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Fig. 1 Body weight, shell length (upper), and condition factor (below) of the sampled abalone broodstock from

March, 2008 to May, 2009.

{HSeLIBE 5387 (one-way analysis, ANOVA)fgla »
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7% (Tukey’s honestly significant difference test,
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B 7K TR - B 1 A B DL S R A A AR B
(Pearson correlation coefficient, r) {75047 (Zar,
1999) -
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HEEE - e R - B8N Fig. 1 Fis 15 {l
A Wk ~ B8~ pH {E ~ & - ZUCREhEg -
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By 30°C (B3 6~9 H) ;s BERAIHAZE (H
Zol~4 ) ESE3SpsuEHSE (T~9H ' W
Z) 1Y 26 ~ 28 psu; pH {HFE 7.65 ~8.05 ZH & -
SRR - ZJErYEERITE 0.01 ~ 0.08 ppm fz
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el PR LA Fig. 3 BRT I I TR T s Lo fie
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B~ REIMEBRES ~ vy I Tt P T s 1y SR 1 Ty e B
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Fig. 2 Changes in NH,-N, and NO,-N (upper), water temperature, salinity, pH value (below) of ponds from March,
2008 to My, 2009.

Table 1 Pearson’s correlation coefficients (1) of hemolymphatic parameters to body size and water quality variables
Pe'lrameter/body Total Total ' Acid Alkaline '
size and water ~ hemolymph ~ hemocyte =~ Hemocyanin phenoloxidase

. . phosphatase ~ phosphatase

quality protein count
Body weight NS NS NS NS NS NS
Shell length NS NS NS NS NS NS
Condition 0.52* NS NS NS NS NS
factor
Water 0.53* 0.65%* NS NS 0.55* 0.66%*
temperature
Salinity NS NS NS NS NS NS
pH value NS NS NS NS NS NS
NH,-N NS NS NS NS NS NS
NO,-N NS NS NS NS NS NS

NS: P> 0.05; *: P<0.05; **: P<0.01.
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Fig. 3 Changes in immune parameters of the abalone broodstock from March, 2008 to May, 2009. Different letters

indicated significant difference (P < 0.05).

HEAR PSR T 2222 8 50 R Rk
(innate immune system) 2K¥fH1MRIFE Y AR
(Bachére et al., 1995; Z(EdZ%, 2003; Hooper et al.,
2007) - HHr - HEIMEBREITT 25 K R BRI
T I A 8 P 2 B H I o e ) B R R IR
(Bachére et al., 1995; 2Bz, 2003; %, 2003;
Cheng et al., 2004a,b,c,d,e; Hooper et al., 2007; ZF,
2008) ° I AL B HEEIE A - bR T B
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FHBAAE A LTS ERIPIRE DIRE - 2 EEE
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1y HZEIM M SR PR R i - St rlREBd H
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WY E SR T AL S RE SRy L,
MmABEENRHE RN - G HAREEEY) -
JLFLRY %R T Tt 2B R AL, -
AEREEWANR - B - pHAE ~ R&K
Rl A AT - S — LB T e T
BA (#5555, 2003; 15, 2005) - JAILIFESSRER R
Jufl > B SERTRAKE - WS A YA R
1K nHiEME- A A - S EEAE 0.062 ppm Bl
0.08 ppm ° 1fj Cheng et al. (2004c,e) FEA A=
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frdy ot - LFLRYAERR - B IR G R ZE
ESCE T A P E) - JLFLERK ~ AR %
2 JJEF LI AR T ZRIRHE » DRI S R PR A T 1Y
IR AVRERYR AT RE AR - 18
e AT A LB TR 2 M - DA
DIk -

&

ARWFFEASE R ITHBE R TR Y 98 BF
-10.3.1-7K-A3(4) #SEAHY) - ArLEEEEEFK
BUF R~ PR ~ SRR = AL > AR
K EE FE T AR BRI ST B R B B R R
REPUGPEAE YIS R ECE B B % ~ R
H AR R BRI B R B SO R B S B A SRR
LIRIE > FRIL—OFEGH -

2530k

THE, 2K, 2T (1996) Bl iiCAELMm
WRELR oh — LB R P AT SE. EERERERVE, 27(4):
362-367.

EEE, B BILLE, BFE, SEH, TaA4
(2005) FEHA4LUE(Crossostrea gigas){X =Ry Z=Hiisdt
bR HEE ZI0 CRRAERET. R g, 36:
445-451.



UL M E R EATRR B SRR E 71

T, TREFBE, EKE, SREME R4 (2006) B
AV RE TR, BRI, 3009):
69-74.

TRE, #EE, REOL, S, §8% (2007) M
HIKJeRIF Y B Ory BB IE. AOH /KA SRS,
22:352-356.

ARSCRE, ®UTwE (1995) BRSO LIRS A
RERIsE. HEEER, 19: 51-60.

FFELR (2008) A[AIFHILFLAIRIZETILIR. /KEERTE,
16(2): 59-65.

BRi) (1983) A HALEY). KRBT, WKREHES
=], 21k, 85-103.

BRAEHE, Hild: (2007) HEAEREGIZIITEERE. e
RIELETI, 48: 140-152.

TR, M, WEE (2007) MEEE [ IRERT I
J. REREER, 32(2): 77-80.

1 (2006) MRS FEAGEMIIER R AR EE.
BT EERETE RS fHEERST, AR, 127 pp.

HEE, MOFEE (1976) JLFLATERREE G AHARERRIE.
i HEE, 3: 35-45.

taisiE (2005) Jufl. EEEFEE-EER, H R
MAEE NSt B, 319-328.

Bing, 58, B, TEI (2003) ZEREIL
FLEEIRE IR R A SE. S R AR =
Dra(T i, BikE L), TBEREZ RdK
FERABEITAWEN, FEEE, 79 pp.

B R, ZKER (2003) HEGRE ARSI AT ZEE
JE. WFEEERER, 25: 95-105.

RUEES, g, TIEED (2003) #kESEIY) S FHRE ie
WroesteRe. YePR/kENTSE, 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.

Cartier, S., J. Pellerin, M. Fournier, E. Tamigneaux, L.
Girault and N. Lemaire (2004) Use of an index
based on the blue mussel (Mytilus edulis and
Mytilus trossulus) digestive gland weight to assess
the nutritional quality of mussel farm sites.
Aquaculture, 241: 633-654.

Chang, P. H., S. T. Kuo, S. H. Lai, H. S. Yang, Y. Y. Ting,
C, L. Hsu and H. C. Chen (2005) Herpes-like virus
infection causing mortality of cultured abalone
Haliotis supertexta in Taiwan. Dis Aquat. Org., 65:
23-27.

Chen, H., K. Mai, W. Zhang, Z. Liufu, W. Xu and B.
Tan (2005) Effects of dietary pyridoxine on
immune responses in abalone, Haliotis discus
hannai Ino. Fish Shellfish Immunol., 19: 241-252.

Cheng, W., C. H. Li and J. C. Chen (2004a) Effect of
dissolved oxygen on the immune response Haliotis
diversicolor supertexta and its susceptibility to

Vibrio  parahaemolyticus.
103-115

Cheng, W., F. M. Jung and J. C. Chen (2004b) The
immune response of Taiwan abalone Haliotis
diversicolor supertexta and its susceptibility to

Aquaculture,  232:

Vibrio parahaemolyticus at different salinity levels.
Fish Shellfish Immunol., 16: 295-306.

Cheng, W., I. S. Hsiao and J. C. Chen (2004c) Effect of
nitrite on the immune response of Taiwan abalone
Haliotis
susceptibility to Vibrio parahaemolyticus. Dis.
Aquat. Org., 60: 157-164.

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

diversicolor  supertexta —and its

supertexta and its susceptibility to Vibrio
parahaemolyticus. Fish Shellfish Immunol., 17:
235-243.

Cheng, W., I. S. Hsiao, C. H. Hu and J. C. Chen (2004¢)
Effect of ammonia on the immune response of
Taiwan abalone Haliotis diversicolor supertexta
and its susceptibility to Vibrio parahaemolyticus.
Fish Shellfish Immunol., 17: 193-202.

Cho, S. M. and W. G. Jeong (2005) Spawning impact
on lysosomal stability of the Pacific oyster,
Crassostrea gigas. Aquaculture, 244: 383-387.

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

Duchemin, M. B., M. Fournier and M. Auffret (2007)
Seasonal variations of immune parameters in
diploid and triploid Pacific oyster, Crassostrea
gigas (Thunberg). Aquaculture, 264: 73-81.

Gagnaire, B., P. Soletchnik, P. Madec, P. Geairon, O.
Le Moine and T. Renault (2006) Diploid and
triploid Pacific oyster, Crassostrea gigas (Thunberg),
reared at two heights above sediment in
Marennes-Oleron Basin, France: difference in
mortality, sexual maturation and hemocyte
parameters. Aquaculture, 254: 606-616.

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: 363-379.

Ishikawa, H., K. G. takahashi and K. Mori (1999)
Annual changes in maturation of the gonad and
phagocytic activity in hemocytes of the Pacific
oyster, Crassostrea gigas, in Ongawa Bay, Miyagi
Prefecture. Suisanzoshoku, 47: 519-525.

Lee, K. K., P. C. Liu, Y. C. Chen and C. Y. Huang (2001)



72 RFEL

The implication of ambient temperature with the
outbreak of vibriosis in cultured small abalone
Haliotis diversicolor supertexta Lischke. ). Thermal
Biol., 26: 585-587.

Li, Y., J. G. Qin, C. A. Abbott, X. Li and K. Benkendorff
(2007) Synergistic impacts of heat shock and
spawning on the physiology and immune health of
Crassostrea gigas: an explanation for summer
mortality in Pacific oyster. Am. J. Physiol., Regul.
Intergr. Comp. Physiol., 293: R2353-R2362.

Li, Y., J. G. Qin, X. Li and K. Benkendorff (2009a)
Monthly variation of condition index, energy
reserves and antibacterial activity in Pacific oysters,
Crassostrea gigas, in Stansbury (South Australia).
Aquaculture, 286: 64-71.

Li, Y., J. G. Qin, X. Li and K. Benkendorff (2009b)
Spawning-dependent stress responses in Pacific
oyster Crassostrea gigas: A simulated bacterial
challenges in oyster. Aquaculture, 293: 164-171.

Mulero, 1., A. Garcia-Ayala, J. Meseguer, and V. Mulero
(2007) Maternal transfer of immunity and
ontogeny of autologous immunocompetence of
fish: a review. Aquaculture, 268: 244-250.

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.

Patrick, S., N. Faury and P. Goulletquer (2007)
Seasonal changes in carbohydrate metabolism and

its relationship with summer mortality of Pacific
oyster  Crassostrea  gigas
marennes-Oléron bay (France). Aquaculture, 252:
328-338.
Peters, R. and D. A. Raftos (2003) The role of
suppression in QX disease
outbreaks among Sydney rock oysters (Saccostrea

(Thunberg)  in

phenoloxidase

glomerata). Aquaculture, 223: 29-39.

Ragg, N. L. C. and H. H. Tayler (2006). Oxygen uptake,
diffusion limitation, and diffusing capacity of the
bipectinate gills of the abalone, Haliotis iris
(Molluca:  Prosobranchia). Biochem.
Physiol., 143A: 299-306.

Siddiqui, N. 1., R. F. Akosung and C. Gielens (2006)

Location of intrinsic and inducible phenoloxidase

Comp.

activity in molluscan hemocyanin. Biochem.
Biophy. Res. Comm., 348: 1138-1144.

Travers, M. A., N. Le Goic, S. Huchette, M. Koken, and
C. Paillard (2008) Summer immune depression
associated with increased susceptibility of the
European abalone, Haliotis tuberculata to Vibrio
harveyi infection. Fish Shellfish Immunol., 25:
800-808.

Xue, J., Y. Xu, L. Jin, G. Liu, Y. Sun, S. Li and J. Zhang
(2008) Effects of traditional Chinese medicine on
immune responses in abalone, Haliotis discus
hannai Ino. Fish Shellfish Immunol., 24: 752-758.

Zar, ). H. (1999) Biostatistical Analysis. 4th ed. Prentice
Hall International, Inc. Upper Saddle River, NJ.



LR MR E R EATRR B SR E 73

Seasonal Effects on Hemolymphatic Immune Parameters in
Small Abalone (Haliotis diversicolor)

Jinn-Rong Hseu

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

The immune activity of mollusk is correlated with seasonal changes and reproductive cycle. Mass mortality
of mollusk is often observed in certain seasons when the mollusk’s immune activity depresses. Herein, the study
investigated the seasonal effects on immune parameters of the broodstock of small abalone, Haliotis diversicolor,
and the correlation between the parameters and environmental variables from March, 2008 to May, 2009. The
results indicated that the total hemolymph protein, total hemocyte count, hemocyanin, and activities of alkaline
phosphatase and pheoloxidase in hemolymph during the reproductive season, October to January, were lower
than those during the non-reproductive season. Result of the Pearson correlation analysis showed that most of
the immune parameters were positive correlated with water temperature (P < 0.05). Based on the results, it
suggested that water temperature and gonadal maturation could produce synergistic impacts on immune

parameters.
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