
HI. SYSTEMATIC PART 

tinctly marked off and about 1.2 mm long. Neither 
Order Nuculoidea lunula nor escutcheon is developed. The concentric 

NUCULIDAE Gray, 1824 

THIELE (1934) established Brevinucula as a subgenus 
to contain N.guineensis Thiele (see below). SCHENCK 
(1934) elevated the group to generic rank, while 
 POEL EL (1955) considered it a subgenus of Nu- 
culoma. VOKES (1967) listed it as a genus. 

Until now only a single species, dealt with below, 
has been assigned to the genus, and one might infer 
that the genus (or subgenus) was endemic in the 
abyssal zone. However, BARNARD (1964, p. 365, 
Fig. 1 c) described Nucula aequalitas from S. E. 
Africa at a depth of about 730 to 820 m. BAR- 
NARD remarks that his species is similar to N. 
guineensis Thiele and N. verrilli, but differs by being 
slightly longer than high and by having fewer teeth, 
equally disposed on each side of the ligament pit. 
BARNARD'S description and figure strongly indicate 
that N. aequalitas should be referred to Brevinucula, 
the distribution of which is thus extended to the 
bathyal region. 

Nuculsl ganamina Dall, 1908 
Text-fig. 2, A, B; P1.l, Figs. 1-3 

1908 Nucula panamina Dall, p. 368, pl. 6, fig. 1 I. 
1940 Nucula panamina, HERTLEIX & STRONG, p. 

386. 
1962 a Nucula panamina, CLARKE, p. 48. 
1964 Nucula panamina, PARKER, p. 87, p1.9, figs. 

10a, 10b. 
1968 Nuculapanamina, Boss et al., p. 239. 

sculpture consists of a rather fine, irregular striation, 
which gradually becomes coarser towards the 
periphery. In addition an extremely delicate radiat- 
ing striation can be seen. The ligament is amphidetic 
and only weakly developed. The resilium is strong, 
its ventral part pointing anteriorly, the resilifer 
projecting ventrally. The interior of the shell is 
nacreous. The adductor scars are relatively large, 
nearly equal in size and rather deeply impressed, 
particularly towards the dorsal part. The anterior is 
oval, while the posterior is pear-shaped, pointed 
ventrally. The pallial line is distinct. The whole 
interior surface has a delicate radiating striation; 
the ventral edge is devoid of serrations. 

Measurements  (see Fig. 4): 
Noh. teeth 

N o . L  H B L i A  P A P 

1 16.3 11.4 3.7 5.0 7.9 4.6 18 10 
2 15.0 10.3 3.0 4.7 7.4 3.6 18 9 
3 14.6 10.3 3.0 3.9 7.4 3.8 18 8 

DALL (1908) mentions a specimen which was 22 mm 
long and had 20 anterior and 10 posterior hinge 
teeth. 

Ma te r i a l :  SIO cruises : St. 274, E. Pacific, off Cali- \ 
/,/ . . . . . . fornia (36"52'N, 116"53'W), 1986-1975 m, 28. . . . . . . . . . . 

Apr. 1961. Gear: OT. Bottom: mud. Bottom 
I 5 m m  temp.: 2.5"C. - 3 specimens, 2 shells. 

Descr ip t ion:  
The shell is strongly inequilateral, the postumbonal 

part forming 25 to 28 % of the total length. It  is 
rather compressed, the outline being regularly oval 
in lateral view. The postero-dorsal edge is only 
slightly convex or straight above the hinge. The 
shell is covered with a brownish periostracum, 
which becomes darker towards the periphery. Be- 
tween the prodissoconch and the teleOcOnch is a Fig. 2. Nucula panamina Dall. SIO St. 274. A, interior of 
whitish, triangular "interdissoconch" which is dis- right valve; B, anterior hinge teeth of right valve. 



P r o p o r t i o n s  (see p. 22): 1898 Nucula verrillii, VERRILL & BUSH, p. 853, pl. 

No. H/L B/L Li/L A/P A/P no. 
1 0.70 0.23 0.31 1.72 1.80 
2 0.69 0.20 0.31 2.06 2.00 
3 0.71 0.21 0.27 1.95 2.24 

Remarks :  
The present material has been compared to the 

type and found to agree completely. N. bengalensis 
Smith is a closely related species. KNUDSEN (1967) 
found that N. bengalensis (of which N. mirijca 
Dall is believed to be a synonym) is a bathyal 
species (range: 265-457 to 1400 m) the horizontal 
distribution of which extends from off E.Africa 
(Zanzibar area) to off N. E. Japan. It differs from N. 
panamina by having relatively smaller adductor 
scars, the anterior one being distinctly triangular 
in outline. In addition the ventral edge is more 
curved and the posterior row of hinge teeth is 

95, fig. 10. 
1927 Nucula verrillii, DALL, p. 8. 
1931 Nucula guineensis, Thiele in: THIELE & 

JAECKEL, p. 35, pl. 2, figs. 35, 35 a. 
1934 Brevinucula guineensis, SCHENCK, p. 40, pl. 5, 

fig. 2 a-c. 
1934 Brevinucula guineensis, THIELE, p. 786, fig. 

788. 
1949 Nucula (Brevinucula) veurillii, HAAS, p. 7. 
1962 a Nucula guineensis, CLARKE, p. 48. 
1962 a Nucula verrilli, CLARKE, p. 49. 
1968 Nucula verrillii, Boss et al., p. 334. 

Mater ia l :  
St.24, off W. Africa (3" 54'N, 8"22'W), 3196 m, 
15 Nov. 1950. Gear: St 300. Bottom: clay. Bot- 
tom temp.: (2.7"C). - 37 specimens. 

relatively shorter, A/P = 2.6. 
Descr ip t ion:  

D i s t r ibu t ion :  
Nucula panamina is 

localities listed below: 
known only from the two 

Expedition: St. no. meters C" live spec. 

"Albatross" 3360 3058 2.4 f 
SIO 274 1986- 2.5 + 

1975 

The species is known only from the E.Pacific, from 
about 6"N to about 31 ON, the vertical range being 
from about 1980 to 3058 m at temperatures around 
2.4"-2.5" C. 

Type:  USNM no. 122894. The sample consists of 
one pair of united shells (probably with dry soft 
part), one left shell marked "figured", three smaller 
specimens with dry soft parts and two dead shells. 
The whole sample is labelled "Type". 

Type  local i ty:  "Albatross" St. 3360. 

Bvevinrcculse vevville' (Dall, 1886) 
Text-fig.3, A, B; PI. 1, Fig.4 

The shell is roughly triangular in lateral view, 
compressed and inequilateral, the postumbonal 
part forming 38-44 % of the total length. The valve 
is relatively thick and covered with a yellowish- 
brown, shining periostracum. The anterior edge is 
slightly convex, while the posterior one is practically 
straight. The ventral edge is strongly curved. The 
anterior and posterior edges form an angle of 82- 
90". The umbo is prominent, with a distinct whitish 
interdissoconch which is 0.7-0.8 mm long. The shell 
sculpture consists of a fine irregular radiating stria- 
tion. The lunula is elongate and narrow, rather 
faintly demarcated by a rounded edge running from 
the umbo to the region of the anteriormost hinge 
tooth. It is separated by a slight difference in colour 
from the remaining part of the shell. The escutcheon 
is more distinctly marked off by a faint ridge running 
from the umbo to the postero-ventral angle. The 
ligament is short. The resilium is strongly developed; 
the resilifer is approximately triangular, projecting 
slightly ventrally. The hinge is relatively strong. The 
adductor scars are very distinct, dorsally deeply 
impressed. The anterior scar is somewhat elongate 
with a poster-odorsal angle. The posterior scar is 
regularly oval and somewhat smaller than the an- 
terior one. The interior surface of the shell is nacre- 

1885a Nucula trigona Verrill, p. 438 ous and has a very delicate radiating striation. The 
1886 Nucula Verrilii, DALL, p. 248 pallial line is simple. The edge of the shell is smooth. 
1889 b Nucula Verrilli, DALL, p. 42 The  s oft  p a r t s  : The foot is strongly developed and 
1890a Nucula Veurillii, DALL, p. 257, pl. 14, fig. 4. has large triangular lobes at the edge. The intestine 
1893 Nz~cula verrillii, BUSH, p. 240, pl. 1, figs. 6, 7. shows five loops on the right side of the body. 



Fig. 3. Brevinuculu verrilli (Dall). "Galathea" St. 24. A, interior of right valve; B, soft parts seen from the right side, 
mantle removed. 

Measurements  a n d  count ings :  (see Fig. 4): 
No. h. teeth 

N o . L  H B A P a1 A P 

1 2.8 2.7 0.7 1.3 0.9 90 6 5 
1 3.0 3.0 0.7 1.5 1.1 90 7 5 
3 3.3 3.2 0.8 1.6 1.2 90 8 6 
4 3.3 3.3 0.9 1.7 1.2 83 7 5 
5 3.6 3.6 0.9 1.7 1.3 85 8 6 
6 3.9 3.8 0.9 1.9 1.4 87 10 7 
7 4.1 4.1 1.1 2.2 1.6 82 10 7 
8 4.2 4.1 1.2 2.2 1.7 82 11 9 
9 4.3 4.5 1.2 2.2 1.8 84 10 7+ 

10 4.4 4.4 1.1 2.4 1.9 89 10 8 
11 4.5 4.4 1.1 2.4 1.8 87 9 7 
12 4.6 4.4 1.1 2.3 1.9 84 9 7 
13 4.6 4.6 1.1 2.7 2.1 86 10 7 
14 4.6 4.7 1.3 2.6 2.1 83 11 8 
15 4.7 4.8 1.4 2.9 2.1 82 12 9 

1. a = angle between the praeumbonal and the postumbonal 
dorsal edges. 

DALL (1890) recorded a shell of 5 mm length, the 
largest specimen on record. 

P ropor t ions :  (see p. 22): 
No. H/L B/L 

1 0.97 0.25 
2 1 .OO 0.23 
3 0.97 0.24 
4 1 .OO 0.27 
5 1 .OO 0.26 
6 0.97 0.29 
7 1 .OO 0.27 
8 0.98 0.29 
9 1.05 0.28 

A/P no. 

1.20 
1.40 
1.33 
1.40 
1.33 
1.43 
1.43 
1.22 
1.43 

Var ia t ion:  
The general shape of the shell is subject to slight 

variation only as appears from the above. Some 
variation was observed in the number of hinge 
teeth, obviously correlated with the size of the 
shell. The smallest number of hinge teeth was found 
in the specimen having a length of 2.8 mm (the 
smallest specimen of the sample), while the largest 
number was found in the largest specimen. 

Remarks :  
VERRILL (1 885 a) described the species under the 

specific name trigona from three "Albatross" sta- 
tions, but did not give any figure. DALL (1886) 
found the name used by VERRILL preoccupied and 
replaced it with the specific name Vervillii; he gave 
a reference to VERRILL'S description, but did not 
add any new localities. DALL (1889 b) listed the 
species, giving size and known bathymetric distrib- 
ution. DALL (1890a) added a couple of new findings 
and illustrated the species for the first time, giving 
the external view of the left valve. BUSH (1893) 
listed the species, giving at the same time figures of 
the exterior and interior of a left valve from the 



type locality, but did not add any new records. 
VERRILL & BUSH (1898) figured the hinge of a left 
valve of a type lot specimen, but gave neither 
description nor any new records. DALL (1927) sum- 
marized the known distribution, adding nothing 
new. THIELE (1 931) described N. guineensis from off 
W. Africa, giving the external and internal views of 
a valve, and calling attention to its close similarity 
to N. verrilli, a similarity inducing the author at 
first to consider his material as belonging to the 
latter. He observed, that verrilli was relatively 
shorter and higher, less rounded ventrally, some- 
what more inflated. CLARKE (1962a) kept the two 
species separate. 

I have examined the "Albatross" samples as 
well as material from the "Valdivia", including the 
types of both N. verrilli and N.guineensis. The varia- 
tion in shape within the specimens seen was too 
slight for a specific separation. Close agreement was 
found in the general appearance of the hinge, the 
number of hinge teeth and in the shape and size of 
the adductor scars. 

SCHENCK (1934) exanlined material of N.guineen- 
sis from "Valdivia" St. 71 stating this to be the type, 
but actually the sample from "Valdivia" St. 56 has 
been designated as the type by THIELE. SCHENCK 
did not undertake a comparison of N.verrilli and 
guineensis, the former being only briefly referred to. 
He states that "to judge from the figure of the hinge 
of verrilli presented by VERRILL & BUSH, guineensis 
is congeneric if not conspecific with that species". 

The record of N.guineensis from "Valdivia" St. 
71 at a depth of only 44 m calls for some com- 
ments. The sample consists of two well-preserved 
specimens with dry soft parts which were found to 
agree in all respects with other "VaIdivia" samples 
and with the "Galathea" specimens. There is no- 
thing to indicate a mixing up of labels or any similar 
mistake, although this seems likely. 

D i s t r i b u t i o n :  

Expedition: St. no. 

"Albatross" 2194 
- 2228 
- 2229 
- 2723 
- 2754 
- 2760 

"Valdivia" 56 
- 63 
- 7 1 

"Caryn" 50 
"Galathea" 24 

meters 

2085 
2893 
2602 
3082 
1610 
1864 
2278 
2492 

44 
3111 
3196 

C" live spec. 

3.6 - 

2.7 i 
3.2 + 
2.9 t 
3.3 + 
4.2 - 

3.3 + 
2.6 t 
21 ? + 
2.8 - 

2.7 + 

From the above survey it appears that N. verrilli is 
known from the W.Atlantic from about 12" to 
about 40°N, and from 58'33' to about 73"W. 
Shells are known from off Brazil at about 12"s. In 
the E.Atlantic the species is known from off W. 
Africa from about 4"N to about 6"s. The vertical 
range of live specimens is from (44 m?) 1610 m to 
3196 m, and the temperature range is from 2.6" to 
3.3" (21°?) C. 

Type: USNM no.45752. One specimen with dry 
soft parts. 

Type local i ty:  "Albatross" St.2229. 

NUCULANIDAE H. & A.Adams, 1858 

The classification of the Nuculoidea is subject to 
great uncertainty, not only at the generic level but 
also at the family level. On the basis of extensive 
studies of the functional morphology of several spe- 
cies belonging to a number of genera, YONGE (1939, 
1959) concluded that there was no justification in 
separating the Nuculanidae and the Malletiidae as 
has been done by many previous workers, see, for 
instance, THIELE (1934). YONGE found so many iden- 
tical morphological and adaptive characters in the 
soft parts that were considered important that the 
separation of the two families on the basis of the 
structure of the ligament could probably not be up- 
held. The Nuculanidae have been separated for hav- 
ing a specialized ligament with an internal part and 
a resilifer, while in the Malletiidae the ligament is 
completely external. MCALESTER (1964) agreed 
with YONGE in merging these two families, stating 
that there was increasing evidence that "differences 
in ligament pattern may not indicate a primary 
phylogenetic divergence of nuculoid genera". In 
addition, MCALESTER pointed out the nearly com- 
plete lack of knowledge of the morphology of sever- 
al externally ligamented genera such as Tindaria, 
Neilonella and others. VOKES (1967) agreed with 
YONGE'S and MCALESTER'S viewpoint, but being 
aware of the lack of sufficient knowledge to permit 
the reassignment of many of the genera, the tradi- 
tional basis of classification, separating the Malle- 
tiidae from thz Nuculanidae, was maintained. The 
present investigation has made it possible to under- 
take observations of the soft parts of 29 species. 
One result of these observations is that YONGE'S 
suggestion of merging the two families is obviously 
correct. However, it was also obvious that much 



Fig. 4. Measurements nsed. L, length; H, height; B, breadth; 
PS, depth of pallial sinus; Li, length of ligament; A, anterior 

part of hinge; P, posterior part of hinge. 

more evidence has to be accumulated before a ten- 
able classification can be established. 

The same uncertainty prevails at the generic level. 
Many genera are poorly defined, and in some the 
soft parts of only one or a few species are known. 
However, the key of the genera devised by VERRILL 
& BUSH (1898), on which nearly all subsequent 
divisions are based, has proved to be useful in some 
respects. 

However, it was very difficult to obtain a strict 
separation between, for instance, Yoldia and Yoldi- 
ella and between Tindaria and Neilonella. It  would 
also appear that Spinula and Ledella are very 
closely related and future investigations might 
show that they should be merged. A number of 
generic assignments of the present species admitted- 
ly rest on a very vague foundation (such as some of 
the species of Yoldiella, Neilonella and Tindaria). 

Even today it is customary to establish new spe- 
cies within the Nuculanidae and Malletiidae on the 
basis of brief descriptions of the shell, giving a 
figure of the exterior only. This is hardly sufficient 
but practically no information on specific characters 
in the two families is available in the literature. In 
the present study it turned out that in many genera 
an examination of the soft parts is needed besides 
the examination of the shell characters, but this 
does not imply, that the shell does not yield useful 
specific characters. 

It was found that in some genera, such as Ledella, 
Spinula and Neilonella, the sculpture of the shell 
exterior is useful in specific distinction. In some ap- 

parently closely related species I attempted to see 
if the shape of the hinge teeth differed. This was 
actually found to be the case in Nuculana agapea, 
N.pallida and N.vestita and also in Yoldiella abys- 
sorum, Y. clarkei and Y.sootryeni. The number of 
hinge teeth should also be used, but one must 
remember that within the individual species the 
number of teeth increases with growth, and there 
is often variation between specimens of the same 
size. 

As already pointed out by OCKELMANN (1954) 
shell proportions were useful in distinguishing spe- 
cies of Yoldia. In addition to lengths, breadths and 
heights, he measured the lengths of the pallial sinus 
and the ligament as well as the lengths of the anteri- 
or and posterior rows of hinge teeth. These measure- 
ments were also found useful in the present study 
and the measurements taken appear in Fig. 4. From 
the measurements the following proportions were 
calculated : 

Height : Length (H/L) 
Breadth : Length (B/L) 
Ligament length: Length (Li/L) 
Anterior row of teeth: 
Posterior row of teeth (A/P) 
Length of pallial sinus : Length (PS/L) 

The number of hinge teeth was counted (N0.h. 
teeth), and the proportion of the number of anterior 
hinge teeth to the number of posterior teeth (A/P 
no.) was calculated. It was not always possible to 
state the exact number of hinge teeth, some of the 
teeth nearest the umbo often being indistinct or 
corroded. In these cases the minimum number is 
given together with a "+" to indicate that more 
teeth have probably been present. In some species 
the angle between the antero-dorsal and the pos- 
tero-dorsal edges was measured. 

As regards the soft parts, special attention was 
paid to the morphology of the posterior part of the 
mantle region and to the number and shape of the 
intestinal coils on the left side of the body, and 
casual observations were made on the other ana- 
tomical structures, such as the foot, labial palps 
and gills. It was found that the posterior part of the 
mantle showed widely different anatomical features 
which apparently provide some of the best char- 
acters for specific separation and are relatively 
simple to observe. 

Many species have developed a siphon; this may 
either be formed by mantle lobes remaining separate 



Fig. 5. Sarepta hadalis n.sp. "Galathea" 
St. 418. Type, exterior of right valve. K.O. 

or may be dorsally closed, both the inhalant and 
the exhalant tubes being ventrally open. In other 
cases the siphon consists of two completely separate 
tubes. Species not having a siphon are provided 
with a varying number of tentacles. The species 
having a siphon are provided with a single long and 
slender siphonal tentacle which may be located at 
the base of the siphon, either at the right or the left 
side. The number of intestinal coils shows a great 
variation. For instance, in Ledella there may be one 
coil (L.galatheae) or up to seven (L.kermadecen- 
sisj. The same range of variation has been observed 
in Spinula (one coil in S.calcar and seven in S. 
kermadecensis) . 

Sarepta hadalis n. sp. 
Text-figs. 5, 6 

1951 Portlandia?, BRUUN, p. 692 
1960 Glomus sp., WOLFF, p. 113. 
1962a Pvistigloma sp., CLARKE, p. 51. 
1966 Pvistigloma sp., BELYAEV, p. 11 5. 

Material :  
St. 41 8, Philippine Trench (10" 13'N, 126"43'E), 
10190-10150 m, 21 Jul. 1951. Gear: ST 300. Bot- 
tom: clay with gravel and stones. Bottom temp. : 
(1.5" C). - 5 specimens. 

Diagnosis: 
A Savepta species with a low umbo, the greatest 

shell height somewhat posterior to the umbo, and 
a hinge forming about two thirds the total length of 
the shell. Resilium bean-shaped. The posterior part 
of the pallial impression is straight. The exhalant 

opening is a short, ventrally closed siphon; edges 
of the exhalant opening are finely serrate. 

Description: 
The shell is slightly inequilateral, the postumbo- 

nal part forming 53-54 o/, of the total length. It is 
thin and white and has a very low umbo. The dorsal 
edge is slightly curved. In lateral view the anterior 
end is somewhat more pointed than the broadly 
rounded posterior end. The greatest height of the 
shell is located a small distance posterior to the 
umbo. Neither lunula nor escutcheon are present. 
The posterior third of the shell is marked off from 
the rest by a shallow but rather broad sulcus run- 
ning from the umbo towards the posters-ventral 
edge. The sculpture consists of rather regular con- 
centric ridges which gradually become more pro- 
minent and, towards the periphery, somewhat folia- 
ceous. In addition there is a fine irregular concentric 
striation, and an extremely delicate radiating stria- 
tion. The ligament is amphidetic and the resilium 
is well developed, bean-shaped. The hinge is deli- 
cate its total length being about two thirds the 
shell length. The anterior adductor scar is pear- 
shaped, the posterior scar is rounded and con- 
siderably smaller. A real pallial sinus is absent, but 
the posterior part of the pallial impression is straight 
from the postero-ventral part of the shell to the 
posterior adductor scar. The soft  par ts :  the inha- 
lant opening forms no tube, but the mantle edge is 
finely serrated. The exhalant opening forms a very 
short, ventrally closed, tube. A long and slender 
siphonal tentacle is located on the right side ventral 
to the inhalant opening. The posterior mantle fold 
is well developed, triangular. The intestine forms a 
single pear-shaped lobe on the right side of the body. 




















































































































































































































































































