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3.09) mm. PSR EN(0.11+0.04) g 5256 FH 7K
SRy S5 £ 1 3% it F i 3 K, 7K3R(27.97+0.24)C,
pH(7.66+0.03), DO(6.49+0.40) mg/L, i 5 B
(0.36+0.12) mg/L. iz %48 7925 cmx50 cm§
LA e e dg

1.2 XWwit

KRR 205 R e SR A s ks,
ST b e A8 B =50 2 — K (215 L),
N J5 Al 2 Je e R IEIK B -1 iUE AT N
FE, AR S AR L5 TN IR &, SR FH 4240 A [
Wiz 10he R3>SR 2K S5, 18 5% % 20,
407180 g/L, iZ#is} /8] Jy2h. 4h. 6h. 8hAI10h. 3t
ISAAEERA, AL A
1.3 HmRESHH

B aE AT, B 7E OB [l AL ik B 28 R 3 41 fif)
102 A N¥IREM . fE2hy 4h. 6h. ShAT10hI, HX
AR AR FRZH, W 5E K B AEBR T R AR FE Sl f . fEFTTT
AR, ST EDSR FTHACH HQ40d /5 48 30 /K 5t 20 #r
A0 5 KR K IR . DO KpH, FHRA7500 mL/KAE
FIE SRR &AL FE A S BE L% L 10 2 1 I 3R
N EORAF, T D€ 40 fZ il . LR Mo hk
TLE .

RS 5t 8B E DK S5 TR o TR
% R 22 ML (PBS) i I 2 R ds M FEAR B 3R 78 7,
#05min(5000 r/min) e FIEAFI . A2
JR B E R FH 028 7 B BEELIS A 57 & (CUSA-
BIO 2 w))l5E  FLIR M WE 7o & &R H B s @ Ak
W) TR TR 0 S . R F 0 PR
Syee s E.

D72 25 b 30 0 1 PR KRR B (n=30), IR
SHTURE 6] 4% (0 fe 6 N0 ST R4S (1 m) P 2224, id
SEAET S
14 BUBRIES S

SIS H 1) LP 5 {H AR 1 2 (MeantSD) R R,
Z2Excel20104b 2] J5, Uiz i 25 FE A3z Ha i (R4
H A% &, K F SPSS19.0 5Kk 4 47 XU & 7 2 43 Bt
(Two-way ANOVA), [A] i il & Hrp — AN R & K
F, R Ah— N LR R U7 22 43 HT, Duncan (G
R S L, B KTP<0.05.

2 #FHR

2.1 EBHIEELEEERLAHNEEE

5 5 IS ) R R 2R 0} A2 i e B R T AT AT A
A7 1A B 58 HAE M (P<0.05, % 1). 1E
iEHAhG, 20 g/L% FE A 75 R B2 m T40/
80 o/L3 & 41, {845 P L A7 1% R I AR FF ££99.00%

R 1 WNERSESIEMEE MR 6 EEILL AR B
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Tab. 1 Summary of two-way ANOVA results of effects of
density and time on cortisol, lactate and glycogen content and
water quality

A% KU Source El B BEdf ¥ 5 Ms F P
244735 % 24h livability
% J¥ Density 2 0.977 5110.965 0.000
5} ] Time 4 0.557 2913.971 0.000
% Ji < I [A] Densityx Time 8 0.066  343.669 0.000
1% ZError 30 0.000

A% & Total ammonia nitrogen

% J¥ Density 2 1249.470 3143.821 0.000
i 18] Time 4 317220 798.166 0.000
B <[ [A] Densityx Time 8 45346 114.096 0.000
1% 7 Error 30 0.397

7 Dissolved oxygen

%% & Density 2 1361.44510005.0680.000
It [/ Time 4 5372 39.479 0.000
% i x I [A] Density x Time 8 4.194 30818 0.000
% % Error 30 0.136

pH

% J¥ Density 2 0.820 1066.275 0.000
i} [H] Time 4 0.051  66.202 0.000
% Ji < I [A] Densityx Time 8 0.001  0.935 0.503
1% ZError 30 0.001

J% 5 Cortisol

% J¥ Density 2 1012214 61.126 0.000
i 18] Time 4 2767.397 167.118 0.000
B % <[5 [A] Densityx Time 8  261.049 15.764 0.000
1% 7 Error 30 16.560

F.H: Lactate

% ¥ Density 2 0.254 2487 0.100
It [/ Time 4 2.896  28.409 0.000
% i x I [A] Density x Time 8 0.013  0.126 0.998
% % Error 30 0.102

B 7CGlycogen

% J¥ Density 2 0.039  5.494 0.009
I} (8] Time 4 0.006  0.810 0.529
% Ji < I [A] Densityx Time 8 0011  1.486 0.204
% % Error 30 0.007

DL E(E 1),
22 THIESLEAKERERKE. DOKER
pH

25 R i) LR 2 56 32 i AR RS K AR 1
REIKRERA BEZHAEMP<0.05, % 1). W&
BB A] AT, A% A B A K AR R R A R
Thim, H20 o/L% A IS 2 Z0KRE B E K T401
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Fig. 1 Survival rate of Ancherythroculter nigrocauda after tran-
sportation
AN /N B 5 R R 7R () — I ) AN [7) %5 5 A 2 TR) A S 3 22 5
(P<0.05); AR S FRER R (7] — %5 BEAS R I8 fin i 1) 2 6]
F k22 5(P<0.05); T
Bars with different lowercase letters at the same time point denote
significant differences at P<0.05; Bars with different capital letters
at the same density denote significant differences at at P<0.05;
The same applies below

80 g/LEFEA (I 2A).

B R R X R 2R 0 08 g R R A KR
DO B B &2 HAEF(P<0.05, 3% 1), 207140 g/L
% FE L 7K AADOFEA [l Hi i [ f5 I 4ERFAE 14 mg/
LUL BB TEKF, 80 o/L% FE 4L I /K AR DOLEAN ]
BRI T34 T5 mg/L AT UL /KF(B] 2B).

IR R) X R 2 0 I8 B S A RAS KR
pHTE & #32 HAFH(P>0.05, % 1). B I1E 5 iH)
I RE K, 75 A R 2H /K PR pHES A W B AR, H.20 g/L%
A pH & 2 = T T 40180 /L% ¥ 41 (P<0.05,

K 2C).
23 EHRESNBAERAAALSERRE. 7
BEETSE

5 5 RIS 1) SO 280t 32 B S5 B R T AT i 1) A
7 s & B B AL B AEH(P<0.05, % 1),
TEIB It 2, AN [F) 2 i A BEAH 1) 4 0 R R B 7 i
B 5 T, TE6hJE H R, (2432 i T 12 Ao
7K F(P<0.05). HAEiz#i2h. 4h. 6hJg, 40H180 g/L
B R 1 R R A I 2 v 120 /L% FE4H.(P<0.05,
Kl 3A).

5 PR RN [i) 00 K] 2 % 12 i i B8 e a0 4 81 1 4
7L R B B G B 3 A8 AR (P>0.05), H 2 mis i
iR R LR S ' ) R B R R ORISR (Rl (R 1).
TEIBH I AR A, AN [F) %5 B AL R 2H 1) 4 1 FLIR & )
RETE, BT IE R A2 (P<0.05), (HLEFH
—IZ A (] (AN [ %5 8 4 2 [R) G I 3 22 5% (P>0.05,
i 3B).

B PR R[] 00 [R] 2R %) T2 B = B R 30 41 ) g 4

R 0 B B G R A8 EAE F(P>0.05), Ho s 4
TR A A T 1 R R R NS (R 1),
TEIZH2h 5, AN [F) 2 B Ab 340 1) A fa i T A R ROE
6 T 24 8 35 AR (P<0.05), 2 5 ¥ 4R 78 R 17K
Vo BHRhE AR EEANEaE TS ERE R
& % 5(P<0.05), {H1E4—10hizH i 8] T AN [ 2%
FEE 40 2 R) TG i 3 72 57 (P>0.05, ] 3C).
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I, AR R HT RS 2 R B R T2, T2
B N KA IR B S R B R T v, v R S
1005 £ 2 7] LA #(38.50+0.93) mg/L, HIKAZ A
WER Z R FEHBREENAFETFE. R
G (Carassius auratus gibelio)”" s FHMEHA(Cul-
ter alburnus)[sl\ K34t (Larimichthys crocea)[g]\ R
fix(Rhamdia quelen)m] R AALL B ST 7 SE B0t 35
7K A e B8 R0k FEE o 3 3 B B ) R 5 52 1 384 o
Z BT BRI, FEARBHR T S BN % AL i
“Je¥e 15[ Erythroculter ilishaeformis(Q)xAnchery-

P 3 @i oAb 2 4 A R

Fig. 3 Concentrations of cortisol, lactate and glycogen of An-
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cherythroculter nigrocauda after transportation

throculter nigrocauda (&) hybrid F, ¥ HEf1#)24h
LCso954.84 mg/L"Y, b A [\ v A 441 F B i tn
(Pelteobagrus fulvidraco)4)) i [1]24h LCsy N(112.25—
295.58) mg/L"Y, {EASZIG . 10hiE 15 K B A
RIKFE N(38.50+£0.93) mg/L, Fig BT BT
ST 481 7 iR} 52 0 B Y

TEAN R IZ i 18] 5, 48 KR SR FE R I
WK ZES, PR ELRHEE S TR EH.
TEIS I R R KRR, K48 N 1 S0 SUE 2 H fiR
ES P N I e R 1% o L N Yo = 7 (- S S
14.42—20.93 mg/L, {H4 iz i JE T fAAR IR e
YEF 35080 g/L I 1z i % B 41 1 SR A R 4 R 2
2.42—2.88 mg/L. XK WIFERO g/LIiski# fE T,
AR X K AT R I S R S T AR N R AR I
TR o X I A 114 32 B S 50 35 B B i i 2 3 3K
)RR R 3 T v, LR 5 R A T s ok
FHOCHIE LR B, AN [F RS B AT 21 6H %)) 1 )~ 3 =
BRN0.40 mg/Lc A7, IXH 280 g/Lis i % fE &
JEE I 4T A e £ VA T BB 5 B R R,

TEARSRIG Hh, 2520 1) 7K PR pHLS) Bl 12 i ) () S 3%
FEAI%, 80 g/LAHAE10N)5 FEAIKE27.0040.01 . FHOCHF 5T
R, TR ia T A 2R IE R SR, COS5R
7 A AR B 2 8 R A T K AR, BR AR K AR
pH ™\ W TR R B, B2 TR KR
SpHE YA %, B A pH B B T 41 6 £ Fk £71
RES I 2 B m R R EIRE N R —. REE
LR F N K I pHAR AT K K138 I B 7, 38 B
pHN4.6—10.2, 3& B IpH N T—9, &K IAA G 7EpH
6.0F110.0 17K H, £ KM 2 B 1", FEpHIK T
6. 5FRIINT A, 43 XA f8 PR A K 3o AR B
3.2 ZTHNEMEENERIEIASE K REE.
AR EET S 2RI

S TR T A A E 52 B b LA 858 ) S T 43 b
{10y — ol B SO R, R B 1 AR A T DA A
DSENIE ¢ i A i PS i -3 R vax: 1)/ |
SRHMRN LR SRR E T . ALK RY
AN )3 B 35 B T B R 0 A e (1 £ R I
B RAEIE I B W T L, HEEOhRT A B . TR
BRI 5 W, T RS BT f AR PR I B, R R B
S LT B, (B R E ST T K. B
WONB B, RPH B e 2 3 30 7= 2k
WO N, 3 R TR R 2 o e T, SR e
AL 5L Y I 9 7 Joi P AR EE o R ZEL 1Y) 18.6 ng/mL
TR 42302.3 ng/mL; S50 A A I3 T34 5 R
J&£M6.23 ng/mL, i1 52 345 38 )5 5 m ik 2
i$100 ng/mL™ ™, Z Sz FIRE 5 R80 o/Lis H %
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BN A R RS R EE S TR
B o [RIWIE Har it 52 2 5 N 2 5 B AR N
JR S B T =, AH SSHIE S R AL I8 S 4h R B A
[l A 8 % 6 1 352 B R R PE 341 0.5 18 4,005
X BEEy . (Danio rerio) 13z ¥ 5256 & L8 S T 46
J5 A 0 1 IR () A B RGN T 104 0, fEA
S R, AS[RLIS S FE TR B R I LT (1) A R o
& B AEIB M 6hI B8 Fi T (44.50+3.11) ng/mLI 0
T1L12f5 81,6715,

AR LR 3 E T LR AE (LA A E I OL T,
I HERE AR A . KRR S BAR. ARRIZNIEE)
ST SR AR FLIR S BT E e R ORBEARRI
(Oncorhynchus tshawytscha) IR 58 B R L, 2%
s SRR HA P AR S BT E . A
B, ANRSHEE T RELAF A RS &
Il 55 d i I ) ) 2 KT HH B BE B e, (H A2
B FE R, X R AR S E A = R 2
e RS R 2L ) R 8. A RIE i s i R A,
K fisinal A IR & & 40.57 mmol/g, Tiz4
JE %2 B T A5 1.21—2.02 mmol/g ) SMERf 4> o
LR 5 8 MISHIAT1.50 mmol/g 72 45 T+ = R is k5
[¥13.00 mmol/g™""’. 7EASZEGh, NIEIEH BT B
JFET 2160 A F PR = FHIZ HT T 1.41 mmol/g
Tt 2 2218 % 10h (1)2.89—3.07 mmol/g.

W 0 A FH R 260 W 45 6 T R SCBE 2 B, R Bh W)
A N (A A7 TR 2, A8 T %5 W G 1 20 il SR 4
IR BE AR R R . e A Szt v, B R T 41 i
FFHE A (R e & BB T BE ST s i 2 4,
AN [F) 32 B 18] RIS 2% B FF R 0 H it jl B 3 5
M. AECHE TR, A m Lk, g
W EBEL L. RS 2 SRR RS T
JULHE 7T IR FEAR, 8 A R 8 SR AE e RS N & it
BE IO A AR RE . 20 T 32 B A7 AR T E
FIWLAI LR, 5 155 (Coilia nasus) T 55K BHTE
28°C I AT AL LA LA 23 opi o 8 20 il
2.0F10.2 mg/g™; FEAR R KR T 4R 88 (Pampus ar-
genteus) T AEFLIAIZH 23 AR B8 e & =50 A N 1.26—
2.39F10.24—0.37 mg/g"""; 757 [Fliz 4 %5 B 1 £k i
K gy A 0 R RE OGS B S AT 194.37 mg/g
BAE B IE MG 11.5—2.0 mg/g” . FEA LR, 76
ANFE K% BN BRI 4L A B TS R g
BTHTH91.50 mg/gP# (% 2 12 % /5 110.85—1.09 mg/g.

4 ZEip

12 i 5 FEE RIS () % S R Al 20 A Al A ) A
BEREE . AFTER . KBS E BN MR A4 T '

HHE, HAAERE L HAN . ERe s
A AR AL P BB T S ARAE 1% AT, i ]
TR I 2L A HE S B e B — E i
PEo SRAA SR (is 26 15, fEI8 5 10T O T,
SRR ZL A4 HE 18] LK 3280 /LIS ¥ 2 2 iy
KT RLBR N, HANE 51k 185 J5 etk A K&
SETZ, fH80 o/LIiB i # E = T BUR AR WK K
Ji ™ E A, T SRR H A RIR B AR =, AF R
Ko ZREHEKPr R P R RAFR R, BE
A TSP 1 1) 3 B B 2 BL40 g/ LU % 4 {ELAE
iz i 1) ANl I 10hBCR B 23 32 53U, Al =3
Kish s UL 4 A o

SE Mk
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EFFECTS OF TRANSPORTATION DENSITY AND TIME ON CORTISOL,
LACTATE AND GLYCOGEN OF ANCHERYTHROCULTER
NIGROCAUDA

LI Pei', CHEN Jian', YU Deng-Hang’, LI Qing', WANG Gui-Ying', WEI Hui-Jie', SUN Ren-Li',
WANG Shou—Rong1 and SUN Yan-Hong1

(1. Fisheries Research Institute, Wuhan Academy of Agricultural Sciences, Wuhan 430207, China; 2. School of Animal Science and
Nutritional Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: To determine the suitable transport density of Ancherythroculter nigrocauda Yih et Wu, Ancherythroculter
nigrocauda with the average body mass of (0.11+0.04) g and average body length of (27.084+3.09) mm were conducted
with three density (20, 40 and 80 g/L) and five transport times (2, 4, 6, 8 and 10h) to measure cortisol, lactate, glycogen
content of Ancherythroculter nigrocauda and the water quality in the oxygen bag. The results showed that the average
survival rate of Ancherythroculter nigrocauda in each group was above 99% after transportation, but the difference
between densities was significant (P<0.05). The total ammonia nitrogen concentration of each group increased signifi-
cantly with the transportation time and the pH decreased significantly with the transportation time, and the differences
between different transport densities were significant (P<0.05). The concentration of DO in the low-density group of
14.20—20.93 mg/L was significantly higher than that in the high-density group of (2.42—2.88 mg/L; P<0.05). The
cortisol content of each treatment group increased first and then decreased, the cortisol contents at 4h and 6h were sig-
nificantly higher than other transport times, and the difference between different transport densities was significant
(P<0.05). The lactate content of each group increased significantly with the increased transportation time (P<0.05), but
there was no significant difference between different densities (P>0.05). The glycogen content of each group was signi-
ficantly reduced after 2h of transportation (P<0.05), and then remained stable. These results indicated that there was a
significant interaction between transport density and time on cortisol, survival rate, total ammonia nitrogen and dis-
solved oxygen of Ancherythroculter nigrocauda, and the optimal transport density of Ancherythroculter nigrocauda
was 40 g/L.

Key words: Ancherythroculter nigrocauda; Transport density; Transport time; Cortisol; Glycogen; Lactate; Total
ammonia nitrogen; Dissolved oxygen



