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Physiological Responses of Grey Mullet (Mugil cephalus) and Nile Tilapia
(Oreochromis niloticus) by Rapid Changes in Salinity of Rearing Water

Young Jin CHANG and Jun Wook HUR
Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

Physiological responses (cortisol, glucose, GPT, GOT, total protein, hematocrit, sodium, chloride, potassium, total calcium and
osmolality), growth and survival rates of grey mullet (Mugil cephalus) and Nile tilapia (Oreochromis niloticus) by the
manipulation of salinity were studied. Salinity was increased directly from freshwater to 33 %, and remained for 15 days. Then,
salinity was decreased directly from seawater to freshwater and remained for other 15 days. All tilapias were dead at the third day,
but 96.5% of grey mullet were survived at the 30th day. The grey mullet showed no significant differences for cortisol and glucose
concentrations in the seawater and freshwater. However, those of the Nile tilapia were increased in seawater. The grey mullet showed
no significant differences for sodium, chloride and potassium concentrations during experimental period. However, those of the Nile
tilapia were sigrificantly increased when exposed to seawater. The osmolality of grey mullet ranged between 293.5 mOsm/kg and 335.0
mOsm/kg for the whole experimental period.
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A 2 ATE Folr7] o,
£33 g5ol{9 "k do} (Oreochromis niloticus)© OHE &

FEYAA AEFQA A7 F2 Be 2EH2ZE hand-
ling, confinement, ¥4 ¥ FAFH 5 I93 22 (Donaldson,
198107 AMSUE (Wedemeyer and Mcleay, 1981), 53 (Smart,
1981), 2 (Fryer, 1975) ¥ 9% (Singley and Chavin, 1971) &
7375 2L & 4 5lon olF 2L oJFe 4 4P
ud 4= 9o}, o]F B 4e HEL AFY HEY 2 9FE
Ae Aoz F4¢ 949 dde oA AHzd %y ¥
A AAE 23 Ao2 gEAR Yot (Singley and Cha-
vin, 1971).

e A 6~79L Aulr)ztoln, §~9¥ & T HE Fuhg
3ol Wgdte 7|elth o] 7[5 JFI Lo g3 Agsy
A AGE @4 B FFANA olv] A v glon,
G e glo] A fe ARE ¥ £ Ao} VA5 o
ol a3, o€ ofd tX3}r] At #44 (homeosta-
sis) FAEHY A5G 24 & #oh (Morgan and Iwama, 1991).

Ao 79 51 (Mugil cephalus)e BEAF 2 A7 ¢
Rt A ZIFEAGAA st B odFE LA A
o} (Thomson, 1968). X|o} 9 o7t $-58 45t 2458 $
AYI 9o, Chang et al. (1996)3 Lee et al. (1997)2 %9}
xole] g8 A4 NEG 2T Batd, Chu (1998) &
Fred AHEE A8 QRA AR AT Bt A7 up
Ack. ¢4, JFelMe 328 Mo 93 HFHE (Lee et al,
1987), ¥3tA] 4% 9F (Lee et al, 1992; Walsh et al,, 1991)
D Zo] dF ALl vlX & B4 2¢ (Eda et al, 1990) Tl &g
AF7 QoY dEdstd g AFEY 244 € 4% 8¢

b

310

Folf 2o v 2F 3¢ JENAL 71AT 9lo] (DeSilva et al,
1986), 37t A5d Aoz A Ao oy 4
AHE3 BEE AT EC F3A0 GEUAT dolAg A&
& (Watanabe et al, 1990), )39} B4 A 4488 (Iwama
et al, 1997)9] &g 27l goy, dEwse] b 45 =34
g AAFeoz 3l drdde nEFH 4Fod.

222 £ d7dME $o9 gatFolE AER 9 A%

5o FA% grusd Be 42973 v 43 3 4Ees

setste], 4 Este daede 98 7128 E QA FHq

ME o

1. AEoiFe A8z

Agol AHEE Fole AFolA FRANE O FFAN A
%349 Zollen, detgole g A& AHEdH 29 o]
Atk APe cqAFH AFA 2NN HAFHHL, $+FE FRP
EFz (2500 602 F F43 (KBEHE) L 1,500 £t

A48l s "ol 28402 4749 HA@FRd
leomte] 4 3tE 02 F&3tgch oA AFS A4 115+ 13
cm, 1302 39cm, AFE 124+05g, 307 £93golUch 49
71t 3090 2 g o, Abs 4 E¥ZH L Fig 13 29
Fr2RH 1999 33%,9 A7t HEE AT E 2@
i, o2 RH 159 ¥ U ARFE G52 Z#se 1597
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Fig. 1. Controlled rapid salinity changes in rearing of grey
mullet and Nile tilapia for the experiments.

2. ASEE Y A=gue

AN AFE TR #4831 FZF AFY o5
0E 2EY L 9FE 4357 93k, AF st F8I] QA
I o] BUE o 48-¢ ANAT £F AYost 2EH A
E WA g3 dAHEE APz Ao 1E8L AAsH.
AEF ol YolEE L FEARE 1Y AFF 3%2 FF
At FFe Y ARFF AT Fo 150~200 28 oA,
A2aFFE A FES Aol AE AFAD AAINLF F&
£ 204 £ 08C92H (Fig. 1), DO 52~70 ppm, pHE 7.0~8.,
NH,"-N& 0.02~1.25 pg/é, NO,"-N+= 0.0004~0.002 pg/¢, NO;™-
NE 0.017~004 pg/l, PO,*-P= 0.065~0015 ug/b2 A, 0l 8
gtajole] Aol A Aol gl Aot (Cha and Jung, 199,
Kim and Woo, 1988).

3. 8ol M % 24

A¥oj2REH g9 HFH3}7] oldd] FFY o)t oA
A ge X G (hE F, 1986)S A28st7] A3t A
Y 24AHARE A A AYE heparin sodiume T
FA71 (1 cc) & A3t en, 4 F2oA 100he4 AF3d 1
£ oWl AdsAch A M7= 0, 1, 3, 6,.15, 16, 18,21 R 30
OE AT :

A Ao SulEAYE (Ht, %) micro-hematocritd
(Micro Hematocrit Reader, Hawksley)ol 98l £33t} o) ¥F
G g FeoA 102 ol WA, A% (12,000
rpm, 5 min)3te] A& AL EHANA -76C BBAIAT
¥4 FEE FTEE PAIEGEAY (RIA 98 SFdAL
o} (Donaldson, 1981), cortisol RIA kit (DSL, USA)2 #4993 &
Ao gAd AAHoZ NIEE F2F ohE, Hewlett
Packard Gamma Counter (USA) 2 £48 ). 8% 2#3LE
Eiken glucose =34 A% (Japan)& AH&-3t4] Chemistry Autoa-
nalyzer Hitachi 736-40 (Japan) &2 ¥ 43 F3lo] AUt
(Patricia et al, 1994). GPT (glutamate-pyruvate transaminase),
GOT (glutamate-oxaloacetate transaminase), %923, Na*,

ClI°, K, #Ca 559 23d= 34 ¥A4E47] (Ektachem DT-
Il analyzer, Eastman Kodak Co., USA)E AM8-3t5ich @39 4
24 5242 Micro Osmometer (Model 3MO, USA)dl 23}
At

4, MFD MZE 53

7 AgolA oA AL e A3t AFAAAG A
HEE A & 2o A ovtelY 279 F&89 AZH AFE
248 4ch 3% 23dE | mm ¥FY ASFHE o) g3,
%L A2 A& (AND FS-6K, Australia) € ©) 83t 1/100 g7tA
2R8G9 APERA o5 oy AZANLE AFARE
o2 oA g AR

5. BAAe ,

2E d¥Aad U9t Computer Program Statistix 3.1
(Analytical Software, St. Paul, MN. USA)el 23] ANOVAE 4
s, Axfx dFoz HAdy F9Y& (P=005) #FE
o3t Aot

A
=

B

1. FEIEY 2RIA &

APMAA Fof B9 ZEE FEE 228+ 119 ng/ml G2},
A4S 19A o) 125 £ 66 ng/miZ BFolRoH 3UAdE S
% @& 29 28u AFAS 159 AT 309 £ 229 ng/mé
2 AEANA Bd golAh A% 168A dHFEZRE "HE
(0%)2 vHAe | FEE 55 10200 ngm2 F43) @
o}Ae A%E UYehddh ol ¥ 347 FA (AHS 18U A&
AFAIEA Y fFo 2 FolNE A% Ak 28y 2497
B¢ ZEE B Aolel g Zole YA W AFA
AAl ggtulol golo) FEHE FEE 407+ 221 nyniR o, 3
A (4R golA B o 30 2ol on, SfFAs 3Y
Aolle wao A8 o B} sul ol 211.0 £ 1966 ng/miH h
(Fig. 2). _

ZF3I2 FEE Fig 29 2o], gole AF/AA 030 +0.03
mg/mf, AFAS 194 0322 02 my/md2 N2 H&E HE B
dou HAFASE 15YAdGE 035+ 009 mg/mE o7t oAl
ol F A FFBALZ welR A% 168ME 050 +025
mg/mZ EotA LY, F4F Aole AT EHele 2FaL
FEE A8AAA 0371002 mymig ey, H-AE 19R 6
068 + 006 mg/m2 28k FobATH (P<0.05).

2. Ht, GPT, GOT ¥ &Z&to| ZCHHEE

Ago] ¥do H, GPT, GOT ¥ W EF] WA FLE Ta-
ble 13 ¢},

%019 Hix AFMAA 332+41%99 Ao}, A5 &
FAHE BEOA 7MY Zrad g dEtoly Fojg o] 7
Aste A%E Jehyoen APMAA 266+ 14%2HEH 5
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Concentrations of plasma cortisol and glucose of grey
mullet and Nile tilapia reared under the conditions of
rapid salinity change. Different alphabetic letters on the
same color bars are significantly different (P<0.05).

Fig. 2.

A 3GANE 261 04% 2 {93 A

GPT 842 AN Sole 60140, B&Hol= 20100
o]t AFAME 1, 3UA FojE <2022 WolAgs} o] F 15
dAoE 55352 FUHEAY BFE2 virelE Fole 19
3R] wepH ot HeALS (5 752558 7T
detuols slFALS AIZEY] F o] e Eopd e, 3UAdE
125+ 452 A8AAAY & 602 F33] 2ol #£& B,
=8 gdalole A 38 A foF 2o) S el T (P<O.
05). getgjote] GOTE AFMAIA A 1610 £ 43022 Fof Bt}
o 4] ¥ F£AE HYAY, A5sBAAME FarHE AFE
vegth 2y ol AFAS 3R 860 £ 17.022 Fo}
A7}, 15498 320 £29022 ZAsyh

4o FadmARe ol AFMAA B 59} FFA
SA o AsEe BEE JEIR D 5 1549 A E 2551 04
mg/mégon 48 1644 (FFAS 194) ol 23.5 £ 0.5 mg/mé
2 Zagdd 49FsAde 7MY £ 260+ 1.0 mymg 2,
A8705 3L FA% Aol & JehA gt deyole
A5AS 3849 200 £ 0.0 mg/m2 AFAA A 225+ 04 my
nég} fog Aolg YeR

3. R HHIY AT =&
Agol Y29 Na*, I, K* R £Ca 5E ¥34FE Fig 39

293 -

3

M
Ho

2t}

Na*e FojdlA RAP/L ¢ & Ao)& HolA ggron},
gatyole #FAHS 3R 2255+ 0.5 mEg/éE2 YERY, A9
JRAIA BT} 45 mEg/é & FFol A (P<005).

#0919 CI” F=& Na*# Zo|, 47|zt 5t BN A%
#3 zholgle] 118~143.5 mEq/es) ¥ E EQd. geiyole
AFANA 1500 £ 00 mEg/elA s5AS 198 0h 1450 £50
mEq/22 727t 34AdE 1610 + 1.0 mEq/E EoHATh

K* $5€ $oloAM 22~33 mEq/¢9 HHE 4¥7131% &
gate YUt geotd e A8l 38+ 0.1 mEq/lR
o} 194 ¢ 43t Ao, 3dANE 86+ 1.0 mEq/lE
AYMAA Bt o 2v] Eobd ££& EYG

%019 £Ca FET AYFRAI 1315+ 285 ugd 2 7} &
< @& Bo APAAAG Aolg yeiY. datgote 48
AN G AFAHE 198 Aol o, 3UAdE 1600 +
0.0 um/ml 2 Fo3HA FolA

Fojg A5A v AAENT BU 2935~3350 mOsm/kg
HAE Jehyod, delgole AYMAA 3105 3.5 mOsm/kgH
g Aol Al E 194 YNNG 20§ Ho)A] ehgron}
3UAolE 6538168 mOsmkge 2§93t EobA o (Fig 4).

4. NZ Y MEE

Folo] AL AFANA 115+ 08cmPd Rol, 4¥F8A
Q 30 Fole 123+06cmE AT AFAREH U7
ARAREL 4Z 13124%, 27£07% 9 A AYARA
A 130£23g0I0d Aol HAEEFRAE 158+19g22 4%
H4en, AFHAEL 251 £89% Frk AVIINF A TEE 83
£ 01011} (Table 2).

AYERA 019 HELL Fig 59 2] 965+ 14%HoH,
Aol AFAEAd & AY TN 2nbe] ol F d oM B
2 ASFE LT 1949 20ka)7t BAHT. gEole 3
FAHE 19589 AL AR 2RAHA ggton 294 4&
& 5%, o/ % 3UAd 2F sAbsgrh

]

Table 1. Variations of Ht, GPT, GOT and total protein of
grey mullet (GM) and Nile tilapia (NT) reared under
the conditions of rapid salinity change

ﬁfyg?%" ) Speies  Ht(%)  GPT  GOT T°}";“ngl/’m’2'fm
00 GM 33241 60140 3601330 215+04
NT 26614 <20 1610430 225+04*
1) GM N7E38 ¢ 455E115 20408
NT 259+124%  <20° 760160 215104*®
33 OM 26511.8:" <20 860170 245+25
NT 223404 125+45 405+145 200100°
153 GM  267H10™ 55+£35% 20+200 255+04
16(0) GM 26+12 45+25° 7651215 25105
180 GM 22927  50£30® 1501120 25040
30(0) GM 249%LI® 175455 405+125 260%10

Values are mean + SEM.
Values within the same column with different superscripts are si-
gnificantly different (P<0.05).
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Concentrations of plasma sodium, chloride, potassium
and total calcium of grey mullet and Nile tilapia reared
under the conditions of rapid salinity change. Different
alphabetic letters on the same color bars are significa-
ntly different (P<0.05).
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¥ HAde olfe BHZE FHd) =&Y WE A
ol E98AY, 2APEE Ak 2 FAFY odfie A
9 FLAA ASHEE o uheg Holy] oFuh oFE
2EHAE MAHE A8 E FE2E EF (Avella et al, 1990;
Robertson et al, 1983)3 2E# 25 Z7A17]7] 93 Avx &
®9] %7} (Barton and Iwama, 1991; Pickering, 1992)7} Z# ¥ o
FIHoe AFe] EiEe 4L HolA €9 (Pickering et al,
1989).
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Fig. 4. Plasma osmolalities of grey mullet and Nile tilapia rea-
red under the conditions of rapid salinity change. Dif-
ferent alphabetic letters on the same color bars are si-
gnificantly different (P<0.05).

Table 2. Growth results of grey mullet and Nile tilapia under
the conditions of rapid salinity change

Grey mullet

Nile tilapia

Total length (cm) Initial 115408 124103
Final 123 £ 06 -
Body weight (g) Initial 130£23 307+ 54
Final 15819 -
GRL (%) 73+24 -
GRW (%) 251+89 -
SGRL (%) 2707 -
SGRW (%) 95+ 16 -
Condition factor 83+ 0.1 -

Values are mean £ SEM.

GRL : [final mean total length]-linitial mean total length]X 100
/linitial mean total length]

GRW : [final mean body wt.)-linitial mean body wt.1X100/[ini-
tial mean body wt.]

SGRL : [final mean total length]-linitial mean total length]X
100/rearing days

SGRW : [final mean body wt.]-[initial mean body wt.]X100/
rearing days :
Condition factor : (body wt/total length®)X1,000

GRL: growth rate for total length, GRW: growth rate for body
weight, SGRL: specific growth rate for total length, SGRW: spe-
cific growth rate for body weight.
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Fig. 5. Survival rates of grey mullet and Nile tilapia reared
under the conditions of rapid salinity change.

AEfFt 349 2EH 28 wAHE PR wASA 23
o #HAbo] o]E 4= 91 (Strange et al, 1978), WA AEHAE
WA JF74, 588 2 Aud g Ao Holjd &
A (Wedemeyer and McLeay, 1981). o159 8% 2E|Z3 2
FIA2E oA B 2Eg 29 NE2A AFHL Yok (We-
demeyer and Yasutake, 1977). T3 o] 4 AF AsHA,
FrIzd aud H R ¢ YW 59 HIEr 2y
o2 g BT & Uk (Schreck, 1982). o] L4F A 2EF2
T 2E, oA g Hrto] o] ARt o} (Wedemeyer
and McLeay, 1981).

019 8% ZHE v B9 #5300 AM Fodt Aol
Bolx ¢ty dadold e fFAS 1dAEH FES 55
7} EotA 7] A& s ALS 3 A AEAAA B sy
7t #&<& Uedth Barton and Iwama (19D)F ZEE F
29 F70} 9E Re ZEd2E ¥4 4 e guHta Y
cdl, £ AgoA FFolA ASHE 0l9 #FAl o] nE
ZEH2e AL A28 BoAd, a2y Yatdole A4
o 2Eg2& 3/ ¥ &S & F Ao

AR o2 FFdo g FF 24N 22 P /RS
Aste] AR ABAE (FFY F47D7F =E2RFE 1A
FEANA HarAR AGSI (F £, 1993), old H3tA A
€ otAg U Z Yot FAS A0, FAHEL IEHES
Hgte 3 IHE =& ¥4 b (Tam et al, 1987). 2E
£& op7ta] AFAEY Na*-, K*-ATPase 4& A3 34 (Ma-
yer-Gostan et al, 1987) 5&5%°] ¢ Na* HZ Z5& 33
AlZIh, ojg} FAlY ZE|EL ¥F o8& AAFY (Laycock
and Wish, 1983), 8% 2F329 & 3709 (Tam et al,
1987). & GFNA Fole fFAS F F5xd 194 FF3)
A Zade 4%E Beed, B drdAe 334 A
719 2 @¢olFd Yo HEY AR d4H g2
22 48A de Z28Y 9% (Bern, 1983)22 AL HH,
o g o] Rio didt Ayt Padd £ Fol9 5L

HES

BFASY BE 2RAA FEE FEE FE 22 ¥ 4FS
Hel Xojrt gilch ¢ datmlole] ZEE FRAMNE /9%
o8 Holx ggou) ZHEIAAE HFAS 194 S3A &
old £28 JepYth gutRo g FFAAE AEY 2 8 F
7FE)H (Olsen et al, 1995), Barton and Iwama (1991)= HEIE ¥
=7t Eoldd gt 2832 7 ol AL 2EF A0
3 2 o AuE 23hkse AR a ¢ getM g
gyjote) 234 FEE HAFAS we A7t 2EYLE F
S 9 2HEE ZEEY F§07 2732 AT (gluconeoge-
nesis) S 9% Ed BA4o] ol FrtHE Aoz BAA (Bar-
ton and Iwama 1991; Davis et al, 1985). ¥ dFolA9 Foj=
He 22 AEE e A gAW, "detgole FAM AFE
YERA .

oj#] 49 GPTH GOTE EF oplr]e] Ho|Ei9 UF
o2 TAE Fo EAAAN gAY BHEE de EF 4L
g7t z3e) uZdH | AY W F4o e de AIXYz
HEEozN ¥F Ao wobdt (1A %, 1980). ¥ AFA
%019l GPT$} GOT 4L Mz Avtd Z¥E Jeded,
GOTE #|FASd wel solxe Wi GPTE RoHAe AEs
B #0l9 GPTS GOT 842 s4AMS: 1594 d8%8
Aol AEMAAIS} 28 FES BdozH, duA 531
A FEZq 352 ¢ F ddh 28y deluele] GOT 84&
HFAR A RolA e A4S HYoy GPTE AFAHS 14A
T AEANAG ZolE YA Ftdr, AFAS A e
FY3HA EotA AUA #=Fd EA7 9&-& gAEE v ¥
Ao FARAFLE ol A 59 FealSd bt {7 el
£ YehiA &t dFASe] dE Fole Iy BelAe A
o, ol oA}t 1% (hypertonic)l #5#A st
HE3e FEYE BYFa o 28U ALS 164AdE tda
HolA £AE Yehied, oje AdEct A g5dgd Je
7] 48 22 duAE AHFAE Aoz B oF Foje 3
AL} 15U9A N AL 159H9) 22 FEE Yedoz ) w
2A. G587 Hed Aoz waddh 1 gty
FAE 1, 34A ] AFEMAA Bt FdwAge] AE AL A9
B 239 @AM HREeF 2L Hddld 33, AF 59
qUALE BF 2R HE, dgoz o gafo s 4
A€ opuiesto] Uy ez FHHE, ojd oA X
o FpiHb doltgg YAskE Aoz HAdoh

%ol9 Na*® CI” 55 dHFAS 194 338 g8l
o8 RolEd, ol 17y $AFZEE Na*# CI° k&
oAYZ #F=e] AL AV A%t Na® = FFo
gadgd Aoz F2drh oF AFAE 158K gA 4Y
HAAlA &S Jepd oz 13 A5 FJ$E 3FS
BoF3 g 23 deed 194 A5AS 1949 4
g AgS B, AT AR 8739 952 n@ges
A A7 Na*¥ C17 & Ao Bfdltele 402 ¥y K
T2 SN E Fole AFAS T FeASd BE FoF A
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ol& JelA gigtovt deluols AL 3UA FAT &
7He BYozH K ¥xo ZHol oEYee ¢ & Uk A
Fojfol A K& 3colA B AXuUe B2 ¥x EAsz
e GRE - P&, 1991, 8d9 Aodt K* v 344 #
Ag 9 Na'/K* HZ F5o A7 e Aoz $3€4.
o HFALE 1A o)L FEEY Wadag 2ol AL
9 dB S "dezdos uE 194de 9t & 454 &
=& Uit £¢ gole sdfAS 393 A% 18UAH (54
% 394A)e ARG HFAS 15SUASY 2 £Fo8 3
E2d Aoz AGHY, detdole s5AS 198 AFAAA
s} fog Zolg HolA FuAT 3dAGE 9T HEE F
=37H8 JeblTh wekA gole A5AS 149R9 28y $73
3 A AW FFAS KA A AREY 23
(hypo-osmoregulation) & 39, §+=% 1494de 439 &#74
o 3t TAFES 2 (hyper-osmoregulation) S e RO
9t doj o7 coho salmondIME G So ute} 8
% ZHEY ¥=%57 (Young, 1985)7F Yoyt o]o] m& Na'-
, K*-ATPase €437} (McCormick and Bern, 1989)E Na* %
B dolozd d44 FAE I ARFEY 249 day
A (Young et al, 1989)°) 228 u} gich, $H A FA ] (Sa-
Imo salap oA FEIE e £7157] ggtoy d¢edd o
E AAEY 240] 987 ¥l (Nichols and Weisbart, 1985) 3101,
E ATAR 509 FEZE e F7HEA ggort A2
FrHste Aoz Hop AREY 2H] Ry Aoz
noEd, 28y deyotoMe Fold iz IEHE Fx7t
Z74t AT, A A EQ GPT, 39943y As)d Ax9
Na*, CI” 2 K* 59 Ha3gog nFo B o 5418 1Y
Hole #4Fg 2Fo] o= Ax o|FoA ) 2dAREHE ¥F
o 2] AUAE At Aulte] A Yo FAHJAA A
oz 2284, o

oj4e AHAE TN £ 9, Folv FFEY 2ETYo| &4
3o} A4 GRSt 2 9%E A ge ez gadd,
oy Jddggele ol HlZste 45 245 3ol
g veon 333 d2usld F%& 2A ¥ o A
2 AZ4eg,

o] (o]
=

qEsl W A3 v 4% 2 4E&d B3 xA
g duz, 4o FolM FdA olF R R ol g
Hol & A2 FHF GEHE 2HAA A A3 HiE
FAHE g o

F0l9 FEE F59 FFIL FEE AFAETH 5
F3 Aol Holx ¥tk deyole Al wE F7)
e A% el 019 Na*, C1I” 2 K* 55 48744
Ag Aol VeRRA sttt 28y detslele HgAlSel o
E #9% Z71E Bt o9 AFATEE 293.5~335
mOsm/kg B9 & BAt gayole A5AS 394 F9# F

5

o nju
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