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Effect of Size Grading on Growth, Feed Efficiency and Survival in
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This study was conducted to evaluate the effects of size grading on growth, feed efficiency and survival of juve-
nile olive flounder. Juvenile flounder were divided into four groups by initial average size; Small group (1.3£0.23
g), medium group (3.1+0.45 g), large group (4.940.57 g) and ungraded group (3.3+1.66 g). Triplicate groups of
100 fish were reared over 8 weeks. In final body weight distribution, frequency of the small size flounder (10 g)
was markedly higher in the ungraded group than in the small group. Specific growth rate, feed efficiency and sur-
vival in the ungraded group were significantly lower (P<0.05) than those in the pooled data of the other three
graded groups, although feed intake in the ungraded group was significantly higher (P<0.05) than that of the
pooled data of the other three graded groups. These results show that the small flounder gained significantly faster
growth and higher survival in the absence of the large flounder. Therefore, size grading seems to be an important
and necessary operation to improve the growth and survival of juvenile olive flounder (1-5 g).
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N B elditk(Jobling, 1985; 1995; Saclauso, 1985). 7RA17r A% 2}
ol Hol HAAo] £33 aA4T A& 5uw(Wallace and
Kolbeinshavn, 1988; Jobling and Koskela, 1996), ™3 7Hx| &
B Aol gle HolA &% MAl= A A 7=
2IHE Hstr o 2 4FES 4HE 4 dok(obling and
Reinsnes, 1987).
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WX|(Paralichthys olivaceusys S5oMA|ololl A Q31
WFFoR o] Fol tigh F-4(cannibalism)x} 7+ 7} 7
3. 2H8-(social interaction) AFEE S7e] 3 Yele 2 uhy
ul AtH(Dou et al., 2000). 7AA 7 A3 2po] = =7] ML
2 FRAL Aol #EEY A s Aot FA 2t o)g} ke A7) AEo] wtEA] ME §AS ST
o] YA H3, 2 AFEA Ao AbtgE Eold I, 3% e oliieAY tsixe ey T So] I
2H(Dou et al., 2000; Sakakura and Tsukamoto, 2002). Z9] 739 7] AW £ T79] o]E7lofA B L

ojo] oFel Arlo| whE MuE A YEL] FIE o] Fa g wfo] 4% gaE YT 3o (Doyle and
oftz} golg o3, 78 53 22 AN Helg 54 Talbot, 1986; Baardvik and Jobling, 1990), #+<+ ¢-g]u}aelA
2 B2 FANGE] AR50l ARS-E UM (Gunnes, 1976; Baardvik  E5(Oplegnathus fasciatus) X018 tldo 2 3 A3 oA x =1
and Jobling, 1990; Popper et al., 1992; Kamstra, 1993; Lambert 7] A®.& A2 kA 7)12] E51 HKim et al., 2004). H]=
and Dutil, 2001). Z7] AHe] T8 /g2 /A 528 FholA 2EH S Wde zfolrt A&l =27] A o &
HAAQ 38 27] 8 A8 2 diE AAE Mz B8 Ale 20T oFfd gl 2EYAE FE dxlo|tH(Davis
3= Alo|th(Gunnes, 1976; Knights, 1987). 94 o]&] 3le]  and Parker, 1990; Waring et al., 1992). 53+ =7] 482 A3
W A 7 A= 28 ARG O 22 4FES U 77E B o)FojFAIRE 8 Yo] o] ArEE Feo|H,

o7ldct =7] Aol wE handling 3, 2 2 = AR
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APole FYFNAT o FEFATAE AN F2AE o
| 2RE YiE FLARF Y] FA X 6.7£1.24 cm, A
Z 32+1.57 g)F ARSIt ARE717EE 20049 6Y 304
B 8Y 25971 8F7HALE TEFYS 52¢)elen, Ao
= gz 100med gty 3RkE o R Aok A
FRE 350 L 832 98 FRP 25 230 LY AHE3ho]
Qa4 S ARSZIT} 5.15 Limino.2 TAFYL, Hole
A8 wlFAE (Jeil Feed Co., Korea)E 1¥ 23] Wx &4
7kA] Fw8] FEFATE ARG 17RESE 22 16.8-26.1°C,
GRS 30.7-34.8 psu, 283 DOE 6.0-7.9 mg/L HIT].

- =

| = R vy
AR AP dFd Aol AAlsilon, o wf dgole]

Aol 2.0 g oJ3tE TAE AEFE small group, AZF 2.1-
4.0 g 899 4FTZS midium group, AF 4.1 g o] Ag
FE large group, 283 A E 729 FE3 APAE
ungraded group2® HH3IL, A groupd] HoaE T3k
ungraded group¥} B123}7] ¢} small, medium 2 large group
o] 7+ wol MW group?] pooled dataZ A&} th AHA

2] A} A2 small groupe] ZH} 512028 cm, 132023 g,

40

g, MEEE 9 ATE 155
medium group®] 7+t 6.9+0.33 cm, 3.1=0.45 g, large group®]
ZFz} 8.0+0.28 cm, 4.9+0.57 g, ungraded group®) 214+ 6.7£1.25
cm, 3.3+1.66 g, 283 A group®] pooled data7} Z+zt
6.7£1.23 cm, 3.1£1.54 g°]AtH(Figs. 1 and 2). 2812 A3A]
A AR
g/m?, large group®| 852 g/m?, ungraded group®] 562 g/m? L
glaL A8 groupd] pooled data?} 541 g/m? ¢St}

e 27 7R JRAE AR AlFS FHson,
Aol Uit W5 Al (standard deviation/mean weight), < 24
ZE[(In final weight-In initial weight)/rearing days] & A28
£ (weight gain/feed intake, DMYS Al4tsted z} AF 27k gk
£ BT AR T S oAle AlETE F wEskd A
AU en, APZTEA BES A g HiEEE A4S
& UEpIT

23 A= One-way ANOVA-testE A A1 3Fe] Duncan’s
multiple range testZ A 2| H7ke] F-2]29 (P<0.05) Statview
8.02 Korean version (SAS Institute, Cary, NC, USA)°. = #
A3t

small group®] 231 g/m?, medium group®] 540

4

A A ZA] ungraded groupe] 7L A group (small
group; medium group; large group)?| pooled data$} B] w3}
7-8 cm 7RA 8] X WIEE AQstils EX HLle Hlzo) gl
o] M2 FARSITHFig. 1A and B). 485 EA] ungraded group
o] AL 10-19 cm= £3X 3t @elof o] AE groups

40

A C
30 | L
0 n=300 30 n=280
20 | 20 }
>
e
S 10} 10 |
3
T
g ] 0
g 4 5 6 7 8 10 12 14 16 18
g 40 40
g B D
& 30} 30 |
[ W n=900 n=898
6 7 8 10 12 14 16 18

Total length (cm)

Fig. 1. Total length distribution of fish at the start (A, B) and at the end (C, D) of the experiment. A and C show length distributions for
ungraded group whereas B and D show pooled data for graded groups (small, medium and large groups). Small and medium groups are

represented by the solid and stippled columns, respectively.



156 WEY, AR, oE, WA, olul%, 147

40 40
A c
30 30 }
n=300 n=280
20 | 20 |
>
8 10 | 10 F
S
g 1 |
g 0 0
@ 1 2 3 4 5 [ 7 10 20 30 40 50 60 70 80
o
g 40
g B D
3 30 2
a n=900 n=898
— —
5 [ 7 10 20 30 40 50 60 70 80
Weight (g)

Fig. 2. Weight distribution of fish at the start (A, B) and at the end (C, D) of the experiment. A and C show weight distributions for ungraded
group whereas B and D show pooled data for graded groups (small, medium and large groups). Small and medium groups are represented

by the solid and stippled columns, respectively.

pooled data®} FAFBHAl HEPEO L, M3 B Hlxof 9l
AE 10 em =9 428 /1A 9ol ungraded group®] 8.2%
2 small group?) 2.3%9l ¥13] £, 18 em 52 i3 /A
Y= oA ungraded group®] 15.7%= large group®] 5.7%91 ]
& =7 Vel A9 group? ungraded group 7HlA zlolE
B tHFig. I1C and D). A5l QoM e APAIZA] 4-5 ¢ 70
Aol BE NEE Astaie AE group?] pooled datat
ungraded group ZHollA EXZ H9} WIE] lo] MZ fKAlst
A3 (Fig. 2A and B), AFFFA = o]52] AF°] 10-82 g
o2 BExste MY o A= fASHA JebsTthFig. 2C
and D). 22 AEFIA] AFe] £X W1z oAM= 10 g
F& 28 1A WEA ungraded group®] 11.1%Z small
group®] 3.9%c] Bld] ¥, 60 g 9] tE A Rl=oA
ungraded group®] 15.4%% large group] 8.8%9l| BI3l &4 1}
El} A9 group? ungraded group 7HolA xpolE WERAITH
(Fig. 2C and D).

APl tigh A Fe] A7 AFAIZA] ungraded group
©] 3.3+0.01 g2 2 medium group} 3.120.02 g & A8 group
] pooled data2] 3.1x0.01 goll ]3] ZRXOLE(P<0.05), HEZ
B9 & ungraded group®] 40.4+1.16 g, medium group©]
41.7+0.41 g, A8 group®| pooled data7} 41.5+0.05 g2 A
2 AR AEE 1Y vkFig. 3). 2832 small groupd large
group] AFE 2 AP TEC) vls] APFZEATA AE5H
o7 ZtzZb ¥y A FXHEY T ASol A3 small group,
medium group 2 large group?] HEA T AP oj] AFo|
Z7V84E Z71e b | A8 groups] pooled data®} ungraded
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Fig. 3. Mean weights with standard errors of graded and ungraded
Paralichthys olivaceus) reared over 8
Medium group; M, Small group; ¥,
Ungraded group; &, The small, medium and large pooled.

group®ll o= THadhs A0 eyt on, 53] A8 group
9] pooled data®] 735 A F F7tol we} WEAeY] 4% 7
25 YeRthFig. 4). 248 A 717+ F8k 7 A8
AU HAEL small group®l 5.8+0.02%, medium group©]
5.0£0.01%, large group®] 4.7+£0.02%, ungraded group®] 4.8+£0.06%,
A4 groupe] pooled data”} 5.040.01%%, small group 2 large
groupll A Zbz} 1z g HAAE BACH, medium group
I A¥ group?] pooled datat ungraded group®l V3] =&
219 Y HES JERNATHP<0.05, Table 1). 2|31 AL

[e)

HA%&2 ungraded group®] 2.11+0.005%= medium group
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Fig. 4. Coefficient of variation (weight, %) plotted against wet
weight (g) for graded and ungraded groups of olive flounder (Paral-
ichthys olivaceus). B, Large group; €, Medium group; A, Small
group; O, Ungraded group; @, The small, medium and large pooled.
Lines indicate log-regression of the data.

=1

2] 2.08+0.011% % A% group?] pooled data®] 2.07+0.006%
of| vial A YeRd B, AR 589 2JeIA = ungraded group
©] 1.55+0.0082 medium group2] 1.59+0.009 % A group
9] pooled data®] 1.60+0.004%) B]&] WA YERGTHP<0.05). 8
o] Agr|zHEet AAl 1,200u}2] F 22vf2] 9] Adoir} Al
St 2™ (Figs. 1 and 2), ungraded group®] AJEEL2 933+
0.88%Z. 99.3% o402 Ueht The A8TSe) wia) S8
o2 A JERGTHP<0.05, Table 1).

TE0l

X}

a1 =

WA 2770 W2 3} o] e WA X|ofe] FAALL
Hej By gl F4 3§%£i Yeldth(Dou et al., 2000;
Sakakura and Tsukamoto, 2002). ©]o] wWe} J&| xleje] 7]
A EBE A7) e Aol @S M 4 ArHDou
et al,, 2004). & AN AHFTEA AF9 Fxo) WE &
g AAEF 10 g)2 B== ungraded groupdl] H]s] =7] A
e small groupell A w9 RA vebdth ZE]al gl of
gk ungraded group?| WHEAT= APl Zr7} TS
AuksHA] 2348k v M oroup (small group; medium group;
large group)2] pooled datadll JlojAM = A5 Frtel Wt HE
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A3

IAE Al

Ao FAT s JeERAT. oj2id Ad=
Edx A groupd] pooled datadllA 7|7 242
B HoluA 277t 2| = b vls)] $Eo] EA5= ungraded
groupollX= 7WAZEe] =71 2pol7F AFAZFA 9} Zho] X[ 4rE]
3 AS-g veRTh Az A7) Aol Al ffs A
W= Fgkol A F713k7] wEolJobling, 1995), ¥ 2]
ungraded groupollA A 7F A3 2o 7 X &l AL
Aojo M Mol B F9 A T AEjSh A ¢ ¢
ol & Ao 7 FZHu)

Ao} 7NAZF Z7] 207} wl%- 2 ungraded group®l] o]
e WA 35 A8 FRARI 3 W&, ungraded group
Hrh= #2718 A8 groupdllM O 2 34E 7TdE 5+
UH(Jobling and Reinsnes, 1987; Knights, 1987). & 7oA =

10]

3

o]

R

=
3%

=

3
o

A4 group®] pooled data= ungraded groupell Bl3] #& %]
o] AANFES Yehlith A gA] Hoje] =7] A

08 A ERE A8 WA 2o ute A% sk
o 3% group?] 4 FE 2eheitt
Atlantic salmon, Salmo salar (Gunnes,

eI
o9} FALRE A=
1976), gilthead sea
bream, Sparus auratus (Popper et al., 1992) ¥ Jdea}u]o},
Oreochromis niloticus (Brzeski and Doyle, 1995)04] &
vl ot v =A7] Mol Arctic charr, Salvelinus alpinus
(Wallace and Kolbeinshavn, 1988; Baardvik and Jobling, 1990),
Aot W0l dnguilla anguilla (Kamstra, 1993), turbot,
1998), Aflantic halibut,
Hippoglossus hippoglossus (Stefansson et al.,, 2000), Atlantic
cod, Gadus morhua (Lambert and Dutil, 2001) 2 &% (Kim
et al,, 2004)9] &L YA F gleol AAE vt Utk o]
23k AAZHE AN & 227 Aot BFHoR e
9] ﬁzg 2 A AF AL o1t A 71 0] o]_Ll,,} A
o, 4% Asts: xflste A% oldE AEH £+ S

LY
(Baardvik and Jobling, 1990; Sunde et al., 1998; Stefansson et

Scophthalmus maximus (Sunde et al.,

., 2000).
Xﬂﬂﬁ?_ Holgw 24 slollM dojube of i/ ek Wi A
o] 23 F SyA Aol (Wallace and Kolbeinshavn, 1988),

Jobling and Koskela (1996)= HolFF |
Oncorhynchus mykiss 7NA kel 47 ol &

& FAMS,

#Aj3)e] ol

FEA B AVlole HoliHs) Hgo) AYHYOLE, o
F wolg 383 5 A HoluH Ao ¥

Table 1. Specific growth rate, feed intake, feed efficiency and survival of graded and ungraded groups of olive flounder (Paralichthys oli-

vaceus)

Group SGR (%) Feed intake (%) Feed efficiency Survival (%)
Small 5.8+0.02° 2.10£0.006® 1.66+0.003° 99.3+0.67*
Medium 5.0+0.01° 2.08+0.011% 1.59£0.009° 100.0+0.00*
Large 4,7£0.02¢ 2.06+0.007¢ 1.57+0.009° 100.0+0.00°
Ungraded 4.8+0.06° 2.11£0.005* 1.55+0.008° 93.3+0.88°
Small, medium and large pooled 5.0£0.01° 2.07+0.006° 1.60+0.004° 99.8+0.22°

Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
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Qle-e HIsr). b FEE oo T3S Aol F  ungraded groupol BIE) E2 £X9] AUFES EhhAT

AL Zole d Yo} Fad 290 B 5 glom(Jobling,  (P<0.05). ALEAIF &S ungraded group] medium group R A1
AAN7v 2 3 group?] pooled datac] ¥ =Y whH, ALE E ol 3o

1985; Sunde et al., 1998), ol & Aol
7158 FH3h= AAE AL E ARE AS
ZFstdEn, o) 2 %39 ungraded groupél /\}EHZ && Ay
group?| pooled datacll W3] =A Welt. o2k fAFH Dou
et al. (2004)°)] &5}, F&] XojoA FEF Hol7b FHE o
28 ZAE Y At FEIE LM R AA7E EA
A e WA B HolB HHTE AHIUT. 22
Dou et al. (2000)— Y] 2ol FAgo] ol §5 77kest
FEHAA 2 4 lon, Ho| o] AMIHA ‘IH AL $-

gl Zpol7} 13'-1‘ 271 & S-S BT

2 Q7oA ungraded groupe] AEEL A8 groupE©l
F freldog @A vepded, 489713 £ £ A=
Brol 48 A FAM= 7P 22 AR, Helg 37
a7 ek 3] ZAY A%l JFH R UEen, 2 of
FollM T EFo] s BAEAT 223 tF A)
A7t 28 WAE FARs @F2 o) A7l AF AEEILS
o, Dou et al. (2004)°] %i upe} o] el £ 744
oA WS S F ¢l Ao 2 HE 9] 55 79]9 oA
02 $kele] 2 Z 72 A ungraded groupoll A 43783 A
B2REY FaA olF 21{— Aoz Azt wd A

H

=

Re)

7 37 %ol Yehhs 59, 998 ehlis £3 2e A
gl WA e B ol ﬂu zEH~E AP, 3

Age] Aol AtE 2Bt Ald {A frH(Stefansson
et al., 2000; Dou et al., 2004). W2} ungraded groupel*l 7}
A7r g 22 vehte ARl 2EHEE Y A
of vla) A% AN BAo] Holx|aL Aol =AA k=
Qe 2 Fwotgc),
ABA o7 A7} ZAe YA & GAUL sle FolA 74
01’71] wE gAT 2 AEES eI ek 271 Ad
e gz Ho|(AF 15 9ol 48 BEEE FAII7]
i F28 2500) & 5 9Ieh

o (o]
pl =

zoddE 2] g o)E A 2718 4709 group (small
group, A% 1.3£0.23 g; medium group, A5 3.1£0.45 g; large
group, A5 4.9+0.57 g; ungraded group, A5 3.3£1.66 g).=
LPro] 855 AR EIEA 7] Aol offe] A, AlEE
£ 9 AER A GFS ZABITH ARFEA AT
xoj g A% 7H2ﬂ(2ﬂ? 10 g)2] W= A7) 483 small
group®l] ¥13l ungraded groupelA) w9 EA vEldth Ad A
717rEote] AAXHAEL small group B large groupel A zt
zr A x 2 HAXE B9, medium groups}

(small group; medium group; large group)®l pooled data:

A group

A1 ungraded groupe] o1&l ]3] @A UEFTHP<0.05).
232 ungraded group®] AAFEE-S 93.3%E 99.3% °FoE 1
el 02 AEFEo) v fH o8 WA JEPSTHP<0.05).
AgA oz A7) AL PYAe & AV gle oA felst

A we A £ S-S YepiATh wes 2] A4
& Yx MA@AF 15 g)o] 4T AEES TN A6
A Fas el 2 3

7I-Ai. I

o] A= FYPFAHFAOIF 5 T2y AFEAD,
RP-2005-AQ-012)2] =gl &jsled AFH ALY
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