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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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%. Precht” 13, ZREMWIOBELEICHT DIEEZ, &
FEZRITH U TEL E & 5 A B2 SO E QWM S 5
DO T TND., REBY DL < OHTIE, BFEHEI
I, JEISEEN ER U TH[E Ul 2 Mk d 5 E f#E
(Precht type 2, Complete response) & % WiZADL EH I
SiREHMfE (Precht type 3, Partial response) Z/RL T 5
W RICHIREOREREL, XFCHEHEMERET D
PcRveN, KW (&F) ToR#EZEZ GG HMERL
T, HHEAEDICT IRV RSN TNS Y, L
L, *3aY T XA Crepidula fornicata TV, JEiHKE
13, NEREEO RIS THAL, BERMEZ RS RN
Precht type 4 (None response) 1250 5 TW15 ¥,

—75, Prosser'® &, MBEZITIES TEILT % K HE
FE DRI U TW R EIZ L > TEMT 2z 4D

T TWa, F40F X7 2 Limax flavis, Philomycus
carolinianus, * A X 73X HABXETHTHEEK NFA
Dreissena polymorpha T3, REZE & FEBIUE O B%
DB, SR O EFITHE S TR TR E T
5 EMifE (Prosser type II, Translation) ZxL T3 >
A F ) HA Mya arenaria TV, 7 H#E 6 = A3 IE R
BED EFITE-> TRELARD, (KEMTIHRIRICIES L
EhAMBFRRIENARE <, SRATIESRICERL 2
FiMKEL 2 BIEIEME (Prosser type IV, Translation with
rotation) ZEL TS 9. T35 DIRERME (Prosser type
HNBRTIV) &, NERREMET U T oA EZ MR
ZLIIEDT, AFToOEHzREICL TS EENT
wa

INT 7Y Meretrix lusoria V%, 79 72 E OO &AM
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ERTHEEEZETESNTVWS Y. N T VIR, L8
Mg TORREAEER O R3S & O NRIEE S iR %
WIERRBICET 2 RE Loz RTEINATND P
N7 O OMEESL, 25.5CTHRZ/RL, 41.2°C
TEELTWS Y, Lal, INSIRERKRZEEL
THIEES N TV, ZFZ T, ABIETIE, ZHIICME-T
AU KRN SREE ERIET, N7 U OFERBR
BB XOCMOMEEEOLLEFN, JEHNREICED NT
7)) OIREMEIC DN THREL 2.

MHBXOAE

FEBRITIE, B AU ORI BT TEREE U 72k & 27.4
2.4 mm, 7%E 24.1£2.0 mm, 70§ 14.3£2.1 mm, (K 6.20
+1.60 g, WIKFOEER 0.89£0.26 g DN 7 1 255 fifl
ez, AT, KERFRICHET SMNBICET L
CRBICINAEL, TNTNOEBRTO#EKE (10~28C)
TTiEE L, EBICHLE &b, NITUE, 1A,
6 ABXUS AICHE L 72k E iz, #|F LA,
REXS53x34cm, BE 6cm DI ZHK S em AR, &
FZFr o oM (HEW 1em) TH>ZH0 %Nz,

W RIBEUR & ME OB ER OBPEIL, 1 H1210.0 £0.17C,
6 H1222.0 £02°CHBELT8 HIZ28.0 £ 0.1°Cn 5 1 HKEFH
FIZ3CTD LRI T o /2 BIER THRITE, R2ER
ELT, MIEHORER (WW) ZFHEIL .

BERiEmE

WEZ, N<ZVUZzfNoED LT THESIC LS #ikz
I EAAN, MREEZENWEZ—)LTHE-> T LE
REET 14 R U 72 % BIA L 72, 7xd, MBI &K
TISHIT Ok RKEE, EESem, EZ20em D
BHTY 7 UINVEOR E W, IERENDRAKED,
50~70 ml/min \ZFRET L 7=

fig FHEAUR (Vo,, ml/minkg WW) 13, (I7C - & ¥ 1
WU T, ROBEBEDKIEAD ARG S HFTcEAL, IE
REANDFAKDWEFEEFEE (Cioy, ml/l) EMFRENS D
HH/KDIEGEREFEE (Ceo,, ml/l) % Winkler £ THIEL T,
ROEXDIZHEIL /2.
Vo, = (Cio, - Ceo,) * F/WW

758, FIIMREADORAKE (1) 2, WWIZHORE
HOBER (k) 2£7T

BOHEES

EOMEEST, Les 0 T, lFOEMIC
WM (A 2.0mm, JES 0.3 mm O E=—)L D)
OBENT HEE (mm/min, DK, N OBENEE ERT)
ZEHAIL CHRNZ. WIEE, O HEREL THEEHH
X, HIEHOM (10x10x5cm) IZHEFfFOEMR 2K
BB LT 14 RRRE L 2%, L. b, BEEE
KIBIZOWT IS FIT DT o7z, N OBEEEIR, £k
\BAO EFBET O 15 28I, BIEH O/ DK DE
A (1 /min) ZEIELTSERIEL, TOWFHETEL .

HEtanE
FNENDOKIEB DMEIZ, Unpaired t-test 2 W THE
L7z (P<0.05).

S

EFBREIZ, 1 AIC10ChsKiiE EFIES &,
10°CC 0.43£0.10 ml/min/kgWW Z7Rx L, /KD EFIZHES
THEHIL T 19°C T 1.28+0.18 ml/min/kgWW &K E720,
HIZERTBERDLE (Fig. 1). 6 Al 22ChbKiEZE
FRE®2 &, 22°CT 1514042 ml/min/kgWW % 75 L,
RIE D EFITHES THM L T 34°C T 3.87£0.61 ml/min/
kgWW ElRERD, HIZERATEEREADLE 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
22.0£0.1°C on June; closed circle and solid line, rise
from 28.0%+0.1°C on August.
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ZOWE, 2CTOfEiIZ1 AIC10Ch 6K E ER I8

BETO22°COfE (1.1240.18 mi/min/kgWW) L0 HKE
BfEzEmR U7z (t=33056, P<0.05. LoL, 22Cho
DK L FHTHE D e R B E O, 1 A 10T
5 19CAD EFITHE D R N#R O & HIZf0E L Tn
7= (Fig. ). 8 HIZ28Chhm/KilizE LRSI E5 &, 28CT
1.91£0.31 ml/min/kgWW Z R U, KIRO EFIZHES THM
L T 40°CC 3.47+0.45 ml/min/kgWW Eg R ERD, HIiZ
LRI EEADLE (Fig. ). 20K, 28CTOfHEIZ 6 A
12 22Chh 5Kl ZE EREGETO 28 COfE (2.51 + 0.31
ml/min/kgWW) KD B/NEIWEZRLZ (1=53005, P<
0.05). 8 A® 28T 5 D/KIR LFITHE S B FE I D
Jgh#RE, 6 A 22°CH 5 O FEIEINHFRE O B s fiz S
%8 LT/ (Fig. 1.

INFORENEEIZ, 1 AIC10ChBKEE ERSES &,
10°C T 4.7£0.4 mm/min 27/~ L, 7KIEO EFITHES THM
L T 34°CT 13.6£2.0 mm/min &g K &E7/2 D, FICEFT
LERMALU (Fig.2). 6 HIZ 2Th5KiEZ LARXES
L, 22°CT9.6+1.5 mm/min Z/RL, KED EFICHEST

Transportation velocity (mm/min)

Water temperature (°C)

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.

B T 37°CT 18.7£3.4 mm/min &72 0, WIZ LHTS
AUz (Fig.2). ZTOK, 22°CTOfEIX 1 A2 10C
MEKEE EREZEETO 22COME (7.8+1.1 mm/min)
FOBKRERMEEZRLUE (1=3.7478, P<0.05). 6 HD

i B E By & KR 125

22°C/n 5 DK EFITHE S MR, 1 HD 10CHh 5D
BN L 0 BARIRANI TR L T (Fig.2). 8 A
I228Ch 6Kk ZE EREE S E, 28°CT 120£1.2 mm/
min 27/ L, KO EFITHES THIML T 40°C T 20.5+2.7
mm/min &72 0, FIZ EFET 2 ERAD L= (Fig. 2). ZORE,
8CTOIF6 HIT22ChBKIRE ERSZHETD
28COfE (14.9£2.0 mm/min) LD H/NIWEZERLEZ @
=4.8155, P<0.05). 8 HD28Cn 5 DK EFITHED B
Dgh#RiE, 6 A @ 22°Ch 5 ONiRR L 0 & B R AN AT
BEL Tz (Fig.2).

zZ B

BEFHABHUEIL, 6 HD 22°CTOMEIF 1 A2 10CHh 57k
MeE LR IBZHEATORCOMEID B RERMEER
L7 ZO&S72, Precht Y 129> TIEMR DR %
TS &, REHEE M & 7R S 720 Precht type 4 & % W)
ICHE L TWS, 6 A
D 22°CTH 5 ORI EFITHE D R H B O B nHh#i,
L H®D 10°CH 5 19°CAD EFITHES Hdh#R D& & R
L CTWi, ZOELSRZEIE, Prosser® IZHE> TIIE
JRDOELEHERIT D &, i FREEE OB LTk
MBS R B E &2 7R & 720 Prosser type I (No
YL TWws, LML, SHD28CT
DIEIE, 6 AD2CTOEED HREWA, 6 I222Ch
S5KEZE FRIZGEETO28COMED b/ WEZR
L7z, ZD&S7s28kid, Precht V 125> TIER DR % 4y
F2E, BEBHOL OBTRADSNTVD LI,
JERSRE S EA L THREEE DL LR S8 5REHE
IZHM LTS, 8 HD 28CTH 5 D7kl 1
FHTHE S B B EUR O BN, 6 A @ 22°Cin s DN
R L D BERAINETBE L Thiz, 20X 5 BENIE,
Prosser'” IZfE> TIEIS DR %4313 % &, KB D% <
DOFRETHRDOENTNDE DT, Prosser type 11 124124
LTns,

INFr OB, 6 A D 22°CTOEIE 1 AIZ 10TH
5KIEZ EREEHBETO2COMED b K S 72l %5
L. ZOXI A, Precht” IXHE->THT B &, i
M B 1EH % 7% S 720 Precht type S IZAHM L TW5, 6 A
D 22T/ 5 QKR EFITHES BRI, 1 H o 10CHh
5 Ok EFITPES IR & 0 SRR MABE L T
7. TOEIBREIL, 2THhEKRBZERTSELEEIC
DNTIEHHARTVARNA, AT Prosser’” 129> THIT

IZ Precht type 5 (Inverse response)

compensatiopn)

(Precht type 3)
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5 &, B OME E MIERIRED LRI TREL A
D, (KR TR IR L 72 5D SEENREL, &
TR TSRS U 2 VK & < 72 2 IRERfE  (Prosser
type IV) ZRT EHEHIES NS, LarL, 1 HDO28CTO
i, 22CROBRERMEERLIZA, 6 HIT22CTH 5K
BE LASIEEETO2COMED /NS WEERLZ.
DX DAL, Precht " ITHES THT B &, BIKEM
DL DFETHED LN TVD LI, JEREED LR
LTHRINEEZDL LRSI 5HEEHE (Precht type 3)
IS L TWa, 8 AD 28°Ch s D7k EFITHES s nih
#Z, 6 AD22°Cin s OEEMEIFR K D & @R M A FETH
L TWE ZOXS BT, Prosser'” 126> THIT
5E, MABMOE OETHEO SN TNDH L DT>,
Prosser type I IZHIH L TWD, ZN6DTEMS, NIT
U, 10~22°C& 2228 C TIIBFEBEMEB LTI OB
B I 2 KIRICH T DA O Z A LS E T D &
EZSN5. H. trivolvis DIEFBIUS, KIROHRD Y L
BT 5 4 B3 K UFRHIIC & o T Prosser type I~V
ETOABRBORRIHEZRT I ENMENTND . F
F /4TI, AELTWAEHHEORIICE> THRRS
Precht type 3 & X Prosser type & 759 S XN TW0D 9.

UL, BREEEIX, 1 AIT10Ch6KEZ EHSE
%5&E19CT, 6 HD22C/nHTIX34°CT, 8 HD 28Cin
5Tl 41°C ERRz2 R IRV KR O EFITHES T
BRLTWD., /NNToBEE BRI, 1 IC10Ch5
iz LR IE2E34CT, 6 HD22CTH5S TiE 34°CT,
8 H D 28°Cn 5 TIE 41°C L K Z R 9 /K A NE IS KR D
LRI THERL TWS, ZN60ZENS, NITY
DO ERMEE, MERAKEO BRI THRT 5 Z L2
SNETRD T2

B

N O FABERCED X O O#EEE I KT Tk
HEFOREL 1 HIZ10C, 6 HIZ22CHBXUE HIC
28°C/M 5 1 BRIEIC 3CT D LR S B THNZ. BHER
BP X OIS 72N OB ENEEE, KR EFRICHEST
WIML7M, 6 HD22CoOZENS DOfEIE 1 AIZ10CH 5
FHRHEIEEREO2COMED B RERMEZE, 8 HD28C
DENSDMEIF 6 HIZ 22T 5 EA S ERFD 28CHLD
HNEWEZR LUz RN S, NI T J1E10~22C L
22~28°C Tl FBIUE D X N OB BEE O /KR I
TRIEEOMEZELI TN D EHEHIL /-,
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