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TARE MHEH ZTFL ERr¥E HHEH RKIARF
IAkE FEE O O OEWHL EikEC
(UEREEERRESHIENFRBE LR A K ER TR AR I O
KAESYE R SRR AF RS WWAEEREASBE B ALRE
METBERREZ SRR SEENMTESLEZE ILA& MWHE  264006)

M= AR GHERR WA REEXT, FFEFREE E X4 (Lateolabrax japonicus) £ K P |
THACERVE M | AR AR R R RO RL B T W . DA AR E 4 (220.52+2.50) g By AL #F h FE R AT K,
WEANKRIEEE, 25K 20 B4 (4.43kg/m®) . 30 B[4 (6.61 kg/m®). 40 /45 (8.82 kg/m®)Fn
50 J2/4% (10.98 kg/m®), 44 4 % M20, M30, M40 f1 M50, A% 3ANEH, MALKE T
12 MR A P48 (L mx1 mx1.2 m), JRFEJEH o 70d, R E R, 1683 E F(WGR) 4 & 4
K % (SGR)Z M40 41 #13k 2| 5 A 14(90.33%71 0.92%/d), 5 M30 4 & & 2 I £ 7 (P>0.05), &%
F M20 f1 M50 41(P<0.05); M50 41 JE# & & (K (1.72), B F (KT H M 34 L5 41(P<0.05), M40 41
B 5 (1.84), A An LA P RHLAE AT & B DL M30 45 &, E% % T M50 41(P<0.05), AL M &
B 4 &7 M50 41 5 %(87.53%), T3 (K T H fih & 41 (P<0.05), i1 i & & Bk 78 M40 44 3| & 5
8, B %5 TH &4 (P<0.05); f7iE s i Be 4 M50 414 T & 1K AF, KT HM 3 4(P>0.05),
M40 41 i 3% # #8 S b 4 B (4. B (SOD) 7 14 2 # & T M20 Fz M50 41(P<0.05), 5 M30 41 % & &% %
F(P>0.05), ® B (MDA)& E# M50 4%, & & TH M 3 4(P<0.05); iniF A HEE(LZM)7E
MAE M30 F2 M40 414 TR & AF, BF 5T M20 f1 M50 41(P<0.05), i i& L8 it £ B (LDH) Fr a5
MR EEAKP)EES LZM RS0, AR T ENRS, X (COR)E i 2 I & B 1K
B S, M40 4 3E R K, B ERTH A4 (P<0.05), T M50 A E MRS, &8 THM
% #1(P<0.05), ALER i# B (CK)Fn (% B £ AR B iU # % (ACTH)E £ 5 COR & g % A il 47 Lk frak,
FEFEEEMLEEK R, B h . MAENEKT L KEHHEEAL DN, AFARELHET,
KRG E N 6.61~8.82kg/m i, heF AR A KR, FHERERE RIS KL S FETE
HE B AR TG KR
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KA e, FIETE; EKMER
hE 45 KS S963

FRIH B BEAE K SR8 h R 2 —
XPRAZP A TR . e SE— RN AR S 5h 1
S A AR, Al 5 SR P RN 28 U A% 4 AH O (Gao
et al, 2017), 7E#Fifa (Pelteobagrus vachelli) (JFRIERE
%%, 2024) . B4t (Megalobrama pellegrini) (T.385%,
2022) ., K 11 R (Micropterus salmoides) (¥ —. %,
2023) . FHWIM(Carassius auratus) (48, 2023) . BE
W5 SRR EN (Letalurus punetaus) (Refaey et al, 2018) . K
Z2 0¥ (Scophthalmus maximus) (Jiaet al, 2016) ., FLAIXS
HR(Penaeus vannamei) (EREEESE, 2023), F[E X 4F
(Penaeus chinensis) (7K B4, 2020)%— R 355 H
VIZRE, 30 BRI % AR B R SR A R S AR
. WAL Kb A A RE T o B FR0H % BE w23
IKA: Bl ) H A 2 ()R A ) R ) 5 4, 15 | RS 285 32 il
B, FEWUAREIIREZE AL . e B TR ok
RESF AT S2 ) , f5c i o BUIRD R R 21K . A K 22
18 FEME, HET, MRS (Qiang et al,
2017; Liu et al, 2019),

A6 8 (Lateolabrax japonicus) i #r-b B 1 | 1
L BT, R EE LK IR A 2
—, PIHAE R R . BEE S, 23 RIH 9
YT R o R, 1 2 U DG T A 7 57 5 285 8 1) A OG5
HEN, DR it oE 22 AR L %= /KR . T 1k
AR Ye it DA S A s SR SR 3T, O T K AR H )
RS D o AWESE LAAE B A 5E %) 52, A6 7K
FAFRIAAES , VPARAS [F) 97 58 25 B X A 85 2E PR B
THACER IS P AR Sk o KB O RE 1 B, LA
W1 =F & AR B R 9 B R OB, S AT A R &
JEE B4 g L A

1 #RERFE
1.1 T RFEEIE

Fr B S B TR LR A T R B RS BRI S B 2R
SR HE VR K AR AT o SEER T A AR B 22T
PR A PR R, FIHIE K Az 2505, ekt
LB TCE T IR AR (5.0x5.0x5.0 ), #5E 7d,
T b PR R B IR 2 Uk, LIS I SR I o IR
BT 4N FHEE, BOEERE 3NERE, IR
IEAXTFLRAT, YUK 24 h, SKE T & W RRBE (1
10 000) (L7, A ), B HORAR X 2] HLAg HE ) 4E

s R RERIZE A TS
XEFRIRES A XEHS  2095-9869(2026)01-0116-10

5[ - 444 8 4 (220.52+2.50) o] T+ 12 430 5 1 7K )
AL mx1 mx1.2 m)dr, BRI E R 1 em, B4 MEE
FIHABUN 1 m®, BB BT R A XA 4 ) e
20, 30. 40 1 50 FEAESH, Hp28RE (LA ) 70 )
Jy 4.43. 6.61. 8.82 il 10.98 kg/m®, 4> #i 44 N M20.
M30. M40 F1 M50,

S H1RE R 22 SR K (8 &) A BR 2 | AR 77 1Y 4
fifi & FHC A iR R (5 P7, MR A 50.55%. LIS -
9.73%. /K4r: 6.03%. HLIKSr: 8.79%), KHIEE 1
B, B KT 06:00 Fl 18:00 fEHKR 2 1k, FF
B Ky 2023 4E 7 H 17 H—9 H 24 H, 370 d,
Sz ], /KK 24~29 °C, pH {E 7.5~8.0, hpEF
h 26.5~28.0, #fifA>6 mg/L.

1.2 EHHERXE

2023 4% 9 H 24 HFRH A5 )G, 256 24 h,
OSBRI AR H AR 5 S BORD S . VRS SR A A
REHLECHE 10 B fa, Hd 3 BH T /iR as 04,
JCE 20 CUKHEARAE . 7350 7 B fa R R 3 ik
MR, 4 °C#E 4h, 3000 r/min &.0> 10 min B
MR, BIMERABRA T . ZE, FR5E A L5
PEAT A IURE 3 53] o0 B s B dE RUL IR S L4, T
T-20 CUKAERAE, TR i,

13 WERIRRITIE
131 A KR

1715 % (SR, %)=100xN,/N, (1)
R (WGR, %)=100%(W—~Wo)l Wy 2)
i A KA (SGR, %/d)=(InW, InWg)/1x100%  (3)
Tk ZEL(FCR)=FI(W~Wo) (4)
JIFAA L (HSI, %) = 100x W,/ W, (5)
FEAA (VST %)=100x W,/ W, (6)
JIEL36 J8 (CF)=100% W,/ L2 )

A, N RS AR ECR, No S M, W,
SRR (g), Wo RLRMYIE(G), + LM
FREEITE], F o2 TR S (g), W), s S
W RSt I AT A, LSRR R R (em) o
1.32 ZHA T IE IR0 £ NN
T BE ok 2x I E SR O 105 C 4t T E E ok I g
(GB/T6435-2006) , & H % F YLK & A %l &
(GB/T6432-2006) , #H 5 Wi =& F 2 G 4 48 2% 0



118 ook B

¥ B Ve

(GBIT6433-2006), K4 R 5 df4m 550 C 2 H ik
<€ (GB/T 6438-2007).,

1.3.3 M i K AL B E W R o 18 B £ 1
(trypsase) . Jiis 1 Bt (1i pase) FIIE ¥ Bl (amyl ase) i P 1%
FHEE B RUE Y TR TR G e, B R
PEA N G U I 04T o T AR 1 Bk B SR % S i
SEWE I E S

1.3.4 i AIEAR ST [lIRCL ARl 7/) 314
fitf (superoxide dismutase, SOD) [T
(malondialdehyde, MDA) . ¥ Fifii(lysozyme, LZM).

TR B 2 1 (al kaline phosphatase, AKP) . L1 il & it
(lactate dehydrogenase, LDH). 4 %i%% 4 lff (aspartate
transaminase, AST) . & W % % [ (alanine
aminotransferase, ALT) . L2 # [ (creatine kinase,
CK). Hz i (corticosterone, COR)FIE B | it f itk
# (adrenocorticotropic hormone, ACTH)4#] FH /g 7 %2
B TR A 7 A R R i R

1.4 BIBSEITHH

FIFH SPSS 22.0 43 b #A4: XoF 52 oy 450 iR 4 7 B K 3%
75 2453 Fr (one-way ANOVA), T A 5256 B S ¥ (E
thifEIR (MeantSE) R/~ . [A AT, I Duncan’s k3677
PSR BE AT 2 E I, Y P<0.05 B RREA
BEEER.

2 #R

2.1 HEicpHgE

22 1 A[40, fE8H WGR 7 M30 F1 M40 2 15 %
BEKE, 0k 88.72%F1 90.33%, H M4 A G2

FE2 R (P>0.05), {HH % E 5T M20 41 (80.80%) Fil
M50 £ (80.67%) (P<0.05), SGR Z3 5 WGR ALY
AR, AR T, DR 2R R 7 A R 8 0
S SEREATE TR e, I, MB0 4Tk R EioR =
(1.40), & m T HAb 3 41(P<0.05), ifii M30 41k}
FABURAL(L.24) . J34h, NIE LG A (R AL 7 47 35 R TG
22 57 (P>0.05).,,

TARTE bR T TH , Bl SR 585 B R, 1Es5 CF
B4 FIHERRARA A, M50 41 CF &%f%(1.72), i
FET HAh 3 5284 (P<0.05), M40 4 CF #icfm
(1.84), A[REFzHE] HSI Al VS| ¥ g2 R
(P>0.05),

22 BEMAAEFAEK

AN [F) 3 B 5 % A6t A AT TR b 2 4 1 7
fRrg s L3 2, 45 oK, S foilEE H AR o> &
i E N R S 064 [A) 34 JC W 3 P 25 7 (P>0.05) . FHLAE
SHETE M30 455 (27.29%), WEES T M50 4
(26.21%) (P<0.05), 5 M30 Fl M40 417G i E Mk 2% &
(P>0.05),

LML AR [ & B 7E M20 2H 5% 755 (90.67%) , .35 55
T M30 il M50 £{(P<0.05), 5 M40 41 JC . &Pt
(P>0.05), M50 #H & &t i fik(87.53%); JMLPAHHAR T &
HETE M30 485 1 (4.03%) , I = T Al 3 4H(P<0.05),

23 PpiEEEEENE

2R 3 W, A8 R S R TE M40 4k
P, W T HAL 3 4 (P<0.05), HHA 34
6] G . &7k 2% 5 (P>0.05); M20. M30 il M40 4H 1 4¢
%5 7 1 AR 7 S AL AR I K, B B 2 ST M50

x1 FARFEFENLHERKEEMBEERNZ 0

Tab.1 Effects of different stocking density on growth performance and the morphometric parameters of L. japonicus

$ebr 415 Groups
Parameters M20 M30 M40 M50
WILRIATE Initial body weight/g 221.45+1.24 220.44+0.11 220.58+0.55 219.60+0.64
A RAKHE Final body weight/g 400.41%5.48 416.01+5.55® 419.85+7.02° 396.75+1.60°
1% SRI% 96.67+1.67 97.78+2.22 95.00+3.82 90.67+1.76
14T R WGR/% 80.80+1.51° 88.72+2.542 90.33+2.79° 80.67+0.74°
HrE K2R SGR/(%/d) 0.84+0.01° 0.91+0.02% 0.92+0.022 0.84+0.01°
Tkl 2 ¥ FCR 1.30+0.02° 1.24+0.01° 1.27+0.02° 1.40+0.022
AT L HSI/% 0.850.03 0.83+0.02 0.81+0.01 0.82+0.02
WEMA L VSIH% 8.83+0.17 8.8620.03 8.86+0.05 8.59+0.14
NI B CF 1.78+0.02° 1.80+0.01%® 1.84+0.012 1.72+0.02°

e AT EHE v b 0 5 B B B R 3R 22 571 i % (P>0.05), AN [R] B3R 22 53¢ 1 % (P<0.05) . T K[,
Notes: Data with no superscripts or same superscripts in the same row are not significantly different (2>0.05), while with
different small letter superscripts mean significant difference (P<0.05). The same as below.
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Tab.2 Effects of different stocking density on body and muscle chemical composition of L. japonicus (% dry weight)

EiE7n 4] Groups
Parameters M20 M30 M40 M50

41t Whole fish

#1125 H Crude protein 52.58+1.06 51.79+1.19 52.39+0.68 53.08+0.59

NG5 Ether extract 26.60+0.40® 27.29+0.30° 26.81+0.34%® 26.21+0.12°

HLIK 43 Crude ash 15.12+0.45 15.15+0.38 15.06+0.12 15.39+0.38
HLA Muscle

¥ 19 Crude protein 89.24+0.262 88.24+0.12° 88.66+0.31* 87.53+0.18°

HLIE i Ether extract 3.81+0.03° 4.03+0.06° 3.87+0.04° 3.78+0.02°

HL K 7> Crude ash 6.11+0.03 6.1620.32 6.20+0.32 6.06+0.16

#1(P<0.05); J35h, ANI[F) S5 2H ) 46 6 iz 3 0 A3 %
PRI W E R ZE R, WHEFRE 0.71~0.74 U/mg prot
2 [8](P>0.05).

24 MmiFFEFREREIER

F AR, MIRHBE M 4.43 kg/m® (M20 4H)4%
7 21 8.82 kg/m® (M40 £H)it}, 1M1 SOD i 5 F 71
., M40 41 SOD ihMEW % =T M20 41(P<0.05),
5 M30 4G i E 25 5 (P>0.05) 5 243554 5 gk —
P27 £ 10.98 kg/m* (M50 41), IfLiF SOD itk . F
%, M50 4] SOD &AL, &EMFHAM 3 4

(P<0.05), %34h, MDA i 2 JePEARE TH i i a3,
Hrr, M40 41 MDA 5 & 5 1[9.91 nmol/(mg prot)],
M50 #H & i [11.71 nmol/(mg-prot)], H. M50 4
MDA & it b 3 5 T HiAlh 3 41(P<0.05),

F25 %5 BEAE 6.61~8.82 kg/m3(M30 1 M40)H, il
5 LZM G P TR K, W3 TR M20 4
(4.43 kg/m®) Fl 25 %% BF M50 £ (10.98 kg/m®)(P<0.05),
IML7% LDH Fl AKP GBS LZM AU AR fh ka3
ML ALT 36 HE7E M30 Fl M40 2 4k T4k, 34 5
KT M20 Fil M50 #H(P<0.05); Ifiiif AST I&1EAE
M20 2 fe iy, S 2 T A 3 2H(P<0.05),

#3 AEAFEFEMNEGFERLETENZN
Tab.3 Effects of different stocking densities on digestive enzyme activities in intestinal tract of L. japonicus

LA

ZH %1 Groups

Parameters M20
[ %8 (17 Trypsase/(U/mg prot) 496.37+23.48°
M Lipase /(U/g prot) 1.28+0.042
MG Amylase/(U/mg prot) 0.71+0.04

M30 M40 M50
556.73+5.33° 669.98+27.43° 501.82+17.20°
1.23+0.08% 1.21+0.06% 0.93+0.04°
0.75+0.05 0.72+0.04 0.74+0.04

x4 AEFEZEMNEHNFRAELRIEFRERBIERAZM
Tab.4 Effects of different stocking densities on non-specific immunity in serum of L. japonicus

Febr 2837 Groups
Parameters M20 M30 M40 M50

A ALY B AL SOD/(U/mL) 256.00+5.33° 294.65+3.67° 300.09+2.07% 238.72+4.78°
7§ % MDA/(nmol/mL) 10.65+0.08° 10.28+0.37° 9.91+0.22° 11.71+0.31%
LRI S LDH/(U/L) 4.865.82+489.91°  5391.54+156.72°  5479.86+228.94% 5 052.96+53.94%
VAT LZM/(U/mL) 644.44+36.11° 822.22+60.92% 916.66+22.05% 666.67+24.06"
TP B R A AKP/(4: FC 8437/100 mL) 1.15+0.06™ 1.39+0.04° 1.26+0.03% 1.07+0.04°
BNE: = ALT/(UIL) 1.94+0.072 1.48+0.05" 1.38+0.05" 1.78+0.06%
A B R W ASTI(U/L) 4.70+0.09° 3.73+0.06° 3.68+0.16° 4.12+0.20°

2.5 LR EEE SiERR
225 Won, M50 4 AEff i iE CK it 2 T

HiAfth 3 4H(P<0.05), 1fii M20., M30 Fll M40 2 [f] G i
FE22 5 (P>0.05); HAh, M FRIE % YL S, COR
YRR B RRGS THR e, M40 4Pk, W
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FART HiAth 4 41 (P<0.05), 1fif M50 2H ik e, 3%
T H A 4% 2H (P<0.05), CK {1t 75 M50 2H 5 55
ACTH % 176 M20 Fl M50 H AL T8k, W
T M30 F1 M40 4H (P<0.05), ifii M20 F1 M50 4 [i] JG
M 2% 5 (P>0.05),

3 itip
31 AREFHEEEXN LG ERERERIZNT

TG B TEAE AR FR A R rh R R 2
— XA A R PR R AR A S (B HE 2K A
2020), CAWIFEIR N, MR A — il H
Y7 R, AR — 3 FYO ] N FR 5 AT DLAERE B4 1 57 5E
WhL, fRIEf R IE R KA R 5 X — [
Af, SFEmIEXT Y M Es RIS, HEIHET
Jiipie, FEECRE R TH ARG N, DI S M f0 (A ) A K R R
I HA#FE (Ren et al, 2018; Xu et al, 2022) , XT84 T5
fili (Takifugu ruoubripes) (.5, 2022) . 74383 (Q Huso

dauricusx3 Acipenser schrenckii) (555, 2013) , KM
M ff (Coregonus macrophthalmus) (Goebel et al,
2017) . B 5 R4 (Refaey et al, 2018). 575 4R
(WRE, 2023)Fik H R fri (5 — 5, 2023; 545, 2025)
ST TE IR T IRV, AR ZORIRE | 1 H
REFRIHRE R TR, FRIH% B w282k
Kz, ROFRai RWER, HFREHEEN
6.61~8.82 kg/m? It , 85 (1 Ak K 1k BE IH AR T 3 B
£0(10.98 kg/m®), = AEIX—ZE R IEIK, — 7 T AT fig
TR AR BE S T AR BRI, S AT o T
WAL, HAEAZ TR/, @A TREN T,
M HLAR (14 1 % A5 B BB (Ren et al, 2018); 53— 5l ,
I R A 5 BF 25 ok ey 2 (A5 i 28 TR 40 B R 2 40 WA IR
R A SEFY, FFBURERENIT TR, X
At R LA R AR, AR 0 A e o
fift, X BOLA T A K Y Ak i B IR (Rocha er al,
2007), DL b5 R 2l A i R

#5 AEFEZTEXLEG T HEEHIEROR M
Tab.5 Effects of different stocking density on activity of CK, COR, and ACTH in serum of L. japonicus

Pk 21 51| Groups
Parameters M20 M30 M40 M50
WLER I W CK/(U/mL) 0.41+0.02° 0.37+0.04° 0.42+0.02° 0.62+0.03%
2 JR B COR/(ng/mL) 12.20+0.62° 11.45+0.52° 8.54+0.58° 14.37+0.44°
1 R B ACTH/(ng/L) 48.11+1.14° 28.92+1.17° 28.39+0.90° 4557+1.16%

SRIMT, 4SR5 % P 4K (4.43 kg/md)i, FE61 Y
WGR #l SGR i &Ik T %% N 6.61~8.82 kg/m® i} , iX
Ui BH X SR 2% B IGET, B A KR & A7 31—
EFRFE RN . HEFR R, nTRE R A AR T4
WG Sy, 2R RAT, FRIE MO REIE A HERK
N, FEECE AT ; [FEHTE EFREN AR TR Y
Z BT, AR LD T R EE Y N EOIR A (Ren
et al, 2018), MHAERKZRNG]. JioHh, AT AR,
MERARBEERRKEAGHBERE, GFEH
(10.98kg/m®) i & = T K % B 41 . X 5y 04
(Oncorhynchus mykiss) (Dos Santos et al, 2021) . FL44
X UR (BRI LSS, 2023)F1K I B4 (£ — 52, 2023) 10T
FEAE A — B, LR Y 3R W 5 % B IR A SRR
ERSIEY/DO KR SN OERINAE € S L ik S g A
gl R AR R RR AR T R i (48, 2002)

RIS 3 2 Ay £ ST AR 1) R R P2 ) 8 s, HEBK
{ELAY T 30 ok f 8 R BB B 5 OTH R, WAt AF B
Ba IR SR s B B I FE (R R A%, 2015). ARAFFE LB,

o0 B S (S B A P S AR AT 3k U P 5 A 2
(18 1 AR o e AR B I o ik (AL BE L MLMRAR I OB
R, HIE 36 B BAAIS (R, 2017) , 3 5 =22 i 7 K 1T B 5 (N
et al, 2021) T I WFFE 45 A0 — B, SR 7E S 7 AR A
(BRBi, 2023)F1 K P (Salmo salar) (Mylonas et al,
2009) (W BIFFE 2 B, S5 0 5 T I R X A IS ik 2 =
A ER, T AR S IR IR | R B AR
S

32 ARFETEX LY@ RE 7 HBR R0

IR I B BTG, SUE S
A FRARE, DT 2 X e AN UL PR B Ak o 4 A
Me o ABEFELE BN, F7 58 B BE X AR FILA Ak 27 20
LI 5 W 3 B REL AR 1 RORL AR 7 % 1, Bl R 00
1N %) 10.98 kg/m?, £ (AL A KL 7 35 f 45 1 IR
B, [H LA ML B & i 7E M50 24 T I
KK, X TR AL 4 0 PSR, 2013) K R
(Fr — %455, 2023) . BE 15 XJ IR (Penaeus monodon)(Ji i
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%, 2018) ) Bt i X &l (Refaey et al, 2018) 5% 45
S —E FLRE TR, =% R SR A S S B W aa
T, Fa ) O s N 35, R RE B SR AH DR
XETHLA A 5 AR A 1G58, SEmihnte 1744 N &
15 A AR 05 55 8 7% 0 o 0 AR ) 3 6 (Hoseini et al,
2018), MIMixE R T FiRWFIE 4554 .

33 AREFEEEX L IEE LEIEREN R

ARWFFELEREW], FRAE R 20 il Je A 1 it A
IR 03 T 1 A s, b M50 4 i T TR 1
FRE T B Bk T AR, BEART MA0 A, R %
B M20 2 R S e B LT M40 4, 5
M50 200 i & 1 25 5, X R WA 3R 0 2% B ol e s 1R 8
SINTACT AL RE 1 7 A A RIAE o RRHE B S5 (2024) 78
WS, &E 7.5, 15.0 fl 22,5 ind./m? 34>
TR E R, 455K 7.5 ind./m? 25 Y
HE WG . N D7 T R0 UE A I P e, BRI FE Y
AT, T A EETE P B R kA A, 5 AT AR BB (Pampus
argenteus) (W5, 2013) & —#4 J165% (Coilia nasus)
Kk 158, 2021) B WFSE A R R . A AT REE
TE 2 2% L2 M 3t BRBE v, R Y PR PR 1 S IR
Ab T IR A A T T AT RS . 2R
AR, PRIGEBESE (2023)7E JLANXT IR 9T 5 i i
AN [Fi) 5 B 42 P % %o M P P i 2 1 il i 7 T 0 3 A T
TG PEYS T 0 25 52 MR, 3K P RE A2 5 5 A0 28 SHUAS AS [R) 1
B, BARE A Rt — 2L 5 dr .

34 AREFEEEMEGIEFZEREENHRM

ARG R ORI R R R G EER
HEBERS, Hi, SOD WA tLRG T HER
W Z—, RElERR A T A s, FEERKA A
o B A S i AL S AR 7, AR THUATS R A
M AEAIBE T (Liuer al, 2018); 73 4h, MDA J2& %L
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Effects of Different Stocking Density on the Growth Performance,
Digestive Enzyme Activities, Non-Specific | mmunity and
Anti-Stress Ability of Lateolabrax japonicus

WANG Chenggiang, XIANG Zhiwei, LI Baoshan, WANG Xiaoyan, HAO Tiantian,
SONG Zhidong, SUN Yongzhi, LI Peiyu, LI Lu, HUANG Bingshan, CAO Tihong(D

(Shandong Marine Resource and Environment Research Institute, Shandong Marine Fishery Feed Engineering Technology
Research Center, Aquatic Animal Nutrition and Feed Research and Development Innovation Demonstration Platform,
Shandong Key Laboratory of Marine Ecological Restoration, Yantai Key Laboratory of Quality and Safety Control and Deep
Processing of Marine Food, Yantai 264006, China)

Abstract Studies on the stocking density of Japanese seabass (Lateolabrax japonicus) are limited. In
addition, most studies have been mainly conducted in small laboratory water bodies, industrial cement
ponds, and soil ponds, with few studies on seawater cages. Therefore, A 70-day feeding experiment was
conducted to evaluate the effects of different stocking densities on growth performance, digestive
enzyme activities, non-specific immunity, and anti-stress ability of L. japonicus [initial weight
(220.52+2.50) g]. Four culture density gradients were set: 20 tail/box (M20, 4.43 kg/m°), 30 tail/box
(M30, 6.61 kg/m?), 40 tail/box (M40, 8.82 kg/m°), and 50 tail/box (M50, 10.98 kg/m°). Each group had
three replicates randomly placed in 12 seawater cages (1 mx 1 mx 1.2 m). The results were as follows.
The weight growth rate (WGR) and specific growth rate (SGR) reached maximum values in the M40
group (90.33% and 0.92%/d), and no significant difference was observed with the M30 group (P>0.05),
but both were significantly higher than the M20 and M50 groups (P<0.05). The condition factor (CF) of
the M50 group was the lowest (1.72), which was significantly lower than the other three groups
(P<0.05). The CF of the M40 group was the highest (1.84). The highest ether extract content in entire
fish and muscle in the M30 group was significantly higher than that in the M50 group (P<0.05). The
lowest ether extract content in muscle in the M50 group was 87.53%, which was significantly lower than
that in other groups (P<0.05). Trypsin activities in the intestinal tract reached the highest value in the
M40 group and were significantly higher than in other groups (P<0.05). Simultaneously, lipase activities
had the lowest value in the M50 group and were significantly lower than that of the other groups
(P<0.05). The activities of superoxide dismutase (SOD) of the M40 group were significantly higher than
that of the M20 and M50 groups (P<0.05), but no significant difference was observed with that in the
M30 group (P>0.05). The malondialdehyde (MDA) content in the M50 group was the highest and
significantly higher than that of the other three groups (P<0.05). Meanwhile, the activities of alkaline
phosphatase (AKP), lactate dehydrogenase (LDH), and lysozyme (LZM) had a similar tendency with
SOD. With increased stocking density, corticosterone (COR) activity in the serum initially decreased and
then increased; the activity of the M40 group was the lowest and was significantly lower than that of the
other groups (P<0.05), whereas the activity of the M50 group was the highest and significantly higher
than that of the other groups (P<0.05). The activities of creatine kinase (CK) and adrenocorticotropic
hormone (ACTH) showed a similar tendency with COR. In conclusion, under the experimental
conditions, the growth performance and non-specific immune ability of L. japonicus were optimal in the
M30 and M40 groups, with a stocking density of 6.61-8.82 kg/m°.

Key words Lateolabrax japonicus; Stocking density; Growth performance; Non-specific immunity
ability; Anti-stress ability
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