10

11

12

13

14

15

16

17

18

19

20

N7 Meretrix lusoria D ¥R K A8

mE T D . e R Y
D AEA R EEPRAAER . T 860-8555 REACHIHEZ2 T H 39-1
D REAR KN IR B R R B T SeE v & —. T861-6102 HEAIR |- KE iR
SBHIGHE 6061 A~ Y VAT — g &

I

Migration by mucous cord in the hard clam Meretrix lusoria

Shinya TAKAHI" and Yasuhisa HENMI?"
b Faculty of Science, Kumamoto University, Kurokami 2-39-1, Kumamoto, 860-8555,
Japan
? Aitsu Marine Station, Center for Marine Environment Studies, Kumamoto
University, Matsushima Kami-Amakusa, Kumamoto 861-6102, Japan

* Corresponding author E-mail: henmi@gpo.kumamoto-u.ac.jp

TG TEA Lo ) ORRRIC L A B E)



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Abstract: Hard clams of the genus Meretrix are known to excrete a long, thick cord of
mucous from the base of their siphons, but few studies have examined the clams’ use
of this mucous cord as a means of passive locomotion, which may result as the cord is
dragged about by water currents. In the present study of Meretrix lusoria, an
inhabitant of intertidal sand flats, clam migration via the mucous cord was quantified
over the course of a year in the intertidal zone of the Shirakawa River estuary in
Kumamoto, Japan. After tidal emersion, many M. lusoria were found among cobbles
flanking a roadway across the tidal flat, evidently having been stranded there while
being dragged. Stranded clams were most abundant during spring tides from March to
June. Most of them were of 25—40 mm in shell length (SL) whereas most clams in the
nearby sandflat were under 15 mm in SL. Furthermore, the clams stranded among the
cobbles were slightly lighter than those of the same SL found buried in the sand flat.
In a laboratory study using clams of 20-60 mm SL, those of 25-30 mm SL secreted
mucous actively under the influence of a strong flow of seawater. In a filed
experiment, out-migration occurred more frequently in lighter clams than in heavier
ones. Passive migration by means of the mucous cord might be an adaptive behavior

of M. lusoria, providing a mean of escape from the poor food habitats.

Key Words: hard clam, Meretrix lusoria, migration, mucous cord
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EQL' ol

N7 U Meretrix lusoria 1%, I HLREOFRITERT o~ VAKX L TAF
N 7Y BOMEE KA TH L. ARITEESHMOTBICZEL, EEAK
PEAAR L LGS ey, TR RO, WG REICE->T
B L, BIE, HOBEOREND D OIL, FEELEATME, AR &5
DWFEIZR B TWD (TS 2004, 5 2009b).

AIEZ BT DARROFEIIIT 6~9 A T, SEIIIHMEE 1~3 B O
LD, BEZRITHEE O E EAL, B 1ENT TEE 22~25 mm ITHRET D
LD (N4 - pEAR 1984). F7o, ERZRIIREWHEOO, AU TR
RICLTEDHZY 10~15 mm il L, %K 40 mm PR D EIERREIC 0 D &5
ZHTWD (A 2009a).

N 7Y @O AT ORI B D AR IR b EAE I ORHECR (WH
(1941) TiZ TAE)) Z2ow L, TR L Tiicsl g, Bt s
ZERMBATNS (HYF 1994). 72721, ZOITENIC OV TOHEIED 7 <,
HHREE L FE o7 bOIIAHE (1941) LAvav. HIEsAREE S R T O
BICED, MERICE2BE 8 HOKMOSI EWRFICZ o722 L, K
DOTIESmzz 5 [E] ML L, 3K 40 mm §ifg DO/~ 27 U OB H)
WEMNSTZ & EaWEL, WA CEIMT 572D~ 7 V3BT 5 Ahe
PEAETRE LTS (B2AIZ, WH (1941) 1ZF5ER 502 ~~ 7 U M. lusoria
ELTWDD, FAEHNGFE XD & KEGIET TN~ 7 U M. pethechialis D F]
REMEDITRVN) . Lo L, AR E D XS 50 CRIRBE 21T 5 Db, FhikBE)

(ZZREIECHIY U XL 8 D D0y, (IO DIZHEBENT 2 D0 E Vo= F kL
ITELERLEZLL, TNUHEHALNIT S Z EITAEMFORBLRTE T TR, K
PEEIREREOBANO bHEETH D,

AT L 2B, N~ 7 VEERS LT A EWER 2. L,
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RID Z <~ F EF Lacuna J& TIE, KIS U THHRZ WL, £l E->T
KPEZBEIT 5 Z EnHE I T5 (Martel & Diefenbach 1993). F£72, I—
7w 8o A Mytilus edulis (Lane et al. 1985) °=v 27 H A BD Macoma
balthica (Hiddink ef al. 2002) 72 & D HTIE, &R Z2WRICHRYE TRIEMA
FiT 52 ERHESINTND.

Box i, AINECET S Q)N TE (RBART) T~ ) OFERHEEAL
WFZE L TV D0, SREZED D200, TIRA Y 5 IfZEE FEHEEE K m o
i (Exf) 4 (Fig. 1 28) 18, BABZ <O T U BRRELTNDHD
B L. AE (1941) X, ~~ 7V ORGBEZBILE L, BEIOGRHICE
HRNADIEEMD D o > THZ I OIRITH TRBEN LT 55, HEEHARKEH
EEFTEZTBEIZTIETLZLE2MELTWD. EloFkac b, WARKOEHE
D iE M SR B T O Bifg R ClE, 230~ 7 ) BAEBEI O RIZ T F
ERHRARICRD LT 2 L 2B L Tnd (BEARFREER). bz &k,
FUIETT A DR HEDORAEN~ 7 U b, KRB OB T TE ISR LTz (F
ELE) bOEBEILND. AREIL, oD EENT V| OEREEZH
HL, 61T, FAFERSESMEMEER LT > T~ 7 ) ORRBENC %
B2 BN EELZ LD THD.

R & 5k
N 7 OREE
FEAT O AN AT UhNEHX) 11, MR SHITIICID > THOS
R &K 1 km OfEE AEEESER B 5 (Fig. 1). Z OEEERKOEM (FEH)
Zh oA (BEExA) HIca RI—ha2REL, a2 N7 — MRV RSN
N2 7Y ZEMIICERE L2 (32°47°N, 130°35°E) . PIfRAE TIE, fisfatro
~ 7 DIFMICATUE ESVMEINC H o 7228, /TS L o TH A X3 E e 5 Al HE
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PN D DITIN AT, HEAHTIEEEHES; & 72> TR Y, HEFRITHRES N D
ERZN T, FED 300 m HAlOHS A fL i & L, iz - T 50 m f#Z,
B 10m, f§1mDKA= FT— & 5 ERRE L.

EEN T Y ORET, 200841 HH 12 AFTHLE, 1 H ChED, 3
H (), 473 (R, S A () 2BV TRBoFERHC Ty, BRICE
STHRTELT RTIZ—MREDT X TON TV ZBE L. b, F£F
(5~6 H) &FkF (8~9 A) (TIFHH M L CRERD HIE T/~ 7 ) Z 84
L.

BRELTA~ 7 VX, IREICFRGRY, /FATHREZFHLE. 209
b, 6 A 17H KW ITHE L7eEEO IOV T, [FRFICSE, R,
AREHHE L. REITRMEBERT, WAkPIC N~ 27U 250 kE L <
FoTE R T EE LRI & BT, REOWKZRE R 72 %ICHIE L.
7B, BELLA~Z VITHEMIZITR S 2o 7. ek, TS, EEL
Ten< 27 ) ZERNCER L CEREMB IR THEZT o2 L 24, FHITFIZ
EFTA_NTONZURHEE L GRERRER). 202 &LV, watdn~s
VICE > TARBERARBMTHY, BENETONZUNEELTH, T<ICHB
L, BELRNEB X

310 B () 120, ESaEL OFRANICT U2 A2 50ecm WD = R
Z7—bF (n=30) ZKEL, TOHDOEE Scm ETOWIEEL 1 mm H DTS5 D
ST T VERELZ. 612, LVEIEF S TWAHEREDO N~ 7 VTR =
7 TCHOEZI LTERELL. BELIEAZVIFRESEICELRY, %E%x
WE L. 72, 6 H20 8 (KM 12X, BaHEIOTREEZHEIVEZ LTS
VAN OSSR N7 ) BREL, BE, &, BiE, REZHE L.

R TR
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R % WS DEER DB G N A RN X > TR DDENEH LT 57
DIZ, BlpoleHh A XD~ 7Y Z KA TRITZ 4T, S EIRDO SRSy
WABIEZ LT=. 2008 4E 9 A 25, 26 HIiClsaHE ) O T8 20 = LT HEbR
Ao~ Z8EL, & 20mm 2L E -+ 25 mm K, 25 mm 2L E - 30 mm £
fiti, 30 mm LA L+ 35 mm R, 35 mm PLE - 40 mm AR, 40 mm LA L+ 60 mm
K OEEZ T 2h 20 R OB L7z, 2 bt 100 ko~ 7V 1%
B, WEAZIELZOL, EEEKOFN 5 KM T4 ABEGEEAT L.

Z D%, 100 BRI~ T A THi7z L72EA 40 cm, RS 15 cm D%
IR NN~ 7 U B—J@IZ7 D L DI T & LI AT RIZ, AEE 17 mm
DIR—ADHESTH) 15 L OKZ RGP RIS H L, BéaEdr ol S &
52 ET, BEEPRNSEFA~ORCKIEEZAEY, BEEOREE W2 BLEE L
7=. FEBE 9 H 30 H 0:00, 12:00,10 H 1 H 0:30, 9:00,21:00 (i H & & K#) , 10
H2H1:00,10 43 H 1:30 (WA &HHH) L0&205H, MEA~27U 2
WTEH 7T 72, 72, ARIRWOFEEL, 5 MK T2 Af, K
WORDNE O TR & TR & i LT ER %2, Bk 2 7o o TRE L, o)
(SRS D H U CTHREABEIE L. 7eds, MR 2 5 & A
EORFENEHE L 25720, MO H LA~ VT2 B O ERNKD L ET
KAZITR S o iz,

CSUES S

KSR B DA M5 2 SRR BE DB A ST 57000, IEmE (B
RACKT 23 EHEDOEIG) DRI D~ 7Y Z [ A O RICE X,
DEOBEOFMELBIEZL LT, 2008 48 H 26 HICTRZ#> T h~7 Y %
BAEL, INOZIEEEKOMNDAKET 1 AMEREFE Lz, 0%, &
& 30 mm Pl EOEIKT, 3k AREOEYREMRAZFL U, MCE Oy VEAR



141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

&, mWERD 2 70— e RIS, {7 =T 4k G 8 R %
Gatdty FEL, TRTOBEKICE S ET T IRATF v I -OT—T %
BRI BEE A TR Y AT EBIER 21T > 72, 70k, JEMEORVMEAKIE, BEF
#)38.4mm (35.1~43.7mm), [BEIFRERRDD DFKFENLE -9.0% (-25.7~-3.8%),
AEH P O E MEARE, R ) 38.8 mm (35.4~43.1 mm), [EUREARD D DFEZE
TH) 6.2% (1.9~13.3%) ThHoi-.

8 H28 HIZ, n~Z7 UMFLALARET, ARICHI W EHEINDH
Wz 4 =2 FZ7—F (S0em UF5) Z®WE L. KIZ, FREho=a KT — |k
2 FFEO 8 R EE W& 2 A, TRTOMEEIE 1 REFLINICER L. 20
%, 8 H31 H, 913, 24 HiZthZehnoa FT7— kLT DOFIFEER I m
OWHERV LI L, "~Z V&R L. Aobolan~<Z D5 L, AfFE
ik A7) &L, B2 RI9—FMANIZREL, ECEEEER L. £, 17
FARPMEMRIE, 3T il A L.

il

N T DOFERE

LA D2 K7 — MBS Lo~ 7 U IX, 2008 4F 3~6 HIZIZZ 0 o773,
9 HURRIRIZ E A LBIE S N2> 7 (Fig. 1). 72720, 4 HiX 18 Ak & fidis
2ot BBEENL N -T=OIE 3 HO 515 R T, #HET A2 10 m
BH7= 0 103 [EE, BEICHE T 5 & 103409 /m” (meant+SD, n=5) TH 7.
F7o, N7 OFEFITER - FKE ISR, FRCHH - BTHORTAIZZ L,
ZOHEE—7(CRkRELLF L (Fig. 2). 7B, EEMEAKII=2 KT — RS
KoTRESERY, MHORETSH, HEHEHETDH, FEAlX R THICL
Mo T,

i H EMRNCERE LT EAE N~ 7 U ILEFE 1548 fE{K T, I 33.6+4.0 mm
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(21.7~47.7mm) ToH-7=. Fig. 31T, EHEMEREHEERK (EHIC3 A 10H
(CEREE) DR AR Y. FEA A OBREAKIT®RE 32 mm AiRICE—7 &
FFOHUEM C, R FIL 32.843.6 mm (n=515) ThH oDk L, HAEMER
(T3 2 mm B OHER 2% <, REFEIT 6.146.6 mm (n=1227) Th 7.
Fiz, #E 20~30 mm OEERER S OLCE Do 7.

EAAN~ZY (6 H 17 AEREE) LHIEN~2Z U (6 H 20 HEREE) DOIRTEIE
EREORMR (B % Fig. 4 (Y. ZOXIITEE N~ 7 VIFHEE N~
7" VA HE AT B AME <, R ER O E IITAEED A bz (p<0.05,

ANCOVA) .

REIR S FE B

9 H 30 H~10 H 3 BIZAT o 725t 7 BIORGBHH SRR T, KL 2 fe U 72 A
DOHEG %A X7 T AFNT Fig. S IZRT. KR THME, A X7 T REOW
Bjam LT, 2O X9, MRz it LRI & 25~30 mm O% A X
7T AL, B 40~60 mm DOV A XY T AT ot 2, C
DY A X7 T AZBNT, FROAHE OA30HE 104 1H: 3215 K
W) X% (10 H 2,3 3 @ Fhre 7: 9 Kb, KiEHEEROEE
MEM-o Tz, 723, 7T RO FEFRIZB WD TR EERIZR —TH 2 Z L 3% <,
[Fl— A2 e K 4 [E OB TRR A it L7, & 618, Rk & it L 78R o
EHEOBAITDOT T, BE 30 mm R OEETIE 1.34+2.31 % (n=32), &HE
30 mm LA EDOEIKRTIL 1.00+1.52 % (n=17) ([Z@Eehotz. 7ok, EBRb O

IKFERN DKIEIE 21.9~22.6°CTdH > 7.

I
2008 4E 8 H 28 HIC4 DD a KT — FHNICEW:, IEHMEDOR D N~
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DZFDOHOBEIOFELZ, 4 >Da KT — FDOEFE LT Table 1 12779, 9 A
24 HF Tl L72EIROEISIE, SRHCETEEEZEATH (6/16 vs 1/16),

ALZHL p<0.05, Fisher O IEfEMEZME). 723, JERMEOEKVMELTHLE L 4
{E A D RETE FE D [ANF ER > S DOFEZEEE -15.0% (-25.7~-7.4%), IEEE D&
VMEIRTHETE L7 1 ER D IR EE O [RFERR D D D% FEIX 2.9% Th - 7-.

A
i

R B ICRRE L72RE S0 m OFRE 7 1 > LickiF < 7 ) OEFFEIREKI
3~6 HIZ%<, 9~12 AIXIFE A LBEIN o7, £, REIRHCHINS
DR S o 7= (Fig. 3), FUHMTH 3 AL 4 A TIHEEEEENRKE <
Wi 572 Y (Fig. 2), K7 EWWLUNOERDRS AL L TWDH ATt S &
L. BAED 3~6 HDOKRWIFRHZZ 0o 7o R, WH (1941) OREIRFEE) D=
PE, W) X ACBT WS S RE B L EEEARITR D SV CTHE
ZA 2 10m 720 FH 100 B B 10/m® #E) she, TB EE ~27 U0
RTESTBALLELIETIB I W &b, EHICBIT A~ 7 ) OEE
D% IE, RREBNARBBITH CHIMIRICLDBATHDL EEA BN, &
FHEAEENZ I =MW U X LB BT DONHIE->E D LT 67220
W, I Z VIFARRRED JWe ZAZ RO THIRBEIZIT 51 (WH 1941)
R A7 VIFAFITZEACHREET, ENOEICHIT TEBREET
51 (B5 1979) LWolcilEGNOHELET L L, N~ 7 VTR L 72 F=Hi
(FENOE) ICABRENEAT D L, Wbl &2 RKE WK 20 - TR
ISR EN 21T 9 O LIV, B FER CldsRvwkit 2 232 &
THARDWPMEETE 7228, 20 Z Lid <=7 U BRElofinsmn s 12, &
D BEMRAICHIR 2 W L CBENT 5 Z L 2R LT 5. ks, WH (1941)
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I, WRETCEIET D701~ 7 ) DBRERGR 2 - THREN T 5 AlRetE 4 " L
TWDN, EENEHEH (6~9 H) DORINIE o7z &, BEEMEDZL 235k
& 25~40 mm ORARIGRTE OBEE TH o722 & KV, B L O b &
ERAAN

NH (1941) 1%, T3%E20~30 mmiZiE L7 BESBE 21659, KK T60 mm
BREOEEABEIT S LHEL TS, AFEMTS, %R20 mmARdOE K
FE TS BRETE RN o7, —F, WH (1941) L E7RY, 3ES50 mmEL Lo
EROEE b ERETH 7. HEMBDOTE TIENA~ 7 U BNELEINTEY
(HrRE- R 2009), k140 mmEL EDEKD ST A Do Tz Z &5, N (1941)
ERERME S TRE NS Liviwy, £, Il - 588 (1954) 1%, ~"~27 U0
KRBT P REAR TR O BET LI LEZMELTNDN, ZOZENBLEXD
& RAUEIR D REHGRIT L DBENTEBRIC Do h b Livzzw., kit F2 5
T b REEERITHIR B OFIE MRS, 2 ORBRITHRE O R A RI2 L T
5.

EE LA Z VITEDOTFEO NN~ 7 VT, EMENME -T2, B
WA LT RO ENT L A EBIL LR o722 & R ESR) &,
B BE DR N~ 7 VTR RIS & B 2 0D R i)~ & OB R A 57>
S & (BEIER), R LA XOFEE N~ 7Y EHEN~ 7 ) TIEEZOE S
RERICEN D 0T & BRERRER) 1D, KEREOE N <7 U 25
Wik 2l > CTREBIIC RS BN 5 ATREME AN & . N (1941) 13, BEIOREA
GNEOORR Lo~ 7 VIR Y G Th 5 & LTWD A, &IRE
DFEAL LT~ 7 U0, L0 LWAERGFT~OBE) D WREM: 4 1518 5 D DNKEIK
BEIO H72 o0t Livev, £z, 5l &I TR RV & E12iE, N~

U ITRSRR 2 ff > TRV 2~3 m O T KU E m 288 L7220y (5 A%
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EDLINRHLN, KFRIXENDEZINIFEERT I RO TR EERLT
W5,
IAEFEBROBENIZ < OHBETHRENH D03, N~ VDX IR %
W TRBET 28 ITITE A M BN T2V, Martel & Diefenbach
(1993)1%, %~ % EF: Lacuna JED L. vincta & L. variegata 7, Kiz& T 5 &
REMITLTERITHIERZ WL, TN a2 TERT 2 Z L alE LT D.
R IZ X DI E T~ 7 U BES TIEsE B8 20y, F—r oo
A T A Mytilus edulis (Lane et al. 1985) °= v 27 5 A BD Macoma balthica
(Hiddink ef al. 2002) 72 & TlE, RAZWIRICSINE TRIERIZBE§T 52 &
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AEFIETIE, AN ATFIEO NN~ 7Y OFEBEENT 3~6 A DKL -7
Z &, BET A0 F L L TERE ORWEE 25~40 mm O~ 7Y ThoTo
ZEREVPHLNIRoTE. L, AT UREINLEZICBEIL TS
DD, EEGBFTITRIRTETHD200, ENLKBVOHEETEEL TV 5H00
RERRAZR L. N~ 7 ) OEEREEHE LG IR P & DK PEF RN NR 2
ANCERT D720, FEREOBE D I 5723220 FREMPFANLETHD.

A
JRREICKI LT, AERRIAY METAEWE 240V 7Y =& LET. £
7o, WHAPFELET HI2H720, BJINTOTONY 7 VREZFTFAITAV /N
BB EGFHA OMEGBOF 2 \TE# L 3. 7B, ARFEO—L, &R
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1 Study site. Stranded clams were collected from quadrats established in the left
cobble verge of the road bed.

2 Meretrix lusoria. Numbers of stranded clams found monthly in 2008 in five
quadrats.

3 Meretrix lusoria. Numbers of stranded clams found in five quadrats in (a) 17-20
May and 7-9 June 2008, and (b) 28 August—5 September 2008. FM: full moon,
NM: new moon.

4 Meretrix lusoria. Size distributions of (a) stranded clams and (b) buried clams
sampled on 10 March 2008.

5 Meretrix lusoria. Relations between body weight and a shell-volume index for
stranded clams sampled on 17 June 2008 and buried clams sampled on 20 June
2008.

6 Meretrix lusoria. Percentage of the clams releasing mucous in the laboratory in
experiments conducted for 2 hours from 0:00 and 12:00 on 30 September, 0:30,
9:00 and 21:00 on 1 October, 1:00 on 2 October, and 1:30 on 3 October, 2008
(shown as 1-7 under each column). Open circles indicate the mean percentage for

each size-class.
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