I.INTRODUCTION

The primary aim of the present paper is to present
the results of a taxonomic study of the abyssal bival-
ves collected by the Galathea Expedition 1950-52.
The collection has the advantage of having been
collected throughout the greater part of the world
ocean, thus in several cases providing samples of
the same species from widely separated regions. An-
other advantage is that several species were obtained
in rather large numbers, thus enabling a study of,
among other things, the intraspecific variation.

The “Galathea” collection has, however, also its
shortcomings. The collecting methods employed
obviously favoured larger bivalves at the expense
of the minute forms, which are known to be present
in large numbers in the abyssal zone (HESSLER &
SANDERS 1967). It will also be noticed throughout
the present paper that, although several species are
represented by numerous specimens, the majority of
the species are represented by a single or very few
specimens.

At an early stage of the work it was realized that
to obtain a reasonably satisfactory solution of the
innumerable taxonomic problems encountered it
was necessary to examine as much material as pos-
sible from earlier deep-sea expeditions. In addition
it was found that in the majority of the literature
dealing with deep-sea bivalves it is not indicated
whether specimens were alive at capture or only
taken as empty valves. It turned out to be desirable
to make a complete survey of all recorded abyssal
bivalves. This was done by visiting a number of
institutions containing collections of abyssal bi-
valves and by borrowing from a number of other
institutions.

The following institutions were visited:

British Museum (Nat. Hist.), London (1958,1962)

Institut Océanographique, Monaco (1964)

Muséum National d’Histoire Naturelle, Paris
(1964)

Museum of comparative Zoology, Cambridge,
Massachusetts (1965)

United States National Museum, Washington,
D.C. (1965)

Naturhistoriska Museet, Gothenburg, Sweden
(1966)

Samples of deep-sea bivalves were borrowed from
the following institutions:

Centre d’Etudes et de Recherches Scientifiques,
Biarritz, France

Field Museum of Natural History, Chicago,
Illinois, U.S.A.

The Royal Scottish Museum, Edinburgh, Great
Britain

South African Museum (Nat. Hist.), Cape Town,
South Africa

Zodlogisch Museum, Amsterdam, the Nether-
lands

Zoologisk Museum, Bergen, Norway

Institut f. Spezielle Zoologie u. Zoologisches Mu-
seum d. Humboldt-Universitit, Berlin, Ger-
many

Besides the above-mentioned institutions, several
samples were also borrowed from the institutions
visited.

The numerous samples from previous expeditions
generally turned out to be in good condition, and
were extremely useful in spite of the fact that many
were collected between 50 and nearly 100 years
ago.

During the present work great difficulties were
frequently encountered when assigning species to
genera. I agree with DELL, who in his comprehensive
report (1964) on antarctic bivalves stated that “most
of the families of marine mollusca require revision
both at the generic and the specific level. ... the
systematics of the group viewed on a world-wide
basis are remarkably underworked, especially at
the generic level”. As will appear from the following
many previous workers on abyssal bivalves tended
to concentrate their study to restricted areas, paying
too little attention to other regions. The result has
frequently been that the same species has been
described under different names.

One aspect has been completely neglected in the
present paper, namely that of the quantitative occur-
rence of the group. A few grab samples have been
obtained by various recent expeditions (“Vitiaz”,
“Galathea” and a few more). Very few conclusive
data concerning the bivalves have, however, been
obtained. In this respect reference is made to the
stimulating paper of HEDGPETH (1953). It should be
mentioned, however, that a comprehensive quantita-
tive investigation of the abyssal fauna is in progress
(see SANDERS ef al. 1965).



ABBREVIATIONS OF MUSEUM
AND INSTITUTION NAMES

ANSP: Academy of Natural Sciences, Philadel-
phia, Pennsylvania, U.S. A.

BMNH: British Museum (Nat. Hist), London,
England

CERS: Centre d’Etudes et de Recherches Scien-
tifiques, Biarritz, France

FMNH: Field Museum of Natural History, Chi-
cago, Iilinois, U.S. A.

IOAN: Institute of Oceanology, Akademija
Nauk, Moscow, USSR.

IRSN: Institut Royal des Sciences Naturelles de
Belgique, Bruxelles, Belgium

MCZ: Museum of Comparative Zoology, Cam-
bridge, Massachusetts, U.S.A.

MNHN: Muséum National d’Histoire Naturelle,
Paris, France

MOM: Musée Océanographique, Monaco

NMG: Naturhistoriska Museet, Gothenburg,
Sweden

NSM: National Science Museum, Tokyo, Japan

RSM:  The Royal Scottish Museum, Edinburgh,
Great Britain

SAM:  South African Museum (Nat. Hist.), Cape
Town, South Africa

SIO: Scripps Institution of Oceanography, La
Jolla, California, U.S. A.

TFL: Tokai Regional Fisheries Research Lab-

: oratory, Tokyo, Japan

USNM: United States National Museum, Wash-
ington, D.C., U.S.A.

WHOI: Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts, U.S. A.

ZIA: Zoological Institute of the Academy of
Sciences, Leningrad, USSR.

ZMA: Zoologisch Museum, Amsterdam, Neth-
Jands

ZMB:  Zoologisk Museum, Bergen, Norway

ZMHU: Institut f. Spezielle Zoologie u. Zoolo-
gisches Museum d. Humboldt-Universi-
tdt, Berlin, Germany

ZMUC: Zoological Museum, University of Co-
penhagen, Denmark

ZSI: Zoological Survey of India, Calcutta, India
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ACCOUNT OF PREVIOUS
EXPEDITIONS

The following account is arranged chronologically
from the start of each expedition. The number
of stations indicate the stations at which abyssal
bivalvia (both live specimens and shells) were ob-
tained.

1) The Porcupine Expedition, 1869, 1870.
Area: N. E. Atlantic. 10 stations.

Station list: THOMSON (1873).

Publications: JEFFREYS (1879, 1881a, 1881D).
Location of collection: USNM.

2) The Challenger Expedition, 1873-76.

Circumnavigation. 32 stations.

Station list: THOMSON & MURRAY (1895).

Publications: SmrtH (1885, 1891), PELSENEER (1888),
the latter describing the gross anatomy of a few
species.

Location of collection: BMNH, several samples
are at USNM. A few samples have not been
located.

3) The Valorous Expedition, 1875.

Area: N. Atlantic. 8 stations.
Station list: JEFFREYS & CARPENTER {1876).
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Publications: JEFFREYS in: JEFFREYS & CARPENTER
(1876), JErrrEYS (187642, 1876D).

Location of collection: USNM.

Remarks: Some uncertainty prevails regarding both
the material from the Porcupine and the Valorous
Expeditions: the labels of some samples appear
to be inconsistent with the station numbers given
in JEFFREYS’ papers, and in some cases samples
have been merged. In other cases a sample appears
to contain several species, but only one specific
name is written on the label. The two collections
should be thoroughly revised, and good detailed
figures should be published of many of the
species. Obviously many misidentifications occur.

4) The Blake Expedition, 1877-78 and 1879-80.

Area: W. Atlantic: Gulf of Mexico and Caribbean
Sea. 3 stations.

Station list: PEIRCE & PATTERSON (1881).

Publications: DALL (1878, 1881, 1886, 1889a, 1889b).

Location of collection: USNM, MCZ.

5) The Travailleur & Talisman Expeditions, 1880-
1883.

Area: E. Atlantic from the Bay of Biscay to Senegal;
C. Atlantic: Sargasso Sea, Azores region. 19 sta-
tions.

Station lists: Miméographed list, Annales Hydro-
graphiques, S. SMITH (1889).

Publications: JEFFREYS (1880), LOCARD (1898).

Location of collection: MNHN.

Remarks: The expeditions adhered to a somewhat
complicated system of numbering of the stations.
Each of the years started with “dragage” no. 1,
but in 1881 the station numbers were in two
series, each beginning with no. 1. During the 1882
cruise the individual stations had, besides the
station number, a “sounding” number differing
from the former. The Annales Hydrographiques
lists only the sounding number for the 1882
cruise, while for the 1883 cruise the station num-
bers of the miméographed list are given as
“sounding” numbers. Most of the samples are
labelled with station number and depth only, and
in some cases the year is also indicated. By means
of the depth indicated it is in most cases possible
to refer a sample to the correct station. In some
cases samples of the same species from several
stations, often of widely different depths, have
been pooled. For the reasons mentioned the
records contain a number of errors and dubious
records.



JerFrEYS (1880) gives only a brief list of the species
obtained in the Bay of Biscay, without giving any
information on exact locality or depth.

6) The Albatross Expeditions, 1883-87.

Area: W.Atlantic, off the coast of N. and C.
America. Most abyssal stations were located be-
tween 35° and 41°N, but a few were run in the
Gulf of Mexico and the Caribbean Sea. 37 sta-
tions.

Station list: TOwNSEND (1901).

Publications: DaLL (1889b, 1901); VERRILL (1884,
1885a, 1885b, 1897); VERRILL & BUsH (1897, 1898).

Location of collection: USNM, MCZ.

7) The Albatross Expeditions, 1888-1911.

Area: E.Pacific, off the coast of the Americas from
the Bering Sea to S.Chile, most abyssal stations
being located between 8°S and 14°N. 36 stations.

Station list: TOWNSEND (1901); “Albatross” (1906,
1907, 1921).

Publications: DaLL (1891, 1895, 1896, 1897, 1901,
1902, 1908, 1913, 1916, 1921).

Location of collection: USNM, MCZ.

8) The Hirondelle & Princesse-Alice Expeditions,
1886-1913.

Area: E.Atlantic from the Bay of Biscay to the
region of the Cape Verde Isl.; C. Atlantic: Azores
region; a couple of stations in the NW. Atlantic.
16 stations.

Station list: DAUTZENBERG (1927); Temperature
data: RoucH (1948).

Publications: DAUTZENBERG & FISCHER (1897);
DAUTZENBERG (1925, 1927).

Location of collection: MOM.

Remarks: DAUTZENBERG (1889) records previous
abyssal records (Porcupine, Challenger, Travail-
leur & Talisman Expeditions) from the Azores
region without adding anything new. In the pre-
sent paper the expeditions have been referred to
as the “Monaco Expeditions”.

9) The Investigator Expeditions, 1884-1913 (abyssal
stations only between 1890-1903).

Area: N. part of the Indian Ocean, both the Bay of
Bengal and the Arabian Sea. 8 stations.

Station list: “Investigator”, List of stations (1914).

Publications: Woon-MasoN & Arcock (1891), E.
A. SmiTH (1894, 1895, 1904, 1906); ALcoCcK &
ANDERSON (1897); WINCKWORTH (1940); KNUD-
SEN (1967).
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Location of collection: ZSI.

Remarks: WINCKRWORTH (1940) compiled a list of the
species with references to the papers in which
they were mentioned and references to figures.
KNUDSEN (1967) made a survey of the “Investi-
gator” bathyal and abyssal bivalves arranged
according to stations, designating the type locali-
ties for nearly all the new species described. He
also listed all the bathyal and abyssal species
with their known horizontal and vertical ranges.
The temperatures range for each species was
given and an attempt was made to determine,
which species were bathyal and which should be
regarded as abyssal. Four species were found to
be decidedly abyssal, another four only with
some doubt could be considered as abyssal, and
the remaining 46 were found to be bathyal.

10) The Ingolf Expeditions, 1895 & 1896.

Area: N. Atlantic. 7 stations.

Station list: JENSEN (1912).

Publications: JENSEN (1904, 1912).

Location of collection: ZMUC.

Remarks: JENSEN (1912) studied only the following
abyssal groups: Pectinidae, Limidae, Mytilidae.
The remaining groups have never been worked
up, but a few samples have been identified (but
not published) by K. W. OCKELMANN.

11) Expédition Antarctique Belge, 1897, 1898, 1899.
S.Y. “Belgica”.

Area: Antarctic Ocean. 1 station.

Station list: —

Publication: PELSENEER (1903).

Location of collection: —.

12) Deutsche Tiefsee-Expedition, 1898-99. “Val-
divia”.

Area: E.Atlantic, off W.Africa, Antarctic and
Indian Oceans (W. of Sumatra, off E. Africa). 5
stations.

Station list: ScHOTT (1902).

Publication: THIELE & JAECKEL (1931).

Location of collection: ZMHU.

Remarks: THIELE is responsible for the study of the
Nuculoidea, Pectinidae, Limidae and the Mytili-
dae. The remaining groups were studied jointly.
In the present paper the expedition has been
referred to as the Valdivia Expedition.

13) The Siboga Expedition, 1899-1900.
Area: SE. Asian waters. 2 stations.



Station list: WEBER (1902).
Publications: PELSENEER (1911); PRASHAD (1932).
Location of collection: ZMA. :

14) The “Deutsche Siidpolar-Expedition”, 1901-
1903. “Gauss”.

Area: Antarctic Ocean, Indian Ocean sector. 3
stations.

Station list: not available, relevant data compiled
from several papers of the expedition’s report.

Publication: THIELE (1912).

Location of collection: ZMHU.

15) The “Scottish National Antarctic Expedition”,
1902-1904.

Area: Antarctic Ocean, Atlantic sector; S. Atlantic.
5 stations.

Station list: not available, relevant data compiled
from several papers of the expedition’s report.

Publications: MELVILL & STANDEN (1907, 1912).

Location of collection: RSM.

16) The Michael Sars North Atlantic Deep-sea
Expedition, 1910.

Area: N. Atlantic. 3 stations.

Station list: “Michael Sars” —, List of observing
stations (1910).

Publications: GrIeG (1920, 1931); SooT-RYEN
(1966). '

Location of collection: ZMB.

Remarks: SOO0T-RYEN (1966) undertook a complete
revision of the collection, correcting several er-
roneous identifications and including several
samples not mentioned by GRIEG.

17) The John Murray Expedition, 1933-34.
Area: N.W. part of the Indian Ocean. 6 stations.
Station list: SEWELL (1935).

Publication: KNUDSEN (1967).

Location of collection: BMNH.

18) WHOI vessel “Atlantis’ cruise, 1947.
Area: Azores region. 1 station.

Station list: data from specimen labels.
Location of collection: MCZ.

19) The Swedish Deep-sea Expedition, 1947-48.
Area: C. & W. Atlantic. 4 stations.

Station list: NYBELIN (1951).

Publication: OpHNER (1960).

Location of collection: NMG.
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20) Chicago Natural History Museum Bermuda
Deep-sea Expedition, 1948.

Area: W. Atlantic. 1 station.

Station list: HAas (1949).

Publication: Haas (1949).

Location of collection: FMNH.

21) The Vitiaz Expeditions, 1949-1959.

Area: N.W. & W.Pacific, Indian Ocean. 25 abyssal
and 22 hadal stations.

Station list: data compiled from FiLatova (1958),
BELYAEV (1966) and ZeNKEVITCH (1958). Temper-
ature data mostly from “World Data Center A”.

Publications: Fmatova (1958, 1961, 1964, 1969);
BeLYAEV (1966).

Location of collection: ZIAL.

Remarks: The very extensive collections of the
“Vitiaz” cruises have only partly been studied and
identified. Most work has been done on some
species of Spinula (FiLaTova 1958, 1964). Be-
LYAEV (1966) listed a number of hadal forms, of
which, however, several are assigned to genus
only, and in some cases the assignment is obvi-
ously provisional. A few of the bivalves listed in
the present paper were seen by the present author
at an exhibition at the XVth International Con-
gress of Zoology, London 1958.

22) The Danish Deep-Sea Expedition Round the
World, 1950-52. “Galathea™.
See p. 16.

23) The Theta Expedition, 1956.
Area: C. Atlantic. 2 stations.
Station list: CLARKE (1959).
Publication : CLARKE (1959).
Location of collection: MCZ.

24) The Vema Expedition, 1957.

Area: S.Atlantic. 16 stations.

Station list: data compiled from CLARKE (1961Db)
and BARNARD (1962).

Location of collection: MCZ.

Remarks: some samples were not included in
CLARKE's paper (1961b) and a few were presented
to ZMUC. Most of the latter specimens have
been included in the present study.

25) The Africana II Expedition, 1959.
Area: S. Atlantic, off SW. Africa. 9 stations.
Station list: BARNARD (1963).

Publication: BARNARD (1963).

Location of collection: SAM.



26) The SIO cruises, 1959-1961.

Area: E.Pacific, off the coast of N. & C. America
between 12 and 34 N. 10 stations.

Station list: PARKER (1964).

Publication: PARKER (1964).

Location of collection: ZMUC, MCZ.

Remarks: Most of the abyssal samples have been
re-studied and included in the present paper. The
samples in question are all in the ZMUC.

27) The “Soyo-Maru” cruises, 1959-60, & the
“JEDS-4” cruise, 1961.

Area: N.W.Pacific, off Japan. 4 abyssal and 1
hadal stations.

Station lists: “Soyo-Maru”: OKUTANI (1962, 1968a).
“JEDS-4”: SUYEHIRO, OKADA ef al. (1962).

Publications: OXUTANI (1968a); SUYEHIRO, OKADA
et al, (1962); FiLatova (1964).

Location of collections: TFL.

28) The WHOI cruises, 1960-65.

Area: W. Atlantic. 9 stations.

Station list: ALLEN & SANDERS (1966).

Publication: ALLEN & SANDERS (1966).

Location of collection: WHOI.

Remarks: A detailed investigation of a transect Gay
Head-Bermuda covering shallow water (about 100
m) to a depth of about 5000 m. The transect was
run regularly with a modified anchor dredge al-
lowing quantitative sampling. For details see SAN-
DERS, HESSLER and HampsoN (1965). The bivalve
material has not yet been worked up except for
a single species, dbra profundorum. HESSLER &
SANDERS (1968) recorded a large number of both
species and specimens.

In general the works dealing with abyssal bivalves
are purely taxonomic and descriptive, and only in
exceptional cases do the authors give some general
conclusions of their work. This is, for instance, the
case with DALL who (1889a, 1890b) commented on
the Jife conditions of the deep-sea molluscs based
on observations of the Blake and Albatross Expedi-
tions. LOCARD (1898) gave a survey of the molluscs
of the N.Atlantic, including the abyssal species
found by the Travailleur and Talisman Expeditions.
In his survey he did not distinguish between live
specimens and valves, and on the whole his concep-
tion of zoogeographical problem is now only of
historical interest.

CLARKE (1962 2) undertook the hitherto only com-
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pilation of a list of all recorded abyssal molluscs,
1152 species, based on a survey of the literature.
Although, as will appear, I have considerably
changed the list as far as bivalves are concerned,
CLARKE's work is an excellent base for a further
development of the knowledge of the abyssal Mol-
lusca.

A recent publication, V. G. KORT ed. (in Russian,
1969), deals with the deep sea of the Pacific Ocean.
A chapter by FiLaTovaA (p.46-52) is devoted to the
abyssal bivalves. In addition there are general
chapters on the distribution, origin and antiquity of
the abyssal and ultraabyssal (= hadal) fauna. The
publication came too late to be discussed in the pre-
sent paper.

METHODS

At an early stage of the present study it became
necessary to obtain a survey of, as far as possible,
all abyssal bivalves obtained by previous expedi-
tions. To this end a card index comprising all abys-
sal stations at which bivalves have been taken, was
made from the literature. The index contained all
available information on position, depth, bottom,
sediments, etc. The species obtained at each station
were listed and eventually also whether a given
sample contained valves only or specimens alive at
time of capture. In addition was noted whether I
had seen the sample or not.

To aid in studying the vertical zonation and in
distinguishing between the abyssal and bathyal
species, not only abyssal stations, but also numerous
stations from the deeper part of the bathyal zone
were included in the card index.

Information on position, depth and bottom sedi-
ments was nearly always available, either in the
papers dealing with the bivalves in question or in
the station lists, which have been published for
nearly all the larger expeditions. In a number of
cases, however, no temperature data were available.
Often temperature measurements from nearby sta-
tions at the same depth from the same expedition
were available, but otherwise data from the follow-
ing sources were used: BRUNEAU, JErLOV & Koczy
(1953); Discovery Rep. (1942, 1944, 1947, 1957);
FuGLISTER (1960); Japan Met. Agency (1959); van
RieL (1956) and TrOMSEN (1937).

Finally, a number of bottom temperatures have
been obtained from the World Data Center A,
Washington, D.C. and from T. OKUTANI (personal
communication). All the temperatures obtained














