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Effect of Stocking Density on the Growth and Body Composition of the
Mandarin Fish Siniperca scherzeri

Sang-Min Lee and Yi-Oh Kim!*

Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung 25457, Korea
!Chungcheongbuk-do Inland Fisheries Research Institute, Chungju 27329, Korea

This study investigated the effects of stocking density on the growth of the mandarin fish Siniperca scherzeri, in small
(1-year old, 50.2 g/fish) and large (2-years old, 173.1 g/fish) size (age) groups. Small and large fish groups were fed
pelleted diets twice daily for 10 and 15 weeks, respectively. In the small group, at the end of the feeding, the weight
gain of fish at a density of 4 kg/m* was lower than that of fish at densities of 3, 2 and 1 kg/m®. However, fish stocking
density did not affect feed efficiency. The daily feed intake of fish at a density of 4 kg/m?® was lower than that fish at
densities of 3, 2 and 1 kg/m?. In the large fish group, the weight gain of fish at a density of 4.5 kg/m? was higher than
that of fish at densities of 6, 3 and 1.5 kg /m?. Again, fish stocking density did not affect feed efficiency. The daily
feed intake of fish at a density of 4.5 kg/m?® was higher than that of fish at densities of 6, 3 and 1.5 kg/m®. Based on
these results, the optimum stocking density for small (50.2 g/fish) and large (173.1 g/fish) mandarin fish is 3 and 4.5
kg/m?, respectively.
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N B Auks whgo R 27k MgARR ds At et A
el Higt A7k 2 = Aeh(Zohreh et al., 2017). o] <t T

X7Ve)(Siniperca scherzeriyt= W48 #% % 71527k g 2ol 2712|o] A4 ARS42(Kim and Lee, 2016) 2 AFE
T AEO1F SIURM, AR SHE st FE3] A o] of ®A7F A7 42| AeK(Kim and Lee, 2017). 35

oY AIE Blo] AU FUAFI L Sl 0B ARIHOR Abe] opA] A SN 7] SIS AFS ]
2 2HAR] AFw7E o 231 7FA o] vt a1 ook =, Ak S48 P 5ol Rt Aol Al =3 s ooF
SpA 27kele] ojglgpol el AT WEAY Foh @ AoR e, Avfele the gl el ulasi gl ul,
€ AAoIA, FA7Ie NEE ik SHA7I7] St o SAAdo] ZFstar AR 7t G BAdste] sk 5
F7h 4 E 3 Sek(Kim etal., 1988). 7kl jgAbRel o o] glo] A4 AL UEe] e Has AL ]H AT 59
27 S ol Aol BRINHS olul A ) shujolck. vl 47kelo] e L SIat A Abgeol
ol AFZ7V7HA ARssE717F o . 2712 Adoksle ol 26-29CE & AeketthH(Kim and Lee, 2016), 14220 <=
R2 EAGHE AJE Q) B4o] ThE golo] Mla Ule 7 Sl A AES BHE st U ARSI Ao] AA|Ho]n
stol g2lo] Gl HIEAIRS] A sol B W2 W =, wvte) pANlo] A AL UEe] UL oo QR
OJA] ot AR 7} o H Y Absro] ZHH =& ol Folot. 2 g3t A gl Fagt wpA| ot}
o FHREYLRAAA LAY 2712 S ko2 T ofRo] MY AT AR EES G, A AL 48]
=of 22| A 4= Q= 71E2 IS ATHKim, 2015). o] # gt = W8-S His] $llAe 2, A8, £E Al 59 93
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213} Bjo| 271, AL e} 22 AR gelo] TajEo]
oF BITH(Choi et al, 2011). o]5 27 F ARSUEE HAE7T
O] Ho | FAT} SIS FIAIA Aol Y= A= &
Z(Brett, 1979)= B|-§-4 7} Aol 932 vIA7] vzl o
Gt o Foll A HEE| ] gtk U¥HA © 2= AU R} o}
ol whzt 7ol WolR| AL FAREo] olAl= A2 o1 H o]
Zof| A Yojuh= Uut2] 0] Ao |th(Brown et al., 1957; Mor-
rissy, 1992; McClain, 1995; Hwang et al., 2014). 3}x|qF ¢
7ol o] AR ] S A gethe At e
"} Qloj(Boyce et al., 1998; Irwin et al., 1999; Rowland et al.,
2006; Webb et al., 2007), AR 0] L} 2740 ot a1
7B a stk e, ol uiet A Agkolnt S4do] B2 )
ol t/dolFol v AR EE 3] 9f7t A7 Hasie

2 A 2719 Aol e A AREES AL
ato] 27te] FAARISE {3t 7| 2ARE Algstaal 4238
= At

A Ao A B AR = = 2] 5}
o %“3?"& 1'aA (50 2 o) W 2\AN(173.1 g) 2715 44 AR
Aolfe 13 208 AR =7}
2] 1 kg/m?, 2 kg/m?, 3 kg/m® & 4 kg/m?o] = =5 AE o] 79
uhel g gefste] 2902 1057 ARG ARS ALAISHELO.
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27}2]9] A48 ofF) 27 W 747E AAE(2,000 L) 7))
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Table 1. Ingredient and proximate composition of experimental
diets for mandarin fish Siniperca scherzeri!

Ingredients (%) X Diets X
Small size Large size
Commercial diet! 80 80
Fish meal? 20 20
Chemical analysis (% of dry matter basis)
Crude protein 53.9 54.7
Crude lipid 7.0 7.2
Ash 10.9 1.4

!Commercial bind powder for eel produced from Purinafeed incor-
poration (Seongnam, Korea). 2Mackeral fish meal imported from
Chile containing 73% crude protein and 9% crude lipid.

o
aF 271 A AR AR 9 10—r°ﬂ =74
3?‘212‘3% ZLL*J)* g 271 %j_‘?;‘% A|ZHA 2} 15‘1’“01]
SAsIlon, FrAlde 4 AY HAN F mcame
methanesulfonate (MS 222, Sigma, St. Louis, MO, USA) 100
ppm =&2lof upFAIA ARloe] BAS A oA
O] AEEAE flote] 72 AdapxoA suteiE Ala= F
sol WEHP2ST)SHATE. HFAR 2 ofxe] Qs
< AOAC (1995)9] o]l whet 2eh (N X 6.25)2 Auto
Kjeldahl System (Buchi B-324/435/412, Switzerland; Me-
trohm 8-719/806, Swizerland)E A-&-510] £-445191 a1, A9
L etherE AMESHY] &390, 52 105C 9] dry oven

o 4 6417k A% 5 ZA3Hich. 8182 600°C BghaolA] 44)

2B e F 24 shck
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A il T Hels] Ao vk 2l

8 2+ AEszuie 27te) Sulel RA9IR FEsto] st
¢l Satato] AelE 1 mL 7] AHgslo] Agole] ol @

ol 4 A& steAct. A BoIL 7,500 rpmell A 1087 U
ARefsle] e FAS FARECI0T)SHA FoEA7]
(DRI-CHEM NX500i, FUJIFILM, Japan)E A8} total
protein (TP), total cholesterol (TCHO), glutamic oxaloacetic
transaminase (GOT), glutamic pyruvic transaminase (GPT),
alkaline phosphatase (ALP), total bilirubin (TBIL) ¥ albumin
(ALB)E 247} 243}t

%7||=’A‘|

[y |

A1t ZA A 2]= SPSS Ver. 20 (SPSS Inc., Chicago, IL,
USA) programZ AR-310] One-way ANOVA-testS A At
% Duncan’s multiple range test (Duncan, 1955) & H+ 7+2]
o8& Adskict
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< A= YR e (P<0.05).
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g5 Table 49} Table 501 2+ Ui lck AR A& 717t 5
o] AJEE-E 94% oo & WE AF 7kl {222l Apo]
UFEREA] QE4THP>0.05). 558 E AUAFES 45 kg
m’ AE7F LS W 3kg/m® 6 kg/m* AT E T G-25H =
UTHP<0.05). Abz 5 ATl 12121 Q1 2ol = vkt
A] GHITHP>0.05). 2271e] 9] YUARA & 2 P
FH&oll A= 4.5 kg/m® AA7E 1.5, 3 9 6 kg/m® A ET)
FoSHAl =& ATE HERH 21 (P<0.05), Tl 2hs-of
A= 45 kgm® AA7F 1S 93 kg/m® A FETH F-oJ5H
W AE UER $ITk(P<0.05).
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AF0 23 30-50 vhe)/m® Wi AE oA YEE 9 Ao
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Table 2. Growth performance and feed efficiency of 1-year old mandarin fish Siniperca scherzeri fed experiment diet for 10 weeks!

Stoking density  Initial mean weight Survival Final mean weight ~ Weight gain SGR Feed efficiency
(kg/m?) () (%) ) (%) (%lday)® (%)

1 50.3+£0.14" 95.0£2.0° 119.14£1.65° 136.7+2.85° 1.23+0.02° 76.8+£1.05™
2 50.4+0.60 95.0£2.0° 120.9+2.90° 139.8+7.80° 1.250.05° 78.1£1.15

3 50.2+0.39 95.0+1.0° 113.242.85° 125.4+3.90° 1.17+0.03° 77.245.20

4 50.0+0.61 83.0£1.0° 100.3+1.75° 100.5+5.90° 1.000.05° 68.1+1.00

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). *Weight
gain (%)=(final body weight - initial body weight)x100/initial body weight. *SGR=(Ln final weight of fish — Ln initial weight of fish)x100/
days of feeding trial. “Feed efficiency (%)=fish wet weight gainx100/feed intake (dry matter). ™ Not significant (P>0.05).

Table 3. Daily feed intake (DFT), daily protein intake (DPI) and protein efficiency ratio (PER) of 1-year old mandarin fish Siniperca scherzeri

fed experiment diet for 10 weeks'

Stoking density (kg/m?®) DFI (%)? DPI (%)® PER(%)*
1 1.43£0.01° 0.72+0.01° 2.53+0.022
2 1.43+0.05° 0.78+0.02° 2.55+0.072
3 1.35+0.11° 0.74+0.06° 2.65+0.212
4 1.04+0.05° 0.57+0.03? 3.14+0.13°

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). *Daily
feed intake=feed intakex100 / [(initial fish wt.+final fish wt.+dead fish wt.)xdays reared / 2]. *Daily protein intake=protein intakex100 /
[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared / 2]. “Protein efficiency ratio=wet weight gain / protein intake.

Table 4. Growth performance and feed efficiency of 2-year old mandarin fish Siniperca scherzeri fed experiment diets for 15 weeks'

Stoking density  Initial mean weight Survival Final mean weight ~ Weight gain SGR Feed efficiency
(kg/m’) (@) (%) ) (%) (%l/day)’ (%)

1.5 173.1£0.39m 94.0£2.00™ 279.816.20° 61.8+£3.95° 0.46£0.032 60.0£2.70™
3 173.1+1.42 97.0£1.00 329.9+1.65° 90.6+0.50° 0.62+0.01° 62.4+£1.35
45 173.0+0.49 97.5£1.50 368.0+3.70¢ 112.7£2.80° 0.72£0.01°¢ 60.5+£1.65

6 173.1£0.14 94.0+1.00 346.5+0.80° 110.1£0.35° 0.67+0.01° 60.0+2.20

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). *Weight
gain (%)=(final body weight - initial body weight)>100/initial body weight. *SGR=(Ln final weight of fish — Ln initial weight of fish)x100/
days of feeding trial. “Feed efficiency (%)=Fish wet weight gainx100/feed intake (dry matter). ™ Not significant (P>0.05).
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Z}o)7} Qith7} 60-70 vhel/m’ W= A Fo A= JEe D A
Zo] Yol = A1k Hof 2 Ad T fARE 43S UEhgl
TH(Yi et al., 1996). AR EQ] Z717F AE&ol| JTFS 1A
A Gre=th= At ATo] wWol 9l O L(Watanabe et al., 1990;
Ahmad et al., 1999; Wallat et al., 2004), =8-S #3FA 71t}
= AFATE Wol| B 11 o] QIti(Cruz and Ridha, 1991; Yi
etal., 1996; Yi and Kwei Lin, 2001). & A& Ax}ol| A = 717
A= A4 kg/m? oA AEE B o] o5k 2
A= UER It

ESE 271 2WA(173.1 g)o] AgofA 1.5-4.5 kg/m® E=
oflA= ezt F7kgel wet Aol folstA Skttt 6
kg/m® Y& Ao A= 4.5 kg/m?® YLk} 5251 A A%
o] WobHrh skAITt 6 kg/m® Wik A0 A2 1.5 kg/m’
2 3 kg/m® Y= A ob= 2ol 7t gIAAL, A7 7ol A A
E&ol| Aol7F flIlH oz Hof, 6 kg/m® W A+-7F 1L
e AR Ofgt At EE AshE ol WiEe ofd
A0 & I o]|gh A= Yetu]ol(54 g/fishyE thdS
23 Ad ol A %= 30-60 mhe)/m’ W= AAF7A= Aol
OstAl F7Fstet7E 70 nhel/m? ARl Ttol A Ad7to] 74kl e
U AEEo A= A Ao A Zfol & HolR] ohoba] & A
AR AEFS B UH(Yi etal., 1996).

AR EE o] F O AE, A B Fs ol S VA= &
A tH(Brown et al., 1992; Cruze and Ridha, 1991; Hargreaves
et al, 1991; Irwin et al., 1999; Wallat et al., 2004; Watanabe et
al, 1990). LT A& AAES 478, AR 271
A7 Aoz 2 A4 A] Qlok(Kincaid et al., 1976; Lee et al.,

1996). Z12{1t, o|eb= Hith = ofFof| whebi] A== AR5}
= o] 23] HARE 2 4= 11l (Refstie, 1977; Bjoerns-
son, 1994), A eof A 54 LU=/ e s S7HAE 4
Zoll a2 n] 2] %] Y9k o m(King et al., 1998; Fairchild and
Howell, 2001), U= ARS-0] A4S, AE2E W ARG 82
Z7MAFTH= ARk A= B0 53 Qlti(Rowland et al.,
2006; Watanabe et al., 1990). whe}A], oo whe} 214 Al

= o 5 JloBg FAS e sto] ARgolEe] A7)
of| w2 A A= 782 mif- F 28I

71E9] BolFo] A AREEE HH, FHELQG g1 3
kg/m? (Yoon et al., 2007), B 2]H WAo{(3-40 g)+= 1.4-3 kg/
m? (Choi et al., 2017), =-5AF WA&o{(5-15 g)+= 1.1-1.8 kg/
m’® (MOF, 2000), 5528 g)= 5 kg/m® (Kim, 2011), 3=
2H(44-60 g)2 4.5-6 kg/m’ (Oh et al., 2013), Atlantic salmon
(71 g)2 86 kg/m® (Hosfeld et al., 2009), 2| 7i<%21(180 g)
+= 80 kg/m?* (North et al., 2006), Atlantic cod (832 g)+= 30 kg/
m? (Lambert and Dutil, 2001), red tilapia (75g)= 7.5 kg/m*
(Suresh and Kwei, 1992)0.2 H 11 %37 gt}

2 Aol 248 271e0] A4 ARUE 345 ket
$4)40] 3, 2ol 5el 50 5 kg (Kim, 2011), 2]
7 wW7ko] 9] 1.4-3 kg/m’® (Choi et al., 2017), F5AF Wzfo] o]
1.1-1.8 kg/m* (MOF, 2000), 3H4=212] 3 kg/m?® (Yoon et al.,
2007)°) AL =S} W25 A7HE ek glow, Wa ol R
(30-86 kg/m)2h= o] 2 LrEhfeiet. WaAol Rt BE &
A0 A8 TRl & BegE AR AT RS
SEAETS A 7]197] wieol 8= =7 5o

Table 5. Daily feed intake (DFI), daily protein intake (DPI) and protein efficiency ratio (PER) of 2-year old mandarin fish Siniperca scherzeri

fed experiment diet for 15 weeks'

Stoking density (kg/m?®) DFI (%) DPI (%)? PER (%)*
15 0.66+0.042 0.3520.022 3.26+0.13¢
3 0.91£0.01° 0.49+0.01° 2.52+0.01°
45 1.10£0.01¢ 0.59+0.01° 2.17+0.012
6 0.98+0.02" 0.53+0.01° 2.37+0.06%

"Values (mean£SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). *Daily
feed intake=feed intakex100 / [(initial fish wt.+ final fish wt.+dead fish wt.)xdays reared / 2]. *Daily protein intake=protein intakex100 /
[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared / 2]. “Protein efficiency ratio=wet weight gain / protein intake.

Table 6. Whole body proximate composition of 1-year old mandarin fish Siniperca scherzeri fed experiment diet for 10 weeks

Stoking density (kg/m?) Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
1 73.3£0.19™ 19.0£0.01" 3.84+0.96™ 5.11£0.02°
2 74.3£1.59 17.5£0.18 3.31#1.21 4.52+0.022
3 72.8+0.97 17.7£1.02 3.77£0.21 5.37+0.13°
4 73.1+0.75 18.4+0.20 3.26x0.52 5.194£0.13°

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). ™ Not

significant (P>0.05).
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Table 7. Whole body proximate composition of 2-year large mandarin fish Siniperca scherzeri fed experiment diet for 15 weeks!'

Stoking density (kg/m?) Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
1.5 77.2+0.10" 15.6+0.36° 0.660.01" 1.73+0.09™
3 76.5£0.23 17.2+1.78 0.92+0.20 1.4910.26
4.5 76.6+0.25 17.541.77% 1.124£0.16 1.59+0.16
6 76.840.95 21.440.71° 1.02+0.07 1.56+0.04

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). ™ Not

significant (P>0.05).

Table 8. Plasma chemical composition of 1-year old mandarin fish Siniperca scherzeri fed experiment diet for 10 weeks!

Stoking density (kg/m?®)
1 2 3 4
TP (g/dIy? 4.9+0.20m 4.5+0.20 4.1+0.30 4.1+0.01
Cholesterol (mg/dl), TCHO? 407.044.0™ 365+35.0 335+30.0 31742.0
GOT (UL)* 33.5+3.50m 64.0+4.00 45.5+15.5 57.5+24.5
GPT (UL)® 6.0+1.00m 6.5+0.50 7.0+1.00 6.0£0.01
ALP (U/L)® 358.5+37.5™ 344.5+36.5 257.0+33.0 169.5£15.5
Bilirubin (mg/dl) 0.150.05™ 0.15+0.05 0.50+0.10 0.50+0.10
Albumin (g/dl) 0.8+0.10" 0.7+0.01 0.70.01 0.70.01

'Values are mean+SE of replicate groups. TP, Total protein. *TCHO, Total cholesterol. *‘GOT, Glutamic oxaloacetic transaminase. *GPT,

Glutamic pyruvic transaminase. *ALP, Alkaline phosphatase. “Not significant (P>0.05).

Table 9. Plasma chemical composition of 2-year old mandarin fish Siniperca scherzeri fed experiment diet for 15 weeks!

Stoking density (kg/m?®)
1.5 3 45 6
TP (g/dly? 3.8+0.01m 3.7£0.01 3.7+0.15 3.7+0.01
Cholesterol (mg/dl), TCHO? 243.5+1.50™ 251.5+7.5 240.0+9.0 234.5+16.5
GOT (U/L)* 18.5+4.5" 21.0+1.00 24.5+3.50 38.5£12.50
GPT (U/L)® 4.510.50m 4.0£0.01 4.0£0.01 5.0£0.01
ALP (U/L)® 215.0£23.0m 280.0£79.0 297.5+12.5 282.5+14.5
Triglyceride (mg/dl) 500£0.01m 473+27.0 50020.01 50020.01
Bilirubin (mg/dl) 0.30£0.10" 0.15£0.05 0.2510.05 0.2510.15
Albumin (g/dI) 0.65+0.05™ 0.60+0.01 0.60+0.01 0.60£0.01

"Values are mean=SE of replicate groups. TP, Total protein. STCHO, Total cholesterol. “GOT, Glutamic oxaloacetic transaminase. SGPT,
Glutamic pyruvic transaminase. *ALP, Alkaline phosphatase. ®Not significant (P>0.05).
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