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G2(200 /m®) .G3(300 2/m°) . GA(400 Z/m3) 4L & , # 52 A [F] 3= 74 % & %t ¥ [ ¥ %t 4T (Fenneropenaeus
chinensis) 4 ¥ ﬁ%éﬁﬁﬁﬂﬁﬁmﬁ/ﬁﬁﬁﬁi’ o 4R B R, G2 416 3 E F(WGR) . 483 K % (AGR)
e & K F(SGR) ¥ 5, § Gl 44t = 7+ 7 3 (P>0.05); G3 1 G4 41 K & = 3 # B (CVW)
B #F A5 (P<0.05), Hfth £ K 354740 & % (SR)H B F (KT GL 41(P<0.05); G4 5 G1 414 I =
D #E(P<0.01), MEFRA XL NI I, G351 G441 B £ % T bk B4 4 #(Glo). HLEL(LA). 7
B (PA) By & E(P<0.05), T3 [F(X7T Hih =B (TG)Hy & E(P<0.05); G2 4 4 fhipirna &S Gl 41H
tbz= 7B F 8 #(P>0.05), &Lk E&ExEAERMEEEZHEE AL L EFP>0.05), &k VEXEHE
T, BEEXGIRNFE R, + E A0 AR R R N AR, F 4, G3 A G4 4y
O A% B (HK) . 74 BR B2 %1 B (PK) . 6-8% Bk R 4% B (6-PEK) An 7L 2R /it & B (LDH) & 1= 5 B % &
(P<0.05), HANGEEANRHERELE T, 2 MERAE R, 9828 )2 8 (SDH) /& 1 B & KK
(P<0.05), kA ZHBMEIEME K, PR AFERBIME T HRNGHERA . AREH,
G3fMGAAKRMEELEDH T PEVAXTHAK, ¥ T AN I LFIH, WHE T HEE
HARN . LFEVAIF Y 459 B, A% E 100~200 B/m A .
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hESES S917  XEAARIRED A XEHRS  2095-9869(2021)05-0070-07

rp [ BH X} R (Fenner openaeus  chinensis) iy & [F it 0, TR EEKFEE R E RS N TR AT
TEREA I S A, BT AR AR B | TR R e VY K, AKFEFRIE AW KA B ML, R S
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O RN 3 R FR A0 7 i PRI SR A AR i R AR L 4R
T, e 25 B FRAE G N T A A 22 1) 9 U5 5 s ) 1 5
G, WNTE SR SRAE T 2 A i ol ¥ CE 211
i W FE T 520 2L K (Costa et al, 2016), w& 0] figs:
SR AE AR I REAIR

T 22 PN 43 006 2R 6 U 55 ML 2K 7 98 g 7R A
6 0 17 e < W11 2B % v e e [ o
RN, S5lEVUR L £ — R4 AE N,
WG REReEY A rERe ) . WPIRIER S, BB
I AGAE S RO — V) AR A i SR TG B,
DL, EEREE PR M E IR, MY R T
FiiRIE IS, BN S R T A BE TR R T
R, s BIRR KA A9 DL Sk AR, S:3C
IR B T 25 (Sancho et al, 1997), Hir, Ik 2 &%
Y . PR A A YRR — IR AL, v
DI W HLAAR g BRI 00 5 it 2 WA 2 3 32 21
B —A R bR, MilgZE . & A& A o
FH 52 30 ) 7 1 3 B I 1 — e DL . A AT R
BH, & BUE: (Racotta et al, 2007; Palacios et al,
1999) . k4 (Hall et al, 2010) & % & (NHz-N) i 8
(Racotta, et al, 2000)55 4% {4 ¥4 4 X:f #F il 8 H B £ 4 o
KRR BE A AR Ak o 5 R A A S SR R v B
BTN T, X SRFE R i — o i A B AR R
A W 55 (2012) W58 A PR , 57 8 %% B W] U8 LN T xt
YR (Litopenaeus vannamei) i) 37 4 5 Rt 78 7R 9 Y
PR, FTLL, 5T ZERE W 5 A AR A A
BEENE XL,

HAT, A2 E B XTI 2 i iE T A K S hE R
PR ZR I BIFTE AR 55/ o A 9 38 2 X6 AS [) 35 G 2%
JET, pE BT R AR AR AR | R RE A Y
VA C BTG 8 AR I, R 5% v B B R AR K P
KA RE AT R A 2870, DI Ry ik — 2L F 5 o
AP S IR S () 28 B ol T B9 B L B 2% Ik
] B X M ) 7 B B A 7 ) B AR S A

1 HR5H%E
1.1 LI

ARSI By v E B X ER T 2018 4F 7 HHUH AR
BHEY; B B TR R A BRI A SR K
}1(7.2020.21) cm, AT #(4.50+0.04) g, B THMA
FENFRFEME IR 7 d 5 T8 R SL
1.2 gt

S SIS FH BN EAE S 50 cmx50 cmx80 cm [

WOFR AT SRS, BT A SEI0 AR 48— s 7R AR N
1.5m, &4 0.8 m R Kdeh b, /KA ARRE 0.6 m,
THERIREE P R X SL 50 (152 0 . SEI L 4 D FRAH %
B, AR 15, 30, 45 F1 60 B H E B X
iR, R4 100, 200, 300 A1 400 EB/m®, #n
iCh Gl, G2, G3 Ml G4 4, BANFIHEE 3N HE,
SCEG A 28d, 4rlfE 0. 1. 7. 14, 28d HUFE,
RSB [E] AT H 3 EXTHR

1.3 {AFEE

S K A A UE AL IS R SRR, R R
31.52~33.61, /Kifily 25°C~28°C, pH 4 8.06~8.19, I#
48 (DO) N 5.81~6.62 mg/L, 24 h {47, HRH#%
MEFURAL A IR RN R SR A F], Ridey 1.4 mm, K4
<110, HHEHF =50, KRN =4.0, HL4E<50,
IR =24, MK/ <17.0), MR H b E B %IE
K1) 6%, 43 3 YKI%ME(08:00, 16:00 Al 22:00), 3k
55 AR AE SO0 TF LR I IR BRbRiC, FRAEfE v, SET
XFUR ST ECH o S ORISR B, A SRR AR 1R B
A% — AR TR A . KAk 13, 4 3 d Al
1 YROK T, I A Rk A5 5 Bm DR 45 78 v [ BH X IR 1) 2
SFREN. & 7d0E LREK ., KE, R
WA MBET L, ST %,

1.4 LB HE

141 HmehRE Fi HEBCRE Bof 1) DA 45 552 56 24 it
HLEEH 3 B E B XTHER, dhBummtk e, fiH 1mL —
UM ST 282 L 0.5 mL 4°C T BT EER] , MR B
FElC E B 0.5 mL ALK L9, FFRE41 0y 3 XTI
Mk B MR A S . AR RNase 19 1.5 mL &
L%, LL 4500 r/min 2.0 15 min, B3, B -80°C
VKFEIRAT
1.42 A KkIgAregam &

HEER (weight gain rate WGR,100%6)=100x (W W)W

AH X 8 4 K (relative growth rate, AGR, %/d)=
100x(L—L4)/d;

¥ 7€ 1E K & (specific growth rate, SGR, %/d)=
100%x(InW, — InW,)/d;

14 H 2% 5 Z 1 (coefficient of variability weight,
CVW, 100%)=1A FE b ifE 2 - R

535 2 (survival rate, SR, %)=100xN,/N;
L, Wy A W 43 SRR R SRR AR 8 s Ly A L,
A3 BRI R R s Ny AT N 435018 52300 4
REMEEREE, d IR
1.4.3 #ZARHAR X = 4 6gm E i BE(Glc) .
FLRR(LA) . INERFR(PA) , H i =5 (TG) Ml 2 & 3L 1
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A2 4%

(FAA) S iR, R AT R AU AR ) T AR5 T 4 351

BE, ME 2 BT S .
144 #HEFRMARLBELS TN T B IR A S B

(SDH) . FLERM A B (LDH) . W (HK) . 73R R
P (PK) R 6 1 SRR 19 (6-PFI) T 1, 2R B
T R A BB A R /AR 7= iR D , D
S P EI 5

1.5 HiRESH

SEIS R R B E bR E DR (Meant SE) /R, B
P55 M R SPSS 17.0 4 HK 2 5 2243 H (one-way
ANOVA) T4 B, Duncan £ & H AR 1725 5 e 1
Kii:, P<0.05 225 i /K, DL P<0.01 b2 54k
i3, ffiFH Origin #-EK

2 HERESWH

2.1 FRIEE E X E AN AR A KB R

M LRI LIE o E X ER ) SR WGR \AGR,
SGR 2 Pl b 77 58 % B i 3 mmi Bk iy 45, GL 41 SR
E, A 73.2%, 5 G2 4IAH 2 7O 3 (P>0.05);
G3 fil G4 415 G1 ZHAH Hh 2% 57 . 3 (P<0.05) F12= 4% ik
#(P<0.01), SR4MAITFE, b 47.1%F1 38.2%., G2 41
) WGR., AGR fil SGR ¥Jfx i, 5 GLAM L2 RA
3% (P>0.05); G3 il G4 415 G1 AL, 434k
K- (P<0.05) Fil ke b 3 7K - (P<0.01) . Fifi %5 5% 5 %%
FERBEIN, CVW & FHE#; 5 GL4iMik, G24
9 CVW 2 7+ 25 (P<0.05); G145 G3. G4 41H 1t
25 5 35 (P<0.01), BB SR TR, b
] BH SR A K A 455 B R IR T R

22 FEFEENHEAIRESREWHHE
ME IA-C AT, Br GLAS), B IR

® 1 FEMB T ERAXEREKER

FEBE, o E X ERA P Y Gle, LA il PA &%
TR BT, JFREE FRAERT AR, 3 Fh i
BT TR, Hrf, G241/ Glc. LA Fi
PA a7/, BTRE, 5 GLAMEESFAR
#(P>0.05); G3 fl G4 AP RERT G1 H
(P<0.05); G4 ZHTEF M 7 dIf ik EHKME, 5 G1AH
AH Hb 2% 57 i 3 (P<0.01)

Bifi 5 % AE % B A 3E N, B X AR AR ) TG & &
AR TR, BRI, TG Fit s
SR A LA TR A S, Hd, G241 TG
5 G1 ZHAH 22 5K i 3% (P>0.05) ; G3 ZH 43 I7E 1 il
28.d i FH LT G1 41(P<0.05); G4 4 1E A [m) 355t i) [
¥R EET G1 i G2 4H(P<0.05) (/& 1D) . A [F] 35258 %%
ET, DEPXIY FAA SETIES AR FE
(P>0.05)(I4l 1E).

2.3  FEIEERE X dh [E BE R HR R 15T Bl TR M B 22 I

MK 2A . E 2C~E WILIFEH, HE IR % E N
., P EBXTERY LDH, 6-PEK ., HK #il PK [1)i%
PERR R LT R, HREFRAERT ] A5G 0 5 LT
J& FREraE, Hi, G2 41f LDH. 6-PEK . HK Fil PK
AR LS GL AL E S AR E(P>0.05); G3 4
() 4 FhEHEPEIIAEFEAE 7 d TS B8R 55 (P<0.05).,
6-PEK 7E 14 d BN F R KME , 5 GL ZHAH L 25 =il ik
#(P<0.01); G4 41 4 FhE M H 3% = T Gl
1 G2 4H(P<0.05), LDH . 6-PEK . HK #1 PK 7£ 14 d I}
PIARIRKME, 5 GL 4140 2= F 4 . 3 (P<0.01)., Fifi
IR R RGN, b E BT ER Ay SDH 5 PR i
B, HEEEFRE R, GL A G2 4
SDH &M FREG EFHRI#aE, GL Rl G2 412 [a]4H
25 R 3 (P>0.05); G3 1 G4 41 SDH it 2
(%A% (P<0.05), G4 #H1E 28 d I} 5 G1 4HAH 22 F ik b
2 (P<0.01)(# 2B).

5% M

Tab.1 Effects of density stress on growth indicators of F. chinensis

dHHl wIIREK WinikE &K LARE  PRUER R FIXHE KR e kR REEZERR
Groups IBL/cm IBW/g FBL/cm FBW/g SR/% WGR/% AGR/(%-d™) SGR/(%-d) % CVW/%
Gl  7.2¢0.21 45+0.04 873+0.08 6.58+0.16 73.20 46.22+2.32  0.074+0.032 1.36+0.17  7.86+0.82
G2  7.240.21 45+0.04 865+0.15 6.66+0.07 68.40 48.16+1.24 0.077+0.011  1.40+0.02  15.56+1.23"
G3  7.2¢0.21 4.5+0.04 825+0.03 6.02+0.12 47.10* 33.82+0.07° 0.053+0.022° 1.04+0.11° 24.95+1.01°
G4  7.2¢021 4.5+0.04 8.10+0.11 5.70£0.09 38.20** 28.23+1.10" 0.041x0.013" 0.89+0.04" 32.75+2.26"

Ry [E)—B (RS [R] 20 ] 22 55 1 35 (P<0.05) 5 ** g [l — B ] A [R] 4[] 22 53 4 i 3 (P<0.01). R[]
Note: * Indicates significant difference between different groups at the same time; ** indicates significant difference
between different groups at the same time (P<0.01). The same as below
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Fig.1 Effectsof density on energy metabolism products of F. chinensis
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B5510 7 o S 7 ) EEooor g P
2 =l [ e %= = 52 =1 17 £ * 2. E = = = =
Begaoill il B s Ll s e B8 W N
WSS 20 = (e ullE s 2=t e W W I B2 osp gl a1 W ad e
S 5 e e B! EVEE IVE 8 AW EI Wl WE e & & Wz IR VRN IR I8
0 1 7 14 28 0 1 7 14 28 0 1 7 14 28
A &) Time/d A iE] Time/d A /H] Time/d
3 3500 D . 5120—15 -
5 300 1 * < L
#3250 - 281 *
ot ‘E g VE E g E 80 ? *
# g 200 A 58 e 1 F
150 N &3 .-
£ 2 100 2 22 4 .-
mE 5 ZE ?E ZE % 25, 20 : éé
S o e W WA § o WAL WE: W W
T 7 14 28 E 0 1 7 14 28
Fif ] Time/d At [A] Time/d
ENGl Z4G2 E5G3 [E3G4
[l 2 FRFE R RE X AP ] S 0 X T 2 )5 T
Fig.2 Effects of density on the activities of energy metabolism enzymes of F. chinensis
3 T 2 H Bl A R A B 3 N, P E B R A SR OWGR,
AGR #il SGR #J 1 ZF# AL, CVW I 48 55, SXE %
31 FEEEXHERAIERE K

T HIAN A REE R RS T DU A — A %
R B FE bR, N 3% 58 % A AL K A R e R TR
XI) [E] 2% 55 (2014) % e [ U8 BF (Procambarus clarkii)fiff
A, B SR8 % BE RN, X R A AR 3 Kb
AR, G2 XTEFA 4 Kigbrte s, AR
BT N 200 JE/m?® b e [ BE G B A= K S i A i

25(2014) % 72 [ JEL BT B2 Marques 25(2000) % LA 15 Xt
R AT 5 205 SRR — 3, 3R T v 7 5 285 BE )™ B 52 e Xof A
(A, EIRHB IR, 200 JB/m? %R A AHESE 1 I
T, o FEXHE LT 55 f (Salvelinus leucomaenis) (Vijayan
et al, 1988). i [C#F(Acipenser schrencki)(Zs A4,
2004) 1 K P ¥ 6 8 (Hippoglossus hippoglossus)
(Bjornsson, 1994)%5HF57 &, 1ERA%BEVEFN,
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A2 4%

Bt SRR ARG, 25 (] B ) 2056 A= AR B 5
Mel R K o 4% BEAIR T e I FHE R, MR A K g
bR % B 2 (8] B IE A TR O, [HY % B = T Ik
I SR B, AR 0 A K FE bR 5 8% B 22 18] &2 B AE O
(7K e <1 5, 2017) A ST, G2 4 A K A8 b i
BT LA, 24 b [ B IR R 4.5 g B, HERAE % R A
100~200 E/m® N'H. .

32 FEFTEXHEAXIREES/RENEZm

BE QU RV MBI . R IRIE IS A AL
FRACAEIRAS , AP AT ] AR 5 258 1 3l 53 AR P R T
W R X e R AN TR oK, SR IR B R A R
T (EHFASE, 2017), EPHARMET, BpEA &
X I aE B LR, TRIRE ALt 2 3 A A DG AR i
Tt F e 7, AR R D A Pk i R L BB O
K (T HI4E, 2012),

TEARWIFE R, G1 1 G2 4 Glc., LA Hil PA & 78
AR, A SR E XS, G3 1 G4 41 =& &
B EHLE . LEXHEE £ (Cirrhinus molitordla) A58,
R, Gle Fl LA & AR bR 5 A58 — 5L
(Tejpal et al, 2009), Glc & & T, XEHXTRER Y
TR, WA AR B R, X R BE &
TR 5 5 R TR AR Y B 4 2] DT B o s L
BECAWT M, 7242 Gle Hhs 26 2 i T 25 (56 5
2012), LA &t g Ther, I SRAE % E H el g 5
HOFARPLAAMEIR E AR TS o 540, MURSEA TR
W, Glowy Joid i WHEE i K i i PA, LR IR fE /D
HHER, S PA S py e (R A, 2013). BR T 1
WY, EBXHRMAR TG &k 17281k, G3
G4 TG &ir b # NFE, X UL =% B 57248 vl fig
SEECT X ERHLA T 5 0 e T SR RN B, 4Rk
FIHRRZEAE MR Y I . fERE kb, ELHGE T
TES% FE WaE S5 F T AT s R ZSACHE, AR hn i fig
755K (Polakof et al, 2006), 7EABFFEH, AFEFEH
R A 2 B B s R AR AN B 2, R R A AR
WA Z B W, Wu 45 (2000)fF 55 &, 7EYLR
Filp 0 g Rz e, e R B X RO 6 ) FE B SRR
JEREIRTT R, FrLA, TEARFEMNASET, IR
I RE A B SE IUT AR AE%E N R,
e ] I G AR SR ) T R AR 2R R 2R 4R R e i

KEFTCHEMHESNY) . W55 ) s B 5 38 55
ANRFZMT, U —Fh IR RE A, RIUR
fift. HK . 6-PEK Fil PK 20l 70 fff i A2 i i B S g, 3
3 ol il 9 95 4 AT LA 2 R T % 7K OF- (Greenberg et al,
1960), WHEEfFH RIS, AR T =R AR i (ATP)

AR B, B v AL R T M 38 1Y T 37 B8 ) (Radl et al,
2002), AHWFFRLERFE, G3 Fl G4 4 3 Fl bRk B
DR, RSB T, IR i B =
fiff AR AR R LA v SR % B R T AZ 6E T, i
FXFHR A R EB o i e U B 45 (201.3) XA T
0T =P 7 (Portunus tritubercul atus) it it &2 728 14
WF5E A ML 25 5 . LDH 2 — ol 3 5 [ I 15 e 1t
HLATE B RS T W ZA S e RS i, A
JUNEE AR REN, G3 M G4 W ERS T
W BA XS R LDH 6 77, 156 BH PR 2 1) 2L R 1) e bk
N, SRR T H A LR, 5 Gao %
(2018) T 52 45 S AH—%L . SDH 1E A Z 5 = RIRTEH Y
R, RO — A BN A P B P A, TR —
FEEE I R B S AR R K (B8 5, 2002), AT
557, SDH {ETE7E G3 Fil G4 2H v W F&A%, HIm 1k
(R REAR R T = R IR G RIS P Y R R, dE— 20 R 37
B BEA R T 2 A AR

4 g

ZE LW R I, Bl R ARG, B X
WREY) SR FEA, R MIESFEIF G R, W&
E AXTURAAE K o FE R FRa s BT, vl B ) R
] TR AR AR A Re iR, 2 R i i R BLIA At
R AR & A=A, A I | A R 2 2,
TG EA S . FEABFSE T, 200 BB/m? ik K48
brfscrms, HAERACEEFE/ N FrLA, 24 [ BA X R AL
¥k 4.5 g i}, HFFFHE 100~200 FB/m® JH .
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Effects of Different Stocking Densities on the Growth and Ener gy
M etabolism of Fenneropenaeus chinensis

ZHANG Haien', HE Yuying™?”, LI Jian*?, HAN Xu**, XIE Yongjun*

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Maricultural
Organism Disease Control, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China; 3. National Demonstration Center for
Experimental Fisheries Science Education (Shanghai Ocean University), Shanghai 201306, China; 4. Hebel Aquatic Breeds and
Fisheries Environmental Monitoring and Protection General Sation, Shijiazhuang, Hebel 050001, China)

Abstract  The effects of four socking densities [G1 (100 ind./m®), G2 (200 ind./m®), G3 (300 ind./m?),
and G4 (400 ind./m*)] on the growth indices, energy metabolism content, and metabolic enzyme activity
of Fenneropenaeus chinensis were studied in a 28-day indoor culture experiment via the cage culture
method. The results showed that the weight gain rate, relative growth rate, and specific growth rate of the
G2 group were highest and did not differ from G1 (P>0.05). The weight difference coefficient of G3 and
G4 increased significantly (P<0.05). The weight gain rate, relative growth rate, specific growth rate, and
survival rate were significantly lower than G1 (P<0.05), and the G4 group differed significantly from the
G1 group (P<0.01). The G3 and G4 groups significantly increased the levels of hemolymph glucose,
lactic acid, and pyruvate (P<0.05) and reduced the triglycerides content (P<0.05). The glucose, lactic acid,
pyruvate, and triglyceride contents of G2 did not differ from G1 (P>0.05). The amino acid content also
did not vary between densities (P>0.05). This indicates that high-density stress can increase energy
demands, and F. chinensis tend to use sugars and lipids as energy sources when experiencing density
stress. The activities of hexokinase, pyruvate kinase, 6-phosphate fructokinase, and |actate dehydrogenase
in G3 and G4 were significantly increased (P<0.05), suggesting changes in the body's oxidative
metabolism pathways and increased catabolism. Succinate dehydrogenation enzyme activity was
significantly reduced (P<0.05), indicating a decrease in tricarboxylic acid cycle activity. This provides
further evidence that density stress inhibited aerobic metabolism. In summary, growth in the G3 and G4
groups was significantly affected, there was increased use of carbohydrates and lipids, and aerobic
metabolism of the tissues was inhibited in F. chinensis. Therefore, 100~200 ind./m? is recommended as
the appropriate density when F. chinensisare 4.5 g.
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