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JHEIE, SRR, 52mae i M4, &
KA FEA A SETO B A T R
% KPR A5 — 2B e PR, H SRR ™ b 3 5
R TAEH T 0 —2, SibdUR™ 4 — RF A4
AR T R A Y B AR R YOG R,
(A S BEHBT T RE 1 855, 45 By DR A IR B 1) el AR
77 VORI, 3R 2 5 T 3 J 1 5 o 5 A 2
PR, B 2 I B 5 4 i 26 DR 6T 3 i 7K R R £ 2
A B g R AR RE T s, A B T L ik
HiFh iR is & psin 2, SR m s s R A O
Tk ikiG i, ENSACHIRZFE IR TH
KT IBESE, KE 058 24 h TE s i ) ik
JH R 20 2L T B A BTG O AR 4k, o 2O
AAC BT | E AL S A DT IR AL il A il
(3G 11 PV ARG LA 0% i Sis i H AR B
Wit (Nibea japonica)6 h #ATIRSY, 45RFKM, S
Jin3E AT LA ok A A N R g X HL R AR S e, O R
SOD Fil CAT 1 JJH&FRiTAN T HAR B WA B o 9
W6 S VI 5 T AR A TR R B 5 A 45 B (Oplegnathus
fasciatus) 2 A FIERY SOD . CAT S541 E AL B A7 77
ARk X B3 A SV OUR R AS 2 A T i i 5K, F
9% T Uiz fay 15 X %) I 48 5 R (Eleutheronema  tet-
radactylum)¥ 1) SOD ., CAT S5 143 1 M HE i
AALRE I (T-AOC) )52, 25 R KWz T, f
PRS0 Y 2, PR RSS2 BRI . Oy — T T
g% ELAR AR e R R L mosE . FLIR &
Ui 5 B 7 R 6 ) B AR AR U210 T S R R AE T M
T AE AL AR AR 1 2B AL AL AT AT 72 F T aF A0 Ao AR 20
B J0h 300 5 %) 07 98 B g A O, T B R T LAAE S £ A
BB N R R 2 o 3 T R PV
VYF K F il (Sebastes  schlegelii) 1 4 #7 (Lateolabrax
Japonocus)TEIZ R AT 24 h {50, 15405 47 % M 5048
B, PR R S R s R R e
GO B LS f O K, BT T &t s bt 5
KAT T (Coilia nasus) MK N B EE . B REE ., I
R D %) 28 AL AR R S O o i A Ui ot
iz I IR 9T T AN [R] 9 1 % B R BE R 3 £
(Larimichthys crocea)%li A N B9 I3 A= Ak 48 b 1 5
e, ELAACFE A A 45 f AR P 1 e Bl | WO R LR 7
o WSV R, HEE(Pampus argenteus)
W LEA R Z % e T 4T 12 h iYiEk S,
AN ) 25 B 2 I A B BT L IR RN AL IR FLARR % i 4
B T, AR AL b AR T i A

FEAK. DRIEERES, 4325 I )@ 8B 1 49 (Osteichthyes) |
fii )& H (Perciformes) . % #} (Carangidae) . #H % J&
(Trachinotus), 45 X 8865 465, LR FEE S,
A5 PTG R AR R, R T A TR TR b X 4 5 Y
VP i 2 T A0 20 2 — 12008 SR DL 3 B W 3 ) 38
TKAR K BT R DRI B8 6% 40,15 52 i B AH DG H B . ABRIE
BROS A8 FONIETE XS G, R SRS 2% A 78 400 i
Jr3, s 8 h X LU AN [z i 4% B 1) B TR B 65 £ 1 X
iz i K BRI (T) . PRBEEE (pH) . i 8L (DO) A A
(NHy-N) A5 o [7] B 380 4ok 0 A () %85 B8 i3 %of DRI
8 % £ 7 PR 2H 2 b #5 S e Wi 0 O A2 Ak, DL
HAACFE PR TS ARk, BB 50 R 65 65 i 1 O
FREE, DA B0 8 SR 62 (0 i R s % B, M
HB . mR s R A Ee SR
1 AeEF®
1.1 XA

B JE 68 % fo 1 M o B K B2 i 5% B e T 7K
FERRGE T BT K PRSI & Tty SRR T R | A
FToM WG J15m . RS AR ) IR TE SR 5 fa T, fa Rk
KR (5.36£0.60)cm/ &, A& N (3.04+0.71)g/FE .
HRRL A% % 5 70 A i 2R T 3R A A 7 R B A
SRS SF o 48 cmx37 cmx22.5 cm, BEESEAE
T MK 4 400 mLOK I 29.5°C, £hJ3# 32, pH7.96).

1.2 ABIEE RIS

WIS E 3 NEEL(D1=9 kg/m’® .D2=12 kg/m’
D3=15 kg/m®), BIERA%%F N %5 A B8 (Acanthopagrus
schlegelin)fa i 15, 20 Fl 25 J&, BAKE 3 P17,
FASK SR ATA R, HIREZRESR, RAZEN
FUGE ST RV B A, R R 1h R ST
DIMERS S5HKIRA . 8B m a8 )E 5 ka8t mE
FETRA N, AR KBTI T 8 h, &
AETFFHLIRH, 2 i s R) MR A% =2 i 8 R Y 56 T IR iE
WA SRR E . FRs A R SE RS, KA
JEE UL o N R TR K R OK IR 28.5°C,
32, pH 7.92).
1.3 #&ERELLRHH

FEIE R TT AR IR AR SO X IR, 7F 8 h &
iR, W3 AR B A B RE S R A SE IR A . AR
RSN 3 ARy AKHFE A S R0 A o KRR
TEFH T E sk ks T, pH, DO Fl NH,-N (15
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w8k, B Hitachi R A SRS THII%E pH, DO
T, MESEHS, B 500 mL KREFE T KRR,
NH,-N R EARE N . 2 T HFBRE G, Tk b
Wi HC 1 mL I, BUE)E, A EXPERT 18K-R ¥
HEOHLEL, 3 500 r/min, 2.0 10 min, 753 1 7
FESh o AL S T RR UK b EAT A 350 5 4 BB D 2H 42
DT KSFARE, 4% 1 9(g/mL) LBlmA 9 £
0.86%E Fi£h 7k, ] DREAMEL ®FE XA, J5 ik A
EXPERT 18K-R ¥4 ¥ .00 4L, 2 500 r/min 5.0 10 min,
W FIEW, B T-80°CHRAfF. (Rt Ay T
FRBIF S BT 0T 2 1 3300 0 A5 I 0 B Ok PN 1 7 4 £k
YIEALEE(T-SOD) . FLIR N A A (LDH) . i %A 1k & i

(CAT), ﬂl it ALY B (POD) 15 1 DA % I 375 4 LT
(CRE)& . A NHEE M (GPT) FI4S B4 4 B (GO T) T

J1; ﬂi,fm{ﬁ 7 5 B (COR) H 5 12 A4 779 5 e FH VL 7
B YR A R AR, D Mg # 25 BE(GLU) &%
=l E R & Ll A2 A FRAF

1.4 %t o#

SEISECHE SR SPSS 18.0 #EFT AR 2 22007
(one-way ANOVA analysis), H] Tukey 7 stz fi hia
J5i 45 12 By 2% i 2 0] %) U G 2 6 M R i v A PR A
EFER R 2E S 1, WK IRE A P<0.05,

2 #R
2.1 BEMBUBHEIIH RS @G EEE

Bilia i sc 817 8 h J5, D1, D2, D3 A[E%

J£ 21 Y BRI B8 65 Y £V A1 R 3R 100% . 18 Hrsh

Ja, BMATEHKRZGENE SR, KE RLF, 72 h 5 A A
25 2 A 05 AT N 100%.

22 IR Eas A B LGB
IR % oR)

LIRS I A2 8 h J§, D1, D2, D3 AN

W) % B 412 fk kP i DO & %H‘ﬁﬂ(ﬁiqﬂ

T E A 1) T(E 2)%[1 pH(& 3){A

12 i 2 T B BN A A S AR . A TR T 4

T NH,-N(E 4) 75 5 s b B 3800 s T3 4,

Horh NH,-N i &5 5 i 35 5 70 B 20 (P<0.05, R IA).

23 AR HEBBEREEMAEN &Y
FF R P B8 A7 69 RALHLAR

2.3.1 T-SOD EH
S YRS FE A S T, D1 ORI D2 %5 BE 4 i o

TE 8 % 0 1 IR 412 b (9 T-SOD {5 /7 5 % B8 41 76 .
F2E5, DI SGX MAfFAE R E XS, D3 BEMR
TR (A 5),

251

DO% &/(mg/L)
> o S

W
T

D2 D3

K1 RFENE SRS IE S a5 iz ik Aot DO 5 &Yy
ARAL L

Fig.1 Variation of DO in water under different transporta-
tion density stress of Trachinotus ovatus
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Kl 2 ANIF IR B8R 6502 i % L 30 s f K iR T A2 4k
LA

Fig. 2 Variation of water temperature under different tran-
sportation density stress of Trachinotus ovatus

101

8r o\!\‘\i

6,
jum
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2.

%ﬁfﬁ;é%&/k‘ DI ' D2 ' D3
B (kg/m®)
El 3 R[E IR SR 6512 4 2 B a6 S5 i2 i KAk pH i 4E 1
F

Fig. 3 Variation of pH in water under different transpor-
tation density stress of Trachinotus ovatus
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ﬁﬁﬁ/k DI ' D2 ' D3
B (kg/m?)

Bl 4 ASTR) BRI BB 6542 b 2% 1 i aE
AL LA

Fig. 4 Variation of NH,4-N content in water under different
transportation density stress of Trachinotus ovatus

Ja B KR H NH,-N &
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a ab ab
100+ ﬁ T b
/OTD
£ 80t E
=
E 60}
]
S 40r
F
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0 e 1 1 1 ]
BrefiEr K D1 D2 D3

BHIE I (kg/m’)

BI5 AN iz i o B2 3 i BI85 0 5 HFAE 2H 41 T-SOD

ALk e

Fig. 5 Effects of different transport densities on T-SOD ac-
tivity in the liver of Trachinotus ovatus

2.3.2 LDHEH

SIS E I ARG, sty LDH &
JnE 6 i, %R iskmiiadl D1.D2.D3 iy LDH
G HBE R TXEAKF, D2, D3 TREXES, &
FX5T D1, EKKEE 2% B in, LDH I
J1 WG
2.3.3 POD I f

SRS SRR s s, &4 POD 1% J) 4
Kl 7 fir7x, D1.D2.D3 411 POD i J) ol # 25 5, {H
¥ AT . 2% )5, fikRy POD i J) 3
REAR
234 CATHEH

ZIRRHARE I A s 5, D1, D2, D3 41 CAT
WO RERETXE4H D1, D2, D3 4l &2
S(E 8), g Ui Ldiatms, Min CAT iE 1

FH, RS E f e R R 2 AN R

6000F ok > ?
§4ooo- %: % %
2000} %: o ]

zﬁ@i/fiwkl ' D2

g

B B (kg/m®)

K6 AN[)iz i % B2 138 Jm DR 85 65 0 T IEZH 20 LDH
5 1 B A
Fig. 6 Effects of different transport densities on LDH ac-
tivity in the liver of Trachinotus ovatus
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Bl 7 ASIEE $ s B i )5 R E 85 65l E 440 POD

ALk e

Fig. 7 Effects of different transport densities on POD activity
in the liver of Trachinotus ovatus
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Fig. 8 Effects of different transport densities on CAT activity
in the liver of Trachinotus ovatus
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24 RRAFHGBBEHEEMAESEY
Ao WP B8 AT RALHLAE
24.1 CRE &

EHIE T, MM CRE & &AL 5
WE 9 fir7R, D1.D2 iz i % B2 20 h (A 1L 3% i CRE
i X IR AR b, R T X R AL, TR R A
(D3)Y CRE & i i35 T X A, 4501 %, 25
ia T, il imith CRE &iE&ET BEMZLL,
bt 2 iz i e FE A 38 i, CRE & 32 Wi i

101

_T_
o o

)

=)

ER . )
@?%4 % T T
o 4F

g o

(.)2_

Brifi K DI D2 D3
& (kg/m)
Bl 9 AN[Ez i % e S IR SRS g CRE & &M
AR
Fig. 9 Effects of different transport densities on CRE activity
in the serum of Trachinotus ovatus

242 COREE

g R AB G, N PR asfa Y DI,
D2. D3 41y COR i& G % 2 5%, (HARNE = T Xf
M4, VPHFEZ A, M COR S ESA W
FEHSNE 10).
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Fig. 10 Effects of different transport densities on COR acti-
vity in the serum of Trachinotus ovatus

243 GLUEER

HH AR E M R A e, I0IY B 6% 4 I
Wb R R A R S AR L an &l 11 iR, D2, D3
12 By 9 A AR IS TP Y GLU &5 & 5 0 R4l A HE i
AR FEES, B DI 4R GLU & & 8 F KT X
HRAL ., RAOR U, A VR (0 R A o i 5 s
JE R IEA G
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Effects of different transport densities on GLU ac-
tivity in the serum of Trachinotus ovatus

Fig. 11

2.4.4 GPTEN

SRR stz fe, D1.D2.D3 41 GPT
B TR R, H D34 B ER T DI A D2
H(E12). WNEIFREE RN LIS R Bhs, &4
GPT G JJAHE T % ALY 1 & 38m,  HL b6 12 i %%
FERIE I, A EI

80r

b

60 b

40t

GPTi&% /1/(U/L)

20F

EULLEYIN DI D2 D3
B K B (kg/m®)
K12 TRz b B e s BB B8R 65 i b GPT 1% 18
AR
Fig. 12 Effects of different transport densities on GPT ac-
tivity in the serum of Trachinotus ovatus
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245 GOTiEHN

IR E M R s f5, D1, D2, D3 4HH
GOT % 1 % & X 4], D1 il D2 41 GOT i J1 &
i FA8 4k, D1 Al D2 &3 5 T4 IR 4L(F 13).

120 .
100 Q Q b
= wf N\ ;
i\ \ &
i 3 NS
0-§%k|§§| N

St I D1 D2 D3

1Bk HE /(kg/m’)
P13 A [l i B a0 I IR SR 62 003 GOT 16 1
AR AL

Fig. 13  Effects of different transport densities on GOT ac-
tivity in the serum of Trachinotus ovatus

3 itk
3.1 RE 9P 8842 15 4y 5 B 8 &t 15 #y oK

N RG]
3.1 KiE

B — oK A= A WA LA A7 I A 3 TR B Y T
TE I ] PN 2B W AT A 1B N A B AR ) e R A
0 PR AR K OF o 2% fedt B 45 IR 9 36 WA 7 3 i oot
PR, 3 Y R AR PR R R, W] DA K Bl R
PR ACT AT B BEAI, Wl FLRE 4. PR HE ORI HE i,
B 1 A B ) 3 fiy K ™ 2l ) e 4 BE R SO A TH R
aob R A el DA K i B HE S I P A i K AR S g, )
— 7T, BRI R AR A M0 T, ke kA
D]l 45 1T 3 S A PR e 4, 48 v 3 B 1 BT 26 BR TR
BE 65 (1435 VR Y0 FEI7E 18°C~36°C . A 521012 i /K A4 W) 1R
WEER 29.5°C, INAVKASHATH I sz 8 h Jq,
D1. D2. D3 WmyiRBE 5% 20.7°C. 20.7°CHI
18.5°C o King ™75 Huaz i (4 7K 7= i ) A= 77 A0 3L B 7 5
WHEIN, B 10°Ciz K AoKiR, 25580 1K™
fh 50% 26 A7 1 FE S DL R K 7 i 2 2 ) I 4 HE i
o ARE IR EAIEEE 10CA S, HARTE
LR BRI IE VO PN, o B DN 6B % 1 A8 i
3.1.2 KR

IR AR R 0 S AT ARSI T 2 38 e 1y 224

A, [ B 2 A AR 15 W B ek D, K BT A
KR 7K A AR W e A (g R A A7 20 5 . Js K AR
T AR A ) 2R PR A A KR, B K A
TR R AR PRI A A . 2 LUK O B
I, WAEASORIETTRIRAC, BOIEAGE . A E
o B S B RIT I R E, T 22 S (R AT R Rk
) e S A Rk, 7E S i R v i
WA A o i R AR AR e RS . A b, oY
TE B % fa R TR I AR, (H 7 38 B i B2 o OR R AR,
HARTEAARED L, BAREESRE 72 h fF1EF
54 100%. (HASHITHBRAME, F27Yh =
Ak, 5K A IR, FEARKAR pH H. &
HORUL, #F% K7 i pH (HAS TS YU I FE 6.5~9.0, 78
iz 8 h 5, D1, D2, D3 4 pH {H45 Br FI%, RIAH
Al B i R R, pH {H B AR TG [ 5 i Sy s i
A KRB E s g &, TN KR
R AR TR, A AR i HE ) B B A AR K
U R, N RN B S R v B R R
T 2 5 32 By K AR AR ARV ik, T B B4 A il ) 2 B 3 T
)RR BT, B e A ER S BH ), DT R O R
e, B B BN Y R 2k B
FPg, CEASHT . ALET, D1, D2, D3
SAN O L RS B, HL 5 S i R R OE
FHOC, A B B A TR I 3 25 7 (P<0.05) . T
K amdfd, EFad a8k, X
FA b oK, sl (A O il o o el 2 K B Ak, (R
UEIZ i T R 5 i
3.2 FEEHMATIIN RS & AT A

LAFR
3.2.1 T-SOD. POD. CAT &}

TERT R AR 2 i E HE S R 25 77 AR TG PR 4R
HH J& (reactive oxygen species, ROS), 7Eif B A
BT ROS BYF=A AUEBR &b F P HRRES, A
WU A 005, I ELAE 447 40 M 35 1k 7 1 ok %A
o BRI . mIRAUKTUES AT, &
FEAE B RCEE ROS, T i%2E ROS USRS BEA R 943
fife, o BN AZ I, DI fAR AR B 1T S Ak
AT A AR = R AR €2 05 = NS = ST RU AT 952
JNf 1) B S A o AR T IR T AT T
BT A AL R G0 SAH SC g JE R 35 (i SOD ., CAT
POD). JEMFHL AL 2 G0 (a4 e H ) A5 45 Sy it Ak 4
o SR T B S5 e 28 AR Ak R SR REIR T BILAAR A
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WA, SOD 2 HLIAR P 7™ A2 1 ROS 43+ i Ho 04,
1M CAT 3R] LIKE Ho O, 38 JF A 5T F1K, DT T 55
ROS XFHLIARRZ MR, DA 247 41 LA 9 15 5 2E
FEENPY CAT X& POD Wy—Fh, ARIIE T
T-SOD. CAT F1 POD 1y{f Jj, D3 415 D1. D2 411y
T-SOD ¥ J1 SXf M fFfE 8 25 5, D1, D2, D3 4l
() CAT {71 . 3% & T X IR, {2 POD ¥ 77 b AKX
HRAL . 25 3R TR P 65 65 f0 1 2 RS % T R iz
s, BRI R 65 a0 Rem s AL A B B R b aE
FEA R R, AT 4R SR O R 0 AR AR (H
BEA v, RTREEE S LR N R T KAt [ i A, B
AL, BB RILRE S TR, S8 D3 4l
) T-SOD % J1 W EMLT D1, D2 X4, CAT
i D E 2 0 POD & i il 3 PR AR 2 T
Wil ROS i &, 40N AR F R Rk, BOE
CAT P AL, TGP P,
3.2.2 LDHEH

LDH J&2 5 iR 18 5 1B W06 21 1) S5t ity
AN R BN AE AT, 38 AT LA i i Ak 79 I R 5 L
W2 B PR EE AL = A RE P20 LDH 3% 1 i s AR I
R, HR T A PN A R R R 2 AR R BRI
BF, A a¢ LDH (3 B 2k BLIE S i, At
LDH A —F i 1 JC 2 AR KA 48 45, LDH
FEPEA it i e BT S XY iRy LDH
AF TR, ARt p, ZEkbhi 8 h 5, DI,
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Abstract: This study was conducted to determine the effects of density stress on water quality, survival rate, im-
mune enzyme activities, and serotonation index of Trachinotus ovatus and to determine the appropriate transport
density to provide a reference for the scientific transportation of 7. ovatus. T. ovatus (body length 5.36 £ 0.60 cm/tail,
weight 3.04 + 0.71 g) were simulated transported for 8 h at three transport densities (D1 = 9 kg/m’, D2 = 12 kg/m’,
D3 = 15 kg/m’) using plastic bags in a closed oxygenation transportation mode. Results showed that the survival
rate of 7. ovatus in the three density groups was 100%; furthermore, after 72 h of transportation, the survival rate
was still 100%. After 8 h of closed oxygenation in the plastic bags, there was no significant change in the DO con-
tent of the transport waters of the three density groups. The T and pH values decreased with the increase in transport
density, and the contents of NH4-N increased with the increase in transport density. And rising, wherein the content
of NH4-N was significantly higher than that of the control group. No significant difference was observed in T-SOD
activities among D1, D2, and D3 groups in the liver tissue (P > 0.05, the same below), whereas in the high-density
transport group (D3), there was a significant difference in T-SOD activities between the two groups compared with
the control group (P < 0.05). The LDH activities were significantly higher in the density transport stress groups than
in the control group, but there was no significant difference between D2 and D3 groups, whose LDH activities were
significantly different from those of the D1 group. The POD activities showed no significant difference among D1,

D2, and D3 groups, but they were significantly lower than those of the control group. Regarding the CAT activities,
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all the three experimental groups showed significantly higher activities than those of the control group, and there
was no significant difference between the experimental groups. In the serum, the CRE activities of D1 and D2
groups were significantly lower than those of the control group, whereas the D3 group showed significantly higher
activities than those of the control group. The COR activities showed no significant difference among D1, D2, and
D3 groups, but they were significantly higher than those of the control group. The GLU content of D2 and D3
groups was not significantly different from that of the control group, and the D1 group exhibited a significantly
lower GLU content than that of the control group. The GPT and GOT activities of the three transport density groups
D1, D2, and D3 were significantly higher than those of the control group. At the same time, the GPT activities of
D1 and D2 groups were significantly lower than those of the D3 group, whereas the GOT activities were signifi-
cantly higher than those of the D3 group. Density stress had no effect on the transport survival rate of 7. ovatus;
however, it had an impact on the water quality, immune enzyme activities, and seroconversion index. In actual
transportation, the plastic bag is sealed and oxygenated, and the transportation time is less than 8 h. Therefore, a

density of 15 kg/m® of T. ovatus is suitable.
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