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FATENBEHNIRAZENSE K, HENEEL
1A 6 E E FAR R

RAR, & &, ¥ &, K&, ZT#E,
g, Ex, #Hom
(1. M B RF AR, LA KPS RIESFI A E S, L ME  330031;
2. MR LR R, LV &% 3430005
3HNIK BRI YFREAR AR, LI 5% 343000)

WE: W THARAARERA T RAEEXF R LMK G AL [ A LEH (R
M KB (O S KRN E, RFRUMEERAE N (7.89+0.45) g #y V8 FI T 4 X 6
Yt R E, WE TS E A (.16 kg/m’). & 5 & 41 (1.74 kg/m’) Fo 5 % 41 (2.32 kg/m’)
EANEEAVAT AR 00 d By IRFE A R, I R AT R B R E 4L A A A B K
IR AR EE. MANBERERHEXEERAKT, KAREEAYELRERE.
HERFRREZEKFRERTIERELATEBEEY, EXEHERENGFEERLEZ R,
Kook e BEMERBEENE TG M, EFARE2R, MM AHEAREAR
F ko JNEA A A4 B B8 (SOD) A & it H ik 5t # # g (GSH-ST) #y 7% M £ 52 3o K H1 1K
PREAREGTHEEA, MERAEEWNE In, $&fFIER — 8 (MDA) & & F i
Ao, it A A (CAT) B 1K, MDA fn CAT £ LTl R WA A B M 2 . BEEA
HhREKMxmAEKBEZEERE (GHR). R FHAEKET-1 XEE (GF-1). Rk FEHAE
KEF2HE UG kEATEERK. GFEAERNBHERNAKRTEA 70 X E
(HSP70) RAAKFEASdHAZR, WdEFXEARER THREEL,;, KEEZLA_RKT
& H 90 L (HSP90) Rk K FAE0dMHEFM|RTH. HHEL, LRARY, 3INFEAL
MY FELEZR. HARXN, ALY, KEELAGTHEMAAL LG E RN R
By A KM, EVUE IR R X T8 A T A a8 4 B R R 8 4 1.16~1.74 kg/m’,
REIW: AT, RAETE;, £K; AN, XZEELREX;, #FRL

FE S S965.1 MHRFR S A

PAVEAA F W 3 (Acipenser baerii) NHEA, Jifi WG AR KIS . b BUERAL . Ak SE R
[CH7 (4. schrenckil) WAXARKE B PEMAFW Ze58 B VITEIATIERFRIAH ARG
B3 (LA T PR e s iy HA IR 4 A iR | FROa B AR RS — DR T, 2
PURRE ISR RS, R EATE NSRRI e AR OCHER R, R RIRAE DR S A
FW, HpEEEAN TR R, AL T e % E T femeirh . AR
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T, 2o SR R SRR L 2 AR
TE = SR % R KPUTER (4. oxyrhynchus) K%
FIPH P TE B 7 HE O VU AR W 4l i A
FLA & & WA B E Rt AN Y ) 57258 %
EESEAINE TS KBUEAL, M 3]
R ARSI A AFEHE i, 78
BRIRAA T, S5 % IR I — e R R R
PR B 1) 97 B 4% B X RIS A R e SR 28 G FE 2L

AWFF T B E AN SR, AT
F MK R B A R 2 AR 3 4 AR K TR bR
RBAY PR A A AR K R R G I R 3R
IR, DAAARAR A 77 L3l B R0 %
R A=A 3 (R P LR KA

1 MESIHE

1.1 SCIg#R

ST S Ao N T &, e A Rl —it
W, Mg —E, RO S e, AR R T
H (7.89+0.45) g, WIHAK N (10.41+0.71) cm, Pl
BLATBECE] O A [A) o S SR s i rp /K e 7R E it
KA, KIEEmaHRH 7 mx4 mx1 m, ASSLE 5
T3 E R, IR B (116 kg/m®), H % B
(1.74 kg/m®) . &% B (2.32 kg/m®), GADEHEAH 3
AFATH, PRSI, R AR L A
1650 &, WAL 2475 B, %K
TR L 3300 B, FRAASCE I 90 d.

1.2 FRIERM

AHFEAE I XL T IR = 55 Bl 3 ) 57 58 2w Y
FrIAHEIE AT . SEE Sl 9 N ITIE E SR T
FASTE B AR 28 m?, KIRZEHEAE 40 cm,
Mk fagh . MK AR, AR TR
— M, H 3 ASERALZ AR AT 2 30 om 1
2. FRFHHIKIR B 20385 IR K, KR T T
TelEds, 4 Chae N RILFNE ol K TR E )
(GB 11607—89).,

1.3 AFEE

S )R AT P M AR DR, R
BR 6 h F MBS IC G ik CHLEE 117 5 =>45%, Hl
W & =5%). FRaE], KA 100 cm’/s,
KK 14.5~18.2 °C, ¥ ff %A & 8 KT 4 mg/L,
pH >} 7.16~7.65, 2 N 0.058~0.107 mg/L, V.
R EL M 0.05~0.10 mg/L.

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

1.4 HEARRE

TEFRFE LW B S 15, 30, 45, 60, 75 il 90
RRARFEAR, AR5 58 b BE LB X 20 R A
SEHED ] MS-222 (100 mg/L) R, fiff il H i &
FAK, BEHLIEE 10 B fr e, BUFIEL 2L
TWAR R, —80 CIRIERM, T4 10 BAE T
=20 °C FRAE, FTIEE SR EhR

15 E£KSHEHNE

SEIS A IR AR T (g). WIRIAK (cm) 1Y
WM IR (WG, %), FREHEKE (SGR, %/d).
JEWEE (CF, g/em’). fEIG 3 (SR, %). 454k
(HIS, %) FMitHSE 64485 Wirk.
1.6 RS 4R

TKAY BN E R 105 °C [ iR+ 2 3 (GB
5009.3—2016), HR4EHETHI 5 L& AR b i 5E K
Sy AT I SR FH S 3R 550 °C Ky kétE
L (GB 5009.4—2016); LI 2 A9 I0 a2k
ZAFELEE (GB 5009.6—2016); KL & Ay
FE R E AT (GB 5009.5—2016).

L7 MEMIERRNE

T A it #e B 4 ()« R (mL)=11: 1
MBI 9 R R Az BRER K, PRSI0, AR
JG B L (4 °C, 3000 r/min, 10 min) W8 F 581
F RGP E . ALY AL EE (SOD). A
b B (CAT) F4F B H R4 5% #% i (GSH-ST) i
PE, TN RS (MDA) K8 1 5T 3500 A et g
A TR ST T AR P R, ELR E
B RAR G U,

1.8 EFEFRIEKFHINE

SH Y 1T ISR U RS RNA, L
2 5 57 % cDNA. AR ¥ NCBI & %1 GHR. IGF-1.
IGF-2, HSP70. HSP90 J¥ %1 (GenBank %§ #f % %
S5 7X003685.1, FJ428828.1, KC484697.1 ., KU133
366.1. JX477807.1) {fiff] Premier 5.0 3f453 1514,
A T AR TR i e A B B4 B (6 1),

S 9% 2 F PCR (qRT-PCR) K2 WK & (25
uL): cDNA Al (10 f% 7 F¢) 2 pL, TR ¥ TB
Green Premix Ex Tag 11 12.5 uL, 5% (10 pmol/L)
#% 1uL, ddH,08.5 uL . KW FRFF: 95°C 30,
39MEFR: 95°C 5, 60°C30s, 72 °C 1 min,
R SN 55 F R 65~95 °C, EAR 30 s 1T 396
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i, I qRT-PCR #1713 IREE, LA B-actin NN
SRR B S AR C, (E AR — b AbFEe
fdi 1] 2 249 iE N AT AH DGR R i o

*1 ZRRAEERPCRSIY

Tab.1 Gene-specific real-time quantitative PCR primers

rar PR bp B KR FEPC
?i]ri%r %rlifr?erf szu (1158;1302: length of annealing
p p q products temperature

GHR-F CGAGCACGCTACCAG 125 60
TCTGTTTA

GHR-R AACAGGGTTTCTTTG
GTAGGCA

IGF-1-F TGACCTGAGGCGATT 102 60
GGAGA

IGF-1-R TTTTGTGCTTTCGGCA
TATCG

IGF-2-F CCATCGCCCTGACAG 134 60
TCTACAT

IGF-2-R TGGTGGCCTGCTGAA
ATAAAA

HSP70-F  GTGGTGAGTGAAGCA 157 60
GGGAAA

HSP70-R  CAGTGATGACGGCGT
TGGA

HSP90-F TGACCAATGACTGGG 79 60
AGGACC

HSP90-R  AAAAGCAGGGCACGG
AACT

p-actin-F TTGCCATCCAGGCTG 216 60
TGCT

p-actin-R  TCTCGGCTGTGGTGG
TGAA

1.9 HIESF

K HI SPSS 21.0 K 4 i 47 5 [ & Jr 22 43 Mt
(ANOVA), X225 & MR (P<0.05) fEfH/N i
E W 21 (LSD) Al Ducan [C £ 48, 5250508
IS HA{HEPR R (meantSE) 387K .

2 4

2.1 FREERENRIZEYEEKIERAFN
AN TR SR B 5 A 2 S iy £ 9 A R AR AR

LR, WERARPE A KRR EE T (P<
0.05), HL.Ff 5 7258 25 B 03 mmi B ik ;. 2RIk K
To i E 2=, (HRIE] % B 4 2 (R4 1% R Bl R0
BRI RGN . LIRSS R G, A AR
N 95.06% . TE AR 95.79% . mE LA N
96.72% (£ 2).

AN [R) 37 B 5% 5 4 A8 63 4 0 10 7R I i 7 ]
WK 2 ETHES (B D). FR5E 30 d B, K%
FEZH S a8 B 2 A A B g £n i A T o ARG
TG 0 B 25 25 5 (P<0.05), B35 SC36 i R AT,
2 2 ) fa AR T AR 22 R g K, . mR
FH S RE 2 2 0] EL B SE IR 45 R T i 2 5

22 FEZEXRRGHE KRS FRAIELR
A

1o R AR K A 3 e TR B AL (P<
0.05), M. R EE B AL oy i v TR R A
(P<0.05), FHEE 2 FURLAR D5 76 AN /) %5 B 40 =2 ) oK
PR 25, MO R A0 A A S 56 e B BE G
WEES (P>0.05) (% 3).

2.3 FEREMNRRESEMENEEERIFMN

3R, ZeAcEigta)HE SOD F1 GST-ST
TG PER A I ) 2R S TS TR, MDA & atbi s
I E) G A AW BT (18] 2). 15, 30, 45 F1 60 d i
SOD. CAT. GSH-ST. MDA #Jk i Bl g & 22 &
(P>0.05), 75 d B}, Th# 4 SOD i M i LT
ik, MYl (P<0.05), 90 d I, &% E 4l SOD
1 GSH-ST i 1 . F R TR . h2 4, CAT G
PEFT MDA e R B E 25 .
24 FEZEXMNFEZEHEFEEKEXER
HFRIES

15dHf, ik, PEELR GHR HEF X =
A BEE T EHEH (P<0.05), 3 MEEH IGF-1
HlIGF-2 PR XN 2 ih 1A i 2 25 5% (P>0.05),

*2 TRFEZEAXZENENERSH

Tab.2 Growth parameters of juvenile A. baerii (?)xA. schrenckii (3) in each culture density group

5 G AE /g LRI R/ g HG K /em LR em WEFY  RREEKFEY%  AEERY%
groups initial body weight final body weight initial body length  final body length WG SGR SR
K% % 7.44+1.47 39.5442.75° 10.45+0.71 18.80+1.05° 345.92438.67" 1.85+0.76" 95.06+0.84

low density

g 7.44+1.47 33.80+0.77° 10.45+0.71 17.84+0.95" 274.67+10.59° 1.68+0.25° 95.7942.02
medium density

B 7.44+1.47 33.05+1.46° 10.45+0.71 17.81+1.06° 232.12+3.55° 1.66+0.50° 96.72+0.65
high density

T R PRSB BN G T REROR 22 5 113 (P<0.05), R IF

Notes: in the same column,values with different lowercase letters superscripts mean significant differences (P<0. 05), the same below
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45 g

fIK# % low density a
40 O "% medium density
B %% high density
35+
< 30 r
o075
Eﬂgﬂ 2 25 S
=
% _5\ 20
© 15 t
10
5L
0 R
0 1 2 3 4 5 6
I A]
time
(a)

1 TREFEZEAIER
AFVNG TR FRORE I (B AN [F) % B2 2 22 5 i 3 (P<0.05). 0.04d, 1.15d,2.304,
Fig. 1 Changes in body weight (a) and body length (b) of juvenile A. baerii (?)*xA. schrenckii () in

each culture density group during culture

low density a

20 . § R#E a
O A2 medium density &b
18 u %% high density 4 Pb N
16 tbb
14 \
T 12}
N =y 10
£g 8¢
8
6 L
4
21
0 A R R
0 1 2 3 4 5 6
i 1)
time
(b)

EBHE R RRE (a) FEK (b) I
3.

45d,4.604d,5.75d,6.90d, FId

Different lowercase letters indicate significant difference between different densities at the same time (P<0.05).0.0d, 1. 15d,2.30d,3.45d,4.604d, 5.

75 d, 6. 90 d, the same below

R3 FEBENRZENE KSR
Tab.3 Effects of culture density on body composition and body indexes of juvenile A. baerii (?)xA. schrenckii (3)

iVl KT % K53 1% MEH/% HLAEWT/% JIEH FE/(g/em’) HHA 850 %
groups moisture ash crude protein crude lipid CF HSI
R 69.14+2.74° 1.19+0.20° 22.13£1.10 10.53+4.96 0.587+0.006 4.06+0.56

low density

s B 70.01+0.58® 1.66+0.08" 23.79+0.90 10.83+3.28 0.593+0.004 3.84+0.48
medium density

E 73.39+£2.17° 1.76+0.15 21.31£1.52 8.72+1.33 0.576+0.024 3.85+0.90
high density

30 d A, i, TR LLY IGF-2 FE R AR X ik i
WBEE T EHBEH (P<0.05), 4540, K. |
FELL ) GHR FE [ Rk B 3% T3 % B4l (P<
0.05); {KE A IGF-1 FFFARBES T, =%
JELH (P<0.05), {RBEH IGF-2 FNFK AR B ER
TREHEY (P<0.05), MS5HHEHILEEES (P>
0.05), 60 d i}, GHR FHEHFRkGETE =42 mH
PR F 25 R (P<0.05), 75 di, K% B 4H GHR.
IGF-1 Ml IGF-2 BN KRB B E & Trh . W% E
41 (P<0.05), 90 d i}, (K% 411 GHR. IGF-2
RHFHRERESTH . MEEL (P<0.05), IGF-1
N = Z )34 22 57 3 (P<0.05) (A 3).
25 FEEBEXMNEXSEHENHHEEENR
B

15d i, RS54 HSP70 JEH AT BT
T A (P<0.05), ANE)%E 4 HSP9O FE A
FHEEZES (P>0.05), 30d i}, KL HSPOO

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

FEKFRIAE D ERT ., S A (P<0.05), 45d
i, (RE R HSP70 JE N Rk m B T e
(P<0.05), {KBBRELH HSPOO HeH Fak g B E LT .
4 (P<0.05), 60 dZ )5, iK% 4l HSP70
FHSPOO A ik 1 i FH K T 5 % 4 (P<0.05),
H. 60 11 90 d B = 2H [6] HSPOO Jk [K AH Xf & 1k it 2%
S (P<0.05) (K 4),

3 i

3.1 FEBEXRZGFLEE KM

TER LMK FREE T, FRAH % BEA
e TR AR i BB R 2 — 1, ARt
FERI, FACEFL AT | 1 R R 1
1 AR 2 77 58 %% B 38 I o S RRAIR, X 53
WAL S5 8 (Salvelinus fontinalis). Wi FQHEFHEM | K
A [ 3K R (Huso dauricus) (Q)xJiti [G &7 (3)]
AT 25 R — B, RIFRGE R, FEFRIE

https://www.china-fishery.cn
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K% low density O "% % medium density

500 m =%E high density
450
400
350
300
250 |,
200
150 +
100 +
50 ¢

72
A

i

SOD/(U/mg prot)

s

[

7

I [
time

(a)

X% % low density O %% medium density
60 B =EFE  high density

gso-
o
on L
£
2 N
= 20 } §
5 \
\
10 | %
0 NN
1 2 3 4 5 6
B 1]
time
(©

K% low density O %% medium density

450 ~m 5% high density
400 t
350
300 t
250
200 R
150
100
50

CAT/(U/mg prot)

I 18]
time

(b)

&% % low density O % /% medium density
50 W% high density

MDA/(nmol/mg prot)
[\]
()]

G

E 2 FEZEXTIZE4SE SOD (a), CAT (b). GSH-ST (c) 1 MDA (d) B9S2

1.15d, 2.30d, 3.45d, 4.60d, 5.75d, 6.90d, T

Fig. 2 Effects of culture density on SOD (a), CAT (b), GSH-ST (c¢) and MDA (d) of
juvenile A. baerii (?)xA. schrenckii (3)

1.15d,2.30d,3.45d,4.604d, 5.75 d, 6. 90 d, the same below

30d PN, AN ]9 B 2H Z A2 3 4 £ i AR BT e O AT
W B E 2R, (B4 30d )5, K% R4 2 fa ik )i
W EE T, MEEA, HirZnLmes

R L HEWT, FRFERTI (0~30 d) 112 5 X &) £ 1) A=
KA RER W, (HEENRRERK, &%
JE SR N A2 s it fa i AR KA B T . A
GERW], FRFH R X AENG AR U, 7EXT
KAzt . Je B B 9k fa (Oreochromis niloticus) .
ELIE T8 (Labeo bata) 5 FRFH B FE LI AL, =
WREFRAE N AL TR T A R Y, H
J2 X AE M i (Rhamdia quelen) Fl 4x i (Carassius
auratus) W FFFE B RS h L L, FRAH R B S AETR
B ANBAT R OCHE 2 A SIS v AE TR B A A

https://www.china-fishery.cn

PR RIS MG, (HARM MR E E R, X5
kAP FE K OB (Micropterus salmoides) 1) 3758
WS R AR B, HEWT, 57 5E % B X Ak
SEHF A 8 Y AFIT AR 5 R

32 FEAZEXRXEHEFESHZ

HIARLL Sy LR PF O HLE TR O B Y 24
Fio FRIESEEN R 23 R M BL A 52 2%
CARTIERMT, R B SR A X 28 (9 A AL 20 ™
A ARSI A B, SR A ) 2R AL R 4y
AR K I TR O3 & AT AE R E R, B 97
BELEE L A IG5 5 20 45 ) 1 IR A

HE K25 2: 3276 sponsored by China Society of Fisheries
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<ZC 16 -8 K% low density O *F#/%  medium density
':é B &% high density g
14 W
ot b
?‘ﬁ S 1.2t K §
®s ,le Vi N &
"= 10} \ N b
=2 N [T N
ERO) ) R -
Z 8 1 B
22 06 | \ N
Eg 1 B
5 1R
% s 04 ¢ & \
S S 1
o 02t 8§ R
2 \
= 9 \ N N
o
= 1 2 3 4 5 6
I 1]
time
(a)
40 . K% low density O %%  medium density
B =% % high density a a
35 ¢
3.0 +

IGF-1 mRNA X} &iE &
relative expression level of /GF-1 mRNA
R o

30 - RZFE  low density O %% medium density

<«
Z
% B &% high density a
I 25
ﬁ%
= &
ZT i
_k A%
<5 15} aa %
Z o a §
~ S \
€2 10 b 2 \
a9 b § %
K, S \ N
G5 05t N \
~ o N R
\ \
B N N
= 0 8 3 R
2 1 2 3 4 5 6
1]
time
(©)

3 FAEBEMFEZENEFTIE GHR (a).
IGF-1 (b) 1 IGF-2 (¢) =B HIZZ M
Fig. 3 Effects of culture density on expression of
GHR (a) , IGF-1 (b) and IGF-2 (c) in liver of
juvenile A. baerii (?)xA. schrenckii (3)
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X KA ACEG 4 0 FR G SR (45 R — 3 TR B
XTI P il A P B 5 R AR e T S 2R R,
VR IR 53 Wit 5 B 28 R 1 I T 15 n ™ A B9 s
RIMEAIAL, %% B IR B 20 1) A e i o) e ML
07 AL LB TR g B, b LA Al g
FH T e % B 41 40y 1057 B i 08 Ve i e A, LA
o 2 5T 22 (%) RE F FCAE o iR B R, I v R
AR DI TG AR, PR B B RN I B R
FE, IE D BE SRR SO s sy, AL
1) R B T B T B8OK 43R 43 FH I3

JEH B2 (CF) AT LA Wt (A e B i AR S R A
RIS AR BE A S vh A ] 57 58 %% 2 2H 2 52 5
W NENE T 25 5, XS RscH TS
(Hucho taimen) HE £ FI 4% 1 (Brachymystax lenok)
HE £0 i BIF 5% 45 AL 2L, H AE K VG ik
(Salmo salar) FIHT 48 (Oncorhynchus mykiss) Wt 55+
LSRN, N P B 28 T i T S AR,
XATRE SRS | AR . AR HE R ERA X,

33 REEENEAXEHEMELEIFEEN

el

A B TE S A MK 7 SR A TP ot — > Te i
o IR) L, 4 fa A 52 B RN PR A RGE Rk
iy, SFECRABI AL, RAE R AR
WORE U AR RN BT R RERY, HR AR A
55 | kS 1 I T DA 1 M 4 (ROS) 7 4t i i
WIEREY, w5 ROS S Xtk N4, 428
2 HAB TG B i 5 AR EA R RS,
NG BT A AL B Bl (SOD, CAT. GPx. GSH-ST),
EATEEA TR EHABEY, ALRE
W1, 4L SOD Al GSH-ST A3 ¢ i %
T HABPIABERELH, X B0 AE— R AR
RN SR B RS B SN, S b s 2 A
WA NP RGETERIE AN BE AR, &
K FEEAB . RE I TEXHR S W8] (.
gueldenstaedti) %)t (W FRTE % JE L b BRI, &
HELL SOD {EMEBFLTL. h# 4], Long 55
TEXT Hh ARG (A. sinensis) B FEFH 52 55 rh 1 & IS AL
S5 . CAT WG PR 7E 52 50 0 [R] 24 A 10 L W 35 25 =,
X 5 7E K1 (Ctenopharyngodon idella) F175 & %
i (GIFT O. niloticus) %) 3751 % B S50 v () 45 1 —
OO, B AE K ZZBE (Scophthalmus maximus) 1 3%
PRSI, R ISR SR % R 2 [ 12 CAT
TR B 22 7Y, MDA JE IR U L 5 4

https://www.china-fishery.cn
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1588 Ko R 46 %
° o K% low density O %%  medium density
5 25 - IR#Z low density O 1% /%  medium density E |2 . WEHERE  high density

i § | m R high density ? a g § ’ a8
2 2

ﬁgzo- ol

= & = &

= o = o

= 1.5 + m

Eo Eo

z = =

e 1.0 N [~

g <« E <

o o

E%os- a%

] %)

T o T o
g 0 ~ A
g 1 2 3 4 5 6 2

i ]
time

(a)
4 FIEZEXFIZELEFTAE HSPT0 (a) 1 HSPIO (b) FRiXHIS/ AT
Fig. 4 Effects of culture density on HSP70 (a) and HSP90 (b) expression in liver of
juvenile A. baerii (?)xA. schrenckii (3)

Fff 7= BN A 2 0 i S A A0 3 R IR £ A
EWEREEIREZ —, SR miE LA A
HES HIESGE R 2 M AE IR, 51 &0E
J it A N ARG, O [ 55 B % R 2 40
i3 MDA &R I E 2R, X—HREERY
KEEBERIAE P G i 25 S — B, 25 IR, &R
B 5% BN 23175 3 4 A B kA R it A Ak s g B
JETEXT K H BB | 48 46T (Paralichthys olivaceus) .
rh AR BRI BT Ao A3, MDA & &hEE
585 BT B O AT RE SR R O R [R] £ 2
BAAR BT A AL RE AR ALl

34 FETBEMNRIZGHEEEKEXER
FIEHFZ M

AR R RS RHEA K H T (GH/IGF) 1%
HEWRZEHARARNSRE, ZiEZ R
4 GH. GHR. IGF-1 fl IGF-2, frfazkrh, K
WMESERAEAERKEGSREVIMEC, KM
R 2EE R 5 A KR 32 1K (GHR) 4
SR, R RIL, fE 15 AR, EEEY GHR
FEHRRBACE B EINTAL, &, X2
SCI R GH 15652 B s % B i 520, GHR
A5 GH 1 5 I3z fa A AH B & A= T AR ik . 52
Jal, . mEEA AT GHR FEH FRik K-
WEERRAR, S T2 N GHR FE R AT
K. fEfZsr, IGFs VR Buhs B A K PR AL i
AR, TSR AR, A 20 MG AR A oAk
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Effects of stocking density on growth, antioxidant enzyme activity and
related gene expression of juvenile Siberian hybrid sturgeon
[Acipenser baerii (?)*xA. schrenckii (3)]

ZHAO Daxian', CHENG Chao', XIAOMin?  ZHU Minjie', LI Linjie ',
MEI Feng ', ZHA Yunfei®, JIAN Shaoqing "

(1. Jiangxi Provincal Key Laboratory of Aquatic Animal Resources and Utilization,
School of Life Sciences, Nanchang University, Nanchang 330031, China;
2. Ji" an City Jinggangshan Mountains Agricalture Science and Technology Park, Ji'an 343000, China,
3. Jinggangshan Muyun Special Animal Breeding Co., Ltd., Ji'an 343000, China)

Abstract: In order to study the effects of aquaculture density on the growth performance of juvenile Siberian
hybrid sturgeons [Acipenser baerii (9)xA. schrenckii (3)] in Jinggangshan region, this study took juvenile
Siberian hybrid sturgeons with an initial body weight of (7.89+0.45) g as the research object. Three density groups
[low density group (1.16 kg/m’), medium density group (1.74 kg/m’) and high density group (2.32 kg/m’)] were set
for 90 days of production test. Through the comparative analysis of different density groups of Siberian hybrid
sturgeon growth indexes and body composition content, antioxidant enzyme activity and related gene expression
levels, it was found that low density group of larval final body weight, weight gain rate and specific growth rate of
low density group was significantly higher than those of medium density and high density group (P<0.05), the
density experiment fish survival rate had no significant difference; water content and ash content increased with
the increase of culture density, and there were significant differences, but crude fat and crude protein did not show
significant differences. The activities of superoxide dismutase (SOD) and glutathione sulfur transferase (GSH-ST)
in liver in low and medium density groups were significantly higher than those in high density group at the end of
experiment (P<0.05). With the increase of breeding density, the content of MDA in liver of juvenile fish increased
continuously, and the activity of catalase (CAT) decreased. There was no significant difference between MDA and
CAT during the trial. The results also showed that the expression levels of growth-related growth hormone
receptor gene (GHR), insulin-like growth factor-1 gene (/GF-1) and insulin-like growth factor-2 gene (/GF-2)
were significantly decreased in the high-density group (P<0.05). The expression level of stress-related heat shock
protein 70 gene (HSP70) in high density group was different after 45 days (P<0.05), and after 90 days, high dens-
ity group was significantly higher than low density group (P<0.05).The expression level of heat shock protein 90
gene (HSP90) in low density group was significantly lower than those in medium and high density groups on day
30 (P<0.05). At the end of the experiment, there were significant differences among the three density groups
(P<0.05). The results showed that the juvenile Siberian hybrid sturgeon showed good growth performance under
medium and low density conditions. Therefore, it is suggested to control the breeding density of juvenile Siberian
hybrid sturgeon in Jinggangshan Mountains region between 1.16 and 1.74 kg/m’.

Key words: Acipenser baerii (2)xA. schrenckii (3); rearing density; growth; antioxidant enzymes; gene expres-
sion; Jinggangshan Mountains
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