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The presumed shelled juvenile of the parasitic gastropod 
Entocolax schiemenzii Voigt, 1901 

and its holothurian host Chiridota pisanii Ludwig, 1886*

(Gastropoda, Entoconchidae – Holothuroidea, Chiridotidae)
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Altnöder, A., J. M. Bohn, I.-M. Rückert & E. Schwabe (2007): The presumed 
shelled juvenile of the parasitic gastropod Entocolax schiemenzii Voigt, 1901 (Gas-
tropoda, Entoconchidae) and its holothurian host Chiridota pisanii Ludwig, 1886 
(Holothuroidea, Chiridotidae). – Spixiana 30/2: 187-199

Four small shelled gastropods were found externally on the body wall of an 
apodid holothurian (Chiridota pisanii Ludwig, 1886), which was collected in the 
southern Chilean fjord region. Based on shell morphology and the host species we 
address these gastropods as the shelled juveniles of Entocolax schiemenzii Voigt, 
1901, which as adult is a highly modifi ed endoparasite in Chiridota pisanii. The 
holothurian host, as well as the juvenile parasites are thoroughly described, includ-
ing a SEM study of the holothurian calcareous ring, the calcareous deposits and the 
juvenile gastropod shell. Furthermore, a detailed 3-D reconstruction of the juvenile 
for the first time allows a better understanding of its internal organisation.

Andreas Altnöder, Ina-Maria Rückert, Ludwig-Maximilians-Universität, Depart-
ment Biologie I, Großhaderner Straße 2, D-82152 Planegg-Martinsried, Germany

Jens Michael Bohn, Enrico Schwabe, Zoologische Staatssammlung München, 
Münchhausenstraße 21, D-81247 München, Germany; 
e-mail: j.bohn@zsm.mwn.de, enrico.schwabe@zsm.mwn.de

Introduction

Parasitic gastropods, in the majority eulimids, as-
sociated with Echinodermata as their hosts, are
known from all major echinoderm taxa. All transi-
tions, from simple ectoparasites to highly modifi ed 
endoparasites occur. In his excellent review on the 
eulimid taxa associated with Echinodermata, Warén 
(1983) lists 33 species from 15 genera that parasitize 
on or in Holothuroidea, including the genus Ento-
colax Voigt, 1888 with altogether six described species
(Tab. 1). As adults shell-less and highly modifi ed, 
these endoparasites live in the coelomic cavity of 
apodid holothurians, where they are either attached 
to the body wall or to the intestine of their host (see 

Jangoux 1987: 220-222). Lützen (1968) outlined the 
morphology of the adults as follows: they are more 
or less vermiform, have a rudimentary intestine and 
a central cavity, called pseudopallial cavity, where 
the egg capsules are brooded; a visceral sac contain-
ing the ovary protrudes into the pseudopallial cav-
ity which communicates via a small siphon with the 
exterior.

As opposed to the highly modifi ed morphology 
of adult Entocolax specimens, the juveniles corre-
spond to the usual gastropod bauplan (e.g. Schwan-
witsch 1917, Heding 1934, Heding in Heding & 
Mandahl-Barth 1938, Iwanow 1945, Schwanwitsch 
1946). In his elaborate study on the morphology of 
E. schwanwitschi Heding in Heding & Mandahl-

* Publication No. 21 of the Huinay Scientific Field Station.



188

Barth 1938 (= E. ludwigi sensu Schwanwitsch 1917), 
Schwanwitsch (1917) also describes the morphology 
of the juveniles of this species in detail. Shelled ju-
veniles have been reported for all Entocolax species 
(see Tab. 1) except for E. schiemenzii Voigt, 1901 and 
E. chiridotae Skarlato, 1951, where the juveniles are 
unknown.

Herein, we present the juveniles of a gastropod 
found externally on the body wall of the apodid 
holothurian Chiridota pisanii Ludwig, 1886, which 
was collected in the southern Chilean fjord region. 
So far, parasitism on C. pisanii is known only from 
a single eulimid gastropod, Entocolax schiemenzii, to 
which we assign the four juveniles.
 Records of Chiridota pisanii are not rare and the 
species has been described in detail (e.g. Ludwig 
1886, 1898a, Ekman 1925, Heding 1928). The current 
knowledge on the morphology of the holothurian 
host is complemented by a detailed description and 
figures of the calcareous ring plates and fi gures and 
in-depth measurements of the calcareous deposits, 
which so far have been lacking.

Materials and methods

Host. Small pieces of body wall were macerated in 
a 12.5 % sodium hypochlorite solution to gain the 
calcareous deposits. These were rinsed several times 
in distilled water, then air-dried and fi nally mount-
ed in Canada balsam on slides. The calcareous de-
posits were analysed with a Leitz microscope
equipped with a video camera (380 USB 2.0 Spacec@m)
and the software AxioVision LE. For SEM examina-
tions (Scanning Electron Microscope) the calcareous 

deposits were transferred to aluminum stubs, sput-
tered with gold and studied in a LEO 1430 VP Scan-
ning Electron Microscope.

Parasite. The juvenile gastropods were removed 
from the host’s body wall with the aid of a scalpel. 
For SEM examinations of the shell, one specimen 
was handled as described in Schwabe and Ruthen-
steiner (2001). To enable thorough examination, the 
shell was attached to a needle, which was glued to 
a stub. For histology, one specimen was embedded 
in Spurr’s medium according to the method of Spurr 
(1969) and serially sectioned in 1.5 µm steps. The 
3-D reconstruction was done with the software
Amira 3.1.1. Pictures of all slices were taken, com-
bined to a stack and afterwards aligned with the 
“slice aligner”. The organs on every third slice were 
marked manually, then connected with the “inter-
polate” tool and finally the surface of each organ 
was reconstructed using the “surface gen” and the 
“smooth surface” tool.

The investigated material is deposited in the 
Zoologische Staatssammlung München (ZSM). In-
dividual numbers (JMB-) are assigned to holothu-
rian specimens, to allow confident recognition of 
specimens within a lot.

Results and Discussion

Host

Class Holothuroidea de Blainville, 1834, Order
Apodida Brandt, 1835, Family Chiridotidae Øster-
gren, 1898, Genus Chiridota Eschscholtz, 1829.

Tab. 1. Entocolax Voigt, 1888 species, their holothurian hosts, their distribution and reports of juvenile shells.

Species Host Distribution Juvenile shells

E. chiridotae Skarlato, 1951 Chiridota pellucida (Vahl, 1806) Sea of Japan no juveniles reported

E. ludwigii Voigt, 1888 Myriotrochus rinkii  Greenland Heding & Mandahl-Barth 
Steenstrup, 1851 (1938: 15, fi gs 16-18)

E. rimskykorsakovi  Myriotrochus mitsukurii  Sea of Japan juveniles only sparsely 
Iwanow, 1945 Ohshima, 1915 described, shell mentioned

E. schiemenzii Voigt, 1901 Chiridota pisanii Ludwig, 1886 SE Pacifi c (Chile) herein

E. schwanwitschi Heding  Myriotrochus eurycyclus  Kara Sea Schwanwitsch (1917: 39, pl. 2, 
in Heding  Heding, 1935 figs 32-33); Heding & Mandahl-Barth 
& Mandahl-Barth, 1938 (1938: 15, fi gs 16a-18a)

E. trochodotae Heding, 1934 Trochodota purpurea  Southern  Heding (1934: 213, fi g. 14); 
(Lesson, 1830) South America or  Heding & Mandahl-Barth 

Falkland Islands (1938: 9)
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Figs 1-11. Chiridota pisanii Ludwig, 1886. 1. Anterior third of specimen infested with Entocolax schiemenzii Voigt, 
1901, box indicates position of four parasites (see also Fig. 19), arrowheads point on wheel papillae. 2. Tentacular 
rods. 3-7. Plates of calcareous ring. 3. Mid-ventral radial plate. 4. Left ventral interradial plate. 5. Left ventral ra-
dial plate. 6. Left lateral interradial plates. 7. Left dorsal radial plate. 8. Mid-dorsal interradial plate. 9. Wheel 
deposits from anterior body wall. 10. Wheel deposits from posterior body wall. Star-shaped structure on lower right 
is a developing wheel. 11. Miliary granules of longitudinal muscles. Scale bars: Fig. 1: 10 mm, Figs 2-11: 100 µm.



190

Chiridota pisanii Ludwig, 1886
Figs 1-12

Chirodota pisanii [sic!] Ludwig, 1886: 29, pl. 2 (fi g. 14). – 
Lampert 1889: 851.

Chiridota pisanii, Ludwig 1892a: 359; 1892b: 350, pl. 16 
(figs 1-9); 1898a: 71; 1898b: 445; Perrier 1905: 79; Clark 
1908: 29, 118; Ekman 1925: 143, fig. 37; Heding 1928: 
297, fig. 62 (1-9); 1931: 682, fig. 14; Deichmann 1947: 
347; Pawson 1964: 464; 1969: 140; O’Loughlin 2002: 
298 [partim: Tierra del Fuego specimens].

Chirodota purpurea [sic!] Théel, 1886: 15, pl. 2 (fig. 1). – Lam-
pert, 1889: 851 [non Holothuria purpurea Lesson,
1830].

Chiridota purpurea, Ludwig, 1892a: 359, pl. 1 (fig. 5) [non 
Holothuria purpurea Lesson, 1830].

Anapta fallax Ludwig, 1898a: 70 [non Anapta fallax Lam-
pert, 1889].

Type material. Chile, De Los Chonos, Puerto Lagunas, 
[45°17'S 73°43'W], coll. G. Chierchia, Dec. 1882, in sand 
and under stones (whereabouts unknown, 8 syntypes).

Material examined. Chile, Los Lagos, Caleta Gonzalo, 
42°33'S 72°36'W, 15-25 m, coll. V. Häussermann and G. 
Försterra, 17 Jan. 2000 (ZSM Ev20043114, 1 specimen 
infested with Entocolax schiemenzii). Chile, Magallanes y 
Antartica Chilena, Cabo Direccion, 52°20.98'S 69°29.13'W, 
intertidal zone: coll. J. M. Bohn and M. Schrödl, 26 Feb. 
2002, in tide puddles under stones on a muddy bottom 
(ZSM Ev20043115, 10 specimens without parasites); coll. 
J. M. Bohn and E. Schwabe, 09 Apr. 2005, same habitat 
(ZSM Ev20043137, 3 specimens without parasites).

Description

Investigated specimens up to 68 mm long (-130 mm 
Ludwig 1898b), width close to calcareous ring 6.3 mm
(Fig. 1). Preserved specimens dirty white to pinkish. 
Alive, specimens dark red (“crimson” Ludwig 1898b,
“carmine” Ekman 1925, “purplish” Deichmann 1947),

shallow water specimens may lack reddish pigment 
(Deichmann 1947).

Tentacles 12, with 4-7 pairs of lateral digits, which
get continuously longer from proximal to distal. 
Calcareous deposits of tentacles bracket-shaped rods
with more or less branched ends (Fig. 2), sometimes 
with knob like swelling close to middle. On average 
rods are 45.8 µm long and range from 16 to 69 µm 
(Tabs 2, 3).

Calcareous ring (Figs 3-8) consists of 5 radial and 
7 interradial plates. Left and right dorsal interradius 
each with two interradial plates (Fig. 6). All radial 
plates perforated for passage of nerve (Figs 3, 5, 7). 
According to Heding (1928, 1931), mid-ventral ra-
dial plate somewhat variable, sometimes perforated 
for passage of nerve, sometimes only with anterior 
notch.

Gonad consists of tuft of few, thick, long, some-
times branching tubules on both sides of dorsal 
mesentery. Sexes separate (Ludwig 1898a, Heding 
1928). Polian vesicles 4-11 (-16, Théel 1886). Stone 
canal single. Intestine with large loop, bending close 
to anterior and posterior end of specimen. Single 
ciliated urns at base of mesenteries, numerous in 
mid-dorsal and left dorsal interradius, scarce in right 
ventral interradius. 

Calcareous deposits of body wall chiridotid type 
wheels, gathered together in papillae, arranged in 
single interradial rows (Fig. 1: arrowheads). Papillae 
usually distinct in dorsal interradii (at least in mid-
dorsal interradius), inconspicuous or lacking in
ventral interradii. Some specimens only have one 
distinct row in mid-dorsal interradius, while others 
have distinct rows in all three dorsal interradii. Ek-
man (1925) even reported on specimens with two 
rows of papillae in mid-dorsal interradius. Size of 
papillae variable, according to Heding (1928) up to 

Tab. 2. Chiridota pisanii Ludwig, 1886. Measurements of tentacular rods and wheel deposits from anterior and pos-
terior parts of body of four specimens: means, standard deviations (in parentheses) and range. n, number of 
measurements; trl, µm, length of tentacular rods; wd, µm, diameter of wheels; ws,n, number of spokes per wheel.

Parameter Specimen

ZSM Ev20043114 ZSM Ev20043115

  JMB-01326 JMB-01632 JMB-01633

trl, µm 49.1 (±9.7) 34-69 42.1 (±6.6) 27-60 43.9 (±11.0) 16-63 47.9 (±9.5) 26-67
[n = 50] [n = 50] [n = 50] [n = 50]

  

wd, µm (anterior) 86.7 (±18.6) 43-121 101.9 (±6.8) 82-115 90.0 (±10.0) 65-109 98.3 (±8.7) 76-117
ws, n (anterior) 6.0 (±0) 6 6.5 (±0.6) 6-8 6.3 (±0.5) 6-8 6.1 (±0.4) 5-7

[n = 50] [n = 27] [n = 50] [n = 50]
  

wd, µm (posterior) 107.3 (±20.5) 65-147 115.5 (±7.0) 104-134 94.4 (±9.0) 70-110 105.0 (±8.1) 90-125
ws, n (posterior) 6.0 (±0.2) 6-7 6.3 (±0.5) 6-8 6.1 (±0.2) 6-7 6.1 (±0.4) 6-8

[n = 50] [n = 27] [n = 50] [n = 50]
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2.3 mm in diameter, but papillae may also merge to 
form longitudinal band up to 11 mm long (Ekman 
1925).

Wheel deposits (Figs 9-10) mean diameter of 
about 100 µm and range from 43 to 147 µm. Wheels 
from anterior end of body on average somewhat 
smaller than wheels from posterior end. Spokes 
usually 6, only few wheels with 7 or 8. Serration on 
inner side of wheel continuous. For details of wheel 
measurements see Tabs 2 and 3.

Calcareous deposits of longitudinal muscles oval
to elongated, sometimes curved, often rod-like mil-
iary granules (Fig. 11), 14-49 µm long (Tab. 3).

Distribution (Fig. 12). Pacific and Atlantic coast of 
southern South America (south of 42°S), Falkland 
Islands; intertidal zone to 102 m.

Habitat. Prefers sediment bottoms, primarily mud-
dy or sandy, rarely also on seaweeds: Macrocystis
fronds and holdfasts (Pawson 1964). These sediment 
bottoms are often covered with stones or boulders: 
gravel and clay, mixed with mud and covered with 
boulders or sand gravel and muddy clay covered 
with boulders or boulders and stones on sand (all 
from Pawson 1969), underneath which the animals 
seem to live: in sand under stones (Ludwig 1898a, 
Ekman 1925) or on a muddy bottom under stones 
(this study).

Remarks. The specimens from both localities (Caleta
Gonzalo and Cabo Direccion) in most details cor-
respond to the descriptions given by earlier authors. 
Though records of this species are not rare, fi gures 
and measurements of the calcareous deposits are 
scarce (see Tab. 3). The size range given by Ekman 
(1925) for wheel deposits fit very well with our 
measurements (Tab. 3). The same is true for the 
sizes of wheel deposits, tentacular rods and miliary 
granules as presented by Heding (1928) or of the 
tentacular rods as given by Pawson (1964).

Contrary, wheel deposits of the Falkland Island 

specimens collected by the Challenger Expedition 
(Théel 1886) are conspicuously larger (140-160 µm, 
see Tab. 3). In the current specimens, only three out 
of 354 wheels have a diameter larger than 140 µm. 
Such striking differences in size ranges of wheel 
deposits usually are thought to indicate different 
species. On the other hand, there can be little doubt 
that Chiridota pisanii does also occur at the Falkland 
Islands, since some of the specimens investigated 
by Ekman (1925) originated there, and the measure-
ments presented by Ekman for wheel deposits are 
very close to ours.

Fig. 12. Distribution of Chiridota pisanii Ludwig, 1886 
(#,%) and its parasite Entocolax schiemenzii Voigt, 1901 
(!,&). Filled labels indicate investigated material, all 
other records are from literature. (Distribution data have 
been compiled from several sources, see references in 
synonymy of C. pisanii)

Tab. 3. Chiridota pisanii Ludwig, 1886. Measurements of tentacular rods, wheel deposits and miliary granules of the 
investigated specimens compared to published measurements compiled from different sources: means, standard 
deviations (in parentheses) and range. mgl, µm, length of miliary granules; n, number of measurements; trl, µm, 
length of tentacular rods; wd, µm, diameter of wheels; 1, length of tentacular deposits (fig. 62.8-9) and miliary gra-
nules (fig. 62.3-4) calculated from Heding’s fi g. 62; 2, Tierra del Fuego specimens described in O’Loughlin (2002).

Parameter Source

Present study (1886) (1925) (1928) (1964) (pers. comm.)2

trl, µm 45.8 (±9.7) 16-69 [n = 200] – – – – – 32-631 50 – – 32-48

wd, µm 98.7 (±15.3) 43-147 [n = 354] – 140-160 – 80-140 – 70-130 – – – 72-104

mgl, µm 29.5 (±7.3) 14-49 [n = 100] – – – – – 24-441 – – – 24-32



192

The measurements given by O’Loughlin (2002) 
for specimens from Tierra del Fuego and Heard 
Island also differ to some extent from our own. This 
is mainly based on the fact that measurements from 
both localities are presented as a mix (O’Loughlin 
pers. comm.). If measurements of calcareous depos-
its from each locality are considered apart, it becomes
evident that the Heard Island specimens may rep-
resent a different species, closely related to Chiri-
dota pisanii, which will be described by O’Loughlin 
in near future (pers. comm.). The Tierra del Fuego 
specimens on the other hand seem to be conspecifi c 
with our specimens. Sizes of calcareous deposits are 
very similar to our own (see Tab. 3). 

The afore mentioned differences in calcareous 
deposit sizes usually are thought to indicate the 
presence of more than a single species under the 
name Chiridota pisanii. But until now, knowledge on 
the variability of deposit sizes within chiridotid 
species is scarce. Smirnov et al. (2000) for example 
relate an increase in wheel size in Chiridota hydro-
thermica Smirnov & Gebruk, 2000 with somatic
growth, smaller specimens have considerably small-
er wheels than larger specimens. Whether this is also 
true for C. pisanii is unknown. Wheel deposit meas-
urements are derived from specimens with a diam-
eter close to the calcareous ring ranging from 3.8 to 
5.5 mm, which is close to the total size range (3.3 to 
6.3 mm) of specimens at hand. There seem to be no 

differences in wheel sizes between the smallest
(Tab. 2: JMB-01633) and the larger specimens.

Chiridotid and synaptid holothurians have long 
been thought to possess a calcareous ring composed 
of as many pieces as there are tentacles, that is 12 
tentacles should result in 12 calcareous ring plates, 
five radialia and seven interradialia (e.g. Clark 1908). 
This traditional view has changed considerably dur-
ing the last years. Nowadays many of the Apodida 
with 12 tentacles have been shown to possess only 
10 plates in the calcareous ring, with the two dorso-
lateral radial plates being bipartite, to allow the in-
sertion of the additional tentacles. This has been 
demonstrated for all Myriotrochidae investigated 
hereupon (e.g. Belyaev & Mironov 1982, Gage & 
Billett 1986, Smirnov 1999, Bohn 2005), for some 
Synaptidae (e.g. Smirnov 1983, Gage 1985, Bohn 
unpublished data) and also for some Chiridotidae 
(e.g. Smirnov 1981, Smirnov et al. 2000). “Thus, ac-
cording to modern views, apodid species with 12 
tentacles have ten pieces of calcareous ring with two 
dorsolateral pieces being bipartite, i.e. bearing two 
anterior processes . . . ” (Smirnov et al. 2000: 325), 
but nature seems not to adhere so strictly to this 
“modern view”.

Concerning the genus Chiridota, Heding (1928: 
281) states that the “ . . .  calcareous ring consists in 
all species examined of twelve pieces”. According 
to various authors, at least 13 of about 30 known 

Tab. 4. Morphology of the calcareous ring in the genus Chiridota Eschscholtz, 1829 compiled from several sources. 
1, as Chirodota purpurea Lesson, 1830.

Species Source

 10 plates 12 plates

Chiridota albatrossii Edwards, 1907  Heding 1928
Chiridota aponocrita H. L. Clark, 1920  Heding 1928
Chiridota carnleyensis Mortensen, 1925 Mortensen 1925
Chiridota discolor Eschscholtz, 1829 Smirnov et al. 2000 
Chiridota fernandensis Ludwig, 1898  Ludwig 1898b
Chiridota gigas Dendy & Hindle, 1907 Hickman 1962
Chiridota hawaiiensis Fisher, 1907 Fisher 1907, Heding 1928
Chiridota heheva Pawson & Vance, 2004 Pawson & Vance 2004 
Chiridota hydrothermica A. V. Smirnov & Gebruk, 2000 Smirnov et al. 2000 
Chiridota laevis (O. Fabricius, 1780) Smirnov et al. 2000, herein Heding 1935
Chiridota marenzelleri R. Perrier, 1904 Perrier 1905 
Chiridota nigra Mortensen, 1925 Mortensen 1925, Pawson 1970
Chiridota ochotensis Saveljeva, 1941 Smirnov et al. 2000 
Chiridota orientalis A. V. Smirnov, 1981 Smirnov 1981 
Chiridota pacifi ca Heding, 1928  Heding 1928
Chiridota pisanii Ludwig, 1886  Théel 18861, Heding 1928, herein
Chiridota rigida Semper, 1868 Heding 1929
Chiridota rotifera (Pourtalès, 1851) Ludwig 1881, Heding 1928, herein
Chiridota stuhlmanni Lampert, 1896 Heding 1928, Cherbonnier 1988
Chiridota tauiensis Saveljeva, 1941 Smirnov et al. 2000
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Figs 13-18. Chiridota rotifera (Pourtalès, 1851), plates of calcareous ring. 13. Mid-ventral radial plate. 14. Left ventral 
interradial plate. 15. Left ventral radial plate. 16. Left lateral interradial plates. 17. Left dorsal radial plate. 18. Mid-
dorsal interradial plate. Scale bars: Figs 13-18: 500 µm.
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species (see Tab. 4) have been described to possess 
a calcareous ring with 12 pieces (e.g. Cherbonnier 
1988, Fisher 1907, Heding 1928, 1929, 1935, Hickman 
1962, Ludwig 1881, 1898b, Mortensen 1925, Pawson 
1970, Théel 1886). On the other hand, there are cur-
rently eight species said (Tab. 4) to have a calcareous 
ring composed of 10 plates (Pawson & Vance 2004, 
Perrier 1905, Smirnov 1981, Smirnov et al. 2000), 
among them one of the species stated by Heding 
(1935) to possess 12 calcareous ring plates.

Based on own experience, the exact number of 
pieces constituting a calcareous ring can only be 
identified by dissecting, as borders separating adjoin-
ing pieces usually are concealed, and thus impos-
sible to make out in an entire ring. To unravel these 
to some extent conflicting data, a detailed reexami-
nation of Chiridota calcareous rings would be ap-
propriate. To make a first move, two further species, 
represented in the Bavarian State Collection of Zool-
ogy, were investigated – Chiridota laevis (O. Fabri-
cius, 1780) and Chiridota rotifera (Pourtalès, 1851). 
 Chiridota laevis (O. Fabricius, 1780), specimen 
from Svalbard, Brandalpynten, 78°56.8'N 11°51.5'E, 
15 m, coll. M. Hermann, 11 Jun. 2003. Calcareous 
ring composed of 10 pieces, five perforated radialia 
and five interradialia. This result is in accordance 
with the information given by Smirnov et al. (2000) 
for this species, while it refutes Heding (1935), who 
described the presence of 12 plates (see Tab. 4).
 Chiridota rotifera (Pourtalès, 1851), specimen from
Brazil, Rio de Janeiro, Búzios, Ilha do Cabloco, 0-3 m, 
coll. M. Schrödl, Nov. 2002. Calcareous ring com-
posed of five radialia and seven interradialia, with 
two interradialia present in each lateral interradius 

(Figs 13-18). All radialia perforated, except for the 
mid-ventral one, which instead is anteriorly notched.
This coincides with the data presented by Ludwig 
(1881) and Heding (1928).

The interpretation of these two types of calcare-
ous ring morphologies with regard to taxonomy and 
phylogeny of the genus Chiridota is far from clear. 
A combination of 12 tentacles and a calcareous ring 
composed of 10 pieces, with the two dorsolateral 
radial plates beeing bipartite, probably is a synapo-
morphic feature for Apodida (see above; Myriotroch-
idae are thought to be the most basal apodid taxon, 
e.g. Kerr 2001), and thus is plesiomorphic for Chiri-
dota. A calcareous ring composed of 12 pieces, with 
two interradialia in each lateral interradius, on the 
other hand, seems to be a synapomorphic feature of 
a subgroup within the genus Chiridota (so far dem-
onstrated for C. pisanii and C. rotifera), that may 
provide useful information to reconstruct their
phylogeny. But today, knowledge on the structure 
of the calcareous ring and its variability within the 
genus Chiridota is still too scarce, to draw any conclu-
sions, and more reliable data are urgently needed.

Parasite

Class Gastropoda Cuvier, 1795, Superorder Caeno-
gastropoda Cox, 1960, Order Sorbeoconcha Ponder 
& Lindberg, 1997, Superfamily Eulimoidea Philippi, 
1853, Family Entoconchidae Gill, 1871, Genus Ento-
colax Voigt, 1888, Entocolax Voigt, 1888: 658. Type 
species (by monotypy): Entocolax ludwigii Voigt, 1888;
recent.
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Entocolax schiemenzii Voigt, 1901
Figs 12, 19-31

Entocolax sp. Ludwig, 1897: 248; 1898b: 446.
Entocolax schiemenzii Voigt, 1901: 286. Tikasingh & Pratt 

1961: 65; Lützen 1979: 40.
Entocolax schiemenzi, Schwanwitsch 1917: 104; Thiele 1931:

231; Heding & Mandahl-Barth 1938: 5; Iwanow 1945: 
534; 1947: 4; Skarlato 1951: 362; Warén 1983: 41.

Entocolax schimenzi [sic!], Heding 1934: 214.

Type material. Chile, Los Lagos, Calbuco, [41°45'S
73°08'W], coll. L. Plate, Nov.-Dec. 1894, in Chiridota pisa-
nii specimens burried in the sand of the beach (where-
abouts unknown, 2 syntypes).

Material examined. Chile, Los Lagos, Caleta Gonzalo, 
[42°33'S 72°36'W], 15-25 m, coll. V. Häussermann and G. 
Försterra, 17 Jan. 2000, externally on a Chiridota pisanii
specimen (ZSM Moll20051307, 4 juveniles).

Description

Four specimens attached to body wall of holothu-
rian host (with proboscis or foot?), close to its ante-
rior end in right dorsal interradius (Figs 1, 19),
somewhat embedded in skin.

Glossy, transparent, orthostrophic, paucispiral, 
dextral shell smooth, thin, consists of 1.5 protoconch 
whorls only (Figs 21-22). Shell depressed, aperture 
nearly elliptical. Suture (Fig. 22) clearly indicated, 
umbilicus absent. Shell with microsculpture of very 
fine spiral threads of irregularly formed (mainly 
hook-like) and arranged calcareous splits (Figs 20-21,
26). Spiral bands have higher density at top of shell, 
become less distinct to absent towards base. Maxi-
mum shell hight may attain 200 µm (close to young-
est aperture edge, Fig. 24), maximum shell diameter 
308 µm (Fig. 21).

Histologically examined specimen (Figs 27-31) 
bent and about 282 µm long. Soft part of body, 
completely covered by shell, clearly differentiated 
into head and fleshy, elongated foot which is poste-

Figs 19-22. Entocolax schiemenzii Voigt, 1901. 19. Four juvenile specimens in their natural position on the host (arrows). 
20-22. Larval shell in different views. a, aperture; n, needle (to fix specimen on stub); s, suture; sd, shell diameter; 
sp, spire. Scale bars: Fig. 19: 500 µm, Figs 20-22: 100 µm.

19 20

2221
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riorly covered by operculum, about 68 µm in diam-
eter. Ventral mouth opens into large oesophagus, 
which leads into simple, sac-like stomach. Gastric 
shield situated on right side of stomach (Fig. 29: gs). 
Dorsally, stomach connects to intestine, which forms 
three loops (Fig. 27: i) and ends in short rectum. Anus
missing. Large midgut gland situated on ventral side
of stomach, consisting of two lobes, of which right 
one is considerably smaller. Yolk scattered through-
out whole body, especially around midgut gland 
(Fig. 29: y). Foot gland (detailed structure unknown) 
situated in body cavity above foot anterior of oper-
culum.

Pair of statocysts (Fig. 28: st) of about 21 µm in 
diameter situated ventrally of oesophagus. Each with
single globular statolith. Dorsally, pair of eyes
present (Figs 28, 31: e), situated at base of large ce-
phalic tentacles (Figs 27-28, 31: t). Eyes smaller than 
statocysts, with well developed round lenses in black
pigmented cup. Due to state of preservation, no 
other parts of nervous system could be detected.

Dorsal nephridium well developed (Figs 27-28, 
30: n), with connection to mantle cavity. No heart. 
Ctenidium small, on dorsal left side of body, extend-
ing into mantle cavity (Figs 28, 30: ct). Osphradial 
organ well developed, located in front of ctenidium 
(Figs 27-28, 31: os).

Retractor muscle (Figs 28-30: mr) attached to shell
on posterior side of specimen, attains nearly half 
length of body.

Distribution (Fig. 12). Chile, Los Lagos: Calbuco 
(type locality) and Caleta Gonzalo; intertidal zone 
to 25 m.

Remarks. In accordance with article 33.4 of the fourth
edition of the International Code for Zoological 
Nomenclature (1999) we consider the subsequent 
spellings of schiemenzii as incorrect and use the 
original spelling.

There are several reasons that corroborate our 
belief, to address these gastropods as the juveniles 

Figs 23-26. Entocolax schiemenzii Voigt, 1901. 23-25. Larval shell in different views. 26. Detail of the micro “sculptu-
re” of the shell. a, aperture; sb, shell base; sh, shell hight; sp, spire. Scale bars: Figs 23-25: 100 µm, Fig. 26: 10 µm.

23 24
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Figs 27-31. Entocolax schiemenzii Voigt, 1901. 27-28. 3-D reconstruction of a juvenile. 27. Dorso-lateral view from 
right side (anterior end to the right). 28. Lateral view from left side (anterior end to the left). 29-31. Transverse 
sections (1.5 µm thick). ct, ctenidium; e, eye; f, foot; fg, foot gland; gs, gut shield; i, intestine; m, mantle; mc, mant-
le cavity; mg, midgut gland; mo, mouth; mr, retractor muscle; n, nephridium; oes, oesophagus; op, operculum; 
os, osphradium; st, statocyst; sto, stomach; t, tentacle; y, yolk. Scale bars: Figs 27-31: 200 µm.
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of the endoparasitic Entocolax schiemenzii which yet 
are undescribed.

There are only three eulimid genera known to 
be associated with apodid holothurians, viz. Ento-
colax with altogether six described species, and
Entoconcha Müller, 1852 and Mucronalia A. Adams, 
1860 with one species each (Warén 1983, Jangoux 
1987). Mucronalia variabilis Schepman, 1914 is shelled 
and lives as an ecto- or endoparasite (Jangoux 1987) 
associated with the synaptid holothurian Patinapta 
ooplax (Marenzeller, 1881), whereas the species of 
the other genera are highly modified and as adults 
shell-less endoparasites (Warén 1983, Jangoux 1987). 
The larval shell morphology of our specimens fi ts 
very well with that known from species of the afore 
mentioned genera Entocolax and Entoconcha (see 
Schwanwitsch 1917, Heding 1934, Heding & Man-
dahl-Barth 1938). Furthermore, the only gastropod 
species known so far to be associated with Chiridota 
pisanii is Entocolax schiemenzii. Less than 100 km 
beeline separate the type locality (Chile: Calbuco) 
from the locality where our specimens have been 
collected.

The morphology of the juveniles too, does not 
contradict our assumption, that the present juvenile 
gastropod specimens represent E. schiemenzii, al-
though knowledge so far is quite scarce. Young 
E. schiemenzii specimens have never been described 
nor figured in detail, but four of the six species of 
Entocolax are known to have a larval shell (see Tab. 1).
Until now, the most detailed description of Entocolax-
larvae was given by Schwanwitsch (1917), who
conscientiously investigated the juveniles of Entoco-
lax schwanwitschi Heding in Heding & Mandahl-
Barth, 1938 (under the name Entocolax ludwigi). They 
have a velum, a simple digestive tract consisting of 
a pharynx and a bipartite intestine, a paired foot 
gland, a gonad, 3 pairs of fused ganglia and an 
unpaired ganglion, a retractor muscle, a pair of 
statocysts, yolk and an operculum. Schwanwitsch 
does neither mention the occurrence of eyes, an 
osphradium, a ctenidium nor a nephridium. Heding 
(1934) states the presence of a distinct velum and 
probably an operculum for juveniles of E. trochodotae
Heding, 1934. Larvae of E. rimskykorsakovi Iwanow, 
1945 posses “ . . .  a shell, a mantle, a cephalic lobe, a 
foot with pedal glands, and an operculum. Nervous 
ganglia, statocysts and a sex rudiment . . . ” (Iwanow 
1945: 536). Later on, Schwanwitsch (1946) confi rmed 
his previous results while studying the larval meta-
morphosis of Entocolax schwanwitschi.

Except for a velum, a sex rudiment and details 
concerning the nervous system (ganglia) that could 

not be reconstructed in our specimen, due to the 
state of preservation, all organs found by Schwan-
witsch (1917, 1946) and Iwanow (1945) are also exist-
ent in juvenile E. schiemenzii. Additionally, the
presence of eyes, an osphradium, a nephridium, a 
ctenidium and a more complex digestive system 
could be demonstrated.

The attachment of the adult parasites in their 
host, viz. to the body wall or to the intestinal tract 
of the host, strongly depends on the mode of live of 
the latter (Heding & Mandahl-Barth 1938). Holothu-
rians, only partly buried in the sediment may become
infected externally via the skin, whereas species 
living entirely buried in the sediment only may 
become penetrated via the mouth of the host, while 
feeding. Chiridota pisanii usually lives in sediment 
bottoms, often under stones in shallow water (see 
habitat paragraph of host). This corresponds well to 
the first scenario, that is, settlement of the juvenile 
parasites externally on the host. The position of the 
four juvenile E. schiemenzii specimens (exteriorly in 
right dorsal interradius, close to the anterior end of 
the host) and the position of the adult E. schiemenzii
(within the coelomic cavity, attached to dorsal body 
wall, close to anterior end of host; Ludwig 1898b) 
both support this assumption.

A hypothetical development from a shelled ju-
venile, that externally settles on the skin of the 
holothurian, to the adult endoparasitic specimen is 
presented by Mandahl-Barth in Heding & Mandahl-
Barth based on his examinations of E. ludwigii.

The presence of a well developed osphradial 
organ, usually serving as a chemosensory organ (Kay
et al. 1998), may support the juvenile in locating a 
suitable host.
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RESULTS OF THE DIVA-1 EXPEDITION OF RV ‘‘METEOR’’ (CRUISE M48/1)

On two rare abyssal Myriotrochidae (Echinodermata: Holothuroidea:
Apodida) new to the South Atlantic: Siniotrochus myriodontus Gage and
Billett, 1986 and Neolepidotrochus parvidiscus angolensis subsp. nov.

Jens Michael Bohn

Zoologische Staatssammlung München, Münchhausenstrasse 21, Munich, Germany

Abstract

In the course of the DIVA 1 expedition (RV ‘‘Meteor’’, cruise M48/1) to the Angola Basin (South Atlantic) two

myriotrochid holothurians were collected at abyssal depths – Neolepidotrochus parvidiscus angolensis subsp. nov. and

Siniotrochus myriodontus Gage and Billett, 1986. The latter, until now, was known only from few specimens from the

north-eastern Atlantic Ocean. This new record of S. myriodontus for the South Atlantic Ocean indicates a wide

geographical distribution. Both species are described in detail, including parameters for the wheel deposits.

r 2004 Elsevier GmbH. All rights reserved.

Keywords: Angola basin; Apodida; Holothuroidea; Lepidotrochus; Myriotrochidae; Siniotrochus; Neolepidotrochus nom. nov.;

South atlantic ocean; Taxonomy

Introduction

The aim of the DIVA 1 expedition with RV ‘‘Meteor’’

(cruise M48/1) to the Angola Basin (south-eastern

Atlantic Ocean) was to investigate the biodiversity of

this abyssal plain. At several stations along a transect of

about 700 km, a rich variety of abyssal Holothuroidea

was collected with an Agassiz trawl and an epibenthic

sledge. Among these were two species of Myriotrochi-

dae. The knowledge on this family in the southern

Atlantic Ocean is fragmentary. Only five species are

known, one from the equatorial mid-Atlantic Ocean and

four from the Scotia Sea area (Belyaev and Mironov

1978, 1980, 1982). There are no published records of

Myriotrochidae for the area between. Siniotrochus

myriodontus Gage and Billett, 1986 is hitherto known

only from few specimens from the type locality and its

immediate vicinity in the north-eastern Atlantic Ocean

(Gage and Billett 1986). The second species belongs to

the genus Neolepidotrochus nom. nov. and has close

affinities to N. parvidiscus (Belyaev and Mironov, 1980)

known from the southern Indian Ocean (Belyaev and

Mironov 1980).

Material and methods

Specimens were collected with an Agassiz trawl and

an epibenthic sledge. The Agassiz trawl material was

fixed in buffered formalin while the epibenthic sledge

material was fixed in cold ethanol.

For examination of calcareous deposits small pieces

of the body wall were macerated in a 12.5% Natrium-

hypochlorite solution, then rinsed several times in

distilled water and air-dried. The calcareous deposits

were mounted on slides and analysed with a Zeiss

Axioplan microscope equipped with a Sanyo CCD video

camera (VCB-3512R) and the software analySiS (ver-

sion 2.1). For SEM examinations the calcareous

deposits were transferred to aluminum stubs, sputtered
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with gold and studied in an Philips XL 20 Scanning

Electron Microscope.

Important diagnosic features for Myriotrochidae are

their wheel-like deposits in the body wall. A number of

measurements and counts have been established that are

used to characterize species (e.g. Belyaev, 1970; Belyaev

and Mironov, 1982; Gage and Billett, 1986). Wheels are

described in terms of the wheel diameter (D, mm), the

hub diameter (dh, mm), often expressed as a percentage

of the total wheel diameter (dh, %), the number of

spokes (ns) and the number of teeth, which can be

inward-pointing (nit) or outward-pointing (not). If there

are two size classes of inward- or outward-pointing

teeth, the larger ones are called primary teeth (nipt:

number of primary inward-pointing teeth, nopt: number

of primary outward-pointing teeth), whereas the smaller

ones are referred to as secondary teeth (nist: number of

secondary inward-pointing teeth, nost: number of

secondary outward-pointing teeth). Also the numerical

proportion between spokes and inward-pointing teeth

expressed as a percentage (s/it, %) is used. In case of a

perforated hub the number of hub perforations (np) is

also counted. The abbreviations used in this study

follow Gage and Billett (1986).

The investigated material is deposited in the Zoolo-

gische Staatssammlung München (ZSM). The registra-

tion numbers, together with specimen numbers (JMB-)

are given in the descriptions below.

Taxonomy

Family Myriotrochidae Théel, 1877

Siniotrochus Pawson, 1971

Siniotrochus Pawson, 1971: 232 – Belyaev and

Mironov, 1982: 109.

Siniotrochus myriodontus Gage and Billett, 1986

(Figs. 1A, B and 2)

Siniotrochus myriodontus Gage and Billett, 1986:

266–272, Figs. 28C–E, 29–31 – Bohn (in press).

Material. 1 posterior fragment (ZSM 20020016 [JMB-

00692]), station M 48/1-347, 28 July 2000, Agassiz trawl,

16114.00S, 5126.70E–16123.10S, 5127.00E, 5389–5388m. 2

posterior fragments (ZSM 20020015 [JMB-01112, JMB-

01113]), station M 48/1-351, 30 July 2000, Agassiz trawl,

16125.20S, 5127.10E–16133.20S, 5127.30E, 5387–5385m.

Description. All three specimens are posterior frag-

ments of more or less cylindrical outline, and range from

17 to 31mm in length and 6–7mm in width.

The body wall has a single layer of wheel deposits,

closely packed on the dorsal side and at the posterior end,

getting scarce towards the ventral side and being almost

absent in the median body region of the mid-ventral

radius. The extreme posterior end around the anus is

devoid of wheel deposits, instead there are simple rods.

All internal organs, including gonads, stone canal,

and polian vesicles are missing. Only remnants of the

digestive tract with a loop are present.

The rod deposits (Fig. 1A) are about 100–250 mm

long, simple, often slightly curved, sometimes with knob

like swellings and in few cases bifurcated. They are

mainly restricted to the extreme posterior end of the

body around the anus, where they are quite numerous.

Single rods also occur in the median region of the body

close to the longitudinal muscles.

The wheel deposits are all of one type (Fig. 1B), all

details of measurements of wheel parameters are

summarized in Table 1. The wheels are circular or oval

and range from 284 to 560 mm in diameter. The hub is

about half the diameter of the wheel and perforated

centrally by a variable number of holes. Three series of

teeth, two outward-pointing and one inward-pointing,

project from rim. The primary outward-pointing teeth

(Fig. 1B: opt) are prominent, often equal in number to

the spokes and alternating with these. The secondary

outward-pointing teeth (Fig. 1B: ost) vary much in size

and number and are usually much smaller than the

preceeding ones. In their position they correspond to the

spokes. The inward-pointing teeth are slender and

pointed and usually more than twice the number of

the spokes.

There is a significant linear relationship between the

number of spokes ðpo0:0001Þ; the number of inward-

pointing teeth (po0:0001), the hub diameter (po0:0001)

and the diameter of the wheels (Fig. 2). With increasing

size of the wheel, the number of spokes and inward-

pointing teeth as well as the size of the hub increase.

Remarks. Currently three species are included in

the genus Siniotrochus – S. phoxus Pawson, 1971

(north-western Atlantic Ocean), S. spiculifer Belyaev

and Mironov, 1981 (northern Pacific Ocean) and

S. myriodontus Gage and Billett, 1986 (north-eastern

Atlantic Ocean). S. spiculifer differs from its congeners

by the frequent presence of simple rods together with

wheel deposits in the body wall. In addition, wheel

deposits lack outward-pointing teeth that are character-

istic for both other species (Belyaev and Mironov 1981).

According to Gage and Billett (1986) S. myriodontus

differs from S. phoxus by the presence of secondary

outward-pointing teeth, resulting also in a higher total

number of outward-pointing teeth. All other wheel

parameters are quite similar in both species (Gage and

Billett 1986).

With regard to the wheel parameters the specimens

from the Angola Basin resemble S. myriodontus and S.

phoxus (see Gage and Billett 1986; Pawson 1971). Owing

to the presence of secondary outward-pointing teeth the

Angola Basin specimens fit with the diagnosis given for

S. myriodontus.
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The number of secondary outward-pointing teeth on

the wheels in the South Atlantic specimens is a variable

feature (Table 1). Out of 179 wheels 25 had no

secondary outward-pointing teeth at all (9 wheels in

JMB-00692, 16 wheels in JMB-01113). Gage and Billett

(1986) found only 6 wheels out of 170 devoid of

secondary outward-pointing teeth. Also the mean values

of secondary outward-pointing teeth in their specimens

were higher (7.2, 8.5 and 14.0) than in the current

material (only specimen JMB-01112 is within this range,

see Table 1). The frequency of wheels with 6 or more

secondary teeth was also much higher in the material

from the north-eastern Atlantic (65%, 80% and 95% in

three specimens, Gage and Billett 1986) than in the

South Atlantic specimens (JMB-01113 7.27%, JMB-

00692 40.54%, JMB-01112 94%).

The presence or absence as well as the number of

secondary outward-pointing teeth are variable features

Until now too few specimens of both species are known

to assess the taxonomic value of this character, i.e.,

whether or not it may be useful to distinguish S.

myriodontus and S. phoxus. It is possible that future

investigations will prove S. myriodontus to be a junior

synonym of S. phoxus and that secondary outward-

pointing teeth are a feature present in some individuals,

while lacking in others.

ARTICLE IN PRESS

Fig. 1. (A–B) Siniotrochus myriodontus, deposits of the body wall. (A) Simple rods from the extreme posterior end of the body

around the anus. (B) Wheel deposits. (C–G) Neolepidotrochus parvidiscus angolensis subsp. nov. (C) Tentacle region of the holotype,

with plates of the calcareous ring visible through the body wall (r: radial plate, ir: interradial plate, arrowhead: anterior process). (D)

Wheel deposits of the lepidotrochid type. (E) Wheel deposits of the myriotrochid type, outer surface. (F) Wheel deposit of the

myriotrochid type, inner surface. (G) Developing wheels, early and later stages (from left to right; constriction on spokes of middle

wheel artificial, due to adhering glue from stub). Abbreviations: opt: primary outward-pointing teeth, ost: secondary outward-

pointing teeth, ipt: primary inward-pointing teeth, ist: secondary inward-pointing teeth.
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Distribution. Porcupine Seabight (type locality),

north-eastern Atlantic Ocean, 3490–4000 m; Angola

Basin, south-eastern Atlantic Ocean, 5385–5389m.

This new record for the south Atlantic Ocean

indicates a wide geographical distribution. Also its

depth range has been considerably extended by the

new material. However, too few records of Siniotrochus

species exist so far, to draw any conclusions concerning

geographical distibution or zoogeographical relation-

ships.

Neolepidotrochus nom. nov.

Lepidotrochus Belyaev and Mironov, 1980: 1811–1812

– Belyaev and Mironov, 1982: 108–109.

Remarks. Neolepidotrochus nom. nov. is a replace-

ment name for Lepidotrochus Belyaev and Mironov,

1980, which is a junior homonym of Lepidotrochus

Koken, 1894. This genus was established by Koken

(1894) for the triassic trochid gastropod Lepidotrochus

bittneri Koken, 1894. For diagnosis and type species see

Belyaev and Mironov (1980).

Neolepidotrochus parvidiscus angolensis subsp. nov.

(Figs. 1C–G, 3 and 4)

Lepidotrochus cf. parvidiscus Belyaev and Mironov,

1980 – Bohn (in press).

Material. Holotype (ZSM 20020017), station M 48/1-

340, 23 July 2000, epibenthic sledge (epinet), 18118.30S,

4141.30E–18119.40S, 4141.90E, 5395–5395m.

Description. The holotype is cylindrical in outline,

7.2mm long and 1.1mm wide (at calcareous ring).

There are 12 tentacles with digits, but owing to the

contraction of the tentacles it is not possible to confirm

the number of digits per tentacle.

At the tentacle bases and in the body wall there is a

single layer of closely packed wheel deposits of two

types – lepidotrochid type wheels (Fig. 1D) and

myriotrochid type wheels (Fig. 1E, F). The lepidotro-

chid type wheels dominate in the anterior (98%

lepidotrochid type wheels, 3% myriotrochid type

wheels) and median regions of the body, while the

myriotrochid type wheels dominate in the posterior end
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Table 1. Measurements of wheel parameters: Siniotrochus

myriodontus

Parameter Specimen

JMB-00692

(n ¼ 74)

JMB-01112

(n ¼ 50)

JMB-01113

(n ¼ 55)

D (mm) 425 (742.7) 388 (740.2) 432 (743.0)

340–546 284–494 358–560

dh (%) 53.1 (73.3) 53.1 (71.9) 53.5 (71.6)

47.3–63.7 48.2–56.9 50.6–57.8

ns 15.6 (72.5) 16.6 (72.3) 19.5 (72.4)

12–25 13–22 16–25

nit 42.0 (75.1) 39.2 (75.8) 46.0 (74.9)

33–54 30–54 40–67

s/it (%) 37.2 (74.7) 42.6 (73.9) 42.5 (73.0)

28.9–50.0 34.2–50.0 36.2–50.0

nopt 17.1 (73.4) 16.7 (72.2) 19.5 (72.7)

11–31 13–22 16–28

nost 5.1 (74.1) 12.5 (74.6) 2.1 (72.1)

0–17 4–29 0–8

not 22.2 (75.8) 29.2 (74.6) 21.6 (73.6)

14–36 21–47 16–31

np 6.5 (72.0) 9.0 (72.7) 13.1 (73.1)

4–13 5–16 8–22

Means, standard deviations (in parentheses) and range of wheel

parameters for three specimens. D, mm: diameter of wheel, dh, %:

diameter of hub expressed as a percentage of total wheel diameter, ns:

number of spokes, nit: number of inward-pointing teeth, s/it, %: ratio

of spokes to inward-pointing teeth, nopt: number of primary outward-

pointing teeth, nost: number of secondary outward-pointing teeth, not:

total number of outward-pointing teeth, np: number of hub perfora-

tions.

Fig. 2. S. myriodontus: wheel parameters and size distribution

of wheel diameters (D, mm; nw: number of wheels), with plots

of the number of spokes (ns: rhombus), number of inward-

pointing teeth (nit: circle), and the diameter of the hub (dh, mm:

triangle) in relation to the wheel diameter. Linear regression of

ns, nit and dh (mm) on D (mm) are shown, where

ns ¼ 0.0930+(0.0408�D, mm), r2 ¼ 0:3642; po0:0001;

nit ¼ �7.9416+(0.1210�D, mm), r2 ¼ 0:8189; po0:0001; dh,

mm ¼ 27.1451+(0.4664�D, mm), r2 ¼ 0:7978; po0:0001:

(Wheel diameter size classes: 10 mm.)
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of the body (39% lepidotrochid type wheels, 61%

myriotrochid type wheels).

The radial as well as the interadial plates of the

calcareous ring have anterior processes (Fig. 1C, arrow-

heads). The radial canal pore of the radial plate is placed

higher than the base of the anterior process. No further

details of the morphology of the calcareous ring can be

stated without the mutilation of the specimen.

All internal organs, except for the gonads (juvenile?)

are well developed. There is one polian vesicle and the

digestive tract has a loop.

The lepidotrochid type wheels are of characteristic

shape (Fig. 1D). They are circular or oval and range

from 95 to 158 mm in diameter. The hub is about one-

fifth to nearly half the size of the wheel diameter. There

are four types of teeth series projecting from the rim,

two inward-pointing and two outward-pointing series.

Primary inward-pointing teeth (Fig. 1D: ipt) are large,

scale like and always correspond in position to the

spokes. Secondary inward-pointing teeth (Fig. 1D: ist)

are smaller, also scale like and correspond in position to

spaces between the spokes. Primary outward-pointing

teeth are prominent (Fig. 1D: opt) and have a blunt or

rounded tip. They alternate in position with the spokes.

The edge of the rim between two primary outward-

pointing is often roughly straight (Fig. 1D), although

there are also wheels with a more or less curved edge.

The knob-like secondary outward-pointing teeth (Fig.

1D: ost) are much smaller, very variable in number and

correspond in position to spaces between primary

outward-pointing teeth. Primary outward-pointing and

inward-pointing teeth are always equal in number to the

spokes, while the number of secondary inward-pointing

teeth is more variable. Often they are equal in number to

the spokes, but sometimes the tooth number exceeds the

number of spokes (Fig. 1D, wheel on the right side). All

details concerning measurements of wheel parameters

are summarized in Table 2.

The lepidotrochid type wheels from the anterior and

posterior end of the body differ in some details (see

Table 2 and Fig. 3). The wheels from the anterior end of

the body are smaller and there is a significant linear

relationship between the number of spokes (po0:0001),

the hub diameter ðpo0:0001Þ and the wheel diameter

(Fig. 3). With increasing size of the wheel, the number of

spokes and the size of the hub increase as well. No such

linear relationship exists for wheels from the posterior

end of the body (Fig. 3). Also the mean value of the hub

diameter expressed as a percentage of the total wheel

diameter (dh, %) is higher in wheels from the anterior

end of the body than in those from the posterior end

(Table 2).
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Table 2. Measurements of wheel parameters: Neolepidotrochus parvidiscus angolensis subsp. nov

Parameter Myriotrochid type wheels Lepidotrochid type wheels

N. parvidiscus angolensis subsp.

nov.

N. parvidiscus

parvidiscus

N. parvidiscus angolensis subsp.

nov.

N. parvidiscus

parvidiscus

Anterior (n ¼ 2) Posterior

(n ¼ 50)

(n ¼ 6) Anterior

(n ¼ 49)

Posterior

(n ¼ 49)

(n ¼ 31)

D (mm) 97 (72.9) 131 (719.9) 121 111 (78.5) 140 (76.0) 119

94–100 75–166 93–134 95–129 127–158 110–132

dh (%) 24.8 (71.2) 20.8 (71.7) 17.7 40.0 (74.0) 28.4 (72.9) 26.3

23.6–26.0 17.7–25.9 16–20 29.7–47.2 21.7–36.1 22–31

ns 10.5 (70.5) 10.2 (71.0) 9.7 12.3 (71.1) 11.0 (70.9) 11.1

10–11 8–14 9–11 10–16 9–13 9–13

nipt — — — Same as spokes

nist — — — 12.3 (71.2) 12.7 (72.5) 10.5

10–16 10–24 6–12

nit 21.5 (70.5) 20.7 (71.4) 20.5 — — —

21–22 18–27 20–22

S/it (%) 48.8 (71.2) 49.0 (73.4) 47 49.9 (70.5) 46.8 (74.9) —

47.6–50.0 38.1–55.0 43–50 46.4–50.0 29.4–50.0

nopt — — — Same as spokes

nost — — — 2.1 (73.3) 5.3 (74.1) —

0–14 0–16

Means, standard deviations (in parentheses) and range of wheel parameters for the myriotrochid and lepidotrochid type wheels from the anterior and

posterior body wall of the holotype, compared to the wheel parameters of N. parvidiscus parvidiscus (data from Belyaev and Mironov, 1980). D, mm:

diameter of wheel, dh, %: diameter of hub expressed as a percentage of total wheel diameter, ns: number of spokes, nipt: number of primary inward-

pointing teeth, nist: number of secondary inward-pointing teeth, nit: total number of inward-pointing teeth, s/it, %: ratio of spokes to inward-pointing

teeth, nopt: number of primary outward-pointing teeth, nost: number of secondary outward-pointing teeth.
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The myriotrochid type wheels (Fig. 1E, F) are circular

or oval and range from 75 to 166 mm in diameter. The

hub is usually smaller than one quarter the size of the

wheel diameter. A central knob on the hub seems to be

missing. One series of large inward-pointing teeth

projects from the rim. They are triangular in outline,

have a more or less rounded tip and are about twice the

number of spokes. All details concerning measurements

of wheel parameters are summarized in Table 2.

Significant linear relationships between the number of

teeth ðp ¼ 0:0008Þ; the hub diameter ðpo0:0001Þ and the

diameter of the wheels from the posterior end of the

body exist (Fig. 4). With increasing size of the wheel, the

size of the hub increases as well, while the number of

teeth decreases. There is no linear relationship between

the number of spokes and the size of the wheels (Fig. 4).

Developing wheels of different stages (Fig. 1G) are

present throughout the body wall. Wheels of the

lepidotrochid type as well as of the myriotrochid type

can be found among them.

Remarks. The genus Neolepidotrochus is characterized

mainly by the presence of lepidotrochid type wheels and

by the morphology of the calcareous ring (Belyaev and

Mironov, 1980). Currently there are five species included

– N. variodentatus (Belyaev and Mironov, 1978),

N. kermadecensis (Belyaev, 1970), N. novaeguinensis

(Belyaev and Mironov, 1980), N. parvidiscus (Belyaev

and Mironov, 1980) and N. pawsoni (Belyaev and

Mironov, 1980).

N. novaeguinensis differs from all its congeners by the

lack of myriotrochid type wheels. The myriotrochid type

wheels of N. pawsoni stand owing to their large size with

a diameter ranging from 139 to 196 mm (mean 172 mm),

while all other species have myriotrochid type wheels

with mean diameters less than 150 mm (140 mm in current

specimen). N. kermadecensis and N. variodentatus differ

from the described specimen by the absence of wheel

deposits at the base of the tentacles (present in the

latter). Furthermore the mean value of the ratio hub
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Fig. 3. N. parvidiscus angolensis subsp. nov: Lepidotrochid

type wheel parameters and size distribution of wheel diameters

(D, mm; nw: number of wheels), from the anterior (solid

symbols) and posterior (outlined symbols) end of the body,

with plots of the number of spokes (ns: rhombus), and the

diameter of the hub (dh, mm: triangle) in relation to the wheel

diameter. Linear regression of ns and dh (mm) on D (mm) are

shown for wheels from the anterior end of the body

(ns ¼ 2.7278+(0.0861�D, mm), r2 ¼ 0:4100; po0:0001; dh,

mm ¼ �32.4473+(0.6944�D, mm), r2 ¼ 0:7152; po0:0001)

and wheels from the posterior end of the body

(ns ¼ 12.0959+(�0.0078�D, mm), r2 ¼ 0:0027; p ¼ 0:7228;

dh, mm ¼ 23.6860+(0.1149�D, mm), r2 ¼ 0:0252; p ¼ 0:2757).

(Wheel diameter size classes: 10mm.)

Fig. 4. N. parvidiscus angolensis subsp. nov: Myriotrochid type

wheel parameters and size distribution of wheel diameters (D,

mm; nw: number of wheels), from the anterior (solid symbols)

and posterior (outlined symbols) end of the body, with plots of

the number of spokes (ns: rhombus), number of inward-

pointing teeth (nit: circle), and the diameter of the hub (dh, mm:

triangle) in relation to the wheel diameter. Linear regression of

ns, nit and dh, mm on D, mm for wheels from posterior end of

body are shown, where ns ¼ 11.6639+(�0.0114�D, mm),

r2 ¼ 0:0527; p ¼ 0:1087; nit ¼ 25.1286+(�0.0334�D, mm),

r2 ¼ 0:2111; p ¼ 0:0008; dh, mm ¼ 4.7636+(0.1702�D, mm),

r2 ¼ 0:7495; po0:0001: (Wheel diameter size classes: 10mm.)
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diameter to wheel diameter (dh, %) in lepidotrochid type

wheels of both species is more or less constant for all

wheels throughout the body (N. kermadecensis, dh,

% ¼ 45%; N. variodentatus, dh, % ¼ 41%). This is

not the case for the current specimen where the ratio

hub diameter to wheel diameter differs considerably

between lepidotrochid type wheels from the anterior (dh,

% ¼ 40.02%) and the posterior body (dh, % ¼ 28.42%,

Table 2).

N. parvidiscus is the only species that the current

specimen possesses closer affinities to. N. parvidiscus is

known only from a posterior end found in the southern

Indian Ocean. According to Belyaev and Mironov

(1980) this species is mainly characterized by the

presence of three types of wheels in the body wall

(lepidotrochid type, myriotrochid type and acanthotro-

chid type wheels) and by lepidotrochid type wheels

which have a small-sized hub, resulting in a low mean

ratio of hub diameter to wheel diameter (dh,

% ¼ 26.3%). Additionally, the edge of the rim between

two primary outward-pointing teeth is roughly straight,

instead of curved. This specimen is referred to as N.

parvidiscus parvidiscus below.

The lepidotrochid type wheels from the posterior end

of the body of N. parvidiscus angolensis subsp. nov. have

small sized hubs (Table 2) as in N. p. parvidiscus. In

addition, the edge of the rim between two neighbouring

teeth is often straight, although not always.

However, there are also several differences between

the two subspecies of N. parvidiscus. The lepidotrochid

type wheels of N. p. parvidiscus are smaller than those of

N. p. angolensis (Table 2). N. p. parvidiscus has

lepidotrochid type wheels with fewer secondary in-

ward-pointing teeth in comparison to N. p. angolensis

although the number of spokes in both subspecies are

the same (Table 2). The most obvious difference is the

presence of secondary outward-pointing teeth in lepido-

trochid type wheels of N. p. angolensis (Fig. 1D: ost).

This character is less distinct in wheels from the anterior

end of the body with a mean number of about two teeth

per wheel compared to about five teeth for wheels from

the posterior end of the body (Table 2). One or more

secondary outward-pointing teeth are present in 55% of

the wheels from the anterior end of the body, while more

than 80% of the wheels from the posterior end have at

least one tooth. A distinct series of secondary outward-

pointing teeth has not been noted by Belyaev and

Mironov (1980) for N. p. parvidiscus and seems to be

missing.

The myriotrochid type wheels of both subspecies also

differ to some extent (see Table 2). The wheels of N. p.

parvidiscus are smaller and have a smaller ratio of hub

diameter to wheel diameter (dh, %). The number of

inward-pointing teeth is about the same, but there are

fewer spokes in N. p. parvidiscus resulting in a lower

ratio number of spokes to number of teeth (Table 2).

A third type of wheel, the so-called acanthotrochid

type wheels, which are thought to be characteristic of N.

p. parvidiscus (see Belyaev and Mironov, 1980) are also

present in N. p. angolensis. However, these wheels are

only a development stage of lepidotrochid type wheels

(Fig. 1 G, wheel on right side). In the current specimen

many intermediate stages between both types of wheels

were observed.

In conclusion, N. p. angolensis, though similar to N. p.

parvidiscus, differs in several features and may be

distinguished from the latter on the basis of features of

the lepidotrochid type wheels. In N. p. angolensis, these

wheels are of a larger size and have, at least the majority

of them, secondary outward-pointing teeth projecting

from the rim.

Etymology. The name, angolensis, refers to the type

locality (Angola Basin) of this subspecies.

Distribution. Only known from type locality, Angola

Basin, south-eastern Atlantic Ocean, 5395m.
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Théel (Echinodermata: Holothuroidea) in the deep north-

east Atlantic Ocean. Zool. J. Linn. Soc. 88, 229–276.

Koken, E., 1894. Die Gastropoden der Schichten mit

Arcestes studeri. Jahrb. K-K. Geol. Reichsanst. Wien. 10,

441–458.

Pawson, D.L., 1971. Siniotrochus phoxus new genus, new

species, a myriotrochid holothurian new to the United

States east coast. Proc. Biol. Soc. Wash. 84, 231–234.

ARTICLE IN PRESS

J.M. Bohn / Organisms, Diversity & Evolution 5 (2005) 231–238238



�� ����� ���� ������ ������������ �������������� ����������� ����� ����� � ���

������������ ����������� ���� ��� �������� ��� �� ������ ���������������

������������������������������� ���������������������





1078

Accepted by Alan Dartnall: 17 Oct.  2005; published: 7 Nov. 2005 33

ZOOTAXA
ISSN 1175-5326  (print edition)

ISSN 1175-5334 (online edition)Copyright © 2005  Magnolia Press

Zootaxa 1078: 33–40 (2005)
www.mapress.com/zootaxa/

Myriotrochus (Oligotrochus) meteorensis spec. nov., a new myrio-
trochid holothurian from the deep-sea off NW Africa (Echinoder-
mata: Holothuroidea: Myriotrochidae)
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Abstract

A new myriotrochid holothurian, Myriotrochus (Oligotrochus) meteorensis spec. nov., has been dis-
covered in a deep-sea sample taken during an expedition with FS 'Meteor' (M 36) off north-west
Africa, together with specimens of Molpadia musculus Risso, 1826, Hedingia albicans (Théel,
1886) and Protankyra cf. brychia (Verrill, 1885). The new species is similar to M. (O.) vitreus (M.
Sars, 1866) and M. (O.) clarki Gage and Billett, 1986; it is thoroughly described and detailed mea-
surements of wheel parameters are presented. This is the first record of a myriotrochid holothurian
for the NE Atlantic Ocean south of 40°N.

Key words: Holothuroidea; Myriotrochidae; Myriotrochus; Oligotrochus; M. (O.) meteorensis
spec. nov.; taxonomy; systematics

Introduction

The benthos of the north-western Africa upwelling area from Cape Blanc to off northern
Morocco has been sampled during four cruises (M 26, M 36, M 44 and M 53) with the
German research vessel 'Meteor' (Thiel 1981) by the means of eight depth transects.

A hitherto unsorted holothurian sample from a deep station taken during cruise M 36
off Cape Blanc in 1975, held at the Zoologische Staatssammlung München (ZSM), con-
tained in addition to Molpadia musculus Risso, 1826 (10 specimens, ZSM 20043111),
Hedingia albicans (Théel, 1886) (3 specimens, ZSM 20043110) and Protankyra cf. bry-
chia (Verrill, 1885) (35 fragments, ZSM 20043109) several fragments of a yet undescribed
myriotrochid holothurian.

The Myriotrochidae Théel, 1877 are a family of apodous, usually infaunal holothuri-
ans that are worldwide distributed in the deep-sea, though few species are also known
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the best sampled deep-sea regions concerning myriotrochid holothurians (Belyaev &
Mironov 1982, Gage & Billett 1986), knowledge of this family there is still scarce. The
specimens collected during the cruise M 36 with FS 'Meteor' off Cape Blanc are the first
record of a myriotrochid holothurian from the NE Atlantic Ocean south of 40°N.

Material and Methods

For examination of calcareous deposits small pieces of the body wall were macerated in a
12.5 % Natriumhypochlorite solution, then rinsed several times in distilled water and air-
dried. The calcareous deposits were mounted on slides and analyzed with a Leitz micro-
scope equipped with a video camera (380 USB 2.0 Spacec@m) and the software AxioVi-
sion LE. For SEM examinations the calcareous deposits were transferred to aluminum
stubs, sputtered with gold and studied in a LEO 1430 VP Scanning Electron Microscope.

The wheel-like deposits in the body wall of the Myriotrochidae are an important diag-
nostic feature and a number of measurements and counts have been established to describe
and characterize species (see Belyaev 1970, Belyaev & Mironov 1982, Gage & Billett
1986, Bohn 2005).

Taxonomy

Family Myriotrochidae Théel, 1877
Genus Myriotrochus Steenstrup, 1851
Subgenus Oligotrochus M. Sars, 1866

Myriotrochus (Oligotrochus) meteorensis spec. nov.
(Figs 1A–M, 2)

Material. Holotype (� anterior fragment, ZSM 20043112), 8 paratypes (2 � anterior frag-
ments, 2 � anterior fragments, 2 juv. [?] anterior fragments, 2 posterior fragments, ZSM
20043108), FS "Meteor", station M 36/99, Agassiz trawl 151, 21°36.2' N, 18°40.6' W,
2786–2843 m, 26.II.1975.

Description. The seven anterior fragments are only few millimeters long and 6.0–
9.2 mm wide (close to the calcareous ring). The larger of the two posterior fragments is
about 25 mm long. The anterior fragments are circular to slightly oval in cross-section, the
posterior fragments have a slightly tapering posterior end.

There are 12 conical tentacles with 4–5 pairs of lateral digits. Both, the left and right
lateral interradius have three tentacles, while all other interradii only have two. The tenta-
cles lack calcareous deposits.
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FIGURE 1. Myriotrochus (Oligotrochus) meteorensis spec. nov. (A–C) Calcareous ring of holotype (all to the
same scale). (A) Dorsal view (dir: dorsal interradial plate, rdr: right dorso-lateral radial plate). (B) Left lateral
view (lvr: left ventro-lateral radial plate). (C) Ventral view (vr: ventral radial plate). (D–I) Individual plates of
calcareous ring of a paratype, outer (top) and anterior (bottom) view (all to the same scale). (D) Dorsal interra-
dial plate. (E) Right dorso-lateral radial plate. (F) Right lateral interradial plate. (G) Left ventro-lateral radial
plate. (H) Right ventral interradial plate (anterior process damaged). (I) Ventral radial plate. (J) Madreporite
body (small basal piece broken off). (K–M) Wheel deposits of body wall from paratypes. (K) Detail of a
wheel, rim with bifid teeth. (L) Small wheel lacking branched spokes. (M) Common large wheels with
branched spokes.
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the anterior part of the body and get scarce towards the median body region. The posterior
end of the body lacks wheel deposits. 

The calcareous ring is stout (Fig. 1 A–C), and ventrally much higher than dorsally. The
posterior margin of the ring is undulating, in particular on the lateral and ventral side, due
to flat posterior processes on the plates (Fig. 1F–H). Five radial and five interradial plates
build up the calcareous ring. The two dorso-lateral radial plates each have two anterior
processes (Fig. 1E), while all other plates only have one anterior process (Fig. 1D, F–I),
which are all of about the same height. The radial plates are perforated for the passage of
the nerve.

The gonad consists of two tufts of few branching tubules. There is a single tubular
polian vesicle. The stone canal, which is in close contact to the dorsal interradial plate,
consists of a short convoluted tube embedded in a prominent calcareous madreporite body
(Fig. 1J). The intestine has a large loop.

The myriotrochid type wheels are circular or oval and range from 111 to 316 µm in
diameter. The hub is due to the fusion of proximal parts of adjacent spokes of variable out-
line (Fig. 1M) and size and reaches from about one-sixth to more than one-third the size of
the wheel diameter. There are 10 to 18 spokes per wheel, fused in their proximal part with
their neighbors, thus enlarging the hub. They are more or less straight in their free part, and
close to the rim the majority of the spokes branche into two (Fig. 1M, see also Tab. 1). The
mean ratio of branched spokes to spokes varies in the seven investigated specimens
between 75.8–100 % (Tab. 1). Usually, there are about twice as much teeth projecting from
the rim of the wheel as there are spokes. The teeth are triangular in outline and have a bifid
tip (Fig. 1K). Detailed measurements of wheel parameters for seven specimens are given
in Table 1 and are summarized in Table 2.

There is a significant linear relationship between the number of spokes (p < 0.0001),
the number of teeth (p < 0.0001), the hub diameter (p < 0.0001) and the diameter of the
wheels (Fig. 2). With increasing size of the wheel, the number of spokes and teeth as well
as the size of the hub increase.

Remarks. Based on the shape of the calcareous ring (stout, with undulating posterior
margin) and the morphology of the tentacles (conical, with 4–5 pairs of lateral digits) this
new species has to be placed in the subgenus Oligotrochus sensu Heding (1935). Currently
there are five species included in Oligotrochus (see Smirnov 1999)—Myriotrochus (Olig-
otrochus) vitreus (M. Sars, 1866), M. (O.) bathybius H. L. Clark, 1920, M. (O.) clarki
Gage and Billett, 1986, M. (O.) neocaledonicus Smirnov, 1999 and M. (O.) rotulus
Smirnov, 1999.

Good characters separating the new species together with M. (O.) vitreus and M. (O.)
clarki from M. (O.) bathybius, M. (O.) neocaledonicus and M. (O.) rotulus are the mor-
phology of the wheels and the calcareous ring.
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with a hub perforated by a more or less complete circle of holes and a calcareous ring
where the ventral pieces are less than two times as high as the dorsal pieces (not known in
M. (O.) rotulus). In contrast, M. (O.) meteorensis, M. (O.) vitreus and M. (O.) clarki have
wheels without perforations on the hub and the ventral pieces of the calcareous ring are
about two times higher than the dorsal pieces (see Heding 1935, Gage & Billett 1986,
Smirnov 1999). Though quite similar, the new species also differs in several characters
from M. (O.) vitreus and M. (O.) clarki.

FIGURE 2. Myriotrochus (Oligotrochus) meteorensis spec. nov. Wheel parameters and size distribution of
wheel diameters (D, µm; nw: number of wheels), with plots of the number of spokes (ns: rhombus), number of
teeth (nt: circle), and the diameter of the hub (dh, µm: triangle) in relation to the wheel diameter. Linear regres-
sion of ns, nt and dh, µm on D, µm are shown, where ns = 6.65 + (0.03 x D, µm), r² = 0.22, p < 0.0001; nt =
19.44 + (0.04 x D, µm), r² = 0.17, p < 0.0001; dh, µm = -31.81 + (0.37 x D, µm), r² = 0.47, p < 0.0001. (Wheel
diameter size classes: 10 µm.)
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ZOOTAXA TABLE 1. Myriotrochus (Oligotrochus) meteorensis spec. nov. Means, standard deviations (in parentheses)

and range of wheel parameters for seven specimens. D, µm: diameter of wheel, dh, %: diameter of hub

expressed as a percentage of total wheel diameter, ns: number of spokes, nsb/ns, %: ratio of branched spokes to

spokes, nt: number of teeth, lt, %: length of teeth expressed as a percentage of total wheel diameter, s/t, %: ratio

of spokes to teeth.

The wheels of M. (O.) vitreus are considerably smaller, with a diameter ranging from
55 to 95 µm (Østergren 1902, Heding 1935) compared to those found in M. (O.) meteoren-
sis which have a mean diameter of 260.6 µm (range: 111–316 µm, see Tab. 2). Other
wheel parameter separating both species are the number of teeth, which usually is lower in
M. (O.) vitreus and the ratio of spokes to teeth, which is considerably higher in M. (O.) vit-
reus (see Tab. 2). A character, both species have in common are their tentacles with four to
five pairs of lateral digits.

Myriotrochus (O.) clarki differs by several wheel parameters from the new species
(see Tab. 2). Most obvious is the smaller size of the wheel deposits, which have a mean
diameter of 121.7 µm and range from 56 to 244 µm (Gage & Billett 1986) compared to
those found in M. (O.) meteorensis (mean: 260.6 µm, range: 111–316 µm). Also the mean
number of spokes and teeth per wheel are lower in M. (O.) clarki (see Tab. 2). The size dif-
ferences observed in the wheels of both species cannot be ascribed to size differences of
the investigated material, because the current specimens (calcareous ring diameter: 6.0–
9.2 mm) are within the range of the specimens described by Gage & Billett (calcareous

Parameter Specimen

ZSM 

20043112

ZSM 20043108

JMB–01314
(n=31)

JMB-01317
(n=31)

JMB-01319
(n=31)

JMB-01309
(n=11)

JMB-01313
(n=30)

JMB-01318
(n=21)

JMB-01316
(n=22)

D, µm 253.9 (±27.9)
157–299

272.6 (±38.5)
111–315

262.0 (±28.0)
131–298

244.5 (±21.1)
201–275

256.8 (±16.4)
208–293

256.1
(±17.5)

222–294

269.0 
(±24.0)

182–316

dh, % 21.8 (±1.4)
19.3–25.0

24.8 (±4.6)
19.3–34.8

22.0 (±2.0)
17.5–26.1

20.5 (±2.6)
17.4–26.6

25.3 (±2.2)
20.2–28.7

28.9 (±2.4)
23.9–35.0

31.1 (±2.7)
25.4–36.3

ns 14.6 (±1.2)
13–17

14.6 (±1.6)
11–18

13.7 (±1.5)
11–17

12.1 (±1.3)
10–14

13.3 (±1.8)
11–17

13.5 (±1.3)
11–16

14.6 (±1.4)
13–18

nsb/ns, % 91.5 (±18.4)
0.0–100

95.2 (±17.6)
0.0–100

95.0 (±17.8)
0.0–100

92.4 (±22.0)
23.1-100

100 94.2 (±11.5)
61.5-100

75.8 (±31.6)
0.0-100

nt 30.6 (±2.0)
26–34

30.2 (±1.9)
25–34

29.1 (±2.3)
25–33

25.2 (±2.4)
21–29

28.2 (±2.1)
25–33

30.0 (±2.2)
25–34

30.4 (±2.1)
25–33

lt, % 10.4 (±0.7)
9.1–12.1

11.7 (±0.8)
9.8–13.1

13.1 (±0.8)
11.5–15.2

11.3 (±1.4)
9.5–14.3

12.4 (±0.6)
11.4–13.5

11.3 (±0.7)
9.5–12.4

9.3 (±0.6)
8.3–10.3

s/t, % 47.8 (±3.3)
39.4–53.3

48.4 (±4.4)
36.4-56.7

47.3 (±4.9)
34.4–57.1

48.3 (±5.5)
38.5–61.9

47.2 (±4.8)
35.5–53.8

45.2 (±3.6)
39.3–52.0

48.5 (±3.4)
41.9–54.8
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Myriotrochus (O.) clarki has two pairs of lateral digits per tentacle (Gage & Billett 1986),
while the new species has four to five pairs.

TABLE 2. Myriotrochus (Oligotrochus) meteorensis spec. nov. Means, standard deviations (in parentheses)
and range of wheel parameters of the new species compared to the wheel parameters of M. (O.) clarki (data
from Gage & Billett 1986) and M. (O.) vitreus (data from Østergren 1902). D, µm: diameter of wheel, dh, %:

diameter of hub expressed as a percentage of total wheel diameter, ns: number of spokes, nsb/ns, %: ratio of

branched spokes to spokes, nt: number of teeth, lt, %: length of teeth expressed as a percentage of total wheel

diameter, s/t, %: ratio of spokes to teeth.

There can be little doubt, that both species are closely related. Some presumable syn-
apomorphic features are their unique wheel deposits. (1) Spokes are fused in their proxi-
mal part with their neighbors, thus enlarging the hub. (2) Close to the rim spokes branche
into two. (3) The teeth projecting from the rim of the wheel often are bifid. According to
Gage & Billett (1986) these characters are only present in the larger wheels of M. (O.)
clarki, while they are found in nearly all wheels of M. (O.) meteorensis with a diameter
larger than 210 µm. Out of 177 wheels measured, there were only 4 wheels which had no
branched spokes, and each one, with only 1, 2 or 3 branched spokes. Five of these seven
wheels have a diameter of less than 210 µm. Similar to small wheels in M. (O.) clarki,
small wheels in M. (O). meteorensis may lack this character, though all of them have bifid
teeth projecting from the rim.

Parameter Species

M. (O.) meteorensis
(n=177)

M. (O.) clarki M. (O.) vitreus

D, µm 260.6 (±27.9)
111–316

121.7
56–244

70-80
55–95

dh, % 24.9 (±4.3)
17.4–36.3

ns 13.9 (±1.6)
10–18

12.8
10–18 11–16

nsb/ns, % 92.8 (±19.5)
0.0–100

nt 29.4 (±2.5)
21–34

27.4
21–34 17–26

lt, % 11.5 (±1.4)
8.3–15.2

s/t, % 47.5 (±4.4)
34.4–61.9

49.4
37.9–75.0 55–60
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at depths between 1040 and 2907 m (Gage & Billett 1986, Harvey et al. 1988). Recently, it
also has been described from off NW Spain, at a depth of 480–520 m (Smirnov 1999).

In conclusion, M. (O.) meteorensis may be distinguished from the closely related M.
(O.) clarki by its tentacles, which bear four to five pairs of lateral digits, instead of only
two in the latter species, and by its considerably larger wheels.

Distribution. Only known from the type locality, off NW Africa, NE Atlantic Ocean,
2786–2843 m.

Etymology. The name, meteorensis, refers to the German research vessel FS "Meteor"
the service of which contributed much to our current knowledge on marine biodiversity.
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Abstract

Agassiz trawl and epibenthic sledge samples taken at abyssal depths in the Angola Basin (south-
eastern Atlantic Ocean) during the expedition DIVA-1 with FS "Meteor" in July 2000 yielded a rich
variety of Echinodermata: inter alia one stalked crinoid (Bathycrinus cf. aldrichianus Wyville
Thomson, 1876) and altogether nine holothurian species, two of which are subspecies. One of
these, Achlyonice longicornis spec. nov., is new to science, while all others have been described
earlier: Deima validum validum Théel, 1879, Psychropotes semperiana Théel, 1882, Peniagone
purpurea (Théel, 1882), Molpadiodemas atlanticus (R. Perrier, 1898), Molpadia liska Pawson,
1977, Protankyra brychia (Verrill, 1885), Siniotrochus myriodontus Gage & Billett, 1986 and
Neolepidotrochus parvidiscus angolensis Bohn, 2005. All species collected are described and their
known distributions are given. Finally, two crinoids and 21 holothurian species, so far known from
the abyssal Angola Basin, are listed and their zoogeographical relationships are discussed.

Key words: Echinodermata; Crinoidea; Holothuroidea; South Atlantic Ocean; Angola Basin; deep-
sea; taxonomy

Introduction

For a long time, the south-eastern Atlantic deep-sea remained almost unexplored (Fig. 1).
The Valdivia expedition took samples in the Gulf of Guinea and along the western coast of
Africa and information on the Holothuroidea collected there have been published by
Ludwig & Heding (1935) and Heding (1940). Similarly to the Valdivia expedition, the
Danish Deep-Sea Expedition (Galathea) explored bathyal and abyssal depths in the Gulf
of Guinea and off the western coast of Africa. So far, only the elasipodid holothurians
collected have been published in an excellent monograph on this group (Hansen 1975).
Extensive sampling in the Cape Basin, the Angola Basin and the Guinea Basin was
conducted by the French Research Institute for Exploitation of the Sea (IFREMER, Brest,
France) in the course of the Walda (05–08.1971) and the Walvis (12.1978–01.1979)
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have been published so far (Sibuet 1975), data for the Holothuroidea collected are
nowadays available in the IFREMER BIOCEAN Database, which is part of the Ocean
Biogeographic Information System (OBIS) at www.iobis.org.

The aim of the DIVA-1 expedition with FS "Meteor" (cruise M48/1) to the Angola
Basin (south-eastern Atlantic Ocean) was to investigate the biodiversity of this abyssal
plain. At several stations along a transect of about 700 km samples were taken with an
Agassiz trawl and an epibenthic sledge (Fig. 1).

The objective of this paper is to describe and document the Crinoidea and
Holothuroidea collected in the course of the DIVA-1 expedition (other Echinodermata
collected will be the subject of another publication). Based on these results and by
incorporating all available other sources, a list of the hitherto known species of this deep-
sea basin is compiled. Finally, zoogeographical relationships of the holothurian and
crinoid fauna with other deep-sea regions are discussed.

FIGURE 1. Records of Crinoidea and Holothuroidea in the Angola Basin and vicinity by the
Valdivia expedition (Ludwig & Heding 1935; Heding 1940), Dr Mortensen's Java—South Africa
expedition and the Galathea expedition (Hansen 1975), the Walda and Walvis cruises (IFREMER
BIOCEAN) and the DIVA-1 expedition.



 BOHN4                                       © 2006 Magnolia Press

1276
ZOOTAXA Material and methods

The crinoid and holothurian specimens investigated were sampled at 12 stations,
deploying an Agassiz trawl or an epibenthic sledge (station details are summarized in table
1). The material from the Agassiz trawl was first fixed in buffered formalin and then
transferred to ethanol for long term storage, while the epibenthic sledge samples were
fixed in cold ethanol. The investigated material is deposited in the Bavarian State
Collection of Zoology in Munich (ZSM).

TABLE 1. Stations, collection methods and species collected in the course of the DIVA-1
expedition with FS "Meteor" (M 48/1) to the Angola abyssal plain. AGT—Agassiz trawl; EBS—
epibenthic sledge; +— fragments.

Station Details Species Number of

specimens

M 48/1-321 22°20.6' S, 3°23.6' E, 5126 m to 22°27.6' S,

3°27.9' E, 5121 m, AGT, 10 Jul, 2000

Psychropotes semperiana

Théel, 1882

2

M 48/1-327 19°59.2' S, 3°00.9' E, 5448 m to 20°07.5' S,

3°07.9' E, 5439 m, AGT, 15 Jul, 2000

Bathycrinidae gen. sp. +

M 48/1-333 19°12.9' S, 3°48.6' E, 5426 m to 19°17.4' S,

3°52.2' E, 5424 m, AGT, 19 Jul, 2000

Deima validum validum

Théel, 1879

1

Molpadia liska Pawson, 

1977

2

M 48/1-334 19°12.5' S, 3°49.0' E, 5426 m to 19°19.8' S,

3°55.6' E, 5425 m, AGT, 19 Jul, 2000

Bathycrinidae gen. sp. +

Protankyra brychia (Ver-

rill, 1885)

3

M 48/1-337 18°18.9' S, 4°42.7' E, 5393 m to 18°24.6' S,

4°45.1' E, 5392 m, AGT, 21 Jul, 2000

Bathycrinidae gen. sp. +

Protankyra brychia (Ver-

rill, 1885)

1

M 48/1-339 18°19.4' S, 4°42.1' E, 5395 m to 18°25.3' S,

4°44.0' E, 5392 m, AGT, 22 Jul, 2000

Bathycrinidae gen. sp. +

Deima validum validum

Théel, 1879

1

M 48/1-340 18°18.3' S, 4°41.3' E, 5395 m to 18°19.4' S,

4°41.9' E, 5395 m, AGT, 23 Jul, 2000

Neolepidotrochus parvi-

discus angolensis Bohn, 

2005

1

                                                                                                      ............................ to be continued
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Station Details Species Number of

specimens

M 48/1-343 17°07.5' S, 4°42.9' E, 5415 m to 17°11.6' S,

4°45.9' E, 5415 m, AGT, 25 Jul, 2000

Deima validum validum

Théel, 1879

1

Peniagone purpurea

(Théel, 1882)

2

Molpadiodemas atlanti-

cus (R. Perrier, 1898)

1

Protankyra brychia (Ver-

rill, 1885)

1

M 48/1-344 17°06.2' S, 4°41.7' E, 5415 m to 17°07.5' S,

4°42.3' E, 5415 m, EBS, 25 Jul, 2000

Bathycrinidae gen. sp. +

Bathycrinus cf. aldri-

chianus Wyville Thom-

son, 1876

1

M 48/1-347 16°14.0' S, 5°26.7' E, 5389 m to 16°23.1' S,

5°27.0' E, 5388 m, AGT, 28 Jul, 2000

Molpadiodemas atlanti-

cus (R. Perrier, 1898)

1

Protankyra brychia (Ver-

rill, 1885)

5

Siniotrochus myriodontus

Gage & Billett, 1986

1

M 48/1-349 16°14.8' S, 5°26.5' E, 5389 m to 16°24.7' S,

5°26.2' E, 5388 m, AGT, 29 Jul, 2000

Molpadia liska Pawson, 

1977

4

Protankyra brychia (Ver-

rill, 1885)

4

M 48/1-351 16°25.2' S, 5°27.1' E, 5387 m to 16°33.2' S,

5°27.3' E, 5385 m, AGT, 30 Jul, 2000

Achlyonice longicornis

sp. nov.
1

Molpadia liska Pawson,

1977

5

Protankyra brychia (Ver-

rill, 1885)

7

Siniotrochus myriodontus

Gage & Billett, 1986

2
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were macerated in 12.5 % sodium hypochlorite solution. The remaining calcareous
deposits were rinsed several times in distilled water and finally air-dried. One part of the
deposits was mounted in Canada Balsam on slides, to be analyzed with a Leitz microscope
equipped with a video camera (380 USB 2.0 Spacec@m) and the software AxioVision
LE. For SEM examinations, the other part of the deposits was transferred to aluminium
stubs, sputtered with gold and studied in a LEO 1430 VP Scanning Electron Microscope.

This paper does not aim to provide a complete synonymy of the species treated;
instead only the original combination and source of the name as well as its junior
synonyms are given. Further details are available from the references indicating the
current use of a name, including a more complete synonymy.

The data for the species distributions are based on geo-referenced localities extracted
from literature (mainly expedition reports) and the IFREMER BIOCEAN database,
including distribution records of species nowadays treated as junior synonyms of the
species in question. Records from the IFREMER BIOCEAN database were only included
when identifications were made by experienced echinoderm taxonomists like Myriam
Sibuet (IFREMER, France) or Michel Roux (University of Reims, France). 

Symbols used to describe crinoid ossicles and series of ossicles of arms, pinnules and
the stalk conform with the abbreviations used by Roux et al. (2002) for stalked crinoids,
which differ slightly from the symbols sometimes used to describe "stalk-less" comatulid
crinoids (Roux et al. 2002).

Taxonomy

Class Crinoidea Miller, 1821

Family Bathycrinidae Bather, 1899

Bathycrinidae gen. sp.

Material. M 48/1-327: 1 stalk fragment (ZSM 20043082). 48/1-334: 3 stalk fragments
(ZSM 20043081). M 48/1-337: 8 stalk fragments (ZSM 20043085), 1 stalk fragment
(ZSM 20020069). M 48/1-339: 7 stalk fragments (ZSM 20043083). M 48/1-344: 1 stalk
fragment (ZSM 20043084).

Remarks. The available stalk fragments only allowed identification to family level.
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Bathycrinus cf. aldrichianus Wyville Thomson, 1876
(Figs 2A, 3)

Bathycrinus aldrichianus Wyville Thomson, 1876: 47–51, fig. 1; Clark, 1977: 159–162, fig. 1 (g)
[synonymy]

Bathycrinus campbellianus P.H. Carpenter, 1884: 238–240, fig. 15
Bathycrinus serratus A.H. Clark, 1908: 205–207, fig. 1

Material. M 48/1-344: 1 calyx (ZSM 20043086).
Description. The specimen is small and damaged, only the radials and arms (up to

Br10) are preserved, the basals and the stalk are missing (Fig. 2A). The calyx is about
1.7 mm wide. The five radials are smooth, about 0.7 mm high, have a proximal width of
0.5 mm and a distal width of 0.8 mm. Sharp-edged lateral flanges and a prominent crest-
like keel characterise the first brachitaxis (IBr1 and IBr2) and the proximal brachials. On
the axillaries (IBr2) the keel is Y-shaped. In distal brachials the lateral flanges disappear
and the crest-like keel is less prominent. The first brachitaxis is about 1.8 mm long and at
the joint of IBr1 and IBr2 0.9 mm wide. Though indistinct, the first non-muscular joints are
between brachials 1+2, 4+5 and 7+8. No pinnules were found (not developed yet?). 

Remarks. Currently, there are two Atlantic Bathycrinus species recognized, viz B.
aldrichianus Wyville Thomson, 1876 and B. gracilis Wyville Thomson, 1872 which both
are similar in being "very serrated in profile" in contrast to the remaining Atlantic species
which have "smooth and rounded ossicles and profiles" (Clark 1977: p. 167). The current
specimen corresponds with both species in the ornamentation of the first brachitaxis and
the proximal brachials, with a central keel and lateral flanges (Clark 1977, 1980; Macurda
& Meyer 1976). Slight differences in the specificity of the ornamentation may be
correlated with size (Clark 1977) and thus not sufficient to separate both species. The only
character known to distinguish both species seems to be the  position of the first pinnule on
the arm. Bathycrinus gracilis has the first pinnule on brachials 10 to 12, while B.
aldrichianus has the first pinnule on brachials 8 to 11 (Clark 1980). Due to the fact that the
current specimen lacks pinnules, a reliable determination is not possible and the specimen
is tentatively assigned to B. aldrichianus because of the geographical vicinity to other
records of this species.

Distribution. Bathycrinus aldrichianus has been described from the north-western,
the central and the southern Atlantic Ocean (Fig. 3), 3305–5860 m (Carpenter 1884; Clark
1908; Clark 1977; Gislén 1951; Macurda & Meyer 1976; herein), whereas B. gracilis
seems to be restricted to the north-eastern Atlantic Ocean (Fig. 3), 2880–5330 m
(Carpenter 1884; Clark 1977, 1980; Harvey et al. 1988; IFREMER BIOCEAN; Kœhler
1909).
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FIGURE 2. (A) Bathycrinus cf. aldrichianus Wyville Thomson, 1876. Distal part of calyx with
arms, basals and stalk missing (IBr1, IBr2 —first and second brachials of first brachitaxis). (B–E)
Psychropotes semperiana Théel, 1882. Calcareous deposits. (B) Large crosses (damaged) from
dorsal body wall, with four arms, central apophysis and downwardly bent hooks. (C) Large crosses
(damaged) from dorsal body wall, with four arms and central apophysis (arrowheads). (D) Small
crosses from dorsal body wall. (E) Rods and crosses from ventral body wall.
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FIGURE 3. Distribution of Bathycrinus aldrichianus Wyville Thomson, 1876 and the closely
related B. gracilis Wyville Thomson, 1872. Questionable records for B. aldrichianus, often based
on stalk fragments solely, are indicated as blank circles.

Class Holothuroidea de Blainville, 1834

Family Deimatidae Théel, 1879

Genus Deima Théel, 1879

Deima validum validum Théel, 1879
(Fig. 4)

Deima validum Théel, 1879: 5, figs 36–38
Deima validum validum. Hansen, 1975: 17–23, fig. 1, pls 11 (fig. 1), 13 (figs 1–2), [synonymy]
Deima fastosum Théel, 1879: 5–6, figs 1–3
Deima blakei Théel, 1886b: 1–2, figs 1–2
Deima atlanticum Hérouard, 1898: 88–89, figs 1–2
Deima mosaicum Ohshima, 1915: 233–234

Material. M 48/1-333: 1 specimen (ZSM 20043072). M 48/1-339: 1 specimen (ZSM
20020018). M 48/1-343: 1 specimen (ZSM 20043071).

Remarks. The taxonomy, morphology and distribution of this subspecies has been
described in detail by Hansen (1975). It is characterised by: 10–13 pairs of ventro-lateral
tube feet in single rows; mid-ventral tube feet absent or rarely represented by a reduced
pre-anal pair; dorsal papillae 5–10 pairs; ventro-lateral papillae 3–7 pairs; calcareous
deposits are perforated plates, usually large and multilayered; dorsal plates 1.5–7.0 mm in



 BOHN10                                       © 2006 Magnolia Press

1276
ZOOTAXA diameter, ventral plates 0.5–4.0 mm. The investigated specimens fit with this diagnosis.

The largest specimen (86 mm in length) has a single (?) small pre-anal tube foot, while
there are no pre-anal tube feet present in the other specimens. This is the second record of
this species for the South Atlantic Ocean and the known depth-range is increased from
4820 m to more than 5400 m.

FIGURE 4. Distribution of Deima validum validum Théel, 1879.

Distribution. (Fig. 4) This subspecies probably has a cosmopolitan distribution,
except for the Arctic and Southern Ocean, 724–5426 m (Deichmann 1940; Grieg 1921;
Hansen 1975; Hérouard 1902, 1923; IFREMER BIOCEAN; Kœhler & Vaney 1905;
Ohshima 1915; O'Loughlin 1998; Sibuet 1977; Sluiter 1901; Théel 1882, 1886b; herein).

Family Psychropotidae Théel, 1882

Genus Psychropotes Théel, 1882

Psychropotes semperiana Théel, 1882
(Figs 2B–E, 5)

Psychropotes semperiana Théel, 1882: 100–101, pl. 34 (figs 10–11); Hansen, 1975: 102–105, figs
41–42 [synonymy]

Psychropotes kerhervei Hérouard, 1902: 27–30, pl. 4 (figs 1–9)
Euphronides anchora Hérouard, 1912: 6–7, fig. 5

Material. M 48/1-321: 2 specimens (ZSM 20043075).
Description. Anteriorly, the specimens are more or less flat, while the posterior part of
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is 79 mm long and 22 mm wide (across ventral sole), while the smaller specimen measures
53 mm in length and 17 mm across the ventral sole. Both are of a purple colour
(preserved). The mouth and the anus are ventral and confined to the anterior and the
posterior end of the body. There are 16 tentacles, with conspicuous, rounded discs. The
ventral sole is delimited on both sides by a narrow brim (damaged for the most part),
formed by basally fused tube feet. Mid-ventral tube feet are conical and restricted to a
double row, which seems to be present (partly damaged) throughout the length of the
ventral sole. The unpaired dorsal appendage arises from a dorsal bulge, which is situated
one-seventh body length in the large specimen and one-fourth body length in the small
specimen from the posterior end of the body. In both specimens, the dorsal appendage is
more or less contracted and thus nothing can be said about the original size. The almost
complete dorsal appendage of the large specimen ends in two long slender papillae, each
about 18 mm long. Anterior to the dorsal bulge of the small specimen, are three pairs of
short conical papillae (indistinct in the larger specimen).

Calcareous deposits of the dorsal body wall are crosses of two types (Figs 2B–D). The
four arms of the larger type are smooth in their proximal parts and are equipped with
irregularly placed spines close to their distal ends (Fig. 2C). The high central apophysis is
smooth and ends in three or four downwardly bent hooks (Fig. 2B). Crosses of the second
type are considerably smaller, have irregularly placed spines along the arms and a low and
also spinous central apophysis (Fig. 2D). The calcareous deposits of the ventral body wall
are rods and crosses with irregularly placed spines (Fig. 2E).

FIGURE 5. Distribution of Psychropotes semperiana Théel, 1882.

Remarks. The two specimens described herein conform to the detailed description
given by Hansen (1975) for this species. Very characteristic are the large cross-shaped
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or four downwardly bent hooks, which are unique within the genus (Hansen 1975).
Distribution. (Fig. 5) Northern and southern Atlantic Ocean, northern and western

Indian Ocean, 2695–5610 m (Deichmann 1930, 1940; Hansen 1975; Hérouard 1902,
1923; IFREMER BIOCEAN; Madsen 1953; Sibuet 1977; Théel 1882; herein).

Family Elpidiidae Théel, 1879

Genus Peniagone Théel, 1882

Peniagone purpurea (Théel, 1882)
(Figs 6A–D, 7)

Elpidia purpurea Théel, 1882: 21–23, pls 7 (figs 4–6), 33 (figs 13–14), 44 (fig. 6)
Elpidia ambigua Théel, 1882: 27–28, pl. 33 (fig. 6)
Peniagone vexillum R. Perrier, 1900: 118
Peniagone ferruginea Grieg, 1921: 7–8, fig. 3, pl. 1 (figs 4–6)
Peniagone lacinora Agatep, 1967: 53–55, pl. 3 (figs 1–9)
Peniagone lugubris Théel, 1882. Madsen, 1953: 153–155, figs 2–3
Peniagone purpurea. Gebruk, 1990: 111–113, fig. 46 [synonymy]

Material. M 48/1-343: 2 specimens (ZSM 20043074).
Description. The body is more or less flat, with a distinct brim along the lateral edges

of the body, continuous with the velum (Fig. 6A). The two specimens are 37 and 55 mm
long and 12 and 24 mm wide. Preserved they are purple to dark purple (tentacle discs and
around mouth). The ventral mouth is situated on an anterior bulge-like enhancement,
while the posterior anus opens dorsally above the posterior tube feet. Ten conspicuous
tentacles encircle the mouth (larger specimen: 7 preserved, smaller specimen: 1
preserved). The tentacle discs are large, almost circular in outline, and have an irregular
margin, due to several retractile lobes. The posterior three-fifths of the ventral sole are
bordered by 7–8 pairs of conspicuous conical tube feet. From anterior to posterior, they
continuously decrease somewhat in size and become closer to each other. The anterior tube
feet are well separated and situated on the ventral side of the specimen, while the posterior
ones are in contact and are contiguous with the lateral brim. The most posterior pair of
tube feet is considerably smaller than the preceding ones. The dorsal velum, continuous
with the lateral brim, is conspicuous and composed of four basally fused papillae. The
papillae are long and slender and the anterior pair is about twice as long as the posterior
pair. A short distance from the velum there is a variable number of pairs of free papillae
(1–3).
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FIGURE 6. Peniagone purpurea (Théel, 1882). (A) Ventral view of a specimen, anterior end to the
left (b—brim, t—tentacles, v—velum, arrowheads—tube feet). (B) Primary crosses from body
wall. (C) Large crosses and rods from tentacles. (D) Large crosses from tube feet.

FIGURE 7. Distribution of Peniagone purpurea (Théel, 1882) and Achlyonice longicornis spec.
nov.
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more or less bent arms and four high apophyses, one on each arm (Fig. 6B). The arms and
apophyses of the primary crosses are irregularly equipped with small spines. Usually, the
apophyses are shorter than the arms, but not always. In addition to the common primary
crosses, in the tentacles also large spinous crosses and rods are present (Fig. 6C). Similar
spinous crosses also do occur in the tube feet (Fig. 6D).

Remarks. In his revision of the family Elpidiidae, Gebruk (1990) synonymised the
two species P. purpurea and P. ferruginea, till then recognised as valid (e.g. Hansen 1975).
According to Gebruk, P. purpurea is characterised by the following features: calcareous
deposits of dorsal body wall primary crosses of two types, both with four apophyses,
which are usually shorter than arms, in one type arms are bent, while in the other type arms
are about horizontal; dorsal velum large, papillae of velum free in their distal part. The
current specimens fit with this diagnosis regarding the morphology of the dorsal velum,
which is formed by four basally fused papillae. However, with reference to the supposed
two types of primary crosses in the dorsal body wall, the current specimens differ
somewhat. There are primary crosses with conspicuously bent arms as well as crosses with
almost horizontal arms, but there are also intermediate forms with more or less bent arms.
Likewise variable primary crosses are also present in the ventral body wall of both
specimens investigated. It seems, that in reality these two "types" represent the extremes
of a continuous range.

Distribution. (Fig. 7) Northern and southern Atlantic Ocean, southern Indian Ocean,
northern Pacific Ocean and Southern Ocean, 2800–5880 m (Agatep 1967; Gebruk 1990;
Grieg 1921; IFREMER BIOCEAN; Madsen 1953; Perrier 1902; Théel 1882; herein).

Genus Achlyonice Théel, 1879

Achlyonice longicornis spec. nov.
(Figs 7, 8A–E)

Material. Holotype (ZSM 20043073), FS "Meteor", DIVA-1, station M 48/1-351,
16°25.2' S, 5°27.1' E, 5387 m to 16°33.2' S, 5°27.3' E, 5385 m, Agassiz trawl, 30 Jul,
2000.

Description. The holotype is more or less ovoid (Figs 8A–B), 35 mm long, about
10 mm wide (across ventral sole), and of a dirty-white colour (preserved). The mouth is
ventral and the anus is terminal, dorsally of the ventral sole. Ten tentacles encompass the
mouth, eight (?) of which are connected by a membrane, while at least the two posterior-
most tentacles are free. Terminal discs of tentacles with numerous minute processes. Nine
pairs of tube feet border the posterior two-thirds of the ventral sole (Figs 8A–B). The
anterior five pairs are conical and bear a terminal disc consisting of four lobes (Fig. 8D).
They are well separated from each other and slightly decrease in size from anterior to
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posterior end of the ventral sole. A conspicuous dorsal velum, about as long as the body, is
situated close to the anterior end of the specimen (Figs 8A, C). It is composed of four
papillae, of which the long median pair are fully fused along their length, while the outer
papillae are much shorter and separate in their distal part, forming small lateral lobes. A
third pair of small and free papillae is present close to the base of the velum.

A calcareous ring seems to be missing. The single polian vesicle is large. The unpaired
left gonad consists of richly branched short tubules opening into a well developed
common duct. The anterior part of the intestine is straight, while the posterior forms a
loop.

Calcareous deposits are straight or slightly curved spinous rods (Fig. 8E), up to 470 µ�
long, which are present in the tentacles the dorsal papillae and the tube feet; but none were
found in the body wall (some of the deposits are in the process of dissolving, due to acidic
fixation fluid).

Remarks. Achlyonice longicornis differs from all other known elpidiid species by the
combined occurrence of the following two characteristics: the peculiar triangular velum
with two small lateral lobes and the large spinous rods present in the tentacles, the dorsal
papillae and the tube feet.

Only one species is known to possess a somewhat similar velum, the single specimen
of Peniagone stabilis Kœhler and Vaney, 1905 collected in the Bay of Bengal. It is
characterised by a triangular velum consisting of one large and two small papillae and a
posterior lobated border of fused tube feet (Kœhler & Vaney 1905). It differs from
Achlyonice longicornis by the much shorter velum, which is only 5 mm high (with both
specimens being of similar size) and by its calcareous deposits, which are four-armed and
have one central apophysis and one apophysis on each arm.

FIGURE 8. Achlyonice longicornis spec. nov. (A) Right lateral view (schematic). (B) Ventral view
(schematic). (C) Velum. (D) Distal end of tubefoot. (E) Rods from dorsal papillae. Figs A–C to the
same scale.
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species of the genus Achlyonice Théel, 1879 and all species of the genus Ellipinion
Hérouard, 1923 are known to possess rod-shaped, often spinous deposits and a velum.
Ellipinion species differ from Achlyonice by the additional presence of small C-shaped
deposits and constantly 10 tentacles. Hansen (1975) characterises Achlyonice as follows:
tentacles 10–12; deposits tripartite, rod-shaped or absent; calcareous ring consisting of five
isolated pieces, each having a varying number of arms. Absence of C-shaped deposits
assigns the new species to Achlyonice rather than to Ellipinion.

Within this genus there are two species, Achlyonice monactinica Ohshima, 1915 and
Achlyonice myriamae Gebruk, 1997, which share some similarities with A. longicornis.
All three have the anterior tentacles connected by a membrane and the calcareous deposits
are rods (Ohshima 1915; Gebruk 1997). Most obviously, A. longicornis differs from A.
myriamae and A. monactinica by: different tentacle numbers, both species have 12
tentacles as opposed to A. longicornis, which has only ten; its peculiar dominant triangular
velum; the restriction of rod deposits to the tentacles, the dorsal papillae and the tube feet,
which are present throughout the body wall in the other species. Furthermore, A. myriamae
has in addition to rod deposits also tripartite deposits, which are lacking in A. monactinica
as well as in A. longicornis.

Distribution. (Fig. 7) So far, this species is only known from the type locality,
Atlantic Ocean, Angola Basin, 5385–5387 m.

Etymology. The name, longicornis, refers to the characteristic, horn-like shape of the
dorsal velum.

Family Synallactidae Ludwig, 1894

Genus Molpadiodemas Heding, 1935

Molpadiodemas atlanticus (R. Perrier, 1898)
(Figs 9A, 10)

Pseudostichopus atlanticus R. Perrier, 1898: 1665
Molpadiodemas acaudum Heding, 1935: 78–80, pl. 6 (figs 1–2)
Molpadiodemas atlanticus. O'Loughlin & Ahearn, 2005: 153, figs 3(a–b), 4(a–d), 6(a–b) [synon-

ymy]

Material. M 48/1-343: 1 � (ZSM 20020019). M 48/1-347: 1 � (ZSM 20043076).
Additional Material. 1 � (ZSM 20043140), FS "Meteor", station M 3/24, Agassiz

trawl 2, 42°26.8' N, 14°49.0' W to 42°40.9' N, 14°49.2' W, 5270 m, Agassiz trawl, 11 Mar,
1966, det. C.G. Ahearn (USNM), 2004.

Description. The specimens range from 76 to 100 mm in length and 24 to 54 mm in
width. The body is more or less cylindrical with rounded anterior and posterior ends, of a
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encompassed by 20 prominent brown tentacles, which often are retracted and thus difficult
to make out. The anus is ventral in position, enclosed in an inconspicuous pygal furrow.
Filiform tube feet, lacking a sucking disc, are found sparsely scattered on the ventral side
(often visible as small brown spots) but could not be detected dorsally. The body wall is
thick and rugose.

FIGURE 9. (A) Molpadiodemas atlanticus (R. Perrier, 1898). Rod-like deposits from tentacles.
(B–G) Molpadia liska Pawson, 1977. (B) Calcareous ring, left lateral view (ldr— left dorso-lateral
radial plate, llir—left lateral interradial plate, lvr—left ventro-lateral radial plate). (C) Table from
body wall (JMB-01141). (D) Tables from body wall (JMB-01646). (E) Tables from tail (JMB-
01141). (F) Tables from tail (JMB-01646). (G) Anal tooth (JMB-01646).
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single ventral polian vesicle. The gonad consists of a tuft of branching tubules on both
sides of the dorsal mesentery. The intestine forms a large loop, and the respiratory trees
originate with a common trunk from the right side of the cloaca. 

Calcareous deposits are scarce. Isolated deposits are present in the tentacles, which are
irregularly rod-like, sometimes bent, often branching and with a tendency to form an
irregular network, resulting in few to several perforations (Fig. 9A). No deposits could be
detected in the body wall, in the tube feet, in the gonads nor in the respiratory trees.

FIGURE 10. Distribution of Molpadiodemas atlanticus (R. Perrier, 1898).

Remarks. In an long-needed and extensive review of the pygal-furrowed
Synallactidae (O'Loughlin & Ahearn 2005) all hitherto known species as well as several
new species are described, and detailed information is presented, including their
synonymy and distribution.

Molpadiodemas atlanticus differs from its congeners by a combination of the
following characters (O'Loughlin & Ahearn 2005): body large and sac-like; even cover of
tube feet, frequently inconspicuous; frequent presence of large, irregular, open mesh-like
gonad ossicles. The two Angola Basin specimens are assigned to M. atlanticus, although
they lack the characteristic calcareous deposits in the gonad. Also the third specimen
investigated (see additional material), which was determined by C.G. Ahearn in 2004 as
belonging to this species, lacks calcareous deposits in the gonad. According to O'Loughlin
and Ahearn (2005: p. 153) the lack of calcareous deposits in tentacles or gonads is not
uncommon: "…ossicles frequently abundant in tentacles and gonads, sometimes rare or
absent;…". But based on the body form (large and sac-like), the inconspicuous tube feet
and the overall resemblance of the Angola Basin specimens with the specimen determined
by C.G. Ahearn, the author is convinced, that the specimens are conspecific.
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southern Pacific Ocean, 2610–5415 m (Heding 1935; IFREMER BIOCEAN; O'Loughlin
& Ahearn 2005; Perrier 1902; Thandar 1999; herein).

Family Molpadiidae Müller, 1850

Genus Molpadia Risso, 1826

Molpadia liska Pawson, 1977
(Figs 9B–G, 11)

Molpadia liska Pawson, 1977: 115–116, figs 6 (a–g, i), 7 (a–b, d)

Material. M 48/1-333: 1 specimen (ZSM 20043068), 1 specimen (ZSM 20043069). M 48/
1-349: 4 specimens (ZSM 20020025). M 48/1-351: 5 specimens (ZSM 20020028).

Description. The specimens range from 24 to 63 mm in length, and 6 to 13 mm in
width (at calcareous ring). The body is approximately cylindrical, with a tapering posterior
end, resulting in a very short tail (only few millimetres long). Preserved specimens are
dirty-white with a tinge of pink. Fifteen retracted tentacles encompass the terminal mouth.
Likewise, the anus is terminal and in each radius there are few short anal papillae.

The calcareous ring is solid, smooth and composed of five radial plates (Fig. 9B: ldr,
lvr), with prominent posterior projections and five much smaller interradial plates (Fig.
9B: llir).

The tentacle ampullae are short. Longitudinal muscle bands are undivided. There is
one tubular polian vesicle in the left ventral radius. The single stone canal is long and
embedded in the dorsal mesentery and has a large oval madreporite body close to the
dorsal body wall. The gonad consists of tufts of branching, tubules on both sides of the
dorsal mesentery. The intestine forms a large loop (as long as body) and the respiratory
trees are conspicuous.

The calcareous deposits of the body wall (Figs 9C–D) and the tail (Figs 9E–F) are
exclusively tables with 3–9 holes and a large solid spire, derived from three fused pillars,
with 4–6 terminal hooklets. The tables of the body wall in the current specimens on
average range from 95 to 121 µ� (Tab. 2) and usually have 4 or 5 holes, while the tables
from the tail are smaller, on average 86 to 105 µ� in diameter (Tab. 2) and have fewer
holes (3 or 4). There are no phosphatic deposits, but anal teeth are present (Fig. 9G).

Remarks. The current specimens agree in all details with Molpadia liska as
characterised by Pawson (1977): body wall and tail deposits similar, exclusively tables
with solid spires composed of three fused pillars, with usually three perforations but often
with more up to a maximum of eight. Table deposit diameters of the current specimens are
also in accordance with the table sizes as presented by Pawson (Tab. 2). There is only one
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Molpadia discors Pawson, 1977. This species differs from Molpadia liska by its invariable
number of three holes per table, which in Molpadia liska may be up to eight or nine
(Pawson 1977). Another closely related species, which may result in misidentifications, is
Molpadia blakei (Théel, 1886), which with certainty is known from the northern Atlantic
deep-sea (Pawson et al. 2001). This species differs from M. liska by the presence of
fusiform rods (mean length: 256 µ�) in the tail, which are perforated by large holes and
have a low spire (Pawson et al. 2001).

TABLE 2. Molpadia liska Pawson, 1977. Means, standard deviations (in parentheses) and range of
diameter of tables from body wall (Dbw, µ�) and from tail (Dt, µ�) compared to range of mean
values as presented by Pawson (1977) for the type specimens. n—number of measurements.

This is the first record of this species for the Atlantic Ocean, and the known depth
range is considerably increased from 4740 to more than 5420 m.

FIGURE 11. Distribution of Molpadia liska Pawson, 1977.

Parameter Specimen Pawson (1977)

ZSM 20020028
JMB-01144

ZSM 20020025
JMB-01141

ZSM 20043069
JMB-01233

(n=50) (n=50) (n=50)

Dbw, µ� 120.5 (±16.6)
75–144

120.8 (±18.4)
83–160

94.6 (±14.0)
66–129

80 to 168

(n=50) (n=50) (n=41)

Dt, µ� 81.6 (±20.1)
46–136

103.5 (±27.5)
67–165

85.3 (±20.6)
49–132

75 to 144
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and Southern Ocean, 3111–5426 m (Pawson 1977; herein).

Family Synaptidae Burmeister, 1837

Genus Protankyra Østergren, 1898

Protankyra brychia (Verrill, 1885)
(Fig. 12)

Synapta brychia Verrill, 1885: 539
Synapta abyssicola Théel, 1886a: 14–15, pl. 1 (fig. 11)
Synapta abyssicola var. pacifica Ludwig, 1894: 174–178, pl. 18 (figs 13–19)
Protankyra brychia. Pawson et al., 2003: 160–171, figs 1–3, 8–11 [synonymy]

Material. M 48/1-334: 1 specimen, 2 anterior fragments, 2 posterior fragments (ZSM
20043077). M 48/1-337: 1 posterior fragment (ZSM 20043079). M 48/1-343: 1 specimen,
2 posterior fragments (ZSM 20043070). M 48/1-347: 2 specimens, 1 anterior fragment, 3
posterior fragments (ZSM 20020023), 2 anterior fragments, 1 posterior fragment (ZSM
20043078). M 48/1-349: 4 specimens, 2 median fragments, 7 posterior fragments (ZSM
20020021). M 48/1-351: 4 specimens, 8 posterior fragments (ZSM 20020027), 3 anterior
fragments, 1 median fragment (ZSM 20043080).

Additional Material. 1 specimen (ZSM 20043139), FS "Polarstern", ANDEEP III,
station PS 67/016-5, 41°07.5' S, 9°56.3' E, 4723 m, giant box corer, 25 Jan, 2005. 6
specimens, 2 anterior fragments, 1 posterior fragment (ZSM 20043138), FS "Polarstern",
ANDEEP III, station PS 67/016-11, 41°07.7' S, 9°56.3' E, 4727 m to 41°07.4' S, 9°54.8'
E, 4694 m, Agassiz trawl, 26 Jan, 2005.

Remarks. This species has been excellently reviewed by Pawson et al. (2003)
including its synonymy, morphology and distribution. A quite characteristic feature of this
species are the large calcareous deposits (after Pawson et al. 2003): anchors usually less
than 700 µ� long, but sometimes up to 1000 µ�, with branched stock and flukes with about
six teeth; anchor plates up to 700 µ� long, with 50–70 dentate holes. Pawson and his co-
authors are convinced, that the giant pelagic larva, the so called Auricularia
nudibranchiata Chun, 1896 is the larva of P. brychia. The specimens reported herein
considerably enlarge the known distributional area of the species in the Atlantic Ocean
(from about 16°S to 41°S), as well as the depth-range (from about 5000 m to more than
5400 m).

Distribution. (Fig. 12) This species probably has a cosmopolitan distribution, Atlantic
Ocean, eastern and western Pacific Ocean, 869–5426 m (H.L. Clark 1908, 1920, 1924;
Deichmann 1940; Gage et al. 1985; Harvey et al. 1988; Hérouard 1923; IFREMER
BIOCEAN; Ludwig & Heding 1935; Madsen 1953; Pawson et al. 2003; Perrier 1902;
Sibuet 1977; Théel 1886a; herein).
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FIGURE 12. Distribution of Protankyra brychia (Verrill, 1885).

Family Myriotrochidae Théel, 1877

Genus Siniotrochus Pawson, 1971

Siniotrochus myriodontus Gage & Billett, 1986
(Figs 13A, 14)
Siniotrochus myriodontus Gage & Billett, 1986: 266–272, figs 28(C–E), 29–31; Bohn, 2005:

232–234, figs 1(A–B), 2

Material. M 48/1-347: 1 posterior fragment (ZSM 20020016). M 48/1-351: 2 posterior
fragments (ZSM 20020015).

Remarks. Gage and Billett (1986) provide an excellent description of this species,
including detailed information on a variety of taxonomically important wheel parameters.
Given that the current specimens have already been treated in more detail (Bohn 2005) the
species is only shortly outlined: body about cylindrical, up to 31 mm long and 7 mm wide;
tentacles 12, with four pairs of lateral digits; calcareous ring with 5 radial and 5 interradial
plates; body wall with single layer of wheel deposits of the so-called siniotrochid type
(Fig. 13A); wheel diameter 414 µ� (284–560 µ�); hub about half the diameter of the
wheel, perforated by several holes; spokes 17 (12–25); inward-pointing teeth 42 (30–67);
outward-pointing primary teeth 18 (11–31); outward-pointing secondary teeth 6 (0–29)
(arrowheads in Fig. 13A); simple rod deposits present in tentacles and around anus.

Siniotrochus myriodontus closely resembles the north-western Atlantic Ocean S.
phoxus Pawson, 1971 from which it differs by the presence of outward-pointing secondary
teeth on the wheels.
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eastern Atlantic Ocean, 3490–5389 m (Bohn 2005; Gage & Billett 1986).

TABLE 3. List of deeper bathyal and abyssal crinoids and holothurians of the Angola Basin and its
vicinity, collected by the Valdivia expedition (Ludwig & Heding 1935; Heding 1940), the Java—
South Africa expedition (Gislén 1933; Hansen 1975), the Galathea expedition (Hansen 1975), the
Walda and Walvis cruises (IFREMER BIOCEAN) and the DIVA-1 expedition. 1—as Peniagone
ferruginea Grieg, 1921; 2—as Pseudostichopus atlanticus R. Perrier, 1898; 3—Pseudostichopus
depressus Hérouard, 1902; 4—as Pseudostichopus globigerinae Hérouard, 1923; 5—as
Pseudostichopus villosus Théel, 1886; 6—determination doubtful, may be the closely related M.
liska Pawson, 1977; 7—as Protankyra abyssicola (Théel, 1886).

Species Depth (m) Source

Bathycrinus aldrichianus Wyville Thomson, 1876 5415 herein

Porphyrocrinus incrassatus (Gislén, 1933) 2400–2780 Gislén 1933

Deima validum validum Théel, 1879 4088–5426 IFREMER BIOCEAN; herein

Psychropotes depressa (Théel, 1882) 2270 Hansen 1975

Psychropotes longicauda Théel, 1882 2475–3244 IFREMER BIOCEAN

Psychropotes semperiana Théel, 1882 3244–5126 IFREMER BIOCEAN; herein

Peniagone diaphana (Théel, 1882) 3034 IFREMER BIOCEAN

Peniagone purpurea (Théel, 1882) 4660–5415 1IFREMER BIOCEAN; herein

Achlyonice ecalcarea Théel, 1879 2400–2780 Hansen 1975

Achlyonice longicornis spec. nov. 5385–5387 herein

Molpadiodemas atlanticus (R. Perrier, 1898) 4820–5415 2IFREMER BIOCEAN; herein

Molpadiodemas depressus (Hérouard, 1902) 3034 3IFREMER BIOCEAN

Molpadiodemas involutus (Sluiter, 1901) 4613 4IFREMER BIOCEAN

Molpadiodemas villosus (Théel, 1886) 4550–4660 5IFREMER BIOCEAN

Mesothuria candelabra Hérouard, 1923 5220 IFREMER BIOCEAN

Paelopatides grisea R. Perrier, 1898 3035 Heding 1940

Paroriza pallens (Kœhler, 1896) 5124 IFREMER BIOCEAN

Molpadia musculus Risso, 1826 1756–4335 IFREMER BIOCEAN
6Molpadia blakei (Théel, 1886) 4335 IFREMER BIOCEAN

Molpadia liska Pawson, 1977 5385–5426 herein

Protankyra brychia (Verrill, 1885) 2225–5426 7Ludwig & Heding 1935; 
7IFREMER BIOCEAN; herein

Siniotrochus myriodontus Gage & Billett, 1986 5385–5389 herein

Neolepidotrochus parvidiscus angolensis Bohn, 
2005

5395 herein
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Neolepidotrochus parvidiscus angolensis Bohn, 2005
(Figs 13B–C, 14)

Neolepidotrochus parvidiscus angolensis Bohn, 2005: 234–237, figs 1(C–G), 3, 4

Material. M 48/1-340: Holotype (ZSM 20020017).
Remarks. This subspecies has been recently described in more detail (Bohn 2005) and

is characterised by: body wall and tentacle bases with two types of wheel deposits,
neolepidotrochid type wheels (Fig. 13B) and myriotrochid type wheels (Fig. 13C).
Neolepidotrochid type wheels with variable number (up to 16) of outward-pointing
secondary teeth (Fig. 12B: arrowheads), not present in all wheels, but in the majority;
edge of rim between two outward-pointing primary teeth roughly straight;
neolepidotrochid type wheels from anterior body smaller (mean diameter: 111 µ�, range:
95–129 µ�), than wheels from posterior body (mean diameter: 140 µ�, range: 127–158 µ�)
and with higher ratio of hub diameter to wheel diameter (mean: 40 %, range: 30–47 %)
compared to wheels from posterior body (mean: 29 %, range: 22–36 %). Myriotrochid
type wheels have a diameter of 130 µ� (75–166 µ�), ratio of hub diameter to wheel
diameter 21 % (18–26 %), spokes 10 (8–14).

Distribution. (Fig. 14) Angola Basin in the south-eastern Atlantic Ocean, 5395 m.

FIGURE 13. (A) Siniotrochus myriodontus Gage & Billett, 1986. Wheel deposit of body wall.
(B–C) Neolepidotrochus parvidiscus angolensis Bohn, 2005. Wheel deposits of body wall. (B)
Neolepidotrochid type wheel. (C) Myriotrochid type wheel. Arrowheads – outward-pointing
secondary teeth.
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that are known from at least two localities. N—North; S—South.

Discussion

The sampling activities of the DIVA-1 expedition focussed on the central abyssal plain of
the Angola Basin. Along a transect of about 700 km, six areas were sampled, at each
deploying the same variety of gears. These areas were all of a comparable depth, ranging
between 5120 and 5450 m. Altogether one crinoid and nine holothurian species have been
collected at 12 stations (Tab. 1), mainly with the Agassiz trawl (10 stations), and to a lesser
extent also with the epibenthic sledge (two stations). Most of the species were only present
at one or two stations and usually as one or two specimens. Protankyra brychia (Verrill,
1885) is the only species, that has been collected regularly (in 6 out of 12 stations) and also
in higher specimen numbers (up to 7).

Species Atlantic 
Ocean

Indian 
Ocean

Pacific 
Ocean

Southern
Ocean

N S N S N S

Bathycrinus aldrichianus Wyville Thomson, 1876 + +

Porphyrocrinus incrassatus (Gislén, 1933) + +

Deima validum validum Théel, 1879 + + + + + +

Psychropotes depressa (Théel, 1882) + + + +

Psychropotes longicauda Théel, 1882 + + + + + +

Psychropotes semperiana Théel, 1882 + + + +

Peniagone diaphana (Théel, 1882) + + + + +

Peniagone purpurea (Théel, 1882) + + + + +

Achlyonice ecalcarea Théel, 1879 + + + + +

Molpadiodemas atlanticus (R. Perrier, 1898) + + + +

Molpadiodemas depressus (Hérouard, 1902) + +

Molpadiodemas involutus (Sluiter, 1901) + + + + +

Molpadiodemas villosus (Théel, 1886) + + + + + +

Mesothuria candelabra Hérouard, 1923 + +

Paelopatides grisea R. Perrier, 1898 + +

Paroriza pallens (Kœhler, 1896) + +

Molpadia musculus Risso, 1826 + + + + + + +

Molpadia blakei (Théel, 1886) + +

Molpadia liska Pawson, 1977 + + +

Protankyra brychia (Verrill, 1885) + + + +

Siniotrochus myriodontus Gage & Billett, 1986 + +
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FIGURE 14. Distribution of Siniotrochus myriodontus Gage & Billett, 1986 and Neolepidotrochus
parvidiscus angolensis Bohn, 2005.

Five species present in the current material are new records for the Angola Basin (Tab.
3; Bathycrinus aldrichianus Wyville Thomson, 1876; Achlyonice longicornis spec. nov.;
Molpadia liska Pawson, 1977; Siniotrochus myriodontus Gage & Billett, 1986;
Neolepidotrochus parvidiscus angolensis Bohn, 2005), while the five others have been
found previously.

To compile a list of the known crinoid and holothurian species of the Angola Basin,
first of all, the area of interested has to be circumscribed. In the east, the Angola Basin is
delimited by the coast of Africa, in the south by the Walvis Ridge and in the west by the
Mid-Atlantic Ridge, but a clear delimitation towards the Guinea Basin in the north is
missing (see Fig. 1). So far, only few expeditions have sampled the deep-sea in this area.
The sampling activities of the Valdivia and the Galathea expeditions and to a lesser extent
also of the Walda cruise were limited to bathyal and abyssal areas close to the African west
coast (Fig. 1). The Walvis cruise investigated bathyal and abyssal depths in the southern
Angola Basin close to the Walvis Ridge, and Dr Mortensen's Java—South Africa
expedition deployed one deep-sea dredge of interest off St. Helena. Finally, the DIVA-1
expedition focused on sampling the central Angola Basin.

Altogether 2 stalked crinoid species of the suborder Bourgueticrinina (Tab. 3) and 21
holothurian species (Tab. 3), belonging to the Elasipodida (8 species), the Synallactidae (7
species), the Molpadiidae (3 species) and the Apodida (3 species) have been recorded so
far. These came from 24 stations, covering a depth range from 1700 m close to the African
coast, to more than 5000 m in the central abyssal Angola Basin (Fig. 1, Tab. 3).

When discussing zoogeographical relationships of different deep-sea regions, it
always has to be kept in mind, that current knowledge of species distribution is very
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disparate sampling activities in different geographical regions (e.g. North Atlantic
compared to the South Atlantic or central Indian Ocean; see Hansen 1975: figs 108 and
109). Thus "endemism" may just be the result of these causes.

Except for the two holothurians so far restricted to the Angola Basin (Achlyonice
longicornis spec. nov.; Neolepidotrochus parvidiscus angolensis Bohn, 2005), most of the
crinoid and holothurian species of the Angola Basin have large distributional areas (Tab.
4). A close relationship to the crinoid and holothurian fauna of the northern Atlantic
Basins is evident, as  all species known so far, except for Molpadia liska Pawson, 1977
also have been found there. Currently, eight of these are restricted to the Atlantic Ocean,
while all others are known from other Oceans as well. The influence of a "southern"
(Subantarctic) deep-sea fauna, on the other hand seems to be negligible. Though several of
the recorded species are also known from the Southern Ocean (altogether six species) only
one of them might be called a "southern" species: Molpadia liska, which so far is restricted
to the Southern Ocean, the southern Atlantic and the southern Pacific (Fig. 11), while the
others are widely distributed in the Atlantic, the Indian and the Pacific Ocean.

Concerning the deep-sea Asteroidea of the Angola, the Guinea and the Cape Basins
taken in the course of the Walda expedition, Sibuet (1975) found a similar situation: out of
21 Asteroidea only four species (two of them new to science) are restricted to the South
Atlantic, while all others are also known from the North Atlantic Ocean. Furthermore,
there seems to be no influence of the Subantarctic abyssal asteroid fauna on the asteroid
fauna of the Cape Basin or the Angola Basin, which prompts Sibuet (1975) to doubt the
Walvis Ridge being an effective barrier for Asteroidea, separating the Angola and the
Cape Basin.

Remarkable is the almost complete absence of small (up to few cm, usually smaller)
in- or epifaunal holothurians of the family Myriotrochidae that are quite abundant in other
deep-sea basins. These tiny and fragile organisms are usually caught with an epibenthic
sledge or a box corer. A rich variety of species has been described by Gage & Billett
(1986) from the Rockall Trough area (NE Atlantic Ocean), and recent expeditions
(ANDEEP I and II) to the Weddell Sea, the Scotia Sea and the Drake Passage proved the
presence of several myriotrochid species in the Antarctic and subantarctic deep-sea
(Gebruk et al. 2003). The DIVA-1 expedition only yielded one small myriotrochid
specimen (Neolepidotrochus parvidiscus angolensis Bohn, 2005), though almost the same
gears were used in the DIVA-1 and the ANDEEP expeditions.

Concluding, the crinoid and holothurian fauna of the Angola Basin is very similar to
that of deep-sea basins in the North Atlantic Ocean, with a high percentage of species with
a much wider distributional range including the Southern, the Indian and Pacific Ocean.
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Pseudrotasfer microincubator gen. et spec. nov., a brooding cucumariid 
holothurian (Echinodermata: Holothuroidea: Dendrochirotida) 
from the Burdwood Bank (south-western Atlantic Ocean)

JENS MICHAEL BOHN
Bavarian State Collection of Zoology, Münchhausenstraße 21, D-81247 Munich, Germany. E-mail: j.bohn@zsm.mwn.de

Abstract

A new brooding cucumariid holothurian, Pseudrotasfer microincubator gen. et sp. nov. has been discovered in samples
taken by the LAMPOS expedition with FS “Polarstern” at Burdwood Bank in the south-western Atlantic Ocean. This
species is characterised by peculiar wheel-like baskets in its outer body wall and a deeper layer of simple large perforated
plates, that require the establishment of a new genus. The new genus and species are characterised, and a description is
provided of its external and internal morphology, including a SEM study of its ossicles.

Key words. Echinodermata, Cucumariidae, taxonomy, south-western Atlantic Ocean, spermatozeugmata, ovarian
brooder

Introduction

The aim of the LAMPOS expedition with FS “Polarstern” (cruise ANT XIX/5, Apr. 2002) was to study the
“biogeographic and evolutionary links between the Magellan region (South America) and the Antarctic conti-
nent” (Arntz 2003: p. 1). In particular, a study was made of the shallows and islands of the Scotia Arc con-
necting the Magellan and the Antarctic region, to determine whether or not they serve as stepping stones
supporting faunal dispersal, and if so, what is the direction of faunal migration (Arntz 2003)? To address these
questions, 13 areas along the Scotia Arc, ranging from 200 to 650 m depth, were sampled, using a variety of
gear, including Agassiz trawl, bottom trawl and box corer.

During this cruise, the eastern and western extensions of the Burdwood Bank were also sampled. The
Burdwood Bank represents the north-western most part of the Scotia Ridge towards South America (Fig. 1).
This part of the ridge has a depth as shallow as about 75 m, and is a flat-topped area measuring about 350 km
by 100 km at the 200 m isobath (Davey 1972, GEBCO Digital Atlas 2003). The holothurian fauna of this area
is poorly known. Previous expeditions (Scottish National Antarctic Expedition, station 346; Swedish Antarc-
tic Expedition, station 59) gathered a total of six holothurian species (Tab. 1), described by Vaney (1908) and
Ekman (1925).

Current investigations of samples taken in the course of the LAMPOS expedition in the Burdwood Bank
area, revealed the presence of a seventh, new, small brooding dendrochirote holothurian. A striking character
of this new species is an outer layer of wheel-like baskets in the body wall, which have not been reported
before and necessitate the erection of a new genus.
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FIGURE 1. Agassiz trawl samples taken at the Burdwood Bank in the course of the LAMPOS expedition (FS
“Polarstern”, ANT XIX/5), containing Pseudrotasfer microincubator spec. nov.

TABLE 1. Previously recorded holothurian species from the Burdwood Bank. 

Material and methods

The holothurians collected in the course of the LAMPOS expedition (station PS 61/145-1, PS 61/150-1, Fig.
1) at Burdwood Bank were sorted to morpho-species and subsequently fixed in 96 % ethanol. The material is
deposited in the Bavarian State Collection of Zoology in Munich (ZSM).

To investigate spermatozoa with a scanning electron microscope (SEM), single male gonad tubules were
removed from the specimens and dehydrated according to the AXA method of Kees van Achterberg (Natu-
ralis, Leiden, the Netherlands), a modified version of the alcohol-ethyl acetate method established by Vocker-
oth (1966), where ethyl acetate is replaced by amyl acetate. The gonad tubules were placed for 24 h in a
mixture of 40 % xylene and 60 % ethanol (96 %), then transferred to amyl acetate and dried for 24 h. Finally,
the dry gonad tubules were transferred to aluminium stubs, and opened up with a fine pin to spread the sper-
matozoa on the stub.

Current name Vaney (1908) Ekman (1925)

Cladodactyla crocea croceoides (Vaney, 1908) Cucumaria croceoida C. crocea croceoides

Heterocucumis steineni (Ludwig, 1898) Cucumaria steineni

Pseudocnus perrieri (Ekman, 1927) Cucumaria laevigata 
[non Verrill, 1876]

C. laevigata

Psolus squamatus (Koren, 1844) P. squamatus var. segregatus R. Perrier, 1905

Psolidium dorsipes Ludwig, 1886 P. dorsipes

Taeniogyrus contortus (Ludwig, 1874) T. contortus
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For SEM examinations of ossicles, small pieces of the body wall were macerated in a 12.5 % sodium
hypochlorite solution, then rinsed several times in distilled water and air-dried. The ossicles were transferred
to aluminium stubs. The SEM specimens were sputtered with gold and studied with a LEO 1430 VP scanning
electron microscope.

Taxonomy

Order Dendrochirotida Grube, 1840

Family Cucumariidae Ludwig, 1894

Genus Pseudrotasfer gen. nov.

Diagnosis. Tentacles dendritic, 10, two ventral considerably smaller. Tube feet restricted to radii; dorsal radii
devoid of tube feet except for a single small tube foot close to tentacles and next to anus; ventrolateral radii
likewise with a single small tube foot close to tentacles; large tube feet demarcate ventral sole, in single radial
rows in ventrolateral radii and in double row in midventral radius. Calcareous ring simple, without posterior
processes. Ossicles of body wall of two types, scattered large smooth perforated plates in deeper layer and
shallow baskets in a dense upper layer; baskets resemble four-spoked wheels with centrally broadened “hub”
armed with outward-pointing teeth, undulating rim connecting “spokes” armed with inward-pointing teeth.

Type species. Pseudrotasfer microincubator sp. nov.
Etymology. The epithet Pseudrotasfer (gender male) refers to the wheel-like baskets of the body wall,

characteristic of this genus.

Pseudrotasfer microincubator spec. nov.
(Fig. 2A–J)

Material examined. Holotype. FS “Polarstern”, LAMPOS, station PS 61/150-1, 54°30.22' S, 56°08.20' W,
286 m to 54°29.64' S, 56°08.13' W, 290 m, Agassiz trawl, 06 Apr. 2002 (ZSM 20070012, 1 �).
Paratypes. FS “Polarstern”, LAMPOS, station PS 61/145-1, 54°01.58' S, 62°01.03' W, 271 m to 54°01.11' S,
62°01.63' W, 272 m, Agassiz trawl, 05 Apr. 2002 (ZSM 20070011, 1 �); station PS 61/150-1 [for details see
holotype] (ZSM 20070013, 1 �).

Description. Although three specimens are available (holotype: �, body length 7 mm; paratypes: 1 �,
body length 6 mm; 1 �, body length 5 mm), the description of the new species is mainly based on the holo-
type and the male paratype, due to the fact that the female paratype is in a defective state of preservation.
Although the specimens are small, all of them are mature. Preserved, the specimens are of a whitish colour.
The body is subcylindrical (Fig. 2A–B), but with a flattened ventral sole, and rounded posterior end. Mouth
terminal, anus subdorsal above ventral sole (Fig. 2A: arrowhead). Tentacles 10, dendritic, two ventral consid-
erably smaller than others.

The dorsal radii are almost devoid of tube feet, each radius with single radial tube foot present close to
anterior end of body, and next to anus. These are cylindrical and considerably smaller than those on the sole.
Likewise, a single tube foot is also present in each of the ventrolateral radii close to anterior end of body.
Somewhat distanced from anterior end (1.6–1.7 mm in the current specimens), ventral sole extends to poste-
rior end of body (Fig. 2B). Tube feet defining sole conspicuous, cylindrical, with distinct terminal discs. Feet
restricted to radii, a single row in each ventrolateral radius (� paratype: 8 tube feet, holotype: 11 tube feet),
and a double row in a zig-zag arrangement in mid-ventral radius (� paratype: 8 tube feet, holotype: 13 tube
feet).
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FIGURE 2. Pseudrotasfer microincubator spec. nov. A–B. Holotype (ZSM 20070012). A. Lateral view (arrowhead:
anus). B. Ventral view. C. Calcareous ring plates (mvrp: midventral radial plate, lvip: left ventral interradial plate) of a
paratype (ZSM 20070013). D. Potential spermatozeugmata consisting of various bunch-like bundled spermatozoa (h:
heads of spermatozoa, t: bundled tails) (ZSM 20070013). E–J. Ossicles. E. Plates of tentacles (ZSM 20070011). F. Large
perforated plates of deeper layer of body wall (ZSM 20070011). G–H. Wheel-like baskets of upper layer of body wall
(ZSM 20070011). I. Plates of deeper layer of terminal tube foot region (ZSM 20070011). J. Terminal plate of a tube foot
(ZSM 20070013).

Calcareous ring simple (Fig. 2C), with no posterior processes. Anterior processes of all 10 plates about
same height. They are oblong rectangular, incised anteriorly in radial plates. Interradial plates oblong triangu-
lar, except for middorsal interradial plate, which has a deeply incised V-shaped anterior process. Posterior
margin of plates emarginated, more pronounced in radial plates than in interradials.
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Retractor muscles arise from longitudinal muscles about one third body length from anterior end. A single
tubular polian vesicle present in left lateral interradius (stone canal and madreporite not investigated due to
delicate state of specimens). Intestinal tract consists of a short oesophagus, followed by an intestine with a
long loop, and terminates in a short cloaca. Anterior descending intestine suspended on midventral mesentery,
ascending anterior intestine on a mesentery fixed to left lateral interradius, and descending posterior intestine
on a mesentery attached to right side of midventral longitudinal muscle. Right and left respiratory trees arise
with a short common trunk from anterior dorsal side of cloaca. Both trees simple short tubules, which may
have few short side branches.

Sexes are separate. Due to delicate state of specimens, position of gonopore could not be ascertained.
Gonad consists of left and right bunch of few simple unbranched tubules attached to middorsal mesentery
immediately posterior to middorsal interradial plate of calcareous ring. In males, each bunch is composed of
3–6 long tubules, as well as few short and probably developing tubules. Long tubules are densely filled with
so-called spermatozeugmata (Fig. 2D), bunch-like structures composed of numerous spermatozoa with agglu-
tinated tails (Fig. 2D: t). Female paratype with a bunch of simple balloon-shaped tubules on both sides of mid-
dorsal mesentery (two on left and about four on right side), filled with embryos (all of about same
developmental stage). In addition, single small tubules filled with eggs present.

Tentacles supported by very variable rod- to plate-like ossicles (Fig. 2E), up to 350 µm long, in outline
elongated to rounded. Ossicles smooth, with holes of variable size, central holes usually larger than periph-
eral, often with irregular branching marginal outgrowths.

Body wall ossicles of two types, a deeper layer of scattered large plates and an upper layer of densely dis-
tributed wheel-like baskets. Plates of deeper body wall (Fig. 2F) large (up to 700 µm in diameter), smooth,
irregularly circular in outline, with holes of varying sizes. Baskets of upper body wall (Fig. 2G–H) small (30–
75 µm in diameter), shallow, resembling four-spoked wheels, with hub-like broadened central primary cross
and undulating rim connecting its four arms (“spokes”). While outer margin of hub is armed with several
small outward-pointing teeth, inner surface of rim between spokes is equipped with fewer, usually larger,
inward-pointing teeth.

Tube feet covered by a dense outer layer of wheel-like baskets, absent only from terminal disc. Baskets
overlie a layer of smooth, usually slightly curved plates (Fig. 2I), similar to those in tentacles, with irregular
elongated outline, perforated by larger and smaller holes, and often with various marginal outgrowths. These
plates restricted to distal ends of tube feet, adjacent to terminal plates. Terminal disc supported by single ter-
minal plate (exceptionally by few smaller plates), up to 400 µm in diameter, smooth, roundish in outline, with
irregular marginal outgrowths; central holes of plates smaller than peripheral (Fig. 2J).

Reproduction and development. Brooding period includes at least the beginning of April. The only
known female has its gonad tubules filled with juveniles, which are all at about the same developmental stage.
The juveniles are about 1.2 mm long. The body is cylindrical to deformed due to packing within the gonad
tubules. There are at least eight tentacles of about the same size, all retracted. No tube feet were detected and
the body wall is covered by a layer of wheel-like baskets, which are also present in the adults.

Distribution. (Fig. 1) So far, Pseudrotasfer microincubator is only known from the Burdwood Bank in
the south-western Atlantic Ocean, depth range 271 to 290 m.

Etymology. A small breeder (microincubator).

Discussion

Referral of Pseudrotasfer to a family is somewhat difficult, as there are feasible relationships with at least two
families. Based on 10 dendritic tentacles, a simple calcareous ring without posterior processes and the pres-
ence of baskets (although modified) in the body wall, the new genus can be assigned to the Cucumariidae or
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the Psolidae. Characteristic of the latter are a test of imbricating (often macroscopic) dorsal plates, the (usual)
presence of a well defined ventral sole and a dorsally turned mouth and anus, while in cucumariids body wall
deposits are diverse, usually small and inconspicuous and do not from a dorsal test of imbricating plates (e.g.
Pawson & Fell 1965, Pawson 1982, Rowe & Gates 1995).

Although the presence of a ventral sole and large macroscopic plates in the body wall of Pseudrotasfer
seems to indicate a closer affinity to the Psolidae than to the Cucumariidae, there are also substantial argu-
ments to assign the new genus to the Cucumariidae. First of all, the large plates present in the body wall are
scattered dorsally as well as ventrally, and do not form a test of imbricating plates. Also the ventral sole of
Pseudrotasfer differs from that of a “typical” psolid holothurian. Psolidae usually have a soft, often thin-
walled ventral sole, lacking large plates, which is clearly demarcated from the remaining body (Pawson
1982), whereas the impression of a ventral sole in Pseudrotasfer results from the arrangement of the tube feet
on the ventral radii�they are lacking in an anterior area, whereas they are arranged more or less crowded
around the posterior end of the body. Furthermore, the body wall of the ventral sole does not differ from that
of the remaining body, it is not thin-walled, and large smooth perforated plates are also present ventrally.
Based on these facts, the author is convinced that Pseudrotasfer has to be assigned to the Cucumariidae, and
not to the Psolidae. Within the Cucumariidae, there is also a variety of genera known to possess a kind of ven-
tral sole, like Apsolidium O'Loughlin & O'Hara, 1992, Microchoerus Gutt, 1990, Neocnus Cherbonnier, 1972
or Psolidiella Mortensen, 1925 (for details see Cherbonnier 1972, Gutt 1990, O'Loughlin & O'Hara 1992,
O'Loughlin 2000).

The wheel-like baskets, found in the outer body wall of the new species, so far are unique. There are no
cucumariid (or psolid) genera known to possess comparable baskets, so the erection of a new monotypic
genus is justified.

Bowl-shaped ossicles, somewhat similar in appearance to the wheel-like baskets found in the new species
are only present in the cucumariid holothurian Staurocucumis liouvillei (Vaney, 1914). This species has an
outer layer of flat, bowl-shaped ossicles, which are subcircular to suboval in outline, perforated by holes
armed with marginal teeth; four central holes usually large, surrounded by variable number of smaller holes
(e.g. Ekman 1925, 1927, Massin 1994, O'Loughlin 2002, own observations). Although the ossicles of both
species concur in two features—both are bowl-shaped and have holes armed with teeth, there are also consid-
erable differences. The bowl-shaped ossicles of S. liouvillei invariably have a greater number of holes and
they lack the broadened central primary crosses, which are present in baskets of P. microincubator. Further-
more, S. liouvillei has 10 subequal tentacles (e.g. Ekman 1925, 1927, O'Loughlin 2002, own observations),
while in the new species, the two ventral tentacles are considerably smaller than the remaining. Both species
do not seem to be closely related.

Although the list of holothurian taxa known to occur in the Burdwood Bank area so far is quite short (see
Tab. 1), it is obvious, that there are close relationships to the holothurian fauna of southern South America and
the Falkland Islands. Basically, the Burdwood Bank area can be regarded as the south-eastern most extension
of the South American continental shelf in terms of its holothurian fauna. All Burdwood Bank species (except
for P. microincubator) are also known from the Falkland Islands and five of the seven species have also been
recorded off southern South America (not P. microincubator and Heterocucumis steineni) (e.g. Ekman 1925,
1927, Pawson 1969). According to Ekman (1925, 1927), three of the Burdwood Bank holothurians are also
present off South Georgia (Pseudocnus perrieri, H. steineni and Taeniogyrus contortus). Two of these (H.
steineni and T. contortus) have also been recorded from several localities off the Antarctic continent (e.g.
Ekman 1925, 1927, Cherbonnier 1974, Gutt 1988, O'Loughlin 2002), although some authors doubt the con-
specifity of the South American and Antarctic specimens and treat them as separate species (e.g. Cherbonnier
1974: H. steineni and H. antarctica (Vaney, 1908) or Heding 1931: T. contortus and T. antarcticus Heding,
1931).
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Packaging of sperms to spermatophore- or spermatozeugmata-like structures is uncommon for holothuri-
ans. According to literature, all but two species have simple free sperm of a uniform type, similar to spermato-
zoa found in other echinoderm classes (e.g. Chia et al. 1975, Jamieson 1985, Hodgson & Bernard 1992). Two
brooding holothurians are exceptional: Cucumaria pseudocurata Deichmann, 1938 releases sperm in the form
of a modified spermatophore�the spermatozoa are tightly packed into dense strands of mucus that are quite
resistant to dilution (Atwood 1975, McEuen 1988: fig. 5C), while in C. lubrica Clark, 1901 spermatozoa are
bundled and after spawning remain together for an extended length of time before dispersing in the water
(Atwood & Chia 1974, Engstrom 1982, McEuen 1988). These bunch-like bundles consist of numerous sper-
matozoa with their tails intertwined (McEuen 1988: fig. 4D), very similar in appearance to the apparent sper-
matozeugmata found in Pseudrotasfer microincubator. Although the state of preservation of spermatozoa in
both male specimens is deficient, both were found to possess sperm that is bundled into bunch-like structures
by agglutinated tails. Similar bunch-like spermatozeugmata are also present in a variety of brooding Antarctic
Cucumariidae of the so-called “Cucumaria georgiana”-group (author's unpublished observations). All afore-
mentioned species are probably not closely related to the current species.

For brooding holothurians, packaging of sperms to spermatophore- or spermatozeugmata-like structures
seems to be advantageous. So far, similar structures have only been observed in combination with brood pro-
tection. Cucumaria lubrica and C. pseudocurata brood their young between the ventral body and the substrate
(Atwood & Chia 1974, Atwood 1975, Engstrom 1982, McEuen 1988), while species of the “Cucumaria geor-
giana”-group keep their young in brood pouches (e.g. O'Loughlin 1994, 2001, own observations) and P.
microincubator is an ovarian brooder.

Although there are reports of pseudocopulation in holothurians (see McEuen 1988), and a kind of copula-
tory behaviour has been assumed for some brooding dendrochirotids (see O'Loughlin 2001), there is no proof
of copulation in holothurians so far (McEuen 1988, O'Loughlin 2001). Free-spawning�the release of
gametes into the water column, where fertilization takes place, seems to be prevailing. A sufficient way to
transfer sperm from a male to a female that keeps their eggs, instead of releasing them into the water column,
is to pack large number of spermatozoa in a way, that they sink, are not dispersed into the water and even may
stick on the surface of the female, until the eggs are extruded, to guarantee fertilization (Engstrom 1982).
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