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Effects of Starvation on Survival and Physiological Response in Red Sea
Bream Pagrus major under Low Water Temperature

Da-Yeon Lee, Taejin Park, Chang Yun Kim and Yong Hyun Do*

Aquaculture Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

This study investigated the effects of re-feeding after starvation on survival, growth performance, and physiological
responses in red sea bream Pagrus major under low water temperature. The experiment included a feeding group that
was continuously fed and a starvation group that fasted from February to April, followed by re-feeding from May to
July. During the fasting period, the starvation group lost 12.3% body weight, whereas the feeding group showed a
modest weight gain 2.6%. During re-feeding the starvation group exhibited nearly twice the weight gain of the feed-
ing group, indicating rapid compensatory growth. By the end of the experiment the final body weights were 934+82
g and 930454 g with no significant difference between groups. The survival rate of the starvation group was 70%,
6% higher than that of the feeding group (64%). These results suggest that refeeding after a fasting period under low
water temperatures induces compensatory growth in P. major without negatively affecting final growth, supporting

its use as a beneficial aquaculture strategy.
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ol FAloA] Hol= ARt Aol FFE vA= FH A
254 2| e} T o] Qe H(Lopez-Olmeda et al., 2012), ©]
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o= A4 717 E 2t 712 A ARE 41871 18l Al ol
A U5 8 ol 8517] uhiol AlEo] 7HsshrhLove,
1970; Weatherley and Gill, 1987). o] 75 H|&3t =4 $9) |
2552 1009 o] 9] A7 A Aol e A ESH= A O 2 L
won, Y 7|1t F s a2 g Foll AR AE0] 7
gt Ao BuE uk QI (McCue, 2010). o]= ¥eEEo| 3}
25 =0l Hlall 10-20% © A2 oYA| & HRE 5}7] wfiZo]
tH(Hulbert and Else, 2000; Wu et al., 2004; McCue, 2010). A
Aol W2 o] 7o @77 Al AbR A VA, A

4 7, 9 Afs] Aol ARl Ao w9l
tH(Lovell, 1998; Caruso et al., 2011). 53] o]5F FAJA] A= H]|
712 9Jgh shte] Weko 2 BAMY A compensatory growth)
o) 7% 28 TheFst 1 7-5o] 1l vl ¢Jclobling and
Koskela, 1996; Gaylord and Gatlin, 2001; Ali et al., 2003).
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—iU o o= oH”HuTuMR=E =
3 RISt ARG B W e ol FARS ojulat
tH(Wilson and Osbourn, 1960; Jobling and Johansen, 1999;
Ali et al., 2003). 2EAMIA-S- o] F(Tian and Qin, 2003; Robert
et al., 2006), Al--F(Wu and Dong, 2002), 24 01=(Vidal et
al, 2006) 5 TIFeF SEAEL A0 AT ol
Sheh. ek 42 7) AL AREA B4 AR B ES B
H/g/d7ol Bt Aot wH| gt Aol
Z+5(Pagrus major) Aot S 7HF 2ol A =2 A E| AL
= FFOR 2024 0f= 6,485 ton (F=F 017 FAIAALFS
7.9%)0] YA GTHKOSIS, 2024). FE-2 422-0] 15°C o|3}
251 B9 A8} BEA o] ZhAste, 20°C ool Al A
o] A Sl AR 41217 SRR A Sk w2
© & 1% v} 9ItKChoi et al., 2008). T3t o] 2 (114=27])
Hot ASHA 7))ol AeE/do] AstE, 8.6C o5} A
0] GAIZFEQE A& 5 100% HAF SR o2 B v
AtH(Yoon, 2021). U¥HA 0.2 QAo A= AEH AR
L FEAL 23S TN el Qou, A
Holl me A 9 A7l that ahehe 27X ert RE A
golet. A 2 Aol A e A7) A W AR A
2B A AR, U ABEE B7hse] ARG BE
Vst 2t 7| 222 2 A wel A s,

%7]_ %Hs]. OJOFO. ILIHIOIO U:H, z‘luzjgg /]\jxl%]—LQ.
o

2 Ao ARG 2 SR oA AR Fol |l TIAIE
2022 1] sr g Atatell s slaeatedota Ak
W ARS2(1,000 Lofl A sHRATE A7) s A Ao w
E AT A A WSS W6 ] f18f A4 H(feeding group)
5 74 4] F(starvation group) & A% 2718 A Hated, 7 52}
25t A (Bt Al 748.4 g, YAUE 18.7 kg/m’) 2RHE O 2
8okt AU Aszol 83t &, VHETE &A1 710
7o, 29 5 Abm 3 9 Ao ofRt dake AR
th AA = A7) Q) 292 E] 4L 7HA] HARE & o] 4
S0 SURE T A TS, AATE A4
o2 e TNk ARV F ARSLL Ads
Z200| w2k ARS8 A TH(Fig. 1). A 717 5 48 EP AR
(Cargil Agri Purina Inc., Seongnam, Korea)S 5 33| W3+
slgom, AR ] Q9 A E-LS crude protein 52.0%, crude
fat 10.0%, calcium 1.0%, crude ash 15.0%, crude fiber 3.0%,
phosphorus 2.7%% A% Al S ARE-S T

o
MES o 43

A= ZHE e 7 SRR BE S 2l
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Fig. 1. Changes in water temperature during the experimental pe-
riod.

A Z-E(Survival, %)=
(Number of fish at the end of the trial/number of fish at
the beginning of the trial) X 100
Al &-8(Feed efficiency, %)=
Weight gain/total feed intake X 100
A2 F%H(Feed intake, g/fish)=
Total feed intake/number of surviving fish
ZA|-8-(Weight gain, %)=
(Final body weight-initial body weight)/initial body
weight X 100
U7HGAE(Specific growth rate, Yo/day)=
[In(final weight of fish)-In(initial weight of fish)]/days of
experimental period X 100

oY 24
Ak WS 2Ash] Sl el mE e sujel

o] A¥lo]E F2FY R Z3]5}o] ZA| ulF(Tricaine Methane-
sulfonate, MS-222; Sigma; 100 ppm)A]71 &, heparin sodium
Ae)E 24713 mL)E Mg stel Agelel nlRavo 2
Bolg A2]819ieh. Fele] AR hematocrit (HY) 2] A}
|3t o, 2| Y4E2](4°C, 8,000 rpm, 10 min)gh &
A4S Belstol £ A7) §0°Ce] 2AL o] ik
Stk HES Bohg WAl Yol 941521(8,000 rpm,
10 min)$t 3=, Ht 2% ZHMicro-Hematocrit Reader; Hawksley
Co., UK)S o] g3l A3t} A9 glucose, total protein
(TP), glutamic oxaloacetic transaminase (GOT) %! glutamic
pyruvic transaminase (GPT)x= A2 3}8HE4]7](Dri-chem
7000i; Fuji, Tokyo, Japan)Z =43}t

|
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A =4

= B4 A= SPSS version 20.0 software (IBM, Armonk,
NY, USA)E ol elo] SR tiestss AAJsto] Ad771]
rolde ARSI P<0.05).

B A oA AA] 717 FF Ad Al et dA e g 7t
7+ 96%2} 98%=, A Aol A 2% =2 AEE-S H oI THTable
1). o] ALo| A= 457+ A XA 7] d A (Paralichthys oliva-
ceus)2] AHEE-293.8% (Park et al., 2006), 957+ A A 4171 1
E2)0] E L2 96.4% (Park et al., 2002)= R 1% v} 9low,
ol T@7]7te] Halo] of 7o) &L P u|A|A] Gh= A
O yepyith 2 A7 A AF B8 A HA FARE A
S AP HE AYEEL 70.0+ 14.1%E 64.0+11.3%9]
AR 6% =7 EREARE 2] 21 2fo]i= YrEhA] oF
UTHP>0.05). o] €} FFAFSHA Kim et al. (2017)0l 4= 657 4
A AT AL RS FE T A oA FEe] BEgo] Al
M= 94.4% HA T ARE FET AETolA= 98.1%E &
o7} et ghgkttar B nakgict. o] 2jgh Auk= U 7t
O HAL E o E ol RAAQ] F v x| om,
A AR A FFA BEE FFE FA Y= Ao R A
oF. SHAITE & Aol A= A A tet A AL B A AF 7|7t
St A AREo] XA} F7Fsk on, 270 AR R E F XA QL HA
7F HEE QL o FAT HARY A A= UEhEA] gk
ol Aol RIZHE E0] 24457 ol A9 AEH A
A B EE] A Fotar, A 5 AP 28 of| w2 FAH AET
2~of ofal HARE Rk A o2 gk

A 717E B9 Wit AT A 77017 g, A
653+26 g0 2 LR on, 2482 A A|7=2.6+3.5%, &
ATE 123 +53%2 G4 0 R Q8] A9 ATl 114t

flo wx

il

o

Th(Fig. 2). A Aol W2 ofF= A 4] Alof|l = 4422l
AABES $A317] 918) H AT AKglycogen, fat, protein)
& S7MA Also] fashs 2102 Haid vt Qlth(Navarro
and Gutierrez, 1995). AR A8 4719 A4 3 AR E A
T AHTANA 52122 2ol 7} Lkehbx] Q9IE(Table 1)
ARAATFS WA FARE A TG AGTAN 12374/
fish, A4 4] -of| A 664 + 101 g/fish= UERF O, 4] S AR E
AFEE DB AT 59 gffish B 7] Lhebgtin,
AT FA LS 42.6+13.9%2 AT 21.3 + 11.7%Hc} oF
2uf =] UrEbsTh AIHdRES AAFelA 0.340£0.17%,
HA FARE AT FH AT 0.629+0.17%: et
o, P79 521221 Hol7} it gktek. 5 A
%) 717H 59k A4l 7o} WAl Te) 2% AFL 247 934+82 g
34930+ 54 g0 & §-0]29) X0l 7} LERIA] SSkTH(P>0.03).
ol WATolA] Aol Ik Bk AATFHT} B B AR
£ HFTeRN BAPIAo] o] 2ol Ao R shHHT £ <l
A9} A European sea bass Dicentrarchus labrax,
tinfoil barb Barbonymus schwanenfeldii ¥ red sea bream P.

1,200
-# Feeding -o Starvation

©
o
o

Body weight (g)
D
8

w
o
o

Feb. Mar. Apr. May Jun. Jul.
Month

Fig. 2. Monthly changes of body weight in red sea bream Pagrus
major. Asterisks indicate signification difference between feeding
and starvation (P<0.05). Dotted line indicate April to July of re-
feeding.

Table 1. Effects of feeding and starvation on growth performance and survival of red sea bream Pagrus major

Factors Starvation period Re-feeding period Total period

Feeding Starvation Feeding Starvation Feeding Starvation
Survival (%) 96.0£0.0 98.0+2.8 66.7+11.8 71.3x12.4 64.0+11.3 70.0+14.1
IBW!' (g) 752432 74515 770£7* 653126 752432 745+15
FBW? (g) 770£7* 653126 934482 93054 934182 93054
FE® (%) 58.9+27.2 - 103+13 11019 93.5+4.7 91.3+20.5
FI* (gffish) 87.242.1 - 57852 6641101 723174 677104
WG? (%) 2.6+3.5 -12.345.3 21.3x11.7 42.6+£13.9 24.61+16.3 24.8+4.7
SGR® (%) 0.045+0.06 0.23540.11 0.340+0.17 0.629+0.17 0.145+0.09 0.148+0.03

'IBW, Initial body weight. 2FBW, Final body weight. °FE, Feed efficiency. “FI, Feed intake. WG, Weight gain. *SGR, Specific growth rate.
Asterisks indicate signification difference between feeding and starvation (P<0.05).
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majoro| A& A A & ARRIH A A AR AR Rl
9]4 o 2 =7 YEFTHOh et al., 2007; Eslamloo et al., 2012;
Adakli and Tasbozan, 2015). AR A Al 7]17F o] % Al
AeTe Sa A4 SE7 ARG o s dehs
A+ 2 hybrid tilapia Oreochromis mossambicusx O. niloti-
cus (Wang et al., 2000), brown trout Salmo trutta (Bayir et al.,
2011), golden pompano Trachinotus ovatus (Liu et al., 2022)
9 common carp Cyprinus carpio (Feng et al., 2025)5-2] o1&
oM A4 7|7 & At AFol & F HAHd el et A
7} &hks] o] oA QIth(Hung et al., 1997).
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Eg 2ot A X2 AR-FHtH(Davis and Parker, 1990).
2 Aol A Ht 4ol AdalFtel A7) 242) 37 +2.6%,
33:+17%2 et H41771 41Tl js) folH0m
A Yebgton, £33 A4 3 AR E Al3g3 7EolE AT
(42 1.2%)7F HAT(G9+ 1.1%)0l] v]a] S-212 02 A 1}
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Fig. 3. Monthly changes in hematocrit (A), glucose (B), glutamic pyruvic transaminase (C), glutamic oxaloacetic transaminase (D), total

protein (E) levels in red sea bream Pagrus major. The asterisk indicates significant differences between two groups at the same sampling

point (P<0.05). Diagonal line indicate April to July of re-feeding.
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EPGh(P<0.05). 12Ut 493} 798 A Q)3 U A] 7|7k =
A77E-$2142) Ao] 7k LehtR] kot 4417} 4] o) A}
E5go| Hto| & F3Fs nAA] o= Aoz s th(Fig.
3A). & A7} fFAFSHA red porgy P. pagrusol A I A A-2F
A4 T AR S Tt AE ] Ht Afo] 7} UreRA] gttt
(Caruso et al., 2011).

& Aol A 2 U glucoses= 3€o] Aok A7t 2t
7+ 95+ 17.8 mg/dL, 39+ 1 mg/dL2 Lpelirom, 42of 7h
ZF 101 +10.3 mg/dL, 53+ 5.2 mg/dLZ YEPHTHP<0.05). &
A 717K (A 271) Fet A A= ARl H]8) glucose 2]
7FEA Urebtom, 42201 15°C o] 4o & bl what Zat
Aadhz AeFS ekl B, At A4 717 5ok
2 glucose =R & UEFH O, AR Al EF o] AAl4e) &
ARG 20 2 312 EQItKFig. 3B). Couto et al. (2008)2] <1
+of] W=, gilthead sea bream Sparus aurata A4 271
oAl glucose THAF T & 49 glucokinase®} pyruvate kinase
o] ghdo] AstEl= AR B H v} QlFtt. o] 2 fAlEH
2 A = A7) Rt AL B B o] A st o] EF
glucose”} ATHA 0 & 2HER] FokGl O, 2 A5t 3
hAF 2/ o] Bl o] DF: glucose A 7F A1 pEo = 2
H Ao wekE

GPT 9 GOT+= THAl| 329 /oLt AR} -2 7t 7ol 0] A
22 AL, E5] olF.o] A~ AR ALHCHGam-
bardella et al., 2012). GPT+= 2= A7 F-9% ¢l 2}o]7}
UERA] $ESIHP>0.05) (Fig. 3C). o|94= o2 A A+
ol w2 GPT 5317k 414 70] sl 4177} 7] Lehg o
U, A4 3 AR Al GPT A|7F sk 208 By
H} ItH(Kim et al., 2017). GOT+= 6ol A 4]tef A4 5 A}

= Z3at A7t 212 58+ 5.8 U/L, 27+5.9 UL Lhe}
L AAIF7E A 3 ALRE S ARl Hlel o d o s
S UERLTHP<0.05). SHAIRE 682 Al 9fstale A7kl
$9512) ol7} LretihA] gko} 2 Alo] GPT ol 2 95
u] %] 7] ¢F= 710 2 FEEIcFig, 3D).

TP 4] 713tolls Aol i3 A4177} fojdom
Al et on, A Ajgo] 7170l 6910] 414177} 2 4o
Hl 3l o4 0 2 =7 e TtH(P<0.05) (Fig. 3E). H4]o] TP
ghegpoll ke 0] TP go] FH4sl AT AR A8 ol F
AT TP RS 414179} AR 0.2 35 5lol, YA
(P. olivaceus)2} 31017 (Salmonids) 2] A 1}e} -F-AI ek
tH(Congleton and Wagner, 2006; Kim et al., 2014). E3F Mo-
zanzadeh et al. (2017)= A&7 02 AR S 23 A9}
A4 3 ARE FF ABT Aolol 42122 ol7} vt
U] 2tk wheba] A 4lo] ufel TP gl 748 4 glott,
AR AT A B 4202 388 5 gl A0z ek,

2 AT AT AeL7](2-4Y) HATY FAES -123%E
Mol W2 A% vk Ueho ), A4 Ho R RS B2

S AT FALE 26%E e SEOR Lehdrh. 84
F ARE AT 7K BT FALE HAT 213%, B4
T 42.6% UER O, 3 AFL 217 0F 934,930 g0
F21221 ARt ol 7k LhehLtA) SRtk ol A Alo] mE mAY
Kol BaElol, H4-27] WAlo] HEe] Aol H4H0l o
kS 1]X)7) gk A0 gebech, Jejth B i A of
A @ 271S Hehe WA 750 g o4e] AES iy
o e glom, o] 2 ola Ag B7F % 52 49| Bl
Aloko 2y 4x(n=2) kel @47} 919tk webA] 4e7]
HEo] AR whgol that APAL shetstglon, 3 A
S87) A4S B RE S 997 2R E 28T 5 S
702 g

At AL

e B L DENE L EERE TR E el
B3 21H(R2025045)"0] ©J5te] e gl
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