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Effects of Water Temperature Rise on Oxygen Uptake and Ciliary Movement
in the Japanese Hard Clam Meretrix lusoria

Ken-ichi Yamamoto * !, Takeshi Handa' and Hiroshi Koube®

Abstract : Effects of water temperature on amount of oxygen uptake (Vo,) and ciliary

movement were examined in the Japanese hard clam Meretrix lusoria by rising the water

temperature at a rate of 3°C per hour from 10, 22 and 28°C on Junuary, June, and August,

respectively. The ciliary movement (CM) was measured with the transportation velocity of a

piece of vinyl film put on the gill surface. Vo, and CM increased with rising temperature from

10, 22 and 28°C . However, Vo, and CM at 22°C on June were larger than those when rising

from 10 to 22°C on January, and those at 28°C on August were smaller than those when rising

from 22 to 28°C on June. From the results, the pattern of temperature compensation is supposed
to be different between at 10-22°C and at 22-28°C : Vo,, Precht type 4 or 5 and Prosser type I
at 10-22°C , and Precht type 3 and Prosser type II at 22-28°C ; CM, Precht type 5 and Prosser
type IV at 10-22°C , and Precht type 3 and Prosser type II at 22-28°C .
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BEEIMIBEOREEICH LU TESLTERL TY
%, Precht’ 13, ZRBMORBRELIIKT BIERZ, |
BRI U TEE 8 5 AR FUREEDENND 5
DORNIHTTNS, BEATYOL < ORTR, BRRER
B, BESRESLEELU THORUEEMET 2R EHE
(Precht type 2, Complete response) HHWEAHL LA EE
DIRERE (Precht type 3, Partial response) #RL T35
W —~BRICHIREOBREMER, LBCHEHEHETS
TR o, KRM (£ ToR#MEBEEZEH ML
T, WEEAEBTTHIHENHZ LBEHINTRBY, L
WL, FAYTTRHA Crepidula fornicata TV, Ei@KE
I, ESEEO ERICHE-THEAL, BEMEERIAN
Precht type 4 (None response) 1243 51 TW5 Y,

—7, Prosser’” 13, BEELALICH S TET 3 REH
HEOHMPERL THWAREICEZ > TELTSHE 4D

W2 TWwWa, FA 0OF A D Limax flavis, Philomycus
carolinianus, F A1 Y¥ 73 HABEXULHTHRKIFMFR
Dreissena polymorpha T, BEZLEBEEBREOBHEZ
ORI, JERIRE O LRk THRMCETBET
DIREHE (Prosser type I, Translation) ZRL T3 >
A F ) HA Mya arenaria TLE, RIEHEE O E = M ERK
REDEFITHE> TRELRD, ERATIHEEICIERL
EAPBBERENRE L, BRATEERCERL &
FMKELIBBHIREME (Prosser type IV, Translation with
rotation) ZRLTWA Y, ZNHDIEBEME (Prosser type
IBETIY) 3, NERREAMET L THRME ST
BHTEREHST, XFTOEHEARICLTDHLEINT
AP

INT 7 Meretrix lusoria VY, 7Y U7 EDMOEAME
THEBEOHMTICA S R WIE SHHFIICE LU LW EiRmTE
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ERTHEEEEETEINTLS Y. NIV, £EE
High4 TOREABETEO ERPB & T RRIBEE A LR &
WERABICBTSRELOBBEEZRTEINTVS 2,
N7 OBOBEERE, 255CTHRRERL, 412C
TEELTVWS Y, ULil, ZhsiZERKEZEEL
THgEa Tz, FIT, FHETIE, FHIEST
B LIZKBENSEEZ EREET, NYJUOBEEER
BBXIUHoMEEROE LR, JESREIESNT
TV OBREHEICDONTHREL 2.

MEB L UHE

EEITIE, FHBORIE OB TR TEELZRE 274

+2.4 mm, {5 24.152.0 mm, 7HIE 143+2.1 mm, KH 6.20
+1.60 g, REEOEER 0891026 g D/NT 1 255 #
RERWZ, APE, KERFRCHBET SWNIBKETL
CHEBICINEL, TNTHOERBRTORENRKE (10~280C)
TFHEAFTL, EBRICHKLAE B, NIZUK, 1A,
6 ABIUVS AICHEL EEERWL, ET LB
REES3x34cm, FTE 6em DFICWEK S em AR, B
HEFA D EOH (HEW 1em) THoZDDOZEHWE.
i SRR S oS EED OBIER, 1 H1I2100£0.1°C,
6 412220 £ 02CH LU S HIT28.0 + 0.1CTH 5 1 K
HIZ3ICT D LRSI BT o BIERTHRICE, RER
KRLT, REHOBER (WW) ZFEIL L.

BEERS

WER, NTZUEENSMO LT TESIC IS @kz
IPREAAN, BREEBEWEZ )L TH> TH L
WHET 14 BRI L 2 8BBRA L7z, 2B, HIEILA/KIR
TISHIY DT o/ WEREED, EHESem £ 20cm®
FEH7Z7UNEOEE RO RRENDOEAKER,
50~70 mi/min {CFHEIL 7.

B EERE Vo, mliminkg WW) 13, LT - &Y I
LT, ROEBEOKE~D AR S FRIICEKL, ¥
WMENDRAKDEFEEZR (Cio,, m/) EWERENSD
WK DETFEEER (Ceo,, mi/l) % Winkler IETHIEL T,
ROFEDEHLE.

Vo, = (Cio, - Ceo,) * F/ WW
7B, FRMEEADHEAKE (/) %, WWIZEDRKE
HOBER kg =X,

BRODOWEES)
BROBEER, LT B0 KHELT, BAFOERRIC
W /hr (ER 2.0 mm, B 03 mm O EZ— )L O
OBETDHE (mm/min, DA, WrOBEHEESRT)
ZENML TN, BIER, B0o—HEREL THEEEH
=, HIEADHE (10x10x5cm) KHEFDERRZ/KEIIZ
RELT4RMZABLZE BBLE B HERE
KIBIZDWT 15 FT Do I OBENEEE, &K
WwAD ERBGBRTO 15 2B, BEROHEADHKOE
A (Limin) Z#I1ELTS BRIEL, ZOFEETERL L.

Heatinzg
FNTNOKEB O, Unpaired t-test % 0 THIE
L7z (P<0.05).

w R

EEBIEIE, | AICIOChS/KEE EREES &,
10°C™C 0.43 £0.10 mimin/kgWW #35R L, KIED LRITHES
THIML T 19°CT 1.28+0.18 mi/min/kgWW &R &ERD,
FICERHTBERALE (Fig. ). 6 AIC22ChskiRz
LR EEB &, 22°C T 1.51£0.42 ml/min/kgWW %51 L,
KIBO LRI - TH#IML T 34°C T 3.8710.61 mi/min/
kgWW EBAERY, BIZERTHERALE Fig D).
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Fig. 1. Change of the amount of oxygen uptake in the Japanese
hard clam Meretrix lusoria with rising the water
temperature. Circle, mean; vertical line, standard
deviation; open circle and broken line, rise from 10.0+
0.1°C on Junuary; open circle and solid line, rise from
22.020.1°C on June; closed circle and solid line, rise
from 28.00.1°C on August.
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Zol, 2°CTO/EIZ 1 AIZ10ChskiEsE EREE -
BEETO2COME (1.12£0.18 mi/minkgWWw) LD HAE
IfEER L (=33056, P<0.05). L~nL, 22Chs
OB LRI BREREOMNERIE, 1 AD 10Ch
5 19°CAD EFITHD FIEMMEOEE LIZEL Ty
7= (Fig. ). S AIZ28ChokikaE LEEED &, 28CT
1.91+0.31 mi/minkgWW ZR L, AGRO EFIZHE-> THEmM
L T 40°C T 3.47+0.45 miminkgWW B K ERD, FIZ
FRTBEEDLE Fig. ). ZO, 28°CTOEIL6 A
12 22ChHkiRE LR S HETO 28°COE (2,51 £ 031
mlimin/kgWW) LD BNIWEERLE (1=53005, P<
0.05). 8 A @ 28°CTnS OKIR ERICHED B HEEEDH
mihERE, 6 H®22°Ch o ORI & 0 B &R
FBHL Tz (Fig. 1).

INEOBEEEIL, 1 BAIT10CHhEKERZ ERIESD L,
10°CT 4.7+04 mm/min 257 L, /KIBO EFICHE- TN
LT 34°CT 13,620 mm/min EHF K ERY, FIZLHET
BHERAPLE (Fig.2). 6 Az 2ChokiRE LAZES
&, 22°CT 9.6 1.5 mm/min Z5RL, KEOEFITHEST

20~
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Fig. 2 . Change of the transportation velocity of vinyl film (2.0
mm diameter, 0.3 mm thickness) on the gill surface in
the Japanese hard clam with rising the water temperature.
Circle, mean; vertical line, standard deviation; open
circle and broken line, rise from 10.0£0.1°C on
Junuary; open circle and solid line, rise from 22.0+0.1°C
on June; closed circle and solid line, rise from 28.0%
0.1°C on August.

WML T37°CT 187434 mm/min 720, HIZERET3
ERAD L (Fig. 2). ZORF, 2°CTOfMEIZ1 Al 10C
MERKIBEZ FEIAESETO 22CHE (7.84+1.1 mmy/min)
0B RkERMERLE (1=37478, P<0.05). 6 HD

22°C S QKR L FITHED g, 1 BO 10CHh 560
B L D DEBANCETRE L Tz (Fig.2). 8 A4
IZ28CMhEKiEE ERSES &, 28°CT 12.0£1.2 mny/
min ZR L, /KiRO EFITHE- THEML T40CT 20.5+2.7
mm/min &7 0, BIZ ERT S LB U Fig 2). O,
BCTOEIE6 I 2Cho/KkiBE ERSIEBETO
28°C DM (149420 mm/min) KD /NS WEZRLE
=48155, P<0.05. 8 AD28°CH S DKE LFITHES 1
IR, 6 B O 22°CHh S Ok & D b ERANCEIT
BEHL Tk (Fig. 2).

z B

B RBIURIE, 6 AD2CTOMEIE 1 BIT 10CH 57K
e LRIEEEETORTCOHED b KERMER
L. ZO& 57820, Precht " 19> TGO R %
S B &, BEREIER %R I 20 Precht type 4 & 5 W
{3 Precht type 5 (Inverse response) ICHIM L T3, 6 H
D 22°Can S QKR B FITHE D Bk F R O B iR,
1 AD10CH S5 19CAD EHITHED N OEE £1T
LT ZokS 2k, Prosser'” 124> TIE
SO EHERT S &, BREREO ML TK
W LR R D IR R % 2R 3 /20 Prosser type I (No
compensatiopn) ICAHHE L TWwa, LolL, 8§ HD28CT
DffiiE, 6 AD 2CTOMEID BRIV, 6 AiZ2TH
S5KiEEERTZHETO28CTOM/ED /AT NHEER
Uiz, ZO&DZIE, Precht ¥ IZHE> TIER OB % 4y
IoE, EHYOL OBTRDENTND LI,
JERMBEN LA L TORMEEZDL LRI E LR EME
(Precht type 3) ICHIM L TW3, 8 HD 28T s DKiR L
FHTHE D MR UR O INHRARIE, 6 A0 22T 5 DN
AR & D BERAANTTEE L T, 2ok DAk,
Prosser'” 2> TIER OB Z N 5 &, BMEBHH DL
DFETEHENTNBEDIZ>>*Y Prosser type 1 141
LTnwa.

W OBEHEER, 6 AD 2CTOEIZ1 A 10CH
S5KEZ ERSEBERTORCOMBED b RERERER
U7z, ZOXD7B{biE, Precht? ICHE- THIT B E, B
EFEMERZRI /20 Precht type 5 IZHYM L TWA. 6 B
D 22°CH 5 ORI EFITHED Hindh#Rix, 1 O 10°CHh
5 QKR L ST D IR L D B EEMABE L T
. TOXRIBENE, 2THEKRERTIELEEC
DNTRIARTWARWA, & Z T Prosser’® ITHE> THT
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2 &, BENEOEEMEREED LRICHE > TRELS R
D, (EEMTIHERBICIES L 2B RSEENKEL, &
REITIEBRICIER U iR E <2 5iRERHE (Prosser
type IV) ZRT EHERHETND, L, 1 HD28CTO
fllE, 22°CRDBREEMERLED, 6 HiIZ22THhEK
BE EREIAZBETORCOELIDHNIWEERL .
ZDEIREIE, Precht ” RS T B &, WEEIH
DEL DETEDLNTNDE DI, JERREDS LT
LTHbREEREZDL LB SREME (Precht type 3)
HELTWS, 8§ HO28CH 5 O/KIR EFITHED il
B, 6 A0 2°Ch s QBMEIEE D b ERAAET

LT ZOXDRZEMRE Prosser™ I2H#> THVF
L&, WEEDEL OB TROENTWB L IIT Y,
Prosser type I IZAHE L TW5, oD EMmH, NTT
Ui, 10~227C & 22~28CTIIERBREB LN OH
BEEE ST BKIRICH T R IES OB Z (LI TS &
EASND. H trivolvis DEEFBIL, KBDRLS Y L
WA BT B BB L U ZEHRIC X o T Prosser type I~V
ETO4EMOREDRERTZENMSNTNRD ", &
F AT, EELTWAHMEHOETICL>TRAS
Precht type 3 42 T Prosser type &R &M SN TIN5 9,

Livl, BEBREHEEIR, 1 HIT10CheKkiEE EREE
5L19CT, 6 HD22°CHHTIL34CT, 8 HD28TM;
5T 4ICEBRERTABRMNIERKRO ERICHES T
HRLTWS, MROBEREESFERC, 1| AIC10THs
KiE ERIEBHE34CT, 6 HD 22T 5 TiL 34CT,
8 HD 28T & T 41°C & B AR KIBHIELKIED
ERIZHE-THERLTVS, Il Ehs, NI
OFRRmEE, JESKRO LIS THRT S 2 &2
SmEiaoiz.

Z B

N O FREEE D KU OBEEEIC RIETK
BEROEEZ, | HIZI10C, 6 BIT2CBIUS A
28CH S | BEIEIC3ICT O LRSI TH~NE BEER
BRI IR/ OBBEER, KB LEFRICHEST
WILEM, 6 HO2COZTNSOMHIZ 1 BIZ 10CTHE
EREEABO2RCOMED B RERMEE, 8 AD28C
DENSDEIT 6 AIC2THhS LRI KD 28°CLD
bINTWEZRLUZ BERMS, NTT U 10~22CE
22~28°C Tl IR B & G/ OB T O /KR
THEGOMEZRBEIET TS EHERIL /2.
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