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;‘Fsi E OXFAAYMEEEH T EART EHEA(NO, -N) XA E 4 (0.28+£0.05) g # # £

J&/gééﬁ']’(Palaemonetes sinensis) eatEEER, £REFKW.EBEZ N 18+1°C pHT7.3 =

1 41T ,NO, -N B 48 /MK 0T 24 48 72 #1796 h By 3 B A0 (1L.Cy,) 451 H 37.9,
m&mgﬂmzmth§AmFﬁznmgLyﬁ%me%ﬁﬁAﬁﬁﬁﬁéi
BFEE S NO, -NKEME, 251 % 6.0.9.5.13.0,16.5 #2120 mg - L', #F % 7 NO, -N
Jiim xt A AR N KB IR AR AR R R R TR N B 42 24 h B R 20 mg - LA IE AL AL Y AR
F AL 4 A B (SOD) & M 41, & NO, -N 4038 41 6y b e /N K B 3T AT J B A AL ) SOD & M 5
AT R E M E R (P>0.05) ;% 96 h B, 13.16.5 #1 20 mg - L' 4 2 41 BT i SOD %
M, EERTAREA(P<0.05) , EAMAALAN XA EMETHE,M6F795mg- L7
WAL FEEE TAEA;24 h i, A A RS KE 20 mg - L7 46 AT IR B M o 5 B8
(ACP) VE ML K 6 mg - L A th i e s B B (AKP) EM B 25 T B4, At A T84 5
BAK TR EMZ S MAAER B KK, 23X 96 h i, HILT 5 SOD 48 B By # %, B
13.16.5 7120 mg - L' 40 3 41 B /& 4 8 (K T 2t 41 (P<0.05) ; 5 FF IR A Bl 89 2,24 h B
AL 44 ACP ot AKP JEHEHILT AR “ F X A", T 13 #7120 mg - L' B AKP
Sh, R AL A AT BFMIE (P<0.05) ;896 h R 9.5 mg - L7 AL 41 4h, H Al AL
JEULHY ACP i AKP FE M 5 X A K 8 E M= 7 (P>0.05), KFFRALIN, F4/NKE T
% B K E NO, =N, T K i A B9 NO, -N ik 0] st e 4 /N 0T B9 4 i Bl % M A 2 40
AR R R A A ANK I R SRR R R

XEEE AN KEE,; TR A, 2%EM,; SOD; ACP; AKP

Effect of nitrite-N on acute toxicity and non-specific immune parameters of Palaemonetes
sinensis. BAO Jie', JIANG Hong-bo', CHENG Hui', SHE Qiu-xin', YU Ye-hui', LI Xiao-
dong'** ('College of Animal Science and Veterinary Medicine, Shenyang Agricultural University ,
Shenyang 110866, China; >Panjin Guanghe Crab Co. , Ltd. , Panjin 124200, Liaoning, China).

Abstract: An acute biological toxicity test of nitrite-N (NO, -N) on Palaemonetes sinensis (with
body weight of 0.28+0.05 g) was carried out in the laboratory at 18+1 C and pH 7.3+0.1. The
results showed that the median lethal concentrations of NO, -N for 24, 48, 72 and 96 h to P.
sinensis were 37.9, 27.3, 24.9, and 23.2 mg + L', respectively, and the safety concentration
(SC) for 96 h was 2.32 mg - L™'. Then the P. sinensis were exposed to five NO, -N concentra-
tions (6, 9.5, 13, 16.5 and 20 mg - L") and related non-specific immunity indicators were
measured at 24, 48 and 96 h. After exposure to NO, -N for 24 h, no significant difference for su-
peroxide dismutase (SOD) activities in the hepatopancreas and muscles was observed among the
different treatments (P>0.05), with the exception of the 20 mg - L' treatment in muscle. At 96
h, the SOD activities in hepatopancreas of the 13, 16.5 and 20 mg + L' groups were significantly
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lower than that in the control group (P<0.05). In comparison, muscle tissues in the 6 and 9.5
mg + L' groups were significantly higher than that in the control group (P<0.05). At 24 h, there
was no significant difference for either acid phosphatase ( ACP) or alkaline phosphatase ( AKP)
activity in hepatopancreas, except that the ACP activity of the 20 mg + L™' group and the AKP
activity in the 6 mg + L' group were significantly increased. At 96 h, the ACP and AKP activi-
ties in the hepatopancreas for the 13, 16.5 and 20 mg + L' groups were significantly decreased.
In comparison, after exposure to NO, -N for 24 h, the ACP and AKP activities in the muscles
showed a “poison-intoxication” effect, and they all increased significantly except the AKP activi-
ties in the 13 and 20 mg + L™ groups (P<0.05); at 96 h, there was no significant difference
among the various treatments (P>0.05) except the 9.5 mg - L™' group. It was concluded that P.
sinensis could tolerate NO, -N of relatively high concentrations, but exposure to NO, -N for long
durations had significant effects on the activities of non-specific immune-related enzymes in P.
sinensts. Our results provide a better understanding on the healthy aquaculture of P. sinensis.

Key words: Palaemonetes sinensis; nitrite-N; acute toxicity; SOD; ACP; AKP.

FRAE /N B ( Palaemonetes sinensis ) F2&= [ ME
— AL M AR R YA FE oy 2K AL bR s T
T H KB IRR (2T IESE,2003) , WAME 1 F,
HAR @R 50 HAEW] I8 A 13 B () SRR IREEL
WL A AETEAR A/ MR MR b B 1) Al 2L
675 3 J5 4 b DX Y 52 i o A L AR R
WA UL IR K B (258 IE 45, 2003) o AR —Fif
IKBEREE h B w2 AR M A R e s, HORAX
BHATILE A, T AR TE 6 58 8 SR (E e, S
HH s A2 50 dh Rk, BT J v A8 /N R Y
NTFRFEFTR o, (HJ2, HHiSC T b A/ MO IR
AR LRI T AR 5 AT R, A FE 5% 5 ) A R Y 53 25 LA
R ot 52 1 A B i B (5K i A, 20095 225
45,2016) , i B Z TR A0 B Al AR 2B ESE X R
il 1 AR IME R N T FRBE T JE
K P FRFEBA A B FH A K A= B ) (0 52 5 %
B WA TR A 2 22 3R 1 KR
HRRER T R 0 ke AL R SR | 3 S 7k LR 2 {8 1Y) )
il oz A R I TR BRI T AR A AR T 2
R, 51 7 37 A iR 20 (NO,™-N) 7% i F+ 5 ( Kroupova
et al. 2005 ; B WARESE 2008 ) , WK T 5 45 K 7= B
VIR R S5 Yoy . APPSR B, NO, =N &
3 i XK B Y A BRER R A AR Bl ™
T2 M ( Espino et al.,2015; Freitag et al.,2015) , it
A RKMA T S R2g T, K, TR
FEAEDIXF NO, ™ -N [T 32 6 - Je N T35 58 B
BRSSP AR NAE R X R e
96 i) NO, -N B S5 4R A5 h A8 /N IR 1Y 22 4
W FEBE LAl Y NO, N B3 X HL R 4R 5
o PE G 1 2, B FEFR D NO,™-N Xf rh A2/

AR REH AL, Dy AN R I 0 B O i e A1
MBS

1 #R57EE

1.1 SR

SEIGAE I BHAR MY K 2E oK = FR A = AT, B R
He /N IR H B DG B L A R R AL AR 05
FNFRIE 14 K, PR HGE N E NS R, Phik R @ iE
R BECH: K E R 0.28 + 0.05 g BIAMRFEAT
1.2 SEmrk
1.2.1 NO, -N 2MEREMEsLss  SCobis A X a4l M
SZEGA, LIRS NO, ™ -N (4 [ e 7K Jy % R 2H AR5
PRI A5 | e B 55 OO 5 i S I A VR R, O
Wk 16.2.19.5.23.4 .28.0.33.6.40.1 mg - L',
NO, -N ¥R B HE AR B4 ( 73 A 2k) Fe i, &5 24 h 4
SEER IR, RS R E 3 AT AL, B
ASEATALA 10 B/ N IR, SEBG /KA 2 L, K
U 18 £ 1.0 C,pH 7.3 + 0.1, LA TS, &
I REEAARBET B B, S B FET- AN, W i sk
24 48 .72 F1 96 h AT RE., LREEHRGIHHA
NO, -N X th /N IR AR BRI (1.C,, ) , IF4%
AT 2R (SC) .
1.2.2  NO, -N Xf e/ M IR R RE 5 M o e FR b
ISEIR 3 2Pk B T S I AR AT P AR N IR Y
96 h EEIEWE N 23.2 mg - L7, 4 WkE Ky 2.32
mg « L7 FEDC X )45 RS 22 B0 i 5 N IR A
B, 5051 6.0.9.5.13.0.16.5 1 20 mg + L', IR
T NO,™-N ) H R AKX R 528040 NO, -N i
JE FHE RS R 5 ( NaNoO, , 3 #r4l) R Bd & . B4 3 4>
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AT, BEAEATHL 20 JBEF, SEBRAE 30 L A3 IR G
HEAT, KR 15 L, SC B AS B, I B il i
15,55 24 h LI —IK . AT RS 24 .48 AN
96 h HUH AR AL IR H T8 A fk 52 AL T (SOD) |
PR M R T ( ACP ) R B % i i ( AKCP ) 376 P00 o2
IURE G0 8 Tl 00 0 A2 7 9 T . RE R BRE MR B
SOD \ACP AKP {1341 F ma 5t e i) & 647 0
FE, AR E 2 B S Ul A T,

JHFIBRAR LA SOD Jl i 14 B 78 ok g 2 e
FETE 1 mL SV SOD A 3k 2] 509% i B X
NEEY SOD oA 1 ANEEEPERAAL, LA U - mg™" prot
No

JHFRBERR AL ACP il 356 1 57 58 XN g 5 2R
FAE SR LE 37 CHIEFPEH 30 min 242 1 mg B R 1
AIEPERAAL, AA TG - ¢! prot R,

JHF AR FILIA AKP il P B 2 S B 7 2K
HAETE 37 CHEBEH 15 min 7742 1 mg o4 1
ANEPERRAL, LA QB - g_l prot TR,

1.3 Hdskbr

iSRRI Y 6 2 e N L AN
BT H o REAL R FE T R A, ST 24 48 .72
196 h 1) NO, -N st v BE X8 (x) 5P 4R/ K
EMRFET AL SR B () [B) %) EL LR m1 A 5 7%, AR 48 7
FERE LC,, ;i SC = 0.1x96 h LC4, K715 NO, -N
B4 T VR P AN S (SR KRS, 1989) . FIIFH SPSS
18.0 FRAF XA NO, -N YR BEEANHL T 3 Ff g 4 1tk
TBA R I 243 HF (ANOVA ) Fl Duncan £ 5 %%,
Ph P<0.05 1Eh 22 57 W EEAKF,

2 ZR5HH
2.1 NO, -N ZPEREMESLES
F2 1 A, ST RRZLTE 96 h (WGBTS, L5 4

T JEFi NO,™-N e B g, Xof v A2 /N I 1) 2 1
FE FETT R R, TR — NO, -N HR Bt [a] () ZE
o XA/ N R A SRRV R . ARE R 1 %K
PR NO,™-N XJ A2 /N IR 24 48 72,96 h
(21 A0 He BE 43 ) A 37.9.27.3.24.9.23.2 mg -
L7 ZEWEN232mg - L7'(F£2),
2.2 NO, -N X HhHe/N B EF SOD 1 14 1Y 52 1
ME 1 AT IE 7R 24 h BF, 45 NO, ™ -N 4b B4
L% B2 8] JC i 25 1 22 5+ (P>0.05) ; 7F 48 h i, 4%
NO, -N 4b PR 2H fr R B A8k @ 55 24 h Bf —
A HRA [R]) JC B 3 25 5% (P>0.05) ;{HE] 96 h I,

F1 NO, -NXHENMCEHRTHIETEIWER
Table 1 Result of acute toxicity test of NO, -N on Palae-
monetes sinensis

A R MR FET 2 (%)

(mg- L") 24 h 48 h 72 h 96 h
X HRZH (CK) 0.0 0.0 0.0 0.0
16.2 0.0 6.7 10.0 16.7
19.5 0.0 10.0 10.0 20.0
23.4 16.7 33.3 43.3 50.0
28.0 36.7 50.0 66.7 73.3
33.6 433 70.0 100.0 100.0
40.1 50.0 90.0 100.0 100.0

R2 HENRERAFERERFHTRE
Table 2 Half lethal concentration of NO, -N for Palae-
monetes sinensis in different time

4b B ] Il 5 777 HERE BeAR NO, N

(h) LCs
(mg - L")

24 y = 3.7537x + 7.7106 0.8777 30 37.9

48 y = 7.0651x + 11.116 0.9838 30 27.3

72 y = 7.9094x + 12.162 0.8986 30 24.9

96h y = 6.9744x + 11.527 0.9334 30 23.2

%6 F19.5 mg - L' AbHZH 5 %) PR 4 G k2

AN, 13 .16.5 120 mg « L™ 4540 BRAT ) filE 16 M 35 I 46

TR, I AR T X R4 (P<0.05)

WK 2 frc, 78 24 h I, B T & W 20
mg - L7 @I BT A, oAb b B 5 X% IR 4
Z A0 W 4 25 5 (P>0.05) . 7E 48 h I} ,6 mg -
L7 b B FF I b 25 1 v, At Ak 32 5 B BRI
JFAE 13 F116.5 mg - L' AbERZ B I T X3 BR 4 ( P<
0.05), %96 h,6 f19.5 mg - L' kb3 ke T
X HEZH e Ath e 32 21 T 0 4 e [l 7, E 5 0 iR

80

([Domg-L" D6mg-L" @9.5mg-L"

= Ei13mg L' W16.5mg-L" M 20mg-L"
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Fig.1 Effect of NO, -N concentrations on SOD activity in
the hepatopancreas of Palaemonetes sinensis
] r [7) — B[] 26 v bR A AS [ 57 B 1 B0 26 75 AH L) 22 5 1 25 (P
<0.05) ,
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gor 0O0mg-L" O6émg-L" @9.5mg-L" 005_\:|0mg-L‘1 O6mg:L"' @9.5mg-L"
Hi13mg L' W16.5mg-L" M 20mg L™} o EW13mg-L"' W16.5mg -CL'l M20mg-L"

¢ °
/;\ -
g b £ 0.04}
TQu 60+ ab on
o b ab . b b b
g H & b a
: a & 0.03 b b al |a
© 4o} bl |l ab 2 2 b ) a
i a NS a
2 a  0.02f 2 a2 8
% 20+ %

< 0.01f
= ®
=
0 0
48 96 24 48 96
B} E () W (h)

2 NO, -N X &/ BEHRALA SOD &R 50
Fig.2 Effect of nitrite-N concentrations on SOD activity in
the muscle of Palaemonetes sinensis

P e [ — 16 201 o 4 A (7 55 B 0 500 2 A T I 2 57 W % (P
<0.05),

Z 2R (P>0.05),

2.3 NO, -N XfrhAe/NMAEFER ACP 15 P Y 5200

M 3 ATLAE Y 7E 24 h B BR T W 20
mg - L7 05 2 PE A A oA b B 2H 5 0] B 20
ZIEH IR EMEZS (P>0.05), 7F 48 h ), 20
mg - L7 b B2 il T PR 40T 11 9 45 b B 55 0k 1R
HZ A1 TC W R 22 5 (P>0.05) o 24353 96 h I,
FR R R 2 13 B 16.5 mg - L AL 2%
TR R (P<0.05) ,20 mg - L™ 4b B4 ) 55 3 I%
TR AL BEAL (P<0.05)

HA /N EF IR IR H Y ACP 35 1% 5 T B A
FEARTE (& 4) 7€ 24 h B, 45 NO,™-N AbHE4 () ACP
T PEAR HE T R 24 B T R S R (P<0.05)
£ 48 h BF,BR 9.5 mg - L7 AbH 2 Ak 22 T A1, Hofth
AbPRZH A BT R, 13 .16.5 F120 mg - L7 Zb3H4 5

=]
—_
Wi

[O0mg+L”’ O6mg-L' M@9.5mg-L"
E13mg-L" : 16.5mg+L" M 20mg - L™

| I

48 96
B IE] (h)

e
=
©

g
o
)

FFIBIRACPIE (& R4 - g7 prot)
: ¢

o

3 NO, -N Xt &/ EHRBTIEIR ACP iE MR
Fig.3 Effect of NO, -N concentrations on ACP activity in
the hepatopancreas of Palaemonetes sinensis

Ve v [ — s T] 4 PP s A A T < ) 080 3 75 AR L i) 22 e W 3 (P
<0.05),

4 NO, -N Xt &M IRALA ACP E R
Fig.4 Effect of NO, -N concentrations on ACP activity in
the muscle of Palaemonetes sinensis

P e ) ] 01 435 47 7R 7 5 00 500 26 7 A1 ) 2% 5 1.3 (P
<0.05),
XFHRZH 2 ) 22 S AN 3 (P>0.05) , 1 96 h I, BR
9.5 mg - L™ AL FRZHE I 2 5 T X R (P<0.05) 1,
Hp b 5 X A Z | e FEHEER (P
>0.05) ,
2.4 NO, -N XA/ R AKP 16 PERY 5200
M 5 A DL 7E 24 h I, AKP 3 1 Bt 2 Ak
PR AR T T e, 7E 6 mg - LA AR, B
FXIEAL,7E 20 mg - L7 AR A%, B 3K T 0 M4
(P<0.05), 7E 48 h i,16.5 mg - L AL FR41 1Y AKP
WS R B T B AR 24 h i)
BHAAE , 7E 96 h i, &4 BEZH Y AKP 36 M3 A
JIT TR ,6 F19.5 mg - L™ AbHRA] 5% REZH TG & Pk
25 T 13 16.5F1 20 mg - L~ AbJLH U #E 2 ZAK T
X HEZH (P<0.05)

O0mg-L* O6mg-L* @E9.5mg-L"

012 B13mg-L”" M16.5mg-L" M 20mg L™
= C
g
e [ d
« 0.09
= —I_ bp b b cd
B b b _I_ b _I_
# be 1,
4 0.06}

a
% 0.03f
I
®
23
0
24 48 96
A 1] (h)

5 NO, -N Xt /M BB RAT IR IR AKP & MBI 22 M0
Fig.5 Effect of NO, -N concentrations on AKP activity in
the hepatopancreas of Palaemonetes sinensis

Ve e [ — s [] 2L o A A A ) 4 1) 080 2 /s A L ) 22 S W38 (P
<0.05) ,
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%3 NO, -NxtJLF#RZEH 96 h LC,,
Table 3 96 h LC,, of NO, -N to several shrimps

WFh HHS S A 96 h LC5, 27 3k
(cem) (mg- L1
FLANERTUF Penaeus vannamei 0.99+0.10 28.3+2.6 C 19.1 % A 8RS, 2004
10 $=31,29+1 C 89.0 WSS, 2006
10 $=17,29+1 C 39.5 HHIES S 2006
TE R AR Procambarus clarkia 1.1-1.5 20+1 C 69.74 JAEEAE 2011
6.91+0.41 20.9£2.9 C 35.70 BE 45,2014
FRE BIXTER Penaeus chinensis 1.9~2.1 21 °C 43.8 TIR%E,2007
BEHTXFUF Penaeus monodon 2.84+0.62 S=15,25 C 1449 Tsai et al., 2002
$=25,25C 1575 Tsai et al., 2002
$=35,25C 2316 Tsai et al., 2002
BB Macrobrachium rosenbergii 3 23 C 43.87 Fs ,2011
T FAXUR Penaeus vannamei 5 27 C 26.67 PNEEE S 2002

T 24 h i, AR /N ERILA H AKP 51
JFIBERR R B T AR A % 4 NO, -N b # 4 iY
AKP 3E AR LG T X B4 YA BT, T TE 6.9.5,
16.5 mg - L7 BFH B0 T 12 P25 % (P<0.05) , 7F 48
h B} 6 F19.5 mg - L™ BEMEGRSL TS B & T
XtHRZE (P<0.05) , ML F,16.5 #1120 mg « L' 4k
BRLL W) T 4f R BEAIC, 2 E L T R4 (P
<0.05), £ 96 h i}, 4 9.5 mg - L' 4h, HATAL BRAH
5550 BREH 2Z [l JC 1 P22 57 (P>0.05) (&l 6) .

O0mg+ L' O6mg-L" ©@9.5mg-L"
B13mg L' W165mg L M 20mg L™’
0.016

d

' prot)

o

g

0.012} b

e
(=3
(=3
0
o
®
o

HUBAKPY H (4 FE 3
g

24 96

48
A 1H] (h)

Bl 6 NO, -Nxtf&/NMIERLA AKP & 487200

Fig.6 Effect of NO, -N concentrations on AKP activity in
the muscle of Palaemonetes sinensis

&) v ] — i To] 4 7 b A A (] 5 B9 B8040 9 s AH B JR) 25 5 3 (P
<0.05),

3 i

3.1 EAERER X Fh AR M R A T
A R e A A A FH AN G U T By e ) 7= 40
A E AR B i 2 A P A P A Ay — S ER 1Y 1Y

AT A RE S BOW A R £5 75 5 19 15 7 ( Hargreaves,
1998) , 7E 12 %5 BE /K 77 FRFH K AR v | R 2t % 1 N 2 i
(853 2 R RRER & AN TR i I TEAS Sy
M, /N IR 96 h 1LC,, R 23.2 mg - L7,
Ho 78 G R HF ( Procambarus clarkii ) . 3E 7 %} HF
( Penaeus monodon) " [E B XU ( Penaeus chinensis)
I B IR R ( Macrobrachium rosenbergii ) B 96 h
LC MR (R 3) , T LA Y, A8/ N IR X S A R R
(RTINS 2 AR, B T ) S A PR 3h i d M S AR 22
DR ARG, AN S AR 30 55 (32 A AR5, 2004
HNRS A 2006 ; 5 BT AE 2009 £ R4, 2011)
W S ARSI B XS LT Ve 225, FRIE il K BT
PR L E WAS PR ER IR E/NT 0.2 mg - L7 7EAR
SEHIREE 18 C AT, hA/ MR IR X LA Rk 1Y)
LARWEHN 2.32 mg - L', I AT UL, A /N KO
MR AT T 32 95 v e B 1 S i R B o B 2 e TR 2R
T, AR/ R KA T SR R Y T 52 Mk A R
L U
3.2 EAHRERER XS AR N IR R R S v e TR bR
b=

IEF TR AL AT 7242 SOD LU B
PP A LA™ A 1 S B B A e, (S &
IR AAERFTEBAR KT, i fo 8 480 BA 15 5 ) el B X 2R
PIHLIA 0 o 24 A 1A 52 B PR 58 k30 I 44 P Y
A RS o AR THVEN R 23
T SOD 14 & B A G B i 2 1% 4 A i 5, Stebbing
(1982) I\ 3X AT B J2 A W) AL TEAR U B2 3 ) 2% 1
T B SR AN, MR B P4 AT RN ( poison-intoxi-
cation effect) ., 5 &% 05 55 (2014) #F 5% 44 X 77 &%
(Coilia ectenes ) 1T Pt S8 Ak g 16 1 DU B By IR 56
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(2013 ) FERIF 9 24 280 201 B3 o 2138 St 72 B ( Ch-
erax quadricarinatus ) %R A G G B2 8 bR 14 52 M B,
BT IXFG , EARSIRM) 24 h i, A UL
BB« TR 4T IR GL | V Tl IR kb BE 2 A4 T f
SOD {45 % REZH 2 (] - e A7 ik 35 0k 22 55 0 m
RESR R 24 h M T H L BEPE4 A" 1Y
B ], ESEF4 (2007 ) FEAIF ST 0 AiF Rk Xof v A f 2%
( Eriocheir sinensis) (¥ PEAE B & 8L, 10 mg - L7
(7 S RRERAL 3 3 1 6 h i, SOD HFL T B E T+
= AEE] 24 Fi1 48 h 5% A4 2 (6] TC i E 2 S
HEIEFS (2007 ) TA Ky, it 2 i 26 BsF [ f9 SiE | BRI
(ARG 25 8O0 R, S BOPT S Il I T R S 0 IR A
Z IR 22 AN TR, AL [ I5F] 96 h B,
W EEZH Y SOD T f 2K T % HEZH, AT BE A 99 ) I
B R R 0 foff v /N MR 7 A 11 4R 1l S 5
THA S RERR B, 5 300 2 2 S AL
AESZ M HIE I 530 SOD 16 B A, X 5 HoAl ok
FEB B 5 45 A — B0 (RS AF 2006 ; 5 5
4 2007)

H 523 W) 5 s S s R] AR Py ok 7 AR
PEBRER [, B2 ARAFME S, HRRIKR SR N i 3R 5
PG AR RN 5 E A B N 1 S 90, AR ALK
(24 (RN 2248 2003) , BERR G 2 A 16 T 3
POV, SR A0 Bl R B K R 2 — BRI AL
BB AWK RG2S (Bull et al. ,2002) , #HHE &
AR IS B 53 B pHL, 1T LK B IR il 40 4 ACP
FAKP (A REE,2007) o 1R i Bl 14 %) 322 40 1
453, ACP Fl AKP X} H 52 sl AR S S e e %5
FEAMEH, — Bk, ACP Il AKP 7532 3| 4h LIRS
Jh S 2y B SOD Bl 28 Ak ka3 B4 i
6] PN AT i L FE v LA BN 2 I T A 2 K
LGP TT 00 B 25 M T R (BIOE 645, 2014) o TEAHTE
S BRI AKP 5 ACP 935 P25 Ak # k]
FEAN S0 VR P 2 A B ) il T P T T BRI %
BN, AF S Bl TR 3 A 15, A BH 2 I BRI 3
T HAE U B 2L, K IS ) 0 IV PR W 3 4
il Fp AN I T R AR % ACP T AKP 35 77, R
G RENE 57 , FEAR A/ N IR AR 1) o RE B A i
XA N AR ) FRFE AR . 5 AR AR R
2 LA AL A T s BT B A 3 2 sk, AR
WS BEE IR ARG | & Ab BREZH ACP AT AKP [iff
WG B T B A AR T X R4, L EAE 9.5
mg « L7 KSR o TXF R, Xt ik I T 3h 4 A [R] 41 41

X T A PR R o ia SRR AR A A 25 57, A
ABFFEH, SOD  ACP Fl AKP = filg B4 7% 1t /N3
IR S WILPA 3 A) B8 5 3k J LA il 1% & A 78 451
AV A A R A 5C, IR A (2011) 7EHF 5T
AKP 78 KZZ6F ( Scophthatmus maximus ) A~ [7] 241 2L
FEIRIS A, AKP 7B Y 28 1 2 e v 1)L
P S BEITAR LTI 4120, e/ MR IE 3 il A
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