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I. A&

rr

ol F= 19 ek A2 ot B 5
th o F P o7 A 54 7Fsd ARt ot
AR 8 5o 1HE A AzE AR S =ole dl FEEhal o
(Chang et al., 1995; Ji et al., 2008; Boo et al., 2002; Kim, 2011).

=ik & vlEd offs TR ofdid AR siERF B b Al M=
oot A2 o]F o= (Coleman et al., 2010; Masuda et al., 2012; Ndiaye et al.,
2015) FAAQ IAREFY 2A4lel7] §dk A=A A ehgtell Sl wke] o]
L} BIES ol gslEE o] 7Y 3% EAS HItK(Valdimarsson and Metcalfe, 2005,
Steele 1999; Almany, 2004).

S AlFEE 23 Wik, dE W T, v T Eobro}l ofdr el
Eop Agol2A 7|Ewr) Fal, o R Fo Wt SUkekAL AN HE T
13l ApdEFe] S A FHashs ojFoltk dAl AR ER7ITHFAO)oF AAA
AR SAWIUCN)S Frkel et Ale] 9 o9 ule]3t o5 EFAA Adae] i
oFow AAstaL glo] AAX SR uEjIt ofFe] FAAIRISHE fl8l ofw|e], 8w
A, T2 AL o] AT Edbe] 18] Sl Jtk(Yamamoto et al., 2000; Okumura
et al., 2002; Lee et al., 2020).

FH At =AY g84 A E fsto] ojx, dE] Tl itk o7 & vk
3t AE(Millidine et al., 2006; Ahn et al., 2013; Goyal, 2014)°] thsHA] &=
Ark AE e} 22 JH7 o] AEe] T2 9 WXL 9li(Finstad et
al., 2007; Olsson and NystrOm, 2009; Goyal et al., 2014), oJF2] AEE TESF 2
Aow Hurt ¥Hal i Mous et al.,, 2006; Kawabata et al., 2011). vt opuz} &3

87 248 olgdt B% 4| to¥s)
<

u

o

Rl

o] A& R|ojFo] Aol FAS Hslr] 95 2AIHE AHE o]&el] witell *]o]9
AEEo] Fom(Finstad, 2007), AR AEE 2 55 ofF 3 A4 ok So4
o] #EE7|% K Goyal, 2014). sHAIFF o] gt A5 i vt} Ak sk,
X T A A o /E o= g AolAu, ALt o 75 YA FEste] ATtgh
Adfso] hF-Eo = A offE o= AW 30 g E AAlste] o7 dF 5
ol 2E# 2 dkgof #st A9 FolR 7] FETh

Corticotropin—releasing hormone(CRH)-& HAV|AAZ S 2 M3 2L 0 A AE
g2~ REgol ofsf o] AgsRelA ERlE o] WelrAlm AYEar, HelrEAeld -4l
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)AL 25 ( Adrenocorticotrophic hormone, ACTH)2] #H]E F=sHd] dtt Hsk=
AelA ) ACTHR= ThA] Ale] Falow dAdslo], FAale o] cortisol HHIE F7]
SHA Bt (Mommsen et al., 1999). o]fo Qo] 2E#AE dEmsl S Fa1 AY
< dAgE o] ok off= At TASE T oY 7] 2EH A 8% =EE
o] il 2EH AT} o] F{oll m|X= Gkl gk B A5l BaEHATH Tort, 2011).
o] A= A2 ek Aol = vk B Foll Y 2 Tl Vil 5=
Kol vhgd} o) F(Harmelin, 1999)9] &5 545 Ed= Frlke] AgFZol PVC A
o] QI HEE AAst] A A sials wl ko] A ~E 2 of wX= o
o oo AR Hhke] AL S35 Aol tidk BEE Aleskaat g

ket A AFGES] 39709 E EnlelE A3 o]}
A7+ I, A I el = 100mY 78
slgetAT A A6 FEH PP 9F F3(3 mx3
mx1 m) 4715 o]-83lrh. Agel AR&¥ A (Shelter)= Zo] 1500 mm 274 200
mm PVC¥HS o= ddsto] AME £5(150 mm X 390 mm 190 mm) ol s
g AR ARGSIITH Y 1), AF 252 FHE AAH] &2 Tt €HE 2
N ARG AP 1 gEE 4] ARG AT 12 st 2d 2). A7
2018 949 144578 20199 149 8Ld7HAISIHE AR7IRE a9t =2 vild SA819iar,
L2 (dissolved oxygen, DO)+= ATV E o] g38le] Hit 7.740.6 mg/L, AHS
w8 3~431%/d 9IS FABIAL, AbReE 1Y 2 Ak
Ay Ao W& A WskE Akl sl AR § 759 1657]0] A
gJojo] A (body weight, BW)Z} Hd7(total length, TL)S A4 ZAFSIILE AT
AHAERE 0.1 g7HA, A2 1.0 mm7HA] SA88itE A 7IF T A3l ik 24
Z =5 (total weight gain), I7HIAE(daily growth rate), Y7Hdo]&(daily feeding
rate), AFEAIT(feed efficiency) & Alrkste] 72+ A% k& vlasioitt. & S5%,

H
)3 ARF AFE, A7 Aol AREES T e FAo® ARlesih

o o
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c T S = A FTH - TR FTH

« dAEE = {(In AEFE A AT)—(In 22 AL A Y (AHELS) <100

« dAAolE = (FFOIFX100)/{(ANHA] TF + TBA %) X ARSHL/2)
s AREE = (52 Pk//‘}i—&ﬁa‘c)xloo

Ay AEYR ofd vkeS Blelr] A% EHAde 74 AdE vk

FA9IZ AR eE & 2—phenoxyethanols ©]-&3st] AFolE wiHA
SIStk H o] APdeloll A E1]E= CRH mRNA 2& 495
HsPHEA A7) 80 CellA] Wakailth

T
Lz

1500mm

[Z2¥ 1] Shape of the shelter used in the experiment.
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[Z13] 2] Shape of shelters setting in the experimental tanks. A, control group; B,

treatment I, C, treatment II.

3. CRH mRNA 2 ]

Aglojo A HEE ¥ ZAHEL total RNAS #5317 93Fe] RiboEx™(GeneAll,
Korea)& ARgste] ds] 23t AZlth w&dsbe ¥ x2o] So7F A= tubedl
Chloroforms 37k % A= daigste] ASdavks  EgA o,
iso—propanolS #7}slo] RNA pelletS B8535 tE RNA pellet DEPC7F 71l 75%
eSS o] 83te] A3 T RNase—free Sl &3lA17] total RNAS AL} 5
= total RNAT= RQl RNase—Free DNase (Promega, USA)E o]&3}e] x¥] £ Nano
Vue(GE Healthcare, Ver.1.0.1, UK)& ©]-83Fo] A260/A280nm<] H|-&©°] 1.7~2.1 H<]
o] ks Zh= RNARRS: AMeisto] Ao AREaIth Total RNAE PrimeScript™ 1st
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strand ¢cDNA synthesis Kit(Takara, Japan)E AF&3sle] $HASIATE A9 EFnly o]
cDNAZ ARE3}e] real—time quantitative PCRS 47885l CRH mRNA 38 A543
t}. Real—time quantitative PCRel] AF&-%l primers= partial sequencing® CRH-F+4
FEA7IMES ol8stel T 5olAQl primerE AlFFle] o] 8SIITHEE 1), #42
CRX96TM Real—Time System(BIO—RAD, USA)¥} Evagreen premix PCR kit(abm,
Canada) & ol-&3le] =212, B—acting reference gene o= ©]8-3}3tt.

<X 1> Primer sets used in real—time quantitative PCR

Primer information

Gene
Primer Sequence (5'-3))
CRH F AGCGGCTTGGAGAGGAGTAT
CRH
CRH R AGCTGGAGTTGCAATGCTCT
3—actin F GAGGGGTATCCTGACCCTGA
[3—actin
B—actin R CTCCTCAGGGGCAACTCTC
4. A 4
27 418 SPSS version 21.02 o835 0m, ANOVA—testE 2A18l] Duncan’s

multiple range test(Duncan, 1955)% =4 H3718)9] 248 AT

M. 2}
L AR W3}
HE AXe] mE Fkele] A wske 2Aksl] flsl Akl 20183 9€ 14
olH

21 RE 20199 1Y 08Y7HA] s E 2AKE A3 9Y Hire Ao 24.3+0.3Co)
AL o]F A} A AlFfsle] 19 Hiteo] 15.0£1.1C2 HA #s YER
([z2& 3D).
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2.0 r

Water temperature ("C)

0.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2018 2019

Date

[718 3] Change of water temperature in experimental period (September 2018 to

January 2019.
2. AREgell AE(Shelter) AXJol] M Fvte] A7 ws)

HE ARl w2 Fukele] A WskE Ak s AF ARA(2018'd 99 15
Aok AR F 7FH20189 11€ 39), 16572H20191 1€ 8ol AT HAgs 5
xqg}oﬂq_

A AFA] HEE A 2 Tt Frkele] BaAlET 133.14286 ¢, HEE
27l AXT A 1 Fvlele] BaAlFS 120.8427.2 g, FHE 4] A3 A 1
Tulgle] HuAlFS 128.6+£30.0 go& thETet AFTIF F2291 Ajol= gideh A
d TR AN F 165D wHkele] BdAls wske 2ARE 2y dETe
158.5432.8 g, Ao [ 165.8433.7 g, A 11 171.5+40.3 g2 717} 44313
an, AT T Eukele] Aol thzToll vlel fold e £34a1(P<0.05), 2T 1
T iR frol A Aol fIAINE AiE o m A etk 2 4AD).

Aol wske 2ARRE A3 A F5 A et FukEle) Wedd 22.241.4 om,
AT T Fukgle] Had g2 22.2£1.5 om, AT 1 Holele] FddS 22.2+1.6
em®= A7 el 794 Zpol= IATH [ 4B)).
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[23 4] Change of body weight (A) and total length (B) according to the difference of
shelters number. Values are mean®SEM. The significant difference are identified

by the different low case letters(P<0.05 by Duncan’s multiple range test).

B e we A, didols 2 Al sSs AdEsE A
Ay}, A7HAAEL AEHE AR e tiZzTolA 0.10%, 9= 271 A3

s 2
AET 2 0.19%, HEIE 4] AT AP 1= 0.20%% HHE A6k &2 ti=
o
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<F¥ 2> Change of daily growth rate, daily feeding rate and feed conversion
ration according to the difference of shelters number

. Daily growth rate Daily feeding rate Feed efficiency rate
Experimental group
(%) (%) (%)
Control 0.10 0.60 16.3
Treatment | 0.19 0.65 29.7
Treatment I 0.20 0.62 32.7

4, $¥] AX]o] & CRH mRNA & w3}

HE] Aol w2 Bule] Hoxe] CRH mRNAS] w&wsls xaleh Ay} A3 753}
(20184 11¥ 3%) AT I Fle7h vizz7e A7 I Hulgel ooz 7 =3t
o}, A3 FE Al 1657xH20194 1€ 8Y) A3+ 1 Hulele] CRH mRNA #Hdglo] vt
ol = A HYAW, tixTel AT [0l Hls) freldo= =] VRt 18 5]).

30

b

c 25 r
=]
a
W 20 -
S
=1
2
@ 15 +
<L a
= b

10 L
= a a ab
E 05
o

0.0

Initial 7 weeks 16 weeks

HControl OTreatment! @A Treatmentll

[23 5] Change of CRH mRNA expression in brain of red—spotted grouper according to
the difference of shelters number. Values are mean®SEM. The significant
difference are identified by the different low case letters (P<0.05 by Duncan’s

multiple range test).
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T~

IV, &

T o P2 7S] Wi HRE A A= Al Bleju F2
sFolal &G AQ] o A 917t ) AlaElem ko] aqtwal Qlvt o
TS FAek=tl oA AFE 7 1S 3] A% v Aol Java 9l

vt ol T2 sl e xrh B2 ot A Aol == M A3t Ndiaye,
2015). Masuda(2012)%= Q¥ 50| (Fukui) 12olA (35°32'N / 135°30'B)olM 4%
HYE 3 Ay FulElE 2R vl ol Ee] i, hit agjal FAPE Y =
B SollA] giiat o] Hlan, WAERE Ba AQtellA] ke Red grouper (Epinephelus
morio) = A% ez Athel F= M AE3ItH Coleman, 2010).

o] A= FHRIZE ARG ECIM SR om Rl Alojolx 2AlEko] AMAehs 5ol
Q1 e S Ajtsto] JaElom, PRl FukY AREds B8] st
A2 FARE 4= 9= HE(Shelter) & Ul AXAsl HulEE AR
ol g2 U A AR Fakeddl viRE Gis AR fleke] Fhlkele] AW
s A3 A, dE WS el AR AT TelA fdHE AR &2
Tk HEE 27 X AT 1o vlE] ATo] SUiehs AEe HAAth Ed U

= [e)

A
=
o w4 Ay HHE AR &2 dizTl vl HEE AR Y
A

o

7} Als 7 T
A w2 whE JERAL, AR el E fEE B} wo] AX|gE AFT IolA] 1

F2 @ UERITE Soldor 2 U g dA & HrklEe] AXE 4y Y
7 T FRoRE FojEol7kE s Ao #AHUTE A% Kurukshetra tE; o] d=4t
AT2oNA Clarias Batrachusg T2 783to] tfdst =719 PVC dlolZ55 3 7
o] FxoRt MAE slo] A AFS 3 AP PVC FolzEs M3 o C
Batrachusg2] Al A E57F AAsHA] &2 7329 ofFs Huh =UtHGoyal,
2014). o] AolMxE HejE A3 %:_13?91 il AFo] HHE AXeHH] %2 Ul
Ze] Fake] Alsel vsl Sk, dibEE 2 AR aE e FJEE A A

oA il HlE)] e s 1’}‘5}

o7 AP slA -2 (hypothalamus pituitary-interrenal, HPI)&%<& 2~
Efa A =S won HPISS FE Az EEEs el
(Corticotropin—releasing hormone, CRH)= A4kt ®r&3stc}, CRHE H3skrA|olA] H-
AT A 2=5 22 ( Adrenocorticotrophic hormone, ACTH)2] #H|E =Zs}al, ACTHE=
ThA] Alge] Balog Adx]o] AE#A T2 cortisol HH|S 78t a4
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ol-g3ate, 2 U Hy AX7}F Fvte] HollA1¢] CRH mRNA ol mX|& Jas 4]
gk Ad A 5 7ERIA Y 270E AR AT T F9EPF fHE AAsHA] 2
iz FulElet dEE 471 AX]e A 11 Hukelol vld] CRH mRNA =] gt
Ao FTFIIAINRE, o] F- ARgEdel Agshar A3 F8A CRH mRNA 2ol 71
2dlE AeS ¥t Senegalese sole(Solea senegalensis)S WA & ARFUL(1.9,
4.7 1331 9.8 kg/m2)ell W AEg 2 vhg AgA], AUER ARG o Frrt ol
T2 ARSSE oFollA] CRH mRNAS} cortisol levelo] 7] YERIZ(Wunderink et al.,
2011), Barellor et al.(2009) Jundia (Rhamdia quelen) X1E tdo = A=z A4
Zat JY A el e AE#A vk Adoa fE7E AXE o /2] cortisol
levelo] FHaato] A|oje] ~E#AE AR ZTL Hasgity, i Alol7te] =y o
A4~ (Seikai National Fisheries Research Institute)ol|X]= AF53lal = black—spot
tuskfish( Choerodon schoenleining ©IA7Ha Aol A &g AR white—streaked
grouper ( Epinephelus ongus)et 7 s-83to] Ay xolnt gejE HAE oo 48+
st A3} fdE7)F s F3olA9] black—spot tuskfish *]o]e] AJEEo] =& Zloz e}
sk ow(Kawabata, 2010), &= == it A= o8t Aaatd4-A(Institute of
Biomedical & Life Sciences)ol|lA] ¢do] X|o] 1Fo = g Hlu AFS o] F 1&
b #2 WA (Metabolism) W 3tel A4 Wsks w23 A3} gE7 gl 2ol e] <
o] Xo] 179 AMo] Tl of5aL AkA AH[Eo] 30% B A WEh HEY EA7F of
Fo| 2E#HAE A7 A7l AR et Millidine, 2006). o]A® ofFel Qo] 4
ol Al o] AL H 2EHA At a3t A= Ao® B gty v
o1%= Kurukshetra the} oJQGAMAT A € Batrachus 6] G AeollA ojFEo] A3k
H HHE 2 AR AAS she dls 54 Sl ’idsH o] HAHGoyal, 2014).
o] A% HdY AR mE 2EH X ka5 #A%E 43 fdHE AX|EHA] 5

7ok AEE ) AR AT 1ol njs) dEE 270 AR AT T 2EHA
HkSo] Ajdow A Jeh C Batrachus A3} vz IA 2 GARE 8%F 54 59|
ko] Hof AlgkE kel A2 o] HH AX= Q3| AHE At e AR

el ool 2EUAE ST = lo] Foll whe A Y dAo B3 ATE0l &

olefat AT ATHEI olwl AHelN TR Brkele] Bol A% SHL 219129l 45
o gA7E BlelolAl At Ak QgAY B2 2T Aok AR,
2 & ol 47
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Abstract

Effects of shelters in the rearing thank on fish growth using the
behavioral characteristics of red spotted grouper,

Epinephelus akaara

sk

Kang, Chang—Hyoup™-Kim, Byeong-Hoon™Choi, Song—Hee™":Lee, Chi—Hoon

sokokokok

‘Lee, Young—Don

To enhance the efficiency of the breeding control of the red spotted grouper,
Epinephelus akaara, this study investigated effect on the behavioral characteristics,
growth and stress response of red spotted grouper, when providing a rest area (artificial
fish shelter) in a rearing tank, taking into account the ecological habits of the fish
inhabiting the rock—bottomed areas. The fish was divided into the control group (no
shelter), treatment I (two shelters) and treatment II (four shelters), respectively. The
experiment was conducted from September 2018 to January 2019. The body weight was
higher in treatment II than in control and treatment I (p<0.05). The daily growth rate
and feed efficiency rate were higher in treatment I and II than in control. Most of the
red spotted grouper's behavior in the rearing tank showed a tendency to form a group
under the shelter. The corticotropin—releasing hormone (CRH) mRNA expression in the
brain was increased in the treatment I, but then decreased. These results indicate that
the shelter may be provide a stable management condition in rearing tank for the red

spotted grouper.

Key Words : Red spotted grouper, Epinephelus akaara, shelter, Body weight, CRH
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