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Abstract

In conducting this experiment, Hal/iotis diversicolor aquati/is was used to
physiological functional change characters by the change of environmental water.

The experiment was executed from 3 experimental condition(water temperatures stress,
water salinity stress, high water temperature and low water salinity stress). This
study was conducted to investigate survival rate, hemolymph, antioxidant enzyme
activity (CAT and SOD), phenoloxidase activity, Iysozyme activity in blood of
abalone(Hal/iotis diversicolor aquatilis). Abalone initially average shell length
4.17£0.03 mm, shell width 2.82+0.02 mm, weight 12.0+0.36 g were obtained from
abalone culture farm and maintained at about 20°C, 33 psu in indoor water tank.

Water temperatures stress experiment, survival rates of small abalone were 100% at
15, 20 and 25T experimental group. However, that was 91% in abalone at 10T
experimental group. Also all the small abalone died at 30C experimental group. The
S0D and CAT activity was increased immediately after exposure to water temperature at
15C experimental group. Phenoloxidase activity of 10C experimental group was
increased by 24 hr compared to 20C experimental group. Also 10, 15 and 25T
experimental groups were increased by 48 hr compared to 20°C experimental group.
Lysozyme activity of 10 and 25T experimental groups was increased by 6, 24 and 48 hr
compared to 20C experimental group.

Water salinity stress experiment, survival rates of small abalone were 100% at 30,
33 and 35 psu experimental group. However, that was 98% in small abalone at 25 psu
experimental group. SOD activity of 25 psu experimental group was increased by 48 hr
compared to 33 psu experimental group. Lysozyme activity of 25 psu experimental
groups was increased by 24 hr compared to 33 psu experimental group.

High water temperature and low water salinity stress experiment, survival rates of
abalone were 6% at 33 and 30 psu experimental group. However, that was died at 27, 24
and 21 psu experimental group. SOD activity of 24 psu experimental group was
increased by 6 hr compared to 20C and 33 psu experimental group. CAT activity of 33
psu, 30 psu, 27 psu and 24 psu experimental group was increased by 3 hr compared to
20C and 33 psu experimental group. Also 33 psu experimental groups were increased

by 12 and 24 hr compared to 20C and 33 psu experimental group. Phenoloxidase

_Vi_




activity of 24 psu experimental group was increased by 3, 6 hr compared to 20C and
33 psu experimental group. Also 27 psu experimental groups were increased by 6, 12 hr
compared to 20C and 33 psu experimental group. Lysozyme activity of 21 psu
experimental groups was increased by 3 hr compared to 20C and 33 psu experimental

group. Also 24 psu experimental groups were increased by 12 hr compared to 20C and

33 psu experimental group.
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Table 1. Annual changes of production in small abalone (Hal/iotis diversicolor

aquatili) Source @ Fishery production survey(Ton)
Year National (A) Jeju(B) Ratio(B/A, %)
1993 182 182 100
1994 201 200 100
1995 159 189 100
1996 161 158 98
1997 203 203 100
1998 175 86 49
1999 43 43 100
2000 37 35 95
2001 38 37 97
2002 26 26 100
2003 4 21 100
2004 19 19 100
2005 66 66 100
2006 54 54 100
2007 62 62 100
2008 20 20 100
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Table 2.

aquatili)

Annual

changes of prodcution

Source

in small

abalone (Haliotis diversicolor

: seongsan fishing village cooperatives(kg)

month

Year

9 10 11 12

Total

2002

24.5

25.1 545 39.7 117.2 84.7

162.8 246.2

202.2 154.2 111.8 119.2

1341.8

2003

105.7

63.5 64.7 47.6 23.5 221.5

151.3 410.9

130.7 300.7 138.6 340.9

1999.4

2004

78.2

62.6 72.3 81.4 230.2 146.5

388.3 311.8

152.2 257.7 313.7 205.0

2299.5

2005

123.8

64.2 110.0 62.1 117.4 42.6

187.5 261.4

154.4 222.6 183.6 159.4

1688.8

2006

90.9

81.6 80.5 57.7 97.1

52.6 31.1

350.4

134.6 160.4 - 105.0

1241.8

2007

124.0

29.4 59.8 58.8 48.4

1ERlN 1934

31.6 525 51.8 47.4

538.0

2008

62.1

8.4 251 36.5 254

2.7 13.4

4.4 5.0 33.6 20.2

299.6

2009

il

5.5 8.2 13.3 5.2

8.4 =

21.35 31.75 - -

57.7
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Table 3. The propulsive situation of the discharge of industrial marine species in

Jeju Island
. Project cost (1000 won)

Year Kind Discharge Government Local
(Thousand) fotal expenditure expenditure
Total 12,773 10,472,948 7,091,614 3,381,334
Total (Abalone) 5,693 6,881,722 4,856,197 2,025,525
(Fish) 6,363 3,042,478 1, 90QK344 1,052,137
(Sea cucumber ) 717 548,748 245,076 303,672
1997 Abalone 20 20,000 16,000 4,000
1998 Abalone 50 50,000 40,000 10,000
1999 Abalone 50 50,000 40,000 10,000
2000 Abalone 80 80,000 64,000 16,000
2001 Abalone 190 190,000 152,000 38,000
2005 Abalone 150 148,500 103,950 44 /550
Kurosoi 72 100,000 70,000 30,000
2003 Abalone 554 553,519 387,463 166,056
Flatfish ol 254,803 87,968 166,835
o0 Abalone 546 709,268 496,488 212,780
Rock bream 400 226,400 109,480 116,920
Abalone 768 UCon O 718,068 307,744
2005 Black porgy 200 65,700 45,990 19,710
Rock bream 679 372,571 260,800 11,771
Abalone 1,076 1,502,925 1,052,048 450,877
2006 Rock bream 1,410 709695 491,187 210,508
Sea cucumber 80 36,000 25,200 10,800
Abalone - 1,370,693 959,477 411,216
2007 Rock bream 1,262 565,426 395,798 169,628
Black porgy 300 113,550 79,485 34,065
Sea cucumber 100 78,000 54,600 23,400
Abalone 990 1,181,005 826,703 354,302
Rock bream 1,188 577,561 404,293 173,268
2008  Tiger puffer 10 9,000 6,300 2,700
Black porgy 330 121,472 85,030 36,442
Sea cucumber 537 434,748 165,276 269,472
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Table 4. The propulsive situation of the discharge of small abalone

diversicolor aguatil//) in Jeju Island

(Haliotis

Vear Discharge Size
(Thousand ) (cm)
2002 50 2
2003 60 2
2004 - 2
2005 170 2
2006 240 2
2007 350 2
2008 220 2
Total 1,260 -
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Table 5. Population density and size of small abalone (Hal/iotis diversicolor

aquatili) at August 2009

Aewo | -Ri Biyang-Do Bomok-Ri * Sagye-Ri
Area yang 9

3m 6m 3m 6m 3m 6m 3m 6m

| tem
) ! 8.5 .58 4.5 7.5
Population density - - & -
+2.1 +7.8 £0.7 +3.5
34 .63 50.97 37.58 47.23
Shell length(mm) = = - 3
+8.63 +6.07 £3.71 +5.92
) 23.87 27.35 25.31 26.45
Shel | width(mm) = = - -
+6.89 +3.87 £3.14 +3.70

*Release area of saml!| abalone at 2008
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10 ZAAE HE2ISl B2 =& 3 mOlA 100t2le] 2EXIIIE AAot] UM
m* 6 milA 2r2 140t2l, 290t212l @EXI1J A A
& 3 mOlAl 120t2l, AHAHIZIOIAE =& 6 mOl 120t

-
AL = 200 =9 "HI2=0 e L=XA012
H

Rl

WS MAUEI =2 W22 LIEHGCH(Table 6).

Table 6. Population density and size of small abalone (Hal/iotis diversicolor

aguati/i) at October 2009

Aewo | -Ri Biyang-Do Bomok-Ri * Sagye-Ri
Area el 2

3m 6 m 3m 6 m 3m 6m 3m 6 m
| tem

Population density 10 = 14 29 12 - - 12

42 .29 54.90 44.04 37.40 47 .65

Shell length(mm) = - -
+4.38 +6.83 +7.40 +£2.91 +7.45
' 28.41 37.98 30.24 25.63 34.07

Shell width(mm) = - -
+3.10 +5.16 +5.55 £3.27 +6.35

*Release area of saml| abalone at 2008
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XM

mﬂ

3)

oHHE XZALKIES HEESM MS0A ===, 00, CO, COD, NHsN, NO--N, NOs-N, SS,
DIN, DIP, Si(OH)s=Si, TN, TP, Chl-a ZAIE AAIGIUCL. FEEO ZLR, TAH
Ol 3m, 6n2 25F ZAt=&JHXS S0t 22 UH

2t ZAtof e =224 B 2 ZAINEE =88 XA gtUAM 2 EXE UEt

WXl &ZUCHTable 7-8).

Table 7. Results of water analysis of surface layer in four areas for investigation

at August 2009

Area
tem Aewol-Ri Biyang-Do Bomok-Ri Sagye-Ri
Water temperature (TC) 27 26 27 27

0 (mg/L) 7.49 7.15 8.71 #85
COD (mg/L) 0.28 0.06 0.65 0.88
NH;~N 0.008 0.078 0.058 -
NO~N 0.002 0.001 0.004 e
NOz-N 0.054 0.042 0.145 -

S (mg/L) 1.7 2.1 0.207 2.20
DIN (ug-at/L) 0.064 0.120 0.473 3.59
DIP (ug-at/L) 0.002 0.003 0.007 0.01
Si(OH)4=Si 0.423 0.254 0.438 10.49
TN (ppm) 0.306 0.339 0.473 0.291
TP (ppm) 0.014 0.010 0.012 0.005
Chl-a (ug/L) 3.62 0.73 2.1 1.88

— 9] —
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Table 8. Results of water analysis of mixed layer in four areas for investigation at

October 2009

Area , , . ,
tem Aewo | -Ri Biyang-Do Bomok-R Sagye-Ri
Water temperature (C) 26 25 26 26
D0 (mg/L) 6.52 C § 5 8.69 7.78
CoD (mg/L) 0.15 0.44 gr5e 0.72
NHs—N 0.005 0.009 0.069 =
NO2—N 0.000 0.001 0.003 4
NOs=N 0.044 0.042 0.144 =
SS (mg/L) 1.8 2.3 4.1 5.60
DIN (ug-at/L) 0.050 0.053 0.216 4.56
DIP (ug-at/L) 0.005 0.003 0.009 0.42
Si(OH)4-Si 0.411 0.276 0.392 9.62
N (ppm) 0.421 0.436 0.296 0.347
TP (ppm) 0.014 0.010 0.013 0.002
Chl-a (ug/L) 4.19 0.75 2.99 2.15
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EHE =4 20, 48 ¥ ZAMEEES 24 g2 AIDF JM ZAEEUA
A 63 um Ol ZAE0N MES SEHI WRE AE (2, Sand)2 FEE 0
Uqs A2 =4EHJYL. S5, 2E2E & 002 = et HE =

LtEHGtCH(Table 9).

Table 9. Results of deposit analysis in four areas for investigation

Area

Aewo|-Ri Biyang-Do Bomok—Ri Sagye-Ri

[tem
Moisture content (%) 31.22 41.02 32.01 -
Lgnition loss(%) 3.11 4.39 2.59 =
COD(mg 02/Kg dry) 4,703.7 7,712.8 5,237.6 =

kind Sand Sand Sand Sand
Granularity

% 99.52 87.32 61.16 100
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4) HNSE Bx4 % 28

o

2t ZAHR0IAC 82 MAMsSES £83 & MHMl== 22 (HEeldt 55 23
A, BIZEIF 63 330MAl, 252l A0l 105 280, AtAH2IHA 288 11600 A
Ct. ZAIHSE 0N MASS2 & SSE2 HES Z< 13.80 g, HIZ2IDt 149.05
g, 2=cl oHF0lA 161.7g, AtAHCIOIA 680.3 g2 & LIEHGCEH.

ZAMHEUH AL 8EL E8e 52 = A=+ & S5 JIE &% 3/MKY 2
BES BY, lgel 332 RURE(Ewlica scripta), el S (Phasianella
solida), =EZM(Barbatia virescens)It, BIXE2l FR HtA DS (Asrtalium
haematragum), ©=20S(Ergalatax contracta), =ZEY H (Herdmania momus)dt, 2
229 AL YW2ASHOIS A2 (Oohiomastix mixta), BYRADS(A. haematragum),
B2 (0nithochiton hirasei)dt, MACINAME BIRA DS (A. haematragum), HE
S &S (Alveopora japonica), 2VZEItAtel(Qohidiaster cribrarius)dt REE2Z
LIEFSICH, 1082 MANSE S8FT 2 A== 22 lEeldt 63 230HAl, HIZE
It 4 36HM, 2l HE0l 125 48K, AtAHZIONA 63 37HMRACH. ZTALHS
HAM MAS=22 & sS2 82 22 1,389.8 g, BIZED 483.17 g, 252l
OHEOA 236.97 g, ALHICIONA 495.1 g2 2 LIEFRICE.

ZTAMHSEU AL 1082 E8e S2 S Ml & S J|E &< 3=[NK 2
HES 2H, Hgelet BIZEe HER Adk(Batillus cornutus), BIHRADNS(A.
haematragum), ©EDS(E. contracta)0l, MAHEINA= Lek(B. cornutus), B
DS(A. haematragum), HBSES(A. japonica)dt RTEE2Z  LIEISCH(Table

10).




Table 10. Appearance pattern of benthic fauna in four areas for investigation at
October 2009
Depth of water 3m 6 m 10 m 15m
A . Gross Population Gross Population Gross Population Gross Population
rea species name weight(g)  density weight(g)  density weight(g)  density weight(g)  density
PUpr{/a_dusfa 0.94 P
gracilis
Alveopora japonica 89.43 9
Arca boucardi 0.56 1
" 42.85 5 11.08 2 20.83 6
haematragum
Trochus sacellus 3.78 1
Tristichotrochus
Bomok 5 /cus 0.59 1
—Ri o
/4/71‘/700?/0/{1"//5’ 10.82 1
crassispina
Heradmania momus 36.27 13 2.1 2
0/7' / thoc'h /ton 377 1
hirasei
Ee/at?st?ma 12 28 1
fournieri
L ithophaga curta 0.49 2
Ergalatax 147 1
contractus
Total 42 .85 5 19.68 7 18l.74 788 2.7 3
Thais clavigera 10.54 2
Asrtalium
39.03 6 38.13 5 27.28 4 17.18 2
. haematragum
Biyang
Do Batillus cornutus 2.4 1 63.92 2 145.88 3 107 .31 2
£roalatax 10.57 3 14.42 4 6.51 2
contractus
Total 62.54 12 116.47 1 179.67 9 124.49 4
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Table 10. Consecutive

Depth of water 3m 6m 10m 15m

Gross Population Gross Population Gross Population Gross Population

Area species name weight(g)  density weight(g)  density weight(g)  density weight(g)  density

Alveopora

66.15 7

Jjaponica

Euplica scripta 1.25 2

Asrtal ium
haemat ragum

51.12 15 3.03 2 14.11 5

Sagye

—-Ri
Herdmania momus 2.76 1

el 45 100.29 1 167.74 1
cornutus
Ergalatax
contractus

2.44 2 1.97 1

Total 164.1 20 o 3 250.76 14

Euplica scripta  0.99 6 0.29 2

Pyrene
testudinaria

0.57 2

Asrtal ium
Aewo|  haematragum

—Ri

7.23 2 9.34 3

Batillus
cornutus

52.44 1 70.24 1

Phasianella

0.12 1

so/ ida

Ergalatax

1.21 1 2.04 1 6.33 3

contractus

Total 1.68 9 8.73 5 63.82 5 76.57 4

Total 271117 46 149.88 26 415.23 47 454.52 25
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[m]

5) HEF BEXY, MY ¥ REE

2 DA SF0IAMS 822 olEF SES H dME2 22 320t 735 206.90
Scl ofh0l 85 223.58 g, AtAHCINA 103

15, 8% 65, 4

ItXI2l SEBSE 28, B2

40

Eet ZAMHE0 8RO =88 HER &<
832 MR=L(Pterocladia tenuis), Dt (U/va conglobata), EINAMA
(Chondrophycus unaulata)Ol, BIRE=Sl B LN =(Marginisporum aberrans),
MN2NSAMS U (Corallina pilulifera), 2Z002 KB Sargassum macrocarpum)Ol,
B5elo d2 MNR2P(P. tenis), HEIRESMIU(C. pilulifera), OHIIAHL
(Amphiroa pusilla)dt, AMHeIS B S2LEMMRXBS.  macrocarpum), 2ZHEH
(Ecklonia cava), ZMMUOICIZ(C/adophora wrightiana)0l S&EGt= 2022 LIEG
Ct(Table 11).
1082 ZAHSEE HER =S8E ¥ MM 22 WEeldr 113 5,592.0 g, Hl
,517.78 g, 232l oHHO0| 135 924.17 g, AtAHZIOAM 105 1,529.8
gOIALH. BRTYE =8E= HE2Y 2R =28 28, 227 98, HILTUA

35, SXF 78, 252l lFUA =x2F 38, SXF 105, AHAHCIOA

Eeh ZAIHEO 1080 =88 L= &9 3AMNKS RESS EY, B

of AL WEANL(Amphiroa anceps), ZMUICICIZ(C. wrightiana), HRS2(P.

Il

tenuis)dt, HIZES AL ISIRBH(S.  macrocarpum), ZEALE(M.
aberrans), H2FRESAMSL(C. pilulifera)0l, B=2l9 FLX HEHES(H.
aberrans), F=SIANZS(Lithothamnion cystocarpiageum), SSEHL(A. anceps)Ol,
AAHCIS B 2EM2KEHS. macrocarpum), ZYEW(E. cava), ZATHOCIZ(C.

wrightiana)0l R&ots AJ2S2 LIEIGCHTable 12).



Table 11.

Appearance pattern of marine algal

at August 2009

flora in four areas for

investigation

Depth of water 3 m(1) 3 m(2)
Area Species name Populaltion (?ross Popula-tion (?ross
density weight(g) density weight(g)
Cladophora wright iana 18 11.47
Ulva conglobata 9 1.56 13 21.14
Cladophora japonica 1 0.48
Pterocladia tenuis 43 58.35 11 23.21
B?g?k Amphiroa misakiensis 24 19.61
Ampohiroa pusilla 26 21.05
Corallina pilulifera 33 21.24 5 9.6
Lithothamnion cystocarpideun 1 28.23 5 7.64
Total 136 150.04 53 73.54
Ecklonia cava 1 8.34
Sargassum patens 1 35.47 3 108.53
Sargassum macrocarpum 6 552.16 5 606.32
Amphiroa misakiensis 6 11.48 4 6.81
Bivang Marginisporum aberrans 33 163. 11 38 210.99
Do Carpopeltis angusta 1 0.85
Peyssonnel ia caul i fera 2 7.39
Corallina pilulifera 8 14.22 12 16.94
Hydrol i thon masakii 1 6.34
Total 55 782.78 66 966.17
Ulva conglobata Kjellman 21 2153 5 2.8
Chondrus nipoonicus 4 10.3
Pterocladia tenuis 36 38.4 29 72.5
Ao | Jania adhaerens 11 2
Ri Caulacanthus okamurai 8 8.2 3 1.8
Gelidium amansii 12 28
Chondrophycus undulata 14 15.7 4 5.9
Total 90 85.6 57 121.3
Total 281 1018.42 176 1161.01
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Table 12. Appearance pattern of marine algal flora in four areas for

October 2009

investigation at

Depth of water 3m 6m 10 m 15 m
. Population Gross Population Gross Population ross Population Gross
Area Species name asty oty wity woty
461
Codium coarctatum 49 "
Codium arabicum 4 7.41
Cladophora sakaii B 14.03
Acan{hope/f/s i 8 14
longiramulosa
Amphiroa misakiensis 1 2.19 4 iZ. 6
L/‘z‘hoz‘ham/'on 1 0.79
cystocarp/deum
Bomok Amohiroa anceps 6 30.31
-Ri L . 161
Marginisporum aberrans 26 8 11 75.41
Carpopeltis angusta 1 4.8
Amohiroa pusilla 2 14.04
Corallina pilulifera 9 21.18
Hydrolithon craspedium 4 17.56
Hydrol ithon masakii 6 91.47 1 2.1
216 121 125 461
Total 42 14 24 49
.45 .05 .56 .11
Ecklonia cava 1 11.36 2 39.42 1 19.82
Sargassum patens 1 29.87
482 304
Sargassum macrocarpum 4 2
.67 .89
Amohiroa misakiensis 10 17.98 3 7.44
L/z‘hoz‘ha/ﬂrf/on 3 279
. cystocarpideum
Biyang
Do Amphiroa anceps 7 41.44
o 148 176
Marginisporum aberrans 30 35 23 93.4
.76 .42
Carpopeltis angusta 3 3.24 5 7.69
Peyssonnelia caulifera 4 10.29 4 12.96 6 20.42
Corallina pilulifera 9 16.42 13 21.98 7 19.76 8 23.76
528 188 105
Total 54 695.7 58 47 22
.18 .46 .44
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Table 12. Consecutive

Depth of water 3m 6m 10 m 15 m
Area Species name ety o ety o o™ oy
1351
Ecklonia cava 4 370.99
.68
Dictyopteris divaricata 1 36.12 1 6.12
Sargassum macrocarpum 2 52.56 1 45.85 5 509.1
Cladophora wright iana it 89.7 6 45.84 4 5.93
Amphiroa beauvoisii 3 2.1
L/z‘hoz‘ham/on 1 2 41 1 0.22
cystocarp/deum
Amohiroa anceps 1 9.98 5 49.61 7 21.89 4 19.13
Sagye
ji Marginisporun aberrans 22 144.2 11 31.53 4 5.78 8 7.14
Padina arborescens 1 2.39
Carpopeltis angusta 4 8.72
Amphiroa pusilla 7 14.65
Peyssonnel ia caulifera 7 19.66
Corallina pilulifera 4 2.82 10 23.18
Plocamium telfaiririae 6 17.78 2 1.32 3 0.56
1413
Total 42 633.71 46 266.18 27 586.08 37 04
Cladophora wrightiana 4 37.62 1 1.48
Ulva conglobata 18  20.52
Pterocladiella capillacea 32 36.47
L /thotham7/0n o 0.68
cystocarp/deum
Amphiroa anceps 3 25.42 8 0753
Aewo| Carpopeltis angusta 5 9.08
i Ceylon moss 8 26.94
Peyssonnel ia caulifera 8 18.54
Corallina pilulifera 3 2.76 11 22.95
Plocamium telfaiririae 4 15.21 2 2.47
Chondrophycus undulata 7 10.42
Total 65 94.35 10 43.39 25  83.57 16 29.78
1640 2009
Total 203 21 128 958.8 123  983.62 124 47
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1977; Wedemeyer and Mcleay, 1981) Ol
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AMEUH AMEBE QEXII(Haliotis diversicolor aquatilis)e NF=&HAA IH
SEEARMENAN SL20F AFESHALH. LEADI|S EF A&E2 4.17+£0.03 cm
2t= 2.82+0.02 cm, 852 12.0+£0.36 gC! JHME AMEoIALH. S0 Alg2E 2
Z1= 0l2l 20CoAM 252+ AFRSHH =XIAI2] & =200t Jts8h 30 L 72
of X2 £ 10, 15, 20(H=F), 256 L 30C2 =2 AEYAE 22 FU2

H, Ol f S22 33.4+0.4 psus

7?_
NZ2 ZBHE 24X (shelter)E E0HAH 371 230kt O

A Ar=2E LEXII(Haliotis diversicolor aquati/is)= NZFE=a&tA L
SESAJLEHUHA 2220t AHE0IACH. QEXI|S B2 A& 2 4.1440.0

= 2.72+0.03 cm, 8= 12.0+£0.46 2! JHXME AtSotULE. A0 AlS
A= 012l 33 psulilAd 2==2F AtFotH =XIAIZI = 0L
2o =x2 FH 25, 30, 3B(UH=EF) L 35 psull G AEHAE A2 =Y
O, O]l Il =22 20C2 S XA LD PVC

mMOIZ(@ 20 cm, L 20 cm)E M=Z=2 &
Ctet 24X (shelter)E E0HM SI1E SS0tACH. MIHIAIFII2H0I 20l= CHAICH

E =20l IZJokUS0, AEPE 40219 HES ABO ASSIASM, 22X
g X2 82 2 52 ZI 2 0hZ Hol0 0, 6, 12, 24 L 48 hAjol 22!



AN A= QEXNII(Haliotis diversicolor aquatilis)= MFEZ=AtHATZA Y
SRESAIRHHUAN SLE0F AFSSIQULH. LEAD|S BF 2&E2 4.1840.05 cm
2+Z 2. 8840.07 cm, 8= 12.2+0.25 g2 JHME AI26IQUCH. AEN AI2=E 2

A= 0l2l 20C 33 psulilAl 252t At=otH =XIAIZ2I = =8It Jtsgt 30

L #2929 £X2 £5H 20C 33psu(Hi==), 30C 33 psu, 30C 30 psu, 30C 27
psu, 30C 24 psu & 30C 21 psu 9 D=2 HEE AEYHAE 22U F/UOM,
A

IO|Z (@ 20 cm, L 20 cm)E N22 HEHE 2AH(shelter)E Y0y

C
SootALt. OEIAF=ED2H0l HOl= CHAIDIE S=0l S50, Ag+= 500t

cle] 8== Al AIEotUCH, LENHIIE =22 F2 = 52 U FE 0 h
Z Jot 0, 3, 6, 12 & 24 hH0l 22 30tclel A== 2H 12 00l =
X, A2 XA MES WHGHH -70C=2 220tH 240l OlSotACH

=H2 AEMA =0, 6, 12, 24 & 48 h0l =2 &
S2H Hts 73 266X 1/221 1 me F=AD[IE 0IEotH €HS MFE = 0.9% e
(o]

=2 1081 A6t €7 AHaEHs 0

HR
ur
hl
10

00
Ql
=
2
=
$0
rir
e
4
un
=
1
Ql
59
[w
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S 2 0.1 g= 0.9% NaCloll 33 M=Es COsS KCI (1.17%)= &ss 100 mMm
phosphate buffer (pH 7.4)E &JIot =& 3 ot¥ D, ZEFE Alg=s A2
(1,000 rpm, 15 min, 4C)0 2o XN L HFNM2S MHOIGCH. ZEAS LAl &

O

&=2l(13,000 rpm, 20 min, 4C)8t £ ASHS SLg &4 SHE A2 AME
OLQULCH. SHMA 2 Lowry et al. (1951)2 ZEM WOet EE HHESA
BSA(bovine serum albumin)E AtE35F0 spectrophptometerE 01& 750 nmUIA =&
OtRACH. SOD= pyrogallol2 XS &SIE0| A HE = 242 =3ot= Marklund and
Marklund (1974)2] &8 o=Z =HGIFUSM, 50 mM phosphate buffer (pH 8.24) 1.3

metf 2t ZEH 25 s E2 = 45 w2 3mM progallol SMH= HIIoHK

spectrophotometer£ 0l&6t0 325 nm2l MHENM ZS&EGIRAL, SASHO 1 &
= HSey | pyrogalloll AMSIE 50% Mol 242 2oz MU L. CATE
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6) Lysozyme activity &

&3 LH Lysozyme activity 2 Parry (1965)2 &0l W2 Turbimetric assay=
EAMBHHCH. Micrococcus lysodeikticus (0.1 mg/ml PBS, pH 6.8)& EFH 9Queet &

& 10045 96 well plateOll E&fotd 25C HHZDI0A 552 =S¢t gt

010

A2l 53

nmollAl EZEE =A6IY L. Lysozyme activity2 SZ % g0l 0.001 min/ml &

(@]

0

-

7) SAHHAC
2 Ag0A 208 U= 0l et gtel ReA == SPSS SAH WIXO st
ANOVAZ =46t0, A0l 0.052C &2 dRE =2otttd HHEGIRULE. g5 AE
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3. 21
2-1) QEXIIS £=2H3I0 2 MZE L MM EH4 24
2-1-1) M=g =3
SHst =2 AEYAN OE QLEAIIS MZEEWHAMEeE WER(20TC)E HIRS
15, 25T A8 M= A8 == Al DXl HAFE OHMIOF €A X 2£0F 100%2 A
=22 LIEIUHRSLE, 10T A0 AN= 24n WO HIAFE JHXMIDOF &2AHE K}, A
SHES Al 91%2 MESS 2UCH 30T ASRANES 6h MEE HAFE HHOF 2
ALICHF 24h WOl 2 JHAIDF HIAFGHACHFig. 2).
Yoo -
ey
£
g 60 - ——10°C
£ A - 15%C
z —tr—= 507
g
50
0 =30
0 6 1 24 43
Time {h)

rate of small abalone (Ha/iotis
acute water temperature stress.

Fig. 2. Survival
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diversicolor aquatili) exposed to
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1z
09
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1o
0
10

15, 204 2 0 h
SAEH10C g2 B2 Oh2l 48hel E X It SItel A= =g = UL

(Table 13).

Table 13. Variations of hemolymph factors of small abalone (Ha/iotis diversicolor
aquatil/) exposed to acute water temperature stress

Experimental groups

Time

(h) 10°C 15C 20°C 25°C 30°C

0 1.10£0.22  1.1440.35 1.13+0.33 1.18+0.25 1.15+0.21
6 1.254£0.41  1.41+0.08  1.33+0.43  1.28+0.46 1.17+0.21

Hemolymph counts
5 5 12 1.33+£0.44  1.33+£0.43  1.33+£0.37 1.20£0.13 1.25+0.23
(x10° cel | /mm°)
24 1.33+0.15 1.284+0.46 1.14+0.21 1.13+0.13 -
48 1.30£0.23  1.17+0.21  1.13+£0.19  1.11£0.29 -
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Fig. 5. Phenoloxidase activity in small abalone (Haliotis diversicolor aquatili)
exposed to acute water temperature stress. *&0.05 as compared to 20C
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Fig. 6. Lysozyme activity in small abalone (Ha/iotis diversicolor aguati!i) exposed to

acute water temperature stress. */&0.05 as compared to 20C
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Fig. 7. Survival rate of small abalone (Haliotis diversicolor aguatili) exposed to
acute water salinity stress.
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Table 14. Variations of hemolymph factors of small abalone (Ha/iotis diversicolor

aquatili) exposed to acute water

salinity stress

Experimental groups

Time
(h) 25 psu 30 psu 33 psu 35 psu
0 1.28+0.33 1.29+0.29 1.33+0.38 1.32+0.18
6 1.39+0.18 1.58+0.15 1.55+0.17 1.51+0.24
Hemolymph counts
5 3 12 1.33+0.44 1.38+0.28 1.43+0.16 1.45+0.18
(x10° cel | /mm°)
24 1.33+0.15 1.24+0.32 1.34+0.31 1.32+0.33
48 1.30+0.23 1.25+0.13 1.06+0.30 1.28+0.35
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Fig. 8. Change of superoxide dismutase (SOD) activity in small abalone (Ha/iot/s
diversicolor aquatilj) exposed to acute water salinity stress. */&0.05 as
compared to 33 psu
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Fig. 9. Change of catalase(CAT) activity in small abalone (Haliotis diversicolor
aquatili) exposed to acute water salinity stress. */&0.05 as compared to 33
psu
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Fig. 10. Phenoloxidase activity in small abalone (Ha/iotis diversicolor aquatili)
exposed to acute water salinity stress.
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Fig. 11. Lysozyme activity in small abalone (Ha/iotis diversicolor aguatili) exposed

to acute water salinity stress. */&0.05 as compared to 33 psu
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Fig. 12. Survival rate of small abalone (Ha/iotis diversicolor aguatili) exposed to
acute high water temperature and low water salinity stress.
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Table 15. Variations of hemolymph factors of small abalone (Ha/iotis diversicolor
aquatili) exposed to acute high water temperature and low water salinity
stress

Exper imental groups

Time(h)
Control 33 psu 30 psu 27 psu 24 psu 21 psu
0 1.14+0.31  1.25+0.18 1.24+0.23 1.26+£0.21 1.18+0.17 1.16+0.23
3 1.2940.33  1.29+0.25 1.25+0.13 1.24+0.25 1.17+0.28 1.1140.17
Hemolymph counts
. s 1.3240.31  1.30+£0.21 1.2840.21 1.23+£0.18 1.1240.23  1.134+0.27
(x10° cel | /mm°)

12 1.23+0.27 1.28+0.27 1.2840.16 1.204£0.15 1.10£0.18 1.1040.13

24 1.18+0.24 1.15£0.14 1.26+0.12
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Fig. 13. Change of superoxide dismutase (SOD) activity in small abalone (Ha//otis
diversicolor aguatili) exposed to acute high water temperature and low water
salinity stress. *&0.05 as compared to control(20C 33 psu)
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Fig. 14. Change of catalase(CAT) activity in small abalone (Hal/iotis diversicolor
aquatili) exposed to acute high water temperature and low water salinity
stress. */&0.05 as compared to control(20°C 33 psu)
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Fig. 15. Phenoloxidase activity in small abalone (Hal/iotis diversicolor aquatili)
exposed to acute high water temperature and low water salinity stress.
*/X0.05 as compared to control(20°C 33 psu)
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Fig. 16. Lysozyme activity in small abalone (Ha/iotis diversicolor aquatili) exposed
to acute high water temperature and low water salinity stress. */&0.05 as
compared to control(20°C 33 psu)
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d=lldse 25 2EdA0 2ol dd=E gdita=s OEH [RAH=SEO0ILE &= S
o ==EAS M EH MEHUM= 0150l MUCISHH MEZ0 ZFO JIPHQ &

a2 28 = ACH(Goldberg and stern, 1977; Simon et al., 1981; Moody and
Hassan, 1982). Olcist & &A0 CHOIO MU= &3S A0l superoxide
dismutase (SOD)2t catalase(CAT) S2 MA0I0H MEIls &2 U= A2 ¢
X USM, 1 = S00= superoxide radical (0,)2 H0,2 0o (20, +2H—H:05+05)
Z MEBAIDIN, 0 EEHE H0, H:0.E CATIE 0,2 Hi0 (2H0,—2H0t0,)E = dH ot
SHMAE A6 XUl MH RoHs ENSZ MEtAI2ICH Forman  and
Fridovich, 1973). 228 =2 B0l Uist LE X2 SO0t CATE A HIE X
Aot =t 228 =2 B30l 2 SidsL = 6h Mol CHE7(20C)0ll BIGHH 1
5C AEFUAM KRAHEQ X0IE LEHHA2DH 24, 48h MU CH=F(20C)0 H
ot R2&Ql XI0IE LIEHLHALCE. 30T AEPRE HMdot) RE AEFUA 48h
FHOI CHEF(20C) 20 SODE A0 EJtot= 242 &QlotULE. 15T A F0A SO0
S0 WX (20T)0l Hlotdd =H LIEILE A2 =2 AEH AN st E4HAA
E oM A2 /A e Xez ML M 10T AEFUAM=E 12h 01F =25t
S0DEAJF Sotot=0dl 0l 12h 0IF HIAFE OHXIOF ZMEtes 240 HA2AH0| U=
2102 BOICH 30T AEFo R She4lt Zadte A2 & £ U=M 0le
222 QI5tH LEAJ|2 Mo/&84d0l =ZctH BEHMAM MU SHAAE

MGt <8t g+S8 otk Rob)| HELE WAL
SAS =2 B0l 2 CAT&a= 6h Mol CHEF(20C)0 BIGHH 15CAE R0
N S2FQl Xt0IE LIEHHALD0 48h MOl= CHEF(20TC)0l HIStH =2AXel Xt
Ol UEIUZICE. 30Ce AERE Hdtn ZE AEFUAM 480 WOl CHEF(2
0C)2Ct CATEAIt BJlcte AE EOIGHACH. 15CAETAUA CATEAIF HEF
(20C)0l Blotdd =H UELE HE ShaA% 22 0IKRMEe! 2422 04 &XIC.
A0 28t EHMAE AR AIDID| RAHAM 2EXI| MU CATE

20 Ol gdEEsE X2z WAMO. Eet 10T A8 0lM=s Sbe4ae E=

i

B CAT=20F SJtotAl ==dl 0 SAl 12h Ol

=
>
rm
J
=
N
[l

== =
T T
Mol AW HZH0| U= A2 B0, 30T AEFR HR20UHE S04 &

Ol CAT&A0t HA4dte AE € == U=l 0l D222 2ot 2LEXIIS A
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A SOHMA MU 2daAE AMGH| ?Ig BtSS otk 2otJ|

s=2 HAHl= &84 HAHIL =2 0IF1D UM, pro- phenoloxidase
E Wz ot ZaddY U=H= 20 =H0lA =206tCH.  Phenoloxidase=
hemolymph LH hemocyteOll 2loil &I, =JI0l= pro- phenoloxidaseZ & &Ll
Ctot  HMLUWo AzZolLl DMz 22 DIM20lLt JIE Ol2&0] &YoHH
phenoloxidaseZ2 &3t &Lk, ZHE ==2 AEH AN [HE Phenoloxidase
activity B13t= 24h THOI CH=(20C)0I HISHH 10C A F2UAM |2AXQl X0
E olg = UJASH 48h Mol= HEF(20C)0 HIGHH 10, 25TC ASEF0UHAM =
O|FQl XtOIE Eolg = QURUCEH. 10T AE RO F=2 12h2H SAs 3ot 0
= O Ol= 12h OIF HIALE JHAIOt ZMol= 24 H2H0] U= A2 ME

Ch. £8&F 30C &8UAE 12h Mol Sotot=0 0l= 24h0ll 85 HAlotE 41t

Astg ddote H2z 2 M UCH (Mohandas, 1985). ==&t
& Lysozyme activity 3= 6h BHOI CHE=F(20C)0l BISHY 10, 25C A& P
M SolXQol Xt0lE UEHHRSO 12h Mol= CHEFR(20C)0 HIGHH 10C AER
A S2AXQ XI0IE LIEHLHACH. 24, 48h Mol= CHEF(20TC)0l BIGHH 10, 2
5C &8F0M 52&HQI XI0IE LIEFHHALE. 10C &2 B Lysozyme 40|
SE AE 20N =H UHEIL=O Ol 238 =22 Bz 2o M0 &
Otd A OIE 3SAI2IDl |5t0! Lysozyme &40l = LiEtLlE H222Z {4 ZICEH,
30C AEg+2 &S Lysozyme & Al ZA6t= A BEWHF=0 0l D22
Z 0ol LEXDIIS M| 2401 YHFII MEez mMeE .

=48 =2 B0l [HE QE IS JIx MelHel E40 Hale gAML H
of, Stitst 249 B8, phenoloxidase &4d B8, Lysozyme &4 H5tE = Qlot
st Ao ZUE EUZ 20CTUHM &X&E EXII= 15T 25T

2 H3llls delHo gESsS Sot HsS= & = UK 10T 30TZ2
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