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Effects of Burrowing Direction on Feeding Efficiency
of the Short-necked Clam Ruditapes philippinarum

Rina Iwak1”, Ryosuke TaMura® and Seiji GosHMA®

Abstract

The substratum of Tateno fishing ground of the short-necked clam, Ruditapes philippinarum, Hakodate Bay, Hokkaido,
Japan is characterized by higher percentage of cobbles and pebbles compared with other regions. The shell growth rate of the
adult clam in this region is slower than that of other fishing grounds. In this study, the relationship between the uncommon sedi-
ment composition and the depressed growth was examined from the viewpoint of feeding efficiency of the clam. Infaunal
bivalves usually stay with vertically directed siphons up to the sediment surface in suspension feeding, but in this region the clams
often burrow into the sediment at an angle when they cannot burrow into sediment deeper. In the laboratory experiment the
clam could not turn its valves but often extended its siphons up under condition of restricted burrowing.  Filtration rate of the
clam, which was estimated by changes in the chlorophyll-a concentration of the diatom Chaetoceros gracilis as an algal diet, was
the highest in the vertical position of siphons among all setup directions. Therefore, the short-necked clam cannot keep their
body the most effective direction by restricted burrowing due to many cobbles and pebbles, which may cause food intake reduc-
tion. It seems one of the reasons for depressed growth of the short-necked clam in this region.

Key words : Short-necked clam, Burrowing direction, Burrowing depth, Clearance rate, Feeding efficiency, Shell growth, Sedi-
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WBBAED L ZABEHRGEHLCORENRLDIZE EE -
TWwb, 72, BEEOLVRENE, 2014 FI12ITTFEL
TWe7 ) L0 & Ci e T L7 (RBEERAT
) oL RSN EHZRIE, F73HERIH
A3 5720128, ZOESGTOTH) OlEICHET 55
WA 20BN D Lo RO 7)) 13735 30 mm
Bz B L BBMICKEDS), HARZL MM 7 Y
VAR TR EER A RT e o w2 (H
5, 2014, 2016), C DRSO LT, A
DG HORBBEDIHFAEDRIE STV S b DD (HFF
5, 2014, 2016), ZD A7 = X L2 L CEEANEHT S A2
STy,

FEEFIO N ORI LMK (R I) 13, KB - BEREZ B
72t Ch, B RIEE > 2.0 mm) A% 48%, 5 (0.063~2.0 mm)
HY50%, Y8 (<0.063mm) A2% (T & TH Y WS,
2015), BEOEIEIZ H ALK 74 il & g L€ i
OTRENVZ EPGDDH (KR 55, 2003; AEARE .
BE 2005 ; FAIEL: GEE S, 2013), F 7z, JEE KM -
R & b LR (A 64~256 mm) <P LR (B4 256 mm LA
) BEBAFTEL, BT D ROIEBH LTV T
ML LBEINDL (S, 2014,2016) #E, 741 %
GRS AT AR, AKE R ERE R LEE
HINIANT 5 Z & A BTV A 2% (Widdows and Navarro,
2007), LFEHIZB W TIMTIHITZ L A RSN VE
RMHFMERTEEDL SN ED D, 7Y OBERAELN
AT S DD ERE2 TV EREZ BND,

Z ZTARWgE T, 7 DM L EKEEE DR
FREB LML, HEZEGO T ) O ESL L A
DML ORIEYEIZOWT, BEERREN R 21T 72
BDIZLT D3 00FEEEIT- 720 12 HOFEERTIZHN
2B A7) OEMAREZTN, 2 2HOERTIIEN
IR A 272560 75 ) SR EM AT EH S 212 L
720 ZL T3 DOHDOERTIE, KEICEZEMIIHEST S
BERELZRIIRECTH LEKEEL, S FREM
HEDTF DTNz 155 N7z FEhE R
WL THLNZ R 5727 ) TR &0 5, FI2E
AMBICEN T K TTT ) ORESHMEOEHEIZOWT
et 2475720

ME e A&
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CDICH7z, ARFEERL, 2015 4 2 B oK H#E: e
SPHEEE X O 7 ) I BT T o 7o RfEE Tl
FEHIHAE L T Al EIREO 749 ) ofiliz, #Eo—
HHOEE LB R LT AR Ao s, THLAE
BaRE,HEEICHYECY, HHELALT7H) ORE,
BIPRE GBI SO TERE TOMEE e L,

e
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Direction 1 Direction 2
Direction 3 Direction 4
Direction 5 Direction 6

— <=

Classification of the body angles of the short-necked
clam. Direction 1: dorsal top, direction 2 : siphons
top, direction 3 : ventral top, direction 4 : siphons bot-
tom, direction 5 : right top, and direction 6 : left top.

Fig. 1.
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BIREAT o 720 BT IVRIROBME & L ORI HERER
HE(AIC) 7z ) v 7 B%Ic Yy b, BREREREIC
TG ERELZETF T Y Yy N ETIVE W T E
1To720 HE A, B, CliZZNZEN2 1, 0 DIFAFER
52, IWEEBRICINE AV, T, SRS L
TTH) Ok L IRE Y ZRE L7z,

B OFIRR & EARL A ORFR

7 OENITD, BECE LB oRIRE 2 Tw
DAL ZF ) TRVEAETRLEDLPE ) DEFS I
T 5720, BEOE S 2SR50 7 ) O
HIANZ D TEERIIZH 2o RFEBRIL, 2014 4F 11 I
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FEE 7 )G CTRE LTV 2V, BNERICX
DAT> 720 JKAE (i 180 mm, 4% 300 mm, & 230 mm) %
6 OHEL, TNEN1~6 DFESEMNIT /2o FEERIZEH
L7279 ) OF3RE1E 33633 SDmm TH Y, 434
Y CIEEBWHIR % 521 T AR WA 121 42~48 mm O
WEREZ/RY (RS, 2016), W22, R OHIRE 1)
T\ 5 HE (BISHIRAE) & LCARME 1,2 121& 2 cm, HRE#EE
& LTKAE 3, 4 1213 4 om, BRSORIBRZ 5217 TW Wi
(RS TTRERE) & L CRIE 5,6 1212 6 cm DILEES I 5
£ 912, EE0500~1397 mm DH T AL =R (T AT~
) 2 X OB, K4 OB THRILL 72ifEK
AN, T R ENENOKMEIZ 13 @K D, HikE
FGEMASIZ L TE— XY FIZERT2, D,
24 EHEIEHE L7250 79 ) OB H %7z, 7Y
DER A Fig. 1 1R T 6 735 — LM L 720 ARAE 1,
2 526 MR, KA 3, 4 A5 1FET 26 EIR, AKAE S, 6
P OAXET 24 RO 7 — & 2ME S 7z R0 2 fEkIZDw
TIEERRE DM EN T E Lo 72720, BT SRt
L72)e B, FEBRERIBIT 5 IKIEIZBIEE 19.0°C, ##7
213 19.5°C T - 720
EBRTHEONIRERIEIET 7 1 v ¥ v — OIEHERMEZRR
€ (Fisher’s exact probability test) TH#HT L, #7207 % 7R
FTEAEBUESIBRH EN L DR TN, S5, EEHO
JESHEALT 5 L EMAIIED L) IZELT 500 %
o2 T L7002, —RALEIEE TV (GLM) O 5%
TECINT L7z BIZIXEN TN THE0E ) xR
FET D720, IWEERZ BTN 1 THLHNE) 2 (1
Thb=1,10U5TH5=0) L, HPLHEEEDOES
L7 BRI 2~6 122WT b [AREDIENT 21T - 720

EALAE & BKEE DR

TH ) OEMAHIEAERICED L) IZHEET L0
FHONZT H72OI, TH) EREETH I ETEMS
MZEELE EOB AR (BKEE) 2 BRI L
THlE L7z, FEBRIZ 201445 H28 H, 6 H4H,74H,
9H1H, 9H25H, 9H30H, 10 7H, 10H23H
2B 8 AT o 720 i THEBRAZIT - 7272012 EBRHIZ & -
TKIRIFZER D SO0, HRNZIZFIFIZETOFOELR
AT o 727280, FROKBO DRI KA T BT/
SWEEZONL, FERIZHWTH ) CFHERE 303+
1.1 SD mm) 13455 H O [ H IZFEFHLX 7 ) (579 2
LIRELTze TN 2 EREICEBIRY, HEL L oK
N TALMAKIC LD 24 BRI O Pl E 247 o TH 5,
DT oFERICH L2, £9, FRILOLHOKR) ZF L
YR MV (EIEE 75 mm, MR 140 mm, 55 & 265 mm) % 7
OHEL, ZNENET 1~T ko700 TODOFR MV
FNENEZE0500~1397 mm DH T AL =X (T AT~
HE) % 5em OESIZH X, 5% 30 ISR L - AT
KEGREE~) > - 7o 78 % 25 L FO ANz, EBR
WS 5 1818 % T > 7 223 KD 1~6 HEDOR

MIVIZHR Y 430, Fig. 11R L 72 & ClRREEER (7o
YTNT 7, A= UG R HWTRERE T 2 ) VRIS
HBEY DU 720 AP T2, ERMNVOT I A —
ZWNZTHIEEY D Sz 7 2 ) ViR, ERJTI
Fr E R M NVESHE CHEEIIR D L1233 KT O
L7z 7THRORMVICEELTET 7 ) WVEOAREHL, 7
FVIEAN R PoT2, TOEE, HES 2016) #2E12,
WIHNO T ) LIERNRE REER D SR OR FEE T
D) ZIEEHE LT L7720, BEREE4m 2% 5
EIICHHI L7ze ZORETI T RY 7L ) KA
L7756 1 FRBIE S & 72,

FEERBIMARO R FVRO 7 00 7 1 )b g R A HERIK
FEIZEDT 7280, il { Th 2 HiFENIM o3 6 4
Morzau7 4 )V aigEOTEMH 34 ug/L 2 ZEI2 (K
FEE I BR B IR R i G I Rl ax, 2012), BERLE LCH
W72 {REEERE Chaetoceros gracilis (WDB ZRE5/N 1 4 WFZE AT
BUBHERE) OREEIUE Lz TREBRICL D, HAT
2 AT (R 400,000,000 cells/mL) D& 1E 15 pL A%#:4
EHIEr S o T, FEBRFIAG & 312 15 uL DR Z N
U720 SR 2 B 7z &, TR IE— I kDS
& DH1E ) DNUEARFEFEDSR N T & A5 (Walne, 1972), ARFEBR
BRICZT7 R TSV KREPERI L D5 772, 8
BRI A, 20, 60, 120 5B K% Z 1241 50 mL 3
DKL, AT AHEIEH (Whatman GF/F) % F\ THERZK
BHERLPIZHEME LTz 2O, I T AMHMEEA T 90% T
L AITHE YTV LI LT 24 R L7z 7
OO 7 1) g jEEORIE I E R (F —F — 79 A
AL 10-AU) = 720 MUIS (1969) D Fd3: % 212,
4 ROPETESNZ 27 00 7 1) a O HREE %
Ty b LTHELNEFERO R L E 2 HwTr
OO7 AV aiEEORPEE L, 7)) OBEEDE
T L CIXIEKEE CR (Clearance rate, L/ h) & vy, Z®
#4213 Coughlan (1969), Nakamura et al. (1988) % &% |2,
PUToRIZE W Fro7,

CR=V/t(In(C,/C)~In(Cpo/Cy))

VIZBEBRNOEKOER L), TR ZHNL 200
FOEERRT (1), C 3o s aa 7 1V a i (ug/L) ,
Cl I 70T 7 1)V a i (ug/L) 7R LT\ 5,
C, & Culxenzh, arbbu—VHEIZBITAC LG
DIETH 5,
FEETESNHEREICELTIE, 36 20%EMIH
W DA E OS5 HME% /N — ML v b RSE (Bartlett’s
test) THED® 72 1T, 5-E#TIE (ANOVA) 2 VT 62
DEM G EDN S L0 E) DERE L. 512, 6
DOEN A TLEILEL (Tukey’s HSD) 247> C, &®
FHENCED D B E DO,
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Table 1. Results of model selection based on Akaike’s informa-
tion criterion (AIC) using an ordinal regression model
with the logistic error distribution.

Model N AIC
Shell length and Burrowing depth 91 197.35
Shell length 91 202.64
Burrowing depth 91 195.49
None 91 203.60
& R

BERICE D T7H ) DEMER

FEEPIRIS T O T ) OERSIRE & B % 7ok
B REPOMICEEIEL TR LWL T k4
91 AR 23% 1B 725 21 IR TH o720 REL D B

HIREE D R NER IS D 80% 12 b L, bl
O—HFRHIEEERMICE N LT oA, iaEh ity

o T THHFIOICED L T2k THhs 2 L 2R
To BMAMBIZOWTIE, dbosbLnoldkEr LH
WA TS LT B BRI 2 TEED 68% % 5
WNTERMBGI 1 (14%), 5 (10%), 6 (8%) DIEIZ 7 - 720
JEA % B A ERL TR 3 R, AKE R TINS5 5E
NI 4 DMEERIEE o7z SN o 720 EM N2
V23 L 7RO Iz S OISR L T b b i <
KREMNEEZ EH % o CEREISER LT 5 IEF D
TR (A) DEIE T RO HFH 32% (2991, 91 flifAH 29
iR <, EHEMNTWE 00, WFhpo i E
WCER LT A MK (B) 1 36% (3391), KEN L%
VTV 2 WRHE (C) 13 32% (2991) b\ 720 b b,
ERD 68% DARIZ TN D F I E G TER L T
LIEIEHMEME B L C,6201) L) Z &1k b,

RS E R O 2 KL T TS DT AIC JRKT % 1T o 7245 5
BSREORDET VO AIC A RS /NES L, REET
W& LGRS U (Table 1)o T 725, IIVREEANSE <
%53 ET ) A EIKE I L CHEE AN E AT
% Z & AR E 172 (ordinal regression model, P=0.003). 72 43,
BISZIZH WAk O F 378513 335 = 82 SD mm, F34
TERSZEEE L 25.6 = 12.6 SDmm Td - 72

EENE S EEMABEOEER

FWNEBRIZ X LG DE S LENHINOBR% Table 2
& Fig 2 R d, (RDHIBREE, iR, (BRTTRERRICB W
THSEN S % R TR EN 2225 & 472 (Fisher’s exact
probability test, P<0.05)c FEMIEL % 5I2HE-T, ERLTT
6] 2 DERELAHEIN L (GLM, P< 0.001), EMJ51H 6 O
RN L7z (GLM, P<0.01)e fID[AE D74 1) 1220
T, HEEOENIZL > TEFDEHENKRELEDD L
VW) 2 EE %o 72 (GLM, P> 0.05) (Fig. 2)o

e
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Table 2. Number of the short-necked clams showing each burrowing
direction in different sediment depths. The burrowing
directions are shown as in Fig. 1.

Sediment depth (cm)
Burrowing direction
2 4 6
1 11 10 6
2 3 10 16
3 0 0 1
4 0 0
5 2 1
6 10 4 0
Total 26 26 24
Direction 1 Direction 2 Direction 3
118 &8 & 116 @& B 1 °
\ /
o1% & 8 018 & 2 01 §—4—%
: T T T T T T T T T
L 2 4 6 2 4 6 2 4 6
—
|5}
=
irection irection irection
5 Direction 4 Direction 5 Direction 6
1 e % o 112 s
0 4 e——— 01§ § ¢ 0 m
2 4 6 2 4 6 2 4 6
Sediment depth (cm)
Fig.2. Relationship between sediment depth of substrate and

burrowing direction of the short-necked clams in the tank,
shown by binomial distribution. Each 1 and 0 on the
vertical axes means clams showing the relevant direction
and other directions, respectively. Small circles indicate
individual clam, and the curves show a trend of changing
frequency of each direction.

TERLA0) &8GR DR

SERL T & KR EE OBIR % Fig. 3 IR T o S HDS B
TEH LW & ZHfERR L 72 £ T (Bartlett’s test, P> 0.05), #5Hf
DENREEIZEDND D Z &R S L7z (ANOVA, P<
0.001)e F72, FOHTHOLETOEMG AN TER
J51) 2 DUEAGEEE DR & & AR & 7z (Tukey’s HSD, P<
0.05)o

Z

b

HAS & (2016) DFRAFAETIE, XD T HIZKE OBEDHFAE



EIS 0 T ) OB EERERIZG R B

3.0 - -
25

2.0

1.0

054 [ — ! =

Clearance rate (L/h)
%

0.0

05 -

Direction
Fig.3. Box plots of the clearance rates of the short-necked clams
fixed at each direction shown as in Fig. 1 in the laboratory
experiment.

LTWwa 7H )L, KEMOBSHEL T WEERICH
NC, FICREPRKRE VA ICERHIREZ 277 <,
FO—NT, DO TFIZKMOMEDSFEAET B/REAEILIE
EAERBN TR, ZOHME LT, AEYERIZKR
RUEAR LD ST RERIRE DR 20, [BRb R AR
OIS BHERDERN 2 & R, ANEVER SR TR 12
HARTHKFEFANOBEN I DN &R ENRBIT 5N
TWwa (IS, 2016 2% 0, WHOTH ) IEREDOT
(KB OBEDFAET 5 BB DS W 72 DS HIBRE % 521
3L, F MM L T 5 & KIIOB % [l %
TE), 728 ZIKERB R EA RIS EPRETH S
720, TOFBEERELSZIRTVIENEZLND,
LAAT o 72 BV EER T, RO 73 ) I LT
EHPREEDST ) OEM TN 8 E R T 2 LAVRS
N7z 2F 0, BOHFEIZ L) BWHIRE 2, HibE
EPEL 20, KEDP LEAL &) @EOEM A%
RCHRL BB ENEZONL, FEAPEL 2 HITEE
MHAA LY KE LA E PS5 S05 2 L, BEICH
T AY = X% W EHNFERRT LR S 17z (Fig 2)o

T ) OFRATENIE A &I 5D (True-
man, 1983), BRI, k% b GERM AT S) IZ L TE
P THUN, RS & TIEMEE I L (GERMHTH
1), ZOHRKER LT % GEM A 2) 720F L%
S ATEI SIS S 7 (B A, ZAUSHiE S, AR
L7z T Tl TEI 21T 5 72 (B0 M), R A Vil
WHIREE T, H2 T2 L72RED T AR INICEE)
T LMEEPEBBER SN, 7 )IRERER EI2 X K
BOZEEZ L VD IS, B0 720 O EB = AN
TAHEEFTLIEMOENTVS GEHS, 1997), H
5 (2016) 1%, FEEFIAS I EENICIRIRO BB L TR
FTWEBRRTWE, Lo TREFHIZBNTYH, KEOB

WX D EDHIEZ 2, HRICK > THREP LIS
N7 T DB T 5 20078 2 17V, Fhs
R &, YR Z LS, THY OFEFFIZOL
WhHEEZLNS,

TH VAL ZF DB TN & o TIAKHEE %284 & 4,
TRED BN T o T B ilE OER TN 2 DA IO E
PHNCHARTE D EREEDIRKELS 2L EPREN
7z (Fig. 3)o 24U, HEHIEZ 21 T Vilie o 74
) DSHE LD AR T WHATEM L TWD 2 & ERT
bOTH LA, RSO I TIERRNIBATE 2
WZ L ERLTWA, MO F M TRIENRBANPTE R
WHIHD 128 LT, EHOEENEZZONL, ek
LEEEYNE, IKEWNICAERT AT I Ass
LWV AT, THYOEFICHEET AKRE Y b ZowE
BELWPREWT EPTHEINS, EBIZFERTHH
LB, SEKICEATLEIL TRy 7T EREE
BT AILIRET A 2 E DR SN TV b, L
L COBEWIE, AKEDPSHEBICI) ANSh5 &
8 TR BT HIUTHESE FIZER Y, MEDOTERT
Bk, EHICE) LN TINIRYAENS
@, 1999)s ZNETHY) OEMEELES LabEh L,
B OEEIIKEE IS LA IIIZED N &S
HL, EHHESDRWAINI > TWEZ EDbhr b,
MBI O, &Y 2 K% 721 EE) I
W5 o Tk d 2 UEARH ), WkOR)ZRE V) BlAH
SRTHIBIRYTH L L FHIND,

2OHOHEME LT, AKELHKEDHEMLETN
LIKFDFEAENEZ 5NDL, =T NIV A Cerasto-
derma edule \X, FEE IR < OKZHLY) sAA, K% HE
EHNIAT) 2 & T, WY AGKOPIZHFET L TH
B RBEW WAL v X912 LT v B (Widdows and
Navarro, 2007)o JEKEE ZHET 5 FEBHETIE, 7H ) %
Kex AN EE L CREDOHIC AN TERZ 1T 7295,
KEH T L72EN TR 4 DA TS 2B R E TK
EET AR IN, 02 L, ENIED
WEERLZS>TVTY, KEZIFMHIET 2 & TEAD
WHEIC D E W) TEERLTWD, 72720, WEFA L
W2 BEMAR 1 OWEIXERE LD, KEANHEVEAIC
% RO NI EN 7 BRI 6 DA, ELE
K20 &D &) AREDHWIZ L LKKEEEND &
3 205\, BRI 6 DB IZ AKE & ARG
FICHEEIEL TV LTY, ZORHOESRAE
AEZAHZEERETHY, BE,SBIEFCEHIOK
EFHHLCTWLEEZSND, TD70, HOHMHEE L7,
i & 70 2 BB S LK R FROHLD AL & v ) Bl
MHEZ Y 9 %o TND, BEDERNIATONE VS I 1
DOFRKEEZ HND,

AR X 912, AR EEF HLX TGP KR o i
DPIFAEL TV D Z & THIC 73 ) B I HI R AN
ZoTWnhEEZLNL (ML, 2016), BAHIRAST
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