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Effect of Starvation on Survival and Physiological Response

in Red Sea Bream Pagrus major in Summer
Jeong Yong Lee*, Jung Hwan Lee' and Jun Wook Hur!

Aquaculture Management Division, National Institute of Fisheries Science, Busan 46083, Korea
!Bio-Monitoring Center, Daejeon 34576, Korea

A 60-day experiment was conducted to determine the effect of feeding and starvation on the survival, growth, and
blood parameters of red sea bream Pagrus major. The starved group was not fed during the first 32 days of the experi-
ment and was then fed for 28 days. The growth rate of the starved fish group was significantly lower than that of the
fed fish group. Starvation resulted in growth retardation and reductions in final body weight, growth rate, specific
growth rate, and condition factor, whereas the fed fish group grew well and maintained a good condition. The growth
rate of the starved group that was refed was higher than that of the fed group. Red blood cells, hematocrit, and hemo-
globin showed no significant differences between the fed and starved groups. The cortisol and glucose levels of the
fed group of juveniles were higher than those of the starved group. The cortisol levels of the starved group of adults
were higher than those of the fed group, whereas the glucose levels of the starved group were lower than those of the
fed group. These results suggest that the survival, growth, and hematological parameters used to reflect starvation and
feeding in this study provide a useful index of physiological response and survival rate in red sea bream.
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AN oFES ] A9l s (wintering), Atgtols H} 9JtH Weatherley and Gill, 1981; Woo, 2005).

(spawning migration) 22 2| A Q] Ho| =0 =2 QI8 A1 ol AJAL Tt A2 A] thoFal H-S-S Hof AA] Al Folf U
A (starvation) Al 7| 74 A7 =™, o] gt AL g 43 glucose =] th3}o] Atlantic cod (Gadus morhua), Europe-
HE o] o]F 4 SlthLove, 1970; Weatherley and Gill, an eel (Anguilla anguilla), 7377 2| 311.7|(Esox lucius) (Ince and
1987). 0]9} 22 A A A 2] o] F= A5)sha] Wb Ale]shA vf Thorpe, 1976; Larsson and Lewander, 1973; Karma, 1966),
W 1e|a Peshd o R HAS S8k Ad 4= 9o Y (Opsanus tau), goldfish (Carassins auratus) & American

o], A A] o]l YA We] A2 (endogenous) =4 ol
A& 4 H3}o] o’% 4= frABHL, of2lRt Al 22 A% o g A
O AMg-& A4 Trax(degrowth) = LreRLFH, of 4| 9] Blsh4] =
gt )\Hﬂa"ﬂ/ﬂ«] Hske} oA £ oA HekE FHket
Ch(Weatherley and Gill, 1987; Park, 2004). A 7}421(On-
corhynchus mykiss) 9 ‘g %] (Paralichthys olivaceus) 4] 4]

eel Anguilla rostrata (Tashima and Cahill, 1968; Chavin and
Young, 1970; Moon, 1983) tiAlo 2 A4 v} Sk =y
TR FAFR HA 2 7 A Aol T red blood cell (RBC),
hematocrit (Ht), hemoglobin (Hb), glucose, cortisol ¥} £+ &
oA 3 SN, CL, K5t 2ol S Holx) ghotet
o BE vl QItWoo, 2005). E3F H4] Al E4 W) G214
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vFAko] stz of tf3to] European eel, American eel (Larsson
and Lewander, 1973; Moon, 1983), O. mykiss?} E. lucius
(Weatherley and Gill, 1981; Ince and Thorpe, 1976) ¥ O. tau
(Tashima and Cahill, 1968)2 th/d- 0.2 A 4] A] B3} QFo]
3t A7) o] Foj Tt A O. mykiss?} E. lucius (Kawatsu,
1966; Ince and Thorpe, 1976)2] 743 A4 A] Ht7} 7h481%
1, Love (1970)= ol 2fh He A o} 0] 48 44 el
S AAANZ 4= Itk 5k 218 Larsson and Lewander
(1973) European eelo]| A= Hte] ZradAlo] YeA] o=
E}L Hrsto] A Aol o} i Ao m] IL GFaFel it 5714
ol A7t " Qast A o= ket

upba] B A tof A= o] 54 AL 25T oAk a1
G8517] 91t  F shel ARFES FHSH: 2191
A4Sl S el e ) 9 sl S gl )
AE AR AR PRl A w2
AJofoh Ao1o] A, AEE B WAl wiske ZA}B‘H";

N _IN r}o

i Bv oo N

2 Y
AB0F
2 Aol AH-¥ Zs(Pagrus major) A]o] 9 /dol= 2015
W 79 A e dellt vl 2 delE AR OW?EMIH
ARSBHA o FE Bkt ol 4 Eof SEAES o &
ato] argpatatsthYl Wl Al At AlE ZhEe Ao 2 2

Hlslo], 227k OFA A7) 31 3EA] W HAIAH o] ARl A
9 AZF A A E o] o] Ht A4 9 A 5-E digital vernier caliper
(CD-20CP, Japan)2} HA}A-&(TW-1, Korea)S ARE-51¢], 0.1
cm 3 0.1 g7hA] S50t

Mz Y NS

AR Fof A AHAE s dHRR]olA oF 3E
gaFo] 7FEE]52(120 % 130X 200 cm)ol] ZHEA]oj= 422
1000+ ¥] 83lo] EA(fed group)e} A4+ (starved
group)2 AAEH.0H, HE Aol Szt 40u}e|Y 5285
of Ao} HATE 2ukm0 2 ALgSec AR % S
o 9 s 1 Sof ojgt 74l wAlal] giafe] wAle} A
A70] 7} 7] A 2% em WE0] 1B Wolr). A%
7150422 21.3-25.7C = YEY e, dissolved oxygen
= 7.3-9.8 mg/L ¥ pHE= 7.9-8.12 5 AR AA0] ¢le
g ol qitt.

ALY HolgdFo AREH AR crude protein 50%,
crude fat 10%, crude fiber 5%, ash 18%, calcium 1% 2
phosphorus 2.7%2] 240 & G144 01Q)= Alw(Cj Cheille-
dang Corp., Korea)E ARE-51IT) A= 8% 235](9:00 2
18:00) 95 A7) Ak BEstec A4 48105
o ARRE FA i,

AP AR R ARER AV AR AR 3 B
A ZAFE Sl3ke] ARAIZE ANE 4,8, 16 % 328l Ajo] A
ob A ATOIA 22} 100ke) 8 Fak912 S8 Sk 3290
M4 Ul 4] o] F 0UAVIA] EA o AT AR E T
S1IL ARER Aol 2 AE oA 100k HEste] 5ju
2e BT v 8 A ZATE 55 o] BAAK 5
B sheich

MES U TR

2 MAHIE wofsto] o] 25 H
FAEER Akl %ul"* AZEAl9F AEER Al 3Et
H ZAAAE AAAE ZF 10uke] 9] s A|o] W Aol tde
2 e elstalad, 2t A E ez A Als
< digital vernier caliper®} AAFA &2 ARg-slo] 212 0.1 cm
% 0.1 g7t SAskgirt 44 et ol ¥ ARE T
o 60471 9] 3| EAYER & A AE(growth rate for
total length, GRL)¥} #| %544 %&&(growth rate for body weight,
GRW)& o AALA z}g(%) (Alﬁ?ﬁg Al BAA;— A A 2F
] AR x 100/A1 8 A2 A] BF A, HEAAE(%)=(A
AR Al BAdAFT—AAAIZ Al BAEAF) x 100/ A A2
Al Bt A5 A= ARE-Sto] Alikstainh. U 434S (spe-
cific growth rate, %)> 4L AAE=(LHER A FAF—
SIA|ZF A EA5)/ARS U4, v|9EE(condition factor)= H|WF
E=A% X 1008 0.2 Akkel o,

2478 o2 42 4R al e 2 G4%
—l gl AR AXFH(HE A% x 87 9] AL
2,4 Alm AJ A E(specific feeding rate),‘i A ALz A4
E(%)=(Am3 a5 < 100)[(HAAA Al SASHEE TR A
SASHHANA 24 FAF)2] AR, 22al At
A -&(feed conversion rate, %) AR AT TL=(LY AFE
X100y LY At A AE) 54102 ALtstleh
L EERCY

]X]— }\]'r‘ﬂ 4,8,16,324 ol 60013‘}M] i/l];llg}. 24/11 ]
H F108k2]e] 2 2lo] L 4ol chatom HolkAr 1A
S A5k E o2 20 [U/mL heparin sodium (Choongwae
Pharmacy Corporation, Korea)S *] 2|3t 417123 G) & A
sko] npF glo] 14 ojujoll mimg o] ExtolA] A& a3l A
25 ojo] QIR RBC, H, Hb 24 918) 24 2400 4}

sl on, A= 422](14,000 g, 4C, 108) & 2%
S B4 H7HA] -80°C of| HstSic.

RBC, Ht, Hb= Auto Hematology Analyzer BC-2800 Vet
(MINDRAY, China)® =743}%t}. @4 cortisol> Donaldson
(1981)9] Wy of| w2} Coat-A-Count TKCO Cortisol RIA Kit
(DPC, USA)& 39l 9 FAHE-S F=3t th, 1470 WIZ-
ARD Automatic Gamma Counter (Cobra I, Packard Co.,
USA)E A&-3}19] radioimmunoassay (RIA)o] 2J3] 4319
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Fig. 1.Survival rate of red sea bream Pagrus major fed and starved
for 60 days. Starved groups were starved for 32 days and then
refed until 60 days.

t}. Glucose+= E&<=47|(Johnson & Johnson Medical Korea
Ltd., Korea)E ARg-alo] 24351921, Na¥, K" 2 Cl= elec-

N
o|Q% - ES

<l

trolyte analyzer i-Smart 30 vet (i-SENS Inc., Korea)2 A5}
of £-415191c}.
SAzE

2} Ao A dofl Aatgh Abol 2] 9] A} 7= SPSS-&
A 7 7] 2|(SPSS 18.0, SPSS Inc., USA)ol| 2]5+ ANOVA Dun-
can's multiple range test= 7475} 3ict.

z z
MES U NEEN

g xo] Ao AE &L 23UA| HA} ghAysle] Ay
TH A AEE-L294.0%0] 9101, 2| o] Ao 74, 24U A
HAZFRHAYste] A9 S8 Al AEES 95.0%%0 s Aol
A= 23R FAPE sk AR F R Al 96.2%2] A&
&2 Bt AE Aol AAF= AFAZ ARE FRE A7
100%2] =8-S B9 chFig. 1).

32947F0] M4 9l A1} o] 8 AbR Folof whE F|HCo® QI
S s o] 9 Aol o] A7 A A= Table 13} 2t

Table 1. The change of growth of red sea bream Pagrus major fed and starved for 60 days

Rearing Juvenile Adult
Items
days Fed Starved Fed starved
0 72.6+3.2 72.6+3.2 204.8+17.3 204.8+17.3
TL (mm) 32 91.2+8.6 75.5+3.9 225.0+17.3 206.0+£20.5
60 107.8+21.4 95.4+3.0 242.4+15.1 221.0£15.8
0 7.0£0.9 7.0£0.9 147.5£33.4 147.5£33.4
BW (g) 32 11.642.7 5.2+1.2 201.1+50.0 129.5+40.8
60 20.3+8.4 12.5£3.2 271.2¢18.2 180.5+34.2
32 25.6+10.9 4.0+1.0 9.9+2.9 0.6+4.4
GRL (%)
60 18.245.7 26.4+1.9 7.7+4.5 7.312.0
32 65.0£32.2 -26.048.1 36.316.4 -12.2+7.4
GRW (%)
60 75.017.4 139.617.1 34.8+11.2 39.417.8
» 32 0.1£0.1 -0.120.0 1.7+0.3 -0.6+0.3
Specific growth rate (%)
60 0.310.2 0.2+0.2 2.2+0.1 1.6+0.3
" 32 1.5¢0.1 1.240.2 1.810.1 1.5+0.1
Condition factor
60 1.60.1 1.410.2 1.9+0.1 1.7+0.0
) 32 1.410.1 - 3.310.1 -
Feed intake (%)
60 1.120.1 1.240.2 3.110.5 3.1+04
32 73.2+1.7 - 57.8+1.4 -
Specific feeding rate (%)
60 71.2+3.0 69.6+3.1 43.0+6.6 58.319.4
. 32 0.3+0.1 - 3.310.6 -
Feed conversion rate (%)
60 0.5+0.3 0.7+0.1 52415 2.9+1.1

The values are mean+SD (Fed: n=10, Starved: n=10). Starved groups were starved for 32 days and then refed until 60 days. TL, Total length;
BW, Body weight; GRL, Growth rate for total length; GRW, Growth rate for body weight.
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Fig. 2. Variations of cortisol and glucose levels in plasma of fed and starved groups in red sea bream Pagrus major for 60 days (n=10). Starved
groups were starved for 32 days and then refed until 60 days. Different alphabetic letters on the bars means significantly different (P>0.05).
(A): adult red sea bream, (B) : juvenile red sea bream, (C) : adult red sea bream, (D) : juvenile red sea bream.

& AT PF A 3297 91 2+86 mm
2 Jd 7HA1 Al( 2.6+3.2 mm)el| B3 1.34] F7} [ C
A o] AL 755439 mm= A A Alek & A
ol7F §lglom, 60UA Bt EAeE AN 7}
7} 107.8421.4 mme} 954+3.0 mm= LA/} &9kch &
3 Aolo] BHAIF 32, 60UA HF AN Zk2)
11.6+£2.7 g7} 20.3+84 g0 2 HAH(52+12 g, 12.5+32
QETH BT AFEIR AHE AT AE U 2L 9%
B)2 294 7HE ZAF7E E Er Aol e

of Bpolu AR WEHEAIW, 60U A= A Aol A o A 2
Aok vlSsiA| LEERI T BlRbes= 32, 60U BF A

olA] 1.5+0.1, 1.6 0.1 ARt A Lebgh A %
2 A(0Y)E 71202 AFR AAEa) AlR HE 58 A M
TollA A ebd o, 9 AR A EE AN
LrEb T

i Aolo] A9 EATO) FRAAL 3294 2250+17.3
mm& AE A A(204.8+17.3 mm)o] v]3) 1.18) F7} 3}
GO}, HATo] FEFAAL 206.0+20.5 mm=E AF A

Aot 2 Afol7k ggor, 60UH B malTet B
FollA Zz} 242.4+15.1 mmsz} 221.0+15.8 mm=Z EA]F
7b Eheh BT BAATS 32, 60U K EASE oA 2}
Z+201.1+50.0 g1} 2712182 g0 2 Xq’\‘—T’-( 29.5+40.8 g,
180.5+34.2 g)y_r/]. okt AR AARET A ARELS 32,
G0l 1 Ao otoLh AF A EE UL 3
A7536.316.4), 60UA= HAH39.4£7.8) A =9kt B
ghE A A9717HEe EATOIA 18197 9k 49 %
= /\](60 )g 71&0 2 Alg AAlgRe sLASLoL HASLy) Zh
ZF3.1+£0.594 3.1+ 042 v]=gl o) A Abm HAl 52 24
T(58.3+9.4), Ab= ARG -2 EATH(5.2 £ 1.5)0]| A =3k

d

Fl
Z

o

d

&oH parameter tH3}

Cortisol> 2= Aole] 49 Ad 7§A] Al 0.6+0.4 ng/mL
o]glom, 3ZAITH(2.1+0.9 ng/mL)e} A4 71(3.2+0.2 ng/mL)
B 60UA 7H =3k Th(Fig. 2A). #[019] o= A 7HAl
A] 93.3+33.7 ng/mLo] 2.0 1, ZATLL 3207(103.0+25.2
ng/mL), AAlGt= 44#4(111.7+£12.9 ng/mL) 7} =3tk



624 o144 - o

(Fig. 2B).

Glucose= 3 73 019] 749 A3 7HAl Al 62.5£10.9 mg/dL
olglom, EATLeL AL mI= 4olm 7+7} 137.7+20.0 mg/
dLe} 775+ 14.4 mg/dLZ 714 =9kcHFig. 2C). 2] o]2] AS-
o= A% 7§ A] A] 48.5+ 7.8 mg/dLo| o, AL 3227
(116.3+41.2 mg/dL), A= 49} 602 A 2F 77.5 mg/dLo.
2 7P = HFig. 2D).

A 717t Fet 2E AES RBC, Hb, Ht ¥ o] 2(Na', K,
Cl) %% Table 29} Table 33} 7t} RBC 3h = #]o

EASEeL AL Z47F 34+0.8%10° cell/uLe}
3.240.6x10° cel/uLZ 713 =}ch(P<0.05). A o12] 490
AR 3.5+0.6 % 10° cell/uLo| o1, Al ZrAsto] 60U A 3
Ao} A A7) 2k 3.3 +0.6 % 10° cell/uL €F2.8 +0.3 X 10°
cell/uLZ YEFHTHP<0.05).

Hbe= 2019 79 044 3.7+0.9 g/dLo] 3o, 60LA]| £
A Lol A ALol A 42 10.1+2.2 g/dLe} 8.7+ 1.9 g/dLE 7}
A =9k Ao A 044 1.1 £1.2 g/dLo|$loH, 32U 4]

Table 2. Changes of red blood cell, hemoglobin, hematocrit of red sea bream Pagrus major fed and starved for 60 days

Group Rearing Red blood cell (x10° cell/uL) Hemoglobin (g/dL) Hematocrit (%)
Days Fed Starved Fed Starved Fed Starved
0 1.7+0.12 1.7+0.12 3.7£0.9° 3.740.12 23.9+1.52 23.940.12
4 1.6£0.42 2.1£0.2% 3.2+0.7° 5.4+0.12¢ 22.145.72 29.316.8%
Juvenile 2.1+0.4% 2.5£0.9% 4.141.12 5.0£0.12° 23.747.7° 25.5+9.52
16 2.2+0.3%® 2.6+0.5% 4.5+0.82 5.9+0.1b¢ 30.414 4% 28.747.0%
32 2.7+0.6° 2.8+0.5 7.4+1.5° 6.9+0.1¢ 37.3£10.0° 27.348.0%
60 3.4+0.8° 3.2+0.6° 10.1£2.2¢ 8.7+0.1¢ 48.249.8° 39.0£10.8°
0 3.5+0.6° 3.5+0.6° 11.1+1.2¢ 11.1£0.1¢ 47.943.7° 47.93.7%
3.240.3% 2.7+1.0° 8.4+0.9% 7.1+0.12 41.445.9% 31.94£13.92
Adult 2.6+1.0% 3.5+0.4° 8.0+2.72 9.8+0.1°¢ 39.4+12.3%  48.4+8.5°
16 3.3+0.5¢ 3.0+0.5% 10.0+0.8% 8.9+0.1° 46.8+4.0° 41.37.5%°
32 2.1+0.4° 2.7+0.3° 8.3+1.9% 8.6+0.1%° 33.547.6° 38.314.3%
60 3.3+0.6 2.8+0.3° 9.910.6% 9.740.1%° 40.8+7.7% 45.1+2.8>

The values are mean+SD (Fed: =10, starved: n=10). Starved groups were starved for 32 days and then refed until 60 days. Values

(mean+SD) in the same row mean not sharing a common superscript are significantly different (P<0.05).

Table 3. Changes of Na*, K" and CI' of red sea bream Pagrus major fed and starved for 60 days

Group Rearing Na* (mmol/L) K* (mmol/L) CI- (mmol/L)
Days Fed Starved Fed Starved Fed Starved
0 144.5+0.78 144.5+0.7° 7.9+0.2% 7.9+0.2° 120.0+2.8° 120.0+2.8°
4 151.4+18.0% 154.8+13.8% 4.241.3% 7.7£1.7° 126.8+14.5% 130.3+9.82®
Juvenile 8 157.6112.6% 163.0+13.7°° 5.941.5 6.241.8% 138.2+8.7% 135.6+11.1%°
16 166.7+16.1%° 149.2+8.8% 9.6+2.8¢ 8.2+3.6° 136.7+£10.3 126.9+15.42
32 179.9+13.3¢ 150.9+15.42 8.0+2.5% 8.6+2.3° 149.5+11.0« 132.7+11.5%
60 196.1+7.6¢ 177.3£5.9° 3.1£0.8° 4.441.0° 155.4+3.9¢ 145.0+9.2°
0 187.612.7% 187.6+2.7° 0.6%0.12 0.6%0.12 155.6+2.9° 155.642.9%
194 417 .1 189.1+£12.9° 0.6%0.22 0.5+0.22 154.6+4.6° 153.3+9.0°
Adult 8 184.9+£9.7° 160.8+3.3° 0.6+0.4° 0.6+0.2° 156.915.9° 158.4+2 23bc
16 191.7+6.0° 192.244.8° 0.8+0.4° 0.7+0.5° 156.0+3.2° 160.944 4%
32 196.7+9.5¢ 185.545.1° 0.6+0.2° 0.9+0.5° 160.1+6.3° 158.915.0°
60 157.1+8.82 208.3+4.6° 2.1+0.8° 2.1+0.8° 157.6+10.6° 162.4+3.6°

The values are mean+SD (Fed: n=10, starved: n=10). Starved groups were starved for 32 days and then refed until 60 days. Values
(mean+SD) in the same row mean not sharing a common superscript are significantly different (P<0.05).
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E AL} HA Lol A Zk2F 8.3+ 1.9 g/dLe} 8.6+0.8 g/dL=
AT 604 A AL} A 4]0 Hbe 242F9.9+0.6 g/
dL2}9.7+0.6 g/dL=Z el
Ht= 2] 019] 49 04A] 23.941.5%0]%1.0H, 324 4] 324
+37.3+10.0%, A4+ 27.3 +8.0%% UEFGTE 604 A 3
AlLQ} A AIGLS] HtZk ZH2} 48.2£9.8%2) 39.0 £10.8%%
71 =9It (P<0.05). 4301 9] 73-$- HtZH 04A] 47.9+3.7%
ZRE 3294 EAAL 33.5+7.6%= 1FA3FATHP<0.05).
Na"2 2|o]9] - 044 144.5+0.7 mmol/Lo|Qlct 1 &
71]]’\ Z7Vsko] 3244 3ZA = 179.9 £ 13.3 mmol/L, A4+
+ 1509+ 15.4 mmol/Lo| o™, 60LA]| LA]GLe} A4 L7}
77} 196.1 £7.6 mmol/L ¥ 177.3+5.9 mmol/L=Z 7} =9k
o} Ao]o] 72 Na"2 044 187.6+2.7 mmol/Lo| i T}, 4]
9] A 32244 196.7+9.5 mmol/LZ 7} =8k oL}, A4
T A= 60244 208.3 4.6 mmol/L=Z 7 =3kt
K2 2]0]9] Z2- 044 7.9+0.2 mmol/Lo]gl o, 3zA] L
oF thz- 242} 169, 3294 71 =30t 4do1e] 49+ 04
A 0.6+0.1 mmol/Lo|$ o™, 60LHA| LA AL} HAISL =
2.14+0.8 mmol/LZ 5 3}A et
Cl2 #o19] 49 0¥4 120.0+2.8 mmol/Lo|gem, 1
3 5wk Ad Z7hsto] 60UA| EATE} TRl Zh2h
155.4+3.9 mmol/L, 145.0+9.2 mmol/L=E 7} =Sttt Ao
O] 749 0L4A] 155.6+2.9 mmol/Lo|§l. o™, A2 74260
AR 162.4+3.6 mmol/L= 7 #qt ot 22| of A= A ¢
717t &3 o7k Aol 7E giSiTh
o
o] F= A Al5HA] Bale M 4] Ao & 7] B A IAE f-A] 8}
7] Q154 Ladh oA 2 dulshd], HA] Ao ojras
FFUE Holrh GlomE A Ao A7} AvlE. of
3 o] 2 o] 2] Aol B3k AL HA] A] o] 52| G A}
o 2 4, B s ofshHaE] 8ol Hi AzEs §
SICH(Weatherley and Gill, 1981; Lee et al., 1998; Park et al.,
1998; Park et al., 2001).
£ 21723} 4] olsh ol 1] 400t WA
£ AT 94% o] 9] & HEEL BTk olefdt 2
TH= 47:749] 4] X171 2| (Park etal., 2006)2} 977 H 4] ]
71 B=X](Park et al., 2002)2] AJ&-&-0] 217} 93.8%2} 96.4%
2 =7 e Ak} fAlskl o, 80U A4 A1 w7
(Lee et al., 2008)2] AEE-0] 80.2%<] A of| B3| A= =7 1}
ERL AR 7HEE| A A 3270 HAe - x]o] Y
g0l A 2 P2 VA g A Lm oA
e Aofel Aol o sz At 9l HAGo] HAHE WSS 2AF
ok A}, FHE Zo] Bl o] A 2UA AT AEES 2
ZF-26.0+8.1% W -12.2 £7.4%= ufou A AAAS: B Gt} o]
9}71-0 zbk]oﬂ E].E xﬂFﬁ' Al

o

TR 70401, Salmo gairdneri
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S 359k 135 B3 A Al 2442 14.5%8} 32.5%2] g4
= YePlith= 23 (Weatherley and Gill, 1981)2F U x|5hH,

3297ke] A AN H ] B THE AF A ek
dl, o] o} 4] A UhehF yhalel FARO 2], R A%

ofolA] ST 1KA9) 9 2t2t 470k 6% 4] A] Fal
7} Ao 1] W H[PHE S HoITke B 3(Sumpteret al.
1991)¢} frAket Auks B

32U AAAZ] A A BT v = A A E ot
Zofol| A B WA Uebt=dl, ol oAl o] 7)o whE Fga
Q) A2 Folo] ofgt AL oA B, Zu)Bete]
= ofA|e] ZL7]of w2 4% 9 AL ol 4ol thcki w g
v} Q1tk(Seo et al., 2009).

2011 TAL WU Adiele) 4%
of 31710l 4] ol 2821k FEAT S
S AfelSicl 97 2 A4 2891247 5
S|4R8 B3T3, 29 498 T 04 347

i
f

SIS, oI AR ABHE B 5L B 402
yotopH LA Lol AA|GLo] A BHEo] 2jo]= ¢l S Ao R
Tetes, QG| 7] Ictalurus punctatus (Gaylord and Gartlin,
2000), &J o] Carassius auratus (Xie et al., 2001) ¥ hybrid tila-
pia (Wang et al., 2000)| A &= o] &3t A 4] & AN 2o o
o wel vl gl

Cortisol, glucose, RBC, Ht, Hb 2! A& 5= st 4> &
of A= of520] Z9- AelBA D AZES Hlslt] 54
St 32 AMEE TH(Barton et al., 1985; Thomas and Robert-
son, 1991).

COI’tlSOlJ—]’ Glucose= dutH o2 AEYAE WoLS ) &

FX=7} $713tck(Barton and Iwama, 1991). Biswas et al.

(2006) © AEYAE W] 92 =9 cortisol ¥ glucosed] 4=
%8 747} 7-15 ng/mL9} 68-80 mg/dLek L S1ich. 2 &1 2
7215 Ao]o] 29 E ABTOIN 1 oJ5he) e} ek
o}, ZJoje] 9= A9 0,4, 3244 93.3-103.0 ng/mLE =
Al vrebtr. sEARE cortisol©] S7k= A Folof uhE
SIgt A aFo] UehLbA] grol A4 o] 9o thE alof o3t Ao
2 AL E]E Adofof Hlsf x[o]9] cortisol &5=7t 17 =
Al vehd Ae- A% Aol whek Huh A 2 cortisol HH]
of| Tofsh= 7| g J et thE] R
gt o}e] 749 corticotropin-releasing hormone—J Hu|gko] %]
o]} ool A k= A yehdkriar H a1 vl ltk(Pepels et al.,
2004). Glucose2] 74-¢- A o]} 2| o] HL5 A TLof| A 242t 4
Al 2} 3294 116.3-137.7 mg/dLE &7 YEREA|E o] & oF
90 mgdL O[S} 751 0 02 328171e] WAL HE] A
2o & FolE 7R A & A o' o AXIT

UUFA O 2 glucose v AEHAE RS A] cortisol 9

2hg-ol o]l cortisol} EHF AH5EHAl E

gluconeogenesis
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(Pickering and Pottinger, 1989), Barton and Iwama (1991)=
AAlo| OJ3t stressE B2 Al glucose@} cortisol ] FHE A5
o dojttiil shQith & A A} 5 #[012] B 3294
LA A cortisolt glucose”} EHE A5t o, 2s A
019 75 16472} 32UA] A 4-9] cortisol= =6-5H% -1t
glucose Bt A%3H S Holx gkt o]t Ao
OJ3t stress7} obd T 274 @910 o3k A& o AXI
Ht, RBC ¥ Hb= A 9] Aba@Wkseah Aejegd o] x|
g, AEHAE WS A 2|71 F7FRH(Davis and
Parker, 1990). Jung et al. (2006)-> A4 Q1 #-=-2] Htel Hb
TR} 4 40-46%2} 7.1-9.8 g/dLEtal ki At A
¥ 2= A9TRe] Heel Hbo| ’917} o] 9 frAfshA et e
], 340} A kol = 2 Aol S 1ol ) ot 32) 7kl
A48 3HE] Hi, RBC 3 Hbol= 2 992 27 9k A0
2 Uepgtth
3 Q17 2T AHEe] WA Na Al A3 Alo] vla) E4 7
o} 44T B S7he A0 Uehtout, As71ke) Kol
HolA| ohgtom, K Cle 352 #[ofet Adof B Mgk
o] SA7o|x] gtk ol 1 21e] A7l 2719l 329 7ie]
A4 0] B sl Wstol 2 RS 7IAA Fai
O] % G Aol wlew Ao AY FaFe WA &
E}i 7349} frAFsHA Urebgt(Myeong et al., 2011).
w2 AT 235 aokshy 3297 sl A= d A
At vlRkEof = thar Fefe v 019-‘/}
S Bl 5ol 7hsstn, dNekA x| 74 A
Aol 2 w47 §le A= Uebdt aetk 1
T Ah= s FA el Jlol o FE A ey 27 A
o oL E odel] Sl AloR BAS T A 83
EEPREPEEPIE LY

>
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rlo
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