J. Aquaculture

Vol. 21(4), 265-271, 2008 oraosAIOIY K|

= Journal of Aquaculture
©Korean Aquaculture Society

Effect of Water Temperature and Culture Density on Growth and Survival of
Juvenile Turbot Scophthalmus maximus during Summer Season

Bae ik Lee, Myung-Mo Nam, Soon Gyu Byun, Yi Cheong Kim and Jong Ha Lee*
East Sea Mariculture Research Center, NFRDI, Uljin 767-863, Korea

Upper temperature tolerance of the turbot Scophthalmus maximus, one of the popular aquaculture species in
European community and China, was evaluated in terms of survival and growth at 20°C, 23°C, 26°C, or 29°C. Best
growth was achieved at temperature 20°C in this experiments. The fish exposed to 20°C or 23°C were comparable
in survival, condition factor and feed conversion efficiency reminiscent of the latter temperature to be agreeable
for the fish. The temperature over 23°C appeared to be the temperatures beyond the fish can tolerate. For instance,
the fish exposed to 26 showed mortality of 60.9% by day 60; none of the fish exposed to 29°C survived beyond
day 7. Culture densities between 80 and 200 fish/m* did not influence the survival, growth, condition factor and
specific growth rate of the fish. The final production of the culture density experiment was 10 kg/m” on average.
These results imply that the location where water temperature remains lower than 25°C during summer can be a
candidate site for the turbot aquaculture.
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M B (Imsland ez al., 2001a, APF2H ] 10~25°C) AEE ALl
e A7t AL L 160CE AA YouR] g2
EI8 Scophthalmus maximus= Eo}ZE|FtolA] Bo|Aek = 10~22°C(Imsland er al, 1995, 1996, 2001a, 2001b, 2007;
20|17 £E3l 23 9 A Fe| A% AalsR= o]Fo]t}  Gibson and Johnston, 1995; Kards and Klingsheim, 1997;
(Liewes, 1984). 1970:3t) % G=3} Zakrolx B4 1 Sunde ef al, 1998; Ham er al., 2003)° 3= o1, -2yt
T okl 7RsA W whE A T o]RE ktidge] ® & g} o] oFH FEo] w2 A elA - Fo) w3 4
S SFol TR A AL e R FEOY 9l AE e RYAE JEAFHD vk AT fEuRbl R
© w(Strand and Oiestad, 1997; Borges et al, 2003; Labatut  A|FE 9 AA 52 GFAGelA & Foll tiFh o] A&
and Olivares, 2004), Hole FoME S Ao} E 5 EHE didt BAE FolR L glon, SuljellA AT
ka7 el AEE 7)80)a = Fo M FFoE o A& Kim er al (2003)°] 2J3F vpojeix B X 9o
T3 QIe(Lei er al, 2002, Ma et al, 2006). L&t & F st
2 AR 16°C01H, 20°C o dellAE =Holg & A B A7edME BlEe] FE 94 1d Fell 700 g ot e®
oFi1, 23°C ool FHAP} dofuhs Aog BuEe] glo]  wWEA gdte AEAH BAE AW 31ol(Sun and Yan,
©], 2002), el k2] & A9 A n5L7)E thldl]  2003), FEYY FEHEE S Aol Fddohd thadl of
) A3l E WA E ARRSolor sl ZloR HEY  Fd I527] olde AFeE Fet rhssite Ae 1Y
oA Aol dHEo] H alo] mjAgo)7] BES thdeE 1571 AR 2 d Y
B ARG tigh AT AlgE 23 92 45aE T ZALE B8k UM g 8 AR 7S BRI
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T2 A AIEE BlR o7t Holg & AH sk ettt
I BaEo] gl 20°C(©], 2002)F 7)FE0E ) SHA &
< TEsl 3HE o2 AFsERAEsE 20°C, 23°C, 26°C, 29°C2
AP TE Al RIEEARE AT, 2 282 AE
SAZAFAE ol &3l FrF2 (T 2LAA)CE 88 795
B 108 647 6043t AAlsIl o AR AR 1
A 1°c¥ AA3] 8 APl 2 SR F§ UEE
I AEYE 328 TY AFTY 9X AR UE 160 B
Z/m? (2kg/m?) (FPIAER, 2006)2) At =51 80 9f
g/m? 2 33t 2, FEEE, $54 U AES ZAR=
ujed ob 10400, AT HAAE 208 7HH 22 AZ3 0
™, APFSAelE ZH AP EE AL B 9 A5
Aottt Blol= Ale] B8 AL (T 53.0% o)/,
A 11.5% oZhHE 14 28] THE Fg3isier, md I+

& 712 30] AEIRPE ABAGE ARG
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HEE AEAIE

A5E LTE7]9) U AR AFL FAEAsA T
oM AFH w20 7P 22 A7)l sl 74 304
98 28U7H] 60Ut AT T 22NN R (H
LANCE WHE ARE AASISi. 78 B S ¢
o T ATl B4 A R 160 viEl/m’ 2 kg/m?)E 7|
FOoREFHFAFHEY, 2006) DEES 7HSEI] 200 mlel/m?,
160 =12)/m’, 120 wHl/m?, 80 vlel/m*e] 44F72 8733
o 12 Apolef] %t & Aka WskE Hastkelr] fslo]
AP shte] oo iEe] o3 FXPRIE A3l e F7
HOE g7|1Fes 288l 24 A8 BF §EWIT T
3] FAIHES Sk Wel 3 S, FARERAL 5 7

B AREAL 528 83 SUshl WAt
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‘37 Apolell tizt Foid AFL SPSS-EA WX E o) &
31 95% AF|FFoIM ttestS o] g3l AFFF o, s
Az AZAE (gl digt A 553202 $71&= (Kinghom,
1983)2, YIHIES ofdle] 4102 Allslsit.

AVIE (%) = (Ln #HZEFA — Ln A5FA) x 100 + A}

f2%

2 =

T2 AAI™

BEFEE AEMAA 320 psucllA] 7285 32.2 psuE L
815101} 8UA 33.4 psuR 5T F 18Y(33.1 psuy7iA| TR
IR £ GEFES YER L, o]$E 30.3~31.8 psu
HAZ FABEIH 2R 1), ¥ A 77k 3 gishs
31.6+0.9 psu (30.3~33.4 psu)Z El& ALSA] HZ g8 5E=
&# 7 13~22 psu (Jones et al., 1981, Gaumet et al., 1995,
Imsland et al., 2001a, 2001b) Bt} A33) FShoh, 34 AE
oflo] 7S At FE APT7) 4.60 ppm P Fe] FA]
HRom, AT F 84k FEol 23 woliy 28
2EAE TEEA Ggit

AEES 20 Y 23°Co] W2 72 AT ABFFA
98.4% (96.9~100%)= "- =3k}, o] K} =20] Foldle] u}
2 AEEL SOt ¥ 2). 26°C AB T 3097 Hi
90.6% (87.5~93.8%)= %™, 40€l= 85.9% (81.3~90.6%)
o]t} o]F 5290l 82.8% (78.1~87.5%)% Thh 7HA313e
w o] FA3] At HAY FIEAG0Y)E 60.9%
(56.3~65.6%)%. Al VERITE 26°C A8 = 522 o] % HAL
AAZF F7Velke AEE Hled, o] u) dAbliAle 22 A
A7F gBakch 29°C ARF= A 3 FHE HA} Ve
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Fig. 1. Change in salinity (psu) of turbot Scophthalmus maximus in
the different culture temperature experiments.
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Fig. 2. Changes in mean survival rate of turbot Scophthalmus max-
imus in the different culture temperature experiments.
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Table 1. Change of condition factor, specific growth rate, feed efficiency and final stocking density of turbot Scophthalmus maximus in the

different culture temperature experiments

Temperature 20°C 23°C 26°C
Mean body weight (g) 60.2+20.6" 50.1+15.0° 31.6+12.6°
Mean standard body length (cm) 11.8+£1.5° 11.1£1.2° 9.6+1.3¢
Condition Factor 4.14+0.58° 3.96+0.75° 3.23+0.50°
. . 2.59 2.29 1.49
Specific growth rate (% day) (2.51~2.67) (2.20~2.37) (1.22-1.77)
. . . 0.84 0.89 2.91
Feed conversion efficiency (g gain/dry feed) (0.80~0.89) (0.88~0.89) (2.38-3.44)
. . . R 4.98 4.16 1.64
Final stocking density (ke/m’) (4.81~5.16) (3.88~4.43) (1.25~2.03)
¥ A% F8 A BEY HlukE, A79RE, AEAS 2 AF
27 AU EE F335 A3R= Table 13} 740}, 20°C A3 19} 23°C
S AT v BFERE 247 4.14, 3.962 FEIAHP<0.057F
= Ao}, 26°C ABTE 32302 FASP WA vk, 2
g HIAEL 20°C ABTI} 2.59% day®, 23°C ATT(2.29%
8 day)2c} 119, 26°C A8 F(1.49% day) Bv} 1.79) =Sk
AlEEEE 20°C AP79 23°C AR BTAVE 77 0.84,
15 N o — L -
0 10 20 30 0 50 ) 0.89% Z o7} YiSl o, 26°C A= 2917 Fo|7) S

Experiment days

Fig. 3. Changes in mean body weight of turbot Scophthalmus max-
imus in the different culture temperature experiments.
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Fig. 4. Change in water temperature(°C) of turbot Scophthalmus
maximus in the different culture density experiments.

W] ANgsie] 7dAel BE A7 HArEc

BEAEL AN 12.7g (11.0~14.4 g)llA 204 F 20
AT 293 g (28.5~30.1 g), 23°C AT 27.6 g (26.3~29.0 g),
26°C AT 23.1g (21.0~252 )2 S F2 AT 43|
w2 A JERGTH IR 3). olelst AE2 AEr|7ie] Al
el 7 zlo]7k &asA 60l 20°C AE 77 602 ¢
(57.1~63.2 g), 23°C APT7} 50.1 g (47.6~52.6 g), 26°C A
T2} 31.6 g (26.4~36.7 9=, 6047+e] ARS71ZF B9k 20°C A
= 23°C APl vl 1.24, 26°C Aol v|sh 1.94),
23°C A= 26°C ATl vlal 168l A7 XolE RS
26 Aot 508 ol FHER= HolS A2 AHE 3k4] Wit

AREaA AREEE 200C AE77T 4.98 kg/m?, 23°C A3
T 4.16 kgm*E AN (1.1 kg/m?) Bt oF 4vf A% S}
31901} 26°C A TE 1.64 kg/E AFUE Z71= A2 il

s ASAIY

Ul AR ARV & 728 v AdT 25 5988
th 22 AEMA 20.8°CoAlM 7UA 24.3°Ce] o|EH oL,
o]F 9 9 14dAle Pt FPOE UAF g Fo| &
F(EE 4B 21987F= 233~245°CE ¥ TE
UERASITE. o]F 40LR7HA] AA18] shsle 22.0°Ce] o] =
gon, A% EF3A7H 21.3~22.0°CE et 48717t
Z HHFEL 22.441.0°C (20.0~24.5°C)1 01, 4=29] 23°C
olFe R et A AE/MA F 7904 209 Aele] 14
A7l FE-s5e 2 A8 FUstA 30.3~33.4 psu
olglom, 8FAAE 5.12 mg/L oS 425kt

AEES APMA F 169704 e AP lA 100%2]
AESS B30, 3647k IF ABTIN 1~2 vl &
7 #xE veRou o= Hat #EER] it TId 5).
AY FHA] AEES 200 712/ AET7F 99.4% (98.8~100%),
160 vF&l/m?* AET7E 100%, 120 vFel/m? AET17F 97.9%
(95.8~100%), 80 ml&)/m?> AEF7} 98.4% (96.9~100%)= e}
WA AT ZF 97.9% ol w2 AEEE 4 AYE
AEEE] Aol YEUA] o9k

HEASE ARAANAN 12,7 golld 204 & 200 vlel/m? AF
T 2392 (23.5~243 g), 160 VIEl/m* A BT 219 g (21.1~23.5 g),
120 7R /m? AET 21.5 g (20.9~22.1 g), 80 vR/m* A8 216 ¢
(21.3-219g) ol oH(TH 6), 60Dl 80 vidl/m? AET
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Fig. 5. Changes in mean survival rate(%) of turbot Scophthalmus
maximus in the different culture density experiments.
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Fig. 6. Changes in body weight of turbot Scophthalmus maximus in
the different culture density experiments.

54.1g (51.4~56.8 g)= 200 v1E)/m* BT 50.0 g (48.1~51.9 g),
160 7}2)/m?> A8+ 495 ¢ (48.1~50.8 g), 120 v}&}/m? AP+
46.8 g (46.7~46.8 g) BU} Tha gQkov), 7 Agdz &
Z Aol YAt

AR T34 HREE, G2VIE, AEAT 9 AFAEUE
+ Table 29} 2t} H]¥EEE 80 wlel/m® AFTF7L 3.97+0.62
2 7P E9koH, 200 vkl /m? AR 3.89+0.50, 160 vl2|/m?
AP 3.88+0.45, 120 vel/m? AHT- 3.80£0.48 =C 2 e}
wout, foake gls AR YERITHP<0.05). B3t ALEA

FE 7 AT BT 0.87~0.900% Fsaigon, HFASY
= 200 vF/m? AET7} 1046 kg/m?, 80 vREl/ A7t
4.49 kg/m®| Ut}

n &

A Eol e U o] AR Al ouAE
AFEEZ (Brett, 1979; Jobling, 1994), A4 N8558 ¥
o]7] §Jatirs 258t Gis sl A2 R 34 9 A
£2 FHEA SAA Ak FCHImsland et al, 2001a). B}
A A £ FE AP 16~17°CoM HH A
S YERNH (Nijhof, 1994), o] F+= 13~22°ColA F2 9342
UeEhlEs 324 ojFo g H %] lth(Jones et al., 1981;
Gaumet, 1995; Imsland et al., 2001a, 2003). =3+ HH4 o|F
02 A o)) 6 psu ol5telA] TEE )2 (Person-
Le Ruyet et al,, 1991; Waller, 1992), Baltickt E]522] &2
3t GEEFEE 15~17 psuollA ©]F©] A ¥ (Kuhlmann and
Quantz, 1980), BTEH 14.3 g THE 439 A1HAE0] 15
psuoll Al 71 $£31, 33.5 psuolld] 7Y @2 ZAoE B s
S1tH(Imsland et al., 2001a).

EBRe] o237 di-siele] Auatg-g was A i
EE 33.5 psuellAE 19.6£0.3°C, 15 psudlAle 22.9+1.0°C, 25
psuelAl 24.742.1°ColA A7 © Alg A7 2 F0R X
AbE]o] (Imsland et al, 2001a), 15 L4-E AFGRT A A
79 Al E o] 2 22 Jely Qi e £ Age
TR Ak 549 30.3~31.8 psu AR 2o ool
YeR s 9 oA gk Aol HATH W] Huhe 2 4
H5EoA o]FofES & & AUtk

T APAR AFFHE o A2 200071 23°CEY 1.2
Hl], 26°Cel] Bl3l 1.98] ‘3ol et # AlFeXE AL A
Yarellr o] £2 Aoz vepdy. v HFEISES
20°CS} 23°C B 98.4%%=, 13°C2} 19°C ~200l4] A3 3~95
g B2 MEE 92.4-95.5%(Sunde et al.. 1998)2} o] EA|
velRdt), 3 HEHEE 3.96~4.14% 2|7} U] 9Fa, AR
AFE 0.84~0.89% w4 Fo} 23°CE BIF9] A 22

Table 2. Change of condition factor, specific growth rate, feed efficiency and final stocking density of turbot Scophthalmus maximus in the

different culture density experiments

Density (ind./m?) 200 160 120 80
Mean body weight () 50.0£16.8° 1952137 1685121 541216.2°
Mean standard body length (g) 11.2+£1.3° 11.2+1.0° 11.1£0.9° 11.6+£1.0°
Condition Factor 3.89:£0.50° 3.8840.45° 3.80+048° 3.97+0.62°
. 228 2.26 217 2.41
Specific growth rate (% day) (2.22-2.35) (2.22~231) @.17) (2.23~2.50)
: ) ) 0.90 0.89 0.89 0.87
Feed conversion efficiency (g gain/dry feed) — g5 4 g5y (0.850.92) (0.88~0.90) (0.85~0.89)
. . . , 10.46 8.33 5.78 449
Final stocking density (kg/m’) (10.00~10.93) (8.10~8.56) (5.65~5.91) (4.19~4.78)
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Table 3. Change of mean water temperature in Uljin of East Sea Mariculture Research Center
Year Jun. Jul. Aug. Sep. Oct. Nov.
2005 14.2+1.6 19.7+1.5 20.7+1.9 21.440.6 19.6+1.4 15.7+0.6
(10.2~16.8) (15.1~22.6) (16.5~23.2) (20.0~22.6) (16.8~21.3) (14.8~16.9)
2006 14.6+1.1 17.0+1.6 19.0£2.8 22.4+0.8 20.1x1.7 15.6+1.1
(12.5~18.6) (14.4~19.3) (14.8~23.8) (21.5~24.49) (16.7~22.1) (14.1~18.3)
2007 16.1+1.8 20.1+1.5 19.145.1 22.2+0.6 20.9+1.1 15.9+1.4
(11.8~19.6) (17.4~23.3) (9.4~24.2) (18.8~22.1) (14.0~17.7)

(20.3~23.5)
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Fig. 7. Changes in specific growth rate(%) of turbot Scophthalmus
maximus in the different culture temperature experiments.

oFUARE AR Hle A7) §lE MR Aoz ddE ]l

I 26°C AP AEES AT/ 30UAE 90.6%, 52
A= 82.8%, 604AIE 60.9%F JERISITH L 2). 204 7t
Ao g A AES TAM AIH™H 7), 204 H7MA =
26°C(2.97% day)7} 20°C(4.18% day)2] 71% =ollA], 4044
(26°C, 1.96% day ; 20°C, 0.62% day)°ll= 32% 5502 37
35Tt o)8 AMIERE B FHE L 26°CollA 2087k
ARgo) ZhEsit o] ot 7|7 wE3E S 9A o] E5)
=3 oF 50do] Asha AEEe] F23] DolA= ddo] &
QIS 40~6044] 26°C Y7HPI3E(0.89% day)P] 20°C(1.63%
day)?] 55% TEOE thA| S8 RE o|A171¢] 26°C HAA
A ool 423 JiAIY B wkde Aew FAHE

SHA 26°CellA] 60U7F AR 3 ABESE AFol= 20 ofstel]
A ok LT AR AlEEISET ols VAl oAl ol
H7) FEsiiza, HAF AAE BRER gshe), web 26°C
oA 607t A7t AR ¥ AES MAE g2o] HolxH
Aol 7hsE Ao g AZie oA g AEHALL WS AY
518H3 A2l ZAks B F7HAQ AT B8 B Ao
AFEECE 2 29°CE APAIE 743l AAAZE HAabE o
Bl ER9 dALE oo 7 ARl RAE o2 @
ecbel=d

Qs om YA, FErlels gL ApelFE 251l

s} B2FE, Aol Y-S AAHgol we AFE et
AT, B ARRE 24+ L0CAIA AAE U A A

RE AT AEES FL 20-23C 28 A3 At
FUSN 97.9% oPdoz A Vet U AR7IRE AL
2L QAR 24°C oo R Y57t 63] A

o} o]y £& W3k TUE AToME AESE o
TS UAA S & T Ui

Ued A9 Ay 7h AT 25 i) #ol glo] AY
A B 92 50 g2 $71819] 200 v1E)/m? AP
oF 10 kg/m?e] UEZ HSTH(Table 2). ol |3 40 g M|
) AL 3.9kg/m?, 100 g9} e) L 6.2 ket 2
F3] & dEety @ JrhEHETAHE, 2006). Labatut
and Olivares(2004y= 2] 5 m, & 0.8 m, ¥°| 0.4 m AFZA}
SO AFE 5.55 g BIE-S 2427 ARSS A3} 8.03 kg/m?
g5z A% sigivtn 2askar §lom, B A9 Adjelx 200
vlE/m? AETE UE AU AETe vuts, dZEE,
AtEAITE] 2107} glo] B2 |RIEY SRR ARl 7}
Fgo] ERlH ).

St 7+ #l9e] k-2 Ak, il W 23 o]
3t ook 28°col e o] vehhks A9t o, &
7 o)1Fe] FaREE 25°C oPFe] 2 A vERR] A
ST}, Table 32 353 stA74E 2] 2005~2007d €8 A}
S5 H3E UERd 2102 3R BE AN #3322
14~22°CE AEH o7 FABFL 3o, 25°C o] +&2
BEEA et Hdl Ak GEEEE BHE HE 4dEE
Holke wil g o & A8 49 oyt di-sEs RS
AR ShEElE A1) glE Ao SRS welx] et
g} B’k &3 oAM= BE FEE AEsHed A%
& 52 21 A3 glgo] BgsEdrh

3 2 A 49 SXEY old A dolgkk =2 26°C7t
20 oluel A Helabd HiE FHEE st o] gs
Aoz AlgHY, YR}t 1Y% AlFo] 7Fsslr)o] 53
T5L7] SEATHAAY, Al o] gotthE FE-8] S
A% AJFA77EA oFdo] 7Fsst ojFo® ABZFE XY

H R HA AR 22 AGUNAITREE] #le)7F Vel
U r2go] A FTE HA g0l 23.0£0.9°CollA, T AN
AT 21.1£1.0°C, ATERE JRH T 19.6+0.6°ColA] HA
47FE el 220 B uE] ltk(Imsland et al, 2000).
ojgjgt AESH BEAS & o] gt el w2 2t &
58 Ad =] AdEo] B kY] dYeEd =HA ¢
£ Ao AR HES §-0) gt AZo] FAY &
golz9 Fzles & e piE AFshe FEY Tk
= o e R Zhe vy Qv ey Syl =
G4 ARE-Z ololl digh 4n] Adko] 7] il BRES

o e oy
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Fst7] SIslolie %Y 2eie EUSR 5 2l of
3 A7} BYH] TSR} & Ao el

o o]
ey =

TEH FoelA ) o E 23S B Sl HE
Scophthalmus maximus®] 1A = A5 71573-& 4718k Ak
AR x| gist 4% B vlasigict. 2 A3
A3} G2 200ColM 7P wsroH, AEES 20°C9} 23°C
2T 98.4%, HIRIEE 3.96~4.14, AFEATE 0.84~0.89% 2}
o17} glo] 23°ColM = ARFo| &SR T2 26°CollAE= 20
A7kR] A7FaEo $ast o 50 olF wHrNAZ) F7F
3l 60l 60.9%S WFERASITE. 29°Collxe AR 74
Sofl ZAMAZE HAALE T B2 ARAE A AEES 200
ol /m? A7} 99.4%, 160 vlel/ 28T} 100%, 120 v
| AR} 97.9%, 80 vll/m? ATt 98.4%F ZF AEF B
T o st AESS RYoh ARAEE A 200 wEl/m? AE
TE OE AR AY AP vk, OAE, AlEAS
2] Zo)7t S, AFAUEE 10 kgm*E YA R 19
T ARRo] Zhsdo] ERIFERIT. o]t ARERE 3HEY]
of| 25°C o]e] 20] A9 UEhA] d= 23] o& F3jt
29L& BES ARgshet A3t 2 218 A3 gloH,
T2 26°C7F 209 oUiQ! A oj2td Bl R FHEE sk
AAo] P& AoZ AlREHIT
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