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5 (Meretrix lusoria) fFEE 2R EEN
BRIV (Chen, 1984) > g7 F A
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Fig. 1 Total hemocyte count (THC) (A) and concentrations of protein (B) and glucose (GLC) (C) in hemolymph of the
hard clam (Meretrix lusoria) at different temperatures of sea water. C: control (29°C); 36°C: clams were exposed to
water with a temperature of 36°C for 1 day; 40C: clams were exposed to water with a temperature of 40°C for 1 day;
Rec: clams were exposed to water with a temperature of 29°C for 1 day to recover from the exposure to the 40°C
water. The values (mean = SEM) with different letters indicate significant differences (p < 0.05) among the treatments.
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Fig. 2 Enzyme activities of acid phosphatase (ACP) (A), alkaline phosphatase (ALP) (B), and superoxide dismutase
(SOD) (C) in the hemolymph of the hard clam in different temperatures of sea water. The treatments were the same as
described in the Fig. 1 caption above. The values (mean = SEM) with different letters indicate significant differences

(p < 0.05) among the treatments.

N R A R BT o R SCIE AR R
REIMERAY SR E DIRE P REA AT 2252 (Chang et al,
2005; Tuetal., 2007; 5EEE,2016) - [KItLEATHE
e EERR I — A REME © HRAEWT TG L THIER
ANETE A EEGER - BR T B ES L B
[FIZUREINERE 3T ~ W% {LES (phenoloxidase) i
T ~ BRI B AR FRAE T <5 T IK 1 R
TBALE ©

TR Lt S B F AR IR e - SRk
VPR B A S Bl S 0 R BT M P Ay (FRERL S,

2001; 25, 2003; F(EHZE, 2003; LE4E 2016) < 35
SEoK gl A L AE R R MR AT R s B A
(lysosome) 1 » {EA5 L5 /K ARG R EAAAE M AR
i AR MR ERRA (FREZZE, 2001; 2I5E,
2003) - TG AR ERHEA T 2 TR SR - G ER
PEWERRRS ~ BEEYIEE (peroxidase) 55 - HAE
WRTERRIRES (FRSE, 2016) - BRIEBARGRG 2 FUEMA
g ReARRERS - FETHBGR IR EAHEEE (B
F,2003; ELZE, 2003) - EHTE MERRAREE IR L
EFr IR - B I R s, R [RIAR A S -



42 PSS - R - SO

FH A R W R I A (A S I bk EX Bk EL A 7K fig
SLYIAIRRESEAIDIRE » thn] DAZEIM ik A T T
HERTERRE - Bl sr MR - RIERIRRERA B SC
ISP AR

HAEERRES Rl — RIS g
IEHRER T - At e i see T g - 540l
A AR e E R ) 2 1Bt R H At 5%
H (Encomlo and Chu, 2007) - {H3®E =G > B0
40 °C DL F - HE—REREEHCUEIET @ e
R - S EnR Sy R E S S A e kA
FEAEO RS HERIRRE - R GEERVRERE » AIIMAE
B 'S » 35K IETC (Jobling, 1994) - Chou et al.
(1994) ZEH > R 25 °C PHYSIG 2R L E|
32°C B FRIK » SN ERGYRE - fEmstT
ARG - ERIEL - SCUG TR IR 2SR it » HA
B b B SR TR BN SR T Ryl SIS R AE R
TR ER 2 R IR R - S HpE R R B R
$2)7 7 L mTREA R R AT I SRR

W

% 3k

Fis, BALE, FEEF (2010) $REZEITIER S G
IMATNMITIRERT L. YPEREER, 34 (9) @ 82-86.
flZ25E (2001) SCIAEETH. EFpihla 2 f HAEB R
Biffidete (BIEXeFEM), THbtRERE G KE

SRESFT, HpE, 111-124.

i 5E25% (2005) SChG. EMEREEERER (FRER,
HHEEE, TR, EREMR), MEEASENL, &5
&, 313-318.

RA5E, TH, WHER, BiEE, fLEE, 2R, 2R,
FAE (2016) /KA HEBI PR AINE o3 46 5
TR R, KHEE R, 31 (6): 696-
704.

KRIER, AR, PhEE, PR (2007) TTHFESCH 5
BIRAI R A B ER G IIGE SR AT, KR,
28 (3): 38-41.

AR, ZIF5F (1989) SUHAEIRITSE 1. ARESTIGHT
FeRyEIEE I Y. FUAHEE, 14: 49-61.

TEHAZR (1995) FEtsse 2 e atat B a2, Bk
XALHEEERAFE, 24k, 99-120.

S, BEEF] (2013) CRBEHTBENELEH. /K
SREEA, 43:17-19.

PHRESC, SRR E:, BREAKE, MEEIE, WRET, MEH,
HiEE, BIFSRR, REHEE, B, EIEE (2011)
TAEZ IMKE BT RIS AR, 46 (1):
13-20.

FRIRIL, 26k (2001) 3 2 B G PRI E R BT
KT HFEERIE, 25 (4): 34-36.

SRR, BUEH, TRiEEE, (TREHT, S (2011) #E
EQEgIL s it pa SR I TR Sib 7
FRERIE R, 29 (4): 512-520.

IRERZY, BRIRHEE, FEMEE (2016) STHAIMERIYHTHL L2
R BLGE R ThRERFAG. /KEEWTSE, 24 (1): 51-61.
PR, SRR, FEEI, Tk (2012) JREEE R
TR RN 5 B b B et . TR AERLER, 31

(3): 176-180.

FFELE (2010) JufLE R MR SRR AR FE R T
(. ZKEWTFE, 18 (2): 65-73 -

WX, TIL5 (2011) SRESEY)ILE 3 5 ARG A 5
DIRERIRTIE . ZKEERIEE, 30 (3): 182-185.
HEEH, =gt FMON, TEIE (2004) OIS REE
A BLA B IE IR IR ERAS S [RIE 2R, /kaAEER, 6

6-9.

BHErE (1981) SCG A B AR BRI ZE- SO T B HIE A4
AP SR B L. Bk EE R BB i
e, 33: 675-676.

R, 2R (2003) FEAHGRE AR AR EHE
. VEEEERER, 25: 95-105.

50, i, FIEH] (2003) BRASE)Y) s HHEE B
WrFeEe. Wrr/KEmTE, 24: 86-90.

Bachére, E., E. Mialhe, D. Noél, V. Boulo, A. Morvan
and J. Rodriguez (1995) Knowledge and research
prospects in marine mollusk and crustacean
immunology. Aquaculture, 132: 17-32.

Byrne, M. (2011) Impact of ocean warming and ocean
acidification on marine invertebrate life history
stages: Vulnerabilities and potential for persistence
in a changing ocean. Oceanogra. Mar. Biol., 49: 1-
42.

Chang, S. J., S. M. Tseng and H. Y. Chou (2005)
Morphological characterization via light and
electron microscopy of the hemocytes of two
cultured bivalves: A comparison study between the
hard clam (Meretrix lusoria) and pacific oyster
(Crassostrea gigas). Zool. Stud., 44: 144-153.

Chang, Y. T., K. J. Jong, B. K. Liao and S. M. Wu (2007)
Cloning and expression of metallothionein cDNA
in the hard clam (Meretrix lusoria) upon cadmium
exposure. Aquaculture, 262: 504-513.

Chen, H. C. (1984) Recent innovations in cultivation
of edible mollusks in Taiwan, with special

Haliotis
diversicolor and the hard clam Meretrix lusoria.
Aquaculture, 39: 11-27.

Chen, I. M. (1995) Comparison of the effects of copper on

reference to the small abalone

respiration and its accumulation in tissue in the hard
clam Meretrix lusoria. Zool. Stud., 34: 235-240.



e it S A SO I AR P MR B SR A TR 43

Cheng, W., I. S. Hsiao, C. H. Hu and J. C. Chen (2004)
Change in water temperature on the immune
response of Taiwan abalone Haliotis diversicolor

Vibrio
parahaemolyticus. Fish Shellfish Immunol., 17:
235-243.

Chin, T. S. and H. C. Chen (1993) Toxic effects of
mercury on the hard clam, Meretrix lusoria, in

supertexta and its susceptibility to

various salinities. Comp. Biochem. Physiol., 105C:
501-507.

Chou, H. Y., H. ). Liu and C. F. Lo (1994) Pathogenicity
of a birnavirus to hard clam (Meretrix lusoria) and
effect of temperature stress on its virulence. Fish
Pathol., 29: 171-175.

Chou, H. Y., S. J. Chang, H. Y. Lee and Y. C. Chiou
(1998) Preliminary evidence for the effect of heavy
metal cations on the susceptibility of hard clam
(Meretrix lusoria) to clam birnavirus infection. Fish
Pathol., 33: 213-219.

Decker, H. and E. Jaenicke (2004) Recent findings on
phenoloxidase activity and antimicrobial activity
of hemocyanins. Dev. Comp. Immunol., 28: 673-
687.

Encomlo, V. G. and F. L. E. Chu (2007) Heat shock
protein (hsp70) expression and thermal tolerance in
sublethally heat-shock eastern oyster Crassostrea
virginica infected with the parasite Perkinsus
marinus. Dis Aquat. Org., 76: 251-260.

Hooper, C., R. Day, R. Slocombe, J. Handlinger and K.
Benkendorff (2007) Stress and immune response in
abalone: Limitations in current knowledge and
investigative methods based on other models. Fish
Shellfish Immunol., 22 (4): 363-379.

Jeng, S. S. and Y. M. Tyan (1982) Growth of the hard
clam Meretrix lusoria in Taiwan. Aquaculture, 27:
19-28.

Jobling, M. (1994) Environmental stressors. In Fish
Bioenergetics, Chapman & Hall, London, 285-290.

Lee, A. C.,, M. C. Lee, S. M. Chen and T. S. Chin (2005)
Temperature, pH, Mg and aerial exposure time
affect the oxygen consumption of hard clam

(Meretrix lusoria). ). Fish. Soc. Taiwan, 32: 301-309.

Liao, C. M., C. F. Chang, C. H. Yeh, S. C. Chen, K. C.

Chiang, C. P. Chio, B. Y. H. Chou, L. J. Jou, G. W.
Lien, C. M. Lin, H. H. Shen and G. D. Wu (2006)
Metal stresses affect the population dynamics of
disease transmission in aquaculture species.
Aquaculture, 257: 321-332

Lieb, B. and C. Todt (2008) Hemocyanin in mollusks-A
molecular survey and new data on hemocyanin
genes in Solenogastres and Caudofoveata. Mol.
Phylogenet. Evol., 49: 382-385.

Malham, S. K., A. Lacoste, F. Célévart, a. Cueff and S. A.
Poulet (2003) Evidence for a direct link between
stress and immunity in the mollusk Haliotis
tuberculata. J. Exp. Zool., 295A: 136-144.

Mangum, C. P., K. I. Miller, J. L. Scott, K, E. Von Holde
and M. P. Morse (1987) Bivalve hemocyanin:
structural,  functional,  and  phylogenetic
relationships. Boil. Bull., 173: 205-221.

Matozzo, V. (2016) Aspects of eco-immunology in
molluscs. Invert. Surv. J., 13: 116-121.

Ordas, M. C., A. Ordas, C. Beloso and A. Figueras (2000)
Immune parameters in carpet shell clams naturally
infected with Perkinsus atlanticus. Fish Shellfish
Immunol., 10: 597-609.

Siddiqui, N. I., R. F. Akosung and C. Gielens (2006)
Location of intrinsic and inducible phenoloxidase
activity in  molluscan hemocyanin. Biochem.
Biophy. Res. Comm., 348: 1138-1144.

Soderhill, K. and L. Cerenius (1998) Role of the
propheoloxidae-activating system in invertebrate
immunity. Curr. Opin. Immunol., 10: 23-28.

Tu, C. Y., S. W. Hung, L. T. Tsou, Y. C. Chang and W.
S. Wang (2007) Simultaneous flow cytometric
assessment for cellular types and phagocytic
abilities of the haemocytes of hard clam, Meretrix
lusoria. Fish Shellfish Immunol., 23: 16-23.

Yu, J. H., J. H. Song, M. C. Choi and S. W. Park (2009)
Effects of wter temperature changes on immune
function in surf clams, Mactra verneiformis (Bivalia:
Mactridae). J. Invert. Pathol., 102: 30-35.

Zhuang, S. and X. Liu (2006) The influence of fresh
weight and water temperature on metabolic rates
and the energy budget of Meretrix meretrix
Linnaeus. Mar. Biol., 150: 242-252.



44 BV - MASEK - S

Effects of High Temperature on Glucose and Immune Parameters
in Hemolymph of Hard Clam, Meretrix lusoria
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*Mariculture Research Center, Fisheries Research Institute

3Department of Natural Resource and Environmental Studies, National Dong Hwa University

ABSTRACT

Stressors caused by temperature fluctuations usually play a major role in the high mortality of the hard clam
(Meretrix lusoria). The present study investigated the effects of hyperthermal stress on the hemolymph glucose
and immune responses of the clam. In an experiment, clams were transferred from 29 °C to 36 °C of sea water,
and then to 40 °C, with a period of 1 day spent in the water of each temperature. Finally, the clams were transferred
back to sea water of 29 °C for a 1-day recovery period. Hemolymph of the clams were sampled on the 29 °C, 36 °C,
40 °C, and recovery for 1 day. The results showed that mortality of clams was observed after exposure to the 40 °C
of sea water for 1 day. The total hemocyte count, concentrations of protein and glucose, and acid phosphatase activity
in the hemolymph were significantly increased as the temperature was raised, but then recovered to their initial values
after the temperature was returned to 29 °C for 1 day. To summarize, short-term high temperature exposure induced
stress responses and stimulated immunity in the hard clams, but the clams were not able to withstand water

temperatures higher than 40°C. Under this condition, clam mortality was observed.
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