
The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

ZOOLOGICAL  SCIENCE  23I 835-842 {2006) @  2006  Zoologjcal Society of Japan

Synonymy  of  Calyptogena solldissima  with  Catyptogena
kavvamurai(Bivalvia: Vesicomyidae)  and  lts Population

  Structure Revealed by Mitochondrial DNA  Sequences

 Shigeaki Kojimai', Eiji Tsuchidai, Hideki Numanami2,

       Katsunori Fujikura3 and  Takashi Okutani3

i
 Ocean  Research lnstitute, University of fokyo, fokyo 164-8639, Japan

     
2fokyo

 Kasei Gakuin University, fokyo 194-C1292, Japan

     
3Japan

 Agency ior Marine-Earth Science and  fechnoiogJc

                l<tanagawa 237-O061, Japan

Nucleotide sequences  of part (t,1Ol bp) of the mitochondrial  cytochrome  oxidase  c  subunit 1 {COI)
gene were  determined  for two  specimens  of Calyptogena kavvamurai collected  in Kashima  Nada

and  Suruga Bay, respectively,  These  sequences  were  identical to each  other  and  to those from
many  individuals of Calyptogena solldissima,  i,e., 11 of 12 specimens  from a  seep  area  in Nankai
Trough, two of 20 from hydrothermat-vent fierds in Okinawa Trough, and  one  ot 14 from a seep  area

on  Kuroshima  Knoll,The nucleotide  sequences  of the 5' part {about 700 bp) ot the first internal tran-

scribed  spacer  (ITS-1) also  showed  a  close  relationship  between  C. kaMtamuraiand  C. sotidissima.
The radiating  threads on  the shell  surtace  that were  emphasized  in describing C. solidissima  are

not  consistent  throughout these local populations, Variation in cardinal  dentition was  confirmed  to

be  jntraspecjfic by  observations  of a  $erie$ ot specimens.The  shell length-height and  shell length-

width  relation$hips  of both species  all fit a single  regres$ion  line. These results  suggest  that C.
solidissima  is a junior synonym  of C. kawamurai. The populations of Nankai Trough, Okinawa
Trough, and  Kuroshima  Knoll were  shown  to be diverging genetically from each  other.  Populations
of Okinawa Trough  and  Kuroshima Knoll are $uggested  to have derived independently from  the

most  common  haplotype of Nankai  Trough.
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              INTRODUCTION

   Bivalves in the family Vesjcomyidae  are  one  of the pri-
mary  members  of deep-sea chemosynthesis-based  commu-

nities in the northwestern  Pacific as  well  as  the  ea$tern

Pacific (Kojima, 2002). To  date, more  than 50 species  have

been described worldwide.  Most species  were  described on
the basis of specimens  collected  by submersibies  or

remotely  operated  vessels  {ROVs), while  some  were  based
on those collected by trawls or dredges from research  ves-

sels or fishing boats. For example,  Okutani (1 957) described
Calyptogena soyoae  from two dead shells collected by a
deep-sea  trawl during a cruise of the research  vessel  Soyo-
Maru of the Tokai Regional Fisheries Research  Laboratory
in 1955. About 30 years later, Okutani and  Egawa  (1985)
discovered a  colony  of this species  during a dive of the sub-
mersib[e  Shinkai2000 of the Japan Agency for Marine-Earth
Science and  Technology  (JAMSTEC),
  Kuroda (1943) described Akebiconcha  kavvamurai as

the type species  of the genus Akebiconcha on  the basis of
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a specimen  collected  at a depth of about  180 m  off

Odawara, Sagami Bay, Central Hon$hu, the Japanese
mainland.  Kuroda  (1943) stated that it appeared  to belong
to the fami[y Arcticidae (= Cyprinidae). This species  has also
been collected from depths of 250-420  m  off Choshi,
Kashima-Nada  (Ozaki, 1958; Shikama, 1961; Horikoshi,
1987). In addition, dead shells of this species  were  collected

in trawls from depths of 196-413 m  off the Kii Channel

(Tsuchida, 1986), A subsequent  examination  of specimens

reported  by Okutani (1962> from 700-850  m  off Jogashima
lslet, Sagami Bay, revealed  them  to be not A. kawamurai,
but young C. soyoae.

   In the original description of C. soyoae,  Okutani (1957)
pointed out  an  alliance with  A. kavvamurai, He a[so com-

pared these two species  with  two vesicomyid  species  from
the northeastern  Pacific and  transferred C. soyoae  to the

genus Akebiconcha {Okutani, 1966). Bernard (1974) trans-

ferred A. kawamurai  and  A. sqyoae  to the genus
Calyptogena. Although Boss  and  Turner (t980) questioned
the distinction between these two species, Horikoshi (1 987)
showed  clear  characters  in hinge structure that separate

them, Recently, more  than a dozen Catyptogena species
have  been described from Japanese waters,  and  at present
they are classified into three  subgenera  (Okutani et al.,

2000, 2002}.
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   Though  C. kawamurai  had been  thought to be a  shelf

species  and  not to occur  in bathyal depths, the collection
depth$ reported  by fishermen are often approximate  or inac-
curate, Field observation using  submersibles  has not yet
been successful.  Because  it is very  difficult to collect living

specimens  of C. kawamurai, jts phylogenetic position has
not  been determined using  molecu{ar  data, Recent[y, single

specimens  of  C. kawamurai  were  obtained  from off Choshi,
Kashima-Nada, and  Suruga Bay. Our pre[iminary analysis

using  molecular  phylogenetic methodology  has shown  a

close  relationship between Camptogena kauamutai and  C.
solidZssima, as  reported  here,

   Calyptegena solict'ssima was  described on  the basis of

specimens  collected  in hydrothermal-vent fields at depths of
670-710 m  on  Minami-Ensei Knoll in the Mid-Okinawa
Trough (Okutani et  al., t992), Okutani et  at. {1992) stated

that C. solidZssima  is separated  from C. kawamurai  by hav-
ing very  fine radial threads on  the shell surface  and  a less

oblique  arrangement  of cardinal teeth compared  to C,
kaMtamurai specimens  of  the same  size. In Okutani et al,

(1992), however, the number  of specimens  avajlable  was

insufticient to determine intraspecific variation, and  subse-

quent examinatlon  of additional specimens  found individuals
wjthout  radial  threads, as well  as  large variation  in the
arrangement  of cardinal teeth, even  within the Mjnami-Ensei

Knoll population {Okutani, unpublished  data>. Caoptogena
solidissima has also been reported from three seep  areas  at

depths of 594650  m  in Nankai Trough, Dalni (second)
Tenryu Knoll, Muroto Knoil, and  Ashizuri Knoll, as  well  as

from a seep  area  at a depth of 682 m  on  Kuroshima Knoll
in the southwestern  part of the Ryukyu Arc (Fujikura et aL,

2000). Living specimens  from seep  areas  have been col-
[ected on[y  on  Daini Tenryu  and  Kuroshima  Knolls.

   To date, three species  of the genus Calyptogena, C.
so/ictssima, Camptogena  okutanii,  and  Camptogena
nankaiensis,  have  been  reported  from both seep  areas  and

hydrothermal-vent fields around  Japan (Fujikura et aL,

2000). Significant genetic divergence between populations
in hydrothermal-vent fields in Okinawa Trough and  those in
seep  areas  off the Pacific coast  of central Japan was  $hown
for both C. okutanii  and  C  nankaiensis  (Kojjma et at,, 2005).

Our previous study  of C. sotidissima  (Kojima et aL, 2004)
showed  that no  haplotype was  shared  between  populations
in seep  areas  otf Honshu (the Japanese mainland)  and  vent

fields in Okinawa Trough, although  the analysis  was  carried

out using  only three specimens  for each  iocal population
and  relatively short nucleotide  sequences  (501 bp). Among
these  three specjes,  only  C. solidZssima  inhabits a cold  seep

site  around  the Ryukyu  lslands, Kuroshima Knoll, which  is
about  600  km from the only habitat of this species among
the vent  fields in Okinawa Trough  <Minami-Ensei Knoll).

Thu$, whether  individua[s inhabiting the seep  area  on

Kuroshima  Knoll are  genetically related  to those from the
geographically close  vent  fields in Okinawa Trough  or to
those  from the distant seep  area  jn Nankai Trough  is an

interesting i$$ue for understanding  the processes of dis-
persai and  evolution  in vesicomyid  bivalves. Unfortunately,
no  molecular  data have been  available for specimens  from

Kuroshima Knoll,

   ln the present study, we  investigated the phylogenetic
reiationship between C. kawamuraiand  C. solidissima  using

mitochondrial  DNA  sequences  and  also  compared  shell

morphoiogy,  and  concluded  that C. soiidissima  is a junior
synonym  for C, kawamurai. In addition, we  analyzed  the

genetic population structure of this species using  longer

mitochondrial  DNA  sequences  and  as  many  specimens  as

possible.MATERIALS

 AND  METHODS

   A specjmen  Qf C. kavvamutai was  incidentally collected at a

depth of about  100  m  off Choshi, Kashima-Nada, in a  commercial

trawl by a  local fisherman {Fig, 1), lts sheH  was  reportedly  sold  to
a shell collector and  omly soft tissues were  avaUable, which  were

stored  in a  freezer {-800C). Unfortunately, therefore, the shell  mor-

phology of this specimen  could  not  be examined,  An additional

specimen  was  collected at a depth of about 300 m  on Seno-umi
Bank, Suruga Bay, also  in a commerciai  trawl for the giant spider
crab  (Figs. 1 and  2), and  tixed and  preserved in 1OO%  ethyl  alcohol

by one  ot the present authors (H.N.).
   During dives of the submersible  Shinkai 2000, the ROV
Doiphin 3Kl and  the ROV  mper-Doiphin of JAMSTEC,  20, 12, and
14 ljve specimens  ot C, soiidissima were  collected at depths of
640-710 m  in the hydrothermal-vent field on Minami-Ensei Knoll,
Central Okinawa Trough; a  $eep  area  at depth$ of 590-61O m  on

Dalnl Tenryu Knoll, Nankai Trough; and  the seep  area  at depths of
640-670 m  on Kuroshima Knoll, respectively. The  soft tissues of

each  specimen  were  stored  in a  freezer (-800C) or  in liquid nitro-

gen, with  the exception  ot the five specimens  from Kuroshima Knoll,
which were  fixed and  preserved in 1OO%  ethyl alcohol.

   Mitechondrial DNA  samples  of all specimens  trom Mjnami-
Ensei Knoll were  obtained  in a  previous study  (Kojima et  al., 1995),
and  total DNA  samples  of three specimens  from Daini Tenryu Knoll
were  obtained irom Kojima et at. (2004). Total DNA was  obtained

from the foot or  adductor  muscles  of other  specimens  by grinding,
digestion with  sodium  dodecyl sultate, and  extractjon with phenol
and  chleroform, with the exception ef a single speeimen  collected

during dive no,1351  of  the Shinkai2000, from whjch  total DNA  was

extracted using  a DNeasy  Tissue Kit (QIAGEN lnc., Valencia, CA,
USA), as this specimen  had been badly damaged,

   Part (approximately t,300 bp) of the mitochondrial  gene for
cytochrome  oxjdase  csubunit  1 (COI) was  amplitied  by polymerase
chain reaction  (PCR} with  total DNA  as a template and  prjmers
LCO1490  (Folmer et al., 1994} and  COI-6 (Shimayama et  al.,

1990). The conditions  for PCR  were:  incubation at  94"C tor 60 s,

followed by 30 to 40 cycles oi 920C for 40 s, 50"C for 60 s, and

72CC  for 90 s. Genereleaser (BioVenture lnc., Murfreesboro, TN,

USA) was  used  to sequester  products of cell lysis that might  have
inhibited the polymerase,
   Nucleotide sequences  of 1,101 bp of  the amp[ified  fragment,
which  correspond  to amino  acid  residues  41"07  of  COI of

Katharina tunicata (Boore and  Brown, 1994), were  determined with
an  automated  sequencer  (AB13100; Applied Biosystems lnc., Fos-
ter City, CA, USA) using prirner$ CA-12 and  CA-17 (Kojima et al,,

2005}. When  appropriate,  nucleotide  sequences  were  confirmed

using  primers CA-14 (Kojima et  aL, 2005) andtor  COI-3

(Shimayama et al,, 1990). Nucleotide sequences  of the upper  part
(513 bp) of the fragments were  reported  in our  previous study

(Kojima et  aL,  2004)  for three individuals ot  C, soiidissima  trom

Minami-Ensei Kno- and  three indlvlduals from Dainl Tenryu Knoll.

   The first internal transcribed spacer  (ITS-1; approximately  880
bp) was  amplified  using  PCR  with  total DNA  as  a  template and

primers 5.8SR and elther  t8S-5  or 18S-9, whjch  were  designed on
the basis ot nucleotide  sequences  ot  various  organisms  (Kodama
et ai., unpublished  data). Samples of total DNA  from two  closely

related  species,  C. okutanii  and  C. nankaiensis  (Kojima et aL,

2004), were  obtained  trom Kojima et al. (2005}. PCR  conditions

were  the same  as  for COI. Nucleotide sequences  of  the 5] part of

NII-Electronic  
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Fig, 1. Sampling sites  for CaLn)togena kawamuraiand
Minami-Ensei Knoll; K, Kuroshima Kno[[.

[TS-1 (about 700 bp) were  deiermined with  an  automated

sequencer  (AB13130; Applied Biosystems lnc,) using  primers 18S-
9, CalTSI-l, CalTSI-2, and  5.8SR. Primers Ca[TSI-1 and  CalTSI-
2 were  designed from nucleotide  sequences  determined using

primers 18S-9 and  5,8SR.

   The nucleotide $equences  of all the primers used  in the

present study are shown  in Tabre 1. The nucreotide  sequences

reported  in the present study  will appear  in the GSDB,  DDBJ,
EMBL, and  NCBI databases under  accession  numbers  ABI91  397-

191403  (COI> and  AB208745-208750 and  AB252629-252632

(ITs-1}.
   A phylogenetic tree was  constructed by the maximum-parsi-

mony  (MP) method,  using the multip[e equally parsimonious
exhaustive  search  option  wilh  tree bisectlon-reconnection and

1,OOO random  additjon  sequence  replicates,  implemented  ]n

PAUP', Version 4,OblO  (Swofford, 2002). Alignment  gaps were

treated as  a  fifth character  state.

   Ditferences in haplotype frequencies between popuLations
were  examjned  by the exact test oi population differentiation (Ray-
mond  and  Rousset, 1995)  using  Arlequin software  {Schneider et at.,

2000), An unb[ased  fixation index, FST (Weir and  Cockerham,
1984), was  estimated and  the signlficance ot the indices was  tested

uslng a nonparametric  permutation approach  with  Arlequin,

   For morphological  assessment,  we  relnvestigated  the type
specimens  of A. kawamurai (NSMT-Mo 60915)  and  C. solicfissima

(NSMT-Mo 69675 and  69676) in the National Science Museum,

400 N

sland

Pacific Ocean

Calyptogenasotidissima/

2oe N

837

C, off Choshl; S, Seno-umi Bank; D, Daini Tenryu Knoli; M,

Tokyo; specimens  deposited in JAMSTEC,  including 21 specimens

ot C. sotidissima collected live on  Minami-Ensei, Kuroshima, and
Daini Tenryu Knolls by either  the Shinkai 2000 (dive nos.  357, 428,

1059, 1355, 1357, 1360, 1364, and  1377) or the ROV  mper-Doiphin
(dive no. 300); and  19 dead shel[s  ot  C, kawamutai  taken

incidentally in a catch  of  giant spider crabs in Suruga Bay. We

placed speciai emphasis  on varjabjljty jn hjnge structure  and  exter-

nal shell sculpture, among  other  morphological  characters.  Shell
length, height, and  width  were  measured  in specimens  preserved
in good condition  to obtain  allometric  data.

                     RESULTS

   For two individuals of C. kauamurai, nucleotide

sequences  of part {501 bp) of the COI gene, which  had
been reported  for 26  described and  ri5 undescribed  vesi-

comyid  species  (Peek et al., 1997, 1998, 2000; Goffredi et
al., 2003; Van Dover et aL, 2003; Kojima et al,, 2004), were
determjned, The  sequences  obtained  were  identical to each

other  and  to those from three of six individuals of C.
solidissima  reported  in Kojima et al. (2004),
   Next, ionger sequences  of the COI gene (1,101 bp)
were  determined and  conipared  among  the two individuals
of C. kawamurai and a total of 46 individuals of  C.

solidissisna. Seven haplotypes were  obtained  from the 48
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Fig 2 Calyptogena kawamurai and  CalyT)togena solidissirna  A) Holotype of Akebiconcha kavvamurai (Natponal Science Museum  Tokyo
NSMT  Mo  60915} shell length=76 4 mm  B) Hoiotype ot C sohdtsstma  from Minami Ensei Knoll (Natronal Science Museum  Tokyo NSMT
Me  69675)  shell  length=1287  5 mm  C} Specimen from Seno umi  Bank Suruga Bay depth 300 m  shell  length=103 9 mm  D) Specimen from
KuroshFma Knoll depth 642 m  (JAMSTEC HDP  Dive 300} shell length=t03  9 mm  Scale bar=1O mm

indiv]duals, as shown  in Table 2 An  identical  sequence  was

obtained  trom both individuals ot C kavvamurai, and this

was  also identical to the most  common  haplotype from C
sottdsssirna  from a seep  area  on  Daini Tenryu Knoll (haplo
type kn  Table 2) obtained  from 11 of 12 individuals  from

this site ln addition  the identical sequence  was  obtained

from two of 20 individuals from hydrothermal vent  ftelds on

Minami Ensei Knoll and one of 14 tndividuais from a seep
area  on  Kuroshima Knoll (Table 2) Each  of the other

haplotypes drffered from this haplotype by one  or two nucle

otide  substituttons,  ot  wh-ch  only one  (haplotype 5 in Table

2) was  nonsynonymous  Phy[ogenetic relationshrps  among

NII-Electronic  
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Table 1. Nucleotide sequences  of primers used  in the present study. Y, R, W  and  N denote T er C;
A  or G; Aor  T; and  G, A, T or C, respectively,  Positions refer to the corTesponding  amino  acid  residues

encoded  by the gene for mitochondrial  cytochrome  c oxidase  subunit  1 from Katharina tunicata (Boore
and  Brown, 1994), for 18S  and  5.8S  ribosomal  DNAs  of XOnopus laevis (GenBank, Accession No.
X02995), or ITS-1 of CatJptogena solidissirna from the Daini Tenryu Knoll.

Name Sequence Position Direction

LCO1490CA-14CA-12COI-3CA-17COI-618S-518S-9CalTSI-1CalTSI-25,8SR5'-GGTCAACAAATCATAAAGATAnGG-3'

5'-ACAAARTCYACAGARGGRCCRGC-3'

5'-GCTATACCNGTYTRGCNGG-3,
5'-GTNTGRGCNCAYCAYATRITYACNGT.3T

5'-ACCGTAAATATGTGGTGCCCYCARAC-3'

5'-GGRTARTCNSWRTANCGNCGNGGYAT-3'

5'-GCGAAAGCATnGCCAA-3'

5'-GTACACACCGCCCGTC-3i
5'-CGGTGCGCTGTAGGG-3,

5T-CCGGAATCGCCGACACC-3'

5'-CGAAGTGTCGATGATCAATGTG-3'

5-13137-t44196-2022842922842924334411983-1999

2679--2694

383-397505-5213495-3516

ForwardReverseForwardForwardReverseReverseForwardForwardForwardReverseReverse

Table 2. Haplotype compositions  of Calyptogena kawamuraicol-

lected off Choshl (C) and at the Seno-umi Bank (S), and  of

Camptogena solidissirna  from the Daini Tenryu Knoll {D), Minami-
Ensei Knoll (M} and  Kuroshima Knoli (K).Sampling

 site

Haplotypec s D M K

@N

Nankai Trough

    @

1234567 1 1 11

1

2

133

11

113

haplotypes are  shown  as  a  network  in Fig. 3,

   The  genetic divergences among  these seven  haplo-
types calculated  using  Kimura's two-parameter model

(Kimura, 1980) were  O.OOI-O.O04, much  less than the gen-

[ll]
                 /@  

Kuroshima
 
Knoli

              O
   Minami-Ensei Knoll

Fig.3. Network of  mitochondrial  haplotypes of Cabptogena

solidissima,  Numbers are the same  as in Table  2. Squares and  cir-

cles denote  common  and  rare  haplotypes, respectively,  Haplotypes
obtained  from each  sampling  site are  enclosed  by an  ellipse, Lines

connecting  haplotypes denote single nucleotide  substitutions

betweenthem.

m z

C. kawamurai(Suruga  Bay, ,V=T),  C. sab'di'ssima  (Dajni Tenryu  Knoll, ISE=D

C. kawamunai(off  Cheshi, IVEI>, C. solidiissi'tna  <Daini Tenryu  Knoll, AE=1>

C. soiid!Ssima  {Minami'Ensei Kno]1, AE=3)

a  sab'[liSsima  (Minami'Ensei Knoll, AE=3)

a  salidissima  (Minami'Ensei Kno]], INE=1)

C. solitbbsima  (Kuroshima Kno]], AE=1)

a  saifdissima  (Kuroshima Kno]1, AE=1)

C. soh'(lissima  <Kuroshima Knoll, AE=3)

a  nankaienst's

C. okutaflU

Fig. 4, The most  parsimonious tree based on nucleotide sequences  of the 5' part of the first intemal transcribed spacer  for Catyptogena

kawamurai and  Catyptogena solidissima  (37 steps;  Cl=O.7895, excluding  non-informative  characters; RI=O,7500). Camptogena okutanii  and

CalyT)togena nankaiensis  were  included as  outgroup  taxa. Bootstrap values  greaterthan 50%  are  shown  above  nodes.  Each  bar on  a  branch

denotes an insertion of a repeat unit ot CA  or CG,
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eral uppervalue  of O,Ol8 for intraspecific divergences in the
COI gene in vesicomyids  (Baco et al., 1999).

   Differences in frequencies of mitochondriar  haplotypes
among  the three populations of  C. sofidZssima  were  exam-

ined on  the basis of pairwise fsTvalues and  the exact  test
of population differentiation, The popuiations of Daini
Tenryu, Minami-Ensei, and  Kuroshima Knoll$ were  shown  to
difter significantly from one  another {p<O,OOD,
   For the phylogenetic anaiysis  based  on  ITS-1, only

specimens  were  used  for which  sing[e nucleotide  sequ-

ences  could  be determined by direct sequencing  (two indi-
vidua[s  of C. kaMtamurai, and  two, seven  and  five individuals
of C. solidissirr]a from Daini Tenryu, Minami-Ensei, and

100

80AEEv

 602.veo==

 40oEco20

o
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  60AEEZ6

 4o-i6E

¢

  20

o

O 20 40 60 80 100  120 140 160

          Shell length (mm)

        O 20  40  60 80 100 120 140 160

                  Shell length (mm)
Fig. 5. Relationshjps of sheH  height and  sheli  width  to shell length
tor Calyptogena kawamuraiand Camptogena solidissima, Measure-
ments  were  made  on  the type specjmen$  of C. kavvamurai (solid
stars) and  C. solidissima  (open stars); 21 specimens  of C. soffdis-
sima  collected  alive on Minami-Ensei, Kuroshima, and  Daini Tenryu

Knoils {open circles); and  19 shells of dead C, kawamurai taken
incidentai to a  catch  of giant spider  crabs  in Suruga Bay (solid cir-

cles). Reliable measurement  data (solid triangles) from reports  in

the literature by Ozaki (1958), Shikama  (1961), Tsuchida  {1986},
and  Horikoshi (1 987} were  also  inciuded,

Kuroshima Knolls, respectjvely). Nucleotjde sequences  of

the 5' part (692-698 bp) of  ITS-1 were  determined for these

specimens  and  for one  individual each  of C. okutanii  and  C.
nankaiensis,  The nucleotide  sequence  from each  indMdual

of C. kawamurai was  identlcal to one  ot two sequences
obtained  from C. solicflssima from Daini Tenryu Knoll. These

four individuals shared  a  unique  additional unit  of  a CA

repeat  (Fig. 4), Phylogenetic analyses  using  the MP  method

showed  that C. kawamuraiforms  a monophyletic  group with
C. solidissima  from Daini Tenryu  Knoil, with  high bootstrap
support  (95%).
   Our examination  revealed  that the specimens  coilected

from Daini Tenryu and  Kuro$hima Knolls lack the radial

threads that were  reported  ln specimens  from Minami-Ensei

Knoll and  thought to be the basis for separating  C,
solidissirr]a from A, kavvamurai {Okutani et aL, 1992). The
minor  differences in dental configuration  appear  to be
intraspecific and  attributable  to the growth stage  or individ-

ual, as  confirmed  in our  recent  investigations of a  large

series of specjmens  of Catyptogena species,  The  allometric

measurements  also confirmed  the conspecificity of C.
kawamuiai  and  C. solidissima,  as  both the shell length-

height and  she]1 length-wjdth relationshjps  fit the regressjon
ljne well (Fjg, 5).

                 DISCUSSION

   Out results strongly  support  the view  that C  solidissima

is a junior synonym  of C. kawamurai. In describing C.
solidissirria from bathyal depths (670-710 m)  on  Minami-
Ensei Knoll, Okutanj etal.  (1992) mentioned  the similarity of
the dental arrangement  to that of  A. kaMtamutiaL However,

the holotype specimen  of C. sofidissirria was  ornamented  by

fine but apparent  radial threads all over  the shell. This shell

sculpturing had not been observed  in any  other  member  of

the genus Calyptegena, and  thus it was  emphasized  as  the

basis for separation  ot the two species.  However, further
examination  using  additional specimens  found indMduals
without  radial threads, even  among  those from Minami-
Ensei Knoll (Okutani, unpublished  data). No  specimens  sub-

sequently  collected  from Nankai Trough and  Kuroshima

Knoll exhibited  this external  structure, and  thus the radial
threads may  be a characteristic restricted  to some  indMdu-
als of the Minami-Ensei Knoll population,
   Calyptogena kawamurai has been considered  to be a
rare species,  and  its habitats were  unknown  for a  long time.
To date, C. kavvamuraihas been  collected  at depths of 180-
420 m  off the Pacific coast  of central Honshu, while  all
known  localities for C. solidissima  are reducing  environ-

ments  at depths of 590-710  m.  It is probable that some
seep  areas  remain  undiscovered  off Choshi, in Sagami Bay,
in Suruga Bay, and  off the Kii Channel, Aocording to infor-
mation  from fishermen {T. Watanabe,  personal cemmunica-
tion, 21 January 2003), C. kawamurai  appears  to inhabit
depths of 400-600  m  in Katagai Submarine Canyon  (fishing
grounds for Betyx spiendens), where  bubbling from the sea
bottom has been  observed.  This hearsay ev]dence  suggests

the existence  ot a gas seep,  but no  confirmatory investiga-

tion has yet been carried out,

   Populations of C, kawarr]urai of Daini Tenryu, Minami-
Ensej, and  Kuroshima  Knolls were  shown  to differ signifi-

cant[y from one  another.  In addition to this species,  two vesi-
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comyid  species,  C. okutanii  and  C. nankaiensis,  have been
reported  from both seep  and  vent  sites in the western

Pacific (Fujikura et aL, 2000), Kojima et aL (2005) reported

significant  genetic differentiation in COI  between popula-
tions of C. okutanii and  C. nankaiensis  in seep  areas  off the
Pacitic coast  of central Japan and  hydrothermal-vent fields
in Okinawa Trough. For C. okutanii, for which  sufficient

specimens  were  available, the most  common  haplotype of
the populations off central Japan was  shown  to occur  at low
frequency in two localities in Okinawa Trough, whereas  the
most  common  haplotype in Okinawa Trough was  not

detected in the sea  area  off central  Honshu. This asymmet-
ric distributjon of  haplotypes of C. okutanii  corresponds  to
the present results for C. solidissirr]a Thus, genetic diver-
gence between  seep  areas  off Honshu and  vent  fields in
Okinawa Trough appears  to be a common  phenomenon
among  Japanese vesicomyld  clams,

   Kuroshima Knoll offers an  interesting opportunity  for
evolutionary  research  on  deep-sea chemosynthesis-based
communities,  as  it is the only  known  seep  area  around  the
Ryukyu  lslands where  numerous  vent  fields have been dis-
covered  {Kojima, 2002). The present analysis  showed  that
the population of vesicomyid  bivalves on  Kuroshima Knoll
has a  haplotype composition  different from those of both the
Nankai Trough and  Okinawa Trough populations. The most

common  haplotype of the popu]ation in Nankai Trough

(haplotype 1 in Table 2) occurred  in the other  two localities
at low frequency, while  those in Okinawa Trough and  on

Kuroshima  Knoll (haplotypes 3 and  2, respectively, in Table
2) were  not detected in Nankai Trough. This suggests  that
haplotype 1 is older than hap[otypes 2 and  3, lf so, haplo-
types endemic  to Okinawa  Trough  and  Kuroshima Knoll
were  independently derived from haplotype 1 (Fig. 3).
Kojima et al. (1997, 2005) noted  that C. okutanii probably
migrated  from seep  areas  off Honshu to vent  fields in
Okinawa Trough, as  subduction  of the Pacific plate off

Honshu has continued  for a much  longer time than hydro-
thermal actMties  in Okinawa Trough. A]though the detailed
history of  the Ryukyu  Arc has not yet been elucidated, it is
thought to be a relatively young system  (Machiyama et aL,

2004), The present results may  indicate a more  recent  origin

of  the $eepage  on  Kuroshima  Knoll than that in Nankai
Trough.
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