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Effects of Temperature and Salinity on Early Development, Survival
and Growth Rate in Seabass, Lateolabrax japonicus

Hyoung-Kyun Han*, Duck-Young Kang, Sung-Bum Hur” and Seoung-Won Kim

Keoje Marine Hatchery, NFRDI, Geoje 656-840, Korea
YDepartment of Aquaculture, Pukyong National University, Busan 608-737, Korea

Effects of temperature (10, 12, 14, 16, 18 and 20T) and salinity (22.0, 24.5, 27.0, 29.5, 32.0 and 34.5
ppt) were studied on incubation period, hatching success, survival and growth of alevin and juvenile
seabass, L. japonicus. Embryonic development was accelerated with increasing temperature but it was
not influenced by salinity. Hatching success was the highest at 14°C and 34.5 ppt. Higher temperature
also accelerated the development of mouth opening, absorption of yolk and oil globules, and alevin
growth. Survival of the 5-day old juvenile was accelerated in the following order : 14 < 16 < 18 <
20 < 127C. Rearing experiment of the juvenile for 30-day indicated the faster growth at 13, 20 and 27
ppt than at 34 ppt.
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%0], Lateolabrax japonicuse %o}, EolB (Genus HEEe T2, 94 AlFA 9 ulela| A AHg Z-44)

Lateolabrax) o524 (4, 1986), Seluteh A - geiglat IR Solsh ok ehAl W <R T ool bl
ZF, tlolgk o YR (S7to)% ool A ddtell W & w2 Aol ok wekAl whE A7k Well 4 of

2] BE3t9 (Yamada, 1986), Agk-g $3l 7[5 o2 of gl EoflA] g Holw, A £ Fol FEE THH7] H
T o= 542 AU ot (Horikd, 1993). H3F Foi AAE SRS 71Fo] AlF3l AL - BEEolol & A
€ 9Eo] 7Hgsie] AA 7hFel Fof, Tl BB €8 2F Bk a2 Foldl oE o At o] %o
N E 2 =AEa ohdel FANG FH Fog B4 # 2 YE (Makino et al., 1995; Perez et al., 1999)dl] H]

& w1 g 3, S-glUaal AL o] B (1988), Kim and Jun (1997)

2 F o] AL AAR Aol Foll SF W T (1998) Y¥ato] o[ FolA YL Wolrk. Tl F
o) &S glod, AT QI B2 Wl WE Y HSlE Bebel FAEA AT AR ATV 7] A
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(1) T2ell B-E 37
FATL AN AFez A %A 43 ojr| 25 e
ol kel < (1435005 mm)g A AAs} it}
2

T TARAAN AL ol dedch. AR o7l 25

1
FagbEo 2 Agelols, e Sz HlolA 2 L)el &
o1 E 34401 ppt, DO 50703 mg/L, pH 7.8+0.1]
relz 28 Beleeinh. olm $3} 50%0] o] 2 R4
b B3k $BA g (%) FPs

ox mo 4N

N

g

@ HEA w2 FF
FARL g2 A FLE AL Ao, T2
EE A FNA 14202T2 FAH Fock 4R2 o
2 22 ppt, 24.5 ppt, 27 ppt, 29.5 ppt, 32 ppt, 34.5 ppt
Z o7le] AP bR w AAegla, 21 vlolA W
A 2 ARe FAHA LA

F'EO __5}‘
lo

He ¢

2. BgpAol 9] 270 glo] 9] 4%

A8 Aole AF M- T L 1BTAA 497
78 Felsto] 2 F3AF Ao (A 3.86+0.08 mmy
E Adslgiom, Az 50 L IRP Ad52F o8
sk LU EE 202423 vl /LE slglom, AP
12,14, 16 2 18CE AR ek3ivth. A% AN (FEA)
FEE AL 13.0F05CTEA, T F4 flol 49
T FoE Agelr] Haf 244700l AH AR
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Gkt §7-9] 7] Makino et al. (1995)9] wb4]o]]
upet it Zro] Fahaick
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» O, (mm’) =xcd’/6
[Yn : @3 29, O, $7 F5]
la: s A7, b @8 73, o T A,
d: &7 241

ok} GRel A7t FrFEE 94| Makino et al.

(1995)¢] ubAlel wh} cheal 7ol A&k
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2 A%l oF T0%E Hoheh AFBAY FL W AR
£ 2 AU Bel Fv) W] FFL BE AW
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nauplii (6 inds./ml), ¥#HF 15U ~30Y> Artemia
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Table 1. Summary of experimental conditions and procedure

Exp. 1 Exp. O Exp. I
T s* T T s
. Larva Larva
Material Fes Fes Larva (yolk sac stage) (postflexion stage)
Initial Time 0 hr after 0 hr after just after 5 days after 40 days after
fertilization fertilization hatching hatching hatching
Basic condition 344101 ppt 14.0+027T 34.4%01 ppt 344101 ppt 15.0£047C
22, 24,
Exp. group 10T, 127, 14T, 2:728 }};i:’ 292 ﬁgt 12T, 147, 12°C, 14T, 16, 13 ppt, 20 ppt
’ 167, 18T, 207 ’ o T, 187 T, 201 27 ppt, 34 ppt
C, 18T C .0 ppt, 345 ppt 16, 18C 18T, 20C PP PP
Replication (No) 4 2 3 2 2
Experimental
duration (day) 10 10 20 50 30
Density (inds./L) 100 100 20.2+23 6.610.1 6.61+0.2
Response a 4 5 o 7 Growth Growth
variables HT, HR HT, HR BL', YA" OGA Survival Survival

'Experimental temperature; “Experimental salinity; *Hatching time (br.); 4]F-Iatching success (%); “Body length (mm);

*Yolk absorption (%); "Oil globule absorption (%)

AAlsl e, olu DO 6.7+0.5 mg/L, pH 64708,
B 344101 ppt2 $AANEG G AHole] AT 10
U PHeE FAHYT, AT AL AAIAE A

stol FHANF Fol 109 DA s YZE§E FYg

©B) Kole] A g ALl glo] GRE2] g
Aol B3} & 4097) X0} (H)A 11617 mm, ]
F 29.0171 mg)E A-Eslglen, ASF2E 300 L TRP
ApzE ol 8edrt. FEUEE 66102 ulel/LE
slglon, AT MR F Yyl et AErE &
3 zAlsled 13 ppt, 20 ppt, 27 ppt, 34 ppts AAsI A}
Aol Aol Ae] (PG5 344201 pph)E A5
< NAE o]goly] wfjZoll FE Aol g 2= ~E
WA sty A, 39 S s ARl E e Ad o
o2 vt Tk ASAR2 3097 AAslale,
ol A8 MARE 109747 Artemia nauplii (2 inds./
ml)2k WHAE (MF2] 5%, 1Y 53))E FFebad, 104
FE 30U7A] = wiEAR (HF9] 5% 19 53)ure F
Fetsdrt. ol DO 57+05 mg/L, pH 6208, +&
15004 CE §23)] Foloh ARxlo]g] AaArE Ay F

24 A7 (o), AL (mm) Y AF (mg)e Sl Tt

Q

g, ZEL HY AN E A%ste] FHAE B

(=]
104 Aoz ALe8 At

AY A5 SPSSPC AT A E o]-&3led, g 3
HAell 23 71271 AE3 oneway ANOVA gl Dun-
can’s multiple range testol] 2Jsfo] H-43loic}.

2 %

1. 33 3ol glo] 23 g 2] A%
(1) Lol g A3k

g-Eoll whE Foie] F3A 7k L3855 =A% A
1= Table 29} Zu} ¥&A7ke] 7 10T 7 231£39 hr.
07 A »w@m 2007} 5456 hr.e 2 714 wlE Ao
2 velydeh ey} e H3kgel 9ol A& 14TT
7} 63.211.0% 2 7h £& Ao vhelkal, 16T 18T
7} 742k 582+3.1%, 58.8+1.0% 22 & 2 AP} 2
Lt 10T e 20Tl A AR 42k #23Hg 2251.5%
g} 3.3121%E vehdel], & APTFERT FiA
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Table 2. Effect of water temperature on incubation period (hour) and hatching success (%) of the eggs of sea bass

L. japonicus
Temperature (C) 10 12 14 16 18 20
Incubation period (hr.)" 231397 1428 119+10° 89+ 71+7% 54+6°
Hatching success (%) 22415 468+52° 632%£10°  582+31%  58.8*1.0° 33+21°

Y*Values with different letters within the same row are significantly different (P<0.01); the value is mean=S.E.

22 e B (P<0.01). go) Agr}. el FoEa AF2 12TT 159, 14T
119, 16T 99 = 18C 8Ueolw, H79 A 12CF
21, 14°C 204, 16T 179 =l 18T 15Yo|gie}. =3l v}
3lo] T Table 49} Zto] 12CF 0.080+0.029 mm®/
dayz 7} 1—5?.11, 18°CF7}F 0.150+0.023 mm®/day 2
7} w}h o2 vebgth §7 FFEE 94 Tioﬂ
uhe} FY3 FS Bt ojald g A& B9
Atel 9] 5’-‘—?” 97412 Fig. 13+ 4] (1)3} 7o) 1—]‘4

H F£1402027Co A8 23 A¥98 ¢ A
Table 33} Zich H3pA71e] 74 RE écdﬁ% 138~
104 hr.e.2 fo/8t A2 Fe &= gATl, o] Yold
75 B3} 70| AojA & H3ke Vet e 2
82 345 pptrr} 619517 %E T =L g8
vehgen, o-go 2 320 ppt(58.2+1.0%), 29.5 ppt

.1

]
= T )SJ\T'-‘}
(56.7£1.5%), 27.0 ppt(55.7£8.1%)¢] ¥3-&S IERAA
ok 22jit 245 pptdt 22.0 pptat 22 ARETT A4 01067X+3.8750 (r*=0.8689)
12C el Y=0. +3.87 17=0.8689
19.6+8.1%} 10.7£64%2] wj$- e Hi}gg H '
oeoon o ool g o Hee 23 4 14C v Y=0.1466X+3.9039 (r’=0.8652)
(P<0.01). T 6 Y=0.1873X+3.7463 (+=0.8991)
18T weevvrverne Y=0.2212X+3.7303 (r*=0.9726)
2. H3tAol o] 7ol glo] 22 A3k
B3} A zlo]o] 2ol @B 2] ubdnA.e Table 12T 7% Y=01067X+3.8750 (+’=0.8689)2 7}#+ o+
48} 2ok Balzio]e] Q) AT A7 Z220] 18 elA] B 2 4zt -g— vehigla, 18T 748 Y=0.2212X+3.7303

3 19de] AgEgAT 16T 2 <, 14T 5¢ 2 12T 8 (r =09726)2 717 w2 AAES Ry} o] AL 7]1&7]

Table 3. Effect of salinity on incubation period (hour) and hatching success (%) of the eggs of sea bass L. japonicus

Salinity (ppt) 22.0 245 27.0 295 32.0 34.5

Incubation period (hr.) 13017 13811 113+15 104+17 107 +26 111+12
Hatching, success (%) 10.7+64  19.6+81° 55.7£8.1%° 56.7+1.5" 58.2+10%  61.9+1.7

Walues with different letters within the same row are significantly different (P<0.01); the value is mean=S5.E.

Table 4. Daily absorption rate of yolk and oil globule in the yolk-sac larval sea bass L. japonicus.

Temperature () 12 14 16 18
Day of mouth opening' 8 5 2 1
Absorption rate of yolk (mr’/day)® 0.080£0.029°  0109+0.013*  0134+0.017°  0.150+0.023°
Absorption time of yolk® (day) 15 11 9 8
Absorption rate of oil globule (um*/day)*  1.8£04° 1.8+0.1° 21+02% 24£02°
Absorption time of oil globule’(day) 20 20 17 15

"**The day is after hatching; **Values (mean+SE) with different letters within the same row are significantly different
(P<0.01).
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Fig. 1. Developmental changes in body length of larval
sea bass reared at different temperatures during the
first 20 days affer hatching.
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3. AAole] Aaa AE] Qo] 23 A 93k
() Zrele] Ak =l el glo] o] sk

FHE 5UA Fol AoAF o] Fdbe] £ 12~20T 4
olell Al JAEE sotsl] Rokeh. Fig. 29} 7ol A A
A Fol Zoj2] A 4.96£0.06 msg 2}, 10¢8% (F3)
2 15)oll = A 4.63 mollA] HIL 572 mE Fee]
< T Hoh L T Aol vhi wh2A) ek, S
A 409 (3 409) el AT Az A @A
BRZ) Az glch aalsted Ad F2A] (¥ 459) 12
T 838=0.57 mn, 14°C 10.68-042 gn, 16°C 12.85+0.24
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Fig. 2. Growth in body length of larval sea bass (L.
Japoricus) reared at different temperatures.

o3 gre 9%
mm, 18°C 13.04+1.04 B 20T 14331045 m=E
wrolo)] wlzsle] Mg o] whE A& &
(P<0.01; Fig. 2).

gt HEE 5YA Fol Ao E o] f3bed FL 12~20
C Atolellq &g zfoka] 2 A, AR 139E 7|5
O 8 12T% 62.81:3.8%, 14C 45.4+2.6%, 16T 44.0%6.6
%, 18T 48.5+3.8%, 20T 39.6=3.0%% 12C+7) /M4 =
2 AEEE 20T M L ALEES YehigAE,
14~18TF AelollE f2leh A7t giadet. o] 1495 E
47972 12THE BEEe] g4 24E b,
20TCHE 14~18TCHT Apole] dlAE] A vebt
o] A ZyA(AS 50Y) 12CTF 42£14%, 14T
17.6£08%, 16 CF 13.7+£1.0%, 18 CF 7.7£3.7% 3 20T
T 64%17%2 14C7} 744 e AEFSS JeEPAR T,
9] APE 16T>18T>12T Y AR AEE0] &
Aoz vebga

2 ¥
A
s~

A=t

@ Aole] B 8 ALl o] dEe] 4
[

¥3 5 0y

o] (AHA 11.6£1.7 mm, HFE 29.0=
71 mg)g dEHEZ

30Uz Agsted, gol 2ole] A
3 AEgol VX S Fofs] Bkl

Zdo] 7ol gl A, U7t AAaE 13~20 ppt7t 197
~198%9] A4S Jehle] A¥ £E A 175~17.6 mm
9 A71& B3, 27~34 ppte AHAA-E 18.0~18.8%
o8 ZZA A 17.0~17.3 mmE vehfo], si7r}1 &
8|3 Ad Bl vl AdAde] Y A & 4 Ak
Al Akl Qo= 27 pptrt 4R FEA] YA S
290£27%, A1E116+7 mgo 2 shAk wh-E £A] A8 1}
ehlioia, WA A Ads AR 257 ~263% 2
F-218k 27} gisiet (P<0.05)

AEgol ol A= Fig. 49} 7ol A% 55U+ 13 ppt
T 795+3.0%, 20 ppt¥ 602::63%, 27 pptt- 60.6+
1.9%, 34 ppt 45.8+18%% PEo| YS4E & 7o
2 yebskel v 109708 e AR AEEe
AT A2 JERfY], 13 pptT- 26.0+3.0%, 20 ppt
27.1+1.5%, 27 pptT- 265+1.8% U 34 pptT 23.4+1.0%

§ Hoj, 73 dEe] e F

=

g %

2= 17
T ek o]F 30¢z7re] A5AN, HELde] HEFS
13 pptT- 14.5%+3.0%, 20 ppt- 153+1.0%, 27 ppt 116
+6.4%, 34 ppte- 7.9L47%F 20 ppt77} F}A4 =9k,
al<7Q) 34 ppt77t Zha W A2 = el (P<0.05).

o o
"g%‘%c’] == ﬁ‘ﬁ'%
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Table 5. Specific growth rate calculated for total length (SGRL) and body weight (SGRW) of juvenile sea bass L
Japonicus reared for 30 days at differential salinities

Salinity (ppt) 13 20 27 34
0 day 11.6:£17
Body length (mm)" 30 day 17.5+0.3% 17.6+0.3" 17.3£0.4% 17.0+0.2°
SGRL (%) 19.7+1.1° 198408’ 18.8+0.9% 180+03°
0 day 29+7
Body weight (mg)* 30 day 106£6™ 1084 116 7° 106+3°
SGRW (%) 257 +23% 263 +22% 290+27° 257 +15°

"*Values with different letters within the same row are significantly different (P<0.05); the value is mean=*S.E.

100 yag 71357} chekstE A o8] ol B9 37 278k glo,
G E59 vzt U AEF Aol Hupelok o

" Aoz ®eold. oleldh Aol uteh FiellAE ot &
= o Aol ASET} £ ofF 01Z-& WIS E AT} ol Fol
2 4 Az Qe ©, B8 Foldt ol Frt 44A 7Pt £ A
3 T e w——— o2 Ueht eplelztgel HAE AFAIL ek AT
2T 7R Selvhel elekell BEeke FolFE WA ol (L

0 . latus) B Fo| (L. japomicus)?l Az d#=] gAut (4,

0 10 0030 80 986), Mol b e Hol, A, AYRL, F
Rearing Day A4 B4 (4 5, 1996; Kim and Jun, 1997) Soll &|8} o

Fig. 3. Survival of larval sea bass (L. japonicus) reared at W 24 B AL Redtm g ¥n AHkxol (L

different temperatures.
pe maculatus) & F7V2 BRokal ok o] F Fol= §39

so] THE $oiE b Holhm, AAS Bl Hg

100

ol ol Fauld FozA A Ao JART
Lo o}, 3} Fujel o] ol AL A% AR A7A
£ 0 7} BEeto], g e YE AFolr) ajEg B
g ATl A ol el 7| xAERA, &) 33}, Ao
g A5A AR BAZAE Seslr] A 27 G o

20 g ZABRA
0 10

olf && AA whg9 2= el B AFER
A o

0 5 10 15 20 25 30 o] Aol B3, Al H9 W F2el vl#sle] 2
Rearing Day A 23} 571 AR (o] §, 1997). AT ¢

Fig. 4. Survival of juvenile sea bass (L. japomicus) reared =
o] 5 (1997)8) AT HAY 5 glek.

at different salinities. g Ae S i
F7AE Y e e B3g me AEES W F
z % Ha g-go] obd HH oA 7h EA vehie, £
A9 Fol GA o s Ba SxEs e A
AA Tl A A= AL gl 372 okalol] ola) A4 ok, B 498 Xurelol] AMge] ¥AEL WY
He AEe] $£F o]FaL glon, olFelA 5 gx|e} = (14~16C)ell Al 24ko 2 eh} o5 #eldk 4= 9l
S g2ho] i RE-S A sk vk TEu 2T 4m)R)e oh =3 A58 F 22 o] 7o At AR Fell
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9], Lateolabrax japonicus$]

& m|H o} (Herzig and Winkler, 1986; Iwata et al.,
1994). 53] A4 2 W9 WollA o) Fom Hajxt
ole] &7 (Seikai et al, 1986), WJAF (Moser and
Hettler, 1989; Walsh et al., 1991b) ¥ wo]44] 3l
(Wurtsbaugh and Cech, 1983; Hidalgo et al., 1987) 23]
ol 2l A2 g3 (Seikai et al, 1986; I 5, 1999) F3}
€ ool drh. B T4 B3 go] Aol S
H *71 2 e A 2w, g ATE F2 18T
A B3 F 1Yo, 16T 2 ¥, 14T 5¢ 9 12T 8YUe] &
85 9137—, W gl §7 Foll loj A dA] =Rl ulE
iy 7“”%‘:2' vEhflo] Ffo] 25 uwrdat A} of
A7t o EAAE A ¢ 4 ek olaid A4 4
2 93] ol el Aele) 4 Al Fsie
WMoz AR 276) TE wolg4 27 (Wark
sbaugh and Cech, 1983)ol] u}& Zo 2 AEE).

Y eg AEAF 42 Aolel Ay A4FE (300~
400 mosmyell 7V7Hg APl ARFEE FA51 (Alder-
dice, 1988), X o] Fof|a] Jul] HAI7of] AEzA} o]
+%1e] (Alderdice, 1988), vlA| (embryo) W] N e &
2l (Guggino, 1980; Hwang and Hirano, 1985)7} #rolx]
ek o)A FZF Kol Y& 9lon, o] 27
U e AF2E $ES Bisla gJF Aew 2 5
gt} (Alderdice, 1988). stA]ak o] A]7]Eolell= = =3
ST vlAlsla, EEel wisdel AE7F 20 Ay et
o BA44e) 2 22 olold 57 Aol Zaich
(Alderdice, 1988). 2] 7 %] FHEL 2g2te] Al
A, wllA] ek (Walsh et al, 1991a; Lee et al, 1992;
Swanson, 1996) zoll w-Z $347t 8 RIE (Young
and Duefias, 1993)ol] odak& o] <= glv}. Aldl& ra-
bbitfish (Siganus guttatus)a ez g8 072 ppte
HHlellA REAke GREEe o ARdAE By,
Hog2 HA} -‘-]-Tl 9] Gl st (Young
and Duefias, 1993). m¥}l #-

(1997)9] Aol A, HAbed 5 35 pptih 51945 38 pptoll A
= TR A4 v 9 2yl o) Fojzlent, 27 ppt
ofstell Al A Al Azle Aoz el o] ¢o B
Sloff AHA o2 Ay A2 & ). o] oA
A wlohd d8-e widg 54 Fo, B3 o,

F3hg, FoAto] Zo] Bl Uiy 7ha Sl s i

Yol A% vl S0l olF 9 o) LB A7+
= s

S5 A (cardial fluid)

&7 2, A7 2 A£G 1R

it

rr

o3 Q%

')

o ok

o

< BolsA lm, $EAS ks A (perivitelline
fluid)g 23] o] E£5& ZR A7t} (Peterson and
Martin-Robichaud, 1983). i1} o Bof] w}e} olalzl &
42 24 Yeld = 9o} Young and Duefias (1993)
o ofspd 3t A wiAle 2AEAA ol wWE Ay
% (twitching)7h AAHHES AT, A Boll A woket
Aeg Fabslwm vl EF Baltic herring
harengus membras)2] 74 %- 25 pptRc} 4~5 pptel H |
A A ZLHLE.O] & 74 o7 L,]_EH.&;]. (KIyzhaIlovsky
1956). 3] AHloll 7ol oful7} A7bso, et
@ Aol= A 16 mm H oA B9 Sdshe A4S
Al o] (Matsumiya et al., 1985) 73 ¥3}, zle 9] &=
7k gl Ak Fol od ol sl W Kol & el A
o2 Relth B Q7o) A% o] %L J15A ol
Rahazke] Aolfn, Ykl ARolA REAo] 7
Ao ehie) oleld QBRI HHAZ Ao| Ag
Al yellowtail flounder (Limanda ferruginea: Laurence
and Howell, 1981), Gulf killfish
Perschbacher et al., 1990) gl rabbitfish (Siganus guttatus:
Young and Duefias, 1993) Sol]A] #elg 4= 9} v}
haddock (Melanogrammus aeglefinus: Laurence and Ro-
gers, 1976)% HahA7hell Yo} WEe) s} glon,
Cyprinodon macularis (Kinne, 1964)$} Pacific herring (C.
h. palasi: Dushkina, 1973)oll = @3|2] el B Z7}el] w2
BapAIzke] RolAE AR ueh} 22 Aol 9gg
& % gk B edTolA ol B3hg- 27 pprlghic)
27~345 ppielld] A Ve, JEEe) whE 2ge)
zhol g &AE F ek olAL Siganus oraming N4
£ 2 3 Von Westernhagen and Rosenthal (1975)2] <17
ZA#e} §A% Ao, 121 pptelld 0%, 15.8%01 4]
3.6%, 20.9~32.2 pptell A= 95% o]4ke] B2 vely
k. 3EAIRE rabbitfish (S. guttatus: Young and Duefias,
1993), Clupea harengus, Pleuronectes platessa B Gadus
callarius (Holliday, 1965) 4% A A& dRo] olr]
ShE, B37} ol FolAn, 1 ulg wat 2A vt B
AT thi: Holg R,
3 Young and Duefias (1993)o]] 2]a}m wl=A] 23}
=0, §3 3 AEE7A EA4 JehA gerd
g Ho] F9ic}. o] el A rabbitfish (5. guttatus)
pptell A 50%e] ¢4 Fale-g yehigiAnt, 22 &

23 (partial hatching) B]§, WY& B3 = Azg

(Clupea

i orle

(Fundulus grandis:

e oo rlﬁ[U
H }N E.
tlo 4
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ol ol w5
A A7y dehe B3 ves AE oA et (Hol-
liday, 1965, 1969). z2l=2 H o2 so] gkt
obuizt 7ol F-o] ¢AR F3jatalo] o] A d8 F
o] $2% Aor A7yt wd oA #AwA 48
£ RHAF Aole] Aol FeFE w14 4 Yk (Young
and Duefias, 1993). E] rabbitfish (S. guttatus: Young
and Duefias, 1993),
rester and Alderdice, 1966) & Caranx mate (Santerre,
1976) 5= S8l UL = Aol A4 FEE vhik P
< FEAA TATE #slo] AolE RN E BE
Aole] m7]71 & e tlelydel. aev hadock (M.
acglefinus) 9] - $3Ao1e] 7] @ AR} BAo]
e e #olx9ly, Atlantic cod (Gadus morhua)s
23] 2R Aole] =AT B F Ao ehgeh
(Laurence and Rogers, 1976). Z1glx R#tghe] o 22 2
= F 2fo] 9] F3hz 7)ol QA¥FE ]} 53] rabbitfish
(5. guttatus: Young and Duefias, 1993), Bairdiella icistia
(May, 1974) Bl S. sihama (Lee et al., 1981) S-2 A< Ko
A Rakgk Aol s W} @yl7} & Ao 2 vebsh. 28
1} petrale sole (Eopsetta jordani: Alderdice and Forrester,
1971) Bl killfish (Fundulus parvipinnis: Rao, 1974)x ¥k
2 agfellA @3 277 F Ao vehgrt ot
32 F 2pol 2] Zolgt ) Z7) 9] Kol 7 AZE Y
#HZ AHdge] obd el QRN L zol7t vl 4
5 AEellA Ral7 o] FojAm, A EAE £344
F Aol RstEke] Y] Wi ALE o A7
(Holliday, 1965; May, 1974; Lee et al., 1981; Young and
Duefas, 199352 F+ta vk o1& AR}
2 de BEG PHAE £ Aol AR B
AT AARAE S8t oA &u) Folell g3 ol &
A od8kS vhg = 9l7] wiFe)] (Rosenthal and
Alderdice, 1976), 9154 442 Z3laizle) 473 A52g
Sele 9ot 9 Aes 44k
2l d) kol Fe] Aol Aolol uls) o RhAol
A%t Zeoz <A gith (Holliday, 1969; Young and
Duefias, 1993). rabbitfish (3. guttatus)2] 735 ¥} & 12
A1 ZE A 1045 ppt, 244|7F Fol| 14~37 ppte] A& A
g B9 A (Young and Dueias, 1993), & aljito] &4l

=

Pacific cod (G. macrocephalus: For-

g

5]

S

9 . 2)

W a4dd

milkfish, Chanos chanosy= H-3}241% 8§37 ppte] &
Ag B} (Duefias and Young, 1983). X3 Aeeha o
E herring (Clupea harengus), Pacific herring (C. pallasi),
plaice (Pleuronectes platessa), cod (Gadus callarius)2] vt
g Aol7t nYBY 60~65 pptoll A WAFET, C
harengus} C. pallasi= #1391 14 ppt, P. platessat 5
ppt B G cllariuse 10 pptof| A= A& 71538 Ze g
Uhebstel (Holliday, 1965). 0] A& 33}to] o)z} Fazs
ZA o % P dE FIEA % Aew A7
(Holliday, 1969). Z12v} At Alele] & 9 o
£38& (May, 1974 Swanson, 199), 4-F=% (Febry
and Lutz, 1987; Evans, 1984), thAlelli]#] (Morgan and
Iwama, 1991) 2] £-3}59 (Ferraris et al., 1986) &ol] &
ofste] AA, GHENAI AEH Ao 98 MEE (Wata-
nabe et al., 1990)o)] gakE- w[E < vk AA| herring
(Tytler and Blaxter, 1988), FA|7/l<o] (Morgan and
Iwama, 1991), milkfish,( C. chanos: Swanson, 1996), 2o,
Plecoglossus altivelis (R 5 1999) B <ol, Mugil cephalus
(%, 19%) T2 W2 & d7llA K vl e
W, B AT 44 Fof Aolt 49 FRA TG 2
£ 71577k Esken, Sel 20 ppi7sk 7 B Aew
et QirEe 2 shatol el YA ol o 1
2~15 ppt 58] AY HEEEE A glow] (Tytler
and Blaxter, 1988), 74| 4ol ¥ XKt F2 3Lefl4
=2 A5z JdUYAE 78l (Tytler and Blaxter,
1088), A4 2710 I AT S Ao
2 elA 9} (Lee et al, 1981). e} Eslajo] Aol
ol A HEF AL Afole HAEAY #HE
(Young and Duefias, 1993), W2 254 (Johnson and
Katavic, 1986; Young and Duerias, 1993) 3 -84
ol (May, 1974)0] oJst il 4] 74 o 3 2o
o &Ja 23} Aol s BEEE F4AD & 9ok olHB
A2 brown-spotted grouper, Epinephelus tauvina (Akatsu
et al., 1983), Sillage sithama (Lee et al. 1981), rabbitfish, 5.
guttatus (Young and Duefias, 1993), 201, P. altivelis (3
S 1999) T B FollA AJEY 5 Uk

P JEe Hel4 ol 5ol Aol ke wXE AL

i

2 9#A Qi o], M. cephalus (B 5, 1996)9F L],
P. dltivelis (A 5, 1999)9) 2% FdA o159 A= &

AR 74 ASEA A 28]# ohE A2 v}
BRI B dFellA 5 Fo] Xoje Zol Al 3o
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A& 13 pptat 20 ppt77} Adsl] JFHet A%}
sk owm, FA Aol glo] A 27 pptite] zked e
dAErel vl w-E Aoz vehd, A A5E7 0l
ol f-9] wE AAE olEe] e Ao A= nie}
A Agae] 48 FR7t 394 AR A Hefst
], A AL AsiAE LA 7)ol whE by 2
A A4 QE-& ATHTE Aol T2 A 2t Fo9 3
T el A4 Aol 16 mm AFE 7} £ S
agaA FEpiche AMdE e £ o ol < g
= Zolv}. vl FGA ofFe AFA] Xofg Ak
Yol HEo gk £7b o] (Morgan and Iwama,
1991), o] z=27] (Clarke and Shelbourn, 1985), W< A)7)
(Morgan and Iwama,1991) 8l 4~& (May, 1974; Clarke
and Shelbourn, 1985) 5 of&] 7}#] g9l 2]3] o}2A)
vhebd = Qlor 2 of7le) e e AL5H A7t e
3jvha ot

2 9 ARo) A%
27 Felo, 23 3ol
g0l W, A W AEE] oWt Ag-S ulX = A
ol thel =Aehginh

e 3ol glo] 29l FEE ek Aol
2 H$ 10T ~20TollA 2T ZHA o7 APTF HASA
o RHAZE o] EE - wikon, F3EL 14
Tk b4 E3tT, 08 WTE BHE AYF SR
SelebA Roteh w9 d2o) e dLE sheleiA 9
3l o B2 22.0 ppt, 24.5 ppt, 27.0 ppt, 29.5 ppt, 32.0 ppt,
345 ppte Aoto] 3} AWE AAF A3, ¥AAZ
2 437 R4 YL, FHEL 345 ppr7t 7}
7 =A Vel 24.5 pptit 22.0 pptat 2 APGE L
[l A Uebkek 338 Aole] el slo]

o

<

1

Z7] gy g AREE el ¥
2 velgr) Axole) Azt Qg
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s
N
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2
% 8
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o 9%

Siid
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