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Survival, Growth and Physiological Response of the Juvenile Hybrid
Grouper (Epinephleus akaara? xE. lanceolatus?) Exposed to Different
Water Salinity Levels
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This study aimed to determine the appropriate salinity condition for optimal cultivation of the juvenile hybrid grou-
per Epinephleus akaaraQ xE. lanceolatus? in conditions of decreasing salinity. The survival, growth, metabolic rate,
stress, and histological response were investigated in juvenile hybrid grouper exposed to different salinities for 30
days. At 0 psu, the survival rate of the juvenile hybrid grouper was 60% on the 2nd day of exposure and all individu-
als died on the 3rd day of exposure. At salinities above 3 psu, all animals survived throughout the exposure period.
Growth rate for body weight of the juvenile hybrid grouper was the highest in the control and the lowest at 10 psu.
Plasma osmolality of the juvenile hybrid grouper exposed to different salinities was 313-355 mg Osmol/kg at salini-
ties above 10 psu, and then decreased to 225-264 mg Osmol/kg at salinities below 5 psu. The oxygen consumption
rate tended to decrease as the salinity decreased. Stress responses of the juvenile hybrid grouper were analyzed with
decreasing salinity. Therefore, it is considered that a salinity of more than 20 psu is suitable for the culture of the
juvenile hybrid grouper.
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Ao AE-E dia1te] 2]o)= Golden Seed Project AFY
o] dgto g Hepde Foktol 91X13 &4t A 20199
8o AYARSE A EL 20201 1€ FH4Afe a4
AT A AHEARSA(Yeosu, Korea) 2 7] B 38 Q404] 4=
7

ZOA 42226+ 1°C, G 34.1 0.5 psu (Lykaf4), ST
255k 9.0+1.0 mg/LE FA8h 297t =2]8}190t). =27
k50t Hol= ulgtALR (Nova floating @3-4 mm; Aller aqua,
Christiansfeld, Denmark)E o1 4|%52] 1%%] 274 8A17, 2&
1A2} 6A17 2 o] mi Y 3314 F38taitt. A8 F S
91t HiE A SIRFEES] WS EAlsh] flste] AEe22
26+£0.5C, AFGEL 0 (A5kp), 3, 5, 10, 15, 20, 25+0.5
psu Y Aukef| (T2, 34.1 0.5 psw)tt. ZF FEHE=Z 450
L =20l A A7lo] 50mte] 4] =8-5ko] 309 52t E&, 473
2 Aok Wkg-& 2ARSHITE AES 2 W o= 23] wt
E3tt A2 ofFLoE E(You won engineering Co.,
Ulsan, Korea)g o]-8-alo] 2|53 00, GE-2 Z|5l4=2} 8
S8 Bl ABARE WRRA Al S,
A HEL A=A 7] (Professional plus; YSI Inc., Yellow
Springs, OH, USA)E ARE-5lo] Y .4, 2.5 134 51F 2
3] Attt Adoll= 8007HAIE A3t e, ZiAe =2
71+ Hat A410.2+£0.6 cm, Bt A5 19.5+3.1 go] Tt
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1 A F-2 S5t ofgfj et 22 FAlof whet ek it A
digital vernier calipers& AM&-5}0 0.1 mm T9| 2 A|S315 17,
Al e& AAA & ARE-5H1 0.01 g7HA] S8 5H3iet

AR A E(growth rate for total length, %)=(AdEFA]
AN A (A -ANAIA 27 <100
A|5/37E(growth rate for body weight, %)=(2TEZA|
AF-ARMAL Al ASW(E DA Al AZ)x100

HE RSl whE Aok Rhe-S 7 AT H el lmEAl
3094 Aolol= TNAIE thd o= Alaan] g, Tt 4179
2] Y} SOD (superoxide dismutase), CAT (catalase), T E]Z,
GSH (glutathione)2] H3}, A AR 5% U ol7ju]o] %
Z1812] HES-5 B A5 T), AbA4H|-8-S respirometer cham-
ber (volume, 2 L)&} A4S 822 7](Orbis 3600; Orbis, Zu-
rich, Switzerland)E ©]-835}0] A% & respirometer cham-
ber ) §E4k4e] 2H2 A Fotic ARE AL AEYEY
71(OSMOMET 030; Gonotec, Berlin, Germany)E ©|-85}%
o}, 7hk Aol 22 SE|E, GSH, SOD ¥ CAT BHg-2> =
2)& w4sto] 10,000 rpm o= Y4 ERE $ A| LS AS
FE3}0] -80°Col] Hatsto] Ao ARg-5F3ITE SOD, CAT, 2
E|£-2 o5& ELISA kit (Cusabio Biotech, Wuhan, China)&
AR5 2™, Versamax SoftMax pro 6 (Morecular Devices,
San Jose, CA, USA)E ©]-83}o] SODL} FE|E2 Ak 450
nm, CAT+= 2} 520 nmof| A 2A418FGIe}. 2240 GSHEA2
cold PBS containing 1 mM EDTAO{| A 2|2 H23}o] 155
ZF4°CoJ A 10,000 rpm 2.2 4] E2]3}o] Kinetic Method S
ol-gsto] S 1A 0 & 3027 405-414 nm IO 2 FAE)
k. 7re] ZZehA BAdo A2 2235}l Bouin's solution
of| 2447t 9t 217G 3HAL, 24-36A17F B9 B 2= ol A Al
3k ok 70-100% oflehE2 o]-8-5to] TA| 2 o & 4s3lt.
0]3- paraplast (McCormick, Baltimore, MD, USA)S- ©]-8-5}
o] EZnfs}al, microtome (RM2235; Leica, Wetzlar, Germany)
S o go] 7] 4-6 umo| Akl Frheo] A4 ARE A
Askeeh. A AE 22 - WS Mayer's hematoxylin-eosin (H-
E) v FA5}o] 3gsld 0] 7 (BX50; Olympus, Tokyo, Japan)
o PHRach AT 2ol AHEH 591 7792 SPSS 19.0
£ 0]83}9] one-way ANOVAZ EAA4 2] & Duncans mul-
tiple range test= AR~ A5}

A o
28 MESL 8%

kel Aojo] AEEE 0 psu eEo] A9 294 60%
3UA] w5 HAFSEITHFig. 1). §FA 3 psu o)
£ E 30Y B¢ 5 AESISITHFig. 1).

of =ZAIZ] thEH] €] A2 10.2+0.6 mm
171 3 11.6-12.9 mm O &2 GEH3lo]| w2

0|2 Holx| ¢Ith(P>0.05, Table 1). ¥hi A Zek
9.5+3.1 gollA] =& 309 5 A& 10 psuofl4] 31.6+7.5
g, 20 psuoflAl 40.9+11.7 g, 183l t=+(34.1 psu)ollAl
4441105 go|Qloh. AlSARES tHRollA 128.7%=
= HA ol Bl -2 5HA #3E2H (P<0.05), 20 psucl 4]
109.4%, 25 psu®l| 4] 91.4%, 15 psu®l| 4] 80.1% 12|31 10 psu
oA 62.0%C.2 A|ZAA-2 10 psudl| A 7Hd Wdch(Table 1).
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Fig. 1. Survival rate (%) of the juvenile hybrid grouper Epinephle-
us akaaraQxE. lanceolatusd exposed to different salinities for 30
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o] Z] $FQITH(P>0.05). ¥HH, 0, 3, 5 psu G4 =210 AL
FHk] 209 R4 = 225-264 mOsmol/kg S 2 T
279} 10 psu ol4e] E g o] vla) felar) 2ashl
TH(P<0.05).
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Fig. 2. Changes in oxygen consumption rate of the juvenile hybrid
grouper Epinephleus akaaraQ % E. lanceolatus® with decreasing of
salinity. Different letters above each column indicate significant
differences (P<0.05) between salinities, according to Duncan’s
multiple range test.
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fish/h & = tfz+(34.1 psu)oll 4 96.6 +13.97 mg O, /kg fish/h
of A1 ATHP>0.05), A K 0.2 9 20| AT T

Table 1. Total body length (mm) and total wet body weight (g) in the juvenile hybrid grouper Epinephleus akaaraQ xE. lanceolatusd exposed

to different experimental salinities for 30 days

Salinity (psu)

Parameter

20 25 control

10.2+0.6

2GRW (%) 62.0£2.2

80.1£2.5

109.4+4.3 91.442.9 128.6+4.6

'GRL (growth rate for total length,%)=(final total length- initial total length)/initial total lengthx100. 2\GRW (growth rate for body weight,
%)=(final body weight-initial body weight)/initial body weightx100. Data are expressed as mean+SE (n=50).

Table 2. Plasma osmolarity (mOsmol/kg) in the juvenile hybrid grouper Epinephleus akaaraQ xE. lanceolatus? exposed to different experi-

mental salinities

Salinity (psu)

P t

arameter 0 3 5 10 15 20 25 control
Plasma osmolality (mOsmolkg) .22580.7 2331304 264+56 356421 31314 334307 350421 344477
Sea water osmolality (mOsmol/kg) 2 101 158 305 442 576 719 981

Plasma osmolality in 0 psu was sampled on survival. Data are expressed as mean+SE (n=5).
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Fig. 3. Changes of cortisol, GSH, SOD and CAT in liver and kidney of the juvenile hybrid grouper Epinephleus akaaraQ xE. lanceolatus®
with decreasing of salinity. Different letters above each column indicate significant differences (P<0.05) between salinities, according to
Duncan’s multiple range test. GSH, glutathione; SOD, superoxide dismutase.



430 87 - 2

Fig. 4. Histological changes of gill with decreasing of salinity during 30 days of the hybrid grouper Epinephleus akaara? xE. lanceolatusd.
A, control (34.1 psu). x400; B, 25 psu, arrowhead: activated chloride cell. x400; C, 20 psu, arrowhead: vacuolated mucous cell, circle:
hypertrophy of epithelial cell. x400; D, 15 psu, arrowhead: vacuolated mucous cell, circle: degeneration of chloride cell. x200; E, 10 psu,
arrowhead: destruction of chloride cell. x200; E, 5 psu, circle: fusion of capillary. X200; G, 3 psu. circle: destruction of epithelial layer. x200;
C, capillary; Cc, chloride cell; El, epithelial layer; Gf, gill filament; Gl, gill lamella; Hc, hemocyte; Mc, mucous cell; Pc, pillar cell.

HhE] 2o} 2] AbAAH| &2 THAshs HS Hoon, i+
of| A Ak An|go] 7MY =4 Th(Fig. 2).

HEE 30U Bt E2AY] & ST ANAE Yo R Tt
Alxko] A 5E]Z, GSH, SOD 4 CAT ¥H-2- Fig. 30f] LR
At FE[FZ Thol| A, th2-9] 79 oF 10 ng/mLe] FEE
AR Hit 7ol whet 54 3] F7heke 2 UE
t}. 53] H4 20 psu o] stof| A tf 2of| sl 5= S7HF -2
SHA| T QA TH(P<0.05). 4179 Z4-9-ofl= 15,20 psu = Al
FE|Fo] ot FTlsh= Aol THE o ol xfol= ¢l
ATHP>0.05). GSHE= 7HollA] t2-19] 7% ¢F 6 ug/mge] &
S5 FASHARE 15 psu leE A ]85 F7ek= Ao 3
=] TH(P<0.05). HFH 4174-9] 749 A& ol wheh MA[ A o
& GSH %7} thas Z7Fet A o] k=] 9l ot 7972 ¢lol
CHP>0.05). CAT= 7Hoj| A] o 2719] 79 9F 9 U/mge] T4 =
£ 74311, SODQ] ¢ 13 U/mgd] A =S FAI5HA9, &
Ao et 27 FTksks Alo] WEE I 39 10,
15 psu =& A] 7ol A SODeF CATZJ =7} 54 3] S718H3l
tH(P<0.05). ARtA o 2 & 5 psuolstol Al 7kt Aol 2

Z, GSH, SOD ¥ CAT ¥+ &4 =7} UepA] ¢kgrom,
& 10 psue} 15 psuol| A= F-2l5kA| 48] S71ek= A3
Hom, 25 psuol ol A= th 2Lt AR e & A5k
A0 2 LEsiTh(Fig. 3).

Holl w2 tjekEate] x|of oprtu| o] 22|8H4 HIHE Fig.
4o e Qlet. diztollA] of7bul= Ajke] #2421 ujd
52 HIESE Al 2 A4S B tHFig. 4A). SHA|T, 25
psu@t 20 psucll l=EH 7| Q] ofrtulef A= L7 AAl et
HA 3z 2] 2t wAdo] ERIE] ¢l o, 20 psuclAl= At
1] 59| v} WAE ] FEo| UepsitH(Fig. 4B and 4C).

15 psu A 7|A| 2] of7ta]of| A= A ] 52 Hl%, Al
3 N 2AY SAMIANY SR A o] Fa23t 5 237
5H2] Aol ES18L¢ItHFig. 4D). 10 psu 0|52 AlFLo]| A
= Ao Bk HAA| 2] 44 (Fig. 4E and 4F), B4
329] o] ot A EHe| Fot, AT -] A4 (Fig. 4
Fand4G) 5 Q%5 27} gagto] ueh 22504 wi4o] 271
= HE Bk
oo

HE2 FANES Aol AgHor JFs nAuE A
gshx oz 931 217 2 91 5 dlto|ti(Urbina and Glover,
2015). ol BT +45E70] AHEH Hol7 LA 4Eel
el A 3o kS nAH, HARE Yo = 9e-S ou|et
THEdwards and Marshall, 2013). E3F @2 # 3} w}2 o] &
O HE2AFYL g oA o] T AEL A A5
4= Q)= | ;o] th(Stewart et al., 2016) & o1Lo] 4] 30 H<t
7 A9 ol =3 A1 i ate] A ol= 0 psuol| Al 72A417F
A B g Apetel om HAF A A AHE A EE 225 mOsmol/
kgol itk §H 3 psuol /el A 30U7E K5 AYEsto] i sh&ut
2] 2]o]7} AEo| 7Hag HEQ gHA|l= 3 psu o[ 0 B2 A
Act. BHH, Lim et al. (2016)0] w21 tfjFute] 2| oj(Ho
A%10.0+£0.4 g)9] 3% FE 8 psucjA 40 =& 7|7t ok
AZEE0] 0%, Hutel = 8 psuolA] 2z HArs}ol e
k)7t ko vlsh FatiAde] et A o2 Haskgieh
E3t 2] F(Epinephelus spp.)+= F G402 F& 10-33 psu,
T2 22-28°C (Chenetal., 2016)0] A AAISE 4= Q1= 0 & oF
A QlaL, Fvte|(Epinephelus akaara)= ¥+ 5 psuol A= 9
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RS2 8Ro.51, 3 psusiA] WA ARAIZHLT,, (EE 313417
© 2 X 31(Wu and Woo, 1983)%E 1L @it} ufetA] o 2us
v 77F FA4 S0 Aeketohd 2 AtollA FHke] A
I o etate] A 0] wESl thEHE] Ao 4 3 psu ©
o] HtollA 304 =% 717t E et B ALkl A& 51t ¢
BO 3 5psul® HAFE

HEHSH= ROS (reactive oxygen species) A2 Al 7]
= ABRIAEY A gRlolw, T2t AN ARG Ei= HAA|
32 5ofeF 22 M| a2 of| = kS m] R tH(Dominguez et al.,
2005; Lushckak, 2011; Yin etal., 2011). T3 7F] G 48HA]S
AEe| 20 3], 2T WS DL & gl AT Hol
o, o] 7] A7AFE)E vreRd 4= ¢lth(Wagner and Congleton,
2004).

2 Aol A thante] x]ofo) 7hat Aol FEE, GSH,
SOD, CATo| gt AtefAEd A gk A3} Zhojl A el &S
ol wet fofekA S7kskeith. GSH 7F24] 15 psu
4] 45| 271k 10 psu oJske] AgTelA folst
Al 4k en, SOD2F CATE 15 psu, 10 psuol|A] 525}
A S7FetaATt. vhH Ao 79, GSHE= #-9]3t 93 Ho]
A k3o n], SODL} CAT+= G 15 psu2t 10 psuclA| 57}t
At Aol wE SODLF CATEA 2] 57H= Acipenser
naccariio| A] EI1%| 31 9l 0™ (Alvarez and Nicieza, 2005),
yellowfin fish sea bream Acanthopagrus latus®} Asian seabass
Lates calcarifer G5 48 psuol| A 6 psuz 7F4agho] upet &
E]Zo0] Z7}5}9thMozanzadeh et al., 2021). o]#3t A=
2 o] ojsevle] Zojeh SARR AakE e ich u
™ sablefish Anoplopoma fimbria (Kim et al., 2017)%} golden
pompano Trachinotus ovatus (Ma et al., 2016)of|A]+= FE4-
Zx0f] THE SODe}F CAT 20| Zassto] fiHato] w5
7o theFet H3E Ueb Qlet. o] 2l HEwistol| what et

= ARIAEY 2RSS0 Tt A2 F SoldS 7t
A, o o] ekl W 28717k Ad 2 Sol et Aol
(Mozanzadeh et al., 2021)7} = A O & FAEC} F5 P&
of w2 ol7hvle] 245k wg-S 15 psuolalolA] ATk
2o] )%, QAT Y HeH TS| BT S WAo] Ealalo]
(Anni et al., 2016) G230l W} 22|81 WAdo] ST =
7AeFE Bk o] gt A A HElA A7 AR S
o] THAE A glom ARgsto] A 9l tiAbg ol E
PO7]= 8elo] H 4= S AL R AAX

] 209 AHRAEEE 2ol A 344 mOsmol/
kgo|al ¥ 10 psu o4O A+ 313-355 mOsmol/kg, 5 psu
o]5}o A= 225-264 mOsmol/kge] 31t} 74015791 Trachi-
notus marginatus®] @7 AREAsEE G5 4-20 psuof Al
351.1+2.3-365.5+ 5.4 mOsmol/kgo] 2 tH(Anni et al., 2016).
SH8+e] Epinephelus akaara®] 73-%- G5 30 psuoil A 20, 12, 7
psuC. 7h4A17] 49 B ATkl whe} WA A AR

300-500 mOsmol/kg®] ¥ $]of| A H3}E X & th(Woo and W,
1982). 31 black sea bream Mylio macrocephalus (Woo and
W, 1982)2] 700 @12 3.30 psue] HgjoA] AF= A
T 320-380 mOsmol/kge R 1atgict dubd o g sjatol &
o AU A s AAA R 2A 52 =™, 400 mOs-
mol/kg ©]3& E 1 (Nordlie, 2009)3}3L Qo] 2 AL A ¢
& 10-34.1 psuc]l =A% tiehmate] 2loj9] @4 ARdE
T Aol 7o) N Rl AR 544 YER AL Qlth

o 77t Aol «X|5h= B¢t ofrbu| o] A, AsshA gl
o) sl WAet= BgolA A|R7F atEH, ofF
7b AR AREE olUAlE FeldA 10-50%0]tF
(Boeufand Payan, 2001). 12 E2 o] 77} o] &2d E= AT
ZAof| ARE-E|= o U 2] 9] Atoli= o] o] EAart 2 7hof| Lt
Efib= AEA Q] FEAte] Eshs A0 & Bl ti(Hande-
land et al., 1998). o]= o|F2] 4} AR AR AFEEE 7t
Al ol A ARSRE o s AR R E oL o] 22 H of) ARG
= U7t Aof At ok iAol ol U A& ARaiet
T o= ISt Anni et al., 2016). & Aol A A4k
2] 2]0]9] fharaH] S HEtao] wet sl A B
o, 2R84, 34.1 psu)oll A F-oJsHA| =8k, 15
psu o|stol| A F-2J5HA Rkt AlFF7tell the ddES> o
ZFAFAS S, 34.1 psu)ollA] 128.7%= 7H4 #9441, 15 psu
2} 20 psuel| A 2+ 101.0%, 109.7%2S.2 F-Alsko] tjmt
28] AFES 25 ARkl A|AEA 5=t AR
ol A AAE O] ko1, o]+ sea bream Sparus sarba®)
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