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Environmental characteristics in Japanese surf clam Pseudocardium
sachalinense bed off Yoichi coast, west Hokkaido, Japan

[zumi SAKURAI*', Tomonori KANETA*" and Yutaka HATA*

Sedimentary condition, bottom disturbance and macrobenthic structure of the shallow sandy bottom off Yoichi west
Hokkaido, Japan, were studied in relation to a surf clam Pseudocardium sachalinense bed. Surveys were conducted in
April, July and November 2001, and February 2002. Median diameter of the sediment tended to be low with water
depth ranged from 0.09 to 0.46mm without seasonal change. Total organic carbon (TC) and total nitrogen of the
sediment tended to increase with water depth in addition to be high from April to July (0.42—5.04 and 0.04 — 0.43mg/
g, respectively) and low from November to February (0.29-1.35 and 0.04 —0.15mg/g DW, respectively). Bottom
disturbance of calculating Shields number (¢) as an index tended to be low with water depth and fluctuated markedly
with seasonal change of wave action and effect of topographical features. According to principal component analysis
using sedimentary condition and bottom disturbance, five sedimentary types (I, I, III, IV and V) were divided. Type I,
very high TC and low ¢, and type II, low TC and high ¢ occurred in 6 —12m depth in parts from April to July and
from November to February, respectively, although type III, high TC and low ¢ distributed in 6 — 15m depth through
the year. Type IV, low TC and very high ¢, and type V, low TC and ¢ were found in 3m depth from April to July and
from November to February, respectively. Five macrobenthic communities (A, B, C, D and E) were identified
according to cluster analysis using the similarity index (C.), and characterized as dominant presence of Umbonium
costatum and Goniada maculata in A, Scaphechinus griseus and juvenile of P. sachalinense in B, juvenile of
Felaniella usta in C, Fohaustrius eous and S. griseus in D, and Nephtys caeca and Urothoe grimaldii in E.
A — community was constantly found in 6 —9m depth with sediment of type I, IT and III, and B — and D — communities
occurred in 3m depth with sediment of type IV and V through the year. In 12— 15m depth, distribution patterns of
the dominant species in each community changed seasonally by their recruitment. It was suggested that the
sedimentary condition were suitable for burying and feeding of the clam but mortality due to the bottom disturbance
and competition with S. griseus would occur in the habitat.
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Fig.1 Location of the survey area off Yoichi coast, west
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stations for analysis of sedimentary condition and
macrobenthic structure. Each number represents the
station number, respectively.
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Table 1

Monthly mean values of significant wave during
2000-2001 off the Ishikari Bay New Port, west
Hokkaido, Japan (based on data from the Hokkaido
Development Agency).

April July November February
Wave height (m) 0.75 0.33 1.35 1.63
Period (sec) 4.9 43 5.8 59
Wave direction NW WNW NW NW
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Fig.2 Relationship between depth of sampling station and
median diameter (@), and sorting coefficient (O).
Simbols which are circled in broken lines indicate St.
7 (off the coast of Ohkawa).
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Fig.3 Relationship between depth of sampling station and
total organic carbon (@), and total nitrogen (O).
Simbols which are circled in broken lines indicate
St. 2 (off the mouth of the Yoichi River).
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Shields numbers were calculated by using energy

balance equation and small amplitude wave theory
(based on data in Table 1).
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Table 2 Summary of principal component analysis using median diameter, sorting coefficient, total organic carbon,

total nitrogen and Shields number.

Ist component 2nd component

3rd component

4th component

Sth component

Median diameter -0.408 0.897 -0.074 -0.288 0.258
Sorting coefficient 0.237 0.824 0.029 0.262 -0.264
Facter loading Total organic carbon 0.884 0.096 0.217 0.246 0.320
Total nitrogen 0.849 0.048 0.222 -0.456 -0.142
Shields number -0.474 0.004 _ 080 0021 - -0.013
Eigenvalues 1.948 1.495 0877 - 0421 0.259
Cumulative contribution (%) 39.0 68.9 86.4 94.8 100.0
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Fig.5 Relationship between median diameter and total organic
carbon (upper), and Shields number (lower). @ : type I,
@ :typell, O :typell, M : typelV, [J:typeV. St.2
with total organic carbon exceeding 4mg/g in April and
July, St.7 with median diameter exceeding 0.4mm in all
month and St. 16 with Shields number exceeding 2.5 in
November and Feburary were not ploted in coordinates,
but were included on type I, V and IV, respectively.
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characters of each type were shown in Fig. 5.
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Fig.7 Relationship between depth of sampling station and densities of dominant species. A : Pseudocardium sachalinense (@),
Umboniun costatum (O) and Felaniella usta (M) , B : Goniada maculata (@) , Nephtys caeca (O) and Nerinides yamaguchii
(M), C: Urothoe grimaldii (@), Eohaustrius eous (O) and Scaphechinus griseus (H).
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Fig.8 Dendrogram drawn by Mountford’s group average
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Table 3 Diagnostic character and parameters in five macrobenthic communities (A-E) classified by cluster analysis
between stations.

Community Dominant species Class %*  Feeding type** N S H' J'
Umbonium costatum Gastropoda 43.9 FD
A Goniada maculata Polychaeta 8.6 C 2486 55 252 063
T T Scaphechinus grisews | Echinoidea 423 ] ED T
B Pseudocardium sachalinense Bivalvia 19.6 S 591 35 219 0.62
cmmmmeeoooMactrachinensis | Bhvalvia 32 S .
Felaniella usta Bivalvia 67.5 S
€ U. costatum Gastropoda 10.4 FD 1590 29 142 042
T " Echaustrius eous | Crustacea 35 s TR
S. griseus Echinoidea 23.4 ED
D Polyphthalmus pictus Polychaeta 11.0 ID 154 14 195 0.74
Megangulus venulosus Bivalvia 8.4 FD
P. sachalinense Bivalvia 5.2 s
CTTTTTTTTT T Nephtys caeca” . Polychaeta | 244 C T
Urothoe grimaldii Crustacea 23.2 S
E Nerinides yamaguchii Polychaeta 6.3 1D 479 34 262 0.74
G. maculata Polychaeta 5.8 C
M. venulosus Bivalvia 5.4 FD

N ,S ,H' andJ' represent total number of individuals (/0.1m?), number of occurring species, Shannon-Weaner's
index of diversity and Pielou's index of equitability, respectively.

* Values represent the ratio of composition in each community.

** C : carnivor, ED : epifaunal deposit feeder, FD : facultative deposit feeder, ID : infaunal deposit feeder,
S : suspension feeder.
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Fig.10 Frequency distribution of sedimentary type (I—V) in each macrobenthic community (A-E).
W :typel, F:typell, BJ: typeIll, []: type IV, [=: type V.

FHINL AN, T2, TOBEL, IHRD/N HAThA EBBYEEOILVY UL L, HRE
S, MR EBEP RN S o2l b bTH  YEEOY~ 7 FAYL, HEKOFa v AF1) B&
DIEMEAZ R L2 s, AEHEIR - 72 MK T d CHIH 4 (FEH) 2N BB L, $/2, 20
LI ENEDbNI, DEEICIE, BBWENMOE eous  BHEIL, HEJDPROKNE L, ZEISEIERL T
EHWREMEEDNA A TUNR I NSRS L, #E BEEPE DI,

EWEMED /1 A1) + 7 =) 7 Polyophthalmus  pictus, —7, &HEO e AL L, 4 AL 7T ADE O



Ny =), 11AE 2 APEB L0038 — v &
RL72e Thbb, 4HE7HIE, BEELARESLZ
NZNKFE3IME 6 ~15mIH KA L7212, DEEE
CEBEENZNZNSL16 (7 Ty I O K 3
m) &St.4 (&I oKER2m) [EAE L,
72, 11H & 2 HiE, BEEELAREN S ZNZNKIES ~
6m& 6 ~12mIZHPRGAITAH L DI, 4 HBLUT
H & W, DEEEDSSL 1612 5 L7213 2, KiEl12~15
mIZ I ECHEE LEREN M L7z, BB, CHER, 11
FAZIE AT X 0 BN A L7245, 2 BRI
FCILD o720

5. EEBIEL Y 7ONY M ABEDBERZ

A~ED 5L I ~ Vo5 EEMOxIGMEER%E H
I L7 (Fig.10). ABESEO i, £H & 10
BOKEIHIETAEEDIT, 4HETHITEIR, 11
AL 2 I TROEE L L RHE L7z, BERED 558k
&, 4L T7THICEVRIOEEE -3 L7225, 11AE 2
HIZIZ TR L VRO ISR L7, 4 AL 7 HIZidtk
I N o 7CREED AL, 1T TE, 2 A
WIE TR E MAIOEE & aio L7z DEE O 5 AilEsIE, 4
H, IHBX U2 AIZIZVE, 7HICIEVROKE: —
H L7 EBMEOSABIE, 4L 7HIIEIA 114
E2RICIBTIMOEE L —3 L,

A

1. BIBOREEY

AR O KB NER I, MO IRERICA SN LR E
FIRET 2, REOBINAE > TEE AL T 5 L & D
2, AWEESEINT AEmE R Lz, F72, ULk
BB & TR ISP 22 FE A LSRR D ST, ARl
DEEIAEM %8 L CRE LR BB 2 MR L T b
CEDFbNIz, 72720, KNI OKE6m (St.7)
21, FEEE L TR, WIkOEVEE A
LCWi, EREOREMBIX, HEPEHZSICLE
R B A RIS 5L Z 25N TWANPY ) St.7
DB IHROREN RN 2 5 &) EHE BI21F
WD ZEALR N THEEW ORRE R &) dn Lhb,
St. 712 BV B EE OMFAL & WIKEEALIE, WAT B
NIKDZEE) S &0 72 LB R I B SN TWDE LD
LRSI ND, — T, EAERRFEELEELEREE, 4]
~7RHIZERL, 1A~ 2 ALK TS5 FHALe R~
EEDIT, AN OKEG6mM (St.2) T, 4 A
ETHICHBEOMAZE L KR LT, &y 371 I1C
BWOHBY EEOFEHEL T RET L 728E 37505,

el E AT RNR RIS B U B R Y 7 A WG OBEREE 57

AT B CTH Y &= O DR T2 k3 2 @)
&, AR, NI B X ONERR RO RIS T D
BHlENTVE, 20X R BICBI 2B E=
D LEHIL, BFEOBEIZL D26 OEEDTRA ED
BInE iR d 2 BFEOWIREMHOFEIRIC X 2 EEH D
TEICE > TH oSN DEEZ LN,

ST PR O FRAT 2 S HfEE L 72 B EELORRE L, K
AN 512 LB bT A EAP D N7z 0S, Kb
B BEEOREEIIFHWIIRELEHTLI L
WRENTZ, ZD LX) BIRERELOZENL, BIEFFED
FEHZELGERT 2 £ Z 2 50, FRicduiin S o Eikii
R R AAFITE, BEEICZ LWy 2Ry MR
DHEBIEAN B 5255 DL SN L, 72771,
Rifgigcld, [ UK T IE o E g HELO
PR T ¢ 2250 SNz, ZORMIE, 73y
A TR TE ST A & OPIR % M T 5 DIk
LT, SKMToh &0 mEECIEsAI o LG IcfiEd 2 2 Y
NI (Fig. 1) 12 & o TIRTE A1 & O PR 2SERT S 1,
ZORREDPFERMAMT AT LR ENL 2O LEZ HND,

B BRI BT % & e TH H M O BIFR & RIS
LD MRS L 7oA R, vk, AR EEB LY —
WA D 3THEI & o THIG OB BRE 2 31T 5 2
EDHREEEZ ONI, T, IS 3HEHICHEDONWT
JKEREZ 5 DORNHR L L7-& 25, KiE6 ~15m
TIEEE L@ L CaA R EESIENE C, PoffE
i ¥ =V ABDPMECTIRATLL AT 5 E b1, 4
H~7RHIEIRE D) b eairEad me [ R2SETT
NEATERC, 11 ~2 AT LY b ¥ — Vv A E
WIEIAKE6 ~12mICHI L 720 72, KE3ImTIE
4 A~7RCHYREENE L, SFEkErL Y-
ZEDMEN VRIAS AT L72A%, 118 ~ 2 Blcidspgukss
e SRR FERS VR EITIZFR CTY — IV AEATE W
NVANZRZBR L 722 &h s, RO EERE L, FTHYN
OIS ERICE AR EET L EEDbR
720 O &) BIKEREDOLE)NL, ko X ) ITKIRE
ALK 3 2 IR 28 BRI AERR & 48 9 N AMEAE S 5
CLICIoTHIFLLTWALDEEZ HND,

RFRIZ BT~ aRy N ABEIL, FHT9F 3
7 AF ) BMEETDAREE, NAATNZ N TR
YL L, Ry FFA RN T A OHH O R
SWBHEE, TV TV IOMHADEB T LCHE, v/
LA CD—fEENA A TNA NS DSBS
TLDHE, BrUNYTFulrThfbvyax
EEETAEHED S DI G ENiz, 72, BEZ
L AR O K6 ~ 9 mIZIZARESEDS, Sl
~FHA B L7 Ty NN OKE 3 miZiEE N2



58 BUE R - EHAGKE - &

NBB L ODEREA AT L T 7225, KiFE12~15m Tl
BRI L > THIEDOGH Y — 3B L LTz T b
L, 4 H~7HRABEDNIL 5L, EREISRTIII
AL OKEIZMIZRFTE L7225, 11 ERES S
W~ KNI A S & & b1, CREESRIT~T7 T
v RN L7, $72, 2 HIZEREES ST
WICRET 5 & &b 12, CEEAEDSKIINET IR F Todi
AR LTze TOXD AT — DAL, ARFE
T L3 TRX 3y 2 F0 ) OEEI A L7
DTIERL, CHEDOT VY VY IMHLEHEONY T
TOFARTHADOHHRMA L > TILH ~ 2 Azl
Tl ENEEOREREEZZ NS (Fig. 7). —F, Ai
WCTALNZABSB L OCEEEE, [ UIbiEE H AR
WERR DO~ 7 a Ry M ARME L IGE L Tz, Bl I,
ERHBETENAATNA I NG ISy BT YT Y

IHEEDEL T ABRESFNFINKE2 ~11mB L7
~17TmTE SN T L™, F, BERIBRETHNA
AOANAINH ISy BEXOF T0E LS AEENZ
NZFNKES ~10mB L 10~ 15m THERENRTHB DY,
T 2KEOENIH LSOO, Rl THRLN~
7 uNy N AOBEREL, JLiE H AR SO
M |3l U 72 L MR S s,

BRI < 7 u Ry b ABEORIC R T R LR
B, ATRETIZA A~ 7 AT RET 5 1
1A~ 2 FI2KiE6 ~12micHEHTAOH, BXO
J4EZ 8 L TRIE6 ~15mIZTE S 2 MO Y & 45
ARG LTHBY, NN I RIAET HEEEOABE
e othne WA A & T RN 2 b3 2 85 O i B 4L
oI, ABEZFER T I~ 70Ny b 204 Bk
LT EEELHIRERICIIZRS 2 WT EAURKE I
oo TOZEIE, ATHMELFARRD X IVESET H~ 7
Oy b ABEDS, BRIRETIReERKFE.6~0.7
mg/gB L VY — b X0, 04~0. 200 %5 PH |2 J& 4 % 3 L
THMATAILYDL LB TEL, T/, ABFEDS
filk, ITBLUTNAEOKE LD T 5 HTIECHIEL,
I BLOMBEOEE LT 2 M TIIERELHEMNL T
W7z Z b b, CBXUEHEDORBEEIZ LT, #
NZENH R & B X O EEEL O INAY A o il R 22
HiZeoTnabDLiEgEsNL, CHETEST LY
VIV IMRREEMANTHL L, BLXUERET
BETANYFI O ATHA LY I IERHIC
B L-HFARELZET L2 E05, RFROKEG6 ~
15m Tl bk o BREE R 238 5 A D R A AR T RE 2 5
BERIFTTILICL o T, HEMBEOFEHNSL X O
WZELZFIERILTWE DEEZONL, —7, B
BLUODREDGIAL, KE3 mIZBWTEEEIL O

ERFEHIZALTANB L O VEOEE L3 LT
oo F72, NEUIMOEGANZE L T — IV AEDH
W2 e, BBXUDIHELHR T L7 0y M A
(&, MEEE ORI bl L CEEREELICH T 5 i
MEMRZTCHWDL I EDHbNE, vx70OXY N ADEY
PR AP E ST OB S IcHE SN S 2
&Y BLUOIKEOYMIHEELSS A % EOE R E
MACEA BB E 525 2 L5559 KRGO KE
3 mIZ BT B HFERE O P 13K G003 < B 5
LTEY, &) Rz BRIk L TRl % £
OFHOAPEEFE L THELZER LTS D LE
Zbib,

2. EIBOIRESHE

RIFFECIEAR v 7 A GO RS WK, &
B eEB X OEEEEICHESVWCERE LT L L b IC,
EEEREEE ~ 7 uR Y b ATEOICERE BT 5 2
LWL o THI T L DR ZHO 2 IC L, $72,
KR DO R v FHAMEE, BREDOE 2B EFEL LT
WL D12, NVBIXUOVROEYE E* 204
FTHZEDPHB L, 512, MBMOEEIL, KWeh
BcFEE LBV RE TR N & LIS
(ZNZFN 1mg/ghlF B & 100.17~0.23m), VE DK
BIAARBHROF IR HW Y — VXK EnRL7z (0.2
DibE)o 09 bhdukifRf & &a R EREICOWTIE,
AT, AN, R B X UHETPIREIC BT A K
9 ETASTBOME DIFIF LT 5b, F72, e
KRB EAREOEATENC R b # L -#HICH 5 2 L h
5 KRBT B K ¥4 A 50K GBS,
HOUR R L AR ERICE L C3AERICHEL WD
bOEHMEINL, LHL, Y=IVAHIZOWTIE, %
F10maiZ o & v F 7 A i H A55#45~55m/s (¥ — b
ZHAHE L T0.25) 124 b &, EEBELIZL > THH
PO T A 2 EDTKEEERRIC L > THLMZENTE
05 KB ARy 545 TIE, VEIRS
VRO EET H11H ~ 2 HIZY — )V X$40.25%
ZAHREBELOENSTFHSND Z b, NERHE
I T ST 2 AR TERE H O IRIC X % ke 1,
RFHIZBN TRV EL2bDLEZLNL, 4
%, KFHIZBWTE Y 74 OFF R X5 I121F
He HEA D WGEERG I 2 B9 & L 72 I0IRIC X 2 BB AL O
AR Z MRS A LEDH S,

—%, EEZEMEZRKL~Y 70Xy b 2O E/EH
E LT, BB EEHEY AH OBEEE)IC X 55K
W2 O OFERR AR S TV 2% RUEHIZ B W
TRy FHADERT HHENICIE, HFEDEEZEDONA



AVNZRI NI 1 EEEE LTl s,
ZOZEE, RyXFTAENAAUNZII NIV &
DRI LR OB BERSFET 2 L 2REd oL L d
12, 2SS TV I NG VSV HIZE D
THEBSG O 2 EAT TS, L2So T, R
W TIINA A TNA I NS OHEED &Y F 44
OBEFHRIZIANT 2 HRO—D & LTHREHELZ SN S
B, MZEODAIBICBNTNANALAATNZR I NH LI D
Bz a5 2 % L, TOEMEL MR L 21T
HBoSBWTHAI,

# O

AEIZH 2D, A TRV 722w gt il
AL S O A R 7 & U2 LIRS ISR <R
ZLES. T, AFEIENONET — 7 b (Rt
L T /72w 7z dbiEiE f 5 R/ IME B ZE iR i o 7 4 1212
CBILH L ETET,

L )

JeiEESTHRTIG RO K v 7 A B IC BT, KBk
7%, AR eE, KERILOBEBX v 70Ny P2
DOFEMEZFARD EEHIT, TNEDHEBIZHEDOWT
RO FBRE XM L 720 BNz RE, DT o
DV Thbo
1. KEOWIMAE> TEREAMRALT 2L b1, A

R IS A S A SNz, Tz, KER
BRI TR SN dr o 720, B &
F4A~7HIZERL, 117~ 2 BT $ 2
AAH BNz,

2. JEEMELL, AKEAEINT 512 LT A E[A AR
BHHNTA, BHEIZB T L EELORRE I3 FHIZE
THEEDIT, MUKEHFTOEMOMTIZEET
T AR STz,

3. EEIREE Y BRGNS L > THEIE(L L RER, A
e e TE <, RERAE L R EBELE W TR
JEE LA & <, BRI & AR & E YK
WITEL, HHYEmA b E <, RERE L JRE
BEAR IR, AR EEMEC, KB LK
BHRENB VN, BXORERENE L, BEY
G L EREBALERW VIO 5 DL X STz, Ik
6 ~15mTIEEELZB LTI T S E LD
2, 4 A~T7HICRTA, 117~ 2 B2 TRk
W6 ~12mIZIH L, KE3IMmTIEVE LUPNVEA
FNEFNAA~TABICIIA~2 B2 L7z,

4.

. ATHED AT T,

el E ARG IS5 B R Y 7 A WG OBERE 59

T raNy P AREER 7 T A Y =G K o THEA
L7258, S TeFav 270 R ELETHA
TS, NAAUNRI NS IS &k y FHAHER
MEET ABEME, vV YU I HEE A EBRT ACRE
£, E eous ENAAGNZAI NG I INUDELET
LHDIEE, BIXUONYTFTubrThfbxbya
IUNESETAEHIED S DIZXK G SNz, KE6
~9mIZIFABESE, JKIE 3 mIZIEB & D4 HYE 4
%l LCorAn L7225, KiR12~16m ClIkgsiE o Hr
BUNAZ & o TREED A /X8 — DI IZZAL
L7z,

IBLOCMBOKE L —%T 5
LB, IBLUCMBOIEEIZHAT 55 TIEC
MEL, I BIUVIBOKEIZHAMT 5 M TIZER
EEHM Lz, £/, BBXUDEEDO A, V
BIUOVEIODKE & —H L7,

LRy FTABAOSAITIE, AEOAEIZE L7z

KGR AR EEE R LS, EEHBERICLS
TFERNA A TN NG VN & D ET 7 &
LA DRI TRIE S 7z,

(73

EAGIENR, EEFRIRD N A ORGEEIICE T 5
MR ZE- T BB o BN ZEL. H K. 36,337
-344 (1970)

EAGIERE, LR —ER @ v NH A OAFEIICE
DAL F -, IR OFH L. 3K
7#%.36,345-352 (1970)

EALE RIS BT A R Y 41 OREIEIIZOW
. deAkG{H #.33,1-8 (1976)

BIE R, EORE, B G /NMIB X ORI
BT SHFRy FITA DIV DT, ALK
#.39,45-52 (1992)

OB, SR, ARES D AERERICBITS
Y N4 A Spisula sachalinensis (Schrenck) il
fEH 2 & AR B I2O W T oWfge. Lk
#.7,8-71 (1967)

EATEF Ry FHAOBEFICOWT. bk A
. 38,222-233 (1981)

HFERET, & B2 EEAELREOR Y XA
WMEIZDWT, JbkEI. 10,51-68 (1969)
FEALTEBAF Ry FAA MR OBRE & ke, LKA
#.38,296-305 (1981)

ELTEAE LB BT ARy X HA (I A)
DFERFZEOBUR. JKEE AR, 21,4347 (1984)



60

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

B R EHAGE - B

wOEEZ D RRIIGICBIT ARy F AR DOFA,

Gy, IRFE. JKEEDAK. 24,45-52 (1988)

Ry FHTAWIESN—T LRy FHTAIZOWT (£

D 1). LK H . 19,40-50 (1962)

Ry FTAHIETIN—T LRy FHAIZDOWT (F

?2). ek H . 20,16-28 (1963)

Sanders, H.L. : Benthic studies in Buzzards Bay, III. The

structure of the soft-bottom community. Limnol.

Oceanogr .5, 138-153 (1960)

Ansell, A.D., Sivadas, P. Narayanan, B. Sankaranarayanan,

V.N. and Trevallion, A. : The ecology of two sandy

beaches in south west India, I. Seasonal changes in

physical and chemical factors and in the macrofauna.

Mar. Biol . 17,3862 (1972)

Nakao, S. : Community structures of the macro—benthos

in the shallow waters in northern Japan. Mem. Fac.

Fish. Hokkaido Univ. XXVIII, 225-304 (1982)

B R, W bz, REAE D IbiEE BRI

DN HTA MG BITLEEEEE 70XV P X

B4, HUKEE.67,687-695 (2001)

W B Ry ARG ORAESYRE & RER
i, AL ROk ESREHR. 28, 95-105 (1977)

B R, WrRE, R % dbimE A SRS

BBz BF b~ aNy N AORERE. KET

%.37,143-149 (2000)

B R, EOREMS, EARAITE o bl NG R

2B SRy F 4 A OB L TSR

DA, ALK 36, 39-57 (1991)

AL, R B AGEREERES, g B XU

BB ICBUT 50y 374 GOKAEEYIFE.

KA. 24, 51-58 (1982)

LT, R  ARE W E AR BT SRy

F A W O A B R, JLKEUH . 42, 195-202
(1985)

EAULS, TR ARE BRI BT Ak

F A MEREE. LKA .43, 118-125 (1986)

AR — T HRBIUIRICL 2Ry FTAHED

IRFEREARE (B 2 BRI E . B 500 #i. 359, 24—

41 (1983)

ZEAZE, HIEME, PHEG, SHES R

12 &5 THERBETIE TV OF Y & BEIRGIC

B A58, R Lofam 34k, 41,376-380 (1994)

Sakurai, I. and Seto, M. : Behavioral characteristics

of the juvenile Japanese surf clam Pseudocardium

sachalinensis in response to sand erosion and

deposition associated with oscillatory water flow.

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

Fisheries Sci.64,367-372 (1998)
ARICHE © By BRSEITIRN: 1. S Ak & FREALAL.
Hat, 3t R, 1976, 131-166.
AT VTR & ey, R A
KEFHR S, 1971, 168-174.
], WHEER, FAEW B LR
LB LA RE . BB . 30, 21-67
(1991)
ToARZS KHARE  BHAE0EM. s, A%
£r, 1985,483-484.
AHEZE  BEIREOEIRIZOWT, ITARFEETH L
#.180,39-49 (1970)
TARES KA E
£, 1985, 82-84.
SERNFIRERBB S & L IR S
Wb E AT TR v T X - T UM PR 8 4R
JERR. B, aERGRCEIREE ST 2%, 1997, 143
-145.
HiME T WIRIEOERERE RS M AL, KE T
K.22,25-33 (1985)
SEEEAN, AR M, MBS AWoRSIcs
T ARDOTENxTT 5 7 ) OENM: % S I ERR
wmedEiE e T ) O L oA KET
*#.33,231-235 (1997)

Ha, il

AANGOLERR. Hat, LA

B IR, hEERT INTTRE | 7 oNT A OFIT
B2 KT IREN G O B, HKEE, 64,406-411
(1998)

PR R REOWBMIEELIC L 2N A &R

FRFL. JKpE 4. 39,155-160 (2002)

I IR, WS, R B NI A, N IT
AB LT T OFEBATEN LTI KR, HEobB L
DR RO, HKRE. 62, 878-885 (1996)
Woodin, S.A. : Adult-larval interactions in dense
infaunal assemblages :
Mar. Res.3,25-41 (1976)

Patterns of abundance. J.





