. 
The surface sample was analysed first and the other samples in order of increasing 
depth. Analyses for salinity, dissolved oxygen, and inorganic phosphate were carried 
out as reported in CSIRO Aust. (1963). Primary production was measured by the 
radiocarbon technique described by Dyson, Jitts, and Scott (1965), using 300-ml 
Pyrex bottles and incubation under constant artificial light o f about 1100 f.c. for 
4 hr.

600

500

400

300

Z 200

lO O

O 50 150 200 2 5 0IOO
C A R B O N  D IO X ID E  ( m g /l )

Fig. 2.— R elation between the change in resistance and C 0 2 concentration.
The num bers indicate superimposed identical values.

III. R e s u l t s

Table 1 summarizes the hydrological data and the total C 0 2 concentration 
at the stations in the Gulf o f Thailand. The C 0 2 content varied Jfjrom 41 to 102 mg/l; 
only on two occasions was it more than 81 mg/l. In general, the C 0 2 content was 
higher in the subsurface waters (41-102 mg/l) than at the surface (44-74 mg/l). At 
stations 140-144 the C 0 2 concentration ranged from 41 to 68 mg/l (mean 55 mg/l). 
At stations 137-139 the COa content was higher and ranged from 58 to 102 mg/l 
(mean 73 mg/l). There were no major differences in the hydrological characteristics 
(Table 1) between these two groups o f stations.
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T a b l e  1

HYDROLOGICAL .CONDITIONS IN THE GULF OF THAILAND

D a te
S ta 
t io n
N o .

L o n g itu d e
(E.)

L a titu d e
(N .)

S o n ic
D e p th

(m )

S am p le
D e p th

(m )

T e m p e r
a tu re
(°C)

S a lin ity

(%o)
O xygen
(ml/1)

In o rg a n ic
p o 4

g a to m /l)

T o ta l
c o 2

(m g /l)

21.V .64 137 1 0 4 °2 7 -7 ' l ° 3 4 - 6 ' 24 0 2 8 -7 8 3 2 -6 6 0 4 -2 8 0 -2 4 74
5 2 9 -7 0 3 2 -6 7 2 4 -2 3 0 -2 4 81

10 2 9 -4 0 3 2 -9 2 6 4 -1 6 0 -2 3 101
15 2 9 -1 8 3 3 -1 8 8 4 -0 8 0 -2 0 72
20 2 9 -0 5 3 3 -1 8 8 4 -0 3 0 -4 0 102

22.V.64 138 103°50 ' 4°15 ' 57 0 2 9 -9 5 3 1 -8 8 7 4 -4 6 0 -0 7 66
10 31-13 3 2 -6 1 6 4 -4 4 0 -0 7 62
20 2 9 -6 4 3 3 -6 8 9 4 -5 4 0 -0 5 64
30 2 8 -0 4 3 3 -7 6 7 4-33 0 -1 3 76
40 2 7 -8 8 33-791 4 -2 3 0 -1 5 76
50 — — — 61

22.V.64 139 103°34 ' 5 ° 1 5 -2 ' 57 0 2 9 -8 0 32 - 396 4 - 3 7 ' ’ 0  01 58
10 3 0 -2 0 3 2 -9 5 8 4 -4 7 0 65
20 29-91 3 3 -4 5 2 4 -4 6 0 80
30 2 8 -1 6 3 3 -7 0 2 4 -2 6 0 -0 7 76
40 2 7 -5 7 3 3 -7 7 6 4-31 0 -0 8 76
50 — — — — 58

26.V.64 140 100°36 ' 13°15 ' 17 0 3 0 -4 7 3 0 -683 4 -5 3 0 -0 6 58
5 3 0-43 3 0 -6 6 0 4 -5 5 0 -0 7 51

10 3 0 -4 0 3 1 -0 6 6 4-31 0 -0 7 63

27.V.64 141 100°33 ' 10°14- 57 0 2 9 -3 8 32-151 4 -4 3 0 -0 2 51
10 2 9 -3 2 3 2 -1 5 4 4 -4 4 0 46
20 29-31 3 2 -1 5 4 4-41 0 57
30 2 9 -2 7 3 2 -1 6 2 4 -4 2 0 46
40 2 9 -2 4 3 2 -2 1 0 4-1 6 0 -0 4 64
50 2 9 -9 0 3 2 -2 8 4 4 -3 2 0 -1 7 61

27.V.64 142 1 0 0 ’2 8 ' 9°08 ' 31 0 2 9 -5 9 3 2 -103 4 -3 8 0 -0 5 44
5 2 9 -5 9 32-105 4 -3 9 0 -0 4 49

10 2 9 -5 8 3 2 -105 4-41 0 -0 2 43
15 2 9 -5 4 3 2 -0 9 9 4-41 0 -0 5 43
20 2 9 -5 3 3 2 -1 3 0 4 -33 0 -0 5 41
25 2 9 -6 3 3 2 -2 2 0 4 -2 6 0 -1 3 66

28.V.64 143 103°05 ' 5°02 ' 48 0 2 8 -8 0 3 3 -2 7 8 4 -4 3 0 10 49
10 2 7 -7 8 3 3 -7 2 9 4 -4 6 0 -0 9 51
20 2 7 -6 6 33-781 4 -4 6 0  12 53
30 2 7 -6 0 3 3 -7 8 5 4 -4 6 0 -0 7 57
40 2 7 -6 2 3 3 -7 8 0 4-41 0-11 65

28.V.64 144 10 3 °2 8 -8 ' 4°51 -2 ' 31 0 2 8 -3 3 3 3 -5 0 7 4 -3 4 0-11 49
5 2 8 -2 8 3 3 -5 0 9 4-31 0-11 56

10 2 8 -1 7 3 3 -595 4-31 0 -1 2 66
15 2 7 -6 3 3 3 -708 4 -2 6 0-11 68
20 2 7 -0 5 3 3 -818 3-89 0 -1 6 68
25 2 6 -8 7 3 3 -8 4 5 3-65 0 -2 3 61
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T a b l e  2

CO2 CONCENTRATION AND PRIMARY PRODUCTION

Primary production was calculated using measured {A) and assumed (90 mg/l) COa concentrations (B).

Sta
tion
No.

Sample 
Défit h 

(m)

Total
c o 2

(mg/l)

Primary Production 
(mg C/hr/m3) Error

[100(B-A)/A]

Primary Production 
(g C/day/m2) Error

[100(B-A)/A]
A B A B

137 0 74 5 -4 4 6 -6 2 22 0 -7 8 0 -8 3 6
5 81 3 -9 8 4 -4 2 11

10 101 5 -3 0 4 -7 3 11
15 72 2 -5 6 3 -2 0 25
2 0 102 2-11 1 -8 6 12

138 0 66 0 -5 9 0 -8 0 36 0 -4 5 0 -6 3 40
10 62 0 -7 5 1 0 9 45
20 64 0 -5 6 0 -7 8 39
30 76 1 -25 1 -48 18
40 76 1 -36 1 -61 18
50 61 0 -5 4 0 -8 0 48

139 0 58 0 -6 3 0 -9 7 54 0 -5 8 0 -5 3 9
10 65 0 -6 6 0 -9 2 39
20 80 0 -6 2 0 -7 0 13
30 76 1 -2 9 1 -52 18
4 0 76 1 07 1 -2 6 18
50 58 0 -5 9 0 -9 1 54

140 0 58 4 1 4 6 -4 2 55 0 -4 4 0 -7 3 66
5 51 5 -4 0 9 -5 3 76

10 63 2 -5 2 3 -6 0 43

141 0 51 111 1 -9 7 77 0 -6 5 1 -1 2 72
10 46 1 1 8 2 -3 2 97
20 57 1 -85 2 -9 2 58
30 46 1 -4 4 2-81 95
40 64 1-21 1 -7 0 40
50 61 0 -6 0 0 -8 9 48

142 0 44 1 -7 0 3 -4 8 105 0 -5 2 1-0 0 92
5 49 2 -1 4 3 -9 3 84

10 43 I -88 3 -9 4 110
15 43 1 -91 3 -9 9 109
20 41 1 -49 3 -2 8 120
25 66 4 -2 9 5 -8 5 36

143 0 49 0 -8 2 1 -51 84 0 -4 8 0 -8 4 75
10 51 1 0 0 1 -77 77
20 53 1 -23 2  09 70
30 57 1 -5 0 2 -3 7 1 58
40 65 1 -27 1 -7 6 39

144 0 49 3 0 0 5-51 84 0 -8 4 1 -2 0 43
5 56 2 -9 7 4 -7 7 61

10 66 3 -7 2 5 -0 7 36
15 68 5 -4 3 7 -1 8 32
20 68 2 -6 0 3 -4 4 32
25 61 1 0 5 1 -55 48
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The primary production calculated from the measured C 0 2 ranged from 
0-59 to 5-44 mg C/hr/m3 for the surface samples (Table 2). Higher values were 
observed at the shallow water stations 137, 140, 142, and 144 (mean 3 ■ 18 mg C/hr/m3) 
compared to those for deeper stations (mean 1 01 mg C/hr/m3). The column values 
werè from 0-44 to 0-84 g C/day/m2 (mean 0-65 g C/day/m2) for the shallow stations 
and from 0-45 to 0-65 g C/day/m2 (mean 0-54 g C/day/m2) for the deeper stations.

95° E. 100° 105° 1IO°

T H AI L AN D

140
39Q

•  304 10°IO®
X 142

• 362

• 361
¿  143 
\ x  139 

\ x  144 
XI 36 
• 372

327 X 137

105°9 5 °  E. too° 110°

Fig. 3.—Positions o f Galathea (0) and the Diamantina (X) stations.

When the concentration o f C 0 2 was assumed to be 90 mg/l the primary production 
ranged from 0-80 to 6-62 mg C/hr/m3 at the surface with column values of 0 -53- 
1 -20 g C/day/m2. Table 2 shows that the error caused by assuming a value of 90 
mg C 0 2/1 ranged from 11 to 120% for the individual depth samples and from 6 to 92 % 
for column values.

IV. D is c u s s io n

The range o f concentration o f total C 0 2 in the Gulf of Thailand (41-102 mg/l) 
is lower than that found in oceanic waters. Also it is lower than the 88-93 mg/l

508



MEASUREMENT OF TOTAL CARBON DIOXIDE 279

reported for the Tortugas (Wells 1922) and the 70-140 mg/l reported for the Texan 
bays (Park, Hood, and Odum 1958) but comparable to the range (10-69-91 -7 mg 
C 0 2/1) reported for the coastal waters of Japan by Matsudaira (1964). It is possible 
that precipitation o f C aC 03 is responsible for the low total C 0 2 content found in the 
Gulf of Thailand. Such precipitation has been described already from several 
shallow Seas, notably around Japan (Miyake 1958) and on the Bahama Bank (Smith 
1940, 1941).

T a b l e  3

COMPARISON OF PRIM ARY PROD U CTIO N

Values are in g C /day/m 3; the results for stations at similar positions are
on the same line

Diamantina Galathea

Station No. Assuming 
90mg C 0 2/1

Using 
Measured 
mg C 0 2/l

Station
No.

Original Recalculated

137 0-83 0-78 _
138 0-63 0-45 372 0-39 0-35
139 0-53 0-58 —
140 0-73 0-44 390 1-26 1 13
141 1 1 2 0-65 384 1 -51 1-36
142 1 0 0 0-52 —
143 0-84 0-48 381 0-70 0-63
144 1 -20 0-84

327
382

0-97
0-97

0-87
0-87

The only published measurements of primary production in the Gulf of Thai
land are those of Steemann Nielsen and Jensen (1957) during the Galathea Expedition. 
The Galathea stations 327-390 were in the same region (Fig. 3) and were during the 
same season as the Diamantina stations. In addition to differences in techniques, 
Steemann Nielsen and Jensen corrected (by+10% ) for isotope effects and respiration. 
They also assumed a C 0 2 concentration of 90 mg/l. Since no corrections for isotope 
effects and respiration were made for the Diamantina data, the Galathea data have 
been recalculated by a factor o f — 10%. For both Galathea and Diamantina stations 
the column values (g C/day/m2) were calculated by integration o f the results at 
the individual depths.

Primary production in the water column (Table 3) ranged from 0-35 to 1 - 36 
g C/day/m2 with a mean o f 0-87 g C/day/m2 for the recalculated Galathea stations 
and from 0-44 to 0-84 g C/day/m2 with a mean of 0-59 g C/day/m2 for the 
Diamantina stations. The difference between the Galathea and Diamantina values 
is due partly to the error caused by using an assumed C 0 2 concentration, partly to 
a difference in technique, and partly to a difference in locality and time.
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Emplacement des points où ont été prélevés les échantillons d ’eau
•  prélèvement sur un profil vertical (N.W. R akestraw )
O prélèvement d ’eau de surface (N.W. R akestraw )
t  prélèvement sur un profil vertical (C.S.M.)
A  prélèvement d ’eau de surface (C.S.M.)
A prélèvement d’eau de profondeur (C.S.M.)
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Introduction
L’étude des mouvements des masses d’eaux océaniques au moyen 

de l ’analyse de la teneur en isotope 14 du carbone provenant des car
bonates dissous dans les eaux de mer, a été traitée par plusieurs auteurs 
qui ont utilisé diverses méthodes d’extraction du gaz carbonique marin 
[2, 3, 4, 6, 10].

Au cours de l ’Expédition internationale de l ’océan Indien de la 
Woods Hole Oceanographic Institution sur Y Atlantis II  (cruise 8) pendant 
l ’été 1963, nous avons effectué une série de 10 prélèvements d’eau de 
mer de surface et de profondeur (2 400 à 4 500 m) dans le secteur nord 
de l’océan Indien : golfe d’Aden et mer d’Oman, aux latitudes comprises 
entre 0 et 20° nord.

Les résultats des mesures de radiocarbone de ces échantillons d’eau 
de mer nous ont permis de les comparer à ceux qui ont été obtenus par 
Bien, R a k e s t r a w  et Suess en 1960 dans le secteur sud de l’océan Indien 
entre les latitudes 10° et 40° sud [2].

Techniques et Mesures
Les prélèvements exécutés à l ’aide d’une bouteille d’acier de 

100 litres construite à l ’Université de Göteborg, Institut océanographique, 
ont été traités immédiatement à bord de Y Atlantis II  par J. G a l l i o t  
en utilisant sans modification la méthode mise au point par F o n s e liû s  
et ÖSTLUND [6]. Le gaz carbonique dissous dans l ’eau de mer sous 
forme de bicarbonates ou d’ions carbonate, déplacé par de l’acide 
sulfurique concentré, sous courant d’azote, est fixé sur une solution de 
soude 2N décarbonatée. Les opérations terminales — transformation
en carbonate de baryum, régénération et purification du gaz carbonique
— et les mesures de l’activité du carbone 14 ont été effectuées au labo
ratoire suivant les techniques que nous utilisons habituellement [11].

Résultats
La mesure de l’activité en carbone 14 permet de déduire la valeur

8 C 14 =  A éch. —  A st  X  0,95 x  1 000 
A st. X 0,95

Aéch. : activité de l ’échantillon,
Ast. : activité du standard N.B.S.

Selon les conven tions d u  Lamont, geological observatory, la  va leu r A 
est o b tenue  en  a p p liq u an t la  fo rm ule  de  B r o e c k e r  [5].

A =  8 C14 —  (2 8 C13 +  50) (1 +  0,001 8 O 4)
Nous avons calculé les âges côrrespondants aux valeurs de A 

d’après la formule donnée par Ö s t lu n d ,  B ow m an  et R u s n a k  de Ylnsti- 
tute o f  marine science, Université de Miami [9]

—  T  i / 2  T  1  0 0 0  +  A
ge “  Ln 2 1 000 +  A0

où A0 est égal à — 50 pour les échantillons dérivant leur carbone de 
l ’eau de mer et T ^  =  5 568 ans.

(1347)
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Les mesures de fractionnement isotopique du carbone 13 n’ont 
pu être effectuées dans des conditions satisfaisantes de précision. Pour 
nos calculs, nous avons choisi des 8 C13 égaux à 

+  0,6 pour 1000 pouf les eaux de surface 
— 0,6 pour 1 000 pour les eaux profondes 

ces valeurs étant les moyennes des valeurs de 8 C13 mesurées par Bien et al 
dans l ’océan Indien en 1960. Nos résultats sont résumés dans le tableau 
(voir ci-contre).

B ien  et al ont établi que dans l ’océan Pacifique l ’activité en car
bone 14 des eaux de surface décroît du nord au sud, tandis que l’activité 
des eaux profondes décroît du sud au nord. Des valeurs obtenues, ils 
déduisent que le taux moyen de la composante vers le nord du mou
vement des masses d’eaux profondes du Pacifique est d’environ 0,05 cm/s. 
Les mesures de l’activité en carbone 14 des eaux profondes prélevées 
dans le secteur sud de l’océan Indien aux latitudes comprises entre 10°
et 40° ne semblent pas permettre d’établir clairement, malgré la suppo
sition des auteurs, l ’existence d’une composante de déplacement sud- 
nord des masses d’eaux de l ’océan Indien.

Nos mesures ont été effectuées dans le secteur nord de l ’océan 
Indien aux latitudes comprises entre 0 et 20°. Elles sont en accord avec 
celles de B ien  et al, en ce qui concerne la valeur de A pour les eaux 
profondes. Les valeurs des âges apparents figurant dans notre tableau 
différent de 410 ans du fait de l’utilisation de la formule d ’Ö s t l u n d  [9]. 
Pour les eaux dg surface, l ’accroissement des valeurs A que nous avons 
mesurées correspond à un enrichissement en carbone 14 par rapport 
aux valeurs A des eaux de surface de l’océan Indien sud mesurées en 
1960 par B ien  et al; cette augmentation s’explique par l’importante 
élévation de la teneur en carbone 14 de l ’air due aux explosions nucléaires 
postérieures à 1960. Relevée en divers points du globe, celle-ci a pour 
valeurs :

8 C14 =  961 pour 1 000 à Abisko, Suède, septembre 1963 [8],
8 C14 =  950 pour 1 000 à Trondheim, Norvège, août 1963 [7],
8 C14 =  794 pour 1 000 à China Lake, Californie, sept. 1963 [1],
8 C14 =  754 pour 1 000 à Monaco, août 1963 [12],

que l’on peut comparer à la valeur moyenne 8 C14 =  250 pour 1 000 
(Abisko, 1960).

On peut remarquer la grande dispersion des valeurs A des eaux de 
surface qui reflète, l ’hétérogénéité et la durée relativement importante 
du mélange des eaux au-dessus de la thermocline.

Les eaux de profondeur dont les taux de mélange (mixing rate) 
sont extrêmement faibles ne présentent pas de modification par rapport 
aux résultats obtenus en 1960 par B ien  et a l dans le Sud-Est de 
l ’océan Indien. Les résultats que nous avons obtenus ne permettent 
donc pas d ’établir par la méthode du radiocarbone l’existence d’un 
mouvement des eaux océaniques profondes. Ce mouvement ne pourrait 
être mis en évidence que par un grand nombre de mesures effectuées 
sur de très nombreux prélèvements simultanés couvrant tout l ’océan 
Indien.
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MC
N*

Station Date Latitude Longitude
Salinité

(°/oo)

Temp.

(° c)

Profondeur
de

prélèvement s 
(mètres)

ôc14
( ° / d o )

ôc13
(%o)

A

(°/oo)

Age*
B.P.**

3 5

3 6
7 7

2 1 .8 .6 3
2 1 .8 .6 3

19° 5 8 ’ N 
19° 5 8 ’ N

6 4 ° 5 8 ’ E 
6 4 ° 5 8 ’ E

36,37
34,74

2 6 ,7 9  

1 ,71

Surface
3 0 0 0

+ 5 1 + 1 0  
-1 5 4 + 1 1

(+0,6)
(-0 ,6 )

3 + 9

-1 9 5 + 1 0 1330 ans

3 7

3 8
61

1 1 .8 .6 3
1 1 .8 .6 3

14° 5 6 ’ N 
14° 5 6 ’ N

5 6 ° 5 9 ’ E 
5 6 ° 5 9 ’ E

35,91 J 25,10  

non transmisesi

Surface
3 1 2 1

+ 1 2 1 + 1 3  
- 1 3 3  + 9

(+0,6)
( -0 ,6 )

+ 6 4+12 

- 1 7 5 +  9 1133 ans

3 9 5 0 8 .8 .6 3 12° 2 8 ’ N 4 7 ° 4 4 ’ E 36,34 27,01 Surface + 76+ 14 (+ 0 .6 ) + 2 1 + 1 3

4 0 9 4 3 1 .8 .6 3 9° 5 8 ’ N 5 8° 17 ’ E non transmises 
1

3 2 0 0 - 1 1 2 +  9 (" 0 ,6 ) - 1 5  5 + 8 94Q ans

41
4 2

1 0 6
6 .9 .6 3

6 .9 .6 3

9° 5 9 ’ N 
9° 5 9 ’ N 7 4°31 ’ E 

7 4°3 1 ’ E
3 3 ,0 8  j 28,19

non transmisesi

Surface
2 4 6 0

+ 7 8 + 8  
-1 1 7 + 1 1

(+0 ,6)
( -0 ,6 )

+ 2 3 +  7 
- 1 6  0+10 9 8 8  ans

4 3 11 9 1 5 .9 .6 3 5° 0 0 ’ N 6 7°26’ E 34 ,74 1,79 2 9 3 0 -1 3 0 + 1 1 (-0 ,6 ) -1  7 2+10 1105 ans

4 4 1 3 9 2 5 .9 .6 3 0° 1 3 ’ N 5 0°39’ E 34 ,72 1,34 4 5 0 0 -1 0 8 + 1 2 (-0 ,6 ) - 1 5  2+11 9 1 2  ans

« Calculés avec une différence de 410 ans plus jeunes que ceux donnés par BIEN et AL.
** B.P. sont les initiales anglaises 'Before present"adoptées pour la datation avec l'année 1950 prise 

comme année 0.
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En examinant les résultats des trois stations où des prélèvements 
d’eau de surface et de profondeur ont été effectués sur un profil vertical, 
nous constatons que la différence entre la valeur moyenne A entre eau 
de surface et eau profonde est sensiblement égale à 200 pour 1 000, qui 
correspondrait à une différence d’âge d’environ 1 400 ans, mais comme 
pratiquement la teneur en carbone 14 des eaux de surface est en constante 
évolution, par suite du transfert du carbone 14 atmosphérique aux 
réservoirs de surface, il est difficile d’attribuer une signification à cet âge.
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pour le prêt de la bouteille de prélèvements d’eau.

Résumé

Dix mesures de concentration en carbone 14 d’échantillons d’eaux 
de surface et de profondeur du Nord de l’océan Indien (mer d’Oman) 
prélevés en août et septembre 1963 pendant l’Expédition internationale 
de l’océan Indien (Atlantis II), ont confirmé les résultats obtenus par 
B ien, R a k e s t r a w  et Suess en 1960 dans le même océan (partie sud-est). 
Le mélange des eaux de surface, au-dessus de la thermocline, prend 
plusieurs années et n’affecte qu’une mince couche superficielle de la 
mer. Une augmentation sensible de la teneur en carbone 14 a été observée 
en 1963 pour les eaux de surface.

Il n’y a aucune différence significative d’âge entre les eaux pro
fondes du Sud-Est et celles du Nord-Ouest de l’océan Indien. L’emploi 
de la méthode du radiocarbone semble impuissante à assigner aux 
masses d’eaux profondes un mouvement vers le nord, d’après le même 
critère que B ien, R a k e s t r a w  et Suess ont utilisé pour les eaux profondes 
du Pacifique pour lesquelles ils ont estimé une composante de vitesse 
vers le nord de 0,05 cm/s en considérant la différence d’âge de 400 ans, 
mesurée par le radiocarbone entre 40° S et 40° N.

Summary

Ten carbon 14 concentration measurements of surface and deep 
sea water samples of the north Indian ocean (Arabian sea), collected 
in August and September 1963, during the International Indian Ocean 
Expedition (Atlantis II), have confirmed the results obtained by Bien, 
R a k e s t r a w  and Suess in 1960 in the same ocean (south-east part).
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The mixing of surface water, above the thermocline, takes several 
years and affects only a thin surface layer of the sea. A marked increase 
in the carbone 14 amount of surface waters has been observed in 1963.

There is no significant difference of age between deep waters from 
water masses, using the same criteria as Bien, Rakestraw ans Suess 
have taken fdr the deep waters of the Pacific for which they calculated 
a northward speed component of 0,05 cm/sec, on the consideration 
of the 400 years difference of age measured by the radiocarbon, between 
40° S and 40° N.

CoflepacaHHe panaoyrjiepona b rjiyÔHHHbix h HOBepxHocrabix 
BOÆax ceBepHOH nacra Hhahhckofo oxeaHa / OMaHCxaa 3ajiHB/

5KaH TOMMEP3, MonaHna TOMMEP3 h MCaH TAJIJIHO

KpaTKoe conepacaHHe

flecara npo6 xoHiieHTpaiiHH yraepona 14 b noBepxHocrabix h 
rjiyÔHHHbix o6pa3uax CeBepHoa nacra H hothckoto  OxeaHa /  OMaHC- 
XHH 3ajIHB /, B3RTHX B aBiyCTe H CeHTHÖpe 1963 rona BO BpeMH 
MeawyHapoflHOH axcneAaiiaa b Mhamíícxhh oxeaHa / Atlantis III, 
nonTBepmuiH flaHHbie, nojiyneHHbie B ien’om , R akestraw * om 
a  Suess’ om b 1960 roay b tom  »ce oxeaHe / b k ao-b octoah oh  
nacTH/. CMeuiHBaHHe noBepxHocrabix boa, Bbime TepMHnecxoro 
ypoBHH, 3aHHMaeT Hecxojibxo JieT h xacaeTca TOJibxo TOHXoro cjiox 
MopcxoH noBepxHOCTH.3HanaTejibHoe yBenaneime coAepacaHaa yrne- 
pona 14 HaGjuoaajiocb juin noBepxHocrabix boa b 1963 rojjy.

MeacAy rjiyÔHHHbiMH boabmh lOroB-ocTonHoa a  CeBepHo-3anaAHoa 
nacTeä HHAaacxoro oxeaaa He cymecrayeT 3HanaTejibHoa pa3Hanbi 
b B03pacTe. IIoBaAHMOMy, npaMeHeHae paAHoyrjiepoAHoro cnocoßa  
He MoaceT 3acTaBHTb rnyöaHHMe bo am nepeMemaraca x ceBepy Ha 
tom  ace ocHOBaHHH, Ha xoTopoM Bien, R a k estra w  a  Suess 
npHMeHSJia ero b Thxom oxeaHe b rjiyÖHHHbix boarx, Ana xoTopbix 
HMH onpeAejiHJiacb cocTaBHaa cxopocra ajm nepeABaaceHaa x ceBepy 
b 0,05 CM/cex, npaHHMaa bo BHHMaHae pa3Hany B03pacTa b 400 a c t ,  
H3MepeHHyio c  noMombio paAHoyrnepoAa Meacny 40° lOacHoa a  40° 
CeBepHoa mapoTbi.

Addendum

Page 7, entre les quatrième et cinquième lignes, veuillez ajouter :
Page 7, between the fourth and fifth lines, please add :

« (from) south-east and those from north-west of the Indian 
ocean. The radiocarbon method seems unable to reveal a north
ward movement in deep (water) ».

5 1 7



—  8 —

Bibliographie

B e r g e r  (R.), F e rg u s s o n  (G.J.) & Libby (W.F.), 1965. — UCLA 
radiocarbon dates IV. Radiocarbon, 7, pp. 336-371.

B ien (G.S.), R a k e s t r a w  (N.W.) & Suess (H.E.), 1963. — Radio
carbon dating of deep water of the Pacific and Indian oceans, 
in : Radioactive dating, pp. 159-172. — Vienna, International 
atomic energy agency [Bull. Inst, océanogr. Monaco, 61, 
n° 1278, 16 p.]

B r o e c k e r  (W.S.), T u c e k  (C.S.) & O ls o n  (E.A.), 1959. — Radio
carbon analysis of oceanic CO2. Int. J. appl. Radiat. Isot., 
7, pp. 1-18.

B r o e c k e r  (W.S.), G e r a r d  (R.), E w in g  (M.) & H eezen  (B.C.), 
1960. — Natural radiocarbon in the Atlantic Ocean. 
J. geophys. Res., 65, 9, pp. 2903-2931.

B r o e c k e r  (W.S.) & O ls o n  (E.A.), 1961. — Lamont radiocarbon 
measurements VIII. Radiocarbon, 3, pp. 176-204.

F o n s e liu s  (S.) & Ö s t l u n d  (G.), 1959. — Natural radiocarbon 
measurements on surface water from the North Atlantic 
and the Arctic sea. Tellus, 11, 1, pp. 77-82.

N y d a l  (R.), 1963. — Increase in radiocarbon from the most 
recent series of thermonuclear tests. Nature, Lond., 200, 
n° 4903, pp. 212-214.

O ls s o n  (I.U.) & K a r l e n  (I.), 1965. — Uppsala radiocarbon 
measurements VI. Radiocarbon, 7, pp. 331-335.

Ö s t l u n d  (H.G.), B ow m an  (A.L.) & R u s n a k  (G.A.), 1965. — 
Miami natural radiocarbon corrections I-III. Radiocarbon, 
7, pp. 153-155.

R a f t e r  (T.A.) & F e rg u s s o n  (G.J.), 1957. — Recent increase 
in the C14 content of the atmosphere, biosphere and surface 
waters of the oceans. N .Z. J. Sei. Tech. (B), 38, pp. 871-883.

T h o m m ere t (J.) & R a p a ire  (J.L.), 1964. — Monaco radiocarbon 
measurements I. Radiocarbon, 6, pp. 194-196.

T h o m m e re t (J.) & T h o m m ere t (Y.). — Monaco radiocarbon 
measurements II. Radiocarbon (à paraître).



R eprinted from D eep -sea  R e s ., vo l. 13, 1966, p. 413-425.

Distribution of particulate and dissolved nitrogen in the 
Western Indian Ocean*

F . F r a g a !

{Received 12 November 1965)

Abstract—Determ inations were made o f  particulate and  dissolved organic nitrogen in the waters o f  
the western Indian  O cean from  20°S to 25°N. The vertical distribution o f  particulate nitrogen had 
a  maximum at ten meters and a very clear diurnal variation extending down to 340 m. D uring the 
night the nitrogen increased from  0 to 60 m and  decreased from  60 to 340 m. I t is supposed that 
this is due to  Zooplankton migration.

The vertical distribution o f the dissolved organic nitrogen had a peak at 20 m and another very 
large one between 100-170 m.

The relationships were studied between dissolved nitrogen, dissolved organic carbon, particulate 
nitrogen, and  also particulate carbon and phosphorus, chlorophyll and the fixation o f  carbon-14.

The distribution o f  organic nitrogen is shown for a  north-sou th  section and fo,r sections perpen
dicular to the A rabian coast.

I N T R O D U C T I O N

T h e  i n v e s t i g a t i o n s  reported here are part o f  a general survey o f the Indian Ocean 
1963-1964. The samples were taken aboard the Oceanographic vessel Anton Bruun 
of the U.S. National Science Foundation on its Cruise 4-A, September to November 
1963, from Mauritius to Bombay (Fig. 1). Further details may be found in Bulletin 
N o. 5, U.S. Program in Biology, I.I.O.E. and the Final Cruise Report (W o o d s  H o l e  
O c e a n o g r a p h i c  I n s t i t u t i o n ,  1964; 1965).

The distribution of dissolved organic nitrogen and o f suspended particulate 
nitrogen were studied. The two fractions were separated by filtration with a fiberglass 
filter (“ Gelman A ”). The particulate matter consisted of detritus, bacteria, phyto- 
and Zooplankton o f a size larger than 13 “ Dissolved organic nitrogen ” included
particulate matter o f less than 13 p.. Hence the pore-size must be especially considered 
when comparing these with results published elsewhere.

This is a preliminary paper outlining the vertical distribution o f organic nitrogen. 
The basic data has already been distributed rather widely (W o o d s  H o l e  O c e a n o 
g r a p h i c  I n s t i t u t i o n ,  1965). The final analysis o f the data must await publication of 
other oceanographic data.

Vertical distribution o f  organic nitrogen
To obtain the average vertical distribution o f dissolved and particulate organic 

nitrogen (Tables 1 and 2), the average value at each standard depth interval was 
calculated for all the stations studied. These intervals were not always the same

♦Part o f  the w ork was supported by the U.S. N ational Science Foundation through participation 
in the U nited States Biological Program o f  the International Indian Ocean Expedition.

fln stitu to  de Investigaciones Pesqueras, Vigo, Spain.
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because the samples came from various depths depending on the transparency of the 
water. Thus, the samples were taken at depths to which 50, 25,10 and 1 % of the light 
at the surface penetrated and at some intermediate depths. In highly productive 
areas, these depths were consequently shallower than in the less productive areas. 
In calculating the average value for each interval in order to avoid including samples 
from the richer and poorer waters in any definite proportion, the greatest possible 
number o f samples were included which corresponded to the same penetration o f light 
in such a way that in each average there would be the same ratio o f stations with

45 ' 50° 55’ 60" 65’ 70’ 75’

25°

BOMBAY' 20°20 ’

[175
'1 8 2

1 5 °15’ [172

180

10°

1 6 7

¿Seychelles

15’

IS f *  M a u r it iu s20 ’

50’ 65’55’ 70’ 75°
Fig. 1. Location o f  Oceanographic Stations E-161-E-200 along sections AA, B, C, D  and E.

different degrees o f productivity. For depths greater than 120 m a sufficient number of 
samples were included to obtain a probable error o f the average o f less than 0:1 
/xg-at N/l. for the particulate matter and 0-5 /xg-at N/l. for the dissolved matter.

Particulate nitrogen (Table 1). The curve for particulate nitrogen (Fig. 2)issimilarto 
that for photosynthesis with a maximum at 10 m. Deeper than this it decreases linearly 
in proportion to the light, but from 20-30 m, there is a sharp drop, quite distinct from 
the curve for photosynthesis. Considering the samples taken during the day and 
during the night, separately, it appears that the curve represents the sum of these two 
curves (cf. Fig. 3a). At night there is a higher concentration of organic nitrogen in
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Table 1. Average values o f  particulate organic nitrogen

Light penetration
Depth intervals Total samples Day Night K  =  007 to 005

(m) m No. /xg-at N/l. /ig-at N/l. ± r at-/xg. N/l. ,±  r (%)

1 1 35 1 47 1-22 003 1-69 0-20 100
5-14 11 33 2-12 204 0-20 217 0-20 50

15-25 20 33 1-58 1-20 006 1-79 0-20
26-32 28 34 1-50 112 008 1-81 010 25
33-47 37 35 1-21 103 008 1-35 010 10

50 50 14 0-65 0-60 010 0-68 0-20
52-120 79 46 0-55 0-75 009 045 004 1

125-200 175 18 0-32 0-38 007 0-23 006
300-400 336 14 0-28 019 006 0-20 006

600 600 11 011
800-1300 945 20 009

1400-4000 2325 20 003

Day : Samples taken during the day from 6 : 00 a.m. to 6 : 00 p.m.
Night : Samples taken during the night from 6 :00 p.m. to 6 :00 a.m. 
m : Average depth in metres taking into account the frequencies.
No. : Number of samples used in obtaining the average.
±  r : Probable error of the average =  0-67 a VNo.

Table 2. Dissolved organic nitrogen

Concentration of N C/N Ratio
Depth intervals m No. obsvns. /xg-at N/l. ±  r m C/N at.

1 ]■ 38 81 0-2 1 111
5-14 U 35 80 0-2 11 11-2

15-25 20 32 8-8 0-3 21 8-5
26-32 28 34 7-5 01 27 9-6
33-47 37 32 74 0-2 37 81

50 50 14 6-2 0-2 \ m Q . r
52-120 79 45 6-5 01 ƒ IL 7 * 0

125 125 6 80 0-6 125 121
200 200 12 7-3 0-3 200 9-7

300-400 336 ¡4 6-7 04 338 9-5
600 600 11 64 04 600 9-5
800

900-1400
800

1175
12
8

5-6
5-5

0-4 \  
0 -5 / 944 8-3

1600-2000
2800-4000

1846
3300

13
7

5 0 
4-3

0-3 \  
0 -2 / 2300 6-3

the surface layer down to 60 m than during the day while deeper, from 60 to 340 m,
the concentration is lower. Below 340 m, the diurnal difference is less than the pro
bable error.

The only explanation at present for this phenomenon is the nocturnal migration 
of the Zooplankton from 60-340 m to the surface, a minimal distance of about 60 m. 
Thus, during the day, organic matter with a high concentration of chlorophyll (Fig. 3C) 
especially at 20 m occurs in the superficial layer (0-70 m), where most of the phyto
plankton is to be found. Then, during the night the Zooplankton invades this layer 
and causes a considerable increase in the nitrogenous organic matter there. This in 
turn decreases the chlorophyll/Np ratio. On the contrary, the chlorophyll/Np ratio 
increases in the lower layers during the night when there is less nitrogen as a result of 
the upward migration of Zooplankton.

The difference in particulate nitrogen between day and night (Fig. 3B) which 
indicates the migration of the Zooplankton during the night from 60-340 m to 60-0 m,

5 2 1
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6  7  8  9

100

1 5 0

200

Fig. 2. Vertical distribution of particulate and dissolved organic nitrogen, both shown in. 
microgram atoms of nitrogen per liter. The curves show the average values for all stations.

reaches its maximal variation at 80 and 28 m respectively. At 60 m there is no quan
titative difference whatever between day and night. This does not indicate that there 
is no migration but that the quantity which comes from deeper layers compensates for 
the Zooplankton which has migrated thence toward the surface (i.e. area d  in Fig. 3B

20
4 0

SO

100

200

3 0 0

Fig. 3. A, particulate nitrogen; open circles, average for all stations made during the day; solid 
black circles, average of all stations taken during the night. B, difference between particulate

particulate nitrogen; open circles, average for all stations
nitrogen during the day and night; n, increase during the night, d, increase during the day. 

C, ratio of chlorophyll a in grams/particulate nitrogen in atoms.
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is approximately equal to n corresponding to this migration).- The total mass trans
ported from one level to another is one o f 500 N/xg-at/dm2 in an average distance of 
136 m, the difference between the centers o f the two areas (160 and 24 m) (n and d  in 
Fig. 3b).

Dissolved organic nitrogen (Table 2). The curve for the vertical distribution of dis
solved organic nitrogen (Fig. 2) has the same type o f inflection as that for particulate 
nitrogen though at a somewhat lower level. It also has another extraordinary and 
large, poorly-defined peak between 100 and 200 m. This peak is unrelated to that of  
particulate nitrogen. We suppose that it is produced by phytoplankton which had 
died and sunk below the level o f  compensation. The cellular membranes become 
permeable and thus free the soluble part o f the protoplasm. Also augmenting the 
soluble nitrogen in this layer are the metabolites excreted by the Zooplankton during 
the day. Thus, there is a daily transport o f soluble nitrogen from the superficial layer 
where the Zooplankton feeds to the deeper waters where it retreats to spend the day. 
Hence, an accumulation o f soluble organic substances produced both by chemical 
and by bacterial decomposition occurs at the deeper level..

Relationship between dissolved and particulate organic nitrogen (Table 3). In an 
earlier investigation (Fraga and Vives, 1961) in coastal water there was a linear correla
tion between the two forms o f nitrogen, expressed by the formula, where a is merely 
the slope of the line :

Nd =  a Np +  I

However, a simple inspection of the curves for dissolved nitrogen Nd and particulate 
nitrogen N p (Fig. 2) indicates that there is no correlation to be found for the Indian 
Ocean data. On the other hand, the particulate nitrogen has enormous diurnal 
variation with a 68 % increment at 28 m. For this reason, correlations for N d, N p 
were sought for each level and also for samples taken by day or at night. This form

Table 3. Correlation between dissolved organic nitrogen Nd 
and particulate nitrogen Np N d =  a N p +  I

Depth
intervals

(m) m a
Day

I c No. a
Night

I c No.

1 1 1-2 6 -8 0 -2 16 1-4 5-9 ■ 0-4 17
5-25 15 — ____ 0 0 28 0-7 71 0 -2 35

26-32 28 1-7 5-7 0 -6 15 1 0 5-7 0-7 17
33-47 37 51 3-3 0 -2 14 2 1 40 0 -2 18
50-120 71 3-6 4-6 0 -6 24 3-2 4-3 0-4 30

125-400 233 7-2 4-3 0 -8 9 12-3 4 .4 0-3 9
Day and night

600-2000 1053 7-8 4-3 0-4 15

As in some series the correlation is low, to obtain the true values of a  and I ,  one. calculates for
each one :

Nd = a í  N„ + h and N„ = — Nd — — la and give as the slope
K ¿22 ¿22

a  =  V ( a i / « 2)  and the c =  V (01 / 02 ) .

of correlation for the two forms o f nitrogen is acceptable and the value o f I (“inert”
material) is approximately equal at all levels during the day and at night, with an 
average value o f 5-J /xg-at N/l. This value is analogous to the Atlantic coastal water
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from northwest Spain where the value most recently found (unpublished) was 5-9 
Hg-at N/l. between 0 and 100 m. It consisted of organic matter in a period when 
decomposition was great (which in the investigation previously cited we called “inert” 
material). Thus, only the slope o f a which increases with depth and naturally varies 
also from day to night in the surface layers.

In Table 3 there is a summary o f the values found.

R E L A T I O N S H I P  O F  N I T R O G E N  W I T H  O T H E R  C O M P O N E N T S  
OF  T H E  O R G A N I C  M A T T E R  (Table 4)

Relationship o f dissolved organic carbon-dissolved organic nitrogen. The vertical 
distributions of Nd and dissolved organic carbon Cd are very similar. Both have a 
minimum between 50-80 m and typically a maximum between 120-180 m, decreasing 
gradually toward the bottom.

In seeking a correlation between the two, using data for Cd made available by 
Menzel (W.H.O.T., 1965), an approximately linear correlation was found for the 
values of carbon between 0-5 and 1-5 mg C/1., but with a rather large scatter to the 
points. For high values o f carbon, there is practically no correlation because the 
nitrogen does not increase, after reaching a determined level, an anomaly already 
observed in the North Atlantic by D u u r s m a  (1961).

C j / H j a t  N p / C p  at . P p / N r  at.

0 .0 7  0 .05  0 ,0 3

20
40
6 0

100

200

o Q o y

•  N ig h t

c Doy a n d  
n ig h t3 0 0

4  6  8 1 0  2 0 4 0
C p / N p  at .

15 2 0  3 0
N / P  a!.

Fig. 4. A , ra tio  o f  carbon /d isso lved  n itrogen  in  atom s. B, th e  sam e ra tio  as th e  previous one 
fo r particu la te  o rganic m ateria l show n in  a tom s C /N  on the  low er scale an d  the inverse, N /C , 
o n  the  u p p e r scale; V inogradov’s values o f  C /N  fo r  copepods, d iatom s an d  perid in ians a re  also 
show n. C, ra tio  o f  phospho ru s/p a rticu la te  n itrogen show n in atom s a n d  the  inverse on  the 
low er scale ; also included are  the  H arris a n d  R iley values fo r Zooplankton a n d  phytop lankton .

The ratio C/N varies with depth (Fig. 4 and Table 2). This variation is analogous 
to that o f N d which indicates that the variations in the vertical distribution of carbon 
are still larger but for the same depth there are large local variations from one zone 
to another, In general, it would seem that the relation Cd/N d is greater in dissolved

5 2 4



Distribution of particulate and dissolved nitrogen in the Western Indian Ocean 4 1 9

organic matter of recent formation, despite D uursma’s (1961) opinion to the contrary. 
Below 120 m the Cd/N d ratio decreases with depth contrary to what happens with the 
ratio Cp/N p for particulate matter.

The ratio Cd/N d on the average ordinarily varies between 12 below the photosyn
thetic zone to 8 atoms o f C for one atom o f N and even less at great depths, but for 
high values of carbon, more than 1-5 mg/1, the ratio can be exceptionally high. ,

Particulate nitrogen-particulate carbon. As might be expected the Cp/N p ratio has a 
diurnal variation presumably caused by Zooplankton migration which differs from that 
of the phytoplankton. A. P. Vinogradov (1935, 1938) gave the following values for 
C/N in atoms (as cited in Sverdrup, Johnson and Fleming, 1946) : diatoms, 6-4; 
peridinians, 8 5; and copepods, 4-7. Thus, the Zooplankton migration to the surface 
layer (0-60 m) during the night causes a lowering o f the C/N ratio there similar to 
that occurring in the deeper layer (60 to 300 m) during the day when the Zooplankton 
retreats to that level (Fig. 4B, Table 4). However, the series of events are not as 
simple as just indicated for photosynthesis also takes place during the day, a process 
which has not been considered in this report.

Table 4. Particulate organic matter.
Ratio o f  nitrogen and phosphorus, carbon and chlorophyll a

Depth
intervals

(m) m
C/N at.

day night
N/P at.

day night
Chlorophyll a, g/N at. 

day night

1 1 5-4 5-2 15-3 15-0 0-24 0-50
5-14 12 5-5 4-6 13-8 15 6 0-45 0-50

15-25 2 0 56 5-2 15-4 19-9 0-77 0-50
26-32 28 76 4-6 14-3 20-6 0-60 0-44
33-47 38 60 4-5 16-9 21-6 0-60 0-37

50 50 70 5-6 23-1 32-8 0-45 0-26
52-120 78 5-9 7’3 30-6 300 0 -22 027

125 125 5-5 12-3 0-21 0-37
2 0 0 2 0 0 6-7 29-5 008 0-37
300 300 10-8 370 0 1 0 0-21

Day and night
600 600 c o

1000 1000 oo
2 0 0 0 2 0 0 0 CO

Owing to these variations in the C/N ratio, the correlation between the two 
shows a considerable scatter. Furthermore, it is not linear having considerable 
curvature for low values o f C and N  and the curve does not pass through the origin. 
When N  equals zero, C is about 46 /xg C/1, which in some areas ordinarily takes place 
at 400 m. In deep water particulate organic matter may be formed almost uniquely
by non-nitrogenous compounds.

Particulate nitrogen-particulate phosphorus. The correlation between particulate 
organic nitrogen and phosphorus is linear and very good. The regressions found for 
samples between 0 and 107 m are :

day Np /xg-at =  13-0 Pp /xg-at +  0-2; c =  0-7 
night N p /xg-at =  15-0 Pp /xg-at +  0-3 ; c =  0-8 

(c =  index of correlation)
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The coefficient is higher at night when the Zooplankton with a greater proportion 
o f nitrogen is at the surface. The independent term is the concentration o f  nitrogen 
when phosphorus is equal to zero; these concentrations come up to 140 m at night 
and 340 m during the day. Therefore these are the lower limits from which comes the 
principal Zooplankton biomass.

Although the correlation N : P is linear, the N/P ratio is not constant (Fig. 4c), 
because the regression line does not pass through the origin. For this reason, this 
ratio increases while their concentrations decrease. In this figure, are also shown, 
the values given by H a r r is  and R il e y  (1956) for the phyto- and Zooplankton respec
tively.

Ratio o f  particulate nitrogen and chlorophyll a. This ratio can vary from zero to 
average values with limits o f 1-0 and 1-8 pg  chlorophyll a/p.g-at N for dinoflagellates 
and diatoms respectively, calculated from the H a r r is  and R il e y  (1956) data.

The reasons for the variations in this ratio have already been discussed for particu
late nitrogen. Here, the unique inversion between 0 and 12 m, should be mentioned. 
To ascertain whether it is real or whether it is due to an insufficient number of samples 
in determining the average, the probable error for this relationship was calculated 
and 0-03 and 0-07 pg  chlorophyll ajpg-aX N  for day and for night respectively, 
was obtained, which gives a probability o f 90%. The cause of this inversion between 
0 and 12 m is due to a greater concentration o f chlorophyll in the night samples and 
a slight lowering to 20 m, possibly due to the slight diurnal migration of dinoflagellates, 
but this point cannot be ascertained due to insufficient data. Deeper than this there 
is no significant difference between day and night.

Relation between particulate nitrogen and the fixation o f  14C by the phytoplankton. 
Velocity o f the renewal o f  nitrogenous material. Phytoplankton, during photosynthesis 
at the same time that it fixes CO2 also assimilates nitrogen compounds for the synthesis 
of proteins maintaining a relationship between both processes. Depending on various 
factors an average valué of 7-5 : 1 atom C : N, based on A. P. Vinogradov’s analysis 
of phytoplankton can be assigned to this.

The correlation between carbon fixed during the day and particulate nitrogen 
(Fig. 5) is not linear because the lower values for carbon fixation correspond to the

O

$
2

i

]

0
8020 60 W 0  f j g  C /d a y

Fig . 5. C orre la tio n  betw een th e  co n cen tra tio n  o f  p a rticu la te  n itrogen  in  /¿g-at/l. an d  the  carbon  
fixed by the  p h y to p lan k to n  in  C/xg/1. pe r day. E ach  p o in t is the  average o f  tw enty observations.
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deeper samples where in addition to the organic material synthesized there, there is 
other material sinking down from the superficial layers which supplies more organic 
nitrogen than that being synthesized at this level. On the other hand the lower 
temperature in the deeper layers considerably reduces the velocity o f decomposition 
of organic matter which tends to increase NP/AC ratio.

When there is no carbon fixation, there is still about 0-4 /xg-at Np/1. of organic 
matter decomposing very slowly as it sinks down to the lower layers down to several 
hundred meters.

Table 5. Ratio o f nitrogen assimilated by day, computed from  14C data, and
particulate nitrogen

Depth
interval m

Np
/ig-at/l.

Fixed carbon 
/xg/l./day

A N
(ju-g-at/l./day)

Nitrogen 
renewed daily 

100 AN/Np 
(% )

Temperature
(°C)

1 1 1-46 38-4 0-43 29 27-7
5-17 12 1-84 48-4 0-54 29 26-8

19-28 24 1-46 44-9 0-50 34 25-4
29-60 40 117 14-7 016 14 23-8
65-120 82 0-51 0-8 0-01 2 21-6

AN is calcu la ted  fro m  fixed c a rb o n  by 0-0112.

At the level where organic matter which is being synthesized and decomposed is 
in dynamic equilibrium, it is possible to calculate the velocity o f the decomposition

—  0> u“>
S  S  2  S  S S  K A R A C H IM A U R I T I U S  S  S

Fig. 6. D istrib u tio n  o f  d issolved organ ic  n itrogen , Septem ber to  O c to b er a long  Section A A  
o f  Fig. 1 ; th e  n u m b ers o n  th e  curves a re  /xg-at N /l. T h e  values a t th e  surface  a re  th e  average 
fo r  0 -8 0  m , d u e  to  considerab le  va ria tio n  w ith ju s t  a  few m eters in  th e  shallow er layers.
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Fig. 7. D istribu tion  o f  parti culaté n itrogen  a long  the  sam e section  as in Fig. 6, also

/xg-at N /l.

26° U 
show n as

of the nitrogen compounds. From the values for fixed carbon (Table 5) the equivalent 
nitrogen assimilated during the day can be calculated by the factor 1/12-01 X  7-45 
=  0-0112(12-01 =  p.a. of C; 7-45 =  C/N atoms in the phytoplankton). The quo
tient o f assimilated nitrogen, which is equal to the decomposition, to total particulate 
nitrogen gives us the proportion o f that which is renewed daily at each level, or that

200

Fig. 8. D istribu tion  o f  dissolved organic  n itrogen  in the  superficial layers o f  Section B, Fig. 1,
in /xg-at N /l. in O ctober.
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775 176 177 178 179 180

20

50
m

- /

Fig. 9. Distribution of dissolved organic nitrogen, along Section C, Fig. 1, in October.

is, that which decomposes more than that which is sedimented down to the lower 
layer. The average daily values are similar to those in the Atlantic (Fraga and 
Vives, 1961) of 7-5 % at 15-8°C which, if one considers that there is a five-fold increase 
for each 10° o f temperature, corresponds to 37 % at 25-8°.

S P A T I A L  D I S T R I B U T I O N  O F  O R G A N I C  N I T R O G E N

Along Section A (Fig. 1) there was a high concentration of dissolved organic 
matter in the surface layer in the equatorial region from 0° to 8°N extending down to 
the deep layers, but at latitudes 20°N and 20°S, there are two zones with a lower

193 194 195 196 197 198 199 200

20

5 0

100
m .

Fig. 10. Distribution of dissolved organic nitrogen along Section D, Fig. 1, in November.
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nitrogen concentration extending from the bottom up to 500 to 300 m. The distribu
tion o f particulate nitrogen for this same sectión (A) (Fig. 7) is analogous to that 
of the dissolved nitrogen; both seem to indicate a convergence in the equatorial 
region. This is not constant because there is no continual decrease in organic nitrogen 
concentration with depth. Pockets may be formed at about 1000 m which could be 
due to seasonal variations in the organic matter produced at the surface with the 
change of the monsoon or transported horizontally from other richer areas, a question 
to be settled at a later date.

Particularly interesting is the water mass below 800 m between 18° and 23°N 
where the content o f dissolved organic nitrogen is much lower in the amount of 
“inert” organic nitrogen (i.e., about 51 /xg-at N d/1.). The decomposition o f this 
fraction is extraordinarily slow so that it is presumably a very old water mass. The

190 189 188 187 186 ¡85

20

50

100
m

Fig. 11. Distribution of dissolved organic nitrogen along Section E, Fig. 1, October-November.

determination o f the residence time o f this water mass could be used to calculate the 
average “ life ” o f substances resistant to mineralization.

The spatial distribution o f dissolved organic nitrogen in the surface waters for 
Sections B, C, D  and E are shown in Figs. 8, 9, 10 and 11, but figures for particulate 
nitrogen were not drawn because'it is subject to large diurnal variations at the surface. 
On Section B, there is a typical distribution with a maximum at about 20 m and with 
another smaller one between 100 and 130 m separated by a minimum between 
60-70 m approximately coinciding with its average distribution (Fig. 2). On the other 
sections C and D  there was a similar distribution but less clearly defined than farther 
north and in section E it is confused.
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SOURCE REGIONS OF OXYGEN M AXIM A IN  INTERM EDIATE DEPTHS
OF THE AR A BIA N  SEA

By D. J. R o c h f o r d *

[Manuscript received September 24, 1965]

Summary

Oxygen maxima, in relation to at, salinity maxima and minima, and other hydro- 
logical structural features, have been examined along three meridional sections of the 
Indian Ocean. These relations have provided a background for the interpretation of 
the water mass sources of oxygen maxima of the whole Indian Ocean. After grouping 
these oxygen maxima according to density, their salinities have been used to identify 
mixing circuits in which the following waters are involved: from the south (1) South 
Indian Central, (2) Subtropical oxygen maximum, (3) Antarctic Intermediate; from the 
east (4) Equatorial Frontal water; and from the north (5) Persian Gulf, and (6) Red 
Sea. The principal routes whereby oxygen-rich mixtures of these waters enter the 
Arabian Sea, during the south-west monsoon, have been determined. The directions 
of flow along several of these routes agreed with measured directions of current flow. 
Where these currents disagreed the measured current was generally very weak.

I. I n t r o d u c t io n

The mid-depth waters o f the Arabian Sea are very low in oxygen (Neyman 1961). 
Recent data o f Atlantis II  in 1963 and o f Discovery in 1964 have shown layers o f  
oxygen maxima in these waters, which must be formed by advection o f  waters richer 
in oxygen from outside the region. The origin and, wherever possible, the routes o f  
such waters into the Arabian Sea during the south-west monsoon are examined in 
this paper.

I I .  D a t a  a n d  M e th o d s  

The figures presented in this paper are based on the following sources;

FIGU RES VESSEL

2-4 Ob 
5-7 Discovery 
8-10 Discovery 

11-12 Diamantina 
Diamantina 
Diamantina 
Diamantina 
Diamantina

REFERENCE

U.S.S.R. Acad. Sei (1959) 
Private communication 
Private communication 
CSIRO (1962«)
CSIRO (1963)
CSIRO (19626)
CSIRO (1964a)
CSIRO (19646)

FIG U RES VESSEL

11-12 Gascoyne

Vityaz 
14-15 Discovery 

Discovery 
Atlantis II 
Ob 

17-24.

REFERENCE

CSIRO Cruise 4/62 
(unpublished data)

Vityaz (1960)
Private communication 
Discovery Commission (1942) 
Private Communication 
U.S.S.R. Acad. Sei. (1958) 
Data from above sources

The identification o f the various high salinity water masses o f the Arabian Sea. 
and north Indian Ocean is based upon their salinity and density characteristics 
(Rochford 1964a," 19646). Oxygen maxima have been identified on smoothed 
temperature-oxygen curves. Maxima were considered real whenever their oxygen 
values were greater by at least 0-1 ml/1 than the values at their temperatures on the

* Division of Fisheries and Oceanography, CSIRO, Cronulla, N.S.W. (Reprint No. 581.)

Collected reprints o f the International Indian Ocean Expedition, vol. IV, contribution no. 234 533
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Fig. 1.—Chart of the hydrological sections and of the stations during the south-west monsoon.
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line connecting adjoining oxygen minima of the curve. Curves illustrating this 
principle for salinity maxima have been published (Rochford 1964b, Fig. 7). In the 
absence of evidence to the contrary, it is assumed that an increase in oxygen at depths 
below 200 m cannot have a biological explanation and must be caused by the 
horizontal advection and mixing of waters richer in oxygen. It is assumed that such 
waters in the Arabian Sea must have an external origin.

STATION n  
NUMBER *?I
LATITUDE 2Q"N, 5 0 °  S.

■4 OÔ

IOO

200

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

Fig. 2,—Oxygen (ml/1) distribution along Section 1 (Ob, 1956-57).

III. Oxygen Maxima and H yd rolog ica l S tructure
Before examining the oxygen maxima of the Arabian Sea it is necessary to look 

at the oxygen maxima that occur in the Indian Ocean as a whole. This will show what 
relations, if any, exist between these oxygen maxima and such features as bands of 
salinity maxima and minima, whose water mass origin can be identified. One would 
expect such relations, since subsurface oxygen maxima can be maintained only by 
horizontal advections; these occur in the Indian Ocean principally within layers 
defined by a salinity maximum or minimum. The relations between oxygen maxima 
and hydrological structure along the three selected meridional sections (Fig. 1) are
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then used to group and classify the various oxygen maxima of all station data (Fig. 1) 
of the Indian Ocean during the south-west monsoon. Finally, the distribution of 
oxygen and other properties of each of these groups of oxygen maxima is studied 
along certain sections, to show the principal routes of movement.

STATION 
NUMBER . 

LATITUDE ~20*N . t e

*70
•8 0loo

200

•oo
2 6  5 0

3 0 0

a. 4 0 0

oo-2 7 - 0 0

5 0 0

6 0 0

7 0 0

•OO '<

6 0 0

Fig. 3.—Salinity distribution along Section 1 (Ob, 1956-57). In this and other figures containing 
salinity values the following notation will be used: S%o between 34*00 and 34 *99%«,—without the 
34*00 prefix; S%o between 35-OOTand 35*99%o—without the 35*00 prefix and remainder barred.

(a) Section 1 (Fig. 1)
An oxygen maximum layer, with approximately uniform oxygen content, 

occurred at 450-500 m at all stations between 10 and 42°S. (Fig. 2) except Station 
305. As shown in Figure 2, north of 10°S., the concentration of this oxygen maximum 
layer decreased sharply (Fig. 2), and its depth decreased to about 250 m at 5°N. 
This almost continuous oxygen maximum layer, from about 40°S., will be subsequently 
referred to as the subtropical oxygen maximum. The origin, and therefore the 
nomenclature of this layer, is in doubt. Wyrtki (1962) considers it principally of 
Antarctic Polar Front origin, whilst Rochford (1960) claims that it originates at the 
Subtropical Convergence.
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Along Section 1 (Fig. 2), this oxygen maximum first appears around 40°S., 
without any continuity with surface waters, and at a depth some 300 m above the 
Antarctic Intermediate salinity minimum (Fig. 3). It maintains a similar depth and 
relatively high content of oxygen to about 10°S. (Fig. 2). The Antarctic Intermediate 
salinity minimum, however, has disappeared by about 20°S. (Fig. 3), and therefore 
cannot transport the oxygen-rich waters above it beyond 20°S. It is therefore 
proposed to consider this subtropical oxygen maximum layer as a separate water mass.

LATITUDE 2 0 *  N. .IO* 2 0 * 3 0 * 4 0 *

loo

2 5 * 9 0 -
200

2 6 - 5 0

3 0 0

X 4 0 0

2 7 * 0 0

5 0 0

6 0 0

7 0 0

8 0 0

Fig. 4.—Principal structural features of the hydrology along Section 1.

Along this section there occurred a salinity maximum which showed highest 
values at the surface around 30°S. and which extended north and south at depths of 
100-300 m (Fig. 3). This maximum was caused by the spreading of the south-east 
Indian high salinity water (Rochford 1964a), which forms the eastern end of the 
subtropical high salinity gyre with the general name of south Indian Central water. 
For convenience, any high salinity water from any part of this subtropical region 
will be called south Indian Central in this paper.

The northern limit of south Indian Central water along Section 1 was found 
at about 10°S. within a low salinity column which will be called Equatorial Frontal
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water. This Frontal water occurred just south of the northern boundary o f the south 
Equatorial current which from the elevation and depression of the 25 • 90 and 26 ■ 50 
at surfaces was located between stations 316 and 307 (Fig. 4). North o f the south 
Equatorial current, Persian Gulf water was found as a salinity maximum to about 
10°N. Comparison of the position of the oxygen maxima of Figure 2 with those of 
the various water mass layers o f Figure 3 shows that the subtropical oxygen maximum

STATION *
NUMBER : ¡n
LATITUDE =.2*N. \

6 0 0

OXTCEN ISOETCW
©XTGCN CREATE« THAN 3 0 0  ml / l OXY6EN CREATES THAN 2 SO ml / l  

SUT LESS THAN S O O a l / l

Fig. 5.—Oxygen (ml/l) distribution along Section 2 (Discovery II, 1964). Close shading indicates an 
oxygen value greater than 3 00 ml/l; open shading indicates an oxygen value greater than 2-50 but

less than 3-00 ml/l.

occurred at a depth between the south Indian Central water above and the Antarctic 
Intermediate below, south o f the Equatorial Frontal water. North o f 10°S. this oxygen 
maximum is uplifted some 200 m and eventually merges with the Persian Gulf water 
mass at around 5°N. South Indian Central water was sometimes at the same depth 
as an oxygen maximum (Fig. 4).
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(b) Section 2 (Fig. 1)

In the west Indian Ocean, the subtropical oxygen maximum had oxygen values 
greater than 4 m l/l, south o f 10°S. (Fig. 5). At this latitude, as in the east Indian 
Ocean (Fig. 3), a vertical column o f low salinity water (Fig. 6) marked the position 
o f the Equatdrial Frontal water. North o f this Frontal water, oxygen maxima occurred 
a* every station but at greatly different depths and densities (Fig. 5). The oxygen 
concentration in the oxygen maxima north o f 10°S. was greater along Section 2 than 
along Section 1 (Figs. 2 and 5). This difference is attributed to a stronger northward 
transfer of oxygen-rich waters along Section 2, where the salinity shows (Fig. 6) a 
much weaker Equatorial Frontal water barrier than along Section 1 (Fig. 3).

STATION
NUMBER

LATITUDE^2°N. I 16® S.

^7 0

too •30
*3 5  OO 

- s35 IO 
- 3 5 - 2 0

■20 
25 9 0 4̂Ü200

2 6  5 0
.2 5  9 0

'3 5  IO

3 0 0

2 6 - 5 0

35 ' IO4 0 0

35 OO
-27 0<

3 4 -9 0

5 0 0  27 0 0 ’
34  8 0

. 2 7 - 0 0

6 0 0

7 0 0

34 70

8 0 0

Fig. 6.—Salinity distribution along Section 2 (Discovery II, 1964).

South Indian Central water was found as a high salinity layer south o f 10°S. 
(Fig. 6). In contrast to the previous section (Fig. 3), Persian Gulf water did not occur 
south o f about 2°S. (Fig. 6). The doming o f the 2 6 -5 0 ^  surface at 6°S. (Fig. 7) 
indicates the northern boundary o f the south Equatorial current. The Equatorial 
Frontal water occupies the same relative position within the south Equatorial current 
as in the east (Fig. 4). An almost continuous salinity minimum from the southern
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to the northern limits of this section, at about the depth of the 27 -00-27 -20 at surfaces 
(Fig. 6), was caused by northward spreading of Antarctic Intermediate waters. Below 
this salinity minimum, a salinity maximum at around 700-800 m was formed by 
Red Sea water. There was little agreement (Fig. 7) between the depths at which the 
various identifiable water masses (Fig. 6) and oxygen maxima (Fig. 5) occurred, 
except around 1°N. where oxygen maxima merged into the Persian Gulf water mass.

LATITUDE ̂ 2* N. 1

l o o

200

2 6 - 5 0
2 5 - 9 0

3 0 0

2 6  5 0

4 0 0

uj 5 0 0

2 7 - 0 0

6 0 0

7 0 0

8 0 0

Fig. 7.—Principal structural features of the hydrology along Section 2.

(c) Section 3 (Fig. 1)
In the west Indian Ocean along the 58°E. meridian, the single branch of the 

subtropical oxygen maximum, at about 300 m at the south end of the section, became 
separated into at least three branches further to the north (Fig. 8). The upper of these 
branches occurred near the depth of the 25 *90 at surface, the middle near the 26 • 50 ot 
surface, and the lower near 26 • 80 An almost continuous salinity minimum (Fig.9) 
between 3°S. and 11°N. occurred near ot 26*80. Persian Gulf water occurred near the 
26*50 <jt surface, between 10 and 13°N., and at several stations between 3 and 6°N. 
near the 26 *80 a* surface (Fig. 9). Antarctic Intermediate waters were found a 
salinity minimum near the 27 • 20 at surface in the south between 1 °N. and 4°S. Further
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2 OO
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'O  5 0 I 5 0
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OXTGEN GREATER THAN 2 5 0  A l / lOXYGEN GREATER THAN 3 OO « il/ l

t—1 Fig. 8.—Oxygen (ml/l) distribution along Section 3 (Discovery II, 1964). Close shading indicates an oxygen value greater than 3-00 ml/l;
open shading indicates an oxygen value greater than 2- 50 but less than 3-00 ml/l.
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Fig. 9.—Salinity distribution along Section 3 (Discovery II, 1964).
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Fig. 10.—Principal structural features of the hydrology along Section 3.
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Fig. 11.—The salinity (%,) of the <r«-oxygen relations of oxygen maxima north of 35°S. in the east Indian Ocean, where at was greater than 
26-50. Values outside the boundaries of these oxygen maxima show oxygen and salinity in relation to at of the Antarctic Intermediate

salinity minimum.
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Fig. 12.—Salinities as for Figure 11, of oxygen maxima with a% less than 26*60.
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Fig. 13.—A simplification of the principal mixing features of Figures 11 and 12 and of the principal water masses involved- 
A, South Indian Central; B, subtropical oxygen maximum; C, Antarctic Intermediate; D,D1,D2, Equatorial Frontal water; 

E, Persian Gulf; I, la, II, III, and V indicate mixing groups examined in Section V of this paper.
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Fig. 14.—Salinities as for Figure 11 of oxygen maxima of the west Indian Ocean.
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Fig. 15.—Salinities as for Figure 12 of oxygen maxima of the west Indian Ocean.
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Fig. 16.—A simplification of the principal mixing features of Figures 14 and 15 and of the water masses involved; these 
'•o have the same letter identification as in Figure 13. I, Ia-V Denote mixing groups examined in Section V of this paper.
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Fig. 17.—Oxygen content (ml/l) of the oxygen maxima within mixing groups I and II of Figures 13 and 16.
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SOURCE REGIONS OF OXYGEN MAXIMA 19

to the north, however, only isolated regions of such water, with a t values more than 
27-00, were encountered (Fig. 9). A  continuous layer o f Red Sea water at between 
600-800 m occurred northward from the equator (Fig. 9). The depth o f the lower 
branch of the subtropical oxygen maximum coincided quite often with that of the 
salinity minimum around 26-80 at (Fig. 10). The other branches of this oxygen 
maximum did not, however, show any affinity with the salinity structure, except near 
10°N., where the upper branch merged into a salinity minimum.

IV. W a t e r  M a sses  A s s o c ia te d  w i t h  t h e  O x y g e n  M a x im a  o f  t h e  I n d ia n  O c e a n

Figures 2—10 show that north of the Equatorial Frontal water and extending 
into the Arabian Sea, a number o f oxygen maxima occurred at different at values. 
In some cases these maxima were associated with a salinity maximum or minimum. 
The origin of waters forming these oxygen maxima was determined, therefore, by the 
use of both a t (for the initial separation into groups) and salinity (for the water mass 
identification within these groups). This was done by (1) plotting the oxygen con
centration of all oxygen maxima o f the Indian Ocean (Fig. 1) against their a t (e.g. 
Fig. 11); (2) superimposing upon the position o f each oxygen maximum o f such a 
diagram (e.g. Fig. 11), the salinity o f the oxygen maximum. These salinity values were 
then contoured to show bands or areas of high or low salinity, whose water mass 
source was identified by use of Figures 2-10. For convenience the oxygen maxima 
of the Indian Ocean were divided into an eastern group (east o f 80°E.) and a western 
group. These groups were further subdivided into oxygen maxima with at less than 
26 • 50 and those with at greater than 26 • 50.

(a) Eastern

In the east Indian Ocean (Figs. 11 and 12), two sources o f well-oxygenated 
water, the south Indian Central (mean a t 26-10, Fig. 12) and the Subtropical oxygen 
maximum (mean at 26-85, Fig. 11), spread towards the equator and mixed almost 
isentropically with the upper and lower parts o f the Equatorial Frontal water (Figs. 
11 and 12). This mixing provides the source o f the oxygen maxima at various at 
values within the column of Equatorial Frontal water. North o f this Frontal water, 
oxygen maxima are mostly found within mixtures of Persian Gulf and Equatorial 
Frontal water (L  and M , Figs. 4 and 11), or Persian Gulf and Antarctic Intermediate 
water (Fig. 11). At a t values greater than 27-00, a small number o f oxygen maxima 
was formed by the mixing o f Red Sea and Antarctic Intermediate waters. Oxygen 
maxima formed by the mixing o f Antarctic Intermediate and Persian Gulf waters did 
not occur below at 26 -80 (Fig. 11). This agrees with the limit o f 26-90, previously 
determined (Rochford 1963), for Antarctic Intermediate water in this eastern region. 
To facilitate comparison with the western Indian Ocean, the principal mixing circuits 
(based upon salinity) o f Figures 11 and 12 were combined into a single simplified 
diagram (Fig. 13).

(b) Western

Figures 14 and 15 show that the salinity-oxygen-<j¿ relations o f oxygen maxima 
in the west Indian Ocean. Figure 16 summarizes the principal mixing circuits. 
Comparison of Figures 13 and 16 shows that, whereas mixing of south Indian Central
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and Equatorial Frontal waters at a t values around 25 ■ 80 afid 26 • 80 occur throughout, 
mixing o f these waters at around a t 26-60 was a feature of the west Indian Ocean 
only. Oxygen maxima within a a t range of 26-00-26-60, and oxygen 3-4 m l/l were 
therefore found only in the west Indian Ocean. These maxima formed the middle 
branch of the oxygen maxima o f Section 3 (Fig. 10). The shallow oxygen maxima of 
both the east and west Indian Oceans (Figs. 13 and 16), however, were formed by the 
mixing of south Indian Central and Equatorial Frontal waters in both cases. North 
of the Equatorial Frontal water in the west Indian Ocean, semi-isentropic mixing of 
Persian Gulf and this Frontal water occurred around at 26-40-26 • 50 (Fig. 16). In the 
Arabian Sea mixing of Persian Gulf and Red Sea water masses formed a series of waters 
with a1 values between those of the two parent water masses. These mixed so-called 
Persian Gulf waters spread southward (according to the salinity contours, see Fig. 14) 
and mixed with a northward movement o f Equatorial Frontal water on about the same 
at surfaces (Fig. 16). At<Ti values greater than 26-90, however, the Equatorial Frontal 
water was not present and Antarctic Intermediate water became the source of the low 
salinity water contributing oxygen to the Arabian Sea (Fig. 16). This Antarctic 
Intermediate water, mixed with Persian Gulf water above and .Red Sea water below. 
Along Section 3 this Intermediate water formed the almost continuous salinity 
minimum extending northward to 6°N. and beyond (Fig. 10).

V. M i x i n g  T r a n s p o r t  o f  O x y g e n  f r o m  t h e  S o u t h  t o  t h e  N o r t h  I n d i a n  O c e a n

Figures 13 and 16 show that oxygen maxima with a t values less than 26-90 in 
the Indian Ocean north of the Equatorial Frontal waters are formed by a spreading 
northward of Frontal waters richer in oxygen, and by their near-isentropic mixing 
with a southward-spreading Persian Gulf or mixtures of Persian Gulf and Red Sea 
water masses. The upper layers of these Equatorial Frontal waters receive oxygen by 
near-isentropic mixing with south Indian Central at at 25-80 (east Indian Ocean), 
and at at values of 25-80 and 26-50 (west Indian Ocean). The deep layers of these 
Frontal waters receive oxygen by isentropic mixing with waters of the subtropical 
oxygen maximum. At a t values greater than 26 • 90, oxygen maxima in the Arabian Sea 
are formed by the spreading northward and mixing o f Antarctic Intermediate waters 
with the Red Sea water mass below and the Persian Gulf water mass above. Oxygen 
maxima formed by the advection of these various waters into the north Indian Ocean 
and Arabian Sea have been divided into Groups 1-V (Figs. 13 and 16), centred about 
these principal mixing circuits. The geographic distribution of oxygen maxima from 
mixing groups I, II and IV shows the location of the waters involved (Part V), and of 
their probable movements (Part VI).

(a) Group I  (Figs. 13 and 16)

Oxygen maxima of this mixing group occurred east of the Somali coast along 
a strip running north-east from 5 to 15°N. near the mouth of the Gulf of Aden, and 
towards the west coast of India between lOand 15°N.(Fig. 17). In general these maxi
ma had greater salinities (Fig. 18), and occurred at greater depths (Fig. 19) than maxima 
of mixing Group II adjoining them. In the east Indian Ocean, only a small number 
of oxygen maxima of mixing Group 1 (Fig. 13) was found south o f Java and west of 
Sumatra. Oxygen values within this mixing group off the Somali coast decreased
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northw ard . Those in the east Ind ian  O cean decreased w estw ard (Fig. 17). These 
changes in oxygen concen tra tion  in conjunction  w ith  a general increase in salinity 
in the same direction (Fig. 18) indicate th a t the oxygen m axim a o f G ro u p  I are form ed 
by a northw ard  m ovem ent o f  A ntarc tic  In term ed ia te  w ater in to  the n o rth  A rabian  
Sea, and by a north-w estw ard m ovem ent in the east In d ian  O cean tow ards the equato r. 
H ow ever, the exceptionally high oxygen and  low  salinity values o f  this oxygen 
m axim um  a t  one sta tion  close to  the central A rab ian  coast can  be caused only by a 
stronger and  m ore d irect m ovem ent o f  A n tarc tic  In term edia te  w ater in to  the  G u lf  
o f  A den th an  Figure 18 show s during  the  south-w est m onsoon. D uring  th e  n o r th 
east m onsoon,, surface curren ts move A rab ian  Sea w ater in to  the gu lf a n d ^ it  is 
p robab le  th a t intensification o f  the  m ovem ent o f  A n tarc tic  In term ediate  w ater in  the  
sam e direction occurs during  this season. (See also P a rt VI o f  this paper.)

(b ) C rou p  I I  (Figs. 13 an d  16)

The oxygen con ten t o f  these m axim a w as greater, n o rth  o f  ab o u t 15°S., in  the 
w est th an  in  the  east Ind ian  O cean (Fig. 17). A tongue o f  w aters w ith relatively high 
oxygen m axim um  values was found  along the Som ali coast and  to  the  no rth -east 
tow ards the central A rab ian  coast (Fig. 17). Salinities w ithin this oxygen-rich tongue 
were relatively low (Fig. 18), because o f  the  accum ulation o f  E quato ria l F ro n ta l 
w ater. Low er salinity  values o f  oxygen m axim a along the south-w est coast o f  Ind ia  
(Fig. 18), on the o ther hand , were found in w aters o f  low  oxygen and  are o f  a  différent 
m ixing origin. Salinities o f  G ro u p  11 (Fig. 13) show  a  fairly  w ide bu t clearly defined 
zone o f  E q ua to ria l F ro n ta l w aters in the east In d ian  O cean, w hich can  be. traced  
w ith little change in salinity  o r  la titud inal position  to  ab o u t 85°E. W est o f  this 
longitude the zone o f  m inim um  salinity, characteristic  o f  these E quato ria l F ro n ta l 
w aters, increases in salinity, narrow s and  finally bifurcates in to  a num ber o f  b ranches 
which term inate  a round  50°E. H ow ever, low  salinities w ithin the oxygen m axim a o f 
G ro u p  II (Fig. 16), a t isolated sta tions along the  Som ali coast (Fig. 18), indicate th a t 
a northw ard  m ovem ent o f  these F ro n ta l w aters m ust occur.

The depths o f  the  oxygen m axim a o f  G ro u p  I I  (Figs. 13 and  16) generally de
creased no rthw ard  (Fig. 19) except a long  the zone o f  E quato ria l F ro n ta l w ater, 
w here the oxygen m axim a were found  a t a g reater d ep th  th an  im m ediately n o rth  o r 
south. This increase in dep th  o f the oxygen m axim um  in the vicinity o f  a  zone o f 
E quato ria l F ro n ta l w ater occurred  ju s t to  the  sou th  (S tation  5456, Fig. 7) o r ju s t to  
the north  (S tation  5421, Fig. 10) o f  regions w here a  m axim um  vertical separa tion  
o f  the 26-50 an d  27-00 a t surfaces occurred. This separa tion  indicates a zonal flow 
in these regions betw een these tw o o t surfaces. T his deepening o f  the  oxygen m axim um  
is though t, therefore , to  be caused by intensified zonal flow o f  E quato ria l F ro n ta l 
waters.

(c) G roup I V  (Figs. 13 and  16)

Oxygen m axim a o f this m ixing group  occurred  betw een 10°S. and  10°N. w hen 
west o f  60°E., b u t betw een 0 and  10°S. only, from  60°E. to  80°E. (Fig. 20). M axim a 
o f this mixing g roup  were absent from  the east In d ian  O cean. The oxygen con ten t 
(Fig. 20), together w ith the salinity (Fig. 21) o f  these m axim a, identified regions in 
which south Ind ian  C entral, E quato ria l F ro n ta l w ater and  Persian G u lf  w ater pre-
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dom inated  (Fig. 21). Based u p o n  this identification and  the source regions o f  these 
w aters, d irections o f  m ovem ent have been deduced (Fig. 21). D irect cu rren t m easure
m ents w ere m ade a long  the  58°E. section a t the  tim e o f  w orking th a t stations upon  
w hich Figures 20 an d  21 are  based. T he zonal velocity section betw een 3°S. an d  3°N. 
show s (Sw allow  1964) a  w estw ard m ovem ent o f  a b o u t 25 cm  p er sec a t ab o u t 200 m 
betw een 0 an d  1 °S. in  agreem ent w ith  the  d irection  o f  m ovem ent based upon  hydro- 
logical s truc tu re  (Figs. 20 an d  21) a t 200-250 m  (Fig. 22). A t ab o u t 2°N. on this sam e
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Fig. 20.—The oxygen content (ml/l) of the oxygen maxima within mixing group IV (Figs. 13 and 16).

section m easured  velocities w ere zero  o r easterly in  direction a t 200 m  in agreem ent 
w ith  the direction  o f  m ovem ent show n in  F igure  22. A t 200 m  betw een 1°N. and  1°S. 
Sw allow ’s (1964) m easured  curren ts betw een 58 and  68°E. were to  the west and  so u th 
w est. These cu rren ts again  agree in  d irection w ith the inferred m ovem ent o f  E quato ria l 
F ro n ta l w aters a long  the E q u a to r (Fig. 22). A t ab o u t 3°S. Swallow (1964) found  no 
curren ts a t 200 m  a long  68°E. in the  region w here an  easterly flow o f  sou th  Indian  
C en tra l w aters was indicated  a t the  ap p ro p ria te  depth  (Fig. 22).

VI. C irculation o f Oxygen-enriching W ater Masses
F igure 23 show s the p rincipal c ircu lation  p a th s  during the south-w est m onsoon 

(deduced from  Figs. 17, 18, 20, an d  21), o f  the w ater masses th a t enrich the oxygen 
co n ten t o f  the  A rab ian  Sea w ith in  the  200-600 m  dep th  range. The broad  curren t
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arrow s indicate persisten t surface curren ts w ith velocities o f  a t least 25-50 cm  per sec 
during  Septem ber, w hich is the m odal m on th  o f  the observations o f  F igures 17-21. 
E quato ria l F ro n ta l w aters a t ab o u t 400 m  are carried  by the south  E quato ria l curren t 
(as indicated  by b ro ad  surface cu rren t arrow s) in one m ain  b ranch  as far as 75°E. 
(Fig. 23). H ere these E quato ria l F ro n ta l w aters separate in to  tw o branches. The 
no rth ern  b ranch  follows a northern  b ran ch  o f  the  sou th  E quato ria l cu rren t to  the  
Saya de M ah ia  B ank and  mixes w ith the east-flow ing w aters o f  the sub tropical oxygen
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Fig. 21.— Salin ity  o f  th e  oxygen m axim a o f  F igu re  20.

9 0 ®  e .

m axim um  w ithin the m onsoon  cu rren t a t 2-5°S. T he southern  b ranch  o f  this F ro n ta l 
w ater follows the  sou th  E quato ria l cu rren t as fa r as n o rth e rn  M adagascar. H ere, 
th is F ro n ta l w ater mixes w ith a s tream  o f north-flow ing w aters o f  the  sub trop ical 
oxygen m axim um , form ing  w aters o f  relatively high oxygen con ten t w hich spread 
n o rth  and  no rth -east w ithin the Som ali cu rren t and  the m onsoon curren t, respectively, 
a t dep ths o f  300-400 m.

T he m iddle zone o f  E quato ria l F ro n ta l w aters a t a ro u n d  200 m  mixes w ith south  
Ind ian  C en tra l w aters betw een the C hagos Is. and  the Saya de M ah ia  B ank to  form  
w aters o f  relatively high oxygen con ten t. H ow ever, a stream  o f  th is  F ro n ta l w ater 
continues n o rth  a t ab o u t 70°E. to  the  equa to r. H ere it curves back  to  flow w estw ard 
along the equato r, in agreem ent w ith m easured curren ts (page 21), b u t in opposition
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to  surface currents in Septem ber (Fig. 23). The apparen t com plexity o f  hydrological 
features in the  C hagos Ts.-Saya de M ahia  Bank-Seychelles region could arise from  the 
use o f  all d a ta  regardless o f  the m o n th  o f  sam pling. Only seasonally representative da ta  
can decide the m o n th  by m on th  sequence o f ocean currents and  w ater m ass d istri
bu tion  in this region. W ith in  the Som ali and m onsoon  currents, oxygen m axim a, at 
a ro u n d  200-250 m, with a t values less th an  26 • 50, are form ed by the m ixing o f E quat
o ria l F ro n ta l w aters and  sou th  Ind ian  C entral w aters m aintain ing salinities below 
35-20%o (Fig. 21) and  oxygen above 3 00 m l/l (Fig. 20). Elsewhere however, these

§ Q °  E.6 0 ° 20°
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Fig. 22.— D e p th  (m ) o f  th e  oxygen m axim a o f F igure 20.

mixed w aters are absorbed  in to  the general south-easterly spread o f  Persian G u lf 
w aters (R ochford  1964¿>) and  the resulting oxygen m axim a are generally less than 
2 -5 0  m l/l. F igure 17 show s th a t som e oxygen m axim a in the central A rabian Sea 
and  near the  G u lf o f  A den are  form ed by the m ixing o f  A ntarctic  In term ediate w ater 
w ith Persian G u lf and R ed Sea w ater masses.

F igure 24 shows the d istribu tion  o f  salinity o f  a salinity m inim um , separated 
by its (Ti-oxygen relations from  the salinity m inim um  form ed by E quato ria l F rontal 
w aters, and  considered, therefore, A ntarc tic  In term ediate in origin. (G roups I and I a 
as d istinct from  G ro u p  II, Fig. 16). A lthough the station  netw ork allows o ther con tour 
in terp re ta tions, it is th o u g h t th a t the separation  o f the northw ard  spread o f  A ntarctic 
In term edia te  w ater in to  a num ber o f  district m eridional paths (Fig. 24) is justified,
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since a  sim ilar separa tion  in to  a lternate  high and  low  salinity bands is found  w ithin 
the salinity p a tte rn  o f  the c7<-oxygen relations o f  oxygen m axim a (Fig. 18). Such 
m erid ional p a th s  can persist only if  the  m ixing involved is steady and  continuous. 
This cond ition  o f  m ixing is indicated  by the close agreem ent in  salinity o f  this m inim um

4 0 °  5 0 °  6 0 °  7 0 °  E.

•3 0 .

V i /  /
/ - V  A

4 0 ° 6 0 ° 7 0 °  E.

Fig. 24.-—S alin ity  o f  a  salin ity  m in im um  o f  A n ta rc tic  In term ed ia te  origin. L ines o f  S ta tions n o rth  
a n d  so u th  D iscovery I I  (Ju n e  1964), e as t an d  west A tla n tis  I I  (A u g u st-N o v em b er 1963).

(Fig. 24) a t overlapping sta tions along the n o rth -so u th  section o f  D isc o v e r y  (1964) 
and  the east-w est sections o f  A tla n tis  (1963). The exception to  this state occurs 
a long  the  Som ali coast an d  east o f  the  G u lf  o f  A den where n o rth -so u th  continuity  
o f  A ntarc tic  In term ediate  w ater can n o t be show n (Fig. 24).
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V II. C o n c l u s i o n s

(1) T hree w ater m asses from  th e  so u th  In d ian  O cean and  one from  the east 
In d ian  O cean are  the external sources o f  oxygen-rich w ater o f  the A rab ian  
Sea (200-600 m ) during  the south-w est m onsoon.

(2) Subtrop ical oxygen m axim um  w ater spreads no rth w ard  on  ab o u t the 
26 -85 at surface, w ith little change in oxygen, to  ab o u t 10°S. near the 
n o rth e rn  side o f  the west-flowing south  E q uato ria l curren t. In  the east 
In d ian  O cean, w aters o f  th is sub tropical oxygen m axim um  are absorbed  
in to  ih is cu rren t, b u t in  the  w est In d ian  O cean, stream s o f th is w ater spread 
to  the  eq u a to r an d  beyond.

(3) S outh  In d ian  C en tra l w ater spreads n o rth w ard  a long  several a t  surfaces. 
In  the  east In d ian  O cean m ost o f  th is spread ing  occurs w ith in  a  at b and
2 5 -70 -26 -10  an d  term inates a ro u n d  10°S. In  the w est In d ian  O cean, 
how ever, sp reading  n o rth w ard  add itionally  occurs w ithin a  a t  b and  26 10-
26-50, carrying sou th  In d ian  C en tra l w aters to  the  eq u a to r and  beyond.

(4) A n tarc tic  In te rm ed ia te  low  salinity  w ater spreads no rthw ard  w ithin a  at 
b an d  26 • 90-27 • 30, m oving b eneath  the  sou th  E quato ria l cu rren t and  then  
betw een Persian  G u lf  above an d  R ed  Sea w ater below, to  ab o u t 15°N. off 
the  A rab ian  coast.

(5) E q u a to ria l F ro n ta l w ater occurs as a vertical b and  o f  low  salinity w ater 
w ithin the sou th  E q uato ria l cu rren t a t ab o u t 10°S. This w ater m ain tains 
ab o u t the sam e oxygen co n ten t th ro u g h o u t the  In d ian  O cean by a balance 
o f  m ixing betw een it and  the sou th  In d ian  C en tra l and  sub trop ical oxygen 
m axim um  w aters from  the  sou th  and  the Persian  G ulf, and  o ther w aters o f  
low  oxygen co n ten t from  the n o rth . S tream s o f th is E q uato ria l F ro n ta l 
w ater m ix w ith  Persian  G u lf w ater and  form  oxygen m axim a in  the  central 
A rab ian  Sea, w ithin a 26 • 50-26 • 90 a t band.
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1. ABSTRACT 3. METHODS

Oxygen and phosphate data were collected in the 
South-W est Indian Ocean during 1961, 1962 and 
1963. Inorganic phosphate increased southwards 
and was correlated with dissolved oxygen in a 
horizontal plane. Oxygen and phosphate were 
inversely related with depth. Oxygen and sigma-t 
correlations were analysed for identification of 
water masses while the oxygen minimum layer was 
generally a t 1,500 m. and sigma-t =  27 -6.

2, INTRODUCTION

U p to the time o f the International Indian Ocean 
Expedition very little was known about the South- 
W est Indian Ocean. Scientific Expeditions that 
traversed this area were undertaken, amongst 
others by H.M .S. Challenger (1873— 1876), the 
G azelle  (1874— 1876), the Gauss (1901— 1903), 
R.R.S. D iscovery  (1934, 1935, 1938 and 1951) and 
lately by S.A.S. N a ta l (1962— 1963) of the South 
African Navy. The routes sailed by the early 
explorers invariably stretched from  Cape Town 
to the island of Kerguelen.

The cruises o f R.R.S. D iscovery II  (1934, 1935, 
1938 and 1951) were the only expeditions that 
made extensive studies o f the phosphate and oxygen 
distribution in part of this area. This ship’s data 
show no or extremely little phosphate in the upper 
100 metres of the Sub-tropical and Tropical Waters, 
but south o f the Sub-tropical Convergence the 
phosphate content was found to  be relatively high, 
which is in accordance with our findings. The 
dissolved oxygen figures agree very well with our 
results for the entire area. The D iscovery's  main 
investigation, however, was concentrated on the 
circumpolar A ntarctic Oceans, well south of the 
area which is discussed in this report.

The present report describes the distribution of 
inorganic phosphate and dissolved oxygen in the 
South-W est Indian Ocean. This area was investi
gated by the R.S. A fricana I I  of the Division of Sea 
Fisheries, during the periods June/July 1961, 
June/July 1962 and M arch 1963. Altogether 70 
stations were worked, and all sampling depths were 
in accordance with the international standards, 
extending to  a  maximum depth of 4,000 metres. 
Stations on the completed cruise tracks are shown 
in Figure 1.

This report only discusses the inorganic phos
phate data collected during the 1961 and 1962 
cruises as other data  collected during the 1963 
cruise were altogether unreliable. The distribution 
o f dissolved oxygen, however, is discussed from  
all cruises.

A partial station and data list for the June/July 
1961 cruise is published by O R R E N  (1963). A 
further complete station list, covering all data used 
in this report, will be published shortly in the 
“ A nnual R eport” series o f this Division.

3.1 Inorganic Phosphate Determination.
Inorganic phosphate was determined on board, 

according to  the molybdenum-blue technique, using 
acid ammonium molybdate, (N H 4) jM ojO ^A H aO  
and stannous chloride, made up freshly for each 
determination by dissolving 0-25 g. pure tin in 
5 c.c. concentrated hydrochloric acid and making 
up to  500 c.c. with distilled water.

The sea-water samples were filtered through 
W hatm an No. 1 fluted filters and after the water 
had reached room  tem perature, 1 c.c. o f each 
reagent was added from  a burette to  50 c.c. sea 
water and thoroughly mixed. After seven minutes 
the developed colours were compared with a blank 
consisting o f a phosphate-free saline solution 
treated the. same way as the samples, in a Gallen- 
kam p photo-electric colorimeter, using a red filter 
(Ilford 608) and 1 cm. cells. The results are recorded 
in /ig.atom P/litre. The precision o f the m ethod is 
about 5% (ROBINSON 1948).

3.2 Dissolved Oxygen Determination.
The am ount of dissolved oxygen in sea water was 

determined on board by means of the classical 
m ethod of Winkler, in which m anganous hydroxide 
is allowed to  react with the oxygen giving a tetra
valent manganese com pound; in the presence of 
acidified potassium iodide an equivalent quantity 
of iodine is liberated which is then titrated with a 
standard sodium thiosulphate solution. Tl}e am ount 
o f oxygen is recorded as c.c. oxygen/litre sea water.

3.3 General.
The data  in this report are illustrated by means 

o f vertical sections along lines o f stations, which 
are discussed separately for each year. N o hori
zontal distribution charts were drawn as the distance 
between lines was far too  great for any reasonable 
degree o f accuracy and the times o f the year during 
which the stations were worked differed too  widely. 
The bottom  topography as shown in the sections 
is purely schematic, as only the soundings at each 
station were plotted.

4. DISCUSSION

4.1 Phosphate distribution.
4.1 .1  G eneral.—In general the distribution of 

phosphate with depth is characterized by four 
different layers: (i) a surface layer (0— 100 m.) in 
which the concentration is low and relatively uni
form  with depth; (ii) a layer (100—500 m.) in which 
the concentration increases rather rapidly with 
depth; (iii) a layer o f maximum concentration 
which in the area investigated falls between 1,000 m. 
and 1,500 m. and (iv) a thick bottom  layer in which 
there is relatively little change with depth. As 
discussed in the following section there were some 
instances at stations between the island groups
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where high phosphates were found at the surface 
and the layers of low surface concentration and 
rapid increase with depth were absent. This is in 
general agreement with other findings in the 
Indian Ocean (SV ERD RU P e t a l  1942).

When the lines of equal density (isopycnals) are 
plotted together with the phosphate isolines it is 
clear tha t the transportation of phosphate occurs 
in a general way along the same lines (Figs. 2—5). 
As the isopycnals are very closely related to the 
current system in the oceans, this phenomenon 
explains how the water from  the sea surface in 
higher latitudes, namely the Antarctic and Sub- 
antarctic, where its characteristics are acquired, 
is transported to  the depths at which oxygen and 
phosphate maxima and minima are observed.

4 .1 .2  Variations during 1961 .—The surface inor
ganic phosphate content is very low over the whole 
area, ranging between 0-25—0-50 /xg.at.P/1. The 
highest surface phosphate content o f 1 • 14 /xg.at.P/1, 
is found a t station 1 whence it decreases rapidly to
0-35 /xg.at.P/1. at station 6. A t station 1, being an 
inshore station, upwelling could well have occurred, 
thereby increasing the phosphate content.

Thus, throughout the area the phosphate distri
bution is characterized by (i) a phosphate deficient 
surface layer and (ii) a region of increasing phos
phate. The 1 -0 ¡Xg.at.P/1. isoline at 250—550 metres 
and the 2-0 /xg.at.P/1. isoline a t 500— 1,250 metres, 
Below the 2-0 /xg.at.P/1. isoline phosphate increases 
very slightly with depth, but an ill-defined maximum 
of about 2-8 /xg.at.P/1. is reached at a depth of 
2,500—3,500 metres (O R R EN  1963).

Pockets of high phosphate content (up to 3-6 
/xg.at.P/1.) appear throughout the area, and may 
perhaps be attributed to the regeneration of phos
phate from decaying m atter sinking to the bottom.

4 .1 .3  Variations during 1962 .—The vertical sec
tions of phosphate distribution (Figs. 4 and 5) show 
that the surface phosphate values vary from 1-95 
/xg.at.P/1. in the south, around and between the 
islands, to 0-30 /xg.at.P/1. near the South African 
coast. It is probable that the region of maximum 
decomposition of plankton always corresponds to 
the region of greatest phosphate content; this 
occurs in the boundary zones separating the north- 
going Sub-antarctic Surface W ater, the Antarctic 
Intermediate W ater and the south-going Warm 
Deep W ater, between 40° and 45° S. In this region 
the greatest vertical mixing between these currents 
also takes place (CLOWES 1938) so that the 
phosphate released by the decomposition of plank
ton passes into the mixed water in the upper layers 
of the south-going deep water. Maximum phosphate 
occurs in 47° S, 45° E at a depth of between 300 and 
900 metres in the Antarctic Intermediate Water.

Phosphate, which attains its highest value in the 
Antarctic surface waters near the ice-edge, enters

the area around and between the islands in the 
Antarctic Intermediate Water, which sinks north 
of the Antarctic Convergence to form the Antarctic 
Intermediate Current. Between 40° S and the South 
African coast this current reaches its greatest depth 
at 1,000— 1,900 metres (salinity minimum at 
c. 1,300 metres). The reason for this increased 
depth may be due to the vast body of Sub-tropical 
W ater which is brought into the area by the 
Agulhas current system, depressing the level o f the 
Antarctic Intermediate W ater (CLOWES 1938).

The maximum phosphate content encountered 
throughout almost the whole area under survey, 
amounted to 2-4 /xg.at.P/1. at a depth of between 
600 and 2,000 metres; that is in the upper part of 
the Warm Deep W ater (ORREN 1963) from where 
it returns south in this current. Between the island 
groups, however, a water mass between the depths 
of 200 to 2,000 metres has a phosphate content of 
2-2 /xg.at.P/1. at its upper and lower limits. The 
phosphate gradually increases towards the nucleus 
o f the water mass to reach a value of 2 -8 /xg.at.P/1. 
at 340 metres and 960 metres, but finally decreasing 
again to form a nucleus of water with a phosphate 
content of 2-6 /xg.at.P/1. This water mass seems to 
come from a south-easterly direction and spreads 
over the whole area between the islands, having 
its nucle.us in the vicinity of station 43. Here the 
Antarctic Intermediate W ater flows at a shallow 
depth, between 200 and 400 metres, having its core 
at about 300 metres.

The large area of intense mixing of Antarctic 
Intermediate W ater and the upper layer of the 
W arm Deep Water may be deduced from the T/S 
diagram (Fig. 9). This area stretches between 400 
and 2,000 metres, but below 2,000 metres the 
W arm Deep Water flows as an almost homogenous 
mass. A large am ount of upwelling and mixing is 
also evident in the surface waters as far as phosphate 
content is concerned, but this is not so clearly 
evident in the vertical diagrams of dissolved oxygen 
content. It is difficult to draw any definite conclu
sions about the character and behaviour of the 
water between the islands as the ship steered a 
rather erratic, zig-zag course and the stations were 
relatively far apart; each station was separated 
from the next by a distinct ridge on the sea bottom.

The Sub-tropical Convergence was crossed at 
about 41° S on the outward cruise and again at 
about 42° S on the homeward cruise. This Conver
gence divided the area into two distinctly different 
water masses as far as surface characteristics are 
concerned. The surface water north of the Conver
gence is poor in phosphate, 0-30 /xg.at.P/1. to  1 -0 
/xg.at.P/1.; while the surface water south of the 
Convergence is relatively rich in phosphate, 1-0 
/xg.at.P/1. to 1-95 /xg.at.P/1. A third area can also be 
added, this is that part of the continental shelf 
covered by the Agulhas Current and having warm 
water relatively high in phosphate; this well-known 
current flows along the South-east coast of South



Africa and can be traced as far south as Cape 
Agulhas.

At the Convergence the colder Sub-antarctic 
W ater rapidly descends to a depth of about 600 to
1,200 metres. This water is known to be richer in 
phosphate than the Sub-tropical surface water and 
a phosphate maximum is encountered at an average 
depth of about 1,000— 1,200 metres. Below this 
there is a slight decrease towards the bottom , the 
phosphate content reaching a secondary maximum 
at the bottom  again (Fig. 5).

The sudden depression of phosphate content 
between stations' 48 and 49 may tentatively be 
attributed to  the presence of the eddy found in that 
area (O RREN  1965, in press).

Unfortunately the distribution of inorganic 
phosphate in the area covered by the same ship 
during March 1963 cannot be discussed because 
many of the phosphate determinations appear to  be 
at fault.

Summarising, it can be said th a t the inorganic 
phosphate content of surface waters gradually 
increases along the lines of stations stretching 
from  the African continent to  the Sub-antarctic 
island groups of Prince Edward and Crozet.

The concentration of inorganic phosphate is 
correlated in a general way with the distribution 
of density.

4.2 Oxygen Distribution.
4.2.1 G eneralized  O xygen / D ensity  (S ig m a -t) 

R elationship .—The whole area investigated can be 
divided into three distinct regions according to  the 
surface characteristics of the water, namely (i) 
Tropical area; (ii) Sub-tropical area and (iii) Sub- 
antarctic area. These three regions can be identified 
clearly from the oxygen/sigma-t scatter diagrams 
(Figs. 6 and 7).

Tropical and Sub-tropical surface water have 
more or less the same characteristics, being rela
tively poor in dissolved oxygen and not very dense 
(sigma-t =  c. 24-0); but below the surface these 
water masses are very different. Oxygen of the 
Tropical water reaches a m inimum (4-0 c.c./l.) 
a t about 75 metres but then increases with depth 
to  c. 5-3 c .c ./l. at a depth of 500 metres in Indian 
Central W ater (Fig. 6). The Sub-tropical water has 
no sub-surface oxygen minimum, but oxygen 
content increases steadily with depth to  the core 
o f Indian Central Water, from  5-0 c .c ./l. a t the 
surface to 5-7 c.c./l. a t 400 metres (Fig. 6) which 
in both cases is a maximum oxygen content. This 
demonstrates that the core of the Indian Central 
W ater is slightly shallower in Sub-tropical than  in 
Tropical waters (Fig. 8).

In Sub-antarctic W ater there is no noticeable 
minimum or maximum from  the surface downwards 
(Fig. 8). The oxygen content decreases rapidly with 
depth (from 7-4 c.c./l. to  4-8 c .c ./l. at a depth of 
c. 700 metres) and shows a very small change with 
sigma-t (26 -7—27-4).

The minimum oxygen content in all cases lies at 
an average depth of 1,500 metres on the sigma-t =
27-6 surface which is the boundary between 
Antarctic Intermediate and Warm Deep W aters 
according to  the temperature/salinity characteristics 
o f Indian Ocean W ater (Fig. 9).

On comparing the three water masses, the 
minimum oxygen layer is found to  be richest in 
dissolved oxygen in Sub-antarctic regions (4-1 
c.c ./l. as compared with 3-4—4-0 c.c./l. in the 
Sub-tropics) although the minimum layer is found 
a t similar depths (1,500 metres and sigma-t =  26-7) 
throughout.

Below the minimum layer, the W arm Deep 
W ater, of slightly higher oxygen content for a higher 
sigma-t value, has much the same oxygen content 
throughout, and the oxygen content increases 
downward almost to the bottom where a slight 
decrease again appears.

4 .2 .2  The O xygen  M inim um .—The presence of 
the oxygen minimum layer in the oceans has been 
investigated by several investigators. Darbyshire, 
using data obtained by R.S. A fricana II  during 
June/July 1962, could find very little evidence, if 
any, o f the presence of such a layer in the Indian 
Ocean (DARBYSHIRE 1964). However, we found 
that there is indeed an oxygen minimum layer 
present at the sigma-t =  27-6 surface, and this layer 
was detected throughout the whole area irrespective 
of the time of the cruises (Figs. 6 and 7). This 
sigma-t =  27-6 layer actually coincides with the 
boundary area between the Antarctic Intermediate 
and the Warm Deep W ater and in fact was found 
everywhere at an average depth of 1,500 m. This 
can be seen in the T/S diagram of Figure 9 (Compare 
O R R EN  1963, Fig. 11). It was proposed by 
CLOWES and DEACON (1935) tha t this upper 
stratum  of the W arm Deep W ater is a continuation 
of the N orth Indian Deep W ater which sank off 
the coastal region of the Arabian Sea and neigh
bouring gulfs, particularly the Red Sea.

From  the vertical distribution of oxygen (Fig. 13) 
it is suggested that the W arm  Deep stratum  of 
about 2,000 metres, at least in the southern section 
of the whole-area investigated, has its source in an 
eastward current of Atlantic Deep W ater (VISSER 
and VAN N IE K E R K  1965). ‘At station 58 the 
oxygen minimum lies at a depth of approximately 
1,900 metres (sigma-t =  27-6). This significant 
depression of the oxygen minimum is caused by the 
huge mass o f  water from  the Agulhas Current 
pushing southwards and being joined by the West 
W ind D rift thereby forcing the Antarctic Inter
mediate W ater to  a greater depth. The Return 
Agulhas Current and the West W ind D rift are 
clearly illustrated by VISSER and VAN NIE- 
K E R K ’s (op. cit. 1965) horizontal current distri
bution charts.

In the northwestern section of our area the lowest 
oxygen content o f 3 • 26 c .c ./l. is recorded at a depth
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of 1,600 metres a t station 7. This very poorly oxy
genated water seems to  be a continuation of the 
N orth Indian Deep W ater, as suggested by 
CLOWES and DEACON (op. c it.).

4.2.3 O xygen  Variation during 1961.—From  
station 1 near Lourenço Marques, where the dis
solved oxygen content is relatively low (probably 
due to the presence of warm (± 2 4 °  C) and highly 
saline (S % 0 =  c - 35 -4% 0) tropical water streaming 
southward down the coast), to  station 8, the oxygen 
content increases very slightly (4-67—4-73 c.c./l.) 
and the water is all of tropical origin (c.f. ORREN  
1963). F rom  station 9 eastwards the increase 
becomes more noticeable over the whole area, 
and a maximum surface oxygen content of 5-70 
c.c./l. occurred at station 26 in the easternmost 
part of the area investigated. In the extreme north  
around M auritius, the surface oxygen is also low 
(4-75 c .c ./l.) and the water is again of tropical 
origin. The rest of the area is covered by c o o le r  
sub-tropical water, the oxygen content being 
uniformly higher in the south of the area than in 
the north.

Summarising, we see tha t in tropical waters 
(Stations 2—8) the oxygen concentration attains 
a sub-surface minimum at a depth of ± 7 5  metres 
(3-5—4-3 c.c./l.) and again a maximum (4-6— 5 0 
c.c./l.) at a depth of ± 500  metres in Indian Ocean 
Central W ater with sigma-t =  26-6. The minimum 
oxygen concentration lies a t the sigma-t =  27-6 
surface with a value of 3• 5 c .c ./l . and a t a depth of 
c .  1,500 metres.

4.2.4 O xygen  Variation during 1962.—Dissolved 
oxygen is distributed very evenly over the entire 
area, and as the oxygen content is directly related 
to the tem perature of the water, oxygen variations 
can be closely correlated with temperature changes 
throughout the area (Figs. 10— 12).

W ater with an oxygen content o f 5 c .c ./l., flowing 
at a depth of between 600 to  800 metres between 
the islands (800 metres deep at M arion Island), 
rises slowly towards the north to  reach the surface 
near the South African coast outside Port Eliza
beth. At station 48 this water suddenly sinks from 
about 400 metres to 800 metres, only to rise again 
at station 49 to 200 metres at which d ep th it remains 
until it reaches the coast. This sudden change in 
depth a t station 48 can be attributed to an eddy 
found in the vicinity (O R R EN  1965 in press).

In  brief, we find that in the sub-tropical region 
the dissolved oxygen content o f the surface water is 
higher than th a t o f the tropical regions (5 -5 c.c./l. 
as com pared with 4-8 c.c ./l.) and the oxygen 
content decreases gradually with depth to  a depth 
o f 500 metres (sigma-t =  26-6, 5 0 c.c ./l.) and 
then rapidly to a minimum of 4 0 c.c./l. a t a depth 
of 1,500 metres a t the sigma-t =  27-6 surface.

A t the Sub-tropical Convergence colder water 
with an oxygen content o f 6 0 c.c ./l. is encountered

at the surface. This water appears to sink gradually 
southwards and can be traced between the islands 
a t depths varying from 300 to 400 metres, but 
rising again to the surface between stations 46 and 
47, where the Convergence was crossed once 
again.

Wáter with a surface oxygen content of 7 • 0 c .c ./l. 
is encountered for the first time in the vicinity of 
M arion Island from  where it sinks slightly and 
flows from 20 to 100 metres depth between the 
islands returning to  the surface a t the Convergence, 
encountered on the line of stations 44— 50 (Fig. 12). 
The apparent effect of the oxygen isolines sinking 
in a southward direction is illusory and is no doubt 
brought about by the temperature which decreases 
southwards. In this way more oxygen can dissolve 
in the surface water to give a southward oxygen 
increase in the surface layer, causing the isolines 
to- sink deeper.

Oxygen is more or less evenly distributed through- 
u u i  th e  area, decreasing from the surface to the 
bottom  except at station 36 where a secondary 
maximum of 5-0 c.c./l. lies at a depth of 1,800 to
2,200 metres. This seems to  be an area where the 
lower layers of the Antarctic Intermediate W ater 
mix with the upper layers of the W arm Deep Water. 
The core o f the W arm Deep Water is a t a depth 
greater than 2,500 metres. The depth of the core of 
the Antarctic Intermediate W ater, however, varies 
considerably.

4.2 .5  O xygen Variation 1963.—The dissolved 
oxygen content of the surface water increases from
5-4 c.c./l. near the continent (36° 30' S) to  7-1 
c.c./l. at about 47° S (Fig. 13). The 5-0 c.c./l. 
isoline sinks from near the surface at station 56 
to 500 metres at station 60 then rises to 50 metres 
again a t station 61 from where it sinks once more 
to  950 metres at station 62 to stay a t that level 
throughout the remaining stations. The depth of 
the minimum oxygen concentration (4-4 c.c./l.) 
varies considerably before station 61 (from 1,100 
to 2,000 metres) but subsequently remains at a more 
or less constant depth of about 1,500 metres. A 
marked minimum of 4 0 c.c ./l. is seen at station 58 
between depths of 1,500 and 1,900 metres and is 
again very marked a t station 61 between depths of 
400 and 1,100 metres.

From  the vertical oxygen distribution section 
(Fig. 13) it is very clear that strong upwelling occurs 
a t station 61 from depths of more than 2,000 metres. 
This area of upwelling is in the immediate vicinity 
of the Sub-tropical Convergence and the upwelling 
is m ost probably caused by an eddy. This eddy is 
clearly shown in the horizontal current distribution 
charts o f VISSER and VAN N IEK ER K  (1965).

The sigma-t/oxygen correlation chart (Fig. 14) 
shows that the large pocket o f poorly oxygenated 
water between 400 and 1,100 metres at station 61 
consists o f Antarctic Intermediate W ater brought
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near the surface by the upwelling caused by this 
eddy.

A t station 60, however, Sub-antarctic Surface 
W ater with relatively high oxygen content was 
found, at the surface, mixed w ith Indian Central 
W ater (that is, Sub-tropical Surface W ater with 
low oxygen content) giving an oxygen value of
6-5 c.c ./l. (Fig. 14). This phenomenon is clearly 
caused by the abovementioned eddy which also lies 
in the region of the Sub-tropical Convergence. 
The surface water at station 61 is of pure sub
tropical origin. Station 63, on the other hand, 
had the characteristics of Sub-antarctic W ater 
(Fig. 14).

From  station 61 southwards the oxygen content 
o f the surface water steadily increases as the 
tem perature decreases. A sudden drop in tem pera
ture from 17-32° C to  10-79° C between stations 
61 and 62 is accompanied by an increase in dissolved 
oxygen from 5-5 to  7-1 c.c ./l. This is a clear 
indication tha t the Sub-tropical Convergence was 
crossed in this area in the vicinity o f 43° S.

In general then, the dissolved oxygen content 
of the water in Sub-antarctic regions south of 
the Sub-tropical Convergence is m uch higher (7-0 
c .c ./l.) than in either the tropical o r sub-tropical 
regions. The decrease with depth is rapid over a 
relatively small sigma-t range to  a minimum of 
4-3 c.c ./l. at a depth of ±1,500 metres, which is 
again the sigma-t =  27-6 surface.

A definite linear relationship (Figs. 15 and 16) 
exists between the concentrations of dissolved 
oxygen and inorganic phosphates on a horizontal 
plane, i.e. the variations in phosphate concen
trations are directly proportional to  the oxygen 
concentrations (RILEY 1951). The correlation 
coefficient (r) was calculated by the linear least 
square regression method and it was found that 
r  =  0-94 for surface water and 0-92 for water at 
the 100 metre level. Although oxygen and phosphate 
are directly related on a horizontal plane, they 
seem to be inversely related with depth (Fig. 17).

4 .2 .6  O xygen  Saturation  o f  Surface W ater.—The 
percentage oxygen saturation o f the sea water has 
been calculated and illustrated (Fig. 18) for the sur
face waters of the whole area. Although the water 
is 100% saturated at station 44 and super-saturated 
at stations 53 and 55, it was found later that a 
plankton bloom was present in the surface waters 
in these areas. The phosphate concentration was 
accordingly relatively low here. The high percen
tage of oxygen saturation can be ascribed, to  the 
photosynthetic process o f the phytoplankton. 
Similar reasoning applies to the vicinity of station 
36 where the surface water is also super-saturated 
with oxygen. For the calculation of the solubility 
o f oxygen in sea water at different temperatures 
and chlorinities a nomograph published by 
TULLY (1949) was used.

4 .2 .7  The Whole A rea .—Over the whole area 
investigated during the three consecutive years, the 
surface oxygen content increases southwards. 
N orth of the Sub-tropical Convergence the south
ward increase is slight and the Sub-tropical Surface 
water is very uniform in oxygen content varying 
very little from 4-80 c.c./l. in the north to  5-80 
c .c ./l . in the south, that is, in the Convergence area. 
A t the Convergence with its colder water, however, 
the increase in oxygen content is relatively large 
(from 5 • 80—7 • 00 c .c ./l.) over a very short distance. 
The Convergence was in the vicinity of 42° S ± 1 °. 
South o f this Convergence the dissolved oxygen 
content is uniformly high again, being over 7-0 
c .c ./l. and reaching a maximum o f 7-30 c.c./l. 
near the two island groups o f Prince Edward and 
Crozet.
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G E O S T R O P H 1C  C U R R E N T S  IN T H E  S O U T H -E A S T E R N  IN D IA N  O C E A N

By B. V. H a m o n *

[M anuscript received M arch  IO, 1965]

Sum m ary

D ynam ic to p o g rap h ies and  geostroph ic  cu rren ts  in the  upper 1750 m  are  
presented  fo r severa) cruises betw een 1960 and 1963. T he m ean zonal surface c ircu lation  
is show n to  consist o f  the sou th  eq u ato ria l cu rren t, 9 -1 4  S., and  a w eak easterly  cu rren t 
betw een 14 and  32 S. F ro m  0 to 9' S., and again fro m  32 to  45 S., the  m ean 
dynam ic height anom alies are  independent o f latitude, so th a t m ean  geostroph ic  zonal 
cu rren ts a re  negligible in these latitudes. C hanges in dynam ic height o f  the  surface 
relative to  300 decibars w ithin 2 -4  weeks are show n fo r five “ seasonal b io logical cru ises” , 
a long  I IO E. T he significance o f these changes in in te rp reting  the  dynam ics o f  the  region 
is discussed. C yclonic an d  anticyclonic eddies ap p ea r occasionally  off F rem an tle , b u t 
no seasonal p a tte rn  was found . C yclonic eddies sou th  o f  Java  a re  p o stu la ted , m ainly  
du ring  the  sou th -east m onsoon . A b a th y th e rm o g rap h  section  across th e  e q u a to r on  
95 F.. is included ; it show s no evidence o f  the eq u ato ria l u n dercu rren t.

I. I n t r o d u c t i o n

This paper presents dynamic topographies and  geostrophic currents in the upper 
1750 m o f the south-eastern Indian Ocean. D a ta  obtained by Australian ships between 
1960 and 1963 are used (C SIR O  Aust. 1963a, 1963b, 1963c, 1964a, 19647?, 1964c, 
1965c/, 19656, 1965c, 1965d, 1965c, 1965/i 1965g). D ata  from three earlier cruises of  
the Australian oceanographic frigate H .M .A .S . D ia m a n tin a  in 1959 and  1960 (D m  2/59, 
1/60, and 2/60) have already been interpreted by Wyrtki (1962a).

II. C a l c u l a t i o n  o f  D y n a m i c  H e i g h t  A n o m a l i e s

Anomalies o f  dynamic height were com puted  first for observed depths, using 
s tandard  methods. Anomalies o f  dynamic height for s tandard  depths were then 
com puted by linear interpolation.

Following Wyrtki ( 1962c/), a reference level o f  1750 decibars was chosen for 
all cruises except Dm 3/61, and the anomalies o f  dynamic height com puted relative 
to this reference level. Where the maxim um  sampling depth  was less than  the depth 
o f  the reference level, but greater than 1000 m, dynam ic height anomalies were 
extrapolated, using data  from adjacent stations. This extrapolation  should no t 
introduce appreciable errors in geostrophic currents o r  dynamic topographies above 
700 in.

The results for each cruise have been presented separately, except in one case 
(D m  2/62 and G  4/62) when two ships were operating simultaneously in the one area.

Since the geostrophic currents in tropical regions often vary rapidly with depth 
in the upper few hundred metres (Wyrtki 1962a), it was decided to present topo-

* D ivision o f  Fisheries and O ceanography , C S IR O , C ronu lla , N .S .W . (R ep rin t N o. 574.)
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Fig. 1#—D ynam ic  to p o g rap h y  o f  {a) th e  sea surface, an d  (6) th è  300-decibar surface, relative to  
1750 decibars. C ru ise  D m  3/60 (O ctober 1 6 -N ovem ber 15, 1960). U n its: dyn cm . [An estim ate  o f  
geostroph ic  cu rren t can  be m ade  fro m  F igures 1-6  by  n o tin g  the  dynam ic height change in 111 k m  
( =  1 degree o f  la titude). T h is change (in  dyn cm ) is num erically  equal to  th e  cu rren t in cm /sec a t 
la titu d e  38°S. A t o th e r latitudes, th e  cu rren t is inversely p ro p o rtio n a l to  the sine o f th e  la titude.]
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g rap h ie s  o f  b o th  th e  su rface  a n d  th e  300 -dec ibar level, re la tiv e  to  th e  a ssu m ed  1750- 
d ec ib a r  level. A lth o u g h  th is  d o es  n o t  give as  m u c h  d e ta il as  is som etim es p resen ted , 
i t  sh o u ld  show  th e  reg io n s w here  th e re  a re  ra p id  ch an g es o f  c irc u la tio n  w ith  d ep th .

T h e  cru ises re p o rte d  h ere  w ere  p la n n e d  to  s tu d y  chem ica l o r  b io log ica l 
p ro b lem s. T h e  s ta tio n  spacing , a n d  m o re  p a r tic u la rly  th e  sp ac in g  be tw een  lines o f

120' 13030 ' 3 0 '

4 0 '

3 0 ' 3 0 '

FREMANTLE

4 0 '4 0 '

120° 130°

Fig. 2.—Dynamic height anomalies in dyn cm for (a) the sea surface, and (b) the 300- 
decibar surface, relative to 1750 decibars. Cruise Dm 1/61 (February 14-March 10,

1961).

s ta tio n s , a re  o ften  to o  la rge  to  p e rm it c o n to u rs  o f  d y n am ic  h e ig h t a n o m a ly  to  be 
d ra w n  con fiden tly . I t  is h o p e d  th a t  th e  resu lts  p re se n ted  w ill suggest a re as  in  w hich  
m o re  d e ta iled  s tud ies  o f  th e  p h y sica l s tru c tu re  a n d  c irc u la tio n  c a n  be m ade.
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I I I .  R e s u l t s

(a) C ruise D m  3 /60 (O c to b e r  1 6 -N o v e m b e r 15, 1960)

T h e  d y n am ic  to p o g ra p h ie s  o f  th e  0 a n d  300 -dec ibar su rfaces, re la tiv e  to  1750 
d ec ib a rs , a re  sh o w n  in  F ig u res  1(a) a n d  1(b).

F ig u re  1(a) show s su rface  c u rre n ts  to  th e  n o r th  a n d  ea s t th ro u g h o u t th e  
w ho le  a re a  o f  th e  c ru ise . F ig u re  1(6) show s th a t  a t  300 m  th e  n o r th -e a s te r ly  cu rre n ts

110°E . 120°

J AV A

2 4 0

20°20°

l lO °E . 1 2 0 °

Fig. 3.— D yn am ic  to p o g rap h y  o f  (a) th e  sea surface, an d  (b) the  300-decibar 
surface, re la tive  to  1750 decibars. C ru ise  D m  2/61 (M ay 1-June  12,1961). U nits :

dyn cm.

h av e  b ee n  rep la ce d  b y  n o rth -w e s te rly  o r  w esterly  cu rren ts , excep t in  th e  a re a  o ff 
F re m a n tle .

(6) C ruise D m  1/61 (F e b ru a ry  1 4 -M a rc h  10, 1961)

T h e  an o m alie s  o f  d y n am ic  h e ig h t re la tiv e  to  1750 dec ibars fo r  th e  su rface  a n d  
300 d e c ib a r  levels a re  sh o w n  in  F ig u re s  2(a) a n d  2(6), respectively . I t  w ill b e  seen 
th a t  th e re  is lit tle  v a r ia tio n  in  d y n a m ic  h e ig h t o n  e ith e r  surface. T h e  s ta tio n  spacings 
a n d  sm all ra n g e  o f  d y n am ic  h e ig h t m a d e  i t  im possib le  to  d raw  co n to u rs . T h e
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so u th e rn m o s t s ta tio n  is in  46°S. ; th is  is n o t  fa r  e n o u g h  so u th  to  p ic k  u p  th e  ed g e  o f  
th e  A n ta rc tic  convergence .

1IO °E . 1 2 0 ° 1 J 0 ° E  1 2 0 °

 ----------

____

 —

IO 'io“

__ IOO —

lOO

20°

A U S T R A L I A

F R E M A N T L EF R E M A N T L E
° o

120'

Fig. 4.—Dynamic topography of (a) the sea surface, and (b) the 300- 
decibar surface, relative to 1300 decibars. Cruise Dm 3/61 (July 20- 

August 26, 1961). Units: dyn cm.

io°

20'
AUSTRALIAAUSTRALIA

120'

Fig. 5.—Dynamic topography of (a) the sea surface, and (6) the 300-decibar surface, 
relative to 1750 decibars. Cruise Dm 1/62 (February 12-March 25, 1962). Units: dyn cm.
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260 B. V. HAMON

C ru ise  D m  3/62 (S ep tem b er 24 -O c to b e 'r  6, 1962), a  m erid io n a l sec tio n  o n  
110°E. f ro m  32°S. to  45°S., show ed  a  s im ila r la ck  o f  fea tu re  in  th e  su rface  a n d  300- 
d e c ib a r  d y n am ic  h e ig h t an o m alies .

9 0 ° E .  1 0 0 °  U O ° 1 2 0 °

SUM AT R A

2 2 0

210 10<

2 4 0

210

220

20c20(

210
200

200

G 4 / 6 2 3 0 <
190

200
- 2 2 0210

\  FREMANTLE

120°100° 110°

Fig . 6.— D yn am ic  to p o g rap h y  o f  (¿2) the sea surface, and  (6) the  300-decibar surface, relative 
to  1750 decibars. C ruises D m  2/62 (X) (Ju ly  16-A ugust 25, 1962) and  G  4/62 ( # )  (A ugust 

19 -Septem ber 16, 1962). U n its : dyn cm.

(c) C ruise D m  2/61 (M a y  1 -Ju n e  12, 1961)

F ig u re  3 show s th e  d y n am ic  to p o g ra p h ie s  o f  th e  0 a n d  300-dec ibar surfaces. 
A p p re c iab le  su rface  c u rre n ts  to w a rd s  th e  w est o cc u r n o r th  o f  13°S., a n d  th e re  is 
ev idence o f  a  w eak  cyc lon ic  su rface  ed d y  a t  17°S., 115°E. O nly  a  sligh t trac e  o f  th e  
ed d y  can  b e  seen in  th e  300 d e c ib a r  d y n am ic  h e ig h t an o m alies  (F ig . 3(6)).

596



GEOSTROPHIC CURRENTS IN THE INDIAN OCEAN 261

(d) C ruise D m  3/61 (Ju ly  2 0 -A u g u s t 26, 1961)

S ta tio n s  w ere w o rk e d  to  a  n o m in a l d e p th  o f  on ly  1500 m  o n  th is  cru ise , so th a t  
1300 d ec ib a rs  w as ch o sen  as th e  reference  level.

F ig u re  4(a) show s a  s tro n g  w esterly  su rface  flow  n o r th  o f  13°S., w ith in  200 
m iles o f  Jav a , a n d  a n  ea s tw a rd  flow  betw een  13°S. a n d  21°S. T h e re  is a  s tro n g  c u rre n t

9 0 ° E .  tO O ° 110° 1 2 0 °

B O R N E O

'JO

12 5 --------

20

I30

 -----
<30-___ 5_

135 -  ___

--►13S 
   130 3 0 c

FREMANTLE

9 0 ° E .  1 0 0 °  110° 1 2 0 °

Fig. 6 (Continued)

to  th e  n o r th  o ff  F re m a n tle , b u t  it is n o t  c lea r w h ere  th is  c u r re n t leaves th e  co a s t. 
T h e  d a ta  suggest a n  an ticy c lo n ic  eddy.

A s in  C ru ise  D m  2/61 , th e  w estw ard  flow  so u th  o f  J a v a  h a s  a lm o s t d isa p p ea re d  
a t  a  d e p th  o f  300 m  (F ig . 4(6)). T h e  n o r th w a rd  c u rre n t o ff  F re m an tle , how ever, 
is still well d ev e lo p ed  a t  th is  d ep th .
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262 B. V. HAMON

(e) Cruise Dm 1/62 (February 12-March 25, 1962)
T h e  d y n am ic  to p o g ra p h y  fo r  th e  s ta tio n s  w est o f  122°E. o n  C ru ise  D m  1/62 

a re  sh o w n  in  F ig u re  5. S o m e deep  s ta tio n s  w ere w o rk e d  in  th e  B a n d a  S ea o n  th is

L A T IT U D E  ( d Eg )

5 0

2 8 (
2 6 c
2 4 -

■22j100
XK(L
UJ
Û 1 5 0

16*

12*
200

.12*

2 5 0

Fig. 7.— T em p era tu re  section  (in °C) a t 95°E ., fro m  6°S. to  5°N ., from  bath y th e rm o g rap h  
results. C ruise D m  2/62 (July 16-A ugust 25, 1962).

cru ise , b u t  th e  re su lts  h av e  n o t b een  in c lu d ed . F ig u re  5 show s a  w eak  w estw ard  
c u r re n t b e tw een  J a v a  a n d  13°S., an d  a  w eak  an ticy c lo n ic  eddy  cen tred  a t  15°S., 117°E.

LATITUDE 
22 20

(°s.)

o

200

4 0 0

6 0 0

8 0 0

1000

1200

14 0 0

Fig. 8.— Z onal cu rren ts  across 1KFE. C ru ise  G  4/62 (A ugust 19-Septem ber 16, 1962). 
B roken lines: c o n to u rs  o f  cu rren ts  to w ards th e  w est; solid  lines: co n to u rs  o f cu rren ts 

to w ard s th e  east. C o n to u r  in terval 10 cm/sec.

(ƒ) C ruises D m  2 /62  (Ju ly  1 6 -A u g u s t 25, 1962) and  G  4 /62  

(A u g u s t 1 9 -S ep tem b er 16, 1962)

C ru ise  D m  2/62  co n sis ted  o f  th re e  n o r th - s o u th  sections, on  95°E ., 100°E., an d  
105°E. T h ese  sections h av e  b een  c o m b in ed  w ith  th a t  o f  the  first seasonal b io log ical
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cru ise  (G  4 /62), on  110°E. T h e  d y n am ic  to p o g ra p h ie s  o f  th e  0  a n d  300-dec ibar 
su rfaces a re  sh o w n  in  F igu res  6(a) a n d  6(b). T h e  5° sp ac in g  be tw een  sections m ak es 
c o n to u rin g  difficult.

LA TITU D E {°S.)
20—I“ 1820 12

T 1O

200

4 0 0

600

800

IOOO

1200

'4 0 0

Fig. 9.— Z o n al cu rren ts  across 110°E. C ruise D m  4/62 (O ctober 15 -N o v em b er 13,
1962). B roken lines: c o n to u rs  o f  cu rren ts  to w ard s the  w est; solid  lines: con

to u rs  o f cu rren ts  to w ards the  east. C o n to u r in terval 10 cm /sec.

T h ere  is little  s tru c tu re  a lo n g  th e  95°E. se c tio n ; a p p a re n tly  th e  section  d id  n o t 
ex tend  fa r e n o u g h  so u th  to  show  c lea r  ev idence o f  th e  S o u th  E q u a to r ia l C u rre n t. T h e

LATITUDE (°S.)

3 2  3 0  2 8  2 6  2 4  2 2  2 0  18 16 14 12 IOI--------1--------1--------1--------1--------1--------1-------- r--------1--------1--------1-------- 1--- 1

•+15

4 0 0

I
ttijQ

IOOO

1200

Fig. 10.— Z o n al cu rren ts  across 110°E. C ruise G  1/63 (Jan u ary  1 7 -F eb ru ary  17, 1963). 
Broken lines: co n to u rs  o f  cu rren ts  to w ard s th e  w est; solid  lines: c o n to u rs  o f  cu rren ts 

to w ards th e  east. C o n to u r in te rval 10 cm /sec.

S o u th  E q u a to ria l C u rre n t a p p e a rs  a t  a b o u t 12°S. o n  th e  100°E., 105°E ., a n d  110°E. 
sections. O n  th e  105°E. section , a n d  m o re  p a r tic u la r ly  o n  th e  100°E. section , th e re  
a re  a p p re c ia b le  e a s tw a rd  c u rre n ts  so u th  o f  th e  S o u th  E q u a to ria l C u rre n t.
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264 B. V. HAMON

O n  D m  2/62, a  b a th y th e rm o g ra p h  sec tio n  w as o b ta in e d  ac ro ss  th e  e q u a to r , 
f ro m  6°S. to  5 °N ., o ri 95°E . (94°30 'E . a t  th e  n o r th  end  o f  th e  section ). T h e  resu lts

L A TITU D E (°S .)

3 0 2 6 222 6 12 IO
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Fig. 11.— Z o n al cu rren ts  across 110°E. C ru ise  D m  1/63 (M arch  2 8 -A pril 27, 1963). 
B roken  lines: co n to u rs  o f  cu rren ts  tow ards th e  w est; solid lines: co n to u rs  o f  curren ts 

to w ard s the  east. C o n to u r in terval 10 cm/sec.

a re  sh o w n  in  F ig u re  7. T h e re  is n o  ev idence o f  sp read in g  o f  th e  iso th erm s n e a r  the  
e q u a to r , a s  h as  b een  fo u n d  in  th e  Pacific O ce an  w hen  a n  e q u a to r ia l u n d e rc u rre n t is

LATITUDE (°S.)
3 2  3 0  2 8  2 6  2 4  2 2  2 0  18 16 14 12 10I--------1--------1-------- 1--------1--------1--------1--------1--------1--------1--------1--------1----1

2  6 0 0

O 8 0 0

Fig. 12.— Z onal cu rren ts  across 110°E. C ruise D m  2/63 (M ay 6 -Ju n e  3, 1963). B roken 
lines: co n to u rs  o f  cu rren ts  to w ard s the  w est; solid lines: co n to u rs  o f  cu rren ts tow ards 

th e  east. C o n to u r in terval 10 cm/sec.

p rese n t (K n a u ss  I960).’ F igu re  7 show s à  c ro w d in g  to g e th e r  o f  th e  iso lines, ra th e r  
th a n  a  sp read ing .
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(g) The Seasona l B io log ica l C ruises

B etw een A u g u st 1962 a n d  Ju ly  1963, six cru ises w ere m ad e  to  s tu d y  th e  seasona l 
v a r ia tio n  o f  b io log ica l c o n d itio n s  a lo n g  110°E. lo n g itu d e , be tw een  Ja v a  a n d  32°S. 
T h e  zo n a l g eo s tro p h ic  cu rre n ts  fo u n d  o n  these  six cru ises a re  sh o w n  in F ig u re s  8 -1 3 .

LATITUDE (°S.)
3 2  3 0  2 8  2 6  2 4  2 2  2 0  18 16 14 12 IO

200

4 0 0

" Ï  6 0 0

IOOO

1 4 0 0

Fig. 13.— Z onal cu rren ts  across 110°E. C ru ise  D m  3/63 (July  9 -A u g u s t 11, 1963). B roken 
lines: co n to u rs  o f  cu rren ts  to w ard s th e  west ; solid  lines: co n to u rs  o f  cu rren ts  to w ard s the  

east. C o n to u r  in terval IO cm /sec.

O n  ea ch  c ru ise , s ta tio n s  w ere w o rk e d  w h en  s te am in g  n o r th , a n d  a g a in  w hen  
s te am in g  so u th  a lo n g  th e  sam e tra c k , a b o u t  2 w eeks la te r , a f te r  ca llin g  a t  S in g ap o re .

T a b l e  I

MEAN LATITUDE AND SURFACE VELOCITY OF THE SOUTH 

EQUATORIAL CU RREN T ON LO N G ITU D E 110°E.

C ruise D ates

Surface
G eo stro p h ic

C u rren t
(cm /sec)

M ean
L atitude

G  4/62 19.viii-16.ix.62 50 11 °45'S.

D m  4/62 15.x-13.xi.62 64 11 °45'S.

G  1/63 17.i-17.ii.63 34 13°15'S.

D m  1/63 28.iii-27.iv.63 75 11°45'S.

D m  2/63 6.v-3.vi.63 35 I0°I5 'S .

D m  3/63 9.VÜ-I l.viii.63 96 10°I5 'S.

A lte rn a te  d ee p  a n d  sh a llo w  (500 m ) s ta tio n s  w ere w o rk e d  1¿ degrees a p a r t  o n  b o th  
th e  n o r th w a rd  a n d  so u th w a rd  traverses. A ll d ee p  s ta tio n s  w ere  w orked  to  th e  b o tto m  :
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266 B. V. HAMON

th e  p o s it io n  o f  th e  d ee p  s ta t io n  o n  th e  o n e  trav e rse  co in c id in g  w ith  th e  p o s it io n  o f  th e  
sh a llo w  s ta tio n  o n  th e  o th e r  trav e rse . In  p re p a r in g  F ig u res  8 -1 3 , th e  d eep  s ta tio n  
re su lts  fo r  th e  n o r th w a rd  a n d  so u th w a rd  tra v e rse s  h av e  b ee n  co m b in e d  w ith o u t 
reg a rd  to  th e  tim e  d iffe rence b e tw een  th em , a n d  th e  sh a llo w  s ta tio n  resu lts  h av e  
b ee n  d is reg a rd ed .

In  F ig u res  8 -1 3 , c o n to u rs  o f  eq u a l zo n a l cu rre n ts  a re  show n  in  a  v ertica l section  
a lo n g  110°E. T h e  c o n to u r  sp ac in g  is 10 cm /sec  (ap p ro x . 0 -2  k n o t) . C u rre n ts  less 
th a n  5 cm /sec  a re  n o t  reg a rd e d  as  sign ificant.

T h e  m o s t p ro m in e n t fe a tu re  o f  th e  zo n a l c u rre n ts  in  F ig u res  8 -1 3  is th e  w est- 
flow ing  S o u th  E q u a to r ia l C u rre n t. T h e  c o m p u te d  su rface  c u rre n t a n d  th e  m ean

1 8 0

— 1 4 0

11/61
120

Ï  IOO

3 0 22 20 

l a t i t u d e : (°s .)
IO

Fig. 14.— D ynam ic  heigh t anom alies o f  th e  surface relative to  300 decibars, fo r  five o f  the
seasonal biological cruises. ( • ---------- • )  N o rth w ard  traverses; ( • ---------- • )  sou thw ard
traverses. T he o rd in a te  scale is fo r D m  3/63 ; it is to  be m oved upw ards 20 dyn cm  fo r

each  o f  the  o th er cruises.

la titu d e  o f  th e  S o u th  E q u a to r ia l C u r re n t  fo r  each  cru ise  a re  g iven  in  T a b le  1. T h e  
w id th  o f  th e  c u rre n t a p p e a rs  to  be o f  th e  sam e o rd e r  as th e  s ta tio n  sp ac in g  (90 m iles).

A n  in d ic a tio n  o f  ch an g es in  th e  u p p e r  300 m  b etw een  th e  n o r th w a rd  a n d  
so u th w a rd  trav e rses  o f  ea ch  cru ise  ca n  be o b ta in e d  fro m  F ig u re  14. T h is  figure 
show s th e  d y n am ic  h e ig h t a n o m a ly  o f  th e  su rface  re la tiv e  to  300 d ec ib a rs , fo r  th e  
tw o  trav e rses  sep ara te ly , o n  five o f  th e  seaso n a l b io lo g ica l cru ises (sh a llo w  s ta tio n s  
w ere w o rk e d  to  on ly  200 m  o n  G  4/62). T h e  average se p a ra tio n  in  tim e  w as 13 days 
a t  th e  n o r th  e n d  o f  th e  trav e rse s , in c reasin g  to  27 days a t  th e  so u th  end . T h e  d iffer
ences be tw een  n o r th  a n d  so u th  trav e rses  o n  ea ch  cru ise  a re  o n  th e  average sm all 
c o m p a re d  to  th e  d ifferences b e tw een  cru ises fo r  th e  p a ir  D m  2/63 a n d  D m  3/63, b u t 
n o t  fo f  th e  o th e r  co n secu tiv e  p a irs  o f  cru ises. B ecause D m  1/63 a n d  2/63 w ere 
s e p a ra te d  by  on ly  9 d ay s , lit tle  ch a n g e  w o u ld  be expected  b e tw een  th em . I t  a p p e a rs  
f ro m  F ig u re  14 th a t  fe a tu re s  w ith  a  scale o f  th e  o rd e r  o f  several h u n d re d  m iles (fo r
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exam ple , th e  d ip  in  d y n am ic  h e ig h t be tw een  14°S. an d  20°S. o n  D m  1 /63 a n d  D m  2/63) 
a re  m o re  p e rs is te n t th a n  fea tu re s  w ith  a  scale o f  th e  o rd e r  o f  th e  s ta tio n  sp ac in g  
(90 m iles), a s  w o u ld  p e rh a p s  be expected . T h e  m a in  co n c lu sio n  to  b e  d ra w n  fro m  
F ig u re  14 is th a t  m u c h  o f  th e  “ s ta tio n - to -s ta tio n ”  d e ta il in  F ig u res  8 -1 3  is p ro b a b ly  
u n re liab le .

A  S C O R -U N E S C O  R efe ren ce  S ta tio n  (N o . 1) w as occup ied  a t  32°S., 112°E. 
o n , a ll c ru ises. T h e  n o r th - s o u th  g e o s tro p h ic  c u r re n ts  betw een  th e  re fe ren ce  s ta tio n  
a n d  32°S., 1 10°E. o n  th e  six se aso n a l b io lo g ica l c ru ise s  a re  sh o w n  in  F ig u re  15. T h e  
c u rre n ts  a re  sm all, a n d  a re  m a in ly  to w a rd s  th e  so u th . T h e re  is n o  o b v io u s  seaso n a l 
v a r ia tio n .

C U RREN T (CM/SEC)

N.

~  800

Fig. 15.— N o rth -so u th  cu rren ts 
betw een th e  reference sta tion  
(32°S„ 112° E .) a n d  32°S„ 110°E., 
fo r  the  six seasonal biological cruises.
O  G  4/62 ; X D m  4/62 ; +  G  1/63 ;
•  D m  1/63; □  D m  2/63; A  D m  3/63.

IV . D i s c u s s i o n

T h e  re su lts  p re se n ted  h ere , an d  th e  e a rlie r  w o rk  re p o rte d  by W y rtk i (1962a), 
show  th a t  th e  c irc u la tio n  in  th e  so u th -e a s te rn  In d ia n  O ce an  is v a riab le . T h is  v a r ia 
b ility , p a r tic u la rly  in  th e  u p p e r  300 m , m a k es  it  d ifficu lt to  s tu d y  th e  av e rag e  c irc u 
la tio n  by  c o m b in in g  th e  resu lts  o f  d iffe ren t c ru ises, a n d  even  m o re  d ifficu lt to  s tu d y  
seaso n a l v a r ia tio n .

F ig u re s  1 -6  suggest th a t  w ith  a  few  ex cep tio n s  th e  d y n am ic  h e ig h t an o m a ly  
m ig h t b e  c o n s id e red  a  fu n c tio n  o f  la titu d e .

F ig u re  16 sh o w s th e  su rface  d y n a m ic  h e ig h t an o m alie s  as a  fu n c tio n  o f  la titu d e  
f ro m  th e  e q u a to r  to  45°S., a n d  b e tw een  90°E . a n d  120°E. D a ta  fro m  all D iam antina,
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G ascoyne, D iscovery, O b, a n d  V ityaz  c ru ises up  to  1963 have been used. T h e  m ean  
cu rve  in  F ig u re  16 w as fitted  by eye, a n d  show s th e  fo llow ing  m a in  fe a tu re s : (1) a  
c o n s ta n t m e an  d y n am ic  h e ig h t a n o m a ly  fro m  th e  e q u a to r  to  9°S. ; (2) a n  increase  in 
d y n a m ic  h e ig h t as  th e  S o u th  E q u a to ria l C u rre n t is cro ssed  fro m  9°S. to  14°S. ; (3) a  
g ra d u a l d ecrease  f ro m  14°S. to  32°S., im p ly ing  a  m ean  g e o s tro p h ic  c u rre n t o f  5 cm /sec 
to w a rd s  th e  e a s t;  (4) c o n s ta n t m ean  d y n am ic  he ig h t fro m  32°S. to  45°S. [The d y n am ic  
he ig h t an o m a ly  w ould  aga in  decrease  so u th  o f  45°S., in th e  c irc u m p o la r  cu rren t.]  

T h e  m e a n  d y n am ic  h e ig h t a n o m a ly  curve o f  F igu re  16 sum m arizes  th e  m ain  
fea tu re s  o f  th e  su rface  zo n a l g eo s tro p h ic  c irc u la tio n  in  th e  so u th -e a s te rn  In d ia n  
O cean . I t  d o es  n o t in c lu d e  th e  ea s te rly  Ja v a  c o a s ta l cu rre n t, w h ich  develops d u rin g  
th e  n o r th -w e s t m o n so o n  (S o e ria a tm a d ja  1957). T h is  c u r re n t a p p e a rs  o n  on ly  o n e  o f

L A TITU D E (°S .)
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Fig. 16.— D ynam ic height anom alies o f  the surface  relative to  1750 
doei bars* as 3 function  o f  la titude  fo r all available d a ta  betw een 90 E.

an d  120 E.

th e  seaso n a l b io log ical cru ises  (G  1/63, J a n u a ry -F e b ru a ry ) , betw een  9°30 'S . an d  
11°S., b u t as d iscussed  below , th is  Ja v a  c o a s ta l c u r re n t m igh t have been  p resen t on  
o th e r  cru ises, betw een  9°30 'S . a n d  th e  c o a s t o f  Java .

T h e  d a ta  in  F ig u re  16 w ere se p a ra te d  in to  tw o  g ro u p s  o n  a  seasonal basis, an d  
m ean  cu rves fitted  by  eye fo r  ea ch  g ro u p . T h e  g ro u p in g  w as D e c e m b e r-M a y , rep re 
sen tin g  su m m er, a n d  J u n e -N o v e m b e r , rep re se n tin g  w in ter. T h e  m e an  curve fo r  
su m m e r w as o n  th e  av e rag e  a b o u t 6 d y n  cm  h ig h e r  th a n  th a t fo r  w in te r, so u th  o f  17°S. 
S ince th is  d ifference is sm all co m p a re d  to  e ith e r th e  sc a tte r  o r  th e  range  o f  th e  m ean  
in  F ig u re  16, th e  se p a ra te  figures have n o t been  inc luded .

C o m p a riso n  o f  F igu res  16 a n d  14 show s th e  im p o rta n c e  o f  th e  u p p e r  300 m in 
d e te rm in in g  th e  su rface  d y n am ic  to p o g ra p h y  in  tro p ic a l an d  su b tro p ic a l regions. 
By su b tra c tio n , it is„ seen  th a t  th e  m e an  d y n am ic  he ig h t an o m aly  o f  th e  300-dec ibar 
su rface  re la tive  to  1750 d ec ib a rs  ac tu a lly  decreases sligh tly  (a b o u t 10 d y n  cm ) in  
go in g  n o r th  fro m  32°S. to  15°S., in s tea d  o f  in c reasin g  as  fo u n d  fo r  th e  0 /1 750-dec ibar 
su rface  (F ig . 16). T h is  decrease  im plies a n  average g e o s tro p h ic  flow  to  th e  w est a t 
300 m  d e p th , b u t th is  w ou ld  be to o  w eak to  a p p e a r  in th e  vertical sections o f  
F igu res 8-13 .
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T h e d a ta  p re se n te d  h ere  give little  in d ic a tio n  o f  th e  W est A u s tra lia n  C o a s ta l 
C u rre n t, w h ich , f ro m  c u rre n t a tla s  d a ta , flow s n o r th  o ff th e  A u s tra lia n  co a s t betw een  
20°S. a n d  30°S. (W y rtk i 1957). T h e re  is s ligh t ev idence o f  th is  n o r th w a rd  c u rre n t in 
F ig u re  1, b u t  o n  o th e r  cru ises s ta tio n  p o s itio n s  h av e  been  u n fav o u rab le .

T h e  S o u th  E q u a to r ia l C u r re n t  varies in  p o s it io n  a n d  s tre n g th , a n d  a t  an y  one 
t im é  is n a rro w e r  th a n  suggested  by th e  m e a n  cu rv e  o f  F ig u re  16. T ab le  1 show s th a t  
th e  so u th  e q u a to r ia l c u rre n t, o n  110°E., w as fu rth e s t so u th  in  J a n u a ry -F e b ru a ry  1963, 
a n d  fu r th e s t n o r th  th e  fo llow ing  M a y -A u g u s t. T h is  ag rees w ith  th e  seaso n a l sh ift o f  
th e  South . E q u a to r ia l C u rre n t to w a rd s  th e  co a s t o f  Ja v a  d u r in g  th e  so u th -e a s t m o n so o n

Fig. 17.—  Suggested cyclonic eddy 
sou th  o f  Java, when dynam ic height 
anom alies less than  ab o u t 200 dyn cm  
(0/1750 decibars) a re  found  a t 
9J30 '-11°S ., 1KFE.

1 0 5 °  n o 0 115°E.

1 0 5 °  110° 115 E.

JAVA

1O0
S. 2 2 0

(M a y -S e p te m b e r)  (W y rtk i 1957 ; S o e r ia a tm a d ja  1957) an d  its  m o re  so u th e rly  lo c a tio n  
d u r in g  th e  n o r th -w e s t m o n so o n  (O c to b e r-A p ril) . T h e  S o u th  E q u a to ria l C u rre n t 
m ay  a t  tim es b e  m u c h  fu r th e r  so u th  th a n  in d ic a te d  in  T a b le  1 o r  F ig u re  16; fo r  
exam ple , th e re  is n o  c lea r  ev idence o f  a n  a p p re c ia b le  w est-flow ing  su rface  c u rre n t 
n o r th  o f  la titu d e  16°S. o n  e ith e r  100°E. o r  105°E. d u r in g  V ity a z  c ru ise  31 
(O c to b e r-N o v e m b e r  1959).

T h e  m o re  ex tre m e  d e p a r tu re s  f ro m  th e  m e an  cu rve  in  F ig u re  16 deserve co m m en t. 
I t is p ro b a b ly  safe to  assu m e th a t  d e p a r tu re s  fro m  th e  m ean  g re a te r  th a n  ±  15 o r  
20 d y n  cm  w o u ld  be fo u n d  on ly  in  lim ited  a re as , so th a t ,  i f  g eo s tro p h ic  b a lan c e  is 
a ssu m ed , th e se  ex tre m e  d e p a r tu re s  in d ic a te  th e  p resence  o f  cyc lon ic  (low  an o m aly ) 
o r  an ticy c lo n ic  (h ig h  an o m aly ) eddies. F ig u re  16 show s th a t  th e  la rg e s t d e p a r tu re s  
f ro m  th e  m e a n  a re  fo u n d  n e a r  10°S. a n d  n e a r  32°S.

T h e  la rg e  n eg a tiv e  d e p a r tu re s  betw een  9°30 'S . a n d  11°S. w ere all o n  110°E., 
so th a t  th e y  suggest th e  ex istence occas io n ally  o f  c losed  cyc lon ic  eddies so u th  o f  Ja v a  
(F ig . 17). N o  o b se rv a tio n s  c lo ser th a n  90 m iles f ro m  th e  Ja v a  c o a s t w ere m ade  on 
th e  cru ises w h ich  show ed  th e  low  values in  F ig u re  16, so th e  eddy  s tru c tu re  o f  F igure  
17 is a t  p re se n t h y p o th e tic a l. W h e n  p rese n t, th e  eddy  w o u ld  locally  re in fo rce  th e  east- 
flow ing Ja v a  co a s ta l c u r re n t (S o e ria a tm a d ja  1957), an d  th e  S o u th  E q u a to tia l C u rre n t.

T h e  fo u r  low est values o f  d y n am ic  h e ig h t a n o m a ly  betw een  9°30 'S . a n d  11°S., 
F igu re  16, w ere on  th e  fo llo w in g  c ru ise s : D m  2/59 (O c to b e r) , D m  4/62  (O c to b e r), 
D m  1/63 (A p ril) , an d  D m  3/63 (Ju ly). E xcep t D m  1/63, these  cru ises w ere d u r in g  th e  
so u th -e a s t m o n so o n , w h en  upw elling  w o u ld  be ex p ected  o ff  th e  c o a s t o f  Ja v a  (W yrtk i 
1962b). T h e  low  values o f  d y n am ic  h e ig h t a re  asso c ia te d  w ith  a  sha llow  th e rm o c lin e  
a n d  a  d o m in g  o f  isopycnal surface«, b u t th is  s tru c tu re  is n o t necessarily  ev idence 
o f  upw elling.
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T able 2

EXTREME VALUES OF D YNAM IC H EIG H T ANOM ALY, 0/1750 DECIBARS, 30-32 S., 90-120JE.

Ship C ruise
S ta tion

N o . D a te Position
D yn am ic  H eight 

A nom aly  
(dyn cm)

Discovery 1/32 875 lO.v.32 32°13'S., 113°48'E. 224

Diamantina 2/59 128 17.xi.59 31°50'S., 107°30'E. 164

Diamantina 2/59 131 17.xi.59 31°59'S., 109°57'E. 158

Diamantina 2/59 134 18.xi.59 32°03'S., 112°45'E. 205

Diamantina 3/61 193 26.viii.61 32°02'S., I l l  °45'E. 215

Gascoyne 4/62 181 19.viii.62 31°58'S., 111°48'E. 229

Gascoyne 4/62 182 1 20.viii.62 32°08'S„ 110°00'E. 212

Diamantina 2/62 101 24.viii.62 32°00/S„ I 1 2 W E . 226

Diamantina 4/62 159 ll.x i .6 2 30°30'S., 11 O W E . 215

Diamantina 1/63 52 26.iv.63 30°30'S„ 110°00'E. 169

Diamantina 3/63 123 10.viii.63 30°41'S., 110°03'E. 154

T ab le  2 gives d e ta ils  o f  th e  m o re  ex trem e dy n am ic  h e ig h t an o m alies  betw een  
30°S. a n d  32°S. T h ey  a re  a ll ea s t o f  107°E., th a t  is, w ith in  500 m iles o f  th e  A u s tra lia n  
co a s t. I f  th e  in te rp re ta t io n  in  te rm s o f  edd ies is co rrec t, it will be seen f ro m  T ab le  2 
th a t  an ticy c lo n ic  eddies w ere p re se n t in  M a y  1932, N o v em b er 1959, A u g u s t 1961,

105°  1lO ° 115°E .

25'

AUSTRALIA

30'

1lO°105°

Fig. 18.— Suggested double  eddy stru c tu re  w est o f  F rem an tle  (west 
A ustra lia ) in O cto b er-N o v em b er 1959.
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A u g u s t 1962, a n d  N o v e m b e r  1962. C yc lon ic  edd ies w ere  p re se n t in  N o v em b e r 1959, 
A p ril 1963, a n d  A u g u s t 1963. N o  seasonal p a t te rn  is a p p a re n t. W ith  th is  in te rp re 
ta tio n , a  d o u b le  ed d y  system  m ay  h av e  b een  p re se n t o ff  F re m a n tle  in  N o v em b e r 
1959, as sk e tch ed  in  F ig u re  18.

T h e  h ig h e s t d y n am ic  h e ig h t a n o m a ly  in  F ig u re  16, 263 d y n  cm , w as a t  14°S., 
110°E., a n d  h as  b een  d iscussed  by  W y rtk i (1962a). T h is  ed d y  m o v ed  o r  w eakened  
rap id ly , as  it does n o t  a p p e a r  in  th e  re su lts  o f  V ity a z  c ru ise  39, 1 m o n th  la te r . I t  
w as n o t p re se n t th e  fo llow ing  y ea r  (F ig . 1 ; c ru ise  D m  3/60).

I t  sh o u ld  be em p h asized  th a t  s tro n g  eddies, o f  th e  ty p e  d iscussed  ab o v e , seem  
to  be ra re , p a r tic u la rly  o ff  F re m an tle . F o r  exam ple , th e  reference s ta tio n  a t  32°S., 
112°E., w as occu p ied  12 tim es b e tw een  1960 a n d  1963, b u t d y n am ic  h e ig h t an o m alies  
g re a te r  th a n  200 d y n  cm  w ere  o b se rv ed  on ly  tw ice, a n d  n o  v a lu e  lo w er th a n  179 d y n  cm  
w as fo u n d . T h e  fo u r  low  values so u th  o f  J a v a  o n  110°E. a p p e a re d  in  a  to ta l  o f  10 
cru ises th a t  sam p led  th e  a re a , a n d  th e re  is ev idence o f  a n o th e r  lo w  v a lu e  o n  113°E. 
o n  cru ise  D m  3/61 (F ig . 4).
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Le problème de la pénétration des rayons ultraviolets dans la 
mer peut être abordé de deux façons : tout d ’abord, on peut étudier 
in situ les modalités de la propagation du rayonnement et rechercher 
les variations qualitatives et quantitatives de la composition du spectre 
en fonction de la profondeur et des conditions du milieu.

On peut aussi mesurer l ’absorption de l ’ultraviolet par un échan
tillon d’eau de mer dans le but de caractériser la composition de celui-ci. 
L ’absorption résulte en effet de la présence des différents constituants : 
eau pure, particules en suspension, sels minéraux et substances orga
niques. C’est ce second aspect que nous aborderons ici, en nous atta
chant particulièrement au rôle des matières organiques.

Les données que nous allons présenter concernent principalement 
la baie d ’Ambanoro, à Nossi-Bé, et s’inscrivent dans l ’étude générale 
du phytoplancton et de la production primaire de cette région [S o u r n i a , 
1965]*.

Historique
T s u k a m o t o  [1927] a mesuré l ’absorption de l’eau de mer à Roscoff, 

dans l ’ultraviolet lointain; il remarque que l’extinction, croissant vers 
les courtes longueurs d ’onde dans l ’intervalle étudié (2 336 à 2 123 Â), 
est supérieure à celle de l ’eau distillée, et attribue exclusivement cette 
différence aux sels dissous, à tort. H u l b u r t  [1928] compare la péné
tration de l ’ultraviolet dans l’eau de mer, l ’eau pure, et diverses solutions 
de sels dont il définit quantitativement le rôle. Les recherches de C l a r k e  
et J a m e s  [1939], bien que n ’intéressant que le spectre visible et le proche 
ultraviolet, montrent le rôle des particules en suspension vers les courtes 
longueurs d ’onde. J o s e p h  [1949, 1950] dans la Baltique et pour le proche 
ultraviolet, J e r l o v  [1950, 1951, 1953] dans les divers océans et jusqu’à 
310 m(x, ont mesuré la pénétration des radiations in situ : celle-ci croît 
vers les courtes longueurs d ’onde; elle est notablement supérieure dans 
les eaux littorales et les eaux à forte productivité, et fournit une intéres
sante caractéristique des masses d ’eaux. Elle traduit essentiellement la 
présence de la substance jaune de K a l l e  [1937, 1949, 1961]. L e n o b l e  
[1956, a, b, c l d] a mesuré l’absorption de l ’ultraviolet en différents 
points des côtes françaises et recherché, à la suite de H u l b u r t , les 
coefficients d ’absorption des divers sels. C h a n u  [1959] voit lui aussi 
dans la substance jaune l ’origine de la différence entre l ’absorption 
de l ’eau de mer naturelle et celle de l ’eau de mer artificielle, et isole 
cette substance en utilisant la technique développée par S h a p ir o  pour

* N ous rem ercions v ivem ent l ’Office de la  recherche scientifique e t techn ique 
O u tre-M er de n o u s av o ir accueilli a u  C en tre  d ’océanograph ie  e t des pêches de N ossi- 
Bé p o u r  y effectuer ces recherches.
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les eaux lacustres. Enfin A r m s t r o n g  et B o a l c h  [1961 a, b], ont con
firmé ces données, étudié dans la Manche les variations locales et saison
nières et recherché la nature des substances en cause.

Méthodologie
Nous/avons suivi dans ses grandes lignes la méthode d ’ARMSTRONG 

et B o a l c h  [1961 a] et utilisé un spectrophotomètre Beckman D U  avec 
des cuves de quartz de 10 cm.

Les prélèvements à la mer se font au moyen de bouteilles non métal
liques du type Van Dorm. Dans le but d ’éliminer les particules en sus
pension, on filtre les échantillons sur membrane Millipore HA (porosité : 
0,45 (jl). Les mesures spectrophotométriques se font le plus tôt possible 
après le prélèvement; cependant les échantillons une fois filtrés conser
vent une absorption constante pendant plusieurs heures.

Mesure de référence : A r m s t r o n g  et B o a l c h  mesurent l ’absorption 
de l ’échantillon d ’eau de mer par rapport à l ’air, considérant cette 
référence comme plus sûre qu’une eau distillée dont on ignore exactement 
le degré de pureté. Les valeurs obtenues dans ces conditions représentent 
non seulement l ’absorption des sels minéraux et des matières organiques, 
mais aussi celle de l’eau pure, ainsi que la réflexion sur,les parois de 
la cuve. Il est préférable d ’éliminer ces deux derniers effets en utilisant 
comme référence une eau déminéralisée et bidistillée préparée à l’abri 
des poussières de l ’air. On prend de plus la précaution d ’étalonner 
les deux cuves en comparant leurs spectres d ’absorption de l ’eau distillée; 
le facteur de correction qu’on en déduit est généralement négligeable. 
Finalement, l ’absorption mesurée ne dépend plus que des teneurs en 
sels minéraux et matières organiques et la précision de la méthode se 
trouve notablement accrue.

Il serait également intéressant d ’utiliser comme référence l ’eau 
de mer artificielle; cependant, les impuretés des sels du commerce 
rendent ces mesures assez aléatoires.

Longueurs d’onde : Vers les plus courtes longueurs d’onde, à partir 
de 220 m ¡ i., l ’absorption devient très élevée et rend les mesures imprécises. 
Elle devient par ailleurs très faible dans le proche ultraviolet. Aussi 
limitera-t-on les mesures à l’intervalle 220-350 ou 220-400 m¡x.

Le problème du choix des longueurs d ’onde caractéristiques, qui 
n’est pas sans rappeler celui des' pigments phytoplanctoniques, est 
à résoudre en trois étapes :

1. Réalisation du spectre complet de nombreux échantillons 
d ’origines diverses, mesuré par intervalles de 5 ou 10 m;x, ou mieux, 
obtenu de façon continue au moyen d ’un spectrophotomètre enregis
treur.

2. Choix de quelques longueurs d ’onde caractéristiques pour 
les mesures de routine.

3. Identification chimique des différentes substances en cause.

(1348)
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Provisoirement, la compilation des quelques spectres fournis par 
les divers auteurs et obtenus par nous-même à Barcelone et Nossi-Bé 
conduit à sélectionner les rayonnements : 220, 250, 265, 300 et 350 m [i, 
accessoirement 330 et 370 mp. Notons que le pic 265 m ¡i. est attribué 
aux doubles liaisons des bases puriques et pyrimidiques [Yentsch & 
Reichert, 1962].

Résultats
La figure 1 reproduit le spectre de trois échantillons prélevés dans 

la baie d ’Ambanoro. Les deux stations L et J sont situées à l’ouverture 
de la baie; la station A, au fond de la baie, montre les absorptions les 
plus élevées.

i m » i-------1-------i-------i------ 1------ i-------i i » » ï
2 5 0  3 0 0  3 5 t

myL

Fio. 1. — Spectres d’absorption des filtrats.

Des mesures hebdomadaires (figure 2) ont été poursuivies de mars 
à juin 1963 aux_deux stations L et A, dont les caractères sont nettement 
opposés :

A : au fond de la baie, fond 4 m, eaux turbides (voisinage de la 
mangrove, apports d ’eaux douces);

L : à l ’ouverture de la baie, fond 8 m, eaux claires (récifs coralliens).
Les marées sont assez fortes (2 à 3 m) et leur périodicité telle que 

le niveau se trouve alternativement haut et bas de semaine en semaine 
à l ’heure du prélèvement -  celle-ci étant fixe. Les absorptions à 265 m¡x, 
jugées *bien représentatives, ont seules été représentées sur la figure.
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Les salinités subissent un relèvement général pendant la période 
étudiée, qui se situe à la fin de la saison des pluies. Seules les salinités 
de la station A, la plus côtière, sont affectées par le rythme de la marée : 
valeurs plus élevées à marée haute, plus faibles à marée basse (le drainage 
des eaux littorales dessalées par les eaux du large exerce son effet maximal 
à la fin du reflux).

L’absorption de l ’ultraviolet, à la station L, est en décroissance 
générale de mars à juin, en même temps que s ’élèvent les salinités. Ces 
deux faits traduisent le changement de saison et l ’influence décroissante

M ars 

16 23 3 0

A vril 

6 13 2 0  2 7

Mai 

6  11 18  25

Ju in

1

oi.
•%
2

4

2

Niveau -de la m a ré e

0.050

«i3a -
ao

» 0.010
c

O  0.005

2 6 5 0  A

3 4  

3 3

S a lin ité

F io . 2. — Mesures hebdomadaires.

des apports temgènes. La station A montre des oscillations englobant 
de façon approchée les variations de la station L, mais reproduisant 
dans leur détail le rythme de la marée : valeurs plus élevées à marée 
basse, plus faibles à marée haute : de même que pour la salinité, l ’in
fluence continentale est dominante à marée basse et se traduit par une 
plus forte tenéur en matières organiques. Ces variations dans le temps

(1 3 4 8 )
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à la station A peuvent être rapportées à des variations dans l’espace, 
les eaux de marée haute étant assimilables à des eaux du large, celles 
de marée basse à des eaux littorales.

Enfin la figure 2 montre, aussi bien dans l ’évolution générale de 
mars à juin que dans les variations hebdomadaires, une relation inverse 
entre la salinité et l ’absorption de l’ultraviolet. Ceci prouve que, du 
moins dans la région étudiée, les principaux sels minéraux ne jouent, 
par rapport aux substances organiques, qu’un rôle mineur dans l ’absorp
tion de l ’ultraviolet.

Les valeurs relatives à cette série de mesures sont reportées dans 
le tableau 1.

T a b l e a u  1

Absorption de Vultraviolet et salinité aux deux stations 

Mesures hebdomadaires

D a te
D en sité  op tique 

à  265 mp. ( X 1 000)
Salinité (°/00)

(1963) L A L A

16/3 52 24 33,43 33,65
23/3 46 54 33,17 32,80
30/3 34 26 33,84 33,86

6/4 24 47 33,96 32,91
13/4 19 15 34,05 33,99
20/4 20 51 33,86 32,57
27/4 21 16 34,14 33,94

6/5 31 65 34,03 32,91
11/5 12 11 34,54 34,49
18/5 1 10 34,63 34,70
25/5 15 6 34,51 34,63

1/6 22 29 34,73 34,43

Le tableau 2 résume les données relatives à une prolifération de 
la Cyanophyte Trichodesmium observée le 2 avril 1963 à la station J. 
De tels phénomènes sont en effet fréquents dans la région à la saison 
des pluies [ S o u r n i a ] .  Les caractères physico-chimiques particuliers 
de cette « eau rouge » sont’ les témoins d ’une masse d ’eau diffé
renciée au voisinage du littoral, à la faveur d ’apports terrigènes, et 
dérivant par la suite au gré des courants. L’absorption de l ’ultraviolet, 
plus élevée dans cette masse d ’eau, peut n ’être qu’une propriété conco
mitante, comme elle peut aussi résulter du métabolisme des algues 
[ F o g g  &  B o a l c h , 1958].
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T ableau 2

« Eau rouge » à Trichodesmium dans la baie d ’Ambanoro, le 2 avril 1963

E a u  à Trichodesmium E au x  env ironnan tes

Salinité 33,23 33,69

C horophy lle  a
(m g/m 3) 17,03 0,60

A b so rp tio n  U .V .
230 m p 0,140 0,100
250 mp. 0,075 0,030
265 m p 0,040 0,020
300 m p 0,020 0,003

Discussion
Il convient d ’examiner successivement les diverses composantes 

de l ’absorption de l ’ultraviolet par l ’eau de mer.

1 — V eau pure
L’absorption de l ’eau pure est très faible et difficilement mesurable 

dans le visible ; elle est minimale entre 400 et 540 mp, et croît de part 
et d ’autre de cet intervalle vers l ’ultraviolet et, plus rapidement, vers 
l ’infra-rouge [D aw son  & H u lb u r t ,  1934; James & B irge , 1938]. Dans 
l ’ultraviolet, l ’absorption croît régulièrement vers les courtes longueurs 
d ’onde. Les phénomènes de diffusion moléculaire n ’ont qu’un rôle 
restreint évalué au dixième de l ’absorption totale [D aw son  & H u lb u r t ] .

L’effet de l ’eau pure est éliminé dans les mesures, comme nous 
l ’avons vu plus haut.

2 — Les particules en suspension
Clarke et J ames [1939] puis Burt  [1953] ont comparé dans le 

visible et le proche ultraviolet les spectres d ’eaux naturelles et d ’eaux 
filtrées : la différence met en évidence l ’action des particules en suspen
sion, qui apparaît prépondérante dans les régions côtières. Les particules 
en suspension ont un effet plus marqué vers la gauche du spectre, où 
le rapport : longueur d ’onde/diamètre de la particule prend des valeurs 
de plus en plus petites.

Comme le montre Jerlov [1955], les particules de dimensions 
inférieures à 2 pt, bien que les plus nombreuses, interviennent peu dans 
la diffusion, puisque leur surface totale reste faible.

Aussi peut-on éliminer par filtration fine (porosité maximale : 
1 p) la presque totalité des phénomènes de diffusion et la plus grande 
partie des effets d ’absorption dus aux particules.

(1 3 4 8 )
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3 — Les sels minéraux
Certains auteurs, ont attribué aux sels minéraux l’exclusivité de 

l’absorption de l’ultraviolet, d ’autres les ont au contraire totalement 
négligés. Les résultats sont par ailleurs souvent contradictoires.

On ne note pas de différence significative entre l’absorption de 
l ’eau pure et celle de l ’eau de mer artificielle dans le spectre visible 
[ C la r k e  &  Jam es, 1939]. L’absorption devient manifeste dans l’ultra
violet et croît vers les courtes longueurs d ’onde. Elle se décompose, selon 
H u l b u r t  [1928], de la façon suivante : de 340 à  300 mja, Ca S04 repré
sente la moitié de l’absorption totale, H2O le quart, les divers sels l ’autre 
quart. De 300 à  250 m [i., Mg CI2, Ca SO4 et H2O en représentent chacun 
le tiers, les autres sels n’ayant qu’une importance minime. Selon L eno- 
b le  [1956 c, d] aucun sei n ’a de bande spécifique dans l’ultraviolet (les 
mesures de cet auteur couvrent l’intervalle 250-400 m[x): les coefficients 
d ’absorption croissent vers la gauche du spectre, et l’importance de 
chaque sei est surtout fonction de sa concentration. L’ensemble des 
sels selon L e n o b le  ajoute une absorption équivalente à  la moitié ou au 
quart de celle^de l’eau pure. Pour l’eau de la Manche, A r m s t r o n g  et 
B o a lc h  [1961 a] attribuent aux sels minéraux la moitié de l’absorption 
mesurée, pour les longueurs d ’onde inférieures à  240 m¡x.

Une mention particulière doit être faite concernant les nitrates, 
en raison de leur forte absorption aux environs de 200 mf¿, qui a donné 
lieu à  diverses techniques de dosage dont la plus récente est celle d ’A rms
t ro n g  [1963].

4 — Les matières organiques
L’absorption d ’une eau de mer filtrée est notablement supérieure 

à  celle de l’eau de mer artificielle [Ch a n u , 1959; A rm strong  &  Bo alch , 
1961 à\. La différence est à  attribuer à  une substance ou un groupe 
de substances essentiellement organiques, dissoutes ou colloïdales, et 
dont la nature exacte est encore mal connue.

Distinction entre matières organiques et particules en suspension :
Elle est loin d ’être aisée. J a m e s  et B i r g e  [1938], C l a r k e  et J a m e s  

[1939] appelent « suspensoids » l’ensemble des particules retenues sur 
filtre Berkefeld V, et « colors » les substances du filtrat. Cependant ils 
admettent que, d ’une part, les « suspensoids » les plus fins passent à  
travers le filtre, de l ’autre, qu’une partie des « colors » est associée 
aux particules. La distinction est donc dans ce cas tout à fait arbi
traire. Y e n t s c h  [1962] et divers auteurs admettent également qu’une 
fonction de la substance colorée se trouve sous forme figurée ou liée 
à  des particules suspendues.

Il faut donc penser que la filtration, nécessaire pour éliminer les 
suspensions, retient une partie de la matière organique qui échappera 
ainsi aux mesures.

Essais d'identification
Un certain nombre de substances organiques ont été mises en évi

dence sur les extraits et les filtrats d ’eau de mer. Il convient peut-être
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mieux de dire qu’un certain nombre de propriétés ont été mises en 
évidence, car, dans leur ensemble, les données demeurent fragmentaires, 
et les analogies entre les divers composés décrits assez confuses.

Nous avons personnellement testé la présence de matières orga
niques dans nos filtrats de la façon suivante : dans une série d ’échan
tillons (diverses cultures et eaux naturelles), nous avons simultanément 
mesurp le taux d ’oxydation (permanganate de potassium en milieu 
basique) et l’absorption de l’ultraviolet. Les densités optiques sont 
directement proportionnelles aux volumes de permanganate consommé 
par l’oxydation.

La substance colorée à laquelle il est le plus souvent fait allusion 
est la «substance jaune» ou Gelbstojf de K a l l e  [1937, 1949, 1961], 
qui absorbe fortement les radiations violettes, mais n ’a pas été étudiée 
par cet auteur aux longueurs d ’onde inférieures à 387 mjx. Il s’agit 
d ’un mélange de diverses matières organiques, colorées du jaune clair 
au brun foncé, se trouvant à l’état dissous dans toutes les eaux naturelles, 
mais considérablement mieux représentées dans les régions côtières. 
La substance jaune est souvent comparée, du moins quant à sa fonction, 
aux acides humiques des sols.

Il faut en rapprocher les substances appelées « colors » par 
J a m e s  et B ir g e  [1938], définies comme des produits de décomposition 
organique, dissous ou colloïdaux ; à la différence des « suspensoids », 
leur absorption est sélective dans le proche ultraviolet et leur présence 
caractéristique des eaux côtières.

S h a p i r o  [1957] a donné pour l’eau des lacs une technique d ’extrac
tion de la matière jaune (évaporation sous vide et extraction par l’acétate 
d ’éthyle), technique étendue par C h a n u  à l’eau de mer : la « substance 
jaune » obtenue par C h a n u  [1959] est reconnue de nature organique, 
non volatile, et présente un maximum d’absorption à 250 m¡x.

Dans des cultures d 'Ectocarpus, F o g g  et B o a l c h  [1958] ont mis 
en évidence un produit extracellulaire azoté comportant un pic d’absorp
tion à 260 m¡x, ainsi qu’un autre composé, soluble dans l’éther et que 
son maximum d’absorption à 400 m¡x rapproche de la Gelbstoff.

Enfin une fraction volatile a été isolée par A r m s t r o n g  et B o a l c h  
[I960]; elle est en partie seulement organique et joue un rôle restreint 
(5 p. cent) dans l ’absorption de l ’ultraviolet.

Conclusions
1. L’absorption de l’ultraviolet par l’eau de mer, mesurée selon 

la technique décrite ci-dessus, est principalement due à la présence 
des matières organiques, et, pour une plus faible part, aux sels minéraux. 
L’effet des particules en suspension est en grande partie écarté.

2. La nature exacte des matières organiques en cause, et le rôle 
des « substances jaunes », restent à préciser, ainsi que la part de certains 
sels.

3. Cette méthode, simple et rapide, fournit en même temps une 
caractéristique des masses d ’eau et une évaluation des matières orga-

(1 3 4 8 )
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nisues qui demeurent, à l’heure actuelle, mal connues et difficilement 
dosables par voie chimique.

4. L’étude d ’une région côtière tropicale a, par ce moyen, mis en 
évidence les variations locales et saisonnières, l ’abondance des matières 
organiques au voisinage de la mangrove et l’influence de la marée.

Résumé

L’absorption de l’ultraviolet par l’eau de mer est étudiée ici en 
tant que résultante des absorptions des divers constituants : eau pure, 
particules en suspension, sels minéraux et matières organiques dissoutes. 
La méthode. spectrophotométrique utilisée élimine les deux premiers 
effets et fournit une estimation des matières organiques. La nature 
exacte et le rôle de ces dernières substances restent à préciser. Les varia
tions locales et saisonnières, ainsi que le rôle de la marée, sont étudiés 
dans une baie tropicale.

Summary

Ultra-violet absorption by coastal waters o f Nossi-Bé (Madagascar)

The absorption of ultra-violet light by sea-water is discussed here 
as the result of the absorption of its four components : pure water, 
suspended matter, inorganic salts and dissolved organic matter. A 
spectrophotometric method is used, which eliminates the effects of 
both pure water and suspended matter, and provides an estimation of 
organic matter. The exact nature and effects of the latter remain to be 
determined. Local, seasonal and tidal changes in a tropical bay are 
studied.

Zusammenfassung

Die Messungen der ultravioletten Absorption 
in den Strandzonen-gewâssern von Nossi-Bé (Madagascar)

Die Absorption der ultravioletten Strahlen durch das Meerwasser 
wird hier als Ergebnis der Absorption der verschiedenen Bestandteile 
studiert : reines Wasser, suspendierte Teilchen, Mineralsalzen und 
gelöste organische Stoffe. Die angewandte spektrophotometrische 
Methode schaltet die beiden ersten Effekte aus, und liefert eine Abs
chätzung der organische Stoffe. Die exakte Natur und die Rolle dieser 
beiden Substanzen bleiben zu erwägen. Die lokalen und in die Jahreszeit 
passenden Variazionen sowie die Wirkung der Flut sind in einer tropis
chen Bucht studiert.
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H3MepeHHe aöcopöuHH yjibTpa-^JHOJieTOBbix jiyqeîi b npnôpeacHbix 
Bonax HoccH-Ba/ManaracKap/

Ajiatt C yPH M A

KpaTKoe cojiep>KaHHe

A6cop6una MopcKoii boæoh yjibTpa-4>HOJieTOBbix Jiyyeii H3yneHa 
3flecb, Kax npoH3BonHaa aôcopôxiHH pasjimiHbix cocTaBHbix nacTen: 
hhctoîî BOflbi, imaBaiomHx HacTHiï, MHHepajibHbix cojieü h pacTBo- 
peHHbix opraHHHecKHX BemecTB. IIpHMeHeHHbiH cneKTpo^oTOMe- 
TpHaecKHH cnocoô ynajiaeT r b a nepBbix b j i h b h h b  h naeT B03MoacHOCTb 
opeHHTb opraHHHecKHe BemecTBa. OcTaeTca yTOHHHTb HCTHHHyio 
npnpony h pojib sthx nocjieuHHX BemecTB. MecTHbie h ce30HHbie h3- 
MeHeHHa, Kax h pojib Mopcxoro npnjiHBa h OTJiHBa, H3yaeHbi b Tpo- 
nmecKOH ôyxTe.
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R eprin ted  from Mar. O b s., L ondon , Ju ly  1965, p . 125-130.

The Somali Current
SOME OBSERVATIONS MADE ABOARD R.R.S. “DISCOVERY”  

DURING AUGUST 1964
B y J. C . S w a l l o w , P h .d .

(National Institute o f  Oceanography)

A lth o u g h  w ell know n  as o n e  o f  th e  fastest c u r re n ts  to  b e  fo u n d  in  th e  o p en  sea, 
th e  Som ali*  c u r re n t has  u n til  recen tly  received  re la tive ly  little  a tten tio n  from  
oceanographers .

L ike  th e  G u lf  S tre am  a n d  th e  K u ro  S hio , i t  is a ‘w es te rn -b o u n d a ry  c u r re n t’, a 
consequence  m ain ly  o f  th e  d is trib u tio n  o f  w in d  s tress  over th e  w hole o f  th e  In d ia n  
O cean , an d  n o t ju s t  d riv en  b y  th e  local w in d s in  its  ow n area. U n lik e  th e  o th e r  
w es te rn -b o u n d a ry  c u rre n ts  th o u g h , th is  one ru n s  r ig h t across th e  eq u a to r  (if th e  
E as t A frican  coast c u r re n t is in c lu d ed  as w ell), a n d  i t  u n d erg o es a seasonal reversa l 
o f  d irec tion .

B ecause o f  th ese  u n iq u e  fea tu res, on e  m ig h t h o p e  th a t  a s tu d y  o f  th e  S om ali 
c u r re n t w o u ld  lead  to  a b e t te r  u n d e rs ta n d in g  o f  th e  m ech an ism  o f  ocean cu rre n ts  
in  general, an d  h o w  th e y  re sp o n d  to  changes in  w in d  s tress, as w ell as b e in g  a 
necessary  p a r t  o f th e  ex p lo ra tio n  o f  th e  In d ia n  O cean .

B esides its  sign ificance fo r  dynam ica l oceanog raphy , th e  S om ali c u r re n t is 
im p o r ta n t in  re la tio n  to  th e  b io logy  o f  th e  In d ia n  O cean  and , p erh ap s, its  fisheries, 
s ince  i t  ap p ears  to  b e  co n n ec ted  w ith  th e  u p w ellin g  o f  co ld  w a te r off th e  n o r th e rn  
p a r t  o f  th e  east coast o f  S om alia, n ea r R as H afu n . T h is  upw elling  w ate r is r ich  in  
th e  chem ical n u tr ie n ts  n ee d ed  fo r th e  g ro w th  o f  p lan k to n , an d  can  have a g rea t 
effect on  th e  b io log ical p ro d u c tiv ity  o f  th e  sea.

In  th e  cou rse  o f  th e  In te rn a tio n a l In d ia n  O cean  E x p ed itio n  th e re  have been  
o p p o rtu n itie s  fo r research  sh ip s  to  m ake observa tions o n  th is  neg lec ted  c u rren t. 
T h e  w ork  d esc rib ed  h ere  w as d one  d u r in g  A u g u s t 1 9 6 4 — a m o n th  w hen  u n d e r  th e  
in fluence o f  th e  so u th -w est M onsoon , th e  S om ali c u r re n t is se ttin g  s trong ly  to  th e  
n o rth w ard — in  co -o p e ra tio n  w ith  th e  U .S . research  vessel A rgo, o p era ted  b y  th e  
U n iv ers ity  o f  C aliforn ia. C o m p ared  to  th e  in tensive  su rveys ca rried  o u t in  th e  G u lf  
S tre am  a n d  o th e r  m o re  accessib le cu rren ts , th is  tw o -sh ip  su rvey  lasting  little  m o re  
th a n  a m o n th  can  on ly  b e  reg a rd e d  as a  reconnaissance , a n d  as y e t on ly  p a r t o f  th e  
resu lts  co llected  b y  th e  tw o  sh ip s  have b een  w orked  u p  a n d  com piled  to g e th er. 
N evertheless, th e y  re p re se n t th e  m o st d e ta iled  su rvey  y e t m ade  o f  th e  S om ali 
c u rre n t, a n d  som e fea tu re s  o f  in te re s t in  th e  re su lts  can  a lready  b e  p o in te d  ou t.

T h e  observa tions m ad e  b y  th e  tw o  sh ip s  co m p rised  m ain ly  w a te r-sam pling , 
c u rre n t-m e asu rin g  b y  v ario u s d iffe ren t m eans, an d  p lan k to n -sam p lin g  w ith  vertical 
ne ts . T ra c k s  w ere  chosen  to  cross th e  c u r re n t w o rk in g  fro m  so u th  to  n o r th  in  
irre g u la r  zig-zags, in te r lac ed  to  give th e  b e s t coverage o f  th e  area  in  th e  available 
tim e . A fte r m e e tin g  in  M o m b asa  to  d iscuss final d e ta ils  o f  th e  p ro g ram m e, th e  tw o  
sh ip s  w orked  in d e p en d e n tly , th o u g h  in  daily  rad io  con tac t, com ing  w ith in  s ig h t o f  
each  o th e r  on ly  once  d u r in g  th e  c ru ise  w h en  th e y  m e t off R as M a b b e r  to  tran sfe r  
e q u ip m e n t an d  da ta . T h is  ac co u n t w ill b e  con fined  to  D iscovery's sh a re  o f th e  w ork, 
b u t  f irs t som e ex p lana tion  o f  th e  k in d  o f  ob se rv a tio n s m ade  w ou ld  p e rh a p s  b e  
ap p ro p ria te .

W a te r-sam p lin g  p ro v id es th e  bas ic  m earis o f  id en tify in g  th e  w ate r m asses b e in g  
tra n sp o rte d  b y  th e  c u rre n t. I t  also m akes possib le  th e  ca lcu la tion  o f  re la tive

* T h e  S o m ali c u r re n t  is  th e  n am e  g iv en  now ad ay s b y  o c ean o g rap h e rs  to  th a t  p o r tio n  o f  
th e  E as t A frican  co ast c u r re n t  w h ic h  is  n o r th  o f  th e  e q u a to r , a longside  th e  eas t coast o f  
Som alia , a n d  w h ich  reverses its  d irec tio n  d u r in g  th e  n o r th -e a s t  m o n so o n . I n  th e  Indian 
Ocean Current A tla s1 a n d  in  H y d ro g ra p h ic  Office p u b lic a tio n s  (e .g ., th e  Africa Pilot, V ol. 3 ) 
th e  w ho le  o f  th is  c u r re n t  is  te rm e d  th e  E as t A frican  co as t c u rre n t.
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geostrophic currents, since the d istribution of density  in the  water, and hence 
pressure, can be calculated from  m easurem ents of tem perature and salinity of the 
w ater at different depths.

T hese ind irect calculations o f currents are sim ilar to  the m uch m ore fam iliar 
process of estim ating w inds from  the  spacing of the  isobars on a w eather m ap, b u t 
they  suffer from  the  disadvantage th a t only differences of current, from  one level to 
another, can be calculated. O n these sections across the  Somali current, D iscovery  
occupied w ater-sam pling stations at io -m ile  intervals close to  the  coast, opening 
o u t the  spacing gradually to  about 50  miles at the  offshore ends of the  longer sections. 
Sam ples were collected from  about 30  depths betw een surface and bottom  at typical 
deep stations, though  at some stations sam pling was lim ited to  the u p p er 1,200 
m etres, w ith 22  sam pling depths. T em peratu re  and salinity were m easured at all 
sam pling depths, dissolved oxygen, phosphate, n itra te  and silicate were m easured 
in  the  upper layers and  at selected depths in the  deep water.

C urren t m easurem ents were m ade by various m eans. A t each w ater-sam pling 
station, cu rren t shear was m easured in  the near-surface layers, using a pair of 
d irect-reading cu rren t m eters. O ne m eter was stream ed at a constant dep th  o f io  
m etres while the  o ther was lowered and read at 10-m etre intervals down to 200 - 
m etres depth . A t stations w here radar fixing was possible, w hether on the coast or 
on an anchored buoy, the  sh ip ’s m ovem ent over the ground could be determ ined 
and com bined w ith the  curren t-m eter readings to  give true  currents. A t o ther 
stations, the  cu rren t-shear profiles were fitted to  surface currents deduced in the  
usual way from  dead-reckoning and celestial navigation. Fortunately the w eather 
was reasonably clear.

Surface cu rren ts were also m easured by the  electrom agnetic m ethod, in  w hich a 
cable carrying a pair of electrodes is towed astern of the  ship. T h e  voltage between 
th e  electrodes depends on the  rate at w hich the cable is cutting the vertical com 
ponent of the  earth ’s m agnetic field, and is  a m easure of the com ponent of surface 
cu rren t across the  sh ip ’s track. T h e  com ponent along the track is obtained by 
altering course at righ t angles for a few m inutes, then  returning to the original line. 
U nfortunately , th e  m agnetic equator passes th rough the region where the Somali 
cu rren t becom es strongest, and the vertical com ponent of the earth ’s m agnetic field 
was too sm all for satisfactory w orking of the  m ethod north  of 4°N.

F or m easuring deep w ater-m ovem ents, at depths of 1,000 m etres and below, 
neutrally -buoyant floats were used. T hese consist of sealed alum inium  tubes, 
loaded so as to  sink to  a pre-determ ined  depth , w here they have the same density 
as the  su rrounding  w ater, bu t a lower com pressibility so th a t they do no t sink 
deeper. T h ey  carry small sound transm itters by m eans of w hich they can be located, 
as they  d rift freely w ith the  deep current. Such deep-current m easurem ents are 
slow  and laborious to  make, they need to extend over at least half a day, preferably 
m ore, and call for continuous accurate knowledge of the  sh ip’s position which, in 
th a t area, could only be obtained by radar fixing on the coast o r on an anchored 
buoy. C onsequently, only a few such m easurem ents were made, bu t they are very 
useful as an indication of the  speed and variability of deep-w ater m ovem ents, and 
as a guide in  choosing a reference level for geostrophic calculations of currents.

Biological sam pling consisted of vertical hauls w ith  a closing net for Zooplankton, 
th rough standard  depth-in tervals between 1,000  m etres and the surface, m easure
m ents of chlorophyll and fine-m esh net hauls in  the  upper 100 m etres of water, and 
surface tows w ith a ne t designed to sam ple only the top  few centim etres of water.

B athytherm ograph observations were m ade every half-hour on passage betw een 
stations, and  sea surface tem perature was recorded continuously. An account of the 
meteorological equ ipm ent and observations has already been published .2

D isco very ’s observations of the East African coast cu rren t began in  late July, w ith 
a section o f 9  stations extending from  300  m iles offshore in  tow ards the  coast, 
on the  way from  C ape A m ber tow ards M om basa. A t the  offshore stations, surface 
cu rren ts  w ere weak (less th an  |  kt) and  directed  mainly in  towards the coast.
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W ithin  120 m iles of the  coast, the  northw ard  com ponent of cu rren t increased, 
reaching i  k t a t 60  m iles offshore, the  m axim um  curren t observed being 2-7 k t only 
20  miles from  the  coast. Closer in, there  was a slight decrease. T h e  curren t-shear 
m easurem ents showed generally weak flow at 200  m etres dep th , m ost of the  shear 
being w ith in  the  therm ocline below the w arm  surface-w ater. A  buoy was anchored 
at the station 60  miles offshore, and  a neutrally-buoyant float a t 1,200  m etres dep th  
(only 200  m etres off the  bottom ) m oved north-east at nearly 0-4  kt. A lthough th a t 
may seem  a weak curren t com pared to those found at the  surface, it is m ore than  
twice the average speed found at sim ilar depths earlier in the cruise, and m ay im ply 
substantial transpo rt of deep w ater, below the  m ain surface curren t. U nfortunately  
tim e did  no t perm it any m ore deep-curren t m easurem ents on th a t section. A pproach
ing the  coast, biological sam pling w ith vertical nets was intensified, as plankton 
volum es increased from  the usual low oceanic values.

Leaving M om basa on 2 nd A ugust, the  D isco very  m ade a quick passage along the 
coast as far as r°N, w ith a favourable w ind and  increasing surface curren t. A t the 
first station, w ith in  io  miles o f the coast, com bined curren t-m eter observations and 
radar fixes indicated a surface cu rren t of 4-2  kt, decreasing w ith  dep th  to  about 
half-value at 100 m etres. W orking south-eastw ards across the  curren t, four m ore 
stations were occupied in a short section ou t to  60  m iles from  the  coast. T h e  curren t 
was narrow , decreasing to  2 k t a t the surface at 23 miles offshore, though  still 
runn ing  north-eastw ards, parallel to  the  coast. F arther ou t along the  section it 
decreased to  about 1 k t and tu rn ed  m ore northw ard. T h e  curren t-shear at the  two 
inshore stations was too strong for m ore than  one wire to  be used over the side at a 
tim e. U sually in  the D isco very  it  had  been possible to  do w ater-sam pling, cu rren t- 
m eter observations, and vertical ne t hauls sim ultaneously b u t w ith  each w ire 
straying differently in the strong current, according to the dep th  and  drag of the 
gear being used, each k ind of observation had  to  be m ade separately, and the  vessel 
m anoeuvred to keep the single w ire as near vertical as possible.

A second short section was then  worked at 3 ° n ,  w here a  2 -2—k t curren t was found 
in  shallow w ater 8 miles offshore, b u t at 15 miles off, in deep water, the curren t 
was 4-7 kt, decreasing w ith  dep th  to  less than  a knot at 200  m etres. F arth er ou t the  
cu rren t decreased, b u t not so sharply as in  the  first section; it was still 3 k t at 
50  m iles off. T here  were no signs of upwelling of cold w ater near the  coast, on these 
short sections near the equator.

N ext, a longer line of io  stations, eastw ards from  the  coast at 4 |°N , was begun. 
T w o sections m ade by the U .S . research vessel A tla n tis  I I  in  1963 had  indicated a 
weak, broad countercurren t outside the  m ain Somali current, and th is  was again 
observed by the D iscovery . A t the  first station of th is  longer section, 5 miles from  
the  coast, there  was again a relatively weak curren t, b u t io  m iles farther ou t the 
cu rren t was running  at 6 kt, to  the northw ard w ith 4  k t of shear betw een surface 
and 100 m etres depth . I t  was difficult w orking w ith even one wire over the  side in 
the  strong curren t, and only by  rap id  m anoeuvring could anything like a vertical net 
haul be achieved. T h e  w ater bottles som etim es failed to  close properly, due to  the 
drag of the  curren t, and som e casts had to  be repeated several tim es. D espite the 
slow progress along the  section, a full series of observations w ere made, w ith w ater 
sam pling to  the bo ttom  and to  1,200  m etres dep th  at alternate stations. T h e  surface 
cu rren t decreased to  3 k t at 60  m iles offshore, and was below 1 k t a t 140 m iles off. 
A buoy was anchored at th a t station, and a deep curren t of 0-4 k t tow ards the sou th 
east, at 1,000  m etres depth , was observed. Beyond 200  miles from  the  coast, a weak 
surface countercurrent, tow ards the  south, was found.

R eturning on a north-w estw ard course, the  D isco very  soon came back in to  the 
m ain curren t, w hich exceeded 1 k t at 160 m iles from  the  coast, and  2 k t a t 100 
miles. F u rth e r increase in  cu rren t m ade it  uneconom ic to  m aintain the  n o rth 
westw ard course of the  section, and the  later stations fall on a line running  almost 
due north . T h e  strongest surface cu rren t encountered was 6-9 kt, 22  miles offshore 
near 8°n , w here the cu rren t was already beginning to  tu rn  away from  the  coast.
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As w ould be expected in  crossing a cu rren t from  righ t to  left, no rth  of the equator, 
the  d ep th  of the near-surface isotherm s had decreased steadily along the section, 
and w ith in  20  miles o f the  coast the therm ocline came to  the surface, w ith a rapid 
decrease in  surface tem perature  and curren t. T em peratu res as low as i 3 '2 °c (5 5 ‘8 °f) 
were found  close inshore a little farther north , and as expected the cold w ater was 
relatively rich  in  nutrients. T h ere  was little evidence of plankton grow th, however, 
in  the  coldest water, in fact the m ost obvious biological feature of th a t area was the 
num ber of dead fish seen on the  surface, m ost probably killed by a sudden invasion 
of cold w ater. D iscovery  then  worked no rth  along the coast to Ras H afun, and m ade 
another section north-eastw ards tow ards Socotra. Surface tem peratures rem ained 
below 20°c (68°f) ou t to  100 miles offshore, and currents in the  cold w ater were 
relatively weak and  variable, b u t predom inantly  northw ard. R eturning from  south 
of Socotra tow ards Cape G uardafui, w arm  w ater spreading from  the G ulf of Aden 
was found  on the  surface, w ith  the  cold w ater m oving northw ard below it. Only at 
these stations in  the  northern  part o f the  cold-w ater area were abundant quantities 
of p lankton found, w ith  large num bers o f larval fish. Rem arkably few birds were 
seen, though  they  are usually abundan t in upwelling areas.

A fter a b rief visit to  A den, D iscovery  re tu rned  to  the  cold-water area to make 
fu rth er chem ical and biological studies in  the  upwelling w ater. Seven station 
positions were chosen w here it was hoped to  find successive stages in the  grow th of 
p lankton, and some fu rth er deep curren t m easurem ents were made.

So far, there  had  been no m easurem ents of deep currents under the  strongest 
part o f the  surface curren t, although two observations, both  showing only weäk 
m otion at 1,000  m etres, had  been m ade farther offshore during  the last long section. 
Since the  strongest cu rren t observed had been ju s t w ith in  radar range o f the  coast, 
it  was possible to  keep track of neutrally-buoyant floats there w ithout .attem pting to 
anchor a reference buoy (the buoys and m oorings available were unsuitable for m ore 
than  a 3 -k t curren t, 100 m etres thick). T h e  surface curren t was found to  be 6 kt 
on th is  second visit, and a weak southw ard m ovem ent was observed at 1,000  m etres 
dep th .

T h e  ship then  headed northw ard in a series o f zig-zags, m aking half-hourly 
bathy therm ograph  observations to  delineate the  boundary of the cold-w ater area, 
and the  edge .of the  curren t, w hich tu rned  m ore m arkedly eastward before reaching 
io°n . A  surface cu rren t m easurem ent was m ade near 5 3 °E, well out of radar range of 
the  coast, by pu tting  ou t a drogue attached to a buoy and tracking it relative to  an 
acoustic m arker laid on the sea floor. T h e  surface curren t was 4-7 kt, slightly south 
of east. Soon after recovering the  drogue and setting  course northw ards, the 
therm ograph showed the  expected drop in  tem perature on leaving the curren t, bu t 
th is  was followed quickly by a sharp  rise, o f 7 °c ( i 3 °f), and next m orning’s stars 
indicated a north-w estw ard  set.

T h e  cold w ater seem ed to  be draw n ou t into a narrow  filament near 9 |°N  5 4 °E, 
w ith  opposing curren ts in  the  warm  w ater on either side. T h e  A rg o  noticed w hat 
was probably  an extension of th is feature, in  the  form  of a less m arked brief tem pera
tu re  drop  in a. n o rth -so u th  section on 5 5 °e. D iscovery's  observation was m ade on 
3 rd  Septem ber, in  the dark, and shortage of tim e prevented fu rther investigation of 
th is  strange situation. T w o days later, however, the  m .v. B order P ele  passed through 
the same area, fortunately in  daylight. T h e  M aster, Captain E. L . Lloyd, reported  
sighting a continuous line of breakers runn ing  n w -se . Passing th rough the d istu rb 
ance, th e  sh ip ’s head was deflected in  a m anner consistent w ith the suspected 
strong curren t-shear, and a drop  in sea surface tem perature was observed.*

T w o m ore stations in  the  northern  part o f the cold-water area com pleted 
D isco very ’s work on the  Som ali curren t. In  all, 61 stations had been occupied, and 
nearly 1,000  bathy therm ograph  observations m ade. T h e  work of checking therm o-

* I a m  in d e b te d  to  L ie u t .-C d r . L . B. P h ilp o tt  fo r p ass in g  on  th is  re p o rt fro m  th e  Border 
Pele.3
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m eter corrections, sorting  plankton sam plesand iden tify ing them ,correctingcurren t- 
m eter readings and com piling the  data into a usable form , is continuing, and  the 
results will be published elsewhere as they  becom e available. F rom  the  cu rren t 
m easurem ents, it  seems clear th a t there  is a great increase in  volum e transpo rt of 
th e  cu rren t, above the  200 -m etre  level, once it  has crossed the equator, and  the 
ex tra  w ater comes partly  from  below 200  m etres and  is partly  draw n in from  the 
eastern  side of the  curren t. T h e  inflow from  the side is m ost m arked at a dep th  of 
abou t 150 m etres, near the  bottom  o f the  w arm  surface layer and the  top  o f the  
therm ocline o n 'th e  oceanic side of th e  cu rren t. T h e  surface w ater, w hich by 
geostrophic calculation should  follow the  same course, seem s to  be held  off by the  
frictional effect of the  local w ind. O ne is tem pted  to  speculate w hether th is  may 
stabilize the transport against variations in  local winds, or w hether perhaps the 
tran sp o rt of the  curren t m ay even be greater w hen the  local w ind is weaker.

As an aid in  p lanning the  Somali cu rren t work, charts of the  w inds and sea surface 
tem peratures in  the  area were prepared on a larger scale than  is used in M .O . 519 ,4 
from  inform ation kindly m ade available by the  M eteorological Office. All the 
accum ulated sh ip’s reports from  th a t area, for the  m onths of Ju ly  and- A ugust, 
were p lo tted , and the  logs of ships reporting  abnorm ally low temjperatures were 
consulted. T h is  inform ation is essential in  estim ating to  w hat extent the  oceano
graphic observations, lim ited to very few years, may be representative o f average 
conditions. T h e  w inds in  A ugust 1964 , a lthough strong enough, were som ew hat 
weaker th an  had  been expected. A bnorm ally low tem peratures were fo u n d  by the 
D isco very  in  the  cold-w ater area, though these were generally close inshore and m ight 
no t have been observed by  ships on passage. T h e  Naval W eather Service is co
operating  in fu rther study  of surface tem peratures in  th is  area.

T h e  upw elling of cold w ater near 8°n  seems clearly to  be related to  the  speed of 
the  cu rren t and  the  increasing slope of th e  isotherm s as th e  w ater moves northw ard  
from  the  equator. I f  the  cu rren t had been weaker, it  could have travelled farther 
north  before the  therm ocline came to the surface, b u t w hen th a t has happened  the 
cu rren t cannot continue no rth  at the  same speed and its only course is to  tu rn  east. 
T h e  filam ent of cold w ater going south-eastw ards, w ith opposing currents on either 
side, is a m ore puzzling feature, w ith some resem blance to  an alm ost closed-off 
m eander.

Any fu rth er reports of its occurrence, in  1964  or in  o ther years, w ould be m ost 
welcome.

T h ere  are two practical points concerning the  D iscovery's  observations w hich it 
m ay be  appropriate to  m ention here. F irst, in  cases w here radar fixing was no t 
available, and  surface curren ts were calculated from  dead reckoning and celestial 
fixes, the  biggest uncertain ty  was in  estim ating leeway on passage, and its variation 
w ith the  relative bearing o f the  wind. (M ovem ent th rough  the  w ater on station was 
m easured by  the  shallow curren t-m eter, w hich was read at 5-m inute intervals 
th roughout each station.)

T h e  second po in t concerns surface tem peratures in  the  cold-w ater area. T em pera
tu res observed w ith  th e  bucket therm om eter were systematically higher th an  those 
recorded on the  therm ograph, the  discrepancy being greater at lower surface 
tem peratures (or at larger air-sea tem perature  differences), and reaching o-6 °c 
( i ’i °f) in  extrem e cases. Evidently the  heat-exchange betw een w arm  air and  cold 
sea was affecting only a th in  layer of surface w ater and no t reaching the therm ograph  
sensor, w hich is sited well forw ard (not in  the  engine-room  intake) at a d ep th  of 
approxim ately 4  m etres. A t w ater-sam pling stations in  th a t area, i t  was no ted  th a t 
the  therm om eters on th e  shallowest bottle, a t a! nom inal dep th  o f 1 m etre, show ed 
tem peratures interm ediate betw een the  bucket and  th e  therm ograph. T h is  is 
m entioned here as an exam ple o f one way in  w hich apparently  genuine differences 
betw een bucket and  intake tem peratures could occur.

In  conclusion, m ay I  take th is opportun ity  o f expressing m y thanks to  all those 
concerned w ith  collecting and processing the  sh ips’ observations th a t we have used,
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and  are using, in  studying th is  area. M ay I  also thank  all those involved in  the w ork 
'o f the  R.R.S. D isco very , in  particu lar C aptain R. H . A. Davies, for his consistently 
helpful understand ing  in  difficult conditions, and  M r. G . L . Swanson, C h ief 
Officer, for h is care in  taking star sights.
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D IS T R IB U T IO N  O F  B A N D A  IN T E R M E D IA T E  W A T E R  IN  T H E
IN D IA N  O C E A N

By D . J. R o c h f o r d *

[Manuscript received December 24, 1965]

Summary

Banda Intermediate water has been identified as a salinity minimum (salinity 
34- 58-34 -70%o) on the 27-40 ot surface, separated from Antarctic Intermediate to the 
south by an oxygen minimum of Red Sea origin. Banda water of these characteristics 
has been found as far west as Madagascar within a 0-20°S. zone of the Indian Ocean.
Along 110°E. Banda water was in maximum concentration at about 10°S. in August- 
December 1962. At this latitude and time of the year relatively strong (7-11 cm per sec) 
geostrophic currents to the west were found. Between January and July 1964 little or no 
net westward movement along 110°E. occurred. A strong (22 cm per sec) easterly 
flow of Red Sea water south of the Chagos Is. seems to retard the westward movement 
of Banda water and to divert its flow to the south.

I. Introduction

W yrtki (1957) first show ed th a t B anda Sea w ater spreads a t in term ediate  depths 
in to  the  east In d ian  O cean. R ochford  (1961) using m ore extensive D ia m a n tin a  d a ta  
and  m ore  accura te  salinity  values, traced  B anda In term ed ia te  w ater as fa r west as 
95°E. R ecen t cruises o f  A tla n tis  II , D isc o v e ry , V ity a z , U m ita k a  M a ru , and

T a b l e  1

DATA AND REFERENCE SOURCES

Vessel Date
Plotting Symbol

Reference
Fig. 5 Fig: 6 Fig. 7

Diamantina Apr.-May 1965 A ▲ ▲ CSIRO A u s t . (1966)
Atlantis I I Sept.-Oct. 1963 + + + Personal communication
Discovery May-June 1964 A A A Personal communication
Vityaz Oct.-Nov. 1959 □ □ □ Vityaz (1959)
Vityaz Jan.-Feb. 1961 X X X Vityaz (1961)
Umitaka Maru Dec. 1962 X • • Tokyo University of Fisheries (1964)
Diamantina July-Aug. 1962 • • • CSIRO A u s t . (1964)

No Banda Intermediate O
water present

D ia m a n tin a  in  th e  region w est o f  95°E. provide enough d a ta  fo r a  study  o f  th e  lim it 
o f  w estw ard spreading o f  B anda In term ed ia te  w ater. D urin g  1962-63 a  series o f  cruises 
a long  110°E. by G a sco yn e  an d  D ia m a n tin a  p rovided  d a ta  fo r an  exam ination  o f 
seasonal changes in the  w estw ard d rift o f  B anda In term edia te  w ater.

* Division of Fisheries and Oceanography, CSIRO, Cronulla, N.S.W. (Reprint No. 569.)

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. IV , contribution  no. 239 627
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I I .  D ata and Methods

T h e  d a ta  u se d  a n d  th e ir  re fe ren ce  so u rces a re  lis te d  in  T a b le  1. A t m a n y  s ta tio n s  
w h ere  th e  sa m p lin g  in te rv a l w as 1 0 0  m  o r  less w ith in  th e  in te rm e d ia te  d e p th  ra n g e  
500-1300  m , sa lin ity  m in im a  a n d  m a x im a  a n d  th e ir  p ro p e r tie s  w ere  fo u n d  b y  in spec
t io n  o f  th e  se ria l d a ta .  H o w ev er, a t  a  sm a lle r n u m b e r  o f  s ta tio n s , w h ere  th e  sa m p lin g  
in te rv a l exceeded  1 0 0  m  th e  sa lin ity  m in im a  a n d  m a x im a  h a d  to  b e  d e te rm in e d  f ro m  
sm o o th e d  te m p e ra tu re -s a lin i ty  cu rv es  a n d  th e ir  p ro p e r tie s  in te rp o la te d  as  re q u ired . 
I t  is co n s id ered  th a t  th e  firs t m e th o d  in tro d u c e s  less e r ro r  in to  th e  sa lin ity  v a lu e  o f  
a n y  sa lin ity  m in im u m  o r  m a x im u m  a n d  in  a n y  case  av o id s  th e  p o ss ib ility  o f  in tro 
d ucing , b y  th e  sm o o th in g  itse lf, a  sa lin ity  m in im u m  in to  th e  te m p e ra tu re -s a lin i ty  
cu rv e  th a t  h a s  n o  re a l ex istence.

I I I .  Identification of Banda Intermediate Water

In  th e  e a s t In d ia n  O ce an  th e  B a n d a  In te rm e d ia te  sa lin ity  m in im u m  occu rs  
o n  a b o u t th e  2 7 -4 0  or su rfa ce  (9 0 0 -1 100 m ) a n d  is se p a ra te d  f ro m  th e  A n ta rc tic  
In te rm e d ia te  sa lin ity  m in im u m  o n  a b o u t  th e  2 7 -2 0  a t su rfa ce  (7 0 0 -9 0 0  m ), b y  a n  
oxygen  m in im u m  w h ich  is g en e ra lly  a lso  a  w ea k  sa lin ity  m a x im u m  o f  R e d  S ea o rig in  
(F ig s . 1 a n d  2). G e n e ra lly , to o ,  th e  B a n d a  sa lin ity  m in im u m  o cc u rs  on ly  in  th e  reg io n
1 0 -1 5°S. in  th e  e a s t In d ia n  O ce an . In  th e  w est In d fa n  O ce an  th is  sam e  s tru c tu ra l 
s e p a ra tio n  is fo u n d  (F ig s . 3 a n d  4), a n d  th is  is c la im ed , in  a s so c ia tio n  w ith  a  z o n a l 
c o n tin u ity  o f  su c h  w a te rs , a s  sufficien t id e n tif ica tio n  o f  B a n d a  S ea w a te r  in  th is  
reg io n . A d d itio n a lly , h o w ev er, in  th e  w est In d ia n  O cean , a  sa lin ity  m in im u m  is fo u n d  
n o r th  o f  10°S. a t  lo w er o t (2 7 -0 0 -2 7 -1 0 )  a n d  sh a llo w er d e p th s  (50 0 -6 5 0  m ) th a n  th e  
A n ta rc tic  In te rm e d ia te  below  (F ig s . 3 an d  4). T h is  sa lin ity  m in im u m  is fo rm e d  f ro m  
a  n o r th w a rd  e x ten s io n  o f  E q u a to r ia l F ro n ta l  w a te rs  (R o c h fo rd  1966) a n d  is n o t  d eriv ed  
f ro m  e ith e r  A n ta rc tic  In te rm e d ia te  o r  B a n d a  In te rm e d ia te  w a te rs .

I t  is c la im ed , th e re fo re , th a t  B a n d a  In te rm e d ia te  w a te r  c a n  b e  id en tified  th ro u g h 
o u t  th e  In d ia n  O ce an  as  th e  sa lin ity  m in im u m  o n  a b o u t  th e  27 • 40  at su rface , m o stly  
a t  d e p th s  o f  9 0 0 -1 1 0 0  m , w ith in  la titu d e  lim its  o f  0 -2 0 °S ., a n d  a lw ays ly ing  b e lo w  an  
oxygen  m in im u m  w ith  sa lin ity  c h a rac te r is tic s  o f  R e d  S ea  o rig in .

IV . D istribution of Banda Intermediate Water

W est o f  90°E . a ll d a ta  w ith  sufficiently  a c c u ra te  sa lin ities  h av e  b ee n  u se d  to  
p re p a re  F ig u re s  5 -7 . T h ese  sh o w  th e  sa lin ity , o t, a n d  d e p th  o f  th e  co re  la y e r  o f  th e  
B a n d a  In te rm e d ia te  w a te r  m ass. T a b le  1 show s th a t  th e se  d a ta  h a v e  b een  o b ta in e d  
a t  d iffe ren t tim es  o f  th e  y ea r. In  c o n to u r in g  th e  d a ta , th e re fo re , g re a te r  em p h asis  
h as  b een  g iven  to  th o se  b e tw e en  M a y  a n d  O c to b e r  c o rre sp o n d in g  to  th e  p e r io d  o f  
th e  so u th -e a s t tr a d e  w inds. H o w ev er th e re  w ere  reg io n s, n o ta b ly  in  th e  c e n tre  o f  th e  
reg io n , w h ere  o n ly  d a ta  fro m  th e  n o r th -w e s t m o n so o n  p e r io d  w ere  av a ila b le  a n d  th e se  
h a v e  h a d  to  b e  used  w ith o u t a n y  se lec tion . F o r  th is  re a so n  F ig u re s  5 -7  m u s t b e  
reg a rd e d  p r in c ip a lly  as  g e o g ra p h ica l su m m arie s  o f  th e  p ro p e r tie s  o f  th e  co re  la y er 
o f  B a n d a  In te rm e d ia te  w ate r.

F ig u re  5 show s th a t  B a n d a  In te rm e d ia te  w a te r  o ccu rs  as  f a r  w est as  M a d a g a sc a r  
w ith in  th e  0 -2 0 °S . zo n e . I t  is p ro b a b le  a lso  th a t  th is  w a te r  o cc u rs  w est a n d  n o r th -w e s t 
o f  M a d a g a sc a r, w ith in  th e  d ee p  s tru c tu re  o f  th e  s o u th  E q u a to r ia l c u r re n t, b u t  d a ta
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Fig. 4.— Salinity along a 76°E. section in M ay -1965 (Diamantina cruise 1/65).
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Fig . 6 .— ot o f  the  B an d a  In term ed ia te  salinity  m inim um . B roken  lines an d  arrow s show  th e  m ajo r co n cen tra tio n s an d  d irection  o f
drift o f  B an d a  In term ed ia te  w ater. C ru ise  legends as in F igu re  5.
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Fig. 8 .— Salinity o f  the  R ed  Sea w ater m ass in th e  cen tral In d ian  O cean. D a ta  sources as in T able  1. A rrow s show  p a th s o f  m ajo r
concen tra tions.
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w ere  insu ffic ien t in  n u m b e r  a n d  n o t  a c c u ra te  e n o u g h  in  sa lin ity  to  verify  th is . 
T h ro u g h o u t th e  d is tr ib u tio n  o f  th is  B a n d a  In te rm e d ia te  w ate r, th e  lo w es t sa lin ities 
w ere  g en e ra lly  fo u n d  o n  th e  2 7 -4 0  at Surface (F ig . 6 ) a n d  a t  a: n ea rly  u n ifo rm  d e p th  
a ro u n d  1000 m  (F ig . 7). In c reases  in  sa lin ity  (F ig . 5) w ere alw ays asso c ia te d  w ith  
in c reases  in  <jt (F ig . 6 ) a n d  in c reases  in  d e p th  (F ig . 7).
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O C TO BER
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20

Dm 2 / 6 2

□ bí\  □
Dm 4 /6 2

G 1 /63

622 £ Dm 116 2

Dm 1 /63

Dm 2 /6 3

Fig . 10.— C hanges in  salin ity  o f  th e  B an d a  In term ed ia te  sa lin ity  m in im um  a lo n g  110°E. du ring  
1962-63. V alues p lo tted  (• ) a re  fro m  th e  fo llow ing: C S IR O  A u s t . 1965a, 1 9 6 5 6 ,1965c, 1965«?, 1966a, 
19666. O th e r values a re  fro m  th e  follow ing sources: x  C S IR O  A u s t . 19646, □  Vityaz 1959, A  
C S IR O  A u s t . 1964a, +  C S IR O  A u s t . 1963. ABCD  show s th e  position  o f  th e  low est salinity  fo r 

each  cruise. A rrow s show  p o sitio n  o f  geo stro p h ic  cu rren ts  to  east (E) an d  to  w est (W).

S ince th e  B a n d a  In te rm e d ia te  w a te r  o rig in a te s  in  th e  e a s t (R o c h fo rd  1961) 
its  m a jo r  d is tr ib u tio n  w estw a rd  m u s t b e  m a in ta in e d  b y  a  w esterly  flow . T h e  27 -40 a t 
su rface  d eep en s v ery  sligh tly  to  th è  s o u th  (14°S., F ig s. 2 a n d  3) a n d  to  th e  n o r th  
(4 -6 °S ., F ig s . 2 a n d  3) o f  th e  low  sa lin ity  co re  o f  th is  B a n d a  w ater. O n  th e  a ssu m p tio n  
o f  a  d ee p e r level o f  n o  m o tio n  th e  g eo s tro p h ic  flow  to  th e  w est m u s t o cc u r b e tw een  
th is  low  sa lin ity  co re  a n d  14°S. F u r th e r  to  th e  n o r th  th e  flow  w ou ld  b e  p re d o m in a n tly  
ea ste rly . A lo n g  th e  67°30 'E . sec tio n  th e  2 7 -4 0  at su rface  w as fo u n d  a t  a  d ee p  level
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a t  S ta tio n  5460 a t  a b o u t  5°30 'S . (A , F ig ., 3). T h is  c o rre sp o n d s  in  p o s itio n  w ith  th e  
h ig h e s t sa lin ities a n d  sh a llo w e sF d e p th  o f  th e  R e d  S ea sa lin ity  m a x im u m  (B , F ig . 3). 
S a lin ities o f  th is  R e d  S ea  sa lin ity  m a x im u m  show  th a t  B  (F ig . 8 ) lies w ith in  a  to n g u e  
o f  th e  R e d  S ea w a te r  m a ss  d r if tin g  to  th e  e a s t a ro u n d  th e  so u th e rn  en d  o f  th e  C h a g o s  
Is . C u rre n t m e a su re m e n ts  a t  th is  p o s it io n  in  M a y  1964 a t  a ro u n d  1000 m  show ed

LATITUDE C°S,)
IO 2 0
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• iioo G 4 / 6 2

SEPTEMBER

OCTOBER

Dm 4 /6 2.

NOVEMBER

DECEMBER
9 0 0

JANUARY

G 1 /63

FEBRUARY

M ARCH

APRIL Dm 1 /6 3

MAY
Dm 2 /6 3

JU N E

Dm 3 / 6 3

AUGUST

Fig. 11.—D eftth  (m ) o f  th e  B an d a  In term ed ia te 'sa lin ity  m in im u m  a lo n g  110°E. in  1962-63. ABCD
from  F ig u re  10.

e x cep tio n a lly  s tro n g  c u r re n ts  (22  c m  p e r  sec) to  th e  e a s t (B rit. N a tn .  C o m m . O cean  
R es. 1965). S o m e 12 m o n th s  la te r , in  M a y  1965, th e  d o m in g  o f  th e  R e d  S ea sa lin ity  
m a x im u m  a sso c ia te d  w ith  th is  ea s te rly  flow  a lo n g  67°30 'E . (B , F ig . 3) w as fo u n d  a t  
a b o u t th e  sam e la titu d e  a lo n g  a  76°E . sec tio n  (S ta tio n  55, F ig . 4). T h is  ea ste rly  flow  o f  
R e d  S ea w a te r  seem s, th e re fo re , to  b e  a  p e rs is te n t fe a tu re  o f  th e  reg io n  s o u th  o f  th e  
C h a g o s  Is. S uch  a  flow  p ro v id es  a n  e x p la n a tio n  fo r  th e  m o re  re s tr ic te d  n o r th e rn  
d is tr ib u tio n  a n d  fo r  th e  so u th w a rd  c u rv a tu re  o f  B a n d a  In te rm e d ia te  w a te r, so u th  
a n d  w est o f  th e  C h a g o s  Is. (F ig . 9).

In  th e  e a s t In d ia n  O cean , R o c h fo rd  (1961) fo u n d  th e  B a n d a  In te rm e d ia te  
w a te r  con fined  la rge ly  to  a  reg io n  b o u n d e d  b y  a  n o r th e rn  a n d  a  so u th e rn  b a n d  o f  
n o r th -w e s t In d ia n  (R e d  Sea) w a te r  (F ig . 9). T h ese  ea s te rn  b a n d s  o f  R e d  S ea w ate r, 
how ever, c a n  b e  lin k e d  w ith  th e  m a jo r  d r if t  o f  th is  sam e  w a te r , w est o f  80°E ., o n ly  i f
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(1) th e re  is a  p e rs is te n t m o v e m en t o f  R ed  S ea w a te r  ac ro ss  th e  B a n d a  flow  to  th e  w est 
(F ig . 9) o r , (2) th e re  is a  m a rk e d  seaso n a l a l te rn a tio n  o f  zo n a l flow  a ro u n d  1000 m  
in  th e  c e n tra l In d ia n  O cean  p e rm ittin g  R e d  S ea flow  a t  o n e  tim e a n d  B a n d a  In te r 
m e d ia te  a t  a n o th e r .

V. Seasonal Changes in the Westward D rift of Banda Intermediate Water

F ig u re  10 show s th e  ch an g es in  sa lin ity  o f  th e  B a n d a  In te rm e d ia te  sa lin ity  
m in im u m  a lo n g  110°E. d u r in g  1962-63. S a lin itie s  varied  f ro m  34 -6 0 4  to  34-672% 0 
w ith  th e  lo w es t va lues fo r  each  m o n th  a lo n g  a  m e d ia n  zo n e  A B C D  (F ig . 10). S a lin ities 
a lo n g  A B C D  w ere  less th a n  34*620%o b e tw een  A u g u s t an d  N o v em b er, g re a te r  th a n

l a t i t u d e ; ( ° s .)

IO II 12 13 14 15 16 17 18 19 2 0

AUGU ST

:+ S  G 4 /6 2■L+ 7=
S E P T E M B E R

O C TO B ER

- 7 - 3 - 4  Dm 4 /62
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JAN UA RY

1+3
FEBRUARY

M A R CH

— + 8 . +  3 + 2- 6 -  4 Dm I / 6 3

MAY + 2 Dm 2 / 6 3- 4

JU N E
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- 2 - 3+ 1

AUGUST

Fig . 12.— G eo stro p h ic  cu rren ts (cm  per sec) o f  the  1000-decibar level relative 
to  th e  1750-decibar level a long  110°E. in  1962-63. ABCD  from  F ig u re  10.

34-630% o b etw een  D ec em b e r an d  J a n u a ry , an d  very  g rad u a lly  d ecreased  to  34-620% o 
fro m  M a rc h  o n w a rd s  (F ig . 10). T h e  p o s it io n  o f  A B C D  v aried  f ro m  a b o u t 11°30'S. 
in  w in te r to  a b o u t 13°S. in  su m m er, fo llo w in g  th e  seaso n a l changes in  p o s it io n  o f  th e  
so u th  E q u a to r ia l c u r re n t a lo n g  110°E. (H a m o n  1965). S alin ities o f  B a n d a  w a te r  a lo n g  
110°E. f ro m  e a rlie r  c ru ises, h av e  in  genera l s im ila r values to  th o se  o f  th e  1962-63 
cru ises (F ig . 10). H o w ev er, th e re  a re  sufficient d ifferences (e.g. V itya z  59 in  O c to b e r  
an d  D m 2/61  in  Ju n e , F ig . 10) to  suggest th a t  y ea r b y  y ea r d e p a rtu re s  f ro m  th e  1962-63 
sa lin ity  cycle d o  occu r.

640



D IS T R IB U T IO N  O F  B A N D A  IN T E R M E D IA T E  W A T E R 75

G e o s tro p h ic  c u rre n ts  (H a m o n  1965) a t  1000 m , th e  av e rag e  d e p th  o f  B a n d a  
w a te r  a lo n g  110°E. (F ig . 11), w ere  fo r  th e  m o s t p a r t  so w eak  (less th a n  5 cm  p e r  sec) 
as  to  be c o n s id e red  n o t  sign ifican tly  d iffe ren t f ro m  zero  (F ig . 12). In  A u g u s t-  
D ec em b e r, h o w ev er, th e  reg io n  o f  m a x im u m  c o n c e n tra tio n  o f  B a n d a  w a te r  (A B ,  
F ig . 12) w as fo u n d  w ith in  a  reg io n  o f  re la tiv e ly  s tro n g  (7-11  cm  p e r  sec) w estw ard  
m o v e m en t. In  A u g u s t so m e o f  th is  w estw ard  tr a n s p o r t  w o u ld  h a v e  b ee n  a b so rb e d  
in to  th e  east-flow ing  c u r re n t a ro u n d  10°S., b u t  d esp ite  th is , th e re  w o u ld  h av e  b een  
a  n e t t r a n s p o r t  to  th e  w est b e y o n d  110°E. d u r in g  A u g u s t-D e c e m b e r. A t  o th e r  tim es 
o f  th e  y ea r  g e o s tro p h ic  c u rre n ts  a lo n g  B C D ,  th e  zo n e  o f  m a x im u m  c o n c e n tra tio n  o f  
B a n d a  w a te r , w ere  v ir tu a lly  a b se n t o r  d irec ted  ea s tw a rd s  (F ig . 12). S tro n g e r  w esterly  
c u r re n ts  to  th e  n o r th  o f  B C D  in  M a rc h -A p r il  a n d  to  th e  so u th  o f  B C D  in  Ju ly  (F ig . 12) 
w ere  a lw ays m a tc h e d  b y  an  a d ja c e n t ea s te rly  c u r re n t o f  a b o u t th e  sam e s tre n g th . 
H o w ev er, th e se  ea s te rly  c u r re n ts  a lw ays h a d  m u c h  h ig h e r co re  la y e r  sa lin itie s  th a n  
th e ir  ad jo in in g  w este rly  c o u n te rp a r t ,  sh o w in g  th a t  th ese  c u rre n ts  a re  to  so m e e x ten t 
in d e p e n d e n tly  m a in ta in e d . T h e re  c o u ld  b e  so m e tr a n s p o r t  o f  B a n d a  w a te r  w estw a rd  
in  Ja n u a ry -Ju ly  b u t  th e  a m o u n t invo lved  is like ly  to  b e  q u ite  sm all. T h e  s tro n g  easte rly  
flow  o f  h ig h  sa lin ity  R e d  S ea w a te r  s o u th  o f  th e  C h a g o s  Is . (F ig . 9 ) w as m e a su re d  in  
Ju n e . I t  is th o u g h t  like ly  th a t  th is  ea ste rly  flow  p ro p a g a te s  ea s tw a rd s  a n d  g en e ra te s  
th e  ea s te rly  c u r re n ts  a t  110°E. in  th e  p e r io d  M a rc h -Ju ly  (F ig . 12). I f  th is  is  th e  case, 
th e  w ea k en in g  o f  w estw a rd  t r a n s p o r t  o f  B a n d a  w a te r  ac ro ss  110°E. in  M a rc h -Ju ly  
m ig h t n o t  b e  c a u se d  b y  a n y  se aso n a l d im in u tio n  o f  flow  o u t o f  th e  B a n d a  S ea itself, 
b u t  by  its  se aso n a l a b s o rp tio n  in to  a n  in c re ase d  e a s tw a rd  flow  o f  R e d  S ea  w ate r. 
T h e  so u th w a rd  d iv e rs io n s  o f  B a n d a  w a te r , sh o w n  b y  th e  sa lin ity  d is t r ib u t io n  (F ig . 9), 
u n d e r  th ese  c irc u m sta n ce s  c o u ld  b e  th e  re su lta n t p a th  o f  such  w a te rs  w h en  th e  o p p o s 
in g  R e d  Sea flow  in tensifies.

V I. C o n c l u s io n s

(1) B a n d a  In te rm e d ia te  w a te r  h a s  b ee n  id en tified  as  a  sa lin ity  m in im u m  o n  a b o u t 
th e  2 7 - 4 0 ct( su rface , below  a n  oxygen  m in im u m  o f  R e d  S ea o rig in , th r o u g h o u t 
m o s t o f  th e  0 -2 0 °S . zo n e  o f  th e  In d ia n  O cean .

(2) L o w est sa lin itie s  w ith in  th is  zo n e  o cc u r a ro u n d  10°S., w here  th e  d e p th  is every 
w here  a ro u n d  1000 m  a n d  th e  at is n e a rly  u n ifo rm  a t  27 -4 0 .

(3) T h e  s lo p e  o f  th e  2 7 - 4 0 ^  su rfa ce  in d ic a te s  th a t  w estw a rd  m o v e m e n t o f  B a n d a  
w a te r  o ccu rs  o n ly  s o u th  o f  10°S.

(4) N o r th  o f  10°S., B a n d a  w a te r  is a b s o rb e d  in to  a n  ea s te rly  m o v e m e n t o f  R ed  
S ea w a te r .

(5) D u rin g  1962-63  th e  sa lin ity  o f  B a n d a  w a te r  a lo n g  110°E. v a rie d  n o t  o n ly  w ith  
la t i tu d e  (low est va lues a lw ays b e tw een  11-13°S .) b u t a lso  w ith  tim e  (lo w est va lues 
o v era ll in  A u g u s t-N o v e m b e r  ; h ig h e s t v a lu es o v era ll in  D e c e m b e r-J a n u a ry ) .

(6 ) G e o s tro p h ic  c u rre n ts  a s so c ia te d  w ith  B a n d a  w a te r  a lo n g  110°E. w ere  generally  
less th a n  5 c m  p e r  sec. T h e  s tro n g e s t w esterly  c u rre n ts  (7 -11  cm  p e r  sec) b e tw e en
11-13°S . w ere  fo u n d  in  A u g u s t-D e c e m b e r. A t  o th e r  tim es o f  th e  y e a r  w esterly  
c u r re n ts  b e tw e en  11-13°S . w ere  e i th e r  a b se n t o r  m a tch e d  b y  a lm o s t e q u a lly  s tro n g  
c u r re n ts  to  th e  east.
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(7) T h e  s tro n g  (22 cm  p e r  sec) ea s te rly  flow  o f  R e d  S ea w a te r  so u th  o f  th e  C h a g o s  
Is ., m e a su re d  in  Ju n e  1964, is th o u g h t to  d iv e rt B a n d a  w a te r  so u th w a rd  as  w ell as  
re ta rd  its  w es tw a rd  tra n s p o r t .
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ABSTRACT

The summer heat low system extending from Somalia across southeast Arabia to northwest India is the 
most extensive and intense on earth. Although it  develops in the normal way over desert regions in response 
to the sun’s zenithal march, it  is maintained and intensified through the summer by subsidence of air orig
inally lifted and warmed by the release of latent heat in monsoon rain systems to the east and south. The 
subsidence not only dominates West Pakistan, Arabia, and Somalia, bu t severely restricts low cloud forma
tion over the central and western Arabian Sea.

The heat low exports cyclonic vorticity in the middle and upper troposphere to the northern Arabian Sea. 
When a  deep layer of moist air is present over the eastern part of this area, subtropical cyclogenesis occurs, 
producing a  burst of west Indian monsoon rains. This in turn, by increasing subsidence above the heat low, 
intensifies the heat low and its  associated low-level monsoon circulation. When the supply of moist air 
is cut off, the subtropical cyclone fills, the heat low weakens, and a break takes place in the monsoon rains. 
W ith renewal of the moisture supply, the sequence is repeated.

1 . Introduction
D u rin g  th e  In te rn a tio n a l  In d ia n  O cean E x p ed itio n  

o cean ographers h a v e  c o n ce n tra ted  m o re  on  stu d y in g  
th e  w este rn  A ra b ian  Sea th a n  a n y  o th e r  p a r t  of th e  
In d ia n  O cean. T h e  reaso n  is n o t  h a rd  to  find  since 
now here  else is th e  d ifference be tw een  sum m er an d  
w in te r  m onsooiis so sh a rp — stro n g  so u th w este rly  w inds 
w ith  v igo rous co asta l upw elling  in  sum m er a n d  m o d er
a te  to  fresh  n o rth e a s te r ly  w inds a n d  n ear-u n ifo rm  sea 
su rface  tem p e ra tu re s  in  w in te r. So fa r  th e  sum m er 
m onsoon  h as  b een  p ro b e d  m ore  ex tensively  th a n  th e  
w in te r m onsoon  a n d  since several of th e  research  
vessels m ad e  reg u la r rad io so n d e  a scen ts  an d  U . S. 
W ea th e r B u re au  a n d  W oods H o le  O ceanographic  
I n s t i tu t io n  research  a irc ra f t  m ad e  d ro p  soundings in  th e  
su m m ers of 1963 a n d  1964, a  d e ta iled  s tu d y  of th e  
sum m er a tm o sp h eric  c ircu la tio n  o ver th e  w estern  
A rab ian  Sea a p p ea rs  to  b e  feasible.

T o  p re p a re  fo r th is  s tu d y , I  a t te m p t  to  c o n stru c t 
in  th is  p a p e r a  c lim atological fram ew o rk  in te rre la tin g  
g ross fea tu res  o f th e  n o rp ia l d is tr ib u tio n s  of p ressure , 
tem p e ra tu re , w inds, a n d  w ea th e r o ver th e  A rab ian  
Sea a n d  i ts  l itto ra l.

F o r  surface c lim ato logy  I  h a v e  re lied  on  th e  a tla s  
pub lish ed  b y  th e  R o y a l N e th e r la n d s  M eteorological 
In s t i tu te  (1952) an d  fo r u p p e r  c lim ato logy  on  R a m a n  
a n d  D ix it  (1964), F ro s t a n d  S tep h en so n  (1965), a n d  on 
o b se rv a tio n s  fro m  resea rch  vessels a n d  a irc ra ft.

T rad itio n a lly , m eteo ro log ists h a v e  lin k ed  th e  A rab ian  
Sea sum m er m onsoon  c ircu la tio n  w ith  a  h e a t  low sy s tem

1 Contribution No. 128 of the Hawaii Institu te  of Geophysics. 
This paper was presented a t  the Symposium on Meteorological 
Results of the International Indian Ocean Expedition, 22-26 
Ju ly  1965, Bombay, India.

o ver A rab ia , W est P a k is tan , an d  n o rth e rn  In d ia . T h é  
h e a t  low, develop ing  d u rin g  M ay , e stab lishes th e  low- 
level m onsoon  w ind regim e a fu ll m o n th  b efo re  h eav y  
m onsoon  ra in s  se t in  over w estern  In d ia  so iith  of th e  
h e a t  low. B y  m id -Ju ly , th e  low is deepest, th e  so u th w est 
m onsoon  is s tro n g est, a n d  th e  w est In d ia n  ra in s  a re  
heav ies t, w hile all d im in ish  th ro u g h  A u g u st a n d  Sep
tem b er. As long ago as 1887, W . L . D a lla s  questio n ed  
how  a  h e a t low d e p en d e n t fo r i ts  ex is tence on h o t  sun  
a n d  clear skies can  p e rs is t once c louds a n d  ra in  d e 
velop. Surface c h a r ts  fo r th e  A rab ian  Sea show  w inds 
converging in to  th e  W est P a k is ta n  h e a t  low. Surface  
re la tiv e  h u m id itie s  a re  h igh  an d  th e  a ir  is  rising. W h y  
th e n  does th e  low  rem ain  c loud-free a n d  in ten se  w hile 
ra in  falls well to  th e  so u th ?  T h is  q u estio n  a n d  th e  
re la te d  question— W h y  does so l it t le  ra in  fa ll over th e  
w estern  A rab ian  Sea?— will b e  d iscussed  in  th e  re 
m ain d e r of th is  p re sen ta tio n .

2 . U ndisturbed h ea t low circulation

T h e  surface so u th w este rly  w inds of th e  h e a t  low 
c ircu la tio n  force  cold w a te r  to  upw ell a long  th e  co ast 
of Som alia  a n d  A rab ia . T h e  cold w a te r, b y  m odify ing  
th e  tem p e ra tu re  a n d  hence th e  p ressu re  d is tr ib u tio n  
of th e  overly ing  a ir, p roduces tw o p ro n o u n ced  effects; 
a  p e rs is te n t w in d  speed  m ax im um  offshore from  th e  
zone of upw elling  (B unker, 1965) a n d  deflection  of 
inflow to  flow p ara lle l to  th e  co ast (F ig . 1). C onse
q u e n tly , w ith  m o is t inflow over W est P a k is ta n  an d  
l it t le  o r no n e  over Som alia  an d  A rab ia , w e should  expec t 
to  find  a  ra th e r  w eak  m o is t h e a t  low over W est P a k is ta n  
w ith  p len tifu l ra in , a  re tu rn  c u rre n t in  th e  m id d le  
troposphere , ev idence fo r som e co m p en sa to ry  sink ing
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F ig . 1. August mean sea level pressure and mean resultant 
winds. Speeds less than  10 k t stippled; greater than  25 k t cross- 
hatched.

o ver th e  A rab ian  Sea (a  s itu a tio n  sim ila r to  t h a t  o b 
se rv ed  over N o r th  V ie t N a m  a n d  th e  S o u th  C h in a  Sea 
in  sum m er), a n d  a  ra th e r  v igo rous h e a t  low  over 
A ra b ia  a n d  Som alia.

3. In teraction  betw een  m onsoon ra in s  and  h ea t low

W h a t we do  o b serve  is a  c loudless h e a t  low w hich  
a t ta in s  its  m ax im u m  in te n s ity  o ver W es t P a k is ta n , an d  
w hich is so shallow  th e re  t h a t  cyclonic inflow  g ives w ay  
to  an ticy c lo n ic  outflow  be low  700 m b. W e also observe  
a  subsidence  in v ers io n  b ased  b e tw een  500 a n d  2000 m  
o v er th e  w este rn  A rab ian  Sea, w here  p re c ip ita tio n  
is a lm o st n ev er reco rd ed  (F ig . 2).

F ig . 3. August 200 mb mean resultant winds. 
Isotachs are labelled in kt.

T o  find  a n  ex p lan atio n , w e m u s t  ta k e  cognizance of 
co n d itio n s over th e  e a s te rn  A ra b ian  Sea a n d  w este rn  
In d ia . B y  m id -Ju n e  m o n so o n  ra in s  h a v e  se t in  over 
w este rn  In d ia . S o u th  of K u tc h  a n d  n o r th  of G oa, th e  
p re c ip ita tio n  ag en cy  is  a lm o st a lw ays a  q u a si-s ta tio n a ry  
m id -tro p o sp h eric  d ep ression  w hich develops, in te n s i
fies, a n d  d iss ip a te s  o v er a  p e rio d  of one to  th re e  w eeks 
in  th e  v ic in ity  of B o m b ay . A  d e ta ile d  case s tu d y  b y  
M ille r a n d  K e sh a v a m u rth y  (1965) show s th is  “ su b 
tro p ica l cyclone”  (S im pson, 1952 ; R am ag e, 1962) to  b e  
m o st in ten se  a t  a ro u n d  600 m b a n d  to  h a v e  a  co ld  core

F ig . 2. Percentage duration of precipitation during summer 
from ship observations (full lines) and level of the inversion base 
in km  from 130 aerological soundings made during the summers of 
1963 and 1964 (dashed lines).
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F ig . 4. Median sounding for Karachi (24?55'N; 67°09'E) for 
. August 1963 a t 0500 local time.
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character below that level and a warm core character 
above. Convergence is weak at the surface and strongest 
in the middle troposphere, while above 300 mb the 
sub-tropical cyclone is overlain by persistent easter
lies. Great sheets of cirrostratus or cirrus densus visible 
day after day over most of the Arabian Sea testify

to the role of the easterlies in the energetics of the 
subtropical cyclone. Subtropical cyclones, and warm- 
cored systems further east over the Ganges Valley, 
release massive amounts of latent heat into the upper 
troposphere. This effect was noted by Raman and 
Ramanathan (1964) who demonstrated that heavy
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F i g . S. Daily anomalies in mb of mean sea level pressures measured a t 0800 local time a t Jacobabad (28°18'N; 68°28'E) ; 56 m above 

MSL) (full lines) and weekly percentage anomalies of rainfall for Indian subdivisions lying roughly between 18 and 27N (dashed lines) 
for the summers of 1962, 1963, and 1964.
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F i g . 6. Hodographs of August mean resultant winds a t standard pressure levels (centibars) a t fourstandardresultant winds a t pressuremean

locations in the western Arabian Sea.

monsoon rains over Indo-Pakistan usually precede by 
several hours, and are found to the north of, a sharply 
defined jet in the upper tropospheric easterlies, while 
the easterlies possess a climatological speed maximum 
roughly coincident with the west coast of India (Fig. 3). 
Thus, aboye the heat low and over most of the Arabian 
Sea, northeast Africa and Arabia, the upper easterlies 
are convergent and subsidence prevails through the 
middle troposphere (Flohn, 1964).

Computation of the divergence (Bellamy, 1949) of 
the mean resultant winds at standard pressure levels 
over the eastern portion of the heat low (Indo-Pakistan 
border area) indicates net ascent below 700 mb asso
ciated with the heat low circulation and net descent 
above 700 mb associated with the convergent easterlies.

Observations reveal that the subsidence affects the 
heat low in two ways :

a) A median August 1963 sounding for Karachi at 
0000 GMT (0500 local time) (Fig. 4) shows that 
the lower layers, originating over the Arabian 
Sea, are moist. There is a sharp inversion at around 
850 mb and relative humidity increases with 
height above 700 mb. A similar vertical distribu
tion is common inland at Jodhpur, although 
insolational heating often breaks down the in
version by early afternoon. Subsidence limits the 
height to which surface air from the Arabian Sea

can ascend, restricting cloud development and 
thus favoring strong insolational heating,

b) Fig. 5 suggests that surface pressure at Jacobabad, 
near the center of the heat low, is inversely related 
to the intensity of monsoon rains over a strip of 
the subcontinent extending eastward to the 
south and east of the station, while Dixit and 
Jones (1965), in comparing a monsoon rain with a 
monsoon lull along the west coast of India, located 
by far the greatest middle and upper tropospheric 
temperature differences above the heat low, with 
the rain situation 2-6C warmer than the lull 
situation. Hence subsidence over the heat low by 
raising the temperature of the middle and upper 
tropospheric air reduces surface pressure below 
what is observed in heat lows elsewhere.

Both these effects then operate to maintain the heat 
low circulation and consequently the strength of the 
low-level monsoon flow. Similar but less marked effects 
are probably produced over Arabia. However, sub
sidence into the heat low waxes and wanes in unison 
with the monsoon rains. When the rains are heavy, the 
heat low is vigorous, and stronger than normal surface 
winds prevail over most of the Arabian Sea, hundreds 
of kilometers distant from the rain systems. When the 
rains break, the southwest monsoon over the Arabian 
Sea is weak.

Figs. 6 and 7 illustrate related reasons why the
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OUTFLOW FROM TH E RAIN SYSTEMS

F i g . 7 . Schematic section extending southwest from the Indo- 
Pakistan heat low. Layers with upward motion hatched.

western Arabian Sea, where the subsidence inversion 
is usually below 1000 m (Fig. 2), probably experiences 
as little rain as the deserts of Arabia and Somalia.

Fig. 6 shows that the mean resultant vertical wind 
shear over the western Arabian Sea parallels the Ara
bian and Somali coasts below 500 mb and is directed 
from east to west between 500 and 200 mb, reflecting 
the heating effect of Arabia and Somalia on the lower 
troposphere and the effect of latent heat release in 
monsoon rain systems on the upper troposphere. This 
shift in the shear pattern means that, between 800 and 
600 mb, the western Arabian Sea is overlain by desert- 
dried air from the west.

A schematic cross section of the vertical circulation 
between the heat low (27N 7IE) and 15N 57E (Fig. 7) 
suggests shallow inflow into the heat low and upward 
motion downstream from the southwest monsoon speed 
maximum (Fig. 1). In the middle troposphere south of 
23N air is converging into a subtropical cyclone cen
tered just west of Bombay. This results in sinking mo
tion in the lower troposphere accentuated by low-level 
divergence upstream from the southwest monsoon

speed maximum, and rising motion between 500 and 
300 mb. In the upper troposphere the section lies west 
of the easterly jet maximum which in turn is an effect 
of intense condensation over India. Thus massive sub
sidence between 200 and 700 mb maintains the in
tensity of the heat low. The effect of the Arabian and 
Somali troughs, not explicitly included here, is to 
elongate the circulation toward the southwest.

4. Subtropical cyclone development
The heat low circulation always develops before the 

first of the subtropical cyclones which produce western 
India’s monsoon rains. Therefore, an hypothesis that 
the heat low “causes” subtropical eyelogenesis seems 
worth exploring.

Because of its nature the heat low is likely to exert a 
thermodynamic effect rather than a mechanical effect 
on its environment. Petterssen (1956) discusses large 
scale thermodynamic influences on the behavior of 
cyclones and anticyclones. He begins with the vorticity 
equation for a surface of constant potential temperature 
and by assuming steady state and neglecting the con
tribution of vertical advection of the tangential vor
ticity vector derives the equation

ÔQ
V-(GV)=F Ô,

de

in which Q is the component of the absolute vorticity 
normal to a surface of constant potential temperature, 
V is the horizontal wind vector, F is the vorticity of the 
frictional force, and 6 is the potential temperature.

Over Arabia and West Pakistan the heat low slowly 
intensifies from late May until mid-July then slowly 
weakens until it disappears after mid-September. Thus 
one might be justified in assuming steady state condi

MB.
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F i g .  8. Relative vorticity of the mean monthly resultant winds over the triangle Peshawar (34°01'N ; 
71°35'E); Karachi, (24°55'N; 67°09'E); Jodhpur (26°18'N; 73°01'E) in units of KT6 sec"1.
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tions and in exploring the implications of Petterssen’s 
equation.

The term on the left measures the intensity of the 
vorticity source, i.e., the export per unit time of vor
ticity through the boundaries of a unit area in a surface 
of constant potential temperature. The export depends 
on F, the intensity of the heat or eold source, Ô, and the 
sign of dQ/d6 which differs insignificantly from dQ/dZ.

In only one part of the heat low are mean resultant 
tropospheric winds available for computing vorticity, 
the triangle enclosed by the rawinsonde stations of 
Pehsawar, Jodhpur, and Karachi. Fig. 8 depicts the 
mean distribution through the year and through the 
troposphere of the relative vorticity computed by the 
Bellamy (1949) method for the triangle, whose centroid 
is located a't about 28N 7 IE, on the axis of the heat low.

If F and Ó(dQ/dd)'] have the same sign, the sign 
of the vorticity export is known. During summer over 
the heat low, 6 is always positive while in the stippled 
area of the diagram, F>0 and (dQ/dd)<0. Fig. 8 shows 
that beginning in early June cyclonic vorticity is 
exported from the triangle in the middle and upper 
troposphere. If vorticity is similarly exported from 
Arabia then cyclonic vorticity accumulates over the 
northern Arabian Sea. As long as the air remains dry 
development is unlikely but by mid-June moist air 
reaches the northeast Arabian Sea, usually from the 
south or east. Then buoyancy forces come into play, 
a subtropical cyclone develops, and the first burst of 
monsoon rains drenches the Bombay district. The sub
tropical cyclone through the agency of subsidence 
further intensifies the' heat low which then exports 
additional cyclonic vorticity to the middle and upper 
troposphere over the northern Arabian Sea. It may be 
no accident that the rains of western India set in 
(latitude for latitude) later than the rains of eastern 
India and Burma for the latter probably play a part 
in initiating the sharp increase in anticyclonic vorticity 
above the West Pakistan heat low in late May.

As Miller and Keshavamurthy (1965) show, a sub
tropical cyclone lasts from one to three weeks, modi
fying its environment so as finally to reduce the supply 
of moist air to the circulation below the sustaining 
point. The cyclone fills, and a monsoon “break” ensues. 
Then when a new supply of moist air becomes available, 
subtropical cyclogenesis may once more occur in the 
favored location.
' In a more general discussion, Pisharoty (1964) 
accounts for diminution of monsoon rains in terms of 
decreasing slope of isentropic surfaces resulting from 
the release of latent heat in the condensation process.

Fig. 8 shows that the depth of the layer of positive 
£F—0(dQ/d0)3 over the heat low decreases rapidly 
through September. At the same time, 6 also decreases. 
By mid-September, in most years, positive vorticity 
is no longer exported to the northern Arabian Sea and 
no further subtropical cyclogenesis occurs there. One 
consequence of the model, indicated by crudely quanti

tative computations, is that the Arabian Sea subsidence 
inversion may so limit the supply of moisture as to 
make appreciably heavy monsoon rains over western 
India unlikely without significant incursions of deeply 
moist air from the Bay of Bengal across the peninsula. 
A burst of west Indian monsoon rains is usually 
preceded by increased depth of the moist layer to the 
east.

The worst west Indian summer drought in history 
occurred in 1899. Over northwest India both surface 
temperatures and pressures were above normal. Over 
the Arabian Sea surface winds were below normal. 
Intense insolation favored heat low development but the 
absence of subsidence above the heat low resulting in 
turn from the absence of rain systems to the south and 
east outweighed thé effect of insolation. Presumably if 
“feedback” between rain systems and heat low is 
interrupted, export of mid-tropospheric cyclonic vor
ticity to the northern Arabian Sea is reduced, chances 
of subtropical cyclogenesis are lessened, the heat low 
remains relatively weak, and drought tightens its grip.

5. Concluding remarks
The foregoing discussion implies a symbiotic rela

tionship between heat lows and subtropical cyclones. 
Because cold upwelling coastal waters keep Somalia 
and Arabia dry and hot throughout the summer, be
cause a complex of desiccating influences are at work 
over West Pakistan, because topography concentrates 
mid-tropospheric cyclonic vorticity over the northern 
Arabian Sea, and because deep moist air can reach the 
region only from south or east, the relationship is 
strongly developed over West Pakistan and the north
east Arabian Sea.

However, rain-producing systems similar in charac
ter to subtropical cyclones have been observed south 
of the Saharan heat low (Gilchrist, 1960). In early 
summer, south of the thermal equator over the South 
China Sea and the Bay of Bengal, subtropical cyclones 
may also develop (Ramage, 1959, 1964), but as sum
mer advances, warm-cored cyclones dominate these 
seas and moving inland displace the dry cloud-free air 
of the heat lows. Thus many meteorologists maintain 
that the summer lows of North Viet Nam and the 
Ganges Valley are in reality only the statistical effects 
of stagnating, dissipating tropical storms (Palmer, 
1951).

The summer regime over the Arabian Sea is a strange 
one whose character seems basically determined by the 
vast desert arc extending from northeast Africa to 
northwest India and by coastline orientation. The heat 
low develops over the deserts but then is maintained 
and protected by its offspring, upwelling along the 
west coast and subtropical cyclones in the northeast. 
The result is the most intense monsoon system on earth, 
gale force southwesterlies overlain by jet strength 
easterlies. Despite such vigor, no moving cyclone
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system ever enters the region during summer. Tropical 
hurricanes are unknown (Ramage, 1959), while the 
subtropical cyclones develop, intensify and fill in situ 
equally as captive to orography as the heat low.
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1. Summary.
This report deals with data collected during the 

three cruises of R.S. Africana-!! undertaken in the 
South-West Indian Ocean during 1961, 1962 and 
1963.

During these investigational cruises observations 
were made of the temperature, salinity, dissolved 
oxygen and inorganic phosphate of the waters at 
international sampling depths. The sigma-t values 
were calculated by means of temperature and 
salinity data' which were in turn used for dynamic 
calculations.

In the determination of current directions accor
ding to isobaths at the various sigma-t surfaces, 
use was made of the principle that, if the surface of 
discontinuity has a downward gradient towards the 
left, the current will flow in the direction in which 
an observer is looking when standing between the 
two relevant stations (SVERDRUP et al. 1942).

If a comparison is made between the current 
directions according to the dynamic topographical 
charts and the sigma-t charts, a very close agree
ment is observed. Up to the present research 
workers have made use mainly of identifying 
properties such as sigma-t, salinity and temperature 
for determining the direction of ocean currents and 
for identifying water masses on a theoretical basis.

According to the isobaths at the three selected 
sigma-t surfaces there is a possibility that water 
flows from an easterly direction over the Mada
gascar Ridge to the Agulhas Current, this flow 
being marked between stations 5 to 13 and 26 to 30. 
As appears clearly from an analysis of the tempe
rature and salinity, the water at great depths at the 
above-mentioned stations is mainly of Atlantic 
origin or otherwise of Indian Ocean origin. Con
sequently it is very probable that the isobaths 
indicate the actual path of water transportation. 
Apparently the current directions shown by the 
isodynamic lines are also confirmed. The trend 
of isohalines and isotherms at the various sigma-t 
surfaces further supports this conclusion.

In the area just to the south of Madagascar the 
current directions, according to the sigma-t charts, 
confirm the supposition that water first moves 
south-eastwards, to flow over the Madagascar 
Ridge and curve north-westwards. Water gyrals, 
cyclonic or anticyclonic, as indicated by the dyna
mic topographic lines are confirmed by the iso
baths, isotherms and isohalines at the sigma-t 
surfaces 27-20, 27 -40 and 27 -60.

Furthermore the isobaths on the sigma-t charts 
distinctly indicate that water flows from an easterly 
direction towards Madagascar. Part of this water 
is apparently deflected in a northerly direction 
along the east coast of Madagascar and the remain
der moves around the southern tip of Madagascar.

In regard to the water masses of the area, it may 
be assumed with a large degree of certainty that 
Antarctic Intermediate Water, Warm Deep Water 
(originating from the Atlantic Ocean and the 
Mozambique Channel) and Bottom Water form a 
large anticyclonic movement of water in this area. 
The intensive anticyclonic swirls are clearly obser
vable around station 50 and in the region of the 
returning Agulhas Current around stations 57 and
60. The rapidly flowing Agulhas Current and the 
West Wind Drift may also be readily identified.

It would, therefore, appear that the method of 
dynamic calculations for the theoretical deter
mination of relative ocean currents at great depths 
is valid and gives a good picture of the general 
current directions.

2. Introduction.
In general the South-West Indian Ocean is an 

area where little intensive research has been done 
on the deep water masses. Only a few stations 
have been completed during wide-spread cruises. 
As a result of this deficiency earlier research 
workers for example, DIETRICH (1935) and 
CLOWES (1950), could not achieve absolute 
finality in their findings. The three cruises of R.S. 
Africana II  were spread over a relatively short 
period during which quite a large number (70) of 
stations were occupied. As a result of the fairly 
stable nature of the deep water masses it appears 
that these data agree very well. Close agreement 
exists between the results obtained by the above- 
mentioned research workers, and those from data 
amassed during the voyage of R.S. Africana II.

For convenience when analysing the data, the 
stations were numbered from 1 to 70. These 
numbers are given first and then followed by the 
corresponding formal station numbers (Fig. 1). 
The data constitute only part of the hydrological 
particulars and additional information may be 
found in the complete station list under the formal 
station numbers as published in the “ Annual 
Report ” series of the Division of Sea Fisheries. 
Stations 1 to 32 (A 1,224 to A 1,255) south of 
Madagascar, were worked during 1961, while 
stations 33 to 55 (A 1,875 to A 1,897) from Port 
Elizabeth to the sub-antarctic islands were worked 
during 1962, and stations 56 to 70 (A 2,386 to A 
2,400) from Cape Agulhas to Marion Island, 
during 1963.
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Charts were plotted for the ocean currents 
existing at three different depths, namely 1,000 
metres (Fig. 2), 1,500 metres (Fig. 3) and 3,000 
metres (Fig. 4). Shading of parts o£ the charts 
indicates the location of plateaux, which are 
shallower than the relevant depths at which the 
ocean currents were calculated. In Figure 2 the 
geopotential gradient is indicated at intervals of 
•05 dynamic metres, and in Figures 3 and 4 the 
spacing is -02 and -01 dynamic metres respectively. 
For the sake of completeness, charts of the tem
perature and salinity data have been plotted at the 
same depths (Figures 6 to 11).

The velocity of the ocean currents was calculated 
at each station at depths of 1,000 metres, 1,500 
metres and 3,000 metres. The results are given in 
Table 1.

The chart indicating the position of stations in 
the area investigated by Africana II  (Fig. 1), 
includes a number of stations occupied by the 
French research ship Commandant Robert Giraud 
in 1957 in the vicinity of the Mozambique Channel. 
All these foreign stations are indicated by an “ F ” . 
Furthermore, charts of depth, salinity and tempera
ture have been plotted for the a t =  27 -20, a t  =  
27-40 and a t  =  27-60 surfaces (Figures 12-20). 
Depths, temperatures and salinities at the various 
sigma-t surfaces are chiefly interpolated values. 
In the salinity charts (Fig. 13, 16 and 19) only the 
figures following the decimal point are given, 
because the salinity at all three surfaces lies in the
range 3 4 -0 0 ° /Oc, to 3 4 - 9 9 % 0- Station 20 was
only worked to a depth of 800 metres and iso
baths between stations 19 and 21 have for the most 
part been omitted.

A vertical section of salinity was also plotted 
between stations 62, 35, 49, 27, 16 and 19 (Fig. 35). 
As an annexure to the present investigational report 
and in support of certain assertions, part of a chart 
has been taken from Cahiers Océanographiques, 
showing work done by the French research ship 
Commandant Robert Giraud (Fig. 36).

The purpose of this report is mainly to identify 
the direction of currents hetween 1,000 metres and
3,000 metres in the area investigated. An attempt 
has also been made to test the validity of dynamic 
calculations for the determination of current 
directions by comparing these results with others 
obtained from the use of the identifying properties 
such as sigma-t, salinity and temperature in the 
South-West Indian Ocean.

3. Ocean Currents.
3.1. Dynamic Calculations.—
The determination of ocean currents and their 

directions by means of dynamic calculations does 
not give a complete picture of absolute currents 
but rather of relative currents (LAFOND 1951).

PARR (1937-38) has discussed in detail his 
objections against the use of hydrodynamic calcu
lations and considerations in the determination of 
ocean currents. This writer’s objections are 
based mainly on the fact .that the dynamic method 
of analysis deals only with states of motion and not 
with the actual trajectories or paths of transpor
tation. PARR regards the use of identifying pro
perties of water masses such as sigma-t, salinity, 
temperature, etc., for the determinatipn of the 
current directions as a better method than that of 
dynamic calculations.

According to VON ARX (1962) relative surface 
currents deviate by about 15 per cent from the 
actual current direction. Since the dynamic 
calculations of the present report were made for 
great depths, where slight differences would not 
result in any noteworthy current deviation, it may 
be accepted that the current pattern as shown in the 
charts of dynamic topography (Figures 2 to 4), in 
general, gives a good picture of ocean currents and 
water movements in the South West Indian Ocean. 
Here we have consistently endeavoured to sub
stantiate current directions obtained with the aid 
of dynamic calculations by means of the analysis 
of sigma-t, salinity, etc.

Previous research workers, such as DARBY- 
SHIRE (1963), have supposed that at a certain 
depth there is no noteworthy movement of water. 
This depth is known as the “ Depth of no motion ” . 
It is postulated that at this “ Depth of no motion ” 
the isobaric surface i.e. the surface at which the 
pressure is uniform, is horizontal and consequently 
no gradient current exists. In the present report 
use was made of a graphic method to determine the 
most suitable “ Depth of no motion ” , a graph 
being plotted to indicate the variation of dynamic 
height anomalies at the various isobaric surfaces. 
From this graph it appeared very clearly that at the
2.000 db surface there is very little variation. We 
subsequently computed the currents relative to the
2.000 db surface. The current lines will therefore 
indicate the movement of water relative to this 
surface.
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In this way the dynamic gradient of an isobaric 
surface, relative to the'“ Depth of no motion ” can 
be obtained from the variation of specific volume 
over the relevant isobaric surface. Consistent use 
has been made of the hypothesis that the direction 
of flow will always be at right angles to the geo
potential gradient; in other words, parallel with the 
dynamic contour lines (PARR 1937-38).

The dynamic calculations in this investigational 
report were made separately for eçtch station and 
the results of all stations of the three cruises of 
R.S. Africana I I  were subsequently grouped 
together in order to obtain the general current 
pattern. The following equation was used for the 
calculation of the dynamic thickness:—

D2 D, —

Pi
a dp (LAFOND 1951) (1) 
P i

where : D2 — P i =  dynamic thickness of the 
isobaric layer, 

a =  specific volume, 
dp =  pressure interval,.

Pi and p2 =  pressure at the isobaric 
surfaces.

The specific volume in situ, as>t,p consists of two 
parts, namely a standard term for dynamic thick
ness ci35,o,p and the anomaly of specific volume, 
namelyS.

Thus it may be written:—
a  =  a 3 5 ,0 ,p -)- 8

The'total dynamic thickness, therefore, consists 
of the dynamic thickness of the layer of water with 
a standard specific volume and an increment in 
dynamic thickness.

Thus:

[ P i  [ P i
D2 —  Di =  0 3 5 ,0 ,P  dp +  S dp

J  P i J  P i

=  (D2 — Di) standard +  AD (LAFOND 1951)
Since the standard dynamic thickness, (D2 — Dx) 

standard, is the same at all stations, it is merely 
necessary to obtain the difference in dynamic height 
between consecutive stations. This is indicated by 
AO and it is therefore merely necessary to calculate 
AD at each station. The following formula is 
used for this purpose:—

AD =
P 1

8 dp. (2)
Pi

There is a very close relationship between linear 
metres and pressure in decibars. Thus for an

6 3 1 5 6 3 1 -2

increase of one metre in depth, the pressure will 
increase by 1 • 006 decibars. Consequently p1 and 
p2 in (2) are replaced by linear metres at that parti
cular depth.

Limitations of rhe method of dynamic calcula
tions are as follows:—

(i) The calculated ocean currents are relative 
and not absolute.

(ii) The acceleration of ocean currents, which 
could result in changes, is not taken into 
account.

(iii) Frictional forces are disregarded.
(iv) Observations made at various stations at 

various times are regarded as simulta
neous observations, as is almost always 
the case (LAFOND 1951).

In order to determine the direction of the relative 
currents use is made of the principle that, if the 
surface of discontinuity in the Southern Hemisphere 
has a downward slope, the isobaric surface will 
yield an iipward gradient (PROUDMAN 1952). If, 
therefore, there are two stations A and B, and A 
lies west of B and the dynamic height anomaly at A 
is larger than at B, then it is found that the isobaric 
surface shows an upward slope towards the west, 
since the surface of discontinuity shows a down
ward slope towards the west. The present writers 
have further applied the principle that the current 
between A and B in this specific case flows in a 
northward direction (PROUDMAN 1952).

Since the depth of the water at all stations does 
not extend to 2,000 metres or 3,000 metres, consis
tent use has been made of a system of extrapolation 
for the dynamic calculations. When the station 
was shallower than 2,000 metres but deeper than
1.500 metres, or shallower than 3,000 metres but 
deeper than 2,500 metres, use was made of the 
dynamic height anomalies of the relevant stations 
at 1,500 metres, or of neighbouring stations at
2.500 metres (SVERDRUP et al. 1942, Fig. 109). 
The dynamic topography lines therefore were 
plotted throughout as though the depth at the 
relevant stations was 2,000 metres or more and
3,000 metres or more.

3.2. Current Directions at the 1,000/2,000 db 
Surface.—

The general directions of flow of currents 
in the area investigated point to the existence of a 
large anticyclonic movement of water (Fig. 2). 
The most clearly recognisable currents are the 
Agulhas Current, the “ Return Agulhas Current ” 
and the West Wind Drift. B y the “ Return 
Agulhas Current ” is meant that part of the 
Agulhas Current which turns eastward south of 
the Cape of Good Hope and which is subsequently 
deflected in a northerly and north-easterly direction.
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Off Lourenco Marques the current moves in a 
southerly direction and tends to curve inshore. 
Further east there is a cyclonic movement of the 
current, the water moving southward and turning 
back after a short distance before being deflected 
in the direction of the Mozambique Channel. 
South of this cyclonic water movement a well- 
marked westward current occurs, moving closer 
to the east coast of South Africa until the edge of 
the broadening Agulhas Bank is reached. Here 
the current is deflected in a more southerly direc
tion and passes around the outside of the Agulhas 
Bank and then apparently turns in an easterly 
direction.

In the vicinity of ±  30° S and ±  38° E southerly 
branches of the current occur at the 1,000/2,000 db 
surface (Fig. 2). These intrusions indicate the 
presence of water from the Mozambique Channel 
penetrating as far as ±  30° S in the South-West 
Indian Ocean.

An interesting current pattern occurs at the 
southern tip of South Africa. Here part of the 
Agulhas Current flows over the southern edge of 
the Agulhas Bank and bends in a north-westerly 
direction towards Cape Point. The principal 
part of the current, however, shows an anticyclonic 
trend and apparently turns south of the Agulhas 
Bank to move eastward. The distance penetrated 
by the Agulhas Current in a south-westerly direc
tion could unfortunately not be determined as a 
result of a lack of data collected at the time of the 
relevant three cruises of the R.S. A fricana II. The 
current lines of the Return Agulhas Current con
tinue, keeping approximately to the direction of the 
40° S line of latitude which is also near the position 
of the Subtropical Convergence. As a result of 
the reversal of the Agulhas Current, a fairly large 
anticyclonic swirl is caused, which is clearly 
manifest in the centre o f the turning area. The 
distinctive West Wind Drift also moves in an 
easterly direction together with the Return Agulhas 
Current.

The curving current line, which can be observed 
at the 1,000/2,000 db surface south of the West 
Wind Drift indicates the tendency of water to form 
a cyclonic movement around station 61. This 
cyclonic movement of water corresponds very 
closely to the course of isobaths at the various 
sigma-t surfaces.

In the region of ±  38° S and ±  30° E a part of 
the Return Agulhas Current branches off, moving 
first in a north-easterly direction before being 
deflected towards the south-east and then again 
in a westerly direction.

The same phenomenon of branching occurs at 
i  38° S, ±  42° E. Current lines show that part 
of the current first moves north-eastward, but 
gradually turns northward in the direction of the 
Madagascar Basin. The current lines then turn 
westward towards South Africa. At the com
mencement of this branching there are again two 
well-marked anticyclonic swirls of water, one on the 
west side of the branch and another fairly large 
swirl on the east side. The latter apparently 
occurs as a result of the convergence of currents 
from various directions.

The southern part of the current which moves 
past the Agulhas Bank in a west-east direction, may 
be regarded as the West Wind Drift. This Drift 
curves slightly southward and a clear anticyclonic 
tendency is observable at ±  41° S and ±  45° E. 
In the above-mentioned area there is also a current 
which flows from a southerly direction to join the 
West Wind Drift near station 45.

On the southern side of the West Wind Drift we 
also find a current line which first runs eastward, 
then turns towards station 62 and then continues in 
an easterly direction.

At the southern tip of Madagascar there is a 
current which moves westward and then curves 
around the tip of the island. This is in agreement 
with what earlier research workers such as PAECH 
(1926), found for the movement of surface water. 
This occurrence will be dealt with in the dis
cussion of southerly protrusions in the Mozam
bique Channel.

3.3. Current Directions at the 1,500/2,000 db 
Surface.—

Basically the same current directions are en
countered at the 1,500/2,000 db surface (Fig. 3) 
as at the 1,000 db surface, except that branches, 
divergences and swirls are generally much less 
clearly discernible and less intensive according to 
the pattern of the current lines.

A very striking fact is that the current lines at the 
1,000/2,000 db surface in the protrusions off 
Lourenco Marques are much less intensive than 
those at the 1,500/2,000 db surface. The water 
apparently also moves in a cyclonic direction in 
these protrusions at 1,500 metres while at 3,000 
metres it moves in an anticyclonic direction (Fig. 4). 
At the latter depth the current directions are 
evidently influenced by the bottom topography.
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South-east of and opposite Durban the westward 
moving current tends to turn south and then to 
move towards the east coast of South Africa again 
between stations 32 and 54.

On the east side of the Madagascar Ridge the 
current lines indicate that at the 1,500/2,000 db 
surface around stations 21-23 there is a southward 
flowing cufrent, part of which moves in the direc
tion of Madagascar and joins the current flowing 
westward, from the direction of station 19.

South-west of Madagascar in the vicinity of 
stations 8-10 well-defined southward current ten
dencies occur on the 1,500/2,000 db surface. The 
tendency of the current to turn back is apparently 
due to Atlantic water which has a northward 
component in the direction of the Mozambique 
Channel. 1

The most prominent anticyclonic swirl notice
able at both the 1,000/2,000 db and 1,500/2,000 db 
surfaces is that found around station 50. In 
addition there are well-marked anticyclonic swirls 
around stations 62 and 65 at the deeper surface. 
The fact that the Agulhas Current tends to move at 
an ever-decreasing rate around Cape Point to
wards the west coast of South Africa at the deeper 
surface may very clearly be observed.

In general, therefore, a part of the water moves 
south-ward along the east coast of South Africa, 
turns back in an easterly direction and then curves 
again in the direction of the Mozambique Channel, 
forming in this way a large anticyclonic water 
movement in the South-West Indian Ocean.

3.4. Current Directions at the 3,000/2,000 db 
Surface.—

The ocean currents as indicated by current 
directions at 3,000 metres, relative to the 2,000 db 
surface, are shown in Figure 4. Current lines have 
been plotted only where the area is deeper than
3,000 metres.

An important characteristic of ocean currents at 
this depth is that in general they flow in opposite 
directions to those at 1,000 and 1,500 metre depths. 
There is, for example, a well-marked cyclonic 
swirl around station 50. From a northerly 
direction there is also a tendency for the water from 
the Mozambique Channel to penetrate the Natal 
Basin and cause an anticyclonic move'ment of the 
current. In the same way, between stations 32 and 
54 there is also a perceptible anticyclonic swirl, 
part of which apparently branches off and forms 
the deeper part of the Agulhas Current. Accor
ding to the distribution of the current lines, it 
appears that the water between stations 6 and 31 
flows over the shallow part, including the Mozam
bique Terrace and is then deflected by the south
ward-stretching Agulhas bank.

Other distinct anticyclonic swirls are perceptible 
around stations 36 and 61. According to the 
course of the current line between stations 66 and 
67, the current flows north-eastward and turns back 
in the Natal Deep in the direction of station 65. 
The cyclonic swirl around station 50 is apparently 
due to the southward movement of water from the 
Mozambique Channel and the northward-moving 
water from the direction of stations 66 and 67.

On the eastern side of the Madagascar Ridge 
there is a westward movement of water, which 
later changes into a north-eastward current. 
Around station 68 there is a current line which 
gives a slight indication of a cyclonic movement of 
water.

3.5. Current Velocities.—
The velocities of ocean currents in the area are 

given in Table I. These velocities were calculated 
according to the basic formula :—

10(D a  —  D b)
V =  -------------------- ....(LA FO N D  1951)

L 2a>Sin. 99
Where V =  Relative current velocity in cm./ 

sec. at right angles to the line 
joining the two stations.

D a  — D b =  Difference between dynamic 
height anomalies at stations A 
and B in dynamic metres.

L =  Distance between stations in 
nautical miles. 

co =  Angular velocity of the earth’s 
rotation =  0-729 X IO-4 
radians per sec. 

rp =  Average latitude between sta
tions.

This formula was reduced to the following:— 
c (D a  — D b) n 

V  ---------------------(LAFOND 1951).
L

1
where c =  ------------------------  and is called

2to Sin. cp. 10s
the current factor.

n =  53959 and is called the unit con
version factor, dependent on the units of the other 
variables.

From Table I it is clear that even at relatively 
great depths there are relatively rapid currents 
between certain stations. At a depth of 1,000 
metres, for example, velocities of 15 -6 cm./sec. and 
21-8 cm./sec. were obtained between stations 57 
and 58, and 58 and 60. At 1,500 metres there is a 
velocity of 7-0 cm./sec. between stations 58 and 60 
A fairly high velocity of 10-5 cm./sec is also found

6 6 3
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at 1,000 metres between stations 6 and 7. In each 
of the above-mentioned cases the line joining the 
stations is at right angles io the direction of flow 
of the current.

At certain stations there is little or no movement 
of the water. It was found, for example, that 
between stations 29 to 30 there was no movement at
1,000 metres, while movement does occur to an 
increasing extent at 1,500 metres and 3,000 metres.

At certain localities it also happens that the 
velocity decreases down to 1,500 metres and then 
increases again at greater depths. An example of 
this phenomenon is found between stations 35 and 
36. From 1,000 metres to 1,500 metres the velocity 
decreases from 2-0 cm./sec. to 0-7 cm./sec., in
creasing again to 11  cm./sec. at the 3,000 metre 
depth. The same phenomenon takes place be
tween stations 29 and 50. This is apparently due 
to the fact that at 3,000 metres the current flows in 
the opposite direction to that at 1,000 and 1,500 
metres (Figures 2 to 4).

TABLE 1.

Between Stations.

Current Velocity (in cm./sec.)

at 1,000 
metres.

at 1,500 
metres.

at 3,000 
metres.

6 and 7 .............. 10-5 4-8
7 and 8 .............. 2-2 0-6 0-3
8 and 9 .............. 2-8 1-8 0-9
9 and 10.............. 4-2 2 1 0-8

10 and 11.............. 0-8 1-6 . _
11 and 12.............. 2-3 1 0 —
12 and 13.............. 1-5 0-3 _
13 and 14.............. 0-8 0-6 0-6
14 and 15.............. 0-5 0 1 0-4
15 and 16.............. 2 1 1 1 3-8
16 and 21.............. 1-7 1 1 _
21 and 22.............. 5-8 2-3 _
22 and 23.............. 1-9 0-4 0-3
23 and 24.............. 3 0 1 0 0-6
24 and 2 6 ............. 3-9 1-3 0-7
26 and 27.............. 4-1 1-2 0-6
27 and 29.............. 1-2 0-3 _
29 and 30.............. 0 0 1 0-8
30 and 32.............. 3 0 1-4 _
34 and 35.............. 2-2 0-3 _
35 and 36.............. 2 0 0-7 1 1
36 and 38.............. 0-4 0-3 _
38 and 41.............. 0 1 0 1 _
41 and 43.............. 0-3 0-4 _
43 and 45.............. 1-4 1-2 _
45 and 47.............. 6-5 2-3 _
47 and 48.............. 0-8 0-2 _
48 and 49.............. 0-8 2-7 _
49 and 50.............. 3-2 1-2 1-4
50 and 51.............. 2 0 0-3 1 1

Current Velocity (in cm./sec.)

Between Stations.
at 1,000 
metres.

at 1,500 
metres.

at 3,000 
metres.

29 and 50.............. 4-1 1-5 2-6
30 and 51.............. 1-7 0-9 0-5
32 and 54.............. 3-4 1-7 1-7
57 and 58.............. 15-6 3-7 —

58 and 60.............. 21-8 7 0 3-6
60 and 61.............. 4-5 1-5 2-5
61 and 62.............. 5-7 1-8 2-4
62 and 64.............. 2 1 0-6 0 1
64 and 65.............. 0-2 0-5 —

65 and 66.............. 0-3 0-5 —

66 and 67.............. 1-7 0-2 —

67 and 68.............. 0-5 0-2 —

38 and 68.............. 0-5 0-3 ------

In general the highest current velocities are 
found in the Agulhas Current area and the area of 
the Return Agulhas Current, except between 
stations 6 and 7.

Between almost all stations it is found that with 
increasing depth the current flows more slowly. 
This reaction is apparently due to the fact that the 
bottom topography influences the velocity to an 
increasing extent. The effect of ridges and 
plateaux (according to contour lines) would be 
much greater at 3,000 metres than at 1,000 metres. 
The Madagascar Ridge, for example, serves as a 
natural obstacle to the currents flowing over it and 
the flow of deeper water is retarded as a result of 
friction.

A possible explanation for the increased velocity 
with increasing depth between stations 48 and 49 
is that the current which flows north-eastward here, 
moves in an ever-narrowing area between the 
Madagascar Ridge and the Mid-Ocean Ridge. 
The effect of these two ridges will definitely increase 
as the depth increases. This may clearly be seen 
according to the 1,500 and 2,000 fathoms contour 
lines (Fig. 5). ISELIN (1936) described the in
creasing velocity of the Gulf Stream, east of North 
America, as follows: “ The Yucatan Channel has 
a width of about 105 miles, while the Florida 
Straits opposite Bimini are only 44 miles wide. 
Thus in cross section the current is successively 
reduced as it flows northward and, therefore, must 
increase correspondingly in velocity ” . The same 
effect is applicable to the current system in our area, 
although to a much lesser extent. The same 
principle may be applied between stations 10 and
1 1 .
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Data are given below in Table II in regard to the 
stations between which the current flowed more 
rapidly, more slowly, etc., with increasing depth:

T a b le  II.

Velocity : 
more rapid 

between 
Stations.

10 and 11. 
29 and 30. 
41 and 43. 
48 and 49.
64 and 65.
65 and 66.

Velocity : 
slower 

between 
Stations.

6 and 7
7 and 8
8 and 9
9 and 10

11 and 12
12 and 13
13 and 14 
16 and 21
21 and 22
22 and 23
23 and 24
24 and 26
26 and 27
27 and 29 
30 and 32 
34 and 35 
36 and 38 
43 and 45 
45 and 47 
47 and 48 
30 and 51 
32 and 54
57 and'58
58 and 60 
62 and 64
66 and 67
67 and 68 
38 and 68

Velocity:
constant
between
Stations.

38 and 41

Velocity: 
first slower 
and then 

more rapid 
between 
Stations.

14 and 15
15 and 16 
35 and 36
49 and 50
50 and 51 
29 and 50
60 and 61
61 and 62

From the above table it is clear that the current 
velocity decreases with increasing depth between 
by far the greater majority of stations. The velo
city first decreases and then increases only between 
eight pairs of stations, while it increases with 
increasing depth between six pairs of stations. The 
fact that between the majority of stations the 
current velocity decreases with increasing depth 
may probably be ascribed to the increasing in
fluence of the bottom topography on the deeper 
currents. According to Figure 4, for example, at a 
depth of 3,000 metres the Madagascar Ridge 
and the Mocambique Terrace would not only 
reduce the flow of the current but even constitute 
barriers.

A further cause to which the reduced velocity of 
the currents may be ascribed, is that many currents 
at the 3,000 db surface flow in an opposite direction 
to those at the 1,000 db and 1,500 db surfaces 
(Figures 3 and 5).

DEACON (1937) finds that the surface velocity 
of the Agulhas Current ranges between 3 and 4} 
knots. A feature of the current velocities obtained 
at 1,000, 1,500 and 3,000 metres is that the greatest 
velocities were obtained between stations situated 
in the Agulhas Current area and the area o f the 
Return Agulhas Current. As mentioned before, a 
velocity of as much as 21-8 cm./sec. was found at 
3,000> metres between stations 58 and 60.

3.6. Influence of the Bottom Topography.—

According to a study of currents at the at — 
27-70 surface made in the Drake Passage to the 
east of the South Sandwich Islands (SVERDRUP 
et al. 1942), it is clear that an ocean current turns 
towards the left while passing over a ridge. This 
applies to currents in the Southern Hemisphere and 
the converse is true for currents in the Northern 
Hemisphere.

The explanation for this phenomenon is that 
when water near the bottom approaches a ridge, it 
will rise, the isosteric surface then being curved 
upwards in the direction of the current. It, there
fore, follows that the lines of maximum gradient of 
the isosteric surface will be curved towards the left 
and, consequently, also the current. An isosteric 
surface is defined as a surface over which the den
sity or the specific volume of water is uniform 
(PROUDMAN 1952).

When a current near ihe ocean bottom reaches a 
deep trough, the water sinks, the isosteric surface 
curves downwards and the lines of maximum gra
dient of the isosteric surface, and, consequently, 
also the current, are curved towards the right 
(PROUDMAN 1952).

In his study of the Gulf Stream system, ISELIN 
(1936) demonstrates that in the Labrador Basin 
the water tends to curve perceptibly eastward, 
ascribing this to the ridge which partially obstructs 
the deep channel. He also concludes that at a 
great depth the current is still apparent and follows 
various courses, the flow direction of which is not 
determined by the influence of the wind but 
apparently by the bottom topography.

Figure 5 was drawn from basic bottom-topo- 
graphy charts plotted by the Trigonometrical 
Survey Office at Mowbray, Cape Town. To 
avoid confusion, only the 500 (914 m.), 750 
(1,371 m.), 1,000 (1,829 m.) and 1,500 (2,743 m.) 
fathom contour lines were plotted. A part of the 
general current directions of the 1,500 db surface 
relative to the 2,000 db surface are projected on 
this figure.
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Off the east coast of South Africa it is clear that 
the current moves more or less in the trough 
between the continent and the Mozambique 
Terrace towards the Transkei Basin. The current, 
however, meets the Agulhas Bank which extends 
south-westward, and is apparently deflected in a 
south-easterly direction (Figs. 2 and 3). A fairly 
shallow terrace then forms an obstruction in the 
path of the current (because great depths are 
involved) and the current turns away partly in a 
westerly and partly in an easterly direction:

Since the water of the Agulhas Current flows 
over the deeper parts of the Agulhas Bank, it is 
possible that the Agulhas Current is thereby in
fluenced to turn back as described earlier in this 
report.

The eastward-moving Return Agulhas Current 
and the West Wind Drift come into sharp contact 
with a ridge at a depth of 2,743 metres (1,500 
fathoms) south of Madagascar. This is evidently 
the reason why some current lines diverge to
wards the left and make a complete turn. 
Certain current lines, however proceed over the 
ridge and are also curved towards the left, but 
move on the eastern side of the Madagascar Ridge 
towards the Reunion Basin.

One of the current lines on the west side of the 
Madagascar Ridge turns back completely on 
itself after it has encountered the shallow Walters 
Shoal, and this indicates that water again moves 
westwards, then meets the southern tip of the 
Mozambique Terrace and in this way gradually 
curves in the direction of the continent (Fig. 5).
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Thç characteristic of currents in the Southern 
Hemisphere to turn to the left when passing over a 
ridge also explains further why water moving from 
the Mozambique Channel around the southern tip 
of Madagascar should be further deflected towards 
the left in a south-westerly direction. The water 
from the Return Agulhas Current and that from 
the Indian Ocean, which are evidently compressed 
between the shallow part at the southern tip of 
Madagascar and Walters' Shoal, apparently help to 
force this water back still further. Part of the 
water from the Mozambique Channel apparently 
moves (according to current lines at the 1,500/
2.000 db surface) along the west side of the Mada
gascar Ridge in a southerly direction and is forced 
back as a result of the northward-moving Return 
Agulhas Current and flows back again in a northerly 
direction.

According to the contours of the Madagascar 
Ridge, the ocean first becomes deeper in a southerly 
direction and then shallows to Walters’ Shoal. The 
deepest part is approximately due east of Durban. 
In this narrow part water from the Indian Ocean 
converges with Atlantic water and a measure of 
mixing is likely.

Another topographical feature which has a 
considerable effect on the ocean currents is the 
Mozambique Terrace. This shallow area appa
rently forces the Agulhas Current to move nearer to 
the continent.

According to Figure 4, it js clear that the bottom 
topography exercises a considerable influence at
3.000 metres, separating Atlantic Ocean water 
from Indian Ocean water.

At a depth of 1,000 metres the effect of the bottom 
topography on the current directions becomes less 
marked as is definitely evident from the current 
patterns at this depth (Fig. 2).

Over the whole area there is, therefore, adequate 
evidence that the bottom topography does, indeed, 
exercise an important influence over the deeper 
ocean currents.

4. Influence of Salinity.
4.1. Salinity and Water Masses at 1,000 Metres.— 
DEACON (1937) gives the following definition of 

Antarctic Intermediate water:—
“ The path taken by the intermediate current 

lies below the subsurface current and above the 
warm deep current and in longitudinal sections 
through each of the three main oceans it appears 
as a poorly saline layer between these highly 
saline waters ” .

According to this quotation, it is possible that the 
Central Water (SVERDRUP et al. 1942) and 
Antartic Intermediate Water may be regarded as 
one water mass. SVERDRUP, however, furnishes 
a better understanding of Antarctic Intermediate 
Water in the following way: “ Below the Central 
Water the Antarctic Intermediate Water shows up 
by the characteristic salinity minimum . ”

According to CLOWES (1950), the salinity of 
Antarctic Intermediate Water ranges between 
34-30°/oo and 34-60°/oo, the depth of the nucleus 
varying between 1,000 metres and 1,500 metres in 
this area. CLOWES also finds that Antarctic 
Intermediate Water follows the direction of the 
Agulhas Current and the Return Agulhas Current 
in that it flows northwards together with the 
Return Agulhas Current and is then carried back 
in the southern part of the Mozambique Channel 
together with the Agulhas Current.

In his investigational report of the first cruise of 
the R.S. Africana II  during 1961, ORREN (1963) 
found that the nucleus of the Antarctic Inter
mediate Water varied between 850 and 1,300 
metres and the salinity between '34-40°/oo and 
34-50°/oo in the north of the investigation area 
discussed in this report.

If the distribution of salinity values in general is 
considered, it appears that such values vary 
between ±  34-40% o and ±  34-60°/oo (Fig. 6), 
except in a few cases where they are higher or 
lower than these two limits. On the strength of 
these data it may therefore be said that, according 
to the salinity distribution, the water at a depth of
1,000 metres consists mainly of Antarctic Inter
mediate Water.

From a comparison of the results obtained during 
the cruises of the South African ship Africana II, 
and those of the French ship Commandant Robert 
Giraud during 1956, it appears that there is a 
fairly clear distinction between salinity values 
between 25° S and 21° S. In order to distinguish 
between stations worked by the Commandant 
Robert Giraud and R.S. Africana II, the stations of 
the former are indicated by an “ F ” after the 
station numbers, as has been mentioned above.

In the Mozambique Channel salinity values 
[stations 7F-11F and 31F-42F (Fig. 1)] were 
obtained which were mainly higher than 34-70% o 
at 1,000 metres. South of 21° S the salinities were 
for the most part lower than 34 - 60°/oo. According 
to salinities it is therefore clear that there is a 
distinct separation between water in the Mozambique 
Channel and that in the South-West Indian Ocean 
(Cahiers Océanographiques—April, 1963).

6 6 8
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At stations 21F and 24F we still find water with a 
salinity higher than 34-70°/oo. A salinity of 
34-66°/00 at station 20F is also very close to 
the above-mentioned salinities. The salinities of 
stations 42F, 32F and 21F at 1,000 metres compare 
as follows :—

42F =  34-70°/oo ;
32F =  34-66°/00 ;
21F =  34-70°/oo-

From these data it appears, therefore, that the 
possibility exists at station 21F that water in the 
Mozambique Channel originates from the Indian 
Ocean moving around the southern tip of Mada
gascar.

If an imaginary line is drawn through stations 12, 
29, 51 and 63, it is clear that, generally speaking, the 
salinities on the eastern side of this line are lower 
than those on the western side. Salinities in the 
Agulhas Current area fall mainly between 34- 50°/oo 
and 34-60°/oo and the values east of the imaginary 
line mainly between 34-40°/oo and 34- 50°/oo. The 
higher salinity on the west side of the line is appar
ently due to the more intensive mixing of Antarctic 
Intermediate Water with sub-surface water, this 
mixing possibly occuring in the rapidly flowing 
Agulhas Current. The phenomenon may also be 
ascribed to the Antarctic Intermediate Water which 
intermingles in the southern part of the Mozam
bique Channel with water of higher salinity origi
nating from the Indian Ocean, and which is then 
carried further southwards with the Agulhas 
Current.

Salinities lower than 34-40°/oc, are found at only 
six stations, namely, 60, 62, 47, 48 41 and 35. 
The lowest value is found at station 62, namely 
34-29°/00, while the salinities at the other four 
stations were in the region of 34-40°/oo. The 
low salinity at station 62 is apparently due to the 
sinking of sub-surface water of Sub-antarctic origin, 
According to the sigma-t surfaces (Figures 12, 15 
and 18), the water at station 61 rises and this must 
necessarily result in the water at station 62 sinking

At station 22 a salinity of 34 ■ 62 °/ 0 0 was obtained, 
this being strikingly higher than the surrounding 
salinities at stations 21 (34-45°/0o) and 23 
(34-54°/00). This phenomenon is apparently due 
to the fact that water of Indian Ocean origin 
penetrates this area. This fact is emphasised by the 
current lines at the 1,000/2,000 db surface. The 
temperature is also considerably higher, namely, 
8-34° C in contrast with temperatures of 5-82° C 
and 7 ■ 20° C at stations 21 and 23, respectively.

In the rest of the area salinities higher than 
34-60°/oo were usually encountered in the vicinity 
of swirls in the current. Salinities of between ±  
34-60°/oo and 34-69°/00 were encountered at 
stations 28, 29, 34, 50, 54, 58 and 61. It is apparent 
that here the possibility exists that Antarctic Inter
mediate Water might intermingle in these swirls 
with water masses of the sub-surface layer or the 
layers below 1,000 metres, and in this way be 
responsible for the higher salinities. ORREN 
(1963) is of the same opinion. According to 
the dynamic height anomaly charts (Figures 2 to 
4) and sigma-t charts (Figures 12, 15 and 18), this 
supposition is quite acceptable since swirls are 
distinctly shown around the above-mentioned 
stations on these charts.

According to the data obtained and the work of 
earlier workers, it is, therefore, obvious that, in 
regard to salinity, the water in the area investi
gated at the . depth of 1,000 metres answers , the 
requirements for identification as Antarctic Inter
mediate Water.

4.2. Salinity and Water Masses at 1,500 Metres.—
Over the major part of the area investigated the 

salinities at 1,500 metres (Fig. 7) lie between the 
limits of 34-41 °/00 and 34-62°/00. The tempera
tures at the relevant stations varied between
2-50° C and 4-85° C. No salinity was found 
lower than 34-41°/00, but at a few stations 
salinities were obtained which were higher than 
34-620/ oo, namely, at stations 6-9, 19, 32, 36, 
43, 45, 57, 61 and 67. Out of 44 stations there 
were, consequently, only 12 stations with a salinity 
higher than 34-62°/00. The salinity was higher 
than 34-70°/oo> only at stations 32, 45 and 61, 
but it was never higher than 34-74% c  The 
salinities and temperatures, therefore, fall mainly 
within the salinity limits of Antarctic Intermediate 
Water (see discussion and quotations in section
4.1.).

The high temperature of 4-85° C at station 50 
may be due to the deeper penetration of warmer 
Antarctic Intermediate Water as a result of swirling. 
The salinity of 34-42°/00 bears out such a possi
bility. Low temperatures are apparently due to the 
cold water in the vicinity of the Subtropical Con
vergence and the area southward thereof.

According to ORREN (1963), North Indian Deep 
Water extends from 1,600 metres and deeper and 
lies between Antarctic Intermediate Water and the 
Atlantic Deep Water. CLOWES (1950) asserts 
that Warm Deep Water from the Arabian Sea

6 7 0
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certainly moves as far as 20° S and may even con
tinue further as North Indian Deep Water with a 
salinity lower than 34-80% o. It may, there
fore, be said with reasonable certainty that the high 
salinities at stations 6 to 9 are due to North Indian 
Deep Water. The temperatures at these stations 
are also noticeably higher than at neighbouring 
stations. The high salinity at station 19 is appar
ently due to the penetration of water from the 
Indian Ocean, as appears clearly from the vertical 
section of salinity in the area (Fig. 35). The high 
salinity at station 32 may apparently be ascribed to 
the upwelling of Warm Deep Water which mixes 
with warmer water as appears from the isobaths at 
the sigma-t surfaces (Figures 12, 15 and 18). It 
may also be seen from these charts that around 
stations 61 and 45 there are intensive cyclonic 
water movements which result in water here rising 
from the depths. It is, consequently, very pos
sible that the high salinities at the above-mentioned 
two stations are due to the upwelling of Atlantic 
Deep Water. The same argument may be used 
to explain the high salinities at stations 36, 43 
and 67, although the cyclonic water movement is 
less intensive, this fact also explaining why the 
salinities are lower than those at stations 61 and 45. 
The high salinity at station 57 is apparently due to 
the fact that the Agulhas Current in this region 
flows' over the edge of the Agulhas Bank, curves 
towards the left and results in the upwelling of 
deeper water. % It may, therefore, be stated with a 
large measure of certainty that high salinities at
1,500 metres are due to the presence of some 
Atlantic Deep Water or Nörth Indian Deep Water. 
From the available data it appears that the domi
nant water mass is Antarctic Intermediate Water, 
although it is possible that at this depth the Ant
arctic Intermediate Water could well have under
gone a fair measure of mixing with deeper-lying 
water masses.

4.3. Salinity and Water Masses at 3,000 Metres.—
A noticeable feature of the salinities for the 3,000 

metre depth (Fig. 8) is their slight variation. This 
fell mainly between 34-71 ° /9o and 34-80% o, 
except in the case of four stations, namely 8, 30, 
32 and 54, where the salinity was higher than 
34-80°/oo. At the last-mentioned three stations 
the salinity was 34-80°/oo exactly. At station 8 
the salinity was 34-84% 0, while that at station 9
was 34-76%  o-

Judging from the oxygen content at 3,000 metres 
at station 8 (between 4-67 c.c./l. and 4-65 c.c./l.), 
this high salinity cannot be attributed to pure, 
oxygen-poor North Indian Deep Water, since 
water with an oxygen minimum lies much shallower

in this region. This water is apparently a mixture 
of highly saline North Indian Deep Water and 
oxygen-rich deeper water. The water throughout 
the rest of the area is chiefly recognisable as 
Atlantic Deep Water with a salinity maximum of 
±  34-80°/oo- ORREN (1963) supports this view.

At stations 13-16, 22, 23, 26, 27, 36 and 60-66 
there is a very strong possibility that Bottom Water 
may be present, especially at stations in the north
ern part of the area. In this report Bottom Water 
is regarded as water lying deeper than ±  3,000 
metres. At these stations the salinity at 3,000 
metres is in the vicinity of 34- 75 % 0, ana according 
to ORREN (1963), this indicates the possibility of 
Bottom Water. A study of the general T/S rela
tionships (Figures 21 to 34) strengthens this 
supposition. The curves definitely turn away from 
the salinity maximum of the Warm Deep Water 
and for a short distance follow the characteristic 
curve of Bottom Water.

According to the current lines at the 3,000/2,000 
db surface, it is clear that the water moves in 
opposite directions to that at the higher-lying 
surfaces. The possibility of the presence of 
Bottom Water is, therefore, not excluded.

5. Temperature Characteristics.

5.1. Temperature and Water Masses at 1,000 
Metres.—

At a depth of 1,000 metres (Fig. 9) temperatures 
varied from 2-53° C at station 45 to 8 -70° C 
at station 58. Temperatures higher than 8 -0° C 
were encountered only at stations 22, 50 and 
58. The high temperature at station 22 may be due 
to the penetration of water eastwards from the 
Indian Ocean into this region. The current lines 
plotted according to dynamic calculations support 
this supposition (Figures 2 to 4). The water mass 
with this high temperature is probably Indian 
Ocean Central Water, since isobaths at the sigma-t 
surfaces around station 22 and neighbouring 
stations indicate a well-marked anticyclonic swirl 
which would result in the sinking of water.

According to current lines around stations 50 
and 58, there are also distinct anticyclonic swirls 
around these stations. Temperatures higher than 
8 -0° C are, therefore, apparently due to the sinking 
of Indian Ocean Central Water. This supposition 
is supported by the characteristics of the isobaths 
(Figures 12, 15 and 18) which definitely demon
strate that water around these stations sinks. 
According to SVERDRUP et al. (1942), the tem
perature limits of Indian Ocean Central Water are
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8° C and 15° C. Salinities of 34-62°/00 at station 
22, 34-63°/oo at station 50 and 34-68°/00 at 
station 58 indicate that it is possible that at 1,000 
metres the last traces of Indian Ocean Central 
Water might be present at these stations.

Temperatures ranging between 7-14° C and 
7 • 96° C were encountered at stations 23, 26, 28-30, 
32, 34, 49 and 51-54. These temperatures are a 
little high for “ pure ” Antarctic Intermediate 
Water and may be ascribed to the mixing of the 
above-mentioned water mass with Central Water.

Temperatures falling between 6-10° and 6 • 80° C 
were encountered only at isolated stations, namely, 
stations 7, 11, 12, 16 and 31. A feature was the 
constant temperature of 6-40° C at stations 11 and
12. The fact that the temperature was higher at 
stations 11 and 12 than at stations 10 and 13 further 
supports the supposition that water flows from the 
Indian Ocean around the southern tip of Madagas
car. The higher temperature may also be due to 
water flowing northwards from stations 28 and 29 
because the water temperatures at these two stations 
are considerably higher than at the more northerly 
stations.

Temperatures between 5 ■ 20° C and 5 • 90° C were 
encountered at stations 8-10, 13-15, 19-21, 24 and 
27. These temperatures obviously fall between the 
limits of 3° C-7° C set by SVERDRUP et al. (1942) 
for Antarctic Intermediate Water. ORREN (1963) 
considers that the nucleus of Antarctic Intermediate 
Water falls between 4° C and 5° C in the vicinity of 
the above-mentioned stations. At these stations 
salinities at 1,000 metres, however, all fall between 
34-40%o and 34-50°/oo, these limits being set 
by the last-mentioned writer for the nucleus of 
Antarctic Intermediate Water in the northern part 
of the area investigated. We are, consequently, of 
the opinion that the higher temperature is due to the 
mixing of Antarctic Intermediate Water with 
shallower, warmer water masses.

A feature of the temperatures encountered in the 
vicinity of the West Wind Drift at stations 35, 
47-48 and 61-64, is that they all fell between 
3-10° C and 3-80° C. As appears from Figure 6, 
the salinities at these stations are very low, except 
in the case of station 61. According to salinity 
and temperature, the water at stations 62-64, 35 
and 47-48 is therefore Antarctic Intermediate 
W ater

Temperatures between 2-53° C and 2-95° C were 
encountered only at the most southerly stations, 
tamely stations 36-45, 60 and 65-68. These low 
emperatures are apparently due to the cold water

of the Sub-antarctic region since all these stations, 
except station 60, lie south of the Subtropical 
Convergence.

It may, therefore, be stated with a large measure 
of certainty that, as regards temperature, most of 
the water at the 1,000 metre depth, is Antarctic 
Intermediate Water, or the product of intermingling 
between this water mass and Indian Ocean Central 
Water.

5.2. Temperature and Water Masses at 1,500 
Metres.—

The temperatures of water at the 1,500 metres 
depth (Fig. 10) show a much smaller variation than 
those at 1,000 metres. In general temperatures 
north of stations 56, 34 and 48 are higher than 
3 0° C and south of these stations lower than 
3 0° C, with a few exceptions. Temparatures 
ranging between 4-15° C and 4- 85° C were found 
at only three stations, namely, stations 50, 54 
and 58. According to the current lines at 1,500 
metres (Fig. 3), stations 50 and 58 lie in the 
vicinity of swirls, this fact explaining how it is 
possible that the mixing of cold water at 1,500 
metres with warmer, shallower water could occur 
and in this way result in increased temperatures.

According to current lines, it is found that the 
Agulhas Current in the region of station 54 is 
deflected in a southerly direction. Consequently, 
mixing is also not excluded in this case.

The low temperature of 2-87° C at station 11 is 
apparently due to the rising of cold water since the 
current here flows over the Madagascar Ridge. 
Temperatures between 3 0° C and 3-85° C at 1,500 
metres clearly still fall within the accepted limits for 
Antarctic Intermediate Water, namely 3 °C to 7° C.

Temperatures between 2-36° C and 2-92° Care 
encountered mainly in the vicinity of the Sub
tropical Convergence. In regard to salinity, 

«however, this water still answers to the requirements 
for Antarctic Intermediate Water. The low tem
perature may probably be ascribed to the fact that 
the water here is apparently of Sub-antarctic origin 
since Antarctic Intermediate Water mixes with 
cold Sub-antarctic surface and sub-surface water at 
the Subtropical Convergence.

5.3. Temperature and Water Masses at 3,000 
Metres.—

Temperatures at the 3,000 metre depth (Fig. 11) 
fell between 1 • 50° C and 2 - 50° C. An outstanding 
feature of water at the above-mentioned depth is 
that temperatures east of the Madagascar Ridge 
were lower than temperatures west of it, except in
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the case of stations 36, 61 and 66. This phenome
non is substantiated by the distinct separation 
caused by the Madagascar Ridge in the deeper 
water. Throughout the larger part of the area the 
temperature falls between 2 0° C and 2-44° C. 
This ‘water is immediately recognisable (especially 
according to salinity distribution) as Atlantic Deep 
Water (ORREN 1963 and CLOWES 1950).

The oxygen content at stations 13-16 was con
spicuously lower than in the rest of the area and the 
salinity was more or less constant, namely ±  
34-75°/'co- It is possible, therefore, according to 
temperature and salinity, that Bottom Water is 
present at these stations. If, however, the oxygen 
content of the water is taken into account, it 
appears that it is possible that North Indian Deep 
Water has mixed with Atlantic Deep Water, this 
mixing being responsible for the low oxygen 
content.

6. Depth, Salinity and Temperature at the 
at =  27 -20, 27 -40 and 27 -60 Surfaces.

According to SVERDRUP et al. (1942), the dis
tribution of the sigma-t surface will give a good pic
ture of water transportation. Isohalines and 
isotherms will therefore be parallel to isobaths at a 
particular sigma-t level and will indicate the direc
tion in which a current flows.

(a) The sigma-t =  27 -20 surface.—

The depth, salinity and temperature of the 
at =  27-20 surface are shown in Figures 12 to 14. 
Isobaths for ever 50 metres, isohalires for every 
0-05°/oo and isotherms for every 0 - 5° C have been 
plotted.

According to Figure 12, the depth of the at =  
27-20 surface varies between 315 metres at station 
45 and 1,305 metres at station 50. On the north
ern side of the Sub-tropical Convergence the sigma-t 
surface lies for the most part at a depth of very close 
to 1,000 metres, and the isobaths will consequently 
give a good picture of ocean currents at 1,000 
metres. An intense crowding of isobaths was 
obtained between stations 56 and 58, to the north of 
the Sub-tropical Convergence and around station
61.

Anticyclonic swirls are clearly perceptible at 
stations 22, 50, 58 and 66. Cyclonic swirls are 
encountered at stations 9 and 61. A feature of 
these swirls is that the relevant sigma-t surface 
descends to a deeper level at anticyclonic swirls and 
rises in a cyclonic swirl. The sigma-t surface 
rises perceptibly between stations 54, 56 and 57 
where the water meets the Agulhas Bank. Accor
ding to bottom topography influences, this will

result in the current being deflected towards the 
left. This deflection will, therefore, be a further 
contributory factor in causing the Agulhas Current 
to turn back on itself. The swirl around station 58 
is shown definitely not only by the isobaths but also 
by the course of isohalines and isotherms. The 
swirls indicated by the isobaths correspond closely 
to those demonstrated by the isodynamic lines 
(Fig. 2). The distribution, of isobaths over the 
relevant sigma-t surface distinctly shows the ten
dency of water to sink at the Subtropical Conver
gence.

Salinities at the at =  27-20 surface (Fig. 13) 
vary between 34-14°/00 at station 42 and 34- 61 % 0 
at station 61. For the most part salinities north 
of the Subtropical Convergence are higher than 
those south of it. The high salinity of 34-61°/00 
at station 61 is apparently due to the fact that the 
sigma-t surface here lies near to the surface at a 
depth where sub-surface water is present. This 
water has a higher salinity than the deeper water 
at ±  1,000 metres.

An intensive crowding of isohalines around 
stations 58-60 clearly indicates that there is a 
marked swirl in this area. The isohalines follow 
more or less the course of computed ocean currents 
on this surface.

The temperature of the relevant sigma-t surface 
(Fig. 14) varies between 3-00° C at station 45 and 
6-83° C at station 18. It is quite noticeable that 
the temperatures in the Agulhas Current area are 
much higher than in the rest of the area. Tempera
tures south of the Subtropical Convergence are 
conspicuously lower than temperatures further 
north. Here, too, the isotherms follow more or 
less the course of the ocean currents.

From the above data it can readily be seen that 
the sigma-t surface north of the Subtropical Con
vergence corresponds well with the isodynamic 
lines at the 1,000/2,000 db surface. The 1,050 
metres isobath south of Madagascar shows the 
northward trend of the Return Agulhas current.

(b) The sigma-t =  27-40 surface.—

The pattern of isobaths, isohalines and isotherms 
at the at =  27-40 surface is shown in Figures 15 to 
17. The spacing of the above values is exactly the 
same as in the case of the at =  27 • 20 surface.

According to Figure 15, the depth of the relevant 
sigma-t surface varies between 520 metres at 
station 61 and 1,600 metres at station 50. Notice
able anticyclonic swirls are perceptible around 
stations 26, 50 and 58 and cyclonic swirls around 
stations 9 and 61. At this surface it is again
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apparent that water of a certain density rises in 
cyclonic swirls and sinks in anticyclonic swirls. 
The intensive crowding of isobaths around stations 
58 and 51 definitely indicates the presence of swirls. 
In the area of the Subtropical Convergence the 
isobaths are also very close together and show that 
the sigma-t surface sinks rapidly over a fairly short 
distance. This phenomenon is especially notice
able between stations 58 and 60 and between 
stations 45 and 47. The isobaths between stations 
32 and 54 apparently run very close together 
between the coastline and station 54 and join the 
isobaths south of Port Elizabeth. In this case, too, 
the course of the isobaths shows the rising trend of 
the sigma-t surfaces at the Agulhas Bank. North 
of the Subtropical Convergence the course of the 
isobaths gives a fairly good picture of currents 
between ±  1,000 metres and ±  1,500 metres.

Salinities at the erf =  27-40 surface (Fig. 16) 
vary between 34-32°/00 at stations 41, 43 and 
45 and 34-64°/00 at station 32. The highest 
salinities were encountered mainly in the Agulhas 
Current area and the lowest south of the Sub
tropical Convergence. A well-marked swirl of 
water is perceptible between stations 58 and 61 
according to the isohalines. The closed isohaline 
around stations 49 and 50 gives an indication of the 
swirl around these stations which was obtained 
by means of dynamic calculations. The isohalines 
follow more or less the course of the dynamic 
topographic lines at the 1,000 db and 1,500 db 
surfaces, especially the 34-50°/DO and 34-45°/00 
isohalines between stations 61 and 62. This 
isohaline pattern gives an indication that the 
isobaths over the Madagascar Ridge reflect a 
fairly reliable picture of actual water movements.

Temperatures at the a t  =  27 • 40 surface (Fig. 17) 
range from 2-55° C at station 45 to 5-0° C at 
station 32. As above, temperatures south of the 
Subtropical Convergence are much lower than 
temperatures in the northern part of-the area.

Just as was the case with the a t  =  27 ■ 20 surface, 
the highest temperature is encountered in the 
Agulhas Current area off the east coast of South 
Africa. In general the isotherms follow the same 
direction as the isohalines and give a sure indication 
that water from the Subtropical Convergence 
moves northwards. The course o f the 4 -0°C and
3-5° C isotherms between stations 61 and 62 fur
ther substantiates the course of the 34-50% o 
and 34-45°/ot) siohalines, as explained in the 
above paragraphs. It also further shows the 
tendency of water to flow from the Subtropical 
Convergence in a north-easterly direction over the 
Madagascar Ridge.

(c) The sigma-t =  27 -60 surface.—
The pattern of isobaths, isohalines and isotherms 

at the a t  =  27 • 60 surface is presented in Figures 18 
to 20. The spacing of the above-mentioned values 
are identical to the a t  =  27 • 20 and a t  =  27-40 
surfaces.

According to Figure 18, the depth of the a t  =  
27 ■ 60 surface varies between 953 metres at station 
61 and 2,000 metres at station 50. This distri
bution of isobaths gives a good picture of the 
ocean currents and directions of flow between ±
1,500 and ±  2,000 metres. The intensive crowding 
of isobaths between stations 54 and 32, 57 and 60 
and 45 and 47 indicates sinking of water over a 
relatively short distance. Around station 61 there 
is a perceptible upward motion of water. Other 
very clear features are the vertical movement of 
water over the edge of the Agulhas Bank and the 
deflection of the Agulhas Current in a southerly 
direction.

Anticyclonic swirls are perceptible around 
stations 9, 11, 26, 50 and 58, with the result that 
water with the same sigma-t value is found much 
deeper here than at neighbouring stations. Cyclo
nic swirls of water may be seen around stations 
36, 45 and 61. At these stations water with a 
sigma-t value of 27 • 60 moves closer to the surface.

The closely spaced isobaths between station 54 
and the coastline indicate that water from the 
Agulhas Current strikes the coast from a north
easterly direction and is then deflected towards the 
south between Port Elizabeth and East London. 
The distribution of isobaths apparently also gives a 
good indication of the deflection of water towards 
the left when passing over a ridge, and this effect is 
especially noticeable over the Madagascar Ridge.

Another noticeable feature is the tendency to 
sink manifested by water at the Subtropical Con
vergence even at the depths indicated in Figure 18. 
Between stations 45 and 47, for example, the a t  =  
27 ■ 60 surface sinks from 960 metres at station 45 to 
1,630 metres at station 47.

In general the course of isobaths agrees closely 
with the current directions indicated by the dynamic 
topographic lines at the 1,500 db surface, except 
between the northern stations south of Madagas
car. From a consideration of the isohalines and 
isotherms, the course of the isodynamic lines ap
pears to be more correct.

The salinity at the a t  =  27-60 surface (Fig. 19) 
varies between 34-52°/00 at station 36 and
34-75°/00 at station 50. A small number of 
isohalines could be plotted here to indicate that the
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salinity is fairly constant throughout this sigma-t 
surface. The isohaline of 34- 60°/oo gives a 
good impression of the distribution of salinity over 
this surface. West of the above-mentioned iso
haline the salinity lieŝ  mainly between 34-60°/oo 
and 34-70°/oo and east of it between 34-50°/oo 
and 34- 60°/oo. These few isohalines give a further 
indication- of the tendency of water of Atlantic 
origin to move in a north-easterly direction and 
thence to bring about a large anticyclonic move
ment in the South-West Indian Ocean.

Only a few isotherms could be plotted on the 
at =  27-60 surface (Fig. 20), showing that the 
temperature on this surface is fairly constant, 
varying from 2-47° C at station 43 to 3-62° C at 
station 32. The course of the 3-0° C isotherm 
gives an indication of the temperature variation 
over the relevant sigma-t surface in this area.

In conclusion, it further appears that all three 
sigma-t surfaces have an upward trend around 
station 32 and this is probably the reason for the 
high temperatures and salinities experienced here.

7. Mean Temperature/Salinity Relationships.
Only mean T/S curves have been charted in this 

investigational report (Figures 21 to 34). In order 
to obtain them, all the curves for individual stations 
were drawn and from these curves the corres
ponding mean T/S curves were grouped. Approxi
mate depths were also indicated on each general 
curve. Where depths of individual stations on the 
same curve differed greatly, approximate station 
depths are indicated separately.

All the mean curves have been charted in Figure 
34. In this case only parts of the curves have been 
reproduced since only those at 1,000 metres and 
deeper are applicable to this report.

Sections of the curves giving a more or less 
linear T/S relationship are classified by SVER
DRUP et al. (1942) as Central Water. The curved 
part with a distinct salinity minimum very obviously 
represents Antarctic Intermediate Water.

According to the general T/S curves, the 1,000 
metre temperatures and salinities of only stations 
22, 23, 26 and 58 lie clearly on the linear parts of 
the curves. This probably demonstrates the 
presence of Central Water. Station 58 lies more or 
less in the centre of an intensive anticyclonic swirl 
between the Agulhas Current and Return Agulhas 
Current, and at this station there is apparently a 
sinking of Central Water which is encountered even 
at depths of 1,000 metres. It may, therefore, be 
accepted with a large measure of certainty that the 
high temperatures and salinities at the stations are 
brought about by Central Water.

With the exception of the above, the T/S curves 
at 1,000 metres depth have values between the 
limits of ±  4-5° C, ±  34-40°/oo and ±  8° C 
d- 34-60°/oo north of the Subtropical Con
vergence. South of the Convergence these limits 
are ±  2-5° C, ±  34-50% o and ±  4° C, ±
34-30°/oo. At stations in the last-mentioned 
area there is occasional indication that the tempera
tures and salinities of water at 1,000 metres lie on 
that part of the curve which indicates Warm Deep 
Water with a maximum salinity. The last- 
mentioned parts of the T/S curves lie in an almost 
horizontal direction with little variation in tempera
ture but with a tendency towards a salinity maxi
mum. This tendency is particularly noticeable at 
stations 38-45 and 60-68. The water at the 1,000 
metre depth at these stations is, therefore, ap
parently already Warm Deep Water of Atlantic 
origin.

In general the mean T/S curves show a tendency 
to move from a maximum towards a minimum 
salinity and then again towards a maximum 
salinity. At stations 38-45 and 67-68 (Fig. 30) 
however, there is a noticeable tendency for the 
salinity to move from a minimum at the surface to a 
maximum at ±  1,500 metres and deeper. The 
variation in temperature is generally small in 
comparison with that at stations north of the 
Subtropical Convergence. The curves of stations 
38-45 and 67-68 confirm the opinion that water 
with a minimum salinity in the Sub-antarctic region 
sinks at the Subtropical Convergence (from ±  200 
metres to ±  1,000 metres) and then, as Antarctic 
Intermediate Water, forms an anticyclonic circu
lation in the South-West Indian Ocean.

At a depth of 1,500 metres temperatures varied 
between ±  2.40°C and ±  4.30°C and salinities 
between ± 34-45°/00 and ±  34-70°/oo according to 
the T/S curves. At 1,500 metre depths the curves 
clearly show the presence of Warm Deep Water 
of Atlantic and Indian Ocean origin. In the 
northern part of the area this section of the curve is 
not as distinctly separated from the part indicating 
Antarctic Intermediate Water as in the southern 
part of the area, and at station 58 (Fig. 31) the
1,500 metre water layer is still mainly Antarctic 
Intermediate Water. As has already been men
tioned, water sinks at this station in an eddy 
and Antarctic Intermediate Water, therefore, lies 
at greater depths here.

Most of the mean T/S curves show the presence 
of Bottom Water at 3,000 metres. The evidence 
for the presence of this water, however, is slight and
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Bottom Water can be identified with certainty at 
only a few stations. It is definitely present at 
stations 13-16 (Fig. 24) and 60-66 (Fig. 32) and 
at these stations temperatures were generally ±  
2 0° C or less and the salinity ±  34-75°/00. 
According to the bottom topography chart (Fig. 5), 
these stations lie in areas where the ocean is very 
deep, and the presence of Bottom Water is, there
fore, likely.

According to the composite chart of mean T/S 
relationships (Fig. 34), it is apparent from the 
location of the curves that water at stations south of 
the Subtropical Convergence differs considerably 
(especially sub-surface water) from water at stations 
north of the Convergence. The curves of the 
northern stations show a close relationship and are 
well defined.

From the above discussion it appears that at 
depths of 1,000 metres to 3,000 metres the principal 
water masses encountered, according to the T/S 
relationships, were Antarctic Intermediate Water, 
Warm Deep Water and Bottom Water.

8. Southward Protrusions and the Current South of 
Madagascar.

According to the current pattern at the 0/1,000 
db surface obtained during a cruise of the French 
research ship Commandant Robert Giraud during 
October-November, 1957 (Fig. 36), the Mozam
bique Current moves along the east coast of Africa 
and turns , back completely at ±  25° S, moving 
northwards off the coast of Madagascar. Where 
this current comes into contact with the east-west 
current south of Madagascar, there is a tendency for 
the latter current to penetrate far to the south. 
These observations are similar to the anticyclonic 
and cyclonic disturbances in the current pattern 
perceptible at the line between Lourenco Marques 
and the southern tip of Madagascar (Figures 2 to 4).

A noteworthy feature is the good agreement 
obtained between deep currents and surface 
currents (compare Figures 2, 3 and 36). Although 
the observations of R.S. Africana I I  and Comman
dant Robert Giraud were made during different 
seasons, they nevertheless, show a close corres
pondence.

If the current directions according to the sigma-t 
surfaces (especially cri =  27 ■ 60 and ot — 27 • 20, 
Figures 12 and 18) are compared with current 
directions obtained with the aid of dynamic calcu
lations in this area, it is clear that water in the

southern part of the Mozambique Channel moves 
southwards near Madagascar, causing large pro
trusions. Such a comparison also definitely shows 
that water moving from a north-easterly direction 
between stations 11 and 13, moves southwards 
between stations 9 and 11.

According to a vertical section of salinity made 
by MÉNACHÉ from Lourenco Marques to Port 
Dauphin (Cahiers Océanographiques, April, 1963), 
the water in this area, as indicated by the tongued 
structure of isohalines, tends to move westward 
towards the coast of Africa even at fairly great 
depths. Such characteristics of the current south 
of Madagascar further confirm the supposition 
that water from the Indian Ocean flows round the 
southern tip of Madagascar in a westerly direction 
at depths greater than 1,000 metres.

Charts drawn by PAECH (1926) indicate that 
only during July is there a slight tendency for the 
currents south o f  Madagascar to flow, even at the 
surface, in a north-esaterly direction. According to 
the directions shown, this phenomenon is not, 
however, observable in the deep water during this 
period of the year (Figures 2 to 4).

9. Movement of Atlantic Water in the South-West 
Indian Ocean.

A vertical section of salinity was drawn between 
stations 62, 35, 49, 27, 16 and 19 (Fig. 35), and an 
interesting pattern was obtained.

Between stations 62 and 35 it is clear that water 
coming from a southerly direction with a salinity of 
±  34-30°/oo to 34-70°/oo sinks from the surface 
and sub-surface to depths of between ±  800 
metres and ±  1,350 metres. Between stations 35 
and 49 there is marked sinking of water from the 
surface to i  800 metres as clearly shown by the 
isohalines 34-80% o to 35-50°/oo. According 
to the course of these isohalines, water which 
sank between stations 62 and 35, moves in a 
north-easterly direction as indicated by the tongued 
structure of the 34-30°/oo and 34-40°/oo isohalines, 
This water then apparently rises at station 19 
where it meets water from the Indian Ocean moving 
in a south-westerly direction between stations 16 
and 19. The water with a salinity of 34-30°/oo is 
apparently of Atlantic origin as demonstrated by 
the course of the isohalines. It may further be 
deduced from the course of the isohalines that 
Antarctic Intermediate Water constitutes the major 
part of the water south of the Subtropical Con
vergence, and is not only perceptible in sub-surface 
water but even extends to fairly great depths.
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The sinking of Atlantic water is completely 
understandable since the Subtropical Convergence 
is crossed between stations 62 and 35. During the 
1963 cruise of R.S. Africana l í  the Subtropical 
Convergence was encountered between' stations 
61 and 62 and again north-west of station 70.

At stations 49, 27, 16 and 19 it is clear that at 
depths shallower than ±  800 metres there is a 
sub-surface layer of water which apparently moves 
north-eastward and sinks to depths greater than 
±  800 metres between stations 35 and 49. The 
salinity of this water ranges between ±  34-80°/oo 
and ±  35-50°/oo. The currents between the 
surface and ±  800 metres, therefore, evidently 
move in the same direction as the currents at a 
depth of ±  1,000 metres and deeper. The water 
masses very obviously originate from two different 
oceans, namely, the Atlantic Ocean and the Indian 
Ocean, and according to the dynamic current 
pattern it is very likely that Atlantic water flows 
into the South-West Indian Ocean since the trend of 
the isohalines distinctly indicates the same tend- 
dency as the current lines.

From a depth of ±  1,200 metres the course of the 
isohalines of 34-50% o, 34-60% o and 34-70% o 
is fairly uniform. At station 19 the first men
tioned two isohalines show an upward tendency 
which might be due to the penetration here of 
water from the Indian Ocean since station 19 is 
situated in the deep Reunion Basin. The current 
lines in Figures 2 and 4 further support this 
supposition.

If the general T/S curves of stations 16 and 19 
(Figures 24 and 25) are compared with those of 
surrounding stations, it appears that Antarctic 
Intermediate Water lies much shallower at station 
19 than at station 16. At depths greater than 1,000 
metres, the T/S curve of station 19 shows a com
pletely different tendency to that at station 16, and 
the two deep water masses which come into contact 
here are consequently of different origin.

According to LE PICHON (1960), the circulation 
of deep waier below 2,000 metres in the South-West 
Indian Ocean is determined chiefly by the influx 
of Atlantic Deep Water into this area. As appears 
from charts published by the above-mentioned 
writer, there is a definite northwards movement of 
Atlantic water in the Natal Deep and the Natal 
Basin on the western side of the Madagascar Ridge. 
The Madagascar Ridge apparently forms an ob
struction in the path of the Atlantic deep water, as 
shown by the current lines at the 3,000 db surface.

According to DE DECKER and MOMBECK 
(1964), certain species of plankton were for the most 
part only encountered in fairly high concentrations 
at ±  1,000 metres and deeper in the vicinity of sta
tions 16 and 27. For example, Calanus tonsus was 
encountered at a depth of ±  1,000 metres in high 
concentration at station 27. This species of plank
ton is indigenous to the area ±  100 miles south of 
Cape Point and even further south. A second 
example is Calanoides carinatus which is found in 
medium to fairly high concentration at a depth of 
±1,000 metres in the vicinity of station 27. This 
species is found in high concentrations off the west 
coast of South Africa where upwelling of cold water 
occurs in the important fishing area.

DE DECKER and MOMBECK (1964) state fur
ther that : “ The frequent occurrence in our deep 
catches of such species as Calanus tonsus, Calanoides 
carinatus, Ctenocalanus vanus, Metridia lucens as 
well as many others considered to be representa
tives of the Atlantic and Subantarctic plankton, 
suggests a considerable influx of southern and 
western origin into this part of the Indian Ocean. 
The four species just mentioned are among those 
that had not been found elsewhere in the Indian 
Ocean. With the exception of C. tonsus they are at 
times very common along the western and south
western coasts of South Africa, where they reach 
the surface with the upwelling water masses (Ben
guela Current System). C. tonsus can be found in 
great numbers in the upper layers some 100 miles 
south of the Cape of-Good Hope ”.

That these species of plankton which are indige
nous to the Atlantic water, occur at great depths in 
the Indian Ocean, is further evidence of the move
ment of Atlantic water in the deeper layers of the 
South-West Indian Ocean.
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1. ABSTRACT

During two cruises into an area of the Indian 
Ocean bounded by latitudes 34° S and 47° S and 
longitudes 20° Ë and 52° E, the sea water was 
sampled for temperature, salinity, oxygen and 
phosphate down to 4,000 m. Surface drift was 
obtained from navigational data. The_ Agulhas 
current varied from 50 to 100 miles in width and 
flowed at 2 to 4 knots. Little movement occurred in 
the Subtropical Water. The Subtropical Conver
gence was found to lie at 42° S ±1°. The West 
Wind Drift <vas only marked near the Crozets, 
where a northward thrust of Antarctic Surface 
Water appeared.

Subsurface currents were absent in the Sub
tropical Water, but were found in both the Agulhas 
Water and the Subantarctic Water. Possible sources 
of these currents are discussed. Central Water, 
originating from mixed Subtropical and Subantarc
tic Water, moved northwards at depths of 200 to 
800 m. The movements of Intermediate Water and 
the North Atlantic and North Indian Deep Water 
masses are discussed.

2. INTRODUCTION

This report supplements Investigational Report 
45 (ORREN 1963) and further describes the 
hydrological features of the South West Indian 
Ocean, using data obtained during two cruises by 
R.S. Africana I I  in 1962 and 1963 respectively. 
These cruises completed the field contribution of 
the Division of Sea Fisheries to the SCOR/ 
UNESCO International Indian Ocean Exploration 
programme.

The area covered by the cruises is shown in 
Figure 1. Stations 33 to 55 were completed in June/ 
July 1962, (Southern Winter) and the remainder in 
April 1963 (Southern Autumn). The 1963 cruise was 
curtailed due to an accident at Marion Island and 
no deep stations were done on the return part of the 
cruise. The stations have been numbered consecu
tively and in chronological order and the numerals 
follow those used in Investigational Report 45 
(op cit.).

At each station the water column was sampled 
for temperature, salinity, dissolved oxygen and 
dissolved inorganic phosphate at the international 
depths to a maximum of 4,000 m., while simul
taneously extensive biological sampling was carried 
out. At stations 37, 46, 59 and 63 only a surface 
sample was taken. The hydrological data .on which 
this report is based will be published separately at 
a later date.

For the purpose of graphical presentation of the 
data the stations were divided into five lines named 
as follows :

(a) The “Marion Line”, i.e. stations 33—40.
(b) The “Crozet Line”, i.e. stations 40—44.
(c) The “Slot Line”, i.e. stations 44— 50.

(d) The “Port Elizabeth Line”, i.e. stations 50—55.
(e) The “Agulhas Line”, i.e. stations 56—69.
Stations 39,40,44 and 69 were worked in shallow

water close to the islands. Vertical profiles of the 
hydrological variables have been constructed for 
each line and used for the deduction of water move
ments. The bathymetric terminology used in this 
report follows that of SIMPSON (1964).

3. METHODS

3.1 Temperature and Salinity.
Samples for temperature and salinity determina

tion taken at the international depths down to 
4,000m. were processed in the manner described 
by ORREN (1963).

3.2 Drift Measurements.
Surface currents were qualitatively estimated by 

noting the navigational set between two accurate 
astronomical position sights. During extended 
periods of overcast skies accurate sights were not 
possible and in these circumstances the drift was 
calculated as an average over 24 hours or more. 
Wind direction and velocity were noted at regular 
intervals during both cruises.

Figure 2 shows the current and wind vectors for 
the area and it may be noted that, in general, wind 
had little effect on the ship’s drift when under way. 
Had this not been the case, the direction of the 
apparent surface current would have corresponded 
with the wind direction. Drifts observed on station 
with the ship stopped showed the latter tendency 
and consequently only drift measurements taken 
under way were included in the figure.

Although the surface drift thus arrived at is 
largely qualitative, it is felt that a fair picture of the 
actual movements may be obtained.

3.3 Miscellaneous.
Continuous depth records were obtained 

throughout the cruises with an Elac precision 
echo-sounder. Meteorological observations were 
made at the start of each station as well as at the 
synoptic hours, and a distant-reading thermograph 
recorded surface temperature continuously.

4. DISCUSSION

4.1 General.
The surface water of the area may be divided into 

three main water masses separated by more or less 
marked frontal discontinuities. These water masses 
are:

(a) The Agulhas system, composed mainly of 
Indian Ocean Tropical Water mixed with 
Subtropical Water;

(b) Subtropical Surface Water extending from the 
Tropical Convergence at 24° S (ORREN 1963) 
to the Subtropical Convergence at about 
42° S;
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(c) Subantarctic Surface Water stretching from 
the Subtropical Convergence to the Antarctic 
Convergence at c. 50° S.

Deeper down, the water masses can be further 
subdivided into the Subsurface, Central, Antarctic 
Intermediate, Deep and Bottom Waters. In the 
Northern part of the area all these water masses 
were present; southwards the Central-Water source 
was passed at the Subtropical Convergence, and 
here also marked changes occurred in the distri
bution of the other water masses. For example, 
Figure 3 ^hows typical T/S curves for the water 
masses on either side of the Subtropical Conver
gence.

Figuré 4 was used to distinguish surface water 
masses. Surface values of all stations, with the 
addition of stations 1 to 32 (quoted in ORREN 
1963), are included in the surface T/S diagram. The 
boundary between Tropical and Subtropical masses 
was drawn at 23°C — the temperature of the 
Tropical Convergence—while the clustering of 
points was largely used to position the other limits. 
The large region between Subtropical and Sub- 
antarctic water is designated the “transition 
region”, and the most likely position of the 
Subtropical Convergence (station 35) is entered 
as a dotted line.

The limits proposed by FUKASE (1962) for the 
“Agulhas”, “North Edge” and “Subantarctic” 
water masses have been entered as lines of dashes 
on Figure 4. Fukase’s “Agulhas Water” limit of 
19° C appears low for this region, and his Agulhas 
region covers a large number of points found in 
this investigation to be typical of Subtropical Water 
despite the fact that his values were taken in summer 
whereas the data used here for Figure 4 were 
collected largely in winter, when lower temperatures 
could be anticipated.

The “North Edge Water” limits agree more or 
less with the lower , part of the Subtropical Water 
and the upper part of what has been designated 
here as a “transition” region (Fig. 4).

Fukase’s “Subantarctic Water” limits enclose 
water which is both warmer and more saline than 
was found in this investigation, and Fukase’s results 
further agree with those of HORI (1962). It appears 
that the difference is purely seasonal since the 
Africana I I  cruises described here were undertaken 
in autumn and winter (April 1963 and June/July 
1962) whereas the Japanese researchers crossed 
the area in summer. The temperature variation 
from autumn to winter is further „ discussed in 
section 4.2.4 below. The T/S envelope produced 
by Hori for the area between Cape Town and 
Antarctica generally agrees well with Figure 4.

4.2 Surface Water.
4.2.1 The Agulhas System.—The Agulhas current 

is a narrow, fast-flowing western boundary type 
current generally believed to originate in the south

ward moving part of the South Equatorial current, 
although recent studies by MENACHÉ (1961) 
show that the Moçambique current apparently 
returns to the north and does not form part of the 
Agulhas current. However, this phenomenon may 
be seasonal. The Agulhas region will be discussed 
only briefly here since other more detailed inshore 
surveys have been completed recently, for example 
DARBYSHIRE (1964).

From thermograph data, i.e. the rapid tempera
ture change, the Agulhas current was encountered 
10 to 20 miles off Port Elizabeth (Fig. 5) and 
extended about 100 miles off shore with tempera
tures of 21 to 23° C. On the 20° E meridian the 
current lay about 150 miles south of Cape Agulhas 
and was about 50 miles wide. South of Plettenberg 
Bay (24° E) the Agulhas current was evident as a 
90 mile wide strip of warm water with temperatures 
in excess of 23° C. Between the current and a cool 
(less than 17° C) 50-mile wide strip of coastal water 
was a uniform layer of water moving westward at 
about two knots (probably a branch of Agulhas 
Water) which may later flow round the edge of the 
Agulhas Bank into the Atlantic.

Surface velocities in the current were generally 
high, namely two knots off Port Elizabeth and 
Plettenberg Bay and over four knots south of 
Cape Agulhas (See Fig. 2).

Station 57 (37£° S, 20° E) in the centre of the 
strong Agqlhas flow in this area had a surface 
temperature and salinity which placed in it the 
Tropical Surface Water category, that is tempera
tures in excess of 23° C, and salinity ranging from
35-2 to 35-4°/00, as shown in Figure 4, in common 
with stations from the Moçambique Channel 
and near Mauritius (compare stations 7 and 18 in 
ORREN 1963). No other station lay in the current 
core, but thermograph data indicated similar water 
throughout the Agulhas current in the study area. 
The T/S data from the Moçambique and Agulhas 
currents seem to indicate a common origin in 
equatorial water, but further stations north of 
Lourenço Marques would be required for investi
gating whether the phenomenon observed by 
MENACHÉ (1961) was an isolated or seasonal 
disturbance.

FUKASE (1962) considers the southern edge of 
the Agulhas current to be the “Agulhas Conver
gence” on the basis mainly of temperature measure
ment. This view is supported by DARBYSHIRE 
(1964), but this author admits the “Convergence” 
is not well marked, especially as regards salinity 
change. It is felt that the concept involves a rather 
unnecessary subdivision since the Agulhas current 
region is generally regarded as a separate hydro- 
logical entity and the edge of the Agulhas current 
may in fact perhaps be considered as a southward 
extension of the Tropical Convergence, especially 
since Tropical Water is present in the Agulhas 
current. If the concept of an “Agulhas Conver-
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gence” is allowed, we are faced with two such 
convergences bounding each side of the current, 
that is a “North Agulhas Convergence” separating 
cool coastal water from the warm stream, and a 
“South Agulhas Convergence” separating Agulhas 
and Subtropical Water masses. Fukase also 
mentions a temperature of 18° C at the centre of 
the Agulhas Convergence, but on the_Marion line 
temperatures of 18° C were maintained right up to 
the Subtropical Convergence (Fig. 5). The North 
Edge water of Fukase is almost certainly mixed 
Agulhas current and Atlantic water (brought 
in by the^West Wind Drift), but the situation is 
rendered complex by the many eddies formed at 
the meeting of the two strong water movements, 
which bring about upwelling and sinking. Fukase’s 
samples were from the surface only, so deep eddies 
and upwelling would not be detected directly. 
Analysis o f unpublished hydrological data from 
the Division of Sea Fisheries has shown the presence 
of these eddies in this region.

An eastward moving counter current lying to 
seaward of the Agulhas current off East London 
(Fig. 2) had an apparent velocity of f  to one knot, 
and no appreciable salinity difference from Agulhas 
Water, while its temperature was about 3° C lower 
(i.e. about 20° C) than Agulhas current core water. 
On departing from station 54 a rise of almost 3° 
took place within a few miles, and this station must 
lie almost on the outer edge of the Agulhas current. 
This counter current was also apparent in a section 
from Madagascar to Port Elizabeth constructed 
by HORI (1962). The weak surface eddy centred 
on the Moçambique Terrace (ORREN 1963) may 
perhaps be brought about by interaction of the 
counter current with the Agulhas current, the 
shallowing water intensifying the motion.

No counter current is evident on recent charts 
(DARBYSHIRE 1964) of computed surface cur
rents, data for which were obtained almost simul
taneously with those collected for this report. 
Although the agreement between computed and 
measured currents is generally excellent, the 
computed current velocities are systematically too 
low by about one knot. Darbyshire’s velocities 
of 10 to 60 cm./sec. are low for the strong Agulhas 
current (cf., measured values in Fig. 2) and it is 
suggested here that this is brought about by the 
choice of 1,000 db. as reference level, since our 
data show appreciable southward movement even 
at 1,500 m. in the Agulhas current region. Indeed, 
VISSER and VAN NIEKERK (1965) found 2,000 
db. to be a far more satisfactory reference surface. 
The elfect would be to reduce the relative surface 
velocity, and thus the £ knot counter current flow 
might not be detected.

To sum up, the Agulhas current varied from 
50 to 100 miles in width and had measured veloci
ties of 2 to 4 knots. A northward moving counter 
current (f  to 1 knot) lay on the outer boundary of 
the current.

4.2.2 Subtropical Surface Water.—This includes 
all water lying between the Tropical and Subtropical 
Convergences with the exception of the Agulhas 
system. Near the Subtropical Convergence there is 
a zone denoted as a “transition region” between 
the Subtropical and Subantarctic Surface Waters. 
The above defines Subtropical Surface Water as 
having a temperature range of from 15° to 23° C 
and a salinity range of 35-3 to 35-7°/00 with a 
salinity maximum at about 20° C surface tempera
ture (Fig. 4).

In the north, between stations 50 and 53, the 
temperature change was very gradual, rising from 
17-81° C at station 50 to 17-89° C at station 52, 
then rising rather faster to 19-71° C at station 53. 
Farther inshore the rapid temperature gradient 
on the border of the Agulhas system was encoun
tered, with an increase of 3° C (20° to 23° C) in 
about 20 miles. The water along this line had a slight 
northward component of motion (about £ knot) 
despite strong (30-knot) north winds between 
stations 52 and 54. This motion intensified and 
became a counter current near 54 (Fig. 2).

South-east of Port Elizabeth a strong (1 | to two 
knots) current of Subtropical Water moved 
generally southwards, and this movement is no 
doubt due to the deflection of Agulhas Water by 
the broadening continental shelf south and west 
of Port Elizabeth. In support of this, the 20° C 
isotherm lay about 90 miles south-east of East 
London and about 240 miles off-shore on the 
Marion line (Fig. 5). South of Cape Agulhas, 
Agulhas Water encounters the West Wind Drift 
and a large well-developed eddy was centered on 
about 40° S, 21° E. The southward moving warm 
water penetrated as far as 40° S on the Marion line 
and to about 41° S on the Agulhas line. South of 
station 49 a large eddy caused a complex distribu
tion of surface water. Just to the north of the 
Convergence on the Marion line (at about 38° S) 
the temperature dropped to 18 • 4° C and the salinity 
increased from 35-47°/00 at station 33 to 35-55°/00 
at station 34. The mixed Subtropical Water then 
moves in an arc curving round to the east, and is 
most probably augmented by more Agulhas Water, 
mixed with Atlantic West Wind Drift Water 
brought in from the west. Comparison of Figure 2 
with the July current chart of MICHAELIS (1923) 
shows that there is a slight southward movement 
south of Port Elizabeth. It appears that this 
southerly current is strongly developed in winter 
since a layer of warm water extends right to the 
Subtropical Convergence and the current is stronger 
than recorded by Michaelis. The current chart for 
July 1962 of DARBYSHIRE (1964) supports the 
above findings.

In conclusion, Subtropical Water showed little 
movement apart from a slight northward flow 
( i  knot) along 35° S and a strong southward flow 
(1J to two knots) south of Port Elizabeth. The 
latter current is almost certainly of Agulhas
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current origin and appears strongly developed in 
winter.

4.2.3 The Subtropical Convergence Region.— 
Perhaps the most interesting hydrological feature 
in this area of the Indian Ocean is the Subtropical 
Convergence region. Frontal discontinuities such 
as this are of great biological interest, since an 
accumulation of plankton, and a consequent 
accumulation of fish and marine mammals, is 
generally found in the neighbourhood of such a 
front (see. for example GRIFFITHS 1962). The 
Subtropical Convergence is also of considerable 
interest to meteorologists. The formation of Central 
Water here (see Section 4.4 below) is vitally 
important, since this is the water mass which 
upwells on the south west coast of Africa and 
is responsible for the vast abundance of marine 
life in the upwelled coastal water.

The Subtropical Convergence is generally recog
nized as the boundary region between Subantarctic 
and Subtropical Surface Waters. In general, 
however, the area of sharp temperature and salinity 
change at the surface does not coincide with the 
area of current convergence shown by stream lines. 
DEFANT (1961) distinguishes the “Subtropical 
Convergence”—the current convergence—and the 
“Subtropical Boundary” between the water masses. 
Since the transition region lies entirely in the region 
of strong Westerlies, DEACON (1937) believes the 
Convergence is formed between southward moving 
Subtropical Water and northward moving Sub
antarctic Water. The northward movement of 
Subantarctic Water is slight since the wind-induced 
northward drift is largely counterbalanced by a 
thermohaline southward flow due to climatic 
difference; a northward flow of water is produced 
by that part of the Antarctic Water which moves 
north across the Antarctic Convergence (DEACON 
1937). At the Subtropical Convergence the denser 
Subantarctic Water sinks and mixes with sub
surface water (see Section 4.4. below).

The position of the Convergence in the Atlantic 
is subject to much fluctuation (in fact DEACON 
(1937) has shown this to be as much as 6° of lati
tude), and is believed to lie further south in summer 
than in winter.

Figure 6 shows the approximate position of the 
Subtropical Convergence centre (centre taken as 
13° C) in relation to longitude. Data have been 
taken from Discovery Committee, Le Pichón, 
Hori, Fukase, Deacon and Taljaard. Although the 
vast majority of observations were made in summer, 
the available winter points are all in the area 
41° to 42° S, while thè summer points seem to 
cluster nearer 43° S. By far the largest number of 
observations lie in the range 42° ±1° S, and it is 
thus likely that in the region between 20° E and 
50° E the Subtropical Convergence is found near 
41° to 42° S in winter and near 42° to 43° S in 
summer—a seasonal variation of about 120 miles.

For example, S.A.S. Transvaal (TALJAARD 
1957) crossed the Convergence at about 41° 20' S, 
36° E in April, i.e. autumn, and this station lay 
between two Discovery stations completed in 
summer and winter respectively in the same area.

The Subtropical Convergence divided the region 
roughly in two parts, and Figure 7 gives some idea 
of the large variation in surface properties across 
the Convergence, and the contrast between the high 
temperature, high salinity, low oxygen and low 
phosphate Subtropical Water and the cool, low 
salinity, high oxygen and nutrient rich Subantarctic 
Water may easily be seen.

The Convergence was most marked on the 
Marion line, where at about 40° S the surface 
temperature was still 18-5° C. On steaming south 
the temperature fell rapidly to 11-5° C, and at 
this point the ship was stopped and station 35 was 
completed. On leaving this station a further sharp 
decrease reduced the surface temperature to about 
7-5° C (See Fig. 5). A temperature fall of 10° C 
thus took place in 90 miles—a decrease of 6 • 7° C/ 
deg. lat. This figure agrees well with the 6-9° C/ 
deg. lat. observed by FUKASE (1962). No con
tinuous record of salinity was available but the 
surface salinity at stations 34, 35 and 36 was
35-55°/00, 34-75%o and 33-81°/00 respectively. 
The abrupt nature of the change, in conjunction 
with the very uniform water north of the Con
vergence, is further evidence for a strong southward 
movement of Subtropical Water.

On both the Agulhas and Slot lines the position 
of the Convergence was made more uncertain due 
to large eddies in the warmer water to the north. 
The stepwise decrease in temperature made it 
difficult to estimate the gradient, which was of the 
order of 3-3° C/deg. lat. for the Agulhas line and 
4° C/deg. lat. for the Slot line. The salinity de
creased from 35-35°/00 at 61 to 34-42°/00 at 62 on 
the Agulhas line and from 35-52°/00 at 49 to 
33 ■ 76°/00 at 46 on the Slot line.

A large cyclonic eddy lay near station 48 (about 
40° S, 45° E), and brought about a change in 
current direction (Fig. 2) and a small drop in 
surface temperature and salinity (Fig. 7). The 
surface water was greatly disturbed by the eddy, 
and irregular temperature variations with a range 
of 2-5° C were encountered while drifting on 
station 48. This eddy was also foùnd by LE 
PICHON (1960), and is almost certainly brought 
about, as he suggests, by the junction of the 
Atlantic-Indian Ridge to the Madagascar Ridge 
here. A rough plot of the bottom, taken from 
soundings along the Slot line, was drawn in Figure 8 
and the Atlantic-Indian Ridge can be seen at about 
40° S with the Madagascar Ridge slightly to the 
North. The Rift Valley is also a notable feature of 
the section. Part of the salinity section (Fig. 19) 
has béen entered in Figure 8 to show the eddy which 
lies just above the branching of the two ridges, 
and upwelling takes place in the region near station
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48. This is a clear exam ple o f  the  b o tto m  topography  
influencing the  entire w ater colum n.

A  strong  cyclonic eddy was presen t on  the 
A gulhas line a t abou t 41° S, 21° E  (See Figs. 2 and  
7) an d  w as responsible for the  large tem peratu re  
an d  salinity decrease a t s ta tion  60. The presence o f 
th is eddy is also seen in  the tem peratu re  diagram s 
o f  F U K A S E  (1962). T he cu rren t ch art suggests a 
surface velocity o f  ab o u t 1 kno t-in  the eddy. F rom  
the sigm a-t section (Fig. 26) i t  m ay be seen th a t  the 
eddy fo rm  resembles th a t calculated  fo r a cyclonic 
vortex in  a  tw o-layer ocean (D E F A N T  1961), 
w ith the ro ta tio n  increasing w ith dep th  to  ab o u t 
100 to  150 m ., while below this, ro ta tio n  decreases 
w ith  depth . T he upwelling in  th e  centre o f the  
vortex is very m arked  w ith  an  upw ard  m ovem ent 
o f  ab o u t 700 m . present in  the  salinity section. The 
sharp  fall in  tem peratu re  an d  salinity an d  the sud
den increase in  oxygen con ten t a t the  surface is also 
very w ell-m arked (Fig. 7). T he cause o f  th e  vortex 
is n o t ap p aren t b u t it m ay be due to  an  isolated 
seam ount n o t yet charted , o r to  the  in te raction  o f 
the A gulhas cu rren t w ith  the  W est W ind D rift. 
Som e indirect evidence o f  an  eddy was found  in  the 
therm ograph  trace  for the a rea  near 41° S, 29° E. 
This eddy appeared  as a n  in trusion  o f  cold w ater 
near 40° S on the charts o f  D A R B Y S H IR E  (1964).

In  sum m ary, the Convergence betw een 20° E  
an d  50° E  was found to  lie a t  42° S ± 1 ° , m oving 
to  ab o u t 41° S in w inter and  to  43° S in  sum m er. 
O n crossing the  Convergence from  n o rth  to  sou th  
tem peratu re  fell by as m uch  as 11° C, salinity 
by l-77oo , while oxygen con ten t rose from  
5 c .c ./l. to  7 c .c ./l . ,  all w ithin ab o u t 1° o f  latitude.

4.2.4 Sub-Antarctic Surface W ater.— This w ater 
m ass w as com paratively un iform  betw een stations 
36 and  46, the  variation in  salinity being only 33 • 69 
to  33-82% „ while tem peratures ranged between
4-2° an d  7-5° C. T o the  w est o f  37° E  b o th  tem 
pera tu re  an d  salinity w ere appreciably  higher and  
th is is th o u g h t to  be due to  seasonal (au tum n to  
w inter) differences. A  fu rth e r co n tribu to ry  fac to r 
could  be the seasonally increased streng th  o f  the 
sou th  moving, b ranch  o f  th e  A gulhas cu rren t in  this 
area  w hich w ould tend to  increase tem peratu re  and  
salinity by la teral m ixing, th rusts  o f  w arm  w ater 
forcing the ir w ay south  th ro u g h  the  Convergence. 
A T / S  scatter d iagram  o f  all po in ts in  the Sub
an tarc tic  region is show n in  F igure 9.

S tations 62 and  64 had  alm ost exactly the  sam e 
tem perature , salinity an d  oxygen, an d  it  thus 
appeared  th a t the surface w ater m ass w as com m on 
to  these tw o stations. A  large d ro p  o f  approxim ately  
2° C  an d  0 -40°/oo in  salinity  then  to o k  place and  
the cu rren t vector show ed a  w esterly drift. D E A 
C O N  (1937) showed the  presence o f  a  large 
cyclonic eddy in  46° to  48° S an d  26° to  27° E, i.e. 
near to  sta tion  65, and it is very p robab le  th a t the 
A gulhas line crossed the edge o f  th is eddy an d  this 
gave rise to  the  sudden d ro p  in  surface tem peratu re

a n d  salinity, the  com plex d istribu tion  o f  tem peratu re 
an d  salinity in  the deeper layers (see Figs. 16 and  
21), an d  the  fact th a t stations 65 and  66 were very 
sim ilar in  physical character. A  fu rthe r large 
decrease in  tem peratu re  and  salinity to o k  place in 
th e  vicinity o f  s ta tion  67 and th is  is p robab ly  due to  
upw elling o f  deep w ater in  the cyclonic vortex 
presum ably  form ed w hen the  W est W ind D rift 
flows over the  A tlan tic -Ind ian  R idge here (see 
Section 4.6). U nfortunate ly  n o  d rift m easurem ents 
are available due to  adverse weather.

The S ubantarc tic  W ater show ed a slight southerly  
d rift fo r  the area  between the  Subtropical C onver
gence and  M arion  Island  and  while the tem peratu re  
decreased steadily southw ards, the  salinity rem ained 
alm ost constan t a t  3 3 -8 0 % o. This southerly  drift, 
though  slight, is in  conflict w ith  the general cu rren t 
charts fo r  the  area  w hich indicate steady easterly 
drifts. A  possible explanation  fo r  th is unusual d rift 
is the  fac t th a t only ligh t no rtherly  to  easterly 
w inds were experienced in  th is particu la r area  
during  June (W E A T H E R  B U R E A U  1962) and  
th a t the  absence o f  strong  westerlies has w eakened 
the W est W ind D rift. O n th e  C rozet R idge the 
steady W est W ind D rift again  m ade itself felt, 
flowing east a t  £ to  1 knot.

S tation  41, n o rth  o f  th e  C rozet R idge, was m uch 
w arm er (6-3° C) th a n  sta tions 40 (4-1° C) (a t 
M arion  Island) and  42 (5 • 1 ° C), the la tte r stations 
lying to  the  sou th  o f  the Ridge. S tations 43, 44, 45 
an d  46, all o f  w hich are n o rth  o f  the  R idge, were 
in  very m uch  cooler w ater (3 • 9° to  4  • 7° C), an d  the 
coldest w ater a t  the surface on the tw o cruises was 
found  a t s ta tion  44 (off Possession Island). F u rth e r  
the  tem peratu re  a t  43° S, 35° E  (S ta tion  36) was 
7-4° C , while a t 43° S, 49° E  (S ta tion  46) the 
surface tem peratu re  was only  4-7° C, an d  the  
surface salinity was 0 -0 5 % o low er a t the  la tte r 
station . The above tem peratu re  d istribu tion  in  
conjunction  w ith  the  northerly  d rift show n between 
stations 44 an d  47 indicates a  northw ard  flow o f  
cold Subantarc tic  W ater, p robab ly  occasioned by a 
northw ard  m ovem ent o f  the A ntarctic  Convergence 
sou th  o f  the  Crozets. This m ay be an ticipated  on  
theoretical g rounds— a tru e  grad ien t cu rren t will 
deflect to  the left as the  sounding decreases (D E A 
C O N  1937) an d  in  the case o f  the eastw ard  flowing 
W est W ind D rift, a  no rthw ard  m ovem ent is to  be 
expected.

T he strengthening o f  the W est W ind D rift nea r 
43° S, 50° E  show n by the dynam ic topography  o f  
L E  P IC H O N  (1960) is confirm ed by th e  fairly  
strong  (one kno t) curren ts setting approxim ately  
no rth -eas t betw een sta tions 46 an d  47 an d  by  the  
sudden increase in  tem peratu re gradient. (See 
F igure 10, w hich show s the  horizon tal surface 
tem peratu re d istribu tion  for th e  1962 cruise only; 
seasonal varia tion  m ade it very difficult to  include 
th e  1963 results.)

Therm oclines were alm ost com pletely absen t 
in  the  S ubantarc tic  W ater, w hich was well-m ixed
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FIG. 7. SURFACE HYDROLOGICAL VARIABLES AT STATIONS 33 TO 69.
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Arrows show the position of the Subtropical Convergence.
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th roughou t. M any slight tem peratu re  inversions 
associated w ith  subsurface curren ts were found  
in th is  w ater, which appeared  to  be iso therm al 
an d  isohaline to  depths o f  ab o u t 60 to  100 m. 
in  the  w est an d  to  ab o u t 30 to  150 m . in  th e  east. 
These differences in  surface layer thickness m ay well 
be a  seasonal effect, due to  greater m ixing in  w inter. 
(O nly s ta tion  45 had  a 30 m . th ick -su rface  layer 
a n d  appears to  be exceptional;“ the vast m ajority  
o f  sta tions had  a surface layer 50 to  150 m . th ick .)

I t  thus appeared  th a t the  S ubantarc tic  W ater 
was fa irly , un ifo rm  w ith  tem peratu re  an d  salinity 
ranging  ro u n d  5° C  an d  33 • 8°/00. respectively. The 
W est W ind  D rift was absent in  the  area  betw een the 
Subtrop ical Convergence an d  M ario n  Island , b u t 
reappeared  n o rth  o f  the Crozets. A  tongue o f  cold, 
poorly  saline, w ater m oving northw ards over the  
eastern  end o f  the C rozet R idge was believed to  
have been caused by a  no rth w ard  th ru s t o f  the 
A ntarc tic  Convergence.

4.3 Subsurface Water.
Subsurface curren ts were detected  as subsurface 

salinity m axim a. In  the Subtrop ical W ater n o rth  o f  
the S ub trop ica l Convergence, subsurface curren ts 
w ere only  m arked  a t stations 51, 54, 57 an d  58. T he 
la tte r  th ree sta tions were n ea r th e  A gulhas curren t 
system  an d  the  subsurface m axim um  salinity  was 
considered to  be b rough t ab o u t by sinking o f  th e  
Subtrop ical Surface W ate r w hen it  encounters the 
light, low  salinity T ropical W ater carried  sou th  in 
the  A gulhas system. In  all cases in  w hich a  sub 
surface salin ity  m axim um  w as fo u n d  in  the  area  
n o r th  o f  th e  Subtropical Convergence, including 
sta tions 1 to  32 o f  O R R E N  (1963), th e  salinity  a t 
the  m axim um  layer an d  th e  corresponding  tem 
pera tu re  lay  in  the  range given fo r  Subtropical 
Surface W ate r in  F igure 4. I t  appears th a t the  n o rth 
w ard  m o v in g  Subtropical W ater (Fig. 2) sinks 
beneath  the  T ropical W ate r an d  m ain ta ins th e  
salinity  m axim um , m ixing along  its p a th  w ith 
T rop ica l an d  C entral W aters above an d  below 
respectively. Subtropical W ate r sinking beneath  
th e  A gulhas (Tropical) W ate r w ould  also  give a 
sim ilar effect as i t  is swept southw ards in  th e  m ain  
stream . (Sigm a-t sections indicate no  change o f 
d irection  o f  flow a t the d ep th  o f  the  salinity m axi
m um .) In  general, the ap p a ren t lack  o f  a  w inter 
subsurface cu rren t in  the  region from  the  Sub
trop ica l Convergence to  a b o u t 33° S no ted  by 
O R R E N  (1963) w as confirm ed.

T he subsurface cu rren t betw een sta tions 57 and  
58 shows a  decrease o f  oxygen coñ ten t a t  the  
m axim um  salinity core from  5-09 c .c ./l .  a t  58 to  
4 -5 2  c .c ./l.  a t  57. I t  appears th a t the  w ater a t 57 is 
thus “ o lder”  th a n  th a t a t  58 an d  i f  th e  above 
descrip tion  o f  the  fo rm ation  o f  th is w ater is valid, 
the  w ater a t 57 w ould have been carried  sou thw ards 
in  the  A gulhas cu rren t an d  w ould  th u s be “ o lder” 
th a n  recently-sunk w ater a t 58.

Irregu lar d istribu tion  o f  subsurface salinity

noticed a t  sta tions 47, 48, 60 an d  61 was related  to  
eddy-induced circulation  discussed below.

T he S ubantarc tic  W ater show ed signs o f  so u th 
w ard  m oving subsurface curren ts a t m ost stations. 
In  areas o f  intense vertical m ixing (sta tion  43) 
little subsurface cu rren t w as detected an d  as there 
was an  ap p aren t salient o f  A ntarctic  Surface W ater 
here, the  m ixed w ater present p robab ly  form s the 
source o f  th e  A ntarctic  In term ediate  current.

The Subantarc tic  subsurface curren ts are  believed 
to  orig inate from  m ixed Subtrop ical and  S uban t
arctic W ater, w hich sinks a t the  Subtropical 
Convergence, w ith  m ost o f  th is m ixed w ater sinking 
northw ards as th e  C entral W ater and  the rem ainder 
retu rn ing  southw ards, m ixing strongly w ith  Sub
an tarc tic  Surface and  A ntarc tic  In term ediate 
W aters.

T he clearest evidence fo r  the sou thw ard  m ove
m ent o f  the  subsurface curren t, a p a rt from  the 
deduction  o f  sou thw ard  m o tion  from  the observed 
m axim um  salinity layer betw een tw o low  salinity 
layers, m ay  be found  in the oxygen d istribu tion  a t 
the m axim um  salinity core o f  the  cu rren t on  the 
A gulhas line. A t sta tions 62, 64 an d  65 the  oxygen 
con ten t was 5 • 86, 5 • 76 and  5-31 c .c . / l . respectively, 
show ing a  loss o f  oxygen southw ards. In  m ost cases 
the  subsurface cu rren t also appeared  as a  tem pera
tu re  inversion on the ba thy therm ograph  slides.

A long the  A gulhas line near s ta tion  61 Sub
trop ical W ate r mixes b o th  w ith  upw elled A ntarctic  
In term ediate  W ater (rising in  th e  eddy) an d  Sub
an tarctic  Surface W ater. This m ixed w ater then 
sinks and  the  southw ard  re tu rn ing  p a r t extends as a 
h igh salinity  (34-4  to  34-5°/00) tongue from  stations 
62 to  65 a t 150 to  250 m . A s the  w ater proceeds to  
the  sou th  the  salinity m axim um  is rapidly  destroyed 
by mixing, bu t is still detected a t  250 to  275 m . at 
stations 66 to  68 (Figs. 43, 44, 45) along  ab o u t 
47° S. T he eddy near s ta tion  65 (see Section 4.2.4.) 
caused rem arkable subsurface conditions an d  th ree 
weak no rthw ard  m oving curren ts a lternated  w ith 
th ree m oving sou th  (Fig. 42). T he m ost m arked  
southw ard  m oving cu rren t a t  260 m . was probably  
the  sou thw ard  extending general subsurface current. 
T he com plex a rray  o f  cu rren ts here m ust produce 
m uch  tu rb u len t m ixing an d  th e  observed flow is 
probab ly  subject to  large fluctuations. T he cu rren t 
along  th is line w as o f  a slightly greater salinity th an  
th a t  a long the  C rozet line— presum ably  a  seasonal 
variation .

A  sim ilar m echanism  o f  sinking an d  southw ard  
m ovem ent applied  to  the  M arion  line. T he m ixed 
w ater sinks betw een sta tions 35 an d  36 (Figs. 12, 
17) an d  m oves sou thw ards a t  250 to  300 m ., the 
m axim um  salinity rap id ly  d im inishing southw ards 
n ear sta tion  38. T he T /S  d iagram  fo r s ta tion  38 
(Fig. 31) indicates th a t  th e  cu rren t here is probably  
com posed o f  core w ate r a t  s ta tion  36 m ixed w ith 
A ntarc tic  In term ediate  and , to  a  lesser extent, 
S uban tarc tic  Surface W ater from  sta tion  38. 
Inspection  o f  the  sigm a-t d ep th  curve fo r s ta tion  38

7 1 1



712

M

1000

2000

•34-8----- -3000

4000
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shows m axim um  vertical stability  a t  ab o u t 150 m ., 
m aking  m ixing w ith  deeper layers easier th a n  w ith  
the u pper layers.

T he C rozet R idge forces the  D eep W ate r nearer 
the surface along th e  C rozet line an d  brings ab o u t 
intensive m ixing in  the  up p er layers. S tations 41 
an d  42 (Figs. 32, 33) show  the  usual fairly  w eak 
subsurface cu rren t as observed along^the A gulhas 
line (stations 66 to  68), b u t sta tion  43 shows alm ost 
no  subsurface current. H ere the  Subsurface, 
Surface an d  In term ediate  W ater lose the ir identity  
an d  becom e one strongly m ixed layer, w hich is 
p ro b a b ly , th e  source w ater o f  the  In term ediate  
layer fu rth er north .

Between sta tions 45 and  49 across th e  Subtropical 
C onvergence on  the  S lot line a  m ost interesting cell
like c ircu lation  is apparen t. S ta tion  45 shows the 
u sual w eak subsurface cu rren t a t  a b o u t 300 m. 
caused by th e  sou thw ard  re tu rn  o f  w ater sunk  a t 
the C onvergence between sta tions 46 an d  47. T he 
m ixed w ater w hich sinks a t the  C onvergence m oves 
n o rth  a t ab o u t 340 m. to  n ea r s ta tio n  48 w here it 
mixes w ith  A ntarctic  In term ediate  W ater, p a rt 
retu rn ing  south  a t 440 m . to  the  Convergence, 
w here it m ixes w ith  the  sinking w ater once m ore. 
The m ixed Subtropical an d  upw elled A ntarc tic  
In term ediate  W aters sink to  fo rm  the  C en tral W ater 
n o rth  o f  s ta tion  48, This indicates th a t  intense 
tu rb u len t m ixing m ust occur betw een the  eddy and  
the  Convergence due to  th e  conflicting currents. 
A  schem atic outline o f  these processes is given in  
F igure 11.

A  sim ilar circulation  m ay be seen on  th e  A gulhas 
line w ith s ta tion  60 corresponding  to  s ta tion  49 in 
F igure 11 an d  62 corresponding to  45. S ta tion  61 
w ould lie ju s t to  the  sou th  o f  s ta tion  48 in  F igure 11. 
The intense tu rbu lence a t  s ta tion  62 is p robab ly  
caused by th e  close proxim ity o f  the  Convergence. 
Som e sinking w ater a t  s ta tion  60 apparen tly  tu rn s 
back  a t  a b o u t 400 m ., b u t the  rem ainder sinks 
northw ards as C en tra l W ater.

T he intense m ixing to  w hich the  A ntarc tic  
In term ediate  W ater is subjected is no  d o u b t 
responsible fo r the  large increase in the  co re 
salinity  (34-2°/00 to  34-5°/0o) in  th e  Convergence 
region.

I t  was thus ap p a ren t th a t subsurface curren ts 
are absent in  w inter in  the  a rea  betw een 34° S and  
42° S in the  Subtropical W ater. T he m arked  
subsurface salinity m axim a in  th e  A gulhas W ater 
were p robab ly  b ro u g h t a b o u t by  sinking o f  the 
denser Subtrop ical W ater beneath  the  light 
T ropical W ater. W ell-developed sou thw ard  m oving 
subsurface curren ts were p resen t in  S ubantarc tic  
regions an d  probab ly  orig inated  in  th e  m ixing 
region o f  the  Subtropical Convergence.

4.4 Central Water.
T he C en tral W ater is found  in  the  en tire Sub

trop ical region as a  layer o f  linear T /S  rela tion  
(Fig. 3) separating  th e  Subsurface from  th e  In te r

m ediate  layers, th a t is betw een ab o u t 300 m . an d  
800 m . This w ater m ass is fo rm ed  by the  sinking 
a n d  n o rthw ard  spreading o f  m ixed Subtrop ical 
a n d  S uban tarc tic  W ater m asses in  the  Subtrop ical 
Convergence region. T he centre o f  the w ater m ass 
m ay be generally deduced to  lie a t  11° C, 3 5 -0°/oo 
(see Fig. 11 o f  O R R E N  1963). T he oxygen con ten t 
a t th is level varied  from  4 -62  to  5-20 c .c ./l . ,  m ost 
values lying in  the  range 4 -9  to  5 -2  c .c ./l.  D a ta  fo r 
sta tions 1 to  32 have again  been included. T he low  
values o f  4 -6  to  4 -9  c .c ./l. were ob ta ined  in  the 
M oçam bique C hannel an d  R eunion  Basin areas 
w here N o rth  In d ian  D eep W a te r, p robab ly  
influences oxygen concentra tion .

C entral W ate r below  300 m. has a  general T /S  
line w hich lies w holly in  the space enclosed by  lines 
jo in ing  the S ubantarc tic  (taken  as 7°, 33 - 8°/00), 
A n tarc tic  In term ed iate  (taken  as 3-5°, 3 4 -15% 0 
near the Subtrop ical Convergence), an d  Sub
trop ical (15°, 35-5°/00) W ate r types, show ing th a t 
these w ater m asses are th e  m o st p robab le  source 
waters.

T he sinking an d  sluggish no rthw ard  m o tio n  o f  the 
C en tra l W ater m ay be seen fro m  T able I, show ing 
the d istribu tion  o f  oxygen on  sigm a-t surfaces 
along  the  A gulhas an d  Slot lines. T oo  few sta tions 
were available fo r  this purpose on  the  M arion  line. 
A lthough  in  all cases there is an  in itial decrease on  
m oving northw ards, the oxygen is fairly  constan t 
in  the C en tra l W ater decreasing slightly northw ards. 
T hree o f  the  fo u r Africana I I  crossings o f  the 
Subtropical Convergence show ed vortical d is
tu rbances to  the  n o rth  o f  the  Convergence. P u b 
lished sections (D E A C O N  1957: Fig. 15 and  
sections 7 an d  10) also show  the  presence o f  
cyclonic eddies to  the n o rth  o f  the  Convergence, 
an d  it appears likely th a t the large eddies, m ixing 
upw elled In term ediate  W ater w ith  the up p er layers, 
fo rm  the m ain  source o f  the C entral W ate r (see also 
D E F A N T  1961).

T h e  T /S  d iagram  o f s ta tion  57 (Fig. 38) shows an  
in trusion  o f  a  different w ater m ass a t  ab o u t 600 m. 
T he in trusion  is also visible in  the  A gulhas line 
salinity section (Fig. 21). T he tem peratu re  an d  
salinity characters o f  the u pper w ater m ass agree 
w ith the general Ind ian  O cean C en tra l W ater b u t 
the low er m ass (below  600 m .) shows characteristics 
m ore  in  keeping w ith  S ou th  A tlan tic  C en tra l W ater 
(O R R E N  1963: Fig. 12). T o  test the  possibility 
o f  an  eastw ard  flow o f S ou th  A tlan tic  C en tra l 
W ate r a ro u n d  the A gulhas B ank the  C en tra l W aters 
o f  b o th  A tlan tic  an d  In d ian  O ceans w ere com pared  
w ith  regard  to  oxygen conten t. T he levël chosen 
w as th a t o f  the 3 5 % 0 isohaline as th is lies a t  
ab o u t 600 m . generally. A s m entioned  above, 
the  In d ian  O cean oxygen range w as 4  • 9 to  5 • 2 c .c ./1. 
O xygen values in  S ou th  C en tra l W ate r a t  35°/00 
salinity  w ere taken  from  Discovery sta tions D  673 
to  679, D  1170 to  1175, an d  D  2042 to  2048, a 
to ta l o f  15 sta tions, an d  the m easured range w as 
from  ± 4 - 3  to  ± 4 - 8  c .c ./l .  I t  thus appears th a t
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South  A tlan tic  C entral W ater has a  low er oxygen 
conten t th a n  S ou th  Ind ian  C en tral W ater. On 
inspection o f  oxygen d a ta  fo r s ta tion  57 it was 
noted th a t a sudden decrease o f  ± 0 - 5  c .c ./l. took  
place betw een 560 and  680 m ., oxygen values 
decreasing to  4 -34  to  4 -40  c .c ./l. It is very likely 
therefore th a t an  in trud ing  cu rren t o f  S outh  
A tlan tic C entral W ater flows east in th is region. 
The eastw ard flow o f  C en tra l W ater show n by the 
sigm a-t section (Fig. 26) canno t be positively identi
fied as Ind ian  o r  A tlan tic  W ater by the above 
m ethod  as the oxygen con ten t a t 35 0°/oo was ab o u t
4 -8  to  4 ’9 c .c ./ l .— interm ediate between A tlan tic 
and  Ind ian  O cean values. The question  now  arises 
as to  w hether the A ntarctic  In term ediate  W ater here 
also has an  eastw ard com ponent in com m on w ith 
the know n eastw ard  flow o f D eep W ater from  the 
A tlan tic  to  the Ind ian  Ocean, and  this will be con
sidered below.

T he C en tral W ater thus originates from  sinking 
o f  m ixed S ubtropical W ater n o rth  o f  the Sub
trop ical Convergence and  m oves northw ards a t 
200— 800 m ., m ixing w ith high salinity subsurface 
w ater an d  low  salinity A ntarctic  In term ediate  
W ater along its path.

4.5 Antarctic Intermediate Water.
A ntarctic  In term ediate  W ater, identified by its 

m inim um  salinity  core, w as.found in  the en tire area 
studied and  lay a t 300 to  40Ö m. in the S ubantarc tic  
region, then  sinking rapidly  northw ards to  900 to  
1,300 m. n o rth  o f  the Convergence. In  the Sub
trop ical R egion this w ater m ass then rose slightly 
northw ards, and  p a r t o f  the w ater appears to  tu rn  
round  and  re tu rn  southw ards in the low er levels o f 
the A gulhas current.

A long the A gulhas line from  sta tions 56 to  58 
the sigm a-t section (Fig. 26) shows the w ater to  have 
a  strong  south-w esterly m ovem ent even a t 2,000 m. 
T he m inim um  salinity w ater in  th is region m ust 
accordingly be m oving southw ards and since it 
canno t orig inate in  the T ropical o r  S ubtropical 
regions, the  w ater m ust be return ing  A ntarctic 
In term ediate W ater. S trong east-flowing w ater is 
present between 58 and  61 from  the sigm a-t sections 
and  the high oxygen a t the salinity m inim um  shows 
th a t th is w ater is apparen tly  flowing from  the South  
A tlan tic  in to  the Indian  O cean. This flow could  be 
traced  by the progressive decrease o f  oxygen and 
increase o f  salinity a t the salinity m inim um  (Table 
II). Since b ad  w eather along the M arion  and  P o rt 
E lizabeth lines prevented deep sam pling, an d  the 
sigm a-t sections thus d o  n o t show  m uch detail o f  the 
deep m ovem ents, use was m ade o f  d a ta  collected by 
S.A.S. N ata l du ring  M ay and  July , 1962 in  the sam e 
area  (SH IPL E Y  an d  Z O U T E N D Y K  1964). T heir 
sigm a-t sections b o th  along the M arion  an d  near 
the P o rt E lizabeth  line (“ N ata l line B” ) (Figs. 27, 
28) show  th ree parallel zones o f  m ovem ent w ithin 
the A ntarc tic  In term ediate W ater, nam ely (1) A  
strong  south-w estw ard flow in  the inshore core

w ater, (2) A  northw ard  flowing coun ter curren t 
off shore o f  this, (3) A southw ard  flowing curren t 
to  seaw ard o f  (2). The eddy centred  on  the M oçam 
bique T errace ju s t n o rth  o f  the “ N ata l line B” 
caused southw ard th rusts o f  core w ater near sta tion  
N IO E  11, and  this flow was probably  strengthened 
by additional w ater tu rn ing  back on encountering  
shallow er depths.

In  the N ata l Deep an d  N ata l Basin strong 
northerly  flows were noted  and  it appears th a t this 
w ater tu rn s round  in the M oçam bique Channel 
area  and  returns sou th  again. Som e evidence fo r 
this appears in the tw o separated  “ loops” o f  m ini
m um  salinity along the L ourenço M arques line 
(O R R E N  1963: Fig. 20) while the  sections o f  
M E N A C H É  (1961 an d  1963) show th a t A ntarctic  
In term ediate  W ater rapidly  loses its identity on 
encountering  the N o rth  Ind ian  D eep W ater a t 
ab o u t 24° S in the M oçam bique C hannel, indicating 
a  m uch w eakened northw ard  flow here. T able II 
shows the oxygen a t the m in im um  salinity core, 
an d  T able III  shows the no rthw ard  increase in  
salinity and decrease in oxygen a t the core along a 
section th ro u g h  stations 60, 35 and  48 and stations 
29, I I  and  7 o f  the previous cruise (O R R E N  1963). 
Southw estw ard flowing w ater a t stations N IO E  78, 
15 and  16, th a t is in the deeper layers o f  the A gulhas 
curren t, has a  high salinity an d  low  oxygen as 
w ould be expected if  the w ater is retu rn ing  south. 
Some southw ard  m ovem ent occurs along the 
M arion  line between N IO E  80 and  82 an d  it 
appears th a t the south-w estw ard flow is reinforced 
by m ixing w ith the no rthw ard  m oving In term ediate 
W ater n ea r C ape A gulhas, since the oxygen a t 
sta tions 57 and  58 is ra th e r h igher an d  the salinity 
low er th a n  expected, although  these values differ 
m arkedly  from  the low  salinity, high oxygen north - 
flowing cu rren t near s ta tion  60.

Some w ater from  the  strong  flow in the N ata l 
Basin (near s ta tion  50) appears to  be deflected by 
the A tlan tic-Ind ian  R idge an d  retu rns to  som e 
extent between 47 an d  48 (Fig. 24) in the deeper 
layers o f  the eddy.

A n interesting po in t arising from  the strong 
southw esterly  flow o f the A gulhas cu rren t m inim um  
salinity layer is the fate o f  th is cu rren t on  encoun
tering  the vigorously n o rthw ard  flowing S outh  
A tlan tic  A ntarctic  In term ediate  W ater. I t  m ay be 
expected th a t large eddies w ould  fo rm  and  the 
resu ltan t upwelling zones be rich  in  m arine life. 
I t will be o f  in terest to  see if fu rth e r cruises in  the 
S outh  A tlan tic  show  any  signs o f  these eddy zones, 
an d  it is considered th a t the unpred ic tab le curren ts 
an d  eddies sou th  and  w est o f  C ape P o in t m ay  well 
be caused by this encoun ter o f  tw o strong  w ater 
m asses a t b o th  surface an d  in term ediate levels.

T he above findings are in  general agreem ent w ith  
the  dynam ic topography  o f  the  1,000 db. surface 
p u t fo rw ard  by V ISSER  an d  V A N  N IE K E R K  
(1965), a lthough  th is surface lies ab o u t 600 m. 
below the  m in im um  salinity  layer in  the sou th  and
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abou t 300 m. above it in the no rth  .These au th o rs’ 
choice o f  2,000 db. as their reference level also 
in troduces some fu rther difficulty in  in terpretation  
since the sigm a-t sections a t 2,000 m. in this report 
show com paratively strong  curren t m ovem ent at 
this level in m uch o f the area, especially in  the 
A gulhas current system.

4.6 Deep W ater.
T he generally sluggish flow and  small variation 

in conservative properties in the Deep W ater raise 
difficulties in interpreting the flow o f  this w ater 
mass. T he'discussion below m ust therefore be con
sidered to  be o f a prelim inary natu re— further actual 
m easurem ent o f  the deep layer m ovem ents is a 
requirem ent which should be borne in m ind in 
fu tu re research cruises.

The D eep W ater salinity m axim um  lay a t 2,500 
to  3,000 m. over the g rea ter p art o f  the area, and 
since relatively few sam ples deeper th an  3,000 m. 
were obtained, the lack o f  observations fu rther 
lim its detailed conclusions.

T he T/S  diagram s for stations 66 and 68 show  an 
interm ediate salinity m inim um  in the D eep W ater 
a t depths o f  abou t 2,400 m. It is felt th a t this is due 
to  upwelling o f  A ntarctic B ottom  W ater on  the 
A tlantic-Indian  Ridge (sill dep th  ab o u t 2,000 m.) 
and the upwelled w ater then mixes w ith the Deep 
W ater and form s a  low salinity layer.

F rom  the sigm a-t sections (Fig. 22 to  26), a  strong  
cu rren t o f  N orth  A tlantic D eep W ater o f  salinity 
near 3 4 -8 0 % o flows from  the A tlan tic  to  the 
Indian  Ocean across the A gulhas line. This flow 
then apparen tly  splits on  m eeting the A gulhas 
P lateau— one stream  follow s the coast ju s t off the 
ou ter edge o f  the A gulhás curren t, while the o ther 
flows up the deep N atal Basin. A  fu rthe r flow o f 
w ater appears to  be deflected com pletely by the 
A gulhas P lateau and  returns to  the west near 
sta tion  62.

The inshore flow is seen between N IO E  79 and 
N IO E  80 (Fig. 27). To seaw ard o f  th is there is a 
w eaker return  flow, w hich is perhaps w ater deflected 
from  the m ain N atal Basin flow by the M oçam bique 
T errace and outlying ridges. The northw ard  m oving 
cu rren t in thé N atal Basin appears to  be concen
tra ted  m ore to  the eastern  side (Fig. 25). I t appears 
likely th a t the no rthw ard  m oving w ater m eets 
N o rth  Indian D eep W ate r in the M oçam bique 
C hannel, mixes, and  re tu rns sou th  in  the w estern 
p a r t o f  the region (LE P IC H O N  I960). Some w ater 
apparen tly  flows over th e  2,800 m. sill jo in ing  the 
N ata l and R eunion Basins near s ta tion  49 (Fig. 24) 
and fu rth e r flow into the R eunion Basin m ay take 
place near sta tion  10 (O R R E N  1963 : Fig, 20). There 
is som e ind ication  th a t a  lim ited re tu rn  flow from  
the R eunion Basin in to  the N atal Basin takes place 
near s ta tion  50 (Fig. 24).

T he flow o f  D eep W ater in the A gulhas cu rren t 
itself canno t be easily elucidated. Only s ta tion  
N IO E  15 showed a sou thw ard  m ovem ent in the

D eep W ater under the A gulhas cu rren t and  no o ther 
deep records are available for this region. The 
difficulties o f w orking deep casts o f  sam pling bottles 
in  the strong  surface curren t and inclem ent w eather 
o f  the A gulhas cu rren t region are probably  respon
sible fo r this. It is considered likely th a t the inshore 
stream  o f Deep W ater is deflected by the M oçam 
bique T errace and  returns south  with som e adm ix
tu re  o f  N orth  Indian  D eep W ater, flowing in the 
channel between the M oçam bique T errace and the 
coast as a deep narrow  southw ard m oving curren t 
un d er the A gulhas current.

F u rth e r evidence for the above scheme o f  w ater 
m ovem ents m ay be gleaned from  a study o f  the 
dissolved oxygen con ten t at the salinity m axim um  
(Table IV). All oxygen values along the A gulhas 
line are  in excess o f  4 -7  c .c ./l. w ith the im portan t 
exception o f  sta tion  57 (4-29 c .c ./l.). The stations 
situated  in the N ata l Basin (35, 36, 49, 50 and  51 
and also 8, 9, 10, 27, 29 and 30 o f  O R R E N  1963), 
w ith  the exception o f  s ta tion  50, all have oxygen 
values greater th a n  4 -6  c .c ./l. Low oxygen (less 
than  4 -3  c .c ./l.)  was found a t stations 47 and 50 and  
a t N IO E  I I ,  15, 69 and 72.

T he general no rthw ard  flow may be dem onstra
ted by exam ining stations 61, 35 and 51, w hich lie 
approxim ately  along the axis o f  the N ata l Basin; 
the oxygen values a t the m axim um  salinity level are
5-14, 4 -68  and 4-62  c .c ./l. respectively.

T he low oxygen recorded a t s ta tion  50, lying on 
the eastern  edge o f  the N atal Basin, m ay perhaps be 
brough t abou t by traces o f  poorly oxygenated N o rth  
Ind ian  Deep W ater m oving over the 2,800 m. sill 
f rom  the R eunion Basin. L E  P IC H O N  (1960) has 
show n th a t R eunion Basin D eep W ater has ab o u t 
4 -0  c .c ./l. oxygen a t the salinity m axim um , and  
th is com pares favourab ly  w ith the value o f  4 -12  
c .c ./l. a t station  50.

T he inshore w ork o f  S. A.S. N ata l (SH IPL E Y  and 
Z O U T E N D Y K . 1964) yields an  insight in to  near 
shore m ovem ents o f the D eep W ater. F igure 27 
shows a section o f  sigm a-t from  N IO E  78 to  N IO E  
82, which line o f  stations was com pleted w ithin a 
few weeks o f  the Africana  cruise. T heir line is 
essentially identical to  the “ M arion  line”  an d  
stations 33 and 34 are m arked on the  section. S trong 
northw ard  com ponents o f  flow are evident a t 2,000 
to  3,000 m. from  N IO E  79 to  80, an d  sou thw ard  
m otion  from  N IO E  80 to  82. In  agreem ent w ith this, 
the  core oxygen a t N IO E  79 (5-01 c .c ./l.)  is higher 
th an  fo r N IO E  80 or 82, the la tte r being 4 -6  to  4 -8  
c .c ./l. (Table IV). This low oxygen w ater m ay have 
been tu rned  back by th e  M oçam bique T errace an d  
is m ixing w ith w ater flowing north  near N IO E  79.

“ N ata l line B” d a ta  are p lo tted  in F igure 28. This 
line extends 500 miles south-east o f  P o rt St. Johns. 
S tations N IO E  14 and  15 show southw ard  flow a t 
2,000 m . under the A gulhas curren t w ith  very low 
oxygen a t N IO E  15. The low oxygen a t station  
N IO E  11 is p robably  due to  N o rth  Ind ian  D eep 
W ate r penetrating  sou thw ards along  the eastern
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edge of the Moçambique Terrace, i.e. the western 
edge of the Natal Basin. ORREN (1963) has shown 
that traces of North Indian Deep Water are present 
at the edge of the shelf off Lourenço Marques at 
c. 1,600 m. and the low oxygen values here indicate 
further southward penetration of this water mass. 
The low oxygen in the deep layers of the Agulhas 
current (NIOE 15) may be brought about by North 
Indian Deep Water flowing over the sill joining the 
Moçambique Terrace to the coast and then mixing 
with the returning North Atlantic Deep Water. 
These low values are apparently maintained as far 
south as Cápe Agulhas, for example at station 57.

It thus appears that the Deep Water under the 
Agulhas current is slowly moving southwards and 
is composed of returning North Atlantic Deep- 
Water mixed with North Indian Deep Water.

From the above discussion (see Sections 4.5 and 
4.6), it may be noted that southward components 
of flow are present at all depths sampled in the 
Agulhas current, which thus apparently extends 
from the surface to at least 3,500 m. Recent 
studies of the Gulf Stream (FUGLISTER 1963) 
have shown that this current extends to at least 
3,500 m. and no “level of no motion” was found. 
Similar conditions seem to apply to the Agulhas 
current, but actual measurements of deep currents 
would be required to confirm these findings.

Lack of samples deeper than 3,000 m. has pre
cluded any discussion of Bottom Water.
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T a b l e  I :  D i s t r i b u t i o n  o f  o x y g e n  o n  s i g m a - t - s u r f a c e s  26-4, 26-6 a n d  26-8 f o r  s e l e c t e d  s t a t i o n s

S t a t i o n 56 57 58 60 48 49 50 54

Oxygen a t sigma-t =  2 6 -4 ......................... (4-9) 4-9 4-8 6-4 5-9 4-7 4-9 4-8

Oxygen a t sigma-t =  2 6 - 6 ........................ 4 -6 4-9 4-9 6 - 2 5-4 4-8 4-8 4-8

Oxygen at sigma-t =  2 6 - 8 ........................ 4-7 4-8 4-8 5-8 (5-6) 4-9 4-9 4-8
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T a b l e  I I :  D i s t r i b u t i o n  o f  o x y g e n  a t  t h e  m i n i m u m  T a b l e  I I I :  D i s t r i b u t i o n  o f  o x y g e n  a t  t h e  m i n i m u m

SA LIN ITY LEVEL, IN C L U D IN G  D A TA FROM SH IPLEY A N D  SA LIN ITY LEVEL ALO N G  SELECTED STATIONS IN  T H E  A N T A R C T IC
ZO U T E N D Y K  (1964) a n d  O R R EN  (1963) I n t e r m e d i a t e  W a t e r ,  i n c l u d i n g  d a t a  f r o m  O R R E N  (1963)

Station

Oxygen at 
Salinity 

M inimum 
c .c ./ l .

M ini
mum

Salinity
°l1 oo

Oxygen at 
Station Salinity 
(N IO E) Minimum 

c .c ./l.

Mini
mum

Salinity
°l 1 00

34 5 0 34-42 1 1 4-1 34-56
35 5 0 34-28 1 2 4-4 34-30
47 4-6 34-35 13 4-3 34-'42
48 4-9 34-32 14 ± 3 -8 34-73
49 4-7 34-37 15 3-7 34-48
50 4-5 34-39 16 3-5 34-56
51 4-6 34-36 67 4-0 34-43
54 4-3 34-53 6 8 4-3 34-44
56 ± 4 -1 34-40 69 3-6 34-44
57 4-4 34-41 70 4-0 34-44
58 4-6 34-47 71 4-1 34-81
60 5-6 34-24 72 3-6 34-35
61 3-8 34-55 73 3-6 34-60
62 5-3 34-09 78 3-3 34-56
64 5-9 34-17 79 4-3 34-48
65 6 1 34-18 80 4-1 34-44
6 6 5-8 34-21 81 4-2 34-48
67 ± 6 -5 34-12 82 3-9 34-56
6 8 6-4 34-09
28 4-6 34-40
29 4-3 34-44
30 4-2 34-46

Station
M inimum

Salinity
°t1 OO

Oxygen
c.c ./l.

60 34-24 5-6
35 34-28 5-0
48 34-32 4-9
29 34-44 4-3
11 34-49 3-8
7 34-51 3-6

T a b l e  I V  : D i s t r i b u t i o n  o f  o x y g e n  a n d  t e m p e r a t u r e  a t  t h e  m a x i m u m  s a l i n i t y  l e v e l  i n  t h e  
D e e p  W a t e r ,  i n c l u d i n g  d a t a  f r o m  SH IPLEY a n d  Z O U TEN D Y K  (1964) a n d  ORREN  (1963)

1

Station

Oxygen a t 
Salinity 

M aximum 
c .c ./l.

Tem perature 
at Salinity 
Maximum 

°C

Maximum
Salinity

°l1 OO

Station
(NIOE)

Oxygen at 
Salinity 

Maximum 
c.c ./l.

Tem perature 
at Salinity 
Maximum 

°C

Maximum
Salinity

/ 00

35 4-68 2-47 34-78 1 1 3-68—3-72 2-36— 3-43 34-84
36 4-61 2-33 34-79 1 2 4-51 2-30—2-36 34-82
38 4-50 2-27 34-75* 13 4-30 2-13 34-82*
43 4-38 2-06 34-75* 14 4-49 2-31 34-84
45 4-86 2-04 34-76* 15 3-89 2-34 34-85*
47 4-26 2-48 34-71* 67 4-52 2-31 34-82
48 4-57 2-37 34-74* 6 8 4-65 2-28 34-82*
49 4-71 2-24 34-80* 69 3-93 2-57 34-78*
50 4-12 2-50 34-79 70 4-35 2-29 34-83*
51 4-62 2-64 34-78 72 3-88 2-77 34-76*
54 4-94 2-39 34-81 79 5-01 1-89 34-84*
57 4-29 2-77" 34-67* 80 4-62 2 - 1 1 34-85*
58 4-84—4-94 2-50—2-71 34-77 81 4-83 2-52 34-84*
60 4-74— 4-86 2-61 34-77 82 4-81—4-86 2-54—2-65 34-88
61 5-14 2-46 34-81
62 5-09 2-17 34-77
64 4-64— 4-99 2-51—2-61 34-73
6 6 4-69 2-56 34-73

8 4-67 2-16 34-84
9 4-67 2-19 34-77*

1 0 4-57— 4-89 1-72—2-31 34-79
27 4-48— 4-65 1-62—2-36 34-74
29 4-84 2-31 34-82
30 4-96 2-32 34-81

* Indicates deepest sample obtained—may no t necessarily be a  salinity maximum but is close to it.
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FIG. 22. SIGMA-T DISTRIBUTION ALONG THE MARION LINE.
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Part IV Marine geology and 
geophysics



R ep rin ted  from J .  Ind ian  G eop h y s .  • U n.,  v o l. 1, no . 1, 1964, p . 25 -32 .

ANDHRA, MAHADEVAN, AND KRISHNA SUBMARINE 
CANYONS AND OTHER FEATURES OF THE 

CONTINENTAL SLOPE OFF THE 
EAST COAST OF INDIA

B Y

E .C .  LaF ond

(U. S. Navy Electronics Laboratory, San Diego 5 2 , California)

I n t r o d u c t i o n

Echo sounding profiles taken in the Indian Ocean off the central 
east coast of India have disclosed several interesting sea-floor 
topographic phenomena not yet discernible in the widely spaced 
soundings shown in published navigational charts. These phenomena 
consist of at least six submarine canyons tha t are cut into the 
continental slope off the Andhra Coast.

The discovery of these submarine canyons was made possible 
by the U. S. Program in Biology of the Indian Ocean Expedition. 
In the course of Cruise One of this program, echo sounding profiles, 
made by the writer from the research vessel ANTON BRUUN, 
revealed the presence of six hitherto unknown canyons while the 
expedition was conducting an integrated program of data collection 
concerning the life cycle of marine organisms throughout the Bay of 
Bengal. The ultimate goal of the over-all program is to' furnish 
knowledge that will permit the development of marine resources for 
use by the population of Southeast Asia. I t includes marine 
meteorology (the wind and radiant energy); physical oceanography 
(water movement, especially upwelling); chemical oceanography 
( nutrient distribution ) ; primary production ( initial plant life ) ; 
plankton production (fish food); and harvestable organisms (fish, 
prawns ).

Collected reprints o f  the International Ind ian  Ocean Expedition , v o l. IV , contribution  no. 243 739



The sea-floor topographic data, which led to the discovery of the 
six canyons, consisted of four profiles of the bottom off the east coast 
of India. These were obtained by echo sounders from the ANTON 
BRUUN as it cruised between oceanographic stations. The locations 
of individual lines of sounding are shown in Fig. i  as straight lines 
marked A-B, C-D, E-F, and G-H, and additional details are given in 
Table I.

The sounding lines were made as the ship cruised on a straight 
course between stations at a speed of io  to 12  knots. Although the general 
topography of the Bay of Bengal will be analyzed separately, four short 
sections across the Indian continental slope can be presented to show 
the nature of the new submarine canyons, and the continental terrace, 
tha t have been disclosed in this region of the world. The descriptions 
of the bottom features begin with the most northerly section and 
proceed to the south.

In addition to the measurement of sea-floor topography that 
established the existence of these offshore underwater canyons of 
India, Cruise One of the U.S. Program in Biology of the Indian 
Ocean Expedition conducted several related programs. These included 
the collection of all types of biological specimens for both museums 
and taxometric studies. The exploration of the offshore sea-floor was 
intended to supplement the active marine geological programs of 
India . 1 Although data from all phases of the expedition's general 
program have not yet been completely analyzed, the success of the 
enterprise is evident from a preliminary inspection. The final results 
will be presented after particularized analysis by experts in the various 
disciplines covered by the coordinated program.

The three largest canyons of the six revealed by the expedition 
were given identifying names. Andhra Canyon was named after the 
University at W altair where modern Indian oceanography developed. 
Mahadevan Canyon bears the name of the late Professor C. Mahadevan, 
the internationally acclaimed Indian geologist and former Principal of 
Andhra University. The name of the late Vice-Chancellor of Andhra 
University, who was instrumental in providing facilities and inspiration 
to Indian marine science, was given to Krishna Canyon. The three
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s m a l l e r  c a n y o n s  h a v e  n o t  y e t  b e e n  n a m e d ,  a n d  n e e d  a d d i t i o n a l  

s u r v e y i n g  t o  d e l i n e a t e  t h e i r  c h a r a c t e r i s t i c s .

T a b l e  I  

L o c a t i o n  o f  B a t h m e t r i c  S e c t i o n s

Position Date Time' Lat. Long. Course Speed
( April 1963 ) ( Local ) (N) (E ) ( True ) ( Knots )

A 23 0600 19^ 42 . 0 ' 86 ^ 53 . 8 ' 280 ° 1 1

B 0800 19° 43 . 9 ' 86 ^ 31 . 5 '

C 23 1830 19^ 33 . 9 ' 85 ^ 33 . 3 ' 154° 1 2

D 2030 19T 0 . 2 ' 85 ^ 44 . 8 '

E 24 0505 18° 34 . 8 ' 85 " 02 . 3 ' 2 7 2 - 1 0

F 0655 18^ 35 . 9 ' 84 ^ 42 . 0 '

G 1 1 1940 17^ 54 . 0 ' 84 T 6 . 2 ' 234 ° 1 0

H 2130 17 ' 44 . 0 ' 84 ^ 01 . 8 '

Section A-B

T h e  f i r s t  p r o f i l e  o f  t h e  s e a - f l o o r  r u n s  u p  t h e  c o n t i n e n t a l  s l o p e  

n e a r  t h e  h e a d  o f  t h e  B a y  o f  B e n g a l  ( F i g .  2 ) .  T h e  b o t t o m  s l o p e  

b e t w e e n  1 1 0 0  a n d  2 8 0  m e t e r s  i s  r e l a t i v e l y  g e n t l e  a n d  h a s  a  s l i g h t l y  

c o n c a v e  s h a p e .  T h e  u p p e r  p o r t i o n  o f  t h e  p r o f i l e  h a s  m i n o r  i r r e g u l a r i 

t i e s  t h a t  g i v e  t h i s  s l o p e  a  h u m m o c k y  a p p e a r a n c e  w h i c h  m i g h t  b e  

a s s o c i a t e d  w i t h  m i n o r  s l u m p i n g  o r  g r a v i t y  c r e e p  o f  s e d i m e n t  d o w n -  

s l o p e .  T h e  p r o m i n e n t  r i s e  ( O  w i t h  a n  e l e v a t i o n  o f  2 0  m e t e r s  a t  a  

d e p t h  o f  8 5 0  m e t e r s ,  a p p e a r s  a t  t h e  d e e p e s t  b o u n d a r y  o f  t h e  

h u m m o c k y  t o p o g r a p h y .  T h e  s l o p e  i s  m u c h  s m o o t h e r  b e l o w  t h i s  d e p t h  

a n d  p r o b a b l y  r e p r e s e n t s  a  d e p o s i t i o n a l  s u r f a c e .

A t  t h e  m a j o r  b r e a k  i n  s l o p e  a t  t h e  e d g e  o f  t h e  c o n t i n e n t a l  s h e l f ,  

a  d e p t h  o f  1 9 0  m e t e r s ,  t h e  b o t t o m  s t e e p e n s  a b r u p t l y  a n d  i s  a s s o c i a t e d  

w i t h  a  s l i g h t  d e p r e s s i o n .  T h e  s h a r p  b r e a k  i n  s l o p e  ( 8 )  a t  a  d e p t h  o f  

1 9 0  m e t e r s  f o r m s  a  1 0 0 - m e t e r  n i c k  p o i n t  i n  t h e  a x i a l  p r o f i l e  o f  t h e  

s l o p e .  I t  i s  t h e  o n l y  s u d d e n  d r o p  i n  t h e  s e c t i o n  a n d  i s  m a r k e d l y  

d i f f e r e n t  f r o m  t h e  t o p o g r a p h y  u s u a l l y  a s s o c i a t e d  w i t h  t h e  b a s e  o f  t h e  

b r e a k  i n  s l o p e  a t  t h e  c o n t i n e n t a l  s h e l f .  A  s e c o n d  d e p r e s s i o n  i s  a l s o  

f o u n d  a b o u t  h a l f  a  m i l e  s e a w a r d  a n d  i s  a l s o  a b o u t  2 0  m e t e r s  d e e p .  T h e
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r o u g h n e s s  o f  t h e  b o t t o m  i n  t h e  a r e a s  o f  t h e  d e p r e s s i o n s  i n d i c a t e s  t h a t  

t h e y  a r e  p r o b a b l y  e i t h e r  o f  t e c t o n i c  o r i g i n  o r  t h e  r e s u l t  o f  a n  a n c i e n t  

l o w e r i n g  o f  s e a  l e v e l .

Section C-D

T h e  n e x t  s o u t h e r l y  t o p o g r a p h i c  s e c t i o n  r u n s  s e a w a r d  a c r o s s  t h e  

c o n t i n e n t a l  s h e l f  (  F i g .  3  ) .  T h e  s h i p ’ s  c o u r s e  w a s  1 5 4 ^  a n d  i t s  s p e e d  

w a s  l í  k n o t s .  T h e  s c a l e  o f  t h e  e c h o g r a m  i s  o  t o  4 0 0  f a t h o m s  ( 0 - 7 3 2  

m e t e r s )  d u r i n g  t h e  t i m e  f r o m  b e f o r e  1 8 3 0  t o  1 9 4 6 .  W h e r e  t h e  b o t t o m  

t r a c e  r a n  o f f  s c a l e ,  i t  w a s  c h a n g e d  t o  a  n e w  s c a l e  o f  o  t o  1 0 0 0  f a t h o m s  

( 0 - 1 8 2 9  m e t e r s ) .

I n  t h i s  s e c t i o n  t h e  b o t t o m  p r o f i l e  d i f f e r s  f r o m  t h e  f i r s t  i n  t h a t  i t  

i s  c o n v e x .  T h i s  i s  m o r e  t y p i c a l  o f  I n d i a ’ s  e a s t  c o a s t . 2  S l i g h t  u n d u l a 

t i o n s  i n  s l o p e  a r e  f o u n d  o n  t h e  e d g e  o f  t h e  c o n t i n e n t a l  s h e l f  a t  a  d e p t h  

o f  a b o u t  1 2 0  m e t e r s .  A n o t h e r  t e r r a c e - l i k e  i r r e g u l a r i t y  o c c u r r e d  

b e t w e e n  2 7 0  a n d  2 8 0  m e t e r s  j u s t  s h o r e w a r d  o f  t h e  b r e a k  i n  s l o p e  a t  

2 8 0  m e t e r s ,  b u t  i n  g e n e r a l ,  t h e  b o t t o m  w a s  u n u s u a l l y  s m o o t h .  T h e s e  

f e a t u r e s  l e a d  t o  t h e  a s s u m p t i o n  t h a t  t h e y  a r e  t e r r a c e s ,  b u t  t h e y  m a y  

b e  t h e  s e a w a r d  b e d s  o f  s u b m e r g e d  d e l t a s  o r  r e p r e s e n t  s u c c e s s i v e  l e n s e s  

o f  r e c e n t  s e d i m e n t  d e p o s i t e d  o n  t h e  c o n t i n e n t a l  s h e l f . 3  T h i s  a r e a  i s  

n o t e d  f o r  t h e  l a r g e  a m o u n t  o f  s e d i m e n t  t r a n s p o r t e d  n o r t h  a l o n g  t h e  

c o a s t . 4 , 5

A f t e r  t h e -  s t e e p  i n c r e a s e  i n  b o t t o m  a t  t h e  c o n t i n e n t a l  s l o p e ,  t w o  

V - s h a p e d ,  c a n y o n - l i k e  f e a t u r e s  o c c u r  w i t h  b o t t o m  d e p t h s  o f  a r o u n d  

7 0 0 - 8 8 0  m e t e r s  m a r k e d  x  a n d  f  .  T h e  s e c o n d  o n e ,  m a r k e d  £  ,  i s  a b o u t  

2 5 0  m e t e r s  d e e p  a t  t h i s  c r o s s i n g .  I t s  p r o f i l e  i s  n o t  t y p i c a l  f o r  m o s t  

c a n y o n s  i n  t h a t  i t  r u n s  p a r a l l e l  t o  t h e  t r e n d  o f  t h e  c o n t i n e n t a l  s l o p e .  

I n  a d d i t i o n ,  t h e  i n n e r  c r e s t  i s  d o u b l e  a n d  h a s  w h a t  a p p e a r  t o  b e  

n a t u r a l  l e v e e s .  T h e  s e a w a r d  c r e s t  i s  e x c e p t i o n a l l y  s h a r p .  I t  m a y  w e l l  

b e  t h a t  t h i s  i s  n o t  a  c a n y o n  b u t  t h e  e f f e c t  o f  f a u l t i n g .  T h e  t e r r a c e - l i k e  

f e a t u r e s  o n  t h e  s h e l f  m i g h t  b e  t h e  r e s u l t  o f  t e c t o n i c  a c t i v i t y .  H o w e v e r ,  

u n t i l  f u r t h e r  w o r k  i s  d o n e  i n  t h e  r e g i o n  b v  s o n i c  p r o f i l e s ,  s u c h  a n  

a s s u m p t i o n  m u s t  r e m a i n  s p e c u l a t i v e . 3 , 6

Section E-F

T h e  n e x t  s e c t i o n  w a s  c o n d u c t e d  u p  t h e  c o n t i n e n t a l  s l o p e  o n t o  

t h e  s h e l f  ( F i g .  4 ) .  T h i s  s e c t i o n  w a s  s t a r t e d  a t  0 5 0 5  a n d  e n d e d  a t  0 6 5 5

2 8

743



600 M

5 Ml.

— »00

-  1200

F I G . 3
-  I800M

L mL J nmILOJ ' I I, J Lui.-LI,! I

5 Ml.

F I G . 4



o n  2 4  A p r i l ,  1 9 6 3 .  T h e  s h i p  w a s  p r o c e e d i n g  o n  a  c o u r s e  o f  2 7 2 3  a t  a  

s p e e d  o f  i o  k n o t s .  T h i s  s e c t i o n  d i d  n o t  b e g i n  u n t i l  t h e  d e p t h  w a s  o n  

t h e  s c a l e  ;  t h e r e f o r e  i t  i s  n o t  k n o w n  i f  t h e  c a n y o n - l i k e  f e a t u r e s  a t  t h e  

b a s e  o f  t h e  s l o p e  w e r e  p r e s e n t  a t  t h e  g r e a t e r  d e p t h  a s  i n  t h e  p r e v i o u s  

s e c t i o n .

T h e  b o t t o m  p r o f i l e  i n  g e n e r a l  i s  c o n v e x  w i t h  b u t  o n e  s m a l l  b r e a k  

t h a t  f o r m s  a  s m a l l  p l a t e a u  o r  t e r r a c e  a t  a  d e p t h  o f  a b o u t  5 5 0  m e t e r s .  

T h e r e  i s  a  s i g n i f i c a n t  l a c k  o f  a  s h a r p  b r e a k  i n  s l o p e  a t  t h e  e d g e  o f  t h e  

c o n t i n e n t a l  s l o p e .  I t  i s  u n u s u a l l y  r o u n d e d ,  a n d  t h e r e  i s  n o  i n d i c a t i o n  

o f  a  b r e a k ,  a s  o n  o t h e r  s e c t i o n s .  U p  t o  a  d e p t h  o f  a b o u t  1 0 0  m e t e r s  

m a r k e d  0 t h e r e  i s  a n  i n d i c a t i o n  o f  a  h i g h e r  r e f l e c t i v i t y  a n d  p o s s i b l y  a  
h a r d e r  b o t t o m .

Section G-H
T h e  m o s t  s i g n i f i c a n t  s e c t i o n  i s  s h o w n  i n  F i g .  5 .  T h i s  r e c o r d  

w a s  m a d e  o n  a  p r e v i o u s  p a s s a g e  t h r o u g h  t h e  a r e a .  T h e  e c h o  s o u n d e r  

p r o f i l e  s t a r t e d  a t  1 9 4 0  o n  1 1  A p r i l  a t  p o i n t  G  o f  t h e  r i g h t  o f  t h e  u p p e r  

p a r t  o f  t h e  f i g u r e  a n d  e n d e d  a t  2 1 3 0  o n  1 1  A p r i l ,  1 9 6 3  a t  p o i n t  H  i n  

t h e  l o w e r  p a r t  o f  t h e  f i g u r e .

T h e  p r o f i l e s  w e r e  m a d e  a s  t h e  s h i p  w a s  p r o c e e d i n g  o n  a  c o u r s e  

o f  2 3 4 0  w h i c h  i s  c o n v e r g i n g  o n  t h e  e d g e  o f  t h e  c o n t i n e n t a l  s h e l f  a t  a n  

a n g l e  o f  a b o u t  5  d e g r e e s .  T o  a l l  p r a c t i c a l  p u r p o s e s ,  e c h o g r a m s  r e p r e 

s e n t  a  p r o f i l e  n e a r l y  p a r a l l e l  t o  t h e  c o n t i n e n t a l  s l o p e  a n d  t h u s  h a v e  

a  g r e a t e r  c h a n c e  o f  c r o s s i n g  s u b m a r i n e  c a n y o n s  t r e n d i n g  d o w n  t h e  

c o n t i n e n t a l  s l o p e .  T h e  u p p e r  p a r t  o f  S e c t i o n  G - H  (  F i g .  5  )  w a s  m a d e  

o n  a  d e p t h  s c a l e  o f  7 5 0  t o  1 5 0 0  m e t e r s .  I n  t h e  l o w e r  p a r t  o f  t h e  

f i g u r e ,  t h e r e  i s  s o m e  d u p l i c a t i o n  o f  t h e  u p p e r  p a r t  w h i c h  h a s  a  s c a l e  

o f  b o t h  7 5 0  t o  1 5 0 0  m e t e r s ,  a n d  a  s u r f a c e  t o  7 5 0  m e t e r s .

B o t h  p r o f i l e s  a r e  t y p i c a l  f o r  s l o p e s  c u t  b y  s u b m a r i n e  c a n y o n s . 7  

T h e  p r o f i l e  s h o w s  m a j o r  c a n y o n s  3  t o  5  m i l e s  a p a r t  a l l  a l o n g  t h e  t r a c k .  

T h e  s l o p e s  o f  l a r g e r  c a n y o n s  h a v e  b r e a k s  i n  t h e  s l o p e  o f  t h e i r  t r a n s 

v e r s e  p r o f i l e s  m a r k e d  x  t h a t  c o u l d  b e  s m a l l  t r i b u t a r i e s  o r  s l u m p  b l o c k s .  

A s  t h e  p r o f i l e  m o v e s  c l o s e r  t o  t h e  s l o p e  a n d  i s  s h a l l o w e r ,  a r o u n d  1 0 0 0  

m e t e r s ,  t h e  c a n y o n  p r o f i l e s  a l s o  b e c o m e  s h a l l o w e r  a n d  s m a l l e r ,  a n d  

t h i s  i s  a  f e a t u r e  c o m m o n l y  o b s e r v e d  i n  o t h e r  r e g i o n s .  T h e  b o t t o m s
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o í  t h e  c a n y o n s  a p p e a r  t o  s l o p e ,  o n e  o n  i t s  l e f t  s i d e  a n d  o n e  o n  i t s  r i g h t  

s i d e .  T h i s  i n d i c a t e s  t h a t  t h e y  a r e  b e i n g  c r o s s e d  a t  a n  a n g l e  n o t  a t  

r i g h t  a n g l e s  t o  t h e i r  t r e n d .  I t  i s  n o t e w o r t h y  t h a t  t h e  b o t t o m  o f  

M a h a d e v a n  C a n y o n  d o e s  n o t  s h o w  t h i s  s l o p i n g  b o t t o m  a n d  i s  e x t r e m e l y  

n a r r o w .  T h e  b o t t o m s  o f  t h e  t w o  a d j a c e n t  c a n y o n s  h a v e  s l o p e s  i n  

o p p o s i t e  d i r e c t i o n s .  I t  t h u s  a p p e a r s  t h a t  t h e  c a n y o n s  a r e  n o t  r u n n i n g  

d o w n - s l o p e  a t  t h e  s a m e  a n g l e  a n d  i n  a l l  p r o b a b i l i t y  t h e y  h a v e  m e a n 

d e r i n g  c o u r s e s  a s  d o  t h e  c a n y o n s  o f f  S o u t h e r n  C a l i f o r n i a  a n d  B a j a  

C a l i f o r i n a . 7 - 8  T h e  m o s t  n o r t h e r l y  c a n y o n  o n  t h e  r i g h t  i s  K r i s h n a  

C a n y o n .  I t  l i e s  b e t w e e n  c r e s t s  o f  9 0 0  m e t e r s  a n d  8 4 0  m e t e r s .  T h e  

l a t t e r  c r e s t  i s  b r o a d e r  a n d  a p p e a r s  t o  b e  f l a t t e r  t h a n  o t h e r  c r e s t s  a n d  

c o m p o s e d  o f  t h r e e  d o m e s  w i t h  s m a l l ,  w h a t  m a y  b e  s u b s i d i n g  t r i b u t a r i e s  

t o  t h e  m a i n  c h a n n e l  l y i n g  b e t w e e n .  T h e  K r i s h n a  C a n y o n  f l o o r  i s  a t  

1 1 8 0  m e t e r s  a t  t h i s  c r o s s i n g .

T o w a r d  t h e  s o u t h  i s  a  m o r e  n a r r o w ,  V - s h a p e d  a r e a  n o w  n a m e d  

M a h a d e v a n  C a n y o n .  A t  t h i s  a n g l e  o f  c r o s s i n g ,  t h e  s i d e s  a r e  s t e e p ,  

a b o u t  i  t o  5  i n  s l o p e .  T h e  n a r r o w ,  f l a t  f l o o r  i s  a b o u t  4 0 0  m e t e r s  w i d e .  

T h e  c r e s t  o f  t h e  r i d g e s  o n  e i t h e r  s i d e  o f  t h i s  c a n y o n  a r e  a t  8 5 0  a n d  

8 0 0  m e t e r s ,  p r o b a b l y  d u e  t o  c r o s s i n g  t h e  c a n y o n  a t  a  s l i g h t  a n g l e .  

T h e  f l o o r  i s  a t  1 3 7 0  m e t e r s .  T h e  s i d e s  a r e  s y m m e t r i c a l l y  s h a p e d ,  b u t  

t h e  c r e s t s  h a v e  i r r e g u l a r i t i e s  s u g g e s t i v e  o f  a d d i t i o n a l  m i n o r  t r i b u t a r i e s .

S i x  m i l e s  t o  t h e  s o u t h  i s  t h e  l a r g e  a r e a  k n o w n  a s  A n d h r a  C a n y o n .  

T h e  c r e s t s  o n  e i t h e r  s i d e  o f  t h i s  c r o s s i n g  a r e  a t  a r o u n d  8 5 0  m e t e r s  a n d  

t h e  t r o u g h  i s  a t  1 3 0 0  m e t e r s .  T h e  b a s e  o f  t h e  C a n y o n  i s  l o w e r  t o w a r d  

t h e  n o r t h ,  p r o b a b l y  d u e  t o  t h e  a n g l e  o f  c r o s s i n g .  T h e  b o t t o m  o f  t h e  

c a n y o n  f l o o r  i s  a l s o  h a r d e r ,  a n d  i s  e v i d e n c e d  b y  t h e  s t r o n g e r  r e t u r n  

s i g n a l  r e c o r d e d  o n  t h e  e c h o g r a m .  T h e  s l o p e  o f  t h e  n o r t h  a n d  s o u t h  

s i d e s  i s  a s y m m e t r i c a l ,  a  f e a t u r e  c o m m o n  i n  c a n y o n s  t h a t  h a v e  m e a n 

d e r i n g  c h a n n e l s .

T o  t h e  s o u t h ,  a r e  t h e  t h r e e  s m a l l ,  a n d  a s  y e t  u n n a m e d ,  V - s h a p e d -  

c a n y o n s .  T h e  f i r s t  ( y )  h a s  a  c r o s s i n g  d e p t h  o f  1 1 0 0  m e t e r s  i s  f o l l o w e d  

b y  a  s e c o n d  f ß )  w i t h  a  d e p t h  o f  1 0 8 0  m e t e r s  a n d  a  t h i r d  (a) a t  1 0 0 0  

m e t e r s .  T h e r e  i s  a  p o s s i b i l i t y  o f  a  f o u r t h  a t  a b o u t  8 5 0  m e t e r s ,  b u t  i t  

i s  l o s t  i n  t h e  o u t g o i n g  s i g n a l .
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The unique aspect of these multiple canyons is that they are 
found at the base of the continental slope. The shape of all canyons 
is similar and their crests are much closer than is normal.

D i s c u s s i o n

The shape of the canyon walls shows the typical V-shaped profile 
found in canyons cut into continental slopes. Their narrow bottoms 
indicate that they are not being filled with sediment. It is not known 
whether they extend up to the break in slope nor if they cut across 
the shelf and intersect the longshore transport of nearshore sediments. 
The soundings on published navigation charts are so widely spaced 
that it is not possible to contour canyons with existing soundings. It 
is known from the work of R .F . Dill off Baja California and Southern 
California that canyons are often a focal point of fish concentrations. 
The canyons of the east coast of India therefore deserve future 
investigation to determine if such is also the case in the Indian Ocean.

The author wishes to express appreciation to the U.S.  Program 
in Biology of the Indian Ocean Expeditions, which made possible the 
opportunity to collect the sounding records. Thanks are also extended 
to R. F. Dill and G. H. Curl for suggestions in the manuscript.
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R eprin ted  from Nature, London, vol. 204, no. 4 ,965 , 1964, p. 1245-1248.

M A G N E T IC , G R A V IT Y  A N D  D E P T H  
S U R V E Y S  IN  T H E  M E D I T E R R A N E A N  

A N D  R E D  S E A

National Institute of Oceanography, Wormley, Godalming

Osservatorio Geofísico Sperimentale, Trieste 

"^THOUGH a relatively small and land-locked basin,
the Mediterranean has many oceanic features. 

About three-quarters of the area is deeper than 1,000 
fathoms, with extensive areas deeper than 1,500 fathoms 
and isolated depths of more than 2,500 fathoms. The 
western and eastern basins are geophysically different.

In both western basins there are extensive areas of 
abyssal plain, whereas the floor of the eastern basin, in 
spite of the sediment from the Nile, is characterized by 
an unusual type of small-scale relief. To the north of the 
eastern basin the Cretan island arc bounds the irregular 
topography of the Aegean Sea. Geophysical investi
gations o f  the differences between the eastern and western 
basins may provide clues as to their origin.

The Red Sea is another area where systematic ob
servations may be of more than local interest. Previous 
observations have shown the similarity between the rift 
valley of the southern Red Sea and that of the mid- 
Atlantic Ridge.

The Saclant ASW Research Centre was commissioned 
in 1959 and its Oceanography Group formed the following 
year. Submarine geophysical observations in both the 
Mediterranean and the Red Sea'have formed part o f the 
group's programme. A summary 'of the geophysical 
work is given in this article.

S.S. Aragonese, a freighter 293 ft. long, displacing 
3,000 tons, was chartered for conversion into a marine 
research vessel. Radar, gyrocompass, precision depth 
recorder and other essential equipment were fitted 
initially. A  Lorán-<7 receiver and an electromagnetic log 
were fitted later.

The number o f scientific personnel directly involved

B y  T .  D . A L L A N

Saclant ASW Research Centre, La Spezia
H . C H A R N O C K

A N D

C . M O R E L L I

F a c i l i t i e s
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F ig . 1. T racks o f S.S. Aragonese in  the M editerranean Sea during the period Ju ly  3961-March 1963
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Fig: 2. Tracks of S.S. Aragonese in the Bed Sea during November- 
December 1961

with the geophysioal programme was small and the 
group frequently co-operated with other research estab
lishments.

An agreement was reached with the Osservatorio 
Geofísico Sperimentale, Trieste, on a joint programme of 
gravity, magnetic and bathymetric survey work. The 
gravity meter, a Graf-Askania, was owned by the Osser
vatorio and operated by its staff throughout the cruises.

The gravity values were usually tabulated at 15-min 
intervals. The accuracy o f the free-air gravity value 
depends not only on the performance o f the meter and 
stabilized platform but also on the accuracy of the 
Eötvös correction which is palculated from the ship’s 
speed and course. In this respect the Mediterranean
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Fig. 3. Profile across the unusual floor of the eastern Mediterranean Sea

has presented fewer problems than those in the ocean 
generally. In the earlier cruises radar signals on numerous 
islands provided good control : for most of the work the 
probable error in position was ± 0-25 mile. For the later 
surveys, in areas far from land, Loran-(7 positions proved 
reliable to better than +0-5 mile.

The magnetometer was the nuclear spin model de
scribed by H ill1 and manufactured by Bruce Peebles, 
Ltd. It had a sensitivity of ±0-5 y. Readings were 
taken every 30 sec and recorded on punched paper for 
later reduction on the Centre’s computer. The greatest 
inaccuracy in the measurement of the absolute value of the 
field lay in the uncertain knowledge of its diurnal variation.

Depth was recorded on a precision depth recorder 
which could be read to + 1 fathom.

During the period July 1961-March 1963 seven cruises 
were made. These were devoted almost entirely to mag
netic, gravity and depth surveys of selected areas, but 
brief trials of other techniques, such as coring and seismic 
reflexion profiling, were also made.

About 40,000 miles of track have been covered: the 
"distribution in the Mediterranean and Red Sea is shown 
in Figs. 1 and 2.

W e s t e r n  M e d i t e r r a n e a n

The first cruise was used to compare the performance 
of different types of gravity meter. The Trieste Graf- 
Askania and a LaCoste-Romberg instrument provided 
by the U.S. Office of Naval Research were installed in

4
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the ship. Observations were made in three areas between 
La Spezia and Sicily where earlier bottom gravity 
readings2 provided a precise reference. Consequently, 
not only relative but absolute comparisons of the surface- 
ship meters were possible. In the area near La Spezia 
prçcise navigational control was achieved by using theo
dolites on nearshore hills.

The gravity meters agreed within 10 m.gal in calm 
conditions, but modifications to the LaCoste-Romberg 
were necessary to allow for the ‘Browne’ corrections in 
rougher weather. An account of the comparisons has 
been published8.

Other cruises in the western basin have examined the 
continental slopes which border the Balearic and Tyr
rhenian abyssal plains. These slopes are cut by submarine 
canyons resembling those found in other parts of the 
continental margin but which have been interpreted as 
former sub-aerial valleys.

Between Sicily and Malta the survey did not appear to 
change the existing conception of the geology of the area. 
There were large magnetic anomalies around volcanic 
islands such as Pantelleria and the negative Bouguer 
gravity anomaly known to exist in western Sicily was 
shown to change to a positive anomaly in the centre of 
the Strait.

E a s t e r n  M e d i t e r r a n e a n

In the eastern Mediterranean the islands of Crete, 
Scarpanto and Rhodes appear to form an island arc 
structure with contrasting geophysical properties in the 
areas to the north and south of the arc. These areas 
have been extensively surveyed during three o f our 
cruises. Dr. K. O. Emery took part in one of these, 
during which a relief map of the sea-floor was prepared 
from á study of the type of bottom displayed on the 
echo-sounder.

Much of the sea-floor in the eastern basin is characterized 
by the type , of small-scale relief shown in Fig. 3. The 
lack of deposition appears to be caused by a series of 
trenches which borders the area and acts as a trap for 
sediment spreading from the Nile.

Perhaps the most interesting aspect o f the eastern 
basin, in spite of the lack of sedimented area, is the dull
ness of its magnetic field. Thus, apart from the latitudinal 
variation, there is no significant change of magnetic 
field between North Africa and Crete. This can be seen 
from Fig. 4, which shows a typical north-south profile 
of magnetic field, gravity and depth across the island 
arc. To the north there are several isolated magnetic 
anomalies, probably associated with vulcanism.

The gravity field is broadly similar to that associated 
with the island arcs o f the major oceans. Generally 
negative in the southern part of the eastern basin, there

5
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in the central Aegean

is a free air anomaly of about —100 m.gal in a band 
associated with the deep trenches just to the south of the 
arc. To the north the gravity field is generally positive, 
reaching +  140 m.gal.

T h e  R e d  S e a

A survey of the Red Sea and Gulf of Aqaba was made 
between October and December 1961. A second Graf- 
Askania gravity meter, supplied and operated by scien
tists o f the German Hydrographic Institute and the 
Bundesanstalt für Bodenforschung, was embarked for 
this cruise and provided a good opportunity of com
paring the performance of two meters of the same type. 
Over most of the cruise the agreement was excellent.

Preliminary surveys in the Red Sea4-6 had shown the 
existence of a magnetic anomaly associated with a steep
sided medial valley about 30 miles wide. This anomaly

6
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was studied in much more detail during the 1961 cruise. A 
total o f fifty-four transverse crossings were made. Records 
from a typical crossing (20° N.) are shown in Fig. 5.

A preliminary analysis o f the results shows that the 
median valley, which is more fully developed in the south, 
is underlain by a considerable thickness o f dense, mag
netic rock. Tlie lateral extent of this material appears 
to be confined to the width of the valley.

At the northern end o f the Red Sea the Gulf of Suez 
is shallow and dull both in its magnetic and gravity 
structure. The Gulf o f Aqaba, however, provides an 
interesting contrast. The Aqaba rift is everywhere less 
than 15 miles wide and about 600 fathoms deep. It 
is flanked on both sides by steep mountains. There is a 
strongly negative gravity anomaly, reaching — 200 m.gal 
(free air) and —100 m.gal (Bouguer), while the magnetic 
field is featureless. The structure of the Gulf of Aqaba 
resembles that of the Gulf of Corinth; both may be 
thickly sedimented grabens.

The contrasting geophysical properties of the Gulf of 
Aqaba and the Red Sea, shown in Fig. 5, must be taken 
into account in any attempted interpretation of the 
origins o f the Rift system.

We thank Dr. E. T. Booth and Dr. J. M. Ide for their 
advice during their service as scientific director of the 
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B. 0 .  Kanaee, H. A. Mapoea 

BATHMETPHHECKAÍ1 KAPTA CEBEPHOfl HACTM 
HHAHflCKOrO OKEAHA

ß  pe3 yjibTaTe paöoT a/c «BHTH3b», BbinoJiHHBiuero b ceBepHoñ «iacra H hahh- 
■cKoro oKeaHa b 1959— 1962 rr. TpH peñca (31, 33, 35), 6 hjih  coôpaHbi oöiunp- 
Hbie MaTepnajibi no pejraeijiy AHa, KOTopue BHecjra cymecTBeHHbie H3MeHeHHH 
b npejKHne npeACTaBjieHHH o  reoMopcJioJiorHH ah  a HHAHHCKoro oneaHa [2 ,4 ], 
H a 0CH0B3HHH 9THX AHHHbIX, a TcllOKQ MHTepHaJIOB HHOCTpaHHbIX SKCneAHUHH, 
npoBOAHBUiHxcH Kan n o  njiaHaM MeatAynapoAHoro reo<J)H3H«iecKoro roAa 
1957— 1959 rr ., Tax h no njiaHy MeatAyHapoAHofl HHAOOKeaHCKOH aKcneAHUHH 
b HHCTHTyTe OKeaHOJiornn A H  CCCP H . M. EejioycoBbiM, JI. K. 3aTOHCKHM, 
B . O , KaHaeBbiM h H . A . M apoBoñ, 6 biJia cocTaBJieHa BaraMeTpn«iecKaH xapTa 
ceBepHoii «iacra HHAHÄCKoro oxeaHa Macmraöa 1 : 5 000 000 b npoeKiran M epxa- 
Topa c H3o6aTaMH «iepe3 500 m . lOaiHaa paMKa xaprai npoxoAHT no 40° io. ui. 
H a pnc. 1 npHBeAeHa yMenbineHHasi Konna Kaprar. ceBepo-3anaAHbin jihct, 
orpaHHueHHbiH 15° io. ui. h 78° b. A-, paccMaTpuBaeTCH b paöoTe H . M. Eejioy- 
coBa (cm. HaCT. cöopHitK d p .  163).

n PH cocTaBJieHHH BaraMeTpHuecKOH KapTM ceßephöh «iacra H h ahh ck oto  
OKeaHa, KOTopaa a  Jia Kparaocra b AaJibHeñiueM Ha3biBaeTcu BaraMeTpn«iecKoñ 
KapTOH HHAHHCKoro OKeaHa, b Kauecrae och ob hh x 6 u a h  ncnoJib30BaHbi Maie- 
pnajibi a/c «BuTH3b». Ohh xapaKTepu3yiOT3Ha«iHTejibHyio «iacra oKeaHHuecKoro 
AHa h npeACTaBJieHbi noApoÖHbiMH axorpaMMaMH h npoc|>HJiHMH, no3BOJinioui,HMH 
Aara npaBHJibHyio reoMopt})ojiorH«iecKyio HHTepnpeTauHio ApyruM ahhhhm . 
CßeAeHHH o  noABOAHOM pejraecpe, coßpaHHbie hhoctp3Hhbimh aKcneAHUHHMH Ha 
cyAax «BHMá» (14 peñe), «Apro», «XlnaMaHraHa», «OyaH» h phaom aHrjiHHCKHX 
cyAOB, óbiJiH npeACTaBJieHbi óojimuhm kojihhcctbom otm ctok  rjiyÖHH, HaHeceH- 
Hux BAOJib axojioTHbix rajicoß Ha njiaHiuerai MacuiTaôa 1 : 1 000 000 , KOTopue 
öbiJiH noJiy«ieHbi b nopuAKe MeucAyHapoAHoro oÖMena. MaTepnajibi a /3  «06b», 
BbinojiHHBiuero axojioTHbin npoMep. Ha n yra  h3 AmapKTHKH b BeHrajibCKHH h 
A aghckhh 3ajiHBbi, npeACTaBJieHbi noApoÖHUMH npotJiHAHMH, KOTopbie cocTaBJie- 
Hbi no axorpaMMaM. CßeAehhh o  pejibecpe Ana, coôpaiiHbie ApyrHMH 3KcneAHH.HH- 
MH, HMejiHCb b pacnopHiKeHHH aBTopoB TaK*e b b h Ae TaèjiHU, rjiyÖHH («ÜJia- 
HeT»— 1906— 1 9 0 7 rr ., « /la n a » —  1930r.,«AJibôaTpoc» —  1 9 4 7 r . , «rajia iea»  —  
1952 r ., «MaxaÖHC» —  .1933— 1934 rr .) , b BHAe otm ctok  rjiyÖHH, HaHeceHHbix Ha 
6araMeTpH«iecKHe hjih HaBHrairaoHHue xaprai («CHeJiJinyc»—  1930 r ., «By- 
reHBHJib»—  1939 r ., «JIanepy3»—  1949 r . ,  «lUapK o»—  1948 r. h a P - )  hjih 
b BHAe HeôoJibiUHX oÔ3opHbix npotjwjieñ («B «Ma» —  16 peñe 1959— 1960 rr .). 
KpoMe AaHHWx OKeaHorpatjjHuecKHx aKcneAHUHH, npH cocTaBJieHHH Kaprai hc- 
nOJIb30BaHbI OTMeTKH TJiyÔHH MOPCKHX HaBHraUHOHHblX KapT H TeHepajIbHOH 
ôaTHMeTpH«iecKOH Kaprai oKeaHOB [10] (pHC. 2).
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BaTHMeTpHHecKaa KapTa H hahhckofo oneaHa cocTaBAaaacb b M aciim ße 
1 : 5 000 000; npn cocTaBaeHHH ee 3anaaHoñ noaoBHHbi, paäoHa flßaHCKoro 
» e a o ö a  h AH^aMaHCKoro Mopa öhah Hcnoab30BaHH HaBnrairaoHHbie Kap™  
öoaee KpynHHx MacuiTaöoB. O öpaöoraa MaTepnaaoB h cocTaBjieHne öaraMeTpH- 
qecKoü K apra BeAHCb b cootbctctbhh c pa3pa6oTaHHOH b HHCTOTyTe oKeaHoao- 
THH MeTOflHKOH [5, 7],

HoBaa 6 aTHM6 TpHnecKaa KapTa H h äh h ck oto  OKeaHa CHJibHo oTannaeTca o t  
npeajJAyurax KapT. H a TeHepajibHoft óaraMeTpnnecKoft KapTe oKeaHOB Macui- 
Ta6 a 1 : 10 000 000 [10] pejibecJ) ah a H h ah h ck ofo  oneaHa H3o6pa*eH oneHb 
CXeMaTHHHO. 3tO  b 3HaHHTejIbHOH CTeneHH CBH33HO C OrpaHHHeHHOCTbK) AaHHbIX, 
HMeBuiHxcH npH ee cocTaBaeHHH. noaoÖHbiMH HeAocTaTKaMH oôaaaaioT h Kapra 
nepBoro TOMa MopcKoro aTjiaca [8 ]. <t>H3HKo-reorpa<|)HqecKne Kaprai BToporo to - 
Ma MopcKoro aTJiaca [8 ], ATJiaca Mnpa [1], a TaKJKe KapTa H h ahh ck ofo  onea- 
Ha [6 ] óoJieecöBepuieHHbi, TaKKanoHHAaiOTÔoJieenpaBHJibHoe c reoMopiJjoAorH- 
qecKOH TOHKH 3 peHHH npeacTaBaeHne 0 6  H3o6pa3KaeMbix (jxipMax. MejinoMac- 
iHTaÖHan cxeMaranecKaa KapTa CTonca [16] HHTepecHa TeM, h to  Ha Heñ nacran- 
Ho ym e ö h a h  HcnoJib30Banbi AaHHbie, noayneHHbie SKcneaHiraaMH Ha «Aaböa- 
Tpoce», «06h», «IIIapKo», m to  ho3boahao aBTopy noKa3aTb p aa  h ob h x  (J)opM. 
QsHaKo Hapaay c sthm  Ha KapTe aaHo m hoto rnnoTeranecKHX $opM pejibec^a, 
h to  3HaqnTejibHo CHHHtaeT ee ueHHocra.

H e HMea bo3 Mojkhocth b KparaoH cTaTbe aara noapoÖHyio xapaKTepHCTHKy 
pejibetpa an a  Beeil naom aan, oxBaraBaeMoñ öaraMeTpHnecKOH KapToñ, orpaHH- 
HHMCH OIJHCaHHeM HOBblX (j)OpM peAbetJia H Tex H3M€HeHHH, KOTOpbie ÔblAH 
BHeceHbi b H3o6pa>KeHHe paHee n3BecTHbix c[)opM.

H an ôoaee KpynHbiM ropHbiM coopyjKeHHeM H hahöckofo oneaHa HBaaeTca 
CHCTeMa CpeaHHHO-HHaOOKeaHCKHX XpêÖTOB, HBAHIOmHXCH HaCTbK) eaHHOH 
CHCTeMbi cpeaHHHbix xpeÖTOB MnpoBoro OKeaHa. B H hahhckom oneaHe oHa 
cocTOHT H3 Tpex nacreii, coeaHHHiomHXCH b pañoHe o-Ba P oapn rec. ,H,Be ee 
lOJKHbIX BeTBH yXOAHT B ATAaHTHHeCKHH H T hXHH OKeaHbl, a TpeTbfl (ApaBHHCKO- 
H hahhckhh xpeôeT) noaxoaHT K AaeHCKOMy 3aaHBy. f lo  hocaeaH ero BpeMeHH 
roro-3anaaHaa BeTBb xpeöna Ha öaTHMeTpnnecKHx KapTax He noKa3biBaaacb. 
JlHuib b 1959— 1960 rr. HccaeaoBaHHHMH «B hmh» [11] 6biao ycTaHOBaeHo, hto 
b K>ro-3anaaHOH nacra H hahhckofo oneaHa nporarHBaeTCH xpeöeT, Ha3BaHHHH 
3anaaHo-HHAHHCKHM.

CHCTeMa CpeanHHo-HHAooKeaHCKHx xpeÖTOB b npeaeaax Kapra npeacTaBaa- 
eT co 6 oh oneHb pa3apo6aeHHoe aoBoabHo urapoKoe noAHarae, noaHoarae koto- 
poro HaxoAHTCH Ha rayÖHHe oKoao 4500 m . CpeaHHH oraocHTeabHaa BbicoTa 
eaHHoro OCHOB3HHH xpeÖTa paBHa 1500 m , ho oTaeabHue BepuiHHbi noaHHMaioTCH 
3HanHTeabHo Bbirne. K)ro-3anaaHaa BeTBb (3anaaHo-HHAHHCKHH xpeöeT) Mopcjio- 
aornnecKH oTaanaeTca o t  roro-BocTonnoH (IJeHTpaabHo-HHAHHCKHH xpeöeT). 
n ep B aa HMeeT CHAbHO pa3apo6aeHHyio noBepxHOCTb, noTopaa nocTeneHHo nepe- 
xoAHT b MeHee pacnaeHeHHoe ah o  npHaeatamnx k otaob h h . IUnpHHa s to h  nacra  
xpeÔTa b cpeaHeM paBHa 210 mhabm, oraocHTeabHaa BbicoTa MeHaerca o t  1210 
a o  3300 m . noBepxHOCTb xpeÖTa npeacTaßaaeT coöoft coneTaHwe HeöoabiuHX 
xpeÖTOB h aenpeccHH, pa3Mepbi KOTopbix yBeannHBaioTca no Mepe npnÖAHJKe- 
HHa k och xpeÖTa. K och xpeÖTa TaKxke npnyponeHbi Hanöoaee BbicoKHe ropbi, 
Meacay KOTopHMH pacnoaaraeTca pH(|)TOBaa aoaHHa, npeacTaBaaromaa coöoh  
p aa  OTaeabHbix 3aMKHyrax y3KHx rayöoKHX aenpeccHH —  aceaoöoB. TayÖHHa 
AHa aoanHbi oTHocHTeabHo BepuiHH rop aocTHraeT 2000— 2300 m . B OTaeabHbix 
Mec'rax ah o  pH(|)TOBOH aoaHHbi pacnoAOJKeHo rayöate, neM aho coceaHHX k otao-  
bhh. UlHpHHa aoaHHbi Ha BbicoTe 1000 m o t  ee aHa paBHa 17— 20 mhahm.

IJeHTpaAbHo-HHAHHCKHH xpeôeT oTAHnaeTca o t  ApaBHHCKo- h 3anaAHo-HH- 
AHHCKHX xpeÖTOB ÖOAbUieH UIHpHHOH H MeHbllieH OTHOCHTeAbHOH BblCOTOH. 
CpeaHaa uiHpHHa xpeÖTa cocTaBaaeT 550 m nab; ckaohm ero öoaee noaorne. 
H a noBepxHocra xpeÖTa pacnoaoiKeHbi oTaeabHbie ropbi oraocHTeabHon buco- 
to h  oKoao 2500 m ; ocTpoBa AMCTepaaM h CeH-üoab npeacTaBaaiOT aa e  t3k h x  
ropbi, BepuiHHbi KOTopbix noaHHMaioTCH Haa BoaoH. PacnaeHeHHe noBepxHocra
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UeHTpajibHo-HHAHHCKoro xpeÖTa öoaee MejiKoe. Pn^TOBaa aoahhb Bbipa*eHa 
MeHee a ereo , neM y  ApaBHHCKo- h 3anaaHo-HHAHHCKoro xpeÖTOB, ho TaK*e 
npeACTaBJieHa uenouKoS mcjikhx aenpeccHH, BbiTHHyrax BAoab xpeÖTa. K bo- 
CTOKy ot M aaaracKapa, öaii3 o-Ba PoApHrec, HaHHHaeTca ceBepHaa BeTBb ch- 
CTeMbl CpeflHHHO-MHAOOKeaHCKHX xpeÖTOB —  TaK Ha3bIBaeMbIH ApaBHHCKO- 
H hahhckhh xpeöeT.

l i p a  n 3 o ö p a a < e H H H  H a  ö a T H M e T p m e c K o f i  x a p T e  o c o ó e H H o c T e ñ  M o p t j r o a o r n H  
C H C T eM b I C p e A H H H O -H H A O O K e a H C K H X  x p e Ö T O B  B 0 3 H H K  p H A  T p y A H O C T e È ,  O Ö y C JIO B - 
a e H H b i x  H e A o c T a T K O M  ( J ia K T H jq e c K ö r ö  M a T e p n a a a .  H a K a p T e  B c e  c j io p M b i p e a b e t j i a ,  
K .aK  n p a B H J I O ,  H 3 0 Ö p a > K e H H  H a  0 C H 0 B 3 H H H  (J ia K T H H e C K H X  A 3 H H H X  H H H K 3 K H X  
r n n o T e T H H e c K H X  r o p ,  x o j i m o b  h  k o t j i o b h h  H e  n o K a 3 a H O ,  b  t o m  « i n c a e  h  H a  Cpea- 
A H H H O -H H A O O K e a H C K H X  x p e Ó T a X ,  X O T H  B  A e ñ C T B H T e jlb H O C T H , C y A H  n o  s x o r p a M -  
M a M  H  ITO n p O (J )H J IH M , B C H  n o B e p x H O C T b  3 T H X  X p e Ö T O B  n O K p b l T a  H eÖ O JIb H IH M H  
r o p a M H ,  x p e Ó T a M H  h  k o t j i o b h h 3 m h .  B c b h 3 h  c  s t u m  n p n  H 3 o 6 p a s c e H H H  p e j i b e t J j a  
C p e A H H H O -M H A O O K e a H C K H X  X p e Ö T O B  A a H  H 3 B H J IH C T H H  p H C y H O K  H 3 0 0 a T ,  K O T O p b l i i  
b  K a K O H - T o  C T e n e H H  n o K a 3 b i B a e T ,  k a k  n p o x o a n a a  ö b i  H 3 o ó a T a  n p n  o r n ó a H H H  
M H O rO H H C J ie H H b IX  H e p O B H O C T e f t  H a  n O B e p X H O C T H  x p e Ö T O B ,  X O T H  B  Ó O J lb lH H H C T B e  
c j i y n a e B  s t h  h 3 b h j i h h m  h  H e  o ö o c H O B a H b i  (J ia K T H H e c K H M H  A a H H b iM H .

BTopwM no BeAHHHHe ropHbiM coopyxceHHeM H h ahh ck oto  oxeaHa HBJineTCH 
B octohho-H hahhckhh  xpeöeT, pacnoaojKeHHbiü b ceBepo-BocTOHHoñ nacra  
oxeaHa npHMepHo BAoab 90° b. a- CymecraoBaHHe s t o to  xpeÖTa ö u a o  ycTaHOB- 
a e ho jiüuib b caMbie nocjieAHHe to a h  Ha ochob3hhh paÖoT m hothx cyAOB pa3- 
JiHHHbix rocyAapcTB [9]. B octohho-H hahhckhh  xpeöeT npeacTaBaaeT coóoh y3- 
Koe (OKOJIO 100 MHJIb) AAHHHOe (2650 MHJIb) nOAHHTHe OTHOCHTejIbHOH BbICOTOH 
o t  1000 Ao 3500 m . MecTaMH Haa xpeÖTOM B03Bbimai0Tca oTaeabHbie BepiuHHbi 
c  MHHHMajibHbiMH rayÓHHaMH HaA HHMH a o  870  m . H a oTaejibHbix yn acraax  rpe- 
öeHb xpeÖTa onycKaeTCH, oöpa3ya ceaaoBHHbi. B  cpeaHeñ nacra B octohho-H h-  
Ahhckhh xpeöeT pe3KO pacuiHpneTCH b pe3yjibTaTe npHuaeHeHHH KpynHoro rop- 
Horo MaccHBa. Baojib b octohh oto  hoahojkhh xpeÖTa npoTHTHBaeTCH y3Koe no- 
HHHceHHe —  B octohho-H hahhckhh  JKeJIOÓ.

K 3anaAy o t  AßCTpajiHH npHMepHo Ha 30° io. ui. h 3 x o a h t c h  MaccHBHbiü 
xpeöeT, H33biBaeMbiH 3anaAHo-ABCTpajiHHCKHM. 3 t o t  xpeöeT oöaaaaeT HpKO 
BbipaiKeHHOH acHMMeTp Heft : ero k m k h m h  c k j i o h  oneHb KpyTofi, a ceBepHbiñ noao- 
THñ. TpeöeHb xpeÖT.a npeacTaBaaeT iunpoKyio, cjierna BbinyKJiyio noBepxHOCTb. 
H a CKJioiiax xpeÖTa BCTpenaioTCH ropbi h  y3Kue rpeÖHH. B aoab i o j k h o t o  noa- 
HoscHH xpeÖTa pacnoJiaraeTCH y3Knñ iKejioö.

K iory o t  MaaaracKapa npoTHTHBaeTQH b  MepHAHOHaabHoM HanpaBaeHHH 
oneHb iuupoKHH (cpeAHHH iniipiiHa nopaaxa 270  Muab) MaaaracKapcKHH x p e
öeT c  AOBOJibHo noJioruMH (ao 1°) CKJioHaMH. OraoCHTeabHan BbicoTa xpeÖTa 
oKoao 2500 m . IIlHpoKan BepuiHHHan noBepxHOCTb xpeÖTa pacnoaojKeHà Ha 
rayÖHHe 2500 jw.'HaA Heft noaHHMaioTCH OTaejibHbie ro p u . H a iore xpeöeT coeau- 
HHeTCH c 3anaAHo-MHAHHCKHM xpeÖTOM. CeaaoBHHa Meacay xpeÓTaMH p acn oao-  
jKeHa Ha rayÖHHe oKoao 4000 m .

KpoMe xpeÖTOB, Ha an e H hahhckoco oxeaHa HMeioTCH ropHbie MaccHBbi h 
ropbi. HeKOTopue H3 hhx ÖbiaH AeTaabHo oöcaeaoBaHbi h Ha3BaHbi [2— 4 ].  
Mhoto KpynHux noABoaubix rop pacnoaosceHo BAoab BHeuiHero xp aa JlBaHCKo- 
ro xceaoöa, Meacay Kokocobhmh octpob3mh h o-bom PoacaecTBa h k aanaay ot 
A ßCTpaaHH, He roBopa o  HeöoabuiHX rop ax, rnnpoKO pacnpocTpaHeHHbix Ha a n e  
KOTaoBHH b  ueHTpaabHOH nacTH oxeaHa.

OTaeabHbie ropbi oöuhhq HMeioT K pyrae CKaoHW, b cpeaHeM 10— 15°, a 
MecTaMH a o  25°, o x p y ra o e  h j ih  onaabHoe ocHOBaHue anaMeTpoM o t  15 a o  7 0  
MHab. OTHOCHTeabHaa BbICOTa nOABOAHblX rop, K KOTOpblM Mbl OTHOCHM noa- 
HHTHH, HaHHHaH C 500 1̂, AOCTHTaeT HeCKOabKHX TbICHH MeTpOB, & MaKCHMaab- 
Haa —  4300 m . BepuiHHbi OTaeabHbix rop noaHHMaioTCH öaH3Ko k noBepxHocra 
oxeaHa Hau B03BbiuiaioTCH Haa boaoh, oöpa3ya óaHKH h HeÖoabuiHe ocTpoBa. 
TaKHe rop u  HMeioT oTHocHTeabHyio BbicoTy ao  5500 m . HoBoabHO nacTo ocHoßa- 
HHH HecKoabKHx rop caHBaioTCH OAHo c ApyTHM, HHOTA3 ropbi pàcnoaaraioTCH
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n o npHMoñ a h h h h .  HanpHMep, MeiKAy K o k o c o b h m h  o c tp o b s m h  h  o-bom  P o jk a ê -  
craa  HMeeTca uenonKa KpynHbix noABOAHbix rop, B03BbiuiaiomHXCH HaA uinpo- 
KHM nOAOTHM BaJIOM.

B ah3 noôepeîKbH 3anaAHoñ A b c tp ajina pacnojiaraeTca HecKOAbKo KpynHbix 
nOAHHTHH AHa, Ha3bIB3eMbIX H3MH rOpHbIMH MaCCHB3MH. /^B3 H3 HHX IipHCOeAHHH- 
H5TCH k  MaTepHKOBOMy cKjioHy, a ABa pacnoJioJKeHu Ha AHe k o ta o b h h h .  MaccHB, 
pacnoJio)KeHHbiH k  ceBepy o t  ceBepo-3anaAHoro Mbica AßCTpajiHH, npeACTaBjineT 
BbiCTynMaTepHKOBoroCKAOHa, KOTopbiü OeñpópmOK Ha3bmaeTOncMy [12]. Mac- 
CHB HaTypajiHCTa, HaxoAamHHCH k  3anaAy o t  oAHOHMCHHoro Mbica, Tanate c a h -  
BaeTCH C OCHOB3HH6M M3TepHKOBOro CKAOHa. BÓAH3H nOAHOJKHH M3TepHKOBOro 
CKAOHa AßCTpaAHH Ha UIHpOTe KHKHOrO TponHKa H3X0AHTCH ropHblH M3CCHB 
KlOBbe C HeCKOAbKHMH BepUIHH3MH. O t nOAHOJKHH MaTCpHKOBOrO CKAOHa OH 
OTAeAeH AOBOAbHo TAyÖOKHM noHHjKeHHCM. CeBepo-3anaAHee HMeeTca em e o a h h  
ropHbiH MaccHB, HMeiomnH b nAaHe oKpyrAbie onepTaHHH h nAocxyio BepuiHHy. 
Oóm eñ nepToñ Bcex nepenHCAeHHbix ropHbix MaccHBOB «BAaeTca 3HanHTeAbHaa 
KpyTH3H3 CKAOHOB H IÎAOCKaH CAerKa B0AHHCT3H BepuiHHHaa noBepxHOCTb.

CncTeMOH ropHbix xpeÓTOB h bhaob BnaAHHa H h ahh ck ofo  oKeaHa abjihtch  
Ha paA 6oAee hah MeHee KpynHbix k otaob hh . K iory o t  H hahh pacnoAaraeTca 
U,eHTpaAbHaH K0TA0BHH3, BKAIOHaiOmaH BeHraAbCKHH 33AHB. H a BOCTOKe OHa 
orpaHHHeHa Boctohho-H hahhckhm  xpeÓTOM, a Ha lore h 3anaAe —  UeHTpaAb- 
HO-HhAHHCKHM H MaAbAHBCKHM XpeÓTaMH. K BOCTOKy OT BoCTOHHO-MHAHHCKOro 
xpeÓTa HaxoAHTca HecKOAbKo KpynHbix kotaobhh: KoKocoBaa, 3anaAHo-AßCT- 
paAHHCKaa, CeBepo-AßCTpaAHHCKaa. 3 r a  k otaob h h h  coeAHHHioTCH oAna c Apy- 
roH. K lory o t  3anaAHO-ÁBCTpaAHHCKoro xpeÓTa pacnoAaraeTCH K)ro-3anaAHo- 
ABCTpaAHHCKaH KOTAOBHH3. O t  K)}KHO-ABCTpaAHHCKOH KOTAOBHHbl OHa OTABAe- 
Ha HeBbicoKHM B3A0M, b KOTopoM HMeeTca npoxoA, pacnoAo*eHHbiH y  caMOro 
nOAHOJKHH MaTepHKOBOrO CKAOHa AßCTpaAHH.

JXo  BbiHBAeHHH 3anaAHO-HHAHHCKoro xpeÓ Ta k  ioro-BOCTOKy o t  M aA aracx a - 
p a  Ha K apT ax oTM enaA acb óoA bU iaa k o ta o b h h  a ,  h h o ta b  H33biBaBiuaHCH L[eHT- 
paAbHOH [12]. C eB epH an n a c r a  s t o h  k o t a o b h h h ,  Ha3BaHHan M aA aracxapcK O H , 
orpaHHHeHa Ha 3anaA e noA Him ieM  o-B a M a A a ra c x a p  h  npoAOAHtaiomHMCH o t  
H ero  k  io ry  M aA aracxapcK H M  xpeÓTOM, Ha loro-B ocT oxe —  3anaA Ho-H H AH ñc- 
KHM xpeÓTOM, a  Ha ceB epe —  k h k h o h  n a c ra io  M acK apeH C K oro xpeÓ Ta. JXho 
k o t a o b h h h ,  cyAH n o  npoi^HAHM, BHpoBHeHO h  pacnoAoaceHO Ha rAyÓHHe HeMHO- 
r o  óoA ee 5000 m . lOamaH k o ta o b h h 3  —  K p o 3 e  —  h 3 x o a h tc h  MejKAy AByMH 
BeTBHMH CpeAHHHo-MHAOoKeaHCKHx xpeÓTOB, a  Ha ío re  o rp a H u n e n a  noAHHraeM 
ocTpoBOB K epreA eH  h  K p o 3 e .

Pa3AHHHaa CTeneHb pacHAeHeHHocTH AHa ko ta obh h  H hahhckoto  o x eaH a  
nau iA a  oTpam eH He b pncyH K e H3oóaT, TaM , rAe pa3BHTbi BbipoBHeHHbie npocT paH - 
CTB3 aKKyMyAHTHBHblX paBHHH, HanpHMep B CeBepHOH nOAOBHHe L[eHTpaAbHOH 
KOTAOBHHH C BeHraAbCKHM 33AHBOM H B KOKOCOBOH KOTAOBHHe H30ÓaTbI HMeiOT 
nA aBH ue h3t h ó h . H ao ó o p o T , b ixeHTpaAbHbix n a c r a x  o x eaH a , rAe aho  kotaobhh  
CHAbHO paCHAeneHO, H30ÓaTbI ÓOAee H3BHAHCTbie.

B H h a h h c k o m  oKeaHe HMeeTCH o a h h  KpaeBon TAyóoKOBOAHHH >KeAoó— HßaH- 
c k h h ,  npoTHHyBUiHHCH b a o  a  b 3 o h a c k o h  ocTpoBHOH Ayrn, BCAeACTBHe ñero ero  
npaBHAbHee ó h a o  6 h  Ha3biBaTb 3 o h a c k h m . H a ceBepe aceAoó oKaHnHBaeTCH b 
BeHraAbCKOM 33AHBe npHMepHo Ha 18° c. ui. lOro-BocTonHoe OKOHnaHHe aceAoóa 
pacnoAOBteHo npHMepHo Ha 123° b . A- b pañoHe o-Ba P o ra . IlpoAOAJKeHneM 51b3h- 
CKoro HíeAoóa k BOCTOKy h b a h c tc h  T h m o p c k h h  meAoó. ÓapaAAeAbHo 51b3h- 
CKOMyrAyóoKOBOAHOMy HíeAoóy b a o  a  b ocTpoBOB CyMaTpa, ^Ba h 3anaAHoñ nacra  
MaAbix 3 o h a c k h x  nporarHBaeTCH CHCTeMa MeatropHbix jk c a o ó o b : CHMaAyp c k h h  , 
MeHTaBeñH BaAHHCKHÍi. O t JlßaHCKoro ateAoóa o h h  oTAeAeHH xpeÓTaMH MeHTa- 
Beñ h  BaAHHCKHM. BepuiHHbi nepBoro o k o a o  o-Ba CyMaTpa noAHHMaioTCH HaA 
I30AOH, oópa3yH uenoHKy HeóoAbiunx ocTpoBOB; BTopoñ xpeöeT noAHOcraio 
CKpbiT noA BOA3MH OKeaHa. CeBepo-3anaAHoe OKOHnamie CnMaAypcKoro ateAOÓa 
nepe3 rAyóoKHÜ npoAHB Me>KAy o-bom  CyMaTpa h  noAHaraeM HnxoóapcKHx 
OCTpOBOB BXOAHT B KOTAOBHHy AHAaMaHCKOTO MOpH.
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Phc. 2. CxeMa MaTepwajioB, HcnojibsoBaHHbix npH cocraBJieHHH 6aTH MeTp h qec ko Pi  xapTbi ceeepHoñ qacTH HtiAHftcKoro OKeaHa 

/ — raschi c HftnpepbiBHtJM npouepou; 2 — raji cu c paapeaceHHbiM sxojiothum npowepoM; 3 — noJioxeRue oôaôpnbix npoÿHJiefl, Bunojinea-
Hbix «Bbmoü»; 4 — oTsejibHue rjiyöaHu (6ojiee 200 *)



JIbshckhh r^yóoKOBOAHHH aceAOÖ npeACTaBAaeT HenpepbiBHyio y3Kyio 
AenpeCCHK) AAHHOH OKOAO 2900 MHAb C IHHpOKHM (ao 20 MHAb) njIOCKHM aKKy- 
MyAHTHBHbiM ahom. HaHÖoAbmaa rnyÖHHa ateAoöa paBHa 7 4 5 0 m.  )Kejio6  HMeeT 
acHMMeTpiWHoe CTpoeHHe: KpyToñ h bhcokhh BHyTpeHHHH ckjioh h 6 ojiee noAo- 
THH HH3KHH BHeiHHHH. BHyTpeHHHH CKJIOH JKeAOÖa OTAHMaeTCH CAOJKHblM pejlb- 
et})OM: MecTaMH ero  pacMAeHHioT rjiyôoKHe a o a h h h  h 6opo3Abi, BCTpenaiOTCH 
ycTynbi h CTyneHH. KpyTH3Ha hhjkhch nacra BHyTpeHHero CKjioHa cocTaBAaeT 
4— 7 o. BHeuiHHH ckjioh ilßaHCKoro JKejioöa oójiaAaeT öojiee npocraiM pejibetjioM: 
jiHUib MecTaMH Ha HeM BCTpenaioTCH HeóoJibuine CTyneHH h ycTynbi. BbicoTa 
BHeniHero CKJioHa yBeAHMHBaeTca b HanpaBAeúHH c  ceBepo-3anaAa Ha roro-BO- 
CTOK OT 500 AO 2000 M.

C BHeuiHeH CTopoHbi JlBaHCKoro HceAoóa nporarHBaeTCH KpaeBoñ oKeaHHnec- 
KHH B3JI, HpeACTaBJIHIOmHH COÓOH paA nOJIOrHX nOAHHTHH BbICOTOH 600— 800 M, 
pa3AeAeHHbix ceAJiOBHHaMH. HaA noBepxHocraio Bajía noAHHMaioTca oTAeAbHbie 
.ropbi, no-BHAHMOMy, ByjiKaHHHecKoro npoHcxoHCAeHHH. MecTaMH Baji npeACTaB- 
AHeT COÓOH CHÁbHO paCMAeHeHHblH TOpHblH XpeÖeT.

B Hhahhckom oKeaHe hmciotch ueóoAbiiiHe aceji0 6 a, pacnoAoaíeHHbie jih6 o 
y noAHOHCHH ropHMx xpeÖTOB, JMÖO Ha AHe k otaob h h . B aoab BOCTonHoro noA- 
hojkhh MaAbAHBCKoro xpeÖTa b pañoHe ocTpoBOB Maroc nporarHBaeTCH oaho- 
HMeHHbiñ HteAoó, oÓHapyxteHHbiH b 33 pence «Bhth3h» [2]. B 35 pence «Bhth3H» 
ö h a h  coöpaHbi AonoAHHTeAbHbie CBeAeHHH no Mop^oAornii 3Toro nceAoöa [9]. 
HaHÖoAbuian rAyÖHHa aceAoöa paBHa 5408 m.  Æho aceAoöa nAocKoe urapoKoe 
(ao 10 MHAb). BHyTpeHHHH CKAOH Kpyne (ao 20°) h Bbirne, neM BHeuiHHH. B ao A b 
3anaAH0H CTopoHbi »ceAoöa nporarHBaeTCH y3KHH xpeöraK, a c  boctomhoh —  
IHHpOKHH BaA, HaA KOTOpbIM nOAHHM3IOTCH HeÖOAbUIHe TOpbl.

Boctohho-M hahhckhh jkcaoö nporarHBaeTCH bao a  b boctomhoto noAHOJKHa 
oAHOHMeHHoro xpeÖTa. )KeAo6  c o c to h t  h3  HecKOAbKnx nacTeü, pa3AeAeHHbix 
HeBbicoKHMH noporaMH. HaHÖoAbiuafl rAyÖHHa 6335 m  [13] npnyponeHa k ce- 
BepHOH nacra sceAoöa. IÜHpHHa xteAOÖa cocTaBAaeT 10— 20 MHAb, iunpHHa see 
nAocKoro aKKyMyAaraBHoro AHa AocraraeT 15 MHAb. H a CKAOHax h AHe jxeAoöa 
MecTaMH noAHHMaiOTca xoam h h ropbi. K pyra3 H ack aoh ob aceAoöaAocraraeT20°. 
C BHeuiHeH CTopoHbi jKeAoöa B03Bbimai0TCH ropbi h B03BbiuieHHOcra, oöpa3yio- 
urae cAaöo BbipajKeHHbiH b peAbetJie BaA.

BAOAb lOJKHoro CKAOHa 3anaAHo-ABCTpaAHHCKoro xpeöra nporarHBaeTCH 
HteAoö, KOTopbiH öbiA BnepBbie nepeceneH Ha n/s «Oöb», a 3aTeM noApoÖHo oöcAe- 
A0B3H B  35 peHÇe,«BHTH3H», nOCAe nero OH ÔblA H33B3H JKeAOÓOM OÖH. HaHÔOAb- 
niaa rAyÖHHa aceAoöa Oôh coCTaBAaeT 5761 m .  Æho ateAoôa TaKsce HAocKoe, 
UIHpHHOH OKOAO 7 MHAb, CKAOHbl KpyTbie —  AO 15°. C K3HCHOH CTOpOHbl BAOAb 
HceAoôa THHeTca HeBbicoKHH BaA c oTAeAbHbiMH ropaMH. BocTOMHee JKeAoöa 
Oôh h 3anaAHO-ABCTpaAHHCKoro xpeÖTa ah o  k otaob h h h  CHAbHO pa3ApoÔAeHO. 
3Aecb HMeeTca m h oro HeöoAbUinx jKeAóöoB —  pa3AOMOB, rop h xoamob.

K tory ot stoh 3ohh ApoÖAeHHa oK eaH H necK oro jio)Ka b cepeA H H eK )ro-3anaA -
H O - A ß C T p a A H H C K O H  K O T A O B H H H  H 3 X 0 A H T C H  H te A O Ô  J ] ,H a M a H T H H a ,  H a 3 B 3 H H b IH  
b M e c r a  a B C T p a A H H C K o r o  c y A H a ,  B n e p B H e  c o o ô i u H B m e r o  o  H3ahmhii b stom p a ñ o n e  
ö o A b iH H X  — ■ ao 6857 m —  T A y Ô H H  [15]. 3 tot J K e A o ö  n p e A C T a B A a e T  coôoh c n c T e -  
M y  H3 H e C K O A b K H X  JK e A O Ö O B , H M eiO U I,H X  F - O Ö p a 3 H b I H  n p o ^ H A b ,  y 3 K O e  A H O  H K p y 
T b ie  C K A O H b l. B A O A b  K p a e B  JK C A O Ö a n p o r a r H B a i O T C H  H e Ô O A b ll lH e  B a A b I  H  n O A H H - 
M a i o T c a  o T A e A b H b ie  r o p b i .

B ce H eöoAbuiHe ateAoöa H hahhckoto OKeaHa oÖAaAaioT oöiuhmh MopcJioAorn- 
MecKHMH MepTaMH (H eöoA biuaa iunpH H a, K p y ra ie  ckaohh, HaAHMHe bao a b KpaeB 
B3A0B H r o p ) ,  KOTOpbie CBHAeTeAbCTBytOT O TOM, M TO OÖpa30BaHHe AaHHblX (¿OpM 
peAbecjia CBa3aHO c pa3AOM3MH oKeaHHMecKoro A oaca, aHaAornMHbiMH pa3A0MaM 
T n xoro  OKeaHa [14].

MHorne H3 noK a3aHH bix Ha EaraM eTpHnecKOH KapTe H h a h h c k o to  OKeaHa 
(JjopM noABOAHoro peAbecpa ö h a h  oÖHapyaceHbi b caMbie nocAeAHne roAbi h  He 
noABepraAHCb AeTaAbHoMy oöcAeAOBaHHio. r k m o M y  npH  A aAbfieHuinx h c c a c a o -
BaHHax hx H 3oöpa*eH H e mo>kct n o A B ep rH y raca  H3MeHeHHto, M oryT n o aB H raca
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TaKjKe HOBbie (})opMbi pejibe({)a, Tan KaK oóiimpHbie yuacTKH AHa HHAHHCKoro 
oneaHa ocTajiHCb em e njioxo HCCJieAOBaHHHMH. H o HecMOTpn Ha sto, HOBaa 
KapTa no cpaBHeHHio c npesKHHMH ôaTHMeTpnnecKHMH KapTaMH H hahhckoit» 
OKeaHa, npeACTaBJineT coöoh 3HannTejibHbiH uiar BnepeA, noABoah HTor nepBo- 
My 3Tany paöoT MexAyHapoA«oH HHAooKeaHCKoü 3KcneAHn.nn, ochobhoü 
BK Jia a  B KOTOpblH 6bIJI CAejiaH 3 /c «BHTH3b».

A B S T R A C T

B ased  on in v estig a tio n s  of th e research v esse ls  «V ityaz», «Ob», «V ym a», 
«Argo», «D iam antina», e tc . a b ath ym etr ic  chart of the northern Indian  O cean  
(to  40°S) has been  com p iled  at th e In stitu te  of O ceanology o f th e U SSR  A cadem y  
of S cien ces on a sca le of 1 : 5 000 000 . The artic le  con ta in s n ew  data on  th e  
In dian  O cean b ottom  topography (excep t for it s  north-w estern  p art). The grea
test geographical d iscovery w a s th e fin d in g  of th e E ast In d ian  R id g e  stre tch in g  
a lon g  90° E from 10° N  to  34° S . The E ast In d ian  R id ge and W est A u stra lian  
R id ge, and rises d iv id e  th e north-eastern  part of the ocean in to  a num ber o f  
b asin s : C entral w ith  the B ay  of B en ga l, Cocos, W est A u stra lian , N orth  A ustra
lian , S ou th -W est A u stra lian . N ew  data on the geom orphology of th e J a v a  
(Sunda) trench  are in troduced. A  d escrip tion  is a lso  g iv en  of som e new  trou- 
ghes: C hagos, E ast In d ian , O b , D iam an tin a . The tnorphology of th e  M id In d ian  
and W est A u stra lian  ridges h as been sp ecified .
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Reprinted from Oceanología, vol. V, no. 4, 1965, p. 760-762.

HHAHHCKHK OKEAH

HoBan reorpaipHaeCKaa «apia
B 1963—1964 rr. HayHHO-peAaKUHOHHafl KapTocoCTaBHTejibCKaa lacTb TYrK Tocreoji- 

KOMa CCCP BbicnycTHJia cepnio cnpaBOHHbix (pH3HKO-reorpacpHHecKHX KapT Tnxoro, Awau- 
TmecKoro h Hhahhckoto oKeaHOB, a TaK*e ceBepnoro h iojkhoto noAymapiift 3ejjAH. Bjia- 
roflapa stom y celinae HMeioTca KapTU,' oxBaTWBaïoiUHe Becb MnpoBOH OKeaH, npnneM 
H3o6pax<eHHe nOABoanoro pejibecfa Ha hhx AaHO no eAHHofi MeTO/iuxe h ocnoBaHo Ha 
COBpeMeHHhlX AaHHbJX. S t o  OÔCTOHTeJIbCTBO HMeeT ÔOJIbinoe 3H3HeHHe, T3K Kax pejlbeij) 
n, h a BBJiaeTCH BaxtHefiuiHM sjibmêhtom 4>H3HKo-reorpa$HHecKoft cpeAbi, bahhioiiihm Ha mho- 
rae npoueccbi, npoHcxoAamHe b o ç e a H e .

HeOÖXOÄBMOCTb C03AaHHH HOBOfi KapTH HhäHHCKOTO OKeaHa B03HHKAa Ä3BHO, nOTO- 
My hto Bce .paHee H3AaHHbie Kap™, aa*e caMue HOBefluine {29, 33], ocHOBUBa.iHCb hckjiio- 
HHTeAbHO Ha CBeaeHHHX, noJlyHeHHHX AO BTOpOH MHpoBOH BOHHbl. HoBble AaHHHe, COÔpaH- 
Hue b noc.tieBoeHHue toah h, ocoßeHHO, b TeneHHe Me*AyHapoAHaro reoij)(i3nqecKoro roAa 
1957—1959 rr. öoAbitiefi nacTbio He HauiAH OTpajKeHHH Ha KapTax. JXo SToro b nenaTH 
nOHBHAHCb AHUIb OTAËJIbHbie HaCTHhie paÔOThl H CXeMHTHHeCKHe ÔaTHMeTpHHeCKHe H TèKTO- 
HHHecKHe Kapra Hhahhckoto,OKeaHa h OTAeAbHHX ero nacTefi [12, 20, 21, 32].

B CBH3H c opraHH3amieft Me*AyHapoAHoñ HHAooKeaHCKoñ SKcneAHUHH [4] H3yqeHHe 
penbe(pa AHa Hhahhckoto oxeana CTaJio ocymecTBAHTbca b ihhpokhx Macu)Ta6ax. HanGo- 
Jiee KpynHUH bka3a b HsyneHHe pejibetpa AHa OKeaHa b cbmom Hanajie paôoT stoh 3Kcne- 
Ahuhh BHecJiH HCCAeAOBaTeAbCKHe cyAa: «BHTH3b» (CCCP), «BtiMa» h «Apro» (CUIA), 
«OySH» H «XlaApHMnA» (AhtAHH), «¿HaMaHTHHa» (ABCTpaAHH).

HoBan KapTa Hhahhckoto OKeaHa [17] H3AaHa b KOHue 1963 r. OHa HMeeT MacuiTafr 
1 : 15 000 000 h cocTaBAeHa b paBHOBeahkoü a3HMyTajibHoft npoeKHHH JlaMSepia (peAaKTop 
KapTU E. M. UlypaH,  peAbetj) AHa OKeaHa OTpeAaKTHpoBaH B. O. KaHaeBMM h
H. A. M a p o b o fi).

OcHOBHbiM coAepwaHneM KapTbi HBAHeTCH pejibecp AHa OKeaHa h OKpyjKaromefi cyuiH, 
noKa3aHHbifi npn noMOmn h30ahhhô (H3o6aT h H3ornnc) c nocAoñHoñ OKpacKoft no dyne- 
HHM BHCOT.H TAyÔHH. OcHOBHble H30AHHHH Ha KapTe abhh Hepe3 1000 M. 6oJiee HOA- 
pOÔHOfi XapaKTepHCTHKH paBHHHHHX npOCTpaHCTB npOBeAeHbl AOnOJlHHTejlbHble H30JIHHHH:
Ha cyrne 200 h 500 m h Ha AHe 200, 3500, 4500, 5500 m. H3o6ara 200 m b noAaB.naromeM 
ôoAbUiHfKTBe CAynaeB xoporno noKa3hiBaeT noAOKeHHe Kpaa MaTGpHKOBofi oTMeJiH, ocTanb- 
Hbie H3o6aTbi HeoGxoAHMbi aah nepeAaHH xapaKTepHux ocoôeHHOCTefi peAhecpa AHa OKeaHH- 
HeCKHX KOTAOBHH.

OCHOBHWMH MaTepHBAHMH, HCnOAb30B3HHbIMH AAH COCTaBAeHHH HOBOfi KapTbl HhAHÔ- 
CKoro OKeaHa, HBHAHCb 6aTHMeTpHHecKHe KapTbi, BbinoAHeHHwe b 1963 r. b HHCTHTyTe 
OKeaHOAorHH AH CCCP [8] h b HHCTHTyTe reorpatpHH AH CCCP. PeAbeiJ) AHa ÄTJian- 
THHeCKOrO H Tnxoro OKeaHOB 6bIA B3HT C COOTBeTCTBytOIHHX paHee H3A3HHbtX KapT [1, 24],

B ocHOBy 6aTHMeTpnqecKofi KapTbi HHCTHTyTa OKeaHOAorHH AH CCCP, oxBaTUBaiomeft 
ceBepHyio nacTb OKeama, ôhah noAO*eHbi MaTepH.a.nbi, coßpaHHbie b Tpex peficax HHC 
«BnTH3b» b 1959—1962 rr. [2,3,7], a aah KapTbi HHcrrmyTa reonpa<j>HH, oxBaTUBaiomefi 
K)3KHyio nacTb OKeaHa,— MaTepiiaJibi, coSpaHHbie b Tpex peficax a/3 «06b» b 1957—1960 rr. 
[13, Ï4, 21].' HcnoAb3oaaHHe MaTepHaAOB «Bhth3ü» h «Oôh», npeACTasAeHHbix b BHAe npo- 
(jjHAeft AHa [9—11, 22—23], a naKJKe sxorpaMM, b tom HHCAe n noAyneHHbix na npenn3HOH- 
HHX CaMonHCAax [2, 18], n03BOAHAO AOCTaTOHHO nOAHO H npaBHAbHO H30Ôpa3HTb Hia KapTe 
peAbetp AHia OKeaHa b ueAOM h ero lacT efi, .a Ta«*e oTAeAbHbie KpynHbie <j)opMM peAbecpa. 
BcAeACTBHe Toro, hto paSoTaMH «Bhth3h» h «06h» 6uAa oxBaneHa ëoAbiuaH nacTb 
Hhahhckoto OKeaHa, coôpaHHbie M.a.TepHaAbi no3BOAHAH ôo.nee npaBHAbHO HHTepnpeTupoBaTb 
Apyrne CBeAeHHH o noABOAHOM peAbe(j>e, npeacTaBAeHHue ropa3AO MeHee AeTaAbHHMH ahh- 
HUMH B BHAe npOMepHblX nnaHlIieTOB, MOPCKHX HaBHiraAHOHHblX KapT, CnHCKOB iTAyÔHH H 
MeAKOMacuiTaÔHbix npo(J)HAefi.

ripoMepHue nAaHineTU MaciUTa6a 1 : 1 000 000, noAyneHHue b nopaAKe Me*AyHapoA- 
Horo oÔMeHa, coAepscaAH otmctkh rAyÖHH, HaHeceHHbie BAOAb npoMepHux raAcoB nepe3 
1—2 MHAH. Ha nAaffmeTax BpHTaHCKoro aAMnpaATefiCTBa, oxBaTbiBaromnx ceBepo-3anaA- 
Hyio nacTb HhahUckoto OKeaHa, HaHeceHhi TAyôHHbi, H3MepeHHbie HccaeAOBaTeAbCKHMti cy- 
A3MH «OysH» b 1961—1963 rr., «ÆapAHMnA» b 1963 r., h nonyTHue npoMepbi ApyrHx cyAOB. 
Ha aMepHKaHCKHX nnaHuieTax 6mah npeACTaBAeHbi AaHHue 14 h 16-ro peficoB h/c «BHMa», 
KacaiomHeca rAaBHUM o6pa30M cpeAHHHO-oKeaHHHecKHX xpeÖTOB 3anaAHoft noAoBHHu Hh- 
AHficKOro OKeana h KpacHoro Mopa, a Taxate peñca h/c «Apiro» SKjcneAHUHn «MyccoH» 
1960—1961 rr., npoxoAHBUiefi b boctohhoh noAOBHHe OKeaHa. AßcTpaAHficKHe nAaHuieTbi 
noKpuBaAH BOCTOHHyio HacTb OKeaHa, npnAe*amyio k 3anaAHHM h ceBepHHM ÖeperaM 
AßCTpaAHH. Ha hhx 6mah HaHeceHH rAyöHHbi, H3MepeHHbie h/c «ÄHaMaHTHHa» b 1959— 
1960 rr.

KpoMe Toro öbiah HCnoAbaoBaHu AaHHbie o peAbeijie AHa, noAyneHHbie iuBeACKofi Kpy- 
rocBeTHofi 3KcneAHUHefi Ha cyAHe «AAbôaTpoc», npeACTaBAeHHue b BHAe cnHCKa rAyÖHH, 
oÖ3opHbix npo(})HAeñ H ifOTorpacpHH xapaKTepHhix ynacTKOB axorpaMM [31], npH H3o6pa*e- 
HHH b ioro-3anaAHofi naCTH Hhahhckoto OKeaHa ynacTKa CpeAHHHO-oKeaHHHecKoro xpeÖTa 
6blAH HCnOAbSOBaHbl HeÖOAbUIHe CXeMaTHHeCKHe npo<])HAH [27], KOTOpbie, 0AH3K0, AO CHX 
nop HBAHIOTCH eAHHCTBeHHhJM OnyÖAHKOBaHHbIM HCTOHHHKOM, AaroUIHM HaHÖOAee ÖAH3KOe K 
AefiCTBHTeAbHÖCTH npeACT3BAeHHe O MOpiJlOAOTHH 3T0T0 XpeÖTa. n p H  COCTaBAeHHH KapTbB
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T a K J K e  ö h a h  H c n o J i b 3 0 B a H b i  c o o T B e T C T B y i o m n e  j i h c t h  r e H e p a j i b H O i i  6 a T H M e T p n H e c K o f t  n a p -  
T b i  o K e a H O B  [26], a  T a K s c e  r j i y Ô H H b i  c  M o p c K H x  H a B H r a u H O H H H X  K a p T  p a 3 A H H H b i x  r o c y a a p c T B .

Hcncwib30BaHHe h o b h x  Aamibix no3HO.iiï.'io cocTaBHTb KapTy, cymecTBeHHo o t . 7 m ' i ; i i o -  
inyio c h  o t paHee ii3AanHbix. 3X0 o t h o c h t c h  xax k conepxaHUto KapTH, rau n k Meroan<<e 
ee cocraBJieHHa. ripa n30Öpa>KeHHn noABOAHoro pe.ibeijia 6hji acnojib30BaH MeTOA reoMop- 
4)OJiorHaecKOH HHTepnoAHUHH [25], K a u  H3BecTHo [15, 19], npa noMoma h 3 0 a h h h h  (a3oranc 
h  H3o6aT) Ha KapTax m o > k h o  nepeaaBaTb He TOJibKo nJiaHOBOe pacnpeaeJieHae pa3JiaaHhix 
BHCOT H  rjiyÖHH, HO TaKJKe H MOpcJlOAOTHHeCKHe OCOÖeHHOCTH KaK OTÄeJIbHblX <j)0pM, TaK H  
peJibecfia b  ueJioM. B  c b h 3 h  c  s t h m  npn aaoópaweHaa noABOAHoro peAbeifia pucyHOK H3o6aT 
Ha KapTe H h a h h c k o t o  oxeaHa MeHHACH b  3aßacHMocTa o t  xapaKTepa h o a b o a h o t o  peAbeiJia. 
Mjir t o t o ,  h t o ö h  HMeTb HarjiHAHoe npeACTaBjieHae o  KpyTH3He c k j i o h o b ,  ceaeHae pejibecjja 
ÖHAO npHHHTO nOCTOHHHbIM H  paBHWM 1000 M. PHCyHOK H306aT Ha AH e OKeaHHHeCKHX KOT
A O B H H  MeHHeTCH B  33BHCHMOCTH OT paCHAeHeHHOCTH AHa: B npeAËAaX aKKyMyjIHTHBHblX 
paBHHH, pacnoAOJKeHHHX no nepn(])epHH OKeaHOB y noAHOJKHH MaTepHKOBUx c k a o h o b ,  h 3 0 -  
öaTbi HMeioT nAaBHbie' oiepTaHHH, a b  ueHTpaAbHoii aaCTH OKeaHa, rAe a h o  CH.ibno pacHAe- 
neHO, aiaöaTbi aeAaioT pe3KHe H3rw6bi. H a  Opea« h . h o - one3h h u ecroix xpe&rax n'OAaepKH- 
BaeTC» jiHHeHHaii pacHAeHeHHoCTb h x  noBepxHocTH h  opneHTHpoBKa s t h x  nepoBHocTea BAOAb 
o c h  xpeÖTa, a  Ha AHe k o t a o b h h  noAaepKHBaeTca H30MeTpnHH0CTb noAoacHTeAbHbix <J)opM 
peAbeça, b  t o  BpeMH Kan OTpauaTeAhHbie cfiopnihi peAbe(])a noKa3aHbi o ö h h h o  öoAee h a h  
MeHee BbiTHHyTUMH. H a  MaTepHKOBwx CKAOHax b noAaBAHiouieM öoAbuiHHCTBe CAyqaeB 
noKa3aHo AOAHHHoe pacaAeHeHHe, KpoMe Tex yiacTKOB, rAe c k a o h h  poBHHe.

n p n  C O C T a B A e H H H  K a p T b i  H h a h h c k o t o  O K e a H a  b  c b h 3 h  c  n o H B A e H H e M  C B e a e H H H  o  h o b m x  
K p y n H u x  ( j ) o p M a x  p e A b e i j i a  h  y T O H H e H H C M  p a 3 M e p o B  h  o n e p T a H H H  H 3 B e c T H b i x  p à H e e  ( J i o p M  
n o T p e ö o B a A o c b  b b ê c t h  H O B u e  h a h  y T O H H H T b  n p e j K H H e  H a 3 B a H H H .  B  T e x  c A y a a a x ,  K o r a a  
a a h  O A H O H  H  T O H  » e  ( [ l O p M b l  p e A b e ( } ) a  H C n o A b 3 0 B a A H C b  p a 3 H b i e  H a 3 B a H H H ,  B H Ö H p a A O C b  H 3 H -  
ö o A e e  y a a H H o e ,  A y i u i e  B c e r o  O T p a j K a i o m e e  r e o r p a c J i H H e c K o e  n o A O J K e H H e  ( ] ) o p M b i :  M o 3 a M Ö H K -  
C K a n  K O T A O B H H a ,  A M H p a H T C K H i i  x p e ö e T ,  H i e A o ö  M a r o c  h  a p .  E c a h  a c e  s t o t o  H e A b 3 H  ö h a o  
c a e a a T b ,  t o  H a 3 B a H H e  a a B a a o c b  n o  H a H M e H O B a H H i o  c y a H a ,  o Ö H a p y j K H B i i i e r o  h a h  H c c A e a o -  
B a B u i e r o  a a H H y i o  ( j i o p M y  ( j K e . i o ö  O ö h ) ,  h a h  b  a e c T b  B u a a i o m H X C H  y a e H b i x  h  H c c A e a o B a T e -  
A e a  ( r o p a  E a p a K H ' a ,  r o p a  A < { > a H a c H H  H H K H T H H a ) .

H an ö o A ee  c y m e c T B e H H b i M  H 3 M e H e H H e M  b  n p e a c T a B A e H H H x  o  p e A b e t J i e  A H a  H h a h h c k o f o  
O K e a H a  H B H A O C b  H 3 0 Ö p a > K e H H e  H a  K à p T e  o r p o M H o r o  B o c t o h h o - H h a h h c k o t o  x p e Ö T a  a a h h o ö  
ö o A e e  2 7 0 0  M H A b  [ 6 ,  1 8 ] .  C A e a y e T  o T M e T H T b ,  h t o  a o  n o c A e a H e r o  B p e M e H H  B b i c K a 3 b i B a A H C b  
n p e A n o A O J K e H H H  o  c y m e c T B O B a n H H  b  s t o m  p a f t o H e  x p e Ö T a  c o B e p u i e H n o  h h o t o  H a n p a B A e -  
H H H  [ 3 4 ] ,  B o C T O H H O - H h A H H C K H M  x p e Ö T O M  O r p O M H a H  H H A H H C K O - A ß C T p a A H H C K a H  K O T A O B H H a  
p a 3 A e A e H a  H i a  A B e  n a c r a ,  n p n n e M ,  c e B e p H o e  O K O H n a H n e  b o c t o h h o h  k o t a o b h h h ,  o ö o c o Ö A e H -  
H O e  B a A O M ,  n p O T H H y B U I H M C H  O T  O .  P o J K A e C T B a  A O  K O K O C O B b l X  O - B O B ,  B H A e A e H O  T a K J K e  B 
K a a e C T B e  C a M O C T O H T e A b H O H  K O T A O B H H H .  T a K H M  0 Ö p a 3 0 M ,  B C e B e p O - B O C T O H H O H  H a C T H  H h a h h -  
C K o r o  o x e a H a  c e f t n a c  B b i a e x a i O T C H  C A e a y r o u i H e  k o t a o b h h h :  U e h T p a A b H a n  c  B e H r a A b C K H M  
3 H A H B O M ,  K o K O C O B a H ,  3 a n a A H O - A B C T p a A H H C K a H  H  C e B e p O - A B C T p a A H H C K a H .

ÄpyrHM KpynHbiM OTKpbiTHeM öbiAo oönapyjKeHHe 3anaaHO-HHAHHCKoro xpeÖTa [27]. 
BAaroAapn STOMy öhao AOKa3aHo, h t o  CHCTeMa CpeaHHHHX xpeÖTOB MnpoBoro OKeaHa 
npeacTaBAaeT eaHHoe ropHoe coopyjKeHHe n p o T H J K e H H o c T b i o  o k o a o  40 000 MHAb. 3anaaHO- 
H h a h h c k h h  xpeöeT pa3aeAHeT öoAbmyio KOTAOBHHy k  loro-BOCTOKy o t  MaaaracKapa Ha 
ABe —  MaaaracKapcKyio h  Kpo3e.

H o B H e  a a H H H e  n o K a 3 a A H ,  h t o  B M e c T O  n p e a n o A a r a B u i e r o c a  O a f i p ö p H A J K e M  [ 2 8 ]  3 a n a a -  
H O - A B C T p a A H H C K o r o  x p e Ö T a  k  c e B e p o - 3 a n a a y  o t  3 a A H B a  U l a p K  ( A b c t p s a h h )  p a c n o A o J K e H H  
O T A e A b H b i e  K p y n H H e  r o p H b i e  M a c c H B H .  B  c b h 3 h  c  s t h m  H 3 3 B a H H e  3 a n a a H O - A B C T p a A H H C K H H  
x p e ö e T  ö h a o  n p e a A O J K e H O  a a h  M a c c H B H o r o  h o a h h t h h  A H a ,  p a c n o A O J K e H H o r o  6 a h 3  A ß C T p a -  
A H H  ( B A O A b  3 0 “  I O .  I H . )  y  I O J K H O H  T p a H H U b l  3 a n a A H i O - A ß C T p a A H H C K O H  K O T A O B H H H .

H a  H O B O H  K a p T e  n O H B H A O C b  M H O r O  H e Ö O A b l U H X  J K e A 0 Ö 0 B - p a 3 A 0 M 0 B  H a  A O J K e  H h a h h -  
C K o r o  O K e a n a ,  K O T o p u e  ö o A b i n e i i  n a c T b r o  n p o T H r H B a i O T C H  B A O A b  h o a h o j k h h  x p e Ö T O B  ( a c e -  
A o ö a :  M a r o c ,  O Ö b ,  B o c t o h h o - H h a h h c k h h ,  A M H p a H T C K H Ü  h  a p . ) .  B c r p e n a i o T C H  j K e a o S a  h  b  
c e p e A H H e  -  k o t a o b h h  ( j K e A o ö  X l n a M a H T H H a ) .  H a  K a p T e  n o K a 3 a H o  m h o t o  n o A B O A H b i x  r o p ,  
O Ä H 3 K O  A H U I b  H e M H O T H e  H 3  H H X  Ö H A H  O Ö C A 6 A O B 3 H H  A e T a A b H O  [5, 16, 30, 35],
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T h e crusta l structure o f  the S eych elles  B ank

D .  D a v i e s  a n d 'T .  J. G. F r a n c i s  
D e p a rtm en t o f  G eodesy a n d  G eophysics, U niversity  o f  C am bridge,

M adingley  R ise, M ading ley  R o a d , C am bridge.

{Received 18 June 1964)

A bstract—T h e  Seychelles a re  an o m alo u s am o n g s t ocean ic  is lan d s in  th a t  P re -C am b rian  g ran ite  
occurs o n  them . Seism ic investigations a re  described in  w hich  13 k m  o f  g ran ite  w ere fo u n d  beneath  
th e  c en tra l g ro u p  o f  islands. T h e  d e p th  to  th e  m an tle  is app ro x im ate ly  33 km , a n d  th e  c ru s ta l 
s tru c tu re  is c o n tin e n ta l in  ch aracte r.

T h e  Seychelles are a group of islands in the Indian Ocean 950 miles east of Kenya. 
Figure 1 shows the Seychelles Bank, an area of 50,000 square miles, in relation

2000

5 °S

6 0 °  E4 5*E
Fig . 1. T opography  o f  th e  w estern  In d ian  O cean . 100 a n d  2000 fm  c o n to u rs  a re  show n .
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9 2 2 D. D avies and T. J. G. F rancis

to other features in the Western Indian Ocean. The water on the Bank is in most 
places about 30 fm deep. The central islands of the Bank are Mahé, Praslin and 
smaller neighbours; they are made of Precambrian granite ( B a k e r  and M i l l e r ,
1963) whilst the fringing islands are coral or sand cays. The geology of all the islands 
is described in detail by B a k e r  (1963). Practically all oceanic islands áre founded 
on volcanoes whilst large areas of granite are almost exclusively associated with the 
continents, and it has often been proposed in the past that the Seychelles may be 
of continental origin. W e g e n e r  (1922) proposed that the Seychelles had arisen

4 'S

MAHE

5°S

6°S

5 6 °E5 5 °E 5 7  °E
Fig. 2. Ssychelles B ank. T he 100 fm co n to u r is show n. Positions o f  the  four relevant seismic

lines are  given.

from beneath tne East African coast and been carried towards India. D u  T o i t  
(1937) provided detailed evidence for the displacement of Madagascar from the 
African coast as part of a large crustal movement in which India separated from 
Africa leaving the Seychelles behind. Interest in the origin of the crust beneath 
the Indian Ocean has recently been revived by paleomagnetic and paleoclimatological 
evidence that India was, 150 million years ago, much further south than it is today 
( B l a c k e t t ,  C l e g g  and S t u b b s ,  1960; B l a c k e t t ,  1961). On the other hand, Baker 
suggested that large areas off the East African coast might be subsided continental 
masses and that the African coastline was once much further to the east.
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The crustal structure o f  the Seychelles Bank 9 2 3

The Department of Geodesy and Geophysics, University of Cambridge, has 
recently been carrying out seismic investigations in the area as part of its contribution 
to the International Indian Ocean Expedition. In particular, on the Seychelles Bank, 
R.R.S. Discovery and H.M.S. Owen shot 2  seismic lines, shown in Fig. 2 , (Discovery 
station 5 2 1 0 ) , Discovery firing short range shots (line 3 ) and Owen firing long range 
depth charges (line 4 ) . Sonobuoys were used to record the seismic signals ( H i l l ,  196 3 ).

+  0 - 3 0
+  0 - 3 05*59

2 02 0 IO4 0 I O3 0

—  W NW  x E S E  —
Fig. 3. T ravel tim e curve fo r Discovery shots. T he abscissa is kilom etres, the  o rd in a te  is

seconds.

Figure 2 also shows the location of two other relevant lines. Line 1 was fired by
H.M.S. Challenger ( G a s k e l l ,  H i l l  and S w a l l o w ,  1958) and established granitic 
velocities under a very thin sedimentary cover. Line 2 was fired by R/Vs Argo and 
Horizon ( S h o r  and P o l l a r d ,  1963) and showed a material, with granitic velocity 
6-22 km/s, dipping to the west but remaining present for at least 100 km west of Mahé. 
Overlying this are two relatively thin layers, probably of sediment and coral. Further 
work 900 km to the south-east suggested that the Saya de Malha Bank consisted of 
coral capped volcanic rocks based on a typical oceanic floor. There are no large 
magnetic anomalies at the edges of the Seychelles Bank such as one would expect 
at the edge of a basaltic bank.

An important practical problem in seismic work in shallow water is that at 
distances great compared with the depth of water the high frequency waterborne 
sound, which is needed to determine shot to receiver range, is gradually lost by 
destructive interference ( P e k e r i s ,  1948). Argo and Horizon used a combination of 
radar and dead-reckoning to obtain range. Owen and Discovery used taut-wire 
measuring gear. Owen paid out 180 km of taut piano wire while steaming away

7 7 5
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and firing charges. Thus it was possible to calculate the range from each shot to 
each receiving point.

The travel time curve for line 3 is shown in Fig. 3. The abscissa is range from 
shot to receiver in kilometres. The ordinate is the time after the explosion in 
seconds at which refracted energy arrives at the receiver.

The following is an interpretation of the results shown in Fig. 3.
On the north-west side all early shots reveal à layer in which the velocity is

5-59 km/s but arrivals from this layer disappear suddenly, revealing arrivals from 
a layer in which the velocity is 6-10 km/s. There are several possible explanations

5 0

4 0

3 0 3 - 6

t

2 0 '
6 -7 8  +  2

5 0 IOO
X ( E S E )  -

1 5 0 2 0 0

Fig. 4. T ravel-tim e curve fo r Owen shots.

for this sudden loss of signal. The magnetic field in this region shows violent 
disturbances of short wave-length, presumably associated with dykes, and it is 
possible that a dyke is acting as a scatterer of seismic energy. On the south-east 
side only one line was obtained on the travel-time curve; the slope of this line 
indicated a velocity of 5-85 km/s.
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The two velocities of 5-59 km/s and 5-85 km/s were averaged to give a velocity 
of 5-72 km/s for the first observed layer. This was done in preference to a solution 
in terms of a dipping interface as the basement topography near Mahé is not likely 
to persist to any great distance away from the island,'and we are really looking for 
the structure of the Bank as a whole rather than that of the small central part.

The long line, in which the charges were fired by Owen, gave the travel-time curve 
shown in Fig. 4. This is remarkable for its uniformity. A good line of velocity 
6-26 km/s and intercept .0-77 sec may be fitted to points out to a range of 110 km. 
There is some evidence for irregular topography beneath the buoys but otherwise 
no clear indication of dip. At ranges of 135 km and upwards the points fit on a 
line of velocity 6-78 km/s and intercept 2-11 sec.

w Arge » 
Horizon

D is c o v ry t  Owen — > E 5 E
O^3km_of_superficiol layers

5 - 7 2

6 -22
6 - 2 6

6 - 7 8

IO

15

20

2 5

3 0

( 8 - 1 )
Fig. 5. C alculated  struc tu re , including Argo an d  Horizon results. 

D ep th s in  k ilom etres, seism ic velocities in  km /s.

At the greatest ranges there are a first and a second arrival on the records. 
The second arrivals fit well on to the 6-78 km/s line. The first are postulated to 
be refracted arrivals from the Mohoroviëió discontinuity. Only a few points are 
obtainable for this line since the first arrival is almost lost in the noise. One arrival 
in particular was much the clearest and in order to get some idea of the thickness 
of the crust a line representing a velocity of 8-1 km/s was fitted to this one point 
giving an intercept of 6-1 sec.

Many good late arrivals were seen. Most of these indicated a velocity of 
approximately 3-5 km/s. This could be due to either a thin layer (e.g. of coral) or 
a shear wave arrival from the coral-basement interface. Since Argo and Horizon 
found a 4-0 km/s layer which' gave first arrivals at short ranges, ruling out a shear 
wave explanation, the thin coral layer explanation is preferred. The 6-26 km/s line 
of Fig. 4 is shown on Fig. 3 for comparison. If the points from Figs. 3 and 4 were 
merged there would be some disagreement at 15 km range. This is probably due 
to the 8 km drift of the buoys in the 10 hours between the shooting of lines 3 and 4. 
It would be unreasonable to expect that the structure beneath the buoys should be
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identical 5 miles apart. Accordingly line 3 has been used for describing the shallow 
structure, and line 4 for the deep structure.

Figure 5 (which includes Argo and-Horizon results) shows an interpretation of the 
data on the basis of the above discussion. The interpretation is also given in Table 1. 
Less than 500 m of sediment and coral cover the first of two layers for which the seismic 
velocity suggests a granitic material. B i r c h  (1960) showed that under a typical

Table 1. Calculated structure of Discovery Station 5210.
Velocities bracketed have been assumed.

Layer Seismic velocity 
(km /s)

Thickness (km )

W ater 1-54 •05
1 (2-0) a n d  3-5 ■3
2 5-72 3-3
3 6-26 9-4
4 6-78 18-9
5 (8 1 ) ---

continent the seismic velocity of granite would increase with depth from 5-3 km/s 
at the surface to 6-25 km/s at a depth of 10 km. S t e i n h a r t  and M e y e r  (1961) 
demonstrated that a travel-time curve based on Birch’s velocity structure might 
well be interpreted as two layers with velocities 5-57 km/s and 6-18 km/s, the interface 
being 1 •9 km deep. The similarity of these predictions to the results obtained by 
Discovery and Owen is striking and so although the structure is interpreted as two 
granitic-type layers for computational convenience, it is accepted that a velocity 
gradient could produce an almost identical travel-time curve. That Argo and 
Horizon observed just one layer of velocity 6-22 km/s, near Mahé may be due to 
near surface topographic irregularities which could easily mask an effect which is 
in any event small.

Table 2. Seismic profiles in the vicinity of the Seychelles bank with determinations of 
the seismic velocity and depth of the basaltic layer.

Source Location
Velocity of 

basaltic material
Depth below 
ocean surface Thickness

AH 300 km  E SE  o f  M ahé 6-77 km /s 5 km ?
AH 900 k m  SE o f  M ahé 6-81 km /s 8 km •>
D 35Ó k m  N E  o f  M ahé 6-86 km /s 6-4 km 4-7 km
D 450 ktp W  o f  M ahé N o  obvious basaltic  layer

AH =  Argo a n d  Horizon sta tion .
D =  Discovery s ta tio n  -  prelim inary  result.

The 6*78 km/s layer is of considerable interest. Table 2 lists seismic profiles in 
the vicinity and it is clear that the typically “ basaltic ” velocity of 6-8 km/s is 
common to the eastward. The complete lack of a clear 6-8 km/s layer to the west 
is problematical and will be discussed in greater detail in conjunction with other 
Discovery and Owen seismic profiles at a later date. It seems possible that the
6-78 km/s material beneath the Seychelles should be the same as the basaltic layer 
seen in the eastern vicinity. However, seismic arrivals from a layer with seismic
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velocity 6-78 km/s on a continent would be termed P* and its upper boundary 
called the Conrad Discontinuity. The velocity of 6-78 km/s and depth of approxi
mately 13 km agree well with continental determinations, of which many are cited 
in Steinhart and Meyer (cop. cit.). Thus it is open to speculation that the sub-oceanic 
basaltic layer connects -directly with a thick sub-continental layer.

Little may be inferred from the depth of 33 km to the Mohorovicic discontinuity 
as an assumed velocity of 8-1 km/s has been used. A velocity of 7-7 km/s for the 
material below the Mohoroviôié discontinuity would change the depth to 27 km. 
There is considerable evidence for low mantle velocities to the west, much less to 
the east. It is clear however that the depth is much nearer to the continental range 
of values (30-40 km) than the oceanic range (8-15 km).

The results obtained suggest that the Seychelles bank is a continental feature 
and that the horizontal extent of the “ micro-continent ” is at least 250 km.
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Seismic Refraction Measurements in the Northwest Indian Ocean1

T i m o t h y  J. G. F r a n c i s  a n d  G e o r g e  G. S h o r ,  Jr.
M arine  P hysica l L abora tory  o f the  Scripps In s ti tu tio n  o f O ceanography  

U niversity  o f C alifornia, San  D iego

A b stra c t. F if teen  seism ic re frac tio n  profiles in  th e  n o rth w est In d ian  O cean are  described. 
T h e  resu lts  suggest a  connection  betw een  th e  lin ea r M ald iv e  ridge and  th e  D eccan  trap s  of 
th e  In d ian  m ain land . N o  anom alous u p p e r m an tle  velocities have  been  found  n e a r th e  crest of 
th e  C arlsberg  ridge. A g re a t th ickness of m a te ria l w ith  ve loc ity  6.03 k m /sec  w est of th e  Saya  
de M alh a  b an k  has been  in te rp re te d  as an  extension  of th e  Seychelles g ran itic  b lock  to  th e  
so u th . A t tw o s ta tio n s betw een  th e  C hagos arch ipelago  and th e  Seychelles b a n k  th e  M ohoro- 
vicic d isco n tin u ity  ap p ears  to  be less th a n  8 k m  below  sea level.

I n t r o d u c t io n

In October 1962, the research ships Argo and 
Horizon carried out seismic refraction work in 
the northwest Indian Ocean while on passage 
between Cochin, India, and Port Louis, Mauri
tius. This was the second leg of Lusind Expedi
tion and a contribution of the Scripps Insti
tution of Oceanography to the International 
Ipdian Ocean Expedition. Thirty receiving po
sitions were occupied, resulting in 17 reversed 
profiles and a single unreversed line (Figure 1). 
Thè interpretations of 3 of these profiles, over 
the Seychelles and Saya de Malha banks, have 
already been published [Shor and Pollard,
1963].

G e o g r a p h ic  S e t t in g

The principal topographic feature in the 
northwest Indian Ocean is the Carlsberg ridge, 
which runs southeast from the Gulf of Aden to
wards the Chagos archipelago before turning 
south at about longitude 68°E. It continues 
south, as the mid-Indian Ocean ridge, to about 
23 or 24°S where it divides, the westerly limb 
going south of Africa to join the mid-Atlantic 
ridge and the easterly one extending toward 
Amsterdam and St. Paul Islands. Although not 
as spectacular a feature as the mid-Atlantic 
ridge, the Carlsberg ridge displays all the quali
ties—rough topography, large magnetic anoma
lies, association with earthquake epicenters— 
which characterize mid-ocean ridges [Wiseman 
and Sewell, 1937; Heezen and Ewing, 1963;

i  C o n trib u tio n  o f th e  Scripps In s t i tu t io n  o f 
O ceanography, U n iv e rsity  o f C alifo rn ia, San  D iego.

Admiralty Marine Science Publication, 1963].
At about 73°E the coral atolls and banks of 

the Laccadive, Maldive, and Chagos archipela
goes rise from an almost linear north-south ridge 
which extends from 14°N to 10°S. This ridge 
appears to be titled down very slightly to the 
south so that the Chagos banks are the deepest, 
and many atolls of this group are partly drowned 
{Wilson, 1963].

Betweep Mauritius and the Seychelles bank 
lies a large crescent-shaped arc of shallow 
water, the Mascarene ridge, with coral banks 
and a few coral islands.

A i m s  a n d  T e c h n i q u e s

Before Lusiad Expedition the only seismic 
refraction work in the northwest Indian Ocean 
was a short buoy line on the Seychelles bank 
[Gaskell et ál., 1958], Neprochnov [1961] has 
described seismic reflection measurements of 
sediment thickness in the Arabian basin carried 
out at the end of 1960. Since then bathymetric, 
magnetic, and gravity data gathered by many 
ships during the International Indian Ocean 
Expedition have provided a clearer picture of 
the geological setting. The Cochin to Mauritius 
leg of Lusiad Expedition was therefore planned 
more as a reconnaissance to get a broad picture 
of the earth’s  crust in the area rather than to 
solve any particular geological problem.

Our techniques were essentially the same as 
those described by Raitt [1956] and Shor 
[1963], The methods of analysis were also those 
which have been developed over many years for 
work in the Atlantic and Pacific Oceans. A ma
jor aim of the International Indian Ocean Ex-
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F ig . 1. S ta tio n  p o sitio n s ; b a th y m e try  w as com piled  from  orig inal u n p ub lished  ch arts  of 
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pedition was to study the area with the well- 
tried and proved techniques developed elsewhere 
so as to make up for its previous comparative 
neglect by oceanographers.

Briefly, range was determined from the travel 
time of direct sound through the water. Where 
this was not observed, the range was extra
polated from the times of first and second bot
tom reflections. A mean velocity for the soft 
sediment of 2.15 km/sec was used throughout

(but see appendix on stations 25, 26, 27). 
Travel-time plots show the times of first-arrival 
refracted waves, and later refracted arrivals 
where these were prominent, with the delay time 
in the water removed. Least-squares lines and 
dipping-layer solutions were calculated with 
computer programs written by Richard Phillips 
and Helen Kirk. Topographic corrections in ad
dition to removing the water delay time were 
attempted for stations over rough topography,
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TABLE 1. Summary of Velocity and Depth Determinations

Station Location

Velocity, km/sec Layer Thickness, km Thickness 
of Crust, 

km

Depth 
to M,
km

Mean 
Depth 
to Ma b c d Water a b c

1 9°05'N 73°04'E (3.85) (5.00) (6.84) (7.97) 1.98 1.87 2.9 10.6 15.4 17.3
¡2 8°17'N 70°35'E 2.15* (5.40) 6.36 8.21 3.89 0.74 0.0 5.5 6.2 10.ll 9.6
I3 7°22'N 70°40'E 3.94 0.88 1.3 3.1 5.3 9.2J
J4 1°41'S 73°06'E 2.15* 6.13 7.11 2.59 1.06 3.9
I5 2°40'S 73°19'E 3.10 1.02 4.9
16 5°21'S 75°05'E 2.15* 5.0* 6.69 7.78 4.99 0.26 1.3 3.5 5.1 10.01 10.2
I7 5°22'S 74°18'E 2.8(S)* 4.69 0.20 0.9 4.6 5.7 io.*/
18 5°23'S 72°25'E 2.15* 3.01 4.76 6.79 0.94 0.23 1.8 5.1
[9 5°36'S 71°32'E 0,88 0.61 0.6 3.3

|1° 5°40'S 70°17'E 2.15* 6.31 8.03 3.92 0.66 2.9 3.6 7.5\ 8.4
In 5°39'S 69°40'E 3.80 0.64 4.8 5.4 9.2/
¡12 5°52'S 66°36'E 2.15* 6.88 8.36 4.36 0.85 5.9 6.7 11.11 10.2
I13 5°54'S 65°58'E 4.25 0.72 4.3 5.0 9.31
(14 5°33'S 63°44'E 2.15* 5.02 6.85 7.81 4.32 0.25 3.2 2.7 6.1 10.5\ 8.8
I15 5°31'S 63°04'E 4.23 0.06 1.6 1.3 3.0 7.2/
I16 5°27'S 60°02'E 2.15* 5.79 7.03 8.25 4.09 0.58 1.9 5.3 7.8 11.91 10.9
1 17-in 5°25'S 59°13'E 4.00 0.75 2.5 2.6 5.8 9.8/
j 17-out 5°25'S 59°13'E 2.15* 5.41 6.62 8.04 4.00 0.54 1.7 3.2 5.4 9.4) 10.3
118-in 5°20'S 58°29'E 3.95 0.35 2.1 4.8 7.2 11.2/
/ 18-out 5°20'S 58°29'E 2.15* 4.48 6.80 3.95 0.73 0.6
I19 5°30'S 57°56'E 2.52 0.51 2.2
(22 9°50'S 56°30'E 2.15* 5.37 6.85 8.01 3.88 0.50 2.9 3.9 7.3 11.21 9.6
\23-in 9°58'S 57°07'E 4.03 0.70 1.3 2.1 4.1 8.1/
J 23-out 9°58'S 57°07'E 2.15* 5.39* 5.95? 8.41 4.03 0.70 2.6 1.8 5.1 9.lí 9.6
124 10°05'S 57°53'E 3.93 0.27 0.5 5.4 6.2 10.1/
Í25 10°20'S 58°30'E 2.15* 5.48 6.03 8.32 3.46 0.41 3.2 9.5 13.1 16.61 17.0
126-in 10°29'S 59°23'E 2.84 0.30 2.4 11.8 14.5 17.3/
ƒ 26-out 10°29'S 2.15* 5.50 6.03 2.84 0.34 1.9
\27 10°34'S 59°51'E 2.28 0.68 3.1

* Assumed velocity.
( ) Velocity from a single run.
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but did not significantly reduce the residuals of 
points from their least-squares lines.

The profiles fall conveniently into three 
groups: (1) those in the region of the Maldive 
ridge; (2) those along a line between 5 and 6°S 
from just east of the Chagos archipelago to the 
Seychelles bank; (3) the group approaching the 
Saya de Malha bank from the west, culminating 
in two profiles on the bank itself which have 
already been reported by Shor and Pollard 
[1963]. Stations 28 and 29 (Figure 1) form 
one of the Shor and Pollard profiles. Table 1 
summarizes station positions, seismic velocities, 
and layer thicknesses. Detailed descriptions of 
the individual profiles and travel-time plots are 
given in the appendix. The equations of the 
least-squares lines also appear on the travel
time plots, together with the standard errors of 
the intercepts and apparent velocities. The er
rors in the real velocities are likely to be greater 
because of the geological assumptions involved 
in the dipping-layer solution.

I n t e r p r e t a t io n

Maldive ridge area. Three of the profiles 
crossed the axis of this ridge: station 1 midway 
between the Laccadive and Maldive archipela
goes, stations 4 and 5 in the channel between the 
Maldive and Chagos archipelagoes, and stations 
8 and 9 over the Chagos bank itself. The first

profile reveals almost 5 km of volcanic rock 
(velocities 3.85 and 5.00 km/sec, but see ap
pendix) overlying more than 10 km of crustal 
material and the Mohorovicic discontinuity at 
just over 17 km (see Figure 2). This compares 
closely with the structure in the deep water 
adjacent to Eniwetok atoll, where layers of 
similar velocity and thicknesses overlie the 
Mohorovicic discontinuity at 16 to 17 kin \Raitt,
1957]. Stations 4 and 5 present what appears at 
first glance to be a different picture. However, 
the 6.13-km/sec layer, 4 to 5 km thick, is simi
lar in thickness to the volcanic layers of the first 
profile. Velocities of this order have been ob
served in the volcanic material composing the 
Hawaiian archipelagic apron [Shor and Pollard,
1964], whose origin is believed to be lava flows 
from fissures on the sea floor at the bases of the 
islands [Menard, 1964], It seems likely, then, 
that between the Maldive and Chagos groups 
the ridge is composed of lavas poured out at 
oceanic depths, but to the north between the 
Maldive and Laccadive groups the much lower 
velocities may indicate more bröken and vesicu
lar lavas which solidified near the séà surface 
[see Menard, 1964, pp. 57-59]. No mantle ar
rivals were observed at stations 4 and 5 in spite 
of a line more than 100 km long; the Mohoro
vicic discontinuity is unlikely to be shallower 
than 20 km.
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Fig. 2. Computed seismic, sections for stations 1, 2 and 3, 4 and 5. Vertical exaggeration 10:1.
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The profile over the Chagos bank shows it to 
have a structure typical of volcanic islands. The 
velocities 3.01, 4.76, and 6.79 km/sec are typi
cal of coral, volcanic rock, ancTbasic crustal 
material, respectively [cf. Raitt, 1957].

The conclusion, then, is that the Maldive ridge 
is a continuous feature resulting from a volcanic 
layer generally between 4. and 5 km thick 
throughout its length. The Mohorovicic discon
tinuity appears to be deeper at the southern 
end of the ridge. Glennie [1936] found large 
negative isostatic gravity anomalies in the Mal
dive Islands and concluded that the ridge is more 
likely to consist of a great thickness of coral 
rock resting on an upwarp in the ocean floor 
than to be a continental relic as others have pro
posed [see Wilson, 1963], Further, the large 
magnetic anomalies more recently observed in 
the area [Admiralty Marine Science Publicar 
tion, 1963] suggest that the coral has a basalt 
foundation. The seismic measurements are con
sistent with these views.

Linear volcanic ridges of the size of the Mal
dive ridge are well known in the Pacific. The 
linearity is believed to result from control of 
the rising magma by faulting, and such archipe
lagoes are found to develop in one direction only. 
Menard [1964] proposes the following mecha
nism: (1) A group of volcanoes develops along 
part of a major fault; (2) the load of the vol
canoes produces an encircling moat and arch; 
(3) New volcanoes tend to develop in the re
gion of tension where the arch intersects the 
major lineatioñ. If this mechanism has any 
validity in the case of the Maldive ridge, we 
can draw the following conclusions:

1. The apparent downtilting of the ridge to 
the south, with the deepest banks in the Chagos 
group, shows that the ridge has developed from 
the Chagos group northward. The fact that the 
mantle appears to be deeper at the southern 
end implies that the subsidence which occurs 
once a large volcanic structure has been built 
up extends beneath the crust.

2. The absence of an obvious moat and arch 
may be the result of the proximity of the 
Carlsberg ridge to the southwest and of India 
to the northeast. On the other hand, the small 
trench immediately east of the Chagos bank 
may owe its existence to subsidence of the 
Chagos block and be equivalent to the moats 
observed around Pacific archipelagoes. The dips

found in the refracting horizons beneath the 
Chagos bank (Figure 3) indicate perhaps that 
the subsidence has been greater on the eastern 
than on the western side. Precision sounding 
tracks going due west from the Maldive archi
pelago between about 2°S and 8°N may yet 
reveal the presence of a moat and arch structure. 
The Russian bathymetric chart of the Indian 
Ocean (1963), the most accurate one yet pub
lished for this immediate area, shows patches of 
shallower water between 200 and 300 km west 
of the archipelago. This is just the sort of range 
at which the crest of arches around Pacific 
archipelagoes have been observed [Menard,
1964], However, two precision sounding tracks 
of R.V. Argo extending west from the Maldive 
ridge at approximately the equator and 6°N 
reveal no structure suggestive of subsidence. 
The abyssal plain bordering the foot of the 
Maldive ridge extends only 50 to 100 km to the 
west before being overtaken by the rough flanks 
of the ridge or abyssal hills. Farther north a 
moat may be obscured by sediment from the 
Indus eone [see Heezen and Tharp, 1965]. 
Seismic reflection profiles in this area might be 
revealing.

3. The abyssal plain reported [Wilson,
1963] in the deep channel between the Chagos 
and Maldive archipelagoes may owe its smooth
ness to lava flows of .a type similar to those 
which formed the smooth archipelagic aprons 
of the Pacific [Menard, 1964]. This explanation 
does not preclude the existence of sedimentary 
cover as well.

Two profiles shot in the deep water im
mediately west of the ridge (stations 2 and 3 to 
the north, and stations 10 and 11 to the south) 
reveal strikingly similar structure. No crustal 
velocity higher than about 6.3 km/sec is ob
served. The mantle velocity is normal and its 
depth rather shallow. The presence of a masked 
6.8-km/sec layer in either case can depress the 
Mohorovicic discontinuity no more than a few 
hundred meters, and such a layer can be at most 
2 km thick. Pressing the comparison with 
Pacific archipelagoes further, it seems likely 
that the 6.3-km/sec layer is smooth lava from 
sea-floor fissure flows, similar to the 6.1-km/sec 
material found at stations 4 and 5. The shallow
ness of the mantle is perhaps analogous to the 
‘high spots’ found on the island side of the 
Hawaiian arch by Shor and Pollard [1964],
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Large fissure flows of very fluid lava, com
parable to those that formed the archipelagic 
aprons, have also occurred on continents, the 
Columbia and Snake River basalts of North 
America and the Deccan traps of India being 
notable examples. It is striking that the latter 
occupy just that part of India which is situated 
at the northward extension of the Maldive 
ridge, and one is tempted to conclude that the 
volcanism which produced the Maldive ridge, 
moving northward from an origin in the Chagos 
area, continued on into the continent itself to 
produce the Deccan traps.

Support for this hypothesis comes from lab
oratory measurements of compressional veloci
ties in Deccan trap material [Balakrishna,
1958], Specimens from two different sites give 
velocities of 6.25 and 6.4 km/sec. (Presumably

these were of a nonvesicular type; the texture 
of trap rocks varies while their composition re
mains remarkably uniform [Wadia, 1953].) 
These velocities are effectively identical to the
6.1- and 6.3-km/sec velocities observed beneath 
the sea. Both stratigraphie (intertrappean beds 
with fossils) and radioactive age determinations 
show that the traps range in age from upper 
Cretaceous to perhaps as late as Oligocene. The 
bulk of the flows probably occurred in the early 
Eocene [Krishnan, I960]. The original vol
canism in the Chagos area, then, may have com
menced in early or middle Cretaceous time.

The seaward extension of the Deccan traps 
has long been suspected from the great thick
ness of flows on the. coast and the faulted nature 
of the coast line. As Krishnan [1960, p. 77] 
wrote, ‘It would appear that the Traps may
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have extended formerly for some distance west 
of Bombay, but that portion has since been 
faulted down and covered by the sea.’ The 
observed coastal faulting is of Miocene age 
[Krishnan, 1960] and is very probably an ex
pression of subsidence of the -Maldmf ridge.

Finally, the pétrographie analysis of the Dec
can traps may reveal a connection with the 
Maldive,ridge volcanism. Chayes [1964] has re
cently shown that TiOa content is a remarkably 
accurate indicator of an ‘intraoceanic’ and 'cir- 
cumoceanic’ environment among Cenozoic lavas, 
greater than 1.75% Ti02 indicating a geographi
cally oceanic environment with less than 1 
chance in 14 of error. Washington [1922] an
alyzed samples from many different flows in the 
Deccan traps and found an average TiOs per
centage of 1.91. For samples from the lower

traps the percentage was 2.34; from the upper 
traps, it was 0.63 (reported by Krishnan [1960] ). 
If Chayes’ conclusions can be validly applied to 
these rocks, they indicate an initially oceanic 
environment becoming circumoceanic. This is 
consistent with the movement of volcanic ac
tivity northward from the Maldive ridge into 
the Indian continent. The presence of ‘intra
oceanic’ lava on the continental surface is prob
ably the result of the great size of the magma 
reservoir and the time’ required for the conti
nent to change the character of the magma-.

East-west section between 5 and 6°S. Eight 
reversed profiles were shot along an east-west 
line between 5 and 6°S. The velocity structures 
deduced from these are shown in Figures 3 and 
4, together with the topographic profile. Two 
profiles (stations 8 and 9, 10 and 11) have al
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ready been discussed in the preceding section. 
Of the remaining six all but one give normal 
oceanic structures. No low mantle velocities áre 
found in connection with the topographically 
defined Carlsberg ridge. This result is surpris
ing if, as Menard [1964] has proposed, this 
ridge is at the same stage of development as the 
mid-Atlantic ridge, since the distance between 
stations 11 and 12 is only 300 km, and the ridge 
passes between them. The anomalous mantle 
region (velocities around 7.3 km/sec) of the 
mid-Atlantic ridge is between 500 and 1000 km 
wide [Ewing and Ewing, 1959; Le Pichón et al.,
1965]. The explanation of this is perhaps simply 
the smaller scale of the Carlsberg ridge feature. 
Alternatively, the region of low mantle velocity 
may be quite narrow, as is the case with the 
relatively younger [Menard, 1964] East Pacific 
rise. Yet another explanation is indicated by the 
structure of stations 14 and 15. Here, just west 
of the flanks of the ridge, it is surprising to find 
a thick 'layer 2/ a thin crustal layer, and a low 
mantle velocity—all qualities associated with 
mid-ocean ridges. This may indicate that the 
ridge has migrated, possibly as the result of 
some centering process [Menard, 1964, p. 148], 
but perhaps too much reliance should not be 
placed on a single profile of rather poor quality. 
Many more stations need to be shot in the 
vicinity of the ridge before any definite con
clusions about its development can be drawn.

Three stations approach the Seychelles bank 
from the east. None of these shows the presence 
of the granitic material which has been found 
to cover the Seychelles bank to a depth of 13 
km [Daviee and Francis, 1964], The eastward 
termination of this block appears to be abrupt. 
This is in contrast to the situation on the west
ern side of the bank where the presence of a
6.2-km/sec velocity in deep water has been 
taken to indicate the extension of the granite 
batholith about 200 km in this direction [Fran
cis et al., 1965], However, the similarity of the 
latter structure to that at stations 10 and 11— 
material with a velocity of about 6.2 km/sec 
overlying a shallow Mohorovicic discontinuity— 
may invalidate the grantitic interpretation.

Stations west of the Saya de Malha hank. 
Figure 5 shows the velocity structures and topo
graphic profiles observed west of the Saya de 
Malha bank. The structure beneath the bank 
itself is taken from Shor and Pollard [1963]. 
Two distinct structural changes are apparent. 
The profile at the western end reveals a typical 
oceanic structure, that over the bank a struc
ture typical of volcanic islands. Shor and Pol
lard point out the similarity of the latter struc
ture to that at Eniwetok [Raitt, 1957]. The 
situation between is quite unexpected (stations 
25, 26, 27). Beneath the soft sediment, the 
second layer is 2 to 3 km thick with velocity 
óf 5.5 km/sec. But the well-established 6.03-
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Fig. 5. Topographic and seismic profile to the west of and over the Saya de Malha bank.
Vertical exaggeration 14:1.
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km/sec velocity is not observed beneath the 
bank, nor is a 6.8-km/sec crustal velocity ob
served at stations 25, 26, and 27. If the latter 
is masked, the crustal layer can be no shallower 
than 12 km (see appendix). Four possible in
terpretations are (in order of preference) :

1. The 6.03-km/see velocity represents gra
nitic material like that forming the Seychelles 
bank. Overlying it is volcanic material similar 
to thai which gives the 4.4- and 5.6-km/sec 
velocities beneath the Saya de Malha bank.

2. Both the 5.5- and 6.03-km/sec velocities 
represent granitic material, the two velocities 
resulting from the effect of pressure on the 
seismic velocity. The 5.72- and 6.26-km/sec ve
locities beneath the Seychelles bank were in
terpreted in this manner [Davies and Francis,
1964] following the demonstration by Steinhart 
and Meyer [1961] of the effect of a velocity 
gradient (deduced from laboratory measure
ments) on travel-time curves. The rather low 
velocities for the depths involved make this 
interpretation less likely in this case. Also, we 
might expect a closer correlation of dips (i.e., 
apparent velocities) between the 5.5- and 6.03- 
km/sec interfaces if both velocities were gen
erated by a single continuous velocity gradient.

3. Since the 6.03-km/sec velocity is quite 
unlike anything else beneath the bank, it is 
also possible that the 5.5-km/sec velocity is 
unassociated with the 4.4- and 5.6-km/sec ve
locities. If the 6.03-km/sec material is indeed 
granitic like the Seychelles bank, the 5.5-km/sec 
velocity may represent a sedimentary formation 
associated with it, possibly a fairly hard lime
stone. The magnetic anomaly over the edge of 
the Saya de Malha bank should indicate whether 
the volcanic material ends abruptly here.

4. Both the 5.5- and 6.03-km/sec velocities 
represent basalt, the higher velocity being akin 
to the high second-layer velocities observed in 
the Maldive ridge area (stations 2 and 3, 4 and 
5, 10 and 11). This interpretation is most un
likely. First, the travel-time plots are in com
plete contrast, those for stations 25, 26, and 27 
yielding a host of second arrivals. Second, the 
volcanic layer near the Maldive 'ridge is be
tween 1 and 5 km thick; the 6.03-km/sec layer 
here is at least 6 km thick, and possibly as thick 
as 13 km, as is the granitic layer of the Sey
chelles [Davies and Francis, 1964]. Third, 
where the high second-layer velocities are ob

served near the Maldive ridge the mantle is 
quite shallow; here at a similar distance from 
the shallow water it is 17 km below sea level 
and perhaps as deep as 19 km (see appendix).

In conclusion, then, granitic material similar 
to that forming the Seychelles bank appears to 
exist west of the Saya de Malha bank, in all 
probability part of the same block. If the west
ward limit of this material occurs between sta
tions 23 and 24, as seems likely (see appendix), 
its east-west extent is about 250 km—compa
rable in dimension to the Seychelles bank. Be
tween these stations and the Seychelles the 
granitic material is probably confined by the 
Amirantes trench and the Mascarene ridge; to 
the south it may well continue as far as the 
Cargados Carajos shoals. Much of the Mascarene 
ridge seems to owe its existence to volcanism 
along the boundary of this continent-type mass. 
This does not necessarily imply that the eastern 
part of the continent of Africa once extended 
as far as the Mascarene ridge, as Baker and 
Miller [1963] have suggested. If the Seychelles 
bank owes its position as a continental block in 
mid-ocean to the rupture of India and Africa 
in the breakup of Gondwanaland [Dm Toit, 
1937], elucidating the exact boundaries of this 
feature should help to identify its origin. The 
fact that the granitic material now appears to 
extend a considerable way south of the Seychel
les bank itself makes the possibility of an origi
nal connection with northern Madagascar more 
likely.

C o m p a r is o n  w i t h  O t h e r  O c e a n s

Enough seismic refraction work has now been 
done in the northwest Indian Ocean to make a 
comparison with the earth’s crust beneath other 
oceans worth while. Raitt and Shor [1959] have 
prepared histograms of velocities and thicknesses 
for the Pacific Ocean. In Figure 6 some of these 
are shown, together with similar histograms for 
the northwest Indian Ocean, the latter being 
prepared from the results of this paper and of 
Francis et al. [1965], In the case of the Pacific 
Ocean, Raitt and Shor were interested in reveal
ing the characteristics of ‘typical’ or ‘average’ 
oceanic structure and neglected the results from 
islands, trenches, ridges, and seamounts. For 
the Indian Ocean histograms, the only restric
tion has been to exclude the results from regions
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UPPER HISTOGRAMS -  PACIFIC OCEAN (A F T E R  RAITT AND SHOR, 1 9 5 9 )
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where the water depth is shallower than 2 km. 
Detailed comparisons of Atlantic and Pacific 
structure are given by Raitt [1963] and Ewing 
[1963],

The most obvious conclusion to be drawn 
from Figure 6 is, of course, the basic similarity 
of the two oceans. In both cases layers 3 and 4 
are clearly apparent as peaks on the velocity 
histograms between 6.8 and 7.0 km/sec and 8.0 
and 8.2 km/sec, respectively. Layer 2 is not 
clearly defined. There is a suggestion, however, 
that the average Indian Ocean crustal velocity 
is higher than the worldwide (but essentially 
Atlantic and Pacific Oceans) average of 6.69 
km/sec (±0.26 km/sec standard deviation) 
given by Raitt [1963]. The average subcrustal 
velocity of the northwest Indian Ocean (8.10 
km/sec ±  0.19 km/sec standard deviation) may 
also be significantly less than the Pacific average 
(8.20 km/sec ±  0.18 km/sec standard deviation 
for the layer 4 data in the histogram). The t 
distribution shows with more than 95% confi
dence that the mantle velocities are different, 
but the methods of selection of seismic stations 
may invalidate this as a conclusion for the whole 
oceans. It might also be concluded that the 
average depth to the Mohorovicic discontinuity 
is less in the Indian Ocean proper than in the

Pacific Ocean, since all the depths greater than 
12 km appearing on the histogram are associ
ated with the unusual continental boundary off 
Kenya or the granitic material near the Saya de 
Malha bank. If this is so, the data support the 
trend of increasing mantle velocity with increas
ing depth to the Mohorovicic discontinuity 
which has been reported by Ewing [1963],

A p p e n d i x

Station 1. The- only unreversed line of the 
group was shot in a direction 251° from a re
ceiving position approximately midway between 
the Laccadive and Maldive archipelagoes. Water 
depth increased from just under 2 km at the 
receiver to just over 2.5 km at the soutlrwest 
end of the line. The velocities, apart from the 
first, form a typical oceanic sequence, but the 
layers are much thicker than usual. The first 
observed velocity, 3.85 km/sec, appears to crop 
out at the bottom; any soft sediment over- 
lying it is too thin to be detected. This velocity 
is not too high for coral; on the other hand, 
it is high enough to be in the range of volcanic 
rocks. Since the intercept of this apparent ve
locity is effectively zero, any dip present would 
cause the apparent velocity to be less than the
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true velocity. A volcanic rock interpretation of 
this layer is therefore preferred.

Stations 2 and 3 form a profile paralleling the 
Maldive ridge in just under 4 km of water. The 
two lowest apparent velocities of station 3— 
5.40 and 6.31 km/sec—are only poorly estab
lished in contrast to the clearcut 6.40 km/sec

of station 2. No 6.8-km/sec crustal velocity was 
observed. The sediment thickness was found to 
be about 0.8 km. In the same area Neprochnov 
[1961] found about 0.5 km (using a mean ve
locity of 2.0 km/sec).

Stations 4 and 5 are over the deep-water 
channel between the Maldive and Chagos archi-

7 9 1
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pelagoes. Depths at receiving stations were 2.59 
and 3.10 km, respectively; the maximum depth 
in this channel is about 3.5 km. No mantle ve
locities were observed, but the 6.13- and 7.11- 
km/sec velocities are well established. A small 
seamount close to station 4 prevented, the ob
servation of meaningful refracted arrivals out 
to a range of about 12 km. This feature sug
gests that lower-véîocity volcanic rock may 
overlie the 6.13-km/sec material and that the 
soft sediment is thinner than the 1 km calcu
lated.

Stations 6 and 7 are over deep water east of 
the Chagos archipelago and the diminutive 
Chagos trench. No apparent compressional wave

velocities lower than 6.62 km/sec were observed, 
but low velocities interpretable as shear waves 
were observed at both stations. The ratios of 
compressional to shear velocity were all re- 
markedly close: 7.77/4.25 =  1.83; 6.75/3.67 =  
1.84; 6.62/3.55 =  1.86. Shear waves from the 
mantle are seldom observed [Ewing, 1963], In 
this case, the ratio of compressional to shear 
velocity corresponds to a Poisson ratio of 0.29. 
A second layer with F„ =  5.0 km/sec and V, =  
2.8 km/sec is assumed in the interpretation. As
suming further that P to S conversion occurred 
at the base of the soft sediment, we deduced the 
first and second layer thicknesses. The structure 
obtained is very reasonable, and refracted ar-
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rivals from the 5.0-km/sec boundary would in
deed be masked by arrivals from the deeper 
crustal layer. The mantle shear velocity ob
served at station 6 enables us to calculate an al
ternative thickness for the crustal layer. As
suming plane, horizontal layers, we get a layer 
thickness of 3.4 km for compressional waves 
and 2.2 km for shear waves. Finally, since the 
appâtent mantle rock velocities are well de
termined and little different, the mantle ve
locity, 7.78 km/sec, in this region (in this di
rection?) is definitely low.

Stations 8 and 9 are over the Chagos bank. 
Water depth varied along the line from just 
under 1 km to almost 2 km. No mantle rock

velocities were observed. It is highly improbable 
that the 3.49- and 2.69-km/sec velocities come 
from a single plane surface, although this is the 
convenient formal way of interpreting a re
fraction profile. For this reason the well-de
termined 2.69-km/sec velocity of station 8 may 
represent a truer measurement of the second- 
layer velocity than 3.01 km/sec, since the latter 
involves combination with the poorly de
termined (only three points) 3.49-km/sec ve
locity. For the same reason the thickness of soft 
sediment at station 9 may well be closer to the 
0.23 km of station 8 than to the 0.61 km de
termined. The 4.76-km/se'c layer would then be 
thicker at station 9 than 0.6 km.
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Stations 10 and 11. Only two velocities were 
determined on this profile: a normal mantle ve
locity and a lower velocity, 6.31 km/sec, which 
is higher than usual for the oceanic layer 2 and 
low for basic crustal material. The soft sediment 
of 0.6 km seems excessive in view of the step 
in the bottom topography. If a normal layer 2 
with velocity of about 5 km/sec is present, but 
masked, the 0.6 km of sediment might be re
placed by 0.3 km of sediment and about twice 
that much of layer 2. A further possibility is 
that a 6.8-km/sec crustal layer is also masked. 
For station 10, the minimum intercept this ve
locity could have is 0.75 sec. For plane, hori
zontal layering at station 10, this means replac
ing 3.3 km of 6.4-km/sec material with 1.6 km 
of the same and 2.0 km of 6.8-km/sec material. 
The conclusion for the station as a whole is that 
the presence of masked layers is unlikely to de
press the Mohorovicic discontinuity by more 
than 0.6 km. The depth to the mantle at sta
tion 10 would then be 8.1 km, which is still 
anomalously shallow.

Stations 12 and 13 began with a short run to

the east of stations 12. The reversed profile it
self establishes the crustal and mantle velocities 
well, but the large thickness of sediment prob
ably indicates a missed layer 2. The two halves 
of station 12, interpreted as a split profile, indi
cate the same thickness of sediment and a 
crustal velocity of 6.64 km/sec. However, as
suming no lateral variations of velocity, we 
find that 6.88 km/sec appears to be the best 
determination for the crustal layer.

Stations H and 15 indicate a fairly normal 
oceanic sequence of velocities but a surprisingly 
thin crust. This may in part be a figment of 
the interpretation. The rather large dips of the 
crustal layer and Mohorovicic discontinuity de
pend on the poorly determined velocity, 7.34 
km/sec, of station 14. But a lower apparent 
velocity at 14 would tend to thin the crust at 
14 rather than thicken it at 15. The mantle 
velocity .intercept at 15 could be increased 
slightly by including the last four points on the 
6.42-km/sec line, but this is hard to justify. We 
cannot escape the conclusion that the mantle 
is unusually shallow at station 15 and that this 
is the result of an unusually thin crustal layer.

The 3.51-km/sec velocity of station 15 is 
interpreted as the shear wave from the crustal 
layer. The ratio is 6.42/3.51 =  1.83 (cf. stations 
6 and 7). Assuming a shear velocity in layer 
2 of 2.8 km/sec and P to S conversion at the 
base of the soft sediment, the shear arrivals 
give the same layer 2 thickness, 1.6 km, as the 
compressional wave arrivals.

Stations 16, 17, 18, and 19 form a leapfrog 
sequence approaching the Seychelles bank from 
the east. The water depth shoaled from 4.1 km 
at 16 to 2.5 km at 19. The stations have been 
interpreted as three reversed profiles. The sea
ward two indicate normal oceanic velocities and 
thicknesses. No mantle arrivals were detected 
on the other. The discrepancies in velocity and 
layer thickness at the stations common to two 
profiles are not greater than is usual for re
fraction work and probably reflect geological 
variations and the simplifying assumptions made 
in the interpretation rather than errors in the 
measurements themselves. Low-velocity second 
arrivals were observed on both sides of station 
17. The 2.65-km/sec line probably represents 
shear arrivals from the second layer, the large 
ratio, 6.11/2.65 =  2.31, probably being produced 
by topographic irregularities. The 3.48-km/sec

7 9 6



TR
A

V
EL

 
TI

M
E 

IN 
S

E
C

O
N

D
S

SEISM IC REFRACTION IN  T H E IN D IA N  OCEAN 4 4 3

LS D- 1 3  LSD-12
18

16 (A ) ± 0 . 1 6
8 . 5 9  ± 0 . 2 4

(B ) +  0 . 7 5  ±  0 . 0 46 .9 2 .  ± 0 . 0 8
14

(C ) +  0 . 6 4  ±  0 . 0 3
6.  8 4  ±  0 .0 5

(D ) +  I .3 5  ± 0 . 0 5
8 . 1 6  ± 0 . 0 7I 2

(E ) 0 . 7 5  ± 0 . 0 7

IO
_( A) (D )(C )(B )

8

6
(E )

4

2

\ /
0

7 0  6 0  5 0  4 0  3 0  20  IO 0  IO 2 0  3 0  4 0

D I S T A N C E  IN K I L O M E T E R S

7 9 7



4 4 4 FRANCIS A N D . SHOR

LSD -15  LSD -14

24 (A )

(B ) + 1.08 i  0 2 l
22

(C ) +  0 . 2 1  ±  0 . 0 4

(D ) +  0 . 7 5  ± 0 . 2 0
3 . 5 1  ± 0  1220

(E ) +  0 . 0 5  ±  0 . 0 0

(F ) +  0 . 4 6  ±  0  . 0 8
6 . 4 2  ± 0 . 1 8

(G) +  0 . 7 2  ± 0 . 1 1

z
oo
U J
C/J

(D ),

Z
(C)

( F )UJ ,(B>
(G)

I-
( A )

_l
UJ

erh-

70 60  50 40  30 20 IO 0

D IS T A N C E  IN KH_OMETERS

7 9 8



TR
A

V
EL

 
TI

M
E 

IN 
SE

C
O

N
D

S

LS D -19 L S D - 1 8 LSD-17 L S D - 16.

2 4 (A) +  I 4 9  ± 0 . 1 8 IA)(A) +  0 . 8 5  ± 0 . 0 4 +  J . 7 7  ± 0 . 0 4

(B) +  0 . 5 9  ± 0 . 0 5 tB '  6 . 4 8  ± 0 . 1 1
+  0 . 8 4  ± 0 . 0 6 (B) +  0 . 8 8  ± 0 . 0 56 . 6 4  ± 0 . 0 7

(C) +  0 . 4 2  ± 0  0 6 +  0 . 4 6  ± 0 . 0 8 (C) +  0 . 5 0  ± 0 . 0 2

(D)+  I .  18 ± 0 . 0 2 +  0 . 9 9  ± 0 . 2 3(D) (0) +  0 . 4 5  ± 0 . 2 3
2 . 6 5  ± 0 . 1  I20

(E) +  0 . 3 0  ± 0 . 0 6 (E) +  0 . 6 4  ± 0 . 0 45 . 3 3  ± 0 . 1 1

(F) i -  + 0 . 7 5  ± 0 . 1 3 (F) +  I . 1 6  ±  0 . 0 86 .8 1  ± 0 . 2 3 7 . 4 6  ± 0 . 1 3 '

(6) +  1.71 ± 0 . 6 6 (G) + 1.68 ± 0.1 I8 . 1 4  ± 0 . 7 2

(0),
(D)

<C)
14 <El

( O '
<El

(B)<F>,
(C)(B) (A)

-N,
tA)

-  (A)

D IS T A N C E  IN KILOMETERS

SEISM
IC 

REFRACTION 
IN 

THE 
INDIAN 

OCEAN 
445



4 4 6 FRANCIS A ND  SHOR

line is clearly associated with the crustal layer. 
The ratio 6.48/3.48 =  1.86 is close to that 
found on other stations (cf. stations 6 and 7,15).

Stations 22, 28, and 24, in water approxi
mately 4 kin deep, have been interpreted as two 
reversed profiles end to end. Stations 22 and 
23-in produce a normal oceanic structure, but 
23-out and 24 are anomalous. The two sides 
appear unrelated. On the other hand, 24 gives 
a similar sequence of velocities to 25. A marked 
change in structure between 23 and 24 is indi
cated. The 3.70-km/sec line of 23-out is in
terpreted as the result of strictly local structure 
and for the purposes of the dipping-layer solu
tion is replaced by a line which gives agreement

in sediment thickness with 23-in and a similar 
layer 2 velocity. Nevertheless, the dipping-layer 
solution appears unrealistic, giving a structure 
for 23-out quite at odds with that for 23-in. 
Interpreting 23-in and 23-out as a split profile 
gives rise to a crustal layer of 6.7 km/sec dip
ping in the direction of station 24. This sug
gests a reasonable geological solution to the 
problem: the crustal layer dips down from 23 
to 24 while material represented by the 6.03- 
km/sec velocities of stations 25, 26, and 27 
thins out in the opposite direction. Such a solu
tion implies a masked 6.8-km/sec velocity and 
hence a greater depth to the mantle at station 
24 than that shown in Table 1.
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Stations 25,26, and 27, which are immediately 
west of the Saya de Malha bank, form two re
versed profiles end to end. The host of second 
arrivals, corresponding to shear and reflected- 
refracted paths, indicates a structure with uni
form layering. This view is supported by the 
smallness of the residuals of the observed points 
from their respective lines. The structures de
duced for the two profiles agree closely, but only

LSD-25

the first profile was long enough to permit us to 
observe arrivals from beneath the Mohorovicic 
discontinuity. This is found at a depth of about 
17 km, dipping down toward the bank. No 6.8- 
km/sec crustal velocity is observed. If masked, 
the smallest intercept such a layer could have 
at station 25 is 1.76 sec. This would make the
6.03-km/sec layer about 5 km thick and itself 
be about 7 km thick. Thus the top of a 6.8-
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km/sec layer, if present, can be no shallower 
than 12 km below sea level and the depth to the 
mantle no more than 19 km.

The 3.01- and 3.36-km/sec velocities observed 
at station 25 are interpreted as the shear waves 
associated with the 5.41- and 6.11-km/sec ve
locities, respectively. The ratios are 5.41/3.01 =
1.80 and 6.11/3.36 =  1.82 (cf. stations 6 and 7, 
15). Similarly the 3.47- and 3.08-km/sec veloci
ties of station 26 are from shear waves corre
sponding to the 5.97- and 5.54-km/sec compres- 
sional velocities, respectively. The ratios are 
5.97/3.47 =  1.72 and 5.54/3.08 =  1.80. Whereas 
the P  arrivals of station 25 considered alone 
indicate 0.3 km of sediment overlying 2.8 km 
of 5.41-km/sec material, the S arrivals show 
0.6 km of sediment over 2.4 km of 3.01-km/sec 
material.

Reflected-refracted arrivals observed on both 
sides of station 26 suffered reflection at the sea 
floor in addition to refraction along the 6.03- 
km/sec layer. The apparent velocities agree 
closely with those of the simply refracted ar
rivals.

Variable-angle reflection shots at station 25 
produced strong sub-bottom returns which 
clearly originated from the same horizon as the 
5.48-km/sec refracted arrivals. These gave a 
sediment velocity of 1.70 km/sec, which is con
siderably less than the 2.15 km/sec which has 
been assumed throughout this paper. However, 
since sub-bottom reflections are seldom dis
tinguishable from single shots (and when they 
are, the reflecting horizon is frequently not the 
base of the sediment), the assumed velocity has 
been used throughout. The difference this makes 
to sediment thickness is small: for station 25,
1.70 km/sec gives 0.31 km of sediment; 2.15 
km/sec gives 0.41 km.
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Igneous Rocks of the Indian Ocean Floor
Celeste G. Engel 
R obert L. F isher 

A. E. J . Engel

Abstract. Four dredge hauls from near the crest and from the eastern flank 
of the seismically active Mid-Indian Ocean Ridge at 23° to 24°S, at depths of 
3700 to 4300 meters, produced only low-potassium tholeiitic basalt similar in 
chemical and mineralogie composition to basalts characteristic of ridges and 
rises in the Atlantic and Pacific oceans. A fifth haul, from a depth of 4000 meters 
on the tower flank of a seamount on the ocean side of the Indonesian. Trench, 
recovered tholeiitic basalt with higher concentrations of K and Ti and slightly 
lower amounts of Si and Ca than the typical oceanic tholeiite of the ridge. The 
last sample is vesicular, suggesting depression of the area since the basalt was 
emplaced. Many of the rocks dredged are variously decomposed and hydrated, 
but there is no evidence of important chemical modification toward conversion 
of the lava flows to spilite during extrusion or solidification.

The complex ridgelike features and 
extensive intervening basins of the In
dian Ocean were first clearly indicated 
by surveys of the Dana and John 
Murray expeditions, and by the grav
ity-measuring traverses of Vening 
Meinesz (J). Recent oceanographic in
vestigations undertaken by the Interna
tional Indian Ocean Expedition, 1960— 
1965, have further clarified several 
major geological features, especially 
its fascinating patterns of both elon
gated and bifurcated faulted ridges, 
the large “plateaus” and irregular 
deeps, and the texture of the deep- 
sea floor 12). Figure 1 is a simplified 
map of the Indian Ocean showing one 
version of the gross patterns of the 
ridge complex shallower than 4000 m. 
and the locations of islands and dredge 
samples discussed in this report.

Early petrologic studies in the Indi
an Ocean were confined to the vol
canic islands which lie along and flank 
the Indian Ocean ridges 13). These 
islands include Mauritius, Rodriguez, 
Réunion, New Amsterdam. St. Paul, 
Crozet, and the Kerguelen Archipelago 
(Fig. 1). Each consists of one or 
more variously coalescing, 'sometimes 
fragmented, volcanic cones. Continuing 
studies, ranging over more than a 
century, have shown that the domi
nant volcanic rocks capping these is
lands and the higher submarine vol
canoes are alkali basalts, which are 
commonly accompanied by subordi
nate, derivative members of the alkali 
series, especially andesine- and oligo- 
clase-andesites. trachytes, and more 
rarely phonolites and rhyolites (4). 
Olivine-rich (picritic) basalts are

l

found on some of the islands; tholeiitic 
basalts with low concentrations of po
tassium, high concentrations of calci
um and silica, and high ratios of cal
cium to magnesium are extruded, 
notably on Mauritius and Réunion is
lands (5). Small inclusions of magne
sium-rich peridot ite and pyroxene am- 
phibolite occur in the alkali basalts 
and in associated beds of ash, but 
these inclusions represent less than 0.1 
percent of the exposed rock. The al
kali-rich basalts comprise over 90 per
cent of the igneous rocks of most is
lands.

These relative abundances of rock 
types from the exposed parts of the 
volcanic cones along the Indian Ocean 
ridge systems are similar to those from 
volcanic islands of the Atlantic and 
Pacific oceans, where alkali basalts 
and subordinate members of the alkali 
series also predominate. In the Atlan
tic and Pacific, olivine-rich basalts are 
common but volumetrically subordi
nate. Tholeiitic basalts occur only 
rarely, except in the several major 
oceanic rift-island systems such as Ha
waii and Iceland, where they are 
abundant (6).

The alkali basalts which are typi
cal and predominant constituents of 
the higher oceanic volcanoes are char
acterized, among the basalts, by rela
tively high concentrations of K, Na, 
Ti, and P and a high ratio of Fe3+ to 
Fes + . They also contain distinctly high
er concentrations of Ba, La, Nb, Pb, 
Rb, Th, U, and Zr, and higher ratios 
of K to Rb, Sr87 to Sr8“, and Pb2'“1 
to Pb-"4 than are found in picritic and 
tholeiitic basalts of the oceans. Detail
ed discussions of the chemical charac
teristics of oceanic basalts, including 
abundances of minor and trace ele
ments and of the isotopes of stron
tium and lead, are being published 
separately (7).

The dominance of alkali-rich basalts 
on readily accessible oceanic islands 
caused early petrologists to suggest 
that these rocks were characteristic of 
the entire oceanic crust 18). It was 
in the light of this petrologic concept 
that Wiseman (9) examined and first 
described dredge hauls from the more 
deeply submerged parts of the ridge 
complex in the northwestern Indian 
Ocean. The location of Wiseman’s 
samples is shown in Fig. 1 (positior 
JM). Wiseman recognized that the 
ridge rocks were not typical alkali 
basalts like those found on the islands 
of the Indian Ocean. He noted that 
the dredged basalts were relatively uni
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form in composition and that they 
contained extremely low concentra
tions of potassium, relatively high con
centrations of sodium and silica, and 
moderate to low ratios of Fe20 3 to 
FeO, especially in their glassy parts. 
The differences in composition be
tween the basalts of the submerged 
ridge and those from the islands nat
urally perplexed Wiseman. He both 
suggested and rejected close interrela
tionships between the island and the 
submarine basalts (9).

Following Wiseman’s studies, there 
ensued three decades during which 
few rocks were dredged from the 
deeper parts of the Indian Ocean or 
other oceans, and none were described 
and discussed in detail. However, sev
eral close students of Hawaiian geol
ogy either implied or stated that tho
leiitic basalts were common in the 
central Pacific and that the alkali se
ries of Hawaii appeared to be largely 
younger than, and probably derivative 
from, a tholeiitic root of the great 
Hawaiian Rift (10).

Recent studies in the Atlantic and 
Pacific oceans suggest that a most 
unique, low-potassium, tholeiitic ba
salt (oceanic tholeiite) is the domi
nant igneous rock of the oceans (11- 
14). The alkali basalts so characteris
tic of the higher volcanoes appear to 
be derived from oceanic tholeiites, 
which are the most primitive, least 
radiogenic basalts yet found in the 
earth's crust (7).

Because of the scarcity of samples 
of igneous rocks from deeply sub
merged features of the Indian Ocean, 
Expedition Dodo of the Scripps Insti
tution of Oceanography undertook in 
1964 a series of dredge hauls along 
a rudely arcuate ENE-WSW profile 
across the median ridge of the Indian 
Ocean near latitudes 23° to 24°S (Figs.
1. and 2). Four hauls of bedrock were 
obtained at depths ranging from 3700 
to 4300 m in three portions of the 
ridge environment. One haul came 
from near the central, highest portion 
of the ridge; two from the eastern, ir
regular “foothills”; and one from gen
erally oceanic depths well off the 
east side of the ridge (Fig. 2). Later 
in the expedition a fifth dredge haul, 
from depths of approximately 3800 to 
4300 m, was made on the flank of a 
seamount on the ocean side of the 
Indonesian Trench, southwest of Su
matra (Fig. 1, sample D232).

In the mid-ocean region sampled 
on the expedition, the median ridge 
is extremely irregular in profile both 
across and along its northerly trend. 
Figure 2, prepared from echo-sound
ing records, shows the topography in 
an exaggerated fashion. Here the 
ridge, or more properly the southeast 
branch of the Mid-Indian Ocean Ridge 
complex, is 400 to 500 km wide and 
includes 8 to 12 major peaks and 
numerous minor pinnacles on each 
crossing. The depths of a few peaks 
are 2100 to 2400 m. However, the gen-

Table 2. Partial analyses of additional ba
salts from the Mid-Indian Ocean Ridge. 
Samples are from the dredge hauls listed in 
Table 1.

Amount present ( % )
Oxide D113

A2*
D113
D2t

DU4
Bt

D143
P§

SiOa 49.61 48.20 49.33 49.62
TiOa 1.20 1.46 1.39 1.50
NasO 2.75 2.82 2.77 3.09
KaO 0.23 0.19 0.24 0.30
p,o5 .08 .04 .12 .14

* D113 A2, porphyritic  in terior o f pillowed b a
salt (sam ple D113 A Í , Table 1, is the  glassy 
ou ter m arg in ). fD 1 1 3  D2, porphyritic , plagio- 
clase-rich in terio r o f pillowed b asalt (sam ple 
D113 D l ,  Table 1, is the  glassy outer m arg in ), 
î  D 114 B, plagioclase-rich b asalt from  dredge 
haul D114. § D143 P, porphyritic, labradorite-
rich  basalt w ith groundm ass of plagioclase, clino- 
pyroxene, and olivine.

eral range of ridge depths is 3500 to 
3900 m, and local depressions or can
yons reach 4200 to 4300 m. Such de
pressions are only 1 to 3 km wide 
and, show only minor evidence of sedi
ment fill. On the flanks of the ridge, 
pinnacles decrease in height but in
crease in steepness and number. Steep- 
walled, fairly linear deeps which may 
be fault troughs intersect or roughly 
parallel the ridge. These depressions 
extend from tens to hundreds of kilo
meters off the ridge at depths 400 to 
500 m greater than the 4000 to 
4300 m depth of the sea floor and its 
abyssal hills.

No obvious central “rift valley” has 
been traced along this portion of the 
median ridge. On most profiles the cen
tral 200 to 300 km seem to contain 
larger peaks which are separated by 
depressions up to 15 km in width; 
haul D115 was recovered from one 
such peak. Plots of earthquake epi
centers show that in these latitudes the 
median ridge complex is relatively 
quiet at present, although earthquakes 
have occurred in this rifted region. 
North of 20°S this same median 
ridge is seismically more active. There 
is also considerable seismic activity 
on the NE-trending ridge which pre
sumably intersects the median ridge 
just west of the area sampled (Fig. 1). 
The near-absence of sediment-filled 
depressions in the region makes pene
trations with heat-flow equipment diffi
cult. A few measurements from Ex
pedition Monsoon (1960) and Expedi
tion Dodo in the vicinity of the medi
an ridge show values for heat flow 
somewhat higher than the oceanic 
average (IS). These characteristics, 
as well as the occurrence of only vol

Table 1. Compositions of basalts from the Mid-Indian Ocean Ridge.

Oxide
Amount present (%)

DU3 AÍ* D ll3 Dl* Dl 14 At D115 Bt D11S Lt D143 A§ D 143 B§

SiOj 50.30 ‘50.20 49.52 49.62 48.77 50.04 49.98
TiOa 1.38 1.35 1.31 1.13 0.76 1.29 1.37
Al.,0„ 15.88 16.91 18.01 16.48 21.09 16.91 16.70
Fe.03 1.61 1.36 2.12 4.14 2.68 3.08 1.45
FeO 7.88 7.30 5.80 4.53 3.89 4.98 6.64
MnO 0.09 0.15 0.18 0.18 0.10 0.14 0.18
MgO 7.56 7.65 6.83 7.25 5.47 7.38 ‘7.52
CaO 11.43 11.26 11.70 11.35 13.22 10.86 . 11.10
Na.O 2.69 2.64 2.81 3.03 2.66 3.51 2.97
kl.o 0.17 0.18 0.19 0.24 0.11 0.25 0.18
H,0* .41 .59 .68 .71 .79 .85 .82
H,0- .27 .24 .54 1.31 .45 .57 .76
P soa .07 .12 .04 0.07 .11 .10 .10

Total 99.74 99.95 99.73 100.04 100.10 99.96 99.77
* O II3  A Í and O I13 D l, analyses of the glassy m argins o f two pillows; in teriors tof the pillows are  
porphyritic  basalt with phenocrysts o f  calcic plagioclase, and groundm ass is glassy to  fine-grained, 
with abundant plagioclase crystallites; location, 23°20.6'S, 74°56.5'E; depth, 4100 m. tD 1 1 4  A, 
porphyritic  basalt with phenocrysts o f calcic plagioclase (by tow nite ), groundm ass composed largely o f 
lab rädorite  and clinopyroxene, rare small vesicles; location, 24°08.6'S, 72°26,6'E; depth, 4000 m. 
Î D 1 I 5  6  and D l 15 L, porphyritic  basalt with phenocrysts o f calcic ptagiociase, groundm ass largely 
plagioclase and calcium -rich pyroxene, ra re  tiny vesicles; location, 24°02'S, 7 0 ° l4 .rE ,  depth, 3700 m. 
§ D I43 A and D I43 B, porphyritic  basalt w ith phenocrysts o f labradorite, groundm ass composed o f 
plagioclase, clinopyroxene, and  olivine; 23°43.7'S, 72°42,6'E , depth , 4300 m.
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canic shards in cores taken nearby by 
the Monsoon Expedition, and the little- 
weathered lavas of the dredge collec
tions, indicate abundant recent vol- 
canism.

The compositions of seven basalts 
from the four dredge hauls made at 
intervals across the Mid-Indian Ocean 
Ridge are listed in Table 1. Partial 
analyses of four more basalts from 
these localities are listed in Table 2. 
All of these basalts are similar to the 
oceanic ytholeiites recently recovered 
from widely separated, submarine seg
ments of both the Atlantic and Pacific 
ridge and rise systems (11-14).

The close compositional similarities 
of oceanic fholeiites from the oceans, 
and the contrasting compositions of the 
average alkali-rich basalts from the is
lands of the Indian Ocean, are indi
cated in Table 3. This table contains 
the compositions of average oceanic 
tholeiites dredged from the Indian 
Ocean median ridge in the latitudes 
22° to 23°S, the East Pacific Rise, 
and the Mid-Atlantic Ridge. The aver
age of four basalts described by Wise
man from the Carlsberg Ridge is tabu
lated in Table 3, column 2 (9). A 
single sample of glassy basalt reported 
by Korzhinsky (16) from the Indian 
Ocean appears in column 3. Column 
6 is an average of 42 published anal
yses of alkali-rich basalts from islands 
in the Indian Ocean.

In compiling the averages of oceanic 
tholeiites from the several oceans we 
have used only the analyses of es
sentially unaltered basalts that are not 
highly porphyritic. This selection of 
the data indicates the close similarities 
in composition of the fresh, glassy, 
and more equigranular oceanic tho
leiites which are most likely to repre
sent the compositions of primary mag
ma. The marked departures of indi
vidual samples from the average com
positions of the submerged ridge ba
salts that are listed in Table 3 afe 
found- in oceanic tholeiites that are 
(i) highly porphyritic, especially those 
containing abundant phenocrysts of 
plagioclase feldspar, (ii) variously al
tered by sea water, and (iii) recovered 
from the deeply submerged flanks of 
large volcanic cones, rather than from 
extensive submarine flows, fault 
scarps, or abyssal hills.

Compositional variations induced in 
primary magmas by growth and redis
tribution of phenocrysts are well 
known. Plagioclase is the least dense 
of the major constituent silicates in

basalt, and early formed phenocrysts 
of labradorite or anorthite may either 
rise or sink more slowly in the mag
ma than the denser olivine and pyrox
ene. One of the distinguishing aspects 
of the oceanic tholeiites is their enrich
ment in calcic plagioclase relative to 
the tholeiites which are characteristic 
of the Hawaiian and Icelandic regions 
(6). This is reflected especially in 
higher concentrations of alumina and 
calcium. In the oceanic tholeiites from 
the Indian Ocean Ridge, A120 3 varies 
from almost 16 to more than 21 per

cent by weight, depending upon the 
amount of calcic plagioclase present as 
phenocrysts (Table 1); CaO varies from 
about 10.9 to 13.2 percent (Table 1). 
Specifically, basalt D l l 3 AÍ is nonpor- 
phyritic and fine-grained to glassy, 
whereas D143 A is porphyritic. The 
phenocrysts in D 143 A consist almost 
entirely of labradorite.

Similar variations in calcium and 
alumina are found in the oceanic tho
leiites of the Atlantic and Pacific 
oceans. The highest concentrations in
variably occur in markedly porphyritic

M aldive

C o c o s -  
K eeling I

Rodriguez I.
D114 

\DII3M auritius I 
Réunion I.

C roze t I.

Fig. 1. Index map of the Indian Ocean. Oceanic ridges and associated rises shallower 
than 4000 m are stippled [after Heezen and Tharp (2)]. Islands are represented 
by black dots. The dashed line approximates the Owen Fracture Zone (21) and the 
heavy solid lines north of Rodriguez Island are inferred cross fractures on the median 
ridge. The diamond symbol JM represents the site of igneous rocks dredged by the 
John Murray Expedition (/). The crossed circles are sites of dredging by. Expedition 
Dodo. The region within the dashed quadrangle is enlarged in Fig. 2.
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Table 3. Average compositions of basalts from the Indian, Atlantic, and Pacific Ocean Ridge 
and Rise systems and of basalts from islands in the Indian Ocean (calculated water-free).

Oxide
Amount present ( % )

I * 2ï 3t 4$ 51! 6«,
SiO.. 50.65 51.81 51.13 50.25 49.78 47.67
TiO. 1.36 1.88 0.35 1.56 1.29 2.66
ALO: 17.09 15.56 15.20 16.09 16.92 15.72
Fe,0: 1.66 3.56 1.16 2.72 1.94 4.51
FeO 7.00 6.39 7.64 7.20 7.32 7.86
MnO 0.15 0.17 0.18 0.19 0.16 0.30
MgO 7.49 .7.10 10.45 7.02 8.18 6.75
CaO 11.52 9.35 11.89 11.81 11.34 9.68
Na ,0 2.82 3.87 1.81 2.81 2.77 3.05
K..O 0.18 0.1 1 0.19 0.20 0.16 1.35
P.O. .08 .20 n.d .15 .14 0.45

* A verage of four analyses of oceanic tholeiite from  the M id-Indian Ocean Ridge (T able  I: D l 13, A I. 
D 113 D I, D 1I4 A. and D II5  B ). v Average of four analyses of tholeiitic basalt from the C arls
berg Ridge. Indian Ocean 0 9 ). J Tholeiitic basalt from  an abyssal hill. Indian Ocean: 26°I8'S . 
89°56.5'E: depth. 4900 ra ( /6 ); n.d., not determ ined. § A verage of six analyses of oceanic tholeiite 
from the East Pacific Rise (1 1 - 1 2 ) .  || Average o f seven analyses o f oceanic tholeiite from the Mid-
Atlantic Ridge. D etailed analyses are  given variously by Engel and Engel (1 1 ) ,  N icholls e t a l. (1.1), and 
Correns (2 0 ) .  * Average ol 42 published analyses of •‘alkali” basalt from islands of the Indian
Ocean

basalis with calcic plagioclase as the 
only or predominant phenocryst (11— 
14). The aluminous and calcium-rich 
tholeiites are either products of par
tial melting, related to depth of deri
vation of the primary melt (17). or 
the extrusions of oceanic tholeiites 
from the upper portions of partially 
crystallizea magma in large chambers 
in the mantle.

The average of the four basalts from 
the Carlsberg Ridge, Indian Ocean, that 
Wiseman analyzed (Table 3. column 2) 
indicates the low KT), high ratios of 
Na to K. and high silica characteristic 
of oceanic tholeiites from other locali

ties (Table 3, columns 4 and 5). The 
high concentrations of NaL.0 and the 
low value for CaO in Wiseman’s anal
yses appear, however, anomalous. For 
example, the average percentages of 
Na.O (3.87) and CaO (9.35) cal
culated from the four Wiseman anal
yses seem inconsistent with the re
markably low KoO (0.11). Very pos
sibly these and other differences in the 
Wiseman average from the averages 
in other columns in Table 3 are 
due to differences in analytical meth
ods.

Variations that are induced in com
position of oceanic basalts by subma

rine alteration are illustrated by the 
compositions of the three oceanic tho
leiites Dl 15 L, D 143 A, and D143 B 
taken from the median ridge (Table 
1). The most obvious incipient effects 
of alteration indicated in these anal
yses are increases in amounts of water 
and in the ratio Fe20 3 to FeO, which 
may approach or even exceed 1. Total 
iron and magnesia frequently decrease 
slightly, and manganese increases, 
with increasing alteration, but there is 
no consistent change in amounts of al
kalis or silica. Petrographically the al
teration is evidenced by the appear
ance of palagonite, limonite, hematite, 
and calcite which replace olivine, pyr
oxene, magnetite, and small amounts 
of the constituent plagioclase.

Many samples of pillowed, tholeiitic 
basalts from the median ridge have 
glassy to microcrystalline margins 
which have resisted hydration, oxida
tion, and other types of weathering 
far, more than have the coarser-grain
ed interior parts of the pillows, many 
of which are moderately to strongly 
altered.

Analyses were undertaken to see if 
there are systematic or important dif
ferences in amounts of sodium and 
potassium in the margins of these pil
low lavas, compared with their least 
altered interior parts. These are illus
trated by the pairs D113 AÍ and 
Dl 13 A2 and D113 D l and Dl 13 
D2 (Tables I and 2). Samples D113 
AI and D113 D l (Table 1) are of

Fig. 2. Intersecting profiles of the Mid-Indian Ocean Ridge in the area of the four dredge localities shown in Fig. 1. The ver
tical exaggeration is x50, and the three horizontal lines are respectively the 3000-, 4000-, and 5000-meter isobaths.
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Table 4. Composition of vesicular basalt 
D232 dredged from near the base of a sub
marine volcano in the eastern Indian Ocean. 
Sample is porphyritic with phenocrysts of 
labradorite in a matrix of fine-grained pyrox
ene, plagioclase, and rare opaque oxide. 
Vesicles are spherical to slightly flattened 
and comprise about 20 percent of the rock. 
A partial analysis of another fragment from 
the same dredge haul yields: TiO.., 1.47; 
Na-O, 2.93; K...O, 0.81; P.O.,. 0.22.

Oxide Amount 
present-̂  ).

SiOn 48.37
TiO.. 1.63
AIÄ 16.18
Fe.Oa 6.07
FeO 2.98
MnO 0.18
MgO 6.20
CaO 10.08
Na.O 3.04
K..Ö 0.85
H 0+ 1.76
H..O- 2.24
p,o3 0.30

Total 99.88

the external glassy margins of pillows, 
and samples D l l 3 A2 and D113 D2 
(Table 2) are of crystalline cores 
some 25 to 30 cm inside the pillows. 
The glassy margins of the basalt pil
lows show very slight to negligible en
richment in Na and K. and a com
plementary slight decrease in S i02. 
Other differences are not consistent, 
and it is clear that the surficial re
actions of the basalt flow with sea 
water do not produce large differences 
in the composition of the constituent 
basalt.

The basalt D232 dredged southwest 
of Sumatra is illustrative of composi
tional variations in tholeiitic basalts 
found on the lower flanks of deep sub
marine volcanoes. These basalts may 
be designated as oceanic tholeiites 
with slight alkali affinities. Specifically, 
silica is slightly lower than it is in the 
average oceanic tholeiite; potassium 
and the ratio Fê CX, to FeO are much 
higher; and titanium, phosphorus, and 
total alkalis are slightly higher. We 
have found three somewhat similar'ba- 
salts on the lower flanks of large sub
marine volcanoes in the Pacific whose 
apical parts are largely alkali-rich ba
salt. Muir and Tilley (14) also de
scribe tholeiites with “alkaline affini
ties” from “lava flows from large vol
canoes situated on opposite sides of a 
valley” in the Mid-Atlantic Ridge, and 
Engel and Chase (18) have studied 
a typical example from the Cocos 
Ridge, Pacific Ocean.

We have noted the correlation be

tween composition of basalt and the 
form, height, and . possibly rate of con
struction of volcanic edifices in the 
oceans (7). Typical alkali basalts and 
the alkali series appear to be confined 
largely or entirely to the apical parts 
of the higher volcanoes. These field 
relations, coupled with a large amount 
of supporting chemical data, suggest 
that the alkali series is derived from 
a parental oceanic tholeiitic magma 
within, and not far below, the higher 
volcanoes. Gravity appears to be the 
prime factor in differentiation, causing 
crystal segregation according to rela
tive densities and also the upward 
transfer of alkalis in aqueous solu
tion. By this hypothesis there should 
necessarily be melts intermediate be
tween primary tholeiitic magma and 
derivative alkali basalts, or accidental 
mixes of the two that may breach 
lower flanks of the volcanoes and oc
cur there as mantling flows. We sug
gest that the basalt D232 (Table 4) 
from the eastern Indian Ocean and 
the basalts described by Muir and Til
ley (14) and by Engel and Chase 
(18) from, respectively, the Atlantic 
and the Pacific oceans are of this 
type.

Basalt D232, which was dredged 
from exposures 4000 m deep on the 
flank of a large volcano, contains 
about 20 percent vesicles, many al
most spherical, with diameters up to 
1 mm. Moore has emphasized that in 
the Hawaiian region there is a fairly 
systematic decrease in size and abun
dance of vesicles of basalts with depth 
of water (19). We have also found 
this to be true for most other regions 
dredged in the Atlantic and Pacific 
oceans. Usually basalts extruded at 
depths of 4000 m or more are devoid 
of vesicles and have a density of about 
3 to 3.1. The low density and abun
dance of large, round vesicles in the 
basalt from the eastern Indian Ocean 
suggest that this region may have 
sunk at least a kilometer, possibly sev
eral kilometers, since the basalt was 
extruded. While some change in depth 
would be due to addition of water 
to the ocean, the position of the sea
mount may be significant. It lies on 
the northern edge of the deep Wharton 
Basin and rises from a discontinuous 
low swell or rise seaward of the In
donesian Trench. It is very possible 
that trench-forming processes have 
caused the entire bordering sea floor 
to be depressed.

Most submarine basalts dated by 
radiometric methods show increasing 
amounts of alteration with age. The 
extent of the alteration of the basalt 
D232 of the Indian Ocean suggests 
the age of extrusion, and hence the 
date of deep submersion, is not in ex
cess of 30 million years.

C e le s te  G. E ngel 
U.S. Geological Survey, La Jolla

R o b ert L. F isher 
Scripps Institution of Oceanography

A. E. J. E ngel 
Department of Earth Sciences, 
University of California,
La Jolla 92038
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R eprin ted  from Okeanologia,  vo l. Vl( no. 2,  1966, p . 261-266.

Y A K  552 .2 /333 .5 (267 )

n. JI: B E 3 P y  K o  B, A. fl. K P bí JI O B, B. H. 4 E P H bí Ul E B A

riETPOrPAiPHfl  H A B C O JIIO T H blH  B 0 3 P A C T  B A 3A JIbT O B  
CO A H A  H H A H H C K O r o  O K E A H A

ÜHCTUTiyT oKeaHOAoauu AH CCCP 
Padueebiü. uncTuiyr

Bonpocbi cocTaBa h BpeMeHH h 3 Ahhhhh ByjikaHHflecKHx nopoa Ha AHe 
OKeaHOB npHBJieKaioT k ce6 e  Bce ÔÔAbiuee BHHMaHHe. H m -epec k sthm  bo- 
npOCaM BnOJIHe 33KOHOMepeH, T3K KaK ÚT HX OCBeiHeHHH BO MHOrOM 33BHCHT 
AajibHenuiee pa3BHTHe npeacTaBAeHHH o cxoACTBe h pa3AHHHHx b ycAOBHHX 
BbinjiaB^ieHHH MarMbi Ha MaTepHKax h b okeaHax, o cbh3h ByjiKaHHHecKHX 
n opoA  co cTpyKTypaMH AHa, o MaciHTaôax ByAKaHHHecKOH AenTeAbHocra b 
pa3Hbie nepHOAbi h ctop h h  3 cm ah .

B HacTOHm.ee BpeMH npoôaeM a, noABOAHoro BynK3 HH3 Ma b oneaHax BCTy- 
naeT b HOByto 4>a3y H3yHeHHH. Bo-nepßbix, b pe3yAbTaTe paôoT HeAoro pHAa 
OKeaHorpa({)HHecKHX SKcneAHUHÜ yeraHOBAeHO, h to  ByAKaHHHecKHe nopoAH  
o 6 HaH<aiOTCH H3-noA nonpoBa aohhbix ochakob Ha ropa3AO ô o a ee  MHoro- 
HHCAeHHblX H OÔUIHpHblX yHÀCTKaX AHa, HeM 3T0 npeACTaBAHAOCb paHee. 
r ip H  3T0M, C. pa3BHTHeM TeXHHHeCKHX CpeACTB nOAyHeHHe 0Ôpa3H0B nOpOA 
c Aioöbix TAyÔHH OKeaHa y>Ke He npeacTaBAHeT HenpeoaoAHMbix TpyAHOcTeft. 
Bo-BTopbix, KaK noKa3aAH HeAaBHue paôoTbi cynpyroB dHreJib [9, 10, 11], Ha 
AHe OKeaHOB,- no-BHAHMOMy npeoÔAaaaiOT He meAOHHbie 6a3aAbTbi, xapaK- 
TepHbie AA h MHorHx OKeaHHHecKHX ocrpoBOB, a HH3KonajmeBue TOJieuroBue 
6a3aAbTbI. MoHÎHO 0 >KHAaTb, HTO B C3M0M ÔAHJKaHHieM ÔyAymeM HaHIH 3Ha- 
HHH o ByAKaHHHecKHX nopoAax AHa OKeaHOB pe3KO pacmilpHTCH. n o n a  Aie 
AaHHbie. 0  hx neTporpat{)HHecKOM h XHMHnecKOM cocTaBe h TeM ôoAee 0 6  hx  
B03pacTe. BecbMa orpaHHneHbi, h nosTOMy Aioóbie HOBbie MaTepnaAbi no sthm  
BOnpOCaM 33CAy>KHBaK)T BHHM3HHH.

tlpH  paôoTax HCCAeAOBaTeAbCKoro cyAHa «BHTH3b» HHCTHtyTa oKeaHO- 
AOTHH A H  C C C P B 1959— 1962 rr. (31, 33 h 35-ft peñcbi) b neHTpaAbHbix na- 
CTHX H hAhkckoto OKeaHa, b peâyAbTaTe H3yneHHH noABOAHoro p ejib eÿa  h  
MHOrOHHCAeHHblX CÔOpOB AOHHblX npo6, ÔblAO yCT3HOBAeHO uiHpoKoe pac- 
npocTpaHeHiie Ha AHe bhxoaob KopeHHbix H3BepjKeHHbix nopoA [1, 2, 3], O cô- 
6eHHo oÔHAbHbi OHH Ha nOBepxHOCTH h CKA0H3X KpynHbix noABOAHbix xp eô-  
tob; KpoMe Toro, ohh nacTo BCTpenaiOTCH Ha AHe rAyôoKHx kotaobhh, oÔAa- 
AaroiHHX pacHAeHeHHbiM- xoamhcthm peAbetjxm h hh3Khmh TeMnaMH cean-  
MCHTaHHH. H a aÔHCCaAbHblX aKKyMyAHTHBHblX paBHHHaX, pacnOAOHieHHblX 
TAaBHblM o6pa30M B OKpaHHHbIX H3CTHX OKeaHOB, OHH OTCyTCTByiOT.

C 6op npo6 KopeHHbiX' nopoA b SKcneAHUHH Ha «BHTH3e» ocymecTBAHAca 
TpaAaMH, AHonepnaTeAHMH, a HHoraa rpyHTOBbiMH TpyÔKaMH. H a pHcyHKe 
noKa3aHO pacnoAOJKeHHe ct¿h h h h , Ha KOTopbix 6 h a h  noAyneHbi o6pa3Hbi 
H3Bepn<eHHbix n opoa. 3 a ecb  * e  noKa3aHO MecTO craHUHH (Ns 133) b  pañoHe 
ApaBHHCKO-HHAHHCKOro xpeÖTa (Ha HHOCTpaHHbix KapTax xpeÔTa KapAc- 
6 e p r ) , rae  paHee aHrao-enineTCKOH SKcneaHUHeñ Ha cyAHe «M aöaxH c»  
óbiAH AoôbiTbi c rAyÓHHbi 3385 m  oÓAOMKH 6a3aAbTa, HCCAeAOBaHHue Yañ3-
MaHOM [13].
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Cxeiwa pacncwiojKeHHH ct3h i^hh , Ha K O T O p b ix  6£um  coßpaHbi oöjiom kh 6a3ajibTÔB

neiporpa(J)HMecKoe H3yueHHe nopoA npoBOAHJiocb b HHCTmyTé OKeaHO- 
jiorHH, a XHMHuecKHe aHajiH3bi, ÓJiaroAapH jiio6e3HOMy coachctbh io  
JX- C. Kop>KHHCKoro,—  b  xHMHMecKOH jiaOopaTopHH HrEM AH CCCP (aHa- 
jiHTHKH O. A. AiieKceeBa h E. H. UlmiHJiHHa). Tpu oßnoMKa nopoA 6 bi.no 
HcciTeAOBaHO XE C. Kopjkhhckhm; H3yueHHe hx n o 3 BOJiH.no eMy AOKa3 aTb 
HeCOCTOHTeJlbHOCTb THnOTe3bI TpaHCBanOpH33UHH 6a3ajlbTOBOH MarMbl Ha 
AHe OKeaHa [4], A ôcojhothm h B03pacT nopOA 6 hji onpeAeAeH b  PaAHeBOM 
HHCTHTyTe.

Kan noKa3ajio H3yqeHHe o6pa3UOB nopoA, b  ôojibiUHHCTBe cjiynaeB ohh  
HpeACTaBJieHbl OJIHBHHOBblMH h 6e30JIHBHH0BbIMH 6a3aJIbTaMH H 6a3ajIbTO- 
BbiMH cTeKAaMH (rHajio6a3ajibTaMH). B oahom MecTe, Ha rpeÔHe ApaBHHCKO- 
ÜHAHHCKoro xpeÔTa (c t .  4 8 2 2 ), KpoMe to to ,  ömjih BCTpeneHbi oöjiomkh cep- 
neHTHHHTOB, onHcaHHbie b  Apyrou cTaTbe [8 ]. rio3AHee, b  36-m pence «B hth- 
3H» BbIXOAbI y^bTpaOCHOBHblX nopOA ÔHJIH H3HA6HbI B  MhAHHCKOM OKeaHe B 
pH(J)TOBbix 30Hax cpeAHHHbix xpeôTOB h b  HecKOJibKHx ApyrHX MecTax [7], 

riepeHAeM k neTporpa<j)HHecKOH xapaKTepHCTHKe 6a3ajibTOB.
H a c t. 4577 (26°19' io. ui., 90° 00 b. a ., rjiyÖHHa 4808 m) npn TpaiieHHH 

Ha HepoBHOM. AHe y b octoh h oto  noAHOJKbu B octoh h o-H h ah h ck oto  xpeôTa 
öbijiH HSBneueHbi oöjiomkh h Tjibiôbi 6a3ajibTOB, a TaKJKe *e^ie30-MapraHue- 
Bbie KOHKpeUHH.

HawOoJiee KpynHan n ibiôa uepHoro rna.no6a3a.nbTa HenpaBHJibHo OKpyr- 
Jioii tJiopMbi, Ao 50 c m  b  AHaMeTpe, HMejia CTeKAOBaTyio Kopny, c noBepx- 
HocTH naJiaroHHTH3HpoBaHHyio h HMeiomyio OypoBaTyio oKpacKy; rjiyósíe  
By/lKaHHHeCKOe CTeKJlO nOHTH He HÖCHT CAeAOB BTOpHHHbIX H3MeHeHHH. rioKa- 
3aieJib npeAOMJieHHH ero 1,585. CTeK.no cjia 6 o 3HH30TponHo H3-3a HajinnHH 
MejibuafiuiHx 3epeH njiarnoK.na3a, no cocTaBy OTBenaiomeTo JiaôpaAop-ÔHTOB- 
HHTy Ab 70. BcTpenaiOTCH H30MeTpHHeCKHe KpHCTaJIAbl OAHBHHa pa3MepOM 
Ao 0 ,3 — 0,4 m m , a TaKHce Kpyrjibie nopbi; HeKOTopbie H3 h h x  BbinoJiHenbi xaA- 
ueAOHOM [4], Pe3yjibTaTbi onpeAe-neHHH aöcoJiiOTHoro B03pacTa nopoAbi (0 6 - 
p a seu  3) AaHbi HH*e b  TaÖJi. 2.

Jlpy roH  oóJioMOK npeACTaBJineT coöon  ny3bipnaTbin 6a3ajibT, c noBepx- 
HOCTH c *ene3'o-M apraHueBOH KopKoft (o 6 p a 3 e u  4 ) .  FIoa MHKpocKonoM

262

812



T a ö J i H u a  1

X h m h h c c k h íí c o c T a B  fiaaaJibT O B  c o  AHa H h a h h c k o po  o x e a H a

Jtë CTaHU,uft

4577 (o6pa3ei* 4j 4822 4892 4896 (06- 
paaeu, 1) 133—8 * 133—5 * 133—12 *

SíOg 31,64 49,40 50,36 48,36 52,24 47,58 49,43
t ío 2 0,33 1,51

16,80
1,52 2,58 1,83 2,10 1,94

A120 3 11,53 16,38 12,97 15,02 15,05 15,04
F e ^ 10,50 2,85 3,54 2,04 2,93 6,74 2,21
FeO .—. 6,95 5,32 9,34 6,31 4,42 7,39
MnO __ 0,25 0,24 0,22 0,14 0,14 0,23
MnOa 17,58 — — — — — —
MgO 1,35 7,19 7,09 10,30 6,01 5,71 8,40
CaO 2,34 11,35 12,21 8,78 8,73 10,97 6,69

Na20 3,71 2,63 2,55 3,09 4,02 3,19 4,45
KaO 3,00 0,20 0,40 1,32 0,21 0,04 0,11
h 2o + 6,32 0,60 0,54 0,97 2,25 0,99 3,16
h 2o - 10,26 0,54 0,35 0,16 0,50 2,46 0,86

0,19p ¡A — __ __ — 0,20 0,23
NiO 0,33 __ — — — — —

CyMMa 98,84 99,97 100,50 100,13 100,39 99,62 100,10

* C T am m s «M aóaxH C» [13].

nopcwa HMeeT nnjiOTaKCHTOByio cTpyKTypy, c o c to h t  h3 KceHOMopcJiHbix bh- 
aejieHHñ nnpoKceHa (aBnrra-), 3epeH pyuHbix MHHepaJioB, a TaKJKe eAHHHH- 
Hbix BKpanjieHHHKOB OJIHBHHa H UJiarHOKJia3a B OCHOBHOH CTeKJIOBaTOH Mac
ee. ÜHpOKCeH o6pa3yeT BblTHHyTbie npH3MaTHHeCKHe KpHCTaJIJlbl BejIHHHHOH 
Ao 0,05 m m . B npoxoAameM CBeTe MHHepajr öypoBaTbifi. OnranecKHe cboh- 
CTBa: N g — N p = 0 ,0 3 5 ;  C : N g = 4 6 ° ,  2 V = 6 0 ° . JleñcTbi iuiarHOKJia3 a oneHb 
TOHKHe, pacnoAOJKeHbi óecnopHAorao h HMeiOT pa3Mepbi 0 ,01— 0,02 m m . Co- 
■CT3B nAarHOKAa3a OTBenaeT JiaöpaAop-ÖHTOBHHTy. Ojihbhh non™  Hauejio 
3aMemeH h aahhtchtom  3eAeHOBaTO-6yporo UBeTa c bmcokoh HHTepcjiepeH- 
UHOHHOfi OKpaCKQÄ H pe3KHM njieOXpOH3MOM. BcTpe^eHO TOJIbKO eAHHHÍHOe 
3epHO HeH3MeHeHHoro ojihbhhh. riopoAa couepiKHT óojibiuoe KojiHuecTBo nop. 
rïpoaHaAH3HpoBaH oöp a3eu  c nacxbio JKejie30-MapraHiieB0H kopkh (cm. 
HHjKe Taóji. i ) ; nosTOMÿ pe3yjibTara aHajiH3a He noKasaTejibribi rjih  caMoft 
nopoAH.

T p eraö  oöjiomok (oöpa3en  5) npeACTaBJineT 6a3ajibT c nop^HpoBoii 
CTpyKTypofi. OcHOBHaH Macca c o c to h t  h3 KpacHO-öyporo H30TponHoro Byji- 
KaHHnecKoro . creKJia h HMeeT THajionHJiHTOByio çTpyierypy. B Heft b bhaê  
BKpanjieHHHKOB npHcyTCTByiOT rjiOMeponopiJiHpoBbie BbiAeJieHHH h ninpoKO- 
TaôJiHTnaTbie KpHCTaAJibi njiarHOKJiaàa (jiaôpaAop-ÔHTOBHHT Ne 7 0 ) , a TaKJKe 
«AHHHÀHbie 3epHa MOHOKjiHHHoro nHpoKceHa. P a 3 Mepbi KpHCTajijioB njiarno- 
KA33a H MOHOKJIHHHOTO nHpOKCeHa —  AO 0,3 MM. IlopOAa TaKJKe COAepJKHT 
s u a m n e j ib i io e  K O Jim ecTBo n o p .

H a c t . 4822 (5° 2 4 '8  c. ui., 62° 08' 5 b . a -, TJiyÔHHa 1920 jh) AHonepnaTe-
JieM ÔbIJIH nOAHHTbl C rpeÔHH ApaBHHCKO-HHAHHCKOTO xpeÔTa nOMHMO 06- 
jiOMKOB cepneHTHHHTOB neTbipe oôjioMKa 6a3ajibT a [8], F Ioa MHKpocKonoM 
nopoA a HMeeT nopiJiHpoByio erpyK Typy h c o c to h t  h3 ochobhoh  HHTepcepTaJib- 
HOH CTeKJIOBaTOH MaCCbl, B KOTOpOH COAêpiKaTCH (JieHOKpHCTaJIAbI nJiaTHOKJia- 
3a (jiaôpaA op  K® 6 5 ) , pa3MepoM a o  2— 3 m m , m o h o k a h h h o to  nnpoKceHa, 
«AHHHMHbie 3epHâ-OJIHBHHa H pyAHOTO MHHepaJia. OjIHBHH nOHTH nOJIHOCTbIO 
3aM emeH 3eJieHOBaTO-JKeJITbIM XAOpHTOnOAOÖHblM MHHepaJIOM. AÔCOJIIOTHblft 
B03pacT nopoAbi H3-3a Majibix pa3M epoB oôjioMKOB onpeuejiHTb He yA ajiocb.

H a c t .  4868 (11° 1 8 '2  c. ui., 7 1 °0 0 ' I b. a-, rjiyÓHHa 2663 m ) npu Tpajie- 
HHH 6jih3 3anaAHoro noAHoiKbH JlaKKaAUBCKoro xpeÓTa 6 h jio  noÁHHTO He- 
CKOJIbKO OÖJIOMKOB 6a3aAbTa, CHapyHÍH CHJIbHO OJKeAe3HeHHOTO. nOA MHKpO- 
ckc iiom  nopoAa HMeeT nopijJHpoByio CTpyKTypy h c o c to h t  h3 (JjeHOKpHcrajuiOB
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iuiarH0KJia3a, m ohokahhhoto nnpoKceHa (aßrHTa) h pyAHoro MHHepaAa, 
norpyjKeHHHx b HHTepcepTajibHyro ocHOBHyro Maccy. HaôniOAaiOTCH cahhhh- 
Hbie 3epHa OAHBHHa. riAarHOKAa3  BO BKpanA6 HHHKa.X npeACT3BAeH IUHpOKO- 
TaÖAHTMaTMMH KpHCT3AA3MH pa3MepoM 1,5— 2 MM. CocTaB IlJiarHOKJia3a 
OTBe^aeT AaôpaAop-ÔHTOBHHTy N° 70. Kpncrajuibi aßrHTa HMeiOT p a 3 Mepbi a o  
1 m m .  MHHepaA b npoxoAHmeM CBeTe ôypoBaTuü. 3epHa oahbhh3 b npoxoAH- 
meM CBeTe —  ôecuBeTHbie, HMeiOT pa3M epu ao  1,5 m m . MecTaMH ojihbhh  
3aMemeH XAOpHTOnOAOÔHblM MHHepaAOM.

Æ pyrne oôaomkh c toh * e  eraHUHH npeACTasjieHbi ny3HpnaTbiM rnaAo- 
6a3aAbTOM c nop4>HpoÉOH cTpyKTypOH. OcHOBHa» Macea no CTpyxType nepe- 
xoAHaH MeJKAy KpHCTaAAHTOBoii h rnajionHJiHTOBoft —  b ByAKahhhcckom 
TeMHO-öypoM cTeKAe paccenHbi ßecnopaAOHHO opneHTHpoBaHHbie MeAbuafiiune 
KpucTaAAbi. B o BKpanAeHHHKax —  AeñcTbi ocHOBHoro nAarHOKAa3a h, p e x e ,  
MOHOKAHHHOFO nHpOKCeHa. Flopbl COCTaBAHIOT OKOAO 30% B nOAe IHAH(})a.

Ha c t . 4892 (3 6 ° 0 2 '0  io. ui., 71° 17'0 b. A-, rAyÔHHa 4740 m )  AHonepna- 
TeAb npHHec cx o a m h cto to  Ana k o ta o b h h h  Kpo3e BaAyHOAHBHHOBoro 6 a3 aAb- 
Ta, pa3MepoM 2 5 X 2 1 X 1 8  c m .  C noßepxHocTH nopoAa noxpuTa KoponKoii 
OKHCAOB Fe h M n MouiHocTbio 1— 2 c m .  O pyK Typa nopoAbi nopijmpoBaa, 
OcHOBHan Macca HMeeT HHTepcepTaAbHyio crpyKTypy h c o c to h t  Ha npo3pan - 
Horo KopHMHeBaTO-HieAToro ByAKaHHHecKoro CTexAa c noxa3aTeAeM npeAOM- 
AeHHH 1,585. B o BKpanAeHHHKax —  AeftcTbi nAarnoKAa3 a (ô h to b h h t N o 80— 
84% ) aah hoh  a o  2 — 10 m m  h oneHb MeAKHe 3epHa m ohokahhhofo nnpoKceHa 
c noK3 3 aTeAeM npeAOMAeHHn Ng= 1,714 h Np =  1,698; 2V =  + 5 5 °5 . B He- 
óoAbiuoM KOAHnecTBe npHcyTCTByioT 6 oAee KpynHbie 3epHa oahbhh 3  c. 2V  =  
= 9 0 ° . B OTAeAbHbix 3epHax yAaAocb 3aMépHTb ero noKa3aTeAH npeAOMAe- 
hhh: Ng= 1,706, Np =  1,677. O ahbhh nacranHo 3 äMeuieH 3 eAeHOBaTo->KeATbiM 
XAopHTonoAOÖHbiM MHHepaAOM. BcTpenaiOTCH H30MeTpHnecKHe 3epna pyA- 
Hbix MHHepaAOB c pa3MepaMH 0,1— 0,2 m m .

Ha c t .  4896 (29° 5 6 '8  io. in., 83° 00 ' 6  b . a-, rnyÔHHa 3805 m )  AHonepna-
TeAeM 6  bí AH nOAHHTbl C XOAMHCTOrO AHa UeHTpaAbHOH KOTAOBHHbl ÔAH3 3a- 
naAHoro noAHOJKbH BocTouHO-HHAHHCKoro xpeÔTa yrAOBaTbie oôaom kh CHAb- 
HO ny3Hp»iaToro rHaAo6a3aAbTa, norpyxeHHH e b noAyiKHAKHH Ha (no-BH- 
AHMOMy, peayAbTaT noABOAHoro onoA3HH na ckaohc) . Pa3Mepbi oóaom kob  
AOCTHraioT 10 c m . H oa MnxpocKonoM ochobh3h Macca npeACTaBAßHa ôypbiM 
H3ÓTponHbiM ByAKaHHuecKHM cTeKAOM, b KOTopoM coAepJKaTCH AeftcTbi nAa- 
rHOKA33a aah hoh  a o  0,5 m m , cooTBeTCTByiomero AaôpaAop-ÔHTOBHHTy. O ah 
bhh npHcyTCTByeT b bhac BKpanAeHHHKOB c pa3MepaMH ao  0,5 m m  h BHAeAe- 
HHH c pacnAbiBuaTbiMH onepTaHHHMH. BcTpenaiOTCH ynacTKH ABynpeAOMAHio- 
m ero JKeATOBaTo-KopHHHeBoro BemecTBa, no onTHnecKHM KOHCTanTaM 6 a h 3 -  
Koro k nnpOKceHy. Pa3Mepbi n o p o A  AOCTHraior 0,5— 3 m m .

nopoAbi c  ApyrHX CTaHUHH onHCbjBaiOTCH xpaTKO, TaK KaK H3yneHbi TOAb- 
Ko neTporpaiJiHHecKH.

Ha c t . 4900 (2 1 ° 2 8 '2  io. in., 8 3 ° 1 1 '5  b. a ., rAyÔHHa 4486 m )  npHMOTOH- 
Han rpyHTOBaa Tpyôxa npHHecAa oôaom kh oahbhhoboto 6a3aAbTa, cxoAHom  
co BCTpeneHHbiM Ha c t .  4892. n p o ö a  6biAa b3HT3 co ckaoh3 xoAMa Ha AHe 
UeHTpaAbHOH KOTAOBHHH.

Ha c t . 5171 (10° 5 4 '2  io. ui., 105° 22' b. A-, rAyÔHHa 4694 m )  npaMOTon-'
HOH TpyÖKOH ÓblAa B3HT3 KOAOHKa CJlOpaMHHHlJiepOBbIX HAOB, AAHHOH OKOAO 
3 JH. ÚOHTH Ha BCeM npOTHJKeHHH KOAOHKH B  3THX HA3X COAepJKaTCH yrAO- 
B arae  oôaom kh BHBeTpeAoro ny3bipnaToro 6a3aAbTa, pa3MepoM a o  4 c m .  
MeCTO B3HTHH KOAOHKH H3XOAHTCH ÔAH3 nOAHOJKbH nOABOAHOH TOpbl, 3 TO 
no3BOAHeT npeAnoAaraTb, h to  oôaom kh 6a3aAbTa nonaAH b ocaAKH b pe- 
3yAbTate onoA3Ha. H auóoA ee CBe*HH oóaom ok 6 h a  npocMOTpeH noA MHKpo- 
CKonoM. riopoAa HMeeT nopijiHpuByio cTpyxTypy. Bo BKpanAeHHHKax npeoó- 
AaAaiOT KpHCTaAAbi nAarHOKAa3a (A aôpaA op-ôhtobhht N» 70) bcahhhhoh a o  
1,5 m m ', KpoMe Toro, npHcyTCTByioT 3epHa m ohokahhhoto nnpoKceHa h pyA- 
Hbix MHHepaAOB. OcHOBHasi Macca nopoAbi —  rnaAonHAHTOBaH. HaóAioAaeTca 
ÔOAbUIOe KOAHUeCTBO nop pa3MepOM OT 0,01 AO 1 MM.
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H a  c t . 5201 ( 2 2 ° 2 1 '8  io. ui., 9 1 ° 3 8 '0  b. a ., rjiyÔHHa 5280 jk) TpaA npHHec 
c HepoBHoro AHa 3anaAHO-ABCTpaAHHCKoft kotaobhhm  ôoAbiuoe k oahh cctb o  
oôaom kob cHAbHO BbiBeTpejioro THaAo6a3aAbTa h >Kejie30-MapraHueBbix koh- 
KpeUHH. Pa3MepbI' OÖAOMKOB THaA06a3aAbTa AO 20 CM. rieTpOrpa4)HHeCKHH 
cocTaB nopOA 6ah3ok k cocTaBy oôaom kob co c t .  5171.

H a  c t . 5208 (9° 17 '2  io. ui., 91° 2 2 '2  b. a ., rAyÔHHa 5165 m ) npHMOTOHHoft
TpyÖKOH 6 bIAO H3BAeHeHO CO AHa KoKOCOBOH KOTAOBHHbl HeCKOAbKO M6 AKHX 
OÓJIOMKOB ny3b ipH aT oro  ôaAaABTa.

Pe3yAbTaTbT XHMHHecKHX 3H3J1H30B ueTbipex o6pa3UOB 6a3aAbTOB H3 c 6 o- 
pOB «BhTH3H» AaHbl B T3ÖA. 1. ÆaH CpaBHeHHH 3AeCb Aie UpHBeAeHbl aHaAH3bI 
Tpex o6pa3UOB 6a3aAbTOB, HCCAeAOBaHHblX YaH3MaHOM [13],

Kau B.HAHO H3 TaÔAHUbi, ABa npoaHaAH3HpoB3HHbix o6pa3ua (noAyneH- 
tfbie KaK c noABOAHoro xpeÔTa —  ct. 4822, t3K h co AHa kotaobhhm  —  ct. 
4892) OÔAaAaiOT 6jIH3KHM XHMHHeCKHM COCTaBOM H, B UaCTHOCTH, HH3KHM 
coAepacaHHeM K3ahh, h to  xapaKTepHO ahh toach tob m x 6a3ajibTOB. Cxoahm h  
xiiMHHecKHH cocTaB HMeiOT h o6pa3Ubi co c t. 133 «M aôaxH ca». HapHAy c 
3THM, b o6p a3u e 4 co c t . 4577 h b o6pa3ite 1 co c t . 4896 coAepîKaHHe Kajinn 
OKaaaAocb BbicoKHM. O ôp a 3 eu  4 co c t . 4577 OTAHnaeTcn TaKAce hh3 khm 
coAepiKaHHeM S i 0 2, C aO  h M gO  h noBbimeHHbiM Fe20 3 , M n 0 2, H 20 +  h 
H ¿ 0 _ , t .  e. Höcht CAeAbi pe3KHX BTopHHHbix n3MeHCHHH. H to >Ke KacaeTCH 
o 6 p a 3 ua co c t . 4896, t o  oh, cyAH no pe3 yAbTaTaM xhm hhcckoto aHaAH3 a (co- 
AepAtaHHe T i 0 2, K 2 O , N 20  h A p ) ,  npeACTaBAHeT iucaohhoh 6 a3 aAbT.

TaKHM..o6pa30M, H3AOJKeHHbie AaHHbie 0  cocTaBe ByAKaHHHecKHX nopoA  
co AHa H h ah h ck oto  OKeaHa b oômeM HaxoAHTca b co o tb ctctb h h  c BbiBOAaMH 
OHreAeft [9, 10] o npHcyTCTBHH Ha AHe OKeaHa KaK TOAeHTOBbix, Tau h meAon- 
HblX 6a3aAbTOB.

Pe3yAbTaTbi onpeAGAeHHH aöcoAioTH oro B03pacTa 6a3aAbTOB KaAHH-apro- 
HOBblM MéTOAOM npHBeAÊHbl B T3ÔA. 2. CAeAyeT OTMeTHTb, HTO paCXOJKAeHHH
b coAep>KaHHH KaAHH b o6p a3uax co CTaHUHÜ 4577 h 4896 b TaÔA. 1 h 2  
He3H3HHTeAbHbI.

KaK BHAHO H3 TaÔA. 2, B03paCT BCex npoaHaAH3HpOBaHHbIX o6pa3UOB 
npaKTUHecKH oah h  h t o t  me. Pa3Ôpoc UH<i>p HaxoAHTCH b npeaejiax bo3moaî- 
Hbix OUIHÖOK, ieM 6 oAee, h to  coxpaHHOCTb nopOA pa3AHHHan. M ojkho chh- 
T3Tb, HTO B03paCT BCeX 6a3aAbTOB OKOAO 60. MAH. AeT, HTO COOTBeTCTByeT 
HHAiHeMy naAeoreHy (aoueH y). nocKOAbKy o6pa3Ubi HecKOAbKO BHBeTpeAbi, 
B03M03KH0 HeKOTOpoe_ 33HH>KeHHe B03paCTa —  IIOpHAKa OKOAD 10 MAI!. AeT, H 
TOTAa hx B03pacT ôyAeT cooTBeTCTBOBaTb rpaHHue P g  h C r, t .  e. okoao  
70 MAH. AeT.

TaKHM o6pa30M B03pacT 6a3aAbTOB co AHa H hahhckoto OKeaHa OKa3aA- 
CH ÖAH3KHM k B03pacTy A6K3HCKHX TpannoB (nAaTO-6a3aAbTOB) Ha H hao- 
CT3HCK0M IIOAyOCTpOBe, H3AHHHHH KOTOpuX HaH3AHCb B C3MOM KOHUe BepX- 
Hero MeAa, ho HaHÔOAbiuyio HHTeHCHBHocTb HMeAH b aoueHe [5, 12]. ÔyHKTbi,

T a Ô A H u a  2

Aöcojhothnh B03pacT 6a3aJibTOB co AHa ÜHAHftcKoro OKeaHa
«s
sR)t
%

IÜHpoTa HojiroTa
ma:si»os»
u S

riopofla K. % Ar,— 10-* &
BoapacT, 
MJ1H. JieT

4896 29°56'8 io. ui. 83°00'6 b . a- 3805 IlysupqaTbifi rna.no- 
GasajibT (o6pa- 
3eu 1)

0,99 2,12 55

4577 26°19' io. UI. 90°00' b . A. 4808 r  Hajio6a3ajibT (o6pa- 
3eu 3)

1,79 3,48 51

4577 26°19' io. UI. 90°00' b . A- 4808 nyabipqaTbiH H3Me- 
HeHHbiH rnanoßa- 
saAbT (oôpa3eu 4)

3,04 7,18 60

4577 26°19' io. Ul. 90°00' b . a- 4808 5a3aAbT (oôpaaeu 5) 0,52 1,28 63
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b KOTophix 6biJi onpe.ne.neH  aócojnoT H biñ  B 03pacT  6a3ajibTOB Ha AHe OKeaHa, 
HaxoflHTCH Ha 3H3HHTejibH0M paccTOHHHH j tp y r  OT A p y ra  h  Ha e m e  ôojibuieM  
y^ajieH H H  o t  H H A oeraH a. 3 t o  roBopHT o to m , h to  HHTKHeTpeTHHHan ByjiKaHH- 
H ecKan AeHTejibHocTb npoH B H ^acb  b ô acce iiH e  H h â h h c k o to  OKeaHa Ha orpoM - 
HOH HJIOUiaflH. ÜJ1H nOÄTBep>KÄeHHH 3T0T0 BblBOfla HeOÔXOAHMbl flaJIbHeHUIHe 
Hcc^eaoBaHHH aôcoJHOTHoro B 03pacT a H3BepxceHHbix n o p o a  co  AHa OKeaHa.

HajiHHHe Ha AHe HHflH&CKoro OKeaHa HHJKHeTpeTHHHbix 6a3ájibTOB He 
HCKJIIOHaeT B03M07KH0CTH paCnpOCTpaHeHHH 3AeCb KaK ÔO^ee MOAOAblX, T3K 
h  G ojiee apeBHHX ByjiKaHHHecKHx n o p o a . Ha BepoHTHoe npoHBJieHHe b  H h- 
AHHCKOM OKeaHe HeTBepTHHHOH nOÂBOaHOH ByaKaHHHeCKOH aeHTejIbHOCTH B 
JiH T epaT ype HMeiOTCH yK33aHHH [6].
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H ocTynH A a b peAaKUHio 
12.1 .1966

P . L. B EZ R U K O V , A. Y a. KRYLOV, V. I. C H ER N Y SH EV A

PETROGRAPHY AND THE ASBOLUTE AGE 
OF THE INDIAN OCEAN FLOOR BASALTS

S u m m a r y

Volcanic rock from the Indian Ocean bottom was sampled during the R/V «Vityaz» 
1959—62 cruise operations. The pétrographie study of the samples has shown that in 
most cases the rocks are represented by olivine and nonolivine basalts and basalt glass 
(hyalobasalts). The chemical analysis has indicated that part of the samples belongs to 
low kalium tholeitic while another part to alkaline basalts. The K-argon method has been 
used to determine the absolute age of four rock samples from two stations in the southern 
part of the ocean. Their age has appeared to be about 60 million years corresponding to 
Lower Paleogene (Eocene).
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R eprinted from Okeanologia, vo l. VI, no. 2, 1966, p . 267-275,

y  U K  5 5 1 .3 5 2

3. H. r O P B Y H O B A

P A C iT P E A E J IE H to E  r J I H H H C T b I X  M H H E P A J IO B  
B O C A A K A X  H H A H H C K O r O  O K E A H A

HncTUTyr OKeanoAoeuu A H  C C C P

A o  noc/iejiHero BpeMeHH rjiHHHCTbie MHHepajibi b ocaAKax H h ahh ck oto  
OKeaHa 6 h a h  oneHb Majio H3yneHbi. B AHTepaType mohího h 3h th  TOAbKO HeKO- 
Topbie cBeAeHHH o KanecTBeHHOM hx cbcfaBe.

KbHDHeH [14] HccjieAOBaji peHTreHOBcKHM mctoaom ocaAKH Mopeñ M aAañ- 
CKoro apxHnejiara h npHAeraiomeH n acra H hahhckoto OKeaHa,. coöpaHHbie 
b SKcneAHUHH Ha «CHeAAHyce», h HaiueA bo Bcex o6p a3uax MycKOBHT (Be-
pOHTHO, HAAKT), K30AHHHT H MOHTMOpHAAOHHT.

rOpÔyHOBOH [5] H3yH3ACH COCTaB rAHHHCTblX MHHepaAOB B 30  n poôax  
ocaAKOB, coöpaHHbix b peñcax « 0 6 h» no pa3pe3y, nepeceK'aio'meMy H hahíí- 
CKHH OKean OT ÄHTapKTHAbl AO BeHraAbCKOTO 33AHBa. CocTaB rAHHHCTblX 
MHHepaAOB MeHHeTCH b HanpaBAeHHH c iora Ha ceBep: b npnaHTapKTHHe- 
CKoii o6 a 3cth npeoÓAaAaiOT rHApocAiOAbi, ceßepHee B03pacTaeT coAepniaHHe 
KaOAHHHTa.

3 a  B skh a h PnAeft (11], H3ynHB 12 o6p a3u os, cacah ah  b hb oa o KanecT- 
BeHfíOM CXOACTBe COCTaBa rAHHHCTblX MHHepaAOB B ATAaHTHHeCKOM, Thxom  
h Hhahkckom  OKeaHax.

BHCKaft [7] H3yHHA KOAHHeCTBeHHblH H KaHeCTBeHHblH COCTaB rAHHHCTblX 
MHHepaAOB b 5 0  npoôax ocaAKOB, b 3h th x  no MepHAHOHaAbHOMy pa3pe3y b 
3anaAHOH nacTH H h ahh ck oto  OKeaHa.

MaTepHaAOM AAn HCCAeAOBaHHH TAHHHCTblX MHHepaAOB B nOBepXHOCTHOM 
CAOe ocaAKOB nOCAyJKHAH npoôbl, COÔpaHHbie C0TpyAHHK3MH OTACA a MOpCKOH 
reoAorHH HHCTHTyTa OKeaHOAorHH A H  C C C P  bo speMH 31, 33 h 3 5-ro  peii- 
COB cyAHa «BHTH3b» [1— 3]. B cero  6 h a o  H3yneHo 70  npo 6 , npeHMymecTBeHHO 
H3 ceBepHOH h BOCTOHHOH n a c re n  OKeaHa (cm. pnc. 3 ) .

OcHOBHbIMH MCTOA3MH H3yneHHH rAHHHCTblX MHHepaAOB 6bIAH peHTTeHO- 
rpac])HHecKHH h AHtJipaKTOMeTpHnecKHH. ObeMKa o6pa3HOB npoH3BOAHAacb 
Ha OTenecTBeHHbix annapaTax y P C - 5 5 a  c >KeAe3HbiM 3hoaom h AHcJipaKTO- 
MeTpe y P C - 5 0  H M  c MeAHbiM aHOAOM.

ÓTAeAbHbie oöpa3Hbi nepeA  cbcm koh Ha AH^paKTOMexpe 6 h a h  o ô p aô o - 
TaHbi no MeTOAy M n p a  h A>KeKC0Ha [15] aah  yAaAeHHH rHApaTOB okhcaob  
>KeAe3a h 3aiom hhhh, a TaKHie aM optJmoro KpeMHe3eMa. 3 t o  ho3boahao no- 
AyHHTb Ha peHTreHorpaMMax h AH(})paKTorpaMMax neTKHe pe^AeKCbi.

B H3yneHHbix ocaAKax 6 hah  HaHAeHbi MHHepaAbi mohtmophaaohhtoboS, 
HAAHTOBOH, K30AHHHTOBOH, XAOpHTOBOH H naAblTOpCKHTOBOH rpynn.

OnpeAeAeHne MHHepaAOB m ohtm ophaaohhtoboh rpynnbi np0H3B0AHA0Cb 
no peijiAeKcy 17 A nocAe HacbimeHHH oôpa3ùa rAHuepHHOM.

H anöoA ee npocTbiM HBAneTca onpeAeAeHHe MHHepaAOB haah tob oh  (th a -  
P ocaioahctoh ) rp y n n b i. H a a h t xapaKTepH3yeTCH cepnefi 6a3a.AbHbix ot-  
paJKeHuft: 10 A (0 0 1 ), 5,0 Â (0 0 2 ), 3,3 A (003) h t .  a-, KOTopbie He H3MeHH- 
HJTCH npH HacbimeHHH o 6 p a3 u a  rAHnepHHOM h n p n  HarpeBaHHH a o  4 0 0 — 
550°.
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BojlbUIHe TpyAHOCTH B03HHK3IOT npH OnpeAeAeHHH MHHepajlOB XJIOpHTO- 
BOH h KaojiHHHTOBOH rp y n n . X a o p h t h  xapaKTepH3yK)TCH ce p n e ft 6a3ajibH bix  
oTpaJKeHHH". 14 A  ( 0 0 1 ) ,  7 A  (0 0 2 ) ,  4 ,7  Â  ( 0 0 3 ) ,  3 ,5  A  ( 0 0 4 ) ,  npnneM  o r p a -  
jKeHHH 14 A  h 4 ,7  A  >KeAe3HCTbix x a o ph t o b  oneH b CAaöbi, a  OTpaiKeHHH 7 A 
H 3 ,5  A  COBnaflaiOT C KaOAHHHTOBblMH.

B ncK aii [7] n p eA A araeT  oTAHHaTb st h  MHHepaAbi n o  npncyTCTBnio a b o h - 
Hbix OTpa*eH HH  7 ,0 8  A /7 ,1 6  A  (xAopHT, k 3 0 a h h h t ) h 3 ,54  A /3 ,5 8  A (xAopHT, 
KaojiHHHT). K  coHiajieHHK), s '™  ABOHHbie oTpajKeHHH b öojibiiiHHCTBe cA ynaeB  
nAOXO pa3^HHaioTCH, nosTOM y npnxoAHTCH noA b30B aT bca peKOMeHAauHHMH 
B p o y H a  [9], f l j i n  BbiHBAeHHH xAopHTa nep eA  peHTreHOCbeMKoii o6pa3u,bi 
HarpeBaAH Cb ao  5 5 0  h 400°, T an  KaK ycTOHHHBOCTb x a o ph to b  k TepMHHecKOH 
oö p aö o T K e  HeoAHHaKOBa. Ó p n  T a n n x  o ö p aó o T K ax  noHBAHAca neTKHH pecji- 
AeKc xjiopH T a 14 A , a  p e p e n e  7 A  oöw hho  H c n e 3 a e r hjih  o c jiaó eB aeT . K poM e 
T o ro , o6pa3U bi o ö p a ö a T b iB a jin c b  1 0 % - hoh  co ahhoA kh ca oto h , n o c jie  n e ro  
oT paJK enne XAopHTa 7 A  cHAbHO ocA aöeBaA O, a  KaoAHHHTa coxpaH H A ocb. 
X oth  3Ta MeTOAHKa He coB epm eH H a, T an  n a n  cbohctba  x a o ph t o b  (TepM nne- 
CKan ycTonnHBOCTb n  pacT B opeH ne b kh ca o tc) cnAbHO B apbnpyiO T, ho A pyroft 
n o n a  He cym ecTB yeT .

B  HaCTOflUíeñ paÓOTe HHTeHCHBHOCTb 6a3aAbHbIX OTpa>KeHHH TAHHHCTblX 
MHHepaAOB HJIH nJIOmaAH AH([)paKUHOHHblX 34>4)eKTOB npeACTaBJieHbl B BHAe 
BecoBbix npoueHTOB, n a n  3TO cAeAaHO y  B n cK aa  [7], C jieA yeT  noA ^epKH yTb, 
hto  TOHHocTb 3T0T0 MeTOAa He BeAHKa h b A H TepaType HMeiOTCH h  A pyrw e 
peKOMeHAauHH [24].

HeoöxoAHM O TaK>Ke VHHTbmaTb, hto n o  peH TreHorpaM M aM  m ojkho o n p e -  
AeAHTb TOAbKO HHTeHCHBHOCTb pe<j)AeKCOB, a  He nA om aA H. 3 to  cym ecTBeH Ho 
CKa3bIBaeTCH npH  OnpeAeAeHHH COAepJKaHHH MOHTMOpHAAOHHTa. n p H  cpaB - 
HeHHH c  ÄH(J>paKTOMeTpHHeCKHMH ABHHHMH COAepXaHHe MOHTMOpHAAOHHTa
ciiHJKaeTCH npHMepHO b 1,5 p a 3 a .

CpaBHeHHe H auiH x AaHHbix h MaTepnaAOB B n c K a a  [7] n o  p añ o H y  M a A a - 
r a c K a p a , noKa3aAO, hto AaHHbie B ecoB oro  COAepJKaHHH MOHTMOpHAAOHHTa, 
npHBOAHMbie BHCKaeM, CHAbHO 3aBbIUieHbI. ÜO-BHAHMOMy, 3TO ‘ CBH33HO C 
Teftf, HTO HAOmaAb StjiCjieKTa 17 A  TpyAHO H3MepHTb TOHHO H3-3a HAOXOH SanH- 
CH B OÓA3CTH MaAbIX yTAOB.

yHHTblBaH HeAOCTaTKH npHHHTOTO MeTOAa OnpeAeAeHHH B ecoB oro  COAep- 
h o h h h  MHHepaAOB, cAeAyeT paccM aTpH B aTb HauiH AaHHbie K ak noA yK onn- 
HeCTBeHHbie.

B  BOAOCóopHOM ôacce ftH e  H hahhckoto  OKeaHa BbiAeAaeTca HecKOAbKo 
KAHMaTHHecKHx noH coB, KaHíAbiH H3 KOTOpbix xapaKTepH3yeTCH O npeAe- 
AeilHblMH THnaMH nOHB H npeOÖAaÄaiOmHMH B HHX rAHHHCTblMH MHHe- 
paAfjMH.

B cpeA H eñ nacTH AtjipnKaH CKoro noôepeH Cbn n o  3anaAHOMy h BOCTOHHOMy 
noôepeH ibH M  HHAOCTaHa, b B npM e, Ha MaAaKKeKOM n-Be, b io to -b o c to h h o h  
A3HH, Ha o -B ax  M aA aftcK o ro  a p x n n e A a ra  h b ceBepHOH nacTH AßCTpaAHH 
pa3BHTbi pa3AHHHbie noHBbi ryM HAHoro T p o n n n ecK o ro  h cyÔ TponH H ecK oro 
no H ca . K ceB epy  h  k  lo ry  o t  3 to h  30hm  Ha ÀijipHKaHCKOM MaTepHKe, b  ceB ep- 
HOH H3CTH „MhAHH, Ha 3H3HHTeAbH0H HAOUiaAH AßCTpaAHH nOHBbl BAaHCHOTO 
noH ca nocTeneHHO c m c h h io tc h  noHBaMH noA ynycT biiib  h nycTbiHb.

Ja H H b ie  o cocT aB e rAHHHCTbix MHHepaAOB b noH Bax M aA aftcK oro  a p x n n e -  
A a ra , M a A a r a c x a p a  h  3 an aA H o ro  noöepeJK bH  H h a h h  npHBOAHTCH b m oho- 
rpa(})HH M o p a  h B a p e H a  [20], H a  o c h o b 3 h h h  H3yneHHH ö o A b in o ro  (JiaKTHHe- 
CKOrO M aTepH aA a STK aBTOpbl npHUIAH K 33KAIOHeHHIO, HTO COCraB TAHHHCTblX 
MHHepaAOB b n p eA eA ax  ryM HAHoro T p o n n n ecK o ro  n o a c a  onpeACAHeTCH b 
o ch o b h o m  ycAOBHHMH A p eH aK a . H a  OAHHX h  Tex JKe ByAKaHHHecKHx ro p a x  
o h h  HaxoAHAH pa3H bie MHHepaAbi. B B epxH eñ nacTH ro p , rA e BbiMbiBaHne 
ÓblAO HaHÓOAbUIHM, 06p33yiOTCH K30AHHHTbI, THÓCHTbl, THApOOKHCAbl >KeAe3a, 
B HHJKHeñ H3CTH —  MOHTMOpHAAOHHTbl. H a  C yM aT pe nOHBbl HaCTOAbKO CHAb
HO npOMblBaiOTCH, HTO KpHCT3AAHHeCKHe TAHHHCTbie MHHepaAbi 3AeCb He 0 6 - 
pa3yiOTCH B ooöm e.
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flOBOJIbHO nOflpOÔHO H3yUeHbI rJIHHHCTbie MHHepaAbi B nOMBaX lOHtHOft 
AfJjpHKH [1 6 — 18]. 3jiecb  6 h a h  BbmeAeHbi TpH ochobhhb rpynnbi iiohb: noHBbi 
nycTbiHHbix h nojiynycTbiHHbix pañoHOB, jiaTepHTOBbie h CBH3aHHbie c hhmh 
noMBbi, cyÖTponH^ecKHe nepHbie h cBH3aHHbie c hhmh nOHBbl. KaatAaa H3 
3THX rpynn xapaKTepH3yeTCH onpe^ejieHHbiM KoMnAeKCOM rjiHHHCTbix MHHe
paAOB. B nepBbix npeoßAaAaeT hjijiht, HHoma c HeôoAbiuoü npHMecbio m oht- 
MOpHJlJIOHHTa HAH CMeUiaHHOCAOHCTOrO HAAHT-MOHTMOpHAAOHHT3. B JiaTe- 
pHTax npH coneraHHH öoAbiuoro KOAHnecraa ocaAKOB h xopoiuero ApeHaata 
naKanjiHBaiOTCH k o a a o h a h , cocTOHiuHe h3 naoAHHHTa, rnôôcHTa h okhc- 
jiob ateAe3a. B ycAOBHHX njioxoro ApeHaata b M eciax pacnpocTpaHeHHH 
HHTpasoHajibHbix nepHbix noHB (TpeTbH rpynna) npeoóJia^aiOT mohtmo- 
pW AJJOHHTH.

H a 3H3HHTeJIbH0H TeppHTOpHH UeHTpaAbHOH H lOAtHOH HhAHH pacnpo- 
cTpaHeHbi Äße pa3HOBHAHOcra noHB (nepHbie h KpacHbie), KOTopwe xapaKTe-. 
pH3yiOTCH OnpeaéJieHHblM COCTaBOM TAHHHCTblX MHHepajlOB. B TOHKOH 4>paK- 
UHH HepHbix noHB npeoÖAaAaiOT MHHepaAbi m ohtm ophjiaohhtoboh rpynnbi, 
a b KpacHbix —  K30JIHHHT0B0H [2 1 — 23]. H3yneHbi Tanate HeKOTOpbie noH- 
BH b 3anaflHOH BeHrajiHH h b öacceÜHe p. TaHr, KOTopbie coAepataT moht- 
MOpHAAOHHT, HJIJIHT, K30AHHHT B pa3HbIX KOAHHeCTBeHHbIX COOTHOUieHH- 
HX [10, 6].

K pynH efliH H e peKH H h a h h —  TaHr h B p a M a n y T p a  HecyT b cocT aB e B3Be- 
CH HJIJIHT, XJIOpHT, HeÔOJIbUIOe KOAHHeCTBO MOHTMOpHJIJIOHHTa H KaOJIHHHTa.
P e n n  ToaaBapH h BncaKanaraaM  Tanate b h h o ch t b ochobhom hjijiht h He- 
MHoro KaoJiHHHTa [22].

B  noHBax ceBepo-3anaflHbix panoHOB M hahh (I7eHÄJKa6) npeoßjiaflaioT  
HJiJiHTbi h xjiopHTbi [12 , 13, 10]. B  3T0M ate pañoHe HanaeHbi flpeBHHe otjio -  
HteHHH MOHTMOpHJIJIOHHTOB [8],

B ceBepHOH n acra  AcjipHKH, Ha ApaBHHCKOM n-Be h b 3anaAHOH AßCTpa- 
a h h  rjiHHHCTbie MHHepajibi b nonBax Majio H3yHeHbi. B 3THX pañoHax npeoö- 
jiaAaiOT noHBbi nycTbiHHbie h nojiynycTbiHHbie, BbmeTpHBaHHe KOTopbix h a c t  
npe3BbinaHHO MeßJieHHO. M3  rjiHHHCTbix MHHepajlOB b raKHx nonBax npeoß- 
jia^aioT oöbiHHO rnapocjiioflbi.

MaKCHMajibHoe KOAHnecTBO rjiHHHCTbix MHHepajlOB b h h o ch tch , oneBHAHo, 
KpynHeñuiHMH penaMH H h a h h —  Hhaom  h TaHroM, KOTopbie b CBoeM Bepx- 
H6M TeneHHH B OCHOBHOM ApßHHpyiOT nOHBbl, COAepHtamHe HJIJIHT H XJIOpHT.

B  ceBepHoii n acra AtJipHKH, c ÄpaBHHCKoro n-Ba h 3anaAHoro noöepeatbH  
AßCTpajiHH TOAKOAHcnepcHbiH MaTepnaji nocTynaeT b oneaH raaBHbiM o6pa- 
30M b pe3yjibTaTe BeTpoBoñ AeHyAapHH.

TponHHecKHe ryMiiAHbie pañoHbi AtJipHKH, H hahh, o-bob M aA añcK oro 
ap x H n e jia ra  h ceaepH oft n a c r a  AßCTpajiHH ApeHHpyioTCH G oaee mcakhmh 
peKAMH. 3AeCb KÓpbl BbIBeTpHBaHHH COAepHtaT KaOAHHHT H MOHTMOpHAJIO- 
HHTbl. B CeBepHOH AßCTpajiHH rJIHHHCTbie MHHepajIbI npeACTaBJieHbl B OCHOB
HOM nJIOXO 0KpHCTaJIJIH30BaHHbIMH K30JIHHHTa MH [25],

OÔpaTHMCH K 3KCnepHMeHTajIbHbIM ABHHblM O COCTaBe H KOJIHHeCTBeHHOM 
COAepHtaHHH rjiHHHCTbix MHHepajlOB B nOBepXHOCTHOM CAOe OcaAKOB H hahîi- 
CKoro o n eaH a .

H j i J i H T b i  iirapoK o pacnpocT paH eH bi b n peA eA ax  H 3yneHH oro p an o H a  
(p u e , 1). M ancH M aA bH oe hx coA epataH H e HaÔAioAaeTCH b ocaA K ax ApaBHH- 
CKOrO MOpH. XlH(|)paKTOMeTpHneCKHe 3Cj)())eKTbI 3THX MHHepaAOB npe3BbinaH H0 
n e r a o  B bipaateH bi (pHC. 2, c t . 4 8 0 8 ) . Z[ah hhx xapaK T epH o T a n a te  oneH b 
BbicoKoe coA epat'aH H e K 2 O  (Ào 5 — 6 % ) ,  KOTopoe He OTMenaAOCb HHrAe b 
Thxom OKeaHe [4], H e ó o A b u io ñ  MaKCHMyM bm acahctch  T a n a te  y  ceB epH oii 
noAOBHHbi C yM aTpbi. B bicoK oe coA epataH H e h aah tob  (ao  4 0 — 6 0 % )  c o x p a -  
HiieTCH b ocaA K ax  npHMepHO a o  30hm lO a tH o ro  n a c c a T H o ro  TeneHHH, a  k io ry  
nocT eneH H o yMeHbiuaeTCH. r io A o c a  MHHHMaAbHoro coA epataH HH  h aah tob  
AOXOaht a o  30° io. u i., a  loa tH ee k oahh cctb o  h aah tob  CHOBa B 03pacT aeT . 
yBCAHneHHe coA epataH H H  s th x  MHHepaAOB OTMeneHo T a n a te  y  ceB ep o -3 an aA - 
H oro  n o ô e p e a tb n  AßCTpaAHH.
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X  Jl 0  p  PI T b í B C eB e p H O H  n O JIO B H H e H H A H H C K O TO  O K e a H a  B Ó O A bU IO M  K O JIH - 
H C CTBe B C T p e n e H b i T O J ib K o  b o c a A K a x  A p a B H H C K o r o  M o p H  ( p n c .  3 ) .  P a ñ o H  
M a K C H M a jib H o r o  c o A e p jK a H H H  x jio p H T O B  n o H T H  c o B n a f l a e T  c  p a ü o H O M  M aK C H - 
M aJ Ib H O rO  C O A ep JK aH H H  H JIJIH T a .

H e ô o J i b i u o e  c o A e p J K a H H e  xjiophtob  O T M e n e n o  b o c a A K a x  B e H r a j i b C K o r o  
3 a J iH B a .  B  o c T a j i b H b i x  p a ñ o H a x  o x e a H a  B n jiO T b  a o  30° i o .  m . x j io p H T b i  b 
C K O JIbK O -JIH Ô O  3 a M e T H b IX  K O A H H eC T B aX  H e  O Ó H a p y X íe H b l.  X jIO p H T b l B o c a A K a x  
H h ah h ck oto  O K e a H a  T e p M H n e c K H  M a j i o  y cT O H H H B b i; n p n  T e M n e p a T y p e  5 5 0 u 
ohh y a c e  p a a j i a r a i O T C H .  3 th m  cbohctbom  ohh. c y m e c T B e H H O  O T J in n a io T C H  o t

12040

20'

120

P h c .  1. C o ;iep )K anH e hjijihtob bo (jjpaKiïHH < 0 ,0 0 1  mm (,b n p o u eH T ax  ot o ß m e ro  K ojw qe-
CTBa rjiHHHCTbix MHHepajlOB): 

i — <20; 2 — 20-40; 3 — 40-60; 4 — 6 0 -80

TepMHHeCKH ÔOJiee yCTOHHHBblX XJIOPHTOB OcaAKOB BbICOKHX UIHpOT. XjIopH- 
Tbl 3aCyiHJIHBbIX paHOHOB OTHOCHTCH, OHeBHAHO, K THny }KeJie3HCTbIX, HTO 
bhaho Ha AHijipaKTorpaMMax (0Tpa>KeHHii HeneTHbix nopaAKOB cjiaôee neT- 
Hbix, cm. pnc. 2, c t .  4 8 0 8 ) .

K a o Ji h*« h t bí AaiOT Asa MaKCHMyMa pacnpeAejieHHH b ocaAKax: 6 jih3  
M aAaracKapa h b noAoce, npoTHTHBaiomeHCH o t  H bh  Ha ioro-3anaA (pnc. 4 ) .  
BbicoKoe coAepxiaHHe KaojiHHHTOB OTMeneno b ocaAKax io>KHee îO p k h o to  nac- 
caTHoro TeneHHH. 3 t o t  pañoH coBnanaeT c paiïoHOM HeBbicoKoro coAepxta- 
HHH HJIJIHTOB. MHHHMaJIbHO COAepJKaHPie K30JIHHHTOB B OCaAKaX ApaBHHCKO- 
ro Mopn h  3anaAHOH n acra  BeHraAbCKoro 3aAHsa, rAe BbiAeAHeTCH oÓAacra 
BblCOKOTO COAepjKaHHH XAOpHTOB.

KaOAHHHTbl B IICCAeAOB3HHOH H3CTH HHAHHCKOTO OKeaHa nJIOXO OKpH- 
CTajiJiH30BaHbi h AaiOT. cjiaôbie scJxJieKTbi Ha AH^paKTorpaMMax, HecMOTpa 
Ha to , h to  3MOp(|)Hbie Bem ecraa O biJiH  113 HHx yAaaeHbi.

M o H T M o p H A A O H H T b i  uiHpoKo pacnpocTpaneHbi b  n p e A e j i a x  H 3 y n e H -  
HOH n a c r a  H h a h h c k o to  O K e a H a  (pnc. 5 ) .  B b i c o K o e  h x  coAep>KaHHe (2 0 —  
4 0 % )  O T M e n e H o  b o c a A K a x ,  B 3 H T b ix  lO J K iie e  I O p k h o t o  n a c c a T i i o r o  T e n e H H H . 
C e B e p H e e  c o A c p x i a H H e  m o h tm o p h j ij io h h to b  n o c T e n e n n o  n a A a e T  h  b 3 a n a A -  
HOH H 3C TH  A p aB H H C K O T O  M OOH H B A H eT C H  M H H H M aA b H b lM .
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B npeAejiax KpacHoro MopH h y  b octoh h oto  noóepexcbíi H hahh Ha- 
M.e*iaiOTCH ab a MaKCHMyMa c coAepJKaHHeM m ohtm ophaaohhtob  o t  60- 
a o  90% . 

OnpeAejieHHe npoHcxoJKAeHHH s th x  MHHepaAOB noKa3aAo, h to  ohh o6pa- 
30B3AHCb npH pa3Ao*eHHH ByAK3HoreHHoro MaTepnaAa.

3J3
/« /

3JB
en7. S 202  

+Ca"
S.33

/a o  17,6
cm. S202
+2/7UtiepUH

5,0

* Y  ,7' S\c m .5 2 V
+Ca

cm  4792 
+ C aM  335

P h c . 2. ZlHtJjpaKTorpaM M bi (J)p3Kuhh <  0,001 mm, BbiaejieHHbix h3 o c aa « o B  
HnjHÜCKoro OKeaHa

MHHepaAbi n a A b i r o p c K H T O B o i i  rpynnbi BnepBbie oÔHapyweHbi b 
coBpeMeHHbix oseaHCKHx ocaAKax b ôoAbuiHx KOAHHecTBax. 3 t h  rAHHHCTbie 
MHHepaAbi HMeiÔT HenoneHHyio CTpyKTypy h o th o ch tch  k MarHHeBbiM aAiOMO- 
CHAHKaTaM. H x AH^paKTOMeTpHHecKaa KapTHHa BecbMa CBoeo6pa3Ha (cm. 
pnc. 2, c t . 4 7 9 2 ). K .coJKaAeHHio, HanôoAee HHTencHBHoe OTpa*eHHe najibi- 
ropcKHTOB ok oao 10,4 Â coBnaAaeT c OTpaiKeHHeM h aah tob , nosTOMy on pe-  
AeAeHHe hx KOAHHecTBeHHoro coAepx<aHHH 3aTpyAHeHO. FlaAbiropcKHTbi 0 6 - 
pa3yioT CBoeoôpa3Hbie k p h c tb a a h  b b ha e toh k h x  naAoneK, KOTopbie xop cu io  
BblAeAHIOTCH Ha SAeKTpOHHOMHKpOCKOnHHeCKHX CHHMK3X. MaKCHMaAbHOe
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P h c ..  3. C o,nep)K 3 HHe x j io p h to b  bo  ÿ p aK u u H  <0,O Û 1 mm (b  npoueH T ax  o t  oôm ero.K O JiH H e-
CTB3 TJIHHHCTblX MHHepaJiQB) :

■1 — <5; 2 — 5—20; 3 — >20; 4 — c t h h u h h

130

30

40 60 60 100 120

P h c . 4. C ouepJK aH H e k b o j ih h h to b  bo  (|)paKUHH < 0 ,0 0 1  mm (b  npoueH T ax  o t  o ^ m e ro  k o jih -
uecTBa rjiHHH'CTbix MHHepajlOB):

3 ^  < 1 0 ; 2 - 1 0 - 2 0 ;  5  — 20—40; 4 — 40—50; 5 — > 50
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too40 80
3090

40 ao 120

P h c . 5. CoaepiKauHe m o h tm o p h ji j io h h to b  bó  ÿpaxu 'H H  <0,001 mm (b  npoueHTax o t  o6  
mero KOJiuuecTBa t j i h h h c t h x  MHHepajlOB):

;  — < 5 ; 2  — 5 -1 0 ;  3 —  10—20; 4 —  > 40

co aep jK aH iie  naabiropcK H TO B npnyponeH O  k  o c a a n a M  A aeH C K oro 3aaH B a. 
B  cT opoH y ApaBHHCKoro M opn h x  K oanaecT B o riocTeneHHO n a a a e T . B  n p e a e -  
a a x  K p a c H o ro  M opn n a a u ro p cK H T b i He H afiaeH bi. TaKHM o6pa30M , E a ö - a a b -  
M aH aeócK H H  npoaH B  p a 3 a e a n e T  paftoH bi c pa3HbiM cocTaBOM rauHHCTbix MH
H epaaoB .

3 AKJ 1 1 0HEHHE

P a c n p e a e a e H H e  r a H H H C T b i x  M H H e p a a o B  b  n o B e p x H O C T H O M  c a o e  o c a a K O B  

H v i a n H C K o r o  O K e a H a  o n p e a e a n e T c n  K a H M a T H u e c K O H  3 0 H a a b H O C T b i o  n p o u e c -  
c o B  B b iB e T p H B a H H H  h  H O H B o o 6 p a 3 0 B a H H H  H a  c y i u e .

B bico K o aH cn ep cH aa  u acT b  ocaaKOB B eH raabC K oro  3aaH B a h ApaBHHCKo- 
r o  M opn c o c t o h t  b  ocHOBHOM H3 M HHepaaoB HaaHTOBOH h  xaopHTOBOH rp y n n .  
3 t o  o ö y cao B aeH o  TeM, h t o  Ha n p H a e ra ro m n x  T eppH T opunx  pa3BHTbi nyerb iH - 
Hbie h  noaynycT biH H bie noHBbi, b  KOTopwx n peoôaaaaïo iU H M H  raHHHCTbiMH 
M HHepaaaM H HBaniOTCH h j i j i h t h  h  x a o p a r a .  IlaabiropcK H T O B bie M H Hepaabi 
TaKHie xapaK T epH bi a a n  Kop BbiBeTpHBaHHH a p n a H o ro  KaHMaTa. O h h  b h h o -  

c h t c h  c ApaBHHCKoro n-OBa.
M H H epaab i KaoaHHHTOBOH rp y n n b i n p e o ô a a a a iO T  b  o c a a K a x  T ponnnecK O - 

r o  ryM H aH oro  n o n c a , h t o  c b h 3 3 h o  c  h x  b h c o k h m  coaepm aH H eM  b  aaT epH T - 
Hbix n o n B ax  U eHTpaabHO H  AtJipHKH, 0- b o b  M a a a n c K o ro  a p x n n e a a r a  h  C eB ep- 
HOH A ßCTpaaH H. K ceB ep y  h  k  lo ry  o t  s t o t o  n o n c a  coaepacaH H e KaoaHHHTa 
KaK b  o c a a K a x , t e k  h  b  noH Bax nocTeneHHO n a a a e T , a  KoannecTBO naaHTOB 
cooTBeTCTBeHHo yBeaHHHBaeTcn.

M H H ep aab i MOHTMopnaaoHHTOBOH rp y n n b i T pyaH ee  cBH3aTb c  u i h p o t h o h  

3 0 HaabHOCTbK). H x  coaepacaH H e b  o c a a K a x  BbicoKoe n o  B een n a o m a a n  aH a  
ceB epH oii h  neHTpaabHOH n a c r e n  HHaHHCKoro o u e a H a , 3 a  HCKaioueHHeM 
ApaBHHCKoro M opn. H epH bie noHBH T p o n n n ecK o ro  n o n c a , c o a e p H c a m n e  m o h t -

5 OKeaHOJiorHH, JA 2 273



M o p H J iJ iO H H T b i  b  K a n e c T B e  n p e o 6 A a , n a i o m H x  r A H H H C T b ix  M H H e p a j lO B ,  M o r y T

ÓblTb HCTOHHHKOM HX IIOCTyilJieHHH B OKeaH.
B03M0JKH0, HTO HaCTb MOHTMOpHJIJIOHHTa 06pa3yeTCH Ha AHe OKeaHa H3

B y A K a H o r e H H o r o  M a T e p n a A a .  3 t o t  M a T e p n a A  m n p o K o  p a c n p o c T p a H e H  b

ocaAKax BeHraAbCKoro 3aAHBa, 6 a h 3 o-bob M aA ancK oro ap x n n e A ara  h M a-
A aracK apa. K a n  H anôoA ee BbicoKOAHcnepcHbie MHHepaAbi, m ohtm ophaaohh-
Tbl MOryT nepeHOCHTbCH Ha OrpOMHbie paCCTOHHHH.
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Z. N. G O R B U N O V A

D I S T R IB U TI O N OF  CLAY M I NE R A L S  IN T H E  S E D I M E N T S  
OF  T H E  I N DI AN  OCEAN

S u m m a r y

Clay minerals were identified in 70 samples of recent marine sediments from the 
Indian Ocean north of the latitude 30° S, X-ray diffraction, DTA, electron microscopy, 
chemical and semi-quantitative analyses having been applied. Illites, chlorites, kaolinites, 
montmorillonites and palygorskits were shown to be dominant. For the former four mi
nerals the map of their distribution in sediments is presented.

Çlay minerals are formed in the crusts of weathering and soils, then carried away by 
streams and deposited in the ocean. High concentrations of illites and chlorites in sedi
ments of the Arabian Sea can be explained by the fact that they are swept away from 
desert and semi-desert lands. Kaolinites are carried away from red soils and latosols 
and deposited in marine sediments of the tropic humid zone. Some peculiarities in the 
distribution of montmorillonites can be explained by their formation in the oceans and 
soils due to the decomposition of volcanic ash.



R ep rin ted  (rom J.  geo p h y s .  R e s . ,  v o l. 71, n o . 2, 1966, p . 583-586 .

Heat-Flow Measurements in the Atlantic Ocean, Indian Ocean, 
Mediterranean Sea, and Red Sea1

F. S. B i r c h 2 a n d  A. J. H a l u n e n ,  J r . 3

Woods H ole Oceanographic Institu tion  
W oods H ole, Massachusetts

Abstract. E igh t lieat-flow stations in  the A tlantic Ocean southeast of Berm uda and on the 
outer ridge of the P uerto  Rico trench have a mean of 1.01 /tcal/cm* sec. A single station on the 
m id-A tlantic ridge gave a  value of 0.90/tcal/cm* sec. T he results of four stations north of the 
Seychelles in the Indian  Ocean range from 0.87 to  1.35 /tcal/cm 2 sec. Four stations east and 
west of the Seychelles-M auritius ridge vary from 0.86 to  greater than  1.97 /tcal/cm 2 sec. In  the 
M editerranean Sea one sta tion  southeast of Sicily gave a  result of 0.64 /tcal/cm* sec. One on 
the flank of the active volcano Strom boli gave a  result of 0.42 to  1.83 /tcal/cm* sec. A station 
in the northern end of the R ed Sea gave a  result of higher than  2.29 /tcal/cm* sec.

I n t r o d u c t i o n

H eat-flow  m easurem en ts w ere m ade during  
geophysical su rveys on several cruises of R .V . 
Chain. Because these m easurem ents w ere tak en  
to  ex tend  w orld coverage of heat-flow  sta tions, 
th e  d is tance  betw een s ta tio n s  was usually  large. 
N o deta iled  analysis o f th e  resu lts w as m ade fo r 
th is reason and  also because regional varia tions 
of h e a t flow have been discussed a lready  [Lee 
and Uycda, 1965].

M e t h o d  o p  M e a s u r e m e n t

T em p era tu re  g rad ien ts  w ere m easured  w ith  
th e  equ ipm en t and  m ethod  developed and  de
scribed b y  Rcitzcl [1963]. T w o therm isto rs, 
m oun ted  in sm all p robes ab o u t 2 m  a p a r t  on a  
g rav ity  o r p is ton  corer, m easured  tem p e ra tu re  
differences in th e  b o tto m  sed im ent. T h e  u p p e r  
th e rm is to r also m easured  te m p e ra tu re  of th e  
u p p e r p robe  so th a t  d e p th  of u p p e r p robe  pene
tra tio n  could be estim ated  b y  div id ing th e  te m 
p e ra tu re  increase of th e  u p p e r  th e rm is to r by  
th e  tem p e ra tu re  g rad ien t, w hich was 'assum ed 
co n stan t w ith  d ep th . On occasion, i t  w as neces
sa ry  to  re ly  on th e  leng th  o f th e  core an d  ex
te rn a l m ud  m arks to  d eterm ine  th e  ex ten t of 
u p p e r p robe  pen e tra tio n . P en e tra tio n  was judged  
com plete if  th e  len g th  of th e  u n d is tu rb ed  section 
of core w as g re a te r  th a n  th e  d is tance  of th e

1 C ontribution  1708 from the W oods Hole 
Oceanographic Institu tion .

* Now a t Hawaii In s titu te  of Ceophysics, U ni
versity of Hawaii, H onolulu.

u p p er th e rm is to r from  th e  end of th e  core b a r
rel. M ud  sm ears on th e  outside of th e  core ba rre l 
w ere n o t relied on ; th ey  a re  p a rticu la rly  suspect 
in san d y  o r  s ilty  sedim ents. A  good criterion  of 
p en e tra tio n  w as sed im ent firm ly packed a round  
th e  th e rm is to r p robes o r u nder th e  p lastic  ta p e  
securing th e  th e rm is to r cables to  th e  core b a rre l.

T herm al resistiv ities w ere determ ined  from  
th e  cores by  th e  w ate r co n ten t m ethod  of 
Bullard and Day [1961], T h e ir  corrections fo r 
p ressure (w a te r d ep th ) an d  te m p e ra tu re  w ere 
app lied . F o r  m ost cores, th e  resistivities o f ab o u t 
ten  equally  spaced sam ples w ere determ ined  
an d  averaged . In  som e cases i t  w as necessary  to  
estim ate  resistiv ities. T he  resistiv ities m ay  be 
system atica lly  high b y  5 to  10%  if recen t stud ies 
by  A. II . L achenbruch  (personal com m unica
tio n ) a re  applicable.

R e s u l t s

T he heat-flow  resu lts a re  listed  in T ab le  1. 
W hen u p p e r  an d  low er lim its of hea t flow a re  
given, u p p e r  p robe  p en e tra tio n  is questionable. 
T he  low er lim it corresponds to  possible p e n e tra 
tion  by  b o th  therm isto rs, th e  u p p e r  to  p a rtia l 
p ene tra tion  corresponding to  th e  length of th e  
core.

T h e  estim ated  experim ental s ta n d a rd  dev ia
tion  of th e  tem p e ra tu re  g rad ien ts  is ca lcu lated  
from  th e  s c a tte r  of th e  te m p e ra tu re  difference 
readings in  th e  w a te r an d  in th e  sedim ent. T h e  
estim ated  experim ental s ta n d a rd  dev ia tion  of 
th e  resistiv ities is calcu lated  from  th e  differences 
o f th e  com puted  resistiv ities of th e  sam ples in

583

Collected reprints of the International Indian Ocean Expedition, vol. IV, contribution no. 252 827



584 BIRCH AND HALUNEN
TA BLE 1. Heat-Flow Stations

H eat-Probe
Station

L ati
tu d e

Longi
tude

W ater
D epth

Corrected,
m eters

Therm al 
Resistivity,* 

cm sec°C

H eat
Flow,
/ical

Experim ental
Standard

Deviation,
%cal cm* sec

Chain-36 1 2 1 W N 65°03'W 5696 543 1 . 0 0 4
3 19°25'N 61 °30'W 5468 525 1.03 5

C hain-39 1 29°00'N s o n i ' w 5811 509 0.95 6
2 25°18'N 55°44'W 5932 530 1.19f 6
3 24°04'N 55615'W 5984 550 0.61 7
5 28°30'N 57°59'W 5800 605 0.79 5
6 29°56'N 60o33'W 5715 544 1.32 5
7 29°47'N 62°12'W 4865 547 1 . 2 0 9

C hain-43 4 00°55'N 51°38'É 5110 589 1.08 8
5 00°22'S 54°33'E 4863 580 1.35 8
6 01 °38'S 53°20'E 4780 588 0.87 7
8 02°55'S 55°43'E 3690 (590) 0 .89 5 t

11 17°26'S 58°06'E 4034 497 0.87-2 .61 71
13 14°14'S 62°51'E 3811 520 1 .97 -5 .16 l i t
14 11°30'S 58°24'E 4104 (500) 0 . 8 6 16Í
16 18°04'S 57°40'E 3873 472 1.15 24
24 25°24'N 36°10'E 2205 (500) > 2 .2 9 §
25 35°47'N 17°29'E 4036 (500) 0 .64 3 t
27 38°47'N 15°04'E 2013 (500) 0 .42-1 .83 6 t
33 42°37'N 28°47'W 2565 499 0.90 8

* These values m ay be system atically high by 5 to  10%.
t  T his result m ay be as much as 30%  too low because one of the therm istor probes slipped on the core 

barrel.
t  These estim ates of experim ental standard  deviation do no t include error in  assuming a  resistivity or 

error of partia l penetration.
§ No upper lim it can be assigned because recorder went off scale.

each core and  th e  inaccu racy  of th e  em pirical 
res istiv ity  fo rm ula. T he  estim ated  experim ental 
s ta n d a rd  dev ia tion  of th e  h ea t flow is th e  square 
roo t of th e  sum  of th e  squares of th e  s tan d a rd  
deviations of g rad ien t and  resistiv ity .

D i s c u s s i o n

Atlantic Ocean. T h e  Chain-39 h ea t probes 
a re  in  th e  abyssal hills region sou theast of B er
m uda ; th e  Chain-36 h ea t p robes a re  on th e  o u te r 
ridge of th e  P u erto  R ico tren ch  (F igure  1). T he 
m ean  o f these sta tio n s is 1.01 /tca l/cm 2 sec ± 0 .2 0  
/tca l/cm 2 sec s tan d a rd  dev ia tion  (fo r b rev ity , th e  
u n its  of h ea t flow will h e rea fte r  be o m itte d ) . T he 
m ean fo r th e  basins of th e  A tlan tic  O cean is 1.13 
± 0 .2 4  [Lee and Uyeda, 1965]. T he  m ean  fo r 
th e  s ta tions to  th e  w est on  th e  th e rm a l p la in  of 
Reitzel [1963] is 1.14 ± 0 .0 6 . T hus, these Chain 
sta tions m ay  p e rh ap s ind ica te  a region of slightly  
low hea t flow.

H eat-p ro b e  sta tion  33 of Chain-43 is in a  fla t-

floored valley  ab o u t 30 km  east of th e  m edian 
valley  of th e  m id-A tlan tic  ridge. T he  resu lt, 0.90, 
is below th e  25 percentile  line fo r s ta tions w ith in  
100 k m  of th e  crest of th e  m id-A tlan tic  ridge 
[Lee and Uyeda, 1965],

Indian Ocean. T he  s ta tions in th e  In d ian  
Ocean a re  too  fa r  a p a r t  to  be tre a te d  as a  group  
(F igu re  2 ) .

H ea t-p ro b e  sta tio n  4 of Chain-43 is in  th e  
Som ali abyssal plain. T h e  result, 1.08, is no t 
significantly  different from  th e  o th er results 
th e re  [Sclater, 1966].

H ea t-p ro b e  s ta tions 6, 8, and  5 of Chain-43 
are  in a  region of rough top o g rap h y  n o rth  of 
th e  Seychelles Islands. T he resu lts fo r th e  first 
tw o, 0.87 an d  0.89, a re  low com pared w ith  the  
last, 1.35^ and  w ith  several values rep o rted  by  
Von Herzen and Langseth [1965],

H ea t-p ro b e  sta tion  13 of Chain-43 is east of 
th e  Seychelles-M auritius ridge; th e  resu lt, 1.97 
to  5.16, agrees w ith  tw o o ther values. [Von
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Fig. 1. Heat-flow values, ¿teal/cm“ sec, in  the A tlantic Ocean and M editerranean Sea.

Herzen and Langseth, 1965] an d  suggests th a t  
th is  m ay  be an  a rea  of h igh  h ea t flow.

H eat-p ro b e  s ta tions 11 an d  16 of Chain-43 
a re  a t  th e  w estern  base of C argados C ara jo s  
shoals. T he  results, 0.87 to  2.61 an d  1.15, a re  in 
general agreem ent w ith  a  resu lt, 1.32, a t  an  
in te rm ed ia te  sta tion  [ V on Herzen and Langseth , 
1965],

H ea t-p ro b e  s ta tio n  14 of Chain-43 is on th e  
slope a t  th e  w estern  base o f S aya de M alha 
bank . T h e  resu lt, 0.86, agrees well w ith  fou r 
o thers from  th e  sam e region [V on Herzen and 
Langseth, 1965], T h e  resu lts  of these five s ta 
tions range from  0.86 to. 1.44 an d  th e  cor
responding d ep th s from  4104 to  2315 m eters. 
T he h ea t flow decreases linearly  a t  a  ra te  of 0.33 
/tca l/cm 2 sec p e r k ilom eter of dep th . T h e  cor
relation  coefficient for th is  linear re la tionsh ip  
betw een h ea t flow an d  w a te r d ep th  is —0.96 
w ith  a 95%  confidence in te rv a l of —0.51 to  
—1.00 (to  tw o decim al p lace s). T h e  fo rm er value 
is v e ry  sensitive to  th e  sm all n u m b er of sta tions. 
In  c o n tra s t to  th is  a p p a re n t regu larity , s ta tio n s 
to  th e  no rthw est in  rugged te r ra in  off th e  sm ooth  
slope of th e  Saya de M alh a  b an k  have w idely 
sca tte red  h e a t flow. Possible physical exp lana
tions fo r th e  correlation  of h e a t flow w ith  d ep th  
are  high sed im en ta tion  ra te s  an d  g rea tè r sedi
m en t th ickness a t  th e  base of th e  slope o r rad io 
ac tive  hea t generation  in  th e  possibly g ran itic  
rock u n d er Saya de M alha  bank .

Red Sea. H ea t-p ro b e  s ta tio n  34 of Chain-43, 
in  th e  n o rth e rn  R ed  Sea, gives a  re su lt o f >  2.29. 
T his resu lt and  several o thers  suggest th a t  th e  
G ulf of Aden an d  th e  R ed  Sea have h e a t flow

tw o o r  th re e  tim es th e  w orld  average  [ Von 
Herzen, 1963; Sclater, 1966].

Mediterranean Sea. H ea t-p ro b e  s ta tio n  25 of 
ChainAS, on th e  w estern  end  of th e  abyssal 
p lain  sou theast o f Sicily, gives a  resu lt of 0.64. 
T h ere  a re  no nearb y  s ta tio n s w ith  w hich to  
com pare th is  low value.

30°

20°

10°

1.08» 1.35

10°

1.97-5.16*
Q87-2.61 •

1.1520®
30° 4 0 ° 50» 60°

Fig. 2. Heat-flow values, /¿cal/cm 2 sec, in  the 
Ind ian  Ocean and R ed Sea.
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H ea t-p ro b e  s ta tio n  27 of Chain-43 is on th e  
no rthw est flank of S trom boli ab o u t 12 km  from  
th e  cen te r of th e  island. T h e  h e a t flow is 0.42 to  
1.83. T h is  resu lt can  be com pared  to  a  resu lt of 
1.46 ob ta ined  ab o u t 30 k m  from  th e  e ru p tin g  
volcano M iyake-Jim a  so u th east o f J a p a n  [V asui 
et al., 1963].
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Magnetic Lineation between Carlsberg Ridge and 
Seychelles Bank, Indian Ocean1

C a b l  0 .  B o w in

D epartm ent oj Geophysics, Woods H ole Oceanographic Institu tion  
W oods Hole, Massachusetts

P e t e r  R . V o g t

Geophysical and Polar Research Center, D epartm ent o j Geology 
U niversity o f Wisconsin, Madison

T he azim uths of isoanomaly lines of strong magnetic anom alies of to ta l intensity, dis
covered during a  cruise of H .M .S. Owen in  1962 in  the eastern Somali basin, Ind ian  Ocean, 
were investigated on a  cruise of R.V. Chain in  1964. Forty-eight azim uths were determ ined, 
having an  average bearing of 295°. Com pilation of th is result w ith magnetic inform ation 
from  studies from H.MJ5. Owen and R.RJ3. D iscovery indicate th a t a  magnetic lineation 
(30$° to  295°) occurs over a  b road  region (a t least 600,000 km 2) of the western Indian  Ocean. 
This lineation m ay become an im portan t key in  determ ining the structure and geologic his
tory  of the western Ind ian  Ocean.

I n t r o d u c t i o n

M agnetic anom alies w ith  am plitudes of se\ - 
e ra l hund red  gam m as w ere first observed over 
th e  eastern  Som ali abyssal basin  betw een th e  
C arlsberg  ridge a n d  Seychelles b an k  b y  sci
en tis ts  on H .M .S . Owen [Hydrographer, 1963; 
Loncarevic, 1964], T he R .V . Chain of th e  
W oods H ole O ceanographic In s titu tio n  also 
v isited  th is  region in  M ay  1964 w hile p a r 
tic ipa ting  in  th e  In d ian  Ocean E xped ition . A t 
th is tim e th e  local az im uths of th e  isoanom aly 
lines form ing these stro n g  anom alies w ere de
term ined .

M ethod

T he m e th o d  used to  determ ine th e  local 
az im uth  of isoanom aly lines follows th a t  de
scribed b y  Raff [1962], T he  sensing head  of a 
V arian  nuclea r precession m agnetom eter was 
tow ed 150 m  a s te rn  of th e  sh ip , an d  th e  to ta l 
in tensity  F of th e  e a r th ’s m agnetic  field was 
recorded on a g raph ic  s tr ip  c h a rt recorder 
(V arian  m odel G 14). T he  procedure  w as to  
allow  th e  m agnetic  observer to  call a  90° course 
change w henever i t  appeared  tb a t  th e  steepest

1 C ontribution 1728 of the W oods H ole Ocea
nographic Institu tion .

slope on th e  flank of a  pronounced  anom aly 
had  been reached, th a t  is, a  place show ing 
nearly  linear change of F w ith  d isplacem ent 
along th e  sh ip ’s tra c k . T he  new  course w as held 
fo r several miles, long enough to  determ ine th e  
g rad ien t in th is  d irection , w hereupon th e  origi
n a l heading w as resum ed and  often  held fo r 
15 to  30 km . A second p a ir  of righ t-angle  tu rn s  
was effected over th e  opposite slope of th e  
anom aly  in such a  m anner as to  re tu rn  th e  
vessel to  its  original base tra ck .

A n a l y s i s  o f  D a t a

T he d a ta  w ere analyzed  d irec tly  on th e  
analog ch a rt, each course change yielding a  
local az im u th  fo r th e  isoanom aly lines. In  F ig 
u re  1, Si an d  Sa rep resen t reciprocals of d irec
tional g rad ien ts, in a rb i tra ry  u n its . T he  az i
m u th  of th e  isoanom aly lines (y , to  y6) equals 
a + t a n '1 Sa/Si, w here a is th e  acu te  angle 
betw een th e  in itia l course and  th e  m erid ian . A 
large tu rn in g  rad iu s is th u s  no problem . S, 
an d  Sa w ere determ ined  from  th e  ch a rt, in  con
ven ien t un its , an d  a regional slope correction  
w as app lied  to  each, using th e  polynom ial 
fitted  field rep resen ted  in F igure  6 o f Hydro
grapher [1963]. T h e  regional p a tte rn  o f to ta l 
in tensity  in th e  locality  of th e  m easurem ents 
shows a  general rise tow ard  th e  east, b u t th e
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90<

a)

8
8 = t a n : ’ |&

b )

8 = ta n : ' I »

Fig. 1. Calculation of azimuth of isoanomaly lines from jog in ship’s track: (a) turn to 
starboard, (6) turn-.to port. The y  lines are isoanomaly lines of the magnetic total intensity. 
For the purpose of determining the azimuth, it does not matter whether the isoanomaly lines 
are numbered in the direction of increasing or decreasing total intensity.

slope is only  ab o u t 1.5 gam m as p e r km , so 
these corrections a re  sm all enough to  be of little  
effect re la tive to  th e  anom alies encountered . 
W here th e  course changes differed from  90°, 
az im uths w ere constructed  graphically . H ow 
ever, m ost of th e  azim uths w ere com puted from  
righ t-angle  tu rn s  b y  trigonom etry . Because of 
th e  high sam pling  ra te  (6 sec), th e re  w as no 
problem  in distinguishing g rad ien t reversals 
resu lting  from  change of d irection  on th e  sam e 
flank of th e  anom aly  from  those due to  cross
ing to  th e  o th e r flank of th e  anom aly . F rom  
F igure 1 it  is clear th a t  azim uths can be d e 
term ined  from  e ith e r p o rt o r s ta rb o a rd  tu rn s  
of th e  ship. T he  m ajo r p roblem  is th a t  th e  
isoanom aly lines a re  n o t alw ays uniform , as 
show n in F igure  1, b u t m ay  com m only be ir 
regu la r o r curved . Since determ ination  of 
values fo r iSj and  S2 w ill alw ays allow  an  az i
m u th  to  be calculated , little  significance can 
be a tta ch ed  to  a n y  single az im u th  value. I t  
is only from  th e  resu lts of m an y  such determ i
na tions th a t  conclusions can have valid ity . 
Raff [1962] discusses th e  use of real and  m odel 
h istogram s to  a id  in th e  in te rp re ta tio n  of azi
m u th  determ inations.

F o rty -e ig h t az im uths w ere determ ined  in th e  
period  M ay  26 to  M ay  28, 1964, along a  course

betw een a po in t lying im m ediately  n o rth eas t 
of th e  Seychelles bank  and  a  p o in t on th e  
eq u a to r a t  62 °E , n o rth eas t of w hich th e  m ag
netic  anom alies have low er am plitudes and  
sh o rte r  w avelengths (F igures 2 an d  3 ), as 
show n by  profiles obtained  on H .M .S . Owen 
in 1962.

T he  azim uth  frequency in  bearing  in tervals 
of 10° is shown in th e  rose d iag ram  of F igure
2. Seventy-five p e r cen t of all th e  az im uths fall 
betw een N 30°W  and  N 80°W , w ith  a  m ean a t  
N 65°W . O ut of 20 pairs of az im uths obtained 
from  ad jacen t com ers of th e  sh o r t right-angle 
legs, only  4 pairs have azim uths w hich differ by  
m ore th a n  10° from  each o ther. These pairs  
w ere generally  those ob tained  w hen th e  ship 
tu rn e d  too  la te , th a t  is, a f te r  th e  region of 
m axim um  slope h ad  been traversed .

G e o l o g i c  S e t t i n g  a n d  C o m p i l e d  

M a g n e t i c  D a t a

T he general n a tu re  of th e  sea b o tto m  is sug
gested  b y  th e  ba thym etric  profile of F igure 3. 
F a ir ly  level te rra in  ranging in d ep th  from  4000 
m  to  n early  4600 m  (2200-2500 fa thom s), no t 
corrected  for varia tion  in sound velocity  w ith  
d ep th , is in te rru p ted  b y  sca tte red  abyssal hills. 
T hese hills a re  com m only tens o f m eters, and
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FREQUENCY OF MAGNETIC AZIMUTHS 
000-010 X 010-0X0 9020-090 3030-040 I 040-000 0090-000 I 040-070 1070-000 O

Fig. 2. T rack of R.V. Chain and location of azim uth determ inations. L etters are for ref
erence to  profile shown in Figure 3. Rose diagram shows distribution of azim uth of iso
anom aly lines.

m ore ra re ly  several hund reds of m eters, high, 
th e  h ighest rising to  ab o u t 3100 m . Several 
p lains occur along th e  sh ip ’s t r a c k ; these á re  
generally  n o t ho rizon ta l b u t have gentle u n i
form  d ip  o r d ip  aw ay in  b o th  d irections from  
a cen tra l high area.

T he  seismic reflection, profiling records reveal 
acoustic reflectors below th e  f la tte r  p a r ts  of th e  
sea bo ttom  (F igure 3 ) . T he  deepest reflectors 
lie ab o u t 0.25 to  0.65 sec (tw o-w ay tra v e l tim e) 
below th e  sea bo ttom . G aps in  th e  reco rd  a re  
m ostly  due to  techn ica l difficulties. I n  several 
places th e  sub -bo ttom  reflectors rise close to  
th e  sea bo ttom , an d  th e y  ap p e a r  to  fo rm  a t  
least some of th e  abyssal hills. T he  seismic 
reflection profiles reveal no  pronounced  s tru c 
tu ra l differences betw een th e  a rea  of large m ag
netic  anom alies an d  th e  a re a  of sm aller anom a
lies to  th e  w est.

T he  s trong  m agnetic  anom alies discussed 
above occur as a  d is tinc tive  group . A  sim ilar 
d is tin c tiv e  g roup  of anom alies w as observed b y  
Owen ab o u t 700 k m  to  th e  no rth w es t EHydrog- 
rapher, 1963]. T h e  heav y  dashed lines in 
F igure  4 ind ica te  th e  lim its of a  b e lt of strong  
m agnetic anom alies in ferred  from  th e  tw o  m ag
netic  profiles from  th e  1962 cruise o f Owen.

Also show n are  trends of anom alies ob ta ined  by 
correlating  in form ation  from  profiles A-A', and  
B-B', an d  from  G-C' a n d  D-D'. F igure  5 r e 
p roduces th e  profiles ob tained  during  cruises 
of Owen, 1962-1963 [Anonymous, 1964a] an d  
Discovery 1963 [Anonymous, 19646]. T he  m ag
netic  az im u th  lines given in  F igure  2 a re  re 
p ea ted  in F igure 4. A  m agnetic su rv ey  (90 X 
75 k m ) over th e  cen tra l p a r t  of th e  C arlsberg  
ridge (H .M .S . Owen in  N ovem ber 1962 [Vine 
and Matthews, 1963; Matthews et al., 1965]) 
is indicated  b y  ru led  lines. M atthew s e t  al. 
re p o r t th a t  th e  to p o g rap h y  an d  m agnetic 
anom alies th e re  a re  generally  elongated  paralle l 
to  th e  tre n d  of th e  C arlsberg  ridge (N 4 5 °W ). 
T he  sou thern  p a r t  of th e ir  m agnetic m ap  [Mat
thews et al., 1965, F igure 4] shows th e  m ag
netic  anom alies to  tren d  ab o u t N 45° to  60°W.

D i s c u s s i o n

T he d a ta  p resen ted  in  F igures 2 an d  4 
strong ly  suggest th a t  a  m agnetic  lineation  
trend ing  betw een N 55°W  and  N 65°W  exists 
betw een th e  C arlsberg  ridge and  th e  Seychelles 
b an k  over an  a rea  of a t  least 600,000 km 1. 
T he  tren d s of th e  C arlsberg  an d  th e  Seychelles- 
Saya de M alha  ridges, w hich b o rder th e  line-
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a ted  area , a re  close to  N 45°W  according to  th e  
P hysiographic  D iag ram  of th e  In d ian  O cean of 
Heezen and Tharp [1964].

T h ere  ap p ea rs  to  be a  d is tinc t difference be
tw een th e  regional tren d s  of th e  topog raphy  
of th e  tw o bordering  ridges an d  th a t  o f th é  
m agnetic  anom alies, a lthough  th e  tren d s  a re  
sim ilar. T h e  significance of th is difference in  
tren d , if  real, is unknow n, a s  is th e  n a tu re  and  
origin of th e  source of th e  m agnetic  anom alies. 
T h e re  is a  possib ility  th a t ,  if th e  m agnetization  
(e ither induced o r rem anen t) of th e  source is 
paralle l to  the- cu rren t geom agnetic vec to r and  
of a p p ro p r ia te  dim ensions, th e  source m igh t 
tren d  n e a r  N 45°W  b u t th e  isoanom aly lines 
w ould tren d  closer to  N 5 5 “ to  65°W  (F igures 
A30 and  A36 of Vacqmer et al. [1951] help  to  
illu s tra te  th is  possib ility ). Vine and Matthews 
[1963] po stu la te  th a t  th e  strong  m agnetic 
anom alies resu lt from  a lte rn a tin g  norm ally  and  
reversely m agnetized s tr ip s  of th e  c ru s t (us
ually  ab o u t 20 km  w ide). Such s tr ip s  w ould 
have  large a p p a re n t suscep tib ility  con trasts  
and  w ould explain th e  anom alies w ith o u t th e  
necessity  o f assum ing unusual m agnetic  p ro p 
erties of th e  c ru s ta l rocks. I n  th e  cen tra l p a r t  
of th e  C arlsberg  ridge, V ine a n d  M atthew s 
found  th a t  topog raph ic  fea tu res w ere a t  least 
p a r tly  responsible fo r th e  m agnetic  anom alies. 
T hey  assum ed a  th ickness of 8 km  fo r th e  m ag
netic crusta l m ateria l in  th e ir  com pu ter m odels

w hich reproduced  th e  m a jo r anom aly  p a tte rn  
fo r th e  C arlsberg  ridge.

Southw est of th e  C arlsberg  ridge in th e  rela
tive ly  sm ooth topog raphy  of th e  eastern  Somali 
basin (F igure 3) th e re  is litt le  correspondence 
betw een b a th y m etry  and  th e  large m agnetic 
anom alies. T he m agnetic suscep tib ility  of sedi
m en ta ry  rocks is very  sm all com pared w ith  
comm on values fo r basic igneous, acidic igneous, 
and  m etam orphic  rocks [Dobrin, 1960 p . 270], 
an d  there fo re  th e  bo ttom  sedim ents a re  n o t b e 
lieved to  be th e  m agnetic source. Since th ere  
is no obvious correlation  betw een th e  anom alies 
and  th e  deepest sub-bo ttom  reflector observed 
on th e  continuous seismic profile (F igure  3 ), 
no clue is given by  these records as to  w hether 
th e  m ateria l im m ediately  below these reflection 
surfaces is th e  m agnetic source. Loncarevic 
[1964, p . 45] concluded th a t  th e  source of 
th e  m agnetic anom alies is ab o u t 25 km  deep, 
and  therefo re  it  is in  th e  u p p e r m an tle  below 
th e  base of th e  crust, assum ing th a t  th e  d ep th  
to  th e  m agnetic m ateria l is roughly  equal to  
th e  half-w idth  of th e  anom aly.

T he  discovery of a large a rea  hav ing  a  m ag
netic  lineation  in  th e  w estern In d ian  O cean s tirs  
hope th a t  an  im p o rtan t k ey  to  th e  s tru c tu re  
and  geologic h is to ry  of th is  region has been 
found. I t  is im p o rtan t to  ascerta in  w h a t h ap 
pens to  th is lineation to  th e  east, w here th e  
C arlsberg  ridge trends nearly  due sou th . Does
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A B YSSA L H I L L S  ON 
SOUTHWEST FL A H K  
OF C ARLSBERG  RIDGÈ
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Fig. 3. Profile of to ta l magnetic intensity, bathym etry , and sub-bottom  reflections along 
track  of E.V. Chain. Location of profile given in  Figure 2..

!__

Fig. 4. M agnetic lineations betw een Carlsberg ridge and  Seychelles bank. Area investi
gated by  Vine and Matthews [19631 and  Matthews et al. [19651 indicated by ruled lines. 
L ettered  magnetic profiles are shown in  Figure 5. Discussion in  text.
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Fig. 5. Magnetic profiles determined aboard R.R.S. Discovery and H.M.S. Owen. Location
of profiles given in Figure 4.

the magnetic lineament cross the ridge, disap
pear, change direction, or maybe even appear 
on the opposite side of the ridge? To the west 
the lineament pattern may be helpful in de
termining displacement on the Owen fracture 
zone [Heezen and Tharp, 1964] and its possi
ble continuation southward. The magnetic 
trends shown in Figure 4 suggest that the 
lineation may also occur on the western side 
of the Seychelles bank and thereby furnish clues 
concerning the setting of this Precambrian 
granitic platform.
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Über rezente Sedimentation im Indischen Ozean, 
ihre Bedeutung für die Entstehung kohlenwasserstoffhaltiger Sedimente

E rs te r  Ü berblick*)
(Vorausbericht aus den „Meteor“-Forschungsberichten, Expedition 1964/1965 in den Indischen Ozean)

Von Wolfgang Schott und Ulrich von Stackeiberg **)
Vorgetragen von W . Schott a u f der 17. Jahrestagung der Deutschen Gesellschaft für Minerdtölwissenschafi und  Kohlechemie

in  Hannover, am  7. Oktober 1965

Z usam m enfassung : Der Stand der Kenntnis über Auftreten 
von Kohlenwasserstoffen in rezenten Sedimenten wird in einem 
Überblick beschrieben. Es zeigt sich, daß die Kohlenwasserstoffe 
in rezenten Sedimenten und im Erdöl fossiler Sedimente in ihrer 
Zusammensetzung voneinander abweichen.
Ziel der meeresgeologischen Arbeiten während der Expedition des 
deutschen Forschungsschiffes „Meteor“ in den Indischen Ozean 
(1964/1965) war es, u. a. die Bedingungen der Ablagerung, Er
haltung und Umwandlung der organischen Substanz im marinen 
Sediment zu untersuchen. Als erster vorläufiger Überblick werden 
2 Karten über die Sedimentverteilung auf dem Meeresboden vor 
der ostafrikanischen und der indisch-pakistanischen Küste vor
gelegt und diskutiert. Beide Gebiete weisen eine ähnliche Sedi
mentverteilung mit einer deutlichen Abhängigkeit der Fazies von 
der Meerestiefe auf. Von besonderem Interesse ist ein biogener 
Kalksand, der den größten Teil des Scbelfes beider Bereiche be
deckt. Es handelt sich hierbei wohl z. T. um pleistozäne Ab
lagerungen.
R ecen t se d im e n ta tio n  in  th e  In d ian  O cean, i ts  s ig n if i
cance fo r th e  o rig in  of h y d rocarbonaceous sed im en ts : 
The state 'of knowledge on the occurence of hydrocarbons in 
recent sediments is described briefly. I t is shown that the com
position of the hydrocarbons in recent sediments and in the 
petroleum of fossil sediments differ from each other.
The object of the marine geological work during the expedition 
of the German research ship „Meteor“ -in the Indian Ocean in 
1964/65 was, amongst other things, to investigate the conditions 
of deposition, preservation, and transformation of the organic 
matter in the marine sediment. As a first preliminary summitry, 
two maps showing the distribution of sediments of the sea floor 
off the East African and Indian-Pakistan coast are displayed and 
dicussed. Both areas show a similar distribution of sediments 
with a clear dependence of the facies on the water depth. A 
biogenic calcareous sand which covers the main part of the shelf 
of both areas is of special interest. Part of this sand is supposed 
to be a pleistocene deposit.

Einleitung
Erdöllagerstätten sind vorwiegend in marinen, brackischen 
und limnischen fossilen Sedimenten vorhanden. Dabei finden 
sich die meisten Vorkommen in marinen Ablagerungen. Von 
der organischen Substanz dieser fossilen Sedimente wird im 
allgemeinen das Erdöl abgeleitet. Erdölähnliche Kohlen
wasserstoffgemische sind nämlich, wenn auch in geringen 
diffusen Spuren, in Sedimentgesteinen als Mikrönaphtha weit 
verbreitet1,2-3).
Diese Erkenntnisse haben in den letzten Jahren zu einer 
intensiven Untersuchung des organischen Inhaltes rezenter 
Sedimente geführt. Man hofft, auf diese Weise weitere Anhalts
punkte über die Bildung von öl und Gas und über ihre An

*) Eine kürzere Fassung dieser. Ausarbeitung ist in englischer 
Sprache unter dem Titel „Recent sedimentation in the Indian 
Ocean, its significance for the origin of bydrocarbonaceous 
sediments (First review)“ auf dem Third Symposium on the 
Development of Petroleum Resources of Asia and the Far 
East, November 1965, in Tokio (Japan) vorgelegt worden und 
wird später von den Vereinten Nationen in den Proceedings 
dieses Symposiums veröffentlicht werden.

**)Anschrift: Professor Dr. W. Schott, Dr. U. von Stackeiberg, 
Bundesanstalt für Bodenforschung, Hannover-Buchholz, 
Alfred - Bentz - Haus.

*) K . Krejci-G raf, Diagnostik der Herkunft des Erdöls. Erdöl u. 
Kohle 12, 706/12, 805/16 [1969],

> )-------, Mikronaphtha und Entstehung des Erdöls. Mitt. geol.
Ges. Wien, Bd. 63, S. 133/76. Wien 1960.

*) N . B . Wassojewitsch, Probleme der Erdölgenese. Z. angew. 
Geologie 4, 512/16 [1968],

reicherung zu Lagerstätten in der Lithosphäre während der 
geologischen Vergangenheit erhalten zu können.
Smith4J) hat flüssige Paraffine, Naphthene und verschiedene 
aromatische Kohlenwasserstoffe in rezenten marinen, bracki
schen und limnischen Sedimenten nachgewiesen. Das Material, 
das Smith untersuchte, stammte vorwiegend aus dem Golf 
von Mexico, üen Lagunen und Küstengebieten von Texas und 
Louisiana, dem Mississippi- und Orinoco-Delta sowie von dem 
californischen Schelf westlich von Los Angeles. Die Zu
sammensetzung dieser Kohlenwasserstoffansammlungen in 
rezenten Sedimenten stimmt nicht mit der des Erdöls überein. 
So konnte Hanf6) in rezenten Ablagerungen keine C3- bis 
C8-Kohlenwasserstoffe feststellen, während sie in fossilen 
Sedimenten vorhanden sind (I.e., S.406). Nach Stevens, Bray
u. Evans7) enthalten ferner die Kohlenwasserstoffe rezenter 
Ablagerungen eine relativ einfache Mischung aromatischer 
Komponenten im Vergleich zu der komplizierten Zusammen
setzung im Erdöl.
Nach Redherf) können daher wegen dieser Unterschiede die 
flüssigen Kohlenwasserstoffe heutiger Sedimente noch nicht 
zur Gruppe der Erdöle gerechnet werden (1. c., S. 1762). 
Weitere Veränderungen und Umwandlungen der organischen 
Substanz und der beobachteten Kohlenwasserstoffe rezenter 
Ablagerungen werden im Laufe der Zeit erfolgt sein müssen, 
bis daraus Erdöl entstanden ist, so wie es in fossilen Gesteinen 
vorkommt.
Viele zusätzliche Arbeiten werden somit noch erforderlich sein, 
um ein lückenloses Bild der Entwicklungsreihe von den Orga
nismen im Wasserraum über die organische Substanz in re
zenten Sedimenten bis zum Erdöl zu erhalten. Die Unter
suchungen heutiger Ablagerungen, die im Bahmen der in
tensiven ozeahögraphischen Tätigkeit in allen Meeren während 
der letzten Jahre verstärkt eingesetzt haben, werden dabei 
zweifellos wertvolle Anhaltspunkte über Herkunft und An
sammlung von Erdöl in fossilen Ablagerungen erbringen 
können. So dürften sich für das große erdölreiche Tertiärbecken 
von Los Angeles wichtige Erkenntnisse aus der eingehenden 
Bearbeitung des angrenzenden californischen Schelfes durch 
Emery7) ergeben haben, der hier ein Gebiet heutiger Erdöl
bildung sieht. Infrarotspektren der Paraffin-/Naphthen- und 
der aromatischen Fraktion aus den rezenten Sedimenten des 
dortigen Schelfgebietes sind nämlich den entsprechenden 
Spektren eines pliozänen Erdöls aus dem Los Angeles-Becken 
sehr ähnlich.

4) P. V. Sm ith , Preliminary note on origin of. petroleum. Bull.
Amer. Assoc. Petroleum Geologists 36, 411/13 [1952], 

s)  , Studies on origin of petroleum: OccurenceB of hydro
carbons in recent sediments. Bull.'Amer. Assoc. Petroleum 
Geologists 38, 377/404 [1954],

•) J .  M . H u n t, Geochemical data on organic matter in sediments. 
Wiss. Tagung für Erdölbergbau. Vorträge der III. Internatio
nalen Wissenschaftlichen Konferenz für Geochemie, Mikro
biologie und Erdölchemie, Bd. I, Geochemie und Mikrobio
logie, S. 394/412. Budapest 1963.

' 7) U. P. Stevens, E . E , Bray u. E . D. E vans , Hydrocarbons in 
sediments of Gulf of Mexico. Bull. Amer. Assoc. Petroleum 
Geologists 4«, 975/83 [1956],

■) H . D. Heiberg, Geologic aspects of origin of petroleum. Bulk 
Amer. Assoc. Petroleum Geologists 48, 1757/1803 [1964].

*) K . O. Em ery, The Sea off Southern California. A modem 
habitat of petroleum. 366 Seiten. New York-London 1960.
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Sedimentation im Indischen Ozean
Die letzte, neu bearbeitete Übersichtskarte über die Sediment- 
Verteilung im gesamten Indischen Ozean ist vor 30 Jahren 
veröffentlicht worden10111). Hierbei wurden vor allem Ver
breitung, Ausbildung und Entstehung der Tiefsee-Sedimente 
besprochen, die den größten Teil des Meeresbodens im Indi
schen Ozean bedecken12). '
Der Indische Ozean, der ein Siebentel der Erdoberfläche ein
nimmt, ist von allen Weltmeeren bisher am wenigsten er
forscht. Deshalb wird z. Z. eine intensive ozeanographische 
und damit auch meeresgeologische Bearbeitung- dieses Ozeans 
im Rahmen der Internationalen Indischen-Ozean-Expedition, 
die von September 1959 bis Ende 1965 dauert, durchgeführt. 
40 Forschungsschiffe mit Wissenschaftlern aus mehr als 
20 Ländern sind an dieser Zusammenarbeit beteiligt. Die 
Bundesrepublik Deutschland hat für diesen Zweck vom 
29. Oktober 1964 bis 18. Mai 1965 das neue deutsche For
schungsschiff „Meteor“ in den Indischen Ozean entsandt13). 
Hauptzweck der Reise war neben Arbeiten im Roten Meer, im 
Golf von Aden und im Persischen Golf eine intensive Unter
suchung der Meeresregionen vor der ostafrikanischen Küste 
zwischen Kap Guardafui und Mombasa sowie vor der indisch
pakistanischen Küste zwischen Cochin und Karachi. Auf 13 
Profilen, die von der Küste bis in die Tiefsee. des Somali- 
Beckens bzw. des Arabischen Beckens hinabreichten, wurden 
Sedimentproben vom Meeresboden entnommen. Im Anschluß 
an die Fahrten der „Meteor“ im Arabischen Meer erfolgte im 
Rahmen einer deutsch-pakistanischen Zusammenarbeit noch 
eine spezielle Bearbeitung der Sedimente im Bereich der 
Indus-Mündung. Für die Untersuchung stehen Sediment
proben von 150 Stationen aus dem Arabischen Meer zur 
Verfügung; sie wurden mit dem Kolbenlot, Schwerelot, van 
Veen-Greifer, Kastengreifer oder mit dem Kuttertrawl ge
wonnen.
Ziel der meeresgeologischen Arbeiten im Arabischen Meer ist 
es, einen Überblick über den Fazieswechsel der Sedimente von 
der Küste bis in die Tiefsee zu erhalten und die dort herrschen
den Sedimentationsbedingungen zu erfassen. Ferner sollen die 
diagenetischen Veränderungen der organischen und anorga
nischen Komponenten der Ablagerungen in den bis zu 5 m 
langen Sedimentkernen untersucht werden. Außerdem soll 
versucht werden zu klären, wo vor allem die feinste Trübe 
des Induswassers auf dem Meeresboden des Arabischen 
Beckens sedimentiert wird.
Diese Ziele können erst nach einer detaillierten Untersuchung 
des gewonnenen Sedimentmaterials erreicht werden. Gegen
wärtig kann nur eine erste allgemeine Übersicht über die 
Sedimentverteilung auf dem heutigen Meeresboden beider 
Küstenregionen gegeben werden.

Sedim ente  vor der o s ta frik an isch en  K üste  
In den Ablagerungen vor der ostafrikanischen Küste lassen 
sich 5 Faziesbereiche unterscheiden, die sich etwa parallel

10) W. Schott, Die Bodenbedeckung des Indischen und Stillen 
Ozeans, ln: G. Schott, Geographie des Indischen und Stillen 
Ozeans, S. 109/22. Hamburg 1935.

M)  , Deep-sea sediments of the Indian Ocean. In: Recent
Marine Sediments, a Symposium, edited by P . D . Trash, 
S. 396/408. Published by Amer. Assoc. Petroleum Geologists, 
Tulsa 1939 ; reprinted by Soc. econ. Paleontologists Mineralo
gists, spec. Publ. Nr. 4, Tulsa 1965.

w) ------ , Rezente Tiefseesedimente in ihrer Abhängigkeit vom
Ozeanwasser. Festschrift zum 60. Geburtstag von Hans Stille, 
S. 428/37. Stuttgart 1936. 

l*) G. Dietrich, Die Internationale Indische Ozean-Expedition. — 
Die Erde 9«, Nr. 1, 6/20 [1965], —
Die .Organisation und Durchführung dieses deutschen Bei
trages zu der Internationalen Indischen-Ozean-Expedition lag 
in den Händen der Deutschen Forschungsgemeinschaft:
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zur Küste anordnen. Von der Tiefsee in Richtung zur Küste 
sind folgende Sedimente beobachtet worden (s. Abb. 1): 
T iefseeton
In größeren Tiefen des Somalibeckens ist ein rotbrauner Ton 
mit wechselndem Gehalt an pelagischen Foraminiferen vor
handen. Er wurde in Tiefen zwischen 4130 und 5050 m 
gefunden.
G lobigerinenschlam m
Anschließend an den Tiefseeton ist in Tiefen zwischen 1670 
und 4610 m bis an den Fuß des Kontinentalabhanges Globige
rinenschlamm beobachtet worden.
F o ram in iferensand
östlich von Mombasa und Obbia sowie südlich der Insel 
Sokotra treten am Kontinentalabhang zwischen 700 und 
1710 m olivgraue Foraminiferensande auf. Pelagische Fora
miniferen der Familie Globigerinidae herrschen darin vor.
O livg rauer Schlick
Der obere Teil des Kontinentalabhanges wird zwischen 540 
und 980 m vorwiegend von olivgrauem Schlick mit unter
schiedlichem Gehalt an pelagischen Foraminiferen einge
nommen ; stellenweise geht der Schlick seitlich aus dem Fora
miniferensand hervor.
B iogener K alksand
Riffschutt bildet den wesentlichen Anteil eines hellbraunen 
bis (flivbraunen Kalksandes, der vorwiegend den schmalen 
Schelf vor der ostafrikanischen Küste zu bedecken scheint, 
aber auch am Kontinentalabhang in 650 m Tiefe gefunden 
wurde. Die flachste Station, die Kalksand lieferte, lag bei 
30 m Wassertiefe. In einigen Proben ist ein Teil der Kalk
partikeln leicht abgerollt und von einer Glasur überzogen. 
Quarz, Glimmer und Glaukonit treten oft in wechselnder 
Menge auf. Mit dem Kuttertrawl wurden an einigen Stellen 
im Bereich der biogenen Kalksandfazies große verfestigte Riff
kalkbrocken gewonnen.

Sedim ente vor der in d isch -p ak istan isch en  K üste  
7 Faziesbereiche, deren Grenzen — wie in der ostafrikanischen 
Region — mehr oder weniger der Küste parallel verlaufen, 
sind in den Sedimenten von der Tiefsee in Richtung zur Küste 
festgestellt worden (s. Abb. 2):
G lobigerinenschlam m
Gelblichbrauner Globigerinenschlamm bedeckt in einem 
Tiefenbereich von 1730 bis 3670 m den küstenfernen Meeres
boden.
G rauer Schlick
Der untere Teil des Kontinentalabhanges zwischen 1920 und 
2980 m wird von einem grauen Schlick eingenommen, der zu 
den hemipelagischen Sedimenten gehört und im Vergleich 
zum Globigerinenschlamm mengenmäßig weniger pelagische 
Foraminiferen enthält. Auf der Höhe von Bombay, wo der 
Kontinentalabhang verhältnismäßig steil ist, konnte dieser 
graue Schlick nicht nachgewiesen werden. Hier scheint 
Globigerinenschlamm direkt an die nächste Fazieszoue zu 
grenzen.
O livg rauer Schlick
Den oberen Teil des Kontinentalabhanges bedeckt ein Oliv
grauer Schlick, in dem, ähnlich wie beim grauen Schlick, nur 
relativ wenige pelagische Foraminiferen vorhanden sind. Er 
fand sich in Tiefen zwischen 220 und 2070 m.
F o ram in ife ren san d
Westlich von Cochin tritt am Schelfrand in 210 m Tiefe ein 
von dunkelolivbraunem Schlick durchsetzter Foraminiferen-
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Abb. 1. Sedimentverteilung auf dem Meeresboden vor der ostafrikanischen Küste
sand auf. Er besteht vorwiegend aus pelagischen Foraminiferen 
der Familie Globigerinidae.
B iogener K alksand
Im Tiefenbereich von 70 bis 200 m ist ein Kalksand, vermischt 
mit einer geringen Menge olivgrauen Schlickes, beobachtet 
worden. Der Kalksand läßt sich in zwei deutlich unterscheid
bare Komponenten aufteilen. Die eine setzt sich vorwiegend 
aus einer guterhalteoen pelagischen Foraminiferenfauna zu
sammen. Die andere besteht aus abgerollten Bruchstücken 
dickschaliger Schnecken und Muscheln sowie benthonischer 
Foraminiferen. Die Bruchstücke sind häufig von einer Glasur 
überzogen. Charakteristisch für diese Komponente ist außer

dem ein oft erheblicher Anteil kugeliger bzw. länglicher Kalk
körper, die mindestens zu einem Teil Koprolithen sein werden. 
Die Kalkkörper zeigen verschiedentlich eine mehrschichtige 
Glasur. Ob es sich hierbei um beginnende Ooldbildung han
delt, muß erst noch untersucht werden. Stets ist im Kalksand 
ein gewisser Prozentsatz an Quarzkömern vorhanden, in 
zahlreichen Sedimentproben findet sich auch Glaukonit. 
G rauer bis o liv b ra u n er Schlick  
An die biogene Kalksandzone schließt sich küstenwärts grauer 
bis olivbrauner Schlick an. Er tritt in Tiefen zwischen 30 und 
90 m auf. Hierin finden sich auf Grund erster Untersuchungen 
häufig Flachwasserforaminiferen der Gattung Ammonia sowie
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Abb. 2. Sedimentverteilung auf dem Meeresboden vor der indisch-pakistanischen Küste
Diatomeen und eingeschwemmte Reste von Landpflanzen. 
Pelagische Foraminiferen sind selten.
K üsten san d
über die Faziesausbildung in Strandnähe können Angaben 
nur aus dem genauer untersuchten pakistanischen Küsten
gebiet gemacht werden. Entlang der Küste sind hier bis zu 
einer Befe von etwa 30 m graue, z. T. sehr glimmerreiche 
Quarzfeinsande vorhanden. Glimmerreiche Quarzsande, ver
mengt mit biogenem Material, wurden außerdem westlich 
von Cochin in 50 m Wassertiefe angetroffen.

V ergleich  der Sedim ente  b e id e r M eeresregionen - 
Die Sedimente der beiden Meeresregionen zeigen im großen 
und ganzen recht ähnliche Faziesverhältnisse. Die Sediment
typen sind mehr oder weniger an bestimmte Meerestiefen 
gebunden.

Tiefseeton, wie er im tieferen Teil des Somali-Beckens an
getroffen wurde, fehlt in den Profilen der indisch-pakista
nischen Region. Die Meerestiefen sind hier zu gering, Glo
bigerinenschlamm reicht in beiden Gebieten etwa bis an den 
Fuß des Kontinentalabhanges. Foraminiferensande finden sich 
an mehreren Stellen des ostafrikanischen Kontinentalabhanges 
in einem Tiefenbereich von 700 bis 1710 m. Ein ähnliches 
Sediment wurde in der indisch-pakistanischen Küstenregion 
nur westlich von Cochin am Schelfrand bei 210 m, also in 
geringeren Meerestiefen, beobachtet. Ob das häufigere Auf
treten von Foraminiferensand im Bereich des ostafrikanischen 
Kontinentalabhanges etwa dadurch verursacht worden ist, 
daß ein stärkerer Bodenstrom die Ablagerung der feinen toni- 
gen Trübe verhindert, muß noch näher untersucht werden. 
Der obere Teil des Kontinentalabhanges wird in beiden 
Regionen meist von olivgrauem Schlick eingenommen. Da der
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ostafrikanische Kontinentalabhang i. allg. steiler ist als der 
indisch-pakistanische, ist der olivgraue Schlick , vor Ostafrika 
nur auf einen sehr schmalen Streifen beschränkt, während er 
vor Indien und Pakistan einen wesentlich breiteren Raum 
einninunt.
Große Unterschiede in ihrer Zusammensetzung und Ver
breitung zeigen die biogenen Kalksande beider Regionen. Auf 
der ostafrikanischen Seite, zieht sich ein schmaler Streifen 
dieses biogenen Sandes, der überwiegend aus Riffschutt be
steht, entlang der Küste, der an einigen Stellen Riffe vor
gelagert sind. Diese Kalksandzone scheint bis dicht unter die 
Küste zu reichen. Ihre Breite ist gering, da bereits wenige 
Seemeilen östlich der Küste der Meeresboden zur Tiefsee 
abfällt. Auf der indisch-pakistanischen Seite ist der Schelf 
dagegen wesentlich breiter; der biogene Kalksand nimmt 
deshalb bei Meerestiefen von 70 bis 200 m eine größere Fläche 
ein. Das-starke Auftreten von abgerollten Bruchstücken bio
genen Materials, von Koprolithen sowie fraglichen Ooiden ist 
für ihn charakteristisch. In Richtung zur Küste geht der 
biogene Kalksand in einen Flachwasserschlick über. Äqui
valente dieses Schlickes konnten auf dem ostafrikanischen 
Schelf nicht gefunden werden.
Die biogenen Kalksande werfen hinsichtlich ihres Alters und 
ihrer Entstehung eine Reihe interessanter Fragen auf, die 
jedoch vorerst offen bleiben müssen, da die Untersuchung des 
Probenmaterials erst im Anfang steht. Die im Kalksand ge
fundenen abgerollten Bruchstücke biogenen Materials auf dem 
indisch-pakistanischen Schelf und die großen verfestigten Riff
kalkbrocken vor der ostafrikanischen Küste sind höchst
wahrscheinlich nicht rezent, sondern haben pleistozänes Alter.
Subba Rao**) erwähnt von der indischen Schelfregion des 
Golfes von Bengalen „calcareous oolitic sands“ , die den bio
genen Kalksanden, besonders der indisch-pakistanischen 
Region, in Zusammensetzung und geographischer Position 
stark ähneln. Er nimmt an, daß es sich hierbei um strandnahe 
pleistozäne Sedimente handelt, die durch die Meeresspiegel
hebung nach der Eiszeit versenkt wurden. Das Fehlen einer 
Bedeckung mit rezenten Sedimenten erklärt er durch küsten
parallele Meeresströmungen.
Stetsonu ) hat schon 1938 das Auftreten von gröberem Material 
in küstenferneren Sedimenten am Schelfrand vor der Ostküste 
der Vereinigten Staaten in derselben Weise wie Subía Rao 
gedeutet.
Nach der ersten Durchsicht der Sedimentproben liegen somit 
auf dem ostafrikanischen und indisch-pakistanischen Schelf 
ähnliche Verhältnisse vor wie im Golf von Bengalen vor der 
Ostküste Indiens bzw. in den südlichen Teilen des nord
amerikanischen atlantischen Schelfes.

SehluSbemerkungen
Vor allem Beobachtungen in rezenten Flachwassergebieten 
können Beiträge zur Lösung mancher erdölgeologischer Pro
bleme in fossilen Sedimenten liefern. Die Verteilung des or
ganischen Materials im Wasser und im Sediment spielt dabei 
eine besonders wichtige Rolle.
Phytoplankton, vorwiegend Diatomeen, sind die Haupt
produzenten der organischen Materie im Oberilächenwasser 
der heutigen Ozeane. In verschiedenen Meeresräumen, u. a.

■*) M. Subba Sao, Some aspects of Continental Shelf sediments 
off the East coast of India. Marine Geology I, Nr. 1, 59/67 
[1964],

u ) H. C. Stetson, The sediments of the Continental Shelf off the 
Eastern coast of the United States. Papers in Physical Oceano
graphy and Meteorology, published by Massachusetts Institute 
of Technology and Woods Hole Oceanographic Institution, 
Vol. V, Nr. 4, S. 1/48. Cambridge und Woods Hole 1938.

in der indisch-pakistanischen Küstenregion des Arabischen 
Meeres, beobachtet man eine starke Verbreitung des pflanz
lichen Planktons1*). Dabei zeigen Gebiete mit aufquellendem 
kaltem Tiefenwasser eine besonders intensive Entwicklung des 
Phythoplanktons, da das aufquellende Wasser viele Nähr
stoffe, wie Phosphate, Nitrate und Silicate, enthält.
Das organische Material, das nach dem Absterben der Orga
nismen auf den Meeresboden absinkt, kann dort nur bei einer 
gleichzeitigen verhältnismäßig schnellen Sedimentation von 
anorganischem Material bzw. bei Anwesenheit von 0 2-armem 
oder -freiem Bodenwasser erhalten bleiben. Solche Verhältnisse 
können an tieferen Teilen des Kontinentalabhanges und in 
Spezialrinnen und -senken innerhalb des Schelfes auftreten*).
Für die Frage einer etwaigen Bildung von Kohlenwasserstoffen 
aus dem organischen Material ist daher die Bearbeitung der 
Sedimente am Kontinentalabhang und auf dem Schelf vor 
allem wichtig. Günstig liegen in dieser Beziehung die Verhält
nisse auf der indisch-pakistanischen Seite, da hier der Schelf 
verhältnismäßig breit ist (stellenweise über 300 km) und der 
Indus erhebliche Sedimentmassen ins Meer verfrachtet. West
lich von Bombay wurden am Kontinentalabhang bei Tiefen 
von 480 und 890' m in einem grauen Schlick Gase von un
angenehmem fauligem Geruch beobachtet. Diese Gasbildung 
ist wahrscheinlich auf die Zersetzung von organischem Material 
zurückzuführen. Ob unter den Zersetzungsprodukten auch 
gasförmige Kohlenwasserstoffe sind, wie sie z. B. Weber u. 
Tmkeljtaub17) in rezenten Lagunen-Sedimenten des Asow- 
schen Meeres sowie in Ablagerungen des Schwarzen und 
Kaspischen Meeres gefunden haben, muß noch untersucht 
werden.
Die Sedimente im Gebiet nordwestlich von Bombay unter 
dem 20. Grad nördlicher Breite sind von besonderem Interesse, 
wenn man in die jüngere geologische Vergangenheit des 
Indischen Ozeans zurückgeht. Nach den großen basaltischen 
Ergüssen des Dekhantrapps (Kreide—Paläozän) ist während 
des Eozäns das Meer aus diesem Raum im Zuge der großen 
Transgressionen gegen das indische Gondwanaland über den 
heutigen Golf von Cambay nach Norden bis weit über die 
Stadt Ahmadabad vorgestoßen. Dieser Transgression des 
tertiären Indischen Ozeans ist die Entstehung der dortigen 
Erdölprovinz zu verdanken (Abb. 2). Mehr als 2000 m tertiäre 
Sedimente marinen und brackischen bis lagunären Ursprungs 
bzw. von Deltaschüttungen sind in dieser Erdölprovinz ab
gelagert worden18-1*'20). Der Fund von Asphalt in Hohlräumen 
des Dekhanbasaltes bei Bombay zeigt, daß Erdölbildung in 
der Küstenregion des tertiären Indischen Ozeans am Rande 
des Indischen Kontinents nicht nur auf diese Erdölprovinz 
von Cambay beschränkt war21). Im Offshoregebiet des Golfes 
von Cambay werden daher seit 1963 von der Oil and Natural

u) K. O. Emery, Oceanographic factors in accumulation of pe
troleum. Proc. 6th Wld. Petroleum Congr., Sect. I, S. 483/91 
(Fig. 2). Hamburg 1964.

•') R’. W. Weber u. N. M. Turkeljtaub, Die BUdung gasförmiger 
Kohlenwasserstoffe in rezenten marinen Sedimenten. Wopr. 
Sediment 1960, 9/16 (russ.). 

u) L. P. Mathur u. O. Kohlt, Exploration and development for 
oü in India. Proc. 6th Wld. Petroleum Congr., Sect. I, S. 633/58. 
Hamburg 1964.

••) M. C. Poddar, Geology and oil possibilities of the Tertiary 
rocks of Western India. Proc. 2nd Symposium on the Develop
ment of Petroleum Resources of Asia and the Far East, 
Mineral Resources Development Series, Nr. 18, Vol. I, S. 226/30. 
New York 1963.

*■) J. F. Pepper, Prospective contributions of the International 
Indian Ocean Expedition to Indian Ocean continental shelf 
geology. Ibid., S. 250/55. 

fl) C. S. Fox, The occurrence of bitumen in Bombay Island. 
Records of the Geological Survey of India, Vol. 54, S. 117/28. 
Calcutta 1923.
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Gas Commission geophysikalische Untersuchungen durch
geführt.
Die Sedimentverteilung vor der pakistanischen Küste im 
Gebiet des IndUs-Delt&s näher kennenzulernen, ist gleichfalls 
für die Erklärung mancher Sedimentationsverhältnisse in 
fossilen erdölführenden Ablagerungen wichtig. Werden doch 
z. B. die ölführenden Schichten des Miozän-Pliozän der Halb
insel Apscheron im Kaspischen Meer als Deltabildungen der 
jungtertiären Flüsse Kura und Wolga angesehen2*).
Dieser kurze erste Überblick über die heutige Sedimentation 
in der ostafrikanischen und indisch-pakistanischen Meeres-
” ) B . 0 .  Bugler, A visit to Russian oil districts. J . Inst. Petroleum 

26, 68/88 [1939],

region des Indischen Ozeans hat somit bereits einige Anhalts
punkte über die Entstehung kohlenwasserstoffhaltiger fossiler 
Sedimente erbracht. Die detaillierte Ausarbeitung wird sicher
lich weitere Hinweise liefern.
Die systematische Sammlung des Sedimentmaterials vor der ost
afrikanischen Küste wurde durch die Herren Dr. H . E . Reineck  
und Dr. W. F . Gtdmann von der Forschungsanstalt für Meeres
geologie und Meeresbiologie „Senckenbergi Wilhelmshaven, und 
durch den zuerst genannten Verf. dieses Berichtes vorgenommen, 
vor der indisch-pakistanischen Küste und im Gebiet des Indus- 
Deltas von den beiden Verfassern. Im Mündungsgebiet des Indus 
war auBerdem der Geologe Herr R. Islam  von der Geological 
Survey of Pakistan daran beteiligt. Die deutsch-pakistanische 
Gemeinschaftsarbeit vor der Indus-Mündung wurde von der 
Deutschen Forschungsgemeinschaft unterstützt.
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Seismische Untersuchungen im nördlichen Teil des Arabischen Meeres (Golf von Oman)
Von Henmii, Bungenstock, Hans Closs und Karl Hirn*)

Vorgetragen von H . Closs a u f der 17. Jahrestagung der Deutschen Gesellschaft fü r  M ineralölwissenschaft und  Kohlechemie
in  Hannover, am  8. Oktober 1965

Zusammenfassung: Mit der im Jahre 1964 erfolgten Indienst
stellung des neuen Forschungsschiffes „Meteor“ wurde es der 
Bundesrepublik Deutschland ermöglicht, die seit langem geplante 
Beteiligung an einer internationalen Gemeinschaftsarbeit zur 
Untersuchung des Indischen Ozeans (International Indian Ocean 
Expedition) zu verwirklichen. Im Rahmen des deutschen Beitrags 
wurden u. a. seismische Untersuchungen im zentralen Teil des 
Golfes von Oman ausgefiihrt, Uber die berichtet wird. Registriert 
wurde auf „Meteor“ und mittels eines Hubschraubers, der zur 
Expeditionsausrüstung gehörte. Die Schießarbeiten wurden von 
einem Beiboot der „Meteor“ ausgeführt. Es ergaben sich unter 
rd. 3000 m Wasserbedeckung eine Sedimentschicht von mehr als 
4000 m Mächtigkeit und Geschwindigkeiten von weniger als 
2000 m/s bis zu mehr als 4000 m/s.
Seismic tes ts  in the  northern  p a r t of the Arabian 
Gulf : After taking over, in 1964, the new research ship „Meteor“, 
the Federal Republic could realise the long standing plan to 
participate in the international investigation program for the 
Indian Ocean (International Indian Ocean Expedition). The 
German contribution consisted, amongst other matters, in seismic 
tests in the central part of the Gulf of Oman. Seismic data were 
recorded aboard the „Meteor“ and by a helicopter which was a 
part of the expedition’s equipment-. The shooting was carried 
out from a tender belonging to the „Meteor“. Layers of sediments 
with a thickness of more than 4000 m and wave travelling speeds 
of less than 2000 m/seç up to more than 4000 m/sec were found 
in a water depth of abt. 3000 m.

1. E in le itu n g  
Mit der Indienststellung des neuen Forschungsschiffes „Meteor“ 
im Jahre 1964 wurde nunmehr auch eine deutsche Beteiligung 
an dem Programm der Internationalen Indischen-Ozean - 
Expedition möglich. Diese Beteiligung an dem Forschungs- 
Unternehmen wurde durch Bereitstellung von Mitteln der 
Bundesregierung und der Deutschen Forschungsgemeinschaft 
finanziert.
Marine Seismik ist innerhalb des vielseitigen Forschungs
programms der „Meteor“ auf einigen Profilen im Golf von 
Cambay, im Golf von Eutch und im nördlichen Teil des 
Arabischen Meeres durchgeführt worden. Soweit Untersuchun
gen in der Tiefsee durchgeführt worden sind, handelt es sich 
um die ersten deutschen Arbeiten'dieser Art. Über die For
schungen im Golf von Oman soll hier berichtet werden**).

2. Lage des U n te rsu ch u n g sg eb ie tes  
Der Golf von Oman (Abb. 1) ist der nordwestliche Teil des 
Arabischen Meeres, an den sich nach NW der Persische Golf 
anschließt. Der Golf von Oman stellt eine etwa dreieckförmige 
abyssische Ebene mit maximalen Wassertiefen über 3000 m 
dar. Im SE wird der Golf von Oman durch den Murray-ßidge, 
einen etwa NE—SW verlaufenden untermeerischen Bücken, 
der an einigen Stellen von über 3000 m Tiefe bis zu 500 m 
unter NN aufsteigt, von dem übrigen Arabischen Meer ab
getrennt.

3. Z ur M eßm ethodik  
Die Profile waren als refraktionsseismische Messungen angelegt. 
Die Entfernungsbestimmung wurde nach Möglichkeit mit dem 
an Bord der „Meteor“ installierten Wind-Wetter-Badar vor
genommen. Für die seismischen Arbeiten im Arabischen Meer 
war das Forschungsschiff u. a. mit einem Hubschrauber aus
gerüstet. Es seien nachfolgend die verschiedenen Einsatz

*) Anschriften: Dipl.-Geophys. H. Bungenstock, Niedersächsi
sches Landesamt für Bodenforschung, 3 Hannover-Buchholz, 
Alfred-Bentz-Haus. — Ltd. Direktor und Professor Dr. H. Closs, 
Bundesanstalt für Bodenforschung, 3 Hannover-Buchholz, 
Alfred-Bentz-Haus. — Dr. K. Hinz, Bundesanstalt für Boden- 
forechung, 3 Hannover-Buchholz, Alfred-Bentz-Haus.

**)Vorausbericht aus den „Meteor-Forschungsberichten“ der Ex
pedition 1964/66 in den Indischen Ozean.

möglichkeiten eines Hubschraubers, der seismische Registrie
rungen im Schwebeflug vornimmt, aufgeführt (Abb. 2, 3). Von 
Erdölgesellschaften sind für die übliche marine Reflexions- 
seismik vor allem große Hubschrauber schon mehrfach ein
gesetzt worden.
Bei der zurückliegenden Meteorreise sind nicht alle hier be
schriebenen Möglichkeiten angewandt worden, aber die bei den 
Einsätzen gesammelten Erfahrungen werden hier mit benutzt. 
Bei der Arbeitsweise a liegt der Schußpunkt fest. Der Hub
schrauber fliegt auf dem Profi] zum Registrieren von einem 
Beobachtungspunkt zum anderen, wobei Abstände von etwa 
1000 m eingehalten werden. Nachteile dieser Arbeitsweise 
liegen darin, daß ein größeres Schiff schon bei geringen Wind
stärken vertriftet. Da der Abstand Schiff—Sprengladung bei 
größeren Ladungen mehrere 100 m betragen muß, sind zeit
raubende Schiffsmanöver notwendig. Wenn daa Schießboot 
ankern kann und starke Strömung herrscht, die das Auslegen 
der Ladung erleichtert, hat dieses Verfahren Vorzüge, also 
z. B. bei seismischen Aufnahmen von Schelfgebieten mit star
ken Gezeitenströmen. Zur Aufnahme eines vollständig hin- und 
rückgeschossenen Profils muß das Schiff einmal seine Position 
ändern, was bei einer Marschgeschwindigkeit von 10 Knoten 
etwa 2,6 Stunden in Anspruch nimmt. Die unter a) gezeichnete 
Aufnahme ist weniger vollständig, doch ist die bearbeitete 
Länge des Profils etwas größer. Diese Art der Aufnahme von 
Richtung und Gegenrichtung ist in tektonisch ruhigen Ge
bieten zu verantworten.
Das Ausschießen des Profils mit Hin- und Rückschüssen in 
Abständen von 1 km würde 23 Eiñsatzstunden erfordern, 
vorausgesetzt, daß sich der Hubschrauber 2 Stunden ohne 
Unterbrechung in der Luft halten kann und seine Geschwin
digkeit bei 100 km/h liegt. Dazu kommen noch 2,5 Stunden 
für den Positionswechsel, der mit der Aufnahme eines Echolot
profils verbunden werden muß. Da nur bei Tag geschossen 
werden kann, benötigt also ein so ausgeschossenes Profil zwei 
volle Arbeitstage.
Die Arbeitsweise b ist i. allg. vorteilhafter, var allem auf dem 
offenen Ozean. Durch Setzen einer Markierung, z. B. Ab
werfen von Farbstoff, wird eine Beobachtungsstelle für den 
Hubschrauber markiert. Das Schiff bewegt sich — wobei sich 
eine Fabrtgeschwindigkeit von 4 kn bei 1000 m Schußpunkt
abstand bewahrt ha t—in Profilrichtung auf den Hubschrauber 
zu, der immer an derselben Stelle registriert. Entweder wird 
das Profil wie unter b gezeichnet ausgeschossen, oder das 
Schießboot hat das gleiche Profilstück zweimal zu durch
fahren, während der Hubschrauber zunächst an einem und 
dann am anderen Profilende registriert. Vorteile dieses Ver
fahrens sind, daß eine auf der Meeresoberfläche markierte 
Stelle unter Windeinfluß nur wenig vertriftet, die Peilung 
zum Hubschrauber gleich bleibt, während der Arbeitsfahrt das 
Bodenprofil ausgelotet wird und die Beobachtungs- bzw. Schuß
intervalle gut eingehalten werden können. Die Sprengladungen 
lassen sich leicht ausbringen. Die Einsatzzeit für das voll
ständige Hin- und Rückschußprofil beträgt insgesamt etwa 
18 Stunden. Da auch eine spezielle Fahrt für die Echolotung 
entfällt, können etwa 7 Arbeitsstunden eingespart werden, und 
das seismische Gesamtergebnis ist meist besser. Zwar ist die 
Arbeitszeit — wie man sieht — kürzer geworden, doch erfor
dert das Profil immer noch zwei Arbeitstage.
Bei der Arbeitsweise c beobachtet der Hubschrauber jeweils 
abwechselnd an zwei Punkten, die 6 oder 6 km Abstand in der 
Profillinie haben, während sich das Schießboot von einem
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Endpunkt des Profils beginnend kontinuierlich tortbewegt und 
ebenso wie bei den anderen Arbeitsweisen nur dann stoppt, 
wenn der Hubschrauber zur Versorgung auf das Mutterschiff 
zurückkehren muß. Man kann die Schußfolge zumindest in 
gewissen Bereichen der Laufzeitkurve etwas dichter wählen, 
um die von den Beobachtungspunkten I und II ausgehenden 
Linien ausreichend mit Registrierpunkten zu besetzen. Das 
Ergebnis sind zwei voneinander unabhängige Laufzeitkurven, 
aufgenommen für die gleiche Beobachtungsrichtung. Aus dem 
Vergleich dieser beiden Kurven ist bekanntlich abzuleiten, ob 
und in welcher Richtung eine Schichtneigung vorliegt, sofern 
ebene Schichtgrenzen im Untergrund angenommen werden 
dürfen. Mit anderen Worten, es ergibt sich unter gewissen 
Annahmen vor allem dann, wenn spätere Einsätze sicher korre
liert werden können, die Möglichkeit der Konstruktion eines 
hypothetischen Gegenschusses, für dessen Laufzeitkurve für 
jeden Geschwindigkeitsast allerdings nur zwei Konstruktions-' 
punkte gegeben sind. Wenn man sich mit dieser Information 
begnügen kann, wird gegenüber a und b ein vollerArbeitstag

eingespart, da die erforderliche Gesamtarbeitszeit nur 9 Stun
den beträgt.
Auch für die Arbeitsweise a ist eine sehr ähnliche Variante 
möglich. Das Schießboot läuft während des Schießens auf 
einer Kreisbahn, die einen Umfang von bspw. 2000 m hat. 
Jedesmal, wenn das Boot die Profillinie überfährt, wird eine 
Ladung gezündet. Es entsteht dann ebenfalls ein Laulzeit- 
kurvenpaar, das von zwei Schußpunkten herrührt, die in 
unserem Beispiel einen Abstand in Profilrichtung von rd. 
650 m haben. Zur Neigungskontrolle mit Hilfe eines konstru
ierten Gegenschusses könnte dieser Abstand gerade noch aus
reichen. Bei dieser Arbeitsweise könnte das Profil a in der 
einen Richtung in 9 Stunden Arbeitszeit pius 2,5 Fahrtstunden 
für die Echolotung aufgenommen werden. Auch wenn man 
die Beobachtungsfolge etwas dichter als 1 km anlegt, um

beide Kurvenäste ausreichend zu besetzen, könnte somit das 
Profil an einem Tag seismischer Arbeit erledigt werden. Das 
Abloten könnte in die Nachtstunden verlegt werden. Arbeits
technisch schwierig ist es nur, dem Hubschrauber durch ge
eignete Radarmessung vom Schiff aus seine Position so durch
zugeben, daß das Profil gleichmäßig und wie gewünscht mit 
Beobachtungspunkten besetzt wird.
Eine wesentliche Änderung tritt ein, wenn außer dem Hub
schrauber zusätzlich ein Schießboot S 2 zur Verfügung steht. 
Von der „Meteor“ aus wurde bei guten Wetterlagen ein Ver
kehrsboot mit 8 t  Wasserverdrängung als Schießboot ein
gesetzt. Als Erweiterung der Arbeitsweise c ergibt sich dann 
eine-Kombination d, bei der das Schiff S 1 als Registrier- und 
Hubschraubermutterschiff seine Position beibehält und der 
Hubschrauber in Entfernungen von 10 bis 15 km vom Schiff 
S 1 wechselweise registriert. Es würde in unserem Beispiel 
genügen, das Profil, auf welchem die Sprengpunkte liegen, 
etwa auf 34 km oder noch etwas mehr zu reduzieren. Wenn 
dann in Abständen von 1 km gesprengt würde, ergäbe sich

eine Arbeitszeit von 7 Stunden und für den Hubschrauber 
eine Flugzeit von etwa 6 Stunden. Für die Konstruktion des 
Gegenschusses stehen für jeden Geschwindigkeitsast 3 Punkte 
zur Verfügung. Der Sprengstoffverbrauch beträgt bei 40 kg 
Einheitsladung und 1 km Schußpunktabstand jetzt 1,4 t 
gegenüber 3,3 t  im Fall a oder b. Zur Aufnahme des Reliefs 
des Meeresbodens muß weiterhin die Gesamtprofilstrecke ab
gelotet werden, was in unserem Fall einer Fahrtstrecke von 
64 km, also etwa 3,5 Stunden Fahrtzeit, entsprechen würde. 
Auch in diesem Fall ist nur ein Tag für die seismische Auf
nahme des Profils erforderlich.
Im Fall e verbleiben sowohl das Hubschraubermutterschiff S 1 
als auch der Hubschrauber an einem Ende des Profils. Es 
ergibt sich dann durch die Fahrt des Schießbootes S 2 ein 
Profil, das seismisch vollständig aufgenommen ist. Die Arbeits-
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zeit beträgt etwa 9 Stunden, hinzu kommen 2,5 Stunden für 
das Abloten des Profils. Wenn das Schießboot auch Mutter
schiff des Hubschraubers ist und somit gleichzeitig eine große 
Echolotanlage führt, das Beiboot dagegen für die Registrierung 
am Profilende benutzt wird, kann die gesamte Arbeitszeit um 
das Ablaufen des Profils für Lotungszwecke, also 2,5 Stunden, 
verkürzt werden.
Die größte Profillänge, die bisher bei der Entwicklung dieses 
Meßverfahrens mit dem Hubschrauber beflogen worden ist, 
war 80 km.
Bis jetzt war nur von Refraktionsaufnahmen die Rede. Es 
scheint jedoch möglich zu sein, auch Reflexionen auf größere 
Entfernungen hin zu verfolgen. ^
Dafür ist es notwendig, Teile _ SK 
von Profilen mit geringeren 
Schußpunktabständen zu be
legen, z. B. im Fall d die Strecke 
^wischen S 1 und Hubschrau
ber Position I. Wenn es gelingt,
Hyperbel-Äste vonReflexionen 
—bzw. angenäherte Hyperbeln 
bei mehrschichtigem Aufbau— 
über 10 km Entfernung zu 
verfolgen, dann kann über den 
Aufbau des Untergrundes ge
rade jener Bereiche sehr viel 
ausgesagt werden, die häufig 
mit Refraktion nicht oder nur 
sehr summarisch beurteilt wer
den können. Zumindest kann 
die Kombinat! on von Reflexion 
und Refraktion recht wertvolle 
Aufschlüsse geben.

In unserem Fall sind in den 
Tiefseebereichen häufig außer 
einigen normalen Reflexionen 
auch eine erste multiple Serie 
und eine zweite multiple Serie 
beobachtet worden, wobei Was
seroberfläche und Meeresboden 
oder eine Schicht nahe am 
Meeresboden als Refraktoren 
dafür dienen. Es hängt also 
von der Wassertiefe ab, welche 
Zeitspanne für einfache Re
flexionen zur Verfügung steht, 
bevor die erste multiple Re
flexionsserie beginnt, das Re
flexionsbild überdeckt und die
ses einer weiteren Analyse ent
zieht. Da bei den multiplen 
Serien die Zeitabstände zweier 
aufeinanderfolgender Reflexi
onen entsprechend vergrößert 
werden, kann man dies in gün
stigen Fällen als eine Erweiterung des Auflösungsvermögens 
spezieD für die allerobersten Reflexionshorizonte ausnutzen. Im 
Grundsatz müßte es möglich sein, dadurch Anhaltspunkte 
über die Geschwindigkeitsverhältnisse innerhalb dieser Schich
ten zu gewinnen.
Für die Messungen standen zwei Hall-Sears-Apparaturen, 
Modell HS-300, zur Verfügung; Filterabfall 18 db/octave.

Die refraktierten Einsätze zeichneten sich durch Frequenzen 
um 20 Hz aus, wohingegen die Bodepreflexion ähnlich der 
direkten Welle mehr hochfrequente Anteile aufweist.

4. Zur A usw ertung 
Die Laufzeit-Weg-Diagramme der Stationen im Golf von 
Oman zeigen hyperbolische Reflexionskurven und refraktierte 
Laufzeitäste. Es ist auffällig, daß in allen diesen Laufzeit-Weg - 
Diagrammen bisher kein tangential zur Bodenreflexion ver
laufender Laufzeitast gefunden wurde. Dies kann davon her
rühren, daß die Geschwindigkeit im oberen Sediment etwa 
gleich der Ausbreitungsgeschwindigkeit longitudinaler Wellen 
im Wasser ist. Das Vorhandensein reflektierter Einsätze vom 
Meeresboden macht dagegen deutlich, daß tbiterschiede in der 
Schallhärte vorliegen müssen. Da auch für noch etwas spätere 
Reflexionen die korrespondierenden refraktierten Laufzeitäste

zu fehlen scheinen, kann angenommen werden, daß die ent
sprechenden reflektierenden Horizonte entweder sehr dünn 
sind, oder daß nur Unterschiede in der Schallhärte vorliegen. 
Es liegt nahe, in einem solchen Fall eine weitgehend konti
nuierliche Zunahme der Geschwindigkeit mit der Tiefe anzu
nehmen.
Bei einer linearen Zunahme der Geschwindigkeit mit der Tiefe 
im Sediment sind die Wellenstrahlen bekanntlich Kreisbögen 
(A66.4).
Für eine bestimmte Wassertiefe und einen bestimmten Wert 
für die Ausbreitungsgeschwindigkeit longitudinaler Wellen gibt

.  Mim 30 io  ,  c-n 20km  3L1500 m/sec____________  u
_ —  .___ — ____— ____ — ____ — ____ — ____ — ____ — ___ — ____ — _ 2 0 0 0 m /s e c — _____ —

km_
K

-1. — — ———— “ ä̂OOjn/aec-̂ -—“—~—~-

20km20

sec

20km¥Okm 30 20 . IO
Abb. 2. Möglichkeiten für refraktionsseismische Proñlaufnahmen auf See bei Einsatz von zwei 
Arbeitsgruppen: a) Das Schießboofc operiert stationär, während der Meßhubschrauber die Profil' 
strecke abfliegt. — b) Die Registriereinheit arbeitet stationär; das Schießboot läuft die Profilstrecke 
ab. — c) Das Schießboot läuft die Profilstrecke ab; der Meßhubschrauber bedient abwechselnd 

zwei etwa 5 bis 6 km auseinandeTliegende Registrierpositionen
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es eine kritische Mindestentfernung, bei der ein von der Meeres
oberfläche ausgehender und ins Sediment laufender Wellen- 
strahl zur Oberfläche zurückkommen kann. In Bereichen, die 
größer als die kritische Entfernung sind, werden 2 Einsätze 
beobachtet. Der eine, hier mit Kd bezeichnet, entspricht einem

10km

m m  X  ¡0  10 0 10km 20
Abb. 3. Möglichkeiten für refraktionsseismische Profilaufnahmen auf See hei Einsatz 
von drei Arbeitsgruppen: d) Das Hubschrauberträgerschiff wird als stationäre Re
gistriereinheit eingesetzt; der Meßhubschrauber bedient abwechselnd zwei etwa 6 bis 
6 km auseinanderliegende Registrierpositionen; das Schieöboot läuft die Profilstrecke 
ab. — e) Das Hubschrauberträgerschiff steht stationär als Registriereinheit am An
fang des Profiles; der Meßhubschrauber besetzt das Profilende, während das Schieß

boot die Profilstrecke abläuft

keiten im oberen Sediment die Laufzeiten in Abhängigkeit von 
der Entfernung berechnet und zu Laufzeitdiagrammen zu
sammengestellt (Abi». 5). Bei Annahme einer linearen Zunahme 
der Geschwindigkeit mit der Tiefe läßt sich durch Vergleich 
der theoretischen Kurven mit den gemessenen Kurven die 

Geechwindigkeitsfunktion im oberen Sedi
ment näherungsweise bestimmen.
Für die Stationen im Golf von Oman kann 
auf diese Weise die Geschwindigkeitsfunk
tion für die oberen Sedimente etwa mit 
V =  1300 -f 1,5 Z angegeben werden. 
Diese Anfangsgeschwindigkeit erscheint je
doch gering, zumal Testmessungen an Sedi
mentproben aus dem Golf von Oman, die 
Herr Professor Dr. E. Seibold, Kiel, uns 
freundlicherweise zur Verfügung stellte und 
die von Herrn Dr. W. Qiesel untersucht 
worden sind, Werte um 1500 m/s ergaben. 
Deshalb wurden zusätzlich alle korrelier
baren Reflexionseinsätze zur Bestimmung 
der Geschwindigkeiten im oberen Sediment
paket benutzt. Dabei erfolgte eine erste Aus
wahl dahingehend, daß spätere Reflexionen 
mit starker Hyperbelkrümmung, also offen
sichtlich multiple, nicht berücksichtigt wur
den. Mit Hilfe eines Rechenprogramms 
wurden zunächst unter Vernachlässigung 
der Brechung und mit Anwendung der 
Methode der kleinsten Quadrate Durch
schnittsgeschwindigkeiten nach der T  (x)1- 
z2-Methode ermittelt und dann die wahren 
Schichtgeschwindigkeiten nach Dürbaum*) 
bestimmt. Das so erhaltene stufenförmige 
Geschwindigkeitstiefendiagramm (Abb. 6) 
wurde durch eine lineare Geschwindigkeits
funktion angenähert. Eine noch engere An
lage der Meßpunkte, zumindest im ersten 
Teil des Profils, würde die Auswertung

tief ins Sediment eintauchenden Strahl, wohingegen der andere, 
hier mit Rs bezeichnet, von einem nur wenig ins Sediment 
eintauchenden Strahl herrührt. Der tiefer eintauchendeWellen- 

strahl kommt früher an, da er 
£ den größten Teil des Weges

der Reflexionen wesentlich er
leichtert haben.
Die Geschwindigkeitsfunktion 
für die oberen Sedimente im 
Bereich der Stationen 245,246 
und 247 läßt sich unter der

f/iS 1/V> V4P sec/km

durch ein Medium mit höherer

1300+Iß Z ISOO+lß Z 1700+1,6 Z
h.Ewing

Station 245!i
L .—

L_.

Abb. 4. Laufzeit-Weg* Diagramm 
am Meeresboden reflektierter 

Wellen nach E m n g
Abb. 6. Geschwindigkeits-Tiefen- 
Diagramm nach Closs u. H inz

Geschwindigkeit läuft. Eine so beschaffene Schicht liefert also 
zwei verschiedene Laufzeitäste zusätzlich zur Bodenreflexion. 
Mit Hilfe eines Rechenprogramms wurden für bestimmte 
Wassertiefen und bei verschiedenen Ausbreitungsgeschwindig-

Cntitrnung

Abb. 5. Laufzeit-Weg-Diagramm für drei berechnete Geschwin
digkeitsfunktionen nach H in z  u. Ste in

Annahme einer linearen Zunahme der Geschwindigkeit mit 
der Tiefe durch Kombination der vorherbeschriebenen Ver
fahren näherungsweise mit V =  1400 +  1,5 Z  angeben.
*) Literaturverzeichnis am Schluß der vorliegenden Arbeit.
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5. M eßergebnisse
a) Die S ta tio n  247 liegt im zentralen Teil des Golfs von 
Oman bei einer Wassertiefe von über 3000 m (Abb. 8). Das 
Laufzeit-Weg-Diagramm zeigt Laufzeitäste von reflektierten 
und refraktierten Wellen. Ein tangential zur Bodenreflexion 
verlaufender Laufzeitast wurde nicht gefunden (s. o.).

Unter der 3350 m mächtigen Wasserschicht scheint eine etwa 
1,0 km dicke Sedimentschicht mit V  =  1400 +  1,5 Z  zu liegen. 
Darunter folgt eine 1,7 km dicke Schicht mit einer Geschwin-

Das Liegende bildet ein Gesteinskomplex mit V — 6,9 km/s 
(Abb. 10). Die Annahme, daß es sich hier um basisches Kri
stallin handelt, scheint berechtigt.
Soweit die Tatsachen (vgl. Zahlentafel 1). Sie sind spärlich 
genug für ein Areal der Größenordnung Von 100 000 km2. Da 
sich aber Sedimentmächtigkeiten ergeben haben, die untypisch 
für Ozeanböden unter mehr als 3000 m Wasserbedeckung sind, 
kommt man an einer grundsätzlichen geologischen Diskussion 
dieses geophysikalischen Befundes nicht vorbei, so spekulativ 
sie auch sein mag.

• Bodenreflexion

Sediment 3,2 km!akm
Sediment 4,0 km!a
Kristallin 9,0 km/s

Abb. 7. Laufzeitdiagrammzusammenstellung „Station 247 Golf 
von Oman“

digkeit von 3,2 km/s, die von einer 2,7 km mächtigen Schicht
serie mit einer Geschwindigkeit von 4,0 km/s unterlagert wird.
Das Liegende bildet Material mit V =  6,0 km/s, das als Kri
stallin angesehen werden kann.
b) Die S ta tio n  246 liegt ebenfalls im zentralen Teil des Golfs 
von Oman. Wie bei der vorhergehenden Station, ergeben sich 
wiederum (Abb. 9) mehrercReflexions- 
laufzeitkurven ohne die entsprechen
den refraktierten Laufzeitäste.
Die Mächtigkeit der ersten Sediment
schicht beträgt 1,4 km. Darunter 
folgt ein 1,5 km dickes Schichtpaket 
miteinerGesehwindigkeit von 3,6km/s 
und weiter eine 5,3 km dicke Schicht 
mit einer Geschwindigkeit von 4,25 
km/s.Das Liegende bilden wahrschein
lich kristalline oder metamorphe Ge
steine mit einer Geschwindigkeit von 
6,3 km/s. Im NE-Teil des Profils findet 
sich eine Versetzung im Laufzeit
diagramm, die nur durch eine größere 
Verwerfung, d. h. durch eine Ab
senkung nach NE, erklärbar ist.
c) Die S ta tio n  245 liegt an den 
nordwestlichen Ausläufern des Mur- 
ray-Ridge. Die Wassertiefe beträgt 
2750 m. Die Mächtigkeit der oberen Sedimentschicht wurde 
mit 1,0 km bestimmt. Es folgt eine 1,8 km dicke Schicht
serie mit einer Geschwindigkeit von 2,95 km/s und eine 
2,45 km mächtige Schicht mit einer Geschwindigkeit von 
4,6 km/s.

Abb. 8. Laufzeit-Weg-Diagramm „Station 247 Golf von Oman“ 
nach Closs u. H ins

6. V ersuch einer geologischen D eu tung  
Der Golf von Oman findet (s. o.) seinen Abschluß mit dem 
NE streichenden Murray-Ridge, der sich mit einiger Wahr
scheinlichkeit in das nördlich Karachi verlaufende Kirthar- 
Gebirge (auch „Axial Belt“ genannt) fortsetzt (Abb. 11). Inner
halb des „Axial Belt“ ist an zahlreichen Stellen basisches

20km  NE

Wasser

Sediment 1400 m /s+ 1,5 Z
Sediment S S  km!s

Sediment 4,25 km/e
10km

Kristellin 6 £  km/e
Abb. 9. Laufzeit-Weg-Diagramm „Station 246 Golf von Oman“ nach H ins

Kristallin (Ophiolithe) nachgewiesen worden (im übrigen auch 
im Oman-Gebirge). Die Bildung des „Axial Belt“ , der als

setzte wohl in der Jurazeit ein und dauerte im Tertiär an. 
Der „Axial Belt“ teilte das ehemalige einheitliche Sedimen
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tationsgebiet Westpakistans in das Indus-Becken im E und 
das Baluchistan-Becken im W.
In Abb. 11 wurden die Meßergebnisse zu Profilschnitten zu- 
sammengestellt. Allen Stationen ist folgender Schichtenaufbau

IO km

Wseeer

,  Sediment i 400 ml e  +  1.h 1  ■

f  Sediment 2,95 km/s

Sediment 4.6 km/e

Basisches Kristallin 6,9 km/s

Abb. 10. Laufzeit-Weg-Diagramm
10 km

Station 245 Golf von Oman“ pach

Karachi M  S.

'*r lii

Stat.
W 246 Staf. 2.47

 •------   Profil B
 •   Profil A

ProfilA Stat. 
S tat.245 243 E 

i t c
NN -

4
6

— T - t / ’
--------- f

1 0 u n  — -------
_________

S.OM

yskm /s
s.okm/s

L - - — t SA km/s
70 L / 0,0 kmf*

km aj/tm/t' toe km

Liegende bildet in allen Fällen ein Gesteinsverband mit V 
<  6,0 km/s.
Die starke Mächtigkeitsreduktion des Schichtpaketes mit einer 
Geschwindigkeit von etwa 4 km/s zwischen den Stationen 246 

und 247 deutet auf Hebung des Bereiches 
östlich der Station 246 hin (Abb. 11, A). 
Auch die Korrelation des tiefsten nach- 
gewieseren Gesteinsverbandes mit V = 
6 km/s ist zwischen den Stationen 246 
und 247 nur bei Annahme einer größeren 
Verwerfung möglich, die etwa z. Z. der 
Ablagerung der Sedimente mit V r s  
4,0 km/s angelegt worden sein könnte.

Aufschlüsse innerhalb der Makran-Küste 
in Westpakistan werden als Hinweise 
für die stratigraphische Zuordnung der 
refraktionsseismisch ermittelten Ge
steinsverbände benutzt. Die ältesten 
Gesteine, die im Gebiet der Makran- 
Küste bekannt geworden sind( Rahmann), 
sind kretazische(Parh) Mergel (Abb.11,B), 
die von paleozänen Konglomeraten 
(Isphikan-Konglomerat) überlagert wer
den. Darüber folgen eozäne Kalke (der 

Wakai-Serie). Mit dem Oligozän wurden vorwiegend flysch- 
artige Sedimente (Pungjur- und Parkini-Serie) abgelagert. 
Im Miozän und Pliozän wurde vorwiegend klastisches Material 
sedimentiert.
Beim gegenwärtigen Stand der Überlegungen möchte man das 
Ende der kalkigen Sedimentation (d. h. Top der Wakai-Serie) 
mit dem Top der Schichtserie gleichsetzen, die durch eine 
Geschwindigkeit von etwa 4 km/s charakterisiert ist. Der 
Schichtverband mit einer Geschwindigkeit von etwa 3,3 km/g 
könnte der Oligozän-Serie entsprechen, wohingegen die oberste 
seismisch nachgewiesene Sedimentschicht mit klastischen mio- 
zänen und pliozänen Ablagerungen identifiziert werden könnte.
Unter dieser Voraussetzung ist eine Korrelation der im Makran- 
bereich nachgewiesenen stratigraphischen Einheiten mit den 
refraktionsseismisch ermittelten Schichtverbänden nur unter 
Annahme bedeutender Verwerfungen im Schelfbereich bzw. 
Kontinentalabfall der Makranküste möglich.

Stat. Profil B
SW 247  S ta l  246

r - : l  M iozän u. P fiozän  W Êk W akabSerie  (u n t. E o zä n )
j—11 P u n g ju r  u. P arkin i-Serie  / fsh p ika n  - uni. Parh-Serie

V ob. O iig o z in -u n t.  M i o z ä n i (P a /ä o zä n  K reide)  
c - ? ]  i S ia h a n -S erie

'  (m . E o z ä n -m . O ligozän)

Abb. 11. A: Schematischer Profilschnitt W—£  (Golf von Oman) 
nach H iva. — B: Schematischer Profilschnitt SW—NE (Golf von 

Oman) nach H in s

gemeinsam : Unter einer Deckschicht mit niedriger Geschwin
digkeit folgt eine Schichtserie mit einer Geschwindigkeit von 
2,95 bis 3,5 km/s, die von einem Schichtpaket mit einer 
Geschwindigkeit von 4,0 bis 4,6 km/s unterlagert wird. Das

>243

X  a  ^  prieoztne Störungen 
X.  X .  X .  miozino-pHozine Störungen

' 24$ refrektionsselsmische Meßstetion

Abb. 12. Strukturskizze (Nordteil des Arabischen Meeres) nach H ira
In Analogie zum Axial-Belt könnte jurassisches bzw. kreta- 
zisches Alter für den Murray-Ridge angenommen werden. Im 
Zusammenhang mit der Hebung dürften in der Nähe des 
Murray-Ridge größere Verwerfungen angelegt worden sein. Im 
Laufe des Tertiärs vertiefte sich das heutige Gebiet des Golfs 
von Oman ständig. Mit einiger Wahrscheinlichkeit ist anzu-
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Zahlentafel 1. Zusam m enstellung der
Station 245 Station 246 Station 247

Geograph. Koordinaten 23°11,8'N
62°55'E

23°42,6'N
60°43/ E

23 ° 03,5'N 
60°59'E

Wassertiefe................. 2725 m 3360 m 3346 m

Geschwindigkeit..........

Mächtigkeit...............

1. Schicht
1400 m/s [1400 m/s 

+  1,6 Z +1,5  Z 
1,0 km 1 1,4 km

1400 m/s 
+  1,5 Z 

1,0 km

Geschwindigkeit..........

Mächtigkeit...............

2. Schicht
a) 2,95km/s
b)4,6 km/s

a) 3,5 km/s
b) 4,25 km/s

a) 3,2 km/s
b) 4,0 km/s

a) 1,8 km
b) 2,45km

a) 1,5 km
b) 5,3 km

a) 1,7 km
b) 2,7 km

3. Schicht
Geschwindigkeit.......... | 6,9 km/s| 6,3 km/s| 6,0 km/s

nehmen, daß sich im Zusammenhang mit der Vertiefung 
Schließlich größere Verwerfungen am heutigen Schelf bzw. am 
Kontinentalabfall vor der Makranküste in miozäner oder plio- 
zäner und pleistozäner Zeit bildeten.

7. S ch lußbem erkung  
Es gibt nach vorstehenden Überlegungen Gründe dafür, das 
heutige Gebiet des Golf von Oman nach den bisher vorliegen-
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den spärlichen Ergebnissen als seewärtige Fortsetzung des 
Baluchistan-Beckens anzusehen. Mit dem Aufstieg des Mtfrray- 
Ridge könnte der anschließende Bereich des Golfs von Oman 
als Folge von Ausgleichsbewegungen eine Absenkung erfahren 
haben.
Mit zunehmender Vertiefung bei entsprechender Sedimen
tation könnte es in miozäner oder pliozäner Zeit zur Bildung 
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C O N U S  (MOLLUSCA, GASTROPODA) COLLECTED BY THE ISRAEL 
SOUTH RED SEA EXPEDITION, 1962, WITH NOTES ON COLLECTIONS 
FROM THE GULF OF AQABA AND THE SINAI PENINSULA 

by  Alan J. Kohn, Department o f  Zoology, University o f  Washington, Seattle, 
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by  H. Steinitz, Department o f  Zoology, The Hebrew University o f  Jerusalem, 
Israel

HAIFA, ISRAEL 
Match, 1965
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STATE OF ISRAEL

PRIME MINISTER’S OFFICE MINISTRY OF AGRICULTURE
NATIONAL CÖUNCIL FOR DEPARTMENT OF FISHERIES

RESEARCH AND DEVELOPMENT SEA FISHERIES RESEARCH STATION
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ISRAEL SOUTH RED SEA EXPEDITION, 
1962, REPORTS 

Nos. 13—17

SPONGIAIRES RECOLTES PAR L’EXPEDITION ISRAELIENNE PANS 
LE SUD DE LA MER ROUGE EN 1962

by Claude Levi, Laboratoire de Biologie générale, Faculté des Sciences 
de Strasbourg

REPORT ON THE OCTOCORALLIA (STOLONIFERA AND 
ALCYONACEA) OF THE ISRAEL SOUTH RED SEA EXPEDITION 1962, 
WITH NOTES ON OTHER COLLECTIONS FROM THE RED SEA 

by J. Verseveldt, Zwolle, The Netherlands

THREE NEW SPECIES OF ANTHESSIUS  (COPEPODA, CYCLOPOIDA, 
MYICOLIDAE) ASSOCIATED WITH TRIDACNA  FROM THE RED SEA 
AND MADAGASCAR

by Arthur G. Humes, Department of Biology, Boston University, Boston, 
Mass., U.S.A., and Jan H. Stock, Zoölogisch Museum, University 
of Amsterdam, Amsterdam, The Netherlands

CYPRAEIDAE
by F. A. Schilder, Zoological Institute, University of~ Haile, ' German 
Democratic Republic

ECHIURA AND SIPUNCULA FROM THE ISRAEL SOUTH RED SEA 
EXPEDITION

by A. C. Stephen, The Royal Scottish Museum, Edinburgh, Scotland

HAIFA, ISRAEL 
NOVEMBER, 1965
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A  DISCUSSION CONCERNING THE FLOOR OF THE 
NORTHWEST INDIAN OCEAN

Organized for the Royal Society 

by
M. N. Hill, F.R.S.

PREFACE

Some years ago at the first and preliminary meeting of the Scientific Committee on 
Oceanic Research (S.C.O.R.) of the International Council of Scientific Unions (I.C.S.U.), 
one of the prime tasks was to seek some major international sea-going undertaking which 
the Committee could initiate and subsequently sponsor. This undertaking would have to 
interest many nations and embrace many oceanographical disciplines.

The meeting took place at the Woods Hole Oceanographic Institution and it was there
fore appropriate (although not improbable!) that Dr C. H. O’D. Iselin should be first 
to suggest that an international research programme in the Indian Ocean fulfilled both 
these objects. He emphasized that many nations bordered it and that there were interests 
in this comparatively unknown ocean for any scientist concerned with meteorology, 
biology (above or below sea level), the physics and chemistry of the ocean waters, or the 
Earth beneath the sea. He also made clear that the monsoons made the Indian Ocean 
unique as regards oceanic and atmospheric circulation.

The meeting, after lengthy discussion, endorsed Dr ftelin’s proposal and the end results 
of the tremendous international effort which thereby was created are now coming in. 
Some of these results were delivered at a Discussion Meeting held in the rooms of the 
Royal Society on 12 November 1964.

The papers given at this meeting, and which are published below were restricted to 
geological and geophysical aspects of the northwest Indian Ocean (except for the first 
paper concerning the physiography of the whole of the Indiän Ocean). This collection of 
papers represents, by no means, the last word on these aspects of this area. Indeed there 
is much more work to be published on experimental work already completed, and for 
many of us the work already accomplished has produced many new problems which 
require further experimental work in the area.

The contributors to this Discussion Meeting were from the U.S.A. and the U.K.; 
regrettably, there were none from the U.S.S.R. The results published by the U.S.S.R. 
National Academy of Sciences have, however, been extensively used.

Research of the kind discussed below can be divided into various diffuse and interlinked 
categories; one is concerned with new concepts and with undiscovered features of the 
floor of the Ocean and what lies below, the second is less spectacular in that it confirms
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predictions based on work elsewhere and the third is of an essential but routine nature 
without which the other investigations would be valueless and which provides the basic 
information for work already completed but not included here, or for work to be under
taken in the future.

The main topics described here are:
(i) the description of the physiography of the Indian Ocean, based largely on bathy

metry;
(ii) the geological history and present structural and geophysical features of the Gulf 

of Aden, which, with the Red Sea, seems to be an area of high stresses and movement in 
the mantle and crust of the Earth;

(iii) the major fracture crossing the northern end of the Carlsberg Ridge represented 
by the Owen Fracture Zone and the Murray Ridge, and the consequent displacement of 
the axis of the Ridge ;

(iv) the mineralogy and petrology of rocks collected from a small but well surveyed and 
fractured area of the Carlsberg Ridge lying some hundreds of miles to the southeast of 
the Owen Fracture Zone;

(v) the sediments of-the Seychelles Bank and a description of the late Glacial and post- 
Glacial platforms on which they are distributed;

(vi) the age, the deep structure and the origin of the Seychelles Bank;
(vii) the preliminary results concerning the structural changes which exist along the 

length of the Seychelles to Mauritius Ridge ;
(viii) the deep structure, obtained by seismic refraction shooting methods, of the section 

between the Seychelles and the Kenya coast, and its relation to the structures found at 
each end, and to the structure of the deep ocean between the Seychelles and the Carlsberg 
Ridge.

(ix) the relation between the gravity and magnetic field anomalies and the many 
structural features of the northwest Indian Ocean;

(x) the heat flow results in the Red Sea, the Gulf of Aden and over the Carlsberg 
Ridge and its flanks;

(xi) the recent sediments in the Persian Gulf which represents an exceptional and 
almost totally enclosed shallow sea.

We are indebted to the Royal Society for the opportunity of holding this Discussion 
Meeting and I should like to express my gratitude for the cooperation and hard work 
from the participants^, from, the men and organizations ashore and at sea, which resulted 
in the Meeting being a success.

M. N. HILL

The Report of this Discussion which has been published in Philosophical Transactions o f the Royal 
Society, Series A, Volume 259, is available for general sale as a separate paper and can be obtained 
either through any bookseller or direct from the Royal Society at £3 . 6s. (U.S. S9.90) as part 
number 1099.
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P h y s io g r a p h y  o f  t h e  I n d ia n  O c e a n

B y B. C. H e e z e n  a n d  M a r i e  T h a r p  

Department of Geology and Lamont Geological Observatory, Columbia University, New York, N.Y.

As a result of the International Indian Ocean Expedition, the bottom of the Indian Ocean is now 
one of the best known areas of the ocean floor.

The Mid-Indian Ocean Ridge, a rugged mountain range, lies in the centre of the Indian Ocean. 
North-mortheast trending fractures offset the axis of the ridge. In the Arabian Sea these fractures 
are right lateral; in the southwest Indian Ocean they are left lateral. Displacements range from a 
few miles* to over 200 miles.

The northeast Arabian Sea and the Bay of Bengal are occupied by huge abyssal cones built by 
sediments discharged from the Indo-Gangedc plain. Extensive abyssal plains lie seaward of the 
abyssal cones.

In low latitudes smooth topography is characteristic of the continental rise, the abyssal cones, 
and the oceanic rises. However, near the polar front smooth ‘swale’ topography laps over the 
normally rugged Mid-Oceanic Ridge. This ‘swale’ smoothing appears the result of the higher 
organic productivity of the Antarctic seas.

Microcontinents, mostly linear meridional ridges, are unique features of the Indian Ocean. These 
massive but smooth-surfaced blocks contrast markedly with the broad rugged Mid-Oceanic Ridge.

T h e  G u l f  o f  A d e n

By A. S. L a u g h t o n  

The National Institute of Oceanography, Wormley, Godalming, Surrey

The details of topography outlined in a new contour chart of the sea floor are related to the geo
physical studies made in the Gulf of Aden during the last decade. These studies include magnetic 
and gravity field, seismic refraction, heat flow and earthquake epicentre measurements. The Gulf 
is interpreted as a tensional feature involving the separation of the continental blocks of Arabia and 
Africa and the formation of new oceanic crust in between. The central rough zone is compared 
with mid-ocean ridges. The matching of pre-Miocene continental geology on either side is discussed 
in the light of this theory.
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T h e  O w e n  f r a c t u r e  z o n e  a n d  t h e  n o r t h e r n  e n d  

o f  t h e  C a r l s b e r g  R id g e

By D. H. M a t t h e w s  

Department of Geodesy and Geophysics, University of Cambridge

Examination of the shape of the earthquake epicentre belt near Socotra led to the suggestion that 
a major fracture displaces the axis of the mid-ocean ridge in that area (Matthews 1963). Sub
sequent surveys have confirmed the existence of a fracture zone which extends 1500 miles from 
the coast near Karachi southwestwards to the middle of the Somali Basin. Linear ridges and troughs 
in the zone arc associated with negative gravity anomalies but not with magnetic anomalies. Where 
I lie fracture zone crosses the line of the Carlsberg Ridge a sinuous trough is developed: south of 
this feature a characteristic pattern of magnetic anomalies is associated with the volcanic structures 
of the mid-ocean ridge, north of it a line of large non-magnetic seamounts has been found. I t  is 
concluded that the structure underlying the Owen fracture zone is a system of parallel transcurrent 
faults affecting the ocean floor only, at which the axis of the mid-ocean ridge suffers a net right 
lateral displacement of 170 mi.

A  RECONNAISSANCE SURVEY OF THE M U RRA Y  R lD G E

B y  P. F. B a r k e r  

Department of Geophysics, University of Birmingham

Bathymetric and magnetic measurements a t a  10-mile line spacing across the m outh of the Gulf 
of O m an have made a substantial contribution to knowledge of the area. A northeast-southwest 
alinement of bathymetric features, the presence of many fault scarps and the occurrence of 
elongated weakly magnetized seamounts similar to others farther south suggest that the M urray 
Ridge is continuous with the Owen fracture zone and support the idea that both are loci of 
strike-slip movement.
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A n  a r e a  o n  t h e  c r e s t  o f  t h e  c a r l s b e r g  r i d g e :

PETROLOGY AND MAGNETIC SURVEY

By J . R . Cann

Department of Mineralogy and Petrology, University of Cambridge

a n d  F .  J .  V i n e *

Department of Geodesy and Geophysics, University of Cambridge

Rocks collected in the vicinity of a transcurrent fault cutting the crest of the Ridge have been 
affected by brecciation and, in some cases, metamorphism and hydrothermal action. These processes 
have led to the formation of spilites from crystalline basalts, and ultramafic rocks from basalt glasses. 
Further hydrothermal action has taken the form of replacement of some ultramafic rocks by quartz, 
ending in a nearly pure quartzite. The mineralogy is characteristic o f greenschist facies meta
morphism.

Fresh basalts were collected from a nearby hill, which seems to be a recent volcano post-dating 
the faulting and metamorphism.

T he magnetic survey reveals a marked parallelism between the anomalies and the trend of the 
ridge, regardless of bathymetry. Computations confirm that uniform magnetization of the 
m aterial represented by the bathymetry can in no way simulate the observed anomalies. Appli
cation of a vector fitting technique suggests that the rem anent magnetization of this material is 
often reversed and from this a very crude and simple model is developed to account for the observed 
anomalies. The model is consistent with an ocean floor spreading hypothesis and periodic reversals 
in the earth’s magnetic field. I f  substantiated it would have important implications in deducing 
the history of the ocean basins. Above all it provid.es a plausible explanation to account for the 
magnetic gradients and amplitudes observed over ridges without implying improbable magnetic 
contrasts, structures, or changes in petrology.

P r e l i m i n a r y  r e s u l t s  o f  t h e  1 9 6 4  c r u i s e  o f  R .V .  Chain 
t o  t h e  I n d i a n  O c e a n *

By Elizabeth T. Bunce, C. O. Bo win and R. L. Chase 
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts

Geophysical investigations of the northern Somali Basin and the Seychelles-Mauritius Ridge 
conducted aboard R.V. Chain o f the Woods Hole Oceanographic Institution are described and 
some results presented. Gravitational and total magnetic fields and bathymetry were measured 
continuously, and continuous seismic reflexion profiles were recorded over a  major portion of the 
track. Cores, dredge samples, heat flow measurements, and underwater photographs were also 
obtained.

It is considered that the northern portion of the Somali Basin is a deep sedimentary 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-Mauritius Ridge, it is proposed that the 
Ridge comprises two sections. The northern section, composed of nearly horizontally stratified 
rocks, extends from near the northern part of Saya de Malha Bank to the Seychelles 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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G e o p h y s ic a l  s t u d ie s  o f  t h e  S e y c h e l l e s  B a n k

B y D . H . M a t th e w s  an d  D . D a v ies  

Department of Geodesy and Geophysics, University of Cambridge

Geological studies of the islands on the Seychelles Bank, and the results of seismic refraction 
experiments made on the bank, are reviewed. They show that the crust is of continental type 
under the centre of the bank. Gravity measurements confirm that the thick crust extends to the 
northern edge of the bank and show that the Mohorovicié discontinuity slopes upward a t an 
angle of about 19° under the peripheral cliff. Large narrow magnetic anomalies occurring in 
•the central area of the bank are ascribed to minor intrusions of dolerite found in the Precambrian 
granites, and it is suggested that the edge of this area may mark the limit of the granite mass. 
Magnetic, anomaly profiles of the Mascarene Ridge are similar to those over the Seychelles Bank and 
could result from a similar structure.

C r u s t a l  s t r u c t u r e  b e t w e e n  K e n y a  a n d  t h e  S e y c h e l l e s

B y T . J . G. F ra n cis , D . D a v ies  an d  M. N. H i l l ,  F.R.S.
Department of Geodesy and Geophysics, University of Cambridge

A series of seismic refraption profiles has been shot between Kenya and the Seychelles Bank and 
in the neighbourhood of the Bank itself. Thick sediments have been observed for 300 to 400 km 
from the African coast. Near Kenya, great thicknesses of material of about 4-8 km/s velocity 
match closely the 9 to 10 km of Karroo beds expected on the coast a t Lamu. T he Mohoroviëié 
discontinuity has been traced from 100 km off the African coast to the Seychelles Bank. West of 
the Bank the mantle is unusually shallow, rising to only 8-5 km below the surface, and the 6-8 km/s 
crustal layer unusually thin or absent. The absence of a gravity anomaly associated with this very 
shallow mantle raises a  problem which has yet to be resolved.
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H e a t  f l o w  a n d  m a g n e t ic  p r o f il e s  o n  t h e  M id - I n d ia n  O c e a n  R id g e *

B y R . P. v o n  H e r z e n î  an d  V . V a c q u ie r  

Marine Physical Laboratory of the Scripps Institution of Oceanography, 
University of California, San Diego

Sixty heat flow values were measured along nine profiles across the Mid-Indian Ocean Ridge. The 
results were roughly of the same character as the ones previously reported for the South Atlantic 
Ridge. The correlation of high heat flow with the. centre of the ridge was less pronounced. The 
scatter of'heat flow values when plotted as a function of distance from the ridge was even greater. 
The average of all values is 1-35 /teal cm-2 s- ', indicating that over the surveyed area the heat flow is 
normal. The cause for the low values on the flanks of the ridge remains unknown. A right lateral 
displacement of about 200 km across the Vema Trench was measured from the offset of the 
magnetic anomaly on the ridge crest.

H e a t  f l o w  in  t h e  n o r t h w e st  I n d ia n  O c e a n  a n d  R e d  S e a

B y J. G. S c l a t e r  

jDepartment of Geodesy and Geophysics, University of Cambridge

Twenty-four measurements of the heat flow through the ocean floor were made in the Indian 
Ocean and three in the Red Sea. A critical analysis of the efTects of fluctuations of bottom-water 
temperature on the geothermal gradient in the Red Sea shows that these fluctuations do not 
invalidate the measurements of heat flow. The mean value for the Gulf of Aden (this includes five 
previous measurements) is 3-89 + 0-49 /¿cal cm-2 s-1. This high value, combined with the shape of 
a profile across the Gulf, suggests a region of unusually high temperature at a depth of less than 
10 km below the bottom. The seventeen heat flow measurements made by R.R.S. Discovery and 
R.V. Vema between the African coast and the Seychelles show little variation about a mean value 
of 1T7 /¿cal cm-2 s_I. The comparison of these observations and the deep structure, as determined 
by a series of seismic lines, shows a constant heat flow across the continental margin.

The author is indebted to Mr R. Belderson of the National Institute of Oceanography for a 
brief description of the cores taken on the cruise.
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M a r in e  sedim ents  a n d  bo tto m  com m unities o f  t h e  S e y c h e l l e s

B y  M. S. L e w i s  a n d  J. D. T a y l o r  

Department of Geology, University of London, King’s College

The shoal water region of the Seychelles Bank, covering about 31000 km2, is floored by relatively 
thin detrital carbonate sediments. Around the granitic and coral islands at least four submarine 
platforms can be recognized and are tentatively related to Late-glacial and Postglacial sea levels. 
A shallow discontinuous rim is developed around the margin of the Bank.

The sediments and bottom communities of the open Bank and öf the reef flats are described in terms 
of nine principal environments. Sedimentary facies are distinguished by the proportions of different 
organic constituents, by variations in grain size and by presence or absence of quartz. Syngenetic 
pyrite and callophane occur locally as minor constituents. Away from the reef flats the Bank supports 
a fairly uniform bottom community, the main elements being mollusca and foraminifera.

The reefs may be considered as large intertidal pools with many microenvironments and with 
a complex zonation of communities showing rapid lateral changes in composition. There is a close 
relation between the sedimentary facies of the reefs and the distribution of the bottom communities.

T h e  r e c e n t  se d im e n t a r y  facies  o f  t h e  P e r sia n  G u l f  r e g io n

By G. E v a n s  

Imperial College, London

The Persian Gulf, which is a shallow marginal sea of the Indian Ocean, is an excellent model for 
the study of some ancient troughs.

It is bordered on the west by the Arabian Precambrian shield and on the east by the Persian 
Tertiary fold mountains.

Persia is an area of extensive continental deposition. It is bordered by a narrow submarine 
shelf. The deeper trough of the Persian Gulf lying along the Persian Coast seaward of the shelf is 
floored by .marly sediments. East of this, the Arabian shelf is covered with skeletal calcarenites 
and calcilutites. To the northwest is the Mesopotamian alluvial plain and deltaic lobe.

Arabia is bordered on the Persian Gulf littoral by a coastal complex of carbonate environments. 
Barrier islands, tidal deltas (the site of oolitic calcarenite formation) and reefs protect lagoons 
where calcilutites, pelletal-calcarenites and calcilutites and skeletal calcarenites and calcilutites 
are forming. There are Mangrove swamps, extensive algal flats and broad intertidal flats bordering 
the lagoons and landward sides of the islands. A wide coastal plain, the sabkha, borders the 
mainland. Here evaporation and reactions between the saline waters percolating from the 
lagoons, and calcium carbonate deposited during a seaward regression, leads to the production 
of cvaporitic minerals including anhydrite, celestite, dolomite, gypsum and halite. Inland, wide 
dune sand areas pass into the outwash plains skirting the mountain rim of Arabia.
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R eprin ted from  Exeerpta M edica International Congress Series N o. 91 

containing abstracts of papers read at the 
SECOND INTERNATIONAL CONFERENCE ON PROTOZOOLOGY

London , August 1965

255. Infraciliary morphology of a little-known echinophilous hymenostome ciliate from 
the Indo-West Pacific
BERGER, J., Departm ent o f Zoology, University o f Toronto, Toronto 5, Canada

Silver-impregnated specimens of the echinophilous inquilinic ciliate, Cryptochilidium  
polynucleatum  Nie, 1934, were obtained during surveys of Indo-West Pacific sea urchins. 
They do not exhibit a cryptochilid infraciliary morphology.

Superficially, C. polynucleatum  displays the laterally-compressed appearance o f its 
presumed congeners. However, its buccal and somatic infraciliature differ significantly 
from true cryptochi lids. The infraciliature of the 14 sigmoid kineties of the concave 
right surface is dimorphic. The two kineties adjacent to the naked oral region consist 
entirely of contiguous kinetosomes. The posterior 10% of the next 5-6 kineties is of a 
similar granular density. These dense areas presumably act as a thigmotactic field. The 
remainder of the dextra! kineties are provided with % as many kinetosomes. All dextral 
kineties extend for ca. % the somatic length leaving an agranular posterior zone con
tinuous with the oral region. The convex left surface has 10-12 straight kineties of a 
non-thigmotactic kinetosomal density. All somatic cilia are of equal length except the 
caudal tuft which arises from 3-4 polar-basal granules.

T|ie infraciliary buccal apparatus consists of .two subequatoria! parallel rows of 1-3 
kinetosomes’ width. They extend for ca. % the somatic length along the right margin of 
the naked inter-kinetal ventral area. The left* membranellar base is longer and less 
curved than its dextral counterpart. Both end at the cytostome. They resemble pseudo- 
cohnflembid oral membranes and the composite AZM of hemispeirid thigmotrichs. As 
no stomatogenic individuals were observed among the 300+  specimens examined, 
speculation concerning the phylogenetic implications o f these organelles is premature.

Itiç  cytoproct is immediately caudad o f the cytostome. A single contractile vacuole 
pore lies behind the thigmotactic dextral kineties.

Elevation of C. polynucleatum  to a distinct generic status within the HYMENO
STOMATIDA seems justified as does the placing of Cryptochilidium ozakii Yagiu, 1935, 
into junior synonomy with it.
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272. A  preliminary report on the Tintinnida of the Indian Ocean from the collections 
o f Cruise 2 o f  the "Anton Braun”, June to August, 1963
McDOWELL, S., Dept, o f Biology, M ontclair State College, Upper M ontclair, 
N . J., U .S.A.

Samples were taken from over 40 stations in a north-south transect from Bombay due 
south on the 70° parallel to south latitude 38° and due north on the 80° parallel to 
Ceylon and Bombay. Collections were made by surface tows, 200 meter to surface 
tows, and volume samples from several depths concentrated by millipore filters. The 
last method revealed few forms except minute ones that tend to escape from the usual 
nets.

The overall species complex resembled that of the eastern tropical Pacific Ocean. 
Common oceanic forms proved to be such genera as Codonella, Cyttarocylis, R habdo
nella, Rhabdonellopsis, Parundella, Xystonella, Xystonellopsis, Proplectella, Undella, 
Amplectella, D ictyocysta, Amphorella, E utintinnus  and'Salpingella. The paper will be 
illustrated by photographs using conventional light as well as phase contrast and polari
zation optics were made of living specimens and loricas alone.

A  more complete account will appear later including collections from other cruises. 
(Supported by the NSF as a part o f the U.S. Program in Biology, International Indian 
Ocean Expedition.)
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