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I. INTRO DUCTIO N

Among th e  five orders of the  class H olothurio i- 
dea, the E lasipoda are u n iq u e  in  being confined 
to  the deep sea, i. e. to  dep ths exceeding 200-400 
meters.

T h e  four rem ain ing  orders (Aspidochirota, 
M olpadonia, D endrochiro ta , an d  Apoda) all in ­
clude sub litto ral as well as deep-sea groups. These 
orders w ill be dea lt w ith  in  subsequent volumes 
of the G alathea R eport.

T h e  H olo thurio idea com prise ab o u t 1100 de­
scribed species (M adsen 1954). A pproxim ately  380 
species belong to  the deep sea.

Previous to the present revision, the Elasipoda 
com prised 171 species. O f these, 165 belonged to 
the ben th ic  families D eim atidae, Laetm ogonidae, 
Psychropotidae, an d  E lp idiidae, w hile the rem ain­
ing six belonged to  the pelagic fam ily Pelago- / 
thuriidae. T h e  present investigation  deals w ith 
the four ben th ic  fam ilies only. Eleven species are 
erected, w hile 18 previously described species are 
left out, being insufficiently  described. T h e  total 
num ber of recognized ben th ic  species is reduced 
from  165 to  106.

In  ad d itio n  to  the m ateria l b rough t hom e by 
the G alathea E xpedition  (1950-1952), the investi­

gation also includes the E lasipoda taken  du ring  
three collecting voyages of the late D r. T h . Mor- 
tensen d u rin g  the years 1913—1930.

T h e  w orking u p  of th is global m ateria l m ade 
necessary a com parison w ith  th e  described m a­
terials from  earlier deep-sea expeditions. W ith  
this purpose visits were p a id  to  th e  m useum s of 
London, A m sterdam , Paris, M onaco, W ashing­
ton, an d  C am bridge (Mass.).

T h e  presen t w ork discusses a ll the 106 know n 
species of ben th ic  Elasipoda, 75 of w hich  have 
been exam ined.

Among the  m any people w ho have con tribu ted  
w ith  aid  a n d  advice to  the  present w ork I  owe a 
particu lar deb t to  the  late Dr. A n ton  Fr. B ruun, 
the in sp iring  scientific leader of the G alathea 
Expedition, w ho gave me the o p p o rtu n ity  to  
participate in  the expedition  an d  afterw ards p la­
ced a t m y disposal the rich  m ateria l o f holothuri- 
ans.

I  am  in d eb ted  to  all m y deep-sea colleagues in  
the Zoological M useum , of w hom  I  m ay m en tion  
Dr. F. J. M adsen, cu ra to r of echinoderm s, and  
Dr. T . W olff, ed ito r of the G alathea R eport.
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A num ber of echinoderm  specialists have 
shown me a great helpfulness d u ring  my visits 
to foreign museums: Dr. G. C herbonn ier (Paris), 
Dr. Ailsa M. C lark (London), Professor H . Engel 
(Amsterdam), Professor H . B. Fell an d  D r. Elisa­
beth  D eichm ann (H arvard), an d  Dr. D. L. Paw- 
son (W ashington). Dr. Johanne  K jennerud  (Ber­
gen) kindly  sent specimens for re-exam ination.

T h e  photographs in  Pis. I -X I I  were m ade by 
Mr. G. Brovad.

T h e  histological sections of the gonads shown 
in  Pis. X III  and  X IV  were k indly  p repared  and  
photographed by Dr. J. Lutzen an d  M r. K jeld 
Hansen, Institu te  of C om parative A natom y, U n i­
versity of Copenhagen.

Most of the drawings, ap art from  the  sim ple 
line drawings, were m ade by the la te  P ou l H . 
W in ther (PHW ), w hile a few are due to  Mrs. 
Lise Jersing (LJ) and  Mrs. Ju lie  T esch  (JT ). 
T h e  diagrams in  Figs. 99-103 were m ade by M r. 
E. Leenders.

T h e  English tex t was revised by Mrs. M anon 
Good fellow (Systematic Part) an d  Mrs. A gnete 
Vols0e (General Part). Mrs. T o to  Selling an d  
Mrs. Else H 0jgaard  carefully prepared  the  m a­
nuscript for p rin tin g  and  m ade valuab le sugges­
tions.

Mrs. E dith  Asmussen kindly translated  R us­
sian papers for me.

Finally, I  wish to  express my sincere thanks 
to Professor J . Prytz Johansen, form er head  of 
the University L ibrary  (Scientific an d  M edical 
Departm ent), for allow ing me one year’s leave 
to concentrate on  my scientific work.

D uring  my w ork I  have received invaluable 
economic support from  various sources. T h e  
University L ibrary paid  the expenses of h a lf  of 
my one year’s leave, w hile the D anish Science 
Foundation  paid  the o ther half. T h e  visits to 
foreign museums were paid  by the U niversity  of 
Copenhagen and  the R ask-0rsted  F oundation .

History of exploration

Descriptions of deep-sea ho lo thurians are alm ost 
exclusively found in  the reports from  the various 
deep-sea expeditions. A review of these expedi­
tions and of the w ork dealing  w ith  th e ir  collec­
tions of holothurians, therefore, is a t the  same 
tim e a history of exploration  of this group.

T h e  Challenger E xpedition 1872-1876 foun­
ded the knowledge of the deep-sea ho lothurians,

as well as th a t of m ost other deep-sea anim al 
groups. T h e  ho lo thurians from this famous ex­
pedition  were trea ted  by Th£el (1882, 1886 a) 
who erected the o rder Elasipoda, com prising 52 
species. O nly one of the  species, E lp id ia  glacialis, 
was know n before, described by the same au tho r 
in  an  earlier paper (Th£el 1876).

W hile the C hallenger  brought hom e m aterial 
from  the th ree m ain  oceans, the subsequent deep- 
sea expeditions explored restricted regions.

T h e  Norw egian N orth-A tlantic E xpedition  
1876-1878, w ith  the research vessel V oringen , 
explored the N orw egian Sea and  the adjacent 
regions of the N o rth  A tlantic (Danielssen & 
Koren 1882). T h e  genera Irpa  and  K olga  were 
erected on this m aterial.

T h e  In g o lf  1895-1896 explored the n o rth ern ­
most p a rt of the N orth  A tlantic an d  the  south­
western p art of the  N orw egian Sea (H eding 1935, 
1942). T h e  G odthaab  1928 explored the W est 
G reenland seas (M ortensen 1932).

T h e  area investigated by the In g o lf  is bordered  
to the south by a large unexplored area. F arther 
south, the N orth  A tlan tic has been explored by 
a num ber of expeditions. T h e  eastern an d  cen­
tral parts were explored by the T ra va illeu r  and 
the T a lism a n  1880-1883 (R. Perrier 1902) and  
by the expeditions of Prince A lbert I  of M onaco 
w ith  the Princesse A lic e  and  the H iro n d e lle  I I  
(von M arenzeller 1893a, H erouard  1902,1923). T h e  
Bay of Biscay by the C audan  1895 (Koehler 1896). 
T h e  western N o rth  A tlantic was covered by  the 
A lbatross  1893 (Verrill 1885), the B la ke  1877— 
1880 (Th£el 1886b), an d  the A tla n tis  1938-1939 
(D eichm ann 1940). T h e  M ichael Sars crossed 
the N o rth  A tlan tic  (Grieg 1921). T h e  Swedish 
Deep-Sea E xpedition 1947-1948 m ade a few 
deep-sea trawlings in  the m id-Atlantic, includ ing  
one a t hadal d ep th  (7625-7900 m) in  the  Puerto  
Rico T rench  (M adsen 1953).

T h e  G erm an Deep-Sea Expedition 1898-1899 
w ith the V ald ivia  explored the eastern South 
A tlantic, the A ntarctic Ocean, and  the Ind ian  
Ocean (Ludwig Sc H eding  1935, H eding 1940).

T h e  In ves tig a to r  1887-1901 explored the Bay 
of Bengal an d  the A rabian  Sea (Koehler &: Vaney 
1905). T h e  Siboga  1899-1900 explored the In d o ­
nesian Seas (Sluiter 1901 b).

A num ber of expeditions w ith the A lba tro ss  
explored regions of the Pacific Ocean; m ost of 
them  were w orking close to the coasts: W est 
coast of C entral America 1891 (Ludwig 1894);



H aw aiian  Islands 1902 (Fisher 1907); N o rth  Paci­
fic coast o f N o rth  America 1903 (Edwards 1907); 
Ja p a n  1906 (Ohshim a 1915, 1916-1919), and  
B aja C alifo rn ia  1911 (Clark 1913, 1923 a). Only 
the  expeditions 1899-1900 an d  1903-1905 to  the 
eastern  T ro p ica l Pacific had  a num ber of sta­
tions far from  the coast. T h e  ho lo thurians from  
the  tw o last-m entioned expeditions w ere treated  
by H . L. C lark  (1920).

T h e  A ntarc tic  Ocean was investigated, besides 
by th e  C h a llenger  an d  the V ald ivia , by the  French 
A ntarc tic  Expeditions 1903-1905 an d  1908-1910 
(Vaney 1906, 1914); the Belgica  1897-1899 (H 6- 
ro u a rd  1906); the Scotia  1902-1904 (Vaney 1908); 
th e  Swedish A ntarctic Expedition  1901-1903 (Ek- 
m an  1925); th e  G erm an A ntarctic E xpedition  
1901-1903 (Ekm an 1927), and  the E lta n in  1962- 
1964 (Agatep 1967 a, b).

Since 1949, Russian expeditions, in  particu la r 
w ith  th e  V itiaz, have explored various parts of 
th e  w orld  ocean. T h e  ho lo thu rian  genera M yrio - 
tro ch u s  an d  E lp id ia  have so far been w orked up  
(Belyaev 1970, 1971).

T h e  degree of exploration of the d ifferent 
geographic regions (Figs. 107—108) is fu rth e r con­
sidered  in  connection w ith  the discussion of the 
geographic d istribu tion  of the species (p. 219).

The Galathea collections

T h e  G ala thea , like the C hallenger, undertook  
a circum navigation  of the w orld. A  special ob­
ject was to  explore the fauna of the deep-sea 
trenches — the  fauna w hich B ruun  (1956) term ed 
the  h ad a l fauna. P rior to  the G alathea Expedi­
tion , th is  fauna was known only from  one hau l 
m ade by  the  Swedish Deep-Sea E xpedition  a t 
7625-7900 m  in  the P uerto  Rico T rench .

T h e  G ala thea  b rought up  ben th ic anim als 
from  98 traw ling  and  dredging stations a t depths 
grea ter th a n  400 m, 83 of them  exceeding 1000 m.

W h ile  ho lo thurians were taken a t only 7 of the 
15 sta tions a t  depths of 400-1000 m, they* were 
p resen t a t 79 of the 83 stations a t depths greater 
th a n  1000 m. T h ree  of the stations w hich d id  no t 
y ield ho lo thu rians were from hard  bo ttom  in  
the  In d ia n  O cean off South Africa (depth: 4390- 
5340 m). T h e  hauls m ade a t two of the stations 
(175 a n d  178) failed alm ost totally, yielding very 
lit tle  b en th ic  m aterial. T h e  th ird  one (St. 182) 
b ro u g h t u p  blocks of lava and  a typical epifauna, 
especially of Bryozoa.

O nly one soft-bottom  traw ling-station at depths 
exceeding 1000 m  failed  to  b rin g  up  ho lo thuri­
ans: St. 302 in  the Bay of Bengal (depth: 1190 m, 
bottom : clay). T h e  sta tion  yielded 51 bivalves 
an d  some o ther ben th ic  invertebrates.

In  ad d itio n  to  the exp lo ra tion  of the trenches, 
the G alathea  concen tra ted  on the exploration 
of the  abyssal fauna, w h ile  the bathyal fauna 
was investigated to  a m ore  lim ited  extent.

T h e  equ ipm en t o f the  G alathea  made possible 
th e  use o f large fishing gear. Shrim p O tter T raw l 
(SOT) an d  H errin g  O tte r  T raw l (H O T) of the 
types used by D anish  fisherm en were used a t 
great dep ths -  the  H O T  a t  a depth  down to 
7160 m  in  th e  Sunda T re n ch . A 6 m  wide Sledge 
T raw l (ST 600) was used dow n to 8210-8300 m  
in  the  K erm adec T ren ch , an d  a 3 m  wide Sledge 
T raw l (ST 300) dow n to  10200 m  in  the P hilip ­
p ine  T rench .

T h e  G ala thea  collections, including the type 
specimens, are kep t in  the  Zoological M useum 
of C openhagen.

The advantage of large gear 
in catching holothurians

T h e  large gear used by th e  G alathea  brought up  
rich  catches of the larger an im als of the sea floor. 
B ut the w ide meshes of th e  nets d id  not perm it 
an  effective collecting of th e  sm aller ones. Groups 
of small-sized anim als (e. g. Crustacea) are not 
represented  in  such p ro p o rtio n s as to give a cor­
rect im pression of th e ir  density  on  the sea floor.

T raw ls w ith  a  large open ing  have a particular 
advantage in  catching ho lo thurians. Bathyscaphe 
observations have show n th a t many deep-sea 
ho lo thu rians are so bu o y an t th a t they may be 
swept off the  bo ttom  by  th e  w ater movements 
caused by the  sam pling  gear. Barham  e t al. 
(1967) relate, from  a d ep th  of 1060-1243 m  in 
the San D iego T ro u g h , th a t “the m otion of the 
passing bathyscaphe sweeps Scotoplanes  sp. off 
the ir feet an d  tum bles them  around”. T hey 
po in ted  to  th e  rem arkab le fact th a t extensive 
grab-sam ple explorations in  the  same area (H art­
m an 1963, H artm an  Sc B arn a rd  1958-1960) failed 
to  b rin g  u p  a single specim en of Scotoplanes. 
A pparently , Sco top lanes  is so buoyant th a t i t  
escapes the bo ttom  grab.

W olff (1971), d u rin g  dives of the bathyscaphe 
A rch im ed e  to  4160 m  off M adeira, observed a 
sausage-shaped h o lo th u ria n  (agreeing in  shape
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w ith  B en th o d y te s  an d  w ith  some genera of the 
A spidochirota) which, a t the approach of the 
grab of the bathyscaphe, changed rapidly in to  a 
loaf-shape and, due to  its buoyancy, escaped the 
grab.

T h e  unfitness of sm all nets for catching these 
highly buoyant anim als is illustrated  by the fact 
th a t the  h au l m ade w ith  the H erring  O tte r 
T raw l a t the G alathea  St. 716 (3570 m  dep th  off 
Costa R ica showed a m uch greater dom inance 
of ho lo thurians th an  d id  the hauls w ith the small 
dredge (100 cm w ide an d  10 cm high) used by 
the V em a  in  the same area (W olff 1961).

T h e  poor represen tation  of juvenile stages of ho­
lo thurians (p. 182) may be due n o t only to the large 
mesh size of the  gear used by the G alathea. Pos­
sibly, th e  ho lo thurians of the deep sea are long- 
lived an d  spend a com paratively short period of 
the ir life as juveniles. In  addition , the juveniles 
may be even m ore buoyant than  the adu lt in d i­
viduals, o r they lead a  semipelagic life. I t  is 
notew orthy th a t the sm allest specimens taken 
belong to  the genera E lp id ia , of which the hadal 
forms, in  particu lar, are heavily arm oured, and 
to  M yrio tro ch u s  which, in  contrast to the Elasi­
poda, live bu ried  in  the substratum .

List by station of the Elasipoda 
collected by the Galathea

A bbreviations of gear: H O T : H erring  O tter 
T raw l. SO T : Shrim p O tter T raw l. SBT: Shrim p 
Beam T raw l. S T  200, S T  300 and  ST 600: Sledge 
(Agassiz, Sigsbee) T raw l, 2 m, 3 m, and 6 m  wide.

T em p era tu re  records preceded by “c.” are from  
closely situated  stations.

F or fu rth e r inform ation of the stations, see 
B ruun  (1958) an d  K iilerich (1964).

32. M onrov ia-T akorad i (4°05’N, 2°13'W),
2100 m, 20.XI.1950, SBT 

B e n th o d y te s  lingua  Perrier, 4 
P sychropotes depressa (Thiel), 13 , 
Sco top lanes globosa  T h ie l, 37 

52. San T om i-C am eroon  (1°42'N, 7°51’E),
2550 m, m uddy clay, c. 3.0° C„ 30.XI.1950, 
S O T

P sychropotes depressa (Thiel), 5 
P eniagone d iaphana  (T hiel), 3 

63. O ff G abon (2°00’N, 9°14’E), 1520 m, b lue 
clay, c. 3.8° C„ 2.XII.1950, SOT 

P en iagone d iaphana  (T hiel), 1

65. O ff G abon (2°17’S, 8°10’E), 2770 m, bluish 
clay, 3.0° C., 4.XII.1950, S T  300 

P sychropotes depressa  (T h iel), 2
186. Cape T o w n -D u rb an  (32°33’S, 32°01’E),

3620 m, G lobigerina ooze, 1.2° C., 31.1.1951, 
SO T

B e n th o d y te s  p la n a  n. sp., 1 
B e n th o d y te s  typ ica  T h ie l, 4

190. O ff D urban  (29°42’S, 33°19’E), 2720 m, Glo­
b igerina ooze, 3.I I .1951, S T  300 

D eim a  v a lid u m  v a lid u m  T h ie l, 2 
B e n th o d y te s  typ ica  T h ie l,  2

192. O ff D u rb an  (32°00’S, 32°41’E), 3430 m (ST 
300) an d  3530 m  (SOT), G lobigerina ooze, 
1.2° C„ 5.I I .1951

O n eiro p h a n ta  m u ta b ilis  m u ta b ilis  T h ie l, 3 
B e n th o d y te s  typ ica  T h ie l, 5 
P sychropotes verrucosa  (Ludwig), 1

193. O ff D urban  (32°34’S, 31°52’E), 3680 m, Glo­
b igerina ooze, 1.1° C., 6.II.1951, SO T

D eim a  v a lid u m  v a lid u m  T h ie l, 5
217. M ozam bique C hannel (14°20’S, 45°09’E), 

3390 m, G lobigerina ooze, 1.6° C., 27.11.1951, 
H O T

D eim a  v a lid u m  v a lid u m  T h ie l, 1 
O n eiro p h a n ta  m u ta b ilis  m u ta b ilis  T h ie l, 1 
B e n th o d y te s  typ ica  T h ie l, 24 
P sychropotes  sp., 1

231. M adagascar-M om basa (8°52’S, 49°25’E), 
5020 m, 7.III.1951, S T  300

P sychropotes be lyaevi n . sp., 2 
E llip in io n  so lid u m  n . sp., 1 
P en iagone  sp., 1

232. M adagascar-M om basa (9°03’S, 49°22’E), 
4930 m, c. 1.3° C., 8.III.1951, H O T

P sychropotes be lyaevi n. sp., 1 
E ll ip in io n  so lid u m  n. sp., 1 
P en iagone  sp., 3

234. M adagascar-M om basa (5°25’S, 47°09’E), 
4820 m, G lobigerina ooze, 10.I I I .1951, H O T

D eim a  v a lid u m  v a lid u m  T h ie l, 7 
P sycheo trephes m agna  n. sp., 4 
P sychropotes be lyaevi n. sp., 3 
P sychropotes verrucosa  (Ludwig), 2 
P sychropotes long icauda  T h ie l, 6 
P en iagone co nvexa  n. sp., 1

235. M adagascar-M om basa (4°47’S, 46°19’E), 
4810 m, G lobigerina ooze, c. 1.7° C., 11.III. 
1951, H O T

D eim a  v a lid u m  v a lid u m  T h ie l, 1 
P sychropotes be lyaevi n. sp., 19



P sychropo tes sem p eria n a  T heel, 4 
P sychropo tes  long icauda  T heel, 5 

241. O ff Kenya (4°00’S, 41°27’E), 1510 m, pure 
G lobigerina, c. 4.3° C., 15.111.1951, H O T  

B e n th o g o n e  rosea  Koehler, 1 
279. Seychelles-Ceylon (1°00’N, 76°17’E), 4320 m, 

G lobigerina ooze, 8.IV.1951, S T  300 
D eim a  v a lid u m  v a lid u m  T h ie l,  2 
P sychropo tes sem periana  T h ie l, 1

281. Seychelles-Ceylon (3°38’N , 78°15 E), 3310 m, 
G lobigerina ooze, 10.IV.1951, S T  300

D e im a  v a lid u m  v a lid u m  T h ie l, 1 
B e n th o d y te s  p la n a  n. sp., 1 
B e n th o d y te s  typ ica  T h ie l, 1

282. Seychelles-Ceylon (5°32’N, 78°41’E), 4040 m, 
blackish m ud, c. 1.4° C., 11.IV.1951, H O T

B e n th o d y te s  typ ica  T h ie l,  1 
P en ia g o n e  co n vexa  n. sp., 1 
P en iagone  r ig ida  (T h ie l), 1 

299. Bay of Bengal (17°10’N, 84°30’E), 2820 m, 
m ud, 24.IV.1951, H O T

B e n th o d y te s  typ ica  T h ie l,  26 
P sychropo tes m ira b ilis  n. sp., 1 

314. Bay of Bengal (15°54’N , 90°17’E), 2600 m, 
brow nish  ooze, 3.V.1951, H O T  

B e n th o d y te s  typ ica  T h ie l,  1 
324. S tra it of M alacca (6°38’N, 96°00’E), 1140 m, 

brow nish  G lobigerina ooze, 9.V.1951, ST 
300

B en th o g o n e  frag ilis  (Koehler Sc Vaney), 1 

435. P h ilip p in e  T re n c h  (10°20'N, 126°41’E),
9820-10000 m, very stiff clay, 2.6° C., 7.V III.
1951, S T  300 

E ll ip in io n  ga la theae  (Hansen), 1

465. Sunda T re n c h  (10°20’S, 109°55’E), 6900- 
7000 m, 1.5° C., 5.IX.1951, ST  300

E lp id ia  g lacialis su n d en s is  H ansen, 7

466. Sunda T re n c h  (10°21’S, 110°12’E), 7160 m, 
b lu ish  clay, c. 1.5° C., 6.IX.1951, H O T

P en iagone  sp., 8 
A m p e r im a  naresi (T h iel), 114 
E lp id ia  g lacia lis sundensis  H ansen, t .  30Q0 

474. Sunda T re n c h  (9°49'S, 114°13’E), 3810- 
3840 m, 1.2° C., 11.IX.1951, S T  300 

B e n th o d y te s  sp., 1 
490. Bali Sea (5°25’S, 117°03’E), 545-570 m, sand 

an d  clay, c. 6.5° C., 14.IX.1951, ST  300 
O rp h n u rg u s  g laber  W alsh, 5 

495. B anda T re n ch  (5°26’S, 130°58’E),
7250-7290 m, clay, 3.6° C., 22.1X.1951, H O T

B e n th o d y te s  sa n g u in o len ta  T h ie l, 5 
P sychropotes verrucosa  (Ludwig), 3 
P en iagone  sp., 1 

497. B anda T re n ch  (5°18’S, 131°18’E), 6490- 
6650 m, soft clay, 23.IX.1951, H O T  

B e n th o d y te s  sa n g u in o len ta  T h ie l, 3 
P sychropotes verrucosa  (Ludwig), 1 

517. New B rita in  T re n c h  (6°31’S, 153°58’E), 
8940 m, clay, 13.X.1951, S T  300 

E lp id ia  g lacia lis so lo m o n en sis  H ansen, 14 
521. New B rita in  T re n c h  (5°59’S, 153°28’E), 

8780-8830 m, clay, 16.X.1951, ST  200 
E lp id ia  g lacia lis so lo m o n en sis  H ansen, 63 

550. T asm an  Sea (31°27’S, 153°33’E), 4530 m, 
very stiff clay, c. 1.0° C., 12.XI.1951, ST  200 

D eim a  v a lid u m  v a lid u m  T h ie l,  1
574. T asm an  Sea (39°45’S, 159°39’E), 4670 m,

18.XII.1951, S T  600
D eim a  v a lid u m  v a lid u m  T h ie l, 1 
P sychropotes verrucosa  (Ludwig), 1 
P en iagone d ia p h a n a  (T h ie l) , 2

575. T asm an  Sea (40°11’S, 163°35’E), 3710 m, 
pteropod  ooze, c. 1.1° C., 19.XII.1951, SO T

B e n th o d y te s  typ ica  T h ie l ,  21 
P sychropotes verrucosa  (Ludwig), 3

601. T asm an  Sea (45°51’S, 164°32’E), 4400 m, 
G lobigerina ooze, c. 1.1° C., 14.1.1952, H O T

P sychropotes lo n g icauda  T h ie l, 5
602. T asm an  Sea (43°58’S, 165°24’E), 4510 m, 

b lu ish  clay, c. 1.1° C „ 15.1.1952, ST  300
E lp id ia  th ee li H ansen , 14 
P sychropotes verrucosa  (Ludwig), 1 

607. T asm an  Sea (44°18’S, 166°46’E), 3580 m, 
clay, c. 1.3° C„ 17.1.1952, H O T

B e n th o d y te s  sa n g u in o len ta  T h ie l, 2 
626. T asm an  Sea (42°10’S, 170°10'E), 610 m, Glo­

b igerina ooze, 20.1.1952, S T  300 
P en iagone  sp., 4 juveniles

649. Kerm adec T re n ch  (35° 16’S, 178°40W ), 
8210-8300 m, grey clay w ith  pumice, 1.5° C.,
14.11.1952, S T  600

P en iagone azorica  von M arenzeller, 160 
E lp id ia  g lacia lis kerm adecensis  H ansen, 
c. 1800

650. Kermadec Trench (32°20’S, 176°54W ), 
6620-6730 m, brown clay with pumice, 1.3° 
C„ 15.11.1952, S T  600

A po d o g a ster  sp., c. 10 
P eniagone azorica  von  M arenzeller, 260 
Sco toplanes g lobosa  T h ie l,  31 
E lp id ia  glacialis kerm adecensis  H ansen, 1 
P sychropotes verrucosa  (Ludwig), 1
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651. Kermadec T ren ch  (32° 10’S, 177°14’W),
6960-7000 m, brow n clay w ith  pum ice, 1.3° 
C„ 16.11.1952, H O T  

P en iagone azorica  von M arenzeller, 6
653. Kermadec T ren ch  (32°09’S, 176°35’W),

6180 m, brown clay w ith  pum ice, 17.11.1952, 
H O T

P eniagone azorica  von M arenzeller, 1 
Scotoplanes g lobosa  T héel, 1

654. Kermadec T ren ch  (32°10’S, 175°54’W), 
5850-5900 m, brow n clay w ith  pum ice, 1.2° 
C„ 18.11.1952, H O T

O neirophan ta  m u ta b il is  m u ta b ilis  
Théel, 14 
A podogaster  sp., 3
P en iagone azorica  von M arenzeller, 11 
Scotop lanes g lobosa  T héel, 16

658. Kermadec T ren ch  (35°51'S, 178°31’W), 
6660-6770 m, brow n sand w ith  clay and  
stones, 1.3° C., 20.11.1952, S T  600 

P eniagone azorica  von M arenzeller, c. 600 
P eniagone  sp., 1 
Scotoplanes g lobosa  T héel, 17

661. Kermadec T rench  (36°07’S, 178°32’W),
5230-5340 m, pum ice in  abundance, 1.1° C.,
23.11.1952, S T  600 

P eniagone azorica  von M arenzeller, 60 
E llip in io n  sp., 3

663. Kermadec T ren ch  (36°31’S, 178°38’W),
4410 m, brown sandy clay w ith  pum ice, 1.2° 
C„ 24.11.1952, H O T

O n eirophan ta  m u ta b ilis  m u ta b ilis  T héel, 1 
A podogaster  sp., 6
L aetm o g o n e  w yv ille th o m so n i  T héel, 1 
B en th o d y te s  sa n g u in o len ta  T héel, 1 
Psycheotreph.es m agna  n. sp., 3 
P sychropotes long icauda  T héel, 14 
P sychropotes lo veh i T héel, 1 
P eniagone h u m ilis  n. sp., 1 
P eniagone azorica  von M arenzeller, 267 
A ch lyon ice  ecalcarea  T héel, 1 
E llip in io n  b u cep h a lu m  n. sp., 1 
Scotop lanes globosa  T hée l, 5

664. Kermadec T ren ch  (36°34’S, 178°57’W ),
4540 m, brow n sandy clay w ith  pum ice, 1.1° 
C„ 24.11.1952, H O T

O neirophan ta  m u ta b ilis  m u ta b ilis  T héel, 5 
O neirophan ta  setigera  (Ludwig), 1 
A podogaster  sp., 1 
B en th o d y te s  sp., 1 
P sychropotes longicauda  T héel, 33 
P eniagone azorica  von M arenzeller, 179

665. Kermadec T ren ch  (36°38’S, 178021’E),
2470 m, grey clay, 2.1° C„ 25.11.1952, H O T  

B en th o d y tes  sp., 1 
Scotoplanes g lobosa  T h ie l, 1 

668. Kermadec T rench  (36°23’S, 177°41’E),
2640 m, clay, 2.0° C„ 29.11.1952, H O T  

D eim a  va lid u m  v a lid u m  T h ie l, 1 
B en th o d y tes  typ ica  T h ie l, 1 
P sychropotes lo ven i T h ie l, 2 
P eniagone azorica  von M arenzeller, 5 
A m p er im a  robusta  (T h ie l), 1 
Scotoplanes g lobosa  T heel, 66 

716. A capulco-Panam a (9°23’N, 89°32’W),
3570 m, dark  m uddish  clay, c. 1.9° C., 6 .V.
1952, H O T  

O neirophan ta  m u ta b ilis  a ffin is  Ludw ig, 30 
B en th o d y tes  incerta  Ludwig, 16 
B en th o d y tes  sa n g u in o len ta  T h ie l, 1 
P sychropotes longicauda  T h ie l, 5 
P eniagone p a p illa ta  n. sp., 41 
P eniagone v itrea  T h ie l, 1 
Scotoplanes c la rk i n. sp., c. 100 

724. G ulf of Panam a (5°44’N, 79°20’W ), 2950- 
SI 90 m, dark  clay an d  stones, c. 2.0° C., 12. 
V.1952, ST  600 

A podogaster  sp., 1 

726. G ulf of Panam a (5°49’N, 78°52’W ), 3270- 
3670 m, clay, c. 2.0° C., 13.V.1952, H O T  

O neirophan ta  m u ta b ilis  a ffin is  Ludw ig, 1 
O neirophan ta  setigera  (Ludwig), 1 
B en th o d y tes  typica  T h ie l, 1 

739. G ulf of Panam a (7°22’N , 79°32’W ), 915- 
975 m, green clay, c. 5° C., 15.V.1952, H O T  

P annychia  m oseley i T h ie l, 13 
758. Puerto  Rico T ren ch  (18°45'N, 66°27'W ), 

2840 m, c. 3-4° C., 30.V.1952, S T  600 
B en th o d y tes  typ ica  T h ie l, 3

List by station of the Elasipoda collected 
by Dr. Th. Mortensen

T h e  Pacific E xpedition 1913-1916

27.111.1914. 15 miles W . 1/2 S. of Jo lo  (Philip­
pines), 458 m, soft bottom  
O rphnurgus g laber  W alsh, 3 

10.VI.1914. Sagami Bay (Japan), 450 m 
L aetm ogone  fim b r ia ta  (Sluiter), 5 

2.VII.1914. Sagami Bay (Japan), 732 m 
L aetm ogone  m acu la ta  (T h ie l), 1 
L aetm ogone  fim b r ia ta  (Sluiter), 2
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15.IX.1914. N.E. of T asm ania (39°10’S, 149°55’E), 
366^458 m, soft bottom  
L a e tm o g o n e  m aculata  (Théel), 9 

16.IX.1914. N.E. of T asm ania (38°12’S, 149°40’E), 
183-293 m
L a e tm o g o n e  m aculata  (Théel), 1

T h e  D anish  E xpedition  to  the Kei Islands 1922 
(cf. M ortensen 1923)

St. 41. Kei Islands (5°29’S, 132°28’E), 245 m, m ud  
O rp h n u rg u s  g laber W alsh, 1 
L a e tm o g o n e  m acula ta  (Théel), 1 
L a e tm o g o n e  fim b r ia ta  (Sluiter), 1 

St. 42. Kei Islands (5°35'S, 132°29’E), 225 m 
L a e tm o g o n e  m acula ta  (Théel), 1 

St. 51. Kei Islands (5°46’S, 132°51’E), 348 m, m ud 
O rp h n u rg u s  g laber  W alsh, 1 

St. 52. Kei Islands (5°46’S, 132°50’E), 352 m 
O rp h n u rg u s  g laber  W alsh, 1 

St. 56. Kei Islands (5°31’S, 132°5rE), 345 m  
O rp h n u rg u s  g laber  W alsh, 1

T h e  Java -  South Africa Expedition  1929-1930

St. 25. O ff D urban  (29°56’S, 31°19’E), 412 m, 
sandy m ud

L a e tm o g o n e  fim b r ia ta  (Sluiter), 10 
St. 78. O ff St. H elena (8 miles W. by N . o f Sugar- 

loaf), 2400-2780 m (collected by th e  D a n a ) 
A ch lyo n ice  ecalcarea T héel, 1

In  add ition , seven specimens of B e n th o d y te s  lin ­
g ua  R .P errie r from  South Africa, p robab ly  ori­
g ina ting  from  T h e  Java-S ou th  Africa E xpedi­
tion, are described in  the present work.

Re-examined material

A re-exam ination was m ade of the collections in  
the follow ing museums:

T h e  B ritish M useum  (N atural H istory). T h e  
greater p a r t of the C hallenger collections a re  kep t 
here, a lthough  a num ber of specimens from  
th is expedition  were d istribu ted  to o the r m use­
um s (Am sterdam, Copenhagen, Paris).

T h e  Zoological M useum, Am sterdam . T h e  Si- 
boga  ho lo thurians are kept here, in  a fine state 
o f preservation.

T h e  M uséum  N ational d 'H isto ire  N atu relle , 
Paris, keeps the com plete collections of the T ra ­
v a illeu r  an d  the T alism an . U nfortunately , the 
specimens are in  a ra th e r poor state as regards

th e ir  ex ternal m orphology. T h e  deposits, howev­
er, are  w ell preserved in  most of them.

T h e  M usée O céanographique de M onaco keeps 
the collections m ade by the Princesse A lice  and  
the H iro n d e lle  I I .

T h e  Zoological M useum , U niversity of Copen­
hagen. In  add ition  to  the  collections from  the 
G alathea  an d  from  Dr. M ortensen’s expeditions 
this m useum  keeps the collections m ade by the 
In g o l f  an d  the  G odthaab . T h e  ho lothurians of 
the  G erm an Deep-Sea Expedition  (V a ld iv ia )  are 
also a t the presen t tim e kep t in  Copenhagen.

T h e  M useum  of Com parative Zoology, Cam­
bridge (M assachusetts), keeps the B la ke  and  a 
sm aller p a r t of the A  Ibatross collections.

T h e  U n ited  States N ational Museum, W ashing­
ton, keeps the  greater p a r t  of the collections 
from  th e  various expeditions of the A lbatross. 
However, the ho lo thu rians obtained during  the 
Japanese cruise (O hshim a 1915, 1916-1919) seem 
to be alm ost en tirely  lost.

In  the  above-m entioned seven museums are 
stored the g reater p a r t of the previously de­
scribed m ateria l of deep-sea holothurians.

T h e  re-exam ination  of the specimens in  the 
m useum s m entioned  concerned the  external m or­
phology, w hile skin samples had  to be taken to 
th e  Zoological M useum  of Copenhagen for an 
exam ination  of the deposits. For this reason the 
revision of th e  m aterials d id  n o t include the 
selection of lectotypes, despite the fact th a t type 
specimens were usually  n o t selected by the origi­
nal authors. W henever a specimen was found to 
be labelled “T y p e”, i t  has been stated here.

Abbreviations 
of museum names

BM : B ritish  M useum  (N atu ral History),
L ondon

MCZ: M useum  of Com parative Zoology,
Cam bridge, Massachusetts 

M N H N : M uséum  N ational d ’H istoire N aturelle, 
Paris

M OM : M usée O céanographique, M onaco 
USNM : U n ited  States N ational Museum, 

W ashington, D.C.
ZMA: Zoological M useum, Amsterdam
ZM UC: Zoological M useum, U niversity of 

C openhagen
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Methods of examination

In  order to state the varia tion  of the taxonom ic 
characters all available specimens of each species 
were as a ru le  exam ined. T h e  taxonom ically im ­
p o rtan t calcareous deposits (p. 182) w ere exam i­
ned in  abou t 1200 specimens, represen ting  75 
species and  o rig inating  from  the G ala thea  as 
well as from  previous expeditions. T h e  exam ina­
tion  was made by means of slide p reparations of 
the dorsal and  ven tra l skin, an d  usually also of 
a tentacle, a tubefoot, an d  a papilla . T h e  depo­
sits of the in te rn a l organs are less im portan t 
taxonomically, an d  were n o t exam ined in  all 
species. T h e  preparations were m ade by dehy­
drating  a piece of skin in  absolute alcohol, w ith 
subsequent clearing in  xylene an d  m o un ting  in  
C anada balsam. T h e  preparations are a ll kept 
in  the Zoological M useum  of Copenhagen.

Perm anent m ounts for deposit studies are of 
the greatest im portance, when the varia tion  of

the deposits an d  the  synonymy of the species are 
investigated.

T h e  G alathea  specimens were preserved on 
board  in  4 %  form alin  neutralized w ith borax, 
o r in  70 %  alcohol. T h e  former specimens were 
transferred  to  70 o/o alcohol after the re tu rn  of 
the expedition. T h e  calcareous deposits are well 
preserved in  practically  all the specimens. U n­
neutralized  form alin  dissolves the deposits and 
should never be used for specimens to be studied 
taxonom ically. W h en  specimens are fixed for h i­
stological investigations, the borax should be re­
placed by CaCC>3 to  avoid m aceration of the tis­
sues.

Specimens first kep t in  form alin in  some in ­
stances proved to  have reta ined  the ir n a tu ra l 
shape b e tte r th a n  specimens transferred directly 
to  alcohol. T h u s, in  Scotop lanes globosa  the m ar­
ginal lobes on the tentacle discs were visible only 
in  specimens w hich had  been through formalin.

II. SYSTEM ATIC PART 

Order Elasipoda Theel, 1882

D ia g n o s is :  M esentery w ith  dorsal attachm ent the Elasipoda, inc lud ing  the basis of the proposed
th roughout its length. R espiratory trees absent. division of the  o rd er in to  two suborders, are
R e m a rk s :  T h e  taxonom y and  rela tionsh ip  of discussed in  the  G eneral P art (pp. 206-207).

Key to the suborders

1. Deposits perforated  plates, spatu la ted  crosses, rods, o r w h e e ls ................ D eim atina (p. 14)
1. Deposits, w hen present, p rim ary crosses (or p rim ary cross derivatives) w ith  arrested

developm ent of dichotom ous d iv is io n s ...................................................  Psychropodna (p. 75)

Suborder Deimatina nov. subordo

D ia g n o s is :  Deposits perforated plates (or deriv- w ith arrested developm ent of dichotomous divi-
atives from these) or wheels; no prim ary crosses sions. Papillae usually num erous and large.

Key to the families

1. Deposits perforated plates, spatu lated  crosses, and  spatu la ted  rods, or trans­
formed in to  spindle-shaped, rounded, or am orphous bodies. W heels absent. Each
gonad composed of a single cluster of unbranched  s a c s .........................D eim atidae (p. 15)

1. Deposits wheels. In  addition  only scattered rods, o r (in L a e tm o g o n e  violacea) 
spinous crosses occur. Each gonad composed of num erous branched ducts and 
tu b u le s ............................................................................................................. Laetm ogonidae (p. 47)
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Fam ily DEIMATIDAE sensu Ekman, 1926

D ia g n o s i s :  Deposits varying from  perforated 
pla tes a n d  spa tu la ted  p rim ary  crosses to  spatu la­
ted , o r reduced  an d  deform ed rods. W heels ab­
sent. G onads consisting of few, sac-shaped tubules.

T a x o n o m y :  Ekm an (1926) separated the Laet- 
m ogonidae from  T h ie l’s fam ily D eim atidae. T h e  
taxonom ic position  of the  fam ily is considered 
elsewhere (p. 206).

T h e  D eim atidae, as defined  by Ekm an, inclu­
ded  five genera an d  20 species. O ne of the spe­
cies (S co to d e im a  p a ru isp icu la tu m  Clark, 1920), on 
re-exam ination  of the type specim en in  USNM, 
proved  to  be based on  a defective specimen of 
the asp idochiro te h o lo th u ria n  Synallactes  
aen ig m a  Ludw ig, 1894. O th er 11 nom inal species 
a re  considered synonyms of form erly described 
ones.

T h e  previously recognized genera were, in  part, 
based on d oub tfu l taxonom ic characters. T h e  
form er d ivision of the fam ily is, therefore, aban­
doned  a n d  the  fam ily is d iv ided  in to  three genera 
only, based on th e  shape of the  tentacle discs and 
the presence o r absence of circum -oral papillae.

T h e  genera were d istinguished as follows:
D e im a  T h ie l,  1879, was defined  by its large, 

perfo ra ted  plates, an d  by its tentacles being re­
trac tile  in to  the oral cavity.

O n eiro p h a n ta  T h ie l, 1879, h ad  plates sim ilar 
to  those of D eim a, b u t th e  tentacles were un- 
retractile.

O rp k n u rg u s  T h ie l, 1879, was originally  dearly  
d istinguished  from  D eim a  a n d  O n eirophan ta  by 
the sm all, spinous rods w hich characterize the 
type species, O. asper. H owever, these rods were 
absen t from  the  species subsequently  referred to 
th e  genus. T hese had  various kinds of deposits, 
such as spa tu la ted  crosses, spa tu la ted  rods, dicho- 
tom ously d iv ided  crosses, an d  ellipsoid, spindle- 
shaped, o r spherical bodies.

Sco to d e im a  Ludwig, 1894, was distinguished 
from  O rp h n u rg u s  by the presence of m id v e n tra l, 
tubefeet. A lthough  the va lid ity  of the genus was 
doub ted  by O hshim a (1915), i t  rem ained to  be 
trea ted  as a  separate genus.

A m p h id e im a  Koehler & Vaney, 1905, was dis­
tingu ished  from  O rp h n u rg u s  (and from  other 
deim atids) by the  absence of ventro latera l papil­
lae.

T h e  follow ing criticism  m ay be made against 
this division of the  fam ily:

T h e  genus O rp h n u rg u s  d iffered from O neiro­
p h a n ta  by the absence o f perforated  plates and  
n o t by a deposit type of its own. T h e  spatulated  
rods an d  th e  spa tu la ted  a n d  ram ified crosses are 
no t confined to  species o f O rphnurgus, b u t may 
be found  also in  O n e iro p h a n ta  m u ta b ilis  -  here 
being in terconnected  w ith  the  perforated plates 
by a ll in term ediates. W h ile  the  ram ified crosses 
m erely rep resen t early  stages o f perforated plates, 
the spa tu la ted  rods an d  crosses derive from  these 
plates th rough  a n  en largem ent of the prim ary 
rod  o r the  p rim ary  cross, concurrently  w ith a  re­
duction  of the  te rm in al ram ifications. T h e  occa­
sional occurrence o f these deposits am ong the 
perforated  p lates in  O n eiro p h a n ta  m u ta b ilis  
(and even in  a specim en o f D eim a  v a lid u m ) 
shows th a t they are types easily realized, an d  
unsuitable, therefore, as generic characters. T hus, 
the species S co to d e im a  se tig e ru m  and  S. p ro tec­
tu m , bo th  hav ing  exclusively spatulated  crosses 
in  the body w all a n d  spa tu la ted  rods in  the pa­
pillae, m igh t have reached  the ir sim ilarity by 
convergence. (In  th e  p resen t paper they are re­
ferred to  the genera O n e iro p h a n ta  an d  O rp h n u r­
gus, respectively).

T h e  inadvisab ility  of u sing  the presence or 
absence of perfo ra ted  p la tes as a generic charac­
ter is especially em phasized by the presence in  
O n eiro p h a n ta  m u ta b il is  o f specimens having 
only a few deposits closed to  form perforated 
plates -  the  m ajo rity  rem a in in g  w ith  open, dicho- 
tom ous ram ifications. T h ese  deposits were pre­
dom inan t in  m ost of th e  specimens of O. m u ta ­
bilis from  G ala thea  St. 654 — specimens ra ther 
referable to  O rp h n u rg u s  th a n  to  O neirophan ta , 
according to  th e  form er defin itions of the genera.

M idventral tubefeet, form erly said to d istin­
guish Sco to d e im a , w ere also found  to  occur oc­
casionally in  D eim a  v a lid u m , O neirophan ta  m u ­
tab ilis, O . setigera , a n d  O rp h n u rg u s  glaber. A s  
the ir presence o r  absence do  n o t even distinguish

1 species, the genus S co to d e im a  cannot be upheld. 
T h e  species o f Sco to d e im a  are  replaced in  O rp h ­
nurgus  an d  O n e iro p h a n ta .

Probably, the absence of ventro lateral papillae, 
said to  d istinguish  th e  genus A m p h id e im a , like­
wise represents no  m ore th a n  an  individual vari­
ation. T h e  single species, A . investigatoris, is 
here considered a  synonym  o f O rp h n u rg u s glaber.
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A m ong the features used to  distinguish the 
form er genera of the  D eim atidae, alone the re­
tractility  of the tentacles in to  th e  oral cavity in  
the genus D eim a  appears to  be taxonomically 
valid. All the six described species of D eim a  
(which are here m erged in to  one species) proved 
on re-exam ination to possess this feature. F ur­
therm ore, the feature was always com bined w ith 
the presence of a r in g  of circum-oral papillae. 
A ll o ther species of th e  D eim atidae have un- 
retractile  tentacles an d  lack circum-oral papillae. 
O n the o ther hand , the genus B en th o g o n e  of the 
family Laetm ogonidae an d  the genus B en thody-  
tes of the fam ily Psychropotidae are sim ilar to 
D eim a  in  bo th  these features.

T h e  tentacle discs in  the  fam ily belong to  two 
distinctly d ifferent types (PI. V III: 1-7). A  divi­
sion of the family according to  these types and 
to  the presence o r absence of circum-oral pap il­
lae an d  retractility  of th e  tentacles seems to be 
more in  agreem ent w ith  the  n a tu ra l affinities of 
the species than  the  previous division.

D eim a  possesses re trac tile  tentacles and  circum- 
oral papillae. T h e  tentacle discs are circular 
in  ou tline an d  the m arg in  provided w ith  4—10 
rounded  knobs o r elongated lobes.

O neirophan ta  has ten tacle discs sim ilar to 
those of D eim a  (a lthough sometimes w ith re­
duced knobs), b u t the tentacles are unretractile 
an d  there are no  drcum -oral papillae. Intra- 
ovarian young of O. m u ta b ilis  a ffin is , however,

have slightly ram ified  discs. T h e  genus com pri­
ses th ree species, O. m u ta b ilis , O. setigera (— Sco- 
to d e im a  se tig eru m )  and, w ith  some doubt, O. 
conservata, in  w hich the shape of the tentacles is 
unknow n.

O rp h n u rg u s  differs from  D eim a  an d  O neiro ­
p h a n ta  by the presence of ram ified  processes on 
the  m argin  of th e  tentacle discs. L ike O neiro­
p h a n ta  i t  has unretrac tile  tentacles and  lacks 
circum -oral papillae.

R am ified  tentacle discs were described by 
T h ee l for O rp h n u rg u s  asper, and  by Fisher for
O. insign is ( =  O. glaber). A ll the exam ined speci­
m ens of O. g laber  h ad  ram ified  tentacle discs, and  
the same applied  to  the re-exam ined species O. 
p ro tec tu s  an d  O. v itreus.

U nfortunately , the ram ified  processes on  the 
tentacle discs are often  so contracted  th a t they 
appear m erely as sm all lobes on  the edge. In  
most of the specimens here described of O. glaber  
the tentacles had  such an  appearance; a com pari­
son w ith  specimens in  w hich the tentacle discs 
were fully extended revealed, however, th a t the 
lobes were in  actual fact contracted ram ifications. 
Since the ram ifications are conspicuous only in  the 
extended state, i t  is hard ly  surprising  th a t these 
have been reported  from  only one (O rp h n u rg u s in ­
sign is) of the six nom inal species here un ited  
un d er O. glaber. A  re-exam ination of the other 
five species will p robably  reveal the presence of 
contracted  ram ifications on  the tentacle discs.

Key to the genera of Deimatidae

1. T en tacle discs re trac tile  in to  the oral cavity. Circum -oral pap illae present. D eim a  (p. 16)
1. Tentacles unretractile . Circum-oral papillae a b s e n t ...................................................  2
2. T entacle discs circular in  outline, usually w ith  rounded  knobs on  the m argin, b u t

never w ith  ram ified p rocesses....................................................................  O neirophan ta  (p. 24)
2. T entacle discs w ith  ram ified (but often contracted) processes on the m argin . . . .

.................................................................................................................................. O rp h n u rg u s  (p. 38)

Genus D eim a  Theel, 1879
i

Thdel 1879, pp. 4-5; T hdel 1882, p. 68. /- Type 
species, designated by D eichm ann (1930): 
D eim a va lid u m  Thdel, 1879.

D ia g n o s is :  T entacles 18-20, retractile into the 
oral cavity; discs w ith  rounded  knobs on the 
margin. Circum-oral papillae present. Deposits 
perforated plates, consisting of one or several 
layers of meshwork.

R e m a rk s :  T h e  six species form erly referred to 
this genus are here un ited  in to  one w ith  two 
subspecies.

D eim a validum  Theel, 1879 
Figs. 1, 109, pis. X I: 1, X III: 1-2

D ia g n o s is :  V entrolateral tubefeet 10-13 pairs, 
single-rowed. M idventral tubefeet absent or re­
presented by a reduced pre-anal p a ir only. Dorsal
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papillae 5-16 pairs, single-rowed an d  usually 
rigid. V entro la tera l papillae 3-7 pairS, usually 
rigid.

D i s t r i b u t i o n :  D eim a  v a lid u m  has a w orld­
w ide d istribu tion  although  it appears to  be ab ­
sent from  m any regions. T h e  bathym etric range 
of the  species varies strikingly from  one region 
to another. N o o ther deep-sea ho lo th u rian  shows 
a sim ilar com bination of geographic an d  b a­
thym etric occurrence.

Based on differences in  the num ber of dorsal 
papillae, an d  to  some degree in  the type of de­
posit, H ansen (1967) proposed a division of the 
species in to  two subspecies, the alm ost cosm opoli­
tan  D eim a  v a lid u m  v a lid u m  and  the eastern Pa­
cific D . v. p ac ificum .

D eim a  v. v a lid u m  is in  the eastern N o rth  A t­
lan tic  know n from  depths of 2779-4360 m (2.5- 
2.9° C.), and  off the  W est Indies from  dep ths of 
1049-1783 m (3.7-6.00 C.).

T h e  only record from  the South A tlan tic  is 
from  1227 m (3.3° C.) off R io  de Janeiro .

T h e  subspecies may have a w ider d istribu tion  
in  the A tlan tic  Ocean. However, the absence of 
records from  the well-explored northernm ost 
p art of the N o rth  A tlan tic and  along  the  east 
coast of N o rth  America indicates a real absence 
of the species in  these two regions.

In  the western In d ian  Ocean the know n bathy­
m etric range is 2720-4820 m  (1.1-1.7° C.), thus 
very sim ilar to the range in  the eastern N orth  
A tlantic. However, due to  insufficient explora­
tion  a t shallower depths, the up p er lim it of b a ­
thym etric range is uncertain  in  this region.

In  the n o rthern  In d ian  Ocean (including the 
A rabian  Sea and  the Bay of Bengal) the bathym e­
tric range is 1224-4320 m  (1.7-6.1° C.), thus com­
prising  alm ost the whole know n dep th  range of 
the species.

In  Indonesian  seas the subspecies is know n 
from  724-1158 m  (c. 4 -7° C.). H ere, the up p er 
lim it is rem arkably shallow. T h e  lower lim it is 
uncertain , because this region has been investiga- /  
ted by only few stations w ith greater depths. 
N orth  of New G uinea the species (under the 
nam e D eim a  fa s to sum )  was recorded from  3658 
m (0.9° C.).

T h e  Japanese records are from  1317-1680 m 
(2.7—3.7° C.); the lower lim it is uncertain , owing 
to  the alm ost to tal absence of deeper stations.

In  the rem ain ing  parts of the Pacific the sub­

species is know n only from  true  abyssal depths: 
K erm adec T rench , 2640 m  (2.2° C.). T asm an 
Sea, 4530-4670 m  (1.0° C.). N o rth  Pacific, 3749 
m  (1.3° C.).

T hus, the subspecies seems to  have a lim ited 
bathym etric range in  the eastern N orth  A tlan tic 
(2779-4360 m), w hile in  the northern  Ind ian  
O cean the range is w ide (1224-4320 m). In  the 
rem ain ing  regions either the  upper o r the lower 
lim it o f bathym etric range is uncertain.

D eim a  v . p a c ificu m  is know n only from  the 
G u lf of P anam a at depths of 1618-2487 m  (2.2- 
2.9° C.). T h is  in terval seems to  represent fairly 
well the tru e  range of the species in  this region, 
since the m any stations a t lower and  greater 
dep ths failed to  b rin g  u p  the species. In  this re­
gion w ith  its steep con tinen ta l slope the d istribu ­
tion  of th e  species is apparen tly  lim ited to  a n a r­
row  zone close to  the coast.

A  w ide gap separates the  known distribu tional 
area of the  subspecies p a c ificu m  from the nearest 
records off Ja p an  of the  subspecies v a lid u m . As 
yet, the in te rven ing  region is too little  explored 
to  perm it a conclusion from  the absence of re­
cords to the absence of the  species. However, it 
is rem arkable th a t the species has n o t been re­
corded from  the region off the coasts of Mexico 
an d  B aja California, w here depths corresponding 
to  the  range of the subspecies pac ificu m  have 
been covered by several stations (Clark 1923a, 
P arker 1964).

T h e  region south of the G ulf of Panam a is 
unexp lo red  a t these depths.

D eim a validum validum  Theel, 1879

D eim a  v a lid u m  T h ie l, 1879, p. 5, figs. 36-38; 
T h ie l  1882, pp. 68-70, pis. X V III, X IX ,X X X I:
4-9, X X X V I: 4, X X X V II: 8, X L III: 7, XLIV: 
13, X LV I: 5; S luiter 1901b, p. 60.

D eim a  v a lid u m  v a lid u m  T h ie l, H ansen 1967, pp.
488-490, fig. 5.

D eim a  fa s to su m  T h ie l, 1879, pp. 5-6, figs. 1-3; 
T h ie l  1882, pp. 71-73, pis. XX, X X I: 1, X X X I: 
10-13, XXXV: 7-10, XXXVI: 7, X X XV II: 3, 
X L III: 2-3, 5, X LV I: 8 .

D eim a  b la ke i T h ie l, 1886b, pp. 1-2, figs. 1—2; 
Koehler Sc Vaney 1905, pp. 55-57, pi. X I: 13- 
15; H iro u a rd  1923, pp. 40-41, pis. V: 7, VI: 
5; D eichm ann 1930, pp. 115-116, pis. X : 7-11, 
X I: 1-3; D eichm ann 1936, p. 9; D eichm ann 
1940, pp . 198-199.

1 7



D eim a  a tlan ticum  H(5rouard, 1898, pp. 88-89, 
figs. 1-2; H drouard 1902, pp. 32-35, pis. I l l :
3, IV: 18, V: 1-5, V III: 26-29; G rieg 1921, p.
4, pi. I: 2-3.

D eim a  m osaicum  O hshim a, 1915, pp. 233-234; 
O hshim a 1916-1919, w ith  two figures.

D ia g n o s is :  V entrolateral tubefeet 10-13 pairs. 
Pre-anal tubefeet rarely present. Dorsal papillae 
5-10 pairs. V entrolateral pap illae 3-7 pairs. Per­
forated  plates usually large and  com posed of sev­
eral layers; diam eter of dorsal ones 1.5-7.0 mm, 
of v en tra l ones 0.5-4.0 mm.

M a t e r i a l :
St. 190, off D urban  (29°42'S, 33°19’E), 2720 m. -

2 specimens.
St. 193, off D urban (32°34’S, 31°52’E), 3680 m. -  

5 specimens.
St. 217, M ozambique C hannel (14°20’S, 45°09’E), 

3390 m. -  1 specimen.
St. 234, M adagascar-M om basa (5°25’S, 47°09’E), 

4820 m. -  7 specimens.
St. 235, M adagascar-M om basa (4°47’S, 46°19’E), 

4810 m. -  1 specimen.
St. 279, Seychelles-Ceylon (1°00’N, 76°17’E),

4320 m. -  2 specimens.
St. 281, Seychelles-Ceylon (3°38’N, 78°15’E),

3310 m. — 1 specimen.
St. 550, T asm an Sea (31027’S, 153°33'E), 4530 m.

-  1 specimen.
St. 574, T asm an Sea (39°45’S, 159°39'E), 4670 m.

-  1 specimen.
St. 668, Kermadec T ren ch  (36°23’S, 177°41’E), 

2640 m. — 1 specimen.
In  addition, two h ithe rto  undescribed speci­

m ens (in USNM) are included from  A lba tro ss  
St. 2763 (year 1887), off R io  de Janeiro  (24°17’S, 
42°48’W), 1227 m, temp. 3.3° C.

D e s c r i p t i o n  of the G alathea  specimens:
T h e  general features of the species are well 
know n from  earlier descriptions -  in  particu lar 
from  T h ie l’s excellent treatm ent of the C ha llen ­
ger  specimens. T h e  present description is m ade 
w ith  special reference to an  evaluation  of syno­
nym ous species and to  an  analysis of the varia­
tion  in  the taxonomic characters.

B o d y  w ith  flat ventrum  and  strongly vau lted  
dorsum . R atio  of length to b read th  abou t 5:3 in  
all the specimens.

T en tacles  w ith  soft discs having 4-8 (usually 6) 
rounded  processes on  the edge. T h e  processes 
are always clearly visible -  although they are 
usually som ewhat contracted  -  and  often give a 
cup-shaped appearance to the discs. In  all the spec­
imens m ost of the tentacles are retracted  in to  
the oral cavity.

C ircum -oral p a p illa e . As described by T h 6el 
the m outh  is p laced in  the centre of a rad ia lly  
furrow ed circu lar field, surrounded by a circle 
of m inu te  papillae. T h e  papillae are clearly vis­
ible only in  the G alathea  specimen from  St. 668. 
However, in  some of the specimens a  num ber of 
small pits ind icate re trac ted  circum-oral papillae.

T ab le  1. D eim a  v a lid u m  va lidum . N um ber of 
tubefeet and  pap illae  in  thè G alathea  specimens.

Station Length
(cm)

Ventro­
lateral

tubefeet

Dorsal
papillae

Ventro­
lateral

papillae

190 5.0 11-11 _ _

- 6.5 12-12 6-6 (3-5)
193 7.0 11-11 5-5 5-3

- 7.5 11-11 5-6 3-3
- 7.5 11-11 5-5 3-3
- 8.0 11-11 6-6 5-3
- 9.5 11-11 5-5 3-3

217 5.0 12-12 7-7 6-
234 4.0 11-11 5-5 5-5

- 6.0 11-11 5-5 5-5
- 7.0 11-11 6-6 7-6
- 8.0 11-11 - 4 -
- 11.0 12-11 5-5 5-3
- 12.0 11-11 5-5 3-5

235 9.0 10-10 - -

279 5.0 11- 7-7 (6-6)
- 6.5 11-11 - (6-6)

281 9.0 12-14 5-5 5-5
574 8.5 10-10 7-7 6-7
668 4.0 10-10 — —

V en tro la tera l tu b e fe e t single-rowed. T h e  va­
riation  in  num ber is shown in T ab le  1.

Pre-anal tu b e fe e t absent in  all the specimens.
D orsal a n d  ven tro la te ra l papillae  rig id  and  

conical. T hey  are nearly  always broken, an d  few 
can be m easured. T h ey  probably vary in  length  
from  V4 to  V2 body length. Very small papillae 
(only a few m illim eter long) are present in  the  5 
cm long specim en from  St. 217.

T h e  varia tion  in  num ber of papillae appears 
in  T ab le  1.
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Fig. 1. Deima validum validum  (1-4, 6-7) and D. v. pacificum  (5). Deposits. 1, Galathea 
St. 668, dorsum; 2—4, Blake Exp., off St. Vincent, West Indies (D. blakei), ventrum (2—3) and 
dorsum (4); 5, Albatross St. 3362 (D. pacificum), dorsum; 6, Albatross St. 4956 (D. mosaicum), 

dorsum; 7, Galathea St. 190, dorsum.

D ep o sits  (Fig. 1) large, im bricating, perforated 
plates, th e  diam eters of w hich vary greatly w ith in  
the single specimen. In  the specimens from  the 
In d ia n  O cean the dorsal plates a tta in  a d iam eter 
of 4—7 m m , w hile the ventral ones m easure 2-3, 
occasionally 4 mm. T h e  two specimens from  the 
T asm an  Sea have sm aller plates; in  the specimen 
from  St. 550 the plates m easure u p  to  2 mm  both  
dorsally a n d  ventrally, w hile in  the specimen 
from  St. 574 the dorsal plates reach abou t 2.5 
mm, an d  th e  ven tra l ones only 1 m m  in  diam eter. 
In  th e  specim en from  the Kerm adec T ren ch  the 
dorsal a n d  ven tra l plates are u p  to  1.5 m m  in 
diam eter.

T h e  p la tes consist of a basal layer w ith  ra ther 
small, ro u n d ed  holes which d im in ish  somewhat 
in  size tow ards the periphery, an d  one o r m ore 
ad d itio n a l layers w ith  irregular meshes. T h e  first 
ad d itio n a l layer starts from  vertical spines on 
the basal p la te , the ends of the spines develop­
ing  ho rizon ta l ram ifications, w hich m erge w ith  
those from  o ther spines. T h e  successive add ition ­
al layers arise in  a m ore irregular m anner, the 
layering of the plates thus becom ing m ore and 
m ore effaced. T h e  additional layers become grad­

ually sm aller. In  the specim en from  St. 281 the 
additional layers am o u n t in  th e  centre of the 
dorsal p lates to  four or five, form ing a low, coni­
cal knob. T h e  o ther specim ens from  the In d ian  
Ocean (Fig. 1:7) have two o r  th ree (sometimes 
only one) ad d itio n a l layers in  the dorsal plates. 
T h e  ventra l deposits in  th e  specimens from  the 
In d ian  O cean have one ad d itio n a l layer, occa­
sionally w ith  ind ications of a second additional 
layer.

T h e  two specim ens from  the  T asm an  Sea have, 
in  agreem ent w ith  the sm all size of the plates, 
only one ad d itio n a l layer in  the dorsal plates, 
and practically  none in  th e  ven tra l ones. As in  
the  In d ian  O cean specim ens the holes of the 
basal p la te  are num erous, regularly  rounded, and  

/ra th e r  sm all also in  the cen tra l p a rt of the plate. 
T h e  specim en from  St. 668 in  th e  Kermadec 
T rench  has exclusively one-layered plates (Fig. 
1:1) w hich resem ble those o f O n eirophan ta  m u ­
tabilis.

External to  th e  perfo ra ted  p lates in  the two 
specimens from  the T asm an  Sea, an d  in  most of 
the specimens from  the  In d ia n  Ocean, are found 
a num ber of sm all, dichotom ously branched rods,



r
sim ilar to  those figured  by T h ie l  for D . va lid u m . 
T h e ir  occurrence is fo rtu itous -  being present in 
the p reparations from  some specimens, and  ab­
sent from  those of o thers from  one and the same 
station.

T h e  p eritoneal layer of the skin and  the walls 
of the gonadal tubu les usually contain  ram ified 
spicules, w hich m ay be closed to form  perforated 
plates w ith  a few large, irregular meshes, sim ilar 
to those figured  by T h ie l  for D. va lid u m . T h e  
occurrence of these in n e r  spicules is, like th a t of 
the ou ter b ranched  spicules, accidental and  w ith­
ou t taxonom ic significance.

D e s c r i p t i o n  of th e  specimens from  A lbatross  
St. 2763: T h e  two specim ens from St. 2763 (off 
R io  de Janeiro ) w ere labelled “D eim a  v a lid u m ” 
(identified  by W . K. Fisher). Body length 7.0 and
8.5 cm. T en tacles (mostly retracted) cup-shaped 
w ith  m arg inal digits. O ral field w ith  radial 
furrows an d  su rrounded  by a circular wall (cir- 
cum-oral pap illae  n o t seen). V entrolateral tube- 
feet 11 pairs. P re-anal tubefeet one pair. Dorsal 
papillae 7 pairs. V en tro la tera l papillae 4 pairs. 
T h e  pap illae are flexible, w ith  somewhat ro u n ­
ded ends; they are 2 -3  cm  long in  the large spe­
cimen, an d  1.0- 1.5 cm in  the small specimen. 
P erforated  p lates one-layered (“O neirophanta-  
like”), 0 .7- 1.0 mm  in  d iam eter bo th  in  dorsum 
and  ven trum  (the ven tra l plates are m ore robust 
than  the dorsal ones). (T he description of the 
perforated  plates refers to th e  large specimen 
only, w hile th e  statem ents of the external fea­
tures refer to  b o th  specimens). Rods absent from 
the pap illae  in  b o th  specimens.

R e v ie w  a n d  r e - e x a m i n a t i o n  of previously 
described m ateria l: T h e  six nom inal species here 
m erged to  a single, cosm opolitan species were 
separated alm ost exclusively on purely  quan ti­
tative characters such as the num ber and  size of 
the dorsal pap illae, and  the d iam eter and  num ­
ber of layers in  the  perforated  plates. Some taxo­
nom ic significance has likewise been attribu ted  
to  the presence o r absence of ram ified outer and 
inner spicules of the skin. T h e  exam ination of 
the G alathea  m ateria l proved this to be unw ar­
ranted.

A lthough  the  species were based on an over­
estim ation of the taxonom ic characters, the differ­
ences repo rted  betw een the species are no t w ith­
ou t taxonom ic in terest. T hey  indicate to some

degree a geographic o r local varia tio n  in  D eim a  
va lid u m . T h is  applies m ost clearly to  the east­
ern Pacific D. p a c ificu m , w here the num ber of 
dorsal pap illae exceeds the varia tion  otherwise 
found in  D . v a lid u m  w ithou t any overlapping. 
T h e  species is here re ta in ed  as a geographic sub­
species of D eim a  v a lid u m . T h e  Japanese species 
D. m osaicum , the species D . fa s to su m  from  no rth  
of New G uinea, an d  the W est In d ia n  representa­
tives of D . b lakei likewise differ from  d ie  typical 
D eim a va lid u m , a lthough  less clearly th an  D. 
pacificum . T hey  have no t been considered of 
subspecific rank  b u t are un ited  w ith  D . a tlan ti- 
cum  and  D . v a lid u m  to form  the  subspecies 
D eim a va lid u m  va lid u m .

T h e  five species included  u n d e r D . va lid u m  
va lid u m  are here briefly  described in  o rder to 
make possible a discussion of the varia tion  w ith in  
the subspecies.

D eim a v a lid u m  T h ie l  was erected on two spe­
cimens from  C hallenger  St. 246 a t 3749 m  in  the 
N orth  Pacific. T h e  type specim en (in BM) was 
re-examined. V entro la tera l tubefeet 11 pairs. Pre- 
anal tubefeet absent. Dorsal pap illae  (7-)9 pairs. 
Ventrolateral pap illae  6 pairs. (T h ie l stated a 
different num ber of papillae, ow ing to  the first 
pair of dorsal pap illae being coun ted  as ventro­
lateral ones. However, this was changed by L ud­
wig (1894), whose term inology is adop ted  in  the 
present work). P erforated  plates reach ing  7 mm, 
with the basal p la te  covered by an  additional 
meshwork. T hey  are ind istinguishable from 
those of the G alathea  specimens from  the In d ian  
Ocean. D. v a lid u m  was la ter rep o rted  from  In ­
donesia by Sluiter (1901b) w ho referred  four spec­
imens from  three Siboga  stations a t 724-1158 m 
to this species, w ithou t giving a descrip tion  of 
them. R e-exam ination of the specim ens revealed 
an interesting variation.

T h e  specimen from  Siboga  St. 85 (Makassar 
Strait) is 5.5 cm long. Tentacles p artly  unretrac t­
ed, apparently  a ll hav ing  six well-developed 
m arginal knobs. D orsal pap illae slender and 
pointed, reaching 4 cm. Perforated  plates dorsally 
1-2 mm, ventrally  0.5 mm; the p lates are strictly 
single-layered, w ith  large central, an d  small pe­
ripheral holes, an d  sometimes w ith  a few ru d i­
m entary spines.

T h e  two specimens from  Siboga  St. 286 (south 
of T im or) are 6.0 an d  11.5 cm long, respectively. 
Tentacles retracted  in  bo th  specimens. Small 
specimen: V entro la tera l tubefeet 10 pairs. Pre-
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anal tubefeet one pair. D orsal pap illae  7-8 pairs, 
all shorter th an  1 cm. Large specim en: V entro­
lateral tubefeet 11 pairs. Pre-anal tubefeet one 
pair. D orsal pap illae 7 pairs, u p  to  3 cm long. A 
prepara tion  from  the dorsal skin of the small 
specimen contained plates sim ilar to  those from

St. 85.
T h e  specim en from  Siboga  St. 211 (south of 

Celebes) is 2.7 cm long, an d  very defective, w ith 
nearly all the perforated  plates lying a t th e  bo t­
tom  of the vial. A p repara tion  showed plates up  
to 2.5 m m  in  diam eter, which, in  th e ir  structure, 
were in term ediate  between those found  in  the 
two other exam ined Siboga  specimens an d  those 
of the G alathea  specimens from  the In d ian  
Ocean: T h e  basal p la te  h ad  ra th e r small perfora­
tions from  centre to  periphery  an d  was covered 
by an  additional, feebly developed, reticu la ted  

layer.
D eim a  fa s to sum  T h ie l  was taken  in  two spec­

imens a t C hallenger St. 216 n o rth  of New G ui­
nea a t 3658 m  (the type specim en in  BM , the 
o ther in  ZMUC). V entro la tera l tubefeet 11-13 
pairs. Pre-anal tubefeet absent. D orsal papillae 
5 pairs. V entrolateral pap illae 3 pairs. P erforat­
ed plates reaching 5 mm, w ith  a large, re ticu la t­
ed, conical knob.

\  T h e  knobbed plates are not, in  princip le, d if­
ferent from  the usual plates in  D . v a lid u m , which 
by the add ition  of successively sm aller secondary 
layers often approach the shape of a low pyra­
m id. Nevertheless, the plates in  the two speci­
mens of D . fastosum  represent an  extrem e case in  
the variation  of the plates, hard ly  ever approached 
in  o ther know n specimens. B oth  specimens were 
re-exam ined by means of p reparations an d  the 
knobs were seen to be very h igh, often  rising 
vertically from  the p la te  an d  giving the skin an 
alm ost spinous appearance.

A part from  the peculiar plates, the  two speci­
mens agree w ith  a typical D . va lid u m .

D eim a  b lakei T h ie l  has been  recorded several 
times from  off the W est Indies a t 1049-1783 m 
(T h ie l 1886b, D eichm ann 1930, 1936, 1940).' Re- / 
exam ination  was m ade of four specimens from ' 
a B la ke  station  off St. V incent, one from  a B la ke  
sta tion  south of Jam aica, one from  the A tla n tis  
St. 3358, and  one from  the A tla n tis  St. 3366 (all 
in  MCZ).

T entacles w ith  4-10 (usually 7-10) m arginal 
knobs. Circum -oral papillae visible in  several spec­
imens. V entrolateral tubefeet 11 pairs (two spec­

im ens had  12 tubefeet on  one side). Pre-anal 
tubefeet present. Dorsal pap illae 5-10 pairs. Ven­
tro la te ra l pap illae 4-5 pairs. (Deichm ann (1940) 
found  3-7  pairs of ven tro la te ra l papillae in  her 
m aterial). T h e  papillae varied  greatly in  shape, 
from  rig id  an d  conical to  flexible and  slender.

T h e  perforated  plates of the  re-exam ined spec­
im ens (Fig. 1: 2-4) w ere small, usually less than
1 . 5  m m  across in  the dorsum  an d  1 . 2  m m  in  the 
ven trum . A  secondary layer was absent, or at the 
m ost feebly indicated. T h e  holes of the central 
p a r t of the plates were rem arkably  large, an d  
often  ra th e r angu lar in  ou tline. In  one specimen 
alm ost all the ventral p lates had  an  elongated 
prim ary  rod  (Fig. 1: 2). As no ted  by D eichm ann 
th e  p lates are rem iniscent of those of O neiro- 
p h a n ta  m u tab ilis .

H iro u a rd  (1923) repo rted  a  specimen of D . 
b la ke i from  2779 m off Cape F inisterre (Spain). 
T h e  specim en (not re-exam ined) h ad  11 pairs of 
ventro latera l tubefeet, one p a ir  of small pre-anal 
tubefeet, 7 pairs of dorsal, an d  4 pairs of ventro­
la tera l papillae; perforated  plates usually 2-3- 
layered, m easuring 2-3 m m  dorsally, 0.6-0.7 m m  
ventrally . A part from  the ir sm aller size the plates 
p robably  agreed w ith  those of the G alathea  
specimens from  the w estern In d ia n  Ocean and  
those of the C hallenger  specimens of D . v a lid u m  
from  the northern  Pacific. T h ey  differed dis­
tinc tly  from  the plates o f th e  W est In d ian  spe­
cimens of D . blakei.

Koehler 8c Vaney (1905) recorded n in e  speci­
m ens of D . b lake i from  eigh t In ves tig a to r  sta­
tions a t 1224-3365 m in  the Bay of Bengal an d  the 
A rabian  Sea. V entrolateral tubefeet 10-12(13) 
pairs. M idventral tubefeet present or absent. 
D orsal papillae 6-9 pairs. V entro la tera l pap illae
4-7(9) pairs. Perforated  plates varying from 2-3 
to  5-6  mm (the size was n o t specified for dorsum  
an d  ventrum ). Some specimens were alm ost w ith ­
o u t an  additional layer, th e  basal plate having 
only a few spines w ith  some horizontal ram ifica­
tions; in  o ther specimens 2- 3-layered plates p re­
dom inated. N o correla tion  was present betw een 
the  num ber of layers an d  the size of the speci­
mens.

T h e  determ ination  of the  specimens was ap­
paren tly  based on the feeble developm ent of the 
secondary layers in  m any of the plates. A fig­
u red  p la te  shows (like those of the W est In ­
d ian  specimens of D . b la ke i an d  two of the re­
exam ined Siboga  specimens) a rem arkable simi­
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la rity  to  O. m u ta b ilis  p lates in  th e  large cen tral 
an d  sm all periphera l holes an d  the  m in u te  spi­
nes.

D eim a  a tla n tic u m  H drouard  was taken  in  five 
specim ens a t 4360 m  betw een th e  Azores an d  
Portugal. V entro la tera l tubefeet 11 pairs. (Mid- 
ven tra l tubefeet n o t m entioned). D orsal pap illae 
5 pairs. V en tro la tera l pap illae  3 pairs. Perforated  
p lates 2-layered (their size n o t m en tioned). A  fig­
u re  of a p a r t of a p la te  indicates th a t the  p lates 
are sim ilar in  type to  those of the  G ala thea  spe­
cimens from  the  western In d ia n  O cean an d  the 
C hallenger  specimens of D . v a lid u m .

H ero u ard  (1923) la te r sta ted  th a t the  two A t­
lan tic  species D . a tla n tic u m  a n d  D . b la ke i d if ­
fered from  each o ther in  the  n u m b er of pap illae 
an d  in  the position  of the first p a ir  of tubefeet in  
re la tion  to  the  m outh . H owever, the  varia tion  
presen t in  the G alathea  specim ens shows th a t 
b o th  differences are  ind iv id u al varia tions only.

G rieg (1921) reported  one specim en from  a 
dep th  of 2800-3000 m  west o f th e  C anary  Is­
lands, having, like H drouard ’s specim ens, 11 pairs 
o f ven tro latera l tubefeet, 5 pairs of dorsal, an d  
3 pairs of ven tro la te ra l papillae.

D eim a  m osa icum  O hshim a is know n from  six 
specimens taken a t two Japanese  stations, a t 1317 
an d  1680 m. T entacles 18, w ith  7-10 m arg inal 
knobs. Circum -oral pap illae present. V en tro la te­
ra l tubefeet 11-13 pairs. P re-anal tubefeet one 
pair. Dorsal pap illae 8-10 pairs. V en tro la tera l 
pap illae  4-5 pairs. T h e  pap illae  w ere very long, 
m easuring u p  to  8 cm (the largest specim en was 
sta ted  to  be 11 cm long). D orsal p e rfo ra ted  plates 
3 -4  m m , 2-layered. V entra l p erfo ra ted  p lates 0 .8-
2.0 m m , single-layered. R e-exam ination  of the 
deposits o f two specimens (in U SNM ) confirm ed 
th a t the  plates (Fig. 1:6) h ad  a feebly developed 
secondary layer.

T h e  long pap illae  and  the presence of only  18 
tentacles were regarded as the d istinguish ing  
characters of the species. As w ill be seen, the 
long  papillae, as well as the rela tively  h ig h  n u m ­
ber of dorsal papillae, appear to  be ra th e r  char­
acteristic of Japanese specimens, a lth o u g h  these 
features do  n o t justify  the erection  of a species. 
O n the o ther hand , the tentacle n u m b e r repo rted  
for D . m osa icum  represents hard ly  m ore th a n  an 
ind iv id u al variation . In  O n e iro p h a n ta  m u ta b ilis , 
in  w hich the tentacles are u n re trac tile  an d  easily 
counted , the num ber was seen to vary from  18 
to  20 even am ong specimens from  a single station.

V a r i a t i o n :
A fter exam ination  of th e  G alathea  m ateria l an d  
the  review  of previous m aterials, an  analysis of 
the  varia tio n  in  the  taxonom ic characters m ay be 
attem pted .

T e n ta c le s  18-20, w ith  4-10 m arginal knobs. 
T h e  varia tion  in  ten tacle num ber as well as in  
n u m b er of knobs seems to  be an  ind iv idual one 
only.

C ircum -ora l p a p illa e  p robably  always present. 
T h ey  have been found  in  specimens of all the  six 
species here synonymized.

V en tro la tera l tu b e fe e t  single-rowed an d  rem ark­
ably constan t in  num ber. T h e  varia tion  is 10-13 
pairs -  11 pairs being  the m ost com m on nu m b er 
all over th e  d is trib u tio n al area of the species (in­
c lu d in g  the subspecies p a c ific u m ).

M id v e n tr a l tu b e fe e t  absent, o r represented  by 
a reduced  pre-anal p a ir  only. T h e ir  absence in  
a ll the  specimens from  the w estern In d ian  Ocean 
suggests th a t some geographic varia tion  exists in  
th e ir  presence or absence.

D orsa l p a p illa e  5-10 pairs. A lthough the 
w hole range of varia tion  in  num ber m ay be 
found  in  W est In d ia n  specimens, some geograph­
ic v a ria tio n  appears to  exist w ith in  the subspe­
cies. W hile  the specim ens from  the eastern A t­
lan tic  an d  the w estern In d ian  Ocean h ad  5-7 
pairs, those from  o ther regions h ad  h igher n u m ­
bers (no rthern  In d ia n  Ocean 6-9, Indonesia 7-8, 
J a p a n  8-10, an d  n o rth e rn  Pacific 7-9 pairs). 
O nly  the  specim ens of D . fa s to su m  from  n o rth  of 
N ew  G uinea h a d  a low  num ber of pap illae (5 
pairs).

T h e  relatively h ig h  num ber of dorsal pap illae 
in  th e  specimens from  Ja p a n  an d  the N o rth  P a­
cific po in ts tow ards th e  conditions in  the subspe­
cies p a c ific u m  from  the  G ulf of Panam a, in  
w hich 11-16 pairs a re  present. U nfortunately , no  
specim ens are know n from  in term ediate  regions.

V en tro la te ra l p a p illa e  3-7 pairs (only one spec­
im en from  the n o rth e rn  In d ia n  Ocean provided 
an  exception, hav ing  9 le ft an d  7 righ t papillae). 
T h e  specim ens from  th e  G alathea  St. 234 com­
prised  , alm ost the to ta l varia tion  found in  the 
species. N o geographic varia tion  is present in  the 
nu m b er -  n o t even betw een the two subspecies.

U nusually  long pap illae  w ere found in  D . m o ­
sa icum  an d  in  one of the re-exam ined Siboga  
specim ens from  Indonesia. T h e  fact th a t two 
o ther Siboga  specim ens had  very short pap illae 
calls for circum spection in  the taxonom ic use of
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the leng th  of the pap illae. A  rem arkab le  varia- T h e  excessive developm ent of ad d itio n a l lay- 
a n d  tion  leng th  of the p ap illae  was also fo u n d  in  ers of m eshw ork in  abyssal specimens, w hich  is

is of t jie G alathea  specim ens from  th e  w estern  In d ia n  usually  co rre la ted  w ith  a  large size of the  p lates,
y be Ocean. m ay rep resen t a  pheno typ ic feature. I f  th is is

D eposits. T h e  varia tion  in  the  p erfo ra ted  pla- tru e  on e  m ig h t expect, in  regions w here the spe-
lobs- tes com prises the ir d iam eter, the  developm ent of d es  has a w ide bathym etric  range, a g rad u a l
s in  add itiona l layers of m eshw ork, a n d  th e  size a n d  increase in  th e  developm ent of add itiona l layers
one size-distribution of holes in  the  basal p la te . Ba- of m eshw ork w ith  increasing depth. So far, such

thym etric as well as geographic features are pres- a reg ion  is know n only in  the Bay of B engal
;ent- en t in  the variation , b u t  no  age v aria tio n  could  (1224-3365 m). A ccording to  Koehler 8c V aney
5 six jje distinguished. (1905) th e  deposits here  com prised 1-, 2-, a n d  3-

P erforated  p lates w ith  one o r m ore  ad d itio n a l layered p la tes; how ever, the  types of p la te  w ere
ar^ ' layers of meshwork, a n d  w ith  num erous reg u la r n o t specified fo r specim ens from  d ifferent depths.
*“13 h o le  in  the  basal p la te  characterize th e  G ala thea  C o n c l u s i o n .  A  geograph ic  va ria tio n  w ith in
lber specim ens from  the w estern In d ia n  O cean (2720- the subspecies is suggested by an  increase in  the
(ln '  4820 m), an d  th e  two C h a llen g er  specim ens from  average n u m b e r o f dorsal papillae from  th e

the n o rth e rn  Pacific (3749 m). T h e  specim ens eastern  A tla n tic  a n d  th e  w estern In d ian  O cean
I by from  the  eastern N o rth  A tla n tic  (2779-4360 m) tow ards th e  n o rth e rn  Pacific, where the nu m b er
5 *n  probably  belong to  the sam e type. T h e  deposits approaches th a t found  in  the subspecies pacifi-
:ean of D. fa s to su m  (north  of N ew  G uinea , 3658 m) cu m  from  th e  G u lf of Panam a. O n  the  o th e r
s in  represen t an  extrem e developm ent o f th is “abys- hand , th e  v a ria tio n  show n by W est In d ia n  spec-

sal” type of plate. im ens com prises th e  w hole varia tion  in  n u m b er
1116 T h e  specimens from  th e  T asm an  Sea (4530- of dorsal p ap illae  fo u n d  w ith in  the  subspecies
be 4670 m) are the only specim ens taken  deeper th a n  v a lid u m .

lPh - 2700 m  w hich have a feebly developed add ition - A bsence of m idven tra l tubefeet may be char-
sPe'  al m eshwork on  the p lates; th e  p la tes o f these acteristic  o f specim ens from  the w estern In d ia n
At* specimens resem ble those fo u n d  in  D . m o sa icu m  Ocean.
5-7 (Japan, 1317-1680 m), a n d  in  th e  specim en from  N o  geographic v aria tio n  was found in  the  num -
um‘ Siboga  St. 211 (south of Celebes, 1158 m). ber o f v en tro la te ra l pap illae  or ven tro latera l tu-

Perforated  plates com pletely o r alm ost com- befeet.
irs)- pletely devoid of ad d itio n a l m eshw ork w ere P ap illae  o f u n u su a l leng th  characterize the
1 ° f  found  in  W est In d ia n  specim ens (1049-1783 m), know n Jap an ese  specimens. However, the  varia-
: the specim en taken off R io  de Ja n e iro  (1227 m), tio n  in  len g th  of pap illae  m ay be large a t  o th e r

the specim en from  th e  K erm adec T re n c h  (2640 m), localities; th is  po in ts to  a lim ited  value of th e
^ae in  th ree Indonesian  Siboga  specim ens (M akassar fea tu re  in  taxonom y.
Pa- S trait, 724 m; south  of T im o r, 883 m), a n d  in  th e  S lenderly  b u ilt  perfo ra ted  plates w ith  large
P e'  subspecies D. v a lid u m  p a c if ic u m  (eastern Pacific, cen tra l holes are  characteristic of W est In d ia n

in  1618-2487 m). specim ens. T h e y  represen t the  type w hich  is
no  G eographic differences are  rep resen ted  by  the  farthest from  th e  stu rdy  an d  sm all-holed p lates

,ns- slenderly b u ilt plates w ith  large cen tra l holes found  in  th e  subspecies pa c ificu m .
^ c'  characteristic of W est In d ia n  specim ens, a n d  the  A  b a th y m e tr ic  va r ia tio n  is ind icated  by an

robust p lates w ith  ra th e r  sm all holes even in  the  increase w ith  d ep th  in  th e  developm ent of th e
ie)- central p a r t w hich are characteristic  ’• o f the  ad d itio n a l m eshw ork o n  the  perforated  plates.
,m_ eastern Pacific subspecies. /  A n  in d iv id u a l  va r ia tio n  appeared  in  th e  num -
the A lthough  on the w hole one-layered p la tes are  b er of dorsal p ap illae  in  W est In d ian  specim ens,
[he characteristic of ba thyal specim ens an d  m any- an d  in  the  len g th  of dorsal an d  ven tro la te ra l pa-
*es- layered plates of abyssal specim ens, th e  presence p illae  in  specim ens from  Indonesia an d  the  west-
’lo~ of a transitiona l type of p la te  in  the  abyssal Tas- e m  In d ia n  Ocean.
}Sa m an  Sea specimens an d  in  th e  ba thyal Japanese
wo specimens prevents a clear d is tinc tion  betw een T ype: BM , labelled  “T y p e ”.
âe a bathyal and  an  abyssal type of deposit. T y p e  locality: C ha llenger  St. 246 (36°10’N, 178°
of 00’E).
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Deima validum pacificum Ludwig, 1894

D eim a  p a c ific u m  Ludw ig, 1894, pp . 63-70, pls.
V III: 5-8, IX : 1-4.

D eim a  v a lid u m  p a c if ic u m  Ludw ig, H ansen 1967, 
pp. 488-490, fig. 5.

tw een the  two subspecies were discussed u n d er 
D. v a lid u m  v a lid u m .
T ype: USN M , labelled  “T y p e”.
T y p e  locality: A lb a tro ss  St. 3407 (0°04’S, 

90°24’W ).

D ia g n o s i s :  V entro la tera l tubefeet I I  pairs. Pre- 
ana l tubefeet, one pair. Dorsal pap illae  11-16 
pairs. V en tro la tera l pap illae  4-5 pairs. Perforated  
p lates sm all an d  single-layered, dorsally 1.5-2.0 
m m  in  d iam eter, ven tra lly  h a lf  as large.

R e m a r k s :  K now n only from  16 specimens taken 
by the  A lb a tro ss . O f these, 7 specimens w ere re­
exam ined  (4 in  USNM , 1 in  MCZ, 1 in  BM, 1 in  
ZM UC).

T h e  subspecies is characterized, in  particu lar, 
by the  large nu m b er of dorsal papillae. T h e  pres­
ence of pre-anal tubefeet an d  the small, single- 
layered perfo ra ted  p lates (Fig. 1: 5) are less char­
acteristic features, being  occasionally found also 
in  D . v a lid u m  v a lid u m . T h e  relationships be­

G enus Oneirophanta Theel, 1879 
Fig. 110

T h£el 1879, p . 6; T h e e l 1882, p. 62. — T ype  spe­
cies: O n e iro p h a n ta  m u ta b il is  T heel, 1879, by 
m onotypy.

D ia g n o s i s :  T en tacles 15-20, unretractile; discs 
usually  w ith  ro u n d ed  knobs on the m argin  b u t 
never w ith  ram ified  processes. Circum -oral p a ­
p illae  absent. D eposits spa tu la ted  crosses o r p e r­
forated , one-layered plates; spa tu la ted  rods pres­
ent, a t least in  the  pap illae.

R e m a r k s :  O n e iro p h a n ta  conservata  may prove 
to  have ram ified  ten tac le  discs, and  thus actually 
belong  to  O rp h n u rg u s .

Key to the species of Oneirophanta

% 1 B ody wal1 w ith  spa tu la ted  crosses. P apillae w ith  a bristle-like cluster o f spatu la ted

rOC*S ....................................................................................................................................  setigera  (p. 36)
1. Body w all w ith  perforated  plates. P ap illae w ith  p e rfo ra ted  p la tes a n d  occasional

sp a tu la ted  rods ...............................................................................  2

2. Each side w ith  8-28 ven tro latera l tubefeet, 4-35 dorsal p ap illae  (in  single or
double rows), an d  4-17 ven tro latera l p a p i l l a e ................................................  m u ta b ilis  (p. 24)

2. Each side w ith  abou t 33 ventro latera l tubefeet, 30 dorsal p ap illae  (in double
rows), an d  13 ventro latera l p a p i l la e ..................................................................  conservata  (p. 36)

Oneirophanta mutabilis Theel, 1879 
Figs. 2 -9 ,9 4 :2 ,9 6 , pis. V III: 1-4, X I: 2-8, X III: 3-9

D ia g n o s i s :  T entacles 18-20. Each body side 
w ith  8-28 ven tro la te ra l tubefeet (in  single or al­
te rn a tin g  doub le  rows), 4—35 dorsal pap illae (in 
single o r doub le  rows), an d  4-17 ventro lateral 
papillae. A ll pap illae  usually slender an d  flex­
ible. M idven tral tubefeet few, or absent. Deposits 
pe rfo ra ted  plates, single-layered or w ith  a feebly 
developed ad d itio n a l layer.

D i s t r i b u t i o n : O n eiro p h a n ta  m u ta b ilis  is char­
acteristic of the deep-abyssal zone, practically 
all records being  from  depths between 3200 and 
6000 m. T h e  species has been found  in  alm ost all 
regions w here these dep ths have been explored.

Based on  differences in  the shape of the tentac­
les, the  type of deposit, an d  the num ber of dorsal 
p ap illae  a div ision  of the  species in to  two geo­
g raph ic  subspecies was proposed by H ansen 
(1967). O. m u ta b il is  a f f in is  is restricted  to  a re la ­
tively sm all area in  th e  eastern  Pacific w here it  re­
places the  o therw ise cosm opolitan O. m . m u tab ilis .

Oneirophanta mutabilis mutabilis Theel, 1879

O n e iro p h a n ta  m u ta b il is  T W el, 1879, pp . 6-7, 
figs. 4 -6 ; T h ee l 1882, pp . 62-68, pls. X X I: 2, 
X X II, X X X I: 1-3, X X X V I: 1-2, 8-11,
X X X V II: 4, 13, X X X V III: 11-12, XL: 1-3, 
X L I: 1-2, 4, X L II: 9, X L III: 1, 6, XLV, 
X L V I: 6-7; R. P errie r 1902, pp. 374-380, pl.
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X V III: 10-15; C lark  1913, p. 232; G rieg  1921, 
p. 5, pi. I I :  1-2; H & xm ard 1923, pp . 39-40, pis. 
IV : 10, V: 3-4; E km an  1927, pp . 364-366, figs.
1-2; A gatep  1967b, pp . 63-65, pi. X : 1-7. 

O neirophanta m u tabilis m utabilis  T h fe l, H a n ­
sen 1967, pp . 485-488, figs. 3-4.

O neirophanta alternata  R . Perrier, 1900, pp. 
117-118; R . P errie r 1902, pp. 380-386, pis. 
X IV : 3-4, X V III: 16-22.

O neirophanta alternata  var. talism ani R . Perrier, 
1902, pp . 386-388, fig. 6.

D ia g n o s i s :  T en tac le  discs w ith  m arginal, 
ro u n d ed  knobs. Each body side w ith  8-28 (36) ven­
tro la te ra l tubefeet, 4-19  dorsal pap illae  (in single 
rows), a n d  4-17  v en tro la te ra l pap illae. D eposits 
ra th e r  slenderly  b u ilt  perfo ra ted  plates; occasion­
ally, deposits w ith  open  ram ifications p redom i­
nate.

M a t e r i a l :
St. 192, off D u rb a n  (32°00’S, 32°41’E), 3430 and  

3530 m  (two hauls). -  3 specimens.
St. 217, M ozam bique C hannel (14°20’S, 45°09’E), 

3390 m. -  1 specim en.
St. 654, K erm adec T re n c h  (32°10’S, 175°54’W), 

5850-5900 m. — 14 specimens.
St. 663, K erm adec T re n c h  (36°31’S, 178°38’W ), 

4410 m. -  1 specim en.
St. 664, K erm adec T re n c h  (36°34’S, 178°57’W ), 

4540 m. — 5 specim ens.

D e s c r i p t i o n :
T h e  G a la th ea  m a teria l of O . m . m u ta b il is  came 
from  th e  w estern  In d ia n  O cean an d  the  K erm a­
dec T ren ch . R em arkab le  differences w ere found  
betw een the  specim ens from  these two regions, 
possibly in d ic a tin g  a geographic varia tion . In  
add ition , a considerab le ind iv id u al varia tion , as 
well as local differences betw een specim ens from  
closely s itu a ted  sta tions in  the  same region were 
found. In  o rd er to  d istingu ish  betw een the  differ­
en t types of varia tio n , th e  m ateria l from  the  d if­
feren t sta tions (and  to  some degree the  single 
specim ens), is trea ted  separately.

St. 192. -  Specim en N o. 1 (Fig. 2).
B o d y  size  1 0 X 4  cm.
T e n ta c le s  20, w ith  8 (occasionally 6) rounded  

knobs on  the  edge of the  disc.
V e n tro la te ra l tu b e fe e t  17 on  each side, in  a l­

te rn a tin g  doub le  rows.

Fig. 2. Oneirophanta mutabilis mutabilis. St. 192. Speci­
men No. 1 in dorsal and ventral view.

M id v e n tr a l tu b e fe e t  4, rud im en tary .
D orsa l p a p illa e  17-18 o n  each side, w ithou t 

b ila te ra l symm etry. O nly  very few are  preserved 
in tac t in  th e ir  fu ll len g th ; how ever, none p rob ­
ably  exceeded 2 cm  in  leng th . T h e  pap illae 
show a rem arkab ly  ir re g u la r  varia tion  in  diam e­
ter. T h u s , th e  longer p ap illa e  vary from  2 to  5 
m m  in  d iam eter a t th e  base. S hort an d  long, stout 
an d  slender p ap illae  follow  each o ther w ithou t 
reg u la r sequence.

V en tro la tera l p a p il la e  approx im ate ly  8-10 on 
each side. A ll th e  p ap illa e  a re  to m  off a t the base.

.D eposits  p erfo ra ted  p lates, 2 -3  m m  in  diam e­
ter, w ith  a ra th e r  slender m eshw ork. T h e  p lates 
carry a n u m b er of sm all, vertical spines, b u t nev­
er  a secondary layer o f m eshw ork.

P ap illae  w ith  p e rfo ra ted  p la tes only  — even in  
the  slenderer ones rods a re  absent.

T u b efee t w ith  p e rfo ra ted  p la tes w hich are pro­
gressively reduced  tow ards the sucking-discs.

T en tacles w ith  irreg u la rly  placed rods w hich 
are  usually  s to u t a n d  som ew hat branched .

T h e  to ta l absence o f sp a tu la ted  rods in  the 
specim en is no tew orthy.

St. 192. -  Specim en N o. 2.
B o d y  size  9X 3 .5  cm.
T en ta c le s  (PI. V III : 2) vary ing  in  shape and 

rem arkably  d iffe ren t from  those o f specim en No.
1. T h e  discs are som etim es asym m etrical, one side
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carrying processes so long  a n d  closely placed th a t 
they resem ble th e  fingers o f a h an d , w hilst on the 
opposite edge th e  processes can  hard ly  be dis­
tinguished. Som e of the  discs are  regularly  star­
shaped.

V en tro la tera l tu b e fe e t  p robab ly  abou t 12-14 
on  each side, in  a lte rn a tin g  doub le  rows.

M id v e n tr a l tu b e fe e t  one pa ir, rud im entary , 
pre-anal; possibly m ore have been  present.

D orsa l p a p il la e  very slender an d  short, the lon ­
gest reach ing  on ly  7—8 m m . T h ey  are rem arkably 
few in  num ber: F o u r o r  five can  be counted  on 
each side, an d  th e  dorsal sk in  is so in ta c t th a t 
on ly  a few m ore can  have been present.

V en tro la te ra l p a p il la e  few in  num ber: Only 
two o r three, a few m illim ete r long, are seen on 
each side.

D ep o sits  as specim en No. 1. N o deposits p re­
served in  pap illae.

St. 192. -  Specim en N o. 3.
B o d y  size  8 X 4  cm.
T e n ta c le s  in te rm ed ia te  in  shape betw een those 

of specim ens Nos. 1—2.
V en tro la tera l tu b e fe e t  p robab ly  abou t 12 on 

each side, in  uneven  single rows.
M id v e n tr a l tu b e fe e t absent.
D orsa l p a p illa e  ap p a ren tly  as few an d  as re­

duced  as in  specim en No. 2. O nly  th ree are seen 
on  the  w hole dorsal side, th e  largest m easuring
6 m m . Scar-m arkings ind icate  th a t m ore papillae 
have been  p resen t -  a few of them  probably  
ra th e r  stout.

V en tro la te ra l p a p illa e  m ostly ind icated  by 
scar-m arkings, ru d im en ta ry  an d  probably  
am o u n tin g  to  5 -6  pairs.

D ep o sits  as specim ens 1-2. N o deposits p re­
served in  pap illae.

St. 217. -  T h e  specim en is 10 cm long an d  very 
defective, all the  pap illae  being  to m  off. O nly 
a few p ap illae  scars are to  be seen; the num ber 
of p ap illae  p robab ly  d id  n o t exceed th a t in  spec­
im ens 1-2 from  St. 192. V en tro la tera l tubefeet 
a b o u t 14 on each side, in  a lte rn a tin g  double 
rows. M idven tra l tubefeet few, rud im entary . T e n ­
tacles w ith  8 ro u n d ed  knobs. D eposits as in  the 
specim ens from  St. 192.

St. 654. -  T h e  14 specim ens are 3.5-9.5 cm long, 
an d  of a very un ifo rm  appearance (Fig. 3).

T en ta c le s  (PI. V III : 1) usually  20, b u t a t least 
one specim en has on ly  18. T h e  discs carry 6-10 
(usually 8) ro u n d ed  knobs on  th e  edge, a n d  fall 
w ith in  the varia tio n  of th e  specim ens from  the 
In d ian  Ocean.

T u b e fe e t a n d  p a p il la e  w ell preserved. T hey  
could be coun ted  in  n early  all cases (T ab le  2).

T ab le  2. O n e iro p h a n ta  m u ta b il is  m u ta b ilis .  
N u m b er of tu b efee t a n d  pap illae  

in  th e  specim ens from  St. 654.

Length
(cm)

Ventro­
lateral

tubefeet

Mid­
ventral
tubefeet

Dorsal Ventro- 
papillae lateral 

papillae

Specimen 1 3.5 __ __ _
- 2 4.0 10-11 4 5-5 —

- 3 4.0 11-11 4 5-5 4-4
- 4 5.0 12-12 3 5-5 4-5
- 5 5.5 11-11 2 5-5 5-5
- 6 6.0 12-12 4 5-5 4-4
- 7 6.5 13-12 4 7-7 5-5
- 8 6.5 11-11 4 - __

- 9 7.0 12-12 4 5-5 7-7
- 10 7.0 13-12 3 5-5 5-4
- 11 7.5 12-12 3 5-5 4-4
- 12 7.5 13-13 4 5-5 5-5
- 13 7.5 13-12 4 7-7 6-6

14 9.0 14-13 4 7-7 7-7

A strik ing  s im ilarity  betw een the specim ens is 
shown by the a rran g em en t a n d  type of reduction  
of the papillae. I t  is possible to  establish the 
homology of the  in d iv id u a l pap illae  an d  to  as­
certain  w hich of th em  are  absent, w hen less than  
the m axim um  n u m b e r is found.

T h e  fu ll n u m b er of dorsal pap illae  is seven 
pairs. Pairs Nos. 1, 2, 4, a n d  6 are  in  all the spec­
imens well developed, m easuring  2 -4  cm. Nos. 
3 and  5 are  reduced  o r  absen t, w hile  No. 7 is re­
duced, although  p resen t in  a ll the  specimens.

T h e  fact th a t the  reduced  pairs of pap illae  are 
always the sam e a n d  th a t the  reduc tion  always 
applies to  bo th  p ap illa e  o f a  pa ir, is very rem ark­
able. A  fu rth e r  p ecu lia rity  in  th e  arrangem ent 
of the dorsal p ap illae  is com m on to  all the  speci­
mens: T h e  left p ap illa  of p a ir  N o. 4, an d  to  some 
degree of No. 6, is in  a ll th e  specim ens placed m ore 
posteriorly th a n  the  co rrespond ing  rig h t one. In  
some specimens th is a p p lied  also to  the second 
pair of papillae.
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Fig 3. Oneirophanta mutabilis mutabilis. St. 654.
Two specimens in dorsal and ventral view. (Above, specimen No. 14; below, specimen No. 10). 

I-V II, dorsal papillae; 1-8, ventrolateral papillae.
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T h e  ven tro la te ra l pap illae  show, a p a rt from  
th e  ra th e r  irregu larly  reduced first two pairs, a 
sim ilar regu larity  in  the reduction . H ere, the 
sta rting -po in t fo r the  reduc tion  is a specim en 
w ith  eight pairs o f pap illae. T h e  first two pairs 
a re  p laced n ea r  each o th e r on  the head, w hile the 
rem ain ing  pairs are p laced a t a m ore o r less 
equal d istance dow n the body.

P airs Nos. 3, 5, an d  7 are m ore o r less reduced, 
o r absent, in  all the  specimens. Pairs 4 an d  6 are 
always long. P a ir  8 is, like the h indm ost p a ir  of 
dorsal pap illae, usually  ra th e r  short.

O nly in  specim en No. 14 (Fig. 3, above) all e ight 
pairs of ven tro la te ra l pap illae  are represented. 
T h e  specim en lacks only the rig h t p ap illa  of 
p a ir  3 an d  the left one of p a ir  8 (the rig h t one 
of the la tte r  p a ir  is 2 cm long). W hile  the  absent 
N o. 3 belongs to  a  p a ir  w hich is always reduced, 
the  absence of the  left No. 8 is an  exceptional 
case of asym m etrical reduction .

T h e  ven tro la te ra l pap illae  are generally  some­
w hat shorter th a n  the  dorsal ones, a lthough  they 
m ay reach  3.5 cm.

T h e  left ven tro la te ra l pap illae  are often  po­
steriorly  displaced com pared to  the correspond­
ing  rig h t ones -  a pecu liarity  sim ilar to  the  con­
ditions found  in  the  dorsal papillae.

M idven tral tubefeet are p resen t on  the  poste­
r io r  h a lf  of the body in  all the specimens. T hey  
show in  th e ir  arrangem en t a un ifo rm ity  as re­
m arkab le as th a t o f the papillae. T h e  four mid- 
ven tra l tubefeet p resen t in  m ost of the specimens 
consist o f a ru d im en tary  pre-anal p a ir  an d  two 
larger, u n p aired  ones -  one placed a little  in  
fro n t o f th e  anus, the o th e r n ea r the  m iddle of 
the  ven trum . In  the th ree  specim ens w ith  three 
m idven tra l tubefeet, one of the ru d im en tary  pre- 
ana l ones is absent, w hile the two u npaired  
ones a re  p resen t a t the usual place. T h e  speci­
m en w ith  two m idven tra l tubefeet lacks one of 
th e  pre-anal an d  the posterio r o f the  u npaired  
tubefeet.

D ep o sits  (Fig. 4) greatly  varying; usually, n u ­
m erous irreg u la r developm ental stages are pres­
en t in  the  preparations.

T h e  degree of developm ent of the deposits is 
no t correla ted  w ith  the  size of th e  specimens. 
T w o o f the  sm allest specimens, 3.5 an d  4.0 cm 
long, have alm ost w ith o u t exception the deposits 
developed as large, perfo ra ted  plates, w hile one 
o f the  largest specimens has incom pletely devel­
oped plates w ith  open  ram ifications. Sim ilarly, 
in  some specimens the  deposits a re  nearly  all a t 
the  same stage of developm ent, w hile in  others

Fig. 4. Oneirophanta mutabilis mutabilis. Deposits. St. 654. 1-5, irregular deposits; 6-7, 
developmental stages towards large-holed plates; 8-9, large-holed plates; 10, small-holed plate.
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the deposits belong  to  very d iffe ren t develop­

m en ta l stages.
O ften  th e  incom ple tely  developed deposits are 

so ir re g u la r  (3-5) th a t they canno t be regarded 
m erely as developm en ta l stages of plates.

F ully  developed  plates w ith  closed holes ro u n d  
the w hole p e rip h e ry  (8-9) are ra re  in  all the 
p repara tions. T h e y  are  u p  to  1.8 m m  in  d ia ­
m eter b o th  in  large an d  sm all specimens. U su­
ally, the  cen tra l holes are large an d  the perip h e­
ra l ones sm all; how ever, ano ther type (10) is also 
found  in  w hich  the  holes are a ll small. In  some 
specim ens th e  separation  betw een the  two types 
is very clear, b u t  in  o thers in te rm ed iary  forms oc­
cur. T h e  sm all-holed plates have a m ore irregu ­
la r o u tlin e  th a n  the large-holed ones, a lthough  
they b o th  a t ta in  the same size. Some of the 
sm all-holed p la tes a re  derived from  the large- 
ho led  type by a secondary division of the  large 

holes.
T h e  v en tra l deposits usually  vary m ore an d  

are less w ell developed an d  less irregu la r than  
the  dorsal ones.

In  some p ap illae  spa tu la ted  rods prevail from  
base to  tip , w hile  in  others the deposits a re  a l­
m ost exclusively plates, only w ith  a few sp a tu la­
ted rods a t th e  tip .

T en tacles a n d  tubefeet have sturdy  rods w ith  
open, te rm in a l ram ifications, very d iffe ren t from  
the  long  a n d  slender spa tu la ted  rods of the  p a­
pillae.

St. 663. -  T h e  single specim en is 5.5 cm long.
T e n ta c le s  w ith  m arg inal knobs on  the  discs.
V en tro la te ra l tu b e fe e t  17 pairs.
M id v e n tr a l tu b e fe e t  one pair, rud im entary , 

pre-anal.
D orsa l p a p il la e  5 left an d  6 righ t. In  th e ir  a r­

rangem en t they agree w ith  those of the  speci­
m ens from  St. 654. C om pared w ith  specimens 
possessing th e  fu ll num ber of 7 pairs, the speci­
m en lacks b o th  pap illae  of p a ir  No. 5, an d  the  
le ft one of p a ir  4 -  the  rig h t one of the  la tte r  p a ir  
being  as long  as 2.5 cm. W hile  p a ir  5 w as/also  
absen t o r reduced  in  the specimens from  St. 654, 
the  absence of the  le ft No. 4 represents a case of 
asym m etrical red u c tio n  w hich was unknow n in  
th e  la tte r  specim ens.

V en tro la te ra l p a p illa e  7 pairs, 2-15 m m  long. 
T h e ir  red u c tio n  is often  asym m etrical, for ex­
am ple, th e  first p a ir  consists o f a two an d  a  15 
m m  long  pap illa , representing  the m in im um

an d  the  m ax im um  size of th e  pap illae  in  the 
specim en.

T h u s , the  p ap illa e  o f th e  specim en agree in  
n u m b er an d  p osition  w ith  those of the specimens 
from  St. 654 b u t d iffe r in  th e ir  less symm etrical 
reduction . M oreover, they are  characteristic by 
th e ir  shape, b e in g  o ften  o f th e  same w id th  from  
th e  base to  th e  ro u n d e d  en d  -  a shape rarely  ap­
proached  in  th e  specim ens from  St. 654.

D ep o s it  s im ila r to  those a t  St. 664 (q. v.).

St. 664. -  T h e  five poorly  preserved specimens 
are 5.0-7.5 cm long.

T e n ta c le s  w ith  m a rg in a l knobs.
V en tro la te ra l tu b e fe e t  17-20 on  each side.
M id v e n tr a l tu b e fe e t  com pletely absent in  the 

sm allest specim en. T h e  largest specimen, and 
possibly some of th e  o thers, has four m idventral 
tubefeet, p laced as in  th e  specim ens from  St. 654.

D orsa l p a p illa e . T h e  sm allest an d  most com­
p le te  specim en has tw o pa irs  on  th e  head, an  u n ­
p a ire d  righ t, 2.5 cm  long, a t  th e  m idd le of the 
body, a n d  a som ew hat sh o rte r u n p a ire d  left one 
posteriorly; th e  dorsal sk in  is so in ta c t th a t it is 
d o u b tfu l w hether m ore  p ap illae  cou ld  have been 
present. A ccording to  th e ir  p lac ing  the papillae 
belong  to  those pa irs  w h ich  are un reduced  in  the 
St. 654 specim ens. H ow ever, the  asym m etrical re­
ductio n  is a n o tab le  d ifference.

In  the  o ther specim ens th e  num bers o f dorsal 
pap illae  p robab ly  fa ll w ith in  the varia tion  a t St.
654. I t  could  n o t be ascerta ined , however, w hether 
they w ere reduced  in  th e  sam e way.

V en tro la tera l p a p illa e . T h e  num bers fall w ith­
in  the  varia tio n  a t St. 654; b u t the  type of reduc­
tio n  could  n o t be m ade  out.

D ep o sits  (Fig. 5) very  d iffe ren t from  those a t 
St. 654. T h ey  are m ore stu rdy  a n d  of a characteri­
stically ro u n d ed  appearance. T h e  holes are m ore 
circu lar an d  m ore reg u la rly  d istribu ted , w ith  the 
large holes in  th e  cen tre  g radually  passing in to  
the  sm all p e rip h e ra l ones. T h e  p erip h era l holes 
a re  closed, a n d  th e  m arg in  of the  p lates smooth. 
T h e  special type o f sm all-holed p la te  found  in  
the  St. 654 specim ens is here com pletely absent.

In  the corners betw een  the  large plates m uch 
sm aller p lates (2) a re  presen t. T h e ir  central holes 
are of the  sam e size as those in  the large plates, 
b u t they are im m ed ia te ly  su rrounded  by the 
sm all p e rip h e ra l holes.

F o u n d  am ong th e  n o rm a l deposits are, in  some 
preparations, sparsely scattered spa tu la ted  rods

29



r

Fig. 5. Oneirophanta mutabilis mutabilis. Deposits. St. 664. 1, large plate; 2, small plate from 
interspace between large plates; 3-4, spatulated crosses; 5, plate with prolonged primary rod; 

6, spatulated rod from body wall; 7, spatulated rod from papilla.

(6), spa tu la ted  crosses (4) w hich  canno t be dis­
tinguished  from  those of O n e iro p h a n ta  setigera  
an d  O rp h n u rg u s  p ro te c tu s , a n d  spa tu la ted  cross­
es w ith  the  arm s tw ice d iv ided  (3). Sometimes 
the te rm inal p lates of th e  shorter spatu la ted  
crosses m eet, fo rm ing  a p erfo ra ted  p la te  w ith  a 
pro longed  p rim ary  ro d  (5).

P ap illae  w ith  p erfo ra ted  p lates even a t the tip. 
Some spa tu la ted  rods (7) are presen t u n d er the 
layer of plates.

T entacles an d  tubefeet w ith  sturdy spatu la ted  
rods.

T h e  deposits o f th e  specim ens from  Sts. 663 
an d  664 show practica lly  no  overlapping  in  shape 
w ith  those from  St. 654. In  the  few specimens 
from  St. 654, in  w hich the  deposits consist o f im ­
bricating , perfo ra ted  p la tes only, these are less 
regularly  b u ilt an d  lack th e  b road  m argin  of 
sm all periphera l holes. T h e  rods an d  crosses of 
th e  specim ens from  Sts. 663 a n d  664 are likewise, 
w ith  the ir regu la r shape an d  spa tu la ted  ends, 
very d iffe ren t from  the  unfin ished , abnorm al de­
posits w ith  open  ram ifications found  in  the St. 
654 specimens. T h e  deposits of the St. 654 speci­
m ens usually  carry  some sm all vertical spines. 
T hese  are absent in  a ll th e  specim ens from  Sts. 
663 an d  664.

R e v ie w  a n d  r e - e x a m i n a t i o n  of previously 
described m ateria l:

In  ad d itio n  to the  24 specim ens taken  by  the 
G alathea , 42 specim ens from  previous expedi­
tions were re-exam ined.

O n eiro p h a n ta  m u ta b il is  T h ee l was first taken 
by the C hallenger. T h d e l (1882) gave a thorough  
description an d  specified the  n u m b er of am bu- 
lacral appendages in  32 specim ens. T h e  shape of 
the deposits w ere described collectively, except 
for the sta tem ent th a t the  specim ens from  the 
A ntarctic St. 157 (53°55’S, 108°35’E) h ad  plates 
of an  extrem ely firm  construc tion  w ith  com para­
tively small holes an d  q u ite  des titu te  of spines.

T h£el em phasized th e  great varia tion  shown 
by the species; however, h is specim ens w ere ra th e r  
uniform  considering the  v a ria tio n  la te r revealed.

A to ta l of 25 C h a llen g er  specim ens w ere re ­
exam ined, com prising specim ens from  all the  
eight stations w here th is species was taken  (21 
specimens in  BM , 2 in  ZMA, 1 in  ZM UC, an d  1 
in  M N H N ).

T h e  follow ing com m ents on  T h ie l ’s descrip tion  
may be m ade: T h e  ten tac le  discs possess 6 -8  m ar­
ginal knobs; the knobs m ay be contracted  or 
concealed in  the  furrow s of the  ra th e r  soft skin of 
the discs, b u t never absen t as in  O. m . a ffin is .
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T h e  p ap illae  w ere single-row ed in  a ll th e  spec­
imens. T h e re  was no  reg u la rity  in  the  red u c tio n  
of the  pap illae , as fo u n d  in  the  specim ens from  
G alathea  St. 654 (and  in  G rieg’s N o rth  A tlan tic  
specim ens of O . m u ta b ilis ) . N o r show ed any  of 
the specim ens a n  ex trem e a n d  irreg u la r reduc­
tion  of the  p ap illae  as fo u n d  in  the  G ala thea  
specimens from  the w estern In d ia n  O cean.

T h e ' skin, according to  T h£el, was “som etim es 
pliable, som etim es very h ard , b rittle , transparen t, 
and  clear like glass”. Such a d ifference is no  lo n ­
ger ap p a ren t in  the  preserved C h a llen g er  speci­
mens. Sim ilarly, the  sta tem en t th a t th e  co lour of 
the specim ens from  C h a llen g er  St. 157 was d a rk ­
er o r lig h te r  v io let was confirm ed  only  fo r the  
largest specim en, w hile  the  two sm aller speci­
mens h a d  now  lost th e ir  p igm en t altogether.

T h e  deposits show ed rem ark ab ly  lit tle  varia ­
tion  com pared  to  th a t fo u n d  in  the  G ala thea  spec­
imens. Even a slight p ro lo n g atio n  of th e  p r i­
m ary rod  was rare, an d  a p ro lo n g atio n  app roach ­
ing th a t found  in  the  p la tes o f th e  subspecies
O. m . a ff in is  was n o t fo u n d  in  any  of th e  speci­
mens. T h e  p lates of the  specim ens from  C ha l­
lenger  St. 157 w hich, accord ing  to  T hdel, w ere 
robust, sm ooth, an d  sm all-holed, ap p eared  on  
re-exam ination  to  b e  m uch  m ore sim ilar to  the  
norm al type th a n  to  th e  ro b u st p la tes char­
acteristic of the  subspecies a ffin is . S im ilarly, spec­
im ens in  w hich un fin ish ed  p la tes w ith  open  
ram ifications p red o m in ate  (as in  the  specim ens 
from  G ala thea  St. 654) w ere n o t p resen t in  the  
C hallenger  m ateria l.

S patu la ted  rods w ere ra re  in  the  pap illae, even 
a t the tip . In  one specim en from  C h a llen g er  St. 
146 long, sp a tu la ted  rods p red o m in ated  in  the 
distal h a lf  o f some of th e  pap illae, w hile  o ther 
pap illae (am ong w hich  also very slender pap illae) 
had  p la tes th ro u g h o u t th e ir  len g th  a n d  no  spat­
u la ted  rods a t  all. T h is  is as fo u n d  in  th e  speci­
mens from  G ala thea  St. 654: T h e  presence in  the 
pap illae of rods versus p lates is o f no  taxonom ic 
im portance. '

R . P errie r (1902) described 11 specim ens from  
six T a lism a n  stations in  the  reg ion  betw een the  
Bay of Biscay an d  the  Azores. E igh t specim ens 
w ere referred  to  O. m u ta b il is , tw o to  O . a ltern a ta  
an d  one to  O . a lte rn a ta  var. ta lism a n i. (D uring  
re-exam ination  of th e  species in  M N H N  a d isa­
g reem ent was found  betw een  th e  labelling  of th e  
m u ta b ilis  specim ens a n d  the  in fo rm atio n  given 
in  the rep o rt: T h e  re p o rt lists 3 specim ens from

St. 133, 4 from  St. 138, a n d  one from  St. 139, b u t 
the  co llection  con ta ined  one specim en from  St. 
138, 7 from  St. 139, b u t  n o n e  from  St. 133).

T h e  tentacles an d  th e  deposits in  all the  speci­
m ens are o f th e  n o rm al m u ta b ilis  type; the  d if­
ferences m en tioned  by  P errie r are in d iv id u a l va­
ria tions only.

O. a lte rn a ta  was characterized first of a ll by 
the  a lte rn a tin g  red u c tio n  of the  pap illae  pairs, 
as shown in  th e  figu re o f th e  specim en from  St. 
137 (Perrier 1902, pi. X IV : 4). T h e  ex tern a l fea­
tures of th is specim en could  be verified  d u rin g  
re-exam ination , w hile  th e  specim en from  St. 134 
n o  longer p e rm itted  a  re-exam ination  of the  p a ­
pillae. P e rrie r’s figure o f th e  specim en o f O . a l­
tern a ta  var. ta lism a n i  (ibid., text-fig. 6) shows 
every second p a ir  o f p ap illae  reduced to a  sm all 
knob, b u t the  re-exam ination  revealed  th e  pres­
ence of ad d itio n a l reduced  papillae. I n  this 
specim en the  red u c tio n  can  scarcely be said  to  
com prise a lte rn a tin g  pairs  o f papillae.

G rieg (1921) described 10 specim ens of O. m u ­
ta b ilis  from  the  Bay of Biscay. T h e  specim ens 
showed a  regu larity  in  th e  reduc tion  of th e  dor­
sal pap illae  som ew hat rem in iscen t of th e  speci­
m ens from  G ala thea  St. 654 in  the K erm adec 
T ren ch : 5-8 pairs of dorsal p ap illae  w ere presen t; 
p a ir  N o. 5 was sm aller in  a ll th e  specim ens an d  
in  two specim ens also p a ir  No. 3 was sm aller.

H drouard  (1923) rep o rted  O. m u ta b ilis  from  
the M onaco stations 1450 a n d  2986, w ith o u t sta t­
in g  the  n u m b er of specim ens. R e-exam ination  
of the m ateria l in  M O M  revealed th e  presence 
of one specim en from  St. 1450 an d  th ree  from  
St. 2986. T h e  specim ens agreed b o th  in  ten tac le  
type an d  in  deposits (no t preserved in  th e  spec­
im en  from  St. 1450) w ith  the usua l type in  O. 
m u ta b ilis .

C lark  (1913) rep o rted  one specim en of O. m u ­
ta b ilis  from  off B aja C alifornia. A  re-exam ina­
tion  of th e  specim en (in  U SNM ) show ed th a t 
tentacles as well as deposits w ere as typical of
O. m u ta b il is  m u ta b ilis . T h is  is n o tab le  in  view 
of the ra th e r  close p rox im ity  to  the  d is trib u tio n ­
al reg ion  of O. m . a ffin is .  T h e  p ap illae  cou ld  
n o t be coun ted  in  the  specim en.

E km an (1927) w ith  some d o u b t re ferred  an  
A ntarctic  specim en to  O. m u ta b ilis .  T h e  d o u b t 
was caused by the presence of num erous sp a tu la t­
ed rods in  the  pap illae , w hich is now  know n to 
be taxonom ically  u n im p o rtan t.

A gatep (1967b) rep o rted  36 specim ens from



15 A ntarctic  stations of the  E lta n in . Body leng th  
(3.5-17.0 cm) an d  nu m b er of tubefeet an d  p ap il­
lae w ere specified for each specim en, b u t the 
dorsal an d  ven tro la te ra l pap illae  were n o t coun t­
ed separately. T u b efee t 9-36 on  each side, few 
specimens hav ing  less th an  20. P ap illae  (dorsal +  
ventrolateral) 8-32 (37) on  each side, a n d  placed 
in  single rows. T entacles 20, usually  w ith  8 m ar­
ginal digits. D eposits perfo ra ted  plates of the 
usual type in  O. m . m u ta b ilis .

V a r i a t i o n :
A lthough  the varia tion  in  the taxonom ic features 
w ith in  diis w idely d is trib u ted  subspecies m ay 
partly  be geographic, a fu rth e r subdivision  of the 
species seems inadvisable on  the basis of ou r 
p resent knowledge. A review of the  v a ria tio n  in  
the d ifferen t features m ay be of in te rest for a 
com parison w ith  fu tu re  m aterials.

T en tacles. As in  subspecies a ffin is  the norm al 
num ber is 20, w ith  num bers of 18 an d  19 occur­
rin g  occasionally. T h e  discs are soft, w ith  few 
spicules, an d  always w ith  m arg inal digits. T h e  
digits vary in  num ber from  6 to  8 a t practically  
all the stations; the to ta l varia tion  is 5-10. No 
geographic varia tion  is found  in  th e  n u m b er of 
digits.

V entro la tera l tu b e fe e t 8-36 o n  each side. T h e  
36 A ntarctic specimens taken  by the  E lta n in  
com prised practically  the w hole varia tion  in  the 
species (9-36 on  each side), an d  also the  eigh t 
specimens from  the  N o rth  Pacific C ha llenger  
stations 241 an d  244 showed a large varia tion  
(12-27 on each side).

M id v e n tra l tu b e fee t few, b u t always present.
D orsal pa p illa e  4-19 on  each side (usually less 

th an  13). T h e  range of varia tio n  m ay be ra th e r  
narrow  in  some regions (Kerm adec T ren ch : 5-7 
pairs), w hile in  o ther regions it  m ay be large, 
although  far from  as large as in  the subspecies 
a ffin is . T h e  specimens from  the  w estern In d ia n  
Ocean com prised alm ost the w hole v a ria tio n  in  
num ber w ith in  the subspecies m u ta b ilis .

V en tro la tera l p a p illa e  4-17 on  each side, b u t 
usually n o t m ore than  10.

A  large-scale geographic p a tte rn  in  the  varia­
tion  in  num ber of tubefeet an d  pap illae is no t 
apparen t from  the available data.

D eposits. In  the specimens from  G ala thea  St. 
654 the deposits d iffer from  those of all o the r 
exam ined specimens by the p redom inance of

irregu larly  form ed plates w ith  open ram ifica­
tions.

In  sturdiness the  p lates in  none of the speci­
m ens of O. m . m u ta b il is  exceeded th a t found  in  
the specim ens from  G alathea  Sts. 663 an d  664.

S patu la ted  rods m ay predom inate in  the distal 
h a lf  of the  papillae, w hile they may b e  com ple­
tely absen t in  o ther, equally  slender papillae. 
B o th  types of p ap illae  m ay be present in  the same 
specim en.

C o n c lu s io n .  A  geograph ic  va r ia tio n  w ith in  
the subspecies O. m . m u ta b ilis  is ind icated  by the 
p ronounced  an d  irreg u la r reduction  of the p ap il­
lae in  the G ala thea  specimens from  the  w estern 
In d ia n  Ocean.

A  local va r ia tio n  is shown by the specimens 
from  G ala thea  St. 654 in  the Kerm adec T rench . 
T h e  14 specim ens from  this sta tion  h ad  very 
pecu lia r features in  com m on in  the arrangem ent 
an d  reduc tion  of the papillae, as well as in  the 
type of deposits. N o  such features were found  in  
the specim ens from  the  two o ther stations in  the 
K erm adec T ren ch . T h e  fact th a t the specim ens 
from  St. 654 ranged  in  size from  3.5 to  9.5 cm in ­
dicates th a t the  strik ing  sim ilarity betw een them  
is n o t du e  to  the specim ens being derived from  
a  single batch  of young. T h e  presence of such a 
narrow  local varia tion  indicates tha t the possibili­
ties of dispersal a re  very lim ited  in  the species. 
T h is  again  suggests th a t brood pro tection  in  the 
species is n o t restric ted  to  the eastern Pacific re ­
gion (p. 201).

T h e  in d iv id u a l v a r ia tio n  is usually narrow  a t 
each station . T h e re  is no  exam ple of a varia tion  
com parab le to  th a t shown by the num bers of 
dorsal p ap illae  in  the  specimens of subspecies 
a ffin is  from  G ala thea  St. 716.

A n age va r ia tio n  is shown by the increase in  
the  average n u m b er of papillae an d  tubefeet 
w ith  th e  size of the  specimens, as ind icated  by 
the exclusive presence of low num bers in  the 
sm allest specimens. T h e  larger specimens show 
a great v a ria tio n  in  num ber of pap illae an d  tube­
feet, in c lu d in g  specim ens w ith  very low num bers.

Oneirophanta mutabilis affinis Ludwig, 1894

O n e iro p h a n ta  a ff in is  Ludw ig, 1894, pp. 72-74,
pis. V II: 7-13, V III: 1-4.

O n e iro p h a n ta  m u ta b il is  T heel, Ludw ig 1894, pp.
70-72, pi. V II: 6; C lark  1920 (partim ), pp.
136-137.
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O n e iro p h a n ta  m u ta b il is  a ff in is  Ludw ig, H ansen  
1967, pp. 485-488, figs. 2-4 .

D ia g n o s i s :  T en tac le  discs w ith  a sm ooth or 
incised edge, a n d  lacking m arg inal knobs. Each 
body side w ith  15-20 (44) ven tro la te ra l tubefeet,
5-35 dorsal p ap illae  (in  single o r double rows), 
an d  5-11 v en tro la te ra l pap illae. D eposits robust 
an d  ra th e r  sm all plates, often  irregularly  shaped 
due to  elongation  of the  p rim ary  rod; clusters of 
rod-shaped spicules in  ten tacle discs.

n o t exceeding 15 m m  in  length . W hen  less than  
ten  p a irs  o f dorsal p ap illae  a re  present, these are 
usually  p laced  in  a  single row  m edial to  each 
dorsal rad ius. I n  specim ens w ith  a  larger num ­
b er of dorsal p ap illae  m ost o f them  are likewise 
p laced m ed ia l to  th e  dorsal rad ii, b u t in  addition , 
som e p ap illae  a re  fo u n d  la tera l to  them . T h e  
ra tio  betw een  the  m edially  an d  laterally  placed 
dorsal p ap illa e  varies a g rea t deal. In  some speci­
m ens on ly  a single pa ir, o r  a single u npaired  
one, is p laced  la te ra l to  the  radius, w hile  in  o ther 
specim ens th e  ra tio  is m ore equal. In  specimens

M a t e r i a l :
St. 716, A capu lco-P anam a (9°23’N, 89°32’W), 

3570 m. — 30 specimens.
St. 726, G u lf o f P anam a (5°49’N , 78°52’W ), 3270- 

3670 m. — 1 specim en.

D e s c r i p t i o n :  V

St. 716. -  T h e  30 specim ens (Fig. 6) m easure 4 .0-
9.5 cm.

T e n ta c le s  (PI. V III: 3) 18-20. T h e  broad, flat 
o r slightly  v au lted  discs are com pletely devoid of 
knobs o n  th e  edge.

V e n tro la te ra l tu b e fe e t  17-20 on  each side, ex­
cep t fo r one specim en w ith  15 on  each side. 

M id v e n tr a l tu b e fe e t  3-9.
D o rsa l p a p illa e  5-25 on each side, slender and
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Fig. 7. Oneirophanta mutabilis a ffinis. St. 716. Number of 
pairs of dorsal papillae in relation to body length.
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Fig. 8. Oneirophanta mutabilis affinis. St. 716. Deposits from dorsum. 1, large-holed plate 
of delicate structure; 2, small plate from interspace between large plates; 3, robust plate 
typical of the subspecies; 4, irregularly perforated plate developed round a long primary rod;

5, stage towards an irregularly perforated plate.

w ith  a  la rge  n u m b e r  of dorsal pap illae  fou r to 
six  pa irs  a re  u sua lly  p laced  la te ra l to  the  rad ii. 
E ven  th e  la rgest specim ens m ay have a low n u m ­
b e r  o f p ap illa e  (Fig. 7).

T h e  dorsal p ap illa e  vary irregu la rly  in  size. 
T h e  n u m b e r  a n d  position  of th e  dorsal pap illae  
m ay b e  very d iffe ren t in  the  left an d  r ig h t side 
of d ie  specim en.

V e n tro la te r a l p a p il la e  7-11 on each side, sim i­
la r  to  th e  do rsa l ones in  size, shape, a n d  irreg u ­
la r  red u c tio n .

D e p o s its  (Fig. 8) sturdy, p erfo ra ted  p la tes (3); 
on ly  in  tw o specim ens w ere they m ore delicately 
b u il t  (1). T h e  d iam ete r of the  fu lly  developed 
p la tes is u sua lly  0.8-1.1 m m , the  varia tion  being
0.5—1.4 m m . \

I n  a ll th e  specim ens a n u m b er of pecu liar, ir­
reg u la rly  p e rfo ra ted  plates (4) a re  presen t 
am ongst th e  n o rm a l ones. T h e y  are  developed 
from  sp a tu la te d  rods th rough  a n  extension  an d  
m erg in g  o f th e  p erfo ra ted  ends, together w ith  
an  o u tg ro w th  of transversal beam s on  the  ro d  (5).

T h e  deposits o f th e  pap illae  vary a g reat deal. 
I n  som e p ap illa e  on ly  p lates are present, w hile  
in  o the rs the  deposits consist, th ro u g h o u t alm ost

th e  en tire  le n g th  of sm all, sturdy, spa tu la ted  
rods.

T en tac les  w ith  s tu rdy , sp a tu la ted  rods. Discs 
w ith  n u m ero u s  rods w h ich  are  o ften  placed in  
som ew hat ra d ia lly  a rran g e d  clusters.

T u b e fee t w ith  s tu rd y  sp a tu la ted  rods.

St. 726. -  T h e  sing le specim en is 13 cm  long.
T e n ta c le s  20, w ith  b ro ad , fla tten ed  o r  slightly 

concave discs w ith o u t p e r ip h e ra l knobs.
V e n tro la te ra l tu b e fe e t  20 pairs.
M id v e n tr a l  tu b e fe e t  6, consisting  of a pre-anal 

p a ir  a n d  4 u n p a ire d  ones, th e  forem ost one placed 
less th a n  2 cm  from  th e  anus.

D orsa l p a p il la e  10 pairs, in  single rows, a ll less 
th a n  2 cm  lo n g  a n d  on ly  2 -3  m m  b ro ad  a t the 
base.

V e n tro la te ra l p a p il la e  9 pairs, s im ilar to  the 
dorsal ones.

D ep o s its  fa llin g  w ith in  th e  v a ria tio n  a t St. 716. 
D orsally  th e  p la tes  a re  m ore delicate  th a n  is 
usua l in  th e  St. 716 specim ens, b u t  in  the  ven- 
tru m  they a re  ju s t as heavy as the  la tte r. Irreg u ­
la r p lates d eve loped  from  a long  p rim ary  rod  are 
presen t b o th  in  th e  do rsu m  an d  ven trum . T h e



pla tes a re  sm all as in  the St. 716 specim ens; th e  
dorsal ones a t ta in  1.4 m m  in  d iam eter, a lth o u g h  
they a re  generally  less th a n  1.1 m m ; th e  v en tra l 
p la tes d o  n o t exceed 1.1 m m .

p a p illa e  w ith  p la tes from  base to  tip ; in  a d d i­
tion , som e sp a tu la ted  rods a re  p resen t u n d e r  th e  

plates.
Tentacles and tubefeet with sturdy, spatulated 

rods similar to those from St. 716.

R em ark s:
T h e  re-exam ined  A lb a tro ss  specim ens b e lo n g  to  
six sta tions a n d  com prise th e  six specim ens d e­
scribed by L u d w ig  a n d  eigh t o f th e  16 specim ens 
described by C lark . O n ly  one of C lark ’s speci­
m ens, ta k en  a t  th e  A lb a tro ss  St. 4732 in  th e  C en ­
tra l Pacific, d id  p ro b ab ly  belong  to  O. m . m u ta ­
b i l i s b e in g  taken  ou tside th e  estab lished  geo­
g rap h ic  ran g e  o f th e  subspecies a ffin is . (T h e  spec­
im en  seems lost).

T h e  specim ens from  th e  five s ta tions s itu a te d  
closest to  th e  coast (Fig. 9: 1-5) rep rese n t th e  
subspecies a ff in is  in  its typical form , w h ile  th e  
specim ens from  th e  th ree  sta tions ly ing  fa r th e r  
from  th e  coast (Fig. 9: 6-8) show  a  tra n s itio n  
to  the  m u ta b il is  type. T h e  subspecies a ff in is  ap ­
p a re n tly  occupies a narrow  reg ion  a lo n g  th e  
coast. T h e  n o r th e rn  a n d  so u th ern  lim its  o f d is tr i­
b u tio n  c a n n o t yet be determ ined . H ow ever, the

100° 90° 80°

Fig. 9. Oneirophanta mutabilis affinis. Stations of the 
G alathea and the Albatross from which specimens have 
been examined or re-examined. 1, Albatross St. 3415; 2, 
Galathea St. 716; 3, Galathea St. 726; 4, Albatross St. 
3381; 5, Albatross St. 4651; 6, Albatross St. 3374; 7, 

Albatross St. 4647; 8, Albatross St. 4658.

specim en w h ich  C la rk  (1913) rep o rted  from  off 
B a ja  C a lifo rn ia  a n d  th e  C h a llen g er  specim ens 
taken  off V alp a ra iso  p ro v ed  on  re-exam ination  
to  agree w ith  th e  subspecies m u ta b ilis , b o th  in  
ex te rn a l fea tu re s  a n d  deposits.

T h e  ta x o n o m ic  fea tu res  are  thus d is trib u ted  
o n  th e  s ta tions:

T e n ta c le s  n o rm a lly  20, b u t  occasionally 18 o r
19. T h e  co m p le te  absence o f m arg ina l d ig its on  
th e  ten tac le  discs in  a ll th e  specim ens from  th e  
G a la th ea  Sts. 716 a n d  726 is very rem arkab le  in  
view  o f th e  fac t th a t  such  d ig its w ere p resen t on  
th e  ten tac les o f a ll specim ens exam ined of the  
subspecies m u ta b il is .

T h e  te n tac le  discs o f th e  re-exam ined A  Ibatross 
specim ens v ary  in  sh ap e  from  the m u ta b ilis  type 
to  th e  sm ooth-edged  a f f in i s  type found  in  the  spec­
im ens fro m  G a la th e a  Sts. 716 a n d  726. In te r ­
m ed ia te  stages w ere  rep resen ted  by discs w ith  a 
n u m b e r o f inc isions o n  th e  m arg in  -  the incisions 
be in g  p ro b ab ly  d e riv ed  from  interspaces betw een 
digits.

T h e  specim en  from  A lb a tro ss  St. 3415 (1) 
lacked, as th e  G a la th ea  specim ens (2, 3), b o th  
d ig its a n d  inc isions o n  th e  m arg in  o f the  discs. T h e  
two specim ens from  Sts. 3381 (4) an d  4651 (5) 
h ad  incisions, b u t  n o  dig its.

O f th e  fo u r  specim ens from  St. 3374 (6) one 
h ad  m a rg in a l d ig its, a n d  on e  h ad  m arg inal inc i­
sions o n  th e  discs. T h e  tw o o th e r specim ens h a d  
ten tacles o f a n  in te rm e d ia te  type, w ith  the  in te r ­
spaces b e tw een  th e  d ig its  b e in g  rem in iscent of 
incisions.

O f th e  six  specim ens from  St. 4647 (7) only  
tw o h a d  th e  ten tac les preserved. O ne h a d  discs 
w ith  a sm o o th  m arg in , th e  o th e r h ad  5-12 (usu­
ally  8) d ig its. (T h e  v a r ia tio n  in  n u m b er of d ig its 
is a d ev ia tio n  fro m  th e  tru e  m u ta b il is  type).

T h e  specim ens from  St. 4658 (8) h ad  no rm al 
m u ta b il is  ten tacles, w ith  a b o u t 8 m arg inal d i­
gits.

A  g eog raph ic  p a t te rn  seems to  be p resen t in  
the  d is tr ib u tio n  o f th e  ten tac le  types. Discs lack­
in g  b o th  d ig its  a n d  incisions are found  in  the  
specim ens fro m  th e  th re e  sta tions off the coast o f 
C en tra l A m erica. T h e  specim ens from  the five 
m ore so u th e rly  sta tions show ed transitions to  
th e  m u ta b il is  type, m o st p ronounced ly  on  the 
sta tions s itu a te d  fa rth es t from  th e  coast.

T en tac les  lack ing  m a rg in a l dig its have n o t been 
fo u n d  in  an y  specim ens o f th e  subspecies m u ta ­
b ilis .
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D eposits . P re p a ra tio n s  o f th e  dorsal a n d  ven­
tra l skin w ere m ad e  from  all th e  re-exam ined 
A lb a tro ss  specim ens, ex cep t th e  specim en from  
St. 3415 w hich h a d  lost th e  deposits altogether.

T h e  specim en from  A lb a tro s s  St. 4651 (5) pos­
sessed, as the  specim ens fro m  G a la th ea  Sts. 716 (2) 
an d  726 (3), sm all a n d  ro b u s t p lates, in terspersed 
w ith  irreg u la rly  p e rfo ra te d  p la tes developed 
ro u n d  a n  elongated  p r im a ry  rod. A t the  o ther 
A  Ibatross s ta tions th e  ir re g u la rly  p e rfo ra ted  p lates 
w ere absen t o r  re p re se n te d  by th e ir  in itia l stage 
only.

R o u n d e d  a n d  ro b u s t p la tes  are, a p a r t from  the 
specim ens from  th e  th re e  above-m entioned  sta­
tions, characteristic  o f th e  tw o specim ens on  w hich 
L udw ig  described  O . a ff in is .  A  re-exam ination  
proved  th a t  in  th e  specim en from  St. 3374 (6) 
b o th  the  dorsal a n d  v e n tra l deposits belonged  to 
th is type, w hile  in  th e  specim ens from  St. 3381 
(4) this ap p lied  to  th e  v e n tra l deposits only.

T h e  th ree  specim ens from  St. 3374 (6) w hich 
L udw ig  referred  to  O . m u ta b il is  h a d  m ore slen­
derly  b u ilt  p la tes th a n  th e  on e  described as O. 
a ffin is . T h e  p la tes  are, as in  th e  specim ens from  
Sts. 4647 (7) a n d  4658 (8), in te rm ed ia te  in  shape 
betw een the  a ff in is  a n d  th e  m u ta b il is  type.

T h e  d is trib u tio n  o f th e  types of p la te  shows 
a geographic p a tte rn  co rresp o n d in g  to  th a t found  
in  the  shape of th e  te n tac le  discs. T h e  deposits 
w hich are  fa rth es t from  th e  m u ta b il is  type w ere 
fo u n d  a t  G a la th ea  Sts. 716 (2) a n d  726 (3), a n d  a t 
A lb a tro ss  St. 4651 (5), w h ile  the  specim ens from  
th e  rem a in in g  sta tions a re  n ea re r  to  th e  m u ta b i­
lis type.

T h e  pla tes of a ll th e  easte rn  Pacific specim ens 
are rem arkab le  fo r th e ir  sm all size. T h e  dorsal 
p la tes do  n o t exceed 1.5 m m  across, an d  th e  ven­
tra l p la tes a re  even sm aller. T h e  p lates o f the 
robust type are  u sua lly  sm all; thus, in  L udw ig’s 
two o rig ina l specim ens o f O. a f f in is  a ll the  p lates 
w ere sm aller th a n  1.0 m m . A ll in te rm ed ia tes are 
found  betw een specim ens w ith  sm all an d  speci­
m ens w ith  la rge plates.

T h e  p lates o f th e  eas te rn  Pacific specim ens al­
m ost com pletely  lack  v ertica l spines.

N um erous rods a re  u sua lly  p resen t in  the  ten ­
tacle discs, a fu r th e r  d iffe rence from  the subspe­
cies m u ta b ilis .

D orsa l p a p illa e  5 -35  o n  each side. T h is  h ighly  
varying n u m b e r of do rsa l p ap illae  characterizes 
th e  eastern  Pacific G a la th ea  specim ens, as well 
as the  specim ens described  by  Ludw ig. T h e  pres­

ence of num erous p ap illa e  was in  b o th  cases 
com bined  w ith  a n  a rran g e m en t in  d o u b le  rows. 
(T h e  nu m b er of p ap illae  is u n k n o w n  in  C lark ’s 
specimens).

V en tro la tera l p a p il la e  5-11 on  each  side. 
V en tro la te ra l tu b e fe e t  15—20 o n  each  side in  

b o th  G ala thea ’s a n d  L u d w ig ’s specim ens. C lark  
d id  n o t state th e  n u m b e r; b u t  th e  tu b e fe e t have 
been coun ted  in  tw o of h is specim ens. O n e  h ad  
18-20 on  each side. In  th e  o th e r  specim en (from  
A lb a tro ss  St. 4647) 44 tu b e fee t co u ld  b e  coun ted  
on  one side of th e  body, by  fa r th e  h ighest n u m ­
b er fo u n d  in  any  specim en of th e  species.

M id v e n tr a l tu b e fe e t  p resen t in  a ll exam ined  
specimens.

N o  subspecific d ifferences a re  fo u n d  in  the 
n u m b er of v en tro la te ra l p ap illae , v en tro la te ra l 
tubefeet, o r m id v en tra l tubefeet.

B io lo g y :
D evelopm ental stages of y o ung  u p  to  30 m m  
long  w ere p resen t in  th e  o v aria n  sacs in  six fe­
males from  St. 716 (PI. X I: 4—8). T h is  singu lar 
case o f b rood  p ro tec tio n  in  deep-sea h o lo th u ria n s  
is considered elsewhere (pp. 199—201).

O neirophanta conservata  K oehler &  Vaney, 1905

K oehler & V aney 1905, pp . 57-59, pis. V I: 3, X I:
16-19.

D i a g n o s t i c  f e a t u r e s :  T h e  single know n  spec­
im en  h a d  on  each side 33-34 v en tro la te ra l tu b e­
feet, ab o u t 30 dorsal p ap illa e  (in  d o u b le  rows), 
a n d  13 v en tro la te ra l pap illae . D eposits p erfo ra ted  
plates.

R e c o r d :  In d ia n  O cean, sou thw est o f Ceylon, 
1315 m. O ne specim en.

R e m a r k s :  T h e  species is o f u n c e r ta in  re la tio n ­
ship. K oehler 8c V aney sta ted  th a t  th e  ten tac le  
discs possessed a b o u t te n  m a rg in a l lobes; how ­
ever, the  lobes m ay rep resen t co n tra c te d  ram ifica­
tions, in  w hich case th e  species sh o u ld  be trans­
ferred  to  the  genus O rp h n u rg u s .

O neirophanta se tigera  (Ludwig, 1894)
Fig. 10, 94: 1

S co to d e im a  se tig e ru m  L udw ig , 1894, pp . 74—79, 
pis. VI: 6-12, V II: 1-5; C lark  1920, p. 138.
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o-rio s is * Tentacles 15-20; discs with ab o u t
8 knobs. Each body side with 16-40
t^fa.eral tobefe«. (in akernat.ng donbe 

“ v 12-32 dorsal papillae (in ir re g u la r  d o u b le  
r °  \  an d  9-17 v e n tro la te ra l papillae. M idven-

S  m b * «  »-6- DeP<“ iB sPa,ulated cross“ :
. « u r i n e  1 1-3-0 m m  across in  th e  d o rsum  a n d  

S T i  in  th e  v en tru m ; sp a tu la ted  rods 
densely packed  in  th e  s len d er a n d  rig id  pap illae .

T r e n d .  J f W  n t n r v t ) .
4540 m . -  1 specim en.

St. 726, G u lf o f P an am a  (5°49’N , 78°52’W ), 3270- 

3670 m. -  1 specim en.

D e sc r ip t io n :
St. 664. -  L en g th  5.0 cm.

S k in  w hitish , tra n sp a re n t, a n d  du e  to  th e  dense­
ly crow ded spicules, q u ite  h a rd .

Tentacles 20, th e  discs w ith  ab o u t 8 ro u n d ed

knobs on  th e  edge.
Ventrolateral tu befee t, a b o u t 20-22 o n  each

side, in  a lte rn a tin g  d o u b le  rows.
M idven tra l tu befee t one, 8 m m  in  fro n t o f the

anus.
D orsa l p a p illa e  a b o u t 15 o n  each side, placed 

in  irreg u la r d o u b le  rows.
V entrolateral pap illae  a b o u t 11-12 on  each

side.
B oth  dorsal a n d  v en tro la te ra l p ap illae  con­

sist alm ost exclusively of a b ristle-like cluster of 
long, sp a tu la ted  rods. T h e  p ap illa e  a re  o f equal 
slenderness from  base to  tip , an d  leave only  
little  trace w hen  to rn  off. T h e  num bers of p a p il­
lae given m ay th e re fo re  b e  a l i t t le  too  low.

D ep o sits  (Fig. 10: 1—3, 6-7) sp a tu la ted  crosses 
(1) -  dorsally  1.5-3.0 m m  across, v en tra lly  1.2- 
1.8 mm. T en tac les  a n d  tu b efee t (6) w ith  sm ooth, 
sp indle-shaped, transversally  p laced  rods, som e­
tim es w ith  ru d im e n ts  of te rm in a l ram ifications. 
P ap illae  (2-3) w ith  5 -6  m m  long, sp a tu la ted  
rods. G onads (7) w ith  nu m ero u s slender rods, 
often  w ith  a sm all en la rg em en t in  the  m idd le , 
occasionally w ith  a sing le ram ification .

St. 726. -  L en g th  5.3 cm.
S k in  as in  th e  K erm adec specim en.
T e n ta c le s  19, th e  discs w ith  a b o u t 8 ro u n d ed  

knobs o n  the  edge.
V en tro la te ra l tu b e fe e t  16—18 on  each side, in  

a lte rn a tin g  d o u b le  rows.

Fig. 10. Oneirophanta setigera. Deposits. 1, St. 664, 
ventrum; 2-3, St. 664, papilla; 4, St. 726, tentacle; 5, 
St. 726, tubefoot; 6, St. 664, tubefoot; 7, St. 664, gonad;

8, St. 726, gonad.

M id v e n tr a l  tu b e fe e t  2, im m ed ia te ly  in  fron t 

of the  anus.
P a p illa e  consisting  of a bristle-like cluster of 

sp a tu la ted  rods. T h e i r  n u m b e r cou ld  n o t be 
established.

D ep o s its  (Fig. 10: 4 -5 , 8) sp a tu la ted  crosses, 
m easu ring  b o th  in  d o rsum  a n d  v e n tru m  1.5—2.3 
m m  across. T en tac les  a n d  tu b efee t (4-5) w ith  
spindle-shaped  rods w hich, p a rticu la rly  in  th e  
tentacles, show d is tin c t ru d im e n ts  of te rm in al 
ram ifications. S p a tu la te d  rods of p ap illa e  exceed­
in g  4 m m  in  leng th . G onads (8) w ith  irregu larly  
ram ified  spicules, very  d iffe ren t from  those of 

th e  K erm adec specim en.

R e m a r k s :  T h e  ag reem ent betw een  th e  G a la th ea  
specim ens a n d  th e  tw o specim ens described  by 
L udw ig  from  th e  G u lf  o f P an am a (bo th  in  
U SN M ) is good, a lth o u g h  som e differences w ere 
fo u n d  in  th e  nu m b ers  of tu b efee t a n d  pap illae, 
an d  in  th e  size of th e  deposits. L udw ig ’s speci­
m ens h a d  20 ten tacles w ith  8 knobs o n  the  discs, 
28-30 v en tro la te ra l tu b e fe e t o n  each  side, 6 m id ­
ven tra l tubefeet, 30-32 dorsal, a n d  17 ven tro ­
la te ra l p ap illae  o n  each  side; th e  sp a tu la ted  cross­
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es m easured  1.1-1.4 m m  across in  th e  dorsum ,
0.2-0.7 m m  in  th e  v e n tru m , a n d  th e  sp a tu la ted  
rods of the  p ap illae  w ere 1.4-1.7 m m  long.

T h e  17 specim ens re p o r te d  by C lark, likewise 
from  the  G u lf o f P an am a, w ere all re-exam ined 
(4 specim ens in  M CZ a n d  IB in  U SN M ). T hey  
h a d  15-20 tentacles (one specim en h a d  only 12), 
each w ith  a b o u t 8 m a rg in a l knobs, 0-2  m idven- 
tra l tubefeet, a n d  o n  each  side 17-22 ven tro ­
la te ra l tubefeet, 12-25 do rsa l p ap illae  a n d  9—14 
v en tro la te ra l p ap illae . D eposits exam ined  in  
e ig h t specim ens. T h e  dorsal crosses m easured 
1.5-2.2 m m  across, th e  v e n tra l crosses 1.2-1.6 m m , 
occasionally u p  to  2.0 m m .

D i s t r i b u t i o n :  G u lf  of P an am a a n d  vicinity , 
2104-4064 m. K erm adec T re n ch , 4540 m.

G enus O rphnurgus  Theel, 1879 
F ig. I l l

O rp h n u rg u s  T M e l, 1879, p. 8; T h e e l 1882, p. 82.
— T y p e  species: O rp h n u rg u s  a sper  T h 6 e l, 1879, 
by m onotypy.

S co to d e im a  Ludw ig, 1894, pp . 74-75, p artim . 
A m p h id e im a  K oehler 8c V aney, 1905, p. 59.

D ia g n o s i s :  T en tac les  15-20, u n re trac tile ; discs 
w ith  ram ified  processes. C ircum -oral p ap illa e  ab ­
sent. D eposits sp a tu la te d  crosses a n d /o r  rods of 
greatly  vary ing  shape.

Key to the species of O rphnurgus

1. D eposits o f bo d y  w all exclusively sp a tu la ted  crosses. P ap illae  always rig id  from
th e  densely c row ded  cluster of sp a tu la ted  r o d s ..............................................  p ro te c tu s  (p. 47)

1. D eposits o f bo d y  w all d iffe ren tly  developed, b u t sp a tu la ted  crosses always rare.
P ap illae  u sua lly  flex ib le  ..........................................................................................................  2

2. D eposits o f bo d y  w all sm all sp inous r o d s ..................................................................  asper  (p. 38)
2. D eposits of body  w all vary ing  greatly, b u t never small, sp inous rods .....................  3
3. D eposits do rsally  slender, sp a tu la ted  rods, ven tra lly  sm all rods w ith  a few dicho-

tom ous ram ifica tio n s .....................................................................................................  v itr e u s  (p. 46)
3. D eposits v ary in g  from  sp a tu la ted  rods an d  rods w ith  open  ram ifications a t  the  

end, to  ro b u s t bodies, th e  la tte r  b e in g  especially com m on in  th e  v en tru m . Some 
specim ens have sp a tu la ted  rods exclusively b o th  in  dorsum  an d  v e n tru m . .  g la b e r  (p. 39)

O rphnurgus asper  Theel, 1879 
F ig. 11

T hdel 1879, p. 8, fig. 7; T h e e l 1882, pp . 82-84, 
pis. XV, X X X IV : 15-16, X X X V III: 10, X U :
3, X L IV : 3; T h fe l  1886b, p . 2; D eichm ann  
1930, p. 117, pi. X I: 4 -8 ; D eichm ann  1940, pp. 
199-200.

D ia g n o s i s :  T en tac les  20, discs w ith  irreg u la r 
ram ifications o n  th e  m a rg in ; underside  of disc 
an d  ram ifications crow ded  w ith  deposits. V en tro ­
la te ra l tubefee t a b o u t 23 o n  each side, partly  
p ro jec ting  h o rizo n ta lly  from  the  body, p laced  in  
single rows. M id v en tra l tubefee t absent. D orsal 
p ap illae  a b o u t 75 o n  each side, in  irreg u la r 
d o u b le  rows. V en tro la te ra l p ap illae  a b o u t 25 on 
each side, in  single rows. D eposits sm all an d  ro d ­
shaped, w ith  spines th ro u g h o u t th e ir  length .

R e c o r d s :  Several sta tions off the W est In d ia n  
Islands, 818-1171 m.

R e m a r k s :  T h e  species in  ex tern a l appearance 
is sim ilar to  O. g la b er ,  b u t  th e  deposits consist 
exclusively of sm all rods w ith  spines th ro u g h o u t 
th e ir  leng th , a  type never fo u n d  in  O . g laber .

0.1 m m

A

U

Fig. 11. Orphnurgus asper. Challenger St. 23. Deposits 
from the type specimen. (Redrawn after Theel).
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T h e  ten tac le  discs are la rge  a n d  p ro v id ed  w ith  
conspicuous a n d  irreg u la r ram ifications. R e-exam ­
in a tio n  o f th e  type specim en (in  BM ) show ed 
th a t th e  u n d ers id e  of th e  discs a n d  th e ir  ra m i­
fications co n ta in ed  densely crow ded  deposits, 
w hich  ap p a re n tly  m ake th e  ram ifica tio n s less 
re trac tile  th a n  in  O. g laber.

T ype: BM , th e  on ly  specim en tak en  by  th e  C h a l­

lenger.
T y p e  locality : C h a llen g er  St. 23 (off Som brero  

Island).

O rphnurgus g laber  W alsh, 1891 
Figs. 12-13, pi. V III: 5-7

O rphnurgus asper T h e e l var. glaber  W alsh , 1891, 
p. 198.

O rphnurgus glaber W alsh, K oeh ler 8c V aney 1905,

pp . 60-62, pis. V III : 3, X II : 1-3; H ansen  1967, 
p p . 491-493, figs. 9-10.

O r p h n u r g u s  in v a lid u s  K oeh ler Sc Vaney, 1905, pp .
62-64, p i. X II : 9.

O rp h n u r g u s  in s ig n is  F isher, 1907, pp. 702-706, 
pis. L X X III :  1, L X X V II: 1-3; O hshim a 1915, 
p . 234; O hsh im a 1916-1919, w ith  th ree  figures. 

O r p h n u r g u s  r ig id u s  O hshim a, 1915, pp. 234-235;
O h sh im a  1916-1919, w ith  on e  figure. 

A m p h id e im a  in ve s tig a to r is  K oehler Sc Vaney, 
1905, p p . 59-60, pis. IV : 6, X II : 8.

D i a g n o s i s :  T en tac les  (15-)20, w ith  ram ified  
discs. V en tro la te ra l tu b e fe e t 15-60 on each side, 
p a r tly  p ro je c tin g  h o rizon ta lly  from  th e  body, 
p laced  in  single, doub le , o r  tr ip le  rows. M idven tra l 
tu b e fe e t occasionally  p resen t. D orsal p ap illae  12- 
125 o n  each  side, in  single to  doub le  rows, o r  
sca tte red  over th e  dorsum . V en tro la te ra l p ap illae

Fig. 12. Orphnurgus glaber. Kei Exp. St. 52. Ventral and dorsal view. PHW.
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0-30  o n  each  side, usually  la rger th a n  th e  dorsal 
ones; p laced  in  single rows, som etim es w ith  
a n u m b e r of add itiona l, ru d im e n ta ry  ones p laced 
dorsal to  th is row. D eposits sp a tu la ted  rods, espe­
cially  in  th e  v en tru m  often  reduced  a n d  defo rm ­
ed  in to  spindle-shaped, ellipsoid, a n d  am or­
pho u s bodies. A few sp a tu la ted  p rim a ry  crosses 
som etim es present. P ap illae  usua lly  alm ost com ­
p le te ly  devoid  of spicules a n d  q u ite  soft, a lth o u g h  
in  som e specim ens they m ay be r ig id  p rox im ally  
d u e  to  th e  presence of num erous sp a tu la ted  rods.

M a t e r i a l :
G a la th ea  St. 490, Bali Sea (5°25’S, 117°03’E), 545- 

570 m. -  3 specim ens an d  2 fragm ents.
D r. T h . M ortensen ’s Pacific Exp., 27.111.1914, 15 

m iles W . V2 S. o f Jo lo  (Ph ilipp ines), 458 m. -
3 specim ens.

D r. T h . M ortensen’s Kei Exp., Kei Islands:
St. 41 (5°29’S, 132°28’E), 245 m. -  1 specim en.
St. 51 (5°46’S, 132°51’E), 348 m. -  1 specim en.
St. 52 (5°46’S, 132°50’E), 352 m. -  1 specim en.
St. 56 (5°31’S, 132°51’E), 345 m. -  1 specim en.

D e s c r i p t i o n :
T h e  specim ens show p ro n o u n ced  differences in  
th e  taxonom ic characters, p a rticu la rly  in  th e  de­
posits. T h e  decision to  re fer them  all, besides 
five previously  described species, to  one a n d  th e  
sam e species, O rp h n u rg u s  g la b er , is d u e  to  th e  
presence of m any in terg radations.

G a la th ea  St. 490. -  T h e  largest o f th e  th ree  spec­
im ens m easures 7 .5X  1.5 cm.

T e n ta c le s  (PI. V III: 5-6) 20, fully ex tended , 
w ith  4 m m  long  stalks a n d  ram ified  discs covered 
w ith  sm all, subg lobu lar pap illae .

V e n tro la te ra l tu b e fe e t  18 pairs, p laced  in  an  
ir re g u la r  row  along  each side, usua lly  p ro jec tin g  
h o rizon ta lly  from  the  body. T h ey  are  cy lindrical, 
w ith  ro u n d e d  ends prov ided  w ith  a sm all suck- 
ing-disc. L en g th  varying irregu la rly  from  3 to  11 
m m , d ep e n d en t on  the  sta te o f con traction .

D o rsa l p a p illa e  ab o u t 125 o n  each side, soft, 
m ostly  a b o u t 10 m m  long, double-row ed poste­
rio rly , b u t o therw ise scattered  over th e  dorsum .

V e n tro la te ra l p a p illa e , usua lly  one above each 
v en tro la te ra l tubefoot. C on trary  to  th e  dorsal p a­
p illae  they vary  considerably in  leng th , from  15 
m m  to  q u ite  rud im en tary . T h e  la rger ones ra th e r  
r ig id  proxim ally .

S k in  th in , hard , an d  w hitish -transparen t.

D e p o s its  (Fig. 13: 1-6), densely crow ded, 0 .8 - 
1.3 m m  lo n g  sp a tu la te d  rods, dorsally slender (1), 
v en tra lly  s ligh tly  m ore  sturdy. A  few sm all, spa­
tu la te d  crosses (2) w ere presen t in  th e  p rep a ra ­
tions.

S talks of ten tac les (4) w ith  sturdy, transversally  
o r  o b liq u e ly  p laced  rods. T en tac le  discs (3) w ith  
num erous sm all, cu rved  rods, fram ing  th e  bases 
of the ram ifications.

T u b e fe e t (6) p ro x im a lly  w ith  irregu la rly  p laced  
sp a tu la ted  rods. D istally , the rods a re  sm aller 
a n d  transversally  p laced ; end-plates absent. D o r­
sal p a p illa e  a lm ost devo id  of spicules. T h e  largest 
o f the  v e n tro la te ra l p ap illa e  w ith  sp a tu la ted  rods 
sim ilar to  those o f th e  skin.

G onads w ith  rods w hich  m ay be sp a tu la ted  o r 
ram ified  a t  th e  ends.

T h e  tw o o th e r  specim ens from  St. 490 are 3.1 
an d  3.8 cm  long, an d  less well preserved.

T e n ta c le s  20 in  b o th  specimens. Discs w ith  
som ew hat co n tra c te d  ram ifications.

P a p illa e  co u ld  n o t be counted.
D ep o s its  s im ila r to  those of the large specim en.

Kei E xp. St. 41. -  T h e  specim en m easures 7 X
1.5 cm.

T e n ta c le s  15, th e  discs w ith  contracted  ram ifi­
cations.

V e n tro la te ra l tu b e fe e t  a b o u t  35 on  each side, 
in  d o u b le  o r  tr ip le  rows.

P a p illa e  co u ld  n o t b e  counted .
D e p o s its  resem b ling  those from  Kei Exp. St. 51.

K ei Exp. St. 51. — T h e  specim en m easures 7.5 X
3 cm.

T e n ta c le  d iscs  w ith  contracted  ram ifications.
V e n tro la te ra l tu b e fe e t  ab o u t 60 o n  each side, 

in  d o u b le  o r  tr ip le  rows.
D orsa l p a p il la e  a b o u t 75 on each side, soft, 

reach in g  15 m m , p laced  in  two bands, each being
2 -4  p ap illa e  b ro ad . H ere  an d  there the  dorsal 
p ap illae  ex ten d  so fa r dow n th e  body side th a t 
they in te rm in g le  w ith  th e  ven tro la te ra l pap illae.

V e n tro la te ra l p a p il la e  25-30 on  each side, soft, 
reach ing  15 m m , u sually  m ore stu rdy  th a n  the 
dorsal ones.

D e p o s its  (Fig. 13: 12-14) dorsally spindle- 
shaped  rods (13); v en tra lly  varying from  a prev­
alence of s im ila r spindles, anteriorly , to  ellipsoid  
an d  ro u n d e d  bod ies (14), posteriorly.

T u b e fe e t (12) w ith  ra th e r  stu rdy  spindles. Dor-
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Fig. 13. Orphnurgus glaber. Deposits. 1-6, Galathea St. 490 (1, dorsum; 2, ventrum; 3, tentacle 
disc; 4, tentacle stalk; 5, gonad; 6, tubefoot); 7—11, Kei Exp. St. 52 (7-10, the dominant type 
both in dorsum and ventrum; 11, eight reduced rods of types occurring sporadically both in 
dorsum and ventrum); 12-14, Kei Exp. St. 51(12, base of a tubefoot; 13, dorsum; 14, posterior 
part of ventrum); 15-20, Kei Exp. St. 56 (15-16, dorsum; 17-19, middle part of ventrum; 20, 
posterior part of ventrum); 21-27, Pacific Exp., off Jolo Islands (21-24, dorsum; 25-27, 
posterior part of ventrum); 28-33, Japan, 0 . insignis (redrawn after Ohshima); 34-39, Japan, 
O. rigidus (redrawn after Ohshima); 40-45, Hawaii, O. insignis (40—43, dorsum; 44—45,

ventrum).
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sal a n d  v en tro la te ra l p ap illa e  w ith  a few slender 
spindles. T h e  sp ind les o f b o th  tubefeet an d  p a ­
p illae  som etim es show  ru d im e n ts  of te rm in al 
ram ifications.

Kei E xp. St. 52. -  T h e  specim en (Fig. 12), the 
largest in  th e  co llection , m easures 15X 3.5  cm.

T e n ta c le s  (PI. V III : 7) 20, w ith  contracted  ram i­
fications on  th e  discs.

V e n tro la te ra l tu b e fe e t  32 left, 34 righ t.
D o rsa l p a p il la e  a b o u t 40 o n  each side, soft, in  

ir re g u la r  d o u b le  rows.
V e n tro la te r a l p a p il la e  22-23 on  each side, prox- 

im ally  r a th e r  r ig id .
B o th  dorsal a n d  v en tro la te ra l pap illae  vary  in  

le n g th  from  25 m m  to  q u ite  rud im en tary ; the 
v e n tro la te ra l p a p illa e  a re  usua lly  larger a n d  m ore 
ro b u s t th a n  th e  dorsal ones.

D e p o s its  (Fig. 13: 7-11) 0.5-0.8 m m  long  spatu- 
la ted  rods, u sua lly  w ith  few er holes th a n  those 
of th e  G a la th e a  specim ens. Sm all, spherical bo­
dies a n d  in te rm ed ia ry  stages betw een these an d  
sp a tu la ted  rods occur sporad ically  in  b o th  d o r­
sum  a n d  v en tru m . T h e  sp a tu la ted  rods m ay be 
forked, b u t  tru e  sp a tu la ted  crosses w ere n o t 
found . T h e  rods a re  shortest, m ost sturdy, an d  
m ost crow ded  in  th e  p o ste rio r p a r t o f th e  ven­
trum .

T h ro u g h  th e  s im u ltaneous presence of spheri­
cal bodies a n d  reduced , sp a tu la ted  rods the  spec­
im en  is in te rm e d ia te  betw een  the  G ala thea  spec­
im ens a n d  those from  th e  K ei an d  Jo lo  Islands 
possessing on ly  sp indle-shaped, ellipsoid, spheri­
cal, a n d  am o rp h o u s bodies. T h e  thus proven  
d e riv a tio n  of these deposits from  sp a tu la ted  rods 
is no tew orthy .

T u b e fe e t w ith  ex trem ely  crow ded spa tu la ted  
rods. D orsal p ap illa e  an d  th e  sm aller ven tro la te ­
ra l p a p illa e  a lm ost devo id  of deposits. L arger 
v en tro la te ra l p ap illa e  w ith  irregu larly  placed, 
sp a tu la te d  rods, p ro x im ally  num erous an d  reach­
in g  0.9 m m  in  leng th , d ista lly  ra th e r  few an d  n o t 
exceeding  0.5 m m .

Kei E xp . St. 56. -  T h e  specim en m easures 9X
4.5 cm.

T e n ta c le s  20, th e  discs w ith  contracted  ram i­
fications.

V e n tro la te r a l tu b e fe e t 50-60 on each side, in  
d o u b le  o r  tr ip le  rows.

D o rsa l p a p il la e  a b o u t 75 on  each side, soft, in  
ra th e r  re g u la r  d o u b le  rows.

V e n tro la te ra l p a p il la e  a b o u t 30^i0  on each 
side, soft, in  single to  d o u b le  rows.

D ep o sits  (Fig. 13: 15-20) dorsally  ra th e r  slen­
der rods (15-16); v e n tra lly  vary ing  from  slender 
an d  th ick  rods (17-19) to  e llip so id  a n d  spherical 
bodies -  th e  m ost s tu rd y  ones (20) p revailing  
posteriorly . B o th  s le n d er a n d  th ick  rods nearly  
always w ith  som e b lu n t,  te rm in a l ram ifications, 
b u t never w ith  sp a tu la te d  ends. T h e  to ta l ab­
sence of sp ind le-shaped  ro d s is rem arkab le .

T u b efee t w ith  b lu n t  ro d s w ith  ru d im en ts  of 
te rm in a l ram ifications. D o rsa l a n d  ven tro la te ra l 
p ap illae  lack ing  deposits, excep t fo r a few small, 
d istal rods.

Pacific Exp., off Jo lo . -  T h e  th ree  specim ens are
2, 3, an d  4 cm  long. T h e  sm allest specim en is so 
defective th a t  ten tacles, tubefeet, a n d  pap illae  
canno t be counted .

T e n ta c le s  20 a n d  19 in  th e  3 a n d  4 cm  long 
specim ens, respectively. D iscs sligh tly  contracted, 
b u t d istinctly  ram ified .

V e n tro la te ra l tu b e fe e t  in  d o u b le  to  tr ip le  rows, 
each side w ith  30-35 p a p illa e  in  the 3 cm long 
specim en, a n d  40-45 in  th e  4 cm  lo n g  one.

D orsa l p a p il la e  in  ir re g u la r  d o u b le  rows, soft, 
each side w ith  30—35 p a p illa e  in  th e  3 cm long 
specim en, a n d  45-50  in  th e  4  cm  lo n g  one.

V e n tro la te ra l p a p il la e  in  single rows, soft, w ith  
a few ru d im e n ta ry  ones p laced  above the m ain  
row; the  to ta l n u m b e r  o n  each  side is ab o u t 15 
in  the  3 cm lo n g  specim en, a n d  20 in  th e  4 cm 
long  one.

D ep o sits  (Fig. 13: 21—27) rods an d  spindles, the 
la rger ones o ften  fo rked  o r  w ith  ru d im en ta ry  dis­
tal ram ifications; e llip so id  a n d  ro u n d ed  bodies 
rare. T h e  v en tra l deposits  (25-27), in  p articu la r 
those posteriorly , a re  m o re  ro b u s t th a n  th e  dorsal 
ones (21-24).

T u b efee t w ith  b o th  s le n d er a n d  stu rdy  rods. 
D orsal a n d  v e n tro la te ra l p a p illa e  w ith  extrem ely 
slender rods.

S y n o n y m y :
T h e  h ere  reco rded  specim ens toge ther w ith  the 
synonyms p roposed  e x te n d  the  d is trib u tio n  of 
O rp h n u rg u s  g la b er  fro m  th e  Bay of B engal to  
the H aw aiian  Islands. I n  a d d itio n  to  a large in d i­
v idual v a ria tio n  a g eog raph ic  v a ria tio n  appears 
to  be p resen t in  th e  deposits, as w ell as in  the 
num bers of tu b efee t a n d  p ap illae .

In  o rd er to  m o tiv a te  th e  proposed  synonymies
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an d  to  m ake  possib le a n  analysis o f th e  v a ria tio n  
in  th e  species, a  sh o rt d esc rip tio n  of th e  synony­
m ous species is g iven  below , a rran g e d  accord ing  
to  locality .

Bay o f Bengal. T h re e  species described  by K oeh­
ler & V aney (1905):

O rp h n u rg u s  g la b e r  W alsh . O n e  specim en from  
1026 m . L en g th  15 cm. T en tac le s  20, discs com ­
posed of “a b o u t 15 lobes” . T u b e fe e t 23-25  on  
each side, in  single rows. D orsa l p ap illa e  a b o u t 
100 o n  each  side, in  d o u b le  rows. V en tro la te ra l 
p ap illae  o n e  above each  tu befoo t. D eposits, lo n g  
rods w ith  sm all te rm in a l ram ifica tio n s; th e  ra m i­
fications m ay b e  red u ced  a lm ost in to  a  s im ple  
b ifu rca tio n , o r developed  as a  c lu ste r o f spines. 
T h e  specim en was o rig in a lly  described  by W alsh  
(1891) as a varie ty  of O . a sp er  T h ée l.

O rp h n u rg u s  in v a lid u s  K oeh le r & Vaney. O ne 
specim en from  548 m . L en g th  5 cm. T en tac le s  15, 
w ith  “en larged  te rm in a l discs” . T u b e fe e t a b o u t 
15 o n  each  side. D orsal p ap illa e  a b o u t 60 o n  each  
side, in  d o u b le  rows. V en tro la te ra l p ap illa e  a p ­
paren tly  on e  above each tubefoo t. D eposits spat- 
u la ted  rods an d  rods w ith  sm all te rm in a l ra m i­
fications.

T h e  n u m b e r  o f 15 ten tacles, th e  ch ief d is tin ­
gu ish ing  ch a rac ter o f th e  species, falls w ith in  th e  
v a ria tio n  in  the  h e re  described  specim ens o f O . 
glaber.

A m p h id e im a  in v e s tig a to r is  K oeh ler & Vaney. 
O ne specim en from  457 m . L en g th  6 cm. T e n ­
tacles 18, w ith  “lo b a te d ” discs. T u b e fe e t 21-22 
on each  side, in  d o u b le  rows. D orsal p ap illa e  in  
single row s (except posterio rly ), w ith  17 pa irs  
m edial to  th e  rad iu s  a n d  a  few  p o ste rio r ones 
la tera l to  it. V en tro la te ra l p a p illa e  absent. D epo­
sits sp a tu la ted  rods.

T h e  specim en falls w ith in  th e  v a r ia tio n  o f O. 
g laber, excep t in  th e  absence o f v en tro la te ra l p a ­
p illae  w h ich  was considered  o f generic  im p o r­
tance by  K oeh ler & Vaney. H ow ever, in  view  of 
the  extensive v a r ia tio n  in  n u m b e r  a n d  degree of 
red u c tio n  o f th e  p ap illa e  in  O. g la b er , a  specim en 
w ith  a ll th e  v en tro la te ra l p a p illa e  red u ced  is n o t 
an  im p ro b a b le  v arian t.

Jap an . O hsh im a (1915 a n d  1916-1919) reco rded  
two species from  five sta tions. O n  tw o of th e  sta­
tions b o th  species occurred.

O rp h n u rg u s  in s ig n is  F isher. 12 specim ens from
3 sta tions a t  741-1057 m. L en g th  o f largest speci­

m en  8.5 cm. T en tac les , tubefeet, an d  v en tro la te ­
ra l p ap illa e  n o t described. D orsal p ap illae  in  
single to  d o u b le  rows, w ith  15-27 m edial, a n d
0-17 la te ra l to  each dorsal rad ius. D eposits (Fig. 
13: 28—33) resem bling  those of th e  H aw aiian  spec­
im ens.

O rp h n u rg u s  r ig id u s  O hshim a. 6 specim ens from
4 sta tions a t  741-1210 m. L en g th  sta ted  to  be 4.3 
cm (p robab ly  ap p ly in g  to  th e  largest specim en 
only). T en tac les  20, discs n o t described. T u b e ­
feet 16-25 o n  each side, in  single o r  zigzag rows. 
D orsal p ap illa e  in  d o u b le  rows, w ith  12-29 m e­
dia l, a n d  6-17 la te ra l to  each  dorsal rad ius. L a te ­
ra l p ap illae  13-17 o n  each  side. Basal p a r t  o f p a ­
p illae  conical a n d  rig id , d is ta l p a r t  soft an d  slen­
der. D eposits (Fig. 13: 34-39) sp a tu la ted  rods, 
s lender in  the  dorsum , s tu rd y  in  th e  v en tru m  -  
in  p a r tic u la r  posterio rly ; a few sp a tu la ted  crosses 
p resen t in  dorsum .

H aw aii. O f the  tw o species described  by F isher 
(1907), O . in s ig n is  is h e re  reg a rd ed  as a  synonym  
of O . g la b er , w hereas O . v itr e u s  is re ta in ed  as a 
separate  species.

O rp h n u rg u s  in s ig n is  F isher. 123 specim ens 
from  20 sta tions a t  462—765 m . T h e  specim ens 
(m ost o f them  in  U SN M , a  few in  MCZ) w ere 
re-exam ined  (11 specim ens by  m eans of spicule p re­
parations).

L en g th  of largest specim en 16 cm. T en tacles
17-20, th e  discs w ith  “a b o u t ten  b ran ch ed  d iv i­
sions e n d in g  in  sm all su b g lo b u la r p a p illa e ” . 
T u b e fee t in  single rows, a b o u t 17 on  each side 
in  “m edium -sized” specim ens, a n d  19-22 in  large 
ones. D orsal p ap illa e  12-36 o n  each side, in  single 
rows. V en tro la te ra l p a p illa e  11-18 on each side. 
D eposits (Fig. 13: 40-45) com prising  crosses a n d  
rods w ith  d icho tom ously  ram ified  ends, sm all 
rods w ith  ru d im e n ta ry  ram ifications, ro b u st rods 
w ith  en larged  ends, a n d  la rge  e llipso id  to  ro u n d ­
ed bodies. A ll in te rm ed ia te s  a re  p resen t betw een  
these types. T h e  ends of th e  ro b u s t rods a n d  of 
m ost o f th e  e llip so id  a n d  ro u n d e d  bodies a re  cove­
red  w ith  sm all spines w hich  rep resen t th e  p o in te d  
ends of o therw ise fused ram ifications. T h e re  is 
usually  a p ro n o u n ce d  d iffe rence betw een  the 
dorsal a n d  v en tra l deposits, th e  ro b u st types of 
deposit b e in g  p rev a len t in  th e  ven trum , a n d  
especially in  th e  p o ste rio r p a r t  o f it. S patu la ted  
crosses an d  rods seem  to  be a lto g e th er absent.

T w o  specim ens w ere m e n tio n e d  by F isher as 
“a b e rra n t” . O n e  (5 cm  long) h a d  10 sm all, m id-

43



ventra l tubefeet, a n d  o n  each  side a b o u t SO 
double-row ed v en tro la te ra l tu b e fe e t an d  30 
double-row ed dorsal pap illae . T h e  o th e r  speci­
m en (7!2 cm  long) h a d  26 ru d im e n ta ry , m id- 
ven tra l tubefeet, a b o u t 24 pa irs  o f single-row ed 
v en tro la te ra l tubefeet, a n d  “n u m e ro u s” d o u b le ­
row ed dorsal pap illae.

V a r i a t i o n :
T h e  extensive v a r ia tio n  fo u n d  in  O rp h n u rg u s  
g laber  can  to  som e degree be se p ara te d  in to  a 
geographic v a ria tio n , a n  age v aria tio n , a n d  an  
ind iv id u al v a ria tio n . D u e  p a r tly  to  lack of a 
sufficiently  large m a teria l, p a r tly  to  th e  sm all 
w eight la id  u p o n  th e  in d iv id u a l v a r ia tio n  in  the  
descrip tions of th e  species, th e  fo llow ing  analysis 
of the v a ria tio n  is to  som e degree ten ta tiv e . E xam ­
in a tio n  of a d d itio n a l m a te ria l m ig h t considerab ly  
a lte r  th e  o u tlin e  given here. H ow ever, the  im p o r­
tance of w ork ing  u p  fu tu re  m a te ria ls  w ith  regard  
to such an  analysis shou ld  be em phasized.

T e n ta c le s  n o rm ally  20, b u t  as few as 15 m ay be 
present. T h e  v a ria tio n  in  n u m b e r  is ap p a ren tly  
an  in d iv id u a l one only, w ith o u t co rre la tio n  to  
locality  o r to  size of specim ens.

T h e  ten tac le  discs a re  w hen  fu lly  ex tended  
pronounced ly  ram ified  — as in  th e  la rge  G ala thea  
specim en an d  in  th e  H aw a iian  specim ens refer­
red  to  O . in s ign is. I n  th e  m ore o r  less con tracted  
state th e  ram ifications a p p e a r on ly  as irreg u la r 
lobes on  the  edge of th e  discs. Such tentacles 
were rep o rted  from  m ost o f th e  synonym ous spe­
cies, an d  w ere likew ise fo u n d  in  m ost o f th e  spec­
im ens exam ined  here. In  th e  In d o n esia n  speci­
m ens the  discs show ed all in te rm ed ia te s  in  shape, 
p rov ing  th a t th e  v a ria tio n  is d u e  to  d iffe ren t 
states of con traction .

V en tro la te ra l tu b e fe e t.  A  geograph ic  v a ria tio n  
was fo u n d  in  th e  n u m b e r  a n d  a rran g e m en t of the 
v en tro la te ra l tubefeet. W h ile  th e  specim ens from  
the  Kei a n d  Jo lo  Islands h a d  30-60 tubefeet on 
each side p laced  in  d o u b le  o r tr ip le  rows, the 
specim ens from  all o th e r  reg ions h a d  a b o u t 15- 
25, only  tw o H aw aiian  specim ens w ith  30-34 on  
each side p ro v id in g  an  exception . T h e  tubefeet 
were, ou tside th e  Kei a n d  Jo lo  Islands, nearly  
always p laced  in  single rows.

A  co rre la tio n  betw een  th e  n u m b e r  of tubefeet 
an d  the  size of th e  specim ens is o ften  dem on­
strable, a lth o u g h  rem ark ab le  in d iv id u a l v a ria ­
tions a re  found. In  th e  specim ens from  th e  Bay of 
Bengal a n d  the  B ali Sea, as w ell as in  those from

th e  Kei an d  Jo lo  Islands th e  tu b e fee t n u m b e r, in  
the  m ain , increased w ith  th e  size o f th e  speci­
mens. (T h e  large specim en from  th e  K ei Exp. 
St. 52 h ad  an  unusua lly  low  tu b efee t n u m b e r  fo r 
th is region). Sim ilarly, F ish er re p o r te d  a  general 
increase in  th e  n u m b e r of tu b efee t w ith  th e  size 
of th e  specim ens in  h is  H aw a iian  m a te ria l, a l­
though  again  the  h ighest n u m b ers  w ere fo u n d  in  
th ree  ra th e r  sm all specim ens.

M id v e n tr a l tu b e fe e t  reco rded  on ly  from  th e  
two “a b e rra n t” H aw aiian  specim ens o f  O . in s ig ­

n is.
D orsa l p a p illa e  show ed a  ra th e r  reg u la r  cline, 

decreasing in  n u m b e r a n d  ch an g in g  from  d o u b le ­
row ed (or partly  scattered) to  single-row ed from  
the Bay of Bengal a n d  th e  B ali Sea, over th e  Kei 
a n d  Jo lo  Islands to  J a p a n  a n d  H aw aii. In  a d d i­
tion , the  dorsal pap illae , like th e  v en tro la te ra l 
tubefeet, increase in  th e  m a in  w ith  th e  size of 
the  specim ens, w ith  som e rem ark ab le  in d iv id u a l 
variants.

T h e  specim ens from  th e  Bay o f B engal a n d  th e  
Bali Sea h ad  60-125 dorsal p ap illae  o n  each side, 
placed in  doub le  rows, o r  p a rtly  scattered . T h e  
specim en of A m p h id e im a  in ve s tig a to r is , w ith  its 
sparse an d  alm ost exclusively single-row ed p ap il­
lae, provided  an  exception . N o  co rre la tio n  be­
tw een the nu m b er of do rsal p ap illa e  an d  th e  size 
of the  specim ens was a p p a re n t in  th e  m a teria l 
from  this region.

A t the  Kei an d  Jo lo  Islands th e  v a ria tio n  was 
30-75 on each side, b ro ad ly  increasing  w ith  the  
size of the specim ens, a lth o u g h  th e  largest spec­
im en  h ad  rem arkab ly  few p ap illa e  fo r th is area. 
T h e  pap illae were, as in  the  specim ens from  the  
Bay of Bengal an d  th e  B ali Sea, p laced  in  d o u b le  
rows o r scattered over th e  dorsum .

In  th e  Japanese specim ens th e  p ap illae  form ed 
an  o u te r an d  in n e r row  along  each  dorsal rad ius. 
T h e  ou te r p ap illae  w ere on ly  a b o u t h a lf  as n u ­
m erous as th e  in n e r  ones; thus, th e  p ap illae  a p ­
p roached  a n  arran g em en t in  single rows, a l­
though  specim ens w ith  p u re ly  single-row ed 
p ap illae  w ere rare . O hshim a, w ho described  all 
know n Japanese specim ens, specified  the  n u m ­
bers of o u te r an d  in n e r  pap illae , b u t  d id  n o t 
sta te  th e  to ta l n u m b e r o f p ap illae . P robab ly , th e  
num bers varied  from  a b o u t 15—45 pa irs  — a n u m ­
ber rem arkably  sm aller th a n  th a t  found  in  the 
specim ens from  the  Bay of B engal an d  Indonesia . 
T h e  num bers of p ap illae  in  th e  o u te r  rows w ere 
said to  increase w ith  th e  size of th e  specim ens.



A t H aw aii th e  dorsal p ap illae  w ere p laced  in  
single row s in  121 o f th e  123 specim ens described 
by F isher. C orrespond ing ly , th e  n u m b e r was even 
sm aller th a n  in  Jap an ese  specim ens, a m o u n tin g  

to only  12-36 on  each  side.
T h e  do rsa l p ap illa e  a re  usually  soft a n d  alm ost 

w ith o u t spicules, a lth o u g h  the  basal p a r t m ay be 
ra th e r  r ig id  d u e  to  the  presence of sp a tu la ted

rods.
V entrolateral pap illae  in  single rows, except 

possibly fo r a few, sm all ones p laced  above the  
m ain  row . Som e of the  v en tro la te ra l pap illae , 
like som e o f those dorsally , often  reduced ; th e  
specim en described  as A m ph ideim a  investigatoris  
lacked v en tro la te ra l pap illae . T h e  v en tro la te ra l 
pap illae  a re  u sua lly  m ore stu rdy  th a n  the  dorsal 
ones, a n d  usually  co n ta in  m ore spicules. T h e  
num bers o f v en tro la te ra l pap illae, as w ell as th e ir  
con ten ts o f spicules, show ed no  co rre la tio n  to  the 
locality  o r  size of th e  specim ens.

A co rre la tio n  exists betw een the  n u m b e r of the 
d iffe ren t types of am bu lac ra l appendages in  the  
d ev ia ting  specim ens. T h u s , th e  specim en of A .  
investigatoris from  th e  Bay of B engal lacked th e  
v en tro la te ra l p ap illa e  a n d  h ad  an  u n u su a lly  low 

*i n u m b e r of do rsal ones. T h e  large specim en from  
Kei E xp. St. 52 h a d  an  u nusua lly  low  n u m b e r of 
b o th  v en tro la te ra l tu b efee t an d  dorsal pap illae  
for a specim en of th a t  size a n d  from  th a t region. 
Sim ilarly, th e  tw o “a b e rra n t” H aw aiian  speci­
m ens of O. insignis h a d  an  excep tionally  h ig h  
n u m b e r of b o th  dorsal p ap illae  an d  v en tro la te ra l 
tubefeet, a n d  w ere, besides, th e  on ly  specim ens 
know n (of a ll th e  synonym ized species) possessing 

m id v en tra l tubefeet.
I t  is n o tew o rth y  th a t  th is co rre la tion  applies 

only  to  th e  in d iv id u a l v a ria tio n  in  th e  species -  
n o t to  th e  geograph ic varia tion . In  th e  specim ens 
from  the  Bay of B engal an d  the  B ali Sea a low 
n u m b e r of tu b efee t was com bined  w ith  a  h igh  
n u m b e r of do rsal pap illae, w hile  in  H aw aiian  
specim ens th e  n u m b e r was low in  b o th  tubefee t 
a n d  pap illae . T h e  specim ens from  th e  Kei an d  
Jo lo  Islands h a d  num erous tubefeet, b u t  ra th e r  
few dorsal pap illae . T h u s , th e re  is a n  in d e p en ­
d e n t geograph ic v a ria tio n  in  the num bers of tu b e­

feet a n d  pap illae .
A n u s  te rm in a l, o r slightly  dorsal o r ven tra l.
D ep o sits . I n  d ie  single ind iv idual, the  deposits 

m ay consist o f sp a tu la ted  rods only, o r of spindle- 
shaped, ellipso id , a n d  spherical bodies. In  th e  
specim en from  K ei Exp. St. 52 sp a tu la ted  rods

occu rred  to g e th e r  w ith  spherical bodies -  the  la t­
te r p ro v in g  to  b e  red u c ed  sp a tu la ted  rods. In  the 
H aw aiian  specim ens re fe rre d  to  O. insignis an  
enorm ous v a r ia tio n  w as fo u n d  in  th e  single in d i­
v iduals -  th e  deposits  vary ing  from  dichoto- 
m ously b ran c h ed  p rim a ry  crosses to  large, e llip ­

so id  bodies.
T h e  v e n tra l deposits a re  m ore  ro b u st th an  the 

dorsal ones, a n d  u sua lly  increase in  sturdiness 
posterio rly . S im ilarly , th e  defo rm ed  deposits, if 
p resen t, p rev a il in  th e  ven trum , an d  are largest 
a n d  m ost crow ded  posterio rly .

T h e  in d iv id u a l v a r ia tio n  is likewise extensive.
O f th e  fo u r specim ens from  the  Kei Islands, th a t 
from  St. 52 h a d  sp a tu la te d  rods alm ost exclu­
sively, w h ile  these w ere ab sen t in  th e  specim ens 
from  Sts. 41, 51, a n d  56.

A  sim ila r in d iv id u a l v a ria tio n  was found  in  
Japanese  m a te r ia l w here  specim ens w ith  exclu­
sively sp a tu la te d  rods a n d  crosses occurred to­
g e th er w ith  specim ens in  w hich reduced  an d  de­
fo rm ed  deposits p red o m in ated .

A n  age v a r ia tio n  in  th e  shape of the  deposits 
is n o t p resen t. R e d u ce d  an d  defo rm ed  deposits 
occur in  sm all as w ell as in  large specim ens.

A  geog raph ic  v a r ia tio n  is show n by  d iffe ren­
ces in  th e  type  of tran sfo rm atio n  of th e  deposits. 
T h e  basic type of sp icu le  in  the  species is p rob­
ably  th e  s len d er sp a tu la te d  ro d  found  in  the 
specim ens from  th e  B ali Sea a n d  in  the  two 
specim ens from  th e  Bay of B engal referred  to 
O rphnurgus in va lidu s  a n d  A m phideim a investi­

gatoris.
T h e  K ei a n d  Jo lo  specim ens show all transi­

tions from  sp a tu la te d  rods to  various types of 
red u ced  deposit. A lth o u g h  sp a tu la ted  rods were 
p resen t on ly  in  th e  specim en from  Kei Exp. St. 
52, i t  seems u n ju s tif ie d  to  separate  th is specim en 
taxonom ica lly  from  th e  o th e r specim ens from  

th e  reg ion .
A t J a p a n  also th e re  a re  specim ens w ith  sp a tu ­

la ted  rods (O . rigidus), as well as specim ens in  
w hich a ll th e  deposits are transfo rm ed  in to  ro ­
b u st bod ies (O . insignis). T h e  sp a tu la ted  rods 
resem ble those o f th e  specim ens from  Kei Exp. 
S t 52, b e in g  s len d er in  th e  do rsum  an d  robust in  
th e  v en tru m , especially  in  the  posterio r part. T h e  
tran sfo rm ed  deposits o f th e  insignis specim ens, 
on  the  o th e r  h a n d , resem ble those of the Kei-Jolo 
specim ens, a lth o u g h  th e ir  ends are usually  
en larged  a n d  covered w ith  spines. In te rm ed ia te  
stages a re  p rese n t betw een  these deposits an d  the
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slender rods w ith  o pen  ram ifications a t the  ends, 
show ing th a t th e  spines rep resen t the  ends of 
o therw ise fused ram ifications.

A lthough  a re-exam ina tion  of the Jap an ese  
specim ens cou ld  n o t be m ade, the re  seems little  
d o u b t th a t the  Jap an ese  r ig id u s  an d  in s ig n is  
specim ens belong  to  one an d  th e  sam e species. 
S lender rods w ith  open  ram ifications -  th e  s ta rt­
ing-po in t fo r th e  tran sfo rm atio n  of the deposits 
in  the  in s ig n is  specim ens -  d id  also occur in  O. 
r ig idus. F u rthe rm ore , i t  is no tew orthy  th a t  the  
tran sfo rm atio n  o f th e  deposits in  b o th  of the 
Japanese  species does n o t involve a red u c tio n  of 
th e ir  ends, w h ile  th is  is always the  case in  the  
specim ens from  th e  K ei-Jolo Islands.

T h e  H aw aiian  specim ens resem ble the J a p a ­
nese in s ig n is  specim ens, a ll in te rm edia tes being  
p resen t betw een slender rods w ith  open  ram ifi­
cations a n d  ro u n d e d  a n d  ellipsoid, robust bodies. 
T h ese  bodies a re  usually  covered w ith  sm all 
spines a t th e ir  ends, a lth o u g h  specim ens w ere 
fo u n d  d u r in g  re-exam ina tion  in  w hich  p ra c ti­
cally a ll the  ro u n d  an d  ellipso id  deposits w ere 
sm ooth. T h e  sm ooth  bodies a re  ind is tin g u ish ab le  

'  from  those fo u n d  in  the  K ei-Jolo specim ens a l­
though  o f a som ew hat d iffe ren t deriva tion , hav­
in g  passed th ro u g h  a  sp inous stage.

S patu la ted  rods seem to be com pletely absent 
in  H aw aiian  specim ens (unless the species O rph-  
n u rg u s  v itre u s  is considered  a synonym  o f O. 
glaber).

T h e  type specim en of O rp h n u rg u s  g la b er , 
from  the  Bay o f Bengal, h a d  deposits rem in is­
cen t o f the  Jap an ese  a n d  H aw aiian  in s ig n is  spec­
im ens. R ods w ith  a few ram ifications a t th e  ends 
an d  ra th e r  stu rd y  rods w ith  spinous, en larged  
ends w ere presen t, b u t sp a tu la ted  rods w ere ab ­
sent. T h u s, the  type specim en of O. g la b er  show ed 
th e  sam e type o f transfo rm ation  of the  deposits 
as th e  Japanese  a n d  H aw aiian  specim ens, 
a lth o u g h  the tran sfo rm atio n  h a d  n o t p roceeded 
as far as in  the  la tte r.

T h u s, the  species shows an  all-over tendency 
of a transfo rm ation  of th e  rods in to  ro b u st bo ­
dies. A t the  Kei a n d  Jo lo  Islands the  transfo r­
m ation  involves a  red u c tio n  of the  ends o f the 
rods, w hile in  th e  Bay of Bengal, a t Ja p an , an d  
a t H aw aii the  ends of the  spicules are preserved. 
T h e  ends are usually  covered w ith  spines d u e  to  
th e  deriva tion  of the  bodies from  rods w ith  open  
ram ifications.

A  geographic v a ria tio n  is ind ica ted  by th e  p ro ­

no u n ced  tran sfo rm a tio n  of the  deposits a t  the 
Kei a n d  Jo lo  Islands o n  one h an d , a n d  J a p a n  an d  
H aw aii on  the  o th e r, an d  by  the  fact th a t the 
process o f tran sfo rm a tio n  is d iffe ren t in  the  two 
regions.

C o n c l u s i o n .  A n analysis revealed  the  follow­
in g  types o f v a r ia tio n  in  the  species:

A n  in d iv id u a l  v a r ia tio n  is p resen t in  th e  n u m ­
ber of tentacles, tubefeet, an d  pap illae , as w ell as 
in  th e  shape of th e  deposits. I n  the  single in d iv i­
dual, th e  v a ria tio n  in  th e  deposits m ay b e  w ide or 
narrow .

A n  age v a r ia tio n  is generally  p resen t in  the  
n u m b e r  o f tu b e fee t an d  pap illae, a lth o u g h  w ith 
n o ta b le  exceptions. T h e  deposits show  n o  varia ­
tio n  w ith  age.

A  g eo g ra p h ic  v a r ia tio n  is p resen t in  the  n u m ­
b er a n d  a rran g e m en t o f th e  v en tro la te ra l tu b e­
feet a n d  dorsal p ap illae , a n d  in  the  shape o f the 
deposits. T h e  geograph ic  v a ria tio n  in  th e  n u m b er 
of tubefeet a n d  p ap illa e  is m u tu a lly  in d ependen t.

D i s t r i b u t i o n :  Bay of Bengal, 457-1026 m. In ­
donesia, 245-545 m . Ja p a n , 741-1210 m. H aw aii­
an  Islands, 462-765 m.

O rphnurgus vitreus (Fisher, 1907)
Fig. 14

S co to d e im a  v i t r e u m  F isher, 1907, pp . 697-701, 
pis. L X X IV : 2 -2a, LX X V : 1-4, L X X V I: 1-2.

D i a g n o s i s :  T en tac les  17; discs w ith  ram ified  
processes o n  th e  m arg in . V en tro la te ra l tubefeet 
a b o u t 34 o n  each side, in  d o u b le  rows. M idven- 
tra l tu b e fee t 6 o r  7. D orsal p ap illae  in  double 
rows, w ith  a b o u t 30 m ed ia l a n d  17-18 la te ra l to  
each dorsal rad iu s. V en tro la te ra l p ap illae  23-29 
o n  each  side. D eposits, dorsally  slender spa tu la ted  
rods a n d  occasional sp a tu la ted  crosses; ventrally , 
rods w ith  a few d icho tom ous ram ifications a t 
the  ends; in  p ap illae , crow ded sp a tu la ted  rods.

R e c o r d :  Off  th e  H aw aiian  Islands, 406-707 m. 
O ne specim en.

R e m a r k s :  T h e  specim en (in U SN M ) was re ­
exam ined  a n d  com pared  w ith  th e  num erous spec­
im ens of th e  o th e r  H aw aiian  species, O. in s ign is  
w hich  in  th e  p resen t p ap e r is considered a syno­
nym  of O . g laber . T h e  fact th a t the  v a ria tio n  of 
th e  deposits in  O . g la b er  includes sp a tu la ted  rods
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Fig. 14. Orphnurgus vitreus. Albatross St. 3979. Deposits 
from the type specimen. 1-2, dorsum; 3—4, ventrum.

sim ilar to  th e  d o rsa l deposits o f O. v itr e u s  sug­
gests th a t  also th is  species m ig h t be id en tica l w ith
O. g laber . H ow ever, as th e  re-ex am in a tio n  of 
F isher’s m a te ria l o f  O . in s ig n is  fa iled  to  reveal 
the presence o f sp a tu la te d  rods, o r  derivatives of 
these, i t  was p re fe rre d  to  re ta in  O . v itr e u s  as 
separate . (T h e  deposits  o f a ll th e  specim ens could  
be re ferred  to  type w ith o u t m a k in g  prepara tions).

Orphnurgus protectus (Sluiter, 1901)

S co to d e im a  p r o te c tu m  S lu ite r, 1901a, pp . 20-21; 
S lu ite r 1901b, p p . 61-62, pis. I I :  7, IX : 4.

D i a g n o s i s :  T e n ta c le s  15; discs w ith  irreg u la r 
ram ifications o n  th e  m arg in . V en tro la te ra l tube­
feet 24 pairs. M id v e n tra l tu b e fee t few a n d  ru d i­
m entary . D orsal p a p illa e  22 pairs , in  irreg u la r 
doub le  rows. V en tro la te ra l p a p illa e  21 pairs. Spat­
u la ted  crosses o f  th e  body  w all m easu ring  0.7 
m m  across. S p a tu la te d  rods densely  packed  in  the  
slender a n d  r ig id  p ap illa e .

R e c o r d :  Celebes S tra it, 1301 m . O ne specim en.

R e m a r k s :  T h e  species agrees w ith  O neiro -  
p h a n ta  se tig e r  a in  th e  exclusive presence of sp a t­
u la ted  crosses in  th e  b o d y  w all a n d  of sp a tu la ted  
rods in  th e  p ap illae . R e -e x am in a tio n  of th e  spec­
im en  revealed  th a t  th e  te n tac le  discs h a d  ram i­
fied processes o n  th e  m a rg in . F o r  th is reason, the  
species is re fe rred  to  O r p h n u r g u s  -  the  sim ila rity  
to  O n e iro p h a n ta  se tig e ra  b e in g  supposed  d u e  to 
convergence. O n ly  13 ten tac le s  co u ld  be coun ted  
d u rin g  re-exam ination .

Fam ily L A E T M O G O N ID A E  Ekman, 1926

D i a g n o s i s :  D eposits w heel-shaped . In  ad d itio n , 
on ly  scattered  rods o r  (in  L a e tm o g o n e  v io lacea )  
spinous crosses occur. G o n ad s w ith  num erous 
s lender a n d  b ran c h ed  tu b u le s , u sually  a rranged  
in  several clusters.

T a x o n o m y : T h e  tax o n o m ic  p o sitio n  of th e  fam ­
ily  is considered  elsew here (p. 206). T h e  fam ily 
is h ere  d iv ided  in to  fo u r  genera , characterized  
as follows:

B e n th o g o n e  has a  c ircum -ora l r in g  of pap illae , 
sim ply shaped  w heels, sm all-sized dorsal pap illae , 
an d  15-20 tentacles. (N o n e  o f th e  species have a 
constan t n u m b e r  o f 15 ten tacles).

A p o d o g a s te r  has a b r im  o f fused v en tro la te ra l 
p ap illae  above th e  tu b e fe e t -  a u n iq u e  fea tu re  
in  the  E lasipoda.

P a n n y c h ia  d iffers from  a ll o th e r  laetm ogonids 
by the  type o f w heel.

L a e tm o g o n e  is ch arac terized  p rim a rily  by neg­
ative features. T h e  n u m b e r  o f ten tacles is 15, 
except in  L . th e e l i  (20) a n d  L . in te r ja c e n s  (15-17). 
T h e  la tte r  species has several fea tu res in  com ­
m o n  w ith  B e n th o g o n e ,  b u t  lacks circum -oral p a­
pillae.

D ifferences a re  fo u n d  in  th e  shape of the  ten ­
tacle discs w ith in  th e  fam ily , a lth o u g h  th e  disc

Key to the genera o f Laetmogonidae
\ (

1. C ircum -oral p a p illa e  p r e s e n t .................. 1 ....................................................... B e n th o g o n e  (p. 48)
1. C ircum -oral p a p illa e  ab sen t .................................................................................................... 2
2. B rim  o f fused  v en tro la te ra l p ap illae  p resen t above the  v en tro la te ra l tu b e fe e t . . . .  

........................................................................................................................................  A p o d o g a s te r  (p. 75)
2. B rim , if  p resen t, com posed of fused v en tro la te ra l tu b e f e e t ........................................  3
3. W heels h av in g  m arg in a l teeth . P ap illae  of dorsum  belong ing  to  dorsal as w ell as

v en tro la te ra l rad ii. M id v en tra l tubefeet p r e s e n t ..........................................  P a n n y c h ia  (p. 72)
3. W heels lack in g  m arg in a l teeth . P ap illae  of dorsum  belong ing  to  dorsal r a d ii  only.

M id v en tra l tu b e fee t a b s e n t ............................................................................... L a e tm o g o n e  (p. 52)



types a re  n o t as clearly  se p ara te d  as in  the 
D eim atidae  (p. 191).

T h e  v aria tio n  fo u n d  in  th e  ex te rn a l m orpho l­
ogy of th e  gonads (p. 194) is o f l i t t le  v a lue  in  the 
taxonom y of th e  family.

G enus B enthogone  K oehler, 1896 
Fig. 112

B e n th o g o n e  K oehler, 1896, p p . 113-114. -  T ype  
species: B e n th o g o n e  rosea  K oeh ler, 1896, by  m o­
notypi.

B e n th o p h y c e s  K oehler Sc V aney, 1905, p. 64. 
l ly o d a e m o n  T h ée l, 1879, p. 11 (partim ).

D i a g n o s i s :  C ircum -oral p ap illa e  presen t. M id- 
ven tra l tu b efee t absent. D orsal p ap illa e  sm all, in  
single rows, d o u b le  rows, o r  bands. V en tro la te ra l 
pap illae  absen t. W heels lack ing  m arg in a l teeth .

R e m a r k s :  B e n th o g o n e  d iffers from  th e  o ther 
genera of th e  fam ily  by th e  presence o f a r in g  of 
circum -oral p ap illae . K oehler stressed th a t  th e  
dorsal p ap illae  a n d  th e  tu b e fee t w ere re trac tile , 
b u t this is h e re  d iscarded  as a generic  character. 
T h e  p ap illae  a n d  tubefee t m ay b e  re trac tile  also 
in  species of L a e tm o g o n e , w h ile  they  a re  unre- 
trac tile  in  B e n th o g o n e  ( I ly o d a e m o n )  abstrusa .

Key to the species of Benthogone

1. T u b e fe e t p ro jec tin g  h o rizo n ta lly  from  the  fla ttened  body side, an d  co n tin u in g  in
transversal ridges o n  th e  v en tru m . P ap illae  in  narrow  d o u b le  rows . . . .  a bstru sa  (p. 51)

1. T u b e fe e t v en tra lly  d i r e c te d ......................................................................................................  2
2. P ap illae  in  single o r  d o u b le  r o w s .................................................................................  rosea  (p. 48)
2. P ap illae  in  bands .............................................................................................................  fra g ilis  (p. 49)

Benthogone rosea  K oehler, 1896 
Fig. 15

B e n th o g o n e  rosea  K oehler, 1896, pp . 114-117, 
figs. 2, 3, 36, 46; R . P e rrie r  1902, pp . 399-405, 
pis. X IV : 1-2, X IX : 8-14; G rieg  1921, pp . 5-6; 
H e ro u a rd  1923, pp . 38-39; H e d in g  1940, p. 
369; M adsen 1947, pp . 15-16; Paw son 1965a, 
pp . 219-221, pi. 5.

B e n th o g o n e  rosea  var. cy lin d r ic a  R . P errie r, 1896, 
p. 900.

B e n th o g o n e  rosea  var. 4-lin ea ta  R . P errie r, 1896, 
p. 900.

B e n th o g o n e  q u a d r ilin e a ta  R . P errie r, H ed ing  
1940, p. 369; H ed in g  1942, p. 15.

N o n  B e n th o g o n e  q u a tr o lin e a ta  A ugustin , 1908 
( =  L a e tm o g o n e  ijim a i) .

D i a g n o s i s :  T en tac les  15-20. T u b e fe e t retrac­
tile, 13-24 on  each side. P ap illa e  sm all an d  re ­
trac tile , p laced  in  a  single o r  d o u b le  row  along 
each dorsal rad ius. W heels of a  single type, 0.06- 
0.16 m m  in  d iam eter; spokes 8-14, w ith o u t cor­
re la tio n  to  th e  size of the  w heels; cen tra l rays 4, 
occasionally  5; nave som ew hat narro w ed  by a 
calcareous m em brane.

M a t e r i a l :
St. 241, off Kenya (4°00’S, 41°27’E), 1510 m. -  1 

specim en.

D e s c r i p t i o n :  T h e  specim en, w hich  is ra th e r  
defective, was p ro b ab ly  a b o u t 7 cm  long.

C o lo u r  in  th e  preserved  sta te  lig h t reddish-vio- 
let, th e  p ap illa e  d a rk  violet.

T en ta c le s  17; discs sim ila r in  shape to  those of 
B en th o g o n e  fra g ilis  (PI. V III : 11).

T u b e fe e t  12 pairs, p a r tly  re trac ted .
P a p illa e  a b o u t 25 on  each side, m in u te , single­

rowed.
W h ee ls  (Fig. 15: 4) 0.06-0.13 m m  in  d iam eter, 

w ith  a cen tra l p rim ary  cross, a n d  th e  nave som e­
w hat narrow ed  by  a  calcareous m em brane. Spo­
kes 8-12, w ith o u t clear p revalence of any  single 
num ber (T a b le  3).

R o d s  p resen t in  ten tacles an d  tubefeet, b u t 
absent from  pap illae .

E n d -p la te  p resen t in  tubefeet.

Fig. 15. Benthogone rosea. Deposits. 1-3, Skagerak Exp. 
(Atlantic off Gibraltar); 4, Galathea St. 241.
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T a b le  3. B e n th o g o n e  rosea , B . fra g ilis , a n d  B . abstrusa . 
N u m b er o f spokes in  100 w heels from  five specim ens.

N um ber of spokes

Benthogone rosea (Galathea  St. 241) 
(off Gibraltar)

_ fragilis (Galathea St. 324)
_  abstrusa (Siboga St. 314)

-  ( -  -  - )

8 9 10 11 12 13 14 15 16 17 18 19

4 12 32 39 13 - - - - - - -
_ 5 14 32 43 4 2 - — — —

13 28 30 18 11 - - — — — —

3 23 20 29 18 5 2 — — — — ~
1 3 5 24 22 20 14 8 1 — 2

R e m a r k s :  T h e  specim en was ta k en  n e a r  th e  lo ­
cality  o f one of the  V a ld iv ia  specim ens. Re-ex­
a m in a tio n  of the  la tte r  con firm ed  H e d in g ’s sta te ­
m e n t th a t i t  is ind is tin g u ish ab le  from  th e  A t­
la n tic  ones. I t  is 8 cm  long, has 17 p a irs  o f re tra c t­
ed tubefeet, 30-35 m inu te , single-row ed p ap illae  
on  each side, an d  a conspicuous r in g  o f circum - 
o ra l pap illae . (T h e  circum -oral p a p illa e  w ere n o t 
seen in  th e  m ore defective G a la th ea  specim en). 
T h e  tentacles w ere all re trac ted .

T h e  covering m em brane of th e  n av e  of th e  
wheels, found  in  the  G a la th ea  specim en, has n o t 
previously  been  described for B . rosea . I n  the  
p rep a ra tio n  from  an  A tlan tic  specim en  tak en  by 
the S kagerak  off G ib ra lta r  (M adsen 1947) i t  was, 
how ever, sim ilarly  present. As in  th e  G a la th ea  
specim en, no  p articu la r spoke n u m b e r  p rev a iled  
(T ab le  3). T h e  v aria tio n  in  th e  shape of the  
wheels appears from  Fig. 15: 1-3. T h e  ten tac le  
discs w ere in  none of the  re -exam ined  A tla n tic  
specim ens as well exp an d ed  as in  th e  G a la th ea  
specim en. P robably, they d id  n o t  di f fer  in  type.

T w o  specim ens w ere described  by  P aw son 
(1965a a n d  c) from  n o rth  of N ew  Z ealand . T h e y  
h ad  15 tentacles, app rox im ate ly  13 pa irs  of re ­
trac tile  tubefeet, ab o u t 40 short, re tra c tile  dorsal 
p ap illae  on  each side, a rran g ed  in  a  single, som e­
tim es double, row. W heels s im ila r to  those o th e r­
w ise found  in  the  species (a ca lcareous m em b ran e  
covering th e  nave was n o t m e n tio n ed ), w ith  7-12 
(m ost o ften  11) spokes. C ircum -oral p ap illa e  n o t 
m en tioned . In  the shape, n u m b e r, a n d  a rran g e­
m e n t of the  dorsal p ap illae  th e  N ew  Z ea land  spec­
im ens agree w ith  th e  o th e r know n  specim ens.

S y n o n y m y :  R. P errie r (1896), in  h is  p re lim i­
n ary  re p o rt on  the h o lo th u ria n s  from  th e  T ra -  
v a il le u r  an d  the  T a lism a n ,  e rected  th e  varie ty  
4-linea ta  of B e n th o g o n e  rosea  fo r a  single speci­
m en w ith  four instead  of tw o row s of p ap illae . In  
his f inal  repo rt, how ever, h e  re jec ted  th e  variety ,

as a ll in te rm ed ia te s  betw een  specim ens w ith  tw o 
a n d  fo u r rows o f p ap illa e  h a d  been found.

H e d in g  (1940, 1942), o n  the o ther hand , m a in ­
ta in e d  th e  tax o n o m ic  significance of tw o versus 
fo u r rows of p ap illa e , a n d  raised  the  varie ty  of 
P e rrie r  to  th e  ra n k  of a species, B e n th o g o n e  qua- 
d r ilin e a ta .  A  re-exam ination , however, of a n u m ­
b e r o f specim ens of B . rosea  an d  of H ed in g ’s B . 
q u a d r ilin e a ta  (a ll in  ZM UC) confirm ed th a t a ll 
in te rm ed ia te s  a re  presen t.

R e l a t i o n s h i p s :  C losest re la ted  to  B . fra g ilis  

(q. v.).

D i s t r i b u t i o n :  E aste rn  A tlan tic  from  I re la n d  to  
th e  C ape V erde Islands, 1103-2480 m. East Af­
rica , 1510 a n d  1668 m . N o rth  of N ew  Z ealand, 

1170 m.
A  reco rd  o f th e  species from  M onaco St. 2290 

in  th e  w estern  M e d ite rran ean  (H iro u a rd  1923) 
is d u e  to  a m isp rin t. T h e  specim en actually  cam e 
from  St. 2990 in  th e  easte rn  N o rth  A tlan tic .

B enthogone fra g ilis  (Koehler & Vaney, 1905) 
F igs. 16—17, PI. V III: 11

B e n th o p h y c e s  fra g ilis  K oehler Sc Vaney, 1905, p. 
65, pis. V III : 6 -7 , X II : 4-7.

D i a g n o s i s :  T en tac le s  16-20. T u b efee t 17-20 
o n  each side. P ap illae  sm all, num erous, a n d  
placed  in  a b a n d  a lo n g  each dorsal radius. W heels 
sim ila r to  those o f B . rosea.

M a t e r i a l :
St. 324, S tra it o f M alacca (6°38’N, 96°00’E),

1140 m. -  1 specim en.

D e s c r i p t i o n :  T h e  specim en (Fig. 16) is 9 cm
long, 2.5 cm b ro ad , a n d  slightly m ore th a n  1 cm

high .
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Fig. 16. Benthogone fragilis. St. 324. Dorsal and ventral 
view. JT .

C o lo u r  of preserved specim en lig h t reddish- 
violet.

T e n ta c le s  16; discs (PI. V III : 11) w ith  consp icu­
ous p ap illae  in  rad ia lly  a rran g e d  fields w hich  
co n tin u e  in to  m arg ina l processes.

C ircum -ora l p a p illa e  v isible in  places.
T u b e fe e t  un re trac ted , conical w ith  a sm all 

sucking-disc. 18 le ft an d  17 r ig h t a re  p resen t, 
placed w ith o u t b ila te ra l sym m etry, a n d  som etim es 
w ith  irre g u la r  intervals.

P a p illa e  b road , conical, 2 -3  m m  long, p laced  
in  tw o bands con ta in ing  a b o u t 125 in  each. O nly  
h ere  an d  there does the  a rran g em en t ap p ro a ch  a 
do u b le  row.

W h e e ls  (Fig. 17) 0.10-0.14 m m  in  d iam eter, sim ­
ila r  to  those of B . rosea. T h e y  have 8-12 spokes; 
as in  B . rosea  no  p a rticu la r spoke n u m b e r p re ­
vails (T ab le  3).

R o d s  p resen t in  tentacles, tubefeet, a n d  p a p il­

lae. T h e  rods of th e  p ap illae  an d  tu b efee t a re  
transversally  placed.

E n d -p la te  p resen t in  tubefeet.
A n u s  v en tra l.

R e m a r k s :  B e n th o p h y c e s  fra g ilis , know n from  
one specim en taken  in  th e  A rab ian  Sea, agrees 
w ith  th e  G a la th ea  specim en in  the  fo llow ing
respects:

A “co llerette  p ir ib u c c a le ”, ap p a ren tly  id e n ti­
cal w ith  a r in g  of circum -oral pap illae, was m en­
tio n ed  in  th e  d iagnosis o f B e n th o p h y c e s , th o u g h  
n o t show n in  th e  d raw in g  of the specim en.

T h e  sm all elevations of the  dorsal skin, on  
w hich the  p ap illae  w ere placed, are p robab ly  
iden tica l w ith  th e  en larged  bases fo u n d  in  m any  
o f th e  p ap illae  in  th e  G ala thea  specim en. L ike­
wise, th e  pap illae  w ere as in  th is la tte r  specim en, 
num erous a n d  irreg u la rly  placed, app rox im ate ly  
form ing  two dorsal bands.

T h e  tu b efee t n u m b e re d  ab o u t 20 o n  each side 
a n d  w ere ven tra lly  placed, w hich  agrees w ell w ith  
the  G ala thea  specim en. Ju d g in g  from  th e  d raw ­
in g  they w ere som ew hat re trac ted , as is usually  
fo u n d  in  specim ens of B . rosea. T h is  re trac tio n  
m igh t have been  responsible for th e  low eleva­
tions of the  ven tra l skin, w hich together w ith  the 
en larged  bases of th e  dorsal pap illae  fo rm ed  the 
generic characters of B en th o p h yces .

T h e  ten tac le  n u m b e r was sta ted  to  be 18 o r 20.
T h e  wheels p robab ly  fall w ith in  th e  v a ria tio n  

of B . rosea. T h e  sm all, ro u n d ed  knobs m e n tio n ed  
by K oehler Sc V aney from  th e  d istal ends of the  
cen tra l rays seem  to  be insign ifican t aberra tions 
in  the  overall p a tte rn  of ra th e r  irreg u la r wheels.

R e l a t i o n s h i p s :  B . fra g ilis  is closest re la ted  B . 
rosea  from  w hich  i t  d iffers by th e  p ap illae  being  
m ore num erous a n d  p laced  in  bands. F u rth e r  
know ledge of th e  species m ay prove i t  to  b e  a 
geographic form  -  possibly a subspecies -  of B. 
rosea.

D i s t r i b u t i o n :  A rab ian  Sea, 1345 m. S tra it of 
M alacca, 1140 m.
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Benthogone abstrusa (Sluiter, 1901)
Fig. 18

I ly o d a e m o n  a b s tru su s  S lu iter, 1901a, pp . 24-25;
S lu ite r 1901b, p p . 69-71, pis. IV : 1-3, IX : 9.
N o n  P aw son 1965c, pp . 20-22, fig. 5.

D i a g n o s i s :  T en tac le s  18. T u b e fe e t large, p ro ­
jecting  m o re  o r  less h o rizo n ta lly  from  th e  fla t­
tened  body  side, a n d  c o n tin u in g  in  transversal 
ridges on  th e  v en tru m . P ap illae  short, conical, 
p laced w ith o u t in te rvals in  a n a rro w  do u b le  row  
along  each d o rsa l rad ius. W heels of a single type, 
0.05-0.16 m m  in  d iam eter, usua lly  m ore o r  less 
irre g u la r  in  shape; spokes 8-14, w ith o u t co rre la­
tio n  to  th e  size o f th e  w heels; cen tre  form ed as 
a p rim ary  cross w h ich  is som etim es irreg u la rly  
developed; n av e  usually  covered by a p e rfo ra ted  
calcareous m em brane . S turdy, u n b ran ch ed , o r 
slightly  b ran c h ed  rods p resen t in  tubefeet, p ap il­
lae, a n d  v en tru m .

R e - e x a m i n a t i o n  of the  S iboga  specim ens: 
B e n th o g o n e  a b stru sa  is know n  from  33 speci­
mens, tak en  a t  five In d o n esia n  s ta tions of th e  S i­
boga. S picule p rep a ra tio n s  w ere m ade  from  eigh t 
specim ens.

E x te r n a l  characters. I n  ex te rn a l appearance  
the species is very  characteristic  an d  can n o t be 
m istaken  fo r an y  o th e r  species.

T h e  la rge tu b e fee t a n d  th e  conical dorsal p a ­
p illae  p laced  in  tw o very n arro w  do u b le  rows 
are in  a ll th e  specim ens, in c lu d in g  the  sm allest 
ones m easu rin g  6 cm, exactly  as illu s tra te d  by 
S luiter. T h e  tu b e fee t p ro jec t m ore  o r  less h o r i­
zontally  fro m  th e  la te ra l edge o f  the  body; on  
the  v en tra l sole they  o ften  co n tin u e  in  transver­
sal elevations w h ich  m ay reach  th e  v en tra l m id ­
line of th e  body.

T h e  ten tac les n u m b e re d  18, except in  one 
specim en w ith  17.

D ep o sits . W h ile  S lu ite r fo u n d  th a t the  wheels 
were re g u la r  in  shape a n d  possessed a rem ark ­
ably  co n s tan t n u m b e r  of 11 spokes, th e  wheels in  
the e ig h t specim ens re-exam ined  show ed a  Mrge 
v a ria tio n  in  sh ap e  (Fig. 18) as w ell as in  spoke 
n u m b e r (T a b le  3). T h e  spoke n u m b e r illu s tra te d  
for th e  tw o specim ens rep resen ts th e  to ta l varia ­
tions in  th e  e ig h t specim ens exam ined . N o  corre­
la tio n  was fo u n d  betw een  n u m b e r  of spokes an d  
d iam eter o f wheels.

T h e  o u tlin e  o f th e  w heels is usua lly  strik ing ly  
irreg u la r, th o u g h  in  th e  p rep a ra tio n s  from  two

0.1 m m

Fig. 18. Benthogone abstrusa. Deposits. 1-5, Siboga St. 45; 
6-7, Siboga St. 314.

of th e  specim ens m ost w heels w ere as reg u la r as 
show n in  Fig. 18: 4. T h e  le n g th  an d  thickness of 
th e  spokes likew ise vary  greatly , an d  in  ad d itio n  
they  a re  o ften  ir re g u la rly  shaped.

T h e  ce n tre  o f th e  w heels is usually  a reg u la r 
p rim a ry  cross, b u t  som etim es th is develops in to  
a m ore  o r  less ir re g u la r  3-, 5-, o r  6-rayed struc­
tu re . T h e  nave  is, i n  m ost wheels, covered by a 
th in  calcareous m em b ran e , p e rfo ra ted  by  one o r 
m ore  holes. A  few w heels possessed calcareous 
bridges from  th e  covering  m em b ran e  to  the rim  
o f the  w heel.

T h e  d ia m e te r  o f th e  w heels is 0.05-0.16 mm. 
In  som e p re p a ra tio n s  p rac tica lly  a ll th e  wheels 
w ere sm alle r th a n  0.10 m m , in  o thers m ost wheels 
exceeded 0.10 m m , a n d  in  o thers again  a large 
v a ria tio n  was fo u n d  w ith in  a  single p rep a ra tio n .

T h e  tubefeet, p ap illa e , a n d  v en tru m  con tained  
in  a ll th e  specim ens exam ined  sturdy, often  
sligh tly  ram ifie d  rods, as m en tio n e d  by S luiter. A  
sm all en d -p la te  is u su a lly  p resen t in  th e  tubefeet.

R e m a r k s :  T h e  specim ens rep o rted  by Paw son 
(1965c) d iffe r in  som e essen tial po in ts from  th e  
S iboga  specim ens, a n d  p ro b ab ly  rep resen t a new 
species o f L a e tm o g o n e .  T h e  w heel-shaped depos­
its be longed  to  tw o d is tin c t types: L arge wheels 
m easu rin g  0.08-0.13 m m , w ith  9-11 spokes an d  
6 cen tra l rays, a n d  sm all w heels a b o u t 0.04 m m  
in  d ia m e te r  a n d  typ ically  w ith  12 spokes an d  4 
cen tra l rays. T h ese  w heel types are very d iffe ren t 
from  those fo u n d  in  th e  S iboga  specim ens, in  
w hich  a ll th e  w heels a re  o f th e  sam e type an d  all 
(typically) have  fo u r ce n tra l rays.

T h e  r in g  o f c ircum -oral p ap illae , w hich is very 
conspicuous in  th e  S ib o g a  specim ens, was n o t
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m e n tio n ed  by  Paw son. T h e  ten tac le  n u m b e r 
cou ld  n o t b e  d e te rm in e d , b u t  the  n u m b er was 
supposed  to  exceed 15.

T h e  specim ens seem  to  b e  closest to  L a e tm o ­

g o n e  m a cu la ta .

R e l a t i o n s h i p s :  W h ile  B e n th o g o n e  rosea  an d  
B . fra g ilis  a re  closely in te rre la ted , th e  species 
B . abstrusa  s tands som ew hat a p a r t in  th e  genus. 
I t  d iffers from  th e  o th e r  tw o species by  the  fla t­
ten ed  body form .

D i s t r i b u t i o n :  In d o n esia , 694^959 m.

G enus L a e tm o g o n e  Theel, 1879 
Figs. 113-114

L a e tm o g o n e  T h £ el, 1879, pp. 9-10; T h ee l 1882, 
p. 73. -  T y p e  species, designated  by  F isher 
(1907): L a e tm o g o n e  w y v il le th o m so n i T h ee l, 
1879.

C ryodora  T h ee l, 1879, p. 9.
I ly o d a e m o n  T h ee l, 1879, p. 11; T M e l 1882, p. 84. 
L a e tm e n o e c u s  C lark , 1913, p. 230.
B a th y g o n e  Paw son, 1965b, p. 77.

D i a g n o s i s :  C ircum -ora l p ap illa e  absent. M id- 
v en tra l tubefeet absent. D orsal p ap illae  in  single 
rows, doub le  rows, o r  bands. V en tro la te ra l p ap il­
lae absent. W heels lack ing  m arg in a l teeth.

S y n o n y m y :  I ly o d a e m o n  was regarded  as being 
d is tin c t from  L a e tm o g o n e  on  account o f its 
double-row ed p ap illae , co n tra ry  to  th e  single­
row ed ones in  L a e tm o g o n e .  T h e  va lid ity  of the  
genus was d o u b te d  by  S lu ite r (1901b), b u t never­
theless i t  has been  re ta in e d  u n ti l  now.

I n  L . f im b r ia ta , L .  b iseria lis , a n d  L . m a cu la ta  
th e  arran g em en t o f th e  p ap illae  changes from  
single rows to  d o u b le  rows (or even to  an  arrange­
m en t in  bands) w ith  th e  age of the  specim ens. 
T h e  d is tin c tio n  betw een  I ly o d a e m o n  an d  L a e t­
m o g o n e  thus ca n n o t be uph eld .

B a th y g o n e , w ith  th e  species B . p a p il la tu m ,  was 
d istingu ished  by th e  presence of sm all heaps of 
aggregated  calcareous deposits, a fea tu re  claim ed 
to  be u n iq u e  in  th e  fam ily. H ow ever, sim ilar 
aggregations of deposits occur in  m ost specim ens 
of L a e tm o g o n e  m a cu la ta . T h e y  seem to  be of 
l i t t le  taxonom ic significance. H ere  the species 
B . p a p il la tu m  is reg a rd ed  as a  synonym  of L a e t­
m o g o n e  fim b r ia ta .

L a e tm e n o e c u s , w ith  th e  single species L . sco- 
to e ides, was d is tin g u ish ed  from  L a e tm o g o n e  by 
th e  supposed absence of dorsal p ap illae . R e ­
exam ina tion  of a  specim en show ed th a t  sm all 
p ap illae  w ere in d e ed  present.

T a x o n o m i c  c h a r a c t e r s :  D ep o sits . T h e  w heel­
shaped  deposits ex h ib it species d ifferences in  the  
shape an d  in  th e  vary in g  degree of separa tion  
in to  two types.

In  L . in te r ja cen s  th e  w heels a ll possess a cen­
tra l p rim ary  cross, a  s im ila rity  to  th e  w heels in  
th e  genus B e n th o g o n e .  T h e  w heels m easure 
0.08-0.14 m m  in  d ia m e te r  a n d  have 9-12  spokes. 
T h e  nave of th e  w heels is som etim es covered by 
a calcareous m e m b ran e  w hich  grows inw ards 
from  the  edge o f th e  nave, a  sim ila rity  to  th e  
wheels in  the  genus B e n th o g o n e  a n d  in  L . th ee li, 
L . w y v il le th o m so n i ,  a n d  L . v io lacea .

In  L . th e e li  a lm ost a ll th e  w heels possess a 
cen tra l p rim ary  cross, a n d  w heels sm aller th a n
0.08 m m  are  ra re . T h e  to ta l v a ria tio n  in  d iam e­
te r  is 0.05-0.19 m m , a n d  10-16 spokes a re  pres­
en t; the  h ighest spoke n u m b ers  a re  generally  
found  in  th e  sm all wheels.

In  L . w y v il le th o m s o n i  a n d  L . v io lacea  the  
wheels possess 4 -6  cen tra l rays a n d  8-16 spokes. 
T h e  h ighest spoke nu m b ers  a re  generally  found  
in  th e  sm aller w heels, b u t  th e re  is n o  a b ru p t 
change in  spoke n u m b e r  a t  any  size. T h e  wheels 
a re  0.04-0.18 m m  in  d iam eter; w heels a b o u t 0.05 
m m  in  d iam eter a re  especially num erous.

In  L . sco to e id es  th e  w heels a re  to  som e degree 
d iffe ren tia ted  in to  tw o types. T h e  sm all type 
(0.04-0.08 m m ) has 4 cen tra l rays, w h ile  th e  large 
type (0.06-0.30 m m ) has 5 (occasionally 6) cen tra l 
rays. T h e  n u m b e r  of spokes varies from  10 to  18 
w ith  a prevalence of 12 spokes b o th  in  la rge an d  
sm all wheels.

In  L . m a cu la ta , L .  ij im a i, L . f im b r ia ta ,  an d  
L . b iseria lis  th e  w heels a re  o f tw o very d istinc t 
types, sm all ones 0.04-0.05 m m  in  d iam eter, w ith  
a cen tra l p rim ary  cross an d  (10-) 12 spokes, an d  
la rger ones 0.06-0.30 m m  in  d iam eter, w ith  6 
cen tra l rays a n d  9 o r  12 spokes.

L . m a cu la ta  d iffers from  all o th e r  laetm ogonids 
by the presence o f rosette-shaped  spicules, deriva­
tives of the  sm all type  of w heel. A  tran sfo rm atio n  
of a som ew hat s im ila r k in d  is som etim es fo u n d  in  
L . fim b r ia ta , w here  th e  sm all w heels m ay change 
in to  sm all re ticu la ted  plates.
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• h  th e  e x c ep tio n  of th o m s o n i  h a d  s im ila r  tu b e fee t. T h ese  specim ens
a n ew  species of L a e tm o g o n e .

a h e e li  (20) a n d  L . in te r ja c e n s ^  d i£fer I n  L  in te r ja c e n s  th e  tu b e fe e t a re  p laced  o n  the
T u b e fe e t .  L . f im b r ia ta  a n  • s len . edg e  o f a  b r im  w h ich  su rro u n d s  th e  w hole body,

t J  a  u n iq u e  ,e a lu re  i n t a m i l 7 ' 
ic h  H e ro u a rd  (1902) re fe rre d  to  L . w yv iU e-

Key to the species of L a e tm o g o n e

i „h „ n  th e  edsre o f a  b r im  w h ich  su r ro u n d s  th e  w h o le  body. T en - 
’ ■ I d e ^ ! ?  W heels  b e lo n g in g  to  ,  sing le  type , w ith  a lo w er size lim it  o f 0.08

ceM ral rays 4 (occasionally  5); spokes 8 -1 2  (15) ................. . ...........  M e r ,a c e n ,  (p. 53)
, “ r im  absen t. T e n ta c le s  15 (in  o n e  s p e d « , 20). W h e e ls  b e lo n g rn g  to  o n e  o r  two

tvnes- low er size lim it 0 .04-0.05 m m  .................................. .................................................
,  P ap illae  ex trem ely  sm all. W heels in d is tin c tly  d i f le r e n f a te d  m to  tw o types one 

„ cen tra l p rim ary  cross a n d  m easu rin g  0 .0 ^ 0 .0 8  m m , th e  o th e r  w ith  5 (oc-
atsionalh^O  o r  7)̂  cen tra l rays a n d  m easu rin g  0 .08-0 .80  m m . , o , o e id es (p. 61)

2 Papillae conspicuous. Wheels belonging to one or two types . ............... ............. ... ................. 3
o w h e e ls  belong ing  to  tw o d is tin c t types, one w ith  a  c e n tra l p rim a ry  cross an d

rare ly  exceeding 0.05 m m  in  d ia m e te r, th e  o th e r  w ith  6 c e n tra l rays, an d  always

larger th a n  0.05 m m .......................................................................................................................
3 Wheels not belonging to two distinct types. Central rays 4 -5 ; spokes 8-15  (20), in

th e  m a in  inversely co rre la ted  to  th e  size o f th e  w h e e l s .................................................. 7
4 Tubefeet bulky, narrowing towards the tip ................................................. • • • -
4 Tubefeet crowded, very slender from base to tip, the diameter of the sucking-

discs eq u a l to  th a t  o f th e  t u b e f e e t ............................................................................. .. • • • • • 6
5. Rosette-shaped deposits present. Some of the wheels of the large type with a tri­

angular superstructure. Papillae varying in  size, some being rather large m a c u la ta  (p. 63)
5. Rosette-shaped deposits absent. Triangular superstructure absent in  large wheels.

D orsal p ap illa e  sm all a n d  u n ifo rm  in  s i z e .............................................................. .. *7«™«* (P- 6?)
6. L arge type of w heel w ith  a b o u t 9 s p o k e s ...........................................................fim b r ia ta  (p. 67)
6 L arge type of w heel w ith  a b o u t 12 s p o k e s ............................................................. b ise n a lis  (p. 70)
1. Cross-shaped deposits p resen t ...................................................................................... * o b c e o  (p. 58)

7. Cross-shaped deposits a b s e n t ..................................................................................,...................  . ,
8. T en tac les 15. T u b e fe e t 15-33 p a i r s .......................................................... w y v il le th o m s o n i  p. 54

8. T en tac les  20. T u b e fe e t 45-53  p a i r s ................................................................................ th e e h  (P- 57)

Laetm ogone in terjacens  S luiter, 1901 R e - e x a m i n a t i o n  of th e  S iboga  specim ens: T h e
p . 19 species w as e rected  o n  tw o specim ens, 3.5 a n d

5.0 cm  long , from  S ib o g a  St. 45 (south  of Celebes). 
L a e tm o g o n e  in te r ja c e n s  S lu iter, 1901a, p p . 21-22, ^  re -e x a m in a tio n  gave a d d itio n a l in fo rm atio n  on

S lu ite r 1901b, pp . 64-65, pi. IX : 6. ^  twQ Sp ecim e n s, a n d  fu rth e r  revealed  th a t a
L a e tm o g o n e  w y v il le th o m s o n i  T h te l ,  S lu ite r Sp ecjm e n  re p o r te d  as L . w y v il le th o m s o n i  from

1901b, p. 63 (partim ). ' S ib o g a  St. 170 (west of N ew  G uinea) in  actual
fact belongs to L .  in te r ja cen s .

D i a g n o s i s -  T en tac les  15-17. Body, in c lu d in g  C o lo u r  (in  alcohol) d a rk  v io le t m  th e  specim ens 
the  head , su rro u n d e d  by  a  co n tin u o u s  b rim , o n  from  St. 45, a n d  lig h t v io le t in  th e  specim en

th e  edge of w hich  tu b efee t w ith  sm all sucking- from  St. 170.
discs a fe  placed. P ap illae  m in u te , in  sing le rows. B r im .  T h e  presence of a b road , la te ra l brim
W heels of a single type, 0.08-0.14 m m  in  d iam e- was stressed by S lu ite r as b e in g  especially char-
ter- cen tra l rays 4; spokes 9-12; nave o ften  cover- ac te ris tic  o f th e  species. O n  re-exam ination  the
ed  by a p erfo ra ted  calcareous m em brane. b r im  w as seen to  co n tin u e  ro u n d  th e  an ten o r
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Fig. 19. Laetmogone inter jacens. Two specimens in dorsal 
and ventral view. 1-2, Siboga St. 45; 3-4, Siboga St. 170.

an d  posterio r en d  of the  body, a  u n iq u e  fea tu re  
in  the genus.

In  the sm all specim en from  St. 45 (Fig. 19;
1-2) the  b rim  is very b ro ad  a n d  clearly  d istingu ish ­
ab le  from  the  body, w hereas in  the  specim en 
from  St. 170 (Fig. 19: 3-4) i t  is m ore  n arro w  an d  
less d istinc t from  the body  p ro p er. T h e  d iffe r­
ence m ay be d u e  to  a d iffe ren t sta te  o f con trac­
tion . In  the  large specim en from  St. 45 the  b rim  
is defective.

T u b e fe e t  p resen t along  th e  w hole edge of the  
b rim . I n  the sm all specim en from  St. 45 a b o u t 25 
are  p resen t on  each side. T h e  specim en from  St. 
170, in  w hich th e  b rim  is n o t q u ite  in tac t, p ro b ­
ably  h a d  ab o u t the  sam e num ber. Some tubefeet 
are  com pletely re trac ted  in to  th e  brim . A  sm all, 
b u t conspicuous sucking-disc is p resen t on  all 
the  tubefeet, even on  th e  m in u te  ones o f th e  
a n te r io r  m argin.

P a p illa e  sm all an d  single-rowed. A ccording to  
S lu ite r  ab o u t 14 pairs w ere presen t. O n  re-exam i­
n a tio n  the sm all specim en from  St. 45 was found  
to  have ab o u t 10 pairs o f m in u te  pap illae , b u t 
m ore m igh t have been  present. T h e  large speci­

m en from  St. 45 has 18 an d  25 p ap illae  a lo n g  the 
r ig h t a n d  le ft rad ius, respectively. T h e  specim en 
from  St. 170 has a b o u t 15 pairs.

T e n ta c le s .  S lu ite r coun ted  17 ten tacles in  b o th  
the  specim ens from  St. 45. T h is  n u m b e r  w as con­
firm ed  as regards the small specim en, w h ile  only
15 cou ld  b e  co u n ted  in  the  large one, a n d  16 in  
the  specim en from  St. 170.

T a b le  4. L a e tm o g o n e  in terjacens. N u m b e r  of 
spokes a n d  d iam ete r of 100 wheels in  th e  dorsum  

o f th e  specim en from  Siboga  St. 170.

Diam.
mm

Spokes

8 9 10 11 12 8-12

0.08 - 1 7 1 _ 9
0.09 - 2 3 5 4 14
0.10 1 4 6 2 9 22
0.11 - 2 8 4 1 15
0.12 - 3 12 10 7 32
0.13 - 1 4 - 2 7
0.14 - - - - I 1

0.08-0.14 1 13 40 22 24 100

W heels s im ila r in  shape to  those o f B e n th o g o n e  
rosea  a n d  B . frag ilis . T ab le  4 shows th e  d iam ete r 
a n d  spoke n u m b e r  of 100 wheels from  th e  speci­
m en from  S ib o g a  St. 170. T h e  o th e r tw o specim ens 
show ed sim ila r features. S lu iter fo u n d  th a t  the 
spoke n u m b e r was very regularly  11, b u t th a t  a few 
la rge w heels (0.16 m m  in  d iam eter) h ad  15 spokes. 
T h ese  large w heels m ay be a lien  bodies, possibly 
wheels o f P a n n ych ia . (A P a n n ych ia  w heel was 
p resen t in  o n e  of th e  p repara tions m ade d u r in g  
re-exam ina tion ).

C en tra l rays 4 (only one o u t o f a h u n d re d  
wheels h a d  5 rays). N ave in  some w heels covered 
by a  p e rfo ra ted  calcareous m em brane.

R e l a t i o n s h i p s :  L . in terjacens  d iffers from  all 
o th e r  species o f th e  genus by the b rim  w h ich  su r­
ro u n d s th e  w hole body. T h e  h igh  ten tac le  n u m ­
b e r suggests a  re la tio n sh ip  to  the genus B e n th o ­
g o n e  (p. 47).

D i s t r i b u t i o n :  Indonesia, 794 a n d  924 m.

L aetm ogone w yvillethom soni Theel, 1879 
Fig. 20

T h ie l  1879, p. 10, figs. 12-13; T h ie l  1882, pp. 
73-78, pis. X I, X II, X X X I: 14-16, X X X IV : 1,
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X X X V I: 3, X X X V II: 5, 7, 11, X X X V III: 9, 
X X X IX : 4, X L II : 1, 7, X L III :  4, X L IV : 14, 
X L V I: 2 -3 ; A gatep  1967b, p. 63, pis. V III: 1-11, 
IX : 1-10.

D i a g n o s i s :  T en tac les  15. T u b e fe e t 15-33 on  
each  side, ra th e r  cy lindrical w ith  conspicuous 
sucking-discs. P ap illae  5-18 o n  each side, slender 
a n d  single-row ed. W heels of a  single type, 0 .04- 
0.16 m m  in  d iam eter, those o f a b o u t 0.05 m m  
b e in g  especially num erous; n u m b e r of spokes 
increasing  from  8-10 in  th e  la rge w heels to  11-14 
in  th e  sm all ones; cen tra l rays 4-5 , rare ly  m ore; 
nave covered by a calcareous m em brane, usually  
w ith  a  few m in u te  perfo ra tions. N um erous stu rdy  
rods w ith  b lu n t  o r  ro u n d ed  ends u sua lly  p resen t 
in  v en tru m , ra re ly  in  dorsum . Spinous crosses 
absent.

M a t e r i a l :
St. 663, K erm adec T re n c h  (36°31’S, 178°38’W ), 

4410 m. -  1 specim en.

D e s c r i p t i o n :  T h e  specim en is 5.5 cm  long, 1.3 
cm broad , a n d  lig h t v io le t in  colour.

T e n ta c le s  15; discs s im ilar to  those of L . v io la -  
cea  (PI. V III : 8).

T u b e fe e t  17 pairs, single-rowed, ra th e r  cy lind ri­
cal, w ith  conspicuous sucking-discs.

P a p illa e  10 pairs , single-rowed, a ll ab o u t 15 
m m  long, s lender from  base to  tip .

W h e e ls  (Fig. 20: 1-2) 0.04-0.14 m m  in  d iam eter, 
w ith  8-13 spokes. T h e  w heels a re  fu rth e r  describ­
ed in  connection  w ith  the  re-exam ina tion  of the  
C h a llen g er  specim ens.

R o d s  (Fig. 20: 3-4) crow ded in  ven trum , b u t 
absen t in  dorsum . T h e y  are  ra th e r  sturdy , usually  
sm ooth, w ith  b lu n t o r ro u n d ed  ends, a n d  often  
m ore o r  less ellipsoid. S im ilar rods in  the  d ista l 
parts  o f th e  tubefeet. P ap illae  p rac tica lly  devoid  
of rods.

E n d -p la te  p resen t in  tubefeet. .
i

R e - e x a m i n a t i o n : ! . ,  w y v il le th o m s o n i  was p rev i­
ously know n from  th ree  C h a llen g er  s ta tions in  
the  so u th ern  Indo-P acific (dep th  2514-3296 m) 
an d  th ree  E lta n in  sta tions in  th e  A n ta rc tic  O cean 
(dep th  3020-3678 m). P robab ly  a ll ba thyal records 
w ere based on  erroneous iden tifications.

(1) T h e  C h a llen g er  specim ens. R e-exam ination  
was m ade of e igh t specim ens from  St. 300, tw o

from  St. 147, a n d  on e  from  St. 158. (Tw o of the  
specim ens from  St. 300 are  k ep t in  ZMA, all the  
re m a in in g  a re  in  BM . D eposits exam ined  in  all 
th e  B M  specim ens).

B ody  2 -17  cm  long, 3 -4  tim es as long  as broad. 
(T h e e l s ta ted  th a t  th e  specim ens w ere u p  to  24 
cm  long). T u b e fe e t 15-29 o n  each side; as in  the 
G a la th e a  specim en, they  are ra th e r  cylindrical. 
P a p illa e  5-17  o n  each  side (alm ost th e  w hole 
v a r ia tio n  is com prised  in  th e  specim ens from  
C h a lle n g e r  St. 300). T h e  p ap illae  vary grea tly  in  
le n g th , even  in  on e  a n d  the  sam e specim en; th e  
longest p a p illa e  a re  as lo n g  as the  body.

T h e  spokes w ere co u n ted  an d  the  d iam eter 
m easu red  in  a  h u n d re d  w heels from  the  G ala thea  
specim en  a n d  from  th ree  specim ens from  C ha l­
le n g e r  St. 300 (T ab les 5S ) .

T h e  w heels a re  a ll o f th e  sam e type. T h e  h ig h ­
est spoke n u m b e rs  a re  fo u n d  in  the  sm allest 
w heels, b u t  th e re  is n o  a b ru p t change in  spoke 
n u m b e r  a t  an y  size. T h e  cen tre  of th e  w heels is 
s im ila r  in  sm all a n d  large wheels, w ith  4—6 (usual­
ly  5) rays. T h e  re la tiv e  ab u n d an ce  of wheels w ith
4 rays d iffe rs from  specim en to  specim en. N o  cor­
re la tio n  w as ev id en t betw een  ray  n u m b er an d  
size o f  w heels. A  th in  calcareous m em brane, 
u su a lly  p e rfo ra ted  by a few tin y  holes, covers the  
n av e  o f th e  w heels in  a ll th e  p repara tions. T h e  
m e m b ran e  is p ro b ab ly  p resen t in  a ll th e  wheels, 
b u t  is d if f ic u lt to  dem o n stra te  in  the  sm all ones.

T h e  size d is tr ib u tio n  shows a prevalence of 
w heels o f  0.05 m m  in  d iam eter, w hile  wheels of

Fig. 20. Laetmogone wyvillethomsoni. Deposits. 1—4, 
Galathea St. 663, two wheels and two rods from ventrum; 

5-8, Challenger St. 300, rods from tubefeet.
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T ables 5-8 . L a e tm o g o n e  w y v il le th o m so n i. N u m b er of spokes an d  d ia m e te r  o f 100 w heels in  th e  
G a la th e a  specim en (5) a n d  in  th ree  specim ens from  C h a lle n g e r  St. 300 (6- 8).

T a b le  5. G ala thea . T a b le  7. C h a llen g er .

Diam. Spokes

mm 8 9 10 11 12 13 8-13

0.04 - - 1 1 3 1 6
0.05 - 1 5 9 8 4 27
0.06 - 2 - 3 - - 5
0.07 7 2 8 3 - - 20
0.08 4 8 4 - - - 16
0.09 3 3 1 1 - - 8
0.10 2 - 1 - - - 3
0.11 - 5 - - - - 5
0.12 - - 2 1 - - 3
0.13 3 1 1 - - - 5
0.14 - 2 - - - - 2

0.04-0.14 19 24 23 18 11 5 100

T a b le  6 . C h a llen g er.

Diam. Spokes

mm 8 9 10 11 12 13 14 15 8-15

0.04 - _ _ — 2 4 1 — 7
0.05 - - 1 8 9 12 10 1 41
0.06 - - - - - 1 - - 1
0.07 - 1 - 3 6 1 - - 11
0.08 - 2 3 3 5 2 - - 15
0.09 - 1 1 2
0.10 2 - 3 1 1 - - - 7
0.11 2 3 1 1 - - - - 7
0.12 1 2 1 - - 1 - - 5
0.13 - 1 1 2
0.14 - 1 1
0.15 1 1

0.04-0.15 6 11 11 16 23 21 11 1 100

Diam. Spokes
mm 8 9 10 11 12 13 14 15 8-15

0.04 - _ _ 1 4 1 _ _ 6
0.05 - - 1 12 25 10 5 1 54
0.06 - - - 1 1 1 - - 3
0.07 - - 2 2 6 - 2 - 12
0.08 - 1 1 3 3 - - - 8
0.09 - - 4 - 2 - - - 6
0.10 1 - 2 2 1 - - - 6
0.11 1 1
0.12 - 1 1 1 - - - - 3
0.13 - - 1 - - - - - 1

0.04-0.13 1 3 12 22 42 12 7 1 100

T a b le  8 . C h a llen g er .

Diam.
mm

Spokes

8 9 10 11 12 13 14 15 16 8-16

0.04 - - — _ - 4 _ _ _ 4
0.05 - - - - 9 9 4 - 1 23
0.06 - - 1 - 1 1 - - 1 4
0.07 - - 2 - 2 2 - - - 6
0.08 - - 3 - 1 - 1 - - 5
0.09 - - 2 - 1 - - - - 3
0.10 5 5
0.11 - - 6 1 - - - - - 7
0.12 4 4
0.13 - 4 9 13
0.14 1 1 6 8
0.15 1 - 8 9
0.16 - - 5 - - - - - - 5
0.17 - - 4 - - - - - 4

0.04-0.17 2 5 55 1 14 16 5 - 2 100

0.04 a n d  0.06 m m  are  ra re . I n  th e  p repara tions 
from  the  G a la th ea  specim en a n d  two of the 
C h a llen g er  specim ens th e  la rge w heels w ere m ost 
o ften  0.07-0.08 m m . I n  a th ird  specim en from  the 
sam e C h a llen g er  s ta tio n  (T ab le  8) th e  size d is tri­
b u tio n  shows, how ever, a  m ax im u m  a t 0.13 mm. 
T h e  sam e specim en shows a s tr ik in g  prevalence 
of the  n u m b e r  o f exactly  10 spokes in  the  larger 
wheels, in  c o n tra s t to  th e  th ree  o th e r  specim ens, 
in  w hich  th e  spoke n u m b e r  v aried  rem arkab ly  in  
wheels o f a ll sizes. N evertheless, even in  th is 
specim en th e  w heels ca n n o t be separated  in to  
two types; th e  w heels in te rm ed ia te  in  size are 
also on  a n  average in te rm ed ia te  in  spoke num ber.

A  rem arkab le  in d iv id u a l v a r ia tio n  m ay th u s be 
found  b o th  in  th e  size d is tr ib u tio n  a n d  in  the 
d is trib u tio n  of spoke n u m b e rs  in  th e  wheels of 
specim ens from  a single s ta tio n . A ll th e  p rep a ra ­
tions w ere from  a tubefoo t.

R ods (Fig. 20: 5—8) w ere p re se n t in  th e  tubefeet 
an d  som etim es in  th e  v en tru m , a n d  even dorsum , 
of th e  C h a llen g er  specim ens. I n  n o n e  of th e  speci­
m ens w ere th e  v en tra l ro d s as crow ded  as in  the 
G ala thea  specim en. I n  th e  tu b e fe e t a  few in te r­
m ed iate  stages betw een  rods a n d  p rim a ry  crosses 
were som etim es p resen t.

E nd-p la te  of sucking-discs som etim es ru d im e n ­
tary, desp ite the la rge size of th e  discs.

56



(2) M isiden tified  specim ens. T h e  tw o specim ens 
rep o rted  by S lu ite r (1901b) w ere re -id en tified  as 
belonging  to  L . in te r ja c e n s  (p. 53) a n d  L .  biserta- 

lis (p. 71).
T h e  specim ens rep o rted  by K oeh le r (1896) 

from  various sta tions in  th e  B ay o f Biscay, as 
well as the N o rth  A tla n tic  specim ens reco rded  
by G rieg  (1921), p ro b ab ly  a ll b e lo n g  to  L . v io la ­

cea (p- 61).
T h e  six specim ens re p o r te d  by H d ro u a rd  (1902) 

trom  a d e p th  of 1550 m  off th e  A zores seem  to  
belong to  a new  species. T h e  specim ens (five in  
M O M  a n d  one in  M N H N ) w ere re-exam ined , 
b u t on ly  two yie lded  in fo rm a tio n  o n  th e  ex te rn a l 
features. T h e  w heels a re  s im ila r (a p a rt from  th e  
absence of a  covering m em b ran e  o f th e  nave) to  
those o f L a e tm o g o n e  w y v il le th o m s o n i ,  L .  th e e li,  
and  L . v io lacea , w hereas the  tu b e fe e t a re  sim ila r 
in  shape a n d  arran g em en t to  those o f L . f im b r ia ta  
an d  L . b iseria lis . 12 pairs  o f sh o rt a n d  conical 
dorsal p ap illae  w ere preserved  in  on e  of th e  speci­
m ens in  M O M . T h e  specim en in  M N H N  possess­
ed 15 ten tacles w ith  p ro n o u n ced ly  inc ised  discs, 
a  type w hich  is o therw ise u n k n o w n  in  th e  genus 
L a e tm o g o n e .

F u rth e r  m a te ria l is re q u ire d  to  c lea r u p  the 
re la tio n sh ip  of these specim ens.

A specim en from  C h a llen g er  St. 232 (off Ja p a n , 
d ep th  630 m), w h ich  T h te l  w ith  h e s ita tio n  re fe r­
red  to  L . w y v il le th o m so n i ,  p roved  o n  re-exam i- 
n a tio n  to  have lost th e  calcareous deposits.

R e l a t i o n s h i p s :  L .  w y v i l le th o m s o n i  is closest 
re la ted  to  L . th ee li. I t  has o ften  b ee n  confused 
w ith  L . v io lacea . T h e  re la tio n sh ip s of th e  th ree  
species a re  discussed u n d e r  L .  v io lacea .

D i s t r i b u t i o n :  S o u th ern  O cean, 2514-4410 m.

L aetm ogone  theeli Ludw ig, 1894 

L udw ig  1894, pp . 79-85, pi. X I: 14—23.

D ia g n o s i s :  T en tac les  20. T u b e fe e t 4 5 -5 3  on  
each side, ra th e r  cy lindrical, w ith  conspicuous 
sucking-discs. P ap illae  8-15  o n  each  side, slender 
an d  single-rowed. W heels o f a sing le type, 0 .05- 
0.19 m m  in  d iam eter, u sua lly  la rg e r th a n  0.9 m m ; 
n u m b e r of spokes u sua lly  10- 12, n u m b e rs  o f 13-
16 occu rring  occasionally, m ost o f ten  in  sm aller 
wheels; cen tra l rays 4, occasionally  5 o r  6 ; nave 
covered by a  calcareous m em b ran e , u sua lly  w ith

a few m in u te  perfo ra tio n s. R od-shaped  spicules 
som etim es presen t in  th e  body  wall. Spinous 
crosses absent.

R e c o r d :  E ast of th e  G alapagos Islands, 2417 m. 
F o u r specim ens.

R e - e x a m i n a t i o n :  L e n g th  of specim ens 9-17 
cm. W h ile  L udw ig’s d esc rip tio n  refers to  th e  
largest specim en, a  re -ex am in a tio n  was m ade of 
a  9 cm  long  specim en (in  MCZ).

B ody slender, sim ila r in  shape to  L a e tm o g o n e  
w y v ille th o m so n i. T u b e fe e t a b o u t 45 on  each side 
in  th e  sm all specim en, a n d  53 in  th e  large speci­
m en. T h e  tubefeet a re  s im ila r in  shape to  those 
of L . w y v il le th o m so n i ,  b e in g  ra th e r  cy lindrical 
an d  w ith  conspicuous sucking-discs. I n  con trast 
to  L . w y v il le th o m so n i,  th e  tubefee t of L . th e e l i  
are  arran g ed  w ith o u t in terspaces, a fea tu re  cor­
re la ted  w ith  th e ir  h ig h e r  n u m b er. P ap illae  a b o u t
15 pa irs  (Ludw ig fo u n d  8-10  pa irs  in  th e  large 
specim en). T h e  p ap illa e  a re  as slender as those 
of L .  w y v il le th o m so n i.  T en tac le s  20, accord ing  to  
Ludw ig. (T hey  cou ld  n o t  b e  co u n ted  in  the  re ­
exam ined  specim en). T e n ta c le  discs sim ilar to  
those o f L . w y v il le th o m s o n i  a n d  L . v io lacea  (PL 
V III: 8).

W heels sim ilar in  sh ap e  to  those of L . w y v il­
le th o m s o n i  an d  L . v io la cea . A ccord ing  to  Ludw ig, 
th e  wheels m easured  0.05-0.18 m m  in  d iam eter 
a n d  h a d  4 (occasionally 5 o r  6) cen tra l rays; th e  
la rg e r wheels h a d  u sually  10-12 spokes. T h e  nave 
of th e  wheels was covered by  a  th in  calcareous 
m em brane. (A sim ila r m em b ran e  was found  on 
re-exam ination  to  be p rese n t also in  the  wheels 
o f L . w y v il le th o m so n i  a n d  L . v io lacea).

A co u n t o f th e  spokes (T a b le  9) show ed a prev­
alence of 12 spokes, w ith  11 spokes com ing n e x t 
in  abundance ; th e  to ta l v a r ia tio n  was 10-16 spo­
kes. As in  L . w y v il le th o m s o n i  a n d  L . v io lacea  th e  
h ighest spoke nu m b ers  a re  generally  found  in  
th e  sm aller wheels, a lth o u g h  th e  absence of 
wheels sm aller th a n  0.06 m m  m akes a co rre la tion  
betw een spoke n u m b e r  a n d  w heel size less evi­
d e n t in  L . thee li.

A lso a p a rt from  th e  absence of the sm all 
wheels, the  wheels o f L . th e e l i  seem to have a 
h ig h e r average size th a n  those o f L . w y v il le th o m ­
so n i. L udw ig  also supposed  th a t  the  larger wheels 
h ad  a h igher average n u m b e r  of spokes th a n  
those of L . w y v il le th o m so n i .  A lth o u g h  th is was 
confirm ed  by the  c o u n t o f th e  spokes in  the  re-



T a b le  9. L a e tm o g o n e  th e e li. N u m b e r  of spokes 
a n d  d iam eter o f 100 w heels from  th e  do rsa l skin 
in  a specim en from  A lb a tro ss  St. 3400. (T h e  ven­

tra l w heels show  a  s im ila r d is trib u tio n ).

Diam. Spokes
mm 10 11 12 13 14 15 16 10-16

0.06 1 1
0.07 -

0.08 - - - - 3 — 1 4
0.09 - - 2 1 - - - 3
0.10 - 2 6 - 2 - - 10
0.11 1 6 6 2 - - - 15
0.12 - 2 7 - 1 - - 10
0.13 1 4 8 - - - - 13
0.14 2 2 6 - 1 - - 11
0.15 - 3 11 - - - 1 15
0.16 - 3 5 - - - - 8
0.17 - 1 4 1 - - - 6
0.18 - - 3 - - - - 3
0.19 - - 1 - - - - 1

0.06-0.19 4 23 59 4 7 1 2 100

exam ined  specim en of L . th e e l i,  th e  differences 
found  in  the  d is trib u tio n  of spoke num bers in  
the p rep a ra tio n s from  th e  th ree  re-exam ined  
w y v ille th o m so n i specim ens from  C h a llen g er  St. 
300 call fo r circum spection  in  le n d in g  a  taxo­
nom ic significance to  such differences.

T h e  w heels h a d  4  cen tra l rays, ra re ly  5 o r 6 . 
(T h e  deviations from  th e  n u m b e r  4 was unco rre­
la ted  w ith  th e  size o f th e  wheels).

T h e  re la tio n sh ip s of th e  species a re  fu rth e r 
discussed u n d e r  L . v io lacea .

L aetm ogone violacea  Theel, 1879 
Figs. 21-22, pis. V III: 8, X I: 9 -10

L a e tm o g o n e  v io lacea , T hdel, 1879, p. 11, fig. 14; 
T hdel 1882, pp . 78-80, pis. X II I ,  X X X V I: 20 -
24, X L II: 2; S lu ite r 1901b, pp . 62-63; R . P er­
r ie r  1902, pp . 390-398, pi. X IX : 1-7; K oehler & 
V aney 1905, p. 64; A ugustin  1908, p. 21; M itsu- 
k u ri 1912, pp . 192-198, fig. 36, p i. V I: 52-54; 
M ortensen 1913, p. 322; O hsh im a 1915, p. 237; 
O hshim a 1916-1919, w ith  o n e  figure; G rieg  
1921, p. 5; I le ro u a rd  1923, p p . 37-38; H ed in g  
1942, pp . 14—15, fig. 14; Paw son 1965c, pp . 23 -
25, fig. 6 .

C ryodora  spong iosa  T h ee l, 1879, p. 9, figs. 15-16. 
L a e tm o g o n e  spong io sa  (Th£el), T h d e l 1882, p. 80, 

pis. X IV , X X X IX : 5-6.

L a e tm o g o n e  jo u r d a in i  P e tit, 1885, p p . 9-11. 
L a e tm o g o n e  b ro n g n ia r ti E. P errie r, 1886, fig. 241. 
L a e tm o g o n e  w y v il le th o m s o n i  T h£el, K oehler 

1896, pp. 117-118; G rieg  1921, p . 5.

D ia g n o s i s :  T en tacles 15. T u b e fe e t 11-18 on 
each side, usually  ra th e r  b u lk y  a n d  w ith  sm all 
sucking-discs. P ap illae  7-28 on  each  side, in  
single rows. W heels o f a  sing le type, usually  0.04- 
0.18 m m  in  d iam eter, ra re ly  u p  to  0.26 m m ; 
wheels o f ab o u t 0.05 m m  especially  num erous; 
n u m b er of spokes increasing  from  8-10  in  th e  
large wheels to  13-18(20) in  th e  sm all ones; 
cen tra l rays 4-5, ra re ly  m ore ; nave covered by 
a calcareous m em brane, u sua lly  w ith  a few m i­
n u te  perforations. R ods w ith  b lu n t, som ew hat 
spinous o r knobbed  ends som etim es p resen t in  
v en trum , rare ly  in  dorsum . S tar-shaped  spicules 
w ith  usually  4—5 upw ardly-curved, sp inous arm s 
always present.

D e s c r i p t i o n :  L . v io lacea  is n o t rep resen ted  in  
th e  G ala thea  collections. H ow ever, a large n u m ­
ber o f specim ens from  prev ious exped itions have 
been  re-exam ined in  o rd er to  c lear u p  th e  v aria ­
tions in  the  taxonom ic fea tu res of th e  species an d  
its re la tio n sh ip  to  L . w y v il le th o m s o n i, w ith  w hich 
i t  has som etim es been  confused.

T h e  re-exam ination  com prised  the  g rea ter p a r t  
of the  know n N o rth  A tla n tic  m a teria l o f the  
species (the specim ens described  by  R . P e rrie r  
1902, M ortensen 1913, H e ro u a rd  1923, an d  H e­
d in g  1942), an d  th e  two In d o n e s ia n  specim ens 
taken  by the  Siboga  (S lu iter 1901b). T h e  re-exam ­
in a tio n , com bined  w ith  in fo rm a tio n  d raw n  from  
earlier descriptions, revealed  th e  fo llow ing v aria ­
tion  in  the  species:

T en ta c le s  15. S lightly  low er num bers have 
occasionally been found , w h ile  h ig h e r num bers 
have no t. Discs (PI. V III: 8) w ith  a sm oth  surface, 
a n d  a stra igh t o r feebly in d e n te d  m arg in .

T u b e fe e t  11-18 on  each side (T ab le  10), ra th e r  
bu lky  an d  w ith  a  sm all sucking-disc co n ta in in g  
a calcareous end-plate.

P a p illa e  7-28 on  each side (T ab le  10), in  
single rows. H ed in g  (1942) rep o rte d  a v a ria tio n  
of c. 20-35 p ap illae  o n  each side in  a co llection  
o f 73 N o rth  A tlan tic  specim ens. R e-exam ination  
o f the  same specim ens revealed  th a t  the  n u m b e r 
d id  n o t exceed 24 on  each side.

N o  geographic v a ria tio n  is ev iden t in  the 
n u m b er of tubefeet an d  pap illae .

58



T a b le  10. L a e tm o g o n e  v io lacea

Locality
Depth

m
Number of 
specimens

Body length 
cm

Tubefeet
pairs

Papillae
pairs

Baffin Bay (Mortensen 1913)
225-490 12 4.5-10 11-14 12-17

N. E. Atlantic (Koehler 1896, Perrier 1902, 
Grieg 1921, Hirouard 1923, Heding 1942) 256-1804 c. 200 2.5-14 11-18 8-24

W. of Ceylon (Koehler & Vaney 1905) 1316 1 5 13 15-15

Indonesia (Sluiter 1901b) 694-835 2 3 14-15 17-18

S. E. of Australia (Theel 1882) 1738 2 9 11-12 20-23

N. of New Zealand (Pawson 1965c) 481-780 14 5.7-10.2 11-16 19-28

Japan (Mitsukuri 1912) c. 575-820 21 1.8-11.5 11-16 7-28

T h ,  len g th  o , U *
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occasionally reached  one-fourth  of th e  body
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Fig. 21. Laetmogone violacea. Number of pairs of 
dorsal papillae in relation to body length.

T h e  n u m b e r  of p ap illae  generally  increases 
w ith  the  le n g th  of th e  specim ens, th is fea tu re  
being  fo u n d  b o th  in  N o rth  A tla n tic  specim ens 
(Fig. 21) an d  in  M itsu k u ri’s Japanese  specim ens. 
In  th e  tubefeet, w ith  th e ir  m ore narrow  v a ria tio n  
in  n u m b er, n o  such co rre la tio n  is ev ident.

D e p o s its  (Fig. 22) consisting  of wheels, sp inous

crosses, a n d  rods.
T h e  w heels ran g e  in  size from  0.04 to  0.18 m m  

(occasionally u p  to  0.26 mm).

Fig. 22. Laetmogone violacea. Deposits. 
Michael Sars St. 76.
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T a b le  11. L a e tm o g o n e  v io lacea . N u m b e r  o f spokes a n d  cen tral 
rays, an d  d iam eter of 100 wheels in  do rsu m  o f a  specim en from  

M ic h a e l Sars St. 76.

Diam. Central rays Spokes

mm 4 5 6 8 9 10 11 12 13 14 15 16 8-16

0.04 1 6 1 _ _ _ 1 4 2 1 _ 8
0.05 2 15 1 - - - 9 5 3 3 5 _ 18
0.06 - 2 2 1 2 - 1 4
0.07 - 4 1 - - - - 2 1 1 1 _ 5
0.08 - 6 1 - 1 1 2 1 2 - - - 7
0.09 - 8 2 - 1 4 1 4 - - — - 10
0.10 - 7 2 - - 4 1 2 1 1 — — 9
0.11 1 5 - 1 - 3 - 1 1 - - - 6
0.12 1 6 - 1 - 6 7
0.13 4 2 - 3 1 2 6
0.14 2 1 1 2 - 1 - 1 - - — - 4
0.15 5 - 1 4 - - - 2 - - - - 6
0.16 3 2 - 2 - 3 5
0.17 2 2 - 1 1 2 4
0.18 1 - - 1 1

0.04-0.18 22 66 12 15 4 26 6 19 13 9 7 1 100

A  local v a r ia tio n  in  th e  size of the  wheels was 
supposed  by H ero u a rd , w ho found  the  wheels 
in  h is  specim ens from  w est o f G ib ra lta r  to  reach 
a  d ia m e te r  o f 0.24 m m , w hile  those of the 
specim ens from  th e  Bay of Biscay a tta in ed  
on ly  0.16 m m . T h e  re-exam ination  of specim ens 
from  th e  w hole N o rth  A tlan tic  d is trib u tio n ­
al a rea  con firm ed  H<5rouard's supposition . O ne 
o f h is  specim ens from  w est of G ib ra lta r  had  
w heels as la rge as 0.26 m m , w hile  the  wheels in  
specim ens from  a ll o th e r  localities rarely  exceed­
ed  0.18 m m  in  d iam eter. I t  is usually  sta ted  th a t 
th e  sm all an d  large wheels rep resen t d iffe ren t 
types, th e  sm all w heels hav in g  12-13 (occasion­
a lly  u p  to  18) spokes, w hile  th e  large wheels 
usua lly  have 8—10 spokes. H ero u ard  even suggest­
ed  th a t  th e  sm all a n d  large wheels m igh t be of a 
d iffe ren t d e riva tion , as they  w ere separated  by  a 
la rge  in te rv a l in  size.

T h e  q u es tio n  w h eth er the  sm all an d  large 
w heels a re  d iffe ren t types o r  varia tions of one 
single type o f sp icu le is im p o rtan t, as b o th  pos­
sib ilities a re  rea lized  in  the  family.

T a b le  11 shows the n u m b er of spokes an d  
ce n tra l rays in  re la tio n  to  th e  d iam eter of the  
w heels in  a  specim en from  M ic h a e l Sars St. 76. 
T h e  inverse co rre la tio n  betw een spoke nu m b er 
a n d  w heel size was fo u n d  in  all the  re-exam ined 
N o rth  A tla n tic  specim ens as w ell as in  the Siboga

specim ens (T a b le  12). In  m ost of th e  specim ens 
a  n u m b e r  o f five cen tra l rays prevailed ; on ly  in  
a few N o rth  A tla n tic  specim ens w ere four-rayed

T a b le  12. L a e tm o g o n e  v io lacea . N u m b er of spokes 
a n d  d ia m e te r  o f  100 w heels in  a tubefoo t o f a 

specim en from  S iboga  St. 314.

Diam. Spokes
mm 8 9 10 11 12 13 14 15 16 8-16

0.03 1 1
0.04 - - - 1 4 5 2 3 - 15
0.05 - - - 1 1 1 1 1 1 6
0.06 - - - - 2 1 1 - - 4
0.07 - - - - 4 - - - 1 5
0.08 - - 1 - 1 1 1 - - 4
0.09 - 1 1 1 2 - - - - 5
0.10 - - 2 - - - - - - 2
0.11 - - 4 4
0.12 - - 2 1 1 - - - _ 4
0.13 - - 3 2 1 - - - - 6
0.14 2 1 1 - 1 - - - - 5
0.15 2 1 4 2 - 1 - - - 10
0.16 3 1 2 1 7
0.17 2 3 4 1 10
0.18 1 1 1 1 4
0.19 1 1 2 4
0.20 1 1 - 1 3
0.21 1 1

0.03-0.21 13 10 27 12 17 9 6 4 2 100
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wheels equally  a b u n d a n t. N o  c o rre la tio n  was 
evident betw een ray  n u m b e r  a n d  w heel size.

T h e  cen tre of th e  w heels is covered  by  a perfo ­
ra ted  calcareous m e m b ran e  s im ila r to  th a t  fo u n d  
in  L . w y v il le th o m s o n i  a n d  L . th e e li.

T h e  characteristic  sp inous crosses w ith  u p w a rd ­
ly curved arm s w ere p rese n t in  a ll re-exam ined  
specim ens recorded  in  th e  l i te ra tu re  as L a e tm o -  
gone v io lacea . As th e ir  p resence has  also  been  
stated for Japanese, A u stra lian , a n d  N ew  Z ealand  
specim ens (M itsukuri 1912, T h ie l  1882, Paw son 
1965c), they seem to  b e  in v a riab ly  p re se n t in  th e  
species. T h e  crosses m ay b e  red u ced  to  sp inous 
tr ip a rtite  o r rod-shaped  spicules. D ee p er in  the  
skin, m ore sm ooth  rods w ere fo u n d  in  som e speci­

mens.
T h e  specim ens w hich  K oeh ler (1896) a n d  G rieg  

(1921) referred  to  L . w y v i l le th o m s o n i  a re  here  
regarded as belong ing  to  L . v io la cea . F o u r  speci­
mens re-exam ined  (tw o from  C a u d a n  St. 15, one 
from  M ic h a e l Sars St. 4, a n d  one fro m  M ic h a e l  
Sars St. 24) agreed w ith  L . v io la cea  in  ex te rn a l 
features as well as in  th e  p resence o f sp inous 
crosses.

R e l a t i o n s h i p s :  R . P e rrie r  (1902) discussed
the re la tio n sh ip  b e tw een  L . v io la cea  a n d  L .  
w y v ille th o m so n i o n  the  basis of a  re -ex am in a tio n  
of a N o rth  A tlan tic  m a te ria l o f L . v io la cea . T h e  
result o f the  p resen t re -ex am in a tio n  o f n u m ero u s 
specimens in  som e cases d iffers from  th a t  reach ed  
by P errie r and , m oreover, ind ica tes th a t  th e  clos­
est rela tive of L . w y v il le th o m s o n i  is n o t  L .  v io la ­

cea, b u t L . thee li.
T h e  th ree  species d iffe r in  m a x im u m  size. L .  

violacea  ap p a ren tly  does n o t exceed 15 cm  in  
length, w hile L . w y v il le th o m s o n i  m ay  reach  24 
cm. T h e  four specim ens know n  o f L .  th e e l i  w ere 
9-17 cm long.

L . w y v ille th o m so n i a n d  L . th e e l i  generally  
seem to have a m ore  s lender body  fo rm  th a n  L .  
violacea. H ow ever, as th is  fea tu re  varies w ith  th e  
state o f co n trac tio n  a n d  p rese rva tion , i t ;  is of 
do u b tfu l value in  species d is tin c tio n . /

T h e  tubefeet a re  u sua lly  m ore  b u lky , a n d  have 
sm aller sucking-discs th a n  those o f L . w y v il le ­
th o m so n i an d  L . th e e l i .T h e  11-18 p a irs  o f tu b e fee t 
recorded for L . v io la cea  a re  p ro b ab ly  a n  ap p ro x ­
im ate rep resen ta tio n  o f th e  v a r ia tio n  in  th e  spe­
cies, as the  co u n t was based  o n  n u m e ro u s  specim ens 
from  w idely scattered  localities. T h e re fo re , th e  
to ta l o f 15-33 pairs  o f tu b e fee t in  L . w y v il le ­

th o m so n i  an d  o f 45-53  in  L . th e e l i  ind ica tes a  
sign ifican t d ifference from  L . v io lacea .

T h e  p ap illae  of L . w y v il le th o m s o n i  a n d  L .  
th e e l i  are  u sua lly  lo n g e r an d  m ore  s lender th a n  
those of L . v io lacea . H ow ever, th e  in traspec ific  
v a ria tio n  in  le n g th  is considerab le  a n d  th e  fea­
tu re  is, therefore, o f li t t le  value  in  species d is tin c ­
tion .

P errie r m a in ta in e d  th a t  in  L . w y v il le th o m s o n i  
th e  tubefeet a re  m ore  n u m ero u s th a n  th e  p a p il­
lae, w hile  th e  o p p o site  ho lds good of L .v io la c e a . 
A lthough  such a  s tr ic t d ifference does n o t  exist, 
i t  is tru e  th a t th e  n u m b e r  of p ap illa e  in  L . v io la ­
cea (7-28 pairs) exceeds th e  v a ria tio n  fo u n d  in  
L . w y v il le th o m so n i  (5-18 pairs) an d  L . th e e l i  
(8-15 pairs).

T h e  n u m b e r of ten tacles is 15 in  L . v io la cea  
an d  L . w y v il le th o m s o n i ,  b u t  20 in  L . th e e li.

Cross-shaped spicules a re  always p resen t in  L .  
v io lacea , b u t even a  th o ro u g h  ex a m in a tio n  fa iled  
to  reveal th e ir  p resence in  L . th e e l i  a n d  L . w y v il­
le th o m so n i.

T h e  wheels o f L . v io la cea  a n d  L . w y v i l le th o m ­
so n i have 4 -6  (usually  5) cen tra l rays, w h ile  those 
of L . th e e li  have 4 (rare ly  5 o r  6).

D i s t r i b u t i o n :  L . v io la cea  is a  typ ical b a th y a l 
species, found  a t  d ep th s  of 225—1804 m . I t  has 
been  recorded  from  th e  n o rth ea s te rn  A tla n tic  con­
tin e n ta l slope, th e  so u th e rn  slope o f th e  N o rth  
A tlan tic  R idge, a n d  from  off th e  Azores, In d o ­
nesia, In d ia , S outh-E ast A ustralia , N ew  Z ealand, 
an d  Jap an .

T h e  d is trib u tio n  m ay to  som e degree d ep en d  
on  ocean cu rren ts (p. 238).

Laetm ogone sco toeides  (H. L. C lark , 1913)
Fig. 23

L a e tm e n o e c u s  sco to e id e s  H . L . C lark , 1913, p . 
231.

D ia g n o s i s :  T en tac les  15. T u b e fe e t 15-20 on  
each side, ra th e r  b u lk y  an d  n arro w in g  tow ards 
the  tip , a lth o u g h  w ith  w ell-developed sucking- 
discs. P ap illae  ex trem ely  sm all. W heels o f tw o 
types, w ith  in te rg rad a tio n s : A  sm all type (0.04— 
0.08 m m ) w ith  a cen tra l p rim ary  cross a n d  ty p i­
cally w ith  12 spokes, a n d  a large type (0.06-0.30 
m m ) w ith  five cen tra l rays a n d  a  vary ing  spoke 
num ber. R ods n u m ero u s in  v en tru m , b u t  scarce 

in  dorsum .
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R e c o r d :  O ff B a ja  C alifo rn ia , 1173 m. T h re e  
specimens.

R e - e x a m i n a t i o n :  C lark  e rected  a new  genus 
for the  species, based  o n  th e  supposed  absence of 
dorsal pap illae . H ow ever, re -exam ina tion  o f one 
of h is specim ens (in  MCZ) revealed  th e  presence 
o f two o r th ree  very  sm all, re trac te d  pap illae . 
T h e  fu ll n u m b e r of p ap illa e  cou ld  n o t be m ade 
out.

W hile  C lark  s ta ted  th e  le n g th  of the  specim ens 
to  be 15—20 cm, th e  re-exam ined  specim en was 
only  12 cm long, p ro b ab ly  d u e  to  la te r sh rink ing . 
T u b efee t 15-20 pairs , n a rro w in g  tow ards th e  tip , 
a lth o u g h  w ith  w ell-developed sucking-discs. T h e y  
w ere a rranged  w ith  in te rspaces o f a b o u t 4 m m . 
T en tacles 15.

C lark  sta ted  th a t  the w heel-shaped deposits 
w ere “sim ilar to  those of L a e tm o g o n e ” an d  
therefo re needed  n o  d e ta iled  descrip tion . H e  
on ly  m en tio n ed  th a t  the  sm all w heels w ere u p  
to  0.09 m m  in  d iam ete r a n d  h a d  10-13 spokes, 
w hile the large w heels m easu red  0.15-0.20 m m  
an d  h ad  com m only 10 spokes.

R e-exam ination  o f the  deposits (Fig. 23) gave a 
d iffe ren t resu lt. T h e  w heels m easured  0.04-0.30 
m m , an d  a ll sizes w ith in  th is  in te rv a l w ere re p re ­
sented. R em ark ab le  differences in  size d is tr ib u ­
tio n  betw een dorsal an d  v en tra l wheels w ere 
fo u n d  (T ables 13 a n d  14). W heels from  the d o r­
sal skin m easured  0.05-0.30 m m , w ith  the g reatest 
abundancy  a t 0.13—0.15 m m , a n d  w ith  very few 
small-sized deposits. W heels from  the ven tra l 
skin, on  the  con tra ry , h a d  exclusively w heels 
m easuring  0.04-0.07 m m

A corre la tion  was fo u n d  betw een  the  n u m b e r  
o f cen tra l rays a n d  th e  size of th e  wheels. W heels

w ith  a cen tral p rim ary  cross m easu red  0.04-0.08 
m m  (only one w heel m easured  0.13 m m ), w hereas 
wheels w ith  5 (occasionally 6 o r  7) cen tra l rays 
m easured 0.06—0.30 m m . T h e  tran s itio n  from  the 
“sm all” to the “la rg e” type occurs a t 0.06-0.08 
mm, w here b o th  4-rayed a n d  5-rayed w heels are 
present. T h e  sm allest o f th e  5-rayed w heels a p ­
pear to  be derivatives of 4-rayed wheels, tw o of 
the rays usually  o rig in a tin g  from  a b ifu rca tio n  
of one of the  fo u r rays of th e  sm all type. O th e r­
wise, the wheels o f the  large type are  rem arkab le  
for the ir very reg u la r  d eve lopm en t of th e  five 
central rays. I f  m ore  th a n  five rays a re  p resen t, 
the add itiona l rays a re  u sua lly  som ew hat irre g u ­
larly  arranged, developed  th ro u g h  b ifu rc a tio n  
of one o r two o f th e  five reg u la r  rays.

T h e  spokes vary  in  n u m b e r from  10 to  18, w ith  
a  prevalence o f 12. I n  co n trast to  th e  w heels in  
L . w y v ille th o m so n i, L .  v io la cea , a n d  L . th e e li  
there is no  prevalence of h ig h  spoke n u m b ers  in  
the smallest wheels.

A covering m em brane  of th e  nave is n o t pres­
ent.

Rod-shaped spicules a re  nu m ero u s in  the 
ventrum , b u t scarce in  th e  dorsum .

R e l a t i o n s h i p s :  T h e  ex trem ely  reduced  sta te 
of the pap illae an d  the  alm ost constan t presence 
of five rays in  th e  large w heel type d istingu ish  
L . scotocides  from  the  o th e r  species o f th e  genus.

T h e  separation  of th e  w heels in to  tw o types, 
characterized by d iffe ren t n u m b ers  o f cen tra l 
rays, is a sim ilarity  to  L . m a cu la ta , L . f im b r ia ta ,  
an d  L . biserialis. L .  sco to e id es  d iffers from  L .  
fim b r ia ta  an d  L . b iseria lis  by  th e  shape o f  the  
tubefeet, an d  from  L . m a cu la ta  by th e  absence of 
rosette-shaped spicules.
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T a b le  13. L a e tm o g o n e  sco to e id es. N u m b e r  o f spokes a n d  cen tra l 
rays, an d  d ia m e te r  o f 100 w heels in  d o rsu m  o f th e  re-exam ined  

specim en from  A lb a tr o s s  St. 5685.

Diam.
mm

Central rays Spokes

4 5 6 7 10 11 12 13 14 15 10-15

0.05 1 _ _ _ — 1 _ — - - 1
0.06 1 - - - - 1 - - - - 1
0.07 2 - - - - - 2 - - - 2
0.08 2 1 - - - - 3 - - - 3
0.09 - 2 - - - - - 2 - - 2
0.10 - 4 2 - - - 4 - - 2 6
0.11 - 6 - - 1 1 2 2 - - 6
0.12 - 5 1 - 1 1 3 - 1 - 6
0.13 1 8 1 - - 1 5 3 - 1 10
0.14 - 8 1 - - 2 1 3 - 9
0.15 - 6 1 1 - 1 1 3 3 - 8
0.16 - 4 - 1 - 1 - 1 1 5
0.17 - 3 - - - 1 1 1 - - 3
0.18 - 4 - - 1 1 1 - - 1 4

0.19 - 2 1 - 1 2 - - - 3
0.20 - 4 1 - 1 1 3 - - - 5
0.21 - 3 1 - 1 - 1 - 4
0.22 - 4 - - 1 1 1 1 - - 4
0.23 - 4 - - 1 1 1 - 1 - 4
0.24 - 2 1 - - 1 - - - 3
0.25 - 4 - - 1 1 - - 2 - 4
0.26 - 1 1 - 1 - 1 - - - 2
0.27 - - 1 - - - 1 - - - 1
0.28 - 2 - - 2 - - - - - 2
0.29 - - - - - - - - - - -
0.30 - 2 - - 2 - - - - - 2

0.05-0.30 7 79 12 2 16 18 36 13 12 5 100

T a b le  14. L a e tm o g o n e  sco to e id es. N u m b e r  o f spokes a n d  cen tra l 
rays, a n d  d ia m e te r  of 30 w heels in  v e n tru m  o f th e  re-exam ined  

specim en from  A lb a tr o s s  St. 5685.

Diam. Central rays Spokes

mm 4 5 11 12 13 14 15 16 17 18 11-18

0.04 10 _ 2 7 - - - - 1 - 10
0.05 9 - - 7 1 1 - - - - 9
0.06 4 3 - 3 - 2 - 2 - - 7
0.07 1 3

t

— - 1 1 1 - 1 4

0.04-0.07 24 6 2 /
17' 1 4 1 3 1 1 30

L aetm ogone m aculata  (Theel, 1879)
Fig. 24, pls. V III: 9-10, X I: 11-12

l ly o d a e m o n  m a cu la tu s  T h ie l,  1879, p. 12, figs.
9-11; T h d e l 1882, pp . 84-88, pls. X V I, X X X V I:
12-19, X X X V III: 6- 8, X L II: 3-4 , X L IV : 11,

X L V I: 1; S lu ite r  1901b, pp . 66-67, pl. I I :  2; 
H e d in g  1940, pp . 369-370, fig. 19.

l ly o d a e m o n  m iu re n s e  O hshim a, 1915, pp. 239— 
240, p l. V III : 9; O hshim a 1916-1919, w ith  one 
figure.
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L a e tm o g o n e  en isu s  S lu iter, 1901a, pp . 22-23; 
S lu ite r  1901b, pp . 65-66, pis. I I :  5, IX : 7.

D i a g n o s i s :  T en tacles 15. T u b e fe e t ra th e r  large, 
n a rro w in g  tow ards th e  tip , increasing  in  n u m b er 
w ith  size of specim ens, reach in g  29 pairs. P ap illae  
vary ing  in  a rran g em en t a n d  n u m b e r  w ith  size 
o f specim ens, from  few an d  single-rowed, to  ab o u t 
140 o n  each side a n d  p laced  in  tw o dorsal bands. 
W heels o f tw o d istinc t types, a sm all type, 0.03-
0.05 m m  in  d iam eter, w ith  a cen tra l p rim ary  
cross a n d  u sually  12 spokes, a n d  a  large type,
0.06-0.30 m m  in  d iam eter (rare ly  sm aller th a n
0.10 m m ), w ith  6 cen tra l rays a n d  9, occasionally
9-12, spokes; som e o f the  w heels o f the  large type 
h av e  th e  nave covered by a tr ia n g u la r  superstruc­
tu re  o rig in a tin g  from  a cen tra l p illar. R osette­
shaped  deposits present.

M a t e r i a l :
D r. T h . M ortensen ’s Pacific Exp., 2.VII.1914, Sa- 

gam i Bay, 732 m . -  1 specim en.
-  15.IX.1914, N. E. of T asm an ia  (39°10’S, 149° 

55’E), 366-458 m. -  9 specim ens.
-  16.IX.1914, N. E. o f T asm an ia  (38°12’S, 149° 

40’E), 183-293 m. -  1 specim en.
D r. T h . M ortensen ’s Kei Exp., St. 41, Kei Islands 

(5°29’S, 132°28’E), 245 m. -  1 specim en.
-  St. 42, Kei Islands (5°35’S, 132°29’E), 225 m. -  

1 specim en.
S iboga  St. 90, Celebes Sea a t the  en trance  to  the 

M akassar S tra it (1°17’N , 118°53’E), 281 m. -
1 specim en (no t in c lu d ed  in  th e  Siboga R e­
port).

D e s c r i p t i o n :
T asm an ia . T h e  ten  specim ens from  T asm an ia  are 
rem ark ab ly  sm all. T h ey  m easure 2 -4  cm, w hile 
th e  specim ens h ith e r to  know n are  3.5-13 cm 
long.

T u b e fe e t  15 pairs  in  th e  tw o sm allest speci­
m ens, b o th  2 cm  long. T h e  o th e r  specim ens have 
a b o u t 20 pairs.

P a p illa e  10 an d  15 pairs, respectively, in  the 
tw o sm allest specim ens; 20 pairs  in  the  others.

D e p o s ils  o f th e  usual th ree  types in  L . m acu- 
la ta :  L arge wheels, sm all wheels, a n d  rosettes. T h e  
w heels of th e  large type (Fig. 24: 2) are  ra th e r  
sm all in  all the  specim ens, 0.10-0.15 m m  in  d ia ­
m eter, usua lly  som ew hat la rger dorsally  th a n  ven- 
trally .

Fig. 24. Laetm ogone maculata. Deposits. 1, Challenger 
St. 219, large wheel; 2, Pacific Exp., Tasmania, large 

wheel; 3-7, Siboga  St. 90, small wheel and rosettes.

Kei Islands. T h e  specim ens from  the  Kei Islands 
are b o th  4 cm  long .

T u b e fe e t  15 pairs.
P a p illa e  50 -60  o n  each side, placed in  a  double , 

o r  in  som e places in  a  zigzag row, along  each 
dorsal rad iu s .

R o se tte s  so densely  crow ded th a t the  w hole 
area o f th e  sk in  h as  becom e w hitish.

S m a ll w h e e ls  absent. T h o u g h  p rep a ra tio n s 
were m ade from  fo u r parts  o f the skin in  b o th  
specim ens, n o n e  w ere  found.

L a rg e  w h e e ls  ab sen t in  th e  p repara tions from  
one o f  th e  specim ens, a n d  very scarce in  those of 
the o ther.

Sagam i Bay. T h e  specim en is 2.5 cm  long, b u t 
strongly  co n trac ted , w ith  a th ick  a n d  spongy 
skin, to ta lly  enc losing  th e  pap illae  an d  tubefeet. 
T h e  p a p illa e  a re  red , som e w ith  w hite  tips. T h e  
tubefeet a re  la rg e  a n d  sparse. (T h e  exact n u m b e r 
of p ap illa e  a n d  tu b e fe e t could  n o t be ascertained).

R osette -shaped  deposits w ere sparsely p resen t 
in  th e  p rep a ra tio n s .

Celebes Sea. T h e  specim en (in  ZMA) cam e from  
S iboga  St. 90, b u t  was n o t m en tioned  in  the  
Siboga R e p o rt. I t  is 3.5 cm  long  a n d  very 
contracted . A lth o u g h  i t  was labelled  l ly o d a e m o n  
fim b r ia tu s , i t  ag reed  w ith  L. m a cu la ta  b o th  in  
ex tern a l fea tu res a n d  deposits. T h e  la tte r  in c lu d ­
ed la rge w heels, sm all wheels, an d  scattered  roset­
tes, plus, rem a rk a b ly  enough, some in te rm ed ia te
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stages betw een  th e  rosettes a n d  th e  sm all wheels 
(Fig. 24: 3-7). A p p aren tly , th e  rosettes a re  m erely 
a b e rra n t sm all w heels, in  w h ich  th e  spokes have 
u n d erg o n e  a  few ir re g u la r  ram ifications.

S y n o n y m y :
L a e tm o g o n e  e n isu s  S lu ite r  was ta k e n  a t  Siboga  
St. 251 n e a r  th e  K ei Islands, o ccu rrin g  together 
w ith  L . m a cu la ta . A  re -ex am in a tio n  revealed  
perfec t ag reem en t w ith  L . m a c u la ta , b o th  in  
ex te rn a l characters a n d  deposits.

T h e  species w as p r im a rily  d e f in e d  by hav ing  
in  th e  p ap illa e  a  p ec u lia r  type o f sm all w heel 
w ith  m in u te  p e r ip h e ra l ho les a n d  ro u n d e d  lobes 
a t th e  m arg in . T h e se  w heels p ro v ed  o n  re-exam i­
n a tio n  to  b e  w heels o f th e  n o rm a l sm all type, w ith  
the  excep tion  th a t  th e  spokes w ere very thick. 
T h e  b ro a d  in se rtio n  o f th e  spokes on  th e  m arg in  
m ig h t give a false im pression  o f th e  presence of 
lobes. T h ese  w heels w ere  also p rese n t in  the  body 
wall a n d  w ere in te rco n n ec te d  w ith  th e  no rm al 
ones th ro u g h  a ll in te rm ed ia tes . T h is  dev ia tion  
from  the  n o rm a l w heel is com m only  fo u n d  in  
L . m a cu la ta . T h e  la rge  w heels w ere those typical 
of L . m a cu la ta , a n d  rosettes w ere p resen t.

l ly o d a e m o n  m iu re n s e  O hsh im a, kn o w n  from  
five Ja p an e se  specim ens, possessed deposits o f the  
usual th re e  types in  L . m a c u la ta :  L arge  wheels 
(w ith a tr ia n g u la r  su p e rs tru c tu re  g row ing  o u t 
from  a cen tra l p illa r), sm all wheels, a n d  rosettes. 
A pparen tly , th e re  w ere n o  aggregations of depos­
its in to  heaps. O h sh im a  m e n tio n e d  as a  difference 
from  L . m a c u la ta  th a t  th e  p ap illa e  nu m b ered  
only  50-60 o n  each  side (the  specim ens w ere u p  
to 7.5 cm  long). H ow ever, th e  la rg e  n u m b e r of 
p ap illae  (140-150 on  each  side) sta ted  by  T h ée l 
fo r L . m a c u la ta  a p p lie d  to  th e  largest specim en 
(13 cm long). T h e  p a p illa e  n u m b e r  in  I .  m iu r ­
ense  is w ell w ith in  th e  ran g e  of v a ria tio n  show n 
by L . m a cu la ta .

V a r i a t i o n :
T h e  specim ens of L . m a c u la ta  h e re  recorded , to­
gether w ith  th e  specim ens re-exam ined  from  the  
C h a llen g er , V a ld iv ia , a n d  S ib o g a  a n d  th e  de­
scrip tions in  th e  lite ra tu re , m ake possible an  
ev a lu a tio n  o f th e  v a ria tio n .

T h e  specim ens k n ow n  are  2-13  cm  long  an d  
com e from  m an y  sta tions w ith in  a w ide d is trib u ­
tio n a l area.

T e n ta c le s .  T h e  discs m ay h av e  a n  irregu larly  
lo b a ted  m arg in , b u t  u sua lly  th e  m a rg in  is ra th e r

sm ooth. T h e  w hole  v a r ia tio n  in  shape was show n 
by th e  specim ens from  V a ld iv ia  St. 202 (PI. V III :
9-10).

T u b e fe e t  large a n d  bu lky , n a rro w in g  tow ards 
th e  tip . F o r th e  m ost p a r t ,  th e ir  n u m b e r  increases 
w ith  th e  size o f th e  specim ens, from  15 pa irs  in  
th e  tw o sm allest specim ens (bo th  2 cm  lo n g  an d  
o rig in a tin g  from  T asm an ia ), to  29 pa irs  in  th e
13 cm  lo n g  specim en from  th e  C h a llen g er.

P a p illa e  in c reasing  in  n u m b e r  w ith  size of 
specim ens. T h e  sm allest num bers, 10 an d  15 
pairs, w ere aga in  fo u n d  in  th e  tw o sm allest 
know n specim ens, w h ile  th e  largest nu m b er, 
ab o u t 140 o n  each  side, w as fo u n d  in  th e  afo re­
m en tio n e d  13 cm  lo n g  C h a llen g er  specim en.

C o n cu rren tly  w ith  th e  increase  in  nu m b er, the  
p ap illae  change from  b e in g  stric tly  single-rowed 
in  th e  sm allest specim ens, to  zigzag o r  d o u b le  
rows, a n d  even to  an  arran g em en t in  two longi­
tu d in a l bands in  th e  largest specim ens.

T h e  p ap illa e  show  a red , transversal b an d  
w hich  som etim es ex tends dow n to  th e  base of the 
pap illae , b u t  p rac tica lly  always leaves th e  tip  of 
the  p a p illa  w hite .

D e p o sits . R osettes w ere p resen t in  a ll th e  p rep ­
ara tio n s from  th e  specim ens ex am in ed  an d  re ­
exam ined . T h e i r  re la tiv e  a b u n d a n ce  varies 
greatly , from  th e  ex trem e ab u n d a n ce  in  th e  two 
specim ens from  th e  K ei Is lan d s  to  a  very  scattered  
occurrence, as in  th e  specim en from  S iboga  St. 
90 in  th e  C elebes Sea a n d  the  specim en from  
th e  Sagam i B ay co llec ted  by  D r. M ortensen . Possi­
bly, a  local o r  geograph ic  v a ria tio n  is in d ica ted  
by these differences.

T h e  rosettes, a n d  less p ro n o u n ced ly  the  sm all 
wheels, a re  o ften  aggregated  in to  d is tin c t heaps. 
T h is  is especially  p ro n o u n ce d  in  m an y  In d o n e ­
sian  specim ens, w here  th e  aggregations a p p e a r 
as w h ite  p ro tu b eran ces o n  th e  skin. T h e  aggrega­
tions a re  less p ro n o u n ce d  in  th e  specim ens from  
T asm an ia , a n d  they  seem  to  be lack ing  in  J a p a ­
nese specim ens.

Sm all w heels in v a riab ly  w ith  a  cen tra l p rim ary  
cross an d  a b o u t 12 spokes. T h e y  a re  0.03—0.05 
m m  in  d ia m e te r  a n d  clearly  d is tin g u ish ab le  from  
the  w heels of th e  la rge  type, th o u g h  a ll in te rm ed i­
ary  sizes m ay b e  p resen t.

L arge w heels rem a rk a b ly  u n ifo rm  in  the 
species. T h e y  a re  n ea rly  always regu la rly  shaped, 
have consistently  6 c e n tra l rays, a n d  usually  9 
spokes, th o u g h  7-12 o r  even m ore  spokes m ay be 
present. N o tab le  d ifferences in  th e  d is trib u tio n



T a b le  15. L a e tm o g o n e  m a cu la ta . D is tr ib u tio n  of 
spoke num bers in  100 w heels of th e  la rge  type 

from  five specim ens.

Spoke number 8 9 10 11 12 13 14

Siboga St. 251, near 
Kei Islands 99 1

Mortensen’s Pacific Exp., 
Sagami Bay _ 38 22 18 15 5 2

Challenger St. 219, 
N. of New Guinea _ 41 33 18 7 1 _

Valdivia St. 202, 
W. of Sumatra 4 94 2 _ _ _ _

Valdivia St. 202, 
W. of Sumatra 6 50 24 17 3 - -

of spoke num bers w ere found , as in d ic a te d  by 
the five specim ens show n in  T a b le  15.

In  th e  specim ens w ith  a vary ing  spoke n u m b e r 
no  co rre la tion  cou ld  b e  d em o n stra te d  betw een 
spoke n u m b e r an d  w heel size.

C om m on to  the  specim ens ex am in ed  is th e  prev­
alence of 9 spokes. I n  som e specim ens prac tica lly  
all th e  wheels have 9 spokes, w h ile  in  o the rs the 
spoke n u m b er is m o re  scattered . A  geographic 
varia tio n  m ay be p rese n t in  th é  fea tu re .

A  consistent n u m b e r  o f 9 spokes w as fo u n d  in  
the seven specim ens from  S ib o g a  St. 251, in  th e  
five specim ens from  S ib o g a  St. 302 (near T im o r), 
an d  in  th e  ten  T a sm a n ia n  specim ens.

A scattered  spoke n u m b e r  w as fo u n d  in  the  
two specim ens exam ined  from  C h a lle n g e r  St. 219 
a n d  in  th e  specim en from  Sagam i Bay. T h e  la tte r  
may b e  typical o f th e  Jap an ese  p o p u la tio n . Oh- 
shim a sta ted  th a t L .  m iu x e n se  ( =  L .  m a cu la ta )  
h ad  m ostly  9 spokes, b u t  w ith  a v a ria tio n  o f 7-12. 
T h e  closely re la ted  L . i j im a i  shows a sim ila r dis­
tr ib u tio n  of spoke num bers.

T h e  eigh t specim ens from  V a ld iv ia  St. 202 
in c lu d ed  som e w ith  a  ra th e r  constan t, as w ell as 
some w ith  a scattered  spoke n u m b er. T h e  pres­
ence of such in d iv id u a l differences a t  one an d  
the same sta tion  seems to  be a n  exception .

T h e  cen tra l concavity  of th e  w heels is often  
covered by  a tr ia n g u la r  su p e rs tru c tu re  grow ing 
o u t from  a cen tra l, v ertica l p illa r . T h e  super­
s tru c tu re  shou ld  n o t b e  confused w ith  th e  perfo­
ra ted , calcareous m em b ran e  covering  th e  cen tra l 
concavity of the  w heels in  m an y  o th e r  species of 
L a e tm o g o n e  a n d  in  P a n n y c h ia  m o se le y i;  th is 
m em brane always grows o u t from  th e  m arg in  of 
the concavity, n o t from  the  cen tre. H ow ever, in

two of th e  V a ld iv ia  specim ens som e of th e  w heels 
h a d  irreg u la r ing row ths o rig in a tin g  from  th e  
m arg in  of the  cen tra l concavity , a lth o u g h  o thers 
h ad  the  u sual tr ia n g u la r  superstruc tu re . T h e  
wheels of th e  tw o specim ens w ere also o therw ise 
abnorm ally  developed.

T h e  tr ia n g u la r  su p e rs tru c tu re  was p resen t in  
some wheels in  a ll th e  p rep a ra tio n s  m ade, a n d  
thus occurs in  th e  w ho le  d is trib u tio n a l a re a  of 
th e  species.

T h e  large w heels a re  u sua lly  a b o u t 0.18-0.25 
m m  in  d iam eter, w ith  a  v a ria tio n  of 0.06-0.30 
m m . (W heels sm aller th a n  0.10 m m  are  ra re  in  
all the  p repara tions). T h e  rem arkab ly  sm all 
wheels of th e  T a sm a n ia n  specim ens, n o t exceed­
ing  0.15 m m  in  d iam eter, a re  un like ly  to  be due 
to  th e  sm all size of th e  specim ens; they p ro b ab ly  
rep resen t a local o r  geograph ic fea tu re  in  the  
varia tion  of th e  species. T h e  e igh t specim ens from  
th e  V a ld iv ia  s ta tio n  w est o f S um atra  h a d  w heels 
in te rm ed ia te  in  size betw een  the  T a sm a n ia n  an d  
the  o th e r specim ens. T h e  u n ifo rm ity  in  size of 
wheels from  th e  sam e s ta tio n  is no tew orthy .

T h e  tubefeet co n ta in  one o r  m ore  end-p la tes 
su rro u n d ed  by slender, curved  rods. R ods are 
likewise p resen t in  th e  tentacles, b u t  w ere never 
found  in  the  body w all o r  in  th e  pap illae.

C o n c l u s i o n .  T h e  pap illae , a n d  to  a sm aller 
degree th e  tubefeet, increase in  n u m b e r w ith  th e  
size of the specim ens. H ow ever, the  sm all n u m b e r 
of p ap illae  in  th e  T a sm a n ia n  specim ens m ay be 
du e  n o t on ly  to  th e  sm all size of the  specim ens, 
b u t also to  a  geographic varia tio n .

D ifferences in  th e  re la tiv e  ab u n d an ce  of the  
th ree  types of deposit, in  th e  spoke n u m b ers  o f 
the  large wheels, a n d  in  th e  aggregations of th e  
deposits in to  heaps, m ay  in d ica te  a local o r  geo­
graphic varia tion .

A t present, a n  a t te m p t to  d istingu ish  betw een  
d iffe ren t types of v a ria tio n  has p rim a rily  the  
purpose of p o in tin g  o u t the  features w hich  
should  be exam ined  w hen  fu rth e r  specim ens are 
available.

R e l a t i o n s h i p s :  C losest re la ted  to  L . i j im a i  
(q. v.).

D i s t r i b u t i o n :  Ja p a n , 160-732 m. Indonesia , 
141-709 m. N. E. o f T asm an ia , 293-366 m.

T ype: BM.
T y p e  locality: C h a llen g er  St. 192 (5°42’S, 132° 
25’E). A lthough  T h ie l  based h is descrip tion
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p rim a rily  o n  th e  13 cm  lo n g  specim en from  St. 
209, th e  specim en  la b e lled  “T y p e ” was a 5 cm 
lo n g  (an d  b e t te r  preserved) specim en from  St.' 192.

L a e tm o g o n e  ijim a i (M itsukuri, 1897)

I ly o d a e m o n  i j im a i  M itsu k u ri, 1897b, pp . 133— 
135; M itsu k u ri 1912, pp . 200-207, fig. 37, pi. 
V I: 55; O h sh im a  1915, p p . 238-239; O hsliim a 
1916-1919, w ith  o n e  figure .

I ly o d a e m o n  f im b r ia tu s  var. m a g n a  S lu iter, 1901a, 
p. 24; S lu ite r  1901b, p. 69.

B e n th o g o n e  q u a tr o lin e a ta  A ugustin , 1908, pp. 
21-23, fig. 15.

D i a g n o s t i c  f e a t u r e s :  L . i j im a i  differs from  
L . m a c u la ta  by  th e  absence o f rosette-shaped 
deposits, by  th e  absence o f a  tr ia n g u la r  super­
s tru c tu re  on  th e  la rge  type o f w heel, an d  by its 
p ap illa e  w h ich  a re  sm all a n d  conical an d  lack 
th e  red  b an d .

R e c o r d s :  N u m ero u s  Ja p a n e se  s ta tions a t dep ths 
of 130-900 m . A cco rd ing  to  M itsu k u ri, i t  is by  far 
th e  com m onest o f  th e  h o lo th u r ia n s  fo u n d  in  the  
deep er p a r t  o f th e  Sagam i Sea.

R e m a r k s : T h e  specim en w h ich  S lu ite r described 
as I ly o d a e m o n  f im b r ia tu s  var. m a g n a  on  re ­
e x a m in a tio n  p ro v ed  to  agree w ith  M itsu k u ri’s 
descrip tion  o f I .  i j im a i. T h e  tu b e fee t w ere bu lky  
a n d  n arro w in g  tow ards th e  t ip  as in  th e  two 
species L . i j im a i  a n d  L . m a c u la ta ,  a n d  very d iffe r­
en t from  th e  s len d er a n d  th read-like  tubefeet 
characteristic  o f L .  f im b r ia ta .  I n  a ll th e  th ree  
fea tu res w h ich  d is tin g u ish  L . ij im a i  from  L .  
m a cu la ta  th e re  w as ag reem en t w ith  L . ijim a i.

O hsh im a (1915) is th e  a u th o ri ty  o f th e  synony­
m y betw een  B e n th o g o n e  q u a tr o lin e a ta  A ugustin  
an d  L . ij im a i.  T h e  fo rm er species shou ld  n o t b e  
confused w ith  B . q u a d r i l in e a ta  P errie r, w hich 
is a synonym  o f B . rosea. i

T h e  fea tu res w h ich  d is tin g u ish  L . ij im a i  from  
L . m a c u la ta  m ay  re p re se n t on ly  local o r  geo­
g rap h ic  v aria tio n s  w ith in  th e  la tte r  species. T h e  
fact th a t  th e  rosettes w ere  o f  scattered  occurrence 
in  th e  specim en o f L . m a c u la ta  from  th e  Sagam i 
Bay suggests th a t  th e  species L . i j im a i  com prises 
specim ens of L .  m a c u la ta  in  w h ich  the  rosette­
shaped  deposits a re  few o r  absen t.

L aetm ogone fim b r ia ta  (Sluiter, 1901)
Fig. 25

I ly o d a e m o n  fim b r ia tu s  S lu ite r, 1901a, pp . 23-24; 
S lu ite r 1901b, pp . 67-68, pi. IX : 8.
N o n  I ly o d a e m o n  f im b r ia tu s  var. m a g n a  S luiter, 
1901a ( =  L a e tm o g o n e  ij im a i) .

L a e tm o g o n e  p a rva  M itsu k u ri, 1912, pp . 186-188, 
fig. 34, pi. V: 46-47; O h sh im a  1915, pp . 237- 
238; O hshim a 1916-1919.

L a e tm o g o n e  se le n k a i M itsu k u ri, 1912, pp. 189— 
192, fig. 35, pi. V: 48-51; O hsh im a 1915, p. 238; 
O hsh im a 1916-1919, w ith  on e  figure.

B a th y g o n e  p a p il la tu m  Paw son, 1965b, pp . 77-79, 
figs. 7-11.

M a t e r i a l :
D r. T h . M ortensen ’s P acific  E xp., 10.VI.19I4, 

Sagam i Bay, 450 m . -  5 specim ens.
-  2.VII.1914, Sagam i Bay, 732 m. -  2 specim ens. 
D r. T h . M ortensen’s Kei E xp . St. 41, Kei Islands

(5°29’S, 132°28’E), 245 m . -  1 specim en.
D r. T h . M ortensen’s J a v a -S o u th  A frica Exp.

St. 25, off D u rb a n  (29°56’S, 31°19’E), 412 m. -
10 specim ens.

C h a llen g er  St. 219, N . o f  N ew  G u in ea  (1°50’S, 
146°42’E), 274 m . -  1 specim en, n o t inc luded  
in  th e  C hallenger R e p o rt.

D i a g n o s i s :  T en tac les  15. T u b e fe e t crow ded, 
s lender from  base to  tip , w ith  th e  sucking-discs 
equa l in  d iam eter to  th e  tubefeet; n u m b e r of 
tu b efee t in  th e  m a in  in c reasin g  w ith  size of speci­
m ens, reach in g  60-70 o n  each  side. P ap illae  vary­
in g  in  a rran g em en t a n d  n u m b e r  w ith  th e  size of 
the  specim ens, from  few  a n d  single-row ed, to  
a b o u t 40 on  each side a n d  p laced  in  d o u b le  rows. 
W heels o f tw o d is tin c t types, a  sm all type, 0 .03-
0.05 m m  in  d iam eter, w ith  a  cen tra l p rim ary  cross 
a n d  (10—)12 spokes; a n d  a la rge type, 0.06-0.25 
m m  in  d iam eter, w ith  6 ce n tra l rays a n d  a b o u t
9 spokes; a b e rra n t sm all w heels w ith  a d d itio n a l 
p e rip h e ra l holes som etim es p resen t; n o  tr ia n g u la r  
su p e rs tru c tu re  o r  covering  ca lcareous m em brane. 
L arge end-p la te  a n d  slender, cu rved  rods in  tu b e ­
feet; rods o f a  s im ila r type -  o ften  likew ise curved
-  som etim es p resen t in  v e n tra l a n d  dorsal skin.

D e s c r i p t i o n :
O f th e  th ree  species synonym ized, th e  specim ens 
p a rticu la rly  agree w ith  M itsu k u ri’s descrip tion  
a n d  illu stra tio n s of L a e tm o g o n e  se len ka i. In  the
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descrip tion  of th e  p resen t m a te ria l on ly  those 
features re la ted  to  the  v a ria tio n  o f th e  species 
an d  to  th e  p roposed  synonym ies a re  m en tioned .

Sagam i Bay, 450 m. T h e  five specim ens are  9-22 
m m  long.

T u b e fe e t  15-35 o n  each side, a ll re trac ted , 
increasing  in  n u m b e r w ith  th e  size of th e  speci­
mens.

P a p illa e  10-17 o n  each side, re d  w ith  w h ite  
tips, increasing  in  n u m b e r w ith  the  size of the  
specim ens.

S m a ll w h ee ls  in  a ll th e  specim ens w ith  cen tra l 
p rim ary  cross a n d  m ostly 12 spokes. T h e y  are  
p a rticu la rly  crow ded in  th e  tips o f th e  pap illae . 
Sm all w heels w ith  ad d itio n a l p e rip h e ra l holes 
absent.

L a rg e  w h ee ls  usually  0.07-0.09 m m  in  d iam eter, 
w ith  a v a ria tio n  of 0.06-0.16 m m ; spokes 8-12,
9 b e in g  by  fa r th e  m ost com m on n u m b er.

C u rved  rods, w hich  are slender a n d  p o in t­
ed, p resen t in  tubefee t a n d  o ften  also in  dorsal 
an d  ven tra l skin.

Sagam i Bay, 732 m. O ne o f the  tw o specim ens is 
4 cm long, w ell preserved, a n d  fu lly  ex tended . T h e  
o th e r  is 2.5 cm, a n d  strongly  con tracted . T h e  fol­
low ing descrip tion  applies to  th e  w ell-preserved 
specim en.

T u b e fe e t  60-70 on each side, p laced  in  single 
to  doub le  rows.

P a p illa e  20-21 on  each side, re d  w ith  w h ite  
tips, single-rowed.

S m a ll w h ee ls  w ith  cen tra l p rim ary  cross a n d  
m ostly 12 spokes. T h e y  are  densely crow ded in  
th e  tip s o f th e  pap illae , w here also m any  irre g u ­
la r  wheels w ith  ad d itio n a l p e rip h e ra l holes a re  
p resent. Such a b e rra n t wheels a re  absen t from  
th e  v en tru m  a n d  very ra re  in  the  dorsum . T h ey  
h ard ly  exceed th e  norm al sm all w heels in  size, 
reach in g  o n ly  0.05 m m  in  d iam eter.

L a rg e  w h ee ls  in  th e  dorsum  usually  0.11-0.15 
m m  in  d iam eter, w ith  a v a ria tio n  of 0.06-0.17 
m m . V entrally , the  large wheels a re  scarce, 
m ostly a b o u t 0.08 m m  in  d iam eter, w ith  a v aria ­
tio n  of 0.06-0.09 m m . N u m b er of spokes in  the  
la rge wheels usua lly  9, w ith  a  v a ria tio n  of 7-10.

Kei Islands. T h e  specim en is a b o u t 6 cm  long, 
defective, w ith  on ly  a  few groups of tu b efee t p re ­
served; these a re  slender an d  crow ded as is u sua l 
in  th e  species. T h e  pap illae, ab o u t 14 pairs, a re  
red  w ith  w h ite  tips, an d  single-rowed.

0 .0 3  m m

Fig. 25. Laetmogone fimbriata. Large wheel, small wheel, 
and perforated plate of specimen from Kei Exp. St. 41.

S m a ll w h ee ls  w ith  cen tra l p rim ary  cross an d  
generally  12 spokes. A n  exam ined  p ap illa  con­
ta in ed  some sm all wheels w ith  ad d itio n a l p e ri­
p h e ra l holes.

L a rg e  w h ee ls  u sua lly  0.20-0.25 m m  in  d iam eter, 
w ith  a  v a ria tio n  of 0.08-0.30 mm. A m ong 52 
w heels from  the  dorsum  a n d  ven trum , 51 h a d  9 
spokes, an d  one 12 spokes.

O ff D u rb an . T h e  10 specim ens m easure 12-35 
m m .

T u b e fe e t  ab o u t 30-50 on  each side, p laced in  
single to  doub le  rows, w hich  is p robab ly  dep en ­
d e n t o n  th e  sta te o f co n trac tio n  of th e  specim ens. 
N o  co rre la tio n  was a p p a re n t betw een the  n u m b e r 
of tubefee t an d  th e  size of th e  specim ens.

P a p illa e  single-rowed, p robab ly  ab o u t 10-15 
pairs; they  are  w h ite  from  base to  tip , th is a p p a r­
en tly  b e in g  th e  only d ifference betw een the  South  
A frican  an d  the E ast A siatic specimens.

S m a ll w h ee ls  w ith  cen tra l p rim ary  cross an d  
n ea rly  always 12 spokes. W heels w ith  ad d itio n a l 
p e rip h e ra l holes absent.

L a rg e  w h e e b  usually  a b o u t 0.12 m m  in  d iam ­
eter, in  a  few specim ens a b o u t 0.14 m m , w ith  a 
v a ria tio n  of 0.08-0.16 m m . A  co u n t in  a  h u n d re d  
wheels gave 95 w ith  9 spokes, an d  5 w ith  10 
spokes.

C u rv e d  rods  p resen t in  tubefeet. In  one speci­
m en num erous curved rods w ere likewise found  
in  th e  ven tra l, an d  to  som e degree also in  th e  
do rsa l skin, b u t in  m ost specim ens rods w ere 
com pletely  absen t from  th e  v en tru m  an d  dorsum .
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N o rth  of N ew  G u inea . T h e  specim en cam e from  
Challenger St. 219, b u t  was n o t m e n tio n e d  in  th e  
C ha llenger R ep o rt. I t  is 4.5 cm  lo n g  a n d  ra th e r  

defective.
T u b e fe e t  s lender a n d  crow ded, b u t  preserved

only  in  places.
Papillae  single-row ed, a b o u t 12-13 pairs, red , 

w ith o u t w h ite  tips. T h e  deep  layer o f sk in  is re d  

in  co lour.
S m a ll w h ee ls  w ith  cen tra l p rim ary  cross a n d  

usually  12 spokes. W heels w ith  ad d itio n a l p e r i­
p h era l holes absent.

L a rg e  w h ee ls  0.10—0.20 m m  in  d iam eter, w ith  
a  ra th e r  even size d is trib u tio n , a n d  p rac tica lly
all w ith  9 spokes.

C u rv e d  ro d s  p resen t in  tubefeet, b u t  ab sen t in  
the  dorsal a n d  v en tra l skin.

S y n o n y m y :
I ly o d a e m o n  fim b r ia tu s  S lu ite r was described  on  
a single 8 cm  long  specim en from  th e  B an d a  Sea. 
T h e  specim en was re-exam ined.

T h e  tubefeet, 51 o n  each side accord ing  to  
S lu iter, w ere slender a n d  cy lindrical. T h e  
“gefranz ten  S au m ” ro u n d  the  p o ste rio r en d  of 

*V th e  body, g iv ing  nam e to  th e  species, w as fo u n d  
to  consist o f th e  slender, crow ded tubefeet, w hich 
are separate  even a t th e ir  bases.

T h e  ten tac le  discs w ere irreg u la rly  lo b a ted  a t 
th e  m arg in , resem bling  th e  discs in  som e speci­
m ens of L . m a c u la ta  (PI. V III : 10).

T h e  p ap illa e  w ere co u n ted  by  S lu ite r to  b e  a t  
least 37 o n  each side, p laced  in  d o u b le  rows. T h is  
p lac ing  in  d o u b le  rows, n o t fo u n d  in  th e  o th e r  
species h e re  synonym ized, is p robab ly  d u e  to  the  
la rg e r size of th e  specim en. A  sim ilar change from  
single-row ed to  double-row ed p ap illae  was fo u n d  
in  L a e tm o g o n e  b iseria lis  an d  L . m a cu la ta .

T h e  co lou r o f th e  specim en was lig h t v io le t, 
w ith  th e  discs o f the  tentacles a n d  tu b efee t d a rk  
violet.

S lu ite r  fo u n d  th e  sm all wheels consisten tly  h a d
10 spokes. R e-exam ination  show ed th a t  th e  sm all 
w heels h a d  m ostly  12 spokes, th o u g h  w heels w ith
11 a n d  10 spokes w ere n o t uncom m on.

T h e  la rge w heels w ere 0.15-0.20 m m  in  d ia m ­
ete r a n d  h a d  th e  usua l 6-rayed cen tre  w ith o u t a 
su p e rstru c tu re ; of 28 wheels, 26 h a d  9, a n d  tw o
10 spokes.

R ods w ere absen t from  th e  dorsal a n d  v en tra l 
skin, b u t  p resen t in  th e  tubefeet.

T h e  specim en o f I ly o d a e m o n  fim b r ia tu s  var. 
m a g n a  was re -iden tified  to  L . ijim a i.

L .  se le n k a i  M itsu k u ri, know n  from  several 
Ja p an e se  sta tions, was considered  a close rela tive 
o f L . f im b r ia ta .  A  com parison  of th e  type speci­
m en  o f L . f im b r ia ta  w ith  th e  specim ens in  the 
p re se n t m a te ria l (w hich agree w ell w ith  M itsu- 
k u r i’s d escrip tio n  of L . s e le n k a i)  show ed th a t th e  
tw o species can  h ard ly  b e  k e p t separate. M itsu- 
k u r i’s specim ens ex h ib ite d  a  ra th e r  large v a ria tio n  
in  n u m b e r  of b o th  tu b e fe e t a n d  pap illae. (T h e  
specim ens w ere 21^17 m m  lo n g  an d  h ad  on each 
side 25-63 tu b efee t a n d  10-34 papillae).

M itsu k u ri m en tio n e d  as a  d ifference from  th e  
type specim en of L . f im b r ia ta  th a t the  skin was 
tra n sp a re n t a n d  colourless, a n d  the  ten tacle discs 
yellow  w ith  crim son  spots. H ow ever, M itsu k u ri’s 
o w n  sta tem en t th a t in  th e  closely re la ted  L .  
n eg lec ta  ( =  L . b iseria lis)  th e  ten tac le  discs were 
in  tw o specim ens d a rk  v io le t, w h ile  in  a th ird  one 
they  w ere yellow, speaks aga inst a t tr ib u tin g  too 
m u c h  taxonom ic  significance to  co lour d iffe r­
ences.

L . p a rva  M itsuku ri, kn o w n  from  several 
Ja p an e se  stations, was d is tin g u ish ed  from  L .  
s e le n k a i  by th e  absence of large wheels, an d  by 
th e  in fre q u e n t occurrence o f sm all wheels. T h e  
la t te r  h a d  generally  10 spokes a n d  often, th rough  
th e  a d d itio n  o f p e rip h e ra l holes, they h ad  devel­
o p ed  in to  sm all re ticu la ted  plates.

T h e  scarcity  of deposits, o r  o f some types of 
deposits, seems to  b e  o f d o u b tfu l value in  char­
ac te riz ing  a species. Superfic ia lly  p laced  deposits, 
as th e  la rge wheels, a re  ra th e r  easily ru b b ed  off, 
p a r tic u la rly  o n  th e  v e n tra l side. B u t also in  the  
frequency  of occurrence o f th e  deeper lying 
deposits no tew o rth y  d ifferences m ay exist b e ­
tw een  specim ens. W h ile  th e  p a rva  specim ens of 
M itsu k u ri h a d  th e  deposits confined  to  th e  
am b u lac ra l appendages, those of O hshim a possess­
ed  deposits also in  th e  do rsa l skin.

T h e  prevalence of 10 spokes in  the  sm all 
w heels (bo th  in  M itsu k u ri’s a n d  O hsh im a’s speci­
m ens) w ou ld  seem to  d istingu ish  these wheels 
from  the  sm all w heel type of o th e r  laetm ogonids, 
w here  th e  n u m b e r  of 12 spokes always prevails.

B a th y g o n e  p a p il la tu m  Paw son, know n from  
th re e  specim ens taken  n o r th  of N ew  Zealand, 
was characterized  p rim a rily  by th e  aggregation 
of th e  deposits in to  d is tin c t heaps, w hich form ed 
p ro tu b eran ces o n  the  dorsal skin. T h is  feature 
was considered  of generic  value. H owever, L aet-
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m o g o n e  m a cu la ta  possesses, p a r tic u la rly  in  In ­
donesian  specim ens, s im ila r aggregations of 
deposits in to  heaps. A pparen tly , th is  fea tu re  is of 
d o u b tfu l value even in  species d istinctions, a l­
though  i t  m ay be ind ica tive  of a  local o r geo­
g raph ic  varia tio n  w ith in  a  species.

T h e  specim ens of B . p a p il la tu m  a lm ost com ­
pletely  lacked deposits in  th e  v e n tru m  (a fea tu re  
rem in iscen t of the  Jap an ese  p a rv a  specim ens). 
Sm all wheels w ere absent, b e in g  rep laced  by 
perfo ra ted  p lates sim ilar to  those  occu rring  in  
specim ens from  J  ap an  a n d  th e  K ei Islands. L arge 
wheels, 0.19-0.25 m m  in  d iam eter, typ ically  w ith
6 cen tra l rays a n d  9 spokes. T h e  specim ens (holo- 
type 4.2 cm long) h ad  on  each side a b o u t 50 slen­
der tubefeet a n d  ab o u t 10 sm all, re d  pap illae .

V a r i a t i o n :  T h e  specim ens k n o w n  are  0.9-8.0 
cm  long.

T en ta c les . T h e  discs have  re trac tile  m arg in a l 
lobes, a n d  are  p robab ly  sim ila r in  shape to  those 
o f L . m acu la ta .

T u b e fe e t ,  slender from  base to  t ip  an d  w ith  
large sucking-discs, are  p laced  w ith o u t interspaces 
in  a single o r doub le  row  along  each  side of the 

\  ven trum . T h e ir  n u m b er b ro ad ly  increases w ith  
th e  size of the  specim ens, from  15 to  70 on each 
side.

P a p illa e , from  10 to  a b o u t 40 o n  each side, 
sm all an d  single-rowed, excep t in  th e  largest 
know n specim en (the 8 cm  lo n g  type specim en). 
In  the  m ain , the  n u m b e r increases w ith  th e  size 
of th e  specim ens. T h e  p ap illae  a re  red , except in  
the  South  A frican  specim ens, w h ich  have w h ite  
pap illae. T h e  specim ens from  th e  K ei Islands an d  
Ja p a n  have red  p ap illae  w ith  w h ite  tips.

D eposits . T h e  wheels o f th e  la rge  type are 
reg u la r in  shape, w ith  6 cen tra l rays a n d  gener­
ally  9 spokes. T h e  only  in d ic a tio n  o f a  spoke 
n u m b e r h igher th a n  9 in  average w as ap p a ren tly  
fo u n d  in  M itsu k u ri’s specim ens of L . se len ka i, 
w hich  w ere sta ted  to  have 9 o r  10, ra re ly  8 spokes. 
A  tr ia n g u la r  superstruc tu re  o r  a  calcareous 
m em brane covering the  nave o f th e  w heel was 
absen t in  all the  p rep a ra tio n s m ade.

T h e  wheels of the  sm all type have a cen tra l 
p rim ary  cross an d  ab o u t 12 spokes. A  n u m b e r of
10 spokes prevailed  in  some o f th e  Jap an ese  speci­
m ens (the specim ens described as L . parva). T h e  
wheels show a tendency to  tran sfo rm  in to  sm all, 
perfo ra ted  plates. T hese p la tes a re  usua lly  pres­
e n t in  Japanese specim ens, p a rticu la rly  in  the

pap illae , a n d  they w ere also p resen t in  th e  p a p il­
lae  of th e  specim ens from  the  Kei Islands. I n  the  
N ew  Z ea land  specim ens (B . p a p il la tu m )  th e  sm all 
w heels w ere a ll transform ed in to  p e rfo ra ted  
plates.

T h e  v en tra l a n d  dorsal skin in  S ou th  A frican  
a n d  Ja p an e se  specim ens som etim es con tains scat­
tered , slender, som ew hat curved  rods, very s im ilar 
to  those of th e  tubefeet.

A  geographic v a ria tio n  m ay b e  p resen t in  th e  
co lou r o f th e  pap illae , in  the  re la tive  ab u n d an ce  
of la rge  w heels, sm all wheels, an d  p erfo ra ted  
p la tes (each of these types m ay be com pletely  
absent), a n d  in  th e  aggregation  of deposits in to  
heaps.

R e l a t i o n s h i p s :  Closest re la ted  to  L a e tm o g o n e  
b iseria lis  (q. v.).

D i s t r i b u t i o n :  South-East A frica, 412 m. I n ­
donesia, 242-827 m. Ja p an , 164-1300 m. N ew  
Z ealand, 360 m.

T y p e : ZM A, the  on ly  specim en taken  by the 
S iboga .
T y p e  locality : S iboga  St. 145 (0°54’S, 128°39’E).

L aetm ogone biserialis Fisher, 1907

L a e tm o g o n e  b iseria lis  F isher, 1907, pp . 706-708, 
pis. L X X V : 5, L X X V III: 1.

L a e tm o g o n e  neg lec ta  M itsukuri, 1912, pp . 183- 
186, fig. 33, pi. V: 45.

L a e tm o g o n e  w y v il le th o m so n i  T h ie l ,  S lu ite r 
1901b, p. 63 (partim ).

D i a g n o s i s :  T en tacles 15. T u b efee t crow ded, 
slender from  base to  tip , w ith  sucking-discs eq u a l 
in  d iam ete r to  the  tubefeet; n u m b er of tubefeet 
o n  a n  average increasing  w ith  size of specim ens, 
reach ing  a b o u t 50 on  each side. P ap illae  sm all, 
increasing  in  n u m b e r an d  chang ing  from  single 
to  d o u b le  rows w ith  size of specim ens, reach ing  
60-70 o n  each side. W heels o f two d istinc t types, 
a  sm all type, 0.03-0.05(0.10) m m  in  d iam eter, 
w ith  a cen tra l p rim ary  cross an d  ab o u t 12 spokes; 
an d  a la rge type, 0.06-0.27 m m  in  d iam eter, 
w ith  6 cen tra l rays a n d  ab o u t 12 spokes; no  
tr ia n g u la r  superstruc tu re  o r covering calcareous 
m em brane. L arge end-p la te  a n d  slender, curved  
rods in  tubefeet. S turdy, ra th e r  s tra igh t rods w ith  
b lu n t ends num erous in  ven trum .
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S y n o n y m y :  L a e tm o g o n e  b iseria lis  F isher was 
described from  tw o s ta tio n s  off th e  H aw aiian  Is­
lands (n u m b er o f specim ens n o t stated). O ne 
w ell-preserved specim en  from  A lb a tro ss  St. 4141 
(in U SN M ), 6.5 cm  long , was re-exam ined. F ish­
er’s th o ro u g h  d esc rip tio n  was verified, b o th  as 
regards th e  ex te rn a l fea tu res a n d  the  deposits. 
T h e  ten tac le  discs h a d  a n  irregu la rly  loba ted  

m argin .
L . n eg lec ta  M itsu k u ri is know n  from  th ree  

specim ens taken  in  th e  Sagam i Sea (Japan). M it­
su k u ri com pared  th e  species w ith  L . w y v ille th o m -  
so n i, b u t  cu riously  en o u g h  n o t w ith  L . b iseria lis . 
In  ac tu a l fact, L .  n e g le c ta  a n d  L . b iseria lis  seem 
to agree b o th  in  ex te rn a l features a n d  deposits, 
in c lu d in g  th e  n u m b e r  a n d  shape of th e  tubefeet 
a n d  p ap illae , th e  sh ap e  o f th e  ten tac le  discs, the 
presence of tw o types o f w heel (bo th  w ith  ab o u t
12 spokes), a n d  o f rods in  th e  v en tra l skin.

L . w y v i l le th o m s o n i  T h £ el, S lu ite r 1901b. O f 
the  tw o specim ens from  th e  S iboga  m a teria l 
w hich S lu ite r re fe rre d  to  L . w y v il le th o m so n i,  one 
p roved  o n  re -ex am in a tio n  to  belong  to  L . in te r ­
jacens, th e  o th e r  to  L .  b iseria lis . T h e  la tte r  speci­
m en  cam e from  S ib o g a  St. 280 an d  show ed the  
fo llow ing  features:

B o d y  le n g th  17 m m . C o lou r rust-red.
T u b e fe e t  a b o u t 23 -24  on  each side, slender 

from  base to  tip , densely  placed, w ith o u t any 
decrease in  size posterio rly .

P a p illa e  m in u te  a n d  few, probab ly  single­
rowed.

S m a ll  w h ee ls  w ith  ce n tra l p rim ary  cross an d  
u sually  12 spokes. I n  a p re p a ra tio n  of th e  dorsal 
sk in  they  w ere densely  crow ded in  a  pap illa , b u t  
o therw ise scarce. T h e y  w ere 0.035-0.050 m m  in  
d iam eter. A  single w heel w ith  ad d itio n a l p e ri­
p h era l holes was p re se n t in  th e  pap illa , som ew hat 
below  th e  tip .

V en tra lly , on ly  few w heels w ere present. A ll 
of th e m  belonged  to  th e  sm all type, a lthough  
som e a tta in e d  0.10 m m  in  d iam eter. T h e  cen tre  
h a d  4 (the  la rger w heels occasionally  5) rays.

L a rg e  w h ee ls  co n fin ed  to  th e  dorsum  in d  
u sua lly  a b o u t 0.14 m m  in  d iam eter, w ith  a v a ria ­
tio n  of 0.09-0.17 m m . T h e  cen tre  invariab ly  
h ad  6 rays a n d  was covered n e ith e r  by a tr ia n g u ­
la r  su p e rs tru c tu re  n o r  a  calcareous m em brane. As 
show n by  a c o u n t from  a h u n d re d  wheels, the 
spoke n u m b e r  was consisten tly  12:

Number of spokes 11 12 13

Number of specimens 4 86 10

R o d s ,  s len d er a n d  s tra ig h t, nu m ero u s in  ven- 
trum .

R e l a t i o n s h i p s :  L a e tm o g o n e  b iseria lis  is closely 
re la ted  to, a n d  possib ly  id e n tic a l w ith , L . f im b r i-  
ata . T h e  tu b e fe e t a re  s im ila r in  shape a n d  n u m ­
ber, a n d  d iffe r  fro m  those o f a ll o th e r  species of 
L a e tm o g o n e .  T h e  tw o species d iffe r in  w hat 
w o u ld  a p p e a r  to  b e  r a th e r  in sig n ifican t features 
of th e  deposits. T h e  la rge  w heels in  L . b iseria lis  
have 12 spokes o n  average, co n tra ry  to  th e  9 
spokes p rev a ilin g  in  a l l  exam ined  specim ens of 
L . f im b r ia ta .  I n  a d d itio n , s tra ig h t rods w ere 
p resen t in  th e  v e n tru m  in  a ll exam ined  specim ens 
of L . b iseria lis ;  in  L . f im b r ia ta  these rods, w hen 
a t a ll p resen t, w ere  fo u n d  to  b e  curved.

As n o  in te rm ed ia te s  have  ac tua lly  been  found  
betw een  specim ens w ith  9 a n d  12 spokes, w ith  the  
excep tion  o f th e  a p p a re n tly  com m on occurrence 
of 10 spokes in  M itsu k u ri’s specim ens of L . selen- 
k a i ( =  L . f im b r ia ta ) ,  a n d  as th e  presence of 
s tra ig h t rods in  th e  v e n tru m  w as in  th e  know n 
specim ens alw ays co m b in ed  w ith  12 spokes in  the 
wheels, i t  is p re fe rre d  to  keep  th e  two species 
ap a rt. F u r th e r  m a te r ia l m ay prove th a t  the  d iffe r­
ences a re  in v a lid .

T h e  absence o r  scarcity  o f w heels of the  large 
type in  th e  v e n tru m  o f th e  know n  specim ens of 
L . b iseria lis  is likew ise a  d o u b tfu l d ifference 
from  L . f im b r ia ta .  B o th  in  L . f im b r ia ta  a n d  L. 
m a cu la ta  th e  w heels a re  som etim es few an d  
ra th e r  sm all v en tra lly , a n d  w heels w ith  a cen tra l 
p rim ary  cross o r  a  five-rayed cen tre  m ay also here 
a t ta in  a  la rg e r size th a n  is u su a l for th e  small 
wheels.

T h e  p a p illa e  o f  L . b iseria lis  ap p a ren tly  lack 
th e  red  b a n d  w h ich  characterizes th e  p ap illa e  in 
th e  E ast A sia tic  specim ens o f L . fim b r ia ta .

D i s t r i b u t i o n :  H aw aiian  Islands (L . b iseria lis), 
c. 800 m . Sagam i Bay, J a p a n  (L . neg lec ta ), 500- 
700 m. B a n d a  Sea (L . w y v il le th o m so n i) , 1224 m.

T y p e : U SN M , C at. no . 21221.
T y p e  locality : A lb a tr o s s  St. 4141 (vicinity of 
K auai Island).
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G enus F annychia  Theel, 1882 
Fig. 112

P a n n ych ia  T h 6 e l, 1882, p . 88. — T y p e  species: 
P a n n y c h ia  m o se ley i T h £ e l, 1882, by  m onotypy. 

L a e tm o p h a sm a  L udw ig, 1894, p. 85.

D i a g n o s i s :  C ircum -oral p ap illa e  absent. M id- 
v en tra l tu b efee t presen t. P ap illae  o f do rsum  b e­
long ing  to  dorsal as w ell as v en tro la te ra l rad ii. 
L arge w heels w ith  m arg in a l teeth .

R e m a r k s :  T h re e  species w ere previously  refer­
red  to  P a n n y c h ia  an d  one to  L a e tm o p h a sm a . T h e  
fo u r species a re  h e re  m erged  in to  one.

P annychia  m ose ley i Theel, 1882 
Fig. 26

P a n n y c h ia  m o se ley i T h£el, 1882, pp . 88-90, pis. 
X V II, X X X II: 1—13; S lu ite r  1901b, pp. 71-72; 
Edw ards 1907, pp . 62-64; M itsuku ri 1912, pp. 
207-212, fig. 38; C lark  1913, p . 232; O hshim a 
1915, pp . 235-236; O hsh im a 1916-1919; D ’yako- 
nov, B aranova 8c Savel’eva 1958, p. 360. 

P a n n ych ia  m o se ley i var. h e n r ic i  Ludw ig, 1894, 
pp. 95-99, X : 1-2.

P a n n y c h ia  m o se le y i v irg u li fe ra  O hshim a, 1915, p.
236; O hsh im a 1916-1919, w ith  th ree  figures. 

P a n n ych ia  m o se ley i m o llis  Savel’eva, 1933, pp .
38-40, figs. 1-6.

P a n n y c h ia  m u ltir a d ia ta  S lu ite r, 1901a, pp . 25-26;
S lu ite r 1901b, pp . 72-74.

P a n n y c h ia  p a ll id a  F isher, 1907, pp. 709-711, pi.
L X X V III: 2.

L a e tm o p h a sm a  fe c u n d u m  Ludw ig, 1894, pp . 85 - 
95, pis. X : 3-14, X I: 1-13; C lark  1913, pp. 231- 
232; C lark  1920, p. 138.

D i a g n o s i s :  T en tac les 20. V en tro la te ra l tu b e ­
feet in  d o u b le  rows, w ith  b road , cup-shaped 
sucking-discs. M idven tra l tu b efee t sm aller, b u t 
sim ilar in  shape to  the  v en tro la te ra l tubefeet. 
P ap illae  (belonging  to  the  dorsal an d  v en tro la te r­
a l rad ii)  num erous an d  sm all, scattered  a ll over 
th e  dorsum , a lth o u g h  few in  n u m b e r along  the 
dorsal m id line . In  ad d itio n , a n u m b e r of longer 
p ap illae  a re  usua lly  p resen t a long  th e  dorsal rad ii. 
Scattered  sm all p ap illae  m ay b e  p resen t also in  
th e  v en tra l in te rrad iu s . W heels o f two types, a 
sm all type a b o u t 0.05 m m  in  d iam eter, w ith  a

cen tral p rim ary  cross a n d  10-12 spokes; a n d  a large 
type, 0.07-0.32 m m  in  d iam eter, w ith  a cen tra l 
p rim ary  cross o r  5 -6  ce n tra l rays, a n d  11-19 
spokes. L arge w heels w ith  a n  inw ard ly  d irec ted  
too th  o r lobe on  th e  r im  betw een  each spoke, an d  
w ith  th e  nave covered by  a calcareous m em brane, 
usually  perfo ra ted , g row ing  inw ards from  the  
edge of the nave, a n d  som etim es connected  w ith  
the  cen tre  o f the  nave by  a vertical p illa r.

M a t e r i a l :
St. 739, G u lf of P an am a  (7°22’N, 79°32’W ), 915-

975 m. -  13 specim ens.

D e s c r i p t i o n :  Seven specim ens are com plete, 
a lth o u g h  poorly  preserved . O n e  is 20 cm  long, 
the  o thers 10-12 cm. T h e  body  is alm ost cy lind ri­
cal, an d  ab o u t 1.0-1.5 cm  in  d iam eter.

C o lo u r  w hen alive, greyish, one specim en w ith  
a  yellowish tinge.

T en ta c le s , a ll w ith  th e  discs to m  off. T h e ir  
n u m b er could  n o t b e  ascerta ined .

V en tro la tera l tu b e fe e t  35-45 on each side, 
single-rowed, a b o u t 5 m m  long, an d  provided  
w ith  b road , cup-shaped  sucking-discs.

M id v e n tr a l tu b e fe e t  p laced  in  an  a lte rn a tin g  
doub le  row  along  th e  w ho le  ven trum . T h ey  are 
sim ilar in  shape, th o u g h  sm alle r th a n  the  v en tro ­
la tera l tubefeet. P ro b ab ly  a b o u t 40 w ere present.

P a p illa e  (belonging  to  th e  dorsal a n d  ven tro ­
la tera l rad ii) nu m ero u s a n d  scattered  all over the 
dorsal side, a lth o u g h  sparsely scattered  in  the  
dorsal m id line. T h e  m a jo rity  of the  pap illae  are 
very short. H ow ever, in  a ll th e  specim ens, ab o u t
10-20 pap illae, w h ich  a re  slender a n d  range  u p  
to  15 m m  in  leng th , a re  in te rspersed  am ong  the 
sm all ones along  each  dorsal rad ius, often  w ith  a 
b ila te ra l a rrangem ent.

D ep o sits  (Fig. 26). S m all w heels ab o u t 0.05 m m  
in  d iam eter, w ith  a ce n tra l p rim ary  cross an d
10-12 spokes.

Large wheels 0.08-0.33 m m  in  d iam eter, u sua l­
ly larger th a n  0.25 m m . T h e re  are 5 -6  cen tra l 
rays, som etim es m ore; h a rd ly  ever is th e  cen tre 
rep resen ted  as a sim p le  p rim a ry  cross. Spokes
13-19. N ave covered by a  calcareous m em brane 
w ith  sm all p e rfo ra tio n s a n d  connected  w ith  the 
cen tre of th e  nave by  a  v e rtica l p illar. N o d iffer­
ence in  size was fo u n d  betw een  th e  dorsal an d  
ven tra l wheels, a n d  th e re  was n o  co rrela tion  
betw een the  size of th e  w heels an d  the n u m b er of 
spokes.
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Fig. 26. Pannychia moseleyi. St. 739. Dorsal deposits.

R od-shaped  spicules occur in  dorsum , v en tru m , 
tubefeet, a n d  pap illae. T h e y  are  u su a lly  a b o u t
0.30 m m  long, slender, w ith  sligh tly  sp inous ends.

N um erous sm all end-p la tes p resen t in  sucking- 

discs.

S y n o n y m y :  P a n n ych ia  m o se le y i w as ta k e n  in  
two specim ens by the  C h a llen g er , o n e  well- 
preserved off sou theastern  A u stra lia , a n d  one 
very defective specim en o ff N ew  Z ealand . B o th  
are k ep t in  BM , b u t on ly  th e  first on e  p e rm itte d  
a re-exam ination .

I t  agrees w ell w ith  the  G a la th ea  specim ens. T h e  
tubefeet a re  som ew hat larger, b u t  have th e  sam e 
characteristic, cup-shaped sucking-discs. T h e  p a­
p illae  a re  less num erous, b u t  likew ise w ith  a 
n u m b e r of long, ra d ia l p ap illae  in te rsp ersed  
am ongst th e  sm aller ones.

T h e  dorsal, lobe-like ap p en d ag e  m e n tio n e d  
by T h ie l  proved  on  re-ex am in a tio n  to  b e  a n  
in c id en ta l fo ld  of th e  skin.

T h e  large wheels m easure 0.24 m m  in  d ia m e te r  
an d  have 11-13 spokes. T h e y  w ere rem a rk a b le  
by th e  presence of a  cen tra l p r im a ry  cross in  
nearly  a ll of them ; on ly  very few h a d  5 ce n tra l 
rays. T h e  nave was covered by  a m em brane , 
usua lly  w ith  a single, som ew hat eccen tric  perfo ­
ra tio n . A  cen tra l p illa r  was a t  th e  m ost feebly 
ind ica ted . /

T h e  N ew  Zealand specim en h a d  la rg e  w heels 
w ith  “u p  to  15 spokes” an d  5 -6  cen tra l rays. T h e  
nave was covered by a calcareous m e m b ran e  w ith  
several perfo ra tions a n d  connected  w ith  the  
cen tre  of th e  nave by a v ertical p illar.

T h e  d iffe ren t s tru c tu re  of the  ce n tre  o f the  
w heels in  the tw o C h a llen g er  specim ens is of 
d o u b tfu l taxonom ic significance. A  re-ex am in a­

tio n  of th e  In d o n esia n  S iboga  specim en o f P . 
m o se ley i revealed  a cen tre  in te rm ed ia te  in  type 
betw een  those of the tw o C h a llen g er  specim ens. 
M ost w heels h a d  a cen tra l p rim ary  cross, b u t 
w heels w ith  5, o r even 6, cen tra l rays w ere also 
com m on. A  covering  m em brane w ith  one or 
m ore holes, b u t  w ith o u t a cen tra l p illa r , was pres­
en t in  a ll th e  w heels of th e  S iboga  specim en.

P. m o se le y i var. h e n r ic i  L udw ig  cam e from  the 
eastern  Pacific, p a rtly  from  the  sam e a re a  as the 
G a la th ea  specim ens. T h e  varie ty  was m o tivated  
p rim arily  by  th e  low  n u m b e r  o f m id v e n tra l tu b e ­
feet, a  fea tu re  of d o u b tfu l taxonom ic value. In  
th e  n u m b e r  of m id v e n tra l tubefeet th e  G ala thea  
specim ens agreed  w ith  th e  C h a llen g er  specim ens.

P. m o se ley i v ir g u life ra  O hshim a w as erected 
on  the  presence of n u m ero u s rod-shaped  spicules 
in  th e  v en trum . T o  th is subspecies w ere referred  
the  specim ens reco rded  by O hshim a from  n o rth ­
ern  J a p a n  a n d  th e  A leu tian  Islands, as w ell as a 
specim en described  by E dw ards (1907) from  off 
no rth w este rn  N o rth  A m erica. R ods w ere also 
fo u n d  in  th e  v e n tru m  o f some of th e  G a la th ea  
specim ens, b u t  w ere n o t recorded  by  Ludw ig. 
Some geographic v a ria tio n  m ay be p resen t in  the  
re la tive  ab u n d an ce  o f rod-shaped  spicules.

P . m o se ley i m o llis  Savel’eva was erected  for one, 
poorly  preserved  specim en taken  a t  212 m  in  the  
Japanese  Sea. T h e  subspecies was d istingu ished  
by the  absence of deposits in  the  body  w all o u t­
side th e  am b u lac ra l appendages, by th e  colour 
(white, w ith  the  p ap illa e  a n d  tips o f th e  tentacles 
an d  tubefeet v io let) a n d  by the  presence of only
16 o r 18 tentacles. T h is  low n u m b e r a n d  the 
absence of deposits from  the  body w all p ro p er 
m ay be d u e  to  in su ffic ien t p reserva tion  of the 
specim en, a n d  the  co lour is so vary ing  in  the



species th a t i t  can  h ard ly  be Used fo r taxonom ic 
conclusions.

P . m u ltira d ia ta  S lu iter, know n  from  tw o I n ­
donesian  specim ens, was characterized  by  its 
deposits. Sm all w heels w ere p resen t on ly  in  p a p il­
lae a n d  tubefeet. T h e  large w heels d iffe red  from  
those of th e  C h a llen g er  specim ens o f P . m o se le y i  
by th e ir  large size (m ostly ab o u t 0.30 m m  in  d ia m ­
eter) a n d  h ig h  spoke n u m b er (16-18). H ow ever, 
in  b o th  features th e  wheels fall w ith in  th e  v a ria ­
tio n  fo u n d  in  th e  G ala thea  specim ens. T h e  a b ­
sence of sm all w heels from  d ie  v en tru m  a n d  
dorsum  does n o t seem to  be sign ifican t, as they 
m ay b e  ra re  also in  specim ens of P. m ose ley i.

P . p a ll id a  F isher, from  H aw aii, was ch arac ter­
ized by its  grey co lou r w ith  th e  re d  sucking-discs, 
th e  “w ell-defined” calcareous ring , a n d  th e  p res­
ence o f on ly  12-16 m id v en tra l tubefeet. I n  view  
of th e  extensive v a ria tio n  in  co lour fo u n d  in  
P. m ose ley i, th e  co lou r o f P . p a llid a  p ro b ab ly  
has n o  taxonom ic significance. A  w ell-defined 
calcareous r in g  was also fo u n d  in  th e  G a la th ea  
specim ens. In  th e  low  n u m b er o f m id v en tra l 
tubefeet P . p a llid a  was sim ilar to  P . m o se ley i var. 
h en r ic i, h ere  considered  id en tica l w ith  the  typical 
P. m oseley i.

L a e tm o p h a sm a  fe c u n d u m  L udw ig  was taken  
a t one sta tion  in  th e  eastern  Pacific, occu rring  
together w ith  P . m ose ley i. I t  d iffe red  from  P. 
m ose ley i on ly  in  hav in g  sm all p ap illae  in  th e  
v en tra l in te rra d ii. In te rra d ia l p ap illae  w ere n o t 
seen in  th e  G ala thea  specim ens, b u t  as th e  v en tra l 
skin was defective th e ir  absence cou ld  n o t be 
concluded.

V a r i a t i o n :  P a n n y c h ia  m o se ley i shows a
considerable in d iv id u a l an d  local v a ria tio n  in  
several respects. I t  is n o t yet possible to  dem o n ­
stra te  geographic features in  the  varia tion .

T h e  large w heels a re  often  very sparse in  the  
ven trum . In  the  G ala thea  specim ens they  com ­
prise th e  w hole v a ria tio n  in  size fo u n d  in  the  
species.

A local v a ria tio n  is ind icated  in  the  n u m b e r of 
spokes. T h e  v a ria tio n  in  the  two S iboga  speci­
m ens o f P . m u ltira d ia ta  taken  sou th  of T im o r  

'w as fo u n d  to  be 14—19, being  thus p rac tica lly  
id en tica l w ith  th e  varia tion  of 13-19 in  the  
G ala thea  specim ens. O n  the  o th e r  h an d , th e  
S iboga  specim en of P. m o se ley i from  the  M oluc­
cas an d  the C h a llen g er  specim en from  so u th ­
eastern  A ustra lia  h a d  7-13 an d  11-13 spokes,

respectively. T h e  H aw aiian  specim ens h a d  10-14 
spokes.

N ave of the  la rge  w heels always covered by a 
p erfo ra ted  calcareous m em brane, s im ilar to  th a t 
fo u n d  in  m ost species o f L a e tm o g o n e . A  cen tral 
p illa r  connecting  th e  m em brane w ith  the  centre 
o f th e  nave is p rese n t in  som e specim ens, b u t 
absen t in  others. T h e  m em brane develops from  
th e  edge o f th e  n av e  an d  n o t from  th e  cen tral 
p illa r  as in  L a e tm o g o n e  m acu la ta . T h e  p illa r  is 
in  P. m ose ley i a secondary fo rm ation ; th is m ay 
ex p la in  its fre q u en t absence.

T h e  sm all w heels a re  of th e  usual type in  the 
fam ily, w ith  a cen tra l p rim ary  cross a n d  a b o u t 12 
spokes. T h ro u g h  th e  ad d itio n  of p e rip h e ra l holes 
th e  wheels m ay change in to  sm all perfo ra ted  
p lates. T hese a re  p a rticu la rly  com m on in  th e  tips 
o f th e  pap illae. T h e i r  presence was m en tioned  by 
T h ce l, Ludw ig, E dw ards, an d  F isher, an d  they 
w ere also p resen t in  th e  G ala thea  specimens. 
Sm all wheels w ere com pletely  absen t from  the 
dorsal a n d  v en tra l sk in  in  the  tw o specim ens of 
P. m u ltira d ia ta  from  so u th  of T im o r.

Spinous rod-shaped  o r  slightly  b ran ch ed  spicules 
occur in  ab u n d a n ce  in  th e  v en tru m  in  N o rth  
Pacific specim ens, a n d  less com m only in  East 
Pacific specim ens. O therw ise they  seem to  be 
p resen t only in  p ap illa e  an d  tubefeet. T h is  sug­
gests a geographic varia tio n , as already  n o te d  by 
O hshim a (1915) w ho  erected  the  subspecies P. m . 
v irg u life ra  fo r h is  N o rth  Pacific specim ens.

T h e  sucking-discs of th e  tubefee t seem always 
to  possess several sm all end-plates.

M idven tra l tu b efee t always present. T h e ir  varia­
tio n  in  n u m b er is extensive even in  specim ens 
from  the  same area.

V en tra l in te rra d ia l p ap illae  w ere found  only in  
specim ens from  d ie  easte rn  Pacific.

T h e  colour o f th e  specim ens possibly exhibits 
local o r geographic features. O hsh im a stated  
th a t h is specim ens of the  subspecies P . m . v ir ­
g u life ra  from  th e  n o r th e rn  Ja p a n  a n d  the A leu­
tian s w ere “pearly  w h ite  w ith  a b lu ish  tin t, p ap il­
lae  w hitish  p u rp le ”, w hereas the  specim ens of P. 
p a llid a  from  H aw aii were, as m en tioned , rem ark ­
ab le  for the  red  sucking-discs on  the  tubefeet. 
T h e  varia tio n  w ith in  a single geographic reg ion  
m ay, however, be extensive. T h e  eastern  Pacific 
specim ens re fe rred  to  P . m . var. h e n r ic i w ere 
violet, w hile th e  specim ens re ferred  to  L a e tm o ­
p h a sm a  fe c u n d u m  w ere w hitish  as w ere the G ala­
th ea  specimens.
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D i s t r i b u t i o n :  F o u n d  a long  th e  coasts o f th e  
Pacific fro m  A u stra lia  a n d  New Z ealand  to  P eru , 
an d  o ff th e  H a w a iia n  Islands. D ep th  212-2598 m.

G enus A podogaster  W alsh, 1891

W alsh  1891, p . 202; K oehler & V aney 1905, p. 
66. _  T y p e  species: A p o d o g a s te r  a lco ck i W alsh , 
1891, by  m ono typy .

D i a g n o s i s :  C ircum -ora l pap illae  absen t. V en­
tro la te ra l p a p illa e  fused  in to  a co n tin u o u s b rim  
ro u n d  th e  body. V en tro la te ra l tu b e fee t slender 
an d  n u m ero u s, p laced  in  a single o r  a lte rn a tin g  
do u b le  row  b e n e a th  th e  brim . M id v en tra l tu b e­
feet absen t. D orsal p ap illae  sm all a n d  single­
row ed. W heels sim ple and  w ith  a  cen tra l p rim ary  

cross.

R e m a r k s :  O n ly  on e  species, A p o d o g a s te r  a l­
cocki, h as  b een  described.

B e n th o d y te s  sa livo su s  S luiter, 1901 (a, b), taken  
by th e  S ib o g a  in  o n e  specim en a t  521 m  in  the  
F lores Sea p ro v ed  on  re-exam ination  to  rep resen t

a n  u n id e n tif ia b le  species of A p o d o g a ster . T h e  
sk in  w ith  a ll its sp icules h a d  com pletely  w orn off.

A podogaster a lco ck i W alsh, 1891

W alsh  1891, p . 202; K oeh ler & V aney 1905, pp. 
66-67, pis. V: 2 -3 , X II :  13-14; E km an 1927, 
pp . 366-368, fig. 3.

K now n from  tw o specim ens tak en  in  the  Bay of 
B engal (d ep th  1026 m ) a n d  on e  specim en taken  
off th e  A n ta rc ic  coast so u th  o f th e  In d ia n  O cean 
(d ep th  385 m).

A podogaster  sp.

F ragm en ts o f a n u m b e r  o f specim ens of A p o d o ­
gaster  (u n id en tifiab le  to  species) w ere taken  in  
th e  K erm adec T re n c h  (Sts. 650, 654, 663, and  
664) a t  4410-6620 m , a n d  o n e  fragm ent in  the 
G u lf  o f P an am a  (St. 724) a t 2950-3190 m. T hese 
a re  th e  firs t abyssal a n d  h a d a l records of the 
genus. T h e  specim ens have a n  extrem ely soft 
sk in , w h ich  has a lm o st en tire ly  w orn  off in  a ll 
th e  specim ens, leav in g  l i t t le  m ore  th a n  the 
m uscu la r coat b eh in d .

Suborder Psychropotina nov. subordo

D i a g n o s i s :  D eposits, w hen  p resen t, p rim ary  
crosses w ith  a rres ted  developm ent o f dichoto- 
m ous d iv isions, a n d  red u c tio n a l stages from  these.

R e m a r k s :  T h e  su b o rd er com prises th ree  fam i­

lies. O f these, th e  P e la g o th u riid a e  a re  pelagic an d  
are  o m itted  from  th e  p rese n t study.

T h e  tax o n o m ic  fo u n d a tio n s  o f the  suborder, 
as w ell as th e  m u tu a l re la tio n sh ip  of the  families, 
a re  considered  elsew here (pp. 206-207).

Key to the families

1. M id v e n tra l tubefee t present. B ody su rro u n d e d  by  a b rim  o f fused  tubefeet. C al­
careous r in g  feebly developed o r  absent, never consisting  of five star-shaped 
pieces ....................................................................................................................  P sych ropo tidae (p. 75)

1. M id v e n tra l tubefee t absent. Body n o t su rro u n d e d  by a b r im  o f fused  tubefeet.
C alcareous ring , w hen  presen t, consisting  of five star-shaped  p i e c e s .....................  2

2. A n te r io r  b r im  of fused tu b efee t p resent. T en tac les  20. D eposits a n d  calcareous
r in g  a b s e n t ......................................................................................................... P e la g o th u riid ae

2. A n te r io r  b rim  of fused tu b efee t absen t (except in  P sych re lp id ia ). T en tac les  10-12.
D eposits a n d  calcareous r in g  usually  p resen t ............................................. E lp id iid ae  (p. 127)

F am ily PSYCHROPOTIDAE Theel, 1882 en t. D eposits cross-shaped o r  rod-shaped. Cal­
careous r in g  ab sen t o r  consisting  of a  diffuse net- 

D i a g n o s i s :  T en tac les  10-18. B rim  of tubefeet worj,
su rro u n d in g  th e  body. M idven tra l tubefee t pres-
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T a x o n o m y :  T h e  taxonom ic position  of the 
fam ily  is considered  elsew here (p. 207). T h e  fam ily 
is h ere  d iv ided  in to  th ree  genera, d istinguished  
by th e  presence o r  absence of a n  u n p a ire d  dorsal 
appendage , th e  p o sitio n  of th e  anus, th e  presence

o r absence o f c ircum -oral (or post-oral) pap illae  
(pp. 190-191), a n d  th e  n u m b e r a n d  shape of the 
tentacles (pp. 191-192).

T h e  shape of th e  ovaries exh ib its  som e d iffe r­
ences of taxonom ic significance (p. 194).

Key to the genera of Psychropotidae

1. A nus dorsal. C ircum -oral (or post-oral) p ap illae  p resen t (no t d em onstra ted  in
B. su p erb a ). T e n ta c le  discs soft an d  p l i a b le .................................................  B e n th o d y te s  (p. 76)

1. A nus v en tra l. C ircum -oral (an d  post-oral) p ap illae  absen t. T e n ta c le  discs o f a
fixed  shape, ro u n d e d  in  ou tline , a n d  w ith  m arg in a l k n o b s ......................................... 2

2. U n p a ire d  dorsal appendage  presen t .........................................................  P sych ro p o tes  (p. 99)
2. U n p a ire d  do rsa l ap p en d ag e  a b s e n t .........................................................  P sycheotreph.es  (p. 96)

G enus B en thodytes  Theel, 1882 
Figs. 115-116

T hdel, 1882, p. 102. -  T y p e  species: B en th o d y te s
typ ica  T h£el, 1882.

D i a g n o s i s :  A nus dorsal. U n p a ired  dorsal ap ­
pendage absent. C ircum -oral (or post-oral) p ap il­
lae present. T en tac les  soft, p liab le , an d  retractile.

R e m a r k s :  W h ile  th e  genus is w ell defined, in  
p a rticu la r on  accoun t o f its circum -oral papillae, 
the  species are  d ifficu lt to  evaluate taxonom ical- 
ly. Some of th e  species in te rg rad e  in  ex ternal 
appearance, a n d  th e  deposits show only  few dif­
ferences.

D ifferences in  th e  shape of th e  tentacles and  
in  the  ex terna l m orpho logy  of th e  gonads are to 
som e degree taxonom ically  significant.

T h e  species h e re  re ferred  to  B e n th o d y te s  fall 
i nto two d is tin c t g roups o f re la tio n sh ip  (only B. 
su p erb a  falls som ew hat outside):

B . incerta , B . lin g u a , B . v a ld iv ia e , B . sibogae, 
a n d  B . p la n a  have reg u la r cross-shaped deposits 
w ith  a large b ip a r t i te  cen tra l apophysis, an d  15 
tentacles (a sm aller n u m b er m ay be present, ap­
p aren tly  d u e  to  fa ilu re  to  regenerate  lost ten ­
tacles).

B . typ ica  an d  B . sa n g u in o le n ta  have strongly 
reduced, rod-shaped  deposits, an d  a h igh  tentacle 
n u m b e r (15-20 in  B . typ ica , an d  18 in  B . sangu i­
n o len ta ).

B . su p erb a  has cross-shaped deposits as the 
first group, b u t th e  crosses a re  som ew hat irregu­
la rly  form ed, a n d  ap p a ren tly  lack b ip a rtite  apo­
physes. T h e  ten tac le  n u m b er is unknow n.

A n u m b er o f species can n o t be d e fin ite ly  placed 
taxonom ically , because th e ir  deposits w ere dis­
solved o r insu ffic ien tly  preserved. T h is  app lied  
to four of th e  species from  th e  C h a llen g er  (B . 
abyssicola  T h6el, 1882; B . so rd id a  T h ee l, 1882; 
B. m a m illi fe ra  T h6el, 1882; a n d  B . se len k ia n a  
T h£el, 1882), to  B . ja n th in a  von  M arenzeller, 
1893a, an d  B . sp u m a  Vaney, 1908.

B e n th o d y te s  g ig a n te a  V errill, 1884, was by 
D eichm ann (1930) show n to belong  to  th e  genus 
P aelopa tides  (o rder A spidochirota).

T h re e  m ore  species are  in  th e  p resen t work 
rem oved from  th e  genus B e n th o d y te s :

B e n th o d y te s  b ro w n i Vaney, 1908, kno w n  from 
one A n tarc tic  specim en, was characterized  by the 
v en tro la te ra l tubefeet an d  the  dorsal pap illae  
being  p laced o n  elevated  p arts  o f th e  skin. 
Vaney’s illu s tra tio n  shows th a t th e  tubefee t are 
discrete, stric tly  v en tra l in  position , a n d  cy lindri­
cal (except for th e ir  enlarged, p ro x im a l part). 
T hese  features re fe r the  species to  th e  Laetmogo- 
n idae  ra th e r  th a n  th e  Psychropotidae. T h e  speci­
m en lacked deposits an d  cannot, therefore, be 
determ ined  to  species.

B e n th o d y te s  sa livo sus  S luiter, 1901 (a,b). T h e  
single specim en know n  was re-exam ined  and  
found  to  belong  to  th e  laetm ogonid  genus A p o -  
dogaster  (p. 75).

B e n th o d y te s  rec ta  K oehler &: Vaney, 1905, is 
here transferred  to  the  genus P sych eo trep h es.

T h re e  o f th e  specim ens taken  by th e  G alathea , 
each probab ly  rep resen tin g  a new  species, are  left 
undescribed d u e  to  the  absence o r fragm entary  
sta te  of th e  deposits (p. 96).
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1. D eposits cross-shaped. D orsal p ap illa e  usua lly  w ell d e v e lo p e d ..............................  2
1 D eposits rod-shaped  o r  absen t. D orsal p ap illae  m in u te  ............................................
2. Crosses irreg u la rly  shaped , w ith  u n d iv id e d  ce n tra l apophysis. T u b e fe e t o f b rim

free in  th e  g rea te r p a r t  o f th e ir  l e n g t h ................................................. .............  su p e r  a (p. )
2. Crosses regu la rly  shaped , w ith  a large, b ip a r t ite  ce n tra l apophysis. T u b e fee t o^

b r im  fused th ro u g h o u t th e ir  l e n g t h ..........................................................................
3 Crosses of tw o types, b o th  w ith  a b ip a rtite  apophysis; in  the  la rge  type the apo- 

’ physis is b ip a rtite  in  a t  least h a lf  the  length , a n d  th e  tw o branches are covered
w ith  sm all spines; in  th e  sm all type th e  apophysis is h ig h  a n d  sm ooth, an d  ends
in  tw o small, h o rizo n ta l b ranches w ith  dow nw ard ly  d irec ted  spines ro u n d  the ir

.......................  in cer ta  (p. 77)
m arg in  .................................................................................... ..

3. Crosses of one type only, resem b lin g  the  la rge type in  B . i n c e r t a ................
4. B rim  narrow , o ften  com plete ly  enclosed in  th e  body  w a l l ..............................  h n g u a  (p. 80)
4 B rim  b road , its m a rg in  fo rm in g  th e  edge of th e  ra th e r  f la tte n e d  b o d y ................  5
5. Skin h a rd  from  th e  densely  crow ded  deposits. B ody u n ifo rm ly  d a rk  v io le t sibogae  (p. 84)
5. Skin ra th e r  soft, w ith  less c row ded  deposits. Body lig h t v io let, a t least dorsally  6
6. A n terio r an d  p o ste rio r ends of body  regu la rly  ro u n d e d ; te n ta c u la r  crow n placed

a considerab le d istance  from  a n te r io r  edge of body, leav ing  am p le  space for the 
w ell-developed circum -oral r in g  of p ap illae  ..........................................................  p la n a  (p.

6 A n terio r an d  poste rio r ends of body som ew hat tap ered ; te n tac u la r crow n ad jo in ­
ing  th e  an te rio r edge o f th e  body, leaving only  a n arrow  space for circum -oral

............va.ld.miae (p. 82)
p a p i l l a e .....................................................................................................

7 Dorsal papillae num erous, a r ra n g e d  in  tw o b an d s . T en tac les  18. Post-oral pap illae
................................................. sanguinolenta  (p. 94)

LiX CwCllL • • # • • • • • •  • • • •  *
7 D orsal p ap illae  few, a rran g e d  in  tw o single rows. T en tac les  15-20. C ircum -oral

, ..............................  typ ica  (p. 89)
p ap illae  p r e s e n t ..................................................................................... / r

Key to the species of Benthodytes

B enthodytes incerta  Ludw ig, 1894 
Figs. 27-28, pis. IX : 1—2, X II : 1

B e n th o d y te s  incer ta  L udw ig, 1894, pp . 60-62, pi. 

I I :  \-A .
B e n th o d y te s  g o to i O hshim a, 1915, pp . 246-247, 

p i. IX : 12; O hsh im a 1915-1919, w ith  tw o fig­

ures.
fB e n th o d y te s  regu la ris  H . L. C lark , 1920, pp . 141— 

142, pi. I I :  2.

D i a g n o s i s !  Body sem i-circular in  cross-section. 
S k in  firm  an d  ra th e r  th in . T en tac le s  (9—>15. B rim  
n arrow , d e lim itin g  a w ell-defined  v e n tra l sole. 
D orsal p ap illae  filifo rm  o r conical, in  single rows. 
D orsal sk in  covered w ith  w arts, w h ich  each con­
ta in s  a  large cross-shaped d ep o sit always w ith  a 
reg u la r  b ip a rtite  apophysis. Sm all crosses of a 
p ec u lia r  type, sparsely occu rrin g  in  the  dorsum , 
w ith  d is ta l arm  spines a n d  a h igh , sm ooth  apo­
physis w hich  ends in  tw o h o rizo n ta l branches, 
each  w ith  dow nw ardly  d irec ted  m a rg in a l spines. 
V en tra l deposits usua lly  reduced ; apophyses, 
w h en  presen t, und iv ided .

M a t e r i a l :
St. 716, A capulco—P an am a (9°23’N , 89°32’W ),

3570 m . -  16 specim ens.

D e s c r i p t i o n :  T h e  specim ens are  4.5—22.0 cm 
long  a n d  of a  ra th e r  u n ifo rm  appearance. 
B rea d th  le n g th  of th e  body. T h e  sm allest
specim ens a re  th e  m ost slender.

S k in  f irm  a n d  ra th e r  th in . T h e  dorsal sk in  is 
covered w ith  w arts, w h ich  each contains a cross­
shaped  deposit. V en tra l skin sm ooth.

C o lo u r  lig h t v io let, b u t  rem nan ts of a  dark  
v io le t superfic ia l layer a re  p resen t on  th e  v en ­
tra l sole, a n d  in  some specim ens, also dorsally.

T e n ta c le s  (PI. IX : 1-2). T h e  sm aller specim ens 
have 15 ten tacles, w hereas the  la rger specim ens 
u sua lly  have a  low er n u m b er. A pparen tly , lost 
ten tac les a re  n o t regenerated , the  gaps being  
covered by  th e  g row th  of ad jo in in g  tentacles.

I n  th e  sm all specim ens th e  discs are usually  
reg u la rly  ro u n d e d  a n d  have ab o u t 12 m arg ina l 
knobs. I n  th e  large specim ens th e  tentacles are 
la rge  a n d  soft, a n d  shaped  a fte r each o ther. T h e



Fig. 27. Benthodytes incerta. St. 716. A large and a small specimen in ventral and dorsal
view. PHW.

m arg inal knobs are  w holly o r p a rtly  re trac ted . 
In  add ition , th e  discs a re  re trac tile  in to  the  te n ­
tacle stalk.

C ircum -ora l p a p il la e  p resent, b u t  o ften  d iffi­
cu lt to  discern. W h en  fu lly  ex ten d ed  th e  p ap illae  
a re seen to  be m erged a t th e ir  bases. A  contrac­
tile, o ra l m em brane  is seen in  som e of th e  speci­
m ens (cf. th e  large specim en illu stra ted ).

B r im  n arrow , in  some specim ens p artly  re ­
tracted , w ith  on ly  th e  tips o f th e  tubefee t visible. 
T h e  b rim  clearly  delim its th e  fla t ven tra l sole 
from  the  v au lted  dorsum . T h e  w ater-vascular 
canals of th e  tu b efee t a re  usually  v isib le la terally  
on  the ven tra l sole.

M id v e n tr a l tu b e fe e t  fo rm ing  an  irreg u la r 
d o u b le  row. T h e y  are  o ften  absen t anterio rly .

D orsa l p a p illa e  6 -9  along  each radius. T h ey  
are  usually  equa l in  n u m b e r a n d  sym m etrically 
a rran g ed  in  the  tw o rad ii. T h e  largest n u m b e r 
of p ap illae  is found  in  the  tw o largest specim ens 
(m easuring 22 an d  18 cm). T h e  22 cm  long  speci­
m en  (Fig. 27, left) possesses 9 pairs o f p ap illae  
w h ile  th e  18 cm lo n g  specim en possesses 9 r ig h t 
a n d  8 left pap illae. T h e  p ap illa e  a re  conical an d  
usually  en d  in  a  sm all w hip lash . T h e y  a t ta in  a 
len g th  of 7 m m  in  th e  la rger specim ens. T h e  
sm aller specim ens have re la tive ly  sm aller p a p il­
lae. w hich  are  o ften  d ifficu lt to  d istingu ish  from  
th e  num erous w arts w hich cover the  dorsal side.



Fig. 28. Benthodytes incerta. St. 716. Deposits. 1, small cross from dorsum; 2—3, large crosses 
from dorsum,- 4-5, cross and rod from ventrum.

D e p o s its  (Fig. 28). T h e  crosses of th e  dorsal 
w arts possess a  la rg e  b ifu rca te  apophysis w hich 
p ro jects from  th e  skin. T h e  arm s of th e  crosses 
a re  u sua lly  a b o u t 0.75 m m  long, a lth o u g h  they 
m ay b e  on ly  0.50 m m . T h e  arm s vary  g rea tly  in  
appearance, b e in g  upw ard ly  o r  dow nw ardly  
curved, a n d  w ith  ra th e r  d iffe ren tly  developed

- spines.
Scattered  sm all crosses o f a p ecu lia r type (Fig. 

28: 1) occur in  th e  dorsal skin. T h e  arm s are 
ab o u t 0.07 m m  lo n g  a n d  possess spines on ly  in  
th e ir  d is ta l p a r t  w h ich  is som ew hat dow nw ard ly  
curved. T h e  apophyses a re  h ig h  a n d  sm ooth , an d  
end in  tw o h o rizo n ta l arm s w hich  are  p rov ided  
w ith  dow nw ard ly  d irec ted  spines on  th e ir  m argin .

T h e  v e n tra l deposits a re  few a n d  usually  re ­
duced to  rods. T h e  few cross-shaped deposits 
p resen t have red u ced  apophyses.

S y n o n y m y :  B e n th o d y te s  in cer ta  L udw ig  was 
taken  by  th e  A lb a tro ss  n e a r  th e  locality  o f the 
G a la th ea  specim ens, one specim en (11.5 cm  long) 
a t St. 3400 (d ep th  2417 m), an o th e r  (8.4 cm  long) 
a t St. 3415 (d ep th  3436 m). T h e  specim ens (in 
U SNM ) w ere re-exam ined  a n d  fo u n d  to  agree in  
ex te rn a l m o rp ho logy  w ith  th e  G a la th ea  sped-/ 
m ens. (T h e  la rge size of th e  p ap illae  in  L udw ig ’s 
figu re a p p lie d  to  th e  freshly caugh t large speci­
m en. T h e  specim en in  the  preserved sta te  h ad  
p ap illa e  s im ila r in  shape a n d  size to  those o f the  
largest o f th e  G a la th ea  specim ens). T h e  sk in  was 
covered w ith  w arts. A  n u m b e r  of 10 a n d  12 ten ­
tacles respectively  w ere presen t. T h e  deposits (not 
re-exam ined) w ere som ew hat d iffe ren t in  th e  two

specim ens. T h e  la rg e  specim en h a d  stu rdy  an d  
sp inous v en tra l crosses w ith  0.30-0.45 m m  long 
arm s a n d  sp inous, u n d iv id e d  apophyses. T h e  
arm s o f th e  d o rsa l crosses w ere sho rte r (up  to  0.3 
m m  long) a n d  m o re  slender; th e  apophyses were 
h ig h  a n d  b ip a rt ite . T h e  sm all specim en possessed 
n o  v e n tra l deposits; th e  d o rsa l crosses h ad  u p  to
0.5 m m  lo n g  arm s a n d  a b ip a r t i te  apophysis.

T h e  dorsal deposits  o f th e  G a la th ea  specim ens 
d iffe r from  those  o f  th e  la rg e  A  Ibatross specim en 
(i.e. th e  deposits i l lu s tra te d  by Ludw ig), by  th e ir  
la rge size a n d  th e ir  m o re  reg u la rly  shaped, o u t­
w ard ly  cu rved  a n d  ta p e r in g  apophyses. O n  the 
o th e r  h a n d , th e  sm all specim en of L udw ig’s B . 
in cer ta  h a d  d o rsa l deposits w h ich  fell w ith in  the 
varia tio n  in  th e  G a la th ea  specim ens.

T h e  sm all type o f deposit in  the  G alathea  
specim ens was n o t described  from  L udw ig ’s spec­
im ens. T h is  is, how ever, n o t  su rp ris in g  in  view 
o f th e  fact th a t  these deposits occurred  very 
sparsely, a n d  th a t  th e  ends o f the  apophyses 
were ra re ly  preserved.

T h e  species id e n tity  o f th e  G a la th ea  specim ens 
w ith  the  la rge  A lb a tro s s  specim en m ay be ques­
tioned , b u t  they  agree w ell w ith  th e  sm all specim en 
w hich  L u d w ig  des ig n a ted  as th e  type.

B e n th o d y te s  g o to i  O h sh im a  is know n from  
fo u r specim ens, ta k en  a t  3292 m  in  th e  O khotsk 
Sea. T h e  ag reem en t w ith  th e  G a la th ea  specimens, 
as seen from  th e  illu s tra tio n s  in  the  Japanese 
ed itio n  o f O h sh im a’s w ork, is very fine. Both 
types of d ep o sit w ere  p resen t, la rge crosses w ith
0.3-0.8 m m  lo n g  arm s, a n d  sparsely occurring  
sm all ones w ith  0.10-0.18 m m  lo n g  arm s a n d  a cen­
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tra l  apophysis e n d in g  in  tw o h o rizo n ta l b ranch ­
es w ith  dow nw ard ly  d irec ted  spines. T h e  id en ­
tity  betw een  B . g o to i  a n d  B . in cer ta  is strongly sup­
p o rted  by th e  occurrence in  b o th  species o f this 
p ec u lia r type o f sm all crosses.

B e n th o d y te s  reg u la r is  H . L . C lark  is know n 
from  one specim en, tak en  a t  4087 m  betw een the 
G alapagos Islands a n d  S ou th  A m erica. A ccording 
to  C lark , the  species is characterized  by the regu­
la r  a rran g e m en t o f th e  dorsal p ap illae ; b u t ac tua l­
ly, th is fea tu re  is com m on to  a  n u m b e r of species 
of B e n th o d y te s .  T h e  deposits w ere n o t illu s tra t­
ed, a n d  th e  shape o f th e  apophyses n o t m entioned. 
T h e  dorsal deposits w ere sa id  to  m easure 
a b o u t 0.125 m m  across, b u t  fragm ents o f doub le­
sized crosses w ere also p resen t. A  re-exam ination  
o f th e  specim en (in  U SN M ) show ed fragm ents 
o f crosses m easu rin g  a b o u t 1.4 m m  across, b u t 
w ith  n o  apophyses preserved. Sm aller crosses 
m easu ring  0.2-0.3 m m  across, w ith  straigh t, ra th e r  
s lender a n d  sp inous arm s occu rred  in  th e  deeper 
layer o f th e  skin . D eposits as sm all as the type 
m en tio n e d  by C lark  w ere n o t found ; in  size they 
ag reed  w ith  th e  sm all type in  th e  G ala thea  speci­
m ens. T h e  id e n tity  o f th e  reg u la ris  specim en, 
like th a t o f th e  la rge  in ce r ta  specim en described 
by  L udw ig, ca n n o t b e  estab lished  u n til  the  depos­
its can  be show n to  fa ll w ith in  th e  range  of varia ­
tio n  in  B . in cer ta .

R e l a t i o n s h i p s :  B . in cer ta  an d  B . lin g u a  d iffer 
in  th e  fo llow ing  features: (1) T h e  sm all type of 
deposit, w ith  th e  apophyses e n d in g  in  two ho ­
rizo n ta l branches, a re  absen t in  B . lin g u a . (2) T h e  
ten tac le  discs in  B . in cer ta  h ave a b o u t 12 sm ooth, 
m a rg in a l knobs; in  B . lin g u a  th e  discs are larger, 
a n d  th e  m arg in  is irreg u la rly  in d en ted . (3) M ost 
o f th e  know n  specim ens of B . lin g u a  have a re ­
m ark ab ly  th ick  a n d  gela tinous skin, an d  the b rim  
is com plete ly  re trac ted : th e  v en tra l sole is barely  
d e lim ited  from  th e  rem a in in g  p a r t of the body, 
an d  th e  specim ens a re  c ircu lar in  cross section. 
In  con trast, th e  know n  specim ens of B . incerta  
have a  ra th e r  th in  a n d  firm  skin, a n d  the  ven tra l 
sole is w ell d e lim ited  by a d istinct, a lthough  n a r­
row  b rim . H ow ever, the  species B . lin g u a  varies 
in  ex te rn a l appearance, a n d  som e of P errie r’s spec­
im ens w ere in d is tin g u ish ab le  in  body shape 
from  th e  G a la th ea  specim ens of B . incerta .

B . in cer ta  d iffers from  all o th e r  species of B e n ­
th o d y te s  by  th e  p ecu lia r sm all type of cross.

D i s t r i b u t i o n :  E as te rn  Pacific, 2417-3570 m . B . 
regu la ris , w h ich  m ay  b e  id e n tic a l w ith  B . in cer ta , 
was taken  a t a  d e p th  o f 4087 m.

T ype: U SN M , lab e lled  “T y p e ”.
T y p e  locality : A lb a tro s s  St. 3415 (14°46’N, 
98°40’W ).

B en thody tes  lingua  R . Perrier, 1896 
Figs. 29, pis. IX : 3-5 , X II : 2-3

B e n th o d y te s  lin g u a  R . P errie r, 1896, p . 902; R . 
P e rrie r  1902, pp . 456-461, pis. X II : 1-2, X X I: 
1-9; D eich m an n  1930, pp . 124-125; D eichm ann  
1940, pp . 200-201, pi. X X X V : 3-4 ; H ed in g  
1942, p . 15; D e ich m an n  1954, p. 384. 

B e n th o d y te s  ja n th in a  von  M arenzeller, G rieg 
1921, p. 11; H e d in g  1942, p. 15.

P a n n ych ia  g lu t in o s a  H e ro u a rd , 1902, p. 32, pi. 
IV : 17.

D i a g n o s i s :  B ody u sua lly  ro u n d e d  in  cross sec­
tion. Sk in  usua lly  th ic k  a n d  gelatinous. T en tac les  
(12-) 15. B rim  n a rro w  a n d  com pletely  re trac tile . 
V en tra l sole u sua lly  feebly d e lim ited  from  the 
rem a in in g  p a r t o f th e  body. D orsal p a p illa e  in  
single rows, u p  to  12 pairs , filifo rm  o r slightly  
conical. D orsal deposits la rge crosses w ith  b ip a r­
tite  apophyses, th e  tw o arm s o f w hich  a re  o u t­
w ard ly  cu rved  a n d  g rad u a lly  tapered . V en tra l 
deposits ru d im e n ta ry  o r  absent.

M a t e r i a l :
St. 32, M o n ro v ia -T a k o ra d i (4°05’N , 2°13’W ), 

2100 m . -  4  specim ens.
In  ad d itio n , 7 specim ens from  S outh  A frica (w ith­
o u t fu rth e r  in fo rm a tio n  a b o u t locality), k ep t in  
ZM UC, w ere exam ined .

D e s c r i p t i o n :  G a la th ea  St. 32. — L en g th  o f spec­
im ens 26-38 cm. T h e  specim ens in  ex te rn a l ap ­
pearance agree w ith  th e  specim en illu s tra te d  by 
P errie r (1902, pi. X II :  1-2).

S k in  soft, th ick , a n d  lig h t violet.
T e n ta c le s  12-14. D iscs in  th e  ex ten d ed  sta te 

resem bling  those o f th e  In g o l f  specim ens (PI. IX : 
3). H ow ever, m ost o f th e  discs a re  to  som e degree 
re trac ted  in to  th e  b ro a d  s ta lk  (PI. IX : 5). T h e  
stalks w ith  th e  re tra c te d  discs a re  usually  pressed 
together, fo rm ing  elongated , ra d ia l pockets, the 
inside of w hich  is lin e d  w ith  the  disc surface.



Circum-oral p a p illa e  v isib le  as m in u te  v io le t 
spots. A  p a rtia lly  c o n tra c te d  oral m em bran e  is 
p resen t in  some of th e  specim ens.

B r im  narrow , in  m ost o f th e  specim ens com ­
pletely re trac ted . T h e  v e n tra l sole passes g ra d u a l­
ly in to  th e  body side, th e  body  b e in g  ro u n d e d  in
cross section.

M id v e n tr a l tu b e fe e t  m in u te  a n d  u sua lly  re ­
tracted. T h e y  a re  ab sen t o n  th e  an te r io rm o st 2 -3  
cm of the  ven tra l sole.

D orsa l p a p illa e  f ilifo rm  a n d  vary in g  in  leng th , 
from  q u ite  inconsp icuous to  a b o u t 4 m m  long. 
O w ing to  th e ir  sm all d ia m e te r  a t th e  base they 
are easily lost, an d  th e  n u m b e r  is, the re fo re , d iffi­
cu lt to  m ake o u t; i t  p ro b a b ly  varies betw een  10 
an d  20 pairs.

D ep o s its  resem bling  those  o f  th e  S o u th  A frican  
specim ens (q. v.). T h e  d o rsa l crosses h av e  0.4-0.7 
mm long  arm s a n d  a ce n tra l apophysis  w h ich  is 
b ip a rtite  alm ost from  th e  base. B o th  arm s an d  
apophyses are ro b u s t a n d  sp inous. P re p a ra tio n s  
from  the  ven tra l sk in  c o n ta in e d  n o  deposits in  
th ree o f the  specim ens, w h ile  a  few la rg e  crosses 
were p resen t in  th e  fo u r th  specim en; apophyses 
n o t preserved.

T h e  S outh  A frican  specim ens. — L e n g th  15-24 cm. 
Body form , brim , a n d  m id v e n tra l tu b e fe e t as in  
the G ala thea  specim ens.

T en ta c le s  12-15 (PI. IX : 4). T h e  discs a re  sim i­

la r in  shape to  those o f th e  G a la th ea  specim ens, 
a n d  show  a sim ila r re tra c til ity  in to  th e  stalks.

C ircum -ora l p a p il la e  v isib le in  th ree  specim ens.
D orsa l p a p il la e  f ilifo rm  a n d  vary ing  in  leng th , 

from  being  q u ite  inconsp icuous to  a b o u t 10 m m  
long. T h e  p ap illae  a re  single-row ed; the  h ighest 
n u m b e r found  was 10-12 pairs.

D ep o s its  (Fig. 29: 1-2) s im ila r in  shape a n d  size 
to  those of th e  G a la th ea  specim ens. T h e  v en tru m , 
exam ined  in  th ree  specim ens, con ta in s n o  depos­
its. T h e  ovaries c o n ta in  cross-shaped, tr ip a rti te , 
a n d  rod-shaped  deposits, a ll devo id  o f v ertica l 
apophyses.

S y n o n y m y :  B e n th o d y te s  lin g u a  was tak en  a t 
several N o rth  A tla n tic  sta tions of th e  T r a v a ille u r  
a n d  the  T a lism a n . A  d e ta iled  descrip tion  of the  
specim ens was g iven  by  R . P e rrie r  (1902), w ho 
no ted  th e  presence o f circum -oral p ap illa e  a n d  
a con tractile  o ra l m em brane. T h e  ten tac le  discs 
w ere irreg u la rly  sh a p ed  a n d  feebly lobated . T h e  
body was shaped  like  th e  to n g u e  of a n  ox, w hence 
the nam e of the  species.

D u rin g  re-ex am in a tio n  th e  specim ens w ere seen 
to  resem ble th e  G a la th ea  specim ens in  ex te rn a l 
features as w ell as deposits. A  few specim ens 
h ad  a f la tten ed  (ap p a re n tly  collapsed) body. T h e  
ten tac le  discs w ere ir re g u la rly  shaped  a n d  d iffe red  
greatly  in  size w ith in  o n e  a n d  th e  sam e speci­
m en. T h e y  show ed a s im ila r re trac tility  in to  the

Fig. 29. Benthodytes lingua. Dorsal deposits. 
1-2, South African specimens, 20 and 22 cm 
long; 3-4, Ingolf St. 18, a 7 cm long specimen.



stalks as those of th e  G a la th ea  a n d  th e  S outh  
A frican  specim ens.

P a n n ych ia  g lu tin o s a  H & rouard, erected  on  a  6 
cm  long  specim en tak en  a t  a  d e p th  of 2202 m  east 
of th e  Azores, was by  D e ic h m a n n  (1930) synony- 
m ized w ith  B . lin g u a ,  b u t  w ith o u t com m ent. 
T h e  specim en, to  ju d g e  from  H £ ro u a rd ’s d e s c r ip  
tion , resem bled th e  sm all specim ens of B . lin g u a  

taken  by  th e  In g o l f  (see below ).
T h e  specim ens from  th e  I n g o l f  w h ich  H ed in g  

referred  to  B . lin g u a  a n d  B . ja n th in a ,  a re  in  the  
presen t w ork a ll re ferred  to  B . lin g u a .  T h e  speci­
m ens w ere re-exam ined.

T h e  specim en from  I n g o l f  St. 20, by  H ed in g  
de term ined  to  B . ja n th in a , is 14 cm  long  an d  
un ifo rm ly  w h itish  a ll over. T h e  v en tro la te ra l 
tubefeet are com pletely  re trac ted , d istingu ishab le  
only  as sm all p its  in  the  th ic k  a n d  soft skin. O nly  
a ro u n d  the h ead  do  th e  tu b e fe e t p ro jec t slightly  
from  the  skin, fo rm ing  a  c lear b o rd e r  betw een  
the  dorsal a n d  v en tra l side. O therw ise , th e  v en tra l 
sole passes g rad u a lly  in to  th e  la te ra l body  w all, 
a n d  the  p its from  th e  v en tro la te ra l tu b efee t do  
n o t in  any w ay d e lim it a  w ell-defined  v en tra l 
sole. T h e  15 ten tacles resem ble those of th e  sm all 
specim en from  In g o l f  St. 18 (PI. IX : 3). T h e  
dorsal pap illae  a re  sm all a n d  p laced  a t  irreg u la r 
in tervals th ro u g h o u t the  le n g th  of th e  dorsal 
rad ii. O nly few p ap illae  a re  v isible, b u t  a n u m b er 
of sm all p its in d ica te  a d d itio n a l, re trac te d  p a­
p illae . T h e  dorsal deposits agree perfectly  w ith  
those of P errie r’s specim ens of B . lin g u a  a n d  w ith  
those of th e  G a la th ea  a n d  th e  S o u th  A frican  
specim ens. T h e  arm s are a b o u t 0.5 m m  long.

T h e  specim en from  I n g o l f  St. 18, by H ed in g  
determ ined  to  B . lin g u a , is 7 cm  lo n g  an d  w hitish- 
transparen t. T h e  skin is th ick  a n d  soft, except 
ven tra lly , w here it  is q u ite  th in . A  few canals for 
the  v en tro la te ra l tu b efee t a re  seen th ro u g h  the  
skin, b u t no  tubefeet a re  v isib le on  th e  surface. 
A t least four pairs o f sm all, ra d ia l do rsa l p ap illae  
are present. T en tac les  15; discs (PI. IX : 3) ro u n d ­
ed  in  o u tlin e  an d  covered w ith  p ap illae ; a t the 
periphery  of the  disc th e  p ap illa e  a re  arranged  
in to  rad ia l fields w hich  co n tin u e  in to  irregu la rly  
shaped  m arg inal processes. T h e  ten tacles a re  thus 
m ore regularly  shaped  th a n  is u su a l in  the  above 
described specim ens. T h e  deposits (Fig. 29: 3-4) 
are ra th e r  slender, th o u g h  n o t m ore  slender th a n  
in  some of the  large specim ens. T h e  v en tra l skin 

has no  deposits.
T w o  ad d itio n a l specim ens from  St. 18, n o t

m en tio n ed  in  th e  In g o lf R eport, w ere exam ined . 
T h e y  a re  2.7 a n d  3.0 cm  lo n g  an d  sim ilar to  th e
7 cm  long  specim en b o th  in  ex te rn a l fea tures a n d  
deposits (the deposits a re  slightly  m ore slender, 
b u t o f the sam e size an d  shape). F o u r p a irs  o f 
low, conical dorsal p ap illae  a re  visible in  th e  3.0 
cm long  specim en.

B e n th o d y te s  ja n th in a  von  M arenzeller, G rieg  
1921. R e-exam ination  o f the  specim en (22 cm  
long) revealed  agreem ent in  ex tern a l features 
w ith  B . lingua . D eposits dissolved.

R e l a t i o n s h i p s :  M ost closely re la ted  to  B . 
in cer ta  (q. v.).

D i s t r i b u t i o n :  N o rth  an d  South  A tlan tic , 860- 
3192 m.

T ype: M N H N .
T y p e  locality: T a lism a n  1883, St. 39 (30°08’N , 
14°02’W ).

B enthodytes valdiviae  n. sp.
Figs. 30-31

B e n th o d y te s  lin g u a  R . P errie r, H ed in g  1940, p. 
368.

B e n th o d y te s  ja n th in a  von M arenzeller, H ed in g  
1940, p. 368.

D i a g n o s i s :  Body fla ttened , som ew hat tap ered  
a t  b o th  ends. T en tac le  crow n ad jo in in g  a n te r io r  
edge of body. T en tacles (12—)15. B rim  b road , b u t  
re trac tile . D orsal p ap illae  5-10 pairs, s lender 
from  base to  tip . D eposits, dorsally  large crosses 
w ith  a  b ip a rtite  apophysis; v en tra lly  absen t, o r  
reduced  to  sm all rods.

M a t e r i a l :
V a ld iv ia  St. 33, sou th  of the  C anary  Islands 

(24°35’N , 17°05’W ), 2480 m. -  7 specim ens.

D e s c r i p t i o n :
T w o  specim ens are large (10-11 cm  long), five 
are  sm all (5-7 cm  long). H ed in g  (1940), in  h is  
re p o rt on  the  V a ld iv ia  ho lo th u rian s, re fe rre d  th e  
large specim ens to  B e n th o d y te s  lin g u a , a n d  th e  
sm all ones to  B . ja n th in a .  A  re-exam ina tion  of 
the specim ens (a t p resen t in  ZM U C) resu lted  in  
the  decision to  u n ite  them  in to  a new  species.
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y p n ”

Fig. 30. Benthodytes valdiviae. Val­
divia St. 33. The type specimen in 
dorsal and ventral view. L J.

3 cm

T h e  type specim en (Fig. 30) is 10 cm  long, 3 
cm b ro ad  (exclusive o f th e  la te ra l b rim ) a n d  1.7 
cm  h igh . D orsal side lig h t v io le t a n d  sm ooth. 
V en tra l side lig h t v io le t, b u t  w ith  sm all patches 
of a  d a rk  v io let superfic ia l layer. T en tac les  d a rk  
violet.

T e n ta c le s  w ith  re trac tile , soft discs s im ilar in  
shape to  those of B . lin g u a . Som e o f th e  stalks 
co n ta in in g  re trac te d  discs form  ra d ia l pockets. 
T h e  n u m b e r of ten tacles cou ld  n o t b e  m ade ou t.

C ircu m -o ra l p a p il la e  n o t visible.
B r im  re trac tile , u p  to  7 m m  b ro a d  along  the  

body side an d  2 m m  b ro ad  ro u n d  th e  an te rio r 
an d  posterio r ends. T h e  edge o f th e  body  is 
sm ooth, th e  tubefee t o f th e  b rim  b e in g  com plete­
ly fused.

M id v e n tr a l tu b e fe e t  a rran g ed  in  a do u b le  row  
th ro u g h o u t len g th  o f v en tra l sole.

D o rsa l p a p illa e . T w o  r ig h t an d  th ree  le ft p ap il­
lae  a re  seen, vary ing  in  len g th  from  2 to  10 m m . 
A d d itio n a l com pletely  re trac ted  p ap illa e  w ere 
possibly present.

D e p o s its  (Fig. 31) dorsally  robust, spinous 
crosses w ith  a b o u t 0.7 m m  long  arm s a n d  a large, 
b ip a r t ite  apophysis. N o  deposits w ere p resen t in  
a p re p a ra tio n  fro m  th e  v en tra l skin.

T h e  o th e r  la rge  specim en is 11 cm long, 3 cm 
b ro a d  (exclusive o f  th e  b rim ), a n d  2 cm  high. 
B o th  dorsal a n d  v e n tra l side lig h t v io le t an d  
sm ooth ; ten tac les a n d  m id v en tra l tubefeet dark  
violet.

T e n ta c le s  12, resem b lin g  those of the  type 
specim en.

C ircu m -o ra l p a p il la e  n o t visible.
B r im  s im ila r to  th a t  o f th e  type specim en.
M id v e n tr a l  tu b e fe e t  p resen t th ro u g h o u t leng th  

of v en tra l sole.
D o rsa l p a p il la e  re trac ted , th e ir  presence in ­

d ic a te d  by  s lig h t depressions of th e  skin. T h e  
n u m b e r  is p ro b ab ly  be tw een  5 an d  10 pairs.

G e n ita l  o p e n in g  18 m m  from  an te rio r edge of 
body.

D e p o s its  s im ila r to  those of th e  type specim en.
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O f th e  five sm all specim ens, the  largest (7 cm 
long) is th e  best preserved. T h e  dorsal side is 
l ig h t v io le t, w h ile  th e  v en tra l side bears rem nan ts 
o f a superfic ial dark  v io le t layer. T h e  tentacles 
a re  d a rk  violet.

T e n ta c le s  15; discs regu la rly  ro u n d ed  an d  only 
sligh tly  re trac ted . T h e y  are  sim ilar in  shape to  
those of th e  7 cm  long  specim en of B . lin g u a  from  
In g o l f  St. 18 (PI. IX : 3). A  few pap illae  are 
p resen t p o ste rio r to  th e  ten tac le  crown, p robably  
fo rm ing  p a r t o f a  circum -oral ring.

B r im  a b o u t 2 m m  broad .
D o rsa l p a p illa e  rad ia l, 6 o r 7 pairs, slender, 

a n d  u p  to  7-8  m m  long.
D ep o s its , dorsally  sim ilar to  tiiose of the  large 

specim ens. T h e  v en tru m  con tains small, scattered 
rods.

T h e  fo u r rem a in in g  sm all specim ens are defec­
tive a n d  p rov ide  n o  ad d itio n a l in fo rm ation .

F o u r o f the five sm all specim ens (includ ing  the 
largest one) show a strong  con trac tion  of the 
dorsal lo n g itu d in a l muscles, an d  in  two of d ie  spec­
im ens th is  h a d  led  to  a to ta l ru p tu re  of the  
v en tra l skin. T h e  com plete ex tension of all the 
ten tacles in  th e  sm all specim ens m ay be d u e  to  
th e  s tro n g  con trac tion  of th e  body.

R e l a t i o n s h i p s :  B . v a ld iv ia e  m ay be m ost 
closely re la ted  to  B . p la n a . T h e  la tte r  species 
has a m ore  th ick  a n d  soft skin, an d  its body is 
m ore  regu la rly  ro u n d ed  a t  b o th  ends. T h e  ten ­
tacle crow n in  B . p la n a  is p laced  a t some distance 
from  the  an te rio r  m arg in  of the body, w hile in

B . v a ld iv ia e  its  ad jo in s  the  an te r io r  edge of the 
body. T h e  deposits a re  s im ilar to  the largest and  
m ost ro b u s t deposits of B . lin g u a  an d  m uch  m ore 
ro b u st th a n  those of B . p la n a .

B en thodytes sibogae  Sluiter, 1901 
Figs. 32-33

B e n th o d y te s  s ibogae  S lu iter, 1901a, pp . 17-18; 
S lu ite r  1901b, pp . 55-58, pis. I : 1-2, IX : 11, 
X : 1.

B e n th o d y te s  h y s tr ix  S lu iter, 1901a, pp . 19-20; 
S lu ite r  1901b, pp . 59-60, pis. IV: 4, IX : 10; 
H e d in g  1940, p. 367.

D i a g n o s i s :  Body fla ttened . C olour un iform ly  
d a rk  violet. T en tac les  (14—) 15. B rim  broad. 
D orsal p ap illae  5 -6  pairs, conical, in  single rows. 
D orsal deposits crow ded, sp inous crosses, usually  
w ith  b ip a r t ite  apophyses. V en tra l deposits ro d ­
shaped, tr ip a rtite , o r  cross-shaped; apophyses 
absent, o r  ru d im e n ta ry  a n d  und iv ided .

D e s c r i p t i o n :  T h e  species B . sibogae  an d  B . 
h y s tr ix ,  h ere  synonym ized, a re  know n from  seven 
specim ens, tak en  in  In d o n esia n  seas by  the  Siboga  
a n d  th e  V a ld iv ia . T h e  specim ens, a ll re-exam ined, 
cam e from  th e  fo llow ing  stations:

S ib o g a  St. 18: B . sibogae , one specim en, 19 cm 
long. T h e  specim en, a lth o u g h  n o t designated  
as type specim en, fo rm ed  th e  basis of S lu ite r’s 
descrip tion .
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-  St. 314: B . sib o g a e , on e  specim en, 11 cm  long.
-  St. 175: B . sib o g a e , on e  specim en, 6 cm  long.
-  St. 221: B . h y s tr ix ,  on e  specim en, 20 cm  long. 
V ald iv ia  St. 186: B . h y s tr ix ,  tw o specim ens, 15

an d  17 cm  long. i
-  St. 189: B . h y s tr ix ,  on e  specim en, 11 cm  long.

T h e  v aria tio n  in  ex te rn a l appearance  is illu s­
tra ted  by S lu ite r’s figures o f B . s ibogae  a n d  B . 
h ystr ix , a n d  th e  V a ld iv ia  specim en show n in  Fig. 
32.

C o lo u r  u n ifo rm ly  d a rk  violet, w ith  w h itish  
regions w here in  th e  deposits are p a rticu la rly

dense. T h is  un ifo rm ly  d a rk  v io le t co lou r seems 
to  b e  th e  n a tu ra l one in  th e  species. T h e  speci­
m en from  Siboga  St. 314 h a d  th is co lo u r still, 
w hereas th e  specim en from  S iboga  St. 18, w hich, 
accord ing  to  S lu ite r’s descrip tion , was d a rk  violet, 
was fo u n d  on  re-exam ina tion  to  b e  lig h t violet. 
T h e  sm all specim en from  S iboga  St. 175 was 
likew ise lig h t violet, b u t  a ll th e  in te rn a l organs 
w ere d a rk  violet.

T e n ta c le s  (14—>15. Discs in  th e  15 cm  long 
specim en from  V a ld iv ia  St. 186 u n re trac ted , 
resem bling  those of th e  7 cm  long  specim en of 
B . lin g u a  from  In g o l f  St. 18 (PI. IX : 3). In  the



17 cm lo n g  specim en from  V a ld iv ia  St. 186 (Fig. 
32) th e  re trac ted  discs covered th e  inside of the  
stalks, th e  la tte r  fo rm in g  ra d ia l pockets.

C ircum -ora l p a p il la e  v isib le in  the  specim en 
from  V a ld iv ia  St. 189.

B r im  varying in  b rea d th . S lu ite r  re ferred  to 
the  b ro ad e r b rim  o f B . h y s tr ix  as one of the  
features d is tin g u ish in g  th is  species from  B . 
sibogae. H ow ever, the  ag reem en t in  o th e r  ex ter­
n a l features, as w ell as in  deposits, ind icates th a t 
the  d iffe ren t b re a d th  of th e  b r im  is d u e  to  a 
d iffe ren t degree o f co n trac tio n , o r  to  in d iv id u a l 
varia tion .

In  th e  tw o specim ens from  V a ld iv ia  St. 186 
th e  b rim  is as b ro ad  as in  th e  specim en w hich  
S lu ite r illu s tra te d  as B . h y s tr ix ;  b u t  its edge is 
sm ooth, the  tip s of the  tu b e fee t on ly  slightly  
p ro jec tin g  here a n d  there. O w ing  to  th e  strong  
p ig m en ta tio n  of the  skin a n d  th e  dense crow ding  
o f the  deposits, th e  canals a re  in  m ost places 
invisib le . In  th e  specim en from  V a ld iv ia  St. 189 
the  brim , only  p a rtia lly  preserved, agrees m ore 
w ith  th a t in  S lu ite r’s figure of B . s ibogae, b eing  
ra th e r  narrow  a n d  th in , w ith  th e  canals of th e  
tubefee t clearly  v isib le th ro u g h  th e  skin.

T h e  6 cm long  specim en of B . s ibogae  from  
S iboga  St. 175 h a d  th e  v en tro la te ra l tubefeet 
alm ost com pletely  re trac te d  in to  th e  soft an d  
gelatinous skin. In  ex te rn a l ap p earan ce  the  speci­
m en resem bled ju v e n ile  specim ens of B . lingua . 
U nfo rtuna te ly , the  d e te rm in a tio n  to  B . sibogae  
cou ld  n o t be su p p o rted  by  a  com parison  of the  
deposits, n o n e  of w hich  h a d  th e  apophyses p re ­
served.

D orsa l p a p illa e  5 -6  pairs, p laced  in  a single 
row  along  each dorsal rad iu s. I n  a d d itio n  to  
these pap illae, w hich  are conspicuous a n d  conical 
w ith  p o in te d  or b lu n t  tips, a  n u m b e r  of m inu te , 
rad ia l p ap illae  a re  seen in  th e  tw o specim ens 
from  V a ld iv ia  St. 186.

Some of the p ap illae  of B . s ibogae  a n d  B . 
h y s tr ix  illu stra ted  by  S lu ite r a re  singly o r doub ly  
d iv ided  distally. A  re-exam ina tion  confirm ed 
S lu ite r’s supposition  th a t th e  sp littin g  o f the 
p ap illae  is an  artifact.

D ep o sits  (Fig. 33). T h e  dorsal crosses are so 
crow ded in  the  V a ld iv ia  specim ens a n d  in  the  
specim en from  S iboga  St. 314 th a t  the  ex ternal 
layer o f th e  sk in  has becom e q u ite  h a rd  an d  has 
tak en  on  a w hitish  tinge h ere  a n d  there. I n  the  
specim ens from  S iboga  Sts. 18 an d  175 the  deposit 
layer was alm ost com pletely  w o rn  off, an d  usually

Fig. 33. Benthodytes sibogae. Deposits. 1-2, Valdivia  
St. 186, dorsal crosses; 3, same, crosses from the gonadal 

wall; 4-5, Siboga St. 314, dorsal crosses.

little  m ore th a n  a rm  fragm ents rem ained . T h e  
specim en from  S ib o g a  St. 221, the  type specim en 
of B . h y s tr ix ,  possessed rem nan ts o f a  strongly  
developed d eposit layer, seen in  S lu ite r’s d raw in g  
as small sp inous patches.

A ccording to  S lu ite r, the  deposits o f B . s ib o g a e  
resem bled those o f B . incerta . H ow ever, b ip a r t i te  
apophyses w ere n o t m en tioned , a n d  the  d ep o sit 
figured from  the  dorsal skin h a d  a n  u n d iv id e d  
apophysis. T h e  arm s of the  crosses w ere slender,
0.3 m m  long, a n d  p ro v id ed  w ith  spines o n ly  in  
the  d istal part. I n  con trast to  this, th e  deposits 
of B . h y s tr ix  w ere o f a heavy structu re ; th e  arm s 
m easured a b o u t 1.0 m m  an d  w ere p ro v id ed  w ith  
spines th ro u g h o u t alm ost th e ir  w hole le n g th ; 
the  apophyses h a d  a sm ooth, un d iv id ed  p ro x im a l 
part, co n tin u in g  in to  a p a ir  o f outw ardly-curved, 
po in ted , a n d  sp inous arm s.

C om paring  th e  tw o deposits illu s tra te d  in  th e  
Siboga R e p o rt a n  id en tity  betw een B . s ib o g a e  
a n d  B . h y s tr ix  seems to  be excluded. H ow ever, a 
re-exam ination  revea led  th a t the  deposit illu s tra t­
ed from  B . s ibogae  was n o t typical, th e  deposits 
being, in  ac tu a l fact, in d is tingu ishab le  from  
those of B . h y s tr ix .

T h e  deposits o f th e  specim en w hich S lu ite r 
described as B . h y s tr ix  w ere found  to  agree in  
shape w ith  th a t illu s tra te d  in  the  Siboga R e p o rt; 
b u t the  arm s w ere on ly  0.6-0.8 m m  long. T h e  
deposits o f th e  tw o B . sibogae  from  S ib o g a  Sts. 
18 an d  314 (Fig. 33; 4—5) h ad  arm  lengths of 0 .3 -
0.4 an d  0.4-0.6 m m , respectively. N o  apophyses
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w ere preserved  in  th e  p rep a ra tio n s  of th e  speci­
m en  from  S iboga  St. 18, b u t in  th e  specim en from  
St. 314 th e  apophyses w ere n early  a ll b ip a r t ite  a n d  
s im ila r in  shape to  those described  fo r B . h y s tr ix . 
T h e  arm s of the deposits w ere in  b o th  specim ens 
as ro b u s t as those of B . h y s tr ix  ( th e ir  sm alle r size 
taken  in to  account), an d  spines w ere p resen t 
th ro u g h o u t alm ost th e ir  w hole leng th . T h e  de­
posits of th e  juven ile  specim en from  St. 175 w ere 
too  defective to  b e  exam ined.

A ccord ing  to  H eding , the  do rsa l deposits of 
th e  V a ld iv ia  specim ens agreed  w ith  those of 
S lu ite r's  B . h y s tr ix , except th a t  they  possessed 
coarser spines. H ow ever, a re -ex am in a tio n  of th e  
deposits (Fig. 33: 1-2) revealed  th a t  they  d iffered , 
b o th  in  size an d  shape, from  those  o f th e  S iboga  
specim ens. T h e  arm s w ere on ly  a b o u t 0.25-0.40 
m m  lo n g  an d  nearly  always h o rizon ta l. T h e  
apophyses w ere rem arkab ly  sp inous a n d  often  
irre g u la rly  shaped, vary ing  from  u n d iv id e d  to 
b ip a rtite , w ith  in te rm ed ia tes in  th e  fo rm  of u n ­
d iv id ed  apophyses w ith  a side-branch.

T h e  v en tra l deposits in  th e  S ib o g a  a n d  V a ld i­
v ia  specim ens varied  from  crosses w ith  reduced  
apophyses, to  rods.

R e m a r k s :  Pawson (1965c), w ith  som e d oub t,
id e n tif ied  tw o specim ens taken  a t  a d e p th  of c. 
1100 m  in  P alliser Bay (Cook S tra it, N ew  Zea­
land) as B . h ys tr ix . H ow ever, in  th e  ex tern a l 
features th e  specimens, w hich  w ere “extensively 
d am ag ed ”, ap p ear to  be m ore  s im ila r to  B . 
lin g u a . T h e  body was ra th e r  cy lindrical, a n d  the 
body w all was th ick  a n d  soft. (B rim , o r  v en tro ­
la te ra l tubefeet n o t m entioned).

V a r i a t i o n :  W hile the differences in  the exter­
nal features between the above specimens are prob­
ably due to individual variation, the differences 
between the deposits of the V a ld iv ia  speci­
mens on one hand  and those of the Siboga  
specimens on die o ther suggest a geographic 
variation. T he V a ld iv ia  stations are situated 
west of Sum atra, whereas the S iboga  stations ^tre 
situated farther east.

R e l a t i o n s h i p s :  T h e  most closely related  spe­
cies are probably B . incer ta  and  B . lin g u a , both 
of w hich differ from B . sibogae  by the body being 
arched o r rounded in  cross-section and  by the 
feebly developed brim.

D i s t r i b u t i o n :  Indonesia, 694—2798 m.

B en th o d y tes  p lana  n. sp.
Figs. 34-35

D i a g n o s i s :  B ody fla ttened , regularly  ro u n d ed  
a t  b o th  ends. S kin  th ick , soft, an d  sem i-trans­
p a re n t. T e n ta c le  crow n p laced  some d istance 
from  a n te r io r  edge o f body, leaving am ple space 
fo r th e  r in g  of circum -oral pap illae. T en tacles 15. 
B rim  b ro a d  a n d  th ick , passing gradually  in to  the  
b o d y  p ro p er. D eposits la rge crosses w ith  b ip a rt ite  
apophyses.

M a t e r i a l :
St. 186, C ape T o w n -D u rb a n  (32°33’S, 32o01’E),

3620 m . -  1 specim en.
St. 281, Seychelles-C eylon (3°38’N , 78°15’E),

3310 m. -  1 specim en.

D e s c r i p t i o n :
St. 186. -  T h e  specim en (Fig. 34), selected as type, 
is 13 cm  long. T h e  f la t v en tra l sole is regularly  
ro u n d e d  a t  b o th  ends. B rea d th  of body, in c lu d in g  
th e  b rim , 4 .5-5.0 cm. H e ig h t 2.5 cm.

S k in  th ick , soft, a n d  sem i-transparen t b o th  
d o rsa lly  a n d  ven tra lly . T h e  ven tra l skin has a 
b ro w n ish  tinge, a n d  th e  tentacles an d  m idven tra l 
tu b e fe e t a re  d a rk  b row n.

T e n ta c le s  15; discs w ith  20-30 sm all, ro u n d ed  
processes o n  the  m arg in . Surface of discs sm ooth, 
possib ly  d u e  to  re tra c tio n  of th e  pap illae . T h e  
discs m ay n o t d iffe r sign ifican tly  in  shape from  
those illu s tra te d  fo r th e  sm all specim en of B. 
lin g u a  (PL IX : 3).

C ircu m -o ra l p a p il la e  p resent. M ost o f th e  p a ­
p illae  a re  to ta lly  em bedded  in  th e  soft an d  
g e la tin o u s skin ; v iew ed by tran sm itted  lig h t they 
a re  seen to  fo rm  a  com plete  circle.

B r im  b ro a d  a n d  passing gradually  in to  the  
body  p ro p er. T h e  tra n s itio n  betw een body and  
b r im  is in d ic a ted  by a fa in t depression in  th e  
do rsa l sk in . T h e  canals of th e  enclosed tubefee t 
a re  v isib le  from  th e  v e n tra l side; in  dorsal view  
th ey  a re  seen by tra n sm itte d  ligh t only. T h e  
b ro a d  a n d  th ick  b rim  gives th e  species a f la tten ed  
ap p earan ce .

D o rsa l p a p il la e  n o t d istingu ishab le  w ith  cer­
ta in ty , d u e  to  th e  defective sta te of the  dorsal 
skin.

D e p o s its  (Fig. 35), dorsally  spinous crosses w ith  
u p  to  0.4 m m  long  arm s a n d  a b ip a rtite  apophysis. 
A  few deposits have  3 o r 5 arm s, a n d  some 
have  t r ip a r t i te  apophyses. T h e  deposits a re  pre-



3 cm

Fig. 34 Benth.od.ytes plana. St. 186. 
The type specimen in dorsal and ven­
tral view; the absence of dorsal papil­
lae is possibly due to incomplete pre­
servation of the dorsal skin. LJ.

served on ly  in  pa tch es dorsally. N o  deposits w ere 
fo u n d  in  th e  v en tru m .

St. 281. -  T h e  specim en is 13 cm  long. B read th  
of body, in c lu d in g  th e  b rim , 3.0-3.5 cm.

S k in  soft a n d  ge la tinous as in  the  type speci­
m en. A  b row n, superfic ia l layer is preserved to 
som e degree ven tra lly , a n d  to  a lesser degree 
dorsally . T en tac les  brow n.

T e n ta c le s  15. M arg in a l processes a re  barely  
d is tingu ishab le  o n  th e  discs, b u t o therw ise the  
ten tacles a re  s im ila r to  those o f  th e  type speci­
m en. A  few o f th e  ten tacles a re  slightly  re trac ted .

C ircu m -o ra l p a p il la e  v isib le on ly  h e re  an d  
there. T h e y  a re  p a r tly  fused a t th e ir  base.

B r im  s im ila r to  th a t  o f th e  type specim en, b u t 
ow ing to  th e  b o d y  b e in g  m ore strongly  vaulted , 
the  tra n s itio n  betw een  body an d  b rim  is less 
g rad u a l th a n  in  th e  type specim en. T h e  water- 
vascular canals o f its tubefeet are d ifficu lt to 
d istingu ish , even from  the  ven tra l side, ow ing to  
th e  s tronger p ig m e n ta tio n  of the  skin.

D o rsa l p a p il la e  n o t d istingu ishab le  w ith  cer­
ta in ty , d u e  to  th e  defective sta te  of th e  dorsal 
skin.

Fig. Benthodytes plana. St. 186. Dorsal deposits from 
the type specimen.
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D e p o s its  resem b lin g  those o f th e  type speci­
m en, a l th o u g h  th e  arm s a re  m o re  tapered . N o 
deposits w ith  a b n o rm a l a rm  n u m b ers  o r  w ith  
tr ip a r t i te  apophyses w ere p re se n t in  th e  p rep a ra ­
tions.

R e l a t i o n s h i p s :  P ro b ab ly  closest re la te d  to  
B. v a ld iv ia e  (q. v.).

B en th o d y tes  superba  K oeh ler & Vaney, 1905

B e n th o d y te s  s u p e r b u s  K o eh le r &: V aney, 1905, pp . 
74-75, pis. V II: 1-2, X II : 11-12.

D i a g n o s i s :  T u b e fe e t o f b r im  free in  th e  g rea ter 
p a r t o f th e ir  leng th . D orsal p ap illa e  a b o u t 10 
pairs, large, in  single rows. D orsal deposits large 
a n d  very  ro b u s t crosses w ith  a rm  spines resem ­
b ling  sh o rt b ranches. V en tra l deposits rod-shaped  
o r  tr ip a rtite .

R e c o r d :  A ra b ia n  Bay, 2754 m . T w o  specim ens.

R e m a r k s :  T h e  species w as considered  m ost
closely re la te d  to  B . h y s tr ix  (here  synonym ized 
w ith  B . sib o g a e), d iffe r in g  by  th e  tu b e fee t o f the 
b rim  b e in g  free in  th e  g rea te r  p a r t  o f th e ir  leng th  
an d  by th e  irre g u la rly  sh ap ed  a n d  sp inous dorsal 
crosses w h ich  a p p a re n tly  lack b ip a r t i te  apophyses. 
C ircum -oral p ap illa e  n o t m en tio n ed .

B en th o d y tes  typ ica  Theel, 1882 
Fig. 36, pis. I - I I

B e n th o d y te s  ty p ic a  T h d e l, 1882, p p . 103-104, pis. 
X X V II: 7, X X X V : 4, X X X V III: 5, X L IV : 8; 
T h6el 1886b, p . 2; von  M arenzelle r 1893a, p. 
12; G rieg  1921, p . 10, fig. 8, pi. I l l :  6-7; 
H ^ ro u a rd  1923, pp . 101-102, pi. V I: 4; D eich­
m a n n  1930, pp . 123-124; D e ich m an n  1940, p. 
200, pi. X X X V : 1-2; H e d in g  1940, p. 368; 
M adsen 1953, pp . 160-161, fig. 8; D eichm ann  
1954, p . 384. V

B e n th o d y te s  p a p il li fe r a  T h 6 el, 1882, pp . 102-1)03, 
pi. X X X IV : 14.

B e n th o d y te s  g lu tin o s a  R . P errie r, 1896, pp . 902- 
903; R . P e rr ie r  1902, pp . 462-465, pis. X III : 5, 
X X : 31; K oeh ler & V aney  1905, pp . 72-74, pi. 
X II : 10; C lark  1920, p. 141; G rieg  1921, pp.
10-11, p i. I l l :  1-2.

B e n th o d y te s  ja n th in a  von  M arenzeller, H e ro u ard  
1902, p. 30; H e ro u a rd  1923, p. 103.

D i a g n o s i s :  T en tac les  15—20; discs irreg u la rly  
incised  a t  th e  m arg in , a n d  re trac tile  in to  th e  
stalks. C ircum -oral p a p illa e  p resen t. B rim  w ell 
developed, th e  d a rk  p ig m e n te d  canals o f th e  en ­
closed tu b efee t o ften  c lea rly  v isib le b o th  from  
th e  dorsal a n d  v e n tra l side. D orsal p ap illae  
m in u te  a n d  few, p laced  in  a  sing le row  along  th e  
a n te r io r  p a r t o f the  d o rsa l rad ii. Sk in  soft a n d  
u sually  m ucous. D eposits ab sen t o r  rod-shaped.

M a t e r i a l :
St. 186, C ape T o w n -D u rb a n  (32°33’S, 32°01’E), 

3620 m . -  4  specim ens.
St. 190, off D u rb a n  (29°42’S, 33°19’E), 2720 m. -

2 specim ens.
St. 192, o ff D u rb a n  (32°00’S, 32°41’E), 3430 an d  

3530 m  (two hauls). -  5 specim ens.
St. 217, M ozam bique C h a n n e l (14°20’S, 45°09’E), 

3390 m. — 24 specim ens.
St. 281, Seychelles-C eylon (3°38’N , 78°15’E),

3310 m. -  1 specim en.
St. 282, Seychelles-C eylon (5°32’N , 78°41’E),

4040 m. — 1 specim en.
St. 299, Bay o f B engal (17°10’N , 84°30’E), 2820 m.

— 26 specim ens.
St. 314, Bay of B engal (15°54 'N , 90°17’E), 2600 m.

— 1 specim en.
St. 575, T asm an  Sea (40°11’S, 163°35’E), 3710 m.

— 21 specim ens.
St. 668, K erm adec T re n c h  (36°23’S, 177041’E), 

2640 m . -  1 specim en.
St. 726, G u lf o f P an am a  (5°49 'N , 78°52’W ), 

3270-3670 m. -  1 specim en.
St. 758, P u e rto  R ico  T re n c h  (18°45’N , 66°27’W ), 

2840 m. -  3 specim ens.

D e s c r i p t i o n :  T h e  specim ens h ere  re ferred  to  
B e n th o d y te s  typ ica  show  a considerab le  varia tion . 
In  ac tu a l fact, th e re  a re  such  conspicuous d iffe r­
ences betw een  som e o f  th e  specim ens th a t  only 
th e  presence of in te rm ed ia ry  form s speaks against 
re fe rrin g  th e  specim ens to  m o re  th a n  one species. 
I n  o rd er to  illu s tra te  th e  v a r ia tio n  in  th e  m a teria l 
th e  specim ens are  d escribed  separate ly  for each 
sta tion , b eg in n in g  w ith  sta tions com prising  a 
la rge m ateria l.

T asm an  Sea: St. 575. -  T h e  21 specim ens (Fig. 
36) a re  7-13 cm  long; th e  b re a d th  of the  body 
(inc lud ing  the  b ro a d  b rim ) is a b o u t one-fourth  
to  one-th ird  of the  leng th .
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2 mm

D orsa l sk in  covered w ith  sm all, lig h t violet 
knobs su rro u n d ed  by  d a rk  in terspaces; th e  dorsal 
skin has ap p a ren tly  been  covered w ith  a very fine, 
superficial, p ig m en ted  layer, on ly  preserved in  
the grooves betw een  th e  knobs. T h e  knobs are 
m ost conspicuous la terally , an d  give the  skin a 
m o ttled  appearance.

V e n tra l sk in  u n ifo rm ly  d ark  v io le t, in  strong 
con trast to  the lig h t co loured  dorsal side.

T e n ta c le s  17-20; discs covered w ith  pap illae  
an d  irregu larly  incised  a t the  m arg in .

C ircum -ora l p a p il la e  p resen t in  a ll th e  speci­
mens, a lth o u g h  ra re ly  as w ell developed  as in  
the figu red  specim en. In  som e specim ens m ost of 
th e  circum -oral p ap illa e  a re  re trac ted , on ly  a 
few b e in g  visib le p o ste rio r to  th e  o ra l disc. A 
m em brane o rig in a tin g  from  in side  the  circum- 
o ral r in g  covers th e  ten tacles w holly  o r  partia lly  
in  som e of the  specim ens. In  ad d itio n , each 
ten tac le  disc is re trac tile  in to  its stalk .

B r im  well developed. T h e  m a rg in  of the  b rim  
is usua lly  b en t dow nw ards. A lth o u g h  the  b rim

is ra th e r  th in  in  m ost specim ens, th e  tubefeet 
com posing it  a re  n o t v isib le from  th e  dorsal side. 
V entrally, the d a rk  w ater-vascu lar canals o f the  
tubefeet are clearly  seen a f te r  rem oval o f the  
superficial, strongly  p igm en ted  layer o f th e  skin.

D orsa l p a p illa e  m in u te , p laced  along  the  an te ­
r io r  p a r t of th e  rad ii. A  n u m b e r  o f 3 -4  pairs 
could  be coun ted  in  nearly  all th e  specim ens.

D ep o sits  consisting  of scattered  rods in  ven- 
trum , dorsum , a n d  tentacles.

Bay of Bengal: Sts. 299 an d  314. -  T h e  26 speci­
m ens from  St. 299 a re  5.5-9.0 cm  long, an d  in  
m any respects sim ila r to  those from  th e  T asm an  
Sea.

D orsal s k in  m ucous, lig h t re d d ish  v io let, an d  
transparen t, the  lo n g itu d in a l m uscles a n d  the 
water-vascular canals of the  b r im  b e in g  in  m ost 
of the specim ens clearly  visib le th ro u g h  th e  skin. 
Some specim ens, how ever, have a n  o p aq u e  skin 
like those from  th e  T asm an  Sea. T h e  dorsal 
knobs characteristic  o f th e  T a sm a n  Sea speci­
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m ens are  vaguely  in d ic a ted  in  a few specim ens 
from  St. 299. (T h e  absence of knobs in  m ost of 
the specim ens m ig h t b e  d u e  to  p reserva tion , the 
soft sk in  b e in g  lia b le  to  swell in  th e  form alin). 
Sm all patches of a  p ig m e n te d  superfic ia l layer 
a re  preserved  in  som e o f th e  specim ens.

V e n tra l s k in  w ith  a  d a rk ly  p igm en ted , super­
ficial layer (p a rtia lly  w o rn  off in  m ost o f th e  
specim ens).

T e n ta c le s  18-20, w ith  discs s im ilar to  those of 
the  specim ens from  th e  T asm an  Sea; in  some 
specim ens the  discs a re  re trac te d  in to  th e  stalks.

C ircu m -o ra l p ap illa e  a re  seen in  alm ost a ll the  
specim ens. T e n ta c le  crow n in  som e of th e  speci­
m ens covered by  a n  o ra l m em brane.

D o rsa l p a p il la e  m in u te ; 3 pa irs  a re  usually  
presen t an terio rly , a n d  in  som e specim ens a few 
pap illae  a re  also p resen t m ore  posterio rly . H ow ­
ever, in  m any  specim ens no  p ap illae  a t  a ll cou ld  
be found.

T h e  m a te ria l from  St. 299 com prises specim ens 
w hich  are  in d is tin g u ish ab le  from  som e o f the  
T asm an  Sea specim ens (PI. I : 3-4) as w ell as 
specim ens be lo n g in g  to  th e  typical fo rm  o f the  
species, characterized  by  th e  m ucous a n d  tra n sp a r­
en t skin th ro u g h  w hich  th e  d ark  v io le t tubefeet 
of the  b rim  are  clearly  visib le (PI. I : 1-2). A ll 
in te rm ed ia tes a re  p resen t betw een  the  tw o forms.

T h e  specim en from  St. 314 is m ore  s lender th a n  
any  of th e  specim ens from  St. 299. T h e  body  is
1.2 cm b ro ad  an d  a t least 8 cm long  (the  h in d  en d  
of the  body  is m issing). T en tac les  20, o f th e  usua l 
shape. O ne disc was p a rtly  re tra c te d  in to  the  
stalk. A  transversal lin e  of p ap illa e  is p resen t 
posterio r to  th e  ten tac le  crow n b u t i t  is un ce r­
ta in  w h e th e r they  are  p a r t  o f a circum -oral ring . 
T h re e  sm all a n d  filifo rm  p ap illa e  a re  p resen t 
an te rio rly  along  th e  le ft dorsal rad iu s. D eposits 
n o t found.

M ozam bique C hannel: St. 217. -  T h e  24 speci­
m ens a re  6-12  cm  long. T h ey  a ll be lo n g  to  th e  
typical fo rm  of th e  species, hav in g  a m ucous, 
w hitish , a n d  tran sp a re n t sk in , th ro u g h  w hi^h 
the d a rk  v io le t tu b efee t of th e  b r im  are  clearly  
visible.

S k in  in  m ost o f th e  specim ens m ore  th ick  an d  
m ucous, an d  less p ig m en ted  th a n  in  th e  speci­
m ens from  St. 299. I n  a few of th e  specim ens th e  
v io le t p ig m en t is com pletely  absen t, even from  
th e  ten tacles an d  th e  v en tro la te ra l tubefeet. 
R em n an ts  o f a dark , superfic ial, v en tra l layer are

p resen t in  som e o f th e  specim ens, b u t in  m ost 
specim ens n o  trace  o f th is  layer is seen. T h e  sm all 
knobs p resen t o n  the  sk in  in  th e  specim ens from  
St. 575, a n d  feebly in d ic a te d  in  som e of th e  speci­
m ens from  St. 299, a re  absen t from  the  specim ens 
from  St. 217, possibly because of th e  m ucous sta te  
o f th e  skin.

T e n ta c le s  15-20, a n d  sim ilar to  those from  
Sts. 575 a n d  299. A  few ten tacles have the  discs 
p a r tly  re trac ted  in to  th e  stalks, a n d  in  one speci­
m en  th e  tentacles a re  concealed  by a n  o ra l m em ­
b ra n e  s im ila r to  th a t  fo u n d  in  several specim ens 
from  Sts. 575 a n d  299.

C ircu m -o ra l p a p il la e  v isib le in  m ost o f the  
specim ens.

D orsa l p a p il la e  inconsp icuous, few, a n d  placed 
in  a single row  a lo n g  the  a n te r io r  p a r t  o f each 
dorsal rad ius. H ow ever, in  m ost o f the  specim ens 
th e  p ap illa e  cou ld  n o t be detec ted  a t  all, being, 
ap p a ren tly , to ta lly  em bedded  in  th e  th ick  an d  
soft skin.

T h e  tw o specim ens illu s tra te d  (PI. I I :  1-4) 
in d ic a te  th e  v aria tio n  a t  th e  s ta tion . As a t St. 299, 
a ll in te rm ed ia te s  a re  p resen t betw een  th e  tw o 
forms.

S ou thw estern  In d ia n  O cean: Sts. 186, 190, 192. -  
T h e  11 specim ens tak en  a re  5.5-8.5 cm long  an d  
resem ble those from  St. 217.

D o rsa l s k in  m ucous a n d  w hitish .
V e n tra l sk in  in  som e specim ens p artia lly  covered 

wi th  a  d a rk  v io le t layer, o f w hich, however, 
on ly  a  few patches u sua lly  rem ain . T h e  degree 
o f p ig m en ta tio n  in  th e  superfic ia l layer varies; in  
tw o specim ens th e  p ig m e n ta tio n  is alm ost absen t 
from  b o th  th e  sk in  a n d  th e  ra d ia l pap illae. In  
th is respect the  specim ens show th e  same varia­
tio n  as those from  St. 217.

T e n ta c le s  16-20, of th e  usua l type in  the  spe­
cies. Som e o f th e  ten tacles w ere p a rtly  re trac ted  
in to  th e ir  stalks.

C ircu m -o ra l p a p il la e  v isib le in  two specim ens 
from  St. 192. I n  n o n e  of th e  specim ens was th e  
ten tac le  crow n covered by  a n  o ra l m em brane.

D o rsa l p a p illa e  v isib le on ly  in  on e  o f the  speci­
m ens from  St. 186; th is  specim en has th ree  
m in u te , a n te r io r  p ap illa e  on  th e  r ig h t side, an d  
on e  on  th e  left.

D e p o s its  scattered  rods.

N o rth e rn  In d ia n  O cean: Sts. 281 a n d  282. — T h e  
specim en from  St. 281 is 2 cm  b ro a d  an d  9 cm 
lo n g  (posterio r en d  of body  m issing).



T e n ta c le s  concealed  by a n  o ra l m em brane  
covering  th e  area  betw een  th e  circum -oral r in g  
of p ap illa e  an d  th e  m outh .

C ircu m -o ra l p a p il la e  fused in to  a  brim .
S k in  w hitish , b u t  p a rtia lly  covered w ith  a 

superfic ial, v io le t layer.
D o rsa l p a p illa e  6 -7  pairs, m in u te , rad ia l, an d  

co n fin ed  to  th e  an te rio r  th ird  of th e  dorsum .
B r im  w ith  s tu rdy  a n d  strongly  p igm en ted  

canals, w hich  are  very conspicuous from  the  
v en tra l side.

D e p o s its  scattered  rods.
T h e  specim en from  St. 282 is 1.5 cm  b ro a d  

a n d  15 cm long  (the poste rio r en d  is missing). 
T h e  ex te rn a l layer o f th e  sk in  is w h itish  an d  
m ucous. H ea d  d a rk  vio let. T en tac les  20, of the 
u su a l shape in  th e  species. O ne disc was p artly  
re trac te d  in to  th e  stalk . A  few p ap illae  a re  p res­
e n t poste rio r to  th e  ten tac le  crow n. I t  cou ld  
n o t b e  m ade o u t w h e th e r they form  p a r t o f a 
circum -oral r ing . D eposits n o t found.

K erm adec T re n c h : St. 668. — T h e  specim en is 5 
cm  lo n g  an d  1.2 cm  b road , in c lu d in g  the b rim .

S k in  lig h t v io le t an d  tran sp a ren t, w ith  rem - 
; n an ts  o f a d a rk  v io le t superfic ial layer on  th e  

v en tra l side.
T e n ta c le s  p robab ly  17, m ost o f them  p artly  

re tra c te d  in to  th e ir  stalks. A  n u m b e r of pap illae  
a re  p resen t poste rio r to  a n d  som ew hat la te ra l to 
th e  ten tac le  crow n, b u t  they  cou ld  n o t be follow ed 
ro u n d  th e  w hole of the  crown.

B r im  w ith  th e  d a rk  canals clearly visible from  
b o th  th e  dorsal a n d  th e  v en tra l side.

D o rsa l p a p illa e . T h re e  slender p ap illae  visible 
an terio rly .

D e p o s its  rod-shaped, p resen t in  the  dorsal an d  
v en tra l skin, an d  in  th e  tentacles.

G u lf  o f P anam a: St. 726. -  T h e  specim en is 5 
cm  long  an d  1 cm broad , in c lu d in g  the  la te ra l 
b rim .

D orsa l sk in  lig h t vio let, m ucous, an d  tran sp a r­
en t, w ith  the  lo n g itu d in a l muscles visible th ro u g h  
it.

V e n tra l s k in  less tran sp a ren t. O n ly  traces of a 
superfic ial, d a rk  layer preserved.

T e n ta c le s  p robab ly  16, o f th e  usual type in  the  
species. N one of th e  tentacles are re trac ted  in to  
th e ir  stalks. A  n u m b e r of p ap illae  are  p resen t 
p o ste rio r to  a n d  la te ra l to  the  ten tac le  crown, 
p ro b ab ly  form ing  p a r t o f a circum -oral ring.

B r im  w ith  th e  d a rk  tubefeet clearly  visible 
from  b o th  th e  dorsal a n d  th e  ven tra l side.

D o rsa l p a p illa e  sm all a n d  rad ia l; fou r pairs are 
seen on  th e  a n te r io r  p a r t  o f the  dorsum .

D ep o s its  rod-shaped , scattered  in  th e  dorsal 
an d  ven tra l skin, a n d  a b u n d a n t in  th e  ten tacle 
stalks.

P u e rto  R ico  T re n c h : St. 758. — T h e  th ree  speci­
m ens a re  1 cm  b ro a d  a n d  3.5-7.0 cm long  (the h in d  
en d  is m issing in  a ll th e  specim ens). T en tacles 
20 in  a ll th e  specim ens, o f th e  usual shape. 
P ap illae  visib le b e h in d  ten tac le  crow n in  tw o of 
the  specim ens. I t  co u ld  n o t be seen w h ed ie r they 
form  p a r t o f a c ircum -oral ring . T w o  short an d  
filifo rm  dorsal p ap illa e  p resen t an terio rly . D e­
posits rod-shaped, o f scattered  occurrence in  the 
dorsal a n d  v en tra l skin, a n d  m ore num erous in  
the  tentacles.

S y n o n y m y :
B e n th o d y te s  p a p il l i fe r a  T h c e l is know n from  
th ree  Pacific C h a lle n g e r  stations. Specim ens from 
each of d ie  s ta tions w ere re-exam ined.

C h a llen g er  St. 300, n e a r  J u a n  F ernandez (33° 
42’S, 78°18’W ). T h re e  of the  five specim ens taken 
(two in  BM a n d  on e  in  ZM U C) w ere re-exam ined. 
T h e  tw o specim ens in  B M  in  ex terna l appear­
ance resem bled  th e  specim ens from  G ala thea  St. 
575; th e  d a rk  v io le t v en tra l side was clearly 
d e lim ited  from  th e  lig h t co loured  dorsal side, an d  
th e  la te ra l parts  o f th e  dorsum  w ere (especially 
in  one of th e  specim ens) covered w ith  num erous 
sm all, conical knobs. T h e  m arg in  of th e  b rim  
was b en t dow nw ards. In  the  ZM U C  specim en, 
on  the  o th e r  h a n d , th e  d o rsum  is sm ooth  a ll over. 
T h e  body  is f la tten ed ; th e  ven tra l side in  this 
specim en also is d a rk  v io le t, w hereas the  dorsal 
side is w hitish . T h e  n am e  “p a p il li fe r a ” referred  
to  the dorsal knobs. T h 6 e l d id  n o t f in d  the  tru e  
rad ia l p ap illa e  (called “processes”), b u t a few p a­
p illae  w ere ac tua lly  p resen t in  a ll the re-exam ined 
specim ens.

A  n u m b e r o f 20 ten tacles w ere present, accord­
in g  to  T M e l (this n u m b e r  was even used in  the 
key to  th e  species). H ow ever, the  re-exam ined 
specim en in  Z M U C  has on ly  18 tentacles. T h e  
tentacles a re  sim ila r to  those in  th e  illu stra ted  
specim en from  G a la th ea  St. 575, a n d  in  a ll th ree 
specim ens som e are  p a r tly  re trac ted  in to  the ir 
stalks. T h e e l fo u n d  a transversal row  of pap illae
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b eh in d  the  ten tac le  crow n. T h e  specim en in  
ZM U C has a  com plete  r in g  o f pap illae .

C h a llen g er  St. 184 (C oral Sea). T h e  fo u r speci­
m ens w ere, accord ing  to  T h ie l ,  “in  such an  
incom ple te  sta te  as to  re n d e r  ex a m in a tio n  im ­
possib le” . T w o  of th e  specim ens w ere re-exam ined. 
O n e  agreed  in  ex te rn a l ap p e a ran c e  w ith  the 
usual fo rm  of B e n th o d y te s  ty p ic a , excep t fo r the 
presence o f n u m ero u s  sm all, con ical knobs all 
over th e  dorsum , each k n o b  co n ta in in g  a calcare­
ous rod . V en tru m  lig h t v io le t; th e  m id v en tra l 
rad ius d a rk  violet. T en tac le s  s im ila r to  those 
po rtray ed  in  th e  specim ens from  G a la th ea  St. 
575. I t  co u ld  n o t be m ad e  o u t w h e th e r  th e  ten ­
tacles w ere re trac tile , o r  w h e th e r  a  circum -oral 
rin g  of p ap illa e  was p resen t.

T h e  o th e r  re-exam ined  specim en from  the 
same s ta tio n  was s lender a n d  elongated . I t  was 
too poorly  preserved to  b e  d e te rm in e d  to  species.

C h a llen g er  St. 271 (C en tra l Pacific  n e a r  the 
E quator). O f th e  fo u r specim ens, o n e  (in  BM) 
was re-exam ined; like  those from  St. 300, i t  
resem bled th e  specim ens from  G a la th ea  St. 575. 
B oth  do rsum  a n d  v e n tru m  w ere lig h t violet. 
D orsum  covered w ith  con ica l knobs. T en tac les  

, of the  u sua l shape, b u t  i t  cou ld  n o t b e  estab lished  
w hether they w ere re trac tile . P ap illae  presen t 
posterio r to  th e  ten tac le  crow n.

B e n th o d y te s  ja n th in a  von  M arenzeller, H iro u - 
a rd  1902 a n d  1923. T h e  m a te ria l described  by 
H iro u a rd  cam e from  th e  N o rth  A tla n tic  M onaco 
Sts. 443, 673 an d  2111. R e -ex am in atio n  was m ade 
of 15 specim ens from  St. 443 (one in  ZM U C , one 
in  MCZ, one in  M N H N , a n d  12 in  M O M ), 3 
specim ens from  St. 673 (all in  M O M ), an d  one 
from  St. 2111 (in M O M ). T h e  specim ens w ere 
fo u n d  to  resem ble B . typ ica . V en tru m  d a rk  vio let, 
dorsum  lig h t v io le t a n d  m ucous. T en tac les  17—20. 
Discs of the  u sua l type in  B . typ ica ;  in  th e  speci­
m en in  ZM U C  m ost o f th e  discs a re  p a rtly  o r 
com pletely  re trac te d  in to  th e ir  stalks, a n d  rem ­
n an ts  of a  circum -oral r in g  of p ap illa e  a re  present. 
Dorsal p ap illae  few a n d  m in u te . T h e  specim en 
in  ZM U C  has 7 pairs  of sm all (1-2 m m  long) 
pap illae, d is trib u ted  a ll a long  th e  dorsal rad ii. 
D eposits, very scattered  rods.

T h e  specim ens a re  very d iffe ren t from  the 
type specim en of B . ja n th in a ;  th is  specim en was 
u n ifo rm ly  d a rk  v io le t a n d  h a d  fo u r pa irs  o f large 
dorsal p ap illa e  (and, in  ad d itio n , a n u m b e r of 
sm all ones). A lth o u g h  th e  deposits w ere so incom ­
pletely  preserved th a t  B . ja n th in a  is d isregarded

in  the  p resen t survey o f th e  species o f B e n th o d y ­
tes, i t  co u ld  b e  seen th a t  th e  deposits w ere cross­
shaped.

V a r i a t i o n :  B e n th o d y te s  ty p ic a  shows a  con­
side rab le  v a r ia tio n  in  th e  p ro p o rtio n s  o f the  
body, th e  d eve lopm en t o f th e  b rim , a n d  in  the  
degree o f sk in  p ig m e n ta tio n . M ost o f th is varia ­
tio n  seems to  be in d iv id u a l, as in d ic a ted  by th e  
v a ria tio n  fo u n d  in  specim ens from  St. 299 in  the  
Bay of B engal.

T h e  specim ens m ost u n lik e  th e  u su a l type are 
those from  St. 575 in  th e  T a sm a n  Sea, charac ter­
ized by  th e  presence of knobs o n  th e  dorsal 
side, by  th e  strongly  p ig m en ted  v en tra l side, a n d  
th e  o p aq u e  skin, w h ich  a lm ost com plete ly  con­
ceals th e  enclosed tubefeet. T h e  fact th a t  these 
features a re  fo u n d  also in  th e  C h a llen g er  speci­
m ens of B . p a p il li fe r a  (here  synonym ized w ith  B . 
typ ica )  suggests th e  presence o f a geographic 
v a ria tio n  in  th e  species (the  C h a lle n g e r  specim ens 
cam e from  th e  so u th e rn  a n d  ce n tra l Pacific). O n 
the  o th e r  h an d , specim ens w h ich  are  ind is­
tin g u ish ab le  from  som e of th e  T a sm a n  Sea speci­
m ens occu rred  as in d iv id u a l v a ria n ts  a t  St. 299 
in  the  Bay o f Bengal.

R e l a t i o n s h i p s :  A  re la tio n sh ip  to  B . sa n g u in o ­
len ta  is in d ic a ted  by  th e  red u ced  sta te  o f the  
deposits, th e  sm all size o f th e  dorsal p ap illae , an d  
th e  ten tac le  n u m b e r exceeding  15. B . sa n g u in o ­
len ta  d iffers from  B . typ ica  by  th e  h ig h  n u m b er 
o f dorsal p ap illa e  w h ich  a re  a rran g e d  in  two 
bands, by  h av in g  post-oral in s tea d  o f circum - 
o ral pap illae , a n d  by th e  constan t n u m b e r of 18 
tentacles.

B i o l o g y :  G rieg  (1921) reco rded  a 13 cm long 
pelagic specim en cau g h t in  th e  eastern  N o rth  
A tla n tic  a b o u t 1400 m  below  surface a n d  a t least 
1600 m  above th e  bo ttom .

D i s t r i b u t i o n :  C osm opolitan , 1873-4700 m.
A ccording to  D eich m an n  (1954) i t  ascends to  
rem arkab ly  shallow  dep th s in  th e  w estern  p a r t of 
the N o rth  A tlan tic , b e in g  d is trib u te d  “ in  the  
W est Ind ies, com m on in  the  G u lf o f M exico, 
along  th e  Lesser A ntilles an d  also know n  from  
off the  coast of N ew  E ng land , from  172-766 
fa thom s” (315-1401 m).

T y p e  locality : C h a llen g er  St. V  (35°47’N , 8°23’ 
W ). A ll the  C h a llen g er  specim ens cam e from  
th is s ta tion , b u t no  type specim en was selected.
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B enthodytes sanguinolenta  Théel, 1882 
Pis. IH -V I, IX : 6-7 , X II: 4 -5

B e n th o d y te s  sa n g u in o le n ta  T h ée l, 1882, pp . 104— 
105, pis. X X III, X L : 4-5 , X L II : 6; L udw ig  
1894, pp . 53-60, pl. I : 1-8; K oeh le r & V aney 
1905, p. 72; C lark  1913, p . 233; O hsh im a 1915, 
p . 245; O hsh im a 1916-1919, w ith  on e  figure; 
C lark  1920, p. 142; C lark  1923a, p. 162; C lark  
1923b, p. 420; H e d in g  1940, p . 367; H ansen  
1956, pp . 44r45.

N o n  B e n th o d y te s  sa n g u in o le n ta  var. m a rg in a ta  
T h ée l, 1882.

D i a g n o s i s :  Body e longated  a n d  fla tten ed . T e n ­
tacles 18, re trac tile  in to  pockets o f th e  skin; discs 
w ith  p ap illae  in  ra d ia l fields w hich  co n tin u e  
in to  c. 12-14 m arg in a l knobs o r  processes o f vary­
in g  leng th . Post-oral p ap illae  presen t. O ra l m em ­
b ran e  absen t. B rim  w ell developed. D orsal 
p ap illae  m in u te  a n d  num erous, sca tte red  in  
position  o r  fo rm ing  tw o lo n g itu d in a l bands. D e­
posits rod-shaped, o r  absent.

M a t e r i a l :
St. 495, B anda  T re n c h  (5°26’S, 130°58’E), 7250- 

7290 m. -  5 specim ens.
St. 497, B anda T re n c h  (5°18’S, 131°18’E), 6490- 

6650 m. -  3 specim ens.
St. 607, T asm an  Sea (44°18’S, 166°46’E), 3580 m.

-  2 specim ens.
St. 663, K erm adec T re n c h  (36°31’S, 178°38’W ), 

4410 m . -  1 specim en.
St. 716, A capu lco -P anam a (9°23’N , 89°32’W ), 

3570 m. -  1 specim en.

D e s c r i p t i o n :
Several au th o rs  have recorded  th is  species; how ­
ever, on ly  T h é e l a n d  L udw ig  accom pan ied  th e ir  
records w ith  d e ta iled  descrip tions, in c lu d in g  
illu stra tio n s of taxonom ic features. T h e  two 
descrip tions d iffe r in  a n u m b e r of po in ts , suggest­
in g  th a t th e  nam e B e n th o d y te s  sa n g u in o le n ta  
em braces m ore th a n  one species.

D ifferences of th e  sam e m a g n itu d e  a re  show n 
by  th e  specim ens taken  by  the  G a la thea . H ow ­
ever, th e  presence of specim ens w hich  com bine th e  
features o f T h é e l’s a n d  L udw ig ’s specim ens m akes 
i t  inadvisab le a t p resen t to  erect new  species on  

• specim ens w hich  a re  w ith in  th e  v a ria tio n  of 
B. sa n g u in o le n ta , as h ith e r to  defined . Increased

know ledge m ay show  th a t  th e  specim ens belong  
to  d iffe ren t species, o r  to  d iffe ren t geographic 
forms of one species.

St. 607 (PI. I l l :  1-2). -  T h e  tw o specim ens are 
20 an d  16 cm long, respectively. Body fla ttened , 
2.5-3.5 cm b ro ad  (varying w ith  th e  degree of 
contraction  o f th e  la te ra l b rim ), th e  po ste rio r en d  
som ew hat tapering . C o lou r lig h t v io le t; th e  la rger 
specim en is d a rk  v io le t in  th e  v en tra l m id lin e  
an d  on  the  u n d ersid e  of th e  head.

T en ta c le s  (PI. IX : 6) 18 in  b o th  specim ens; 
discs w ith  p ap illae  o n  th e  surface a n d  a b o u t 12-
14 re trac tile  processes o n  th e  m arg in . Each te n ta ­
cle is com pletely re tra c tile  in to  a  pocket of the  
skin.

P ost-oral p a p il la e  c learly  v isib le  in  th e  16 cm  
long  specim en (PI. I l l :  2). T h e i r  canals are seen 
as rad ia l elevations of th e  sk in  w h ile  th e ir  free 
parts  form  low conical knobs. T h e  p ap illae  do  
n o t form  p a r t o f a c ircum -oral ring . T h e re  is no  
ind ica tion  of a n  o ra l m em brane.

V en tro la te ra l tu b e fe e t  enclosed in  the  b road  
brim , w ith  only th e  tip s em erg ing  from  the edge. 
T h e ir  w ater-vascular canals a re  on ly  ind is tinc tly  
seen, except by  tra n sm itte d  light.

D orsa l p a p il la e  m in u te  a n d  a lm ost com pletely 
em bedded in  the  skin, a lth o u g h  th e ir  dark  colour 
m akes them  clearly  visible. T h e y  are  m ain ly  
arranged  in  tw o ra d ia l bands, a lth o u g h  a few 
are  present in  the  dorsal in te rrad iu s.

D ep o sits  a p p a ren tly  absen t from  dorsal an d  
ven tra l skin. A  few rods a re  p resen t in  the 
m idven tra l tubefeet a n d  in  th e  ten tac le  discs.

St. 663 (PI. V: 3-4). -  T h e  specim en is 15 cm 
long. O w ing to  co n trac tio n  of th e  b rim , the body 
is only 1.5 cm b road . C o lo u r lig h t v io le t all over.

T en ta c le s  18. Discs resem bling  those of the  
specim ens from  St. 607, b u t  n o n e  are  retracted .

Post-oral p a p il la e  fo rm ing  a b o u t one-th ird  of 
a circle, close to  th e  ten tac le  crow n. A n Oral 
m em brane n o t ind icated .

V en tro la tera l tu b e fe e t  on ly  slightly  em erging 
from  the sides of th e  body; a ro u n d  the  an te rio r 
an d  posterio r ends of th e  body  th e  tubefee t form  
a b rim  resem bling  th a t  of B . typ ica , w ith  the  
canals clearly v isib le th ro u g h  th e  skin.

D orsa l p a p illa e  m in u te , d a rk  v io le t, a n d  alm ost 
com pletely em bedded  in  th e  lig h t co loured  skin. 
T h e  pap illae  a re  a rran g e d  in  tw o lo n g itu d in a l 
bands, here an d  th e re  fo rm ing  an  irreg u la r line.
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St. 716 (PL I I I :  3-4). -  T h e  specim en is  20 cm  
long  an d  2 .5-3.0 cm  b ro ad  (in c lu d in g  th e  b rim ), 
w ith  a ta p e r in g  po ste rio r end . C o lo u r l ig h t v io le t, 
the  h ead  d a rk  violet. T h e  specim en very  m u c h  
resem bles th a t  illu s tra te d  by  L udw ig  (1894, p i. I : 

1- 2).
T e n ta c le s  17 (or 18), u n re trac ted ; discs resem ­

b lin g  those of th e  above-m entioned  specim ens, 
a lth o u g h  th e  m arg in  is m ore deep ly  incised  
betw een th e  processes.

P ost-ora l p a p il la e  fo rm ing  a d a rk  v io le t fringe 
along  th e  p o ste rio r th ird  o f th e  te n tac le  crow n. 
O ra l m em b ran e  n o t p resent.

B r im  b ro ad , w ith  th e  d a rk  p ig m e n te d  canals 
clearly  v isib le from  th e  v en tra l side. T h e  m a rg in  
of the  b r im  is th in  as paper, d a rk  v io let, a n d  w ith  
a frayed edge. T h e  th in  m arg in  is a lm ost to ta lly  
w orn  off a lo n g  th e  side of th e  body. T h e  b r im  is 
well p reserved ro u n d  the  an te r io r  e n d  o f th e  
body. T h e  lo n g  canals fo r th e  tu b e fe e t o f th e  
an te rio r p a r t  o f th e  b rim  are  conspicuous o n  th e  
dorsal side of th e  head.

D orsa l p a p il la e  s im ila r to  those o f th e  above- 
m en tio n ed  specim ens.

D ep o s its  n o t preserved.

-

St. 495. -  F ive specim ens from  th is  s ta tio n  a n d  
th ree  specim ens from  St. 497 w ere d escribed  
previously (H ansen  1956). A  few su p p le m e n ta ry  
rem arks are g iven  below.

T h e  21 cm  long  specim en (PI. IV : 1-2) has 
features in  com m on b o th  w ith  th e  specim ens 
from  St. 607 an d  th e  specim en from  St. 716. T h e  
canals o f th e  v en tro la te ra l tubefeet a re  clearly  
visible from  th e  v en tra l side of th e  b rim , b u t  less 
clearly  from  th e  dorsal side. T h e  tips o f th e  tu b e ­
feet p ro jec t a  li t t le  from  th e  edge o f th e  b rim . 
T h e  b r im  ro u n d  th e  h ea d  is in te rm e d ia te  in  
shape betw een  th a t o f th e  specim ens fro m  the  
T asm an  Sea a n d  th a t from  St. 716. T h e  ten tac les 
(PI. IX : 7) a re  deep ly  incised  a t th e  m a rg in . A  
few ten tacles a re  re trac te d  in to  pockets o f th e  
skin -  a  s im ila rity  to  th e  specim ens from , th e  
T asm an  Sea. Post-oral p ap illae  p resen t, s im ila r / 
in  appearance  to  those o f th e  specim en from  St. 
716.

T h e  fo u r 7 -8  cm  long  specim ens (PI. IV : 3-4) 
have alm ost com pletely  lost th e  ge la tinous, ex­
te rn a l layer of the  skin, except on  th e  r a th e r  w ell 
preserved head . T h is  is lig h t v io le t as th e  rest of 
the body, a n d  the  p ap illae  w hich  fo rm  th e  m a rg in ­
al b rim  of th e  h ea d  are visible also from  th e

dorsal side. T h e  ten tacles a re  p artia lly  em bedded 
in  th e  soft ge la tinous layer of the  skin, b u t n one  
are  re trac te d  in to  pockets o f the  skin. T h e  discs 
o f som e o f  th e  ten tac les a re  as deep ly  incised as 
those o f th e  la rge specim en. Post-oral p ap illae  
n o t preserved.

St. 497. -  O ne, 15 cm  long, specim en is com plete 
(PI. V : 1-2) w h ile  tw o specim ens have  lost the  
h in d  en d  o f th e  body. T h e  o u te r  gelatinous 
layer o f th e  sk in  is to  a la rge  degree to m  off, 
w hich ex p la in s  th e  m o re  fringed  appearance  of 
th e  a n te r io r  m arg in .

R e - e x a m i n e d  s p e c i m e n s :
A ll C h a llen g er  specim ens w ere re-exam ined. 
T h e e l m en tio n e d  th ree  specim ens from  St. 298 
a n d  on e  from  St. 295, b o th  sta tions s itu a ted  off 
th e  coast o f C hile. H ow ever, fo u r specim ens were, 
in  ac tu a l fact, fo u n d  to  o rig in a te  from  St. 298 
(tw o in  BM , on e  in  M N H N , a n d  one in  ZM U C; 
th e  specim en from  St. 295 is in  BM).

T h e  specim ens (PI. V I: 1-2) agree w ith  those 
from  th e  T a sm a n  Sea in  th e  shape o f the  body 
a n d  th e  b rim  (in  th e  Z M U C  specim en th e  b rim  
is co n trac ted  ro u n d  th e  head), an d  in  th e  n u m b e r 
a n d  shape o f th e  ten tac les (one specim en has, 
how ever, on ly  17 tentacles). T h e  tentacles, like 
those of th e  T a sm a n  Sea specim ens, fo rm  a 
reg u la r  circle ro u n d  th e  m o u th , a n d  several of 
them  are  re trac te d  in to  pockets of the  skin.

T h e  specim ens o f B . sa n g u in o le n ta  var. m a r­
g in a ta  T h e e l possessed traces of cross-shaped de­
posits a n d  should , therefo re, n o t be inc luded  
in  th e  synonym y o f B . sa n g u in o le n ta . D u e  to 
in su ffic ien t p rese rva tion  o f th e  deposits, th e  spec­
im ens are  u n id e n tif iab le .

O n e specim en from  A lb a tro ss  St. 3400 (G ulf 
o f P anam a), be lo n g in g  to  th e  m a teria l described 
by  L udw ig  (1894), is k e p t in  ZM UC. I t  is 10 cm 
long  a n d  less th a n  1 cm  broad . T h e  sk in  is 
a lm ost to ta lly  w o rn  off dow n to  th e  m uscu la r 
coat, a n d  th e  b rim  is rep resen ted  on ly  by  th e  slen­
d e r  a n d  freely p e n d e n t am b u lac ra l canals o f som e 
of th e  tubefeet. O n ly  a ro u n d  the  h ea d  a re  the  
p ap illae  lo n g  an d  fused  in to  a b ro ad  b rim . T e n ­
tacles 18, u n re trac te d , w ith  long  a n d  slender 
stalks an d  deeply  a n d  irre g u la rly  incised discs.

F o u r o th e r  easte rn  Pacific specim ens from  the  
m a te ria l described by C lark  (1913, 1920) w ere 
re-exam ined  (all in  MCZ). T h e y  w ere 6-19  cm 
long  a n d  as slender as th e  specim en in  ZM UC.
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N o a d d itio n a l in fo rm atio n  cou ld  be gained  from  
them .

T h e  specim en taken  by th e  V a ld iv ia  a t a d ep th  
o f 768 m  w est o f S um atra  was, accord ing  to  H e- 
d in g  (1940), too  poorly  preserved to  p e rm it a clos­
e r  exam ina tion , a lth o u g h  it  was regarded  as a 
typ ical rep resen ta tive  of the  species. Re-exam ina- 
tio n  o f th e  specim en (PI. V I: 3-4), a t p resen t in  
ZM U C, revealed  th e  follow ing features: T e n ta ­
cles 18, u n re trac ted , w ith  on ly  slightly  incised 
discs. Post-oral p ap illae  fo rm ing  a  conspicuous 
b rim  poste rio r to  the  ten tacle  crow n; they do  n o t 
form  p a r t of a circum -oral ring . A few m in u te  
d o rsa l p ap illa e  preserved; probably , the  pap illae  
w ere a rran g ed  in  bands. R em n an ts  of a d a rk  
v io le t b r im  p resen t h e re  a n d  th e re  on  the  body 
side. B rim  com plete ro u n d  th e  head.

R e l a t i o n s h i p s :  S e e B e n th o d y te s  typ ica .

D i s t r i b u t i o n :  D is trib u ted  th ro u g h o u t alm ost 
th e  w hole of th e  Indo-P acific region. D epths 
768-7250 m . M ost records are d eeper th a n  2000 m, 
a lth o u g h  it  has been  recorded  from  bathyal 
d ep th s  in  several regions: J a p a n  (805-1187 m), 
Bay of B engal (1223-1353 m), west of Sum atra 
(768 m), an d  South  A frica (1372 m).

B enthodytes  spp.

T h re e  specim ens are too  dam aged  to  be id en tified  
to  species.

St. 474. O ne specim en, 16 cm long  an d  5 cm 
b road . T h e  ex te rn a l features are well preserved 
a n d  in d ica te  a re la tio n sh ip  to  B . lingua . T h e  
d eposit-con ta in ing  layer o f the  skin is alm ost en ­

tire ly  w o rn  off, leav ing  only  some fragm ents of 
crosses.

St. 664. O n e  specim en, 27 cm long  a n d  5 cm 
b road , a n d  u n ifo rm ly  d a rk  violet. T en tac les  12. 
M arg ina l b r im  com posed of ra th e r  few a n d  large 
tubefeet. D orsal p ap illa e  an d  m idven tra l tube- 
feet ru d im e n ta ry . D eposits absent (p robably  dis­
solved).

St. 665. O n e  specim en, 12 cm long  a n d  2 cm 
broad . C o lo u r lig h t v io let, w ith  rem n an ts  of a 
b row n superfic ia l sk in  layer b o th  dorsally  an d  
ven tra lly . T en tac le s  15. M arg ina l b r im  preserved 
only  ro u n d  th e  head . Skin soft. P ap illae  n o t 
preserved. D eposits, preserved only in  patches, 
dorsally  crosses w ith  b ip a rt ite  apophyses; v en tra l­
ly absent.

G enus P sycheotrephes  Theel, 1882 
Fig. 118

T h £ e l 1882, p . 92. — T y p e  species: P sych eo trep h es
ex ig u a  T h £ e l, 1882, by  m onotypy.

D i a g n o s i s :  A nus ven tra l. U npaired  dorsal a p ­
pendage absent. C ircum -oral pap illae  absent. 
T en ta c le  discs of a  fixed  shape, ro u n d ed  in  o u t­
lin e  a n d  w ith  m a rg in a l knobs.

R e m a r k s :  P sych eo trep h es  seems to  be m ore
closely re la te d  to  P sych ro p o te s  th an  to  B e n th o d y ­
tes, as in d ic a te d  by  th e  ven tra l anus, the  absence 
of circum -oral p ap illae , an d  the  nu m b er (16-18) 
an d  shape o f th e  tentacles. (T h e  10 tentacles in  
P sych eo trep h es  e x ig u a  m ay  be a juven ile  feature). 
T h e  large size of th e  posterio r p a ir  of p ap illae  in  
P sych eo trep h es  rec ta  also  suggests a re la tio n sh ip  
to  P sych ro p o tes .

Key to the species of P sycheotrephes

1. P osterio r p a ir  o f dorsal p ap illae  l a r g e ........................................................................ recta  (p. 99)
1. D orsal pap illae, all m in u te  . .V. . . ........................................................................................ 2
2. T en tacles 1 0 ....................................... 1 .............................................................................  ex igua  (p. 96)
2. T en tacles 1 6 -1 8 ................................................................................................................  m agna  (p. 97)

Psycheotrephes exigua  Théel, 1882

T h é e l 1882, pp. 92-93, pis. V III: 8, XX XV : 12, 
X L IV : 1.

O n e specim en, 2.5 cm long, taken  by the  C ha l­

lenger  a t  a d e p th  o f 5029 m  in  the C entral Pacific 
(7°25’S, 152°15’W ).

T h e  species m ay rep resen t a juvenile stage of 
P. m agna .
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Fig. 37. Psycheotrephes magna. 
St. 234. The type specimen in 
dorsal and ventral view. PHW.

cm

P sycheo trephes m agna  n. sp.
Figs. 37-38, pi. X II: 6

D i a g n o s i s :  T en tac le s  16-18. D orsal p ap illa e  2-3  
pairs, a ll sm all a n d  p laced  an terio rly . D eposits 
cross-shaped, th e  do rsa l ones w ith  th e  d ista l p a rt 
of th e  arm s cu rved  upw ards.

M a t e r i a l :
St. 234, M adagascar-M om basa (5°25’S, 47°09’E), 

4820 m. — 4 specim ens. \
St. 663, K erm adec T re n c h  (36°31'S, 178°38’W)', 

4410 m . — 3 specim ens.

D e s c r i p t i o n :
St. 234. -  T y p e  specim en (Fig. 37) 28 cm  long  and  
9 cm  b road .

D o rsa l s k in  lig h t v io le t, soft, gelatinous, an d  
perfectly  sm ooth , w ith o u t w rinkles, knobs, o r 
o th e r  irreg u la rities .

V e n tra l s k in  d a rk  v io le t, ra th e r  firm , an d  
slightly  w rin k led . T h e  dorsal sk in  is 7 -8  m m  
thick, th e  v e n tra l sk in  on ly  h a lf  th is  thickness. 
(T h is  d iffe rence in  th ickness is n o t show n by  a ll 
th e  specim ens).

T e n ta c le s  16; discs firm  a n d  vau lted , w ith  c. 
20 m arg in a l knobs. T h e  ten tac les a re  p robab ly  
un re trac tile .

B r im  su rro u n d in g  th e  e n tire  body, b u t  on ly  
visible from  th e  v en tra l side. I t  is 1.5—2.0 cm 
broad , decreasing  to  0.5 cm  o n  th e  a n te rio r  
m arg in  o f th e  h ead . T h e  presence o f water-vascu- 
la r  canals in  th e  b r im  is in d ic a ted  by  furrow s in  
the  v en tra l skin.

M id v e n tr a l  tu b e fe e t  ex trem ely  sm all an d  com ­
pletely  re trac ted , th e ir  presence in d ic a ted  by  a 
do u b le  row  o f m in u te  p its  from  m o u th  to  anus.

D orsa l p a p il la e  com pletely  re trac ted ; w hen  
ex tended  they  a re  scarcely m ore  th a n  a few
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Fig. 58. Psycheotrephes magna. Deposits. 1-5, St. 234, dorsal crosses from an 11 cm long 
specimen; 4-10, deposits from the type specimen, 28 cm long (4-5, anterior part of dorsum; 
6-7, posterior part of dorsum 8, ventrum; 9-10, muscles); 11-14, St. 663 (11, dorsum; 12-14’

ventrum).

m illim e te r long. T h e  p ap illa e  a re  a ll placed 
an terio rly ; tw o a re  v isib le  on  each side.

D ep o s its  (Fig. 38: 4—10). T h e  dorsal deposits 
(4-5) h av e  cu rved  arm s, w hich  a re  dow nw ardly 
b e n t p rox im ally  a n d  ho rizo n ta l in  the distal 
p a rt. T h e  arm s b e a r  o b liq u e  o r vertical spines 
w hich  are  ir re g u la rly  arranged . L arger an d  
strongly  sp inous deposits (6-7) a re  p resen t in  the 
p o ste rio r p a r t  o f th e  dorsum . W h ile  the form er 
type o f deposits w as also fo u n d  in  o th e r speci­
m ens, th e  la tte r  ty p e  is p ecu lia r to  th e  type speci­
m en. T h e  v en tra l deposits (8) have usually  less 
cu rved  arm s a n d  sm alle r spines th a n  the  dorsal 
ones; they  a re  occasionally  tr ip a rtite . T h e  
m uscles co n ta in  sp in o u s tr ip a r ti te  an d  rod-shaped 
deposits (9-10).

T h e  o th e r  th ree  specim ens from  St. 234 are 10,
11, a n d  13 cm  long. T h e y  are  sim ilar in  appear­
ance to  th e  type specim en, except th a t one of the 
specim ens is s trong ly  v au lted  a n d  has a  narrow  
b rim  d u e  to  body con trac tion .

D o rsa l s k in  lig h t v io let, soft, a n d  perfectly 
sm ooth.

V e n tra l s k in  m ore  firm , a n d  d ark  violet.
T e n ta c le s  17 in  tw o of the  specim ens, a n d  16 

in  th e  th ird  specim en.
M id v e n tr a l  tu b e fe e t  cou ld  n o t be detected  in  

th e  m idd le  p a r t o f th e  body in  two of the  speci­
mens.

D orsa l p a p il la e  n o t visible.
D ep o sits  (Fig. 38: 1-3) w ith  ra th e r  stra igh t 

arm s occur in  th e  d o rsum  of one of the  speci­
mens, scattered  betw een  th e  u su a l type w ith  
curved arm s. M ost o f th em  are  o f th e  usua l size 
in  the  species, w ith  arm s 0.1 m m  lo n g  b u t  a  few 
deposits a re  m ore  th a n  tw ice as large.

St. 663. -  T h e  specim ens are  30, 11, a n d  6 cm 
long. T h ey  resem ble th e  type specim en, a lthough  
the  sm allest specim en is rem ark ab le  fo r its ra th e r  
th in  brim , in  w hich  th e  p ig m e n te d  canals for the  
p ap illae  a re  v isib le  b o th  from  th e  dorsal an d  
ven tra l side.

T h e  largest specim en has 18 tentacles, w hich 
are sim ilar in  sh ap e  to  those o f th e  specim ens 
from  St. 234. O ne r ig h t a n d  tw o le ft do rsal p ap il­
lae are presen t, all p laced  an terio rly . In  the  two 
o ther specim ens th e  ten tacles c a n n o t be coun ted  
an d  n o  dorsal p a p illa e  a re  visible.

D ep o sits  (Fig. 38: 11) sim ila r to  th e  usua l type 
a t St. 234. O n e  specim en has la rge rods (14) in  
the v en tru m  in  a d d itio n  to  th e  u su a l cross-shaped
(13) an d  tr ip a r ti te  (12) deposits.

S lender crosses a re  p resen t in  th e  ovaries, an d  
spinous rods, t r ip a r t i te  deposits, a n d  ru d im e n ta ry  
crosses in  th e  muscles.

R e l a t i o n s h i p s :  T h e  species is possibly id e n ti­
cal w ith  P sych eo trep h es  ex ig u a . T h e  presence of



only  te n  tentacles in  th e  la t te r  species m igh t 
be a ju v e n ile  fea tu re , th e  single specim en know n 
b e in g  on ly  2.5 cm  long. T h e  supposed  absence 
of m id v e n tra l tu b efee t in  P . e x ig u a  can  h ard ly  
be considered  taxonom ically  sign ifican t, as in  two 
of th e  specim ens of P . m a g n a  they  co u ld  n o t be 
follow ed a lo n g  the  en tire  m id v e n tra l rad ius.

P sycheotrephes rec ta  (Vaney, 1908)

B e n th o d y te s  rec ta  V aney, 1908, pp . 417-418, pis. 
I I :  23, I I I :  37-38.

D i a g n o s i s :  T en tac les  16. D orsal p ap illa e  con­
sisting  o f a b o u t th ree  p a irs  o f  sm all, an te rio r  
p ap illa e  a n d  one p a ir  o f la rge p o ste rio r ones. 
D eposits cross-shaped w ith  u n eq u a lly  reduced  
arms.

R e c o r d s :  A n tarc tic , 4572 m . T h re e  specim ens.

R e m a r k s :  T h e  species is h e re  re fe rre d  to  
P sych eo trep h es  because th e  anus, accord ing  to  
Vaney, is “p lu to t v en tra l q u e  te rm in a l” . L ike­
wise, th e  presence of 16 ten tacles suggests th a t 
th e  species does n o t b e lo n g  to  th e  genus B e n th o ­
d y tes , in  w hich  th is ten tac le  n u m b e r  does n o t 
occur (ap a rt from  B . typ ica  w here  th e  n u m b e r  is 
15-20).

T h e  species is characterized  by th e  large-sized

p o ste rio r  p a ir  o f dorsal p ap illae  a n d  th e  irreg ­
u la r ly  sh a p ed  deposits.

G enus Psychropotes  Théel, 1882 
Figs. 117-118

P sych ro p o te s  T h ée l, 1882, p . 96. -  T y p e  species, 
des ig n a ted  by D eichm ann  (1930): P sych ro p o ­
tes lo n g ic a u d a  T h ée l, 1882.

E u p h r o n id e s  T h ée l, 1882, p. 93.
T r ie  o n u s  H é ro u a rd , 1909, pp . 1-5.
N e c to th u r ia  Belyaev Sc V inogradov, 1969, p . 711.

D i a g n o s i s :  A nus ven tra l. U n p a ire d  dorsal ap ­
p en d ag e  p resen t. C ircum -oral p ap illa e  absent. 
T e n ta c le  discs o f a  fixed  shape, ro u n d e d  in  o u t­
lin e  a n d  w ith  m arg in a l knobs.

R e m a r k s :  T h e  genera E u p h r o n id e s  a n d  P sy­
c h ro p o te s  w ere d istingu ished  by  th e  p osition  an d  
size o f th e  u n p a ire d , do rsal appendage . In  
E u p h r o n id e s  th e  appendage  was low  a n d  placed 
a t  a considerab le  d istance from  th e  p o ste rio r en d  
o f th e  body, w hereas in  P sych ro p o te s  i t  was long  
a n d  p laced  close to  th e  p o ste rio r end . H ow ever, 
P .s e m p e r ia n a  a n d  P. b e lya ev i com bine th e  features 
o f th e  tw o genera, h av in g  a  lo n g  appendage  
p laced  fa r from  th e  poste rio r en d  of th e  body.

T h e  genus N e c to th u r ia  was erected  fo r th e  
species N . tra n slu c id a , w h ich  is h e re  reg a rd ed  as 
a  synonym  o f P sych ro p o tes  lo n g ica u d a .

Key to the species of P sychropo tes

1. D orsal ap p en d ag e  p laced  close to  po ste rio r e n d  o f b o d y ...........................................  2
1. D orsal ap p en d ag e  p laced  a t least i / 5 body le n g th  from  poste rio r end  of body  . .  3

2. T en tac les  1 0 -1 2 ....................................... .............................................................................  lo v e n i (P- 126)
2. T en tacles 18 ...............................................................................................................  lo n g ica u d a  (p. 115)
3. D orsal skin covered w ith  w arts, each co n ta in in g  a g ia n t c r o s s .................................  4
3. D orsal skin s m o o th ....................................... ................................................................................  5
4. D orsal appendage  s h o r t .................. ........................................................................... verrucosa  (p. 112)
4. D o r s a l  appendage  very l o n g ................... I ..............................................................  m ira b ilis  (p. I l l )

5. D orsal appendage  a t th e  m ost Ve le n g th  of th e  b o d y ..................................................... 6
5. D orsal appendage  a t  least V3 le n g th  of the  b o d y ...........................................................  7
6. T en tac les  18 .....................................................................................................................  depressa  (p. 106)
6. T en tac les  1 6 .......................................................................................................................... sco tiae  (p. I l l )
7. B rim  broad . D orsal ap p en d ag e  V3-V 2 len g th  o f th e  body, usua lly  b ip a rtite . A rm

spines of deposits u sua lly  a rran g e d  in  r i n g s .......................................................... b e lya e v i (p. 100)
7. B rim  narrow . D orsal ap p en d ag e  V r-V i le n g th  o f  th e  body, p laced  o n  th e  m ost 

elevated  p a r t of th e  body. A rm  spines of deposits n o t a rran g ed  in  r i n g s ............ 8
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8 . D eposits belong ing  to  tw o types, one w ith  spines th ro u g h o u t arm  leng th , the 
o th e r w ith  a sm ooth, p ro x im a l a rm  p a r t  an d  a  h igh , cen tra l apophysis en d in g
in  th ree  o r fou r dow nw ard ly  b e n t hooks .....................................................  sem p eria n a  (p. 102)

8. D eposits belong ing  to  one type only, being  sm all, s lender crosses w ith  a low,
cen tra l a p o p h y s is ..............................................................................................................  m in u ta  (p. 106)

P sychropotes belyaevi n. sp.
Figs. 39-40, pis. X II : 9, X IV : 3-5

D i a g n o s i s :  T en tacles 16. B rim  b ro ad  an d  fla t­
tened. D orsal p ap illae  m inu te . U n p a ire d  dorsal 
appendage gelatinous, m easuring  a b o u t i / 3—1 /2 
body length , usually  b ip a rtite  alm ost from  the  
base, an d  placed  Vr-Vs body len g th  from  pos­
te rio r end of body. D orsal a n d  v en tra l deposits 
robust crosses w ith  th e  spines usually  p laced  in  
pairs  o r rings dow n the  arm s; cen tra l apophysis 
ru d im en tary  o r absent, except o n  th e  scattered 
la rger crosses of th e  deeper layer.

M a t e r i a l :
St. 231, M adagascar-M om basa (8°52’S, 49°25’E), 

5020 m. -  2 specimens.
St. 235, M adagascar-M om basa (4°47’S, 46°19’E), 

4930 m. -  1 specim en.
St. 234, M adagascar-M om basa (5°25’S, 47°09’E), 

4820 m. -  3 specimens.
St. 235, M adagascar-M om basa (4°47’S, 46°19’E), 

4810 m. -  19 specimens.

D e s c r i p t i o n :  O ne specim en is 5.5 cm  long, the

others 11-19 cm  (Fig. 39). T h e  type specim en, 
from  St. 235, is 18 cm long.

S k in . T h e  sm all specim en has a soft an d  lig h t 
violet sk in  b o th  dorsally  an d  ventrally , an d  the 
in n e r  organs also are  only feebly p igm ented. T h e  
o th e r specim ens a re  dark  v iolet (darkest on  the 
ven trum ), a n d  th e  in n e r  organs are  strongly p ig­
m ented.

T e n ta c le s  16 (one 15 cm long  specim en has 
only  14 tentacles).

B r im  f la tten ed  an d  1-2 cm broad  in  the  larger 
specimens. In  th e  sm all specim en th e  b rim  re­
sembles th a t of B e n th o d y te s  typ ica . T h e  b rim  is 
som ew hat contractile , b u t never com pletely re­
trac ted  in to  th e  body. T h e  species has a flattened  
appearance ow ing  to  the b road  brim , b u t the 
body p ro p e r  is sem icircular in  cross-section.

M id v e n tr a l  tu b e fe e t  sm all an d  conical, p resen t 
th ro u g h o u t w hole leng th  of ven tra l sole.

D orsa l p a p il la e  u p  to 3 pairs, th e  posterior 
p a ir  largest. In  a 16 cm long specim en w ith  es­
pecially  w ell-developed p ap illae  those of the 
h indm ost p a ir  are  5 m m  long, w hereas those of 
the  tw o a n te r io r  pairs m easure 2 mm. In  the

Fig. 39. Psychropotes belyaevi. St. 234. 
1-3, a specimen in dorsal, lateral and 
ventral view; 4, an almost undivided 
dorsal appendage from another speci­
men.
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Fig. 40. Psychropotes belyaevi. Deposits. 1-4, dorsal crosses from outer layer (1—2, St. 231; 
3, St. 234; 4, St. 232); 5, dorsal cross from deeper layer (St. 234); 6-7, crosses from unpaired
appendage (St. 234); 8, ventral cross from outer layer (St. 234); 9-10, ventral cross from

deeper layer (St. 234); 11-13, peritoneum (11-12, St. 231; 13, St. 232).

sm all specim en th e  p a p illa e  of th e  poste rio r p a ir  
m easure 4 m m , w h ile  a n te r io r  to  th is p a ir  only 
one p a ir  o f 1 m m  lo n g  p ap illa e  is seen.

U n p a ire d , d o rsa l a p p e n d a g e  very soft an d  
gela tinous, a n d  fu lly  p reserved  in  on ly  a few 
specim ens. I t  m easures i/s  to  alm ost */2 body
leng th ; i t  is u su a lly  b ip a r t ite  alm ost from  the
base, a l th o u g h  in  som e specim ens the  tw o halves 
are a lm ost com plete ly  fused. A  b ro ad  a n d  darkly  
p ig m en ted  w ater-vascu lar canal is clearly  visibly 
in  each  h a lf  o f th e  appendage . T h e  appendage 
is p laced  V4 to  1/3 body  le n g th  from  th e  posteri­
o r en d  o f th e  body.

D e p o s its  (Fig. 40). T h e  dorsal crosses (1-4) 
are  crow ded, m ost o f th e m  very robust, w ith  
sm all sp ines u sua lly  p laced  in  pairs  o r  rings on 
th e  arm s. T h is  sp ine  a rran g e m en t was fo u n d  in  
all th e  specim ens, a n d  is ap p a ren tly  character­

istic  o f th e  species. Crosses w ith  la rg e r a n d  m ore 
irreg u la rly  p laced  sp ines (6-7) a re  p resen t in  
the  u n p a ire d  ap p e n d a g e  in  on e  specim en; how ­
ever, in  tw o o th e r  ap p en d ag es ex am in ed  th e  cross­
es belong  to  th e  u su a l type. T h e  cen tra l apophy­
sis is ru d im e n ta ry  o r  ab sen t. T h e  v en tra l crosses 
(8) a re  u sua lly  m ore  s le n d er th a n  th e  dorsal ones, 
b u t  o therw ise o f th e  sam e type.

Crosses possessing a  c e n tra l apophysis (5, 9-10) 
occur scattered ly  b e n e a th  th e  o u te r  layer of dense­
ly  packed  crosses. B o th  in  d o rsu m  a n d  v en tru m  
they  m ay occasionally  re a c h  0.4—0.5 m m  in  arm  
leng th .

P eritoneum , gonads, a n d  m uscles (11-13) w ith  
very s lender cross-shaped a n d  tr ip a r t i te  deposits, 
o ften  w ith  a  h igh , c e n tra l apophysis.

T en tac les  w ith  large , o b liq u e ly  o r  lo n g itu d in a l­
ly p laced  rods in  th e  s ta lk ; th e  ten tac le  discs pos­
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sess large, rad ia lly  p laced  rods, a n d  sm all, curved 
rods ro u n d  th e  bases o f th e  pap illae .

R e l a t i o n s h i p s :  P . b e lya e v i is well character­
ized by the  g e la tin o u s dorsal appendage w hich 
usually  shows a n  in co m p le te  fusion of its two 
p ap illae , by th e  b ro a d  b rim , a n d  the shape of 
th e  deposits. I t  does n o t a p p e a r  particu la rly  close­
ly re la te d  to  any  o f th e  o th e r  species. T h e  com bina­
tio n  o f 16 ten tac les a n d  a dorsal appendage 
p laced  far from  th e  p o ste rio r en d  o f the body is 
also fo u n d  in  P . ve rru co sa  a n d  P . sem p eria n a . I n  
P . verru co sa  th e  d o rsa l ap p e n d ag e  m ay be b ip a r­
tite  to  a  la rge e x te n t (as in  th e  specim en described 
as E u p h r o n id e s  b ifu rc a ta  K oeh ler Sc Vaney); how ­
ever, th e  ap p en d ag e  is very  short. M oreover, P. 
verru co sa  is d is tin g u ish e d  by  th e  dorsal warts, 
w h ich  each  co n ta in s  a  g ia n t cross. I n  P. sem p e ­
ria n a  th e  a p p e n d ag e  is lo n g  a n d  und iv ided , the 
b rim  is narrow , a n d  th e  deposits very d iffe ren t 
from  those o f P . b e lya e v i.

R e m a r k s :  X h e  b iva lve  G a la th ea va lva  h o lo th u -  
riae  K nudsen, 1970, lives as a com m ensal in  the 
o ra l cavity, an ch o red  in  th e  tissue by  m eans of 
its byssus. T h e  b ivalve a tta in s  a len g th  of 20 mm.

O n e  specim en o f G a la th ea va lva  cam e from  St. 
234 a n d  n in e  from  St. 235. As m ost o f the speci­
m ens w ere fo u n d  loose in  th e  vial, i t  is n o t know n 
how  m any  specim ens can  b e  p resen t sim ultane­
ously in  a n  o ra l cavity. A ll th e  In d ia n  O cean 
specim ens of P. b e lya e v i, P . lo n g ica u d a , P . sem p e ­
r ia n a , a n d  P . m ira b ilis  w ere searched for com- 
m ensalistic bivalves by  m eans o f  X -ray pho tog ­
raphy , b u t  n o  a d d itio n a l specim ens of bivalves 
w ere found.

T h e  species is n a m e d  a f te r  th e  Soviet deep-sea 
b io logist a n d  h o lo th u r ia n  specialist, D r. G. M. 
Belyaev.

P sychropotes sem periana  Théel, 1882 
Figs. 41-42

P sych ro p o te s  se m p e r ia n a  T h ée l, 1882, pp. 100- 
101, pi. X X X IV : 10-11.

P sych ro p o tes  k e rh e r v e i  H é ro u a rd , 1902, pp. 27 - 
30, pi. IV : 1-9.

E u p h r o n id e s  k e rh e r v e i  (H éro u a rd ), H éro u ard  
1923, p. 104, p i. I l l :  4 -5 ; D eichm ann  1940, 
pp . 202-203, pi. X X X V : 9-12 ; M adsen 1953, 
pp . 161-163, fig. 9.

B e n th o d y te s  k e r h e r v e i  (H erouard ), D eichm ann 
1930, pp . 125-126.

E u p h ro n id e s  a n ch o ra  H & xm ard, 1912, pp. 6-7, 
fig. 5; H & rouard 1923, p. 103, pis. I: 22-30, 
V I: 3.

“ H o lo th u r id ” from  C h a llen g er  St. 89, T h6el 
1886a, p. 244, p i. X : 12.

D i a g n o s i s :  T en tac le s  (15—)16. B rim  narrow . 
D orsal p ap illa e  m in u te . U n p a ire d , dorsal ap p en ­
dage vary ing  fro m  Vs to  the sam e len g th  as the 
body, p laced  o n  a n  elevated  p a r t  o f th e  dorsum , 
V4—Vs body le n g th  from  p o ste rio r en d  of body. 
D orsal deposits o f  tw o types -  o n e  w ith  irreg u la r­
ly p laced  spines th ro u g h o u t th e  len g th  of the 
arm s a n d  a  low  a n d  irre g u la rly  sp inous cen tra l 
apophysis, th e  o th e r  w ith  th e  p ro x im a l p a r t  of 
the  a rm  sm ooth , a n d  a  sm ooth  a n d  o ften  ra th e r  
h ig h  cen tra l apophysis w hich  ends in  th ree  or 
fo u r dow nw ard ly  b e n t hooks; in  In d ia n  O cean 
specim ens a  few dow nw ard ly  b e n t hooks are 
nearly  always p rese n t also on  th e  stalks of the 
apophyses. V en tra l deposits vary ing  from  crosses 
to  rods.

M a t e r i a l :
St. 235, M adagascar-M om basa (4°47’S, 46°19’E), 

4810 m. -  4 specim ens.
St. 279, Seychelles-C eylon (1°00 'N , 76°17’E), 4320 

m. -  1 specim en.
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D e s c r i p t i o n :  T h e  specim ens (Fig. 41) a re  7 .5- 
12.0 cm  long  an d  very  s im ila r  to  each  o th e r  b o th  
in  ex tern a l features a n d  deposits.

Colour d a rk  v io let, d a rk est o n  th e  v en tru m . 
Tentacles 16 (except in  o n e  specim en  w ith  15). 
B rim  narrow  a n d  re trac tile , com posed  on  each 

side of app rox im ate ly  60 con ica l, o n e  m illim e te r 
long  tubefee t w hich  a re  fused a t  th e ir  bases.

M idven tra l tu befeet p rese n t th ro u g h o u t w hole 
le n g th  of ven tra l sole.

D orsal papillae  1-2 m m  long. O n e  specim en 
has two pap illae  on  th e  le ft side; th e  o th e r  speci­
m ens have only  one o r  n o  p a p illa  p reserved.

U npaired, dorsal appen dage  fu lly  p reserved 
only in  the  illu s tra te d  specim en w h ere  i t  was 
alm ost th e  sam e le n g th  as th e  body. I n  th e  o th e r 
specim ens i t  is to rn  o ff close to  th e  base. In  all 
th e  specim ens th e  ap p e n d ag e  is p laced  o n  an  
elevated  p a r t o f th e  d o rsa l side, a b o u t one- 
th ird  body  leng th  from  th e  p o ste rio r  en d  o f th e  
body.

D eposits  (Fig. 42: 1-11). T h e  d o rsa l deposits 
consist of crosses of tw o types. By fa r  m ost o f the 
crosses (4-5, 9-11) possess la rge  a n d  irregu la rly  
placed spines th ro u g h o u t a rm  le n g th . T h e  cen tre  
of the  cross som etim es has a  low  a n d  irregu la rly  
sp inous apophysis, b u t  o ften  th e  apophysis is 
absen t o r rep laced  by a  n u m b e r  of irregu la rly  
shaped  spines. T h e  apophyses s ta r t  as tr ip a rti te  
structures, b u t n o  trace  of th is  s tru c tu re  is seen 
in  the  fu lly  developed deposits. T h e  arm s are  0 .1 - 
0.2 m m  long  in  th e  specim en  fro m  St. 279 (7.5 cm 
long), a n d  0.1-0.3 m m  lo n g  in  th e  specim ens from  
St. 235 (8-12 cm long). I n  th e  sm allest specim en 
from  St. 235 alm ost n o  crosses o f th is  type h ad  
arm s longer th a n  0.2 m m . O n e  of th e  specim ens 
(10 cm long) from  St. 235 h a d  very  ro b u s t an d  
spinous crosses (11).

A n o th er type of dorsal d eposit (1-3), occurring  
m ore rarely , has sm ooth  p ro x im a l a rm  parts, an d  
a tru e  cen tra l apophysis w h ich  ends in  th ree  
dow nw ardly  b e n t hooks; in  a d d itio n , a  few hooks 
are practically  always p rese n t o n  th e  stalks. M ost 
of the  apophyses, how ever, a re  b ro k e n  o fi a t the  
base, leaving only  a  fra c tu re d  su rface  in  th e  
cen tre of th e  cross. T h e  arm s a re  0.2—0.3 m m  long  
an d  usually  show a n  irre g u la r, h o riz o n ta l curva­
tu re  a t  the end; th is  type of c u rv a tu re  is rarely  
fo u n d  in  the  crosses of th e  firs t type.

V ery few deposits a re  in te rm e d ia te  in  shape 
betw een  the  tw o types.

D eposits w ith  3, 5, o r  6 arm s, com m only  found

in  A tla n tic  specim ens, a re  very ra re  in  th e  G ala- 
th e a  specim ens.

T h e  v en tra l deposits (6-7) consist o f curved, 
u p  to  0.7 m m  long  rods. T h e  rods a re  crow ded 
in  a  p re p a ra tio n  from  th e  specim en from  St. 279, 
b u t  very scarce in  those from  th e  specim ens from  
St. 235.

S y n o n y m y :  P sych ro p o tes  se m p eria n a  T h 6 e l was 
tak en  a t  tw o S ou th  A tla n tic  C h a llen g er  s ta tions 
(Sts. 101 a n d  133), on e  specim en a t  each. T h e  
specim ens (bo th  in  BM ) w ere re-exam ined ; de­
posits dissolved in  th e  specim en from  St. 101.

T h e  specim ens agreed  w ith  the  G a la th ea  speci­
m ens in  th e  n u m b e r  a n d  shape of th e  tentacles, 
th e  shape of th e  b rim , a n d  in  th e  dorsal a p p e n ­
dage b e in g  p laced  o n  a n  elevated p a r t of th e  body, 
a b o u t o n e-th ird  body  len g th  from  th e  poste rio r 
end . T h e  appendage m easured  one th ird  body 
le n g th  in  b o th  C h a llen g er  specim ens.

T h e  dorsal deposits, as in  th e  G a la th ea  speci­
m ens, com prised  tw o types. T h o se  of th e  firs t 
type (Fig. 42: 13-15) w ere strongly  sp inous. Som e 
of th e  deposits h a d  3, 5, o r  6 arm s. T h e  a p o p h ­
yses, w hen  presen t, w ere low  a n d  sp inous. T h e  
second type was rep resen ted  by  on ly  on e  deposit 
(12) in  th e  p re p a ra tio n  m ade d u r in g  re-exam ina­
tion . T h e  arm s of th is deposit w ere  irreg u la rly  
cu rved  a t  th e  end, as usua lly  fo u n d  in  th e  G ala­
th ea  specim ens; th e  apophysis was h igh , sm ooth, 
a n d  slender, a n d  ended  in  th ree , dow nw ard ly  
cu rved  hooks. T h 6 e l illu s tra te d  b o th  types of 
deposit, a lth o u g h  h e  d id  n o t f in d  th e  hooked  
ends on  th e  second type, a n d  also fa iled  to  recog­
nize th e  crosses as be long ing  to  tw o d is tin c t types.

T h e  ven tra l deposits (16-20), also illu s tra te d  
by T h d e l, w ere rod-shaped  an d  irreg u la rly  3- o r 
4-arm ed.

A  th ird  specim en was taken  a t C h a llen g er  St. 
89 (off C ape Blanco, W est A frica; d e p th  4389 m).

' T h e  specim en, 6.5 a n  long, was lis ted  as a “h o lo  
th u r id ” am ong  specim ens “ too fragm en tary  fo r 
accurate  d iagnosis” (T M e l 1886a). H ow ever, th e  
tw o deposits illu s tra te d  by Thd'el re fer th e  speci­
m en to  P sych ro p o tes  sem p eria n a . T h e  fact th a t 
the  anchor-shaped  apophyses ended  in  fo u r hooks 
in stead  of th ree  is h a rd ly  im p o rtan t. T h e  hooked  
ends a re  so ra re ly  preserved th a t i t  is u n ce rta in  
w h e th e r the  hook  n u m b e r is co n stan t even in  
one a n d  th e  sam e specim en.

Euphronides anchora  H & o u ard  is know n  from  
one specim en taken  southw est o f the  Azores. T h e



specim en (in M OM ) is in  a  p o o r s ta te  o f preserva- n o t m ,- i
tion, a n d  the  ex ternal features can  n o  longer be to  t \  "  A e  sPecim en was referred
m ade ou t. g t  be to  th e  Senus E u p h ro n id e s ,  i t  was p ro b ab ly  p laced

T h e  specim en h a d  15 tentacles a n d  a narrow  ^  P ° Steri° r
brim . Size an d  position  of th e  dorsal appendage  ila r  to  A e T  ^  by  H 6 o u a r d  sim-

g  lla r  t0  t,le  two fo u n d  in  the  re-exam ined
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specim en of P . sem p er ia n a . T h e  type w ith  a n c h o r­
shaped apophyses h a d  a rm  spines o n  th e  d is ta l 

half of th e  arm s only.
Psychropotes kerhervei H 6 ro u a rd  is kn o w n  

from  eleven N o rth  A tla n tic  specim ens. T h e  fo u r 
specimens described by  H & rouard (1902, 1923) 
an d  one of th e  specim ens described  by  M adsen  
(1953) w ere re-exam ined; in  ad d itio n , sk in  p re p a ­
rations w ere ex am in ed  from  th e  o th e r  fo u r  speci­
mens in  M adsen’s m a te ria l. T h e  re -ex a m in a tio n  
revealed good ag reem en t w ith  th e  G alathea  spec­
imens, b o th  in  ex te rn a l fea tu res a n d  deposits.

Body colour, b rim , a n d  n u m b e r  o f ten tac les  as 
in  the  G a la th ea  specim ens. (O ne o f M ad sen ’s 
specim ens h a d  on ly  15 tentacles).

D orsal p ap illa e  3 -4  pairs , m in u te . U n p a ire d  
dorsal appendage  in  a ll th e  specim ens to m  off 
at the base.

Deposits. T h e  dorsal crosses in  P . k e rh e r v e i  
belong to  the  sam e tw o types as in  P . 'se m p e r ia n a , 
E. anchora , a n d  th e  G a la th ea  specim ens. T h e  
deposits o f the  firs t type have irre g u la rly  p laced  
spines th ro u g h o u t arm -length , a n d  a  low  a n d  
spinous cen tra l apophysis; th e  arm s a re  0 .10- 
0.15 m m  long. A  n u m b e r  of deposits w ith  3, 5, 
o r 6 arm s are p resen t in  b o th  H e ro u a rd ’s a n d  
M adsen’s specim ens. T h e  deposits o f th e  second 
type (Fig. 42: 21-23) have a b o u t 0.16 m m  lo n g  
arm s w ith  d ista l spines. T h e  deposits a re  u sua lly  
of a slender struc tu re , a lth o u g h  som e a re  m ore 
strongly b u ilt ; th e  la tte r  deposits possess on ly  
a few spines a t th e  en d  of th e  arm s, a n d  a re  sim ­
ilar to  those w hich  H & rouard illu s tra te d  fo r E . 
anchora. A  vertical, sm ooth  apophysis w ith  th ree , 
dow nw ardly b e n t hooks is p reserved  in  a  few 
deposits o f  th e  second type. T h e  h o o k ed  ends 
were overlooked by H 6 ro u a rd  a n d  M adsen .

T h e  ven tra l deposits in  th e  re -ex am in ed  speci­
mens consist o f rods u p  to  0.3 m m  in  le n g th , a n d  
reductional stages of crosses.

H ero u ard  (1902) considered  d ie  p o ste rio r  eleva­
tion  of the  body  to  b e  a characteristic  fe a tu re  of 
P. kerh erve i,  b u t  in  h is  la te r  w ork  h e  suspected  
th a t th is body fo rm  was caused b y  co n tra c tio n , ƒ 
However, M adsen aga in  sta ted  th a t  “ th e  dorsal 
side is vau lted , usua lly  h ighest in  th e  p o ste rio r 
p a r t of th e  bo d y ” . T h is  shape of th e  b o d y  is a 
sim ilarity  to  th e  C h a llen g er  specim ens o f P . se m ­
p eriana  a n d  to  th e  G a la th ea  specim ens.

D eichm ann  (1930) “w ith  some d o u b t” reco rd ­
ed a specim en of B e n th o d y te s  k e rh e r v e i  (H 6rou- 
ard) from  a d e p th  o f 4345 m  off th e  W est Ind ies.

T h e  deposits w ere sta ted  to  agree w ith  those illu s­
tra te d  by  H 6 ro u a rd  (w hich, how ever, d id  n o t 
in c lu d e  the  type w ith  anchor-shaped  apophyses).

A n o th e r  W est In d ia n  specim en, reco rded  by 
D eichm ann  (1940) as E u p h r o n id e s  k e rh erve i  
(H erouard ), was taken  a t  th e  A tla n tis  St. 2966 
(22°47’N , 80°24’W ) a t  a d e p th  o f 3886 m. (Deich­
m a n n  cited  a  w rong  p o s itio n  a n d  d ep th  (625 
fathom s) of th e  sta tion). T h e  specim en (in  MCZ) 
was re-exam ined  a n d  fo u n d  to  agree w ith  P . se m ­
p e r ia n a  in  ex te rn a l fea tu res as w ell as deposits, 
a lth o u g h  the  u n p a ire d  ap p en d ag e  was lost a n d  
n o  h o o k ed  ends of apophyses w ere preserved 
in  a p re p a ra tio n  m ade.

R e m a r k s :  T h e  species synonym ized agree w ith  
th e  G a la th ea  specim ens in  th e  n u m b e r an d  shape 
o f th e  tentacles, th e  n a rro w  b rim , a n d  th e  dorsal 
ap p en d ag e  b e in g  p laced  o n  a n  elevated  p a r t of 
th e  body, a b o u t o n e-th ird  body  len g th  from  th e  
p o ste rio r end. (O nly  th e  a n ch o ra  specim ens w ere 
to o  poorly  preserved  to  m ake  o u t th e  shape of 
th e  body). T h e  u n p a ire d  ap p en d ag e  was fu lly  
preserved  on ly  in  one G a la th ea  specim en (w here 
i t  was alm ost as long  as th e  body) a n d  in  th e  tw o 
C h a llen g er  specim ens (w here i t  m easured  a b o u t 
o n e-th ird  body length).

A  geographic v a ria tio n  m ay be p resen t in  th e  
size a n d  shape of th e  do rsa l deposits, w hich  in  
a ll th e  specim ens belong  to  th e  sam e tw o types. 
In  th e  In d ia n  O cean th e  deposits o f b o th  types 
have arm  leng ths u p  to  0.3 m m . T h e  type w ith  
anchor-shaped  apophyses has one o r  m ore of th e  
arm s irreg u la rly  curved  a t  th e  ends, a n d  th e  
apophyses usua lly  possess a  few hooks o n  th e  stalk  
in  ad d itio n  to  th e  th ree  la rg e  te rm in a l hooks.

I n  th e  A tla n tic  O cean  th e  arm s reach  only  
0.2 m m  in  leng th . D eposits w ith  3, 5, o r  6 arm s 
a re  n o t uncom m on  in  th e  A tlan tic , w h ile  they are  
very ra re  in  th e  In d ia n  O cean. T h e  deposits w ith  
anchor-shaped  apophyses a re  slender a n d  th e  
apophyses possess n o  spines o th e r  th a n  th e  te rm i­
n a l hooks. I n  th e  specim ens from  th e  N o rth  
A tla n tic  th e  arm s are  som etim es s tra ig h t a n d  
o ften  w ith  a few te rm in a l spines only.

R e l a t i o n s h i p s :  M ost closely re la ted  to  P. m i-  

n u ta  (q. v.).

D i s t r i b u t i o n :  N o rth  a n d  S ou th  A tlan tic , an d  
w estern  p a r t of th e  In d ia n  O cean. D ep th  3465- 
5600 m.
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P sychropotes m inu ta  K oehler & Vaney, 1905

P sych ro p o tes  m in u tu s  K oehler & Vaney, 1905, 
pp . 76-78, pis. V III : 4-5 , X II : 23-24.

D i a g n o s i s :  R esem bling  P. sem p er ia n a , b u t 
deposits w ith  anchor-shaped  apophyses have n o t 
been  found.

R e c o r d :  Off  th e  Laccedives (In d ia n  O cean), 
2085 m. O n e specim en.

R e m a r k s :  T h e  sim ilarities to  P . sem p eria n a  in ­
c lude th e  n u m b e r o f 16 tentacles, th e  narrow  b rim  
com posed of sm all an d  closely p laced  tubefeet, 
a n d  th e  p o ste rio r v au ltin g  of th e  body, w ith  the  
u n p a ire d  ap p en d ag e  p laced  on  th e  h ighest p o in t 
a b o u t one th ird  body  len g th  from  th e  poste rio r 
end. T h e  ap p en d ag e  was alm ost as long  as the  
body, a s im ila rity  to  th e  appendage preserved 
in  one of th e  G a la th ea  specim ens.

K oehler & V aney figu red  tw o crosses w ith  
spinous, c. 0.16 m m  long  arm s, resem bling  the  
sm allest crosses in  th e  G ala thea  specim ens. T h e  
deposit type especially  characteristic  o f P . se m p e ­
r ia n a , w ith  sm ooth  basal arm  p arts  a n d  a hooked  
apophysis was n o t m en tio n ed  by  K oehler & V a­
ney. F o r th is reason  P. m in u ta  is re ta in ed  as a 
separate  species.

P sychropotes depressa  (Theel, 1882)
Figs. 43-44, pis. V II: 1-3, X II: 8, X IV : 1-2

E u p h ro n id e s  depressa  T h ie l ,  1882, pp . 93-96, 
pis. X X V I, X X X : 5-6, X L : 7, X L V I: 4; Oh- 
shim a 1915, pp . 244-245, fig. 1; O hshim a 1916- 
1919, w ith  th ree  figures.

E u p h ro n id e s  depressa  var. m in o r  T h ee l, 1886b, 
p. 2.

E u p h ro n id e s  c o rn u ta  V errill, 1884, p. 217; V errill 
1885, pp. 518, 538, figs. 32-33; D eichm ann  1930, 
pp . 127-128; H e d in g  1940, p. 368.

E u p h ro n id e s  ta n n e r i  Ludw ig, 1894, pp . 39-44, 
pis. I l l :  7, IV, V: 17-19.

E u p h ro n id e s  a u ricu la ta  R . P errie r, 1896, pp . 901- 
902; R. P e rrie r  1902, pp . 434-438, pis. X III : 
1-2, X X : 12-13; G rieg  1921, pp . 8-9. 

E u p h ro n id e s  v io lacea  R . P errie r, 1896, p. 902; R . 
P e rrie r  1902, pp . 438-441, pi. X X : 14; D eich­
m a n n  1930, pp . 128-129; D eichm ann  1940, pp . 
201-202; H e d in g  1942, pp . 15-16; M adsen 1947, 
p. 16; D eichm ann  1954, p. 384.

E u p h ro n id e s  ta l is m a n i  R . Perrier, 1896, p . 902; 
R. P e rrie r  1902, pp . 441-444, pi. X X : 15; H i-  
ro u a rd  1902, pp . 30-31, pi. I I :  19-22; D eich­
m a n n  1930, p . 129; H e d in g  1942, p. 15, fig. 15. 

B e n th o d y te s  a ss im ilis  T h ie l ,  1886b, pp . 2-3.

D i a g n o s i s :  T en tac les  18, re trac tile ; discs ra th e r  
soft w ith  c. 20 m a rg in a l knobs. B rim  b road , b u t 
re trac tile . D orsal p a p illa e  3-4  pairs; the  two 
po ste rio r pa irs  vary  in  size, w hereas th e  o thers 
a re  always m in u te . U n p a ire d  dorsal appendage 
short, p laced  a b o u t o n e-th ird  body leng th  from  
poste rio r en d  o f body. D orsal deposits cross-shaped, 
w ith  a h ig h  a n d  usua lly  sm ooth  cen tra l apo­
physis; arm s 0 .2-1.0 m m  long, m ost often  w ith  
o n e  h ig h  spine. V en tra l deposits, rods an d  re ­
du ced  crosses.

M a t e r i a l :
St. 32, M o n ro v ia -T a k o ra d i (4°05’N , 2°13’W ), 

2100 m. -  13 specim ens.
St. 52, San T o m i-C a m e ro o n  (1°42’N , 7051’E), 

2550 m . -  5 specim ens.
St. 65, o ff G ab o n  (2°17’S, 8°10’E), 2770 m. -

2 specim ens.

D e s c r i p t i o n :  T h e  specim ens (PI. V II: 1-3) a re  
7-20 cm long.

C o lo u r  v io let, very  d a rk  on  th e  v en tra l sole. 
T e n ta c le s  18 in  a ll th e  specim ens. Discs ra th e r  

soft, w ith  c. 20 ra d ia l elevations, each end ing  in  
a  m arg in a l knob . I n  one, 12 cm long, specim en 
from  St. 52 som e o f th e  tentacles a re  com pletely 
re trac ted  in to  pockets o f the  skin. O nly a few of 
the  o th e r  specim ens show  sligh t ind ications of 
re trac tility  o f the  tentacles.

B r im  g rea tly  vary ing  in  b re a d th  an d  thickness. 
In  som e specim ens th e  b rim  is so th ick  th a t i t  
passes g rad u a lly  in to  th e  body proper, w hereas 
in  o th e r  specim ens th e  b rim  is th in  an d  clearly 
set o ff from  th e  body.

M id v e n tr a l tu b e fe e t  p resen t th ro u g h o u t leng th  
of v en tra l sole.

D o rsa l p a p il la e  2 -5  pa irs  (the w hole varia tio n  
in  n u m b e r is p rese n t in  the  specim ens from  
St. 52). T h e  p o ste rio r p a ir  is placed m idw ay 
betw een  the  a n te r io r  en d  of th e  body an d  the  
u n p a ire d  appendage . T h e  posterio r p ap illae  in  
a  20 cm lo n g  specim en are  2.5 cm lang  an d  1 
cm  b ro ad  a t th e  base; in  m ost o f the  o th e r speci­
m ens the  po ste rio r p ap illa e  are contracted , b u t 
they  are  in  a ll th e  specim ens very b ro ad  a t  the  
base. T h e  rem a in in g  p ap illa e  a re  all m inute.
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U n p a ire d  dorsa l a p p e n d a g e  p laced  ab o u t one- 
th ird  body  le n g th  from  p o ste rio r en d  of body. 
T h e  ap p en d ag e  m ay b e  as lo n g  as one-sixth of 
th e  body  leng th , b u t  is u sua lly  contracted  (in 
som e specim ens scarcely visible).

D e p o s its  (Fig. 43: 1-5). T h e  dorsal deposits 
(3-5) a re  cross-shaped w ith  a h igh , sm ooth  cen­
tra l  apophysis an d  slender, sligh tly  spinous arms. 
T h e  arm s vary considerab ly  in  leng th . In  the 
p rep a ra tio n s  from  m ost o f th e  specim ens the 
arm s are  0.2-0.4 m m  long, b u t  in  som e specim ens 
crosses w ith  arm s u p  to  1.0 m m  occur. (T h e  w hole 
v a r ia tio n  is p resen t in  th e  specim ens from  St. 
32). N o  co rre la tio n  was fo u n d  betw een size of 
deposits a n d  body size. T h e  arm  spines are verti­
cal (except for th e  d istal, reduced  spines). O n m ost 
d eposits  on ly  on e  large sp ine is p resen t on  each 
a rm , p laced  a t som e d istance from  th e  centre of 
th e  cross; b u t o n  th e  largest deposits a num ber 
o f v ertica l a rm  spines a re  usua lly  present, of 
w h ich  n o n e  is especially h igh . T h e  p roxim al 
sp in e  on  these deposits is p laced  very near the 
ce n tre  o f th e  cross. D eposits in te rm ed ia te  in  
sh ap e  betw een  these tw o types do  occur, an d  
deposits  o f th e  la tte r  type are  n o t only  found  
a m o n g  th e  large deposits.

T h e  ven tra l deposits consist o f sm all crosses 
(2) w ith  reduced  apophyses a n d  spines. N um erous 
cu rved  rods (1) w ere fo u n d  in  a ll the  specimens 
from  Sts. 52 a n d  65, b u t  n o t in  those from  St. 32. 
T h e  rods possess a n  en largem ent in  the  m iddle, 
d e riv ed  from  tw o reduced  arm s o f a cross. In te r­
m e d ia te  stages in  w hich  tw o red u ced  arm s are 
s till p resen t show th a t the  cu rv a tu re  of the rods 
is h o rizon ta l, n o t o rig in a tin g  from  the dow nw ard 
c u rv a tu re  o f the  arm s of th e  crosses.

S y n o n y m y :  E u p h ro n id e s  depressa  T h6el was 
tak en  in  th ree  specim ens by the  C ha llenger, one 
o ff G ib ra lta r, a n d  tw o off the  coast of Chile. 
T h d e l based  h is descrip tion  m ain ly  on th e  Pacific 
specim ens, in  sp ite  o f th e  fact th a t  th e  specim en 
ta k en  o ff G ib ra lta r  was selected as th e  type. T h is  
selection  of the  type was u n know n  to  th e  subse­
q u e n t au thors, w ho a ll regarded  E . depressa  as 
a  species restric ted  to  th e  Pacific.

O hsh im a (1915) regarded  the  Pacific species 
E . ta n n e r i  as a synonym  of E . depressa  and , m ore­
over, suggested th e  synonym y betw een all the 
A tla n tic  species of E u p h ro n id e s  m en tioned  in  the 
p rese n t synonym y list. H e  d id  n o t discuss the 
possib le id e n tity  betw een Pacific an d  A tlan tic

specim ens; a p p a ren tly , th is synonym y was con­
sidered  o u t o f th e  ques tion  fo r zoogeographic 
reasons.

T h e  species synonym ized in  the p resen t 
p a p e r  w ere d is tin g u ish e d  from  each o th e r  by  th e  
shape of th e  body, th e  size o f th e  two po ste rio r 
pairs  o f do rsa l p ap illa e , the  size of the  u n p a ire d  
appendage , th e  body  colour, a n d  the  size a n d  
shape of th e  deposits.

T h e  v a r ia tio n  fo u n d  in  th e  G a la th ea  specim ens 
a n d  in  th e  specim ens re-exam ined  (see below), 
com pared  w ith  th a t  reco rded  in  th e  lite ra tu re , 
ind icates th a t  n o n e  o f th e  d ifferences a re  v a lid  
species characters. O n  th e  o th e r  hand , som e of 
th e  d ifferences a p p e a r  to  rep resen t geographic 
varia tions. I n  a d d itio n , a n  age v aria tio n  is p resen t 
in  som e features.

D eich m an n  (1930) is th e  au th o rity  of the  
synonym y o f B e n th o d y te s  a ss im ilis  T hdel w ith  
E u p h r o n id e s  v io lacea .

M a t e r i a l  r e - e x a m i n e d :
(1) S ou th  a n d  southw est o f Iceland . H ed in g  

(1942) re fe rre d  27 o f th e  specim ens taken  by the  
In g o l f  a n d  th e  T h o r  to  E . ta lism a n i, an d  tw o to  E . 
vio lacea . (H e  re lie d  u p o n  a  d e te rm in a tio n  m ade 
by D eich m an n  b u t  rem ark ed  th a t h e  w ou ld  
o therw ise h av e  re fe rre d  a ll o f them  to  E. ta lis ­
m a n i). T h e  23 specim ens from  In g o l f  St. 18 
m easure 1.7—7.2 cm  an d  inc lude  the sm allest 
know n specim ens o f th e  species. T h e  specim ens 
w ere a ll re-exam ined ; p rep a ra tio n s w ere m ade 
from  the  do rsa l a n d  ven tra l skin of eigh t speci­
mens.

(2) E astern  N o rth  A tlan tic . R . P errie r (1902) 
referred  e ig h t o f th e  specim ens taken  by the  
T r a v a ille u r  a n d  th e  T a lism a n  to  E . a u ricu la ta , 
six to  E . v io la cea , a n d  one to  E . ta lism a n i. T h e  
n u m b e r o f specim ens fo u n d  d u r in g  re-exam ina- 
tio n  o f P e rr ie r’s m a te ria l in  M N H N  d id  n o t 
q u ite  ag ree  w ith  th e  n u m b ers  sta ted  in  his repo rt, 
and , m oreover, th e  d ep th s  in d ica ted  for the d iffe r­
e n t sta tions in  som e cases disagreed w ith  those 
sta ted  in  th e  rep o rt. I n  all, five specim ens o f E . 
a u r icu la ta , 16 specim ens of E . v io lacea , one of 
E. ta lis m a n i (very p o o rly  preserved), an d  43 speci­
m ens n o t d e te rm in e d  to  species w ere found  d u r ­
in g  re -exam ina tion . T h e y  are  3-12 cm long. T h e  
deposits w ere  ex am in ed  in  one specim en of E. 
a u r ic u la ta , b u t  h a d  dissolved in  four specim ens 
exam ined  o f E . v io lacea .

T h e  type specim en o f E . depressa  (in BM), an d

108



skin p rep a ra tio n s  (in  ZM U C ) of th e  specim en 
of E . v io lacea  tak en  by th e  S ka g era k  (M adsen 
1947) w ere re-exam ined. (B oth specim ens w ere 
taken  off G ib ra lta r).

(3) W este rn  N o rth  A tla n tic  (off th e  coast of 
the U n ite d  States, a b o u t 40°N ). Six o f V errill’s 
specim ens o f E . c o rn u ta  from  th e  A lb a tro s s  Sts. 
2036, 2568, a n d  2570, a n d  ten  o f T h ie l ’s speci­
m ens of E . depressa  var. m in o r  w ere re-exam ined , 
all by  m eans of sk in  p rep a ra tio n s . (O ne specim en 
of E. c o rn u ta  is k e p t in  BM , th re e  in  M CZ, a n d  
two in  ZM U C ; e igh t o f th e  specim ens o f E. 
depressa  var. m in o r  a re  k ep t in  M CZ, a n d  tw o in  

ZM UC).
(4) G u lf of G u inea . T h e  V a ld iv ia  specim en of 

E. c o rn u ta  (at p resen t in  ZM U C ) was re-exam ined  
by m eans of skin p rep a ra tio n s.

(5) Ja p a n . T w o  o f O h sh im a’s specim ens (in  
U SN M ) w ere re-exam ined  by  m eans o f sk in  p r e p  
arations.

(6) E astern  Pacific. T h e  tw o C h a lle n g e r  speci­
m ens from  off C h ile  w ere re-exam ined . O n e  is in  
BM, th e  o th e r  in  ZM A; sk in  p rep a ra tio n s  w ere 
m ade from  th e  la tte r.

$  D e s c r i p t i o n  of th e  re-exam ined  specim ens;
C olour. A ccord ing  to  D eich m an n  (1930), the  

body co lour is d iffe ren t in  th e  th re e  A tla n tic  
species, E . c o rn u ta  (brow nish), E . ta l is m a n i  (w hitish  
to  rose-coloured), a n d  E . v io la cea  (d ark  violet). 
H ow ever, eleven re-exam ined  specim ens o f E . 
v io lacea  from 7"a lism a n  St. 38 v a ried  from  w h itish  
to  lig h t v io le t w ith  a d a rk  v io le t v e n tra l sole. 
A lthough  the  colours a re  those o f specim ens lo n g  
kep t in  alcohol, th e  d ifferences in d ic a te  th a t 
varia tions in  body co lou r can  h a rd ly  b e  considered  
taxonom ically  sign ifican t.

S k in  in  specim ens sm alle r th a n  c. 6 cm  usually  
soft, tran sp a ren t, a n d  ligh t-co loured .

T e n ta c le s  resem bling  those o f th e  G a la th ea  
specim ens. A ccord ing  to  T h ie l ,  th e  ten tac les a re  
retrac tile; th is cou ld  be verified  fo r o n e  o f h is 
Pacific specim ens, in  w h ich  som e o f th e  discs\w ere 
re trac ted  in to  th e ir  stalks. T h e  discs w ere p a rtly  
re trac ted  also in  som e of th e  I n g o l f  specim ens. 
In  a ll o th e r re-exam ined  specim ens th e  discs w ere 
un retrac ted .

T h e  fu ll ten tac le  n u m b e r  is 18. T h is  n u m b e r  
m ay be a tta in ed  a lready  a t  a body  le n g th  of 3 
cm an d  is n ea rly  always fo u n d  in  specim ens 
la rger th a n  10 cm. T h e  specim ens from  th e  I n ­
g o lf an d  the  T h o r ,  m easu rin g  1.7-12.0 cm , show ed
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Fig. 44. Psychropotes depressa. Number of tentacles in 
relation to body length in 25 North Atlantic specimens 

taken by the Ingolf and the Thor.

a v aria tio n  o f 10-18 tentacles, largely  increas­
ing  w ith  th e  size of th e  specim ens (Fig. 44).

P o ster io r  p a ir  o f dorsa l p a p illa e  large in  a ll 
th e  A tlan tic  specim ens of la rger size. I n  th e  speci­
m ens from  I n g o l f  St. 18, w hich  are  on ly  1.7-
7.2 cm  long, they  are  sm all, except in  th e  largest 
specim en. L arge poste rio r p ap illa e  have b een  
fo u n d  in  A tla n tic  specim ens as sm all as 4 cm. 
T h e  p a ir  p reced ing  th e  poste rio r p a ir  o f p ap illa e  
is, accord ing  to  D eichm ann  (1930), la rge in  th e  
species E . c o rn u ta , a lth o u g h  sm aller th a n  the  
poste rio r p a ir. I n  th e  th ree  re-exam ined  speci­
m ens of E . co rn u ta  from  off D elaw are th e  p a ir  
p reced ing  th e  poste rio r p a ir  of p ap illa e  was 
in te rm ed ia te  in  size betw een  th e  large p oste rio r 
p a ir  an d  th e  sm all an te rio r pairs; b u t  in  the  
o th e r  tw o i t  was scarcely la rger th a n  th e  a n te r io r  
pairs.

O hsh im a (1915) found  a  large v a ria tio n  in  size 
o f the  p o ste rio r p a ir  of p ap illae  in  23 Jap an ese  
specim ens. H e  d id  n o t m en tio n  w h e th e r the  
sm all poste rio r pap illae  w ere found  in  specim ens 
of sm all size.

I n  th e  th ree  specim ens know n from  th e  easte rn  
Pacific (the tw o C h a llen g er  specim ens from  off 
C hile, a n d  L udw ig ’s specim en of E . ta n n e r i  from  
th e  G u lf o f P anam a) th e  poste rio r p ap illa e  w ere 
sm all. T h e  specim ens m easured  22—37 cm.

U n p a ired  dorsa l a p p e n d a g e  com pletely  re trac ­
tile. Supposed differences in  appendage size re ­
p resen t d iffe ren t states o f con traction  ra th e r  th a n  
differences of taxonom ic value.

D orsa l d ep o sits , a ll hav ing  a h ig h  an d  conical 
cen tra l apophysis. A  few spines w ere p resen t on  
th e  cen tra l apophyses in  O hsh im a’s Japanese
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specim ens a n d  in  th e  tw o C h a llen g er  specim ens 
taken  off C hile  (Fig. 43: 9). T h e  apophyses w ere 
sm ooth  in  th e  specim en o f E . ta n n e r i  from  th e  
G u lf o f P anam a. P e rr ie r  m e n tio n ed  th a t on e  o r 
tw o sm all spines w ere p resen t on  som e o f the  
cen tra l apophyses in  h is  specim ens o f E . v io la cea , 
b u t otherw ise such  apophyses have n o t been  
fo u n d  in  A tla n tic  specim ens. Crosses w ith  a n  arm  
le n g th  u p  to  0 .5-0 .7  m m  are  rep resen ted  a t  all 
th e  A tlan tic  localities, a lth o u g h  usually  n o t in  
all th e  specim ens. I n  th e  Pacific specim ens (the 
two C h a llen g er  specim ens from  off C hile , the  
Japanese  specim ens described by O hshim a, a n d  
the  specim en o f E . ta n n e r i  from  th e  G u lf  of 
P anam a) the  arm s d id  n o t exceed 0.35 m m  in  
length . (In  th e  Ja p an e se  specim ens m ost o f the  
crosses h a d  arm s on ly  0.15-0.20 m m  long).

T h e  arm  spines a re  vertical (ap a rt from  the  
inconspicuous sp ines o n  the  d is ta l h a lf  o f the  
arms). T h e  p ro x im a l a rm  sp ine is u sua lly  m uch  
larger th a n  the  o thers, a n d  is o ften  th e  o n ly  large 
sp ine  present. Crosses w ith  a n u m b e r o f vertical 
spines on  each a rm  occur a lo n g  w ith  th e  crosses 
w ith  on ly  one la rge  sp ine  on  each a rm  in  speci­
m ens from  a ll th e  A tla n tic  localities. T h e  two 
types of cross a re  in te rco n n ec ted  by crosses in te r ­
m ed iate  in  shape. N o  co rre la tion  was found  
betw een type a n d  size o f the  crosses.

In  six re-exam ined  specim ens from  I n g o l f  St.
18 (south  of Ice land) the  arm  spines a n d  the  
cen tra l apophyses o f the  dorsal crosses (13-17) 
varied  grea tly  in  h e igh t, an d  m any  of th e m  w ere 
u nusua lly  h igh . H e d in g  supposed  th a t th e  high 
spines an d  apophyses w ere a ju v en ile  fea tu re . 
H ow ever, the  re-ex am in a tio n  revealed  n o  d iffe r­
ence in  th is respect betw een  the  sm allest a n d  th e  
largest specim ens, a lth o u g h  they ran g ed  in  size 
from  1.7 to  7.2 cm.

Crosses w ith  a  n u m b e r  o f r a th e r  low  arm  spines 
prevail in  re-exam ined  E . c o rn u ta  an d  E . depressa  
var. m in o r  taken  off th e  east coast o f d ie  U n ite d  
States, an d  are  also com m on in  E . ta lism a n i  from  
In g o l f  St. 11 a n d  T h o r  St. 166 (Fig. 43: 18), b o th  
situa ted  in  th e  sam e area  as In g o l f  St. 18.

O ne h ig h  sp ine  was p resen t o n  the  arm s in  
m ost o f th e  crosses of th e  re-exam ined  Pacific 
C h a llen g er  specim en (9), a lth o u g h  som e crosses 
possessed two o r  th ree  h ig h  spines on  each  arm .

V en tra l deposits . Crosses w hich lack  the  cen tra l 
apophysis a n d  the  four  a rm  spines p red o m in a te  
in  a ll exam ined  specim ens. O ne o r tw o arm s are

o ften  reduced, a n d  rod-shaped  deposits (often 
w ith  a cen tra l en largem en t derived  from  the  
reduc tion  of tw o opposite  arm s) a re  fo u n d  in  
b o th  A tlan tic  a n d  Pacific specim ens. M ost o f the 
rods are ho rizon tally  curved. L arge rods (8) oc­
cu rred  in  the  re-exam ined  C h ile  specim en. In  
th e  o thers the  rods w ere equa l in  le n g th  to  the 
span  of the  crosses.

V a r i a t i o n :  A  g eo g ra p h ic  v a r ia tio n  m ay be 
p resen t in  the  size o f the  p o ste rio r p a ir  o f dorsal 
pap illae . T hese  w ere large in  specim ens longer 
th a n  4-5  cm from  a ll the  A tla n tic  localities; in  
the  th ree  know n specim ens from  th e  eastern  
Pacific, m easuring  22-37 cm, they  w ere as sm all 
as the  o th e r pap illae . In  O hsh im a’s Jap an ese  spec­
im ens the  po ste rio r p ap illae  v a ried  in  size, b u t i t  
is n o t know n w h e th e r the  sm all p ap illa e  w ere 
found  in  juveniles only.

T h e  deposits show a geographic v a ria tio n  in  
size. Crosses w ith  a n  arm  len g th  u p  to  0.5-0.7 
m m  w ere p resen t in  som e o f th e  specim ens re ­
exam ined  from  a ll th e  A tla n tic  localities. In  th e  
th ree  eastern  Pacific specim ens th e  arm s w ere u p  
to  0.3-0.4 m m  long. In  Jap an ese  specim ens few 
crosses had  arm s longer th a n  0.2 mm.

Spines w ere p resen t on  the  cen tra l apophyses 
in  the  Ja p a n  an d  C hile  specim ens w h ile  those 
from  o ther localities, w ith  alm ost no  exception, 
h a d  com pletely sm ooth  apophyses.

A  local va ra tio n  m ay be p resen t in  th e  shape 
of the  deposits. T h u s  th e  specim ens from  In g o l f  
St. 18 (south of Ice land) possess four, o ften  very 
high, arm  spines on  prac tica lly  a ll the  dorsal 
crosses, w hereas th is  type o f cross is ra re  in  the  
specim ens taken  off th e  east coast o f N o rth  
America.

A n age v a r ia tio n  is show n in  A tlan tic , an d  
possibly also in  Japanese , specim ens in  th e  in ­
crease in  re la tive  size of th e  poste rio r p a ir  o f 
dorsal papillae. T h e  ten tac le  n u m b e r increases 
from  10 to  18 w ith  the  body size (Fig. 44). F inally , 
th e  skin is m ore soft an d  tran sp a ren t in  sm all 
specimens.

D i s t r i b u t i o n :  P . depressa  is one o f the  few 
species o f E lasipoda ran g in g  over th e  deeper 
ba thyal an d  the  u p p e r  abyssal zone. D ep th  range, 
957-4060 m.

110



\

T h e  species is com m on th ro u g h o u t th e  N o rth  
A tlan tic  a n d  has b een  fo u n d  on  several occasions 
in  th e  G u lf  o f G u in ea . W idely  sep ara ted  from  
these localities a re  th e  Pacific occurrences from  
Ja p a n , th e  G u lf  o f P anam a, an d  off C hile.

T h e  A tla n tic  a n d  Pacific areas of d is trib u tio n  
are  p ro b ab ly  p a rts  o f on e  con tinuous d is tr ib u tio n ­
al area. T h e  coasts ro u n d  S outh  A m erica from  th e  
W est In d ie s  to  C h ile  a re  u n ex p lo red  a t  th e  
d ep th s w here  P . depressa  occurs, an d  th is  is 
p a rtly  tru e  also of th e  In d ia n  Ocean.

T y p e : B M , la b e lled  “T y p e ” .
T y p e  locality : C h a llen g er  St. V (35°47’N , 8°23’W ).

P sychropo tes scotiae  (Vaney, 1908)

E u p h r o n id e s  sco tia e  Vaney, 1908, pp . 418-419, 
pis. I : 8 -9 , I I I :  39-10.

D i a g n o s i s :  R esem bles P . depressa , b u t  d iffers 
in  h av in g  16 tentacles, an d  tr ira d ia te  deposits 
in te rsp ersed  am o n g  th e  dorsal crosses.

R e c o r d :  A n tarc tic , 3246 m. O ne specim en.

R e m a r k s :  T h e  specim en was 14 cm long  a n d  
had, the re fo re , p ro b ab ly  a tta in ed  th e  fu ll ten tac le  
n u m b e r in  th e  species.

P sychropo tes  m irab ilis n. sp.
Figs. 45-46

D i a g n o s i s :  (T e n ta c le  n u m b e r  n o t known). 
U n p a ire d , do rsa l a p p e n d ag e  p laced  ab o u t Vs 
body  le n g th  from  p o ste rio r  en d  o f body, exceed­
in g  th e  body  in  len g th , a n d  reach in g  some dis­
tan ce  from  the  base a b o u t th e  do u b le  b rea d th  of 
th e  body. B rim  com posed  o f a b o u t 75 pairs  of 
slender, closely p laced  tubefee t, w hich  are fused 
a lm ost to  th e ir  tips. D orsal sk in  covered w ith  
w arts, each  c o n ta in in g  a  g ia n t cross; th e  rem a in ­
in g  p a r t  o f th e  do rsa l sk in  a n d  th e  w hole ven tra l 
sk in  w ith  sm all crosses only.

M a t e r i a l :
St. 299, Bay o f B engal (17°10 'N , 84°30’E), 2820 m. 

- 1  specim en.

D e s c r i p t i o n :  T h e  specim en is 11 cm long,
slender, f la tten e d  an te rio rly , increasing  in  heigh t 
tow ards th e  base o f th e  u n p a ire d  appendage 
(Fig. 45).

C o lo u r  o f bo d y  d a rk  v io le t, darkest o n  the 
v en tru m . T h e  u n p a ire d  ap p e n d ag e  is lig h t violet. 
T h e  dorsal sk in  is covered  w ith  conspicuous 
w arts, each c o n ta in in g  a g ia n t cross. T h e  append ­
age is sm ooth-skinned.

T e n ta c le s . O n ly  six a re  preserved, of the  usual 
shape in  th e  genus.
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Fig. 46. Psychropotes mirabilis. Deposits. St. 299. 1-4, dorsum; 5-7, ventrum; 8, intestine; 9-10, gonad.

B r im  com posed o f a b o u t 75 pa irs  of slender, 
a lm ost com pletely  fused tubefeet.

M id v e n tr a l  tu b e fe e t  a b o u t 30 pairs, presen t 
th ro u g h o u t len g th  of v en tra l sole.

D o rsa l p a p il la e  n o t found .

U n p a ire d  do rsa l a p p e n d a g e  15 cm long. A t the 
base i t  is a lm ost as b ro ad  as the body, a n d  it  
increases to  a b o u t d ie  d o u b le  th a t b rea d th  some 
d istance from  th e  base. T h e  d istance from  the 
base to  th e  p o ste rio r en d  of the  body is 2.5 cm.

D e p o s its  (Fig. 46). T h e  w arts o f the  dorsal skin 
are m ostly  w orn  off, b u t fragm ents o f one very 
large cross (1) a re  still p resen t a t the  base of m ost 
of them . T h e  arm s o f th e  crosses a re  0.8-0.9 m m  
long, very ro b u st an d  on ly  slightly  spinous; a
0.3 m m  high , sm ooth, cen tra l apophysis is p re ­
served on  on e  of the  crosses. Sm aller a n d  m uch  
m ore s lender crosses (2-4) a re  p resen t betw een 
th e  w arts; m ost o f these crosses have ab o u t 0.1 
m m  lo n g  arm s, b u t som e reach  0.2 m m . T h e  
spines a re  ra th e r  sm all an d  irregu la rly  placed, 
a n d  th e  cen tra l apophysis is reduced. O n ly  few 
crosses a re  p resen t in  the  v en tru m  (5-7). T hey  
are m ore s tu rd y  an d  on  an  average la rger than  
th e  dorsal crosses, an d  have on ly  very sm all 
spines; som e o f the  crosses have tw o opposite 
arm s reduced . N o  g ia n t crosses are p resen t in  the 
v en trum . R ods are  presen t in  the  tentacles, an d  
slender, red u c tio n a l stages of crosses a re  presen t 
in  the  gonads (9-10) an d  in testines (8).

R e l a t i o n s h i p s :  P robab ly  m ost closely re la ted  
to  P . verrucosa  (q. v.).

P sychropo tes verrucosa  (Ludwig, 1894)
Figs. 47-48

E u p h r o n id e s  verrucosa  L udw ig, 1894, pp . 44-48, 
pi. I l l :  1-6; C lark  1920, p. 140, pi. I: 2; H ansen  
1956, p. 45.

E u p h r o n id e s  b ifu rc a ta  K oeh ler & Vaney, 1905, 
pp . 75-76, pis. V III : 1-2, X II : 22.

D i a g n o s i s :  T en tac les  (15—)16. B rim  well devel­
oped. D orsal p a p illa e  u p  to  fou r pairs, m inute. 
U n p a ire d  dorsal ap p en d ag e  low, conical, and  
com pletely  re trac tile . D orsal sk in  covered w ith  
w arts; la rg e r specim ens have in  ad d itio n  two 
lo n g itu d in a l b an d s of transversal skin elevations. 
D orsal deposits consisting  o f num erous crosses 
of vary ing  robustness, w ith  0.10-0.15 m m  long, 
sp inous arm s a n d  a ru d im e n ta ry  cen tra l apo­
physis; in  ad d itio n , each w art o f th e  dorsal skin 
con tains a sligh tly  sp inous g ia n t cross w ith  0.9-1.6 
m m  long, s trong ly  curved  arm s an d  a h igh  
cen tra l apophysis, V en tra l deposits cross-shaped, 
tr ip a rtite , a n d  rod-shaped.

M a t e r i a l  :

St. 192, o ff D u rb a n  (32°00’S, 32°41’E), 3530 m. -  
1 specim en.

St. 234, M adagascar-M om basa (5°25’S, 47°09’E), 
4820 m . -  2 specim ens.

St. 495, B a n d a  T re n c h  (5°26’S, 130°58’E), 7250- 
7290 m . — 3 specim ens.

St. 497, B an d a  T re n c h  (5°18’S, 131°18’E), 6490- 
6650 m . — 1 specim en.
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St. 574, T a sm a n  Sea (39°45'S, 159°39’E), 4670 m.

_  1 specim en.
St. 575, T a sm a n  Sea (40°11’S, 163°35’E), 3710 m.

-  3 specim ens.
St. 602, T a sm a n  Sea (43°58’S, 165°24’E), 4510 m. 

_  1 specim en.

D es cri pt io n :
T h e  specim ens from  th e  B a n d a  T re n c h  w ere 
described in  a p rev ious p a p e r  (H ansen  1956), 
w here also th e  synonym y b etw een  E . verrucosa  

an d  E . b ifu rc a ta  was p roposed .

W estern  In d ia n  O cean: Sts. 234 a n d  192. 
j _  T h e  la rgest o f th e  tw o specim ens from  St. 
234 (the  la rgest k n o w n  specim en  in  th e  species) 
is 22.5 cm  lo n g  an d  6.5 cm  b ro a d  (Fig. 47).

C o lo u r  lig h t v io le t dorsally , th e  v en tra l sole 

darker.
D orsa l s k in  covered w ith  w arts, as u su a l in  the  

species. In  ad d itio n , tw o  lo n g itu d in a l fields of 
transversal elevations a re  p rese n t th ro u g h o u t the  
len g th  of th e  dorsal side. T h e  elevations in  the  
freshly caugh t specim en w ere  fa in tly  subd iv ided  
in to  w arts; in  th e  p reserved  sta te  th e  elevations 
are less clearly  seen, w hereas the  w arts stand  
o u t m ore  clearly.

V e n tra l s k in  sm ooth , w ith  the  m e d ian  p a rt

depressed.
T e n ta c le s  16.
B r im  1.0-1.5 cm  b ro ad . T h e  w ater-vascular 

canals of the  enclosed tu b e fe e t are visib le only  
w hen  view ed by  tra n sm itte d  ligh t.
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Fig. 48. Psychropotes verrucosa. Deposits. 1-6, St. 234, large specimen (1, dorsum; 2-5, ven- 
trum; 6, deeper layer of skin); 7—11, St. 234, small specimen (7, dorsum; 8-10, ventrum; 11, 
deeper layer of skin); 12-13, St. 192, a normal-sized and a giant cross from dorsum; 14,

St. 234, small specimen, giant cross.

M id v e n tr a l tu b e fe e t  56 pairs , p resen t th ro u g h ­
o u t len g th  o f v en tra l sole.

D orsa l p a p il la e  m in u te  a n d  easily lost. T h re e  
a re  p resen t along  th e  le ft do rsa l rad ius.

U n p a ire d  dorsa l a p p e n d a g e  level w ith  the skin, 
ap p a ren tly  re trac ted ; its  p resence is, clearly in d i­
ca ted  by a c ircu lar fu rrow , alm ost 2 cm  in  d iam ­
eter, su rro u n d in g  a  sm ooth  fie ld  w ith  no  warts. 
I t  is p laced  a b o u t o n e-fou rth  body  leng th  from  
th e  posterio r en d  of th e  body.

D ep o s its  (Fig. 48). N um erous, ra th e r  robust 
sp inous crosses w ith  a  ru d im e n ta ry  cen tra l ap o ­
physis an d  0.10-0.15 m m  lo n g  arm s are present 
in  the  dorsal sk in  (1). T h e  g ia n t crosses of the  
dorsal w arts a re  b ro k en  in  th e  p repara tions, b u t

ap p a ren tly  they  ag reed  w ith  those fo u n d  in  o th e r  
specim ens of th e  species.

T h e  ven tra l crosses (2) have 0.05-0.10 m m  long 
arm s. Stages lead in g  to  rods (3-5) a re  com m on; 
they are  o ften  la rg e r th a n  th e  com plete  crosses.

S lender, sp inous crosses (6) w ere fo u n d  in  the 
deeper p a r t o f th e  body  w all in  a  p rep a ra tio n  
from  th e  dorsal side. T h e y  p ro b ab ly  occur here 
an d  the re  a ll over th e  body w all.

2. -  T h e  o th e r  specim en from  St. 234 is w hitish ,
5.5 cm  long  a n d  2 cm  b road . T en tac les  16. D orsal 
p ap illae  a n d  u n p a ire d  ap p en d ag e  n o t seen. (T h e  
u n p a ire d  ap p en d ag e  is re trac ted  in  m ost o f the 
o th e r  specim ens tak en  an d  o ften  d ifficu lt to  de-
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tect). B rim  a b o u t 2 m m  b ro ad . D orsal sk in  covered 
w ith  w arts.

D orsa l d e p o s its  (7) less ro b u s t a n d  sp inous th a n  
those o f  th e  la rge specim en. A  g ia n t cross (14) is 
p resen t in  each w art o f  th e  dorsal skin. Some 
ra th e r  ro b u st crosses from  a  deeper layer (11) 
w ere fo u n d  in  th e  p re p a ra tio n . T h e  spines a re  to  
som e degree a rran g e d  in  rings, a  s im ila rity  to  the  
large specim en.

V e n tra l d e p o s its  (8-10) cross-shaped, tr ip a rtite , 
a n d  rod-shaped. T h e y  a re  u sua lly  la rg e r a n d  less 
sp inous th a n  those o f th e  la rge  specim en.

3. -  T h e  specim en from  St. 192 is 8 cm  lo n g  an d
5 cm  b road , b u t  a p p a re n tly  strong ly  con tracted . 
I n  size a n d  ex te rn a l ap p e a ran c e  th e  specim en 
was p robab ly  very  s im ila r to  th e  la rge  specim en 
from  St. 234. T en tac les  16; discs som ew hat con­
tracted , b u t  a p p a ren tly  s im ila r to  those o f th e  
large specim en from  St. 234. O n e  le ft a n d  two 
r ig h t dorsal p ap illa e  a re  p resen t, a ll a b o u t one 
m illim e te r long. U n p a ire d  ap p en d ag e  level w ith  
the  skin. M id v en tra l tu b e fe e t sm all a n d  conical. 
T h e  dorsal side is covered w ith  consp icuous w arts, 
and , in  ad d itio n , tw o lo n g itu d in a l fields o f trans- 

, versal elevations a re  fa in tly  visible.
D o rsa l d ep o s its  (12) slender, w ith  a b o u t 0.15 

m m  long  arm s. G ia n t crosses (13) w ith  1.6 m m  
long  arm s w ere p resen t in  a p rep a ra tio n . (T h e  
size v aria tio n  of th e  g ia n t crosses ca n n o t be 
established, as p rac tica lly  a ll of th em  are  b roken ; 
the  figu red  crosses from  St. 192 (13) a n d  St. 234
(14) m ig h t fa ll w ith in  th e  size v a ria tio n  o f one 
specim en). S lender crosses from  a d ee p er layer 
were fo u n d  in  th e  do rsum , b u t  n o t in  th e  ven- 
trum .

V en tra l d ep o s its  cross-shaped, tr ip a rti te , and  
rod-shaped. I n  size a n d  ap p e a ran c e  they  a re  in te r ­
m ed iate  betw een those o f th e  la rge  a n d  th e  sm all 
specim en from  St. 234.

T asm an  Sea. T h e  five specim ens ta k en  are  5 .5-
10.5 cm  lo n g  a n d  very  s im ila r to  those from  the  
w estern In d ia n  O cean, b o th  in  ex te rn a l features 
an d  deposits. T h e  do rsa l w arts  a re  conspicuous 
in  a ll o f them ; th e  p resence of tw o lo n g itu d in a l 
fields o f transversal eleva tions is in d ic a ted  in  the  
largest specim en. C o lo u r lig h t v io le t dorsally , an d  
darker on  th e  ven tra l sole; th e  tw o sm allest speci­
m ens (5.5 a n d  8.0 cm  long) a re  on ly  fa in tly  
co loured  T en tac les  15-16; th e  n u m b e r  o f 15 
tentacles was fo u n d  in  tw o o f th e  th ree  specim ens

from  St. 575 (body leng th , 5.5 an d  10.5 cm ). T h re e  
p a irs  o f m in u te  dorsal p a p illa e  a re  p resen t in  the  
la rgest specim en. T h e  u n p a ire d  ap p en d ag e  is 
re tra c te d  in  all th e  specim ens.

D o rsa l d ep o sits  b o th  in  shape a n d  size falling  
w ith in  the  v aria tio n  in  th e  w estern  In d ia n  O cean. 
G ia n t crosses w ith  1.1—1.2 m m  lo n g  arm s (i.e. 
in te rm e d ia te  in  size betw een  th e  tw o g ia n t cross­
es figu red  from  d ie  w estern  In d ia n  O cean); in  
sh ap e  th e  crosses a re  in d is tin g u ish ab le  from  th e  
crosses figured.

V e n tra l d ep o sits  s im ila r to  those from  th e  w est­
e rn  In d ia n  O cean. As in  th e  la tte r, th e  tr ip a r ti te  
a n d  rod-shaped  deposits a re  o ften  la rger th a n  
th e  crosses.

S lender crosses from  a  d eep er layer w ere fo u n d  
b o th  in  th e  dorsum  a n d  v en trum .

B a n d a  T re n ch . T h e  specim ens w ere described 
prev iously  (H ansen  1956). T h e y  are  6 -7  cm  long  
a n d  very  sim ilar to  th e  specim ens o f th e  sam e 
size from  th e  In d ia n  O cean  a n d  th e  T asm an  Sea. 
T h e  tw o lo n g itu d in a l elevated  fields o n  th e  d o r­
sal sk in  a re  n o t visible, b u t  these have n o t been  
fo u n d  in  o th e r  specim ens o f  sim ila r size e ither. 
T h e  u n p a ire d  ap p en d ag e  is low  a n d  conical (it 
is u n re trac ted , in  co n tra s t to  th a t o f th e  o th e r  
G a la th ea  specim ens). B o th  dorsal a n d  ven tra l 
deposits agree w ith  th e  u su a l types in  th e  speci­
m ens from  the  In d ia n  O cean a n d  th e  T asm an  
Sea. A  few slender crosses a re  p resen t b o th  in  
d o rsu m  a n d  ven trum .

R e l a t i o n s h i p s :  P. verru co sa  resem bles P . m ira -  
b ilis  in  th e  presence o f  dorsal w arts, each  w ith  a  
g ia n t cross. B u t th e  g ia n t crosses a re  m ore  ro b u st 
in  P . m ira b ilis  w hich, m oreover, has a  m ore  slen­
d e r  b o d y  a n d  a very lo n g  u n p a ire d  appendage .

D i s t r i b u t i o n :  W este rn  In d ia n  O cean to  easte rn  
Pacific. D ep th  2417-7250 m.

P sychropotes longicauda  Theel, 1882 
Figs. 49-54, pis. V II: 4 -6 , X II : 7

P sych ro p o te s  lo n g ica u d a  T h ie l ,  1882, pp . 96-98, 
pis. X X V II: 1, X X V III, X X X V : 13-17,
X X X V II: 10; A gatep  1967b, p. 67, pi. X I: 1-7. 

P sych ro p o tes  lo n g ica u d a  var. m o n stro sa  T h ie l ,  
1882, pp . 98-99, pis. X X IX : 2, X X X , X X X IX : 1. 

P sych ro p o te s  lo n g ica u d a  var. fu sco -p u rp u rea  
T h ie l ,  1882, p. 99, pis. X X IX : 1, X X X V : 11.
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Psychropotes longicauda var. antarctica Vaney, 
1908, pp. 419-420.

Psychropotes buglossa E. Perrier, 1886, p. 283, 
fig. 200; R. Perrier 1902, pp. 445-453, fig. 7, 
pis. XIII: 5-4, XX: 16-28; H&ouard 1923, pp. 
105-108, pis. I: 32, VI: 2.

Psychropotes raripes Ludwig, 1894, pp. 48-51, 
pi. V: 1-16; Ohshima 1915, p. 244; Ohshima 
1916-1919, with one figure; Clark 1920, pp. 
140-141, pi. I: 1.

Psychropotes dubiosa Ludwig, 1894, pp. 52—53, 
pi. II: 5-7.

Psychropotes grimaldii Hdrouard, 1896, p. 167, 
fig. 2; H&rouard 1902, pp. 25-27, pi. Ill: 1-2. 

Psychropotes fucata R. Perrier, 1896, p. 902; R.
Perrier 1902, pp. 453-455, pi. XX: 29-30. 

Psychropotes laticauda Vaney, 1908, pp. 420-422, 
pi. II: 14, 24.

Psychropotes brucei Vaney, 1908, pp. 422-423, 
pis. I: 13, II: 21-22, III: 41-42.

Euphronides dyscrita Clark, 1920, p. 139, pi. II: 3. 
Nectothuria translucida Belyaev & Vinogradov, 

1969, pp. 711-716, figs. 1-4.

Diagnosis: Tentacles 18. Anterior brim usually 
conspicuous and with the water-vascular canals 
of the enclosed tubefeet visible as low, radial 
elevations on the dorsal side of the flattened 
head. Free, ventrolateral tubefeet, 7-25 pairs. 
Posterior brim composed of 2-9 pairs of tubefeet. 
Dorsal papillae minute, 2-8 pairs. Unpaired 
dorsal appendage placed close to posterior end 
of body, the base almost as broad as the body, 
and varying in length from one-fifth to the same 
length as the body. Deposits, crosses of varying 
shape; dorsal crosses usually with about 0.1 m m  
long arms, although (especially in smaller speci­
mens) the variation in arm length may amount 
to 0.1-1.0 mm; ventral crosses with arms curved 
upwards, and measuring 0.1 m m  or less; central 
apophysis often reduced; scattered large crosses 
with 0.2-0.3 m m  long arms, and the spines confined 
to the distal half of the arms, are often present 
in smaller specimens; the arms usually with a 
horizontal curvature. Body colour varying from 
light yellow to dark violet.

Material:
St. 234, Madagascar-Mombasa (5°25’S, 47°09’E), 
4820 m. - 6 specimens.

St. 235, Madagascar-Mombasa (4°47’S, 46°19'E), 
4810 m. - 5 specimens.

St. 601, Tasman Sea (45°51’S, 164°32’E), 4400 m.
- 5 specimens.

St. 663, Kermadec Trench (36°31’S, 178°38’W),
4410 m. - 14 specimens.

St. 664, Kermadec Trench (36°34’S, 178°57’W),
4540 m. - 33 specimens.

St. 716, Acapulco-Panama (9°23’N, 89°32’W),
3570 m. - 5 specimens.

Description:
Kermadec Trench: Sts. 663 and 664 (PI. VII: 5-6).
Six of the specimens (three from each of the 

stations) differ in some features from the other 
specimens. These specimens, as well as a juvenile 
specimen (3.2 cm long), are described separately.

1. - The 40 “typical” specimens.
Body length 8-23 cm at each station.
Colour. The specimens from St. 663 varied in 

colour from a uniformly yellow, to yellow with 
a violet ventral side. The specimens from St. 664 
were coloured in various shades of violet, but no 
specimens were wholly or partially yellow. Howev­
er, in alcohol the violet colour has, in all the speci­
mens, changed into a light yellowish. There was 
no correlation between the size of the specimens 
and their colour.

Tentacles 18 in all the specimens.
Anterior brim composed of 11-14 pairs of 

tubefeet. The water-vascular canals are seen as 
low, but usually conspicuous, elevations on the 
dorsal side of the head.

Free, ventrolateral tubefeet 13-23 pairs, large 
and well spaced.

Posterior brim composed of 2-4 pairs of tube­
feet, usually clearly distinguished from the free, 
ventrolateral tubefeet.
No correlation was found between tubefeet 

number and body size.
Dorsal papillae minute, 2-6 (usually 4) pairs.
Unpaired dorsal appendage placed close to 

posterior end of body. It varies in length from 
one-fourth to the same length as the body.

Deposits (Fig. 49). In most of the specimens the 
dorsal deposits (6-8) consist of spinous crosses 
with 0.07-0.10 m m  long arms. Usually, the spines 
are irrregularly developed, both regarding shape 
and arrangement; but in some preparations most 
of the crosses possess one large, bipartite spine 
proximally on each arm. All intermediates are 
present between the two types.



Fig. 49. Psychropotes longicauda. Deposits. Sts. 663 and 664. 1-2, small cross and arm of 
large cross from dorsum of the 13 cm long “deviating” specimen from St. 663; 3-4, arms of 
large crosses from dorsum of the 12 cm long “deviating” specimen from St. 664; 5, large 
cross from dorsum of the 17 cm long “deviating” specimen from St. 664; 6, dorsum (St. 664); 
7-8, dorsum (St. 663); 9, giant cross from ventrum (St. 664); 10-17, ventrum (St. 663); 18-21, 

ventrum (St. 664); 22, dorsum, deep layer (St. 664); 23, dorsum, deep layer (St. 663).

The ventral deposits (10-21) show a remark­
able variation in shape. Some are densely covered 
with small spines or knobs, others have a few 
large and irregularly placed spines, and others 
again have almost smooth arms. The arms are
0.04-0.10 m m  long, and usually curved slightly 
upwards.
Scattered crosses (9), with 0.15-0.20 m m  long 

arms, usually widi an irregular horizontal curva­
ture, are present in the ventrum of a 12 cm long 
specimen from St. 664. The spines are confined 
to the distal half of the arms, and are mainly 
horizontal.
Slender crosses (22-23) are found here, arid 

there in the deeper layer of the skin. j

2. - The three deviating specimens from St. 663 
are 6 cm (specimen a), 10 cm (b) and 13 cm long 
(c). They are violet, darkest on the ventral side 
and have retained the violet colour after twenty 
years in alcohol. The skin is thin and distended, 
due to a strong filling of the intestine. In all 
three specimens the external layer of the skin

has partly ruptured and does not cover the 
entire body surface. Specimen c is stretched 
longitudinally, as shown by the long interspaces 
(c. 22 m m ) between the free, lateral tubefeet. 
(Even in the largest of the “typical” specimens 
from the Kermadec Trench the gaps between 
the tubefeet are less than half this distance).
The anterior brim in specimens b and c is 

similar in shape to that of the “typical” speci­
mens, with distinct radial elevations on the dorsal 
side corresponding to 12-13 pairs of tubefeet. 
Specimen a does not show these elevations, and 
the tubefeet of the anterior brim could not be 
counted with certainty.
The free, ventrolateral tubefeet amount to 8 

pairs in specimen a, 10 in specimen c, and 12 in 
specimen b. All three specimens have 3 pairs of 
fused, posterior tubefeet.
In specimens a and c the dorsal crosses (1—2) 

measure 0.1—0.6 m m  in arm length. The arm spines 
of the largest crosses are usually vertical and often 
very high; the spines are smooth or provided with 
a few secondary spines. Large crosses with irregular-
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ly shaped and arranged spines are also found. All
intermediates are present, both in size and shape,
between the giant crosses and the usual small 
type.
The same two specimens with large dorsal 

crosses have also large scattered crosses in the 
ventrum. The arms of these crosses are 0.2-0.3 
m m  long; the arm spines are mainly horizontal 
and confined to the distal half of the arms. Apart 
from their larger size, they resemble the large 
crosses found in one of the “typical” specimens 
(9). The large ventral crosses, unlike the large 
dorsal crosses, form a size group of their own.
Specimen b has normal-sized crosses both in 

dorsum and ventrum.
In other respects the three specimens agree 

with the other specimens from the Kermadec 
Trench (number and shape of the tentacles, posi­
tion and length of the unpaired appendage, the 
characteristic shape of the anterior brim, the 
separation of the tubefeet into free and well­
spaced lateral ones and about three pairs of fused 
posterior ones, and the shape of the smaller 
deposits).

3. - The deviating specimens from St. 664 com­
prise two complete specimens, 13 and 17 cm long, 
and fragments of a smaller specimen (c. 12 cm 
long). The skin in all three specimens is brownish- 
violet, darkest on the ventrum. In alcohol, 
they have preserved their colour better than thé 
other specimens from the station, which have all 
changed to a light yellowish colour. The skin of 
the three specimens has partly ruptured and the 
outer, deposit-containing layer has partly separat­
ed from the subcutis.
The anterior brim lacks the dorsal, radial eleva­

tions which are otherwise characteristic of the 
species. The anterior brim includes about 12 
pairs of tubefeet.
The tubefeet could be counted only in the 17 

cm long specimen, where 14 pairs of free and 
three pairs of posterior fused tubefeet were pres­
ent.
In all three specimens the dorsal crosses (3-5) 

have arm lengths up to 0.2-0.3 mm. The arm 
spines of the large crosses are mostly vertical. All 
intermediates occur, both in size and shape, 
between these deposits and the usual type.
Ventral giant crosses were not found in the 

specimens. The 13 cm long specimen possessed 
numerous short and sturdy rods in the ventrum,

a difference from all other specimens of the 
Kermadec Trench.
The agreement with the “typical” specimens 

in many features (tentacles, unpaired appendage, 
tubefeet, and deposits) makes it unlikely that thé 
three specimens represent a different species. 
Sexual dimorphism can also be ruled out as the 
three deviating specimens comprised two females 
and one male.
The dark colour, the fragile skin, and the 

presence of large crosses are similarities to speci­
mens a-c from St. 663. The absence in the speci­
mens from St. 664 of radial elevations on the head
may be due to contraction of the water-vascular 
canals.

4. - The juvenile specimen (St. 663).
Body (exclusive of unpaired appendage) 3.2 

cm long and 1.0 cm broad.
Skin whitish and soft.
Tentacles 12; discs with about 18 radial eleva­

tions, each ending in a small, marginal process 
Brim broad and flat. The brim is intact round 

the anterior and posterior ends of the body, while 
laterally it is preserved only in places. Probably, 
the brim was continuous round the body. An­
teriorly, the brim is 3-4 m m  broad and has a 
smooth edge. Posteriorly it is 2 m m  broad and 
the ends of the enclosed tubefeet project from 
the edge. The number of tubefeet included in 
the brim is approximately 20-25 on each side.

Midventral tubefeet almost invisible, although 
present throughout length of ventral sole.

Dorsal papillae one pair, minute, placed in the 
middle of the body.

Unpaired dorsal appendage 2.5 cm long, placed
close to posterior end of body. Base of appendage
almost as broad as the body. The appendage
passes gradually into the dorsal side of the 
body.

Deposits (Fig. 50). Dorsal crosses (1-4) up to
0.5 m m  in arm length, and rather slender. Arm 
spines vertical. Central apophysis and larger arm 
spines usually with secondary spines. Ventral 
crosses (5-9) up to 0.3 m m  in arm length. The 
largest crosses are rather numerous and, to some 
degree, form a size group of their own. Like the 
giant ventral crosses found in some of the larger 
specimens, they have the arms somewhat hori­
zontally curved and with distal spines. However, 
the spines are more numerous than in the large 
specimens, and not only horizontal. A  few of the



Fig. 50. Psychropotes longicauda. Deposits of the juvenile specimen from St. 663. 1-4, dorsum;
5-9, ventrum; 10, intestine.

large crosses (8) are strongly spinous throughout 
the length of the arms.
The small ventral crosses usually show an 

upward curvature of the arms like in the large 
specimens.
The determination of the specimen to P. longi­

cauda is based on the shape, size, and position of 
the unpaired appendage, and on the similarity of 
the large dorsal and ventral crosses to the large 
juvenile types in P. longicauda.

Tasman Sea: St. 601.
Body length 14—24 cm.
Colour violet, darkest on the ventrum.
Tentacles 18 in three specimens (14, 14, and

19 cm long) and 17 in two specimens (18 and 24 
cm long).

Anterior brim similar to that of the Kermadec 
specimens and composed of 12-14 pairs of tube- 
feet.

Free, ventrolateral tubefeet 14-15 pairs, large 
and well spaced. \

Posterior brim composed of 2-3 pairs of tubd- 
feet.

Dorsal papillae minute. In one specimen five 
papillae could be counted on the left side, but in 
the other specimens only one or two papillae 
were preserved.

Unpaired dorsal appendage varying from less 
than one-half to the same length as the body.

Deposits dissolved in all the specimens.

Eastern Pacific: St. 716. The five specimens are
6, 17, 17, 21, and 26 cm long, respectively.

Colour reddish violet, darker on the ventrum.
Tentacles 18 in all five specimens.
Anterior brim similar to that of the Kermadec 

specimens. The brim contains 24 tubefeet in the 
largest specimen and 16 in the others. No dorsal 
radial elevations are present in the smallest speci­
men.

Free, ventrolateral tubefeet 7-10 pairs, large 
and well spaced. In the smallest specimen the 
tubefeet are connected at the base by a low 
elevation of the skin.

Posterior brim composed of 5-7 pairs of tube­
feet.

Dorsal papillae minute. They can be counted 
only in the two largest specimens where 6-7 pairs 
are present.

Unpaired dorsal appendage measuring V 4-V 4  

body length. In shape and position it is similar 
to that of the Kermadec specimens.

Deposits (Fig. 51). The dorsal crosses of the 
small specimen (1-4) have 0.1-0.8 m m  long arms. 
The spines are irregularly placed and nearly 
always with secondary spines. On the largest 
crosses the spines are mostly simple and vertical. 
The ventral crosses of the small specimen (5-7) 
fall into two size groups; by far the greater num­
ber of crosses have arm lengths of 0.08-0.10 mm, 
but scattered crosses with about 0.3 m m  long
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Fig. 51. Psychropotes longicauda. Deposits. St. 716. 1-4, dorsum of the 6 cm long specimen; 
5-7, ventrum of same; 8-9, dorsum of a 17 cm long specimen; 10-11, ventrum of same.

arms do occur. The spines of the giant crosses 
are confined to the distal half of the arms and 
are almost exclusively horizontal. The central 
apophysis has a smooth proximal part, while the 
end is spinous and tripartite. The arms of the 
small crosses are curved upwards, while the arms 
of the large crosses are horizontally curved in 
an irregular manner. \
Giant crosses are absent, both in dorsum and 

ventrum, in the four large specimens. The dorsal 
crosses of these specimens (8—9) have 0.07—0.10 
m m  long anus which are often strongly spinous. 
The proximal spine on each arm is, in most 
crosses, large and bipartite. The ventral crosses 
(10-11) are similar to those of the small specimen, 
but the arms are only 0.05-0.07 m m  long.

Western Indian Ocean: Sts. 234 and 235 (PI. 
VII: 4).

Body length 9-18 cm.
Colour varying from yellow with a yellow- 

brown ventral side, to light violet with a darker 
violet or violet-brown ventral side. The underside 
of the head is dark violet in all the specimens.

Tentacles 18 (in one specimen 17).
Anterior brim only feebly demarcated from 

the remaining part of the head. The dorsal radial 
elevations, which are usually conspicuous in the 
species, are absent, or only feebly developed. 
The tubefeet enclosed in the brim cannot be 
counted with certainty. Probably, about 10 pairs 
are present.

Free, ventrolateral tubefeet large and well 
spaced. The distinction between the free tube-
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Fig. 52. Psychropotes longicauda. Deposits. 1-7, St. 234 (1-2, dorsum; 3-4, unpaired append­
age; 5-7, ventrum); 8, St. 235, dorsum of the 18 cm long specimen (the other, and smaller, 

specimens from the station have dorsal deposits similar to those from St. 234).

feet and those of the anterior and posterior brim 
is more gradual than usually found in the species;
11-20 pairs of free, ventrolateral tubefeet are 
present.

Posterior brim with 6-9 pairs of tubefeet.
Dorsal papillae minute and few in number. 

T w o  specimens possess one papilla each (about 1 
m m  long), and one specimen (the largest one) has 
two papillae (1 and 2 m m  long). No papillae 
were found in the other specimens.

Unpaired dorsal appendage measuring lls-2lz 
body length, and placed close to posterior end 
of body. \

Deposits (Fig. 52). The dorsal crosses (includ/ 
ing those of the unpaired appendage) are irreg­
ularly spinous. The largest of the specimens (an 
18 cm long specimen from St. 235) has robust 
and spinous crosses (8) with arms only occasional­
ly exceeding 0.15 m m  in length. The other speci­
mens (9-15 cm long) have dorsal crosses with a 
maximum arm length of 0.25-0.35 m m  (1-4). 
Scattered crosses with predominantly vertical

spines (3) are present in some preparations; all 
intermediates are found between these crosses and 
the normal, large type.
The ventral crosses (5-6) have 0.04-0.09 m m  

long, upwardly curved arms with distal spines 
and a central apophysis which is often rudimen­
tary. Very scattered large crosses (7) with 0.2-0.3 
m m  long and slightly horizontally curved arms 
were present in the preparations from four speci­
mens (9, 10, 11, and 13 cm long), but absent in 
those from the remaining seven specimens (12, 13,
14, 15, 16, 16, and 18 cm long). In this region also, 
the large type of cross is found mainly in smaller 
specimens.

Synonymy:
The Galathea specimens of P. longicauda vary 
strikingly in body colour, shape of the anterior 
brim, number of dorsal papillae, length of unpaired 
appendage, number of free, ventrolateral tube­
feet, number of tubefeet included in the posterior 
brim, and shape and size of dorsal and ventral
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deposits. Owing to this variation a number of 
synonyms are proposed in the following. An 
analysis of the variation is attempted, based on 
a comparison of the Galathea specimens with 
previously described specimens, many of which 
have been re-examined.
Below, the previously described material is 

reviewed according to geographic regions.

North Atlantic. Three species (P. buglossa, P. 
fucata, and P. grimaldii) have been described 
from this region and are unknown from other 
regions. A  total of 36 specimens (in M N H N  and 
M O M )  representing all the three species and 
ranging in size from 5 to 18 cm, were re-examined 
(24 by means of preparations of the dorsal and 
ventral skin). It was found that the differences 
used to distinguish the three species are individ­
ual variations only. Moreover, all the North 
Atlantic specimens have features in common 
which to some degree distinguish them from 
specimens from other regions, although scarcely 
to a degree which justifies the erection of a North 
Atlantic geographic subspecies.
Colour varying from yellow to violet. Tentacles 

18 (only one specimen had 16), and similar in 
shape to those of the Galathea specimens. An­
terior brim with conspicuous radial elevations on 
the dorsal side. Tubefeet, 8-10 pairs of free, and 
5-6 pairs of fused posterior ones. (Perrier stated 
that in the smallest specimens the lateral tube­
feet were connected by a brim; this feature could 
not be verified, because of the poor state of pres­
ervation). Unpaired appendage varying in length 
almost as much as in the specimens from the 
Kermadec Trench. Midventral tubefeet present 
in all the specimens, including that of P. gri­
maldii. (Herouard doubted that midventral tube­
feet were present in this species).
Dorsal crosses characteristically shaped. Their 

arms are strongly curved and have high, vertical, 
smooth spines and a central apophysis which is 
often subdivided. The proximal spine on each 
arm is usually much higher than the others; often 
no other large arm spines are present. The crosses 
figured by Perrier (1902) for P. buglossa and 
P. fucata, and by H^rouard (1902) for P. grimaldii 
all belong to this type, having predominantly 
vertical arm spines.
The dorsal crosses differ greatly in size range 

from one specimen to another. In all the specimens 
the smallest crosses have arm lengths of 0.1 m m

or less, but the upper size limit varies from 
slightly more than 0.1 to about 0.6 m m  in a m  
length. An inverse correlation is indicated be­
tween maximum size of crosses and size of speci­
mens.
Ventral crosses with 0.05-0.10 m m  long arms 

which are usually curved upwards. The arms 
possess small spines in their distal half and are 
not as varying in shape as those found in 
Kermadec specimens. In addition to these small 
crosses, some specimens have scattered crosses 
with 0.2-0.4 m m  long arms. The large ventral 
crosses, like the large dorsal ones, are usually 
found in smaller specimens. Of 25 specimens 
examined, five possessed large, ventral crosses; 
these specimens measured 5-13 cm, whereas the 
specimens without large crosses measured 10—18 
cm. In the 5 cm long specimen (the smallest 
known from the North Atlantic) the large crosses 
were particularly abundant.

Southern Ocean. The seven Challenger speci­
mens of Psychropotes longicauda, all taken in 
this region, were re-examined. They have shrunk 
in the alcohol subsequent to the original exami­
nation by Th(5el. The body length mentioned 
below, unless otherwise stated, is the length found 
during re-examination.
St. 156 (Antarctic part of the Indian Ocean): 

One defective specimen, 8 cm long (according to 
Thtel), in BM.
St. 157 (Antarctic part of the Indian Ocean): 

The type specimen, 10 cm long, in BM. Another 
specimen, 8 cm long, in M N H N .  Tw o  specimens 
of var. fusco-purpurea: One, 15 cm long (20 cm 
according to Thdel), in BM; the other, 9 cm long, 
in M N H N .  One specimen of var. monstrosa, 19 
cm long (25 cm according to Th£el), in BM.
St. 298 (off Valparaiso, Chile): One specimen, 

20 cm long, in BM.
Agatep (1967b) reported 14 specimens of P. 

longicauda from eight Antarctic stations of the 
Eltanin (seven situated south of the Atlantic 
Ocean and one south of the eastern Pacific).
Vaney (1908) described three specimens from 

the Weddell Sea, not far from the seven Eltanin 
stations. One was described as P. longicauda var. 
antarctica, and the other two as new species, P. 
brucei and P. laticauda, both taken at the same 
station. Another specimen referred to the latter 
species was taken southwest of South Africa.
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Colour. The specimen of P. brucei was yellowish 
grey. The others were violet.
Tentacles 18, of the usual shape in the species. 

Dorsal appendage placed close to posterior end of 
body, with a variation in length from one-fifth 
to almost the same length as the body. Anterior 
brim (verified in the Challenger specimens) of 
the usual type, with dorsal, radial elevations.
Most of the Antarctic specimens have a high 

number of tubefeet, placed almost without inter­
vals. The transition to the fused tubefeet of the 
anterior and posterior brim is, accordingly, more 
gradual than usually found in the species. The 
ventrolateral tubefeet (as seen in some of the re­
examined Challenger specimens) may be retract­
ed, appearing only as low, inconspicuous eleva­
tions of the skin. The number of tubefeet (includ­
ing those of the posterior brim) seems usually to 
be about 25-40 pairs, thus far exceeding the 
number in North Atlantic specimens, and also, 
with little overlapping, those in the Kermadec 
specimens. The specimens described as P. lati- 
cauda and P. brucei had only 16—17 pairs of tube­
feet (according to Vaney), the free, lateral ones 
being widely spaced. This number is in the lower 
part of the variation found in the Kermadec 
specimens. The specimen figured by Agatep had 
more than 24 pairs.
The tubefeet included in the posterior brim 

amount to 5-9 pairs, thus exceeding the number 
in the Kermadec and Tasman Sea specimens.
The deposits in the specimens from Challenger 

Sts. 156 and 157 were found to resemble those 
in the Galathea specimens from the Kermadec 
Trench. (The deposits had dissolved, already at 
Theel’s examination, in the specimen from St. 298).
According to Thiel, the dorsal crosses measure

0.06-0.40 m m  in arm length, and each arm is 
provided with “a number of strong, short spines 
directed outwards”. The variety fusco-purpurea 
constituted an exception, the arms of the crosses 
being only 0.1 m m  long and each with a conspic­
uous, bipartite spine.
The re-examination confirmed that both speci­

mens of var. fusco-purpurea agreed with Thiel’s 
description. This was also the case with the other 
Challenger specimens, although differences were 
present both in the shape and size of the deposits. 
The largest dorsal crosses were found in the two 
smallest specimens.
The 8 cm long specimen from St. 157 had arms 

up to 0.6 m m  long. The proximal arm spine was

Fig. 53. Psychropotes longicauda. Dorsal deposits. 
Challenger St. 157 (the 8 cm long specimen in MNHN).

often much higher than the other spines (Fig. 53). 
The deposits resembled those found in North 
Atlantic specimens.
The 8 cm long specimen from St. 156 had arms 

up to 0.4 m m  long. The arm spines were high and 
vertical as in the other small specimen, but the 
proximal spine was not notably higher than the 
other spines. The crosses resembled the larger 
crosses in the Kermadec specimens (Fig. 49: 1-4).
The 10 cm long specimen from St. 157 (the 

type) had arms up to 0.2 m m  long. The arm 
spines were vertical but rather low. Some of the 
small crosses had bipartite arm spines.
The specimen of var. monstrosa had dorsal 

crosses with arms up to 0.2 m m  long. The arm 
spines were either vertical, or irregularly placed. 
Often, the proximal arm spine was irregularly 
bipartite. The ventral crosses had 0.06-0.08 m m  
long upwardly curved arms. In shape they re­
sembled some of those from the Kermadec Trench 
(Fig. 49: 17, 18, 20). The ventrum also possessed 
scattered large crosses, with arms 0.2-0.3 m m  
long. They were similar to the usual large type 
in the species - with horizontal spines confined 
to the distal half of the arms, and with the arms 
more or less horizontally curved.
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The deposits of the Eltanin specimens, accord­
ing to Agatep’s illustrations, agree with the small 
type in the Challenger and Galathea specimens. 
Apparently, crosses with double arm spines were 
common. Large crosses were not mentioned. 
Vaney’s two species, P. laticauda and P. brucei, 
had also similar deposits, with the exception that 
crosses with supernumerary arms occurred among 
the normal crosses. Vaney stated that deposits 
with six arms occur in P. laticauda. (Among the 
three figured crosses there is one with a bifurcate 
arm, but none with six arms; among the three 
crosses illustrated for P. brucei there is one with 
five arms, but for this species the occurrence of 
deposits with more than four arms was not 
mentioned in the text). The fact that the speci­
mens of the two species came from the same sta­
tion suggests that the presence of crosses with 
supernumerary arms is a local feature in the 
variation of the deposits.

Eastern Central Pacific. From this region 
are known the five specimens from Galathea St. 
716; three specimens of P. raripes, comprising the 
type specimen described by Ludwig (1894) and 
the two specimens described by Clark (1920); the 
single specimen known of P. dubiosa Ludwig 
(1894); and the two specimens known of Eu- 
phronides dyscrita Clark (1920). Re-examination 
was made of one of Clark’s specimens of P. raripes 
(17 cm long, in MCZ), and of both specimens of 
E. dyscrita (a 3.5 cm long specimen in MCZ, and 
a 7.5 cm long specimen in USNM).
Although the two specimens of E. dyscrita are 

in a poor condition, their identity with P. longi- 
cauda can scarcely be doubted. The unpaired 
appendage is inserted close to the posterior end 
of the body, and its length is within the variation 
of this species. The colour was yellowish-brown 
with the ventral side violet, a colour variation 
which is known to occur only in P. longicauda. 
According to Clark, both specimens possessed a 
“well-marked, lobed margin” round . the body. 
This feature (which could no longer be verified) 
recalls the conditions mentioned by Perrier for 
small-sized North Atlantic specimens.
The specimen of P. dubiosa (in USNM), 3.1 

cm long, was too defective to be re-examined. The 
juvenile features included the number of ten ten­
tacles and the presence of large ventral crosses 
having 0.3 m m  long arms with distal spines. (The 
central apophyses, which were smooth and point­

ed, might have lost the distal spines). The dorsal 
crosses were rather large (arm length 0.15-0.17 
mm), but giant crosses were not mentioned. As 
typical of the eastern Pacific specimens there was 
one prominent spine on each arm; however, the 
spine was usually tripartite, not bipartite as in 
other eastern Pacific specimens examined. There 
was on each side 12 closely placed tubefeet, and 
five pairs were included in the posterior brim. 
The unpaired appendage was equal in length to 
the body and almost terminal in position.
In the number of free, ventrolateral tubefeet 

and in the number of tubefeet included in the 
posterior brim, the eastern Pacific specimens are 
similar to those from the North Atlantic. They 
differ in the shape of the dorsal crosses, which 
are characterized by the almost constant presence 
of a large, bipartite spine on each arm. As in the 
Kermadec Trench and the North Atlantic an 
inverse correlation is indicated between the size 
of the specimens and the maximum size of the 
crosses. While the larger specimens had arm 
lengths of about 0.1 mm, E. dyscrita and P. dubi­
osa had dorsal crosses with arm lengths up to 0.3 
mm. The latter were similar both in size and 
shape to those in the small Galathea specimen 
(Fig. 51: 1-2); true giant crosses were, however, 
not present in E. dyscrita and P. dubiosa. The 
ventral deposits (examined only in the largest of 
the dyscrita specimens) were similar to the smal­
lest ventral deposits in the Galathea specimens; 
giant crosses were not found.
Giant ventral crosses were present in the 3.1 

cm long specimen of P. dubiosa, the 6 cm long 
Galathea specimen (arm length in both speci­
mens 0.3 mm), and the 12 cm long type specimen 
of P. raripes (arm length 0.16 mm).

Okhotsk Sea. Ohshima (1915, 1916-1919) de­
scribed five specimens of P. raripes from this re­
gion. They had 7-9 pairs of free, ventrolateral 
tubefeet, and (judging from the illustrated speci­
men) about 6 pairs included in the posterior 
brim. In number and distribution of the tube­
feet the specimens thus agreed with those from 
the eastern Pacific and the North Atlantic. The 
deposits had dissolved.

Kurile-Kamchatka Trench. Nectothuria 
translucida Belyaev & Vinogradov is known from 
one pelagic specimen taken in a closing-net at 
4940-5930 m. It was 3.2 cm long, transparent,
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with a long unpaired appendage inserted at the 
posterior end of the body, and the tubefeet fused 
into a continuous brim round the body. The 
deposits were rather similar to those of the 
equally small juvenile specimen from Galathea 
St. 663, consisting dorsally of spinous crosses with 
up to 0.5 m m  long arms, and ventrally of crosses 
with 0.12-0.25 m m  long arms. The Galathea 
specimen, which was not transparent, might just 
have settled after a pelagic life.

V a r ia t io n :
Colour varying from a uniformly yellow to dark 

violet. Many specimens are yellow on the dorsal 
side and violet on the ventral. Apart from the 
uniformly yellow specimens, all others are darker
ventrally than dorsally.
The whole range of variation in colour is 

present in each of the following regions: The 
North Atlantic, the Indian Ocean, the Kermadec 
Trench, the Southern Ocean, and the eastern Pacif­
ic. Although the body colour does not exhibit 
geographic variation, a narrow local variation 
may occur, as indicated by the differences in body 
colour between the specimens from Sts. 663 and 
664 in the Kermadec Trench.

Tentacles 18, with almost no exception.
The variation in number of tubefeet and pa­

pillae is shown in Table 16.
Anterior brim usually with conspicuous, radial 

elevations on the dorsal side. They are absent in 
the specimens from the Indian Ocean and in 
three specimens from St. 664 in the Kermadec 
Trench. Besides, they are usually absent in the 
smallest specimens in all localities.

Table 16. Psychropotes longicauda. Number of 
pairs of ambulacral appendages.
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North Atlantic 3-7 c. 14 8-10 5-6
Western Indian Ocean - - c. 11-14 6-9
Southern Ocean 2-7 7-15 (8) 18-32 5-9
Tasman Sea -5 12-14 14-15 2-3
Kermadec Trench 2-6 10-13 7-21 2-4
Eastern Pacific 5-7 9-24 7-12 5-7
Japan 4-8 12-14 7-9

Geographic differences in the number of tube­
feet included in the anterior brim can scarcely 
be demonstrated. The highest numbers (16-24 
pairs) were found in the eastern Pacific Galathea 
specimens; however, the type specimen of P. 
raripes from the same region had only 9 or 10 
pairs.

Free, ventrolateral tubefeet apparently showing 
a geographic variation. The number is low in 
specimens from the North Atlantic, eastern Pacif- 
is, and off Japan, whereas it is usually high in 
Antarctic specimens. In the smallest specimens 
the bases of the tubefeet may be enclosed in a 
low fold of the skin.

Posterior brim. The tubefeet number included 
in the posterior brim is remarkably low in the 
Tasman Sea and the Kermadec Trench where 
most specimens have 2 or 3 pairs of tubefeet in 
the brim. In other localities at least five pairs are 
included in the brim.
In specimens from the western Indian Ocean 

the transition between free and fused tubefeet 
is rather gradual, and the anterior and posterior 
brims occupy a larger part of the body side than 
is usual in the species.

Dorsal papillae minute. A  geographic varia­
tion in number cannot be demonstrated.

Unpaired dorsal appendage placed close to 
posterior end of body. No variation is found in 
its position. The length vanes from one-fifth 
to the same length as the body. The variation is 
a purely individual one, with no correlation to 
the size of the specimens, or to locality.

Deposits. A  geographic variation is present in 
the shape of the dorsal crosses. The North Atlan­
tic specimens have dorsal crosses with high, verti­
cal, and smooth spines, of which the proximal one 
on each arm is often the only large spine present. 
The deposits which differ most from this type are 
found in the eastern Pacific specimens; the crosses 
here are strongly spinous, the spines being covered 
with secondary spines; one large, bipartite spine 
is usually present on each arm, but otherwise the 
spines are irregularly shaped and arranged.
The specimens from the Southern Ocean and 

the Kermadec Trench have greatly varying 
deposits which bridge the gap between the Noi th 
Atlantic and the eastern Pacific types.
The specimens formerly referred to the species 

P. brucei and P. laticauda (Weddell Sea and 
southernmost part of the Atlantic) apparently 
have more than four arms in some of the crosses.
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Fig. 54. Psychropotes longicauda. Maximum arm length 
of dorsal crosses in relation to body length.

This may represent a geographic or local varia- 
tion; deposits with more than four arms have not 
otherwise been found in P. longicauda.
The ventral deposits probably show no geo­

graphic variation. In the Kermadec Trench the 
variation in shape comprised the whole variation 
found in the species.
A n age variation is present in the size of the 

crosses. In the specimens from the North Atlantic, 
the Antarctic, the Kermadec Trench, and the 
eastern Pacific the maximum arm length of the 
dorsal crosses decreases on an average with the 
size of the specimens (Fig. 54).
The ventral crosses belong to two size groups. 

Crosses with arms smaller than 0.1 m m  are 
abundant in all the specimens, and are usually 
the only deposits present. (One specimen from 
St. 664 in the Kermadec Trench, however, had 
only rod-shaped deposits in the ventrum). Large 
scattered crosses, with arm lengths of 0.2-0.3 mm, 
are found mainly in smaller specimens.
Conclusion. A  geographic variation is shown 

by the shape of the dorsal crosses, by the number 
of free ventrolateral and fused posterior tube- 
feet, and by the presence or absence of radial 
elevations on the head. The variation in each 
feature is largely independent. A  division of the 
species into geographic subspecies canriot be made 
on the basis of our present knowledge.
A  local variation in body colour was found 

between specimens from two Galathea stations 
in the Kermadec Trench.
An age variation is shown by the presence of 

large, juvenile crosses both in dorsum and 
ventrum, and by the fact that the tubefeet in 
specimens up to 5-6 cm in length are fused to 
form a continuous brim. A  number of 12 tentacles

was present in the 3.2 cm long specimen from St. 
663; already at a body length of 5-6 cm the full 
number of 18 tentacles is attained.

Relationships: A  large unpaired dorsal ap­
pendage placed close to the posterior end of the 
body is found also in P. loveni which possibly 
represents a juvenile stage of P. longicauda. No 
other species can be pointed out as being partic­
ularly close to P. longicauda.

Distribution: Cosmopolitan, 2210-5173 m.

Type: BM, labelled “Type”.
Type locality: Challenger St. 157 (53°55’S, 
108°35’E).

Psychropotes loveni Theel, 1882 
Fig. 55

Thtel 1882, p. 100, pis. XXVII: 2-4, XXXV: 1-3.

Diagnosis: Tentacles 10-12. Dorsal papillae 
minute. Unpaired dorsal appendage large and 
placed close to posterior end of body; base of 
appendage as broad as the body. Brim continuous 
round the body. Dorsal deposits with a high and 
smooth central apophysis; arms up to 0.5 m m  
long, and usually with only one large spine on 
each arm. Ventral deposits with a low and 
spinous central apophysis, or with no apophysis; 
arms up to 0.2 m m  long, with small spines only.

Material:
St. 668, Kermadec Trench (36°23’S, 177°41’W), 
2640 m. - 2 specimens.

Description: The two specimens are 2.5 and 
2.0 cm long, and very defective. The unpaired 
appendage as well as large parts of the skin are 
lacking.

Skin whitish and soft.
Tentacles 12 in both specimens. Discs with 

about 20 marginal knobs. On all the tentacles 
most or all of the knobs are retracted.

Brim (preserved in patches only) continuous 
round the body.

Midventral tubefeet very small but present 
throughout length of ventral sole.

Deposits (Fig. 55). Dorsal crosses very uniform 
in appearance, with a high and smooth central
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Fig. 55. Psychropotes loveni. Deposits. St. 668. 
1-2, dorsum; 3, ventrum.

apophysis, and four high and smooth arm spines; 
additional spines rarely present. Arms up to 0.5 
m m  long. Ventral crosses (preserved in one of the 
specimens only) with regularly curved and tapered 
arms which are up to 0.2 m m  long; central 
apophysis absent; arm spines very small.
Remarks: The reference to Psychropotes loveni 
is based primarily on the dorsal crosses which are 
of the same characteristic shape (although almost 
twice as large) as those in the Challenger speci­
men (the type). The ventral crosses differ by the 
complete absence of a central apophysis.
The small size of the specimens and the low 

number of tentacles (the type is about 5 cm long 
and has 10 tentacles) suggest that all the known 
specimens of P. loveni are juveniles.
In external features the specimens resemble the 

3.2 cm long juvenile of P. longicauda from St. 
663. However, the deposits in P. loveni are out­
side the known variation of P. longicauda.

Distribution: Southwestern Indian Ocean, 
2514 m. Kermadec Trench, 2640 m.

Psychropotes sp.
St. 217. One specimen, 7.5 cm long and 1.5 cm 
broad. Tentacles 18. Brim continuous round the 
body. Unpaired appendage 0.5 cm long, close to 
posterior end of body. Skin gelatinous, light vio­
let, ventral side of head dark violet. Deposits 
strongly corroded.

Family ELPIDIIDAE Theel, 1879
Diagnosis: Tentacles 10-12. Ventrolateral tube- 
feet large, well spaced, and usually few. Midven-

tral tubefeet absent. Calcareous ring consisting 
of five star-shaped pieces.

T a x o n o m y : The taxonomic position of the fam­
ily is considered in the General Part (pp. 206- 
207), where the view is advanced that the family 
represents a paedomorphic trend of evolution.
In the present section only the subdivision of 

the family is discussed. The question of the cor­
rect basis of this subdivision has been subject to 
divergent opinions by earlier authors. This was 
partly due to the fact that divisions based on the 
external characters were difficult to reconcile 
with divisions based on the deposits, and partly 
to different opinions regarding the phylogeny of 
the deposits.
The views presented here with regard to the 

phylogeny of the deposits (pp. 183-185) and the 
calcareous ring (pp. 187—189) in the Elpidiidae 
lead to a new evaluation of the interrelationship 
of the genera.

1. - Earlier systems of the Elpidiidae. Théel 
(1882), who established the original system for 
the family, based the genera mainly on external 
characters. Peniagone was defined by the large 
velum (an anterior, dorsal appendage composed 
of two or three pairs of fused papillae); Parel- 
pidia by the elongated, Synapfa-shaped body and 
the reduced dorsal papillae; Scotoanassa by the 
depressed body form; and Achlyonice by the 
number of 12 tentacles.
Théel regarded the deposits as less important 

taxonomically. Peniagone included species with 
four-armed deposits and one species (Amperima 
naresi) with three-armed deposits. Other species 
with four-armed deposits were referred to Elpidia, 
despite the fact that the type species of this genus 
(E. glacialis) had completely different deposits.
The gener.a Kolga and Irpa were separated 

by an anatomical feature, the stone canal in 
Kolga opening to the exterior, in Irpa to the 
body cavity.
The genus Enypniastes was characterized by 

the large anterior brim composed of both dorsal 
and ventrolateral papillae, and by the presence 
of 20 tentacles.
R. Perrier (1902) primarily based his system on 

the deposits and thereby attained a more natural 
grouping of the species. He reserved the genus 
Elpidia for the species E. glacialis which possess­
es spicules of a type otherwise unknown in the
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holothurians. He defined Scotoplanes by the pres­
ence of rods in addition to C-shaped spicules, 
and united species simultaneously possessing C- 
shaped and tripartite spicules into a new genus, 
Periamma. (Pawson (1965a) pointed out that the 
name Periamma was preoccupied and changed it 
to Amperima). The genera Scotoplanes and Pe­
riamma (= Amperima) together embraced all El- 
pidiidae with C-shaped spicules.
Species with four-armed spicules were by Per­

rier collected into four closely related genera, 
distinguished by the shape of the body, and by 
the presence or absence of a velum. Of these 
genera, Parelpidia and Scotoanassa were defined 
in accordance with Th6el, whereas Peniagone was 
given another content - being no longer defined 
by the presence of a particularly large velum. In 
Perrier’s system this genus included species with 
four-armed spicules, an elongatedly oval body, 
and a velum (whether or not the latter was large), 
while species having a similar body form, but 
with separate dorsal papillae, were referred to 
a new genus, Elpidiogone.
H6rouard (1902) proposed a system based ex­

clusively on external characters. This constituted 
no improvement of Thiel’s system and needs no 
comment — particularly since Herouard himself 
later replaced it by another system which, similar 
to that of Perrier, was primarily based on the 
deposits.
In his new system, H&ouard (1923) adopted 

most of Perrier’s generic definitions. However, 
the presence or absence of a velum was discard­
ed as a generic character. The genus Elpidio­
gone was accordingly regarded as a synonym of 
Peniagone. On the other hand, the genus Scoto­
planes was restricted to species possessing both 
anterior and posterior dorsal papillae, whereas 
species in which all the papillae were anteriorly 
placed (whether or not the papillae were fused 
into a velum) were referred to a new genus, 
Ellipinion.
The genus Rhipidothuria H^rouard, 1901, 

with the single species R. racowitzai, was regard­
ed as closely related to Peniagone -  differing only 
in having small papillae throughout the length 
of the dorsal radii.

Enypniastes Tlî el, 1882, and Euriplastes Koeh­
ler &: Vaney, 1905, together with Pelagothuria 
Ludwig, 1894, were united to form the family 
Cyclioninae. As pointed out by Ekman (1926) 
the correct name of this family is Pelagothuriidae

Ludwig, 1894. The family is not included in the 
present work.
Although Hérouard’s revised division of the 

family into genera did not differ essentially from 
that of Perrier, he did advance an entirely new 
idea concerning the generic interrelationship. 
Based on theoretical considerations on the phylog- 
eny of the deposits, the genera were regarded 
as belonging to two evolutionary trends — one 
comprising the genera with four-armed deposits, 
the other all the remaining genera, the deposits 
of the latter being derived from a single, “tri- 
nary” type.
Ekman (1926) replaced Hérouard’s theory by 

yet another, contending that some holothurian 
deposits are derivatives of a primary cross, while 
others are derived directly from a primary rod. 
Based on this theory, he divided the Elpidiidae 
into two subfamilies, Elpidiinae and Peniagoni- 
nae. Although based on completely different 
theoretical considerations, these subfamilies were 
identical to the two evolutionary trends assumed 
by Hérouard.
The Elpidiinae (comprising the genera Elpidia, 

Kolga, Irpa, Scotoplanes, Ellipinion, Amperima, 
and Achlyonice) were characterized by the ab­
sence of primary cross derivatives (apart from the 
occasional presence of wheel-shaped deposits in 
some species).
The Peniagoninae (comprising the genera Pe­

niagone, Parelpidia, Scotoanassa, Elpidiogone, 
Psychrelpidia, and, with some doubt, Rhipidothu­
ria) were characterized by the presence of both 
primary cross and primary rod derivatives.
Ekman’s theory, along with Hérouard’s, is con­

tradicted in the present investigation (pp. 183- 
185). No support was found of the idea that the 
genera of the Elpidiidae represent two evolutio­
nary lines.

2. - Taxonomic characters. The shape of the 
body, used to characterize the genera Parelpidia 
and Scotoanassa, would appear to be unfit for 
generic distinctions. In actual fact, these genera 
merely represent two extremes in the variation 
of the genus Peniagone, being interconnected 
with typical representatives of the latter genus 
by species intermediate in shape. Accordingly, 
Parelpidia and Scotoanassa are regarded here as 
synonyms of Peniagone.
The following features provide information 

on die interrelationship of the genera:



(1) The deposits. The finding (p. 184) that the 
tripartite and rod-shaped spicules are reductional 
•stages of primary crosses, and not representing a 
separate line of evolution, reduces the taxonomic 
importance of the different types of spicule. H o w ­
ever, although the deposits do not justify a divi­
sion' of the family into two subfamilies, they 
remain of primary importance in characterizing 
the genera and also provide information on inter­
generic relationships.

P s y c h r e lp id ia ,  R h ip id o th u r ia , and P e n ia g o n e  

possess primary crosses (or crosses with reduced 
stem). Also in other respects they occupy an 
original position within the family.

Achlyonice and Amperima have tripartite spic­
ules, while Ellipinion and Scotoplanes have rods. 
The three latter genera have in common the pres­
ence of C-es, a spicule type related to the curved 
rods found in Kolga and Irpa.
Among the spicules occurring in the family, 

those of Elpidia are the most deviating, represent­
ing a specialized development from rod-shaped 
spicules.
Wheel-shaped deposits occur scatteredly in a 

few, mutually unrelated species of the family 
(pp. 185-186; Fig. 93).
(2) T he calcareous ring (Fig. 95). The view that 

the Elpidiidae represent a paedomorphic trend 
of evolution is based, in particular, on a study of 
the calcareous ring. However, the unique devel­
opment which has taken place in the calcareous 
ring within this family not only supplies infor­
mation on the derivation of the family as a whole 
but also provides a means of distinguishing be­
tween primitive and specialized genera, analo­
gous to the conditions found in the deposits. The 
genera of the Elpidiidae may be divided into 
three groups of relationship according to the 
structure of the calcareous ring (pp. 187-189).
(3) T h e velum is in all probability an original 

feature in the family (p. 190).
(4) T he tentacles. Deviations from the number

of 10 tentacles are found in the genus Achlyonice 
(10-12) and in Peniagone islandica (8). i
Differences in the shape of the tentacle discs 

may characterize genera and species (p. 192).
(5) The gonads. The presence of paired gonads 

is one of the primitive features of Psychrelpidia 
and Peniagone. Differences in the external morph­
ology of the gonads are of little taxonomic 
importance in the family (pp. 194—195).
(6) T he rectal caecum. The absence in the prim­

itive genera Psychrelpidia and Peniagone of a 
rectal caecum indicates that the latter is an organ 
developed within this particular family (p. 192).

3. - Interrelationship of the genera. The above 
considerations on the taxonomic characters with­
in the family lead to a reduction in the number 
of genera from 13 to 10.
(1) Psychrelpidia Hérouard forms a link be­

tween the three families which are united here 
to form the suborder Psychropotina (pp. 206-207).
(2) Rhipidothuria Hérouard, with the single 

species R. racowitzai, has four-armed deposits, a 
similarity to Psychrelpidia and Peniagone. Papil­
lae are present throughout the length of the dor­
sal radii. The two anteriormost pairs, which are 
placed close together on an elevation of the skin, 
apparently represent a velum. The difference 
between R hipidothuria and Peniagone thus con­
sists in presence or absence of papillae on the 
posterior part of the dorsum. The structure of 
the calcareous ring is unknown.
(3) Peniagone Théel includes Parelpidia Théel, 

Scotoanassa Théel, and Elpidiogone R. Perrier 
as synonyms. These genera were distinguished 
from Peniagone by external features which show 
a gradual transition to those of Peniagone.
Four-armed spicules are common to all the 

genera synonymized. Among these spicules, those 
having an unreduced primary rod (the primary 
crosses) are the most primitive - representing the 
prototype of spicule within the suborder Psychro­
potina.
The calcareous ring resembles the embryonic 

ring of other holothurians, and represents a type 
from which the rings of the other genera may be 
derived. The paired gonads and probably also 
the absence of a rectal caecum (both features 
shared with Psychrelpidia) are further primitive 
features.
(4) Achlyonice Théel resembles Amperima in 

the presence of tripartite spicules, and Peniagone 
in the structure of the calcareous ring. The ab­
sence of C-shaped spicules represents a difference 
from Amperima, to which Achlyonice is probably 
not closely related. The presence of tripartite 
spicules in both genera may be due to converg­
ence.
(5) Amperim a Pawson (=Periamma R. Perrier) 

is closely related to Ellipinion and Scotoplanes 
as indicated by the presence of C-shaped spicules 
in all species of the three genera. A  less close
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relationship is shown to Kolga and Irpa, both 
of which possess curved rods which are reminis­
cent of C-es. C-shaped spicules are otherwise ab­
sent in the Elasipoda.
The calcareous ring is similar in Amperima, 

Ellipinion, and Scotoplanes, as the pieces are 
isolated from each other and each one has four 
pairs of arms. This type of ring is here regarded 
as a derivative of the type found in Elpidia and 
Irpa.
The three genera differ in the arrangement of 

the dorsal papillae and in the type of spicule. 
Amperima and Ellipinion possess a velum, where­
as in Scotoplanes the second and third pairs of 
papillae are placed on the posterior part of the 
dorsum. On the other hand, Ellipinion and 
Scotoplanes both possess rod-shaped spicules, 
whereas the spicules are tripartite in Amperima.
In the report on the hadal specimens (Hansen 

1956) the genus Ellipinion was considered a syno­
nym of Scotoplanes. The latter genus was defined 
according to R. Perrier (1902), who regarded the 
presence of rod-shaped spicules as being more 
significant than the different position of the dor­
sal papillae. In accordance with the generic dis­
tinctions presented here, the species Scotoplanes

galatheae Hansen, 1956, is transferred to the 
genus Ellipinion.
(6) Ellipinion Hérouard is discussed under 

Amperima.
(7) Scotoplanes Théel comprises S. globosa and

S. clarki. The genus is discussed under Ampe­
rima.
(8) Kolga Danielssen Sc Koren, with the single 

species K. hyalina, resembles Irpa in the shape 
of the tentacles, the external morphology of the 
gonads, and the presence of curved rods and 
irregularly ramified deposits. The curved rods 
indicate a relationship to Amperima, Ellipinion, 
and Scotoplanes. Kolga differs from all four gene­
ra by the structure of the calcareous ring which 
has some similarity to the Peniagone type.
(9) Irpa Danielssen & Koren comprises I. abys- 

sicola and I. ludwigi, the latter being transferred 
from Kolga. The calcareous ring is similar to 
that of Elpidia. In other features the genus is 
closest to Kolga (q. v.).
(10) Elpidia Théel occupies an isolated posi­

tion within the family. It has a spicule type 
which is unique in all holothurians, and has 
lost every trace of a velum. The calcareous ring 
is highly specialized and similar to that of Irpa.

Key to the genera of Elpidiidae
1. Deposits four-armed...............................................  2
1. Deposits not four-armed............................................. 4
2. Anterior brim present, composed of dorsal and ventrolateral papillae........

.......................................................  Psychrelpidia (p. 131)
2. Anterior brim absent, or represented by a velum, which consists of dorsal papil­

lae only ......................................................... 3
3. Papillae present throughout length of dorsal radii ..........  Rhipidothuria (p. 131)
3. Papillae confined to anterior part of dorsal radii and usually forming a velum 

......................................................... Peniagone (p. 131)
4. Deposits rod-shaped, with two pairs of obliquely placed, horizontal arms and two

vertical apophyses...........................................  Elpidia (p. 172)
4. Deposits not s o ...................................................  5
5. C-shaped deposits or irregularly curved rods with a middle enlargement present

(except, possibly, in Amperima furcata and Irpa ludwigi). Tentacles 1 0 ..... 6
5. Neither C-shaped deposits nor irregularly curved rods with a middle enlarge­

ment. (Deposits entirely absent in A. tui). Tentacles 10-12...... Achlyonice (p. 155)
6. Deposits tripartite or rod-shaped, besides true C-es...................... 7
6. Deposits irregularly rod-shaped or branched; curved rods with a middle enlarge­

ment present, but true C-es absent...................................  9
7. Deposits tripartite........................................  Amperima (p. 158)
7. Deposits rod-shaped................................................ 8
8. Dorsal papillae separated into one pair of large papillae, placed anteriorly, and

130



one large and one small pair, placed close together on the middle or posterior
part of the body..........................................  Scotoplanes (p. 166)

8. Dorsal papillae placed close together anteriorly, usually forming a velum.....
.......................................................... Ellipinion (p. 162)

9. Pieces of calcareous ring sturdy, firmly joined to each other, each with four pairs
of arms, two pairs of which may possess irregular processes............ Irpa (p. 171)

9. Pieces of calcareous ring delicate, meeting (at the most) at their periphery, each
with five pairs of arms (a number of which may be subdivided).......Kolga (p. 170)

Genus Psychrelpidia Herouard, 1923 
Fig. 118

H6rouard 1923, pp. 75-76. - Type species: Penia- 
gone discrepans Sluiter, 1901, by monotypy.

Diagnosis: Anterior brim present, composed 
of dorsal and ventrolateral papillae. Ventrolateral 
tubefeet numerous, slender, almost forming a 
brim. Deposits cross-shaped. Calcareous ring con­
sisting of five isolated pieces, each probably with 
a varying number of arms.

Psychrelpidia discrepans (Sluiter, 1901)
Peniagone discrepans Sluiter, 1901a, pp. 27-28; 
Sluiter 1901b, pp. 75-76, pi. X: 3-4.

Record: Celebes Sea, 2035 m. One specimen.

Remarks: Sluiter pointed out that the species 
has features in common both with the Elpidiidae 
(the number of ten tentacles, the structure of the 
calcareous ring, and the absence of midventral 
tubefeet) and the Psychropotidae (the anterior 
brim, the numerous ventrolateral tubefeet, and 
the long and free dorsal papillae). Re-examina- 
tion of the specimen (in ZMA) revealed two 
additional psychropotid features: The tentacles 
were partly retracted into their stalks (a similarity 
to Benthodytes) and the body was violet in 
colour. This colour is the usual one in the Psych­
ropotidae, but rarely found in the Elpidiidae. 
The specimen is 6 cm long.

/
Genus Rhipidothuria Herouard, 1901 

Fig. 118
Herouard 1901, pp. 41-42. - Type species: R h i­

pidothuria racowitzai Hdrouard, 1901, by mo­
notypy.

Diagnosis: Papillae present throughout length 
of dorsal radii, the anterior two pairs placed

close together. Deposits cross-shaped. (Structure 
of calcareous ring unknown).

Rhipidothuria racowitzai Herouard, 1901
H&rouard 1901, pp. 41-42; H6rouard 1906, pp. 
7-8, pi. I: 1-3.

Record: Antarctic, c. 450 m. T w o  specimens.

Genus Peniagone Theel, 1882 
Figs. 119-120

Peniagone Thdel, 1882, p. 42. - Type species, 
designated by Deichmann (1930): Peniagone 
wyvillii Th6el, 1882.

Parelpidia Th6el, 1882, p. 15.
Scotoanassa Th6el, 1882, p. 55.
Elpidiogone R. Perrier, 1902, pp. 424-425.

Diagnosis: Dorsal papillae anteriorly placed, 
usually forming a velum. Deposits primary crosses, 
or cross-shaped. Calcareous ring consisting of five 
isolated pieces, each having a varying number 
of arms.

Remarks: The most primitive species of the 
genus are probably those having an ovoid body 
form, with tubefeet throughout the length of the 
ventral sole. Species with a similar body form are 
found in almost all the other genera of the fam­
ily.
A  specialized body form is found in the species 

formerly referred to Parelpidia and Scotoanassa
-  the former having a very elongated body and a 
reduced velum, the latter a broad and flattened 
body, a posteriorly directed oral tube, and the 
tubefeet confined to the hind edge of the body. 
The occurrence of intermediary forms made it 
inadvisable to retain the two genera.

Peniagone ecalcarea Sluiter, 1901, which lacks 
deposits and possesses an anterior brim composed 
of dorsal and ventrolateral papillae, has later
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been transferred to the genus Euriplastes Koehler 
Sc Vaney, 1905 (family Pelagothuriidae).
The species of Peniagone are delicate creatures 

which are often extensively damaged during cap­
ture. The following species, based on poorly pre­
served specimens, are omitted from the present 
survey:

Peniagone horrifer Theel, 1882. Known from 
one Antarctic specimen. The external characters 
could not be made out with any certainty during 
re-examination. The longitudinal arrangement 
of the velum, supposed to be characteristic of 
the species, appeared to be caused by a distortion 
of the body.

Peniagone atrox Th£el, 1882. One specimen 
taken south of Australia. The specimen was 
found on re-examination to be very defective, 
and the external characters of the species un­
certain.

Peniagone vexillum R. Perrier, 1896. One speci­
men taken in the North Atlantic. The specimen 
was extensively damaged and only provisionally 
erected as a new species. Heding (1940), with 
some hesitation, referred to the same species an 
Antarctic specimen, also in poor condition.

Scotoanassa incerta Sluiter, 1901(a,b). Known 
from four Indonesian specimens; they were found 
to be so defective that neither the shape of the 
body nor the arrangement of the tubefeet could 
be made out.

Peniagone stabilis Koehler Sc Vaney, 1905. One 
specimen taken in the Bay of Bengal. The species 
was characterized by the posterior lobated border 
of fused tubefeet and the triangular velum, con­
sisting of one large and two small papillae. This

latter structure, however, is incompatible with 
that of a velum.

Peniagone obscura Koehler Sc Vaney, 1905. One 
specimen, taken at the same station as P. stabilis. 
The specimen was apparently too defective to 
allow an illustration, and little can be concluded 
from the description.

Peniagone piriei Vaney, 1908. Known from one 
Antarctic specimen. As the deposits had totally 
dissolved, the specimen is not even referable to 
genus.

Peniagone bispiculata H. L. Clark, 1920. 
Known from three eastern Pacific specimens. The 
description was not illustrated. The external 
features could not be made out during re-exami­
nation of the specimens (in USNM). The depos­
its, as noted by Clark, consist of slender primary 
crosses of two size groups, the majority with 0.10-
0.12 m m  long arms and a smaller number with
0.15-0.17 m m  long arms. Clark failed to observe 
that the deposits possess a central apophysis in 
addition to die four apophyses on the arms. The 
deposits differ in shape from those of all other 
species of Peniagone. However, due to the un­
certainty concerning the external features, the spe­
cies is omitted from the present work.

Parelpidia anamesa H. L. Clark, 1920. Known 
from one specimen taken off Peru. The specimen 
was in a poor state of preservation. The number, 
size and arrangement of the tubefeet and papil­
lae could not be made out.

Peniagone mus D ’yakonov, 1952a, is known 
from three specimens taken southeast of K a m ­
chatka. The specimen illustrated lacked tentacles, 
velum, and all the tubefeet, except one.

Key to the species of Peniagone

1. Papillae not fused into a velum (although their bases may be enclosed in a right 
and left elevation of the skin) ......................................  2

1. Papillae fused into a velum ........................................  7
2. Papillae 4—5 pairs, at least the anteriormost pair long and slender........  3
2. Papillae 1-3 pairs, all rudimentary..................................  5
3. Tubefeet 8-9 pairs. Deposits primary crosses with 4 apophyses .... p a p i l la ta (p. 145)
3. Tubefeet 10-12 pairs. Deposits primary crosses, sometimes with reduced stem;

apophyses reduced in number on some or all of the deposits..............  4
4. Papillae separated into an anterior group of 3 pairs whidi on each side are fused

at their bases, and 1 pair placed more posteriorly. All papillae long (although
the first pair is longest).............. .......................... d u b ia (p. 144)

4. Papillae consisting of 2 pairs of long and 2 pairs of reduced papillae, all closely
placed, although completely separated..................... . in c o n d i ta (p. 145)

5. Tubefeet about 10 pairs, bordering the entire ventral sole..........  in c e r ta (p. 143)
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5 . Tubefeet 8-9 Pai'^b" ^ ™ g *' a™.",“ cross”! 'atom 0.12 m m  long, «long«.« (p. 147)
J  atom 0 ,0  m m  long.......  —  (, ■«»
7. Body flattened .....................................................................  .............................................  13
7. Body ovoid or elongate...........______________________________________  purpurea  (p. 151)

i ;-i
9. Tubefeet present both laterally and posteriory .........  ............ J2
9. Tubefeet present ° nl ^ Cfrgg °iateral tubefeet and 4 pairs which form

10. Tubefeet consisting of 3 pairs of tree, la in term edia  (p. 152)

a lateral and a posterior group ..................................... foliacea (p. 152)
11. Deposits cross-shaped, with 5 apophyses . - - .............................. ....................  exp am a  (p. 152)
11. Deposits nearly cross-shaped with ap op ys^  ̂ ^ ” ......................  diaphana  (p. 153)
12. Tentacle discs with a pair of large, d gi P gracilis (p. 155)
12. Tentacle discs devoid of large processes............ . ........................................  J4
13. Body ovoid (less than three times as long as broad) ..... ....................................................  ̂

13. Body elongate (at least three times as long as b r o a d )............................................... ^
14. Deposits with a well-developed s t e m ..................................  ^
14. Deposits cross-shaped, or nearly s o ......................................................  ^
15. Velum very la rg e ....................................................................................... 17

16. T " b m d « i n g ' a l n , „ St the' entire ventral sol. r e g u l a r ! , (p lj()

16. Tutofet'bordering the posterior */s of the ventral sole, all of them large 0-ith ^
the possible exception of the one or w o  hmdmost pans)..........  ^  ̂  (f> , M)

17. Deposits with 4 apophyses............................................................................  lg

’, 8  (P' IM18. Deposit with 1-0 apophyses. Rod-shaped deposits p r e s e n t  .» body » a l l ^ -  ̂  ^
spersed among the primary crosses............................................  go

19. Deposits with a central apophysis..................................................................................  21
19. Deposits lacking a central apophysis ......... ...................................................hum ilis  (p- 138)
20. Apophyses absent from arms of deposits • • • • *• • • •  ........................  - ida /p 136)
20. Apophyses present on arms of at least the orsa eposi ......... 0 bs0leta (p. 134)
21. Tubefeet 5 pairs, all of them large ; • • • • • • * ■• ..................................... "  ’ ’ convexa  (p. 135)
21. Tubefeet 6-8 pairs, the posterior pairs red u ced ...............................  ^
22. Tubefeet bordering the entire ventral so le ....................  •  .....................................
22. Tubefeet bordering the posterior Vs-2/* of the ventra so e . . . . .  ^  - • —
23. Posterior tubefeet separated by a median incision into a n g  - , 144j

Dorsal deposits nsnall, almost cross-shaped and w.th one apophys.s ; , » * ”•»“  (P
23. No posterior, median incision of body. Dorsal depos.t, osually with a d.stmct

stem, and with 2-4 apophyses----- j ............................................., • rw-cal Hpnosits
24. Posterior tubefeet well developed and partly fuse into a rim. af finis /p 142)

with np to 0.5 m m  long arms and np to 0.4 m m  long apophyses . ■ - J / / ™  lP
24. Posterior tubefeet small. Dorsal deposits usually wi 1 up to . azoriCa (p- 138)

and 0.10 mm long apophyses........................................... .. , c„. nc dorsal
25. Tubefeet bordering the posterior V s-1/* of the ventral so e. pop y 26

deposits usually longer than the a r m s .......................... .. i * of dorsal
25. Tubefeet bordering the posterior V*-Vs of the ventral so e. p p y ^

deposits shorter than the arm s........................................................
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26. Tentacles 10.......................... ............ ...........  v itrea (p 14g)
26. Tentacles 8 ................................................. islandica (p. 150)
27. Body about five times as long as broad.......................  challengeri (p. 146)
27. Body about three times as long as broad.............................. 28
28. Velum small ................................................  vignoni (p. 146)
28. Velum well developed .............................................  29
29. Velar papillae completely fused. Body colour dark violet..........  lugubris (p. 148)
29. Velar papillae with free distal parts. Body colour whitish...........  japonica (p. 147)

Peniagone porcella R. Perrier, 1896
Peniagone porcellus R. Perrier, 1896, p. 901; R. 
Perrier 1902, pp. 426-429, pis. XUI: 7-9, XIX: 
13—23; Madsen 1953, pp. 155—156, fig. 4.

Diagnosis: Body ovoid. Tubefeet about 9 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly. Dorsal papillae 3 pairs, short, the 
2 anterior pairs fused at their base to form a 
low velum. Deposits rather robust and spinous 
primary crosses with four apophyses.

Records: Off the Azores, 4060 m. Numerous 
specimens, taken by the Talisman. - Off the West 
Indies, 5033-5044 m. One specimen, taken by 
the Swedish Deep-Sea Expedition.

Relationships: Peniagone porcella appears to 
be most closely related to the Antarctic species 
P. mossmani and P. wiltoni. They differ by the 
number of apophyses on the deposits: P. porcella 
has four apophyses, P. mossmani two, and P. 
wiltoni one or none at all. P. wiltoni possesses, in 
addition, rod-shaped spicules interspersed among 
the crosses all over the body wall. In external ap­
pearance the three species are probably indistin­
guishable.
The fact that in P. azorica a reduced number 

of apophyses on the spicules may characterize 
local populations, or represent a geographic varia­
tion within the species, suggests that P. mossmani 
and P. wiltoni might together form a local or 
geographic form of P. porcella.

Peniagone mossmani Vaney, 1908 
Vaney 1908, p. 411, pis. I: 10-11, II: 19, III: 32-33.

Known from one specimen, taken in the Antarctic 
at 4789 m, simultaneously with the specimen of 
P. wiltoni. Both species are discussed under P. 
porcella.

Peniagone wiltoni Vaney, 1908 
Vaney 1908, pp. 413-414, pis. I: 6-7, III: 29-31.

Known from one specimen, taken in the Antarc­
tic at 4789 m, simultaneously with the specimen 
of P. mossmani. Both species are discussed under 
P. porcella.

Peniagone obsoleta (Herouard, 1899)
Fig. 56

Kolga obsoleta Hdrouard, 1899, p. 170, fig. 1; 
H&rouard 1902, pp. 41^2, pis. VI: 11-15, VIII:
16, 18.

Peniagone nybelini Madsen, 1953, pp. 157-158, 
fig. 5.

Diagnosis: Body ovoid. Tubefeet 5 pairs, 
bordering the entire ventral sole, all of them 
large and placed at equal intervals. Velum small. 
Deposits almost cross-shaped, with rather horizon­
tal, slender arms and four long, slender, pointed, 
usually somewhat outwardly curved apophyses 
placed near the centre of the cross.

Records: East of the Azores, 4360 m. Six speci­
mens. — Mid-Atlantic near the equator, 5250- 
5300 m. One specimen (P. nybelini).

Remarks: The proposed synonymy between
P. obsoleta and P. nybelini is, in particular, based 
on the similarity shown by the deposits and by 
the size, number, and arrangement of the tube­
feet.
Skin preparations made during re-examination 

of five of Hdrouard’s six specimens of P. obsoleta 
were compared to those made by Madsen from 
P. nybelini. While Madsen’s illustration makes 
clear the variation of the deposits, the three 
deposits shown by Herouard are not representa­
tive. In actual fact, the deposits of the two spe­
cies differ in minor details only, e. g., the some­
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what enlarged arm ends in many of the n y b e lin i  

deposits - details which represent hardly more 
than individual or local variations.
The presence of five pairs of large tubefeet, 

and apparently no small ones, is, within the 
genus Peniagone, unique to P. obsoleta and P. 
■nybelini. (The presence of six tubefeet in the 
right side of the nybelini specimen forms no 
exception, as, according to Madsen, the extra 
tubefoot was formed through an abnormal dupli­
cation of a single one).

P. obsoleta is most closely related to P. convexa 
(q. v.).

Peniagone convexa n. sp.
Figs. 57-58, 95: 1, pi. X: 4-5

Diagnosis: Body ovoid. Tentacles with broad, 
soft discs with a thin, indented and pliable 
margin. Tubefeet 6-8 pairs, bordering the entire 
ventral sole, decreasing in size posteriorly, the 
posterior 2-3 pairs rudimentary. Velum placed 
anteriorly, the body wall between the velum and 
the tentacle crown vertical. Deposits almost cross­
shaped; their arms rather horizontally, placed, 
with the ends curved slightly upwards; the four 
apophyses placed near the centre of the cross, 
their bases joined, and their distal parts pointed 
and usually curved outwards; arms and apophyses 
smooth, except at the tips.

Material:
St. 234, Madagascar-Mombasa (5°25’S, 47°09’E), 
4820 m. — 1 specimen.

St. 282, Seychelles-Ceylon (5°32’N, 78°41’E),
4040 m. - 1 specimen.

Description:
St. 282. - The type specimen (Fig. 57) is 6 cm 
long and has a 2 cm broad ventral sole. Body 
strongly vaulted, reaching a height of 3.5 cm 
somewhat posterior to the velum. The posterior 
part of the body decreases abruptly in height — 
a feature which may, however, be due to con­
traction. The body wall anterior to the velum is 
vertical.

Tentacles 10 (PI. X: 4). The stalks are short 
and thick; the discs are broad, soft, and slightly 
concave, with a thin, pliable and indented 
margin.

Tubefeet 7-8 pairs, bordering the entire ventral 
sole. The anterior 5 pairs are large, with Nos. 4

Fig. 57. Peniagone convexa. St. 282. Type specimen. PHW.
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and 5 only slightly decreasing in size. There is 
an abrupt transition to the extremely reduced 
posterior 2-3 pairs. The ends of the tubefeet are 
rounded, usually with a minute groove, indicat­
ing a retracted sucking-disc.

Velum composed of two pairs of papillae, the 
two on the left considerably longer than those 
on the right - an indication that the size of the 
velum is of little importance as a species character. 
Behind the velum is a pair of minute, free papil­
lae.

Skin white and thin, although rather tough.
Deposits similar to those of the specimen from 

St. 234, although somewhat corroded by the 
formalin.

St. 234. - The specimen is 6 cm long and rather 
defective. The dorsal skin is tom, and the in­
testines are absent.

Tentacles (PI. X: 5) resembling those of the 
type specimen. (The two tentacles illustrated for 
the species are both within the variation at each 
station).

Tubefeet probably agreeing with those of the 
type, both in number and arrangement.

Velum completely separated into a right and 
left lobe, which are both contracted. Each lobe 
is composed of two fused papillae and is followed 
by a minute, free papilla.

Deposits (Fig. 58) almost cross-shaped. The 
arms are rather horizontally placed, with the 
ends curving slightly upwards. The four apophy­
ses are placed near the centre of the cross. Their 
bases merge into each other, giving the deposit,

when seen from above, the appearance of being 
superimposed by another and smaller cross. The 
apophyses are pointed and outwardly curved. 
The deposits are almost completely devoid of 
spines, except at the tips of the arms and the 
apophyses.
The deposits vary greatly in size (the deposits 

figured show their size variation). The dorsal 
deposits are usually larger than the ventral ones. 
There are very few rod-shaped deposits, even in 
the tentacles and tubefeet. Walls of gonads dense 
with irregular, slender primary crosses which 
lack apophyses.

Calcareous ring (Fig. 95: 1) belonging to the 
usual type in Peniagone. Two ring pieces exam­
ined each possessed 7 pairs of arms.

Polian vesicle single, 2 cm long, and placed in 
the left ventral interradius.

Relationships: The deposits indicate a close 
relationship to P. obsoleta. The two species dif­
fer primarily in the development of the tubefeet 
- P. obsoleta possessing only five pairs, which are 
all large and placed at equal intervals.

Peniagone rigida (Theel, 1882)
Figs. 59-60

Elpidia rigida Theel, 1882, pp. 20-21, pi. XXXII:
18-20.

Diagnosis: Body ovoid. Tubefeet 8-9 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly, the posteriormost 4-5 pairs rudi­
mentary. Velum placed anteriorly, the body wall 
between the velum and the tentacle crown verti­
cal. Deposits cross-shaped, the dorsal crosses with 
five apophyses, the ventral crosses with one.

M a t e r i a l :
St. 282, Seychelles-Ceylon (5°32’N, 78°41’E),
4040 m. - 1 specimen.

Description: The specimen (Fig. 59) is 28 m m  
long; ventral sole 10 m m  broad.

Tentacles 10, with short stalks. Discs with 
papillae on the surface; no conspicuous marginal 
incisions are visible.

Tubefeet 8-9 pairs, the posterior 4-5 pairs 
rudimentary.

Fig. 58. Peniagone convexa. St. 234. Deposits. 1-3, V e lu m  p laced  anteriorly , the body w a ll b etw een
dorsum; 4, gonad. the velu m  an d  th e  ten tacle  crow n vertical.

0.2 mm
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Skin white, thick, and rather soft. The outer, 
deposit-containing layer almost completely intact.

Deposits (Fig. 60) cross-shaped. The dorsal 
crosses (1) have very slender, slightly curved and 
slightly spinous arms which attain a length of
0.5 m m  The five high and slender apophyses are 
strongly spinous. The ventral crosses (2) are 
generally more robust. The arms are straight, 
spinous, often with blunt ends, and few attain 

K a length of 0.3 mm. A  strongly spinous central 
apophysis is present, but there are no apophyses 
on the arms.

A  few curved rods surround the end-discs of 
the tubefeet, but no end-plates are present The 
tentacle discs contain a few rods.

Remarks: The single previously known speci­
men, taken by th e  Challenger in the northwestern 
Pacific, was re-examined. Agreement with the 
Galathea specimen included the ovoid body form, 
the number and placing of the tubefeet, and the 
shape of the dorsal deposits (ventral deposits not 
examined).
The skin was, according to Thdel, thin, brittle, 

and rough. However, on re-examination the skin



Peniagone humilis n. sp.
Figs. 61-62

Diagnosis: Body ovoid. Ventral sole slightly 
increasing in breadth posteriorly. Tentacles with 
firm and vaulted discs with an almost smooth 
surface and an only feebly indented margin. Tube- 
feet 10 pairs, bordering the entire ventral sole, 
posteriorly of smaller size and partially enclosed 
in a low brim. Velum low, placed near the mouth, 
and composed of two pairs of completely fused 
papillae. Deposits cross-shaped, with a single, 
central apophysis; arms with upwardly curved 
ends.

Material:
St. 663, Kermadec Trench (36°31’S, 178°38’E),
4410 m. - 1 specimen.

Description: The specimen (Fig. 61) is about
20 m m  long and 10 m m  broad. The ventral skin 
is ruptured, and the body is somewhat distorted 
and contracted; the proportions of the body, as 
shown in the figure, should therefore be regarded 
with some reservation - although the" species 
evidently belongs to the broad and strongly 
vaulted forms of the genus.

Ventral sole broadest posteriorly, its hind edge 
forming a large, semicircular curve.

Tentacles 10, short. Discs of a firm consistency, 
vaulted, with an almost smooth surface and an 
almost un-indented margin.

Tube feet 10 pairs, bordering the entire ventral 
sole, and decreasing evenly in size in posterior 
direction. The anteriormost 4-5 pairs are separate, 
while the bases of the remaining tubefeet are 
enclosed in a low brim.

Velum low, but distinct, placed near the mouth. 
Its four papillae are almost equally large and

Fig. 61. Peniagone humilis. St. 663.

Fig. 62. Peniagone humilis. St. 663. Deposits. 1-2, dorsum; 
3, ventrum; 4-5, tentacle.

completely fused. On the right side, two minute, 
free papillae are seen.

Skin whitish and soft.
Deposits (Fig. 62) cross-shaped with upwardly 

curved arms and a single, central apophysis. The 
deposits are smooth, except at the tips of the 
arms and apophyses. The ventral deposits are 
more robust than the dorsal ones. Rods present 
in tentacles and tubefeet. End-plate absent from 
tubefeet.

Relationships: In external features and depos­
its somewhat similar to P. rigida, but differs in 
the velum being positioned near the mouth, in 
the shape of the ventral sole, in the posterior 
tubefeet forming a low brim, and in the absence 
of apophyses on the arms of both the dorsal and 
ventral crosses.

Peniagone azorica von Marenzeller, 1893 
Fig. 63, pi. X: 1-3

Peniagone azorica von Marenzeller, 1893a, pp. 
12-13, pis. I: 4, II: 5; Hirouard 1902, pp. 42-43, 
pi. VI: 21-26; Hirouard 1923, pp. 87-88; Grieg 
1921, p. 8, fig. 4; Heding 1942, p. 20.

Peniagone vedeli Hansen, 1956, pp. 42-44, figs. 
12-13.

Peniagone willemoesi (Thiel), Hansen 1967, pp. 
495-498, fig. 12.

Diagnosis: Body elongate, somewhat flattened 
posteriorly. Tentacles with rather long stalks; 
discs with a papillate surface and a pair of retrac­
tile marginal lobes. Tubefeet 9-11 pairs, border­
ing the entire ventral sole, decreasing in size
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posteriorly. Velum usually bipartite in the greater 
part of its length. Dorsal deposits extremely vary­
ing; the usual type with a well-developed stem, 
arms curving strongly downwards, and four high, 
slender apophyses; length of arms usually less 
than 0.15 mm; deposits with reduced stem and 
fewer apophyses, or deposits which are similar 
to the usual ventral type, occur as local or ge­
ographic variants. Ventral deposits nearly always 
with a well-developed stem, slightly curved arms, 
and four low apophyses.

Material:
St. 649, Kermadec Trench (35°16’S, 178°40’W), 
8210-8300 m. - 160 specimens.

St. 650, Kermadec Trench (32°20’S, 176°54’W), 
6620-6730 m. - 260 specimens.

St. 651, Kermadec Trench (32°10’S, 177°14’W), 
6960-7000 m. - 6 specimens.

St. 653, Kermadec Trench (32°09’S, 176°35’W), 
6180 m. - 1 specimen.

St. 654, Kermadec Trench (32°10’S, 175°54’W), 
5850-5900 m. - 11 specimens.

St. 658, Kermadec Trench (35°51’S, 178°31’W), 
6660-6770 m. - 600 specimens.

St. 661, Kermadec Trench (36°07’S, 178°32’W), 
5230-5340 m. - 60 specimens.

St. 663, Kermadec Trench (36°31’S, 178°38’W), 
4410 m. - 267 specimens.

St. 664, Kermadec Trench (36°34’S, 178°57’W), 
4540 m. - 179 specimens.

St. 668, Kermadec Trench (36°23’S, 177°41’E), 
2640 m. - 5 specimens.

Description: The specimens from the hadal 
part of the Kermadec Trench were previously 
(Hansen 1956) described as a new species, Penia- 
gone vedeli, considered to be a close relative of 
the Atlantic species P. azorica. Examination of 
specimens from abyssal depths proved that the 
variation in the trench comprised the features of 
P. azorica, and that also the Antarctic species 
P. willemoesi, P. incerta, and P. affinis are pos­
sible synonyms. Hansen (1967), believing in the 
synonymy, regarded the Kermadec Trench speci­
mens as belonging to P. willemoesi.
The following description deals, in particular, 

with the specimens taken at the five abyssal Ker­
madec stations.

Skin soft and mucous. The species belongs to 
the most watery members of the benthic Elasi- 
poda, and almost no specimens are preserved

intact. The thickness of the skin varies rather 
much from one specimen to another — a variation 
which cannot be explained simply by a different 
state of preservation, as specimens preserved in 
the same vial could differ greatly in this respect.
No correlation was present between the develop­

ment of the mucous layer and the size of the 
specimens. The mucous specimens are apparently 
not juveniles.

Tentacles (PI. X: 1-3) with rather long and 
slender stalks. Discs broad, covered with papillae, 
and with marginal indentations. In the fully 
extended state a deep aboral incision is present, 
separating two lobes which taper into a distal, 
finger-like part. In the contracted discs the lobes 
are broader or have completely disappeared. (The 
three tentacles illustrated are all from one speci­
men).

Tubefeet 9-11 pairs, bordering the entire 
ventral sole, and gradually decreasing in size 
posteriorly.

Velum usually bipartite in at least half its 
length. The specimen illustrated (Hansen 1956, 
fig. 12) had an only feebly bipartite velum.
A  few specimens possess a pair of minute pa­

pillae in front of the velum.
Some specimens show an abrupt downward 

bend of the body part anterior to the velum, 
brought about by a strong contraction of the 
ventral, longitudinal muscles. This bend of the 
anterior part of the body has been regarded as 
characteristic of some other species of Peniagone. 
However, the fact that this feature does not 
necessarily represent the natural shape of the 
body is notable, although in some species (e. g. 
P. diaphana and P. gracilis) the bend is a constant 
feature.

Calcareous ring with about 10-12 pairs of irregu­
larly shaped arms on each of the five pieces. 
In some specimens some pieces, or even the whole 
ring, seem to be absent.

Deposits (Fig. 63). Due to the mucous con­
sistency of the skin, the outer, deposit-containing 
layer is completely worn off in most of the speci­
mens.
Hansen (1956) emphasized the great variability 

of the deposits of the hadal specimens. The 
abyssal specimens from the trench added even 
further to this variation and also revealed a 
marked local variation of the deposits. In the 
following, the deposits are described separately 
for each station, arranged according to depth.
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Fig. 63. Peniagone azorica. Deposits. 1-4, dorsum (St. 663); 5, dorsum (St. 668); 6, dorsum 
(St. 661); 7, dorsum (St. 649); 8, ventrum (St. 663); 9, ventrum (St. 668).

St. 668 (2640 m). The 11 fragments, which 
probably belonged to five specimens, were all 
examined by means of skin preparations. Three 
preparations could be determined as belonging 
to the dorsal side, and two to the ventral side; in 
the remaining the actual body position could not 
be determined.
The three pieces of dorsal skin possessed depos­

its with four high, curved apophyses. Most de­
posits were similar to the one shown as Fig. 63: 5; 
but some had longer arms and apophyses or arms 
which were placed almost vertically. The latter 
type was represented also at Sts. 661 and 663 (cf. 
Fig. 63: 1).
The two pieces of ventral skin had deposits 

with slightly curved arms and low apophyses (Fig.

63: 9). These deposits were similar to those of 
the hadal specimens.
Of the seven remaining pieces of skin, six 

possessed deposits similar to those found in the 
dorsal pieces, and one to those of the ventral 
pieces. Since none of the preparations had depos­
its intermediate in shape between these two 
distinct types, a clear separation between a dorsal 
and a ventral type apparently exists. A  similar 
separation was found in specimens examined 
from the abyssal stations 661 and 663, whereas 
in the hadal specimens the dorsal deposits were 
similar to the ventral ones.
St. 663 (4410 m). Parts of the outer deposit- 

containing layer are preserved in only five of the 
numerous specimens from this station. The dorsal
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deposits (Fig. 63: 1-4) are in all five specimens 
characteristically developed, with strongly curved 
arms and high apophyses. Usually, two apophyses 
are present, placed at the ends of the stem. A  few 
deposits possess one, three or four apophyses. The 
size of the deposits varies a great deal: While 
most are of the size represented in the figure, 
many reach double that size.
Most of the ventral deposits are similar, both 

in size and appearance, to those from St. 668, 
although larger deposits prevailed in one prepara­
tion (Fig. 63: 8). In a few of the ventral deposits 
the apophyses were reduced to three or two; when 
two in number they were placed at the ends of 
the stem. Similarly, in deposits with four apophy­
ses, the latter had a somewhat asymmetric position, 
one or two of them being placed near the ends 
of the stem.
St. 661 (5230-5340 m). Among the 60 specimens,

12 are preserved with parts of the outer deposit- 
containing layer. Dorsal deposits were present in 
two of them only. One specimen had dorsal de­
posits (Fig. 63: 6) with the strongly curved arms 
usually found in the abyssal specimens, but the 
apophyses were only of moderate height. Some 
&of the dorsal deposits possessed only three or two 
apophyses.
The other specimen had only the dorsal depos­

its preserved. These were similar to the deposit 
from St. 663 shown in Fig. 63: 1.
The ventral deposits in all the specimens 

agreed with those from the other stations - hav­
ing a well-developed stem and four, low apophy­
ses.
No outer deposits were preserved in the speci­

mens from Sts. 654 and 664.

Synonymy: Peniagone azorica has been re­
ported from many stations in the northeastern 
Atlantic at depths of 2320-4020 m. Most of the 
known material was re-examined, and also a 
number of hitherto unrecorded specimens from 
two Monaco stations off the Azores, at smaller 
depths than previously recorded: St. 553, 1385 m :/ 
1 specimen (in MNHN). St. 673, 2252 m: 34 spec­
imens (30 in M O M ,  2 in ZMUC, and 2 in 
MNHN).
The N. E. Atlantic specimens in external ap­

pearance were similar to the specimens from the 
Kermadec Trench. As in the latter, the mucous 
layer of the skin varied greatly in development. 
The velum was almost completely divided into

a right and left section. Some specimens showed 
an abrupt, downward bend of the anterior part 
of the body, similar to that found in some of 
the Kermadec specimens.
The deposits were examined in 12 specimens, 

five from Monaco St. 673 (off the Azores), three 
from Monaco St. 2990 (Bay of Biscay), one from 
Ingolf St. 11 (west of Iceland), and three from 
Ingolf St. 41 (south of Iceland).
The dorsal deposits in all the preparations 

resembled the type found at Galathea St. 668 
(Fig. 63: 5). Usually, however, the deposits 
attained a larger size, being often twice as large, 
but deposits of that size were also present in the 
Kermadec specimens.
The ventral deposits were in some of the 

examined specimens similar to the ventral depos­
its of the Kermadec specimens. In other Atlantic 
specimens the ventral deposits were indistinguish­
able from the dorsal ones of the same specimens, 
possessing curved arms and high apophyses. The 
occurrence of these two types of ventral deposits 
is apparently not geographically determined 
within the Atlantic, as both types occurred at 
the two Monaco stations and at Ingolf St. 41. 
Deposits with curved arms and high apophyses 
were not found in the ventrum of any of the Ker­
madec specimens.
Deposits with less than four apophyses were 

not found in the examined Atlantic specimens.

Variation: An extensive individual variation 
is shown by several features: The development of 
the mucous layer of the skin, the shape of the 
velum, the size and arrangement of the posterior 
tubefeet, and the deposits. In addition, the state 
of preservation and the degree of contraction 
may influence such characters as the shape of the 
tentacle discs, the size of the velum, and the 
degree of the downward bend of the anterior part 
of the body which depends on the amount of 
contraction in the ventral, longitudinal muscles.
The dorsal deposits show several interesting 

features in their variation. In addition to an 
often considerable individual variation, a local 
variation (and probably also a geographic varia­
tion) can be demonstrated with regard to the 
number and height of the apophyses, the curva­
ture of the arms, and the degree of reduction of 
the stem.
The North Atlantic specimens all had dorsal de­

posits with a rather well-developed stem, four
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high apophyses, and downwardly-curved arras. 
Similar deposits were present in the Kermadec 
specimens from Galathea St. 668.
The populations from the Kermadec Trench 

show a pronounced local variation in the dorsal 
deposits. In addition, there seems to be a consist­
ent difference between the abyssal and the hadal 
specimens. All the examined abyssal specimens 
from the trench, like those from the Atlantic, had 
dorsal deposits with strongly curved arms and 
high, slender apophyses. But the hadal specimens 
had dorsal deposits with rather horizontally 
placed arms and low, spinous apophyses, agreeing 
with the usual ventral type in the species. 
Examination of 51 specimens from four hadal 
stations suggested that the similarity is not acciden­
tal. It may indicate that the hadal trench popula­
tions are in closer contact with each other than 
with the abyssal populations (p. 243).
The ventral deposits do not show a variation 

comparable to that of the dorsal ones, being 
nearly always provided with rather horizontally 
placed arms and four, low apophyses. However, 
in three Atlantic specimens the ventral deposits 
were found to be similar to the usual dorsal type, 
with strongly curved arms and high apophyses. 
These specimens were all taken simultaneously 
with specimens possessing normal, ventral de­
posits.

Relationships: Peniagone azorica is closely 
related to the three Antarctic species P. incerta, 
P. affinis, and P. willemoesi. The dorsal deposits 
of P. incerta and P. affinis are in their shape 
within the variation of P. azorica at St. 663. Those 
of P. affinis are larger than in the Kermadec 
specimens, but not appreciably larger than in 
Atlantic specimens of P. azorica. The dorsal de­
posits of P. willemoesi are almost cross-shaped, 
usually with one apophysis, and somewhat smal­
ler than those of P. azorica.
The tubefeet in the three Antarctic species 

seem to decrease less in size posteriorly than in 
P. azorica.
The features distinguishing the four species 

may actually represent geographic or local varia­
tions of one species.
The ventral deposits are similar in the four 

species.

Distribution: Northeastern Atlantic, 1385- 
4020 m. Kermadec Trench, 2640-8210 (8300) m.

The occurrence of Peniagone azorica in the 
Romanche Trench (00°16'S, 18°35’W, depth 
7100-7300 m) is indicated by a deep-sea photo­
graph (Heezen et al. 1964, fig. 9). The specimen 
has five pairs of large and well spaced lateral 
tubefeet, three pairs of small and closely placed 
tubefeet along the hind end, and a velum which 
is cleft almost to the base. The authors report 
that, according to Dr. E. Deichmann, the species 
“appears to be closest to Peniagone incerta 
Theel”. P. incerta in external appearance re­
sembles P. azorica, but has a more feebly de­
veloped velum than P. azorica and the specimen 
photographed.
Deep-sea photographs from the P R O A  Expedi­

tion 1962 (Lemche et al. in press) suggest that 
Peniagone azorica occurs also in the New Britain 
Trench (depth 6790-7665 m) and the Solomon 
Trench (depth 7850-8625 m).

Peniagone affinis Theel, 1882 
Fig. 64

Thfel 1882, pp. 52-54, pis. VIII: 4-5, XXXIV:
12-13.

Diagnosis: Body elongate, somewhat flattened 
posteriorly. Tubefeet about 11 pairs, bordering 
the entire ventral sole, only slightly decreasing in 
size posteriorly; the anterior 5 pairs are placed 
with decreasing intervals, while the posterior 6 
pairs are closely set and partly fused into a brim. 
Velum low, composed of two pairs of papillae of 
which the median pair is largest and free in 
about half the length of the papillae. Dorsal de­
posits with a short stem, strongly curved arms, 
and 2 or 3 (occasionally 1 or 4) high apophyses; 
length of arms up to 0.3 mm. Ventral deposits 
about half as large, with a well-developed stem, 
slightly curved arms, and 4 low apophyses.

Record: Off the Crozet Islands (southern In­
dian Ocean), 2924 m. Numerous specimens.

Remarks: Ten specimens (in BM) were re-exam­
ined, all by means of skin preparations.
In external appearance the specimens agree 

well with Thdel’s illustration, especially in the 
arrangement of the tubefeet, of which the pos­
terior ones are well developed, closely placed, 
and partly fused into a brim. Velum feebly devel­
oped; only one had a velum of the size shown in 
Thiel’s drawing.
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Fig. 64. Peniagone affinis. 
Deposits. Challenger St. 147. 
1-3, dorsum; 4, ventrum.

0.2 mm

Petuagone incerta (Theel, 1882)
Fig. 65

Elpidia incerta Thdel, 1882, pp. 26-27, pis. VIIL
1, XXXIII: 3-4.

Deposits (Fig. 64) dorsally with strongly curved 
arms and 2 or 3 (occasionally 1 or 4) apophyses; 
the arms are up to 0.3 m m  long; the apophyses 
are up to 0.4 m m  and often of unequal length 
in the same deposit. The stem is rather short or 
almost absent, especially in deposits with only 
one apophysis. The ventral deposits are only half 
as large as the dorsal ones; they have a well-de­
veloped stem, slightly curved arms, and four low 
apophyses.
As noted by Thdel, the dorsal deposits are 

rather similar to those of P. vitrea. In external 
appearance the two species are very different, as 
P. vitrea has the tubefeet confined to the pos­
terior third of the ventral sole.

P. affinis resembles P. incerta in external ap­
pearance and in shape of the deposits which, 
however, are twice as large as in P. incerta.

apophyses and a well-developed stem. Ventral 
deposits with slightly curved arms, 4 low apophy­
ses, and a well-developed stem.

Record: Antarctic Ocean, 2293 m. Four speci­
mens.

Diagnosis: Body elongate, somewhat flattened 
posteriorly. Tubefeet about 10 pairs, bordering 
the entire ventral sole, slightly decreasing in size 
posteriorly; the posterior 5 or 6 pairs partly fused. 
Velum very small, or absent. Dorsal deposits with 
strongly curved arms, 2 (occasionally 3 or 4)

0.1 m m

Fig. 65. Peniagone incerta. Deposits. Challenger St. 152. 
1-3, dorsum; 4, ventrum.
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Remarks: The four specimens known (two in 
B M  and two in ZMA) were re-examined, all by 
means of skin preparations.
The species in external appearance resembles 

P. affinis; the posterior tubefeet are, as in the 
latter species, rather large and partially fused. 
Velum not present (or not preserved), its place 
being occupied by a pair of inconspicuous knobs.
Deposits (Fig. 65) dorsally with strongly curved 

arms and two high apophyses, placed at the ends 
of the stem. Occasionally, three or four apophyses 
are present. Arms as well as apophyses 0.10-0.15 
m m  long. The ventral deposits agree with those 
of P. affinis and P. azorica, having slightly curved 
arms and four low apophyses. Arm length c. 0.07 
mm. One of the four specimens, however, had 
ventral deposits similar to the dorsal type.
The species is closest related to P. affinis and 

P. azorica.

Peniagone willemoesi (Theel, 1882)
Fig. 66

Elpidia willemoesi Thiel, 1882, pp. 24—26, pis.
VIII: 2-3, XXXIII: 10-12, XXXVII: 1. 

non Peniagone willemoesi (Thiel), Hansen 1967, 
pp. 495-498, fig. 12 (= P. azorica).

Diagnosis: Body elongate, posteriorly flattened. 
Tubefeet about 10 pairs, bordering the entire 
ventral sole, the hindmost pairs slightly smaller,

Fig. 66. Peniagone willemoesi. Deposits. Challenger 
St. 156 (the specimen in BM). 1-3, dorsum; 4, ventrum.

slightly fused, and separated by a median incision 
into a right and left group. Velum composed of 
two pairs of papillae. Dorsal deposits with 
strongly curved arms, an almost completely 
reduced stem, and 1 (occasionally 2-4) high 
apophysis. Ventral deposits with slightly curved 
arms, a well-developed stem, and 4 (sometimes 
3) low apophyses which are often somewhat 
asymmetric in position.

Record: Antarctic Ocean, 3609 m. Four speci­
mens.

Remarks: One specimen (in BM) and one
lacking the tentacular crown and the velum (in 
ZMUC) were re-examined.
The specimen in B M  was illustrated in the 

Challenger Report. The drawing shows two 
conspicuous features, viz. a velum consisting of 
three triangular lobes and a posterior median 
incision of the body, separating the posterior 
tubefeet into a right and left group. The re­
examination showed that the median lobe of the 
velum was composed of two papillae — the velum 
consisting, as usual, of two pairs of papillae. The 
posterior median incision of the body was verified 
in the specimen in BM, but not in the more 
defective specimen in ZMUC.
Deposits (Fig. 66) dorsally with strongly curved 

arms, almost no stem, and practically all of them 
with only one, subcentral apophysis. However, 
deposits with 2-4 apophyses and a well-developed 
stem occur scatteredly among the other deposits. 
The arms are c. 0.10 m m  long. The ventral 
deposits have slightly curved arms, a well- 
developed stem, and 4 (occasionally 3 or 5) low 
apophyses which are often somewhat asymmetric 
in position.
The species is closest related to P. affinis, P. 

incerta, and P. azorica (q. v.).

Peniagone dubia (D’yakonov &  Savel’eva, 1958)
Elpidiogone dubia D ’yakonov & Savel’eva, 1958
(in D ’yakonov, Baranova & Savel’eva 1958, pp.
361-363, figs. 2-4).

Diagnosis: Body elongate. Tubefeet about 12 
pairs, bordering the entire ventral sole, decreasing 
in size posteriorly. Dorsal papillae 4 pairs, all 
long and slender, the first pair being longest;
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anteriormost 3 pairs of papillae fused at their 
bases, while the last pair is separate and placed 
more posteriorly. Deposits primary crosses with 
a well-developed stem and 2 or 4 high apophyses.

Record: Southern part of the Okhotsk Sea, 2850 
m. Six incomplete specimens.

Relationships: The long and almost entirely 
free papillae represent a similarity to P. incondita 
and P. papillata, while the separation of the 
papillae into an anterior group and a more 
posteriorly placed pair is unique to P. dubia. The 
deposits are different in the three species.

Peniagone incondita Agatep, 1967 
Agatep 1967b, pp. 51-53, pi. II: 1-14.

Diagnosis: Body elongate. Tubefeet 10-11 
pairs, bordering almost the entire ventral sole, 
decreasing in size posteriorly. Dorsal papillae 4 
pairs, of which the anteriormost 2 pairs are long 
and slender; all papillae separate even at their 
base. Deposits, dorsally large crosses with reduced 

s stem and 1 (occasionally 2) apophysis; ventrally 
primary crosses with 2 apophyses.

Records: Antarctic, 3537-5435 m. Four Eltanin 
stations with 115 specimens.

Relationships: The species is closest related 
to P. papillata, but differs in the number and 
position of the tubefeet, the entirely free papillae, 
the shape of the deposits, and the violet body 
colour.

Peniagone papillata n. sp.
Figs. 67-68

Diagnosis: Body elongate. Tubefeet 8-9 pairs, 
placed along the posterior 2 / 3  of the ventral sole, 
decreasing in size posteriorly. Dorsal papillae 
4-5 pairs, the 1-2 anteriormost pairs long, slen­
der, and free in almost their whole length, the 
others rudimentary; the small papillae and the 
bases of the large papillae enclosed in a pair of 
low elevations which are either separate through­
out, or slightly fused anteriorly — a true velum 
being absent. Deposits primary crosses with a 
well-developed stem and four low, spinous apo­
physes.

Material:
St. 716, Acapulco-Panama (9°23’N, 89°32’W),
3570 m. — 41 specimens.

Description: The specimens are all rather 
defective. They are 2-5 cm long, and the body 
form is similar to that of P. azorica, being 
elongated, and usually possessing a downwardly 
bent anterior part.

Tentacles 10. Only one tentacle preserved, the 
shape of which could not be determined.

Tubefeet 7-8 pairs, placed along the posterior 
two-thirds of the ventral sole. They decrease in 
size and distance from one another posteriorly, 
the posteriormost rudimentary and placed with­
out intervals. Each tubefoot possesses a minute 
sucking-disc.

Dorsal papillae 4—5 pairs. In most specimens 
two pairs of conspicuous holes are present in the 
dorsal skin. These are scar-markings left by the 
two first pairs of dorsal papillae. In some speci­
mens the basal parts of these papillae are pre­
served, but only one specimen has a complete 
papilla. It is 9 m m  long (body length 30 mm) 
and very slender and pointed. This, apparently, 
represents the size and shape of the first two 
pairs of papillae - the scar-markings from the 
second pair of papillae usually being as large as 
those from the first pair. However, in some speci­
mens the scar-markings from the second pair (and 
even from one of the papillae of the first pair) 
are small.
The small papillae and the bases of the large 

papillae are enclosed in a low, gelatinous pillow. 
The two pillows are either completely separate, 
or adjoin each other anteriorly.

Skin soft, mucous, and white-transparent.
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Peniagone challengeri Théel, 1882

Theel 1882, pp. 49-50, pis. IX: 6-8, XXXIII: 16.

Diagnosis: Body very elongated, about 5 times 
as long as broad, somewhat flattened posteriorly. 
Tubefeet 8-9 pairs, approximately bordering the 
posterior half of the ventral sole, slightly decreas­
ing in size posteriorly; posterior 3-4 pairs of tube­
feet placed without intervals. Velum large, leaf­
like, distally bipartite. Deposits with a well- 
developed stem and arms of varying length, with 
four, low apophyses; both arms and apophyses 
strongly spinous.

Fig. 68. Peniagone papillata. St. 716. Deposits.

Deposits (Fig. 68) examined in 16 specimens. 
They are rather uniformly developed - those 
illustrated representing the whole variation. No 
difference is found between the dorsal and 
ventral deposits. The small sucking-discs of the 
tubefeet are framed by rods, but no end-plates 
are present. The gonads contain slender primary 
crosses. No deposits were found in the wall of the 
intestine or in the muscles.

Calcareous ring consisting of five, isolated 
pieces, which have somewhat irregularly formed 
arms with flattened ends. The ring was examined 
in two specimens. The number of arms on the 
pieces varied from 7 to 9 on each side.

Polian vesicles two.

Type specimen: 3.5 cm long. The tentacles are 
all absent, but the tubefeet are better preserved 
than in any other specimen, all being preserved 
on the left side. The first two pairs of dorsal 
papillae are broken off near the base. In Fig. 67 
the probable appearance of the papillae is shown 
by dotted lines, the reconstruction being based 
on the presence of one long, whiplash-like pa­
pilla in one of the other specimens.

Relationships: Most closely related to Penia­
gone incondita (q. v.).

Record: South of Australia, 3276 m. Tw o  speci­
mens.

Remarks: The two specimens (both in BM) 
were re-examined. One was finely preserved, the 
other very defective.
The absence of tubefeet on the anterior part 

of the ventral sole was verified on the complete 
specimen, in which the skin was wholly intact 
on one side, between the tentacle crown and the 
anteriormost tubefoot. The posterior 3-4 pairs 
of tubefeet were separate and rather well 
developed. A  median incision, separating the 
posterior tubefeet into a right and left group 
(as seen in Théel’s illustration) could not be 
distinguished.
The velum is bipartite, with a broad, leaf-like 

basis — as illustrated by Théel. The velum 
probably varies to a lesser degree in preservation 
than usually in species of Peniagone, as it is 
covered with a tough skin.
The deposits (examined only ventrally) agreed 

perfectly with those described and illustrated by 
Théel.

Relationships: The species is possibly closest 
related to P. azorica, from which it differs by the 
elongated body form, the large and leaf-like 
velum, and the absence of tubefeet on the anterior 
part of the ventrum.

Peniagone vignoni Hérouard, 1901
Peniagone vignoni Hérouard, 1901, p. 42;
Hérouard 1906, pp. 8-9, pis. I: 4-5, II: 13-23. 

Peniagone theeli Ekman, 1925, pp. 13-20, fig. 1.
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Diagnosis: Body elongate, flattened posteriorly. 
Tubefeet 8-9 pairs, bordering the posterior half 
of the ventral sole, decreasing in size posteriorly. 
Velum very low, with almost free papillae. De­
posits primary crosses with four low apophyses.

Records: P. vignoni (3 specimens) and P. theeli 
(10 specimens), both Antarctic. Depth 400 m  
(stated for P. theeli only).

Remarks: The proposed synonymy between P. 
theeli and P. vignoni is based on an examination 
of four specimens kept in Z M U C  and hitherto 
unrecorded. The specimens were taken in the 
Ross Sea by the Discovery (St. 1658, 76°09’S, 
168°40’E, 520 m).
P. theeli was regarded as being different from 

P. vignoni in the following respects: (1) P. theeli 
has a low velum, while P. vignoni has four small 
separate dorsal papillae. (2) A  lateral brim is 
present above the tubefeet in P. theeli, absent in 
P. vignoni. (3) The tubefeet are more posteriorly 
placed in P. theeli. (4) Deposits are present in 
the body wall in P. theeli, but confined to the 
tentacles and tubefeet in P. vignoni.
The examined specimens have a feebly devel­

oped velum with almost free papillae. The rather 
flattened body shows in places a lateral edge 
which might well be due to a collapse of the body. 
The external, deposit-containing layer of the 
skin is almost entirely worn off, apparently 
due to a mucous consistency of the subcutaneous 
tissue. The deposits are best preserved in the 
tubefeet and tentacles in which the mucous, 
subcutaneous tissue is less well developed. In 
shape the deposits agree with those of both 
species. The tubefeet number 8-9 pairs. In their 
arrangement they bridge the difference between 
the two species.
The tentacles are well developed, with a long 

stalk and an enlarged disc, which in the extended 
state has two aboral lobes, similar to those found 
in P. azorica.
The species is closest related to P. japonica 

(q. v.).

Peniagone japonica Ohshima, 1915
Ohshima 1915, pp. 240-241, pi. IX: 10; Ohshima
1916—1919, with four figures.

Diagnosis: Body elongate, flattened posteriorly. 
Tubefeet about 8 pairs, bordering the posterior

half of the ventral sole, decreasing in size pos­
teriorly. Velum well developed, composed of 
two pairs of large and two pairs of small papillae, 
and gradually passing into a lateral brim which 
is present above the tubefeet throughout the 
length of the body. Deposits primary crosses with 
downwardly bent arms and four rather high 
apophyses.

Records: Off Japan, 1135-1669 m. 11 speci­
mens.

Remarks: The species differs from P. vignoni 
by its larger velum which passes gradually into a 
marked lateral brim of the body, and by the 
shape of the primary crosses which have down­
wardly bent arms with rather high apophyses.

Peniagone elongata (Theel, 1879)
Parelpidia elongata Th£el, 1879, p. 17, figs. 34r- 
35; Th£el 1882, pp. 15-16, pis. I: 3-4, XXXII: 
16-17, XXXVII: 2.

Parelpidia cylindrica Theel, 1882, pp. 16-17, pi. 
I: 1-2.

Diagnosis: Body very elongated, about six 
times as long as broad. Tubefeet 8-9 pairs, border­
ing the posterior 2 / 3  of the ventral sole, the poste­
rior 3-4 pairs closely placed, but not reduced in 
size. Dorsal papillae 2-3 pairs, rudimentary, not 
forming a velum. Deposits cross-shaped, with 
strongly curved, c. 0 . 1 2  m m  long arms, and a 
single, high, central apophysis.

Records: The two species here synonymized are 
known from one specimen each, taken at two 
adjacent Challenger stations off Chile: P. elongata 
at 4065 m, and P. cylindrica at 3947 m.

Remarks: The specimens (both in BM) were 
re-examined and found to be similar in all essen­
tial features.
' P. elongata is closest related to P. verrucosa 
(q. v.).

Peniagone verrucosa (Theel, 1879)
Elpidia verrucosa Th£el, 1879, p. 15, figs. 26-28; 
Thdel 1882, pp. 19-20, pis. Ill: 1-2, XXXIV:
3-4, XXXIX: 2.
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Diagnosis: Body ovoid. Tubefeet 9 pairs, bor­
dering the posterior 2 / 3  of the ventral sole, decreas­
ing in size posteriorly. Dorsal papillae 2 pairs, 
rudimentary, not forming a velum. Deposits 
cross-shaped, with strongly curved c. 0 . 6  m m  
long arms, and a single, high, central apophysis. 
Interspersed among the normal type are crosses 
with a short stem bearing an apophysis at either 
end. Small primary crosses with four apophyses 
occur in tubefeet.

Record: Off Chile, 4065 m. One specimen, taken 
simultaneously with P. elongata.

Remarks: The specimen of P. verrucosa may 
be a strongly contracted P. elongata. The two 
species are retained as separate species because 
they also differ in the size of deposits and in the 
presence in P. verrucosa of primary crosses with 
two or four apophyses in addition to the normal 
type.

Peniagone lugubris Theel, 1882 
Fig. 69

Thdel 1882, pp. 44-45, pi. X: 1.

Diagnosis: Body elongate. Tubefeet border­
ing the posterior 2 / 3  of the ventral sole, num­
bering 5 pairs (plus, possibly, 2-3 pairs of rudi­

mentary tubefeet at the posterior tip of the body). 
The anteriormost 3 pairs of tubefeet separated by 
wide gaps. Velum very large, composed of two 
pairs of completely fused papillae. Deposits 
primary crosses with four apophyses.

Record: Mid-Atlantic, 4545 m. One specimen.

Remarks: The specimen (in BM) was re­
examined and found to agree well with Thiel’s 
illustration. The skin was dark violet, tough and 
with a rather hard surface. The specimen might 
therefore have preserved its natural shape better 
than is usual in species of this genus. The poste­
rior tip of the body was slighdy torn; a few pairs 
of rudimentary tubefeet could have been present 
in this place, as in most species of the genus. One 
tentacle preserved, with a long stalk and an 
enlarged disc with a papillate surface.
The deposits (Fig. 69), not illustrated by Theel, 

were densely crowded both in the dorsal and 
ventral skin. They consisted of primary crosses 
with a well-developed stem and four low or 
moderately high apophyses; the arms were slightly 
curved. The dorsal crosses measured about 0.7 
m m  across (occasionally up to 1 . 0  mm), the 
ventral crosses 1 .0 - 1 . 5  mm.
The five specimens which Madsen (1953) refer­

red to this species are here re-determined to P. 
ferruginea.

Peniagone vitrea Theel, 1882 
Fig. 70

Peniagone vitrea Th£el, 1882, pp. 50-52, pis. VII: 
7-9, XXXIV: 17-18, XLIV: 10; Clark 1920, p. 
136; Ekman 1927, pp. 368—370, fig. 4; non 
Sluiter 1901b, p. 74.

Peniagone vitrea T h 6 el var. setosa Ludwig, 1894, 
pp. 105-108.

Peniagone setosa Clark, 1920, p. 136.

Diagnosis: Body elongate, the part anterior to 
the broad velum being ventrally or posteriorly 
directed. Tubefeet 6-9 pairs, bordering the poste­
rior third of the ventral sole, closely placed, slightly 
decreasing in size posteriorly. Deposits primary 
crosses with a short stem, strongly downwardly 

Fig. 69. Peniagone lugubris. Deposits from type specimen bent arms, and 1—4 spinous, pointed apophyses, 
(Challenger St. 104). 1, dorsum; 2, ventrum. which are usually longer than the arms.
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Fig. 70. Peniagone vitrea. Dorsal deposits. 1—2, Challenger St. 302 (the specimen in BM);
3, A lbatross St. 3400 (var. setosa).

Material:
St. 716, Acapulco-Panama (9°23’N, 89°32’W), 
3570 m. - 1 specimen.

Description: The specimen is c. 3 cm long and 
very defective. The deposits, however, are those 
typical of the species - primary crosses with a 
rather short stem, slender arms c. 0.4 m m  in 
length, and two, occasionally three, high apo­
physes with distally directed spines.

i
Previous records: Off southern Chile, 2654 m.j 
Several specimens of P. vitrea taken by the Chal­
lenger (Thdel 1882). - Gulf of Panama, 1790-4337 
m. 38 specimens of P. vitrea var. setosa (Ludwig 
1894) and one of P. setosa (Clark 1920). - Central 
Pacific, 4507 m. One specimen of P. vitrea (Clark 
1920). - Antarctic Ocean, 3423 m. One specimen 
of P. vitrea (Ekman 1927).
After an examination of his own Antarctic

and the Challenger specimens, Ekman found 
that the features of P. setosa were included in the 
variation of P. vitrea.
The present re-examination of two of the Chal­

lenger specimens of P. vitrea (in BM), eight of 
Ludwigs’ specimens of P. vitrea var. setosa (in 
USNM), and Clark’s specimens of P. vitrea and 
P. setosa (in USNM), confirmed that all are one 
species, although differences in the deposits may 
represent a geographic variation.
The two Challenger specimens had dorsal de­

posits (Fig. 70: 1-2) with arm lengths of 0.2-0.4 
and 0.3-0.6 mm, respectively. The latter had 
ventral deposits with arm lengths of 0.3-0.5 mm. 
In both specimens the deposits were larger than 
found by Thdel (arm length “0.16 m m  or some­
times more”).
The nine specimens from the Gulf of Panama 

had deposits (3) with arm lengths of 0.4-0.7 m m  
(very few exceeding 0.6 mm).



\

The deposits of the Antarctic specimen, accord­
ing to Ekman, measured up to 0.4 m m  in arm 
length.
The deposits were remarkably similar in shape 

in the specimens from the three localities. The 
stem was short, and the apophyses very high 
(usually exceeding the arms in length), with 
pointed ends and distally directed spines. (Few 
apophyses were as short as those illustrated by 
Thiel). The apophyses were usually two in num­
ber both in the specimens from off Chile and 
from the Gulf of Panama; deposits with three 
apophyses were not uncommon, while the num­
ber of four was very rare. Ekman did not state 
the number of apophyses in his Antarctic speci­
men; the deposit illustrated has four apophyses.
The deposits of the Central Pacific specimen of 

P. vitrea reported by Clark (1920) were found to 
resemble, both in shape and size, those illustrated 
by Thiel for the Challenger specimens. The 
external morphology of the specimen could not 
be made out.
The tentacles have small discs. In the two re­

examined Challenger specimens all the tentacles 
had the discs inwardly turned, agreeing with 
Thiel’s drawing. T w o  of the specimens re­
examined from the Gulf of Panama (both from 
Ludwig’s material) had similarly shaped tentacles, 
but one (from Clark’s material) had only one 
tentacle like this, while the others had discs 
vertical to the axis of the stalk.

P. vitrea has been erroneously recorded from 
an Indonesian station of the Siboga (Sluiter 
1901b). Re-examination of the single specimen 
taken (in ZMA) revealed that the deposits were 
tripartite. As C-shaped deposits were not present 
in the preparations, the specimen seems to belong 
to the genus Achlyonice.

Relationships: Peniagone vitrea agrees with P. 
islandica in the shape of the velum and the 
tentacles, and partly in the number and arrange­
ment of the tubefeet.
The deposits of P. islandica are similar to those 

of the Antarctic specimen of P. vitrea, described 
by Ekman. The presence of eight tentacles, and 
possibly also the absence of the abrupt, downward 
bend of the anterior part of the body, separates 
P. islandica from P. vitrea. However, the degree 
of the bend may depend on the contraction of 
the ventral, longitudinal muscles - the two spe­
cies possibly not differing in this respect.

Peniagone islandica Deichmann, 1930
Peniagone islandicus Deichmann, 1930, p. 137; 
Heding 1942, pp. 20-21, fig. 19.

Diagnosis: Body elongate. Tentacles 8. Tube­
feet 9 pairs, bordering the posterior V 3-V 2 of the 
ventral sole, the anterior 5 pairs large and free 
(although closely set), whereas the posterior 4 
pairs are minute and fused into a brim along the 
hindmost edge of the body. Velum broad. Depos­
its primary crosses with a short stem, strongly 
curved arms and four spinous, pointed apophyses, 
which are longer than the arms.

Record: Southwest of Iceland, 2137 m. Two 
specimens, taken by the Ingolf.

Remarks: Deichmann (1930) gave a diagnosis 
of the species which was later described in detail 
by Heding (1942).
Both specimens were re-examined and found 

to agree well with Heding’s description. The 
tentacles were so well preserved that their number 
in both specimens could be stated to be eight 
with certainty. The tentacles resembled those of 
P. vitrea, as illustrated by Thiel (1882, pi. XLIV: 
10).
The species is most closely related to P. vitrea 

(q. v.).

Peniagone wyvillii Thiel, 1882
Thiel 1882, pp. 42-44, pis. X: 3-4, XXXVII: 6, 
XLIV: 5, 7; Grieg 1921, pp. 6-7, figs. 1-2, pi. 
Ill: 3-5.

Diagnosis: Body twice as long as broad. Tube­
feet about 8 pairs, bordering almost the entire 
ventral sole, decreasing in size posteriorly. Velum 
very large, composed of two pairs of partially 
free papillae. Deposits, primary crosses with 
curved arms and four apophyses.

Records: The type specimen was taken in the 
Central Pacific at 4413 m. The five specimens 
reported by Grieg were taken in the North Atlan­
tic at 2615-2865 m.

Remarks: The type specimen (in BM) was 
found on re-examination to be in a poor state 
of preservation and nothing could be added to
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the description given by Théel. The deposits (not 
re-examined) were stated to be similar to those 
of P. lugubris.
Grieg (1921) determined his North Atlantic 

specimens to P. wyvillii because of their close 
similarity in external appearance to the type spec­
imen, as illustrated by Théel. The deposits ap­
parently differed by the absence of some or all 
of the apophyses. However, it seems doubtful 
whether the deposits illustrated by Grieg repre­
sent the fully developed deposits of the outer 
layer of the skin.

P. wyvillii is most closely related to P. ferrugi­
nea, from which it differs by the tubefeet, which 
are more spaced in position, occupy a larger part 
of the ventral sole, and diminish more regularly 
in size posteriorly. The light violet colour of the 
body and the shape of the deposits are more 
doubtful differences.

Peniagone ferruginea Grieg, 1921
Peniagone ferruginea Grieg, 1921, pp. 7-8, fig.
3, pi. I: 4r-6.

Peniagone lugubris Théel, Madsen 1953, pp. 153-

Diagnosis: Body two and a half times as long 
as broad. Tubefeet about 7 pairs, bordering the 
posterior Vr-Vs the ventral sole, closely 
placed and almost equally large, apart from the 
one or two posteriormost pairs which may be 
rudimentary. Velum very large, composed of two 
pairs of partially free papillae. Deposits, primary 
crosses with four, usually high apophyses.

Records: The type specimen was taken off the 
Canary Islands at 2800-3000 m. The five speci­
mens reported by Madsen were taken in the mid- 
Atlantic at 5600-5610 m.

Remarks: Madsen referred his specimens to P. 
lugubris which, according to Thiel, had exclu­
sively large-sized tubefeet. The type specimen of 
P. ferruginea possessed in addition to the large 
tubefeet a rudimentary hindmost pair.
Re-examination of a 3.0 cm long specimen (in 

ZMUC) from Madsen’s material revealed, in ad­
dition to the six pairs of large tubefeet, a rudi­
mentary posterior one on the left side (the right 
side was not sufficiently well preserved to permit 
the demonstration of a right rudimentary tube-

foot). The specimen illustrated by Madsen (1953, 
fig. 2) had seven pairs of equally large tubefeet, 
with no space for a rudimentary pair. Apparently, 
the presence of a rudimentary posterior pair of 
tubefeet is not a constant feature in the species.
The similarity between Madsen’s specimens 

and the type specimen of P. ferruginea also 
applied to the deposits, and to the dark colour of 
the body. (The type specimen was “greyish rusty- 
brown”, with the tentacles and the oral disc dark 
violet. Madsen’s specimens were when alive red­
dish-violet, in alcohol blackish-violet).
Re-examination of the type specimen of P. 

lugubris (q. v.) showed difference from P. ferru­
ginea both in external features and (less distinct) 
in the deposits.

P. ferruginea seems to be most closely related 
to P. wyvillii (q. v.).

Peniagone purpurea (Theel, 1882)
Elpidia purpurea Thiel, 1882, pp. 21-23, pis.
VII: 4-6, XXXIII: 13-14, XLIV: 6.

Elpidia ambigua Thiel, 1882, pp. 27-28, pi.
XXXIII: 6.

Peniagone lacinora Agatep, 1967b, pp. 53-55, pi.
Ill: 1-9.

Diagnosis: Body flattened. Tentacles with bi- 
lobed discs. Tubefeet 7-9 pairs, the first two 
pairs being separate and ventral in position, 
while the remaining 5-7 pairs are closely placed 
and partly fused. Velum consisting of two pairs 
of very long and slender papillae, which are fused 
only at their bases. Edge of velum proceeding 
along the body side as a brim above the tubefeet. 
Deposits, primary crosses with a well-developed 
stem and four long apophyses.

Records: The three species synonymized were 
all taken in the Antarctic Ocean, at 2934-4789 m.

Remarks: Thiel regarded Elpidia ambigua as a 
close relative of E. purpurea, differing only by its 
lighter violet colour, the more densely crowded 
deposits, and by the presence of a few wheel­
shaped deposits. None of these differences can be 
attributed a taxonomic significance. Re-examina- 
tion of one specimen of each species (both in 
BM) confirmed that they agree in all essential 
features, including the shape of the velum (al­
though in the ambigua specimen only one of the 
papillae was preserved in its full length).
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Agatep stated that P. lacinora differs from the 
two above-mentioned species in the size and posi­
tion of the first two pairs of tubefeet. In P. pur­
purea and P. ambigua all the tubefeet were small 
and closely placed along the border of the ven­
tral sole. In P. lacinora the tubefeet of the first 
two pairs were large, separated from each other 
and from the remaining tubefeet, and placed 
beneath the lateral edge of the body. This appar­
ently conspicuous difference is probably due to 
a different state of preservation. Contraction of 
the body in the specimens of P. purpurea and 
P. ambigua might explain the fact that the first 
two pairs of tubefeet were small and placed more 
closely to the remaining tubefeet, and that a 
body brim was absent above them.

P. lacinora agrees with P. purpurea and P. am­
bigua in the violet colour of the body, the peculi­
arly shaped velum, the thin and soft skin, the 
merging of the bases of the posterior tubefeet 
to form a brim, the shape of the deposits, and 
the bi-lobed tentacle discs.
Deep-sea photographs (Lemche et al. in press) 

reveal the common occurrence of P. purpurea (or 
a closely related, undescribed species) at a depth 
of 8030 m  in the Palau Trench.

Relationships: The species is most closely 
related to P. foliacea and P. expansa. It differs 
from both in the long free velar papillae, the 
violet body colour, and the deposits being pri­
mary crosses. P. foliacea and P. expansa have 
cross-shaped deposits without stem.

Peniagone foliacea (Herouard, 1912)
Kolga foliacea H6rouard, 1912, pp. 5-6, figs. 3-4. 
Peniagone foliacea (Herouard), Herouard 1923,
pp. 86-87, pis. I: 31, IX: 1-2.

Diagnosis: Body flattened. Tubefeet 7 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly. Velum very large, as broad as 
the body, forwardly directed, its lateral edges 
continuing into a brim along the anterior half 
of the body. Deposits almost cross-shaped, with 
four apophyses placed near the centre of the cross, 
their bases joined.

Record: Between the Azores and Portugal, 4275 
m. One specimen.

Remarks: In external features the species is 
most similar to P. expansa, although it has a 
much smaller velum. The deposits resemble those 
of P. obsoleta and P. convexa, in particular in the 
position and shape of the apophyses.

Peniagone expansa Koehler &  Vaney, 1905
Koehler & Vaney 1905, pp. 68-69, pis. IV: 10, 
XII: 27-28.

Diagnosis: Body flattened. Tubefeet about 8 
pairs, bordering the entire ventral sole, decreas­
ing in size posteriorly. Velum large, as broad as 
the body, forwardly directed. Deposits cross­
shaped with five apophyses.

Record: Bay of Bengal, 3194 m. One specimen.

Remarks: In external features the species is 
reminiscent of P. foliacea. The deposits (both 
ventral and dorsal) resemble the dorsal deposits 
of P. rigida.

Peniagone intermedia Ludwig, 1894 
Ludwig 1894, pp. 108-110, pi. XII: 1-6.

Diagnosis: Body flattened. Mouth posteriorly 
directed. Tubefeet, 3 free lateral pairs and 4 pairs 
which are fused into two fan-shaped clusters at 
the posterior end of the body. Velum large, as 
broad as the body, forwardly directed, its lateral 
edges continuing into a brim along the anterior 
half of the body. Deposits spinous primary crosses 
with four apophyses.

Records: The type specimen was taken at Alba­
tross St. 3400 at 2406 m  between the Galapagos 
Islands and South America. The other specimens 
from Ludwig’s material, as well as those recorded 
by Clark (1920), were too poorly preserved to 
allow a correct identification.

Relationships: Probably most closely related 
to P. diaphana and P. gracilis, both of which were 
formerly referred to Scotoanassa. The similarities 
include the flattened body, the velum which 
forms the anterior margin of the body, the hind­
most tubefeet being fused into a brim, the poste­
riorly directed mouth, and the deposits, which 
possess a well-developed stem. However, the pres­
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ence of three pairs of free, lateral tubefeet clearly 
distinguishes P. intermedia from both species.
A  large velum which forms the anterior margin 

of the body is found also in P. purpurea, P. folia­
cea, and P. expansa. From these species P. inter­
media primarily differs by the clear separation 
between the free lateral and the fused posterior 
tubefeet.

Peniagone diaphana (Theel, 1882)
Fig. 71, pi. X: 7-8

Scotoanassa diaphana Thdel, 1882, pp. 55—56, pis.
IX: 3-5, XXX V :  18, XLIV: 9.

Scotoanassa translucida Herouard, 1899, pp. 71- 
72, fig. 3; Herouard 1902, pp. 43-45, pis. Ill:
4-6, VI: 17-20; Hdrouard 1923, pp. 88-90, pis. 
Ill: 7-8, IV: 4; Madsen 1953, pp. 158-159, 
fig. 6.

Diagnosis: Body flattened. Mouth placed on a 
posteriorly directed, retractile tube. Tentacles 
with two conspicuous, digitiform processes on the 
discs, the latter obliquely placed to the axis of 
the stalk; discs covered with conspicuous, slightly 
ramified papillae. Tubefeet 4-5 pairs, enclosed 
in a brim bordering die hind edge of the body. 
Velum broad, forwardly directed, forming the 
anterior continuation of the dorsal surface; the 
four papillae composing the velum project only 
slightly from the anterior edge. Deposits with a 
well-developed stem and four apophyses.

Material:
St. 52, San Tome-Cameroon (1°42’N, 7°51’E), 
2550 m. - One complete and two fragmentary 
specimens.

St. 63, off Gabon (2°00’N, 9°14'E), 1520 m. - 
1 specimen.

St. 574, Tasman Sea (39°45’S, 159°39’E), 4670 m.
— 2 specimens and 6 isolated tentacles from a 
larger specimen.

Description: /
St. 52. - The complete specimen is 7.5 cm long 
and 3.5 cm broad. The anterior edge of the 
flattened body, although identical with the ve­
lum, does not appear to be composed of papillae 
in external view. The posterior brim is com­
posed of four pairs of fused tubefeet, the tips of 
which project slightly from the edge of the brim. 
The anterior and posterior brims continue di­

rectly into the lateral edge of the body, but a 
true lateral brim is not present. Mouth placed
2.5 cm from anterior edge of body at the end of 
a posteriorly directed tube, which is, however, 
almost completely retracted.

Tentacles not preserved.
Skin whitish, with a faint reddish-purple tinge. 

The outer layer hard and rough, caused by the 
crowding of the deposits, and easily separated 
from the soft connective tissue.

Deposits (Fig. 71: 1) slenderly built primary 
crosses with long arms and a well-developed stem. 
Dorsal and ventral deposits similar.
The two fragmentary specimens possess depos­

its similar to those of the complete specimen.
Calcareous ring of the usual type in the genus. 

The five isolated pieces each possesses at least 
seven pairs of slender, often distally branched 
arms.

St. 63. - The specimen is 2.2 cm long and 0.7 cm 
broad. Although in a poor state of preservation it 
shows the external features characteristic of the 
species. The velum consists of two pairs of papil­
lae and forms the anterior margin of the body. 
Three pairs of tubefeet on the posterior margin 
of the body. The body is flattened, with the edge 
of the velum proceeding into the lateral edge of 
the body. The mouth is placed on a ventrally 
directed tube. (Tentacles not preserved).
The outer, deposit-containing layer of the skin 

is completely lost on the dorsum, and partly on 
the ventrum. The ventral crosses (Fig. 71: 4-5) 
show large variation: Anteriorly with short and 
pointed arms (5), posteriorly much larger crosses 
with high apophyses (4).

St. 574. - Both specimens are 10.5 cm long and
5.5 cm broad. The anterior edge of the body is 
somewhat defective, and the papillae composing 
the velum are not visible in external view. The 
posterior brim in both specimens consists of four 
pairs of papillae and a single unpaired, median 
papilla. The posterior brim continues directly 
into the lateral edge of the body, although it is 
clearly distinguishable from it. Mouth placed 
at the end of a posteriorly directed tube.

Tentacles. Only one tentacle is preserved. H o w ­
ever, at the same station six isolated, much larger 
tentacles were taken (PL X: 7-8), being similar in 
shape to the small one. The tentacle discs, includ­
ing the two processes, are covered with conspic­
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Fig. 71. Peniagone diaphana. Deposits. 1, St. 52, ventrum; 2, St. 574, dorsum; 3, St. 574, 
ventrum; 4-5, St. 63, posterior and anterior part of ventrum.

uous, slightly ramified papillae. The size (10- 
14 mm) compared with that of the small tentacle 
(5 mm) suggests that they belonged to a very large 
specimen of P. diaphana.

Skin whitish, and similar in structure to that 
of the Atlantic specimens.

Deposits similar in the two specimens and dor- 
sally (2) resembling those of the Atlantic speci­
mens (1), but with shorter and slightly more 
curved arms. Ventral deposits (3) very sturdy, 
only few approaching the dorsal ones in slender­
ness.

Calcareous ring absent (one specimen exam­
ined). H6rouard (1902) similarly noted the ab­
sence of a ring in some Atlantic specimens exam­
ined. Apparently, the ring is resorbed with ad­
vancing age.

Synonymy and variation: Scotoanassa trans­
lucida Hd'rouard was believed to differ from S. 
diaphana by the somewhat differently shaped 
posterior brim and the more robust deposits. 
However, the posterior brim in the Galathea 
specimens from the Tasman Sea (taken compara­
tively near the type locality of P. diaphana in 
the Great Australian Bight) is similar to that 
of the Atlantic species S. translucida, as illustrat­
ed by Herouard.

The differences reported between the deposits 
of the two species cannot be regarded as taxonom- 
ically significant, in view of the subsequently 
acquired knowledge of the variation in this char­
acter. The ventral deposits of the Galathea spec­
imens from the Tasman Sea are remarkably dif­
ferent from those of the type specimens of both 
P. diaphana and P. translucida, but resemble 
those of the Atlantic specimens described by 
Madsen. Apparently, the differences found repre­
sent local rather than geographic variations.
S. diaphana and S. translucida agree in a num­

ber of features, including the shape of the body, 
the mouth being placed at the end of a posteri­
orly directed tube, the shape of the velum, the 
inclusion of 4-5 pairs of tubefeet in the posterior 
brim, and the presence of a pair of digitiform 
processes on the tentacle discs.

Relationships: Closely related to P. gracilis 
(q. v.) and more distantly to P. intermedia.

Biology: The Atlantic material reported by 
Herouard (1923) included specimens from four 
pelagic stations. They were considered to be lar­
val or to have just completed their larval stage. 
Two of them were described - one 5 m m  long, 
almost spherical, and supposed to have only five
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tentacles, the other 10 m m  long and having 10 
tentacles (the shape of the body was not men­
tioned).
During re-examination of Hérouard’s speci­

mens, the external characters of the two larval 
specimens could no longer be ascertained. H o w ­
ever, in addition to the larval specimens, a 3 cm 
long specimen, having the normal appearance of 
the species, was found to originate from the 
pelagic Station 3001, proving that the ability to 
lead a pelagic life is not confined to the larval 
stage. The depths (actually, the wire lengths) of 
the four pelagic stations were stated to be 0-4200,
0-4500, 0-4800, and 0-4900 m.

Distribution: Atlantic, 2550-5600 m. Great 
Australian Bight, Tasman Sea, 4670-4732 m.

Pentagone gracilis (Ludwig, 1894)
Scotoanassa gracilis Ludwig, 1894, pp. 111-113,
pl. XII: 7-8.

Diagnostic features: The species differs from 
P. diaphana by the shape of the primary crosses 
which have strongly curved arms with very high 
apophyses, and possibly also by the absence of 
the two large, digitiform processes on the tentacle 
discs.

Record: Off the Galapagos Islands, 2475 m. 
Four specimens.

Relationships: Re-examination of the Alba­
tross material in U S N M  revealed only some frag­
ments which gave no additional information to 
the original description.
The alleged absence of the pair of digitiform 

processes on the tentacle discs remains to be 
verified on well-preserved specimens. In P. dia­
phana the processes, when placed close together, 
are easily overlooked. ƒ
The deposits fall outside the known variation 

in P. diaphana. On the other hand, the differ­
ences are not greater than can be found as local 
or geographic variations within a single species.
Ludwig supposed that P. gracilis differed from 

P. diaphana also by the tubefeet being placed 
below the brim (and not on the edge of it), and 
by the prolongation of the brim into a posteri­

orly directed, median prong. But the specimens 
were so defective that the exact shape of the body 
could not be determined with certainty.

Peniagone spp.
Specimens representing several species are left 
undescribed.
Sts. 231 and 232. Fragments of four specimens.
St. 466. Eight specimens which have lost their 

deposits.
St. 495. Fragments of a dark brown specimen, 

probably belonging to a new species.
St. 626. Four juvenile specimens, ovoid in shape 

and 9-10 m m  long. Tubefeet in one specimen num­
bering 6-7 pairs, placed around the posterior 
half of the ventral sole. However, tubefeet might 
have been present also along the anterior half 
of the ventral sole. Spicules slender primary 
crosses with four high apophyses.
St. 658. One dark violet specimen resembling 

P. purpurea; deposits lacking, possibly dissolved.

Genus Achlyonice Theel, 1879 
Fig. 121

Thdel 1879, p. 13. - Type species: Achlyonice
ecalcarea Theel, 1879, by monotypy.

Diagnosis: Tentacles 10—12. Deposits tripartite, 
rod-shaped, or absent. Calcareous ring consisting 
of five isolated pieces, each having a varying 
number of arms.

Remarks: Scotoplanes gilpinbrowni Pawson, 
1965a, known from one incomplete specimen ta­
ken at 1782 m  depth north of New Zealand, 
should probably be transferred to the genus 
Achlyonice. C-shaped spicules were absent, the 
deposits consisting exclusively of slender rods 
with spinous ends, resembling those found in A. 
monactinica. The two species also agree in the 
number (11 pairs) and arrangement of the tube­
feet. However, since neither tentacles nor velum 
were preserved, the specimen cannot be identified 
with certainty.



Key to the species of Achlyomce

1. Deposits absent. Dorsal papillae not forming a velum..................  tui (p. 158)
1. Deposits present. Dorsal papillae forming a velum...................... 2
2. Body ovoid. Tubefeet with large sucking-discs, all closely placed, not notably

decreasing in size posteriorly. Deposits regularly tripartite, usually with an 
apophysis on each arm; in addition, rod-shaped deposits occur....... ecalcarea (p. 156)

2. Body elongate. Tubefeet with minute sucking-discs, spaced in position anteriorly, 
closely placed and reduced in size posteriorly. Deposits rod-shaped, sometimes 
with a side-branch, but never regularly tripartite..............  monactinica (p. 157)

Achlyonice ecalcarea Theel, 1879 
Figs. 72-73, 93: 1, pi. X: 9

Achlyonice ecalcarea Th6el, 1879, p. 13, fig. 8.
Non Clark 1913, p. 230.

Achlyonice paradoxa Theel, 1882, pp. 57-59, pis.
V: 1-2, XXXIX: 3, 7, XLI: 5.

Achlyonice lactea Thfel, 1882, pp. 59-60, pi. 
XXXII: 21-23.

Diagnosis: Body ovoid. Tentacles 12. Ventral 
sole increasing in breadth posteriorly. Tubefeet 
10—14 pairs, with large sucking-discs, all closely 
placed, bordering the entire ventral sole, not 
notably decreasing in size posteriorly. Velum 
composed of three pairs of almost completely 
fused papillae. Deposits tripartite, usually with 
a spinous, bipartite apophysis on each arm; in 
addition, rod-shaped deposits are present.

Material:
Galathea St. 663, Kermadec Trench (36°31’S, 
178°38’W), 4410 m. - 1 specimen.

Dr. Th. Mortensen’s Java-South Africa Exp. St. 
78, St. Helena (8 miles W. by N. of Sugarloaf), 
2400—2780 m. — 1 specimen.

Description:
1. - Specimen from the Kermadec Trench (Fig. 
72: 1-2). Length 21 mm. Ventral sole 6 m m  
broad anteriorly, increasing in breadth posterior­
ly to 9 mm.

Tentacles 12, similar in shape to those of the 
specimen from St. Helena, although less well 
preserved.

Tubefeet 12-13 pairs, bordering the entire 
ventral sole. The tubefeet are all closely placed 
and almost equal in size. The sucking-discs are 
very large on all the tubefeet, their diameter 
almost equal to that of the tubefeet.

Fig. 72. Achlyonice ecalcarea. 1-2, Galathea St. 663; 
3, Java-South Africa Exp. St. 78.

Velum composed of three pairs of almost com­
pletely fused papillae.

Skin white and soft, although rather firm. 
Deposits (Fig. 73) tripartite, nearly all with a 

spinous, often bifurcate, apophysis on each arm. 
Similar apophyses are present on many of the 
rod-shaped deposits. Dorsal and ventral deposits 
similar. Wheels (Fig. 93: 1) occur scatteredly in 
the dorsal and ventral skin.
The tentacles possess numerous sturdy rods and 

irregular deposits, all of them lacking apophyses. 
The discs of the tubefeet are bordered by sturdy, 
smooth, curved rods, but end-plates are absent.

2. - Specimen from off St. Helena (Fig. 72: 3). 
Length 44 mm. Ventral sole reaching a breadth 
of 23 mm.
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Tentacles 12, the discs (PI. X: 9) with a pa­
pillate surface and indented marginal processes; 
the fully extended discs show a deep incision on 
the aboral margin, separating two particularly 
large processes.

Tubefeet 10 pairs, the hindmost ones slightly 
smaller than the others. They are somewhat 
conical in shape, mutually converging at their 
base, and are all provided with a large sucking- 
disc.

Velum similar in shape to that of the Galathea 
specimen.

Deposits similar to those of the Galathea speci­
men; the similarity even includes the presence of 
scattered wheels.

Synonymy: A. ecalcarea, taken in two speci­
mens by the Challenger at 4204 m  in the north­
western Pacific, was erected in the preliminary 
report on the Challenger holothurians. TMel at 
that time found no deposits in the specimens. On 
later examination of the specimens he discovered 
traces of dissolved tripartite deposits, and, there­
fore, in the final report changed the name to A. 
paradoxa. This change of name, as noted by 
Clark (1913), is not valid.
Both specimens (one in BM, the other in ZMA) 

were re-examined. They agreed in external fea­
tures with the two specimens described above. The 
rather small size of the discs of the tubefeet in 
the specimen illustrated by Theel (in BM) was 
found to be due to contraction; a few fully extend­
ed discs were equal in diameter to the tubefeet.

A. lactea was taken in four specimens by the 
Challenger at 2928 m  west of the Crozet Islands 
(southern Indian Ocean). T w o  specimens (both 
in BM) were re-examined and found to agree 
with the specimens described above in the shape 
of the ventral sole, the arrangement and shape of 
the tubefeet, the shape of the tentacles, and the 
type of deposits. Wheels were present in both 
specimens.
The specimens described by Clark (1913) from 

Baja California (depth 1598 m) were referred to 
A. ecalcarea because they lacked deposits, despite 
the fact that the absence of deposits in the Chal­
lenger specimens of A. ecalcarea was due to dis­
solution. Re-examination of one of Clark's speci­
mens (in MCZ) threw doubt on his determina­
tion. It has 12 pairs of tubefeet which border only 
the posterior two-thirds of the ventral sole, and 
only the posteriormost tubefeet are placed with-

Fig. 73. Achlyonice ecalcarea. Deposits. Galathea St. 663.

out intervals. Eleven tentacles could be counted 
in the specimen (but 12 tentacles might have 
been present). The superficial layer of the skin 
is worn off, which may explain the absence of 
deposits.

Distribution: Probably cosmopolitan. Depth 
2780-4924 m.

Achlyonice monactinica Ohshima, 1915
Ohshima 1915, pp. 241-242, pi. IX: 11; Ohshima 

1916-1919, with four figures.

Diagnosis: Body ovoid to elongate. Tentacles
12, connected with one another by a m e m ­
branaceous fold of skin, which leaves only the 
four posteriormost tentacles free. Tubefeet 10-
13 pairs, with minute sucking-discs, bordering 
almost the entire ventral sole, decreasing in size 
and placed with decreasing intervals posteriorly. 
Velum low but with long free, filiform parts of 
papillae. Deposits rod-shaped, occasionally with 
a side-branch but not regularly tripartite.

Records: Off Japan, 1645-1669 m. 17 speci­
mens.

Remarks: The species is characterized primari­
ly by the rod-shaped deposits, the membranaceous 
fold of skin which encloses the stalks of the ten­
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tacles, and the long free, filiform parts of the 
velar papillae. Although only the second pair of 
velar papillae was seen to project into a long 
filiform part, the first pair has probably the same 
structure.

Remarks: Because of the complete lack of cal­
careous deposits the reference to Achlyonice is 
uncertain. It is motivated by the number of 
tentacles which in no other elpidiid genus is 
known to exceed 10.

Achlyonice tui (Pawson, 1965)
Amperima tui Pawson, 1965a, pp. 216-217, pi. 
IV: 1-3.

Diagnosis: Body ovoid to elongate. Tentacles 
10-12. Tubefeet 12 pairs, bordering the posterior 
2/s of the ventral sole, all rather closely placed; 
the posterior 6 pairs inconspicuous. Dorsal pa­
pillae consisting of two pairs of closely placed 
but separate papillae arranged in a transverse 
row, and two small pairs behind the row. Depos­
its absent.

Record: North of New Zealand, 1170 m. 16 
specimens.

Genus Amperima Pawson, 1965 
Fig. 121

Periamma R. Perrier, 1896, p. 901.
Amperima Pawson, 1965a, pp. 215-216. - Type 
species: Periamma roseum Perrier, 1896.

Diagnosis: Dorsal papillae anteriorly placed, 
usually forming a velum. Deposits consisting of 
tripartite spicules and Ges. Calcareous ring 
consisting of five isolated pieces, each with four 
pairs of arms.
Remarks: The species of Amperima are more 
easily defined than those of the related genus 
Ellipinion, primarily because of the more clearly 
differentiated deposits. Materials of all previously 
known species, except A. velacula, has been 
examined.

Key to the species of Amperima

1. Posterior tubefeet large, forming two fan-shaped clusters.... .......  insignis (P- 162)
1. Posterior tubefeet small, not forming two fan-shaped clusters ............  2
2. Tubefeet absent from anterior part of ventral sole......... .......  robusta (P- 161)
2. Tubefeet bordering the entire ventral sole................ ............  3
3. Deposits, all regularly tripartite. An apophysis present on each a r m ........  4
3. Deposits, tripartite interspersed with irregularly rod-shaped, quadripartite, and

pentapartite. Apophyses absent, or placed without regularity ............  5
4. Apophyses undivided................................. .........  rosea (P- 158)
4. Apophyses bifurcate.................................. (P- 159)
5. Large tripartite deposits with a smooth proximal arm part. Smaller deposits

robust and strongly spinous ........................... ...... velacula (P- 161)
5. Deposits, all of the same type, although greatly varying in size;; arms slender and

spinous throughout their length ....................... (P- 159)

Amperima rosea (Perrier, 1896)
Fig. 74, 93: 2

Periamma roseum R. Perrier, 1896, p. 901; R. 
Perrier 1902, pp. 419-423, pis. XIII: 10-12, 
XX: 1-11; H6rouard 1923, pp. 91-94.

Diagnosis: Body ovoid. Tubefeet 9-10 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly, the hindmost pairs rudimentary.

Velum well developed, composed of two pairs of 
papillae. Deposits regularly tripartite, with an 
undivided, spinous apophysis on each arm.

Records: Between the Azores and Portugal, 
4060-5005 m. Numerous specimens.

Remarks: Five of Perrier’s specimens and three 
of Hérouard’s were re-examined by means of 
skin preparations. The deposits (Fig. 74) all



Fig. 74. Am perim a rosea. Deposits. Talism an  St. 137.

possessed a single, undivided apophysis on each 
arm. Wheels (Fig. 93: 2) were found in three of 
Perrier’s and two of Hirouard’s specimens. C-es 
few in number (absent in some of the prepara­
tions).

Amperima furcata (Herouard, 1899)
Fig. 75

Kolga furcata Herouard, 1899, p. 171, fig. 2; 
Hirouard 1902, pp. 40-41, pis. Ill: 7, VI: 4-10, 
VIII: 17.

Periamma furcata (Herouard), Hirouard 1923, 
p. 91.

Diagnostic features: In external features 
probably similar to A. rosea, but the deposits 
have bipartite apophyses.
Records: Vicinity of the Azores and in the Bay 
of Biscay, 1846-2320 m. (Number of specimens 
not stated).

Remarks: Tw o  specimens from Monaco St. 698 
were re-examined. Their external features could 
no longer be made out, but the deposits (Fig. 75) 
were finely preserved. They were regularly tri­
partite and all possessed a bifurcate apophysis on 
each arm, this feature being apparently a reliable 
species character. C-shaped deposits were not 
found, nor was their presence mentioned by 
Herouard. This suggests that the species actually 
belongs to the genus Achlyonice. On the other 
hand, C-shaped spicules may be very rare in the 
species of Amperima (cf. A. rosea). A  correct 
identification to genus requires an examination 
of the calcareous ring.

Amperima naresi (Theel, 1882)
Fig. 76, pi. X: 6

Peniagone naresi Thiel, 1882, pp. 47-49, pis. IX: 
1-2, XXXIII: 15.

Periamma naresi (Theel), Hansen 1956, pp. 38- 
40, figs. 7-9; Belyaev Sc Vinogradova 1961, p. 
129.

Periamma tetramerum H. L. Clark, 1920, p. 134, 
pi. II: 4; D ’yakonov, Baranova & Savel'eva 
1958, pp. 363-365, figs. 5-7.

Amperima naresi (Thiel), Agatep 1967a, pp. 57- 
61, figs. 2-3.

Diagnosis: Body ovoid. Tubefeet 8-10 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly, the hindmost pairs rudimentary. 
Velum well developed, composed of two pairs of 
papillae. Deposits slenderly built, of varying and 
often irregular shape, being tri-, quadri-, penta- 
partite, and rod-shaped; arms irregularly spinous; 
apophyses, if present, placed without regularity.

Material:
St. 466, Sunda Trench (10°21’S, 110°12’E),
7160 m. - 114 specimens.

Description: The specimens were described 
previously (Hansen 1956), and only a few supple­
mentary remarks are made here.

Tentacles 10. Discs (PI. X: 6) with rather few, 
large, retractile papillae on the surface, and an 
indented margin. Some of the discs possess a pair 
of small aboral lobes.

Deposits (Fig. 76) examined in 25 specimens, 
including five previously examined. Dorsal and 
ventral deposits similar. In the previous report
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Fig. 76. Amperima naresi. Deposits. St. 466.

it was stated that the tripartite deposits, as re­
ported by Theel, could be divided into two size 
groups; most of the deposits had arm lengths of 
about 0.11 mm, whereas a smaller number had 
arms twice as long. The examination of addition­
al specimens showed that these size groups cannot 
always be distinguished. Deposits of intermediate 
size were often found; the size of the deposits 
sometimes varied considerably from one speci­
men to another. In some preparations nearly all 
had arms longer than 0.2 mm, a few even attain­
ing a length of 0.8 mm.
Interspersed among the tripartite deposits are 

found rods (usually with side-branches), and 
quadri- and pentapartite deposits; (In two pre­
parations the quadripartite deposits were as nu­
merous as the tripartite ones). A  few wheels were 
present in some of the preparations. The wheels 
were similar both in shape and size to those of 
A. rosea (Fig. 93: 2).
End-plates absent from tubefeet.
Calcareous ring absent in five specimens exam­

ined.

Synonymy: The type specimen, taken by the 
Challenger between Australia and the Antarctic, 
was re-examined. The presence of a very large 
velum, as seen on Theel’s figure, could be verified
- indeed, the velum was larger than that found 
in any of the Galathea specimens. However, 
agreement with the Galathea specimens in other 
features, including the characteristically shaped 
deposits, makes it improbable that the Challenger 
and Galathea specimens are different species.
The numerous Antarctic specimens taken by 

the Eltanin (Agatep 1967a) agreed with the Ga­
lathea specimens both in external features (includ­
ing the greatly varying velum) and deposits.

Periamma tetramerum Clark, known from six 
specimens taken at 5835 m  off Peru, was distin­
guished from A. naresi by the predominance of 
quadripartite deposits. As these are rather com­
mon also in the Galathea specimens, there seems 
no reason to keep the two species apart.
D ’yakonov, Baranova & Savel’eva (1958) report­

ed six specimens of Periamma tetramerum from 
2850 m  depth in the southern Okhotsk Sea. The



specimens were held to agree perfectly with 
Clark’s description, which was confirmed by the 
figures of the deposits.

Relationships: Appears to be most closely 
related to A. velacula (q. v.).

Distribution: Antarctic and Indo-Pacific, 
2010-7130 m.

Amperima velacula Agatep, 1967 
Agatep 1967a, pp. 61-68, figs. 4-6.

Diagnosis: Body ovoid. Tubefeet 9-10 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly, the hindmost pairs rudimentary. 
Velum small. Deposits consisting of scattered 
large tripartite spicules with a smooth proximal 
arm part, and smaller, very robust and spinous 
spicules which are tripartite, quadripartite, or 
irregularly shaped.
Records: Seven Antarctic stations of the El- 
tanin. Depth 2837-4850 m, except one station at 
the South Shetland Islands with a depth of only 
131 m.

Remarks: The irregular shape of the deposits 
indicates a relationship with A. naresi, but the 
large tripartite deposits differ by the smooth 
proximal part of the arms and the smaller depos­
its by their great robustness and spinousness. 
Wheels occurred scatteredly in the ventral skin 
of most of the specimens. They had a tripartite 
centre, and were apparently similar in shape to 
those of A. rosea and A. naresi. Agatep did not 
mention whether wheels were also present in his 
specimens of A. naresi.
In external appearance the species is probably 

indistinguishable from A. naresi. The velum is 
not smaller than in many specimens of this spe­
cies.

Amperima robusta (Theel, 1882) /
Figs. 77-78

Scotoplanes robusta Thdel, 1882, pp. 35-36, pis.
VI, XXXIV: 6-7, XXXVII: 9.

Amperima robustum (Th6el), Agatep 1967a, pp. 
56-57.

Diagnosis: Body elongate. Tubefeet about 11 
pairs, bordering the posterior 2/s of the ventral

sole, decreasing in size posteriorly. Velum well 
developed, composed of two pairs of papillae. 
Deposits tripartite, dorsally with three apoph­
yses and distal arm spines; ventrally smaller, 
more robust, and without apophyses.
Material:
St. 668, Kermadec Trench (36°23’S, 177°41’E), 
2640 m. — 1 specimen.

Description: The specimen (Fig. 77) is 30 m m  
long and 8 m m  broad.

Tentacles 10; obliquely forwardly directed; 
discs convex with a smooth surface and a smooth, 
non-lobated margin.

Tubefeet 11 pairs, bordering the posterior two- 
thirds of the ventral sole. Anteriormost 4-5 pairs 
rather long, with rounded ends, and separated 
by gaps equal to the width of a tubefoot. Remain­
ing tubefeet closely placed and decreasing in size 
posteriorly.

Velum consisting of two pairs of fused papillae, 
followed by a pair of small, free papillae.

Deposits (Fig. 78) tripartite, with conspicuous 
spines confined to the distal part of the arms. 
The dorsal deposits have on each arm a small 
apophysis (sometimes represented by a few spines 
only). The ventral deposits are smaller, more 
robust, often less regularly shaped, and the arms 
are destitute of apophyses. Rods are found 
occasionally. C-shaped deposits present both in 
dorsal and ventral skin.
Remarks: Previously recorded from the Antarc­
tic at 2010-4240 m, one specimen being taken by 
the Challenger and 51 by the Eltanin. The well- 
preserved Challenger specimen (in BM) was re-
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Fig. 78. Amperima robusta. Deposits. St. 668.
1-2, dorsum; 3, ventrum; 4, C-shaped spicule.

examined. The absence of tubefeet on the anterior 
part of the ventral sole was verified. Theel 
mentioned two processes on the outer margin of 
the tentacle discs; they were found to be scarcely 
visible. The tripartite deposit figured by Thdel 
is similar to the dorsal deposits in the Galathea 
specimen. (Deposits were not re-examined).
Relationships: Differs from the other species 
of the genus by the absence of tubefeet on the 
anterior part of the ventral sole, and by its small 
and robust ventral spicules which are destitute 
of apophyses.
Distribution: Antarctic, 2010-4240 m. Kerma- 
dec Trench, 2640 m.

Amperima insignis (Theel, 1882)
Scotoplanes insignis Thdel, 1882, pp. 36-38, pis. 
VII: 1-3, XXXIII: 7.

Diagnosis: Body flattened posteriorly. Tube­
feet 11 pairs, 6 pairs of which are free and border 
the lateral edge of the ventral sole, while the 
posterior 5 pairs are fused into two conspicuous, 
fan-shaped clusters. Dorsal papillae 3 pairs, small, 
not fused into a velum. Deposits tripartite, 
spinous, and devoid of apophyses.

Record: Antarctic, 3594 m. One specimen.
Remarks: The specimen (in BM) was re-exam­
ined. As Thdel remarked, the body is so strongly 
contracted that its natural shape cannot be de­
duced with any certainty. However, the species is 
well characterized by the posterior tubefeet being 
fused into a pair of fan-shaped clusters. The 
dorsal papillae are small and do not form a 
velum. Thdel reported three dorsal papillae, 
followed by a pair of minute papillae, but on 
re-examination two pairs of larger and one pair 
of smaller papillae were found; hence, the pa­
pillae corresponded, both in number and ar­
rangement, to those of a normal velum.
The deposits, according to Thdel, very much 

resemble those of A. robusta.

Genus Ellipinion Herouard, 1923 
Fig. 122

Hdrouard 1923, p. 82. — Type species: Scotoplanes
delagei Hdrouard, 1896.

Diagnosis: Dorsal papillae anteriorly placed, 
usually forming a velum. Deposits consisting of 
rods and Ges. Calcareous ring consisting of five 
isolated pieces, each with four pairs of arms. (In 
E. kumai an additional, unpaired arm is present 
on each piece).
Remarks: The species of Ellipinion are dif­
ficult to evaluate taxonomically as they are rather 
uniform in external appearance and their depos­
its are only feebly differentiated. The two spe­
cies erected here are based on questionable taxo­
nomic characters. Additional material may prove 
that they are identical with species previously 
known.
The species Scotoplanes albida Theel, 1882, 

which, according to definition, should be trans­
ferred to Ellipinion, is omitted from the present 
survey as it is based on one, insufficiently pre­
served specimen. The specimen was not illustrated, 
and a re-examination did not reveal anything of 
importance regarding its external appearance.

Key to the species of Ellipinion

1. Tubefeet 5 pairs, all large. Tentacle crown straight forwardly directed galatheae (p. 165)
1. Tubefeet 7-12 pairs. Tentacle crown ventrally or obliquely forwardly directed . 2
2. Skin with vesicular warts........................................  3
2. Skin smooth...................................................  4



3. Tentacle discs possessing two large, rounded lobes................... molle (p. 165)
3. Tentacle discs devoid of large lobes .....................:--- papillosum (p. 165)
4. Tubefeet 7-10 pairs, the anteriormost pairs spaced in position..... . 5
4. Tubefeet 11-12 pairs, all closely placed...............................  6
5. Deposits confined to tips of papillae. Velum not very high and slender .. kumai (p. 166)
5. Deposits present all over the body wall. Velum very high and slender, composed

of two pairs of equally long and almost completely fused papillae---- face turn (p. 166)
6. Tubefeet rather slender, and placed with small intervals. Ventral sole broadest

posteriorly ...................................................  delagei (p. 163)
6. Tubefeet broad, adjoining each other. Ventral sole broadest anteriorly..... 7
7. Tentacle crown very large, obliquely forwardly directed. Velum placed above

the third tubefeet pair....................................  bucephalum (p. 163)
7. Tentacle crown of usual size, ventrally turned. Velum anterior to the first tube­

feet pair  solidum (p. 164)

Ellipinion delagei (Herouard, 1896)
Scotoplanes delagei Hdrouard, 1896, pp. 167— 

168, fig. 3; Hdrouard 1902, pp. 39-40, pis. VI: 
1-3, VIII: 8-9.

Ellipinion delagei (H6rouard), H£rouard 1923, 
pp. 90-91.

Diagnosis: Ventral sole increasing in breadth 
posteriorly. Tubefeet 11-12 pairs, bordering the 

< entire ventral sole, the first pair close to the ten­
tacle crown; all rather closely placed and, with 
the exception of the somewhat reduced posterior- 
most two pairs, all of the same size. Velum small, 
composed of three pairs of almost equally large 
and partially free papillae.

Records: North Atlantic, 1165-2478 m. Several 
specimens.

Remarks: The specimens (in M O M )  were re­
examined, and two (both from Monaco St. 553) 
were found to be in a fine state of preservation. 
The characteristic shape of the ventral sole was 
verified, while the shape, of the velum could no 
longer be made out. The C-shaped deposits, ac­
cording to Herouard, possessed an outwardly 
directed spine rising from the middle enlargement 
of the C, which thus becomes tripartite. Similar 
variations from the C-es are found also in other 
species of the genus, but not as a dominant type.

E. delagei is closest related to E. bucephalum 
and E. solidum but differs from both in the C-es 
being transformed into tripartite spicules, in the 
shape of the ventral sole, and in the less closely 
placed tubefeet. Besides, it differs from E. buce­
phalum by the smaller size of the tentacle crown.

Ellipinion bucephalum n. sp.
Figs. 79-80

Diagnosis: Tentacle crown large and obliquely 
forwardly directed. Tubefeet 11-12 pairs, border­
ing the entire ventral sole, the first pair close to 
the tentacle crown; the tubefeet are broad and 
even the anteriormost ones are closely placed. 
Velum placed above the third tubefeet pair, com­
posed of two pairs of stout and one pair of small 
papillae, all fused almost in their whole length.

Material:
St. 663, Kermadec Trench (36°31’S, 178°38’W), 
4410 m. — 1 specimen.

Description: The specimen (Fig. 79) is 2.4 cm 
long and 0.9 cm broad.

Tentacle crown very large, and obliquely 
forwardly directed.

Tentacles 10, with short stalks; discs broad, 
vaulted, with a smooth margin and an almost 
smooth surface.

Tubefeet 11-12 pairs, bordering the entire ven­
tral sole, posteriormost 2 pairs probably reduced 
(hind edge of body defective). The tubefeet are

Fig. 79. Ellipinion bucephalum. St. 663.
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Fig. 80. Ellipinion bucephalum. Deposits. St. 663.

broad and even the anteriormost ones adjoin 
each other at their bases. Sucking-discs well de­
veloped.

Velum composed of three pairs of almost com­
pletely fused papillae.

Skin whitish and rather firm.
Deposits (Fig. 80) consisting of scattered rods 

of varying shape and size, and a superficial layer 
of crowded C-es. Tentacles and tubefeet with 
short rods. End-plates absent from tubefeet.
Relationships: E. bucephalum resembles E. 
solidum in number, size, and arrangement of the 
tubefeet, but differs by the large size of the ten­
tacle crown and by the more posterior position 
of the velum.

EUipinion solidum n. sp.
Figs. 81-82

Diagnosis: Tubefeet about 12 pairs, bordering 
the entire ventral sole, all of them closely placed.

Velum anterior to first tubefeet pair, composed 
of two pairs of stout and one pair of small pa­
pillae, all fused almost in their whole length.

Material:
St. 231, Madagascar-Mombasa (8°52’S, 49°25’E), 
5020 m. - 1 specimen.

St. 232, Madagascar-Mombasa (9°03’S, 49°22’E), 
4930 m. - 1 specimen.

Description :
1. - The type specimen (Fig. 81), from St. 232, 
is 5.5 cm long, 2.5 cm high, and 2.3 cm broad. 

Tentacles 10, discs not preserved.
Tubefeet 12 pairs, bordering the entire ventral 

sole. They decrease somewhat in size posteriorly, 
although less than in other species of the genus 
(not counting E. galatheae, with its five pairs of 
almost equally large tubefeet). The sucking-discs 
are conspicuous, although somewhat retracted. 
No gaps present between the tubefeet, not even 
between the anteriormost ones.

Velum consisting of two pairs of stout and one 
pair of small papillae, all of them fused through­
out almost their whole length; the velum is rather 
firm and probably less changeable in shape than 
in most other velum-bearing species.

Skin whitish and rather firm.
Deposits (Fig. 82) almost entirely absent, con­

sisting of extremely scattered C-es in body wall 
and tubefeet, the latter in addition with a few 
rods, but no end-plate. No deposits were found 
in the gonads or in the intestinal wall.

Fig. 81. Ellipinion solium. St. 232. 
Type specimen (lacking tentacle 
discs). PHW.

Fig. 82. Ellipinion solidum. 
St. 232. Deposits from a 

tubefoot.
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2. - The specimen from St. 231 is somewhat torn, 
but nevertheless, some additional information 
can be gained. It is 6.5 cm long, and the ventral 
sole is 2.5 cm broad.

Tentacles (only two are preserved) with short 
stalks and slightly vaulted discs covered with 
small papillae; margin slightly indented.

Tubefeet lacking at the posterior end of the 
body. The preserved tubefeet (5 left and 9 right) 
are well developed and unretracted, cylindrical 
and with broad sucking-discs. The anteriormost 
tubefeet are about 4 m m  long and 2 m m  broad. 
The tubefeet were probably similar, both in 
arrangement and number, to those of the type 
specimen.

Velum, defective, but apparently similar in 
shape to that of the type.

Deposits absent in a preparation from the body 
wall. Rods present in tentacles and tubefeet; a 
few C-es present in the tubefeet; end-plate absent. 

Calcareous ring absent.

Relationships: Closest related to E. bucepha- 
lum (q. v.).

Ellipinion galatheae (Hansen, 1956)
PI. X: 10

Scotoplanes galatheae Hansen, 1956, pp. 41—42, 
figs. 10-11.

Diagnosis: Body flattened. Tentacle crown 
large and forwardly directed. Tentacle discs with 
about 10 conical, retractile marginal knobs. 
Tubefeet 5 pairs, bordering almost the entire 
ventral sole, all of them large, although the 
hindmost pair is somewhat smaller.

Material:
St. 435. Philippine Trench (10°20'N, 126°41’E), 
9820-10.000 m. - 1 specimen.

Remarks: The specimen, 17 m m  long> was de­
scribed previously (Hansen 1956) and referred to 
Scotoplanes because of its rod-shaped deposits. 
However, in accordance with the generic defini­
tions adopted in the present work, the species 
should be referred to Ellipinion.

The species occupies an isolated position 
within the genus, being characterized by the 
large and forwardly directed tentacle crown, and 
by the presence of only five pairs of tubefeet. The

tubefeet of the fifth pair are closely placed, leav­
ing no room for reduced posterior tubefeet.
The tentacles (PI. X: 10) are characteristic in 

shape, the enlarged discs having about ten conical, 
retractile knobs on the margin.
Velum, or velar papillae, not preserved.

Ellipinion molle (Theel, 1879)
Elpidia mollis Thdel, 1879, p. 14, figs. 29-30. 
Scotoplanes mollis (Thdel), Thdel 1882, pp. 31-32, 
pis. H: 1-2, XXXIII: 17, XLIV: 2.

Ellipinion mollis (Thdel), Hdrouard 1923, p. 82.

Diagnosis: Body ovoid. Skin covered with vesic­
ular warts. Tentacle discs with two large, rounded 
marginal lobes. Tubefeet 7 pairs, bordering the 
entire ventral sole, decreasing in size posteriorly, 
the hindmost pairs rudimentary. Velum almost 
completely bipartite, each side consisting of two 
fused papillae of which the first is very large. 
Post-velar papillae absent.

Record: South of Australia, 4732 m. One speci­
men.

Remarks: Re-examination of the specimen (in 
BM) confirmed the presence of vesicular warts on 
the skin (called “papillae” by Thdel), the charac­
teristic shape of the velum, and the presence of 
a pair of rounded lobes on all the tentacle discs. 
But contrary to the six pairs of almost equally 
large tubefeet shown in Thiel’s figure, seven 
pairs of tubefeet were, in actual fact, present; as 
usual in the genus they decreased in size posterior­
ly, the hindmost pair being very small.
The species is closest related to E. papillosum  

(q. v.).

Ellipinion papillosum (Theel, 1879)
Elpidia papillosa Thdel, 1879, pp. 16-17, fig.
31-33.

Scotoplanes papillosa (Thdel), Thdel 1882, pp.
32-33, pis. II: 5-6, XXXVII: 12; D ’yakonov, 
Baranova & Savel’eva 1958, p. 361, fig. 1.

Ellipinion papillosa (Thdel), Hdrouard 1923, p. 
82.

Scotoplanes angelicus Agatep, 1967b, pp. 59-61, 
pi. VI: 1-21.
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Diagnosis: Similar to E. molle, differing by the 
absence of marginal lobes on the tentacle discs, 
and by the presence of a pair of free, post-velar 
papillae.
Records: The type specimen was taken by the 
Challenger at 4823 m  in the South Atlantic. 
D ’yakonov, Baranova & Savel’eva (1958) reported 
the species from 700 m  in the southern part of 
the Okhotsk Sea. Scotoplanes angelicus, here con­
sidered a synonym of E. papillosum, was taken 
in three specimens at 4731 m  in the Antarctic part 
of the South East Pacific Basin.
Remarks: Re-examination of the type speci­
men (in BM) revealed agreement with E. molle 
in the presence of vesicular warts on the skin, in 
body shape, and in number and distribution of 
the tubefeet. The small size of the tubefeet, as 
seen in Thdel’s figure, was found to be due to 
contraction. The velum was somewhat defective 
and apparently contracted; possibly, it was not 
different from that of E. molle.
Two rather doubtful features remain to distin­

guish E.papillosum from E. molle, viz. the pres­
ence of a pair of post-velar papillae and the 
absence of a pair of marginal lobes on the ten­
tacle discs. (In Scotoplanes globosa such lobes were 
clearly visible in specimens preserved in formalin 
but difficult or even impossible to distinguish in 
alcohol-preserved specimens).

Scotoplanes angelicus agrees in both the above- 
mentioned features with E. papillosum. The 
presence in S. angelicus of a large number of 
irregular C-es is hardly taxonomically significant.

Ellipinion kumai (Mitsukuri, 1912)
Periamma kumai Mitsukuri, 1912, pp. 213-214,
fig. 39, pi. VI: 56—58.

Diagnosis: Body ovoid. Tubefeet 8-10 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly. Velum well developed, composed 
of two pairs of papillae. Deposits confined to 
ambulacral appendages.
Records: Sagami Sea (Japan), c. 500 m.

Remarks: Mitsukuri referred the species to 
Periamma (— Amperima) because tripartite de­
posits were present in the gonadal wall. These 
deposits, however, are different from the tripartite 
deposits of Amperima, and appear to be rods 
with an occasional side-branch.

Ellipinion facetum (Agatep, 1967)
Scotoplanes facetus Agatep, 1967b, pp. 57-59, pi. 
V: 1-14.

Diagnosis: Body somewhat elongate, 2.5 times 
as long as broad. Velum high and slender, com­
posed of two pairs of equally long and almost 
completely fused papillae. Tubefeet 10 pairs, 
bordering the entire ventral sole, decreasing in 
size posteriorly.

Record: The Antarctic part of the South East 
Pacific Basin, 4789 m. One specimen.

Remarks: Differs from the other species of the 
genus by the peculiarly shaped velum.

Ellipinion sp.
Three fragmentary specimens resembling E. 
molle and E. papillosum were taken at St. 661.

Genus Scotoplanes Theel, 1882 
Fig. 123

Scotoplanes Theel, 1882, p. 29 (partim). - Type 
species: Scotoplanes globosa Thdel, 1882.

Diagnosis: Dorsal papillae separated into one 
pair of large anterior papillae, and one large and 
one small pair placed close together on the 
middle or posterior part of the body. Tentacle 
discs with a few, large papillae on the surface 
and a knobbed margin divided into a pair of 
large, aboral, retractile lobes. Deposits consist­
ing of rods and C-es. Calcareous ring consisting 
of five isolated pieces, each with four pairs of 
arms.

Key to the species of Scotoplanes

1. Skin smooth. Dorsal papillae rather sturdy.......................  globosa (p. 167)
1. Skin covered with vesicular warts. Dorsal papillae in the extended state slender

and pointed ................ .................................. darki (p 169)



Scotoplanes globosa (Theel, 1879)
Fig. 83, 95: 4, pi. IX: 9

Elpidia globosa Thdel, 1879, pp. 14-15, figs. 17-19.
Scotoplanes globosa (Th£el), Th6el 1882, pp. 29- 

31, pis. IV, V: 3, XXXIV: 8-9, XXXVI: 5-6, 
X1.IV: 12; Vaney 1908, pp. 409-410, pi. Ill: 
25-28; Hansen 1956, pp. 40-41; D ’yakonov, 
Baranova & Savel’eva 1958, p. 360; Agatep 
1967b, pp. 55-57, pi. IV: 1-13.

Elpidia murrayi Th£el, 1879, p. 16, figs. 23-25.
Scotoplanes murrayi (Thdel), Th£el 1882, p. 34, 
pis. Ill: 3-4, XXXIV: 2, XLIV: 4; Savel’eva 
1966, p. 295, pi. LXIV: 7.

Scotoplanes theeli Ohshima, 1915, pp. 242-243; 
Ohshima 1916-1919, with three figures.

Diagnosis: Skin smooth. Dorsal papillae rather
sturdy.

Material:
St. 32, Monrovia-Takoradi (4°05’N, 2°13’W),
2100 m. — 37 specimens.

St. 650, Kermadec Trench (32°20’S, 176°54'W), 
6620-6730 m. - 31 specimens.

St. 653, Kermadec Trench (32°09’S, 176°35’W), 
6180 m. - 1 specimen.

St. 654, Kermadec Trench (32°10’S, 175°54’W), 
5850-5900 m. - 16 specimens.

St. 658, Kermadec Trench (35°51’S, 178°31’W), 
6660-6770 m. - 17 specimens.

St. 663, Kermadec Trench (36°31’S, 178°38’W), 
4410 m. - 5 specimens.

St. 665, Kermadec Trench (36°38’S, 178°21’E), 
2470 m. - 1 specimen.

St. 668, Kermadec Trench (36°23’S, 177°41’E), 
2640 m. - 66 specimens.

Description: The hadal material of Scoto­
planes globosa was described previously (Hansen 
1956). The following description deals especially 
with the variation in the taxonomic characters, 
as revealed by the examination of the abyssal 
specimens.

Length 4-9 cm at St. 32, and 2-9 cm in the 
Kermadec Trench.

Tentacles 10 (Pl. IX: 9). Discs with few and 
large papillae on the surface and conspicuous 
knobs on the margin. In many specimens (espe­
cially those preserved in formalin) the discs are 
seen to possess a pair of lobes on the margin. The 
discs are similar in shape in the West African 
and the Kermadec specimens.

Tubefeet 5-7 pairs. In the Kermadec Trench 
a correlation is suggested between number of 
tubefeet and depth (Table 17). The number of 
tubefeet is independent of the size of the speci­
mens.

Table 17. Scotoplanes globosa. Number of tube­
feet pairs in 110 specimens from the Galathea.

Number of tubefeet pairs 5 6 7

St. 32 2100 m - 15 6
-  668 2640 m 1 15 25
-  663 4410 m - 1 2
-  654 5850-5900 m 5 - -
-  650 6620-6730 m 12 14 -
-  658 6660-6770m 2 12

14

15

Fig. 83. Scotoplanes globosa. Deposits. 1—4, St. 32; 5-8, St. 650; 9-12, St. 663; 13-15, St. 668;
16, St. 665; 17, C-shaped spicules.

16

3

J
17
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Papillae. The second pair of papillae may be 
placed anteriorly to the middle of the body, or as 
little as one-fourth body length from the poste­
rior end. This variation is present even among 
specimens from the same station. N o  correlation 
was found between the arrangement of the pa­
pillae and the size of the specimens. In all speci­
mens a rudimentary third pair of papillae is 
present immediately behind the second pair.

Deposits (Fig. 83) examined in all the speci­
mens.
The West African specimens (St. 32) have small 

and slender rods; the four rods shown in Fig. 83: 
1-4 represent their variation both in size and 
shape.
The Kermadec specimens have rods of two, 

rather distinct types. In the specimens from the 
deepest stations (Sts. 654, 653, 650, and 658; depth 
5850-6770 m) the rods are strongly spinous (Fig. 
83: 5-8), whereas the specimens from the two 
shallow stations (Sts. 665 and 668; depth 2470- 
2640 m) have smooth or feebly spinous rods 
(13-16). The deposits (9-12) of the specimens 
from St. 663 (depth 4410 m) are most similar to 
those from the shallow stations, although they are 
slightly more spinous and thus to some degree 

% form a transition to the hadal type.
No correlation is present between the shape 

and size of the rods and the size of the specimens.
The C-shaped deposits vary somewhat in size 

and sturdiness, but there is no correlation be­
tween the locality of the specimens and the type 
of the C-es.

Calcareous ring (Fig. 95: 4) examined both in 
West African and Kermadec specimens. As also de­
scribed by Th£el, the segments are reduced and pos­
sess four pairs of arms, thus belonging to the usual 
type in Amperima, Ellipinion, and Scotoplanes.

Remarks: Agatep (1967b) reported the species 
from 23 Antarctic stations of the Eltanin (depth 
598-5289 m). The specimens were 1.7-10 cm 
long, had 6-8 pairs of tubefeet, and deposits 
consisting of C-es and spinous rods. In the speci­
mens from two stations many of the rods had two 
pairs of obliquely placed arms, thus having a 
peculiar similarity to those of Elpidia (p. 184).
Deep-sea photographs provided by the P R O A  

Expedition (Lemche et al. in press) reveal the 
occurrence of Scotoplanes (probably S. globosa) in 
the New Britain Trench (depth 6780-7710 m) and 
the New Hebrides Trench (depth 6740-6760 m).

Herds of Scotoplanes (S. globosa or S. clarki) 
were observed and photographed in the San 
Diego Trough (depth 1060-1243 m) from the 
U.S. Navy bathyscaphe Trieste I (Barham et al. 
1967). The observations revealed an affinity of 
Scotoplanes to accumulated sediments (pp. 196). 
Based on the same photographs Hansen (1972) 
suggested a peculiar mechanism for walking, 
apparently common to three families of the Elasi- 
poda (pp. 205-206).
Synonymy: S. theeli Ohshima was previously 
(Hansen 1956) proposed as a synonym of S. glo­
bosa.

S. murrayi Th£el, known from a single speci­
men taken at 2303 m  in the Antarctic Ocean, is 
likewise here considered a synonym of S. globosa. 
Th£el did not specify the differences between the 
two species, but it appears that the presence of 
only five pairs of tubefeet, compared to seven 
pairs in S. globosa, and the brittle and glassy skin 
were regarded as the distinguishing features of 
S. murrayi. However, the number of tubefeet 
falls within the variation of the Galathea speci­
mens of S. globosa. The different consistency of 
the skin was seen on re-examination of the type 
specimen to be caused by the densely crowded 
deposits.
On the other hand, the four specimens from 

the eastern Pacific which Clark (1920) referred to
S. murrayi are not identical with S. globosa. These 
specimens are here referred to S. clarki n. sp.
Baranova (1957) and Savel’eva (1966) mentioned

S. murrayi from abyssal depths in the Bering 
Sea. The specimen illustrated by Savel’eva has a 
smooth skin, indicating that the species is S. 
globosa.

Variation: The parallel variation found in the 
shape of the deposits and the number of tubefeet 
suggests a taxonomic difference between the speci­
mens from the abyssal (2470-4410 m) and hadal 
(5850-6770 m) stations in the Kermadec Trench. 
Contact between populations is apparently more 
pronounced in a horizontal than in a vertical 
direction. It is not possible to decide from the 
material whether there is an abrupt or a gradual 
transition in taxonomic characters between the 
hadal and abyssal populations. However, the fact 
that specimens from the deepest abyssal station 
have deposits somewhat reminiscent of those 
from the hadal stations suggests that the transition 
is gradual.
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The deposits of the hadal specimens are rather 
similar to those of the abyssal specimens described 
by Theel from the Antarctic Ocean and off Val­
paraiso.

Distribution: S. globosa has an almost cosmo­
politan distribution. However, it is remarkable 
that it has never been recorded from the North At­
lantic. The closely related species, S. clarki, seems to 
replace S. globosa in a region along the Pacific 
coast of Central America and northern South 
America (p. 246).
Although a dominant species in some of the 

Pacific trenches, it has on several occasions been 
recorded from remarkably shallow water. Ohshima 
(1915) recorded it (as S. theeli) from 545 and 970 
m  northeast of Hokkaido (temp. 2.2° and 1.6°C, 
respectively). The penetration to shallow depths 
may here as well as in the Antartic Ocean (598 m) 
be conditioned by low temperature. The speci­
mens recorded from a depth of 1060-1243 m  in 
the San Diego Trough also lived at a rather low 
temperature (c. 3°C). The fact, however, that the 
species is here associated with an abundant supply 
of sediments indicates that the ascent of the spe­
cies to shallow water does not depend on the 
temperature alone.

Scotoplanes clarki n. sp.
Figs. 84-85

Scotoplanes murrayi Thiel, Clark 1920, pp. 133—
134, pi. Ill: 6.

Scotoplanes sp., Hansen 1967, p. 490, fig. 6.

Diagnosis: Skin covered with vesicular warts. 
Dorsal papillae in the extended state slender and 
pointed.

Material:
St. 716, Acapulco-Panama (9°23’N, 89°32’W), 
3570 m. - About 100 specimens (including type 
specimen).

Description: The specimens are 2.5-7.0 cm 
long. Type specimen (Fig. 84) 6 cm long.

Skin greyish and covered with vesicular warts, 
which are especially well developed on the dorsal 
surface. The warts resemble those in Ellipinion 
mo lie.

Tentacles 10; discs with few and large papillae 
on the surface and conspicuous, retractile knobs 
on the margin. A  pair of large, marginal lobes is 
seen on some of the discs. The shape of the discs 
is probably identical in the two species of Scoto­
planes.

Tube feet 5-6 pairs. The sixth pair, when pres­
ent, is always reduced, whereas the fifth pair 
may vary in size from bfeing the same length as 
the anterior tubefeet to half as long. The ends 
of the tubefeet are rounded and have no sucking- 
discs. Usually, the tubefeet are slightly smaller 
than in S. globosa.

Papillae similar in number, size distribution, 
and arrangement to those of S. globosa, including 
the presence of a rudimentary third pair. The 
large papillae are apparently very contractile, as 
indicated by a number of transverse lines on 
many of them. In the fully extended state the 
papillae are slender and pointed. In most speci­
mens they measure about one-third of the body 
length; a few of the smaller specimens possess papil­
lae which are the same length as the body.

Deposits (Fig. 85) examined in 15 specimens. 
They all have rather smooth and spindle-shaped 
rods, resembling those in specimens of S. globosa 
from Sts. 665 and 668. In the preparations from

Fig. 84. Scotoplanes clarki. St. 716. Type specimen. LJ.
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Fig. 85. Scotoplanes clarki. Deposits. St. 716. 1-8, rods 
from dorsum and ventrum; 9, tripartite spicule; 10, 

irregular spicule from papilla; 11, C-shaped spicule.

two of the specimens a number of irregularly 
shaped rods are present, some of which seem to 
derive from primary crosses (Fig. 85: 3-4) - a 
similarity to two of the rods illustrated by Theel 
(1882, pi. XXXIV: 2) for S. globosa. In some prep­
arations a few tripartite deposits are present.
Numerous rods present in tentacles, tubefeet, 

and papillae. End plates absent from tubefeet.
C-shaped spicules numerous in the skin, mesen­

teries, and gonads.
Calcareous ring (examined in one specimen), 

rudimentary, each piece with four pairs of arms.
Remarks: To S. clarki are referred four speci­
mens taken by the A Ibatross at two stations off Peru 
(4809 and 5107 m), and by Clark referred to S. 
murrayi Thdel. While the type specimen of S. 
murrayi appeared on re-examination to be identi­
cal with S. globosa, Clark’s specimens showed the 
warty skin and the strongly contractile papillae 
distinguishing the present species. The re-exami- 
nation comprised a specimen from either station 
(St. 4651, in MCZ; St. 4672, in USNM).
Distribution: Gulf of Panama and off the 
coast of Peru, 3570- 5107 m.

Genus Kolga Danielssen &  Koren, 1879 
Fig. 123

Danielssen Sc Koren 1879, p. 99; Danielssen &: 
Koren 1882, p. 17. - Type species: Kolga hya- 
lina Danielssen 8c Koren, 1879, by monotypy.

Diagnosis: Dorsal papillae anteriorly placed, 
forming a velum. Tentacle discs with 5-7 margin­
al lobes, each divided into about 3 lobules. De­

posits spinous rods and irregularly shaped Ges. 
Calcareous ring consisting of five delicate pieces, 
which are isolated or adjoin each other loosely; 
each piece with five pairs of arms, a number of 
which may be secondarily subdivided.

Kolga hyalina Danielssen &  Koren, 1879 
Figs. 86, 95: 2-3, pis. IX: 8, XII: 11

Kolga hyalina Danielssen & Koren, 1879, pp. 
83-106, pis. I—II; Danielssen Sc Koren 1882, 
pp. 3-20, pis. I—III; Mikhajlovskij 1902, p. 463; 
Mortensen 1932, pp. 43-44, fig. 5; Heding 1942, 
p. 19, fig. 18; Gorbunov 1946, p. 47; Koltun 
1964, pp. 13-78; Baranova 1964, p. 368; Agatep 
1967c, p. 140.

Elpidia nana Thdel, 1879, pp. 15-16, figs. 20-22. 
Kolga nana (Thdel), Thdel 1882, pp. 39-42, pis. 
II: 3-4, XXXIII: 1-2, XXXIV: 5, XXXVI: 25, 
XLII: 5, 8.

Diagnosis: Body ovoid. Tubefeet 7-9 pairs, 
bordering the entire ventral sole, decreasing in 
size and placed with decreasing intervals poste­
riorly. Velum very contractile, consisting of one 
large median pair and one or two smaller lateral 
pairs. Deposits spinous rods, often bent at an 
angle, and small, irregularly Gshaped spicules 
with an enlargement in the middle; irregular 
perforated plates occasionally present in oral disc.
Re-examination: The numerous specimens 
from the Godthaab and the Ingolf were found 
to agree with the thorough description given by 
Danielssen Sc Koren, although a greater variation 
was observed in the shape of the tentacles and 
the calcareous ring.
The tentacles (PI. IX: 8) show a marked varia­

tion in shape, although they typically possess five 
marginal lobes, each divided into three lobules. 
This type of tentacle is otherwise found only in 
the genus Irpa.
The deposits (Fig. 86) consist of numerous 

minute, irregularly Gshaped spicules with an 
enlargement in the middle, and large, robust and 
spinous rods which are often bent at an angle. 
The rods are numerous in the ambulacral ap­
pendages, but very scattered in the rest of the 
skin.
The small reticulated plates, which according 

to Danielssen &: Koren and Thdel occur in the 
oral disc, were not found in the examined speci­
mens.
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Fig. 86. K olga hyalina. Deposits from ventrum. Ingolf 
St. 113.

The calcareous ring (Fig. 95: 2-3) was exam­
ined in four specimens from Ingolf St. 113 and in 
one from Godthaab St. 54 (pp. 187-188).

Remarks: Agatep (1967c) reported 57 specimens 
of K. hyalina from the Canadian Basin of the 
Arctic Ocean (depth 2850 m). The tentacles were 
said to possess four knobs, each divided into two 
smaller processes. The tubefeet number was stated 
to be 14 pairs (probably a lapse for 7 pairs).

Agatep in the same paper mentioned that K. 
hyalina was found at two Antarctic stations of the 
Eltanin (depths 4473 and 4850 m).
Synonymy: Kolga nana (Thdel) was taken by 
the Challenger in several specimens off Nova 
Scotia at 2282 m  and in one specimen in the 
Antarctic Ocean at 2305 m. Although Theel 
suspected that the specimens belonged to K. hya­
lina, he preferred to describe them as a new 
species for lack of specimens for comparison.
Re-examination of the Challenger specimens 

(in BM) showed that the Nova Scotia specimens 
are within the variation shown by K. hyalina. 
The Antarctic specimen was too damaged to 
allow a determination.
Distribution: Arctic Basin, North-West Atlan­
tic, and Antarctic. Depth 1510—4850 m.

Genus Irpa Danielssen &  Koren, 1878 
Fig. 123

Danielssen Sc Koren 1878, p. 264; Danielssen Sc 
Koren 1882, p. 28. — Type species: Irpa abyssi- 
cola Danielssen 8c Koren, 1878, by monotypy.

Diagnosis: Dorsal papillae 3-5 pairs, ante­
riorly placed, not forming a velum. Tentacle discs 
with 5-7 marginal lobes, each divided into about 3 
lobules. Deposits spinous rods and irregularly 
shaped C-es. Calcareous ring strong and con­
tinuous, each piece with four pairs of arms.
Remarks: In addition to the type species, I. 
abyssicola, the species Kolga ludwigi is here re­
garded as belonging to Irpa because of the struc­
ture of the calcareous ring (p. 130).

Key to the species of Irpa

1. Body elongate. Tubefeet 12 pairs, bordering the entire ventral sole. Dorsal pa­
pillae 5 pairs...............................................  abyssicola (p. 171)

1. Body ovoid. Tubefeet 6 pairs, bordering the posterior half of the ventral sole. s 
Dorsal papillae 3 pairs...... .... J.............. ..............  ludwigi (p. 172)

Irpa abyssicola Danielssen &  Koren, 1878
Danielssen Sc Koren 1878, pp. 257-266, pi. IV; 
Danielssen & Koren 1882, pp. 21-28, pi. IV.

Diagnosis: Body elongate. Tubefeet 12 pairs, 
bordering the entire ventral sole. Dorsal papillae

5 pairs. Deposits, spinous rods in the tubefeet, and 
irregularly C-shaped spicules, usually with an 
enlargement in the middle, in the body wall.
Record: Norwegian Sea, 1977 m. One specimen.
Relationships: See/, ludwigi.



Irpa ludwigi (von Marenzeller, 1893)
Kolga ludwigi von Marenzeller, 1893b, pp. 20-23, 
pis. Ill: 7, IV: 8.

Periamma ludwigi (von Marenzeller), Herouard 
1923, p. 83.

Diagnosis: Body ovoid. Tubefeet 6 pairs, bor­
dering the posterior half of the ventral sole. Dor­
sal papillae 3 pairs. Deposits, simple or slightly 
branched rods in ambulacral appendages, and 
scattered wheels in the body wall.

Records: Mediterranean south of Sicily, 755- 
1292 m.

Relationships: I. ludwigi and I. abyssicola 
differ in shape of body, number and distribution 
of tubefeet, and absence in I. ludwigi of irregular 
C-shaped spicules. The absence of the latter is 
probably not important, in view of the extremely 
reduced state of the deposits in this species. The 
presence of wheel-shaped deposits in the body 
wall of I. ludwigi is shared with a number of 
species of Elpidiidae (pp. 185-186).

Genus Elpidia Theel, 1876 
Figs. 124-125

Elpidia Th£el, 1876, pp. 1-7; Th£el 1877, pp. 
1-30, pis. I-V. - Type species: Elpidia glacialis 
Th6el, 1876, by monotypy.

Tutela R. Perrier, 1896, p. 901.

Diagnosis: Tentacle discs with long and slen­
der, retractile processes. Tubefeet 4(-5) pairs, 
large, well spaced, and equal in size. Papillae 
separate, present throughout the length of the 
dorsal radii, or distributed into an anterior and 
posterior group. Deposits rod-shaped with two 
pairs of obliquely placed, horizontal arms and 
two vertical, pointed apophyses. Calcareous ring 
strong and continuous, each piece with four pairs 
of arms.

Taxonomy: The genus Elpidia occupies an 
isolated position within the Elpidiidae (p. 130). 
The relationship is closest with the genus Irpa, as 
indicated by the identical structure of the cal­
careous ring (p. 189).
Hansen (1956), in a previous report on the

Galathea specimens, regarded the genus as mono- 
typic with the species E. glacialis, divided into 
five geographic subspecies.
Belyaev (1971) revised the genus on the basis 

of the rich and varied collections of Russian 
expeditions. He divided the genus into 16 named 
species and an additional five, provisionally 
termed “species 1-5”. The five subspecies erected 
by Hansen (1956) were all raised to the rank of 
species.
In Belyaev’s revision, the species E. hanseni is 

divided into two geographic subspecies, but other­
wise the subspecies concept is not applied.
In the present survey, forms which overlap in 

taxonomic characters are regarded as geographic 
subspecies and not as distinct species.
The segregation of Elpidia glacialis and E. 

hanseni into endemic trench subspecies, and the 
existence in the Kurile-Kamchatka Trench of 
four closely related species of die genus, provide 
information on the evolutionary processes in the 
hadal fauna (p. 242).
As pointed out by Belyaev (1971), the species 

fall into two groups, which differ in the robust­
ness of the deposits.

(1) E. theeli, E. minutissima, E. chilensis, and 
E. adenensis have slender deposits (diameter of 
axis less than 0.04 mm, and usually less than
0.03 mm). All the species are abyssal.
(2) E. glacialis, E. longicirrata, E. birsteini, E. 

hanseni, and E. atakama have robust deposits 
(diameter of axis 0.04-0.25 mm). Deposits of 
extreme robustness are characteristic of the two 
deepest living species, E. birsteini and E. hanseni 
(p. 241). All the hadal forms belong to this 
group, which is represented at smaller depths in 
polar seas only.
The mutual relationship of the two species 

groups, as well as the geographic and bathyme­
tric place of origin of the genus, can only be con­
jectured. Belyaev (1971) regarded the species 
group with slender deposits as the most primitive 
and suggested that the genus originated at abyssal 
depths in the southern parts of the Pacific and 
Indian Oceans.
Most species descriptions given below are very 

short. Detailed descriptions are found in Be­
lyaev’s recent thorough and well-illustrated re­
vision.

Ecology: The genus Elpidia, and E. glacialis in 
particular, differs strikingly from all other holo-

172



thurians in geographic as well as bathymetric 
distribution. It penetrates to the bottom of the 
deepest trenches, while in the Arctic it occurs at 
shallower depths than any other member of the 
Elasipoda. The background for the peculiar dis­
tribution of Elpidia is to be sought for among 
ecological features which are common to the 
different localities of the genus.
A  preference for, or a tolerance to, extremely 

low temperatures may partly explain its occur­
rence in the Arctic Basin. However, it does not 
explain the occurrence of the genus at hadal 
depths in the trenches, where the temperature is 
not lower than in the abyssal zone.
The nutritive conditions seem to be much 

more important than the temperature in deter­
mining the distribution of Elpidia. Belyaev (1971) 
emphasized that, with the exception of the Arctic, 
the species of Elpidia are restricted to highly 
productive regions, in particular those close to 
the coast. Belyaev explained the special prefer­
ence for the hadal depths of the trenches by thé 
abundant sedimentation due to which the nutri­
tive conditions are better than in the surrounding 
abyssal regions. The highest density of popula­
tion was found in the Kurile-Kamchatka Trench 
which is situated in one of the most productive 
regions of the ocean. The Mariana and Tonga 
Trenches, which are more oceanic and have a 
poorer supply of nutrient matter, do not seem to 
be inhabited by Elpidia.
The species of Elpidia most often exhibit a 

high density of population. This is especially 
pronounced in the trenches, but also the Arctic 
and Antarctic localities are usually rich in num­
ber of individuals. A  rather abundant occurrence 
of Elpidia off the coast of North-West Africa is 
indicated by the fact that it was taken by all three 
research vessels (Travailleur, Talisman, Valdivia) 
which investigated the region.
The different Elpidia localities may have in 

common that the food supply, although abundant, 
is irregular or limited to a short period of the 
year. ƒ
The bottom deposits of the trenches, to a con­

siderable degree, consist of material brought 
down by turbidity currents and mud slides. These 
processes, which may lead to sudden large sup 
plies of organic matter, seem to have a great in­
fluence on the composition of the hadal animal 
communities (p. 240).
The region off the coast of North-West Africa

is remarkable in having the richest upwelling in 
the North Atlantic. LaFond (1966) suggested that 
large amounts of organic matter may accumulate 
on the continental slope in such regions, swept 
off the shelf through turbulence and turbidity 
currents. The accumulation and mass burial of 
organic matter, according to LaFond, creates con­
ditions resembling those prevailing in trenches 
and isolated basins.
The Antarctic Ocean has a high organic pro­

duction due to a persistent upwelling at the 
highest latitudes. The high concentrations of 
nitrate and phosphate combined with the short 
duration of the illuminated period result in a 
“phytoplankton outburst of incredible richness” 
for a period of three or four months (Raymont 
1963). This may lead to periodic accumulations 
of organic matter on the bottom, and thus to 
ecological conditions resembling those found in 
the trenches and on the lower continental slope 
off North-West Africa.
The distribution of Elpidia glacialis in the 

Arctic region may similarly depend on a periodi­
city in the supply of food to the bottom, corre­
lated with the short duration of the illuminated 
period.
The ascent of Elpidia glacialis to a depth of 

only 70 m  in the western Kara Sea may be due to 
ecological conditions which are favourable not 
only to this species, as many other deepsea spe­
cies ascend to shallow depths in this sea. The 
western Kara Sea is remarkable for the great 
dominance of echinoderms, which account for 
four-fifths of the biomass. Zenkevich (1963) sug­
gested that the ascent of deepsea species is made 
possible partly by the temperature which, below 
a depth of 50 m, is negative throughout the year, 
and partly by the darkness due to the low trans­
parency of the water and the ice cover which lasts 
almost all the year round.
However, the long-lasting ice cover also limits 

the phytoplankton production and the supply 
of food to the bottom to a short period of the 
year — a similarity to other localities of Elpidia.
Despite the fact that the species of Elpidia 

seem to be adapted to the exploitation of large 
supplies of sediment or organic matter, they are 
apparently not indiscriminate mud swallowers. 
A  selectivity in food uptake is suggested by the 
long, digitiform processes on the tentacle discs 
and by the relatively small volume of the in­
testine (p. 196).
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Key to the species of Elpidia

1. Deposits slender (diam. of axis less than 0.04 mm) ...................... 2
1. Deposits robust (diam. of axis at least 0.04 mm) ........................ 5
2. Deposits up to 0.80 m m  long. Apophyses 20-50»/« the length of the deposits ... 3
2. Deposits up to 1.25 m m  long. Apophyses 7-15 %  the length of the deposits ... 4
3. Dorsal papillae 3 pairs....................................  m in u tis s im a (p. 175)
3. Dorsal papillae 5-7 pairs........................................  th e e l i (p. 174)
4. Deposits slightly serrate. Dorsal papillae 2 pairs.................. c h ile n s is (p. 175)
4. Deposits smooth. Dorsal papillae 4 pairs.......................  a d e n e n s is (p. 175)
5. Deposits ventrally extremely robust, including ellipsoid bodies without a r m s ____

............................................................  h a n se n i (p. 181)
5. Deposits less robust, never ellipsoid in shape............................ 6
6. Dorsal papillae 3 pairs, at least the first pair long and filiform.............  7
6. Dorsal papillae 3-8 pairs, rudimentary or well developed, but never filiform .. 8
7. Dorsal papillae, all long and filiform .......................  lo n g ic ir ra ta (p. 181)
7. Dorsal papillae of first pair long and filiform, the others rudimentary b ir s te in i (p. 181)
8. Apophyses 20-50 »/0 the length of the deposits....................  a ta k a m a (p. 181)
8. Apophyses 0-10 °/0 the length of the deposits ....................  g la c ia l is (p. 175)

Elpidia theeli Hansen, 1956 
Figs. 87, 88, 93: 3

Elpidia glacialis theeli Hansen, 1956, pp. 34—38, 
fig. 6; Hansen 1967, p. 491, figs. 7, 8: 3.

■. Elpidia theeli Hansen, Belyaev 1971, pp. 350-351, 
fig. 14B.

Elpidia antarctica Belyaev, 1971, pp. 352-353, 
fig. 16.

Diagnosis: Body length up to 33 mm. Dorsal 
papillae 5-7 pairs, up to 12 m m  long (rudimen­
tary in small specimens). Deposits up to 0.60 m m  
long; diam. of axis c. 0.02 mm. Apophyses 20- 
50 o/o the length of the deposits.
Records: Tasman Sea, 4510 m. 14 specimens. - 
Antarctic, 650-700 m. T w o  specimens.
Remarks: The 14 specimens from Galathea St. 
602 in the Tasman Sea were originally (Hansen

Fig. 87. Elpidia theeli. St. 602.

Fig. 88. Elpidia theeli. Deposits. St. 602.

1956) described as a subspecies of E. glacialis. 
However, as the deposits are (with no overlap­
ping) much smaller than those of the other sub­
species of E. glacialis, I agree with Belyaev (1971) 
that it should be raised to the rank of a species. 
In fact, the deposits are the smallest in the genus.
The Galathea specimens are 7-12 m m  long. 

The dorsal papillae in the largest specimen (Fig. 
87) are 0.3-1.6 m m  long. In the smaller specimens, 
all the papillae are rudimentary. In the prelimi­
nary report (Hansen 1956) it was incorrectly 
stated that the subspecies has rudimentary pa­
pillae.
The fact that the papillae increase in length 

(also proportionately) with the body size points to 
E.antarctica as a synonym of E. theeli. E. antarctica 
is known from two specimens, 22 and 33 m m  long. 
The small specimen had 4 left and 6 right pa-



pillae, 1.3-3.7 m m  long. The large specimen had 
5 pairs of 9-12 m m  long papillae. The deposits 
agreed in size and slenderness, as well as in height 
of apophyses, with those of E. theeli.

Elpidia minutissima Belyaev, 1971 
Belyaev 1971, pp. 342-344, figs. 8-9.

Diagnosis: Body length up to 13 mm. Dorsal 
papillae 3 pairs, 0.5-1.0 m m  long. Deposits up to
0.80 m m  long; diam. of axis c. 0.02 mm. Apo­
physes 25-35% the length of the deposits.

Records: Aleutian Trench, 5740 m. 359 speci­
mens. - Bering Sea, 4382 m. One specimen.

Elpidia chilensis Belyaev, 1971 
Belyaev 1971, pp. 344-345, fig. 10.

Diagnosis: Dorsal papillae 2 pairs, on the 
anterior half of the body, 8-9 m m  long (in speci­
mens 18-22 m m  long). Deposits up to 1.25 m m  
long, slightly serrate; diam. of axis 0.02-0.03 mm. 
Apophyses 10-14% the length of the deposits.

Records: Peru-Chile Trench, 2710-4600 m. 
Three specimens.

Elpidia adenensis Belyaev, 1971 
Belyaev 1971, pp. 351-352, fig. 15.

Diagnosis: Dorsal papillae 4 pairs, decreasing 
in length posteriorly from 2.0 to 0.4 m m  (in a 
specimen 11 m m  long). Deposits up to 1.25 m m  
long, smooth (but otherwise resembling those of 
E. chilensis)-, diam. of axis c. 0.02 mm. Apophyses 
7-15 %  the length of the deposits.

Record: Gulf of Aden, 3070 m. One specimen.

Elpidia sp. 2 Belyaev, 1971 
Belyaev 1971, p. 357.

The name refers to the specimens reported from 
off Morocco (2210-2480 m) by Perrier (1896, 
1902) and Heding (1940). Perrier, in his first

paper, described the specimens as Tutela echinata 
n. g., n. sp., and stated that they had three pairs 
of papillae, some of which were almost invisible. 
This information was overlooked by Hansen 
(1956, 1967), who referred the specimens to the 
subspecies E. g. glacialis, because of Heding’s in­
formation that the arrangement of the papillae of 
the Valdivia specimen agreed with that of Arctic 
specimens. (The specimen is now so damaged that 
the arrangement of the papillae cannot be made 
out).

Fig. 89. E lpidia  sp. 2 Belyaev, 1971. Valdivia  St. 33.

The deposits of the Valdivia specimen (Fig. 89) 
are slender (diam. of axis c. 0.02 mm), up to 1.0 
m m  long dorsally, and 0.6 m m  long ventrally. 
Apophyses 10-25 %  the length of the deposits.

Elpidia glacialis Theel, 1876 
Figs. 90, 91, 92, 95: 5, pis. X: 11-13, XII: 10

Theel 1876, pp. 1-7; TWel 1877, pp. 1-30, pis.
I-V.

Diagnosis: Body length up to 62 mm. Dorsal 
papillae 3-8 pairs, rudimentary or well devel­
oped, but never long and filiform. Deposits 
varying from 1.20-1.75 m m  in maximum length; 
diam. of axis 0.04-0.20 mm. Apophyses 0-10 %  
the length of the deposits.

Remarks: E. glacialis is found at abyssal and 
bathyal depths in Arctic and Antarctic seas, and 
at hadal depths in a number of trenches. The 
species is divided into six geographic subspecies, 
all of which were regarded as distinct species by 
Belyaev (1971).
Lemche et al. (in press) provided photographic 

evidence of the occurrence of Elpidia in the Palau 
Trench (8026-8046 m). The specimens had ru­
dimentary papillae (actually invisible in the pho­
tographs) and may represent yet another Pacific 
trench subspecies of E. glacialis.
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Key to the subspecies o f Elpidia glacialis

1. D orsal p a p illa e  w ell developed, a rran g ed  in  an  an te rio r  an d  p o ste rio r g r o u p ___
.................... ..............................................................................................................................g la c ia lis  (p. 176)

1. D orsal p a p illa e  w ell developed  o r  ru d im en ta ry , follow ing each o th e r  in  a reg u la r
sequence ............................................................................................................................................  2

2. D orsal p a p illa e  3(-4) pairs, w ell d e v e lo p e d ........................................................................ 3
2. D orsal p a p illa e  4—8 pairs, r u d im e n ta r y ............................................................................ 4
3. D orsal p a p illa e  u p  to  12 m m  lo n g  (specim ens u p  to  42 m m  long). D eposits u p  to

1.55 m m  long ; d iam . of axis c. 0.04-0.05 m m .................................................  su n d e n s is  (p. 178)
3. D orsal p a p illa e  u p  to  3 m m  lo n g  (specim ens u p  to  33 m m  long). D eposits u p  to

1.75 m m  long ; d iam . of axis c. 0.08-0.09 m m .................................................  u sc h a k o v i (p. 180)
4. D orsal p ap illa e  6 -8  p a i r s ................................................................................  so lo m o n en s is  (p. 180)
4. D orsal p a p illa e  4 -6  p a i r s ........................................................................................................... 5
5. D eposits u p  to  1.75 m m  long; d iam . of axis 0.09-0.20 m m ..................... k u r ile n s is  (p. 180)
5. D eposits u p  to  1.30 m m  long; d iam . of axis c. 0.05-0.06 m m  . . . .  kerm a d ecen sis  (p. 180)

Elpidia g lacia lis g lacialis Theel, 1876 
Figs. 90: 1-3, 91

E lp id ia  g lacia lis  T h d el, 1876, pp. 1-7; T h 6 el 1877, 
pp. 1-30, pis. I -V ; M ortensen 1932, p p . 41-43, 
pi. I : 4-5; H e d in g  1942, pp. 16-19, figs. 16-17; 
Belyaev 1971, 332-333, fig. 1 (com plete list 
of references).

E lp id ia  g lacia lis g la c ia lis  T h6el, H an sen  1956, pp.
34-38; H ansen  1967, p. 491, figs. 7, 8: 1. 

E lp id ia  sp. 1 Belyaev, 1971, pp. 356-357.

D ia g n o s i s :  Body len g th  u p  to  62 mm. D orsal 
p ap illae  well developed, arranged  in  an  an te rio r 
a n d  posterio r g roup , usually  w ith  2 -3  an d  1 
pair, respectively. D eposits u p  to  1.20 m m  long; 
diam . of axis c. 0.04—0.05 m m .

D i s t r i b u t i o n :  E . g. g lacia lis  is fo u n d  a t bathyal 
an d  abyssal dep ths in  th e  A rctic  O cean an d  the 
B affin  Bay. In  tw o localities i t  has been  found  
a t  dep ths less th a n  300 m : T h e  K ara  Sea (east 
coast of N ovaja Zem lja): 70-230 m  (Th6el 1877,

Fig. 90. Elpidia glacialis. 1-3, E. g. 
glacialis (Godthaab St. 54); 4, E. 
g. sundensis (Galathea St. 466); 5, 
E. g. kermadecensis (Galathea St. 
649); 6, E. g. solomonensis (Gala­
thea St. 521).



Z enkevich  1963), a n d  Ju rg en  B r0 n lu n d  F jo rd  
(Peary  L an d ): 190-200 m  (A ndersen 1971).

T h e  absence of shallow  records from  o th e r  
reg ions is n o t on ly  d u e  to  lack of investigation . 
In  th re e  reg ions investiga ted  also a t su b litto ra l 
d ep th s  th e  u p p e r  records of th e  species a re  re ­
m a rk a b ly  deep : B affin  Bay (M ortensen  1932), 
610 m . O ff th e  N ovosiberian  Islands (G orbunov  
1946), 520 m . O ff S pitsbergen  (M ikhajlovskij 
1902), 2203 m . S im ilarly , investigations in  th e  sub­
l it to ra l zone of th e  C huko tsk  Sea (D yakonov 
1952b), o ff P o in t B arrow , A laska (M acG in itie  
1955), a n d  in  th e  B erin g  Sea (Ivanov 1964) failed  
to  revea l its presence. P robably , the  extensive 
areas w ith  d ep th s  less th a n  200 m  on  b o th  sides 
o f th e  B erin g  S tra it a re  u n in h a b ite d  by E lp id ia .  
T h e  A rc tic  p o p u la tio n s  of E . g lacia lis  thus ap p e ar 
to  b e  sep ara ted  from  th e  Pacific p o p u la tio n s by 
a d istance  of a t  least 1500 kilom etres.

V a r i a t i o n :
(1) P ap illa e  a n d  tubefeet. In fo rm a tio n  in  lite ra ­

tu re  suggests th a t  th e re  is som e geographic o r 
local v a r ia tio n  in  th e  n u m b e r  of p ap illae  w ith in  
th e  A rc tic  reg ion . Specim ens w ith  3 a n te r io r  an d
1 p o ste rio r p a ir  p red o m in a te d  a t 1412-2386 m  

* n o rth e a s t o f Ice lan d  (H ed in g  1942); a t  311-362 m  
betw een  F ranz  Jo se p h  L a n d  an d  N ovaja  Zem lja 
(M ikhajlovsk ij 1904); a t  70-230 m  in  th e  K ara 
Sea; a n d  a t  th e  d eepest G o d th a a b  s ta tion , 1880 m , 
in  th e  B affin  Bay. Specim ens w ith  2 a n te r io r  a n d

1 p o ste rio r  p a ir  p re d o m in a te d  a t  2203-2992 m  
west o f S p itsbergen  (M ikhajlovsk ij 1902) an d  a t  
3175 m  in  th e  C a n a d ia n  B asin  (A gatep 1967c).

T h e  150 specim ens fro m  th e  five shallowest 
G o d th a a b  s ta tio n s in  th e  B affin  Bay (610-850 m) 
h a d  th e  h ighest n u m b e r  o f p ap illae  know n from  
th e  A rc tic  reg ion : 85 %  o f th e  specim ens h ad  4 
o r  m ore  pa irs  o f a n te r io r  p ap illae , a n d  40 °/o had
2 o r  m o re  pa irs  o f p o s te rio r pap illae .

T h e  p a p illa e  in  th e  specim ens from  the shallow  
B affin  Bay s ta tio n s w ere  o ften  p laced  in  irreg u ­
la r  sequence a lo n g  th e  ra d ii , som etim es w ith  p a ­
p illae  betw een  th e  a n te r io r  a n d  posterio r group. 
A s im ila r ir re g u la rity  w as fo u n d  in  m any of the  
K ara  Sea specim ens.

T h e  shallow  B affin  B ay specim ens w ere also 
rem ark ab le  by  th e  fac t th a t  95 ®/o h a d  5 pairs o f 
tubefeet.

T h e  86 specim ens fro m  th e  deep  G o dthaab  
s ta tio n  (1880 m ) ag reed  in  n u m b e r of pap illae 
(3 a n d  1 pairs) w ith  those  of m ost o th e r A rctic 
p o p u la tio n s, a n d  on ly  tw o of th e  specim ens h ad
5 pa irs  o f tubefeet. A  n u m b e r  of 5 pairs has n o t 
o therw ise b een  rec o rd e d  w ith in  the  genus.

T h e  d iffe rence  in  n u m b e r  o f p ap illae  a n d  tu b e­
feet betw een  th e  sha llow  a n d  deep  B affin  Bay 
p o p u la tio n s  was observed  by  H ed in g  (1942) who, 
how ever, co u n ted  th e  p a p illa e  for only  th ree of 
th e  five shallow  sta tions. A  h ig h  n u m b er of p a ­
p illae  a n d  tu b e fee t is, how ever, also found  in  the 
specim ens from  th e  tw o  rem a in in g  shallow sta-

Fig. 91. Elpidia glaciali, glacialis. Deposits. 1-5, Ingolf St. 113, ventrum; 6-8, Ingolf St. 120 
ventrum; 9-10, Godthaab St. 144, ventrum; 11, Godthaab St. 119, ventrum; 12 1 o aa

St. 54, dorsum.



tions. T h e  five sta tions a re  s itu a te d  on  b o th  sides 
of th e  B affin  Bay.

(2) D eposits. T h e  deposits w ere  com pared  in  
60 specim ens (ten  from  each  sta tion ) from  th ree  
I n g o l f  sta tions betw een  Ic e lan d  a n d  J a n  M ayen 
(St. 113, 2465 m ; St. 117, 1889 m ; St. 120, 1666 m) 
a n d  th ree  G o d th a a b  sta tions from  th e  B affin  Bay 
(St. 54, 1880 m ; St. 119, 610 m ; St. 144, 733 m).

T h e  specim ens from  In g o l f  St. 113 d iffe red  
from  those of th e  o th e r  five sta tions by  th e ir  
ro b u s t deposits (Fig. 91: 1—5) w hich  u sually  lack 
the  apophyses. Some of th e  specim ens show ed 
re d u c tio n  of th e  arm s. L en g th  o f deposits u p  to  
0.8 m m  (occasionally 0.9 m m ). D iam . of axis u p  
to  0.07 m m . T h e  dorsal deposits w ere less robust 
th a n  th e  ven tra l ones (all deposits illu s tra te d  are 
v en tra l), b u t nevertheless they  w ere d istinctly  
m ore  ro b u st th a n  those o f th e  specim ens from  the  
o th e r  stations.

T h e  deposits w ere m ore s lender (diam . o f axis
0.04 m m ) in  th e  specim ens from  th e  tw o o ther 
I n g o l f  sta tions (6-8) a n d  th e  th re e  G o d th a a b  
sta tions (9-12). T h e y  w ere u p  to  1.0 m m  lo n g  in  
th e  I n g o l f  specim ens a n d  1.2 m m  in  th e  G o d th a a b  
specim ens. T h e re  was n o  d ifference in  ap p e ar­
ance a n d  size betw een  th e  deposits o f th e  deep 
a n d  th e  shallow  G o d th a a b  specim ens. I n  one 
G o d th a a b  specim en all th e  deposits w ere com ­
ple tely  deform ed (Fig. 91: 13-14).

R e la tio n sh ip  of th e  B affin  B ay p o p u la tio n : 
H e d in g  (1942), com paring  th e  G o d th a a b  a n d  
I n g o l f  specim ens, concluded  th a t  “ the  specim ens 
from  B affin  Bay m ay be reg a rd ed  as survivors 
now  develop ing  in to  a n  endem ic species” . T h is  
ap p a ren tly  induced  Belyaev (1971) to  re fer the 
B affin  B ay specim ens to  a separa te  species (E lp i-  
d ia  sp. 1).

H ow ever, th e  view  is co n trad ic ted  by th e  fact 
th a t  th e  differences betw een  th e  deposits o f th e  
B affin  Bay specim ens a n d  those o f th e  specim ens 
from  In g o l f  Sts. 117 a n d  120 a re  very sm all com ­
p are d  to  the  differences betw een  th e  deposits 
from  the  two la tte r  sta tions a n d  th e  closely s itu a t­
ed  In g o l f  St. 113. F u rth e r, th e  specim ens from  
th e  d ee p  B affin  Bay s ta tio n  agree in  n u m b e r  an d  
arran g em en t of the  p ap illae  w ith  th e  usua l A rctic 
form . T h e  differences found  in  th e  la tte r  fea tu re  
a re  betw een  th e  specim ens from  th e  shallow  a n d  
deep  B affin  Bay stations, a n d  n o t betw een  those 
from  th e  B affin  Bay as a  w hole a n d  th e  A rctic  
O cean.

M oreover, i t  seems d o u b tfu l w hether th e  d e e p  
sea fau n a  of th e  B affin  Bay is effectively iso lated  
from  th e  m a in  A rc tic  deep-sea fauna . B ailey
(1956) p resen ted  evidence th a t th e  d eep  w ate r 
(1250-2100 m) o f th e  B affin  Bay orig ina tes in  
th e  A rctic  O cean. A t dep th s g rea ter th a n  250 m  
th e  A rctic  O cean w ate r is heav ier th a n  any 
w aters fo u n d  in  th e  B affin  Bay. As th e  sill d e p th  
in  th e  S m ith  S ound  C h an n el (connecting the  
B affin  B ay w ith  th e  A rc tic  Ocean) is ab o u t 200 m , 
“i t  m ay be expected  th a t a  flow of heavy A rctic  
w ater m ay take p lace a t  rela tively  freq u en t in te r ­
vals” .

T h e  straits connecting  the  B affin  Bay w ith  th e  
A rctic  O cean w ere investiga ted  a t a  d ep th  dow n 
to  90 m  by the  Frarn  (G rieg  1907). E lp id ia  g la ­
cia lis  was, how ever, n o t am ong  the  26 species o f 
ech inoderm s taken.

E lpidia  g lacia lis sundensis  H ansen, 1956 
Figs. 90: 4, 92: 1-5

E lp id ia  g lacia lis  su n d e n s is  H ansen , 1956, pp . 3 4 - 
38, figs. 1, 5; H an sen  1967, p. 491, figs. 7, 8: 2. 

E lp id ia  g lacia lis  T h ee l, T h ee l 1882, pp . 18-19;
A gatep  1967b, p. 61, pi. 7: 1-5.

E lp id ia  su n d e n s is  H ansen , Belyaev 1971, pp . 355- 
356, fig. 18.

E lp id ia  ja va n ica  Belyaev, 1971, pp . 354-355, fig. 
17.

E lp id ia  sp. 5 Belyaev, 1971, pp. 358-359.

D i a g n o s i s :  B ody le n g th  u p  to  42 m m . D orsal 
p ap illa e  3 pairs, u p  to  12 m m  long. D eposits u p  
to  1.55 m m  long, sligh tly  serrate; d iam . of axis 
c. 0.04-0.05 mm.

R e c o r d s :  S unda T re n ch , 6433-7160 m. C. 3000 
specim ens. -  A n tarc tic , 1153-4840 m. 115 speci­
mens.

R e m a r k s :  H an sen  (1956) referred  to  the  subspe­
cies E . g. su n d e n s is  n o t  on ly  th e  specim ens from  
th e  S unda T re n c h  b u t  also the single A n ta rc tic  
specim en taken  by th e  C ha llenger. T h e  A n tarc tic  
specim ens of the  E lta n in  (Agatep 1967b) a re  here  
re ferred  to  th e  sam e subspecies because a ll d ie  
in ta c t specim ens h a d  th ree  pairs  o f well-devel­
o ped  pap illae . A gatep  erroneously  sta ted  d ia t  the  
specim ens “belong  to  E lp id ia  g lacia lis g lacia lis , 
based  o n  H an se n ’s (1956) 5 geographical sub­
species”.
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Fig. 92. E lpidia glacialis. The hadal subspecies. Deposits. 1-5, E. g. sundensis (1-3, St. 466, 
ventrum; 4, St. 465, ventrum; 5, St. 465, dorsum); 6-8, E. g. kermadecensis (6, St. 650, ventrum; 
7-8, St. 649, ventrum); 9-13, E. g. solomonensis (9-10, St. 521, ventrum; 11 and 13, St. 517, 
dorsum; 12, St. 517, ventrum); 14-16, ife . g. kurilensis, R yofu  M aru  St. E 2, Japan Trench

(14, dorsum; 15-16, ventrum).

Belyaev (1971) regarded  th e  species E . su n d e n ­
sis as endem ic to  the  S unda T re n ch . T h e  above- 
m e n tio n e d  A n ta rc tic  specim ens, as w ell as tw o 
A n ta rc tic  specim ens taken  by  th e  O b ,  w ere p ro ­
v isionally  re fe rred  to  as E lp id ia  sp. 5, a nam e

w h ich  w as even  suspected  to  cover m ore  th a n  one 
species.

T h e  re la tio n sh ip s  of th e  A ntarc tic  specim ens 
a re  u n c e r ta in  d u e  to  insu ffic ien t know ledge of 
th e  v a r ia tio n  o f  th e  deposits. T h e  presen t re fer­



r in g  of the  specim ens to  E . g . s u n d e n s is  is based 
o n  th e  s im ilarity  in  ex te rn a l fea tu res only.

T h e  G a la th ea  specim ens from  th e  S unda 
T re n c h  (Fig. 90: 4) a re  u p  to  42 m m  long. B rea d th  
of body 55-71 %  o f leng th .

D orsal p ap illae  3 pairs , vary ing  in  le n g th  from
2 m m  (in a 23 m m  lo n g  specim en) to  7 m m  (in 
a  28 m m  long  specim en). Belyaev fo u n d  a  v a ri­
a tio n  in  leng th  of 6 -12  m m .

D eposits in  th e  S u n d a  T re n c h  specim ens ra th e r  
slender an d  alm ost a ll se rra te  (Fig. 92: 1-5). T h e y  
w ere u p  to  1.55 m m  lo n g  in  Belyaev’s specim ens. 
In  th e  G ala thea  specim ens they  reach  on ly  1.25 
m m . Apophyses u su a lly  less th a n  10 %  th e  len g th  
of th e  deposits.

E lp id ia  ja va n ica  Belyaev, 1971, is k n ow n  from  
five specim ens in  th e  S unda  T re n c h  (6820-6850 
m). T h e  species w as h e ld  to  d iffe r from  a ll o th e r  
species o f E lp id ia  b y  th e  absence o f do rsa l p a ­
p illae . T h e  deposits show  a very specific sim i­
la rity  to  those of E . su n d e n s is . T h is  suggests th a t 
E. ja va n ica  was e rec ted  on  specim ens o f E . s u n ­
densis  w hich h a d  lost th e  p ap illa e  (the  p ap illae  
m ay be so sm all th a t  they  leave l i t t le  trace  w hen  
to rn  off) o r  th a t th e  v e n tra l side was m is taken  
for the  dorsal side (cf. Belyaev 1971, fig. 17: 9).

Elpidia glacialis uschakovi Belyaev, 1971

E lp id ia  u sch a ko v i Belyaev, 1971, p p . 346-348, 
fig. 12.

E lp id ia  g lacia lis u sc h a k o v i  Belyaev, L em che e l al. 
(in  press), p h o to g rap h ic  evidence.

D ia g n o s i s :  Body le n g th  u p  to  33 m m . D orsal 
pap illae  3(-4) pairs, u p  to  3 m m  long. D eposits 
u p  to  1.75 m m  long, sligh tly  serrate; d iam . of 
axis c. 0.08-0.09 m m .

R e c o r d s :  New H eb rid es T re n c h , 6680-6830 m. 
N in e  specimens.

R e m a r k s :  E . g. u sc h a k o v i,  accord ing  to  Belyaev, 
differs from  E . g. s u n d e n s is  by  th e  m ore  slender 
body form  (b read th  a b o u t 40 %  of leng th ), the  
sm aller size of the  p ap illae , a n d  by  th e  g rea ter 
thickness of th e  ca lcareous rods o f th e  ten tacles 
(0.08-0.10 m m , aga in st 0.05 m m  in  E . g. s u n d e n ­
sis). T h e  la tte r  fea tu re  is connected  w ith  the 
g rea ter robustness o f a ll th e  deposits.

E . g. u sch a ko v i, in  th e  size (and  p a r tly  in  th e  
num ber) o f the  p ap illae , is in te rm ed ia te  betw een  
E . g. su n d en s is  on  on e  h a n d , a n d  E . g. k e rm a d ecen -

sis, E . g. so lo m o n en s is , a n d  E . g. k u r ile n s is  on  the  
o ther. In  the  e longate  body  fo rm  i t  resem bles the  
th ree  la tte r. In  th e  le n g th  (an d  p a r tly  in  the 
robustness) o f th e  deposits i t  agress w ith  E . g. 
ku rilen sis .

Elpidia glacialis kermadecensis H ansen, 1956 
Figs. 90: 5, 92: 6-8

E lp id ia  g lacia lis  k e rm a d ecen sis  H an sen , 1956, pp . 
34-38, figs. 2 -3 ; H an sen  1967, p. 491, figs. 7, 
8: 4.

E lp id ia  kerm a d ecen sis  H ansen , Belyaev 1971, pp . 
349-350, fig. 14A.

D ia g n o s i s :  B ody len g th  u p  to  30 m m . D orsal 
pap illae  4-6  pairs, ru d im e n ta ry  (rare ly  ap p ro ach ­
ing  1.0 m m  in  length). D eposits u p  to  1.30 m m  
long; diam . of axis c. 0.05-0.06 m m .

R e c o r d s :  K erm adec T re n ch , 6620-8300 m . C. 
1800 specimens.

Elpidia glacialis solomonensis H ansen , 1956 
Figs. 90: 6, 92: 9-13

E lp id ia  g lacia lis so lo m o n e n s is  H ansen , 1956, pp . 
34-38, figs. 2, 4; H an sen  1967, p. 491, figs. 7, 
8: 5; L em che e t al. (in  press), p h o to g rap h ic  
evidence.

E lp id ia  so lo m o n en s is  H ansen , B elyaev 1971, pp . 
348-349, fig. 13.

D ia g n o s i s :  Body len g th  u p  to  27 m m . D orsal 
pap illae  6-8  pairs, ru d im en tary . D eposits u p  to  
1.50 m m  long; d iam . of axis c. 0.06—0.07 m m . A xis 
tapered ; arm s ou tw ard ly  cu rved  a n d  tapered .

R e c o r d s :  New B rita in  T re n ch , 6780-9043 m. 
115 specimens.

Elpidia glacialis kurilensis B aranova et Belyaev, 1971 
F ig. 92: 14-16

E lp id ia  ku r ilen s is  B aranova e t Belyaev, 1971, in  
Belyaev 1971, pp . 333-336, figs. 2 -3 .

D ia g n o s i s :  Body len g th  u p  to  53 m m . D orsal 
pap illae  4 -5  pairs, ru d im en ta ry . D eposits u p  to
1.75 m m  long; d iam . of axis 0.09-0.15 m m  in  d o r­
sal, 0.09-0.20 m m  in  v en tra l deposits. A pophyses 
ru d im en tary  o r absent.

R e c o r d s :  A leu tian , K urile-K am chatka, a n d  J a ­
p an  T renches, 6156-8100 m. 214 specim ens.
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M a t e r i a l :
F o u rth  cru ise of th e  Japanese  E x p e d itio n  o f D eep 

Seas (JE D S ^l) St. E  2, easte rn  slope of the  
J a p a n  T re n c h  (38°00’N , 144°05’E  -  37°57 'N , 
143°57’E), 6700-7340 m. -  2 specim ens.

D e s c r i p t i o n :  T h e  specim ens are  25 a n d  35 m m  
long. T h e y  have fo u r pairs  o f tu b e fe e t a n d  ten  
ten tac les w ith  com pletely  re trac te d  d isc processes. 
T h e  la rge  specim en, a n d  p ro b ab ly  also  th e  sm all 
one, has fo u r e q u id is ta n t pairs  o f ru d im e n ta ry  
a n d  com pletely  re trac ted  dorsal p ap illa e . T h e  
sk in  is h a rd , d u e  to  th e  crow ded deposits  (Fig. 
92: 14-16). M ost o f the  deposits a re  a b o u t 1.0 m m  
long, som e u p  to  1.5 m m . D iam ete r o f axis 0 .09 -
0.15 m m  in  dorsal, 0.09-0.20 m m  in  v e n tra l d e­
posits. (Belyaev (1971) sta ted  the  m a x im u m  le n g th  
o f  th e  deposits to  be 1.75 m m , a n d  th e  d ia m e te r  
o f th e  axis to  be 0.09-0.15 m m ). T h e  apophyses 
a re  red u ced  -  in  m ost of th e  v e n tra l deposits 
absent.

T h e  deposits of E. g. kurilensis a re  th e  largest 
a n d  m ost ro b u st in  th e  species. In  robustness, th e  
deposits o f th e  here  described specim ens ap p ro a ch  
those of E. birsteini.

R e m a r k s :  T h e  specim ens, taken  by  th e  Ryofu  
Maru, w ere k ind ly  p laced  a t  m y disposal by  D r. 
M asuoki H orikosh i. A  b rie f accoun t o f  th e  expe­
d itio n  was given by Suyehiro et al. (1962), b u t  
w ith o u t descrip tion  o f th e  anim als.

R e c o r d s :  K urile-K am chatka T ren ch , 8060-9345 
m . 1423 specim ens. -  Idzu-B on in  T ren ch , 8530- 
8540 m . O n e specim en.

Elpidia hanseni Belyaev, 1971

B elyaev 1971, pp . 339-342, figs. 6-7.

D i a g n o s i s :  D orsal p ap illa e  2(-3) pairs. V en­
tra l deposits ex trem ely  robust, the  largest ones 
e llip so id  a n d  w ith o u t arm s; diam . of axis 0 .10-
0.25 m m . A pophyses o f ven tra l deposits reduced  
o r  absen t.

Elpidia hanseni hanseni Belyaev, 1971

Elpidia hanseni Belyaev, 1971, pp . 339-342, fig. 6.

D i a g n o s i s :  B ody le n g th  u p  to  31 m m . D orsal 
p a p illa e  2 pairs, from  less th a n  1.0 to  4.5 m m  
long , a n d  occasionally  a  th ird  pair, less th a n  1.5 
m m  long. D eposits u p  to  1.10 m m  long, the  dorsal 
ones w ith  axis 0.07-0.18 m m  in  diam . A xis a n d  
a rm s tap ered , arm s o ften  ou tw ard ly  curved (the 
s len d ere r deposits resem b lin g  those of E. glacialis 
solomonensis).

R e c o r d s :  K urile-K am chatka T ren ch , 8610-9530 
m . C. 34000 specim ens.

Elpidia hanseni idzubonensis Belyaev, 1971

Elpidia hanseni idzubonensis Belyaev, 1971, pp. 
339-342, fig. 7.

D i a g n o s i s :  Body le n g th  u p  to  23 mm. D orsal 
p a p illa e  3 pairs, 1.0-1.5 m m  long. D eposits u p  to  
1.35 m m  long, th e  do rsa l ones w ith  axis 0.05-0.09 
m m  in  d iam . A xis a n d  arm s less tapered  a n d  arm s 
less cu rv ed  th a n  in  E. h. hanseni.

R e c o r d s :  Idzu-B on in  T re n ch , 8800-9735 m. 153 
specim ens.

Elpidia atakama Belyaev, 1971

B elyaev 1971, pp. 345-346, fig. 11.

D i a g n o s i s :  D orsal p ap illa e  5-6  pairs, 2 -4  m m  
lo n g  (in  specim ens 33—46 m m  long). D eposits u p  
to  1.50 m m  long; d iam . o f axis 0.05-0.09 m m  in  
dorsal, 0.10-0.15 m m  in  ven tra l deposits. A poph­
yses 20-50  %  th e  le n g th  o f th e  deposits.

R e c o r d s :  P eru -C hile  T re n c h , 7720 m. T w o  spec­
im ens.

Elpidia longicirrata Belyaev, 1971 

Belyaev 1971, pp . 338-339, fig  5.

D i a g n o s i s :  Body len g th  u p  to  55 m m . D orsal 
p ap illa e  3 pairs, a ll long  a n d  filifo rm . D eposits 
u p  to  1.75 m m  long; diam . of axis 0 .07-0.09 m m . 
A pophyses absent.

R e c o r d s :  K urile-K am chatka T re n ch ,
8035—8345 m. F ive specimens.

iI
Elpidia birsteini Belyaev, 1971 

Belyaev 1971, pp . 336-338, fig. 4.

D i a g n o s i s :  Body leng th  u p  to  47 m m . D orsal 
p ap illa e  3 pairs, th e  first p a ir  long  a n d  filiform , 
th e  o th e rs  rud im en tary . D eposits u p  to  1.55 m m  
long; d iam . of axis 0.07-0.10 m m  in  dorsal, 0 .10-
0.20 m m  in  ven tra l deposits. A pophyses absen t.
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E lpidia  sp. 3 Belyaev, 1971

Belyaev 1971, pp . 357-358, fig. 19.

A  few sk in  fragm ents ta k en  in  th e  R om anche 
T re n c h  a t  7340 m . D eposits u p  to  0.85 m m  long; 
d iam . of axis c. 0.04 m m .

E lpidia  sp. 4 Belyaev, 1971

Belyaev 1971, p. 358, fig. 20.

A  sk in  fragm ent tak en  in  th e  P eru -C hile  T re n c h  
a t  2140 m. D eposits u p  to  0.71 m m  long, as 
ro b u st as th e  v en tra l deposits o f E . a ta ka m a .

III. GENERAL PART

A. THE TAXONOMIC CHARACTERS AND  
THEIR VARIATION

In  o rd er to  estim ate th e  im p o rta n c e  of th e  d if­
fe ren t taxonom ic characters th e  ra n g e  o f varia­
tio n  w ith in  each species sh o u ld  b e  know n. A n 
exam ina tion  of a large n u m b e r  o f  specim ens of 
m any  species show ed th a t  th e re  was a  p ro n o u n ced  
v aria tio n  in  m ost taxonom ic  characters.

A n in d iv id u a l v a r ia tio n  is unam biguously  
revealed  by differences be tw een  specim ens from  
one a n d  the  sam e sta tion . I f  tw o sta tions are 
involved, th e  d ifferences m ig h t b e  d u e  to  local 
varia tion .

T h e  range  of in d iv id u a l v a r ia tio n  in  a taxo­
nom ic character m ay d iffe r from  o n e  locality  to 
ano ther. T h is  is clearly  show n by  th e  varia tio n  
in  n u m b er of dorsal p a p illa e  in  O n e iro p h a n ta  
m u ta b ilis . I n  th e  14 specim ens from  St. 654 in  
the  K erm adec T re n c h  th e  p a p illa e  w ere su rp ris­
ingly constan t b o th  in  n u m b e r  a n d  arrangem ent, 
w hile  in  th e  30 specim ens from  St. 716 in  the 
eastern  Pacific th e  p a p illa e  v a rie d  g rea tly  in  
n u m b er an d  show ed n o  re g u la r  fea tu res in  the 
a rrangem en t a n d  type of red u c tio n .

A  local v a r ia tio n  seems to  b e  o f  com m on oc­
currence am ong  th e  E lasipoda. S trik in g  exam ples 
a re  show n by fo u r species o f  th e  K erm adec 
T ren ch , in  p a r tic u la r  O n e ir o p h a n ta  m u ta b il is  (p. 
243).

A  g eo g ra p h ic  v a r ia tio n , i. e. a  v a r ia tio n  of a 
larger scale, was fo u n d  in  p rac tica lly  all the 
w idely d is tr ib u ted  species k n o w n  from  m any 
specimens.

A n age v a r ia tio n  has b een  fo u n d  in  a few spe­
cies only. T h is  m ay to  som e degree  b e  ascribed 
to  th e  alm ost com plete absence o f  sm all speci­
m ens in  th e  m a te ria l (p. 10). Specim ens sm aller 
th a n  20 m m  w ere caugh t in  five species only: 
E ll ip in io n  ga la th ea e  (17 m m ), E lp id ia  g lacia lis  
(11-35 mm), E . th e e l i  (7-12 m m ), L a e tm o g o n e

fim b r ia ta  (9-60 m m ), an d  a n  u n id e n tif ie d  spe­
cies of P e n ia g o n e  from  St. 626 (9-10 m m ).

T h e  p ap illa e  a n d  tubefeet increase in  n u m b e r  
w ith  advancing  age in  th e  species L a e tm o g o n e  
m a cu la ta , L . f im b r ia ta , a n d  O rp h n u rg u s  g la b er . 
In  L a e tm o g o n e  v io lacea  th e  p ap illae  increase in  
num ber, w h ile  th e  tubefeet n u m b e r does n o t 
increase to  any  app rec iab le  degree. As a ru le , th e  
n u m b er of am b u lac ra l appendages increases w ith  
the  size of th e  specim ens in  those species o f  th e  
D eim atidae a n d  L ae tm ogon idae in  w h ich  they 
are p resen t in  a large num ber.

Ju v en ile  g ia n t crosses a re  fo u n d  in  P sych ro p o -  
tes lo n g ica u d a , b u t  o therw ise a n  age v a r ia tio n  in  
th e  calcareous deposits is u n k n o w n  in  th e  E la­
sipoda. In  m any  m o lpadon ians th e  deposits be­
com e irre g u la r  in  shape an d  decrease in  n u m ­
b er w ith  the  age o f th e  specim ens. S im ilar changes 
w ere fo u n d  in  som e asp idochiro tes (e. g. M itsu- 
k u ri 1897a). In  th e  A n tarc tic  den d ro ch iro te , 
S ta u ro cu cu m is  l io u v il le i , several gen e ra tio n s of 
deposit types w ere fo u n d  in  specim ens ran g in g  
from  0.7 to  13 m m  in  len g th  (E km an 1927).

The calcareous deposits

T h e  endoskele ton  in  h o lo th u ria n s  consists of 
iso lated  calcareous bodies, the  d ep o sits . Synonym ­
ous term s are ossicles, sclerites, an d  spicules, th e  
la tte r  te rm  usually  designating  sm all a n d  p o in te d  
bodies, as fo u n d  in  th e  E lp id iid ae  a n d  Psychropo- 
tidae.

D iiben & K oren (1844a, b) w ere th e  first to  use 
the deposits consistently  in  the  descrip tion  o f th e  
species. W o rk in g  on  S cand inav ian  species they 
fo u n d  th a t these cou ld  be m ost clearly  d is t in ­
gu ished by th e ir  deposits. T h is  h ig h  ev a lu a tio n  
of the  deposits as specific characters has b een  
ad o p ted  by subsequen t au thors, som etim es to  
such a  degree th a t  th e  deposits w ere th e  on ly  
feature illu stra ted .
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T h e  im p o rtan ce  o f th e  deposits in  c h a ra c te rs -  

fog  genera  an d  h ig h e r ca tego rie , » ^ ° ‘° th " " ans 
has been  d iffe ren tly  estim ated. T h é e l (1882), 
w hen  c rea tin g  h is system for th e  E lasipoda, 
a ttac h ed  lit tle  generic  im p o rtan ce  to  th e  depos­
its w h ile  considerab le a t te n tio n  was p a id  to  
th em  in  th e  systems of R . P e rrie r  (1902) a n d  
H é ro u a rd  (1923). T h e  in te rre la tio n sh ip  of th e  
d iffe ren t types of d eposit a n d  its b ea rin g  o n  th e  
taxonom y  o f th e  E lasipoda was discussed by 
H é ro u a rd  (1923) a n d  E km an  (1926).

1. Intraspecific variation.
T h e  ran g e  of in traspec ific  v a ria tio n  in  th e  depos­
its, co n tra ry  to  th a t in  o th e r  taxonom ic features, 
can  b e  estim ated  from  selected body  sam ples only, 
a n d  n o t from  th e  ex am in a tio n  o f w hole speci­
m ens. I t  is, therefore, im p o rta n t th a t  the  sam ples 
a re  rep resen ta tiv e  o f th e  v a ria tio n  w ith in  th e  
specim en. I n  m ost species th e re  is a  consisten t 
d ifference betw een  th e  dorsal a n d  v en tra l depos­
its — th e  v en tra l ones b e in g  m ore robust. T h is  
d ifference m ay to  som e degree be phenotypic.

D ifferences betw een  deposits from  d iffe ren t 
p a rts  o f th e  d o rsum  o r v en tru m  are  u sua lly  of 
d o u b tfu l taxonom ic value. T h e  d iffe rence is 
generally  sm aller th a n  betw een dorsal a n d  v en tra l 
deposits a n d  is seldom  re fo u n d  from  one speci­
m en  to  an o th er. E ven  w hen  conspicuous d iffe ren ­
ces occur, as in  th e  dorsum  of on e  of th e  speci­
m ens of Psycheotrephes magna from  St. 234, they  
a re  generally  inc iden ta l. A n  excep tion  is consti­
tu te d  by Orphnurgus glaber, in  w hich  th e  d e ­
fo rm ed  deposits a re  increasingly  ro b u st tow ards 
th e  poste rio r en d  of th e  ven trum .

T h e  deposits o f th e  am b u lac ra l appendages are  
usua lly  elongated  o r rod-shaped  bodies w hich  
a re  less characteristic  specifically th a n  a re  th e  
fu lly  developed  deposits o f th e  d o rsum  an d  ven­
tru m . T h e y  w ere as a ru le  exam ined  in  on ly  a 
few specim ens of each  species.

Som etim es species, even belong ing  to  d iffe ren t 
genera, a re  in d is tin g u ish ab le  by  th e ir  deposits 
(Oneirophanta setigera an d  Orphnurgus protec- 
tus; Benthogone rosea, B. fragilis, a n d  Laetmo- 
gone interjacens; Laetmogone wyvillethomsoni 
a n d  L. theeli; a n d  som e species o f Pemagone). 
N evertheless, th e  deposits proved  to  b e  th e  m ost 
re liab le  o f th e  species characters.

T h e  deposits a re  im p o rta n t also to  th e  study  
o f geographic an d  local varia tion .

2. Interrelationship of the different types of de­
posit.

(1) The primary cross. M ost h o lo th u ria n  depos­
its b eg in  as a  ro d  w ith  a b ifu rc a tio n  a t  e ith e r en d  
-  a  p rim a ry  cross. I t  has been  com m only assum ed 
th a t  th e  types o f deposit w hich  can n o t b e  traced  
back  d irec tly  to  a p rim ary  cross are secondarily  
tran sfo rm ed . O n ly  th e  w heels o f th e  A poda have 
b een  reg a rd e d  as a  possible exception  (Ludw ig 

1889-1892).
T h e  bifurcation of the primary cross gene­

rally continues into successive dichotomous rami­
fications, leading to the various types of reticu­
lated plates which occur in all five orders of the 
Holothurioidea. T h e  large and feebly differen­
tiated plates of many Dendrochirota and of the 
genera Deima and Oneirophanta within the 
Deimatidae represent the least specialized type.

H ^ ro u a rd  (1923) considered  the re ticu la ted  
p la te  such a  fu n d am e n ta l type of deposit th a t he 
d e riv e d  even th e  various spicule types of E lpidii- 
dae  from  re tic u la te d  p lates. T h e  arm s of th e  
e lp id iid  spicules, accord ing  to  H ero u ard , rep ­
resen t zigzag-lines of in te rn o d ia , em erging th rough  
a lte rn a t in g  re d u c tio n  of on e  of th e  tw o branches 
in  each  ram ifica tio n . H 6 ro u a rd  d iv ided  the  spic­
ules in  th is  fam ily  in to  1) a q u a te rn a ry  type, w ith  
th e  ce n tra l g row ing  p o in t ly ing  in  the  m idd le  of 
a n  in te rn o d iu m , a n d  2) a tr in a ry  type, w ith  the  
c e n tra l g row ing  p o in t a t a nodal po in t. T h e  
d u a l o r ig in  o f th e  spicules, according to  H £rouard , 
in d ic a te d  th a t, a t  a n  early  stage, the  fam ily sepa­
ra te d  in to  tw o d is tin c t evo lu tionary  trends.

T h is  co m p lica ted  d eriv a tio n  of sim ple spicules 
was based  w ho lly  o n  speculation . N o in term ediary  
stages h av e  b een  observed betw een re ticu la ted  
p la tes a n d  th e  spicules of the  E lp id iidae , an d  
n o th in g  in  th e  m orpho logy  of the spicules sug­
gests th a t  th e ir  arm s are constructed  from  a  line  
o f in te rn o d ia . H d ro u a rd ’s ideas of spicule deriva­
tio n s  m ay, the re fo re , be left o u t of consideration .

E k m an  (1926) re jec ted  the  view of th e  prim ary  
cross as th e  p ro to ty p e  of all h o lo th u ria n  deposits. 
H e  m a in ta in e d  th a t, a t  least in  th e  E lasipoda and  
A sp id o ch iro ta , som e types of deposit w ere deriva­
tives o f a “S p itzstabchen” -  a ro d  w hich is p r i­
m a rily  u n d iv id ed . T h is  view led  E km an to  re­
m ark a b le  conclusions reg a rd in g  the  taxonom y of

the Elasipoda.
As th e  re la tio n sh ip  of th e  d iffe ren t spicule 

types is o f fu n d a m e n ta l im portance for an  u n ­
d e rs ta n d in g  of th e  phylogeny an d  taxonom y of
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th e  E lasipoda, i t  seems re le v an t to  discuss Ek- 
m a n ’s views.

D eim atidae . A ccord ing  to  E km an, b o th  spicule 
types a re  rep resen ted . W h ile  th e  re ticu la ted  p lates 
a n d  th e  crosses w ith  sp a tu la ted , p e rfo ra ted  arm  
ends w ere d erived  from  p rim a ry  crosses, some of 
th e  rod-shaped  spicules in  th e  am b u lac ra l ap p en ­
dages in  species o f O rp h n u r g u s , O n e iro p h a n ta ,  
a n d  D e im a  w ere d eriv ed  from  “S pitzstabchen” .

As a n  exam ple  of a  “S p itzstabchen” in  D eim a , 
E km an  rep ro d u ced  o n e  o f th e  fo u r ten tacu la r 
spicules illu s tra te d  by  L u d w ig  (1894, pi. IX : 1-4) 
for D . p a c if ic u m ,  d is reg a rd in g  th e  fact th a t the 
th ree  o th e r  il lu s tra te d  spicules a re  in te rm ed ia tes 
betw een  rods a n d  re tic u la te d  p lates.

T h e  p o in ted , sp ind le-shaped  rods in  th e  am ­
bu lacra l appendages in  species o f th e  o ther 
d e im atid  genera m ay  seem  to  offer a  m ore convinc­
in g  exam ple of “S p itzs tabchen” . H ow ever, the 
p resen t s tudy  show ed th a t  they  w ere connected  
by in te rm ed ia ry  stages to  rods w ith  te rm inal 
ram ifications.

E ven the  am orphous, ellipsoid , a n d  ro u n d ed  
bodies o f O r p h n u r g u s  g la b e r  (Fig. 13) can be 
traced  back to  deposits w ith  te rm inal, dichoto- 
m ous ram ifications.

L aetm ogonidae. E k m a n  sta ted  th a t  “Spitzstab­
ch e n ” occur in  a ll th e  genera, w hile  “G abelstabe”
(i. e. e longated  p r im a ry  crosses) seem to  occur 
on ly  in  L a e tm o g o n e .  N evertheless, one of the 
two “G abelstabe” illu s tra te d  in  h is p ap e r was 
from  L a e tm o p h a sm a  fe c u n d u m  ( — P a n n ych ia  
m oseley i). A ccord ing  to  E km an , i t  is d ifficu lt to  
m ake a  clear d is tin c tio n  betw een  th e  tw o types 
of sp icu le as i t  is o ften  d o u b tfu l w h e th e r o r  n o t 
th e  te rm in al spines of a  ro d  rep resen t b ifurca­
tions. I n  ac tu a l fact, a ll in te rm ed ia tes betw een 
p o in te d  rods a n d  rods w ith  b ifu rca ted  ends are 
fo u n d  in  th e  fam ily.

E lp id iidae . E km an  d iv id e d  th e  fam ily  in to  two 
subfam ilies, based solely o n  th e  types of spicule.
I n  E lp id iinae , a ll th e  spicules w ere derived  from  
“Spitzstabchen”, w h ile  in  P en iagon inae bo th  
sp icu le types w ere rep resen ted . T h e  tr ip a rtite  
spicules of A m p e r im a  a n d  A c h ly o n ic e  (both  re ­
ferred  to  E lp id iin ae ) w ere  derived  from  rods 
th ro u g h  developm ent o f o n e  o b liq u e  spine. T h is  
deriv a tio n  was based  o n  th e  presence of in te r­
m ed iary  form s of sp icu le  in  A m p e r im a  naresi.

T h e  presence in  A m p e r im a  n a res i (Fig. 76) of 
reg u la r tr ip a r ti te  spicules toge ther w ith  irregu ­
la rly  shaped  spicules, how ever, does n o t necessi­
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ta te  a  d e riv a tio n  o f th e  fo rm er from  th e  la tte r. 
In  m y op in io n , th e  irre g u la r  “in te rm ed ia ry ” spic­
ules a re  m ore likely  reduced  stages of reg u la r 
tr ip a rti te  spicules, w hich  aga in  m ay derive from  
a p rim ary  cross th ro u g h  red u c tio n  o f  two o f its 
arms.

T h e  rod-shaped  spicules o f S co to p la n es  an d  
E ll ip in io n  m ay be d erived  th ro u g h  red u c tio n  of 
tr ip a r t i te  spicules o r  d irec tly  from  p rim a ry  cross­
es. In te rm e d ia ry  stages w ere fo u n d  in  S co to p la ­
nes c la rk i (Fig. 85) a n d  S. g lobosa  (T h6el 1882, pi. 
X X X IV : 2).

T h e  spicules o f E lp id ia  rem a in  as the  on ly  
type w hich c a n n o t be traced  back  d irec tly  to  a 
p rim a ry  cross. T h e  un iqueness of these spicules is 
fu rth e r  u n d e rlin e d  by th e ir  u n u su a l op tica l 
features. S chm idt (1925), d e te rm in in g  th e  position  
o f the  op tica l axis in  rep resen ta tives o f the  five 
h o lo d iu r ia n  orders, fo u n d  th a t in  a ll deposits 
w hich  from  th e ir  m orpho logy  cou ld  be seen to  
derive from  a p rim a ry  cross th e  op tica l axis was 
vertical to  th e  p la n e  o f th e  deposit. O n ly  two 
deposit types h a d  th e  axis h o rizo n ta l to  th e  p lane : 
T h e  E lp id ia  spicules a n d  the  “S ch n allen ” (b u t­
tons) in  some species o f th e  asp id o ch iro te  genus 
H o lo th u r ia .

T h e  tw o pairs  o f ob lique ly  p laced  arm s o f the  
E lp id ia  sp icule a p p a ren tly  a re  n o t hom ologous 
w ith  the  arm s o f a p rim ary  cross, b u t  ra th e r  
rep resen t tw o pa irs  o f secondary  processes o n  a 
rod-shaped  spicule, vertica l to  th e  p la n e  o f th e  
o rig ina l p rim ary  cross. T ra n s it io n a l stages be­
tw een rods an d  E lpid ia-li)ae  sp icules occur in  
A n tarc tic  specim ens of S co to p la n es  g lobosa , as 
evidenced by  th e  spicules illu s tra te d  by  A gatep  
(1967b, pi. IV). T h e  spicules in c lu d ed  sim ple 
rods, as w ell as rods w ith  tw o pa irs  o f sm ooth  o r 
sp inous arm s. T h e  presence of such tran sitio n a l 
spicules in  a  genus re la ted  to  E lp id ia  is rem ark ­
able.

Psychropotidae. E km an  derived  the  cross-shaped 
spicules o f th is fam ily  from  “S p itzstabchen”, in  
con trast to  th e  q u ite  s im ilar crosses occu rring  in  
a n u m b e r o f species o f P e n ia g o n e . T h e  d iffe ren t 
d e riv a tio n  was concluded  from  th e  fact th a t 
p rim ary  crosses do  n o t occur in  th e  fam ily, an d  
th a t  th e  v en tra l sp icules in  m any  o f  its species 
in c lu d e  in te rm ed ia ry  stages betw een  crosses a n d  
rods. H ow ever, as in  A m p e r im a  n ares i, th e  in te r ­
m ed iary  stages are, in  m y o p in io n , m ore  n a tu ­
ra lly  regarded  as red u ced  spicules.

T h e  op tica l axis is vertical to  the  p lan e  of the



cross, w hich  agrees w ith  a  d e riv a tio n  o f th e  la tte r  
from  a  p rim a ry  cross (see above).

E k m an ’s d e riv a tio n  o f th e  p sy ch ro p o tid  crosses 
obscures a  rem ark ab le  s im ilarity  betw een  th e  
spicules o f P sych ropo tidae a n d  those o f E lp id ii- 
dae. I n  b o th  fam ilies a ll spicules (except th e  ra re  
w heels o f th e  E lp id iidae) com pletely  lack  dicho- 
tom ous ram ifica tions o th e r  th a n  those of th e  
p rim a ry  cross p roper. O n ly  tw o o th e r  exam ples 
a re  k n o w n  o f spicules w hich  ap p a re n tly  lack  th e  
tendency  o f th e  p rim a ry  cross to  u n d e rg o  ra m i­
fica tion  a t  th e  ends o f th e  arm s, viz. th e  sp inous 
crosses o f L a e tm o g o n e  v io lacea  a n d  th e  crosses 
o f th e  synallactid  genus G a la th e a th u r ia  H an se n  
& M adsen, 1956. H ow ever, in  a specim en o f G ala­
th e a th u r ia  from  G a la th ea  St. 450, m ost o f th e  
crosses have te rm in a l a rm  spines, possibly rep re ­
sen tin g  red u ced  ram ifications. T h e  type specim en 
of G. (P a e lo p a tid e s)  aspera  also h a d  th e  a rm  ends 
“sligh tly  en la rg ed  a n d  sp in o u s” (T h ee l 1886a, p . 
158, pi. X : 13). I n  th e  specim ens described  by 
H an sen  & M adsen  (1956), te rm in a l a rm  spines 
m ay have  b een  lost th ro u g h  corrosion.

T h e  p ec u lia r s im ila rity  betw een  th e  spicules 
of th e  P sychropo tidae a n d  E lp id iid ae  is on e  of 
th e  a rg u m en ts  fo r u n itin g  these tw o fam ilies 

■ (together w ith  th e  spicule-free, pelag ic  fam ily, 
P e lag o th u riid ae) to  form  the  new  su b o rd er, Psy- 
ch ro p o tin a  (pp. 206-207).

T h e  absence of d icho tom ous ram ifica tio n s in  
the  spicules o f th e  P sychropo tina  is p ro b ab ly  a 
secondary  fea tu re . Spicules w hich  are  close to  th e  
hy p o th e tica l p ro to ty p e  of the  P sych ropo tina  spic­
ules have b een  described  as th e  fossil fam ily  
P a le lp id iid ae  M ostler, 1968a (p. 208).

(2) W h e e ls  a re  th e  p rev a ilin g  type o f d eposit in  
th e  L aetm ogon idae. O nly  rod-shaped  a n d  (in  
L a e tm o g o n e  v io la cea )  cross-shaped spicules occur 
in  ad d itio n . T h e  cen tre  of th e  w heels consists of 
a p rim a ry  cross, o r  a five- o r  six-rayed s tru c tu re  
d e riv in g  from  a p rim ary  cross.

E k m an  (1926) d istingu ished  betw een  tw o w heel 
types in  th e  fam ily  — th e  fla t w heel w ith  a  fla t 
p rim a ry  cross in  th e  centre, an d  th e  concave 
w heel w ith  a  concave p rim ary  cross o r  a concave 
five- o r  six-rayed s tru c tu re  in  th e  cen tre. W h ile  
th e  f la t w heels w ere sim ply regarded  as sm all p e r­
fo ra ted  p la tes, th e  concave wheels w ere  supposed  
to  derive  from  cross-shaped spicules o f th e  type 
fo u n d  in  L .  v io lacea .

H ow ever, a p a r t from  its concavity, th e  cen tra l 
s tru c tu re  o f th e  concave w heel type has n o  sim i­

la r ity  to  th e  sp inous crosses of L . v io lacea . Besides, 
so m a n y  in te rm ed ia te s  a re  fo u n d  betw een  th e  
concave, six-rayed s tru c tu re  a n d  th e  fla t p rim ary  
cross th a t  a  d u a l o rig in  o f th e  laetm ogon id  
wheels is un likely .

I n  th e  E lp id iid ae , sm all w heels (Fig. 93) have 
prev iously  b ee n  fo u n d  as ra re , accessory deposits 
in  P e n ia g o n e  th e e li, A c h ly o n ic e  ecalcarea, A m -  
p e r im a  rosea , A . v e la c u la , I r p a  lu d w ig i, an d  
E lp id ia  g lacia lis .

E x a m in a tio n  was m ade  o f specim ens of th ree  of 
these species (A c h ly o n ic e  ecalcarea, A m p e r im a  
rosea , a n d  E lp id ia  g lacia lis), an d  wheels w ere 
fo u n d  in  a ll o f them . T h e  specim ens of A m p e r im a  
rosea  in c lu d e d  those described by R . P e rrie r  
(1902); w heels w ere prev iously  know n only  from  
th e  specim ens described by H d ro u a rd  (1923). I n  
E lp id ia  g lac ia lis , w heels w ere fo u n d  in  th e  sub­
species g lac ia lis , b u t  n o t in  th e  o th e r  subspecies.

O n ly  tw o a d d itio n a l species w ith  wheels, A m ­
p e r im a  n a res i a n d  E lp id ia  th ee li, w ere fo u n d  
d u r in g  th e  p resen t study, w hich  confirm s th e  
ra re  occurrence of th is type of deposit in  th e  
E lp id iid ae . O n  th e  o th e r  h an d , w heels seem to  
be a ra th e r  co n stan t fea tu re  in  the  species pos­
sessing them .

T h e  w heels o f th e  E lp id iid ae  d iffe r from  those 
o f th e  L ae tm ogon idae  by  th e  presence of a  cal­
careous m em b ran e  w hich  connects the  nave w ith  
th e  rim , a n d  com pletely  o r  p a rtly  fills in  the  
in terspaces betw een  th e  spokes.

T h e  cen tra l p a r t o f th e  e lp id iid  w heel consists 
e ith e r  o f a  p rim ary  cross (P en ia g o n e  th e e li a n d

0.1 mm

Fig. 93. Wheels of Elpidiidae. 1, Achlyonice ecalcarea 
(Galathea St. 663); 2, Amperima rosea (Monaco St. 2994); 

3, Elpidia theeli (Galathea St. 602).
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A c h ly o n ic e  eca lcarea) o r  a  th ree-rayed  s truc tu re  
(A m p e r im a  rosea , A .  n ares i, A .  ve la cu la , Irp a  
lu d w ig i, E lp id ia  g lac ia lis , a n d  E . th ee li) . I t  is 
n o tab le  th a t th e  type  w ith  a  cen tra l p rim ary  
cross is fo u n d  in  th e  g enera  w hich  have a p rim ­
itiv e  calcareous rin g , w hereas th e  type w ith  a 
cen tra l three-rayed  s tru c tu re  is fo u n d  in  genera 
w ith  a specialized calcareous ring .

T h e  wheels w h ich  T h c e l (1882) reco rded  for 
E lp id ia  a m b ig u a  ( —  P e n ia g o n e  p u rp u r e a  w ere 
p ro b ab ly  foreign  bodies. T h e y  w ere s im ilar to  the 
wheels in  B e n th o g o n e  a n d  A p o d o g a s te r  o f the 
fam ily  L aetm ogon idae.

H e ro u a rd  (1923) supposed  th a t  th e  w heels of 
th e  E lp id iid ae  w ere ru d im e n ts  from  a la rva l stage. 
T h is  view  is su p p o rted  by th e  fact th a t the  wheels 
occur scattered ly  th ro u g h o u t th e  fam ily  -  in  
p rim itiv e  as w ell as in  specialized genera. T h e  
occurrence o f w heels in  tw o on ly  d is tan tly  re la ted  
fam ilies of E lasipoda even suggests d ra t the 
wheels a re  persis tin g  spicules from  a la rva l stage 
com m on to  a ll E lasipoda. H ow ever, a  d irec t proof 
of a  la rva l o r ig in  o f th e  w heels is s till lacking 
because the  la rva l deve lopm en t o f the  E lasipoda 
is com pletely  unknow n .

I n  con trast to  th e  w heels o f th e  E lasipoda, the  
w heels o f th e  A p o d a  can  be traced  back directly  
to  a  larval stage. H ow ever, a  hom ology  betw een 
th e  w heels in  th e  tw o o rders is d o u b tfu l, because 
th e  wheels of th e  A poda  in  n o  case possess a 
cen tra l p rim ary  cross, o r  a  s tru c tu re  derived  from  
a  p rim ary  cross.

(3) C -shaped  sp icu le s  occur in  a ll species of 
Sco to p la n es, E ll ip in io n ,  a n d  A m p e r im a  (presence 
n o t established in  A . fu rca ta ). T h e  curved rods 
o f K o lg a  an d  I r p a  a re  p ro b ab ly  hom ologous w ith

the  C-es of th e  th re e  o th e r  genera, a lth o u g h  i t  is 
u n ce rta in  w h e th e r  they  rep resen t degenerate  or 
p rim itive  stages.

T h e  asp id o ch iro te  genera  S tic h o p u s  a n d  Ba- 
th y p lo te s  h ave C -shaped spicules w hich  are  sim ilar 
in  shape to  those  o f th e  E lp id iid ae  (the  s im ilarity  
includes th e  p resence of a m id d le  enlargem ent). 
H ow ever, th e  asp id o ch iro te  C-es a re  n o t likely  to  
be hom ologous w ith  those o f th e  E lasipoda. T h e  
fact th a t C -shaped spicules of sim ila r shape are 
found  also in  ech ino ids a n d  sponges shows th a t 
they need  n o t b e  m on o p h y le tic  in  th e  H o lo thu rio - 
idea.

The calcareons ring

T w o types o f ca lcareous r in g  are  fo u n d  in  the  
E lasipoda:

1. -  D eim atidae . L ae tm ogon idae, a n d  Psychro- 
po tidae. T h e  r in g  is s im ila r in  s tru c tu re  to  th a t  of 
th e  o th e r  h o lo th u r ia n  orders, a p a r t from  its low  
degree of ca lc ifica tion . T h e  few d e ta iled  descrip­
tions an d  illu s tra tio n s  w hich  a re  fo u n d  in  lite ra ­
tu re  in d ica te  consp icuous d ifferences in  rin g  
structure . I n  o rd e r  to  exam ine  th e  taxonom ic 
value o f these differences, th e  r in g  was exam ined  
in  a n u m b e r o f rep resen ta tives of th e  th ree  fam i­
lies.

T h e  s tru c tu re  o f th e  r in g  m ay be illu s tra te d  by 
the exam ple  of O n e iro p h a n ta  se tigera  (Fig. 94: 1). 
T h e  five ra d ia l pieces each  possesses a  m ed ian  
slit for th e  passage of th e  ra d ia l nerve a n d  w ater- 
vascular canal, a n d  tw o la te ra l depressions for 
th e  bo ttom s o f th e  te n ta c u la r  cavities. T h e  five 
in te rra d ia l pieces each  possesses a  m ed ian  septum  
w hich separates tw o te n ta c u la r  cavities.

Fig. 94. Calcareous rings. 1, Oneirophanta setigera (Galathea St. 726); 2, Oneirophanta muta­
bilis (Galathea St. 716). Both figures show the complete ring, with five radial and five 

interradial pieces. The lower figure shows the ring in external outline only.



T h e  ten tacu la r cavities fo rm  th e  basa l p a r t  of 
th e  w ide w ater-vascular canals o f th e  tentacles. 
E ach  cavity com m unicates th ro u g h  a s lender 
canal w ith  one of th e  five b ro a d  ra d ia l canals 
issu ing  from  th e  w ater-vascu lar rin g . T h e  cal­
careous r in g  is fo rm ed  by  ca lc ifica tions in  the  
connective tissue su rro u n d in g  th e  b o tto m s of the  
te n tac u la r  cavities. T h e  ca lc ifica tion  is m ost p ro ­
n ounced  a t  the base o f  th e  cav ities a n d  in  the  
septa betw een them , w h ile  th e  in te rn a l  a n d  ex­
te rn a l m em branes o f th e  r in g  a re  less calcified .

D u e to  th e  low  degree o f ca lc ifica tion , th e  
shape of the  ten  pieces varies acco rd in g  to  th e  
sta te  o f con trac tion  of th e  specim en, a n d  especi­
ally  to  th a t o f the  tentacles. E v iden tly , reco rded  
specific differences in  th e  sh ap e  o f th e  calcareous 
r in g  shou ld  be reg a rd ed  w ith  reserva tions. Even 
if th e  r in g  is m ore strong ly  calc ified , as in  a speci­
m en  o f O n e iro p h a n ta  m u ta b il is  (Fig. 94: 2), th e  
pieces a re  still ir re g u la r  in  shape.

T h e  degree o f ca lc ifica tion  m ay  vary  ra th e r  
irreg u la rly  in  th e  rin g , a n d  th e  tra n s itio n  from  
th e  stronger to  th e  m ore  feebly ca lc ified  p a rts  
is o ften  so g rad u a l th a t  th e  r in g  has  n o  exact 
delim ita tion . I f  th e  ca lc ifica tion  o f th e  ex te rn a l 
m em brane is weak, th e  r in g  w ill show  a  n u m b e r  
o f in den ta tions co rresp o n d in g  to  th e  n u m b e r  of 
tentacles. If, how ever, th e  ca lc ifica tions of th e  
ex tern a l m em brane a re  so p ro n o u n c e d  th a t  th e  
septa betw een th e  te n ta c u la r  cavities a re  inv isib le  
from  th e  outside, th e  r in g  w ill a p p e a r  as a n  
u n scu lp tu red  rib b o n . T h u s , th e re  is n o  essential 
d ifference betw een th e  tw o r in g  “ types” .

T re a tm e n t w ith  sod ium  h y p o c lo rite  (cf. T h é e l 
1882, pl. X X X V II: 4) m ay cause th e  r in g  to  fall 
in to  fragm ents w hich  d o  n o t re flec t its  s truc tu re .

T h e  rin g  in  th e  L ae tm o g o n id ae  a n d  Psychropo- 
tidae  seems in  general to  b e  even less calcified  
th a n  in  the  D eim atidae. C a lc ifica tions m ay even 
be absen t in  som e species, th e  r in g  consisting  on ly  
of a  firm  connective tissue (e. g. B e n th o g o n e  
rosea, B e n th o d y te s  typ ica , a n d  P sy c h ro p o te s  lo n g i-  
cauda). A  specim en o f P sy c h ro p o te s  depressa  
show ed a loose calcareous m eshw ork  a t  th,e base 
of the  ten tacu la r cavities. T h e se  calcifications 
have n o  sim ilarity  to  th e  five sta r-shaped  r in g  
pieces in  the  E lp id iidae . A p p a ren tly , th e  feebly 
developed r in g  in  these fam ilies rep resen ts  a  re ­
d u c tio n  an d  no t, as in  th e  E lp id iid ae , a n  em ­
bryon ic  stage.

2. -  E lp id iidae . T h e  r in g  (Fig. 95), u n lik e  th a t 
of a ll o th e r h o lo th u rian s , consists o f five ra d ia l

pieces only, each w ith  tw o clusters o f arm s r a d ia t­
in g  from  a com m on centre.

H an se n  (1967) p o in te d  o u t th a t  a  p ec u lia r  
ev o lu tio n  o f th e  r in g  h a d  taken  place w ith in  th e  
E lp id iid ae , suggesting  a  p aedom orph ic  o rig in  o f 
th e  w hole family.

T h re e  types o f ca lcareous r in g  m ay b e  d is tin ­
gu ished, derived  from  each  o th e r in  th e  fo llow ing  
order:

(1) I n  P e n ia g o n e , A c h ly o n ic e , K o lg a , a n d  p ro b ­
ab ly  P sych re lp id ia , th e  r in g  pieces a re  sm all, 
delicate , a n d  u sually  iso lated  from  each  o th e r. 
T h e  n u m b e r of arm s on  each piece shows a n  
in d iv id u a l v a ria tio n  (as fa r as can be ju d g e d  from  
th e  few species o f w h ich  sufficien t m a te ria l has 
been  exam ined). T h e  arm s m ay also be irre g u la rly  
subdiv ided . T h is  type o f r in g  is rem in iscen t of 
th e  em bryonic r in g  of o th e r  h o lo th u ria n s  a n d  
rep resen ts th e  b eg in n in g  of th e  r in g ’s u n iq u e  
evo lu tion  w ith in  th e  fam ily.

T h e  r in g  s tru c tu re  is know n in  th e  fo llow ing  
species of P e n ia g o n e  (th e  figures in  paren theses 
in d ic a te  th e  n u m b e r  o f  a rm  pairs  o n  each  piece): 
P . c o n v e x a  (c. 7; Fig. 95: 1), P. azorica  (10-12), 
P. a ff in is  (c. 12), P. w ille m o e s i (10-15), P . p a p il-  
la ta  (7-9), P. ja p o n ic a  (“n u m ero u s”), P. e lo n g a ta  
(10-14), P. v itre a  (4-8), P . p u rp u r e a  (c. 8), a n d  P. 
d ia p h a n a  (c. 7).

T h e  r in g  m ay dissolve w ith  advancing  age. 
T h u s , the  r in g  was absen t in  some P . azorica  
from  th e  K erm adec T re n c h  a n d  in  one P . d ia ­
p h a n a  from  St. 574. H é ro u a rd  (1902) s im ilarly  
sta ted  th a t  th e  r in g  was absen t in  h is specim ens 
of Scotoanassa  tra n s lu c id a  ( =  P . d ia p h a n a ).

T h e  r in g  o f A c h ly o n ic e  ecalcarea  has a b o u t 12 
p a irs  o f arm s on  each  piece (T héel 1882), w hereas
A . m o n a c tin ic a  has 6 pa irs  (O hshim a 1915). T h e  
r in g  o f A . tu i , accord ing  to  Paw son (1965a), 
consists o f a  “frag ile  n e tw o rk ” ; the  s tru c tu re  of 
th e  five pieces was n o t  specifically described.

T h e  r in g  of P sy c h re lp id ia , accord ing  to  S lu ite r 
w ith  8 pa irs  o f arm s o n  each piece, p ro b ab ly  
belongs to  th e  type fo u n d  in  P e n ia g o n e  a n d  
A c h ly o n ic e .

T h e  pieces of th e  r in g  in  K o lg a  (Fig. 95: 2 -3) 
a re  o f a delicate  s tru c tu re . Six specim ens exam ined  
o f K . h y a lin a  (fou r from  In g o l f  St. 113 a n d  tw o 
from  G o d th a a b  St. 54) a ll possessed basically  five 
pa irs  o f arm s on  each  piece, arran g ed  as tw o 
a n te r io r  a n d  th ree  posterio r pairs. Some pieces 
h a d  som e of th e  arm s w holly o r  p a rtia lly  sp lit. 
D anielssen & K oren  (1882, p i. I l l :  27-28) illu s­
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Fig. 95. Calcareous ring pieces of Elpidiidae (all viewed from posterior end of body). 1, Penia- 
gone convexa (Galathea  St. 234); 2-3, Kolga hyalina, two pieces belonging to the same 
specimen (Ingolf St. 113); 4, Scotoplanes globosa (Galathea St. 32); 5, E lpidia  glacialis 

glacialis, three adjoining pieces (Godthaab  St. 143).

tra te d  a  r in g  in  w h ich  th e  arm s on  each piece 
consisted of th ree  a n te r io r  pa irs  (two of w hich 
w ere p artia lly  sp lit) an d  fo u r posterio r pairs. A 
d eriv a tio n  from  five basic pa irs  is n o t obvious 
from  th e  illu s tra tio n . T h é e l (1882), however, 
fo u n d  th a t K . n a n a  (here considered  a  synonym 
of K . h y a lin a ), h a d  five pairs  o f arm s on  each 
piece.

T h e  r in g  o f K o lg a  resem bles th e  P eniagone- 
A c h ly o n ic e  type in  h av in g  a vary ing  nu m b er of 
arm s o n  each piece. O n  th e  o th e r  h an d , the fact 
th a t  th e  basic a rm  n u m b e r  seems to  be constant

recalls th e  con d itio n s in  th e  re la te d  genera Irp a , 
E lp id ia , A m p e r im a , E l l ip in io n ,  a n d  S co top lanes, 
a lth o u g h  in  a ll these genera  th e  a rm  n u m b e r is 
four pairs  only.

T h e  five r in g  pieces in  K o lg a  a re  iso la ted  from  
each o ther, a lth o u g h  som e o f th e  arm s are  so long  
th a t they alm ost to u c h  those o f th e  neig h b o u rin g  
pieces. T h e  re d u c tio n  a n d  p a r tia l  f ix a tio n  of the  
a rm  n u m b e r m ay, as in  A m p e r im a , E ll ip in io n ,  
a n d  S co to p la n es, h ave tak en  place d u r in g  a for­
m er con tinuous sta te  o f th e  rin g .

T h e  supposition  th a t  th e  r in g  of P en ia g o n e  an d
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A c h ly o n ic e  rep resen ts a n  em bryon ic  stage c a n n o t 
be p roved  d irectly , as n o  la rva l stages o f  E lasip o d a  
are know n. H ow ever, in  som e species o f  A poda  
the  first ru d im e n t o f  th e  r in g  consists o f  five 
rad ia l pieces, each  rep re se n tin g  a p r im a ry  cross 
w ith  successive d iv isions of th e  arm s. T h u s , th e  
rin g  o f S y n a p tu la  h y d r i fo r m is  (L esueur) passes 
th ro u g h  a stage resem bling  th e  r in g  o f  P e n ta g o n e  
a n d  A c h ly o n ic e  (C lark  1907, p i. V I: 9). T h e  r in g  
of L e p to s y n a p ta  in h a e re n s  (O. F. M ü lle r)  beg ins 
w ith  th e  fo rm a tio n  o f five s im ilarly  sh a p ed  ra d ia l 
pieces, fo llow ed by th e  fo rm a tio n  o f five in te r- 
ra d ia l pieces. F rom  th e  beg inn ing , th e  in te r ra d ia l 
pieces seem  to  consist o f a n  ir re g u la r  m eshw ork  
(R u n n strö m  1928).

A lm ost n o th in g  is know n  a b o u t th e  fo rm a tio n  
of the  r in g  in  th e  o th e r  h o lo th u r ia n  o rders. In  
P so lus p h a n ta p u s  S trussenfelt th e  r in g  beg in s as 
five ra d ia l rod-shaped  pieces w ith  som e ir re g u la r  
branches, b u t  w ith  n o  obvious d e r iv a tio n  from  
a p rim ary  cross (R u n n strö m  & R u n n s trö m  1921). 
In  C u cu m a r ia  e c h in a ta  v. M arenzelle r th e  r in g  
begins its fo rm a tio n  as a  diffuse, c o n tin u o u s  
m eshw ork (O hsh im a 1921). T h e  r in g  o f th e  m olpa- 
d o n ia n  C a u d in a  ch ilen s is  (J. M ü ller) seem s to  
s ta rt in  the  sam e w ay (K itao  1933).

A lth o u g h  th e  d eriv a tio n  of th e  ra d ia l pieces of 
the  calcareous r in g  from  p rim a ry  crosses th ro u g h  a  
“P en ia g o n e-s tn g e” has b een  observed o n ly  w ith in  
the  A poda, i t  is p ro b ab ly  th e  o rig in a l d e riv a tio n  
also in  th e  g roups in  w h ich  th e  r in g  w as fo u n d  
to  beg in  its fo rm a tio n  as a co n tin u o u s  m eshw ork.

(2) I n  E lp id ia  a n d  Ir p a  th e  r in g  is co n tin u o u s  
an d  of a  firm  stru c tu re . E ach  piece has fo u r  pa irs  
of arm s, fo rm ing  a  la rg e  po ste rio r a n d  a  som ew hat 
sm aller a n te r io r  cross (Fig. 95: 5). T h e  in n e r  arm s 
of th e  p o ste rio r cross a re  th ro u g h o u t th e ir  le n g th  
jo in ed  firm ly  to  th e  co rrespond ing  arm s o f th e  
n e ig h b o u rin g  pieces. T h e  o u te r  arm s o f  th e  pos­
te rio r  cross m eet th e  co rrespond ing  arm s a t  the  
tip  (or a re  connected  w ith  them  by  m eans of 
connective tissue fibers). M uscle fibers connect 
th e  r in g  w ith  th e  pharynx . T h e  r in g  rep resen ts  
a specialized type, derived  from  th e  P e n ia ^ o n e -  
A c h ly o n ic e  type th ro u g h  a n  increase in  size of 
the  pieces, co n co m itan t to  a re d u c tio n  in  th e  
n u m b e r of those arm s w hich  do  n o t ta k e  p a r t  in  
th e  firm  construc tion  of th e  ring .

T h e  r in g  o f Ir p a  lu d w ig i  d iffers fro m  th a t  o f
I .  abyssico la  a n d  E lp id ia  g lac ia lis  in  h av in g  a 
fla ttened , irreg u la rly  shaped  process o n  tw o pairs  
of th e  arm s. A lth o u g h  th e  presence o f these

processes was ap p a ren tly  verified  fo r several spec­
im ens (von M arenzelle r 1893b), they  m ay n o t 
rep resen t a co n stan t fea tu re  in  th e  species. T h e y  
belong  to  th e  tw o pa irs  o f arm s th a t  tak e  n o  p a r t 
in  th e  firm  construc tion  of th e  ring .

T h e  iden tical, a n d  very specialized, r in g  struc­
tu re  is a  rem ark ab le  s im ila rity  betw een  th e  two 
genera. T h e  s im p lifica tion  an d  reg u la r  fo rm a tio n  
o f the  r in g  pieces ap p a re n tly  evolved as a m eans 
o f s tren g th en in g  th e  co n stru c tio n  o f th e  ring , 
w hen  th e  la tte r  h a d  reg a in ed  its co n tin u o u s state.

(3) I n  A m p e r im a , E l l ip in io n ,  a n d  S co to p la n es  
(Fig. 95: 4) each piece o f th e  r in g  possesses fo u r 
p a irs  o f arm s as in  Ir p a  a n d  E lp id ia ,  b u t  th e  r in g  
is d iscon tinuous a n d  of a delica te  struc tu re . 
A lth o u g h  a d e riv a tio n  o f th e  r in g  d irec tly  from  
th e  P en ia g o n e  type ca n n o t b e  excluded , a  deriva­
tio n  from  th e  E lp id ia -Irp a  type seems m ore  likely. 
A  red u ced  a n d  constan t a rm  n u m b e r was p ro b a­
b ly  a tta in e d  in  a r in g  in  w hich  each  p iece perform s 
a d e fin ite  m echanical function .

T h e  s tru c tu re  o f th e  r in g  is know n  in  A m ­
p e r im a  ro b u s ta , E l l ip in io n  p a p il lo s u m , E . k u m a i  
(in  th is species a n  ad d itio n a l u n p a ire d  a rm  was 
p resen t o n  each piece), S co to p la n es  g lobosa , a n d
S. c la rk i. A gatep  (1967b) described  the  r in g  o f S. 
g lobosa  as consisting  o f  “a  very fine  n e tw ork  of 
sp icu les”, w hich  ap p a re n tly  refers to  in c id en ta l 
spicules, a n d  n o t to  th e  five d is tin c t segm ents 
w hich  are  know n  to  be p resen t in  th is  species. 
S im ilar descrip tions w ere given o f th e  rings in  
S c o to p la n es  fa ce tu s  (  =  E ll ip in io n  fa c e tu m ) an d  S. 
a n g e licu s  ( — E . p a p il lo s u m ).

The tubefeet and papillae

C onspicuous am bu lac ra l appendages a re  charac­
te ristic  o f m ost E lasipoda. T h e  tu b e fe e t  a re  
locom otory  a n d  som etim es p ro v id ed  w ith  a  suck- 
ing-disc, w h ile  th e  p a p illa e  a re  sensory o r resp ira ­
tory. T h e  a b u n d a n t deve lopm en t of th e  p ap illae , 
w h ich  has p ro d u ced  m an y  b izarre  an im a l form s 
w ith in  th is o rder, is connected  w ith  th e  absence 
of resp ira to ry  trees (p. 208).

(1) T u b efee t. T h e  w ell-defined  v e n tra l sole o f 
th e  E lasipoda is b o rd ered  by v en tro la te ra l tubefeet 
w hich  are u sua lly  conspicuous. T h e  m idven tra l 
tubefeet, on  th e  o th e r  h an d , a re  reduced  o r 
absent.

I n  E lp id iid ae  th e  v en tro la te ra l tu b efee t are 
large a n d  few in  n u m b e r; in  som e species o f 
P en ia g o n e  they  b o rd e r  on ly  th e  p o ste rio r p a r t  o f
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th e  v e n tra l sole. As suggested by H é ro u a rd  (1923), 
th e  presence o f few an d  large-sized tubefeet in  
th is fam ily  m ay b e  a la rv a l feature .

Large-sized, b u t m ore  num erous, tubefeet char­
acterize th e  D e im atid ae  an d  L aetm ogonidae. As 
in  E lp id iid ae , th e  tu b e fee t a re  n ev e r fused in to  
a  b rim .

T h e  co m m u n ica tio n  of the  tubefeet, a n d  in  
som e species th e  p ap illae , w ith  la rge  water-vascu­
lar, d e rm a l cavities is a  fea tu re  p ecu lia r to  the 
D eim atidae , L ae tm ogon idae, a n d  E lp id iidae . T h e  
cavities a re  b ran c h ed  in  D e im atid ae  an d  L aet­
m ogonidae, as w ell as in  th e  e lp id iid  genus 
A c h ly o n ic e .  T h e  rem a in in g  E lp id iid ae  have 
u n b ra n c h e d  cavities. T h e  P sychropotidae m ay 
possess s im ila r cavities a t  th e  base of th e  u npaired  
appendage .

T h e  fu n c tio n  o f th e  cavities is considered 
elsew here (pp. 205-206).

I n  m ost species o f P sychropo tidae the  tubefeet 
a re  num erous, p o in ted , a n d  fused in to  a b rim  
w h ich  su rro u n d s  th e  body. S epara te  a n d  ra th e r  
la rge  tu b efee t a re  fo u n d  along  th e  side of the 
bo d y  in  P sy c h ro p o te s  long ica u d a .

(2) P ap illae  b e lo n g in g  to  th e  tw o dorsal rad ii 
a re  p resen t in  p rac tica lly  a ll species o f Elasipoda. 
P ap illae  a re  p resen t a long  th e  v en tro la te ra l rad ii 
in  th e  D e im atid ae  a n d  in  th e  lae tm ogon id  genus 
A p o d o g a s te r ;  in  th e  la tte r  genus th e  p ap illae  are 
sm all a n d  fused in to  a b rim  w hich  su rrounds the 
body  above th e  v en tro la te ra l tubefeet.

T h e  p ap illa e  a n d  tubefeet n o t on ly  provide 
v a lu ab le  characters in  th e  sep ara tio n  o f species, 
genera, an d  fam ilies. T h e  fact th a t  they  present 
n u m e rica l d ifferences m akes them  especially ade­
q u a te  fo r th e  s tudy  o f in traspec ific  varia tion . T h e  
geograph ic  subspecies erected  fo r th e  species 
D e im a  v a lid u m , O n e iro p h a n ta  m u ta b il is ,  an d  
E lp id ia  g lac ia lis  a re  based m ain ly  o n  differences 
in  n u m b e r  o f dorsal pap illae . S im ilarly , the  geo­
g rap h ic  v a ria tio n  fo u n d  in  O rp h n u rg u s  g laber  
consists to  a h ig h  degree o f differences in  n u m ­
b e r o f p ap illa e  an d  tubefeet.

I n  view  o f th e  im p o rtan ce  a ttach ed  to  the 
tu b e fee t a n d  p a p illa e  as rev ea lin g  geographic 
v a ria tio n  i t  is essential th a t descrip tions of ho- 
lo th u r ia n s  show  th e  v aria tio n  in  n u m b e r of these 
fea tu res for each locality.

(3) V elum . T h e  E lp id iid ae  possess a velum  
fo rm ed  by p a r tia l fusion  of tw o pa irs  of large and  
u su a lly  one p a ir  o f reduced  pap illae . T h e  taxo­
n om ic value  of th e  velum  has been  differently

estim ated. T h £ e l (1882) used  its re la tiv e  size as a 
generic  character, w hereas H d ro u a rd  (1923) d id  
n o t even reg a rd  presence o r  absence of a velum  
as of generic  im p o rtan ce . T h e  la tte r  view  was 
confirm ed by th e  p rese n t investigation .

I t  is rem a rk a b le  th a t  a  velum , o r  p ap illa e  
hom ologous w ith  th is  s tru c tu re , is p resen t in  a ll 
the  genera of th e  fam ily, w ith  th e  excep tion  of 
E lp id ia . T h u s , in  R h ip id o th u r ia  th e  tw o m ost 
a n te rio r  pa irs  o f p a p illa e  a re  p laced  closely to ­
gether on  a n  e lev a tio n  of th e  sk in  co rrespond ing  
in  position  to  a  velum . S im ilarly , th e  tw o pairs 
o f m in u te  p a p illa e  p resen t in  P a re lp id ia  (here 
synonym ized w ith  P e n ia g o n e )  are, like  a  velum , 
p laced  on  th e  a n te r io r  p a r t  o f th e  dorsum . Scoto- 
p la n es  has tw o p a irs  of la rge a n d  one p a ir  o f 
reduced  p ap illae . As p o in te d  o u t by  H & rouard 
(1923), th e  p a p illa e  d iffe r from  those of a  velum  
only  by  th e  la rge  in te rsp ace  betw een  the  first two 
pairs. T h e  p a p illa e  o f S co to p la n es  m ay th u s be 
derived  from  those o f a  velum  th ro u g h  a process 
o f a llom etric  g row th .

T h e  velum  m ay b e  a  ru d im e n t of a sw im m ing- 
b rim  o f th e  type p re se n t in  th e  P elago thu riidae . 
T h is  view is su p p o rte d  by th e  presence o f a  sim i­
la r  b rim  (com posed o f dorsal a n d  la te ra l pap illae) 
in  P sych re lp id ia , a  genus w hich  b o th  in  th e  s truc­
tu re  o f th e  calcareous r in g  a n d  th e  presence of 10 
tentacles agrees w ith  th e  E lp id iidae .

T h u s , th e  absence in  E lp id ia  o f every trace  of 
a  velum  is as re m a rk a b le  as th e  presence o f a 
u n iq u e  type of sp icu le  in  the  sam e genus. N ever­
theless, th e  fact th a t  E lp id ia  has a specialized cal­
careous r in g  s im ila r to  th a t  o f th e  velum -bearing  
genus I r p a  in d ica tes  th a t  th e  absence of a  velum  
is also in  E lp id ia  a  secondary  feature.

(4) C ircum -oral p ap illae . A  r in g  of o ften  
inconsp icuous p a p illa e  su rro u n d s th e  ten tac le  
crow n in  D e im a , B e n th o g o n e ,  a n d  B e n th o d y te s .  
Its  (at least p a r tia l)  presence has been  established 
fo r a ll the  species, except B e n th o d y te s  su p erb a .

C ircum -oral p a p illa e  have n o t been  fo u n d  
ou tside these th ree  genera, l ly o d a e m o n  a b stru sus , 
w hich also has c ircum -oral pap illae , is here  tran s­
ferred  to  B e n th o g o n e ,  w ith  w hich  i t  agrees also 
in  th e  sim ply  shaped  w heels a n d  the  h ig h  ten tac le  
num ber.

O nly  one species o f  B e n th o d y te s  (B . lin g u a )  
was previously  k n o w n  to  possess circum -oral p a ­
pillae. Post-oral p a p illa e  w ere, how ever, know n 
from  a n u m b e r o f species. T h e  p resen t s tudy  con­
firm ed th a t B . s a n g u in o le n ta  has on ly  post-oral
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pap illae . I n  a ll o th e r  species th e  observed po st­
o ra l p ap illa e  p ro b a b ly  fo rm  p a r t  o f  a  com plete 

ring .
A  co n trac tile  o ra l m e m b ran e  is kn o w n  to  ac­

com pany th e  r in g  o f c ircum -ora l p ap illa e  in  
D eim a  v a lid u m , B e n th o g o n e  rosea , B e n th o d y te s  
in cer ta , B . lin g u a ,  a n d  B . typ ica . T h e  m em b ran e  
is in se rted  o n  th e  in te rn a l side o f the  r in g  of 
p ap illa e  a n d  m ay b e  n a rro w e d  to  a sm all o p en in g  
th ro u g h  co n trac tio n  o f a  sp h in c te r  m uscle, th u s 
covering the  w hole o f th e  te n tac le  crow n. As th e  
m em brane  is v isib le on ly  w h en  som ew hat con­
trac ted , i t  m ay  b e  p rese n t in  a ll species w ith  
circum -oral pap illae .

T h e  presence o f circum -oral p a p illa e  to g e th er 
w ith  a  sp h in c te r m uscle is a rem a rk a b le  s im ila rity  
betw een these genera w hich  b e lo n g  to  th ree  d if­
fe ren t fam ilies.

The tentacles

T h e  ten tacles show  a  v a r ia tio n  o f taxonom ic 
significance b o th  in  n u m b e r  a n d  shape.

(1) N um ber. T h e  D eim atid ae , L ae tm ogon idae, 
an d  P sychropo tidae a ll show  a  v a r ia tio n  o f 15-20 
tentacles. T h e  w hole v a r ia tio n  in  n u m b e r  m ay 
b e  fo u n d  w ith in  o n e  a n d  th e  sam e species (O r p h ­
n u rg u s  g la b er , B e n th o g o n e  ro sea , B e n th o d y te s  
typ ica ), b u t usua lly  th e  n u m b e r  is species constan t. 
S im ilarity  in  n u m b e r  m ay re flec t taxonom ic 
re la tionsh ip .

A ll laetm ogonids w ith  15 ten tac les be lo n g  to  
L a e tm o g o n e ,  in  w hich  th e re  a re  on ly  tw o excep­
tions to  th is n u m b e r: L . th e e l i  (20) a n d  L . in te r ­
ja cen s  (15-17). T h e  la t te r  resem bles B e n th o g o n e  
(w ith  15-20 tentacles) also in  body  fo rm  a n d  in  
th e  shape of th e  deposits.

A  co n stan t n u m b e r  of 15 ten tac les is in  B e n th o ­
d y te s  com bined  w ith  th e  p resence o f cross-shaped 
deposits w ith  a  b ip a r t i te  apophysis. H ig h e r  te n ­
tacle  num bers a re  fo u n d  in  th e  tw o species w ith  
red u ced  rod-shaped  deposits, B . typ iça  (15-20) 
a n d  B . sa n g u in o le n ta  (18).

T h e  species o f P sych ro p o te s  h av e  16 tentacles, 
excep t P . depressa  a n d  P . lo n g ica u d a ,  b o th  w ith  
18 tentacles. T h e  closely re la te d  genus, P sycheo- 
tr e p h e s ,  has sim ilar ten tac le  n u m b ers : P . m a g n a  
(16-18) a n d  P. rec ta  (16).

Ju v e n ile  ten tac le  nu m b ers  a re  fo u n d  in  tw o 
species o f P sychropotidae: P sych ro p o te s  lo v e n i  
(10-12) a n d  P sych eo trep h es  e x ig u a  (10). B o th

species w ere erected  o n  small-sized specim ens, 
w hich  m ay n o t have a t ta in e d  th e  fu ll ten tac le  
n u m b e r  of the  species. Specim ens of P sy c h ro p o te s  
depressa  (1.7-12.0 cm  long) show ed a n  increase 
in  ten tac le  n u m b e r  from  10 to  18 (Fig. 44). A  
sim ila r increase was fo u n d  in  P. lo n g ica u d a .

A  ju v e n ile  ten tac le  n u m b e r  characterizes the  
w hole fam ily  E lp id iid ae . T h e  on ly  exceptions 
to  th e  n u m b e r  o f  10 ten tacles a re  p ro v id ed  by  th e  
genus A c h ly o n ic e  (10-12) a n d  th e  species P en ia -  
g o n e  is la n d ica  (8).

(2) Shape. D ifferences in  th e  shape of th e  te n ­
tacle discs a re  p ro b ab ly  co rre la ted  w ith  d iffe ren t 
m odes of food u p ta k e  (p. 196). Besides, they  m ay 
reflec t taxonom ic re la tio n sh ip . B u t u n fo r tu n a te ­
ly th e  ten tac le  discs a re  o ften  so co n trac ted  th a t 
th e ir  shape can n o t b e  m ade  ou t.

D eim atidae . I n  th e  p rese n t w ork, a  generic  
im p o rtan ce  has b een  a ttac h ed  to  th e  tw o d is tin c t 
types of ten tac le  in  th is  fam ily  (p. 16). D e im a  
a n d  O n e iro p h a n ta  have ro u n d e d  ten tac le  discs 
w ith  a sm ooth  surface a n d  w ith  th e  m arg in  
sm ooth  o r  p ro v id ed  w ith  su b g lo b u la r o r  d ig iti- 
fo rm  processes (PI. V III : 1-3). O r p h n u r g u s  has 
ten tac le  discs w ith  consp icuous p ap illa e  o n  the  
surface a n d  b ran c h ed  (b u t con trac tile ) processes 
o n  th e  m arg in  (PI. V III : 5-7). T h e  ten tacles of 
th e  young  of th e  b ro o d -p ro tec tin g  subspecies 
O n e iro p h a n ta  m u ta b il is  a f f in is  (PI. V III : 4) re ­
sem ble those o f th e  genus O rp h n u rg u s .

L aetm ogon idae. A lth o u g h  th e  ten tacles show 
less conspicuous differences th a n  in  th e  D eim ati­
dae, th e re  seems to  be som e co rre la tio n  betw een  
ten tac le  type an d  taxonom ic affin ity .

I n  B e n th o g o n e  rosea  a n d  B . fra g ilis  (PI. V III : 
11) th e  discs a re  covered w ith  conspicuous p a p il­
lae  a rran g e d  in  ra d ia l fields w h ich  m ay proceed  
in to  m arg in a l processes. Such processes a re  pres­
en t in  th e  In d ia n  O cean  specim en of B . rosea  
from  G a la th ea  St. 241 a n d  in  B . fra g ilis  from  
G a la th ea  St. 324. I n  th e  ex am in ed  A tla n tic  
specim ens of B . rosea  th e  surface of th e  ten tac le  
discs is likew ise covered  w ith  conspicuous p a p il­
lae, b u t  th e  m a rg in  is m ore  sm ooth , p ro b ab ly  
d u e  to  re trac tio n  of th e  processes.

I n  L a e tm o g o n e  v io la cea  (PI. V III : 8), L . w yv il-  
le th o m s o n i,  a n d  L . th e e l i  th e  discs have a  sm ooth  
surface an d  a  sm ooth  m arg in .

I n  L . m a cu la ta  (PI. V III : 9-10), L . fim b r ia ta ,  
a n d  L . b iseria lis  th e  discs have  a sm ooth  surface 
(a lthough  o ften  w rin k led  d u e  to  con traction ). 
T h e  edge o f th e  disc is sm ooth  o r irreg u la rly



loba ted . T h e  ten tacles of L . ij im a i  p robab ly  show 
th e  sam e v aria tio n .

P a n n y c h ia  a n d  A p o d o g a s te r  (the u n id e n tif ied  
species fro m  th e  K erm adec T ren ch ) have ten ­
tacle discs w ith  re trac tile  p ap illae  on the  surface 
a n d  w ell-developed m arg ina l processes.

Psychropo tidae. P sych ro p o tes  (PI. V II: 6) an d  
P sy c h e o tre p h e s  h av e  ro u n d ed , v au lted  discs w ith  
su b g lo b u la r m a rg in a l knobs. T h e  discs a re  o f a 
fixed  shape, a n d  tw o species on ly  (P sychropo tes  
depressa  a n d  P . sem p er ia n a )  show re trac tility  of 
th e  discs in to  th e  ten tac le  stalk.

B e n th o d y te s  (PI. IX : 1-7, Fig. 36) has large 
a n d  fla t discs w hich  in  a ll the  species a re  re trac ­
tile  in to  th e  ten tac le  stalk. Species differences 
a re  p re se n t b u t  d ifficu lt to  m ake o u t because 
th e  ten tac les a re  soft a n d  changeable in  shape. In  
a d d itio n  to  th e  re tra c til ity  o f the  single tentacles, 
th e  w ho le  crow n can  be concealed u n d e r a  con­
trac tile  o ra l m em brane, p resen t inside th e  circum - 
o ra l r in g  o f p ap illa e  (p. 191).

Y oung specim ens of B e n th o d y te s  have m ore reg­
u la rly  sh ap ed  discs, rem in iscen t of those of P sy­
c h ro p o te s  a n d  P sycheo trephes.

E lp id iid ae . E lp id ia  (PI. X : 11-13) has n o t only  
a  u n iq u e  type  o f deposit b u t also of tentacle. T h e  
discs b e a r  a n u m b e r of m arg ina l processes of 
w h ich  1-3 ab o ra l pairs  a re  o ften  ex tended  to  a 
g rea t leng th .

K o lg a  (PI. IX : 8) a n d  Irp a  have in  com m on 
a n o th e r  charac teris tic  type o f ten tac le  w ith  5-7 
m a rg in a l lobes, each d iv ided  in to  3 lobuli.

A  th ird  type  o f ten tacle, w ith  a  p a ir  o f lobes 
o n  th e  a b o ra l m a rg in  o f th e  discs, is fo u n d  in  
a  n u m b e r  of species o f P en ia g o n e  (PI. X : 1-5, 
7-8), A c h ly o n ic e  (PI. X : 9), A m p e r im a , E llip i-  
n io n ,  a n d  S co to p la n es  (PI. IX : 9). T h e  lobes are 
p a rticu la rly  lo n g  a n d  slender in  P en ia g o n e  dia- 
p h a n a  (PI. X : 7-8), w hereas in  o th e r  species (e. g. 
A m p e r im a  n ares i, PI. X : 6) they are  barely  d is tin ­
gu ishable . T h e  fact th a t the  lobes a re  usually  
co n trac tile  (cf. th e  tentacles illu stra ted  for P en ia ­
g o n e  azorica  a n d  P. c o n vexa )  suggests th a t bi- 
lobed  te n tac le  discs occur in  even m ore species 
th a n  k n o w n  a t  presen t. H ow ever, some species 
(e. g. E ll ip in io n  g a la th ea e , PI. X : 10) do  n o t pos­
sess ten tac les o f  th is  type.

The alimentary canal

T h e  E lasipoda, as usual in  the ho lo thu rians, has 
a looped  in te s tin e  consisting of th ree  parts. A

rem ark ab le  v a r ia tio n  in  th e  gross m orphology is 
th e  h igh ly  d is ten sib le  rec tum , usually  provided 
w ith  a la rge  caecum , in  m ost of the e lp id iid  
genera (A m p e r im a , E l l ip in io n , S co top lanes, K o l­
ga , E lp id ia ,  a n d  A c h ly o n ic e ) .

T h e  caecum  is ab sen t in  th e  p rim itiv e  genera 
P sych re lp id ia  a n d  P en ia g o n e . O f th e  specialized 
genera, on ly  I r p a  seems to  have a sm all rectum  
devoid  o f a caecum . T h e  sta te  of th e  rec tum  is 
u n k n o w n  in  R h ip id o th u r ia .

L udw ig  (1889-1892) suggested th a t the caecum  
of th e  E lp id iid ae  is a  ru d im e n t of a  resp ira tory  
tree. T h is  view  w as opposed  by E km an (1926) 
w ho p o in te d  o u t th a t  th e  o rig in  of the  caecum  
from  th e  v en tra l s ide  o f th e  rec tum , as well as 
th e  fact th a t  i t  is a lm ost w ith o u t exception  stuf­
fed  w ith  m ud , co n tra d ic ts  such a derivation .

T h e  absence o f  th e  caecum  in  th e  p rim itive 
genera o f th e  fam ily  is a  fu r th e r  ind ica tion  th a t 
i t  is n o t a  ru d im e n t b u t  a n  o rgan  developed 
w ith in  th is  p a r tic u la r  fam ily. T h e  species of the 
E lp id iid ae  a re  n o ta b le  fo r th e ir  h ig h  buoyancy. 
Possibly, they are  u n a b le  to  keep  to  th e  sea floor 
w ith o u t a considerab le  am o u n t o f bo ttom  m a­
te ria l s to red  in  th e ir  in te s tin a l canal. T h e  func­
tio n  of th e  caecum  m ay  b e  th a t  o f increasing the 
vo lum e of th e  in te s tin a l canal an d  thereby  the 
specific grav ity  o f th e  an im als.

The mesentery

As a lready  n o te d  by T h e e l (1882), the  m esentery 
of the  E lasipoda d iffe rs from  th a t  o f o th e r ho lo­
th u ria n s  in  h av in g  a dorsal a ttach m en t th rough­
o u t its leng th . E k m a n  (1926) p roved  th a t this 
course o f th e  m esen tery  was com m on to  a ll five 
fam ilies o f E la sip o d a  -  th e  th ree  parts  of the 
m esentery  b e in g  a ttac h ed  to  th e  m id-dorsal, left- 
dorsal, a n d  righ t-do rsa l in te rrad iu s , respectively. 
(O nly  posterio rly , th e  th ird  p a r t  m ay have a 
v en tra l a ttachm en t).

I n  a ll o th e r  h o lo th u r ia n s  th e  th ree  parts  o f the 
m esentery  a re  a tta c h e d  to  th e  m id-dorsal, left- 
dorsal, a n d  rig h t-v en tra l in te rrad iu s, respectively. 
T h is  even app lies to  th e  A poda in  w hich the 
in te s tin e  has a lm ost com pletely  lost its looping.

E km an  (1926) suggested th a t th e  dorsal a ttach ­
m e n t of the  m esen tery  th ro u g h o u t its length  
serves to  increase th e  oxygen supp ly  to  the  in tes­
tine , w hich  in  th e  absence of resp ira to ry  trees is 
supp lied  w ith  oxygen m a in ly  from  th e  dorsal 
body surface.
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Fig. 96. Oneirophanta mutabilis. Vari­
ation in the line of attachment of the 
mesentery (difference between full-drawn 
and dotted line) in four specimens from 
St. 654 (left) and four specimens from 
St. 716 (right), rd, right dorsal, Id, left 
dorsal, lv, left ventrolateral, mv, mid- 
ventral, and rv, right ventrolateral longi­
tudinal muscle.
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H ow ever, th e  discovery of th e  p ec u lia r  w alking- 
m echanism  in  th e  E lasip o d a  (p. 205) suggests 
an o th e r  ex p la n a tio n  o f th e  do rsa l a tta c h m e n t of 
th e  m esentery: A n  in te s tin e  re s tin g  u p o n  th e  
ven tra l body  w all m ig h t in te rfe re  w ith  th e  fu n c­
tio n  of th e  in tra d e rm a l pockets responsib le  for 
the  p ro tra c tio n  of th e  tubefeet.

D ifferences in  th e  course  o f a tta c h m e n t o f th e  
m esentery  o n  th e  body  w all m igh t, acco rd ing  to  
Ekm an, d is tin g u ish  genera  a n d  even speaes . Ek- 
m an  illu s tra te d  th e  course in  a n u m b e r  o f species, 
b u t w ith o u t s ta tin g  n u m b e r  of specim ens exam ­
ined. T h e  d ifferences illu s tra te d  m igh t, the re fo re , 
rep resen t in d iv id u a l ra th e r  th a n  specific d iffe r­

ences.
In  o rd er to  es tim ate  th e  ran g e  of in traspec ific  

v a ria tio n  in  th e  course of th e  m esentery , fou r 
specim ens of O n e iro p h a n ta  m u ta b il is  from  St. 
654 (K erm adec T re n c h )  a n d  fo u r specim ens from  
St. 716 (eastern  Pacific) w ere ex am in ed  (Fig. 96). 
A t each  s ta tio n  a rem a rk a b le  v a r ia tio n  w as found . 
T h e re  was also a sm all, b u t  possibly consisten t 
d ifference betw een  th e  specim ens from  th e  tw o 
stations.

T h e  firs t p a r t  of th e  m esentery  in  a ll specim ens 
from  St. 654 r a n  in  th e  dorsal m id lin e  th ro u g h ­
o u t its leng th . I n  th e  specim ens from  St. 716 the  
first p a r t  o f th e  m esentery  s ta rted  in  th e  dorsal 
m id line , th e n  ap p ro ach ed  o r  even to u ch ed  th e  
r ig h t do rsa l lo n g itu d in a l m uscle.

T h e  second p a r t o f th e  m esentery  in  th e  St. 
654 specim ens, a f te r  h a v in g  crossed th e  le ft dorsal 
m uscle, e ith e r  p roceeded  ob liq u e ly  forw ards to­
w ards th e  le ft v en tra l m uscle, o r  fo llow ed the  
le ft do rsa l m uscle u p  to  a b o u t h a lf  its leng th . 
I n  th e  St. 716 specim ens th e  second p a r t  follow ed 
th e  le ft dorsal m uscle from  a li t t le  m o re  th a n  
half, to  a b o u t s/< h s  leng th .

T h e  m esentery, a f te r  h av in g  crossed th e  left

ven tra l muscle, passed u n in te r ru p te d ly  across the  
ven tra l side of th e  b o d y  w all u n til  i t  reached  
th e  r ig h t dorsal m uscle. E k m an  fa iled  to  f in d  th is 
p a r t  o f th e  m esentery  in  O n e iro p h a n ta  m u ta b il is  
an d  suggested th a t th e  absence d istingu ished  th e  
fam ily  D eim atidae fro m  th e  L aetm ogonidae. 
A ctually , a lready  H d ro u a rd  (1902, pp . 34-35) 
fo u n d  th a t the  genus D e im a  has a n  u n in te r ru p t­
ed  m esentery.

T h e  th ird  p a r t  o f th e  m esentery  was a ttac h ed  
close to  th e  r ig h t d o rsa l m uscle fo r a b o u t h a lf  
its leng th ; th e n  th e  a tta c h m e n t r a n  to  th e  r ig h t 
ven tra l in te rrad iu s close to  th e  m id v e n tra l m uscle. 
T h e  course of th e  th ir d  p a r t  show ed only 
lit tle  v a ria tio n  in  th e  ex am in ed  G a la th ea  speci­
mens.

T h e  m esentery  fo rm e d  a con tin u o u s m em ­
b rane , except fo r th e  rec ta l p a rt, w h ich  was d is in ­
teg ra ted  in to  single th read s. T h e  m em brane  was 
p e rfo ra ted  th ro u g h o u t its  len g th  in  th e  St. 654 
specim ens. In  th e  St. 716 specim ens the  m esentery  
was un p erfo ra ted , a t  least in  its first part.

T h e  v aria tio n  in  th e  course of the  m esentery  
in  O. m u ta b il is  is a lm ost the  largest possible 
for a th ree-looped  in te s tin e  w ith  do rsa l a ttac h ­
m e n t o f a ll th ree  p a r ts  o f th e  m esentery. I n  
view  of th is large v a r ia tio n  i t  is n o t advisab le to  
in tro d u ce  possible average specific o r  subspecific 
differences in  th e  course  of th e  m esentery  in to  
th e  taxonom y of th e  h o lo th u rian s . S im ilarly , th e  
g rea t in tra sp e d fic  v a r ia tio n  in  th e  degree o f p e r­
fo ra tio n  of th e  m esen tery  shows th a t  also th is 
fea tu re  is of lim ited  tax o n o m ic  value.

T h e  d is in teg ra tio n  o f th e  m esentery  o f the  
E lp id iid ae  in to  sing le  th reads th ro u g h o u t its 
leng th , in  con trast to  th e  m em branaceous m esen­
tery  in  the  fou r o th e r  fam ilies, rem ains as the  
on ly  d ifference of tax o n o m ic  significance show n 
by th e  m esentery of th e  E lasipoda.
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H e d in g  (1935, pi. IX ) illu s tra te d  the course of 
th e  m esentery  in  eleven species of M olpadonia, 
accep tin g  E k m an ’s view  o n  th e  significance of 
th is  fea tu re  in  characteriz ing  species. T e n  species 
w ere illu s tra te d  by  one d raw in g  each, w ith  no  
com m ents on  th e  possib le ran g e  of intraspecific 
v a ria tio n . T h e  v a ria b ility  in  the  course of the 
m esentery  in  th e  E lasipoda m akes i t  un likely  
th a t  th e  differences illu s tra te d  by  H ed ing  are 
taxonom ically  valid .

The external morphology of the gonads

T h e  p resen t ch a p te r  deals w ith  the  taxonom ic 
significance o f th e  ex te rn a l m orphology  of the 
gonads. T h e  rep ro d u c tiv e  bio logy of the  species 
is considered  elsew here (pp. 196-204).

D eim atid ae  (PI. X I: 1-4). E ach of the two 
gonads consists o f a single c luste r o f unbranched , 
e lo n g a ted  sac-shaped tubu les. By th is fea tu re  the 
gonads d iffe r from  those of the  o th e r  elasipod 
fam ilies.

T h e  gonads a re  sim ila r in  th e  tw o sexes, except 
th a t  th e  tubu les  a re  m ore  num erous an d  slender 
in  th e  males.

D e im a  v a lid u m  has ovaries w ith  3-7 tubules 
a n d  testes w ith  5-15 tubu les  o n  each side. T h ee l 
(1882) illu s tra te d  (for D . fa s to su m )  testes w ith  
slen d er tubu les possessing a n u m b e r of g lobular 
d istensions. Such tubu les  w ere n o t presen t in  
an y  o f the  G a la th ea  specim ens.

O n e iro p h a n ta  m u ta b ilis .  T h e  ovaries showed 
th e  fo llow ing v a ria tio n  in  n u m b e r of tubules on  
each  side: W este rn  In d ia n  O cean (3 specimens), 
3 -5 ; K erm adec T re n c h , Sts. 663 a n d  664 (4 speci­
m ens), 3-5; K erm adec T re n ch , St. 654 (5 speci­
m ens), 5-13; easte rn  Pacific, St. 716 (11 speci­
m ens), 2-4.

T h d e l (1882) fo u n d  th e  v a ria tio n  in  nu m b er of 
o v aria n  tubu les to  be 3—9 on  each side (num bers 
n o t  specified fo r each  locality).

T h e  testes w ere exam ined  in  one specim en 
from  St. 192, six from  St. 654, a n d  12 from  St. 
716. A t Sts. 192 a n d  716 the  testes consisted of 
tw o clusters o f nu m ero u s slender tubules, usually 
som ew hat d ila te d  a t  th e  end. T h is  type was also 
re p o r te d  from  th e  C h a llen g er  specimens.

I n  the  specim ens from  St. 654 the  testes were 
s im ila r to  th e  ovaries in  ex tern a l m orphology. 
T h e  tubu les w ere th ick  a n d  few in  nu m b er (7-10 
o n  each  side in  specim ens 6.0-9.5 cm long, an d  
4 in  a 5.0 cm lo n g  specim en). T h e re  w ere no

m ales am o n g  th e  specim ens from  th e  two o ther 
K erm adec T re n c h  stations.

T h e  gonads in  O n e iro p h a n ta  se tigera  an d  
O r p h n u r g u s  g la b e r  agreed in  m orphology  w ith  
those o f D e im a  v a lid u m  a n d  O n e iro p h a n ta  m u ­
ta b ilis .

L ae tm o g o n id ae  (PL X I: 9-12). T h e  gonads 
consist o n  each  side of one o r m ore  clusters of 
b ran c h ed  tu b u le s  a n d  thus d iffe r d istinctly  from  
th e  gonads o f th e  D eim atidae. T h e re  is also some 
in tra -fam ily  v a r ia tio n  in  the  m orphology. H ow ­
ever, too  few species w ere exam ined  to  p erm it 
a d e m o n s tra tio n  o f  generic o r specific d iffer­
ences.

P sych ropo tidae  (Pl. X II: 1-9). T h e  cross-bearing 
species o f B e n th o d y te s  have ovaries w ith  a few 
g ro u p s o f la rg e  a n d  feebly subdiv ided  lobes 
p laced  a lo n g  a n  u n d iv id e d  d u c t on  each side.
B . s a n g u in o le n ta  a n d  B . typ ica , w hich also in  
o th e r  respects s ta n d  a p a r t in  th e  genus, have 
b ran c h ed  ovaries w ith  follicles o p en in g  directly  
in to  th e  ducts. P sych eo trep h es  m a g n a  an d  Psy- 
c h ro p o te s  lo n g ic a u d a  have ovaries w ith  a few large, 
ro u n d e d  o r  som ew hat elongated  sacs open ing  in to  
a n  u n d iv id e d  d u c t on  each side. I n  P sychropo tes  
depressa  th e  sacs a re  sm aller, m ore  num erous, 
a n d  closely set -  th e  ovary a t ta in in g  th e  shape 
o f a corncob . I n  P . verrucosa , P . be lyaevi, an d  
P. se m p e r ia n a  th e  corncob-shaped fertile  p a r t  of 
th e  ovary is very  th ick  an d  covered w ith  small, 
closely set lobules. T h e  ovaries of the  Psychropo­
tid a e  c o n ta in  th e  largest eggs know n in  holo- 
th u r ia n s  (pp. 202-203).

T h e  testes consist o f g roups of tubu les opening  
in to  a  com m on d u c t o n  each side. T h e  leng th  of 
th e  testes m ay  vary  w ith in  a  species. However, 
th e  ex trem e  le n g th  in  B . sa n g u in o le n ta  is p ro b ­
ab ly  a specific character.

E lp id iid ae  (Pl. X II : 10-11). T h e  p a ired  gonads 
in  P sy c h re lp id ia  a n d  P en ia g o n e , in  contrast to 
th e  u n p a ire d  gonads in  the o th e r  genera (un­
know n  on ly  in  R h ip id o th u r ia ) ,  is one of the 
fea tu res p o in tin g  to  an  o rig ina l position  of these 
tw o g enera  w ith in  th e  family.

T h e  u n p a ire d  g o n ad  is p robab ly  always the 
le ft one. (D ue to  a  strong  red u c tio n  of th e  dorsal 
m esentery  its p o sitio n  canno t always be estab­
lished).

T h e  g onads u sua lly  consist o f clusters o f tubules 
o p en in g  in to  a d u c t o f varying length . A deviating  
type is fo u n d  in  th e  two closely re la ted  genera 
K o lg a  a n d  I r p a ,  in  w hich  the gonads consist of a
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ram ified  d u c t e n d in g  in  lo n g  a n d  s len d er fertile  
tubules.

I n  ag reem en t w ith  th e  sm all size a tta in e d  by 
the  eggs, th e  ovaries resem b le  th e  testes in  ex ter­
n a l m orphology.

Conclusion

T h e  p resen t in v es tig a tio n  c o n firm e d  th e  view 
th a t th e  calcareous deposits  g en e ra lly  p rov ide  the  
best taxonom ic  characters. H ig h e r  categories such 
as th e  su b o rd e r  P sy ch ro p o tin a  a n d  th e  fam ily 
L ae tm ogon idae w ith in  th e  su b o rd e r  D e im atin a  
a re  characterized , in  p a r tic u la r , by  th e ir  deposit 
type. D ifferences b e tw een  species a re  o ften  m ost 
clearly  show n by  th e ir  deposits, a lth o u g h  d iffe r­
e n t species m ay h av e  id e n tic a l deposits. T h e  in ­
traspecific v a r ia tio n  is o ften  g rea t, a n d  in  m any 
species a  geograph ic  a n d  local v a r ia tio n  can  be 
d istinguished .

D ifferences in  n u m b e r, shape, a n d  arrange­
m en t of tu b e fee t a n d  p a p illa e  m ay  sim ilarly  
d istingu ish  fam ilies, genera , species, a n d  in tra ­
specific categories. F o r  th e  analysis o f in traspec i­
fic v a ria tio n  n u m e rica l d iffe rences a re  especially 
im p o rtan t, as th is  type  o f  v a r ia tio n  is generally  
q u an tita tiv e  ra th e r  th a n  q u a lita tiv e  in  character. 
N um erical characters in  h o lo th u r ia n s  a re  p rac ti­
cally on ly  p ro v id ed  by  th e  n u m b e r  o f am bu lac ra l 
appendages a n d  by  th e  spoke n u m b e r  in  th e  
w heel-shaped deposits.

T h e  n u m b e r a n d  sh ap e  of th e  ten tacles m ay 
d istingu ish  genera  a n d  species g roups w ith in  
genera, b u t  a re  gen era lly  of l i t t le  v a lu e  in  char­
acteriz ing  species. A  ju v e n ile  te n tac le  n u m b e r 
(10-12) d istingu ishes th e  E lp id iid ae .

D ifferences in  bo d y  shape, in c lu d in g  b rea d th  
of la te ra l b r im  a n d  sh ap e  a n d  size o f velum , 
d ep en d  o n  th e  degree o f c o n tra c tio n  a n d  state 
of p reserva tion  a n d  sh o u ld , the re fo re , b e  used 
w ith  rese rva tion  in  species d istinctions.

A h igh ly  d istensib le  rec tu m  w ith  a  caecum  is 
found  in  m ost genera  o f  E lp id iid ae . T h e  absence 
of th e  caecum  in  th e  p r im itiv e  genera  P sych fe l-  
p id ia  an d  P e n ia g o n e  suggests th a t  th e  caecum  is 
a specialized fea tu re  d eve loped  in  th is family. 
T h e  caecum  m ay serve to  increase th e  specific 
gravity  of these ex trem ely  b u o y a n t an im als, thus 
p rev en tin g  th e m  from  b e in g  sw ept from  the 
bottom .

T h e  dorsal a tta c h m e n t o f th e  w hole m esentery 
characterizes th e  o rd e r  E lasipoda. D ifferences in

th e  course of th e  m esen tery  w ith in  th e  E lasip o d a  
a re  w ith o u t tax o n o m ic  significance.

T h e  ex te rn a l m o rp ho logy  o f th e  gonads m ay 
b e  characteristic  o f g ro u p s of species, a n d  even  of 
a  fam ily (D eim atidae). H ow ever, th e ir  d iffe re n t 
appearance  acco rd ing  to  th e  degree o f r ipeness 
m akes th e  d em o n s tra tio n  o f species d ifferences 
dou b tfu l.

B. BIOLOGY 

Feeding

T h e  increasing  d o m in a n ce  o f  th e  h o lo th u r ia n s  
w ith  d ep th  is acco u n ted  fo r by  deposit-feed ing  
forms. T h e  filte r-feed ing  o rder, D en d ro ch iro ta , is 
alm ost en tire ly  absen t in  th e  d eep  sea. T h e  facul­
ty  o f the  h o lo th u r ia n s  o f ingesting  la rge am o u n ts  
o f sedim ent, com b in ed  w ith  th e ir  low  food re ­
q u irem en ts  d u e  to  th e ir  low  c o n te n t o f o rgan ic  
m atte r, m akes th is g ro u p  w ell f itte d  fo r subsisting  
on  th e  n u tr ie n t-p o o r  deep-sea sedim ents.

T h e  m a jo rity  o f th e  deep-sea h o lo th u r ia n s  
seem to  sp en d  th e ir  life  u p o n  th e  su rface  of the  
bo ttom , a n d  n o t b u r ie d  w ith in  it. T h is  is suggest­
ed  by th e ir  v en tra lly  tu rn e d  ten tac le  crow n an d  
th e ir  fla tten ed  v en tru m , a n d  i t  has in  rec en t tim e 
been  con firm ed  by deep-sea p h o to g rap h y . T h e  
surface-dw elling  h o lo th u r ia n s  in c lu d e  p ro b ab ly  
th e  w hole o rd e r  E lasipoda, m ost o f th e  Synallac- 
tidae, a n d  H a d a lo th u r ia ,  th e  on ly  h a d a l rep resen ­
ta tive  of th e  o rd e r  M olpadon ia . H a d a lo th u r ia , 
w hich differs from  o th e r  M o lp ad o n ia  in  h av in g  
a v en tra lly  tu rn e d  ten tac le  crow n, has been  
ph o to g rap h ed  craw ling  o n  th e  b o tto m  (Lem che 
e t al. in  press).

A  surface-dw elling  h a b i t  seems to  o ffe r a  p a r ­
ticu la r ad v an tag e  in  th e  d eep  sea w here  th e  n u ­
tr ien ts  a re  p rese n t as a  th in  surface layer o f th e  
sedim ents a n d  w here  i t  m ay b e  necessary to  
cover a  la rge  area  in  search  o f food. L ife  u p o n  
th e  surface is favou red  by th e  scarcity  o f ca rn i­
vores, in  p a r tic u la r  o f fishes. T h e  la tte r  a re  likely 
to  rep resen t th e  ch ief p o te n tia l enem ies of ho lo ­
thurians.

T h e  h ighest degree of a d a p ta tio n  fo r feed ing  
o n  large am o u n ts  o f  sed im en t is rea ch ed  by  th e  
E lp id iidae . M any  o f these have  th e  low est con­
te n t of o rgan ic  m a tte r  in  a ll ech inoderm s a n d  
th e ir  a lim en tary  canal is o ften  excessively devel­
oped. T h e ir  enorm ous d o m in an ce  in  th e  trenches 
is in  ag reem ent w ith  th e  la rge  supp ly  o f sedi­
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m ents to  th is  env ironm ent. I t  is in te res tin g  th a t 
o n e  of th e  d o m in a tin g  h ad a l species, S co to p la n es  
g lo b o sa  (or its close relative, S. c la rk i)  is also 
a b u n d a n t in  th e  m uch  shallow er San D iego 
T ro u g h  (d ep th  930-1420 m) w here  sim ilar sedi­
m e n ta ry  cond itions prevail. T h is  tro u g h  re ­
ceives la rge  am oun ts of sed im en t th ro u g h  the 
canyons tran sec tin g  the  so u th ern  C alifo rn ia  con­
tin e n ta l b o rd erlan d . B athyscaphe observations 
(B arham  e t al. 1967) showed th a t  S co to p la n es  was 
p a rticu la rly  a b u n d a n t (up  to  15/m 2) a t  th e  base 
o f th e  canyons w here sedim ents accum ulated .

T h e re  is also evidence th a t  th e  dom inance of 
E lp id ia  a t  h a d a l dep th s is co n d itio n ed  by a rich  
su p p ly  o f sed im ents (p. 173).

Sokolova (1958) p o in ted  o u t th a t  differences in  
th e  shape o f th e  ten tacle discs a re  likely to  be 
co rre la te d  w ith  a  d iffe ren t degree of selectivity 
in  food u p ta k e  -  tentacles w ith  w ell-developed 
m a rg in a l processes on  th e  discs (e. g. E lp id ia )  
b e in g  ab le  to  p ick  u p  single food  particles from  
th e  bo tto m , w hile  tentacles w ith  m ore u n d iffe r­
en tia te d  discs (e. g. P sychropo tes)  convey th e  sur­
face layer of th e  sedim ent in d iscrim inate ly  to  th e  
m o u th . D ifferences in  type of in te stin a l con ten t 
co rre la ted  w ith  the  d iffe ren t types of ten tacle 
w ere, how ever, n o t dem onstrated .

Sam ples of th e  co n ten t of the  an terio rm ost p a rt 
of th e  g u t in  16 species o f E lasipoda from  the 
G a la th ea  (belonging  to  all fo u r b en th ic  fam ilies 
a n d  rep resen tin g  th e  d iffe ren t types of ten tacle 
fo u n d  in  th e  order) likewise failed  to  reveal any 
co rre la tio n  betw een  ten tac le  type a n d  type of 
in te s tin a l con ten t. T h e  in te stin a l co n ten t was 
m ostly  fine-g rained  an d  u n d eterm in ab le , except 
fo r scattered  fo ram in iferan  shells. T h e re  was n o  
in d ic a tio n  th a t  the  E lasipoda are  ab le to  select 
sm alle r an im als, e. g. sm all crustaceans o r m ol­
luscs.

A  selectivity  in  food u p tak e  is suggested n o t 
on ly  by  th e  d iffe ren t shape of th e  tentacles, b u t 
also  by  the  d iffe ren t degree o f filling  of th e  
in te s tin e  in  species liv ing o n  th e  sam e type of 
sed im ent. T h u s , in  A m p e r im a  naresi, S co top lanes  
g lobosa , a n d  S. c la rk i the  in te s tin e  was so stuffed 
w ith  b o tto m  m ateria l th a t i t  occupied  th e  en tire  
coelom ic cavity, w hile in  E lp id ia  g lacia lis  (taken 
s im ultaneously  w ith  th e  tw o form er species) the 
in te s tin e  was m uch  less filled. T h is  suggests a 
h ig h e r n u tr it iv e  value of th e  m a te ria l ingested 
by E . g lacia lis , w hich is in  agreem ent w ith  the  
fact th a t  its tentacles a re  m ore specialized th a n

those o f  th e  o th e r  species m en tioned . T h e  ten ­
tacles o f E lp id ia ,  w ith  th e ir  long  d ig itifo rm  p ro ­
cesses, m ay  b e  cap ab le  o f selective feeding, for 
in stance by  av o id in g  the  ingestion  of la rg e r p a r­
ticles devo id  o f  n u tr itiv e  value. O n  th e  o ther 
h a n d , th e  su p p o sed  differences in  th e  n u tr itiv e  
va lue  of th e  in g ested  sed im ent m ay also be due 
to  th e  E lp id ia  specim ens grazing on patches on  
th e  sea flo o r w ith  a n  especially rich  flo ra o f bac­
te ria  (L em che e t  a l. in  press).

Reproduction

1. In tro d u c to ry  rem arks.
T h e  ta x o n o m ic  significance of th e  v a ria tio n  in  
e x te rn a l m o rp h o lo g y  of th e  gonads is considered 
elsew here (pp . 194-195). T h e  present c h ap te r deals 
w ith  th e  rep ro d u c tiv e  biology of the  species, w ith  
special re g a rd  to  th e  follow ing aspects:

(1) D ev e lo p m e n ta l types, as in d ica ted  by the 
egg size. V ery  l i t t le  d irec t in fo rm atio n  is availab le 
on  th e  type o f  la rv a l developm ent in  deep-sea 
an im als. M o rten sen  (1921) rea red  pelagic larvae 
from  specim ens o f th e  ech ino id  L a g a n u m  d ip lo -  
p o ra  ta k en  a t  a  d e p th  of 800 m  off Ja p an . H e 
m a in ta in e d  (w ith o u t sta ting  th e  egg diam eter) 
th a t  “ju d g in g  from  th e  character of the  eggs, 
m any  o th e r  deep-sea form s m ust have pelagic 
la rv ae” (1. c., p . 249).

As h a rd ly  an y  d irec t observations exist, con­
clusions re g a rd in g  developm ental types have to 
b e  m ade  from  th e  egg d iam eter a tta ined . T h o rso n  
(1952) fo u n d  th a t  in  litto ra l-sub litto ra l echi- 
noderm s eggs m easu ring  0.04—0.15 m m  yield 
p la n k to tro p h ic  larvae, w hereas eggs m easuring  
0.18-1.00 m m  yield  le d to tro p h ic  larvae. Eggs of 
in te rm e d ia te  size le ad  to  e ith er of the  tw o types, 
o r to  a co m b in a tio n  of bo th .

S choener (1972) com pared  the n u m b er a n d  size 
o f th e  eggs in  five species of deep-sea oph iu ro id s 
w ith  those  o f shallow  w ate r spedes w ith  know n 
type o f d eve lopm en t. O ne O p h iu ra  l ju n g m a n i  
(d ep th  2178 m ) co n ta in ed  93000 eggs, w ith  a 
m ax im u m  d ia m e te r  o f 0.08 mm. A ccording to  
Schoener, b o th  n u m b e r  an d  size ind ica te  th a t  the  
species has  pelag ic  larvae. T h e  rep roductive  
h ab its  o f th e  o th e r  fo u r species w ere less certain .

A  le c ito tro p h ic  developm ent does n o t exclude 
th e  possib ility  o f a  p lank ton ic  stage. T h u s , the 
la rv a  o f P so lu s  p h a n ta p u s , em erging from  0.59 
m m  la rge eggs, has been  taken  in  th e  p lan k to n  
(T h o rso n  1946).
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O ckelm ann  (1965) s im ila rly  d em o n stra te d  the  
presence of th re e  types o f la rv a l d ev e lopm en t in  
m a rin e  bivalves, each  type co rresp o n d in g  to  a 
d e fin ite  in te rv a l in  egg size: 1) p la n k to tro p h ic  
deve lopm en t (egg size 0.040-0.085 m m ); 2) lecito- 
tro p h ic  dev e lo p m en t w ith  a  sh o r t pelag ic stage 
w hich  is in d e p e n d e n t o f  food  u p ta k e  from  the  
p la n k to n  (egg size 0 .09-0.14 m m ); 3) d irec t devel­
opm ent, o ften  com bined  w ith  b ro o d  p ro tec tio n  
(egg size 0.15—0.20 m m ).

T h e  second type of d ev e lo p m en t p red o m in ate s  
am ong  th e  b ivalves o f th e  d ee p  sea (O ckelm ann  
1965, K nudsen  1970). A  d irec t dev e lo p m en t seems 
to  be ra re , a n d  b ro o d  p ro te c tio n  even m o re  so.

(2) H isto logy  o f th e  gonads in  re la tio n  to  sexual 
phase. H isto log ica l changes in  th e  gonads in  con­
n ec tio n  w ith  th e  sexual cycle h av e  b ee n  described  
in  d e ta il fo r various su b litto ra l species of echi- 
no ids a n d  asteroids.

G ia rd  (1877) observed, in  th e  gonads of sea 
urch ins, a  p ec u lia r  type o f la rg e  n u tr it iv e  cells 
p ro life ra tin g  in to  th e  lu m e n  o f th e  gonads a fte r 
spaw ning. E ach cell co n ta in e d  a  large vacuole 
(erroneously  in te rp re te d  as a  h y p e rtro p h ie d  n u ­
cleus) a n d  a n u m b e r  o f sm all cy toplasm ic globules 
of reserve w hich  w ere  la te r  u tilize d  by  th e  grow ­
in g  gam etocytes.

C au lle ry  Sc Siedlecki (1903) a n d  C au lle ry  (1925) 
fo u n d  th a t n o t on ly  d id  these v acu o la ted  cells 
perfo rm  a n u tr it iv e  fu n c tio n , b u t  they  w ere  also 
phagocytic, ingesting  th e  eggs a n d  sperm  w hich  
rem a in  in  th e  gonads a f te r  each  spaw ning.

T h e  nu tritive-phagocy tic  cells have  subseq u en t­
ly been  d em o n stra ted  in  m a n y  species of echi- 
no ids a n d  m ay b e  un iv ersa lly  p resen t in  th is  
class. H o lla n d  Sc G iese (1965), by  m eans of an  
a u to ra d io g rap h ic  tech n iq u e , ex am in ed  th e  h is­
to logical changes in  th e  gonads o f S tro n g y lo cen -  
tro tu s  p u r p u r a tu s ,  in c lu d in g  th e  fu n c tio n a l re la ­
tions of th e  n u tr itiv e  phagocytes.

T h e  n u tr it iv e  phagocytes, a f te r  p ro life ra tio n  
in to  th e  lu m en  of th e  em p ty  gonads, increase in  
size d u e  to  th e  d eve lopm en t o f a  large vacuole 
an d  th e  accu m u la tio n  o f cy top lasm ic g lobules of; 
reserve. C o n cu rren tly  w ith  th e  tran sfe r o f n u tr i­
ents from  th e  cytoplasm ic g lobu les to  th e  sexual 
cells, th è  n u tr itiv e  phagocytes sh rink , a lth o u g h  
th e ir  vacuoles a re  u sua lly  re ta in ed . T h e  tissue in  
the  d eg lo b u la ted  phase has a  ne t-like  appearance  
a lth o u g h  i t  p ro b ab ly  s till consists o f in d iv id u al, 
vacuo la ted  cells.

N u tr itiv e  phagocytes a re  also com m only pres­

e n t in  th e  gonads of astero ids (C ognetti & Dela- 
v au lt 1962). H ow ever, in  som e species they a p p e a r  
to  be absen t, th e ir  n u tr itiv e  fu n c tio n  b e in g  tak en  
over by  n u tr ie n ts  s to red  in  th e  py loric  caeca 
(Pearse 1965, M auzey 1966).

Seasonal changes in  th e  gonads of th e  holo- 
th u r ia n  S tic h o p u s  ja p o n ic u s  w ere described  by  
T a n a k a  (1958). A lth o u g h  n o  m e n tio n  w as m ade  
of a  nu tritive-phagocy tic  tissue, its  presence is 
in d ic a ted  in  a  p h o to g ra p h  o f th e  ovary in  th e  
“recovery stage” (1. c„ pi. I :  2).

(3) R ep ro d u c tiv e  p erio d ic ity . T h is  ca n n o t be 
conclusively d em o n stra te d  w ith o u t sam ples from  
one locality  th ro u g h o u t th e  year. T h e  m ateria ls  
collected by  th e  various deep-sea exped itions are, 
therefore, n o t w ell su ite d  fo r such a n  ex am in a­
tion , a n d  i t  is n o t su rp ris in g  th a t  li t t le  in fo rm a­
tio n  on  th is sub jec t can  b e  g a th ered  from  the  
lite ra tu re .

In  a  p o p u la tio n  of th e  sea u rc h in  A llo c e n tr o tu s  
frag ilis , from  c. 150 m  d e p th , B oo loo tian  e t al. 
(1959) d em o n stra ted  a  d is tin c t breeding-cycle, 
p ro b ab ly  co rre la ted  w ith  p la n k to n ic  la rvae u tiliz ­
in g  a p h y to p la n k to n  b loom . T h is  species occurs 
dow n to  840 m , b u t  i t  is n o t  kn o w n  w h e th e r the  
rep roductive  p erio d ic ity  ap p lies  to  th e  w hole 
d e p th  range o f th e  species.

M adsen (1961b) sta ted  th a t,  a lth o u g h  varia tio n s 
in  th e  a n n u a l food  su p p ly  to  th e  b o tto m  m igh t 
induce  a  rh y th m ic  sp aw n in g  in  deep-sea an im als, 
th e re  was s till n o th in g  to  in d ica te  th a t  th is 
really  takes place. A n  ex a m in a tio n  o f th e  gonads 
o f th e  P orce llanas teridae  suggested th a t  they  p ro ­
duce eggs th ro u g h o u t th e  year.

W olff (1962), o n  th e  o th e r  h a n d , in  a m a te ria l 
o f N o rth  A tla n tic  b a th y a l a n d  abyssal isopods, 
found  th a t  th e  la rge  m a jo r ity  o f th e  fem ales h a d  
feebly developed  b ro o d  sacs. T h e  fact th a t the 
specim ens w ere tak en  m a in ly  d u r in g  th e  sum m er 
season in d ic a ted  th a t  m ost o f  th e  species develop 
th e ir  young  d u r in g  th e  w in te r  m onths. W olff 
suggested th a t th is  p e rio d ic ity  of spaw ning  was 
du e  to  th e  o rig in  of th e  N o rth  A tla n tic  deep-sea 
isopods from  A rc tic  shallow  w ate r forms.

G eorge Sc M enzies (1967) suspected a  rh y th m ic  
spaw ning  a t  b a th y a l a n d  abyssal dep th s in  th ree  
A n tarc tic  species o f th e  isopod  genus S to r th y n -  
gura . H ow ever, too  few specim ens w ere exam ined  
to  p e rm it re liab le  conclusions.

Schoener (1968) p ro d u ce d  evidence f o ra  w in te r 
spaw ning  in  tw o N o rth  A tla n tic  species of abyssal 
oph iu rans. Sam ples tak en  d u r in g  th e  w in te r  con­
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ta in ed  a d u l t  specim ens w ith  w ell-developed 
gonads, w h ile  sum m er sam ples from  the  sam e 
locality  co n ta in ed  a d u lt specim ens w ith  feebly 
developed  gonads toge ther w ith  ju v en ile  speci­
m ens.

S anders & H essler (1969), on  th e  o th e r  h an d , 
fo u n d  in d ica tio n s of a  con tinuous rep ro d u c tio n  
th ro u g h o u t th e  year in  th e  bivalve N u c u la  can - 
ce lla ta  a n d  in  a species o f th e  isopod  genus 
I lya ra ch n a , b o th  from  bathyal dep ths in  the  
N o rth  A tlan tic .

2. T h e  m a te ria l exam ined.
T h e  histo logy  of th e  gonads was exam ined  by 
m eans o f sections of 23 specim ens, belong ing  to  
10 species o f D eim atidae, Psychropotidae, an d  
E lp id iid ae . T h e  purpose was a com parison w ith  
th e  cond itions know n from  various shallow -w ater 
ech inoderm s (the gonadal histology of deep-sea 
ech inoderm s has n o t previously  been  exam ined). 
A large-scale ex am in a tio n  of the  h isto logical 
changes in  th e  gonads accom panying the  d iffe ren t 
sexual phases has n o t been  attem p ted . T h e  resu lts 
o f such an  ex am ina tion  w ould  b e  o f d o u b tfu l 
v a lue  in  th e  absence of sam ples taken  from  the  
sam e p o p u la tio n  a t  d iffe ren t seasons. F o r the  
sam e reason, no  m easurem ents w ere m ade o f the 
size d is tr ib u tio n  of the  eggs in  each ovary.

T h e  m ax im u m  egg size was estab lished  in  re ­
presen tatives o f all the  four b en th ic  fam ilies of 
E lasipoda.

T h e  resu lts p e rm it on ly  few conclusions reg a rd ­
in g  th e  presence o r  absence of a  rep roductive  
period icity . A n  aperiod ic  egg p ro d u c tio n  is sug­
gested w here  th e  m ax im um  egg size varies con­
spicuously from  on e  specim en to  ano ther. O n  the  
o th e r  h an d , th e  presence of a  rep roductive  p e r i­
od ic ity  can n o t w ith o u t fu rth e r  p ro o f be con­
c luded  from  th e  presence of eggs of m axim um  
size in  a ll th e  fem ales o f a p o p u la tio n .

D eim atidae . T h e  eggs reach  a d iam eter o f 0.8-0.9 
m m  in  b o th  D e im a  v a lid u m  a n d  O n c iro p h a n ta  
m u ta b ilis .  I n  O . se tigera  an d  O rp h n u rg u s  g la b er  
th e  eggs m easured  u p  to  0.3 m m ; b u t these eggs 
m ay n o t rep resen t the  m ax im um  size in  the  spe­
cies -  th e  m a te ria l com prising  only  two a n d  one 
a d u lt  fem ales, respectively.

D e im a  v a lid u m .  O f the  to ta l o f 19 specim ens 
from  th e  w estern  In d ia n  O cean, 12 h a d  em pty  
gonads w ith  th in  an d  tran sp a ren t walls. T h ese

specim ens, 2 .3-12.0  cm  long, p robab ly  com prised 
juveniles, as w ell as a d u lt  m ales an d  females in  
a n  inactive sexual phase. In  the rem ain in g  seven 
specim ens eggs co u ld  b e  seen on  ex terna l inspec­
tio n  of th e  ovaries. T h e  eggs varied  in  m axim um  
size from  on e  specim en  to  an o th er (T ab le  18).

T a b le  18. D e im a  v a lid u m .  M ax im um  egg size in  
th e  egg-bearing fem ales from  the  In d ian  Ocean.

Station
Length of 
specimens 

cm

Maximum 
egg size 

mm

190 5.0 0.1
193 8.0 0.8
217 5.0 0.4
234 6.0 0.1
- 11.0 0.6

235 9.0 0.4
279 5.0 0.1

I n  a ll these fem ales th e  eggs w ere few a n d  very 
spaced in  position . W h ile  ovaries w ith  eggs n o t 
exceeding  0.1 m m  in  d iam eter m igh t be a t the 
onset o f a new  sexual phase, ovaries w ith  scattered 
eggs of la rger size w ere p ro b ab ly  a t a post-spawn­
in g  stage, w ith  a  few  unspaw ned  eggs rem aining.

N o n e  o f th e  gonads w ith  sexual products were 
testes. A p p aren tly , a ll th e  a d u lt m ales w ere in  
a n  inac tive  sexual phase.

T h e  fact th a t a ll th e  specim ens from  th e  west­
ern  In d ia n  O cean  w ere em ptied  of sexual p ro ­
ducts (w ith the  ex cep tio n  of some re lic t ova in  a 
few specim ens) o r  w ere a t th e  very beg inn ing  of 
egg deve lopm en t suggests a period icity  of spaw n­
ing. T h e  specim ens w ere a ll taken  d u rin g  a 
rela tively  sh o rt p e r io d  (3.II-10.IV ).

H isto log ical ex a m in a tio n  was m ade of the 
ovaries o f fo u r specim ens w ith  d iffe ren t maxim um 
egg size: 0.1 m m  (St. 234), 0.4 m m  (St. 235), 0.6 
m m  (St. 234), a n d  0.8 m m  (St. 193).

I n  th e  ovary w ith  eggs u p  to  0.1 m m  all the 
eggs w ere a ttac h ed  to  the  ovarian  wall, being 
covered w ith  th e  in n e r  ep ith e liu m  of the  gonad. 
T h e  lum en  of th e  g o n ad  was em pty, except for 
the  presence of inconsp icuous patches of a re ticu ­
la r  tissue, p ro b ab ly  rep resen tin g  rem nan ts o f a 
nu tritive-phagocy tic  tissue sim ilar to  th a t found  
in  ech ino id  an d  as te ro id  gonads.

I n  the  ovaries w ith  eggs u p  to  0.4 an d  0.6 m m  
(PI. X II I :  1—2) som e o f th e  la rger eggs w ere loose
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in  th e  lu m e n  o f th e  gonad . M ost o f th e m  w ere 
necro tic , w ith  th e  yolk  m o re  o r  less vacuo la ted  
a n d  c o n ta in in g  fine, b aso p h ilic  g rains, a n d  w ith  
d is in teg ra ted  nucle i. M any  of these eggs w ere 
in v ad ed  by  phagocytes e i th e r  a t  th e ir  periphery , 
o r  th ro u g h o u t. T h e  phagocytes h a d  conspicuous, 
basoph ilic  nuc le i a n d  a v acuo la ted  cytoplasm . 
Patches of a  re tic u la r  tissue w ere  p resen t in  these 
gonads also.

In  th e  ovary  w ith  eggs u p  to  0.8 m m  th e re  was 
p rac tica lly  n o  phagocytosis o f eggs. Patches o f a 
re ticu la r  tissue w ere p resen t, especially a t th e  
d ista l e n d  o f th e  g o n ad a l tube.

D e im a  v a l id u m  th u s  agrees w ith  the  ech inoids 
a n d  m ost o f th e  astero ids in  th e  ro le  p layed  by  
the n u tr it iv e  phagocytes. T h e se  cells f irs t ingest 
the  re lic t ova a n d  a fte rw ards change  in to  a re tic u ­
la r  tissue occupy ing  p a r t  o f th e  lu m en  of the  
gonad.

T h e  lively  phagocytosis o f th e  eggs in  two of 
the  th ree  ovaries w ith  sca tte red  la rge eggs confirm s 
th a t these ovaries w ere  in  a  post-spaw ning  phase.

O n e iro p h a n ta  m u ta b il is  m u ta b il is . T h e  21 
specim ens ex am in ed  com prised  12 fem ales (4 .0-
10.0 cm long), a ll o f w h ich  co n ta in e d  eggs (T ab le  
19), 8 m ales (5.0-10.0 cm  long), a n d  on e  specim en 
(5.0 cm long) w ith  feebly  developed  gonads, in ­
d e te rm in ab le  to  sex o n  ex te rn a l in spection .

T a b le  19. O n e ir o p h a n ta  m u ta b il is  m u ta b il is .  
M ax im u m  egg size in  th e  G a la th ea  specim ens.

Station
Length of 
specimens 

cm

Maximum 
egg size 

mm

192 8.0 0.8
- 9.0 0.9

217 10.0 0.5
654 4.0 0.07
- 6.5 0.3
- 7.5 0.8
- 7.5 9-9
- 7.5 6.9 j

663 5.5 0.05 '
664 5.5 0.2
- 6.0 0.15
- 7.0 0.5

B oth  in  th e  w estern  In d ia n  O cean a n d  th e  
K erm adec T re n c h  th e  eggs reach  a d iam ete r of 
0.9 m m . S exual ripeness seems to  b e  a tta in e d  a t

a  body  size o f 7.5 cm. W h ile  five of th e  six speci­
m ens m easu rin g  7.5-10.0 cm  h a d  eggs u p  to  0.9 
m m  in  d iam eter, th e  six  specim ens m easuring  
4.0-7.0 cm  h a d  eggs o f sm alle r m a x im u m  size. 
T h e  la t te r  specim ens show  a n  increase in  egg size 
w ith  th e  size o f th e  specim ens, w h ich  confirm s 
th a t  they  a re  d ev e lo p in g  th e ir  f irs t b a tch  of 
eggs-

I n  th e  ovaries w ith  m a x im u m  egg size u p  to
0.2 m m  th e  eggs w ere  spaced  in  p o sitio n  on  th e  
o varian  w all. O varies w ith  m ax im u m  egg size 
of 0.3 m m  a n d  m o re  w ere  u sua lly  com pletely  
filled  w ith  eggs.

T h e  specim ens o f O n e ir o p h a n ta  m u ta b il is  thus 
fo rm ed  a  m a rk e d  co n tra s t to  those of D eim a  
v a lid u m ,  in  w h ich  o n ly  on e  o u t o f e igh t fem ales 
h a d  eggs rea ch in g  th e  m a x im u m  size in  th e  spe­
cies a n d  in  w h ich  n o n e  o f th e  ovaries w ere filled  
w ith  eggs.

H isto log ical ex a m in a tio n  w as m ade of th e  
ovary of the  specim en  fro m  St. 192 in  w hich  th e  
eggs m easured  u p  to  0.8 m m  in  d iam eter (PI. 
X II I :  3). Eggs u p  to  0.4 m m  in  d iam ete r w ere 
p resen t o n  th e  o v a ria n  w all. T h e  basoph ilic  egg 
m em brane  was s trong ly  developed  tow ards the  
o varian  w all, a n d  very  th in  tow ards th e  lum en, 
w here i t  was covered w ith  th e  in n e r  ep ith e liu m  of 
th e  ovary. Som e o f th e  eggs w ere crow ded w ith  
phagocytes. A ssem blages o f phagocytes, a p p a re n t­
ly from  eggs w ith  a  d is in te g ra te d  egg m em brane, 
w ere seen, in  som e places, to  pass g rad u a lly  in to  the 
fine  re tic u la r  tissue w h ich  filled  a  large p a r t of 
th e  o varian  lum en .

Eggs o f a  la rg e r size, a n d  som e of sm aller size, 
w ere fo u n d  loose in  th e  lu m e n  of th e  ovary. 
T h ese  eggs show ed n o  sign  o f phagocytosis o r  
d isin teg ration .

O n e iro p h a n ta  m u ta b il is  a ff in is .  A  to ta l o f 27 
specim ens from  St. 716, m easu rin g  4.0-9.5 cm, 
w ere exam ined . S pecim ens la rg e r th a n  5 cm 
cou ld  b e  d e te rm in e d  to  sex o n  ex te rn a l inspec­
tio n  of th e  gonads. T h e re  w ere 11 fem ales an d  
12 m ales -  b o th  sexes ra n g in g  in  size from  5.0 to  
9.5 cm.

As sta ted  p rev iously  (H an sen  1968) th e  speci­
m ens from  th is  s ta tio n  a re  rem ark ab le  in  hav ing  
in tra -o v a rian  b ro o d  p ro tec tio n .

T h e  young  ran g e d  in  size from  7 to  30 m m  
(T ab le  20). T h e  la rgest y o u n g  th u s approached  
th e  size of th e  sm allest free-living specim ens 
(40 m m ).



T a b le  20. O n e iro p h a n ta  m u ta b il is  a ffin is . N u m ­
b e r a n d  size of young  in  th e  fem ales from  St. 716.

Mother Young

Length
Number

Length
mm mm

50 0 _
55 0 —

60 0 -

70 6 7-8
75 0 —

75 2 so
80 2 13-24
85 4 16-19
90 0 —

90 8 15-19
95 1 10

T h e  ovaries w ith  n o  young  w ere sm all in  size 
(even in  th e  75 m m  long  specim en the tubu les 
w ere on ly  u p  to  2 m m  long). A n exception  was 
th e  90 m m  long  em p ty  specim en, in  w hich  the  
o v aria n  tubu les w ere u p  to  20 mm  long. T h is  
specim en was, p robab ly , in  a  post-spaw ning 
phase, w h ile  the  o th e r  em pty  specim ens w ere 
juven iles w hich h a d  n o t yet developed th e ir  first 
b a tch  o f young. I t  also d iffe red  from  the  o th e r  
specim ens by its la rge g en ita l o p en ing  -  a  fu rth e r  
in d ic a tio n  th a t i t  h a d  recen tly  b o rn e  its young.

Very scattered  eggs w ere p resen t on  th e  ovarian  
w all in  a ll the  specim ens w hich d id  n o t co n ta in  
an y  young. I n  th e  90 m m  long  specim en th e  eggs 
w ere u p  to  0.2 m m  in  d iam eter, w hile  in  the  
o th e r  em p ty  specim ens they  d id  n o t exceed 0.1 
m m .

T h e  fact th a t all th e  a d u lt  fem ales h a d  e ith e r  
la rge young  in  th e ir  ovaries, o r  h a d  recently  
b o rne , suggests a rep roductive  period ic ity  a t  th is 
locality . T h is  was fu rth e r  su p p o rted  by th e  h isto ­
logical exam ina tion  o f th e  gonads (see below). 
G a la th ea  St. 716 was s itu a te d  b en e a th  th e  Costa 
R ica  D om e w here a n  in tense  upw elling  takes 
p lace from  D ecem ber to  M ay (Sm ith 1968). T h e  
specim ens w ere taken  a t th e  en d  of th e  upw elling  
season (on M ay 6), w h ich  ind icates th a t th e  devel­
o p m e n t o f th e  young  is correla ted  w ith  a  p e rio d  
o f a r ic h  p ro d u c tio n  in  th e  surface p lank ton .

T h e  young  in  th e ir  first stages possibly ea t u p  
th e  undeve lop ing  eggs. B u t since n o  eggs w ere 
fo u n d  in  the  exam ined  young-contain ing  ovaries 
th e  young  before they  are  7 m m  long  ap p a ren tly  
change to  n u tr ie n ts  secreted in to  the  ovary. T h e

young  are  n o t in  an y  w ay a ttach ed  to  th e  ovarian  
w all.

U sually , on ly  o n e  young is p resen t in  each 
sac. H ow ever, in  th e  fem ale w ith  eigh t young, 
five w ere co n ta in e d  in  th e  sam e sac. I n  a ll the 
ovaries som e sacs a re  em pty. T h e  young  in  each 
ovary  are  u sua lly  ra th e r  equal in  size, w hich 
ind ica tes th a t  they  a ll derive from  on e  fertiliza­
tion .

H is to lo g ic a l e x a m in a tio n  was m ade o f five 
ovaries a n d  on e  testis.

I n  th e  9.0 cm  lo n g  fem ale w ith  em p ty  ovaries 
th e  o varian  w all show ed conspicuous p ro lifera­
tions of large, h igh ly  vacuolated  cells w ith  clearly 
d e fin e d  nucle i a n d  d is tin c t cell b oundaries (PI. 
X II I :  4—5). T h e  vacuo la ted  tissue in  some places 
passed g rad u a lly  in to  th e  connective tissue of the  
o v aria n  w all; in  o th e r  places i t  was separated  
from  th e  connective  tissue by a d istinc t boundary . 
A p p aren tly , th e  vacuo la ted  cells p ro life ra te  from  
lim ite d  places a n d  sp read  from  th e re  over the  
rem a in in g  p a r t  o f th e  ovarian  wall. T h e  pro lifera­
tions a re  covered w ith  the  u n in te rru p te d  in n e r 
ep ith e liu m  o f th e  ovary.

T h e  ex trem ely  scattered  eggs w ere situated  
betw een  th e  v acuo la ted  tissue a n d  the  in n e r 
ep ith e liu m . T h e y  m easured  u p  to  0.2 m m  in  
d iam eter. T h e  b asoph ilic  egg m em brane was 
s trong ly  developed  tow ards the u nderly ing  vacuo­
la te d  tissue. M ost o f th e  larger eggs w ere invaded  
by phagocytes w ith  a  vacuo la ted  cytoplasm ; these 
cells a re  p ro b ab ly  id en tica l w ith  th e  vacuolated  
cells o f the  o v arian  w all. T h e re  was alm ost no  
trace  of th e  fine  re tic u la r  tissue w hich  was well 
developed  in  th e  specim en of O n e iro p h a n ta  m . 
m u ta b il is  from  St. 192.

T h e  lively phagocytosis o f the eggs indicates 
th a t  the  eggs d id  n o t  b e long  to  a new  batch.

I n  th e  specim en w ith  young m easu ring  7-8 
m m  th e  o v arian  w all likewise show ed pro lifera­
tions of v acuo la ted  tissue (PI. X III : 6). However, 
th e  cells h a d  to  som e degree d isin tegrated , the ir 
vacuoli b e in g  ru p tu re d . Some of th e  p ro lifera­
tions h a d  alm ost com pletely collapsed; th e ir  
ep ith e liu m , how ever, was u n in te rru p te d . M ost of 
the  few eggs re m a in in g  w ere invaded  by phago­
cytes (the  tw o eggs seen in  th e  p h o tog raph  are  not). 
T h e  re tic u la r  tissue h a d  com pletely d isappeared  
from  th e  lu m en  of th e  ovary.

In  th e  8.5 cm  lo n g  specim en w ith  young 16-19 
m m  lo n g  th e  p ro life ra tio n s h a d  alm ost com ­
p le te ly  co llapsed  a n d  con tained  practically  n o
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v acu o la ted  tissue (PI. X II I :  7). Phagocytes w ere 
p resen t in  th e  very  few eggs rem ain ing .

T h e  6.0 cm  lo n g  specim en  w ith  em pty  ovaries 
show ed w ell-developed  p ro life ra tio n s. As in  the 
specim en w ith  th e  sm allest you n g  th e  vacuo la ted  
cells o f th e  p ro life ra tio n s  h a d  som ew hat d isin te­
grated , b u t  n o n e  o f th e  p ro life ra tio n s  h a d  col­

lapsed.
I n  th e  5.5 cm  lo n g  fem ale  th e  o v arian  w all 

show ed n o  p ro life ra tio n s  o f v acuo la ted  tissue.
T h e  v ac u o la ted  tissue p ro b ab ly  acts as a  store 

w hich p rov ides n u tr ie n ts  fo r th e  g row ing  em bryos. 
I t  develops sh o rtly  a f te r  spaw n ing  a n d  collapses 
w ith  th e  g ro w th  o f th e  young. T h e  fact th a t  the 
p ro life ra tio n s  h a d  com plete ly  co llapsed  already 
in  th e  sections of th e  ovary  w ith  16-19 m m  long  
em bryos does n o t exc lude th e  possib ility  th a t  they 
are  s till p rese n t in  o th e r  p a rts  o f th e  ovary.

T h e  presence o f p ro life ra tio n s  w ith  som ew hat 
d is in teg ra ted  v ac u o la ted  cells in  th e  6.0 cm  long  
fem ale suggests th a t  th is  specim en was p rep a red  
for th e  d ev e lo p m en t o f a  b a tc h  of young, b u t had  
fa iled  to  ca rry  i t  th ro u g h  because o f its sm all size.

H isto log ica l sections o f a  9.0 cm  long  m ale 
show ed te s tic u la r  tissue in  th e  process o f phago- 

... cytosis (PI. X II I :  8 -9). Ingested  heads of sper- 
m atozoa w ere  p rese n t in  the  cy toplasm  of m any 
of th e  v acu o la ted  phagocytes, b u t  n o  free sper­
m atozoa w ere p resen t. T h u s , also  th e  testes a p ­
p ea red  to  b e  in  a post-spaw ning  phase.

T h e  d e v e lo p m e n ta l  stages o f  th e  y o u n g .  T h e  
presence of a g ra d u a l series o f young  rang ing  
from  7 to  30 m m  in  le n g th  m akes i t  possible to  
follow  th e  d ev e lo p m en t o f th e  d iffe ren t features. 
A lready  th e  sm allest you n g  possess a ll types of 
am b u lac ra l appendages.

T e n ta c le s .  O f th e  six  sm allest y o ung  (7-8 m m  
long) th re e  possessed 5 ten tacles, w h ile  th e  o ther 
th ree  possessed 2, 3, a n d  4 tentacles, w ith  sm all 
ru d im e n ts  o f a d d itio n a l ones. T h e  16-19 m m  
long  y o u n g  h a d  5-8  tentacles, w hereas th e  young 
m easu rin g  24 an d  30 m m  h a d  10. Since even the 
sm allest free-liv ing  specim ens h a d  20 tentacles, 
th e  increase  in  n u m b e r  from  10 to  20 takes p lic e  
a t a bo d y  size o f 30-40 m m .

T h e  discs o f the  ten tac les (PI. V III : 4) a re  d if­
fe ren t in  s tru c tu re  from  those of a d u l t  specim ens, 
hav in g  p a p illa e  o n  th e  surface a n d  incisions on 
the  m arg in . T h e  ten tac les p ro b ab ly  fu nction  as 
soon as they  a re  fo rm ed , ta k in g  u p  n u tr ie n t 
m a tte r  secreted  from  th e  o v arian  w all. T h is  m ay 
ex p la in  th e ir  d iffe re n t s truc tu re .

T u b e fe e t .  A ll th e  y o u n g  possessed tubefeet 
th ro u g h o u t th e  le n g th  of th e  th re e  v en tra l rad ii. 
E ven  in  th e  sm allest y o u n g  a t  least som e w ere 
p ro v id ed  w ith  sucking-discs. T h e  sm allest young 
h a d  a b o u t 5 m id v e n tra l a n d  5 p a irs  o f v en tro ­
la te ra l tubefeet. T h e  la rg e s t young  h a d  a b o u t 8 
m id v e n tra l a n d  14 p a irs  o f v en tro la te ra l tube­
feet.

P a p illa e . B o th  la te ra l  a n d  dorsal p ap illa e  in ­
creased in  n u m b e r  fro m  a b o u t 5 pa irs  o f each in  
the  sm allest to  7 p a irs  in  th e  la rgest young. W hile  
th e  sm allest you n g  h a d  low  con ica l pap illae , the  
tw o 30 m m  lo n g  ones h a d  p ap illa e  as lo n g  as in  
a d u lt specim ens.

D ep o sits . T h e  tw o 30 m m  lo n g  young  possessed 
irreg u la rly  b ran ch ed , d e lica te  rods in  th e  skin. 
T h e y  rep resen t th e  d eeper-ly ing  ram ifie d  spicules 
of a d u l t  specim ens; th e  o u te r, re ticu la ted  p lates 
w hich  form  a s tro n g  a rm o u r  of th e  sk in  in  a d u lt 
specim ens h a d  n o t y e t s ta rte d  th e ir  fo rm ation . 
(T h e  p la tes a re  fu lly  fo rm ed  in  40 m m  long  free- 
liv in g  specim ens). S tro n g  rods w ith  som ew hat 
irre g u la r  te rm in a l ram ific a tio n s  w ere  p resen t in  
th e  tu b efee t a n d  p ap illa e .

T h e  young  sm alle r th a n  30 m m  lacked  deposits 
a ltogether.

I n te s t in e  fo rm in g  a  s tra ig h t tu b e  in  th e  7-8  
m m  lo n g  young, b u t  a lre a d y  a t  a  size of 16 m m  
th e  in te s tin a l lo o p  beg ins its fo rm ation .

A lth o u g h  you n g  h a v e  n o t b een  fo u n d  in  any 
specim en o f O n e ir o p h a n ta  m . m u ta b il is , there 
a re  tw o features suggesting  th a t  b ro o d  p ro tec tion  
occurs also in  th is subspecies. F irstly , th e  m in im um  
size was 3.5 cm b o th  in  th e  C h a llen g er , G a la thea , 
a n d  E lta n in  specim ens, a n d  sm alle r specim ens 
have n o t been  rec o rd e d  from  an y  expedition . 
Secondly, th e  subspecies h as  a p p a ren tly  unusually  
lim ite d  m eans o f d isp ersa l, as ev idenced  by  the  
p ro n o u n ced  local v a r ia t io n  a t  St. 654 in  th e  Ker- 
m adec T re n ch .

L aetm ogon idae. C o nsp icuous differences in  egg 
size a re  fo u n d  in  th is  fam ily , w h ich  ind icates th a t 
d iffe ren t types o f la rv a l d eve lopm en t are rep re ­

sented.
L a e tm o g o n e  v io la cea . T h e  m a te ria l from  M i­

c h a e l Sars St. 76 consisted  of 18 fem ales (3.5-
12.0 cm long), 16 m ales (4.0-13.5 cm  long), an d  
five juveniles (2.2-S.5 cm  long) w h ich  could  n o t 
be de te rm in ed  to  sex o n  ex te rn a l inspection  of 
the  gonads. T h e  m a x im u m  egg si?e in  re la tio n  to  
body size was ex a m in e d  in  th e  18 fem ales (Fig.
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Fig. 97. Laetmogone violacea. Maximum egg diameter 
in relation to body length in 18 specimens from Michael 
Sars St. 76.

97). T h e  grow th of the  oocytes appears to  s ta rt 
a t  a  body leng th  of 5 cm, a n d  a lready  a t a  body 
len g th  of 6 cm  some of th e  eggs m ay have 
a tta in ed  the fu ll size of 0.4 m m . E x am in atio n  of
17 females from  o d ie r N o rth  A tlan tic  localities 
confirm ed th a t th e  m ax im um  egg size in  the spe­
cies is 0.4 mm. T h e  m a teria l d id  n o t perm it con­
clusions regard ing  the  presence o r absence of a 
rep roductive  periodicity .

L a e tm o g o n e  m acu la ta . T h e  specim ens from  
V a ld iv ia  St. 202 com prised five fem ales an d  th ree 
males; bo th  sexes ranged  in  size from  6 to  9 cm. 
A  m axim um  egg size of 0.15 m m  was fo u n d  bo th  
in  these specim ens an d  in  a specim en from  off 
T asm ania .

L a e tm o g o n e  fim b r ia ta . A  1.8 cm long  fem ale 
taken  off D u rb an  h a d  eggs u p  to  0.19 m m . T w o  
o th e r  exam ined females h a d  eggs of sm aller m ax i­

m u m  size.
B en th o g o n e  rosea. O f n in e  exam ined  N o rth  

A tlan tic  females (8-16 cm long) tw o h a d  eggs u p  
to  0.9 m m  in  d iam eter, a n d  five h a d  eggs u p  to
0.7-0.8 mm. T h e  size of 0.9 m m  p robab ly  rep re ­
sents the fu ll size. T h is  size was a tta in ed  already 
in  a n  8 cm long female.

P a n nych ia  m oseley i. T w o  exam ined  females 
(fragm entary) h ad  eggs u p  to  0.4 an d  0.8 mm.

T h e  results ind icate  a co rre la tion  betw een egg 
size an d  dep th  occurrence:

L a e tm o g o n e  m a cu la ta ,  0.15 m m  in  females from  
141-293 m  (to ta l d ep th  range  141-732 m).

L . fim b r ia ta , 0.19 m m  in  a fem ale from  412 m  
(to ta l dep th  range 164—1300 m).

L . vio lacea, 0.4 m m  in  females from  256-1300 
m  (total d ep th  range 256-1804 m).

P a n nych ia  m ose ley i, 0.8 m m  in  a fem ale from  
915-975 m  (to ta l d ep th  range 212-2598 m).

B en th o g o n e  rosea, 0.9 m m  in  females from  
2480 m  (total d ep th  range 1103-2480 m).

w 0.2'N
Eo
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T h e  m a te ria l does n o t perm it conclusions 
reg a rd in g  a  possib le in traspecific co rre la tion  
betw een  egg size a n d  dep th  occurrence. I n  L .  
vio lacea  th e  eggs reached  the  sam e size in  speci­
m ens from  256 m  an d  1300 m; th e  m ax im um  
egg size is n o t know n  in  specim ens from  the  
deeper p a r t  o f th e  d ep th  range (1300-1804 m).

Psychropotidae. A  very large egg size is charac­
te ristic  o f th is  fam ily.

B e n th o d y te s  typ ica . T h e  m axim um  egg size 
was ascerta ined  fo r  35 females taken  by th e  Gala- 

th ea  (T ab le  21).

T a b le  21. B e n th o d y te s  typ ica . M ax im um  egg size 
in  35 G ala thea  specimens.

Station
Length of 
specimens 

cm

Maximum 
egg size 

mm

186 7 1.6
_ 8 0.6

192 7 2.1
217 6 0.4
_ 6 0.4
_ 6 1.1
_ 7 1.6
_ 7 0.6
_ - 7 1.7
_ 8 0.5
_ 8 1.5
_ 8 2.1
_ 8 1.6
_ 9 0.6
_ 9 0.6
_ 9 0.2
_ 9 1.8
_ 10 1.9

281 9 0.5
299 5 0.2
_ 6 0.4
_ 6 0.6
_ 7 0.1
_ 7 0.3
_ 7 1.7
_ 8 0.1
_ 8 0.4
_ 8 0.2

575 7 1.5
_ 7 1.6
_ 7 2.2
_ 8 2.6
_ 9 3.0
_ 9 1.9
- 9 2.0

202



I t  is rem arkab le  th a t a ll th e  specim ens from  
St. 575 (T asm an  Sea) have eggs of la rge size, 
w hile  th e  specim ens from  St. 299 (Bay o f Bengal) 
have sm all eggs, w ith  th e  excep tion  of one speci­
m en  w ith  eggs u p  to  1.7 m m  in  d iam eter. T h is  
conspicuous difference in  egg size m ay b e  d u e  to  
a p eriod ic ity  of spaw ning  a t  these tw o localities. 
O n  the  o th e r  h a n d  the  g rea t v a ria tio n  in  m ax i­
m um  egg size a t St. 217 (w estern In d ia n  Ocean) 
is m ore consistent w ith  a n  ap e rio d ic  egg p ro ­
duction .

T h e  m ax im um  egg size fo u n d  in  th e  o th e r
species o f B e n th o d y te s  is: B . in cer ta ,  1.7 m m
(seven fem ales exam ined); B . lin g u a , 2.0 m m
(seven fem ales exam ined); B . sibogae , 1.9 m m
(four fem ales exam ined); B . sa n g u in o le n ta ,  2.2 
m m  (in L udw ig’s specim ens).

P sych eo trep h es ex ig u a . M ax im u m  egg size in  
th ree  fem ales from  the  G a la th ea :  St. 234 (10 cm 
long), 0.4 m m ; St. 234 (28 cm  long), 3.6 m m ; St. 
663 (30 cm long), 3.7 mm.

P sych ro p o tes  long icauda . T h e  d is trib u tio n  of 
the  m ax im um  egg size in  th e  24 fem ales from  th e

T a b le  22. P sych ro p o tes  lo n g ica u d a . M ax im um  
egg size in  the  G a la th ea  specim ens.

Station
Length of 
specimens 

cm

Maximum 
egg size 

mm

234 12 0.6
- 13 0.4

235 15 0.5
— 18 2.5

601 14 1.0
-  ' 18 3.0

663 6 0.3
- 10 0.5

■ - 11 0.3
- 14 0.5
- 16 0.9
- 19 4.0
- 20 4.4
- 23 3.£l

664 9 1.8
- 13 0.8
- 15 1.0
- 16 2.5
- 17 0.2
- 17 1.1
- 18 0.4
_ 18 4.1
- 19 4.0

716 21 0.7

G a la th ea  ind icates th a t  sexual ripeness is a tta in e d  
a t a body  len g th  (exclusive of th e  ta il) o f ab o u t
18 cm (T a b le  22).

T h e  m ax im u m  egg size found  in  the  species of 
P sych ro p o tes  w ith  corncob-shaped ovaries is: 
P. b e lya e v i, 3.6 m m  (five females exam ined); P. 
verrucosa ,  3.0 m m  (three females exam ined); P. 
depressa , 1.9 m m  (six females exam ined); P. 
sem p er ia n a , 0.5 m m  (four females exam ined).

T h e  eggs of th e  Psychropotidae are m u ch  la rger 
th a n  those of o th e r echinoderm s. In  b u lk , the 
eggs o f P sych ro p o tes  lo ng icauda  (diam . 4.4 m m ) 
surpass those of the h ith e r to  largest know n  eggs 
of ech inoderm s (diam . 1.0 mm) by 85 tim es.

T h e  fact th a t a 3.2 cm long  specim en o f P. 
lo n g ica u d a  was taken  in  a  pelagic n e t (pp. 124- 
125) suggests th a t th e  enorm ous egg size in  the  
P sychropotidae is a n  a d a p ta tio n  w hich  ensures 
a  long  pelagic developm ent in d ep en d en t o f food 
u p ta k e  from  th e  p la n k to n  -  thus an  a d a p ta tio n  
to  life in  th e  n u trien t-p o o r deep sea.

A  co rre la tio n  betw een  egg size a n d  d e p th  oc­
currence is in d ica ted  in  th is fam ily also. Eggs 
m easu rin g  3 -4  m m  in  d iam eter w ere fo u n d  in  the 
m ost p ronounced ly  abyssal species, w h ile  eggs of 
1.7-2.2 m m  w ere fo u n d  in  the  b a th y a l an d  
bathyal-abyssal species.

H isto log ical ex am in a tio n  was m ade of the 
ovaries o f fo u r specim ens, belonging  to  P sychro ­
p o te s  depressa , P . sem p eria n a , P . be lya ev i, an d  
B e n th o d y te s  typ ica .

T h e  w all o f th e  ovary in  the th ree species of 
P sych ro p o te s  consists o f a th ick  layer o f h igh ly  
vacuo la ted  cells. Scattered  in  th is vacuo la ted  
tissue a re  cells w ith  a strongly basoph ilic  nucleus 
a n d  a cytoplasm  stuffed  w ith  eosinophilic glo­
bules. I n  the  sections of th e  ovary of P . depressa  
(PI. X IV : 1-2) th e  g lobu la ted  cells w ere rep re­
sen ted  by d iffe ren t stages. I n  m ost of th em  the 
cytoplasm  form ed a  th in  layer a ro u n d  the  nucleus, 
b u t in  o thers th e  cytoplasm  h ad  increased in  b u lk , 
a n d  th e  nucleus h a d  becom e eccentric in  position . 
T h e  la tte r  cells w ere especially a b u n d a n t n e a r  
a n d  w ith in  eggs u n d e r  d isin tegration . A t a  la te r  
stage, vacuoli arise in  th e  cytoplasm , w h ile  the  
globules d isappear. T h e  cells in  th is vacuo la ted  
a n d  d eg lobu la ted  sta te  are p robab ly  id en tica l 
w ith  d ie  vacuolated  cells of the o v arian  w all, 
th e  tw o cell types rep resen ting  two phases of the 
nu tritive-phagocytic  tissue.

T h e  sections from  P . sem periana  an d  P . b e lya ev i 
(PI. X IV : 3-5) show ed a  vacuolated  tissue in te r­
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spersed w ith  cells w ith  eosinophilic globules; m ost 
of the  la tte r  cells h a d  a  w ell-developed cytoplasm . 
T h e re  w ere n o  transitiona l stages betw een  the 
g lobu la ted  cells a n d  th e  vacuo la ted  cells o f the 
ovarian  w all, a n d  the re  were no  eggs u n d e r d isin ­
teg ra tion .

In  P . b e lya ev i th e  g rea ter p a r t o f th e  vacuolated  
tissue h a d  undergone some d is in teg ra tion , re ­
sem bling th a t o f th e  vacuolated  tissue accom pany­
ing  th e  developm ent of th e  young  in  O neiro -  
p h a n ta  m u ta b il is  a ffin is .

T h e  a b u n d a n t developm ent of the  vacuolated , 
n u tr itiv e  tissue p robab ly  form s th e  basis o f the 
enorm ous size reached  by the eggs in  these spe­
cies.

T h e  sectioned ovary of B e n th o d y te s  typ ica  
show ed on ly  a feebly developed nutritive-phago- 
cytic tissue.

E lp id iidae . A  m ax im um  egg size of ab o u t 0.2 m m  
was fo u n d  in  E lp id ia  g lacia lis  (bo th  in  th e  Ker- 
m adec T re n c h  an d  in  the  B affin  Bay), Sco top la -  
nes g lobosa , S. c la rk i, A m p e r im a  naresi, a n d  P enia- 
g o n e  azorica. T h e  sm all d iam eter of the  ovarian  
tubu les ind icates th a t this egg  size is n o t appreci­
ably  surpassed in  o th e r elpidiids.

A lth o u g h  th e  eggs are  m uch  sm aller th a n  those 
of th e  o th e r  fam ilies o f ben th ic  E lasipoda, they 
are still so large th a t a lecito trophic developm ent 
is to  be expected.

3. C onclusion.
T h e  egg size varies greatly  w ith in  th e  E lasipoda, 
b u t even th e  sm allest eggs p ro b ab ly  p roduce 
lecito troph ic  larvae. C onspicuous differences in  
egg size a re  p resen t betw een the  fam ilies: Deim a- 
tidae, (0.3-)0.9 m m ; Laetm ogonidae, 0.15-0.9 
m m ; Psychropotidae, 1.7-4.4 m m ; E lp id iidae , 0.2 
m m . In  L aetm ogonidae an d  P sychropotidae a 
co rre la tion  was found  betw een egg size a n d  d ep th  
occurrence. T h e  eggs of the  Psychropotidae, 
w hich  in  b u lk  surpass the  largest h ith e r to  know n 
ech inoderm  eggs by u p  to  85 tim es, m ay enable 
the  juveniles to  spend a long  pelag ic / life in ­
d ep e n d en t o f food u p take  from  th e  p lan k to n .

B rood p ro tec tion  was found  in  a p o p u la tio n  
of O n e iro p h a n ta  m u ta b il is  a ff in is  a t  3570 m  off 
th e  Pacific coast o f Costa Rica. T h e  in tra-ovarian  
developm ent of th e  young ap p a ren tly  takes place 
d u r in g  a p eriod  of rich  phy to p lan k to n  p roduc­
tion .

A n o th er exam ple of rep roductive  period icity

m ay be p rov ided  by  th e  abyssal popu la tions of 
D eim a  v a lid u m  v a lid u m  in  the w estern In d ia n  
Ocean.

H isto logical exam ina tion  of the  gonads in  
m em bers of the  D eim atidae an d  Psychropotidae 
showed various stages of a  nutritive-phagocytic 
tissue resem bling  th a t know n from  th e  gonads of 
su b litto ra l species o f echinoids an d  m any aster­
oids. T h e  cells o f th is tissue ingest th e  ova an d  
sperm  w hich  rem a in  afte r a spawning. I n  the 
n u tr itiv e  phase th e  cells are h igh ly  vacuolated. 
T h e  n u tr itiv e  tissue is ab u n d an tly  developed in  
species o f P sych ro p o te s  w ith  eggs of g ia n t size, 
a n d  in  th e  b rood-pro tecting  O n e iro p h a n ta  m . a f­
fin is .

H erm ap h ro d itic  specim ens have n o t been 
found, an d  n e ith e r  was the re  any  ind ication  of a 
change of sex.

Swimming and floating

A pow er of sw im m ing by m eans of undu la to ry  
m ovem ents of th e  body  p robab ly  exists in  m any 
psychropotids a n d  aspidochirotes. M ichael Sars 
(1868, 1877) observed i t  in  specim ens of the synal- 
lac tid  B a th y p lo te s  n a ta n s  taken  a t a d ep th  of 400 
m  off Lofoten . Paw son (1966) referred  to  a  sim i­
la r  observation  on  th e  C aribbean  stichopodid  
A s tic h o p u s  m u lti f id u s .  G ilchrist (1920, p. 381) 
m en tioned  th a t h o lo th u ria n s  (un identified) from  
deep w ater off th e  S outh  A frican coasts had  been 
seen sw im m ing a f te r  cap ture.

A  p h o to g rap h  of a h o lo th u rian  (possibly P sy­
ch ro p o tes  depressa)  sw im m ing over the  bo ttom  a t 
a d ep th  o f 1930 m  off B aja C aliforn ia was p u b ­
lished by A rrh en iu s (1963). T h e  specim en is seen 
to  eject in te stin a l co n ten t th rough  the  anus.

H ansen  Sc M adsen (1956) rep o rted  the  catch of 
th e  synallactid  G a la th ea th u ria  aspera  in  the  
S ou th  C h ina Sea a t  least 700 m  above the  bottom . 
T h e  species in  ex te rn a l appearance is rem iniscent 
of th e  cu ttlefish  Sep ia ,  hav ing  a com pact, lense- 
shaped  body su rro u n d ed  by a brim . Possibly, 
G a la th ea th u ria  also swims like a Sepia  -  by 
u n d u la to ry  m ovem ents of the brim .

O stergren (1938) p o in te d  o u t th a t m ost o f the  
species o f the  Psychropotidae a n d  some species of 
the  synallactid  genus P a e lo p a tid es  are m ore dark ­
ly co loured  ven tra lly  th a n  dorsally. T h u s , the  
d a rk  (in some species alm ost blackish) colour o f 
the  ven tra l side m ay conceal the sw im m ing a n i­
m al from  enem ies look ing  from  below, w hile the



lig h te r  co lo u r of th e  dorsal side m ay conceal i t  
w hen  seen o n  th e  b ackg round  of the  b o tto m . I t  
is no tew o rth y  th a t G a la th ea th u ria  aspera, w h ich  
swims in  th e  free w ate r masses, is u n ifo rm ly  d a rk  
a ll over.

Ju v e n ile  stages of deep-sea h o lo th u ria n s  have  
on  a few occasions been  caught in  pelag ic nets. 
T h is  app lies to  a  13 m m  long  specim en o f B e n -  
th o d y te s  typ ica  (p. 93), to  specim ens u p  to  30 m m  
long  of P en ia g o n e  d ia p h a n a  (pp. 154-155), a n d  to  
a 32 m m  lo n g  specim en of P sych ro p o tes  lon g i-  
cauda  (pp. 124-125). T h e  la tte r  was by Belyaev & 
V inogradov  (1969) recorded  as a new  genus an d  
species, N e c to th u r ia  transluc ida .

T h e  fo u r juveniles (9-10 m m  long) o f  P e n ia ­
g o n e  (p. 155) taken  in  a  bo ttom  traw l w est o f N ew  
Z ealand  (St. 626, d ep th  610 m) are also likely  to  
have been  pelagic. T h is  is ind icated  n o t on ly  by 
th e  gela tinous an d  tran sp a ren t sta te o f th e  speci­
m ens, b u t  also by the  shallow  dep th , w hich  is 
u n u su a l fo r a m em ber of this genus.

T h ese  pelagic ju v en ile  specim ens d r if t w ith  th e  
curren ts, som etim es a t  a  g rea t d istance from  th e  
bo ttom . T h e ir  specific g ravity  is close to  th a t  of 
th e  w ater, a n d  they  have lit tle  pow er of active 
locom otion. T h ey  seem to  be im p o rta n t to  the  
d ispersal o f various ba thyal a n d  abyssal species 
of E lasipoda (p. 238).

Function of the water-vascular dermal cavities

T h e  am b u lac ra l appendages of the  E lasipoda are 
n o t, as in  m ost o th e r  echinoderm s, connected  
w ith  w ater-vascular am pu llae  suspended in  th e  
coelom ic flu id . In  E lp id iidae , D eim atidae, a n d  
L aetm ogonidae, the  w ater-vascular canals o f th e  
tubefeet, a n d  usually  also of the  pap illae  a n d  the  
velum , com m unicate  w ith  large in tra d e rm a l cav­
ities (p. 190).

T h e  in tra d e rm a l am bulacra l cavities w ere first 
described by T h ie l  (1877) for E lp id ia  g lacia lis , 
an d  la te r  (T h ie l  1882) for a  considerable n u m b e r 
of species o f E lp id iidae , D eim atidae, an d  L ae tm o ­
gonidae. D anielssen & K oren (1882) described  
them  fo r K o lg a  h ya lin a . N o descrip tions a re  
fo u n d  in  the  subsequent litera tu re .

T h e  firs t a ttem p t to  exp la in  the  fu n c tio n  of 
these p ecu lia r am bulacra l cavities was m ad e  by 
O stergren  (1938), w ho suggested th a t they facili­
ta te  th e  passage of oxygen th rough  th e  skin, 
thus com pensating  fo r the  lack of resp ira to ry  
trees in  th e  E lasipoda.

H an sen  (1972) p o in te d  o u t th a t recent deep-sea 
p h o tog raphs of S c o to p la n e s  suggest an o th er func­
tio n  of th e  cavities. W a lk in g  specim ens of Sco to ­
p la n es  show a  series o f transverse constrictions 
a lo n g  th e  leng th  o f th e  body, ind icating  perista ltic  
m ovem ents o f th e  m uscles o f the  body w all. T h e  
peris ta ltic  m ovem ents w ere supposed to  press 
f lu id  from  th e  d e rm a l cavities in to  the  tubefeet 
w hich are greatly  ex ten d e d  d u rin g  w alking. A m ­
p u lla e  o f the  n o rm al type  do  n o t seem to be ad­
eq u a te  in strum en ts  fo r  th e  p ro trac tion  of th e  few 
a n d  very large tu b e fe e t characteristic of the  E la­
sipoda. T h e  rep lacem en t o f the am pullae  by 
derm a l cavities p e rm itte d  a n  increase in  capacity, 
a n d  a t  th e  sam e tim e m ade  possible the app lica­
tio n  of th e  pow erfu l m uscles o f the body w all in  
the  p ro tra c tio n  of th e  tubefeet.

D u rin g  w alk ing  th e  tubefeet act as stilts w hich 
raise  th e  body of these very  buoyan t anim als from  
th e  substra tum . W a lk in g  on  s tilt legs, know n also 
from  deep-sea crustaceans an d  pycnogonids, is 
ap p a ren tly  a n  a d a p ta tio n  to  m ovem ent on the  
soft deep-sea bo ttom .

Deep-sea p h o to g rap h y  has also revealed the 
presence of body  constric tions in  w alk ing  speci­
m ens o f P en ia g o n e  (L em che et al. in  press).

O n ly  in  soft-skinned form s like Sco top lanes  an d  
P en ia g o n e  th e  p eris ta ltic  m ovem ents of the  circu­
la r  m uscu la tu re  o f th e  body  w all are p robab ly  
accom pan ied  by ex te rn a lly  visible constrictions 
o f th e  skin. H ow ever, th e  cavities are equally  
w ell developed in  form s w ith  a rig id  an d  
a rm o u red  sk in  (O n e ir o p h a n ta , D eim a , E lp id ia ) , 
w hich  ind icates th a t  th e  muscles of the body w all 
h e re  perfo rm  a s im ila r strong  pum ping  action. 
T h is  is confirm ed by  p h o tog raphs of specim ens of 
E lp id ia  (Lem che e t al. in  press) in  w hich th e  
tu b efee t show a considerab le extension despite 
th e ir  strong  a rm a tu re  o f spicules.

T h e  fu nction  o f th e  ven tra l, in trad erm al cav­
ities is likely  to  b e  fac ilita ted  by the  en tire ly  
dorsal a ttach m en t of th e  a lim en tary  canal (p. 193).

T h e  velum  is connected  w ith  sim ilar in tra d e r­
m al cavities w hich m ay cause changes in  its size an d  
position . Deep-sea ph o to g rap h s (Lemche e t a l. in  
press) show th a t a t  least tw o species of P en ia g o n e  
are  ab le  to  b en d  th e  v e la r  pap illae  over the  head, 
reach in g  the  b o tto m  w ith  th e ir  tips. O ne of the 
species (P. p u rp u r e a )  has a flattened  body w ith  
a  velum  consisting o f  tw o pairs o f long, slender 
p ap illae ; the  p ap illa e  can  be m oved independen t­
ly, search ing  th e  su rro u n d in g  w ater, as w ell as
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th e  surface o f th e  bo ttom . T h e  o ther pho to ­
g rap h e d  species (probably  P en ia g o n e  azorica) has 
a  velum  of no rm al shape a n d  position . I t  is rem ark­
ab le  th a t also in  th is species the  velum  m ay reach 
th e  b o tto m  in  f ro n t o f th e  an im al, thus ap p a ren t­
ly perfo rm in g  a sensory function .

T h e  long  p ap illae  o f m any  deim atids and  
laetm ogonids m ay perfo rm  a  sim ilar sensory func­
tion . H ow ever, as yet th e re  is no  photographic 
evidence of such a  function .

I n  a d d itio n  to  th e  locom otory o r sensory func­
tion , the  am bu lac ra l appendages m ay have a re­
sp ira to ry  function , as they  increase the  surface 
area  of the  body. T h is  fu n c tio n  m ay be fu rthe r 
fac ilita ted  by the  ra p id  exchange of flu id  in  the ir 
w ater-vascular canals d u e  to  the  p u m p in g  action 
of th e  am bulacral, derm al cavities.

C. SYSTEMATICS, RELATIONSHIP, AND 
ADAPTATION

Monophyletic origin

E lasipoda are usually  easy to  recognize due to 
th e ir  conspicuous a n d  o ften  strangely shaped 
am bu lac ra l appendages a n d  fla t v en tra l sole bo r­
d ered  by large tubefeet, o r by a b rim  of fused 
tubefeet.

C om m on to  a ll E lasipoda are  tw o anatom ical 
fea tu res — the  absence of resp ira to ry  trees an d  the  
dorsal a ttach m en t o f th e  m esentery th roughou t 
its leng th . T w o  o th e r  features, a lthough  n o t com­
m o n  to  a ll th e  five elasipod families, m ay be 
taken  as a  fu rth e r  ind ica tion  of a m onophyletic 
o rig in  of the  w hole group . O ne feature is the 
occurrence in  a n u m b er of e lp id iid  species of 
accessory w heel-shaped deposits of the  type o ther­
wise characteristic o f laetm ogonids. T h e  o ther 
fea tu re  is th e  rep lacem ent in  the  E lp idiidae, Dei- 
m atidae , a n d  L aetm ogonidae of th e  tubefeet am ­
p u lla e  by in trad erm al am bu lacra l cavities -  a 
u n iq u e  fea tu re  in  echinoderm s. T hese  sim ilarities 
betw een  E lp id iidae  a n d  Deim atidae-Laetm ogo- 
n id ae  are rem arkable , as th e  E lp id iidae  are o ther­
wise m ore closely re la ted  to  Psychropotidae and  
P elago thuriidae .

T h e  presence of a r in g  of circum -oral pap illae 
in  on e  genus of each of the  fam ilies D eim atidae 
(D e im a ), L aetm ogonidae (B en th o g o n e ), an d  
Psychropotidae (Benth.od.ytes) also po in ts to  a 
com m on elasipod ancestor.

Evolutionary trends

T h e  E lasipoda seem a t  an  early  stage to  have 
b ran ch ed  in to  tw o evo lu tionary  lines, here pro­
posed as th e  suborders D eim atin a  an d  Psychropo- 
tina .

I n  the  follow ing, th e  re la tio n sh ip  betw een the 
tw o suborders a n d  th e ir  fam ilies is discussed. T h e  
d iv ision  of the  fam ilies in to  genera is dea lt w ith  
in  th e  System atic P art.

D eim atina , com prising  th e  fam ilies D eim atidae 
a n d  L aetm ogonidae, is characterized  by th e  large 
a n d  generally  n u m ero u s pap illae, an d  by  the 
v en tra l sole being  bo rd ered  by large, separate 
tubefeet. W h ile  th e  tw o fam ilies cannot always 
b e  d is tingu ished  from  each o th e r  by ex ternal 
features, they d iffe r d istinctly  in  the deposits an d  
in  th e  m orpho logy  o f th e  gonads.

D eim atidae. T h e  deposits a re  re ticu la ted  plates, 
w hich  m ay change in to  sp a tu la ted  crosses o r rods, 
o r  in to  ro u n d ed  o r  am orphous bodies. W heel­
shaped  deposits a re  absent.

T h e  re ticu la ted  p la tes rep resen t a prim itive 
type of deposit. T h e  type is especially charac­
teristic o f the  D endroch iro ta ; w ith in  the E lasipo­
d a  the  type is con fined  to  the  D eim atidae.

T h e  d iffe ren t form s of th e  p lates an d  the ir 
transfo rm ations a re  a  poo r gu ide to  the evalu­
a tio n  of the  affin ities o f the  genera. T h e  occur­
rence of tw o d is tin c t types o f tentacle, however, 
suggests th a t th e  fam ily  evolved along two lines, 
o n e  (O rp h n u rg u s )  com prising  bathyal, the  o ther 
(D e im a , O n e iro p h a n ta )  p rim arily  abyssal species.

T h e  gonads consist o f u n b ran ch ed  tubules (sac- 
shaped  in  th e  females).

L aetm ogonidae. T h e  deposits are w heel-shaped 
in  a ll the  species. In  ad d itio n , sim ple rods o r (in 
L a e tm o g o n e  v io lacea ) sp inous crosses occur.

T h e  wheels a re  sim ila r in  type to  those occur­
r in g  scatteredly  in  th e  E lp id iidae , w hich suggests 
th a t also in  L aetm ogon idae they are persisting 
la rva l deposits. H ow ever, a p a r t from  the doub tfu l 
fea tu re  o f th e  w heel-shaped deposits, the  L aetm o­
gon idae show n o  in d ic a tio n  o f re ta in ed  larval 
features.

T h e  gonads in  b o th  sexes consist of branched, 
slender tubules.

Psychropotina com prises the  fam ilies Psychro­
po tidae , E lp id iidae , a n d  P elagothuriidae . T h e  
close re la tio n sh ip  betw een th e  fam ilies appears 
from  th e  com bination  of features in  th e  genus 
P sych re lp id ia , a n d  from  th e  presence in  the
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P sychropotidae a n d  E lp id iid a e  o f a  deposit type 
w hich  is u n k n o w n  in  o th e r  h o lo th u ria n s  (p. 185). 
(Deposits a re  absen t in  th e  P elago thuriidae).

P sych re lp id ia  has a n  a n te r io r  b rim  com posed 
of dorsal a n d  v en tro la te ra l p a p illa e  -  a  sim ilarity  
to  P sychropotidae a n d  P elag o th u riid ae . As in  
P e lago thu riidae , th e  b r im  is clearly  d istinc t from  
the  free v en tro la te ra l tu b e fe e t a n d  i t  includes 
app rox im ate ly  th e  sam e n u m b e r  o f p ap illae  (14 
in  P sych re lp id ia , 12—16 in  th e  Pelagothuriidae). 
F u rth e r  sim ilarities to  P sych ropo tidae are  the  
num erous v en tro la te ra l tubefeet, w h ich  alm ost 
form  a b rim , re tra c til ity  o f th e  ten tacles (as in  
B e n th o d y te s ) , an d  th e  v io le t body  colour. T h e  
deposits a re  cross-shaped as in  Psychropotidae 
a n d  a  n u m b e r of species o f P e n ia g o n e . S im ilarities 
to  E lp id iid ae  fu rth e r  in c lu d e  th e  type o f cal­
careous rin g , th e  absence o f m id v e n tra l tubefeet, 
an d  th e  n u m b e r o f 10 tentacles.

H ero u a rd  (1923) erected  P sych re lp id ia  to  ac­
com m odate th e  species P . d iscrep a n s, o rig inally  
re ferred  to  P en ia g o n e . H e  reg a rd e d  i t  as belong­
in g  to  th e  Psychropotidae, w h ile  E km an  (1926) 
transferred  i t  to  th e  E lp id iid ae . I n  the  presen t 
p ap e r i t  is likew ise reckoned  am ong  th e  E lp id ii­
dae, a lth o u g h  a  reference to  th e  Psychropotidae 
o r P e lag o th u riid ae  w o u ld  be eq u a lly  justified .

T h e  b rim  of P sy c h re lp id ia  a n d  th e  P elago thu­
riid ae  m ay be hom ologous w ith  the  an te rio r  p a r t 
o f the  b rim  in  th e  P sychropo tidae, th e  presence 
o f an  an te rio r  b rim  b e in g  ap p a re n tly  a n  orig inal 
fea tu re  in  th e  su b o rd er P sychropotina . I t  seems 
likely th a t  the  velum  of th e  E lp id iid ae  is a re­
duced a n te r io r  b rim . A  velu m  (or, in  Sco top lanes, 
p ap illae  deriv ing  from  a velum ) is p resen t in  all 
the  e lp id iid  genera  excep t th e  m ost specialized 
one, E lp id ia .

Psychropotidae. T h e  fam ily  is characterized by 
th e  b rim  o f fused tu b efee t w h ich  su rrounds the  
body. T h e  deposits a re  cross-shaped, o r  reduced  
to  rods.

E lp id iidae . T h e  fam ily  possesses a  n u m b er of 
features in d ic a tin g  its o rig in  by  paedom orphosis: 
T h e  sho rt a n d  ovoid body  form , th e  presence of 
only  ten  tentacles, th e  low  n u m b e r of tubefeet, 
the  presence, in  som e species, o f scattered  w heel­
shaped  deposits, a n d  th e  u n iq u e  m orphology  of 
the  calcareous ring .

T h e  large size of the  tubefeet, a n d  th e ir  connec­
tio n  w ith  in tra d e rm a l am b u lac ra l cavities, is a 
s im ilarity  to  th e  D eim atid ae  a n d  L aetm ogonidae 
(pp. 205-206).

T h e  velum , as suggested above, p ro b ab ly  d e­
rives from  a n  a n te r io r  b rim , the  la tte r  s till being  
p resen t in  P sych re lp id ia .

T h e  in te rre la tio n sh ip  o f the  e lp id iid  genera 
m ay be in fe rred  from  several features: T h e  m or­
phology of th e  spicules a n d  the calcareous ring , 
the  presence o r  absence of a velum , a n d  a  d o u b le  
versus a sing le gonad. P en ia g o n e  occupies, w ith  
regard  to  a ll these features, an  o rig in a l position  
w ith in  th e  fam ily. T h e  absence in  th is  genus of 
a rec ta l caecum  is also likely  to  be a  p rim itiv e  
feature.

P e lago thu riidae . T h is  pelagic fam ily lacks de­
posits a n d  calcareous ring , th e  re la tio n sh ip  to  
th e  two o th e r  fam ilies b e in g  show n by  th e  ex te r­
n a l m orphology . T h e  a n te rio r  b rim  is a  sw im ­
m ing  o r f lo a tin g  organ. T h e  fam ily  p ro b ab ly  
o rig in a ted  th ro u g h  paedom orphosis from  pelagic 
juveniles o f som e b en th ic  Psychropotina.

M adsen (1961b) suggested a paed o m o rp h ic  
o rig in  of the  w hole o rd er E lasipoda a n d  o f the 
fam ily P orce llanas teridae  am ong th e  A stero idea. 
As evidence of a  paedom orph ic  o rig in  o f the 
E lasipoda h e  ad d u ced  th a t  the  stone canal com ­
m unicates w ith  th e  ex te rio r even in  a d u l t  speci­
mens, a n d  th a t  th e  deposits (of E lp id iid ae  an d  
Psychropotidae) resem ble in itia l stages o f o th e r  
h o lo th u r ia n  deposits. H ow ever, the  m ost p ec u lia r 
fea tu re  of th e  P sychropo tina  deposits is n o t th e ir  
feeble developm ent, b u t  th e  fact th a t  they  have 
lost th e  tendency  to  develop b ifu rca tions o th e r  
th a n  those of th e  p rim ary  cross p roper. T h ese  
deposits, therefo re , can be cited  n e ith e r  in  favour 
of paedom orphosis, n o r  o f prim itiveness.

The adaptation of the Elasipoda 
to the deep-sea environment

T h e  E lasipoda have  som etim es been  c ited  as a n  
anc ien t a n d  p rim itiv e  g ro u p  w hich, in  th e  u n i­
form  an d  stab le  en v iro n m en t o f the  deep  sea, 
has survived u p  to  th e  p resen t tim e (Zenkevich 
& B irsh tein  1960). T h is  view is co n trad ic ted  by 
the  p resen t s tudy  o f th e ir  m orphology  a n d  b io l­
ogy. T h e  m a jo rity  o f the features o f th e  E lasipoda 
ap p ear to  b e  ad a p ta tio n s  to  the  deep-sea en v iro n ­
m ent. Some fea tu res are h igh ly  specialized, w h ile  
n o n e  can b e  p o in te d  o u t w ith  ce rta in ty  as being  
p rim itive. A lleged p rim itiv e  features in  the  fam ily 
E lp id iidae  a p p e a r  to  b e  paedom orph ic  ra th e r  
d ian  prim itive.

T h e  dom inance  of th e  E lasipoda in  th e  deep



sea is due, in  p a rticu la r, to  th e ir  facu lty  of sub­
sisting  o n  th e  n u tr ie n t-p o o r sedim ents (p. 195).

T h e  fla t ven tra l sole a n d  th e  ven tra lly  tu rn ed  
ten tac le  crow n are  features connected  w ith  the 
surface-dw elling h a b it (p. 195).

T h e  absence of resp ira to ry  trees m ay be corre­
la ted  w ith  th e  excessive deve lopm en t of the  pa­
p illae . I t  seems m ore n a tu ra l to  an im als w hich 
have th e ir  w hole body  surface exposed to  w ater 
to  use the  body appendages fo r resp ira to ry  p u r­
poses th a n  to  have in te stin a l resp ira tio n . R espir­
a to ry  trees p ro b ab ly  arose as a n  a d a p ta tio n  to  a 
b u rro w in g  life. I t  is u n ce rta in  w h e th e r th e ir  ab ­
sence in  th e  E lasipoda is a  p rim ary  o r a secondary 
feature.

T h e  rep lacem en t o f the  tu b efee t am pullae  by 
w ater-vascular cavities in  the  v en tra l skin in  the 
D eim atidae , L aetm ogonidae, a n d  E lp id iid ae  is 
connected  w ith  a  p ecu lia r m echanism  of p ro trac­
tio n  of the  tubefeet, developed as a n  ad ap ta tio n  
to  w alk ing  on  th e  soft deep-sea b o tto m  (pp. 205- 
206).

T h e  en tire ly  dorsal a ttach m en t o f th e  m esentery 
m ay b e  a n  ad ap tiv e  fea tu re , as i t  p revents the 
in testine  from  in te rfe rin g  w ith  th e  function  of 
th e  w ater-vascular cavities o f th e  ven tra l skin 
(p. 193).

T h e  rec ta l caecum  p resen t in  m ost o f the elpi- 
d iid  genera m ay have th e  fu n c tio n  of increasing 
th e  specific g ravity  of these extrem ely  buoyant 
an im als (p. 192).

T h e  deposits in  the  subo rder P sychropotina are 
h igh ly  specialized, lack ing  every trace  o f dichoto- 
m ous ram ifications o th e r  th a n  those of the  p r i­
m ary  cross p roper. B u t the  adaptiveness of th is 
specialization  is n o t evident. T h e  perfo ra ted  
p la tes o f th e  D eim atidae are  unspecialized, re ­
sem bling deposits fo u n d  in  th e  D endrochiro ta , 
w hich  is a  shallow  w ate r group . T h e  wheels of 
the  L aetm ogon idae m ay rep resen t a specialized 
o r  paedom orph ic  feature.

T h e  com m unication  of th e  stone canal w ith  
the  ex terio r m ay be p rim itive  o r paedom orphic.

T h e  u n iq u e  developm ent of th e  calcareous 
r in g  in  th e  E lp id iid ae  is based  o n  paedom orpho- 
sis. T h e  -highly specialized r in g  in  Ir p a  an d  E lp i-  
d ia  is derivab le from  a n o rm al h o lo th u ria n  ring  
on ly  th ro u g h  a renew ed s ta rt from  a n  em bryonic 
ring , as p resen t in  P en ia g o n e  a n d  A c h ly o n ic e  (p. 
189). O th er paedom orph ic  features in  the  family 
a re  the  sho rt an d  v au lted  body  form , the  few an d  
large tubefeet, a n d  th e  n u m b e r of ten  tentacles.

T h e  enorm ous am o u n t of yolk in  th e  eggs of 
the P sychropotidae m ay p erm it ju v en ile  stages 
to  spend a lo n g  pelagic life in d e p en d e n t o f food 
up take  from  th e  p lan k to n  -  a p a rtic u la r  advan­
tage in  th e  n u tr ie n t-p o o r deep  sea (p. 203).

T h e  h ig h ly  evolved ad ap ta tio n s o f th e  Elasi­
poda to  th e  deep-sea env ironm ent suggest th a t the 
g roup  o rig in a ted  in  th e  deep sea a n d  never oc­
curred  in  shallow  w ater.

The evidence of paleontology

T h e  firm  d erm a l skeleton of m ost echinoderm s 
has m ade th is  g ro u p  one of the best know n from  
fossil records. U nfo rtuna te ly , th e  h o lo th u rian s 
are the excep tion  to  th e  ru le . T h e  fact th a t the 
derm al skeleton  o f ho lo th u rian s consists of sepa­
ra te  an d  usually  sm all deposits w hich are  scattered 
afte r the d e a th  of th e  an im al prevents paleon to ­
logists from  reconstructing  fossil specim ens. M ore­
over, the sam e deposit type m ay occur in  u n re la t­
ed forms. T h e  fossil “ fam ilies” o f h o lo th u ria n  
deposits d istingu ished  by paleontologists (Frizzell 
& E xline 1955), therefore, can  on ly  in  a few cases 
be ranged  in to  th e  system of the  recen t H olo thu- 
rioidea. Frizzell e t al. (1966) reckoned  th e  fossil 
families T h e e liid a e  an d  P ro to cau d in id ae  am ong 
th e  E lasipoda. H ow ever, the  deposits of the 
T h ee liid ae  (wheels w ith  a solid centre) re fer the 
fam ily to  th e  A poda, an d  n o t to  th e  E lasipoda. T h e  
deposits o f th e  P ro tocaud in idae  (wheels w ith  a 
p rim ary  cross o r  a sim ilar s truc tu re  in  the  centre) 
resem ble those of the  recen t fam ily L aetm ogoni­
dae. B u t sim ila r w heels are  found  in  e. g. th e  A n t­
arctic d end roch iro te , S ta u ro cu cu m is  lio u v il le i 
(Ekm an 1927, fig. 8: k). T h e  wheels o f the  Pro­
tocaud in idae are  know n from  D evon ian  to  J u ­
rassic.

M ostler (1968b) erected th e  fam ily Palelp id ii- 
dae for th e  species P a le lp id ia  norica  from  the up ­
p er T riassic  o f A ustria . T h e  fam ily was referred  
to  the E lasipoda because of the  sim ilarity  o f the 
deposits (p rim ary  crosses w ith  five, vertical apo­
physes) to  those of E lp id ia  r ig ida  ( =  P en ia g o n e  ri- 
g ida). H ow ever, th e  arm s o f th e  crosses h ave broad, 
perfo ra ted  ends. T h e  deposits, therefore, lack the 
distinctive fea tu re  of those of the  subo rder Psy­
chropo tina  a n d  a re  n o t referab le  to  th e  E lasipoda, 
as defined  by  th e  recen t forms. N evertheless, the 
deposits o f P a le lp id ia  are very rem ark ab le  as they 
do rep resen t th e  type from  w hich  th e  Psychropo­
tin a  deposits a re  to  be derived (p. 185).
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T h e  deposits o f th e  fossil P ra e e u p h ro n id e s  m u l­
tip e r fo ra ta  M ostler (1968a, b), likew ise from  the  
u p p e r  T riassic  of A ustria , have fo u r  arm s w ith  
b ro ad , perfo ra ted  ends, a n d  a c e n tra l apophysis. 
T h e y  resem ble those of S yn a lla c te s  a en ig m a  (or­
d e r  A spidochiro ta) a n d  b ea r o n ly  a  superfic ial 
s im ila rity  to  those of E u p h r o n id e s  (P sychropo tes).

T h e  deposits o f th e  P sych ropo tina  a re  so char­
ac teris tic  th a t they p e rm it a  re lia b le  iden tifica­
tio n  to  th is suborder. T h e  rem a rk a b le  absence of 
P sychropo tina  deposits from  th e  kn o w n  fossil 
sedim ents (which are  a ll from  shallow  seas) con­
firm s th a t a t  least th is su b o rd er o f th e  E lasipoda 
has its o rig in  in  the  deep  sea.

I t  m ay n o t be possible to  d e te rm in e  the  geolo­
gical age of the E lasipoda, because h o lo th u r ia n  
deposits in  deep-sea sedim ents te n d  to  dissolve 
sho rtly  a fte r the  d ea th  o f the  an im a l (Frizzell & 
E x lin e  1955).

M adsen (1961b) sim ilarly  n o te d  th a t  the  ab­
sence of fossil records of th e  P o rcellanasteridae  
ind ica tes th a t also th is g ro u p  evolved exclusively 
w ith in  the  deep sea.

Relationship to the other orders of 
the Holothurioidea

W h ile  several features in d ica te  th a t  th e  E lasi­
p o d a  is a  m onophyletic g roup , th e  ev idence of its 
re la tio n sh ip  to  the  o th e r o rders o f H o lo th u rio i­
dea  is doub tfu l.

A  re la tio n sh ip  betw een th e  E lasipoda a n d  A spi­
d o ch iro ta  has been supposed from  th e  presence 
of shield-shaped tentacles in  b o th  groups, an d  
from  th e  sim ilarity  in  ex te rn a l ap p earan ce  be­
tw een th e  Psychropotidae a n d  various genera of 
th e  asp idochiro te fam ily Synallactidae. H ow ever, 
the  fact th a t the calcareous deposits a re  en tirely  
d iffe ren t suggests th a t the  sim ilarities in  ex ternal 
appearance  are due to  convergent evo lu tion . T h e  
u n io n  of the  two orders in to  a subclass, Aspido- 
ch iro tacea, as proposed by Paw son Sc F ell (1965) is, 
therefo re, n o t adop ted  in  th e  p resen t work.

D. BATHYMETRIC DISTRIBUTION

Degree of exploration in relation to depth

I n  th e  discussion of th e  b a th y m etric  d is trib u tio n  
a n d  d ep th  preference of the  species i t  shou ld  be 
n o te d  th a t the d iffe ren t b a th y m etric  zones have 
n o t been  equally  well explored. T h e  d a ta  on  the

N U M B E R  O P  S T A T IO N S

Fig. 98. Number of benthic deep-sea stations with pub­
lished records of holothurians, in relation to depth.

bathym etric  d is tr ib u tio n  should, therefore, be 
com pared  w ith  Fig. 98, w hich shows the  d is tr ib u ­
tio n  of b en th ic  deep-sea stations in  re la tio n  to  
dep th . T h e  figu re  includes all stations w ith  p u b ­
lished records o f ho lo th u rian s. D ue to  the  o m n i­
presence a n d  a b u n d a n ce  o f ho lo thu rians in  th e  
deep  sea, th e  d is tr ib u tio n  is fairly represen tative 
o f the  ex p lo ra tio n  o f  th e  deep sea in  general.

T h e  area  o f th e  sea bo ttom  occupied by th e  
d iffe ren t ba th y m etric  zones should  also b e  taken  
in to  accoun t w hen  th e  degree of ex p lo ra tio n  is 
illu s tra te d  by th e  n u m b e r  of stations. T h u s , th e

T a b le  23. N u m b er o f stations w ith  pu b lish ed  
records o f h o lo th u ria n s  in  re la tion  to  a re a  in  

th ree  d e p th  intervals.

Depth interval (m)
1000
2000

2000
6000

6000
11000

Percentage area of sea floor 3.4 78.4 1.3
(Kossinna 1921)

Number of stations 254 267 58
Number of stations per unit of area 74.7 3.4 44.6
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nu m b er o f stations p e r  u n it  of area  is m uch  
h igher in  the  h ada l th a n  in  the abyssal zone 
(T ab le  23). O u t o f the to ta l of 58 h ad a l stations, 
40 belong  to  the R ussian  expeditions, from  w hich  
only the genera M y rio tro c h u s  an d  E lp id ia  have 
so far been  w orked up.

Bathymetric distribution of the species

Figs. 99 a n d  101-103 show the bathym etric  dis­
tr ib u tio n  of the  E lasipoda. A ll pub lished  records 
are inc luded , each sta tion  being  in d ica ted  by a 
line. T h is  m ethod  was preferred  to  a p u re  sta te­
m en t of th e  range of bathym etric d is trib u tio n  
because i t  provides some in fo rm ation  o n  the  
d ep th  preference of the  speciés. I t  .should, how ­
ever, be rem em bered  th a t a dense lin in g  does n o t 
necessarily ind icate  a  freq u en t occurrence o f a 
species. I t  m ay reflect a  h igh  degree of exp lo ra­
tio n  (Fig. 98).

Bathymetric zonation of the deep sea

T h e  p ronounced  changes in  the com position of 
the m arine  fauna w ith  d ep th  have led  to  a d i­

v ision  of th e  sea in to  bathym etric  faunal zones. 
T h e re  is som e disagreem ent as to  w here the lim its 
betw een th e  zones should  be draw n, an d  there is 
also d isagreem ent in  term inology. T h e  present 
w ork  follow s the  term inology used by B ru u n
(1957), w ho div ided  the  deep  sea in to  a bathyal, 
a n  abyssal, a n d  a h ad a l zone.

T h e  d iv is ion  of the  sea in to  bathym etric faunal 
zones has o ften  been based on  changes in  environ­
m en ta l factors of supposed biological significance, 
ra th e r  th a n  o n  actual changes in  the com position 
of th e  fau n a . As a m a tte r of fact, a  discussion of 
th e  en v iro n m en ta l factors responsible for a zona- 
tio n  shou ld  n o t be m ade u n til d ie  lim its of the 
zones have been  determ ined  th rough  an  analysis 
o f th e  d is tr ib u tio n  of the  species.

T h e  tran s itio n  betw een two bathym etric zones 
w ill show  a concen tra tion  of up p er an d  lower 
lim its  o f d is tr ib u tio n  of species (Fig. 100). O n the 
o th e r  h a n d , a concen tra tion  of d istribu tional 
lim its  is n o t always ind icative of a faunal change. 
I t  m ay be d u e  to  a h ig h  degree of exploration  or 
to  a  la rge to ta l n u m b er of species in h ab itin g  the 
d ep ths  in  question .
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T h e  low er lim its  o f  d is trib u tio n  o f th e  species 
o f E lasipoda show  a  co n c en tra tio n  a t  900-1400 m.

T h e  m a rk e d  decrease in  n u m b e r of low er 
lim its beyond  a  d e p th  o f 1400 m  m ay reflect a 
decrease in  to ta l n u m b e r  of species, as w ell as a 
decrease in  in te n s ity  o f  exp lo ra tion .

T h e  g ra d u a l inc rease  in  n u m b e r of low er re ­
cords tow ards d ep th s  o f  5000-6000 m  is rem ark ­
ab le in  view  o f th e  decreasing  exp lo ra tion  w ith  
dep th . F u r th e r  ex p lo ra tio n  is likely to  show even

m ore clearly  th a t  a m a jo r ity  of th e  abyssal species 
p en e tra te  to  d ep th s  close to  6000 m.

T h e  scarcity of low er records a t  dep th s beyond 
6000 m  is n o t d u e  to  in su ffic ien t exp lo ra tion , as 
these dep th s have  m o re  s ta tio n s p e r  u n it  o f area 
th a n  th e  abyssal dep ths. I t  is in  p a r t  d u e  to  the 
fact th a t on ly  som e o f th e  species o f th e  abyssal 
zone get th e  o p p o r tu n ity  to  go deeper down. 
H ow ever, a  change in  ecological conditions is 
also im p o rta n t, as show n by th e  fact th a t  only
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Fig. 100. Upper and 
lower limits of 
bathymetric distribution 
of species of Elasipoda 
known from at least 
two stations.
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Fig. 101. Bathymetric distribution of the Psychropotidae. The bathyal oc­
currence of Benthodytes typica in the western North Atlantic (Deichmann 
1954) is not depicted, in lack of reference to stations.
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th ree  o u t o f a to ta l o f 18 species of ho lo thu rians 
taken  a t  th e  deep-abyssal G ala thea  stations in  the 
K erm adec T re n c h  (4410-5900 m) pene tra te  deep­
er th a n  6000 m.

T h e  absen t abyssal species are n o t to  any larger 
degree rep laced  by  species pecu lia r to  th e  hadal 
zone. T h is  m ay n o t be du e  to  extrem e conditions 
o f life a t  h a d a l dep ths, b u t ra th e r  to  a  young 
geological age o f the  trenches, w hich has no t 
p e rm itted  th e  evo lu tion  of a species diversity 
com parab le to  th a t  o f d ie  abyssal zone (p. 219).

T h e  u p p e r  lim its  o f d is trib u tio n  o f the  Elasi- 
poda show som e co n cen tra tio n  a t  1800-2600 m  
(and  especially a t  2400-2600 m). Conversely, the 
dep ths of 1200-1800 m  show a low  nu m b er of 
u p p e r  lim its; th is  is rem arkab le  because these 
dep ths are b e tte r  exp lo red  a n d  p robab ly  also 
con ta in  a  h ig h e r  n u m b e r of species th a n  the 
dep ths of 1800-2600 m. A pparen tly , th e  ra th e r  
large n u m b e r of u p p e r  records betw een 1800 and 
2600 m  ind icates th e  u p p e r b oundary  of the 
abyssal fauna.
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T h e  d ep th s of 1800-2600 m  show n o  concen tra­
tio n  of low er lim its o f d is trib u tio n  co rrespond ing  
to  th a t o f th e  u p p e r lim its. A pparen tly , th e  spe­
cies o f th e  bathyal zone are  less u n ifo rm  in  th e ir  
vertical ran g e  th a n  are  those o f th e  abyssal zone. 
T h is  is p robab ly  d u e  to  th e  g rea te r diversity  
of en v iro n m en t in  th e  b a th y al zone a n d  th e  cor­
respond ing ly  g rea ter diversity  in  th e  ecology of 
its species.

T h e  concen tra tion  of u p p e r lim its  o f d is tr ib u ­
tio n  a t  a b o u t 4000 m  m ay reflect a  deep-abyssal 
fau n a l elem ent.

M adsen (1961b) found  th a t th e  P orcellanasteri- 
dae  show ed a change in  species com position  a t  a 
d e p th  o f 4000-5000 m, a n d  suggested th a t th e  
change was co rre la ted  w ith  the beg inn ing  u n d e r­
sa tu ra tio n  o f th e  w ater w ith  calcium . H ow ever, 
th is view  finds n o  su p p o rt in  the  h o lo th u rian s 
w hich  even a t  th e  greatest dep ths o f th e  trenches 
are  ab le  to  store a b u n d a n t am ounts o f calcium  
in  th e ir  deposits (p. 241).

A  v ertica l zona tion  o f the  deep-sea fau n a  is 
in d ic a ted  n o t on ly  by  the  concen tra tion  of u p p e r 
an d  low er lim its  o f species d is tribu tions, b u t also
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by sim ilarities in  the  ran g e  o f ba th y m etric  d is trib u ­
tio n  of th e  d iffe ren t species a n d  in  th e  range of 
th e ir  p referred  depths.

As seen in  Figs. 99 a n d  101-103, m ost of the  
species occurring  deeper th a n  2600 m  have a  w ide 
bathym etric  range  in  th e  abyssal zone, w h ile  few 
o f them  ascend to  dep ths less th a n  1800 m. A m ong 
the  exceptions are P sych ro p o tes  depressa  an d  
B e n th o d y te s  lin g u a , b o th  of w hich  m ain ly  occur 
in  the  bathyal-abyssal tran s itio n  zone. D eim a  
v a lid u m  varies in  ba thym etric  ran g e  from  one 
reg ion  to  an o th er (p. 17).

T h e  p reponderance of records betw een  3200 an d  
6000 m  in  O n e iro p h a n ta  m u ta b il is  a n d  P sychro­
p o te s  lo n g icauda  confirm s th a t the  deeper p a r t 
of th e  abyssal zone contains characteristic  fau n a l 
elem ents.

T h e  u p p e r bou n d ary  of th e  ba thyal zone is n o t 
clearly  defined, ow ing to  the  p ro n o u n ced  d iffer­
ences in  the  vertical range  of th e  ba thyal species. 
I t  is, however, rem arkab le  th a t very few bathyal 
species have th e ir  u p p e r l im it a t dep th s o f less th a n  
200 m. Sim ilarly, there are on ly  few instances of 
su b litto ra l species descending deeper th a n  400 m. 
T h is  agrees w ith  th e  view of Sanders & H essler 
(1969) th a t th e  shelf-slope tran sitio n  is th e  m ost 
p ronounced  bathym etric  b o u n d ary  in  th e  sea.

T h e  vertical zonation  of the  deep-sea fauna, as 
ind ica ted  by the  p resen t study  of th e  E lasipoda, 
differs on  essential po in ts  from  th a t found  by 
V inogradova (1962a). Based on  concen tra tions of 
u p p e r an d  low er lim its o f d is trib u tio n  of 1144 
species o f b en th ic  inverteb rates from  dep ths ex­
ceeding 2000 m  she fo u n d  th a t in  a ll th e  exam ­
in ed  groups a b ru p t changes in  fau n a l com posi­
tio n  occurred  a t  certa in  depths. In  some groups 
(including  ho lo thurians) th e  changes occurred  a t 
2500—3000 an d  4000—4500 m, in  o thers a t 3000- 
3500 an d  4500-5000 m. In  con trast to  th e  presen t 
find ings the  tran sitio n  zones w ere ind ica ted  by 
a sim ultaneous concen tra tion  of u p p e r  a n d  low er 
lim its of d istribu tion . In  h o lo thu rians, isopods, 
an d  sponges the  tran sitio n  zones showed, in  ad ­
d itio n , m axim a in  n u m b er of species, b u t in  m ost 
o th e r  groups th e  n u m b e r of species show ed a 
con tinuous decrease w ith  advancing  dep th .

T h e  presen t investigation  of the H olo thurio - 
idea, like an  earlier investigation  of the  Isopoda 
A sellota (W olff 1962), gave n o  evidence of a 
change in  faunal com position a t 4000-4500 m , n o r 
of any  m axim a in  n u m b er of species. W olff sug­
gested th a t the results o b ta in ed  by  V inogradova

w ere d u e  to  th e  inclusion  of species know n from  
one reco rd  only. T h e  inclusion  of such species 
m ay resu lt in  a coincidence of u p p e r lim its, 
low er lim its, a n d  species m axim a.

C onclusion. T h e  present d a ta  on  the  bathy ­
m etric  d is trib u tio n  of th e  E lasipoda su p p o rt a 
d iv ision  o f th e  deep  sea in to  a bathyal, an  abyssal, 
an d  a h ad a l zone.

T h e  b a th y al zone, com prising dep th s from  
200/400 to  1800/2600 m, shows m ore varied  eco­
logical cond itions th an  the rem a in in g  deep  sea. 
In  consequence, the  bathyal species show little  
un ifo rm ity  in  ba thym etric  range; the  boundaries 
of th e  zone are , therefore, n o t clearly  ind icated  
by u p p e r an d  low er lim its of d istribu tion .

T h e  abyssal zone, com prising d ep th s from  
1800/2600 to  approx im ate ly  6000 m , shows u n i­
form  cond itions, a n d  m any of its species range 
th ro u g h o u t th e  zone. T h e  in te rval o f 1800-2600 
m  is m uch  m ore p ronounced  as an  u p p e r b o u n d ­
ary  of th e  abyssal fau n a  th a n  as a low er boundary  
of th e  b a th y al fauna .

T h e  h ad a l zone, w ith  depths beyond  6000 m, 
is characterized  by the  absence of th e  g rea t m ajo r­
ity  o f th e  abyssal species, ra th e r th a n  by elem ents 
p ecu lia r to  th e  h ad a l depths. T h e  a b ru p t decrease 
in  n u m b e r o f species a t ab o u t 6000 m  seems 
p rim arily  to  b e  correla ted  w ith  th e  a b ru p t de­
crease in  th e  to ta l area  of the sea floor a n d  w ith  
th e  in stab ility  a n d  young geological age of the 
trench  env ironm ent, w hich m ay have p erm itted  
only a low  fau n a l diversity.

T h e  h ad a l zone is considered in  d e ta il else­
w here (pp. 239-243).

Bathymetric distribution and taxonomic 
relationship

T h e  ba thym etric  faunal zones are characterized 
n o t on ly  by hav in g  th e ir  ow n species, b u t  also by 
th e  presence o r  dom inance of h ig h e r taxonom ic 
categories. T h e  taxonom ic revision of th e  Elasi­
poda  show ed th a t  th e  rela tionsh ip  of species an d  
genera, w ith  few exceptions, is closest betw een 
form s liv ing  in  th e  same bathym etric  zone. T h is  
p ro n o u n ced  tendency  of the  sub litto ra l, bathyal, 
an d  abyssal zone to  develop th e ir  ow n taxonom ic 
categories is a general feature of th e  H o lo thu rio - 
idea.

O rd e r E lasipoda. T h e  o rder is confined  to  the 
deep sea a n d  com prises alm ost h a lf  o f th e  know n
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species o f deep-sea h o lo th u rian s. F ive species are 
kn o w n  fro m  d ep th s  o f less th a n  200 m : L a e tm o -  
g o n e  m a c u la ta  (141-752 m), L . i j im a i  (130-900 m), 
L . f im b r ia ta  (164-1300 m ), A m p e r im a  velacu la  
(131-4850 m ), a n d  E lp id ia  g lacia lis  (70-9043 m).

D eim atidae . A ll fo u r species o f O rp h n u rg u s  
are  b a th y a l. O n e iro p h a n ta  has tw o abyssal spe­
cies, O . m u ta b il is  a n d  O . se tigera . A  th ird  spe­
cies, O . co n serva ta , know n  from  a single speci­
m en ta k e n  a t  1315 m, m ay ac tua lly  be a n  O rp h ­
n u rg u s  (p. 36).

D e im a  com prises on ly  one species, D . v a lid u m .  
In  som e reg ions i t  ranges th ro u g h o u t th e  g reater 
p a r t  o f th e  b a th y a l an d  abyssal zones, w h ile  in  
o th e r  reg ions i t  is confined  to  e ith e r o f th e  two 
(p. 17).

L ae tm o g o n id ae  is p ronounced ly  bathyal, con­
ta in in g  o n ly  th ree  abyssal species: L a e tm o g o n e  
w y v il le th o m s o n i ,  L .  th e e li, a n d  A p o d o g a s te r  sp. 
(p. 75).

L . w y v il le th o m s o n i  has som etim es been  con­
fused w ith  L . v io lacea . R e-exam ination  of a large 
n u m b e r  o f specim ens show ed th a t the  tw o spe­
cies a re  d is tin c t a n d  th a t  a ll b a th y al records refer 
to  L . v io la cea , w h ile  a ll abyssal records belong  to  
L . w y v il le th o m s o n i .  I ts  closest re la tive  is prob- 

\  ab ly  n o t L .  v io la cea , b u t  L . th ee li.
P sych ropo tidae is abyssal, w ith  the exception  

of B e n th o d y te s  lin g u a  an d  P sych ro p o tes  depressa, 
w hich  a re  low er ba thyal to  u p p e r abyssal. N o 
species a re  res tric ted  to  the  b a th y al zone.

B e n th o d y te s  sa n g u in o le n ta  has an  unusually  
w ide v ertica l d is trib u tio n  (768-7250 m). T h e  
nam e, how ever, m ay cover m ore  th a n  one species.

E lp id iid ae . P e n ia g o n e , com prising  alm ost half 
o f th e  species o f th e  fam ily, is p ronounced ly  abys­
sal; on ly  th re e  species h ave been  recorded  from  the 
b a th y a l zone: P . v ig n o n i  (400 m, A ntarctic), P. 
ja p o n ic a  (1135-1669 m, Ja p an ), an d  P . azorica  
(1385-2252 m  off th e  Azores, o therw ise 2320-8210 
m).

T h e  o th e r  genera  are likew ise abyssal, a lthough  
less m ark ed ly  so th a n  P en ia g o n e . T h re e  species are 
know n  from  th e  b a th y al zone only: E ll ip in io n  
k u m a i  (500 m ) a n d  A c h ly o n ic e  tu i  (1170 m) are 
k n ow n  from  on e  locality  each a n d  may, therefore, 
n o t be res tric ted  to  th e  b a th y al zone, w hile  Irp a  
lu d w ig i  (755-1292 m ) is know n only from  the  
M e d ite rran e an , w here  a d is tinc tion  betw een a 
b a th y al a n d  an  abyssal zone can  scarcely be m ade.

S c o to p la n e s  g lobosa  an d  E lp id ia  g lacia lis  are 
bathyal-abyssal-hadal (p. 196), w hile E ll ip in io n

d e la g e i is on e  o f th e  few species of E lasipoda 
w hich is com m on to  th e  low er b a th y al a n d  th e  
u p p e r abyssal zones.

O rd e r A sp idoch iro ta . T h e  o rd e r  com prises th ree 
fam ilies:

H o lo th u riid a e . N o  species occur d eeper th a n  
250 m. G a s tro th u r ia , reco rd ed  from  a  d e p th  of 
564 m , is m ore  r ig h tly  p laced  in  th e  Synallactidae 
(H ansen 1967).

S tichopod idae has on e  b a th y a l species, Sticho- 
p u s  tr e m u lu s ,  w ith  a  b a th y m etric  range  of 240- 
1918 m  (off th e  S cand inav ian  coasts i t  ascends to 
on ly  20 m). S tic h o p u s  reg a lis  ranges from  30- 
470 m  (in  th e  M e d ite rran e an : 5-834 m , an d  pos­
sibly deeper). O therw ise , th e  fam ily  is stric tly  
litto ra l-sub litto ra l.

Synallactidae is re s tr ic ted  to  th e  deep  sea. I t  
com prises ap p ro x im ate ly  140 species, w hich is 
m ore th a n  o n e-th ird  o f th e  know n species of 
deep-sea h o lo th u ria n s . L ik e  th e  L aetm ogonidae 
am ong th e  E lasipoda, th e  S ynallactidae a re  es­
pecially  characteristic  o f th e  b a th y al zone.

T h e  fo llow ing  g enera  a re  exclusively bathyal: 
G a stro th u ria , B a th y p lo te s ,  A m p h ig y m n a s , D en-  
d ro th u r ia , M eseres, F il i th u r ia ,  a n d  K a ren ie lla . 
P se u d o th u r ia  (1660-2600 m ) touches th e  u p p e r 
abyssal.

N o  genera  a re  co n fin ed  to  the  abyssal zone. 
Syna llactes , P a e lo p a tid e s , B e n th o th u r ia , M eso- 
th u r ia , C a p h e ira , a n d  P se u d o s tic h o p u s  are bathyal- 
abyssal. M ost o f th em  are  too  little  know n for an  
eva lua tion  o f a  possib le co rre la tion  betw een 
taxonom ic affin ity  a n d  d e p th  range  of th e ir  spe­
cies. B u t such a co rre la tio n  is ev iden t in  S yn a l­
lactes, th e  best know n  genus. I t  com prises 20 spe­
cies, w hich  m ay b e  se p ara te d  in to  an  u p p e r 
bathyal (102-1018 m ) a n d  a n  abyssal (1669-4064 
m) group.

B athyal species o f S yn a lla c te s :
nozaw a i M itsu k u ri, 1912 .................... 102-805  m
m u ltiv e s ic u la tu s  O hsliim a, 1915 . . .  195-844  m
ish ika w a i M itsuku ri, 1912 .................  20 0 -5 0 0  m
m o n o c u lu s  (S luiter, 1 9 0 1 a ) ..................3 1 0 -^ 6 2  m
m o llis  C h e rb o n n ier, 1952 .............................366  m
h e te ro c u lu s  (H ed ing , 1940) .....................  371 m
d isco ida lis  M itsu k u ri, 1912 ............  45 0 -6 5 0  m
v ir id i l im u s  C h e rb o n n ie r, 1952 ................. 530 m
tr ip la x  C lark , 1920 ........................................  545 m
a le x a n d r i  L udw ig , 1894 ...................  585-1018  m
c h u n i A ugustin , 1908 ........................  650-1000 m
ch a llen g eri (Thdel, 1886a) ...................... 1007 m
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Abyssal species o f Syna llac tes:
g ilb e r t i  O hsh im a, 1915 ................  1669-1715 m
anceps  K oeh le r Sc Vaney, 1910 ..........  2098 m
cruc ifera  R . P errie r, 1902 ....................... 2212 m
a en ig m a  L udw ig, 1894 ...................  2404-4064 m
p r o fu n d u s  (K oehler Sc Vaney, 1905) . . .  2989 m
h o rr id u s  K oeh ler & Vaney, 1905 .... 3178 m
r ig id u s  K oeh ler Sc Vaney, 1905 ..........  3498 m
r o b e r ts o n iV  aney, 1908 .............................. 4409 m

T h e  shallow est reco rded  species o f the abyssal 
group , S. g ilb e r t i ,  w as taken  off Ja p a n  a t a tem pe­
ra tu re  o f 2.4—2.7° C. I t  m ay constitu te  one of the 
few exam ples o f  deep-sea ho lo thu rians ascending 
to  shallow  d ep th s  in  co lder seas.

A  close re la tio n sh ip  betw een the  abyssal spe­
cies is in d ic a ted  b y  th e  presence of fungiform  
p ap illae  (o therw ise p resen t only  in  a  few species 
o f B a th y p lo te s ,  b u t  absen t in  all bathyal species 
o f S yn a lla c tes), a  cartilag inous skin w hich, a t 
cap tu re , tends to  separa te  from  the m uscular coat, 
th e  few a n d  single-row ed ven tro la te ra l tubefeet, 
th e  exclusively q u ad ri-p a rtite  tables, an d  the 
reduced  sta te  o f th e  rods of the papillae.

O rd e r M olpadon ia . T h e  o rder com prises four 
fam ilies:

G ep h y ro th u riid ae , com prising  the abyssal genus 
G e p h y ro th u r ia  (p robab ly  m onotypic) an d  the 
hadal genus H a d a lo th u r ia  (m onotypic).

E upyrg idae , w ith  on e  genus, E u p yrg u s. T w o 
species a re  d istingu ished , the  K orean E . pac ificu s  
(60-65 m) a n d  th e  A rc tic  E . scaber  (7-480 m).

C aud in idae. C a u d in a , P aracaud ina , an d  A cau- 
d in a  a re  litto ra l-su b litto ra l, w hile H e d in g ia  is 
b athyal to  u p p e r  abyssal. T h e  five species of 
H e d in g ia  are : H . a lb ica n s  (491-3200 m), H . cali- 
fo rn ica  (864-2887 m), H . lu d w ig i (1131 m), H .  
fu s ifo rm e  (600 m), a n d  H . p la n a p er tu ra  (349 m).

M olpad iidae, w ith  th ree  genera: C eraplectana, 
w ith  one species, C. tra ch yd erm a  (3188-6580 m). 
H e te ro m o lp a d ia ,  w ith  th ree  species: H . m arenzel- 
ler i (25-1260 m ), H . tr id en s  (330-462 m), and
H . p ik e i  (370-504 m). M o lp a d ia , w ith  abou t 30 
species. T w o  are  abyssal, M . b la ke i (c. 2000-5220 
m) a n d  M . g ra n u la ta  (syn. M . b a th yb ia ) (2692- 
5820 m). T h e  rem a in in g  are bathyal, an d  only 
two descend to  th e  u p p e r  abyssal zone: M . parva  
(756-2695 m ) a n d  M . m u sc u lu s  (36-3580 m). T h e  
G ala thea  took  th e  la tte r  species on  several occa­
sions a t  dep th s exceeding 3000 m, b u t never 
deeper th a n  3580 m.

T h e  two abyssal species, M . b la k e i  a n d  M . gra­
n u la ta , a re  closely re la ted , as show n by the  ru d i­
m en tary  state of th e  ta il, th e  absence o f phosphatic 
bodies in  the  skin, th e  sim ila r type o f deposit, and  
th e  absence (b la k e i)  o r  reduced  s ta te  (granu la ta )  
o f the  ten tacle am pu llae . T h e  tw o species w hich 
rep lace each o th e r  geographically  (p. 246), are so 
d is tin c t from  th e  o th e r  species of M o lp a d ia  th a t 
they  m ig h t be considered  as a separa te  genus.

O rd e r D endroch iro ta . T h e  m em bers o f th is order, 
b eing  p red o m in an tly  suspension feeders, are poor­
ly rep resen ted  in  th e  deep  sea. O f th e  th ree fam­
ilies, the  P h y llo p h o rid ae  are litto ra l-sub litto ra l 
N in e  species o f P so lidae a re  know n  from  the 
b athyal zone, a n d  th ree  from  th e  bathyal-abyssal 
tran sitio n : P so lus p o u r ta le s ii  (2236-2327 m), Pso- 
l id iu m  d is ju n c tu m  (2798 m), a n d  P. p a nam ense  
(2309 m). N o tru e  abyssal species a re  found  in  the 
family.

C u cu m an id ae  inc ludes tw o deep-sea species, 
A b ysso cu cu m is  a b ysso ru m  (1645-4064 m) and  
S p h a e ro th u r ia  b ite n ta c u la ta  (227-4058 m), both  
belong ing  to  m onotyp ic  genera. A b ysso cu cu m is  
is m ost closely re la ted  to  S ta u ro c u c u m is  an d  
E k m o c u c u m is , each  w ith  one su b litto ra l A ntarctic  
species (p. 234). S p h a e ro th u r ia  is o f uncertain  
rela tionsh ip .

O rd e r A poda. T h e  o rd e r  com prises th ree fam ­
ilies:

M yriotrochidae, w ith  th ree  genera: T rocho- 
d erm a , w ith  one species, T . e legans  (Arctic, 9 -  
350 m). A c a n th o tro c h u s ,  w ith  on e  species, A . 
m ira b ilis  (Arctic B asin, 1090-2030 m). M yrio - 
tro ch u s, w ith  14 species. Six a re  h ad a l, two are 
abyssal (M . b a th y b iu s  a n d  M . g ig a n teu s , bo th  
know n from  3645 m  off P eru), a n d  six are con­
fined  to  the  su b litto ra l an d  u p p e r  bathyal of 
A rctic  an d  S ubarctic seas (only on e  o f these, M . 
th ee li, was found  as deep  as 2000 m). T h e  hadal 
species, review ed by Belyaev (1970), show d ifferen t 
types of re la tio n sh ip  w ith  the su b litto ra l forms. 
T h u s, th e  genus exh ib its  n o  c lear correla tion  
betw een  bathym etric  occurrence a n d  taxonom ic 
rela tionsh ip .

C h irido tidae , w ith  n in e  genera, is littoral- 
su b litto ra l an d  m ain ly  trop ica l a n d  subtropical. 
T h re e  species a re  know n  from  th e  deep sea: 
C h ir id o ta  abyssicola  (1891-2870 m), A c h ir id o ta  
p ro fu n d a  (2700 m), a n d  A . in e rm is  (466-772 m). 
C h ir id o ta , in  a d d itio n  to  th e  single upper-abyssal
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species, com prises tw enty-odd  su b litto ra l species. 
A c h ir id o ta  com prises o n ly  th e  tw o species m en ­
tioned .

S ynaptidae, w ith  15 genera. A ll deep-sea records 
belong  to  th e  genus P ro ta n k y ra ,  an d  a ll abyssal 
records to  th e  species P . abyssico la  (syn. P. 
brych ia ). T h e  species was taken  a t  nu m ero u s Ga- 
la thea  s ta tions a t  2550-5160 m ; possibly, all bathy- 
al records of th is  species a re  du e  to  erroneous 
id en tifica tio n . T h e  in te rre la tio n sh ip  of th e  spe­
cies o f P ro ta n k y ra  rem a in s  to  be clarified .

C onclusion. A ll H o lo th u rio id e a , except to  some 
degree th e  A poda, show  co rre la tion  betw een  taxo­
nom ic affin ity  a n d  ba th y m etric  d is trib u tio n . 
T h is  co rre la tio n  exists even a t  th e  sub-generic 
level: In  bathyal-abyssal genera, th e  species a re  
o ften  segregated in to  a  b a th y al a n d  a n  abyssal 
group.

T h e  tru e  abyssal species o f A poda  belong  to  
tw o genera  w hich  a re  m ain ly  su b litto ra l: P ro ta n ­
kyra  w hich, in  a d d itio n  to  num erous su b litto ra l 
w arm -w ater species, has e igh t b a th y al a n d  one 
abyssal rep resen ta tive ; a n d  M y r io tr o c h u s  whose 
su b litto ra l species a re  A rc tic  o r  Subarctic.

T h e  evo lu tionary  im p lica tions o f th e  p a tte rn s  
of bathym etric  d is tr ib u tio n  a re  d ea lt w ith  in  a  
la te r chap ter (pp. 243-244).

Number of species and individuals in relation 
to depth

T h e  faunal change w ith  increasing  d ep th  is n o t 
only qualita tive  in  type. T h e re  is also a change 
in  the  num ber of species an d  ind iv iduals , an d  in  
th e  q u an tita tiv e  rep rese n ta tio n  of th e  holo- 
th u ria n s  in  re la tio n  to  o th e r  groups.

Fig. 104 shows th e  n u m b e r  of species of holo- 
th u ria n s  know n to  in h a b it  the  d iffe ren t dep ths, 
illu stra ted  by in te rvals o f 500 m. W h ile  th e  Elasi- 
poda have the  m ax im u m  n u m b e r of species in  the  
abyssal zone, h o lo th u ria n s  as a  w hole show a 
con tinuous decrease in  n u m b e r from  the sub­
lit to ra l to  the  h ad a l zone.

Fig. 105 shows th e  n u m b e r of species taken  a t 
each of the G a la th ea  deep-sea traw ling  stations, 
w ith  d ifferen t signa tu res fo r each type of gear. As 
appears from  the  s ta tio n  lis t (B ru u n  1958), th e  
d u ra tio n  of h a u l was, o n  a n  average, th e  same in  
th e  th ree  b a th y m etric  zones. T h e  n u m b e r  of spe-

N U M B E R  O F  S P E C IE S
50 0

Fig. 104. Number of species of holo­
thurians in relation to depth. The 
Elasipoda are shown in black.
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tie s  is, therefore, a m easure o f th e  species d iver­
sity. T h e  increase in  diversity  from  the  bathyal 
to  th e  abyssal zone takes p lace in  sp ite  of a 
decrease in  to ta l nu m b er of species. F rom  th e  
abyssal to  the hadal zone th e re  is a  decrease b o th  
in  diversity  an d  in  to ta l n u m b e r of species.

T h e  nu m b er of ind iv iduals p e r  species shows 
yet an o th er p a tte rn  (Fig. 106). T h e re  is a con­
tin u o u s increase in  ra tio  from  th e  ba thyal to  the  
had a l zone. T h e  fact th a t th e  h ig h  n u m b e r of spe­
cies a t  the abyssal stations is accom pan ied  by h ig h  
num bers of ind iv iduals of each species ind icates a 
dom inance of ho lo thu rians a t  the  expense of 
o th e r  groups. T h e  enorm ous n u m b e r of ind iv id ­
uals p e r species a t h ad a l dep th s m ay only  to  a 
sm all degree be due to  th e  ind iv id u als  being 
d is trib u ted  on  fewer species. A ,h ig h  n u m b er of 
ind iv iduals p e r  species is n o t as a ru le  found  in  
th e  h ad a l an im al groups. A  dom inance of ho lo­
th u ria n s  has been found  th ro u g h o u t the  hadal 
zone in  all trenches investigated  (W olff 1970). I t  
app lies bo th  to  the n u m b er of specim ens an d  to  
th e  biomass. T hus, the  E lasipoda constitu te  75- 
90 %  of the biomass a t a d ep th  of 8000-10000 m  
in  the  K urile-K am chatka T re n c h  (Zenkevich & 
B irsh tein  1960).

T h e  p resen t find ings regard ing  th e  n u m b e r of 
species an d  in d iv id u als  in  re la tion  to  d ep th  have 
som e bearings o n  th e  discussion on  th e  faunal 
diversity  in  the  deep  sea.

H essler &: Sanders (1967) q u ite  rem arkably  
fo u n d  th a t th e  fau n a l diversity (as defined  by 
th e  abso lu te  n u m b e r  of species in  any single 
env ironm ent) in  th e  deep sea equalled  th e  diversi­
ty  in  eq u iv a len t environm ents from  trop ical shal­
low  w ater a n d  g reatly  surpassed th a t found  in  
tem perate  shallow  w ater. Sim ilar results w ere 
o b ta in ed  for C um acea (Jones & Sanders 1972) 
an d  m eioben th ic  C opepoda (Coull 1972). T h e  
au th o rs  believed th a t the h igh  diversity was the 
re su lt o f th e  g rea t stability  of the deep-sea en ­
v iro n m en t th ro u g h o u t the year as well as d irough  
geological tim e.

T h e  presence of a large num ber of species of 
ho lo th u rian s a t th e  abyssal stations is in  agree­
m en t w ith  th e  view  of a h igh  species d iversity  in  
th e  abyssal zone -  although  i t  m ay to  some de­
gree be a consequence of the large n u m b e r of 
specim ens taken : T h e  h igher the density  of an i­
m als th e  h ig h e r percentage of the to ta l n u m b er 
of species co-existing a t a locality w ill be taken  in  
a  single hau l. Sanders (1968) developed a “ra re ­
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Fig. 106. Average number of specimens per species of holothurians at each trawling-station 

of the Galathea. Abscissa in logarithmic scale.

fac tion  m e th o d ” to  m ake possible a com parison 
of th e  species d iversity  in  sam ples o f d iffe ren t 
size.

U n fo rtu n a te ly , th e  ba thyal G a la th ea  sam ples 
are so sm all th a t a  reasonab le estim ate of th e ir  
species d iversity  is scarcely possible.

T h e  h a d a l sam ples, on  the  o th e r  h a n d , clearly 
reveal a low  species d iversity  com pared  to  the 
abyssal sam ples: T h e  species decrease in  n u m b er 
desp ite  th e  fact th a t  th e  h ad a l sam ples are 
exceedingly  r ich  in  n u m b er o f ind iv iduals .

T h e  low  species d iversity  a t  h ad a l dep th s m ay 
n o t b e  d u e  to  ex trem e conditions of th e  environ­
m ent. In d eed , on ly  th e  hydrostatic pressure seems 
to  p resen t a n  increase in  the  extrem eness of the 
co n d itio n s com pared  to  the  abyssal zone. T h e  
h a d a l zone, how ever, differs from  th e  abyssal 
zone by  its m ore un stab le  an d  geologically young­
er en v iro n m en t (p. 240). T h e  low  diversity  a t 
h a d a l dep ths, like th e  h ig h  diversity  a t abyssal 
d ep ths , is th u s consistent w ith  th e  above-m en­
tio n e d  stability -tim e hypothesis.

A  com parative  investigation  of th e  species

diversity  a t  h a d a l a n d  abyssal depths, com prising 
o th e r  g roups th a n  th e  extrem ely d o m in a tin g  
h o lo th u ria n s , is desirab le .

E. GEOGRAPHIC DISTRIBUTION

The exploration of the different 
geographic regions

T h e  tre a tm e n t o f a  collection  o rig ina ting  from  
all th e  th ree  m a in  oceans involves a com parison 
w ith  th e  m a te ria ls  described from  all previous 
deep-sea exped itions. Such a com parison of faunas 
from  d iffe ren t geograph ic  regions is especially 
im p o rta n t in  view  o f th e  fact th a t repo rts  from  
reg ional ex p ed itio n s o ften  pay too little  a tte n tio n  
to  species described  from  o th e r  oceans.

T h e  degree o f ex p lo ra tio n  varies strik ing ly  
from  o n e  reg io n  to  ano ther. T h e  d is trib u tio n  
m aps of th e  species (Figs. 109-125) should, there­
fore, be co m p ared  w ith  the  m aps show ing the  
density  of s ta tio n s in  th e  d iffe ren t geographic 
regions (Figs. 107-108).
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A Fig. 107. Distribution of deep-sea stations with published records of holothurians. Depth
1000-2500 m.

The bathyal fauna

T h is  fauna  com prises p ractically  all the Laetm o- 
gonidae, a n d  th e  genus O rp h n u rg u s  in  the  Dei- 
m atidae. T h e  cen tre  of d is trib u tio n  is the  arch i­
pelago of East A sia w here th e  con tin en ta l slope 
is very long  an d  consists of iso lated  areas ro u n d  
th e  num erous islands. T h re e  species are endem ic 
to  th e  Indonesian  seas: B e n th o d y te s  sibogae, B en-  
th o g o n e  abstrusa , a n d  L a e tm o g o n e  in terjacens.

T h e  n o r th e rn  b o u n d ary  of th is  rich  bathyal 
fau n a  lies off J a p a n  in  the  region of convergence 
betw een th e  K urosh io  an d  O yashio C urrents. 
T h is  coincidence suggests th a t the species have 
pelagic larvae, th e  d is trib u tio n  of w hich is ob­
struc ted  by the  sou thgo ing  Oyashio C urren t (p. 
238). O n ly  th e  deepest liv ing  species, P annych ia  
m ose ley i, goes beyond  th is boundary .

T o  th e  south , th e  fauna  is to  some ex ten t 
d is trib u ted  to  N ew  Z ealand  an d  sou thern  A ustra­
lia.

T h e  H aw aiian  Islands possess four bathyal 
elasipods. O rp h n u rg u s  v itre u s  is endem ic. P anny-

ch ia  m o se ley i ranges ro u n d  th e  coasts o f the 
Pacific. O rp h n u rg u s  g la b er  a n d  L a e tm o g o n e  bi- 
seria lis a re  also fo u n d  in  southeastern  Asia an d  
have th e ir  n o r th e rn  bo u n d ary  a t the  K uroshio- 
O yashio convergence. T h e  occurrence of O. g laber  
a n d  L . b iseria lis  o ff th e  H aw aiian  Islands may 
be d u e  to  tra n sp o rt o f pelagic larvae by bathyal 
cu rren ts ru n n in g  from  Ja p a n  to  th e  w estern p art 
o f th is arch ipelago  (p. 238). P a n n ych ia  m oseley i, 
w hich  goes m u ch  deeper, m ay have reached  the  
H aw aiian  Islands by  way of th e  cha in  of sub­
m arine  m o u n ta in s  w hich  connects these islands 
w ith  K am chatka.

T h e  eastern  Pacific, in  ad d itio n  to  P. m ose ley i, 
has only  one b a th y a l elasipod, L a e tm o g o n e  
sco toeides, taken  off B a ja  C alifornia.

T h e  low  n u m b e r  o f ba thyal elasipods along  
the eastern  coast o f th e  Pacific m ay be d u e  n o t 
only  to  in ab ility  to  p en e tra te  n o r th  of the  Oyashio- 
K uroshio  convergence, b u t  also to  unfavourab le 
conditions fo r soft-bo ttom  bathyal anim als along 
th is steep co n tin en ta l slope.
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A Fig. 108. Same. Depth 2500-6000 m (•) and 6000-11000 m ( +  ).

T h e  coasts o f so u th e rn  an d  e q u a to ria l A frica 
a re alm ost u n ex p lo re d  a t  b a th y a l dep th s, w hich 
m ay ex p la in  th a t  on ly  tw o species have  been  
recorded: B e n th o g o n e  rosea  (off E ast A frica) an d  
L a e tm o g o n e  f im b r ia ta  (off N ata l).

T h e  tw o N o rth  A tla n tic  b a th y al laetm ogonids, 
L a e tm o g o n e  v io lacea  a n d  B e n th o g o n e  rosea, are  
bo th  d is trib u ted  tow ards the  east to  J a p a n  an d  
N ew  Zealand. W h ile  B . rosea  has its n o r th e rn  
lim it o f d is tr ib u tio n  in  th e  N o rth  A tla n tic  w est 
of Ire lan d , L . v io lacea  proceeds a lo n g  th e  sou th ­
ern  slope o f th e  N o rth  A tla n tic  r idge  to  w est o f 
G reenland . T h e  absence a long  th e  east coast of 
A m erica o f th is  o therw ise w idely  d is trib u ted  
species m ay b e  d u e  to  adverse cu rren ts  (p. 238).

T h e  on ly  ba thyal elasipod  kn o w n  to  occur in  
th e  w estern  A tla n tic  is th e  W est In d ia n  de im atid  
O rp h n u rg u s  asper.

The abyssal fauna

T h e  abyssal E lasipoda show n o  p rep o n d eran ce  
in  n u m b er of species in  any  reg ion , a p a r t from

very lim ited  regions such  as off the  west coast of 
C en tra l A m erica a n d  th e  abyssal dep ths of th e  
K erm adec T ren ch . M oreover, th e  various abys­
sal species have so few d is trib u tio n a l features in  
com m on th a t  they c a n n o t fo rm  th e  basis o f a 
d iv ision of the  abyssal zone in to  la rger zoogeo- 
g rap h ic  regions. D istinctive abyssal faunas m ay be 
fo u n d  in  basins w ith  low sill dep ths (as the  
M ed ite rran ean  a n d  th e  A rctic  Basin) b u t are 
ra re  in  th e  rem a in in g  deep  sea. A t the  p resen t 
tim e on ly  one such reg io n  can  be p o in te d  out, 
viz. a narro w  reg ion  o ff th e  w est coast o f C en tra l 
Am erica.

E km an  (1953) proposed  a div ision  of the  abyssal 
fau n a  in to  fou r m a jo r zoogeographic regions: A n 
A rctic, A n tarctic , A tlan tic , a n d  Indo-pan-P acific 
region.

M adsen (1961b) ag reed  th a t the  A rctic  an d  
A n tarc tic  seas are  d is tin c t zoogeographic regions. 
H ow ever, h e  d iv ided  th e  rem a in in g  abyssal deep 
sea in to  a n  A tlan to -Ind ian(-W est Pacific) a n d  a 
m a in  Pacific region, w ith  a tran sitio n  zone ex­
te n d in g  from  so u th e rn  J a p a n  to  east o f N ew
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Fig. 109. Records of Deima validum.

Zealand. T h e  m id-Pacific deep  sea w ith  its sparse 
food resources was assum ed to  form  the  b a rr ie r  
for d istribu tion . Besides, a possible co rre la tion  
was po in ted  o u t betw een the  m a jo r abyssal zoo- 
geographic regions an d  th e  type of sedim ent. T h e  
A tlan to -Ind ian  reg ion  is m ain ly  covered w ith  
G lobigerina ooze, the  m ain  Pacific reg ion  w ith  
abyssal clay, a n d  th e  A n tarc tic  reg ion  w ith  
d ia tom  ooze.

T h e  E lasipoda give no conclusive evidence of 
th e  faunal in te rre la tio n sh ip  of the  d iffe ren t 
oceans. T h is  m ay in  p a r t  be du e  to  insufficien t 
exp lo radon . T h e  deep-sea fauna  of the  South 
A tlan tic  is so lit tle  know n th a t a com parison of 
the  A tlan tic  an d  Indo-Pacific faunas actually  
m eans a com parison  of the  w ell-explored N o rth  
A tlan tic  w ith  th e  rest o f the  w orld  ocean. Sim i­
larly, th e  g rea ter p a r t  of the abyssal Pacific Ocean

Fig. 110. Records of Oneirophanta.

222



is too  l i t t le  ex p lo red  to  allow  conclusions regard­
in g  th e  fa u n a l re la tio n sh ip  of th is ocean as a 
w hole.

A  d iv is io n  o f th e  w orld  ocean in to  large 
reg ions characterized  by sed im en t types finds no  
su p p o rt in  th e  d is tr ib u tio n  of the  Elasipoda, 
w h ich  seem  to  b e  in d e p en d e n t o f the usually 
d is tin g u ish e d  types of sed im ent (p. 235).

T h e  zoogeographic divisions proposed  by 
V inog radova (1959) are co n trad ic ted  by the dis­
tr ib u tio n  o f th e  E lasipoda. T h e  divisions were 
largely  based  o n  th e  view th a t  subm arine  ridges 
m ay ac t as d is trib u tio n a l b arrie rs  to  abyssal 
an im als (p. 238).

T h e  o b jec t of th e  follow ing review of the 
abyssal e lasipod  faunas is to  p o in t o u t regions 
w ith  m o re  o r  less characteristic  faunas, an d  of 
u n d e r lin in g  sim ilarities a n d  dissim ilarities be­
tw een d iffe re n t faunas an d  d iffe ren t species.

1. W orld -w ide d istribu tions.
A lth o u g h  th e  d em onstra tion  of synonymy has 
ex ten d e d  th e  know n range  of geographic dis­
tr ib u tio n  o f m an y  species, i t  is su rp rising  how 
few species have a  w orld-w ide d istribu tion .

T h e  tw o m ost w idely d is trib u ted  species are 
O n e iro p h a n ta  m u ta b il is  a n d  P sychropo tes longi- 
cauda . T h e  rem ark ab le  s im ilarity  in  the p a tte rn  
o f d is tr ib u tio n  (Figs. 110 a n d  118) m ay be ex­
p la in e d  by  th e  fact th a t b o th  have th e ir  m ain  verti­
cal ran g e  a t  3200-6000 m. T h e y  have been found  in

alm ost every reg ion  in v estig a ted  a t  these great 
depths.

T h e  re m a in in g  five species w ith  a w orld-w ide 
d is tr ib u tio n  seem  to  b e  ab sen t in  som e regions:

B e n th o d y te s  typ ica , w h ich  ranges th ro u g h o u t 
the  abyssal zone, has  an  a lm ost equally  w ide dis­
tr ib u tio n  as th e  tw o above-m entioned  species. 
T h e  absence o f records fro m  th e  A ntarctic  O cean 
is rem ark ab le , as i t  is k n o w n  to  occur off the  
coast o f S o u th  A frica a n d  in  th e  T asm an  Sea.

D e im a  v a lid u m  seems to  b e  absen t from  a n u m ­
b e r of regions, in c lu d in g  th e  A ntarctic  Ocean. 
T h e  species shows s tr ik in g  differences in  bathy­
m etric  d is tr ib u tio n  from  o n e  reg ion  to  an o th er 
(p. 17).

E lp id ia  g lac ia lis  is of com m on occurrence in  
the  A rc tic  a n d  A n ta rc tic  d eep  sea (in the K ara 
Sea i t  ascends to  a  d e p th  o f 70 m). O utside these 
regions i t  is con fined  to  th e  h a d a l dep ths of a 
n u m b e r of trenches.

P sych ro p o te s  depressa , a n  in h a b ita n t of the 
deeper b a th y a l a n d  th e  u p p e r  abyssal zone, may 
also b e  w orld-w ide in  d is tr ib u tio n . T h e  lack of 
records from  th e  In d ia n  O cean  m ay be du e  to 
insu ffic ien t ex p lo ra tio n  o f th e  dep ths in h ab ited  
by th is species.

S co to p la n es  g lo b o sa  occurs in  the Southern  
Ocean, th e  S ou th  A tlan tic , a n d  th e  Pacific, in ­
c lu d in g  a n u m b e r of W est Pacific  trenches. T h e  
absence o f records from  th e  N o rth  A tlan tic  is 
rem arkab le .

Fig. 111. Records of Orphnurgus.
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2. T h e  A ntarc tic  Ocean.
E k m an  (1953), V inogradova (1959), an d  M ad­
sen (1961b) deal w ith  the  A ntarc tic  abyssal deep 
sea as a d istinc t zoogeographic region. T h is  view 
finds lit tle  support in  the  d is trib u tio n  of the 
E lasipoda.

N in e  abyssal species of E lasipoda are know n 
on ly  from  th e  A ntarc tic  region. P en ia g o n e  in co n ­
d ita  has been taken  on  several occasions, w hile the 
rem a in in g  eight species (P en ia g o n e  m ossm ani, P. 
w il to n i ,  P . a ffin is , P. incer ta , P . w illem o esi, E lli-

p in io n  fa c e tu m , A m p e r im a  insign is, an d  Psychro- 
p o te s  sco tiae) a re  kn o w n  from  one sta tion  each.

T h e  A n ta rc tic  deep  sea is characterized by its 
low  tem p era tu re , w hich  in  large areas is below 
zero. B u t in  co n tra s t to  th e  A rctic deep sea there 
is a g rad u a l tra n s itio n  to  regions w ith  norm al 
abyssal tem pera tu res . T h u s , although  an  endem ic 
abyssal fa u n a  d ep e n d en t on  very low tem ­
p era tu re s  m ay exist, a  w ell-defined boundary  be­
tw een such a  reg io n  a n d  the  rem ain ing  deep  sea 
ca n n o t b e  expected .

224



N in e  species an d  one subspecies o f A n tarc tic  
E lasipoda a re  know n  also from  o th e r  seas. O nei-  
r o p h a n ta  m u ta b il is  a n d  P sych ro p o te s  lo n g ica u d a  
are  w orld-w ide. S c o to p la n e s  g lobosa  occurs also in  
the  S o u th  A tla n tic  a n d  in  th e  w estern  a n d  n o r th ­
e rn  Pacific. L a e tm o g o n e  w y v il le th o m s o n i  is 
know n from  th e  K erm adec T re n c h  a n d  from  off 
th e  coast o f C hile; a lth o u g h  n o t exclusively A n t­
arctic, i t  m ay b e  res tric ted  to  th e  S ou thern  
O cean. P en ia g o n e  v itre a  is also know n  from  the 
G u lf o f P anam a, A m p e r im a  n a res i from  th e  G ulf 
of P an am a a n d  th e  S u n d a  T re n ch , A . ro b u s ta  
from  th e  K erm adec T re n c h , E ll ip in io n  p a p il lo ­

su m  from  th e  S o u th  A tlan tic , an d  E lp id ia  g laci­
alis su n d e n s is  from  th e  S unda T re n ch . K o lg a  
h ya lin a , also fo u n d  in  th e  A rc tic  B asin  a n d  the  
ad jo in in g  p a r t  o f th e  N o rth  A tlan tic , is th e  only 
exam ple o f a  b ip o la r  d is trib u tio n  am o n g  holo- 
thurians.

T h e  p ro b lem  o f th e  existence of deep-sea ele­
m ents in  th e  A n ta rc tic  su b litto ra l fau n a  is con­
sidered elsew here (pp. 233-234).

3. T h e  N o rth  A tlan tic .
A lthough  th e  best ex p lo red  o f th e  oceans, the 
stations a re  so uneven ly  d is trib u ted  th a t erroneous

Fig. 115. Records of Benthodytes (1).
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• Benthodytes typica

Fig. 116. Records of Benthodytes (2).

conclusions reg a rd in g  th e  d is tr ib u tio n  of the 
species a re  liab le  to  be draw n. T h e  d eeper p a r t  
o f th e  abyssal zone (3000/4000-6000 m ) is well 
exp lo red  only  in  a reg ion  betw een  th e  Bay of 
Biscay a n d  th e  Azores. T h is  m ig h t ex p la in  why 
th e  two otherw ise w idely d is tr ib u ted  deep-abyssal 
species, O n e iro p h a n ta  m u ta b il is  a n d  P sych ro p o tes  
long icauda , a re  know n only  from  th is p a r t  o f the 
A tlan tic . T h e  th ird  species o f th e  reg ion , A m p e -  
r im a  rosea, a lth o u g h  n o t recorded  from  elsewhere, 
m ay have a m uch  w id er d is trib u tio n  w ith in  the

deep-abyssal zone th a n  ind icated  by th e  few 
finds.

A m ong the  species recorded m ore th a n  once, 
only  two have n o t been  recorded  from  o th e r  
oceans. O ne is th e  above-m entioned A m p e r im a  
rosea, th e  o th e r A . fu rca ta  w hich is know n from  
two records from  th e  bathyal-abyssal tran s itio n  
zone (1846 an d  2320 m).

O f the eleven species w hich th e  N o rth  A tlan tic  
has in  com m on w ith  o th e r oceans, five (O n e iro ­
p h a n ta  m u ta b il is , D e im a  v a lid u m , B e n th o d y te s

Fig. 117. Records of Psychropotes (1).



Fig. 118. Records of Psychropotes (2), Psycheotrephes, Psychrelpidia and Rhipidothuria.

typ ica , P sych ro p o te s  long icauda , a n d  P . depressa)  
are  w orld-w ide. T h re e  (P en ia g o n e  azorica , P. 
d ia p h a n a , a n d  E ll ip in io n  delagei) ran g e  to  the  
sou thw estern  Pacific. P en ia g o n e  w y v il l i i  is also 
kn o w n  from  th e  C en tra l Pacific, B e n th o d y te s  
lin g u a  from  th e  S ou th  A tlan tic , a n d  P sych ro p o tes  
se m p e r ia n a  from  the  w estern In d ia n  O cean.

T h e  sim ilarities betw een th e  h o lo th u r ia n  
faunas o f the  N o rth  A tlan tic  a n d  th e  sou th ­
w estern  Pacific suggest a  conveyance o f pelagic 
la rvae o r  juveniles by  deep  curren ts (p. 238).

Som e o therw ise w idely d is trib u ted  species have 
n o t b een  reco rded  from  the  N o rth  A tlan tic  
(A m p e r im a  naresi, S co to p la n es g lobosa ,  B e n th o ­
d y te s  sa n g u in o le n ta ,  an d  P sych ro p o tes  verrucosa).

A ccord ing  to  D eichm ann  (1930), deep-sea Spe­
cies o f h o lo th u ria n s  are usually fo u n d  a t  shallow ­
er  dep th s in  th e  w estern th a n  in  th e  easte rn  N o rth  
A tlan tic . H ow ever, th e  E lasipoda show  only  two 
exam ples: D e im a  v a lid u m  is bathyal off th e  W est 
Ind ies, b u t  exclusively abyssal in  th e  eastern  
N o rth  A tlan tic . B e n th o d y te s  typ ica  is b a th y a l in  
th e  w estern  A tlan tic , b u t otherw ise abyssal. N o  
species of the p ronounced ly  abyssal fam ily  Elpi-

d iid ae  a re  know n to ascend in to  the  W est In d ian  
b a th y al region.

W h ile  th e  N o rth  A tla n tic  deep sea as a  w hole 
differs from  th e  o th e r  oceans by few faunistic  
features, d istinctive  deep-sea com m unities m igh t 
exist in  places w ith in  th is ocean. T h e  rem arkab le  
occurrence o f a species o f E lp id ia  a t th e  base of 
th e  co n tin e n ta l slope o ff th e  coast o f N orth-W est 
A frica ind icates u n u su a l conditions, possibly 
co rre la ted  w ith  a  r ic h  upw elling  (p. 173).

4. T h e  S ou th  A tlan tic .
A  few deep-abyssal sta tions in  the  equato ria l 
p a r t  a n d  a n u m b e r  o f upper-abyssal stations 
along  th e  coast of th e  G u lf o f G uinea do n o t 
p e rm it a discussion o f zoogeographic re la tio n ­
ships.

5. T h e  In d ia n  O cean.
E xp lo red  a t abyssal dep ths off S outh  an d  East 
A frica, as w ell as in  th e  A rab ian  Bay an d  the 
Bay of B engal.

O u t o f a to ta l of 16 species o f abyssal E lasipoda 
reco rded  from  th e  In d ia n  O cean, seven have n o t 
been  fo u n d  elsewhere. H ow ever, only th ree of
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these have been  recorded  m ore th a n  once: Psy- 
ch ropo tes  b e lya ev i (3 sta tions betw een M adagas­
car an d  E ast A frica), B e n th o d y te s  p la n a  (south­
west of C eylon an d  off S ou th  Africa), an d  P en ta ­
g o n e  co n vexa  (southw est o f Ceylon an d  off E ast 
Africa). O f th e  eigh t species recorded  from  o th e r  
oceans, fou r a re  world-w ide, tw o (P sychropo tes  
verrucosa  a n d  B e n th o d y te s  sa n g u in o len ta )  have 
w ide Indo-Pacific d istrib u tio n s, one (P en iagone  
r ig ida)  is know n  from  the  northw estern  Pacific, 
a n d  one (P sych ro p o tes  sem p eria n a )  from  th e  
A tlantic .

D eim a  v a lid u m  occurs a t bathyal an d  abyssal 
dep ths (1224-4320 m) in  th e  n o rth ern  In d ia n  
Ocean. T h e  reg ion  has n o  records of E lp id iidae  
from  less th a n  3194 m  an d  of Psychropotidae 
from  less th a n  2738 m .

6. T h e  Ind o n esian  seas.
E xp lo red  by  sta tions in  th e  bathyal a n d  th e  
bathyal-abyssal tran sitio n  zone, an d  in  the h ad a l 
zone of the  B anda  T ren ch .

T h e  tw o species reco rded  from  the B anda 
T re n c h  (B e n th o d y te s  sa n g u in o le n ta  an d  P sychro-

p o te s  verrucosa ) a re  b o th  w idely d istribu ted .
A n o th er tw o are  exam ples of a n  ascent o f abys­

sal form s in to  shallow er dep ths: D e im a  v a lid u m , 
recorded  from  724-1158 m  (S trait of Macassar, 
sou th  of Celebes, B anda Sea), a n d  a P en iagone  
(Scotoanassa incer ta  S luiter) from  538-724 m  
(S trait of M acassar, southw est of Celebes), an  
excep tionally  shallow  occurrence for the  genus 
P en ia g o n e .

M ortensen  (1923) fo u n d  th a t in  th e  region 
ro u n d  th e  Kei Islands “a r ich  a n d  g en u in e  abys­
sal fa u n a ”, in c lu d in g  “various E lasipoda” , occur­
re d  a t on ly  200-300 m  dep th . S im ilar observa­
tions w ere m ade  on  th e  C h a llen g er  a n d  the 
S iboga . B u t a  study  of M ortensen’s m ateria l 
show ed th a t  th e  E lasipoda can n o t be adduced  as 
evidence of a n  ascent o f deep-sea species to 
shallow  dep th s in  th is region. T h re e  species of 
E lasipoda w ere taken  -  O rp h n u rg u s  g la b er  (245- 
352 m ), L a e tm o g o n e  m a cu la ta  (225-245 m), and 
L . f im b r ia ta  (245 m). T h ey  are, however, u pper 
b a th y al also ou tside th is region, a n d  th e ir  oc­
currence off th e  Kei Islands is n o t exceptionally  
shallow.

Fig. 119. Records of Pentagone (1).
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Fig. 120. Records of Peniagone (2).
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Fig. 123. Records of Scotoplanes, Kolga and Irpa.
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7. T h e  Pacific Ocean.
T h e  abyssal dep ths a re  very little  explored , 
a p a r t from  th e  sou thw estern  p a r t (the T asm an  
Sea a n d  n o r th  of N ew  Z ealand) an d  a reg ion  
ex ten d in g  from  C alifo rn ia  to  P eru . A  n u m b e r 
o f trenches have been investigated  a t abyssal a n d  
h a d a l depths.

T h e  fau n a l sim ilarities betw een the  so u th ­
w estern  Pacific a n d  th e  N o rth  A tla n tic  have 
a lready  been  m en tioned . O therw ise, the  fau n a  of 
th e  sou thw estern  Pacific consists of species w ith  a 
w orld-w ide o r  w ide Indo-P acific  d is tr ib u tio n  o r 
w ith  a n  A n tarc tic  o r  so u th ern  d is trib u tio n .

T h e  abyssal fau n a  off th e  west coast o f C en tra l 
A m erica a n d  n o rth e rn  S ou th  A m erica is rem ark ­
ab le  fo r its richness in  n u m b e r  of species a n d  
ind iv iduals , a n d  for its taxonom ic re la tio n sh ip . 
Som e w idely  d is trib u ted  species a re  h e re  re ­
p resen ted  by endem ic subspecies o r by closely 
re la te d  species (p. 246).

T h e  characteristic  features o f th is fau n a  are 
likely  to  be co rre la ted  w ith  the rich  supp ly  of 
n u tr ie n t  m a tte r  caused by  upw elling  a n d  possibly

also by tu rb id ity  cu rren ts a n d  m u d  slides du e  to  
th e  steep  g ra d ie n t of th e  con tin en ta l slope. T h e  
p o o r food cond itions of th e  C en tra l Pacific m ay 
have caused th e  ex tin c tio n  o f species from  th is 
region, c u ttin g  off th e  eastern  Pacific p o p u la ­
tions from  th e  m ain  d is trib u tio n a l area of the 
species. I n  som e cases (e. g. O n eiro p h a n ta  m u ta -  
b ilis )  th e  ea ste rn  Pacific p o p u la tio n  m ay have 
reg a in ed  co n tac t w ith  th e  o th e r  populations, a l­
th o u g h  s till p reserv ing  its characteristic features.

T h e  reg ion  extends n o rth w ard  to  abou t 30° 
N , w here  i t  is rep laced  by a  C aliforn ian  abyssal 
fau n a  of a  d iffe ren t com position  (Parker 1964). 
P a rk er suggested th a t th e  change in  faunal com ­
positio n  was d u e  to  convergent deep-sea curren ts 
in  co m b in a tio n  w ith  subm arine  ridges. T h e  
so u th e rn  b o u n d ary  of th e  reg ion  has yet to  be 
determ ined .

R em ark ab le  sim ilarities a re  found  betw een the 
abyssal faunas of the easte rn  Pacific region and  
th e  K erm adec T re n ch . B o th  regions are r ich  in  
n u m b e r o f species as w ell as in  individuals, an d  
th e  d o m in a tin g  species a re  o ften  the  same, o r

Fig. 124. Records of Elpidia glacialis.
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Fig. 125. Records of Elpidia (other than E. glacialis).

closely re la ted  forms. A n abyssal fau n a  of a  ra th e r  
sim ilar com position m ay be characteristic  of the 
A ntarc tic  region, of w hich the  d o m in a tin g  ela- 
sipods are O n e iro p h a n ta  m u ta b il is , P sych ro p o tes  
long icauda , S co top lanes g lobosa , an d  E lp id ia  
glacia lis  (Agatep 1967b).

T h e  fact th a t th e  dom in a tin g  species of the 
th ree  faunas are am ong the m ost w idely d is trib u ­
ted  species of E lasipoda indicates th a t th e  faunal 
sim ilarities are ecologically ra th e r  th a n  geographi­
cally determ ined. Probably, the  sim ilarities are 
d u e  to  a rich  supply  of n u tr ie n t m a tte r in  a ll 
th ree  regions.

8. T h e  A rctic Basin.
T h e  A rctic Basin (includ ing  th e  N orw egian 
Sea) is very poo r in  species. T h e  fam ilies D eim ati- 
dae  an d  Psychropotidae are  absent, a n d  the 
E lp id iidae  is represen ted  by th ree  species only  
(E lp id ia  glacialis, K o lga  h ya lin a , Ir p a  abyssicola). 
T h e  elp id iid  genera P en iagone , A m p e r im a , E lli-  
p in io n ,  and  Sco top lanes, a ll ab u n d a n tly  rep re ­
sen ted  in  the rem ain ing  deep  sea, a re  absent

from  the  region. I t  is no tew orthy th a t the three 
elasipod  species o f th e  A rctic Basin belong to 
closely re la ted  genera.

O ne of the  A rctic  species (Irp a  abyssicola) is 
know n only  from  th e  type specim en. T h e  o ther 
m em ber o f th e  genus (I. lu d w ig i)  is know n only 
from  the  M e d ite rran ean  deep sea. E lp id ia  g la­
cia lis  is rep resen ted  by the endem ic subspecies
E . g. g lacia lis. K o lg a  h ya lin a  occurs also in  the 
n o rth e rn m o st N o rth  A tlan tic  an d  the  A ntarctic 
Ocean.

T h e  A rctic B asin is separated  from  the Pacific 
O cean by extensive sub litto ra l areas, an d  from  
the  A tlan tic  O cean by the  N o rth  A tlan tic  R idge, 
w ith  sill dep th s of ab o u t 500 m. T h e  absence of 
m any  species an d  taxa in  the A rctic Basin m ay 
be  d u e  to  in a b ility  to  cross the  N o rth  A tlan tic  
R idge, ra th e r  th a n  to  the negative tem perature .

T h e  deep-sea elem ents in  d ie  A rctic sub litto ra l 
fau n a  are considered elsewhere (pp. 234-285).

9. T h e  M ed ite rranean .
A p a rt from  th ree  dredgings deeper th an  3000 
m  (M arion 1883) the  few deep-sea stations are
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all from  less th a n  1445 m  (von M arenzeller 1893b, 
1895, H 6 ro u a rd  1923).

T h e  M e d ite rran e an  is separated  from  the  A t­
la n tic  by  a  sill w ith  a  d e p th  of ab o u t 400 m. T h e  
d ee p  w ater, d e riv ing  from  the  surface, rem ains 
co n s tan t a t  c. 13° C. below  a d ep th  of c. 1000 m. 
I n  sp ite  o f this, th e  M ed ite rran ean  d ee p se a  
h o lo th u ria n s  belong  to  th e  usual d ee p se a  groups 
(p. 235).

The ranges of geographic distribution 
compared with those of other groups

W id e  geographic d is trib u tio n s are characteristic  
n o t on ly  of h o lo th u rian s . T h ey  have been  show n 
in  porce llanasterids (M adsen 1961a) -  an d  m ay 
ap p ly  to  a ll ech inoderm  groups -  in  m olluscs 
(K nudsen  1970), ascid ians (M illar 1970), an d  
polychaetes. T h e  po lychaete species a re  p robab ly  
th e  m ost w idely d is tr ib u te d  of a ll d ee p se a  a n i­
m als, as in d ic a ted  by th e  w orld-w ide d is trib u tio n  
of m any  o f th e  h ad a l species (K irkegaard  1956).

R estric ted  d is trib u tio n s ap p e ar to  b e  the ru le  
in  th e  P ogonophora , a  d ee p se a  g ro u p  in h a b itin g  
reg ions close to  the  coast (Ivanov 1963).

A lso som e groups of C rustacea have been  con­
sidered  to  have rem arkab ly  restric ted  species 
d is trib u tio n s. B a rn a rd  (1961) fo u n d  th is to  be 
th e  ru le  in  the  deep-sea ben th ic  A m phipoda , an d  
p roposed  th e  ex p lan a tio n  th a t th e  species w ere 
recen t im m igran ts to  th e  deep  sea a n d /o r  h ad  
a slow- ra te  o f dispersion. T h e  species know n 
from  w idely separa ted  localities proved  to  be 
e ith e r  eu ryba th ic  o r  to  have special m echanism s 
of dispersal.

W o lff (1962) sim ilarly  found  th a t the  species 
of th e  abyssal Isopoda  w ere rem arkab le  for th e ir  
restric ted  d istribu tions.

Jo n e s  8c Sanders (1972) showed th a t a  narrow  
ba th y m etric  range  a n d  a p ronounced  reg ional 
endem ism  are  characteristic  o f the  Cum acea.

F. DISTRIBUTION IN RELATION TO 
ENVIRONMENTAL FACTORS

I n  th e  u n ifo rm  en v iro n m en t o f the deep sea the  
in flu en ce  of the  physical factors on  an im al dis­
tr ib u tio n  w ou ld  seem to  presen t a  less com pli­
ca ted  p a tte rn  th a n  in  shallow  w ater. I t  is su rp ris­
ing, therefore, th a t  th e  geographic an d  b a th y ­
m e tric  d is trib u tio n  of the  E lasipoda can  h ard ly

ever be co rre la ted  w ith  param eters o f th e  physical 
env ironm ent.

Temperature

T h e  te m p era tu re  has generally  been regarded  as 
the  m a in  fac to r d e te rm in in g  the  bathym etric  
d is trib u tio n  o f d e e p se a  anim als. T h is  view was 
also h e ld  by B ru u n  (1957), w ho p o in ted  o u t th a t 
the a b ru p t change in  tem p era tu re  betw een the  
w arm  therm osphere  a n d  th e  cold psychrosphere 
agrees fa irly  w ell w ith  the  change in  faunal 
com position  from  th e  su b litto ra l to  the bathyal 
zone. T h e  change in  tem p era tu re  usually  takes 
place a t  a b o u t 10° C.

A ccord ing  to  B ru u n , also the  bathyal-abyssal 
b o u n d ary  was m a in ly  de term ined  by the  tem ­
p era tu re , co inc id ing  w ith  th e  iso therm  of 4° C. 
T h e  abysso-hadal bou n d ary , on  th e  o ther hand , 
does n o t co incide  w ith  a  change in  tem perature . 
D ue to  ad iab a tic  h e a tin g  the  tem pera tu re  in  the 
h ad a l zone shows a  sligh t increase w ith  dep th .

T h e  fact th a t  th e  sub litto ra l-bathyal a n d  the 
bathyal-abyssal b o u n d a rie s  largely coincide w ith  
iso therm s does n o t  im p ly  th a t th e  faunal changes 
a re  d e te rm in ed  by  th e  tem peratu re . In  o rd er to  
exam ine a possib le in flu en ce  of the  tem perature , 
th e  b a th y m etric  d is tr ib u tio n  of th e  species should  
be investiga ted  in  reg ions w here th e  said iso­
therm s are closer to  th e  surface (A ntarctic an d  
A rctic seas) o r  a re  en tire ly  absent (the M edite rra­
nean).

1. F au n a l sim ila rities betw een th e  po la r sub­
lit to ra l regions a n d  th e  deep  sea.

(1) T h e  A n tarc tic . A  n u m b er of sub litto ra l an d  
abyssal sta tions h av e  been  operated , w hile the 
ba thyal dep th s a re  a lm ost unexplored . A possible 
ascent o f d e e p se a  species has to  be concluded 
from  the  ex istence o f bathyal a n d  abyssal ele­
m ents in  the  su b li tto ra l A ntarc tic  fauna.

T h e  p resen t investiga tion  confirm s the  view 
h e ld  by E km an  (1925) th a t the A ntarc tic  sub­
lit to ra l ech inoderm  fau n a  contains very few d e e p  
sea elem ents. I n  th e  A n tarc tic  seas, a t dep ths less 
th a n  600 m , th e  d e e p se a  groups of ho lo th u rian s 
are rep resen ted  b y  th e  follow ing species:

E lasipoda. P e n ia g o n e  v ig n o n i,  taken  a t 400 m  
in  the A n tarc tic , is th e  shallow est recorded m em ­
b er of th e  genus. I ts  close relative, P. ja p on ica , 
is the  n ex t shallow est recorded  species (Japan, 
1135-1669 m ; tem p. 2 .6-3 .40 C.).
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A m p e r irn a  ve la c u la  is kn o w n  only  from  the 
A n tarc tic  (131-4850 m). I t  is th e  shallowest re ­
co rded  m em ber o f the  genus.

A p o d o g a s te r  a lco ck i, tak en  a t 385 m  in  the 
A ntarc tic , is o therw ise know n  from  the Bay of 
B engal a t 1026 m  an d  7.2° C. T h e  shallow  occur­
rence in  th e  A n tarc tic  is a p p a ren tly  n o t deter­
m in ed  by  the  low tem pera tu re .

A spidochiro ta. T h re e  species o f th e  fam ily 
S ynallactidae have b een  recorded  from  the 
A n ta rc tic  sub litto ra l. (A fo u rth  species, Synallactes  
ca rth a g e i H ero u ard , in  m y o p in io n  is a synonym  
of th e  dend roch iro te , E k m o c u c u m is  tu rq u e ti) .

P se u d o s tic h o p u s  m o llis  T h e e l is know n from  
th e  A n tarc tic  an d  so u th e rn  C hile  a t 137-400 m. 
I t  is o therw ise recorded  from  th e  eastern  Pacific 
(G ulf of P anam a to  C alifo rn ia) a t 245-3436 m  
an d  2 .2-12.7° C., w hich  ind ica tes th a t the shallow 
A n ta rc tic  occurrence is n o t d u e  to  low tem pera­
ture.

B a th y p lo te s  m o se ley i (Th£el) has been record­
ed  from  th e  A n tarc tic  a n d  so u th ern  C hile a t 
100-627 m, an d  from  off J a p a n  a t 127-805 m  
an d  1.8—13.5° C. T h ese  w idely  separated  areas 
a re  n o t likely  to  be connected  th ro u g h  a deep- 
sea occurrence. (A part from  the  record  of B. 
re p ta n s  from  2212 m  off the  C anary  Islands, no  
m em ber of th e  genus has been  taken deeper 
th a n  1300 m). P robably , th e  n o r th e rn  an d  south­
e rn  records o f B . m o se ley i re fe r to  d ifferen t spe­
cies.

M e s o th u r ia  b ifu rca ta  H £ ro u a rd  is recorded 
from  a ju v en ile  A n ta rc tic  specim en taken  a t 
a b o u t 450 m . A  specim en from  2337 m  dep th  
sou th  of Ice land  was on ly  ten ta tively  referred  
to  th e  sam e species (H ed in g  1942). T h e  record 
a t 450 m  is n o t especially shallow  in  the genus.

M olpadon ia . M o lp a d ia  an ta rc tica  (Th6el) was 
reco rded  from  off so u th e rn  C hile  a t 220-631 m. 
T h e  d ep th  range  is n o t u n u su a l in  th is p redom i­
n a n tly  ba thyal genus.

D endroch iro ta . A b y sso c u c u m is  abyssorum  
(T heel) is a w idely d is tr ib u te d  abyssal species, 
reco rded  from  dep ths o f 1645-4064 m. T h e  
A n ta rc tic  record  from  385 m  (Ekm an 1927) refers 
to  a  ju v e n ile  specim en (4 m m  long) w hich m ight 
have been  m isidentified .

T h e  tw o A n tarc tic  su b litto ra l dendrochirotes, 
S ta u ro c u c u m is  lio u v il le i  (Vaney) an d  E k m o c u ­
c u m is  tu r q u e t i  (Vaney), b o th  belonging  to mono- 
typ ic genera, a re  m ost closely re la ted  to  the 
abyssal genus A b ysso cu cu m is .

A poda. T h e  A n ta rc tic  su b litto ra l m em bers of 
A poda are n o t re la te d  to  deep-sea form s.

(2) T h e  A rctic. T h e  absence in  th e  A rctic  Basin 
of p ractically  all th e  abyssal h o lo th u ria n s  of the 
N o rth  A tlan tic  ind ica tes th a t  in  h ig h  la titudes 
abyssal species in  genera l do  n o t ascend to 
shallow  depths. T h e  te m p era tu re  (c. 4 °  C.) a t the 
top  of the N o rth  A tla n tic  R idge w ou ld  n o t 
p revent a m ig ra tio n  o f N o rth  A tla n tic  deep-sea 
species in to  th e  A rc tic  Basin.

T h e  A rctic su b litto ra l has one species (E lp id ia  
glacia lis) in  com m on w ith  th e  A rctic  deep  sea. 
However, i t  is rem a rk a b le  th a t  th e  su b litto ra l 
records are from  th e  K ara  Sea, a  reg ion  w here 
special conditions p reva il (p. 173). U sually , the 
species in  th e  A rctic  does n o t ascend to  dep ths 
sm aller th a n  400 m.

T h e  follow ing deep-sea h o lo th u ria n s  ascend to 
shallow  dep ths in  n o r th e rn  la titudes:

L a e tm o g o n e  v io la cea  ranges from  256-1804 m  
an d  from  2.2-10.2° C. A ll records from  less than  
654 m  are from  G reen lan d  w aters.

P sychropo tes  depressa . T h e  shallow est record  
is from  south  of Ice lan d  (957 m). T h e  tem pera­
tu re  was p ro b ab ly  3 -4 °  C., w h ich  is in  the 
w arm er p a r t o f its n o rm a l ran g e  (1.6-4.2° C.). 
T h e  n ex t shallow est reco rd  (1158 m) is from  the 
eastern  A tlan tic  a t  a b o u t 7° C. -  th e  on ly  know n 
occurrence of th e  species a t  tem pera tu res  h igher 
th an  4.2° C. T h u s , th e  shallow  records do n o t 
coincide w ith  low tem peratu res.

Sco top lanes g lobosa  has been  recorded  twice 
from  depths of less th a n  2000 m  off J a p a n  (545 an d  
970 m), b o th  sta tions w ith  “abyssal” tem peratu res 
(2.2° an d  1.6° C.). H ow ever, bathyscaphe observa­
tions of S co to p la n es  g lobosa  (or th e  closely re la t­
ed abyssal species, S. c la rk i)  in  th e  San D iego 
T ro u g h  (depths 1060 a n d  1243 m , tem p. 3.0° C.) 
ind icate th a t the  ascent o f S co to p la n es  to  shallow  
d ep th  depends p rim a rily  on  sed im en tary  condi­
tions (p. 196).

B a th y p lo te s  n a ta n s , w hich  in  th e  eastern 
N o rth  A tlan tic  occurs a t 600-1600 m, ascends 
along th e  N orw egian  coast to  200 m. T h is  is the 
only  exam ple of a synallactid  ascending  to  shal­
low er dep ths in  n o r th e rn  la titudes.

N o deep-sea species of D endroch iro ta , M olpa­
donia, o r A poda ascend to  shallow er dep ths 
in  n o rth e rn  la titudes.

A taxonom ic re la tio n sh ip  betw een  th e  deep 
sea an d  the A rctic  su b litto ra l is show n by the 
M yrio trochidae (o rder A poda), w h ich  occur a t
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shallow  dep ths on ly  in  h ig h  n o r th e rn  la titu d es  
(p. 216).

(3) C onclusion. A lm ost n o  deep-sea h o lo thu - 
rians a re  know n to ascend to  shallow er dep th s  in  
p o la r seas.

A  fau n a l re la tio n sh ip  betw een  th e  p o la r  sub­
litto ra l regions a n d  th e  deep  sea is show n a t a 
h ig h e r taxonom ic level. T w o  species of A n ta rc tic  
su b litto ra l D en droch iro ta  a re  closest re la te d  to  
deep-sea form s, a n d  the  species o f M yrio troch idae 
are fo u n d  e ith e r in  th e  A rctic  su b litto ra l o r in  
the  deep  sea.

T h e  fact th a t  the  d e e p se a  fau n a  has en tire ly  
d iffe ren t re la tionsh ip s to  th e  su b litto ra l faunas 
of th e  A rctic  an d  A n ta rc tic  ind icates th a t  the  
m ig ra tio n  was from  su b litto ra l dep th s in to  th e  
deep  sea, an d  n o t the  opposite  way. A n  ascent of 
deep-sea species to  shallow  dep th s w o u ld  p ro b ­
ably  have resu lted  in  sim ilarities in  th e  rep re ­
sen ta tion  of d ee p se a  elem ents in  th e  A rc tic  a n d  
A ntarc tic  su b litto ra l faunas.

2. P en e tra tio n  of species in to  the M e d ite rran ean  
deep sea.
T h e  constan t tem p era tu re  p rev a ilin g  below  a 
d ep th  of 1000 m  in  th is sea w ou ld  m ake i t  pos­
sible to  e lim in a te  th e  tem p era tu re  fac to r in  the 
study  of the  vertical zona tion  of th e  d ee p se a  
fauna. U nfo rtuna te ly , th e  M e d ite rran e an  deep- 
sea fau n a  is practically  u n ex p lo re d  a p a r t from  
th a t of th e  u p p e r  ba thyal zone (pp. 232-233).

T h e  M ed ite rran ean  deep  sea has on e  endem ic 
ho lo th u rian , th e  elasipod Irp a  lu d w ig i.  T h e  
o th e r  five species know n from  th e  M ed ite r­
ran e an  deep  sea occur also in  the  N o rth  A tlan tic  
deep  sea. T h e  know n d e p th  ranges are:

M e so th u r ia  v e rr ill i  (Thdel). M ed ite rran ean : 
280-1103 m. A tlan tic  O cean: 618-4165 m.

M e so th u r ia  in te s tin a lis  (Ascanius). M ed ite r­
ranean : 390-1445 m. A tla n tic  O cean: 20-1400 m.

P seu d o stich o p u s  o ccu lta tu s  v. M arenzeller. 
M ed ite rranean  415—3624 m. A tlan tic  O cean: 232- 
2984 m. \

S tic h o p u s  regalis  (Cuvier). M ed ite rran ean : 5 - 
834 m. A tlan tic  O cean: 30-470 m.

M o lp a d ia  m u sc u lu s  (Risso). M ed ite rran ean : 
50-200 m . C osm opolitan: 36-3580 m.

T h u s , only  S. regalis  is know n to  p en e tra te  
deeper in  the  M ed ite rran ean  th a n  in  th e  A tlan tic  
O cean. S trangely enough, the  opposite  ho lds good 
of M . m u sc u lu s  w hich seems to  b e  restric ted  to  
th e  su b litto ra l zone in  th e  M ed ite rran ean , w hile

in  o th e r  regions it  penetrates in to  the  abyssal 
zone.

3. C om parison  w ith  o th e r  groups.
A genera l lack  of dependence o n  tem p era tu re  
in  the  vertical d is trib u tio n  of th e  species is n o t 
con fined  to  exclusive d ee p se a  groups, such as the 
various ta x a  of d ee p se a  ho lo th u rian s. T h e  b i­
valves, in  w hich  the  su b litto ra l species a re  ap p a r­
en tly  ra th e r  easily ad a p te d  to  th e  deep-sea envi­
ro n m en t, show no  preference fo r a descent in to  
th e  d eep  sea in  A rctic o r  A ntarc tic  regions (Knud- 
sen 1970).

W olff (1962), on  the  o th e r h an d , fo u n d  th a t 
in  th e  Isopoda  the bathyal-abyssal b o u n d ary  was 
in d is tin c t in  h igh  la titudes, ow ing to  th e  pres­
ence of m any  eurybath ic  cold  w ate r species.

Sediments and nutrient conditions

T h e  v ertical zonation  of the sea accord ing  to  
b io log ical p rincip les agrees fairly  w ell w ith  the  
com m only used zonation  accord ing  to  type of 
sed im ent. W h ile  the  lit to ra l a n d  su b litto ra l zones 
a re  covered w ith  terrigenous sedim ents an d  the  
abyssal zone w ith  pelag ic sedim ents, th e  bathyal 
zone is covered w ith  a tran sitio n a l type, the 
h em ipelag ic  sedim ents, w hich  co n ta in  a decrease 
in g  am o u n t of terrigenous m a teria l tow ards the  
abyssal zone.

N evertheless, i t  is d o u b tfu l w hether a causal 
re la tio n sh ip  exists betw een  the  usually  d is tin ­
gu ished  sed im ent types (terrigenous sedim ents, 
G lob igerina  ooze, d ia to m  ooze, p te ro p o d  ooze, 
abyssal clay) an d  th e  vertical an d  ho rizon ta l 
d is tr ib u tio n  of an im al species. N o elasipods know n 
from  m ore  th a n  one s ta tio n  have been  recorded  
on ly  from  d ia to m  ooze, p te ropod  ooze, o r abyssal 
clay. Even th e  m ost w idely d is trib u ted  abyssal 
sed im ent, the  G lob igerina  ooze, shows only th ree 
species w ith  m ore th a n  one record  w hich  have 
n o t b een  recorded  from  o ther types of sed im ent 
as w ell: B e n th o d y te s  p la n a  (two stations), Psy- 
ch ro p o te s  be lyaev i (four stations close to  each 
o ther), a n d  A m p e r im a  rosea  (th ree sta tions close 
to  each o ther).

T h is  absence of co rre la tion  suggests th a t the 
usually  d istingu ished  sedim ent types a re  based 
on  c rite ria  w hich  are biologically irre levan t.

Investigations on  an im al com m unities from  
shallow  w ate r confirm  th a t the re la tio n sh ip  be­
tw een an im al d is trib u tio n s an d  sedim ent types 
is n o t o f a  sim ple na tu re . Sanders (1958) found
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th a t th e  occurrence of the  two d o m in a tin g  spe­
cies, Nucula proxima a n d  Nephthys incisa, in  
a sedim ent-eating  association in  Buzzards Bay 
depended  on  a clay co n ten t of 10-20 %  in  th e  
sedim ent, ra th e r  th a n  on  the te x tu re  o f th e  
sed im ent as a whole. T h e  organic m a tte r  b o u n d  
to  the  clay particles (which are less th a n  tw o 
m icrons in  d iam eter) ap peared  in  th is sed im en t 
to  be presen ted  in  a way w hich agreed w ith  th e  
feeding biology of these p a rticu la r  species.

U rsin  (1960) show ed th a t th e  d is tr ib u tio n  of 
ech inoderm  species in  the N o rth  Sea on ly  to  a 
sm all degree depended  o n  th e  te x tu re  of th e  sedi­
m ent. B uchanan  (1963) sim ilarly  fo u n d  th a t the  
d is trib u tio n  of th ree  an im al com m unities off the  
N o rth u m b erlan d  coast was poorly  co rre la ted  w ith  
the te x tu re  of the sedim ents: S im ilar sedim ents 
could  be associated w ith  very d iffe ren t faunas, 
an d  conversely, a m ix tu re  of sed im ent types was 
n o t necessarily accom panied by a m ix ing-up  of 
the  an im al com m unities.

E km an  (1947), on  th e  o th e r h an d , fo u n d  th a t 
the  d is trib u tio n  of various inverteb rates in  the  
G u llm arfjo rd  an d  the  Skagerrak was p a rtly  corre­
la ted  w ith  the com pactness of the sedim ents.

Sanders et al. (1965), studying  the  fau n a l as­
semblages along  the  transect from  G ay H ea d  
(M assachusetts) to  B erm uda, found  th a t th e  d en ­
sity of anim als on  th e  sea floor show ed n o  clear 
co rre la tion  w ith  the  con ten t of o rganic m a tte r  
in  th e  sedim ent. T h is  was ascribed to  th e  fact 
th a t th e  analytical techniques (K jeldah l analysis 
an d  d e term in a tio n  of o rganic carbon) d id  n o t 
d iffe ren tia te  betw een lab ile  an d  refracto ry  o r­
ganic m atte r. T h e  abyssal sedim ents w ith  th e ir  
sm aller supply  of o rganic m atte r, accord ing  to  
the  authors, m igh t show a h igher percentage of 
refractory  m a tte r th a n  the  ba thyal sedim ents. 
F u rtherm ore , the g rea ter faunal density  in  th e  
bathyal zone m igh t lead to  a g rea ter m ix in g  of 
the sedim ents an d  thus to  a qu icker b u r ia l of 
refractory  m atter.

T h u s , n e ith e r  g ra in  size n o r organic co n ten t 
of th e  sed im ent seem to  directly  in fluence th e  
d is trib u tio n  of an im al species. T h e  features on 
w hich they depend  are  m ore com plicated . As 
alm ost n o th in g  is know n of th e  v ertical an d  
horizon ta l d is trib u tio n  of these features in  th e  
deep  sea, i t  is n o t to  be expected th a t usua l 
exped ition  m aterials should  reveal co rrela tions 
betw een sedim ent types an d  an im al d istribu tions.

W h ile  the organic con ten t o f the  sedim ents is

a d oub tfu l in d ica to r o f the ir n u tr itiv e  value, a 
b e tte r  ind ica tion  o f th e  food conditions m igh t 
be gained  th ro u g h  a know ledge of the  am oun t 
of organic m a tte r supp lied  from  the  eupho tic  
zone. Sokolova (1972), based on organic surface 
productiv ity , d iv id ed  th e  w orld  ocean in to  eu tro ­
ph ic an d  o ligo troph ic  regions. E u tro p h ic  con­
d itions prevail in  th e  p erip h era l an d  equa to ria l 
parts  of the  oceans. V ast o ligo trophic regions are 
found  in  the n o r th e rn  a n d  sou thern  Pacific.

T h e  supply  of o rgan ic  m a tte r is especially h igh  
in  places w here u p w ellin g  occurs. T h e  r ich  fauna 
a t St. 716, s itu a ted  b en e a th  th e  Costa R ica  Dom e, 
is likely to  be co n d itio n ed  by a r ich  surface p ro ­
duction  d u e  to  upw elling . T h e  only know n in ­
stance of b rood  p ro tec tio n  in  deep-sea holo- 
thu rians (in  Oneirophanta mutabilis) is from  
th is station . T h e  young  seem to  be developed 
d u rin g  the upw elling  season. T h is  suggests th a t 
seasonal varia tions in  th e  surface p roduction  
m ay be reflected to  a d ep th  of a t least 3600 
m  (p. 200).

T u rb id ity  cu rren ts  a n d  m ud  slides m ay in  
som e regions p lay  a  m a jo r  ro le  in  the  food supply  
to  the deep-sea bo ttom . H eezen et al. (1955) sug­
gested th a t they m ay n o t only  convey large 
q u an titie s  o f n u tr it iv e  m a tte r fo r the  abyssal 
fauna, b u t th a t they  m ay also involve mass bu ria l 
o f anim als on  the  abyssal sea floor, w hich  again  
m ay lead to  o il-form ing  deposits. A n ind ica tion  
th a t tu rb id ity  cu rren ts  exert a g rea t in fluence 
on  an im al life in  restric ted  localities is p rov ided  
by the  investigations of Griggs et al. (1969) in  the 
Cascadia C hannel o ff the O regon coast. T h e  
channel, w hich is r ich ly  supplied  w ith  te rrestria l 
de tritu s  conveyed by  tu rb id ity  currents, has an  
an im al density fou r tim es h igher th a n  th e  sur­
ro u n d in g  abyssal p la in . Besides, the  tu rb id ity  
cu rren ts could  b e  show n a t tim es to  have led  to 
a  com plete destruc tion  an d  bu ria l of the benth ic  
fauna.

T u rb id ite s  m ay be responsible for the  form a­
tio n  of the  sm ooth “abyssal p la in s” (Johnson 
1964), an d  b o th  tu rb id ites  an d  sedim ents derived 
from  m ud slides a re  p robab ly  b ro u g h t to  the 
bo ttom  of the trenches in  large q u an titie s  dow n 
th e ir  steep slopes (p. 240). T h u s, A nikouch ine
& L ing  (1967) dem onstra ted  th a t the sedim ents 
o f the  Java an d  M in d an ao  T renches are  m ostly 
tu rb id ites, an d  th a t even the  sedim ents o f the 
oceanic M ariana T re n c h  con tain  significant ad d i­
tions of turbid ites.
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A n  a b u n d a n t  supp ly  o f sedim ents to  the  
trenches p ro b a b ly  form s the  basis o f the  rich  
fau n a  o f E lp id iid a e  a t  h a d a l dep th s (pp. 195-196).

T h e  s im ila rity  in  species com position  of the 
r ic h  abyssal h o lo th u r ia n  faunas of th e  eastern  
Pacific  reg io n , th e  A ntarctic , a n d  the  K erm adec 
T re n c h  m ay  b e  d u e  to  a  r ich  supp ly  o f o rganic 
m a tte r  in  a ll th ree  reg ions (pp. 231-232).

I f  a reg io n  w ith  a n  a b u n d a n t food supp ly  is 
b o rd e red  by  b a r re n  regions, a geographic iso lation  
o f species m ay  resu lt. T h e  d istinctive  features of 
th e  eas te rn  P acific  reg ion  (p. 231) m ay be du e  to  
such type o f  iso la tion .

R u ss ian  w orkers (V inogradova 1962b, Zenke­
v ich  et al. 1971) have done a n  extensive w ork in  
m a p p in g  th e  d is tr ib u tio n  of biom ass in  the 
oceans. A n  analysis o f th e  species com posi­
tio n  in  re la t io n  to  th e  varia tions in  biom ass 
m ig h t y ie ld  in te re s tin g  results. I t  should , how ­
ever, b e  em phasized  th a t  th e  biom ass, o r  stand ing  
crop, is n o t  a  d irec t m easure o f th e  organic 
p ro d u c tio n . I n  shallow  w ate r com m unities a 
h ig h  b iom ass m ay  rep resen t m any  years’ p roduc­
tion , w h ile  a  sm alle r biom ass com posed of sho rt­
lived  species m ay be com bined  w ith  a h igh  
o rg an ic  p ro d u c tio n .

W h ile  v a ria tio n s  in  th e  food supp ly  to  the  
b o tto m  seem  to  exert a  g reat in fluence on  the 
geog raph ic  d is tr ib u tio n  of deep-sea species, an  
in flu en ce  o n  th e  bathym etric  d is trib u tio n  seems 
m o re  d o u b tfu l. I t  m ig h t b e  assum ed th a t 
deep-sea species ascend to  shallow er dep ths 
in  reg ions w ith  a p o o r food supply , w hile  in  
reg ions w ith  a  r ic h  supp ly  shallow  w ater spe­
cies w o u ld  p e n e tra te  deeper. H ow ever, no  such 
co rre la tio n  can  be dem onstra ted  in  the  bathy­
m e tric  d is t r ib u tio n  o f th e  E lasipoda. T h u s , in  the 
b a rre n  reg io n  o ff th e  W est Ind ies on ly  tw o spe­
cies o f E la sip o d a , Benthodytes typica a n d  Deima 
validum, ascend  to  shallow er dep ths. T h e  occur­
rence o f D. validum  a t equally  shallow  depths 
in  th e  r ic h  easte rn  Pacific reg ion  suggests th a t 
th e  ra n g e  o f b a th y m etric  d is trib u tio n  in  this 
species is n o t de term in ed  by food conditions / 
alone.

T h e  r ic h  easte rn  Pacific reg ion  shows no  
exam ple  o f h o lo th u ria n s  descending to  unusually  
g rea t dep th s.

D eep-sea species o f h o lo th u rian s thus gener­
ally  re m a in  a t  th e ir  p referred  dep th s also in  
reg ions w h ere  th e  tem pera tu re  o r food conditions 
m ig h t in d u c e  th e m  to  ex tend  th e ir  d is trib u tio n

to  o th e r  b a th y m etric  zones. T h is  does no t, how ­
ever, p rev e n t th a t  th e  tw o factors in  com bination  
exert a n  in flu en ce  o n  th e  b a th y m etric  d istribu ­
tio n  of m an y  species.

T h e  possib ility  th a t  th e  abyssal fau n a  is condi­
tioned  by a  co m b in a tio n  o f  low  tem p era tu re  an d  
poo r food su p p ly  m ig h t b e  checked in  cold 
regions w ith  a  p o o r  food  supp ly . A n  exam ple of 
an  A rc tic  reg io n  w ith  p o o r  food conditions is 
p rov ided  by  th e  K ara  Sea, w here  m any  deep-sea 
form s (in c lu d in g  Elpidia glacialis) ascend to 
shallow  w ater. B u t th e  K ara  Sea is also rem ark­
ab le  fo r th e  darkness o f its  w a te r  (p. 173). A ctually  
already  M oseley (1880) suggested  th a t the occur­
rence o f deep-sea an im als  a t  shallow  d ep th  in  the 
A rctic is n o t on ly  d u e  to  th e  low  tem perature , b u t 
also to  th e  darkness o f th e  w ate r d u rin g  m ost of 
the  year.

Hydrostatic pressure

A n u m b e r o f  physio log ical a n d  biochem ical 
reactions h av e  b een  observed  in  th e  laboratory  
w hen shallow  w a te r  o rgan ism s w ere exposed to  
h ig h  hyd ro sta tic  p ressu re: C hanges in  p ro to ­
plasm ic viscosity, p se u d o p o d ia  form ation , ciliary 
m ovem ent, cell d iv ision , enzym e activity , etc.

K night-Jones & M o rg an  (1966) m ain ta ined  
th a t th e  in flu en ce  of h ig h  hydrosta tic  pressure 
on  liv ing  systems is so p ro fo u n d  th a t i t  is n o t 
su rp rising  th a t  th e  h a d a l fa u n a  is poo r in  spe­
cies. F liigel & S ch lieper (1970) sim ilarly  regarded  
the  h ig h  p ressu re  as on e  o f th e  factors responsible 
for the  absence o f  som e in v e rteb ra te  groups a t 
dep ths exceed ing  4000 m . W o lff (1970), in  his 
recen t review  o f th e  h a d a l  fauna , m ain ta ined  
th a t th e  g ra d u a l change  in  fau n a l com position 
a t dep ths exceed ing  6000 m  is p rim arily  caused 
by increased h y d ro sta tic  pressure.

I t  sh o u ld  b e  em phasized  th a t  the  laboratory  
experim ents d ea l w ith  th e  pressure reactions of 
single specim ens a n d  h av e  li t t le  bearing  on  the 
p rob lem  w h e th e r  a  species th ro u g h  a m u ltitu d e  
of generations m ay deve lop  genetic  adap ta tions 
to  increased  pressure. A ctua lly , th e re  is no  ind ica­
tio n  th a t in a b ility  to  p ressu re  ad a p tio n  has p re­
ven ted  an im a l g roups fro m  p e n e tra tin g  in to  th e  
deep sea. T h e  few g ro u p s  w h ich  are  absent o r 
poorly  rep resen ted  a t  th e  g rea test dep ths seem 
to be p rev en ted  by  th e ir  feed in g  habits. T h e  low 
species d iversity  a t  h a d a l d ep th s  m ay be due to  
the  low  geological age o f  th e  trenches ra th e r
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th a n  to  u n fav o u rab le  conditions of life a t  the  
g rea t dep th s (p. 219).

T h e  significance of th e  hydrostatic pressure 
for th e  b a th y m etric  d is trib u tio n  of anim als is 
still obscure.

Currents

T h e  d is tr ib u tio n  of some bathyal an d  a few 
abyssal species o f  E lasipoda seems to  be re la ted  
to  ocean curren ts . T h is  suggests the  presence of 
a pelagic phase in  th e ir  developm ent, o r  a  fac­
u lty  of leav ing  th e  bo ttom  as adults.

Ju v e n ile  a n d  a d u lt  ben th ic  ho lo th u rian s have 
som etim es been  taken  in  pelagic nets (pp. 204-205). 
O n  th e  o th e r  h an d , the re  is no  p roof o f a  special, 
pelagic la rv a l stage of ben th ic  deep-sea ho lo­
thu rians. T h e  eggs in  a ll the  fam ilies of E lasipoda 
are  so la rge th a t  possible pelagic larvae are likely 
to  b e  in d e p e n d e n t o f the  p lan k to n  for food 
u p ta k e  -  thus serving only the  dispersal o f d ie  
species.

Current-dependent distributions are suggested 
in the following cases:

(1) I n  the  reg ion  of N ew foundland  w here 
no rth - a n d  sou thgo ing  curren ts m eet. T h e  north - 
go ing  cu rren ts , w hich can be traced to  a d ep th  
of 4000-5000 m , w ould  seem to  presen t an  effec­
tive b a rr ie r  to  a  southw ard  m igra tion  of bathyal 
species w ith  pelagic larvae.

Laetm ogone violacea (Fig. 113), w hich is of 
com m on occurrence along  the  n o rth e rn  an d  
eastern  co n tin en ta l slopes of th e  N o rth  A tlan tic , 
m ig h t have  been  obstructed  in  its sou thw ard  m i­
g ra tio n  in  th e  w estern  A tlan tic  by th is barrier.

(2) O ff J a p a n  a sim ilar boundary  exists be­
tw een no rth - a n d  southgoing currents, com pris­
in g  the  w ate r masses o f the  u p p e r  1500 m  (Sver­
d ru p  et al. 1942, fig. 205). T h e  boundary  may 
form  a  d is trib u tio n a l b a rrie r to  bathyal species 
w ith  pelagic larvae o r juveniles.

Laetm ogone violacea, L . maculata, L. fimbri- 
ata, L . biserialis, an d  Orphnurgus glaber are 
know n  from  Ja p a n  u p  to  th is boundary , w hile 
they  have never been  taken along  the n o rth e rn  
a n d  easte rn  coast o f the  Pacific. T w o  of the  spe­
cies (L. biserialis a n d  O. glaber) have reached 
th e  H aw aiian  Islands, possibly by way of pelagic 
larvae o r  juveniles conveyed by bathyal curren ts 
from  Ja p a n . I t  is no tew orthy th a t the  H aw aiian  
specim ens o f O. glaber are m ore sim ilar to  those 
from  Ja p a n  th a n  to  those from  South-East Asia.

O f th e  b a th y al species o f E lasipoda know n 
from  the  w estern  Pacific, on ly  th e  deepest living, 
Pannychia moseleyi (Fig. 112), extends n o rth  of 
th is p o in t o f convergence. I t  has been found 
dow n to  2600 m.

(3) T h e  existence of som e degree o f sim ilarity 
betw een th e  abyssal h o lo th u r ia n  faunas of the 
N o rth  A tla n tic  a n d  the  sou thw estern  Pacific (p. 
227) recalls a p a tte rn  of d is trib u tio n  dem onstrated  
by Sewell (1948) fo r pelagic deep-sea Copepoda. 
Sewell p o in te d  o u t th a t th e  fau n a l sim ilarities 
m ig h t be d u e  to  tran sp o rt by  deep  ocean currents. 
A t dep th s of 1500—4000 m, th e  w ate r moves from  
th e  N o rth  A tla n tic  sou thw ard , g iv ing off a w ater 
mass th a t flows eastw ard  sou th  o f the  Cape of 
G ood H o p e  a n d  proceeds across the  sou thern  
p a r t o f th e  In d ia n  O cean to  th e  southw estern 
Pacific.

T h re e  of th e  species o f E lasipoda com m on to 
th e  tw o regions (Benthodytes typica, Psychropotes 
longicauda, a n d  Peniagone diaphana) have been 
tak en  as juven iles in  pelagic nets.

Topography

V inogradova (1959) d istingu ished  a num ber of 
zoogeographic regions a n d  subregions in  the 
deep  sea, separa ted  to  a  g rea t ex ten t by sub­
m a rin e  ridges. T h e  im portance  of these ridges 
as d is tr ib u tio n a l barriers, accord ing  to  V inogra­
dova, was show n by  th e  existence of an  inverse 
co rre la tion  betw een  th e  d e p th  o f th e  h ab ita t 
of th e  species a n d  th e  w ideness of th e ir  geo­
g rap h ic  range. T h e  deep-sea species w ith  m ost 
restric ted  d is trib u tio n s (ap a rt from  the trench 
species) w ere h e ld  to  be the  stenobath ic abyssal 
species.

T h e  ju stifica tio n  o f V inogradova’s conclusions 
can n o t be fu lly  eva lua ted  ow ing  to  lack of de­
ta iled  in fo rm a tio n  on  th e  d is tr ib u tio n  an d  tax­
onom ic sta tus o f th e  to ta l o f 1031 species on  
w hich they  w ere based. T h e  p resen t revision of 
th e  E lasipoda, how ever, led  to  com pletely d if­
feren t zoogeographic conclusions. T h e  tw o steno­
ba th ic  deep-abyssal species, Oneirophanta muta­
bilis a n d  Psychropotes longicauda, belong  to  the 
very few cosm opolitan  species o f E lasipoda, w hile 
even th e  m ost w idely d is trib u ted  bathyal species 
are far from  being  cosm opolitan .

T h e  topography  of th e  ocean floor a t abyssal 
dep th s  seems to  have  very lit tle  in fluence on  the 
d is trib u tio n  of th e  E lasipoda. T h e  faunal com­
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p o sitio n  o f som e deep-sea basins w hich are sep­
a ra te d  from  the  m a in  ocean by  ridges o r eleva­
tions w ith  low sill dep th s m ay p artly  be deter­
m in e d  by  in a b ility  o f som e species to  cross the 
to p o g rap h ica l b a rrie r. H ow ever, th e  fact th a t 
these ridges a t the  sam e tim e  ex ert a  p ronounced  
in flu e n ce  o n  th e  h y d ro g rap h ic  conditions in  the  
basin , m akes i t  d ifficu lt to  dem onstra te  a d irect 
in f lu e n ce  of the  topog raphy  o n  the  d istribu tion . 
T h u s , a possible absence in  th e  M ed ite rranean  of 
a  N o r th  A tla n tic  abyssal species m ay be due 
to  th e  h ig h  tem p era tu re  o f the  M edite rranean  
d eep  sea, ra th e r  th a n  to  in a b ility  o f the species 
to  cross th e  b a rr ie r  a t  th e  en trance .

O n  th e  o th e r  h an d , th e  absence in  the  A rctic 
B asin  o f p rac tica lly  a ll th e  E lasipoda of the 
N o rth  A tla n tic  is n o t likely  to  b e  d u e  to  failu re 
to  a d a p t them selves to  th e  negative tem peratures 
o f th is  basin . E qually  low  tem peratu res prevail 
in  th e  A n ta rc tic  deep  sea w hich  has a  diversified 
fa u n a  o f E lasipoda. A pparen tly , the  N o rth  A tlan ­
tic  R id g e  form s a n  in su rm o u n ta b le  b a rr ie r  to 
th e  species.

Conclusion

T h e  kn o w n  d is trib u tio n  of th e  E lasipoda can only 
to  a very  sm all ex ten t be co rre la ted  w ith  p a ra ­
m eters o f th e  physical env ironm ent. T h e  deep- 
sea e n v iro n m en t is so u n ifo rm  th a t i t  is d ifficu lt 
to  im ag in e  d is tr ib u tio n a l b a rrie rs  for the  species. 
Yet, h a rd ly  two species have th e  sam e d is trib u ­
tion , a n d  on ly  few species ap p ro ach  a cosmo­
p o lita n  d is trib u tio n .

T h e  in flu en ce  of the  physical env ironm ent on  
th e  d is tr ib u tio n  of th e  species p robab ly  consists 
in  ch an g in g  th e  cond itions o f com petition . A b­
sence o f a  species from  ce rta in  regions is ap p a r­
en tly  d u e  to  in a b ility  to  com pete successfully 
r a th e r  th a n  to  in a b ility  to  exist u n d e r the p ar­
tic u la r  physical conditions. H ow ever, o u r present 
know ledge does n o t p e rm it a  discussion of the  
d is tr ib u tio n  of the  species in  term s of biplogical 
re la tio n sh ip . T h e  zoogeography of the  deep-sea 
h o lo th u r ia n s  (as o f o th e r  deep-sea groups) is 
s till l i t t le  beyond  th e  descrip tive stage.

G. THE HADAL FAUNA

T h e  te rm  hadal was in tro d u c ed  by B ru u n  (1956) 
to  des ignate  the dep ths of 6000-11000 m. A part 
from  som e ocean basins w ith  dep ths slightly

exceeding  6000 m , h a d a l dep ths are fo u n d  only 
in  th e  deep-sea trenches. B ru u n  regarded  the 
h a d a l d ep th s  as a n  ecological zone equal in  ran k  
to  th e  b a th y a l a n d  abyssal zones. W olff (1960), 
speak ing  o f “ th e  h a d a l com m unity”, ad h e red  to  
th e  sam e view; h e  fo u n d  th a t  the  h ad a l fauna 
d iffe red  from  th e  abyssal fau n a  n o t on ly  in  its 
com position , b u t  also in  a  n u m b e r of m orpho lo ­
gical p ecu lia ritie s  o f its  species. A lthough  sum ­
m ariz in g  th e  know ledge of a ll the species occur­
r in g  d eep er th a n  6000 m , W olff (1. c.) h e ld  th a t 
th e  abysso-hadal b o u n d a ry  w ould  be m ore cor­
rec tly  p laced  a t  6800-7000 m . (A low ering of the 
abysso-hadal b o u n d a ry  from  6000 m  to 6800- 
7000 m  increases th e  n u m b e r  of exclusively h ada l 
species from  58 %  to  74 % )•

Belyaev (1966) ag a in  review ed the fauna  living 
deep er th a n  6000 m  (by R ussian  w orkers term ed 
th e  ultra-abyssal fauna) a n d  discussed its specific 
features.

M enzies & G eorge (1967) questioned  th a t the  
fa u n a  o f th e  h a d a l d ep th s  d iffered  from  the 
abyssal fau n a  by any  m orpho log ical o r biological 
features. T h e  te rm  trench floor fauna was p refer­
red , because i t  d id  n o t im p ly  th e  existence of a 
b io logical zone co m p arab le  to  the  abyssal an d  
b a th y a l zones.

W olff (1970), in d u c e d  by  the criticism  ad­
vanced  by M enzies & G eorge, p rovided fu rth e r 
argum en ts in  su p p o rt o f  h is  views. B o th  W olff 
an d  M enzies & G eorge based  th e ir  views especial­
ly  o n  a s tudy  o f Isopoda, a  fact w hich makes 
th e ir  d iffe ren t o p in io n s  even m ore rem arkable .

I n  th e  follow ing, th e  com position  of the  h ad a l 
fa u n a  a n d  th e  characteristics of its species is 
rev iew ed w ith  special reg a rd  to  the ho lo thurians. 
T h e  investiga tion  co n firm ed  the  existence of 
a  n u m b e r  of fea tu res p ec u lia r  to  the h ada l fauna. 
T h e  features a re  p ro b ab ly  n o t re la ted  to  the 
dep th , b u t ra th e r  to  th e  topographical, geological, 
a n d  sed im en tary  co n d itio n s o f the  trench  env iron­
m en t.

The hadal environment

T h e  h a d a l zone is characterized  by the  follow ing 
features:

(1) Sm all to ta l area. W h ile  78.4 %  of the  sea 
has dep th s of 2000-6000 m , only 1.3 %  has 
dep th s o f 6000-11000 m. T h e  ab ru p t decrease in  
a re a  takes p lace  in  th e  in te rv a l of 6000-7000 m.

(2) G eograph ic  d iscon tinu ity . W hile  the  abyssal
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depths, w ith  few exceptions, fo rm  a continuous 
geographic u n it, th e  h a d a l d ep th s  consist of a 
n u m b er of geographically  iso la ted  trenches and  
basins.

(3) G eological in stab ility . I n  con trast to the 
stable an d  u n ifo rm  abyssal env ironm ent the 
deep-sea trenches are in flu en ced  by tectonic 
in stab ility  and , in  coastal trenches, by an  often  
h igh  ra te  of sed im en tation . T h u s , M oore (1972) 
p resen ted  evidence th a t a deep-sea trench  border­
in g  th e  co n tin en ta l shelf o f th e  eastern  B ering 
Sea was u p lif te d  d u r in g  C retaceous to  be super- 
ceded by th e  A leu tian  T re n c h  in  the earliest 
T ertia ry .

T h e re  is evidence th a t a fa irly  recen t (possibly 
Q uaternary ) decrease in  d e p th  of the  Ja p an  
T re n c h  has led  to  th e  ex te rm in a tio n  of th ree 
deep-hadal species o f h o lo th u ria n s  (p. 242).

(4) Ecological conditions. M ost of th e  trenches 
a re  situated  close to  the  coast an d  m ay benefit 
from  the  r ich  p ro d u c tio n  of th e  coastal p lankton . 
In  add ition , th e  steep slopes allow  tu rb id ity  
cu rren ts a n d  m u d  slides to  reach  th e  bo ttom  of 
th e  trenches, conveying a supp ly  of organic 
m ateria l (p. 236). T h e  rich  accum ula tion  of sedi­
m ents in  th e  trenches m ay b e  th e  m ost im p o rta n t 
ecological fac to r d is tin g u ish in g  th e  h ada l from  
th e  abyssal zone.

T h e  tem p era tu re  in  th e  trenches is usually 
betw een 1.5° a n d  2.5° C. D u e  to  ad iaba tic  hea t­
in g  the  tem p era tu re  increases by ab o u t 1° C. 
from  5000 to  10000 m.

T h e  w ater renew al is p ro b ab ly  sufficient to  
ensure th a t oxygen is n o  lim itin g  factor for hadal 
an im al life.

T h e  u n d ersa tu ra tio n  of th e  w ate r w ith  calcium  
a t  dep ths beyond  5000 m  has n o t p reven ted  the 
existence o f strongly  calcified  form s a t hadal 
dep ths (p. 241).

T h e  h ig h  hydrostatic  p ressu re is still of u n ­
know n im portance to  th e  ba thym etric  d istribu ­
tio n  of deep-sea an im als (pp. 237-238).

General features of the hadal fauna

A  com parison betw een th e  h a d a l an d  the  bathyal- 
abyssal faunas involves a n u m b e r  of questions. 
In  the  follow ing these are  considered  in  re la tion  
to  the  physiographical a n d  ecological conditions 
in  the h ada l zone.

(1) N u m b er o f species p e r  locality. T h e  present 
investigation  ind icates th a t th e  h ad a l zone has a

low  fau n a l diversity  com pared  to  th e  abyssal 
zone. T h is  m ay b e  du e  to  th e  u n stab le  a n d  ge­
ologically young  env ironm ent, ra th e r  th a n  to  
ex trem e cond itions of life a t  g rea t dep th s (p. 219).

(2) N u m b er of species p e r  trench . A  low  faunal 
d iversity  in  th e  h ad a l zone w ill te n d  to  reduce 
the  n u m b e r o f species occu rring  in  each trench. 
T h is  m ay to  som e degree be co u n terb a lan ced  by 
th e  considerab le d iversity  of h ab ita ts  d u e  to  the 
irregu la r topography  of the  slopes.

(3) T o ta l n u m b e r of h ad a l species. T h e  d i­
vision of th e  h ad a l zone in to  geographically  iso­
la ted  trenches tends to  increase the  to ta l n u m b er 
of h ad a l species. N evertheless, th e  species nu m b er 
decreases a b ru p tly  a t  6000-7000 m . T h is  m ay 
be du e  to  th e  a b ru p t decrease in  area  a t  th is 
d ep th  an d  to  a low  faunal diversity  in  th e  hadal 
zone.

(4) N u m b er of ind iv iduals p e r  species. T h e  
fact th a t h o lo th u rian s (E lasipoda in  p articu la r) 
a re  h igh ly  ad a p te d  fo r life a t g rea t dep ths, com ­
bined  w ith  th e ir  low species d iversity  in  the 
h ada l zone, has led  to  excep tionally  h ig h  n u m ­
bers o f ind iv iduals p e r species, com pared  to  
o th e r groups (p. 218).

(5) C om position  of the  h ad a l fauna. C oncur­
ren tly  w ith  d ie  increasing ab u n d a n ce  o f the 
h o lo th u rian s w ith  d ep th  a  change takes place 
also in  th e  rela tive rep resen ta tio n  o f o the r 
groups. W olff (1960, 1970) p o in te d  o u t th a t the 
h ad a l fau n a  is characterized  by  th e  absence 
(Decapoda, B rachiopoda) o r  p o o r rep resen ta tio n  
(fishes, C irriped ia , Bryozoa) o f som e groups, 
w hile  o th e r  g roups (Polychaeta, H o lo th u rio id ea , 
Isopoda) a re  dom inan t. T h ese  fau n a l changes 
ind ica te  a n  increasing dom inance o f deposit 
feeders a t  th e  expense o f f ilte r  feeders a n d  carn i­
vores. T h e  p o o r rep resen ta tio n  o f carnivores is 
n o t unexpected . T h e  la rge biom ass in  the 
trenches is accounted  fo r by  elp id iids, w hich 
have a very low  food value.

T h e  decrease in  n u m b er of filte r feeders m ay 
to  some degree be a p p a re n t only. Sokolova (1959) 
p o in ted  o u t th a t th e  slopes of th e  trenches in  
som e places a re  sw ept by cu rren ts w hiqh m ay 
create favourab le conditions for filter-feed ing  an i­
mals. T h is  has been  confirm ed by deep-sea p h o to ­
graphs revealing  a  ra th e r  r ich  rep rese n ta tio n  of 
crinoids a n d  o th e r  f ilte r  feeders in  places w ith  
h a rd  b o tto m  a t  h ad a l dep ths (Lem che et al. in  
press). D ue to  d ifficulties in  fish ing  on  th is type 
o f bo ttom  th e  filter-feeding fau n a  of th e  trenches
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is lit tle  know n. N o filte r-feed ing  h o lo th u r ia n s  a re  
know n from  h ad a l depths.

M enzies & G eorge (1967) r ig h tly  p o in te d  o u t 
th a t the  g roups w hich  are  p o o rly  rep resen ted  
a t h ad a l dep th s a re  also p o o rly  rep re se n ted  a t 
abyssal dep ths. T h e  change in  fau n a l com posi­
tio n  is g rad u a l w ith  d ep th , and , therefo re , ca n n o t 
m o tivate  th e  d is tin c tio n  o f a n  abysso-hadal 
boundary .

T h e  au th o rs  fu rth e r  h e ld  th a t  th e  d o m in a n t 
groups a re  n o t th e  sam e in  d iffe re n t trenches, o r 
a t d iffe ren t levels in  each tren ch . B u t actua lly , 
the  h o lo th u ria n s  a re  d o m in a n t a t  a ll levels in  
all trenches (p. 218).

M enzies &: G eorge (1967) also p o in te d  o u t th a t 
the  n o m in a tio n  of a  g ro u p  to  b e  d o m in a n t d e­
pends very m uch  o n  th e  mesh-size o f th e  gear. 
W ith  fine-m eshed gear th e  isopods w o u ld  increase 
in  dom inance an d  w ith  even f in e r  m eshes th e  
F o ram in ifera  w ou ld  be the  d o m in a n t g roup . H ow ­
ever, th is  does n o t in v a lid a te  th e  fin d in g  th a t  th e  
h o lo th u rian s increase in  d o m in an ce  w ith  d e p th  
com pared  to  o th e r  g roups o f s im ila r body  size.

(6) M orphological characteristics. B irsh te in  
(1957) an d  W olff (1956a, b, 1960, 1962, 1970) 
found  th a t g igan tism  in  C rustacea is m ost o ften  
m et w ith  in  th e  deep  sea, a n d  in  p a r tic u la r  in  
th e  h ad a l zone. M enzies & G eorge (1967), o n  the  
contrary , h e ld  th a t g igan tism  in  th e  Iso p o d a  is 
n o t co rre la ted  w ith  dep th .

T h e  h o lo th u rian s  le n d  n o  su p p o rt for th e  view 
of deep-sea g igantism . A lth o u g h  th e  abyssal spe­
cies a re  o ften  large-sized, they  a re  generally  n o t 
larger th a n  the  b a th y al a n d  su b litto ra l species. 
T h e  h ad a l species o f h o lo th u ria n s , as a ru le , a re  
sm aller in  size th a n  th e  abyssal species. T h u s , 
none  of th e  large-sized species from  th e  abyssal 
sta tions in  th e  K erm adec T re n c h  (Oneirophanta  
mutabilis, Psychropotes longicauda, Psycheotre- 
phes magna, M esothuria candelabri, Abyssocucu- 
mis abyssorum, M olpadia blakei) descend in to  
the  h ada l zone. T h is  decrease in  average size, 
however, has n o  d irec t re la tio n  to  th e  d ep th . I t  
is due to  th e  fact th a t th e  d o m in an ce  of the 
ho lo th u rian s a t h ad a l dep th s is accoun ted  for, in  
particu la r, by the  E lp id iidae .

T h e  on ly  h ad a l exam ple of a change in  m o rp h o ­
logical features w ith  d e p th  is show n by th e  genus 
Elpidia  in  w hich th e re  is a tendency  to  increas­
in g  calcification  w ith  dep d i. T h is  is th e  m ore 
rem arkab le  as th e  h ig h  hyd ro sta tic  p ressu re an d  
the  low  tem p era tu re  cause d isso lu tion  of calcium

in  th e  sedim ents a t  dep th s beyond  5000 m . E v i­
dently , u n d e rsa tu ra tio n  of th e  w ater w ith  cal­
cium  does n o t p rev e n t an im als from  s to rin g  
large am ounts o f calc ium  in  th e ir  skeletons. T h is  
was also n o te d  by Zenkevich (1963) w ho p o in te d  
to  th e  fact th a t th e  ech inoderm s are  ex trem ely  
a b u n d a n t in  th e  b row n m u d  of the K ara  Sea, in  
sp ite of th e  to ta l d isso lu tion  of calc ium  in  th is 
sedim ent.

A n increased calc ifica tion  w ith  d e p th  is also 
found  in  Deima validum , in  w hich th e  deposits 
are m ore ro b u st a n d  strongly  calcified in  abyssal 
th a n  in  bathyal specim ens.

(7) E ndem ism  in  th e  trenches. Belyaev (1966) 
sta ted  th a t o f th e  know n h ad a l species 68 %  h a d  
so far never been  taken  ou tside  the  h ad a l zone.

Menzies & G eorge (1967) argued  th a t  th is 
percentage was n o t a t a ll rem arkable . C o m p arin g  
th e  isopod faunas of tw o abyssal localities w h ich  
were ra th e r  close to  each o th e r  an d  n o t separated  
by any topograph ic  b a rr ie r  they fo u n d  th a t  b o th  
localities h a d  a  h ig h e r percentage of “endem ic” 
species th a n  th a t d is tingu ish ing  the  h a d a l zone 
from  the  rem a in in g  deep  sea. A ccording to  these 
au thors a  species is “endem ic” to  locality  A  if  
absent in  locality  B, irrespective o f its rem a in in g  
d istribu tion . H ow ever, th is type o f “endem ism ” 
has no  bearing  on  the  p ro b lem  in  question , w hich  
deals w ith  the  percen tage of h ad a l species th a t 
have n o t been  fo u n d  ou tside  the  h ad a l zone in  
any  p a r t o f the  w orld  ocean.

I n  o rd er to  avoid  confusion  of term s, th e  w ord  
“endem ic” in  the  p resen t w ork is used in  the  
m ean ing  “endem ic to  o n e  trench  system ” . Spe­
cies recorded  from  th e  h a d a l zone on ly  (w he ther 
from  one o r  from  several trenches) a re  ca lled  
“exclusively h a d a l”.

O u t o f the  to ta l o f 22 species o f h o lo th u ria n s  
know n from  th e  h ad a l zone, 13 are  exclusively 
hadal.

N in e  exclusively h a d a l species a re  endem ic to  
one trench  system:

Ellipinion galatheae: P h ilip p in e  T re n c h  (9820- 
10000 m).

Elpidia longicirrata: K urile-K am chatka T re n c h  
(8035-8345 m).

Elpidia atakama: Peru-C hile  T re n c h  (7720 m).
Paroriza grevei: B anda T re n c h  (6650-7280 m).
Myriotrochus kurilensis: K urile-K am chatka 

T re n ch  (7795-8430 m).
Myriotrochus longissimus: Ja p a n  a n d  Idzu- 

B onin  T renches (6475-7190 m).



Myriotrochus mitis: K erm adec T re n c h  (8927- 
9174 m).

M yriotrochus kermadecensis: K erm adec T re n c h  
(8927-9174 m).

Hadalothuria wolffi: N ew  B rita in  T re n c h  
(8920 m).

T h e re  is p h o to g rap h ic  evidence (Lem che et al. 
in  press) of the  occurrence H adalothuria (wolf­
fi?) in  the  N ew  H ebrides T ren ch .

T h re e  exclusively h a d a l species a re  com m on to 
th e  K urile-K am chatka a n d  Idzu-B onin  T renches, 
b u t seem to be absen t in  th e  in te r jac en t J a p a n  
T ren ch : Elpidia hanseni (8610-9735 m ), E. bir- 
steini (8060-9345 m), a n d  M yriotrochus zenkevit- 
chi (8135-9715 m). O n ly  on e  o f th e  species (E. 
hanseni) has developed subspecific differences 
betw een the  two p opu la tions. As p o in te d  o u t by 
Belyaev (1971), th is suggests th a t in  fa irly  recen t 
tim e (possibly as la te  as the  Q uate rnary ) the 
Ja p a n  T re n c h  was deep  enough  to  p e rm it a  con­
tinuous d is trib u tio n  o f these deep-hadal species. 
A t present, the  J a p a n  T re n c h  is less th a n  8000 m  
deep, w ith  the  exception  o f a local d eep  (8412 m) 
in  its sou thern  part.

O ne exclusively h ad a l species, M yriotrochus 
bruuni, is com m on to  several trenches: P h ilip - 

\  p ine, Ja p an , M ariana, N ew  B rita in-B ougainville, 
Kerm adec, T onga, a n d  S unda  T renches. T o ta l 
d ep th  range  6458-10710 m.

T h e  exam ple of M . bruuni is rem arkab le , since 
species exclusive to  th e  h a d a l zone a re  otherw ise 
w ith  alm ost no  exception  restric ted  to  on e  single 
trench  system (Belyaev 1966). H ow ever, th e  ab ­
sence o f taxonom ic differences betw een  the 
trench  popu la tions of M . bruuni (C herbonn ie r 
1964, Belyaev 1970) suggests th a t the  p o p u la tio n s 
are, in  actual fact, connected  th ro u g h  a n  abyssal 
occurrence. T h e  species, therefore, m ay constitu te  
no  exception to  th e  rule.

T h e  non-exclusively h a d a l species o f holo- 
th u n a n s  often  p en e tra te  in to  several trenches. 
T h u s, the  four non-exclusively h ad a l species of 
ho lo th u rian s from  the  K erm adec T re n c h  all 
seem to  occur in  o the r trenches as w ell. Elpidia  
glacialis has been d redged  in  a n u m b e r of 
trenches, an d  there is p h o to g rap h ic  evidence 
(Lem che et al. in  press) th a t also th e  o th e r  
th ree species occur in  ad d itio n a l trenches: Penia- 
gone azorica (New B rita in  a n d  R om anche 
T renches), Scotoplanes globosa (New B rita in  a n d  
N ew  H ebrides T renches), a n d  Pseudostichopus 
villosus (New B rita in  T rench ).

T h e  B anda T re n c h  provides an  exception , as 
none of its fo u r non-exclusively h ad a l species of 
ho lo thu rians a re  know n to p en e tra te  to  h ad a l 
depths in  o th e r trenches (H ansen  1956). T h is  
may be due to  ecological an d  zoogeographic con­
d itions p a rticu la r  to  th is iso lated  tren ch  w hich  is 
com pletely su rro u n d ed  by shallow  seas.

A part from  th e  species o f the B an d a  T re n ch , 
only one non-exclusively h ada l h o lo th u r ia n  seems 
to  p enetra te  in to  on e  trench on ly  (Am perim a  
naresi in  the  Sunda T rench).

(8) E volution  in  th e  trenches. A  species w hich  
has become restric ted  to  h ada l dep ths in  a  n u m ­
ber of trenches m ay be subject to  a d ivergen t 
evolution. In  th e  course o f tim e, a geograph ic 
subspeciation o r  even speciation m ay resu lt, 
lead ing  to endem ic tren ch  species.

Exam ples of geographic subspecia tion  d u e  to  
iso lation in  trenches a re  p rov ided  by th e  h a d a l 
popu la tions of Elpidia glacialis. T h is  species h a d  
probab ly  a  w ide abyssal d is trib u tio n  d u r in g  the  
G lacial Age. T h e  subsequen t ex tin c tio n  o f the  
species a t abyssal dep th s outside the p o la r  reg ions 
resu lted  in  its iso la tion  in  a n u m b er of trenches, 
w here it  developed in to  endem ic subspecies. El­
pidia atakama from  th e  Peru-C hile T re n c h  m ay 
represen t one such p o p u la tio n  w hich has reached  
species level.

A geographic subspecia tion  has also taken  
place in  Elpidia hanseni, in  which, accord ing  to  
Belyaev (1971), th e  popu la tions of the  K urile- 
K am chatka an d  Idzu-B onin  T renches d iffe r a t  
the subspecies level.

T h e  fact th a t th e  exclusively h ada l species are 
alm ost all endem ic to  on e  trench  system suggests 
th a t the  evolution  in  th e  trenches has o ften  p ro ­
ceeded to  species level. O n the o th e r h an d , th e  
present restric tion  o f a  species to  the  h ad a l dep th s  
of a single trench  is n o  p roo f of its o rig in  in situ.
I t  m ay represent a re lic t occurrence of a  fo rm er 
abysso-hadal d is trib u tio n . A n in d ica tio n  th a t  
iso lation in  trenches has led  to  specia tion  m ig h t 
be found  in  cases in  w hich h ada l species from  
d iffe ren t trenches toge ther form  a superspecies.
As yet, such superspecies have n o t been described 
fo r any group. A m ong th e  ho lo thu rians, a  h ad a l 
species pair, as m en tioned , m ay be rep resen ted  
by Elpidia glacialis, in h a b itin g  the tren d ie s  of 
the  w estern Pacific, a n d  E. atakama from  th e  
Peru-C hile T rench .

(9) T axonom ic varia tio n  w ith in  trench  p o p u la ­
tions. T h e  irregu la r topography  of the  trenches
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m ay lead  to  iso la tion  an d  taxonom ic segregation o£ 
p o p u la tio n s . F o u r species o f th e  K erm adec T re n c h  
ex h ib it a p ro n o u n ced  local varia tion . I n  Oneiro- 
phanta  m utabilis th e  specim ens from  St. 654 have 
very  p ec u lia r features in  com m on, in d ic a tin g  a 
p ro n o u n ced ly  sta tionary  p o p u la tio n . Psychropo- 
tes longicauda shows differences in  body  co lour 
b etw een  th e  specim ens from  St. 663 a n d  those from  
St. 664. I n  th e  tw o abysso-hadal species, Scot op la­
nes globosa a n d  Peniagone azorica, a  co rre la tion  is 
in d ic a te d  betw een  taxonom ic v a ria tio n  a n d  b a ­
th y m etric  occurrence.

B elyaev d istingu ished  fou r species o f Elpidia  
in  th e  K urile-K am chatka T ren ch . T h e  shallow est 
liv ing , Elpidia  kurilensis ( =  E. glacialis kurilen- 
sis) (6710-8100 m), was regarded  as th e  ancestor 
o f th e  deep-hadal E. longicirrata (8035-8345 m) 
a n d  E. birsteini (8060-9345 m). T h e  deepest 
liv ing , E. hanseni (8610-9530 m), is likely  to  be 
o f th e  sam e ancestry. T h e  fou r species d iffe r in  
n u m b e r  a n d  size o f the  dorsal pap illae . Besides, 
they  show  a n  increasing  calc ification  w ith  dep th .

T h e  existence in  the  K urile-K am chatka T re n ch  
o f fo u r  closely re la ted  species o f Elpidia  suggests 
th a t  p o p u la tio n s  iso lated  in  parts  o f a tren ch  m ay 
develop  in to  subspecies a n d  even species.

C onclusion . T h e  features w hich  characterize 
th e  h ad a l fau n a  are  correla ted  w ith  th e  trench 
env ironm en t, ra th e r  th a n  w ith  the  g rea t depths. 
I n  p o in t o f fact, the re  w ould  be no  reason  to  
d is tin g u ish  a p a rticu la r  zone fo r the  dep ths of 
6000-11000 m  if these dep ths w ere n o t restric ted  
to  trenches.

A  la rge supp ly  of sedim ents form s th e  basis of 
th e  overw helm ing  ab u n d an ce  of h o lo th u rian s 
(e lp id iid s in  p articu la r) an d  m ay be th e  m ost 
im p o r ta n t ecological factor in  th e  h ad a l zone.

G eological in stab ility  a n d  low  age m ay have 
p e rm itte d  on ly  a  low  fauna l diversity, as ind ica ted  
by  th e  low  n u m b e r of species p e r  s ta tio n  in  the 
h a d a l h o lo th u rian s.

T h e  sm all to ta l area  com bined  w ith  a low 
fau n a l d iversity  m ay ex p la in  th e  a b ru p t decrease 
in  to ta l n u m b e r of species a t the  abysso-hadal 
tran s itio n .

G eograph ic  d iscon tinu ity  has led  to  subspe- 
c ia tion , a n d  p robab ly  speciation, in  form er 
abysso-hadal species w hich  have becom e restric t­
ed  to  a  series o f trenches. T h is  m ay to  some 
degree coun terbalance the low to ta l n u m b e r of 
species in  th e  h ad a l zone.

T h e  ir re g u la r  topo g rap h y  m ay b rin g  abou t 
iso la tion  a n d  taxonom ic segregation of p o p u la ­
tions w ith in  th e  single trenches. T h e  existence 
in  th e  K urile-K am chatka T re n c h  of four closely 
re la ted  species o f Elpidia  raises th e  question  
w h e th e r such p o p u la tio n s  m ay evolve fu rth e r  
in to  d is tin c t species.

H. EVOLUTIONARY ASPECTS

T h e  deep-sea en v iro n m en t, a p a rt from  the 
trenches, is characterized  by its g reat un ifo rm ity  
from  o n e  reg io n  to  an o th er, an d  its stability  
th ro u g h o u t th e  year a n d  th ro u g h  geological 
tim e. T h re e  consequences of evolu tionary  signifi­
cance h av e  a lread y  b ee n  considered: T h e  low to ta l 
n u m b e r  o f species in  th e  deep  sea du e  to  the  
geograph ic  u n ifo rm ity , th e  h igh  faunal diversity 
in  abyssal com m un ities d u e  to  the stability  of 
the  en v iro n m en t, a n d  th e  low  h o lo th u rian  (and 
p ro b ab ly  fau n a l)  d iversity  in  th e  unstab le  h ada l 
en v iro n m en t.

T h e  p re se n t ch a p te r  deals w ith  the  evolutionary  
processes in  th e  deep-sea fauna , as revealed  by  the 
taxonom y  a n d  d is tr ib u tio n  of th e  E lasipoda. A 
th o ro u g h  know ledge o f th e  taxonom y of a g roup  
is in d isp en sab le  to  such a study. A  g roup  should  
p referab ly  b e  revised  o n  a w orld-w ide basis to 
m in im ize th e  risk  th a t  reg ional faunas are de­
scribed w ith  to o  l it t le  a tten tio n  being p a id  to  
the  fau n as o f o th e r  geographic regions.

T h e  h a d a l  zone in  several respects offers condi­
tions fo r  its fa u n a  w hich  are  d iffe ren t from  those 
of th e  abyssal a n d  b a th y a l zones. T h e  evo­
lu tio n a ry  p rob lem s in  th e  h ad a l zone were, there­
fore, discussed in  connection  w ith  the o ther 
prob lem s o f th e  h ad a l fau n a  (pp. 239-243).

Evolution within the deep sea versus
immigration from shallower depths

New species m ay be ad d ed  to  the deep-sea fauna 
e ith e r  th ro u g h  specia tion  w ith in  the  deep sea 
o r  th ro u g h  im m ig ra tio n  from  the  su b litto ra l 
zone. T h e  re la tiv e  ro le  p layed  by  the  tw o phe­
nom ena d iffe rs g rea tly  from  one an im al g roup  
to  an o th er. I n  groups w hich  have been restricted  
to  th e  d eep  sea d u r in g  a  lo n g  geological tim e the 
species h av e  p ro b ab ly  arisen  m ain ly  th rough  spe­
c ia tion  w ith in  th e  d eep  sea. I n  groups w here the 
deep-sea species are closely re la ted  to  sub litto ra l
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form s new  species m ay also have been added  to  the  
deep-sea fau n a  th ro u g h  a relatively recen t im m i­
g ra tio n  from  su b litto ra l depths. G roups restric ted  
to  th e  deep  sea a re  especially well su ited  for the 
study  of th e  cond itions of evolution  in  th is  en ­
v ironm ent. I t  has a lready  been em phasized th a t 
the  h o lo th u ria n s  constitu te  a p ronounced  ex­
am ple of such a  group , an d  th a t a t  least one of 
the  elasipod suborders, Psychropotina, seems to  
have evolved en tire ly  w ith in  the  deep sea (p. 209).

T h e  ech inoderm s have produced several ex­
clusive deep-sea groups (stalked crinoids, th e  fam ­
ilies Porcellanasteridae, B enthopectin idae, Bri- 
singidae, a n d  Z oroasteridae am ong th e  A steroidea, 
th e  E ch in o th u rid ae  an d  A spidodiadem atidae 
am ong  th e  E chinoidea). A t least some of these 
g roups do  n o t follow  the  ru le  of the ho lo th u rian s 
th a t th e  re la tio n sh ip  is closest betw een species 
from  th e  sam e bathym etric  zone. T h u s, A lton  
(1966) fo u n d  th a t in  G oniasteridae a n d  Zoroa­
steridae  “ th e  rep lacem ent of species belonging  
to  th e  sam e genus w ith  d ep th  was strongly  ex­
h ib ite d ” . As exam ples w ere m en tioned  bathyal 
species w hich  w ere rep laced by closely re la ted  
abyssal species.

N o  polychaete fam ilies a re  restric ted  to  the  
d eep  sea. T h e  m olluscs (apart from  the  M ono- 
p lacophora) possess only  one fam ily restric ted  
to  th e  deep  sea, th e  bivalve fam ily G alathea- 
valvidae. T h e  on ly  species of the  family, Gala- 
theavalva holothuriae  K nudsen, 1970, lives as a 
com m ensal in  th e  o ral cavity of Psychropotes 
belyaevi.

Som e fam ilies o f crustaceans are restric ted  to  
th e  deep  sea (N eotanaidae am ong the T an a id a- 
cea, E ryon idae a n d  H om olodrom iidae am ong the 
D ecapoda). I n  general, however, the crustaceans 
of th e  deep  sea seem to exh ib it a close re la tio n ­
sh ip  to  su b litto ra l forms. T h is  has been stressed 
b o th  fo r A m ph ipoda  G am m aridea (B arnard  1961) 
an d  Isopoda (W olff 1962).

Geographic variation

I t  is generally  agreed  th a t in  te rrestrial anim als 
spécia tion  is alm ost exclusively b rough t ab o u t 
by  geographic iso la tion  (M ayr 1963). T h e re  is 
less evidence of th e  im portance of geographic 
iso la tion  for spécia tion  in  m arine  anim als, a l­
th o u g h  polytypic su b litto ra l species are know n 
from  a n u m b er of groups (Rensch 1947, M ayr 
1954).

H a rd ly  an y th in g  is know n ab o u t the types of 
geograph ic  v a ria tio n  in  deep-sea anim als. Yet it 
w o u ld  be h igh ly  desirab le  to  acqu ire  a  know l­
edge of th e  cond itions of geographic speciation 
in  th e  stab le  a n d  u n ifo rm  env ironm ent o f the 
d eep  sea, w ith  its rem ark ab le  absence of d istribu ­
tio n a l barrie rs  o r  a b ru p t changes in  ecological 
conditions.

T h e  om nipresence o f geographic varia tion  in  
m a rin e  an im als is revealed  alm ost w henever a 
su ffic ien t n u m b e r of specim ens are  exam ined 
from  d iffe ren t localities. A strik ing  exam ple 
am ong  su b litto ra l echinoderm s was provided  by 
V asseur (1952), w ho s tud ied  popu la tions of the 
sea-urchins Strongylocentrotus droebachiensis 
a n d  S. pallidus from  th ree  localities along the 
N orw egian  coast. A  geographic varia tion  was 
p resen t in  a ll th e  characters exam ined: C olour 
of th e  test, co lou r an d  s truc tu re  o f th e  spines, 
n u m b e r  of o cu lar p la tes reach ing  the  periproct, 
shape of th e  pedicellariae, n u m b er of pore-pairs, 
re la tiv e  w eight o f th e  lan tern , ecology, an d  sperm  
agg lu tina tion .

M adsen  (1961a), in  h is revision of th e  deep-sea 
P orcellanasteridae, also found  th a t the  species 
d iffe red  taxonom ically  from  one p o p u la tio n  to 
ano ther.

K nudsen  (1970), o n  th e  o th e r hand , found 
th a t th e  abyssal bivalves showed a rem arkable 
lack o f geographic varia tion .

T h e  existence of a geographic varia tion  has 
o ften  been  obscured  du e  to  the  tendency of 
taxonom ists to  describe specim ens from  widely 
sep ara ted  localities as d is tin c t species, even w hen 
they  a re  on ly  sligh tly  d ifferen t. T h u s , C lark  
(1907, p . 69) sta ted  th a t “on  a priori grounds, i t  is 
to  b e  assum ed th a t  a  species from  th e  A tlan tic  
O cean is d is tin c t from  its nearest allies in  the 
w estern  Pacific. E ven  sligh t differences, if  they 
a re  constan t, m ay b e  used  to  d istinguish  species 
from  w idely separa ted  areas”. T h is  subjective 
e lem ent in  species d e te rm in a tio n  was also p o in t­
ed  o u t by  M adsen (1961b, p. 204), w ho illu stra ted  
it  by  th e  exam ple  of h is  ow n decision (M adsen 
1956) to  erect a new  species, Primnoella krampi, 
fo r a g o rgonarian  from  th e  K erm adec T rench . 
T h e  species so m u ch  resem bles the  N o rth  A tlan t­
ic  species P . jungerseni th a t “h ad  they been 
fo u n d  in  th e  sam e area  there should  have been 
lit t le  ob jection  in  considering  them  ind iv idual 
v arian ts  o f the  sam e species”.

T h ese  cau tious m easures taken  by taxonom ists
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have th e  ad v an tag e  th a t  p re m a tu re  conclusions 
reg a rd in g  synonym ies a n d  types of geographic 
v a ria tio n  a re  avoided. O n  th e  o th e r  h an d , i t  is 
im p o rta n t th a t  a  specialist calls a tte n tio n  to  th e  
species in  h is  m a te ria l w hich  m ig h t rep resen t 
geographic form s o f o th e r  species, a n d  to  the  p a r t 
of th e  in traspec ific  v a ria tio n  w hich  m ig h t p rove 
to  b e  of a  geog raph ic  type. U sually , on ly  a  spe­
cialist w ill b e  ab le  to  p o in t o u t such possibilities.

A  m a te ria l from  a large n u m b e r  o f sta tions is 
re q u ire d  to  m ake o u t w h e th e r a charac ter changes 
g rad u a lly  w ith  d istance o r  by a b ru p t changes a t 
d e fin ite  boundaries. W ith  o u r p resen t lim ited  
know ledge such a n  analysis is te n ta tiv e  only, 
even in  th e  case o f th e  m ost w ell-investigated 
species.

In  th e  fo llow ing  is discussed th e  ro le  p layed  
by th e  d iffe ren t types of geograph ic v a ria tio n  in  
th e  better-know n  species o f E lasipoda.

1. Clines.
Clines, o r  character-grad ien ts, a re  know n to 
be w ide-spread in  co n tin en ta l species (M ayr 
1963). T h e y  arise as ad a p ta tio n s  to  changes in  
the  en v iro n m en t, a n d  a re  sm oothed  th ro u g h  th e  
ac tion  o f gene flow. T h e  w idely d is tr ib u ted  spe- 

% cies o f th e  d ee p  sea, liv ing  in  a n  en v iro n m en t 
w hich  g rad u a lly  changes w ith  distance, a re  likely 
to  show th is type of geographic varia tion .

I n  O rphnurgus glaber th e  extensive v a ria tio n  
in  n u m b e r  of do rsal p ap illa e  a n d  in  shape of the  
deposits seems p rim a rily  to  be of a clinal n a tu re .

2. Local v a ria tio n .
W h ile  a c lin a l v a r ia tio n  is d ifficu lt to  dem on­
strate , th e  presence o f m ark ed  differences be­
tw een closely s itu a te d  p o p u la tio n s  is m ore  easily 
recognized. A lm ost every species know n  from  a 
reasonably  la rg e  n u m b e r  of specim ens could  be 
show n to  vary  taxonom ically  from  one locality 
to  an o th er. A  p ro n o u n ced  local v a ria tio n  m ay 
develop in  trenches, ap p a ren tly  d u e  to  th e ir  
irreg u la r to p og raphy  (pp. 242-243). \

/

3. P olytypic species.
T h e  fact th a t  geograph ic segregation plays a 
m a jo r ro le  in  specia tion  lends a special in te rest to  
th e  d em o n stra tio n  of d iscon tinuous geographic 
varia tion . T h e  descrip tion  o f th is  type of varia­
tio n  in  term s o f po ly typ ic species serves the  d u a l 
p u rpose  of c larify ing  th e  p resen ta tio n  o f geo­
g rap h ic  v a r ia tio n  an d  of p o in tin g  o u t geographic
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regions w ith  characteristic  p o p u la tio n s  w hich 
m ay even tua lly  evolve in to  new  species.

T h e  usefulness o f th e  subspecies concept in  
describ ing  in traspecific geog raph ic  v a ria tio n  has 
been questioned  by various taxonom ists. I t  has 
been h e ld  th a t the  a p p lica tio n  of subspecific 
nam es to  local p o p u la tio n s encum bers the  lite ra ­
tu re  w ith  n om encla tu re  a n d  tends to  confuse 
ra th e r  th a n  clarify  the p re se n ta tio n  of geographic 
varia tion , and , fu rthe rm ore , th a t div ision  of a 
g radua lly  chang ing  species in to  subspecies gives a  
false im pression of d isc o n tin u ity  in  th e  varia tion .

H ow ever, a lthough  th e  subspecies concept is 
n o t ad e q u a te  in  describ ing  a ll types of geographic 
varia tion , i t  has th e  ad v an tag e  o f p o in tin g  out, 
also to  th e  non-specialist, reg ions in h a b ite d  by 
especially characteristic  p o p u la tio n s . C om parison 
o f taxonom ic w orks on  d iffe re n t groups m ay in  
th is w ay reveal geographic reg ions w hich are, o r 
have been, centres of species fo rm ation .

Subspecific nam es have b ee n  used  only to  a 
very sm all ex ten t in  th e  d esc rip tio n  o f b en th ic  
deep-sea invertebrates, a n d  in  m ost cases only to  
designate specim ens w hich , in  on e  o r m ore 
respects, d iffe r from  th e  “ ty p ic a l” form  of the 
species. A ctually , the  subspecific nam e often  
replaces the  “varie ty” o f o ld e r  descriptions, an d  
is n o t in te n d ed  to  cover a  d is tin c t geographic 
form  of the  species. T h ese  subspecies a re  usually  
know n from  too few specim ens to  allow  a  deci­
sion as to  th e ir  taxonom ic status.

T h e  subspecies concept has h e re  been app lied  
to  th ree  species, O neirophanta m utabilis, Deima  
validum , an d  Elpidia glacialis. T h e  subspecies 
erected  conform  w ith  th e  75 ®/o ru le  proposed  
by M ayr et al. (1953, p . 145): T h e  overlap  is so 
sm all th a t a t  least 75 %  o f th e  specim ens of 
subspecies A  are  d is tin g u ish ab le  from  97 °/o of 
th e  specim ens of subspecies B.

T h e  subspecies o f Elpidia glacialis are  probably  
geographically  iso lated  from  each other. T h e  
eastern  Pacific subspecies o f D eim a validum  m ay 
be geographically  iso lated  a t  th e  p resen t tim e, 
the  nearest finds of the  m a in  subspecies being  
off Ja p an . T h e  two subspecies of Oneirophanta  
mutabilis ap p a ren tly  a d jo in  each  o th e r  by  a 
narrow  zone of in te rg ra d a tio n ; possibly, they have 
m et subsequen t to  a fo rm er iso lation .

T h e  only  exam ple of geograph ic  subspeciation 
in  abyssal bivalves sim ilarly  com prises a widely 
d is trib u ted  a n d  a n  easte rn  Pacific subspecies 
(K nudsen 1970).



4. Superspecies.
T h e  region off th e  Pacific coast o f C en tra l A m er­
ica an d  n o r th e rn  S ou th  A m erica n o t on ly  pos­
sesses endem ic geographic subspecies, b u t  also 
endem ic species w hich  rep lace  closely re la ted  
species from  o th e r  regions. Scotoplanes clarki in  
th is reg ion  ap p a ren tly  replaces th e  closely re la ted  
an d  w idely d is trib u ted  S. globosa. A sim ilar ex­
am ple m ay be p rov ided  by th e  w idely d is tr ib u ted  
Laetmogone wyvillethom soni a n d  the  easte rn  P a­
cific L. theeli, th e  on ly  tw o abyssal species o f the 
genus.

T h e  M olpadon ia  p resen t a  species p a ir  w ith  
a  sim ilar d is trib u tio n . M olpadia blakei (Th6el, 
1886b), previously know n from  the  N o rth  A tlan ­
tic, was taken  by th e  Galathea in  the  S ou th  A t­
lantic, th e  In d ia n  O cean, th e  T asm an  Sea, an d  
the  K erm adec T re n ch . T h e  closely re la ted  M. 
granulata (Ludw ig, 1894) seems to  be confined  
to  the  eastern  Pacific. T h e  specim ens w hich 
S lu iter (1901b) an d  K oehler 8c V aney (1905) re ­
ferred  to  th is species (i. e. to  Trochostoma granu- 
latum) w ere p ro b ab ly  m isiden tified . T h e  two 
species a re  th e  on ly  tru e  abyssal species o f M ol­
padia. T h ey  are  m ore closely re la ted  to  each o th e r 
th a n  to  any of the  b a th y al species o f the  genus 

%  (p. 216).
K nudsen (1970) m e n tio n ed  tw o exam ples of 

geographic rep lacem en t in  abyssal species of 
bivalves. B oth  com prise a w idely  d is trib u ted  spe­
cies an d  a closely re la ted  species from  th e  eastern  
Pacific region.

The alleged antiquity of the deep-sea fauna

Since th e  b eg inn ing  o f deep-sea ex p lo ra tio n  it 
has been w idely believed th a t  th e  g rea t dep ths 
of the  ocean have acted  as a  re fuge  for p rim itive  
an im al groups. As exam ples of anc ien t survivors 
have, in  particu la r, been  c ited  an im al groups 
w hich are  restric ted  to, o r a re  dom in an t, in  the 
deep sea.

In  recen t tim e th is view  has been  opposed by 
various au th o rs  (M enzies & Im b rie  1958, M enzies 
et al. 1961, M adsen 1961b, C larke 1962). O n  the 
o ther hand , Zenkevich Sc B irsh te in  (1956, 1960) 
m a in ta in  th a t th e  deep  sea is d om ina ted  by 
ancien t (i. e. mesozoic) groups.

T h e  E lasipoda a re  am ong  th e  groups w hich  have 
been cited  as evidence of g rea t an tiq u ity . B u t 
this view finds no  su p p o rt in  th e  p resen t investi­

gation. T h e  features p ecu lia r to  the  E lasipoda 
are e ith e r  ad ap ta tio n s to  life  in  the  deep  sea (pp. 
207-208) o r  they are paedom orph ic, like various 
features o f th e  E lp id iidae  (p. 207). N o r is th e re  
any evidence th a t the  deep-sea rep resen tatives of 
th e  four o th e r h o lo th u r ia n  orders a re  m ore 
p rim itive  th a n  th e ir  shallow -w ater relatives.

T h e  view th a t th e  deep  sea h arbou rs  excep­
tiona lly  m any  anc ien t a n d  p rim itiv e  groups has 
been based n o t only on  th e  supposed phylogenetic 
re la tionsh ip  of the  deep-sea groups, b u t also on  
theoretical considerations reg ard in g  th e  in f lu ­
ence of th e  deep-sea en v ironm en t on  th e  evo­
lu tio n ary  processes.

I t  has been  argued  (Zenkevich Sc B irsh te in  
1960, C arte r 1961, F ried rich  1965) th a t th e  g rea t 
stab ility  an d  hom ogeneity  of the  en v iro n m en t 
has delayed the  process o f evo lu tion  an d  thereby  
m ade possible a survival o f anc ien t groups. H ow ­
ever, a lthough  the  evo lu tionary  processes m ay be 
slow in  the  stable deep-sea com m unities, i t  shou ld  
be rem em bered  th a t th e  deep  sea is n o t a  closed 
environm ent. Shallow  w ate r groups w hich  are 
ab le  to  develop th e  necessary adap ta tio n s m ay 
con tinually  in tro d u ce  new  species in to  th e  deep  
sea to  com pete w ith  the  “an c ie n t” groups. In  
actual fact, th e re  is evidence th a t th e  stab le  an d  
hom ogeneous abyssal en v ironm en t has led  to  th e  
developm ent o f h igh ly  d iversified com m unities 
w ith  a keen com petition  betw een th e  species 
(p. 218).

T h e  idea  of a low level o f com petition  in  deep- 
sea com m unities led P a rk e r  (1961) to  th e  view 
th a t g roups w hich  a re  n o  longer ab le to  com pete 
successfully in  shallow  w ate r m ay avoid  ex tinc­
tion  th rough  em igration  to  the  deep sea. H ow ­
ever, the re  is n o  reason w hy a g roup  shou ld  
postpone its p en e tra tio n  in to  th e  deep  sea u n til  
it  can n o  longer survive in  shallow  w ater.

A  less keen com petition  in  th e  less diversified  
hadal com m unities m igh t seem to provide b e tte r  
conditions for the  survival of p rim itive  forms. 
H owever, the  low fau n a l d iversity  a t  h ad a l 
dep ths seems to  be connected  w ith  a  low geolo­
gical age of th e  en v ironm en t (p. 219), w hich  in  
itself prevents th e  trenches from  being  refuges 
for anc ien t forms. A ctually , the h ad a l fau n a  
bears n o  p rim itive  o r an c ie n t stam p.

In  short, the re  is n o  evidence th a t the  deep-sea 
env ironm ent is especially favourab le for the  su r­
vival of anc ien t a n d  p rim itiv e  forms. T h e  com ­
position  of the  deep-sea fauna , like th a t o f th e
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su b litto ra l fauna , is de term in ed  by th e  ab ility  
o f th e  species to  com pete successfully u n d e r  the  
p a r tic u la r  conditions. T h u s , th e  increasing  
dom inance  of the  h o lo th u rian s  a t  g rea t dep ths, 
w h ich  Zenkevich Sc B irsh te in  (1960) reg a rd ed  as 
o n e  of th e  ind ications o f th e  a n tiq u ity  of th is 
g ro u p  in  th e  deep  sea, is ra th e r  d u e  to  th e ir  
h igh ly  evolved a d a p ta tio n  to  the  deep-sea en v iro n ­
m ent.

B ru u n  (1956) a n d  B ru u n  Sc W olff (1961) h e ld  
th a t th e  ba thyal fauna  includes a  n u m b e r  of 
an c ien t an im al groups, w hereas th e  p resen t 
abyssal fauna  is on  th e  w hole of a  fa irly  recen t 
date . A  cooling of th e  abyssal zone d u e  to  th e  
fo rm a tio n  of the  p o la r  ice caps d u r in g  th e  P le i­
stocene g lacia tion  was believed to  h av e  ex ter­
m in a te d  th e  T e r tia ry  abyssal fauna , w ith  th e  
excep tion  of eu rybath ic  a n d  eu ry therm ic species. 
T h e  b a th y al zone, w hich a t  the  p resen t tim e has 
tem peratu res sim ilar to  those o f th e  T e r tia ry  
abyssal zone, o n  the  con tra ry  offered  cond itions 
fo r th e  survival o f an  an c ien t deep-sea fauna .

As exam ples of anc ien t b a th y al g roups w ere 
m e n tio n ed  th e  sta lked  crinoids, th e  hexactinel- 
l id  sponges, the  eryonid  crustaceans, a n d  th e  
coe lacan th  fish Latimeria (which, how ever, is 
sub litto ra l). T h e  tw o first-m entioned  g roups a re  
f ilte r  feeders a n d  thus poorly  ad ap ted  fo r abyssal 
life. T h e  eryonid  crustaceans are rep resen ted  in  
th e  abyssal zone by the  genus Willemoesia a n d  
are  thus n o t strictly  bathyal.

A  post-T ertia ry  orig in  of recen t b a th y a l a n d  
abyssal faunas m ay app ly  to  groups in  w hich  the re  is 
a  close taxonom ic re la tio n sh ip  betw een  th e  faunas 
o f the  d iffe ren t bathym etric  zones. T h e  absence 
of such a  re la tionsh ip  in  the  H o lo th u rio id e a  
p o in ts  to  an  evolu tion  w ith in  the  b a th y a l an d  
abyssal zones o f a  m ag n itu d e  w hich  cou ld  h ard ly  
have been  b ro u g h t a b o u t since T e r tia ry  tim e.

M oreover, the fact th a t th e  te m p era tu re  does 
n o t seem to be of p a ram o u n t im portance  for th e  
bathym etric  d is trib u tio n  of the  h o lo th u ria n s  
m akes i t  un like ly  th a t th e  extrem ely  slow process

o f coo ling  a t  th e  en d  o f the  T ertia ry  shou ld  have 
e x te rm in a ted  th e  abyssal fauna  of this group.

T h e  stab le  deep-sea env ironm ent has been 
th o u g h t to  favour n o t on ly  the survival of anc ien t 
form s b u t  also th e  ev o lu tio n  of extrem e special­
izations w h ich  w ou ld  be dangerous in  a  m ore  
c h an g in g  env ironm ent. As an  exam ple has been  
a d d u c ed  th e  E lasipoda w ith  the ir “fan tastic mo- 
d ica tio n s of th e  form  o f the body” (C arter 1961).

H ow ever, i t  seems very d o u b tfu l w hether th e re  
is an y  co rre la tio n  betw een  the  g reat a rray  of 
body  form s in  th e  E lasipoda an d  the stab ility  o f 
th e  env ironm en t. T h e  m odifications of the  body 
a re  caused by  th e  p ec u lia r developm ent of the  
am b u lac ra l appendages, no tab ly  the  pap illae  of 
th e  do rsa l a n d  v en tro la te ra l am bulacra. In  th e  
absence o f resp ira to ry  trees the  pap illae  have 
tak en  over th e  resp ira to ry  function. I t  seems 
q u ite  n a tu ra l th a t th is function  has been fu lfilled  
in  d iffe ren t ways: By increase in  num ber o r size, o r 
by excessive d e lo p m en t o f some o f the pap illae. 
T h e  g rea t v a ria tio n  in  num ber, size, a n d  a r­
ran g e m en t o f th e  p a p illa e  is n o t surprising  in  
an im als w hich  have th e ir  w hole body surface 
exposed to  the  w ater a n d  in  w hich the pap illae  
ac t as resp ira to ry  organs. A  sim ilar evolution  has 
tak en  p lace  in  th e  shallow  w ater op isthobranch  
m olluscs, in  w hich  a n  excessive developm ent o f 
th e  bo d y  appendages is com bined w ith  absence 
o f m a n tle  cavity  a n d  tru e  gills. A pparently , th is 
ev o lu tio n  m ay take p lace  b o th  in  a stable a n d  in  
a  ch an g in g  env ironm ent.

T h u s , th e  E lasipoda do  n o t suppo rt th e  view  
th a t  th e  deep-sea en v ironm en t has favoured the  
surv ival o f p rim itiv e  g roups o r the  evolu tion  o f 
g roups w ith  ex trem e specializations.

T h e  in flu en ce  of th e  deep-sea environm ent on  
th e  ra te  o f evo lu tion  ca n n o t be illu stra ted  by the  
ex am p le  o f th e  E lasipoda. A lthough a t least the 
su b o rd e r  P sychropo tina  probab ly  evolved exclus­
ively w ith in  th e  deep  sea, its geological age is 
u n k n o w n  d u e  to  lack o f fossil records from  the  
deep-sea b o tto m  (p. 209).

IV. S U M M A R Y

T h e  class H o lo th u rio id ea  com prises a b o u t 1100 
species, 380 of w hich are  from  th e  deep  sea, i. e. 
from  dep ths exceeding 200-400 m . A m ong  the  
five orders, the  E lasipoda a re  u n iq u e  in  being  
con fined  to  the deep sea.

T h e  know ledge of th e  E lasipoda was founded  
by th e  C hallenger E x p ed itio n  1872-1876 (T héel 
1882). A lso th e  subsequen t exploration  of the 
g ro u p  w as based o n  th e  collections from  the 
g rea t deep-sea expeditions.
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T h e  m a teria l collected by the G ala thea E xpedi­
tio n  1950-52 is la rger th a n  th a t of any  previous 
exped ition . T h is  is d u e  to  th e  use of large collect­
in g  gear, as H errin g  O tte r  T raw l, an d  Sledge 
T raw ls  w ith  3 an d  6 m  w ide openings. Large 
gear is especially su ited  for the catch of holo- 
th u rian s , w hich, ow ing to  th e ir  h ig h  buoyancy, 
o ften  escape the  openings of sm aller nets. Its 
effectiveness is show n by the  fact th a t only  one 
o u t o f a to ta l o f 80 soft-bottom  stations a t depths 
g rea ter th a n  1000 m  failed  to  b rin g  u p  holo- 
thu rians.

T h e  p resen t w ork describes the E lasipoda col­
lected  by th e  Galathea, as well as a sm all nu m ­
b e r of E lasipoda collected by the  la te  D r. T h . 
M ortensen. In  ad d itio n , th e  w ork is based on a 
re-exam ination  o f th e  m ateria l from  m ost o f the 
prev ious deep-sea expeditions.

T h e  System atic P a r t includes all the  know n spe­
cies of th e  fou r b en th ic  fam ilies o f E lasipoda 
(the  pelagic family, P elago thuriidae , is om itted). 
T h e  n u m b er of recognized species is reduced 
from  165 to  106, desp ite  the  erection  of 11 new 
species. T h e  o rd er is being  d iv ided  in to  two 
suborders, D eim atina  an d  Psychropotina, the 
foundations of w hich  are  presented  in  the  G en­
era l P art.

T h e  G enera l P a r t deals w ith  the m orphology, 
biology, an d  d is trib u tio n  of th e  Elasipoda. Special 
chap ters a re  devoted  to  the  problem s of the hadal 
fau n a  an d  to  the  evo lu tionary  processes in  the 
deep  sea, as viewed from  o u r p resen t know ledge 
of th e  E lasipoda.

A. T h e  taxonom ic characters an d  th e ir  varia tion

T h e  calcareous deposits (sclerites, spicules) of the 
skin as a ru le  p rov ide th e  best species characters, 
a lth o u g h  they m ay be alm ost iden tical in  species 
belong ing  to  d iffe ren t genera, o r even families. 
A  geographic o r local varia tio n  is often  present.

T h e  p resen t investigation  contradicts th e  views 
of H ero u a rd  (1923) an d  E km an (1926) regard ing  
th e  phylogeny of th e  deposits. Instead, i t  is p o in t­
ed  o u t th a t in  the  Psychropotidae an d  E lp id iidae 
th e  deposits have a  fea tu re  in  com m on w hich 
is u n iq u e  am ong ho lo thu rians: T h ey  com pletely 
lack  d ichotom ous ram ifications, a p a rt from  the 
tw o b ifu rcations of the  p rim ary  cross proper.

T h e  calcareous ring  in  the  E lp id iidae  consists 
o f five star-shaped pieces an d  resem bles the

em bryonic r in g  in  o th e r ho lo thurians. T h e  most 
o rig in a l s ta te  is rep resen ted  by the  r in g  of Psy- 
chrelpidia, Peniagone, an d  Achlyonice, in  w hich 
th e  pieces a re  sm all, separate, an d  com posed of 
a vary ing  n u m b e r  of arms. F rom  th is type m ay 
b e  derived  th e  firm  an d  con tinuous r in g  of El- 
pidia  a n d  Irpa. I n  these genera th e  rin g  pieces 
possess fou r pa irs  of arm s only, two pairs of 
w hich a re  jo in e d  to  the  corresponding  arm s of 
th e  n e ig h b o u rin g  pieces. T h e  red u c tio n  an d  
f ix a tio n  of th e  a rm  n u m b er probab ly  happened  
subsequen t to  th e  re -a tta inm en t o f a firm  an d  
fu n ctio n al s tru c tu re  of the  ring. In  Amperima, 
Ellip in ion, a n d  Scotoplanes each piece likewise 
has fo u r pairs  o f arm s, b u t  the  pieces are small 
an d  iso la ted  from  each other. T h is  type of r in g  
m ay b e  d erived  from  the  Elpidia-Irpa  type 
th ro u g h  red u c tio n  of the  five pieces.

T h u s , th e  m orphology  of th e  calcareous ring  
in  th e  E lp id iid ae  bears evidence n o t only  of a 
paed o m o rp h ic  o rig in  of the  family, b u t also of 
the  in te rre la tio n sh ip  of its genera.

T h e  r in g  in  th e  D eim atidae, Laetm ogonidae, 
an d  P sychropo tidae is o f the usual h o lo th u rian  
type, a p a r t from  its low degree of calcification. 
D u e  to  its soft consistency the r in g  is changeable 
in  shape and , therefore, o f hard ly  any taxonom ic 
value.

T h e  tubefeet in  the  Psychropotidae are small 
a n d  usually  fused. T h e  o th e r th ree ben th ic  families 
have large tu b e fee t w hich are usually few in  num ­
ber. T h e y  com m unicate w ith  large w ater-vascular 
cavities o f th e  v en tra l skin, a u n iq u e  feature 
connected  w ith  a p ecu lia r type of w alk ing  (see 
below).

T h e  papillae  are  often  large, num erous, and  
of a p ecu lia r shape. T h e  u n p aired  appendage in  
Psychropotes a n d  the  velum  in  th e  E lp id iidae 
consist o f fused dorsal pap illae. T h e  velum  seems 
to  be a n  o rig in a l fea tu re  in  the  E lpidiidae.

T h e  a b u n d a n t developm ent of the  papillae, 
like th e  absence of resp ira to ry  trees, is a feature 
connected  w ith  th e  surface-dw elling hab it. In  
an im als w ith  th e  w hole body surface exposed to 
th e  w ater i t  seems m ore n a tu ra l to  m ake use of 
th e  body  appendages for resp ira tory  purposes 
th a n  to  use in te s tin a l resp ira tion . A  sim ilar 
evo lu tion  is know n from  the shallow  w ater 
op is th o b ran ch  m olluscs, in  w hich the  ab u n d a n t 
developm ent o f th e  body appendages is connect­
ed  w ith  the  absence of m an tle  cavity an d  true  
gills.
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D ifferences in  n u m b e r  o f tu b efee t a n d  pap illae  
are  im p o r ta n t to  th e  s tu d y  of in traspec ific  vari­
a tio n . T h e  geograph ic subspecies of Elpidia  
glacialis, Deima validum , a n d  Oneirophanta  
m utabilis  are  based in  p a r t  o n  such differences.

Circum-oral papillae  are  p resen t in  a ll species 
of Deima, Benthogone, a n d  Benthodytes (B. 
sanguinolenta  has on ly  post-oral pap illae), w hich 
rep resen t th ree  d iffe ren t fam ilies. A  con tractile  
m em brane, w h ich  m ay com pletely  cover the  
ten tac le  crow n, is in  a ll th re e  genera p resen t 
in side  th e  r in g  o f circum -oral pap illae .

T h e  tentacles show a v a r ia tio n  o f taxonom ic 
significance b o th  in  n u m b e r  a n d  shape.

T h e  alimentary canal is in  m ost genera o f the 
E lp id iid ae  p ro v id ed  w ith  a  la rge  rec ta l caecum. 
Its  absence in  th e  p rim itiv e  g enera  Psychrelpidia 
a n d  Peniagone ind icates th a t  i t  is n o t a  ru d i­
m en tary  resp ira to ry  tree  b u t  a n  o rgan  o rig in a tin g  
in  th e  E lp id iidae . T h e  m ud-filled  caecum  m ay 
ac t as a b a llas t tank , inc reasing  a n d  regu la ting  
th e  specific g rav ity  o f these ex trem ely  buoyan t 
anim als.

T h e  mesentery in  th e  E lasipoda, con trary  to  
o th e r  h o lo th u rian s , has  a  dorsal a ttach m en t 
th ro u g h o u t its leng th . T h is  is ap p a ren tly  an  
ad ap tiv e  fea tu re  connected  w ith  the  pecu lia r 
m echanism  of p ro tra c tio n  o f th e  tubefee t (see 
below).

E km an  (1926) h e ld  th a t d ifferences in  the 
course of th e  a ttac h m e n t o f th e  m esentery  o n  the 
body  w all m ig h t characterize species, a n d  even 
genera. B u t in  O neirophanta m utabilis i t  was 
fo u n d  th a t even a t  a  sing le s ta tio n  th e  v a ria tio n  
m ay ap p ro ach  th e  h ig h est possible fo r a 
m esentery  w ith  a n  en tire ly  dorsal a ttachm en t.

T h e  external m orphology o f the gonads m ay 
c o n trib u te  to  th e  ch arac teriza tion  of genera, an d  
even h ig h e r categories.

B. B iology

Feeding. T h e  E lasipoda subsist on  th e  surface 
layer of th e  substra tum , w h ich  they  graze by 
m eans of th e ir  v en tra lly  tu rn e d  ten tac le  crown. 
A d iffe ren t degree of selective feeding is in d i­
ca ted  by  th e  considerab le  v a ria tio n  in  the  shape 
o f th e  ten tac le  discs. I n  Elpidia  the  h igh ly  
specialized tentacles a re  com bined  w ith  a  very 
slender in testine , b o th  fea tu res in d ic a tin g  a h igh  
degree of selective feeding. T w o  o th e r  d o m in an t 
genera of the  h ad a l zone, Scotoplanes an d  Am-

perima, have feebly d iffe ren tia te d  ten tac le  discs 
a n d  a heavily  filled  in testin e .

D ifferences in  g u t c o n te n t re la ted  to  th e  d if­
fe ren t ten tac le  types cou ld , how ever, n o t be 
dem onstrated .

Reproduction. T h e  la rv a l deve lopm en t o f the  
E lasipoda is unknow n. H ow ever, even th e  sm al­
lest eggs (0.2 m m  in  d ia m e te r  in  the  E lp id iidae) 
are so la rge th a t a  lec ito tro p h ic  developm en t is 
to  be expected. Pelagic larvae, if  any, w ill thus 
be in d e p en d e n t of food  u p ta k e  from  th e  p la n k ­
ton, a t  least in  th e ir  in it ia l  stages.

T h e  largest eggs (1.7-4.4 m m  in  d iam eter) 
w ere fo u n d  in  the  P sychropotidae. In  bu lk , they 
surpass th e  largest h i th e r to  know n  ech inoderm  
eggs by u p  to  85 tim es. T h e  la rge size seems to  
be co rre la ted  w ith  a  lo n g  pelag ic life o f th e  
juveniles. T h u s , Psychropotes longicauda (egg 
d iam eter 4.4 m m ) is k n o w n  to  spend  its life in  
the  p la n k to n  u p  to  a  body  le n g th  of a t  least 
32 mm.

A positive co rre la tio n  betw een  egg size an d  
d ep th  occurrence was fo u n d  in  the  L aetm ogoni- 
dae a n d  P sychropotidae.

Brood p ro tec tio n  was fo u n d  in  a p o p u la tio n  
of Oneirophanta m utabilis a ffin is  from  3570 m  
off the  Pacific coast o f C e n tra l A m erica. T h e  
young  are  re ta in e d  in  th e  ovaries u p  to  a  leng th  
of 30 m m , rep resen tin g  o n e-th ird  to  alm ost h a lf 
the len g th  o f th e  m o th e r. T h e  fact th a t the  
young  are  b o rn  a t  th e  e n d  o f a period  o f r ich  
p h y to p lan k to n  p ro d u c tio n  suggests th a t a seasonal 
varia tion  in  the  surface p ro d u c tio n  m ay induce  
a rep roductive  p e riod ic ity  a t  abyssal depths.

A  rep roductive  p erio d ic ity  is also in d ica ted  in  
abyssal p o p u la tio n s  of D eim a v. validum  from  
th e  w estern  In d ia n  O cean. A  d efin ite  p ro o f o f 
rep roductive  period icity , how ever, requ ires sam ­
ples from  th e  sam e locality  a t  d iffe ren t seasons 
o f the  year. T h e  p h en o m en o n  m ay be m ore 
w idespread in  th e  deep  sea th a n  in d ica ted  by the  
two exam ples.

T h e  gonads of the  D e im atid ae  an d  Psychro­
p o tid ae  co n ta in ed  a nu tritive-phagocy tic  tissue 
sim ilar to  th a t  p reviously  k n ow n  from  a n u m b e r  
of su b litto ra l ech inoids a n d  asteroids. T h e  cells 
ingest th e  sperm  a n d  ova w hich  rem a in  a fte r 
each spaw ning, an d  la te r  tran sfe r n u tr ie n ts  to  
the  nex t b a tch  of sexual p roducts. T h e  tissue is 
ab u n d a n tly  developed in  th e  P sychropotidae an d  
in  the  b rood-pro tecting  O neirophanta m utabilis 
affinis.
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H e rm a p h ro d itic  specim ens have n o t been 
found , a n d  th e re  was n o  in d ic a tio n  of a change 
of sex.

Sw im m ing and floating. M any psychropotids 
a n d  synallactids p ro b ab ly  have the  pow er of 
sw im m ing over th e  b o tto m  by m eans of undu- 
la to ry  m ovem ents of th e  body. T h e  synallactid  
Galatheathuria swims in  the  free w ater masses, 
ap p a ren tly  by m eans of u n d u la to ry  m ovem ents 
of th e  b rim . Ju v e n ile  specim ens of som e psychro­
po tids a n d  e lp id iid s have likew ise been  caught 
a  g rea t d istance above th e  bo ttom .

Function of the water-vascular dermal cavities. 
T h e  w ater-vascular am p u lla e  o f th e  tubefeet an d  
p ap illa e  are in  th e  D eim atidae , Laetm ogonidae, 
a n d  E lp id iidae  rep laced  by large w ater-vascular, 
derm al cavities. T h ese  a re  em p tied  in to  the  tube­
feet a n d  p ap illae  by m eans of perista ltic  move­
m ents of th e  m uscles of th e  body  w all. P ho to ­
g raphs show th a t  th e  p ro tra c ted  tubefee t m ay act 
as stilts w hich  ra ise  th e  ven tra l surface of the 
w alk ing  an im al above th e  substra tum . W alk ing  
o n  s ti lt legs is o therw ise know n from  various 
abyssal crustaceans a n d  pycnogonids. T h e  p ap il­
lae of the  velum  have b een  observed, in  some 
species of Peniagone, to  be ex tended  sufficiently 
to  reach  th e  su b stra tu m  in  fro n t of the anim al, 
th u s ac ting  as tac tile  organs.

T h e  p u m p in g  ac tion  o f th e  cavities m ay also 
fu rth e r  th e  c irc u la tio n  of f lu id  in  the  tubefeet 
a n d  pap illae , thus increasing  the  resp ira tory  
exchange th ro u g h  th e  skin.

C. Systematic», re la tio n sh ip , an d  ad ap ta tio n

M onophyletic origin. T h e  absence o f resp ira tory  
trees a n d  th e  exclusively dorsal a ttach m en t of 
th e  m esentery a re  com m on to  a ll Elasipoda. 
F u r th e r  ind ica tions of a  m onophy le tic  o rig in  
a re  fo u n d  in  th ree  features shared  by  fam ilies or 
genera belong ing  to  each of th e  two suborders: 
(1) L arge tubefeet connected  w ith  w ater-vascular 
derm al cavities a re  com m on to  the D eim atidae, 
L aetm ogonidae, a n d  E lp id iidae . (2) Circum -oral 
p ap illa e  in  com bination  w ith  a sph inc ter m uscle 
a re  fo u n d  in  one genus of each of th e  fam ilies 
D eim atidae, L aetm ogonidae, an d  Psychropotidae.
(3) T h e  w heel-shaped deposits found  in  some 
species of E lp id iid ae  a re  of the  type otherw ise 
characteristic  of the  L aetm ogonidae.

Evolutionary trends. T h e  E lasipoda appear to 
have separated  a t  a n  early  stage in to  two evolu­

tionary  trends, h e re  p roposed  as the  suborders 
D eim atina a n d  Psychropotina .

D eim atina, com prising  the  fam ilies D eim atidae 
an d  L aetm ogonidae, are, w ith  few exceptions, 
characterized by  th e ir  nu m ero u s an d  often  long  
papillae. T h e  tw o fam ilies d iffe r d istinctly  in  
th e ir  calcareous deposits. T h e  D eim atidae have 
re ticu la ted  p la tes (or derivatives of such plates), 
the m ost p rim itiv e  type of h o lo th u ria n  deposit. 
T h e  L aetm ogon idae have  w heels of a type o th e r­
wise found  only  as ra re , accessory deposits in  a  
few species o f E lp id iid ae  a n d  m ay represen t a 
re ta in ed  larval feature .

Psychropotina com prises the  fam ilies Psychro­
potidae, E lp id iidae , a n d  P elagothuriidae . A  
com m on descent is in d ic a ted  p a rtly  by th e  very 
specific sim ilarity  betw een  th e  deposits o f the 
Psychropotidae a n d  those o f th e  E lp id iidae  (absent 
in  th e  P elago thuriidae), a n d  p artly  by the  fact 
th a t Psychrelpidia (here reckoned  am ong the 
E lpidiidae) com bines features o f a ll th ree fam ­
ilies.

T h e  E lp id iidae  a n d  P elag o th u riid ae  are p ro b ­
ably paedom orphic. P aedom orph ic  features in  
the E lp id iidae  in c lu d e  th e  ovoid  body form, the  
few an d  large tubefeet, th e  n u m b e r of ten  ten ­
tacles, the s tru c tu re  of th e  calcareous ring, an d  
the occasional presence of scattered  w heel-shaped 
deposits. T h e  P e lag o th u riid ae  m ay o rig ina te  
from  pelagic juven iles o f som e b en th ic  Psychro­
potina.

T h e  m ost p rim itiv e  e lp id iid  genus (apart from  
Psychrelpidia) is Peniagone, w hich  possesses the  
basic e lp id iid  type o f deposits an d  calcareous 
ring.

The adaptation of the Elasipoda to the deep- 
sea environment. T h e  p resen t investigation  
contradicts th e  view  o f th e  E lasipoda being  
p rim itive survivors in  th e  deep  sea. T h e  m ajo rity  
o f the  features p ecu lia r to  th e  E lasipoda are 
adap ta tions to  th e  p a rtic u la r  env ironm en t of the  
deep sea. Some features a re  h igh ly  specialized, 
none ap p ear to  be p rim itive . A lleged p rim itive  
features of th e  E lp id iid ae  a re  paedom orph ic  
ra th e r  th a n  p rim itive.

T h e  dom inance of th e  h o lo th u rian s in  the  
deep sea is de te rm in ed  above a ll by  th e ir  feeding- 
biology. T h e ir  facu lty  of ingesting  large am ounts 
o f sedim ent, com bined  w ith  a  low  food req u ire ­
m en t due to  th e ir  low  co n ten t o f organic m atter, 
makes them  w ell-fitted  for subsisting  on  th e  nu- 

, trien t-poor deep-sea sedim ents.
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T h e  surface-dw elling  h a b it  of th e  E lasipoda, 
w hich  m ay be cond itioned  by th e  scarcity  of 
carn ivores (fishes in  particu la r) in  th e  deep  sea, 
rep resen ts a fu rth e r  advantage. T h e  food, w hich  
is con fined  to  a th in  surface layer of th e  b o ttom , 
becom es m ore  easily accessible, a n d  a n  extensive 
area  m ay be searched by  th e  anim als.

F ea tu res  co rre la ted  w ith  the  surface-dw elling  
h a b it  a re  th e  fla t ven tra l sole, th e  v en tra lly  
tu rn e d  ten tac le  crow n, the  absence of resp ira to ry  
trees, a n d  th e  u tiliza tio n  of the p ap illa e  fo r res­
p ira to ry  purposes.

T h e  p ec u lia r m echanism  of p ro tra c tio n  of th e  
tu b e fee t in  th re e  of the  fam ilies is a n  a d a p ta tio n  
to  w alk ing  over th e  soft bo ttom . P a r t of th e  sam e 
m echan ism  is th e  en tirely  dorsal a tta c h m e n t of 
th e  m esentery , w hich  prevents the  in te s tin e  from  
in te rfe rin g  w ith  th e  function  of th e  ven tra l 
w ater-vascular cavities.

T h e  e lp id iid s have am ong all h o lo th u ria n s  th e  
low est c o n te n t o f o rganic m a tte r  in  re la tio n  to  
body  size. T h is  m akes them  so b u o y an t th a t  even 
sligh t w ate r m ovem ents m ay sweep th e m  off th e  
bo ttom . As suggested above, th e  rec ta l caecum  
m ay b e  a n  o rgan  com pensating  for th e  low  speci­
fic grav ity  o f th e  body.

A fu rth e r  a d a p ta tio n  to  the deep-sea en v iro n ­
m e n t is th e  enorm ous eggs of the  P sychropotidae, 
w hich  a p p a ren tly  p erm it th e  juveniles to  spend  
a lo n g  pelagic life in d ep en d en t of food  u p ta k e  
from  the  m eagre deep-sea p lank ton .

T h e  calcareous deposits of th e  P sychropo tina  
are  h igh ly  specialized, in  spite of th e ir  sim ple 
structu re .

T h e  p aedom orph ic  evolu tion  of th e  E lp id ii- 
d ae  in c lu d ed  the  developm ent of a u n iq u e  an d  
specialized calcareous ring .

T h e  h ig h  degree of a d a p ta tio n  to  th e  deep-sea 
en v iro n m en t a n d  th e  absence of p rim itiv e  fea­
tu res in d ica te  th a t th e  E lasipoda o rig in a ted  in  the  
deep  sea a n d  never occurred  in  shallow  w ater.

T h e  evidence of paleontology. Fossil deposits 
re ferab le  w ith  certa in ty  to  E lasipoda a te  n o t 
know n. D eposits o f th e  fossil fam ily P ro tocaud in i- 
dae  (D evonian to  Jurassic) resem ble those of the 
rec en t L aetm ogonidae. H owever, sim ila r deposits 
occur in  th e  D endrochiro ta .

T h e  deposits o f the  P sychropotina a re  suffi­
cien tly  specific to  p e rm it a re liab le  id e n tif ica tio n  
of fossil rem ains. T h e ir  absence in  fossil sedi­
m en ts confirm s th a t a t  least th is su b o rd er never 
occurred  in  shallow  w ater.

Relationship to other orders of the H olothu- 
rioidea. T h e re  is on ly  d o u b tfu l evidence of the 
position  of th e  E lasipoda w ith in  H o lo thu rio idea . 
R e la tio n sh ip  to  th e  A sp idoch iro ta  is ind ica ted  
by ex ternal fea tu res only, th e  deposits being  
en tire ly  d iffe ren t.

D. B a thym etric  d is trib u tio n

Bathymetric distribution o f the species. In  Figs. 
99 an d  101-103 each  reco rd  of a  species is in d ic a t­
ed by a line . T h is  m e th o d  o f rep resen ta tion  gives 
some idea of d e p th  preferences, if  the  d iffe ren t 
degree of ex p lo ra tio n  is taken  in to  account (Fig. 
98).

Bathym etric zonation o f the deep sea. A  d iv i­
sion of th e  sea in to  b a th y m etric  faunal zones 
should  be based  o n  changes in  faunal com posi­
tio n  a n d  n o t o n  changes in  env ironm enta l fac­
tors o f supposed  b io log ical significance. A  transi­
tio n  betw een tw o zones m ay be ind icated  by a 
concen tra tion  o f u p p e r  a n d  low er lim its of dis­
tr ib u tio n  o f species a n d  by a  change in  dom i­
nance of la rg e r groups.

T h e  u p p e r  a n d  low er d is trib u tio n a l lim its of 
th e  species o f E lasipoda (Fig. 100) supports the 
d is tinc tion  of a n  abyssal zone w ith  an  u p p er 
lim it a t 1800-2600 m  a n d  a low er lim it a t  5000- 
6000 m. A  b a th y a l zone, o n  the  contrary, is no t 
clearly  delim ited . D u e  to  the  m ore varied  ecologi­
cal conditions a t  these dep th s, th e  species ex h ib it 
considerable d ifferences in  bathym etric  d is tr ib u ­
tion , a n d  few species ran g e  from  the  low er lim it 
o f the  su b litto ra l to  th e  u p p e r  lim it of the  abyssal 
zone.

T h e  scarcity of low er lim its  a t dep ths exceed­
in g  6000 m  m ay, in  p a r t, b e  d u e  to  the  fact th a t 
n o t a ll abyssal species have th e  o p p o rtu n ity  to  go 
any deeper. H ow ever, on ly  few of the m any abys­
sal h o lo th u ria n s  of th e  K erm adec T re n c h  descend 
in to  the  h ad a l zone, w hich  indicates th a t the re  
is also a  change in  ecological conditions.

T h e  rep lacem en t o f la rg e r taxonom ic un its  is 
m ost strongly  e x h ib ite d  a t  th e  sub litto ral-bathyal 
transition . T h is  is th e  u p p e r  bou n d ary  of the  
E lasipoda a n d  the  Synallactidae, w hich together 
com prise th e  g rea te r p a r t  o f th e  know n species 
o f deep-sea h o lo th u rian s.

Bathymetric distribution and taxonomic rela­
tionship. In  h o lo th u ria n s  th e  taxonom ic re la tio n ­
sh ip  is generally  closest betw een forms liv ing in  
the  sam e ba th y m etric  zone. A pparen tly , the sub­
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litto ra l, bathyal, an d  abyssal zones developed 
th e ir  ow n groups of ho lo th u rian s w ith  lit tle  
ad m ix tu re  of species from  o th e r zones.

N um ber of species and individuals in relation 
to depth. W hile  th e  E lasipoda show a  m ax im um  
in  n u m b er of species in  the abyssal zone, the  
ho lo th u rian s as a  w hole con tinuously  decrease 
in  species n u m b er w ith  d ep th  (Fig. 104).

T h e  n u m b er of species p er s ta tion  is h ighest 
in  the  abyssal zone (Fig. 105). T h is  agrees w ith  
th e  view advanced by H essler & Sanders (1967) 
th a t the  stable abyssal env ironm en t has favoured 
the  evolu tion  of a h ig h  faunal diversity. C on­
versely, the low n u m b er of species p er s ta tio n  in  
the  h ada l zone m ay be du e  to  a young  geological 
age an d  a lack of stab ility  of the  h ad a l env iron­
m ent.

T h e  nu m b er of ind iv iduals p er species (Fig. 
106) continuously  increase from  th e  b a th y al zone 
to  the  bo ttom  of the  trenches. T h e  com bination  
in  the  abyssal zone of a h igh  nu m b er of in d iv id ­
uals p e r species an d  a  h ig h  n u m b er o f species 
p e r s ta tion  indicates a dom inance of h o lo th u rian s 
a t th e  expense of o th e r groups. T h is  dom inance 
is even m ore p ronounced  in  the h a d a l zone 
w here, in  sp ite  of the decrease in  n u m b er of spe­
cies, the  to ta l nu m b er of ind iv iduals p e r  sta tion  
is m uch h igher th a n  in  the  abyssal zone.

E. G eographic d is trib u tio n

T h e  bathyal species inc lude alm ost all laetm ogo- 
n ids an d  the  species of the  deim atid  genus Orph- 
nurgus. N one of the  bathyal species even ap ­
p roach  a cosm opolitan d istribu tion .

T h e  abyssal species are often  w idely d is tri­
b u ted , a lthough  few are world-wide. T h e  ranges 
o f geographic d is trib u tio n  increase w ith  d ep th  
th ro u g h o u t the  bathyal an d  abyssal zones.

D ue to  th e  m any ind iv id u al differences in  the 
geographic d is trib u tio n  of the species, th e  Elasi­
p oda  lend  no  sup p o rt to  a d ivision of th e  deep 
sea in to  larger zoogeographic regions. C harac­
teristic faunas are found  in  basins w ith  a low 
sill d ep th  (e. g. the A rctic Basin). A zoogeogra­
ph ic  abyssal region m ay be d istinguished  along 
the  Pacific coast o f C en tral America.

F. D istrib u tio n  in  re la tio n  to  env ironm enta l 
factors

I n  the  un ifo rm  deep-sea env ironm ent th e  in flu ­
ence of physical param eters on  an im al d is trib u ­

tio n  w ould  seem  to  presen t a less com plicated 
p a tte rn  th a n  in  shallow  w ater. Nevertheless, the 
geographic a n d  bathym etric  d is trib u tio n  of the 
E lasipoda can  h ard ly  ever be correla ted  w ith  
varia tions in  th e  physical environm ent.

Tem perature  has usually  been regarded  as the 
m ain  factor d e term in in g  the  bathym etric  dis­
t r ib u tio n  of deep-sea anim als an d  the zonation  
of the  deep  sea. However, no  su b litto ra l holo­
th u ria n s  a re  know n to  descend in to  the  M edi­
te rran ean  deep  sea, in  spite of its h igh  tem pera­
tu re  (c. 13° C.). Sim ilarly, the great m ajority  
of deep-sea h o lo th u rian s rem ain  w ith in  th e ir  
usua l d e p th  ran g e  in  the po lar seas w here the 
isotherm s ap p ro ach  the surface.

A  fau n a l re la tio n sh ip  betw een the  deep sea 
a n d  th e  p o la r  sub litto ra l regions is show n a t a 
h ig h e r taxonom ic level. Myriotrochus (order 
A poda) is com m on to  the deep sea an d  the 
A rctic  su b litto ra l, an d  the m onotypic, abyssal 
genus Abyssocucumis (order D endrochiro ta) is 
closest re la ted  to  two m onotypic genera o f the 
A n tarc tic  sub litto ra l. T h e  fact th a t the two po la r 
regions ex h ib it com pletely d iffe ren t types o f re la ­
tio n sh ip  w ith  the deep sea indicates th a t the 
m ig ra tio n  was from  sub litto ra l dep ths in to  the 
deep  sea, a n d  n o t the  opposite way. A  m igra tion  
from  the  deep  sea w ould  probably  have resulted  
in  som e degree of sim ilarity  betw een the  deep- 
sea elem ents o f th e  A rctic an d  A ntarc tic  sub­
lit to ra l faunas.

Sedim ents and nutrient conditions. T h e  dis­
tr ib u tio n  of th e  E lasipoda seems to be indepen ­
d e n t o f the  usually  d istinguished types of deep- 
sea sedim ent. T h is  is hard ly  surprising  as inves­
tiga tions in  shallow  w ater have show n th a t there 
is n o  sim ple co rre la tion  between an im al d is trib u ­
tions a n d  th e  s truc tu re  an d  organic con ten t of 
the  sedim ents.

A  co rre la tio n  is ra th e r  to be expected betw een 
an im al d is trib u tio n s an d  the am oun t of n u tr i­
ents su p p lied  to  the  deep-sea floor th rough  down- 
sink ing  from  th e  surface an d  th rough  tu rb id ity  
cu rren ts  a n d  m u d  slides. T h e  sim ilarities be­
tw een th e  faunas along th e  west coast of C en tral 
A m erica, th e  A ntarctic, an d  the  K erm adec 
T re n c h  m ay be du e  to an  a b u n d a n t supply  of 
n u tr ie n ts  in  th e  th ree  areas. T h e  sim ilarity  is 
show n by the  presence of iden tical o r  closely 
re la ted  species, as w ell as by the richness in  n u m ­
ber of ind iv iduals .

A  co rre la tion  betw een bathym etric d is trib u ­
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tio n  a n d  food  su p p ly  co u ld  n o t b e  dem onstrated . 
T h e re  is n o  in d ic a tio n  th a t  species descend to  
g rea te r d ep th s in  reg ions w ith  a n  a b u n d a n t supply  
of food, o r  th a t  deep-sea species ascend to  shal­
low er dep th s in  n u tr ie n t-p o o r  regions.

A lth o u g h  th e  b a th y m etric  d is tr ib u tio n  of the 
h o lo th u ria n s  seems to  b e  largely  in d e p en d e n t of 
b o th  te m p e ra tu re  a n d  n u tr ie n t  conditions, the  
two factors in  co m b in a tio n  m ay ex ert a n  in f lu ­
ence: T h e  deep-sea fa u n a  m ay d ep e n d  on  a  com ­
b in a tio n  of low  te m p era tu re  a n d  poo r food 
supply.

Hydrostatic pressure. N u m ero u s observations 
have been  m ade o n  th e  physio logical an d  b io­
chem ical reactions o f an im als to  increased  hydro­
sta tic  pressure. T h ese  observations, however, do 
n o t th row  lig h t on  th e  q u es tio n  w h eth er a spe­
cies th ro u g h  a  m u lt itu d e  o f genera tions is ab le 
to  a d a p t itse lf to  a n  increased  pressure.

A lm ost a ll m a rin e  an im a l g roups are rep re­
sen ted  in  th e  deep  sea. T h e  p o o r rep resen ta tion  
of som e groups, a n d  th e  d o m in an ce  of others, 
m ay be ex p la in ed  w ith o u t in tro d u c in g  the hypo­
the tica l factor o f p ressu re  ad a p ta tio n .

Currents. T h e  d is tr ib u tio n  o f a  few bathyal 
a n d  abyssal species shows a dependency  on  ocean 
cu rren ts , w h ich  ind ica tes th a t they possess a 
pelagic la rva l o r ju v e n ile  phase, o r  th a t  they m ay 
leave the  b o tto m  as adu lts . I n  ac tu a l fact, juven ­
ile  an d  a d u lt  b e n th ic  E lasipoda w ere on  a few 
occasions tak en  in  pelagic nets.

A  zoogeographic b o u n d a ry  fo r b a th y al species 
m ay exist off N ew fo u n d lan d  w here  no rth - an d  
sou thgo ing  cu rren ts  m eet. T h e  n o rth g o in g  cu r­
re n t possibly p rev en ted  Laetm ogone violacea 
from  m ig ra tin g  so u th w ard  a lo n g  the  east coast 
of N o rth  A m erica.

A  sim ila r b o u n d ary  o ff J a p a n  seems to  coin­
cide w ith  th e  n o r th e rn  lim it of a  n u m b er of 
ba thyal species, in c lu d in g  L . violacea.

Sim ilarities betw een  th e  abyssal elasipod 
faunas of th e  N o rth  A tla n tic  a n d  the  sou th­
w estern  Pacific m ay b e  du e  to  conveyance of 
pelagic stages w ith  deep  cu rren ts . /

Subm arine ridges, accord ing  to  V inogradova 
(1959), m ay ac t as d is tr ib u tio n a l barriers , in  p a r­
ticu la r to  th e  deep-abyssal fauna . T h e  presen t 
investigation , o n  th e  con trary , show ed th a t the  
m ost w idely d is tr ib u te d  species a re  those of the 
deeper p a r t o f th e  abyssal zone.

G. T h e  h ad a l fau n a

T h e  p resen t s tudy  of th e  E lasipoda con firm ed  the  
ju stifica tion  of d is tin g u ish in g  a h a d a l zone com ­
p ris ing  th e  dep ths exceeding 6000 m , b u t  a t the  
sam e tim e show ed th a t th e  characteristic  features 
of th e  zone a re  a ll connected  w ith  th e  fact th a t 
i t  consists a lm ost exclusively o f trenches.

T h e  a b u n d a n t accum ula tion  o f sed im ents in  
th e  trenches form s th e  basis o f th e  enorm ous 
dom inance of h o lo th u ria n s  (e lp id iids in  p a rticu ­
lar) a n d  is p ro b ab ly  th e  m ost im p o r ta n t ecologi­
cal factor in  th e  h ad a l zone.

A  lack o f s tab ility  a n d  a com paratively  low 
geological age m ay have  led  to  a  low  fau n a l 
diversity  in  th e  trenches, as in d ic a ted  by th e  low 
n u m b e r o f species of h o lo th u ria n s  a t th e  h ad a l 
stations.

T h e  sm all to ta l a rea  occupied  by  th e  trenches, 
com bined  w ith  a low  fau n a l diversity, m ay ex­
p la in  th e  a b ru p t decrease in  to ta l n u m b e r of 
species a t  th e  abysso-hadal tran sitio n .

T h e  d iv ision  of th e  h a d a l en v iro n m en t in to  
a  n u m b e r of geographically  iso la ted  trenches 
m ay lead  to  th e  fo rm atio n  o f po ly typ ic species 
if  a n  abysso-hadal species becom es ex tin c t a t 
abyssal dep th s  in  the  in te rv en in g  regions. A n 
exam ple is p rov ided  by Elpidia glacialis which, 
in  a  n u m b e r o f W est Pacific  trenches, is rep re­
sen ted  by  endem ic subspecies.

As yet, th e re  is n o  ev idence th a t th is  d ivergen t 
evo lu tion  has proceeded  fu rth e r  to  th e  fo rm atio n  
o f superspecies. B u t th e  fact th a t  th e  exclusively 
h ad a l species o f an im als a re  alm ost w ith o u t ex­
cep tion  endem ic to  on e  tre n c h  suggests th a t 
iso lated  tren ch  p o p u la tio n s have  in  m any  cases 
d iverged to  species level.

T h e  irre g u la r  topography  in  th e  trenches m ay 
b rin g  a b o u t iso la tion  a n d  taxonom ic segregation, 
as evidenced by th e  p ro n o u n ce d  local v a ria tio n  
in  fou r species o f th e  K erm adec T re n ch . T h e  
existence in  th e  K urile-K am chatka T re n c h  of 
fou r closely re la ted  species o f Elpidia  raises the  
q ues tion  w h e th e r such segregation  m ay lead  to  
species form ation .

H . E vo lu tionary  aspects

T h e  in sign ifican t ro le  p layed  by im m ig ration  
from  shallow er dep th s in  th e  evo lu tion  o f the 
deep-sea h o lo th u ria n s  m akes th is  g ro u p  well 
su ited  fo r a s tudy  of th e  cond itions of species 
fo rm atio n  in  th e  deep  sea.
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T h e  im p o rtan ce  of geographic iso la tion  for 
species fo rm a tio n  has lo n g  been  recognized for 
w ell-investigated  g roups of te rrestria l anim als. 
T h e  deep  sea, how ever, w ith  its u n ifo rm  and  
stab le e n v iro n m en t a n d  its alm ost com plete ab­
sence of geograph ic barriers, seems to  offer few 
possib ilities o f geograph ic isolation, a p a r t from  
the  d isco n tin u o u s en v ironm en t of the  hadal 
zone.

T h e  d is tr ib u tio n  a n d  geographic v aria tio n  of 
a  n u m b e r of species o f ho lo th u rian s suggest th a t 
geographic iso la tio n  w ith  a  subsequent subspe­
cies a n d  species fo rm a tio n  has taken  p lace in  an  
abyssal reg ion  a lo n g  th e  Pacific coast o f C entral 
A m erica a n d  n o r th e rn  S ou th  A m erica. T w o  w ide­
ly d is trib u te d  species, Deima validum  a n d  Onei- 
rophanta m utabilis, are  in  this area  rep resen ted  
by geographic subspecies. T w o  o ther w idely dis­

trib u te d  species, Scotoplanes globosa an d  Molpa- 
dia blakei, are  in  th e  sam e area  rep laced  by the 
closely re la ted  species, S. clarki a n d  M . granulata.

A clinal v a ria tio n  is p resen t in  th e  deim atid  
Orphnurgus glaber, w hich  ranges from  the  Bay 
of Bengal to  th e  H aw a iian  Islands.

T h e  deep  sea has som etim es been  regarded  as 
a refuge fo r an c ie n t an im al g roups w hich are no 
longer ab le to  s ta n d  th e  com p etitio n  a t shallow  
depths. T h is  view  o f a  low  degree o f com petition  
is hard ly  com p atib le  w ith  th e  h ig h  faunal diver­
sity recently  fo u n d  in  abyssal com m unities.

T h e  existence a n d  dom inance o f an  an im al 
g roup  in  the  d eep  sea d ep en d  on  its ab ility  to  
com pete successfully in  th is  p a r tic u la r  environ­
m ent. T h e  E lasipoda is a  p ro n o u n ced  exam ple 
of a g ro u p  w hich  owes its dom inance to  its h ighly 
evolved a d a p ta tio n  to  life in  th e  d eep  sea.
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VI. I N D E X  TO N A M E S  OF G E N E R A  A N D  S P E C I E S

Main entries in italics. Generic names preceded by * refer to non-Elasipoda. Specific names 
in keys, diagrams of bathymetric distribution, and maps of geographic distribution are not 
included (see main entry to generic n?ime).

*Abyssocticumis, 216 
abyssorum, 216, 234,
241

*Acantholrochus, 216 
mirabilis, 216 

*Acaudina, 216 
*Achiridota, 217 

inermis, 216 
profunda, 216 

Achlyonice, 127, 128, 129,

130, 150, 155-156, 159,
184, 187, 188, 190, 191, 
192, 213, 229 
ecalcarea, 155, 156-157,
185, 186, 187 
lactea, 156, 157 
monactinica, 155, 
157-158, 187 
paradoxa, 156, 157 
tui, 158, 187, 215

Amperima, 128, 129, 130, 
158, 184, 186, 189, 192, 
213, 229
furcata, 159, 186, 226 
insignis, 162 
naresi, 159-161, 184,
185, 186, 192, 196, 204,
242
robusta, 161-162, 189 
rosea, 158-159, 185,

186, 226, 235 
tui, 158
velacula, 161, 185, 186,
215, 234 

Amphideima, 15, 38 
investigatoris, 39, 43,
44, 45 

*Amphigymnas, 215 
Apodogaster, 47, 75, 190, 

192, 210, 215
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alcocki, 75, 234 
*Astichopus, 204 

multifidus, 204 
Bathygone, 52 

papillatum, 67, 69, 70 
*Bathyplotes, 186, 215, 216 

moseleyi, 234 
natans, 204, 234 
reptans, 234 

Benthodytes, 10, 76-77,
190, 191, 192, 194, 206,
211, 225, 226 
abyssicola, 76 
assimilis, 106, 108 
browni, 76 
gigantea, 76 
glutinosa, 89
gotoi, 77, 79, 80 
hystrix, 84, 85, 86, 87 
incerta, 76, 77-80, 87,
191, 203
janthina, 76, 80, 82, 89, 
93
kerhervei, 102, 105 
lingua, 76, 80-82, 87,
190, 191, 203, 214, 215 
mamillifera, 76 
papillifera, 89, 92, 93 
plana, 76, 84, 87-89,
235
recta, 99 
regularis, 77, 80 
salivosus, 75 
sanguinolenta, 76, 93, 
94-96, 190, 191, 194,
203, 226 
selenkiana, 76 
sibogae, 76, 84-87, 203, 
220
sordida, 76 
spuma, 76 
superba, 76, 89, 190 
typica, 76, 89-93, 187,
191, 194, 202, 203, 204, 
205, 223, 227, 237, 238 
valdiviae, 76, 82-84

Benthogone, 47, 48, 52,
190, 206, 210, 224 
abstrusa, 51-52, 220 
fragilis, 49-50, 191 
quadrilineata, 48, 49 
quatrolineata, 67 
rosea, 48-49, 50, 187,
191, 202, 221 

Benthophyces, 48, 50
fragilis, 49, 50 

*Benthothuria, 215 
*Capheira, 215 
*Caudina, 216 

chilensis, 189 
*Ceraplectana, 216 

trachyderma, 216

*Chiridota, 216 
abyssicola, 216 

Cryodora, 52 
spongiosa, 58 

* Cucumaria, 189 
echinata, 189 

Deima, 15, 16, 183, 190, 
191, 193, 205, 206, 210,
222
atlanticum, 18, 20, 22 
blakei, 17, 20, 21 
fastosum, 17, 20, 21,
22, 23, 194
mosaicum, 18, 20, 22,23 
pacificum, 20, 24 
validum, 16-24, 190,
191, 194, 198, 199, 215, 
223, 227, 228, 237, 241,
245
v. pacificum, 17, 22, 23, 
24
v. validum, 17-23, 204 

*Dendrothuria, 215 
“rEkmocucumis, 216 

turqueti, 234 
Ellipinion, 128, 129, 130,

131, 162-163, 184, 186,
189, 192, 213, 230 
bucephalum, 163-164 
delagei, 163, 215 
facetum, 166, 189 
galatheae, 165, 192, 241 
kumai, 162, 166, 189, 
215
molle, 165, 166, 169 
papillosum, 165-166,
189
solidum, 163, 164-165 

Elpidia, 9, 10, 127, 128,
130, 172-174, 184, 189,
190, 192, 196, 205, 207,
213, 227, 231, 232, 241, 
243
adenensis, 172, 175, 232 
ambigua, 151 
antarctica, 174 
atakama, 172, 181, 182, 
232, 241, 242 
birsteini, 172,181, 232, 
242, 243
chilensis, 172, 175, 232 
glacialis, 8, 172, 173,
175-181, 185, 186, 190, 
196, 204, 205, 215, 223, 
232, 234, 237, 242, 245 
g. glacialis, 175,
176-178
g. kermadecensis, 180
g. kurilensis, 180-181, 
243
g. solomonensis, 180,
181

g. sundensis, 178-180 
g. theeli, 174
g. uschakovi, 180 
globosa, 167 
hanseni, 172, 181, 242,
243
h. hanseni, 181, 232
h. idzubonensis, 181, 
232
incerta, 143 
javanica, 178, 180 
kermadecensis, 180 
kurilensis, 180, 243 
longicirrata, 172, 181, 
232, 241, 243 
minutissima, 172,175,
232
mollis, 165 
murrayi, 167 
nana, 170 
papillosa, 165 
purpurea, 151 
rigida, 136 
solomonensis, 180 
sundensis, 178 
theeli, 172, 174-175,
185, 186, 232 
uschakovi, 180 
verrucosa, 147 
willemoesi, 144 

Elpidiogone, 128, 129, 131 
dubia, 144 

Enypniastes, 127, 128 
Euphronides, 99 

anchora, 102, 103, 104, 
105
auriculata, 106, 108 
bi fur cata, 102, 112 
cornuta, 106, 109, 110 
depressa, 106, 108, 109, 
110
dyscrita, 116, 124 
kerhervei, 102, 105 
scotiae, 111
talismani, 106, 108, 109, 
110
tanneri, 106, 108, 109, 
110

verrucosa, 112 
violacea, 106, 108, 109, 
110

*Eupyrgus, 216 
pacificus, 216 
scaber, 216 

Euriplastes, 128, 132 
*Filithuria, 215 
*Galatheathuria, 185, 204 

aspera, 185, 204, 205 
*Gastrothuria, 215 
*Gephyrothuria, 216 
*Hadalothuria, 195, 216 

w olffi, 242

*Hedingia, 216 
albicans, 216 
californica, 216 
fusiforme, 216 
ludwigi, 216 
planapertura, 216 

*Heterornolpadia, 216 
marenzelleri, 216 
pikei, 216 
tridens, 216 

*Holothuria, 184 
Ilyodaemon, 48, 52 

abstrusus, 48, 51, 190 
fimbriatus, 64, 67, 69 
ijimai, 67 
maculatus, 63 
miurense, 63, 65, 66 

Irpa, 8, 127, 128, 130, 131, 
171, 186, 189, 192, 194,
213, 230
abyssicola, 171, 172,
232
ludwigi, 171, 172, 185,
186, 189, 215, 235 

*Kareniella, 215 
Kolga, 8, 127, 128, 130, 

131,170, 186, 187, 188,
192, 194, 213, 230 
foliacea, 152 
fur cata, 159 
hyalina, 170-171, 187, 
188, 205, 225, 232 
ludwigi, 172 
nana, 170, 171, 188 
obsoleta, 134 

Laetmenoecus, 52 
scotoeides, 52, 61 

Laetmogone, 47, 48, 52-
53, 191, 210, 224, 225 
biserialis, 52, 53, 69, 
70-71, 191, 220, 238 
brongniarti, 58 
enisus, 64, 65 
fimbriata, 52, 53, 67-
70, 71, 191,202, 215,
221, 228, 238
ijimai, 52, 66, 67, 192,
215
interjacens, 47, 52, 53-
54, 191, 220 
jourdaini, 58 
maculata, 52, 63-67,
191, 202, 215, 228, 238 
neglecta, 70, 71 
parva, 67, 69, 70 
scotoeides, 52, 61-63,
220
selenkai, 67, 69, 70, 71 
spongiosa, 58 
theeli, 52, 57-58, 61,
191, 215, 246 
violacea, 52, 57, 58-61,
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185, 191, 201, 202, 215, 
221, 234, 238 
wyvillethomsoni, 52,
53, 54-57, 58, 61, 70,
71, 191, 215, 246 

Laetmophasma, 72 
fecundum, 72, 74 

*Leptosynapta, 189 
inhaerens, 189 

*Meseres, 215 
*Mesothuria, 215 

bifurcata, 234 
candelabri, 241 
intestinalis, 235 
verrilli, 235 

'M olpadia, 216, 246 
antarctica, 234 
bathybia, 216 
blakei, 216, 241, 246 
granulata, 216, 246 
musculus, 216, 235 
parva, 216 

*My rio trochus, 10, 210,
216, 217 
bathybius, 216 
bruuni, 242 
giganteus, 216 
kermadecensis, 242 
kurilensis, 241 
longissimus, 241 
mitis, 242 
thè eli, 216 
zenkevitchi, 242 

Nectothuria, 99
translucida, 116, 124, 
125

Oneirophanta, 15, 16, 24,
183, 191, 205, 206, 210, 
215, 222 
affinis, 32, 36 
alternata, 25, 31 
conservata, 36, 222 
mutabilis, 24-36, 187,
190, 193, 194, 198, 214, 
223, 226, 231, 232, 238,
241, 245
m. affinis, 32-36, 191, 
199, 200, 201, 204, 222 
m. mutabilis, 24-32, 
199, 201, 222 
setigera, 36-38, 47, 186, 
194, 198, 222 

Orpknurgus, 15, 16, 38,
191, 206, 210, 215, 220,
223
asper, 16, 38-39, 221 
glaber, 16, 39-46, 183,
190, 194, 198, 220, 228, 
238, 245
insignis, 16, 39, 43, 44,
45, 46, 47
invalidus, 39, 43, 45

protectus, 16, 47 
rigidus, 39, 43, 45, 46 
vitreus, 16, 46-47, 220 

*Paelopatides, 76, 204, 215 
aspera, 185 

*Palelpidia, 208 
norica, 208 

Pannychia, 47, 72, 192, 
210, 224 
glutinosa, 80, 82 
moseleyi, 72-75, 202, 
220, 238 
m. mollis, 72, 73 
m. virgulifera, 72, 73,
74
multiradiata, 72, 74 
pallida, 72, 74 

'  Paracaudina, 216 
Parelpidia, 127, 128, 129,

131, 190 
anamesa, 132 
cylindrica, 147 
elongata, 147 

*Paroriza, 241 
grevei, 241 

Pelagothuria, 128 
Peniagone, 127, 128, 129, 

130, 131-134, 187, 188,
192, 194, 195, 205, 207,
212, 215, 228, 229 
affinis, 139, 142-143, 
187
atrox, 132
azorica, 138-142, 146,
187, 204, 206, 215, 242 
bispiculata, 132 
challengeri, 146 
convexa, 135-136, 152, 
187
diaphana, 152, 153-155,
187, 192, 205, 238 
discrepans, 131 
dubia, 144-145 
ecalcarea, 131 
elongata, 147, 148, 187 
expansa, 152, 153 
ferruginea, 151 
foliacea, 152, 153 
gracilis, 152, 155 
horrifer, 132 
humilis, 138 . 
incerta, 139, 142, 
143-144 
incondita, 145 
intermedia, 152-153 
islandica, 150, 191 
japonica, 147, 187, 215,
233
lacinora, 151 
lugubris, 148, 151 
mossmani, 134 
mus, 132

naresi, 159 
nybelini, 134 
obscura, 132 
obsoleta, 134-135, 136,
152
papillata, 145-146, 187 
piriei, 132 
porcella, 134 
purpurea, 151-152, 153, 
155, 186, 187, 205 
rigida, 136-137, 138,
152
setosa, 148, 149 
stabilis, 132 
theeli, 146, 147, 185 
vedeli, 138, 139 
verrucosa, 147-148 
vexillum, 132 
vignoni, 146-147, 215,
233
vitrea, 143, 148-150,
187
willemoesi, 138, 139. 
142, 144, 187 
wiltoni, 134 
wyvillii, 131,150-151 

Periamma, 128, 158 
fur cata, 159 
kumai, 166 
ludwigi, 172 
naresi, 159 
roseum, 158 
tetramerum, 159, 160 

*Praeeuphronides, 209 
multiperforata, 209 

*Protankyra, 217 
abyssicola, 217 
brychia, 217 

*Pseudostichopus, 215 
mollis, 234 
occultatus, 235 
villosus, 242 

*Pseudothuria, 215 
*Psolidium, 216 

disjunctum, 216 
panamense, 216 

*Psolus, 216
phantapus, 189, 196 
pourtalesii, 216 

Psycheotrephes, 76, 96,
191, 192, 211, 227 
exigua, 96, 98, 99, 191, 
203
magna, 96, 97-99, 194, 
241
recta, 96, 99 

Psychrelpidia, 128, 129, 
130, 131, 187, 190, 192, 
194, 195, 206, 207, 212, 
227
discrepans, 131 

Psychropotes, 76, 99, 191,

192, 196, 204, 211, 226, 
227
belyaevi, 100-102, 194, 
203, 204, 235, 244 
brucei, 116, 122, 123, 
124, 125
buglossa, 116, 122 
depressa, 106-111, 187,
191, 192, 194, 203, 204,
214, 215, 223, 234 
dubiosa, 116, 124 
fucata, 116, 122 
grimaldii, 116, 122 
kerhervei, 102, 105 
laticauda, 116, 122,
123, 124, 125 
longicauda, 99, 102, 
115-126, 127, 182, 187,
190, 191, 194, 203, 205,
214, 223, 226, 232, 238, 
241
loveni, 126-127, 191 
minuta, 106 
mirabilis, 102, 111-112, 
115
raripes, 116, 124 
scotiae, 111 
semperiana, 102-105, 
106, 192, 194, 203 
verrucosa, 102, 112-115, 
194, 203 

Rhipidothuria, 128, 129, 
130, 131, 190, 192, 194,
212, 227 
racowitzai, 131

Scotoanassa, 127, 128,
129, 131, 152 
diaphana, 153 
gracilis, 155 
incerta, 132, 228 
translucida, 153, 154

Scotodeima, 15, 38 
parvispiculatum, 15 
protectum, 47 
setigerum, 36 
vitreum, 46 

Scotoplanes, 9, 128, 129,
130, 131,166, 168, 184,
186, 189, 190, 192, 205,
213, 230, 234 
albida, 162 
angelicus, 165, 166 
clarki, 166, 169-170,
184, 189, 196, 204, 234,
246
delagei, 162, 163 
facetus, 166 
galatheae, 165 
gilpinbrowni, 155 
globosa, 166,167-169, 
170, 184, 189, 196, 204,
215, 223, 232, 234,
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242, 246 
insignis, 162 
mollis, 165
murrayi, 167, 168, 169 
papilio sa, 165 
robusta, 161 
theeli, 167, 168, 169

*Sphaerothuria, 216 
bitentaculata, 216

*Stauro cucumis, 216
liouvillei, 182, 208, 234

*Stichopus, 186 
japonicus, 197 
regalis, 215, 235 
tremulus, 215 

*Synallactes, 215, 216 
aenigma, 15, 216 
alexandri, 215 
anceps, 216 
carthagei, 234 
challengeri, 215 
chuni, 215 
crucifer a, 216

discoidalis, 215 
gilberti, 216 
heteroculus, 215 
horridus, 216 
ishikawai, 215 
mollis, 215 
monoculus, 215 
multivesiculatus, 215 
nozawai, 215 
profundus, 216 
rigidus, 216 
robertsoni, 216

triplax, 215 
viridilimus, 215 

'•'Synaptula, 189 
hydriformis, 189 

Triconus, 99 
*Trochoderma, 216 

elegans, 216 
* Trochostoma, 246 

granulatum, 246 
Tutela, 172 

echinata, 175

Additions and corrections

P. 76, right column, line 6 from below: Koehler & Vaney, 1905 .................... Read Vaney, 1908.
P. 127, left column, line 3 from below: Théel, 1879 ...........................................Read  Théel, 1882.
P. 235, left column. W ith regard to the penetration of species into the M editerranean deep 
sea the following information from E. Tortonese 1965 (Fauna d’ltalia, 6) should be noted: (1) 
Mesothuria verrilli may not occur in the Mediterranean, the recorded specimens probably 
belonging to M. intestinalis. (2) Molpadia musculus penetrates to at least 820 m. (3) The 
molpadonian Hedingia mediterranea is known from the type specimen only (Tyrrhenian Sea: 
800-1005 m). The species is likely to be identical with H. albicans (North Atlantic, Bay of 
Bengal, southwestern Pacific: 491-3200 m).



P L A T E  I

Benthodytes typica. St. 299.

1-2. A specimen in  dorsal and ventral view. Scale: 2 cm.

3. A specimen in  dorsal view. Scale: 2 cm.

4. A nterior end of same, in  ventral view. Scale: 1 cm.





Benthodytes typica. St. 217.

1-2 and 3-4. Tw o specimens in  dorsal and  ventral view. 
Scale: 2 cm.

P L A T E  II

%





P L A T E  III

Benthodytes sanguinolenta.

1-2. St. 607. A specimen in  dorsal and ventral view. Scale: 3 cm.

3-4. St. 716. A nterior end of a 20 cm long specimen, in dorsal 
and ventral view. Scale: 1 cm.





P L A T E  IV

Benthodytes sanguinolenta. St. 495.

1-2. A nterior end of a 21 cm long specimen, in dorsal and ventral 
view. Scale: 1 cm.

3-4. Same, of a 7 cm long specimen. Scale: 2 mm.





P L A T E  V

Benthodytes sanguinolenta.

1—2. St. 497. Anterior end of a 15 cm long specimen, in  dorsal 
and ventral view. Scale: 1 cm.

3-4. St. 663. Anterior end of a 15 cm long specimen, in dorsal 
and ventral view. Scale: 1 cm.

%





P L A T E  VI

Benthodytes sanguinolenta.

1-2. Challenger St. 298. A nterior end of the 12.5 cm long specimen 
in  ZMUC, in  dorsal and  ventral view. Scale: 1 cm.

3-4. Valdivia St. 189. A nterior end of a 20 cm long specimen, 
in dorsal and ventral view. Scale: 1 cm.





i

1-2. Psychropotes depressa. St. 32. A nterior end of a 9 cm long 
specimen, in  dorsal and ventral view. Scale: 2 cm.

3. Psychropotes depressa. St. 52. A nterior end of a 20 cm long 
specimen, in dorsal view. Scale: 2 cm.

4. Psychropotes longicauda. St. 235. A nterior end of a 15 cm 
long specimen, in dorsal view. Scale: 2 cm.

5-6. Psychropotes longicauda. St. 663. A nterior end of a 14 cm 
long specimen, in dorsal and ventral view. Scale: 2 cm.

P L A T E  VII





P L A T E  V i l i

Tentacles

1. Oneirophanta m utabilis mutabilis. St. 654. Specimen 7.5 cm 
long. Scale: 1 mm.

2. Oneirophanta m utabilis mutabilis. St. 192. Specimen 9 cm long. 
Scale: 1 mm.

3. Oneirophanta m utabilis affinis. St. 716. Specimen 6.5 cm long. 
Scale: 1 mm.

4. Oneirophanta m utabilis affinis. St. 716. A nterior end of the 
30 mm long young shown in PI. XI: 8. Scale: 1 mm.

5-6. Orphnurgus glaber. St. 490. Specimen 7.5 cm long.
Scale: 1 mm.

7. Orphnurgus glaber. Kei Exp. St. 52. Specimen 15 cm long. 
Scale: 1 mm.

8. Laetmogone violacea. M ichael Sars St. 76. Specimen 7 cm long. 
Scale: 1 mm.

9-10. Laetmogone maculata. Valdivia St. 202. Specimens 7 and 6 cm 
long, respectively. Scale: 1 mm.

11. Benthogone fragilis. St. 324. Specimen 9 cm long.
Scale: 1 mm.





P L A T E  IX  

Tentacles

1-2. Benthodytes incerta. St. 716. Specimens 6 and  15 cm long, 
respectively. Scale: 3 mm.

3. Benthodytes lingua. Ingo lf St. 18. Specimen 7 cm long. 
Scale: 1 mm.

4. Benthodytes lingua. South Africa. Specimen 15 cm long. 
Scale: 3 mm.

5. Benthodytes lingua. St. 32. Specimen 26 cm long.
Scale: 3 mm.

6. Benthodytes sanguinolenta. St. 607. Specimen 20 cm long. 
Scale: 3 mm.

7. Benthodytes sanguinolenta. St. 495. Specimen 20 cm long. 
Scale: 3 mm.

8. Kolga hyalina. Godthaab St. 54. Specimen 3.7 cm long. 
Scale: 3 mm.

9. Scotoplanes globosa. St. 668. Specimen 7.5 cm long.
Scale: 3 mm.





P L A T E  X

Tentacles

1-3. Peniagone azorica. St. 658. T hree  tentacles from a 6.5 cm long 
specimen. Scale: 2 mm.

4. Peniagone convexa. St. 282. Specimen 6 cm long. Scale: 2 mm.

5. Peniagone convexa. St. 234. Specimen 6 cm long: Scale: 2 mm.

6. Am perim a naresi. St. 466. Specimen 4.5 cm long. Scale: 2 mm.

7-8. Peniagone diaphana. St. 574. A tentacle in  external and in ternal
view (specimen not captured). Scale: 4 mm.

9. Achlyonice ecalcarea. Java-South Africa Exp. St. 78. Specimen 
4.4 cm long. Scale: 1 mm.

10. E llip in ion galatheae. St. 435. Specimen 1.7 cm long. Scale: 1 mm.

11-13. Elpidia glacialis. Godthaab St. 54. T h ree  tentacles from 
a 3.2 cm long specimen. Scale: 1 mm.





P L A T E  XI

Gonad morphology and intra-ovarian developm ent

1. Deima validum  validum . St. 193. Left ovary of an  8 cm long specimen 
Scale: 1 cm.

2. Oneirophanta mutabilis mutabilis. St. 654. Left ovary of a 6.5 cm long 
specimen. Scale: 5 mm

3. Oneirophanta mutabilis affinis. St. 716. Testes of a 9 cm long specimen. 
Scale: 5 mm.

4. Oneirophanta mutabilis affinis. St. 716. A nterior end  of a 9 cm long 
specimen, opened to show the young-containing ovarian sacs. T h e  pa­
pillae and tubefeet are visible through the ovarian wall. Scale: 1 cm.

5-6. Oneirophanta m utabilis affinis. St. 716. A 7.5 mm long young in  dorsal 
and ventral view, from the ovary of a 7.5 cm long specimen. Scale: 5 mm.

7. Oneirophanta m utabilis affinis. St. 716. A 19 m m  long young (right side) 
from the ovary of the 9 cm long specimen shown in PI. X I: 4. Scale: I cm.

8. Oneirophanta m utabilis affinis. St. 716. A 30 mm long young (right side) 
rom the ovary of a 7.5 cm long specimen. Scale: 1 cm.

9. Laetmogone violacea. M ichael Sars St. 76. T h e  com plete ovary of a 6.5 cm 
long specimen, in ventral view. Scale: 1 cm.

10. Same. T he  complete testis of a 12.5 cm long specimen, in  ventral view 
Scale: 1 cm.

11. Laetmogone maculata. Valdivia St. 202. T h e  com plete ovary of an 8 cm 
long specimen, in  ventral view. Scale: 1 cm.

12. Same. T he  complete testis of a 9 cm long specimen. Scale: 1 cm.





P L A T E  X I I

G onad morphology

1. Benthodytes incerta. St. 716. Left ovary of a 16 cm long specimen, 
in  ventral view. Scale: 1 cm.

2. Benthodytes lingua. St. 32. Left ovary of a 38 cm long specimen. 
Scale: 1 cm.

3. Benthodytes lingua. St. 32. Left testis of a 29 cm long specimen. 
Scale: 1 cm.

4. Benthodytes sanguinolenta. St. 607. A 16 cm long specimen opened 
from  the dorsal side to show the testes. Scale: 1 cm.

5. Benthodytes sanguinolenta. St. 495. T h e  complete ovary of a 20 cm 
long specimen, in  ventral view. Scale: 1 cm.

6. Psycheotrephes exigua. St. 234. Left ovary of a 28 cm long specimen, 
in  ventral view. Scale: 1 cm.

7. Psychropotes longicauda. St. 235. R ight ovary of an 18 cm long speci­
men, in  ventral view. Scale: 1 cm.

8. Psychropotes depressa. St. 32. Left ovary of a 9 cm long specimen. 
Scale: 1 cm.

9. Psychropotes belyaevi. St. 235. Left ovary of a 19 cm long specimen. 
Scale: 1 cm.

10. Elpidia glacialis. Godthaab St. 54. Ovary of a 4.0 cm long specimen. 
Scale: 3 mm.

11. Kolga hyalina. Godthaab St. 54. Testes of a 3.3 cm long specimen. 
Scale: 5 mm.





P L A T E  X I I I

Gonad histology 

Sections: 8 n. Ehrlich’s hem atoxylin — eosin.

1. Deima validum . St. 234. Ovary of an 11 cm long specimen in  the post-spawning 
phase. T he few eggs rem aining are invaded by phagocytes. Remnants of the 
reticular tissue present in  the lum en of the ovary. Scale: 300 |*.

2. D etail of 1, showing an egg invaded by phagocytes. Scale: 100 |x.

3. Oneirophanta m utabilis mutabilis. St. 192. Ovary of an 8 cm long specimen, 
with some phagocytosis of the smaller eggs. A group of phagocytes (arrow) 
from a disintegrated egg passes gradually in to  the reticular tissue of the 
ovarian lumen. Large eggs w ithout phagocytosis. Scale: 1000 (i.

4. Oneirophanta m utabilis affinis. St. 716. Ovary of a 9 cm long specimen in  
the post-spawning phase. Proliferations of vacuolated, nutritive tissue grow 
out from the ovarian wall. In  the upperm ost part of the photograph a pro­
liferation is extending over a part of ovarian wall w ith no proliferations. A 
small (below) and  a large egg are seen, the large one invaded by phagocytes. 
Scale: 300 y..

5. Detail of 4, showing the vacuolated tissue and the large egg invaded by phago­
cytes. Scale: 100 n.

6. Oneirophanta m utabilis affinis. St. 716. Ovary of the 7 cm long specimen w ith 
the smallest (7-8 mm) young. T h e  proliferations of vacuolated tissue have to 
some degree collapsed. A small and a large egg are seen in  the photograph, 
none of them invaded by phagocytes. Scale: 100 y..

7. Same. Ovary of the 8.5 cm long specimen w ith larger (16-19 mm) young. T h e  
proliferations of vacuolated tissue have almost completely collapsed. T he single 
egg seen in  the photograph is invaded by phagocytes. Scale: 50 n.

8. Same. Testis of a 9 cm long specimen. Scale: 50 |x.

9. Detail of 8, showing spermatozoa ingested by phagocytes. Scale: 25 n.





P L A T E  X I V

Gonad histology

1. Psychropotes depressa. St. 32. Cross-section of ovary from a 9 cm long 
specimen. T h e  eggs are embedded in the highly developed vacuolated 
nutritive tissue. Section: 8 Ehrlich’s hem atoxylin -  eosin
Scale: 1000 n.

2. D etail of 1, showing an egg invaded (and partly  surrounded) by
phagocytes. Scale: 300 n. ’ y

3. Psychropotes belyaevi. St. 235. Cross-section of ovary from an 18 cm 
ong specimen. T h e  eggs are concentrated in the central part of the 

ovary. T he peripheral part of the ovary consists exclusively of the va­
cuolated, nutritive tissue. Section: 8 Tetrachrom e. Scale: 3000

4. Detail of 3 showing the vacuolated, nutritive tissue and  the scattered 
g ranular phagocytes. Scale: 300 n.

5. Detail of 4, showing the large vacuoli of the nu tritive  cells and the 
eosinophilic granules of the phagocytes. Scale: 50 n.
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