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Impact of density stress on growth, metabolism and non-specific
immune functions of juvenile Nibea albiflora
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ABSTRACT Four hundred and fifty Nibea albi flora juveniles(10. 0~10, 7g) were random-
ly distributed in four experimental treatments at different culture densities: 15ind/tank (1. 49
kg/m’), 30ind/tank (3. 00kg/m’), 45ind/tank (4. 84 kg/m’), and 60ind/tank (5. 81 kg/m?).
A 30-day feeding experiment was conducted to investigate the impact of density stress on
growth performance, feed coefficient, plasma complement of C3 and C4, and activity of related

enzymes of the fish. Weight gain (WG) did not show significant differences among treatments.
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The trend of specific growth rate (SGR) was similar to that of WG. Feed conversion rate
(FCR) increased with the increasing density. FCR of Gy, was the highest and significantly high-
er than the other treatments (P<C0. 05). (2) Activity of lactic dehydrogenase (LDH) in Gg was
the highest and significantly higher than other treatments(P<C0. 05). Glutamic pyruvic trans-
aminase (GPT/ALT) activity increased with the increase of density, while there were no signif-
icant differences among the treatments (P~>0. 05). Similar trend was found in activity of glu-
tamic oxaloacetic transaminase (GOT/AST). (3) The activity of lysozyme in serum decreased
with the increase of density. The activity of lysozyme in G4 was the lowest and significantly
lower than the other treatments (P<C0. 05). Both complement of C3 and C4 in G;, were the
highest, but they were not significantly affected by density (P>>0. 05). This study indicated
that high stocking density may impact metabolism and non-specific immune functions of juvenile
N. albi flora, while low stocking density would suffer a great waste of water resource. Thirty
individuals per tank(3. 00 kg/m®)was considered to be a suitable stocking density.
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Table 1  Effect of density stress on growth performance and feed efficiency of juvenile Nibea albiflora
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Note: Different superscripts with in the same row indicate significant difference among the treatments(P<C0. 05)
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activity of juvenile N. albi flora of C3 and C4 of juvenile N. albi flora



5 2 3 HE S DA o 2 R I 0 X B A 40 4 £ AR G PR R AR R S G 1 R ) 49

2.4 FEMBEXESEY S N F K G EE R R0

WA 3 JoR AN TR % B2 FR 4 30d 5 . BB A6 77 58 % B 1 30 K, 48 TN I A G s VA B I R . Hirb L Gy
AN ARGl /N Gt G HBF R T G5 G (P<C0.05) . 4w &M% v B A
55 TN e S G AH S L0 AR AL B, Goo 2 ULV A T B I T P e s O 3 v T A 3 2H (P<C0. 05) L Il Vi FLIRR
JIt S PE G AR G 1S G HZ BT 22 5 R i3 (P=>0. 05) o G, 2H FLIR I S0 1% 1 e 85 0 b
e TH A 3 AN EE A (P<<0. 05)

B 0 C
4.5 b
4 a b 8 b
Essh 2 LN N w7 e
=l N | m2elr o2 . B
w25 i ] ERIN T
=AY =RERD
AEANIE BN B BN EEECEEN .
15 30 45 60 15 30 45 60 0795 30 45 60
FHEE M R
Stocking density(ind/tank) Stocking density(ind/tank) Stocking density(ind/tank)

TE AN [R5 38R AN T 2 31 i) 2 55 % (P<<0. 05)
Note: Different letters indicate significant difference among treatments(P<Z0. 05)
P&l 3 o 3 B30 X 2 £ &)y 00 16 T A T 1 5 1
Fig. 3 Effect of density stress on LDH, ALT and AST activity of juvenile N. albi flora

3 iFig

3.1 FEMEMEHESEERERERM

O 9% B T 300 0T 3R 5 0 G2 A K 08 5 e TN A R o A ST AH RO R Y 25 2 OC T AR B B R X SR X 4
R IA ANFREDL ., AR X KRR (Fox et al.  1990) k2 W7 (Celikkale ez al.  2005)
AW 5T N 5 BE % RE N SR B T G 5 M /N B TL T A R e 5 T A S 2 3 U S X R P T R
(Bjornsson  1994) (f [G G (A2 K MESE  2004) ANRLL L fE (Vijayan er al.  1988) 55 [ AF 5T & B0 L AR % J Aif £
KAKGH R IEAAC H YRR 20 i %5 B, A 5 9% B W A2 AR O . AR 9% b o 53 7 % 3 0 i 4y £
14 34 R RN A AR K R ) 25 5 R B 3 (P<T0. 05) , SCHF R EE — 282 i W i . A W 58 48 11 9% B %5 5% i)
A KPR ROAL T AL I8 K B4 1 AL 47 8 AR R 4% (Papoutsoglou et al. 20065 5k % 2002; 28 B
2011, 2 F o 2 B % B 2% 38 o 7K 0T A A 34 S b By 36 07 ML o ke AR KR AEAE G (L e ol 2011),
Barton(2002) 4§ H} . /5 % 8 % 58 18 B 14 77 GE 7K PR35 04 00 A0 oK 23 X6 R 1Y) 2E K 3 il 1 4 5 e, AN 5 JBOK T, £
I R BB Ry — 02 PR 38 R - . ASBIF S R FH U K 75 RS 2, HEBR T % BE K AR BT 2% 4 X
0 4)) 0 A B FZ L AR IS 30d P LAt B 30 7 SEORIL R O VA AR A A S M R L X T B S AR a0 Rl
1K 5 ) AR AR 5 i A K AT . T ARBIF SRS AN R 30d, S5 52 Y HE K S 5G B [)  LA A SRS B M AT 5 %
P A0 3K A 1 PR 38 PR X6 A K R S e O LRI S A R U K R FE R 2R % R A X AR K e

A ST R W L I A 5l 0 35 R T 1 O TR 2R BIG% AE  [  BR AE (201D B Li 4§ (2011) Y BIF 55 45
A —B, X T RE R T B a0 R B k£ 40 0 X GRDRE G R SRR AR L a2 i v A AR R B (S &
ZEAF 200553 W RAE 2011) 5 53— 7 I, A AT BB R R 5 R 4 R S MR A A BRI R B S TR 6T B AR AR AR
25 () R i B A 5 e TH AR R T A K A BB 4 g i, RIS e T 28 A AR G L RIS TEDRE 3R B0 K (5K K B 45
2008) , FEWLEEAN [7] 9% B 41 5200 £0 A AT A B A UE B 173K — A, 7 F R AT DLW 8¢ I IG5 3 A S I i B 22 18
1Y ey 288 3 2 S 3 e i ol Vo E PR i MW A 4 . PRtk T DAAS L 7 22 W LAt R R A AT ER T, A )
() A 94 A R PR B L o %5 3 2 S 0 T BEH AR S 2 1Y TR



50 ok B B R 534 &

3.2 EERBEXE S M R R 0E

TEGE LI TR B I R v % 58 % B S — > T A A0 PR 300 DR 3R R] S BT B 0 2 A AR AL A B S AT O 2 iR
L (Ellis et al. 2002) . FEMHA IS o 056 2308 i 4 57 A A TR T FE 3R F1 J50RUIR 7 25 o Wl A2 e B 7oK
B HEMR R R I S A VR T B0 S B AR [R) I A S il 136 P 2 35 2 5 (Demeal ez @l 1978) . Vijayan 4§
(1990) 7 AT 5 % Mol 38 XoF 58 s 21 ek Al 1) 52 W0 ik B fk £ 7 45 5 Bl B o S A AR R R i . AR 52 v v
R 21 S 0 F) A8 B il CASTT) S35 R TR s BE 2L L AT BB h T R R R A ) S £ 52 B B0 AR T S L b
S A A RIS 38 FE B 0 TN R R R A R A R A A A BRER T R ML M 5 2L X 5 Tejpal 45 (2009) (19
TR —B 750 TANHERE (AL 4 D% EZA M 30d J5IF A B35 25 TR i T4
A S A S I DG 5T T A R & IR R AP FERE B N A BR U 2 - T LA SR 5 B a0 AST 18 M A7 2 3% 25 5% . i
ALT JREA IR 2% 25 5 BRI A R it — 2P WE 5 . FLIR AR M 5 A SO 9 18 S5 5 AR (Chatterjee et al.
2006) » FLIRZ: 55 0l 5 A F I L AL P 2L R 0 S T ) 05 P 2 S 35 4R v o 3 1 IR 4 (201 D) W 5 il A B f 4 £
ST P I A B % R M A0 2 3 RS L PR I S T P T T R . AR RS R e R A L R I S
R TR B A 3 Lk v B 45 (2011) BB ST 45 R HE AR — L

3.3 FEMENEHEYEFFRERENZIT

8 2J PR LY PP 6 A 22 Al A e P G R DR L v R T A D A T A 1 A i 7 T AR A AR
LT ¥ BT 0 05 P B o L SR BE R T U AH L B e o AS R 9 o BT 8 0 0 19 B 80 JRE ) 8T L 366 4 T T O 1 28
TR I H Groo 25 52 50 #0035 T i T35 P S0 38 0 Al 2% 2 3R T T2 T30 o 1 #0040 0 0 TR DS P A T —
A T S A S0 45 2R SRR T T S A (2004) 1A Ay B4 8 B8 k3 2 S B30I 375 V8 T 8 05 P PR IR A WL . T Rotl-
lant 558 (199D WFFE A W38 16d i i 85 2 20 o B8 F) I 355 V% T 05 78 8 3% oo 17 %% 2 4 . Mlontero 45 (1999) 4l
2o ie 63d 1 85 BE M L 4 S B4 100 V4 B S M L TH . Fevolden 45 (1993) 45 H %5 B8 TG 14 1T LAAE O #0286 B 3%
B A5 5+ 1T RSP T o T 4R 85 ) I T MR ke M 0 1% D 30 TSR 2 o 3ok 6 S (] ) B 5 5 2R 3 T AL A L 355 0% 7
PETTRESZ 31 2 N R .

AR ALK B 2R MR TR ST L L SAE A5 B SN 10 A BT O S EA I A T
G2 W B A5 A2 2 D RE L Hovh C3 R0 C4 fEAMA R e b o B 2 (7 (BRZ2F4F 20100 LT HhAMA C3 F1 C4 1Y
K- AT DL S BB A S g o B A B0 CESCIESE 2004) . B JF4F (2007) 7ERF T % B2 Jih 36 %) st [ AAfE £ 1y
SR A& C3 R C4 52 B BE 5 5 328 7 3 Rl A ) 3 AP S A B . 2 S B T3 30d i 4% % B2 4
LHAMAR C3 M CA BTG PEZ B X B B M2 5 X SR BAE (201 D W SE 4R Hh 5% 78 % B2 0 ) 1 A A
C3 M1 CA By 5 22 5 A8 10 38 B LR — B0 M5 58 JR 28 (2007 N WL — 2. Xl B ih T 2 df f 5
b #0127 A0 Pl 22 5 o BN 000 o S ) A B Y O T T o R IO A BRI L O T R B X Bk 0 i
i AMA C3 F1 C4 152 HLHE 7 2 — 2R

4 HFig

HT T B S 2% A 4 BR A A B T £ A 3R B 0 R TP O RO — i REOR IR 0l A KW L BN T AR B L o R
S BH 76 T B FE T 22 A TR AR e 28 435 0 [ 14 2E R R & 0 % B % L AR S 2 g R A K AR Y BRI B . AR
LT 3 19 % B8 2% T o D I B0 A0l 2 3% 05 7 g T DR A 9 A L T AR A5 7R A P e Y 22 U AR L I IUTE A
7 R B Bk £ 4 £ SR O 30 B /GE (3. 00 keg/m?) .

£ % X M

BB OB TR PRI RS, FEIBE. 2005, R 3R X KEEBT (Scophthalmus maximus LB G EHECR B E MW, BES
WITR . 36(3): 207-212



5 2 3 HEE B AR

EE}

9B EROR- ¥ R RUE RS SN DNE R E R e R R AL 51

FCHE AL AR B HBES. 2004. PIBTI 8 G A A0 10V e 5T R T K T 0 28 A Bk o S BBURR . R DK SRR, 11(5) 2 408-412

RV BRI R B A7 L B 28 PNVEEER . 2010, A0 3% 2 BEXT S A B AE K . SRR B . 25(3) . 25-27

SRR L AL ML IRBSC, EVE L. 2008, FHURE A IR FH 2 B Xk v [ b R 4 R A K AR SRS KT ESE, 29 (3): 41447

sk WL EIR TR 2002, %% 2T PR R AR K R RE B OB B SZ . VK IFSE . 23(2) :33-37

BERMG TR, WL TR, 2004, Ja IR KU R IR GE % BE X S RES A i SR AT R M A KIS . KRR, 28(1) ¢ 54-61

2 L INERELH P, RIS TR XSS, 2011, IR X v 4 BE R BRI K IR R ST AR A A R A S e il B R R R, 32(6)
17-24

o . 2004, BEL K AS SR AR, B TR R

B2 AT L FH. 2010, v A4 C3 L C4 72 F 553 43 v i s PR B SC. o BRI R A 28 0 Ak 2w ks, 151D 21-23

MG EWAME . FIE, £ AL MR LESET. 2011, FREE R S T B AR KM RE R AMA C3.C4 BRI, ZRURAERLE, 39(20) 12 272-12
274

B OOV A/NESERIEE F. 2007, HHET B0 T S S £ il S0 T TR MR AMAOK P B9 . K AR AR AR, 31(4) : 581-584
B IR A . 2011 B B N 9L 8 8 4 A K AR R . ch KO R L 18(2) : 322-328

Barcellos LJG, Kreutz LC, Quevedo RM and 7 others. 2004, Nursery rearing of jundia Rhamdia quelen (Quoy and Gaimard) in cages: cage type,
stocking density and stress response to confinement. Aquaculture 232: 383-394

Barton BA. 2002. Stress in fishes: a diversity of responses with particular reference to changes in circulating corticosteroids. Inter Comp Biol 42
(3): 517-525

Bjérnsson B. 1994, Effect of stocking density on growth rate of halibut (Hippoglossus hippoglossus L..) reared in large circular tanks for three
years. Aquaculture 123:259-270

Celikkale MS, Memis D, Ercan E. 2005. Growth performance of junvenile Russian sturgeion (Acipenser gueldenstaedtii Brandt &. Ratzenbrug,
1983) at two stocking densities in net cages. ] Appl Ichthyol 21:14-18

Chatterjee N, Pal AK, Das T. 2006. Secondary stress response in Indian major carps Labeo rohita (Ham) , Catla catla(Ham) and Cirrhinus mriga-
la(Ham) fry to increasing packing densities. Aqua Res 37:472-476

Demeal NA. 1978. Some characteristics of carbohydrate metabolism in fish. Oceanis DOC Oceanogr 4: 35-36

Ellis T, North B, Scott AP and 3 others. 2002. The relationships between stocking density and welfare in farmed rainbow trout. Journal of Fish Bi-
ology 61: 493-531

Fox MG, Flowers DD. 1990. Effect of fish density on growth, survival and food comsumption by juvenile walleyes in rearing ponds. Transactions
of the American Fisheries Society 119: 112-121

Fevolden SE, Roed KH. 1993. Cortisol and immune characteristics in rainbow trout (Oncorhynchus mykiss) selected for high or low tolerance to
stress. Journal of Fish Biology 43: 919-930

Li D, Liu Z, Xie C. 2012. Effect of stocking density on growth and serum concentrations of thyroid hormones and cortisol in Amur sturgeon, Aci-
penser schrenckii. Fish Physiol. Biochem 38(2): 511-520

Montero D, Marrero M, Izquierdo MS and 3 others. 1999. Effect of vitamin E and C dietary supplementation on some immune parameters of gilt-
head seabream (Sparus aurata) juveniles subjected to crowding. Aquaculture 171:269-278

Papoutsoglou SE, Karakatsoulil N, Pizzonia G and 3 others . 2006. Effects of rearing density on growth, brain neurotransmitters and liver fatty
acid composition of juvenile white sea bream Diplodus sargus 1.. Aquac Res 37: 87-95

Rotllant J, Pavlidis M, Kentouri M and 2 others. 1997. Non-specific immune responses in the red porgy Porgy pagrus after crowding stress. Aqua-
culture 156 297-290

Smith SA, Levy MG, Noga EJ. 1994, Communications: detection of anti-Amyloodinium ocellatum antibody from cultured hybrid striped bass (Mo-
rone saxatilis X M. chrysops) during an epizootic of amyloodiniosis. Journal of Aquatic Animal Health 6(1). 79-81

Tejpal CS, Pal AK, Sahu NP. 2009. Dietary supplementation of L-tryptophan mitigates crowding stress and augments the growth in Cirrhumus
mrigala fingerlings. Aquaculture 293. 272-277

Vijayan MM, Leatherland JF. 1988. Effect of stocking density on the growth and stress-response in brook charr, Salvelinus fontinalis. Aquacul-
ture 75: 159-170

Yin Z, Lam TJ, Sin YM. 1995. The effects of crowding stress on the non-specific immune response in fancy cary (Cyprinus carpio 1). Fish &

Shellfish Immunology 5: 519-529



