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ABSTRACT

We investigated to understand the differences in the
karyotypes and the reproductive characteristics
between the diploid clam, Corbicula faponica in the
brackish water and the triploid clam, C. fluminea in the
freshwater. The number of chromosomes of the diploid
C. japonica were 38, which can be grouped into 19
pairs of two homologues. These can be divided into 11
pairs of telocentric, 4 pairs of subtelocentric, 3 pairs of
submetacentric and one pair of metacentric
chromosomes. C. japonica is oviparous and dicecious.
The clam has two pairs of gills, with the inner and
outer-demibranchs, however, they do not act mainly as
marsupia. External fertilization occurs in the brackish
water. The triploid marsh clam, C. fluminea has 54
chromosomes, which can be grouped into 18 sets of
three homologues. These 18 sets can be divided into
one metacentric group, five submetacentric groups
and 12 subtelo- or telocentric groups. C. fluminea is
ovoviviparous and functional hermaphrodite. The
triploid condition may be closely related to
hermaphroditism. This species has the
inner-demibranchs acting mainly as marsupia. The
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depletion of ripe eggs occurred in  the
inner-demibranchs of the qill during the incubatory
periods, and ripe eggs produced in the hermaphroditic
follicles in the gonad during the non-incubatory
periods. The gonad developmental stages of two
marsh clams (C. japonica and C. fluminea) can be
divided into five stages: early active stage, late active
stage, ripe stage, partially spawned stages, and
spent/inactive stage.

Keywords: Corbicula Japonica, Corbicula fluminea,
Karyotypes, Diploid, Triploid, Reproductive
Characteristics.

M B

A5 (Corbicula spp.) £ &3, A&, 23 0]t L2

Hx ek i Zaeo] G 7 sl 9o AR A
Ash} (Kwon ef af, 1993). AHEE dA=E Z

(Mollusca), ©]ul=f] 7} (Bivalvia), ©]#] ¢}} (Hetero-
donta), ¥3}l & (Veneroida) 4 3 (Corbiculidae) < %
Bl Fo R AP pElvRbeAE 1 4 6 Fo] Brs|of
alt} (Yoo, 1972; Kwon et al, 1993).

2 Z7k2 AN 4 (Corbicula) o #ske] =2 3 Suo] A
A By ZlogE BE (Hatsumi ef al, 1995; Lee and
Kim, 1997; Park and Kim, 2008), A (Araujo ef al,
1998; Jo et al, 1998 Kim ef al, 2002), A&)s} 04
(Maru, 1981; Kraemer and Galloway, 1986; Komaru
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and Konishi, 1996; Komaru ef al, 1997; Byrne ef al,
2000; Byun and Chung, 2001; Kim ef al, 2003), &4
(Park ef al, 2000; Park and Chung, 2003) 5] B 7x
o ok

HZ NFdef| ANl AEANA ( Corbicula japonica)
Bopd, LLL LEARE 22 992 £AY 27 2
A (diploid) 2 ¥4 #7 (Okamoto and Arimoto, 1986),
BT L2ARE Ubd A7} Eedop] TER AR
B = ¢r} (Byun and Chung, 2001). 281} g=pef A
Asl= AR (O fluminea) © Astd= LA AHE o4
o7 AYEA4E zAgk 27 3uAE WHF 2 (Okamoto
and Arimoto, 1986), B4k AR AAA (Q Jeana) &
3ujAelz, BAF A2 £71 2 /1R B 2= 9o} (Komaru
and Konishi, 1996). 1#L} ©|& Bz F3 dEA4E o
oz =AE Zlolo) k=4 AA (O fluminea) o B3 R
a2 AR ERAGe Fekso] 99 (Park ef al, 2000;
Park and Chung, 2003), & v @& 298 zilela £3
AR ofd=® zEgk "] o} o] Fe] digk AAR a7}
avEch weps & d7e EAL ghael] Adslke AR
F QEAA (O japonica) T AR (C fluminea 2 WYL
A% IF £ A Tl A} A
= AL, o2 A8y A4 5F (reproductive mode) &
229 Bl ) Aol B2 ANEAY A0S o
2sian 2pisdn, 3, 4A5H 24 A £2
24 (sexuality) & TAA e 7 Falslgw, dAET e
4 32 4475 B4% A3 FRep] A9, $4 v
B4 $70] opele] 25d £eld Lol AUSAE
Bl= F9l7] = 7] (brackish water) oA A deji}
= AG5AE o £AA 247 B 95 B G 24
sk A5 Aol S ¥l 2 Zarelsiae) 2 o4 A

g
2 AMAE wAsLE re] Bl
R
2 Age] g 11'541:( Az 714kl LEAA
{Corbicula japonica) 2 3% 24 7235 4 (Fig. 1)

oA 20044 19%E 2004'd 1297}7) ofd MARslgw, o
A4 AR (C fluminea) & 20034 14 5H 2@?7%1 7
A5 EAA YA (Fig 2) oA oL sl o]

goz WYRE AL TAlslgh 28z 20)H % 3HHiﬂ
9 QA4 whdohA o] EAE gaslr] S A4 g g
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7, oA $ze] Y] 16-24 hr Eob A A obg, S4
AR 444 (gonad) & 1g A= A2l 0.0756 M KCI
E 0.01% NaCl 10 ml7} €9 9= petiri dishell Zed 9l
olife] Eeletm 20 £+ B A2 o}
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Fig. 1. Map showing the sampling area of Corbicula
Jjaponica.

Uiam lake

Fig. 2. Map showing the sampling area of Corbicula
fluminea.



Korean Journal of Malacology, Vol. 23(1): 39-49, June 30, 2007

Carnoy solution XA el W 2 4o} Q-3« o}A] 15 &
Wz gk &, & d o f142e)7] (1500 rpm) £ 10 2 ot
Qyeeistel A5 AANEE, o) PES 12 o AN
o, APEAR AV 230l Seels Zekad o
g4 dejmd] o air drydt £ Giemsa B4 shaloh
QAA B2 dr)Ae® 1000 WelA AR A 5 7
FEAA A Helg wHalel 7] Sdide Aslele
=, A2 0il immersiond: ARE 1000¢A] green filters:
o4, ASA/32 filmo = &gsalgir).

AAAE vl B e|uiH o] FrIDAA 5 wekdt 3 9
giae f8 Aoz se] d4HAE cqdlo] 4] 27
2} centromeric index+

length of ghort arm
chromosome relative lengh

A s 449 HAE FU4eE centromeric
range’} 46-49°]H  metacentric, 23-35°|9
submetacentic (less metacentric) 2= #%-3}5t} (Paris
conference, 1971). & GA4A9 A dole} Hele] Ado)&
7tz Aol FAAe] AdH ZolE Atslict g 2 Fo

x 10023F Akl

index

Ax 2 HHE S8 S8t WA AHsle 10% 54
formalin® ® 7% 3}l 2r, aleohol A2 E35] g5-A7]2
4 pgm FAZE A#"AS 5] Hansen's haematoxylin#
0.5% Eosin¢] ¢]% dA3% & Canada balsam® = 23}
t} (Park and Chung, 2000).

2. BN & BERA Y oprju) 24 T2 ZYeH a7

AR TS oplel 2A7xe] HikE 243 o
el o3 zakslz] A8 wd 80-40 AR A7 she] A2
WG (DA%, £ B A% o] g 24
3l Bouin &9l 24 A7k 743k F 24 A7HEek 5]
A4 BHE paraffin AHEes 5.7 pm=E d54HE
2l5-0] Hansen's haematoxylin® 0.5% Eosin®l| 754
sheieh, AZA A9e 2ARES Aol dekld A 4
HE AAS 2] Aol bt dAle} ofzle] o] W3S 1Ak
kst

Table 1. Relative lengths and total lengths {micrometers) of chromosomes of

Corbicula japonica.

Chromosome No. RL + SE TL + SE Type
1 855 + 0.74 492 + 0.34 T
2 7.14 + 0.65 410 + 0.32 T
3 6.41 £ 0.36 3.70 £ 0.25 T
4 6.41 + 0.36 3.70 £ 0.25 T
5 6.27 £ 0.58 3.61 £ 0.24 T
6 6.06 + 0.55 3.49 + 0.22 ST
7 5.84 £ 0.58 3.36 £ 0.20 SM
8 577 + 0.62 3.32 £ 0.20 ST
9 5.70 £ 0.60 3.28 £ 0.28 SM
10 5.56 + 0.59 3.20 £ 0.18 T
11 499 + 0.54 287 +£0.16 T
12 499 £ 054 287 +£014 T
13 4.85 + 0.46 279 +£ 0.14 T
14 4.85 £ 0.46 279 £ 0.13 M
15 470 £ 0.43 271 £0.13 ST
16 456 + 0.41 262 +£ 012 T
17 4.42 £ 0.40 254 £ 0.11 SM
18 428 £ 0.43 2.46 £ 0.10 ST
19 3.35 + 0.37 1.92 + 0.09 T

RL: Relative length; TL: Total length; T Telocentric; ST

Submetacentric; M: metacentric.
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1 ayey

2 Ay AT ANHY dEAAD (Corbicula japonica) I}
A (C fluminea) = 9% Helo| 23] Kwon et al
(1998) o AR ANFEsE oz Ba-eAslgdy, 94
#o} S S35 Bekdn]AstelA 1000 Wz FE 2
e vt 2k

1) Q&) H (Corbicula japonica)

25 N AEeAA AEF 38 Ao] FAA} BRG] A
Ad el AH2 2904 2n) = AFEEAA 2 AW7F 19 setE T
Aslat) (Fig. 8). 9484 11 set? telocentric# 3 set?]
subtelocentric Z8]Z 3 set? submetacentric®® 145
o] ¢l 1 set® metacentric chromosome® 2 1A% o]
olrk. 6 A AZE 5343 A7, & 944 Zole 60.25 =
0.68 zme]git} (Table 1).

2) 213 (Corbictda fluminea)

28702] MEeA A=EF 54 Mol FAA]) D= 2
Zo] NP2 glA (3n) = AFEFAA 8 A7} 18 setE FA
sl (Fig. 4). ©]5 944 18 set+ 1719 metacentric
group®} 5 9 submetacentric group ZB]Z 12 79|

subtelo or telocentric group 2% Y3 2l 6 7| A=
o] JHAE SHg A7), GAH] Ho T el 438 =
2.80 pm (Table 2) e]glch 2euf £ FelA FEd= 4
A k=] ket

2. G2 VRRAL) 22 24

A4l QEARD Gl AR Aas DRl
AL Fe) D Lje] wet Ao 27187, F7)54
7, $57), AR, A3} 0 84719 5 WA ol
A, )T 2% 15 AT HALS £FWIE 92
Az Aelel 9t hadds) Padd Bi ASEALY

WellA eyt

1) 42434

£ T2 Agoldeln, A4 s hbAd F
AFeg f4gx]e] gl
27|84 7] (eany active stage):

39 AL, Wil g2 WhbEAGEE o]Fol4 grh
Al d FEld AAAATAANAE 2771 10 pm AR Wl
Az ge] 54 AJATET ¥ E (undifferen-
tiated mesenchymal tissus) Ape]of|4] 2 F2lo] e}

E

rir

Table 2. Relative lengths and total lengths (micrometers) of chromosomes of Corbicula fluminea.

Chromosome RL + SE TL + SE Type
1 855 + 1.03 3.7+ 0.38 M
2 6.11 £ 0.82 2.6+ 0.20 SM
3 551 +£ 0.71 25+ 0.17 SM
4 551 +£ 0.70 25+ 0.17 SM
5 551 + 0.65 25+ 0.17 SM
6 541 + 0.67 25+ 0.18 SM
7 554 + 0.41 2.4+ 0.18 ST
8 554 + 0.40 2.4+ 0.19 ST
9 554 + 0.38 2.4+ 0.19 ST
10 554 + 0.48 2.4+ 0.18 ST
11 5.43 + 0.80 23 +£0.17 ST
12 543 + 0.70 23 +0.17 ST
13 5.22 £ 0.69 23015 ST
14 5.22 £ 0.68 23014 ST
15 495 + 0.41 2.1 £0.12 ST
16 495 + 0.41 2.1 £ 0.08 ST
17 495 + 0.38 2.1 £ 0.09 ST
18 495 + 0.236 2.1 £ 0.09 ST

RL: Relative length; TL: Total length; T Telocentric: ST Submetacentric; M: metacentric.
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el &

L AR A deAEse 9 oS de
29 14
5"_]:

)
AL 20 pm A, T2 T HE slAH g Y
gk gAY dE 7}35{4. o] A|7]el] g W W2
o §l3=t (Fig- SA).

30| 48, Gt A Ao FLRABER <|FfH gl
=, A2 /‘J'j%/‘cl'ﬂ'ﬂ" o 8-9 pmsl FYAZE] 2RI
FAET FAAHAEE Aol RdFalo] g3 °‘°1
LJrjr_ °15r_, & 37|7} 7-8 pm3l HEA TS| e} 2

= Ueligick o] Al7jele gaAy o] g Hl°1

LJrE]rﬁﬂ- (Fig. 6A). 27|247|9 YA LT 2 dE2AHY
o, ¢ AHEE 2F 2449 Aol YET

o rr X R

gt

271847 (late active stage):

dAL A, ghid WA g Sl
Az52 Al LS sk gled 4 (egg-stalk) < £
& A el BEEe e YRS I wesigick 29
U dEAZS S W] thEF §0-60 pmrh HH Eefo| o
Y B EBlEez Ugdte dhide] o 70-80%S A
ohoo] o I ol WdEAEEE Wiz Hg sl #
el 3 A T3 elo] Uebynt (Fig. 5B).

718 AL, AhAlfe] F o e Al Jelle L
o A zs ArAlEs, AAEse] 4 WS FH 5

dHBAEA G

B 5 m
0 An A B8 44 wn
1 2 3 4 6

5

o Bo k3 & S0 o
7 8 9 10 11 12
8¢ 38 45 A An e ac
13 AL 15 16 17 18 19

Fig 3. A, Metaphase chromosome of Corbicula japonica;
B, Karyotype constructed from A.

A e Eg shgia Al %"J“’ﬂ% A5 Hell 2l gA-Ee] #
4} HAZ (sperm ball) < @45} (Fig. 6B). 27|84
718] YA LS T o, FAHELE BF 474 Aol UE
st

$57) (ripe stage):

#7e AL dhiy W FPrels 2717} 70-90 pm
ol s GEAZI} T0% ol il-ZI%}m‘ﬂr dhigEE I
7k BV SR g BAzAGAA AAEA B
By A 48 fedE Aﬂz%% Achek Wi ze] B8-S
Zha e, o el 1-8 A9 gle] FEkA vyt 2| W
et Fu Agsdd S ofF Bl Aok o] A7 i
Lad Aule obF gotAn A4 HEA R 2R 7
459 w34 d (Fig. 5C, D).

7Y A, H5 ALy Al FAE ofF gholald,
ArAzsT PAzse] F4 WS = 2 Al W
Fgolls Hefld AASe] UAF Aol =ita) A4
%% FEA chrel 722l 2ekel $4 A (sperm ball)

S A3 HES A A o] A7lel 244 AAE
“ﬂr TEE AT L Folrr] %A ﬂc} (Fig. 60). &
=712 P 2 GAE e ok = AAER 25 689 Al
o] Hstgict

]

673
A w» Q& N
y'&' & » 3, »
¥ h@- *w
L *y plelo
R YS
[y el S L 20 |
-
4 5 pm
B
- ] s .

a%d Was EAE akx ada sAa
1 2 3 4 8 &
REd VAN ABA AaA 82X AAc
7 8 9 10 1 12
BAR AdA AAA AdA HiG A2
13 14 15 16 17 18

Fig. 4. A, Metaphase chromosome of Corbicula flurninea;
B, Karyotype constructed from A.
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F-ZA1R7] (partially spawned stage): o ekt e 25 7949 Aol Lefitz, £ oAk
SR Ay, dbadS 3 TRl A FE g\l & 2] 25000 A, 241 84 < ck

e gk Ho] 23] FdEE F oA = olEE e 9wl gAY (
=]

E
2
8
8
3
g
8

)

ol
o] BEAo g ww= e} (Fig. 5E). = E GRAEE] AEA F3F 4o HaEEFrEdo
FA AL, ALAR Y] FIRE 7S AP 34 2 & 4A=gw uhAsNx ez
AAEEo] YR e | dA = 48 e 3A T FE7} AR A2 § e
o] AAEED 37 #ESG Y (Fig 6D). o, + AAE TEo| dB 2dsld 7|7k AEslch

Fig. 5. Photomicrographs of oogenesis of the female Corbictla japonica. A, section of follicles
containing oogonia in the oogonial phase and oocytes in the previtellogenic phase; B, section of
follicles containing oocytes in the early and late vitellogenic phases; C, section of follicles
containing mature oocytes in the mature phase; D, magnified ripe oocytes; E, section of follicles
containing undischarged oocytes in the follicles; F, section of follicles containing degenerating
oocytes and a few oogonia. Scale bars = 100 um.
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AL, WA & g2 £ A2AT Jele 48 AEsl=
HAEAZE, FAEE 28z =FE5 59 ARE] 98
Gck 3 £ wabdsza g W 38 Aem Aze] 4
2ol QXA ETES Eil7] dojul A o] Aaslae s
Af a0 ALAAErL sl F7)7k AEZsldch (Fig
6E, F). 5|78 2 u]24719 <k & AAE2 9dRE 344
Az 77|ziel| 24 9ot
2) A3y

2 £o AgEHH, dAaE Skl Wb ALl

9 AEA 2o

Hz A4AEZe

499 dch A3EA) EAL e}
Wl vls ERAsp] Sdsis BAz
: o

Az PRRAE FRsAE dou) chedt e ERE

el Sk
2718 A7) (early active stage):

i 413 (follicle) o= BRAAZER AaAa)e] g &
Hateln A7 e 27]) g F49 GRAZEC] 2884

g i Edste Aae A9 A9 AL4 (aciniE

A gz, 2
29 298 242 230} (Fig TA).

o ARAE

;'. G-‘ PR
)
[ty

-~

W

. R

Fig. 6. Photomicrographs of spermatogenesis in Corbicuka japonica. A, spermatogonia and
spermatocytes in the spermatogenic follicle; B, spermatids and a few spermatozoa during
spermiogenesis; €, a number of spermatozoa and spermatids in the spermatogenic
follicles; D, undischarged spermatozoa in the follicles; E, degenerated spermatozoa; F, a
few newly formed spermatogonia in the follicles. Scale bars = 50 um.
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X¥71847] (late active stage):

Wb b delle WS Zbe GrAZE] £ JWBE
5 gslgick Wil Aty g= ALty el o
o) ARAEER AAEE 28z 48 HeFd 250 A
Apgo] 288l EAE Ry (Fig. 7B)

%7 (ripe stage):

Wb byg ez AEae] 73S A, dgste e 3

LA dele A& AAEe] Y7 deld 28814 (Fig

7C).

F-24347] (partially spawned stage):
iy Yol sdsignl A& dr Az Ee] Ashs)

oA =e, Ahdyds ggsld JLig
3t} (Fig. D).

A
il- al v 847 ( spert and inactive stage):
A 33 54 dadrd Yol AE deAz

% % =3
B4z, Bhig Yol Beshe xS 7§x]»—:_—
#EaEs EA4S 2yd (Fig 7E, F.

3. JYAZ dadA o] g AR op7}v) 23 F2 F

73 H
7)pak 2ufAH 9l DR2AAL PR A bt kel

2832 27 U9tz obie) 2Ao) AAAE Bl e} 5

Fig. 7. Photomicrographs of gonadal phases of hermaphroditic Corbicula fluminea. A,

section of

hermaphroditic follicles in the early active stage; B, section of

hermaphroditic follicles in the late active stage; €, section of hermaphroditic follicle in
the ripe stage; D, section of hemrmaphroditic follicles in the partially spawning stage;
E, F, section of hermaphroditic follicles in the spent / inactive stage. Scale bars =50

pm.
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NAez Hoid gerch webd LEARE Aol B
2739 AN2R D $4448 oz 98¢ T % 99k
2L 39 AR A B A Gk

758 4 oppled f15E g

2

a7 (1ncubaj;0ry period) Fol= Ax14e] wleby) s}
o 7FxEH F7145 velfgok
kel A 271957 F (453 wet
A 17]%% T w7} o7l R o] Fele
o] ke gsdat D47 5
). 282 274 |(AA 4 WPt
3} ])C'ﬂ n‘ﬂ‘g S i
)\‘EE—O] L_H

o

bt
T ol
%
U'E

I‘_Qi 3 -
T
A
|‘>hl T

o

Fi

—

A SRR I T S L o)
- == rr ™~
—{u:_th—l}'

Hu:

Eo
e
Q
|r,|

"

:(
ETE
e,
ﬁ;r
e
|-u:
Ho o
oL
e
B

12473%1 —fam P—h&iﬂi zﬂ 3
B Waehich A3, 27 vl gl E%LM A
au o] 93 ﬁﬂ 3
2 el 2%

o

rir

252 HEHA

D-47] AmAlEo] Edown § €A "o (Fig. 8E). 2
g oIy FxAE wEe AL el HH-?’Z]“%’ﬂ
Aol g 7ha] BEE 5 ]‘3’] Yok &, Ry 44

2, 987] 9 FAwEr] Fele "‘E@‘—’?Jﬂi’q
S B A ek o] delwel 2E R Ay
4ol GAsE A7l 972 59, ¥ 9EAY 278 F
9 dd&7|g D47 HmAl sl s ool delwr)
E3], d]937] (non-incubatory period) Feofl& A%kl
AR L ApgEALE JolA Q=G £7149%7] (late
incubatory period) = Ao wEE7] Aol= A FE
F rold REY 725 AEY £ dick

o &

ol #H % (Bivalvia) o o3 g4 Oﬂ%i% Ahmed
and Sparks (1976) & #jof 2x5 <A 8] 25l
Menzel and Menzel (1965) 4@ Menzel (1968) 5 £9

BE 20 1o 2EE aceto-orcein U3 (squash method)

of 98l n = 19, 2n = 38% TAE Bz Fo| ok =
Ieyama and Inaba (1974), Ieyama (1975, 1977) 52 ¢
BF ool 2 7 715 Fo SA4H 475 F8 n = 7-18
< Rusigich

Faustino ef al (1979) &

Crassostrea rhizephorae®)

Fig. 8. Photomicrographs of the structures of the demibranchs of the gills in Corbicula fluminea. A,
outer-demibranch; B, inner-demibranch during the non-incubatory period; €, a number of ripe
eggs and D-shaped veliger larvae in the thick inter-lamellar spaces of the inner-demibranch during
the incubatory period; D, marsupial demibranch was separated by the secondary septa during the
incubatory period; E, tripartites appeared during the early non-incubatory period. Abbreviations:
Pis, primary interlamellar septum; Pwt, primary water tube; swt, secondary water tube.
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N

PRAS 25 G871 25 (metacentric chromosome)
2} z}5-4- (submetacentric chromosome) & T4 5322
Ruslsa, T8 tetraploids FEsldviy Rusigc A
He dex & 9AX AFES Corbicula leana, C
Japonica W €. sandai (Okamoto and Arimoto, 1986),

C. fluminea, C. papyracea, C. colorata (Park et al.,
2000) 5] 9lc}. Okamoto and Arimoto (1986) + 44k
olelis} 59l A 8 £ (C Jeana, € japonica, C. sandal
o] 2% Alelel AlEwbdsty #A77| BFEHA SAkew
=gl wiid o5 A dE Astden, O
Japonicaw= 38 N2 A E, C sandar= 36 7N, O leana
£ 54 Ao GAAE @ gk Rusgict 4 o5 8 F
o] GAH S0} AGRAS v 23 C JeanaE T
74 EAT] 2T A 2AFLRRH 79H O
sandar®] ancestral species®5-8] =gty 714 sl
£ AF 243, A dA4A 5 8n = b4e]glan 12 49
subtelocentric chromosome, 5 2] submetacentric
chromosome, 287 1 %% metacentric chromosome®
2 Yehlle] O Jeana®t T4 HA4A - G4 & 2o
TE A2 A G £ 2n = 380]9loH, 11 %Y
chromosome, 4 %2
chromosome, 8 %9 submetacentric chromosome, LE]
2 1 %9 metacentric chromosome®® HF5 o]
Okamoto and Arimoto (1986) o] Z#shs ko] slel5
h=R 7=

A A de ez gpdded Mase A5 T
3= E3} a7}z 2 Alseo] ¥k (inner-demibranch)
Wl 5] Sgetel B E, BEA D A G0z
s ALz ek 28y 44 # f50 52 4
A7ho] plochidium e £ 47ka} wete] o]Fo]A|E Feo] oJuf
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