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PREFACE 

The Porcellanasteridae s. str. form within the Aster- 
oidea a well circumscribed group the members of 
which are easily distinguished from all other sea- 
stars by the presence - in each interbrachial angle - 
of one or more of the so-called cribriform organs. 
The group is further distinguished biologically by 
being exclusively confined to the deep-sea. So far no 
porcellanasterids have been found in depths less 
than about 1000 meters, and more than half of the 
records are from depths exceeding 3000 m. 

The present paper reports on the large material 
of porcellanasterids brought back by the Danish 
Deep-Sea Expedition on the 'Galathea' in 1950-52, 
and on a few specimens taken in 1920 by the 'Pickle' 
of the South African Fishery Investigations. Fur- 

ther the paper summarizes and discusses all which is 
previouslyrecorded concerning the porcellanasterids. 

The study is essentially morphological and tax- 
onomical, but at the same time it forms the main 
basis of the following paper in this report: On the 
zoogeography and origin of the abyssal fauna in 
view of the knowledge of the Porcellanasteridae. 

The text-figures illustrating structural details were 
drawn by means of a camera lucida, but are some- 
times slightly diagrammatic; no attention has been 
paid to the ornamentation of the skeletal elements, 
and occasionally, in case of defect specimens, the 
illustrations of the spine-armature have been com- 
bined from different plates and ossicles. The author's 
English was revised by Mrs. A. VOLSBE. 

INTRODUCTION 

Historical review 
(expeditions and authors) 

The porcellanasterid sea-stars were completely un- 
known to science until 1873 when they were brought 
to light during the early part of the first great deep- 
sea expedition, the famous voyage of the Challenger. 
Several specimens were then collected in three suc- 
cessive dredgings off the eastern coast of the United 
States of America on blue mud in depths of 2270 to 
2470 m. These specimens all belonged to one and 
the same species, which was described under the 
name of Povcellanastev cevuleus by WYVILLE THOM- 
SON in 1877 in his preliminary account of the results 

of the work of the Challenger in the Atlantic. The 
generic name was suggested by the porcellaneous 
conspicuous marginal plates which have proved 
characteristic of all members of the group, and the 
specific name was suggested by the cobalt-blue co- 
lour of the specimens while alive (a colour which 
probably primarily has been due to the stomach 
content of blue mud shining through the thin body- 
wall, all porcellanasterids being "mud-swallowers"). 

Since the porcellanasterid sea-stars are limited to 
bathyal and abyssal levels, they have hardly ever 
been caught except in the deep-water dredgings of 
collecting expeditions, and the history of their ex- 
ploration is therefore closely connected with the 



history of the great deep-sea expzditions. The prin- 
cipal expeditions having collected porcellanasterids 
are (with the number of dredgings in which they 
were taken added in parentheses): 

The Challenger 1872-76 (14) 
The Talisman 1883 (8) 
The Ingolf 1895-96 (8) 
The Investigator 1890-1903 (21) 
The Princesse Alice 1895-1910 (13) 
The Valdivia 1899-1900 (6) 
The Albatross 1899-191 1 (36) 
The Swedish Deep-Sea Expedition 1948 (on the 

Albatross) (3) 

Further also the following expeditions, research- 
wessels and collectors, have brought back porcel- 
lanasterids : the Travailleur 1880-8 1 (2), the Alba- 
tross 1883-84 (42), the Siboga 1899-1900 (3), STAN- 
LEY GARDINER about 1900 (I), the Scotia 1904 (2), 
the Thor 1906 (I), the Pieter Faure about 1910 (21, 
the Hirondelle I1 1912 (I), the Arcturus 1925 (I), 
the Godthaab 1928 (I), the JOHN MURRAY Expedi- 
tion (on the Mabahiss) 1935 (I), and the Atlantis 
1947 (1). 

In this paper is now added the records of the 
porcellanaterids collected by the Galathea 1950-52 
(27 dredgings) and by the Pickle 1920 (1 dredging). 
Porcellanasterids are further collected in several 
dredgings during the recent Russian explorations 
of the Pacific, primarily on the Vitjaz. 

In the Atlantic, porcellanasterids were collected 
in the area south of Greenland and Iceland by the 
Ingolf (73 specimens from eight dredgings in depths 
of about 1500 to 3200 m) and the Godthaab (4 spec- 
imens from one dredging in 2750 m in the Davis 
Strait). In the northwestern region off the coast of 
the U. S.A. a number of specimens were taken by 
the Challenger in three dredgings in 2270 to 2470 m, 
and an unknown number by the Albatross1 in 42 
hauls from depths between 1660 and 3520 m. In the 
eastern region of the North Atlantic, from off 
France to the Cape Verdes, they were collected by 
the Thor (2 specimens from a dredging south of 
Ireland in 1800 m), by the Travailleur (2 specimens 
from two dredgings in about 2000 m in the Bay of 
Biscay), by the Talisman (17 specimens from eight 

1. H . L. CLARK in 1923 notes that he has examined specimens 
of Porcellanaster crerubus belonging to the Blake collec- 
tions, but possibly the Albatross collections are meant. 
According to E.PERRIER in 1884 p.272, the Blake expedi- 
tions a t  least did not collect any porcellanasterids in the 
West Indian region. 

dredgings in about 1500 to 4800 m), by the Prin- 
cesse Alice (30 specimens from thirteen dredgings 
in depths of about 3500 to 6035 m), by the Wiron- 
delle I1 (a single specimen from west of Madeira in 
5300 m), and by the Atlantis (7 specimens from a 
single dredging south of the Azores in 3200 m). In 
the tropical mid-Atlantic the Swedish Deep-Sea 
Expedition on the Albatross collected 40 specimens 
at three stations in about 4450 to 5600 m. In the 
eastern tropical Atlantic the Valdivia collected 33 
specimens in 2275 to 4990 m in three dredgings in 
the Gulf of Guinea, and the Challenger a few spe- 
cimens in three dredgings in 4300 to 4660 m in the 
Cape Verde and the Cape regions. In the Cape re- 
gion 2 specimens were obtained in two dredgings in 
about 1500 to 1800 m by the Pieter Faure. In the 
Antarctic, in the Atlantic section, the Scotia collec- 
ted 4 specimens in two dredgings in about 3850 and 
2580 m. 

In the Atlantic, the Galathea collected 71 porcel- 
lanasterids in six dredgings in the region of the Gulf 
of Guinea, in depths of 1260 to 5160 m, and the 
Pickle got some specimens in one haul in the Cape 
region in 2175 m. 

In the Indian Ocean, the Investigator collected 
more than fifty porcellanasterids in the Arabian Sea 
and the Bay of Bengal in twenty-one dredgings from 
between about 1200 and 3650 m. The Murray Ex- 
pedition collected 40 specimens in a single dredging 
in about 3850 m in the northern region off East 
Africa, and the Valdivia 3 specimens in three dred- 
gings in the equatorial region off East Africa and at 
Sumatra, in depths of about 1650 to 5250 m. STAN- 
LEY GARDINER obtained 2 specimens from a depth 
of about 1000 m or more near Mauritius. The Chal- 
lenger caught a single specimen in the Antarctic 
region in 3570 m. 

In the Indian Ocean, the Galathea collected 285 
specimens in fifteen dredgings distributed along 
East Africa, from Ceylon to the Bay of Bengal, and 
south of Java, in depths of 2600 to almost 7000 m. 

In the Pacific, porcellanasterids were collected in 
the region of the Malay Archipelago by the Siboga 
(13 specimens in three dredgings in depths of about 
1150 to 1900 m), and in the Philippine area by the 
Albatross in 191 1 (9 specimens in five dredgings in 
depths of 905 to 1350 m). The Challenger collected 
some porcellanasterids in seven dredgings in 1460 
to 5030 m, distributed from New Guinea to Japan, 
in the mid-Pacific, and off Chile. The Albatross col- 
lected 209 specimens in thirty-one dredgings in the 
eastern Pacific from the Bering Sea to off Peru and 



Fig. 1. Map showing the distribution of the 74 successful dredgings undertaken by the Galathea in depths of more than 
1000 m. Filled circles indicate the dredgings yielding porcellanasterids. 

as far west as the mid-Pacific, in depths of 1400 to 8 between 4000 and 5000 m (21) 
5870 m. The Arcturus got a single specimen in 3170 I between 5000 and 6000 m (10) 
m in the Galapagos region. The recent Russian ex- 2 between 6000 and 7000 m3 (5) 
plorations have yielded a large material of porcel- 
lanasterids from the region of the ICamchatka and 
the Kur i l e~ .~  

In the Pacific the Galathea collected 113 speci- 
mens in five dredgings in the Australia-New Zea- 
land region and in one dredging in the Panamic 
region, in depths of 2640 to about 6700 m. 

Prior to the Galathea Expedition porcellanaste- 
rids were collected in about 167 dredgings, viz. 93 
in the Atlantic, 27 in the Indian Ocean, and 47 in 
the Pacific (10 of the latter dredgings being in the 
region of the Malay Archipelago). The total num- 
ber of specimens known at this time was probably 
about 600-650. The Galathea Expedition obtained 
porcellanasterids in 27 of the 74 successful dred- 
gings carried through in depths of more than !000m, 
and collected a total number of 469 specimens. 
(Fig. 1). 

The depths of the Galathea dredgings in which 
porcellanasterids were collected were as follows 
(with the total number of successful dredgings car- 
ried through added in parentheses) : 

Records of depths are available for 123 of the about 
167 dredgings from which porcellanasterids were 
reported before the Galathea Expedition. 

2 were from 905 and 936 m respectively. 
30 between 1000 and 2000 m 
27 between 2000 and 3000 m 
30 between 3000 and 4000 m 
23 between 4000 and 5000 m 
10 between 5000 and 6000 m 
1 in 6035 m 

Most of the dredgings of porcellanasterids prior to 
the Galathea Expedition yielded only one single 
valid species each. More than one species were ob- 
tained in only 28 of the recorded 147 dredgings, 
viz. two species in 19 dredgings (belonging to the 
same genus in five cases), three species in 7 dred- 
gings (two species of the same genus in one case, 
otherwise all three species of different genera), and 
four species in 2 dredgings (two of the species of 
the same genus in both cases). In about half, i. e. 13 
out of the 27 dredgings of porcellanasterids made 

1 between 1000 and 2000 m (10) by the Galathea Expedition, however, more than 
6 between 2000 and 3000 m (13) one species were secured (which may be considered 
9 between 3000 and 4000 m (15) a proof of the efficiency of the collecting-gear used 

by the expedition), viz. two species in 5 dredgings 
2. Some preliminary information of this material is given e. g. 

by ZENKEVITCH, BIRSTEIN & BELIAEV in 1955, so that it has 3. The specimens from the two hadal dredgings (6000-7000 m) 
been possible to mark some of the finds in the accompany- are mentioned in the Galathea Report vol. 2, in which is 
ing maps of distribution. dealt with the animals of the extreme depths. 



Fig. 2. Distributior~ of the localities from where porcellanasterids have been obtained. The cross-hatched areas 
indicate where deep-sea collecting has been undertaken hitherto. 

(belonging to the same genus in one case), three 
species in 4 dredgings (two of the species of the 
same genus in one case), four species in 3 dredgings 
(two species of the same genus in one case), and 
five species in 1 dredging (viz. st. 282 in the Indian 
Ocean, at which 59 specimens of the genera Hypha- 
laster, Abyssaster, Thouacaster, Styuacaster, and 
Porcellanaster, were brought up). 

The present author has himself reported on the 
40 specimens of porcellanasterids collected by the 
Swedish Deep-Sea Expedition, and has further had 
the opportunity to re-examine the specimens col- 
lected by the Ingolf, the Thor, the Godthaab, and 
the Valdivia. Through the courtesy of dr. DEICH- 
MANN of the Museum of Comparative Zoology at 
Harvhrd, the author was enabled also to examine 
specimens of three different forms of porcellanaste- 
rids from the Albatross expeditions in the eastern 
Pacific. Thus the author has had a total of 628 spec- 
imens passing through his hands and has examined 
representatives of all porcellanasterid genera re- 
cognized, except the two bathyal genera: Lyscaster 
and Benthogenia. 

The principal authors who have dealt with the 
Porcellanasteridae, after WYVILLE THOMSON had 
described the first one, the type of the group, are 
the following : 

1) SLADEN (1883, 1889) who took over the work- 
ing up of the Challenger material of sea-stars when 
WYVILLE THOMSON due to illness had to give it up, 

2) E. PERRIER (1884, 1885, 1894) who described the 
materials collected by the Travailleur and the Talis- 
man, 3) VJOOD-MASON & ALCOCK (1 891, 1893) who 
dealt with the collections of the Investigator, 4) 
KOEALER (1907, 1908, 1909, 1921) who treated the 
specimens collected by the Princesse Alice, the Hi- 
rondelle 11, and the Scotia, and also revised those 
of the Investigator, 5 )  LUDWIG (1935, 1907) who 
reported in detail on the earlier collectioi~s of the 
Albatross in the eastern tropical Pacific, and pre- 
liminarily considered some of the later Albatross 
collections. and also the Valdivia material, 6) Fr- 
SHER (1905, 1907, 1911, 1913, 1919, 1928) who 
treated some other Albatross collections, especially 
from the northern East Pacific and the Pl~ilippine 
region, and also dealt with the Arcturus find, and 
7) LIEBERKIND (1932, 1935) who treated the Tngolf 
material and also worked up the final report on the 
Valdivia collection. Further reports on porcellanas- 
terids including descriptions of new forms were 
published by 8) BELL (1909), (who was not aware, 
however, that he dealt with a porcellanasterid), 
9) by D~DERLEIN (1921), who reported on the Siboga 
material, and LO) by MACAN (1938) who reported 
on the collection of the John Murray expedition. 
Finally, also the following authors have reported on 
porcellanasterids, but without naming new forms, 
viz. VERRILL (1885, 1895) on the Albatross collec- 
tions in the N. W. Atlantic, H. L. CLARK (1913, 
1920, 1923) on materials from the Albatross ex- 



plorations in the eastern Pacific, A. H. CLARK (1948) 
on the specimens from the Atlantis Expedition, 
DJAKONOV (1950) on a specimen from the Russian 
explorations S. E. of Kamchatka, A. M. CLARK 
(1952) on the specimens originally described by 
BELL, and the present author (1951, 1956) on the 
collection of the Swedish Deep-Sea Expedition, and 
on the material of the Galathea Expedition from 
depths exceeding 6000 m. The porcellanasterids col- 
lected in the Pacific by the Vitjaz are under con- 
sideration by BELYAEV. 

General remarks 
on taxonomy and morphollogy 

The group Porcellanasteridae which was erected 
by SLADEN to embrace Porcellanastev and its rela- 
tives was first, in the preliminary report in 1883, re- 
gistered as a sub-family of the Astropectinidae. But 
in 1889, in the final edition in the Challenger report 
in which SLADEN gives a new classification of the 
Asteroidea, the Porcellanasteridae are listed as the 
second family of the order of Phanerozonia, com- 
prising two sub-families, the Porcellanasterinae 
(= Porcellanasteridae sensu Sladen 1883) and the 
Ctenodiscinae. SLADEN gives as reason for now 
associating the porcellanasterids s. str. with the ge- 
nus Ctenodiscus that the structure of this sea-star in 
many ways indicates a community of descent and 
shows a much closer relation to the porcellanasterids 
s. str. than to the astropectinids. WUVILLE THOM- 
SON in 1877 in his description of the first porcellan- 
asterid had mentioned too that it seemed to be 
related to Ctenodiscus. However, SLADEN - besides 
noting the affinity between Ctenodiscus and the 
group of porcellanasterids s. str. - also points out 
that they at the same time differ so considerably 
that the separation into two distinct subfamilies 
appears justified. FISHER in 1911 noted that the 

- Porcellanasteridae might be coilsidered of the rank 
of a suborder, which he named the Cribellosa (co- 
ordinate with the Paxillosa, the Valvata, and the 
Notomyota, within the order of Phanerozonia), and 
subsequently, in 1916, he transferred the Cteno- 
discinae to the Goniopectinidae (of the order of 
Paxillosa), and the concept of the Porcellanasteri- 
dae then became the one adopted in the present 
paper. 

The generic  names  applied to the Porcellan- 
asteridae s. str. are in their chronological order the 
following : 

Povcellanastev Wyville Thomson, 1877 
Caulastev Perrier, 1882 
Styvacastev Sladen, 1883 
Hyphalastev Sladen, 1883 
Thoracastev Sladen, 1883 
Machairaster Perrier, 1884 
Pseudastev Perrier, 1885 
Evemicastev Fisher, 1905 
Albatvossia Ludwig, 1905 
Churzaster Ludwig, 1907 
Albatvossastev Ludwig, 1907 
Sidonaster Koehler, 1909 
Lysastev Bell, 1909 
Benthogenia Fisher, 191 1 

An additional genus, Abyssastev gen. nov., is erected 
in this paper for some of the species hitherto referred 
to Hyphalastev, and the description by BELYAEV of 
another genus, Vitjazastev, for a new species from 
the West Pacific, V. djakonovi, is in press. 

The genera Ctenodiscus Miiller & Troschel, 1842, 
and Pectinidiscus Ludwig, 1900, which may be found 
listed as porcellanasterids, belong to the group 
Ctenodiscinae now referred to the family Goni- 
opectinidae of the suborder Paxillosa. 

A number of the above listed generic names have 
fallen into synonymy, thus Caulastev was based on 
a juvenile Povcellanastev, Machaiuastev is a simple 
synonym of Stjlvacastev, Pseudastev was based on a 
juvenile Thovocastev. Albatrossia was probably 
based on a juvenile Povcellanaster, Albatvossastev 
was merely a new name to replace Albatvossia, and 
Chunaster, as will be demonstrated in the following, 
is identical with Styvacastev. 

The four genera which SLADEN recognized within 
the Porcellanasteridae : Povcellanastev, Styvacsastev, 
Hyphalastev, and Thovacastev (with 6, 2, 4 and 1 
species respectively) all stand. only his Povcellanastev 
has been subdivided into Povcellanastev s. str. and 
Evemicastev, and his Hyphalastev will in the follow- 
ing be separated into Hyphalastev s. str. and Abyss- 
astev. Also nearly all the species recognized by SLA- 
DEN are valid. In fact, already the material collected 
by the Challenger Expedition was so representative 
of the porcellanasterid fauna of the deep-sea that 
up to this time it has not been possible to add any- 
thing of much importance to the account which SLA- 
DEN gave in his outstanding report. The Challenger 
material thus included representatives of all the abys- 
sal genera of porcellanasterids described to this day4; 

4. The Vitjaz collections, however, include a new abyssal 
porcellanasterid genus: Vitjazaster Belyaev, in press. 



the remaining recognized genera which were not 
represented in the Challenger collection, viz. Sidon- 
aster, Lysastev, and Benthogenia, being - so far as 
is known - confined to the deeper bathyal zone. 

The three porcellanasterid genera established by 
PERRIER all have proved to be synonyms of formerly 
described ones, and probably also all his nine spe- 
cies are only synonyms. The single genus described 
by KOEHLER is valid, but less than half of the ten 
species, he named, are so. One of the two species 
described by WOOD-MASON & ALCOCK is valid, 
while the other is uncertain. Both two genera erected 
by LUDWIG fall into synonymy, and only about one- 
third of the thirteen species, he described, can be 
maintained. The two genera erected by FISHER are 
both valid, and so are also two of the three species 
he described. The single species (and genus) de- 
scribed by BELL is distinct. But neither the single 
species described by DODERLEIN and nor the two 
forms described by LIEBERKIND can be maintained, 
and also the single species described by MACAN is 
uncertain. 

slightly larger and more robust and often flattened 
calcareous papillae (spines, or possibly fairly broad 
plates). This outer series, possibly united by a dis- 
tinct web, may extend from the dorsal edge of the 
superomarginal plate to the ventral edge of the in- 
feromarginal one, on either side of the organ, or - 
as is generally the case - it bends round close to the 
ventral edge and continues along the lower end of 
the cribriform organ up on its other side to the 
dorsal edge of the other superomarginal plate. The 
cribriform organs are thus rather indistinctly 
marked off from the spine- or paxil-bearing disk 
area, whereas they are usually well demarcated 
ventrally. 

The cribriform organs are developed on more or 
less marked depressions on the marginal plates. The 
fringe of covering papillae can be bent away from 
the ciliated series of papillae or lamellae, so that 
these are fully exposed. But the ciliated epithelium 
can also be well protected by the series of papillae 
or lamellae being closed down upon each other in 
direction towards the vertical suture medially, and 
the covering papillae closing down upon them later- 

Diagnosis:  
ally. (Very aptly, the lamellae have been compared 

The Porcellanasteridae (= suborder Cribellosa) 
to the leaves of a book). 

are five-armed phanerozoniate sea-stars with very 
There is only a single cribriform organ in each 

conspicuous, large thin porcellaneous marginal 
arm-angle in Povcellanaster and Sidonastev, whereas 

plates, and are primarily distinguished by the pres- 
there are three cribriform organs in each arm-angle 

ence - in each arm angle - of one or more of the 
in Evemicastev (though in juvenile specimens initially 

so-called cribriform organs. 
only a single one, and in very large (old) specimens 

The cr ibr i form organ is a term created by SLA- 
DEN in 1883 for a peculiar structure present in each 
arm-angle of all porcellanasterids (and in this special 
form not found in any other group of sea-stars). 
WYVILLE THOMSON when in 1877 he described the 
first porcellanasterid, Povcellanaster cevuleus, noted 
the close covering of spinelets on the marginal plates 
in the arm-angles as a conspicuous character. He 
spoke of it as an ornament, and he also compared 
it to a little brush. It was SLADEN, however, who 
first gave a detailed description of the structure. 

Every cribriform organ consists of a number, e. g. 
20-30, of close-set skin folds or rows of minute pa- 
pillae situated on a pair of adjacent marginals, to 
both sides of the vertical sutures between them, ex- 
tending (in the case of fully developed organs) from 
the dorsal edge of the superomarginal plates to, or 
almost to the ventral edge of the inferomarginal 
ones, inwardly supported by microscopic calcareous 
papillae (compressed spinelets or plates), and out- 
wardly clothed with a ciliate epithelium. Laterally 
each cribriform organ has a fringe of usually at least 

occasionally as many as five organs). Three cribri- 
form organs in each arm-angle similarly is the nor- 
mal number in some species of Abysscstev and Sty- 
uacastev. But other species of these two genera may 
have up to eleven cribriform organs in each inter- 
radius, and then the number often increases with 
age. The two only known specimens of Lysastev had 
in each arm-angle seven cribriform organs, which 
is one at every interbrachiai vertical suture. The 
only known full-grown specimen of Benthogenio had 
cribriform organs developed around every single 
one of all the vertical marginal sutures of arms as 
well as of disk. 

New cribriform organs are normally formed bi- 
laterally to either side of the initial series of organs, 
and always around successive vertical sutures, no 
case being known of a suture having been skipped. 
In all the genera just mentioned there is a mid- 
interradial vertical suture, and therefore there is 
normally an odd number of cribriform organs in 
each interradius. In the genus Thovacastev there is a 
marginal plate mid-interradially, and thus an even 



number of cribriform organs in each interradius is 
the rule here, - in grown-up specimens often 12-16; 
but exceptionally up to e. g. 24, in which case cribri- 
form organs occur also proximally in the arms. 

The outermost and youngest cribriform organs 
are usually composed of a smaller number of rows 
of papillae than the innermost ones, and are often 
quite rudimentary, e. g. yet consisting of only a 
single row of papillae to the proximal side of the 
vertical sutures. The rudimentary cribriform organs 
are also sometimes formed from the ventral margin, 
in which case the rows of papillae decrease in num- 
ber in vertical direction and may not yet reach the 
superomarginal plates. In other cases the rows of 
papillae are formed simultaneously from the ventral 
and the dorsal margins; occasionally they are formed 
first from the dorsal margin, and exceptionally their 
median part, at the horizontal suture, is the first to 
become developed. The width of the cribriform or- 
gans increases with age of the sea-star, so that in 
large (old) specimens of several forms the inner- 
most cribriform organs often show a tendency to 
merge together, especially medially around the 
horizontal suture, but sometimes also dorsally and 
ventrally, and exceptionally only in these latter 
places. 

SLADEN (1883 p. 217 and 1889 p. 128) noted con- 
cerning the structure of the cribriform organ that the 
component parts in Povcellanastev (i. e. Povcellan- 
astev s. str. and Evemicastev) were strictly lamellar 
in form (the calcareous compressed papillae sup- 
porting the ciliated folds placed end to end together 
and thus forming an apparently continuous la- 
mella), while they were papilliform (composed of 
distinct, free and independent papillae) in Hyphala- 
ster (i. e. Hyphalastev s. str. and Abyssaster.), Styvac- 
astev and Thovacastev. - This holds true in broad 
outline, but it may sometimes be difficult to decide 
whether a certain cribriform organ is of a lamelli- 
form or of a papilliform structure. In some specimens 
of Styvacastev for instance (cf. p. 115) the cribri- 
form organ must be described as lamelliform; and 
the supplementary cribriform organs which are 
sometimes formed in large specimens of Evemicaster. 
(cf. p. 154) are papilliform as distinct from the la- 
melliform structure of the three organs which nor- 
mally occur in the genus. In Sidonastev the cribri- 
form organ is of a papilliform structure with very 
long and slender papillae, arranged very distinctly 
in quincunx. (The papilliform cribriform organs 
may also be described as spiniform). 

SLADEN noted (1883 p. 217,1889 p. 128) that "The 

number of cribriform organs present in each angle 
appears to be always constant in a species; and 
species exist which possess 1, 3, 5, 7, 9 or even 14 
of the organs respectively". SLADEN himself, how- 
ever, records a variation of from 7 to 9 cribriform 
organs in his Styvacastev horridus, so that a concept 
of a specifically fixed number of cribriform organs 
should not be taken too literally. The larger ma- 
terials of porcellanasterids which have later become 
available, also show that the number of cribriform 
organs not only increases with age, but is also sub- 
ject to individual variation in equal-sized specimens, 
and may even vary in the different interradii of the 
same specimen. In general the number of cribri- 
form organs if exceeding three in each interradius 
can be considered as inconstant and be expected to 
vary individually. 

In the species in which there is a larger number 
of cribriform organs, three, five, or maybe even 
seven such organs become developed simultane- 
ously in each interradius in the juvenile specimens, 
often with the series in the interradius with the 
rnadreporite formed slightly earlier than those in 
the other interradii. 

It  appears from this account of the cribriform 
organs that their number is only of little - if any - 
importance in the taxonomical description of a spe- 
cies, and that also a character as their width is of 
no specific value. 

The original porcellanasterids probably had cri- 
briform organs developed at every marginal suture 
(corresponding to that the related Coniopectinidae 
and Astropectinidae have fascioles between all the 
marginals). In the recent porcellanasterids a great 
number of cribriform organs therefore may be con- 
sidered the more primitive feature, while the posses- 
sion of only a single cribriform organ in each arm- 
angle may perhaps be regarded as a paedomorphic 
feature established during evolution. (The recent 
porcellanasterid genera with many cribriform or- 
gans also include those with the least specialized 
adambulacral and oral armature). 

The cribriform organs appear in the living por- 
cellanasterids as yellowish or orange vertical bands 
on the otherwise usually pale greyish or pale yellow- 
ish pink animal. In the preserved specimens they 
may be marked off by being covered with mud 
caught in their slime secretion. 

SLADEN notes (1883 p. 216) about the cribriform 
organ that "it is not improbable that it functioned 
as a percolator; and in such a case it might perhaps 
be looked upon as the homologue of the minute 



spines which border the vertical furrows that run 
between the consecutive marginal plates in Astuo- 
pecten and other forms." 

GISLBN (1924) studied the feeding behaviour of 
Ctenodiscus - a very sluggish animal, with a simple 
type of cribriform organs, and like the deep-sea 
porcellanasterids a mud-swallower. When laid down 
on anatural mud bottom Ctenodiscus ploughed itself 
half way down into the mud. And when picked up 
again, it could be seen that the ciliary grooves (or 
the fasciolar channels) of the ventral side (which 
extend from the marginal sutures to the ambulacral 
grooves) were filled with mud glued into strings of 
mucus. Mud stuck together by mucus was further 
present around the podia, and the mouth was cov- 
ered by a veil of mucus leading into the stomach. 
GISLBN notes that quite probably the respiration is 
provided for by the ciliary currents created by the 
cribriform organs (in accordance with SLADEN'S 
view that the cribriform organs served to purify the 
respiration water), but he stresses that it is a fact 
that small particles are carried along the grooves of 
the cribriform organs to the ambulacral groove, to 
be transported thence to the mouth. 

LIEBERKIND (1935 p. 34) states about the simple 
cribriform organs in Ctenodiscus that ". . . the la- 
mellze are seen to be covered with a thick columnar 
ciliated epithelium. In numerous places amoebo- 
cytes are found, which are about to penetrate the 
epithelium; this might indicate that it also plays a 
part as a kind of excretory organ." 

CUENOT (1948 p. 211) says about the cribriform 
organs in the Porcellanasteridae and the homolo- 
gous organs in the Ctenodiscinae that "11s doivent 
probablement determiner des courants nettoyeurs, 
car il n'y a que peu ou point de papules chez les 
Porcellanasttrides; il est possible aussi qu'ils rem- 
placent les papules au point de vue de la phagocy- 
tose Climinatrice, car on a remarquC qu'ils renfer- 
ment beaucoup de cellules migrantes qui traversent 
lYCpithClium." 

HYMAN (1957 p. 382) follows CUENOT in stating 
that the cribriform organs (of porcellanasterids and 
Ctenodiscus) presumably take the place of the pa- 
pulae which she considers mostly lacking in the 
porcellanasterids, and follows GISLBN in stating that 
the cribriform organs are 'kssumed in the want of 
other evidence to have a respiratory function: as 
water currents pass between their lamellae" and 
that "possibly, however, they also serve as detritus 
catchers by the mucus ciliary method as is known 
to be the case in Ctenodiscus". 

Now, the porcellanasterids must live as burrow- 
ers, and in the opinion of the present author the 
function of the complicate cribriform organs, there- 
fore, must be to create and maintain a circulation 
of water around the anim2-l in its burrow, a channel 
presumably being kept open to the surface by means 
of the apical cone or appendage (a structure to be 
considered later). And, no doubt the ciliary actions, 
besides supplying fresh water for respiration, also 
serve to draw down from above surface-matter to 
be caught in a secretion of mucus and led to the 
mouth (see also p. 50). 

The fu r row skele ton  of the porcellanasterids is - 
like the marginal plates and the cribriform organs - 
very characteristic of the group as a whole, and 
offers at the same time one of the best specific 
characteristics. 
The terminology used in the present paper in the descriptions 
of the different skeletal elements is the same, in the main, as 
commonly used in modern literature on sea-stars. Only the 
adambulacral and oral skeletal elements are preferred termed 
ossicles instead of plates, these skeletal parts not at all being 
plate-shaped. On the other hand, all movable calcareous parts 
found on these ossicles and on the marginal plates etc., may 
be termed spines, even if they are not spiniform but e. g. gran- 
uliform or spatulate. Also the term papilla, however, may he 
used for such parts, as for instance in the cribriform organ. 
The terms 'actinal' and 'abactinal' are in the literature in 
general use for the oral and aboral sides, or ventral and dorsal 
sides, which latter designations are employed in the present 
paper. The term 'ray' is often used for the radial prolonga- 
tions which more commonly, and also here, are called arms. 
Most other terms used presumably are self-explanatory. 

The adambulacraI  ossicles are fairly large. 
The proximal ones are in contour rather subrhom- 
boid in most genera, whereas the more distal ones 
are rather subcrescentic, with a narrower distal part 
and a distinct concavity aborally on their furrow 
side to give room for the tube-foot; and all the 
adambulacralia are shaped in this way in Euemic- 
aster, Porcellanastev, and Sidonaster. 

On their furrow edge the adambulacral ossicles 
bear a series of from two to about six so-called 
adambulacral spines or furrow spines. All furrow 
spines and oral spines are united by a more or less 
distinct basal web. In the genera with rather sub- 
rhomboid adambulacralia (Hyphalaster, Bentho- 
genia, Lysasteu, Thovacastev, and Abyssaster) the 
furrow spines are subequal in shape and uniformly 
spaced, so that they together form a continuous 
straight or wavy series along either side of the fur- 
row. In Styvacaster the adoral protruding margin 
of the adambulacralia bears two or a few close-set 
spines, whereas the aboral part is naked or with a 



single or a few isolated larger spine(s). In Povcel- 
lanastev, Evemicastev, and Sidorzdstev, the furrow 
spines are always exclusively confined to the pro- 
truding adoral part of the adambulacral ossicle, and 
the distal part of the furrow margin naked. In Pou- 
cellanaster s. str. the furrow spines may form pedi- 
cellariae; and in Evemicastev the distal one may be 
modified as a so-called segmental papilla (see below), 
so that here there is only a single spine to protect 
the tube-foot. 

The furrow spines are raised at right angles to the 
ventral surface when the furrow (the ambulacral 
groove) is opened and the tube-feet (or podia) pro- 
truded, but are bent down and crisscrossed over the 
furrow when the tube-feet are retracted. The ambu- 
lacral groove may also be entirely shut in by the 
adambulacral ossicles of either side arching over it 
and almost meeting, possibly being a little displaced 
in relation to each other so that the protruding 
adoral part of one ossicle fits into the aboral con- 
cavity of its opposite companion. The ambulacral 
groove when fully expanded may occupy the whole 
of the ventral side of the arms, and may then, in 
Styuacastev and Povcellanastev e. g., show a pztaloid 
appearance. 

The adambulacral ossicles on their ventral sur- 
face may bear a subambulacral armature of spine- 
lets or granules in a varying number, but they can 
also all be naked without exception as e. g. in the 
genera Porcellanastev, Evemicastev, and Sidonastev. 

The adambulacral ossicles increase in number 
with growth of the sea-star by new ones being 
formed in front of and below the terminal ossicle, 
and often the armature of the distal adambulacral 
ossicles is not yet fully developed. 

The ora l  ossicles of the porcellanasterids are 
large and as a rule very conspicuous. Their shape 
is fairly uniform throughout the group and has been 
described as ax-shaped or coulter-iike (the exposed 
surface). The two ossicles, oralia, which form the 
jaw usually meet proximally and medially, between 
which two places of contact there is an often fairly 
broad suture. The oral ossicles in each combined 
pair, however, may have their whole proximal half 
in an almost continuous contact, or they may join 
each other only at their most proximal end. The 
sutural part of the oral ossicle is raised more or less 
abruptly above the main ventral surface, and each 
jaw thus shows a prominent broad median keel or 
rounded protuberance. Each of the oral ossicles 
bears on its margin a series of from a few to about 
fifteen spines (so-called oral spines). The proximal 

one of these, the mouth-spine, is usually by far the 
largest. The other, lateral ones are generally sub- 
equal, and similar to the proximal adambulacral 
spines. In some genera the lateral oral spines may 
be modified as so-called segmental papillae (see be- 
low). In Porcellanastev, Evemicastev, and Sidonastev, 
the two oral ossicles forming a jaw bear only a 
single mouth-spine in common on their proximal 
junction (but two mouth-spines, one to each ossicle, 
may occur on some jaws, perhaps as an atavism). 
When the mouth is closed the marginal oral spines 
interlock and protect the peristome. 

The oral ossicles may be provided with a varying 
number of spines or spinelets on their ventral surface 
(the suboral armature), sometimes - in large speci- 
mens of Thovacaster e. g. - forming a close covering. 
However, the surface of the oralia in Porcellanastev, 
Evemicaster, and Sidonastev, is always naked. 

The pr imary o ra l  ossicle (fig. 3k-n) is gener- 
ally well exposed between the distally diverging 
oralia, and this is a special feature of the Porcellan- 
asteridae. This skeletal element (the primary oral 
ossicle as it is termed by FISHER 1911 p. 27 e. g., or - 
as called by authors - impaired interbrachial ossicle, 
first interbrachial ossicle, first intermediary ossicle, 
or odontophore) was distinctly and correctly de- 
scribed by SLADEN, but ill later papers it never- 
theless may be seen described as a ventrolateral 
plate. It is best observable in dried specimens, 
whereas it may be obscured by the integument in 
specimens in alcohol. In Hyphalastev and Thorac- 
aster, it may sometimes bear a few spinelets, but 
generally its surface is naked. It is of a fairly uni- 
form appearance throughout the group, triangular 
with two basal lateral wings on which the oral os- 
sicles are articulated. (Concerning the oral skeleton 
see further p. 49). 

~ e g m e n i a l  organs: SLADEN (1883 p. 226, 1889 
p. 128) recorded from his Povcellanastev crassus and 
P. gvacilis (now both referred to Evemicastev) a spe- 
cial modification of the surface of some of the oral 
and adambulacral ossicles and of their spines, which 
he termed the segmental pits and papillae and de- 
scribed as follows: "These are peculiar structures 
situated on the adambulacral plates and the mouth- 
plates. They consist of a pit which occupies the me- 
dian area of the ambulacral plate, and is guarded 
by a small scale-like papilla articulated on the sur- 
face of the plate at the side of the pit nearest the 
furrow. The papilla is capable of being shut down, 
closing the cavity or pit like a lid; but as to the 
function of these organs I am quite ignorant. The 



Fig. 3. Skeletal elements of medium-sized specimens of Styvncaster chuni (R ab. 60 mm) from Galathea st. 99: a) Oral and 
circumoral ossicles with proximal ambulacralia and adambulacralia, as seen from the furrow side; b) same from the inter- 
radial side. c) Part of oral frame as seen from the interradial side; d) same in dorsal view. e-j) An oral ossicle in different 
views; e, ventral side as usually represented in the figures; f, slightly more turned; g, furrow side; h, interradial side; i, distal 
end; j, dorsal side; x marks the proximal end where the proximal marginal spine is placed; 0 marks the distal interradial 
(or the medial) part of the exposed surface, adjacent to the proximal end of the primary oral ossicle; a marks the distal 
radial end, in e, f, g with the facet adjacent to the first adambulacral ossicle exposed, in i, j with the facet joining the ventral 
fork of the circumoral ossicle exposed; marks the distal dorsal end which joins the dorsal fork of the circumoral ossicle. 
k-I-m) A primary oral ossicle, in lateral view, in dorsal view and in ventral view respectively. n) An oral ossicle with the pri- 
mary oral ossicle in position, as seen from the furrow side. o) Three pairs of ambulacralia with adjoining adambulacralia in 
ventral view (partly the same as shown in fig. p), furrow spines are shown on only one ossicle, while the subambulacral spine 
appears on all of them. p) Basal part of an arm, with the superomarginal plate no. 5 and the inferomarginals nos. 5-6 removed 
on the left side so that the entire ambulacral ossicles are exposed. q) An arm in cross-section, with the furrow closed, seen 
in aboral view, showing a pair of opposite superomarginals, one of them having borne an arm spine, the adjoining infero- 
marginalia, a pair of ambulacralia, and an adambulacral ossicle proximal to one of them. r) Basal part of an arm in cross- 
section, with the furrow opened, seen in adoral view, showing a superomarginal plate of the first joining pair, the accom- 

panying inferomarginal plate, a pair of ambulacralia, and an adambulacral ossicle. 

cavities are filled with a dark-coloured substance The possession of these so-called segmental or- 
which may be either foreign or excreted matter.'' gans was considered a character of generic value 

LUDWIG (1905 p. 93), when considering the said by LUDWIG. I t  has been found, however, that they 
structure, wrote that "Der Boden dieses Grubchens are of a very unstable occurrence. Within one and 
tragt einen feinen, weichen langlichen Wulst van the same population they may be developed on 
unaufgeklarter Bedeutung, der offenbar von den adambulacral ossicles for a very varying length of 
gewalbten Plattchen beschiitz wird." the arms and may also in some specimens be totally 



absent (replaced by spioiform spines). In the litera- 
ture the said organs are recorded only from speci- 
mens of the genus Eremicastev; but also the adam- 
bulacral armature in Abyssastev tai.a (Hyphalastev t.) 
and in Styvacastev hor~vidus (syn. Chunastev sca~a-  
nephorus) may be described as forming segmental 
organs. 

FISHER (191 1 p. 25) in his description of the adam- 
bulacral plates of his Evemicaster terzebvavius (= E. 
gvacilis) states that there is "one segmental papilla 
which is transformed into a spinelet distally on ray" ; 
but, naturally, the reverse is the case, viz. that it is 
the aboral and normally spiniform furrow spine 
which on the more proximal adambulacral ossicles 
is modified as the spatulate spine called a segmental 
papilla. 

The segmental papillae in Evemicastev obviously 
are homologous to the aboral spiniform furrow 
spines, and actually the so-called segmental organs 
may have no special function at all, the segmental 
papilla merely being a structural variant of the 
spine (cf. p. 50). In thos: specimens of Povcellan- 
aster s. str. in wliich the furrow spines form pedi- 
cellariae, these too may be laid back into a pit on 
the surface of the adambulacral ossicles, correspond- 
ing to the segmental pit in Evemicastev into which 
the segmental papilla fits. 

The ambu lac ra l  ossicles (fig. 3 o, q, v) are 
rather dumb-bell-shaped. Their radial lateral end is 
cut squarely so that the opposite joining ones be- 
come in direct continuation of each other when the 
furrow is fully openzd; all the ambulacralia then 
together forming a flat floor in the bottom of the 
furrow. Their median narrow part leaves room for 
the single series of pointed podia to each side in the 
furrow. Their interradial lateral end is cut obliquely 
adorally and aborally and join up to the aboral and 
adoral ends of two successive adambulacralia re- 
spectively. The lateral ends of the ambulacral os- 
sicles may then appear as small triangular "plates" 
outwards of, and alternating with the adambulacra- 
lia. SLADEN does not mention anywhere in his text 
that the ambulacralia in the porcellanasterids thus 
may be visible between the adambulacralia, but the 
feature appears from his pl. 20A figs. 9 and 10, 
showing the ambulacral and the adambulacral os- 
sicles of a specimen of Povcellanastev cczvuleus in 
different views, and fig. 2 showing a specimen of 
the same species in ventral view; further also from 
pl. 24 fig. 2 showing a Styracastev avmatus in ventral 
view. 

Since SLADEN did not explicitly point out the vis- 

ible ends of the ambulacral ossicles, some later au- 
thors have fallen into the trap of considering them 
a series of ventrolateral plates (e. g. PERRIER in 1894 
with regard to Styvacastev, and DODERLIN in 1921 
with regard to Povcellanastev and Sidonaster) or as 
supplementary adambulacral plates. The misinter- 
preted ends of the ambulacral ossicles - when ob- 
served in some specimens - have been considered of 
specific taxonomic importance too, as e. g. when 
LXEBERKIND in 1935 on the basis of this character 
supported PERRIER'S species Povcellaizastev gvanulo- 
sus. The only reference and correct description of 
the visible ends of the ambulacral ossicles (common 
in more or less marked degree to all porcellanaste- 
rids) was given by FISHER (191 1 pp. 26 and 30) with 
regard to his Evemicastev tenebvarius and E.pacr$cus. 

Superambulacral ossicles do not seem to be pres- 
ent in any of the genera of the Porcellanasteridae 
s. str. (i. e. with Ctenodiscus and allies removed). 

The marg ina l  p la tes  of the porcellanasterids 
are large and thin, subquadrate, subrectangular or 
subrhomboid. Usually they form an even contour to 
the body, and the sutures are often indistinct until 
the specimens are dried. The superomarginal plates 
and the inferomarginal ones are as a rule of about 
equal size in the arm angles, whereas in the arms 
the inferomarginals become progressively lower 
than their superomarginal companions, the plates 
of both series diminishing gradually as they procccd 
along the arms. In well expanded specimens the 
marginal skeleton forms a gently rounded or per- 
pendicular wall to the body, the dorsal and ventral 
surfaces of which slope upwards and downwards 
from it respectively. In specimens with empty stom- 
ach the height of the marginal skeleton may repre- 
sent the height of the body, and the marginal plates 
may even arch somewhat over the dorsal as well as 
the ventral side. 

The supe romarg ina l  p la tes  of either side of 
the arm, from about the fifth or sixth opposite pair, 
meet in several genera in the median dorsal inter- 
radial line, and are then more or less curved (fig. 
357) and the first ones which encase the arm higher, 
to a varying degree, than those bordering the disk. 
The joining of the opposite superomarginals, which 
gives the arms the characteristic narrow shape, is a 
peculiarity of Hyphalaster, Lysastev, Benthogenia, 
Thovaeastev, and Styracastev, and is a feature met 
with in only few other sea-stars. 

The superomarginals may be armed with one or 
a few erect spines or spinelets, placed on or near 
their dorsal edge. The possession of a superomar- 



ginal spine-armature is to some degree a character 
of age, and is also often individually variable in full- 
grown specimens of the same population. The char- 
acter is therefore not always of much taxonomic 
value. In Styracaster the arm spines are erect, im- 
movably fixed, and arranged in a single row along 
the mid-dorsal arm-line; the spine-bearing plates 
Seing larger than the opposite ones and reaching 
over the midline. The number of arm-spines usually 
vary somewhat in different specimens from the same 
population, but there is in this genus (i. e. in all 
specimens known) at least one dorsal spine on each 
arm, belonging almost without exception to the first 
pair of joining superomarginals. The marginal 
plates are otherwise except for the dorsal spines and 
the cribriform organs in general naked, only in 
Thoracaster there may be a more or less developed 
armature of spinelets on the superomarginal ss well 
as on the inferomarginal plates. 

The in fe romarg ina l  p la tes  are in the arm 
angle situated exactly below their superomarginal 
companions, and the same may be the case in the 
arms, but here the plates of either series may also 
alternate more or less regularly, and the arrange- 
ment may vary in the different arms of the same 
specimen, even in different parts of the same arm. 
Similarly the superomarginal plates of either side 
of the arms may be placed exactly opposite each 
other or may subalternate, also their arrangement 
being individually variable. The arrangement of the 
marginal plates thus cannot be used taxonomically. 

The first inferomarginal plates seem to be formed 
a little later than the superomarginal ones, and in 
juvenile specimens therefore also the interbrachial 
inferomarginals may be lower than the superomar- 
ginals. Young specimens may also show a larger 
number of superomarginals than of inferomarginals, 
whereas the reverse is the general rule in the grown- 
up specimens, which often have at least one or two 
superomarginals more than inferomarginals, in con- 
sequence of that the terminal ossicle - in front of 
which the new marginal plates are formed - lies 
more or less dorsal to the arm end. 

While the normal growth of the arms takes place 
by the interpolation of skeletal elements in front of 
and below the terminal ossicle, matters may be 
somewhat different in the case of regeneration of 
lost arms. It may also in such cases happen that 
marginal plates form a termination of the broken 
arm immitating a terminal ossicle. 

The shape of the arms in section is subcylindroid 
in most of the forms in which the arms are encased 

by the superomarginals, but in Styracastev the arms 
are compressed, aild when here a continuous series 
of arm spines is developed, the arms assume a dis- 
tinctly keeled shape. The arms when encased by the 
superomarginals, are usually sharply marked off 
from the disk, more or less rigid and incapable of 
being curved to any marked degree; only if long 
they may be able to curve somewhat horizontally 
(cf. pl. X 1-2). The arms in the other forms, in which 
a strip of dorsal integument extend to the terminal 
ossicle, are less distincly marked off from the disk, 
flattened or subcylindroid respectively, depending 
on the state of contraction or inflation of the speci- 
men, and capable of being well curved back. Spec- 
imens of this type with empty stomachs and very 
much contracted, may have the dorsal integument 
sunk below the upper edges of the superomarginal 
plates and these arching over the arms so as to actu- 
ally touch their opposites. 

The normal feature of a marginal suture in the 
interradial mid-line in all genera known, except 
Thoracaster (and Viqazaster Belyaev in press), ap- 
parently is subject to individual variation in rare 
cases, cf. figs. 6a and 19a. 

The t e rmina l  ossicle is usually large, larger 
than in most other sea-stars, with the exception of 
e. g. some goniasterids. It is one of the earliest 
formed skeletal elements, and in the juvenile spec- 
imens it is thus relatively larger than in the adults. 
It  changes somewhat in appearance with growth in 
the juveniles before assuming the final form; e. g. it 
has initially a concave proximal margin, also in the 
species in which it in the full-grown specimens is 
convex proximally, and it may at first be distal to 
the arm end, even if dorsal in position in the adults. 
The shape of the fully formed terminal ossicle can 
also vary somewhat within the species, and e. g. the 
number of spines borne on it may be very variable. 
In the different genera, however, the main appear- 
ance of the terminal ossicle is sometimes so diver- 
gent that it may be used taxonomically, though with 
caution, and in a few cases it may even be used in 
characterizing a species. 

Sea-stars, when mowing about, generally keep 
the arm tips curved aborally in order to expose the 
terminal sensory podia. In the porcellanasterids the 
arms are rather rigid in most genera, but their distal 
end is then to some degree permanently aborally 
bent. The terminal ossicle, as noted, may be entirely 
dorsal to the arm end (the series of marginal plates); 
and if placed in a distal position, it is usually turned 
upwards at a more or less sharp angle, its dorsal 



surface sloping upwards from the main dorsal line 
of the arm, its ventral surface being rounded, and 
the ambulacral groove extending upwards on its 
distal end. An optical cushion was not present in 
the porcellanasterids examined by MEURER in 1907 
(Thoracaster magnus (= T. cylindratus), Porcellan- 
aster ~valtharii (= Eremicaster gracilis), and Por- 
cellanaster vicinus (= Eremicaster v.)) . 

The ventral  skeleton in the interradial area 
consists as a rule of a pavement of squamiform 
plates, and similar plates may also extend ventro- 
laterally in the arms in a narrow band between the 
adambulacralia and inferomarginalia. These two 
latter series of skeletal elements in the arms, how- 
ever, may also be separated only by a strip of naked 
integument, or they may be in immediate contact. 
The arrangement of the component plates in the 
ventrolateral (ventral interradial) areas may be 
rather irregular. Generally, however, the plates lie 
in fairly distinct tangential series, parallel to the 
margin where new plates are formed, and further 
they may form fairly regular "radial" columns 
parallel to the interradial line, extending from the 
marginalia to the adambulacral and oral ossicles, in 
Hyphalaster e. g., with two radial columns of ven- 
trolateral plates, and in Eremicaster e. g., with about 
four such radial columns corresponding with a 
marginal plate. 

The ventrolateral plates are often hardly visible 
even in dried specimens, being concealed by a thick 
and leathery skin. They may bear an armature of 
spinelets, and this is a general rule in some genera, 
as e. g. Thoracaster. In some species of other genera 
such an armature, however, can only be considered 
an individual variation. 

An anal opening is absent in all porcellanasterids, 
and also an intestine is always lacking. The center 
of the disk, however, is often raised into a conical 
eminence or a long tubular appendage, which is 
frequently designated as an epiproctal appendage. 
A tail-like appendage - appearing as a subcylindroid 
tube - is thus typical of Porcellanaster and Erenzic- 
aster; but the possession of a distinct apical  ap-  
pendage or apical  cone is otherwise primarily a 
juvenile feature, and it may be subject to highly 
individual diversity. The central dorsal area, also if 
a prominence is lacking, is generally distinguished 
by an armature of very small paxillae or spiniferous 
plates. 

The presence of an apical appendage was first 
mentioned in the literature by E. PERRIER in 1882 
with regard to his Caulaster peduncuIatus (= Por- 

cellanaster cct.ruleus juv.). He called it the "pCdon- 
cule dorsal", and compared it to the stalk of the 
crinoids. SLADEN in 1883 p. 214, in his diagnosis of 
the porcellanasterids, mentioned it as: "A central 
epiproctal prominence, more or less defined, fre- 
quently developed into an elongate tubular pro- 
longation." 

WYVILLE THOMSON in his original description of 
Porcellanaster c~ruleus  (1 877 p. 380) stated that: "the 
excretory opening is very prominent in the centre 
of the dorsal perisom of the disk," but, as SLADEN 
notes (1889 p. 130), this "inadvertent remark prob- 
ably arose from the examination of a specimen in 
which the extremity of the epiproctal funnel was 
either invaginated or actually broken off." SLADEN 
also comments on PERRIER'S above cited hypothesis 
regarding the "pCdoncule dorsal," stating that it 
can have no morphological basis whatsoever, as the 
structure seems to him "to be nothing more or less 
than an extraordinarily developed anal funnel 
(whether aborted in function or not is immaterial 
for the present argument), and as such it is the 
homologue of the anal funnel of a Crinoid . ..". 
Eventually PERRIER, in 1894 p. 201, compared and 
homologized the "ppCdoncule dorsal" to the ventral 
umbilical cord by which the juveniles of Asterias 
spiralis are attached to their mother animal, con- 
sidering this - like the stalk of the crinoids - a 
modification of the praeoral lobe of the embryo. 

SLADEN (1889 p. 129) says that: "Under favour- 
able conditions, I have detected an extremely minute 
pore at the extremity of the tubular epiproctal pro- 
longation in Povcellanastev. It is, however, so very 
small that I do not think it can act (in the adult at 
any rate) as an anal aperture, although it may prob- 
ably be an excretory orifice," and p. 130 he notes 
"I have also found a similar pore at the extremity 
of the epiproctal peak in Ctenodiscus, and likewise 
in Hyphalaster." FISHER (1919 p. 42), in the descrip- 
tion of three juvenile Benthogenia cribellosa, notes 
concerning the prominent apical appendage here 
that "there is certainly a tiny pore at the summit," 
but adds "whether this is confined to immature life 
can not be determined." The present author simi- 
larly thinks to have observed a pore in the apical 
cone of specimens of Eremicaster vicinus, (cf. p. 164). 
LUDWIG (1905 p. 98), however, states with regard 
to his Porcellanaster waltharii (= Eremicaster cras- 
sus) that he has convinced himself through dissec- 
tion and serial sections, that the apical appendage 
is closed at the end. He found it encasing an ex- 
tension of the coelome and divided by a longitudinal 



mesenterial septum into two half tubns which at 
their bases were in wide open connection with the 
coelome. GOTO (1914 p. 96) when considering the 
apical appendage of Ctenodiscus notes that "In the 
centre of the conical abactinal prolongation one 
can easily distinguish in many specimens a small 
"pore" evidently connecting with the body cavity. 
This is also present in many Eremicaster tenebrarius, 
and is what SLADEN (GOTO, however, must here 
mean WYVILLE THOMSON) took to be an anus in 
Porcellanaster. I (GOTO) think it must be an arti- 
ficial opening caused by a stretching of the abac- 
tinal membrane at the summit of the cone, and 
possibly subsequent wearing, as the rudimentary 
paxillae are usually more or less worn down here." 

Since the porcellanasterids, besides lacking an 
anal opening, also lack any intestine, it is of course 
not strictly correct to speak of the tail-like dorsal 
appendage as an epiproctal appendage, and LUD- 
WIG (1905 p. 90) therefore proposed naming it 
"'Scheitelfortsatz" or "Apicalfortsatz" (in English 
version "apical appendage"), this being a more cor- 
rect term as not hinting at any special function of 
the structure. HYMAN in her handbook (1957 p. 250) 
mentions that the structure is "of unknown signi- 
ficance". This is quite true, but some very probable 
guesses as to its function can be made, and, in fact, 
have been made. In the integument of the apical 
appendage or the apical cone is usually found a very 
crowded assemblage of minute calcareous deposits, 
similar in type but smaller than those of the main 
part of the disk, and this crowding of the skeletal 
elements in the preserved specimens is no doubt a 
consequence of that the organ has been strongly 
contracted. L. CUENOT in 1891 p. 385 mentioned 
the apical cone of the porcellanasterids immediately 
after having discussed the apical cone which can be 
raised temporarily in Astropecten as a possible 
tactile organ, since if it is touched this sea-star 
buries itself deeper down into the sand. Possibly 
CUENOT thus considers the apical cone of the por- 
cellanasterids having the same function. MAC- 
BRIDE (1933 p. 402) also expressed the notion that 
the permanent cone of the porcellanasterids was a 
further development of the temporary elevation of 
the back of the astropectinids; not aware of the 
fact that already CUENOT had pointed out the homo- 
logy. (Also the present author - before coming 
across the cited references - arrived at the obvious 
conclusion that the apical cone of the porcellanas- 
terids was the homologue of the temporary cone in 
the astropectinids). 

The apical appendage or cone is evidently capable 
of being much extended in the living animal; and, 
no doubt, a similar cone as in Astropecten may be 
raised also in those porcellanasterids in which no 
trace of a such is to be observed in the preserved 
specimens. Perhaps the apical cone or appendage 
in the porcellanasterids can be supposed to have a 
function also in keeping a channel open to the sur- 
face from their burrows (cf. p. 41). That the apical 
cone or appendage is relatively larger in the juve- 
niles than in the adults, may be explained by such 
a function. 

The d o  r s a1 a rm a t  u r e of the porcellanasterids 
is somewhat varying in the different forms. In the 
juvenile specimens there is at first a pavement of 
rather large rounded perforated plates; but sub- 
sequently these become absorbed and replaced by 
the final skeleton, which may consist of plates, or 
of pseudopaxillae, or of paxillae. 

The specimens described by PERRIER in 1882 
under the name of Caulaster pedunculatus, and re- 
ferred to above, were juveniles with an embryonic 
pavement of plates, which PERRIER homologized 
with the calyx of the crinoids, considering, as noted, 
the apical appendage homologous with the crinoid 
stem. PERRIER also noted that the possession of 
these plates was an embryonic character, and that 
they disappeared with age. SLADEN (1883 p. 217, 
1889 pp. 130-131) rejects, however, the theory of 
the embryonic plates being homologous with the 
crinoid calyx and mentions as one of the things 
speaking against it that in Porcellanaster (and Caul- 
aster) there is a dorsocentral plate, and it is with 
this plate alone "that any relationship with the 
stem of a Crinoid could exist in the apical system 
of an Asterid." PERRIER aIso compared the plates 
around the apical appendage of his Caulaster with 
those forming the periproct of an echinoid, but 
P. E. CARPENTER (1884) found that this comparison 
could not be maintained, as according to PERRIER'S 
description the apical system of Caulaster consists, 
not of genitals and oculars (basals and radials) as 
in an echinoid, but of underbasals and basals, and 
SLADEN in 1889 notes that he entirely concurs with 
this view. However, with regard to the arrangement 
of the embryonic plates in the porcellanasterids, the 
present author agrees with LIEBERKIND, who, in 
1935 p. 7, about the dorsal skeleton of juvenile 
Porcellanaster cnruleus stated that: "Whether these 
first rudiments of plates should be called basalia or 
radialia is a matter of judgment, they have no 
phylogenetic importance at all, and are only to be 



considered a natural arrangement of rudimentary 
plates in a radially built animal." 

The permanent dorsal skeleton which replaces 
the embryonic one, when this is absorbed, may also 
partly consist of rounded perforated plates, so e. g. 
in the arms of Eremicaster. In the disk area there 
may be minute spiniferous plates, at first fern7 but 
in older specimens more numerous, e. g, in Porcel- 
lanaster, Eremicaster, and Sidonaster, and in some 
species of Styracaster. The dorsal skin in these forms 
appears thin and membraneous, especially if the 
animal is extended by a full stomach. In well ex- 
panded specimens, e. g. of Eremicaster, it can be 
observed that the dorsal integument is crisscrossed 
by bands of fibrous tissue, in the interspaces be- 
tween which are found the plates and the papulae. 
In some well-preserved specimens e. g. of Porcellan- 
aster, the skin which clothes the dorsal spinelets 
may be seen extending far off their distal point. 

The dorsal armature of the adult specimens is 
composed of distinctly developed paxillae in the 
genera Hyphalaster, Benthogenia, Lysaster, Thorac- 
aster, Abyssaster, and in some species of Styrac- 
aster. The paxillae usually are closely crowded, but 
may be somewhat spaced when the animal is well 
expanded. In expanded specimens the spinelets of 
the paxillar crown, which are movably attached to 
the shafts, may be seen bent horizontally outwards 
to meet their neighbours and thus protect the sur- 
face of the animal. 

As to the microscopic structure of the skeletal 
elements reference is made to the descriptions and 
figures given by LIEBERKIND in 1932 and 1935. The 
larger calcareous components are generally robustly 
built, whereas the smaller components usually are 
of a very open structure, the embryonic plates, as 
mentioned above, being perforated and the spinelets 
usually composed of fine rods united by short trans- 
verse clissipiments. 

The ma dr  ep o r ic b o d y is ~tsually conspicuous, 
subcircular, and with deep furrows radiating from 
a point located near the adcentral margin, or stretch- 
ing across in radial direction. It lies close to the 
marginal plates, touching these or being separated 
from them by a few rows of paxillae, its position 
being individually variable. 

Pap  ulae were recorded by SLADEN from the 
dorsal side of his Porcellanaster caulifer and his 
P. gracilis (-- Eremicaster g.) . Generally, however, 
the papulae are very difficult to observe, only show- 
ing themselves when the disk is well expanded. And 
when in many porcellanasterids not mentioned, it 

does not necessarily mean that they are really ab- 
sent in these. CUENOT is not right when stating, in 
1948 p. 209, that papul;e are wanting in the por- 
cellanasterids. HYMAN (1955 p. 382) notes that "In 
the Porcellanasteridae, which mostly lack papulae, 
their place is presumably taken by the cribriform 
organs, assumed in the want of other evidence to 
have a respiratory function ..." ("The papulae con- 
stitute the usual respiratory provision of the aster- 
oids but cannot be of supreme importance as they 
are few in number in many Phanerozonia and want- 
ing in some cases"). 

Tne papulae are confined to the dorsal side of the 
disk proper, but are always absent from the central 
area and the radial lines in which the stomach is 
attached. They emerge singly in the interstices be- 
tween the paxillae or plates and are usually not very 
numerous. In those porcellanasterids in which the 
paxillae are crowded and staggered, the papulae 
may be present, in the areas in which they occur, in 
a slightly larger number than that of paxillae; in a 
specimen of Hyphalaster inermis thus each paxilla 
in the papular area was surrounded by 5-6 papulae, 
and each papula enclosed by 3 paxillae. In the forms 
with spaced and non-staggered plates, the papulae 
are at most present in the same number as that of 
the plates, thus a specimen of Eremicaster cuassus 
shows an equal distribution of spiniferous plates 
and papulae in the interradial papular areas. 

Papulae were observed in specimens of all the 
genera represented in the present material, and so 
their occurrence is recorded now in all the genera 
of the Porcellanasteridae except Lysaster of which, 
however, only two specimens are knom~n. 

P e d i c e 11 aria e are recorded from a single genus 
only, viz. Porcellar?aster s. str. (Caulaster, Albatuos- 
sia), but they are not of a stable occurrence, some 
specimens possess them, others do not. They are 
known only from juvenile specimens and thus per- 
haps become lost with age. They are straight, sessile 
(simply two movable spines) and placed on the 
dorsal side, mostly interradially. Also the ambula- 
cral spines in this genus (Porcellanaster) may in 
pairs form pedicellariae, one to each ossicle, and 
occasionally the oral spines may do the same. 

The gonads are present in a number of ten, i. e. 
with a single one to each side of the interbrachial 
septa. (In some cases the gonad papillae were ob- 
servable dorsally at the arm angles). Each gonad 
has the appearance of a small tuft of e. g. 6-10 un- 
branched or slightly branched tubules, usually 8- 
10 mmlong at most; in e. g. a Thoracaster cylindratus 



with R 103 mm up to  12 mm long. The gonads were 
examined in several specimens; and supposedly ripe 
eggs were found in specimens of Hyphalcister iner- 
mis, Thovacastev cylindvatus, Abyssastev tava, and 
Evemicastev cvassus, all from st. 238, in Styracastev 
horvidus from st. 664, in Evemicaster cvassus from 
st. 217, and in Evemicastevgvacilis from st. 716. The 
eggs are roundish or slightly oval, and measure up 
to 0.5-0.6 mm. (Ripe eggs in porcellanasterids were 
recorded also by LUDWIG in 1905 from a specimen 
of his Povcellanastev walthavii (= Eremicaster gva- 
cilis)). Presumably, the porcellanasterids have a di- 
rect development, to judge from the egg-sizes when 
compared with those of other marine invertebrates 
of which the type of development is known (cf. 
THORSON 1952 pp. 282-283). Even when ripe, the 
gonads are not very voluminous, and the number 
of eggs contained in them is only small. 

The tube-feet  ampul lae  are single. (They were 
examined by LUDWIG (1905 pp. 91, 103) in Hyphal- 
aster moseri (= H. inevmis) and in Povcellanastev 
paciJicus (= Eremicaster p.)) . FISHER included this 
feature as one of the distinguishing characters in 
his diagnosis of the Porcellanasteridae. But it has 
since proved (FISHER 1919) that also the Goniopec- 
tinidae have single tube-feet ampullae. (The Astro- 
pectinidae and the Luidiidae have the tube-feet am- 
pullae double). That the tube-feet ampullae in the 
porcellanasterids are single has been ascertained by 
the present author in specimens of all the examined 
genera. 

The polian vesicles are present in a number of 
two in the interradius with the madreporite (with 
one to each side of the stone canal which is fused 
to the ventral body wall) and singly in the other in- 
terradii. (LUDWIG in 1905 recorded this arrange- 
ment of the polian vesicles from his Porcellanastev 
pacificus and P. walthavii, but stated that he did not 
find any polian vesicles in his Hyphalaster moseri. 
In the present study, however, polian vesicles were 
observed arranged as recorded whenever examined, 
also in specimens of Hyphalaster inevmis). The stone 
canal is rather calcified and may be visible through 
the ventral integument, in Povcellanastev and Eve- 
micaster e. g. 

The stomach, which fills out the entire disk, 
consists in the porcellanasterids of a single un- 
divided cavity which has the dorsal wall closely 
attached to the dorsal body wall. There is not the 
least trace of intestinal caeca. FISHER (1928) noted 
about Thovacastev that "There is no dorsal chamber 
of the stomach similar to that which is characteristic 

of most sea stars. Instead the dorsal wall is closely 
juxtaposed to the wall of the disk as in the Ophiu- 
roidea"; and this description seems to fit every por- 
cellanasterid. From the stomach extend in each arm 
the usual pair of pyloric caeca (hepatic c., radial c., 
or brachial c.), cf. fig. 10, pl. 4 in LIEBERKIND 1935, 
which shows a specimen of Styvacastev chuni in 
which the dorsal body wall has been removed. 

Pa r  a s  i t e s : The parasitic chaetopod Myzostoma 
has been found in the present material on specimens 
of Hyphalaster inevmis from sts. 52 and 282 in the 
Atlantic and the Indian Ocean respectively, and on 
specimens of Abyssaster tava from st. 238 in the 
Indian Ocean. (KOEHLER in 1908 mentions tumors 
on his Hyphalastev scotiae as probably caused by an 
infection with Myzostoma). An Athecate Hydroid 
was commensalistic on some specimens of Eremic- 
aster gvacilis from the Panamic region (cf. p. 160). 
Dendrogate Ascothoracids, the internal crustacean 
parasites, were found in some dissected specimens 
of Hyphalastev inevmis from sts. 30 and 52 in the 
Atlantic and from st. 282 in the Indian Ocean re- 
spectively; and in a specimen of Eremicaster cvassus 
from st. 238 in the Indian Ocean. Also an Evemicaster 
gvacilis from st. 716 in the Panamic region appears 
to be infected with these organisms. (FISHER in 1919 
p. 35 recorded Dendrogaster from Sidonastev 
vaneyi) . 

Remarks  on  the  supposed mode of life: 
The porcellanasterids - being phanerozoniate sea- 
stars - have an adambulacral peristome, which 
means that the most prominent skeletal parts of the 
frame surrounding the oral aperture centrally on 
the ventral side (mouth, actinostome) is formed by 
the five interradial jaws or pairs of oral ossicles, 
which again are connected by the radially situated 
circumoralia or "first vertebrae", composed of the 
fused first and second ambulacral ossicles, (fig. 
3 c, d). The skeletal frame around the mouth can be 
either constricted or widened to a rather consider- 
able degree (the structure being articulated on the 
five primary oral ossicles). The oral membrane, or 
peristome, which is expanded between this frame is 
very dilatable, and, as seen from some specimens, 
can be distended into a wide funnel leading into the 
stomach. In case of full stomachs it may lie as a thin 
web over the stomach content. When FISHER in 1928 
discussed the skeletal frame around the mouth of 
Thovacastev, he stated that the ambulacral elements 
here were longer than he had noted in any other sea- 



star and that the whole frame was unusually flex- 
ible. He therefore concluded that fairly large objects 
could be ingested. 

All porcellanasterids are mud-swallowers. Curi- 
ously enough, SLADEK in his report on the Challen- 
ger material did not make any references whatso- 
ever to the fact that the stomach of these sea-stars 
is often found completely filled with mud. But it has 
repeatedly been noted by later authors. FISHER, op. 
cit., recorded in a Thoracasteu (of which, however, 
no size was given) a stomach content of 9 ccm mud 
(with various organic matter as foraminiferans, dia- 
toms and radiolarians). In the examined Galathea 
material e. g. an amount of 14 ccm mud was found 
in a specimen of Styracaster horridus witli R/r 
91/21 mm. The mud in the stomachs always con- 
tains many foraminiferans, calcareous and sandin- 
crusted forms, and also radiolarians; in addition 
sometimes minute snails, and bits of worm tubes, 
and also sponge spicules and different parts of sea- 
urchin skeletons e. g. The latter elements, however, 
may have been taken as dead debris, and this of 
course may apply also to the other items mentioned. 
One small Porcellarzastev cceruleus, R/r 11/45 mm, 
however, in its stomach had the remains of a com- 
paratively large sea-urchin which it must have 
swallowed whole. The porcellanasterids thus may 
also act as scavengers and perhaps be facultative 
predators. Plant debris was found in some stomachs, 
e. g. a 23 mm long and 1 mm thick twig in a Hyphal- 
astev with R about 65 mm. 

Many sea-stars feed wandering about on the sur- 
face and by adhesion to the podia selecting and 
picking up organic matter, which then by coordinate 
movements of the podia is passed to the mouth; 
and e. g. the sand-dwelling Astropecten (a distant 
relative of the porcellanasterids), though it spends 
most of its time buried in the bottom, always 
ascends in order to feed. 

The mud-swallowing porcellanasterids, on the 
contrary, most certainly do not leave their burrows 
for feeding. And since they can hardly be considered 
just swallowing the bottom material below them 
(which would be of small value as food), there is 
every reason to believe that they are able to secure 
from above the surface material comparatively rich 
in organic matter. The water circulation produced 
by the ciliate cribriform organs (cf. p. 41) therefore 
no doubt also serves in maintaining a constant flow 
of matter from the surface down to the sea-star so 
that it may be caught in the mucus secretion and 
subsequently led to the mouth by the podia. The 

distinct spineless lines which ventrally in the most 
spiniferous specimens of Hyphalaster extend from 
the cribriform organs to the furrow correspond to 
the ciliary grooves in Ctenodiscus, cf. p. 41. 

In some stomachs much of the content was found 
in the form of minute balls of detritus-like sub- 
stance, but though these might be considered swal- 
lowed food pellets formed by the podia, they rather 
are faecal pellets derived from the ingested bottom 
material, the deep-sea floor presumably being cov- 
ered with faecal pellets in quantities. When the or- 
ganic content in the swallowed material has been 
utilized the whole stomach content must be ejected 
through the mouth, and before feeding again the 
animal probably moves forward sufficiently to ob- 
tain the surface material from another place. 

The porcellanasterids perhaps ascend regularly in 
order to change position and make a new burrow 
in another feeding place, or maybe they assend only 
in order to spawn. The manner in which the por- 
cellanasterids bury may reasonably be considered 
about the same as that of Astropecten, which is able 
to descend vertically (and rapidly), throwing the 
sand aside by outwards flings of the podia. In the 
porcellanasterids, however, perhaps also the furrow 
spines play a part in digging (which would explain 
their usually flattened shape, and perhaps their 
transformation into the so-called segmental organs 
in some genera). The porcellanasterids can no doubt 
also move about below the surface of the substra- 
tum. (At least, another of their distant relatives, 
Luidia, is able to glide, even surprisingly quickly, 
tlirough the sand under its surface). 

Some examined porcellanasterids with supposedly 
ripe or almost ripe gonads had their stomachs com- 
pletely filled with bottom material, and so the periods 
of sexual activity probably have no influence on the 
feeding activity. The gonads even when supposedly 
ripe are also only small in relation to the animal. 
A greenish substance, the secretion from the pyloric 
caeca, may be found in otherwise empty stomachs. 

The long-armed porcellanasterids often have the 
arms at different stages of regeneration, and so they 
are evidently easily broken in life, perhaps during 
burrowing, perhaps due to attacks by enemies. 

The colour of the porcellanasterids usually is pale 
greyish or pale yellowish pink, or possibly reddish 
orange (or faint purplish), and with a darker (in 
Porcellanaster and Eremicaster dull bluish) cast on 
the disk when a possible stomach content shows 
through the thin skin; and with the cribriform or- 
gans light orange or yellowish. 



On the t axonomic  va lue  of va r ious  cha rac -  
ters, the r a t i o  R/ r ,  etc.: In the description of a 
sea-star the size is usually given as R/r = x/y mm, 
R being the distance from the center of the disk to 
the arm tips (i. e. the length of the entire arms, or 
rays, or radius of the specimen as a whole), and r 
the distance from the center of the disk to the inter- 
brachial angle (the radius of the disk). It  has also 
been customary to record the ratio R/r in the spe- 
cific diagnosis, but this should be regarded with 
some caution since this ratio shows a definite in- 
crease with growth, in accordance with the positive 
allometric growth of the arms. The figures of R/r 
form a very useful means, however, for characteriz- 
ing the different individuals from the same catch. 

Owing to distortion of the specimens, it may 
sometimes be difficult to record R/r with only rea- 
sonable exactness. Furthermore, the measurements 
are influenced by the extent to which the stomach 
is filled, i. e. whether the mouth frame is widely 
opened or closely constricted, especially the meas- 
urements of r is influenced hereby, and in the 
present study the measurements therefore - in spec- 
imens with a widened mouth - were taken, not 
from the center of the disk, but from the proximal 
end of the mouth-spines. Tlie length of R usually 
is slightly varying in the different arms of the same 
specimen; and in the long-armed forms, in the cases 
where some of the arms have been broken off and 
later regenerated, the arms may be of very different 
lengths, and it is then the length of the longest arm 
which is stated. The measurements given for R in 
the following text should therefore not be taken too 
strictly, some variation should be allowed for. 

The accompanying diagrams (figs. 4-5) illustrate 
the change in the ratio R/r (the increase in relative 
arm length) with growth in some species of porcel- 
lanasterids of which a sufficient number of measure- 
ments are available (from records in the literature as 
well as from the Galathea material). In the diagrams 
the figures of R/r are indicated with R measured 
along the horizontal axis and r along with the verti- 
cal axis. Further, the diagrams illustrate the gradual 
increase in the number of superomarginal plates. 

It will be seen that the rate of growth as expressed 
by the gradual change in the measurements of R/r, 
is the same in Hyyhalaster irzermis, Thoracaster cy- 
lindratus, Abyssaster tara, and Po~cellanaster cceru- 
Zeus. On an average the ratio R/r in these porcellan- 
asterids is < 2 in the juvenile specimens, about 2 by 
R 10-20 mm, about 2.5 by R 35 mm, about 3 by 
R 60 mm, and increasing to about 3.5 by R 70- 

100 mm. Approximately, the growth as expressed 
by the changes in R/r follows a straight line, in the 
just mentioned examples with a gradient of about I/,. 

The increase in number of superomarginals with 
growth is about the same in Hyphalaster ir~ermis and 
in Thoracdster cylirzdratus, though in the latter 
slightly on the high side of the variation found in 
the former. These two porcellanasterids also both 
have slender arms encased by the superomarginals. 
In Abyssaster tara and in Porcellanaster c~ru leus  the 
number of superomarginals is lower than in the 
former forms (in equal-sized specimens) and the in- 
crease in number slower, corresponding to the fact 
that the arms in Abyssaster and Porcellanaster are 
broader, not encased by the superomarginals, which 
also are relatively larger. 

In Styracaster horridus, Eremicaster crassus, and 
Eremicaster gracilis, there is a faster increase in the 
ratio R/r with growth than in the above mentioned 
forms, R/r being about 2.5 by R 15 mm, about 3 by 
R 35 mm, about 4 by R 60 mm (and in Styracaster 
horridus increasing to about 5 by R ab. 125 mm), 
the growth gradient being about I/,. In these forms 
the disk is thus relatively smaller in relation to the 
arm length than was the case in Hyphalaster inermis 
and the other first discussed forms. 

The number of superomarginals in relation to the 
arm length in Styracaster Izorridus, which has slender 
arms encased by the superomarginals, is the same 
as in Thoracaster cylindratus. In Eremicaster gracilis 
the number of superomarginals agrees with that 
found in Styracaster horridus and in Thoracaster, 
though in Eremicaster the arms are not encased by 
the superomarginals. In Eremicaster crassus the 
number of superomarginals is slightly lower on an 
average than in equal-sized E. gracilis, agreeing 
with the number found in Hyphalaster inermis. 

In the other porcellanasterids the growth-rates as 
expressed by the ratio R/r and the number of supero- 
marginals are as follows: Hyphalaster hyalinus and 
H. scotiae agree with H. inermis. Abyssaster diadem- 
atus and A. planus agree in the ratio R/r with Abyss- 
aster tam, but apparently have a slightly larger 
number of superomarginals in relation to the arm 
length. Styracaster caroli and S.  elongatus agree 
with S.  horridus, whereas Styracaster chuni, S. pau- 
cispinus, S .  robustus, S .  armatus, and S.  spinosus, 
all agree with Njtphalaster i~ermis.  Styracaster m o ~ -  
acanthus has the number of superomarginals cor- 
responding to that which is found in S.  chuni, but 
has a relatively larger disk and shorter arms, R/r 
being 2 by R 24 mm. Benthogenia and Lysaster too 







have a low ratio of R/r, about 2.6 in Benthogenia by 
R 78 mm (17 superomarginals) and about 2.3 in 
Lysaster by R 55 mm (I I superomarginals). Eremic- 
aster vicinus and E. pacificus agree with E. crassus, 
and Sidonaster agrees with Borcellanaste~. 

The interbrachial arch (arm-angle or interradial 
part of the disk) may be curved inwards - in the 
forms with a large disk and narrow arms - if the 
stomach is empty, and outwards if the stomach is 
full. If the stomach is empty the ventral side usually 
slopes slightly downwards from the margin to the 
jaws with an inward-bending curve, but if the stom- 
ach is full the whole ventral side may be distinctly 
outwards curved. Similarly, the dorsal side (disk) 
may be flat, even depressed, if the stomach is 
empty; and the paxillae (if such occur) are then 
densely crowded; but if the stomach is full, the 
whole disk may be much inflated, and the paxillae 
are then spaced on the expanded integument. The 
shape of the body thus is of little or no value as a 
specific character. 

Much information given in the descriptions or 
diagnoses of porcellanasterids in the literature is in 
fact of no specific significance, and is hardly of any 
individual significance either, since the descriptions 
colicern specimens in a particular (preserved) state 
of contraction or expansion. Width of mouth open- 
ing, width of furrows, direction of furrow spines, 
position of marginals, perpendicular or arching over 
the disk, etc., are all characteristics which naturally 
change continuously in the course of the life rhythm 
of the animals. A number of other features used 
taxonomically previously, change with growth, e. g. 
the appearance of the dorsal skeleton, number and 
also form of the marginal plates besides their spine- 
armature, to some extent also the number of cribri- 
form organs. All such characters should therefore 
be considered with caution. 

During the present investigation it appeared that 
still other characters, previously considered of taxo- 
nomic value, may actually be so variable within the 
species that they can only with the greatest reserva- 
tion be used for a specific discrimination; for in- 
stance the presence of absence of segmental organs, 
the number of dorsal arm spines, the state of the 
ventral armature, and in some cases the presence or 
absence of a ventrolateral skeleton in the arms. 

The porcellanasterids in the available material are 
often in a rather poor condition, which is not sur- 
prising as these animals from the deep-sea may have 
spent hours in the trawl in the warm upper waters 
of the tropical sea before reaching the deck. The 

long-armed forms are seldom caught intact, some 
arms are nearly always lost, or found broken off in 
the content of the dredge; and since this is the gen- 
eral rule, it has not been found of any interest to 
call special attention to it in the descriptions, but it 
will clearly appear from the accompanying photo- 
graphs. 

Remarks  on  the  genera  recognized ,  the i r  
d i s t r i bu t ion  and  in t e r r e l a t ionsh ip :  Up to 
this date 15 genera and 57 species of porcellanasterids 
have been named in the literature. The following re- 
vision resulted, however, in a division of the group 
into only 9 genera and less than 25 valid species. 
The Galathea collection consists, as noted above, of 
469 specimens; and these fall into I 1  species and 
6 genera. None of the species are new to science. 

Of the recognized genera, Benthogenia, Lysaster, 
and Sidonaster, belong to the bathyal zone, and 
appear in their regional distribution restricted to the 
region of the Indian Ocean inclusive of the Malay 
Archipelago. 

All the other genera occur ill the abyssal zone, 
and all of them (except the still undescribed Vitjaz- 
aster) are known to be widely distributed in the 
deep-sea. They are Hyphalaster, Thorac~ster, Styrac- 
aster, Abyssaster, Porcellanaster, and Erew5caster. 

The present author, as mentioned above, has been 
able to examine a fair number of the known forms 
of Porcellanasteridae, having had representatives of 
all genera except Benthogenia and Lysaster at his 
disposal. Furthermore, in the Galathea collections 
some populations have been represented by ade- 
quate series of individuals so that it has been pos- 
sible to form a fair idea of the infraspecific variation. 

Many sea-stars are known to be rather polymor- 
phic, with short- and long-armed specimens, spiny 
and paucispine ones, or some with pedicellariae and 
others without, occurring side by side. Polymor- 
phism also proved a pronounced feature in some of 
the forms of porcellanasterids now examined, and 
actua-lly it is a quite remarkable infraspecific vari- 
ation which has been found in some of the larger 
samples of single populations. 

The cosmopolitan nature of several of the abyssal 
species of porcellanasterids was demonstrated 
through the direct comparisons of widely separated 
populations, which the Galathea material made 
possible. 

The Porcellanasteridae constitute a rather homo- 
geneous group, and all the forms are undoubtedly 
of a mcnophyletic origin. Two main groups may 



be distinguished. The first group comprises Bentho- 
genia, Lysastev, Hyphalastev, and also Thovcccaster, 
which all show a similar general appearance and are 
distinguished only by such characters which do not 
seem to be very important in principle. These genera 
no doubt are the most primitive of the recent por- 
cellanasterids, and Benthogetzia then probably the 
most primitive of them all. Styracaster may be re- 
ferred to this same group, though it is more special- 
ized; and also Abyssastev should be ranged here, 
though showing some special features. The second 
group comprises Povcellancrstev s. str., Evemicaster, 
and Sidonaster, which all resemble each other very 
much in general appearance. They have only a small 
number of cribriform organs, and may show a spe- 
cialized furrow armature. Hence they may be con- 
sidered phylogenetically younger than the former 
group, though perhaps not younger than Styrac- 
aster (and Abyssaster). 

The presumably older abyssal genera, Thovacastev 
and Hyphalastev, comprise only a single and a few 
species respectively, and these show rather constant 
characters (i. e. the monotypic Thorncaster, and H. 
inevmis which is the only species of HyphaIastev 
known in more specimens) while a younger genus 
as Styracaster comprises a larger number of species, 
and another young genus, Porcellanaster, constitutes 
an apparently monotypic, but polymorphic group. 

O n  t h e  p re sen ta t ion  of t he  mater ia l :  In the 
following descriptions of the Galathea material it 
has been attempted always to adhere to the same 
sequence of presentation, viz. size, marginal skele- 
ton, cribriform organs, terminal ossicles, dorsal 
skeleton, a possible dorsal prominence and papulae, 
adambulacral, oral, and ventral skeleton, possible 

biological remarks and distribution. The same order 
has been followed in the summaries of the descrip- 
tions in the literature, in which also the often differ- 
ent terminology has been transcribed into that used 
in the present paper. It  should in this way be fairly 
easy to find the reference to any character wanted, 
and to compare the different descriptions. The 
descriptions given of the genera supplement the 
diagnoses, but do not repeat information given 
there. 

In the descriptions of the various samples it has 
been tried to avoid unnecessary repetitions of what 
may be common to all species of a genus. In spite 
of this, some descriptions at first sight may appear 
more lengthy than perhaps worth while. It has been 
found necessary, however, to treat several charac- 
ters, especially the spine-armature, in detail so that 
the variation in individuals and in populations might 
be demonstrated, and in that way proof given of the 
various specific identifications, and also to avoid 
the doubt which might arise as to some characters, 
if no reference was made to them. 

Attention has been paid to various abnormalities, 
since these might throw light on some specific inter- 
relationships, and also because some nominal spe- 
cies have been based alone on e. g. irregularities in 
the arrangement of the marginal skeleton. Several 
of the present specimens showing individual varia- 
tions might undoubtedly easily (and erroneously) 
have been described as representing new species, if 
they had been dealt with separately and not as mem- 
bers of populations represented by more individuals, 
e. g. the one-spined Styvacastev houridus, (cf. p. 98), 
the Hyphalaster inermis with mirror-shaped furrow 
spines (cf. p. 69), or the Erer~~icastev gracilis with a 
ventrolateral spine-armature (cf. p. 158). 

Key to the recognized genera of Porcellanasteridae 

(The key considers the fully developed specimens only) 
Page 

1 a. Superomarginals of either side of arm joining in the radial midline from about the fifth or sixth 
opposite pairs. Furrow narrow. Cribriform organs rather papilliform. A mouth-spine to each 
oral ossicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2a. Superomarginals unarmed, or with small dorsal spines, forming a double row in the arms. 

Arms subcylindroid. Adambulacralia subrhomboid-subcrescentic, and with a continuous row 
of subequal furrow spines. Paxillae, or possibly pseudopaxillae on disk . . . . . . . . . . . . . . . . .  3 
3 a. Mid-interradially a set of odd marginal plates. No larger superomarginal spines. Cribri- 

form organs confined to the interbrachial marginals . . . . . . . . . . . . . . . . . . . .  Thovacaster 82 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 b. Mid-interradially a marginal suture. 4 

4a. Superomarginals of arms unarmed, those of disk possibly with a small spine. Cribriform 
organs confined to the interbrachial marginals . . . . . . . . . . . . . . . . . . . . . . . . .  Hyphalaster 56 



Page 

4b. Superomarginals of disk unarmed; but at least some of those of arms with a dorsal 
spine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

5 a. Cribriform organs confined to the interbrachial marginals. . . . . . . . . . . . . . . . . .  Lysastev 80 
5 b. Cribriform organs developed on all marginals clear to the terminal ossicle . Benthogenia 8 1 

2b. Superomarginals with one or several, robust erect spines placed in the midline of the arms, 
from the first pair of joining plates and outwards. Arms possibly compressed. Adambulacralia 
of arms with a protruding adoral part with close-set furrow spines, and an aboral part with 
a single or a few isolated spines. Paxillae, pseudopaxillae or spiniferous plates on disk. 

Styvacastev 92 
I b. Superomarginals of either side of arm separate to terminal ossicle . . . . . . . . . . . . . . . . . . . . . . . .  6 

6 a. Two mouth-spines, i. e. one to each oral ossicle. Superomarginals unarmed. Furrow spines 
in a continuous series. Paxillae on disk. 3-7 papilliform cribriform organs . . Abyssastev 72 

6b. A single mouth-spine to the combined pair of oralia forming a jaw. Superomarginals 
possibly with a dorsal spine. Adambulacralia with a protruding adoral part to which the 
furrow spines are confined. No suboral or subambulacral armature. Spiniferous plates 
or pseudopaxillae on disk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
7 b. A single large cribriform organ of a papilliform structure. Terminal ossicle subcre- 

scentic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sidonastev 165 
7a. One or three cribriform organs of a lamelliform structure. Terminal ossicle rather 

tubercular.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
8 a. Three cribriform organs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Evemicastev 143 
8 b. One cribriform organ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Povcellanaster 123 

The genus Vitjazaster Belyaev (in press), which in a suture. It is further distinguished from all other 
this key would be placed besides Abyssastev, has a porcellanasterids hitherto described by having pax- 
set of odd marginal plates mid-interradially, where illae also ventrally. 
all other porcellanasterids, except T ~ o Y ~ c L ~ s ~ ~ Y ,  have 

SYSTEMATIC PART 

Hyphalaster Sladen, 1883, emended 

Type-species : Hyphalastev hyalinus Sladen, 1883. 

Diagnosis:  
Porcellanasterids with superomarginals forming 

a complete casing to arms, unarmed, but those of 
disk possibly with a dorsal spinelet. A mid-inter- 
radial suture. Cribriform organs (5-11) confined to 
disk marginals. 

Description:  
The specimens of this group have a subpenta- 

gonal disk with the arms well set off, subcylindroid, 
of a rather uniform thickness throughout, and with 
the terminal ossicle placed rather distally, forming 
a blunt end, armed with 3, occasionally 5 spines. 
The cribriform organs are papilliform. The infero- 
marginals of the arms are only slightly lower than 
their superomarginal companions. The body is flat 
when the stomach is empty, the perpendicularly 
placed interbrachial marginal plates deciding its 

height, but even when the stomach is full the shape 
of the body usually do not become pronouncedly 
tumid. The genus is known to attain a size of R 
about 90 mm. The proportion of R to r ranges from 
hardly 2 in juvenile specimens to somewhat more 
than 3 in large ones. The dorsal side is armed with 
close-set, well-developed paxillae, or with pseudo- 
paxillae or spiniferous plates. Juvenile specimens 
show an apical appendage, medium-sized specimens 
generally show a more or less distinct apical cone, 
while larger specimens are often devoid of any cen- 
tral prominence. The jaws show a well prominent 
broad rounded keel formed by the interradial and 
greater part of the two oral ossicles, which meet 
proximally and medially, being separated by a wide 
suture between the two places of contact. Distally 
the triangular surface of the primary oral ossicle is 
well exposed. There are 5-12 marginal oral spines, 
the proximal one the largest, the others subequal 
to the furrow spines. The adambulacralia have a 
subrhomboid to subcrescentic contour, and bear 3- 
6 furrow spines. All the furrow spines are connected 



by a well-developed basal web, and form a contin- 
uous wavy series along the narrow furrow, which 
may be almost completely closed in by the over- 
arching adambulacralia. The ventrolateral area is 
rather wide and paved with imbricating transversely 
elongate plates, arranged in tangential and in radial 
rows, which latter correspond two and two with 
the adjoining marginal plates. A narrow strip of 
small ventrolateral plates may also extend a varying 
distance down the arms. The ventrolateral plates 
are typically spiniferous, and also the surface of the 
oralia and the adambulacralia bear spinelets in the 
grown-up specimens. There is a fairly thick inte- 
gument ventrally, and the contours of the jaws, 
adambulacralia, and ventral plates therefore are 
often more or less indiscernible. 

Remarks :  
SLADEN in 1883 erected the genus Hyphalastev to 

embrace his four species: hyalinus, diadematus, 
inevmis and planus, and later the following other 
species (or nominal species) have been ascribed to 
the same genus, viz. pavfaiti and antonii by PERRIER 
in 1885, tara by WOOD-MASON & ALCOCK in 1891, 
valdiviae by LUDWIG in 1900 (in CHUN), mosevi by 
LUDWIG in 1905, fortis, gvacilis, and scotiae by 
KOEHLER in 1907 (a and b), and giganteus by MA- 
CAN in 1938. 

The form from the Valdivia Expedition which 
CHUN in 1900, p. 490, listed as Hyphalastev valdiviae 
n. sp. (on basis of LUDWIG'S preliminary identifica- 
tion of it) was in reality a specimen of SLADEN'S 
Thoracastev cylindvatus (according to LUDWIG in 
1907); and also the Hyphalastev n. sp., which RI- 
CHARD in 1903, p. 66, mentions from a Princesse 
Alice dredging, was a Thovacastev cylindvatus, as it 
appears from the final report on the Princesse Alice 
material by KOEHLER in 1909b. 

The other forms (not all specifically valid, as will 
be discussed in the following) fall into two groups 
as to the appearance of the arms. In one group the 
superomarginal plates join their opposites along the 

dorsal midline of the arms from about the fifth or 
sixth plates, whereas in the other group they all 
remain separate to the terminal ossicle. These two 
groups must be considered generically different. The 
former group, for which SLADEN'S generic name 
Hyphalastev must be retained, comprises SLADEN'S 
species H. hyalinus (the type-species), and his H. in- 
eumis, and further all later described species except 
H. tava. The latter group, for which the name Abyss- 
aster is created, comprises besides WOOD-MASON & 
ALCO~K'S H. tava, which is designated as the type- 
species of the genus, also SLADEN'S H. diadematus 
and H.plarzus. 

The group Hyphalastev s. str. is recorded from 
dredgings in all three oceans; and several individuals 
have often been obtained in a single catch. SLADEN'S 
two species, hyalinus and inevmis, were both from 
the Pacific and appear well distinct. PERRIER'S pav- 
faiti was from the Atlantic, but, as will be demon- 
strated in the following, it is evidently the same 
species as izevmis. LIEBERKIND (1932 and 1935, in 
two of the more recent papers on porcellanasterids) 
discussed the Atlantic records of Hyphahster in de- 
tail, and arrived at the conclusion that they all be- 
longed to one and the same species, which he listed 
as H.parfaiti, and of which then antonii, fovtis and 
gvacilis are considered synonyms. The remaining 
species of Hyphalaster s.str., not discussed by LIE- 
BERKIND, are besides the type-species hyalinus: 
H.inevmis, H.moseri, H.scotiae, and H.giganteus. 
H. inevmis includes, as noted, in the present authors 
opinion, parfaiti, further also mosevi, and perhaps 
also giganteus. Thus only three valid species of 
Hyphalastev s.str. may be known at present, viz. 
H. hyalinus, H. inermis, and H. scotiae. 

The Galathea Expedition obtained specimens of 
Hyphalastev s.str. in altogether 15 of the 27 dred- 
gings yielding porcellanasterids (five in the Atlantic, 
eight in the Indian Ocean, and two in the south- 
western Pacific). All these specimens appear to be- 
long to one and the same species, which is recorded 
here under the name of H. inevmis. 

Key to the species of Hyphalasteu s. str. Page 

1 a. Disk with spiniferous plates and pseudopaxillae. Interbrachial superomarginals with spines. hyalinus 58 
I b. Disk with paxillae. Interbrachial superomarginals unarmed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2a. Subambulacral spines almost as large as the furrow spines, two to each ossicle, and forming a 

continuous series parallel to the furrow.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  scotiae 72 
2 b. Subambulacral spinelets markedly smaller than the furrow spines, more than two to each ossicle, 

and usually rather irregularly arranged. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
3 a. Ventrolateral plates spiniferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  inermis 58 
3 b. Ventrolateral plates unarmed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  giganteus 72 



Hypbdaster Inyalinns Sladen, 1883 Nyphalaster inermis Sladen, 1883 

SLADEN 1883 pp. 235-237, 1889 pp. 156-159, 

PIS. 261-63 2813-16- 

This species was described from two specimens 
dredged at the Challenger st. 274 in the tropical 
mid-Pacific (7"25'S, 152"15'W, 5030 m, radiolarian 
ooze, 1.7" C.). 

The type-specimen has R/r 20/10 mm; 8 supero- 
marginal plates, joining their opposites from no. 6, 
and the two innermost to each side of the interradial 
suture with a dorsal, horizontally directed spinelet ; 
proximal marginalia twice as long as high, distal 
ones higher than long; 7 narrow cribriform organs. 
Fairly large tumid terminal ossicle with 3 spines. 
Disk with spiniferous small plates (spicules) and 
pseudopaxillae with up to 4 spinelets; no apical 
cone. Adambulacralia subcrescentic, with 3 furrow 
spines (4,-5 are shown in fig. 2 pl. 26) and 3-5 spine- 
lets on their surface (18 adambulacralia according 
to the figure). Oralia with 6 marginal spines, and 
suborally about 3 spines along the suture and some 
few granules distally. Ventrolateral area with a plat- 
ing of imbricating subhexagonal scales, each with 
2-3 or a few more granules. A narrow strip of ven- 
trolateral plates extending to the terminal ossicle. 

The other specimen has R/r 12/15 mm, and, jud- 
ging from fig. 4-5 pl. 26, 8 unarmed superomargin- 
alia, 11-12 adambnlacralia, all with naked surface, 
and also bare ventrolateral scales. A complete em- 
bryonic dorsal plating of scales. No apical appen- 
dage. 

The type-specimen apparently is rather expanded 
due to a full stomach, and this partly accounts for 
SLADEN'S description of the dorsal membrane as thin 
and almost transparent, and of the pseudo-paxillae 
as being well spaced. SLADEN (1889 p. 159) notes 
that he is not quite sure of the specific identity of 
the juvenile specimen, but probably there is no 
reason why this should be doubted. 

H. hyalinus is distinguished by the dorsal spinelets 
on the interradial superomarginal plates, and by the 
dorsal armature of spiniferous plates and pseudo- 
paxillae. Also the shape of the proximal supero- 
marginalia, twice as long as high, may distinguish 
H. hyalinus from H. inevmis, in which the proximal 
superomarginalia are generally subquadrate. In 
H.hya1inzis the ventrolateral plates extend to the 
terminal plate, whereas in similar-sized specimens 
of H.inevmis they usually extend only a short dis- 
tance outside the disk area. 

Figs. 6-7. Pls. 1-111, XI11 3-4 

H. irzermis 11. sp., SLADEN 1883 pp. 239-242; 1889 pp. 
162-164, pls. 25,,, 28,,. 

H.pavfaiti n. sp., E. PERRIER 1885 a p. 886 (nom. 
nud.); 1885 b pp. 65-67; 1894 pp. 229-232, pl. 

'%a-e. 
H.antonii n. sp., E. PERRIER 1885 a p. 886 (nom. 

nud.); 1885 b pp. 61-64; 1894 pp. 232-235, pl. 

161 a.e- 

H. sp., ALBERT 1902 p. 963 = H.antonii i H..foirtis, 
ICOEHLER 1907. 

H.mosevi n. sp., LUDWIG 1905 pp. 100-103, pl. 7,,,,. 
H. fortis n. sp., KOEHLER 1907 pp. 14-16 ; 1909 b pp. 

30-3 1, pl. 16,-,. 
H.gracilis n. sp., KOEHLER 1907 pp. 16-18; 1909 b 

pp. 32-33, pl. 14,,. 
H.antonii, KOEHLER 1909 b pp. 29-30. 
H.fortis, KOEHLER 192 1 p. 2. 
H.gracilis, KOEHLER 1921 p. 2. 
H.parfaiti, LIEBERKIND 1932 pp. 282-285, textfig. 9, 

PIS. 15-6, 34-11, 61-4. 
H.pavfaiti, LIEBERKIND 1935 pp. 19-26, textfigs. 6-8, 

'7-9, 3 1 - 1 1 9  59, 11-14. 
H.parfaiti, A. H.  CLARK 1948 pp. 75-76. 
H.pavfaiti, MADSEN 1951 p. 82. 
? H.giganteus n. sp., MACAN 1938 pp. 331-333, 

PI. 13,7- 
non: H.pavfaiti, ALBERT 1902 p. 962, and RICHARD 

1902 p. 86, = Albatvossastev richavdi Koehler, 
1909 (a juvenile Povcellanastev caruleus). 

SLADEN'S description of H.inevmis was based on 
two specimens from the Challenger st. 237 off Japan 
(34"37'N, 140°32'E, 3430 m, blue mud, 1.8"C.). The 
type-specimen has R/r 2018.5 mm; 9 superomargin- 
alia, joining from the 5th opposite pair, proximal 
ones subquadrate; 7 cribriform organs. Fairly large, 
somewhat tubercular terminal ossicle with 3 short 
spines. Dorsal side with closely crowded small pax- 
illae with 5-10 spinelets. (See also p. 71). An apical 
cone. Adambulacralia with 3-4 furrow spines, and 
the proximal subrhomboid ones with a single sub- 
ambulacral granule adorally. Oralia with 7-8 mar- 
ginal spines (fig. 6 pl. 28 only shows 6), and 1-2 
suboral granules. Ventrolateral plates subhexagonal 
and with 4-5 granules. No ventrolateral plates in 
arms. The other specimen has R/r 1015 mm, and 
5 superomarginalia. Several specimens were taken 
in the haul, according to the summary of the scien- 
tific results of the expedition. 



H. moseri: The only other Pacific record of Hyphal- 
aster s. str. hitherto (besides those of H. hyalinus and 
H. inermis just mentioned) is that of two specimens 
from the Albatross st. 3684 in the mid-Pacific 
(0°50'N, 137"54'W, 4504 In, globigerina ooze) on 
which LUDWIG (1935) based his species : H. moseri. 
They have R/r 26/12 and 32.5113 mm respectively; 
10 and 11 superomarginalia, joining their opposites 
from nos. 5-6; 9 cribriform organs. Terminal ossicle 
with 3 spines. Dorsal side with close-set paxillae 
with 6-8 spinelets. An apical cone. Adambulacralia 
with 4 furrow spines (in arms 3) and 3-4 subambu- 
lacral spinelets. Oralia with 7 marginal spines, and 
suborally 2-3 spines along sutural and some minute 
spinelets along distal margin. Ventrolateral plates 
with 4-6 spinelets. 

LUDWIG noted that this new species was nearest 
to SLADEN'S inernzis, but distinguished by a richer 
ventrolateral and oral armature. When, however, 
the larger size of LUDWIG'S specimens is considered, 
this difference (apparently the only one) is of no 
importance. It  therefore seems reasonable to regard 
H. mosevi as a synonym of H. inevmis. 

H.giganteus: In the Indian Ocean only a single spec- 
imen of Hyphalaster s. str. has hitherto been re- 
corded, viz. by MACAN (1938) who described it as 
representing a new species, H.giganteus, though at 
the same time noting its close affinity to the Atlantic 
H.pafaiti. It  may be merely an individual variation 
of this form (- H.inermis), and will be discussed 
in more detail on a following page. 

H.parfaiti: This species was described by PERRIER 
(1885, 1894) from a single specimen dredged by the 
Talisman in the Bay of Biscay (st. 135 - by a lapse 
PERRIER in 1885 writes st. 13%: 46"09'N, 9"16'W, 
4787 m, grey-yellow mud). The unique type has 
R/r 55/19 mm; 16 superomarginalia, joining their 
opposites from nos. 5 (-6), slightly longer than high; 
9 cribriform organs. Terminal ossicle fairly small 
and with 3 short spines. Dorsal side uniformly cov- 
ered with small paxillae with 7-9 granules. A faint 
apical cone. Adambulacralia subrectangular, with 
4 Asttened subequal furrow spines, and usually an 
irregular row of 5-6 slender subambulacral spine- 
lets along the interradial margin. Oralia with 7-8 
marginal spines, and with 3 fairly large spines along 
the suture, and about 10 smaller ones over the rest 
of the surface. Ventrolateral plates transversely 
elongate and generally with 5-7 spinelets, some- 
times in two parallel rows. 

It  appears that this specimen is distinguished 
from the type of H. inermis merely by a richer spine- 
armature, a difference which is accounted for by its 
larger size. 

H. antonii: E. PERRIER (1885, 1894) described this 
form from a single specimen from a Talisman dred- 
ging near the Azores (st. 131: 38"38'N, 27"26'W, 
2995 m, soft white mud). It has R/r 1617 mm; 
9 superomarginalia, joining their opposites from 
no. 5; 7 cribriform organs, the two outermost ones 
rudimentary. Terminal ossicle with 3 short spines. 
Dorsal side with numerous small paxillae with 4-5 
granules. A small apical appendage. Adambulacra- 
lia rather rectangular, with 4 furrow spines, and 1- 
3 subambulacral spinelets. Oralia with 8 marginal 
spines, and 3-4 granules on their surface. Ventro- 
lateral plates subhexagonal and with 4-5 spinelets. 

LUDWIG (1907 p. 313 foot-note) states that he 
considers PERRIER'S H. antonii a juvenile H.parfaiti. 

Under the name of H.antonii, KQEHLER (1909 b 
p. 29) records two specimens of Hyphalaster, R/r 1418 
and 3618 mm, from two Princesse Alice dredgings 
at the Cape Verdes and off the Canary islands re- 
spectively (st. 1150: 16"12'N, 24"44'W, 3890 m, 
sand and mud, and st. 1789: about 31°06'W, 
24"00fW, 5413 m, globigerina ooze?). KOEHLER is 
inclined to think, however, that LUDWIG is right in 
supposing H. antonii to be a juvenile H.parfuiti, but 
considers it impossible to say definitely so without 
knowledge of intermediary stages. The specimen 
from st. 1150 belongs to the lot which Prince AL- 
BERT in 1902 mentions as Hyphalaster sp. 

LIEBERKIND (1935), after having re-examined the 
type-specimen, confirmed that H. untonii was iden- 
tical with H.parfaiti. But something has gone wrong 
when he writes, p. 20, that "The number of adam- 
bulacral spinelets, of marginal plates as well as of 
madreporic plates, is on the other hand exactly the 
same in the two forms. Therefore, there is no doubt 
that LUDWIG is right in supposing that Hyphalaster 
Antoni onIy is to be considered an immature stage 
of Hyphaloster parfaiti." - The juvenile stage, of 
course, shows a smaller number of superomarginals 
than the adult, and both stages only a single mad- 
reporite, as have all porcellanasterids, so, what LIE- 
BERKIND wanted to point out perhaps was that the 
appearances of these structures were the same in 
both forms. 

H-fortis: This species was described by KOEHLER 
(1907, 1909 b) from two specimens from the Prin- 



cesse Alice st. 1150 at the Cape Verdes (16"12'N, 
24'44-'W, 3890 m, sand and mud) - by Prince AL- 
BERT in 1902 p. 963 listed as Hyphalastev sp. -, and 
further ~COEHLER recorded some arm-fragments 
from the Princesse Alice st. 753 near the Azores 
(about 30°50'N, I8"W, 4360 m, globigerina ooze). 
The two specimens have R/r 60120 and 54/18 mm 
respectively; 19 superomarginalia, joining their op- 
posites from nos. 5-6, (proximal ones described as 
about twice as high as long, see further p. 62, those 
of the arms as subquadrate); 9 cribriform organs. 
Terminal ossicles with 3-5 spines. Dorsal side with 
a uniform covering of close-set paxillae with a circle 
of granules surrounding about 10 central ones. The 
smaller specimen with an apical cone. Adambula- 
cralia subrectangular, with 4 furrow spines and 3- 
4 subambulacral spinelets along interradial margin. 
Oralia with 10 marginal spines, and 3 small conical 
spines along the suture. Ventrolateral plates in tan- 
gential series, polygonal and wit11 scattered granules. 

KOEHLER (1921) records two additional specimens 
of H. fortis from the Princesse Alice st. 2986 in the 
Bay of Biscay (45"07'N, 7"06'W, 4870 m). 

LIEBERKIND (1935 p. 19), after a re-examination 
of some arm-fragments of the original specimens, 
concluded that H. fortis was merely a synonym of 
H.parfaiti. 

H.graci1is: KOEHLER (1907, 1909 b) described this 
species from three specimens dredged by the Prin- 
cesse Alice west of the Canary Islands (st. 1787: 
31 "07'N, 24'03'W. 5413 m, globigerina ooze). They 
have R/r 32/14, 33/15 and 36/17 mm respectively; 
12 superomarginalia (-14 according to LIEBERKIND 
1935), joining their opposites from no. 5, (proximal 
ones described as much higher than long, see further 
p. 62, those of arms as only slightly higher than 
long); 9 cribriform organs. Terminal ossicle con- 
spicuous, with 3 spines. Dorsal side with close-set 
small paxillae. The medium-sized specimen with an 
apical appendage, the others without. Adambulacral 
ossicles subrectangular, with 4 furrow spines. (Ac- 
cording to LIEBERKIND (1935), who had re-examin- 
ed one of the original specimens, there may also be 
a few subambulacral spinelets, whereas KOEHLER 
stated that he did not find any). Oralia with 7-8 
marginal spines, and 8-9 suboral ones, 3 of these 
conical and placed along the suture. Ventrolateral 
plates with granules. 

I~OEHLER (1921) records an additional specimen 
of this form taken by the Hirondelle I1 west of the 
Canary Islands (st. 3223 : 30°50'N,25"43'W, 5300111). 

LIEBERKIND (1935) concluded that H.gracilis was 
specifically identical with H.parfaiti. 

Hyphcllaster pavfaiti is the name under which the 
more recent authors have recorded the Atlantic 
specimens of Hyphalaster: 

LIEBERKIND (1932) recorded 14 and 12 specimens 
respectively from two Valdivia dredgings in the 
Gulf of Guinea (st. 56: 3"10fN, 5"28'E, 2278 m, 
blue mud, 3.3" C: and st. 63 : 2"001N, X004'E, 2492m, 
2.6"C.), ranging in size from R/r about 33/14 to 
49/20 mm (e.g. 32/18, 34/14, 34/19, 37/16, 42/20, 
43/19, 45/20, and 45/52 mm); number of supero- 
marginals e. g. 13 by R 34 mm, 14 by R 41 mm, and 
16 by R 47 mm; 7-9 cribriform organs. 

LIEBERKIND (1935) further recorded H.pavfaiti 
from two Ingolf dredgings : southeast of Greenland 
(st. 20: 58"201N, 40°48'W, 3190 m, 1.5"C., 5 spec- 
imens), and in the southern Davis Strait (st. 37: 
60°17'N, 54"05'W, 3230 m, 1.4"C., from which 
catch 30 specimens are present). The Ingolf speci- 
mens range in size from R/r 1618 to 52/24 mm (e. g. 
2611 1, 26/13, 32/14, 38/17, and 45/19 mm); number 
of superomarginals e.g. 11 by R 26 mm, 14. by R 
38 mm, 15 by R 46 mm, and 16 by R 43 mm; 7-9 
cribriform organs. 

A. H. CLARK (1948) recorded 7 specimens of 
H.parfaiti taken by the Atlantis in the mid-North 
Atlantic (st. 15: 35"17'N, 3Q051'W, 3200 m); R/r 
1717, 17/8,27/11, 30/11,33/14,34/13, and34114mm; 
5-9 cribriform organs. 

M ~ D S E N  (1951) recorded the species from two 
dredgings of the Swedish Deep-Sea Expedition (on 
board the Swedish Albatross): In the tropical mid- 
Atlantic (st. 342: about 1 ON, 18"401W, 5250-5300 m, 
globigerina ooze, 2.3"C., 19 specimens), and in the 
tropical West-Atlantic (st. 357: about 2"25'N, 
39"24'W, 4474-4430 m. calcareous clay, 1.3" C., 
3 specimens). These specimens range in size from 
R/r 1216 to 43/16 mm, (e.g. 12.516.5, 24/11, 32/11, 
and 32/14 mm), and have 5-11 cribriform organs. 
The smallest specimen has 6-7 superomarginalia. 

The fairly large number of specimens available 
from some populations gave LIEBERKIND a fair 
knowledge of the infraspecific variation, hnd from 
this and a re-examination of several of the pre- 
viously described specimens of Hyphbl~ stev, he ar- 
rived at the conclusion - as already mentioned 
above - that all Atlantic specimens of Hyphahster 
hitherto recorded, belonged to one and the same 
species, first described by PERRIER in 1885 under 



the name of Hyphalaster parfaiti. LIEBERKIND (1935 
p. 21) thus states: "Altogether the genus Hyphalastev 
seems to be a genus, in which the specific characters 
are rather vague; a thorough and critical revision 
not only of the forms from the Atlantic, but also 
of those from the Pacific is very desirable, but this 
is unfortunately beyond the scope of this work." 

It  is very regrettable that LIEBERKIND did not also 
discuss his material in relation to the forms of 
Hyphalaster described from the Pacific, so that it is 
unknown what characters, if any, he would consider 
of specific value in distinguishing between these dif- 
ferent named forms. - The present author considers 
it impossible to distinguish the Atlantic H.parfaiti 
from Sladen's H.inermis from the Pacific, and the 
supposed vagueness of specific characters merely 
indicating that the various nominal species were 
described on the basis of characters of no specific 
value. 

LIEBERKIND (1935) gave illustrations of the varia- 
tions in shape of different specimens (different pro- 
portions of R to r was the main character for dis- 
tinguishing some of the described "species"). He 
pointed out that the shape may vary a good deal 
in the individuals and that further the preservation 
is of some consequence. (As emphasized above the 
ratio R/r also always changes gradually with age 
due to the positive allometric growth of the arms, 
cf. the diagram fig. 4 p. 52). 

LIEBERKIKD (1935 p. 22) mentions that: "Papulae 
are only to be found in the distal part of the radial 
region of the paxillae a~ea." Since, however, the 
papulae never occur in the actual radial lines, it is 
the distal part of the disk area to both sides of the 
radial lines which is meant. None of the previous 
authors had observed papulae in Hyphalaster. 

The number of oral and suboral spines were found 
by LIEBERKIND to be very variable. In some of the 
specimens from off Greenland he found some 
"rather coarse granules which nearly resemble short 
spines" along the border of the marginal plates, 
and most numerous on those next to the extreme 
cribriform organ. 

The Ga la thea  ma te r i a l :  

The At lant ic :  
St. 24. 3"54'N, 8"22'W, 3200 m, 2.7"C., clay. 

4 specimens. 
St. 30. OC42'N, 5"59'W, 5160 m, 2.2"C., clay. 

17 specimens. 
St. 52. 1 "42'N, 7"51'W, 2550 m, ca. 3" C., muddy 

clay. 17 specimens. 

St. 65. 2"17'S, 8"1OrE, 2770 m, 3.0°C., bluish 
clay. 1 specimen. 

St. 99. 8"40fS, 11 "lOIE, 2690 m, 3.9"C., yellow- 
ish clay. 5 specimens. 

The I n d i a n  Ocean:  
St. 186. 32"33'S, 32"01'E, 3620 m, 1.2"C., globi- 

gerina ooze. 1 specimen. 
St. 192. 32"0Q1S, 32"4I1E, 3530 m, 1.lCC., globi- 

gerina ooze. 1 specimen. 
St. 193. 32"34'S, 31 "52'E, 3680 m, 1.1" C., globi- 

gerina ooze. 12 specimens. 
St. 234. 5"2S1S, 47"09'E, 4820 m, 1.4"C., (globi- 

gerina ooze?). 1 specimen. 
St. 238. 3"23'S, 44"04'E, 3960 m, 1.8"C., globi- 

gerina ooze. 12 specimens. 
St. 280. 1 "56'N, 77"05'E, 4350 m, 1.3"C., globi- 

gerina ooze. 2 specimens. 
St. 281. 3"38'N, 78"15'E, 3310 m, 1.8"C., globi- 

gerina ooze. 1 specimen. 
St. 282. 5"32'N, 78"411E, 4040 m, 1.5"C., black- 

ish mud. 32 specimens. 

The Pacif ic:  
St. 664. 36"34'S, 178"57'W, 4540 m, 1.lCC., 

brown sandy clay with pumice. 2 spec- 
imens. 

St. 668. 36"23'S, 177"411E, 2640 m, 2.OCC., clay. 
1 specimen. 

The Galathea material of Hyphalaster inermis from 
each of the three oceans is treated separately in the 
following, since the specimens hitherto recorded 
from the Atlantic and the Pacific were formerly 
regarded as representing several species. There can 
be no objection to the identifying of the present 
Atlantic specimens, all from the region of the Gulf 
of Guinea, with the form named H.paufaiti by LIE- 
BERKIND, and the description of the materials from 
the Indian and the Pacific oceans thereafter will 
demonstrate the specific identity of the whole lot. 

The At l an t i c  specimens. (Figs. 6a-J o, v, t; 
7n,  q-s, u-v. P1. I): 

A total of 44 specimens of Hyphalastcr s. str. were 
collected in the Atlantic. The four specimens from 
st. 24 have R/r 614, 1216, 62/21, and 64/21 mm. The 
17 specimens from st. 30 have R/r 714, 1015, 1417, 
17/9, 19/11, 21/10, 22/11,24/11,25/11, 38/15, 40120, 
41/16, 43/20, 44/15, 44/19, 47/20, and 49/21 mm. 
Five of the 17 specimens from st. 52 have R/r 1819, 
21/11, 2319, 29/10, and 32/12 mm, nine others have 



R measuring from 38 to 49 mm, and three have R/r 
60120 mm. The single specimen from st. 65 has R/r: 
48/18 mm. The five specimens from st. 99 have R/r 
1015, 1819, 57/18, 58/21, and 59/19 mm. 

The ratio R/r is less than 2 in the smallest spec- 
imens, 2 in those with R about 10-20 mm, and 
then on an average it gradually increases to 3 in 
the largest specimens, with R about 60 mm. As it 
will appear from the measurements recorded, and 
from the accompanying photos pl. I, the ratio R/r 
may be very varying in otherwise equal-si7ed spec- 
imens. 

The numbers of superomarginal plates and of 
cribriform organs are the following: 

Number of Number of 
superomarginals cribriform organs 

3-4 3-5 
6-7 5-7 
7-8 7 
8 -9 8-1 1 
9-10 7-9 

11 9-1 1 
12-13 7-9 
14 7-1 1 
14-15 7-1 1 
17 7-11 
17-18 7-9 
19 9 

The superomargina l  p la tes  in general join those 
of the opposite side of the arms from nos. 5-6. In 
the two smallest specimens, R/r 614 mm (fig. 6a-c) 
and 714 mm (pl. I, 13), with still only 3-4 supero- 
marginals, these are then separated for the whole 
length of the arms. In the population from st. 30 
also the sixth pair of opposite superomarginals tend 
to remain separate, and actually the opposite 
superomarginals in some arms of these specimens 
do not meet until plates no. 7. The superomarginals 
thus remain separate to the terminal ossicle in a 
specimen with R/r 1015 mm (pl. I, 1 I), although 6- 
7 superomarginal plates are present; and a single 
specimen, R/r 24/11 mm, is remarkable in having 
the superomarginals separate in some arms as far 
as to the 7th or 8th pair of plates. (PI. I, 5). 

The superomarginal plates of either side of the 
arms in general correspond exactly with each other, 
but they may also alternate to a varying degree, 
and they may be differently arranged in the differ- 
ent arms of the same specimen. One, or more often 
two superomarginal plates are situated below the 
terminal ossicle, and are hence triangular. The 
superomarginals of the disk are subquadrate, or, in 

large specimens, somewhat longer than high. The 
more distal of the superomarginals may be higher 
than long, often markedly so in the small specimens, 
less pronouncedly in the large ones. KOEHLER (op. 
cit.) described the proximal (disk) superomarginals 
of his specimens of H. fortis and H.gracilis as much 
higher than long, but this may be due to the fact 
that he has only considered the naked surface of the 
plates, and disregarded the parts covered by the 
cribriform organs. The superomarginals of the arms 
sometimes have the proximal margin slightly con- 
cave and the distal margin correspondingly excave, 
so that the vertical sutures appear as curved lines 
with the concavity directed towards the tip of the 
arms (fig. 6 t). 

The inferomargi i la l  p la tes  typically lie ex- 
actly below their superomarginal companions, but 
may also subalternate with these. They are of the 
same number as the superomarginals, or maybe 
one or two more. The small specimen from st. 30, 
with R/r 714 mm, has up to 5 inferomarginals to- 
gether with 3-4 superomarginals. The inferomar- 
ginals are in the proximal part of the arms slightly 
lower than their superomarginal companions, but 
towards the end of the arm they decrease relatively 
more in height than do these, and distally the differ- 
ence in height thus becomes more pronounced. 

A few specimens have proximally in the midline 
of one or more of the arms, for a stretch of up to 
3 superomarginals, a series of small rounded sec- 
ondary plates, e.g. two specimens from st. 52 with 
R. 18 and 45 mm, and two specimens from st. 30 
with R. 19 and 49 mm. (Fig. 6 t). 

The most proximal marginal arm plates in the 
large specimens may carry some granular spinelets 
along the vertical margins, especially along the 
aboral one. Generally, however, the plates are com- 
pletely naked (except for the papillae of the cribri- 
form organs). 

The cr ibr i form organs  are only just devel- 
oped in the juvenile specimen with R/r 614 mm 
(st. 24). The largest number is here 3 in each inter- 
radius, and they are most distinc~ in the interradius 
with the madreporite, whereas they are hardly dis- 
cernible in the other interradii, being quite rudi- 
mentary, with only a single series of papillae to each 
side of the vertical sutures, and not yet extending 
the whole way to the ventral side (figs. 6n-b). In the 
specimen with R/r 714 mm (st. 30) there are 3-5 cri- 
briform organs in each interradius, also yet all rudi- 
mentary. In the two specimens with R/r 1015 mm, 
the number of cribriform organs is 5 in that from 



Fig. 6. Hyphalaster inermis. a-c) St. 24, R/r 614 mm; a, dorsal view; b, ventral view; c, jaw in four times larger scale. d) St. 
30, R/r  1417 mm, jaw (in twice the usual scale). e-f) St. 24, R/r 1216 mm, part of dorsal side and jaw. g) St. 280, R/r  1618 mm, 
(see also fig. 70). h) St. 192, R/r 1716 mm. i-j) St. 282, R/r ab. 20111.5 mm, same arm in dorsal view and from the side, (see 
also fig. 7f). k) St. 282, R/r 48/15 mm, part of ventral side. I-n) St. 238, R/r ab. 53/21 mm; 1, part of ventral side; m, adam- 
bulacralia nos. 8-9 ; n, adambulacralia nos. 17-1 8, inferomarginalia nos. 10-1 1, (see also fig. 7 g, h,p). o) St. 99, R/r 1819 mm, 
adambulacralia nos. 1-6. p) St. 234, R/r 75/21 mm, marginals nos. 10-12 in side view. q) St. 238, R/r 46/16 mm, adambula- 
cralia nos. 15-18. r) St. 99, R/r 57/18 mm, jaw, (see also fig. 7q). s) St. 238, R/r ab. 44/19 mm, part of ventral side with the 

adambulacralia nos. 4-8. t) St. 30, R/r 49/21 mm, basal part of arm in dorsal view. 
Scale: 10 mm (in d 5 mm, in c 2.5 mm). 



st. 99, and 7, the outermost ones rudimentary 
though, in that from st. 30. In all larger specimens 
there are in each interradius from 7 to 11 cribriform 
organs. The number is often somewhat varying in 
the different interradii of the same specimen, and 
may be unequal to each side of the median organ 
(thus there may be 8 or 10 cribriform organs in the 
interbrachial series). 

The cribriform organs are generally developed 
from the dorsal side, and the rudimentary ones 
therefore yet solely occupy the superomarginal su- 
tures. Full-grown specimens have at least 7 cribri- 
form organs; and 7 cribriform organs only are also 
found in some of the largest specimens, with R up 
to 58 mm, while 11 cribriform organs are found in 
some interradii of a specimen from st. 52 with 
R 50 mm, in all interradii of the specimen from 
st. 65 with R 48 mm, and in about two-thirds of the 
specimens from st. 30. In this latter population even 
a specimen so small as with R/r 1417 mm shows in 
some interradii 11 cribriform organs (the outer ones, 
however, still rudimentary). One specimen with 
R/r 4919 mm also shows a twelwth, rudimentary 
cribriform organ in one interradius. The remaining 
specimens from st. 30 all have 9 cribriform organs 
in each interradius. The large number of cribriform 
organs in the population from st. 30 is connected 
with a tendency of the superomarginal plates to re- 
main separate for a longer distance than is usual in  
the other specimens at hand (the disk thus being 
relatively larger). 

The large cribriform organs are in general com- 
posed of up to 16 rows of papillae. In the specimens 
from st. 30 there may be even 22 rows of papillae, 
and in these specimens successive cribriform organs 
are often in contact. The structure of the cribriform 
organ is papilliform, with the calcareous papillae 
slender and flattened. Those of the outer covering 
series are not much larger than the other ones. The 
series of covering papillae extend in a continuous 
series from one dorsal corner of the organ to the 
other dorsal corner, so that the cribriform organs 
typically are well marked off ventrally. In large 
specimens, however, the median cribriform organ, 
which becomes gradually larger with age, may ap- 
pear indistinctly marked off also ventrally, where it 
adjoins the spinulated ventral disk area. 

The t e rmina l  ossicle  is rather conspicuous in 
the juvenile specimens, broad, and with the adoral 
dorsal margin concave, in connection with the 
dorsal integument here reaching to it between the 
opposite superomarginals (fig. 6a). It carries 3 

spines, a distal terminal one and a pair of subter- 
minal ones, which latter apparently are not yet de- 
veloped on some of the terminal ossicles of the 
smallest specimen at hand, with R 6 mm. In the 
somewhat larger specimens (in which the distal 
superomarginals encase the arms) the terminal os- 
sicles become more elongate, oval in outline, when 
seen from above, and placed slightly dorsal to the 
end of the arms, covering one or usually two rudi- 
mentary superomarginals. In medium-sized spec- 
imens the terminal ossicles are still rather promi- 
nent, but in the largest specimens they become fairly 
inconspicuous, being here flush with the supero- 
marginals of the arm end. As a rule the terminal 
ossicles, also in the largest specimens, bear only 3 
fairly short and conical spines (the unpaired ter- 
minal one and the pair of subterminal ones), but 
large specimens exceptionally may have two pairs 
of subterminal spines. 

The whole d o  r s a1 side of the disk is armed with 
a close pavement of fairly uniform small paxillae 
with rather granular spinelets. (Fig. 7n, q-s, u-v). 
Embryonic plates are still discernible radially in the 
juvenile specimens with R about 6-7 mm (fig. 6a), 
but are in the state of being absorbed, and with 
paxillar shafts developing centrally upon them. And 
the paxillae covering the central and interradial 
areas are yet with only single spinelets. In the juve- 
nile specimen with R/r 1015 mm the paxillae carry 
1, 2, or 3 spinelets. 

The average number of spinelets on the p axillae, 
as well as the largest number found, varies consider- 
ably in the different specimens. In specimens with 
R about 20 mm, the largest number of paxillar 
spinelets ranges from 6 to 12 in different individuals; 
in specimens with R about 30 mm it ranges from 
15 to 18, in those with R about 40 mm from about 
15 to about 20. In the larger specimens the maximal 
number of spinelets on the paxillae varies generally 
from about 15 to about 20, and is exceptionally 
about 30. In the two large specimens from st. 24, 
with R 62 and 64 mm, the average number of spine- 
lets on the paxillae is about 12 and 16 respectively, 
with 2-4 central spinelets surrounded by a circle of 
peripheral ones; and the largest number of spine- 
lets counted is 18 and about 25 respectively. Inci- 
dentally, these two large specimens from st. 24 cor- 
respond closely in size and in number of supero- 
marginals (18-19) to those described by KOEHLER 
(1907) under the name of H.jortis, the paxillae of 
which, however, were stated to have about 10 cen- 
tral granules surrounded by a circle of peripheral 



ones. Such large paxillae with e. g. 13 central spine- 
lets surrounded by a circle of 17 peripheral ones, 
are in the present material only observed in a spec- 
imen from st. 99 with R/r 58/21 mm and 17 supero- 
marginals. The paxillae are all more or less circular 
(to polygonal) in contour. They are all about sub- 
equal in height, the larger ones being about as wide 
as high, and the smaller ones correspondingly more 
slender. The paxillar shafts show a distinct con- 
striction which marks off the basal part, imbedded 
in the integument. (Fig. 7r). 

P a p u l a e  have been observed in some specimens 
(fig. 7s), also fairly close to the center of the disk. 

An ap ica l  appendage,  or at  least an apical 
cone, is usually distinct in the small specimens. An 
apical appendage may be present also in medium- 
sized specimens, and an apical cone may be found 
in specimens as large as with R up to 64- mm. Sev- 
eral large specimens, and also a few smaller ones, 
however, do not show any apicaI prominence at all. 
They usually have the central area provided with 
paxillae of a distinctly smaller size than those of 
the main part of the disk, but even such a difference 
in the armature of paxillae is not always present. 

The madrepor i t e  is roundish or more or less 
distinctly tangentially elongate, perhaps kidney- 
shaped with the concave side adcentrally directed. 
In grown-up specimens its diameter is slightly less 
than the length of the adjoining marginals, but in 
the juveniles it is relatively smaller. It  may lie close 
to the marginal plates, but usually it is separated 
from these by one or three (4) rows of paxillae. Its 
striae radiate from a point situated eccentrically 
near the adcentral margin. 

The adambulac ra l  ossicles of the disk are 
rather subrhomboid in contour, whereas those in 
the free arms are rather subcrescentic. Each ossicle 
bears along the furrow a series of 4-5 subequal and 
uniformly spaced spines (exceptiona!ly, on some of 
the proximal ossicles in a large specimen, there are 
6 furrow spines). The furrow spines are rather 
spearhead-shaped (lanceolate), with a constriction 
in their lower part, marking the extension of the 
connecting web, and their outer part more or less 
distinctly flattened in vertical direction, subquad- 
rangular or subtriangular in cross-section, and 
with a blunt end. On the surface of the adam- 
bulacral ossicles there are a few subambulacral 
spinelets, in small specimens e.g. often a minute 
one on the adoral part of the ossicle, and a slightly 
larger one aborally, while in large specimens there 
may be up to 5 subambulacral spinelets in a longi- 

tudinal series, and on the most proximal plates in 
addition a few more spinelets between this series 
and the furrow edge, especially on the adoral part 
of the ossicle. 

The number of adambulacral ossicles is e.g. 7-8 
in a specimen with R 6 mm and 3-4 superomargi- 
nals, 13 in one with R 10 mm and 6-7 superomargi- 
nals, 17 in one with R 18 mm and 9 superomarginals, 
27 in one with R 48 mm and 17 superomarginals, 
and 27 too in one with R 57 mm and also 17 supero- 
marginals. 

The o ra l  ossicles (fig. 6c,  d, r) bear along their 
margin a series of on an average 8 oral spines, the 
number usually varying from 7 to 9, occasionally 
being 10, and exceptionally 11-12. A specimen with 
R/r only 1417 mm thus has 12 oral spines on one 
of the oralia, whereas the others bear 9-10 such 
spines. The oral spines are shaped like the adam- 
bulacral ones. 

The surface of the oral ossicIes is naked in the 
juvenile specimens at hand, but in the larger spec- 
imens there is always a varying number of suboral 
spinelets and spines. A specimen with R 10 mm 
thus is provided with a couple of suboral spinelets; 
and medium-sized specimens usually have a few 
conical spines on the protruding part along the su- 
ture and a varying number of spinelets on the distal 
surface. In the large specimens there may be up to 
6 small conical suboral spines in a series along the 
suture, and up to 10 suboral spinelets distally. 

The primary oral ossicle is well exposed, showing 
a triangular surface, and is often provided with a 
few spinelets. 

The vent ro la tera l  a r ea  is armed with a pave- 
ment of plates, which slightly overlap in adoral di- 
rection. In the juvenile specimens these plates are 
arranged in about 4 tangential rows, in the medium- 
sized specimens in about 10, and in the largest spec- 
imens in up to 12-13 of such rows. Twelve is the 
usual maximum of tangential rows of ventrolateral 
plates, and the number may vary in different inter- 
radii. The ventrolateral plates are further arranged 
in radiating series, two and two corresponding with 
one adjoining marginal plate. The proximal and 
largest ventrolateral plates are irregularly shaped, 
whereas the more distal ones are transversely elon- 
gate or subhexagonal. Minute ventrolateral plates 
extend somewhat along the free arms, e.g. about 
half their length in a specimen with R 48 mm and 
17 superomarginal plates. The ventrolateral plates 
are still naked in the juvenile specimens with R less 
than 10 mm, but otherwise they bear a fairly uni- 



formly spaced armature of spinelets, on the prox- 
imal larger plates generally placed along the adoral 
border (e. g. in a number of about a dozen, or a little 
more, to a plate) on the more distal plates arranged 
in one or two median series, parallel to the long 
sides. 

Some specimens are seen covered with a thick, 
deciduous skin. 

TheIndian  Oceanspecimens.  (Figs. 6g-n,p-q, s; 
7a-m, o-p, 1.2,-e. Pls. 11-111): 

The Galathea Expedition collected a total of 62 
specimens of Hyphalastev inevmis in the Indian 
Ocean, viz. 14 specimens in three dredgings near 
Durban (sts. 186, 192, 193), 13 specimens in two 
dredgings near NIombasa (sts. 234,238), and 35 spec- 
imens in three dredgings near Ceylon (sts. 280,281, 
282). As was to be expected, this additional large 
material somewhat enlarges the infraspecific varia- 
tion known. 

The single specimen from st. 186 has R/r 
33/14 mm, and that from st. 192 R/r 1716 mm. The 
twelve specimens from st. 193 have R/r respectively 
1818, 24/10, 26/10, ?Ill, 31/12, 32/12, 32/13, 33/12, 
3311 2,34113, 34/14, and 36/12 mm. The single spec- 
imen from st. 234 has R/r 75/21 mm, and the twelve 
specimens from st. 238 have R/r 39/15, 44/19, ?/19, 
46/16,53/20,53/21,58/20,60/18, 6 2 / 2 0 , 6 5 / 2 0 ,  
and 70122 mm. The two specimens from st. 280 have 
R/r 1618 and 59/18 mm, that from st. 281 has R/r 
45/14 mm, and the thirty-two from st. 282 have R/r 
2011 I, 33/13, 36/14, 38/13, 43/14, 48/15, ?/17, 56/19, 
58/1 8, 621 18, 62/21, 62/22, 63/20, 64/20, 6511 8, 
67/20, 67/20, 67/21, 68/22, 68/22, 69/22, 70121, 
70121, 70121, 70125, 72/24, 74/19, 74/20, 74/23, 
75/23, 75/24, and 80124 mm. 

Several of these specimens from the Indian Ocean 
are thus distinctly larger than anyone known from 
the Atlantic. The ratio R/r varies from about 2 in 
the smallest specimen at hand up to about 3 in spec- 
imens with R about 60 mm (which corresponds to 
the largest Atlantic specimens hitherto known) and 
increases (in conformity with the positive allometric 
growth of the arms) to about 3.5 in specimens with 
R about 70-80 mm or more, exceptionally to almost 
4, as in a specimen with R/r 74/19 mm. 

The numbers of superomarginal plates and cribri- 
form organs are as follows: 

Number of 
supermarginals 

7-8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
11 (-22) 

Number of 
cribriform organs 

(51-7 
(51-7 

7-9 
7-9 
7-9 
4-1 1 
7-1 1 
9-1 1 
9-1 1 
9-11(-13) 
9-1 1 
9-1 1(-19) 
9-13 

11-15 

Eleven cribriform organs in each interradius is the 
usual maximum, but 13 to an interradius occur in 
three specimens with R 58, 62, and 70 mm, and 17, 
20-22, and 17-21 superomarginals respectively. Fif- 
teen cribriform organs are found in the interradii of 
a specimen with R/r 74/19 mm and 21 superomar- 
ginals. The extraordinarily large number of 17-19 
cribriform organs to an interradius is found in a 
specimen with R/r 67/20 mm and 19 superomargi- 
nals (pl. 111 1). The largest number of superomargi- 
nals, 22, is found in a specimen with R/r 62/18 mm. 

The superomarginals in general join their oppo- 
sites in the midline of the arms from the fifth or 
sixth pair, or, more rarely, from the seventh pair. 
In the present material the joining of the supero- 
marginals may, however, take place both more prox- 
imally as well as more distally. Pn a specimen from 
st. 193 with R/r 31/12 mm the fourth superomargi- 
nal plates thus meet their opposites for a distance 
of their length in all five arms, and in another spec- 
imen from the same haul, IP/r 26/10 mm, they do 
so in some of the arms. In the available twelve spec- 
imens from this population from st. 193, the disk 
is upon the whole relatively small, the superomar- 
ginals as a rule meeting their opposites from no. 5. 
In the population from st. 282, represented by 32 
specimens most of which are large ones, the disk 
area on the other hand is in general relatively large; 
the opposite superomarginals here usually join from 
the sixth or seventh plates, and in a few specimens, 
with R/r 64/20, 67/20, 70121, and 74/19 mm, they 
at least in some arms do not join until plates no. 8. 
In the specimen with R/r 67/20 mm (pl. IPI 1) the 
seventh pair of opposite superomarginals are sep- 
arated in all the arms by 2-3 rows of paxillae, and 
in one arm a single row of paxillae also separates 
the eighth pair of superomarginals in their whole 



Fig. 7. Hyphalaster inermis. a-b) St. 282, R/r 43/14 mm; a, arm in dorsal view, first joining superomarginals are nos. 6; b, mar- 
ginal~ nos. 5-7 in lateral view. c) St. 282, R/r 62/18 mm, (see also w-re). d-e) St. 282, R/r 74/19 mm; d, adambulacral 
ossicle no. 6; e, same spines in four times larger scale. f )  St. 282, R/r about 2011 1 mm, oral spines, (see also fig. 6 i-j). g-h) St. 
238, R/r about 53/21 mm, arm in dorsal view and in lateral view, (see also p and fig. 6 1-n). i) St. 282, R/r 67/20 mm, abnormal 
arm end. j-k) St. 193, R/r 36/12 mm; j, furrow spine seen from the adoral side; k, adambulacral ossicle no. 4. 1-m) St. 193, 
R/r ?/I1 mm; 1, adambulacral ossicle no. 4; m, furrow spine from the adambulacral ossicle no. 1 seen from the adoral side. 
n-re) Dorsal paxillae; n, st. 24, R/r 1216 mm; o, st. 280, R/r 1618 mm; p, st. 238, R/r ab. 53/21 mm; q, st. 99, R/r 57/18 mm; 
r-s, st. 24, R/r 64/21 mm; r, three paxillae in side view; s, a group of paxillae in dorsal view and with a few papulae observ- 

able; t, st. 282, R/r 64/20 mm; u-v, st. 24, R/r 64/21 mm; w-re, st. 282, R/r 62/18 mm. 
Scale: !O mm in a-d and g-i, 2.5 mm in e-f and j-E. 



length (this specimen with the unusually large disk 
area is also the one with the exceptionally large 
number of up to 17-19 cribriform organs in each 
interradius). In the population from st. 282, how- 
ever, also a specimen as large as with R/r 74/20 mm 
(pl. 111 2) may be found with the opposite supero- 
marginals no. 5 meeting, at least in part. 

The superomarginals as usual often subalternate 
to a varying degree, also in different arms of the 
same specimen. The regular quadrangular appear- 
ance of the plates may be completely lost in some 
arms, in which especially the superomarginal series 
may be broken up into triangular or irregularly 
polygonal plates. The superomarginals sometimes 
appear very slightly tumid, which may give the arm 
a somewhat annuiated appearance (fig. 6g-62) as was 
described by SLADEN (1883 p. 240) for the type- 
specimen of H. ineumis. The Indian Ocean material 
likewise includes some specimens in which a varying 
number of small rounded supplementary plates are 
inserted between the otherwise joining superomar- 
ginals (fig. 7u), generally only in the proximal part 
of the arms, but occasionally almost to the terminal 
ossicle. In one specimen from st. 282, R/r 74/23 mm, 
such plates occur in an almost continuous row for 
a distance of six succeeding superomarginals. About 
one-fifth of the specimens from st. 282 have second- 
ary dorsal arm plates. 

In the smallest specimen in this materizl, one 
from st. 280 with R/r 16/18 mm (fig. 6g), the fourth 
and fifth pairs of superomarginals are separated by 
a series of small rounded plates, in appearance simi- 
lar to the secondary dorsal arm plates of the large 
specimens, but in the present case probably to be 
interpreted as embryonic plates which have not yet 
been replaced by the paxillae of the full-grown in- 
dividual. Nor are the paxillae of the arm bases in 
this specimen fully developed, having only a few 
spinelets on the paxillar shafts which are formed 
on the not yet completely absorbed embryonic 
plates. 

In the specimens with R less than about 35 mm, 
the arm plates are generally naked, whereas in the 
larger specimens they often bear some minute gran- 
ules or granuliform spinelets, as was also the case 
in a few of the largest specimens from the tropical 
East Atlantic, described above, and in some of the 
Greenland specimens described by LIEBERKIND 
(1935). The marginal granuliform spinelets appear 
to be so easily lost that a description of their distri- 
bution may often be very uncertain. Where best 
developed, this armature of spinelets is found as a 

single series all way round along the margins of the 
arm plates, and thus at the vertical sutures gives the 
impression of a rudimentary cribriform organ with 
yet only two series of papillae. The marginal spine- 
lets, however, are in general confined to the more 
proximal arm plates, though in some specimens they 
may occur to the arm end. In many specimens they 
are developed only along the aboral vertical margins 
(of the inferomarginal as well as of the superomar- 
ginal plates). In others they are developed also along 
the adoral vertical margins (here always being of a 
smaller size) and along the ventral margin of the 
superomarginals. Only more rarely do they occur 
also along the dorsal margin of the inferomarginals, 
and only rather exceptionally do they form the con- 
tinuous series all around along the margins of both 
superomarginal and inferomarginal plates. 

Some of the inferomarginals of the arms in the 
single specimen from st. 234, R/r 75/21 mm, bear 
medially near the ventral margin one or a few spine- 
lets (or minute spines), slightly larger than the neigh- 
bouring ventrolateral spinelets (fig. 6p). It  is prob- 
ably a character attained with age, but is not seen 
in any of the other specimens at hand. 

The arms of the larger specimens of Hyphaluster 
apparently are frequently subject to damage in the 
living animal, since in the present material several 
specimens are observed with arms in different stages 
of regeneration. One specimen from st. 282, with 
R/r 56/19 mm and 16 superomarginals, has once 
lost an entire arm, and the wound has then healed 
by the marginal plates closing over it, so that the 
specimen now appears with an almost regularly 
quadrate disk with an arm extending from each 
corner (pl. XI11 4). Probably also the peculiar ab- 
normality to be described on p. 69, of the arm ends 
being bent back and fused with the more proximal 
part, is to be assigned to a regeneration after an in- 
jury. The specimen from st. 234 with R/r 75/21 mm 
has the single preserved arm furnished with two 
terminal ossicles, one above the other, and also this 
may be due to an irregular regeneration. 

The number of c r ibr i form o rgans  by different 
lengths of R has been recorded above. The largest 
of the specimens at hand, R/r 80124 mm, has 13 
cribriform organs in some interradii, and 12 in the 
others. The specimen with R/r 67/20 mm and 19 
superomarginals, which meet from pairs no. 8 (pl. 
111 1) has in each interradius 13-15 fully developed 
cribriform organs, reaching from the dorsal to the 
ventral side of the disk, and to each side of this 
series two additional, rudimentary ones. The spec- 



imen thus shows the unusual feature of having 
cribriform organs formed also around the vertical 
suture of a set of marginal plates belonging to the 
arm. The rudimentary organs are best developed at 
the horizontal suture, the proximal one reaching to 
the ventral but not to the dorsal side of the disk, 
and the distal one, with up to 6 rows of papillae, 
reaching only to about the middle of either series 
of marginals. 

The largest cribriform organs comprise up to 
about 24 series of papillae, and in some specimens 
the median ones merge in part with their neighbours 
at the dorsal edge of the marginals and possibly also 
at the horizontal suture. In a specimen with R/r 
70121 mm and 13-14 cribriform organs, the 9-11 
median ones t h ~ ~ s  are in contact medially, at the 
horizontal marginal suture, and dorsally close to 
the disk, thus leaving free only a triangular patch 
on the lower part of the inferomarginals, and a dia- 
mond-shaped patch on the median part of the 
superomarginals. Usually, however, the cribriform 
organs are well separated. 

The t e rmina l  ossicles carry also in the large 
specimens of the present material typically 3 fairly 
short spines. (In some of the larger specimens it 
looks as if the terminal spines have been worn down 
in the living animal, which cannot be stated with 
certainty, however, since these spines are so easily 
lost, and thus may have bcen lost during drcdging 
or later during the handling of the specimens). 
Sometimes, but rarely, there are two pairs of sub- 
terminal spines, thus 5 terminal spines in all. The 
terminal ossicle may be rather conspicuous also in 
some of the largest specimens at hand. 

One specimen from st. 282, R/r 67/20 mm, shows 
a peculiar abnormality in two of the four arms 
preserved. The distal arm end is bent up and back- 
wards for a length of about 1 cm and coalesced 
with the dorsal side of the arm (fig. 7i, pl. XI11 3), 
the outermost part of the ambulacral furrow thus 
being dorsal to the arm end, and the terminal ossicle 
becoming pushed in between the opposite supero- 
marginals as a triangular "plate", its adoral end 
(the distal end of the normal ossicle) being low and 
flush with the superomarginals, while the aboral 
end is elevated and bears a pair of spines (the sub- 
terminal ones, whereas no trace is found of the 
distal terminal spine). 

The largest paxi l lae  bear in the specimens with 
R up to about 40 mm, from 10 to about 15 (excep- 
tionally 20) spinelets. In specimens with R 60 mm 
or more, the largest paxillae carry from about 10- 

12 to 20-25 spinelets (fig. 78, w-E), sometimes, as in 
the specimen with R 80 mm, even up to about 30 
spinelets. The specimen from st. 234, with R/r 
75/21 mm, e. g. has the paxillae provided with from 
about 6 to 12 spinelets, in the small paxillae in a 
circular crown, in the large ones with a central 
spinelet surrounded by a circle of peripheral ones. 

P apu l  a e are as usual in the porcelfanasterids 
rarely observable. In the specimens in which they 
are seen they are present in a slightly larger number 
than the paxillae, each paxillae e. g. being surround- 
ed by 5-6 papulae, and each papula being found in 
the space between three adjoining paxillae. 

A short ap i ca l  appendage  is present in some 
of the small specimens, and in the others there is 
an apical cone. An apical cone is often present in 
the large specimens too, thus also - though a very 
low one - in the largest specimen, with R 80 mm. 
Otherwise there is in the large specimens merely a 
small central area with smaller paxillae. 

The madrepor i t e  shows no deviations from the 
appearances found in the Atlantic material de- 
scribed. 

The adambulac ra l  a r m a t u r e  (fig. 6k-n, q, s) 
is as a rule as described for the Atlantic material, 
with 4-5 subequal lanceolate furrow spines, and 
some spinelets in an irregular row along the inter- 
radial margin of the adambulacral ossicles; but the 
number of furrow spines may vary from 3 to 6, and 
there may be only a single (or perhaps none) sub- 
ambulacral spinelet. A few specimens with R rang- 
ing from 39 to 74 mm thus have only 3 furrow 
spines on some or on most of the adambulacral 
ossicles of the disk area, whereas the adambulacral 
ossicles in the arms usually have 4-5 furrow spines. 
As a general rule the adambulacral ossicles of the 
free arms have either the same number of furrow 
spines as those of the disk, or one more, and the 
few ossicles found with 6 furrow spines therefore 
always belonged to the free arms of fairly large spec- 
imens, R 58-74 mm. 

The furrow spines are generally spearhead-shaped 
(fig. 7e) with a conical basal part, a constriction to 
where the web connecting them reaches, and a 
longer obtusely pointed distal part which is flat- 
tened in a direction vertical to the furrow (in c~oss- 
section being subrectangular, subtriangular, or sub- 
crescentic). In about one-third of the specimens 
from st. 193 (R 30-36 mm) however, all the furrow 
spines, and also the oral spines, have the distal part 
much broader, thus assuming the appearance of a 
handmirror (fig. 71-m; pl. I11 4). The ventral appear- 



ance of these specimens becomes very characteristic 
through this feature, but it is evident that it is only 
an individual variation, since the other specimens 
of the same population are provided with furrow 
spines of the usual spear-head shape (fig. 7j-k; 
pl. I11 3) or, in one case, of an intermediate shape. 

The subambufacral armature is best developed 
on the ossicles of the proximal part of the free arms, 
on which there may be about ten spinelets arranged 
in two irregular longitudinal series. In small spec- 
imens, the adambulacral ossicles of the disk area 
may sometimes have yet only a single, always ado- 
rally placed spinelet developed on their surface, so 
also a specimen with R 48 mm from st. 282 (in 
which some ossicles even appear completely naked); 
and specimens as large as R 70 mm may have only 
a couple of subambulacral spinelets. In the young 
specimens the subambulacral spinelets may appear 
relatively larger than in the older ones. 

The number of adambulacral ossicles in relation 
to the size of the specimens and the number of 
superomarginal plates appears from the following 
examples : 

Number of Number OF 
R superomarginalia adambuiacralia 

16 mm 7- 8 13 
17 mm 9 17 
20 mm 10-11 17 
33 mm 12 21 

38-46 mm 14-16 24-26 
48 mm 16-17 27-29 

53-60 mm 14-19 27-32 
62 mm 20 33-34 

64-70 mm 17-2i 32-35 
74 mm 19-21 36-38 
80 mm 20 34 

In fairly expanded specimens the end of the am b u- 
lacral  ossicles may be seen between the adam- 
bulacral ones also in the proximal part of the arms. 

The ora l  ossicles (fig. 6 k-1) generally carry 7 or 
8 marginal spines, of which the proximal one is 
about twice as large as the others. Exceptionally 
some oralia bear only 6 marginal spines, and other 
oralia may be found with 9 or even 10 marginal 
spines. Ten marginal oral spines are thus found in 
the large specimen with R 80 mm (the number of 
oral spines here varying from 8 to 10) as well as in 
a specimen with R only 17 mm. 

The suboral armature consists of a varying num- 
ber (up to about half a dozen) of short conicil 
spines along the sutural margin, and further of a 
varying number of spinelets on the distal part of 
the ossicle. In the small specimens there may still 

be only a few spinelets. In the Iarge specimens a 
suboral armature is usually well developed; and 
the proximal of the spines at the sutural margin 
may attain a length subequal to that of the large 
proximal oral spine, so that the pair of oralia form- 
ing a jaw, seems to be provided with a small cluster 
of mouth-spines. (Sometimes the suboral spines are 
found not on the oral ossicles proper, but on the 
skin extending over the suture. This must be due to 
an abnormal turning of the oralia in the preserved 
specimens and a contraction of the integument). 

The marginal oral spines are - like the adambula- 
cral ones - typically spearhead-shaped, as was also 
the case in the Atlantic material. In 3 of the 12 spec- 
imens from st. 193 they are, however, (like the 
adambulacral spines here) much broader, hand- 
mirror- or shovel-shaped, whereas they are of an 
intermediate appearance in a fourth specimen. 

The primary ora l  ossicle may occasionalXy be 
armed with a few spinelets, as was also to be ob- 
served in some Atlantic specimens. One specimen 
from st. 282, with R about 68 mm, has all the pri- 
mary oral ossicles provided with a number of spine- 
lets similar to those occurring on the ventrolateral 
plates. Another specimen from the same population, 
with Rlr 70121 mm, has minute spinules on one of 
these ossicles, whereas the four others are bare. 

The ventrola tera l  plates are in the present 
large specimens arranged in from 12 to 14, excep- 
tionally up to 16 tangential rows, and 14 such rows 
are e. g. also found in a specimen with R only 58 mm. 
Small ventrolateral plates often extend in a narrow 
strip almost to the end of the arms. When the inte- 
gument is preserved, the ventral area with the rather 
uniform covering of spinelets has a velvet-like ap- 
pearance. Fairly distinct radiating spineless ridges 
often extend between the double radial rows of ven- 
trolateral plates, from the adambulacralia to the 
marginal sutures. 

Notes on the Pacific specimens: 
The Galathea Expedition also collected a few spec- 

imens of Hyphalaster inevmis in two dredgings in 
the Kermadec Trench north of New Zealand (sts. 
664 and 668). 

The two specimens from st. 664 have R/r 62/20 
and about 2319 mm respectively, (the latter speci- 
men is very damaged). The one from st. 668 has 
R/r 1315 mm. 

The specimen with R/r 62/20 mm has 21 supero- 
marginals, which join from nos. 7(-8), and 12-13 
cribriform organs of which some may coalesce at 



the horizontal suture. That with R/r about 2319 mm 
has 13-14 superomarginals (a rather high number), 
which join from nos. 6(-7), and 3-1 1 cribriform or- 
gans. The other with R/r 1315 mm has 8 supero- 
marginals which join from no. 5, and 9 (+ 2 rudi- 
mentary) cribriform organs. The marginals of the 
arms are naked in all the specimens. The terminal 
ossicles bear 3 spines. 

The paxillae carry 9-18 spinelets in the large spec- 
imen, up to 8 spinelets in the medium-sized one, 
and 2-5 spinelets in the small one. The madreporite 
in the large specimen e.g., is transversely oval with 
the furrows radiating from an adcentral point. 
There is a short apical appendage in the small spec- 
imen, and a distinct apical cone in the medium- 
sized one. 

The ambulacrat armature consists proximally in 
the large specimen of 4. furrow spines and about 
3 subambulacral spinelets, and in the arms of 4- 
5 furrow spines and 4-5 subambulacraI spinelets. 
The same applies to the medium-sized specimen. 
In the small specimen there are 3(-4) furrow spines 
and a couple of subambuiacral spinelets, which here 
appear relatively larger than in the other specimens. 
The number of adambulacra! ossicles in the spec- 
imens is 32, 22. and 12 respectively. 

The oral armature consjsts in the large specimen 
of 7 marginal spines and about 3 suboral ones aloag 
the suture. besides up to 5 spinelets on the distal 
surface. The medium-sized specimen has 7 marginal 
spines (on one ossicle 8), and 2 suboral ones at the 
suture and about 4 suboral spinelets distally. The 
small specimen has 7-8 marginal spines, and subo- 
rally 2 small spines at the suture and a single spine- 
let distally. 

The ventrolateral plates are arranged in 14-15, 
10-1 I ,  and 5 tangential rows respectively. In the two 
larger specimens they carry 5-9, in the small one 
up to 5 granuliform spinelets. In the large specimen 
the ventrolateral plates extend almost to the end 
of the arms, to the inferomarginals no. 18. 

Bio logica l  remarks :  
The stomach content of these specimens of Hy- 

phalastev is the usual mud, presumably rich in bac- 
teria, and with foraminiferans and various other 
organic items. A small twig, 23 rnm long and 1 mm 
thick, was e. g. removed from the stomach of a 
specimen from st. 282 with R abot 65 mm. 

A few eggs, 0.5-0.6 mm large, were found in the 
otherwise almost emptied gonads of a fairly large 
specimen from st. 238. 

Ascot  h o r aci  d s were found in two specimens 
from st. 282 and in one from st. 52. Another spec- 
imen, from st. 30, shows a large calcified tumor 
ventrally, which probably also indicates the pre- 
sence of an ascothoracid parasite. Larvae in the 
cypris-stage were found attached to the dorsal side 
of one of the specimens from st. 282. 

Myzostoma specimens were found on three me- 
dium-sized specimens from st. 52. and on a large 
one from st. 282. They were found attached to the 
dorsal side, to the marginal plates, as well as to the 
ventral side. 

Discussion:  
All the 109 specimens of Hyphaluster s.str. col- 

lected by the Galathea Expedition in a total of 15 
different dredgings, scattered over the tropical east- 
ern Atlantic, the Indian Ocean, and the south-east- 
ern Pacific, shall have to be grouped in a single spe- 
cies, as is evident from the descriptions given above. 
The study of the present material has confirmed 
that LIEBERKB~D was right in considering all the 
hitherto recorded Atlantic specimens of Hyphalaster 
as of one species only (H.pavJaiti Perrier, 1 885), but 
it has further led to the conclusion that this species 
is the same as the H.inermis described by SLADEN 
in 1883 on specimens from off Japan. 

SLADEN states in the original description of 
H.inevmis that "The adambulacral plates join up 
to the infero-marginal plates along the whole length 
of the free portion of the ray, and there is conse- 
quently no extension of the interbrachial area along 
the ray". As described above, ventrolateral plates 
have been found extending a varying distance down 
the free arms of the examined larger specimens, but 
the feature is in part one of age, and smaller spec- 
imens of e. g. the same size as the type-specimen, 
R about 20 mm, may have the ventrolateral plates 
restricted to the actual disk area. SLADEN mentions 
that "A slight elevation of the surface is present in 
the median radial line, opposite the base of each 
ray, and about a third of the distance from the 
margin to the centre". These radial elevations are 
very distinctly shown in the published figures, and 
the present author has not seen any specimens 
which really do show a similar dorsal aspect. But 
this appearance cannot be considered of any tax- 
onomical importance; probably the type-specimen 
of H.inermis is with an empty stomach, and with 
the disk area contracted to such a degree that the 
skeleton around the closed ambulacral furrows has 
caused the said dorsal radial elevations. 



Dis t r ibu t ion :  
Hyphalastev inermis is recorded from twenty 

dredgings in the northern and the tropical part of 
the Atlantic, from eight dredgings in the Indian 
Ocean, and from four dredgings in the Pacific. 
(Fig. 31). It  is noteworthy, however, that it has not 
been taken in any of the rather numerous abyssal 
dredgings in the eastern Pacific along the American 
coasts. Its known bathymetrical range is from 2278 
to 5413 m (7 finds in less than 3000 m, 11 between 
3000 and 4000 m, 9 between 4000 and 5000 m, and 
5 in more than 5000 m). It  has been found on bot- 
toms of mud, globigerina ooze, and calcareous clay, 
and at temperatures ranging from l . l°C.  to 3.9OC. 

Hyphalaster giganteus Macan, 1938 

MACAN 1938 pp. 331-333, pl. 13, 7. 

The description of this species is based on a single 
specimen dredged by the John Murray Expedition 
in the Arabian Sea near the Carlsberg ridge (st. 171 : 
about 9"08'N, 53"30'E, 3840-3872 m). It  has R/r 
82/24 mm; 26 superomarginals, the distal 21 in con- 
tact with their opposites; 9 cribriform organs; disk 
with uniform paxillae with a whorl of 7-9 spinelets 
surrounding 1-2 central ones. No apical cone. 
Adambulacralia with 4-5 conical furrow spines and 
two subambulacral spinelets. Oralia with 7-8 mar- 
ginal spines and 5 suboral granules. The ventro- 
lateral plates devoid of granules or spines. 

MACAN notes that the adambulacral ossicles are 
mostly badly damaged. It may be inferred, there- 
fore, that the whole ventral side of the specimen is 

genous deposits); further was taken a juvenile one 
with R/r only 614.5 mm. 

The large specimens have 8 superomarginals, 
higher than long, joining their opposites from no. 5. 
Five cribriform organs. A conspicuous terminal os- 
sicle with 4 small spines, viz. a dorsal median one 
besides the usual 3. Small close-set paxillae with 1 
central and 6-7 surrounding spinelets. A small apical 
cone. Adambulacralia with 3 fairly short conical 
and pointed furrow spines, and 2 rather similar sub- 
ambulacral ones. Oralia with about 6 spines margin- 
ally, 3-4 smaller spines suborally along the suture, 
and 2-3 spinelets on the main surface. Ventrolateral 
plates with conical spinelets. 

The juvenile specimen has 3 superomarginals and 
3(-4) cribriform organs. A conspicuous terminal os- 
sicle, broad and with a proximal notch, with 5 
spines, a large distal terminal one, a pair of smaller 
subterminal ones, and a granuliform spinelet later- 
ally to each side. A small apical cone. The dorsal 
side with scattered embryonic plates with 1-2 spine- 
lets, and otherwise covered by large granules. Adam- 
bulacralia (in a number of 7) with 4 large and flat- 
tened furrow spines (in the arms 3 or 2) and 1-2 sub- 
ambulacral granules. Oralia with 6 marginal spines 
and 2-3 suboral granules. Ventrolateral plates with 
a few granules. 

This species is near H. inevmis, but seems distin- 
guished by having larger subambulacral spines, and 
further by having relatively fewer superomarginal 
plates, and more armed terminal ossicles. 

Abyssaster gen. nov. 
poorly preserved, and that the description of the 

Type-species : Hyphalaster tava Wood-Mason & Al- 
ventrolateral area as being without spines, perhaps 

cock, 1891. 
may not have applied to the intact individual. If 

Syn. Hyphalaster Sladen pars. 
this is the case, H.giganteus is only a large specimen 
of the species H.inermis with which, as also noted This new genus is erected to receive three species 
by MACAN, it otherwise agrees in all described char- which were formerly included in the genus Hyphal- 
acters. Specimens of H.inermis of a similar large aster, viz. diadematus Sladen, 1883, planus Sladen, 
size were also taken by the Galathea in the Indian 1883, and tava Wood-Mason & Alcock, 1891. Of the 
Ocean. The specific validity of H.giganteus at any two former species only a few specimens are known, 
rate needs confirmation by additional material. whereas several specimens are recorded of the third. 

This species, therefore, has been chosen as the type 

Myphalaster scotiae Icoehler, 1907 of the genus. 

MOEHLER 1907 p. 144- (nom. nud.), 1908 pp. 562-565 
Diagnos is :  

(226-2291, 660, 77142. Porcellanasterids with opposite superomarginals 
This species is described from two specimens with separate to terminal ossicle. All superomarginals 
R/r 15.518 and 20110 mm, dredged by the Scotia unarmed. A mid-interradial suture. Cribriform or- 
Expedition in the Atlantic sector of the Antarctic gans (3-5) confined to disk marginals. Each oral 
(71°22'S, 16"34'W, 2580 m, blue mud and terri- ossicle with a proximal, enlarged mouth-spine. 

72 



Descript ion:  
The specimens of this group have a subpentagonal 

disk and fairly broad arms which are only slightly 
tapering. The ratio R/r ranges from less than 2 in 
the small specimens to about 2.5 in the largest 
known, with R about 35 mm. The terminal ossicle 
is distal to the arm end, fairly conspicuous, and with 
from 3 to several spines. The inferomarginals of the 
arms are only slightly lower than their superomar- 
ginal companions. In well expanded specimens with 
full stomachs, the marginals form a perpendicular 
contour to disk and arms, whereas in contracted 
specimens with the stomach empty, the superomar- 
ginals arch over the dorsal side, so that the oppo- 
sites in the arms may touch each other above the 
sunken and wrinkled dorsal integument. The dorsal 
disk area proper is beset with crowded paxillae, 
arranged with more or less regular radial (perhaps 
also interradial) patches of large ones among the 
main uniform armature of smaller ones. There is 
an apical appendage, also often in the larger speci- 
mens, or at least a distinct apical cone. The inte- 
gument of the arm bases and the arms is armed 
with a plating of rounded scales. The jaws show a 

prominent broad keel formed by the interradial 
part of the two oralia, which meet proximally and 
medially, with a fairly broad suture between these 
places of contact. Each oral ossicle carries a series 
of up to 7 marginal spines, the proximal one the 
largest, and possibly some spinelets or granules on 
its surface. The exposed surface of the primary oral 
ossicle is in the type-species of a transverse narrow 
appearance. The adambulacralia are subrhomboid 
or subcrescentic, with an outward curved furrow 
margin and 4-7 furrow spines (in the type-species 
flattened lanceolate). The furrow spines form to- 
gether a wavy continuous series along either side of 
the narrow furrow. There is generally no subambu- 
lacral armature, though some of the proximal adam- 
bulacralia may bear a few granules adorally on 
their surface. The ventrolateral area is paved with 
scales, which distally are arranged in radiating rows, 
corresponding two and two with a marginal plate, 
and which in the large specimens are armed with 
spinelets or granules, as is also the surface of the 
oralia and the adambulacralia. In the arms there is 
only a narrow strip of naked integument between 
the adambulacralia and the inferomarginalia. 

Key to the species of Abyssastev Page 

1 a. Three cribriform organs. Furrow spines flattened, Ianceolate . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tava 73 
1 b. More than three cribriform organs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  diadematus and planus 80 

Abyssaster tara (Wood-Mason & Alcock, 1891) scribed. The somewhat schematic figure may seem 
Figs. 8-9. P1. IV. to indicate the presence of paxillae, but errone- 

Hyphalastev tava n. sp., WOOD-MASON & ALCOCK 
1891 b pp. 434-435, fig. 11. 

Hyphalastev tava, ALCOCK 1893 p. 86. 
Hyphalastev tava, MACAN 1938 pp. 329-331. 

This species was described from a material (num- 
ber of specimens not stated) obtained by the Investi- 
gator in two dredgings in the Bay of Bengal (st. 110 : 
9"34'N, 85O43' E, 3650 m, globigerina ooze, 1.7"C.; 
and st. 117: 1 1°58'N, 88"52'E, 3200 m, blue mud, 
1.8"C.). 

The type-specimen has R/r about 1819 mm, jud- 
ging from the figure; 6 superomarginals, which are 
unarmed and according to the description "hardly 
meet in the middle line along the ray"; 3 papilliform 
cribriform organs; terminal ossicle fairly large and 
with 4 spines, a dorsal median one besides the usual 
3. Disk with small paxillae with 3-4 spinelets, and 
five radial bands of larger paxillae with 10-15 spine- 
lets. (The dorsal armature in the arms is not de- 

ously, since the Galathea specimens show a pave- 
ment of naked plates). The type-specimens has a 
well developed apical appendage. Adambulacralia 
with a fan-like comb of 5-6 compressed lanceolate 
furrow spines. Oralia with 7 compressed lanceolate 
marginal spines, of which the proximal one is much 
enlarged. Ventrolateral plates broad, imbricating 
("in ab. nine columns parallel to radial axis"), and 
with deciduous spinelets. 

MACAN (1938) records and describes 15 speci- 
mens collected by the John Murray Expedition in 
the Arabian Sea near the Carlsberg ridge (st. 171: 
about 9"08'N, 53"3O1IE, 3840-3872 m). The dimen- 
sions of seven of these specimens are given as R/r 
2018 to 25/12 mm. MACAN notes that "there are 
6 superomarginals of which the distal 4 are in con- 
tact with their opposites down the length of the 
ray," (but as will appear from the description of the 
Galathea material, this applies only to abnormally 
contracted specimens). There are 18-24 large paxillae 



in each radial group, arranged in 3 irregular rows. In 
one of the large specimens, the enlarged paxillae are 
distributed in more groups in each radius, and fur- 
ther there may be two rows of larger paxillae near 
the margin of the disk. The adambulacralia bear 
5-6 flattened triangular furrow spines. The oralia 
carry 8-9 marginal spines, and in one specimen there 
are further 5 suboral granules, whereas the oralia 
in the other specimens have a naked surface. The 
ventrolateral plates are stated to be devoid of spi- 
nes. Eight small specimens have R 6-12 mm, 3-4 
superomarginalia, 4-6 ft~rrow spines, and 3 terminal 
spines only. 

The G a l a t h e a  mater ia l :  
A total of 62 specimens of Abyssaster tara were 

collected in the Indian Ocean in four different 
dredgings, off Durban, in the Mozambique Chan- 
nel, off Kenya, and off Ceylon respectively, viz. 

St. 193. 32"34'S, 31 "5293, 3680 m, 1. 1 "C., globi- 
gerina ooze. 3 specimens. 

St. 217. 14"2QfS, 45"09'E, 3390 m, 1.6"C., globi- 
gerina ooze. 3 specimens. 

St. 238. 3"23'S, 44"04'E, 3960 m, 1.8"C., globi- 
gerina ooze. 33 specimens. 

St. 282. 5"32'N, 7g041'E, 4040 m, 1.5"C., black- 
ish mud. 23 specimens. 

R/r range in the specimens from st. 193 from 1617 
to 1819 mm, in those from st. 217 from 13/5 to 
2019 mrn, in those from st. 238 from 1116 to 
35/15 mm. and in those from st. 282 from 1216 to 
28/12 mm. The specimens from the two latter sea- 
tions supplement each other as regards size, 22 of 
the 23 specimens from st. 282 ranging from W/r 
1216 to 23/10 mm, and 31 of the 33 specimens from 
st. 238 ranging from R/r 26/11 to 35/15 mm. It  
therefore seems appropriate to describe the avail- 
able specimens of these two populations separately. 

The popu la t ion  f r o m  st. 282, oE Ceylon, in the 
vicinity of the type-locality: 

These 23 specimens have R/r as follows: 1216, 
12.516, 12.516.5, 1317, 1317, 1417, 1417, 14/8: 1517, 
1518, 1618, 1717, 1717, 1718, 1818, 1918, 1919, 19/10, 
2019, 2119, 22/11, 23/10, and 28/12 mm. The ratio 
R/r thus ranges from about 1.7 to 2.4. It  is 5 2 in 
specimens with R up to 16 mm, 7 2 in specimens 
with R 17-23 mm, and 2.4 in the large one with 
R 28 mm. 

The superomargina l  p la tes  (fig. 8a, i, s) are 
subquadrate or slightly longer than high and show 

a granulated surface. Their number ranges in these 
specimens from st. 282 from 4 to 6. Four supero- 
marginals may be found in specimens up to a size 
of R/r 1717 mrn, but 5 is otherwise the usual num- 
ber of superomarginals in the medium-sized and also 
in the smaller specimens available. When only 4 
superomarginals are present, also the distal one is 
well developed and reaches up on the dorsal side 
of the arm in front of the terminal ossicle. If there 
are 5 superomarginals, the distal one is situated in 
its whole length below the terminal ossicle, and still 
rudimentary and triangular. Also specimens as large 
as R/r 2211 1 mm may have only 5 superomarginals 
in one or more arms, but the distal one is then al- 
ways well developed. Six superomarginals is other- 
wise the usual number in the specimens with R/r 
1919 mm or more, and 6 superomarginals may also 
be found in specimens with R/r only 1517 mrn. 

The inferomarginals are typically situated exactly 
below their superomarginal partners, in the arms 
they may however, in some cases be somewhat dis- 
placed in relation to these. Towards the end of the 
arms the inferomarginals become gradually lower 
than the accompanying superomarginals, so that 
distally they are only about one-third as high as 
these. Often there is one additional inferornarginal 
plate at the tip of the arm. 

The cr ibr i form organs  number 3 in each arm - 
angle; they arc of papilliform structure; and also 
the papillae of the outer covering series are small. 

The t e rmina l  ossicle is conspicuous, of a 
rather obtuse globular appearance, and usually 
with a faint proximal notch, though also sometimes 
with the proximal margin simply rounded. It is dis- 
tal to the arm end, and distinctly larger than this. 
Typically the terminal ossicle is provided with 4 spi- 
nes (fig. 8a): a distal terminal one, a pair of sub- 
terminal ones, and a proximal dorsal and median 
one. This latter spine may be absent, and the ter- 
minal ossicle with only 3 spines, which is the case 
in a specimen with R/r 1418 mm, but it may also 
be substituted by a group of a few spinelets or by 
a pair of spines, one to either side of the median 
line, or supplemented by such a pair (fig. 9a, c). 
Sometimes there may even be several additional 
spines on the terminal ossicle, e.g. a spine laterally 
to either side of the distal terminal one, or two or 
even three pairs of subterminal spines (fig. 9e). The 
proximal median dorsal spine may be accompanied 
by a few spinelets adorally, and there may be, as 
e. g. in the largest specimen, a series of minute spine- 
lets along the lateral ventral margin (fig. 9h). 



Fig. 8. Abysaaster taua. a-f) St. 282, R/r 12.515 mm; c, paxillae from near the arm base in four t~mes  the usual scale; e, adam- 
bulacral ossicle no. 4; f, arm end showing the adambulacralia nos. 7-8. g) St 282, small specimen, adambulacralia nos. 1-2. 
h-j) St. 282, R/r 1317 mm, with four cribriform organs in one interradius; h-i, same arm in dorsal view and in lateral view. 
k) St. 238, R/r  13/7 mm. I) St. 238, R/r 34/13 mm, adambulacralia nos. 1-2. m) St. 282, r ab. 7 mm. n-o) St. 282, r ab. 9 mm. 
p) St. 282, R/r 28/12 mm. q-v) St. 282, R/r  23/10 mm; q-r, one of the larger paxillae and a group of the smaller ones in four 
times the usual scale; s-t, same arm in lateral view and in dorsal view; v, adambulacral ossicle no. 9. x) St. 238, R/r 33/15 mm. 
y) St. 238, R/r 35/14 mm. z) St. 238, R/r  29112 mm, paxillae in lateral view, from a tangential line across the disk, showing 

four enlarged ones and to either side of these the usual smaller ones. 
Scale: 10 mm (in c, q,r, and z 2.5 mm). 



The central and interradial part of the d isk  is 
covered with paxillae, extending as far as to a line 
connecting the distal end of the second superomar- 
ginals, whereas in the arm bases and the arms there 
is a plating of small rounded plates; the distal ones 
slightly, or sometimes distinctly larger, and further, 
more spaced than the proximal ones. The stretch of 
integument in the arms is in fairly well expanded 
specimens about half as broad as the terminal os- 
sicle and usually very conspicuous, but in contracted 
specimens the thin skin of the arms may be sunk 
and the superomarginal plates almost or actually 
meeting their opposites above it. This, however, is 
an artificial state. 

The species tava has the arms similar to those in 
SLADEN'S plalzus and diadematus, which two species 
it also resembles in other respects. From the type- 
description of tava and from the figure published 
one might, however, get the impression that tara 
had an armature of paxillae also in the arm bases, 
and unfortunately MACAN gives no description of 
the arm armature in his material from the Arabian 
Sea. Since all other characters agree, it cannot be 
doubted, however, that the present material re- 
presents the species described by WOOD-MASON & 
ALCOCK. 

The paxil lae of the main part of the disk are 
small and generally provided with 3-4 spinelets, this 
also in the large specimens at hand. The number of 
spinelets on a paxilla may vary, however, from 2 
to 6. Further there are radially arranged groups of 
larger paxillae, yet hardly discernible in a few of 
the small specimens (the paxillae in the radial groups 
here being still only little larger than the others), but 
already very prominent in other equal-sized small 
specimens. The patches of enlarged paxillae are 
more or less distinctly elongate in radial direction, 
extending a short distance from the center of the 
disk to usually about the middle of the second 
superomarginals (fig. 8 t) .  In specimens with R/r 
1317 to 1418 mm the paxillae included in each group 
number about 7-10 in radial direction and 2-3 across. 
In the largest specimens the groups of enlarged pax- 
illae likewise number only up to 3 paxillae across, 
but here there are usually 15 or more paxillae in 
radial direction. The enlarged paxillae are of diverse 
sizes within the patches as well as in the different 
specimens. In a specimen with R/r 23/10 mm the 
largest paxillae carry up to 16 spinelets. 

The paxillar bases form a close pavement in the 
radial groups of enlarged paxillae, whereas the bases 
of the other and smaller paxillae of the main part 

of the disk are spaced. In the present specimens the 
larger paxillae are often found with their distal part 
broken off, and then they appear as elongate patches 
of subhexagonal plates. The smaller paxillae gener- 
ally have their shafts preserved though they may 
have lost their spinelets. The reason why the en- 
larged paxillar shafts are more easily broken than 
the smaller ones is that they have a marked con- 
striction above the lower part which is attached in 
the integument. In some of the large specimens, 
more or less enlarged paxillae are found besides in 
the radial groups also along the margin of the disk, 
close to the marginalia or separated from them by 
a single row of smaller paxillae, and further around 
the madreporite. 

All the specimens at hand have a distinct ap i ca l  
append  age, provided with very minute plates each 
with one or two minute spinelets. 

The madrepor i c  body is subcircular or some- 
times transversely oval; in general with the largest 
diameter about equal to, or a little less than the 
length of the adjoining marginalia, and with the 
striae typically radiating from a point quite near 
the proximal margin. In one specimen, however, it 
is slightly larger in radial than in tangential di- 
rection, and has the striae radiating from an only 
slightly eccentrical point. The madreporite may lie 
close to the marginals, or is separated from these 
by one or sometimes two series of paxillae. 

Papu lae  occur interradially on the disk, but are 
usually not observable. 

The adambulac ra l  ossicles number 10-11 in 
two specimens with R/r 12.516-1317 mm, 14 in one 
with R/r 23/10 mm, and 16 in one with R/r 28/12mm, 
the number of superomarginals being 5, 6, and 6 re- 
spectively. The adambulacralia of the disk area (fig. 
8j, x) are rather elongate, with an outward curved 
furrow edge with a comb of generally 5-6 flattened 
lanceolate and pointed furrow spines which are 
more or less distinctly curved in abradial direction 
and have the appearance of segmental papillae at a 
segmental pit, which extends the whole length of 
the adambulacral ossicle, and is very distinct on 
them all, except the distal rudimentary ones below 
the terminalia. The number of furrow spines occa- 
sionally is only 4, as e.g. in a specimen with R/r 
1717 mm, or as many as 7, as e. g. in the two largest 
specimens, with R/r 23/10 and 28/12 mm. In general 
there is no subambulacral armature, but some of 
the most proximal adambulacral ossicles in the larger 
specimens may adorally on their surface be provided 
with a single or sometimes 2 or 3 granules. 



The ora l  ossicles of each pair forming a jaw 
(fig. 8 d, j, m-o, p, u) are separated by a broad suture 
and are widely divergent distally where they expose 
the very broad primary oral ossicle. Each oralia has 
at its proximal end a large slightly flattened blunt 
or pointed mouth-spine, and bears along its lateral 
margin a series of from 3 to 8(-9) smaller spines, 
the distal ones being larger than the proximal ones. 
The proximal one to three of these lateral oral spines 
are often rather spiniform, whereas the more distal 
ones are distinctly flattened, broad, pointed or blunt, 
and appear as a series of segmental papillae (see 
p. 42). 

In the small specimens the number of marginal 
oral spines, inclusive of the large proximal one, is 
generally 6-7, but may be only 5-6, as e. g. in a spec- 
imen with R/r 1618 mm, or 4-5, as e.g. in a spec- 
imen with R/r 1717 mm. In the large specimens, 
with R/r 1919 mm or more, there may be from 6 to 
8 oral spines. In the largest specimen available, R/r 
28/12 mm (fig. 8p), there is even a marginal series 
of up to 9 spines; and close to the large mouth- 
spine there may be two additional, slightly smaller 
spines, below and above it respectively. On the ven- 
tral surface of the oralia this specimen may further 
have a conical spine medially at the suture, and 1-2 
granules distally. There may also be a small spine 
on the inner side of the oral ossicle facing the oral 
cavity. 

The vent ro la tera l  a rea  is covered with a pave- 
ment of scales arranged in tangential rows, 6-7 in 
the small specimens and up to 9-10 in the large ones, 
and further also in radial series, corresponding two 
and two with a marginal plate; distally thus in about 
8 series, as the ventrolateral plates generally extend 
to the outer corner of the second inferomarginal 
plate, or sometimes, when the ventrolateral plates 
extend as far out as to the proximal part of the third 
inferomarginals, in 10 series. In the proximal tan- 
gential row, at the jaw, the ventrolateral plates num- 
ber 2, or possibly 3 or 4, and are rather large and 
irregularly polygonal in shape. The ventrolateral 
plates in the following tangential rows may also be 
irregularly shaped, and the radial arrangement in 
consequence lost. The more distal ventrolateral pla- 
tes are transversely elongate or subhexagonal in 
shape, sometimes regularly broadly hexagonal; and 
usually they are slightly imbricating. 

The ventrolateral plates are generally all naked 
in the small specimens, whereas in specimens with 
R about 15 mm or more, some of the distal plates 
usually are provided with a few granules. One spec- 

imen with R/r 231 10 mm (fig. 8 u) has granules also 
on the proximal plates, in a number of up to about 
six on the larger ones. In the largest specimen, with 
R/r 28/12 mm, all the ventrolateral plates appear 
naked however. 

In the arms there is a narrow strip of naked skin 
between the adambulacral ossicles and the infero- 
marginals, and the ends of the adambulacral 0s- 
sicles may be discernible between successive adam- 
bulacralia. 

The popu la t ion  f rom st. 238, off Kenya: 
These 33 specimens of Abyssusteu tam have R/r: 

1116, 13/7, 26/11, 27/11, 27/11, 27/12, 29/12, 29/13, 
29/13, 30/11, 30/13, 30113, 30114, 30/15, 31/13, 
31/14, 32/12, 32/12, 32/13, 32/13, 32/13, 32/13, 
32/15, 33/13, 33/14, 33/15, 33/15, 34/13, 35/13, 
35/14, 35/14, 35/15, and 35/15 mm. The ratio R/r 
thus ranges from about 2.2 (R 27-33 mm) to 2.7 
(R 30-35 mm). 

The superomarginals are present in a number of 
5 in specimens with R 11-13 mm, 6 in specimens 
with R 26-27 mm, 7 in specimens with R 29-33 mm, 
8 in specimens with R 32-35 mm, and 9 in a few of 
the largest specimens with R 35 mm. When the 
number of superomarginals is relatively large in re- 
lation to the length of the arms, the distal supero- 
marginal plate is as a rule still rudimentary and 
situated entirely below the terminal ossicle. The 
opposite superomarginals remain separate, also in 
the largest specimens, throughout the whole length 
of the arms. The inferomarginals as usual are often 
distally one more in number than the supero- 
marginals. 

The cr ibr i form organs are typically present in 
a number of three in each interradius, the larger 
organs comprising up to 28-30 rows of papillae. The 
largest specimens, however, may sometimes be 
provided with a rudimentary additional cribriform 
organ to one or to both sides in one or more of the 
interradii, yet only developed around the suture be- 
tween the superomarginals. One specimen with R/r 
32/15 mm e.g., has 5 cribriform organs in three of 
the interradii. The 3 median cribriform organs may 
almost coalesce in the larger specimens. 

The terminal  ossicles may be even more con- 
spicuous in these large specimcns than they were in 
the above described somewhat smaller specimens 
from st. 282, although the general rule is that the 
terminal ossicles become less conspicuous with age. 
Some of the largest specimens present, with R/r e. g. 
33/13 and 35/14 mm, may have the terminal ossicles 



Fig. 9. Abyssaster tam. Terminal ossicles; a, st. 282, R/r 1618 mm; b, st. 193, R/r 1819 mm: c, st. 282, R/r 1919 mm; 
d-e, f,g,h,i, st. 282, R/r 28/12 mm; j-k, st. 238, R/r 32/15 mm; 1, st. 238, R/r 30113 mm; m-n, st. 238, R/r 33/13 mm. 

Scale: 10 mm. 

armed only with the 4 usual spines (fig. 9 m-n), which 
are also present in the smallest specimen, with R/r 
1317 mm. Several of the specimens, however, have 
a much denser armature on the terminal cesicles. 

Variations in this armature not met with in the 
specimens from st. 282 are e. g.: a median row of 
up to 3 additional spines on the dorsal side of the 
terminal ossicle, (fig. 9j-k); the usual single distal 
terminal spine replaced by 2 spines in a transverse 
row, and one or two additional pairs of subequal 
spines dorsally, or one pair and an unpaired medi- 
ally placed spine. As in the specimens from st. 282 
there may be up to three pairs of subterminal spines 
(3 spines to each side of the furrow end), and in 
some few cases the terminal ossicle is furnished with 
a series of minute spinelets along the ventral margin. 
The spines on the terminal ossicles may be rather 
stout, short conical and sometimes with a fairly 
abrupt tip; but they may also be rather long and 
slender. 

The enlarged paxillae in the radial patches may 
bear up to 20 spinelets in some of the large spec- 
imens from st. 238. But in other specimens the 
paxillae are less distinctly enlarged. In one specimen 
with R about 30 mm e.g., the paxillae of the main 
part of the disk carry (3)4-5 spinelets while the 20- 
25 enlarged paxillae in the radial patches carry from 
6 to 10 spinelets. In the large specimens the radial 

patches of enlarged paxillae (fig. 82) number 2-3 
(rarely 4) paxillae across and from about 6 to 15 in 
radial direction. In a specimen with R/r 30114 mm 
there are e.g. in each radius about 3-4 x 7 enlarged 
paxillae with up to 9 spinelets. In another specimen, 
with R/r 35/14 mm, the patches of enlarged paxillae 
are 2-3 paxillae broad and reach practically to the 
arm-bases, the enlarged paxillae carrying from 
about 6 to 12 spinelets, while those of the main 
part of the disk carry 3-4(5) spinelets. Some spec- 
imens also have 1-3 series of enlarged paxillae 
along the margin of the disk. 

The enlarged paxillae, as it appears from the 
small specimens with R/r 1317 mm, initially are 
developed around 5 radial primary plates which 
later are absorbed. 

In the specimens with R 32 mm or more, some 
of the dorsal rounded (or subhexagonal) plates in 
the arms may bear a single spinelet, and those of 
the arm bases sometimes 2 spinelets. In these large 
specimens the limit between the paxillae-bearing 
disk area and the plate-armed arm bases thus may 
be rather obscured. In the large specimens there are 
also distally several plates in a transverse direction 
across the arms, while 1-2 across is the usual in the 
small specimens. 

These specimens from st. 238 have in general a 
distinct, though short apical  appendage, but in 



some of the large specimens there is only an apical 
cone, and e.g. in one specimen with R/r 35/15 mm 
hardly any central prominence is discernible. 

Papu lae  are observed interradially in a few of 
the specimens. 

The adambulac ra l  a r m a t u r e  consists of 5-6, 
occasionally only 4 furrow spines, flattened, more 
or less curved abradially, typically lanceolate, but 
the 2-3 median ones often very broad (shovel- 
like). The proximal adambulacral ossicles carry 
also sometimes a few granules adorally on their 
surface. 

The o ra l  ossicles  (fig. 8 k, x, y )  carry from 5 up 
to 8 marginal spines and often also a number of sub- 
oral granules or spinelets. One specimen with R/r 
35/14 mm e.g., has thus about a dozen suboral 
granules (fig. 8y). But specimens as large as R/r 
301 13 mrn may also have oral ossictes with a naked 
surface. Sometimes one or more of the distal mar- 
ginal oral spines are distinctly enlarged. In one spec- 
imen with R/r 32/15 mm e.g. the most distal mar- 
ginal oral spine but one is always very broad and 
3-dented. 

The ven t ro l a t e ra l  p l a t e s  are arranged in up 
to 7-9 tangential rows. Those near the margin often 
bear spiniform granules; and granules may occur 
also over the greater part of the ventrolateral area, 
e. g. in a number of about 5 to each of the large prox- 
imal plates. Other large specimens, however, ap- 
parently may be entirely devoid of ventrolateral 
spinelets. 

The specimens f r o m  st. 193 (R/r 1617, 17/8.5, 
1819 mm) and st. 2 17 (R/r 1315, 1819, 2018.5 mm) 
fall mainly within the variation recorded in the 
materials from sts. 282 and 238. The material from 
st. 217 shows, however, that 3 terminal spines only 
may be found also in specimens as large as with 
R/r 2019 n m ,  and further that also specimens of 
this size may show an additional rudimentary cri- 
briform organ in some interradii. 

Remarks :  
A diameter of 70 mm (R 35 mm) probably is 

about as large a size as is attained in the species 
Abyssaster tura, since one of the specimens of that 
size (R/r 35/14 mm by an empty stomach, 8 supero- 
marginalia and 18 adambulacralia) shows a charac- 
ter which may be interpreted as one of senescence, 
viz. a tendency of the adambulacral furrow to grow 
beyond the terminal ossicle. 

One of the specimens from st. 238, R 33 mm, was 
infested with three specimens of Myzostoma, at- 
tached to the paxillae near the margin. 

Yet unripe eggs, 0.35 mm in diameter, filled the 
gonads of a specimen from st. 238 with R/r 
34/16 mm. The gonads open near the middle of 
the first superomarginal plates, at the outer corner 
of the cribriform organs. 

D i s t r ibu t ion :  
Abyssaster tara has been dredged in seven locali- 

ties in the Indian Ocean, scattered along the whole 
East African coast, and in the region of the Bay of 
Bengal (fig. 32), at depths from 3200 to 4040 m, 
on a bottom of globigerina ooze and mud, and at 
temperatures of 1. I "-1 .So @. The species has further 
been taken in the North Pacific by the Vitjaz at a 
depth of 6270-6280 m (BELYAEV in press). 

Abyssaster diadematus (Sladen, 1883) 

Hyphalaster diadematus n. sp., SLADEN 1883 pp. 237- 
239; 1889 pp. 159-162, pls. 21 ,-,, 28 ,,,,. 

This species was described from two specimens 
dredged by the Challenger off Chile (st. 299: 
33"3IfS, 74"43'W, 3950 m, blue mud, 1.8"C.). 

The type-specimen has R/r 24/10 mm; 10 un- 
armed superomarginalia, longer than high; 5 cri- 
briform organs. Terminal ossicles with 3 spines. 
Disk with rather spaced pseudopaxillae with 3-4 
spinelets, besides radial irregular groups of about 
10 larger paxillae with about 10 spinelets, and inter- 
radial groups of a few other large paxillae. An apical 
cone. Arms from base to terminal ossicle with an 
integument with small naked plates. Adambulacra- 
lia with 4 flattened furrow spines and 5-6 subambu- 
lacral granules. Oralia with 6-8 marginal spines, and 
6-12 suboral granules. Ventrolaterai plates sub- 
hexagonal and with 5-6 granules. 

The other specimen (that figured on pl. 28) has 
R/r 1417.5 mm and 7 superomarginals. Only a small 
number of enlarged paxillae in rather irregularly 
arranged groups around the well developed apical 
appendage; only the most proximal adambulacralia 
with a few subambulacral granules; and only a few 
granules on the ventral plates. 

A.diadematus seems to be distinguished from 
A. tara primarily by a larger number of marginal 
plates in relation to size, and by a larger number of 
cribriform organs. 



Abyssaster planus (Sladen, 1883) and the surface of the oralia and the adambulacra- 

Hyphalaster planus n. sp., SLADEN 1883 pp. 242-245, 
1889 pp. 165-167, pls. 25 ,-,, 28 ,-,,. 

The single specimen on which this species was based 
was dredged by the Challenger in the southern In- 
dian Ocean (st. 157: 53"55'S, 108"35'E, 3566 m, 
diatom ooze, 0" C.). 

R/r 35/15 mm; 10-1 1 unarmed subquadrate su- 
peromarginals; 7 cribriform organs; terminal os- 
sicle with 3 spines. Disk with paxillae with 4-6 
spinelets (-8 according to figure). Arms from base 
to terminal ossicle with a dorsal integument with 
squamiform plates. An apical cone. Adambulacra- 
lia with 5-6 flattened furrow spines (4 distally), 
apparently with a pit on the surface, and with a 
series of 3-5 subambulacral granules. Oralia with 
7 marginal spines and a few suboral granules. Ven- 
trolateral area with oblong squamiform plates, and 
scattered small granules. 

A.planus is likewise distinguished from A. tara 
primarily by a larger number of cribriform organs, 
and a larger number of superomarginals in relation 
to size. 

Whereas the two forms, A. diadematus and A.pla- 
nus, appear to be distinct from A. tara, they are, on 
basis of the descriptions alone, not to be distin- 
guished from each other by any convincing charac- 
ters, and might well prove to be identical. 

Lysaster Bell, 1909 

Type-species : Lysaster lorioli Bell, 1909. 

Diagnosis:  
Porcellanasterids with superomarginals forming 

a complete casing to arms. Superomarginals of disk 
unarmed, but some in arms with a dorsal spine. A 
mid-interradial suture. Cribriform organs (7) con- 
fined to marginals of disk. 

Descript ion:  
The disk is pentagonal and the arms are gradu- 

ally tapering. The cribriform organs are papilliform. 
The inferomarginals in the arms are only about one- 
third lower than their superomarginal companions. 
The terminal ossicle is fairly inconspicuous and 
dorsal to the arm end. The ratio R/r is a little more 
than 2 when R about 55-60 mm. The whole dorsal 
side is closely beset with well-developed paxillae. 
The furrow spines form a continuous wavy series 
along the narrow furrow. The ventrolateral plates, 

lia, are armed with spinelets. The general appear- 
ance of the genus is like that of Hyphalaster and of 
Thoracaster. 

Only 1 species. 

Lysaster lorioli Bell, 1909 

BELL I909 p. 21, pl. 3. 
FISHER 19 19 p. 43. 
A. M. CLARK 1952 pp. 945-949, text-figs. 1-3. 

BELL in 1909 erected this species and genus for two 
specimens obtained by STANLEY GARDINER near 
Mauritius at a depth of at least 500-600 fms. 
( 5  1000 m). BELL only gave a short diagnosis ac- 
companied by photos of one of the specimens, and 
erroneously he registered the form as a pentagon- 
asterid (= goniasterid), not recognizing the cribri- 
form organs, though observing that "the granula- 
tion on the margin is so regular that the median 
suture is often obscured". 

FISHER in 1919, after having re-examined the 
type-specimen, published a more exhaustive de- 
scription of it. He noted its porcellanasterid habit 
and considered it a close relative of Thoracaster. 

Finally A. M. CLARK in 1952 published a detailed 
description of the two specimens, still the only ones 
known. 

The two specimens have R/r 57/26 and 55/25 mm ; 
11 superomarginals, joining from plates no. 4 (in 
the type), and some in arms with a short conical 
erect dorsal spine; 7 cribriform organs. Terminal 
ossicle covering two rudimentary superomarginals, 
and with 3 short spines. Disk with a fairly uniform 
armature of paxillae with 1-8 central and 8-15 per- 
ipheral short spinelets. No apical prominence. Ven- 
trolateral plates probably confined to disk area, and 
each with about half a dozen short conical spine- 
lets. Adambulacral ossicles rectangular (numbering 
about 20-21, judging from the photo of the type- 
specimen), proximal ones with 4 subequal, rather 
stout pointed furrow spines, and 3 smaller sub- 
ambulacral spines; distal ones with up to 6 sub- 
ambulacral spinelets in two irregular longitudinal 
rows. Oralia with 5-7 marginal spines, that at he 
tip the largest, and 7-8 suboral spines similar to the 
distal marginal ones. 

Remarks :  
A. M. CLARK regards, as also did FISHER, Lys- 

aster as most nearly related to Thoracaster, which, 



however, the present author considers at  variance 
with the presence in Lysaster of a marginal suture 
mid-interradially, where in Thovacaster there is an 
odd marginal plate. Lysaster rather appears to be 
related to Hyphalaster sensu stricte. (Thoracaster 
and Hyphalaster, however, are in most respects very 
much alike). What primarily distinguishes Lysaster 
from Hyphalaster is that its superomarginal spines 
seem confined to the arms, whereas in Hyphalaster 
they are confined to the superomarginals of the disk, 
if present at all. Lysaster is further distinguished by 
its smaller number of superomarginals, and by the 
low ratio of R/r, only little more than 2 in large 
specimens. 

Benthogenia Fisher, 191 1 

Type-species: Benthogenia cribellosa, Fisher 191 1. 

Diagnos is :  
Porcellanasterids with arms encased by supero- 

marginals, each with a dorsal spine, while those of 
arm angle are unarmed. A mid-interradial suture. 
Cribriform organs around all vertical marginal su- 
tures, clear to terminal ossicle. 

Descr ip t ion:  
The disk is subpentagonal with the gradually 

tapering arms springing from a fairly wide base, 
ihe first joining opposite superomarginals being 
much larger than those bounding the disk. The in- 
feromarginals of the arms are distinctly lower than 
their superomarginal companions. The cribriform 
organs are papilliform. The terminal ossicle is dorsal 
to the arm end, and provided with several spines. 
R when 78 mm, is about 2l/, r. The whole dorsal 
side is armed with close-set well-developed paxillae. 
The adambulacral spines form a continuous wavy 
series along the narrow furrow. The jaws are prom- 
inent, with a wide suture; and each oral ossicle 
carries a series of marginal spines. The whole ven- 
tral surface inclusive that of the oralia and the 
adambulacralia, is closely armed with spinelets. 
The general appearance of the genus is rather like 
that of Hyphalaster, and of Thoracaster. 

Only 1 species. 

region (st. 55 13 : 8 "17'N, 124"03'E, 925 m, gray mud 
and fine sand, 1 1.5" C.). FISHER in 19 19 gave a more 
thorough description of the same specimen, and also 
published some figures, and further he recorded 
three juvenile specimens of the genus from another 
dredging in the region (Albatross st. 5425: near 
Cagayanes Island, Sulu Sea, 905 m, gray mud and 
coral sand, 9.7"C.). 

The type-specimen has R/r 78/30 mm; 17 supero- 
marginals, contiguous along midline of arm from 
plates no. 6, higher than long, and those of first 
joining pair much the largest. Each superomarginal 
plate in arms with a short conical dorsal spine. 
Cribriform organs around every vertical marginal 
suture, and also extending up on dorsal surface of 
arms. Terminal ossicle entirely dorsal to arm end, 
elliptical and with up to 7 spines, viz. a row of 3 in 
the median dorsal line and 2 to either side distally. 
Paxillae with 5-15 central and 15-20 peripheral 
spinelets. Papulae numerous. No apical appendage. 
Adambulacral ossicles subrectangular, with 7-8 
compressed furrow spines, and 10-12 subambulacral 
spinelets in about two longitudinal series. Number 
of adambulacralia probably not much larger than 
that of marginalia. Oral ossicles with 12 marginal 
spines, the proximal lanceolate one much the lar- 
gest, and about 15 suboral spinelets in two irregular 
series. Ventrolateral plates extending nearly to end 
of arms, those of disk area slightly imbricating and 
with 5-12 spinelets. 

The juvenile specimens range from R 5.5 mm and 
4 superomarginals to R 12 mm and 10 superomar- 
ginals. In the large one the superomarginals join 
from the sixth opposite pairs, and one or two in 
arms bear a dorsal spine. Terminal ossicle with 4 
spines, and only with its distal half overlying the 
superomarginals. Cribriform organs at every mar- 
ginal suture, but those of arms yet rudimentary. 
Dorsal paxillae with only 4-5 spinelets. A proininent 
apical peduncle. Adambulacralia with 5 furrow 
spines and 0-2 subambulacral spinelets. Oralia with 
8 marginal spines and a few suboral spinelets. 
FISHER notes that he is not quite sure that the 
juvenile specimens of Benthogenia really belong to 
the species cribellosa, which, however, there seems 
no reason to doubt. 

Benthogenia cribellosa Fisher, 19 1 1 According to FISHER, Benthogenia probably is 

FISHER 1911 a pp. 415-417. nearest Hyphalaster. And that it is closely related 

FISHER 19 19 pp. 39-4 3, pls. l,, 2,, 8,. to this genus cannot be questioned, but its nearest 
relative among the other porcellanasterid genera, 

This species and genus was described from a single however, seems to be Lysastev. Benthogenia and 
specimen collected by the Albatross in the Philippine Lysaster both have a low number of superomargi- 



nals, and both possess superomarginal arm spines, 
and appear to differ primarily by the cribriform 
organs being developed around all the vertical su- 
tures in the former, but in the latter only around 
the interbrachial ones. In Benthogenia the infero- 
marginals also are comparatively much lower than 
in Lysaster. 

Thoracaster Sladen, 1883 

Type-species : Thoracaster cylindvatus Sladen, 1883. 

Syn. : Pseudastev E. Perrier, 1885 (type-species : 
Pseudaster cordijer Perrier, 1885 = juv. Thorac- 
aster cylindratus Sladen). 

Diagnosis:  
Porcellanasterids with superomarginals forming 

a complete casing to arms, devoid of larger spines, 
but possibly covered with minute spinelets. An un- 
paired superomarginal and accompanying infero- 
marginal plate in the interradial midline. Cribriform 
organs generally confined to marginals of disk. 

Descr ip t ion:  
The disk is subpentagonal with the arms well set 

off, cylindroid and gradually tapering. The cribri- 
form organs are papilliform. The inferomarginals of 
the arms are about two-thirds to half as high as their 
superomarginal companions. The terminal ossicle is 
fairly inconspicuous and rather distal to the arm 
end. The ratio R/r ranges from about 2 in small spec- 
imens to almost 4 in some of the large ones with k 
about 100 mm. The shape is rather flat even when 
the stomach is well filled. The whole dorsal side is 
armed with crowded well-developed paxillae, The 
adambulacralia are subrhomboid or subrectangular, 
with the furrow margin only slightly curved, and 
with a series of furrow spines connected by a basal 
web and together forming a continuous almost 
straight series along the narrow furrow. The jaws 
are moderately prominent. T l~e  oralia meet proxim- 
ally, and medially, and each carries a series of mar- 
ginal spines, the proximal one of which is somewhat 
enlarged. The ventrolateral area is paved with fairly 
small imbricating plates, and small ventrolateral 
plates extend down the arms. The whole ventral 
side, including surface of oralia, primary oral ossicle 
and adambulacralia, is covered with spinelets. The 
marginalia may be almost uniformly covered with 
minute spinelets. 

Only 1 species. 

Remarks :  
SLADEN erected Thoracaster for his species cylin- 

dvatus, and two other species have later been de- 
scribed, viz. T.magnus by LUDWIG in 1907, and 
T.  alberti by KOEHLER in 1909. The form Pseudaster 
cord* of E.PERRIER 1885 has proved to be based 
on a juvenile Thoracaster cylinduatus, and also the 
specimen listed by CHUN in 1900 as Hyphalaster 
valdiviae n. sp. (on the basis of LUDWIG'S prelimi- 
nary identification), and the specimen mentioned 
by RICHARD in 1903 as Hyphalaster n. sp., have 
been found to belong to Thoracastev cylindratus. 

Thoracaster resembles Benthogenia, Lysaster, and 
Hyphalaster in general appearance, but is, among 
other things, characterized by having an odd su- 
peromarginal and accompanying inferomarginal 
plate in the interradial midline instead of a suture 
as in all the other porcellanasterid genera hitherto 
described. 

(Another genus, Vipzzaster, from the western 
North Pacific, which will be described by BELYAEV, 
agrees with Thoracaster in having an odd marginal 
plate in the interradial midline, but is well distin- 
guished by other characters, e. g. by the appearance 
of the ventrolateral armature and by having the 
arms provided with an armature of dorsal plates). 

The genus Thoracaster has hitherto been recorded 
from 12 localities, in the tropical Atlantic, in the 
Indian Ocean, and in the eastern Pacific respectively, 
in a total of 26 specimens. The Galatlrea Expedition 
brought back 37 specimens from seven dredgings in 
the Indian Ocean, and the infraspecific variation 
found in this large material has convinced the pres- 
ent author that all recorded specimens of Thovacaster 
belong to one and the same species. 

TRoracaster cylindratus Sladen, 1883 
Figs. 10-1 1. Pls. V-VI. 

Thoracaster cylindvatus n. sp., SLADEN 1883 pp. 245- 
247; 1889 pp. 168-170, pl.29 ,-,. 

Pseudaster cord@r n. Sp., E. PERRIER 1885 a p. 286 
(nom. nud.); 1885 6 pp. 67-69; 1894 pp. 235-237, 

163-3e. 
Hjphalaster valdiviae n, sp., LUDWIG, in CHUN 1900 

p. 490. 
Thoracaster magnus n. sp., LUDWIG 1907 pp. 313- 

314. 
Thoracaster albevti n. sp., KOEHLER 1 9 0 9 ~  pp. 45-48, 

pls. 31-4, 5,. 
Thoracaster cylindratus, KOEHLER I909 b pp. 41 -41, 

pl. 18,. 



Thoracaster magnus, H .  L. CLARK 1920 pp. 78-79, 
pl. 11-2. 

Thoracaster cylindvatus, LIEBERKIND 1932 pp. 285- 
288, texfig. 10, PIS. 21-2, 312-14, 41, 65-8. 

Thoracaster magnus, FISHER 1928 p. 487. 
Thoracaster cyli~zd~atus, MADSEN 1951 p. 83. 

T .  cylindvatus was described by SLADEN from a single 
specimen dredged by the Challenger in the eastern 
Atlantic near the Cape Verde Islands (st. 89: 
22"18'N, 22"02'W, 4390 rn, globigerina ooze, 
2.6"C.). It  has R/r 62/21 mm; 21-22 unarmed su- 
peromarginals to each side of the unpaired inter- 
brachial one, slightly higher than long, and, judging 
from the figures, joining from nos. 7-8 (not counting 
the unpaired plate); 14 cribriform organs. Terminal 
ossicle inconspicuous, naked. Dorsal area with 
closely crowded small paxillae with 6-10 spinelets. 
Adambulacralia with 5 subequal furrow spines, and 
two irregular rows of about 3 and 5 subambulacral 
spinelets. Oralia with 6-7 subequal marginal spines 
and a larger number of suboral spinelets. Ventro- 
lateral plates with a close covering of minute sub- 
spiniform granules. (The description of the furrow 
spines as short and flat apparently only refers to 
their distal part, protruding outside the thick basal 
web connecting them). 

Pseudaster cord@: E. PEKRIER ( I  885, 1894) de- 
scribed this form from a single specimen collected 
by the Talisman near the Azores (st. 134: 42"19'N, 
23"36'W, 4060 m, soft, white mud). It  has R/r 
916 mm; 4 superomarginals to either side of an un- 
paired interradial one; 5-6 inferomarginals; 8 rudi- 
mentary cribriform organs. Terminal ossicle broad, 
with a proximal notch and 3 small spines. Dorsal 
area with "a regular granulation". A small apical 
appendage. Adambulacralia rectangular, with 4-5 
furrow spines and 3-4 subambulacral spinelets. 
Oralia with 7 marginal spines, 3-4 suboral spinelets 
along the suture and 3 distally. Ventrolateral plates 
with a few minute spinelets. 

PERRIER in 1894 in a foot-note says that the pres- 
ence of an unpaired interradial marginal plate was 
very remarkable for a porcellanasterid, and might 
perhaps be an individual anomaly in the described 
specimen. He had thus overlooked that SLADEN al- 
ready had described this feature from Thoracaster 
cylindmrus. 

LUDWIG (1907 p. 313) stated that Pseudaster cor- 
dfer  was a juvenile Thoracastev cylirzdvatus, - on 
basis of his knowledge of the variation with age in 

Thorncaster from his own material from the Pacific, 
including specimens ranging from R 20 to 98 mm 
(cf. below). (Juvenile specimens of Thoracaster 
agreeing with the description of Pseudaster cordfer 
are also present in the Galathea material). 

A specimen of Thoracaster was collected Sj the 
Valdivia Expedition in a dredging off Liberia (st. 45 : 
2"56'1\1, 11 "401W, 4990 m, yellow-brown mud, 
2.4"C.) not far away from the type-locality of 
T. cylindratus. Ludwig preliminarily considered it as 
representing a new species of Hyphalaster, for which 
reason it was listed under the name of Hyphalaster 
valdiliiae (a nom. nud.) by  HUN in 1900. In 1907 
p. 313 LUDWIG, however, stated that the specimen 
in question in f ~ c t  belongs to the species Thoracaster 
cylindratus. A detailed description of it was finally 
given by EIEBERKIND in 1932. It  has R/r 67/21 mm; 
22 superomarginals to each side of the unpaired 
median one; 13 fully developed cribriform organs 
and a few rudimentary ones; naked terminalia. I t  
shows a slight variation from the type-specimen by 
having minute plates inserted here and there be- 
tween the otherwise joining superomarginals prox- 
imally in the arms. 

Thoracaster cylindratus was further recorded by 
MOEHLER (1909b) from two Princesse Alice dred- 
gings near the Azores (st. 753: about 39"50fN, 
18"W, 4360 m, globigerina ooze, and st. 1306: about 
37"17'N, 20°13'W, 4275 m, globigerina ooze), 3 and 
I specimen respectively. The latter specimen was 
preliminarily listed by RICHARD (1903 p. 66) as 
Hyphalaster n. sp., and the station by a lapse given 
as st. 1036. The three specimens from st. 753 had 
R/r 75/22, 76/22, and 80123 mm; 25/26 superomar- 
ginals to each side of the unpaired one, and 14 cri- 
briform organs. The specimen from st. 1306 is a 
juvenile with R/r 1217 mm, 7 superomarginals to 
each side of the unpaired one, 6 cribriform organs, 
terminal ossicle with 3 spines. It corresponds, as 
I~OEHLER notes, in genera1 appearance to the spec- 
imen described by PERRIER as Pseudaster covdqer. 

Two specimens of Thoracaster cylindrattis were 
recorded by the present author (1951) from a dred- 
ging of the Swedish Deep-Sea Expedition in the 
western tropical Atlantic (st. 342: about 2"25'N, 
39"19'W, 4474-4430 m, calcareous clay, 1.3"C.). 
They have R/r about 43/14 and 46/16 mm, 18 and 
20 superomarginals besides the unpaired one, and 
12-13 and 13-14 cribriform organs. 



Thoracaster magnus: This form was described by 
LUDWIG in 1907 on the basis of 9 specimens col- 
lected by the Albatross in four dredgings in the 
tropical eastern Pacific off Peru (st. 4647: 4"33'S, 
87 "43'W, 3667 m, globigerina ooze, 1.9 " C. ; st. 4649 : 
5"17'S, 85"20'W, 4088 m, grey mud, 1.9"C.;st.4658: 
8"30'S, 85"36'W, 4335 m, green mud, 13°C.; and 
st. 4717: 5"111S, 98"56'W, 3938 ril, globigerina ooze, 
1.8" C.). The same material was described and fig- 
ured by H. L. CLARK in 1920. R/r range from 23/? 
to 98/32 mm. Specimens with R 72-98 mm have 
22-24 superomarginals besides the unpaired one, 
and 14 cribriform organs. Terminal ossicles incon- 
spicuous and with a pair of small spines ventrally. 
Dorsal paxillae with up to 30 spinelets. Small plates 
proximally in the dorsal midline of the arms, be- 
tween the opposite superomarginals. Papulae inter- 
radially. Ambulacralia with 4-5 furrow spines and 
3-4 smaller subambulacral spines. Oralia with 8 
marginal spines and 10-12 smaller suboral ones. 
Ventrolateral plates, according to LUDWIG, with a 
more robust, but sparser spine-armature than in 
T. cylinduatus. 

LUDWIG states as the character primarily distin- 
guishing T.magnus from T.cylindratus that the su- 
peromarginal plates of both sides of the arms only 
join immediately in the distal part, whereas in the 
proximal part they are separated by a series of min- 
ute plates. As other distinguishing features LUD- 
WIG mentions the larger number of paxillar spine- 
lets, the broader cribriform organs, and the more 
robust ventrolateral spine armature. All these differ- 
ences, however, are accounted for by the larger size 
of several of the specimens of T.magnus. 

H. L. CLARK in 1920 p. 79, gave a more detailed 
description of the appearance of the dorsal arm 
plates and their distribution in Thoracaster magnus. 
He writes e. g.: "In a specimen with R = 23 mm. 
this series (i. e. of abactinal plates which extends to 
the tip of the arm or nearly so) is .60 mm wide clear 
to the terminal plate; . . . In a large specimen, with 
R = 73 mm., the plates do not reach the extreme 
tip of the arm, but are shut off from the terminal 
plate by the meeting of three pairs of superomar- 
ginals; . . .". 

LIEBERKIND, as mentioned above, found some 
minute plates inserted between the opposite supero- 
marginals proximally in the arms of the Valdivia 
specimen of T.cylindratus, for which reason he be- 
gan to doubt the specific validity of T.magnus. He 
re-examined one of the original specimens of this 
form and found only some unimportant differences 

from the type of T.cylindratus, e. g. in the appear- 
ances of the spinelets of the dorsal paxillae and of 
the cribriform organs. LIEBERKIND noted also that 
he was inclined to believe that a larger material 
would show intermediate characters, the two forms 
in question in reality being only two geographical 
races of the same species; but, nevertheless, he con- 
sidered it the most appropriate provisionally to re- 
tain them as separate species. 

Incidentally, LIEBERKIND makes a lapse in his 
discussion of the forms of Thoracaster described. 
He refers, p. 287, to H. L. CLARK'S statement, op. cit. 
p. 79, that "In another particular, magnus differs 
markedly from the other two species of the genus 
(cylindratus and alberti), and that is in the series of 
abactinal plates which extends to the tip of the 
arms ...". And then he claims that CLARK is not 
right in considering this a difference from T.cylin- 
dratus since, he says, the figures SLADEN gives, dis- 
tinctly show the same feature although SLADEN does 
not mention it in his text. This remark, however, is 
only understandable if it is assumed that LIEBER- 
KIND has misread "abactinal" in CLARK'S text as 
"actinal", since what he had in mind can only have 
been the series of ventrolateral plates extending 
down the arms. 

A single, large specimen of Thoracaster, collected 
by the Arcturus in the tropical eastern Pacific (st. 53 : 
1 "51'S, 89"50fW, 3170 m), was recorded by FISHER 
in 1928 as a T.magnus. 

The differences between T. cylindratus and T. mag- 
nus stated in the literature appear quite unimportant 
taxonomically, and when dealing with Thoracaster 
cylindratus in 195 1, the present author, therefore, 
listed magnus as a synonym, a view which the study 
of the specimens collected by the Galathea confirms. 

Thoracaster alberti: KOEHLER (1909 a) described this 
species from 7 specimens dredged by the Pnvestiga- 
tor in the Arabian Sea (st. 287 : 21 "09'N, 65 "47'E, 
2755 m, green clay, 2.8"C.). R/r 45/17 mm in one 
specimen, about 60120 to 60121 mm in the others; 
17-18 superomarginals besides the unpaired one, 
joining from nos. 5-6 (exceptionally no. 7), subqua- 
drate interbrachially, rectangular in arms; 14 cribri- 
form organs. Median part of the marginals of the 
disk provided with small pointed spines in 1-3 irre- 
gular vertical rows between the cribriform organs; 
also the proximal arm marginals with an armature 
of spinelets. Terminal ossicle inconspicuous, with 3 
small spines. Dorsal paxillae with 20-30 granules. 
Sometimes a faint apical cone. Adambulacralia with 



4 flattened subequal furrow spines, and 3-4 granuli- 
form subambulacral spinelets. Oralia with about 10 
marginal spines (7-8 are shown in the figure 7, pl. 51, 
and a larger number of suboral ones. Ventrolateral 
area uniformly covered with spiniform granules. 

Thovacastev albevti should be distinguished from 
T. cyli~dvatus by the armature of spinelets between 
the cribriform organs; but this is a character of un- 
certain taxonomical value. H. L. CLARK recorded 
spinelets dorsally and ventrally on the marginals 
between the cribriform organs also in the material 
of T.magnus. And the present material of Thovac- 
aster from the Galathea Expedition has shown that 
the spine-armature of the marginals is really very 
variable. The conclusion therefore is that also T.al- 
bevti is the same species as T. cylindvatus. 

The G a l a t h e a  mater ia l :  
A total of 37 specimens of Thomcastev was col- 

lected in seven dredgings in the Indian Ocean, viz. 
two off East Africa north of Madagascar, three 
near Ceylon, and two in the Bay of Bengal. 

St. 232: 9"03'S, 4g022'E, 4930 m, 1.3"G. 1 speci- 
men. 

St. 238: 3"23'S, 44"04'E, 3960 m, 1.8"C., globi- 
gerina ooze. 3 specimens. 

St. 280: 1 "56'N, 77"05'E, 4350 m, 1.3"C., globi- 
gerina ooze. 2 specimens. 

St. 281 : 3"38'N, 7X015'E, 3310 m, 1.8"C., globi- 
gerina ooze. 6 specimens. 

St. 282: 5"32'N, 78"411E, 4040 m, ca. 1.5"C., 
blackish mud. 1 specimen. 

St, 299: 17"101N, 84"30'E, 2820 m, 1.7"C., mud. 
I specimen. 

St. 314: 15"54'N, 90'1 7'E, 2600m, 1.7"C., brown- 
ish ooze. 23 specimens. 

The single specimen from st. 232 (pl. VI 7) has R/r 
101130 mm; about 28 superomarginals (not count- 
ing the unpaired one), and 22 cribriform organs. 
The three specimens from st. 238 have R/r 89/28, 
100/27, and 103130 mm, 24, 23 and 24 superomar- 
ginais respectively, and 13-14., 11-14 and 12-13 cri- 
briform organs. The two specimens from st. 280 
have R/r 84/22 and 86/24 mm, 24 and 25-26 supero- 
marginals, and 14 cribriform organs. The six spec- 
imens from st. 281 have R/r 1317, 20110, 41/12, 
42/12, 64/20, 66/23 mm, and 7, 10, 18, 18, 24, and 
21 superomarginals respectively, the two small spec- 
imens 4-6 and 8 -10, the medium-sized ones 12-14, 
and the two larger ones 14 and 12 cribriform organs. 
The single specimen from st. 282 has R/r 87/23 mm, 

24-26 superomarginals, and 14- 16 cribriform organs. 
The single specimen from st. 299 has R/r 3111 1 mm, 
14 superomarginals, and 14 cribriform organs. The 
material of 23 specimens from st. 314 includes ten 
juveniles with R/r ranging from 1416.5 and 14/7 mm 
to about 2419 mm, 8 to 10 (11 ?) superomarginals, 
and 10 to 12 cribriform organs. Another small spec- 
imen has R/r 26/11 mm, 13 superomarginals, and 
12 cribriform organs. Five larger specimens have 
R/r 54/21, 55/19, 60121, 61/21, and 70121 mm, 17, 
19, 19, 22, and 22 superomarginals, and 12-13, 12, 
16, 14-15, and 14 cribriform organs respectively. 
The remaining seven specimens from st. 3 14 are also 
medium-sized ones with R about 60-70 mm, but 
very damaged. 

The material of Thor.acastev thus comprises both 
juvenile specimens (corresponding to PERRIER'S 
Pseudaster* cordy~r)  as well as specimens as large as 
or slightly larger than any hitherto on record. Spec- 
imens with R/r about 25/10 mm or more, show 
full-grown characters, and the largest specimens 
available show in part what must be considered 
senescent characters. The ratio R/r is hardly 2 in the 
smallest specimens, about 2.5 in the smaller ones with 
the full-grown characters, increases to about 3 in the 
medium-sized specimens with R 50-60 mm, and to 
almost 4 in a few of the largest specimens present. 

The description of the specimen from st. 282 with 
R/r 87/23 mm (pl. V) is used as a starting point in 
the following survey of the present material and of 
its variation. 

The superomargina ls  in the specimen with 
R/r 87/23 mm number 24-26 to each side of the 
mid-interradial unpaired plate, and join their op- 
posites in the mid-dorsal line from about no. 7, the 
unpaired plate not included. In most of the other 
full-grown specimens, however, the superomarginals 
join from the eight opposite pair. In a few specimens 
they do not join until the ninth plates, and one of 
the largest specimens, with R/r 101/30 mm and 28 
superomarginals, is distinguished by having these 
separate as far as to the tenth or eleventh opposite 
pairs. (This specimen has also unusually many cri- 
briform organs). A juvenile specimen with R/r 
1317 mm has all the 6-7 paired superomarginal 
plates separate (fig. 10a). Another juvenile with 
R/r 14.517 mm has 8 superomarginals which join 
from no. 6 (fig. 10k). The superomarginals of either 
side of the arms are usually exactly opposite each 
other (fig. lop), but may in rare cases subalternate 
(fig. 11 a). The distal 2-3 superomarginals are rudi- 
mentary and situated below the terminal ossicle. 



For the legend to the figure see opposite page. 



The marginals bordering the disk are all sub- along the vertical sutures may appear rather like 
quadrate. Xn the arms the superomarginals are the fascioles in the astropectinids, or as rudimentary 
higher than long, distally up to twice as high as long. cribriform organs (figs. 10 w, 11 n). 

The infer  o m a r gi nal s are proximally in the The character which should distinguish KOEH- 
arms only slightly lower than their superomarginal LER'S T. albe~ti from SLADFN'S T. cylind~atus was, as 
companions, but decrease towards the arm end re- noted, an armature of minute spines between the 
latively more in height. Below the terminal ossicle cribriform organs. The most spiny specimens of 
there is often 1-2 inferomarginals more than supero- the present material represent the form T. alberti, 
marginals. T le  inferomarginal plates in general are whereas a specimen as that with R/r 87/23 mm, with 
arranged exactly corresponding with the supero- regard to the spine-armature represents a condition 
marginal ones, but in some specimens they may transitional to that of the type of T. cylindvatus, with 
subalternate with these for a varying length of the no spine-armature between the cribriform organs 
arms. LIEBERKIND (1932 p. 285) described a sub- (to which condition there is but a slight step). The 
alternation of the marginals in the Valdivia spec- rather small specimens of Thovacastcr collected by 
imen, and noted that "Inwieweit es sich hier nur the Swedish Deep-Sea Expedition in the Atlantic 
urn eine individuelle Variation handelt, kann ich had a few small spines along the ventral edge of thc 
nicht mit Sicherheit bestimmen, da ja nur ein Exem- inferomarginals, the two at each side of the cribri- 
plar vorliegt". In this connection it may be empha- form organs being the larger. Also specimens of 
sized that the typical regular arrangement of the LCDWIG'S T. magnus, according to H. L. CLARK, 
marginal plates has been found subject to individual have minute spines or spinelets at the ventral and 
variation in almost every population of porcellan- dorsal margins of the marginal plates betneen the 
asterids studied here, and especially, of course, in cribriform organs. (Such spinelets further may be 
the long-armed forms. easily rubbed off and lost). The conclusion can only 

The inferomarginals of the disk in the specimen be that it is impossible to upheld T.albevti as a dis- 
with R/r 87/23 mm bear ventrally two small spines tinct species. 
(distinctly larger than the ventrolateral spinelets) Cr i  brif o r m  o rgans  occur in the specimen with 
placed with one to each lower corner of the cribri- R/r 87/23 mm in a number of 14 fully developed 
form organs; and the proximal inferomarginals of ones ill each interradius, and there may further be 
the arms have a single similar small spine placed an additional rudimentary organ to either side of 
medially near the margin. All the marginal plates this series, and in some interradii thus up to 16 cri- 
are further provided with a series of close-set minute briform organs in all. The cribriform organs are of 
spinelets along their margins (fig. 10h). a papilliform structure. Each organ in the specimen 

Some other specimens show an even more devel- with R/r 87/23 mm may comprise as many as 30 
oped spine-armature on the marginals. Between the rows of papillae, and the median organs may join 
cribriform organs there may be one or two medial their neighbours at the dorsal edge of the supero- 
irregular rows of some small spines, and at the lower marginals and almost meet also at the horizontal 
edge of the inferomarginals 3-4 small spines besides suture, whereas they narrow somewhat down to- 
some spinelets, e. g. in the specimens from sts. 314 wards the ventral edge of the inferomarginals. 
and 238, with R/r 54/21 and 89/28 mm respectively, A varying number of the median cribriform or- 
as shown in fig. I1 b and h. Minute spinelets may gans in the large specimens usually coalesce with 
also be scattered over the surface of all the margi- their adjacent partners at the horizontal suture, 
nals, and sometimes even form a uniformly spaced leaving free only a ventral triangular area on the in- 
covering (fig. 1 1 a). The series of minute spinelets feromarginals, with a few small spines, and a similar 

Fig. 10. Thoracasfer cylindrafus. a-b) St. 281, R/r 1317 mm. c) St. 281, R/r 20110 mm. d) St. 281, R/r 41/12 mm. e-f) St. 280, 
R/r 86/24 mm, two different arms. g-h) St. 282, R/r  87/23 mm, arm in lateral view and in dorsal view respectively. i-k) St. 314 
R/r 1517 mm; j, paxillae in four times the usual scale. 1) St. 314, small specimen, base of arm in dorsal view. m-q) St. 299, 
R/r  31/11 mm; n, adambulacral ossicle no. 10; 0, paxillae in four times the usual scale; q, odd marginals and first paired 
marginals (to the right). r-v) St. 314, R/r 2611 1 mm; r, dorsal paxillae in four times the usual scale; v, paired inferomarginal 
plate no 1 in ventral view. w-x) St. 314, medium-sized specimen; w, arm in dorsal view and in lateral view, spine-armature 
indicated on some of the marginals; x, ventral view of same arm. y-8) St. 314, R/r 55/19 mm; y, odd inferomarginal plate and 
paired inferomarginals nos. 1-2 (to the right) in ventral view; z, part of disk with madreporite; a, large and smaller paxillae 

in four times the usual scale; 9, part of ventral side with the adambulacralia nos. 1-3. 
Scale: 10 mm (in j, o, r, and ze 2.5 mm). 



For the legend to the figure see opposite page. 
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triangular area dorsally on the superomarginals, or, 
if also coalesced dorsally, only a small patch cen- 
trally on each superomarginal plate. The rudimen- 
tary cribriform organs may be developed from the 
dorsal and the ventral edge of the marginals simul- 
taneously. 

The number of cribrif~rm orgar,s in a juvenile 
specimen with R/r 1317 mm is still only 4-6 in each 
interradius, but others of about similar size have 
already 8-10 (12) such organs. All the specimens at 
hand with R/r about 25/10 mm or more, have at 
least 12 cribriform organs developed. The largest 
known specimens, with e. g. R/r 103130 mm, may 
also have only 12 cribriform organs, but 14 to each 
interradius is most common, and is found also in 
specimens as small as with R/r 31/11 mm. Besides 
the specimen with R/r 87/23 mm, only a single other 
one, with R/r 60121 mm, has 16 cribriform organs. 

The extraordinarily high number of 24 cribriform 
organs in each interradius, is found in the specimen 
with R/r 101/30 mm, one of the largest available and 
that with the largest disk, i. e. largest number of 
interbrachial marginals, its superomarginals not 
meeting in the arms until nos. 10-1 1. (Pl. VI 7). The 
series of cribriform organs in this specimen consists 
of 18 fully developed organs (with up to about 30 
rows of papillae) and to either side of these 2 rudi- 
mentary ones. Sixteen of the organs are coalesced 
at the horizontal suture, and the median ones also 
ventrally and dorsally, so that the marginals have 
only a small central patch free. The rudimentary 
outermost organs reach from the ventral margin of 
the inferomarginals half-way up on the superomar- 
ginals, or only to the horizontal suture. 

In the specimen with R/r 87/23 mm, a varying 
number of small rounded plates is found in the mid- 
line of the arms, inserted between the two rows of 
otherwise joining superomarginals. They occur in a 
continuous series for a distance of eight pairs of 
superomarginals in the proximal half of one arm, 
but in another arm they are only present between 
the first three pairs of superomarginals. They may 
also be found scatteredly far out in the arms, though 
never between the last few pairs of joining plates. 

Both large specimens from st. 280, with R/r 84/22 

and 86/24 mm, show arms without a single supple- 
mentary dorsal plate, besides an arm in which there 
is a continuous series of small dorsal plates, reach- 
ing almost to the terminal ossicle. Also small spec- 
imens, e. g. one with R/r 20/10 mm, may have a 
continuous series of small dorsal plates for almost 
the whole arm length (fig. 10c). This character thus 
is not one of age. Secondary dorsal plates occur in 
most specimens only in the proximal part of the 
arms. 

The presence of such a series of sup  p 1 em e n t a r y 
d o  r s a1 plates in the arms was, as mentioned above, 
considered the character distinguishing T.magnus 
from T.cylindvatus. That it is of no taxonomical 
value, however, is evident from the variation met 
with in the present material. 

The terminal  ossicles in the specimen with 
R/r 87/23 mm are small but fairly conspicuous since 
they, so to speak, ride on the arm ends, covering the 
outermost two or three pairs of rudimentary supero- 
marginals. One has 3 small conical spines preserved 
on its distal end around the end of the furrow 
(fig. 10iz), whereas the others appear naked. Along 
their proximal margin the terminal ossicles bear a 
row of minute spinelets like those on the marginal 
plates, and minute spinelets may also occur on their 
main surface. Seen from the side the terminal os- 
sicles are high, subcircular, seen from above they 
show an oval contour. 

This appearance of the terminal ossicles is the 
usual for medium-sized specimens, but the number 
of spines around the furrow end may be larger. 
There may be two additional pairs of subequal sub- 
terminal spines and further a few spinelets to each 
ventral side of the ossicle (or in other words up to 
5 pairs of subterminal spines or spinelets). Possibly 
there may also be a few spinelets distally on the 
lateral sides, and occasionally there may also be an 
additional unpaired dorsal spine, close to the termi- 
nal one. In these medium-sized specimens the termi- 
nal ossicles are of about the same width as the arm- 
ends. In the large specimens the terminal ossicles 
become relatively smaller in relation to the arm ends 
which increases in thickness with age so that the 
terminal ossicle in a large specimen may be only 

Fig. 11. Thoracaster cylindratus. a-d) St. 314, R/r 54/21 mm; b, arm angle in dorsal view, the odd superomarginal plate is the 
second from the left; c, paxillae and papulae in four times the usual scale. e-h) St. 238, R/r 89/28 mm; e-f, same arm in lateral 
view and in dorsal view; h, inferomarginals nos. 1-3 in ventral view. i-o) St. 238 R/r 100127 mm; i-j, two groups of paxillae in 
lateral and dorsal view respectively; k, jaw in ventral view; 1, another jaw in lateral view; m, arm base in dorsal view, showing 
the superomarginals nos. 7-9; n, same in lateral view; o, distal end of same arm. p-r) St. 232, R/r 101/30 mm; q, adambu- 

lacralia nos. 10-11 ; r, adambulacralia nos. 33-35. s) St. 238, R/r 103130 mm, distal end of arm. 
Scale: 10 mm (in c, i and j :  2.5 mm). 



half as broad as the end of the arm, and when seen 
from the side, often almost hidden by the supero- 
marginals, which have grown up around it. 

This excessive development of the distal supero- 
marginal plates probably is a consequence of senes- 
cence, the growth of the arms in length by the inter- 
polation of new superomarginal plates at the termi- 
nal ossicle having stopped. A size of R/r about 
100/30 mm then may be about the maximum-size 
attained by the species. In the large specimens the 
terminal spines also often seem to disappear. In the 
juvenile specimens the terminal ossicles are wider 
than the arm ends, broader than long, and with a 
concave proximal margin. With increasing age the 
terminal ossicles grow longer, their proximal border 
becoming straight in specimens with R about 15-20 
mm, and the ossicle having its final appearance in 
specimens with R about 25 mm. 

The whole dorsal area of the disk is covered with 
close-set paxillae (figs. 10j, v; 1 I i-j). In the specimen 
with R/r 87/23 mm the paxillae are mainly oval in 
outline in radial direction and bear on the average 
12 spinelets (18 being the largest number of spinelets 
counted). Centrally on the disk the specimen shows 
an apical cone with smaller paxillae with only 2-3-4 
spinelets. 

In the juvenile specimens available, the number 
of spinelets to each paxilla is 2-3-4 in one with R/r 
1317 mm, and about 4-6 and up to 10, respectively, 
in two other specimens of the same size. The largest 
number of spinelets to a paxilla is about 12 in some 
specimens with R/r ranging from about 25/10 to 
42/12 mm, but about 15 in some others of the same 
size. Specimens ranging from R/r 66/23 mm to the 
largest ones on record, may have about 20 spine- 
lets to a paxilla as the largest number. The large 
specimen from st. 232 with R/r 101/30 mm thus has 
mainly 12-16 spinelets to each paxilla. and 21 as the 
largest number counted. Other specimens with R/r 
60120 to 86/24 mm have paxillae with up to 25 spine- 
lets, and still others with R/r 54/21 mm or more, 
have paxillae with up to about 30 spinelets. As many 
as 33 spinelets were counted on a paxilla of a spec- 
imen with R/r 70124 mm. 

All paxillae in the same specimen are subequal in 
height. The shafts in the smaller paxillae are there- 
fore higher than wide, whereas in the larger ones 
they are about as wide as high. Very often the pax- 
illae are suboval in outline and in general they are 
arranged with their larger diameter in radial di- 
rection. 

The juvenile specimens are provided with a dis- 

tinct, though short apical appendage, and an apical 
appendage may also be found in specimens as large 
as with R/r 3111 1 mm. Larger specimens may show 
a more or less distinct apical cone, e. g. the two spec- 
imens from st. 280 with R 84 and 86 mm. Also the 
one from st. 232 with R/r 101/30 mm show a faint 
apical cone, Usually, however, the large specimens 
have no apical cone formed, having the central area 
of the disk marked off only by a number of small 
paxillae, i. e. with a crown of only a few spinelets 
and a slender shaft, but in height subequal to thc 
other paxillae of the disk. 

Papulae  were only discernible in a few speci- 
mens which were especially well expanded. 111 one 
of the largest specimens they were found extending 
into the arm bases to either side of a 3-4 paxillae 
broad area radially. 

The madrepor i c  body has the striae stretching 
across in radial direction or radiating from an ad- 
central point. In the large specimens it is fairly in- 
conspicuous, of a diameter about equal to the length 
of the adjoining marginals or somewhat less, and 
separated from these by a few rows of paxillae. 

The adambulac ra l  ossicles  number 38 in the 
specimen with W/r 87/23 mm. The proximal ones 
carry in general 4-5 subequal furrow spines, but 6 
furrow spines may be found on some ossicles, also 
among the distal ones. The proximal adambula- 
cralia are subrhomboid in contour, but from about 
the sixth ossicle their shape changes, and they grad- 
ually become more narrow, especially their distal 
end narrowing down to give room for the podia. In 
the arms the interradial margin of the adambula- 
cralia becomes curved, and the ends of the ambu- 
lacral ossicles are exposed. The furrow spines are 
subequal, and on the proximal adambulacralia ar- 
ranged in a continuous series, whereas on the more 
distal ones the aboral furrow spine becomes placed 
on the narrow part of the ossicle at a small distance 
from the other 3-4 ones on the adoral half or two- 
thirds of the margin. 

The furrow spines appear rather slender conical 
or spindle-shaped, though more or less flattened in 
vertical direction and with a short and somehat 
broader basal part marked off by a faint constric- 
tion. This basal part is imbedded in the strong web 
which connects the whole series of adambulacral 
and oral spines (figs. IOm, t ,  and I 1 g, p). 

On their surface the adambulacralia in the spec- 
imen with R/r 87/23 rim are provided with a num- 
ber of subambulacral spinelets; on one of the prox- 
imal ossicles e. g. 7 arranged in two irregular longi- 



tudinal series. The subambulacral spinelets are sub- 
equal on the proximal ambulacralia, but from about 
the sixth ossicle, the most aboral one becomes larger 
than the others, reaching the same size as the furrow 
spines. Of the other 4-8 subambulacral spinelets, 
two are generally placed at the adoral margin of 
the ossicle and the others in an irregular longi- 
tudinal series between these and the large aboral 
spinelet. 

A number of 4 or 5 adambulacral spines appear 
to be equally frequent in the specimens available, 
also in the juveniles. The specimen with R/r 13/7mm 
has 3 furrow spines on some of the ossicles in the 
arms, but otherwise the number is 4. A few spec- 
imens, also some small ones, have 6 furrow spines 
on some ossicles. One of the largest specimens, R/r 
100127 mm, has 5 furrow spines as the most com- 
mon number, but on some ossicles it has 6, and on 
the proximal ones occasionally even 7 furrow spines. 

The number of adambulacral ossicles is 11 in a 
specimen with R/r 1317 mm and 6 paired supero- 
marginals, 14 in one with R/r 14.517 mm and 8 su- 
peromarginals, 21 in one with R/r 26/11 mm and 
12 superomarginals, 22 in one with R/r 31/11 mm 
and 14 superomarginals, and 40 in one with R/r 
101/30 mm and 28 superomarginals. 

The o r a 1 o s s i c1 e s are fairly inconspicuous since 
their surface is more or less level with that of the 
ventrolateral area, and since the suboral armattire 
of spines fairly gradually pass into the ventro- 
lateral spine armature. In the specimen with R/r 
87/23 mm the oralia carry marginally 8 spiniform 
spines, the proximal one slightly larger than the 
others, which are subequal in size. On their surface 
the oralia are provided with about 20 fairly uni- 
formly spaced spines, thus along the sutural edge a 
series of about 8 which gradually decrease in length 
from the proximal to the distal one, the proximal 
spine in the series being close to and of about the 
same size as the enlarged proximal oral spine; on 
the main surface up to 6 spines, the largest of which 
are subequal to the marginal spines, and further 
some few additional suboral spines or spinelets near 
the distal margin. 

The oral armature of the medium-sized and larger 
specimens agree with the above description (cf. eg. 
fig. 11 d, g). The number of suboral spines increases 
with age, whereas the number of marginal oral 
spines is about the same in the smallest as well as 
in the largest specimens available. In a juvenile 
specimen with R/r 1317 mm the usual number of 
marginal oral spines is 6, but 7 occur on some 

ossicles. Another juvenile specimen with R/r 
1517 mm has 7-8 marginal oral spines. The larger 
specimens, inclusive of the largest present, generally 
have 7 or 8 marginal oral spines, but a few large 
specimens have a marginal series of 9 spines on 
some oralia, and also a specimen with R/r 60121 mm 
has 8-9 such spines. The proximal oral spine usually 
is about twice as large as the others, but sometimes 
it is only slightly larger. In the juvenile specimen 
with R/r 1317 mm there may be only 4 suboral 
spines; in the specimen with R/r 14.517 mm there 
are 5-6, and in one with R/r 2611 1 mm 6-7 suboral 
spines. A specimen with R/r 89/28 mm has 16-20 
suboral spines, and the largest specimens with R 
about 100 mm (fig. 1 lp) have about 15 to 24 suboral 
spines and spinelets on each ossicle. 

The p r imary  o ra l  ossicle is not very conspic- 
uous. It  has a naked surface in the specimen with 
R/r 87/23 mm, but in other specimens it is often 
armed with one or a few spinelets similar to the 
small suboral ones and to those of the ventrolateral 
area. 

The ven t ro l a t e ra l  a r ea  is closely paved with 
overlapping small plates (their adoral border free). 
The specimen with R/r 87/23 mm has 3-4 ventro- 
lateral plates in the first tangential row at the oralia, 
and each of these plates carry up to about ten slen- 
der spinelets, distributed all over the surface of the 
plates though mainly along their proximal border. 
The median ventrolateral plates carry about 4 spine- 
lets, all placed at the adoral edge, and the most distal 
and smallest plates, 8 of which about correspond 
with a marginal plate, carry only a single spinelet 
each. Small ventrolateral plates occur in the present 
specimen out in the arms to the inferomarginals 
nos. 20-22. 

A radiating arrangement of the slightly trans- 
versely elongate or subhexagonal ventrolateral pla- 
tes may be rather distinct in the juvenile specimens. 
In the large specimens these plates become so 
crowded however, that only the tangential and 
longitudinal arrangements are perceptible. The ven- 
trolateral plates in the large specimens are further 
concealed by a fairly thick integument. Often there 
are only two ventrolateral plates in the first tan- 
gential row, and each of these plates may carry up 
to 15 spinelets in the largest specimens. About 8 
ventrolateral plates, with single spinelets, correspond 
also in the largest specimens with a marginal plate. 
Generally the ventrolateral plates extend almost to 
the end of the arms, in the large specimens in several 
series. In the specimen with R 100 mm and 26 in- 



feromarginals, ventrolateral plates thus are present 
to the 18th or 19th inferomarginals. 

D i s t r ibu t ion :  
Thovacastev cj)lindvatus is hitherto known from 

19 dredgings in depths ranging from 2600 to 4990 m 
(1 1 of them in depths exceeding 4000 m). Six of the 
dredgings were in the eastern and tropical Atlantic, 
eight in the northern Indian Ocean, and five in the 
eastern tropical Pacific. (Fig. 33). Specimens of 
Thovacastev are further collected by the Vitjaz in 
the western North Pacific (Kurile-Kamchatka 
Trench) in about 4000-5000 m. Thovacastev cylin- 
dvatus has been found on a bottom of globigerina 
ooze, calcareous clay, and white, grey, yellowbrown, 
green, or black mud, at temperatures between 1.3" 
and 2.8"C. 

Styracaster Sladen, 1883 

Type-species : Styvacastev hovvidus Sladen, 1883. 

Syn. : Machaivaster E. Perrier, 1884 (type-species : 
Machaivastev pictus E. Perrier, 1884 = Styvac- 
aster spinosus E. Perrier, 1885). 

Chunaster Ludwig, 1907 (type-species : Chunaster 
scapanephouus Ludwig, 1907 = Styvacastev 
horridus Sladen). 

Diagnos is :  
Porcellanasterids with superomarginals forming 

a complete casing to arms. A varying number of 
erect spines in arm midline. Superomarginals of disk 
unarmed. A mid-interradial suture. Cribriform or- 
gans (3-1 1) confined to marginals of disk. 

Desc r ip t ion :  
The disk is pentagonal. The arms are well set off, 

narrow, tapering and more or less compressed. 
Their length varies considerably in the different spe- 
cies. R is known to reach a length of almost 150 mm 
in some species; and in some large specimens the 
ratio R/r may exceed 6. In one species, however, 
the ratio R/r may be less than 2 even in adult spec- 
imens. The body is flat when the stomach is empty, 
and neither is it very tumid when the stomach is full. 
The terminal ossicle is fairly conspicuous and rather 
distal to the arm end. The whole dorsal side may be 
uniformly covered with well developed paxillae, but 
in some species there is a pavement of naked ~ l a t e s  
at  the arm bases, and in others there are no paxillae 
at all, but only spiniferous plates. The jaws show a 
prominent keel formed by the interradial part of the 

two combined oralia, which are separated by a su- 
ture of varying width, meeting proximally and usu- 
ally also medially, but this latter not in all species. 
The primary oral ossicle has a triangular surface 
well exposed. The oralia carry a varying number of 
marginal spines, the proximal of which is the largest. 
The elongate adambulacralia of the main part of the 
arms show a protruding adoral part with a varying 
number of furrow spines, and an incurved aboral 
part, either naked or with a single isolated furrow 
spine. The ventrolateral area has a pavement of 
plates, naked or with scattered granules. The sur- 
face of the oralia, and the adambulacralia, may like- 
wise be either naked or provided with a small num- 
ber of granules or spinelets. 

Remarks :  
SLADEN (1883) erected Styvacastev to comprise his 

two species hovvidus and aumatus, and several other 
species have later been ascribed to the same genus, 
viz. spinosus and edwavdsi, by E.PERRIER in 1885, 
clavipes by WOOD-MASON & ALCOCK in 1891, chuni, 
caroli, monacanthus, and paucispinus, by LUDWIG in 
1907, and elongatus, and vobustus, by KOEHLER in 
1907 (a and b). Further LIEBERKIND in 1935 de- 
scribed a new subspecies: chuni var. guoenlandica. 
The specimen mentioned as Styvacastev sp. by 
CHUN in 1900, was by LUDWIG in 1907 described as 
representing a new genus and species, Chunaster 
scapanephovus, which, however, is identical with 
SLADEN'S Styvacastev hovvidus. The form which 
E. PERRIER in 1884 referred to as Machaivaster 
pictus is the same as he later called Styracaster 
spinosus. 

A total of 12 species has thus been described in 
the genus Styvacastev (inclusive of Chunastev), and 
presumably most of them are valid. The Galathea 
Expedition collected 54 specimens of Styvacastev in 
ail, representing 5 different species, all previously 
described; and this fairly large material has made 
it possible to undertake a comparative study of the 
species of the genus, and to form an idea of the in- 
fraspecific variation, and also to evaluate the charac- 
ters distinguishing the digerent species. 

Juvenile specimens of Styvacastev, in S. hovridus 
e. g. up to a size of R about 30 mm, have still only 
poorly developed dorsal paxillae even if the adult 
specimens have dorsal paxillae crowned with a large 
number of spinelets. The present author in 1951 
ventured, therefore, to set forth the opinion that 
some of the species of Styvacastev described as being 
without real paxillae, would prove to be based on 



juvenile specimens, and the character of their dorsal 
armature thus be of no taxonomical value. The 
present study has, however, disproved this supposi- 
tion. A specimen of S. arrnatus in the Galathea ma- 
terial clearly shows that SLADEN based his descrip- 
tion of this species on an adult specimen. The type- 
specimens of E. PERRIER'S S.  SP~IZOSUS and S. ed~vardsi 
were small, considering the size attained by such 
species as e. g. S. horridus and S. elongatus, but later 
material of S.spinosus has shown that pseudo-pax- 
illae with only single spinelets are found also in the 
full-grown specimens. (Incidentally, S.spinosus and 
S. edwardsi are almost certainly synonymous). 

The species of Styracaster (some of them perhaps 
only nominal) may be grouped as follows: 

1) A group symbolized by the type-species S. hor- 
ridus (of which Chuncster scapanephorus is a syno- 
nym), and further comprising S.caroli and also 
S.elongatus. These three species are well distin- 
guished. 

2) A group symbolized by S.chuni, and compris- 
ing also S.  paucispirzus, and further S.  robustus. 

3) A group symbolized by S.armatus and com- 
prising also S. spinosus (with which S. edwardsi is al- 
most certainly identical), and the uncertain S .  clavi- 
pes (perhaps also identical with S.spinosus). - The 
taxonomical status of the forms in this group thus 
is not yet quite clear. 

Finally S.monacanthus may be ranged in a group 
of its own, but apparently near that of S.armatus. 

Key to the species of Styracaster Page 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 a. A dorsal armature of well developed paxillae. 2 
. . . . . . . . . . . . . . . . . . . . .  1 b. A dorsal armature of imperfect pseudo-paxillae or spiniferous plates. 7 

. . . . . . . . . . . . . . . . .  2a. Arms comparatively short, R 5 3 r. Distal terminal spine conspicuous 3 
2b. Arms long. R > 3 r to 5 r. Distal terminal spine not especially conspicuous. Whole disk area 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  uniformly covered with paxillae. 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3a. A triangular area of naked plates at arm bases. 4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 b. Whole disk area uniformly covered with paxillae robustus 119 

4a. Adambulacralia of arms with 2-3 pointed conical furrow spines on adoral protruding half, and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  an adoral subambulacral spine chuni 1 13 

4 b. Adambulacralia with about 5 flattened furrow spines, no subambulacral armature. . paucispinus 118 
5a. Inferomarginals of arms more than half as high as accompanying superomarginals. An aboral 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subambulacra.1 spine elongatus 110 
5b. Inferomarginals of arms less than half as high as accompanying superomarginals. An adoral 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  subambulacral spinelet or granule. 6 
6a. The aboral spine the largest in the furrow series. The adoral furrow spines possibly modified as 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  segmental papillae. Lateral oral spines flat, subcircular. horridus 93 
6 b. The aboral spine the smallest in the furrow series. Furrow spines and lateral oral spines all pointed, 

conical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  caroli 107 
7a. A triangular area at arm bases with naked larger plates. R about 3 r .  . . . . . . . . . . . . . . . . . . . . .  8 
7 b. Whole dorsal side uniformly covered with spiniferous plates or pseudo-paxillae. Arms very short 

andnarrow. R 5 2 r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  monacanthus 123 
. . . . . . . . . . . . . . . . . . . . . . . . .  8 a. Oralia in the pair forming a jaw only meeting proximally. armatus 119 

8 b. Oralia in the pair forming a jaw also meeting medially, at the primary oral 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ossicle spinosus (and clavipes) 121, 123 

Styracaster horridus Sladen, 
Figs. 12-17. Pls. VII-VIII 

1883 
Chunaster scapanephorus n. sp., LUDWIG 1907 pp. 

316-317. 
Chunaster scapanephorus, LIEBERKIND 1932 pp. 288- 

Styracsster horridus n. sp., SLADEN 1883 pp. 229-232; 29 1, textfig. 1 1, pls. l,, 5 ,-,, 6 ,,,,, 7,. 
1889 pp. 150-152, pls. 23,,, 27 ,,,,. Chunaster scapanephorus, MADSEN 195 1 pp. 80-8 1. 

Styracaster horridus, KOEHLER 1909 b pp. 38-39. Non : Styracaster horridus, WOOD-MASON &ALCOCK 
Styrucaster horridus, KOEHLER 1921 p. 2. 1891, ALCOCK 1893 = S.  caroli Koehler, 1907. 
Styracaster horridus, MADSEN 195 1 pp. 78-80, fig. 2. Nec : S.  horridus, RICHARD 1903, = S. elongatus 
Styracaster sp. LUDWIG, in CHUN 1900 p. 288, fig. Koehler, 1907. 



The type-specimen of Styvacastev hovvidus was col- 
lected by the Challenger in the tropical eastern 
Atlantic (st. 346: 2'423, l4"4l1W, 4298 m, globi- 
gerina ooze, 1 . l o  C.), and it appears from SLADEN'S 
text that at least one other larger specimen was at  
disposal. (WYVILLE THOMSON (1877 pt. I1 p. 267) 
noted from the haul "three fine specimens of a new 
species of Porcellanastev remarkable for a series of 
long spines running along the centre of the back of 
each ray".) 

The type-specimen has R/r 751 15 mm; 23 supero- 
marginals, all longer than high, and according to 
the figure joining their opposites from plates no. 4. 
A continuous series of erect slender sharply pointed 
spines along midline of the laterally compressed 
arms, borne generally on alternate plates of all 
successive pairs of opposite superomarginals. Prox- 
imal arm spines longer than height of arms, towards 
arm tips decreasing fairly regularly in lenght. In- 
feromarginals about twice as long as high. 7-9 pa- 
pilliform cribriform organs. Terminal ossicle rather 
compressed, elongate in contour (dorsal to about 
two rudimentary superomarginals), with 3 spines, 
a terminal one and a pair of subterminal ones (in 
a large specimen possibly with an additional spine 
in the dorsal midline). Dorsal side of disk with 
closely crowded small pseudo-paxillae with 4-8 
spinelets. Adambulacralia elongate, subrhomboid, 
with furrow margin and ventral side incurved, prox- 
imal ossicles with 5 subequal short flat and pointed 
furrow spines, those of arms with 3 short slightly 
compressed and sharply pointed spines on adoral 
part of furrow margin, and a much longer and 
pointed spine on aboral part. (In large specimens 
1-3 adorally placed subambulacral granules). Oralia 
with a pointed conical spine on tip (or two such 
spines, one above the other), and a series of 7-8 sub- 
equal short and flat spines along lateral margin. (In 
a large specimen 4-5 suboral granules in a series 
along median suture). Ventrolateral area with trans- 
versely elongate plates with spaced irregularly placed 
granules. 

KOEHLER in 1909 records two specimens of Sty- 
racaster houridus dredged by the Princesse Alice in 
the Bay of Biscay and east of the Azores respectively 
(st. 757: 44"06'N, 10°22'W, 4900 m, muddy ooze; 
and st. 1789: 31 "06'N, 24"001W, 5413 m). R/r are 
?/22 and 3419 mm. The smaller specimen has 15 
superomarginals, 5 cribriform organs, only few arm- 
spines, and in most cases only 3 adambulacral spines. 

In 1921 I~OEHLER records three additional spec- 
imens from three other dredgings of the Princesse 

Alice, all in the Bay of Biscay (st. 2986: 45 "08'N, 
7"06'W, 4870 m; st. 2994: 44"08'N, 10°44'W, 
5000 m; and st. 2997: 44"29'N, 10°31'W, 4965 m). 

Finally the present author, in 1951, described 
three juvenile specimens of Styvacastev horridus 
from a dredging made by the Swedish Deep-Sea 
Expedition in the tropical Atlantic near the type- 
locality (st. 329: about 9"44'N, 26"25'W, 5610- 
5600 m, calcareous red clay, 2.4" C.). The specimens 
in question had R/r 3018, 2317, and 1315 mm, and 
15-17, 13-15, and 11 superomarginals respectively. 
The largest one agreed fairly well with the type, 
whereas the two smaller ones were still without pax- 
illar spinelets and had only a few arm-spines (one 
of these always on the first pair of joining supero- 
marginals). 

Styvacaster hovridus was also recorded from the 
Indian Ocean by WOOD-MASON & ALCOCK (18911, 
but according to KOEHLER (1909a), who has re- 
examined these author's material, the specimens in 
question actually belonged to Styracaster cavoli. 

Chunastev scapanephorus: This genus and species 
was briefly diagnosed by LUDWIG in 1907 on the 
basis of a specimen collected by the Valdivia Ex- 
pedition in the Indian Ocean south of Sumatra 
(st. 183: 8"14'S, 98"22'E, 5248 m, radiolarian ooze), 
and previously (on basis of LUDWIG'S preliminary 
identification of it) listed as Styvacaster sp. by 
CRUN (1900), who also published a photograph of 
it. The same specimen was snbsequently given a 
more detailed and fully illustrated description by 
LIEBERKIKD in 1932. 

The type-specimen of Chunastev scapanephorus 
has R/r 98/27 mm; 24-30 superomarginals, longer 
than high, joining their opposites from plates no. 6. 
Along the midline of the laterally compressed arms 
a series of 11-14 erect slender pointed spines, one 
to each pair of joining superomarginals, proximally 
at least as long as the arm is high, more or less re- 
gularly decreasing in length towards the arm ends. 
Inferomarginals of disk subrectangular, of arms 
four times as long as high; 11 cribriform organs. 
Terminal ossicle laterally compressed, with 3 spines. 
Whole dorsal side with close-set paxillae with 4 (-6) 
spinelets. Adambulacralia of arms elongate, with an 
incurved furrow margin, adorally with a series of (3-) 
5 spatulate furrow-spines in a common web, and ab- 
orally with a larger conical pointed spine. Proximal 
3-4- adambulacralia relatively shorter, with a con- 
tinuous series of 9-10 spatulate furrow spines, and 
further with up to about 5 subambulacral granules 



on adoral surface. Oralia each with a stout conical 
spine at tip, and laterally with a series of 9 (-10) 
spatulate marginal spines similar to adambulacral 
ones; also a suboral granule. Ventrolateral area 
paved with proximally spaced, and distally close- 
set and in radial series arranged plates with scat- 
tered granules. Minute ventrolateral plates extend- 
ing in about a double series almost to terminal 
ossicle. 

If this description is compared point by point with 
that of the type-specimen of Styracaster horridus, it 
appears that the only character by which Chunaster 
scapanephorus is distinguished is in the presence of 
ventrolateral plates in the arms, almost to the arm 
end. The larger number of cribriform organs in 
Chunaster scapanephor~us is accounted for by the 
larger size of this specimen, and tlie peculiar adam- 
bulacral armature, which LUDWIG and LIEBERKIND 
emphasize as especially characteristic of the form, 
really is exactly identical (and also identically de- 
scribed) in Styracaster horridus. 

The Swedish Deep-Sea Expedition collected in the 
tropical mid-Atlantic, (st. 342 : about 1 ON, 18 "401W, 
5250-5300 m, globigerina ooLe, 23°C.) quite near 
the type-locality of Styracaster horridus, six porcel- 
lanasterids which the present author in 1951 re- 
corded under the name of Chuilaster scapanephorus, 
since they had a series of ventrolateral plates in the 
arms and also in all other characters agreed well 
with the description of this form given by LUDWIG 
and by LIEBERKIND. They had R/r ?/I 1 ,  52/12, 
52/14, 51-55/16, ?/I7 and 58/17 mm; about 18-19 
superornarginals, joining from nos. 5-6 ; and 10- 14 
arm spines. Terminal ossicles sometimes with a 
fourth spine in the dorsal midline. (See fig. 13f-i). 

Since these two named forms, Styracaster horridus 
and Chunaster scapanephorus, differ between them- 
selves merely in the extent to which a ventrolaterai 
armature of plates is developed in the arms, whereas 
in several of their other common characters they 
differ markedly from the other species described of 
Styracaster, they cannot possibly be generically 
different. Now, the possession of ventrolateral plates 
in the arms might be a character of specific or sub- 
specific importance. But the material from the Gala- 
thea Expedition to be described below shows a so 
diverse armature of ventrolateral plates in the arms 
that it cannot be considered of any taxonomic im- 
portance specifically; no more than could e. g. the 
armature of secondary dorsal arm plates in Thorac- 
aster. 

The Ga la thea  mater ia l :  
A total of 24 specimens and some fragments of 

Styracasteu horridus were dredged at seven stations: 
in the Atlantic in the Gulf of Guinea, in the Indian 
Ocean off Tanganyika and south of Ceylon, and in 
the South Pacific in the Kermadec Trench north of 
New Zealand, respectively. 

St. 30: 0°42'N, 5"59'W, 5160 m, 2.2"C., clay. 
10 specimens. 

St. 234: 5"25'S, 47"09'E, 4820 m, I.X°C. 3 spec- 
imens. 

St. 235: 4"47'S, 46"19'E, 4810 m, 1.4"C., globi- 
gerina ooze. I specimen. 

St. 282: 5"32'N, 78"411E, 4040 m, 1.5"C., black- 
ish mud. 2 specimens. 

St. 663: 36"311S, 178"38'W, 4410 m, 1.2"C., 
brown, sandy clay. 2 specimens. 

St. 664: 36"34'S, 178"57'W, 4540 m, 1.1 "C., 
brown, sandy clay. 6 specimens + frag- 
ment. 

All the specimens available from the Atlantic and 
the Indian Ocean have the characteristic adambu- 
lacral armature described for the types of Styrac- 
aster horridus and Chunaster scapanephorus. The 
material of two specimens from st. 282, south of 
Ceylon, agrees with the type of Styracastev horridus 
in the absence of a ventrolateral skeleton in the 
arms, whereas the other material, from off tropical 
West Africa and off tropical East Africa respect- 
ively, in every population includes specimens cor- 
responding closely to the one described as Chunaster 
scapanephoru.~, in having ventrolateral plates ex- 
tending into the arms. It has been found most con- 
venient, therefore, to describe the specimens from 
st. 282 separately. Also the specimens from the two 
dredgings in the Icermadec Trench in the South 
Pacific, will be dealt with separately, since they differ 
somewhat from the other specimens by having a 
more simple adambulacral armature. 

The specimens f rom st. 282: 
The two specimens representing the population 

of Styracaster horridus found in this locality, south 
of Ceylon, have R/r 91/21 and 85/15 mm respect- 
ively. The larger one in general appearance agrees 
well with the type-specimen of S. horridus, having 
the arms armed with 11-13 dorsal spines, whereas 
the smaller one shows a very different appearance, 
as it has only a single dorsal spine on each arm (al- 
ways belonging to the first pair of joining supero- 
marginals). This specimen thus does not at all cor- 



respond to the name of horvidus. The specific iden- 
tity of the two specimens, however, is beyond doubt, 
and, as will appear from the following, such an oc- 
currence of one-spined specimens in a population 
of otherwise many-spined ones is known e. g. also 
in the species Styvacaster chuni. 

The specimen with R/r 9 1/21 mm (fig. 12a-e, g j ,  m) 
has 30 superomarginal plates, which join from the 
fifth opposite pair. All marginal  plates have a 
rather granulated surface. The superomarginal ones, 
of the arms as well as of the disk, are slightly longer 
than high, subrectangular if corresponding with 
their opposites and with the inferomarginals, but 
varying in shape to hexagonal if alternatingly ar- 
ranged, which is a fairly frequent feature. Centrally 
the marginals show a faint depression. 

The inferomarginal plates are in the arm angles 
about as high as the accompanying superomargin- 
als, but proximally in the arms they are only about 
half as high, and distally only from one-third to 
one-fourth as high. In general they are of the same 
length as the corresponding superomarginals, but 
they may be shorter, so that e. g. 8 inferomarginals 
correspond to 5 superomarginals. In places the 
series of inferomarginals is interrupted by one or a 
few enlarged superomarginals reaching down to the 
ventral side. 

The only two intact arms carry 11 and 13 dorsa l  
spines respectively. The ten distal pairs of supero- 
marginals are unarmed in both arms, and in one 
arm also the second, fifth, eight, and eleventh pair 
of joining superomarginals are without dorsal 
spines, whereas in the other arm it is the second, 
fourth, eighth and twelfth pair which are unarmed. 
The spine armature of these two arms is thus less 
developed than was the case in the type-specimen 
described by SLADEN. However, another, broken 
arm of the same specimen has a continuous row of 
dorsal spines on all the nine joining pairs of supero- 
marginals left. In four of the radii in the present 
specimen there is another variation from the type- 
specimen, viz. that the most proximal arm spine 
(about 10 mm long) is developed already on the 
fourth superomarginal plate, which is completely 
separated from its opposite, whereas in the type 
(and in all other specimens described) the most prox- 
imal arm spine is always found on one of the plates 
of the first joining pair of superomarginals. The 
spines of the main (distal) part of the arms are 
slightly curved, with the point turned outwards, as 
was also noted by SLADEN for the type-specimen. 

They decrease more or less regularly in length as 
they proceed along the arm. (Fig. 12e). 

The cr ibr i form organs  number 9 in eachinter- 
radius in this specimen with R/r 91/21 mm. Each of 
the seven median ones, which consist of about 20- 
24 rows of papillae, covers a little more than one- 
third of each of the two sets of marginals on which 
they are developed. The series of covering papillae 
extends from one dorsal corner of the organ in a 
straight line almost to the ventral edge of the in- 
feromarginal plate where it bends and continues 
near the margin and round to the other side of the 
organ, ending at the other dorsal corner. The outer 
cribriform organs, at the base of the arms, also reach 
almost to the ventral margin of the inferomarginals, 
from which they are demarcated by the series of 
covering papillae in the same way as are the median 
organs, but they do not reach to the dorsal side of 
the superomarginals. 

The terminal  ossicles have borne a fairly large 
spine at their tip, and further there is a pair of small 
subterminal spines. (Fig. 12h). 

The whole d o  r s a1 a re  a of the disk, inclusive of 
the arm bases, is covered with paxillae (fig. 12m), 
which usually are crowned by 6-7 spinelets, but 
sometimes have 8 or only 3-4 spinelets. This spec- 
imen with R/r 91/21 mm has the stomach filled to 
the utmost, and the whole disk area in consequence 
is much expanded, and the paxillae of the main part 
of the disk hence fairly spaced. (SLADEN'S descrip- 
tion of the shape of the disk in the type-specimen 
of hovvidus as not high, and the under surface con- 
vex, is of course an individual and not a specific 
characteristic). There is no apical cone. The dorsal 
integument is fairly thick and leathery, as noted by 
SLADEN. Papulae were not observed even though 
the specimen is well expanded. 

The adambulacra l  ossicles number 45. Their 
armature consists on the proximal two to four os- 
sicles (fig. 12b, c) of a furrow series with 4-5 blunt 
flat or spoon-shaped spines which as segmental pa- 
pillae cover an oblong segmental pit, and further 
there are on the adoral part of the surface 2 or 3, 
sometimes 4 subambulacral granules. In the follow- 
ing adambulacral ossicles (fig. 12d) the aboral part 
narrows somewhat down to give room for the podia, 
and the furrow spines become pointed, and especi- 
ally the distal one increases in length. The adam- 
bulacral armature in the arms (fig. 12g, i, j) then 
consists of a series of 3 (occasionally 4, and most 
distally only 2) flat and pointed spines on the adoral 
broad part of the ossicle, covering as segmental pa- 



Fig. 12. Styracaster horridus, st. 282. a-e) R/r  91/21 mm (see also g-j and m); a, oral ossicle and first adambulacral ossicle in 
lateral view; b, another jaw in ventral view; c, adambulacralia nos. 3-4; d, adambulacralia nos. 6-7 and adjoining inferomar- 
ginals; e, part of arm, showing the superomarginals nos. 15-20, aboral end to the left. f)  R/r 85/15 mm (see also k-1), part of 
arm, showing the superomarginals nos. 11-15, aboral end to the right. g-j) R/r 91/21 mm; g, adambulacral ossicle no. 15, seen 
obliquely from the side, in twice the usual scale; h-i, distal end of arm in lateral view and in ventral view; j, part of arm in 
ventral view, showing the adambulacralia nos. 22-26. k-1) R/r 85/15 mm; k, adambulacralia nos. 7-12; 1, adambulacralia nos. 

24-25. m) R/r 91/21 mm, paxillae in four times the usual scale. 
Scale: 10 mm (in g: 5 mm, in m :  2.5 mm). 

pillae a faint segmental pit, and of a spiniform 
pointed spine about as long as the ossicle, standing 
alone on the aboral narrow part at some distance 
from the adoral series. The more distal adambula- 
cral ossicles carry further (always?) a single sub- 
ambulacral granule near their outer adoral corner. 
The triangular ends of the ambalacral ossicles are 
distinctly visible in the arms (fig. 12j). 

The prominent o ra l  ossicles (fig. 12a, b) each 
carries a fairly large conical spine at the tip and 
along the margin a series of 8 about one-third as 
large, blunt and flat or spoon-shaped spines, which 
are to be described as a series of segmental papillae, 
and which cover a distinct, long segmental pit. The 
surface of the oralia is naked. 

The ven t ro l a t e ra l  p la tes  are transversely 
elongate, arranged in about 6-8 tangential series, 

and distally also in radiating series, which two and 
two approximately correspond with an adjoining 
marginal plate. The proximal ventrolateral plates 
are about twice as large as the distal ones and more 
irregular, often rather boomerang-shaped with one 
part parallel to the furrow. The plates, especially 
the proximal ones, are fairly spaced, partly because 
the specimen is well expanded by a full stomach. 
They are covered with a fairly thick integument and 
each may carry up to half a dozen very minute 
granules. The ventrolateral plates are confined to 
the disk area. Only a narrow strip of naked skin 
extends between the series of inferomarginals and 
adambulacral ossicles. 

The other specimen of Styvacastev hovvidus from 
st. 282 (fig. 125 k, I ;  pl. VIII 1-2) has R/r 85/15 mm 



by an empty stomach. There are 25 superomargin- 
als, joining their opposites from the fourth or fifth 
pair, and 8-9 cribriform organs, which in places 
coalesce with their neighbour to one or to either side. 
The specimen, as already mentioned, is remarkable 
in having only a single dorsal spine to each arm 
(always placed on one of the superomarginal plates 
of the first pair of joining ones). The specimen, how- 
ever, is otherwise slightly more spiny than the other 
one. The terminal ossicle is provided with two pairs 
of small subterminal spines besides the large distal 
spine. There are 9 lateral oral spines besides the 
conical proximal one. The proximal three adam- 
bulacralia carry 5-6 spatulate furrow spines, and 
the vertebra-like adambulacralia of the arms (fig. 
12k) carry an adoral series of 4 spatulate spines be- 
sides the longer spiniform spine aborally. A single 
plate was found with 2 aboral spiniform spines. A 
few subambulacral granules or granuliform spinelets 
occur in a transverse row near the adoral margin 
of the ossicles. The paxillae carry 4-8, mainly 6 
spinelets. The madreporite, separated from the mar- 
gin by a single row of paxillae, is round, with the 
striae radiating from an adcentral point, and along 
the adcentral edge provided with an armature of 
spinelets similar to those on the paxillae. There is 
a faint apical cone. 

Nor in this specimen do the ventrolateral plates 
extend outside the disk area. In one arm, however, 
a few inferomarginal plates are missing at the su- 
peromarginals nos. 12-14, and the correspondingly 
broader strip of integument stretching between the 
series of marginals and hdambulacral ossicles in- 
cludes here a small number of spaced minute plates. 

The specimens f r o m  sts. 30, 234, a n d  235. 
(Figs. 13-15. Pl. VII): 

The ten specimens of Styracaster horridus from 
st. 30 have R/r in mm as follows (with the number 
of superornarginals added in parentheses) : 1516 (lo), 
2018 (10-ll), 35/9 (16-17), 58/12 (19), 60113 (la), 
6311 5 (21), 66/19 (21), 68/14 (17-18), 75/16 (23), and 
8 1 / 17 (23-25) respectively. The three specimens from 
st. 234 have R/r 45/14, 118-128118 mm, and 118- 
13 1/20 mm, and about 23,32, and 32-37 superomar- 
ginals; and the single one from st. 235 has R/r 118- 
146129 mm by a full stomach (pl. VII) and 25-32 
superomarginals. The ratio R/r increases thus from 
2.5 in the smallest specimens with R about 15-20 mm 
to about 4 in specimens with R 35-81 mm, or to 
about 5, as in specimens with R 75 mm or more, 
thus also in the largest specimen with R 118-146mm, 

even to 6.5 as in one with R 118-128 mm, which 
latter specimen, however, had an empty stomach 
and the disk area contracted so that the interradii 
are excave. 

The supe romarg ina l  p la tes  are in general 
subquadrate, slightly longer than high, but they may 
be distinctly rectangular. Those of either side of the 
arm may stand just opposite each other clear to the 
terminal ossicle, but they may also alternate more 
or less regularly, in which case they may be penta- 
gular, even hexagonal if they alternate also with the 
inferomarginals. All kinds of arrangements may be 
found in the different arms of the same specimen. 
An irregular alternating arrangement seems the 
most common. The inferomarginal plates corre- 
spond in number to the superomarginals, proxim- 
ally in the arms being about half as high as these 
and distally about one-third as high. Out in the arms 
the inferomarginals may alternate with the supero- 
marginals, and then become subpentagonal instead 
of rectangular. The marginal plates have a granu- 
lated surface, and the superomarginals a fairly 
marked central depression. 

The superomarginal plates join their opposites in 
the arms from plates nos. 4-5 in both small and large 
specimens, and from plates nos. 5-6 in the largest 
one with R 146 mm. 

Dorsal a r m  spines are present in a number of 
2 in the smallest specimen (fig. 13 a), R/r 1516 mm 
and 10 superomarginals, and in a number of 3-5 in 
the other small specimen, R/r 2018 mm and 11-12 
superomarginals. The specimen with R/r 35/10 mm 
has up to 8 spines to an arm, and one specimen with 
R/r 45/14 mm has 7 spines on the only arm pre- 
served (with about 23 superornarginals). Some spec- 
imens with R about 60 mm have between 10 and 
17 dorsal spines on each arm, and the same variation 
in number of arm spines is also found in some spec- 
imens with R about 70 mm. One specimen with R 
75 mm has 17 spines on three of the arms, and 18 
and 19 spines respectively on the two other arms. 
The two large specimens with R 118-1 31 mm, and 
32 and 37 superomarginals, have 16-19 arm spines, 
whereas the largest specimen, with R up to 146 
mm but only 32 superomarginals, have 10-1 1 arm 
spines. 

The dorsal arm spines are often developed more 
or less regularly on every second superomarginal 
plate, alternatingly on either side of the arm (thus 
a spine for each successive pair of joining supero- 
marginals), but they may also stand on successive 
plates on the same side for the greater length of 



Fig. 13. Styracaster horridus. a-b) St. 30, R/r 1.516 mm; b, part of ventral side in twice the usual scale. c) St. 30, R/r 68/14 mm. 
d) St. 30, R/r ab. 65/15 mm, paxillae from midway between the center and the interradial margin of the disk, in four times the 
usual scale. e) St. 30, R/r 63/15 mm, part of arm in lateral view, showing the superomarginals nos. 7-11. f-h) Swedish Deep- 
Sea Expedition st. 329, R/r 2417.5 mm; f, part of ventral side in twice the usual scale; g, paxillae in four times the usual scale. 

i) Swedish Deep-Sea Expedition st. 342, R/r 32/14 mm, distal end of arm. 
Scale: 10 mm (in b and f: 5 mm. in d and g: 2.5 mm). 

the arm, and, more rarely, they may be present on 
successive plates on both sides of the arm for some 
distance, thus being placed very closely. The largest 
spines are usually found a little out on the arms, on 
the ninth or tenth superomarginals, and thereafter 
they decrease fairly gradually in length towards the 
tip of the arms. The largest arm spines measure e. g. 
9 mm in a specimen with R 81 mm. 

In the largest specimen available, R/r 146129 mm, 
some scattered small rounded secondary dorsal 
plates of a size similar to the base of the spines, may 
be found inserted between the opposite supero- 
marginals, mainly at  the sutures between successive 
plates. 

The number of c r ibr i form organs  in each in- 
terradius is 7 already in the youngest specimen with 
r 6 mm, very narrow ones, however. Also the me- 
dium-sized specimens have as a rule 7 cribriform 
organs in each interradius. A few specimens with R 
60-75 mm and r 12-16 mm have 8 cribriform organs 
in one or more of the interradii. The specimen with 
R/r 85/15 mm has 8-9 cribriform organs. The spec- 
imen with R/r 118-128118 mm, and the largest one, 
with R/r 118-148/29 mm, have 9 cribriform organs 
in each interradius, and that with R/r about 118- 
131/20 mm has 11 cribriform organs in some of the 
interradii. The median cribriform organs may be 
broadest at  the horizontal suture, and possibly 



coalesce with their neighbours to one or to both 
sides. 

The t e rmina l  ossicle (fig. 14h) is fairly high, 
laterally compressed, and carries in general 3 spines, 
a terminal one and a pair of usually slightly smaller 
subterminal ones (occasionally the unpaired ter- 
minal spine is the smaliest). i n  the medium-sized 
and larger specimens the terminal ossicle may 
sometimes have an additional subterminal spine to 
one or to both sides of the furrow end. More rarely 
there is an additional fairly large spine proximally 
in the dorsal midline, In the largest of the present 
specimens the terminal ossicle of the only intact 
normal arm, R 146 mm (fig. 15g, h), is very en- 
larged in height, in ventrad direction (and has a 
third subterminal spinelet to one side). The whole 
appearance of this arm indicates that it has stopped 
growing normally in length, by adding new supero- 
marginal plates, and the peculiar shape of the ter- 
minal ossicle in question may thus be interpreted as 
senescent. 

The other arm preserved in this large specimen 
from st. 235 measures only 118 mm in length, but 
its outer end is lost in life, and instead of regenera- 
ting a new normal terminal ossicle, a substituting 
terminal end is formed by a pair, it seems, of oppo- 
site superomarginals, which have become somewhat 
thickened and provided with small spines (fig. 15 i, j). 
A short distance before the arm end also an extra, 
similar immitation of a terminal end is formed, 
probably indicating another place of injury. A third 
arm in the same specimen is also in regeneration, 
and has hereby become forked, but during the dred- 
ging the distal ends of both forked parts are lost. 

P axil1 a e cover the whole dorsal area of the disk, 
extending to the marginalia at the arm bases. In the 
smallest specimens, with R/r 1516 and 2018 mm, 
they are yet rudimentary, consisting only of small 
roundish plates (the later paxillar shafts) with only 
a single granuliform spinelet each. In the medium- 
sized specimens from st. 30, with R about 50-60 mm, 
the paxillae (fig. 13 d) carry usually 4-5, and scattered 
ones as many as 7 granuliform spinelets. In the 
largest specimens (sts. 234 and 235) the paxillae 
(figs. 14 1, m; 156) usually carry 4-7 spinelets, and 
scattered ones 8-9. Centrally on the disk there is an 
area with smaller paxillae, and there may be a faint 
apical cone, in the small specimens fairly distinct 
though low. 

The madrepor i c  body is roundish, generally 
with a diameter slightly larger than the length of the 
neighbouring marginals. It may be separated from 

these by a few rows of paxillae, but it may also be 
quite close to them, and pushing itself somewhat in 
between them in the interradial angle. The striae 
radiate from an adcentrally located point. 

The adambulac ra l  a r m a t u r e  is poorly pre- 
served in the two small specinlens with R 15-20 mm, 
bur apparently it consists in the main part of the 
arms of only 3 spines in general. 

The proximal adambulacral ossicles in the other 
specimens with R 35 mm or more (figs. 13c; 14d) 
bear along their whole margin a continuous series 
of usually 5 (6-4) subequal flat spines, generally 
modified as distinct segmental papillae at a more or 
less distinctly developed, long, common segmental 
pit. (These segmental papillae have often the outer 
thinner calcareous part bent inwards at almost 90 
degrees, which it is rather impossible to demonstrate 
in the drawings). The described appearance of the 
adambulacral armature changes gradually as one 
proceeds along the furrow, usually from about the 
fifth or sixth adambulacral ossicle, but sometimes 
(in the specimen with R 81 mm e. g.) not until about 
the tenth ossicles. First, the aboral furrow spine 
loses the spatulate appearance, becoming longer 
than the other furrow spines and pointed, the series 
of furrow spines on these more proximal ossicles 
still being continuous along the adambulacral mar- 
gin; and a little farther out on the arms the aboral 
third of the adambulacral ossicle narrows down 
somewhat, and the larger aboral spine becomes 
placed by itself here, whereas the other spatulate 
furrow spines remain in a continuous row on the 
adoral part, as segmental papillae over a distinct 
segmental pit. In the distal half of the arms the 
difference in the aboral and adoraI width of the 
adambulacral ossicles and the position of the spines 
becomes very pronounced, but here the adoral fur- 
row spines are pointed and, except for their smaller 
size, similar to the aboral spine. The number of 
furrow spines on the distal adambulacralia is often 
1-2 smaller than that found on the proximal ones, 
and thus there are only 3 (or 2) adoral spines be- 
sides the larger aboral one. 

In some of the large specimens the armature of 
the more proximal adambulacralia may differ some- 
what from what is typical, only the two most ador- 
ally placed furrow spines, or only the first, or none 
at all, being modified as segmental papillae, whereas 
the remaining spines are all spiniform and pointed 
like the aboral one, and only slightly decreasing in 
length from the aboral to the adoral end of the 
ossicles (fig. 15 d, f ). 



Fig. 14. Styracaster horridus. St. 234. a-e) R/r 45/14 mm; a, arm in ventral view in twice the usual scale; b-c, same in dorsal 
view and in lateral view; d, part of oral side in twice the usual scale; e, paxillae in four times the usual scale. f-m) R/r 118- 
128118 mm; f-h, same arm in dorsal view, in oblique dorsal view (with the dorsal side of the terminal ossicle in the plane of 
the paper), and in lateral view respectively; i-k, adambulacralia nos. 8, 10, and 19 respectively, in twice the usual scale; 1-m, 

paxillae in four timcs thc usual scale. 
Scale: 10 mm (in a, and i-k: 5 mm, in e, and I-m: 2.5 mm). 

The flattened adambulacral spines (segmental 
papillae) of the more proximal ossicles, as noted 
above, have their outer part distinctly bent, and 
further the calcareous substance of this part is of a 
looser structure than the basal part, the feature 
being correlated with that the spines are enclosed 
in a sheat of skin which may extend far beyond their 
distal point. LIEBERKIND in 1932 p. 290, went into a 
detailed, but somewhat obscure discussion of these 
"spines", and so it may be worth while noting that 
in their whole structure they seem very similar to 
the aperture papillae of the pterasterids. 

The surface of the adambulacral ossicles of the 
disk area and proximal part of the arms is provided 
with a varyingly developed armature, whereas the 
more distal adambulacralia have a naked surface 
(which sometimes may apply also to the proximal 
adambulacralia of the arms, e. g. even in the largest 
specimen, with R 146 mm). On the most proximal 
adambulacralia there may be a transverse row of up 
to 8 spinelets close to the adoral margin, or, more 

exceptionally, a disarranged group of up to half a 
dozen granules adorally. The adambulacralia of the 
inner part of the arms typically carry only 1-2 sub- 
ambulacral spinelets adorally at the end of the seg- 
mental pit. 

The ends of the ambulacral ossicles are visible in 
the whole arm length, simulating small triangular 
plates wedged in dorsally between successive adam- 
bulacralia. 

The o ra l  ossicles (figs. 13c, 14d) bear on their 
proximal tip a pointed somewhat flattened spine and 
along their lateral margin a series of about half as 
long subequal spatulate spines. The proximal spine 
e, g. is about 1 mm long in a specimen with R 
60 mm. The number of marginal oral spines, in- 
clusive of the larger one at the tip, is 7-8 in the 
smallest specimen with R/r 1516 mm, and 9-10 in 
the other small one with R/r 2018 mm. In the larger 
specimens the usual number of marginal spines is 
10, but there may be 11 and sometimes only 9 mhr- 
ginal spines, the latter number e. g. also in a spec- 



Fig. 15. Styracaster horridus. a, St. 234, R/r 128/18 mm, adambulacralia nos. 3-5. b-j) St. 235, R/r 146129 mm; b, paxillae in  
four times the usual scale; c-e, parts of same arm in oblique ventral view (with the surface of the adambulacralia in the plane 
of the paper), showing: c, distal adambulacralia at inferomarginals nos. 25-26; d, proximal adambulacralia at inferomarginal 
plate no. 8; e, adambulacralia at inferomarginals nos. 13-14; f, part of same arm in lateral view (from the other side), showing 
the superomarginals nos. 13-14; g-h, distal ends of arms, with the granulated surface indicated on the terminalia and the distal- 

most marginalia; i. j, an abnormal arm in dorsal view and in lateral view. 
Scale: 10 mm (in b: 2.5 mm). 

imen with R/r 128118 mm. Some specimens show 
in some radii different variations from the typical 
proximal oral armature of two larger spines, one to 
each ossicle of the pair forming a jaw. Thus 2 or even 
3 of the proximal spines on each oral ossicle may 
be large and pointed, or there may be an additional 
unpaired spine between the two normal tip spines, 
or a jaw may have only such a single proximal larger 
oral spine, apparently common to the combined 
pair of oralia forming the jaw. 

The surface of the oralia usually appear naked, 
but there may also be as many as 6 suboral spinelets 
in a scattered row along the suture and also (or in- 
stead) a few spinelets near the distal interradial 
margin. 

The ventral exposed surface of the primary oral 
ossicle is equilateral triangular in contour. 

The ven t ro l a t e ra lp l a t e s  are transversely elon- 
gate and in the more distal part of the interradial 

area arranged in radiating rows, two and two about 
corresponding with an adjoining marginal plate. 
The ventrolateral plates are densely crowded in 
specimens with empty stomachs, but become well 
spaced proximally when the specimens are ex- 
panded by a full stomach. The ventrolateral plates 
are still naked in the two small specimens from 
st. 30, with R/r 1516 and 2018 mm, but in all other 
specimens the ventrolateral area bears a varying 
number of granuliform spinelets, very scattered in 
some of the medium-sized specimens, but otherwise 
in a number of e. g. 6-7 in two tangential rows on 
each plate, or, as in a large specimen with R/r 
128118 mm, as many as about 20 granuliform spine- 
lets in three tangential rows. Commonly the ventro- 
lateral plates near the margin of the disk are more 
armed than the proximal ones. 

Ventrolateral plates do not yet extend in the arms 
of the two small specimens from st. 30, R/ r  1516 and 



Fig. 16. Styracaster hovvidus. St. 663. a-e) R/r 7211 5 mm, (see also k-0); a, part of arm showing the superomarginals nos. 11-1 8 ;  
b-c, distal end of same arm; d-e, another arm in dorsal view and in lateral view. f-j) R/r 74/16 mm; h-j, a large paxilla and two 
groups of paxillae, in four times the usual scale. k-o) R/r 72/15 mm; 1-n, adambulacralia nos. 30,17 and 15 respectively, in 

twice the usual scale; o, paxillae in four times the usual scale. 
Scale: 10 mm (in I-n: 5 mm, in i-j, and o:  2.5 mm). 

2018 mm, but small rounded ventrolateral plates 
occur in the larger specimens in a narrow band 
rather far out in the arms, gradually becoming more 
and more scattered, so that in about the distal third 
of the arms there is only a narrow strip of naked 
skin between the marginal plates and the adam- 
bulacral and ambulacral ossicles. Only exception- 
ally, e. g. in the largest and perhaps senescent spec- 
imen with R 146 mm, ventrolateral plates occur 
also at  the tip of the arms. Some of the ventro- 
lateral plates in the arms of the large specimens may 
be provided with a few granules. 

The specimens f r o m  the  Kermadec  Trench  
(figs. 16, 17; pls. VIII 3-6) : 

The two specimens of Styvacaster horridus from 
st. 663 have R/r about 72/15 and 74/16 mm re- 
spectively. The material from st. 664 comprises a 
single large specimen with R/r 78/20 mm, a detached 
arm of a second equal-sized specimen, and five 
smaller specimens, of which one has R/r about 
3018 mm, whereas the others are juveniles with 
R/r 1114, 1415, 1615, and 2115 mm. 



For the legend to the figure see opposite page. 
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The a d u l t  specimens f r o m  t h e  Kermadec  
T r e n c h :  

The number of superomarginals in these three 
large specimens is 20 in that with R/r 78/20 mm, 26 
in that with R/r 74/16 mm, and 24 in that with R/r 
about 72/15 mm; and the opposite ones join from 
the sixth, the fifth, and the fw~rtlz pair, respectively. 

The superomargina ls  of the arms are typically 
subquadrate to rectangular, and the accompanying 
inferomarginals are from three-fifths to less than 
half as high. In the same specimen there may be a 
considerable variation in the shape of the marginals 
in the different arms however, as will appear from 
the figures 17 t ,  u of the distal part of two arms of 
the specimen with R/r 78/20 mm. In general the 
marginals are subalternating. The surface of the 
marginal plates is fairly granulated, especially in the 
specimen from st. 664. The superomarginals show a 
faint central depression. The arms may be very 
compressed. 

These three specimens have an almost continuous 
row of do r sa l  spines on all arms. There are 18- 
19 spines on the arms preserved in their total length 
in the specimens from st. 663 with R about 72- 
74 mm, whereas the specimen from st. 664 with R/r 
78/20 mm has 14, 15, 17, and 18 spines respectively 
on the four arms and 12 spines on the fifth arm 
which is in regeneration and only 53 mm long. The 
arm splnes are subequal in length far out on the 
arms, and generally they are slightly curved towards 
the arm tip (fig. 16a, b, e). The first arm spine is 
typically developed on one of the plates of the 
first joining pair of superomarginals, but in one of 
the specimens from st. 663, it is in two of the arms 
developed on the plate just before the first one which 
joins its opposite. The proximal spines are about 
6 mm long. Almost without exception the spines are 
placed with one to each pair of joining supero- 
marginals. Some superomarginals may bear 2 spi- 
nes, and a large spine may be accompanied by a 
couple of spinelets near its base. 

The c r ib r i fo rm o rgans  number 6-7 in the spec- 
imen with R/r about 72/15 mm, 7 in that with R/r 
about 74/16 mm, and 11 in that with R/r 78/20 mm. 
The structure is rather sublamelliform. 

The t e rmina l  ossicles  (dorsal to 1-4 supero- 
marginals) carry generally 3 spines, a distal terminal 
one and a pair of smaller subterminal ones, but 
some terminal ossicles may have a fourth spine 
proximally in the dorsal midline (fig. 16b). 

The whole do r sa l  a r ea  inclusive of the arm 
bases is prwided with close-set paxillae. The num- 
ber of spinelets in the paxillar crowns is on an 
average 4-6 in the specimen from st. 664 (fig. 171-k), 
and 5-7 in that from st. 663 with R/r 72/15 mm 
(fig. 16o), but in both specimens paxillae occur with 
up to 9 spinelets. The second specimen from st. 663, 
with R/r 74/16 m, in general has paxillae with 9-12 
spinelets (fig. 16 h, j ) ,  but interspersed between these 
are also many with only 3 granuliform spinelets, and 
some with as many as 21 spinelets. Centrally on the 
disk the paxillae are small. None of the specimens 
show any indication of a central prominence. Nei- 
ther papulae nor gonopores have been observed. 

The adambulac ra l  a r m a t u r e  (fig. 16J k) in 
these specimens is of the general type in Styvacaster, 
not being modified as segmental papillae, and there 
is no distinct segmental pit developed. 

The proximal 2-3 (4) adambulacral ossicles in the 
specimens from st. 663 carry 4, and some of the 
most proximal ones up to 6 flattened, but pointed 
furrow spines, the adoral one often smaller than the 
others. The following adambulacralia in these two 
specimens carry 4 and 3 furrow spines respectively. 
The aboral one, which is placed by itself on the 
narrow part of the ossicles, as usual slender conical 
and pointed, and the adoral ones of an about similar 
appearance. The most proximal adambulacralia in 
these specimens may carry, near their adoral margin, 
an irregular transverse series of up to 9 granuliform 
spinelets, and sometimes there are also a few gran- 
ules on the medial or aboral part of the ossicles. The 
following adambulacralia within the disk area and 
in the proximal part of the arms, carry 1-2 sub- 
ambulacral granules adorally, whereas the more 
distal ambulacralia have a naked surface. 

In the specimen from st. 664 with R/r 78/20 mm 
(fig. 17m), the proximal tn7o subrhomboid adam- 
bulacralia carry a uniform series of 4-5 furrow spi- 
nes and adorally on their surface a small number 

Fig. 17. Styracaster horridus. St. 664. a-b) R/r 1415 mm; b, part of ventral side in twice the usual scale. c) R/r 1615 mm. 
d) R/r  2115 mm. e) R/r 1615 mm, part of dorsal skeleton in four times the usual scale. f-g) R/r 2115 mm (see also j), two groups 
of paxillae in four times the usual scale. h-i) R/r ab. 3018 mm, two groups of paxillae in four times the usual scale. j) R / r  2115 
mm. k-q) R/r  78/20 mm (see also s-u); k-I, two groups of paxillae in four times the usual scale; o,p,q, adambulacralia nos. 20 
26, and 32-34 respectively. r) Arm end of large specimen. s-u) R/r 78/20 mm; s-t, distal end of same arm in dorsal view and 

in lateral view; u, another arm in side view. 
Scale: 10 mm (in b :  5 mm, in e-i, and k-1: 2.5 mm). 



of subambulacral granuliform spinelets. The follow- 
ing few adambulacralia of the disk area bear ado- 
rally on their surface, in line with the one or two 
adoral subambulacral spinelets, a spine subequal to 
the furrow spines, and judging from the condition 
of the spine armature of the more distal adambula- 
cralia, better considered as a distal filrrow spine 
moved unto the subambulacral surface than as a 
real subambulacral spine. In the arms the adam- 
bulacral armature of 4 spines is positioned in the 
usual way, with all at the furrow margin, but the 
aboral spine is not larger, and perhaps even smaller 
than the adoral ones. The most distal adambula- 
cralia, however, have not yet this aboral spine devel- 
oped. In the present specimen with about 38 adam- 
bulacralia, those about no. 26 are the first with the 
aboral spine present, and not until the ossicles 
about nos. 20-18 does it reach a size as that found 
in the proximal part of the arms. An adoral sub- 
ambulacral spinelet may be present on the ossicles 
far out in the arms. 

The o r  a1 o s si cl e s of the specimens from st. 663 
(fig. 165 k) are provided with from 6 to 9 marginal 
spines, the proximal one two or three times as long 
as the lateral ones, which are flattened and with a 
more or less pointed end. In one specimen there are 
oralia with 6, 7 and 9 marginal spines respectively. 
The oral spines are not modified as segmental papil- 
lae, and there is no distinct segmental pit. Both spec- 
imens bear on all oralia a fairly large suboral spine 
medially near the suture, and on some oralia there 
are a few additional suboral spinelets in a sutural row. 

The oral ossicles in the specimen from st. 664 with 
R/r 78/20 mm (fig. 17m) bear 8-10 marginal spines, 
which are larger than is usually the case in the spe- 
cies, and although slightly flattened, rather terete. 
The proximal spine, about twice as large as the 
lateral ones, is placed a trifle higher on the ossicle 
(i. e. deeper in the mouth) than the others, the series 
of which extends below it almost to the suture. Each 
oral ossicle thus have two spines at its proximal end. 
Distally on their surface the oralia may bear up to 
5 suboral spines. The primary oral ossicle shows 
the same, equilateral triangular ventral surface as 
in the Atlantic and Indian specimens. 

The ven t ro l a t e ra l  plates  in the specimens 
from st. 663 are arranged in 7-10 tangential series 
and extend into the arms, reaching as far as to the 
marginals nos. 12-14. The ventrolateral plates of the 
disk area may carry up to about ten minute gran- 
ules. In the specimen from st. 664, with R/r 78/20 mm, 
small ventrolateral plates extend in the arms as far 

as to the marginals no. 13. The ventrolateral area 
in this specimen appears to be devoid of granules. 

The juvenile  specimens f r o m  t h e  Kermadec  
Trench:  

The larger one of the remaining specimens of 
Sty~ccaster horridus from st. 664, R/r about 30/8mm 
and 2 30 superomarginals, has about the same 
characters as the full-grown specimens described. 
The superomarginal plates of the arms are rectan- 
gular, joining from plates no. 6. One arm, with 
the end lost, carries a continuous row of 8 dorsal 
spines, one to each pair of joining superomarginals. 
There are 7 cribriform organs in each interradius, 
and in one case an additional rudimentary one, yet 
consisting of only a single row of paxillae. The dor- 
sal paxillae bear 3-4 spinelets. The number of furrow 
spines is 4-5 on the first adambulacral ossicle, 4 on 
the following ones, and 3 on those of the arms, all 
the furrow spines being straight and pointed. The 
oralia carry 6 marginal spines, flattened but all 
straight and pointed, not forming segmental papil- 
lae. The spine at the tip of the ossicle is as usual the 
largest. Ventrolateral plates occur in the arms at least 
as far as to the inferomarginals no. 8. The surface of 
the ventrolateral plates and of the oralia is naked, 
whereas there is a minute spinelet adorally on the 
surface of some of the adambulacralia in the arms. 

The other four small specimens all show juvenile 
characters. They have R/r 1114, 1415, 1615, and 
2115 mm, and 7-9, about 10, 11-12, and 14 supero- 
marginal plates respectively, joining from plates 
no. 4 (or 5, in some arms of the smallest specimen). 
The number of arm spines is 2-4 in the specimen 
with R 11 mm, 3-4 in that with R 14 mm, 3-6 in 
that with R 16 mm, and 9 on the single intact arm 
of the specimen with R 21 mm. The cribriform or- 
gans number 3-5, 5-6, 7, and 5-7 respectively. The 
3-5 cribriform organs in the specimen with R/r 
1114 mm are all still quite rudimentary, consisting 
only of a double row of papillae, one series to each 
side of the vertical marginal sutures. Similarly the 
outermost cribriform organs in the other specimens 
are only rudimentary. The terminal ossicles bear 
3 spines in two of the specimens, and 5 spines in the 
two smallest ones, viz, a distal terminal one, a pair 
of slightly smaller subterminal ones, and dorsally on 
the ossicle a pair of very minute ones close to the 
unpaired terminal one. The first adambulacral os- 
sicle carry 4-5 lanceolate furrow spines (5 in the 
smallest specimen), the following ones 3, and the 
most distal ones perhaps only 2 furrow spines. There 



is no subambulacral armature. The oral ossicles 
carry 6 (in some cases 7) lanceolate marginal spines, 
the proximal one the largest. A suboral armature is 
not developed except for a minute spinelet on one 
of the ossicles of the specimen with R/r about 
1615 mm. The ventrolateral plates, which are also 
naked, extend just into the proximal part of the free 
arms, in the specimen with R/r 2115 mm e. g. to 
opposite the sixth inferomarginals. 

The dorsal armature of these small specimens 
from st. 664 shows the gradual change from juvenile 
to adult state. In the specimen with R/r 1114 mm 
there seems to be yet almost only the juvenile (em- 
bryonic) skeleton developed, consisting of the large 
embryonic (primary) plates and with smaller, sup- 
plementary (secondary) plates interspersed between 
them; only some very small plates, which probably 
are to be interpreted as the later paxillar shafts, are 
also present. The large embryonic plates are also 
still present in the specimen with R/r 1415 mm, but 
further there are here numerous rudimentary pax- 
illae, their number exceeding that of the small sup- 
plementary embryonic plates, many of them carry- 
ing a single granuliform spinelet, others yet consist- 
ing of the later paxillar shafts. In the specimen with 
R/r 1615 mm the large embryonic plates are in ab- 
sorbtion (fig. 17e), and the paxillae are still rudimen- 
tary and with only a single spinelet. In the specimen 
with R/r 2115 mm the embryonic plates are entirely 
absorbed, and many paxillae have up to 4 spinelets, 
though all of them still very small (fig. 175 g). 

Concluding  r emarks :  LUDWIG considered the 
peculiar adambulacral and oral armature of his 
specimen a specific character. The same kind of 
armature, however, was actually found in the type- 
specimen of Styvacaster hovvidus. The present ma- 
terial also shows that this characteristic appearance 
of the furrow armature, with the adoral spines modi- 
fied as a kind of segmental organ, is of no definite 
importance in the specific diagnosis, since individual 
specimens may show the more usual porcellan- 
asterid armature with spiniform instead of spatulate 
furrow spines. (The specimens at hand from the 
Kermadec Trench show the latter feature, besides 
transitional stages). It  will appear from the follow- 
ing discussion of Evemicastev that segmental organs 
(papillae and pits) form an unstable character also 
in this genus. 

The presence of ventrolateral plates in the arms, 

(such as is also the possible presence of secondary 
dorsal arm plates in Thovacastev). In the juvenile 
specimens with R up to about 20 mm, ventrolateral 
plates may occur in the most proximal part of the 
free arms, as far as to the sixth inferomarginals, but 
they may also be entirely absent. In the large speci- 
mens ventrolateral plates usually occur in the prox- 
imal two-thirds of the arms, but may likewise be en- 
tirely absent, as in the two specimens available from 
the Galathea st. 282, and in SLADEN'S specimen. In 
some specimens, as e. g. the largest one available, 
R 146 mm, ventrolateral plates extend in the arms 
clear to the terminal ossicle. The ventrolateral skele- 
ton in the arms may appear as a single series of 
fairly large subquadrate plates forming a regular 
pavement of the narrow area between the infero- 
marginal plates and the adambulacral and ambu- 
lacral ossicles, as e.g. in one of the arms of a large 
specimen from st. 664 (fig. 17u), or as a double 
series of relatively smaller rectangular plates, as in 
LUDWIG'S specimen, or there is one or more series 
of small oval or rounded plates, being gradually 
more and more spaced as they proceed outwards in 
the distal part of the arms (fig. 15 c-f). 

Biological  r emark :  
Eggs, 0.5 mm in diameter, were found in the 

gonads of one of the larger specimens from st. 664. 

D i s t r ibu t ion :  
Stj~racastev hovvidus is known hitherto from 15 

dredgings: nine in the Eastern Atlantic, from the 
Bay of Biscay to the Gulf of Guinea; four in the 
northern Indian Ocean; and two in the South Pacific 
north of New Zealand (fig. 34). The known bathy- 
metrical distribution is from 4040 to 5610 m. The 
kind of bottom on which it has been collected is 
sandy clay, calcareous clay, mud, muddy ooze, and 
globigerina or radiolarian ooze. The temperatures 
recorded range from 1.1 " to 2.4" C. 

Styracaster caroli Ludwig, 1907 
Fig. 18. PI. IX. 

Styvacastev sp. LUDWIG, in CHUN 1900 p. 449. 
S. cavoli n. sp., LUDWIG 1907 p. 315. 
S. cavoli, KOEHLER 1 9 0 9 ~  pp. 43-45, pls. 3,, 5,. 
S. caroli, LIEBERKIND 1932 pp. 281-282, text-fig. 8, 

pis. 47-9, 69-11. 

S. hovvidus WOOD-MASON & ALCOCK 189 1 b, p. 434; 
ALCOCK 1893 p. 86. (Non S. horridus Sladen). 

which was believed to distinguish Chunastev from LUDWIG diagnosed this species on the basis of a 
Styvacasteu, is also an individually variable character single specimen collected by the Valdivia Expedition 



in the Indian Ocean, east of Zanzibar (st. 240: 
6"12'S, 41 "17'E, 2959 m, globigerina ooze, 2" C.). 
I t  has R/r 65/13 mm; 20 superomarginals; 14-16 
dorsal arm spines, the proximal two of which are 
placed side by side in an oblique row; 7 cribriform 
organs; terminal ossicle with 3 spines. Closely 
crowded small paxillae with 3-4 granuliform spine- 
lets; a low apical cone. Adambulacralia with 3 fur- 
row spines; oralia with 6 marginal spines. Ventro- 
latera! plates naked. 

LIEBERKIND (1932) in the final report on the Val- 
divia porcellanasterids published some detail figures 
of the same specimen, but did not discuss it more 
closely and did not give any illustrations of its gen- 
eral appearance, finding this superfluous, since the 
specimen agreed well with those from the Investi- 
gator collections described in the meantime by 
I~OEHLER. However, since it is useful to have photo- 
graphs of type-specimens published, two photos 
from the archives of the Zoological Museum of 
Copenhagen are reproduced in figs. 1-2 pl. IX, 
showing the type-specimen of LUDWIG'S S. caroli in 
ventral and in dorsal view respectively. 

The three specimens of S.cavoli which were de- 
scribed by KOEHLER in 1903 came from three dred- 
gings of the Investigator in the Bay of Bengal 
(st. 117: 11°58'N, 88"52'E, 3197 m, globigerina 
ooze, l.X°C.; st. 118: 12"20fN, 85"08'E, 3298 m, 
globigerina ooze, 1.7" C. ; and in 6"18'N, 90°40'E, 
2780 m). Those from stations 117 and 118 were pre- 
viously recorded by WOOD-MASON & ALCOCK in 
1891 (and ALCOCK 1893) but erroneously identified 
with SLADEN'S Styracastev horridus. 

The three Investigator specimens were apparently 
of about equal size. That from st. 118 has R/r 
53/12l/, mm; 20 superomarginals, longer than high, 
joining from plates nos. 4-5. A continuous series of 
dorsal arm spines (e. g. 126, the two larger proximal 
ones sometimes placed side by side as described for 
the type, but such an arrangement not always dis- 
tinct. Seven cribriform organs. Terminal ossicle 
dorsal to two superomarginals, twice as long as 
broad, convex dorsally and with 3 short spines. 
Whole dorsal side with small paxillae with 3-4 gran- 
uliform spinelets. Adambulacral ossicles (32 in 
number) rectangular, proximal one with 4 conical 
pointed furrow spines, the adoral of which the long- 
est, following ones with 3 furrow spines, the aboral 
of which isolated on the narrower part of the ossicle. 
No subambulacral armature except for an adoral 
granule on first to third ossicles. Oral ossicles with 
7-8 marginal spines, lateral ones rather subequal to 

the furrow spines, proximal one larger; in general 
no suboral armature, only in one specimen 1-3 
spines along the suture. Ventrolateral plates com- 
pletely naked, arranged in about 5-6 tangential rows 
and further in radiating rows, not extending outside 
disk area. 

WOOD-MASON & ALCOCK noted that specimens 
with the stomach empty show an apical cone, 
whereas none is seen when the stomach is distended. 
They record the colour in fresh state as "pale yellow- 
ish pink". 

The Ga la thea  mater ia l :  
The species Styvacastev caroli was collected in 

two dredgings in the Indian Ocean, north of Mada- 
gascar and in the Bay of Bengal respectively. 

St. 234 : 5"25'S,47"09'E, 4820 m., 1.8" C. 2 spec- 
imens. 

St.314: 15"54'N, 90°17'E, 2600 m., 1.7"C., 
brownish ooze. 1 specimen. 

The two specimens from st. 234 have R/r 93/about 
24 (pl. IX 3-4) and 93-100/about 21 mm respectively. 
That from st. 3 14 has R/r 72/17 mm. 

The number of supe romarg ina l s  is 22 in the 
specimen with R about 72 mm, 26 in that with 
R 93 mm, and 27 in that with R up to 100 mm. The 
superomarginals join their opposites from plates 
nos. 5-6. The surface of the marginal plates is gran- 
ulated. The proximal superomarginal plates of the 
arms are about one and a half time as long as high, 
and the inferomarginal plates are about half as high 
as the accompanying superomarginals. The supero- 
marginals of either side of the arm may be almost 
regularly opposite each other, but usually they sub- 
alternate, and sometimes they are very regularly 
alternating, with the suture between them forming 
a zig-zag line (fig. 18 a). Similarly the inferomarginals 
may correspond as well as alternate regularly with 
the superomarginals. As usual in the porcellanaste- 
rids the arrangement of the marginal plates may 
vary in the different arms of the same specimen. 
The larger dorsal arm spines are generally borne 
on distinct knobs on the plates. 

The number of a rm spines is 15 and 19 in the 
two intact arms of the specimen with R 72 mm, 
and 24-25 in the specimen with R 93 mm (pl. IX 5). 
The specimen with R 93-100 mm has 36 spines de- 
veloped on one arm 95 mm long, and 22-27 spines 
on the other arms. In the specimens from st. 234 
each of the plates of the first joining pairs of supero- 
marginals bears a well developed spine (e. g. 8l/, mm 



Fig. 18. Styracnsfer caroli. a-f) St. 234, R/r  93lab.24 mm; b-c, distal end of arm in side view and in dorsal view; d, part of, 
same in ventral view; e-f, adambulacral ossicle no. 2, and one from the median part of the arm. g) St. 314, R/r 72/17 mm. 
h) St. 234, R/r 93-100lab.21 mm, adambulacral ossicles from the median part of the arm, shown with their surface in the plane 

of the paper. 
Scale: 10 mm. 

long or almost as high as the arm), and a t  each arm 
base there are thus two subequal large spines some- 
what displaced in relation to  each other and widely 
diverging (fig. 18a). In  the specimen from st. 314 
there arc two spines developed at one arm base (one 
spine to  each of the plates in the first joining pair of 
superomarginals), whereas there is only a single 
spine at the two other arm bases. (The two remain- 
ing arm bases are torn away). 

The arm spines are arranged in a straight contin- 
uous series in the midline for the whole, or a t  least 
the greater length of the arm, perhaps with only a 
single spine to each of the opposite pairs of supero- 
marginals, but often with a spine on every plate in 
the then more or less regularly alternating series on 
either side of the arm. There may be a single series 
of arm spines clear to  the terminal ossicle, but dis- 
tally in some arms the yet rudimentary arm spines 
form a double row, a varying number of the distal 
superomarginals being opposite each other. Some 
superomarginals may bear two spines, but the addi- 
tional one is generally only small. The arm spines 
decrease gradually and more or less regularly in 
length towards the end of the arms, and distally 
they are only rudimentary. 

The c r i b r i f o r m  o rgans  number 9 in eachinter- 
radius of the specimen with R/r 72/17 mm, 10-1 1 in 
the specimen with R/r 93-100/about 21 mm, and 11 

in that with R/r 93/about 24 mm. The 9 median 
cribriform organs are well developed, whereas the 
possible additional ones are only rudimentary. The 
median cribriform organs comprise up to about 24 
rows of papillae, and may almost touch their neigh- 
bours, leaving only a very narrow strip bare medi- 
ally on the marginals. 

The t e rmina l  ossicles  are elongate, laterally 
compressed, dorsal to about two superomarginals, 
and provided with 3 spines, a moderately long distal 
terminal one, and a pair of slightly smaller sub- 
terminal ones (fig. 18 6). 

The whole d o r s a l  a r e a  is covered with small 
paxillae with 3-4 short spinelets. The central area 
with smaller paxillae may be elevated into a faint 
apical cone. Papulae were not observable in any of 
the specimens. (LUDWIG, in his diagnosis of the 
species, stated that papulae were not present.) 

The m a d r e p o r i c  body  is subcircular, with the 
striae radiating from an adcentral point. 

The a d a m b u l a c r a l  ossicles in the disk area 
are subrectangular, but in the arms they become 
subcrescentic and more elongate. The triangular 
ends of the ambulacral ossicles are in the arms very 
conspicuous between the series of adambulacralia 
and inferomarginalia. The first adambulacral os- 
sicle carries 3 or, in the specimen from st. 314, 4 
conical pointed furrow spines (fig. 18g). The follow- 



ing adambulacralia all carry 3 furrow spines, with 
two close together on the adoral part of the ossicle 
and the third smaller one medially on the ossicle, 
often a small distance from the adoral ones. The 
furrow spines of the disk area are larger than the 
proximal lateral oral spines. In the most distal part 
of the arms there may be enly 2 adamb~lacral 
spines. 

In the specimen from st. 314, with R 72 mm, a few 
of the proximal adambulacralia carry a minute sub- 
ambulacral spinelet close to their adoral margin, 
whereas the other adambulacralia have a naked sur- 
face. In the two specimens from st. 234 with R 93 to 
100 mm, nearly all the adambulacralia, almost to 
the tip of the arms, carry such an adoral subambu- 
lacral spinelet, and some of the proximal adambula- 
cralia may bear two such spinelets (fig. 18e,f, h). In 
the specimen with R/r 93-100/about 21 mm, scat- 
tered adambulacralia may further bear a minute 
aboral subambulacral spinelet. 

The o ra l  ossicles (fig. 18g) are provided with 
5-6 conical pointed marginal spines, the proximal 
one the largest; and the rather subequal lateral ones 
about half its size in the specimens from st. 234, but 
almost as long, though much more slender, in the 
specimen from st. 314. A suboral armature is not 
developed. The primary oral ossicle has a broadly 
triangular exposed surface. 

The vent ro la tera l  plates are transversely 
elongate, arranged in up to about 12 tangential rows 
in the specimen from st. 314, and in from about 10 
up to about 15 indistinct tangential rows in the lar- 
ger specimens from st. 234. Further they are arran- 
ged in more or less distinct radiating rows which 
correspond two and two with an adjoining marginal 
plate. They do not extend outside the disk area. The 
whole ventral area, including the ventral side of the 
arms, has been covered by a fairly thick integument, 
which, however, for the greater part has been rubbed 
off. The ventrolateral area appears completely de- 
void of granules or spinelets in the two specimens, 
but a few granules were found scattered in that with 
R 93-100 mm. 

Remarks:  
The present specimens of Styracaster caroli are 

somewhat larger than those hitherto known, and 
show correspondingly a larger number of cribriform 
organs and of dorsal arm spines. Otherwise they 
agree well with the type described by LUDWIG as 
well as with the specimens described by KOEHLER. It 
appears from the present material that the very 

characteristic doubling of the dorsal spines at the 
arm bases, found in the type from near Zanzibar 
and also in the two Galathea specimens from a more 
easterly locality, is not a reliable specific character, 
since it is not developed in some of the radii in the 
Galathea specimen from the Bay of Bengal, and 
was sometiiiie~ indistinct in KOEHLER'S specimens 
from the Bay of Bengal. 

Styracaster cavoli in general appearance very 
much resembles S. horridus. It is distinguished from 
this species primarily by the character of the adam- 
bulacral armature. 

Dis t r ibut ion:  
Styracaster caroli is hitherto only known from 

the Indian Ocean (fig. 35), viz. from two dredgings 
in the area east of Zanzibar, and from four dred- 
gings in the Bay of Bengal. It has been found in 
depths from 2600 to 4820 m, at temperatures of 
1.7" to 2"C., and on a bottom of globigerina ooze 
and brownish ooze. 

Styracaster elongatus Koehler, 1907 
Fig. 19. PI. X 1-2. 

Styracaster elangatus n. sp., KOEHLER 1907a pp. 1 1- 
13, 1909 b pp. 33-38, pis. 19,,, 20,-,, 21,-,. 

Styracaster elongatus, KOEHLER 1921 p. 2. 
Styracaster horridus, RICHARD 1903 p. 66 (Non 

S, horridus Sladen). 

KOEHLER described this species from a specimen 
with R/r 2 100/about 18 mm, dredged by the Prin- 
cesse Alice in the Atlantic near the Azores (st. 1306: 
37 "17'N, 20°14'W, 4275 m, globigerina ooze). The 
specimen is mentioned previously in the literature, 
by RICHARD in 1903, but at that time erroneously 
considered a Styracaster horridus, and the station 
no., by a printers slip, given as 1036. KOEHLER in 
1907, in his preliminary report on the Princesse 
Alice material, records also a second specimen, R/r 
?/I7 mm, from a neighbouring locality (st. 753: 
39"52'N, 18"011W, 4360 m, globigerina ooze), and 
in 1909, in the final illustrated edition of the report, 
he records still another specimen, R/r 55-60113 mm, 
from a third locality in the same area (st. 527: 
38"09'N, 23"17'W, 4020 m), besides an additional 
specimen, R/r ?/about 19 mm, from the station 753. 
(By a printers slip KOEHLER in 1909 gives the depth 
at st. 753 as 5360 instead of 4360 m). In 1921 
KOEHLER finally records 3 specimens of S. elongatus 
from two Princesse Alice dredgings in the Bay of 



Biscay (st. 2948 : 46"46'N, 5"501W, 3910 m, sandy 
mud; and st. 2986 : 45 "08'N, 7"06'W, 4870 m). 

The type-specimen with R/r 2 100/about 18 mm, 
has 30-35 superomarginal plates, joining their op- 
posites from no. 4. Marginals of disk slightly higher 
than long; superomarginals in arms slightly longer 
than high, inferomarginals somewhat lower. Up to 
a dozen conical pointed arm spines, confined to 
about the proximal two-third of arms. (In the type 
slightly curved away from the disk; but according 
to figures the reverse sometimes the case proximally 
in arms of other specimens). Seven cribriform or- 
gans. Terminal ossicle fairly conspicuous, with 3 
spines. Closely crowded paxillae with 4-6 spinelets. 
A small apical cone. Adambulacralia with 5 fairly 
long furrow spines, and those of disk and proximal 
half of arms with 1-2 spinelets adorally and I small 
spine aborally on their surface. Oralia with a dozen 
marginal spines, the proximal of which by far the 
largest, and 2-3 suboral spinelets along sutural and 
3-4 along distal margin. Ventrolateral plates in 
about 9 tangential rows, not extending outside 
disk area, and apparently naked. - In another 
large specimen from st. 753 they carry 1-3 small 
granules. 

The specimen with R/r 55-60/13 mm has about 
25 superomarginals, half a dozen arm spines (distal 
part of arms unarmed), and 5 cribriform organs. 
Adambulacralia with 4 furrow spines; proximal os- 
sicles without subambulacral spines, but following 
ones with a single small spine aborally. No suboral 
armature. Ventrolateral plates apparently naked. 

The G a l a t h e a  ma te r i a l :  
Specimens of Styraclrster elongatus were collected 

in two localities in the Indian Ocean, in the Mozam- 
bique Channel, and south of Ceylon respectively. 

St. 217: 14"201S, 45"09'E, 3390 m, 1.6"C., globi- 
gerina ooze. 1 specimen. 

St. 281 : 3"38'N, 78"15'E, 3310 m, 1.8"C., globi- 
gerina ooze. 4 specimens. 

R/r are in the specimen from st. 217 (pl. X 1-2) 
74/18 mm, and in those from st. 281 about 55/14, 
80119, 2 80121, and 81/23 mm. 

The supe romarg ina l s  number 23 in the spec- 
imen with R/r 55/14 mm, 26-27 in that with R/r 
80119 mm, and 27 in that with R/r 74/18 mm as well 
as in that with R/r 81/23 mm. The superomarginals 
join their opposites in the midline of the arm from 
plates nos. 5-6, or, in the specimen with R/r 
80119 mm, from nos. 4-5. 

The superomarginals in the arms are subquadrate 
and the accompanying inferomarginals somewhat 
lower, being about one and a half times as long as 
high. All the marginals have a finely granulated 
surface, and their calcareous substance seems to be 
of a fairly porous structure. The superomarginals of 
either side of the arms may correspond as well a.s 
subalternate, and similarly the inferomarginals in 
the arms may sometimes alternate with the supero- 
marginals to a varying degree. 

The specimen from st. 217, with R 74 mm, has 4 
do r sa l  spines on one arm, and 3 spines on the 
three other arms preserved. One of the larger spec- 
imens from st. 281, with R 80 mm, has 4 spines 
on two arms and 5 spines on the third arm left, 
whereas the specimen with R L 80 mm has 2 spines 
on two of the arms and only a single spine on each 
of the other three arms, and the two remaining spec- 
imens, with R 81 and 55 mm, only a single spine 
to each of the five arms. There is always a spine at 
the arm base, placed on one of the plates of the first 
joining pair of superomarginals, and the possible 
additional spines are always found on plates of the 
more proximal part of the arms, so that the distal 
main part of the arms is unarmed. The first arm 
spine is always fairly robust, but not very long, its 
length being less than the height of the arm. It  may 
be more or less distinctly curved towards the disk, 
whereas the other arm spines are straight and 
slightly curved against the arm end. The proximal 
arm spine in one of the large specimens is peculiar 
in having a broad flange on its distal side, which 
gives it a fan-shaped appearance. 

The cr ibr i form organs, which are of a papilli- 
form structure, number 7-8 in the specimens with 
R/r 55/14 and 80119 mm, the eighth additional one 
being rudimentary, 8-9 in the specimens with R/r 
74/18 and 81/23 mm, and 9 in all the interradii of 
the specimen with R/r L 80/21 mm. 

The t e rmina l  o ssicle (fig. 19c, d, k )  is elongate, 
laterally compressed and with 3 spines, a terminal 
one about as long as the ossicle itself and a pair of 
somewhat smaller subterminal ones. The ossicle is 
dorsal to 2-4 superomarginals, and is most conspic- 
uous in the smallest specimen, with R 55-60 mm. 

The whole d o  r s a 1 a re  a, including the arm bases, 
is covered with close-set paxillae (fig. 19e). In the 
specimen from st. 217 the paxillae carry on an 
average 7-8 spinelets, but larger ones with up to 14 
spinelets occur scatteredly. In the specimens from 
st. 281 the paxillae are generally smaller, with 4-7 
spinelets, and the largest one observed in the differ- 



Fig. 19. Styracaster elongatus. St. 281. a-e) R/r 55/14 mm; a, part of ventral side (the figured interradius apparently shows the 
abnormal condition of having an odd marginal plate mid-interradially, instead of a suture. Another interradius shows the 
same feature, whereas the remaining three interradii in the specimen show the typical mid-interradial sutures); b, adambula- 
cralia nos. 17-23, at the inferomarginals nos. 12-17; c-d, distal end of arm in dorsal view and in side view. f-j) Rlr 2 80121 mm; 
g, adambulacral ossicle no. 7; i, part of arm in ventral view, showing the inferoinarginals nos. 8-10; h, one of the same adam- 
bulacralia figured with the furrow spines in the plane of the paper; j, proximal part of arm, showing the superomarginals nos. 

8-1 3. k) R/r 81/23 mm. 
Scale: 10 mm (in e :  2.5 mm). 

ent epecimens have 7, 8, 9, and 1 1  spinelets respect- 
ively. The central area of the disk, with smaller 
paxillae, may be elevated into a faint apical cone. 

The madrepor i c  body is circular, of a diameter 
about equal to the length of the adjoining margin- 
als, and separated from these by a single row of 
paxillae. Its striae radiate from an adcentral point. 

P a  pul  ae  were observed in a small number on the 
outer half of the disk to each side of the mid-inter- 
radial line in a couple of the specimens from st. 281 
which have the dorsal area well expanded by a full 
stomach. Their size is about twice that of the pax- 
illar spinelets. 

The proximal subrhomboid adambulac ra l  o s- 
si c l  e s (fig. 19 a, f )  carry a series of (4-)5, (exception- 
ally, in one arm of a large specimen, 6) subequal 
slender and generally rather terete furrow spines 
with a slightly enlarged basal part imbedded in a 
common web along the whole furrow. The adam- 

bulacralia of the arms generally have 3-4 furrow 
spines placed close together on the protruding ad- 
oral part. If there are 3 spines, the adoral one is 
often slightly larger than the others, if there are 4 
spines, the second adoral one is often the largest 
(fig. 19g). On their surface the adarnbulacralia of 
the disk area, and sometimes those of the proximal 
part of the arms, carry two spinelets, a small adoral 
one and a larger aboral one. Exceptionally the first 
ossicle may carry 2 adoral spinelets, thus 3 sub- 
ambulacral spinelets in all. In the main part of the 
arms only the aboral subambulacral spine is devel- 
oped, possibly reduplicated on some ossicles, and 
most distally in the arms the surface of the ambula- 
cralia is yet naked. 

The o r a l  ossicles (fig. 19a, f )  of each pair form- 
ing a jaw are separated by a broad suture, and the 
primary oral ossicle is well exposed, showing a 
broad triangular ventral surface. Each oral ossicle 



carries 8 or 9 marginal spines, that at the proximal Styracaster chuni Ludwig, 1907 
end much stouter and up to twice as long as the Figs. 3, 20. P1. X 3-5 
lateral ones, which are subequal, slender, fusiform, 
and slightly smaller than the proximal adambula- 
cral spines. (One of the oralia in the specimen with 
R/r 80119 mm is provided with two proximal spines, 
one above the other). Further the oralia carry a 
number of suboral spinelets, 2-4 along the suture, 
and also 2-4 near the distal margin. 

The ven t ro l a t e ra l  a r ea  is paved with compa- 
ratively small plates, in general transversely elon- 
gate, though not always so markedly as is usual in 
other species of Styracaster, and arranged in in- 
distinct tangential and radiating series. Two radial 
series of ventrolateral plates may correspond in 
width with a marginal plate, but usually the number 
of plates is increased in the most distal tangential 
series so that 3 or 4 correspond with an adjoining 
marginal plate. The ventrolateral plates near the 
margin of the disk may be well provided with minute 
granules, and such may also occur scatteredly on the 
other plates. The main part of the ventrolateral area, 
however, usually appear naked, and this applies to 
the whole ventral area of one of the large specimens, 
but perhaps this is a matter of preservation, possible 
spinelets may be easily lost, and also the whole 
covering ventral integument is easily rubbed off. 

The proximal ventrolateral plates are in general 
not markedly larger than the more distal ones, often 
only about twice their size, and though this is some- 
what variable it appears to be a specific character- 
istic of the species. Ventrolateral plates do not ex- 
tend outside the disk area. 

The specimen with R/r 55/15 mm, st. 281, shows 
in three of the arm angles the normal mid-interradial 
suture, whereas to all appearance (cf. fig. 19a) there 
is in the two other arm angles a marginal plate in 
the interradial midline. 

In general appearance Styvacaster elongatus re- 
sembles S.hovvidus and S.caroli. It is best distin- 
guished from these by the character of the adam- 
bulacral armature. 

D i s t r ibu t ion :  
Styvacastev elongatus is known at present from 

seven dredgings (fig. 35): five in the eastern North 
Atlantic, the Bay of Biscay and near the Azores; 
and two in the Indian Ocean, west of Madagascar 
and south of Ceylon. Its known bathymetrical dis- 
tribution is from 3310 to 4870 m. The bottom on 
which it has been collected is globigerina ooze and 
sandy mud, and the recorded temperatures 1 .g°C. 

Styracaster sp., LUDWIG, in CHUN I900 p. 49 1, fig. 
S. chuni n. sp., LUDWIG 1907 p. 3 14. 
S. chuni, LIEBERKIND 1932 pp. 276-281, text-figs. 5-7, 

PIS. 42-,, 6,,-,5- 1935 PI. 555,, 8. 
S. chuni var. gvoenlandica n. var., LIEBERKIND 1935 

pp. 26-29, text-figs. 9-10, pls. I,-,,,, 3,,_,,, 4 ,,,,, 
& 
J6-7. 

LUDWIG diagnosed this species on the basis of three 
specimens dredged by the Valdivia in the Atlantic, 
in the Gulf of Guinea (st. 63: 2"00fN, 8 "94'E, 
2492 m, 2.6"C.); and the same specimens were 
treated somewhat more exhaustively, and also fig- 
ured, by LIEBERKIND in 1932. LIEBERKIND, in 1935, 
further described 12 specimens of S. chuni collected 
by the Ingolf in the southern part of Davis Strait 
(st. 37: 60°17'N, 54"05'W, 3229 m, 1.4"C.), which 
specimens he, however, considered represented a 
new variety. 

The three Valdivia specimens (the type-material) 
have R/r ranging from 41/14 mm over R 44 mm to 
57/19 mm; 12-14 subquadrate superomarginals, 
joining from plates no. 5; inferomarginals only half 
as high as long, all marginals with a finely granulated 
surface; 2-5 large pointed arm spines; 5-7 cribriform 
organs. Terminal ossicle elongate, laterally com- 
pressed, with 3 spines, a large distal one and a pair 
of smaller subterminal ones. Dorsal paxillae uni- 
form, small, close-set, with 4-6 (-8) spinelets, not 
present in arm bases, however, where there is a pave- 
ment of naked plates. No distinct apical cone. Mad- 
reporic body round, with striae radiating from ad- 
central margin. Adambulacralia with a curvcd fur- 
row margin, with 3 (sometimes 2 and proximally 
perhaps 4) pointed furrow spines, and with 1-2 (3) 
subambulacral spines, viz. an aboi-a1 one, generally 
fairly large and only in rare cases absent, and on the 
morz proximal ossiclzs usually one or two adoral 
ones. Oralia with 4-6 marginal spines, proximal one 
twice as large as lateral ones, and a few suboral 
spinelets near sutural or distal margin. Ventrolateral 
plates naked, arranged in 6-9 tangential rows, not 
extending outside disk area. Ventral area covered 
by a thick integument. 

Of the twelve Ingolf specimens recorded by 
LIEBERKIND (1935), one has R 52 mm, 15 supero- 
marginal plates, and 7 cribriform organs; another 
of about the same size has only 5 cribriform organs 
in each interradius, but one with R only 24 mm 
has also 7 cribriform organs developed, though the 



outermost ones rudimentary. The number of dorsal 
spines on each arm varies from 1 to 6. 

LIEBERKIND described these specimens as rep- 
resenting a new variety, var. guoenlandica, which he 
considered distinguished from the typical form by 
having smooth, or almost smooth marginal plates, 
and by having higher paxillar shafts and more slen- 
der paxillar spinelets. The specimen on which LIE- 
BERKIND seems to have based his description of the 
variety, R 52 mm (pl. 1, I), is well distinguished by 
these characters from the specimens from the Gulf 
of Guinea, which the present author was able to 
ascertain by a re-examination, but others of the 
Ingolf specimens are rather intermediate. LIEBER- 
KIND also wrote: "Whether the variety can be up- 
held later, when a greater material from more local- 
ities are collected, is difficult to decide now, the 
more so as the characters of the species seem to be 
rather inconstant." As a further justification for the 
erection of the variety gvoenlandica, LIEBERKIND re- 
fers to the "wide separation" of the two localities, 
the Gulf of Guinea and the Davis Strait. - With re- 
gard to the fauna of the ocean bed below 2500 m, 
these two localities, however, are really not widely 
separated. 

The G a l a t h e a  ma te r i a l :  
Specimens referable to Styuacaste~ chuni were 

collected in four dredgings, two in the eastern 
tropical Atlantic, near the type-locality and off 
Angola respectively, and two in the South Pacific, 
in the Kermadec Trench north of New Zealand. 

St. 52: 1 "42'N, 7"511W, 2550 m, muddy clay. 
ca. 3°C. 6 specimens. 

St. 99: 8 "40'S, 1 I "IO'E, 2690 m, yellowish clay, 
3.9"C. 7 specimens. 

St. 663: 36'3l1S, 178"38'W, 4410 m, 1.2"C., 
brown, sandy clay. 2 specimens. 

St. 664: 36"34'S, 178"57'W, 4510-4570 m, 1.1 "C., 
brown sandy clay. 5 specimens. 

The At l an t i c  ma te r i a l  (figs. 3, 20a-h): 
The present Atlantic specimens of Styvacaster 

chuni are all fairly large ones. Those from st. 52 
have R/r 391 12,4.1/ 14,431 14,4411 3,4411 4, and 491 15 
mm respectively, and three of those from st. 99 have 
R/r 5611 8, 60119, and 64/21 mm respectively. (The 
remaining four specimens from st. 99 are of about 
the same size, but have to be left out of consider- 
ation, since they are present in the form of loose 
skeletons only, probably having been dried without 
previous preservation). 

The number of superomarginals in these specimens 
are 11-12, 12-13, 13-14, 12-13, 12-13, 15,13-14, 17-19 
(by R 60 mm), and 14 (by R 64 mm). The joining 
of the opposite superomarginals of either side of the 
arms takes place at the fourth, fifth or sixth plates, 
varying independently of the size of the specimens. 
The superomarginals of the arms are subquadrate, 
and usually they stand opposite each others, but 
any degree of alternation may be found in their ar- 
rangement, and similarly the inferomarginals of the 
arms may alternate to a varying degree with the 
superornarginals. The inferomarginals in the arms 
are about half as high as the accompanying supero- 
marginals. All the marginals are rather granulated. 

The number of do r sa l  sp ines  to each arm is 
usually 2 or 3, but there may be as many as 6 spines. 
One of the specimens from st. 52, with R/r 
44/13 mm, has only a single dorsal spine on each 
arm, while another from the same population, R/r 
49/15 mm, has 6 spines on two arms and 5 spines 
on the three other arms. There is always a spine 
developed on one of the plates of the first pair of 
joining superomarginals, and the other spines - if 
such are present - are usually placed on the prox- 
imal half of the arms, but they may also be found 
scattered along the whole length of the arms. Nor- 
mally, only one of the plates in each joining pair of 
opposites bears a spine, and the spines may then be 
developed on succeeding pairs of superomarginals, 
on plates of the same side of the arm, or alterna- 
tingly on plates of either side, or the spines may be 
scattered along the arm, with one or more pairs of 
naked plates in between. Occasionally both plates 
In a joining pair of opposites have a spine devel- 
oped, and these spines are then generally of un- 
equal size, but e. g. the specimen with 5-6 arm spines 
has proximally on two arms 2 large subequal spines 
side by side, one to each plate of the first joining 
pair of superomarginals. Rarely a single supero- 
marginal plate may carry 2 or 3 spines, a large one 
and 1-2 additional small ones. The dorsal arm spines 
are fairly robust, conical, pointed, up to about twice 
as long as the superomarginal plates on which they 
are borne, and usually slightly curved towards the 
disk. The proximal spine is the largest, but the 
other spines of the arms are usually almost just as 
large. The spine-bearing plates are somewhat en- 
larged and dorsally protruded so that a conical base 
for the spine is formed. 

The cr ibr i form organs  are present in a number 
of 7 in each interradius in four of the available nine 
specimens. Two specimens, R/r 3911 2 and 441 13 mm, 



have only 5 cribriform organs, two others, R/r 56/18 
and 64/21 mm, show also only 5 well-developed 
cribriform organs in each interradius, but, in addi- 
tion, there may be 1-2 rudimentary ones; and one 
specimen with R/r $911 5 mm has 9 cribriform organs 
in each interradius, viz. a series of 7 well-developed 
ones and a rudimentary one to each side. (The 
smallest specimen of Styracaster chuni which the 
present author has examined, one from the Ingolf 
st. 37 with R 19 mm, but not mentioned by LIE- 
BERKIND, had already 7 cribriform organs devel- 
oped in each interradius). 

The number of cribriform organs is individually 
variable and not merely connected with the age of 
the specimens, though specimens which originally 
had 5 or 7 cribriform organs (apparently developed 
almost simultaneously in the juveniles) with growth 
may add an additional cribriform organ to one or 
to both sides of the original series. The cribriform 
organ is usually of a distinctly papilliform (or better 
spiniform) structure, but occasionally a cribriform 
organ may appear rather lamelliform, the papillae 
being flattened in the vertical plane and fairly broad. 
The structure of the cribriform organ is thus a 
taxonomical character which should be used with 
some caution. Dorsally the cribriform organs are 
only imperceptibly demarcated from the paxillated 
disk, whereas they are well marked off ventrally, 
the series of covering papillae extending from 
one lateral dorsal corner of the organ downwards 
almost to the ventral edge of the inferomarginal 
plate, here bending and continuing close to the 
margin across the vertical marginal suture to the 
other side of the organ, and up to its other lateral 
dorsal corner. Usually the ~ribriform organs are 
bordered by straight parallel sides and well se- 
parated from each other; their width (number of 
series of papillae up to about 20) increases with age 
however, and in some specimens some of the median 
cribriform organs join their neighbours dorsally and 
ventrally, leaving free only a narrow streak on the 
marginals. The outermost rudimentary organs m&y 
occasionally be developed either on the superomar- 
ginal plates alone or on the inferomarginal plates 
alone. 

The t e rmina l  ossicle (fig. 20h) is fairly con- 
spicuous. It is distal to the arm end, dorsal to only 
one rudimentary superomarginal plate, and about 
as large as the two distal superomarginals together. 
Typically it is provided with three spines, a very 
conspicuous large distal terminal one, its length 
usually exceeding that of the ossicle itself, and a pair 

of much smaller subterminal ones. Two large distal 
spines, placed side by side, is found as an abnor- 
mality in a single arm, and sometimes there are two 
pairs of small subterminal spinelets. The large ter- 
minal spine constitutes a conspicuous character in 
the species. 

Dorsally, on the main part of the disk, there is a 
close covering of small paxillae, crowned with 3-7 
spinelets, (in different specimens e. g. 3-4, 4-5, or 
3-6 paxillar spinelets), and paxillae with as many as 
10 spinelets occur scatteredly in some specimens. 
The paxillae are subequal in height, the shaft in the 
larger ones about as wide as high, and in the smaller 
ones about half as wide as high. Centrally on the 
disk the paxillae are small, and a distinct, though 
small, apical cone is present in some specimens. At 
the arm bases, between the marginal plates, there is 
always a small area without paxillae, but with a 
pavement of fairly large naked plates, and appar- 
ently this is an important specific character. The 
proximal arm spines, however, may sometimes be 
placed in such a way that this area with plates be- 
comes rather obscured. 

The madrepor i  t e is roundish and of a diameter 
about the length of the superomarginals, quite close 
to these or separated from them by one or a few 
series of paxillae. Sometimes the median pair of 
superomarginals in the interradius with the madre- 
porite is lower than the others, making room for the 
madreporite which then becomes in part marginal 
in position. The striae all radiate from an adcentral 
point, or some of them stretch across in radial 
direction. 

Papu lae  have not been observed. The gonopores 
were traced in a specimen from the Ingolf Expedi- 
tion as a minute papilla at a distance of a single 
series of paxillae from each of the sutures between 
the first and second superomarginal plates. 

The most proximal adambulac ra l  ossicles are 
subrhomboid (fig. 20a), but in the following ones 
the furrow margin becomes excavated to give room 
for the podia, and in the arms the aboral part of the 
adambulacralia becomes distinctly narrower than 
the adoral part. The proximal adambulacralia bear 
on their furrow margin a series of 3, sometimes 4, 
exceptionally even 5, conical pointed subequal spi- 
nes. The more distal adambulacralia have 2-3 (per- 
haps most commonly 2) widely diverging furrow 
spines placed either close together on the adoral 
broader part of the ossicle or with the aboral one 
placed medially on the furrow margin at some dis- 
tance from the adoral one(s) (fig. 20 b, c), Scattered 



adambulacralia may have 1-2 additional spinelets 
aborally on the furrow margin of the narrow part 
of the ossicle (fig. 20g). The whole series of furrow 
spines is joined by a distinct web. 

On their surface the adambulacralia bear usually 
1-2 (fig. 20b, c), but exceptionally 3-4 spinelets or 
spines, e. g. on some of the more proximal adam-bula- 
cralia in disk and arms of some of the large spec- 
imens (fig. 20d-f). If 4 subambulacral spinelets or 
spines occur, they may be placed two and two side 
by side near the adoral and aboral margins respect- 
ively, but they may also be more irregularly distrib- 
uted. If there are 2 subambulacral spinelets or spines 
they are placed with one near the adoral margin, 
and one at the interradial aboral corner respectively. 
The aboral subambulacral spinelet or spine seems 
characteristic of the species. It is usually a well de- 
veloped spine, and it is absent only in very rare 
cases. 

The ambulacral furrow can be almost completely 
closed by the ambulacral ossicles meeting over it, 
but can also be widely opened, and in this case the 
arms appear as constricted at their bases. 

The o r  a1 o s si cles bear 5-7 spiniform or conical, 
and sometimes slightly flattened marginal spines, 
the proximal of which is two or three times as large 
as the others, and further a number of suboral spine- 
lets, varying from l or 2 fairly large ones near the 
distal margin, or near the suture, to 7 placed in a 
row along the distal and sutural margin, or more 
rarely scattered irregularly over the whole surface 
of the ossicle. 

The p r imary  o ra l  ossicle is fairly broad and 
usually very conspicuous. In the arms the triangular 
ends of the ambulacral ossicles are distinctly seen 
wedged in dorsally between the adambulacralia 

(fig. 3p). 
The ven t ro l a t e ra l  plates  are naked in all the 

specimens. They are transversely elongate, the prox- 
imal ones in general much larger than the distal 
ones, and arranged in tangential and in usually in- 
distinct radial series. The number of plates in the 
proximal tangential row valies from 1 to 6. Two 
radial series of plates may correspond with a mar- 
ginal plate, but the number of distal plates corre- 
sponding with a marginal one may also be 3 or 4. 

A thick integument covers the ventral and also 
the dorsal side in several specimens. 

The Paci f ic  ma te r i a l  (fig. 20i-p. PI. X 3-5): 
The seven specimens of Styvacastev chuni avail- 

able from two dredgings in the Kermadec Trench 

have R/r 36/12, 38/13, 50117, 51/18, 54/14, and 
55/17 mm. The two largest specimens are from 
st. 663, the other four from st. 664, and further 
from this station there is a fifth, fragmentary 
specimen of the same size-group. The ratio R/r 
ranges from a little less than 3 to almost 4 (this 
latter, however, in a specimen with an empty 
stomach, and with the disk markedly excave inter- 
radially). 

The supe romarg ina l  p la tes  number 17,15,18, 
15, IS, and 17 respectively, and join their opposites 
from plates nos. 4-6. The superomarginals are sub- 
quadrate, and the inferomarginals in the arms are 
about half as high as their superomarginal com- 
panions. In the arms the superomarginals are ex- 
actly opposite each other or alternate more or less 
regularly, as described for the Atlantic material, and 
they may then be pentagonal in shape, even hexa- 
gonal if also alternating with the adjoining infero- 
marginals. The surface of the marginal plates is 
rather smooth as was the case with the specimens 
from the Davis Strait described by LIEBERKIND. 

The number of a r m  spines in these specimens 
varies in the same way as it did in the Atlantic ones. 
The two larger specimens (st. 663) have 3-4 dorsal 
spines on each arm (only on a single arm 2); the 
specimen with R/r 50/17 mm has 4-5 arm spines, 
that with R/r 36/12 mm bas 2-3 arm spines, whereas 
the other three specimens from st. 664 have only 1-2 
spines on each arm, one of them even only a single 
spine on four of the arms. In two of the specimens 
with only 1-2 arm spines (R/r 3811 3 and 5111 8 mm) 
the proximal (and perhaps only) spine is placed not 
on one of the plates of the first pair of joining su- 
peromarginals, as is the case in all other specimens 
of Styvacastev chuni known, but on plates of the 
second and the third joining pairs respectively. The 
superomarginal plates in these specimens join their 
opposites from nos. 5 and 4 respectively, and it is 
always the sixth plate which bears the most proximal 
spine. The arm spines in the specimens from the 
Kermadec Trench on the average appear slightly 
smaller and more slender than those in the Atlantic 
specimens known. They are likewise curved slightly 
in the direction towards the disk. 

The cr ibr i form o rgans  are present in a number 
of 5 to each interradius in three specimens with R/r 
3811 3,5 111 8, and 541 17 mm: in the others they num- 
ber 6-7, but the additional organs to one or to either 
sides of the 5 median ones are usually rudimentary. 
The structure of the cribriform organs is papilliform 
or rather sublamelliform, the papillae being dis- 



Fig. 20. Styracaster chuni. a-c) St. 99, medium-sized specimen, R ab. 60 mm; a, distal part of oral ossicles and adambulacralia 
nos. 1-2; b-c, adambulacralia nos. 6-7 and 10-11 respectively. d-f) St. 99, another medium-sized specimen, R ab. 60 mm, 
adambulacralia nos. 5, 10, and 14 respectively. g) St. 99, a third medium-sized specimen, R ab. 60 mm, adainbulacral ossicle 
no. 17. h) St. 99, R/r 60119 mm, the granulated surface is indicated on some of the marginalia. i) St. 664, R/r 36/12 mm. 
j) St. 663, R/r 55/19 mm. k-o) St. 664, R/r 50/17 mm; m,n,o, adambulacralia nos. 1 and 5, and one from the median part of 

the arm. p) St. 664, R/r 51/18 mm, part of ventral area mid-interradially. 
Scale in 1 : 10 mm, in a-j and m-p: 5 mm, in k :  2.5 mm. 

tinctly flattened in the vertical plane. In one specimen 
the supero- and inferomarginal plates in some of the 
interradii do not quite correspond with each other, 
which results in some irregularity in the arrangement 
of the cribriform organs. 

The t e rmina l  o s sicles are, as is characteristic 
also of the Atlantic specimens, fairly conspicuous, 
with a large distal terminal spine and a pair of usu- 
ally much smaller subterminal ones (fig. 20i, j) .  

The p axi ll a e, covering the main part of the disk, 
carry generally 4-7, but occasionally 8 or 9 spinelets 
(fig. 20k). The paxillar shafts are about as wide as 
high, and the spinelets are about as long as the 
height of the shafts. The central area with crowded 
small paxillae, is slightly elevated in some specimens. 
At the arm bases, for an area corresponding to about 

two marginal plates, no paxillae are developed, and 
instead there is a pavement of plates of a somewhat 
varying size (pl. X 5), but distinctly larger than the 
paxillar bases, and sometimes so crowded that they 
partly cover each other. As noted in the description 
of the Atlantic specimens, this pavement of plates 
in the arm bases seems an important specific 
character. 

The madrepor ic  body is circular, close to the 
marginals or separated from these by two rows of 
paxillae. The striae may stretch across in radial di- 
rection or may all radiate from an adcentral point. 

The more proximal adambulac ra l  ossicles of 
the disk area are provided with a furrow series of 
3-4 spines and bear normally 1-2 adorally placed 
granules or spinelets on their surface and an abo- 



rally placed spinelet (fig. 201). Some ossicles among 
the first 1-3, may have only the aborally placed sub- 
ambulacral spinelet developed (fig. 20m), and even 
this may be missing, and the surface of the more 
proximal adambulacralia completely naked. The 
more distal adambulacral ossicles have usually only 
2 furrow spines, conical, pointed, and placed on the 
adoral broad part of the ossicle, and invariably a 
small aborally placed subambulacral spine (fig. 
20n, 0). As mentioned in the discussion of the At- 
lantic specimens, this aboral subambulacral spine 
(only sometimes absent on the more proximal adam- 
bulacralia) seems to constitute a constant specific 
character. 

The o r a 1 o s si c 1 e s carry 4-6 marginal spines, the 
proximal of which more or less distinctly large1 than 
the others. Their surface is naked or maybe provided 
with 1 (-2) spinelets distally (fig. 201). 

The ven t ro l a t e ra l  p la tes  (fig. 201, p) are ar- 
ranged in about 7-10 tangential rows. Distally they 
are small, transversely elongate and closely crowded, 
overlapping each other, proximally they are larger, 
often also transversely elongate, but sometimes of 
any other possible shapes. Often there is only one 
plate in the first tangential row and only two plates 
in the second row. The ventrolateral plates are fur- 
ther typically arranged in distinct radial series which 
correspond two and two with the adjoining marginal 
plates; but their number may bc increased distally 
in some interradii in which then 3 or maybe 4 plates 
adjoin each marginal one. The ventrolateral plates 
in general appear naked as was also the case in all 
examined Atlantic specimens of S. churai. Two spec- 
imens, however, with R/r 38/13 and 51/18 mm, 
have up to half a dozen granuliform spinelets on the 
most distal ventrolateral plates (fig. 20p), and 1-2 
granuliform spinelets on some of the other plates. 
Also another specimen has single granules on a few 
of the more proximal plates. 

Remarks :  
There can be no doubt that these Pacific specimens 

belong to the species Styracastev chuni, hitherto 
known only from the Atlantic. Their marginal plates 
appear somewhat more smooth than do those in the 
specimens from the Gulf of Guinea; but in this re- 
spect they are similar to specimens from the Davis 
Strait. A few of the Pacific specimens examined, 
have a modestly developed ventrolateral armature 
of granuliform spinelets, whereas all Atlantic spec- 
imens examined, had a naked ventral side. This 
latter feature, however, applies also to other of the 

Pacific specimens, and the possession of ventro- 
lateral granules or spinelets thus cannot be consid- 
ered of any decisive taxonomic importance. In all 
other characters, the Atlantic and the Pacific spec- 
imens examined show an identical variation. 

Distrib.;tion: 

Styvacaster chuni is known from six dredgings 
(fig. 36): four in the Atlantic, in the Davis Strait 
and the area of the Gulf of Guinea, and two in the 
South Pacific, in the Kermadec Trench north of 
New Zealand. Its bathymetrical distribution is from 
2550 to 4510-4570 m. It is found at temperatures 
from 1.1 " to 3.9" C. The bottom recorded always is 
clay. It is a fairly robust species and perhaps there 
is a connection between its robust appearance and 
its occurrence on a clay bottom. 

Styracaster pancispinus Ludwig, 1907 

LUDWIG 1907 pp. 3 15-316. 
H. L. CLARK 1920 pp. 80-8 1, pl. 23-4. 

This species was preliminarily described by LUDWIG 
from two specimens collected by the Albatross in the 
eastern tropical Pacific (st. 4658: 8 "30tS, 85'36'617, 
4335 m, fine green mud, 1.8" C.). The same material 
was briefly discussed in 1920 by H. L. CLARK, who 
also published photographs of one of the specimens 
in dorsal as well as in ventral aspect. 

The two specimens have R/r 1919 and 2219 mm; 
6 and 7 superomarginals (according to the photo 
joining from no. 5); 1-2 (3?) arm spines; 3 broad 
cribriform organs; terminal ossicle with 3 spines. 
Dorsal side with closely crowded small paxillae with 
4 (-6-8) spinelets (according to the photo confined 
to main disk area, whereas there is a pavement of 
naked plates in arm bases). A small apical cone. 
(The madreporic body in the photographed speci- 
men roundish, with striae radiating from proximal 
margin). Adambulacralia, 12-13 in number, with 5 
blunt furrow spines (having the appearance of seg- 
mental papillae and covering a distinct segmental 
pit, - according to the photo and to CLARK'S reference 
to a "marked depression or shallow furrow on the 
ventral surface . . . from the inner adoral corner of 
the plates, where it is deepest, to the outer aboral 
corner, where it flattens out entirely"). No subam- 
bulacral armature. Oralia with 7 marginal spines, 
proximal one the largest, and a suboral spinelet near 
the suture. Ventrolateral plates with spaced granuli- 
form spinelets (according to CLARK, however, ap- 
parently wanting in one of the specimens). 



LUDWIG dld not discuss the possible relationships 
of his S.paucispinu~, but H.L.CLARK made some 
considerat~ons thereupon, comparing the species to 
armatus, spinosus, and edtsardsi, on account of their 
number of cribriform organs, but noting that it dif- 
fers from these in the shortness of the arms and 
correspondingly small number of arii; spines. (L~D- 
WIG gave the number of arm spines as 2-3, which, 
however, would hardly agree with the number of 
superomarginals stated, and H. L. CLARK also found 
only 1-2 arm spines, when he re-examined the spe- 
cimens. But in counting the superomarginals LUD- 
WIG may have neglected possible rudimentary ones 
below the terminal ossicle). 

An important character, missed by both LUDWIG 
and CLARK, is the armature of naked plates at the 
arm bases. which appears from the photo. This 
characteristic, combined with an armature of fairly 
well developed paxillae on the main part of the disk, 
these two specimens share only with LUDWIG'S 
Styvacastev chuni. The ratio R/r, and furthei the low 
number of cribriform organs and the paucispine 
condition of the arms, agree also well with young 
equal-sized specimens of S. chuni. What distin- 
guishes S.paucispinus from S. chuni is primarily the 
appearance of the adambulacral armature, with the 
furrow spines modified as segmental papillae over a 
distinct segmental pit. Propably, however, this may 
not be a constant character (considering the varia- 
bility of the adambulacral armature in S. hovridus 
and E,~emicaster cvassus e. g.), and in that case a 
distinguishing character may perhaps be found in 
the presence of an aboral subambulacral spinelet in 
S.chuni, whereas in S.paucispinus the aboral sub- 
ambulacral surface appears to be naked. 

The two specimens known of S.paucispinus are 
possibly young ones (if the size reached by other 
species of Styvacaster is considered), and though 
they apparently have attained the adult characters, 
at least in the main, larger specimens, besides a 
larger number of arm spines and perhaps of cribri- 
form organs, may show a better developed suboral 
armature and perhaps also have a subambulacral 
armature on the more proximal ossicles. 

Styraeaster robnstns Koehler, 1908 

in the Atlantic sector of the Antarctic (51 "07's. 
9"31fW, 3846 m, diatom ooze). It has Rlr 4511 5 mm; 
17 superomarginal plates, all higher than long, join- 
ing from plates no. 7 ;  2 conical pointed arm spines. 
on 7th and 9th pair of superomarginals, the larger 
proximal one slightly curved towards the disk: in- 
feromargina1s of arms apparently about half as high 
2.5 superomarginals; 11 cribriform organs; terminal 
ossicle fairly inconspicuous, with a large distal ter- 
minal spine and a pair of smaller subterminal ones. 
Dorsal side (including arm bases, according to the 
photographs published by WILTON) with numerous 
close-set paxillae with 3-4 (5) granuliform spinelets. 
A conspicuous round madreporite. Adambulacralia 
with 4-5 furrow spines and some granules on their 
surface. Oralia with 8-9 marginal spines: proximal 
two, especially the first, enlarged, the others sub- 
equal to the adambulacral spines, and with several 
irregular rows of suboral granules. Ventrolateral 
area covered with a thick integument with gran- 
ules. 

The type-specimen of 5'. vobustus evidently has an 
empty stomach, and the interradii consequently un- 
usually excave, and probably the radius of the disk 
would be half the arm length if the stomach was 
full. The species may be grouped together with 
S.  chuni and S.paucispinus, which have also relatively 
short arms. It is easily distinguished from these, 
however, by the uniform covering with paxillae 
over the whole dorsal area inclusive of the arm 
bases, and also by its different oral and adam- 
bulacral armature. 

Styracaster armatus Sladen, 1883 
Fig. 21 

SLADEN 1883 pp. 232-234; 1889 pp. 153-154, pls. 
24,-4, 2814. 

WOOD-MASON & ALCOCK 189 1 b p. 434; ALCOCK 
1893 p. 86. 

§LADEN described this species on the basis of a single 
specimen dredged by the Challenger in the mid- 
Pacific near the Caroline Islands (st. 224: 7"45'N, 
144"201E, 3384 m, globigerina ooze, 1.9" C.). 
WOOD-MASON & ALCOCK have later recorded the 
species as taken by the Investigator in two dred- 
gings in the Bay of Bengal, in depths of 3365 and 

KOEHLER 1907b p. 144 (nom. nud.), 1908 pp. 560- 
3519 m respectively, and on a bottom of globigerina 

561 (224-225), pl. 444-45. 
ooze. 

WILTON I908 pl. 13 fig. 39. 
The type-specimen has R/r 3811 1 mm; 9 supero- 

KOEHLER described this species on the basis of a marginals, considerably longer than high, joining 
single specimen collected by the Scotia Expedition from plates no. 4; a continuous row of 5 arm spines: 



inferomarginals lower than superomarginals, about 
three times as long as high; 3 broad papilliform 
cribriform organs. Terminal ossicle fairly incon- 
spicuous, with 3 spines. Dorsal side with a thick 
integument with closely crowded minute imperfect 
pseudopaxillae and simple spinelets, and with naked 
spaces at arm bases. A faint aniral -r = - cnne. (Madrenn- r - 
ric body according to figure round and with striae 
radiating from its center). Adambulacralia elongate 
(vertebra-shaped), with 3 pointed slightly compres- 
sed furrow spines on adoral half, and a single small 
conical subambulacral spine near interradial adoral 
corner. Oralia large, markedly coulter-shaped, only 
joining their opposites proximally, being widely sep- 
arated also medially, where the primary oral os- 
sicle is well exposed; each oralia with 5-6 marginal 
spines, proximal one not much larger than lateral 
ones, and with a few spinelets on distal surface. 
Ventrolateral area with naked squamous plates ar- 
ranged in tangential and radiating series. 

The G a l a t h e a  specimen:  

St. 280: 1°56'N, 77"05'W, 4350 m, 1.3"C., globi- 
gerina ooze. 1 specimen. 

This specimen, taken S. W. of Ceylon, agrees well 
with the type-specimen described by SLADEN, show- 
ing only negligible variations in some characters. It 
has R/r 39/13 mm, and is thus of about the same 
size as the type; and it is clearly adult. (As noted 
above, p. 92, the present author in 1951 ventured 
the opinion that SLADEN'S S.avmatus might be a 
juvenile specimen). 

The supe romarg ina l  plates  number 11-12 in 
the two arms preserved, and join their opposites 
from plates no. 4. (The specimen is very mutilated). 
The superomarginals of the disk are subquadrate, 
whereas those of the arms are much lower and rect- 
angular, the proximal ones up to twice as long as 
high (fig. 21 a). The inferomarginals of the arms are 
about half as high as their superomarginal com- 
panions and thus about three times as long as high. 
The surface of the marginal plates is granulated, 
corresponding to what is shown in SLADEN'S fig. 4 
pl. 28. The superomarginals of either side of the 
arms are fairly regularly opposite each other, and 
also the inferomarginals correspond regularly with 
the accompanying superomarginals. 

Each arm bears a continuous row of 8-9 d o  r s a l  
spin e s, gradually diminishing in size towards the 
tip of the arms (as is shown by the sizes of their 
basal knobs on the plates). The proximal arm spine 

is borne on one of the superomarginals of the first 
joining pair, as typical in Styvacastev, and the fol- 
lowing ones are then developed on successive pairs 
of joining plates, either alternatingly on either side 
of the arm, or on successive plates of the same side 
of the arm. Bcsasionally the two plates in an op- 
pnsite r nair each has a spine deve!oped, but then nne 
spine is always much smaller than its partner. All 
arm spines are lost in the specimen except a single 
proximal one, whir,h is slender straight pointed and 
may have measured about 9 mm (being 8 mm long 
with the tip broken). The spine is borne on an about 
1 mm high knob or protuberance on the supero- 
marginal plate. The arms are very distinctly laterally 
compressed due to the ambulacral furrow being 
completely closed. (The arms in the ty~e-specimen 
are described as subcylindroid). The compressed 
arms are about 4 mm high at their base. 

There are in each interradius three c r ib  r i f o r  m 
o rgans  of a rather sublamelliform structure. 

The t e rmina l  ossicle is distal to the arm end, 
fairly inconspicuous, rather globular, and with 3 
spines, a distal terminal one and a pair of smaller 
subterminal ones (fig. 21 b). 

The d o r  s a1 a rea  shows the leathery integument 
mentioned by SLADEN. This covers an armature of 
small rounded plates, about 114 mm in diameter, of 
which those in the radial areas, extending from the 
arm bases halfway to the center of the disk, ale 
naked, whereas the others bear 1-2, occasionally 3 
spines each (about 0.2 mm long and about one- 
third as wide), (fig. 21g, h). There is a faint central 
elevation with smaller plates and spinelets. The 
madreporic body is conspicuous, round, close to the 
marginals, and with the striae radiating from an ad- 
central point. Papulae were not observed. 

The adambulac ra l  ossicles number 24-25. 
The proximal ones are subrhomboid, otherwise they 
are elongate, vertebra-shaped as SLADEN very appro- 
priately describes them, with an excave furrow mar- 
gin, and in the arms with a convex interradial mar- 
gin. The proximal 1-2 adambulacralia bear 4 pointed 
flattened furrow spines of which the adoral one is 
much larger than the others, and further 1-3 sub- 
ambulacral spines side by side near the adoral mar- 
gin (fig. 21 c). The following adambulacralia bear 
3 (-4) fkrrow spines and I ,  exceptionally 2, sub- 
ambulacral spines adorally, and from about the sev- 
enth adambulacral ossicle the armature consists of 
two diverging conical pointed furrow spines on the 
adoral part of the margin, and an almost equally 
large subambulacral spine near the interradial adoral 



Fig. 21. Styracaster armatus. St. 280, R/r 39/13 mm; a, proximal part of arm, showing the superomarginals nos. 4-7; b, distal 
part of another arm, partly with the granulated surce indicated; c, jaw, with the mouth-spines reconstructed; d, an  adambula- 
cral ossicle no. 2; e, adambulacralia nos. 9-11, shown with their surface in the plane of the paper; f, adambulacralia from the 

median part of another arm; g-h, paxillar spinelets in dorsal view and in lateral view, in four times the usual scale. 
Scale: 10 mm (in g-h: 2.5 mm). 

corner (fig. 21 e). The triangular ends of the adam- 
bulacral ossicles, observable in the arms dorsally 
to the adambulacralia, are very wide in this spe- 
cies, actually touching each other in a continuous 
series. 

The o r a l  ossicles of each pair forming a jaw 
(fig. 21 c) only join proximally, and are separated for 
the greater part of their length by a broad suture, as 
broad as the semicircular exposed surface of the 
primary oral ossicle. This appearance of the oralia 
is apparently an important taxonomical characteri- 
stic of the species. Each oral ossicle has carried a 
larger spine at its tip (lost in the few oralia preserved, 
the greater part of the oral area of the specimen 
having been torn away), and laterally at a small dis- 
tance from the tip there is a series of 4-5 smaller 
conical and pointed marginal spines. Medially on 
their surface the oralia may bear a single suboral 
spine or up to 3 spinelets. 

The ven t ro l a t e ra lp l a t e s  are arrangedin about 
10 tangential rows, and in the outer half of the disk 
area also in radiating series, two of these usually 
corresponding with a marginal plate. The more dis- 
tal ventrolateral plates ale transversely elongate to 
subhexagonal and the more proximal ones, as usual, 
larger and irregularly shaped. SLADEN described the 
ventrolateral plates as imbricating, but in the pres- 
ent, apparently more expanded specimen this ap- 
plies only to the plates near the margin. The ventro- 
lateral plates are naked. They are of a very porous 
structure (as seen when the thin covering integu- 
ment is rubbed off). 

D i s t r ibu t ion :  
Styr.acaster avmatus is known from four dred- 

gings (fig. 37): one in the western tropical mid- 
Pacific, near the Caroline Islands, and three in the 
Indian Ocean in the Bay of Bengal and south of 
Ceylon. It is taken in depths between 3365 and 
4350 m, and always on a bottom of globigerina 
ooze. The temperatures recorded are 1.3 " and 1.9" C. 

Styracaster spinosus E. Perrier, 1885 

Machaivastev pictus n. sp., E. PERRIER 1884 p. 272 
(nom. nud.). 

Styvacastev spinosus n. sp., E. PERRIER 1885a p. 886 
(nom. nud.); 1885 b pp. 55-59 ; 1894 pp. 223-227, 

I7za-d. 
Styvacastev spinosus, KOEHLER 1909 b, pp. 39-40. 
Styvctcastev edwavdsi n. sp., E. PERRIER I885 a p. 886 

(nom. nud.); 1885b pp. 59-60; 1894 pp. 220-223, 
pl, 173 a-e. 

E.PERRIER in 1884 mentioned a new form of sea- 
star, Machaivastev yictus, related to Porcellanastev, 
but distinguished by having keeled arms with spines. 
In a subsequent paper (1885 b) he described the form 
in detail, stating that the genus which it represents 
is that described as Stj)vacastev by SLADEN in 1883, 
and that the form, which he now (by a lapse?) 
names by the specific name spinosus, stands near 
SLADEN'S Styvacasteu armatus. In the final edition 
(1894) of this paper some figures are added. (SLA- 
DEK in 1889 p. 149 notes that Machairaster may 
perhaps prove to belong to Sty~.acastev. Thus he 



had not seen PERRIER'S paper of 1885 before in 1886 
finishing his manuscript on the Challenger sea- 
stars). 

The description of Styvacaster spinosus was based 
on two specimens collected by the Talisman near the 
Azores (st. 131 : 38"38'N, 27"26'W, 2995 m, soft 
white mud). The type-specimen has R/r 27/10 mm; 
10 superomarginal plates, joining their opposites 
from plates no. 4, proximal one higher than long, 
following ones subquadrangular, and those of arms 
somewhat longer than high (in about the proportion 
312); a continuous row of 5 arm spines; 3 cribriform 
organs; terminal ossicle with 3 spines. Dorsal side 
with a uniform covering of single spinelets, except 
for a triangular area at each arm base where no 
spines are developed; a distinct short apical appen- 
dage. Adambulacralia with a concave furrow mar- 
gin and 3 triangular flat pointed furrow spines, two 
close together and diverging on the adoral broader 
part of the ossicle, and an isolated aboral one on 
the narrower part, further 1-2 conical subambula- 
cral spinelets adorally. Oralia joining their oppo- 
sites proximally and medially, at the primary oral 
ossicle, between the two places of contact a broad 
suture; each ossicle with 5 flattened triangular 
pointed marginal spines, proximal one the largest, 
and 3-4 suboral spinelets distally. Ventrolateral 
plates naked, in about 5 tangential and 8 radial rows. 
A series of isolated ventrolateral plates extending 
into arms. 

KOEHLER in 1909 adds the records of four spec- 
imens of Styvacastev spinosus from three dredgings 
of the Princesse Alice in the same area as the type- 
locality, in the eastern Atlantic near the Azores 
(st. 527: 3X009'N, 23"17'W, 4020 m; st. 745: 
38"05'N, 23"50fW, 3465 m, muddy sand; and 
st. 753: 39"52'N, 18"01tW, 4360 m, globigerina 
ooze). These sp~cimens have R/r 42/13, (30-35)/10, 
(30-35)/8, and 221 10 mm respectively, the first men- 
tioned with 14 and the last mentioned with 11 supe- 
romarginals. The largest specimen with 3 pointed 
furrow spines on the proximal 3-4 adambulacralia, 
and generally only 2 on the following ones; the 
smallest specimen with 3 furrow spines for the 
greater length of the arms. The large specimen with 
9, the small one with 5-6 arm spines. All specimens 
with a distinct apical cone. 

PERRIER in 1894 notes that his Styvacastev spinosus 
is the Atlantic representative of the Pacific 5. arma- 
tus described by SLADEK, but that it is distinguished 
from this by the shape of its oralia, and by its 
shorter superomarginal plates. 

Styracaster edwardsi: This was described by E. PER- 
RIER (1885) from a single specimen collected by the 
Talisman in the eastern Atlantic near the Cape 
Verde Islands (st, 102: 15'18'N, 22"43'W, 3655 m, 
grey mud). In all probability, however, it is identical 
with the species S.  spinosus. The type of S. edwdrcjLsi 
has R/r 3619 mm; 12 superomargiiia'ls, joining their 
opposites from no. 4, first two higher than long, 
following ones subquadrangular; a continuous row 
of 7-8 arm spines; 3 cribriform organs. Terminal 
ossicle elliptical. fairly conspicuous. with 4 spines, 
a larger distal terminal one, a pair of smaller sub- 
terminal ones, and a small median one dorsally. 
Disk with numerous blunt spinelets, each on its own 
small plate, but a triangular area at arm bases with 
naked plates. Madreporic body roundish, with striae 
radiating from the center. A small apical cone. 
Adambulacralia with 3 furrow spines, two close 
together adorally and one isolated aborally; and 1 
(on the proximal ossicle 2) subambulacral spine(s) 
adorally. Oralia in contact with their opposites 
proximally and medially, with 5 marginal spines, 
and 4 suboral ones distally. Ventrolateral plates 
naked, transversely elongate, in about 10 tangential 
and 14 radial rows. A series of oblong ventrolateral 
plates extending in arms to marginals no. 6. 

PERRIER (1894) notes that his species Styvdcastev 
edwavdsi is close to S.  urmatus and S. spinosus, but 
has longer arms. The length of the arms in relation 
to the diameter of the disk, however, is usually a 
rather poor taxonomic character, and neither the 
different number of terminal spines in S.spinosus 
and S. edwardsi, nor that of the superomarginals and 
the arm spines are of any taxonomical importance. 
The flattened furrow spines are pointed in S.  spinosus 
but blunt in S. edwardsi, but as is known from other 
species, also this may vary individually. The shape 
of the oral ossicles is the same in S. spinosus as in the 
former form. Thus the conclusion must be that 
PERRIER'S S .  edwavdsi cannot be kept specifically 
distinct from his S.  spinosus. S. avmatus, as noted 
above, is distinguished from S.edwardsi, and thus 
also from S.spinosw, by having the two oralia of a 
jaw widely separate also medially. 

KOEHLER in 1909 p. 38 writes that he has re- 
examined the specimens of S. edwavdsi and S. spino- 
sus with the possibility in mind that they might be 
juveniles of his S.elongatus, which he, however, 
found was not the case. The present author in a 
paper of 1951, however, did not want to exclude the 
possibility that S.  spinosus and S. edwardsi were juve- 
nile S. elongatus, but the range of variation observed 



in the different species of Styvacaster during the 
study of the Galathea material has confirmed 
I~OEHLER'S view. 

D i s t r ibu t ion :  
Styvacaster spinosus (inclusive of S.edwavdsi) is 

known from iive dredgings in the western Atlantic 
(fig. 37), near the Azores and the Cape Verde Is- 
lands, in depths from 2995 to 4360 m, and on a 
bottom of mud, muddy sand or globigerina ooze. 

Styracaster davipes Wood-Mason & Alcock, 1891 

This species was described from a single specimen 
taken by the Investigator in the Bay of Bengal 
(st. 117: 11 "58'N, 88"52'E, 3197 m, globigerina 
ooze, 1.7" C.) in this way : "Agrees with S. avmatus 
very closely, but differs in the following particulars : 
- There are five cribriform organs.. . ; the inferomar- 
ginals are not much longer than broad; the terminal 
plate . . . is markedly inflated; the median spine of 
the . . . rays are comparatively short and blunt." 

From this very brief description it is difficult to 
form a definite opinion of the specimen. The larger 
number of cribriform organs in S .  clrrvipes is alone 
of no distinguishing value. Information of the size 
of the specimen would have been of interest. The 
different shape of the infero-marginals, in S. clavipes 
"not much longer than broad". in S. avmatus about 
three times as long as high, and the difference in the 
terminal ossicles, in S.  clavipes "markedly inflated", 
in S.  armatus inconspicuous, seem to be more reli- 
able taxonomic characters. These characters are 

being very short and narrow in relation to the disk; 
7 superomarginals, joining from no. 5; a single 
dorsal spine to each arm, on one of the 5th supero- 
marginal plates; (interradial inferomarginals very 
low); 7 cribriform organs; terminal ossicle with 3 
robust spines. Whole dorsal side of disk fairly 
cl~sely armed with blunt snin~1@ts, Y~---- each on its own 
granula-like plate. No apical cone. Adambulacralia, 
about 16 in number, with 4 (sometimes 5) furrow 
spines, (scale-like according to the photo). Oralia 
with 9 scale-like marginal spines (oral and adam- 
bulacral armature thus modified as segmental pa- 
pillae). (A suboral and subainbulacral armature not 
present, at least not mentioned either by LUDWIG 
or by CLARK). Ventrolateral area with a pavement 
of uniformly sized (i. e. all fairly small) subhexagonal 
squamous naked plates. 

H. L. CLARK apparently considered S.  chuni and 
S.paucispinus the nearest allies of S.monacanthus, 
which, however, may not be true. Among the other 
species of Styvacastev, S. monacanthus probably 
agrees best with those of the avmatus group, like 
these having only single spinelets on the dorsal 
plates (no paxillae), but, according to the photo 
published, differing by having a uniform armature 
of spinelets over the whole dorsal side, inclusive of 
the arm bases, where the species of the avmatus 
group show a triangular area with naked plates 
only. S. monacanthus, everything considered, ap- 
pears very well distinguished from all other known 
species of Styvacastev by its general facies, with 
the very short and narrow arms. (A similar appear- 
ance is sometimes shown by individuals of other 
species in radii where lost arms are regenerating). 

such as also distinguish PERRIER'S S. spinosus (in- 
Porcellanaster Wyville Thomson, 1877, 

clusive of his S. edwavdsi) from S.avmatus, and 
emend. Fisher, 1905 

therefore S.  clavipes may prove to be identical with 
this latter species. Type-species : Povcellanastev cevuleus Wyville Thom- 

son, 1877. 

Stylracaster monacanthus Ludwig, 1907 Syn. : Caulaster E. Perrier, 1882 (type-species : C. 
LUDWIG 1907 p. 315. pedunculatus E. Ferrier, 1882). 
H. L. CLARK 1920 pp. 79-80, pl. 21-2. Albatvossia Ludwig, 1905 (type-species : A. semi- 

mavginalis Ludwig, 1905). 
This species was diagnosed by LUDWIG on the basis 

Albatvossastev Ludwig, 1907 (new name to replace 
of a single specimen from an Albatross dredging in 

Albatrossia, erroneously considered invalid). 
the eastern tropical Pacific (st. 4701: 19"12'S, 
102"24'W, 4143 m, dark brown clay, 1.9"C.). The Diagnosis:  
specimen is later mentioned by H. L. CLARK (1920) Porcellanasterids with opposite superomarginals 
who also published two photographs of it, from the separate in whole arm length, and possibly with 
dorsal and the ventral side respectively. dorsal spines. Terminal ossicle distal to alm end, 

The unique type has R/r 24/12l/, mm, the arms not markedly broader than long. A mid-interradial 



suture. A single lamelliform cribriform organ. A 
single proximal mouth-spine, common to both oralia 
forming a jaw. Pedicellariae sometimes present dor- 
sally on disk, and sometimes formed by the furrow 
spines. 

Desc r ip t ion :  
The general shape is substellate with the arms 

rather broad, rounded, and only slightly tapering. 
The disk is rather gibbous, and of a tumid appear- 
ance in well-expanded specimens. Usually there is 
an apical appendage. Small spiniferous plates are 
distributed over the central dorsal area to an extent 
varying with age, but not farther than a line con- 
necting the distal edges of the outermost cribriform 
organs. The integument of the arm bases and arms 
includes spaced perforated plates. In the ventro- 
lateral area there is a pavement of plates which 
sometimes bear spinelets. The jaws are large and 
prominent and bear a few marginal spines besides 
the single larger one, standing at the junction of the 
two oralia. The adambulacralia are elongate and 
with a protruding adoral part on which the few (2-3) 
furrow spines are borne. The surface of the oralia 
and the adambulacralia is as a rule naked. 

Remarks :  
The generic name Porcellanaster was created by 

WYVILLE THOMSON in 1877, in his popular account 
on the work of the Challenger Expedition in the 
Atlantic, for some sea-stars which were dredged off 
the coast of the United States of America, S. E. of 
New York, and which were the first representatives 
of the group of deep-sea sea-stars now known as the 
Porcellanasteridae. WYVILLE THOMSON intended to 
report himself on the collection of sea-stars brought 
back by the Challenger Expedition,l but due to ill- 

1. WYVILLE THOMSEN in 1877 I p. 380 after having described 
the North West Atlantic type-specimen of Porcellanaster 
crerulezls notes that "This is a very widely distributed deep- 
water species. We met with it near Tristan d'Acunha in the 
Southern Sea, and in the North Pacific." The specimens 
referred to by WYVILLE THOMSON were, however, described 
as different species by SLADEN, viz : Porcellanaster eremicus, 
P. crassus, P.gracilis, and P. tuberosus. P. crassus and P.gra- 
cilis are now referred to Eremicaster; but, as appears from 
the following, the present author considers SLADEN'S P. ere- 
micus and P. tuberosus inseparable from P. ceruleus. 

WWILLE THOMSON further noted p. 380 that: "There is 
an allied species of the same genus somewhat more ornate, 
and of an orange instead of a blue colour in the China Sea". 
Perhaps this statement refers to the specimen described by 
SLADEN as Hyphalaster inermis. The note (1877 11, p. 267) 
of "a new species of Porcellanaster remarkable for a series 
of long spines running along the centre of the back of each 

ness had to give it up, and PERCY SLADEN was en- 
trusted with the work. In the Challenger report 
SLADEN (1883, 1889) then described a total of six 
species of the genus Porcellanaster, inclusive of the 
P. cceruleus named by WYVILLE THOMSON. Later au- 
thors have added to this number, so that now al- 
t n o e t h ~ r  20 different species or nominal species (in- --o----4- 
clusive of subspecies) have been mentioned in or 
referred to the genus, though some of them origi- 
nally classified under other generic names (Caulaster, 
Albatrossia ( = Albatrossaster), and Eremicaster). 
The species or forms on which the genera Caulaster 
and Albatrossia were based by their authors (PER- 
RIER and LUDWIG) thus by later revisors are con- 
sidered juvenile stages of Porcellanaster. Albatross- 
aster was merely a new name created by LUDWIG 
to replace Albatrossia, erroneusly believed invalid 
(see p. 134). Eremicaster was originally erected by 
FISHER as a subgenus of Porcellanaster, but was by 
LUDWIG raised to the rank of a genus (but given a 
somewhat different circumscription), and also 
FISHER himself later considered Eremicaster (in his 
original sense) of generic rank. 

As will be discussed in the following, the genus 
Porcellanuster in the sense of SLADEN should be sep- 
arated into the two groups: Porcellanaster emend. 
Fisher, and Eremicaster sensu Fisl~er. 

The specific (and subspecific) names used in con- 
nection with the generic name of Porcellanaster are, 
listed in their chronological order : 

c~vuleus Wyville Thomson, 1877 
pedu?zculatus (Caulaster) Perrier, 1882 
caulifer Sladen, 1883 
tuberosus Sladen, 1883 

*crassus Sladen, 1883 
"gracilis Sladen, 1883 
sladeni (Caulaster) Perrier, 1885 
inermis Perrier, 1885 
granulosus Perrier, 1885 
eremicus Sladen, 1889 

*paczJicus Ludwig, 1905 
"wultharii Ludwig, 1905 
semimarginalis (Albatrossia] Ludwig, 1905 
nudus (Albatrossaster) Ludwig, 1907 

*vicinus Ludwig, 1907 
*inermis, vicinus var., Ludwig, 1907 
dubius (Caulaster) Koehler, 1909 
richardi (Albatrossaster) Koehler, 1909 
fragilis Doderlein, 192 1 
irregularis Lieberkind, 1932 
ray", refers to the species described by SLADEN as Stymc- 
aster horridus. 



All these forms have either one or three cribriform 
organs in each interradius. Those with only a single 
cribriform organ represent Povcellanastev s. str., and 
those with three cribriform organs (in the list marked 
with an asterisk) represent Evemicaster sensu Fisher. 
Also a few other, though not constant characters, 
may distinguish these two forms, Thus pedicellariae 
may occur in Povcellanastev, but have never been 
found in Evemicaster; and in Evemicastev the adam- 
bulacral spines may be modified as so-called seg- 
mental papillae, which are unknown in Povcellan- 
aster. 

The following nominal species of Povcellanaster 
s. str. are described from the Atlantic : caruleus, pe- 
duncuhtus, ssladeni, inermis, gvanulosus, evemicus, 
vichardi, and ivuegulavis; from the Indian Ocean: 
caulyev, dubius, and fvagilis; and from the Pacific: 
tubevosus, semimavginalis, and nudus. 

Porcellanasterids referable to Povcellanaster s. str. 
were hitherto recorded from 79 dredgings : 66 in the 
Atlantic, six in the Indian Ocean, besides three in 
the region of the Malay Archipelago, and four in 
the Pacific. In the present paper is now added the 
description of 12 specimens collected by the Gala- 
thea Expedition in six dredgings, two of which in 
the Atlantic, two in the Indian Ocean, and two in 
the Pacific, and of two specimens available from a 
dredging by the Pickle of the South African Fishery 
Investigations. 

The present author has had occasion to re- 
examine a good deal of the previously described 
specimens of Porcellanaster, viz. those collected by 
the Ingolf, the Thor, the Godthaab, and the Val- 
divia expeditions, and further he has himself re- 
ported on the specimens collected by the Swedish 
Deep-Sea Expedition, and has thus been able to 
study a total of 54 specimens of Povcellanaster from 
17 widespread localities. Only about 25 of the re- 
maining specimens known have been described in 
more or less detail, whereas the others are merely 
listed. 

Povcellanastev s. str. is an intricate group, and 
much richer collections than are available at present, 
will be needed to obtain a clear concept of its taxo- 
nomy. The Galathea material includes specimens 
of all sizes, ranging from juveniles about as small as 
any hitherto on record, to specimens of the known 
maximum size (R/r about 361 1 1 mm) and apparently 
senescent. Several of the forms described in the lit- 
erature are represented in the material at hand, and 
undoubtedly they are for the greater part only differ- 
ent stages of growth of one and the same form 

(cavuleus). Actually the present author has been 
quite unable to find any characters by which the 
specimens known of Povcellanaster s. str. might be 
separated with certainty into more species or sub- 
species, and therefore regards the genus as mono- 
typic. It shows polymorphism, however, (cf. e. g. the 
description p. 140 of the two specimens dredged by 
the Pickle); and rather confusing it is that some 
specimens though they are juveniles in their skele- 
ton, nevertheless seem to be sexually mature (richardi 
and semimarginalis e. g.). Perhaps these latter may 
represent a paedomorphic form of the typical 
caruleus. 

The type-species P. caruleus, preliminarily de- 
scribed by WYVILLE THOMSON in 1877, was given a 
more exhaustive description by SLADEN in 1883 and 
1889. (The original spelling of the specific name, 
cevuleus, was by SLADEN emended to c~ruleus).  Sev- 
eral specimens were available, and SLADEN also 
made a few notes on the infraspecific variation, but 
it is only in his remarks, in 1889, under his species 
P.eremicus that a few hints are given as to the 
changes with growth from the juvenile to the adult 
stage. LIEBERKIND in 1935, when dealing with the 
Ingolf specimens, is the only author who has given 
a more detailed account of the variation within the 
species, especially with growth during the young 
stages. 

LIEBERKIND also discussed the other forms of 
Povcellanastev described in the course of time from 
the Atlantic, and re-examined several of them, and 
his conclusions were that most Atlantic specimens 
of Povcellanastev recorded, belonged to the species 
P. caruleus. He excepts only E. PERRIER'S P.gmnulo- 
sus; which exception, however, as discussed in the 
following, he based on a misinterpretation of one 
of the anatomical features of the genus. Further 
LIEBERKIND did not take any final view on KOEH- 
LER'S Albatrossaster vichavdi, but if he is right in re- 
ferring all the other forms to P. caruleus, A. rirhardi 
can hardly form an exception. This latter view was 
also maintained by the present author in 1951 when 
some specimens of Povcellanaster from the Swedish 
Deep-Sea Expedition, agreeing with KOEHLER'S de- 
scription of vichdvdi, were recorded under the name 
of caruleus, LIEBERKIND, in 1935 in his discussion 
of the Atlantic records of Povcellanaster, did not 
mention his own P. ivvegulavis, described in 1932 on 
the basis of some specimens from the Gulf of Gui- 
nea, but since it is not included in the list of syno- 
nyms of P. cavuleus, he may still regard it as a dis- 
tinct form. The characters, however, which should 



separate irregularis from caruleus, viz. irregularities 
in the arrangement of the marginal plates, are of no 
taxonomical value whatsoever. 

The specimens of Porcellanaster recorded from 
the Indian Ocean and the Pacific were not discussed 
by LIEBERKIND, who only noted that KOEHLER'S 
Caulaster dubius, and ~UDWIG'S  Albatrossia semi- 
marginalis and A. nudus, are juveniles and not refer- 
able with certainty to species. (As will be discussed 
in the following, nothing can be found in the de- 
scriptions of these three forms to distinguish them 
with certainty from P. caruleus). The other forms 
of Porcellanaster (from other oceans than the At- 
lantic) are SLADEN'S P. caulifer and P. tuberosus, and 
DODERLEIN'S P. fragilis (and nothing is found in the 
description of these to distinguish them from 
P. caruleus). 

Porcellanastes czruleus Wyville Thomson, 1877 
Figs. 22-24 

Porcellanaster ceruleus n. sp., WYVILLE THOMSON 
1877 pp. 378-380, figs. 97-98. 

Porcellanaster caruleus, SLADEN 1883 pp. 21 8-222 ; 
1889 pp. 134-138, pls. 201-7, 20A1-10. 

Porcellanaster cceruleus, VERRILL 1885 pp. 520, 543, 
figs. 40-41. 

Porcellanaster, sp. prox. cceruleus, WOOD-MASON & 
ALCOCK 1891b p. 434. (pro parte = Caularter 
dubius, and (?)  P. caulifer in I~OEHLER 1909 a). 

Pars Porcellanoster caruleus, ALCOCK 1893 p. 86 
(see WOOD-MASON & ALCOCK 1891 a, b). 

PorceIIanaster caruleus, VERRILL 1895 p. 133. 
Porcellanaster cceruleus, H. L. CLARK 1923 p. 239. 
Porcellanastev coeruleus, LIEBERKIND 1935 pp. 5- 19, 

text-figs. 1-5, pls. 21-8, 312, 516-17. 
Porcellanaster coeruleus, MADSEN 195 1 pp.74-76,fig. 1. 
Caulaster pedunculatus n. sp., E. PERRIER 1882 pp. 

1379-1381 ; 1885b pp. 45-47; i894 pp. 204-208, 
pl. 15lame. 

Porcellanaster caulifer n. sp., SLADEN 1883 pp. 222- 
223 ; 1889 pp. 138-140, PIS. 21 5-10, 279-12. 

Porcellanaster caulifer, KOEHLER 1909 a pp. 33-34, 
PIS. 115, 131. 

Porcellanaster tuberosus n. sp., SLADEN 1883 pp. 
223-225; 1889 pp. 140-14.1, PIS. 231-4, 2713-16. 

Caulaster sladeni n. sp., E. PERRIER 1885a p. 886 
(nom. nud.); 1885b, pp. 47-50; 1894 pp. 208-210, 
pl. 152b, 3 a-c (pl. !53a-c by a lapse under the name 
of Porcellanaster inermis, non pl. 1 52, 2,, 2, which 
represent inermis, according to LIEBERKIND 1935). 

Porcellanaster inermis n. sp., E. PERRIER 1885 a p. 886 

(nom. nud.); 18856 pp. 50-53; 1894 pp. 212-215, 
pl. 152, 2a, z c  (by a lapse under the name of Caul- 
aster sladeni ; non pl. 15 3 ,-, which represent Caul- 
aster sladeni, according to LIEBERKIND 1935). 

Porcellanaster granulosus n. sp., E. PERRIER 1885 a 
p. 886 (nom. nud.); 1885b pp. 53-55 ; 1894 pp. 
216-218, pl. 171 ,.,. (Also figured by FILHOL 1885 
p. 215 fig. 67). 

Porcellanastev eremicus n. sp., SLADEN 1889 pp. 145- 
149, textfig. 

Albatrossia semimargitlalis n. sp., LUDWIG 1905 pp. 
97-100, PI. 630-31. 

Albatrossaster nudus, LUDWIG 1907 pp. 3 18-3 19. 
Albatrossia nuda, H.L. CLARK 1920 p. 81, pl. 25-6. 
Caulaster dubius n. sp., KOEHLER 1 9 0 9 ~  pp. 34-36, 

PIS. 15, 5*,  114. 
Albatrossdster richardi n. sp., KOEHLER l909b pp. 

25-28, PI. 197-9. 
Porcellanastev fragilis n. sp., DODERLEIN 1921 pp. 

15-16, pl. 31.1,. 
Porcellanaster irregularis n. sp., LIEBERKIND 1932 

272-276, texfigs. 1-4, pis. 11-2, 31-3, 754. 
Non : Porcellanaster, resembling caruleus, WOOD- 

MASON & ALCOCK 1891 a p. 13. (= Sidonaster sp.). 
Nec: Porcellanaster caruleus, WOOD-MASON & AL- 

COCK 1891 b p. 433 (= Sidonaster sp.). 

WYVILLE THOMSON'S description of Porcellanaster 
caruleus was based on some specimens dredged by 
the Challenger S. E. of New York (st. 45: 38"34'N, 
72"101W, 2270 m, blue mud, 2.9"C.), and the ge- 
neric name he gave the form indicated a feature 
which has proved to be very characteristic of the 
whole group to which the form belongs (the Por- 
cellanasteridae), viz. the large marginal plates which 
"are clear white with somewhat of a porcellanous 
lustre", and the specific name the colour of the disk 
"ranging from a pale to a tolerably strong cobalt- 
blue". (VERRILL 1885 p. 520 states about Porcellan- 
aster caruleus that "Its czrulean color is due only 
to the bluish mud, with which its large stomach is 
usually filled, showing through the translucent in- 
tegument. The real color is buff or pale salmon"). 
WYVILLE THOMSON rightly pointed out the relation- 
ship of Porcellanaster with Ctenodiscus. He also de- 
scribed correctly what he called the ornament, and 
which later by SLADEN was named the cribriform 
organ, but he made a lapse in considering the cen- 
tral apical appendage the excretory opening. (He 
may have had before him, however, a specimen 
with the appendage broken, and thus showing an 
artificial hole simulating an anus). 



Later SLADEN (1883, 1889) gave a more detailed 
description of the species, further recording it from 
two other neighbouring Challenger dredgings (st. 
46: 40°17'N, 66"48'W, 2469 m, blue mud, 2.g°C.; 
and st. 47: 41 "14'N, 65"45'W, 2451 m, blue mud). 
The type-specimen of Povcellanaster cavuleus, ac- 
cording to SLADEN, has R/r 22110.5 mm; 6-7 sub- 
quadrate superomarginals, generally armed with a 
short conical spinelet dorsally (innermost and pen- 
ultimate plates naked); 6-7 (-8) inferomarginals, in 
arms somewhat lower than corresponding supero- 
marginals, rectangular; I broad lamelliform cribri- 
form organ; terminal ossicle fairly prominent, 
slightly tubercular, with proximal margin deeply 
indented and with 3 spines. Dorsal side of disk cen- 
trally and interradially with scattered minute plates, 
each with a spinelet. An apical appendage. Adam- 
bulacral ossicles with 2 pointed spines. A single 
proximal mouth-spine, common to both ossicles 
forming a jaw, and 2 small flattened lateral marginal 
spines to each side. Ventrolateral area with a com- 
pact pavement of naked plates, (in 4-5 tangential 
series and in radiating series three of which corre- 
spond in width with a marginal plate). 

As type WYVILLE THOMSON has chosen a specimen 
(the largest one) with all the characteristics of a fully 
developed Povcellanaster cavuleus, but as appears 
from SLADEN'S remarks, many of the other Challen- 
ger specimens do not show all these characteristics. 
The smallest specimen has R/r 814 mm, 4 unarmed 
superomarg~nals, and 4 (5) inferomarginals; spine- 
lets on disk in definite interradial lines; a large apical 
appendage; and a complete pavement of plates ven- 
trally. The subquadrate superomarginals are usually 
slightly longer than high, but in some specimens the 
proportions are reversed. Some larger specimens 
may have the superomarginal spines aborted, or ab- 
sent altogether (or, in order words, rudimentary 
or not developed at all). Other specimens may bear 
spines on some of the ventrolateral plates. There 
may be 3 lateral oral spines (as is seen from fig. 2 
pl. 20) and also 3 adambulacral ones. 

VERRILL (1 885 and 1895) recorded Povcellanaster 
cteruleus as taken in 42 hauls during the Albatross 
explorations in 1883 and 1884 off N. E. America, 
from 41 "28'N to 37"501N, at depths mainly from 
between about 1660 and 2750 m, but reaching 
3520 m. He does not describe his material (only 
noted the colour, cf. p. 126), but he figures a spec- 
imen with R/r apparently about 1416 mm, with 
6 superomarginals armed with spines, and with 
spiniferous ventrolateral plates. 

SLADEN (1889 p. 130) in the description of Por- 
cellanaster notes that he has observed "that some 
of the small membrane-invested spinelets on the 
abactinal area are either cleft or double, and simu- 
late the appearance of the sacculate pedicellariae in 
Bathybiastev . . . They are generally situated near the 
marginal plates, and are usually most numerous in 
the neighbourhood of the madreporiform body." - 
This is evidently a reference to the pedicellariae 
found in some juvenile specimens of Povcellanaster. 

A number of 32 specimens of Porcellanaster, the 
affinity of which with the species caruleus is beyond 
doubt, was recorded and described by LIEBERKIND 
in 1935. Twenty-six of them were collected by the 
Ingolf in a dredging in the Davis Strait (st. 36: 
61C50'N, 56"21JW, 2702 m, 1.5"C.), and in five 
dredgings in the Irminger Sea southwest of Iceland 
(st. 10: 64"24'N, 28"50fW, 1484 m, globigerina clay, 
3.5"C.; st. 11: 64"34'N, 31°12'W, 2448 m, globi- 
gerina clay, 1.6"C.; st. 67: 61°30'N, 22"301W, 
1836 m, transition clay, 3.0CC. ; st. 68: 62"06'N, 
22"301W, 1587 m, transition clay, 3.4"C. ; and st. 83 : 
62"25'N, 28 "301W, globigerina clay, 1717 m, 3.5" C.). 
Four specimens were dredged by the Godthaab in 
the Davis Strait (st. 180: 62"07'N, 55"00iW, 2750 m, 
gray clay, l.g°C.), and two were dredged by the 
Thor southwest of Ireland (st. 178: 48"04'N, 
12"401W, 1800 m). The largest North Atlantic spec- 
imen which LIEBERKIND had at  disposal (Ingolf 
st. 36) had R/r about 1315.5 mm; it has no supero- 
marginal spines developed, but otherwise it agrees 
perfectly with the description of the type-specimen 
of P. caruleus. Several of the other specimens from 
the same population were considerably smaller than 
any one mentioned from the Challenger material, 
and served LIEBERKIND in a survey of the changes 
in the dorsal skeleton with growth during the juve- 
nile stages. 

~ I E B E R K ~ N D  only recorded R/r for some of his 
specimens, e. g. those collected by the Godthaab 
which have R/r 613, 714, 815, and 915 mm. Other 
examples are (partly measured by the present au- 
thor) : Ingolf st. 10 : 5.514 and 613 mm; Ingolf st. 36 : 
2.511.5-2, 312, 312, 3.512.5, 413, 612.5, 6-713, and 
1315.5 mm; Ingolf st. 67: 713 mm; Ingolf st. 68: 
613 mm; Ingolf st. 83 : about 1.5-211.5 mm and six 
specimens about 6-712-3 mm; and Thor st. 178: 
(5-)6/2.5 and 913 mm. 

On basis of the description of the Challenger 
specimens, and of the Ingolf and the Thor spec- 
imens (which the present author has been able to 
reexamine), the following tabular survey is made 



Tabu la r  survey of t he  growth-changes  i n  Porcellanaster cceruleus. 

I 
I1 

111 
I v 
v 

VI 
VII 

VIII 
IX 
X 

XI 
XI1 

XI11 
XIV 

Ingolf st. 83 
Ingolf st. 36 
lngolf st. 36 
Ingolf st. 36 
Ingolf st. 36 
Ingolf st. 36 
Ingolf st. 36 
Thor st. 178 
Challenger 
Thor st. 178 
Ingolf st. 36 
Challenger 
Challenger 
Challenger 

- 

LIEBERKIND, fig. 1 B, pl. 22 
LIEBERKIND, fig. 1 A, pl. 22 
LIEBERKIND, fig. 1 C 
LIEBERKIND, fig. 1 D, pl. 23 
LIEBERKIND, pl. Z5 
LIEBERKIND, pi. 26 

- 

SLADEN, 2064  
- 

LIEBERKIND, 27-8 
SLADEN, pl. 20A1-2 
SLADEN, PI. 201-2 
WYV. THOMSON, figs. 97-98 
(Type-specimen) 

R/r in mm References to figures 
Specimen 

No. 

< 2 / ?  
2.511 5-2 

312 
3-412 
3.512.5 

612.5 
6-713 

(5-)6/2.5 

8 14 
913 

1315.5 
ca. 1718 
ca. 1818 

22i10.5 

Population 

in order to show how some of the features of Por- 
cellanaster change with growth. Half of the spec- 
imens listed in the table belong to the same popula- 
tion (Ingolf st. 36), and there should be no doubt as 
to the specific identity of the other specimens listed 
with those from this population. (The measure- 
ments given of the Challenger specimens are based 
in part on the published figures). 

The information of the variation evident from 
this tabular survey may be supplemented with the 
following notes. 

The superomarginal plates are rectangular in the 
very small specimens, and may also be so in spec- 
imens with R 13 mm, but in general they are sub- 
quadrate in specimens with R about 8 mm or more. 
They are unarmed in all the specimens described by 
LIEBERKIND, while in the larger Challenger speci- 
mens (R 2 17 mm) those of the proximal part of the 
arms each bears a small dorsal spine. (To judge from 
the figure of an Albatross specimen published by 
VERRILL in 1885, also somewhat smaller North West 
Atlantic specimens (R about 14 mm?) may have 
superomarginal spines). 

Cr ib r i fo rm organs  are not yet developed in 
specimen no. 11. Specimens nos. I and IV show a 
rudimentary cribriform organ in the interradius with 
the madreporite. Specimen no. I11 shows a rudi- 
mentary cribriform organ in all five interradii, and 
so does specimen no. V. All larger specimens have 
a well marked cribriform organ in each interradius. 

The t e rmina l  ossicle is very dominating in the 
smallest specimens, but becomes relatively more in- 
conspicuous with increasing size of the specimens. 

Usually there are 3 terminal spines, but some 0s- 
sicles have the usual distal terminal spine replaced 
by two close-set ones, side by side, and thus are 
provided with 4 spines. This is e. g. the case in some 
terminal ossicles in specimens nos. I and VII. Oc- 
casionally a terminal ossicle carries 5 spines, viz. 
besides the usual 3 spines, an additional pair proxi- 
mally on the dorsal surface. 

The embryon ic  p la t ing  of the dorsal side is 
well distinct in the smallest specimens, the central 
area of the disk here being completely paved with 
large rounded, perforated plates. In specimens nos. 
V and VI the central embryonic plates are more or 
less absorbed, whereas there are still remnants on 
embryonic plates discernible in the arms. In the 
specimens with R 6-7 mm or larger, no traces of the 
embryonic plates are to be found any longer, and 
instead there is developed a dorsal skeleton of 
scattered small rounded plates, each carrying a 
single spinelet. These small spine-bearing plates 
first appear interradially near the margin, and there- 
after spread along the interradial lines to the center 
of the disk. In specimens nos. IX to XI there are 
thus five distinct interradial bands of spinelets. In 
the larger specimens the spinelet-bearing plates 
eventually become distributed over the whole main 
disk area to a curved line connecting the distal cor- 
ners of the first superomarginal plates. The dorsal 
spinelets are clothed in a sheat of skin which may 
reach considerably beyond their tip. 

A few pedice l la r iae  occur dorsally, interradi- 
ally and centrally, in specimens nos. VI and VII. 
(Also some of the specimens described by LIEBER- 

Number of plates 
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KIND from the Godthaab st. 180 are provided with 
a few dorsal pedicellariae, but all the other speci- 
mens and also those listed here from the Challenger 
material are without pedicellariae). 

Pedicellariae are in the whole group of Porcellan- 
asteridae known only from the genus Povcellanastev 
s. str. LIEBERKIND in 1935, when recording pedicel- 
lariae from three of his juvenile specimens, wrote 
that they were found earlier in only two other 
forms : Caulaster dubius Koehler and Albatrossastev 
Ludwig. This, however, is not quite correct, since 
pedicellariae were recorded also by PERRIER from 
his Caulaster pedunculatus, and in the genus Alba- 
tvossastev (= Albatvossia) were recorded only from 
KOEHLER'S A.richavdi, but not from any of the two 
Pacific species described by LUDWIG (nudus and se- 
mimarginalis). And, as noted above, p. 127, already 
SLADEN in 1889 indicated the occurrence of pedi- 
cellariae in some of the Challenger specimens of 
Porcellanaster cavuleus. It appears that all speci- 
mens hitherto recorded with dorsal pedicellariae are 
juvenile, and the possession of pedicellariae thus 
may be a juvenile feature, the pedicellariae perhaps 
being lost with age. 

The adambulac ra l i a  bear 2 (rarely 3) spini- 
form or more or less flattened furrow spines on their 
protruding adoral part. In specimen no. I1 the adam- 
bulacral armature of two flattened and slightly hol- 
lowed close-set subequal spines form a pedicellaria. 
(The same is the case in a specimen from Ingolf st. 67 
with R/r 713 mm, and in one from st. 68 with 
R/r 613 mm). 

The o r a l  o s sicles, besides the conical pointed 
mouth-spine common to both ossicles forming a 
jaw, bear 2 (rarely 3) lateral spines, spiniform and 
more or less flattened. (The lateral oral spines in 
some cases may form pedicellariae as the adam- 
bulacral ones, and quite exceptionally they may 
tend to appear as segmental papillae, cf. pp. 140 
and 142). 

The ven t ro l a t e ra l  a r ea  in the small specimens 
is usually provided only with an integument devoid 
of any skeleton so that the calcified stone-canal 
shines distinctly through. In the smallest specimens 
the inferomarginal skeleton lies close to the adam- 
bulacral and oral ossicles. In specimens with R 
about 8 mm and larger ones there is generally ven- 
trolaterally a complete pavement of close-set poly- 
gonal (subhexagonal) plates. Also smaller specimens, 
however, may sometimes be provided with ven- 
trolateral plates, thus e. g. specimen no. I11 in which 
two fairly large plates fill out the whole ventro- 

lateral area in the interradius with the madreporite, 
(the other interradii being still without any skele- 
ton). Specimens as large as R 9 mm may have only 
a rudimentary ventrolateral skeleton, in specimen 
no. X e. g. consisting of two minute plates in each 
interradius, one to each side of the interradial mid- 
line (cf. fig. 4 in LIEBERKIND 1935), and all provided 
with a single spinelet. (The ventrolateral plates are 
otherwise generally naked in the Ingolf material; 
only one other specimen, st. 67 R/r 713 mm, has also 
some ventrolateral spinelets). The occurrence of 
ventrolateral spines is not correlated with the size 
of the specimens. Ventrolateral spines are recorded 
from specimens in the Challenger material, but all 
the large specimens figured are devoid thereof. 

In the following discussion of the specimens of Pov- 
cellan~stev described in the literature, the adult ones, 
for the sake of convenience, are treated first. 

Povcellanastev inermis was created by E. PERRIER 
(1885, 1894) to receive four specimens dredged by 
the Talisman near the Azores and near the Cape 
Verde Islands respectively (st. 131 : 38 '38'N, 
27"26'W, 2995 m, soft white mud; and st. 101: 
16"38'N, 20°44'W, 3200 m, grey mud). R/r are 
1117 mm in one specimen. The number of supero- 
marginals is 5 in three specimens and 4 in the fourth, 
and there are 6 and 5 inferomarginals respectively. 
The superomarginals are subquadrate, all unarmed 
in three specimens, but nos. 3 and 4 with a small 
dorsal spine in the fourth. Cribriform organs with 
12-14 lamellae. Terminal ossicles with 3 spines. 
Main area of disk with minute plates with single 
spinelets. A distinct apical appendage. Adambula- 
cralia with 2 diverging spines. Oralia with 3 lateral 
spines besides the mouth-spine. Ventrolateral area 
with a pavement of naked plates in up to 6 tangential 
rows. 

LIEBERKIND (1935) re-examined one of the orig- 
inal specimens, and declared inevmis to be identical 
with cavuleus. The specimens named P. inevmis agree 
with the Ingolf specimen no. XI in the table p. 128. 

Povcellanastev gvanulosus was erected by E. PERRIER 
(1885, 1894) on the basis of five specimens from 
three Talisman dredgings near the Cape Verdes 
(st. 96: 19"18'N, 20°21'W, 2330-2320 m, greenish 
mud; st. 97: 19"12'N, 2OC17'W, 2324 m, greenish 
grey mud; and st. I01 : 16 "38'N, 20°44'W, 3200 m, 
grey mud). The type-specimen has R/r 2417 mm and 
9 subquadrate superomarginals, another one has R 



about 20 mm and 8 superomarginals, and also the 
others are of similar size. All superomarginals, ex- 
cept the first and the last one, with a dorsal spine. 
Terminal ossicle with 3 spines. Main disk area with 
a uniform armature of minute plates with single 
spinelets. Distinct apical appendage. Adambula- 
cralia with 2 flattened pointed spines. Oralia with 
2-3 lateral spines besides the mouth-spine. Ventro- 
lateral area with a pavement of naked plates in 
about 4. tangential rows. 

LIEBERKIND (1935 p. I I), after having re-examined 
one of the original specimens of Povcellanastev gran- 
ulosus, concluded that the form apparently repre- 
sented a species different from P. caruleus: "being 
distinguished by a greater number of marginals, a 
more developed dorsal skeleton, smaller and more 
numerous ventrolateral plates, and the adambula- 
cral plates in the distal corner cut obliquely, and the 
lacking piece replaced by a separate triangular 
plate". With regard to this last feature LIEBERKIND 
writes: "This character was to be found on each 
plate, and presuming that a thorough investigation 
will prove its presence in the other specimens too, 
this character must be considered so peculiar that 
the species may be maintained." - These "peculiar 
triangular plates" noted by LIEBERKIND must, how- 
ever, be the ends of the adambulacral ossicles (see 
p. 44), and so nothing is left to distinguishgvanulosus 
from caruleus, a fact which escaped the present au- 
thor's attention when in 1951 he reported on the 
porcellanasterids of the Swedish Deep-Sea Expedi- 
tion, and in agreement with LIEBERKIND excepted 
P.granulosus from the synonyms of P. cavuleus. Ac- 
tually the specimens recorded under the name of 
gvanulosus agree perfectly with the type-specimen of 
cevuleus listed as no. XV in the table p. 128. 

Povcellanastev ivvegulavis was described by LIEBER- 
KIND (1932) on the basis of three large specimens 
dredged by the Valdivia off Liberia (st. 63 : 2"56'N, 
8"04'E, 2492 m, 2.6"C.). LIEBERKIND gave the di- 
mensions of the type-specimen as R/r 33/11 mm 
(the present author by a re-examination of the spec- 
imen found the oral opening very widened, so that 
30 mm perhaps would be a truer statement for the 
length of R). The number of superomarginals is 7 
in the type, 8 in another specimen with R about 
30 mm, and 6-7 in the third with R 27 mm. The 
proximal superomarginals are slightly higher than 
long, otherwise they are subquadrate, or - if sub- 
alternating with the inferomarginals - subpenta- 
gonal or subhexagonal. Each of the superomarginals 

nos. 2-5 bears a short pointed spinelet. Terminal os- 
sicles with 3 spines, a distal terminal one, and either 
a pair of subterminal ones or a pair of proximal 
dorsal ones, (or, as a re-examination shows, both 
kinds present and thus 5 spines in all). Disk area 
with a uniform covering of spaced small perforated 
plates with single spinelets; in the arms slightly lar- 
ger naked plates. An apical cone. Adambulacralia 
with 2 slender spines. Oralia with 2 slender lateral 
spines besides the proximal mouth-spine (this latter 
reduplicated on some ossicles). Ventrolateral area 
paved with naked plates. (About 6 ventrolateral 
plates adjoin the first inferomarginal one). 

As the primarily distinguishing character for his 
new species, LIEBERKIND mentions the irregularity 
in the arrangement of the marginal plates. This 
character, however, cannot be considered of any 
taxonomic value, representing merely an individual 
variation. Another character, which according to 
LIEBERKIND should distinguish P. ivvegulavis from 
P. cavuleus, viz. a denser dorsal armature, neither is 
of any specific value, but is simply what could be 
expected in specimens of cavuleus almost one-third 
larger than any other specimens known previously. 
A few similarly large specimens from the Galathea 
Expedition will be described in the following. 

All three additional forms of Povcellanastev de- 
scribed from the Atlantic on adult specimens (inev- 
mis, granulosus, and ivvegulavis) are thus without 
reservation to be referred to the type-species cam- 
leus. Before entering on the discussion of the re- 
maining species described from the Atlantic, all on 
the basis of juvenile specimens (pedunculatus, sladeni, 
evemicus, and vichavdi), it seems most convenient, 
however, to discuss the forms described on adult 
specimens from the Indian Ocean and the Pacific 
(caulifer, tubevosus, and fragilis). 

Povcellanastev caulifev was described by SLADEN 
(1883, 1889) on the basis of a single specimen col- 
lected by the Challenger in the Arafura Sea in the 
Malay Archipelago (st. 191 : 5"4IfS, 134"05'E, 
1463 m, green mud, 4.2"C.). It has R/r 2116.5 mm; 
7 superomarginals; slightly longer than high, each 
armed with a dorsal spine. Terminal ossicles with 
3-5 spines (a proximal pair sometimes present). Main 
area of disk with an armature of slightly clavate spi- 
nelets; scattered papulae; a large apical appendage. 
Adambulacralia (14-15 according to the figure) with 
2 spines. Oralia with 3 lateral spines besides the 
mouth-spine. Ventrolateral area with naked plates. 



KOEHLER (1909a) recorded under the name of 
caulifer about a dozen specimens of Povcellanaster, 
collected by the Investigator in four dredgings in 
the Indian Ocean, in the Arabian Sea (Gulf of 
Oman), south of Ceylon, znd in the Bay of Bengal, 
respectively (st. 299 : 23'43'N, 58'5233, 2376 m, 
soft green iricrd, 2.2"C.; st. 300: 24"16'N, 6G026'E, 
2130-2515 m, green mud, 1.8" C. ; st. 316: 5"44'N, 
80°06'E, 2744 m, green mud, 1.7"C. ; and st. 11 1 : 
12"50fN, 90G52'E, 3044 m, globigerina ooze, l.g°C.). 
(The specimen from st. 11 I may have been one of 
those recorded as Porcellanaster prox. cauuleus by 
WOOD-MASON & ALCOCK 1891 6, p. 434). KOEH- 
LER'S material comprised a few juvenile specimens, 
some with R 12-16 mm, and one with R about 
22 mm. He does not give any description, apart 
from mentioning that some specimens, especially 
among the large ones, carry spines on the ventro- 
lateral plates. He notes that this cannot be con- 
sidered a specific character however, since §LADEN 

has recorded the occurrence of ventrolateral spines 
also in some specimens of caruleus (KOEHLER by an 
error writes caulfeu). The Galathea material in- 
cludes some specimens of Porcellanaster which 
closely agree with SLADEN'S and KOENLER'S de- 
scriptions of P.caulifer, and the conclusion drawn 
from the study of these is that the form cannot be 
upheld as  specifically distinct from caruleus. SLA- 
DEN pointed out as distinguishing characters e. g. 
the long apical appendage (but the length of this is 
of no taxonomic value at all) and the clavate spine- 
lets on the disk (but slightly clavate spinelets on the 
disk is found also in some Atlantic specimens of 
Porcellanastev). 

Porcellanaster tuberosus was described by §LADEN 

(1883, 1889) from a single specimen collected by the 
Challenger off southern Japan (st. 237: 34"37'N, 
140G32'E, 3429 m, blue mud, 1.8" C.). SLADEN gives 
R/r as 18.516 mm (but judging from the drawings 
in the Challenger report, 15 mm would perhaps be 
a truer figure of R, the specimen being very much 
extended by a full stomach and having the arms 
curved over the disk). There are 4 rectangular su- 
peromarginal plates, nos. 2 and 3 armed with a short 
conical dorsal spine; 5 inferomarginals; a conspicu- 
ous terminal ossicle with 3 spines. Whole dorsal 
area of disk with spinelets; a distinct apical appen- 
dage. Adambulacralia (12-14 according to the fig- 
ures) with 2 spines. Oralia with 2 lateral spines be- 
sides the proximal mouth-spine. A ventrolateral 
pavement of naked plates. 

The specimen falls in the number of superomar- 
ginals in relation to size within the variation to be 
expected in P. ca1,uleus; and the only difference from 
the original material of this form to be pointed out, 
is the rectangular shape of the superomarginals. 
The present author has not seen any equal-sized 
North Attiantic specimens of P. caruieus with just as 
distinctly rectangular superornarginals as in the 
type-specimen of P. tuberosus; but usually their 
shape is somewhat variable within the populations, 
and e. g. the type-specimen of P.caulifer has also 
rather rectangular superomarginals. This difference 
alone, therefore, cannot be considered of any de- 
cisive taxonomic importance. In its other characters 
the type-specimen of P. tubevosus is intermediate 
between the specimens of P.caruleus listed in the 
table p. 128 as nos. XI and XI1 respectively. 

Porcellanaster fvagilis was erected by DODERLEIN in 
1921 for three specimens collected by the Siboga in 
two dredgings in the region of the Malay Archipe- 
lago (st. 175: 2"38'§, 130°33'E, 1914 m, grey and 
green mud; and st. 211: 5"41fS, 120°46'E, 1158 m, 
grey mud). One specimen has R/r 1214.5 mm and 
6 superomarginals, another R/r 1816 rnm and 8 
superomarginals. Superomarginals rather subqua- 
drate, and each with a spine; inferomarginals in 
arms half as high as superomarginals. Dorsally 
small plates, in disk with single spinelets, in arms 
naked; distinct apical appendage. Adambulacralia 
(14 in number by R 18 mm) with 2 spines, distally 
in the arms only 1. Oralia with 2 lateral spines be- 
sides the proximal mouth-spine. Ventrolateral area 
with a few naked plates. 

DODBRLEIN notes that his new species is near ca- 
vuleus, but is distinguished - among other things, 
he says - by the longer arms and more complete 
spine-armature dorsally. Neither of these characters, 
which are the only ones which DODERLEIN mentions, 
are of any taxonomic value, however. In the de- 
scription the only other feature of some interest is 
that of the adambulacral armature distally in the 
arms consisting of only a single spine (whereas in 
all other specimens of Porcellanastev known, there 
seem to be 2 spines, also on the rudimentary adam- 
bulacral ossicles below the terminal ossicles), but 
even if correctly described also this character cannot 
be sufficient for distinguishing fvagilis as a separate 
species. P. fvagilis may justly be included among the 
synonyms of c~vuleus. (What DODERLEIN, 192 1 p. 15, 
mentions as "erste Reihe von Ventrolateralplatten", 
are in fact the ends of the adambulacral ossicles; 



and what he, when describing the ventrolateral pla- 
tes, mentions as "eine unpaare von dreieckiger Ge- 
stalt" aborally to the oralia, is of course the ventral 
surface of the primary oral ossicle). 

It  will appear from these considerations that not a 
single one of the six forms of Povcellanaster de- 
scribed on adult specimens, is really specifically dis- 
tinguishable from the type-species ceruleus. I t  re- 
mains now to consider the seven forms based on 
juvenile specimens; and first are discussed the four 
forms from the Atlantic: pedunculatus, sladeni, ere- 
micus, and richardi. 

Caulaster pedunculatus was erected by F. PERRIER in 
1882 for two small sea-stars collected by the Tra- 
vailleur in two dredgings in the Bay of Biscay north 
of Spain (1880 st. 10: "au large de Santander", 
1960 m; and 1881 st. 4, 43"N, g037'W, 2020 m, 
mud). (The depth of the latter dredging was in 1882 
given as 2650 m, in 1885 as 2400-2600 m, and even- 
tually in 1894 as 2020 m, apparently due to a con- 
fusion of the trawling no. 4 in 1881 ~ i t h  no. 4 in 
1880). The two specimens have R/r 312 and 513 mm 
respectively; 3 superomarginals, 3 distinctly lower 
inferomarginals; narrow cribriformorgans.Termina1 
ossicles conspicuous, with a proximal notch and 3 
spines. Dorsal side with embryonic plates, large and 
distinct in the small specimens, indistinct in the largc 
one, in which there is also a double row of spinelets 
in each interradial line. A conspicuous apical ap- 
pendage. Dorsal pedicellariae. Adambulacralia (10 
in the large one) with two lanceolate spines. Oralia 
usually with 2 flattened and pointed lateral spines 
besides the mouth-spine (judging from the figures 
and the somewhat obscure text, the armature may 
vary on the different oralia as is also known in other 
specimens of Povcellanaste~*, the mouth-spine ap- 
parently may be reduplicated, and there may be a 
third spiniform spine on the proximal lateral corner 
of the ossicle, or only a single oral spine laterally). 
Ventrolateral area with a tangential row of plates. 

SLADEN in 1883, p. 217, and somewhat more de- 
tailed in 1889, pp. 130-131, expressed the opinion 
that Caulaster pedunculatus is a juvenile Porcellan- 
astev. PERRIER in 1894, however, maintained his ge- 
nus Caulaster, and described also an additional 
species, C. sladeni. LUDWIG (1 907 p. 3 18) considered 
C.pedunculatus a juvenile P. caruleus, and LIEBER- 
KIND in 1935, after having re-examined one of the 
original specimens, confirms this view. The smallest 
specimen will be found rather to agree with the 

juvenile carul~us no. 111 in the table p. 128, and the 
large specimen is intermediate between the speci- 
mens nos. VI and VII. 

Caulaster sladeni was erected by E.PERRIER (1885b, 
1894) on the basis of two specimens dredged by the 
T lallaluall I:,,,, ?JIO~OCCO (st. 30: 3203g1N, !2°09'W, 
1900-1435 m, sand and mud). R/r 10/5 mm; 4 (-5 ?) 
rectangular superomarginals, 4 somewhat lower in- 
feromarginals; cribriform organs with 8-10 lamel- 
lae. Conspicuous terminal ossicle with 3 spines. 
Dorsal side with irregular (double) interradial rows 
of minute plates with spinelets; no embryonic pla- 
tes; an apical appendage. Adambulacralia with 2 
spines. Oralia with 3 lateral spines besides the prox- 
imal mouth-spine (the latter sometimes redupli- 
cated?). Ventrolateral area with a few plates in two 
tangential rows. 

LUDWIG in 1907, p. 318, expressed the opinion 
that this form was the juvenile Porcellanaster iner- 
mis. LIEBERKIND in 1935, after having re-examined a 
couple of the original specimens of C.sladeni and 
C. inermis, arrived at the conclusion that the former 
was a juvenile and the latter a small specimen of 
P. caruleus. The specimens will be found to agree 
with the specimens of P.caruleus listed as nos. IX 
and X in the table p. 128. 

PERRIER mentions (1894 p. 210) a pair of small 
membraneous papillae at the base of the arms of 
his Caulaster sladeni as "peuvent btre soit de papilles 
respiratoires, soit les orifices des organes gknitaux". 
These are the gonad papillae, which are also ob- 
servable in some of the juvenile specimens of Por- 
cellanaster in the Galathea material (cf. fig. 24c. 0). 

Porcellanaster eremicus was erected by SLADEN in 
1889 for a single juvenile specimen dredged by the 
Challenger in the southern Atlantic west of Cape 
(st. 137: 35'593, 1 "34'E, 4664 m, red clay, 1.4"C.). 
R/r 6.513.2 mm; 4 rectangular superomarginals, 3 
inferomarginals; terminal ossicle fairly conspicuous, 
with 3 spines. Dorsal side with a plating of large 
subcircular or oval perforated embryonic plates. 
Adambulacralia with 2 flattened lanceolate spines. 
Oralia markedly coulter-shaped, with 2 lateral spines 
besides the mouth-spine. No ventrolateral plates. 

SLADEN notes that the specimen is "at a very early 
stage of growth" and "appears to be nearly related 
to Porcellanaster ceruleus". He did not really find 
any characters reliable for distinguishing it from 
ceruleus, the only difference noted being that the 
arms "are longer more attenuate and thinner 



throughout", and when he, nevertheless, recorded 
the specimen as representing a new species, it was 
on account of the distance between the Challenger 
finds of caruleus and of the present specimen, and 
further since "this course will also facilitate refer- 
ence". 

LUDWIG in 1907, p. 3 18, states that he considers 
evemicus a juvenile cmruleus, and H. L, CLARK in 1923 
and LIEBERKIND in 1935 are of the same opinion. 

It  is evident that Povcellanaster eremicus is very 
closely related to the North-Atlantic c~vuleus,  but it 
differs slightly from the population from e. g. the 
Ingolf st. 36 (cf. the table p. 128) in having retained 
a complete dorsal embryonic plating up to a some- 
what larger size. (See further p. 134). 

H. L. CLARK in 1923 recorded four juvenile Por- 
cellanaster c~vuleus (R 7-9 mm) from two dredgings 
of the "Pieter Faure" in the Cape region (Cape 
Point N. E. by E. 114 E., 40 miles, 1460-1650 m, 
green mud; and Cape Point N. 83"E., 43 miles, 
1650-1830 m, grey mud). 

CLARK notes that these specimens "are too young 
to make their specific identity certain but compari- 
son with somewhat larger specimens of cevuleus, 
taken by the Challenger and the Blake, indicates 
that they are immature examples of that species". 
(He also says that "On account of the locality itwould 
be natural to refer these specimens to P.evemicus 
Sladen, but I (CLARK) am myself satisfied that the 
specimen on which that species is based, is a young 
ca"vu1eus"). A couple of specimens subequal-sized 
with SLADEN'S eremicus and H. L. CLARK'S caruIeus 
and also from the Cape region, will be described in 
detail in the following. 

Albatrossaster vichavdi was erected by KOEHLER in 
1909b for a single specimen dredged in the tropical 
mid-Atlantic by the Princesse Alice (st. 1173: 
12"08'N, 33"33'W, 6035 m), and erroneusly listed 
under the name of Hyphalastev pavJlziti by ALBERT 
in 1902 p. 962, and by RICHARD in 1902 p. 86. (The 
genus Albatrossastev was erected by LUDWIG in 
1905, and is discussed below). The specimen has 
R/r 1014 mm; 5 rectangular superomarginals, 2-3-4 
rudimentary inferomarginals; prominent terminal 
ossicle with 3 spines. A close pavement of rounded 
plates dorsally on disk, smaller plates in arms. Ac- 
cording to KOEHLER p. 26 the dorsal plates "mon- 
trent B leur surface un dessin trbs rCgulier et Clkgant 
form6 par des granules trCs fins et aplatis disposCs 
en mosaique". This description, however, to judge 
from the condition in other juvenile specimens of 

Povcellanaster, must be incorrect, being an erroneous 
interpretation of the appearance under the lens of 
the perforated embryonic plates. A. richardi further 
has dorsally some pedicellariae in interradial groups 
of 4-5, and a long apical appendage. Adambulacralia 
(13-14 in number) with 2 spines, forming a pedicel- 
laria which can be laid down in a pit on the ossicle. 
Oralia with 2-3 (the figure shows 1-2) lateral pedi- 
cellariae similar to the adambulacral ones. Ventro- 
lateral area wit11 some small spaced plates. (KOEH- 
LER notes that the opposite superomarginals of 
the fourth pair touch each other distally, and that 
those of the fifth pair meet each other in their 
whole length, which, however, must be a matter of 
contraction). 

LIEBERKIND in 1935, p. 16, discussed Albatros~aster 
vichavdi and concluded that it undoubtedly repre- 
sented an immature stage of a Povcellanasfer, as he 
knew such from the lngolf collections, but that a 
richer material of the form from neighbouring lo- 
calities would be required to decide whether it be- 
longed to P. cavuleus or to another species. 

In 1951 the present author reported, under the 
name of P. caruleus, on five small specimens dred- 
ged in the mid-Atlantic west of the Cape Verde Is- 
lands by the Swedish Deep-Sea Expedition (st. 329 : 
g044'N, 26"25'W, 5610-5600 m, calcareous red clay, 
2.4"C.). They agreed in all essentials with KOEH- 
LER'S A.vichavdi, and it was noted that the devel- 
opmental stage they represent, corresponds with 
that of only about one-third as large North Atlantic 
specimens of cevuleus. Further it was suggested that 
the difference in size in relation to the developmental 
stage might be caused by a different food supply. 
This, of course, is a conjecture, and may be entirely 
unfounded. The size at which the embryonic plating 
of the dorsal side disappears - besides being subject 
to some individual variation - may perhaps be vari- 
able in different populations, without being influ- 
enced in any way by the environmental conditions. 
I t  may now be questioned, whether it was correct to 
go still further than LIEBERKIND, and consider A. ri- 
chavdi not merely a juvenile Povcellanaster but a 
juvenile P. cavuleus. A more detailed discussion of 
the specimens than given in 1951 may therefore be 
appropriate. 

The five specimens of Povcellanastev from the 
Swedish Deep-Sea Expedition have R/r 813,813,914, 
1015, and 10.515 mm. There are 4 (in that with R/r 
1015 mm only 3) unarmed rectangular superomar- 
ginal plates, and 1-5 inferomarginal plates, their 
number being variable in the different arms as was 



also the case in the type-specimen of A.richardi. 
The dorsal side of the arms as well as of the disk is 
paved with small rounded perforated plates (em- 
bryonic plates). In the large specimens there are, 
however, also some spinelets interradially, near the 
margin. All the specimens are further provided with 
pedicellariae interradially and mainly near the mar- 
gin, in a number of up to 10-12 in each interradius. 
There is a distinct, small apical appendage. The im- 
mature stage of the specimens is emphasized by the 
very small size of the madreporite in relation to the 
superomarginals. The cribriform organs are in some 
interradii still rudimentary, consisting of merely two 
"lamellae", whereas there are e. g. up to 6 lamellae 
in the cribriform organ in the interradius with the 
madreporite. The adambulacral ossicles number 1 1- 
14, and their armature is modified (like in the origi- 
nal specimen of A.richardi) as pedicellariae along 
the whole length of the arms, except on the most 
distal rudimentary ossicles. The oralia bear, besides 
the mouth-spine. 3 flattened lateral spines (instead 
of the pedicellaria in the type of richardi). The ven- 
trolateral area is devoid of any skeleton. (The adam- 
bulacral pedicella~iae are very peculiar and charac- 
teristic, but it is evident from the variation in the 
Ingolf populations of Povcellanaster that they are of 
no use taxonomically, at least not on the species 
level). 

The dorsal aspect of the present specimens with 
R 8-10.5 mm, is the same as found in specimens of 
the Ingolf population with R 3-4 mm, but this ap- 
parently considerable gap is bridged by SLADEN'S 
P.elFemicus, which spzcimen with R 6.5 mm has a 
similar complete embryonic plating. Certainly 
KOEHLER'S richavdi, and the specimens discussed 
from the Swedish Deep-Sea Expedition, and prob- 
ably also H. L. CLARK'S c~eruleus from near Cape, 
belong to the same form as Slad~n's eremicur. 
Whether th:y are simply sp~cific~lly idsntical with 
cceruleus is, however, difficult to decide definitely, but 
it is the most probable. Some specimens collected 
by the Galathea Expedition, and described below, 
agree perfectly with this group of eremicus/vichavdi. 

Three forms of Porcellanaster based on juvenile spec- 
imens (semimavgiizalis, nudus, and dubius) are de- 
scribed from the Pacific and the Indian Ocean, and 
will be discussed in the following. 

Albatrossia semimai*ginalis was established by LUD- 
WIG in 1905 for the reception of two small specimens 
from two dredgings of the Albatross in the eastern 

tropical Pacific (st. 3362: 5"56'N, 85"1 I'W, 2149 m, 
green mud, sand and stone, 2.7"C; and st. 3371: 
5"26'N, 86"05'W, 1408 m, globigerina ooze, 3.9" C.). 
They have R/r 11/55 and 914 mm respectively; 3 and 
2 unarmed superomarginal plates, inferomarginals 
absent or rudimentary. In each interradius a cribri- 
form organ with up to 20 lamellae. Terminal ossicle 
prominent, with 3 spines. Dorsal side with inter- 
radial bands of spinelets, each on a small perforated 
plate. An apical appendage, (Apparently no papu- 
lae). Adambulacralia (9 and 8 in number) with 2-3 
spines. Oralia with 2 lateral spines besides the prox- 
imal mouth-spine. Ventrolateral area with spaced 
naked plates. (LUDWIG'S statement: "dass die un- 
teren Randplatten fast oder ganz in Wegfall ge- 
kommen s i n e  is incorrect in so far as the condition 
of course is the reverse, viz. that they are not yet 
distinctly developed). 

LIEBERKIND in 1935 notes that this form is a juve- 
nile Porcellanastev, but that the species it represents 
is undeterminable on basis of the available material 
alone. If compared with the specimens of P. cceruleus 
in the Ingolf populations, it is seen that A. semimav- 
ginalis has a slightly smaller number of superomar- 
ginal plates in relation to size than is the case in the 
lngolf specimens, which, however, is a vague differ- 
ence; and at least it appears impossible to distinguish 
A.semirnarginalis from the specimens recorded as 
evemicus/richardi. A relatively small number of su- 
peromarginals is also found in the full-grown type- 
specimen of P. tubevosus (4 by R 18 mm) and e. g. 
also in the full-grown spzcimens of Porcellanaster 
from the Galathea st. 281 (5-6 by R 21-25 mm). 
which minimizes the significance of the character. 

(Incidentally, LUDWIG in one of the specimens 
found eggs, 0.4 mm in diameter, and thus probably 
yet unripe, cf. p. 49). 

Albatvossastev nudus was described by LUDWIG in 
1907 from a single specimen collected by the Alba- 
tross in the eastern tropical Pacific (st. 4647: 4"33'S, 
87"43'W, 3667 m, globigerina ooze, 1.9"C.), and in 
1920 H. L. CLARK mentioned the same specimen and 
published some photos of it. (Albatvossastev was a 
new name created by LUDWIG in 1907 to  replace his 
Albatrossia of 1905, in order to avoid confusion with 
Albatvossa (a bird), but as H. L. CLARK in 1920 notes, 
such a confusion does not seem probable - and in 
any case the name Albatvossia was not invalidated 
by the name Albatvossa). The type and only specimen 
known of Albatvossia nuda has R/r 714.5 mm; 2 un- 
armed rectangular superomarginals, 2 inferomar- 



ginals. Conspicuous terminal ossicle with 3 spines. 
Dorsal side with spinelets only interradially near the 
cribriform organs. Adambulacralia (8 in number 
to judge from the published photo) with 2 flat lance- 
olate spines, proximal ones apparently forming pedi- 
cellariae. Oralia with 2 similar lateral spines, besides 
the conical mouth-spine. Ventrolateral area paved 
with naked plates. 

LUDWIG considers this specimen specifically dis- 
tinguished from his semimavginalis by the almost 
complete absence of dorsal spinelets. But this char- 
acter is merely depending on age, as demonstrated 
above in the survey of the changes with growth in 
populations of Povcellanastev from the North At- 
lantic. The specimen surely belongs to the same form 
as Albatvossastev semimavginalis, and the consider- 
ations made with regard to those specimens thus 
apply also to this one. 

Caulastev dubius was erected by KOEHLER in 1909a 
for a small specimen dredged by the Investigator in 
the Bay of Bengal (st. 117: 11 "58'N, 88"5Z1E, 3197m, 
globigerina ooze, 1.8" C. j and belonging to the ma- 
terial recorded by WOOD-MASON & ALCOCK 189 1 b 
p. 434, as "Povcellanastev sp. proximate to P. cavu- 
Zeusq'. It  has R/r 512.5 mm; 3-4 rectangular supero- 
marginals, and 3 narrower inferomarginals. Ter- 
minal ossicle conspicuous, with 3 spines. Dorsal 
side with spinelets in interradial bands, also 3-6 pc- 
dicellariae in each interradius. An apical appendage. 
Adambulacralia in a number of 8, with (2-)3 flat- 
tened spines. Oralia with 2 flat lateral spines (mouth- 
spine apparently lost in the specimen). Ventro- 
lateral area without any skeleton. 

LIEBERKIND in 1935, p. 11, briefly discussed this 
form, and supported KOEHLER in his view that it 
could not be the young of P.caulifev, 'knd in all 
probability neither a younger stage of other well- 
known forms of the genus Povcellanastev occurring 
in the Indian Ocean". The reasons for this conclu- 
sion are curious, however, since the specimen in fact 
agrees well with equal-sized specimens in Worth At- 
lantic populations of P. cavuleus, e. g. nos. VII and 
IX in the table p. 128, and may well be considered 
belonging to this species. (Incidentally, KOEHLER'S 
reasons for reviving the generic name Caulastev are 
not in accordance with a strict nomenclatorical 
procedure and are rather vague, the main reason 
being that he considers the use of this name for the 
specimen most convenient, as he is not sure that it 
is a juvenile Porcellanaster, though - as he notes - 
it may well be so). 

In the above, references have been made to all re- 
cords of Povcellanaster, or forms belonging to this 
group, except to those given by WOOD-MASON & 
ALCOCK (1891a and b), and by ALCOCK (1893), of 
specimens collected by the Investigator. WOOD- 
MASON & ALCOCK thus in 1891 a, p. 13, recorded 
from oEGoa {st. iO5 : 1353 m) a smaii Porcellanaster 
"resembling in all important particulars P. cam- 
leus", and in 189 1 b,  p. 433, they recorded a specimen 
of '%rcellanaster cavuleus" from the Andaman 
Sea (st. 113 : 1249 m), and, p. 434, numerous small 
specimens of a "Povcellanaster sp. proximate to 
P. cceruleus" from the Bay of Bengal (st. 11 I and 
st. 117: 3044 and 3197 m). ALCOCK in 1893, p. 86, 
finally added a record of P. caruleus from the Lacca- 
dive Sea (st. 107: 1350 m). KOEHLER in 19096, pp. 33- 
34, - with regard to these records - notes that, when 
examining the Investigator material sent to him, he 
did not find a single specimen belonging to P. caru- 
Zeus. Three specimens were labelled with that name, 
and KOEHLER confirms that one of them is a Pov- 
cellanastev, though too young and too damaged for 
a definite specific assignment. This specimen was 
from the Bay of Bengal (st. 11 1 : 12"50'W, 90°52'E, 
3044 m, globigerina ooze, 1.9 " C.). Another spec- 
imen, from st. 117, is the one which KOEHLER de- 
scribed as Caulastev dubius. The third one, from 
st. 105, KOEHLER finds is a Sidonastev. It  may here 
be added that in all probability also the specimen 
from st. 113 was a Sidonaster, considering that the 
bottom temperature at this station was 6"C., which 
temperature does not agree with the occurrence of 
a Porcellanaster (known temperature range: 1.1 " to 
4.2" C.), but fits well enough with the occurrence of 
a Sidonastev (known temperature range: 1.8" to 
11.3" C.). The specimens from st. 1 1 1 are probably 
the same (in part) which KOEHLER records as P. caw 
lifer. The only record of which no further informa- 
tion is available, is that of P. caruleus from the Lac- 
cadive Sea (st. 107: g023'N, 75"47'E, 1350 m, 
green mud). 

The mater ia l  of Povcellanastev: 
Specimens of Povcellanastev were collected by the 

Galathea in six dredgings: two in the Atlantic in 
the Gulf of Guinea, two in the Indian Ocean south 
of Ceylon, and two in the South Pacific, southwest 
of Australia and in the Kermadec Trench north of 
New Zealand respectively. 



St. 52: 1 "42'N, 7"5ItW, 2550 m, ca. 3"C., muddy 
clay. 3 specimens. 

St. 63: 2"00'N, 9"14'E, 1520 m, 3.S°C., blue 
clay. 1 specimen. 

St. 281 : 3"38'N, 78"15'E, 3310 m, 1.8"C., globi- 
gerina ooze. 3 specimens. 

St. 282: 5 "32'N, 78 "4I1E, 4040 m, l .5" C., black- 
ish mud. 1 specimen. 

St. 574: 3S045'S, 159"39'E, 4670 m, 1.2"C. 
1 specimen. 

St. 664: 36"34'S, 178"57'W, 4540 m, 1.1 "C., 
brown, sandy clay. 3 specimens. 

A couple of specimens of Povcellanastev dredged 
near Cape by the Pickle of the South African Fishery 
Investigations are also available. 

Pickle st. 92: 33050fS, 17"59'E, 2176 m. 2 spec- 
imens. 

The specimens from st. 52 in the Gulf of Guinea 
are equal-sized to, and in all characters closely agree 
with those from the same region described by LIE- 
BERKIND as P. ivvegulavis. They are by the present 
author considered full-grown (in part senescent) 
specimens of P. cavuleus. The small specimen from 
st. 63, also in the Gulf of Guinea, corresponds to 
those from off Morocco described by PERRIER as 
Caulaster sladeni, which are considered juvenile 
P.ceruleus. The specimens from st. 281 south of 
Ceylon are fairly large ones which correspond to 
that from the Arafura Sea (Malay Archipelago) de- 
scribed by SLADEN as P. caulifer, and to those from 
south of Ceylon later recorded under the same name 
by KOEHLER. They are by the present author also 
considered large specimens of P. cevuleus. The juve- 
nile specimen from the neighbouring st. 282 agrees 
with the juvenile caulifev described by KOEHLER, as 
well as with PERRIER'S sladeni. The large specimens 
from sts. 52 and 281 have in preserved state still a 
faint purplish tint. 

The two small specimens from Pickle st. 92 near 
Cape differ somewhat from each other in general 
appearance, one of them corresponding to KOEH- 
LER'S Albatrossaster vichavdi from the mid-Atlantic, 
the other to PERRIER'S sladeni. The single small spec- 
imen from st. 574 southwest of Australia and the 
three small ones from st. 664 in the Kermadec 
Trench, all correspond to that from the South At- 
lantic west of Cape, described by SLADEN as P.ere- 
micus. The present author is convinced that they 
too are juvenile P. c~vuleus. 

The specimens f rom Gala thea  st. 52, in the 
Gulf of Guinea. (Fig. 22) : 

The present three specimens have R/r 3019, 3211 1 
and 36/11 mm respectively. The last mentioned is 
the largest specimen known of Poucellanastev, the 
hitherto largest one on record being LIEBERKIND'S 
P.i'vregtu'lavis with R/r up to 23/11 mm (to wFicE, 
form these specimens, as noted, correspond), and 
the second largest PERRIER'S P.g~anulosus with R/r 
up to 2417 mm. The number of superomarginals in 
the present three specimens is 8-9. The largest spec- 
imen shows a peculiar abnormality in that the am- 
bulacral furrow and the ambulacral and adambu- 
lacral skeleton extend beyond the terminal ossicle 
(fig. 22j, m). The superomarginal plates all without 
exception are armed with a dorsal erect spine in one 
specimen, whereas in the other specimens the prox- 
imal one or two, and the ultimate and perhaps also 
the penultimate plates are unarmed. The spines 
are on the more proximal plates placed on their 
upper margin, but on the more distal plates the 
spine may be placed just a little lower. The first and 
second superomarginals may have their joining cor- 
ners drawn out into a slight projection. (This is also 
sometimes the case in LIEBERKIND'S material of 
P. ivvegulavis). 

The inferomarginal  plates may lie exactly be- 
low their superomarginal companions for the 
greater length of the arms, or they may subalternate 
with these already from the plates nos. 2-3. Distally 
an irregular arrangement of the inferomarginal 
plates seems to be the usual. They are here generally 
shorter than the superomarginals; and as further- 
more the distalmost one (or two) is developed earlier 
than its superomarginal partner, the number of in- 
feromarginals may be up to 13-14. In addition a few 
supplementary plates may be pushed in here and 
there between the inferomarginal and superomar- 
ginal series. A similar irregularity in the arrange- 
ment of the inferomarginal plates was considered 
the main specific character of LIEBERKIND'S P. ivve- 
gularis, but such irregularities appear to be a fre- 
quent individual variation in various populations 
of porcellanasterids, and no taxonomic importance 
can be attached to the feature. 

The cr ibr i form organ comprises up to 26 folds, 
the supporting skeletal elements forming almost 
continuous lamellae, whereas the calcareous papillae 
of the covering rows are distinctly separate. 

The armature of the terminal  ossicles varies 
somewhat. In the smaller specimen there are 5 
spines, a conical distal terminal one, a pair of 



Fig. 22. Poreellanaster enruleus. St. 52. a-e) R/r 32/11 mm; a-b, distal end of arm in dorsal view and in lateral view; c-e, 
different jaws. f-i) R/r 3019 mm; g-i, a terminal ossicle in different views. j-m) R/r 36/11 mm; j-k and I-m, distal end of two 

arms in dorsal view and in lateral view respectively. 
Scale: 10 mm. 

slightly smaller subterminal ones, and a pair of 
small proximal dorsal ones (fig. 22g-i). In the me- 
dium-sized specimen there are also 5 spines, viz. the 
distal terminal one, and two pairs of slightly smaller 
proximal dorsal ones, whereas the usual subterminal 
pair is absent (fig. 22a-b). In the largest specimen 
there are 3 spines, the distal terminal one and a pair 
of proximal dorsal ones, the subterminal pair also 
here being absent (fig. 22j-m). 

The dorsa l  s ide of the disk is provided with a 
fairly thick integument which - centrally and inter- 
radially, inside a line connecting the outer corners 
of the first superomarginal plates - is armed with 
uniformly scattered spinelets, each on its own small 
plate. All three specimens show a more or less dis- 
tinct apical cone armed with minute spiniferous 
plates. The dorsal spinelets are rather spaced and 
not quite as numerous in the present specimens as 
they were in the slightly smaller type-specimen of 
LIEBERKIND'S iuuegulauis, but dorsal spinelets were 
sparser too in LIEBERKIND'S two other almost as 
large specimens. The dorsal spinelets are mainly 
aciculate, but several, especially among those near 
the margin and near the arm bases, are terete, and 

some are slightly club-shaped, especially among 
those near the cribriform organs. In the smallest 
specimen the gonad papillae are observable near the 
corners of the cribriform organs. The madreporic 
body is circular, with a diameter about equal to the 
length of the first inferomarginal plate, and with the 
striae stretching across in radial direction or radi- 
ating from an adcentral point. 

The adambulacra l  a rma tu re  consists typical- 
ly of 2 spiniform furrow spines, but in one specimen 
the first adambulacral ossicle, and also other scat- 
tered ones (no. 7 e. g.), may bear 3 furrow spines. 
The specimen with R/r 3019 mm has 25-27 adam- 
bulacral ossicles. 

The ora l  a rma tu re  consists, besides of the coni- 
cal proximal mouth-spine common to both the oralia 
forming a jaw, of 1-4 marginal spines laterally on 
each ossicle. In the smaller specimen there is thus 2 
lateral conical spines subequal to the mouth-spine, 
one of them placed at the lateral proximal corner of 
the oral ossicle, the other near the corner adjacent 
to the adambulacralia (fig. 22 f).  In the largest spec- 
imen there is also generally 2 lateral spines on the 
oralia, though on one ossicle 3 such spines, viz. 2 



small close-set ones distally, besides the one on the 
proximal lateral corner. In the medium-sized spec- 
imen the oral armature is fairly varying on differ- 
ent ossicles. Thus the usual unpaired mouth-spine 
may be replaced by 2 smaller spines, one to each 
oral ossicle in the jaw; and there may be only a 
single lateral spine on the distal part of the ossic!e, 
or 2-4 lateral spines, also all on the distal part of 
the ossicle, or there may be 3 (2) distal lateral spines 
and 1 (2) proximal ones on the projecting lateral 
corner (fig. 22 c-e). 

A few remarks may be given here about the oral 
armature in the specimens of P. irvegulavis from the 
Valdivia st. 63. In the type-specimen the lateral oral 
spines on some ossicles are very slender, as figured 
by LIEBERKIND, but on other oralia - as a re-examin- 
ation has shown - they are shorter and flattened, 
and so they are also in the two other specimens. The 
proximal lateral spine may almost assume the ap- 
pearance of a segmental papilla, and on the ossicle 
there may be a faint indication of a segmental pit. 
In the type-specimen of P. irregularis one jaw is ab- 
normal in having two unpaired mouth-spines, one 
above the other, as shown in LIEBERKIND'S texfig. 3. 

The ven t ro l a t e ra l  a r ea  is paved with naked 
plates, partly in a smaller number than in the type 
of P. irregularis, but similarly arranged (cf. LIEBER- 
KIND fig. 1, pl. 3) in indistinct radial rows, two of 
which about corresponding in width with that of a 
marginal plate, and with the most distal plates much 
smaller and more numerous so that about 4 of them 
adjoin each marginal plate. 

In the smallest one of these three large specimens 
of Porcellanaster the arm ends are normal, with the 
adainbulacral furrow ending below the terminal os- 
sicle. In the medium-sized specimen the ambulacral 
furrow, however, extends up along the distal end of 
the terminal ossicle (fig. 22a, b), and in the largest 
specimen the ambulacral furrow extends on an 
elongation distinctly below and beyond the terminal 
ossicle. In four of the arms in this latter specimen 
the tip is unprotected, apart from some rudimentary 
plates (fig. 22 1, m), whereas in the fifth arm a denser 
pavement of plates has been formed around the tip 
(fig. 22j, k). 

It  appears as if the specimens of Porcellanaster 
with a size of R/r about 30-3219-1 1 mm and 8-9 su- 
peromarginal plates, have reached the full size ob- 
tainable by normal growth. (Of the other large spec- 
imens of Porcellanaster recorded in the literature, 
LIEBERKIND'S ivregularis with R about 30-33 mm has 
8-7 superomarginals, and PERRIER'S gvanulosus with 

R 24 mm has 8-9 superomarginals). Any further 
growth after such a size is reached becomes then 
apparently abnormal, as described for the present 
large specimen. 

The specimens f r o m  G a l a t h e a  st. 281, south 
of Ceylon (fig. 23 d-i-1'). 

These three specimens, which correspond to 
SLADEN'S Porcellanaster caulifev, have R/r 2119 mm, 
23/11 mm, and 2411 1 mm. The first has an empty 
stomach, whereas the third has the stomach filled 
to the utmost, so that the diameter of the disk in- 
clusive of the extremely widened mouth-opening be- 
comes about 28 mm. The superomarginals (fig. 23 h),  
5-6 in number, are mainly subquadrate but some- 
times slightly rectangular (in SLADEN'S caulifev they 
were distinctly rectangular), and are armed with a 
fairly large erect dorsal spine; the distal plate pos- 
sibly is unarmed. and scattered plates may be prov- 
ided with an additional smaller spine, or with 2 
subequal slender spines. The inferomarginals num- 
ber 6-8, i. e. 1 or sometimes 2 more than the supero- 
marginals. They are about two-thirds as high as the 
accompanying superomarginals. The cribriform or- 
gan may comprise from about 20 up to 34 lamellae. 
The terminal ossicle is rather globular (in this re- 
spect similar to SLADEN'S tuberosus), in the smallest 
specimen armed with 3 spines, a distal terminal one 
and a pair of subterminal ones, and in the other 
specimens with 5 spines, there being also a proximal 
dorsal pair of small ones (fig. 23 h). One ossicle in 
the large specimen has an extra subterminal spine 
to one side, and thus 6 spines in all (fig. 23e). In the 
same arm there is further an additional terminal os- 
sicle riding on the antepenultimate superomarginal 
plate. 

The dorsal side centrally and interradially bears 
spinelets, of which some - especially among those 
near the margin - are slightly clavate. The scattered 
perforated plates in the integument radially and in 
the arms, are slightly larger than the spinelet- 
bearing ones. All three specimens show a distinct 
apical appendage. Papulae occur in a broad band 
interradially. The gonad papillae are observable in 
some interradii in the smallest specimen. 

The subcircular madreporic body is small, its dia- 
meter less than the width of the cribriform organ, 
or about equal to 112 or 113 of the width of the first 
inferomarginal plate, and the striae are irregularly 
arranged. The madreporic body is thus of a peculiar 
juvenile appearance considering the size of the 
specimens. 



Fig. 23. Porcellanaster cceruleus. a-c) St. 282, R/r 712 mm; b, part of ventral side; c, adambulacralia nos. 6-7. d) St. 281, R/r 
2119 mm, part of ventral side in twice the usual scale. e) St. 281, R/r 2411 1 mm, arm with supplementary terminal ossicle. 
f-i) St. 281, R/r  2311 1 mm; f, part of ventral side in twice the usual scale; g-h, arm in dorsal view and in lateral view; i, supero- 

marginal plate no. 4 in another arm. 
Scale: 10 mm (in d and f: 5 mm). 

The adambulacral ossicles generally carry 2 
spines, but a few of the more proximal ones may 
bear 3 spines. 

The oral armature consists of a stout proximal 
mouth-spine (one jaw in the larger specimen has 2 
proximal mouth-spines, one to each ossicle), and 
2-3 lateral spines, slightly longer than the proximal 
one, and sometimes about as stout, though gener- 
ally distinctly more slender. The largest specimen 
has only 2 lateral oral spines, the mediumsized one 
mainly 3 (fig. 23f), and the smallest one 2 and 3 
spines about equally common (fig. 23d). 

The ventrolateral area is provided with a pave- 
ment of plates which are all naked in the smaller 
specimen, whereas a few of those in the larger spec- 

imen, and still a few more in the medium-sized one 
(fig. 23 f )  bear one or two small spines each. About 
4 ventrolateral plates adjoin each of the marginal 
ones. The ends of the ambulacralia may be visible 
from about the third adambulacral ossicles. 

The specimen f r o m  Ga la thea  st. 282, south of 
Ceylon (fig. 23 a-c). 

This juvenile specimen of Povcellanaster has R/r 
712 mm. There are 4-5 superomarginals, rectangular 
and unarmed, and a corresponding number of in- 
feromarginals. Cribriform organs with about 8 la- 
mellae. Terminal ossicle conspicuous and with 3 
long slender glassy spines, a distal terminal one and 
a pair of subterminal ones. The disk bears in the 



interradii close to the cribriform organs a number 
of spinelets, each on its own small plate, and in the 
integument radially there are scattered small 
rounded naked plates. There is a long apical ap- 
pendage. The adambulacralia (12 in number) bear 
2 spines. The oralia bear, besides the mouth-spine, 
2-3 flattened spines laterally. Ventrolateral plates 
are not yet developed. The dorsal aspect of the spec- 
imen agrees with KOEHLER'S fig. 5, pl. 1 1, 1909a; a 
few spinelets occurring interradially. 

The specimen f rom Gala thea  st. 63, in the Gulf 
of Guinea (fig. 24a-b). 

This juvenile specimen of Povcellanastev has R/r 
about 1114-5 mm, 5 superomarginals, about twice 
as long as high, and 5 inferomarginals. The cribri- 
form organ comprises about 18 lamellae. The con- 
spicuous terminal ossicle bears 3, up to 2 mm long 
glassy spines. The disk is provided with a number 
of spinelets centrally and interradially, each on its 
own small plate; radially on the disk and in the 
arms the integument includes scattered small naked 
plates. The apical appendage is extended to a length 
of about 6 mm; its width is about 113 mm. The 
gonad papillae can be distinguished near the sutures 
between the first and second superomarginals. The 
madreporite is - as usual in the juvenile specimens - 
still of a small size in relation to the length of the 
adjoining marginals. The adambulacralia (1 5 in all) 
bear 2 rather long and slender spines, the proximal 
ossicles sometimes 3 spines. The oral ossicles bear 
4 (in one case 3) lateral spines, somewhat shorter 
and more slender than the fairly stout mouth-spine. 
The ventrolateral area is provided with a few spaced 
small (rudimentary) plates with single spinelets. The 
stone canal is distinctly visible through the integu- 
ment. In the oral opening are seen the test-frag- 
ments of a sea-urchin which, although small, has 
been large in proportion to the sea-star. 

This small specimen corresponds fairly closely to 
the Caulastev sladeni described by PERRIER. It is 
slightly larger and has correspondingly one supero- 
marginal plate more. (PERRIER also noticed the go- 
nad papillae, though he did not recognize them as 
such). In the series of North Atlantic specimens 
from the Ingolf st. 36 listed in the table p. 128, the 
specimen corresponds to nos. X-XI. 

The specimens f rom Pickle st. 92, near Cape 
(fig. 24c-h). 

These two specimens are small, R 8 and 7 mm, 
and show in ventral aspect a rather different general 

appearance. The occurrence of two such specimens 
in the same catch supports the view that all hitherto 
recorded juvenile specimens of Povcellanastev belong 
to the species caruleus. 

The larger specimen with R/r 815 mm (fig. 24c) 
has 5 rectangular superomarginals and 5-6 infero- 
marginals. The cribriform organs are with about 10 
lamellae. The terminal ossicles have 3 subequal 
spines, in one case 4, there being 2 spines side by 
side instead of the usual unpaired terminal one. 
Small embryonic plates are discernible dorsally 
around the long apical appendage, and further there 
are interradial bands of spinelets, each on its own 
small plate. Also a few pedicellariae occur inter- 
radially on the disk, often 1-2 close to the cribriform 
organ. The madreporite is of a diameter less than 
the width of the adjoining cribriform organ, the 
gonad papillae are well distinct. The adambula- 
cralia, in a number of 10, bear each a pair of spines 
which form a large pedicellaria (fig. 24e), except 
the two or three distal rudimentary ones, which 
have only a pair of diverging flattened spines yet. 
The proximal adambulacral ossicle sometimes has 
an additional small aciculate spine on the adoral 
furrow corner, or, which is exceptional in Povcellan- 
astev (and may be considered an abnormality), on 
the ventral surface of the ossicle at the interradial 
corner (fig. 24d). The oral ossicles have, besides a 
short conical mouth-spine, 3 lateral spines each, a 
proximal rather spiniform one and 2 flattened ones 
which as segmental papillae cover a distinct pit on 
the ossicle. In one case they seem to form a pedi- 
cellaria (fig. 24e) which when laid down fills out the 
pit on the ossicle. The ventrolateral area is armed 
with spaced small plates with spines. 

This specimen agrees closely with the description 
of KOEHLER'S Albatvossastev vichavdi, except that it 
has ventrolateral spinelets, whereas in vichavdi there 
were only spaced naked plates ventrally. 

The other, slightly smaller specimen, with R/r 
7/34 mm, has also 5 rectangular superomarginals, 
but still only 4-5 inferomarginals, the series of 
which do not quite reach to the terminal ossicle. 
This ossicle bears 3 spines, in one case 4, the distal 
terminal spine here being reduplicated (fig. 24h). 
The dorsal side is provided with some embryonic 
plates around the apical appendage and with inter- 
radial bands of spinelets, but is without pedicellariae. 
The gonad papillae are perceptible. The adambula- 
cralia, 9 in number, bear generally 3 long slender 
and slightly flattened spines along their furrow mar- 



Fig. 24. Porcellanaster c~ruleus .  a-b) Galathea st. 63, R/r 1114 mm. c-e) Pickle st. 92, R/r 815 mm; d-e, two jaws in twice the 
usual scale. f-h) Pickle st. 92, R/r 714 mm; f, part of ventral side in twice the usual scale; g-h, terminal ossicles in twice the 
usual scale. i-k) Galathea st. 574; i, part of ventral side in twice the usual scale. 1) Galathea st. 664, R/r 713 mm. m-o) Gala- 
thea st. 664, R/r 813 mm; m-n, dorsal pedicellariae in four times the usual scale; o, part of dorsal side in twice the usual 
scale. p-s) Galathea st. 664, R/r 412 mm; p, part of ventral side in four times the usual scale; q, part of dorsal side in twice 

the usual scale; r-s, arm in ventral view and in lateral view respectively, in twice the usual scale. 
Scale: 10 mm (in a, d-i, o, and q: 5 mm, in m-n, and p :  2.5 mm). 



gin (fig. 24J). Two of the proximal ossicles bear 4 
furrow spines, and some more distal ossicles may 
have only two furrow spines. Not a single one of 
the adambulacralia has its armature formed as a 
pedicellaria. The oralia carry, besides the conical 
mouth-spine, 2, or sometimes 3, large flattened lat- 
eral spines; which have the appearance of segmental 
pdpillae over a segmental pit, or may simulate a 
pedicellaria. Ventrolateral plates are not yet devel- 
oped. 

The specimen f r o m  Ca la thea  st. 574, south- 
west of Australia (fig. 24i-k). 

This juvenile Povcellanaster has R/r 713.5 mm. 
There are 3 subquadrate superomarginals, slightly 
longer than high, and 3 inferomarginals about one- 
third as high as the superomarginals. The cribriform 
organs, except for that in the interradius with the 
madreporite, are still rather rudimentary, with only 
up to 6 lamellae. The conspicuous terminal ossicles 
carry 3 long spines. The whole dorsal side, also of 
the arms, still possesses the embryonic plating of 
rounded perforated plates, those around the apical 
appendage the largest, five interradial ones here 
being especially large. Some few spinelets occur near 
the cribriform organs, each on its own small plate. 
(A few plates are also found with 2 closely placed 
spinelets, rudimentary pedicellariae probably). The 
adambulacralia, I1 in number, each bears a pair of 
subequal lanceolate flat spines, apparently forming 
a transitional stage to a veritable pedicellaria. The 
oralia, besides the short conical mouth-spine, bear 
3 subequal, flat pointed lateral spines. Ventrolateral 
plates are not yet developed. 

This specimen agrees perfectly with SLADEN'S 
P.evemicus from the South Atlantic west of Cape. 
Like this it has retained the embryonic plating of 
the dorsal side at a slightly larger size than hitherto 
recorded for juvenile North Atlantic specimens of 
P. caruleus, but otherwise it is indistinguishable 
from these. 

The specimens f rom Gala thea  st. 664, in the 
Kermadec Trench (fig. 24 1-s). 

The three juvenile specimens dredged here range 
in size from R 4 mm to R 8 mm. 

The smallest one, R/r about 412 mm, has 3 sub- 
quadrate superomarginals and also 3 inferomargin- 
als. Cribriform organs with up to 8 lamellae. Promi- 
nent terminal ossicle with 3 long spines. Dorsal side 
with the embryonic pavement of perforated plates 

(fig. 24q); close to the cribriform organs a few spine- 
lets; also a few dorsal pedicellariae, one of which 
being merely two close-set spines. Adambulacralia, 
altogether 10, with 2 subequal, large lanceolate flat 
spines. Oralia with a fairly long conical mouth-spine 
and 3 flattened lateral spines (fig. 24p). No ventro- 
lateral skeleton. 

The medium-sized specimen, R/r 713 mm, has 4 
superomarginalia, 3 inferomarginalia, and I l adam- 
bulacralia. Cribriform organ with 8 lamellae. Dorsal 
side with the embryonic plating; no dorsal pedicel- 
lariae. The gonad papillae distinct near the sutures 
between first and second superomarginals. Oral and 
adambulacral armature as in the smaller specimen, 
only that the mouth-spine is shorter (fig. 241). 

The largest specimen, R/r 813 mm (fig. 240), has 
3 superomarginalia, 3 inferomarginalia and 1 I 
adambulacralia. Oral and adambulacral armature 
as in the former specimen. Dorsally in the disk area 
the embryonic plating is in the state of being ab- 
sorbed, a few of the perforated embryonic plates 
are still discernible, but otherwise only some circular 
markings in the integument indicate their former 
position and size. In the arms a close covering 
of plates is still present. Spinelets occur near the 
cribriform organs, and altogether 10-12 pedicellariae 
are scattered over the disk. The gonad papillae are 
discernible. A number of spaced small (rudimentary) 
plates occ-ilr in the ventrolateral areas. 

These specimens agree well with SLADEN'S P. eve- 
micus and also with PERRIER'S Caulaster peduncu- 
latus. 

Dist r ibut ion:  
Povcellanaster sensu stricte, probably a mono- 

typic group: P.cavuleus, up to this date has been 
found in 86 dredgings scattered over all three oceans 
(fig. 38): 69 dredgings in the Atlantic from south of 
the Wyville Thomson Ridge to off Cape, eight in 
the northern Indian Ocean, three in the region of 
the Malay Archipelago, one in the northern West 
Pacific, two in the South Pacific, and three in the 
eastern tropical Pacific. The known bathymetrical 
range is from 11 58 to 6035 m. (Most finds are made 
between 1600 and 3000 m, 7 (?) between 3000 and 
4000 m, 4 between 4000 and 5000 m, 1 between 
5000 and 6000 m, and a single one just below 
6000 m). The bottom has been blue, green, white, 
grey, and black mud, globigerina ooze, transition 
clay, and red clay. The temperatures recorded range 
from 1.1" to 4.2"C. 



Eremieaster Fisher, 1905 

Type-species: Eremicaster tenebrarius Fisher, 1905 
(= Porcellanastev gvacilis Sladen, 1883). 

D iagnos i s :  
Porcellanasterids with opposite superomarginals 

separate in whole arm length, and usually armed 
with dorsal spines. Terminal ossicle distal to arm 
end, not markedly broader than long. A mid-inter- 
radial suture. Three (-5) lamelliform cribriform or- 
gans. A single proximal mouth-spine, common to 
both oralia forming a jaw. Up to six radiating series 
of ventrolateral plates corresponding with a mar- 
ginal plate. Lateral oral spines and aboral adam- 
bulacral spines sometimes modified as segmental 
papillae, covering as lids excavated pits on the 
ventral surface of the ossicles. 

Desc r ip t ion :  
The general appearance of Evemicaster and its 

dorsal armature is like that of Povcellanaster (see 
p. 124). The genus is known to reach a size of R/r 
about 601 16-20 mm. 

The number of cribriform organs may be fairly 
variable in some porcellanasterids, individually as 
well as with age, and is, therefore, not immediately 
acceptable as a generically distinguishing character. 
But, as discussed p. 125, also some other characters 
distinguish Evemicastev from Porcellanastev. Juve- 
nile specimens of Eremicaster with yet only a single 
cribriform organ in each interradius usually may 
also be recognized by having the ventrolateral 
skeleton developed at a smaller size than is the case 
in Porcellanastev. Nevertheless, it is possible that 
some juvenile specimens of these genera may prove 
indeterminable. 

Juvenile specimens of Evemicaster up to a size of 
about R/r 713 mm, in general have yet only a single 
cribriform organ developed in each arm angle, while 
all specimens on record with R about 8 mm or more, 
have 3 cribriform organs, at least in the interradius 
with the madreporite (specimens as large as with 
R 8-10 mm sometimes having yet only a single cri- 
briform organ developed in the other interradii). 
Some large specimens of Eremicaster collected by 
the Galathea Expedition have 4-5 cribriform organs 
in one or more of the interradii. 

The jaws bear as a general rule a single spine (the 
mouth-spine) on their proximal corner, at the junc- 
tion of the two oral ossicles. But some jaws may be 
provided (atavistically?) with two proximal spines, 

one to each oral ossicle, and others even with a 
group of proximal spines. The number of lateral 
oral spines is also only small, and normally there 
are no suboral spines. The adambulacralia likewise 
bear only a few furrow spines and are normally de- 
void of any subambulacral armature. (Very excep- 
tionally an oral or an adambulacral ossicle may be 
found provided with a spine or spinelet on the ven- 
tral surface). The lateral oral spines and the ado- 
rally placed adambulacral spines on the more prox- 
imal ossicles may be transformed into segmental 
papillae (see p. 42). The superomarginal plates bear 
usually a single, though sometimes more (up to 41, 
erect spine(s) on their upper edge. Some spe-' cimens, 
however, are devoid of spines on the superomar- 
ginals of the interradial angle, and spines may be 
totally absent along the whole arm. (The supero- 
marginal spines are not markedly developed in 
juvenile specimens, and in specimens of the same 
pop~ilation they may be present as well as absent). 
The ventrolateral plates are generally naked, but 
they may bear spines (e. g. all specimens known of 
LUDWIG'S E.paci~cus). And also some specimens 
belonging to species of Eremicaster with typically 
naked ventral plates, have been found provided 
with a scattered ventral spine-armature. The termi- 
nal ossicles in specimens of the same population 
may bear the usual 3 spines only, or also a great 
number of spines; and thus the conspicuous appear- 
ance of the terminalia in some specimens is of no 
definite taxonomic importance. 

Remarks :  
Two of the species described by SLADEN in 1883 

in the genus Porcellanastev, crassus and gvacilis, 
were distinguished by having three cribriform or- 
gans in each interradius, whereas the others, like the 
type-species cavuleus, had only a single cribriform 
organ in each arm angle. Further, these two spe- 
cies had part of their oral and adambulacral arma- 
ture modified in a peculiar way, the spines being 
flattened, articulated on straight bases running 
parallel to the furrow, directed outwards from 
this, and each like a lid covering a pit on the sur- 
face of the oral or adambulacral ossicles. SLADEN 
named this a segmental organ (consisting of a seg- 
mental papilla at a segmental pit, see p. 42). 

FISHER in 1905 described under the specific name 
of tenebvarius a form related to SLADEN'S crassus and 
gvacilis, likewise with 3 cribriform organs, and with 
segmental organs developed. He further considered 
these three forms representing a special subgenus of 



Porcellanaster, which he named Eremicaster, with 
the species tenebrarius registered as the type. 

LUDWIG, also in 1905, just a few days later than 
the appearance of FISHER'S paper, published a paper 
including the description of two new species of Por- 
cellanaster, paczjicus and waltharii, which also had 
3 cribriform organs, the first mentioned without 
segmental organs developed, and the last mentioned 
with such organs (the latter form proved to be ex- 
actly the same as FISHER'S tenebrarius). In 1907 
LUDWIG described another related form with 3 cri- 
briform organs but no segmental organs: vicinus, 
and a variety of this form: vicinus var. inermis. In 
the same paper he raises Eremicaster to the rank of 
a genus, but uses as type incorrectly SLADEN'S cras- 
sus (the first described species in the group) and 
considers the presence of segmental organs (papil- 
lae) the distinguishing character. Eremicaster in the 
sense of LUDWIG (1907) thus comprises the follow- 
ing forms, with segmental papillae and 3 cribriform 
organs : crassus, gracilis, tenebrarius, and waltharii, 
whereas the other forms, with 3 cribriform organs 
but without segmental papillae, viz. pac8cu.s and 
vicinus, inclusive of var. inermis, were retained in 
Porcellanaster. 

FISHER immediately (1907) protested against 
LUDWIG having changed the type of Eremicaster, 
from tenebrarius to crassz~s; and further he objected 
to using the segmental papillae as a taxonomic 
character, since he had found them in a very vary- 
ing number in different specimens, the aboral fur- 
row spine being transformed into a flattened lid- 
like papilla on from as few as 5 to about as many 
as 15 of the proximal adambulacral ossicles, and 
the number even varying considerably in specimens 
from the same catch. The distal part of an arm in a 
typical specimen of Eremicaster has thus always the 
same kind of adambulacral armature as has the 
whole arm of a specimen of Porcellanaster (with 1 

cribriform organ only), and there is then but a slight 
step to the total disappearance of segmental papil- 
lae, for which reason FISHER concluded that it was 
the presence of 3 cribriform organs in each inter- 
radius which was the primary distinguishing taxo- 
nomical character. Eremicaster in his sense (he now 
also considers it of generic rank) consequently com- 
prises the following forms : crassus, gracilis, tene- 
brarius (the type-species), paczjicus, waltharii, vici- 
nus, and vicinus var. inermis. 

Of these E. waltharii (as noted by FISHER) is ob- 
viously the same as E. tenebrarius, which form, 
however, the present author considers the same spe- 
cies as E.gracilis. E.paciJicus is a distinct species, and 
this also applies to E. vicinus. (The latter was by the 
present author formerly believed to be only a form 
of E.paczjicus and therefore listed under this name 
in 1951 and 1956. Its specific validity has been con- 
firmed, however, through the study of the present 
material). 

The Galathea Expedition collected a total of 195 
specimens of Eremicaster in six dredgings in the In- 
dian Ocean and the tropical Pacific, two of the dred- 
gings - in the Sunda Trench and the Kermadec 
Trench respectively - undertaken in hadal depths 
(more than 6000 m). The specimens from the two 
hadal dredgings belong to E. vicinus, and were de- 
scribed preliminarily in 1956, at which time E. vici- 
nus, however, as mentioned above, was considered 
a form of E.paciJicus. The other specimens of Ere- 
micaster collected by the Galathea Expedition in the 
Indian Ocean, off tropical East Africa and south of 
Java, and in the eastern Pacific off Costa Rica, ap- 
pear to represent two forms, which, however, may 
be only subspecifically different. One of the forms, 
identical with SLADEN'S P. crassus, is represented by 
the specimens from the three abyssal dredgings in 
the Indian Ocean, the other form, identical with 
SLADEN'S P.gracilis, but in the literature mainly re- 

Key to the species of Eretnicaster Page 

1 a. Ventrolateral plates with spines. Terminal ossicle twice as broad as long. Papillae of covering 
fringe of cribriform organs very large, subquadrate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  paciJicus 160 

I b. Ventrolateral plates typically bare (only exceptionally scattered spinelets). Terminal ossicle about 
as broad as long. Papillae of covering fringe of cribriform organs not especially conspicuous . . 2 

2a. A distinct tubular apical appendage, surrounded by small spiniferous plates. So-called segmental 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  organs frequently developed 3 

2b. No distinct tubular apical appendage, but possibly an apical cone. Central area of the disk with 
. . . .  a pavement of fairly conspicuous plates. So-called segmental organs not developed. vicinus 161 

. . . . .  3 a. Number of superomarginalia in proportion to that of adambulacralia about 1 : 2. crassus 145 

. . . . .  3 b. Number of superomarginalia in proportion to that of adambulacralia about 2 : 3. gracilis 155 



corded under the name of E. tenebrarius, is repre- 
sented by the specimens from the dredging in the 
tropical eastern Pacific. 

The two forms, E. crassus and E.gracilis (= crassus 
subspecies?), mainly differ from each other in the 
number of superomarginal plates i11 relatior, to the 
size of the specimens, their number being on the 
average somewhat lower in crassus than in gracilis, 
and their size thus correspondingly somewhat larger. 
The number of adambulacral ossicles in relation to 
the size of the specimens is the same in the two 
forms, and the difference between them therefore 
may best be expressed by the ratio of marginalia to 
adambulacralia. This ratio in the two forms over- 
laps however (cf. p. 52), and whereas it is easy to 
decide to which form a population represented by 
a fair series of specimens belongs, it may be im- 
possible to do so if only single specimens are avail- 
able, and these represent the extremes of variation 
in the particular form. The terminal ossicle is gener- 
ally more conspicuous in E.crassus than in E.gra- 
cilis, but also this character is very variable. The two 
forms, E.crassus and E-gracilis, as far as our pres- 
ent knowledge goes however, certainly appear taxo- 
nomically different, but are perhaps best considered 
zoogeographical subspecies of the same species. 

Eremicaster crassus (Sladen, 1883) 
Fig. 25-28. Pls. XI-XII. 

Porcellanaster crnssus n. sp., SLADEN 1 883 pp. 225- 
227; 1889 pp. 141-143, PIS. 224-7, 271-~. 

Eremicaster tenebrarius, MACAN 1938 pp. 327-329. 
(Non E. tenebrarius Fisher, = gracifis Sladen). 

§LADEN described his Porcellanaster crassus from a 
single specimen taken by the Challenger in the mid- 
South Pacific (st. 286: 33"29'S, 133"22'W, 4271 m, 
red clay, 1.6"C.). It has R/r about 25110.5 mm 
(SLADEN'S texts of 1889 and 1883 says erroneously 
35110.5 mm); 7 (according to the figures -8) supero- 
marginals, higher than long, and each with an upper 
erect spine ; 9 rectangular inferomarginals; 3 lamelli- 
form cribriform organs. Large, very prominent ter- 
minal ossicles, compressed laterally, high tubercular 
and rounded dorsally, and with 4 spines (SLADEN 
says that the fourth spine is in the dorsal median 
line, but really it is placed laterally to one of the 
sides). Disk area, except arm bases, with a uniform 
covering of single spinelets; a distinct apical appen- 
dage. Adambulacralia with 2 furrow spines, an 

adoral pointed one, and a median one, which is 
transformed into a segmental papilla for the greater 
length of the radius. (Number of adambulacralia 17, 
judging from the figures). Oralia with 2, as segmen- 
tal papillae modified lateral marginal spines, besides 
the single conical mouth-spine. Naked ventrolateral 
plates. 

The drawings of the type-specimen of Porcellan- 
aster crassus in the Challenger report seem to agree 
perfectly with some specimens in the Galathea ma- 
terial, whereas the proportion R/r recorded by SLA- 
DEN, and his reference to a median dorsal spine, dis- 
agree with them. R/r when measured in the draw- 
ings, however, is about 25/10 mm, and thus the 
35 mm in SLADEN'S text of 1883 might be due to a 
printer's error, having passed unnoticed into the 
final edition of his report. Dr. AILSA M. CLARK of 
the British Museum kindly checked up on this, and 
confirms that there was an error in the measurement 
of R as given in the Challenger report. The type- 
specimen has all the arms curled vertically, and, ac- 
cording to dr. CLARK'S re-examination, R is on the 
dorsal side about 20-21 mm and ventrally 30 mm, 
giving a mean value of about 25 mm. In the Gala- 
thea specimens of Eremicaster the armature of the 
terminal ossicles is very variable, never with a prox- 
imal median spine however, but often with one or 
more dorsal spines proximally to each side of the 
median line. When seen from the side thc spines of 
such a possible proximal pair might overlap and in 
a figure appear as a single median spine. Dr. CLARK 
kindly re-examined also the terminal armature in 
the type of crassus and found, as expected, that the 
proximal spine was not quite median, being to the 
left in three cases and to the right in two cases, there 
being never more than a single proximal spine on 
any of the terminal ossicles. This arrangement falls 
well within the variation of the terminal armature 
in the Galathea specimens from e. g. st. 238, and the 
present author is thus convinced that these, as well 
as the specimens from sts. 217 and 474, represent 
the same species as SLADEN'S Porcellanaster crassus. 

FISHER (1 907 and 19 1 1) expressed the opinion 
that SEADEN'S Porcellanaster gracilis was merely the 
juvenile P.crassus, but as will be discussed below, 
the case is not so simple as that. No doubt P.gracilis 
is very closely related to P. crassus, and possibly they 
are only to be considered subspecifically different, 
but according to our present knowledge they do re- 
present two forms which show constant though 
rather slight differences. The form of which SLA- 
DEN'S P.gracilis is the first described representative 



also includes FISHER'S new species E. tenebrarius, as 
shown below. Probably, however, not all specimens 
recorded under the name of E. tenebrarius really be- 
long to this form; thus the specimens recorded from 
the Indian Ocean by MACAN in all probability be- 
long to SLADEN'S P. CY~SSUS,  as will be discussed in 
the fc!!~v~ing. 

MACAN in 1938 recorded and described under the 
name of E. tenebrarius 24 specimens of Eremicaster 
dredged by the Murray Expedition in the north- 
western Indian Ocean off Somaliland (st. 171 : 
9"08'N, 55"30'E, 3840-3872 m), which specimens 
according to his tabular survey show a slightly lower 
number of superomarginals in relation to size than 
is found in the eastern Pacific specimens of E. tene- 
brarius described by FISHER, and, under the name of 
P. waltharii, by LUDWIG. This is the principal char- 
acter by which the form crassus is distinguished 
from the form gracilis, as borne out by the study of 
the specimens available from the Galathea Expedi- 
tion, and therefore the present author considers it 
justified to refer these Indian Ocean specimens to 
E.crassus. The Galathea Expedition also collected 
specimens of E. crassus in two neighbouring local- 
ities, but did not find E.gracilis (= tenebrarius) in 
the region. 

MACAN'S specimens have R/r in mm as follows, 
with the number of superomarginals added in paren- 
theses : 613 (4), 613 (5), 713 (3), 713 (5), 713 (5), 713 ( 9 ,  
713 (51, 713 (51, 814 (41, 914 (51, 1014 (51, 1014 (51, 
1015 (51,1115 (51,1516 (5?, 1517 (71, 1617 (61, 1617 (61, 
2018 (71, 2218 (8), 23/10 (9), 28/11 (8), 30110 (ll),  
and 33/12 (12). MACAN states that "the specimens 
agree closely with the description of the American 
forms", and the correctness of this statement is not 
disputed, considering the insignificance of the differ- 
ences by which the two forms are to be recognized. 
MACAN states that the typical number of cribriform 
organs does not appear till the specimens have 
reached R 8 mm, and that superomarginal spines in 
general do not appear till they have reached R 
10 mm, and may be wanting on the interbrachial 
plates in specimens up to R 16 mm. The small spec- 
imens have 3 terminal spines, the larger ones 5. 

The Ga la thea  mater ia l :  
A total of 100 specimens of Eremicaster referable 

to SLADEN'S species crassus were collected in three 
dredgings in the Indian Ocean, viz. in the western 
part, in the Mozambique Channel and off Kenya 
respectively, and in the eastern part south of Java. 

St. 217: 14"201S, 45"0gfE, 3390 m, 1.6"C., globi- 
gerina ooze. 64 specimens. 

St. 238 : 3"23'S, 44"04'E, 3960 m, 1.S0C., globi- 
gerina ooze. 22 specimens. 

St. 474: g049'S, 114"13'E, 3840-3810 m, 1.2"C. 
14 specimens. 

The specimens available from st. 217 range in R/r 
from 713 to 25/10 mm, those from st. 238 from 2919 
to 44/13 mm, and those from st. 474 from 914 to 
58/14 mm. The three populations represented are 
treated separately in the following, since the two 
former samples supplement each other with regard 
to size, and since the third, from st. 474, includes 
several specimens without the least indication of so- 
called segmental organs, i. e. with all the furrow 
spines, inclusive of the lateral oral spines, distinctly 
acicular. 

The popu la t ion  f r o m  st. 217. (Fig. 25. PI. XI 
1-6): 

The 64 specimens from st. 217 have R/r in mm as 
follows, with the number of superomarginals added 
in parentheses: 713 (4-5), 813 (5), 8.513.5 (6), 913 ( 9 ,  
913.5 (5), 1014 (5), 1014.5 ( 9 ,  1114 (6), 1215 (6), 
13/43 (6), 13.514.5 (6), 1415 (6), 1415 (7), 1415 (7), 
1415 (7), 1415 (7), 1515 (6), 1515 (7), 1515 (7), 1615 
(7.5), 1615 (7-81, 1616 (9-101, 1715 (8), 1718 (9), 
1816 (71, 1816 (71,1816 (71,1816 (8), 1816 (81, 1816 (81, 
1816 (8-9), 1816 (91, 1817 (8), 1817 (8), 1817 (8), 
1818 (9), 1917 (7), 1917 (8-9), 1917 (9), 1917 (9), 
19.517 (8), 2016 (8), 2016.5 (8), 2017 (7-8), 2017 (8), 
2017 (9), 2017 (9-lo), 2018 (7), 2116 (9), 2117 (8), 
21/7 (9), 2118 (8), 2217 (8-9), 2217 (9), 22/8 (9), 
2219 (8-9), 2219 (9-lo), 2316 (lo), 2317 (9), 2317 (9), 
2318 (8), 2419 (9-lo), 2419 (9-lo), and 25/10 (9- 
10) mm. 

The ratio R/r ranges in these specimens from 2.3 
(exceptionally 2.1) to 3.3 (exceptionally 3.51, being 
i 3 in all specimens with R 7-16 mm, but occassion- - 
ally also < 3 in specimens with r up to 2.5 mm, and 
> 3 only in specimens with R 20 mm or more, 

The number of superomarginal plates in relation 
to the size of the specimens is as follows: 

Number of superomarginals 

4-5 
5 
6 
7 
8 
9 

10 



Fig. 25. Eremicaster crassus. St. 217. a-b) R/r 713 mm; b, part of ventral side in twice the usual scale. c) R/r 1917 mm. d-e) 
R/r 20/7 mm, oral ossicle and proximal adambulacralia seen obliquely from the side, and adambulacral ossicle no. 12. f-j) R/r 
2219 mm; f-i, different jaws; j, distal end of arm in ventral view. k-o) R/r 2419 mm; k, part of ventral side in twice the usual 

scale; 1-0, different arms in different views. 
Scale: 10 mm (in b and k : 5 mm). 

The interbrachial superomargina l  p la tes  are 
rather subquadrate, and also the proximal supero- 
marginals in the arms are usually subquadrate, 
though with the upper corners, especially the aboral 
one, rounded. The same description may apply also 
to the more distal superomarginals (fig. 251), but 
often these are subrhomboid with the aboral margin 
slightly concave and the adoral margin convex (fig. 
250). The aboral margin of the superomarginals 
usually is slightly overlapped by the adoral margin 
of the following plate (fig. 25n, 0). In the juvenile 
specimens with R up to 12 mm, the superomarginals 
are more rectangular and do not overlap each other 
distinctly. The inferomarginal plates correspond in 

number to the superomarginals (perhaps being one 
or two more distally) and lie nearly always exactly 
below their superomarginal companions. They are 
somewhat lower than these, about two-thirds their 
height, and are rather regularly rectangular. 

All the specimens from st. 217 are provided with 
superomarginal spines, borne on the plates near 
their dorsal edge. In the juvenile specimen with 
R/r 713 mm (fig. 25a; pl. XI 1) the superomarginal 
spines are still mere granula and present only on the 
arm plates, whereas the interbrachial plates are still 
unarmed; and they are rudimentary too in the other 
small specimens with R up to I1  mm. In all larger 
specimens the superomarginal spines are well devel- 



oped. In general there is only a single spine to each 
plate, erect, slender, spiniform, pointed, and up to 
about one-third longer than the height of the plate. 
The spines on the first superomarginals, between 
the cribriform organs, are often somewhat smaller 
than those on the second and third plates, and are 
totaiiy absent in a specimen with R/r 2219 mm. The 
following spines are subequal in size almost for the 
whole length of the arm. Some few (about 10 %) of 
the specimens are provided with two spines on some 
plates, exceptionally even three, but then smaller 
spines. 

The number of c r ibr i form organs  is still only 
I in each interradius of the juvenile specimens with 
R/r 713 (fig. 25a) and 813 mm, and also in a few of 
those with R/r about 913 mm. In other specimens 
with R/r 9/3 to 1014.5 mm there is in one or more 
of the interradii a rudimentary cribriform organ 
present to each side of the median one, consisting at 
first of only a single row of papillae to the proximal 
side of the marginal suture. Three cribriform organs 
become developed first in the interradius with the 
madreporite. All the specimens with R/r 1114 mm 
or more, and 6 or more superomarginal plates, have 
3 distinct cribriform organs of a larr,elliform struc- 
ture in each interradius. 

The t e rmina l  ossicle (fig. 251-0) is distal to the 
arm end, and slightly larger than this, rather cubic- 
shaped, with the proximal dorsal margin concave, 
and with 3-7 spines. Generally there are only the 
usual three spines on the obtuse distal end of the 
ossicle, a larger distal terminal one outwards di- 
rected above the furrow, and a pair of smaller sub- 
terminal ones, one to each side of the end of the 
furrow and likewise outwards directed. (Exception- 
ally there are 2 subte~minal spines to one or to both 
sides of the furrow). Some terminal ossicles how- 
ever, also bear spines or spinelets proximally on 
their dorsal side, usually a single pair, with one 
spine to each side (or only one of these spines devel- 
oped), but occasionally two pairs, with 2 spines to 
each side of the dorsal mid-line (or 1 and 2). Differ- 
ent terminal ossicles in the szime specimen may bear 
3 or 5 (4) spines, or 5 and 7 (6) spines. Five terminal 
spines occur e. g. in a small specimen with R/r 
1314.5 mm, but otherwise the larger number of 
terminal spines is found mainly in large specimens. 

The d o r s  a1 side is covered by a fairly thin integ- 
ument. In the smallest specimen, R/r 713 mm, there 
are in the arms and radially on the disk spaced small 
rounded perforated plates (the embryonic plates), 
whereas interradially and mainly near the margin 

there is a small number of slightly smaller plates, 
each bearing a single spinelet. This small specimen 
(fig. 25a) has a relatively long apical appendage, 
with crowded minute plates with minute spinelets. 
The interradial spine-bearing plates gradually in- 
crease in number in the large specimens, and the 
apical appendage become relatively smaller, being 
of about the same size in all the specimens, inclusive 
of the largest ones. The small spine-bearing plates 
may be fairly crowded, and centrally, around the 
apical appendage, and near the margin interradi- 
ally, they may form a close pavement. In the arms, 
and in the arm bases outside a tangential line con- 
necting the distal corners of the outermost cribri- 
form organs, however, there is always only spaced 
naked perforated plates of a size of up to 0.3- 
0.5 mm in diameter, and those of arms on an average 
slightly larger than those of disk area. Papulae were 
not perceptible in any of the specimens. 

The madreporite is subcircular, with a diameter 
equal to the width of the first superomarginal plate. 
It lies close to the marginal plates, sometimes dis- 
placing them somewhat, and possibly being almost 
marginal in position. It is deeply furrowed, and 
generally with some furrows stretching across in the 
interradial line of the specimen, whereas the others 
radiate from the center. 

The adambulac ra l  ossicles number about 
twice as many as the superomarginal plates, as 
shown by the following examples : 

R/r Number of Number of 
in mm superomarginalia adambulacralia 

713 4-5 10-11 
19/7 7-8 15 
1917 7 15 
2219 9-10 20 
2419 9-10 2 1 

The last four, rudimentary adambulacralia are found 
below the terminal ossicle. 

The adambulacral armature typically consists of 
2 furrow spines. The adoral one is long (about the 
length of the ossicle), slender, triangular in section, 
pointed, and often slightly curved, and is borne on 
the adoral corner of the ossicle which is protruding 
somewhat into the furrow. The aboral spine, which 
is placed medially on the furrow margin, is on the 
proximal adambulacralia us~ially transformed into 
a segmental papilla (a flat subquadrate, subtrian- 
gular, or heart-shaped spine), whereas more distally 
it is rather spjniform, though flattened and always 



shorter than the adoral spine. Some of the proximal 
adambulacralia may bear 3 furrow spines, usually 2 
spiniform ones adorally, and a single one modified 
as a segmental papilla aborally, only exceptionally 
1 adoral spiniform spine and 2 aboral segmental 
papillae. 

The o r a l  ossicles are tvnirallv at their tin nrn- 
-J rA4--~ --r rA - 

vided with the single conical fairly large mouth-spine, 
common to both ossicles forming the jaw (fig. 25 k). 
A single specimen has two mouth-spines to each jaw 
however, one above the other; and in one specimen 
a jaw is found with a group of 3 small spines at the 
tip (fig. 25 f ) ;  and in still another specimen there is 
a jaw with 4 proximal small spines, 2 to each ossicle 
(fig. 25 d). It  is possible that such abnormalities have 
arisen by irregular regeneration of lost mouth- 
spines. Laterally each oral ossicle is usually pro- 
vided with two marginal spines in the form of seg- 
mental papillae, being broad and flattened and 
covering a pit on the ossicle. In a few of the spec- 
imens it is only the distal marginal spine which has 
the appearance of a segmental papilla, whereas the 
proximal one is acicdar, and only exceptionally 
both lateral spines are rather spiniform, not modi- 
fied as distinct segmental papillae. Some few (about 
10 %) of these specimens from st. 217 are provided 
with an additional third small spiniform oral spine 
on the proximal lateral corner of the ossicle (fig. 
25d), deeper in the mouth than the other marginal 
spines. Some oralia have two such additional spines, 
thus 4 lateral spines in all. Sometimes only the 
proximal additional spine is spiniform, whereas the 
distal one is flattened, there being thus 3 lateral seg- 
mental papillae. 

The ven t ro l a t e ra l  a r ea  is provided with a 
pavement of naked plates. In the small specimen 
with R/r 713 mm. the ventrolateral plates are only 
few and relatively large, extending as far as to the 
second inferomarginals (fig. 25 b), whereas in the 
largest specimens they are numerous and extend as 
far as to the fourth inferomarginals. The distal 
ventrolateral plates, near the marginals, are trans- 
versely elongate, small (rudimentary) and arranged 
in indistinct radiating series, four to six to a marginal 
plate (fig. 25k); the plates near the oralih are 
much larger and irregularly shaped. In the larger of 
these specimens from st. 217 there are about 10 in- 
distinct tangential rows of ventrolateral plates, the 
most proximal row typically with only two plates, 
the second row with four somewhat smaller plates, 
and then outwards a gradually increasing number 
of still smaller plates. 

The popu la t ion  f r o m  st. 238. (Figs. 26 and 27. 
PI. XI 7-12) : 

The 22 specimens of Eremicaster available from 
this station have R/r in mm as follows, with the 
number of superomarginals added in parentheses. 
30/10 (10); 3211 1 (lo), 34/12 (1 l), 34/13 (1 l), 3511 1 
(101, 35/11 (101, 36/12 (11-!2), 37/11 (10-I!), 37/11 
(11-12), 37/13 (13); 37/13 (13), 38/10 (12-13), 38/11 
(11-12), 39/11 (12-15), 39/13 (12-13), 40111 (14-15), 
40113 (13-14), 41/13 (14), 42/12 (13-14 (-15-16)), 
4.3112 (13), 43/13 (14-15 (-16-17)), 43/14 (11-12). 

These specimens are thus somewhat larger than 
those described from st. 217, and supplement these 
in the survey of the variation and change in the 
characters with growth. VJith increasing size also 
the range of variation in number of superomarginals 
increases. The specimen with R/r 39/11 mm has 12 
superomarginals in a regular sequence in four arms, 
but 15 are present in one arm. The largest specimen, 
R/r 43/14 mm, has a regular sequence of only 1 1-12 
superomarginal plates, whereas another of about 
the same size, R/r 43/13 mm, has 14-15 supero- 
marginals in regular sequences, and, in addition, a 
few extra ones inserted distally in some of the arms, 
but not reaching to the inferomarginals (fig. 26k). 
The same also applies to a specimen with R/r 
42/12 mm. 

All the specimens from st. 238 have, in accordance 
with their fairly large size, well developed supero- 
marginal spines, usually tapering spiniform (fig. 
26a), but occasionally somewhat flattened and 
spearhead-shaped (fig. 26h, i). All the specimens 
have also at least some superomarginals provided 
with 2 or sometimes 3 spines, exceptionally even 4 
spines. In some specimens nearly all superomargin- 
als bear 2-3 spines, i. e., either two about subequal 
ones, or a medially placed one with a smaller some- 
what diverging one to each side. The spines on the 
first superomarginals are often smaller than the 
others. 

The cr ibr i form organs  number 3 in each inter- 
radius in all the specimens. Only one specimen, R/r 
31 / I  3 mm, shows a slight irregularity in one of the 
interradii; in which to one side there are three su- 
peromarginal plates corresponding with two infero- 
marginal ones. Cribriform organs are here devel- 
oped around each of the two superomarginal verti- 
cal sutures, which correspond to a single infero- 
marginal one, and so there in this arm angle are 4 
cribriform organs on the series of superomarginal 
plates. 

The t e rmina l  ossicle may bear 3 spines only, 



Fig. 26. Ererniccrster cvassus. St. 238. a-b) R/r 36/11 mm, same arm. c) R/r 30110 mm (see also fig. 27 m.n). d) R/r  37/13 mm. 
e) R/r 42/12 mm, abnormal terminal ossicle, (see also fig. 27 o-p). f )  R/r 3711 1 mm (see also fig. 27 c-d). g) R/r  43/12 mm. 
h-i) R/r 41/13 mm, superomarginals nos. 2-3 and 6 respectively. j-n) R/r ab. 43/13 mm; j, arm angle; k, arm in lateral view; 

1-m, distal end of another arm in lateral view and in dorsal view; n, distal end of a third arm in lateral view. 
Scale: 10 mm. 

thus e. g. in the specimen with R/r 37/13 mm (fig. up to three pairs of proximal dorsal spines, as e. g. 
26d). Usually, however, the terminal ossicles are in a specimen with R/r 43/13 mm (fig. 26k, n). The 
provided with an additional pair of spinelets on terminal ossicle may further bear a spine or spinelet 
their proximal surface (as was also the case in some on its lateral side near the lower margin, as e. g. in 
of the specimens from st. 217), and there may be a specimen with R/r 36/11 mm (fig. 26a), or closer 



to the upper lateral margin, as in the specimen with (perhaps triangular in cross-sect~on) pointed and 
R/r 43/13 mm. Thus a single terminal ossicle may often slightly curved, whereas the aboral one (on 
be provided with as many as 11 spines. Also the the more proximal adambulacralia) is modified as 
subterminal spines may, though rarely, be redupli- a distinct segmental papilla, hollowed out, and usu- 
cated. Often the terminal ossicles of the same spec- ally with a rounded end, as shown in fig. 27j, p, J.  

imen bear different numbers of spinelets, 3-4 or 5- In one specimen. however, it is very broad, square- 
==re. In the n r e c ~ r ~ l ~ d  specimens the terminal spl- qhnnpd nlid with a neniliurlv dented oi~ter margin Y""" ' "- -A--rd- --*- rd4----- A J -+---a- 

nes are frequently lost or broken. Perhaps they are (fig. 27d), and in others it has the end more or less 
also easily damaged in life. A few terminal ossicles drawn out, and is then rather hook-shaped (fig. 27u), 
have only a small distal spinelet, and then it possibly and thus can hardly be designated as a segmental 
is in regeneration. As mentioned above. it seems that papilla. In the latter cases also the adoral spine may 
when the tissue has been damaged. a group of min- be broad flattened and more or less hook-shaped. 
ute spines may develop instead of the usual large Segmental pits are distinct on the adambulacralia 
single one. of some specimens, but are in others hardly - if at 

The appearance of some of the terminal ossicles all - discernible. In most of these specimens from 
in these specimens from st. 238 is exactly the same st. 238, the aboral furrow spine though broad and 
as in the specimens from st. 217, but others are flattened, is not at all formed as a segmental papilla. 
much more swollen and conspicuous in relation to And it may be a slender though flattened spine. 
the size of the arms. Such specimens agree closely Three adambulacral spines occur exceptionally on 
with SLADEN'S type-specimen of P. cvassus, which 
has convinced the present author that all these spec- 
imens from st. 238 as well as those from st.217, are 
representatives of this species. Generally the termi- 
nal ossicle is longer than high, but occasionally the 
reverse is the case, as in a specimen with R/r 
3711 1 mm (fig. 26f). 

The d o r s a l  a r m a t u r e  shows no variation from 
that described for the larger of the specimens from 
st. 217. Papulae however, were to be seen in a few 
of the large specimens, scattered between the inter- 
radial spinelets, and of about the same size as the 
basal plates of these. An apical appendage is present 
in all the specimens. In one specimen, R/r 59/13 mm, 
the gonad papillae were discernible close to the dis- 
tal corner of the first superomarginal plate. 

scattered ossicles, and then it is always the adoral 
spine which is reduplicated (fig. 27c). In a single 
specimen, R/r 30110 mm, some of the distal adam- 
bulacralia were found to be provided with a small 
spinelet on their surface. 

The o r  a1 a rma tu re  shows about the same varia- 
tion as described for the specimens from st. 217. 
The usual single mouth-spine may be replaced by 
2 spines, one to each oral ossicle, or by a group of 
small spinelets to each oral ossicle (fig. 27s). In the 
same specimens, however, there are also jaws with 
the usual single conical spine at the tip. The two 
lateral oral spines are subequal to the aboral furrow 
spines of the proximal adambulacralia, and thus in 
general modified as segmental papillae, flattened 
and somewhat hollowed, and with either a pointed 

The adambulac ra l i a  number about twice as or a rounded distal end. Occasionally the end of the 
many as the superomarginalia, and this is the case oral papillae is drawn out into a curved slender tip, 
in all specimens, from the smallest to the largest giving the papillae a shape like a hook, or the pa- 
ones present, e. g. 

Number of 
superomarginalia 

10 
11-12 
13 
9-1 1 

13-14 
16-17 
11-12 

Number of 
adambulacralia 

21 -22 
25 
26 
20-21 
29-30 
30 
23-25 

pillae are very broad (square-shaped) and have the 
distal end dentate. The segmental papillae generally 
fit into a segmental pit on the ossicle, but such a pit 
is not always discernible. Also a few specimens in 
this population have a third lateral oral spine, prox- 
imally to the usual two, somewhat deeper in the 
mouth, generally spiniform (fig. 27h), but some- 
times modified as a third segmental papilla. Ex- 
ceptionally all the lateral oral spines are spiniform, 
and this may be the case also in specimens with 

The adambulacral armature may be exactly as de- adambulacral segmental papillae. A single oral os- 
scribed for the specimens from st. 217, consisting of sicle in a specimen with R/r 39/13 mm bears on its 
two spines of which the adoral one on the protrud- surface, midway between the lateral squamiform 
ing corner of the ossicle is fairly long spiniform spines and the suture, a small spiniform spine, and 



Fig. 27. Eremicaster cmssus. St. 238. a-b) R/r 3211 1 mm, two jaws in different views. c-d) R/r 3711 1 mm (see also fig. 26 f). 
e) R/r 3611 1 mm. f-h) R/r 37/13 mm; g-h, same jaw in lateral view and in ventral view. i-j) R/r 36/12 mm, j, adambulacral 
ossicle no. 4. k) R/r 43/13 mm, adambulacral ossicle no. 4. 1) R/r 34/13 mm, adambulacral ossicle no. 5. m-n) R/r  30/10 mm; 
m, adambulacralia nos. 15-16, in twice the usual scale; n ; adambulacralia nos. 12-14, (see also fig. 26 c). o-p) R/r  4211 2 mm; 

p, adambulacral ossicle no. 14. q-t) R/r 41/13 mm, different jaws. u-v) R/r 40-44/12-13 mm, different jaws. 
Scale: 10 mm (in m:  5 mm). 

this is the only case hitherto recorded of a suboral 
spine in the group of Eremicaster. 

The ventrolateral area is as described for the spe- 
cimens from st. 217. 

The popu la t ion  f r o m  st. 474. (Fig. 28. PI. XII). 
The 14 specimens of Eremicaster crassus repres- 

ented from this station range in size from a juvenile 
to one almost as large as any one on record. They 
have R/r in rnm as follows, with the number of 
superomarginals added in parantheses : 914 (5), 1415.5 
(6), 1816 (6), 2216.5 (7), 2917 (9), 3111 1 (9), 3111 1 (lo), 

3419.5 (lo), 35/11 (12 (-13)), 36/10 (10-ll), 37/11 
(lo), 37/14 (12-14), 43112.5 (13-14), 58/14 (15-16). 

The ratio R/r ranges from 2.2 by R 9 mm to 4.1 
by R 58 mm, but may be 4.1 also in a specimen with 
R only 9 mm, and 2.7 in a specimen as large as with 
R 37 mm. The superomarginal plates are regularly 
arranged in all the specimens. The inferomarginal 
ones generally lie exactly below their supero- 
marginal companions for the greater length of the 
arms, but are distally often present in a number of 
1-2 more. They number e. g. 8 in the specimen with 
R/r 1816 mm and 6 superomarginals, and 15-16 in 



Fig. 28. Eremicaster crassus. St. 474, a-b) R/r 914 mm; b, part of ventral side in twice the usual scale. c-e) R/r 1415.5 mm; 
e, part of ventral side in twice the usual scale. f-j) R/r 3419.5 mm; g, adambulacral ossicle no. 3; i-j, arm in dorsal view and in 
lateral view. k) R/r 2917 mm. 1-p) R/r 37/11 mm; 1-m, adambulacralia nos. 1-3 and 5 respectively; o-p, distal part of arm in 

lateral view and in dorsal view. 
Scale: 10 mm (in b and e :  5 inm). 

that with R/r 43112.5 mm and 13-14 superomargin- 
als, but also 15-16 in that with R/r 58/14 mm and 
15-16 superomarginals, and only 11 in one with 
R/r 3511 1 mm and 12 superomarginals. 

In the present population, the juvenile specimen 
with R/r 914 mm (fig. 28n) still has no superomar- 
ginal spines developed. The other small one, R/r 
1415.5 mm (fig. 28 c, d), has spines on all the supero- 
marginals except the distalmost ones, but only those 
on the first and second superomarginals are well 
developed, the others are all yet rudimentary. As in 
the two other populations described, each supero- 
marginal plate is usually provided with a single spine 
only, but in some specimens a varying numbel of 

the superomarginal plates carry 2 or 3 spines (in 
the usual longitudinal row), and in the specimen 
with R/r 43112.5 mm there may be up to 5 and then 
more irregularly arranged spines on the more distal 
superomarginals. On the first superomarginals the 
spines may be only small, and in some cases appar- 
ently not developed at all, as e. g. in the specimen 
with R/r 37/11 mm. 

The number of c r ib r i fo rm organs  is 3 in each 
interradius already in the juvenile specimen, and it 
is also 3 in all the other specimens up to a size of 
R/r 43112.5 mm; but in the single, very large spec- 
imen, with R/r 58/14 mm (pl. XI1 8), there are 5 
cribriform organs in each interradius. While the 



three median cribriform organs are of the usual 
lamelliform structure, the supplementary outermost 
ones are rather papilliform. They are composed of 
up to 8 rows of papillae and are thus, though nar- 
row, well marked. 

The t e rmina l  ossicles in these specimens from 
south of Java are less conspicuous than in those 
from sts. 217 and 238 in the western part of the 
Indian Ocean. Four specimens, the three smallest 
and one with R/r 2917 mm, have only the three 
typical terminal spines, whereas one with R/r 
2216.5 mm, and also all the remaining larger spec- 
imens, have at least 5 terminal spines, there being 
an additional proximal pair dorsally, with one spine 
to each side, or two pairs of dorsal spines proxi- 
mally, and in a few cases further a small spine later- 
ally to each side near the margin, adjacent to the 
inferomarginal plates, thus 7 spines in all (fig. 28p). 
In a specimen with R/r 3419.5 mm there is also an 

distal squarely cut margin dentate. Segmental pa- 
pillae may be found developed on the adambula- 
cralia for almost the whole length of the arm. In 
about two-thirds of the specimens from st. 474 
however, all adambulacral spines, and also the 
lateral oral ones, are acicular (fig. 28 b, e,f, n), there 
being thus no so-ca!!ed segmental organs formed at 
all. Usually there are only two adambulacral spines 
placed close together and diverging on the protrud- 
ing adoral part of the furrow margin, but 3 spines 
to each adambulacral ossicle (especially of the more 
proximal ones) is more frequently occurring when 
the whole armature is spiniform, than when the 
aboral spine is modified as a segmental papilla 
(which also occupies more space on the ossicles than 
do the spiniform spines). A single specimen, R/r 
3711 1 mm, bears 4 spines on one of the first adam- 
bulacral ossicles. The number of adambulacral os- 
sicles is e. g. : 

extra pair of subterminal spines, and the terminal 
R Number of Number of 

ossicles in this specimen thus bear 7 or 9 spines in superomarginalia adambulacralia 
all, depending on whether they are provided with 9 mm 5 11 

one or two pairs of proximal dorsal spines (fig. 28 i,j). 14 mm 6 14-15 

The do r sa l  a r m a t u r e  in these specimens, ex- 
cept the smallest one, shows the same variation as 
described for the specimens from sts. 217 and 238, 
with the spinelets increasing in number with growth, 
but never spreading beyond the distal corner of the 
outermost cribriform organs, and with the arm 
bases and the arms provided only with spaced naked 
plates, which in some of the large specimens may 
reach a size of about 1 mm in diameter, but in other 
equal-sized specimens are at most 0.5 mm in dia- 
meter. All specimens have a distinct apical appen- 
dage. The juvenile specimen with R/r 914 mm shows 
radially on the disk fairly large circular spots, which 
may be interpreted as indicating the places of the 
embryonic plates, which, however, are now ab- 
sorbed. In this specimen the dorsal spinelets are also 
still confined to the interradial area, near the mar- 
gin. Two of the medium-sized specimens show pa- 
pulae scattered over the main disk area. The spec- 
imen with R/r 3711 1 mm has the gonad papillae 
observable in some interradii. 

The adambulac ra l  and o r a l  a r m a t u r e  is in 
about one-third of these specimens from st. 474 
similar to what was described for the specimens 
from sts. 217 and 238 (i. e. with the aboral adam- 
bulacral spines and the lateral oral ones trans- 
formed into segmental papillae). The adambulacral 
segmental papillae are usually subcircular, but in 
one specimen they are very broad and with the 

In the specimen with R/r 3711 1 mm the ambulacral 
furrow reaches just beyond the terminal ossicle. 

The o ra l  ossicles may show, at the tip of the 
combined pairs, only a minute spine, instead of the 
usual fairly large conical mouth-spine, or there may 
be two such minute spines, one on each ossicle. 
Proximally to the usual lateral oral spines, an ad- 
ditional slender spinelet may occur on the lateral 
corner of the ossicle. There are usually two lateral 
oral spines, but a few specimens have 3 spiniform 
spines laterally, at least on some of the oral ossicles, 
and a single specimen has 4 lateral spiniform spines 
on one of the oralia (on the others 3). A single oral 
ossicle is seen with only one lateral spine (in this 
case modified as a segmental papilla). 

The ven t ro l a t e ra l  p la tes  are naked. The num- 
ber of tangential rows e. g. is 6-7 in the specimen 
with R/r 43112.5 mm. 

Biological  r emarks :  
One of the large specimens from st. 217 was found 

with female gonads which though almost emptied 
still contained a few eggs about 0.5 mm in diameter. 

A dendrogate ascothoracid with nauplii larvae 
was found in a specimen with R about 40 mm. 



Dis t r ibu t ion :  
Evemicaster cvassus is known, besides from the 

type-locality in the mid-South Pacific, from four 
dredgings in the Indian Ocean: three off tropical 
East Africa and one south of Java (fig. 39). It  has 
been found at depths from 3390 to 4271 m, on a 
bottom of red clay and globigerina ooze, and at 
temperatures of 1.2"-1.8 " C. (In the eastern Pacific 
it is represented by a closely related form, E.gva- 
cilis). 

when FISHER'S own form E. tenebvavius is included 
in the considerations one may wonder, however, 
why he should connect gracilis with cvassus, and not 
with his own tenebvavius. It is really impossible to 
point out any taxonomical characters distinguishing 
gvacilis from tenebvavius, and the features which 
FISHER mentions as distinguishing his tezebv~rius 
from cvassus (primarily a greater number of supero- 
marginals) are the same by which gracilis differs 
from cvassus. Therefore the present author must 
conclude that FISHER'S E. tenebvavius is identical with 

Eremicaster gracilis (Sladen, 1883) 
the form previously described by SLADEN under the 

(E. cvassus subspecies). 
Fig. 29. PI. XIII, 1-2. 

name of P.gvacilis. But, as has been pointed out 
above (cf. also p. 145), this form differs only slightly - - -  

Povcellanastev gvacilis n. sp., SLADEN 1883 pp. 227- from cvassus, and perhaps is best regarded only as a 
229; 1889 pp. 143-145, PIS. 221-3, 275*. 

Povce llanastev (Eremicastev) tenebvavius n. sp., 
FISHER 1905 (1016) pp. 293-294. 

Povcellanastev walthavii n. sp., LUDWIG 1905 (1716) 
pp. 92-97, PI. 526-27. 

E~.emicastev tenebvavius, FISHER 19 11 pp. 24-29, 
pis- 11-43 247 534-ha. 

Evemicastev tenebvarius, H.L. CLARK 1913 p. 187. 
Evemicastev tenebvavius, H. L. CLARK 1920 pp. 76-77. 
Evemicastev tenebvavius, DJAKONOV 1950 p. 21, 

fig. 31. 
Evemicastev tenebvavius, ANDRIJASCHEV 1952 p. 134. 
Non: Evemicastev tenebmvius, MACAN 1938 (= E. 

cvassus) . 

SLADEN described his species Povcellanastev gvacilis 
on the basis of a specimen taken by the Challenger 
in the South Pacific off Chile (st. 298: 34"07'S, 
73 "56'W, 4070 m, blue mud, 1.3" C.). R/r 1014.5 mm; 
8 subquadrangular superomarginal plates, usually 
with a dorsal spinelet; 3 lamelliform cribriform or- 
gans. Terminal ossicle fairly inconspicuous, with 3 
spines. Dorsal side with spinelets in interradial 
bands; papulae present; a distinct apical appendage. 
Adambulacralia with 2 spines, the aboral one trans- 
formed into a segmental papilla on the proximal 
ossicles (the number of adambulacralia 13, judging 
from the figure). Oralia, besides the mouth-spine, 
with 2 as segmental papillae modified lateral spines. 
Naked ventrolateral plates. 

I t  is evident that SLADEN'S P.gvacilis is closely re- 
lated to his P. cvassus. FISHER (1907, 1911 p. 28) in 
connection with his discussion of the relationships 
of his own species E. tenebvavius, also suggests that 
P.gvacilis is probably only a very young specimen 
of P. crassus "because the differences cited are such 
as would be expected in a young example". But 

zoogeographical subspecics (if to be kept distinct 
zt all). 

FISHER (1905) described his Porcellanastev (Evemic- 
aster) tenebvavius on the basis of three specimens 
dredged by the Albatross off California (st. 4397: 
200 miles off San Diego, 4016-4075 m, gray mud), 
and a few days later LUDWIG published, under the 
name of Povcellanastev walthavii, a description of 
the same form based on 30 specimens collected by 
the Albatross in eight dredgings somewhat farther 
south, in the Panamic region (st. 3360: 6"17'N, 
82 "05'W, 3058 m, fine black and green sand, 2.4" C. ; 
st. 3361: 6"101N, 83"06'W, 2690 m, green ooze, 
2.6"C.; st. 3374: 2"35'N, 83"53'W, 3334 m, green 
ooze, 2.4"C.; st. 3381: 4"56'N, 80°53'W, 3241 m, 
green mud, 2.1 "C.; st. 3399: 1 "07'N, 81 "04'W, 
3182 m, green ooze, 2.2"C.; st. 3400: 0°36'S, 
86"46'W, 2418 m, globigerina ooze, 2.2" C. ; st. 3414: 
lO014'N, 96"28'W, 4082 m, green mud, 2.1 "C.; and 
st. 3415: 14"46'N, 98"40tW, 3436 m, globigerina 
ooze, 2.2" C.). 

That P. walthavii is the same as E. tenebvavius is 
noted by FISHER in 1907 p. 12. In 191 1 FISHER, be- 
sides repeating the description (slightly emended) of 
the three original specimens of E. tenebvavius, de- 
scribed three additional specimens from a neigh- 
bouring locality (Albatross st. 4394: 200 miles off 
San Diego, 4132 m, gray mud), and 45 specimens 
from an Albatross dredging off southern Alaska 
(st. 2859: off Prince of Wales Island, 2870 m, gray 
ooze, 1.6"C.). 

H. L. CLARK in 1913 records a single E. tenebvavius 
from off Lower California (Albatross st. 5684 : S. W. 
of Santa Margarita Island, 3219 m), and in 1920 he 
records 24 specimens from five Albatross dredgings 
in the eastern tropical Pacific off Peru (st. 4647: 



4"33'S, 87"43'W, 3667 m, globigerina ooze, 1.9" C. ; 
st. 4658: 8"30fS, 85"36'W, 4335 m, green mud. 
1.8" C. ; st. 4666: 11 "56'S, 84"20fW, 4755 m, gray 
ooze, 1.6"C.; st. 4672: 13"111S, 78"18'W, 5204 m, 
diatom ooze, 1.8"C.; and st. 4717: 5'1 l'S, 9S056'W, 
3938 m, red clay, globigerina ooze, l.S°C.). 

-A- Tn 1950 DI.~KONOV recorded Eremicaster tene- 
brarius from east of Kamchatka, 4200 m. (In 1938 
MACAI.; recorded and briefly described, under the 
name of E. lenebravius, 24 specimens dredged by the 
Murray Expedition in the northwestern Indian 
Ocean, but, as demonstrated above, these are in 
reality representatives of E. crassusj. 

The type-specimen of FISHER'S E. tenebrarius has 
R/r 37/12 mm (FISHER 1905) and 15 superomarginals 
(judging from the photo published by FISHER 191 1 
pl. 1, I). In 191 1 FISHER gives the size of two other 
Californian specimens as R/r 3811 1 and 4219 mm, 
and records the number of superomarginals as from 
15 to 18-19 in large specimens. The single Califor- 
nian specimen recorded by H. L. CLARK (19 13) had 
R/r 2518 mm and 10 superomarginals. Twenty of the 
specimens described from the Panamic region by 
LUDWIG in 1905 (under the name walthariij had R/r 
in mm as follows, with the number of superomar- 
ginals added in parentheses: 1014 (7), 1215 (7), 1316 
(8), 1415.5 (S), 1717 (8), 1817 (8), 2418 (lo), 2819.5 (lo), 
31/11 (12), 32/11 (141, 36/13 (13), 38/12 (15), 41/15 
(15), 43/13 (16), 46/14 (14), 48/15 (16), 50115 (15), 
54/16 (16), 56/17 (1 6), and 60116 (20). LUDWIG also 
notes that 8 adambulacralia correspond to 6 mar- 
ginalia in the median part of the arms of large 
specimens. One of the Alaskan specimens, which 
FISHER discusses in 1911, has R/r 2216 mm, others 
R/r about 2218 mm, and 12 or (judging from the 
photo pl. 1,3) 11 superomarginals, and a small one 
has R/r 1015 mm and 8 superomarginals. FISHER 
states that the number of superomarginal plates in 
this Alaskan material is up to 17, but does not say 
how large the specimens are. The Peruvian spec- 
imens recorded by H.L.CLARK (1920) had R up 
to 45 mm. 

The characters of E. teneb~*arius, according to 
FISHER'S descriptions, are as follows : Superomar- 
ginals subquadrate, typically with an erect spine on 
their upper edge, sometimes 2 or even 3 spines, or 
no spines at all (as in 33 of the 45 specimens from 
the single Alaskan dredging, which, however, are 
probably all young ones with R/r from 1015 to on 
an average 2218 mm?). Inferomarginals lower than 
superomarginals. Terminal ossicle as large as two 
last superomarginals, strongly concave proximally, 

in the type-specimen with 5 spines, a distal terminal 
one, a pair of subterminal ones, and one to each 
side dorsally. (In the Alaskan specimens recorded, 
and in juveniles from the Panamic region, only 3 
terminal spines). Dorsal side with small rounded 
plates, those of disk with single spinelets. A distinct 
apical ap~endage. Papulae in disk area. Adamhula- 
cralia with 2 (proximally perhaps 3) furrow spines, 
the aboral one transformed into a segmental pa- 
pilla (in the type for some length of the inner half 
of the arms, in other specimens for almost the whole 
length of the arms, and in an Alaskan specimen with 
R/r 1015 mm only on the two or three most prox- 
imal adambulacralia). Oral ossicles, besides the 
mouth-spine, with 3 lateral oral spines, the proximal 
one a slender, curved spinelet, the two others trans- 
formed into segmental papillae. (Other specimens 
have only the two segmental papillae laterally on 
the oralia). Ventrolateral area with naked elliptical 
plates. (Number of superomarginalia in relation to 
that of adambulacralia, according to LUDWIG, 
e. g. 314). 

The G a l a t h e a  mater ia l :  
A large number of specimens of Eremicaster refer- 

able to the form gvacilis (syn. tenebrarius) were col- 
lected in a dredging off Costa Rica, in the region 
of the eastern tropical Pacific from where the form 
has been recorded repeatedly previously. They were 
of a whitish colour with the filled stomach showing 
greyish blue through the integument. 

St. 716: 9"23'N, 89"32'W, 3590 m, 2.0°C., dark 
muddish clay. 86 specimens. 

The specimens range in size from R/r about 814 to 
about 57/16 mm, and thus the series includes spec- 
imens as small as any one hitherto recorded as well 
as specimens of about the known maximum size. 
The size of the individual specimens and their num- 
ber of superomarginal plates, for some also the 
number of adambulacral ossicles, are recorded in 
the following sulvey, Part of the material is in a 
rather poor state, so sometimes the length of r could 
not be stated. (Incidentally, the figures of r should 
always be regarded with some caution, especially 
in the small specimens, since it can never be meas- 
ured exactly). 

R/r Number of Number of 
in mm superomarginalia adambulacralia 

8-914 8-9 - 
1314.5 8 13 
14/? - - 
1415 9 13-14 



Number of 
superomarginalia 

Number of 
adambulacralia 

- 

Number of 
superomarginalia 

20 
16 
17 
2 1 
17 
18 
19 
17 
19 

Number of 
adambulacralia 

The number of superomarginal plates in relation to 
the size of the specimens is as follows: 

Number of 
superomarginalia 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 

The s u p e r o m a r g i n a l  p la tes  have the upper 
adoral corner rounded, and may be subquadrate, 
usually slightly longer than high, but more often 
are subrhomboid, with the adoral vertical margin 
convex and the aboral margin concave, sometimes 
even rather triangular, with the adoral and dorsal 
margins forming a continuous rounded contour. It 
usually looks as if the superomarginals markedly 
overlap each other in adoral direction, while they 
actually do so only very slightly or also meet edge 
to edge. The superomarginals are always arranged 
in regular series (fig. 29 d, i, s). The juvenile specimen 
with R 8-9 mm has yet only small superomarginal 
spines, and apparently the distal 3-4 superomargin- 
als are still unarmed. All the other specimens bear 



spines on all the superomarginals, typically one 
spine to each plate, only very exceptionally some 
plates may bear 2 spines. The spine on the second 
superomarginal plate is usually the largest, and the 
other spines decrease in length gradually towards 
the tip of the arms. In the larger specimens all 
superomarginal spines look subequal at a cursory 
glance. The spine on the first superomarginal plate 
is often only small, and sometimes apparently want- 
ing, as in a specimen with R/r 1817 mm, but it may 
also be fully as long as the second spine, as e. g. in 
a specimen with R/r 43/13 mm, measuring here 
about 3 mm in length. The number of inferomar- 
ginals is the same as, or one more than that of 
superomarginals. 

The cr ibr i form o rgans  number 3 in eachinter- 
radius in all the specimens. They increase in width 
with growth so that they almost coalesce in the 
large specimens. 

The t e rmina l  ossicle is about half as high as 
broad, and forms an inconspicuous termination of 
the arm tip. It bears typically 3 or 5 conical spines, 
a distal terminal one, and a pair of slightly smaller 
subterminal ones (fig. 291), and possibly an addi- 
tional pair of proximal dorsal ones, one spine to 
either side of the proximal notch (fig. 29s, t). Spec- 
imens as large as R/r 55/14 mm may have only 3 
spines on each terminal ossicle; and specimens as 
small as R/r 2016 mm may have terminal ossicles 
with 5 spines, A single specimen with R/r 48/12 mm 
has two pairs of subterminal spines and thus 7 ter- 
minal spines in all. In a few specimens there are 2 
diverging distal terminal spines side by side, instead 
of the usual unpaired one, thus 6 terminal spines in 
all. And one specimen, R/r 501 16 mm, has, besides 
four normal terminal ossicles with 5 spines, one on 
which not only the usual distal terminal spine is 
replaced by 2 diverging ones, but also the proximal 
dorsal spine to one side reduplicated, and further the 
subterminal spine to the same side trebled; thus 
this terminal ossicle is provided with 9 spines in all. 

The central and interradial areas of the disk, as 
far as to a line connecting the distal corners of the 
outermost cribriform organs, is armed with small 
plates with a single spinelet each, mainly rather 
spaced, but in a small central area forming a close 
pavement (some plates here are apparently without 
spinelets). A distinct apical appendage armed with 
very minute plates is always present. 

In contracted specimens the superomarginals lie 
like a roof over the arms, and only a narrow strip 
of wrinkled skin separates the opposite series to the 

terminal ossicle. In well expanded specimens the 
superomarginal plates form a vertical margin to the 
arms, in the whole length of which there is then a 
subequally broad stretch of a thin dorsal integu- 
ment with scattered small unarmed plates, up to 
0.5 mm in diameter. Papulae were observable in 
some specimens, on the main area of the disk, and 
in about the same number as the spiniferous plates. 
The madreporic body is subcircular, with the striae 
stretching across in radial direction. Gonad papillae 
were seen in some specimens, close to the distal 
corner of the first superomarginal plates. 

The adambulac ra l  a r m a t u r e  consists for the 
proximal half or more of the arms of an aboral seg- 
mental papilla and an adoral acicular spine. Ex- 
ceptionally there are 2 adoral acicular spines besides 
the aboral papilla (fig. 29r). Distally the adambula- 
cral armature is composed of 2, or exceptionally 3 
acicular spines. 

The armature of the o r  a 1 o s s i c l e s generally con- 
sists, besides of the conical mouth-spine, of 2 lat- 
eral, as segmental papillae modified spines (fig. 29g). 
Some oral ossicles, exceptionally all in a specimen, 
are provided with 3 lateral segmental papillae (fig. 
29e). On the proximal lateral corner of the oralia 
there may occur a usually small, but occasionally 
fairly large spine (or, very exceptionally, 2 spines 
side by side). A single oral ossicle was found with 
an additional spiniform oral spine distally to the 
segmental papillae (fig. 29h). 

In the ven t ro l a t e ra l  a r e a  there is a close pave- 
ment of generally naked plates. Two of the present 
86 specimens, however, are noteworthy on account 
of being provided with a few, or several ventrolateral 
spinelets, and as this is very unusual, these specimens 
will be described in more detail below. 

Descr ip t ion  of  two  spec imens  of Evemicaster 
gvacilis wi th  vent ro la tera l  spines. (Fig. 29u-re). 

One specimen (fig. 29u-z) has R/r 46/11 mm; 22 
superomarginalia (with spines); 3 terminal spines; 
dorsal armature as usual; 26-27 adambulacralia, 
proximally with the usual armature of an adoral 
spine and an aboral segmental papilla. Oralia with 
2 (in one case 3) lateral segmental papillae, and in a 
few cases also 1-2 proximal lateral spinelets. Ventro- 
lateral plates arranged as usual, but a number of the 
more distal ones each with a single conical spine (or 
spinelet), about 10 in each interradius (fig. 29x,y,z). 
The specimen has two of its arms in regeneration, 
which shows that it has been subject to damage in 
life, and perhaps the development of ventrolateral 



Fig. 29. Eremicaster gracilis. St. 716. a-c) R/r 2216 mm, three arms in different view. d-g) R/r 32/10 mm; e-g, three jaws in 
different views. h-i) R/r 34/11 mm. j-k) R/r 48/12 mm, terminal ossicle in side view and in dorsal view. I-m) R/r 50/11 mm, 
arm in dorsal view and in side view. n) R/r  10116 mm. o-p) R/r 52/12 mm, two terminal ossicles in side view and in dorsal 
view respectively. q) R/r 51/13 mm. r) R/r 52/14 mm, adambulacralia nos. 6-10. s) R/r 51/15 mm. t) R/r 55/15 mm. u-z) R/r 
46/11 mm; u-v, different jaws; y-z, two groups of ventrolateral spinelets, in four times the usual scale. z) R,/r 46/15 mm, 

ventrolareral spinelet in four times the usual scale. 
Scale: 10 mm (in y-a: 2.5 mm). 

spines is caused by irritation of the integument. The 5 terminal spines; dorsal side typical; adambulacral 
specimen is also infested with a commensalistic and oral armature also typical. Ventrolateral plates 
hydroid. in the typical arrangement, but in three of the inter- 

The other specimen has R/r 46/15 mm; 18 supero- radii with 1 to 3-4 scattered plates each with a single 
marginalia, with rather broad and flattened spines; slender spinelet (fig. 2 9 ~ ) .  



The ventrolateral spines or spinelets in these two 
specimens are very unlike each other in general ap- 
pearance (cf. fig. 29 z and 29 a). Ventr olateral spines 
probably may be easily lost in the preserved spec- 
cimens, and so perhaps also other of the specimens 
had ventrolateral spines in life. On the other hand, 
the first mentioned of the two spiniferous specimens 
is in a poor state, rather distorted and torn, but 
nevertheless still with its ventral spine-armature 
preserved. 

These two specimens agree in the possession of a 
ventrolateral spine-armature with E.pac$cus, but 
they are easily distinguished from this species in e. g. 
the shape of the terminal ossicles and the appear- 
ance of the outer series of covering papillae in the 
cribriform organs. The ventral spine-armature in 
E.pac$cus has also a different general appearance. 

Biological  r emarks :  
S~rpposedly ripe eggs were found in the gonads 

of a couple of specimens with R/r 48/13 and 
50113 mm. They are slightly oval in shape and have 
a greater diameter of 0.5-0.6 mm. (LUDWIG in 1905, 
p. 97, recorded 0.6 mm large eggs from a specimen 
of his Povcellanaster waitharii (= E.gracilis) with 
I? 42 mm). 

One specimen with R/r 47/15 mm appears to be 
infested with an ascothoracid, since in one radius 
of the disk there is a pair of close-set holes sur- 
rounded by a thickened wall of the integument. 

Four specimens, the one with R/r 4611 1 mm and 
ventrolateral spines, and three others with R/r 2216, 
4711 5 and 50115 mm respectively, are all infested 
with a commensalistic athecate hydroid, in a num- 
ber of one to about half a dozen individuals on each 
sea-star, mostly attached to the ventral side, round 
the mouth on the peristome proximally to the series 
of tube-feet, or for instance on the jaws, but one 
hydroid is also found on the dorsal side close to the 
fifth superomarginal plate. 

D i s t r ibu t ion :  
Evemicaster gracilis (syn. tenebrnrius) is up to the 

present day collected in 18 dredgings in the eastern 
Pacific, off the American coast from northern Chile 
to southern Alaska, and is further recorded from 
the recent Russian explorations of the deep-sea near 
Kamchatka (fig. 39). It  has been found at depths 
between 2690 and 5204 m, mainly on a bottom of 
mud (grey, blue, green) or globigerina ooze, but also 
on diatom ooze, sand and muddish clay. The tem- 
peratures recorded range from 1.3" to 2.6" C. 

Eremicaster pacificus (Ludwig, 1905) 

Povcellanaster yac$cus n. sp., LUDWIG 1905 pp. 89- 
92, pl. 628-29 

Eremicaster pac~jcus, FISHER 19 1 1 pp. 29-3 1, 
pl. 2 

Eremicaster pacificus. H. L. CLARK 19 13 p. 187. 
Evemicaster pacificus, H. L. CLARK 1920 p. 76. 
Non : Eremicasterpac~~cus, MADSEN 195 1 pp. 76-78, 

fig. 1. (= E. vicinus). 
Nec: Eremicaster paciJicus, MADSEN 1956 pp. 26-27. 

( = E. vicinus) . 

This species was described by LUDWIG (1905) from 
21 specimens collected by the Albatross in seven 
dredgings in the eastern tropical Pacific in the Pa- 
n a m i ~  region (st. 3360: 6"17'N, 82"05'W, 3058 m, 
fine black and green sand, 2.4" C. ; st. 3362: 5"56'N, 
85"111W, 2149 m, green mud, sand and stones, 
2.7"C. ; st. 3376 : 3"09'N, 82"08'W, 2070 m, globi- 
gerina ooze. 2.4"C.; st. 3392: 7"06'N, 79"401W, 
2323 m, hard Rhabdamnina bottom, 2.4"C.; st. 
3400 : 0°36'S, 86 "46'W, 241 8 m, globigerina ooze, 
2.2"C.; st. 341 1 : 0°54'N, 91 "09'W, 2174 m, globi- 
gerina ooze, 2.4"C. ; and st. 3415 : 14"46'N, 9g040'W, 
3436 m, globigerina ooze, 2.2"C.). 

FISHER in 191 1 added the record and description 
of 6 specimens from three Albatross dredgings in 
the Bering Sea and in the eastern North Pacific, off 
southern Alaska and off Washington (st. 3603: Be- 
ring Sea, between Pribilof and Umnak Islands, 
3239 m, brown ooze; st. 2859: off Prince of Wales 
Island, southern Alaska, 2870 m, 1.6"C.; and st. 
3075: off Washington, 1571 m, green mud). H. L. 
CLARK in 1913 recorded 11 specimens from three 
Albatross dredgings west of Lower California (st. 
5673: off Point San Tomas, 1994 m;  st. 5691: off 
Point San Tomas, 1588 m, 2.g°C.; and st. 5692: 
off Point San Tomas, 1968 m, 2.8"C.). And in 1920 
H. L. CLARK finally recorded 2 specimens dredged by 
the Albatross at two stations off Peru (st. 4647: 
4"33'S, 87"43'W, 3667 m, globigerina ooze, 1.9"C. ; 
and st. 4649: 5"17'S, 85"201W, 4088, grey mud, 
1.9"C. 

(The present author formerly believed that LUD- 
WIG'S E. vicinus of 1905 was a form of E.pacijicus, 
and under this latter name recorded (MADSEW 195 1, 
1956), from the Swedish Deep-Sea Expedition and 
the Galathea Expedition, some specimens which, as 
was also stated in the text, conformed to the de- 
scription of P. vicinus. Eremicastev vicinus, however, 
is now recognized as a distinct species, cf. below). 



LUDWIG (1905) gave the size of 10 of his 21 origi- 
nal specimens as follows, R/r in mm with the num- 
ber of superomarginals added in parentheses : 1417 
(7), 1517.5 (6), 1618 (6). 1718 (7), 1918 (8), 22/10 (8), 
23/10 (8), 24/12 (8), 26/12 (9), and 28/11 (9). The 
characters of his material are: Superomarginals 
each with an erect dorsal spine; always 3 we!! devel- 
oped cribriform organs of a lamelliform structure. 
Terminal ossicles with 5 or 7 spines, viz. one or two 
proximal pairs besides the usual 3 distal spines. 
Dorsal side of disk centrally and interradially with 
small plates, each with a spinelet, and arm bases and 
arms with spaced small naked plates. A distinct 
apical appendage. Papulae in main disk area. Adam- 
bulacralia with diverging acicular furrow spines (in 
median part of arm 8 adambulacralia corresponding 
to 6 inferomarginalia). Oralia with 2-4, usually 3, 
acicular lateral marginal spines, besides the common 
conical mouth-spine. Ventrolateral plates each ar- 
med with a short spinelet. 

One of the six specimens recorded by FISHER 
(191 1) has R/r 21/10 mm; 8-9 superomarginals, with 
1 (2) spines; terminal ossicles, besides the usual 3 
spines, provided with 2-5 pairs of proximal dorsal 
spines (lacking, however, in a small specimen); main 
part of disk with spaced spinelets (occasionally also 
2-3 isolated spinelets on outer part of arm); an api- 
cal appendage; adambulacralia with 2 sharp spine- 
lets; oralia with an acicular mouth-spine, common 
to the combined pair of oralia, and 2-5 similar lat- 
eral spines; ventrolateral plates with spinelets simi- 
lar to the dorsal ones. 

H. L. CLARK (1913) records R in his 11 specimens 
as ranging from 8 to 24 mm. The specimen with 
R 8 mm had 5-6 superomarginalia, most of them 
with a spine, and 8-9 adambulacralia. The two 
specimens reco~ded by CLARK in 1920 had R 15 
and 22 mm. 

The characters which should distinguish E.paciJ- 
cus from E. crassus and E.gracilis (tenebrarius) are 
firstly the presence of ventrolateral spinelets, and 
secondly that the furrow spines are never modified 
as segmental papillae. However, these characters 
alone would not be sufficient for distinguishing 
E.pacy5cus with certainty. Thus in populations of 
E.gracilis specimens may occasionally occur which 
have ventrolateral spines, though in the cases known 
conical or acicular, whereas those in E.pacificus are 
rather terete. And in populations of E. crassus there 
may be many specimens in which all the adam- 
bulacral and oral spines are spiniform, none of them 
being modified as segmental papillae. 

Through the courtesy of dr. Deichmann of the 
Museum of Comparative Zoology, the present 
author has been enabled to examine one of H. L. 
CLARK'S specimens from the Albatross st. 5691. This 
re-examination has shown that further differences 
distinguishing E.paci$cus from E. crassus and E.gva- 
cilis, Eay be e. g. the shorter, broader and proxim- 
ally more deeply concave terminal ossicle and pos- 
sibly also a more complete dorsal pavement of 
plates in the arms, a character, however, which may 
be individually variable. The shape of the single pa- 
pillae of the covering outer series in the cribriform 
organs affords a distinguishing character too, being 
very large quadrangular ones in E.paciJcus, but not 
especially conspicuous in the other species. 

D i s t r ibu t ion :  
Eremicaster pacificus is known from fourteen 

dredgings in the eastern Pacific, from the Bering 
Sea to Peru (fig. 40), in depths of 1571 to 4088 m, 
oil a bottom of sand or mud or globigerina ooze, 
and at temperatures ranging from 1.6" to 2.9"G. It  
has further been taken in the western North-Pacific 
(the Bering Sea) by the Vitjaz. 

Eremicaster vicinus (Ludwig, 1907) 
Fig. 30. 

Porcellanaster vicinus n. sp., LUDWIG 1907 p. 3 18. 
Porcellanaster vicinus var. inerrnis n. sp., LUL>WIG 

1907 p. 318. 
Eremicaster vicinus, N. L. CLARK 1920 pp. 77-78, 

pl. 27-9 
Evemicasterpacificus, MADSEN 1951 pp. 76-78, fig. 1. 

(Non pacificus Ludwig). 
Eremicaster pacz3cus, MADSEN 1956 pp. 26-27. 

(Non pacificus Ludwig). 

LUDWIG in 1907 gave a preliminary descriptioi~ of 
this species, and of a separate variety, based on 
some specimens collected by the Albatross expedi- 
tions in the eastern tropical Pacific (off Peru); and 
H.L.CLARK in 1920 briefly dealt with the same 
material and published photographs of one spec- 
imen. The type-locality of P. vicinus (according to 
H.L.CLARK) is the Albatross st. 4670 (12"08'S, 
79"02'W, 5869 m, fine dark brown mud, 1.9"C.), 
and specimens by LUDWIG registered as P. vicinus 
var. inerrnis were taken at the same station and at 
the neighbouring st. 4672 (13"12'S, 7g018'W, 
5204 m, fine, dark, brown mud, 1.8"C.). H. L. 
CLARK, who does not keep the variety distinct, re- 



cords 44 specimens from the former station and 2 
specimens from the latter. 

The specimens described of E. vicinus (inclusive 
of the variety inermis, which is distinguished only by 
the lack of superomarginal spines) range in size 
from R 9.5 mm over R/r 1718, 21/10 (the type of 
viciaus] and 24/10 man to R 32 mm. The number of 
superomarginalia is 4 in the small specimens, 7 in 
the medium-sized ones, and 10 in the large ones. 
Superomarginals of arm angle, at least first two, 
without spines, and sometimes all superomarginals 
naked (var. inermis), but otherwise the superomar- 
ginal plates of the arms with single spines. Three 
cribriform organs. Terminal ossicles with 3 spines. 
Dorsal side with scattered spinelets each on its own 
small plate. Adambulacralia with 2 spines. Oralia 
with 1-2 minute lateral spines besides the common 
mouth-spine. Ventrolateral plates naked. 

LUDWIG noted that his new species P. vicinus was 
distinguished from the otherwise closely related 
P.pacificus, firstly by the complete absence of ven- 
trolateral spines, secondly by having only 1 (or 
rarely 2) minute lateral oral spines, and thirdly by 
the absence of spines on the superomarginals of the 
arm angle; and LUDWIG further notes that the ter- 
minal ossicles bear ventrally only one pair of spine- 
lets, instead of two pairs. Taken separately these 
differences are not very important in taxonomical 
respect. The absence of ventrolateral spines seems 
to offer the most reliable distinguishing character, 
but the presence or absence of ventrolateral spines 
is individually variable in e. g. Porcellanaster caru- 
leus and also in the above described population of 
Eremicaster guacilis. The absence of superomarginal 
spines in the arm angles is only a poor character, and 
the same applies to the low number of lateral oral 
spines. LUDWIG himself recorded the number of 
lateral oral spines in his P.pac@cus as 2-3, rarely 4. 
From LUDWIG'S own description of P.paciJicus it 
also appears that a single pair of subterminal spines 
is the usual. The evidence drawn from these con- 
siderations therefore supports FISHER'S conclusion, 
191 1 p. 30, that vicinus "is insecurely separated from 
paciJicus" . 

H. L. CLARK in 1920, when dealing with LUDWIG'S 
material, maintained E. vicinus as a separate species 
and noted that he did not think that FISHER would 
consider E. vicinus insecurely separated from paci- 
ficus if he had compared specimens. And then con- 
tinues: "Besides the absence of actinal interradial 
spinelets, vicinus has two characteristics which eas- 
ily separate it from paczjiczn. One of these is found 

in the adambulacral spines, which are very small 
(short and slender) and are placed close together at 
the adoral end of the plate, while the other and 
more conspicuous is in the spinulation of the oral 
plates, which have only one, or sometimes two min- 
ute conical spinelets near the center of the margin. 
While the abactinal surface of vicinus is thus in- 
distinguishable, by any constant character, from 
that of paci$cus, the oral surface is separable at a 
glance." 

The differences stated by CLARK, however, do not 
at all piove the specific validity of E. vicinus. FISHER 
was a most reliable taxonomical observer, and so 
his statement of E. vicinus being insecurely separated 
from E.pacrficus supported the present author in re- 
cording (195 1) under the name of E.paciJicus, 2 spec- 
imens dredged by the Swedish Deep-Sea Expedition 
in the tropical Atlantic (st. 329: about 9"44'N, 
26"25'W, 5610-5600 m, calcareous red clay, 2.4"C.), 
though these specimens, as stated in the text, agreed 
with the description of LUDWIG'S vicinus. In 1956 
the present author further recorded under the name 
of pacificus 9 specimens from two hadal dredgings 
by the Galathea in the Sunda Trench and in the 
Kermadec Trench respectively, which too - as stated 
in the text - agreed with LUDWIG'S description of 
vicinus var. inermis. 

The study of the large Galathea-material of Eve- 
micaster, and the re-examination of a specimen of 
E.pacificus from the Albatross collections, besides a 
re-examination of one of LUDWIG'S original spec- 
imens of vicinus (from Albatross st. 4670) - also 
through the courtesy of Dr. DEICHMANN - have, 
however, induced the present author to amend his 
former view on E. vicinus. 

LUDWIG'S vicinus is undoubtedly a distinct form, 
and probably of specific rank, although related to 
E.paciJicus. It is distinguished from E. crassus and 
E.gracilis by having the arms and arm bases (out- 
wards of the outermost cribriform organ) more or 
less completely paved with fairly large naked plates, 
considerably larger than the spine-bearing ones of 
the disk area; by having a central area on the disk 
paved with plates somewhat larger than those of the 
main part, by lacking a distinct apical appendage, 
though, according to CLARK'S photo fig. 7 pl. 2, 
possibly with an apical cone; and further by having 
a weaker furrow armature. What distinguishes 
E. vicinus from E.pacificus, is the shape of the ter- 
minal ossicle: less broad and with only 3 spines (the 
number of spines on the terminal ossicle, however, 
is a very poor character); the appearance in the cri- 



Fig. 30. Eremicaster vicinus. a-c) Swedish Deep-Sea Expedition st. 329; b-c, distal adambulacralia and part of ventral side, in 
twice the usual scale. d-j) Galathea st. 465. d) R/r 1114.5 mm. e) R/r 1415-6 mm. f) R/r 8-1014 mm. g-h) R/r 1215 mm; h, 
adambulacralia nos. 4-6 in twice the usual scale. i-j) R/r 1114.5 mm. k-o) Galathea st. 650. k-m) R/r 2518 mm; 1, ventrolateral 

spinelets in four times the usual scale. n-o) R/r 3019 mm; n, part of ventral side, showing two jaws. 
Scale: 10 mm (in b-c, and h: 5 mm, in 1: 2.5 mm). 

briform organs of the papillae in the outer covering plates may distinguish E. vicinus from E.paci$cus, 
series: not especially enlarged; and the absence of but as will appear from the re-description of the 
a distinct apical appendage, at least in specimens Galathea specimens, some specimens of E. vicinus 
of some size. Also the usually naked ventrolateral may show scattered ventrolateral spinelets. 



The two specimens which were described from 
the Swedish Deep-Sea Expedition in the Atlantic, 
have R/r 18-1918 (fig. 30a-c) and 19-2018 mm; 6-7 
and 8-9 superomarginalia; and both of them 13-14 
adambulacralia. Superomarginal plates of arms with 
spines, but those in arm angle naked. Three terminal 
spines. One of the specimens in one interradius has 
4 instead of the usual 3 cribriform organs. Dorsal 
side of disk with small plates carrying single spine- 
lets, and with a small apical cone; spaced naked 
plates in the arms. Adambulacralia with 2 small 
furrow spines. Oralia with 2 small distally placed 
lateral spines, besides the common mouth-spine. 
Ventrolateral plates naked. 

The Ga la thea  mater ia l :  
Specimens of Eremicaster vicivrus were collected, 

as the only porcellanasterids, in two of the hadal 
dredgings undertaken during the Galathea Expe- 
dition, in the Java Trench and in the Kermadec 
Trench respectively. 

minal ossicles with 3 spines. Adambulacralia with 2 
spines (fig. 30d, g, h, j). Oralia with 1-2 (3) small 
lateral spines, besides the common mouth-spine 
(fig. 30d, g, i). Ventrolateral plates naked (fig. 
30 d, g). 

The three specimens from st. 650 in the Kermadec 
Trench are fairly large ones (a fourth much damaged 
specimen of sub-equal size was found in the meshes 
of the trawl after the attempted dredging at st. 656 
but, since in all probability bottom was not reached, 
must have been overlooked when the trawl was 
emptied after the haul at st. 650). 

Number of Number of 
R/r in mm superomarginalia adarnbulacralia 

2518 9/10 18 
29/10 11 29 
3019 11 20 

The superomarginals are subquadrate or slightly 
longer than high, and the inferomarginals of the 
arms are not much lower than their superomarginal 
companions. The superomarginals each bears a 

S t  465: 10020'S, 109055'E, 7000-6900 m> 2'10C' 
single slender dorsal spine, except sometimes the 

5 specimens. 
last ones, and possibly also the first one. The spine 

blown clay with pumice. 3 (or 4) spec- 
smaller than the others (fig. 30m). The 3 cribriform 

imens. 
organs all show the characteristic subquadrate 

(The depths recorded in 1956 had to be slightly 
revised). 

The specimens from st. 465 in the Java Trench are 
juveniles, ranging in size from R/r ab. 8-1014 to 
34/56 mm. 

Number of Number of 
R/r in mm superomarginalia adambulacralia 

about 914 5 9(-10) 
1114.5 5-6 10-1 1 
1114.5 6 12 
1215 6 9-10 
14/54 6 12 

The two first-mentioned specimens show the juvenile 
character of a close pavement of unarmed perfo- 
rated plates dorsally, these embryonic plates being 
the only dorsal skeleton. In the third specimen men- 
tioned, scattered spinelets occur interradially (fig. 
30i), and in the two last-mentioned and slightly 
larger specimens there are distinct interradial bands 
of spinelets. The largest specimen is provided with 
a distinct apical cone (fig. 30e). (And it certainly 
appears as if there is a central pore in this cone?). 
The superomaiginals are subquadrate and are all 
unarmed (fig. 30 e, i). Three cribriform organs. Ter- 

covering papillae. The terminal ossicles bear 3 spines 
in two specimens (fig. 300), but 5 in the third, here 
being two pairs of subterminal ones (fig. 30m). The 
median and interradial area of the disk is armed 
with close-set small rounded plates each with a 
spinelet, and there are scattered papclae. There is 
an apical cone, but nothing like a distinct apical 
hppendage as in the other forms of Eremicaster. In 
the arms and the arm-bases, delimited from the disk 
by a line connecting the distal corners of the outer 
cribriform organs, there is a close pavement of plates 
(fig. 300), somewhat larger than the spiniferous 
ones. The adambulacralia bear 2 spines. The oralia 
have 2 lateral spines besides the mouth-spine (fig. 
30n). The ventrolateral plates are usually naked, 
but the re-examination now undertaken revealed 
that one of the specimens has single conical spine- 
lets on a small number of the median ventrolateral 
plates in one interradius (fig. 30 k, I ) .  

The occurrence of ventrolateral spines in one of 
these specimens confirms that the possession of 
these is of doubtful taxonomic value, and reduces 
the difference between E.vicinus and E.paciJicus. 
But, as mentioned above, e. g. the different shape 
of the terminal ossicles, the different development 



of the apical prominence, and the different appear- 
ance of the outer papillae in the cribriform organs 
separate the two forms. 

The presence of a close pavement of fairly large 
pktes in the arms of the Galathea specimens is a 
character which they share with the original spec- 
imens of vtci,xus, as has been ascertained by a re= 
examination of one of these, and as can be seen on 
the photograph published by H. L. CLARK (1920). 
Such a close armature is not found, however, in the 
Atlantic specimens from the Swedish Deep-Sea Ex- 
pedition. Apparently the dorsal armature of plates 
ir, the arms of E.pacificus may be subject to a similar 
individual variation, and thus the feature can hardly 
be used in separating an Atlantic form of vicinus 
from a Pacific form. 

Di s t r ibu t ion :  
Eremicaster vicinus has been found in a small 

number of dredgings in the deeper parts of the three 
great oceans (fig. 40), one in the mid-Atlantic, one 
in the Indian Ocean in the Java Trench, and a few 
in the Pacific, one of which in the Kermadec Trench, 
and the two others off Peru. Further it has recently 
been dredged in the North Pacific by the Vitjaz. 
The form is recorded taken at depths from 5204 to 
7245 m, on mud and calcareous clay, and at tem- 
peratures between 1.3 " and 2.4" C. 

Apparently Et8emicnster vicinu~ is the hadal re- 
presentative of Er-ernicaster pacificus. 

Sidonaster Koehler, 1909 

Type-species: Si~/onaster vaneyi Koehler, 1909. 

Diagnos is :  
Porcellanasterids with opposite superomarginals 

separate in whole arm length, and each with a dorsal 
spinelet. A mid-interradial suture. A single cribri- 
form organ of a papilliform structure. A single prox- 
imal, enlarged mouth-spine, common to both oralia 
forming a jaw. Terminal ossicle distal to arm end, 
subcrescentic, much broader than long. 

Desc r ip t ion :  
The general appearance of this genus is the same 

as that of Porcellanastev s. str., except for the shorter 
terminal ossicle and for the larger and papilliform 
cribriform organ. It may further be distinguished 
from Porcellanaster- by the relatively larger (and 
hence in relation to length of R fewer) adambula- 
cralia (and podia). 

The single papilliform cribriform organ is very 
large, and with the calcareous papillae longer and 
more slender than in any other porcellanasterid. 
The rows of covering papillae extend from one 
outer dorsal corner continuously around the organ 
along the lateral and ventral side to the other dorsal 
"nrrrnr T h  G r  t n*n,,\mnrnn- 
UVIIIbI.  ILL^ L L L S L  ~upiuu1al~;l lal  plat" with the cri- 
briform organ, is very much larger, higher and lon- 
ger than the following ones, which are subquadrate, 
but with the adoral dorsal corner rounded. The 
superomarginals overlap with their curved adoral 
end more or less distinctly the aboral end of the 
preceding plate. All the superomarginals are armed 
with an erect dorsal spine of a length of up to about 
11/, times the height of the plate, and possibly with 
one or two accessory spinelets. The inferomarginals 
are less than half as high as their superomarginal 
companions. The terminal ossicle is deeply concave 
adorally and very broad in relation to its length 
(subcrescent-shaped), it carries 5-7 subequal spines, 
a distal terminal one, a pair of subterminal ones, 
and proximally on the dorsal surface 1-2 additional 
spines to either side. The disk is interradially armed 
with spinelets, each on its ow11 small plate, and 
spinelets may occur over the whole main disk area 
to a line con~iecting the distal corners of the first 
superomarginals. (LIEBERKIND in 1932 p. 293 men- 
tioned as a further character, distinguishing Sidotz- 
aster- from Porcellanaster and Evemicaster, the oc- 
currence in the dorsal integument of scattered cal- 
careous rods besides the usual perforated plates, 
claiming it for certain that these rods really were 
found there and had not been derived from the 
stomach wall. - Minute calcareous rods is the usual 
skeleton in the internal tissues of the porcellan- 
asterids). Numerous papulae is found in the main 
disk area. There is a distinct apical appendage. The 
madreporite is roundish or oval, close to the mar- 
ginal~, and with the striae radiating from a point 
located near its center, or between the center and 
the adcentral edge. The adambulacralia are rather 
elongate with a concave furrow margin, and a pro- 
truding adoral part on which is borne 2 diverging 
pointed spines (occasionally only one, or as many 
as 3 furrow spines). The furrow is broad and the 
podia are fairly large. The oral ossicles are large 
and broad, and, besides the single mouth-spine at 
their proximal junction, provided with 2-5 about as 
long, but more slender spines on their lateral mar- 
gin. The ventrolateral area is armed with a pave- 
ment of plates, some of which with a single spinelet, 
extending as far as to the third inferomarginals, 



from where the series of inferomarginalia and adam- 
bulasralia are contiguous, but possibly with the ends 
of the ambulacralia showing between them. The 
type-specimen of S. vaneyi, with R/r 20110 mm, has 5 
superomarginals and I 1 adambulacralia. The largest 
specimen of Sidonastev on record, R/r 36/15 mm, 
has 7 supercmarginals and 15 adambu!acrdia. 

Remarks :  
Three nominal species of Sidonastev have been 

described: 1)  the type-species vaneyi by KOEHLER in 
1909, 2) batheri, also by I~OEHLER in 1909, and 
3) psilonotus by FISHER in 1913. As is discussed in 
the following, these however, may all be considered 
specifically identical. 

Sidonaster vaneyi Koehler, 1909 

Sidonaster vaneyi n. sp., KOEHLER 1909 a pp. 37-39, 
PIS. 36, 65, 103. 

Sidonastev bathevi n. sp., KOEHLER 1909a pp. 40-47, 
PIS. 14, 25, 48. 

Sidonastev psilonotus n. sp., FISHER 19 13 p. 600. 
Sidonastev vaneyi, FISHER 1919 pp. 35-37, pl. 33. 
Sidonastev psilonotus, FISHER 1919 pp. 37-39, 

PIS. 12-3, 72. 
Sidonastev psilonotus, DODERLEIN 192 1 pp. 16- 17, 

pl. 3 2-2 d. 

Sidonastevpsilonotus, LIEBERKIND 1932 pp. 291-293, 
text-figs. 12-13, pls. 410-11, 71-2. 

Porcellanastev, resembling cavuleus, WOOD-MASON 
& ALCOCK 1891a p. 13. 

Povcellanastev cavuleus, WOOD-MASON & ALCOCK 
189 1 b p. 433 (Non P. c~vuleus Wyville-Thomsen). 

KOEHLER described his species vaneyi on the basis 
of a single specimen dredged by the Investigator in 
the Arabian Sea (st. 290: 24"53'N, 57"43'E, 1524- 
1340 m, green sand, 6.A°C.). It  has R/r 20110 mm; 
5 superomarginals ; 1 1 adambulacralia ; terminal 
ossicle with 7 spines; dorsal disk area with a fairly 
dense armature of spinelets; oralia with 2 lateral 
spines besides the mouth-spine. 

S.batheri, the other species which KOEHLER de- 
scribed in 1909, was based on l l  specimens collected 
by the Investigator in seven dredgings in the Arabian 
Sea and in the Bay of Bengal (st. 192: 15"111N, 
72"29'E, 1668-1703 m, grey ooze, 4.2"-4.6"C.; 
st. 194: 13 "47'N, 72"04'E, 1630 m, grey ooze, 5" C. ; 
st. 254: 11°17'N, 92"58'E, 1224 m, green mud, 
6.1 "C. ; st. 299 : 23"43'N, 58"52'E, 2376 m, green 

mud, 2.2"C.; st. 300: 24"16'N, 60°26'E, 2515- 
2130 m, green mud, 13°C.;  st. 318: 7"28'N, 
79"20fE, 1984 m, green mud, 2.7"C.; and a dred- 
ging without st. no. : 14"22'N, 74"211E, 2070 m). 
The specimens range in size from R/r 1316 to 
26/10 mm, and the number of superomarginals va- 
ries from 5 t~ 7, indenenrl~ntlxi of the size ~f the 

r-"--""J 

specimens. The species batheri should differ from 
vaneyi in having the dorsal spinelets restricted to 
narrow interradial bands besides to the central area, 
and in having as many as 4-5 lateral oral spines. 
These differences, as it will appear from the de- 
scriptions of the variation found in various popula- 
tions of other porce!lanasterids, are of no taxonom- 
ical importance whatsoever, and bathevi may there- 
fore be considered a synonym of vaneyi. 

FISHER (1919) recorded under the name of S.ba- 
thevi four specimens of Sidonastev from two Alba- 
tross dredgings in the Philippine region (st. 5215: 
12"32'N, 123"35'E, 1147 m, green mud, 10.3"C.; 
and st. 549 1 : 9 "24'N, 125 "12'E, 1346 m, green mud, 
11.3" C.). The largest specimen has W/r 3611 5 mm, 
5-7 superomarginals; 15 adambulacralia. Spinelets 
dorsally extending over an area intermediate be- 
tween the spinelet-bearing areas in vaneyi and in 
KOEHLER'S bathevi; 2-4 lateral oral spines. The fea- 
tures of these specimens thus stresses the vagueness 
of the characters which KOEHLER thought disting- 
uishing bathevi from vaneyi. FISHER also notes con- 
cerning his specimens that: "It has in fact been dif- 
ficult to decide what to name them." 

S.psilonotus, the third and last species of Sidonastev 
described, was erected by FISHER (1913, 1919) for a 
single specimen dredged by the Albatross in an un- 
defined locality in the Philippine region. It  has R/r 
2211 1 mm; 7 superomarginal plates. Dorsal side al- 
most completely naked, only provided with a small 
number of spinelets interradially near the cribriform 
organs (which feature should distinguish psilonotus 
specifically from vaneyi and bathevi). Terminal os- 
sicles with only 5 spines (instead of 7 as in the other 
forms). Oralia with 4 lateral spines. The difference 
believed to distinguish psilonotus as a separate spe- 
cies, is taxonomically worthless, and psilonotus is 
thus to be regarded as a further synonym of vaneyi. 

DODERLEIN (1921) under the name of psilonotus 
recorded 10 specimens of Sidonastev, collected by 
the Siboga in three dredgings in the region of the 
Malay Archipelago (st. 88 : 0°35'N, 119"08'E, 
1301 m, grey mud; st. 175: 2"38'S, 130°33'E, 1914m, 
grey and green mud; and st. 21 1 : 5 "41tS, 120°46'E, 



11 58 m, grey mud). Two specimens had R/r 713 and 
1918.5 mm, and 9 superomarginals respectively, and 
the larger one 11 adambulacralia. All specimens 
had 5 terminal spines. (DODERLEIN notes p. 17 that 
the inner longitudinal row of ventrolateral plates 
only is well developed as far as to the third marginal 
plate, and f r ~ m  there te the end of the arm r n n p a r ~  rr---- 
as a row of small triangular plates. - The latter 
statement, however, rests on a misinterpretation of 
the visible ends of the adambulacralia). 

LIEBERKIND (1932) under the name of psilonotus 
recorded a single specimen of Sidonuster, dredged 
by the Valdivia in the western Indian Ocean off 
Somaliland (st. 257 : 1 "48'N, 45"42'E, 1644 m, globi- 
gerina ooze, blue mud, 4.6"C.). It has R/r 1417 mm; 
6-7 superomarginals; 10 adambulacralia. (LIEBER- 
KIND did not give information of size or number of 
ossicles, but the present author has had occasion to 
re-examine the specimen). There are 5 terminal spi- 
nes, and 4-5 lateral oral spines. LIEBERKIND notes 
that the differences between j~silonotus and bather; 
are so unimportant that the two forins might well 
be only individual variations of the same species. 

WOOD-MASON & ALCOCK (1891 p. 13) mention 
from off Goa (Investigator st. 105: 15'02'N, 
72"34'E, 1353 m, globigerina ooze, 6.7"C.) a small 
porcellanasterid resembling cceruleus, which spec- 
imen KOEHLER (1909a p. 34) after a re-examination, 
stated to be a Sidonaster. It  may be added that also 
the specimen which W ~ ~ ~ - M . k s o l \ i  & ALCOCK 
(1 89 1 b p. 433) record from the Andaman Sea (In- 
vestigator st. 113: 12"59'N, 93 "23'E, 1249 m, blue 
mud, 6°C.) under the name of Porcel2anaster cceru- 
Zeus, no doubt has been a Sidonaster too, consider- 
ing the fairly high temperature at  which it was found. 

Dis t r ibut ion:  
Sidonaster varzeyi, the only species in its genus, is 

hitherto collected in 17 dredgings (fig. 42) distri- 
buted in the northern Indian Ocean, from off thc 
East African coast to the Malay Archipelago, the 
Philippines and New Guinea. It has been found at 
depths between 1147 and 25 15-21 30 m, on a bottom 
of grey ooze, globigerina ooze, and green and blue 
mud, and at temperatures ranging from 1.8" to 
11.3"C. 

Z 0 0 G E 0 G R A P H I C A L  SURVEY 

The Porcellanasteridae is, with a known bathy- 
metrical range of from about one thousand to about 
seven thousand meters, one of the few exclusively 
deep-sea groups of higher taxonomic categories. 

Three genera (all monotypic), Lysaster, Bentho- 
genia, and Sidonaster, are confined - as far as is 
known - to the bathyal zone (depths of less than 
about 2000 m), and further seem to be restricted in 
their geographical distribution to the region of the 
Indian Ocean and the Malay Archipelago. (The two 
first mentioned are, however, recorded from only 
one and two finds respectively). 

All other porcellanasterid genera occur in abyssal 
depths (i. e. are recorded from at least 2500 m), and, 
except Abyssaster, are known from all three oceans. 
Hyphalaster, Thoracaster, Styracaster, and Abyss- 
aster, are exclusively abyssal. Porcellanaster and 
Eremicaster are also represented in bathyal depths 
(P. ca~*uleus, 1 158-6035 m, and E.paciJficus, 1571- 
4088 m). And Eremicaster reaches just into hadal 
depths (E. vicirzus, 5204-about 7200 m). 

Also a number of the species are recorded from 
all three oceans, and probably may be considered 
cosmopolitan (though perhaps in the Pacific known 
only from the western part, these marked with an 

asterisk), viz. ~ y ~ h a l a s t e r  tnerrnis* (32 finds), 
Thorncaster cylintlrat~~s (20 finds), Styracarter hnr- 
ridus" (15 finds), Styracaster chuni* (6 finds, but 
yet none in the Indian Ocean), Porcellanaster caru- 
Ieus (86 finds), and Eremicaster vicijzus (7 finds). 

A single form, Eremicdster paciJficu~ (15 finds), 
seems to be restricted to the eastern Pacific and the 
Bering Sea. Another, Eremicaster gracilis (23 finds), 
is known from the East Pacific and the western 
North Pacific, and has a very close relative, E. crus- 
sus, in the mid-Pacific and the Indian Ocean. 

One species, Styracaster elongatus (7 finds), is re- 
corded from both the Atlantic and the Indian Ocean. 
And also the species Styracaster spirzosus occurs be- 
sides in the Atlantic (5 finds) probably also in the 
Indian Ocean, since the S.  clavipes described from 
this region ( I  find) may be the same species. 

Two species, Abyssaster tara (8 finds) and Styrac- 
aster armatus (4 finds), are known from both the 
Indian Ocean and the wester11 Pacific, and a third, 
Eremicaster crassus (5 finds), is known from the 
Indian Ocean and the mid-Pacific, and has further 
a very close relative, E.gracilis, in the East Pacific 
and western North Pacific. 

Three species, Hyphalaster scotiae, Styracaster ro- 



1 [....id 1 Fig. 3 I. Distribution of Hyphalaster. 

Fig. 32. Distribution of Abyssaster. 

bustus, and Abyssastev planus, may be confined to 
the Antarctic region, but are hitherto only known 
from single finds. 

The two porcellanasterid genera, Po~~cellanastev 
and Evemicastev, show an interesting distribution 
when considered together. They are the only ones 
known from bathyal as well as from abyssal finds, 
and both, as noted, may be said to have a cosmo- 
politan distriburion. Povcellanastev (probably mono- 
typic) is primarily Atlantic and Indo-West-Pacific 
in its distribution however (only three out of 86 re- 
cords being from the eastern Pacific), while Evemic- 
astev has primarily an Indo-pan-Pacific distribution 

(only the abysso-hadal E.vicinus being recorded 
once from the Atlantic). This pattern of distribution 
may perhaps indicate that Povcellanastev and Ere- 
micastev are conquering the abyssal deep-sea from 
the bathyal North Atlantic and from the bathyal 
eastern Pacific respectively. 

The main center of distribution of the Porcellan- 
asteridae apparently is otherwise the Indo-Malayan 
region. 

The porcellanasterids are found on a soft level 
bottom: greyish, greenish or bluish mud in about 
half of the 110 cases from which information is 
available; ooze in about one-third of the cases (usu- 



Fig. 33. Distribution of Thorncaster cylindvatus 

Fig. 34. Distribution of Styracastev horriclus. 

Fig. 35. Distribution of Styvacastev cavoli and S. elongatus. 



Fig. 36. Distribution of Styracaster chuni, S.  paucispinus, and S .  robustus. 

Fig. 37. Distribution of Sfyracaster armatus, S. spinosus, S.  clavipes, and S. monacanthus. 

Fig. 38. Distribution of Porcellanaster cieruleus. 



Fig. 39. Distribution of Eremicaster crassus and E. gracilis. 

Fig. 40. Distribution of Erirnicastevpaci$cus and E. vicinus. 
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Fig. 41. Distribution of Lysaster, Benthogenia, 
and Vitjazasteu. 

Fig. 42. Distribution of Sidonasteu vaneyi. 



ally globigerina ooze, but in a few cases radiolarian 
ooze, and in one case diatom ooze); bluish, yellow- 
ish, brownish, reddish, greenish, or blackish clay in 
one-fifth of the cases; and, finally, green or black 
sand in a few cases. 

The temperatures recorded for finds of porcellan- 
asterids range from 0°C. to 11.5"C. The abyssal 
genera are found exclasively at temperatures below 
about 4°C." Only the bathyal Sidonasteu is thus 
known from the Sulu Sea in which the bottom 
temperature is about 1OCC., and no porcellanaste- 
rids are known from the Mediterranean in which the 
bottom temperatures are above 12°C. Nor are any 

" The bottom temperatures of the Challenger statlons re- 
corded by SLADEV in 1882 in centigrades were not correctly 
computed. The correct temperatures are grven in degrees 
of Fahrenheit rn 1889). 

porcellanasterids known from the Arctic Sea or the 
Norwegian Sea with temperatures below 0". The 
distribution of the porcellanasterids may to a great 
extent be controlled by the temperature, but it is 
noteworthy that no porcellanasterid has hitherto 
been found in shallower depths in the polar seas to 
where some other deep-sea groups of echinoderms 
have expanded their range. 

Some species have a wide bathymetrical range, as 
PoucelIanaster ceruleus (1 158-6035 rr,) and Euemic- 
aster paciJicus (1571-4088 m), but other species 
known from a number of widely scattered finds 
were always obtained within definite zones of depths, 
e. g. Styracaster horridus (15 finds in all oceans, and 
all between 4040 and 5610 m) and Eremicasteu vici- 
nus (7 finds in all oceans, and all between 5204 and 
7200 m). 

Porcellnnaster ceruleus 
The type-specimen, from WYVILLE THOMSON, 1877 fig. 98. 

Nat. size. 
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