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We have investigated water quality of the coastal saline groundwaters utilized for fish farms in Jeju Island.
The water quality investigation included the spatial observations for 75 fish farms during March-May, 1994 and
the bi-monthly observations for both coastal saline groundwaters and seawaters at four fish farms from August
1994 to December 1995. Water temperature of the saline groundwaters ranged from 16 to 18°C over the study
period. Salinity of the saline groundwaters varied between 20.60 ppt and 34.02 ppt, slightly lower than that of
the coastal seawaters(26.47~34.53 ppt). This salinity variation must be associated with local precipitation con-
ditions in Jeju Island. The oxygen saturation for most saline groundwater samples was lower than 80%, ranging
from 24.7 to 89.8%. The COD and pH values for the saline groundwaters were similar to those for the coastal
seawaters. The concentrations of DIP for the saline groundwaters varied between 0.021 mg/L. and 0.121 mg/
L, and seasonal variation of DIP in the saline groundwater ranged from 0.014 to 0.077 mg/L, which were higher
than that of the coastal seawaters(0.000~0.015 mg/L). Nitrate in the saline groundwaters accounted for more
than 90% of the DIN. The maximum concentrations of ammonia, nitrite, nitrate and DIN in the saline ground-
waters were 0.085, 0.012, 2.294 and 2.309 mg/L, respectively. These concentrations of the saline groundwaters
were considerably lower than those affected culture organisms. Overall, the saline groundwaters utilized for fish
farms in Jeju Island appear to maintain good waterquality for fish farms.
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Fig. 1. Sampling site and location of fish farms. Open circles represent fish farms use of coastal seawater, filled circles represent fish
farms use of saline groundwater, and stars represent the sampling sites for bimonthly.
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Table 1. Characteristics of saline groundwater wells in Jeju Island

\rea Devlop. Well Well Dia. Ground Area Devlop. Well Well Dia. Ground

© Year No. (m) Depth (m) ¢ Year No. (m) Depth (m)
3ukchon '90~'91 3 200~400 40~48 Sinchon '88'~91 7 200 48~70
{imyeong '8~7 2 200 32~40 Pyeoseon  '87'~90 13 150~200 40~66
Woljeong '90~'91 3 150~200 40~60 Sinhung '89'~92 4 150~200 48~60
Jandong '88~'91 7 150~200 40~72 Teahung '89'~91 8 200 40~60
sinyang '89~'90 3 200 53~58 Wimi '88 2 200 40~50
Jnpyeong '87~'93 9 150~250 50~60 Bomok '90 1 250 45
sinsan '89~'90 5 200 40~60 Gwiduck '87 2 150~200 50
sinpung '87~'91 3 200~250 60~70 Ewol '87'~91 3 150~200 47~60
W74 A F7vshe FAlolH, 1998L4 129 @A 623700l ° .
H2Eo] UThKim et al, 2001). =T, 2AFE FAGFT] S ' , boo

7t *
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Fig. 2. Regional variations of temperature, salinity, pH, oxygen
saturation at saline groundwater during March-May, 1995. BC=Bukchon,
KY=Kimyeong, WJ=Woljeong, HD=Handong, SY=Sinyang, OP=
Onpyeong, SS=Sinsan, SP=Sinpung, SC=Sinchon, PS=Pyeoseon,
SH=Sinhung, TH=Teahung, WM=Wimi, BM=Bomok, GD=Gwiduck,
EW=Ewol.
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Fig. 3. Regional variations of chemical oxygen demand(COD),
suspended solid(SS), dissolved inorganic phosphate(DIP), dissolved inor-
ganic nitrogen(DIN) at saline groundwater during March-May,
1995. Each abbreviation is indicated as that in Fig. 2.
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Table 2. The range and average contents of water quality in saline groundwater and coastal seawaters at four fish farms in Jeju Island

N Kimyeong Sinsan Bomok Gwiduck
e SGW CSW SGW CSW SGW CSW SGW CSW
Temp. 16.5-17.4 12.1-27.4 16.9-18.2 14.5-27.2 16.8-18.8 14.8-28.6 17.0-18.2 13.6-26.4
(‘0) (16.8) (19.7) (17.6) (20.1) (18.0) (20.7) (17.6) (20.0)
Salinity 32.43-33.54  26.47-33.90 20.60-32.97  31.98-34.53 29.27-34.02  31.08-34.46 33.22-33.70  30.54-34.50
ppt (32.98) (32.05) (28.43) (33.58) 31.17) (33.49) (33.45) (32.73)
pH 7.32-8.33 7.72-8.28 7.77-8.08 8.10-8.28 7.34-7.95 8.11-8.34 7.77-8.16 7.79-8.33
(7.94) (8.22) (7.90) (8.18) (7.70) (8.19) (7.99) (8.16)
DO 2.09-3.70 4.02-12.19 2.15-4.50 3.40-6.28 1.36-3.22 3.63-6.61 1.61-2.83 3.56-7.76
‘ml/L) (2.85) (6.53) 3.51) (5.06) (2.40) (5.28) (2.49) (5.38)
COD 0.05-1.62 0.05-2.25 0.08-0.78 0.10-2.07 0.16-2.15 0.34-1.68 0.03-2.15 0.33-2.46
mg/L) (0.43) (1.02) (0.33) (0.81) (0.60) (0.84) (0.52) 0.99)
NH-N  0.007-0.025  0.001-0.052 0.001-0.083  0.000-0.030 0.002-0.085  0.001-0.069 0.007-0.028  0.002-0.061
mg/L) (0.016) (0.021) (0.021) (0.014) (0.022) (0.019) (0.019) (0.023)
NO,-N  0.001-0.006  0.001-0.028 0.000-0.007  0.000-0.014 0.001-0.012  0.000-0.007 0.001-0.006  0.000-0.011
mg/L) (0.003) (0.007) (0.003) (0.004) (0.004) (0.004) (0.003) (0.003)
"NO;-N  0.089-0.282  0.014-0.512 0.109-1.550  0.004-0.186 0.291-2.295  0.017-0.373 0.070-0.635  0.019-0.274
mg/L) (0.202) (0.110) (0.571) (0.076) (0.834) (0.154) (0.218) (0.105)
DIN  0.113-0.294  0.022-0.567 0.119-1.568  0.015-0.202 0.309-2.308  0.036-0.443 0.092-0.661  0.039-0.334
‘mg/L) (0.220) (0.137) (0.593) (0.095) (0.860) 0.177) (0.240) (0.131)
PO,-P  0.042-0.073  0.005-0.025 0.041-0.077  0.000-0.015 0.014-0.068  0.007-0.051 0.016-0.046  0.005-0.038
‘mg/L) (0.061) (0.012) (0.060) (0.006) (0.043) (0.016) (0.034) (0.016)
SS 1.9-17.4 1.3-14.9 1.2-15.5 1.0-12.8 0.7-19.7 0.3-16.0 1.1-16.4 1.0-27.6
{mg/L) (6.8) (5.8) 5.9 (5.1) (5.4) (5.2) (6.2) (6.9)
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2973 AHF F2 FA5H7(0.05~2.15 mg/L)

A3 wjEoleky BT (Park, 1994; AFE, 1999).
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fr &S
L

o
o°“

o _101:

T Rh WOkt AEHE oS B, AgkEle] A 1994 2 A (005 ~2.46 mg/L)7} BISEI oLt etk ek e 98}
A7 19959 F5% 890l 32.0 ppt ©1FFE AGLS B, ot 47(0.43~0.60 mg/L)7}F F¢HR(0.84~1.02 mg/L) BT} ThA Wt
2 Adoll s HEddel FEIsE] Fodth olgt o), dAle]l v A EZE Ak A9 A H R 7 3 Ag o
JFE Ao Fiol W A FFYE At AT & wolE RS Blov, gAsre BE AYe] 1995
Aoto 7 34wy wifolzt AZETHKim and Rho, 1994; @ 100l thd: & 38 Hole 2L A A7E Afo]
Kim et al., 1998). ZLe]ut, GRIERE] 49 A, B A 7} FElekA] Este ,‘3";“; AEE AQdshd thEE A 5
M BE A7)l 293 ppt o) R e HlEA Ekow, 5 oiE 45e JuE Bl

Al G 2opr] R skt vhE, Akl A= FAEde] AvlE HL 9A8H70.7~19.7 mg/L)2} A%t
1995w1 6% olF #A 3 ‘5%0}11*1 8eoll= 20.6 ppt2 HAW  (0.3~27.6 mg/Ly7k W3t Eol9lon, Bt A4 Hisst
S H F oA iow—”— & Btk olxH, 19950 64 AUTK(Table 2). ALHERE Aol e} thaxo] o7} 9lo

o

)30l HAske] Agke] w9 w2 A2 1995 74 ©] l dAetrel ARty 25 iR goz 1994 1095} 129 &
Heo] ZFgko] o tﬂsﬂ °F 500 mm F% W] WF+] A 1995 89 10l Hw A HE FEE B0, thE A7)
oz ey o= IOOmg/L olslR TRk WA A H ok FYT).

FAol & AR BT} 7.69~8.08(H : 7.80~7.9NE <A £ET70le) AWE E-2 AX|5145(0.014~0.077 mg/L)7t &
k2] 7.92-838(F: 8.20~8.27) K} wgfon], wWE %r QF(0.000~0.051 mg/L) Kt} Zlow, Hi-ss JA| AA|ske
Bl szal et gGRlsk 2 A9k l AR e FR3A (0.034~0.061 mg/L)7F $12H=(0.006~0.016 mg/l) B.Th =S4T},
Fokom, Wirghe AMe] A AYA, GASE BE ES Ak £EFVRl vk AY] 19941 8¥a HE
A HAagE Hot Ao x}or =R FUurt. o] 1995 12¢¥ =73gHE A3HA 0.018 mg/L o) 5} uf§-

ST e] AME £ GASF(24.7-89.8%)7F 1 dth 2, FRISHFAME AR SHE ASEH iR
A4~1493%) B} akgrom] 4like] AR ZA7ro. A9l 0,031 mg/l A2 v$ 9t o)HH, Gk £EF
BE GAErAM 60% oISt A% AAS] BEESPIH 7I]lo] At Hls) #AE] 22 A2 sl AdFE upe
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Fig. 4. Seasonal variations of temperature, salinity, COD, oxygen
saturation at saline groundwater and coastal seawater from August
1994 to December 1995. KY=Kimyeong, SS=Sinsan, BM=Bomok,
GD=Gwiduck.
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Fig. 5. Seasonal variations of SS, PO,4-P, NH,-N, NO;-N at saline
groundwater and coastal seawater from August 1994 to December
1995. Each abbreviation is indicated as that in Fig. 4.

(0.202~0.834 mg/L)7} 1¢+(0.076~0.154 mg/L)E v} EA =
At AEE FFE B, A4k BE9] GR)Eol A 1995
d 1089 8A3] 52 FEE Hepi e, 53] HEdA =
AF AP Boh A e FEE HYou, AdEE
< 538 @skth(Fig. 5).

EF71A 48] AdHTE TS 8
7} AR Bz BlE&o] R 80% ©)del7] witol
oo FARE AFHE FHE BT ol SHH, FX s W
TEL 0.113~2309 mg/LE AMt(0.021~0.443 mg/l) Ht}
HEZo] G Flom, BHdsE Al FA8H0.220~0.860 mg/L)
7} AH4(0.132~0.176 mg/L) Bt} X&) B}t 53], A4k
o BEME & A el nig- & FEE RRoH, A
ddge F Ay 2% 19959 1090 w5 =UTHEFig. 5). ©]
of Zro], BN £ FEE Hol= I 53] RE

A Tk Aol el of 1.5~3.0u) F 52 A & ART



AR @Rleke 4ol A3 s} 21

SRE EE U 5 glovh kel Ag A 9ol
7)ol )8t Jow AZEE, Bl Aakuhs ThE R
9op4 54wl Ao S

ool BB AT FHE olFe] ZEH LS F,
AR ARES AN B2 Aol Auesle] @

FARIAL F PR o]Fe] A4 , T
4 9 Wy 53 e AEH acls A5k Fas dWy
7} Hth(Ishioka, 1980; Davis and Parker, 1990; Ryan, 1995).
58], 48 529 Wil o9 AR Ag WA AY
)W) 244 (homeostasis) S 5 A 2 4 A th(Barton and
fwama, 1991; Pickering, 1992; Chang et al., 1999). B ZA}4
oI FAFE] e 14.5~184°C(H A 16.7£1.5°C)5
A ARl o7} w)g- Agkom, 47 Ao AMEE AA
16.5~18.8°C= vll-¢- 2Rk}, Tafu} AQKre] 4~2-2 12.1~28.6°C
Eit: 19.7~20.7°C)% AGHE Aol AUA|RE AW Fol v
At AFe] SAFFAENN A EE oFe YA7E

OlF I o, |x] Al A HAFEZE 15~26°C ©f
A3 AEEE rEsPE 21°C A3 Agety, Hol4
T2 10~27°CE & A AohF, 2000). =3+ F357t

10~24°C, %3} HAF2LE 14~19°ColH, 718 &2
W WAL, 24°CoA 7HE o) weks, PRkt
Ags] Egsie] o] gt AEH e

2

4o 200
o b oX
) rlo

o
5
ft
X

Y
—r
o "
N
=
+
fo
rE
o
=2
=)
gl
oS,
1
o
i
2
=2
o
o

W o —
ook
Q

oMy bt @ G oo N ol Ho
L) o
> 2
i >
o

HE
o
)
do,
oz & 302
o
B\

\o

g 1o
P
a2,
el
ol
o
B}

>~
du
i

jo
A
N

k

SRR « A7, 1989).
,o19F =(1986)= F-3) X 5e] HE x]ofe] 45 ditE
14.1%c0N A 5= 48X 7H7}A] A E-&-o] T8RN X
ol gk iAol el ITial 3Hl.em, 10 ppt ©1/de] &
F7F A 79 AGHOZ A} AT EE SR sk
Chun and Rho(1991)E A% 20 mm B Wz xjole] 75
Tt 20 ppt o] kA WsloA= 1~3Y Alolell
HAapstd o, A o7 2-gA1Z goll= A X]of¢t v}
7R 14,1 ppAE AE 7hsEg om, B3k 20087
9| Hojoll M 7.6 ppoll M= 5A7KA] AESTLT &t 531,
19969 A= T FAEe 7198 AdFERFE
25 ppt ©l8h7} AFEZ MEAL)] Htele] o - HFE AA}
AA B FHEE doHHE 5, 1996; Kim et al., 1998).
B B AFedA BAREE 757 GAEHFEES] GEFREE

= AT Wy

o

o4,
X g
2\1

N
—_

Moo WORR
o2

v}

o

23.22~34.34 ppt oA 1], AWF £ 20.60~34.02 pptel AT
webA, 199617 22 Aol g AT E Fol7] 9
A GAskrE Aol AAE] EFste] ARk Aol
npghA] shohar Azt

AN B A = AxE opd Ao wkEch a7

R o] A7) g2

(e}
BE AT ST = )RR FAEA 80% ©lstE Bxs)
=0} 9lor, 60% ©]3I] AT BTl HEAGe] GA
sr] AT EE A gIRE 60% ol5lZ A% dA 3]

Exs AHE Eiv mebx

—_—
o
®
ol
¢
Y
e
- o
i
ok
X
R
:(l)(:;
EY

| el A4g AR Ge F71HLRY
T getgole] - kruokd A7t 10 mg/L(A, 1983)°]
(o2 ) <) o)

i, Wgele] 4o FHE A o gulola st oba
Al

1979; 1982)°1%1Tt. atol 7ol aF ARGA Hzel AA
MA7E E@shs RV FXe 104 mg/le]lem,
A 2 g Ee Aojs gRYolE A7} 0.17 mg/L, o224
227F 0.33 mg/L, AAE 271 34.06 mg/L ©lstd 7% 90% o)
Aol &8-S B 9ITHChang et al., 19953, b). B3}, qx]9] =}
= 2719 0.3~1.1 mg/L(Kim et al., 1997) o]dlellX = AL
dozl 4 okl 3T}, Daniels et al.(1987) dlatoF-<l
spotted seatrout Aojol] FEE F= oLt 0] Aol Tsf
A 24-h LCsp 980 mg/Lole} Hazstlon, o i) &
ol okdlE= A& g F Ca™, CI o9 Fx7t &2
7118}l 8HAtH(Crawford and Allen, 1977).

Chang and Yoo(1988)= =3 42 ARS-A] 28lof| 4] 34k
T dA AlE AR Ao obE4tE A 0.006~0.33 mg/L,
HArbE 2 3.89~34.06 mg/Le] MM E 90% ©13e] & A
EES BATH IA1977)E AL 4] T 300 mg/LY 7
FoloAle Hallg FAU o|FoAE o7 Gl gt
AT B QeI RREFY wEe olR 4%
aFo] ZA] kil @t
A, 7570 A e] GRIsE F Ry obd o] Hry
Zkol 0.082 mg/L(H 4 0.028 mg/L), oFEArA 40 Hujzhe
0.008 mg/L(3 7+ 0.002 mg/L), AAbE Aol HdjghZ 1.053 mg/L
(FEt: 0341 mg/LelIAL, 855771440 Higk2 1.075 mgL
(Fit: 0371 mg/L)elAnt. Wb, AlFEE oM ARg-sh=
AR5l dEUobE Ao} ol 4] HEE7) Kim et
al.(1997)°] {x| Aojol] F&& &
wkokt.

3, 47l Mde] AxIskrel et A% Fe ko

i

=2 ‘I’LA -lo Fl-x u

H
K
=



22 g - Ao - £
427} 0.000~0.085 mg/L(FA < 0.020 mg/L), o242 47} 0.000~
0.012 mg/L(E+#: 0.003 mg/L), FAHE 47} 0.070~2.295 mg/L
(B 0456 mg/L)olom, SE27 84 0.092~2.308 mg/L
(ﬁ&- 0.478 mg/L)°|Ath. wpetA], HAalre] A AsgtEel 5

A 2AdANAN dAH o Z Bt Gl S-S As)

71E9] ATAAE Bt AT B £FEo2A PR o
Aot le Abg<pe] o] og A Al Hrkes dojut
s Aow owE,

2w rE F

A3k R slel
2 597 757 %

AL, AMUES

> 4
o WY,
1o ox
o =
N e
o i,
&

= ol gl
to N,
= Ao
o,
QL
£
> 4
mlo

4r o2 ox
1> o

o oX

&)

A FAsEF ¢i° 148~18.4°CHA L, ARHE
165~188°CA}. BAIEH F F-o] WAH = 23.22~34.34 ppt
om], AAWT -2 20.60~34.02 pptE ASH(26.47~34.53 ppt)
Br} tha 26, ol 4FAY dAEe] 38 Tt A
Ek_q] 016]—’0— uLol-7] EH_,_O]E], _Q__,_AV\J_:Q].I:,L: ‘:H-'?'—E‘gl cd
A etraollAl 80% ©13H24.7~89.8%)2 E-XIAEE HGO
o, A o2 A3 7FSel Wkt dAlskre] dhehEata
2P FAool2FEE HAFoZ Are} HlSElglon,
A7 W37t Falekx] el

A FAlekr F 85771909 W E 0.021~0.121 mg/LYA
3L, AEEEEL 0014~0.077 mg/LE 1$H(0.000~0.051 mg/L)
Boh =itk A2s3E b art il gRIsked
A 90% oldE 2FASEAL Aok, Egk, oA obAAlA
&, ZAAEA 2 BEFVIE R U 47t 0.085 me/L,
0.012 mg/L, 2.294 mg/L. 2 2.309 mg/LE S E JFS
S Brh #A3] stttk webr, AFEy GAsk
At Zo g AkE)

Z.0
=

e
ZEF A==

ol pae FArRA oS

Ab AL
2 dTE FULUANN APATAA AFAL A3}
shol BE Aol AR FAEdEYTh ® Ao o)
9] 2 A9l AN HAle AHEE ke PG
£ 5 e £ 71807t el olel A=A

Barton, B. A. and G. K. Iwama, 1991. Physiological changes in
fish from stress in aquaculture with emphasis on the response

£29 - o FF - HeF

and effects of corticosteroids. Annu. Rev. Fish Disease, 1; 3-26.
Chang, Y. J., C. S. Ko and H. S. Yang, 1995a. Comparison on
seedling production of marine fishes between recirculating and
running seawater system. J. of Aquaculture, 8: 117131 (in Korean).
Chang, Y. J., M. R. Park, D. Y. Kang and B. K. Lee, 1999. Phys-
iological responses of cultured olive flounder(Paralichthys oli-
vaceus) on series of lowering seawater temperature shaply and
continuously. J. Kor. Fish. Soc., 32: 601—606 (in Korean).

Chang, Y. J., S. H. Kim and H. S. Yang, 1995b. Culture of the olive
flounder(Paralichthys olivaceus) in a semi-closed recirculating
seawater system. J. Kor. Fish. Soc., 28: 457-468 (in Korean).

Chang, Y. J. and S. K. Yoo, 1988. Rearing density of a flounder,
Paralichthys olivaceus juveniles in a closed recirculating sea
water system -Possibility of high-density rearing-. J. of Aquac-
ulture, 1: 13-24 (in Korean).

Chun, J. C. and S. Rho, 1991. Salinity tolerance of eggs and juve-
niles of flounder, Paralichthys olivaceus(Temminck et Schle-
gel). J. of Aquaculture, 4: 73—-84 (in Korean).

Crawford, R. E. and G. H. Allen, 1977. Seawater inhibition of
nitrite toxicity to chinook salmon. Trans. Am. Fish. Soc., 106:
105-109.

Daniels, H. V,, C. E. Boyd and R. V. Minton, 1987. Acute toxicity
of ammonia and nitrite to spotted seatrout. Prog. Fish. Culture,
49: 260-263.

Davis, K. B. and N. C. Parker, 1990. Physiological stress in
striped bass: effect of acclimation temperature. Aquaculture,
91: 349-358.

Ishioka, H., 1980. Stress reactions in the marine fish-1. Stress reac-
tions induced by temperature change. Bull. Japan Soc. Sci. Fish.,
46: 523-532.

Kim, H. S., H. Y. Kim and P. Chin, 1997. Effects of ammonia on
survival and growth of the flounder larva, Paralichthys oliva-
ceus. J. Kor. Fish. Soc., 30: 488—495 (in Korean).

Kim, I. O. and H. K. Rho, 1994. A study on china coastal water
appeared in the neighbouring seas of Cheju Island. Bull. Kor.
Fish. Soc., 27: 515-528 (in Korean).

Kim, J. Y., Y. K. Oh and A. P. Ryu, 2001. Study on the salin-
ization in groundwater of the eastern area of Cheju Island. J.
Kor. Environ. Sci. Soc., 10: 47-58 (in Korean).

Kim, S. H., S. J. Shin, S. S.Oh, Y. C. Song, S. M. Oh, S. S. Lee,
J. N. Koh, H. J. Koh and Y. K. Koh, 1992. A survey on the
fluctuation of dissolved solids into the groundwater in Chejudo.
Cheju Island Health Environ., 3: 201-215 (in Korean).

Kim, S. S., W. 1. Go, Y. J. Jo, P. Y. Lee and K. A. Jeon, 1998.
Low salinity anomaly and nutrient distribution at surface waters
of the south sea of Korea during 1996 summer. J. Kor. Soc.
Oceanogr. The Sea, 3: 165-169 (in Korean).

Koh, G. W,, Y. K. Ko, S. H. Kim, S. S. Oh, W. B. Park and S. Yoon,
1992. Study on the subsurface geologic structure, groundwater
level fluctuation and groundwater quality of the eastern area of
Cheju Island. Report of Cheju Istand Helth Environ., 3: 15~43
(in Korean).

Oh, Y. K. and G. S. Park, 1994. A study on the chemical char-
acteristics of ground-seawater in the eastern coast of Cheju
Island. Bull. Mar. Resour. Res. Inst. Cheju Nat. Univ., 2: 77-88



RS Ak o) Mgy Wit 23

(in Korean).

Onh, Y. K., K. H. Kim and S. P. Ryu, 2000. Physicochemical char-
acteristics of groundwater salinization in the eastern area of
Cheju Island. J. Kor. Environ. Sci. Soc., 9: 253-259 (in Korean).

Park, G. S., 1994. A study on the chemical characteristics of
ground-seawater in the coastal of Cheju Island. M.S. thesis,
Cheju National University, pp. 50 (Korean).

Pickering, A. D., 1992. Rainbow trout husbandry: management of
the stress response. Aquaculture, 100: 125-139.

Ryan, S. N., 1995. The effect of chronic heat stress on cortisol
levels in the Antartic fish, Pagothenia borchgrevinki. Experi-
entia, 51: 768-774.

Yamagata, Y. and M. Niwa, 1979. The toxicity of nitrite to eel.
Suisanzoshoku, 27: 5—-17(in Japanese).

Yamagata, Y. and M. Niwa, 1982. Acute and chronic toxicity of
ammonia to eel Anguilla japonica. Bull. Japan. Soc. Sci. Fish.,
48: 171-176 (in Japanese).

HHINEHY, 1985, s Fed E HEZAAA, olZAL pp. 297.

A, S3Y, 1995, AFAF Aokl A AF Hel

AT AFY B LA, pp. 69-T76.

7191l 1983, Fojaeghamed=10)4 Tilapia®] MLUEARSAE.
Ak 3 A, 16 59-67.

73, 2000. A, FAF FH A AL pp. 531-545.

ol g4, =, 1986. 1A, Mylio macrocephalus(Basilewsky) 2]
FEA N #e A, AFNE GALAR, pp. 1-15.

AFE, 1999. AFE A8ty SFA|2H RAL pp. 446.

AFZ, 2001, AFE A2 2 XA F3H2AKD,
pp- 378.

2Pz, 397, AR, A4, Az, 1996, e i
ZAY, el At T4 AFY H A, pp. 460-473.

N A2, 1997. fAf PR, 16 8019 45 B, H 50, pp. 605.

FEE SR, A4, 1989, IKIEMGHE: . KEEEldiE 4, ¥&E,
pp. 222-237.

AaE4 ;20029 48 8¢
FAE g 20039 19 69
oYY : dgH



