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Abstract

Nowadays, underground sea water is widely utilized for land based
aquaculture in Cheju province, Korea. The salinity of this water(20~30%)
is slightly lower than that of natural sea water, but because of its good
water quality and warm water temperature of 16~18T all the year around,
pany fish farmers are using this water for finfish culture,

To evaluate the possibility of utilizing underground sea water for the
seed production on the Tiger Puffer, Takifugu ruburipes, we have performed
experiments that have the condition as follow:

1) With 6 different salinities(3.5, 7.0, 14.0, 20.0, 27.0, 33.0%) for
the hatching rate of fertilized eggs, survival rate and the numbers of food
intake of hatched larvae.

2) With 3 different salinities(20.0, 27.0, 33.0%) for rearing Tiger
Puffer juvenile(T.L 4.29%0.50cm) over duration of 50 days by closed

reciculating water system.

The results as follow:

1) The salinity ranges which showed over 70.0% survival rate were
27 0~33.0% for fertilized eggs to hatched out 27.0~33.0% for hatched
larvae to 1-day-old and 20.0~33.0% for 10-day-old juveniles but under all
the salinities, the survival rate were 83.0% for 20 days and 92.5% for 30
days.

2) The salinity condition for maximum food intake in each stage was in
27.0~33. 0%0. In this condition, 20-day-old hatched larvae ate 323~342

Artemia nauplius and 30-day-old hatched larvae ate 1,553~1,579 nauplius.

-1 -



3) The highest growth rate of fingerlings reared at 3 different
salinities(33.0, 27.0 or 20.0%) were obtained at the 27% group followed by
33.0 and 20.0% respectively. The relationship between the days of

rearing(X) and the total length(Y) of the fingerlings were as follows:

33.0% group : Y = 0.107X - 2.532 (r = 0.982)
27.0% group : Y = 0.116X - 3.195 (r = 0,975)
20.0% group : Y = 0.116X - 2.693 (r = 0.987)

The slop of each experiment between 27.0~33.0% and 20.0% was

significantly different in those values.
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Fig. 1. Schematic diagram of closed recirculating sea water system for

rearing experiment,

RA : Rearing aquarium(0.5ton)

AH : Air hoses
0 : Oyster shell
DP : Drainage pipe

V : Valve

AL

FP :

IP :

AL :

: Filter chamber(0.5ton)

Air lift
Filter plate and spacer
Inflow pipe

Air lift

G : Gravel(G;:dia.5mm, Gz:dia.l0mm, Gs3:dia.20mm)
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Fig. 2. Growth of total length and survival rate of the Tiger Puffer fry

during experimental 62 days after hatching.
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sea water of during experimental 62 days after hatching.
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Fig. 4. The hatching rate of fertilized egg of Tiger Puffer at six step

salinities during 265 hours
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Fig. 6.Survival rates at 1 and 10 days larval stages in five step salinities
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Fig. 7. Survival rate at the 20 and 30 days larval stages in five and six

step salinities.
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Fig. 8. Relationship between numbers of food intake of Tager Puffer(20, 30
days old larvae), under five step salinities,.
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Fig. 9. Fluctuation of water temperature, dissolved oxygen and pH of rearing

water during the period of rearing juveniles.
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during the period of rearing juveniles.
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12

Y=0.116X - 3.195(r=0.975)

Y=0.107X - 2.352(r=0.982)

Total length

Y=0.106X - 2.693(r=0.987)

=™ 20%. + 27%. * 33%

T T T T T T A\l T T T T

44

Daily growth rate

2- A‘QA‘.-
- 20%, —+— 27%. —*— 33%. *

T

Jul.24 Aug.3 13 23 Sep.2
Rearing days

Fig. 11. Growth and daily growth rate of Juvenilies Tiger Puffer reared in

three step salinities.
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Coefficient of fatness

Survival rate

30

28

26+

22+

- - Bs%c_+— 27%:""*‘" 20%-

b 20%. —+ 27% —* 33.4% Ly
70 T Al T 1 T L]
Jul.14 24 Aug.3 13 23 Sep.2
Rearing days
Fig. 12. Survival rate and coefficient of fatness of juveniles Tiger Puffer

reared in three step salinities.
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o] Foll glojA Agoje] BAME 2. Xoje FHL /KA, ey, INE
59 U ez £23 dE¥EE, FrldL, &4, HoAE T ¥AA
Q 8250 A%E nX 2 Ari(wMe} A4k, 1991).

BAQ & GBEEE AAHE AYUsE 2UoBM £V} 2} Aol
dEl 2ol BASIA LA - 4 o] YL nAL o ol ¥EE
219 shAl U B2t A4, 1989).

itolf 3] dBsEo] whE ¥ AW RIaE Po| £FYY B ¥
20~35% ‘Belold 85~90%2 &2 FEES Uehl, 12% olstd A= FE
o] 0%}, 20%olA HE& 15%, el 33.7%clAN F3L&S 63%%Aria B
28t Qo™ (Holliday2} Jones, 1965), ¥tz o8 sfite] £Fgte] 3 AN
AEBEEE 3% FFolm, 17% oIty HARs oL xFHA I¥E ol
oA AcHEx, 1975).

o] Aol glojM AFHE 0.0%AME 27} A YRR, 3.5%A 24.7%,
33.0%00A 76.0%2] H3&E Ueldil, HIRZLFF FHEo iyt 71BEI
27.0~47.0%% %715t & Bq ohel #3} olF sAge] wA uehuich. AF
Hol Hoje} Yxlof uisle ¢ we dRETolN T Jedtdd R i
7 1.20~1.41m)o] F7 ¢ BAAH o] iyt o] 2 F Fold & 7 A
3.5%00ME YEL olFojA T x|, FF AALRF o] st 14.0
% °13te] AlBFollA R3go] thy} 8.0% °1de] 71¥ED 54.0%8] &2 HAHE

o] Uehd ez Azt

-~

shatol§ aixiole] Q¥Udel tistel UXE 4.3~52.7% F¥olM HZsiy
tn Rasidon(Ha, 1981), ¥3xlele] MELL 20~40%elH 80% olol
T, BEHF 459 HE Aol 20% ol4eld 90% olye] Estdria Bt

(&3 &, 1991).
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R E, Mylio macrocephalus H3AF 2ol 14, 1%0014 4841 5 BE&
78% AT, AAY $5 dRRHo] Aty Rustd(Fet @, 1987), AF
B ol dERT S%7IAE AEsHoL 3% olF FEHE wAEe]l witiy
Bastadch k3 & 1970).

o] Ao A REAFE zloji= 27.0%, 33.0% A 70% ol REdHAR, F3HF
10d7] 20% olAtel AR oA 64.8% ol BEstdon, F3F 2095 89.2
9%, %3¥F 3043 o] AFolM HA FEFEEQ 3.5%1M 92.8%7F FEsA, =}
Z2(k2} W, 1970)9) Aztel FAstEon, dx(Rk, 1975)8 REH(FA
&, 1987)2] A7 Azjel Pol AU £F AR N AE L] FU st B
2b 2 9= sk ey 2 s dxjol] vistd HERAM o w2 BEES

B 2 dd e 2AFE Rizlerl o 2T dEWEE 7H Hel Zdyt A

lo

2 Az} At
Alztol] o]3te] EAFH= o Fof 3l
2 29 8 ®oljel EAo] T3}

ZEE EAG 7MsEA she Al
290o] =xglch sfatelFe] 2 oj7lof

ArtemiaS o] 2% XAl ZajollM 7t Ee] AR 7~10om Zlol= £ 16.0~18.0

x

fr

Colldl 257} 2,000~5,000/ux o] 100~12074N S T AR (Fe} &, 1987), o
X 10om 2}o]e] HREAlo] wats wlr]e 1,000~5,000/uxoll 42 17.5~19.0T
ouf 120~1307h41 2 EAIMcH(@e *, 1986). xFH 6mn zte{olM 7HY Adol7t
Zopd 2T el 1,000~2,000/uxoll A $2 20.0~21.0CUa] 425~45074AE =

A3 7 8mm xlo]= 600~1,000/uxoll A 20.0~21.0CUul 960 ~9897H M XA ¥t}

2

(8, 1990).

ol 23} zjole] Ay] Y ALK ZAC] tha tiE AejolN ¥} vIE e
& Balsiria AU, o] AlHlM AFE AR 5.25m ol ZE 1500/uxol
A 42 17.5~18.0Tdul gut AL 4 ARBEA 33%olM 2N
ArtemiaS ZASl] ZAHE(FEe} R, 1987)3 QA (WS F, 1986)2] A} Hries

- 26 -



we TARG BAD, AZH(B, 1990)0] uiHAL tia Ye g& BAch
= 7~8om 2}o}(ZES} @, 1987), Yx HA 10om 2o} (M
o} K, 1986)2} & 37| AFH(F, 1990)cl vIsiA o WS 1,5797HNE 4
st o]’ zlolE ofFo mE EAjae] xtolet xjole] A7], Holdx Fo
A zAZ AASBAo] HZ TIE doM 71Q% Aoz gz rh
AHETo] upE 213 E zloje] ZAlo iyt AZHIE ZotE 4 QAT A
Aol AFHL foj7lol % stRLE A MY NAE FHolAM A AP,
18% 3ol o 7 AlgsldE siabsix] qdolche EkE(1962)2F M(1977) Fol

8. 43mm A}ojolj A = 7!:})5]

B2t olch

o] ddollA ¥EF Adse] mE GEEEE 2ol AP oM FHF
2090l 27.0% o]l A Hch EAjakel 323740 ©3lH D 20.0% olstelMe=
168704 o]4t& EAITE H3F 30Uzioll= 27.0%00A 153974A] o] & EA 3}
A3, 20.0% ol3te] AP FolH = 122570H o4& EA 3t

olate] AT Rol 2AFH zlols A Ryol wel AF Yol Vsl TR Y
gstr g ATl iyt whdo] A A7t wdsty] wiEel 30dA) =
oo] MHABEEME XAl o]z} HojRl oz AFAHCH

A7 AZAB 72 Bt A2 £3RZ o AN Zell AN
Hba ol 2} 2 E ] HA A4 16.0~25.0To|(J)IZAK, 1978), 16.0 ~18.0T A
H3l% gos] HA 5. 4cnE QA AVL(EE, 1962), 22.0~24.0TM F3F 100
alz) 13.1cn® At K2} @, 1970). o] A HolME 24.0~27.0CY tiL ¥
o £owsgiol A FE¥ 80Ya 6 34cn, F3F 1004# 8.59cm2 J Bt A=zl
HsidE }FT, Fajo] uiziME ¥ ARE Bl FHojx 2ode 15E
of thyt H-gYPol HY # ojlet YAE wE A= AzHr}

ARz AZol GBE FE AHBA K0T A ERANZUYY £ABF R

Z Az Aol Qoj A 3142 oM pHE 8.0~8.322 ® 3 3tArHKawai
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5, 1965). pHi ofFoll we} Walol:= 7.0(#KiR, 1972), Z8ES 6.85~7.70(F
o} @, 1988)ollH QB AIRo] FHssidTt. o] AFolME AMg42] pH7t 7.0~8.3
Heloll A 2pFEe) Holakat ¥Hof HuiE Mt Qoden, oMo mHE Y2
7 Al gAgshAl edatch

Ap2E AJRoA] REAIAL 2.00mt/t7IRE AAAAMEIE HAx|7 2.00me/t ]
3t FElE A sk A7 el A ARITHILZE, 1990). o 67g8l= Ao
SEZ Ao WE Ho| FIAL FEALL 2,0~2.50g/toll A oA F 2% He]
g 23% 4 U3, 3.0~4.0ng/tolldE Al Ro| Brl st ANF ] 5%E ¥
2% 4 ITHSAIFABDI®} Kim, 1989). o] Al¥7IZ £ AlgFzUoe] &&4
Ao 3. 0~7 4nl/LEA IWFE(1990)2) BAtAtele] 7|22} SAIFABDI 2} Kim(1989)
o) AFabg el 7Hs¥t 3.0~4.0mg/t S A3 dhe $2 2] {A|HI| wigel A
o] o} 4ol AFL QAd Rez JzHch

A ERo] Ao ARASHE SHEAY tIfE2 A5 LHUZEA AF
olL} Az welM ofFoll nixle GBS TEA Uehdth dniHoE R
LoleRAA(NH -N)E RE o|FolA nxlEe F4do]l w31 2 thioll opditeld4
(NOz-N)& S gt ol atef WAL o] Kl i Fdo] sicin
gtcH(Stephen, 1979).

NOz -Nof| ¢lolM Tilapiat: 10ppmollr el HriE A% ¥ Yau(L,
1983), WAtol: 10ppmoll A Aol 2 %E Fo(LE2t /13, 1982), NOs-N& ¥
2} x]oj7} 100ppmoll M 100%2] BE&E R ojFol dlojq ¥ F¥ol Qrt
B3 st &k, 1976).

o] dFolME A AIR7IZE F NHS-NE 0.03~8.80ppm%i3l, NO;-N2 0.002~
7.49ppm, NO3 -N QoI 0.03~18.82ppmE A Z7|o] AR oE YR olefH 4

o} op™ate W27} ThA gold wiz} AAUAIY, A}z J5o] FYHLE 7t
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A7) diEol H3zt ol ¥l U

ot
il
2
X,
rO
o
e
+
ey
o
o
N
('cd
4
N
32

FE R0 ot dEol O £35Pol & AolE Roln @5 E= sl
SAE A Fol§ VA UL Fol U7, AW FL2 FAUA o= & AN
7V sicH k=t &, 1970).

A4 dEs Tl wE KK B VY AFRIZTE dof, FoAF FY
Hiolols @R EET gaRTt 82 EE(2%)0AM 4ol MY FuR, ol
Mol 10%olA &7 sadtiz st Qrh(Canagaratnam, 1959: Arunachalam
5. 1979). W RWA(1985)2 G oo FaEo iy AEEY ¥ A
Az} 75%(26%)0l M 4%, AEAEC] HE RY2, 23 ®O1991)E YAE &
BEedE 7S st ZAel AdolA 27%olAM JHR QXSS

o] Aol 2ol ME 33.0%, 20.0% HThs 27.0%0lM FI 43& Hof YA
(23 &, 1991)8} ¥ g 2%S Rdon, 5042 AMRAHAAM 20%= &
2 3oldAgt, 33.0%0) cheiMe vlx3tAl UElkich

olidolA 2] A2AZ Kol xpFE 2} - oo ol AFRol iyt WS 4%
& 48 75l £ 16.0~18.0T, EF%% 20.0~30.0% HH7 43 KA=H=
AFzxe] 23t BT s FEANY A 4P KelstA ol&Y + alrt

2 4z,
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V. B ¥

2% g4a]e] oA de] o] g5 g AsBleE ¥F £& 16~18TE
aag A Ay shAnt 2ol uwret A (20~30%)S Vehh glch ahebd x
23 EZRAA AAE(20~30%) A5Hi4e o8 7t oFE meists] ¢
§ esiAe @RETolM £AYY Rrg, wATAE 2E2&3 TAPE AL
2. x=E Xol(T.L 4.29+0.50cm) & 3xtAe] FE5E2 23T veBAz2
ofl Al 5007 Al&%t AE eotshd rh&at Urh

) 2R ge] H3lge @RBET 27~33%, FHAFY Fraiole 27~33%
a21: E2HF 10U =fojo] JolHE 20~33%0lA P& FEE2] 70% o
Aoled3, HE¥ 20n2} 30UE RE AE5EOIA 89.6%2 92.6%2 BEE

ok

2) WATAY Artenia 4G AT TAY GEEEo ENFS FF 20d
7} Afoll 27~33%0ll A 323~3427HM AR, FEF 30UA ol 27~33%NA 15
59 ~157974 A L}

3) 3ot HERSE ZAW SBRT A Aol BRL 7%} 7HE SE3}
A3 33%, 20%79) oldrt 7 AEFEd ARYSF (Xl nE AR(YV)IH A
]

A Al
“

™

4
flo

-

33.0% group : Y = 0.107X - 2,352(r = 0.982)

27.0% group : Y = 0.116X - 3.195(r = 0.975)

20.0% group : Y = 0.116X - 2.693(r = 0.987)
2t Qe 712700l thy feld AR A 27~33%T 4 20%7 Atojoll= /2]

2ol gt
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