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WE . RAMFRI %, R T FRTE R (7.16 £0.07) g 1Y K3E Y ( Scophthalmus maximus ) 4))
S AEERE 12 18 .24 30 A1 36 T4 5% 60 d J5, M6 Na'-K*-ATPase i J7 (Il 15 B 7 ¢ J& /4 K i %
(GH) (B BB 3 (COR) FfE 4 K 2 (SGR) A kL % (FCE) 948 1k, 53R W] 4 Na*-K™ -
ATPase {f J7 . Il % Na™ #e BE ¥y Wi £8 B2 09 F- & i b, 43 B 7€ 3.48 ~ 8.30 U/mg Fl 169.99 ~
180. 00 mmol/LZ ], Horb 12 $h 4 Ak, 36 $h A fe . 4@ i& h K° R C17 ¥k B2 43 5 7E 2. 20 ~
3. 47 mmol/L F1 136. 67 ~ 142. 00 mmol/L Z [i] , %&b B4 > [ 2 %R B2, 4 ilE | GH Al COR R
A BIHE 0.41 ~ 1. 66 ng/ml F1 35.33 ~76. 41 ng/ml Z [i]; b GH 7 36 $hErdi e, 12 SR A B A%, i
COR 76 12 $hErdH ik 5, 36 #h 4l i %, 41 SGR F FCE 43 M 7E (1.45 ~2.00)% /d #l 1. 12% ~
1.38% Z b)), S3EEAMCH AR E, WA 12 S AR mibnl W, 3h B4R fb 8 3550 i K25 61
4 fa i Na* -K* -ATPase I JJ (ML Na ™ ¥ BEFIBCER & & o AW 900 R 01 55 4 A BUAE S S (R 40 BT oA
WESH T L, WFTESE R T R 67 33 5l 1 36 B 3 P4 AL B K3 o
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Effects of Salinity on Na*-K " -ATPase Activity in Gills,
and Concentrations of Ions and Hormones in Serum
of Juvenile Turbot ( Scophthalmus maximus)
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Abstract: The Na ™ -K " -ATPase activity in gill, concentrations of ions and hormones in serum, and specific
growth rate and feed conversion efficiency of juvenile turbots ( Scophthalmus maximus) (body weight of 7. 16 +
0.07 g), which have been reared at salinities 12, 18, 24, 30 and 36 for 60 days, were investigated. The
results showed that Na® -K* -ATPase activity and Na® concentration were 3. 48 - 8.30 U/mg and 169.99 -
180. 00 mmol/L, respectively, and their levels increased with the rise of water salinity. The highest values were

observed at salinity 36, and lowest ones at salinity 12. The Na*-K * -ATPase activity and Na* concentration in

E&mB SRR AR R L T 4 (No. CARS-50) ;

« IHAEH , E-mail; leijl@ ysfri. ac. cn;

FE—IEBENE GH, B, WL A,; FR5m . FRMAEAESYI; E-mail: zenglin615@ 126. com,
WekE H 9. 2013-07-20, &l H#1: 2013-11-27



-408-

W2tk Chinese Journal of Zoology

49 %

the fish reared at salinity 12 were significantly lower than those in the control (P <0.05). K* and Cl~
concentrations were 2. 37 — 3.47 mmol/L and 136. 67 - 142. 00 mmol/L, respectively, both of which had no
significant differences between groups (P >0.05). Growth hormone and cortisol levels were 0.41 - 1. 66 and
35.33 -76.41 ng/ml, respectively. Growth hormone level was the lowest in the fish reared at salinity 12, and
the highest at salinity 36, both of which had significant difference compared to that of the control (P <0.05) ;
while cortisol level was the highest at salinity 12, and the lowest at 36, with no significant difference compared
with that of the control (P > 0.05). Specific growth rate and feed conversion efficiency were (1.45 -
2.00)% /day and 1. 12% —-1.38% , respectively. Although both were the lowest at salinity 12, they were not
significantly correlative with salinity. Thus, the results indicate that the changes in salinity could have
significant impacts on Na®-K " -ATPase activity in gill, concentrations of Na*, growth hormone and cortisol in

serum of juvenile turbots. The results provide important reference for salinity selection in turbot mariculture.
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R 22 6 ( Scophthal musmaximus) J&e— B A= X0 KEE SFRCE R O DRSS AT B, AL

T

T T VU R A T v (10 JEG A #2288, Xk B8 110 i
PLPERL) 2, U — R RE S AR 4 M1 N 12 ~ 40
AL (TR SEFR 2005), H AR EME S
A K Bh 4% vp A= 77 (Gaumet et al. 1995) | T4 fa
Xof AR BEURR, T A VO ELROE . h
A AESF T B AR N B 3 B K BRI,
P8 38 W 19 Pl i e e (16, YR RE
AT A K (Boeuf et al. 2001) . &4 53R
B, SIER SR (33.5) ML, AW TEEh B 19
TR A B R 22 BT 4 £ 8 B A o O RR E A KRR A
1) Bl & (Imsland et al. 2007) .

oV A TG A v #h I 2 IR K B g5 v, 1
KB PFATBEIL W, X — IR ZIHAERE
i, MERTFENBEERNTAE, YHEL
AR A I, B R A Bh-EE-ATP B (Na®-K 7 -
ATPase, NKA) [ Jy 12595 i He i 15 2 fit g &
(Evans et al. 2005), BE&ACH AR SFERZ A
R G IR (AR 2012) , R E R N
25 Hd, A KR (growth hormone,
GH) .25 5 & 4 K A T (insulin-like growth
factor, IGF-1) | J Jii [ ( cortisol, COR) | F R i
FAHETL % (prolactin, PRL) 4519 55 1% i JE 14
546 5 (Farrell 2011, Almeida et al. 2013) , X
o, GH . IGF-1 f1 COR Jy ¥ /K 35 I %80 84 25, T
HEFL R B E AWK & N b R AR
(Sakamoto et al. 2006) ., yz4 K1k, A LIhEF

BE X R ZE 0T 401 0 IGF-1 7K 7 1 5% 1 ( Imsland et
al. 2007), WSCH R, KBiE S ¢ A4 K
P Ayt AR W AR TR 7RI T 12 505 7 36 £
FER K IARBE o AR 2 50 K22 B &)y £ 43 Jj1) il 5%
TEER N 12 .18 .24 30 #0136 (1) 5 Fh /K IR 35
60 d, 5% £h B X K22 6F 4y 0 ) NKA 3% ) Ff
EA KR TR ORI KRR
Ko Be T B R KT 52 ), A] A KSR B i AL
et J3E 7 E A 2 4 it o S Rl A

1 MRSk

1.1 ZWsh¥RIYIME 5050 K3 614) A
IR & RIBEK A BRAE, KT EN
(7.16 £0.07) g (n =390) il A, IE =
SEUSTTE 2SR 240 L (1 59 4k 3 38 A b 1 55 1
Jil, 26 /A, BEK 140 L, SR # K 7870,
IR A K S VR S AL DR K o 3% 5 K SR A
30 (XF HRAL) fy L ah b, SR R R T R SRR AR 1
~2.5 3 HIH & 12 .18 .24 30 136 X 5 b
JE, BAERER 3 ANELH, mEh MK E
R AR K (3 B R 30) 515 7K & B 3 K 9 1iE
M, R KR R 100% , K35 6F 4 4 7 T
FE AR BE B E B 1 IE TR s . R
B a0, B R 2 W (A [E] Sy
08:30 ~09:30 i} F1 16:30 ~17:30 i) ,

1.2 HERREMSH 60 dMFELRLHE,
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S 35 0T 4 f 8 Na* K " -ATPase 1 /1 MIL3 B T W FOCZ K FROBE - 409

REZBE LR 24 h J5 FR 2 4 5% G AT N f iR
AR, TFB A E AR AR TR BRI R
FEARBEALANIR 8 A, RIS ] 1 ml 7RS4
Ao T DK Al ORI, 4°C KA iR ROE
4000 r/minfZ > 10 min, ¥4 FIE R A HAE
FEHRAE T WA T M0 B 7 W AR RKIMR
(GH) A1 Bz J5t e (COR) R & Bl 2 . K™\
Na®™ (Cl™ %7€ H 57 7600-11 4> H 8l 4 46 43 H7 AL
R HEATIE o AR IOER N B o e SR A
P 4055 5 (radioimmunoassay, RIA) 75 & 1 24
BE e E A7 00 % o AR KR AR ] Zang 55
(2013 ) 7R o B82S 8 20 GH A= ) 1% M I BT >k
P B ek () 8 GH 45T il 75 BT AR (7 it 2 o 0
PAN1, 7= i 4 FR A Salmon/Trout Growth
Hormone antiserum ( rabbit ), 4= 7= 2 & N
GroPep) 5 JZ Jit W2 0 1< fff I i1 1fi 31§ COR 47t 4
(7= 5 95 h C8409, y= i 4 #R A Anti-Cortisol
antibody produced in rabbit, 4 FZ /\ H] A
Sigma)

Na™-K " -ATPase (NKA) i JJ 19l & : JK
5 W 4y 0 70 DN 55— R 22 Sl W SE A R, SR TR
A AR ) TR BE ST T B NKA I e 3R A
FHE 2 0 E NKA BYIE g B 56 (U/
mg) & SN2 ve A H AR/ o i ATP 7 AR T
PLBR AR 2R B, B EE L& BRI = R AEW)
BR3¢ B 19 8 B ook I 2 R &, A
Bradford 2 #4714 .
1.3 HEXESHITHH
A

e E K & (specific growth rates, SGR,
%/d) = 100 x (e -1), g =(In W, -1In W,)/
t; T Bl %K (feed conversion efficiency, FCE,
e/g) = (W, =W,)/W,; £ % (survival rate,
SR, %) =100 x (N/N,), X, W, R KkzE
BPARFIGIRE (g) , W, R ZE BF ) 46 F ¥ 1A
H(g), t WL RE(D), N, N REGFARE
RE, N, W RZEEFIIRI RRE, W, 8 SR iE
BTHE(g).

S B (SF 28 = Ar 22 ) SR A SPSS
16. 0 HfF k47 B 3R J7 22 G811 70 B (one-way

SRR S LU

ANOVA), Y25 I FH (P <0.05), Hilfr
student-Newman-Keuls 2 8 L3 53 o

2 45 R

2.1 EEX Na*-K*-ATPase i& /1 45 E &£
RAAMMERBREENIZ M M5 60d )5,
K AR B R  OK 32 6T 4 fa ] Na™-K ™ -ATPase
(NKA) 1% F17F 3.48 ~8.30 U/mg =[], Hir,
36 TR e, 12 Sh A AR, 12,18 i1 24
AR EMT XA (P <0.05), 36 £h A4
X Z M) 22 % AR B (P >0.05), NKA %
TR BE B R R (B 1) o R A KR
(SGR) 7 1.45% /d ~2.00% /d Z[a], Hrfr, 12
EREE A AT HABER EEAH (P <0.05) , 18 F1I
36 A m TAT A, HERARE(P>
0.05) (Kl 2). Mk (FCE) 1. 12% ~
1.38% Z ), 12 Eh 20 W E L F XA (P <
0.05), 18 .24 136 $hr4H o % TXF R4 (P
<0.05) (& 2). Br 12 #5409 &) fu A7 3% %
1 80.77% b, H 4y R BE A M AE IR R Y
4 100% .

2.2 HBEMNMBESFREMNZM H3E 60 d
Jei, ANTRVER BE R A K 22 B &) fh i 7 K Na ™
1 CL™ [ ¥ BE 43 A 7E 2.37 ~ 3.47.169.99 ~
180. 00 F1 136. 67 ~ 142.00 mmol/L = ], H
M, 12 EhFEH Na ™ W W K T X4 (P <
0.05), Tfi 36 $h 4 Na " ¥k JE B & & F 12, 18
24 FHAEEH (P >0.05), Na™ ¥ i Bl Eh B2 (1) 7+
i LTy A ER B AL KTORn Gl W 22 B oA
WE(P>0.05)(F1),

2.3 HEMNDFERKEE(GH) IR REH
Z(COR)KFEREMmM HFE60d 5, A
BER iR 22 6F 4 fa 1 3 GH R COR 7K S 43 1
£ 0.41 ~ 1.66 ng/ml F1 35.33 ~ 76.41 ng/ml
Z I, 36 th 4 GH /K V- fe i, 12 $h 4l
i, 12 SRR B E R T X4 (P <0.05), 18
36 HEEA B E R TX R4 (P <0.05); 12
EREELL COR JKFdic i, 36 #h BE AT f A1, 12 4h
EAHREST 36 HEH(P<0.05), HALLE
HzEERANRE(P>0.05) (K 3),
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E1 AEHETKEHSE Na’-K* -ATPase i /7
Fig.1 Na®-K*-ATPase activities of Scophthalmus maximus
reared at different salinities
AR FR RN R EER (P <0.05), HikA =AEE4H,
Different letters denote significant difference ( Student-Newman-Keuls test, P <0.05) between salinity groups, data from

three replicates are combined.
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Fig. 2 Specific growth rate (SGR) and feed conversion efficiency (FCE) of Scophthalmus maximus
reared at different salinities

A PR R R TE SR (P <0.05), Bdlik A = AEE 4,

Different letters denote significant difference ( Student-Newman-Keuls test, P <0.05) between salinity groups, data from

three replicates are combined.



3 TR RN R EE 6T 4y fa il Na ™ -K " -ATPase i J7 | ML/ 25 - ¥ B A9 /K A9 52 <411~
200 r a 100.00 1 p
a
=150 | g I
g 1.50 = 80.00
) g b
Eg’ % ab ab 4
© 1.00 r O 60.00
% &
= = ?
l’l’—/‘ 0.50 &k 40.00 -
ﬂ =8
2
0.00 r ) ) ) ) : 20.00 - 1 . ) ) ! |
12 18 24 30 36 12 18 24 30 36

#HPE Salinity

P Salinity

B3 AEEETAZEFHHEERKHE (a) IEREHE(D)RE
Fig.3 Growth hormone (GH) (a) and cortisol (COR) (b) levels of Scophthalmus maximus

reared at different salinities
AR F R RFAEREFEZF(P<0.05), Bk =1HEEH,

Different letters denote significant difference ( Student-Newman-Keuls test, P < 0.05) between salinity groups, data from three

replicates are combined.

£1 FARETAEHHSE K’ Na' 71 CU R

Table 1 K*, Na® and Cl~ concentrations of Scophthalmus maximus
reared at different salinities
o K* Na* cl-
Salinity (mmol/L) (mmol/L) (mmol/L)
12 2.37 £0.24 169.33 +1.15°¢ 136.67 £2.08
18 3.47 £0. 16 172.33 0. 72" 138.67 £3.79
24 2.80 +0.21 172.33 +2.89" 137.67 +3.93
30 2.47 0. 13 176.33 +0. 58" 140.67 = 1. 15
36 2.20 +£0.19 180. 00 £2.00* 142.00 = 1. 89

AR TR R AR L3 22 5 (P <0.05) , Bdik A=A EE U,

Different letters denote significant difference ( Student-Newman-Keuls test, P < 0.05) between salinity groups, data from three

replicates are combined.

3ou

REZGEAE R ) btk e, Xk B2 9 3 N 8
%]~ (Gaumet et al. 1995, F5EFR 2005) , A
MR, BFHBEHNE K" CL Ok E 27 A
W, UL R ZE B B A BB A B 0 TR T RE
J1o SR, AETGTEER B2 R 12 1Y K 22 6F 4 #1
TR AT AR 2, 5 45
AR (FF5EFR 2005 ) o H: 32 2 A 2 £ 28 A []
(0 7% B B B i s o 1 Ab B RE AR 6], 4 £
Xof o7 VR A BRI S R A R ) L A Ak B

J1(Dverli et al. 2007 ) . 7525 1 Y AIF 58 X5 5
RRZEE t, A BRI RE b) 32 8 BE 1 5% i )\
MAEHIET, BT R, Wik, REE6FAR
6] 1) & 1 B B HAT AN (] 10 6 B2 3 0 Y L, 4 £
IR R B B T 12,

0 A I BT Y R R R AR AR AR, AR
FUEE E SN A R B S A kR U, (R
BB Na®-K " -ATPase (NKA) % Jj L2 & 4=
HELI 0 9 75 S 3 37 35 50 75 fE ( Hwang et al.
2011) o NKA 227 T 6 G20 20 L 1% 22 i ] JsE K
WM/NE &5 F, & Karaky % T 1976 4 & 8
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o TEB R o v, I o H FE RE
HE Na ™ Wil KT ORIE I AL ~A i 5 , JF )5 3
TR Sy £ 1 RN RS 0 O Ok 4E R N IR BT RS E .
NKA Frte il r e, 25 Fh i ik iz f2 it 7
9Ky, HAE R AR T ATP 17K (Evans
et al. 2005) o /K355 K N5 E T A 2K
AHAFIN, #2895 05 T 35 B il /Y BE i e IR, 9
AR e ] T AR R KRBT Y £ R
R A N % 35 T AH 22 ORI, NKA 36 78R,
I 5 2V A T 2 A BE R OR 15 8 E OF-A,

520 A K (Boeuf et al. 2001), [E] R}, NKA
Xif 0 S HLAA A B v BE 9 Y R HEE AR R T
BYVEF (Hiroi et al. 2012) , ARMFFEFEB, NKA
77 Na" W EEX REEL BE Ry TH i B, X5
Imsland 25 (2003 ) XJ 22 6F F1 HH AH #) 45 (2010)
X2 75 85 ( Cynoglossus semilaevis) B BT 58 45 31
AR o ERCAR 3R B AT L) 3 M R e NKA 7% ),
B NKA 3% 3 JF A 5 45 E A K 3 (SGR) Al 1]
BEECR (FCE) LA OG . X 12 SR,
R 32 0¥ 4y 0 AR W e 4% 3 K AR B 3% e, NKA I )
$5 & (A (28 W 5T O S N T S Y 1 R L
IR AR o HE T S i PR B o AR 52w RGO Y A
H I fiE (Timothy 2008 ) , Bk & i J& 4 5 7 221
FEREHLAL, LA AH DA BT RE () IE H R BT
TN RE R e S, MM R R AIE 74 E AR K
AR SR, X5 EARAE (2012) M BF R 45
AL, FRAE TR (FRE 0 5 A1 10) K3 85
TR R BT 4 A T 0 3 i TR 30 1Y
XA o X T o B ER B X 18 AN 24 Eh 8 A i
, KR4yt NKA 35 I8 T 05 2, i
R TR RG], NKA 508 b 20056 Al £ 4 G o
A B R n] BERORE fE B I T AR K GH
WK (Farrell 2011) , [R]iF 8 3 Ji 9 755 i
5 (B A XS 42D (Dietz et al. 2013) , WWZHY
RE AT T CE R R . X T 36 ER A
, REE6P4fn NKA S5 AR EXR, |
TR T B, H 32 R AT R S R
AT AR GH 43 K-, 30 AR K
i COR 73 8 7K ¥ B AIK (Farrell 2011) , [] 1 /&
b BE AR T K 22 6F &)y 0 1 1 ) K OF ( Boeuf et

SOl

il

T

al. 2001), %52 7 RE &, H 4R S TR
R OA TR IR EE 6T 09 1R SOR iR R
KRR (Imsland et al. 2007 ) , A SZ5G A
18, 24 il 36+ i 20 i T} 848 3 v T 0
2H, H 3K PO A £ B 2 1] i R E AR KR 22 R B
F, HERE AR LRI AEK

BB R B, S b S P S
FZHE NKA 35 7 19 228 #8 2 vh A 70 0 3R G2 R
PER, MR HESEES S5 b, W GH |
COR . IGF-I, F 4k I £ % ( McCormick et al.
2006) , AWFFER W], GH /KBl i 2h B2 2,
R R A A SRR ) B R R B g, TS NKA T )
(R WAH DGR AN 35 0 X T 52 1% 1 46 1
R RZEEBEL a5, GH (1) 3 2 T g & X B
AT R, TEORIE AR TR R T, 8
fE 70 B T2 K OFN B BE (Farrell 2011) , [6] Y,
R G955 T 08 59 FIr I A Y RE B o B SR BE
i L6 5 7N ( Dietz et al. 2013), i, GH 5
Frd AE KB ME R B RE R IEML, X5
Imsland %5 (2007 ) A 3¢ 4k B2 X K22 67 4 1 [GF-1
JKF 1Y 52 R BIF 5 45 R AH AL, COR W] 42 i NKA
T 7, AR JE S0 M RGN 1S B, 3 ok £ 28 X 2R
BE B 5% P ( McCormick et al. 2006) ., &% T
SR, 8 WA NI KIS N Y COR BA
K E B 5 R I e (McCormick et al. 2008) ,
K gt ( Oncorhynchus keta ) fiff Wp 77 75 P Fp
TR B NKA W3k, —Fh iRk P
I3 —FPAEME K R FEE, COR S 3 19 6l 7 4
BAHFEMITEN, CORBR TS 5B BEHY
Hb, BT LASE 24 1 A5 57 ( Barton 2002) , 2
5 HAbE A A B R, AR A B
B, ¥ %4 ( Harris et al. 2000, Van
Kemenade et al. 2009) , ASHFsE R, 5 12 3
JEAH COR W3 T 36 FRE 4, HAl#h A
i) 22 5 A 2 & 5 COR 5 NKA & Sy AH G HEAR i
Fo XA 25 K A] BB JE COR Xf
R B B AT XUEE 38 325 T 19 T RE , ) g H Al —
SerE I RE A% S COR Ay 73, L, COR
5 NKA {§ S A0 A a2, H BARBLH A 15
E—WoE . XFF 12 S S, KR E™
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L M RS B 4y 0 ) IE R A BRI RE, (AL T
mf“f“{%ﬂku(j R, 12 $hE2H ) COR 3%
HoAb#h B2 4

4 /N %

BRI B X R ZZ 6F Na* -K " -ATPase
(NKA) MV & 7k ERSEAH R Zm, K
isgm A, oA T4 B, ARSI
SEARL ], NKA I§ J)  Na™ ¥ Ji 35 Bifi £h 5 19 Tt
EI T ML KR CLT e R 2 3 B Y 5
Wi ; GH Fil COR 5 NKA {if Jy (sl #8 B) i AH ¢
WA RE, GH 75 36 #hEdlfm, 12 H 4l
ik, 1 COR 7E 12 $f 4 % &, 36 +h B 4l
fil; R4 KA (SGR) 5 NKA % J5 (S #8 )
MR SCHE RN B 3%, B Z N Wi, GH K
P B COR KO RRAIL, R B KA 4)
N B AR Ak 1) 3 N iR R E , SR A R R
T 12,

£ % x #t
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el BE FeaE I EiFXRTBL N

The Rediscovery of Hucho bleekeri in the Taibai River,
the Upper Tributary of the Hanjiang River, China

JI| B3 2 il ( Hucho bleekeri) 3 J@& T #:F H ( Salmoniformes ) fif: £} ( Salmonidae ) ¥7 & fil: J§ , IR E4FA YR, 5
S3AAE 29° ~33°N ZE I LA R & VLU sl A A — 2 S R VK R FISLVL K R 0 B i LD DX BR B v, S IR B B
0 2P o0 A 2 B B IR A R S . 20 T4 60 AEAXLAHT, I BRI B B R IR B F &, TEMRVE Bl iy T ORI F A
VLB e SRt A 3 A o 20 th28 60 4R DLIG , 2 B8 Ak i BE 3l B S s e, WU i 000, 43 A1 DX BN TR 4
AN Z 80 ARAX, A X 4 a2 MR VLT R L U U AT L A VL L (T I AR AE 2010) . & 20 4R, s
E M AR D, AR U T I Y 2 AR VAT R AR T B VT b 3 04 R KT SR T AL (L) R A 1 AR
A B ARE, W, 26 BVE DK S B K F RN KA A 2 B (B 4 1999) o 21 tE 28 DLk, BEVY Al
O 1| 45 i 2 R 43 00 43 A DX e 2 22 4R LRG3 , S0 v F AT T 300 4 b i £ A 4 (B 7R SF 2005, Fh
KAREE 2005) o fly )1 BRAT 2 k1 20 B i ) SO T R, 1988 4R 4 I K L AR B = 3 ¥y, 1998 4 b [ il &
LTI - RIS (RIS 1998) | 2012 4E5 TUCN 20 (44 51 i S

2012 48 9 HBevi 4 K BB A RAE R S B WS 1R P 28 )1 B % ek 19 2, Y g ik, 1A 4 40.0
~55.0 cm, R 0.64 ~1.47 kg, Hh, FET-4 . RAH A A Y 50 B A 8 500 B )y W FE T2 5 R A7 19 4
RARARHAT TR AL S =S80 E, e 4 RIPE S 4 K 48.9 ~53. 5 em, AK 5K EZ L 4.8 ~5.1, &
KEEKZIH4.5~4.8, AKSGEMEKZL. 1 ~13.4, kKSR 2L 11.7 ~12.5, kK 5W K2 3.7 ~
4.3, kK ERBEZHS5.7~7.2, kK EGWAEEZH2.5~2.9, hkKERFLKZH 1.6 ~1.7, ZEH 5|4
Pk (T Hnde 1994 ) R B VY 0255k ) (B PY 4 /K 7= BF 55 BT 45 1992) 12 3 (9 U T (DR VI | i A 35 AL 13 NIl e 37
B AR AR B TG SRR A — B, AR FTR SCER AR I 385D (BRI & /K7 BE 98 BT 45 1987) 451048, BRIV
IR B R T R R | BT 25 i iy g sl A A X, AR AR B Y KT K R AA T BT 2 BE 0 3. R A (1981) i F
1978 4R 78 K (19 & SN BT %tk - BB o B K (Il R R T2, K i) ) B3 2 i 7E 20 140 80 AE R Z AT R £,
90 4R R LLFIR T LIR B, A LAMRRKITIA T m BL b, 21 28 DOR AR A K P )1 BT 2k (9 4 G i (1
TEESE 1999) . M E LW, BEK AW EieA R 85 X, R0 KRB e A, T Rg R DR B 1 K i 1 Bk
P B R TR AR B ORI

*i i% [0 § = @ FE. E'f D@ * % :r’r ﬂ(@ EEHY. ﬁ (O] MWES ()] % E;% ﬁ_@‘,ﬁii@ § = o)
O AN IR 2 BE VORI B AP S S0 =, P K RS R B VLK PR RS BT iR 430223
@ Mgl KK ™5 BRI 4300705 B FEBEBEK ALY R 430072

BEETE  fNFBIRAKAY 2R R Y T 5 5050 % T R (No. LFBC0802 ) I 75 M 4 Mk 47 Mk % 351 ( No. 201203086 ) ;
* WINME#H , E-mail: weiqw@ yfi. ac. cn;

E—EENR A, B, RIBRG HRTTE . BRE AKRIFRHF A S E-mail: duhao@ yfi. ac. en,

Wk B 1. 2013-10-12, & H ). 2014-01-27





