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ABSTRACT: A dense community of benthic animals was discovered by the Japanese ROV ‘Kaiko’ in
the hadal zone near the bottcm of the Japan Trench, 7326 m deep. The community was dominated by
a new species of thyasirid bivalve Maorithyas hadalis. This community appears to be sustained by
chemosynthesis (nutrients being derived from reduced compounds within the sediment) for reasons
including: a high concentration of sulfur contained in the thyasirid gills; the existence of numerous bac-
teria-like particles in the gill tissues; a sulfide smell from soft body parts and from collected sediment;
the anoxic nature and high sulfide content of the sediments suggested by the dark gray to black color;
the occurrence above geologic faults. Thyasirids have also been collected from other chemosynthesis-
based communities around Japan, including the Japan Trench, Sagami Bay and the Nankai accre-
tionary prism. Until now, the deepest chemosynthesis-based community known occurred on the
Sanriku Escarpment of the Japan Trench, 6437 m deep. This site was dominated by the vesicomyid
clam Calyptogena phaseoliformis. The discovery of a chemosynthesis-based community dominated by
thyasirid clams from even deeper waters suggests a wider variety of chemosynthesis-based communi-
ties exists throughout deep-sea trenches. Additionally, the thyasirid species discussed here differs from
other thyasirids by having circular symbionts which appear to exist intracellularly, and by living

exposed above the sediment surface.
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INTRODUCTION

The discoveries of chemosynthesis-based communi-
ties at both cold seep areas and hydrothermal fields
has enhanced our understanding of deep-sea ecosys-
tems. Deep-sea cold seep communilies have been
observed in 24 areas worldwide at depths ranging
from 400 to 6000 m (Sibuet & Olu 1998). Examples in-
clude subduction zones (Okutani & Egqawa 1985, Kulm
et al. 1986, Juniper & Sibuet 1987, Olu et al. 1996a,b,
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Suess et al. 1998), groundwater seeps (Hecker 1985,
Barry et al. 1996), hydrocarbon seeps (Kennicutt et al.
1985) and shallow methane seeps 150 m deep (Dando
et al. 1991). Seep communities typically have high bio-
mass. Dominant megafaunal species differ from site to
site though they are often in the same families and
genera. Descriptions of these communities have been
based primarily upon video and still camera images
and/or submersible-obtained specimens. Chemosyn-
thesis-based communities are restricted to areas where
hydrogen sulfide and/or methane rich water seeps out
along geologic faults. The food webs of hydrothermal
vent and cold seep communities rely on the production
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Fig. 1. Bathymetric map and location of the
ROV ‘Kaiko' dive # 87 (a) in the Japan
Trench, off northern Japan. Locations of
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other cold seep communities are also
shown. 1. Kurile Trench, 2: landward
slope, Japan Trench, 3: Sanriku Escarp-
ment, Japan Trench, 4: Kashima Sea-
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mount, Japan Trench, 5: off Hatsushima A‘G N

Island site, Sagami Bay, 6: Okinoyama
Bank, Sagami Bay, 7: off Toi Town site,
Suruga Bay, 8: Ryuyo Submarine Canyon,

Nankai accretionary prism, 9: Tokai Thrust, Nankai accretionary prisma, 10: Dai-ni Tenryu Submarine Canyon, Nankai accre-

tionary prism, 11: Yukie Ridge, Nankai accretionary prism, 12: Dai-san Tenryu Submarine Canyon, Nankai accretionary prism,

13: Tenryu Submarine Canyon, Nankai accretionary prism, 14: Zenisu Ridge, Nankai accretionary prism, 15: Dai-ichi Minami
Muroto Knoll, Nankai accretionary prism, 16: Kuroshima Knoll, Ryukyu Islands area

of organic matter via bacterial chemoautolithotrophy
(Jannasch & Mottl 1985). The megafauna living at cold
seeps is generally considered closely related to mega-
fauna from hydrothermal vent communities. The
principal bivalve families from chemosynthesis-based
communities are Vesicomyidae, Mytilidae, Solemyi-
dae, Lucinidae, and Thyasiridae. Members within
these families have symbiotic bacteria in their gills
(Fiala-Médioni & Felbeck 1990, Fisher 1990, Nelson &
Fisher 1995).

The Japan Trench was formed by the subduction of
the Pacific plate beneath the North American or
Okhotsk plate (Seno & Sakurai 1996). A broad-based
study of geologic and biologic features within the
Japan Trench was started under a Japan-French coop-
erative program (the KAIKO Project) using surveys
from the French manned submersible 'Nautile' (KAIKO I
Research Group 1986, Juniper & Sibuet 1987 Ohta &
Laubier 1987, Sibuet et al. 1988). The deepest chemo-
synthesis-based community known prior to this report
was discovered during a dive of the Japanese sub-
mersible 'Shinkai 6500, on the Sanriku Escarpment

slope of the Japan Trench at a depth of 6437 m (Ogawa
et al. 1996) (Fig. 1). Distribution of chemosynthesis-
based communities in the hadal zone is very difficult
to ascertain, as submersible dive time is limited and
expensive. Thus each new chemosynthesis-based
community discovered provides valuable data for com-
paring faunal compositions between chemosynthesis-
based cornmunities. This is important in order to under-
stand the biogeography and biodiversity of chemo-
synthesis-based communities in the deep sea. During
a recent survey using the ROV ‘Kaiko’ in the Japan
Trench, a dense aggregation of thyasirid clams was
discovered at a depth of 7326 m.! The purpose of this
paper is to present this chemosynthesis-based commu-
nity as the deepest in the world to date.

'During the review process of this paper, several aggrega-
tions of Maorithyas hadalis were found at slightly deeper
sites, 7335 m and 7434 m, near the present study area using
the ROV 'Kaiko'. Although these communities could not be
fully invastigated for this manuscript, initial observations
suggest lhese communities were similar in nature to those
reported here
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MATERIAL AND METHODS

A sea floor survey near the bottom of the northern
Japan Trench was conducted on August 5, 1998,
using the ROV ‘Kaiko' of the Japan Marine Science
and Technology Center. The dive site was located at
40°02.85'N latitude, 144°16.50'E longitude, and the
bottom depth ranged from 7300 to 7330 m (Fig. 1). This
site was chosen after a multichannel seismic survey
suggested the existence of a geologic fault. Observa-
tions were made with a high quality color TV camera
(PHOTOSEA TV3100XD), 3 additional TV cameras
(PHOTOSEA TV2200XD), and 35 mm photographs
(SUBSEA OFFSHORE LIMITED ABERDEEN CI801T).
Positioning of the 'Kaiko' was recorded by a Super
Short Base Line (SSBL) using a GPS. Bivalve speci-
mens were collected by the ROV manipulator Water
temperature and salinity were measured by a CTD
(SEABIRD SBE-9).

The presence of symbiotic bacteria
in the gills of the bivalves was deter-
mined by transmission electron micro-
scopy (TEM). Gills were excised on
board ship and sliced into 2 mm sec-
tions in a droplet of 8% glutaralde-
hyde, and preserved in cacodylate
buffer. Thin-sections were viewed by
TEM (JEOL JEM-1210). Gill tissue
was frozen at -80°C for sulfer analy-
sis. After defrosting, the tissue was
diced into 3 mm sections and desic-
cated at 60°C for 12 h, and coated by
carbon vapor deposition. Gill tissue
was not critical point dried. Elemental
analyses were conducted using an
Energy Dispersive X-ray Spectro-
meter (OXFORD LINK ISIS 200I), and
detector (JEOL SUPERMINI CUP).
Thyasirid mantle tissue, gill tissue
from the shallow-living short-necked
clam Ruditapes philippinarum which
lives in non-chemosynthesis-based
communities, and gill tissue contain-
ing symbiotic bacteria from the vesi-
comyid clam Calyptogena soyoae
were also analyzed to compare the
composition of dominant inorganic
elements (mainly sulfur) of bivalves
from the Japan Trench.

RESULTS

at 7326 m (Fig. 2). The community was dominated by a
single thyasirid species Maorithyas hadalis (Okutani et
al. 1999) (Fig. 3). Aggregations were circular, approxi-
mately 0.7 to 1 m in diameter. Three aggregations
were observed in the survey area, which was approxi-
mately 400 m®. The total numbers of living bivalves in
each aggregation were approximately 50, 80 and 100.
Burrow trails of bivalves were not present in or around
the thyasirid aggregations. Almost all living specimens
were buried with about 20 % of shell exposed in a ver-
tical position in the muddy sediments. Dead or dis-
solving shells were scattered sparsely within the aggre-
gations (Fig. 2A). Two living specimens and many
disarticulated shells were collected. Most of the col-
lected M. hadalis were of the same size, approxi-
mately 3 cm in shell length. The thyasirid aggregations
occurred on a muddy seafloor made of soft debris
deposited by downslope movements or by bottom cur-

Fig. 2. (A) Photograph of an aggregation of Maorithyas hadalis (Thyasiridae),
showing dead shells scattered over the bed. (B) Video still of black sediment sus-
pended after core sampling. The blackish color suggests a reducing environment

During the survey, 3 dense bi-
valve aggregations were discovered
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Fig. 3. Maorithyas hadalis (Thyasiridae) collected from the
Japan Trench, 7326 m deep. Scale divisions = 1 mm. (A} Ex-
ternal surface of a valve. (B} Inner surface of a valve

rents. A rock (approx. 40 cm in diameter) was in the
center of 1 aggregation (Fig. 2A). The surface layer of
mud near the thyasirid aggregations was olive-gray
colored, while the surface sediment within the thyasirid
aggregations was dark gray to black (Fig. 2B), sug-
gesting an anoxic environment with high sulfide
levels. No bacterial mats were seen in or around the
thyasirid aggregations. A sulfide smell was easily de-
tectable from the soft parts of M. hadalis and collected
sediments. In situ water temperature was 1.79°C; sal-
inity was 3.47 %.

Within the thyasirid aggregations, there were 2 tubes
approximately 1 cm in diameter and 8 cm in length.
These were presumably polychaetes. Additionally, there
were Eurycopidae-like isopods approximately 6 to 7 cm
in length, and Scotoplanes-like holothurians approxi-
mately 8 to 9 cm long. The Eurycopidae-like isopods

and Scotoplanes-like holothurians were also common
outside the thyasirid aggregations. The densities of the
Eurycopidae-like isopods and the Scotoplanes-like
holothurians within the thyasirid aggregations were
higher than without the aggregations. Vesicomyid
clams, Bathymodiolus spp. (Mytilidae} and vestimen-
tiferan (Pogonophora) tube worms, which are the prin-
cipal members of most chemosynthesis-based commu-
nities, were not found within these Maorithyas hadalis
dominated communities.

TEM analysis of Maorithyas hadalis gill tissue
showed densely packed assemblages of round bacte-
ria-like particles, 0.3 to 0.7 microns in diameter, within
vacuoles in cells of the gill tissues (Fig. 4). The distrib-
ution of these assemblages was not even, but rather
concentrated near the ciliated gill epithelium.

Elemental analysis showed sulfur (K = 2.3 KeV) was
the dominant inorganic element in the gill tissues of
Maorithyas hadalis (Fig. 5). The sulfur peak in M.

Fig. 4. Gill section (TEM) of Maorithyas hadalis (Thyasiridae).

{A) ba: particles resembling bacteria; bc: structures similar to

bacteriocytes; mv: microvilli on the external surface of the

cell. White scale bar = 0.5 pym. (B) mb: membrane bound

vacuoles A structure similar to bacteriocytes is surrounded by
a membrane
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Fig. 5. Elemental composition analysis, as determined by an Energy Dispersive X-ray Spectrometer. (A) Gills from thyasirid clam

Maorithyas hadalis collected from the Japan Trench, 7326 m. (B) Gills of the vesicomyid clam, Calyptogena soyoae collected from

a deep-sea chemosynthesis-based community in Sagami Bay, 1200 m. (C) Gills from the short-necked clam, Ruditapes philippinarum
collected from a non-chemosynthesis-based community area in shallow water. (D) The mantle of thyasirid clam M. hadalis

hadalis was at almost the same level as that in Calyp-
togena soyoae collected from a bathyal chemosynthe-
sis-based community in Sagami Bay, and both species
had much higher sulfur peaks than that of Ruditapes
philippinarum collected from a non-chemosynthesis-
based community. Conversely, the sulfur peak from
mantle tissue of M. hadalis was very low.

DISCUSSION

Dense aggregations of the thyasirid clam, Maori-
thyas hadalis, were found at depths greater than 7300 m
near the bottom of the Japan Trench. This biological
community is probably sustained by chemosynthetic
processes, for reasons that include: (1) the concentra-
tion of sulfur in gills of M. hadalis was much higher
than in the gills of Ruditapes philippinarum from a
non-chemosynthesis-based community, while almost
the same level as in the gills of Calyptogena soyoae
from a chemosynthesis-based community (Fig. 5);
(2) the existence of numerous particles in the gill tis-
sue which appeared be to symbiotic bacteria (Fig. 4).
Symbiotic bacteria in a few thyasirid species are rod-
shaped, 0.18 to 0.5 pm in diameter and 0.5 to 2.0 pm in
length (Fisher 1990), while symbionts in Calyptogena
phaseoliformis from the Japan Trench were round with
diameters from 0.6 to 1.0 pm (Fiala-Médioni & Le Pen-

nec 1988). Thus the particles in M. hadalis appear
more similar to symbionts in C. phaseoliformis than to
other thyasirid species; (3) a hydrogen sulfide (H,S)
smell was easily detected from the soft parts of M.
hadalis and collected sediments; (4) the sediments
within the aggregations were locally dark gray to
black, suggesting an anoxic and high sulfide environ-
ment; (5) many species belonging to the family Thya-
siridae have symbiotic bacteria in their gills (Dando
& Southward 1986, Southward 1986, Distel & Wood
1992); (6) thyasirid bivalves have been reported from
cold seeps at various depths along active and passive
margins of the Atlantic, East Pacific and West Pacific
oceans (Dando & Southward 1986, Southward 1986,
Zonenshayn et al. 1987, Mayer et al. 1988, Lallemand
et al. 1992, Fujikura et al. 1995, Olu et al. 1996b);
(7) thyasirid species have been collected from cold
seeps around Japan including: Conchocele disjuncta
from the off Hatsushima site at 830 to 1230 m depth
and from the Okinoyama Bank at 1040 to 1180 m depth
in Sagami Bay (Fujikura et al. 1995), Conchocele sp.
from the Yukie Ridge at a depth of 2050 m in the
Nankai accretionary prism (Lallemand et al. 1992), and
Parathyasira kaireiae from the landward slope at 5790 m
and from the Sanriku Escarpment at 6390 m in the
Japan Trench (Okutani et al. 1999) (Table 1).
Chemosynthesis-based communities in subduction
zones are distributed along geologic faults via tectonic
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Table 1. Endemic species from deep-sea cold seeps around Japan. *Not enough biological data. 1: Okutani & Egawa (1985),

2: Okutani & Métivier (1986), 3: Juniper & Sibuet (1987), 4: Ohta & Laubier (1987), 5: Sibuet et al. (1988), 6: Hashimoto et al.

{1989), 7: Miura & Laubier (1989), 8: Lallemand et al. (1992), 9: Fujioka et al. {1993), 10: Okutani et al. {1993}, 11: Fujikura et al.

{1995), 12: Ogawa et al. (1996), 13: Okutani et al. (1996), 14: Ashi (1997), 15: Iwai & Momma (1997), 16: Okutani et al. (1997),

17: Kojima & Ohta (1997a), 18: Kojima & Ohta (1997b), 19: Kuramoto & Joshima (1998}, 20: Matsumoto et al. (1998), 21: Fujikura
{unpubl. data), 22: Fujikura et al. (unpubl. data), 23: Okutani et al. (unpubl. data)

Nankai accretionary prism Sagami Bay Nankai accretionary prism
Dai-ni Tenryu Submarine Canyon *!% % Okinoyama Bank ! 7 Tenryu Submarine Canyon %3
600 m 1040-1180 m 3760-3840 m
Pogonophora Annelida Cnidaria
Unidentified vestimentitera Nicomache ohtai Unidentified actinian
Mollusca Natsushima bifurcata Annelida
Calyptogena soliddisima Pogonophora Serpulid polychaeta
Ryukyu Islands area Lamellibrachia sp. Mollusca

Unidentified vestimentifera Calyptogena nautilei

Kuroshima Knoll *2022.23

680-810 m Mollusca Calyptogena kaikoi
Pogonophora Bathyacmaea nipponica Calyptogena laubieri
Unidentified vestimentifera Margarites shinkai Zenisu Ridge “*
Mollusca Provanna glabra 4020 m
Vesicomya sp. Acharax johnsoni Mollusca
Calyptogena solidissima Bathymodiolus japonicus Calyptogena spp.
Sagami Bay Bathymodiolus platifrons Kurile Trench *#°
off Hatsushima Island site *' & 1117 Bathymodiolus aduloides 4980-5780 m
830-1230 m Conchocele disjuncta Mollusca
Annelida Calyptogena soyoae Calyptogena phaseoliformis

Protomystides hatsushimaensis Calyptogena okutanii Japan Trench

Nicomache ohtai Suruga Bay Kashima Seamount > 45
Shinkai sagamiensis off Toi Town site "% 2! 5130-5770 m
Natsushima bifurcata 1490 m Cnidaria
Nautiliniellidae gen. sp. Pogonophora Unidentified actinian
Unidentified polychaeta Unidentified vestimentifera Annelida

Pogonophora Mollusca Tube-dwelling polychaetes
Lamellibrachia sp. Calyptogena fausta Mollusca

Unidentified vestimentifera
Mollusca
Serradonta vestimentifericola
Bathyacmaea nipponica
Margarites shinkai
Provanna glabra
Oenopota sagamiana
Phymorhynchus buccinoides
Acharax johnsoni
Bathymodiolus japonicus
Bathymodiolus platifrons
Lucinoma yoshidai
Conchocele disjuncta
Calyptogena soyoae
Calyptogena okutanii
Arthropoda
Neolepas sp.
Alvinocaris longirostris
Lebbeus sp.
Nankai accretionary prism
Ryuyo Submarine Canyon
1000 m
Mollusca
Calyptogena okutanii
Calyptogena nankaiensis

*13. 14

Nankai accretionary prism
Yukie Ridge & '®
1940-2180 m
Mollusca
Solemya sp.
Conchocele sp.
Calyptogena similaris
Calyptogena fausta
Tokai Thrust " 18
2080 m
Pogonophora
Unidentified vestimentifera
Mollusca
Calyptogena similaris

Dai-ichi Minami Muroto Knoll "’ 22

3620 m
Mollusca
Calyptogena nautilei

Dai-san Tenryu Submarine Canyon

3760 m

Mollusca
Vesicomya sp.
Calyptogena nautilei
Calyptogena kaikoi
Calyptogena laubieri
Calyptogena sp.

Calyptogena phaseoliformis
Arthropoda
Caprellid amphipod
landward slope ¥ 4% 7. 23
5640-5940 m
Cnidaria
Unidentified actinian
Annelida
Nautilina calyptogenicola
Tube-dwelling polychaetes
Mollusca
Parethyasira kaireiae
Calyptogena phaseoliformis
Arthropoda
Caprellid amphipod
Sanriku Escarpment 1223
6270-6440 m
Cnidaria
Unidentified actinian
Annelida
Tube-dwelling polychaetes
Mollusca
Parethyasira kaireiae
Calyptogena phaseoliformis
Calyptogena sp.
Arthropoda
Caprellid amphipod
Present study site
7326 m
Mollusca
Maorithyas hadalis
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compression or extension. Seismic data for the region
(von Huene & Culotta 1989) revealed that the thyasirid
aggregations occurred above a geologic fault near the
bottom of the Japan Trench (Fig. 6). Fluids seep out of
these faults, providing nutrients for chemosynthesis-
based species. Seep fluid is generally characterized by
high methane concentrations and is often low in sul-
fide (Sibuet & Olu 1998). Sulfide is produced in sedi-
ments from microbial sulfate reduction (Masuzawa et
al. 1992). Sulfide for these thyasirid aggregations may
be produced in this way, using methane as an energy
source.

The distribution of this community seems more rest-
ricted than seep communities in other areas, such as
Sagami Bay (Hashimoto et al. 1989, Fujikura et al.
1995), the Nankal accretionary prism (Juniper & Sibuet
1987, Ohta & Laubier 1987, Sibuet et al. 1988), Mon-
terey Bay (Barry et al. 1996), the Peruvian active mar-
gin (Olu et al. 1996a) and the Barbados prism (Olu et
al. 1996b). Detailed observations show that the newly
discovered communities differ in other aspects as well.
Each aggregation of Maorithyas hadalis was very
small and contained no other commonly endemic
chemosynthetic taxon (for example vestimentiferan
tube worms, vesicomyids and Bathymodiolus bivalves,
or provannid gastropods). In shallower (from 4981 to
5938 m) cold seep communities in the Japan Trench
(dominated by Calyptogena phaseoliformis), numerous
actinians, buccinid and rissoacean gastropods, tube-
dwelling polychaetes, caprellid amphipods, and swim-
ming holothurians (Peniagone sp.) are consistently asso-
ciated with Calyptogena aggregations (Juniper &
Sibuet 1987, Ohta & Laubier 1987, Sibuet et al. 1988),
but they were not observed in these thyasirid aggrega-
tions. The tubes observed at this site were curved and
sparsely distributed, while those tubes commonly ob-
served within Calyptogena-dominated sites are straight
and densely packed. The Eurycopidae-like isopods
and Scotoplanes-like holothurians were similar to the
Storthyugura-type isopods and Scotoplanes globosa ob-

.- '\—M-\ K\\\ \/I—

Mid-slope Terrace ‘ Lower Slope Trench Axis

Sea Bottom _ Thyasirid clam
Sanriku .
aggregations

Escarpment

—_

served near Calyptogena aggregations (Ohta & Laubier
1987).

Species occurring in chemosynthesis-based commu-
nities are classified into 3 types: endemic, colonists,
and vagrants (Carney 1994). Endemic species are com-
pletely restricted to cold seep environments; colonist
species are more abundant in cold seep areas than in
surrounding areas; vagrant species may profit from the
organic enrichment around seeps, but remain common
beyond the influence of seep areas. Using these defin-
itions, species within the thyasirid aggregations may
be classified. Maorithyas hadalis is an endemic spe-
cies, while the Eurycopidae-like isopods and Scoto-
planes-like holothurians are colonists. There were not
enough of the tube-dwelling species to afford classifi-
cation. Sibuet & Olu (1998) suggested that species
richness of chemosynthesis-based communities tends
to decrease with increasing depth. Data from the pre-
sent study support this idea as only 1 endemic species
occurred at this deepest known site. A summary of
data on endemic species collected from cold seep sites
around Japan, however, is inconclusive (Table 1). Of
the 3 major regions surveyed sufficiently for comment,
it does appear that the number of endemic species
generally decreases with depth. There are more
endemic species reported from Sagami Bay than from
the Nankai accretionary prism, and more from both
these areas than from the Japan Trench. Moreover, the
number of endemic species from the best studied indi-
vidual sites within each region generally decreases
with depth. The exceptions listed in Table 1 appear in
areas which are not well studied. Therefore these
areas need to be more fully explored before a conclu-
sive statement regarding endemic diversity at chemo-
synthetic sites can be made for all cold seep sites
around Japan.

Five bivalve families have some species known to be
endemic to chemosynthetic environments, including
the Solemyidae (Métivier & von Cosel 1993, Fujikura
et al. 1995, Olu et al. 1996a,b), Mytilidae (Cavanaugh
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1983, Hashimoto & Okutani 1994, Ohno et

Table 2. Vertical ranges of the principal families of bivalvia which occur
in chemosynthetic environments or have chemoautotrophic symbionts in

al. 1996, Olu et al. 1996b), Lucinidae (Fisher

& Hand 1984, Corselli & Basso 1996), the gills
Thyasiridae (Dando & Southward 1986, -
Southward 1986, Zonenshayn et al. 1087, Family Shallowest habitat Deepest habitat
Mayer et al. 1988, Fujikura et al. 1995, Solemyidae Eelgrass beds 4776-4949 m
Okutani et al. 1999) and Vesicomyidae near Woods Hole Aleutian Subduction Zone
(Cavanaugh 1983, Okutani & Egawa 1985, (Cavanaugh 1983) (Suess et al. 1998)
Brooks et al. 1987, Fisher et al. 1988, Barry Lucinidae 0.25 m 1950 m
et al. 1996, Ogawa et al. 1996). Members in St. Joseph's Bay, Florida Napoli Mud Volcano
these families occur in both vent and seep (Fisher & Hand 1984} (Corselli & Basso 1996)
habitats and depend on chemosynthesis, Thyasiridae 15m 7326 m
using symbiotic bacteria in their gills (Reid Loch Etive, Scotland Japan Trench
& Bernard 1980, Cavanaugh 1983, Fisher & (Southward 1986) (present study)
Hand 1984, Dando & Southward 1986, Mytilidae 432 m 3660 m
Fiala-Médioni & Felbeck 1990, Fisher 1990, Kaikata Seamount, Mariana Back-arc Basin
Distel & Wood 1992 Dando et al. 1994 Nel- Ogasawara Islands area {Hessler & Lonsdale 1991)
. ' . o {Ohno et al. 1996)
son & Fisher 1995). Vertical distribution
ranges of these species-rich families are Vesicomyidae 400 m 6437 m
. . . Louisiana Slope Japan Trench
summarized in Table 2. This report extends (Brooks et al. 1987 (Ogawa et al. 1996]
the known range of thyasirid clams from

chemosynthetic environments, nearly dou-

bling it (it is unclear if thyasirids reported deeper than
10000 m [Belyaev 1966] had chemosynthetic sym-
bionts). The deepest previously-known report for the
family was from 3840 to 3890 m in the Laurentian Fan
(Mayer et al. 1988}, and they have been reported from
near the surface at 15 m (Southward 1986}, and many
depths in between (in Sagami Bay from 830 to 1230 m
(Fujikura et al. 1995), west of Paramushir Island at
770 m (Zonenshayn et al. 1987), the Barbados prism at
1300 m (Olu et al. 1996b), and the Nankai accretionary
prism at 2000 m (Lallemand et al. 1992).

This community also extends the range for all chemo-
synthesis-based bivalves, replacing the previous re-
cord of 6437 m for Calyptogena phaseoliformis which
was also collected from the Japan Trench (Ogawa et al.
1996). It is interesting to speculate why C. phaseoli-
formis does not occur at these thyasirid aggregation
sites. One possibility is that the vertical range for C.
phaseoliformis is more restricted as these thyasirids
were collected nearly 800 m deeper than the deepest
C. phaseoliformis. However, unlike any previously
reported case for deep-sea thyasirid bivalves, almost
all living Maorithyas hadalis were observed with 20%
of the shell exposed. The typical case for thyasirids is to
live buried completely within the sediment, reaching
depths 8 to 9 times their shell length (Dando & South-
ward 1986). This suggests that the available sulfide
layer at the present site is relatively thin and near the
surface. If so, C. phaseoliformis may be excluded from
the site due to limited sulfide levels, either due to a thin
sulfide layer near the surface, or by very low sulfide
concentrations within the sediment. A thin sulfide
layer might inhibit Calyptogena spp., as it has been

suggested that vesicomyids gain an advantage over
other seep taxa (Barry et al. 1996) based in part on
their ability to aquire sulfide through a burrowing foot
separately from oxygen brought in through an incur-
rent siphon from overlying seawater (Fisher 1990).
Thyasirids are often found in areas with free sulfide
levels less than 1.0 pM (Fisher 1990). Conversely, sul-
fide levels from Calyptogena spp. habitats have rela-
tively high sulfide levels including: C. magnifica at
35 pM, the highest level at the vent in the Galapagos
Rift (Fisher et al. 1988); C. pacifica at 0.09 mM and C.
kilmeri at 10.9 mM to 11.3 mM in the Monterey Bay
(Barry et al. 1996), C. soyoae at 0.05 to 0.6 mmol kg™! in
Sagami Bay (Hashimoto et al. 1995), some species of
vesicomyids (including 2 Calyptogena species) at 50 to
70 pM in the Nankal accretionary prism at a depth of
3950 m (Fiala-Médioni et al. 1993), and Calyptogena
sp. at 43 to 183 pM in the Laurentian Fan (Mayer et al.
1988). Only 1 exception, an unknown Calyptogena
species from the Nankai accretionary prism occurred
at 0.1 uM (Fiala-Médioni et al. 1993). It remains un-
clear whether sulfide concentration levels or a thin
near-surface sulfide layer or both are acting to restrict
C. phaseoliformis from the present site. Future dives
will examine the underlying sediment more carefully
to ascertain how deep the thyasirid bivalves dwell. If
thyasirids are found well below the surface, as is the
normal case for the family, this would suggest low sul-
fide concentration is limiting C. phaseoliformis.

Fisher (1990) comments on the dispute as to whether
or not thyasirid symbionts are intracellular as in all
other bivalves with chemoautotrophic symbionts. His
reluctance to accept claims to the contrary (see Herry
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& Le Pennec 1987 and Reid & Brand 1986} is based
mainly on inconclusive micrographs showing no clear
membrane separating symbionts from the external
environment. We believe symbionts in Maorithyas
hadalis are indeed intracellular based on our micro-
graphs showing more complete membrane bound
vacuoles (Fig. 4B). Thus the case for extracellular sym-
bionts as a distinguishing feature of thyasirids has to
be reconsidered. If other members of the family do
prove to have extracellular symbionts, then the intra-
cellular symbionts of M. hadalis are the exception.
The existence of various types of chemosynthesis-
based communities within the relatively restricted
range of the Japan Trench has implications for biogeo-
graphic distribution and speciation in the deep sea.
Deep-sea trenches (deeper than 6000 m) created by
plate convergence exist in more than 20 areas around
the world ocean. Chemosynthesis-based communities
are likely distributed widely throughout the world, and
their role in marine ecosystems is not yet well known.
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