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200090;
116113)

MRAE 2013 47 1-9 F 1 737 % o M0 A7 IR/ B 48 5% v 7 46 5 AR B AT 4 IR 25 448, UL 3n mile/h

¥R IRF I = E1E N CPUE #6847, MEMBT TR S oM H#ATT 2. ERET, 1-6 AWAH
CPUE xR E, 7-9 A& A T, &i& X+ -F# CPUE AL 48.1 K& &, #(25.12+31.04) t/h;
483 K& 1K, #(11.49+12.06) t/h; CPUE {8 By % 30 1@ & 48.1 X KT 48.2 f1 48.3 X, 48.1 X iy 5 #
BATAE F E AT 0-100m & 2, CPUE 18 B4 25-50 m K B 4 & 5 ; 48.2 K UF A+ E 44 T 50-150 m
A B, CPUE f& LA 100-150 m 7K B & & ; 48.3 X iF# & E 447 T 100-250 m & Z, CPUE 14 P4 200
250 m KB B o MR IR E<S00 m YT R GE AR AT £ B A AT XA A 37, DUKIE<250 m By
K X it 3 T B 5 oA, T3 CPUE 18 %(17.54 +35.26) t/h, K¥E 250-1500 m B 3% A X 37 F
CPUE {E % LA/, 78 12.0-14.0 th Z [ 3 3 , {EAKE>1500 m Bf, “F-34 CPUE 18 % 2(9.62 + 9.54) t/h,
fE s 3ty k8 SST £ E £ 4 —1-2°C, % SST H —1-0°CH, F# CPUE & &E. HKHEEEL
WY SAEEWHIMER, EHFETA0dUE, BEEEFEREELETL, AEERETY
B 5 BB AR Y R AL Aot N IR R B A AR, PR RESS

KR WA BT #PE & ; CPUE #8%; W= 4o

FESES S931.41  XEFRIZEE A XEHES  2095-9869(2015)04-0001-09

B M HF (Euphausia superba) & H A2 B ] ik A
FEIERRY . A ECoh T 5 MR SR (IR,
2002; HEHESEAE, 2004) AR RHE AR S R GU O B
YR Z —, FREEARE TR Y 0 R, R
RS EFRREY (A 1G5, M R IHAD
T8 9 1Y T B RSk U (Everson, 2000; Nicol et al,
2008; PIMASE, 2009), FEHRBEIFE K0 il BEE T &
T 0 UL KA i W A 2 3R e v 1 o A 4% [ o o
M(EBESEAE, 20075 PR AR, 2009; 4% 1 2R 5%, 2010;

Nicol et al, 2003)., F&[EF 2009/2010 4 1E I 4h e
BRI B RS, E4CA 8 it e /s -5
W R IR SR 47 2 51 25 (CCAMLR)J 85517 77

A AR A A0 A T R R PE VRIS, i e B RV
DX i IR = B 4 fIk (Mller, 1986; Krafft et al, 2010). T4
B 5, JUH R R v e B B R R 1A 2 B S K
T A I K 288 31 X Rl (1 2 B X (R Tt 2
4220075 AREEEE, 2011; Atkinson et al, 2001 ; Reiss
et al, 2008). MTJLAE, Fl& H7 B i A0 95 BoR 1)

* NPT AL (M) BHIF L 35120120301 8) AV 3 Rl v AL W e EOT R A 3 H LRI %E . 22 2%, E-mail:

lixs@ysfri.ac.cn
Weks HIY: 2014-07-29, Wofgeicks H#1: 2014-12-03
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RAE TR F5E%, 20125 4K ETF4%,
2013), A2 L5 U IR R AT 14 ol 45 B it 52
CCAMLR 48.1, 48.2 il 48.3 [X #i 3k = 4 4F [u] J 5h 28
K, WG FEMERE IS R . FRIE AR FE 20092012 4E A
W], T 2 PR A BRI, ARV AR 1-5 A,
Vel i3s3 CCAMLR 48.1 FiI 48.2 X HYEGHZ K i) Fil g
B o SO R A J PRI K s, R P ()0 R4 T 1 47 ] A R}
TF J 1) B W B MR A B 0 A R Y (R B F- 45, 2010a .
2011, 2012, 2013; ZEW5E, 2012; 5K+ B4, 2012)
BA—E MR as RBRYE . 2013 4R T il A BR
3 EIF RN H A5 3 1 B BRI L L A B A, R sk
T 1-9 AR, L XEET
CCAMLR 48.1. 48.2 Fll 48.3 Xy F & ady, i~
RS KA T AR T ARSI 2013 4
LTI A FRA R “HESR1E” SR P4 I £ () i 45
Bl B2 W 5 B IS A AR DGR, X e A
WRAR BT 23 3 AT HEAT 204, B SR 5 B R VG 1 3
T BB T A e 37 T2 S 1 R i AR gl A R A I A 4
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b & RS2
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WY B A St e 7% 1D - A Y R TN S I L R E S
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BB JERE B 48.3 XA RE AR 5 W /K 38 1),
P 8 20 R B e BB T A 5 0 A IR 0 e B A ¥ 3
WA 2013451 A 8 H-9 H 3 H,

1.2 BAERFANE

TR M R AL T T ML A R 2 R A Al
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7= 1) #R % 2012/2013 a7 CCAMLR 48 [X gt} B iR (Euphausia superba) s I it 45 43 7 3

FEREATAREALAL B, 4 3.0 kn 5 A9 B LA
[ 7 b (t/h) , BAHAR M X 85 45 47 (CPUE) , M7
BB IR T 25 43

CPUE = c

A, CAMPEE(Y; T AHEHRARE(h), V N
LU (kn),
141 #R(SST) W TAFRLEEIFMIZH SST A
[, 4r#HT SST Xf CPUE 52, Hiffizk MS-2 AlifgsK
TREETTFIZMERY SST 1534 5 4N IX AL, 351 h<-1.0°C
-1.0-0C, 0-1.0C, 1.0-2.0°CHI>2C.,
1.42 KiE TR 37 1 K R AR A AR, 416
JEIRE R 43 <250 m. 250-500 m., 500-1000 m,
1000-1500 m F1>1500 m 3t 5 MEREEEH], 43HrK IR
5 CPUE Z KA,
1.43 ¥ RIRE R AR R o0 A AR TR OK 2 & A
2T R DT A AN TR] A 4 A P 5L BURE (7 4 8 TR

x 3

5 CPUE ZIHMC R, 3 IR BRI 3 i 7 559,
439 H<25 m, 25-50 m. 50-100 m. 100-150 m,
150-200 m, 200-250 m F1>250 m,

144 REWEEFHE ) B 5T 22 53 B
(ANOVA)KZ IR AR A . AR IX . AN [F 7K
ANl Hi BB 22K R CPUE 40 A7 2 35 A7 75
FMEZRP =0.05),

2 &R

2.1 BIE

“HRoR I R AR PV O SR VR 203 d,
Hil 1968 ¥k, miaskiE 25918.88 t, 1-7 A F-HyM =
HART 120 /M, FHHPEKT 11800/ d. NE 1
PIEH, 1-6 Ar=siBontae, 7 AFE TR, 9 A
FeEAl, WSS, Wka Dl 481 Koy E, HAM
AR 74.5%, 48.2 X 5 20.7%, 48.3 XAL 5 4.8%.

£1 EEBOABELEK
Tab.l Monthly change of yields in the Antarctic krill survey
Ay VRl T) Hi UKL PRy e 5 SFEH o
Months Fishing time (d) Trawling number (net) Average yield per net (t/net) Average yield per day (t/d) Monthly yield (t)
1 H Jan. 24 199 15.48+7.41 128.38+58.02 3081.23
2 J1 Feb. 19 172 15.28+8.06 138.334+52.22 2628.42
3 H Mar. 29 337 14.574£6.43 169.39+63.16 4912.35
4 H Apr. 16 162 13.46+6.45 136.32+58.65 2181.17
5 H May 29 286 14.57+6.84 143.75+79.81 4168.97
6 H Jun. 26 262 13.62+7.40 137.34+98.01 3570.90
7 H Jul. 26 255 12.10+£10.35 118.75+79.68 3087.67
8 H Aug. 31 272 8.07+7.88 70.87+56.51 2197.22
9 H Sep. 3 23 3.95+3.34 30.314+27.19 90.95
2.2 CPUE 2.3 HRINERKE

1-6 A3 H CPUE (ARG W8, (HE AT
FE, 7-9 AWZEH T EE(E 2). CPUE [ H P34 fE L
6 A, I5%)(24.75455.15) th ; 9 A&mMK, &
(4.4443.70) t/h, CPUE fHMEaLL 6 H B AR, X
Sl HERA L, Bk e H FEHTE
48.1 XAE L, T2k 1 48.2 XAEL, ANOVA K3
WY, NI 4 09 Mk CPUE 437 A2 7E b Pk 2% 5 (F =
116.55, df=1968, P<0.001),

ANl X )34 CPUE fEARfEHER, DL 48.1 X
B, ON(25.12431.04) th; 48.3 KEHIE, H(11.49+12.06) th;
48.1 X F-¥4 CPUE {H R Sh iR KT 48.2 1 48.3 IX
(Bl 3). ANOVA k53R, R X MK CPUE
OYARATAE M 22 S(F = 58.26, df=1968, P <0.001),

e R A AR AN 7] 3 7 1) SR A OK R 22 5 O, R

1001

CPUE/(th)
B [ [els)
[l (=) fen)

an
3]
S

N

(=

I

[\

(=
T

R

1
N
=)

T2 3 4 5 6 7 8 9
A #} Months
Kl 2 F¥ CPUE fHiY H Rl 28 1k
Fig.2 Monthly change of average CPUE
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%36 %

o PRAE R B2 5 R (36 2), 48.1 XUFRE L4y
=% i FK <100 m KJZ, MK > 100 m i, HRFERY
e 407 B AR RES R0 . HEREAL L 0-25 m k21
S 30p WHR % | 15 59.66%; CPUE {4 25-50 m 7K J2 i
%= 20f 5, MIER R > 100 m B, CPUE {HINW] & F .
) v S
s 10} 48.2 XUFREE B4 F 50-150 m K2, REZME
= of T2 B AIG o HEVEAL L 50-100 m 7K )2 AR B £
-10 TN T T 5 70.40%; CPUE {HL) 100-150 m /KJZ M. 48.3 X
fEL K3, ASD code WRBEEZL40 T 100-250 m /K2, /K < 100 m B,
Sl N RE 4 L5 TR N o = Wb Ve
Fig.3 Regional change of average CPUE W2, 5 41.82%; CPUE {HLL 200-250 m /K= A #%
*2 AREERKERTY CPUE E
Tab.2  Average CPUE in different trawling layer
#a1X. ASD code <25m 25-50m  50-100m 100-150 m 150-200 m 200-250m >250m
5 ] e
MIX_&IU\X& . 772 228 245 29 2 4 14
431 Trawling operations (net)
*F#3 CPUE 19.75+15.29 43.38+51.42 27.55+38.16 13.21+8.12 10.74+11.61 10.77+£5.54 11.74+4.26
Average CPUE (t/h)
*@IX_&”}},(%& . 2 6 93 19 4 1
432 Trawling operations (net)
¥ CPUE 8234052  9.7249.92 12.8149.69 152341434 11844672 1439
Average CPUE (t/h)
-
*@M{Aﬁ . 10 131 230 149 30
433 Trawling operations (net)
"~ Py CPUE

Average CPUE (t/h)

2.37£1.46 8.60+11.64 11.23+£11.46 15.66+£13.20 7.09+6.95

Ho ANOVA Fi3u3RHH, AS[FHi 7K 2 A9 Mk CPUE
I AR B EVEE (F=36.17, df = 1968, P <0.001),

2.4 EIGHKR GBI ERF

T PR T B 1% B R 285 1 A7 W 7 K TR BE RS,
RE<250 m WyEKaIGERE R EE K, 144 CPUE
{B4(17.54 +35.26) t/h, 250-1500 m 7K IF K37 15
CPUE {H7254k#8/1N, 7F 12.0-14.0 t/h Z ]k 5h, {HKH
>1500 m i, 73] CPUE B F£5(9.62 £ 9.54) t/h(I& 4).
ANOVA 502, AR a3 /K IR MYk CPUE 43 fi
FETE B 5 2% F(F = 20.77, df=1968, P <0.001),

AHE X UCEICRT = e (W 2B (B S)RT LA, TS
TRIEE<500 m A IAFIRJE B UF 32 BAE B A X, BN R
MV A Y S S KIR>1000 m i, B AERED
AT R A4S

25 #IFFIR(SST)S CPUE X &

MR AL Ha 1% SST 434 i Bl E 245 b
—1-2°Czal, M4 SST AT -1-0CH}, FYy

CPUE/(th")

70

\L_ - ,{\I

of |1 |

FHXS 2 BE 4D

250-500 500-750 750-10001000-1500 >1500
377K % Depth of groud/m

Bl 4 AFEKEE#Z 7Y CPUE (A
Fig.4 Average CPUE in different depth ground

<250

CPUE {H#% %, H(17.08+40.66) t/h, 1Mi*4 SST 4bF 1°C
—2°CH}, “F#4 CPUE {H&AX, 4(11.96 =40.63) t/h,
SST 7E-1-0°C Fl 1-2°CH}, CPUE {8 %3 shii B 3 K
(Bl 6). ANOVA Fir£W], A[E SST i Fl iy M ik
CPUE M {5 i £ 5(F = 37.57, df=1968, P<
0.001),
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Spatiotemporal Distribution of Euphausia superba in CCAMLR Area
48 During 2012/2013 Fishing Season

LI Xiansenw, ZHANG I ichangl, ZHAO Xianyongl, ZUO Tao', ZHU Jianchengl, WANG Xinliangl,
XU Guodong®, MENG Tao’, XU Yucheng®, ZHANG Peng', YING Yiping', SUN Shan'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Provincial Key Laboratory
for Fishery Resources and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai
200090; 3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306;

4. Liaoning Pelagic Fishery Co., Ltd, Dalian 116113)

Abstract Based on the trawl survey data of krill (Euphausia superba) fishery from the vessel
“FURONGHAI” in 2012/2013 fishing season, the temporal and spatial distribution of krill resources were
analyzed with the index of CPUE which was standardized as the yield of 3 n mile drag distance in one
hour. The results showed that the monthly average of CPUE was relatively stable from January to June,
but declined after July. The mean CPUE on sub-area 48.1 was the highest with (25.12 + 31.04) t/h, and the
lowest mean CPUE was on sub-area 48.3 with (11.49 + 12.06) t/h. The change of net CPUE was greater in
sub-area 48.1 than those in sub-area 48.2 and 48.3. Antarctic krill aggregated mainly in the depth of
0-100 m in sub-area 48.1 with the highest CPUE in 25-50 m layer, but they gathered in sub-area 48.2
mainly in 50-150 m layer with the highest CPUE in 100-150 m layer and in sub-area 48.3 mainly in
100-250 m layer with the highest CPUE in 200-250 m layer. Antarctic krill aggregations were mainly
found in the coastal areas less than 500 m in depth which were formed as commercial fishing grounds,
and the highest population density was in shallow water of 250 m with the CPUE of (17.54 + 35.26) t/h.
The average CPUE was lightly changed between 12—14 t/h in the grounds of 250-1500 m in depth, and
the average CPUE was decreased to (9.62+9.54) t/h while the grounds was more than 1500 m in depth.
The ground SST was mainly between —1-2°C, and the average CPUE was higher when the SST was in the
range of —1-0°C. There were 5 major aggregations found in this survey, which could last more than 2
months with various densities over time. These results provide the basic data for searching Antarctic krill
fishing ground and fisheries management, and provide some reference for commercial fishing as well.
Key words Antarctic krill; Trawl survey; CPUE index; Spatiotemporal distribution
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Tab.1 Catch and standardized CPUE data for Chub mackerel purse seine fishery in the East China Sea and the Yellow Sea

#a3fHE Catch (10 thousands tonnes)

FO O REABIDUAN WAL o1 s chue
Year Chinese large Traditional local fisheries in (ton/net)
purse-seine Zhejiang Province Japan South Korea Total

2000 3.44 1.37 8.90 11.80 25.52 8.3
2001 4.10 2.96 7.80 19.10 33.96 16.7
2002 3.73 2.78 8.60 13.80 28.92 16.5
2003 4.28 6.56 8.30 11.50 30.64 17.4
2004 4,72 8.52 8.30 17.40 38.94 16.7
2005 4.24 8.41 8.70 12.00 33.36 11.7
2006 3.31 9.10 9.00 10.00 31.41 14.0
2007 2.83 8.94 10.60 14.30 36.67 13.5
2008 4.47 15.46 12.10 18.10 50.13 16.5
2009 3.52 12.93 13.10 16.80 46.35 16.6
2010 3.24 10.97 11.80 8.90 34.91 141
2011 2.34 17.15 11.10 13.90 44.49 12.1

1)

, 2008
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FARFEHEESH r. K. g WERBERSHIREEFNF, 2010)

Tab.2 Scenarios for different settings of prior distributions for parameters of the surplus production model

. S KR AL

J7% Scenarios Intrinsir,j ra'za{cff}izngrease Ca;ry%/:fciiity log(g)
¥34)4345 (1) Uniform distribution U(0.1, 2) U(50, 300) U(-20, 0)
IEZ0 45 (1) Normal distribution N(0.88, 0.44%) N(150, 50%) U(-20, 0)
XTECEZ 4347 (1) Log-normal distribution LogN(-0.17, 0.71%) U[log(50), log(300)] U(-20, 0)
. TR Upper and lower limits [0.1, 2] [50, 300] [-20, 0]

14 BESHERBEXEIHHITE

FIH /R Al K88 52 45K 2 (Markov Chain Monte
Carlo, MCMCO)B LR R AT mEAIKSE r. K.
q WJE AR (2N A5, 20105 FAph 4245, 2011).
RIS SRR E B WL 3. THERE, Jodr7iai
10000 Wiz HLEH, VUG ®Hs5 40 IRXTE5 SRt ir—
YA, PRz % 40000 Wk, dEFE4T 50000 Kz 5.
1.5 MWEFEEEKE

PLBGER R (Harvest rate)VE A . 916 40 1) B8 IR
BHURMS (N, 2010), UG IR —FP i 5 1 6
M (McAllister et al, 1998) . 75 AR R 3 HIBEE M 0,
0.1, 0.2, 0.3, 0.4, 0.5, 0.6 f10.7,

1.6 Gordon-Schaefer & 442 &5
TE Gordon-Schaefer 4= ¥ ) St |-, Fysdid:

Y2 TR (HIll er al, 2003) ., H AR R 4 1 4545 L OR
W8 T fe KA HR227 f (MSY) . S R4 3% 77 1 (MEY) Fl
A= ) 26 5% YA 55 (BE) S 1) 3R 7= B AN B A o 115
Lk 4.,

17 EMFSERMEFFESE QNIEE

AR ALY F S5 58 Fusy. Busy.
Fo1 A MSY A HAt | Foy Fl Byysy 7351105 3] MSY
KT B X B 50 T REORGE IR i, Foa M
S i A AR RN AR 45 SE T R EOC &R ih &l KRR
10%%F 17 B4 457 SE 1= R B (Hoggarth et al, 2006; Caddy
et al, 1995), /3L 3CHk (Hoggarth et al, 2006; Caddy
et al, 1995) 5% 4,

EAF¥F, B iR KA % & (MEY)
VE AT B s, mEAEY 257 5 (BE)E N KA
MR RR G 2% 5, ik, AR ERNLETE¥%S% 5N

#*3 MCMCiHtERKFERESH r. K. q WHKREIRE N, 2010)

Tab.3 Initial value for r, K, g of surplus production model of MCMC iterations
3 Fiy B G i K EEES I
Intrinsic rate of increase Carrying capacity Catchability coefficient
Y4543 45 (1) Uniform distribution 0.7 150 0.00001
IEZ4r AR (1) Normal distribution 0.7 150 0.00001
S BIE 254347 () Log-normal distribution 0.7 150 0.00001

R4 EMFESERNL

ERFEERBITEAR

(BRFr 4255, 2011; Hill et al, 2003; FR#T74, 2005; Hoggarth et al, 2006; Caddy et al, 1995)
Tab.4 The formula of the biological reference points and the economical reference points

& P57 15 Management reference point Fohr Catch i FFE T & %L Fishing mortality coefficient 4% Biomass
“ . . . K K
W25 7% 45 Biological reference point MSY = % Fisy :% Fy, = 0.45r Byoy = >
e L . . rKmn rm nk
2352422 5 Economic reference point MEY = Fypy = > By = >
. s . . o rem c
= ) 2 55 - 45 Bio-economic equilibrium  BE = o Fyp =rm By = "

e om=1-——, n:1+LKo roAWNELE AR, KON, ¢ AR, p MK, o u sl A

P9k P4

m=1-—5_ and n=1+
pakK pgk
price of fish, ¢ is the fishing cost per vessel

Note: ¢

. ris intrinsic rate of increase, K is carrying capacity, ¢ is catchability coefficient, p is
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S MEY I Yee, M35 B Faey. Bugy A1
Fge. Bpeo

1.8 HFEEEIRITEM KKK S HTIEIRHIERE

TR T4 37 95 o 0B DL 47 5 WS Sf Aty 4% 0k 4% B
TR M P14 STt 5 SR B S XU, BB A5 FHL 4 s %) B i) B3y
2012—2031 4F, it 20 45, @S IFEER 5N -

febr 1. SCMEGE PEORMS 5 2031 AFfinfa BY I
HEME (Baos) s

FEPR 2 SIS SR W U T L5 58] ) S A1 U i
Bmin;

FEbn 3 S A FH MR T 2031 A6 11 %5 P (Bogsy)
HREAR(K) Y HH (Baos/K), RIS A5 J5 A 5

FEBR 4 SIS PR S 5 2031 4G 1 98 U it (Booaa)
5 i KA Rpgk ™t 5 1) 55 U5 2 (Bagsy) B9 EUAE (B2osa/Busy)
IR

FEFR 52 B WS S0 e 2031 AFE8A 12 9 U5 (Boosa)
R T PSR W S it T 86 £ ¢ T 2 (Bono) MR P(Booar >
Baota), BN FHLA it S it F A O D A A B vt S
Jite HE G R R AR

FEbR 6 SIS FH MR T 2031 AR 111 %5 P (Boosy)
KF IR A E HIRS5 5 (Busy) LR P(Baosr >
Busy) » ' 27 B B 1t S I 1) 9 DRk A2 380 4k B 7K -
HIHE 5

FEbR 7 B HRME S0 5 2031 AFR 10 YE VR (Boosn)
INF IR R A W) F R 25 55 (Busyl 4) IHER. P(Baoar <
Busyl4), “E 27N PR G S JS 1 8 5 it AR

T b 8.: St A PSR WE 5 2031 A6 £ B 5 (Boosy)
KT HEW 255 HER S5 8 (Buey) I P(Boos1 >
Bugy), ‘BN E PRI S 25 A S R A AR 5

FEbR O+ 45 B W S it 5 2031 A1 B8 11 9 U ek (Bgaa)
INT B R R B BRI 27 5 (Bee) FIHEE P(Baoar <
Bpp=, ‘B FR/NE PRS0S4 57 O EE

Fabr 10 LBAS [A] 45358 A F SR T 1) J 199 (201 2—
2017 4F, 5 4F) , Hl](2012-2021 4, 10 4F)FIK 91 (2012—
2031 4%, 20 4R Rty i i BIF AT RS -

HRAE 138 2 SCRY 10 ANFE bR g o7 45 B R AR
W e, DAXIAS [R] i) 4 126 45 BROR W 2E A T 0 T4t o
PEA A5 0045 BRAR WS B 45 B, IO AE B8 IR 3P (Bnin 1
Booar) MBI A FH (B3R i . AUl Mat &5k 26
M2 g DUA 35 55 00 R AR ) Z RSP, el
PR 1 e mT LA S BB 45 desy . ELXURS di
AN R

2 HR

21 HRESHHERESHRPE

ANTRMB R 7 38R B S B0 A e R R S 5
MR A DU 1, ERMETT R (210 10) T (B 1-a),
BIEH K. q M5SR4, (A5 0 i
FIE—kMh L, WSS BER o1 5 LS s e o i 4
ZARK, XRWBIEXS S K. q W5 SR 10
A TARKFE A o X T 1E 28 4345 75 58 (] 1-b) FIX £5E 2
AT E(E L), B K. q WERMES S Hgk
B 434 2% S AN R (8 1-b FE 1-c), BV B AL 343
i HEA R M IE 284346 (P < 0.05) . 7 3 FhorZirh, Z%k
r W S A3 A3 A 5 S SR A A 25 UK

ANTRIMBAE T 8 T B A 2 50 T {8 (B 24005 5
MRS B W3 5. 2%k r B9 0.86-1.01,
Hrb, XBOESM 7 5 T i/, BT % N RoK;
BH K T FI N 161.0-165.3(07 t), H, XHUES
SIARTT S N BN, IR AT S N RO T3 MO %
TBHq HR/NLF—5, 4 0.13x10™,

22 HEWMESERMEFFESERNBERELH
EfE

XT3 A T 5, A MSY Sy 40.52 J5 t,
X BRI Busy 4 81.90 JT t; NN MEY F
Yer 43y 23.54 J7 t Fl 35.97 J3 t, B ¥ IR &
Bumey . Bee 775120 132.36 J7 t #11100.92 J7 t(F 6). X
TFIESH L, A K MSY 2 35.47 Ji t, HXFR;
(BRI Busy 4 82.64 T3 t; AHRM) MEY F Yye 30
g 22,11 J7 t A1132.90 Ji t, HXFRAYEVEE Buey
Bge 73120 131.54 75 t F11 97.81 J7 t(F 7). *T X4
IERA TS, MM MSY  33.69 J7 t, HXFRfK
BEURAE Busy N 80.52 71 t; fEEHY MEY R Y 53 511H
21.60 J7 t F131.59 J3 t, HXFR MBI Buey . Bee
51k 126.67 J3 t F1192.30 J7 t(5% 8), W LLA I, 1E
Ao M EES S 7 B AV E N 2 EE S
RN EES T E TN Busy BRINEEAT/NT
BI5) A 7 R AR R TR . 3 R R AR SRLY
Foiv Fusy + Fupy fl Fpp Z5 R 7 (F 6, £ 7 HI
% 8), ¥ NN Foa Fusy Fuey F1 Fyg,
S5 AR K T HAD B A 7 RAG R, 5 51
HETAMAE WSR2 %4 0456, 0506, 0.184 I
0.368, Fo1. Fusyfie/IME HIAEXEOIES T E (5518
0.387. 0.430), 1M Fuey. Feie/MEEIEES TS
TG 0171, 0.342),
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Fig.1 Plot of Markov-chain Monte Carlo traces (up) and density (low) for r, K, ¢ under scenario of random effect

() #2505 (b) IEZSME; (¢) MEUEEM

(a) Uniform distribution; (b) Normal distribution; (c) Log-normal distribution
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Tab.5 Posterior means and coefficient of variations (CV ) for model parameters for the three prior
scenarios and the parameters of the fishery management

) BUMK R e HECES((TA0N
I o raeer P00 TR s e
Increase coefficient
9514345 (HE) Uniform distribution 1.01(0.27) 163.8(0.24) 0.13(0.28)  40.52(0.33) 23.54(0.19) 35.97(0.25)
145434 Normal distribution 0.87(0.24) 165.3(0.16) 0.13(0.28)  35.47(0.26) 22.11(0.15) 32.90(0.20)
XBIE 254340 Log-normal distribution  0.86(0.27) 161.0(0.18) 0.14(0.21)  33.69(0.26) 21.60(0.14) 31.59(0.20)

. FES N AR R & %L Note: Coefficient of variation are shown in brackets

#6 MANHAETHENBIEESESNRITE *8 MHBESHSHAETRENELEESE SHRITE
Tab.6 The statistics of estimated fishery management Tab.8 The statistics of estimated fishery management
reference points for the uniform distribution scenario reference points for the log-normal distribution scenario
SIS R ZHUZT5 1,

A E 5%sMVEL 95% VAL
Average Median 5% quantile 95% quantile

Parameters/ e Parameters/
. Average Median 5% quantile 95% quantile .
Reference points Reference points

r 1.012  1.051 0.519 1.369 r 0860 0847 0498 1.259
K 163.80 159.63  106.58 234.32 K 161.05 15872  116.11 214.69
q 0.131  0.127 0.076 0.202 q 0138 0136  0.095 0.189
Fo1 0.456  0.473 0.233 0.616 Fos 0387 0381  0.224 0.566
Fsy 0.506  0.525 0.259 0.684 Fsy 0430 0424  0.249 0.629
MSY(x10*t) 4052  36.87 25.38 69.04 MSY(x10 t) 3369 3116  24.60 50.43
Bysy(x10°t) 8190  79.81 53.29 117.16 Bsy(x10* 1) 8052 7936 5805 107.34
Fuey 0.184  0.178 0.131 0.255 Fusy 0175 0170  0.131 0.234
MEY(x10*t) 2354 2212 18.85 33.07 MEY(x10" t) 2160 2087 1847 27.34
Bupy(x10*t) 13236 129.91 83.36 194.09 Bus(x10%t) 12667 12570  91.68 163.85
Fyr 0.368  0.355 0.263 0.509 Fg 0349 0339 0262 0.468
Ype(x10*t) 3597 33.84 24.94 54.82 Ypp(x10% 1) 3159 3014  24.23 4341
Bpr(x10%t)  100.92  96.08 60.19 160.81 Bpr(x10* t) 9230 89.83  64.49 128.66

RT EESPHARTHENELEESE SHNFITE 2.3 RRS AR 53 A
Tab.7 The statistics of estimated fishery management i »
reference points for the normal distribution scenario 29, 7E3MurEr, Bl Z MEN

SRISER g i swiE 95%Hik %Iﬁ?‘éﬁﬁ"s'zjf, HUCHIES i, MRS %
Re?:rr:rzgztgglnts Average Median 5% quantile 95% quantile Ty IEE b, DIMGRRKE 0.3 m’ M
; 0870  o8e4 o053 1236 SHEAS AT 3 A ST BOZR | GG A0 ) B S ]
X 16527 16313 129528 210.77 EA{H Boost 539124 108.15 J7 t, 103.49 J7 t F198.11 J7 to
g 0130 0129  0.088 0178 BN EMERE, HWGRR I E R 0.3 i,
Fos 0392 0389 0242 0556 Xof XU H8 AR FEAT 43 BT T T, DU I 1) 7% 757 340 5 i
Fusy 0.435 0.432 0.269 0.618 Jiti S 1B ) B AR R i R, DA T 58 hy {1 (49.38
MSY(x10°t) 3547 3311 2513 54.76 Jit), IEZSH SR(60.50 1 t). 3 AR A
Busy(x10°t) 8264 8157  62.64 105.39 S A ORI S ST 2031 AR AR 1A BE R (Baosr) 5
Fugy 0171 0168  0.133 0.225 e KT RS 7=t i 1) B2 U8 AL (Bagsy) 9 HLAH Baost/Busy
MEY(x10*t) 2211 2123 1850 28.62 WIER(EAR R T 1, o e Z B i Kok 1.34,
Bupy(x10°t) 13154 12960  97.70 17151 TEA7 F MR 1.27, SHEE 2505 0030 2 (8 i
Fpg 0342 0335  0.265 0.449 R 124 8 BRI 5 1) 6 05 A B it S it
Ypr(x10*t) 3290 3141  24.90 45.72 VORI HIME R P(Baosr>Baors) » 3 Tl 7 254331 % 0.51.

Bys(x10°t)  97.81 9464 6849 137.90 0.33 1 0.39. XS F B K 52 24 B K 1 1 A 5
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P(Baoa1 > Busy) WAL TS5, 3 Fh oA o 288,
A AR T ST 2031 AEGEIR KT Busy MR P
9 0.91, IIESS AR FIXEOER A0 E N P 43518
0.89 1 0.85; Sutb[mIi, LGSR 5t I HE AR P(Baoa:
< Bysyld = WGBS RAR B SR, 3 v 22480 0,
FNGETHMEARE, FEBRFRRE N 0.3 B,
3 PO T L B RS 5 b A T HELEE Ry 7 0
PSR IS fT 2031 ARG €0 P IR (Boos ) KT H 4
Br A2 1 (Buey) FIBER P(Bogs1 > Buey)#4 0,
UL AR SE AR T, A B it S IS BB A 48 B AR
e KALPIHER R 05 SUblEAT, ERhEE B SR m St
J&i 2031 AREG AT IR I (Boosy) /N T H LB 2E IR S %
FU(Bpe) LA P(Baosy < Byp = HIRAFAE, HAE B4
STt i 28 5 oA AR RRER P 4351 0.21.0.25 F10.26.,
MSIRGRR R 0.1 B, 3 Fhr g2 T H &5 2= A 845
FIAGTHESEIE R AR, I 9 il LIFEH, &SR
Mg S5 2031 AFff A PR i (Baos) K FH AT 4 H s

27 15 (Buey) A P(Baos1 > Buey) #8081, 5 ILIRIAT,
IR A SR G S JT - 2031 4F 66 8 R R (Booa ) /D T
HAT AR 2% 15.(Bse) FIMER P(Bogsy < Bz =#F M 0,

A[A) £ BEAE BRI T (5 4F) . TR0 4F)
I (20 4F) M Bty o S BIHFIIE WL 2, 7
HET, HkzR 0.5 wF, H it /R HHE
RR R, HAG] . AR I Y B A B R
84098 201.97 J7 t F1 111.07 /2IC. 436.04 J7 t I
239.80 127G . 762.86 J7 t I 419.52 42T (Kl 2-1); T %}
FIES I ERREOE S %, HEi = &R
ST A () B RAE A B Sk %k 0.4 1), Hi
IEA A 7 N L R IR A Rt i e Rt
FIE 45 g 177.96 J7 ¢ Fi1 97.87 4Z7C . 391.17 J7 t FiI
215.12 17T, 680.19 J7 t Fll 374.06 fZJC (& 2-T); X
BOES A E TR, AR e £t L8
AN 450 168.07 J5 t £ 92.43 276, 371.14 Ji t
1 204.10 /27T . 638.59 J3 t £11 351.19 {2 (K 2-TI).

*9 ATREYWIRER 375 RFEHEREELRITM UARRE 5 #1645
Tab.9 The probability of projected stock biomass from 2007 to 2011 lower or higher than defined reference points for
alternative harvest rates for Chub mackerel stock in the East China Sea and the Yellow Sea

g7 RES 32031 Bmz;iz BosstlK Boosy/Bussy Baosy/Bugy P(Byzn> P(Baz1> P(Baa< P(Baz>  P(Baai<

Harvestrate (x10°t)  (x10"t) Bao1o) Busy) Busyl4) Buey) Bgr)

0 163.80 89.14 1.00 2.00 1.24 0.71 1.00 0 1.00 0

g 0.1 145.20 82.33 0.89 1.78 1.10 0.73 1.00 0 1.00 0

E e 0.2 126.60 75.53 0.78 1.56 0.97 0.81 0.98 0 0.32 0
i (E 0.3 108.15 49.38 0.67 1.34 0.83 0.51 0.91 0 0 0.21
g’. i 0.4 90.39 12.22 0.57 1.14 0.70 0.35 0.76 0.02 0 0.68
g * 0.5 73.85 1.80 0.47 0.93 0.57 0.31 0.57 0.07 0 0.93
§ 0.6 58.86 0.17 0.37 0.75 0.45 0.29 0.32 0.15 0 1.00

0.7 45.58 0.01 0.29 0.58 0.35 0.29 0 0.23 0 1

0 165.27 93.75 1.00 2.00 1.26 0.92 1.00 0 1.00 0

g 0.1 144.67 86.64 0.88 1.76 1.10 0.92 1.00 0 1.00 0

g % 0.2 124.06 79.37 0.76 151 0.95 0.84 1.00 0 0.15 0
o AN 0.3 103.49 60.50 0.63 1.27 0.79 0.33 0.89 0 0 0.25
2 04 8317 1702 051 102 064 011 060 00l 0 0.85
g ;;‘%’; 0.5 63.73 2.80 0.40 0.79 0.49 0.09 0.27 0.07 0 0.99
S 0.6 46.18 0.29 0.29 0.58 0.36 0.09 0.07 0.19 0 1.00
0.7 31.40 0.02 0.20 0.39 0.24 0.09 0 0.38 0 1.00

- 0 161.04 97.98 1.00 2.00 1.27 0.92 1.00 0 1.00 0

<$ if 0.1 140.05 89.07 0.87 1.75 111 0.93 1.00 0 1.00 0

5 # 0.2 119.05 80.15 0.75 1.50 0.95 0.87 1.00 0 0.22 0
?_) % 0.3 98.11 56.79 0.62 1.24 0.79 0.39 0.85 0 0 0.26
% oy 0.4 77.66 16.33 0.50 1.00 0.63 0.14 0.57 0.02 0 0.78
_é;-{ ;ﬁi 0.5 58.69 2.75 0.38 0.76 0.48 0.09 0.29 0.10 0 0.98
s ES 0.6 42.23 0.29 0.28 0.56 0.35 0.08 0.09 0.24 0 1.00
> 0.7 28.84 0.02 0.19 0.39 0.24 0.08 0 0.40 0 1.00
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Fig.2 The accumulative catches and profits in short, medium and long-term under the scenarios of uniform
distribution, normal distribution and log-normal distribution
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I: Uniform distribution, I1: Normal distribution, I11: Log-normal distribution; a: Accumulative catches, b: Accumulative profits
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Bayesian Bio-economic Model and Management Strategy of Chub Mackerel
(Scomber japonicus) in the East China Sea and the Yellow Sea

WANG Congjun**, WANG Jintao*** CHEN Xinjun*?***, GUAN Wenjiang*?*

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306; 2 National Distant-water Fisheries Engineering
Research Center, Shanghai Ocean University, Shanghai  201306; 3. The Key Laboratory of Sustainable Exploitation of Oceanic
Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai  201306;

4. Collaborative Innovation Center for Distant-water Fisheries, Shanghai 201306)

Abstract According to the fishery data of light purse seine fisheries of China, Japan and South Korea
and the associated economic data during 2000 to 2011, the Bayesian method was used to construct the
bio-economic models of Chub mackerel (Scomber japonicus) in the East China Sea and the Yellow Sea
under three assumptions (uniform distribution, normal distribution and log-normal distribution). The
resource status and economic benefits under three different management strategies (short-term,
medium-term and long-term) were compared and the suitable management strategies were evaluated. The
results showed that the most estimated expectation (except for B,y under the normal distribution scenario)
of management reference points under the normal distribution and log-normal distribution was less than
that under the uniform distribution. It suggested that from the biological perspective, if the harvest rate is
settled to more than 0.4, the biomass after 2031 may collapse, and the more conservative management
strategy should be settled the harvest rate at 0.3. The probability of Byg31>Bysy is greater than 0.85, and
MSY is about 350 thousand tons. Likewise, if only from the economics perspective, the harvest rate is
controlled at 0.1, the probability of Bygs1>Buzy is 1, and the probability of Byg31<Bpz is 0, it is able to
maximize the economic benefits of fisheries and minimize the probability of economic inefficiency. This
bio-economic model based on Bayesian method will be a useful tool for management strategy analysis for
Chub mackerel.

Key words Scomber japonicus; Bayesian approach; Bio-economic model; Management strategy;
East China Sea and Yellow Sea
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Tab.1

Survey of fishery resources in Poyang Lake and Hukou Bali jiang River

K FE s Sampling site

%5 Serial number

PN Survey frequency

FBBHI Poyang Lake #F & Duchang
Hfi{it Ruihong
£ Lotus Lake
541X Conservation area & T Xingzi
FEZR W Chengjiachi Lake

KT Yangtze River 1117 /YT, Hukou Bali jiang River

01, 02 W HLR H 4% 3 YK Conventional nets three times
03. 04 HHLM EL4% 3 ¥R Conventional nets three times
05 W HLM H.4% 3 YK Conventional nets three times
06, 07 HHLW EL4% 3 ¥k Conventional nets three times
08 HHLW EL4% 3 ¥k Conventional nets three times
09 W HLM H 4% 3 ¥X Conventional nets three times
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Tab.2 Initial stock biomass of S. chuatsi
V| BESRE RS PIRTEIR BI46 PR
Body length ~ Sample Fishing =223 HiE
(mm) size size N w(t)
1 71-80 4 8084 3924843 37.02
2 81-90 4 8084 3748001 52.77
3 91-100 17 34356 3575392 71.79
4  101-110 33 66691 3381334 93.54
5  111-120 26 52544 3161104 118.05
6 121-130 28 56586 2961574 145.56
7 131-140 18 36377 2764309 176.23
8 141-150 31 62649 2593135 209.15
9 151-160 11 22230 2401736 24495
10 161-170 27 54565 2256387 283.12
11 171-180 44 88921 2084149 317.73
12 181-190 42 84879 1884803 348.81
13 191-200 33 66691 1697541 379.89
14 201210 35 70733 1535839 409.89
15 211220 17 34356 1377054 441.9
16 221-230 21 42440 1260567 476.1
17 231-240 29 58607 1141066 502.21
18 241250 27 54565 1011240 520.41
19 251260 24 48502 891660.1 534.98
20 261-270 12 24251 783978.2 553.4
21 271280 18 36377 705268.6 570.33
22 281-290 7 14147 618746.4 586.76
23 291-300 6 12126 558320.2 610.4
24 301-310 13 26272  502844.7 621.91
25  311-320 25 50523 436664 598.4
26  321-330 9 18188 351330.1 571.71
27  331-340 3 6063 302899.4 573.91
28  341-350 1 2021 269150.6 587.21
29  351-360 1 2021 241226.5 601.53
30 361-370 0 0 214879.5 615.34
31  371-380 1 2021 192011.3 625.43
32 381-390 1 2021 168581.3 627.98
33 391-400 0 0 146717.6 630.18
34 401-410 1 2021 128299.7 627.23
35 411-420 3 6063 109289.3 601.42
36 421-430 1 2021 88100.7 569.2
37  431-440 0 0 72764.7 550.94
38 441-450 0 0 60757.11  534.99
39 451-460 0 0 49875.98 513.67
40 461-470 2 4042 40111.23  459.68
41  471-480 1 2021 27890.09 386.17
42 481-490 0 0 19428.5 337.05
43 491-500 0 0 14152.28  299.81
44 501-510 0 0 9741.58 257.15
45  511-520 0 0 6181.75 209.06
46  521-530 1 2021 345526  116.6
> 577 1166081 49774399 19202

#3 MEHHABEKSFLRNXER
Tab.3 Relationship between the catchable size and
exploitation rate of S. chuatsi

}¥ﬁﬁﬁifin“n) Etv EwwEro Eso EwoEso Emn
110 0.369 0.079 0.272 0.176 0.448
120 0.364 0.098 0.277 0.185 0.462
130 0.351 0.125 0.282 0.194 0476
140 0.407 0.085 0.287 0.205 0.492
150 0.420 0.088 0.293 0.215 0.508
160 0.406 0.119 0.298 0.227 0.525
170 0.457 0.086 0.304 0.239 0.543
180 0.470 0.093 0.310 0.253 0.563
190 0.453 0.131 0.316 0.268 0.584
200 0.506 0.099 0.322 0.283 0.605
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FAOCAE L iz T 5 i T AE 4S4R8 Fn A K S 8P A
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T ARG, FiSAT T SZHp M AR A R 3 Ry 0 28 1 A
SHAG R ML T SRR (B ESE, 2014), 6%
MR R BRI, 1 S AR ) B AR AR, AR
K SRR P e 025 8 30 0T HE R 00 3 B 1 it R S
B, A IS AR KRS EUE 2 DU E (Pauly, 1980),
{HE A WFFE A B BH , /0 BH 6% £ 25 K o B A7 7R s 12 1Y)
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SR, R 30 7605 S 0 SRS A 11 1 R S B R AR IR A
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WFFE 0 E B, T s AT ) b A3, AR
L ARAR TR X b A S 2 1 7 P 0 768 I A £ Ak 4
i, A 8 A AR A T 2 3 70 9L T 3680 8 0 17%) . S i
1 SRS i N RO TRFIR N SN W 5 L s MRS M N O

T 10 AR, BEBH M 0 ISR RS R B KR
b /N, FEE BT IR AN T 7 B BEIR (TR B AR S, 20075
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F, I Gulland(1971)42 H 5 & T — i 0 35 5 id A
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The Assessment of Biological Parameters and Stock Biomass of
Siniperca chuatsi in the Poyang Lake

WU Bin', FANG Chunlin'”, ZHANG Yanping', FU Peifeng', CHEN Wenjing', XIONG Xiaoying?,
ZHOU Huiming', HE Gang', WANG Sheng', WANG Qingping'
(1. Fisheries Research Institute of Jiangxi Province, Scientific Observing and Experimental Station of
Fishery Resources and Environment in Poyang Lake, Ministry of Agriculture, Nanchang 330000;

2. Key Laboratory of Poyang Lake Wetland and Watershed Research, Ministry of Education, School of
Geography and Environment, Jiangxi Normal University, Nanchang 330000)

Abstract Mandarin fish (Siniperca chuatsi) is a rare and precious economic species of freshwater fish
with a long standing reputation because of its fast growth, meat delicate, delicious and nutrient rich. The
mature artificial propagation technology has created good conditions for Siniperca chuatsi large- scale
cultivation since 1980 s. However, the wild Siniperca chuatsi population is declining due to over
exploitation and environmental pollution in their habitat, which may cause the decline of genetic diversity.
Mandarin fish is one of abundant species in Poyang Lake and plays an important role in the lake
ecosystem. Based on Poyang Lake fishery resources investigation data, we assessed biological parameters
and stock biomass of Siniperca chuatsi using FiISAT 1II software. The results indicated that the length of
Siniperca chuatsi population ranged from 77 to 526 mm, and that the relationship between body length
(mm) and body weight (g) can be expressed as W = 1.888><1075L3'042(R2=0.951, n = 577). The estimated
parameter for von Bertalanffy growth equation was Loo= 551.25 mm, K= 0.210, and 7 = —0.601. Total
mortality (Z) was 1.06 a”'; natural mortality was (M) 0.44 al; fishing mortality (F) was 0.62 a’'; the
optimum catchable size was 150 cm. The exploitation rate was 0.58, which is in the situation of over
exploitation. The initial stock of Siniperca chuatsi in the Poyang Lake was up to 1.92x10" tons, and the
Maximum sustainable yield (MSY) was 4384.93 tons. The recruitment and young surplus populations of
the spawning stock increased significantly in the reproductive population. Low-age and miniaturization
tendency was obvious; however, the growth potential was still high based on the growth equation. The
results suggest that active strategies such as reducing fishing intensity of the reproductive population and
protecting the spawning grounds are imperative to maintain this precious fishery resources.

Key words Siniperca chuatsi; FiSAT II; Biological parameters; Resource; Poyang Lake

@ Corresponding author: FANG Chunlin, E-mail: chunlinf@163.com
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T
1206

Fig.1

1.2 EFEBA B RBEENELEH A

HEBE T VRN 1SR TR 1) 40 301 DX 43 H RT3 2 34 5
TR P H ) — X A o 7 L 9% 5 A RS 3 A v
KIR, UB7 LLVE AKIA A H R SRR A, A K
S 90 i DT ) T SR R A T B R A AT R T A Y
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1148 (Gayanilo et al, 1994),
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2.1 HEXTEAR A AN B AR B R B H 5

U L1 5 8 I T R O AR 5 YR R A ) U
RBLANFE 1 F7R o EXT IR RS RS B B A%
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1 H 82 A FE IR A A X B B o0 374.37 ind./km?,
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B ERAL, 208N 14.4 ind./km® F1 0.29 kg/km®,
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Tab.1 The stock assessment of fleshy prawn in the Laoshan
Bay through five surveys

5 F 0 FXSREC ROl RV AR

Surve Relative Relative Range of  Range of
number iomass  body length body weight

ot b bi body length body weigh

(ind/km?  (kg/km?) (mm) (g)

07-13 14.40 0.29 103-127  9.60-16.30
08-01 374.37 9.22 114-157 12.20-40.50
08-17 331.17 10.94 131-172  23.40-54.30
09-05 57.60 2.30 128-183 31.10-58.70
09-26 19.29 1.15 150-207 29.20-86.10
Lt:201.3[1—67()‘018“725)] , Wt:gl.8[1—67()‘018“725)]3 ; KE‘EE‘F

%j . Lt:163-5[1_6—0,01680—9)] , Wt:49-l[l_e—O,OIGS(t—9)]3 ,
Kb, t HHE, Lo W AR t 8 m A R4 ik
AR SRS, 2000),  JHCEXT I i ol v oK 38 214
2 LA, BRI, BIWTAS AR R 3 1
FE GRS SRR

8 H 1 HYZME T2 2 ERER VR A, gk op [ X oF
78 &, MEERE AT A AR E 430314 (138.948.6) mm
F1(27.244.9) g; HEHEREAT- A R E 5351 0 (129.6+
6.7) mm F1(20.8+3.4) g; ANorMEREREAT- M4 A E
39 (135.249.1) mm F1(24.7£5.3) g, iz “Bhatt-

8H1HI1, Aug.
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8 A 17 HLi 755 3 YERER A, gk b FE X i
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(144.8+8.4) mm F1(29.6+5.7) g; A5 MELEHEAARSE A
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SREEUR, Horb, ORI IT 7 ELA9) R RN 29k 92% (36 1
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Fig.2 The length—frequency distribution of fleshy prawn in the Laoshan Bay in August

%2 HEMNIERAKMEBELSTERK
Tab.2 The measured and theoretical body length of fleshy prawn

LEREIROLISEAIINIS

EEIROLISLIAVINS

V5 A 1R[] Theoretical body length of the Theoretical body length of the second Meaﬁfjiizilﬁlzilf(‘mm)
Survey date first group(mm) group(mm)
I Female T Male M Female T Male M Female T Male
07-13 99.7 97.5 79.7 85.4 123+4.9 103
08-01 138.8 121.6 126.5 113.9 138.9+8.6 129.6+6.7
08-17 155.3 131.9 146.2 126.2 155.2+10.6 144.8+8.4
09-05 168.0 140.2 161.5 135.9 176.5£11.8 152.1+10.1
09-26 178.5 147.1 178.5 144.1 202.3+£5.0 131.7£31.8
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P 8 H 17 H. 9 5 HFI 9 H 26 HEEMAYFY
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Tab.3 Recapture statistic data of fleshy prawn

i5F[f] Time .
i H It “it
14 ems 8 H 9 )E] 10 H Total
August September October
HiARE Catches(kg) 10989 23825 4860 39674
Wi A Number(ind.) 395288 523626 77698 996612

W WSS A 17 H, 9 SHM9 A 26 HH
A 1S 24 R e 5

Note: the numbers of recapture were calculated by the
average body weight of the survey on 17th August, 5th
September and 26th September, respectively
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Assessment of Enhancement Effectiveness of Chinese Shrimp
Fenneropenaeus chinensis Stock in the Laoshan Bay

YUAN Wei, LIN Qun, WANG Jun", SUN Jiangiang, CHEN Ruisheng

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Provincial
Key Laboratory for Fishery Resources and Eco-environment, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Fleshy prawn Fenneropenaeus chinensis is one of the most important species for stock
enhancement in the Laoshan Bay. To evaluate the potential effectiveness of releasing fleshy prawn stock
enhancement, we analyzed the survival rate, growth rate, migratory pattern, and recapture rate of the
released fleshy prawn using the Bhattacharya method based on the monitoring and recapture survey of
fleshy prawn from July to September 2012 in the Laoshan Bay. We found that the released prawn mainly
inhabited in inner or middle part of the Laoshan Bay, in which the sediments were sandy or sand-mud
substratum. In mid-August, the mean body length of the first and second batch released fleshy prawn were
144.9 mm and 130.5 mm, respectively. The ratios of the released and wild fleshy prawns to the total
population were 92% and 8%, respectively. The fleshy prawn moved from shallow water to deep water
when the water temperature decreased. During the study period (from late August to early October), a
total of 0.996 million released prawns were collected with the 0.58% mean recapture rate of fleshy prawn
in the Laoshan Bay, which might be explained by the food competition, enemy creature and habitat
destruction. Although the recapture rate of fleshy prawn was low, the ecological, economic and social
benefits were still gained from the stock enhancement of fleshy prawn in the Laoshan Bay.

Key words Fenneropenaeus chinensis; Laoshan Bay; Natural population; Stock population; The recapture rate
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Fig.2 Seasonal and spatial distribution of seawater temperature (°C) for the surface water (1.0 m beneath the surface) and
bottom water (1.0 m above the seabed) in the coastal area of Zhangzidao Island
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Size-fraction of Phytoplankton and Photosynthetic Carbon Flow
Pathway in the Coastal Area of Zhangzidao Island

JIANG Zengjie', DU Meirong', JIANG Xu', LIANG Jun’, ZHAO Xuewei’, LIU Yi',
ZHANG Yuan®’, ZHANG Xiaofang’, FANG Jianguang'"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Carbon Sink Fisheries Laboratory, Qingdao 266071,
2. Zhangzidao Group CO., LTD, Dalian 116001)

Abstract To investigate the seasonal and spatial distribution of phytoplankton in terms of
Chlorophyll a (Chl a) in the scallop Patinopecten yessoensis aquaculture area of Zhangzidao island,
northern China, four filed investigations were conducted in June 2011, October 2011, December 2011 and
April 2012. Chl a was further divided into pico-phytoplankton (< 2 um), nano-phytoplankton (2-20 pum)
and micro-phytoplankton (>20 um) size fractions. Results showed that the concentration of Chl a in the
surface and bottom seawater of Zhangzidao area ranged from 0.07—6.28 ug/L and 0.16-5.28 ng/L,
respectively, and the related average was (1.60+1.38) and (1.31+1.10) pg/L. There were significant
differences in the concentration of Chl a among different seasons (P<0.05). The differences of Chl a’s
concentration between surface and bottom seawater were highly significant during autumn and spring
(P<0.01). Nano-phytoplankton was the most important size-fraction regardless of surface and bottom
seawater and accounted for 50.85% and 44.64% of the total phytoplankton, respectively. CCA analysis of
the main environmental factors showed that NO;, PO4*~ and NH," contributed greatly to nano-phytop-
lankton while seawater temperature and NO, gave a great contribution to pico-phytoplankton. The annual
photosynthetically produced particulate organic carbon (PPOC) in this area ranged from 40.31 to 1017.64
mg C/(m*-d) with an average value of (386.07+281.80) mg C/(m*-d). More than 38.3% of the fixed
carbons by the photosynthesis were taken by the classical food web via the microbial food loop. These
results highlight the important role of the microbial loop in aquaculture system of Zhangzidao coastal
area.

Key words Size-fraction; Phytoplankton; Microbial food loop; Patinopecten yessoensis; Zhangzidao
Island

D Corresponding author: FANG Jianguang, E-mail: fangjg@ysfri.ac.cn
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Tab.1 Position of the sampling stations from 2008 to 2012
¥5%5 St. No. i & Position ¥55 St. No. i & Position
1 35°33'48"N, 119°42'40"E 8 35°43'30"N, 119°57'38"E
2 35°34'30"N, 119°41'13"E 9 35°42'00"N, 119°58'00"E
3 35°35'13"N, 119°4324"E 10 35°43'18"N, 120°00'37"E
4 35°36'20"N, 119°48'00"E 11 35°44'56"N, 119°57'05"E
5 35°37'34"N, 119°48'11"E 12 35°54'00"N, 120°08'00"E
6 35°37'43"N, 119°54'02"E 13 35°48'12"N, 120°02'57"E
7 35°44'15"N, 119°56'36"E 14 35°52'12"N, 120°06"27"E
112 AERB 55z E  EETHAHEKE. CHFPENE AL ) (GB 17378-2007) LA Y 7 ik 54T .
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Tab.2 Position of the sampling stations in 2013

Wi St. No. %/ ' Position ¥i5 St. No. %/ ' Position
1 35°53"12 "N, 120°07'06 "E 7 35°45'22"N, 119°56'30"E
2 35°51'25"N, 120°04'07"E 8 35°44'42"N, 119°55'21"E
3 35°47'12"N, 120°03'30"E 9 35°37'20"N, 119°54'02"E
4 35°43"18"N, 120°02'00"E 10 35°36'15"N, 119°48'47"E
5 35°42'00"N, 119°58'00"E 11 35°33'32"N, 119°45'25"E
6 35°44'08"N, 119°57'04"E 12 35°34'53"N, 119°41'60"E

* 3 KEIEMRIEM IR
Tab. 3 Assessment standard of water quality indices
THLA EHERERREE T AR
DIN DIP COD
<0.30 <0.030 <3

F5 45 Index

ARUEE Standard value(mg/L)

XPE AR CHLA | TS R S AL W A m A

RTINS

1.2.2  HRERRILBAT RN KR EFRIRE(E

e, O W v R SR AR AT PR A . HOF R A S

(AF 5 55 1983) K :

_ DIN(ug/L) x DIP(ug/L) x COD(mg/L) n
4500
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PEBEIRER, COD Rk &,
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1.2.3  HRAMIG F K ILIFN KA WLIE e gr
HIRBUE, MR WG YR B TR, HO T
BARERF R, 1983) 0.

_cop,  DIN, DIR DO,
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K, ARAHLIGYHE%L, COD;. DIN;. DIP;,
DO; 4 B Ak 2= AR R . LA JOHLBS I i S S
M{E, CODs. DINs. DIPs, DOy 435 A AH 1 & ) —
&G AOK B, HAEAKYKN 2.0.0.2.,0.015.,6.0 mg/L.
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Tab. 4 Classification standard for organic pollution evaluation

A {H A value <0 0-1 1-2 2-3 3-4 4-5
V2 YL H
AL (’?m—ﬁh]' 0 1 5 3 4 5
Organic pollution level
K AR B R4 ek SR G REE BTG Hh S Y UG G

Water quality condition  Excellent

Good  Primarily polluted Slightly polluted Moderately polluted Seriously polluted

2 HRE5HH

21 FAEBEHERBNMUEFRESH

T VE R RS O AR VR I P 1 2 28 R 4R
2, SETRIFE YA B AN T D A LAY,
AR ER A . HIRER A A =B . A2
20 i D A SO ) A U A3, AT — S H R
TP TR, AR — AR ST as F—E b
(BRSSP A A B A R BB & TR B SET I
K H ORI 32 B T R AR TR A A, LU R R A
A HEE DL T R A, BRI, B B S 2R
FX S PE A
211 ERME 20124F 11 HEEFHICHA SR
Filoh 42.80-128.32 pg/L, FI{EHNK 74.65 ng/L, Hrr,

2 S TCHVA S B, 4 S E R RAR(E 3), WAHIR
ARV 7.04-12.87 pg/L, FE A 10.31 pg/L,
e E AR 3 5/ 9 S, FefIRAE B 4 53
TR+ & E LA 32.96-116.76 pg/L, FH{EH K
61.88 pug/L, I {HHIAE 2 S, mfRfEHPAE 8 5
i s A S RN 0.49-8.21 pg/L, FI{E Jy 2.46 pg/L,
R EHITE 150, BB 11 Sk,

2013 4F 5 HICHLA S #LFIY 47.64-197.62 pg/L,
FIME N 86.42 png/L, e {EHIAE 7 50, HARE
HITE 9 Suli(# 3), Horr, WAHRRE: & f i A 2.88-
8.71 ng/L, F¥{E N 4.38 ng/L, fEEEIAE 125
uli, BARE L ITE 3 Sl RS EIEEDY 4.39-
58.78 ng/L, FXIMH N 18.26 pg/L, el IrE 7
Sl BARE R EAE 1S ARG REEFEN 37.97-
133.47 pg/L, FME M 63.79 ng/L, Hm{E i BLAE 7
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S, EBARE TR 9 Sk

2013 4 9 H ICHLA S G HIY 20.82-82.28 pg/L,
SEHIME N 38.59 pg/L, fFemifE B IAE 7 Sk, RANE
HIAE 6 5 uli( 3), H AR+ & & Fh 0.65-
9.82ug/L, FIME N 3.97 ug/L, fE{EHMAE 125
uli, EAREL A 2 50l RERER & s Fl oy 0.39-
11.61 pg/L, FHEN 4.74 pg/L, HEE M 125
uhi, BARELIRAE 2 Suh; AASEERY 15.07-
67.51 pg/L, M N 29.88 pe/L, fEfdHsE 7
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B X R TR LA . TR ER F1 COD -
YIE Y BA BN BN EN A 6). TILET
WE BB (86.42 pg/L), BERZ, B2
(38.59 pg/L), 3 &I MHE N 66.55 ng/L. Hrh,
AR ER T3 f i AR e (10.31 pg/L), FEIRZ,
HEHARG.97 pg/L), 3 MNFTAEIMEN 6.22 pe/L;
TSR &R - 45 7 1 ARk 2= B 95 (61.88 pg/L), HEIRZ,
HEmAN4.74 pg/L), 3 N1 REIEN 28.29 ng/L;
AT & FEERE(63.79 ng/L), EERZ,
Zieff(2.46 pg/L), 3 AF1 EEHEN 32.04 pg/L. 1
PEBEIRER V38 & 5 DIk F 5 9 (18.68 pg/L), HRIKZ,
HBARO.10 pg/L), 3 D21 EFEIEN 12.95 pg/L.
COD &8 DL H 5% 5(0.962 mg/L), FkFERZ,
Zef(0.682 mg/L), 3 P15 EFHAES 0.795 mg/L,
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241 EKRERRASN RHAAX)IEEKE
FIEHE, AR S, hESWLUEL, &4
TR R 5 X SV S K S SRR R AT Rl A 0.026-
0.370, “FH{E R 0.138, 7 MEAATIGZIE E [EX/)N
T 1, WRRBRNE BT, SR A A o
T REMER N, INE R ECR(EE A, 2008 4F 11 A
E fliim, 2012 4F 11 HikZ, 2011 4F 11 A E {HHAK.
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Tab. 5 Average of eutrophication index (E) and nutritional status of seawater in different months from 2008 to 2013

JHAE AR H EfH FIRRO JHAE AR H EfH HFRN

Survey time E value Nutritional status Survey time E value Nutritional status
2008-11 0370  ARikFE HEFRLKF Oligotrophic level | 2012-11 0.230 Kk H FEFILKF- Oligotrophic level
2009-11 0.099 FRiKF|E EFRLKF Oligotrophic level | 2013-05 0.140 Kk E FEFILKF- Oligotrophic level
2010-11 0.029 FRiKF|E EFRLKF Oligotrophic level | 2013-09 0.075 KikFNHE EFHILKF- Oligotrophic level
2011-11 0.026  AikF| & EFEILKF Oligotrophic level

242 ERAIFERASN  RALRQMHE
TEKAPIG YA A, RSN IR 6. HK 6
AT ULE Y, 2 VR A AR R I X R il e KA LTS G
BTG M 0.09-0.62, “FHIME K 0.34, 7 A
vk, MRS YRR EE R 1 9, KBCIRBL R BT
RZEAIITY . NAPLE A5 5 (Hk A, 2008
11 H AMESS, 2012 4F 11 HkZ, 2009 4F 11 H
AfEEAL. MFE—H 11 H) AMEFERERKRE, AE
ek e B AR AL A

#x6 HBAERMBKENSEREHRAMBES LR
Tab.6 Average of organic pollution index (A) and pollution
status of seawater in different months from 2008 to 2013

A4 H A BREESY AHLEHRN
Survey time A value Pollution level Pollution status
2008-11 0.62 1 4 Good
2009-11 0.09 1 Bhf Good
2010-11 0.31 1 BT Good
2011-11 0.47 1 BT Good
2012-11 0.61 1 B4 Good
2013-05 0.10 1 4f Good
2013-09 0.18 1 4f Good
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TRAS T RN, ATRAR IR 5T 575 Y M E 57 )
SRR R MR . (3) BEH AR S IRIEAE Y
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LINLS
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2 % X W
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Analysis and Evaluation on Nutritional Status and Organic Pollution Condition
in the Southern Offshore Area of Huangdao District of Qingdao City

GUO Feng, CHEN Jufa”, ZHANG Yan, CHEN Bijuan

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture;
Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract

The current study analyzed the distributional and variational feature of nutrients of seawater

in the southern offshore area of Huangdao District based on the environmental data collected by surveys
from 2008 to 2013. The methods of Eutrophication Index (E) and Organic Pollution Comprehensive Index
(A) were used to assess nutritional status and organic pollution condition of seawater. Based on the
surveys from 2012 to 2013, the concentrations of dissolved inorganic nitrogen(DIN), dissolved inorganic
phosphate(DIP) and chemical oxygen demand (COD) varied within 20.82-197.62 pg/L, 4.52—
52.91 pg/L and 0.39-1.25 mg/L, respectively. Except one station that the concentration of DIP was above
the standard limit, all other concentration including DIP, DIN and COD met the second class of national
standard. In three seasons, the highest concentration of DIN (86.42 ug/L) was in the spring, and the lowest
(38.59 nug/L) was in the summer. The highest concentration of DIP (18.68 ug/L) was in the autumn, and
the lowest (9.10 ng/L) was in the summer. The highest concentrations of COD (0.962 mg/L) was in the
summer, and the lowest (0.682 mg/L) was in the spring. The concentrations of DIN and COD was
gradually decreased from 2008 to 2011 and then was increased in 2012. The concentration of DIP was
gradually decreased from 2008 to 2010 and then was gradually increased from 2010 to 2012. The
seawater of the surveyed area was at oligotrophic level, showing the low possibility of red tide occurrence.
The water quality in the surveyed area was good, indicating that seawater was not polluted by organic

matters.
Key words

Nutrients; Nutritional status; Organic pollution condition; Offshore area of Huangdao District
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-+ 15 & 85 (Cynoglossus semilaevis Gunther)

IGF- T B9 svER FRIE
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(L. A BRI T F5 28 R TSI P K P BRI EBE MK  DEAET 5 8
266400; 3. T 1 WHHEE 0 ROl H AR 3
4. AL IR A IRA R 4%

RrTd AEER! FHES
266071;
266071;

312000)

WE I ERAKTARFRESEBEEGZAKEFINAGE-M)MAHE T, ¥ IGF-T K # k)T
7| 5 & B| R A% K R H MR pET-28a 1, Iy E T &= 4 7% + 4 IGF- 11 /pET28a ffikr, A\ 2| E. coli
BL21(DE3)# # 5 £ IPTG % %, %157 A/N K 11.4kDa thE 4 IGF-T & &1, N3gé 6 MAR,
R P 6xHis LR A, E4LIGF-I & AR K F S A4 37CiEF2h, EWNEAERKEL
FHARAHREANAT%, EAEAZTEUNARGRTEE, FRBNEAZGLREKE TN, 41
AN, KET Ay IGF-I E4A & A, HTAMKN R ERIEAILIRE MDA231 4 i35,
F U IGF-T 41 & g B A A o K09 A i . REF R G R AR &K IGF-11 £ = ik &

B A ORI R B SR
ES7 a0

hESES S961  TEFRIRAD A

Ky R KN T 1T (IGF- 11 )& —Fh 28k /Ny
T2k, EShPHLIARA KL &S B A
WHYER . Seni XL sh By it &, 1GF- 11 J&—
LA KM R, FEXN AR AER AT REZ
VH17E F (Erhardt et al, 2003; Antonazzo et al, 2008).
B2t s M, IGF- T S5 A K s | 1l
TA) R R R 98 R R AR AR PRI B WA O (B T B4R,
2008; Vykoukalova et al, 2006; X H: 224§ 2003;
Sanchez et al, 2013), FRWHAEMEEK KT BBt
HE B REEEN . AR s R,
IGF- I 5 IGF-1R 454 fig 1 [A] IGF-1 A {8l (Fruchtman
et al, 2002), FHWIH 5 IGF-1 16 RS 1 B4 [6
ST TN A K VR P 4 (Peterson et al, 2004, 2008).
JAh, WAEBIER, R E R EF AT, IGF-T

HEE g IGF-11; Rz kk; EWiEk
XEHS  2095-9869(2015)04-0051-06

FEIME o — ELOR R R R IR KT, ik 0 25 3h W 7
AR S R IGF- 1T 7K B 5 R B (Shamblott, 1998;
Tse et al, 2002), X2 RN, SHILshMELL,
IGF- T 7Efa 284 K & & o 72 b o] RE AR HH 5 8 22 (1)
A, H—EPsk, hTi=m28 IGF- 11 & [ A
BB, w2 IGE- 1T S BEAF Y 2 B4 vh 7E
mRNA /K I, 768 F 2 o H AR KR s HLRE I i i
WF5E A HGE

¢ W 75 5 (Cynoglossus  semilaevis Giinther) & —
PR RN L a2k, 2 3 [ PHARL 9 3 1 180 77 B X 42
B AF, 1988), JEAFER OB TR E = KEFEEE &
IR SR — o P SRR AR K AP A,
DA 3 S e R TR, SR M Y 4 B R g
i%, B N 2E# (ML, 20097; Ma et al, 2011)E X 1%

* GEERE IS IR L AR 1K R (CARS-50) . IR FARFF #5400 H (ZR2012CQ025) . s /8 2 M Ml B (o7 FEARBHTF
Ak 55 #2300 H (20603022012022)F1 43 24117 Be A BHH A AR H (2012704 3L [ % B . #R7KIT., E-mail: xuyj@ysfri.ac.cn

@ EIRIEH: M2EE, W56, E-mail: liuxz@ysfri.ac.cn

Wk HH: 2014-04-16, WiEEchs H #: 2014-06-17

D) BRI S SR R BT AL T B R S SR DR MR 22 S A TS IR AR R T IS A e i
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SR BT FF 2 T AR G ST , 5 B RTX X Fh A= K 2
SHREMALHIRM AR, B, ReEH S A MW
FIHARIEREAR, AR TR T kg, %
T IGF- A KRB EZEREE-H, ARA
AU & S AR PSP E AR 2R B i
TR =58 T 2 SR 5t il SE IR SR T 2R
Wi IGF- RSN FRE RS, /G T HA LY
M2 IGF- 1 & H, N AR A AR 2 IGF-
1T A BTy B R i 5 K R s AL B L B8 S 4

1 MRIERFE
1.1 RBHA&

R (2K N 25-33 cm, KE N 490-680 g)
T 2012 4F 5 HHCH LR B EEKGRAHR, L
MS-222 (300 mg/L)FREFALSE, 3 O E B F IR
(196 C)fRAF, HIT B RNA 21,

1.2 FUFABKHISERE

FIH TRIzol M2 HBUIIE S RNA, [ sk G se
—HE cDNA, #4211 5 #) IGF- I (GenBank 3KHUS
FJ608668) cDNA J¥41], &ilHisstEs|9 P1 Al P2 9~
B RBIKES . 7E PLFI P2 4 5" B4 in BamH 1
FrHind T EGYIAL S OFERR ), 76 P2 N T4 1k
AT TAACT RIZhriE).

P1: 5’-ATAIGGATCC/GAAATGGCCTCGGCG-3'

P2: 5-ATAIAAGCTTITTACGTGGACTTGGGCGG-3'

PCR 4/F:94°C 5 min Z8M:, 34 MEIF(94C 30,
55°C 30s. 72°C 50s), 72°C#EfH 10 min, ¥ H 8 H
B M1 ) %3 5] pEASY-T1 Simple 244 |, Pk
BE 1= e B 0 365 00

1.3 EHEBRMNEEE

PEHCE A IGF- 1T sw B i, 5 &6 &4k
pET-28a J4, F BamH I Al Hind 1 (TaKaRa)X{ 1],
DL T4 #4250 1% 1245 3 R A H 4H 5Tk IGF- 1 /pET28a,
Ak = KIAFFE DHSo 857 540 il (Invitrogen) 1,
W% )5 PCR BuE I .

14 EARMEREIERPRRIE

P T4 114 6 32 L 21 Joopr e AL B R B k- BL21
(DE3)H, fEWMR LB BisRdk (& RIER) RS
ODgoo nm 15 0.6-0.7(37°C), TIN5 FE-B-D-FRAC 2L F LA
(PTG, 1 mmol/L)4k£k% 5% . oA B M [ ERA
BOR, FERIIPTG B0, 1. 2. 3. 4 h B4 B
2 ml FHREE, B5.IEERA(8000 r/min 10 min, 4°C),

L PBS PR IF T, LI SDS-PAGE HLIK(15%7%) 85 i)
H1 SigmaScan pro 5 # A4 Hr B B8 H B R IR0RK
WEEWSY ITE 18°C . 28°C . 37°C 44 F LA IPTG
(1 mmol/L)if5 5 2 h, HUEEHEFT SDS-PAGE HLyk 4347,
AR T R4 E AR A BN ZES

1.5 EHZE AR/ Western-blotting 3&3iE

WA LL IPTG 55 2 h iR HIIA, TTiEZ SDS-
PAGE Hik/5, RTINS EAFEEE PVDF
5, 3 5% BSA £, UL 6xHis Bigii h—Pi . HRP
FRigB I E 40/ 1gG N 0, IR T39I E 1 h,
FIF HRP-DAB i & (Bio-Rad) . {4, MZIAE

1.6 EHEAN4LFIENE

P37 CHM T IPTG i #RE 2 h EA W, &
L>(8000 r/min 10 min, 4°C), PBS B ULIE, %MK
X2 RO ikaifb M, P53 E 4 IGF- T &
H. RG4S 5 19 45 SDS-PAGE #:1, & A%
Bras, A5 8. 6. 4. 2 mol/L JRZE A& MW
PBS 4B E M, A 3 kDa #IESE Millipore)iff 1T
HUE MR 4 , SDS-PAGE LYK f5 T—80 °C - 17 & o

17 mEZEamEmiEttan

FIFH MTT 3546 0 345 14 i1k 5 P i 1GF- 11 @il
B Y. BEE S S8 IGF- 1 @A 4
JEARSI 0.35. 3.5 F1 35 pg/ml, 3 MR, 1428
HXTIE, A 4 NP4, LLAFLIR 40
MDA23 (B iEA A YRHE A R R #kik, Hik
BAE RS X2 555 (2013),

20 L 3 5% (GSR) (% control)=Agampie/Acontro* 100

K, Awmpte WIMATEHE A, Aconor HANNE
HE MM, GSR HF-¥{E+PRHE2E (MeantSD)KE R IR,
K SPSS 16.0 FRAF X6} 4512056 21 1) 41 g 438 7 >R 1 47 o
K& 7 20 Hr(ANOVA), & W& P=0.05,
2 P<0.05 Bf bR B,

2 HR

2.1 FBEHS IGF-IKERMKNEE

15 85 IGF- 11 kT 5114 4 210 bp, H B.C.
A. D 34 ANEEERA K, afih 70 D2FERR(E 1), 2
FERR RV HT s, PRI E 8 IGF- [ i 2 LRy
51 55 Z£ N IR #i(Solea senegalensis) . “F-fF(Paralichthys
olivaceus). K747 E (Hippoglossus hippoglossus) il
S5 A0 B f4.(Epinephelus coioides) ] 4> B0 93% .
94% . 90%F1 93%, HAT 5 & P SR



54 K VT4 2 ¥ 75 5 (Cynoglossus semilaevis Giinther) IGE- T ({4} 5 4H 5 3% 53

6xHis tag
ATGGGCAGCAGC CATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGCTAGCATGACTGGTG
H HHHHH
BamH 1
GACAGCAAATGGGTCGC GGA TCCGAAATGGCCTCGGCGGAGACGCTGTGTGGAGGAGAGCTGGTGGATGCGCTGCAGTT
EMASAETTLT CGGETLVDATLAGQTF
|—>Bd0main
TGTCTGTGAAGACAGAGGCTTTTATTTCAGTAAGCCAACCAACAGGGGTAGCAACAGGCGTACGCAGAACCGTGGGATC
vC_:CEDRGEFYFSI KPTNIRGSNRRTA QNI RGI

|—> C domain |—> A

GTAGAAGAGTGTTGTTTCCGGAGCTGTGACCTCAACCTGCTGGAGCAATACTGTGCCAAACCGCCCAAGTCCACGTAA
VEE CCTF®RSCDILNTLILEA QYT CAZKZPPI KST *
Domain D domain

Hind 111
AAGCTT

BT P s IGF- 1T AT 41
Fig.1 The mature peptide sequence of IGF-1I in C. semilaevis Giinther

EIAF T ATG LU M ILARTE, R A IR T TAA

The start codon (ATGQG) is underlined and the asterisk indicates the stop codon

2.2 IGF-1l/pET28a EA R Iz Ni*-NTA EMZHrHETr B aife, aifbiym A&
W IGE- T 5 2 Bk F7 06 A B R 2 ik gk PR RGBS RIS 1L SDS-PAGE £, 1T LK

pET-28a, K13 T H 4 Fiki IGF- Il /pET28a, #4LFk /hJ5 114 kDa By =2 (1 2).

JatF i DHSo Hs 2%, D)3 36 0iF B % 58 B A IE 6 26 BEAFARMEWEERD

( lﬂ’mﬁiﬁizﬁjﬁfm 1,041:&5“95';%?; =g MTT BR4ER R . W Eh 035 pg/ml Fi
IGF- RZUIKAHN N ¥y 6xHis R4, Mo 7.69, 3.5 pg/ml BT L1 5 05 TGE- 1T 26 (1 £ A 1 2 it
2.3 EARMNAEKXBITHE BL21(DEI)HHIFRIE

4 kL IGF- 11 /pET28a %4k A K AT i
BL21(DE3)"F 4 il L, 4 IPTG 55 HL ik A Il
HELAY K/ R 11.4 kDa B4 5H M4 IGF- 1T
FH.

BRI R YR, RARGSEET, E4
W HMEARIES AMEREE 3), 37C. IPTG
F2h EHEARIERK, HRBEHSEASED
43.7%.

2.4 E4AH IGF-1 ZHHK Western-blotting & 1E B2 i & SR AL IGF- L & FIAY 22k 3
B Fig.2 Expression of the recombinant IGF- 1 protein in
Western-blotting 5  {7 , 2545 1Y 8 41 IR A TE BL21(DE3) cells
- I—I . > N A
I\D\VDF H%tﬁ\wf% Epl?l’ HIA Ty 11'4fDi(F§I ., M: %4 Marker; 1: IPTG 55 2 h X} R &,
B 6xHis TR, BAPUSIEM:, ik 12 & i 7: 4lifb IGF- 1 G5 & H; 8-9: IPTG %55 2 h 5 ik F 24
IGF- Il 8 FASN 43R5 2 WEUTTE RN LI (57 Sk R 11.4 kDa Rt 5 2 1)
_ M: Protein marker; 1: Control; 2—6: Expression of

2.5 IGF-II/pET282 MEERANAL recombinant IGF-1I post 0, 1, 2, 3, and 4 h of induction;

W 5 T AT A R, SDS-PAGE B K K6 <o p 7 ?ur‘iﬁed rzcombinant IGl;—b]I prf)tlein;
?ﬁ?ﬁ?ﬁ*ﬂi?ﬁ?&_, ﬁ%ﬁﬂﬁﬁﬁfgu@@ﬁi%ﬁﬁ : Precipitation and supernatant of bacterial lysates post

2 h of induction (arrow indicates 11.4 kDa recombinant IGF-

EFUES (K 2), WEMME, B H)ET Il protein)
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P 3 iR E 2 2 1 5 IGF- 1T 2R 1 3R A BRI 52

Fig.3 Effects of temperature on the recombinant IGF- II
protein from C. semilaevis Giinther

M: FEH Marker; 1: XTHEE 37°C F IPTG 55 2 h; 2-4: &
HFIRH 18°C . 28°C. 37CF IPTG S 2h
M: Protein marker; 1: Control at 37°C; 2—4: Recombinant
IGF-I at 18°C, 28°C and 37°C post 2 h of induction

NFLIREE AN MDA231 H95H, 55X B4 2% 7 o %
(P<0.05), {HY4HEH WK INZE 35 pg/ml i, 2 s
SN 5), RUIEEZRY IGF- 13K A B i A A
TR e . bR A SRR WA 5T SR AT A T
IGF- IT i & 25 11 B AT 4K 19 A= i 4

3 it

IGF- 1T 0\ a4 0y 1 Dy Re e 2 2% 0 A 1 %
AT, BRTHRARERIN, B5FEMIBI, &
R 255 2 P & B R @]*ﬁﬂé(Lamberson
etal, 1996), NMAEXE B LIETHCAE MM BIEEE
BAARICRIH , BT MR R (2 R A
2004), MfEaZEd IGE- 11 B9 2 Fh ol fE K HAE FLE
W T IRAIEGT o 0 7 50 R 1) 8 20 K SR A L R,
FUA MEREA AR A K 22 SRR, (HEALHIANEE . Z2AH 1L
(2009)"WF5E 2, IGF- I 7640 5 ARG . k. AR .
IS~ /7N N7~ BN 2N 17 | 4R 2
Y ek, FPHHA P S8R AT . B R AR
W B EE AR YRE . RIEA KB, 8 A RHT,

10kDa 11 4kpa

17kDa

K4 R R SR IGF- 1
#E 9 Western-blotting 4811F
Fig.4 The detection of
recombinant IGF-1I protein

from C. semilaevis Giinther by

Western-blotting

M: Marker; 1: 55 2h
HEHFIAE
M: Protein Marker; 1:
Recombinant IGF- Il /pET28a
post 2 h of induction

2001
1801
160 Xk

—_ = =

S N b

S O O
T T T

LS A
S

GSR/(% control)
SR E-N
=)

(=]

W A 5 B [ IGF- 11
mRNA Fik g T E 2=
5, H 9 TR 12 H i
B M M E B IGF- I
mRNA Firg R E&ST
M, XM IGE- 1T 1E
A K 22 R
HhRT R R A I PR R
YRR, X L HAAR A HLE]
I Z N mRNA ., %
RAE K FHTHEA
T . AR A A
pET-28a F A AK M)
FAIEE T 2P 5 5 IGF- 11
A A1 JRA% E AL 3R G R
#, AL THEARENR
, PR T @RS A
FLA MK T
HEH IGF-TEH, 45
R T K5
W AR R R AL 4
HET HELS R

R RS E & A
ESIN-E 2 Ul ES AR

*K

)

0 0.35

3.5 35

IGE- I 2K (19 BF

Recombinant IGF-1I protein concentration/(pg:ml™)

5 IGF-1I

MDA231

Fig.5 The effect of recombinant IGF-1I protein on the
proliferation of human breast cancer cell MDA231

GSR FH{H+

* 3%k

(n=4)
(P<0.01)

GSR are shown as Mean£S.D. (n =4);
**: Highly significant difference from control (P<0.01)

1) AL W E SRR BRSBTS A AR SR R M 22 S AT . LR AR R 1 F e A 2 8
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WNERARBERE | Feik IMRE B JOF5 3 A 55 (T R LA,
2012), AWFEHI AL R IR R GRS T IRSNE ALY
IGF- T & 1, (B TR RE ) 22 DA AR IE
FETE, WA EMWEA AR, HA ™%
REL, HARAAEFRRAE ™ iR N M 2 55 1
LA S, HERIAMER Y EAEREREL . KK

T A PEE AR, HE R4 (Lietal, 2012),
PRI 1T R H 4 8 A AR R A = . N — 2T
JEEE Y IGF- T B RBE AN, RHFHS @
o RIS 2 T B AR A A o R B AR S

ANFLBE A F A 5% A IGF-T mRNA iy
5 (Chatzistamou et al, 2001), TR ABFFE4MNE IGE- 11
DIfer) RArEik . Bk, ABFFEsE A T LR 40 i
MDA231 kg5 2 & iy IGF- I HAHE A K
Y, JOT % R A 5 IGF- 1T XF5ME IGE- 118 A (1)
FHAEH . 55 58, 0.35 ug/ml Fil 3.5 pg/ml ¥ FE 1)
2 T i IGF- 11 & 34 R W E e MDA231 (1)
WagE, RHEA RUFIRIMNEY G . X 1 R
i (Gymnocypris przewalskii)# 2] 1GF- 1T & FH W 5%
PR, FLAE — o VR B SR T W] I R R L R 4
MDA-MB-435 [ 48, {H#E I — 2 i B i ml BE A fip
il V5 FH (B R x# 4%, 2010)

A PR S 0 O R A 3R 8 R GRS T 3R
KA SR A T B IGE-T (X2 5548, 2013)F1
GH, D)4 L 34 58 A 57 U3 E T IGF-1 Fll GH X 2f
SR K R E I (O Sk FR) . AR TR
AEEEE N T IGE- RS &, W EE
FA 7P DA TR A B T R 9 2 o b A A K 1)
PR AR AL 1 LR BORE, T — 2P AR AR R
ATFJE IGF- T A BRI ReRET, e /R A
T S A R R Y AR A AL .
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In vitro Recombinant Expression of Insulin-Like Factor 1I
from Cynoglossus semilaevis Gunther

XU Yongjiang', LIU Xuezhou'”, ZHANG Kai’, WU Ningning®, LIU Zhiliang', LI Chunguang®

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Qingdao Beibao Marine Science and Technology Co., Ltd.,
Qingdao 266400; 3. Fishery Technology Extension Center of Qingdao, Qingdao 266071;

4. Shaoxing Honggang Agricultural Development Co., Ltd., Shaoxing 312000)

Abstract To explore the role of insulin-like factor Il (IGF-1I) in growth regulation of Cynoglossus
semilaevis Giinther, the IGF-1I gene was expressed in vitro and the bioactivity was determined by
methyl thiazolyl tetrazolium (MTT method). The mature peptide domain of IGF-1I gene of C. semilaevis
Giinther was cloned by PCR amplification and sequenced for verification. The obtained mature peptide
fragment was then subcloned into the prokaryotic expression vector pET-28a (IGF- Il /pET28a). The
recombinant plasmid was expressed in E.coli BL21 (DE3) cells and the recombinant IGF-II protein
containing 6xHis tag at N-terminus was induced by IPTG. SDS-PAGE analysis indicated that the
obtained IGF-1I protein was found in the form of inclusion bodies with molecular weight of 11.4 kDa,
which accounted for 43.7% of the whole bacterial protein post 2-hour induction with IPTG. Western
blotting analysis indicated that the recombinant IGF-II protein had the antigenicity to 6xHis antibody.
The inclusion bodies containing recombinant protein were denaturalized, purified and annealed. The
recombinant IGF- Il protein significantly promoted the proliferation of human breast cancer cells
MDAZ231. Results could provide basic information on the role of IGF-1I in fish and be helpful to better
understand the endocrine mechanism of sex-based dimorphic growth performance of C. semilaevis
Giinther.

Key words Cynoglossus semilaevis Giinther; IGF- I ; Prokaryotic expression; Bioactivity
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K EEMH(Rhinogobio ventralis) ABs % B
MFeaxs

% B B f
R B

&1 > +97 O
Bl
(Z e TR MV WL B A LR E PRI =RERAF R IEaEur b

HEL x F £FR

W % P

E  443100)

WE A F B T ok g R R K # v #9(Rhinogobio ventralis) ik is & B AuAT & T A HEAT T WA
EHR, BABR T AR BEHNHARMEML TR, £RE &, KEYHITFHI4E N 1.7-1.9 mm,
Y 42 K 6.6-7.0 mm. YK & % 0.0059-0.0077 g, # ¥t F 4 h 96.56-119.12 s, #7135 5 & 4]
H 25.43-31.43s, KE MW IR R B T 20 7 ZAEIN . RAR, IF2M . EAEH . EHl. WEK
W, OBEWR AL 8 AN, AAKEN 17.6-183Cl AN A BT, 24551 7 6t 56 h %
R, FEKIR K 185-220CHAHT, KEYHFamiiE EA5 BREHEREL, 6 HRHT
2k, ENEHTERE, 30 BN KEETaELERBR, SR THBR, ERITEH,

e H
E3: 35 KeEya, MEERE, TEXF
thESERE S917.4 CEkERIRAD A

K € ) #f) (Rhinogobio ventralis) 3§ J& ## £ H
(Cypriniforme) ., #iF}(Cyprinidae) . #i3 &l(Gobioninae),
Wk, BRET, BRI LA RGP
(BREWESE, 2005). T4, T KBTS S . KA
FRER DA S a8 S5 R D, K BB W By 5 e 2R
TR, NSZBUMMREE | il e . PR E S T E
IR B, KEEVIEE. ik 3 HAVIRYTREC %,
2004).,

AT, #FXH g i ifF o5 32 248 R AE AR 2
T e A 2 2 D R 9 Y ek o) A 55y T (o R0 A, 2010
TR, 2009), X TKEEVBILIG KB M LT
AYBIFFE i R WA IE , V2 7 v VL = e B2 A 28w Y
Y BT AE PR OB S B T K W e N T AR
BH, JEXTHIRRG | AT MR BT T B TR R W AR
FE A, DUA 4 S oy i it o 2 A - SR AR
PRRE S %

YEHRS 2095-9869(2015)04-0057-08

1 #RE5FE
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i, RIS KBV, S4EF . B
VG, NToRERHE, JERAET RN s
BIGIETRR A, FEB M B T RS, — A
ARG L BV K s 2 AT ORI 45 4%, ERIL
W, P BBZEPE 2-3 min, SEMPEERE, EiEL
T, K2R O A Ab g Ak o S 3 5 R s T S
KEEW I N T 2510, JLARZAE 00 9.8 I AkL, W7
f14.3.15 TR
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RNEEWNHIEAR, Bk 140 L, ik 0.5-0.8 th, %
fRIBIE], KRN 17.6-18.3°C, Wf#EHN 7-9 mg/L,
A . WAEE/NT 0.05 mg/L,

fEa et 5/ A B AR 6.0 m RYBE LT 4EFT (LA T
PR B LFEL) I E , KiRRh 18-24°C, HFPIEE R
I CmriERK . FEIRORAK” B W R R
FrAa i FF 10 R #E BRI NER R, 11 H IR R TR
MRS BRERANIAR, 20 H 5 JF IR B AL f25 |
FeRIERUAR . B, 75K pH £ 6.8-7.5 1l
BN, AR 4E>5 mo/L, I A ) 7K A4 A DR 108 2 F0 AT 1
N AN A5 5 W DM AR 234 < 0.05 mg/L.
IRt AR S P BRAE T, WEURE , #E T A K AR R
W72 A e 5% o

1.3 MWEH*E

AT ORISR R GEH NIKON #5155 -5 Ha fili
M, EA TR R R R BRI, JFi
S H BRI 7 W B, 2 I IC R R R AR A
5 B SR RHIE

2 #R

2.1 BRFFE iR

G Wty B O, AR B S RO, TGk
W& KR IPE, IR A, BEM, R 1.7-1.9 mm,
SFIORAESN 1.8 mm, - HLEE T 0.0068 g(&l 1-1).
ZHG G 34 min, TESYINOIE R IR EL, vt i% W]
AR, KGO T MR RS

KAV G TR 2 LA, DB T SRR 1k
ERFREIRAL AN, KR BBRIE, B . Kl
iz B[]S 2k 28.43 s(Fu[Fl 2 25.43-31.43 s), 212
iz Bl [R] -3 R 33.15 s(Fu 2y 30.05-36.255), 2R
B H AR 46.11 s(YE I A 41.08-51.04 s), ¥ Ty
V3474 108.09 s(FL [Flh 96.56-119.12 ),

2.2 HEBRLEB

KEEW IR IG & B 3 032 k00 . IREE | opsd
W BRI R IR | R TE A A
] 8 MEY B, TE/KIE N 17.6-18.3 CHi /KL S1E T,
K EEW)EGDN Z K 34 min J5IRETE AL, 50 min JFH#EA
My, 2.2h st AZ40l, 4h 5k E E2HIK
Hil, MEMATI ERARS T 4h, FEACSH] 1.5
Jaik B 5 R, Has 1.6 h REEEm T, E
o AN i e ] B 2.5 h, RS 145 h G RE &
MZRE, WA 1.6 h JGIRFLEMA, MR E
RAMTEZ4D; 85 h, 2K 30.8 h 5] A& £
RN I, 56 h JE i b i, K EE e in & B I rE

HEANE -
221 ZAEI K g W) 2 A B9 S B BRIE , IR

o, GRIEOGH, TORRRZEN, JCIhER, DNEINA). 2
LBV RSS2 R Tl N PN B
13 s ok (K 1-1),

222 EEMAA N ZRPIIREIE T2 34 min,
W, SZHE DR 0N R Bk — B o, BREAR I OR =
6.6-7.0 mm, F¥524 6.8 mm, WL ZEETME, 405
s, JEEETRER, TR

223 $PA ZAH 50 min J5, WREFFEE 1k
B, TR AN RIS A, R T 40 ed], b6

HUHMMGkE R T, MK EEK 2, 4.8, 16, 32,
64 JLM B2, ZH5)E 2.2 h, Z24M0Snins
HE, S e /N R, AR RN —, BRI,
KE B Z A (4 1-2-1 1-6).

224 EREMR M4y E 4 h i, 43R I
Wi, ElEER, BIREANZME, NEMMT,
PEAEIRRTI . RS A B AN KT o> 2, BEIR A R AN
Wi TR, IR EWARE . B, 8 h 5t AZEIRHE
(" 1-7-F 1-8).

225 RnH VRS2 301 % 20 i 4k 52 DA DY 6 ) A

F 1 KEEMEOD F A5 F AR 4 1E
Tab.1 Some characteristics of R. ventralis egg and sperm

PN % Content SEH4{E Mean JLHl Range
Bi4% Egg diameter(mm) 18 1719
il j4% Egg membrane diameter(mm) 6.8 6.6-7.0
G i Egg weight(g) 0.0068 0.0059-0.0077
K53z shifla] Swirling movement time of sperm(s) 28.43 25.43-31.43
1T 221832 it [A] Slow movement time of sperm(s) 33.15 30.05-36.25
KT iz st E) Tail wag movement time of sperm(s) 46.11 41.08-51.04
KT %4 Sperm life(s) 108.09 96.56-119.12
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s Kigv#i(Rhinogobio ventralis) it i &k B FfF B & 59

YT EY R, 285 95h, M TEEINE 13 £
FHE BRI, AR o B W 4520 A e 1 —
AT, BB MR Z AR I ERE , 200 ¥ 1/2-1/3
AR, AT, WE B, AR
WR)ZANME T (L2 4/5 i), BREZAESMY OB R IR dfe:
JUR G A 8 i AR T B, 1 A g G 301 (1 -9~
K 1-11),

2.2.6 APZpEH K 14.5 0 J5 , IR SL 40 Mo 4k 2253
., MTE 6T, HEAMSEI, IRILES, Ik
G I Ll 2o, WA HR RS , TR R ki
IRk, BEE MRS AR, LI G, SRS
16.1 h APARFLAEFP , A IRAARTEAR B 2, BfF 5 76 B0 B
— A, SR AN A, R S 4 AR R (] 1-12-&] 1-13).
227 BEH RN Bt AT R RIS 4k
Sopfedt 2, IR ER TG =, Sk A Rk A
%, TEmGEmM RS, RRAEEDE . B 2R R
(B SE , HRET J7 B, 245 24.6 h ivF, B4R
JI B N B, R WA i i Hh 2RSS, I S O
W E, TWRUESE . AR, BFMN%

REZINIEIE AN I EERE , Rk, £41276h
f, HRARAR B AR, 7E 30.8 h B IRAAR ) BLEZ 18 ifi 4%
s, MAREEA DLV I, BEEIRIAN RS ,
AWK . 41.8 h 7] LA FIHK sg W) tgfie A4 1 &
0 IEEk sl BEACCHEBKSh T, B B RS, Bk
BRI, MRS SRS R T, KRB 5
UNEERE ST B, REEIT IR MR, DRI, RN
WBWAG /N, TEZHREL 52 h I, JIRALE DY I N R 0%
gl AR A ARG, SRR i 4h ke (A 1-14-14] 1-16)
2.2.8 S WK, ek S K, IR
PR BRI S T bk, AESZHE 56 h B, DRAEAR
WA, IR ZUAE S (R 1-17)

23 FEREXEHIE

TEE N 18.5-22°C . ¥4 6.0 mg/L i) 551
T, KEEWshfF RO B RETE 5 HIRET AL, 6
H i 58 208 2 o BB Rl K 5 H I I AH 6
Zk . y=5.8208e"15% | R*=0.9846. X H, y Kirfa
R, x HHIR.

F* 2 KEEMISRERG & & HFE

Tab.2 Typical characteristics of embryonic development of R.ventralis

Time after fertilization(h)

FERHIE
Typical characteristics

R & & B K Ja B i)
Embryonic development stage

HRAZHG O Unfertilized egg _
21 Fertilized egg 0
R ) Germinal disk formation stage 0.57
2 2L HA 2-cell stage 0.83
4 4R HY 4-cell stage 1.2
8 41 Ha 8-cell stage 1.45
16 4081 16-cell stage 1.65
Z Y Morula stage 29
PR Early blastocyst stage 4
NN Late blastocyst stage 8

5 iz 1 Early gastrula stage 95
JE i 4 Midgastrula stage 111
JE i i 40 Late gastrula stage 13.6
PERY N Neurula stage 14.5
JEFLEFHIH  Blastopore closed stage 16.1
=R End teeth stage 24.6
WLAUNEA Muscle effector phase 30.8
O AEBEEN  Heart-beating stage 41.8
H R A Hatching stage 56

BB R, WOEPT, ORI T 00 B A K
R AR 2T, AN

JEAE AR R S i, BRI MR

S LWRENZL, PSR/ MRS

2 R, WS 1 WINRER, AL 4

ANR/IAR S B 48 i
805 W, pRISH IR, B 8
AR/ B 40
o4 WO, WS RN REEE, B 16

ANTR/INAR S5 14 48 i

M NI IR R, MPRENZR
ZZ M MIE i R WA h, BRI
PIRZ DA, M T, monEy e

VR A5% 240 6 1] B 2R A 143, TEDUE AT DL R IR
IRAE T 213, IRJE B

AN AL 374, RGBT A

R AL 415, TR A

RZ T, IRALH S

FEOR I 5 0 B 4, FEMRMAS S i 1 ZPR S8R, IFE
WSO B, BB R
JRARTT6 t BL s 14 AT AR A W
OHEREDR, JHRBkshiEs, Zrntk
JHRHETE 1 S B P AN 452 3t 2 2y, i 5 g B i 414
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Fig. 1 Embryonic development stages of R.ventralis

1. ZKEO0; 2.2 ZMMad; 3.4 4mMulY); 4. 8 A 5. 16 AAUIY; 6. 4NN 7. MICEIY; 8. MR ;
9. Em R 10. I 10 Em I, 12, Minil; 130 IRFLEE; 140 B 150 DL I
16. CMEBESIY; 17, W, 18. WU
1. Fertilized egg; 2. 2-cell stage; 3. 4-cell stage; 4. 8-cell stage; 5. 8-cell stage; 6. Morula stage; 7. Early blastocyst stage;

8. Late blastocyst stage; 9.early gastrula stage; 10. Midgastrula stage; 11. Late gastrula stage; 12. Neurula stage; 13. Blastopore
closed stage; 14. End teeth stage; 15. Muscle effector phase; 16. Heart-beating stage; 17. Hatching stage; 18. The larva

231 AT ELFH (IR B E P A K)

WA BB, R, TR, 4
1 4(6.07+0.28) mm; BP9 A FEARR, AERELR
JE AR, i AR RIS AL R AT L, A5 88
iR B R B BREE R AR Y, iEshAR s, RHAE EAL
i TR I Sh i R T (R 1-17)

1 Hi a4 K 4(6.5740.32) mm, Sk FEHS2S [H]
U7, Wk NG OE R Ao B, IRER IR A
D ERET D i, RIRL L Mg g R
A RS s g . e, AR 1) B,
I —/NBE B S LS B R, KT HBRE T,
F4r4h A B 8 20-30 R (A 2-1).

2 Hi 4K K (7.0240.33) mm, k¥ 4
A, W B O, IR ETR S, HERVE, Ui
WHFE U3 /247, R @EN, IRRBOARNZE, O
IR AT £ € 1 e s A iR (1] 2-2) o

3 HIRfF 4K H(7.5120.24) mm, HRFEH,
WML, DN REMT 12, AL EiEI, Ak
T BB/ BRI, IRERB AR Z,;
SO JUE B 3 21 B £ IR, A L T R B R A A A 4L
o T8 . Mok K REERERIIG R . Wim, MEEER AR
BERE T N — A, AT BRI St — 2 e #8 JEE

BB, FEUFLG (A 2-3),

4 Hi a4 K 4 (7.934£0.26) mm, RJC (&,
RRBORMZ ) RRHEIN MR R BEMAER
BRI Z; INEEEFEET 3/4; O MER
AR, & LT MR A 2, 6
JE3E B, A7 F035 shRE 1 s , RS L T S liEiE 8
MSIE AL, HAEE (A 2-4),

5 Hi 4K #(8.51+0.21) mm, {AFEBME
WZ, BRTOIESE % BEMAER LEZRBRORN
B2z hh, DI WA BEZ TR DR NFE
FELE 8195 U U S B 210 i Y Y B € Y o T L, (AR
LT MR EERE M A LT BEC T IR SRR, ARl
AR L2 Wi s s RBEE R TH
USELERTRS B s (SIS
232 BHIFERFATFRELAN X ERSEESL
AR R) 6 H 14K 4(9.45+0.24) mm, 1A
RBORYGIE L, BT RERH . BR LEALONEE
FIRORIBEZZAH, LA BaRTIR, 61
GRORDIRE; WEETEENK,; MR
KB LA, Mg, BT DR T
WUk BE ) KI5 5 7 AT ] BEE , DIA MR
FEURHE B /NEREE A4 A5 A Y RH(E 2-6)
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8 H #7104 K 4(10.51+0.29) mm, {AF B a2
=, RHEE TG B, RBEEATTREE;
kLR AR, REMEE, R — 1= Mk
EN AL B EY; SRR, BIREG, WE T
(& 2-8).

14 Hifrta4K A (14.1140.18) mm, fafkiEp
B, RE A RRBEZIE BT, SR
NG, Wi . 6825 2 Ak T BB K ] B £

BESEEEMOAT 0L OB R L, WEWiTTIL; R EEE
i R R 1 SUR R vtk 8547 —%, H EJr B
RUOES V2 7247 HALEN WY ; WL BT
W, 42-43 Xt ([E 2-12).

25 H#fF 4K ~(20.3240.15) mm, fafkEp
B, R RRBAZMEVIR, M EAHa
ARSI, Wk | B0 2 Sk 1 TR (0 R Yk LL Y
%, IR R B E BT O E T ) sk

e

Ty
- 4 P =y e
BAGE S T PSR aRY et e TS S

- _‘;-;n‘"“-;;{r*i :‘ﬂﬁ‘:‘“—" e T R g

11

K2 Kbgysifrak g

Fig.2 Larvae development of R.ventralis

1.1 Hidfrfa; 2.2 HidFfa; 3.3 Hidfrfa; 4.4 Hildfrfa; 5.5 Hidirta; 6.6 Hid{rta; 7.7 Hidirfm;
8.8 Hild{Ff; 9.11 Hi¥ Ff; 10. 12 Hid{Ff; 11. 13 Hid{Ffa; 12. 14 HidfF4m,; 13.17 HidfFfm;
14. 23 Hiff4; 15.25 HiR{ffa; 16. 30 H iR {1

1. 1-day larva; 2. 2-day larva; 3. 3-day larva; 4. 4-day larva; 5. 5-day larva; 6. 6-day larva; 7. 7-day larva; 8. 8-day larva;
9. 11-day larva; 10. 12-day larva; 11. 13-day larva; 12. 14-day larva; 14. 23-day larva; 15. 25-day larva; 16. 30-day larva

e BIPREZ A (HLBIR) M 1 em

Note: The length of the horizontal lines in the figure is 1 cm
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MR FESNIK, g mmEmnT i, REgiE % iR
F, MR IR, 555 24; BEETT
B AR, RE MM E, R HEK
1) 14, H by B R E s R AR 213 iy Ak
BN EY (A 2-15),

30 H i fFta4 K 4 (23.25+0.26) mm, fA{kEEs
w, WHESEO, BHERG; AT, W
BRI ; Holg | 568 | g K R EEEE SRR, 45
g% PIEBERDU, B HTEAL, JEAMEMII(E 2-16),

3 it
3.1 KEMHEFMZREINNER

K AE VPt 1 I L B )10k 28.43 s, 4%
18z st a0k 33.15 s, #EEBhTE Y 46.11 s,
KT a1k 108.09 s, X 5% 3545 (2011) %} K fi§
W BAE 1% USSR — B W FIE I SR Lk
YRR RS2, TR PREE | FRAE R
SR BER . BEA pH., i E S (Alavi et al,
2005; Sansone et al, 2002), %6 PR 2 %) K 6 W) ipks
EREPALINE AR SRS RO

K B W) B0 32K ON A EE R E R, L E RS KT
K, WK DR B RGR RE K , TE BB B A B, B
KRR B B A A (R AR A 45, 1980) BT
4,51 ) B0 AR — e 3.0-7.0 mm JEHI, KAPEA
) D S8 o A J 2% 25 5% . 4 %46 (Ctenopharyngodon
idellus) . fif ff1 (Hypophthalmictuthys molitrix) . i 41
(Coreius heterodon) . [& f&i W) #fi(Rhinogobio cylindricus
Gunther). Wj#i(Rhinogobio typus) Ll X fi&(Elopichthys
bambusa)Zs B 4% 4 5.0-6.5 mm, J& KGN 54
#ifl(Erythroculter mongolicus) . 781 £1 Al (Erythroculter
ilishaeformis) . 7RHRf#(Spualiobarbus curriculus). 7&
BE Fll vb i (Parabotia fasciata Dabry) A K K % fif
(Parabramis pekinensis) <5 2S5l kA= —it A 4.0-5.0 mm,
J& Fh AL 51 5 £Rf(Squalidus argentatus) . 45 i (Xenocypris
argentea Gunther) A J g fifj(Saurogobio dabryi)=5 /N
0 25 PR AR T H Ol 3.0-4.0 mm(JE & E S, 1980), K
B8 W ety 7 K B B DI ABAR 4 6.6-7.0 mm, P15 (6.86+
0.31) mm, JE TRAMIN, Lake 55£(1967)F1 Martell
Z5(2005) I\ Ky, DN SZ AR W K R K J5 T8 1 A5 R DR ]
BRAT DA St AN AR i it 42750 520K D A B
o, WA, KEEWERZAEINBOK)E, TEBMER
SR JRIBE, — 5 T AT DA R iR A A AR R 2 4 i N AR B
B, 0i—rHZAEIIWOKIERK, 5K T BRRRER, il
HAFEWN, AT AR A T, AORK S )X —

FR N A BEAS Ah H BB SR 4 TR AR
3.2 KEEMHMMMERLE

TEK IR A 17.6-18.3 Clii KWL A F T |, K BEW) by
ZABIR I 56 h 58 B ARG A B 1Y I AR o 1K BE W) fly
IR IG & & 5 R 2B R 2R IR G A& & 1R 4] 53 Bk
A F, KW B R IR R R I ] (oL 6
(Paracanthobrama guichenoti Bleeker) 78 h 7 min
(23-26°C). l#f81-82 h(15.0-18.3°C)Z&HN Bl 0.2 [y
I (T 85, 1996; 5 fR5F, 1996), Airpfe
bk (Botia superciliaris) 34-37 h(21-23°C) . fEBE&I TP
fifk 12 h 30 min(28°C). K j#ififk(Leptobotia elongata) 34 h
(22.3-23.5°C) iR DT (200 5, 20115 M4
450 2007; FRERERSE, 2001), B T V) A
(Gymnoocypris eckloni Herzensten) 132 h(18-21C). 'Y
JI|Z4)i5 £f1 (Schizothorax kozlovi Nikolsky) 130 h(11-21°C)
DL A 4R (Oxygymnocypris stewarti) 265 h(9.5-11.8C)
LRG0 RO (s H A5, 2000; BRAKAESE, 1997;
VFEREE, 2011), X FPIRJIG A& & I A] A9 25 S 5 222 1
ST a8 35 A% R D 1, [ A2 380 R A K Il 2% 1Y
25,

TR RS £ S IR IG e B 0 B IREE R R (A
S5, 2001), KEEV) 66T I K AR KRR T HK
TR, BE R, KB W) B2 OR O AE KR A
17.6-18.3 CHWEfk, £ 56 h RIn] i, MAE/KiE N
16.4-17.2°CHIMEAL, WIF 72 h AREH . Huknr I,
B8 53 e K g W Y IR i R IR, TE— S TR
B, KR T AT MR IG & , HHROKIRFE IR 2 4
ZRE . KIEEVIEILNIG & B 1YiE HK IR A 16.4-18.3°C,
5H AR B KIR 16-19°CHI—3, KR m wd ik
o UG K BWIE . JETS, WEALRRRT,

3.3 KEMWFENEKRE

K B 1 e %) £ 1 DD B A0 WA P AR R SR
B IRATE R G4y, Z IR R AR E RN,
X B G R K 22 B R} 1 24 B 8 Al IR 1 S A
A

TEHREE N 18.5-22° CHILMFT , K EEW)Ef Fh 4
K5 HIBRRMERE AR N y=5.8208e"1°**(R?=0.9846),
MAIIHF 3] 6 H 7 fa, 1 aE it A Ko B 45k
2%, 7-30 Hiy, AKEEZE e, Jf4E 11-30 H
W 1 AP AE R, 4B LR AT BB A B8 W) i £ 0
7E 1-6 H#SET, Ab TR E R B, BIREbgh F 2K
SEONTAE, 6 HIRLUG, URBEE Rk, #EASMNE
BB, EFRALS ETARGESMNEY T, UL, $em
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5% 1 b KBt AE S 7-10 d ZE 4R, B
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WICEY . M RN, wRE R K K 6g 1) eyt 1 7E
BB 408 FE U B 30 P R RR e i A LR, R Y
TEMEFANEE S R IR &8 7 ), e Lo B,
KEEW i 1 0 A AR AT RS E IR, SRS IR
FERF— BHAETOURCIR S , R REAfF K — BLrt
], (HARMEMK EIRERE S, SR,
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Study on the Embryonic and Early Larval Development of
Rhinogobio ventralis

GUAN Min, XIAO Kan, HU Meihong, LIU Yong, LU Xuebao,
NI Yong, GUO Wentao", QU Huantao, LI Sha

(Hubei Province Key Laboratory of the Three Gorges Project Fish Resources Protection, China Yangtze
Three Gorges Group Company, the Chinese Sturgeon Research Institute, Yichang 443100)

Abstract The current study investigated the embryonic and early larval development of Rhinogobio
ventralis using the micro electronic imaging technology. The running-water hatching way was used to
incubate the fertilized egg. The hatching water temperature was 17.6-18.3°C and DO was 7-9 mg/L. The
results showed that the range of R.ventralis egg diameter, egg membrane diameter and egg weight was
1.7-1.9 mm, 6.6-7.0 mm and 0.0059-0.0077 g, respectively, and that the life and swirling movement
time of sperm were 96.56-119.12 s and 25.43-31.43 s, respectively. The time period for embryonic
development was 56 h at 17.6-18.3°C. Eight embryo development stages of R.ventralis were described,
which included fertilized egg, blastoderm, cleavage, blastula, gastrula, neurula, organogenesis, and
hatching period. The yolk-sac of larvae disappeared after being reared for 5 days in the water at
18.5-22°C. The yolk-sac of 6-days age larvae disappeared completely, and the late larval stage began.
The fin of 30-days age larva was basically formed and scales began to form. The growing larvae further
developed into juvenile stage after 30 days. Our study provides theoretical basis and scientific reference
for the mass reproduction of R.ventralis.

Key words Rhinogobio ventralis; Embryonic development; Larvae development

@ Corresponding author: GUO Wentao, E-mail: realgwt2008@163.com
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1t ZBiE &5 (Euthynnus affinis) R R =1 1%
REREKAENEZNL

w &' FxE'
(L. J7 ARG EE R K =22 B

At Akl

TEYL 5240885 2. J7 ARG R g TR L B 0 5 DA e

S . m
Bz w2

T 524088)

WZE T 2008 4F9 A-2009 49 A 7403 7E & F % & B 435 E # (Euthynnus affinis) & 4 % # 3k
MAegAEK . BEIMAAMEKRKTENETUNHATT . ERET, XHEHET pha%, £
EREPTLEANAE X, FAXBFERMEEE, WrXink R K%, D8 R % (Bregmaceros
rarisquamosus, 45.50%). & # /N f (Stolephorus zollingeri, 11.81%)7%r-K & 1% #%(Theyssa setirostris,
5.89%) K R R B R A AV, SF B H E BT A A R MR B R B TR B E R, e e b
7 T #(Sardinella aurita, 1 ). K& 5% @ (@47 A). K428 A). 4 #(Leignathus riviulatus,
9 A)., HW/ANEWA0A), PEHEREN-BF 3 A) EK/ANT 340 mm By 85 R FE R K by 3 Ao 27
HEEERAEDHN B EREE EA#SE; RKAE 341-520 mm 56 B 785K, BEE RK B3 Ao
HPABLERAENNANBRERERRLERATHRAS, GFENEEEYE 48 A, REHERE
GSI(E M AL BT, AR IFEH 6 A, 8 A), Fligsifd LERKENFEA
EVK A, HNEEREAERATLIREFREIRA, EEFNYE, HELEEF KD EK,

KA A, 4, BEIME; MRAF
hESERE S931.1 CHEFRINEE A

fiti (Euthynnus affinis)J& T &7 H (Perciformes)

%P} (Scombroidei) . #fjJ& (Euthynnus), AiEEH F2
R 2, FE AR EEVE . R S R
FEHER, T TR AT R P 28 BN (B A e O b
F(FAO, 2003). SfifEhEEfRgalas, ®h L=
TR AR AR R G0 Y B W vh 47 1 2 A A (Korsmeyer et
al, 2001), HAHCARFFELT R T [ N Hh 2235 1) 5 ik
Kt HAT, XEepbss FEEPTERE IR,
T3 AN E5E R AE 28 (Muthiah, 1985; Ommanne, 1953;
Williamson, 1970; Blaber etal, 1990; Chiouetal,
2004a, b; Shaneetal, 2009)J5 i, JbHBE LTI
R VGALTS, S s E S ) g, AR
PRI A8 R o 8 1 e SO =117 R e~ 2 | oL Y18 B
ARG A AR EE AL KSR, 2009), CT
b T i £ T M S AR DG A 5 0 R LR T

XE/RES  2095-9869(2015)04-0065-08

AWFFEHET 2008 4 9 H-2009 4F 9 A% H RE
RIS BHAE T 0 AR B, B gE T LR S PR
HpfAE K& E WAL, B 78 00 6 0 R i ] Rk
PEIF A AR HE AR , LRI a2 ) A A 2 Pt
FERHTERE

1 #RE5F=E
1.1 HESAREMDH

1.1.1 H%BRE  FESEUE 2008 45 9 H-2009 4 9
F AT W S AR o RAE LS A ) PE AR | iR
S NFT LR ARV (B 1), X ARG P b i
S8 S T 0 Sl AR A B ) D) R R 3 AR A A T B AL
FIAE o SRAE BYRE 4% BRI )8 A2 FLYE (GB/T12763) i
TR KOE#E] 1 mm), REMAEREREFE 1 g).
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Fig.1 The location of sampling fishing ports in the Beibu Gulf

PEFRE B R 0.1 @)% AW r S8l E .

1.1.2  H5u B A M B AR 69 5T B 1 ' FE AL AE
FE30 11 B A B9 W7, SR AR S AR LR AT e [ 52
e, HTE SN, EEEE SR S AE%.
FH WU i 51485 (Leica Zoom 2000 Z45V)#EAT H & 414
Br, SR S POR OB TR 5, 1987 RifF5E
4, 20065 BEEE, 2008), KIETE SRR 0] R
FEBRART GG, IR TR mAK)n, FIRE N
0.001 g LT R FHRE . AR 43 T 1
A, MH. VI, VI, VIHIE 6 NEHGEEK
FEEERE, 19855 BRETZA, 2004).

1.2 HIEZITFS

121 #hkE5#HhET£Z A (L, mm) 51k
HW, gy XZRL W=al®, BIFesfiikE Sk K 4K
KREFL, 1995),
1.2.2  HFEIH BRI EDN A FE%) . L
HrH(N%) . B8 2 e (W%)(Hyslop, 1980)F1%s B
K (Weitkamp et al, 2008)43l2K LA T AR5
F% = (X B Y53 B A
BBV R B SR E)><100 (1)
N% = (iZ &9 o 1 25k
YA AR SR ) X100 (2)
W%=(i% £ ¥ 153 Y B 1F it/
1 A ) B IE H ) < 100 (3)
75 B =2 BB E $< 100
BEFhE W) K 40 ) B B (Hacunda,  1981) FAHXT
NSRRI (Field et al, 1982)FA T g Z M4
43 FE(IR1%)(Pinkas et al, 197 1) &, HE AR T .
IRI = (N% + W%)*xF% 4)

IRI% = (IRI/SIRI)x 100 (5)
JHHTE B (Repletion Index, RI)(Figueiredo et al,
2005). 75 B R AR B RIAG AR R, AR
W
RI=VH R} f2 /4K 5 < 100 (6)
JH P )1 1 348 8 (Gonad Somatic Index, GSI)
(Htun-Han, 1978)7-#rfifi i E MG ML, 5% & 1k bifi
ZHEBY B A2 A

GSI=0 51 5 /4 /A T > 100 (7

K H1 Brillouin $84% H 3P4 7= 24 (Pielou, 1969).
1 N!

H, =—Ilog,————— 8

CTNC BN ING AN ! ®)

Ao, N R KRR YR B8, N R
k AR D1 ARSI, THE RS R 2 REE R B H,
FAL T H,+ 0.05H, Yi I A 8945, F0 B 45 H AR B
SR R PEAG B R 2 AR I ZE SR (Koen et al, 2002).

L FEKBEGERE . 20 m. 30 m)EHE IR
T E CATSAT(HUH) RS FEAR B AR . BdRsiT
A3ATIN ] SPSS 17.0 B AR K 41 . H 4y B 4%
BAMEHE T R R 22507 o

2 HRE5HW

21 HHBEEMREEMENMEERNT

HORAE 435 (R DRI EE 338 JB), IR K
4 165-520 mm, [ 2009 4F 6 H i1 T &b py a2k
e S N BOE IR Z R EU(H,) R 0 51, HAR4S
A% H, Z A8/ 2 D(X)=0.14], H#& AR H,
VEAE H£0.05H, 35 [ P9 () B8 Bl A~

TR ERER B/ IMAK ) 165 mm, FeRKIEK N
520 mm; fEFEEREK N 220-370 mm, 5 EAEREAR )
66.67%([&l 2), S KA E N 2580 g, f/IMAE Ky 24.7 g;
RHARE R 171-920 g, 5 EAFEAR Y 63.91%(5] 3),
TRK ST E R W= 8.002x10 °L>6,RT = 0.9709.,

JEEBIBEELE 311-340 mm K 4] PS4 R E )
MR Z, 35 6.58 4~; 1E 491-520 mm R K41, F
BRI, BA 0.7 4 PR Y E
HIRKM N 1114 g, F/MEN 1.0 g(& 4),

22 EMAEARKREATK
221 R AR 5 B e X R AL A 2

(/b8 AZ Bregmaceros rarisquamosus, i /NA
Stolephorus zollingeri, Ktk fiZ Theyssa setirostris
4 @/Nyb T 1 Sardinella aurita %), HI 5225 (HIF
B BEEMBIRFL LS, 21 #GR 2), BT
ITEMEm,
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x1 LHTHE YR

Tab.l Samples for analysis of stomach content of E. affinis in the Beibu Gulf

REEMCBICE-)  RKBH FSIRK BB BEME e gpien  HoE 0.0SH BURIH
Sampling time Range of Average Number of Empty Trophic diversity H, Samples number within
(Year-Month) SL(mm) SL(mm) stomachs stomachs H,+0.05 H,

2008-09 165-285 229+6 35 7 0.47 22
2008-10 224-325 282+6 32 8 0.18 27
2008-11 304-355 33043 21 0 0.44 18
2008-12 269-390 32444 45 14 0.26 38
2009-01 283-355 33042 51 34 0.37 19
2009-02 232-304 258+3 50 3 0.53 28
2009-03 274-444 374+11 15 2 0.59 8
2009-04 408-435 42142 12 4 0.47 4
2009-05 216-425 27947 50 11 0.47 19
2009-06 343-441 417+11 8 0 - -
2009-07 345-520 460+7 30 4 0.45 11
2009-08 205-466 295+7 47 9 0.52 31
2009-09 290-333 303+4 39 1 0.60 25
—#7"T; —. No data

301
25} e
S 20t
-
& E 15}
8
L 10t
5,
0 e | | i : i
[161-190) [191-220) [221-250) [251-280) [281-310) [311-340) [341-370) [371—400) [401-430) [431-460) [461 ~490) [491-520)
AKX [A] Length size/mm
&2 SRR
Fig.2 The body length distribution of E. affinis
251
201 ]
< I
S & 15F
RE
m 8
[
[=%
5..
B : : : HD‘_.D.HDDD.I_I.ﬁ. p—
A0 ) ;51\ ’A']Q\ ,610\ :\'\Q\ (ﬂQ\ Q'\Q\ @Q\ 310\ 10\ 6’\6\ 7/0\ 10\ 'LQ\ ,L'\Q\ 70 ,;]Q\ ,ﬂm
OISRVt AV Y Y T A A AT A A a8
\ \\ \ \ \6 \ \QFL \\01 \\7«1 \\31 \\‘37’ \\6‘ \\%l\ \\91\ \rL\’L\ \?:7:‘\ \rLNl\ \15 \

1A [X [E] Body weight/g

B3 A E L
Fig.3 The body weight distribution of E. affinis
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z AR Mean prey number —o— YR EH I Mean prey weight 112
5 7F 110 -
§ § 3t 14 ﬁ i
= 12
[161-190) [191-220) [221-250) [251-280) [281-310) [311-340) [341-370) [371-400) [401-430) [431-460) [461-490) [491-520)
K IX ] Length size/mm
Bl 4 bR o TRk A A B R A R B AR 1 AR Ak
Fig.4 Comparative mean prey numbers and prey weight of E. affinis in different body length groups
F2 JtEEHEWE N
Tab.2 Diet composition of Euthynnus affinis in the Beibu Gulf
(IR SEIES g MREK fhE B AR MR
Prey category No. HFHEIN HAEO)W HiRF Haol(%)F  $KECIRI
2% (Crabs) 9 0.48 - 4 0.76 0.36 0.02
1 #F i (Oratosquilla  oratoria) 1 0.05 - 1 0.19 0.01 -
KA HIHR (Solenocera crassicomis) 7 0.37 0.52 4 0.76 0.68 0.04
1 [E B U (Acetes chinensis) 5 0.27 0.22 3 0.57 0.27 0.01
8 ¥ % i iF (Heterocarpoides laevicarina) 68 3.61 1.21 19 3.60 17.35 0.91
ARHAHHAUFZE (Unidentified shrimps) 33 1.75 0.54 9 1.70 3.90 0.20
£ 1 i fiffi (Saurida tumbil) 2 0.11 0.66 2 0.38 0.29 0.02
/1> J2R %5 (Bregmaceros rarisquamosus) 600 31.86 16.43 95 17.99 868.85 45.50
R 22 % (Bregmaceros nectabanus) 4 0.21 0.29 2 0.38 0.19 0.01
40 /N T fa(Sardinella aurita) 178 9.45 10.97 29 5.49 112.18 5.88
E /NP T 1 (Sardinella jussieu) 23 1.22 3.63 9 1.70 8.27 0.43
F7 /Nt (Stolephorus zollingeri) 145 7.70 16.60 49 9.28 225.50 11.81
W) /N £ (Stolephorus heteroboba) 25 1.33 1.76 13 2.46 7.61 0.40
JiE EG /N f1 (Stolephorus commersoni) 16 0.85 1.93 8 1.52 421 0.22
/NS4 )8 (Stolephorus sp.) 48 2.55 4.15 28 5.30 35.50 1.86
KAk i (Thryssa setirostris) 250 13.28 6.53 30 5.68 112.56 5.90
% [/ #5 (Decapterus maruadsi) 24 1.27 1.55 11 2.08 5.89 0.31
K H % (Megalapis cordyla) 6 0.32 2.12 5 0.95 2.31 0.12
rI¥éfa(Trachurus japonicus) 8 0.42 2.64 6 1.14 3.49 0.18
£ 4if(Leignathus riviulatus) 111 5.89 2.25 28 5.30 43.18 2.26
# £ fiF (Leiognathus lineolatus) 32 1.70 2.01 13 2.46 9.13 0.48
5 B fifi (Leignathus bindus) 94 4.99 5.84 23 4.36 47.18 2.47
7 £ (Trichiurus japonicus) 6 0.32 7.28 5 0.95 7.20 0.38
ARATHEIA £125 (Unidentified Pisces) 153 8.13 9.72 115 21.78 388.60 20.35
AT A Sk 2 25 (Unidentified Cephalopod) 1 0.05 0.11 1 0.19 0.03 -
1 [El 4 2 i (Uroteuthis chinensis) 26 1.38 0.53 10 1.89 3.62 0.19
¥ 1215 J& (Uroteuthis sp.) 8 0.42 0.50 6 1.14 1.05 0.06

—FE7R BT e ]<0. 01%

— means the ralue was <0. 01%
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TERHE ML, LA IRIY% (R R 3 B8 5
)R FERR, BHE EERE X R 25(98.57%), H
WO FE25(1.18%) Al Sk R 25(0.25%) . PRI B A )
Ry R A (45.50%) . T /INVA HL(11.81%) FHK itk
2(5.89%).

222 EHmme AT LB e L2 F
PR ENE, IRI%IA 98.57%(3E 3). TEAR A, HE
BB AR S 2200 . 2008 AFE 9 H LA R
(Leignathus riviulatus)y 35 10 H LAF /N 3
11, 12 A J 2009 45 2 H DI/ R | S8R A3 1 /1N
N 2009 4F 1 AR S/ NP T s E; 3 AL
AR RRAS TN RIS 5 4-7 H LLRRE
Yool s 8 A LA @ike fig oy = ERAEY

/0B JoR 455 P RE X R B FR EUE Ay EE(IR1%) By, A
17.64% , H R T /NS R AR B, 43510 12.27%
N 7.19% THEHETEATE T 4y 1 3R IECR B3 25
S, QbR | AR ANVAME KRR . S0/ T
5 MTEARTRL R Oy B, TS | R, | R
2 I | AR R RN /N T A T 3

23 BEMERAFHNEN

231 MHKRAFHATK B ETE 4 H IR
PR, Hor, MR IVIRRAMA Y 39.56%, VY
A 17.6%; 5 A PERR A VISR He i BA S 34,
iKF] 37.89%; 6 FPERR TR VIR, 3E A 51 = s
M 2008 4F 10 H-2009 4F 3 A, MK T IHAE

R 3 ALEEERRMAM IRI%AEL
Tab.3 Monthly variation of IR1% of E. affinis in the Beibu Gulf

THALFIZE Prey category

2008.9 2008.102008.112008.12 2009.1 2009.2 2009.3 20094 2009.5 2009.6 2009.7 2009.8 2009.9

f#35(Crabs)

IRk (O. oratoria)

A HINR(S. crassicomis)

1 E B UF(A. chinensis)

TEE 2 MR(H. laevicarina) 8.63
ANATHEHANFZE (Unidentified shrimps)

Z IS, tumbil) 0.25
/DM FR A% (B. rarisquamosus) 3.43
FRIEFR S (B. nectabanus)

4t/ N T #(S. aurita)

R/ T fa(S. jussieu)

Fa /A (S. zollingeri)

42 /1V,s fa(S. heteroboba)

JHEEG/IVA (S, commersoni)

7N\ 1 & (Stolephorus sp.) 18.77 433
KATRZ (T, setirostris) 244 036

% A #%(D. maruadsi)

KH5(M. cordyla) 0.03
r4(T. japonicus) 1.39
2R (L. riviulatus) 73.97
HLEUFE (L. lineolatus)

FBEAF(L. bindus)

i ta(T japonicus)

AT HEA 2 (Unidentified Pisces)
AEHEAK 22

(Unidentified Cephalopod)

P AR (U, chinensis)

#  iJ& (Uroteuthis sp.)

15.40

84.24

55.67 5445 3.73

45.30

31.09 0.25

12.45
0.56
1.34
0.12 0.38
0.74
31.82 1.87 1.67
79.47 30.31 2.34
0.38
51.84 823 10.28
17.67
30.02
4.05 10.76
8.34
7.67 038
57.45 33.22
29.12 0.76 1.35
6.16
12.23
278 142

0.10 16.00

0.04 2.04 347
29.62  6.17 47.88 88.77 100.00 80.70 14.46 33.73

0.04

4.24 0.04
4.35 0.16 7.28
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P35 Y A MEBEA SR 30%0 1, Hid 2008 4E 10
A, M 93.56%,

232 HBELEMBAFTAKBEIG X AR £t )
BEmEEARAMEEHR2ER, ABEREVY
T8 B (R £ 11 0k sh i B I A — B (& 5) . B 1
Yok IR BUTE 6 A £ (6.44) , BB Rl 100%,
MO Pe BN 8 H P BUAIE B I — /N
IE(2.08). FREHAE 1 HEAL, J33%; 7E3 H. 6 A
A HieR, b 100%. HOEFEECE 10 Hiok, M
3.79; 1E 4 AR, 7 0.0003, S KT 2B EY,
& H PR A 25 R I 2 (P<0.05).

—— $% 12 % Percentage of stomachs with food
--o- SEHYPE RIS B Mean maturity index
-o- 1575 %X Mean repletion index

X 1201 7

3 ]

S i 16

£ 100 / X X

= 5 E ;\g,g;

2 g0l . 1P & R
g f &5 &2
E 60 ; 2% &3
oS 13 5a 35

S 40} / yoBE

[ ! 12 7 8§ & g

gﬂ 0 ’ / [5Y ]

= 20} O S i O8] 1 = =

S DA G N

L oler . oo ¥ie®s T Oy 0

HAMonth9 10 1112 1 2 3 4 5 6 7 8 9

FYear 2008 2009

5 b v o £ o B S o 3R B H A2 Ak
Fig.5 Monthly variation of feeding intensity and maturity
coefficient of E. affinis in the Beibu Gulf

JLEBIE L JZ(SST). 20 m 1 30 m /KIE/KIEAE1L
RAHKEHIE , BHAE 6-9 H KIEAIXEE , X 58611
PECAFE EL GSIE AR LA &, FH T s —
ORI (P>0.05), FHAHEH = OE E IGIH Y H BLS
)RR A VIO FR o A ER T 0 A Y
GSI fH7E 1-5 ABK, 6 AsElm e, HAF=ImE
WEHA ST ERE AR GSI i, Ak 6.44 F
4.15; M7 AFFIE TR, %= 8 H HBEEE2.08); 9
A W TG T B 2 AR E(E 6).

3 it it
3.1 #HPEBRIM

IS A A BT R B2 /NS | R
m2s . PRIEEMK LR, FERMENFEARI% N
98.57%), HFE2(1.18%)F1k FEJ5(0.25%) H ] #{I%

HAR SR A 1 Ry D R A5 (IR1% K 45.50) . T 7/
A (118 D) FH A B(5.89%) o 1EAN[R] B RF I FR 45

E A 536 %
—— i Female —-¥-- i Male —o—SST
20m ifit i 30m
20m Temperature ~ ~ 30m Temperature
M 130
= 6 [
s {28 ©
55 o
5 5
A 126 €
S ©
R o
e B
=5 14 e
=732} b
S 1o %
Ot h
0 g 20
1 3 4

) ‘\
5 6 7 8
H 1 Month

9 10 11 12

Ko JLERMEa IR A B S b B2
USRI AP
Fig.6 Monthly variation of different layers water
temperature and E. affinis GSI in the Beibu Gulf

W, PR E RIS R F 225, BRI RS
K H AR BB A YRR 225 P 1R
B, SRR R 90% DL R, HAL IR AR
Y1k /NS g (Blaber et al, 1990); #5725 5 b 3T i 455,
B EE B X S R R AR S 25, R DLEERRILT
55 A0 R4 4124 32 (Chiou et al, 2004); A H] I 43403
i TR I 1 DL AR A 2 rp R RN S, TN
0 )80 i 8.7%(Shane et al, 2009). ffi7F 415 11,
J& T EEHEE, mHEERa sk, H
FERMK L, XrTRE S8 T B kadea X, X4
W LR PR A s D, T BE PR AR A

A0S S o ) PR} AR i 2 iR A B DA [ B A
@25, DR &N T, Hi /A asE
FEAS O th B R A sy, B2 VRl . A HENE
Z VT bl | BRI R S5 DR AR A A A S A oy B
X AR AL 5 PR AR W b RN 8 11 2 4T AR Ak B 4 A
XK, WATRE 5N A A 1 B 00 AR K 1 22 5 A K
(Chen et al, 1986),

32 HEABMEERNEN

i B MR R AR R — i A
(Takahashi, 1974), JEFREEGHABISN , A4 /NTF 340 mm
V1) 8 A 2 B A 1 ) 4 I G P 357 5 VR A 1 1 - 4k
HEEE FIFHEE RKTE 341-520 mm {5 [ N O
AN, Bl A R I A R TR AE D A B S
o AR R T R Yesaki(1994) B 58 & 31,
TEEPBEFE— RV, AR 250-350 mm AYER A
HAEFIE A 1 AR, L, 6K A
340 mm DL R AT BEJE TR 8 BIPE RAH 1
AN, XA TG R B RS RS SR E,
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Tt B R AR 0 1 5 AR B B A B 3 g v o, AR
R R KBRS R (R K K F 341 mm) EZR
£T 200944, 6.7 F 8 AHGE ), T HHIHE,
PSSR AR ) (R s 24 S A e M I i 1, RO 46
e [ I T R N TR SN SR S RAEE: 7/ D e 0 WA N i[5 7
D BB R P B

33 HHERMMUBRATHEZN

KR AR Ak T2 5 ) £ PR R — A B R
(Takahashi, 1974), JtHF L= 0 FEZEFE 4-8
22 7 K R A s (2 /KRR A 29.7°C), KW
)5 5K IR AR LA HE VIR . MEEA R GSI
(BL7E—4FHp B PR A W, 5 T S5 i st 5 i
HEWIG, RIEERE A — > FE L0 E e H)
FI—DRE = IEIES A). 7E AT P i a2
IR, Qe IS 0 sk, B 5L AN = B
3 67 A 11-%14E 2 H (Buiag, 1956), THE 1K /R
AT e VA SR 11 7= B v W Y BRAE 9-10 H (Muthiah,
1985), VHEDEEVEER =B 11, 12 H — ELZEff )]
P45 F(Ommanne, 1953),

ACHR L S AE = B e W, AR B AR R — 1
R KT (80%A 1), 22 BB 1) 5 2 5 B O N 23 Bl ™
B9 v W B 1 3T B RIS, X 5 SRR R AR
TR () 45 £ ) P[] (Shane et al, 2009), {H 51L#B
BRI E I Mo, 2011), W AETSES,
2010b) F1 2 1 WE A (51 = ¥4 55, 2010a) 55 55 &1 Bl AH
B, 3% T RE 5 A6V 0 > A G, A W
49 A B 3 37 2R A (Chiou et al, 2004a., b), |74
BB EHTE AR 68 T I 3] 75 s 25 il v Jak
AT B (Williamson, 1970), PRtk, Jy 7 %b 75 i jiE
AR AR R T RE , X — LR P 45 SR
o [, 6 A 6HRSREZ B R A A f s, A
a R SE B AR XS i b, ELRE A R AR T8 R R 2
D, 3T - 2 ) A £ R B X AR T

BETEFZBRET (34 H)aKEiEeE, Nmini R
Bt rEU)E , I R Y R AR O T FE
FIRER . B2, A R PERE IR R & B A
W EARE, ERE AN E R A A
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Feeding Habits and Ontogenetic Diet Shifts of Mackerel Tuna
(Euthynnus affinis) in the Beibu Gulf, South China Sea

SU Xin', LI Yongdong', HE Xiongbo', LU Huosheng'?, YAN Yunrong"*"

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088; 2. Center of South China Sea Fisheries Resources
Monitoring and Assessment, Guangdong Ocean University, Zhanjiang 524088)

Abstract

To study the mackerel tuna (Euthynnus affinis) feeding habits and its ontogenetic diet shifts,

435 mackerel tuna were collected for an annual research from September 2008 to September 2009 in the
main fishing ports such as Beihai, Basuo, Sanya and Jianghong of the Beibu Gulf, South China Sea.
Results showed that the mackerel tuna of the Beibu Gulf was omnivorous and it predated not only the
small pelagic fish but also the benthic fish, crustaceans and cephalopods. Pisces were dominant in the
diets with the percentage of Index of Relative Importance (IR1%) of 98.57%. Among these, 21 species
were identified. As indicated with IRI%, Bregmaceros rarisquamosus (45.50%), Stolephorus zollingeri
(11.81%), Theyssa setirostris (5.89%), and Sardinella aurita (5.87%) were principal in the food cons-
ituent. The main species changed monthly and it was Sardinella aurita in January; Bregmaceros
rarisquamosus in February, March, November, December; Unidentified Pisces from April to July;
Sardinella aurita in August; Leignathus riviulatus in September; Stolephorus zollingeri in October. The
prey weight and numbers increased when body size of mackerel tuna was less than 340 mm (SL<340 mm),
but there were decreased when body size of mackerel tuna was from 341 to 520 (341-520 mm). The
spawning periods of the mackerel tuna were spring and summer, mainly from April to August. There were
two spawn peaks, June and August, which were recognized by the female gonad somatic index (GSI) that
maintained strong feeding intensity during the reproduction periods. Moreover, the peak periods were
consistent with the water temperature of pelagic layers provided by France CATSAT fisheries remote

sensing system.
Key words

Beibu Gulf; Euthynnus affinis; Feeding habits; Gonadal development
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fFRea et WRERMAEKREFINTERAEHT T EHHEN MR B EHRE 16S
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A (Lundén et al, 1998), [FIFF23F T i 5758 A58 FiAT
HE (AR N IS A 2500, XHAFREf R AE K R B

AES, HMHEE, HOEEH HEER
XEHS 2095-9869(2015)04-0073-10

T — 5 BE o T Ak T R R R s ik oy e
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Chabrillén %£(2005)WF5 % B, 7E %M /R i(Solea
senegalensis) A7 HE LR 1], 25 A AT 4000 6l e 44 LG5
VRTENA R REE ARG B, S8 5905 I R 5 4P i 97 L ORG BREAL
SDL R A S e i A2 00 A R i R ER A R0
P41, Huys 55(2001) 53 B B5 3% T BF A= K2 613 ki 9
AT , B R i PR AN LIORVE 1 7 X 3-9 H
WA HEAEE T, UESE T 3K 9P 40 A 2 8 s £ 1R
iR, I HXT S I A RS R f K

AT, XA KEEEFHEF T RKIWIEH 4
PR AT T S I B IORE | 8 I A% G A0 TR 4
T, BT YE T REE SPAFHE AN ) & B T A
TR AT RESRANER , 30T T I A 4B 5 K PR BT R
H T 3R BRI AR DM o ASHIF ST I A TR A AT I R
FEOEIE A E TR B BN, SR ARUE SR
5, B AR A A Y 5 1 R A AR AT

1 M5 RE
1.1 HmEE

SRR BEALAE A | KRR R RHRE A A I R4
M T3RRGO E WY, BURERT RIS 2013 4F 4-6 H .
ZEWMNTREZHHMHEFTNE MR 5 mx5 m
FIK T, KR 1 m, FE KR E R K 20
IR, BEA S HEKERESE 19-201C, £
FERGETE 28-30,

FER B A 0] HP RE LR 3 A FRAH bR THURE
AAbRC A At B AT C i, MASESH(HEM S H
WA T IR IR, P4 RgRS S d BURE 1 Ik, B2 36 H
1%, BRI RREAFRED | AR R R i

FPHEERE S BB AR Y K AR AT
Hi P REALERE Y 5 S W ATHE A K B B T L)
5 FAFHEAE KK PIRIL 1 h )5, FRKRIEK
R TRV AARFEOR , AR T /O R AT I A
I HEE A B KR 10 ml B0 HRRIAR A TR
P5E B BB A TIURE , AHE/NEREER . L. pl HURNSE
BERE, K AGE | AP R R EUR R R T A
PRIV FEAMRE I 9 F5R KRR, 21355 f5 1
FHR BRI TR BEERR R . KRR B BT K K EE,
B TH R R . SRS SRR IR T 1.5%
NaCl B R OK SL(TSB) 3R Al % 77 S A A4
FR AT IR ER I ER R (TCBS) Bl s 77 2k

i) TSB Al TCBS g FIk4 28°CHE 3%
24-48 h, AN SLPEVE IS PRV T VR TR, IEBE
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Br R AR TR VR R R R i R A 4 TR A, TCBS

BRI FR L B A K B B VR B AR i b A IR B
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FARMRAARHEA R Al A= 4B R 41 DNA
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Flal—AFy, XTSRRI ClustalX 81T 27
HIVCECHES, FH Mega 5.1 3K {47 11 AR 25047,
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%,2000; T FE R4, 2008),

1.3 HELE
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21 AAREHUEFAAFEEENEESN

16 28°CF, 2yt 24-48 h WYIEFE, KEEOFAFHEM
ANFVE B AT AAE | PR R AR TR AT iR 55 4 & TSB
BN AR A BSR4 LR 1, TCBS Blg AR5 55
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Fig.1 The results of bacteria from different developmental stages of turbot larvae cultured on TSB agar plate

A: AMTPAFRE@IEALIE ;s B: B PAFREMIN LI s C: Cl P AFREMINALIE ; W HEK EUKAE;
Chl: /NERWE; Rot: ¥M; Art: s PF: JURIAC A TR
A: Gastrointestinal tract of turbot larvae in pond A; B: Gastrointestinal tract of turbot larvae in pond B; C: Gastrointestinal tract
of turbot larvae in pond C; W: Water sample of intake; Chl: Chlorella; Rot: Rotifer; Art: Artemia; PF: Pellet feed

R1 TSBHEFEHEFRNITHER

Tab.l Count of bacteria colonies on TSB agar plate

Hi# A3 Tank A B itz Tabk B Cith Tank C  7KHf Water #98 Chlorella % H Rotifer pqHt Artemia BUkiEl Pellet feed
Day (x10*CFU/g) (x10°CFU/g) (x10° CFU/g) (x10* CFU/ml)(x10* CFU/ml) (x10* CFU/g) (x10* CFU/g) (x10* CFU/g)

5 0.62+£0.05%  0.57+0.12% 0.22£0.01°C  31.40+1.01** — — — —
11 2.32+0.12%  1.2240.12%° 1.10£0.10°C 3.8040.29°C — 39.30+1.37°¢ — —
17 — 365.33+16.50™ 372.33+£10.02**  1.50+0.12%° — — 53.20+2.07*® —
22 235.67£3.51°8  26.50+1.36% — 1.20£0.09%° — — 73.60+1.86 —
26 252.67£5.51%  57.20+1.00°®  13.90+0.59°B 1.87+0.06%° — — — —
30 5.16£0.07°C  0.18+0.01%° 7.45£0.27°5¢  18.00+0.53%" — — — 8.86+0.339°
36 7.324£0.06°C  0.35+0.04% 1.8240.07°¢  18.60+1.07°8 — — — 8.32+0.149°
" FR IR —— " RAR A, IR G T 5 W8 AR NG RN F R 22 5 W (P<0.05),
L FRRE FEAN R 7R 28 S0 835 (P<0.01) (S [R] B S Ve AL A0 TR — %)
Note: “—”Sample absence; “——"Not counted; Different lowercase superscripts mean significant difference (P<0.05),

Different uppercase superscripts mean extremely significant difference (P<0.01) (Different feed as the same column)
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Fig.2 The results of bacteria from different developmental stages of turbot larvae cultured on TCBS agar plate

A: AbHrREfaTEfLIE; B: B M AREfAIEILIE; C: C M AFHEMIEAIE ; W UK FOKEE;
Chl: /NERIEW; Rot: % d; Art: xiH; PF. Jokifc-& 4k
A: Gastrointestinal tract of turbot larvae in pond A; B: Gastrointestinal tract of turbot larvae in pond B; C; gastrointestinal tract of
turbot larvae in pond C; W: Water sample of intake; Chl: Chlorella; Rot: Rotifer; Art: Artemia; PF: Pellet feed

&2 TCBSHEEFMIBFAITHER
Tab.2 Count of bacteria colonies on TCBS agar plate

Hi¥ A Tank A B TankB C i Tank C  7KEE Water 33K Chlorella %841 Rotifer (<4 Artemia Jikik} Pellet feed
Day (x10° CFU/g) (x10°CFU/g) (x10°CFU/g)  (CFU/ml)  (x10* CFU/ml) (x10* CFU/g) (x10* CFU/g) (CFU/g)

5 0.10+0.01°¢ 530.00+13.23* 32.70+0.64°° — — —
11 0.60£0.10%  0.30+0.13C — 37.20+0.35% — —
17 56.50+2.02°  4.75+0.12*®  48.50+2.16°® 100.00+17.69°" — — —
22 108.00+£7.09**  0.304£0.04°°  13.50+1.18% — — 53.80+1.21°C —
26 32.60£1.41°  46.50+2.95%  76.30+3.42°4 — — 5.00+0.16°¢ —
30 43.50+1.77C 43.60+1.96°® — — —
36 53.50+1.38% 10.50+0.76%C  40.00+5.69°C — — —

o R TR s R RS 8] R NS PR R 22 B E(P<0.05),  HRAS
N [ 7 22 524 8 35 (P<0.01) (AS[R] s S AR ) — 51

Note: “—’Sample absence; “---"None bacterial colony was cultured; Different lowercase superscripts mean significant difference
(P<0.05), Different uppercase superscripts mean extremely significant difference (P<0.01) (Different feed as the same column)



$ 55 G KZEHF(Scophthalmus maximus)(T-HE & & 1A TH 1k 18 7T 355 35 40 18 19 B B4 1 0 AT 77

G A7 A1 AL T T 5 % A A B T e e AT R B, S
Hg . 11 s 09 A A7 A 0 A8 T 3% 32 40 1 B
7 10°-10* CFU/g, H91] ) 3= A RL R /N BR 38 YR 48
W, 7E 17-26 HEE I, A7HE 0 £k 18 7T 3% 57 40 1 41
HYOIGHE R 2 10°-10° CFU/g UL |, IF B 5 HAh 1 #
[ FFAE M (.35 22 5 (P<0.01) o S B 2 2 AR Ay i o
1 30-36 H &R, £ Z ISR AR R 32, BT
HE £ Ak 38 0T 8% 5% 40 R R SRR 2 10°-10* CFU/g.
M\ TCBS B - i A 4 25 S 3k 2 14l
KF, NERERAMAE R IR AR LI 2, TE
10° CFU/ml 5§ 10° CFU/g DA b, #% & 3 & F i d Fnigi
BEHU (P<0.01), b HUH BT B 9B B0 ARG, 4
R 10° CFU/g, UL 0 R 85 5 RO, 7K ke
IR AR AE 10* CFU/m oAy o T A6 A £2 1 37

fEiErh, IR ECE 2R E M s, S Hikm
B/ D BTN E 10* CFU/g, ZJRREARE %
— R, H A MR 17 HESH 22 R
WK, 5 HAR AR W3 22 5% (P<0.01), B #ip
17 HEBF 26 Hiy, 5H AR A 22 50 W 2 (P<0.01),
C it 17-36 H i ]34 25 5 1 2 (P<0.05), JFH 17
Hig . 26 HiEHA 30 SN &K, S5 HALR 2=
S 23 (P<0.01).

22 AELABHMIERERBENSTLE

SHEL 1 FhR[E I TSB Bl 55 35 3k | B V% X
ISR = 20% 0 40 EAT Al Ak B 5, PR 16S
tDNA JE 5], % )5 5 NCBI 304 #5417 Blast [w] J2E
FeXt, o EORE 5 A DL i e ) BT RR T S AE 2 3

3 AELEHEAEFRMEER BLAST kX ER

Tab.3 The results of BLAST alignment of dominant strains at different developmental stages

WHALIE GI tract JKEE Water THAE Feed
s NCBI H i [ — NCBI Fst [ P
T . NCBI LU . (TS i
FUR {34 ki 5 PO [ty RABERAS Btk e B bR
Day  Dominant strain Cl Zt'EJ in aft Dominant strain Closest strain after Domi t/\‘ Closest strain after
number and its source | - 0Sest strain after number blast in NCBI ominant strain blast in NCBI
blast in NCBI database number and its source
database database
0429A01(A it Pond A) 0429701
0429B02(B it Pond B) L. anguillarum 0429W01  P. elyakovii (%% Chlorella) L. anguillarum
5 0429C01(C ¥ Pond C)
0429A02(A it Pond A) V. tasmaniensis . . 0429L01 .
0429W02 M. primoryensis . V. tasmaniensis
0429B01(B i Pond B) V. splendidus primory (§ 1t Rotifer)
0505A01(A . Pond A) V. tasmaniensis 0505L01 V. tasmaniensis
0505A02(A jth Pond A) . (%t H Rotifer) '
11 . L. anguillarum
0505B02(B 3t Pond B) 0505L02 V. fischeri
0505B01(B i Pond B) V. fischeri (% 1 Rotifer) '
0511A01(A jth Pond A) V. ichthyoenteri 05111401
. R u .
17 0511A02(A jtb Pond A) V. tasmaniensis 0511W01 H. venusta (1 h Artemia) R. pacifica
0511B03(B it Pond B) V. splendidus
0516A01(A i P A
2 05 16C02( :{1@ ond A) V. ichthyoenteri 05161u01 S
(C #t Pond C) (15 1L Artemia) V. brasiliensis
0516A03(A i Pond A) V. tasmaniensis
0520Iu01 p biensi
(13h Artemia) . arabiensis
05201u02 _
26 0520A01(A jth Pond A) V. ichthyoenteri (% EuA rtemia) V. proteolyticus
0520K01 S lensi
(IR Pellet feed) O NCPAICENSIS
0524A01(A it Pond A) V. ichthyoenteri
30 0524BO1(B ith Pond B)  A. bouvetii 0524wp) ~ Amtarctic seawater 0524K01 M. caseolyticus
: : bacterium (Pt kel Pellet feed) :
0524CO01(C it Pond C) V. crassostreae
0530K01
N . . P S. hominis
0530A01(A b Pond A) V. ichthyoenteri (WAL AL Pellet feed)
0530K02
36 0530W01 V. splendidus M. caseolyticus

0530B01(B it Pond B)

M. caseolyticus

(AL Al Pellet feed)
0530K03
(R i) Pellet feed)

cereus
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PR 3 SR T T LAt R FE B W B
FEHEFAIF Ak 18 Ha] 35 38 A S TR LU A 32 o 7EAR
MEE/INER PRI B, AR £ Ak AR A LA
EFIA V. tasmaniensis ., V. splendidus T L. anguillarum,
FE B W g HORn R R R, AR SR M A R AR
V. ichthyoenteri {0 . PHEHRIZKAE i B B RE IR 5 =F
B, 1L HE . 22 BB 26 H S EHY A KR 3
IR o5 o X A S ) A TR R o AR TR R R 2
AT R IR A R, 7R R B AT HE s Ak aE P S A
# V. tasmaniensis. L. anguillarum %5 B Pkt 2 2B Y
PR B OC AR TR, 17 JURE PR r (4 0 S A R AN
ST Ja8 4 TR o

23 ARABHUERRBEENERREES T

PL 4B 37 #H % ¥ (Neighbor-joining) ff|  Bootstrap
method #E47 1000 X E A, JET 16S rDNA JFFIXI R
FBPAFHEfOOR R & BRI AL IE | KRR R 43 2915
N PLHATIAT R G L TR 3),

AT EE RO A B FR A 16S rDNA [R)JEE b X 25
AT, ATLAKIG A S AN 3). 55 1 KR
KRBT /& V. tasmaniensis A1 V. splendidus, 7£ A
O AP HE FF AT . KA AR Th BB RS R LA
{HAR B Z (A1 2R IR WY S AR A S R . 256 2
X H4 L. anguillarum, FZ2 5 HEEA 11 H B4
MEAIH AL TE TP RS A, o 5 H g A oy
B 0429A01 TERE S5 /NERECTHY 0429201 TR R
J9—37. 55 3 XM V. ichthyoenteri, J2& 17-36 H#&4F
HEAOIH AL TE AT 55 3R WA S R AR A i A, (HR
SR K AR B UL S B - 575 4 X F B R R
B KA FR LA A, BT LLE Rl ) 2 R
=, B RATHE A AL TP A . 11 Hig
IF AP HE R A B A —BR LS R R 0505B01 FT%e Ht
DB PR 0505102 Bl 3Ry — 37 56 5 X 8
bR AR S R S Ty e e Y23 % NI e = g 1% A
Ak P ST R 5 AR 3 Ak 0 B T AR R OGP
AR, AL 30 H & s RO G RE A — Bk O B0 B
0524K01 5 36 H eI 1HE A I AL 18 i) — MR A4
0530BO1 HUM Ry — 3, X i) B SC ook AR rP AEAE 1Y)
TSR PR BT

3 itig

31 REHNFHEARNAENBELETERAR
MM ETL

Jensen %5(2004)F1 Munro %5(1993 . 1995)#ff 5% %

B, 7RI K At 2 B R B, THALIE A0 A2k
AR AL T 28728 A Y v, AR 53 58 2o 28 ML 1) 48 B
K5I8 7 1 X6 RS2 A7 HE A0 [6] % 7 300 9 4k 3l rporT
KRR HEAT T 50T, AEAFHEARINGT i s H
W, AT AN SR AE 2.1x10°-6.4x10° CFU/g 2
6], Fifi 5 $ 0 PR AR L A REf I R B, T ARIE
AT 15 F5 20 A AR A B G, 2 e M B A 3
o, A A A I 25 A B 3 (P<0.01) . MM
THAWRYR, AL RN SR ITR F %, JE i
KFAEALE 10* CFU/g Bit gt 1 N TCBS B &5 57 4k
(I FREE A, FETF ORI 5 H IR fa i Ak
JUT-EA I, BEE ARk, T AkaE i
ARSI %2 10* CFU/g U g0 FRE, M
17 HIBHW i 2 )5, SHALR 2 HfE7E % 22 5
(P<0.05), #t TSB B35 581 TCBS i 55 KL 0y 45 B kAT
X ECAI T, AT DAHEWT A7 U5 099 A T8 P o 4 A
R O 2 AR N, 5 EAMEE LT RS
SERAEH AL, Munro Z5(1995) % K 25 BFA7-HE 1 714 1k
EREBERITSE LB, I DS iERE, WL R
ol LI, I HY IR g O T AR aE i i
BT 22 B 2 R AS 5] A 40 T 52 V73 oI T 2 7
Verner-Jeffreys 45 (2003) X} K V4 ¥ Jiif 8 (Hippoglossus
hippoglossus L.)fTHE {5 fb 18 B aF st & 80 1
FEAL R, T A AR 3 AN [ 0 Ak A7 118 O G 9 g 4
FPHE AL B R R, R IT DR B,
LB AR R e R K, BEE AR, IR
TR 400 T 2 T A A 5 5 P T T 40 R A T e
FIAE S . Bergh 45(1994) & B8 K VG 7 7 A 14k £a 7
REEEHT, THAIE P A AR R AR K B 1Y) BT T )
FUBBAT R B AN, TR UG, A8 &
{14 I BT AP R i 1 4 TR

DNE P RE S 78 B e N U EA e SO P 1
TR SRR S T ALE T, M7 TR E A S
ot R Rt 2l qE £ SR B S R B . I
B AR 22 40 T O DA K s 4 i 0 1 e TR
W, Q885N (Bricknell et al, 2000) . 4l 9K (Diggles
et al, 2000) . M52 FCHR I (Gauger et al, 2006; Zorrilla et al,
2003), MARWFFTEE A, 185N Al o i 45 9 Ji
PR — B o 905 RS2 ) A7 £ %) T Ak A 3 B R b Ao
17 S 300 by I o Ay K 32 6 &)y #6314k 3 P4 1 £
PARE o DRIE, o] A 2804 il P05 R AR £ 3 8 Py
PR, FRARER & B AESR, Nz REE6EE
AP EHAA R AR R B, AN, XA 5T 45 R Hr
KL, 726 HRZ)G, M@ Eoe A el , i
W T B8 2 F T M AR W R BN TR Y B AR
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l’: 0511B03 (V. splendidus 17H#% GIT) )
40 0530WO01 (V. splendidus 36 H % W)

34 L 0516A03 (V. tasmaniensis 22 H & GIT)
0429L01 (V. tasmaniensis 5 H & Rot)
32 4571: 0505L01 (V. tasmaniensis 11 H §%& Rot)
48 — 0429A02 (V. tasmaniensis 5SH #& GIT)
46— 0511402 (V. tasmaniensis 17H % GIT)
0505A01 (V. tasmaniensis 11 H & GIT)
0429B01 (V. splendidus 5H #% GIT)
0524C01 (V. crassostreae 30 H #¥ GIT)
53]: 0429B02 (L. anguillarum 5H #% GIT)
0505B02 (L. anguillarum 11 H # GIT)
100 —————— 0429C01 (L. anguillarum 5 H }& GIT)
53 ——— 0505A02 (L. anguillarum 11 H & GIT)

99 —E 0429A01 (L. anguillarum 5H ¥ GIT)
92 0429701 (L. anguillarum 5H i Chl)
90’: 0520A01 (V. ichthyoenteri 26 H % GIT)
0524A01 (V. ichthyoenteri 30 H % GIT)
el 100 ——————————0516C02 (V. ichthyoenteri 22 H {#s GIT)
29 ———0511AO01 (V. ichthyoenteri17 H % GIT)

61 { 0516A01 (V. ichthyoenteri 22 H it GIT)
100 47 0530A01 (V. ichthyoenteri 36 H i GIT)
[ 05161u01 (V. brasiliensis 22 Hi& Art) o
100L— 5201002 (V. proteolyticus 26 H {& Art)
—— 0505BO1 (V. fischeri 11 Hi# GIT)
100l 0505102 (V. fischeri 11 H i Rot)
28 —— 0429W01 (P. elyakovii S W)
100l 05201001 (P. arabiensis 26 H s Art)
05111u01 (R. pacifical7 H#& Art)
0429WO02 (M. primoryensis 5 H iy W)
5 ——— 0524B01 (4. bouvetii 30 H ¥ GIT)
70_:0511W01 (H. venusta 17H i W) J
46 0524W01 (Antarctic seawater 30 H ¥ W)
0530K03 (B. cereus 36 H ¢ PF) -
——ﬂi: 0520K01 (S. nepalensis 26 H #& PF)
100 0530K01 (S. hominis 36 H % PF)

90 ——— 0530K02 (M. caseolyticus 36 H %} PF)

99

100

94

68

58

100 { 0530B01 (M. caseolyticus 36 H #% GIT)
91 0524K01 (M. caseolyticus 30H 5 PF) _|

K3 BRI 16S iDNA JF51 0 HE 1) 2 Gt AL

Fig.3 The phylogenetic tree of dominant strains in different samples constructed by 16S rDNA sequence

E5 WA AR LT W BREGFR RF B A PR GIT: AFHEMAHIE; W. FEK KR
Chl: /NEREEW; Rot: $eHi; Art: pqHi; PF: WORIACH R0k
The samples of different developmental stages and specific names are shown in brackets;

GIT: Gastrointestinal tract of turbot larvae; W: Water sample of intake;
Chl: Chlorella; Rot: Rotifer; Art: Artemia; PF: Pellet feed

I, Tanasomwang (198858 T WA Hadg i 2 6F &, RIS o ir i A & 0 s BE R TS, S5 SR R 81,
(Paralichthys olivaceus)ff-#f ff i Y i 18 47 52 40 o AR N 10-14 mm B, iz 18 40 1 0 4% e AR
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E %3645

FEAE, MEtEies, MKIEH] 15-19 mm f5, F&F
B A R . AT, TER YRS, Bt
AT SR R O W 8, R RE R R AR K
B T RAE R 22 TG R, FErh i R o 7 a2
— LT N o

32 REMFHEARNLAENBELERLBEMEN
SRR ST

I AL T & FK IR EE B AR Y, R
PR B UR MR RI S | AR R G, B2 FK
PREE R TP sk W A 2 B4 52 I (Maria et al, 2007
Tatsuro et al, 2004; Kim et al, 2007; ZFMZEZE 2007),
ARG, KEE BT 0 30 T8 P %) 40 e B R
MEEAE o I G S A, ) R i S T A T TR R A
IR E S (EL, T4 SR ARDRH] SUTF B 2 B0 5L
1B o TR 5 f U2 B i U 4y b B R e e
FIEAE , 205 30 BT 5 M B R A AN B,
X A7 £0 T A ol B it ™= A LR 952 . Blanch
SE(1997)%F 1-90  H #4352 A HE 10 3 {b 18 R A 2R A 7
WF5R &I, A7 F0 )5 W AL T8 i 0 35 T B 2 I
YHTR, I LI A TR 32 R VR T R R S AT
ME (0 F5 B TE I DL TR 8 L S s [Q T 8 AN
&R E, MERE AN THRE, WL RMEE . 2
FOAFEA . b v [CTR & R R R SN o &, AT
HE 70 A 1 A1 B B9 Fh 2 FUECE: B9 F 5Tt & B A B
PR 2 Bl 2 B MR AR TR RH IR AR Ak, 27K AR Th B RE Y
%2 /N(Sugita et al, 2002). EARMFFEH, ARFEFESD
FPOL AN TR 2L T 16S rDNA #S7 R Gk B W 0T,
TEREAB AR bR, AR W Rk B A0 TR XA R £
TH A T8 H AT 85 5% TR 45 AL R T8 L™ A S e A X 3¢
K, 7K H R A R RLT- A X AR £ P T R T TR R R AR
M, 5 bR ses B IE I S AL, (H A 2R
AR 7K H R B A ) R R 2 5 i) £ 213 AR T 1Y) TR R
2ty . Tanaasomwang %5 (1989)WF 58 4 A1 HE fa i ¢
B, K TR R 2 B2 P S 2 A £8P T AL TE TR
FELE AR o JA 4 S (2010) % 8 591 101 iy 3 N 57 B K A b
HITCAE Y TR BEEATIE Y, BV i 1l 5 SR AR K
LRI, B BAFER ., RERME
J& FUASBIAT 81 Jas 4 TR o

XIAMFFEGE Rt — 20 b R B, e R 2 T FHE O
B4 mE, L. anguillarum, V. tasmaniensis #1 V.
splendidus %5 5K & — BE B A TH 4638 AR SR, IF
HAEATR] B A PRk i R 3 i A 2 P00 i HURD
ORI EEHY , V. ichthyoenteri 7 i B 4 2 Bk AF-HE
MIHE P L R, RS, W

ichthyoenteri JF A2 /K AR DR b Y LSRR A, HRLAE
25 B HTRE it R R R SR UL AR AN Y 16S tDNA #HEN7 1Y 3R
Gk B WEE R T, 17 HIRZATMZ 5 K32
A £ 3 T TR v 8 DL A A TR 40 E SR 2 i L
TR 30 5 K R R rh A 00 B A0 PR R Y O
PR o PRIIHCHET , K32 A7 f10 T 1 T8 T A ) 20 7R
Fh2EA] REA EHEPEFI T BOE . Thomson 45(2005) 7EAF
FREZEEAFHEf I ALE R R B R B, g A
e BB RE 7 A7 e I (V. alginolyticus) 76 FfE £ )
THALIE rh R AR /D T7E pd SR P S AR A Al 5K
B (V. splendidus) &) i A £ HE £ 195 10 18 A i O 34
TR o ROV VA T BB 0 A 40 T A E £ B0 B 30 B DA IR
PRI R S T, TR AR e B Al 2 IR A
BN E, FEORIE T s b i 4w, (H2
T M — SRS TR AR e AR AT , B Rt B B A A
HR A AR A & DEFT TR (Verner-Jeffreys et al, 2003).

33 Ex
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R, O 2 ) IR e 1A RS2 B AE £ 0 T B
Beds 28 FhAT £ AR W A R 22 1 P R SR A B A 25
PBE, LR BB 5 19 H A o ASHIETE B9 45 2R 2 Hr
KRR B A TR AR LE , A 80 PR r A 240 T 0 R 22 A
8L T P R AL R P S0 B K, I ELAFHE f 1 Al
Xt A PP HA —E AR . Picchietti 55(2007)AY
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X IR EE B EERI AR I, A AR T A0 R e %
I A LA T S, [ It O R B B R AR HE £
THACIE IR RN o o3 —J7 T, s o) 6 3% DR AY 1 25
AbBRT 2T, Pl AT HE £ 5 7 I U e ) 2 g Dt
ST AR A ] RS BT A A9 A S it —

£ % X #

FER, R#E%, &M SE3uEEFRENEE LIRS
RBIIHE. K2R, 2008, 32(3): 449-454
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The Characteristics of Culturable Bacterial Microflora in the
Gastrointestinal Tract of Turbot (Scophthatmus maximus) Larvae

SHI Xiuging'?, ZHANG Zheng””, WANG Yingeng’, YU Yongxiang®, DENG Wei’, LI Hua'

(1. Dalian Ocean University, Dalian 116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries,
Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
3. Tianjin Aquatic Animal Infectious Disease Control and Prevention Center, Tianjin  300221)

Abstract Turbot (Scophthatmus maximus) breeding, especially the larval breeding, has been seriously
affected by the bacterial diseases that were caused by the interactions of fish, pathogens and the
environment. The gastrointestinal flora is the dominant location for the occurrence of diseases. This study
is to analyze the gastrointestinal microflora of turbot larvae and expound their formation and succession.
Using conventional bacteriological culture techniques, we isolated and quantified the bacteria from the
gastrointestinal tract of turbot larvae, tank inlet water and feed in a turbot breeding farm. The dominant
strains were identified by sequencing their 16S rDNA for alignment with NCBI 16S rDNA sequences
database. The results showed that the total bacteria count in turbot larvae GI tract was increased and then
decreased from Day 5 to Day 36. From Day 17 to Day 26, the culturable bacteria in GI tract were
approximately 10°~10° CFU/g, which showed extremely significant difference compared to the other
stages (P<0.01). Similarly, vibrio counts were increased initially and then tended toward stable. Day 17 is
the cutoff for the significant differences (P<0.05). Ultimately, the numbers of total bacteria and vibrio
remained stable at 10* CFU/g in GI tract. Naturally, Vibrios were the dominant strains in the GI tract of
turbot larvae. These results indicated that the dominant bacterial strains in the GI tract changed
significantly at different developmental stages of turbot larvae. The bacteria in biological feeding could
obviously impact the microflora formation in GI tract in the early stage of turbot, and that Vibrio
ichthyoenteri was the dominant strain in the GI tract.

Key words Scophthalmus maximus; Larvae breeding; Gastrointestinal tract microflora; Bacteria culture
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%4k fa (Tilapia nilotica) &A= B i EH % B R [R
NBLEERAEKN

W oT! ZER® OB &Y B @’
(1. ZFH B ERFHARBIIE = 572000; 2. BM¥EE =1 572022;

3. WBHRT ACHE BRI AK = H AR RS 05 HBEE 057150)

WE MAEE Z 4 A (Tilapia nilotica)fk W 4 % 175 2| 40 8 NLOS, 3¢ B 7K 4K 36 # & NLOS W
BUR W, E 1 NLOS xt % 4k & thy £ BT B (LDso) & 1x10° CFU/g, 45 & E A FHHAE, EHE £
F& A 168 rRNA 2 Bl VR 247, % 2 NLOS 27 fi 3k A, % . # (Aeromonas jandaei) ., 7 25 % WL 2 & 3,

NLO5S #EZXKMM, itk £EAMRRPZFE, HEE, WHE. ABFE. WLA%E 13
FAebn A P, AR, MTAMdE. KR, ILEE. TXEE 10 MR8 . AEKBE R, NLOS
MEEE, AARKR., THRFIER., ZHEFE B, ARKR. AlIET. T5F5F B3 HREZHR,

METER, Wikis, FAHER, EX. RHER S HRERTN,

HEAFEER., MEEMR,

B#EDE, AHFEN. FAFTLE 13 MGERRLY,

Kigia

hESEE S917 NEIFIREE A

% E A1 (Tilapia nilotica) K AE &R . LIETHIZAD> | A
JEAF A, B AR K IR S R —
Bl 2 AE (SRR R R K, R ER A KA,
FEHH P E RIS, RS A AR e S
&, H, JoRLAEEk i (Streptococcus agalactiae) & %
Ik oW WBUR I Z — (38 B ME 5, 2012; 25004,
2002; XBAE Ay, 2013Y), WE K S BA il & (Aeromonas
hydrophila)ti & & UL A% 2 A5 A B0 5 (A% 55, 2006;
T4, 2014), BRULEPIRRE WWEOR AL, IR 2E 1
FF 74 (Bacillus cereus) s J& B i Z — (F A0 8 5,
2012), 2011 4G REE =W 5% Ak 3R E b & A 40
BRPES , B AEMIET-HIE 30%, ANWFITEN XX RS
Akt (R R AT 40 B L alifk, TR AT 2 A,
% A TR IR S TR I B IR SRS
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JURSIE T, BYIFE RS, FETCRERE & N R RN R 435
MAEK . IR . Bil . MELAE A58 B HURE , H2Rh T 3R
BRAREE b fHIE 30°CHEFE 24 h, PRBUIEH R Ik
aifbih R, POBCRRERE L THEREHNERNE, 4°CH
WIEAF &, 15%H . —80°CH IR .

122 HAHE W IHk P e I fat e 5 Rt 7 %
WHEFE 7d e, EBEEREMEHTEGAR . ik
R XS HEAH , R4, B Fird i
10 B2 6435 20 A0 240 3 FH A BRER K it i 107 CFU/m
P, R I s v 5 O =, g RS 0.2 ml,
Xof FE A 3 5[] 350 ) 2K A R K o X A ) v 4
M, SAFER, B2 d I 12 Rk, KRR 28-30°C,
WA FFTE 5.0 mg/L DL b WEIESE 10 d NAS4L
FET GO, S5 AR T4, i/ B X6 7K 5T 1) 2%
1o MERIEE LR, 2> s NEAN T, i e
FI ) 40 B 5 DO D R A AR AL R R B — B
123 RERANTFIESEFFHLZTHMNE P EUIE
I AE 2% T SR (2002) 1 AL 2 25 (2002) 7
T, SR I s 2 B e 2 3 £ 00 9 L 1) 2 AL
(LDso), iREe 7 1.2.2, iRIA N 6 4, 2R
SRR B9 1x107, 1x10°, 1x10°, 1x10* 1 1x10°
CFU/ml, *FREZHE S ICRABEER K, MEILSE 10 d
WHYFET 5L, 1 SPSS 19 115 LDso.

124 HIBRRAGTHENEFe £ 12 AR B Xt 4l
B Y, WU FERIEASERE, I s 57
24 h B EMA S 35 5L b 0 T I8 RRAE o AR A A A e A U
B =5 R H DT 400 1 A Ak S 0z B BE: , 2 B A S A B 4
ETWE) ik, 1994) . CH LA R 5 % T )
(RFFIREE, 200 1) AR IE R RN B0 T HE TR 4 o
1.2.5 %1 16S rRNA ¥ 3% 3 o AR VR AR A A
PRI DNA : B2 R ARG 722 30°CH5 5% 24 h, L
150 pl FEWMEARFUK, 100CEH 10 min, R
12000 r/min &.0> 10 min, 15 _F 35 RSB DNA
R4 27F : 5-AGAGTTTGATCMTGGCTCAG-3',
TUES14 1492R: 5-TACGGYTACCTTGTTACGACT
T-3'oPCR K H 50 pl KW AR R : 4 DNA 1 pl, dNTP
Mixture 3 pl, ETF#HGI(10 pmol/L)4#5 1 ul, 10x
Buffer (Mg>") 5 ul, Tagq DNA E4 (5 U/ul) 0.5 ul,
ddH,0 38.5 plo PCR J i 2544 : 94 CHIAEYE 5 min;
94°C7AL M 45 s, 55°CiRB-k 45s, 72°CHEH190 s, 30 />
HEFF; 72°CHEMH 7 min, 4CHRAF. ¥ PCR =4 2%
BUISBETE 100 V HLUK 29 40 min, TEHER ML RS
LI, YR RN H 1 R B, 6 BRI R IE R
A PR RN o B0 25 54 28 NCBI, SRBUCE 5,
J£H BLAST # AT HEXT, WM RGE K EW .

126 /R H M HERE SN ELTE: A
B, SRR A B K AR B S 1.0x10° CFU/m,
B 100 pl Y5094 THIR R 5L 1, O 742
B R G e B JR R e, 28°CHHIEEE IR 24 h)m,
TE TR DB B A%, MRS 2584 R AR ) G R P
T A ) W 24 P R

2 HERE5HW

21 REENSBELEE

211 EREBERF@EEGH B FR A
G Vs, BESRIEEE, FRAARNLT AR LI, fE
Ja RIE A RERUK, IHEMA, 2. WHE . T
JUE « RELRE A A3 B B AN TR, i R RRUK TR s )
KA, MG 0020 J 25 380 1) 40 1 o A 45
B2, PO P IESERIE I A 6 ARk alifbss e, H
W MUIIE 2 B R AN B S5 oA NLO3 . NLO4 1 NLOS, M
HE I FRUK A 43 25 3 1 240 T 9524 NLO6 NLO7 il NLOS,
212 mARFEXE KB 6 MERY K
AR, WL AR AT I i S R Ry, TR
JE 4 1.0x10" CFU/ml, {541 NLO3, NL04, NLO06,
NLO7 F1 NLO8 K xf BRZHFET- %458 0, 541 NLOS
FET-HN 100%, BHEfREE 5 IR &k 2 A i,
VL] NLOS J& 5 | ik Yk % HE f A T 1) i 1A o

213 RERAXMNFEEGFHILE  YHEE NLOS
WP R 1.0x10" CFU/ml BF, ZAEMAIET R A 100%,
055 JEL R R JE R 1.0%10° CFU/ml i, AR IET- RN
0 (F D)o MEWIEE R 1x10>"* CFU/mI i}, H B
HIbiE, ZHE LDs, Ny 1x10° CFU/g.

214 JRBRETYESHIEA LR LR NLO5 7£
BRE R SR F 48 28 CIHIES IR 24 h ), HIK S RIE
WA B, FREESE . L, HAZA 1 mm, §
ERCRAYE, AR, A2 R Wos, NLOS fEdr
file FITIZE 20008 . HaR Il . A0 . KR | mALES,
AR BERERE . BTHLfEE . AR . ZLBE . LB, ToPRE
&, VP, FALREAEE AR MEGR 2)o Rl 23 T bR
511 A SR T B A AR AR e A — B

215 JRRH 16S rRNA X2 R%  JREE NLOS
) 16S TRNA 434 7= ¥y ¥ 25 R $258 GenBank, K15
RS N KC916744, 1E MEGA 5.1 B4R 25t
KEW KA Neighbor-joining ¥, H %43 #7 (Bootstrap)
1000 X, MREGEHAR AT IL(E 1), NLOS FIfEik<
PR IR [ — 4332, AR R 99%, 45 & 41 P Ay
TN A B Ak 2 I B 286 5 NLOS R faj ik S A A .
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22 iR

IR NLOS XF 31 Fhbish 2 a0 245 i 56 25 5 WL
3, IWEREXT A R NHEIRER . THRIRER .
ZHWE B, BRER . AT HEES 13 Mt
FHUR; XPTEER. WAR. FIRER. HEE.
FIRTER S PR T AN FEHER PRI
RETb R BRI . HEAECRIESE 13 P Ry,
3 itie
31 BMESEMEMSBMEE
AR SR B e S 8 TSR R (Aero-
monadaceae) . < i £ J& (Aeromonas) , 7¢ 1984 £ 1A

IRANESE T ), SRR R AR TR M
Carnahan Z#(199 )i 1 #7352 E A o

EN TN YT SR YAV R e B
FIAH P , 38 2 T o] R U0 A . NLOS ks B 14
LIRSS . A LRI 22 A 16S tRNA [R5 14
AT, HfiE NLOS o fRj ik SR MO TR . 7 20 1 5 5 T
P, 16S rRNA JEK P51 a0 Hrik 813z i H T 40 18
e, TR A A TR S E B, P A S A AR
AEACFIEZS 2R AR AR Al e — 20 B0 B, LS
TS E T, WO B AN | R . SRR

32 HMIESBEMEMEEME
i 38 SR B A AT R, FEIROK AR K P

*1 RIEE NLOS W F I IE AT 5 R ER
Tab.1 Effects of pathogenic bacteria NLO5 on tilapia via intraperitoneal infection
T i - RO 5 R AL TR A FHFET
Bacteria concentration ]; wch Mortality on each day (ind.) Total mortality Average mortality rate (%)
atc
(CFU/ml) 1 2 3 4 5 6 7 8 9 10
; 1 0 2 4 4 0 0 0 0 0 0 10
1.0x10 100
2 1 2 5 1 1 0 0 0 0 0 10
p 1 0 1 4 2 0 0 0 0 0 0 7
1.0x10 75
2 0 2 2 3 1 0 0 0 0 0 8
s 1 0 0 3 1 0 0 0 0 0 0 4
1.0x10 40
2 0 2 2 0 0 0 0 0 0 0 4
4 1 0 0 0 1 1 0 0 0 0 0 2
1.0x10 20
2 0 0 1 1 0 0 0 0 0 0 2
; 1 0 0 0 0 0 0 0 0 0 0 0
1.0x10 0
2 0 0 0 0 0 0 0 0 0 0 0
%} Control 1 6o 0 0 0 0O O 0 0 0 0 0 0
®2 fREE NLOS A EANIERR
Tab.2 Physiological and biochemical indexes of pathogen NLOS
i H Ttems NLO05 A IS S BA MU A, jandaei i H Ttems NLO5  jiES H AR A. jandaei
WEME  Sac - - miLE  H,S + +
M Mal VP +
H#mE  Man LM Esc - -
FrhifA bl Ara - - 54/ Orm - -
A¥E Xyl - - R Lys + +
B Lac - - KRR Arg + +
H#HE  Glu + + AR Lde + +
JULEE  Ino - - SRR Ode - -
TorEE  Dul - - AfblF  Ox + +
m5[  Ind HfihBE  Cat + +
K#E  Sal HAEET A + +
4 —hF  Cel - - Gas from glucose

+. BHYE Positive; —. BIPE Negative
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99 NR 119040.1 (Aeromonas jandaei)
NR 037013.2 (Aderomonas jandaei)
2L 99— NR 118947.1 (Aeromonas veronii)
L NR 102789.1 (deromonas veronii)
29 NR 116586.1 (Aderomonas fluvialis)
3 NR 025945.2 (Aeromonas allosaccharophila)
82
23 NR 037012.2 (Aeromonas sobria)
54 { NR 118946.1 (Aeromonaseu crenophila)
88 NR 118043.1 (Aeromonas tecta)
NR 037014.2 (Aderomonas schubertii)
100 { NR 118864.1 (Aeromonas diversa)
9 NR 117303.1 (Aderomonas diversa)
NR 119190.1 (Aderomonas hydrophila)
> NR 116026.1 (Aeromonas enteropelogenes)
7
—39|: NR 104824.1 (Aeromonas caviae)
26 NR 029252.1 (Aeromonas caviae)
18 NR 042155.1 (Aeromonas dhakensis)
25 { NR 116585.1 (Aderomonas taiwanensis)
= NR 116584.1 (Aderomonas sanarellii)
X99762.2 (Vibrio diabolicus)
Bl 1 IR NLOS 1 168 rRNA R4tk fbif
Fig.1 The phylogenetic tree of pathogen NLOS5
%3 JRIEHE NLOS XL E Rt
Tab.3  Antibiotic sensitivity of pathogen NLOS
= T
A # Antibiotics & Concentration (pg/piece) i & EEﬁ Diameter of the HUKE Sensitivity
inhibitory zone (mm)
BT B Ofloxacin 5 18 S
ZAEHEEE Ampicillin 10 10 R
B EEPEHK  Amoxicillin 10 15 R
FT#7 852 Azithromycin 15 17 1
NHURAR Ciprofloxacin 10 21 S
THFRIER  Amikacin 30 17 S
Z KW ZE B Polymyxin B 300 12 S
B2 Enrofloxacin 10 21 R
FURER Orfloxacin 10 23 S
HITH W] SMZ/TMP Cotrimoxazole 3.75/1.25 17 R
Mg X Nitrofurantion 300 19 S
F#EF  Rifampicin 5 20 S
J%#5ZE Lincomycin hydrochloride 2 18 S
VA Ceftriaxone 30 19 I
KR E Kanamycin 30 16 1
4 FBE Trimethoprim 10 R
Zi#% X  Chlorodeoxy lincomycin 2 12 R
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HR3

itk & Antibiotics

& Concentration (ug/piece)

1174 BB 4% Diameter of the

JRJY Sensitivit
inhibitory zone (mm) HURJE Sensitivity

JeighE  Cefoperazone 75 71 S
ZHVIHAEE Netilmicin 30 21 S
#EF5 % Streptomycin 10 12 I
W% Z Minocycline 30 15 I
FH %A % Penicillin 10U 15 R
i J1% % Doxycycline 30 12 R
PR KEZX Gentamicin 10 17 S
PUFFZE Tetracyclin 30 10 R
A% #E Tobramycin 10 18 S
SkumEWy  Cefalotin 30 10 R
Jei% &RV Cephazolin 30 R
ek %52 VI Cephalosporinum 30 R
T8 & Vancocin 30 R
B % Neomycin 30 17 S
S. % Sensitive; I. H41 Intermediate; R. ifif 24 Resistant
HRIL, F A% OFEOR T . £ —1A2010) FIHIE1 (20127 JrsURILA BT E D, (AT M B e B A £ 1 B

TEVL IR BB 43 1R 7K A0 37 5 I P ARG 00 7 38 A< B
W o TR IA SN TR R AT DAAE IS T30 43 KA A R

Siddall %(2007)7Edt 37K 15 (Macrobdella decora)fA Py
o3 5 1% 08 F A WA O R B IR SR o R4
(1995)7E HIZR N B 3] 4 P s, Hihz —02

AT 1K BA M T o 72 S P45 (2002) K6 8 Fh T B v A
Forpe s B e R I B R S IR . AR AR
(2012)V% 1] cpn60 F1 dnad P13y At i PR ok 37 7 68 i
(Anguilla japonica)fA P 43 B £ i) 9 Ji 1 1517 5 25 0y
Br, S MR ARMIR . 5 225 (2012)2K ] 16S
rRNAJE ARG J7 3, ARG s BV # (Cyprinus
carpio var. color) ) JFFIE v 43 25 21 ] 18 SRR T o (338

MR AN AT USRS K AR AR, ] DU E

VT YN S S NGB )Y e i
2003; Joseph et al, 1991; TFBE# %, 1997; ZRiR,
1999). Al UL, A7 S M PR IR X G A L Bo
B, ARSI th NLOS 76 4 d WD
e 100%EFE, AT VIZTE B SR BORPE . RN m
9 R 53 A TR S BROK 7 37 58 Bl Wi ) B
W, RS A R AN G AN 2R RIS
455 1 3 VAR O, (B & I Z A 4 H

LA it — D5
3.3 EIESREBEREANRE

EF X IR SRR S R MR, H AT R 2
ZHIE N E . AW RO LSRR, s
PR AR 13 Rl e FEUR, nTAIZES RN
et E IR S % . WA EEER VA
SRR VIAE 13 Fhih Rt 2, BARE R F A B
FAPUAER, PRI P 2 W R R 25 1 7= A

£ % X M
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Isolation, Identification and Drug Sensitive Test of
Aeromonas jandaei from Tilapia (Tilapia nilotica)

YANG Ning', JIANG Fangyan®, HUANG Hai'", JIAO Jian’

(1. Sanya Sci-Tech Academy of Hainan National Breeding and Multiplication, Sanya 572000,
2. Qiongzhou College, Sanya 572022; 3. Agricultural Technical Service Station of Agricultural and Animal
Husbandry Bureau of Yongnian County, Handan 057150)

Abstract

Tilapia is a very important freshwater aquacultural species in China; however, bacterial

disease caused huge economic losses in recent years with the continous expansion of tilapia aquaculture.
The aim of this research was to isolate, identify, and test drug sensitivity of bacteria pathogen found in
diseased Tilapia nilotica. Six bacteria were isolated from diseased T. nilotica as suspected pathogenic
bacteria. The bacteria (NL05) isolated from intestine of diseased T. nilotica was determined as pathogenic
bacteria by infection experiment. The LDs, was 1x10° CFU/g. Bacteria NLO5 was identified as
Aeromonas jandaei. Morphology observation indicated that NLO5 was gram-negative, rod-shaped.
Thirteen physiological and biochemical indexes were positive including maltose, mannitol, glucose,
salicin, and hydrogen sulfide. Ten indexes were negative including saccharum, arabinose, xylose, inositol,
and dulcitol. There was 1442 bp in the sequence of 16S rRNA, which was submitted into GenBank
(Accession number: KC916744). The phylogenetic tree based on 16S rRNA showed that NLO5 was A.
jandaei. Drug sensitivity test indicated that NLO5 was sensitive to 13 antibiotics including ofloxacin,
ciprofloxacin, amikacin, polymyxin B, norfloxacin, rifampicin, and lincomycin, and intermediate
sensitive to 5 antibiotics including azithromycin, ceftriaxone, kanamycin, streptomycin and minocycline,
and resistant to 13 antibiotics including ampicillin, amoxicillin, enrofloxacin, sulfamethoxazole, and

trimethoprim. The results will provide references for the prevention and treatment of diseases caused by T.

nilotica.
Key words

Tilapia nilotica; Aeromonas jandaei; Pathogenicity; Isolation and identification; Sensitivity test
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B4R & 1% & B FLYEXT HR (Litopenaeus
vannamei) TRx. LvP38. CAT. POD ERFRIFRIZE’

L R

=

XIJR %t 2,30
(1. RiEBHERE K&
2. gl el TS 2 R E SR E P EUKERET R B SRR T H S

3. HHEREBFRYELTIEE FE

LN

116023
266071;
266071)

e B8R4 I X 4T (Litopenaeus vannamei) By £ b X Rz fn {5 5 4% 5§40 x 2 B £ A 3245 A 1B R

F(WSSV)RE e ity AL IE UL, K H SR K 2 & PCR, 441 WSSV B4 FLANE ATIF 6, 12, 24,
48, 72 h &, #EAn KM P A S R B AR E B (TRX), p38 15 53 B (LvP38). 1L & 1t A B (CAT) K it
A B (POD)E mRNA #FAKFH RN, ERE T, RPN EMRE AL+, TR, LvP38,
CAT. POD # T2 h it kA ER &, X HEAE R T EP<0.05); MALEMALY, Z4HHEEE12h
HEkkERS, ZAEATETHRWAS, 41 TRX. LvP38, CAT. POD 5 WSSV & % %448 3 .

KA

FLANERTHT; WSSV; BLALJEE A; LvP3s; A MMAR; Ta bk

FESERS S945 XEAFRIRES A XEHRS  2095-9869(2015)04-0089-05

i 4340 JR 2 H (Thioredoxin, TRx)&—f ) 1247
TET IR A EEAY . K/NA 12 kDa £ Ui6E
BT, HA TR A SO 2 TR (Miwa et al,
2003), ‘© 52N AE G, ALFE B SRk AR
YR FE . A 1L A A 138 72 55 (Holmgren,
1985) . 2z %4l )i 3% 1k 25 1 3% B (Mitogen-activated
protein kinases, MAPKs)ZEAINEZNEEH SR
%4; 2 —(Antoniak et al, 2013), 1% fk S (Catalase,
CAT) e —RKJ ZHTETZh . HY RN T
Préa e, HA M HO0, 20 . By IEE A H R e
B PRAPA IR 25 2 1 ) B E/E ] (Wang et al,
2013), 3 E ALY (Peroxidase, POD)Z—ZS MAE Pk
R I E AL , a2 R R E R T B R R B
F 2 A IR CRPRAE 2, 2003)

H BEZE A E% 7 (White spot syndrome virus, WSSV)
T AF R 23 25 % MR SR 5 M Al R B R B 28 55 4 2K (Zhou,
1999; Lightner, 1996)., Tavares-Sanchez 55 (2004)fff 5%

KB, WSSV gk Y G O IR 7= A W 58 5% I B M
AT, (A5 SR R N R 5 e S A SR R A WSSV
TG T AR A I AN T A

ABFFE R FH 92 2 5 PCR 7%, M mRNA 154
7K S BE5E L4 15 % R (Litopenaeus vannamei) &
Yt WSSV JE ARl E] TRx, LvP38. CAT & POD 7&
JE I B R A 2 v 1 R AR A I, AT R PLAR T X
BRXT WSSV Y (1t Uk B 18 S AH DG A5 53 I F oY
PEALILA

1 #R5F*E
1.1 WSSV FASE& X

WSSV K P2 Rl 0F 58 B 85 1 K 7= 8 58 B
T K SR A Wi 45 ) 5 49 1 B 2R S 6 AR A7 L

NIRRT 2013 4 10 A 4 HIW A LRSS
XV>F OXFUR SR, SEHR K A (13.55£1.00) cm,

* [ 7 H LR SE R BRI (2012CB114401) . E 5 A RBF £ 554 (30871942) FIZE 11 2 5 " T LB 101 42 2 AL ] 1R

Bho XIME K, E-mail: 845171392@qq.com

O WIREE: XKE, 5, E-mail: liugh@ysfri.ac.cn; 2=

ks H 11: 2014-07-02, WEHchE H: 2014-07-31

IR, #¥%, E-mail: wuyin@dlou.edu.cn
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90 wool B o R %3645
SRR K(14.23£1.00) g, 28 PCR A AHENF WSSV, ®1 SMFE5
TR IR M (2241)°C B AE T 7 d, Tab.1 Sequence of the primers
5|4 Primer ¥ Sequence (5'-3")
1.2 FfdREER B-actinF CATCAAGGAGAAACTGTGCT
B-actinR GATGGAGTTGTAGGTGGTCT

W36 R JLANIE XTI, o 15 BB TIEARES 2 i
5130 ul PBS AE T REAL, 73 H 15 BT REEREE 2 i
5130 wl WSSV107 A i F/p)fE A B 4l . 43331
TAHFTRP 0 ALY 6. 12, 24, 48 172 h
Bt BEZH ARG 2 45 3 BAF, 20 328 A TG RNA )
EP &, FIWA S, B T-80°CUkHHI~17, .

1.3 & RNA HyIREL

43 S UK R £ S5 R JEF J AR ) E. RNAL SR
TRIzol P:ARHUAHLIHFAY A RNA, 7E45- 41210085 ) $2
B BB PN TRIzol(F Y, Ki%), TRHIRE
JEERE S min; JIIA 600 pl & 45, #£4, EHE 5 min;
4°C . 12000 r/min &.0> 15 min; B3, InASEK
TSN, % 10 min;4°C ,12000 r/min &> 10 min,
F& VS UTRE A 1 ml DEPC /K BE i Y 75% 21
WIRVEY, PEREDULIE, 4°C. 12000 r/min .0 5 min,
Fr FUEW, S EACE T4 WA 20 pl DEPC /K f#,
366+ (Nano Drop 20003 2 5 Figk 3

1.4 cDNA Y&

% H PrimeScript® RT Regent Kit with gDNA
Eraser(Perfect Real-Time)(TaKaRa)f¥) a5 #4E, 1£
10 pl AR R H 4350 in A 5xg DNA Eraser Buffer 2 ul.
g DNA Eraser 1 ul, Total RNA 1 pl. RNA Free dH,O
INZEBARFL10 pl, 42°C7AEME 2 min, 4CHRH, 76 L
W KR I B S ROVAR &R, A4S 5xPrime
Script® Buffer 2 (for real-time) 4 ul, PrimeScript® RT
Enzyme Mix I 1 pl, RT Prime Mix 1 pl, RNase Free dH,0O
4 pl, 320 pl RMWAZR, 37°C. 15 min, 85C. 55,
4] cDNA, L NanoDrop 2000 il :E# ¥, F DEPC
IKFEFER 50 ng/ul, FBAFT—-20CUkEE+ .

1.5 3|4

R RIERY -actin, TRx, LvP38, CAT. POD 7|
YIRS 1), ST AY TREEARAFE .
1.6 Real-time PCR & #7

PITS 3B cDNA MEH, 435 A B-actin(NZ).
TRx. LvP38, CAT. POD 5|#¥)i72¢ 6 5E i PCR(GE 1)

25 ul WA Z4ufE SYBR Premix Ex Tag™ (2x) 12.5 ul,
cDNA #k 1 pl. ERIET 44 0.5 pl (10 pmol/L)

TRxF(Tavares-Sanchez TTAACGAGGCTGGAAACA
et al, 2004)

TRxR AACGACATCGCTCATAGA
P38F TGCTGAACTCAAAGGGCTACAC
P38R AGTGGACGGTTGGATAACATTTC

CATF(Tavares-Sanchez CAAGTGGCGATTACCCCTCAT
et al, 2004)

CATR CCCATGAGGCCATACTTTGGT
PODF(Liu et al, 2005) TGGACCTCGCGGGAGAT
PODR GACCGATAGCCACCATGCTT

DEPC 7K 10.5 ul, 7£ Bio-Rad CFX Manager %¢ (5 &
PCR Sy S 25 - 94°C HAEPE 30 55 94°C A8 30 s,
1Bk 305,72 CHEM 30 5,45 PMEFF;72°C ZEAH 10 min,
B-actin(IN2). TRx. LvP38. CAT iR kiR N 60°C,
POD iR K EE R 61°C
1.7 S%itHh

H 4 Rotor Gene 3000 1#% [ H F MR H 27447
%, LLOh MsEERd b e, DL PBS 4N RAL, T
PCR 45592534, SR SPSS 17.0 AT BN E 5 22047,
AL LB LSD t K, 2 A K- P<0.05.

2 HEREHWH
2.1 TRx. LvP38, CAT #1 POD ZTEZEMEBHLAFH
Rik

TRx. LvP38. CAT #il POD 7& LN X HF WSSV
TG S RIS IITE 72 h AR RS E, 4
SRR R SRR 5.4 5. 9.5 18 . 37 £5FN 18.5 1%,
WL AAAE 22 5 MITE 6. 12, 24, 48 h i,
WSSV YL 20 55 5%f BR 2 ] i) 2 DX 3R A 1t TG b 2 M 22
S(E 1-A. B 1-B, K 1-C. E 1-D).

2.2 TRx. LvP38, CAT #1 POD B4 A hpyRiA

TRX 7E FLANTEXT IR WSSV B iy Fk B AE 12 h
NN, 2T BRI RR ) 13 5, PidLiEA7
R EEZES; fE 24 h i, HEEHRIEA R B E R,
M7 48 h 5 72 h B XE X THmE, HAFZR R B, Ja&k
YL gl 5% BR A 2 (Rl A7 AE 22 5 (K 1-E),

LvP38 7 JLANTEXT U WSSV JE&YL 2 rh i) ik i
TE 12 h KB, X A AR 93 1%, W
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Sl [ PBS-JiH L . g 250 PBS-H [
t 100 A PBS-Lymph nodes 2 B PBS-Lymph nodes
[ *
= WSSV-2ifk » 5 200 g WSSV-KikEL
ff Z 80t = WSSV-Lymph nodes £ ° WSSV-Lymph nodes
#é - w2150
) = §
.’P‘_{ vl 60* > .=
= & ZE 32
=
= 8, e« 2 100
& % 401 L=
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S 20t z 0
= =
| I . = &£ 0 - d
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WSSV/E YL ] WSSV infection time/h WSSV/E YL [E] WSSV infection time/h
457 N e
5 PRS- 2 g 290 PBS-%k L *
O 40f C PBS-Lymphnodes — * < 180 D = PBS-Lymph nodes
— —
2 35r wy WSSV _ 5160 WSSV
g 2 I# S 140 &=
P Z 30t WSSV-Lymph nodes o z WSSV-Lymph nodes
e W = 120
® 5 a5t ¥ g
= = =2 100
=3 20r £33
S Q2 80
S8 I5¢ e 5 60
2 2z 40
= s
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4 £ | ... e W e & L L
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WSSVE YL ] WSSV infection time/h WSSV/E YL 6] WSSV infection time/h
or 10
PBS-fill * PBS-fifl
. Hppsai m B
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Expression of TRx, LvP38, CAT, and POD Gene of Litopenaeus vannamei
Response to WSSV Infection

LIU Pengfei'?, LIU Qinghui**”, WU Yin'", HUANG Jie*?

(1. Dalian Ocean University, Dalian 116023; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
3. National Oceanographic Center, Qingdao 266071)

Abstract
the signaling pathway, we infected the shrimp with the white spot syndrome virus, then we used quantitative
real-time PCR to analyze the mRNA expression of thioredoxin (TRx), Litopenaeus vannamei p38 (LvP38),
catalase (CAT), and peroxidase (POD) genes in the lymph nodes and gill of the shrimp at different time points
after the infection (0, 6, 12, 24, 48 and 72 h). The shrimps were divided into two groups (the WSSV-injected
group and the PBS-injected group), and we collected 3 shrimps from each group at 0, 6, 12, 24, 48, and 72 h
after the injection, and isolated individual samples of the lymph nodes and gills. After the extraction of the total
RNA, we synthesized and quantified the first-strand cDNAs with a kit and NanoDrop 3000 respectively, and
performed quantitative real-time PCR using Rotor Gene 3000. The results showed that in the WSSV-injected
group, the expression levels of TRx, LvP38, CAT, and POD in lymph nodes reached the maximum at 72 h post
infection, and there was no significant difference between the WSSV-injected group and the PBS-injected
group during the period of 6—48 h. The expression level in the gill of the WSSV-injected group was the highest
at 12 h post infection, and then decreased over time. Significant differences in TRX mRNA expression were
observed at 48 h and 72 h, and there was a significant difference in CAT mRNA expression at 48 h between the
WSSV-injected group and the PBS-injected group. Our data indicated that TRx, LvP38, CAT, and POD might
be correlated with the WSSV infection.

Key words Litopenaeus vannamei; White spot syndrome virus; TRx; LvP38; CAT; POD

In order to understand the change in the expression of genes associated with the oxidation and
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REFE M TR X rhAE R IR (Eogammarus possjeticus )5 £ R A AL BTG 1 55 1 95

(47.43+ 4.64) mg; MEPEIARK H(12.26+£0.66) mm, (AT
F9(33.41+5.70) mg. K5 [RIFHE VR 52 B2 M i A4 25 T X6 B A
FEFRAA(40 cm x40 cm X 30 ecm) PGSR, fisCREEEHR
Joi . BHEERSER, Bk 50 HIEN A MErEQRSEE SR Fr
WIARIE S, KM R AR A R RS B, 2R

12 #HEHEUEEAREBSENE

AGREE 15, 20, 25, 30°CH: 4 MREEBLE
SEIGFFURI, Ao R Z IR 25 6 AR 4 (1.83£0.14) mm
1) 323 Hh A S B MR A A B, LASINSR KR Dk 3
fith, DA% 2 h el ZR 3°C By SRR TR 2 S0 7 IR
B, FEAS AR EE F TN 3 d 5 RIAE,
ek 7 do IR A NS IR/KIERE (20 cmx30 cmx20 ¢cm),
K9 L, L TR AR P, 5K 08:00,12:00
16:00, 20:00 7K, WIEREFRMIRE, Rk
/4, SHIMA R IR 7K TS 18 28 A0 N T
121 AEgeeydg  WRAHE R b
PERZAARYLER 24 h, LK S5IHZ 0.2 g B TIK
WA, A 10 FERBUWIV) TS 26K, FEBEE A1 4%
ALY AT S O (TGL-16G B4 25 0 41)30 min
(4°C, 10000 r/min), 5 TIEM B . 5 & H B
IR TS 1 E , PRAFT—80°C vk #5 H1 -

1.2.2 R EEEED T HnALL 0.067 mol/L #ifiz
2 P (pH 6.9)ELAT 1) 1%TEMA R 0.5 ml, 4854
WRH G FE U/ 0.5 ml, FE5)JG 25 C/KIEPRIE 3 min;
A 2 ml #8750 (3, 5-AH B K G IR), Wb KV T IR IR
5min, BOHRBERH, EAE 10 ml, DIEEHR G E
490 nm WWOGEE, TR MR SR, NI 2 TE
BTG . TERYBETETEE L. 7E 25°CF, Aok
AL TE R A I | ng 22 ZE0E R 1A B 1 B (ng/min)
1.2.3 B EGEELEN T P T T 2 TR
XIEMFEFE(1991) FETHRABEES U T, A 0.5% T /%
ZVAW 2 ml. 0.04 mol/L EDTA-Na, 0.1 ml. 0.2 mol/L
FPEERRZE tB (pH 3.0) 0.4 ml ., FHAEJFAGERHIERR 0.4 ml,
HEHKERZE 3.5ml, RAJE 37C/KIEIRTE 15 min,
A 30% =228 1 ml, B, WEEER, DtE
AR R L 5 1 R B A B, O T AR TS
e, BEAMEEE X £ 37CF, S04kt
&7 1 g BEERR R 1 ANBEE 107 (pg/min).
1.2.4  EME G BEE T 2 JI AR 1 I 9
SERAR B E A, B 0.2 mol/L FrEERRZE vhik (pH
3.0)#8 0.05 mol/L WP - A AL B 5% M (pH 9.8)5),
oAt A5 B [R) 15 A P P 0 AR TR] o AR AR - K 71
Ll o000 2 1% 2R 0 A B, DT i SIS TR AR T Bl T
RIFHE ARG EE X . 76 37°CF, 0K TiE

FEAE 1 pg BE R 1 ABES 1507 (ng/min) o

125 EaseeinE PR B 9 A 1 5 2 )
FE R s, HRAE Bradford B A REVEMGHE o
Z O G-250 AR AL SR 0.01% (wiv)P b i
SEWE G250, S%(VIV)TEK CBE . 10%(VIV) IE®E R . 1T
UEJE , 4 CRECIRAT o VIR IS & A (BSA) MARER A
(1 mg/m)Z: il & FHHEE 5 OD 2 M bR HERT 2R (% 1),
SRIGHUAF AT B R AT b, S 3E8CE 5 min
J& , BEBCERANAT WA EIEREA T ODsos o fHL, 3 IREEE
KA

xR1 IIERASEL

Tab.1 Components of the working solution
%5 Number
1 2 3 4 5 6
100 pg/ml FRUEEF BSA(ml) 0 0.1 02 03 04 05
0.15 mol/L NaCl (ml) 1 09 08 0.7 0.6 05
7% T i i 1R
Bradford solution (ml)

VAT Solution

5 5 5 5 5

MEAE. $5), 1h NP1 S8 o i, i
E 595 nm AL AE . L Asos am NINABER . BRUEE H
EHECONEEARFR(10, 20, 30, 40, 50 pg), ZhlbridEdh
2o YEbREM 2, 15 B LM BIH T2 : Asos nm=aX+bo
TR AE G P Asos nm, IR M R 2 B 0109 77 oK H A
m R R A B, H IR I I R AR AR
W R EE, PR R R
1.3 BRERMERRK RN E

ARETEE 15, 20, 25, 30C 4 NMERERE,
ABEEERE 3 ANFAT, Xt HRAUA i E Hh AR IR, HhAe )i
B R R [ K (14.3240.22) mm, 1% 5 4 (36.62+
5.35) mg]. /DA (7.83£0.11) mm, ¥ HE K (8.52+
1.16) mg MRS, K. /NS BEASRE R4 705 30,
50 Ao RITFIRIT, LABINFRKIR N FERE, LASE 2 h 228
3°C BB R T 2 S0 I e e, A IR AR
TR 3 d, REHET 14 d RGBSR (20 cmx
30 cmx20 cm), KK 9 L, HELEFTA,, HRKHKL 1/4,
BB IR K TSGR AN R, 7R R
K 08:00, 12:00, 16:00, 20:00 MK, KIEH;FE
FEIRBE . REIR 10:00 5 BT 4% 35 1F & Enteromorpha
sp. (2.09+0.07) g, RERIEMEZ T, R FUT M43 ik
SETRI KA, AFAMOt gk . X AU AE 1 3818 S iR AN
PR SE BRI T, AT KPR, W & R
S AV IR A TAL IE o K S L BRI 0 LA T
Ay, 70°CHET 24 h BIEE, SR ERE, [
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TE 15-25CYa I, HAeG s irm B AR, 28
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R*=0.998
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Fig.1 Standard curve for protein quantification

AR 2), Horh 8 AR AR R 25 CR A3
KAE, 43514 0.45. 0.83 U/mg prot; JEMEEIE 20°C
IKENEKAH, S 0.97 U/mg prot, {HIEEEAF] 30°CHY,
TH AT 4 LU 3% 347 3 BRAE AT o T Ao Tt 5% 1 88 Ak 34
4 2 [H) 22 5 i 3 (P<0.05) . AN H 528 W & e Fa b 1)
TE WS T2 IR (A TS 7 (AT B, S [) 5L 2 Ak 3t
TN, BE 1.2-1.5 Z [,

o 0.6 a ~10 b ¢ N 1.2 ¢ b
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25 . ES . Eooe
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Fig.2 Effects of temperature on the activities of pepsin, tryptase, and amylase of E. possjeticus larva
ARE bR Fon & A P ZH 27 8] 22 57 18 35 (P<0.05)
Different letters mean significant difference among treatments (P<0.05)
2.3 AENRE T PR HAITHE & R MERR I R 1201 KA
i i B 100l ¥=-0.754x+33.297x-277.57 Large
AR AT B R SRR SC R AN 3 FR, %) R*=0.958 . ZE o M
AR H BRI T T RO 52 ) AT
WL ALSRAL S PR T BEER S0 A, Bacabsmal  &B / B
W12 5 L (P<0.05). Dk HEE R RIS MBK, =5 . \
N ) R 3 4ol  y=0.247x+10.463x-78.287 X
HRAE 1 7 B (y=—0.754x" +33.297x-277.57, R’= 0.958) = R’=0.998
e, FEoKilh 2025 CYERIN B IR HERER, 115 20¢
R K HEEREA 89.84%; WAL 20CikFIHAH 0 , , . ‘ , ,
AR, MR 0H 77 B (y=—0.247x*+ 10.463x—78.287, o 5 o 15200 s 303
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H T 4 AT, v SR R 4 PR 0 0 (A A e 32
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Fig.3 Feeding rate of E. possjeticus under different
temperature
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Fig.4 Assimilation efficiency of E. possjeticus under
different temperature

YR W R S T A, HoA AL B (R) 2% S 0 2
(P<0.05). ARIEEIR SR BEIE T RS, TR R LA
JSCAAR P i AR WA ) L E 09310 Ol 21.30°C (21.24°C
R ORPPBHR A 5350 59.86% . 56.86%
3 itig
31 REXHAEENNRIm

ST AT B A ST AR HLRE 1Y
— I E EER bR, D8 & SR E ) T AL e
73, IINPRGE S ey A KL B 3EE . W 52 sh Wi AL il
TG NTEE T A HEAEN], EHs2m sy
B4R . B R B B (van Wormhoudt, 1973; Lovett et al,
1990; Galgani, 1985; van Wormhoudt et al, 1988; Jones
etal, 1997), THILBEEE TEE BT, IR LERG
PER R R Z — BRI, AR A 54
WRZI AT AL BTG A W5, FE 15-25CoKiRyu
W, BEE RS, AR IR R T A R g
SEHFEEIN, XPAHSCE SR T SR W AR I, A
Jir AR R T 8 2 1 B9 JHL P9 AE A RME DR IEBILA ik 5
N B e W 5 ) A R A, A T TR T 1G58

A T6i) T A T 1% 0 1 22 1l 7T LA 4 B i sl 40 % AN
)% = W W SR FH B BE T o Biesiot S5(1990)4 R
JHVE ¥y W15 3 /28 1 TS 7 (A/P)BCUE M3 il 1% 7 /26 Tk
B (AT FCAEAE R H e s W ah 1A ) & 1 3
Bro POIE RS, MR TER G & AR AL, sk
PRSI A B 5 PUAEARR, D3RS 28 il 35 A
R SR R B . AR, AR R A R A Y
AT HRT 1, RUIHLIEREGE 18 m, MiEmEA
B rHALEE ST, A IRAEY AT, X 5SS
(2006) I BFFE L5 R —2

[l N b2 20k B 5E sh s A S g 9 iF e, JEH

H TR | R AR AR 2 K B ) () AR, 1998;
Biesiot et al, 1990). H 724 FHiEXT IR (Litopenaeus
setiferus) (Lovett et al, 1990), " [EX}HF(P. chinensis)
(Bernfeld, 1955; ¥4 HF 4%, 1997a. b) Al H 4 X #F
(P. japonicus) ., H#E4%E & (Eriocheir sinensis). #EZ
T (Scylla serrate)( &, 1997)55 I (LR Y I 22 45
A —E WA, BT SEN S AR, HY)
Wk I AR I A BT 7 0 AR A B SR A
XTGP VA ) 1) T U Bl W e Ak, TS Bl TE
il 7% 1 P AR AP R 1 T R AR B I SR R B
Wi R B T, AR EEd R — e
2, AR A AR

3.2 BEMEBEEZERMER KK RN

AT P AR AR E TAR TR sh ), SR B IRE AEL E
FE 5 M A IR LA P 0 A B AR R (R BEMESE, 1998),
SR T B BN AR R T R R W T A R A 4
fRBE ST (BB AR %5, 2001), THALRE B HEAL 3 R 155
M) A R X6 255 SR R T AL . IROSCRI R . 7E 20-25°CHig
RN, HAE SR SR A 3 AR G AL T3 m K, X
TR T A TR, ELA 5 R A B SRR R IR
K, M RE NS IRAF FE PR AR K BE o 1 24 /K R i
25°C, @ KR INE T I AL RS T, Bl R
FIVEAL W SR BAR, 2R T H AR SR AR IR A 1E 7 A FEAL
AE, MMM TAKHEE, X 5%EE 995+
] Xt B 4 A ) 5 SR A — B

SEUSEE R R, AR TR AR IR A R A B A SR A R
WO IS T AR, U B 2 AR 17 S A A a3 R e e
A AR R A R A 1R AR o R DA R A A Y i K
£ SRR E I I A 7 ) T B A 5 T A, RS
AR AR AT DASE 4 1 T A 7K IR 20-25°C e A,
AR T A R R B R MR SR I PR R AR B R KT,
HE SN  JEHEER RD Y R WS  B Ak F R K
e, RW] 20-25C RN F AR AL IR ) B

£ % X M

RStk hEshRE. et Bl i, 2002, 252

XN EAMg, AGEEN, RIEA. b ERT R AR A7 4F 3 Ak B )
R FEFRA AT ST, M 5T, 1991, 22(6): 571-575

MR, X, TR, BNIET R ShE L5
HIMELL. JGEA =22 B 2E 4, 1998, 13(3): 6471

PREAE, HEbR, MHIRSA, . mEEEXTIRRE . AR IAES
BERSCR. R, 2001, 6(4): 296-300

WET, S, Evefr. BEXHEXTEFALE K EE S5
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Effects of Temperature on the Feeding Rate and the Digestive
Enzymes Activities of Eogammarus possjeticus

XUE Suyan, MAO Yuze, ZHAO Fazhen, FANG Jianguang”

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Provincial
Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract

The amphipod crustacean Eogammarus possjeticus is an ideal live feed for fish and shrimp.

However, little is known about the optimal aquaculture conditions for this species. Here we investigated

the effects of temperature on the feeding rate and digestive enzymes activities of E. possjeticus using

physiological ecology method and enzymatic analysis. Our results demonstrated that there were

significant differences in digestive enzymes activities between groups treated at different temperatures

(P<0.01). In the range of 15-25°C the activities of pepsin, trypsin and amylase in E. possjeticus were

clevated along with the increase of temperature, especially higher above 20°C. Thus, the optimal

temperature for digestive enzymes activities should be 20-25°C. The amylase/trypsin (A/T) value was

used to evaluate the feeding habits of crustacean. The A/T values were between 1.2 and 1.5 with small

fluctuation, which indicated that the larvae of E. possjeticus had preference to plant diets. The feeding rate

of E. possjeticus juveniles was largely affected by temperature (P<0.05), and the predicted maximal
feeding rate was 89.84% according to the correlation equation (y= —0.754x°+33.297x-277.57, R? =0.958)
between 20°C and 25°C. The predicted maximal feeding rate of adults was 32.47% according to the
correlation equation (y=—0.247x*+10.463x-78.287 (R*=0.998) at around 20°C. The assimilation rates were
similar between the juveniles and the adults of E. possjeticus. The maximal assimilation efficiency was

59.86% for juveniles, and 56.86% for adults, and the corresponding optimal temperatures were 21.30°C

and 21.24°C respectively. These data suggested that 20—25°C could be an appropriate temperature range

for the cultivation of E. possjeticus.
Key words

Eogammarus possjeticus; Temperature; Digestive enzyme activities; Feeding rate
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% KB %R (Macrobrachium rosenbergii) % i
IR E PCR N ARWEI SN A

BB EME HiRET
WL VORI TS50 W

HEE HERY B ® ALk
(WL RAOK T ERE R R s 4 FF b 313001)
FHESD 4% % I 78 #T(Macrobrachium rosenbergii)4h & & # & 2 40 ¥ 1% JE I W A1 5 omp A
HEFF . FAMATHE gryB £ FF &t R4, #itxt PCRY = HatiTll )7 S 2 5457
MeAngUR MR, BT WAR R W PCR Bt de il 7 3%, A ARERETTRN, £REF,
WAL H B AT 5 5 AR AT B AR 51 4 sk 2 A8 W 5 ot K /N — By 385 bp 201 bp Y AF R
R B, GHABRERTER XK. BAAN 7 %65 REE 45 4 10° CFU/MmI 2 10* CFU/ml,
ZRBIGEF RN ERG SRR ER—3, HE LR 7 &0 B4 %34T PCR &
W, MEFAH»EER, AARELNAAGATES = AWATHE PCR RN 7 E2EARENER
W5 REE, THERME B, Z 7 ENELN T KB 430 R 0 D i, 2 FIRATR F R
R TR RSP BRI E L EHEEE L,

ES5 40

hESES S941 XEFIRFE A

& R EF(Macrobrachium rosenbergii) At 7 5
KIROKERS, BAEENLTFNE, EEHE EiFZ
FRaAts T A b X PN i 7K ™= R 5 v i T B e 0 H
FEEhYIZ — (W E 3%, 2008), FAT, ToEE2EKRY K
TR R E L, ARG HAE 60 12ITL) 1 (Yang et al,
2012), WiVLAa 9 T 23R B ok iy 2 [C TR AR 7 i 2
o, FEHE S SED RBIFRE AR 60%
1o 2009 4, FRED IR SR ik 14.4 T t, 4
DS o BRI, FE B LR R 7= b bR & J 4 [R] e
PR P i AR A 7 S T B B4 L B DX IR I BT R
FEES KU T 2010 EAE 2P [GBIFE R K,
I 16 3 R0 2, 90% L) F Y% FCVH IR & 1 37 A A
ARG K i AE T, R T XA H R TR
K 2A4LTC, R EERIN . IREEF R 7 KA,
BHCRE SR, = H, Bl kR ORI ™ ER,

% KB, PR BATE; 72 S ATE; PCR &

TEHE  2095-9869(2015)04-0099-06

TEAAREEE 2 3-4 d BRI DL AE , fER B 215
TR, RERLIG KA REIET:, SOXWINEIE R AR
N7 BT TEBER LRI TRATI A IR A rp 20 TE
TR B W AUIRII A B S o WA RKOK = i A5 B
S A S A B N TS, RIS EE G
TR A 4 VR 5 114 3 2 240 T P Dt A I 9 i T R
SRR EER TR R) . HARBGE I BR &4 b
LTI, OV B ST — PR S BRI T vk
DA SE UG 4 DR 12 W 5 B X BT IR

1 #RE5FE
1.1 ##

111 E# RSP HTW AR B VA 7 A 1 (Entero-
bacter cloacae) 315B #k. =% ¥T & (Enterobacter

* EZ R RIWH (2012BAD26B04) . #i VLA #AFHE £ 51(2012C12907) . i VLA 1R K 37 5 H A BB 6158 A A
75 H (2010R50026-02)F1i51H 7 T A RHE £ 3 (20112D2005) I [F ¥ B . BRE 1§, E-mail: chenfenghailan@126.com

O MINEE: BEZE, F5RE, E-mail: ygl0572@163.com

ks H Y 2014-08-05, WiE ks H #1: 2015-01-07
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aerogenes) NTHO1 %k . KM% #F & (Escherichia coli)
DHS5 #% . FUET %1 1 (Enterobacter sakazakii) CX1 #k
i AT IR #T 14 (Citrobacter freundii) CX2 #k gl b
T A (Serratia marcescens) NTHO3 ¥k . FE/K < BN
(Aeromonas hydrophila) NTHO71 ¥k . &A1 505
(Aeromonas sobria) NTHO072 %k . J& M v IC K
(Shewanella putrefaciens) NTHO04 #R¥Y AA S50 % ff
o HRIGFFE . BUsarre . 96 IO AT i
KBV WS BN AT ST R [FE T AT
R LA, KM . RS .
A IR 5 BIAGHT# . 7SI ER GO R RE .
IR TRAR A B R T I UE AN 5 ) R R . B
HARBIRAFTE S 15% H 22 i g AP ag b, —80°C
UKFEORAT

1.1.2 KA 10xPCR Buffer(5 Mg”").2.5 mmol/L
f) dNTPs, 5 U/ul rTaq fif . DL2000 Marker, PCR =
Yraifein & TA R & B 4P TR (KE)
HIRAF, TAEHE . Gelsafe #ZMRYL R H L IEHESy
Y TRARATA

1.1.3 34 W RS B o B INBHYE AT v
K ZH DNA Jpa ik AR <F HAR 509 omp A &
L, DA BB AT PR ISR L DY 5 D= S AT B 3
N2 DNA J3 581 i 8 R~y B 1Y gry B BEDA,
DL 77 A3 1 FF ARG DA R ) o 3 R B 3 A
Primer 5.0 #{FHibirsI9ieit, 2k GC & A
40%—60%Z 1], P3G EN 150-500 bp. 514
B b R A ) TR AT BR A BB . BT B8 I A
K514 F: 5'-CAT GAC ACC GGT GTT TCC CCA
GT-3"; R: 5-CGG TCG GTG AAG CCC AGA ACC
ACT A-3' WA BT W 514 F: 5'-GTA ACC
GGT GAA ACC GAA AGC-3’; R: 5'- GAT GCC GCC
TTC GTA GTG GAA ATG G-3',

1.2 FHix

1.21 @A RS DNARR KA bRER T
5 ml BFRRGWAEEFRHES, T 35 CHEIRR KR
IR 12 h B, BT ml B, A 1.5 ml G
BT 12000 r/min #5000 15 min, FF LIEWRE, 0
A 500 pl KEERUZEK , IR s i e T, R4,
12000 r/min B> 15 min, F+ FiEWR, WEME; MA
100 pl KWK, B RREWT, EEEK, &
Tk H & 15 min, 32 BPHCH, Z£-20°CHlE 30 min,
B 35°CM#Z, 12000 r/min B5.0> 15 min, B EIHRK
BT 4CHEHH-20CIRAF,

1.2.2 PCR R k% 5 &4 20 pl JRBAKR R : 10x
PCR Buffer(F Mg*") 2 ul,2.5 mmol/L [ dNTP 1.6 ul,
5U/ul rTaq B 0.16 pl, 20 pmol/L FI¥%F 0.8 ul, #iki
DNA 1-2 pl, #Ja K BEXMGEKANE 20 ul; PCR X
NARST : 94 CHIASYE 4 min; i AJEIF, 94°CAE 30s,
58°CiE &k 30s, 72°CHEH 455, 30 PMEHR; 72°CLEfH
5 min, FRIRZE 4°C, 450, PCRY M ™=¥, M 1.5%
BIE BHEE S AE 120 V HLE N HLPK 30 min, HERC RS &R
GEIE I REAH I %
1.2.3 PCR Z# sl 5 B R R & PHarY)
ZHUKATE, VI BR9AA , R DGR £ (TaKaRa)
alifk,, 5 pMDI18-T #/A&(TaKaRa)i&i%, 16°Citwk, %%
L3 DHS o J8 32 25 41 M, SR FH W8 11 B Bkask PH M v e
i} EcorR 1 . Hind I (TaKaRa)XXE§VI43E, FH: 5
Gk IR AW o8 w1 Y . T ¥ 5 - DNAStar
WA Y EditSeq #EAT IR 5N PHE, K PHELF 0T 51
FH NCBI Il %5 #%_F 1) Blast 4% {F 47 R TR TERG R
1.2.4  #FHien VLB A A3 ek 2 B Ay 2 TR
4] DNA Wt , DNA Bt E: —H# B2 50 ng/pl, A
BTG I3 78 B FF 11 5 7= SO AT TR S 1 5 4 43 il
BRI T PCR 38, § 387~ 28 1.5%3 IR M5t
BEHLVK, R GG YRRk
125 R EHN A AT O AR
F 3 ml BRRGWAREE RIS, BT 35 CHERIK
R IR 12 h S, T ARE TS 3 40 e v
108 CFU/mI, FH K XSGR K LA 10 555 Bk b 743
FoRm RS, HREAS B TR I DNA AR EST PCR 3734,
EERE FEL VKRG 3 7=y, SR AT BRG T UL S5 I i Uk
%
1.2.6 KR F KB I 41Kk Bt m KA K 4
s R, HJoH AR K O sk Hem 3-5 ks,
SIRANER, JCRBRAESRM T, WA A T
FERGIIREEFRE, T 30°CH M s, #k
R, WREEIRE, % 1.2.1 B AR A
F N2 DNA fER PCR R IASEAR , LK B X% K A A
PEXTRE BB A 18 O ST B TR AR A B X B
HE4T PCR P71

G 0 20 955 Jir BH 1 ) ) A4 S0 3K B Tk K B
15 min, ~7BEPHCH, 76-20°CHE 30 min. Ff)5 35°C
fi# i, 12000 r/min 8.0 15 min, B AE N PCR
R, #E4T PCR ¥4 .

2 #HR

2.1 S|y IBERWIE
MY G R AFTIE omp A R ¥ 51 095 Hy%t 2



%4 062 B G T IR (Macrobrachium rosenbergii) 45 {4555 5T B PCR A 35 A iy 57 5 17 1 101

IGIRAR LR BTA AR R FE N 21 DNA #7971, PCR
Pzt sokE . My, FSPAESRILE 1. 7
FIEE N 385 bp, Blast HUXFRM, 24 Bo ol Piih]
bR B2, B TBAAFTE omp A BT g —&R 43 .

CGGTCGGTGAAGCCCAGAACCACTACGGAACCGTCTTTAGG
ATCCAGGTTGCTCAGCTGGGTGTACAGCTGATCCAGTGCCTG
CTGGCCTTCTGGTTTCAGAGTCGCTTTGTTGAAGTTGAACAG
AACGTCAGACTTCAGAGTAAAGTGCTTGGTCTGTACTTCTGG
AGCTGGAGCCGGCGCTGGAGCAACAACTGGTGCTGCATCTT
CCTGCTGCCGAAACGGTAGGAAACACCTACGCTCAGCATGC
CGTTGTCTGGACGAACGCCAACGGTAGCACCGTCGCCGATG
TTGTTAACCCACTGGTATTCCAGACGGGTAGCGATGTCACGG
GTCATAGCCCACTCAACGCCACCAGCGAATACTGGGGAAAC
ACCGGTGTCATG

Bl 1 B AT PCR &3 7= il iy 45 21
Fig.1 The sequence result of PCR product for E. cloacae

Y B S AT gry B JE R 3 B9 5 [ 9% B K
AR =S s 5L R 20 DNA JEF7 971, PCR =4
zaife, RN, PP sas R 2, FHKE
4 201 bp, Blast HXFFRIZ A B UHAR AR B,
J&F =S kT gry B ZE K75 i —3 45 o

GTAACCGGTGAAACCGAAAGCACCGGTACCATGGTGCGTTT
CTGGCCAAGCCTGGAAACCTTTACCAGCGTCACTGAATTCGA
ATACGAAATCCTGGCGAAACGTCTGCGCGAGCTGTCGTTCCT
CAACTCCGGGGTCTCTATCCGCCTGCGCGATAAGCGCGACGG
CAAAGAAGACCATTTCCACTACGAAGGCGGCATC

B2 2 SUAAT I PCR &34 7 Myl v 45 1
Fig.2 The sequence result of PCR product for E. aerogenes

22 FiEFRME

FHBETH Y B 78 B A T 4 S 5 1 0 0] BT A5 3t 1K T ok
AT PCR 73, S5 LI 3, ALIHYA I AT et B H Y
FrBE, HARBSRICY AR FEE, Hte™ <
FRER s 5 5 1 0 B A B Ak i#E AT PCR 71, 45
DL 4, USSR BB E R B, HAR RSy
BEEER . ARWTFCE S PR R PCR AN J7 2 ¢
SRR B

23 FEREE

BH YA A AT BRI 7 3 1) R AR 3 SR DL 5, A
A I 2 B 1 A 10° CEU/ml, P2 ST B G 7 1k 72
HUFMRRZE R 6, AHRASIZREREE 4 10 CFU/MmI,

2.4 ¥ PCR #&il
2011 4F 3 H, XHEMBEA &% 7™ 5 ) B 1 it

B3 BAA AT B 5 | e S A

Fig.3 The specificity of E. cloacae primers

M. Marker; 1. BA¥EXTHR; 2. BRVAIAFFEE; 3. =SB HFIA;
4. KB, 5. BORBFFTE; 6. 3 IRAT IR AT 14 ;
7. KiBTVD TR 8. ME/KSERMETA; 9. RIS R AR TR
10. WA FUIR T
M. Marker; 1. Negative control; 2. E. cloacae; 3. E. aerogenes;

4. E. coli; 5. E. sakazakii; 6. C. freundii; 7. S. marcescens;
8. A. hydrophila; 9. A. sobria; 10. S. putrefaciens

B4 ST 5 | e e A

Fig.4 The specificity of E. aerogenes primers

M. Marker; 1. BHPEXTEE; 2. P=SIHFF ;3. BHIAGATH;
4. RIGHFFH; 5. BUsIAFTIE; 6. 90 RAT IR AT
7. KiBTUDER A 8. WEAK AN 9. IR
10. Ay TLIR T
M. Marker; 1. Negative control; 2. E. aerogenes; 3. E. cloacae;

4. E. coli; 5. E. sakazakii; 6. C. freundii; 7. S. marcescens;
8. A. hydrophila; 9. A. sobria; 10. S. putrefaciens

—_—

500bp
250bp
100 bp

S BRmAF A PCR K INA 3R i) R U
Fig.5 The sensitivity of PCR detection for E. cloacae DNA

M. Marker; VK& 1-7. B HBERE B4 10 102,
10°, 10*, 10°, 10°, 107 fl 10° CFU/ml
M. Marker; Lane 1-7. The gradient concentrations of DNA
templates of E. cloacae 107, 10°, 10%, 10°, 10°, 10’
and 10% CFU/ml, respectively
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6 = SUmAFE PCR RN 5 i 2 4505
Fig.6 The sensitivity of PCR detection for E. aerogenes DNA

M. Marker; PKif 1-9. WIWRVKEERSEE 53512 10°, 107, 10°,
10°, 10*, 10°, 10>, 10" Al 10° CFU/ml
M. Marker; Lanes 1-9. The gradient concentrations of DNA
templates of E. aerogenes 108, 107, 10°, 10°, 10%, 10°, 107, 10'
and 10° CFU/ml, respectively

skl . FENLERRR A B A 45 R 304a,
304b, 304c. 304d. 304e WA S B Y B o h
W1, W2, W3, W4 4tk A5 IR 5 &,
WRSIH TR, AP B e, R4 T W e J A 17 A
M 1), REME IR, PCR HAZKM Fikahikd
s JE AT HE T 1 L A 25 R LI 7, PCR RGN AR 25 3 5
IR PRAGAE () E5 AR 4, I, AR B AEfR 08 | 16S
rRNA F 5 751 [F I PE R 5 PCR RGN 45 5 — (4
FEk ) AWEFT ST AN J7 2 BE e | v M i
TENGIEL, I R A XHIE 1697 B JE R

3 iTig
3.1 NAEEHERE
9 S R | RS RGN BE A A Il PR T X 4 o 4 i

®1 FRBMLEERFERENER

Tab.l Results of pathogen detection in M. rosenbergii larvae samples
i PCR #6145
His ok VAR o 168 rRNA JEX 25 Result of PCR test
Hatcheries Larval code Predomlnant Biochemistry test Bacterial identification WS AR
strain by 16S rRNA gene u
E. cloacae E. aerogenes
A 304a 4al B8 FF & E. cloacae FIY4 74114 E. cloacae + -
304b 4b1 B8 I FT B E. cloacae P34 7 FF B E. cloacae + -
304c 4cl BH Y8 5 FT B E. cloacae P4 7 FF B E. cloacae + -
304d 4d1 FEE AT E. aerogenes PESAAT A E. aerogenes - +
304e el BAYA A #T B E. cloacae B335 B #T# E. cloacae + -
B \al W11 S M4FF# E. aerogenes P S %AF A E. aerogenes -
w2 W21  FPSAHTE E. aerogenes RSB HT A E. aerogenes -
w3 w31 BlABFFE E. cloacae Y5 74174 E. cloacae + -
W4 w4l BIAHFFE E. cloacae P34 7 FF B E. cloacae + -

HERTSE S B, BRI A E B R A IS, 2013),
TEK TS B oE b, N7 1TV 20 R A Ui
P PCR K 7 v (2 R4, 2010; VA4, 2008), Xf
K= S 3 B IR 5 0 EE TUER B) T BRI AR A
S TEAEZE(2011) 255 BHZ5(2009) L 16S rRNA FE[K hy
BUSEIN, N T 1A AT P Real-time PCR il 7 ik
55 R LR BRI O v o ARWESE 4 B 2L omp
A 5 gry B ERWE N BIA AR . 7 AT
L, @57 PCR KL, 4ad btk Rir,
5[5 Ja 30 0 [B) A b () 7 3 T A8 U s PCR =W 42 ik
TR, RS 48 Blast FIVEE R, WS N
T 5 R P 37 ) — 5 43, R PAAS 7 i 1 5 | W e S
W AR E 287 AT Real-time PCR FIEEHLES
ARSI 7k, AT S A3 PCR AR 5 ik, 52

B AR 5 SR HAR BORERAR XA, A 2wy, AR
WG ERE)R Y [WRIFE s .

3.2 NG EREHE

TEAK 7= Sl I B BRI S o D P ) Rt 2
5P T K B AN R 2 —, MR R LK = sh )
TR BRI IR B kB — B R, i R B
S P, AL TR 00 53 2R A 1) e I L T e A SR
X0 3 (PR B 1 o AWF N B BB I T o 5 7 3
FFEA PCR RGN 5, BB o, PRI A ) A
A B 510% 10° CFU/mI F1 10 CFU/ml, R 5
B TEK=ShY 1 JCw I R AR R 107
10° CFU/ml B S 80 3 & A AR , B0 1% w5t 2
VR IR L PR A TR 08, 76 7 1 AR A rp B398 W AT 7



4 MR 4. 2 G I IR (Macrobrachium rosenbergii) %4455 J5 % FT 5 PCR A&+ AR By 2 57 5 1% 103

M  304a 304b 304c 304d 304e WI W2

w3 w4

K7 BRAMAT S 7 AT B B PR G B % PCR 2521
Fig.7 PCR results of E. cloacae and E. aerogenes
positive samples

SR m PR E R 10° CFU/mI B, 2 TT 46 H 3
By e — B AE , AR ST B IN Jr v AG
TFRA 10° CFU/ml #1 10> CFU/ml, A] 452 B & 1)
PERTTUE o AL, PCR =) 45745 158 55 55 20 181 A9 vk B2
B E, BRI, G0 5 S5t v] LA FH R4 45 ) W7 4 A Je
YU I T AR AR 55
33wl ERENE

— PR ) AT R S M T R T B A AN Ay
B LOESREE EEAEE T B 16S tRNA
FEH PP Y 50, BT 5-7d jRHE, 2
WP RIG TR ise 35 1Y Bl 42 I LR T S04, 2007)6
W EE ST HARR R PCR ek, MG H =4
A JCHEA TR PG 2 T, B R 7K = sh B 2 Wi
B T B (TR 5 45, 2006), XK IRZE(2013) 8 T
% fEAE [G B PCR P2 ik, WITE 5 h Xt AR
TR R 2. K XHESE(2008) 7 T #7258 I =
Ji Bz S A AR AU RS IR PCR RS 7, AT DLZEAR
TS PG DL T, ELEEA DU k4 20 SR G 1
o FAHIEF 5T #E 57 0 BR YA B FF v 5 7= S FF - PCR
Rl i, XFWASE WS R g R R TR,
IR EDAR IR S P A B L 24 DNA T ke, 530
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Development and Application of the PCR Detection Method of Pathogenic
Enterobacters in the Larvae of the Giant Freshwater
Prawn, Macrobrachium rosenbergii

CHEN Xuefeng, YANG Guoliang®, GAO Qiang, XIA Zhenglong, PU Jianwei,
SHEN Peijing, HUANG Zhenyuan

(National Genetic Breeding Center for Macrobrachium rosenbergii, Key Laboratory of Freshwater Animal
Genetic Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001)

Abstract The current study was to develop a PCR-based method to detect Enterobacter cloacae and
Enterobacter aerogenes in Macrobrachium rosenbergii. Two pairs of primers targeted sequences located
within the omp A gene of E. cloacae and gyr B gene of E. aerogenes were used to detect E. cloacae and E.
aerogenes. Samples collected from infected larvae were detected with the developed PCR method. The
expected DNA fragments of 385 bp and 201 bp were from E. cloacae and E. aerogenes, respectively, and
no PCR products were amplified from other bacterium. The sensitivity test showed that the detection
limits of PCR were 10° CFU/ml for E. cloacae and 10° CFU/ml for E. aerogenes. In addition, the
detection results of larval samples were consistent with the actual case of the infectious disease. In
summary, the PCR diagnostic method was specific and sensitive and is a reliable tool for identification of
E. cloacae and E. aerogenes in infected samples with a little time and cost, which would play an
important role in quick diagnose, epidemiology investigation and SPF populations construction of the
giant freshwater prawn.

Key words Macrobrachium rosenbergii; Enterobacter cloacae; Enterobacter aerogenes; PCR
detection
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Fig.1 Effects of stocking density on the fight times of
M. japonicus
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Fig.2 Effects of stocking density on the average advantage
index of M. japonicus
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Fig.3 Effects of food types and abundance on the total fight
times of M. japonicus
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Fig.4 Effects of food types and abundance on the average
advantage index of M. japonicus
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Effects of Stocking Density and Food on Agonistic
Behavior of Marsupenaeus japonicus

QIN Hao, WANG Renjie, LAI Shoumin, LI Na, LI Yuquan®
(College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109)

Abstract Cannibalism is one characteristic of Marsupenaeus japonicas with little understanding,
which affects the survival rate and the production of M. japonicas. The current study was designed to
investigate the effects of the stocking density, food types and abundance on the agonistic behavior of M.
japonicas. Three stocking densities (10, 25 and 50 ind/m?) and three food amounts (full food, less food,
and no food) were designed. Agonistic behavior were observed and recorded one hour before feeding,
during feeding and 1 hour after feeding. The results showed that the agonistic behavior increased with the
increasing stocking density. There were significant differences between “before feeding”, “during
feeding” and “after feeding” (P<0.05). Feeding time significantly improved the agonistic behavior. Food
types and abundance significantly affected the agonistic behavior(P<0.05). Clam meat had better
improvement in agonistic behavior than artificial feed. The stocking density did not impact the agonistic
behavior before feeding and during feeding, but it had significant effect after feeding(P<0.05). These
results revealed that stocking density, food type and abundance could impact the agonistic behavior of M.
japonicus.

Key words Marsupenaeus japonicus; Stocking density; Food; Agonistic behavior

@ Corresponding author: LI Yuquan, E-mail: jiangfangqian@]163.com

e



H36% 44 o B dt R Vol.36, No.4
2015 4 8 A PROGRESS IN FISHERY SCIENCES Aug., 2015
DOI: 10.11758/yykxjz.20150416 http://www.yykxjz.cn/

1 [ %12 (Apostichopus japonicus) 5 & E #il £ 2+ 3%

F—REKMFFALLE

2 A £ R B OE' OA%KS HER!
FRAEM EME Y Azp ™ #EF "
(1. AR T R TS S0 DK P BRI BB K RS 78 266071
2 MATOKFHIGET M 264003 3. IRZBAPIAHIRA R % 265600;

4. FUFFERFAT 5o v i 201306)
WE  RATARI L ER S A ERRC) M A REK)EATERERE MR %, R
7 C(R*CE) . K(DXK(S) K(DXC(E)Fr C(*K(B) 4 MR BLA AW F—KRo 2T B REAZ
Bk BAE WELAER, BHYBFGSEMBNEKFTRE I URERTRIGEAEYS . &
RET, #RAG O EAUEIRERMBMEETAFEELEMZR, AXAMELIRETHE
., COOKOAESGSHMAEKFHERATEMI NG, FEABEEUZR, HEKLMHTHE
R4 9.43%23.75% |8 ; KB 150 B 5 £ I W LA HH, & 4.09%34.96%= 8] . T K(Q)xC(3)
AEGHEKARERE 150 BB RN LM ES, LMmEHERALEMHEE . KQ*CQ)
AHLHEIE e &R, R E N 26.21%.

KA

hESZES Q32; S965 ICHEIFRIRAE A

Z Al (Heterosis) & 45 it & B Al A [R] 1) SR A 4%
LI ER) By AR K . BB KB S R T
NCER G (R RS, 2006), @it N T.2e38 K ikie
R AR A Wt B R A ORI Z — . KA
Tl 2% 58 J 2y B 45114 0> T e ol PR B AR ) 2 52
R FRAE B | AT R R R BAE 2 U IR A
FEARZL, %M (Bryden etal, 2004; Tymchuk
et al, 2005). ¥##/lH(Rahman et al, 2000 2001) ., 3 U1 (Cruz
etal, 1997; Liu et al, 2003) . 13 Il (Miguel et al, 2000)
FIHR (Benzie et al, 1995; Bierne etal, 2000)%,

1|2 (Apostichopus japonicus)7E Tk [H (1) [ 4K 43
TR AT WS KR, FERE SN 2
Ay AR TR 5 L H A DL SR I AR Ve (B S

RSy ey £k HmAl; A mH
XEHS  2095-9869(2015)04-0109-07

4, 1997). BEE XS R ARG, RERZS
FRIEAE K, 2012 AR 4R S W R A e RE i
500 123k , FEFE T AR 18 J7 hm?, P2 17 7t (R
sl R, 2013), IS H TR E R — 25 A
R FEFER N G 2 — . BB, NS E T
I RAEEAT AP A PR 2 SRR B4 RS,
AR MRS BO S I, T AR A R 2218 | 9k
o M R I R PR IR S o DI, A7 W AT
B RS HER, E1 X 3 2 i 3 0 B 22 22 B Motk i A Tt A%
MR, BRI S IR b Y T RS R

DI 2 v [ A RN B R SR A | 3l i e s if
ristfe ol R O A B (B B ESE, 2005; PhRIESE,
2013), {HAREA XA AR AEK . BUmBE T L&

* [ R BORBIE ST & JETTRI(2012AA10A412) | AR BHER R THRI I H (2012GGA06021) FIA M B AL 77 185 7K 1 57 7 i
SIS H 4 (2014-MSENC-KF-03) L [ % B % 7%, E-mail: tanjie@ysfri.ac.cn
@ WIREE . MEMCE, RIBF5E5, E-mail: yanjp@ysfri.ac.cn

WA H#: 2014-05-21, WeiEselfs H #9: 2014-07-21


abc
图章


110 ook B

2 )R 36 %

AR F AR BEAT VRN M7 o ASBIETE USRS [
S ERwE E R Bm Rk, R S8 2R 58k
PEATAR IR ] 2SS LU S HEAR I 135, 7R R T T B
XIZREA . AR | BB AR SR A RISPR AT 48
i, FFHEAT AL IR R LI AR T — AT
Wl , WSS [ A AT BT, AR
AZR R EFAA, DUOA 2 03t A ol R S BEBRIB AR

1 #REH*
1.1 #RE 5%t

FSF 2013 48 5 AR IR & ST LUK
WA BRA R AT IREE, PIASREAAR S 31 A v LR R (]
PR C) s [ B (R AR K)o 58 BRI Z 5| A s VA
s FJEE T 14-16°CRyig Kb pEA I S E
INAR LW A IRA R, AN TEEF P A K
1) Fo ACHIZ, 78 12-14°CUHg KR 355 561K, il
RSB A A

Fi R 2%2 SER MBI 528 T SR 4 ARG -
Horr, 2252808 K(Q)*xC(SAES)M C()*K(S)(%
32), AZH R C(R)*C(H K(P)*K(S)o

1.2 EMIEE

121 ARG, #Anbmit  EEAEKRT 250 g
AR RS, BIT 1 h R KR 15 min 3547 AT
ROP. RS LEN NI, SRS U
FH T R A0 i 9 7K e O T S RS B 7 AR 9 Ak 2
BF, ) B R [ Sy 22 Sk S HE RO SRR
PN RS WA B, 2 B 7 A0 B ] R — WL i T
W 3-5 DRETRIAT . RSHEOES RS, 2RI =
20 m® REE Wb AL, R 3 A/ ml, KRR

HITE 21°C,
1.2.2 $HREE ZAEIN R B 2/NEAIR)E

WATAHL, DR E SN 0.15 M/ml, 2hikEEE
A AR AR B L /BT ) 28T B RV 21 1 B 4 B
FTRARE, HEHE 4 Wk, /NE4A H 808 50 25000
30000 cell/ml; H H-4fA& H #4584 35000 cell/ml;
KELA H #AHE A 35000-40000 cell/ml, %Kik
1R, kN 12, HIREFYRERTA, M
TV I IR RS)$8% ke BfF o 3

123 AR F ME4 2 15 & W ) 5 0 o 2
SRR e O N I T I = S 12 LTV Ml e 1 S ]
TR R E R B 14, BERBMEPIR, WS
WS ERE 5%-8%, RIEHES W LAt
PR, RERBROKPIIR, BRIRK 172, HEZSHE 45 d

Jre 1 ORI R, L AR JE A B S b A S A
B AT A A 80 0t 8 o 3 2

1.3 HKRWESSH

131 ZHFE BEPWELLEE 1EUP 132 K
ZEACh ARG A R, BEALMAE ISR 200 S
i, GEitszRsR . kg, HitE A s

ZRE R (%)=00 4B B A< 100% ,

TEEAL 2 (% )=HR G IR 5/ 32 A I < 100%

IR SR, SEFTRE AR ARSI, AR
R IRAL 3L IR, ISR T AR AL, KR
JH 375 OF SRl RS0 Ry B 3 o il R T, SDRL R S 0
TR P, 2820 x 107 FARFR AR 7 30 min, 77K
YRR TS M, SR E AR . MRS EL A
WE 3APATA . YA E % E R 0.15 4~/ml, 7T
SRE . LR, MRk 1R, SRk 172,
LHEFFRAIAT 3 d, BT A/ NS AR RS
PR, HEEE S 20000 cell /ml, 3dJ5, PR H
VA AR T BRI A R B A Rk, 10d s, W
TR G REREL, THEIAREE ZRE,
132 Axppkale  SHERKES 5. 7. 9K
R BEHLIRE 60 A ERR QAR B 6E T A H iR
FEHARK; 41280507 90, 120, 150, 180, 210
H S BB BEALE 30 N4, D EHAR K | K,
PRI B 7 2 &)y 2 O N A T R VK A 3 L
e, WSRO MR AR R 24
Z RSP G, & T T2 L 10 s J5 AT RR
T IR R A R A R )y — [ S A A
T
133 HARXBR K FH of K 7 B2 B 5T B B I
TR 7 B 5 BT AR %l 422 9 B (Vibrio - splendidus) i 4y
WEE RS . 4 B TR AR R K 5L R 1 97 3 (TSB) i
il 1.5% NaCl, 28°C FH55% 24 h, $RJ5 FJCH# 4 Btk
IKPYETETE , HIHEEKE R 107 CFU/ ml, BML4A
WS AEE, MEANEE N 20 Skl ST E IR
ARSI S0l 5 ARBE T S 13107 CFU/mI A8l A2 9B 1%
PRVATR 0.1 ml, ZCaEdbife), REHHMIERIARE, & H
ERHCERS LT LB, 14 d JE 45 R IE R,
BRI S TR,
134 FAPRAHF
RHEFRMH), HARD:

H(%)=[(F—P)x100]/P(Falconer et al, 1996),

Kb, B2 PRI IME, P AM A
AR B HME

AT AR A5 HEAR 10267
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135 %t ot 45 e H1F- 24 {45 i 22 (Meant
SE)# 7R, K H SPSS11.5 G it/ kit 7 o R &
J7 2243 B (One-way ANOVA) K Tukey’s £ & b5
B, 7KF2h 3 PE2E 5% (P < 0.05),

2 R
21 2R, BUERMWETESE

L TR EE L E SN R (R )
FIMNE TFH, A3H C(QxC(S)FK()*K(D)
432 K5 2 )R (94.124:3.33) % F11(92.38+2.72) %, Z4 58
HK(R)XCE)VH C(R)XK(S)HYZZHE #5151 4 (93.63+

3.59)%7F1(95.50+2.65)%; H AT C(R)*xC(F)F K(Q)x
K(3) AL 2243 711 (87.38+2.43)% FI(84.75+ 2.22)%,

AU K(QXC(E)FT C(R)*K(S) 1 587 AL 73 531l Ay
(85.13+2.14)%F1(86.25+2.99)%; 354 C(Q)xC(S)
K(Q)xK(3) iy Bt % 728 25 2R 43 51 A (38.52+9.66)% FI
(35.20£9.10)%, 2232 4 K(Q)xC(3)Fl C(Q)xK(3) Ay Bt
LRSS B H (41.48+8.87)% F1(46.60+11.65)%, £
T3 22507, AL ALY 52K R SRR A
FHEZEF(P>0.05), AL C(QXK(E) M EAZLR N
(46.60+£11.65)%, W& THAb 3 41, #hE 24 E
RREAL, F(35.249.100%, B ELTHA 3 4.

x1 NSHERKSHERAARESEEEAZIHEER. PHURMMEESEILER
Tab.1 Fertilization rate, hatch rate and settlement for cross groups and self-fertilized groups within and
between Chinese stock and Korean stock of A. japonicus

T H A S Rl 1ESEH R
Tt H Ttems Chinese self-fertilization =~ Korean self-fertilization ~ Hybridization group Hybridization group
group C(9)xC(3) group K(?)*xK(J) K(9)xC(d) (%) C(2)*K(J)
Z K52 Fertilization rate(%) 94.12+3.33* 92.38+2.72° 93.63+3.59" 95.50+2.65"
I 1k 2 Hatch rate(%) 87.38+2.43% 84.75+2.22° 85.13+2.14° 86.25+2.99*
B} % 5 5% Settlement(%) 38.5249.66" 35.2049.10° 41.48+8.87" 46.60+11.65"

T A8 f AR RRR A RF SR, P<0.05

Note: Data within the same row with different superscript are significantly different (P < 0.05)

22 FiEHhiEnEk

C(P)*C(3) K(P)K(D) K(P)*C(3) . C(P)*K(SF)
2H 5 HIR AR5 0(575.0465.9) pm  (548.8+£96.6) pm
(544.4+88.3) um. (560.2+104.6) um, J72=5rHr& ],
4 N Z A 2R (P> 0.05)(K2). kLK E
% 7 B, AZH C(Q)<K(E) BT K: F(682.40+
87.2) um, &5 TIFAE4H K(Q)*C(3)(634.97+80.9) pm
I E 324 C(Q)*C(3)(651.53+61.3) pm, —H i
e TahE [ A4 K(Q)*K(D)(595.63+100.1) pm., 9 H
W, RAEH C(R)*K(E )y MK i, h(857.87+

F2 STHREFHHERHEK
Tab.2 Larval growths in various experimental groups at day
5, 7 and 9 after fertilization

e LR EK Body length of the larvae(um)

Group 5d 7d 9d
C(Q*C(F) 575.0465.9* 651.53+61.30° 759.57+108.3°
K(Q)*K(3) 548.8£96.6* 595.63+100.10° 706.77+96.80°
K(P)*C(8) 544.4488.3" 634.97+80.90° 802.03£116.90°
C(P*K(D)  560.2104.6° 682.40+87.20° 857.87+98.70°

: F—FES AR R A BEER, P <0.05

Note: Data within the same column with different super-

script are significantly different (P < 0.05)

98.7) um, WEFTHEHAH C(Q)xC(I)(759.57+
108.3) pm FgEE [ 5240 K(Q)*K(3)(706.77+96.8) pm,
EAZ K(Q)xC(3)(802.03£116.9) pm Fl S 32 4H C(Q)x
KO ZHERAEE,

23 HBHEK

BABAHALBAE 90, 120, 150, 180, 210 H
I AR R ) AR AR i 1 AL 2. AR 1 TR
i, RACH C(Q)*K(O) AR K IRZem T HoAth 3 N4
90 HlH, W F A MNIE S H R KA B & 257,
120, 180, 210 H#AR, wE HARHMK W& & T8k
{3 IEACH . 210 HEERF, C(Q)*xC(F). K(Q)x
K(3) . K(D*C(3) C(L*K(S)ELIAR 351 (65.4+
12.3) mm, (58.7¢11.7) mm. (55.7£13.9) mm. (70.2+
13.2) mm. ME 2 ATLLEH, 90, 120 H#gE, HE
3SR R 2 v T A 3 N, 150 HBIE, sk A
AR B E AT A 3 . 210 HigmE, R
R R (4.13+1.5) g, W& m THAL 3 A4, ERAK
FifK, N(2.5120.98) g, WEMET HAh 3 14,

2.4 S HAEINE B EE
AREINE T 14 d 5, B4 5% B2 H
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Fig.1 Body length of juveniles in cross groups and
self-fertilized groups

ARFRFRA A A 83525 (P <0.05)
Different letters indicate significant difference in mean body
length among four groups (P < 0.05)

B K?XKS
EC9XKS

Ocexcd
B KexC3

i &
Body weight/g
W EN (9]
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H ¥ Daily age/d

K2 ARG NS W T

Fig.2 Body weight of juveniles in cross groups and
self-fertilized groups

ARFRFRA A A 83525 (P <0.05)

A2t 414 Combinations

B3 e oIl 2 I 2 B AE 1 R
Fig.3 Survival rate of A. japonicus after being challenged
by V. splendidus

AR R A I 13 22 5% (P < 0.05)
Different letters indicate significant difference in mean body
length among four groups (P < 0.05)

TR 5 8 (65.0 £3.54)%F1(62.0 £ 2.74)%, W& =T
RASH(55.0 £ 3.54)%F1H E [ 224 (41.0 £ 4.19)%,
[ [ 22 4 B9 RS R AR 3).

2.5 ZEMiLEE

IEAS R A A58 A B AP AR FL i WL 3.
KA C(R)*K(S)FEM KRR g br - R B i
FIZRFPAE S, He 7 HIRFD 9 H R IARK iy Zef 3R Ny
9.43%F1 17.00%, %12 W BOIRK i 28 Fh i 5%
13.04%-23.75%, 210 H&HF, AE 2L 5
. N 34.96%. 1EACH K(Q)xC(E)TEHLHG S R
IR AR, 2 14 d WEIRRE, Y51
TG R ZFP AR R 26.21%, EH K(Q)xC(E)E
90, 120, 180, 210 d 7EMRKFNARE MR | 52 B 2 b

ar: N
Different letters indicate significant difference in mean body Fi%o RACdl C(9)K()FE 90, 120d TEREPER I
length among four groups (P < 0.05) BN L
F3 BTEMBEMMBE
Tab.3 Heterosis for two hybrid groups
ZFh i #% Heterosis(%
Ju
S22 Group PR Traits C)
5d 7d 9d 90 d 120 d 150d 180 d 210d
K(2)xC(3) 1A+ Body length 0.44 1.82 9.39 -1.99 —7.48 1.13 —6.73 -10.29
A Body weight -29.91  -45.91 8.77  -17.32  -17.97
1718 % Survival 26.21
C(P)*K(D) &+ Body length -0.30 9.43 17.00 9.98 14.63 23.75 16.70 13.04
1A T Body weight —14.53 -9.43 4.09 17.32 34.96
171 % Survival 6.80

T COMRERZ; K a2

Note: C, Chinese A. japonicus; K, Korean A. japonicus
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AR AR A A F R B R R BRI A E
P e sc A7t A5 o B © & AE Z FhoK 7= sy in =3
1 (Portunus tritubercatus) . ' [& %} ¥ (Pennero-
penaeus chinensis), KZZf¥(Scophthalmus maximus) .
JEHE R 85 17 (Ruditapes philippinarum)Zs g5 215 1,
IrA T E ORI T4 (GRERFR AR, 20095 1 42
220095 FLANEE, 20125 FEIEMSZE ) 2012), 164
Zh, HETC PR 7 — SRR R A 22 sc o, oK
Bi 157 (Changetal, 2011), 5KZRELZE(2013)F]H K
FI AR S A e Y 2R S AT AR N B IR )
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—ER DB . B 5EHESE(2009) L H AL S Firdh ]
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HAEFRER KT DA TR 2R, 45
o, ERZ ) HARL RIS (Q)HE MRS
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N S SN Sl 1 S S Sl i AW 282 = o
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RTELRI Bk RIEL S B By, AR LL A 28 4
K, ek ® i .

AT ZNG R LR E, A 3C4RIE R
A SE L ) AR AL R, 2R RAE90%L) |,
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AN () b, FFREAAR (8] 32 77 2% 58 AN A7 A6 () 2% 22 H B
PG I C S 20 FURN R G B e 0 55 [ R 71T P 2% 58
AR E AR RS TWAH, X5 UL
(Haliotis diversicolor aquatilis) 2% (%, (Haliotis diver-
sicolor diversicolon) i ifF 75 25 AR F] . W7 Hi 4555 (2005)
R, 428 W P i T 4= gl 4 1) B 2 e AR
B, HMEFEQO)MIFERY], JciERE Tl
g PR Bt & R AR RS C(Q)*K()REE K
KE BB e, AR bR AR SOk B
AR G A UL T oA K 7 S s . XRS5 (2003)
W5t B, HifL s UL (Chlamys farreri)fk & 7 fh i 5 o
FE AR RE () 2828 AR AE 160 HIB R H H 60, 90 H
WA i 2 I 2 PP . AR (2006) TR R,
REEEFIAE Fi AR 70 H IR AR S 1Y e Fh L 3%
T30 Hi i Aemh %,

AT, B S 0E R S B A 1 24 Fh L 3 HL A B
A IE FORXRRE , XA RIS A B AP

AR (B S, 2013), —SLBFSR R, 4258 T
—ARAEFE SR R I AR 3, 780 — LB PRAR |
RH R 22 R4 #(Gjerde et al, 1984; Ferguson et al,
1985; Bryden et al, 2004), MAKZERKE, K2
H C(Q*K(S)MHHE A A C(Q)xC(S) M Wbl F
IEAZH K(Q)xC() At [ [ 324 K(Q)<K(F), iX i HH
DI R R BEAS P2 A T AP I A58 30UR, X T g
REARBRON AT K o VR REAS B BRI O N T3 F AR
HAEKN A2, AGBRAEARK MR ERAE.
W 5 (2006) 5351 AASFL B DL Hb [ 55 58 Fh B R AT AL
Ja3 DL vl ] B A PR S BE AR AR IR R 22, S5 AR
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G IR NI R N il 2 B L A O B o [ v I o
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Comparative Study on Growth and Disease Resistance of Hybrids between
Chinese and Korean Stocks of Sea Cucumber Apostichopus japonicus

TAN Jie', WANG Liang™’, GAO Fei', ZOU Ange’, SUN Huiling', LI Fenghui'*,
FAN Chaojing"*, ZUO Zhiliang", YAN Jingping'"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2.Yantai Fishery Research Institute, Yantai 264003; 3. Shandong Anyuan Aquaculture Co., Ltd, Penglai 265617,
4. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306)

Abstract The sea cucumber Apostichopus japonicus is a major aquaculture species in China. The fast
development of sea cucumber culture in China has generated some problems such as genetic degradation,
frequent diseases outbreak and natural resource depletion, which have impacted the sustainable develop-
ment of agro industry of sea cucumber. Heterosis resulting from crosses between different populations is
an important component of breed improvement in marine animals. The objective of this study is to
determine if heterosis exists between China and Korea populations of A. japonicus. The first generation of
four combinations, C(9)xC(3), K(Q)xK(J3), K(?)xC(J), and C(Q)*K(J), were obtained from mating
and crossing within and between Chinese population (C) and Korean population (K) of A. japonicas. The
fertilization rate, hatch rate, settlement rate, growth, disease resistance and heterosis at larval and juvenile
stages were compared among four combinations in this study. The results indicated that fertilization and
hatch rates were not significantly different between the hybridization groups and self-fertilized groups.
The settlement rates of hybridization groups were significantly higher than those of self-fertilized groups
(P<0.05). The body length of C(?)xK(J) group at juvenile stages was longer than other three groups,
showing marked heterosis 9.43%—23.75%. Compared with other three groups, heterosis on body weight
of C(P)xK(J3) group ranged from 4.09% to 34.96% since 150 days after fertilization. In contrast, the
K(9)xC(3) group did not show positive heterosis except at Day 150. The K(Q)*C(J&) group showed the
best resistance against V. splendidus, and the heterosis reached 26.21%. These results indicated that the
crosses between different populations might be effective for genetic improvement in A. japonicus.

Key words Apostichopus japonicus; Hybrid; Growth; Disease resistance; Heterosis

D Corresponding author: YAN Jingping, E-mail: yanjp@ysfri.ac.cn
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2 AN Eh B X 4T 12 (Apostichopus japonicus)
RERSHIENI
a0 &Y EER: BEMEA ERa

(1. PEBEFERSFK™ B AR EALRE F5
2. A R BB EEBE TR 110866)

266003 ;

WE RAEFAZREAF &, FIRTAREEGT. 12, 17, 22, 27C), #%E(23. 26, 29,
32, 35, 38) AW AR E S 41(1.68-3.48 g)F1 L 41(15.78-20.79 g)4L | % (Apostichopus japonicus)# 4,
Z(OCR)fnHF & F(AER) Y v . 45 R T 7r, 1BExT40 M| % OCR 1 AER 344 # £ % % " (P<0.01);
RE A4 R % OCR & B2 % (P>0.05), T4t AER A # B & % "(P<0.01), £ & Fn{k & 25 B 1F F 7
41 %] % OCR #1 AER H # . % % ¥4 (P<0.01), S %1 41| 4y OCR #n AER [ 8 J& B9 7+ & 71 3 An; L 4
%% OCR #n AER MR EW AT AS, M 22CHIERE XA, E, KREFOH 5
OCR #1 AER #7H B % % " (P<0.05), #HEAAE L BAEA X 2H 2 OCR #1 AER ¥ T % % "
(P>0.05), S 471 L 4140 %t OCR fn AER ¥R W A& T E MR, ZHEH 29 Fn 32 B
Bk, T Eh 26135 Bt E, R4 OCRA1IAER 5KE & A4 W B @3 7 R=aW ",
FERBETSAMLALZLA A O« NigE 2 N 4.75-11.74 #110.71-15.52; FEZ%E S 4L 4
0% O N JEE A 6.37-12.29 1 8.24-12.10, %4 EFrik, L AR S35 RN ZE RS A
5, S4lfr L AR St K fnm R 2 iR £, H&E R E R E N 29-32,

KA afl S mE; RE; KE; REE; #EAF
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RIS ESFARE . HERIRE . PR . HLE .
R EE) ARG | ARE A fb 2H AR ) R A S A
SIPE MR | B 2 A 2 PR 46 1T 5 7
BIFEAEB K 2 5 (Choe et al, 1961; 3275, 2010"); 7E
L ELURZ 5 R S W AETE P 35 2% 5 (Kanno et al,
2002, 2003, 2005, 2006; Kangetal, 2011); fITHF

ST REIAR (B SEHESE, 2009; Sun et al, 2010).
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£, N4 TR LR B RT3 22 (Apostichopus japonicus)#E 58 3 5 HEZ FR Y 5 i 117

R ) A A S A A B A R 4y, T S s i
AR, OC T I S I W FNHE O B 58 & A — 284
B (ZEFEREE, 2002; Yang et al, 2006; = H55%,
2005). 1M 5&TL0HI 2 005 B Al 32 224 b 7e o A
AW RN s AL 7 T (Kanno et al, 2002, 2003, 2005
2006; Kang et al, 2011; #I3EHE4E, 2009), FHTF£LH
Z 5HENSIEA Y | 8L . 406 KORG B A
ANIF AT B2 BT TR RG0S N AR 22 S, AR
5 5 FE A 92 21000 S 76 O [R) B2 RNk B2 R AR SR A
HeE R, n] hyitt— T R4 02 5 1R 35 4 i R AR
FERH RIS AR

1 #RFFE
1.1 ##

IS5 2007 4E N H AU G| RS 0T —
o Wiz Bl RFRLT R S HEPLE F 11 4 100 L KA
TSR 15 d, BRI 24 h K, BRHK 1/2-2/3,
Bt Bl A AR LR 1 16.56%, KA 5.40%,
JRAr 47.42, fgh: 8.92 kI/g). WIFFMSZERIIMA], A
F(17+0.5)°C, #h R 32, 9858 4(200+30) Ix(H 2RIE),
SeRRSE WIS 101 : 14 D,

1.2 IRt

121  BEEEET SR 7. 12, 17, 22,
27°C 5 ANRBEREREE . SEERTFIATT, B R T BN
KR 1-2°C, KL 911k 2= KR B RRE 10 do

HRPELT 32 R/ INSEFE 250 11000 ml = A i HUIN & H:
FEACRFIHEZR, BT 1AM, gl 10 4
EE, 3 AN ATFWIROS LRI S)PE I, S0
KH#KE, KB, BRI EIM 09:00 Fih,

SHHEAT 4-6 ho SLIRZIRISAE ST S 41(1.68+0.23) g
1L 4H(20.79+1.34) g.,

122 ARt SUEIRCE 230 260 29, 32,

35,38 6 EREMEE . SLIITIATT, BRI T
12 AR, LS Y E SRR IR 10 do R
PELLRZ AR/ INGESE 250 F1 1000 ml = Ff HETE I o HAE
FURFIHEER, B 1 MK, R4 10 NE
52, 345 FARPIORCN BT R Z)PE R oxd B] o SE30 R F
K, BRI 09:00 FFUR, SCEE T 4-6 he SCH:
LIHIIZBARE ) S 41(3.48+0.50) g F1 L 2H(15.78+1.81) g

1.3 MEFE

SEEEHIE , A AR BOKEE , SR I5 AR %
T 5 WP WO B Xt BRI R DO U IR Bk S A ik i

NH,-N ¥, FirARE SIS 7E 3-5 h W52,

FEAAR(OCR)FIHFZE AR (AER) 733 LA T ORI

OCR = (DO, - DO,) V/(W - 1)
AER = (N; — No)V /(W - t)

A, OCR. AER NHELARAIHEZ S, DO,. DO,
Ay N SEERIEA . A5 TR N T BRI DO &R (ug/L),
No. Ny 205 R Sesb it . 45 e md 4 B P NH, N &
H(ug/L), V RPEBRARRL, W OB S kR, t
KSR LEI ]

1.4 St

HUHE LASF- B B 7 1 22 (Mean+SD) £k . FT 1345
5 I SPSS 11.0 #4347 WA F 5 225304 L) I Duncan
LW, L P<0.05 /2R EKE,

2 #R

21 BEMEENANSREEZSHIARNZIT

D7 EHr R, JEEERZIH 2 OCR Ml AER ¥4
W B B (Fr,=61.314 Ml F,=135.720, P<0.01); &
HEXTZLHIZ OCR o i #52 M (Fw,=1.381, P>0.05),
MiX; AER 5 # i & 5 (Fw,=132.824, P<0.01). &
JEE A B A2 AR X £0 02 OCR Fi AER A 1)t % 5%
i (F,=9.669 Fl F,=7.307, P<0.01), i&JEX 20124
AR HE R A WL 1L & 2, S 4400249 OCR
H1AER S4 R I B2 1Y T = 3, 7R 27 C Rk 3 sy,
S35h 25.94 pg/g-h 1 2.57 ug/g-h; L 41 OCR F1 AER
PRt il 5 1) T R RGN, WJR AR 22°CA BT RRAR IR AE
27°C IR E R i, 409 R 26.52 pg/g-h Fil 2.09 pg/g-h.

35t
30F Bs ¢
— s} =L
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17 2 27
L& Temperature/’C
K1 AR T LR S FE AR
Fig.] Oxygen consumption rate of red type A. japonicus
at different temperatures

AN TR] i AR B AT AN [R) B ) R o
A 2 A 22 57 35 (P<0.05)
Data with different superscripts at different
temperatures are significantly different (P<0.05)
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351 . 21 1 2 B AN FE SR R N HE R 5K 5 1 AH G
30t d d FERBUCEFR: R=aWP(FE 1), b, R BLHIZS R
—;25 MEFEER, W NIETE, a. b B Ror 1 a BUL
@gg 201 YLl 7.988-25.914, b BUHEVEEIN 0.755-1.141; Ragr
= § 15t () a BUHTE A 0.713-2.723 , b BUH 5 A 0.540-0.909.,
S5
10 22 HEMEEMIRNSESESHSRNZM
0.5
00 T2, $hE A X402 OCR Hl AER

12 17 2

Wi B Temperature/°’C
Kl 2 AR R T RS HEE R

Fig.2 Ammonia-N excretion rate of red type A. japonicus

at different temperatures

ANTR] i B AR B AT AN ) R R 2
AHH 2 ] 22 573 B 35 (P<0.05)
Data with different superscripts at different
temperatures are significantly different (P<0.05)

YA W B R (Fs,=11.361 Fl Fyw,=1.381, Fg,=4.193 fll
Fw.=16.070, P<0.05), #h 8 AR HAEFHXTZ0fIIZ: OCR
Fl AER #1JC . &5 (F,=0.575 Fl F,=0.481, P>0.05),
EREEXT LTI S FE AR MHE R WL 3. & 4. S
ZHFN L 4H20 30219 OCR A1 AER 2 Fti£ B8 () THis 11 5 M
TEAE, FEELEEN 26 A1 35 WHESE, MitEEREE A 29
32 BPEAR. LIS AR FE AR FHE A R SR E
RO RREEER . R=aW (F 2), HF, Rocr

X1 TREBETARNZBRUIMMESENHFRESHKENRASRE

Tab.1 Regressive relationship between weight and individual oxygen consumption rate/ammonia-N
excretion rate of red A. japonicus at different temperatures
T BARLAMAFE S i AL
Temperature(C) Individual oxygen consumption rate (ug/ind-h) Individual ammonia-N excretion rate (ng/ind-h)
7 8.612W " (R?=0.973, n=20) 0.713W *77°(R*=0.945, n=20)
12 7.988W 1*1(R?=0.970, n=20) 2.243W %0 (R?=0.928, n=20)
17 15.067W 9% (R?=0.996, n=20) 2.068W “°' (R?=0.991, n=20)
22 25.894W *88 (R?=0.989, n=20) 2.640W “7*¥(R?=0.992, n=20)
27 25.914W “7 (R?=0.992, n=20) 2.723W “(R?=0.992, n=20)

A 3

IR 4 R 20 R BRE %
Fig.3 Oxygen consumption rate of red type
A. japonicus at different salinities

ARV JEE AR BER A A AN [F) TR A R 2o
AH .2 8] 2% 53 . 3% (P<0.05)
Data with different superscripts at different salinities
are significantly different (P<0.05)
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HES %
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o
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g
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32 35 38

K4 AR R T RS HEEAR
Fig.4 Ammonia-N excretion rate of red type
A. japonicus at different salinities

TR ER B2 A PR Al AT AN [ 7 B 1 Bl o
A H. Z 0] 25 57 8 3 (P<0.05)
Data with different superscripts at different salinities
are significantly different (P<0.05)
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Tab.2 Regressive relationship between weight and oxygen consumption rate/ammonia-N excretion

rate of red A. japonicus at different salinities

B AR

L Salinity

Individual oxygen consumption rate (pg/ind-h)

A AR

Individual ammonia-N excretion rate (pg/ind-h)

23 16.9584W 924 (R?=0.984, n=20) 2.0829W 3176 (R2=0.979, n=20)
26 14.3743W 9288 (R2=0.959, n=20) 1.4993W 9716 (R*=0.959, n=20)
29 12.1769W 918 (R2=0.942, n=20) 2.5884W %718 (R?=0.798, n=20)
32 10.5613W 382 (R?=0.972, n=20) 2.1580W *2%8(R?=0.932, n=20)
35 21.9678W ¥ (R?=0.917, n=20) 3.7767W **° (R?= 0.835, n=20)
38 10.0925W 192 (R?=0.937, n=20) 1.1926W 2% (R?=0.913, n=20)
£33 TREEE. HETLRSH O:NE
Tab.3 O : N ratio of red A. japonicus at different temperatures and salinities
; PRE Weight 1A TE Weight
1R % Temperature(C) g h FF Salinity g
L S L
7 11.74+0.97° 14.40+1.78° 23 7.21+0.87° 8.80£1.77
12 4.75+1.15° 15.52+3.53"" 26 8.09£1.65% 8.24+1.45
17 7.55+1.01° 11.96+1.60%" 29 6.37+0.77° 9.03+1.67
22 8.69+1.34° 13.11+2.29%" 32 8.33+1.71% 8.91£1.37
27 8.57+0.62° 10.71+0.87%° 35 10.00+1.26% 11.25+1.68
38 12.29+1.21¢ 12.10£1.19

T e ] — 5 bR AT AN T3] 7 B A 2 A AN () i JBE i 32 A P IA) 22 5 (35 (P<0.05) 5 3R 7S /A ] 4% HE b B2 1) 2 S 2 2%

(P<0.05)

Note: Values with different letters in the same column are significantly different among temperature/salinity treatments (P<
0.05). Values with * are significantly different between the two weight groups of sea cucumbers (P<0.05)

1 a BUETEFE M 10.0925-21.9678, b HEUETE Fl K
0.8713-1.1023; Rapr 1Y a HUEE M 1.1926-3.7767,
b 1 HUETE N 0.5499-1.0289,

BE., HhEMEEXIRS O N KR
ANEIREE . EREEXLIHZ O - N By ILEE 3. M
RKITLUFN, AFENEET SHM L AL M2 0: Nl

FEL 733 4.75-11.74 1 10.71-15.52; A[FlEEE S 40H1 L
L2 O NJEFIZ 51 6.37-12.29 F1 8.24-12.10,

2.3

3 it

P SR Sh T R ) B R 2 — 5
ZKEDY—FE, AU PRRIRE | HhE TS
B AR FE A B N HE A B S R 1 OC R L 2 A
KRR R (R=aW®), b [ MR EFER, AT Smk
SIYIFE RN R AR A A BBURAR B, B s b (H %
IR 2R g ek, HAR Ak [ £ -0.055-1.3123
(BT, 2002; FFHHEEE 20065 1A, 2008"), AHF

FEPLT RIS AEREE N 727 CERIN b BUETE Rk
0.540—1.141, 7EERFEE N 23-38 YEFEIN K b BUETLH A
0.5499-1.0289, X 5 HAWIRE: S b (G AR,
E—E IR ETE RN, KZHUK ALY 1 FE ECR
T E P T v TR T 24 IR R A 4 P 3 R s 27
JEREI & B TR, FFEIRE (2002)F 58 LB,
FEMRE N 10-30C P, H RIS (17 g<ikHE<50 g)) OCR
H1AER B B2 09 TH S misg i, Wi R E KT 50 g T
}i|Z OCR 1 AER BEEE M TH5 , 7 20°CHI 2 LTHE
B, NS BE TR R A YE In Z208 TR, v RE RIS T
20°CJE ik A Z IR S BRI R R, ABFSE & FL,
ARISHEARMING . EARVFRIBEEHE N, AE
16 1-3 g 1) S 41404113 OCR H1 AER ¥4 Fifi i (1) T} 5
M3, {HRE 20 ¢ 24 L 414042 OCR 1 AER
DUt B Y T AE 22°C A T RIS AE 27 CE XU T
(KT A ), 3k R T S ZH By 2000 2 =2 1w Tl FY RiE
weRT L 4H, A#FSErh, S HLrHIZH) OCR Fil AER
W ek B %) T v RGN, IR L L LS 2
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LB, 2006
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Effects of Temperature and Salinity on Oxygen Consumption Rate and
Ammonia-N Excretion Rate of Red Apostichopus japonicus (Selenka)

BAO Jie'?, JIANG Hongbo?, TIAN Xiangli', DONG Shuanglin'”

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003;
2. College of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110866)

Abstract The current study investigated the effects of temperature (7, 12, 17, 22, and 27°C) and
salinity (23, 26, 29, 32, 35, and 38) on oxygen consumption rate (OCR) and ammonia-N excretion rate
(AER) of small group (S) (1.68-3.48 g) and large group (L) (15.78-20.79 g) red Apostichopus japonicus.
The results showed that temperature had significant effect on OCR and AER of red A. japonicus, and that
body size significantly affected the AER but not OCR. There was significant interaction between body size
and temperature (P<0.01). OCR and AER of S group was increased with the increasing of temperature;
however, OCR and AER of L group were enhanced when temperature ranged from 7 to 17°C, and
diminished at 22°C, and then increased at 27°C. Salinity and body size had significant effect on OCR and
AER (P<0.05), and there was no significant interaction between body size and salinity (P<0.01). The
effects of salinity on OCR and AER of two body groups of red A.japonicus showed a shape of ‘M’, which
was lower at salinity of 29 and 32 and higher at salinity of 26 and 35. There is a negative regressive
function R= aW® between the OCR/AER and body size. O:N ratios in different temperatures were covered
range of 4.75-11.74 for S group and 10.71-15.52 for L group, respectively; O:N ratios in different
salinities were covered range of 6.37—12.29 for S group and 8.24—-12.10 for L group, respectively. These
results demonstrated that the large group red type A. japonicus could not tolerate higher temperature and
two group sea cucumbers were sensitive to lower and higher salinity. The study indicated that the
optimum salinity range for red type A. japonicus was 29-32.

Key words Red A. japonicus; Temperature; Salinity; Body weight; Oxygen consumption rate;
Ammonia-N excretion rate
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AH |

E L INE B (Myriophyllum spicatum L.) R BE Xt

il (Apostichopus japonicus)Zi B4 4. KK %5
B BRI SN

T A K R B¥TFE B
AT KRR 0E KBRS ki

®x TES kzk & E

116023)

HmE T R AR FE (Myriophyllum spicatum L.)# X i & % (Sargassum thunbergii) i %2 #|
7 (Apostichopus japonicus) 4y Z By 2 &, T T EALIMEE R W ER A A O ). 15%(Al).
30%(A2). 45%(A3)F1 60%(A4)th 5 F e x5 4 5 [(1.6620.61) gl H . R 2 Fun ol AL B & 1 Y
Y. BRET, A AR S EERGR)EF T THM 4 N4 (P<0.05), R &M EF&R, K27
97.78%; A4 AR5 WM E A4 E & 5(50.92%), £FFH T A0, Al f1 A2 41(P<0.05); A3 41|51y
R E &5 (0.83 Ulgprot), T & T A0, Al 5 A2 4(P<0.05); A4 AR5 hE AE &5
(1.62 U/g prot), %% TH M 4 MA(P<0.05), ZRE R, MILMRER BRI SEK, FHiLE
RAEB RS, WERRFEHGZEZ WRREERZFTATN,

KA

hESES S968 CHEEFRINED A

12 X 44§12 (Apostichopus  japonicus), EA7TR
R EFRAZ N, RAEFME TR Z A S 2o
(B LW, 1997; EFR3E%E, 2014; H V74, 2004, 2009).
IS IR R WL TCE M 2 — , )iz A
TriE . P W HAREE SR, 55
AR & R 2300l 9 R (Okorie et al, 2008),

TEIEINE 3 (Myriophyllum spicatum L.), 74338
2% & F /N Z Al % B} (Haloragaceae) . I )2 ¥ &
(Myriophyllum), J73Z 204 T BRI KRG VR B2 (T REEK
2008). FEAEAN R & —FhAE Th B Tz 40 A K
TR . T HEAA ARG | P AR RS Y AR ) R
SRR, TEAFOKIARIE P Re L K R A, Rtk
12 0T E SR K IR B B (B SCAE, 2013;
BB, 2010),

YRR 2 E R iR R BURS i (Sargassum  thunbergii)
SERADER A H AR /L, Mok il Eik, falkl

BAMERE; #E; £K; EKiky; HAE
TBEHE  2095-9869(2015)04-0122-06

TEAR R BRI SR & R E R Bk,
KA BRI AR TN 2 55 Z 2 (RIS, 20115

FE, 2005; EFHHEE, 2010). AUSEE RGE
(Enteromorpha prolifera) . i (Laminaria japonica) (ZR4F
4, 20115 ARELHIAE, 2007) FIRE A AR Y (E 5 Hr 4, 20105
BEHJESE, 2010)3530H 7 TR MRS, (FREAE R
BEAE A DR T 2 35 58 5 0 oK WA B . A
ST T AR A IR B AR U 3, %l
SR RS D AE ARG PRS2, B 1%
2 B A HA R HEVE B R AR IR i G BN I L
B, IS E SR SR LA RS %

1 #MRE5FE
1.1 R
SIS RIS HIL TR RETEFREY ., #115

* {1 T R BRI FE R H (2011203003) % B . 4]}, E-mail: dlou2013@163.com

O ERMEE: K
Weks HIY: 2014-07-04, g ks H 1: 2014-08-14

%, BIBFSE 5, E-mail: dlmel@163.com
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HIRT AR E R (1.6620.61) g, IRIGHT, FHIEZEE HiF
WiHEE, T 1 eKREhYILE SR 14 do HFHRHSEE .
HEMZE RS, Pk 450 Sk MRS ST | IR A4
(ST ER N

S 56 FH il e e f AR 4G IR 5 R VLI H AR OK
B, Z2AKRTEE, 100 BT, 2nE, it
M & A EFRRS A : M (Crude protein)
13.82%, KLIEN (Crude lipid) 1.77%, ¥ K43 (Crude ash)
18.74% o T e 493 F BLRE B I) F R A% Vg T R 2+ 2
FhE B HE b IS BB BE R E TR R 1 17.99%
HIIEHT 3.07% . MLJK4) 19.34%.,

1.2 RIS E IR

R T 2013 4F 11 H-2014 4F 1 A 7E REHEER
2 A A i K K 37 5 S SE R A AT o SR LA
FREHUIEE X HBE, ¥ 5 AbFEA . 4% 3 4
EATEE, B /KREGS0.5 cmx40 cmx38 cm) iR F#
30 Skl Z . R EREE A LR OB 2 i 100 H
FEMRAA TR ECH A 5 R A 4 TR o dRDRE 43T
bb K FEE SRR LR 1,

S P K et ibuE AR U, R 30 A4, pH
9 8.0 Zidq, KIRARFRAE 18°CAA . SCub I m) 54k i
R, BERE 1/3 Wik, PREFERAAE 6.0 mg/L
Phbo BR 16:00 $5ME, HmM) T kbt i 2k &
W) 8%ZAEAT, MRS HBE . AR E MoK L
ORI A R RIS RELE 75 d.

13 RESWEXREFBTENNE

TG S AR, X525 4R S5 5 I AR T &
WP 15 d I & KRS 0 R 2R E
P50 24 h, BAS I, T IR ARE T 6 i P e fh
RFAKG BT, TR 0.01 g)FRE
(Dong etal, 2006), 7EREASLE R, M4 KRS

o B 22 349 Pl ) — 1 58 S5 N B SE R, /NS B iR
2%, Fie LR A 30 451 06 20 i) 2 1 1 R (GR)FIIAE
% (SR):

GR = (W, —W,) /W, x100%

SR =N 100%
NO

P, No HEZERTFUR AT SR, N iy SLue 45 i mst
FS3E, Wo MRS PR IRTE(g), W, iS4k
H(g)o

1.4 tHERR A & K R A 53 B RE

I ZE AL, MR A FEHLEE 15-20 Skl
Z, KRS E Tk, By IWER I, HET
V45 1 A 30 A ) T IR A R E L A B I 2H 200N
DR, JEH pH A 7.2 FOBERRER 2% vhis W np vk i 1k
ENEY, A SRS o K2R R 7K 5 FHUE
AW TIEFRE, B TSR, A 0-4°CHie
() pH iy 7.5 MBS MR (B 4121 10 f5E ), Tk
BT 4513 (WFEE 10-15 min). 51K E T 5k
BB DAL, 1E 4°CF LA 7000 r/min B .L> 30 min,
JrAs B ED R E G, BT -80°C TIRFF. 1xHEIK
WLIIAE 24 h AT E A Ar JE BG4, 20105 17K
& 2012),

ZBR A R A 25, R OR A R v
I, BET-80°CUKAH T IRAEREIN . Ak 35 B 4 A
BRI 5E R T AOAC(1995) 1 754 . 433 F L
FCAE Rk R TG R 2 A0 A b s T b vk Il e ML AR
FI . HLIR D ALK 435 1 (E bR GB 9695.7-88) K il
SRBERE S E TR, T 105 CA&MTFHET 24 h L)
W22 K 3 B (bR GB 9695.15-88) (B, 2004),

15 RESHAEEEMEARRENNE
SRR FHE R - T (0 . RRAR-I LA 3, 5-T

%1 FRGBAMARESRERHS

Tab.1

Dietary composition and general nutritional ingredients of different treatments (%)

J5#l Ingredients

2 5] Groups

A0 Al A2 A3 A4
TR )y ¥ Sea mud 40 40 40 40 40
Dietary composition SUB M S. thunbergii powder 60 45 30 15 0
FEAEINE B K M. spicatum powder 0 15 30 45 60
By HLFEH Crude protein 11.97 11.35 10.76 10.13 9.54
General nutritional ingredients ML Crude lipid 2.95 2.75 2.56 2.36 2.17
HLJK %> Crude ash 47.22 47.13 47.04 46.95 46.86

T GPRHRORLER F1 L RLAR W AR 205 R B T RDRH A T A

Note: Contents of protein, lipid and ash were shown with their percentage in dry diet
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W B B

%36 %

i i 7 A TR 12000 ) 23 i W) D A3 G L 1 R 2T A4
TR E(E SRS, 2007), FEFPEGEE G 3 K,
BOLF M AR E J7 15275 HERR(2012)

2 fg SR TR P 0 2 P A 3 R e o AR
P H AR 2 w7 125 S s i R I R R & AT
IRE o FHCDCEE 0 J5 vk B ) i g L Z IR
R VLI . &S D LGS I RoR, HERALh
Ulg prot, 7m B JHAHLG T 4 2 so g 8 P /Y
AL A ¢
BRI 54T

XoF T DU A5 8 5080 FH ST 349 B 475 E 22 (MeantSD) %
/Ko 43I Excel 2007 il SPSS 19.0 k% i 15535
AT R R B R GIE RS — 2 Zit adr . B
A EAE AT HR N F 7 2270 B (One-way ANOVA)J5 , JIf
47 Duncan R ZEHLE ., WR P<0.05, WK
gt L ERERE,

2 HERE5HW

2.1 AEFERNRSERKPZNE
FE AR AR 2 GR Hl SR 2 WL 2,

1.6

25 A0 BRAH R 2 19 ) U T G B 3 22 (P > 0.05).
TEEEA S FE b, S5 A BRA RS R T R IR AR
KR, SEIGTFEARIET 15 d, A3 5 A4 HRISH A E
AL, (HA& A0 22 AR (P> 0.05), LR
F, A4 22 1A 3 T LA 4 4P < 0.05),
Zeit 75 d RIS, HIZ:0 GR PRI B K1)
ARNA 2% 2 5P <0.05), S%HHZ41Z30 GR £
BN P = AW O R E = 1BC S B N ) < e s
SR, A4 4B GR (E 3 & T HA 4 4P <
0.05); A3HRIBRZ . FERIGF T, A4 ARS 5
w, RET 97.78%.

2.2 AEEAR RIS 5 B0

S R HoMLER (ORI I FTORELAR 43 B 2 LAl
S H RN E A o LA A, AR AR AR IS [
TR ()RR AT st Xof AL 1 FDOREL AR 0 7 i e
(P <0.05). & 3 ITLIEH, A4 HiISHHEA
FUHLIE B & 50 Bk 3] T 50.92%1 8.68% , #K i &
T A0, Al 5 A2 #4H(P < 0.05); A3 4kz, HiEt 4
MEEET A0, Al 5 A2 H(P<0.05), {HIFEHIE
IS 38 X 00 2 P AL I 20 K 43 B B S 3 R i (P >
0.05).

R2 FREEEXRSIEERGRFIMIER(SR) AT
Tab.2 The growth rate (GR) and survival rate (SR) of A. japonicus fed with different diets

2 51 Groups

H: K68 Growth performance

A0 Al A2 A3 A4
VIR E Wo(g) 1.70+0.18 1.67+0.05 1.65+0.07 1.7240.13 1.69+0.12
15 d R W 5(g) 1.94£0.18 1.83£0.10 1.79£0.07 2.01£0.09 2.01+0.18
30 d 1R Wa(g) 2.53+0.18% 2.2740.09° 2.2740.21° 2.47+0.18% 2.66+0.25°
45 d 1R FE W,s(g) 2.97+0.13° 2.95+0.08° 2.93+0.13° 3.23+0.16% 3.49+0.24°
60 d TR E We(g) 3.61+0.23% 3.69+0.04* 3.74+0.16* 4.41+0.24% 4.4740.30°
ZRIEE W(g) 4.08+0.22¢ 4.18+0.04¢ 4.47+0.18° 5.16+0.25° 5.64+0.25"
W 2R GR(%) 140.83+21.634 150.6149.53%¢ 171.61416.95°  200.55+8.61° 235.0248.95%
5 SR(%) 94.44 95.56 93.33 95.56 97.78

T =47 L5 S8 — A F R R R T8 B35 25 5P > 0.05). fez, WA .35 22 5% (P < 0.05)

Note: The same letters in the same line indicate no statistically significant differences (P>0.05). The different letters

indicate statistically significant differences (P<<0.05)

R3 FREIEEX R SER SRR

Tab.3 The body composition of A. japonicus fed with different diets(%)

2 1) Groups

1A 14> Body composition

A0 Al A2 A3 A4
HLZE [ Crude protein 45.79+1.21° 46.72+0.28° 47.09+0.84° 49.0240.12° 50.92+0.28°
Mg Crude lipid 6.87+1.00° 7.12+0.03° 6.86+:0.27° 8.45£0.73" 8.68+0.37°
HLK ) Crude ash 29.86+1.60 29.40+1.22 28.95+0.61 30.17+1.00 31.2140.98
7K 43 Moisture 89.54+0.45 89.78+0.33 90.06+0.27 89.93+0.21 90.32+0.19

T A — A7 AR A A TR B 5 e 27 Ak B 4 25 52 1835 (P < 0.05)

Note: Different letters in the same line indicate statistically significant difference (P<<0.05)



A4 AT S BEAEIURE(Myriophyllum spicatum L.)frME%T il 2 (Apostichopus japonicus)ZhZLE 1K . A5 K Il AL BRGSE I 125

2.3 AEMEAMI RS ELEN RN

2ot 75 d BRE A FIKCFREAE R B A T R
FACRA G S 3 Rl 1 I 1 T I PR 1 B0 4
AR FIRATHRNS, AN EKF A REAE IR 5 1k
X2 B Tl A 1 T TR R I (P < 0.05) . Horh,

A3 LS A T B3 Tl 0 1 55 95 (0.83 U/mg prot),
EHET A0, Al 5 A2 ZH(P <0.05). 5 AMbFRAHIIZH
B BTGV S AR S A N EL ] S E0E FU G 3R
Hrr, A4 RIS 8 ARG 71 8= (1.62 U/mg prot),
2 T HAAL BEZH (P < 0.05).

x4 ARERIARMRSECEEERN G
Tab.4 The enzyme activities of A. japonicus fed with different diets(U/mg prot)

4l 51 Groups

1H AL Digestive enzymes

A0 Al A2 A3 A4
TR Amylase 0.67+0.04° 0.66+0.03° 0.73+0.04° 0.83+0.04° 0.82+0.05°
% H 4 Protease 1.12+0.04¢ 1.20+0.04¢ 1.32+0.05¢ 1.49+0.05° 1.62+0.05°
27 4k £ W Cellulase 0.66+0.04 0.65+0.04 0.69+0.02 0.70+0.03 0.68+0.03

T Al —A7 AR A AR 7 A B 2 S fEL IR 22 57 1% (P < 0.05)

Note: Different letters in the same line indicate statistically significant difference (P < 0.05)

PN [ AT 9 A AL AR B iR R R S 0 47 2 R
P S TR — g 22 S, (EAS [R) A el o) L AN L
BB EWERWP>0.05), Hi, A3 LS4 R
B fe i, HEIAF] T 0.70 U/mg prot, 5 Al ZHAH
RS iRTE .

3 it
3.1 AEART RS E KK

FIZWAERK 5K . KT, pH. 5B FDEIRAE
HNEAEHVBR , 16 AR IEX B 4R AR — Uk B i
T, RS A A2 BIR RS SR A T RDRHE
fsem, L, RS AR BB S
IR P BRI RAAAEQ2005) 5T K, SLRfil S
) e AR B 1 BRI B 10 7 2 2 430 R 18.21%-24.18% Fl1
5%, Sun % (2004) 8t kL AR S R AE 21.49% 0 5
SR . SATE PRSI, AROFFE R E
a7 SR, (HE, —SiEasshiPxhEfe
A RS B AR (Perry et al, 1997). 1R E
BN, SR 23 i 0 Ak LA A 119 B o 5 B 1 5
Set B SRR SR, DMERIE A B A K
(Perry etal, 1997), P, MARTEAEIN)E i nY 2 1 oL
FEARE, (BT HE DRy, fIS e R,
X5 Liu %(2009) 078 25 AR, DOh MR A 1k
HOREBE I LI RRAICS, RIS R BRI K B3

3.2 AEAR RIS MR 5 B S0

WEFEE R o, RIS PRBE I B i 5 R
AR 38 A9 TS 0 B0 e 5 28 o 2 3 B ) AR i
SiG B AR TR G, Y BT LR s

B s, S s o0, e = s s H
JBE AR MR AT A3, AEL i i 18 £ 4 2% 3 0 A ek b 2 1
(T AL RN it A — s BB, 2 i s e
THALTE RS 180, 4 2 157 il b i 1
W B9 A IR TR) ANBIL A (9] 500455, 2005) 0 ARBIF ST 5
B, BEAEINR SIS O PEEr, HAE P S I,
RS REAE MR B AT 4 R 5 OIS A K, AMIAE
SO A T 7 2, 8 X 25 ol 8 SR 00 B ) T A T
W, TR AR B e R O TS, fe e T
TR A

3.3 AREAFXT RIS E BRI T

WF5E & B, 7E TR 3 Fhim i v L BTG v, &
P A 395 1 P S R U R R AT A R, VE R K
Zo WFFE A, FE Fr A5 I T il v B 1 RV R Al
2 8 W EZEAEE, X5 TS Q2007) M IFSE
A —2

Hassett Z£(1990)WF 55 I\, sh¥ T DL 3855 3
B (0 it 1 1 DA w55 DA R PR 85 o AR B 5 140 1Y g
J1o AWRFET, RIS R H R KB A
Vi B 2 06 8 A e 1 oK i, PR H X B A
AT RE At . A Ak, TR R En, RERERN
AT e TR B, mRHE A S o A0>
A1>A2>A3>A4, T2 38 8 G0 06 M5 k) R
I AR AR, o, IS E RS TR T
U B L A B B P 5 B RS R, R 2 i 4
& TH#HERJones etal, 1997; #CEIZE, 2003). A
Sk sl 1 T A G AS TR ) R LA — S Y N P
(Gangadhara et al, 1997). ARk 3EFHE 55 B2 1 2
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E %3645

AR S n | I A B W AL 1 AR L, DU BE A B 4T
i b T B U £ ) (Sabat et al, 2005), FAA BB
A2 1 St v TREAE IR 3 (040 3.2 o AT iy
TR B IE DR 4F, HEAF4E R & B
B, AR TS B R R L, S EU S
AR PR R 1 il O e A 1 A3 v B 1 T e B R AR
IR 5wt By 38 iy 2 Rk, Hk, S etk
55 138 I A R0 2 BT 7 2 B UIRE OC (E B 4
2007).

ARG, S5 A 21 Y B AR,
M ZAE H SR PR v 0y & W) A b KR 43 2 e 2 1Y
WEIE, HAFRER S AR . (FJ2, RS0 hiE R
FEIRIE N HAE A7 075 (Dybas et al, 2002), fE#filZ
(1) T8 A6 A8 TR A7 7 26 K 1% LA I T i 40 B A P R
J& 40 P A BRI B RE 0T S 18 R A 3k
BTy b e, fil 2 EeiE b i er
YR BEAIE A B0, T T A T A
FAAEY, X5 E 2007 I BFSR 45 AR, BTLL,
UM Sy EE B R R 2 — , RS SR
FEHUEANT A L, 7EFRAE KR I A S
il 7 A SRR IR A 25 A M (S 88 5 L 2011),
SR PR R R SR CR TSR, 2009; 264,
2012)40 P 5 P, 5 w] AR g gt o) 2 it W CR
AT H = AR T e R A, RS A

4 55

PRI M S UL, AN 60% B AE TR B
R 5 4 B AR B B A, FRAE /K PR/ B T, 2 A0 T
RS PE R, 4R THIS A RSE, Rt T
60%, HIZM GR MK, AR 60% 2247 FRAE IR
REEIG , HISRr fHEE E  R aEn, R
T L SR (60% A2 AT ) RE A% b 3 4 i R 2 1 2E
Ko ML IRSIRN B, BEMEREE P EES
OYARTTIZ ARG B RE SRR SRR, L, FE
il 2 RS AL 372 7 v DAREAE TR 3 R 1R F AR R VR H 25
B = 1Y B B R BF AT Y o AR ST il 28 3R 2R
AR S L AT RHESL T S %

2 £ X #

FHEER. TTIRNTIGH X RE R PR R s
Y MAEZS. Jeat: Bl2E st 2008, 287-288

T, TaH, 2555, % ki FRGE AR R
B EM AR B 5B KSR RS0, g e R
2472010, 25(6): 535-541

TR, R, FE, . RISIHAE A LR RO 4 R
ALBEE 100 JE AR R, K P=REE, 2007, 26(9): 481-484
TR, RER, ZHE, & RS IR H @SS
MSARK RS SR NI e T g, B R,

2014, 21(2): 310-319

TR E k. R Tk, 2012, 33(20): 28-32

T8, R, iz, 5. BI0E 2R BB = 4l
SRR, KERE, 2011, 30(12): 739-743

A, ZZREAR, AN, & RISHESNE A AR E
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CL DN

Effects of Adding Myriophyllum spicatum L. Meal in Diets on the Growth, Body
Composition and Digestive Enzymes Activities of Juvenile Sea Cucumber
Apostichopus japonicus (Selenka)

HE Zhou, SONG Jian”, CHANG Yaqing, CHENG Long, NING Junhao, PANG Yunlong, MA Li

(Key Laboratory of Mariculture and Stock Enhancement in North China’s Sea, Ministry of Agriculture,
Dalian Ocean University, Dalian  116023)

Abstract

To investigate whether Myriophyllum spicatum can substitute Sargassum thunbergii in sea

cucumber culture industry, five diets containing 0(A0), 15%(A1), 30%(A2), 45%(A3) and 60% (A4)
Myriophyllum spicatum meal were formulated to identify the effect of substituting M. spicatum L. in
growth performance, body composition and digestive enzymes activities. The results showed that the

growth rate (GR) of sea cucumbers in group A4 was significantly higher than other groups, and that sea

cucumbers in group A4 showed the best survival rate (SR) (97.78%). Significantly higher crude protein

content was observed in group A4 (50.92%) compared with other groups (P<0.05). The amylase activity

of group A3 (0.83 U/g prot) was significantly higher than other groups (P<0.05). The protease activity in

group A4 (1.62 U/g prot) was significantly higher than all other groups (P<0.05). The results of this study

provide strong evidence to replace S. thunbergii with M. spicatum L. in the sea cucumber culture industry.

Key words
Digestive enzymes

Myriophyllum spicatum L.; Apostichopus japonicus; Growth; Body composition;
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Bigib B FINRA D E LIRS (Misgurnus
anguillicaudatus)fd i B 7% B8 F0 i B M7

wEx"Y HmEX!
221006; 2. TRIMA4 TREE A2 BE S

(1. M AR IR M

ME

TR I

221006)

HAH R EE DB G IH D EARE R Ak e IR AL, AR AR RS Y 4

By FRAGH RIewl, AFEFYENRHBAERRAKREFTERTdE, 2K 3 ARBENT
RABNFERGY. WEEDESHADEEN ERLe, UHRBENT X, % 20 mykg

BERENFNEFERTR 1K,

HLEHET dJE, A 15,20, 25C 3 MAKEAHT, ERNtemE

RMAENKEAERANEHRATTAR, REERET, BV ESHADEAR L hF4 8
MRS T B, ELAKIR M R K A R R B R E AR AR, £ 25, 20, 1SCAKIE
FUT, REE NS EEDERSZE 100 nygkeg U T2 FE 25, 32, 50d, XHRDENLHFE
27,31, 33d. mTHRMEEAABRGRMEENEHE, LA FHEGYWREEZRZ AT
10 ng/kg, FE, AERRBAET, EWNAERKRGHE LD T 32d,

eS|

hESEES S948 XEERIREE A

WS 1 TR A 24 0 DR LB T T L PO s L AR R
L, BRER/N . MRS ICRE SRS, B T &
BHAUKEFREE, B IG Sh 0 0% 20 A 0 (BR
85, 2003; XIHOFESE, 2001). H Tk = A0 N ) ERIS TS
T, WHEREB AR, TE AR v i A TE 2 T
FHBIBRG , Wil £ s T i 2R 25 1 % & 8 UK = s
FEAERERIER, R, B, ENESR
AR F Bl VR £ e T R 2K 24 0 % R AR 1
B (B SCIE 4, 2014; RBKIESE, 20122, b), IS,
KCEE . SR, gk, HAS, BOKH &L HE M
Hi DX BB 2 sk BR A 259, FRIE T 2002 440
A CTE F B St R 25 fd HAEN ) (N5071-2002)
H, WE R IRV R A2 B, B
B B VD B SRS B AE K 7= S AR N 1) 259 B
JI2F R B DLHEAT T R 58 (RIS, 2009; KB <4,
2007; FPifEHESE, 2008; KA, 2007; fAIZ0HSE,

* AR BT S SR AR H (2013XZKI01) % Bl

BiEWE, FEDE; R &Y, Hk
NEHRS  2095-9869(2015)04-0128-04

2005; Dario et al, 2004; Emmerson et al, 2003; Intorre
et al, 2000), {HA7 5 RIE D B (ENR) XA TS A (CIP)
TEFR TR Ve AR A 055 BR B I A ML o R DL 4
Pl (Misgurnus anguillicaudatus) TR FE 7K 7= i H
AR EZE MM Z—, BT DRsET T, F
LRI R OEF s A, PRk 1 — o 4 A
4 RA Mg A . AFREMA WTO J&, 55
T2 T [ X Rk A P Y 2 ke P R Ok B L
5 [ B FR A K™ i R TS B S N T B AR R
—EEDRBIAGEL 10 ng/kg, FHVREKIREAE = A
PRSI AT T Wl R PR AR . R, P M A R 2 245 1)
TEVRIRA A O B FIH BR S A, BT E M AP 3R
it asiias . AR LRI 20 4, RR TR
VRN ELE 15, 20, 25 CHYZKIK T 7E kA
AR RE BT B KL , S K I AR B BEAR IV 1 25 2505 5%
e G PRORZG I, A A A PR AR SR

O #EHEE: FhET, T, E-mail: sunhuiyu 1984@126.com

Weks H Y 2014-06-24, WiE ks H 1: 2014-07-30
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1 MRIEFE
1.1 KNS EFRESG

R FHIREKT 2013 4E 9 H W 1 VT 9504 144 M 1 e
TR, FARK 15£1) em, FIKE
H(13+2) go LRAIAEFHRGENE SR 7d, W8 HK
MUEEOK, FREERA, REFKRRA>8.0 mg/L, R
WK pH A 7.5-8.5. B3N], FRIE%EMRT
10 B/10 L, %K 09:00-10:00 &1 1% HE5 347K 50%,
16:00 FEMRGERL 1 Uk T MRS JIn4T B8 25 40 B4 e Bk e &
Tk, HAEMRE TR EKIR T 1 1%, 4% 245000 AT &
TN BRI B VD 2 RIR VD AR .

1.2 UE5iK7

API4000 %3 BB FHAN (LC-MS/MS, [ AB /A
A, FC ESIIH),

R RE D R SN B0 AW E IR 2500
HIRAF(LEE =98.5%); Rk 25N 2R
4 [ Dr. Ehrenstorfer Al . LW . HER N @ikl
ECkE. O . RINEERPaE, KK,

13 AFSHEMRE

Rt vb BERIR VD B oy LA 705 o Bt U0
WE 3 XA, s RESRIRE S 15, 20, 25°C, ik
B0 A0 75 TS0 R & 2% B VD BB 2% TN Vb 2
2, 250 XONFERI G 2, B ik Er
1%, BI#Z 20 mg/kg AR FIE, AW 1K,

LA 7 d, ARG BN B M R S 24 ) — R
Bl TERE — R ZGH)EH 3h, 6h, 12h, 1d.
2d.3d. 4d. 5d. 6d. 8d. 10d. 15d. 20d. 30d.
40d. 50d, ZrRIsRAEVRHKALA LU S (T EHR4Y),
BTF-20CkMT 8 H. BUCRERIRK 30 B, 5BH
141, 36 MFAr,

1.4 HMmAE

FREL5.00 g HI51RE T 50 ml B04 H, A 15 ml
LIEE 1%L R), i€ 1 min J5 8RS min,
3500 r/min &0 5 min, YW FIEWR . EE IR
B, A LER. A 15 ml IEECKE, RE,
B, SRIECKHE. HOREEHB A,
5ml SR, BERZET. HiaiHEs, i 0.45 pm
DRI, RO E (MR LA, 2013),

15 BiESRIEEE

151 ®&ABE#EAH @M N Eclipse XDB-C18
(Agilent, 150 mmx4.6 mmx5 um), iR~ 30°C,
ok 600 pl/min, PERE R 25 ul, WS K (& 0.1%
FIHR, A)FIZIEE 0.1% R, B). HhF Ve R
J¥:0-5.5 min, A FH M\ 87%Z % = 10%, f-4F 2 min;
7.5-7.6 min N A AHIREIKE & 87%, 7.6-14 min, A
FHTEE N 87%.

152 F#ASH RIS SR, @il E s+
L. 5500 V LT 2200 I (MRM) 7 200t BB
WEMANY BIHTINE ., SHEEWNE 1.

®1 BELVCENMRADPENRESH

Tab.1 Mass spectrometric parameters of enrofloxacin and ciprofloxacin
A& %) Compounds B F Precursor ion T & F Production  DP(V) CE(V) ZE&E FX Quantitative ions
. . 342.1 79 30
Rif Vb 2 Enrofloxacin 360.1 360.1/316.2
316.2 84 28
314.1 75 29
AV A Ciprofloxacin 332.2 332.2/231.1
231.1 70 48

2 #R5IR
IRETEmE

IR HA MR E i, s BT 1000, 400,
100, 50, 10, 5 pg/L MR A WUERBRI, L
LC-MS/MS 54351 e i AR, 2wl bn e th 4k o %07
KRy 1.0 pg/L.

22 ERERFBZEERRE

ABAE D SRR A S iaCRE i , OF ) AR

2.1

WA, I 40 min DL L, 2595808 AR,
G B A B AU B R 5.0.10.0 F120.0 pg/kg
PORE M o # 1.4 D BRAC AL S5 A TR, P As ik B
BAE 5 bR O S Tk BEBUEAR L, RIS TR
BAUEE 6 P TAT, S5 2,

B Sk 1 7R B 2 0 3 Bk

W, 76 3 MREEAMET , BRI [A] 59 4E
K, YeskiAs py TR B2 R RN U B 14k B R4 i T
(F 1. A 2).

2.3



130 ook B

2 )R %36 %

x2 ERERFMFEEZEENE
Tab.2 Determination of the recovery rate and RSD of the method

5.0 pg/kg 10.0 pg/kg 20.0 pg/kg
fei#y Compounds i RSD (%) S RSD (%) i RSD (%)
Recovery rate (%) Recovery rate (%) Recovery rate (%)

Bi# v 2 Enrofloxacin 59.2-78.4 8.88 81.8-86.9 2.23 61.8-78.3 9.85

NP E Ciprofloxacin 62.0-73.2 6.53 90.6-105.8 5.19 75.4-88.9 7.32
lmi ENR ——15C PN TR B YR SR P A T R (0l — 2 g it
W ce- 20T HER TR 3, MR AXITE, 7625, 20, 15CK
K st AT, TRtk py iy BT 2SI E 10.0 pg/kg LU
Sow T BIHE 25, 32, 50 d, AW ENPIFHE 27,
S 1T T 31,33 d, DA KR P I S U e o A AR KB
B ) H A M (2011) . HFE%Q003)HF 58 LB, 25°CHIK
TR P58 T 32 10T 20y 0 A P A AR Rl P IR 2, PRI
1of GMNEBRE R, AN, TEIEEIR S, JesRkAY A

0 5 IIO 1I5 2‘0 2lS 3IO 3I5 4‘0 4lS 56
Hs} ] Time/d
B 1 ANTRTIELE 2 T RV U0 A D8 B0 P 114 245 - I fH 2%
Fig.1 The concentration of enrofloxacin in
M. anguillicaudatus under different experimental conditions

J .
t CIP o 15¢
l' ~e-20C
‘R ——25C
5 100F
g
S | N
B
10}
0 510 15 20 25 30 35 40
i} 8] Time/d
B 2 KRR MR IR VD2 A Ve SR P9 i 24 - il £k

Fig.2 The concentration of ciprofloxacin in
M. anguillicaudatus under different experimental conditions

ME T FE 2 TRE S, ERRETS 4, Bs
WESAHNT 2SRRI ERRECR, B 5 K
L, 3 AR A AR B S R RS e R R, (1
TR B

2.4 RLHANWE

PRSI ARYE B T SUrb 25 ) e ok B i S 2
Py T R B OR A AE 1Y, 5 R 2 B2 MR PR IR
oA A AN BRAT & SUE P — 8l J el i, HAR
Prr i bR TS R O R C=Cr e U, G
NYR L) o gt b, AT R RS

INSLE SN e u {DPLE: Bilies I ES PR = N1
FepA 5 B 25 A Qs 7
®3 BRUEUREKREBEATERSH

Tab.3 The equation and the parameters of elimination
curves of enrofloxacin and ciprofloxacin

T Bk ph 287 72
21 5] : 2 -
Grou Equation of R pAh7) Tip(d)
P elimination curve

ENR-15C ¢=2885.6¢ """ (0968 0.114 6.08
ENR-20°C  ¢=2583.1¢ %" 0959 0.174 3.98
ENR-25C  ¢=1793.6¢ %213 0976 0213 3.25
CIP-15C c=782.8¢%132" 0970 0.132 5.25
CIP-20°C c=689.0¢ %% 0981 0.135 5.13
CIP-25°C c=5745e¢%1 0982 0.145 4.78

H T SR AR K R BT B S ST
R RBR AT 10.0 pg/kg, MRIRHFST S5 5B
WU R SN R TR B N T BRI A, TR
20C ZEA MK TR, LA 20 mg/kg & ESHE 7 d,
RV VD 5L 5 RPN Vb L 7R R SRR P 18 I R K 24 399 0L AN
/NF32d,

HF2WEkRZF 2 R, BRKIRZN, %
i A2, EIEAE L KT FhE SR
225 1 I B P A — 22 Y B2 (Palominos et al, 2008;
Nieto et al, 2008), UL, I RAKE I b ZEAR 4 B AR 57

FHARSE | SEPRIRTH AT 73 B A AT T E
3 #ig

TR VD ORI 0 S 7 Y S80S P £180 3 B ALy
— e J1Fad R, 25 COKIR T IHBRECR . % IR IIPR SR
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The Residues and Elimination of Enrofloxacin and Ciprofloxacin in
Loach Misgurnus anguillicaudatus

@

SUN Huiyu'", CHEN Junyi', WANG Yunfei', GU Kailang

(1. Xuzhou Entry-Exit Inspection & Quarantine Bureau, Xuzhou 221006;
2. Xuzhou Vocational College of Bioengineering, Xuzhou 221006)

Abstract In recent years, with the rigorous limits on drug residues in the loach Misgurnus
anguillicaudatus from importing countries, the M. anguillicaudatus exporting enterprises and the export
inspections are facing enormous challenges in drug use and control. The current study investigated the
residues and elimination of enrofloxacin (ENR) and ciprofloxacin (CIP) in M. anguillicaudatus to provide
a reasonable dosing plan and withdrawal period for the aquaculture industry. The loach M.
anguillicaudatus purchased from an aquaculture farm were fed 7 days to adapt the experimental water
quality and then divided into three groups at different temperatures, and fed with enrofloxacin or
ciprofloxacin at a dosage of 20 mg/kg per day for 7 consecutive days. Samples were collected at various
time points to measure the contents of ENR and CIP by the high performance liquid chromatography
tandem mass spectrometry (HPLC-MS/MS). The results showed that both the elimination of ENR and
CIP were complied with the first-order kinetics, and the water temperature significantly affected the
elimination rate of both drugs. At 25°C, 20°C and 15°C, it took 25, 32 and 50 days, respectively, for the
enrofloxacin compound metabolized to less than 10.0 pg/kg in the body of M. anguillicaudatus. It took 27,
31 and 33 days for ciprofloxacin to metabolize to less than 10.0 pg/kg. Based on the South Korea limits of
no more than 10 pg/kg for quinolones in M. anguillicaudatus, a withdrawal period of 32 days is
recommended for the M. anguillicaudatus exporters by considering the actual culturing environments in
Xuzhou and nearby area.

Key words Enrofloxacin; Ciprofloxacin; Misgurnus anguillicaudatus; Residue; Elimination

D Corresponding author: SUN Huiyu, E-mail: sunhuiyu_1984@]126.com
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S @G- E N E il K B
8 TR EFI K EE"

Fry EHRE f K"

(&4 K = W BT

X %ok

Bl 361012)

WE AFRBELITNZELAKRFRSAR. —FRR, WEK, CEKR, TER, AEE, F
£EHDEFSHREMNKRYENAACL- L E, H&AANHENHEE 20-30, A F KR
B, TAKBBRMNRA, THF Er+ EMERNMMAEN, FIAAEEE-REE, U&FyTFhl
RN, SRk IATE B, KA HE AT EE RACER, 8 MEREFRZE 0.010-1.000 pg/L
CENAMRT RPHAT 0990; FiEbBRUGEL=3FE, HHR2H A HEF 0.022 pg/L,
T # 0.031 ug/L. % &% 0.028 ug/L. ZEfF 0.038 pg/L. ¥ H % 0.041 pg/L. ¥4 0.035 ug/L.
ZH R R 0.025 pg/L. T FEH 0.020 ug/L, #3# 0.05, 0.5 F1 2.0 pg/L 3 A /K JFE A iz B,
FHERE A 74.7%97.7%, FITFERZE 12.0%L K, FEBHR L2 H: BEF 0.022 pg/L,

FHE 0031 pg/L. #%Z0.028 pg/L. L 0.038 pg/L. ¥ EH 0.041 pg/L. FE 4 0.035 pg/L .

ZHRR 0.025 pg/L. TEH 0.020 pg/L, HEEERA N 0.05 pg/L, %7 EAAREFRE. HH
Wi, REUEE . EIWEFEME, T8 KR P IX 8 A M 37 7% F o Ml 48 R L H

KA

hESES S949  CEEHFFINED A

R F Tz IR KA, Xl 2 SR
K i 5 5 e B L A% BRI T o R ] I S e
TR RO C SRR L BIAAVE, BRI i
Mr A G AR SRS AR S AR W E (DL %S, 1999). BR
FF A AR rp o o R A AR R R IR, X
5. HFERM A 1B B AR E M TRl s RS
% (Kovriznych et al, 1998). IT4Fk, PKI/KIRERFFT5
Y| J wytall 5 P RN A KA T L IRGE K 7 )
A5 20 < 1 T T W V| A o R N A= SR
(http:/news.foodmate.net, 2013; Z=PXMESE, 2014), KR
FIE K A B R B ) e KR B BR AR 0.1 pg/L, E[H
W RS (EPAYRUE K 55 2o R KGR B BREE N 3 ng/L,
T E R IR bR HERLE 55 2 KIR B IR 2 pg/L
GEARTRAE, 2008) , {HFL [ 4 JIC /K™ F 58 PR v R 5

PREA KM AAREE-FEE; Al
XEHRS 2095-9869(2015)04-0132-07

5% BRI BR S Am i, AEASHIN I H 7 T, (USSR R Y
B BRI (I 25, 2008; T KA, 2011; FRFIMELE,
2001; 224555 2006; R4, 2001; GB/T 21925-2008,
2008; AT, 2008; WA, 2010; 2144, 2012),
TR T K™ R B X 3 551 1 W A R

H AT, FE NS K SR R 550 B A I vk 32 B S
{05 G R 64, 2008; T Ik SR, 2011) ., 80 AR
O R FIFESE, 2001; 2455 2006) ., AH (1% -
R (%45, 2001; GB/T 21925-2008, 2008) . S A
R S (M4, 2008; 36 SCELSE . 2010)F1 s
MR 4 (A5, 2012), Firr, SR EERE IR
TRAH LTS A AR B B [RDR M, 25 5 th B BH 1 25
Fo WBORR (3% - Jo T B T2 RN A € 3% - o AR P
DU i 5 1 g Lb, P e T M A, ARG 52 A

* FEEA B BN 25 LRI B T AR L 0 (2012R 1101-5)% B . % )7 )7, E-mail: 1zxdlfu2007@aliyun.com
O @EHRMEE: 1 B, P55, E-mail: yemei808@sohu.com

Wi B #: 2014-06-27, Wi eds H #1: 2014-11-03
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W, XA R PR R AR Ak BRI A BRI

AW SN T T Ol K SR B R R B
A ETE - BRI 7, %7 vk T[] ARG 7 il B
S5 K i JO R 2 42 D T A B XU, Y i R
B2 | BTN =R 2EX 3 BRI , 702 R
SRR WA WRE . SR TR PEIEE
R, TR

1 HR5HE
1.1 ##

111 ME Thermo Trace DSQ HPUA% #1404,
TS (3 E LA 7). DB-SMS {4354 (30 mx
0.25 umx0.25 mm, 3E[E Agilent AFl); 2S5 M
% Multi 3430 A235] (&= WTW A #l); KQ-600DB
B BE v (R A A FIRAF]); DTS-5
B OHLEAL R R R B O ALA FRA R, W201 RlfE
AR I (R AR R A BR AR R RIVE 7R K
(AR R R ) 5 FERH AR R 5 (36 [ 48
BHE P EABRA A,

1.1.2 XA FARR . ZHRR | R L EE
TR, VEIhEE . 5 FRREY 100 pg/ml (R
1E CBE) (R R IR BE R P RS I T i i) B T 4°C ok
FEHROBIRAT ; IECbE . INER (A% 2l (S [H Tedia A ]);
TA AW LR TR IS 432 E Honeywell A F);
ToKBRRREA (PGB L T A R F450°C FHET 4 h %
M SAein(E 255 bR A R A RD ;. JB % HLgE
+ [ AH A BUFE (1000 mg/6 ml, 35 [E Sepax-UCT 24 Al),
1.1.3 AR E R 0 B ) 8 B EL A TR A bR
Hh B DA IE O B s R BC ], H A A E AR i ik B
41000 pg/L, BT 4°CrkFEHRCIRAT . SEHRT, H
TR A A o T (809 FH 25 1 258 o 48 BT 8 s T LAk
7 0.010, 0.020., 0.040. 0.100., 0.200. 0.500. 1.000 pg/L
B 2R 5 AR TAE R o

1.1.4 XAEFE  SLWPTHIRAK . EEIRK KK
FEON IR At e g 2 R R S b | A s vl
AKIER L A EEE AE AR R A M, KR . A KRRTR
METer B, WA D RPN A 0 s L
AR AN R AWM T pH 2 6.0-8.5,

1.2 FHi&

1.2.1 HamaTasE WERR L 200 ml KKE, &%
SR E ER B, EREEH 20-30 B, RFEIE Y
B EREEART 20 wF, WPMAEARENTESY, R A
1 LIRAKENN 10 g EALANBTER R 10 1538, KA

B R B R K EERS A ST W SF A 20 ml 4
FGEREHL, A MU TOKBRRR (L 10 @), YT AL
e . 20 ml 4 BE B AH 1k, AIFA L
M, T 40°CRBIEEMRATL T [BAHZE BN
AR IE C e Ts fb a5 A, 6 ml IE %7 3 IR B
FUUI, VRIRBIEA/NE, BHIFHE N 1 /s, e
T 14 mlIECBE © ZFROBRNV = V=1 : DIk,
T AZYER, T 40°CRERS R4 =T, 3%
B 1 ml ECEEAES, B EORE-E .
122 &mé#E-niEatrss SRR 270°C;
A NAS(LE =99.999%), K 1.0 ml/min; AN
IPIERE, PERERN 1 pl, THEREF . IR 70°C,
f#345F 1 min; A 20°C/min F+ 2% 200°C, 445 4 min;
Ph 15°C/min F+ 2 250°C ,f£FF 1 min; #8)5 LA 10°C/min
T2 280°C, FA¥F 3 min. B FUH EBLIE, HEREE
970 eV B TIRIRIE A 250°C ; BRI 300°C
K 77 2K Ry 4 3 3R 2 (SC AN I 2 43 25 7 46 ) A =X,
(SIM); REHHITEE N 50-650 amu; 7] L3R B [A]
6 min; BEREBFE] Y 100 ms, E PR T HE BT
WL 1.

x1 SHREFNNEUEF. EEET

Tab.1 The qualitative ions and quantitative ion of

eight herbicides
1% Compound ﬁiﬁ%% ﬁii%%
Qualitative ions Quantitative ion
FR R Trifluralin 306, 290, 335 306
VIS Simazine 201, 186, 173 201
52 Atrazine 200, 215, 173 200
HI B iz Alachlor 160, 237, 288 160
LB Acetochlor 146, 162, 223 146
T ®iJi¢ Butachlor 176, 160, 188 176
- H % A Pendimethalin 252,281, 162 252
FNELH Prometryn 241, 184, 226 241

2 #HR5ITE

21 HREWR

2.1.1 B HIRIRT AP BGX A 4 kB KT
Ik 0 7510 32 P R T ) R T Ak L R SR FH - TR AR
(5 LBk, 2011; FRMIHESE, 2001; GB/T 21925-2008,
2008) il [i] A 2% HU(FE S 4 55, 2008; ZF A48, 2006,
AR, 2001) 0 XRARBUKEE, FBMHZEREE, &
ZUE B R A A S AR A, ELA A6 I i S 1 %o
PR B BORBERA  o W-TRCAE BRI F d AH R 45
K, EHEARR . BERR . AR, Fitk, 7858
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s A R ot ARG Y, Y-S ) 2 E TR A S
FHAY 7 2 R FESE, 2001; GB/T 21925-2008, 2008).,

8 PR ) Jm AR M s s i A B, B
VA AR BGAR EEA IEC e . S H BeRI At AR
MR L 13X 3 R BCICR 52 R (3R 2), 3 Fl
RGBSR sy, SREUSCR AT
WAL 2430 2 S eV E R BGR] . AL, ASBIESE o3 AT
THEBOR BT HEHEE R, BRE 1 R, 415
PEBCRIK 90% 2847, FEEUFIUR, A1 R BUR IR 99%
Ph b, CRe R SRR R K

&2 8HMBREFEARRRBURF Py E R
Tab.2 The recovery rate of eight herbicides in different
extraction reagents

[ it 2 Recovery rate (%)

i —aTRE A
Compound EC K Dichloro-  Petroleum
Hexane methane ether
R A Trifluralin 72.3 92.2 85.0
V534 Simazine 77.3 95.6 93.8
75 K HE Atrazine 77.4 96.7 81.9
LK Acetochlor 74.5 94.5 76.7
FH ¥l Alachlor 76.4 91.9 81.1
FRH 5 Prometryn 73.5 94.0 90.3
—H %R Pendimethalin 73.9 97.5 84.1
T B Butachlor 73.2 91.1 90.7

212 ARHEWHH FHV -V 7 B R UK
an A HLAR 2 H AR, 38 5 AE KRR i AGE & 1 &4k
B GE AT ZROR, LA s e FLIE IS, TR R
ERATVE F AT B2 S A AL B AR %) A AT IS0 3 (A 4
45, 2002) SEH R AL ENA Nk LA T R B4y SN
5. 10, 20. 30, 40 ZKFEXT HERRI 2 . DItk
WBE AR AL bR | ISR AR AR, HIAEER BE 2R (& 1),
RN, EREETE 20-30 YERIN,  [FIKCRITE 90% L)
b, AR YER T 30 BF, HAERAY [ENR
B TR EhEEIR 40 B, R R AN 55 L [ iR
CART 70%, FLBhr#RfEr, KSR KM,
AR AR RE R BE 2 20-30, VKRR S A ER B S A TR
WIS, AT RO,

213 AR pH #9% " pH 1] BB S R 4 7 K
AHFNAE HUAH H 0 43 e R AR (R 815, 2002), [RIAT,
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FIFE R E BB 2 F T, KA A0 5 3 0 4 T e
(B2IR%5, 2009), I, pH S 5200 - 2% B0 3
YRSCR [ — AN R L A58 A A AL AR R
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Fig.1 The salinity curves of eight herbicides

9.0, % %% pH {ELXF R AYFE I o LA EICR R 90 AR A |
pH A AL bRl pH £ (] 2). pH 1E 5.0-8.0 JE[H
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I, BAREEE pH BIAHF BARY B . pH 7
7.0-8.0 JEFEN, HARY RICRICH B4k, kK
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Fig.2 The pH curves of eight herbicides
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(1= 1, VIVTE R B Ve AR AR

FE AL RE S S U Ak 7 ik a0 M, TS 28
VAR i | AR VR R 25 0 KR b I 1) 8 U
(Kl4), 588w, FEREAGE S, HERGEMNTTG

—— g 5k A Trifluralin

1201 —— P F 7 Simazine

100F o "Bl Butachlor

80 —+— —H %R Pendimethalin

/
60k ffl —— 75 Kt Atrazine
/  —e— L Acetochlor

401 //
/// —¥— fNEL /4 Prometryn

201

H o &
Content of target compounds/%

—— Bl Alachlor

S i) L L L L L )
0 2 4 6 8 10 12 14 16
BElEAAFR Elution volume/m1
B3 8 Tl 550 () v it it £

Fig.3 The elution curves of eight herbicides
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FH T4.7%-98.2%, FXTIRUEMMZELE 12.00% LI
ORISR R, AR A 2 R AR K

25 FAHEMEKMEE. wHRMRRESE

PLE bR i 0 B PR . RIIARHE TR
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3 8 MEREFIME R
Tab.3 Matrix effects of eight herbicides residues

#4491 Compound VR Peak area TR
%5 140 Set 1 %2 4 Set2 Matrix effect (%)
AR A Trifluralin 137899 217742 157.9
PHFLHEE Simazine 222676 319762 143.6
75 1 Atrazine 232564 338380 145.5
L EHE Acetochlor 120781 183708 152.1
FH L% Alachlor 64039 102783 160.5
FNEL¥§ Prometryn 220303 324286 147.2
—H %R Pendimethalin 144856 226555 156.4
T H % Butachlor 196285 278921 142.1

T FEBTROV AT BTN (%)=B/AX 100 (A: TEALVA ) PR BER L A3 A MA 5 B A il 5T T 5 ) A 1)
i [5 7R) ZH3 We) JO(ED)

Note: The formula of matrix effects: matrix effect (%)= B/Ax100 (A: the response of herbicides component in pure solvent;
B: the response of the same herbicides component content added to the sample matrix)

R4 FHEHLDKERSHERED=06)

Tab.4 The recovery rate and precision of the method (n=6)
7K Spiked level (ng/L)

ay

i H Items %K Freshwater MR 7K Sea and fresh water 17K Seawater
Compound

0.05 0.5 2.0 0.05 0.5 2.0 0.05 0.5 2.0
FRR K% Recovery rate (%)  93.2 92.2 74.7 84.6 78.2 80.3 82.8 84.7 80.3
Trifluralin RSD (%) 10.1 896 389 678 374 634 502 119 7.30
LECRE [EI % Recovery rate (%) 81.8 83.6 787 803 932 958 850 924 906
Simazine RSD (%) 10.2 6.65 1.66 222 226 224 112 113 6.20
FE L [l 53R Recovery rate (%)  80.7 86.5 84.2 84.7 92.8 91.8 87.5 92.5 90.0
Atrazine RSD (%) 432 526  7.09  3.08 262 493 1030 10.8 4.92
2. B [ED %K Recovery rate (%) 92.0  89.7 89.0 874 834 884 917 89.4 897
Acetochlor RSD (%) 686 696 778 496  3.18  3.67 822 944  6.29
FH A Jigz [l 5 R Recovery rate (%)  95.4 97.7 94.2 91.4 91.4 82.7 90.2 89.4 91.3
Alachlor RSD (%) 246  3.21 224 429 302 513 2.95 852  2.53
FPEE [ % Recovery rate (%) 90.3 91.4 884  89.0 878 86.6  88.1 89.9 912
Prometryn RSD (%) 6.12 733 794 331 259 421 726 619 582
R [l 5 R Recovery rate (%)  92.7 90.8 82.5 90.3 88.7 89.0 94.3 91.6 87.5
Pendimethalin RSD (%) 350 3.45 777 607 229 528 5.73 874 733
T ik [ED %R Recovery rate (%) 98.2  94.1 954 893 85.3 889 922  90.6  90.4
Butachlor RSD (%) 224 411 1.91 206  3.31 3.65 587 564 470

®5 SHMBREFMLMEFE. BXRH. RHRMEER

Tab.5 Linear equation, correlation coefficient, detection limit and quantification limit of eight herbicides

1k44) Compound £& V51 Linear equation HXRHR KPR LOD (ng/L) a2 &fR LOQ (pg/L)
SR A Trifluralin Y=—-12349+345866X 0.9992 0.022 0.05
PEISHE Simazine Y=2862.69+443790X 0.9993 0.031 0.05
F5 - Atrazine Y=—657+471362X 0.9992 0.028 0.05
Z B[ Acetochlor Y=-2757+296902X 0.9994 0.038 0.05
FH %l Alachlor Y=21037+65832X 0.9942 0.041 0.05
FMELE Prometryn Y=-2095+461575X 0.9991 0.035 0.05
“H %R Pendimethalin Y=—10262+385659X 0.9992 0.025 0.05

T B[t Butachlor Y=-21022+468507X 0.9991 0.020 0.05
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Determination of Eight Herbicides in Fishery Water by Gas
Chromatography-Mass Spectrometry

LUO Fangfang, WANG Yanjun, YE Mei”

, YU Ying, LIU Haixin, JIANG Linlin

(Fisheries Research Institute of Fujian, Xiamen 361012)

Abstract

To measure herbicides residues in fishery water, gas chromatography-mass spectrometry

was developed to determine trifluralin, pendimethalin, alachlor, acetochlor, butachlor, simazine, atrazine,
and prometryn. The samples were adjusted to salinity 20—30 with NaCl, extracted by dichloromethane,
and cleaned up with Florisil solid phase extraction (SPE) column. The analytes were detected by gas
chromatography-mass spectrometry under the selected reaction monitoring mode and quantified by
external standard method. The peak area was linear to the concentration of eight herbicides residues
(0.010—1.000 pg/L), and the correlation coefficients (R?) were all more than 0.990. According to S/N=3,
the detection limit of rifluralin, simazine, atrazine, acetochlor, alachlor, prometryn, pendimethalin, and
butachlo were 0.022, 0.031, 0.028, 0.038, 0.041, 0.035, 0.025, and 0.020 pg/L, respectivly. The limit of
quantification was 0.05 pg/L for all eight herbicides based on the actual samples spiked recoveries
between 70% and 120%, S/N=10, and the relative standard deviation< 15%. The average recovery of the
eight herbicides fortified in different negative samples at 0.05, 0.5, and 2.0 pg/L were in the range of
74.7%—-97.7%, and the relative standard deviations were less than 12.00%. These results indicated that the
method has the advantage of simplicity, sensitivity and repeatability, which could provide technical
support for the detection of these eight herbicides residues in fishery water.

Key words

Herbicides; Fishery water; Gas chromatography-mass spectrometry; Detection
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] M X 7K 7= fm FR SR 2 — FH BR fig 25 (PAES)
49> T 454 R RUBG 1R
EZ S

(WA KF=IIE T EIT  361012)

WE RE 201341 Af 7 AXEEEERXEIT. BN, 2K & 40K ¥ B B £ (PAEs)
B A, WIT X R R KA K7 & 3 PAEs W9k B K P A 0 A7 A AE, SF4t PAEs Wi R K H A K
R #AT T £ R BT, A& % PAEs B8 H 2.45x10°-1.13x10° pg/kg(R &, TH), HMEH 6.78x%
10% pg/kg; % K # 2% PAEs 4 B Bl H 4.36x10°-1.37x10° pg/kg, 18 4 8.73x10% pg/kg; #F % PAEs
4 EE K 3.22x10°-1.27x10° pg/kg, HMEH 7.76x10° pglkg; %% PAEs 4B E Y 6.17x10—1.20%
10° pg/kg, 1 F 7.91x10% pg/kg; VL 2 PAEs 4 & 3% B 4 9.77x10°-1.35x10° pg/kg, #18  1.22x10° pg/ke.
I K 7= o AR 463K — W B T 25 JEEE(BBP) M 4R K — WX — IE ¥ B (DNOP)& ¥, Hfth 4 A
PAEs 7% 8 B 1740 % — W B —-(2- 7.3 T #£)E(DEHP), 4F % — ¥ ' — IF T Bs(DBP). 4 % — ¥ — g
(DEP), 4F# — ¥ — W B (DMP)tf )7 % ., PAEs fE TR ER K= B b H A ERENRY, kWK
B A PAEs E AT BAENMNE R £ MR A TR L, 4 xt& F A &P AL DEHP fr DBP,
HATRBENRITN, £RET, ZHX AT R P HERERNGHERERI HANT 1, RAHEHMEELTE

KPR E T PAEs Wik AU 2 W2 0y,
335

hESES S96  TEMRIRED A

BRI R TR (PAEs) )& —2SH FH R SRS A7) . &
E AR P 2 R BTE R 14, BT,
AT AAB R — I RR RIS 4K, & o8 — B iR
T IE TER(DBP) . 4F 2K — H R —-(2- £ % 2 ) B
(DEHP)A: = M 9k, JCLA DEHP A%, ik
PRI 70%LL L (FRISE, 2008), PAEs 1R %5 55 M ¥E KL
T #% 1) 4hFR 55 (Fromme et al, 2011; Xie et al,
2005), FEAREHRERFA, Al SRR g
MBS EAEfGE . PAEs B 2vEdbE . BugEtkfm
W A £ B A W) B PE (van Wezel et al, 2000;
Andrade et al, 2006; Pogribny et al, 2008; Penalver
et al, 2000; Kondo et al, 2006),

BAEZ A PAEs 5 T LR, it E ., KK
WLORE. HASER  BH . JLEMS AR AR
1 PAEs RRE  ( ,2011) (EPA)

R H X ; PAEs; oA FEAE; KGN
XEHS  2095-9869(2015)04-0139-06

(DMP)
(DEP) DBP (DNOP)
(BBP) DEHP 129
15 YL ) 44 B (Yuan et al, 2010), & E {1 ¥ DMP., DBP,
(DNOP)FI] A PRI AR S 45 il V5 G )
4, B (Wang et al, 2003; X1 JKZE, 2012).
) g b DX (S TT VML SR T AR AR T
W, WG G, WK RIEEE, BREEKE T
IR b A EEE ], O SR AR R AR, HAT
¥ R L3 56 T 1) B b [X. PAEs 943 4 57 HE K KU PEA
ARG o PRI, ASBIF9 8 456 o8] o A v A DX 3 20 2 )
K72 SRR BT 4, L3R [ EPA AL a5 Je 2
) PAEs 1E M HARY), 7E4E3 T PAEs V591504t
TSRl b, B T iZIX 8 PAEs 195k B K | 5 4L
FRAE,  JF % A 25 RS A7 A o
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2.96 pg/kg, MR ENCRIE 70%-120%2Z 8], AH
XIHRAE D 25 /N T 15%.

2 RS9

2.1 k&, k&, HF. B PAEs BY5R BHHE

HIE T I | SR A5 M XK AR IROK £, B
Y PAEs FREA T 0T, A5 ILE 1, WA 1
ALLE W, HKMmZE PAEs M EH 2.45%10°—
1.13x10° pg/kg((RHE, ¥HnkRas A, T, HHEN
6.78x10% pg/kg, DEHP ¥J{H}y 6.03x10% pg/kg; IR/K

900 gg DMP (1 DEP &1 DBP [ BBP [ DEHP [§ DNOP
800} = -
_?‘0 700

1= & 6001 o
B
e 8 5001
&
472 400¢
£ 2 300}
m

200
S

100t

[0 I 2 I 5 I | . ’
1K £ oK fa I i
Seawater  Freshwater Shrimp Crab
fish fish
JK 772 Kinds of aquatic products
1 (
) PAEs
Fig.1 The PAEs residues in seawater fish,

freshwater fish, shrimp, and crab in Minnan region
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125 PAEs & VLRIl 4.36x10°-1.37x10° pg/kg, ¥
{li 2}y 8.73x10* pg/kg, DEHP ¥J{H N 8.06x10% pg/kg;
HF2& PAEs BI& BN 3.22x107-1.27x 10° pg/kg,
YIE K 7.76x10% ng/kg ,DEHP ¥J{H K 7.56x10° pg/kg;
55 PAEs B & HRIEEN 6.17x 10°-1.20x10° ng/kg, ¥
{8} 7.91x10% pg/kg, DEHP ¥J{H N 7.70x10% pg/kg.
B A 7K P2 i ¥4 BBP F1 DNOP 3% B , Hifth 4 Ff' PAEs
{5 4 42 I DEHP . DBP . DEP . DMP F4 Il /57 326 Ui,
v DEHP (9%5% B & e i , HHKJE DBP, 353 1 PAEs
[k U5 L DEHP Fl DBP J& 2, X nl g5 2y e
AT A TE TR IS A G

UeAh, KA, PRk BF . BErh PAEs 5% B i
FESEANK, (HERER R LR K > IR~ > 1 7K £ 1)
AL, XA SR IAEE . AW AR T S R
PEF . RIKfH PABs (15K B3 55 2 Hoft bt Fob A
B, FIHEH TIROK FRAE K B8 32 2 Tl A 78 B F
PAEs V5 Y5 H 52, IR . B2 N4 EHNAY,
HAEGAG LR EE, BAGBAWME KiE PAEs
MRURLY BT, PR, R RS K L LI Sl PR R Y v
KA ) 3% 5] PABs RYSZIR, X —&5 55 MKk %%
(2014) Ay E—3K .

2.2 N Zrh PAEs % B4F1E
TERIBERIIE S, WE T DI2EEES TH Y PAEs

THER Do SRER, A REN IIZEER Rk
K %) BBP A1 DNOP, BR%iis A4 H DMP 4b, 1
SR . AR IR S AR RS YA DMP . DEP,
DBP fl DEHP, DMP & Fl 4 ND-20.4 pg/kg,
¥IEM 18.7 pg/kg, DEP & Ll 8.76-9.42 ng/ke,
BIEN 9.15 pg/kg, DBP & LN 18.7-25.7 ng/kg,
¥IE R 20.5 pgkg, DEHP FHTEHH 8.50x10°—1.30%
10° pg/kg, ¥MEN 1.11x10° pg/kg, WFFRER TR,
DU IR PAEs & i )2 DEHP 5% i i i i T 5L
D12, XTRR S AR I FREEBIECLL ) PAEs
P ZE R R AT OC, (W 45 0 22 B ke R ML
JE5E, XHMERCIEREE. T DEHP 7E/K H 0¥ il B2
BAK, AR REBE K R E(Koy) . TEKEREE
Sy W BT HLRE T 4 BN |, XA g R B I
FEAGAR N PAEs & &= IR 22—

AL S AL, DIZE PAEs B8R R A
T, BT 5AWNAEN T, gHEA I, B3
FREARIEC A RE IR I o AR A FEE A = A AT 1Y SRR
JFH R JECHE FMER A5 75 3K, A3 M0 A o R 5 008 SR T v
VR AR RN U 4G 7 =X, T T I R] A R A 5 5 D
25, W T WIA AZ R TS Y s AR B ROR, TR JE li
U595 Yo W) 32 A e AL 0 U 1 b, 3X AT B R S BT 2k
PAEs MJ5R Rt TUEsh o . W rEm2En 2R
HZ—,

Fx1 EEMXNEHR PAEs RBE
Tab.l1 The PAEs residues in shellfish in Minnan region
EES FEAR L Wil ftems | PMP DEP DBP  BBP DEHP DNOP
Species Sample number (ng/kg)  (ngkg)  (ngkg) (ng/kg) (ng/kg) (ng/kg)
R Wi A 0 Ji[H Range ND-20.2 ND-9.6 17.4-33.4 ND 1.02x10°-1.79%x10° ND
Saccostrea cucullata (i Mean 18.1 9.42 25.7 1.30x10°
JEAEIAAT ; Ji[H Range ND-21.8 ND-9.78 15.1-24.8 ND 9.73x10°~1.61x10° ND
Ruditapes philippinarum Y1 Mean 20.4 9.28 20.0 1.21x10°
LS 6 Il [l Range ND 8.68-8.84 16.4-27.2 | 1.18x10°-1.37x103 ND
Sinonovacula constricta {8 Mean 8.76 20.1 1.26x10°
W AR g {u[F Range ND-18.9 ND-9.32 12.0-23.2 ND 8.38x10%-1.03x10° ND
Paphia undulata Y1 Mean 18.2 9.04 18.7 9.31x10?

3 it
3.1 AEFSIMED PAEs BTk R

Hu7, #E¥ DMP. DBP. DNOP ¥ AFREEAL
Se¥E G Yy 4 o, (XK= SR PAESs [95% B
PR M AR A . BRIETE4 2007/19/EC #LE, DBP
1 DEHP 7E£ i AT A B3 510 300 pg/kg
1500 pg/kg, DIp B pR[2011]1551 S S ULRE, &8
K i ms T DEHP . DINP F1 DBP A4 fix K 5% B i

394 1500, 900 F1 300 pg/kg. AW, FkE 5K
XF & i PAEs 7% B RE AR — 2, Bk, AT R
S 1% R X DEHP #1 DBP 475 LR 08 4T ¥R o
A ] i L X SR AR RE S DEHP 475 4L 48 800] LA H
(F 2), KM, oKt IF, B DEHP HY5R B &
PURF R 2R, FrA K™= 5+ DBP YR H R
B, BYAREEY/NT 1, 2R A TS Y s Ko
0.559-1.190 Z[a], FHorb o6 4 us A 4 A = 0G AT
FE i vh DEHP 5% B8 5
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% 2 K=& DEHP #1 DBP Hyi5 L4841
Tab.2 The contamination index of DEHP and DBP in aquatic products

5iH K oK LIS il UES
Ii ) Seawater fish Freshwater fish Shrimp Crab Shellfish

ems

DEHP DBP DEHP DBP DEHP DBP DEHP DBP DEHP DBP

Y
FRAREL 15 16 13 20 30
Sample No.

P; @ P; range 0.143-0.659 0.092-0.377 0.264—-0.840 0.079-0.291 0.211-0.827 0.018-0.085 0.402-0.787 0.017-0.069 0.559—1.190 0.040—0.111

Pi#J{H P; mean 0.402 0.174 0.537 0.149

0.504

0.041 0.513 0.038 0.787 0.070

Pi=Ci/Cs, 3\, P;>h DEHP Fl DBP HyT5Yed8%0, Ci MAWFES - DEHP 1 DBP AUMI{E, Cs MA:#{k+ DEHP M

DBP 5% fA FR{H
Pi=Ci/Cs, P;j: Contamination index of DEHP and DBP; C; : Content of DEHP and DBP in aquatic product; Cs : Residue limit
of DEHP and DBP
*3 EINHEMMXEK=RF PAEs &2
Tab.3 The PAEs contents in aquatic products in other regions of China
PB=N A~ EL
H X F i 5% B4 1) PAEs PABs 72 DEHP & &
Region Sample PAEs residues Content of Content of
& PAEs(mg/kg) DEHP(mg/kg)
1.0-60.9 0.2-12.8
7% Guangdon DMP, DEP, DBP, BBP NN -

B 2017 Ty A fi NG & a1} PR
(SRS, ) Dry matter) Dry matter)
. M. 424 Shanghai, Yangzhou

v ’ T ofn, WF, B, HIE DEP, DBP, DEHP 1.62-4.86 1.2-3.73
Shaoxing (¥ 114755, 2003) D .
PRI =/ [X Delta Region of Pearl DMP, DEP, DBP, BOP, 4.48-30.10 0.06-12.46
River (43445, 2008) s, W), W DM DER (THE (PR
Wer s, ’ Dry matter) Dry matter)
; 9.99-82.40 2.25-37.60
F s X Hong Kong s DMP, DEP, DBP, BOP, s s

s Hifn, 8, Pk (FRE (T

(Z=PREE, 2008) DEHP, DNOP
Dry matter) Dry matter)

KALARA BE Zhuyang section of Yangtze Y, 41, #, ¥, DMP, DEP, DBP, BBP, 0.54-1.82 0.06-0.26
River (B4 545, 2012) PNIY W DEHP =ah 06=0.
TEYLE B Fush t of Tuoji fug, B, B, KRG
TEVLEIEL Fushun segment of Tuojiang B, 8, SR, KIRHE |00 ppn ppp pEpp 0.54-0.79 0.08-0.13
River (AP 4 %, 2012) &
PN ACPN | HSE3C N

B, R, fh,
Dapengao waters of Daya Bay B A, DMP, DEP, DBP, DEHP, 0.07-2.14 0.02-1.86

(A X3R4T, 2013) Wl fa, XHIF, 1%

DIBP, DNOP, DNP

T 3 ATLAR Y, 5 [ A A DA FE , [ R X
IRk i PAEs (5% B LR TRV = AU X 45 Toll Ak
FREE RS AN LB BT, 5K = A H XK ™ i
H1 PAEs fUFR A A, {H PAEs 787K & HH A AN
FRIEAIER R, R IR R PAEs 7E/K AN & 4E T
S A BRI G, T AT CERT T B

3.2 PAEs Ry&ESXEEIEN

PAEs MFFAMAIIG YY), SF=Afadgi.
TRE M TR 5, B TR I = B0 (B0
W5 . E57%)(Gaudin et al, 2008), XY 5 i1
PRI [ 50 L2 Stk N AR e BRE %) g ok ik 27 356 . B
A, BT R LTS Y AR 5 i 1) XU

Aty 2 AT 2 il XU TTA R AT S 500 W 1Y) B0 KU 1T
fili, — BRI [ ZE R BE (N AS) B2 1 ) e B XU 1
HrepuEpe, BIfEE %5 (Hazard identification), ) &-
S 43 HT (Dose-response analysis), % £ P/ (Exposure
assessment) A & XU 3 fiF (Risk characterization) 1Y 7
ML, 2011), ALY B RS HLIX. PAES 5% A 4
Ji4r, DBP 1 DEHP 7EFTA /K™ 5 b5, AHE
FEEF X iR X 54 8 T DBP Fl DEHP 33X #0454
5 YA T AR KU TR

AR AKX (DFNQ2), A5 & K™ i H
i EDI FHZAR X458 ERI. 4 ERIST, &/
AU BN A AT DA A2, A s D030 Y 2% % et 2 % A A7
A SER (H TR FIZE, 2008, 2007), 38 EI R R HERE Y
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DBP #1 DEHP {3 2% 7| & RfD(Reference dose)’3 il
10, 20 pg/(kg-d)(Song et al, 2013).

EDI=C;xCR/BW (1)

ERI=EDI/RfD )

i, Ci ik DEHP # DBP (/5% 8 & ;

CR /K™= iy P, R4 P E AR (PREBR

B SEEIAR) i3, 2002 A E R R AR

KT R 44.9 g/d, 5 HE M HLX £ 8 T

TR, RK S S R, ARFIELL 50 g/d
K= AR, BW MR, B4R A BT
PIRELL 60 kg -

AR IE R (D)FI2), Ak 54 ) B X IAE K £
WK R EEZSAN DI 2 DBP fil DEHP 5% #
i B H B EE I EDI AR Al FE 5L ERI (% 4). M
* 4 vLIAEW, Frfisk™= 5 DBP fil DEHP [ ERI
BUNF 1, 0008 R b Xl K R RS T
PAEs FiY 42 fis JRUBS 2 AT 42232 11 o

% 4 DBP f1 DEHP fy S HEE £ EDI fIZft X521 ERI
Tab.4 The EDI and ERI of DBP and DEHP

JKF= A2 Aquatic products DBP(pg/kg) EDI(DBP) (ug/kg-d) ERI(DBP) DEHP(ug/kg) EDI(DEHP) (ng/kg-d) ERI(DEHP)

7K 8 Seawater fish 523 4.36x107 436x107 603 0.503 2.51x107°
%7K 8 Freshwater fish 44.6 3.72x107? 3.72x107° 806 0.672 3.36x107°
#F2% Shrimp 12.2 1.02x1072 1.02x1072 756 0.630 3.15x1072
% Crab 11.4 9.50x107° 9.50x10™* 770 0.642 3.21x107°
DI2%  Shellfish 21.1 1.76x107* 1.76x107 1180 0.983 4.92x107
4 L5 rivalaris) 4 HLAAR 25 5% B4 5 G HE XUV A oIl 3R 557

J¥R) P 71 T b DX A 2 B 7K™ i A4 BBP Al DNOP
yerd, HAth 4 Fp PAEs §5% ¥ 1% 8 DEHP, DBP,
DEP. DMP [t f7 i o, H.rh DEHP [#)5% B 54 o
ANTR) AR A PR Y PAEs 9 5% B3 1 52 B U1 8>3k K A >
HR=BE >V K M R LA, X T BB FRAE X A AR
W eI AR S5 ¢, PAEs 7E/K™
mn T A AR R, R PAEs 7E/K™
mn RN Y B B R — RO LA, N5 R A K
ERITAEM . EF X B i1 25 T DBP il DEHP i
rEE R XS T4, Hidr, DBP 1 DEHP #32 fill XU

BECERI 2/ T 1, R WY ) g b DX 3 2ok 48 /K™ il
12 7% T PAEs M HE il XU 2 ] H222 11 .

BUiGt . 432 B R AR PT K B R AR PR
EHA AL KRB RREARRMNAFALT TR
I BAE B, A TR,

2 £ X #

GB 17378.3-2007, MFHMEIRIIESS 3 #h5r: FEMIRE . T
fF5izk. duat: JEbRE S ML, 2007, 1-12

hfte, TIRME, 250, 5. FREEL HE M AR R
B, Bih TolRHE, 2012, 33(4): 56-60

Mw, EERE, #/NE. KR BORTET & INE fa 2 ik
N 6 RS I RRAR Y &8, oKifll, 2012, 42(2): 55-60

AL, Mgk, TR, 5. TR VT4 WE (Crassostrea

22224, 2007, 26(6): 2323—-2328

HER, BEhF, MR, . N SR FA LS st Ak
it BRE 1) RV, D LS S0 22 40 P k. R T K™,
2008, 4(6): 17-25

AR, BTESE, RER, SE AOR @3- B R K b
15 &R — HH R BE R AL ) A5k BE . 20 il i~ 41,
2013, 32(8): 915-922

XUER, ML, LATAS, 4. MBErh &R P RS (PAES) T
et it g, TP EA RO FR, 2012, 20(8): 968-975

AR, ST, VRERE, S FRAH RS T RER & S 0
AYFIE. BB SRR 2, 2008, 25(3): 202205

SRR, BRox W, QBN IR IR S 1 98 ) 4 e R A BUIR.
PUARAL T, 2011, 31(12): 1-6

MR, ARG, FIHSE, S5, K™ i 4828 — HT IR R A% B8 5 1
RS I B ST e, R 7K=L, 2014, 10(1): 92-99

AT, VEENE, SRADRE, . KPR 3 FRARIE T HERERSS
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The Distribution Characteristics and Risk Assessment of Phthalic
Acid Esters (PAESs) in Aguatic Products in Minnan Region

JIANG Linlin”
(Fisheries Research Institute of Fujian, Xiamen 361012)

Abstract

According to the results of the Phthalic Acid Esters (PAEs) content in the aquatic products

collected from Minnan region (Xiamen, Zhangzhou, and Quanzhou) in January and July of 2013, we
discussed the PAEs residue levels and the distribution characteristics in different aquatic products and
evaluated the contamination status and the ecological risk caused by PAEs. The results showed that the
content of PAEs in seawater fish varied from 2.45x10% to 1.13x10’ png/kg (wet weight, similarly

hereinafter) and the mean value was 6.78x10* pg/kg. The PAEs content in freshwater fish varied from
4.36x10% to 1.37x10° pg/kg with the mean value of 8.73x10% ug/kg. The PAEs content in shrimp varied
from 3.22x10% to 1.27x10° pg/kg and the mean value was 7.76x10* pg/kg. The PAEs content in crab
varied from 6.17x10% to 1.20x10° pg/kg with the mean value of 7.91x10> pg/kg. The PAEs content in
shellfish varied from 9.77x10% to 1.35x10° pg/kg and the mean value was 1.22x10° pg/kg. Butyl benzyl
phthalate (BBP) and di-n-octyl phthalate (DNOP) were not detected in all aquatic products. The order of
other four PAEs residues content was di(2-ethylhexyl) phthalate (DEHP) > di-n-butyl ortho-phthalate
(DBP) > diethyl phthalate (DEP) > dimethyl phthalate (DMP). PAEs had different levels of residues in
aquatic products, suggesting a common phenomenon for the enrichment of PAEs in the aquatic products.

Compared with other domestic regions, the detection rate and the value of DEHP were higher, indicating

that part of the ecological environment in Minnan region had been polluted by DEHP. The expose risk
index (ERI) of DBP and DEHP in organic pollutants through feeding was less than 1, suggesting that the
risk of exposure to the PAEs was low and acceptable by consuming the aquatic products.

Key words

Minnan region; PAEs; Distribution characteristics; Risk assessment
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A |

£ AR EUEXT 5 & (Enteromorpha sp.)

RER T 4R B AL 1R

FARY 2 M OEERM

(1. TP EDK=RERETE B EEK T H S 266071
2. RIGHERSFHEMER B 201306)

WE 4t EE WS R RGE AR A IR, DS R ER, KA E AR BUEH A 0F
LREATHE, HEAESSC., pH=7.7 W4T, AR LGN E GBI L ZBEG:L, 10:1, 151,
20:1 o 25:)EEHI G A BRIEATER A, MBS %, NEFRARRAGHEINF L BT ELEHK
PR N IIE T (pH=2.0 1 pH=7.0)X A H 1, HMEBE M THBRENEN, FREF, MEES
B EARLAINAS, BeAESHE M EEEN TG A EERE. EEAH  F4F
BE Rl oy 10:1 B, R AEXTH AN R ARME R 20.03 mg/g; EEGH  FAEEBEILGY
15:1 0, A E R & AR ME Y 21.93 mg/g, TS &L 4 %M T a0 a4 N %
SABmTRABILAINATTRAIEE, £Fa8  AERBILEAL 251 B, REBLEAELT
B #h 38 B 5 K RHE 29.25 pmol/g. 7 A L7 K F (pH=7.0), & & 4F 45 x¢ JIH [ B2 B9 PR 6 7 3K 58 5
AL B R P (pH=2.0), BE& 4 4t Lo BR 2h B R 66 4 3008 5 BB A 4 XT840 09 Rk 0 E A
I, BRPLEEZFP>0.05), HMECAENTHBLNRMEELALEFTH, HEEBENR

W B R AR, TR B A 4 A R R AE B B A B 8 R A AT,
SA8; g, BETE; RN
XEHRS  2095-9869(2015)04-0145-05

K§EiA

hESES S986  XHEEFRIRES A

& (Enteromorpha sp.) & —Fh KA Gk, |32 43
A T3 E 7R mE U v RN B B (MO 2 5, 2009) ., 1R
BWEFEE, LJUERE BB, rEEIRILAE T t
(R, 2013) X 25 (14 A0 LA 457 B 7 HE 35 R
A TR DB, 3R TR AR 2. R B R B
SRYEN] T IR 70%LA b, RG2Sk TR
(FEE 4%, 2011),

e LK EMERY, I STH D&
HIHEBR KA A P14 43 (Rakha et al, 2010), JhARHfb2245
PR T e S 4F 4 AT B AR T BE, RE LT 4ine i
2% B =5 1L (Brownlee, 2011) . /L% (Debusca

RN R AR,

et al, 2014)%5.0 i Il BB, [RIAsto AT AR 1R R |

J#JE (Fuentes-Alventosa et al, 2009). fHFh . s (A,
2013)%5 B AP o TG E 2 4 i) 25 K AN 2 43 % oA 3
ThHEA T E LI (Chen et al, 2014), FEE L4 1A ]
KR S Hor s $E G R, B AR K IX
(Huang et al, 2013), M X L A0 4 o A= By g

AR M (4 PLAE, 2013) o ARALIF & Hh IR B 41 4 1 4
W2, R e 2R e W B RE , e & BER Iy A 2
FIH B e & DI RE B i i T A A H 8 S AL
WFE R IRE, B9 525 Tl 4 T T 5 i 0 2 4 i
REJIRISENR, JEERY | WmiEAIE pH &4, s

* o a2 N 25 PERFBIF I 7 S AR RBHIRAl 45 2% (2060302201500 1) F75 5 1 1 R X BH% & R %475 H (2014-14-008-SW) 2z [7]

W, 22k, E-mail: liyuexin20082008@163.com

O MIREE . P, 55, E-mail: zhoudq@ysfri.ac.cn

Weks HIY: 2014-07-01, WeE ks H #1: 2014-12-29
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T I BT A R AR B I[P AT A R 2 A9
W B D S IR A AL R AR B 2%, S5 AN
A= BRI RE Y I B 2T 4E D RE £ 4R (I BIIE AR ST H

1 HRSHE

1.1 HEHERBFEE

WA T 2013 AE R R H INART B MTE e, F
Vel i tokay, REMET, BEER I 40 B, #FE
BT TR A

1.2 BEEF4RIRE

K2 A T (5 19 R 2 4 R R B 5
LR A (JEIESE, 2011) FEIRAEDN 55°C . pH=7.7 HIHAEE
SR SR B AN AT 4R B L 1 3000 5:1.10:1.15:1
20:1, 25:1 (W54 BT Wr &7 JRURHIEA 7 e (2 H ik,
2014), F# 90 min 5, MBS HUTTERAEW, 2 h
JE g, WA TR , 60°CHEAN T4, F3 RHLE 24T 4k

1.3 FERARMIEE N BNE

K FH DNS {8 75 (BRRIAESE, 2010)00 5 55 2 Bk
B, MRIEbRMERT LT AR AR S R, s AR ()R
J1te £ T A M o 5 285 4 1)
BT BLAE(2004) , ARAE AR 2R RE [
i, A Q2 TG 2 2 A EE AR D
KRR ZE 2 e 1o 7k (KR 4R 55, 2013), il A
) T £ 2T 2 W I i Rk A
WS, B 41 26 8% 1) 66 1 (mg/g)
=me%ﬁﬁﬁﬁm®—WWE%ﬁﬁﬁimg(n
JRE £ 74 1) 25 ()
W% B L [T 2 1) B (mg/g)
_ B B A 2 4 () — B B L 41 f (mg)

‘ — (2)
JRE Er 4T 4L 5 (g)
W FHNOS fiE J1(umol/g)
_ WP HITNO, 5 k(umol) — YN, 7 ik (umol) 3)
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Fig.4 The adsorption of glucose to the dietary fiber in the
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(%4 )

Effects of Complex Enzymes Extraction on Adsorption Capabilities of
Dietary Fiber from Entenmorpha sp.

LI Yuexin"?, LIU Nan', ZHOU Deging'”

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306)

Abstract Entenmorpha sp. is widely distributed along the coast of China, particularly in the eastern
regions, but it has not been utilized fully. To investigate the adsorption of glucose, cholesterol and nitrite
to the dietary fiber extracted from Entenmorpha sp. by the method of complex enzymes (protease and
cellulase), different ratios of protease to cellulase (5:1, 10:1, 15:1, 20:1, and 25:1) were used to extract
dietary fiber from Entenmorpha sp. The results showed that the ratio of protease to cellulase in the
complex enzymes had obvious effects on the adsorption capabilities of the dietary fiber. With the
increased protease in the complex enzymes, the adsorption of glucose and cholesterol to the dietary fiber
increased and then decreased. The dietary fiber using the 10:1 ratio of protease and cellulase had highest
adsorption of glucose (20.03 mg/g). The dietary fiber using the 15:1 ratio of protease to cellulose had the
highest adsorption of cholesterol (21.93 mg/g). With the increased protease, the adsorption of nitrite to the
dietary fiber increased. The dietary fiber had highest adsorption of nitrite (29.25 pumol/g) at the 25:1 ratio
of protease to cellulose. Furthermore, the adsorption capabilities of the diary fiber in the simulated gastric
fluid at pH 2.0 and the intestinal fluid at pH 7.0 were investigated. The adsorption of cholesterol to the
dietary fiber was higher in the simulated intestinal fluid than that in the simulated gastric fluid, while
nitrite was the opposite. The adsorption of glucose to the dietary fiber had no significant difference in the
simulated intestinal and the simulated gastric fluids. These results indicated that the adsorption of nitrite to
dietary fiber happened in the stomach and cholesterol happened in the intestinal, and that the adsorption of
glucose to the dietary fiber happened both in the stomach and in the intestinal.

Key words Complex enzymes; Entenmorpha sp.; Dietary fiber; Adsorption capability

@ Corresponding author: ZHOU Deqing, E-mail: zhoudq@ysfri.ac.cn
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Tab.1 Contents of amino acid nitrogen,total nitrogen and salinity
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R IR A Amino acid nitrogen (g/100 ml) 0.994+0.018 0.896+0.016 1.323+0.023
4% Total nitrogen (g/100 ml) 1.600+0.017 1.620£0.021 1.710£0.025
Eh3 Salinity 27.22+0.21 14.35+0.12 16.27+0.16
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Tab.2 The composition of free amino acids (g/100 g)

Amino acids Fish sauce Fish soy sauce Light soy sauce

Asp 0.572 0.574 0.506
Thr 0.276 0.188 0.194
Ser 0.234 0.200 0.229
Glu 1.103 1.851 4.632
Gly 0.332 0.273 0.225
Ala 0.425 0.351 0.234
Cys 0.089 0.126 0.076
Val 0.323 0.304 0.280
Met 0.124 0.048 0.053
lle 0.274 0.270 0.269
Leu 0.468 0.424 0.385
Tyr 0.051 0.073 0.094
Phe 0.202 0.170 0.188
Lys 0.520 0.356 0.257
His 0.057 0.104 0.104
Arg 0.073 0.073 0.206
Pro 0.237 0.252 0.196
Flavor amino acid 31.78 43.01 40.77
proportion(%)
Bitter amino acid 18.88 16.62 11.52
proportion(%)
Sweet amino acid 28.54 22.42 13.27
proportion(%)
( )
Essential amino acid ~ 41.50 31.22 20.01
proportion (excluding
tryptophan(%)

Total 5.270 5.638 8.126
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The Quality Analysis of Fish Sauce and Fish Soy
Sauce using Electronic Nose
ZHAO Ling, LIU Qi", CAO Rong
(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)
Abstract In this study, we analyzed the qualities of fish sauce, fish soy sauce and light soy sauce

using the electronic nose. An electronic nose captured the flavors of light soy sauce, fish sauce and fish
soy sauce, and the information was assessed with principal component analysis (PCA), linear discriminant
analysis (LDA) and loadings analysis. The qualities of the sauces were then determined with the results
above together with factors such as amino acid nitrogen, total nitrogen, salinity and the content of free
amino acids. The results showed that fish sauce and light soy sauce were first-class products, and that fish
soy sauce was a super product. There were a variety of free amino acids in the three sauces. The contents
of threonine, glycine, alanine, methionine and lysine in fish sauce were higher than those in fish soy sauce
and light soy sauce. The content of flavor amino acids in light soy sauce and fish soy sauce was
significantly higher than that in fish sauce. This was because sodium glutamate was added into fish soy
sauce and light soy sauce, but there was no added substance in fish sauce. However, the content of
essential amino acids in light soy sauce was the lowest. The flavors in the light soy sauce, fish sauce and
fish soy sauce were complex. The electronic nose responded differently to the three kinds of sauce, and
the ten sensors of the electronic nose could distinguish the flavors in fish sauce, fish soy sauce and light
soy sauce. Sensors W5S, W1S and W2S had a relatively higher resistivity than others, and the W2S sensor
played an important role in recognizing the first and the second principal components. These enabled the
electronic nose to identify light soy sauce, fish sauce and fish soy sauce .The first and the second principal
components were the same in all three sauces, but the contribution rate of ethanol and nitrogen oxides was
different to the first and to the second principal components.

Key words Electronic nose; Fish sauce; Fish soy sauce; Light soy sauce; Quality
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