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In order to develop a more practical culture system from the present running seawater tank system,
two experiments of environmental factors, growth, survival rate and rearing density of olive flounder
(Paralichthys olivaceus) were carried out for two consecutive years. Two groups of fish in initially
averaging 7.5 cm of total length, and 3.4 g of body weight (EXP. 1) and 5.0 cm and 1.8 g (EXP. 1I)
were reared in the semi-closed recirculating seawater system equipped with the rofating biological
contactors with the commercial culture scale.

The dissolved inorganic nitrogen concentrations is EXP. I ranged 0.247—~0.512 ppm of NH.N,
0.010~0.043 ppm of NO»-N, and 0.108~0.342 ppm of NOs-N, and those in EXP. II were 0.091~0.715
ppm, 0.002~0.045 ppm, and 0.007~0.277 ppm, respectively. Daily feeding rates of the fish were 0.67~
2.41% in EXP, I and 0.69~2.22% in EXP. II, and feed efficiency were 34.8~59.8% and 40.5~88.4%
in EXP. 1 and II, respectively.

The average total length and body weight were 40.0~42.8cm and 695.0~852.6g after 340 days
culture in EXP. 1, and 36.7~39.7 cm and 552.4~706.4 g after 365 days culture in EXP, II, respectively.
Survival rates of the fish at the end of EXP. I and II were 92.0% and 96.0%, respectively.

The ratio fo body surface area of non-ocular side in all fish to bottom area of rearing tank, so-called
covering rate, was used as an indicator of rearing density. The highest covering rate and weight density
of fish per m® of rearing tank at the end of experimental period were 2.2 and 34.1kg in EXP. I, and
2.6 and 36.3 kg in EXP. II, respectively.

For the commercial culture of olive flounder, the semi-closed recirculating seawater system was found
to be more effective than the running seawater tank system in aspect to the fish productivity and
protection of marine environment.

Key words : olive flounder, Paralichthys olivaceus, semi-closed recirculating seawater system, tank culture,
rearing density, covering rate
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Fig. 1. Schematic diagram of a semi-closed recirculating seawater system used for the culture experi-
ment of olive flounder (Paralichthys olivaceus). F: filtering unit, P: pump, R: rotating biological
contactors, S: sedimentation unit, T: rearing tank. Arrows indicate the direction of water flow.
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Fig. 2. Fluctuations of natural and rearing water
temperature in each experimental period.
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Fig. 3. Fluctuations of dissolved NHs-N, NO-N
and NOs-N in each experimental period.
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Table 1. Daily changes of dissolved inorganic nitrogen, phosphate(ppm) and rearing conditions in ex-

periment I and II

Experiment I I
Rearing days 239 340 68 106 124 196
Date Sep. 26 Jan. 5 Mar. 28 May 5 May 23 Aug. 3
NH,N Mean 0441 0.353 0.187 0.104 0.120 0.715
max. 0.624 0.442 0.231 0.113 0.144 0.838
min. 0.227 0.277 0.137 0.098 0.103 0537
NOx-N Mean 0.010 0.021 0.032 0.017 0.011 0.014
max. 0.015 0.025 0.039 0.021 0.012 0.028
min. 0.007 0.017 0.023 0.014 0.010 0009
NOs-N Mean 0.342 0.194 0.166 0.150 0.137 0.260
max. 0.395 0.233 0.230 0.219 0.171 0.316
min. 0.296 0.154 0.098 0.062 0.112 0.230
PO,P Mean 0.163 0.101 0.007 0.032 0.021 0.090
max. 0.210 0.128 0.010 0.048 0.055 0.122
min. 0.109 0.088 0.005 0.022 0013 0.071
WT() 243 128 180 150 17.1 232
Body weight(g) 4874 7738 403 873 1133 2496
Density(kg/m?) 296 329 96 84 11.0 20.3
(ind./m?) 61.0 423 235.0 1015 1014 85.5
(CR/m?) 22 2.1 16 11 14 19

CR: covering rate, ratio of body surface area of non-ocular side in all fish to the bottom area of rearing

tank, ind.: individual, WT: water temperature.
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Fig. 4. Relationships between body weight and
daily feeding rate of olive flounder (Para-
lichthys olivaceus) in each experiment,
and between water temperature and feed
efficiency.
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ted seatrout fffol MX & HEMEY 4o Hfg A
Tl A 24-h LCsp2 980 ppmol e} o, gl
Aol datre AL deFe Cat, Cl oY &
=7 58 do 71989 3K Crawford and Al-
len, 1977). ol&1gt BHAA £, £ AFgN &
BHY dAASA YERE NON % 0002~0.
045 ppm2 A3 ZA7 HAT #& AoE At
E, B A7 NO-N &% I A Agde A9
Aol §lg ALZ $9E, NOs-N FE 300 ppme
ool A falsht o FelAle FFol glcke NIk
(19779 Aol o1& LA Foh

g, e A 2HG o] §3 Ao e NO-N
0.05~0.80 ppm, NOs-N 10~40 ppm FE2 2% 83 9]
gelgo} shzto]l F=H A 2H(Koiller and Avtalion,
1985), NO:--N 4 ppm, NO:-N 7 ppm A9 Ao
ME FFA 177 g9 getvol 2ol Eo] 146U F
486kg7txl A2 24 (Provenzano and Winfield,
1987), 5ol Fol EN 2 HEARTF cidd A
FAI 29 F8Ao] AANHAY. 53], ¢#aTH AL
SAZEHA A B A7 AEet §YT MAAFY
g4 #AE dxdE ASE s, NON
0.006~0.33 ppm, NOs-N 3.89~34.06 ppm 99 &
oA 90% 9 & AELT FFaAsg AFolfle
A3EL Uehd Chang and Yoo (1988)8] Bie &
ZE B9 A sgo] A4 Bt s §4to]

b4
3

N oz o

4

Y

BV REMEREY TR CL R
SR AT £ WA 9 2 B AT &

N drE 4E3AHEFT T 3R AdHr
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oJA1¢] NH,-N 0.009 ppm, NO:-N 0.002 ppm, NO»-N
0082 ppm¥ BEHKES FA ZAMX(Anonymous
1976) R & FES JEYOEHN, YoEE
TG AFA 2N &F B gALFE 7
A7) 4 Kk L2 A7 A=A 1385
ool & Aoz BT,

B A7 oidzt A54d e sgd 49, |
2o FIAAZF 100.1~8075g HANM BEE 71E
OS2 PR ATEEE AP IdA 48~598%, 4%
oA 405~884% 24, BEAF 2131~4123g ¥
ol A 293~37.0% VE Morizane (1984) 9] G747
of Hl&] o] ¢ Egte}, o] & 2ol Morizane (1984)
o ATl WE e e FEIYL, ® AT
oAre gx& wiirrse J5 dBos &£de
moist pellet® FX 71 dFol ke Hel M2 &
Hol 7198k Aoz FHEG, B 17 0F AR
o] %3] HgolA <k 20%9 1FEL AT oA
A T o)A A 34095kl A F 695.0 £ 101.0~852.6
188002 4A8AE, AP HAAE AHS 36544
o 5524 + 76.1~7064 + 714 go 2 At} o]elF A
F= e8] A2He B2, F44 Wild o
g AFANE o} A7A FolE 4 glonz
371 ol ¢k, HE 1LY HLAF AHS 194t
T 706~853go 2 Azttt AL £ AFY Aoz
A Eh v o] o] ATE 2% A 5 8F 41~
363kgolAe A9 ARAFoZA, dut §44
FHNMY m*F Ak FE&FY 20kgH ¥l NG
o 15019 S FAF z2AAMY ARE o
o2 o a4 ASAA(T AdEd,

Sevel A gxe Sz o] ojFo4A
A& 1980 thx o) A%, X9 HFe] #& ABE
A9 g dAolth AFMAY BuZE FEAF
213.1~412.3 g ¥ 99 YA E 60Y 7t AHS- 3 Morizane
(19809 HEAZF 399~1131g WM 3747l
AA A4 ASULEE 2AS Jeon et al. (1993)9] 2
3 5, EHIRY AbSel @8l A7E vl Qo 2
EHPHS St mRnatAY 3334 e A7
A4 BRIEERS EE kX #HEAAT 3o}
2+ Qin 2222 gAo gl FuE 2y 4
Fol 2nNAA 9AE 434%E W B 97An
© AR BRANE A4FAFE 33 A5



R - RE - RER

w3 889 & g Aoz dddy.

2 AFolA Alfojo] APFEA HEEL 903~
96.7% Aov, AFILAA 903%2 71 ke,
A7) AE G| HolAE AVE &0 26~27C2
A AGNTF MY 52 528 Ed Ve g A
T dg A ANY Ao F2HY &
3 AYILS tE A7) us 713 JAo] wst
d IFEE, AFo] FHIL oAt & AAEe]
BKR FAPo2H 498 FHA AFPHAD R
o8 FAHAG

FEHAA BEREE sl dubxoz By K
BEE 2 By KEKEY 5% == Nds2 84
3 gou YXe KEE YAHOE ol & ik
% AT g KEN fE0l7 dEd, BER K
mES de89 Aol Z2dltt Chang and Yoo
(1988)& G EEH BROREH BREEOR
B AL 2 F)o] EHKS 9e8S 4y
7] g AZXA LG FUF AFHATY FA
A AF 253~817cm FIA Y=05994X+
018409 FA3 AL ©23 v Uk AFo] A%
9ol 2719 A% 10~43cm® X2 4P§ B
ATNAE AFXALY FU4F AZAFY HAT
A AN R VeI 71E7]E 062412 4 &
ottt ol # 71719 Aole FEAVIY AF 9em
olsle} FATAL A7 A 10~43em WA
o R OAi 283 & gudit & dF oA
dxe ERH BEEKC] EEES Fced A8
243, ARF Y 26W7tA FEETE AL YA FA
o Ao 1IUE AEY ZtEAE AAHFT Qi
o]& SiAstd FE AoZE Y9 Midu
F& £ + St Honda (1988)= A7} El&d
FUste MAse AR BEdE, XU @
AAY Ay £48 AR BYE Zol FAY o
AAZE AAUEE & o, S dFE BRAEES
Uehdg 1 st g8 #Ro2 XY ASE F
Aeg 458 F2 Ao

€ d7dA AHSE BREERH @A dFEy
PEEKHER RN 2 F e AKX AEN2E
el ARE " ud, cHAFAL AHe 4 Y
£ 2 AEEge Ao fikRKel gt i ogs

Hol asle s, of el Be FFE AL

Aok, &, AYH F o9 Aofo] 7 d Hopy
g, HEoly KERE 5o AdAA A g o
AT O ARt JAHE F HAKA 3o
FE e dol Bohn & 4 Utk 53], ¢ %K
golt WAKEE sty Aoz FAAHL 9
T FERY 29 uHE e 2952 B
Bk Axc"oza S5 ua F7409 WA
e 7l ert S ang 9o FHYph LR HE
AR o R WA 7Hsge] Wie w9 #dd,

A2H o2 /EREY FAAA o &893
ARSAI2H e F5 11 5440 #4E Roleg A
AFY AdFNEE Fdld Bl Aol & 44
o g A Aok & Zolt)

R #

A kX WEez FAHT Je YA (Parali-
chthys olivaceus) ] PE FKiE BRECIA KR, BLH
miE 2 wEEPEK 5 EAE sty Yt HA
GA e AT LHARN BRER AFALYE o
43k 19929 29 %H 19943 19704 23 HeH(A
I, 4F10) A& AHSsEA 1 A84E A7
Sk A LA e FH2E 75cm, FHBE 34
g MM E 47 50cm, 1.8g9 BHE A48
o

AY19 A%F £F F7HFAFES NH-N
0.247~0512 ppm, NO»N 0.010~0.043 ppm, NOs-N
0.108~0.342 ppm, AR UAME ZZ 0091~0.715
ppm, 0.002~0.045 ppm, 0,007~0.277 ppm B IA
w3l ot

AEEARS A1 067~241%, A 069~2.
22%, FRHERE 247} 348~50.8%, 405~884% Ht}.
A 1o)X ofAE A 340d Tl B3 40.0~4238
em, AF 695.0~8526g2 2 Ay, AFIAA
€ A 3658 %9 A 36.7~397cm, A3 5524~
7064 g0 2 AEtETh AMSEEA AR BaE A&
S HAEI1 920%, AP 96.0% Atk

&g BERER FEuHE Y& (covering
rate) > 9X% FEUATY FKESZ &8 753G

AHEA] oA 9] HY FEF2 AP 1N Hed
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PHIEA HERA AT 22NN IR (Paralichthys olivaceus) BIE

22, % 3M1kgm’G 2, AFM= 42 26, 363
kg/m* A ct.

BEREEN BEAN2EE d3d9 FHikd BEA2
Wlol W) B AEM 2 AL BEHYE A 7
A=t ¥ FAEHeE HrhEAg.
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A BiRE 3 3o BRES MEA2Y 4
HBRAE Ritatd F4 ANRRY &k REA
FH=er, 4919 A543 2 $ELHE 29
ZWKERBRE RBERBHEEY #EX, SER
AL HRE detdA S LEEERHEEY ddtd
A A BEE XTh
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