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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.
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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
e front matter r 2004 Elsevier GmbH. All rights reserved.
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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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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.

J.M. Bohn / Organisms, Diversity & Evolution 5 (2005) 231–238 233
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

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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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 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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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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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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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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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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