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Survival, Physiological Responses, and Histological Changes in Korean Rockfish (Sebastes schlegelii)
Exposed to Artificial Increase of Water Temperature by Young Guk Jin, Hyun Woo Gil, Dae-Jung Kim, Hyung-
kyu Hwang and Hyo-Won Kim* (Aquaculture Industry Research Division, South Sea Fisheries Research Institute, Yeosu

59780, Republic of Korea)

ABSTRACT

This study aimed to investigate the survival rates, hematologic responses, and

histological responses of juvenile Korean rockfish (Sebastes schlegelii) exposed to artificial increase of
water temperature. The water temperature was incrementally raised from the initial 23°C to 26°C, 28°C,
30°C, and 31°C, with a 1°C increase every 24 hours. The fish were exposed to each water temperature
setting for a period of seven days. No mortality was observed at 26°C and 28°C. However, at 30°C,
mortality began on the 4th day of exposure, with an overall survival rate of 1.5% at the end of the
seventh day. At 31°C, mortality occurred as early as the first day of exposure, and all fish had perished
by the second day. Plasma cortisol and glucose concentrations increased as water temperature rose,
with a significant decrease observed at 31°C. No significant difference in plasma GPT concentration
was observed across the various experimental temperatures. In contrast, plasma GOT concentration
significantly increased at 31°C. Histological examination revealed that both the liver and gills exhibited
normal histology at the initial temperature of 23°C and at 26°C. However, at 28°C hepatocellular
hypertrophy and gill lamellar epithelial hyperplasia and epithelial cell lifting were observed. At 30°C,
hepatocellular condensation and gill lamellar fusion were noted. Finally, at 31°C, severe histological
changes were observed, including hepatocellular necrosis, liver congestion, and gill filament necrosis.
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2012). 2EG 20 =EH olf= 1342 vhgoz ¥z
A A-TERSAE = (brain-sympathetic-chromaffin cell axis,
BSC)d} AJAYSHE-S8lrA-7HAIA = (hypothalamus-pituitary-
interrenal axis, HPI)Q] &-AJ3}o]| 9J3) catecholamine™} corti-
costeroid hormone 2] £H]7} £ =11 (Wendelaar Bonga, 1997;
Mommsen et al., 1999), 221291 W32 2 &3 glucose, gluta-
mic oxaloacetic transaminase (GOT), glutamic pyruvic trans-
aminase (GPT) 57} ¥ 719] glycogen Z4 50| F=HH, &
Hom P&, AH E HAY o ¥FE L=rh(Davis and
Parker, 1990; Barton et al., 2002). W24 &3 catecholamine,
cortisol, glucose, GOT ¥ GPT 52 AEH A Hh-gof gt A&
24 'gde| o] &H Il it}
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2982 (Sebastes schlegelii)2 49 0% (Order Scorpaeni-
formes) ¥E2t}H(Family Scorpaenidae)®] 31, 9-2utal, &
£ S ot ¥ F= BF Ao =4 100m W9 L of
Z ol Ak 4982 528 oFolth(Im and Hwang,
2002). EZF, Ajg=2of et AL 7R Qlo] vzt A A
otof| A YFo] 7155} (Myeong et al., 1997), 2022 $-2jit
g o 74 FAYAFF] 17.9%% 16,1855 AA|5H= &3
Q7R A tdFoITH(KOSIS, 2023). 23]&2He] A}
SHAYLLL 15~20°CE 42 23°C Aol A HoldFaFo] 7+
2813, 22 25°C o|idollA A7)7]5o] AstEo] ofFH 14
2] oJ3t ti=F HAZE WiRiskA SR Qlof FAlefrte] A
AA 248 oF7|8k3 QITh(Choi et al., 2009; Lee et al., 2022).

o] 2EZ| w2z FEol Ft A2 7k 2 W
3H(Kim et al., 2001), 3L A4TL (Kim et al., 2003), A4 4H]
2L G4 WS (Do er al., 2015), 75 Al AR 2 4 F&
(Yang et al., 2016), 215=27] Abd B30 w2 9j3] A7 &3}
(Lee et al.,2022) 5 Tt A=0] PP, HEE F
H5740] 2 AojE e s SYEYL AoE e g
At Zoh 7] & Aot

wEtA] & AFoAs 29ES XojE thFLE ULF &
L Ao W2 YEE, X cortisol, glucose, GOT, GPT =
9 ofyjm| e} 74| 2A)5HA W3IBS H AL RAFSHY] 11427]
o e it AR 7| 2ARE SRSt S,

ERTETE

b A FAOlA 2022 3
o] BAFH AAES 20229 590 FaAtATAe FEAS
TORE F T IE A £2(@4x09m)olA AR A
7HA] ATt olnf ARge] £, £EA A AR 9 pHE
7} 22.0+0.3°C, 7.7+0.1 mg/L, 33.4+0.1 & 8.1+0.12 §X
oAtk FA7IZE B AARE AHEE 2OESE widAE
(Crude protein 52%)5 1 23] WHE- o 2 FH319 1, o]uf Al=
9] A7)= %ol wheh 24 (P 1.2~2.5 mm)dte] F53H3ct A
Fole AMAl A 24417 HA] & Mg o] g3, AN
Al Al Agolo] HAF I AF2 it 8.98+0.02cm E 1330+
0.10 go] Atk
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Ay 428 26°C, 28°C, 30°C, 31°CE AA3IAT, AF S
S00L 444 UF5Z (@ 1x0.6m)el 2 130t gsto]
AYS P 22 =22 FAX] (You won engineering
Co., Ulsan, Korea)Z ©]-&3}o] A3FNA] A Ad422] 23°C

n420] Eujget xlojo olxls ¥ 237

oA 28°C7HA] 1Y 1°C 7+4, 28°CH-E| 31°C7IA]+&= 3¢ 1°C
Ao A5 AT AF 2o =X AA7|7 5
oF =2 &AM Q8 U pHE 32 Z47] (Professional plus,
YSI Inc., USA)E ©]&3tq 19 13 FY3 A7t S35k
3, 8244 E 7.6110.11 mg/L, §5-2 32.65+0.03 psu, pHE=
8.12+0.022 FAIFHYTE AR S 1Y 123]-0] &
£8 2339, ARt FRIA YLk

2o g AEE2 1Y 13 5YF AZHELA 104l &
AL, HAF AF= A 79 58S st BRI
AN JIAIE 71Eo 2 BT A2 A 20 =Y
& 79 $U 2ok B RS Tyt SEAY
221913] (NIFS-2022-50)8] 12 W31 3395}90ck.

Soof 2 Agole] 8% AEdA T2E WslE BAel)

A 7t Ageieh 7orels 2292 2 phe-
noxyethanol (200 ppm, Sigma, USA)®l| u}HA|7] & §-3-314]
(heparin) A2J5 FA1718 o] 4sio] mlsazols At
AEst B2 U4E 7] (Labogene 1730R, Seoul, Korea)Z
HHE (6,000 rpm, 15 min, 4°C)5t] AL &8k, 24
A7HA] —=70°Co| A Hstqict,

32 cortisol enzyme linked immunosorbent assay kit (EIA-
1993, DRG co., USA)E A3t wliwdof whet BAsk¢la,
450 nmoJA SFE=E 4% F Magellan (v 17.2, Tecan, Swi-
zerland) 2.2 = 7FS AARATH

8% glucose, GOT ¥ GPT+ A5EHEA7] (Dri-chem
4000i, Fuji film co., Japan)E o|-&3}o] EA3}%ct.

T2 F7te] WE oprtw|et 7ko] 2Z|eHE WIE WS}
Y3l ARE 10% 4 =22 (natural formalin)of] 13}
At 1QH 222 T2 BN 24X B AT =
4 9 paraffin Zrf] IS AF}. ©]Z microtome (RM 2135,
Leica, Germany)< ©]-83l 4~5 um F7|2 8-d3sle] d&54EH
& AR, AlZE A2 H-E (hematoxylin-eosin) B2 ¥

A & Fskdn) 7 (DM3000, Leica, Germany)= ©]-835to] 7

= 23 7+ Mean+ SEM S E YEIHTE A Abo]9] §
9] SPSS statistics T2 1 (v 19.0, IBM, USA)& o]-&-5}4]
U A BALE A (one-way ANOVA) & Duncan’s multiple range
test® E43ATH(p <0.05).
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Fig. 1. Effects of exposure to artificial increase of water temperature
on survival rate of Korean rockfish, Sebastes schlegelii.
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1. M=g

ool HE 27)BEo] BEES RAE Bk 26°C L 28°C
AP AE7IZE F9 AL s sk SR, 30°C
HRTFE =5 4905 At e ARl APER
A 15%9] BEES BET, 31°C AFTE =5 19428 9
AL A7) ARstel g 2uRle) % ALk Fig. 1).
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3 cortisol F=+= AFMA] A] 228.6+38.1 ng/mLRL, A
FEF A 26°C, 28°C, 30°C € 31°C AP Z2t 1690+
48.2 ng/mL, 203.0+109.8 ng/mL, 316.3+62.2 ng/mL ¥
73.8+£24.5 ng/mLE UERETH ARANA 719} 26°C, 28°C, 30°C
AT Apolof F-oJgt Zol= gl o 20| FE4E F7Ist
£ A% HAL(p>0.05), 31°C AP+ AAAA7 2t &
o)A A8 TH(Fig. 2, p<0.05).

2 glucose == AUMNA| A] 111.4+153 mg/dLGL, Al
HFREA] 26°C, 28°C, 30°C ¥ 31°C A= 42 179.6%
204 mg/dL, 192.8+ 174 mg/dL, 239.6+35.3 mg/dL & 37.6+
14.0 mg/dLZ Yepgth AR 7] Bt 26°C, 28°C L 30°C
AAF7F sl =A debstar, 2 31°C A= F9st
A WA Yt (Fig. 2, p <0.05).

FZ GOT 5Tt AFMA| A 768+ 14.1 UNPLL, AFER
Al 26°C, 28°C, 30°C ¥ 31°C A= ZzF 65.2+13.5 U/,
113.6+£199 U/, 86.0+23.7U/1 W 547 4+143.0 U= UERg
ok AF7A 712} 26°C, 28°C, 30°C AFF Afo]of| -2t Z}o]
£ §lgle, 31°C AdFollA= FostA 7ttt (Fig. 3,
p<0.05).
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Fig. 2. Effects of artificial increase of water temperature on plasma
cortisol, and glucose of Korean rockfish, Sebastes schlegelii. The data
are represented as the mean = SEM. The different letters indicate sta-
tistically significant differences among groups (p <0.05).

2 GPT 55+ AFMA] Al 34.6+55U/1F3, AdER
Al 26°C, 28°C, 30°C ¥ 31°C A¥+E= Z+2ZF 20.0+3.0 U/,
33.6+29U/,34.0+4.6U/1 2 352473 U/NE YeR}, AF)
Al7|¢t BE AT Alo]o] §23gt Rfol= KolA| gkokth(Fig. 3,
p>0.05).

3. of7to| et Zte| ZZ|SHH H3}

z2082 ko] 2x|sha T A3, AEMA A9}k 26°C A
Tl 7t 232 gty ] FHE 7= ZAAEA A EE]
= QITh(Fig. 4A). 28°C AP 79 AFINA] Al 26°C
Ag o] Bl ZkA 2] Btiskrh UEbg 2o (Fig. 4B), 30°C
AgToAe 238 THEEC] $HEE A4S At (Fig.
4C). 31°C Aol A = T2 §50] B AstE|glon,
7 2 | 38 9 Y7 A2 IA} YERSETHFig. 4D).

of7tu]o] 2A|sHA T A}, AFINA Alet 26°C AE+<]
of7n] 2212 Mol 222l viEat T Lkl ofrtu] €]
TZ(Fig. SA)E 8t Uit} 12, 28°C A9 Z-¢ A3
AL A2k 26°C Aol vlal] At A5 FA3h A
dul o) g2t dio] FrEA) A #EE I (Fig. 5B), 30°C A
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Fig. 3. Effects of artificial increase of water temperature on plasma
glutamic oxaloacetic transaminase (GOT), and glutamic pyruvic trans-
aminase (GPT) of Korean rockfish, Sebastes schlegelii. The data are
represented as the mean+ SEM. The different letters indicate statisti-
cally significant differences among groups (p <0.05).

T A9 A AAZES] F4, e o) T % A

gAY Lrehdth(Fig. 5C). 31°C ABTY oprhu] 27
A 7% So] olgle A= g Ao} TAH
2] 91ch (Fig. SD).

oo 1o met
o

U2 AEE, BF 2L WS 9 opriule} ko] Ao}
CEENE B

A9 Q) 52 Aol T 2Bt ojo] HELEL AT
A3}, 2 30°ColA =& 44ARH HAE DEAaL, 2
31°ColAE =2 19AFE HAPE TAsgon g 2U4
A HAFstATt. ol2fet Aake Bt A% 27.7£04cmdl 23]
£20] 2 30°CoA =& 194 AF HARE o] Aot ot
4 Z}olE BHTH(Do et al., 2015). ©15F2] A3t A4 (critical
thermal maximum, CTM)Z ©|F, 5|, 27], & ®3 &%
2 =S AZE 5 TR a9lof wet S3e werhal &EA 9l
t}(Cox, 1974; Becker and Genoway, 1979; Ospina and Mora,

n420| 20|22 X|0f0] OXl= & 239

2004). oA Z7]9] HE AFPAFLE AR AFE Kim
et al.(2003)2 A& 272 cmETh 21.2cm¢l 222 A
20| 15°C AU HASHYL, 0|2} FAFHA EF ol
Apache trout (Oncorhynchus gilae apache)2} Rio Grande cut-
throat trout (O. clarkii virginalis)= Z|o]RT} Aojo| A AA L
20] 7+ 0.8°C 9 1.3°C ZrAagtcka 218 v} Qlch(Recsetar et
al.,2012). B3 g A5 Atolo] - =4 Who] tha 2jo|7}
ol AHAQ Blae o, 2 A9t o] F A (Do er al.,
2015) Ato] 9] HAL 7B A HAZF AR 29 Ajol= 23]
B2 F7)o UHT G AUE Aes A vt
Ho} gt 1S AsiAe 9 o2 28 B 2 Ao
715 oA sto] 71 Ql Aol FutEojof & ot
Art.

dutz o2 AEF A EFH o]FE cortisolT} glucose?)
FHE ASo] 25, cortisol > AEF| A0 WSSl 12132
2 Z7F8l= corticosteroid hormone &2 U A| TAL, WY 7|5
9 glucose A3 sttt &E{A QJch(Wendelaar Bonga,
1997). £ Aoz 2uE2} %09 = cortisol Y glucose
e TYT 37 HES Holn £ Aol et & 30°C
oA 7Hg = A UEbaL, & 31°CollA FA38H| Zasstod 7}
7 A yebgth 20 2 EF cortisol & §H3lo] gt
E} o]F9] AF2 A (Epinephelus septemfasciatus)o)| A=
T2 12~5°C R ol A g=20] s3] w2t 5 cortisol &%
7 2L 2 6°ColA] A Aste] B Ao A
gt A3E Hustglon, o]2dt i U MYE Hold ¢
2o o3t A &5 A= HE v ok (Park ef al.,
2016).

3HE, glucose= LEH 20 et 2344¢] wbgo g o
34 (gluconeogenesis)S B3l AAAEH, 2EH A A3tof A
WIS RA] U AL AgHET o
t}(Davis and Parker, 1990; Cho et al., 2020). 20 2 &
% glucose F= W3to] gt o]d AFoA 2HESE 2
15~30°C ]l EF glucose =7} 2 sl w=t 57F
stekzh HAF 2141 30°CollA f+J5HA| Fadtthal Hskgiar
(Do et al., 2015), @321 Sunshine bass (Morone chrysops $
X M. saxatilis™)+= T2 5~30°C HYA E=F glucose 5=
7b & sl ek ks =2 30°ColA frolstAl
sto] 2 Aol FARE 23S B8l {th(Davis, 2004).

GPT$} GOT& oAt - A BANES] Abo]of| ofn]i7] A
o|NS-E Fuljsts B4R TAZ &40 o o g §&5
o, 2, A4k, pH, R YoL 5ol &3t AEFA ¥R A2
gz o] &% ¢}t (Pan et al., 2003; Kim et al., 2018). & <
TFolA EF GPT T Be AT Alolof Zol& Ho|x] &
KL, BF GOT T=& & 31°ColA FoAsHA F7kste] 7t
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Fig. 4. Light microscope micrographs of Korean rockfish, Sebastes schlegelii liver exposed to artificial increase of water temperature. A: Liver
exposed to 23 and 26°C. B: Liver exposed to 28°C. The showed hepatocellular hypertrophy (*). C: Liver exposed to 30°C. The showed hepato-
cellular condensation (*). D: Liver exposed to 31°C. The showed hepatocellular condensation (*), congestion (¥*) and hepatocellular necrosis (¥*%*).

Hc: hepatocyte.

Fig. 5. Light microscope micrographs of Korean rockfish, Sebastes schlegelii gills exposed to artificial increase of water temperature. A: Gill
exposed to 23 and 26°C. B: Gill exposed to 28°C. The showed epithelium hyperplasia (¥) and epithelial lifting (**) at gill lamellar. C: Gill
exposed to 30°C. The showed epithelium hyperplasia (*), epithelial lifting (**) and lamellar fusion (***) at gill lamellar. D: Gill exposed to 31°C.
The showed epithelial lifting (¥), fusion (**) at gill lamellar and necrosis (***) at gill fillament. Cc: chloride cell, Gf: gill fillament, GI: gill lamellar.



9] A A &4 AW/AE B 01”'9] ﬁﬂi Hol 4
2 31°C =52 2YET Xojof|A| SA4T 2EH2E 2§
skl A FAIE T olvA 8FFS F7HI71AL, cortisol
Eu] Zolje} 7ENE £ANS B3 FAIAIEHA] (gluconeogenesis)
o] Aol g &5t glucose S AAANI= ALE =4
At

oj79 oprtul= o A APH o E YEste 7o R
AW AEY 24, 25 9 HiE Foll Bolsh= $a3 7]t
(Khieokhajonkhet et al., 2022). 24 ¥$] 0|49 142 9 A
T2 =32 ofF op7tu| ) At A E-9] v, A £, gt
0 3, 3 85 9 QAZ AR TS T2 4L b
stal, 3% 9 RS 24 V)5 ol 9 Eoha €A o
(Myeong et al., 2013; Amir et al., 2022). 2 dAtollA zujEet
9] op7hu]E & 28°C ool A At A2 4] & ge,
Aol 5% 9 MG TS AL 5 22 24 s
B, == 31°CollA 7H AsHA 4= et o] HE 14
2 =39 W2 oprtu] &2 ZFAFol (Rhodeus uyekii), T
A5 (Lates calcarifer), B (Cyprinus carpio) @ 13+E 7]
(Clarias gariepinus &* X C. macrocephalus  )O|X = & A9}
Y 2|5l= AEo] HEQch(Saber ef al., 2011; Kim, 2015;
Amir et al., 2022; Khieokhajonkhet et al., 2022).

he i 4, si= 2 oglycogen A F TR 715
2 B 39T /BOR, 142, A%e L SHEY S =
F AT I 3 0 BE So] Wtkn uwy
Qi (Dutta et al., 1993; Liu et al., 2015). & dFoA Zo&
g X|oj9] ThE A-MA A&} =2 26°CollAfe BAAYN = —]
A& B0, 28°C ol oA ZHNIEZS w3t
ZE AL, 30°C ol oAM= 2358 A2 &5, 28 % At
7} QAT o9k F-ARSHAl Khieokhajonkhet et al. (2022)
L 2 32°CY =E2H F W7 (Clarias gariepinuss® X C.
macrocephalus )] ZYo| A M| v|t&}, Fefshe] w9 3
AZE AYE AL, 2 37°ColA= Bk AstA &5 0
I B3I, Liu er al. (2015)2 $=& 32°C9] =25 g3
(Paralichthys olivaceus)| A ZHAIZ9] vltg} W AJEZ &A4)o]
Hgshlthar B uskgict.

ZEHLRE 28°C oY & =52 2HET HojoA &
Ef 22 g5t = cortisol @ glucose HH| é{ﬂ, of7}a]

of

=

O} 7F A 9] &AL o731, 31°C &2 A §A]7} o8
& $F9 FA3 AEFH AR 283t 5 cortisol 2 glucose
FEE HaA7]AL op7hu|e} T B AR 75 3o] of
Ae gue) YA T2 £48 T AR Yehdd o

of e ATk 1427] 0B Aojo] ) oY L by
2ol S 9% 71 2AR2H $85 A4E Ao= 7l
A},

n420| ZO/E2 X|0f0 O|X|l= & 241

o Ok
=1 =
sEe AolS YO A9 S Ao

&3 cortisol, glucose, GOT, GPT &&= 4 o}7}u]

29 H W3E ARG Ad 22 26°C, 28°C,
2%

1

m?AI-N

-

J:_
L
=z O
=,
%32

8

2y
2 3z
u

2]
1°

A _I°|'

30°C ¥ 3 = AL, $2-2 23°C (initial)~28°C7}A]
ol 1°CH], 28~31°C7HA|= 3¢l 1°CH 243513t} A
5lo 7+ A% _’*9_011/\-1 79 =9t 530]. a /3?‘;]7]7]— Zol 9

ol FHoHAl &Stk I A}, 26°CE} 28°C= HAPE HAYs)H
A Sk oLt, 30°CE =& 444 R HAL dAlste] AdEE
Al 15%9] AEES B, 31°CE =& 1945 H HAph 2
Ato] 13 290 AT AT, BF 252 el AES
EA5F 23, 5 cortisolT} glucose == £29] 2252 F
7¥8t L, 31°CollA] initial T} 3-2J31HA] 43 CH(p <0.05).
3 GPT s Be A-T Alolof f2oJgt Aol & Holx] ¢
KU (p<0.05), BF GOT == 31°CollA] frofstA F7Fst
Ach(p<0.05). 7t} of7tw| o] 2AHA W& Aat, 7k ofrtw]
L BT 23°C (initial) @ 26°ColA AAFAL ZAAS HPo
U} 28°C 7] ulthat R obrbul Aj AulATe] At
A A9 B 30°CE ZAEE] 33 U obtu] Ame §
3 31°CeE 7t 23 W 8 E 45 A2 AL 2 ofrta] A
A Ao IApE TEE ST

Ir

nir

Al Al

B Lm0 2003 22kl 22AE ATLARY (x}g&
o) 5 83 5o 47 7, R2023030)9] A|¥oz
P A5t
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