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An Attempt to Assess the Feeding Activity of Short-neck Clam Ruditapes philippinarum
Juveniles by a Digestive Enzyme Cellobiosidase Activity

Tomoko SAKAMI and Junya HiGANO

Digestive enzyme cellobiosidase activity was measured in short-neck clam Ruditapes philippinarum juveniles

in order to assess their feeding activity. The enzymatic activity of the clams fed Paviva lutheri increased rapidly
on the third day after the experiment started. The specific enzymatic activity became about eight times greater
than that of the unfed controls on the fifth day. The cellobiosidase activity of the clam juveniles collected from

some tidal flat areas with different environmental conditions was also measured. The enzymatic activity of the

in situ clams varied greatly. No obvious seasonal variation was observed in the clams collected from a tidal flat

area for two years. The mean enzymatic activity tended to be high when the chlorophyll a or protein content was

high in the sediment. The enzymatic activity of the clams collected from a subtidal area was greater than those

from intertidal areas. Moreover, the enzymatic activity of the clams collected from an area covered densely

with Asian date mussel Musculista senhousia mat was lower than those from the neighboring sandy area. These

results suggest that the enzymatic activity reflected the availability of food in the clam habitats.

20114 10 H 3 H3ZAF, 201241 A 23 H#

7 %Y Ruditapes philippinarum (& H R RO TE» 5
IS TR i 2 EE A HHATH Y, HE
GKEBRTH S, L2La2bHEROTHY RIS
ETFAEZL L, 1970 ~ 80 AFARICHI 1577 h Y IEL
TW72DA32000 EELLEE 3 5 b+ ¥ B OKEED Hi T
W5 s THVBEDKKE LTI, OV TIZE A
BB Y MBS0l BEn g Bomc,
EWFARPWALKEY Lo BEDO AL V87 b
F W R - EEEYOBRALSE T O 4 BRI
3N TVE, TNHEOERIIZNENOHTIZL 5T
B, F8OPPHEENIEHL TR EEZ LN
%o L7255 T, 7HV)RBAPOERBEHO -0, B
Yo HOGFRM A BIRE AR L TB L 2 L uE
Thb,

IR Y N AT EOEF KM TERIT L,

T ) T H A O H O RFEAE AR RA O HEE A
FRZEEZONTWS Y, HEHOBTHEKNIIH~ TH
B, EEZBRTITEAR @) 2KEREHO—D
EEZOLNS, INFECTIHHOEANIIH T M4
PUREZ D012, AKEEDS LIELIEHIE SN TX
727 L LEAMCAER L T B8 Ho A KOl
ENXRS TG\ 722K O P2 3 IRE R T2 7K
WrolETHENLFHETAIETHY, HROARE
AT 5 2 LI TE RV, B TRE SN HHIE
R EE I AR, AL T SO0 Mi %Nz %720
MO FEDSLETH L. —F, “HHICBWTHL
R OEES BRI RHOY - BI2X>T8LT5 2
ENZLHMEIN TS MY LB ORI T
CORESEO/NIAEYTOLMETRTH Y 7, T3
RIS HE RS 5 2 E DS TE 720 oK

OMNEATBOE NOKERATZE X v 7 — X K EERFZE T
T 985-0001 HHEIFIH & HHUchl 3-27-5

Tohoku National Fisheries Research Institute, FRA, 3-27-5 Shinhama-cho, Shiogama, Miyagi 985-0001, Japan

sakami@affrc.go.jp
BTN ATBOE MR EER A TE 2 v & — BT SRR



HLTHBATES Y, 200, 7THIHEHTHHL
BEREEEWET S22 LIk D, BRI D 5 VILATER
B % FHIliC & 2 REEA D B

7 W) OWALEEE IO VTR, B 25 H oAk
R OMBREEIC OV THRE L Twbd, L2 LHERIC
DT ALEER G 2 2 U 7 s L APRH SR & o IR
IZDOWTHRZBNI G725 v REFRIET B HEH
OIALIRDL & ARG & OB AL NICTH T &
#HMWE L7z, HILEHom T Vv —Eid T e s
7T—ERT I 7 - BICHATHRBREIC X o TR
ZAELR TV LMD K HIZB W TRERTWY
27, ISRV T —EEEE LT CM eV T —F
MWHEINDAS, Lo —2ADOMRICEb BEEHED—D
ThHhortut+ 5 —+ (cellulose 1,4-beta-cellobiosidase
EC32.191) & w0 MU A —ZADT7F0rThb
p-nitrophenyl- 8 -D-cellobioside % %5 B | ffi U S 172
p-nitrophenol DWOGEE % HEHIE T 5 Z & TRIRETHl
BICHETEX Y, 22 TTHIHHEZ W CRESE
EERZATV, HUkE NS koYt Uy —EEEo
AL TARTIze F72HNOR A e EEGRTS T ) HE
HEHRRLTEo ¥t v ¥ —Bint2lE L, ABEN
DB BEIC L > TED L) IZET B DPITONTIR
L7,

MHETE

FHUMBORERTHER ALHRE L7V IR
Chaetoceros neogracile & 5- 2 THIE L 72 O %R ERICH
W7z, FRBRIZ/NED GRE 5.7 ~ 8.1 mm, F35 7.0 mm)
ERAE (] 10.7 ~ 13.1 mm, FI11.7 mm) O 2 FEHO
MEHIZOWTAT o 720 1R 2 ANT-BEICHEH 2L
HL, 74NV —ThH#MLAMAK (20C, 532 %
MR LR OEHEEZIT> 720 KEICHEZINAELTI
RN T I &, ZORGHXOKMIITRZEL
72 Paviova lutheri % %) 10 ug Chla "' OREZHD X
I AHIE R Ll T L7z BERRATIX Tl A ik
DHEMTIL72. fafbisatk 1, 3, SHHIZZhZN
DK HHEH % 5 A3 OHY —80C THAKSPRAT
L7z EHHPORHORCIRIZEAERD SN
ol

FHICERT37HUHEORR BB 7H UM
HoOWLEREEOZLE A 7912, 2006 4F 12 A2
5 2008 4 12 A2 C, HFEEIE CH TSN D
DONEOTEHNO s HE»ST7H IR ZRIL72 (X
la)o 72, WM &M TFHICHERT 27V UHEHOMN
TLBEEIGME 2 Ll 5 723012, 2007 4E 5 A O KRS
i) O OM AW T RSB VT, KER 20 cm OF T
WO(St1) 2 B O (St.6) 1A TR I
WEte s, THUMHEZRRLZ (H1b). €5

Fi&

2R

N .00 .GE

N 0 €

T T
136° 40’ 137° 00" E

1. IR O H RIS
a s FTERIEINETE, b M AR 24 8T8,
¢ @ RIENRTIT#

122007 4F 7 A ICRAENIM O DR ICB T, KE»W
BRI BT 5K M N X AT A Musculista senhousia
O=y bTELNEFI»S 7 IR ZRILA: (K
1c)o 7HUMHIZEES ~10mm O b DOEFML, #F
WHEEBICRIA TAATHELTELED, 2 FET
—80C THRAF L 720

HEH ORI E FFICTEOK 2RI, MEREOR
BelLTrzuauz 4 Ve ROY X BERREZIEL
720 TEAE 23 mm OFE AV TEIEIID & 3 KT O
WML, #B81lem 28H L THMFE T-30C THREL S

HEBEREMORE fHCIIH A2 %2 & ) s
DIIHESHTE WD, 74 — kDRSS 54
B e L7, 2B, HILEREZ RV RATRIZIE
Ot vy —EEENIIEA LRV &2 PAIERIC
X DHER L 7ze BURSERAT L 72REE 2 5 SRR % BLD 1
L C0.5~1 m ¢ Ol A% % (20 mM NaCl % &% 0.01
M U Y ERFRMERE pH 7.0) HTIKAT L 2% A% O D v
B2 M CHIBE 2B L 72e S 20,000 X g T 154"
ME L, 2R E L@z,
MEERRT O Y Y X BERZIFET VT I v 2 EHEYH
LLTu—Y =T LRk,

t v ¥t ¥ ¥ — ¥ M & pnitrophenyl- §-D-
cellobioside (Sigma-Aldrich Japan, Tokyo) @ 43 i 3 & 12
FOMELZY 05MY YNy 77— (pH65) T
B AR U 7R S IR AS IR 0.5 m MIUZ 2 % &9 12
ERCEEZMR, 37CTRIEE ¥z 60 ~ 90 732
M, BOSH O —EH 2 MY 1 M Na,CO, & 5551 2 CTHEE
%, 405mm DT 4Ny —REE LT L— M) —F—
(Multiscan JX, Thermo Labsystems, Shanghai) % JfJ \» C



W% S AE % Ml % L 725 p-nitrophenol (Sigma-Aldrich Japan,
Tokyo) #ZFEHEWE L LC, MERWTDy Y87 |
mg, 1WEfd 72 1) O p-nitrophenol & % AREEFE O ik
PEE L7zo WOBMED B INEEE % KD 72 B D Il AR B D AR
HFGEE 4~ 7% (P 6%) ThoT

Exh0/OO7 1 Wa ROZN)EBEFEDORR

ran7 4 NVaagHaElE EERE2S Y AF VK
VAT I FEHOWTHEBLZDOEHEHEICL D lE
LY. s gatimd, BEERAR2T VA5
fREEIC X DRI L 22Tty v ok y B, TR ¥ RIS
EBWEERLIIICHWE Lz —) —HEICX D HIEL

7)«: 26)
s R

IS ERER T Y UMRIC P lutheri #¥GE L THE
L7=28E, kbt v ¥ —YoluiFtid/ g, KMo
MEH & b EERMIR R L7z, (K2)e —HEGTD
B I o 7o KRR 5 H H OARBEEIL
PR, MERRAE XS IEACNEIHE H T 700 i, RHNHEH
TiE 88l oz, FAMMMKBEIHELID D3 B
XU S5 HEBROGDHIEHIZEL 2oTHY, BBIH
BRI OB RITEMIC L 5 - RO TIE R nE

INEUREE (5.7 - 8.1 mm) O |IGEEX
6 O #REEX
.

4 .

tOEA A —€FHE
(fmo| mg-protein™ hr™)

) |
LU r*lﬁ’T
0 1 3 5
HAEAH
- KEHR (10.7 - 13.1 m) O JWEHRE
Mo B R
ju <= 6
? e
x 9 *
2w, o0
E—JEZ **T
b2
=
L i
0 1 3 5
HE A

X2 #ERBTOT7THIHEEOEOEF Y ¥ —YihttoZ{L
Ry + R (n=5), KREANIEERITX & OF BN
p<0.05 (") F72E p<0.02 () #FKT

Ez oz, ABEREED 3B L 05 HHEOFHEIZ/
HIDOHE H T 4.0 fmol mg-protein” hr' TdH > 72DIZxF LT
KILOHEH T 2.1 fmol mg-protein” hr' & /N & 2o 72,

BHICER T 2HEDEMN B CRNLA 7Y HEH
Ottt vy —LiEIT 0.8 ~ 3.0 fimol mg-protein” hr
DFEFANTDH - 72 (K 3a, 5a,d)o 7272 LIF—#b 2>
SR 72k H ¢ b il O AR 2213 40%
BED Y KR OB K E D - 72,
NMOFETHERN L 227V ER-Oto e+ ¥ 57—
BIEHEIZ, 2007 4D 7~ 9 HI22F TR E WA
HBons, £lifzE L COHBRFHLIbIERD S
Nhhoiz (K3a), FTEMICHET S BlEHT
DESRBDONL D>, HEHEZRIL 725 0K
70u 74V aEAEER, BRCEWEIARSN, F
722008 FE2 Hb @ o7z (K3b), KEHoy %y
el alM 280 CiEc I8 2 2Em2H
0, FHICX2EMEA SN E2 -7 (K3c). HEHD
tubEA vy —YiEHoFEEE K hosroo 7 4 v
abBVZy NI EERBELOMRE RS L, IEOM
BADAR SN, IE52FIFKE -7 (K4),
AT EC B TEl T2 HITHRIC 2T TERILL 72
THUHEO O F ¥ ¥y — Bk, M (Stl)
DF AT (St2~6) LD dFEL o Tz (X
52)0 —F, WX Orua 7 4 OEEEITE TR
TS, BERIMM L Iz > T (K 5b), & o8
7 BERRIENETEN -7z (- 5¢) KA
COFEIZBWT, A MEFEAFA DYy PR LERILL
27V URERIE, BETAWMALTRINL b0k b
ot vy —EEEMEDr -7 (K 5d). DD
thoraa T 4 Vg RO V87 B OEA R HT
BTN Loz (K 5e, o

z B

REFgel, BHOERBICBT 27RO LR
REZRANLZEZHMWE L2gs, BEEIGMENEH O
HEFITE DAL L e & ) FRIRFE T & 5 721 R 2
WCHEE (B T20E8H 5720, TR ECTHIRTHE
AMTELYA XL LTHRES ~ 10 mm FREOMAKIZD
WTHINRz, 22720, FHEMICREET NV LY
(4-methylumbelliferyl- 8 -D-cellobioside) % 5% Z & T
ME2mm OMETH R Y I ¥ ¥ —BIEEoME LT
BBThH CRERT—F), KFEIFRDPOMHELC
LIS TE 2 EEMIED %0

MR O RS S, 7Y HEEIZIES LT B EE
Huwtn bt Yy —EiEEE o LR E N (K
2)o BB, SHMEERT-HES~10mmBEDOT
FUMEIZH CM IV T —EDiG RO b (RFEE
F—%), tubFrvFr—rYiIcM VT —EHEL LD



N

AL

X
3

|
SN

i "l l!if L 1 'R
= 1

tDtT/Q—tzﬁ'ﬁ
(fmol mg-protein™ hr™1)

127123 456789 10112/1 2345678910111
2007 % 2008 4

30
< b I O Bl 1
22 } ® fiS2
N i :
N . A HIE 3
g 210 i : A B4
o i O 8IS 5

21 23456789 011/12345617809 0012

2007 4 2008 &
6

C
T5\4 { I g -
fh SREILE!
i\ téo 2 r £ T: % ? é% § 2
R’ = !tfi§f hi I

i

121 234567809 0112/1 2345678910111
2007 4 2008 4

3. JIOFBICBT7HYHEHOu s ¥ & —EiEtkoFEHZ b (a),

Ethoroaz g

VoaghE (b), ROKELETOY V87 HEgAR (o)
S+ fERER S (ain=5, b:n=3, c:n=3)

N — 205G LTwa EEZHNhz, K5
THAERYEA RO CHZ 5 2 THE LA,
BEEDOT7 I 5 —EL e —EDiftkd 3 HiRlZAI
FRLAEHEINRTWE Y, VS =Y I FAET
RIS EEN, WY TS 07 vy ORMlaRE %
FTHRAZ LT NS TwD Y F72, HEal
DT IFEV T —LiIEESEVEOWELH L V. T
VEPERE U CHEREE, SRICORBEEOREREE SRS
THY 7Y, 7HIVHEADHEO vV T — B R &
7 AR FH O SRICEBR L TWE EEZONL 2B,
THVIEE v u— AR EEAREE L TR LZ2wS
EWTRENTVWEOTY, L u— R %250 L CTHER
LT DT RL, ML %2 MO RS % h
B L, MBNLMRER REzRoLELZONS,
WACRIRL7-7H ) ot u ¥t o ¥ —BiEkit, fil
BB AR TAEEDSIERICRE L, F—MEEO R
PIEEA BRAMREO DO EENTVESE Z EHRIES

Nz =BTV oREIEEAKRBICIVWEEZ SR
TWBHY, JNOFE CTRERRLZfEHotm et v
5 — CIHT IR 2 F AR S o 72, NI
TEOTHVIZEEHKO 2 BOREEMAYH Y, FHilC
B U CTHEMABEDOFIRENIZIL L TH L DIZH L Y A
REECTIRIENT 2HHOY A X% 5~10mm & L7272
DT, MMAES TR O RWEERD, A2 S8 <R
# L7 TN OB AR > THRILE iz 2 LAt
M LTEZOND, AEERIEEE TEHK RO 1
74 )V aRy N7 HEARIIZIEOHE % o Mh
WAL NIZHREFICESDENKEN o7 (K4, F
MR s aa 7 4 Vg BV TR T
BEHUEREL ZoTVIEns (M5), BiTo
fHo® L HOMFEIEROBRIIHBE T o7z, ok
72T, RAKIRRUER, BEMIC X 2 4B o R
M 7% AL S QR DST7 ) OBARRIIEEZ 5. 2 Tw
LT ENEZLND,



#-F-I’I_L a //
&g_c A/’
EI R /.
|S ///x
“ () x u
N et
K £ 0.5 I SER .
mé .o m *3HAH
E[—o " s 4 A
YE r=10.28, p =004 =5H
0 5 10 15 20 |.68
28074 )bg (ug cm™2) 27 H
~ 1.5 o8 A
T +9R
fa < b x108
o « 128
fq"é a0 * "2 H
o
5Eos
o— ;e
p g
£, r=0.45 p < 0.01
0 T 2 3 4

2Ny E (g cm™?)
4 7HUHHOEREF Yy -k Kb oo
T4 Vathm (@), ROY 37 8EHF=® (b) &0
Ba£R

AT RIIBWT, M (St1) 2SI 72HE
Hotu st v ¥ —BiHtkmmag (st2 ~6) 2 5%%
WL72b0L ) bEL, MTHOEFBTHIHHICE >
THEEPRWIZ EAVRE SN (M 52). L LKL
Forzuoa7 4 Ve G HEIZSEICH TR AR T
BY, MITHCEIFEEOMMEOREIENEZ SN
b0 ATA BRI BMER T, B XD 8 FH
DFBPHDOCM LN T —EHEEREL DI EIRS
NTBY, zoHML LTHEEYHOERY O EHEHN
W FHORDEL, HEROEFPRWI ErHIFLNTW
%' MR ZAUH T L BEY R OGRS AR T
THECMENT—EHEENTBL I LAREINTY
BIEEYBELLTHVICE S THETHIIK D%
ELITOEEINNSHROEBEr->722FEZLN
b0 F7z, WIFHITEATRRHIRENI LR, &5
WHBETOTH) OFEEHIBIIW THTHLI LD
b, WITFHATHNICE S TRIFRMEBEETH L Z LA
RS N5,

FAENTATEICBOTER N NFAF AL D7y FADR
SEMLZ7HIYRMHIZT O EF ¥ ¥ — BiGEAMK <
ToTwi (Ks5d). KEhoruagr 1 ey o8
CJHEEHREIZY Y NANTEN L7205, A MFA
HA L ORI ZD CHHEETT ) BPHEALICE > T
ZWEEYE, HAHVIEV Yy PNIZIRE TH S 20 B R
DEBRYERERPEP o2 e ENEZOLNSL, T2
< v FNTIEKROK T R WSS OB % &, B
BEDSNN O ZER AT 5 ) OEHIEE 252728 bE R

. W43 RIE
H
Ho < d
T
| £ 2 2
®3
,,\g
< a
g 1 b
o—
Sz I
4 0 0
~ S M
S b e
N 40
N ©
o h:?‘ZO 20
D\./
NN
0 0 |
1 2 3 4 5 6 S M
, c f
m 8
o
a<§ 2 9
AT
anE 1 T 1
0 0
12 3 4 5 6 S M
- F S: BE

Al &5
A= M: M. senhousia <y k

E5 MAETE () ROREINMOTE (H) SB1057
HUEHOuet v ¥y —Eifk (a,d), KIhhoro
74 Vaghm (be), ROEIHDSY V7 EHES
& (¢ f)

e £ AEHE(R (a,d i n=5, b,ce f:n=3)
Ko7 v 7 7 Xy MNCFIMETICED W 7L —
7T &5R7 (p<0.05)

bNb, GHOFBERIIVHREDR N MFASTA <y b
NOTHIHEH QAR < v ML &I S IR %

D, ¥y MNTIZ7 YY) OBALRRAED» - 722 & &R
L T\wb,

KFOER LS, 7THIHHTIHLERTH L &
Tt Yy — Yo EEREIC L > TRk 52 L
MRENTz, T2, BALVCIRECL - HC A BBRER IS
IBv0 et vy —BEEOENRA LN, REEREED
FHERBE D R Z L LT 2 EDTRBE NI, 727251
HALBE R A RBE DN O ERTHER T2 2 L
5 MO TIZ oW T H BT 2L ENH b, 72
AREERGEIBH B TR L2 &5, Wl o
BREZLZRMLCVWEEEZ ONDL, —HEERAER
HEL L) RVWHIMOBELZLTnwb EEZ LR,
W OFEZTARL Z LT, 7THUHRHIZE > TOUFE
A RBREEA L D SIS I G Z eI S5,

E

AREEAT) o720, FERMMEH 2R L Twi2
W T EEKERGIIE £ ¥ & — RRUBHEEN 7T ©



52 IEHC 2 L EY . 72, EAERRHRIUSEIR v
777 ZHBKERTZERT, BRI REE O T 4 2
EHn2 LI, ToMucd 7)) iR ER @S
BT 2L DT A200, Ktk ITHhHER THIEE W72
EF LA EERLTEHCA LT3 AIFRIZEMKK
PEE DK 18 ~ 20 FBED [ FedmBifhi 2 G H L 72 ARk
PERT e R AL SE—0i 72 2 IR MOK BEBUR % i 3 2
BB ] 1IC X 2R 2 Tiib /s,

X

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

(73

KEFAIE, Juilidtty, DBt (2000) Z=HEIBIT 2
PBEBEOTH ) MEDOERBLIRE (BH). =FRIFR,
17, 1-21.

ARz, WEB X CTEICBIT 2 WEIER & EWERE
(1998) THE L MSEAEY 1. WEEO T4 . R L R,
20, 305-309.

HREE, ARZHIESE (2002) EZT W) L 5 O -
BAUREARIIRR. HANY b ALK, 57, 139-144.
HIfEFALE (2005) EMRFER - bk - FREFORSER
BTHF VISR RE. R > 5 —HFEGI, 3, 27-33.
CHol, K. S., K. L. PArRk, K. W. LEE, and K. MaTsuoka (2002)
Infection intensity, prevalence, and histopathology of Perkinsus
sp. in the Manila clam, Ruditapes philippinarum, in Isahaya Bay,
Japan. J. Shellfish Res., 21, 119-125.

Komorita, T., S. SHIBANUMA, T. YAMADA, R. KAJIHARA, M.
TsUKUDA, and S. MoNTANI (2009) Impact of low temperature
during the winter on the mortality in the post-settlement period
of the juvenile of short-neck clam, Ruditapes philippinarum, on
the tidal flats in Hichirippu Lagoon, Hokkaido, Japan. Plankton
Benthos Res., 4,31-37.

IBARROLA, 1., J. I. P. IGLESIAS, and E. Navarro (1996)
Differential absorption of biochemical components in the diet of
the cockle Cerastoderma edule: enzymatic response to variations
in seston composition. Can. J. Zool., 74, 1887-1897.

LABARTA, U., M. J. FERNANDEZ-REIRIZ, and M. F. BABARRO
(1997) Differences in physiological energetics between intertidal
and raft cultivated mussels Mytilus galloprovincialis. Mar. Ecol.
Prog Ser., 152, 167-173.

NAVARRO,J. M. and J. Wippows (1997) Feeding physiology
of Cerastoderma edule in response to a wide range of seston
concentrations. Mar. Ecol. Prog Ser., 152, 175-186.

NAVARRO,J. M, U. LABARTA, M. J. FERNANDEZ-REIRIZ, and A.
VELASCO (2003) Feeding behavior and differential absorption of
biochemical components by the infaunal bivalve Mulinia edulis
and the epibenthic Mytilus chilensisn in response to changes in
food regimes. J. Exp. Mar. Biol. Ecol., 287, 13-35.

WoONG, W. H., and S. G. CHEUNG (2003a) Site-related
differences in the feeding physiology of green mussel Perna

viridis: a reciprocal transplantation experiment. Mar. Ecol. Prog.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Ser., 258, 147-159.

WonG, W. H., and S. G. CHEUNG (2003b) Seasonal variation in
the feeding physiology and scope for growth of green mussels,
Perna viridis in estuarine Ma Wan, Hong Kong. J. Mar. Biol.
Assoc. UK., 83, 543-552.

NizzoLl, D., M. BartoLl, and P. ViaroLi (2006) Nitrogen and
phosphorous budgets during a farming cycle of the Manila clam
Ruditapes philippinarum: An in situ experiment. Aquaculture,
261, 98-108.

IBARROLA, 1., X. LARRETXEA, E. NAVARRO, J. I. IGLESIAS, and M.
B. UrRruTIA (2008) Effects of body-size and season on digestive
organ size and the energy balance of cockles fed with a constant
diet of phytoplankton. J. Comp. Physiol. B, 178, 501-514.
IBARROLA, ., E. NavARRO, and J. I. P. IGLEsiAas (1998)
Short-term adaptation of digestive processes in the cockle
Cerastoderma edule exposed to different food quantity and
quality. J. Comp. Physiol. B, 168, 32-40.

FERNANDEZ-REIRIZ, M. J., U. LABARTA, and J. M. NAVARRO
(2001) Enzymatic digestive activity in Mytilus chilensis (Hupg
1854) in response to food regimes and past feeding history. J.
Comp. Physiol. B, 171, 449-456.

WoNG, W. H., and S. G. CHEUNG (2001) Feeding rates and
scope for growth of green mussels, Perna viridis (L.) and
their relationship with food availability in Kat O, Hong Kong.
Aquaculture, 193, 123-137.

FERNANDEZ-REIRIZ, M. J., U. LABARTA, and J. M. NAVARRO
(2004) Feeding and digestive response of Argopecten
purpuratus to short-term variation in food quality and quantity.
Aquaculture, 237, 347-364.

FERNANDEZ-REIRIZ, M. J., J. M. NAVARRO, and U. LABARTA
(2005) Enzymatic and feeding behavior of Argopecten
purpuratus under variation in salinity and food supply. Comp.
Biochem. Physiol. 4,141, 153-163.

JounsToN, D.J. (2003) Ontogenetic changes in digestive
enzyme activity of the spiny lobster, Jasus edwardsii (Decapoda;
Palinuridae) . Mar. Biol., 143, 1071-1082.

JoHNSTON, M., D. JounsTON, and A. RicHARDSON (2005)
Digestive capabilities reflect the major food sources in three
species of talitrid amphipods. Comp. Biochem. Physiol. B, 140,
251-257.

e — (1961) 7Y% (Venerupis philippinarum) @ W)
THALERE & 2729 & b B IHLEERE OTER . KB g,
8, 246-249.

Huang, L., and C. W. ForsBERG (1987) Isolation of a
cellodextrinase from Bacteroides succinogenes. Appl. Environ.
Microbiol., 53, 1034-1041.

Lowry, O. H., N. J. ROSEBROUGH, A. L. FARR, and R. J. RANDALL
(1951) Protein measurement with the folin phenol reagent. .J.
Biol. Chem., 193, 265-275.

Suzukl, R., and T. IsuiMaRU (1990) An improved method



for the determination of phytoplankton chlorophyll using N, isotope analysis. Fish. Sci., 70, 11-20.

N-dimethylformamide. J. Oceanogr. Soc. Jap., 46, 190-194. 28) Kasmm, M., and H. Mukar (2006) Contribution of benthic and
26) Rice, D. L. (1982) The detritus nitrogen problem: New epiphytic diatoms to clam and oyster production in the Akkeshi-

observations and perspectives from organic geochemistry. Mar. ko estuary. J. Oceanogr., 62, 267-281.

Ecol. Prog. Ser., 9, 153-162. 29) BEEFEA (1998) HITBEBMTEOT7TH I ICL 2 EHRHE
27) Kasal, A., H. Horig, and W. SakaMoTto (2004) Selection WE DT & FDOFMETARD 5 ER. KERFEFEE,

of food sources by Ruditapes philippinarum and Mactra 21, 751-756.

veneriformis (Bivalva: Mollusca) determined from stable



