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Abstract; Effects of gradual salinity changes on the gill NKA activities, plasma, gill, and kidney osmolarity and weight
losing rate from starvation of Trachinotus ovatus juvenile reared in the deep water net-cage were studied in order to
understand the mechanism of osmoregulatory adaptation in this fish. Experimental fish with the mean total length of (8.058+
0.843) cm and body mass of (9.010+1.537) g were reared in the glass aquariums (80 cmX40 cmX50 cm) with five
salinity treatments in triplicate, including 5, 15, 25, 30 and 35 %o. The water temperature and dissolved oxygen were
maintained at (30£3) C and (6.5+£0.3) mg/L throughout the experiment, and the pH varied from 8.0 to 8.8 as the
changes of salinity. On 12 days after transferring to the target salinities, the survival rates of the juveniles in treatments of
salinity 5, 25 and 35 were 87.14%, 95.71% and 88.86% , respectively, and no mortalities were recorded in the treatment
of salinity 15 and 30. Gill NKA activities of fish from the salinity of 5, 25, 30 and 35 decreased at the beginning of the trial
and then increased and decreased afterwards, and maintained at stable levels. After accumulated in the target salinities two

“«

days, the gill NKA activities followed a “U”-shape developmental trends with salinity change at the same time. NKA

activities were found stable in both control (salinity 30) and the salinity of 25 treatments, indicating a stronger adaptive
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capacity of fish to lower salinity than that to the higher salinity. Plasma osmolarity was sensible to salinity changes,
increased at the beginning of the trial and then decreased and increased afterwards and then decreased, and maintained at
stable levels at the same salinity. Significant changes in plasma osmolarity were found in all the salinity treatments at the
first two days of the experiment (P < 0.05) varying within wide limits in high salinity treatment than that in low ones. The
variations of the plasma osmolarity were significantly higher in the salinity treatments of 30 and 35 (P < 0.05). Afterwards,
the relationship between plasma osmolarity and the salinity were positively correlated in all the treatments at the same time.
Osmoregulation in gills was sensitive to lower salinity changes, and the variations were found bigger in the salinity of 5 and
15, but relative stable in the salinity of 25, 30 and 35. This may suggest that gill play an important role in osmoregulation of
fish in the lower salinity environment than that in higher salinity. Osmolarity in gill was gradually stabilized after one-day
accumulation in the target salinity, and showed “U” - shape development trends with the changing of salinity, and no
significant differences were found in all the treatments (P > 0.05). Kidney was more sensitive to salinity changing than gill
in terms of osmoregulation. Osmolarity in the kidney was stable after two day’s change of salinity, and was positively
correlated to the changing of salinity at the same time. Osmoregulation was coordinated by both gill and kidney in lower
salinities (< 30%0) , and kidney played a leading role in the regulation at higher salinities ( >30%0). Salinity changes
significantly affect the weight losing rate in the starved T. ovatus. Minimum weight losing rate was recorded at the salinity of
25, and maximum weight losing rate was found in the 5 and 35 salinity treatments. In conclusion, the salinity
osmoregulatory ability of juvenile T. ovatus was relatively strong, and can be adapted in the salinity ranging from 5 to 35.
Stabilization can be established within 1—2 days after salinity changed, and low salinity waters are preferable in juvenile T.

ovatus.

Key Words: Trachinotus ovatus ;salinity gradual change; Na’-K*-ATP activity; osmolarity ; weight loss from starvation
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young T. ovatus
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Fig.2 Effect of salinity on serum osmolality of young 7. ovatus
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2.5 HEXE B BRI

W 4 B, $hE 8 30 AXT IR 388 R AR L
SR BB ] 2 K TG e 2 AR AL (P>0.05)  EREE S,
15.25 35 AfEm I 12 h WEBER 2R TG
FhE R R BRERE 5 417E 2 d B8 R %
fiX, e Edife 2 d WERA TRt Z S5 &5 3R 4
Rt s [ (4 386 095 155 AR AR (P>0.05)

76 1 h i 3 25 30 .35 B EIE R EE T

RS 46 h B, FIEAFBER LR EER

(P>0.05) ;12 h B} R 5 HE B BIE R F R T HE
HEH(P<0.05), HEHREHAZE TR EEER
(P>0.05) ;76 1 d I}, #h 8 35 AEBEEHE & T
EhFF15.25.30 ZH(P< 0.05), W45 2 KIFUE, &0
)45 057 B 98 45 P i 56 32 10 28 fb b A AL, Btk
HETNB 5 R K AR 4 KT8, B4 30 .35 /Y
BEELER TIIEL4 5 M 10 MBBEE(P<
0.05) .

500 —0— 85 —0— §15—4— $25—x—S$30-+-- S35

450 ¢
400 |
350-'
300 |
250 ¢
200

Kideny osmolality/(mOsm/kg)

Oh 1h 6h 12h I1d 2d 4d 6d 9d 12d

B4 HEXIPHEESYEESEENZNE
Fig.4 Effect of salinity on kideny osmolality of young 7. ovatus

2.6 WUERAKE

Wil s i, BRE 65 65 4 fa Lk 2k B SR Bl ER
ARAE LU RUAr A BRI 35 B TRREE S 2
SN EREE 4 (P< 0.05) R 25 Higl%, $hEF
5 i E R TEE 25 A (P< 0.05) , 1 5L 35 =2
BTCWE 2% 5 (P>0.05), YLk EREIF 15,
25 30 [ B E 27 (P>0.05) , #HEH 5 &1 m
USSR R ( F=6.52>5.99, df, = 4, df,=
10, P<0.01),

25

383
S

ab
be

_ =
(=]

S

RS
RS
RS
L g

5 15 25 30 35
¥ Salinity

YUk E 3
Weight loss/%

(=R

Bs5 HEXPRBSSEITIRAENZN
Fig.5 Effect of salinity on weight losing rate from stavation of

young T. ovatus

PElBR 105 /NG RN R B AN R BE A Tl 22 5 . 3% (P<0.05)

3 itig

3.1 HHEEXFIIILERAS L)) fh i NKA 15 PRS0
TR IR AR ﬁﬂﬁ B R TR
INJGE T AR K EREE (38 I BE T . SRR TRy £
PR B AN, TEALAES & 5 FI B 11z e U7 T
W E EEAE, H B AR S A F 5 1 NKA,
NKA Je A5 TR A —Ff [ A 52, T LAiEDE ATP 19
R S A TR 7K Ak, M) FH 2 52 I R AR A5 14 RE 20k X 470 B
TR, B0 Na* SOl K™, JE L4 e Py b
LA F%#ﬁﬂﬁﬁﬁiﬁﬁ&%r?Liﬁ DAAEFF A
WERE I35 T, Y AR A PR R B R A e I,
A 22 NKA i S8 B35, N LA NKA T 9 4
N #2035 15 HE R T R RN — AN B AR
X i ( Miichthys miiwy) ¥ 7 % ( Paralichthys
olivaceus) P W83 ( Acipenser gueldenstaedtii) 55 4]
ST R Eh EEXTiE 22 NKA 35 A B ik 35 1) 5%
M1 I ELAS R B A B 22 Na®-K'-ATPase 1 71 it
Jr Ak B AH X RS B (EL, 78 = 8 R85 P 5 R R RN
SR, KB h SEE R R AR AE R S
Z—5, GIE RSB E R A v R R ER B KA
Hh R A s A B 5 LR H R AR A B R Y

http ; //www.ecologica.cn



24 1) X NE & X IE RS 0755 K JH 3 AL R AR 7441

WENLRES BBV RE I BR . #hE D 30 AR IRAH
L AR MR BE BN R ER BE 4 25 79 NKA 1 A
IR AR E , Ul B BRI B 65 &)y f0 AR Pt i 1
ERFEM 30 R 2 25 RYZRAL, T E Fh R A 35 AR L e
JERCR AR ER BE 4 15,5 (1 NKA T #0258 fb ok
JEHREREE 35 LTRSS 4 RA M TRE , Ul O E 8
fi: 4y #6108 T 1ok BE 35 W B8 ) B ARER I 2% R
KN R B T T 15 A1 5 ZHAR LT8R
25 ARSI MERE N, [ ) 2 B B JE 8 65 4))
) NKA X e 56 B2 AR A0 R AR AR B AR A s Uk 7
BB R T R HE AR R K R AR B A AR Y
15V RE ST . Y NKA WM R4k Bl RE ), B
PRV 52 30 4] 1 K P, IF HLBE £8 B2 T i A R A T £
“CUTHIGME B T s AR MBS
NKA 3 P 28 SR 7, 2 W & 885 ( Cynoglossus
semilaevis ) FIHEZ2 NKA 15 PR GE Ji 3L AR 5 Ak
BE S IE A O, B 171 ( Mugil cephalus) NKA 3514 B Eh B
BREES N7 BL A X 0] G5 AN Rl B 28 10 2
RE R 7 SOR Rl 2R R 22 o e 00
3.2 EREEXSRIE AR A2 A) 035 5 T R R

AW LG AR, 46 B T O JE BB 5 4)) £ 1l 3K 5
BIEA B ELW R AR ) 1 h, &AM
KB B RAR B ETHE AL 2 d ZRB S A KA
b, o ik B2 135 3% TR 2 AL e BE AR ER BE AR K
2 d ek TR IR A [ — i [R] 45 SO W] R 4 2
[, 76 1 h F1 2 d Z )5, 138 5 I 5 3R B IE AR G
KA, EEREAL 30,35 B3 TARER AL, A [A] Fb
X N EREE 2 375 AR A3 Fl A SR s i A AN ], {3
e AT 13K 35 8 5 R B 2 1A B A DG X — 6
ROV R G X — WAL, AR
B, h 8 5 AR 30 EE@%“'(Acipenser schrenckii) 4l 1)
M BEET Y P E SRR 2 d W,
I35 s i B 1) T v RN AR T 2R 4k, 2 0 8
PRI M oF B4y f A R TR R B 7 I 1 5
At B v I TE 9B O R B 94k 2 A0 ER R BR m
FHP Sk ARSI AR R B, gk AR S
g FHB3 HAR T K A2 3 He A ik
B KK I3, gh R AR IR K R] it £ AR
TR X R A SR I 13 e
TSRS BB W m . AFR A R RN
TR 54y 0 % £8 BE 19 3 0 PR AR 3 13K 32 33 FR % £

JE 1 AR A AR BBURE

BB BE PR T R O B 6 AR
EORTEIAY R T YERE A B Vi B B OF TR T
I T B B3 RV AL, 7R3 B K
b RSB E R T AR IR B 3, fashish
Wi Z2 7K 3 31 25 R B 1, G IS £ 283 o B AU HE
AR IS PR AN N SR XT 25 (Na® F C17) (48 AR 4k
RS-, A = 3R KA RS
fm TRWOEIE T, th 23l R SR A B 2 2 K 4
R TR IK 73 19 2% 2338 i) K A s B
JEWEIK , PR K A B TRV IS, P 8 1) G20 o
AR Z—ME T (Na" 1 Cl ), BHEE e
T (Mg™ .SO7 \Ca™ ) FI/DaEsK 43, M 4 5 (1)
BB BRI, H R S 68 RNE A BB
FE ML A 0F R 2 B S D 5 T Atk
ER B s X O R 65 65 4 £ 68 22 RN AE B OB R B
M) , AFF 5 3 WY 6 22 055 I 92 3% s T Y I 52 1) 3 B o8
RSO, A S P SR 65 4 o0k £ B2 AR 1 3 0 3k
FEH 822 NKA 785 100295 1 1R 9 A8 fb A EE 2
A I A I P, 2R B O E BB 62 %)) 40 1998 3% 8 1T JF
AR SE A S NKA RS8R, A HAD S B XS &
FESEATI , ARER B A A 6835 1 R AR AR K, R
25,3035 AR5 R EFa o , R IR BR 65 4)) £0 il
B8 FE AR AR B A8 AL B Uk [R) st 15 P 7R I 36 B
T B RS 3 R T E R R T e
IR T, fEEERI 1 d 2)5, BB EE‘T
g AR EAZ MBS RL TR % 25, M E
AU B A A R BT ORIE SR 62 C IR IR IS Y T 4%
R AT AL T IEE RS

B 95 175 1 o X HR2H A, JFC At 8 8 281 Bt s ] i A
BRAL, 56 NKA HHAEER—2 2 dElT
TR, [ —Bf [T SRR R L 2 ), BB B T
KNSR EM IO FR , Ud B B I LE U1 JE 8 65 4))
0995 35 8 7 ok B rp WA R S SR T, X 3k
JE 028k L SRR TERER R (30 LA ) , B iE
WA B AN I R 8 B 3 R R R R R
JE(30 LUL) , BXE &R E R ESEM, et
MNEFLE S HIFREY 1 h P, B RGBS TR T ML S
RO , B S 32 Fe 20 T B, A &) b i A 2t
MNARB KRR EE 5 JLAEE s 4 itk A e R 3 35 4
Ja, SHEHEAMIL, BB EE - HAERE TR

http ; //www.ecologica.cn



7442 VST

34 4

1R KT U B R HE L 3 2 1) M B8, T K 4%
i, SARSEEERRF A, U EME A 1
WFIE R | IR BR S 4h e Stk R A T, (R
(5.10) R AT L[5 58 B0 185 R B IR Y, 78 HiA
AR ARG 7 TR ) R T R 3 SR 33X Ud B B 68
BE40) AR AN [F) Y 3h BE 588 Wi AR A8 Ak T U B
AIRIB BT HLE]
3.3 EREEXTORIE SR ESL) fa LR R 5 1Y

EYVHIRES T, a2 Rk N & h Ak 8 2L
YiFnRE i, HBE B B B 0 35 Y Ok i LA
B RE A N AR A A G ST TR |, Lk — B R
PRE 2 AR A — R AR LT DL bt
SAEUHE R 3B SR RS RE T AT
FEFH  Fh B 0 ORE 65 65 7 USRS T AR FE 451 2k
ARSI e 25 i IR AR d /b R
5 135 B, A 45 R R K, 10 W AR K e R AR R
B, R TEFE B Y R B R 2 = T8 5
() = B A FUIS T 5598 S KB IR B, fa (R 200N
FER Z RE R AERFIR A 75 15 -, TR s, AS ]
EREEF AR TR BB R AN ], PR L, URIR S
AR EE AR IR E R AR,
3.4 X EREE R A 3E N AL

ARWFTELE L2 | O IE B8 65 40 f0 © FLA 805 0
BV RE T, Xk B AR Ab A N RE ) B, 7E R
5—35 Y0 Fl P 6 B AR R B RRIE N, — M FE 1—2 d
TR BIFRE , H IS AR ER BRI AR 3

JUERME A ISR AR I R AR AR Y AR S 4
Fr— AR E BB R, (D E R A & A
— AN EN R, S 0B B R X A i R R A AR
b, MR e 2aE W 1AM AR B i AR fb e, e
Az PR N IR B8 38 . — e 7E — MR ZAE
FEL PN, 33 BB 1 I A PN BB 38 485 T 1T BB AR A0 346
BE AR BE RS R T 25 5, SR B N AP BRBE A - A7 i
Na'-K*-ATP [ o4 W) 0] 52 240 46 7K ~F-, pedhdfa
JE i FONREIE N AN A R B B K AR, B B TG
FIRRIRE A, RARBUET:, @IE N R AR
AR BE T i | U35 328 V8 7 s (R B, R B AR E 1Y
B[R] AP

References:

[1]

Jarvis P L, Ballantyne J S. Metabolic responses to salinity

acclimation in juvenile shortnose sturgeon Acipenser brevirostrum.

[3]

[5]

[10]

[11]

[12]

[13]

[14]

Aquaculture, 2003, 219(1/4) : 891-909.

Evans D H, Piermarini P M, Choe K P. The multifunctional fish
gill: dominant site of gas exchange, osmoregulation, acid-base
regulation, and excretion of nitrogenous waste. Physiological
Reviews, 2005, 85(1): 97-177.

Van der Linden A, Vanaudenhove M, Verhoye M, De Boeck G,
Blust R. Osmoregulation of the common carp ( Cyprinus carpio)
when exposed to an osmotic challenge assessed in-vivo and non-
invasively by diffusion-and T,-weighted magnetic resonance
imaging. Comparative Biochemistry and Physiology, Part A,
1999, 124(3): 343-352.

Cai W C, Ou Y J, Li J E, Sun P. Development of immune
organs at early stages of Trachinotus ovatus. South China
Fisheries Science, 2012, 8(5): 39-45.

Ou Y J, Luo Q, Li J E. Distribution and cryopreservation of
alkaline phosphatase ( AKP) and acid phosphatase ( ACP) in
Trachinotus ovatus. South China Fisheries Science, 2011, 7
(2):49-54.

Xu H D, Feng J, Guo Z X, Qu Y J, Wang J Y. Detection of
red-spotted grouper nervous necrosis virus by loop-mediated
isothermal amplification. Journal of Virological Methods, 2010,
163(1): 123-128.

Pero T, Niksa é, Valter K, Skaramuca B, Glamuzina B.
Preliminary information on feeding and growth of pompano,
Trachinotus ovatus ( Linnaeus 1758 ) ( Pisces; Carangidae) in
captivity. Aquaculture International, 2004, 12(4-5) . 387-393.
Sparks J S, Dunlap P V, Smith W L. Evolution and
diversification of a sexually dimorphic luminescent system in
ponyfishes ( Teleostei: Leiognathidae ), including diagnoses for
two new genera. Cladistics, 2005, 21(4) . 305-327.

Huang Z, Lin H Z, Niu J, Lv G M, Chen X, Chen M Q.
Effects of dietary inositol on growth, feed utilization and blood
biochemical index of juvenile pompano ( Trachinotus ovatus ).
South China Fisheries Science, 2011, 7(3) . 39-44.

Chen W L, Bonillo C, Lecointre G. Repeatability of clades as a
criterion of reliability: a case study for molecular phylogeny of
Acanthomorpha ( Teleostei ) with larger number of taxa.
Molecular Phylogenetics and Evolution, 2003, 26 (2):.
262-288.

Wang G, Li J E, Ou Y J, Wang J X. Effects of temperature,
salinity and pH on oxygen consumption of gill tissue in wvitro of
juvenile Trachinotus ovatus. South China Fisheries Science,
2011, 7(5) : 37-42.

SuH, OuY]J, LiJE, Wang Y C, Liu R J, Cao S H. Effects of
starvation on antioxidative capacity, Na*/K*-ATP activity and
biochemical composition in juvenile of Trachinotus ovatus. South
China Fisheries Science, 2012, 8(6) : 28-36.

Fan CY, Ou Y J, LiJ E, Yu N, Su H, Wang G. Effects of
acute salinity stress on Na®-K*-ATP and osmotic pressure of
juvenile Trachinotus ovatus. Journal of Oceanography in Taiwan
Strait, 2012, 31(2); 228-233.

Mancera ] M, Mccormick S D. Rapid activation of gill Na*/K*-

http ; //www.ecologica.cn



24 11

XU A Eh XTI

0524y 0.5 15 T 8 5 AL R T B 52

7443

[15]

[16]

[17]

[19]

[20]

[21]

(22]

[24]

[25]

[26]

ATPase in the euryhaline teleost Fundulus heteroclitus. Journal of
Experimental Zoology, 2000, 287(4) . 263-274.

Tipsmark C K, Madsem S S, Seidelin M. Dynamics of Na*,
K*, 2CI” cotransporter and Na*/K*-ATPase expression in the
branchial epithelium of brown trout ( Salmo trotta) and Atlantic
Salmon ( Salmo salar). Journal of Experimental Zoology, 2002,
293(2): 106-118.

Liu M H, Luo H Z, Chen B, Fu R B, Peng Z L. Effects of
salinity and pH changes on gill Na*-K*-ATPase activity of
juvenile Miichthys miiuy. Transactions of Oceanology and
Limnology, 2008, (1): 109-113.

Pan L Q, Tang X M, Liu HY, Tian J B. Effects of salinity on
plasma osmolality and gill Na*-K*-ATPase activity of juvinile
Jjapanese Paralichthys
Limnologia Sinica, 2006, 37(1); 1-6

Qu L, Zhuang P, Zhang L Z, Zhao F, Liu J Y, Wang Y.

flounder olivaceus.  Oceanologia et

Influence of salinity change on serum osmolality, ions and gill
Na*/K*-ATPase activity in juvenile Russian sturgeon ( Acipenser
gueldenstaedtii) . Journal of Fishery Sciences of China, 2010, 17
(2): 243-251.

Tian X L, Wang G D, Dong S L, Fang J H, Liu Y. Effects of
salinity on plasma osmolality and gill Na*/K*-ATPase activity of
the tongue Sole ( Cynoglossus semilaevis ). Marine Sciences,
2011, 35(2): 27-31.

YuN, LiJE, OuY ], Fan CY, Zhang J S. Effects of salinity
stresses on gill Na*/K*-ATPase ( NAK) activity and body
moisture in juvenile grey mullet Mugil cephalus. Chinese Journal
of Zoology, 2011, 46(1) : 93-99.

Tong Y, Chen L Q, Zhuang P, Zhang L. Z, Peng S M, Song C,
Li E C. Cortisol, metabolism response and osmoregulation of
Jjuvenile Acipenser schrenckii to ambient salinity stress. Journal of
Fisheries of China, 2007, 31(S1); 38-44.

Tian X L, Wang G D, Dong S L, Fang J H. Effects of salinity
and temperature on growth, osmophysiology and energy budget of
tongue sole ( Cynoglossus semilaevis Giinther ). Journal of
Fishery Sciences of China, 2010, 17(4) . 771-782.

Huang G Q, Zhang L Y, Li J, Tang X. Effects of salinity
acclimatization on the osmoregulation and energy metabolism of
brown flounder ( Paralichthys olivaceus). Periodical of Ocean
University of China, 2013, 43(5) . 44-51.

Wood C M, Shuttle Worth T J. Cellular and Molecular
Approaches to Fish Ionic Regulation. New York: Academic
Press, 1995. 285-315.

Cataldi E, Cicceotti E, Di Marco P. Acclimation trials of juvenile
Italian sturgeon to different salinities: morpho-physiological
descriptors. Journal of Fish Biology, 1995, 47(4) . 609-618.
Ou Y J, Liu Z W. Starvation and compensatory growth in the
young Lutjanus sebae. Journal of Fisheries of China, 2007, 31

(3): 323-328.

[27]

Gaylord T G, Gatlin D M III. Dietary protein and energy
modifications to maximize compensatory growth of channel catfish
2001, 194 (3-4).

( Ietalurus punctatus ). Aquaculture,

337-348.

SE 3k

[4]

[5]

(9]

[11]

[12]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[26]

BRSO, XIUH, ZEMUL, PG, BRIE BB 65 0 28 5 1 R &
H. MR, 2012, 8(5) ; 39-45.

XX, BEF, 20 L. BRI 65 500 14 T i T 7 o el R g 1)
O30 BRI ARAT. B K R, 2011, 7(2) @ 49-54.
BB, MORE, e, BEMG, MO0, PRI JUEEXT O 68
i A& ARDRER R RS AR 15200 B D7 K =R, 2011, 7
(3): 39-44.

IJ ZEhL, XOCH, E#A. A Fh B pH X B E 65 6%

10 B A2 SRR E R BRI . BT KRR, 2011, 7(5) .
37-42.

HE XXE, L, TAGR, Xk, &sFE. YUkt op

JE SR 4)) 0 A W] 2 2R 0 S AL RE J)  Na* /K*-ATP 75 J) il s
RS R, BT KPR, 2012, 8(6) ;- 28-36.
ik, XOUH, ZEMUL, TR, 5hE, TR Ztk3h B
XTI AR 54 fi Na*-K*-ATP B 1% MR35 8 TR AU . 515
M, 2012, 31(2) ; 218-224.

Wik, B, BRI, MR pH X fife f1 )
822 Na*-K*-ATPase ¥ J1 (15 M. ¥ 7 9 70 38 42, 2008,
(1): 109-113.

WE T, ERW, xE g, WS 3 E R O 6T
( Paralichthys olivaceus ) a0 1l 3% 1B % JE AR #2 Na®-K*-
ATPase 1 JJ 52, 1R 51VE , 2006, 37(1) .

JE5E, B, IR, B, RER, TAT. %ﬁxxﬂwﬂﬁﬁ@%
hin BB B T & B 8 2% Na®-K*-ATP BT 1 05
M. R EK AR, 2010, 17(2) : 243-251.

AR, TG, TR, FaohE, XUE. $hBr o2t i

85 1124 95 75 TR RSB 22 Na* /K™ -ATP BEGHERI 0. e ERLe:
2011, 35(2): 27-31.

TR, ZEUL, KX, e, skdid. hRemhaa X 6 4
fl#8 22 Na* /K" -ATP JEG I AA S K BRI, shi24 g,
2011, 46(1): 93-99.

W, BSLAF, BT, B, 24U, KB, = 8. 2tk
R Mol X it P A0 e A S S 38 135 1A Y AR IR 7K
7Rk, 2007, 31(S1) ; 38-44.

FHARF, AR, BXOMK, FromofE. £ R A B X v i
K B K RE S s . = KRR, 2010, 17
(4). 771-782.

R, dke e, 250, L. SRR YIALXE I 614 (0535 K
ﬁl u*ﬂﬁ‘éi{’mﬁa‘ﬁﬁ%ﬂn. T EDE TR BB,
2013, 43(5) : 44-51.

KR, XIPEH. T-4E 1 B 4h o i YLk AR KL K =2
2, 2007, 31(3) : 323-328.

ay oan
wk HhE

http ; //www.ecologica.cn



