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Abstract: The study was based on the investigations of fishery resources and environment of the Bohai Sea in 1982 and
1992. Using the EwE modeling software, the mass-balance models of the Bohai Sea ecosystem during the two periods were
constructed. Based on the two models, the changes of the Bohai Sea ecosystem structure and fishery resources between ten
years were compared and analyzed. The models included 17 functional groups covering the main trophic flow of the Bohai
Sea ecosystem, which were Japanese anchovy, Scaly hairfin anchovy, Japanese Spanish mackerel , other pelagic fishes, small
yellow croaker, seabass, benthic fishes, other demersal fishes, zooplankton, phytoplankton, detritus, etc. The results
indicated that the total biomass of 1992 was lower than that of 1982, and small sized pelagic fishes have become the main
components of the fishery resources in the Bohai Sea in 1992, and the proportion was obviously higher than that in 1982.
Since the catch of lower trophic level fishes increased in 1992, the mean trophic level of catch declined. The Bohai Sea
ecosystem in 1982 and 1992 were both in developmental stage, and the system scale in 1982 was greater than that in 1992.
From 1982 to 1992, the changes of the Bohai Sea ecosystem structure were mainly due to the decrease of primary production

and increase of fishing pressure. Since there was high surplus production, the recovery of depleted fishery stocks and
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increase of fishery resources may be possible and high potential if the rational conservation measures were applied.

Key Words: Bohai Sea; mass-balance modeling (ecopath) ; ecosystem structure; fishery resources

BT, FIFH Ecopath with Ecosim( EwE) " k{258 7k A4 A 28 RGEH40 0 VBB )32, HGE R0 F 7 sk
SSRGS IR Y- B E LR EAEENE L ZK M H 3 MEHRE R, G4 Ecopath
Ecosim #{l Ecospace, Ecopath H Polovina 7F 20 42 80 SRR HA$R H, A 1990 T 4715 2R & B, Ecosim
Fil Ecospace 43 5 F 1995 4E A1 1998 4EFFhafi ™ o ZE 3R E Kk B ATRL ARG KW KT Bt
TSR 2R G I L NI RIK PE A B, 78 7 Ut R FZE T B VY R K AT BOSEAR IR A
TR RO T 4

Ecopath A2 FAKAL, LAY M N £, FEASMHEAEFAMPTI, fESE0E 2 b ) B\ 2 AR
[FEFRRR BRI & BHR RO ML FE ERSEAE , DL & B R B RE R T 3 A% 5 B
i LA R — B R R AR S R G, e LA R I R Rl — 2R S R 4

WG K R AR NI (117°507 ~ 122°35'E, 37°107 ~41°N) , FH#7K R H7 18. Tm, B KK IR K 70m, 3 B
28" MEIRIEARZ 7.7 x10°km® . #EKIZ KRS BRI A KRMFETEA T2 BE, WEEFEZX
ANFTTRAE K RAEIR , R Y £ & R e 2R A 5 AR 2R 1 = N S MR H Y, 725 il A 5=
HAEREEERN A

A ORI EwE 8R4, #5827 i A A R G 1982 4E 1 1992 £E WA~ iy i i 8 SR B AR Y, L BE A T 10a
[ AR S R GG DL S BT IR 2R A SN R N R AE S RSN, BTENETES RGN
WO FAR PR 2R
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1.1 HERiE

BHEE H B KRS AT 1982 ~ 1983 45 F1 1992 ~ 1993 4 ¥ifg 7 2 M A& fAE SR R 2

STHEFRYIE T PELN R P A B S AR A SR B T4 s 7E G ) RSO AL B A AR R, AT
THEEAYE" EYARGERE P/B(E R/ AW E)Q.Q/BOINRE/AYE) £ EESHNMEE, I
2% T W GeiH4E4E LB PR Wk (hitp : // fishbase. net ) 5 , B A3 2 78 SR8 ALY IR T 3K
1.2 HRTE
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Ecopath 81 E XA S RGEH — RIS RIBKHT) RERE/EL4H (group) 4, BT B DI RERFREE LA T2k
SRGRBWMIIMBRE, SHRERET LURAES T AR RIS | EE MRS EE MR R/ FIR A, 1
AIEA VRS F Y RS Y JRM A Y . RIBE IR S R, B Th RERE R RE B fa A S AR

Ecopath SAVETFIAE 1 : — MRV P4, — 1 F B8RP, 23R N:

P,=Y,+B, XM, +E, + BA, + M, (1)
Q,=P,+R, + U, (2)

K, HRE4, P, R B4 &Y, RAME &E,B, BRAEVE , M, 2B TR, E 25 IB (TH-EA),
BA, RAEYER R M, R HERT R, BFRE,U, RRHLNEYE,Q RIHFER.

M, =P, x (1 - EE,) , MR & £ A BETRRIRIFAZ BB s, (1) T#E—2RR R

© TR RIS BRI T RS . AR ISR, T 83, 2003.
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Bx(P/B)xEE—ZB x (Q/B), x DC, - Y, = E, = BA, = 0 (3)

Ko, EE, RIReA | WAESEFRNE, ?EEIEFEE/%?JEEF*U@E‘JEEW DO RBEHEE ] HHEE e
VI B EL

Ecopath #RIZ K A B.P/B.Q/B il EE 4 N EASHH LR 3 N BEWHRER DC VLR fikE,
S INRERER P/B 1 Q/B {ER] LURYEMV AR S 2= BR K . TEAESRETFHEELT, AEH P/B T BN &
ST (Z) ,Gulland" > FiI Pauly' ™’ $8 i 2 F 5 55 ta 28 FH B /K £ 309 P/B W J5 k. Q/B WIARYE Pauly 0
Palomares 1 i} {5 F R 685 ME L 5 T8 RIAE RISk . A4S DC — ARG W I B & /T
Fifg o
1.2.2 BRI E RN

FRAEA R FP 2 0 AR 25 2 M ML BU 1 78 SR G5 AR ARRAIE DA S v ) 2 A B8 kL, g il il e A 25 R G B AU R
530 17 NI RERE 82 ( Engraulis japonicus) |\ F5 ) ( Setipinna taty ) 5 5 Z 8% ( Scomberomorus niphonius ) \H. & H
FZE25 /N A ( Larimichthys polyactis) | 1% #ifi ( Lateolabrax japonicus) | JE Wi 25 LB IKZ A5, O R,
(Oratosquilla oratoria) MF2E BB FREZZHY) 2 BK Kk RE R RIFHEY )8, A = T B
BSRGEAYRERE TN H BT

Ecopath #5811 22 A2 25 JR G i A A H0 DR 301 4 , AR B0 P8 2 SR A R 12 .0 < EE <1,
L N JFIEEEE , B S BAETH G AT R AR 2] —LE D BRRF I EE > 1 (A PG DIRERE ) , T4 Ecopath 8
RUR] LA FAEC R A E P kg B B S X R GEH 20% ) , FIE Sk E Y B ENEEEEEY
FRIEFRER , WA PR EMARU R ESH, HE2FHA 0 <EE<I,

ARG - Ecopath BEAITE 1982 4EH1 1992 4RI M A R I A5 R LR 1,

F1 1982 £/ 192 £HBESREERSHNANTEH
Table 1 Inputs and outputs of the Bohai Sea ecosystem model between 1982 and 1992

1982
IhREY ¥
éjrffpﬁ Trfjf gli‘vel gﬁaﬁ; P/B (a™) Q/B (a™!) g‘;ggj {%jff
(vkm?) (/(km® - a))
1 #2 Engraulis japonicus 3.58 0.1839 3.0045 9.7 0.9635 0.11
2 #Hl) Setipinna taty 3.41 0.3487 1.6971 5.5 0.6208 0.27
3 ¥ 15 85 Scomberomorus niphonius 4.53 0.0815 0. 6503 5.8 0.8981 0.048
4 Hp v |22 Other pelagic fishes 3.27 1.3799 0.8078 8.9 0.95 0.13
5 /N# 44 Larimichthys polyactis 4.12 0.113 0.7577 4.5 0.8978 0.06
6 154 Lateolabrax japonicus 4.69 0.0433 1.058 4.6 0.95 0.03
7 JEEMi#6 2 Benthic fishes 4.06 0.4916 0.9578 4,933 0.9762 0.07
8 H B2 Other demersal fishes 4.15 0.3946 0. 8791 4.95 0.9503 0.14
9 [k Oratosquilla oratoria 3.75 0. 0554 8 28.9 0.9624 0.03
10 #F2# Shrimps 3.02 0. 4599 8 28 0. 9666 0.03
11 %2 Crabs 3.23 0.3493 3.5 12 0.8752 0.05
12 Ji j2 1% Echinoderms 2.01 4.47 1.2 3.58 0.4552 -
13 £ E % Polychaetes 2.01 1.99 6.75 22.5 0.1573 -
14 ¥ 1% Zooplankton 2.25 2.705 25 125 0.95 -
15 3k £ 3 Cephalopods 3.72 0.156 3.1 15.5 0.95 0.12
16 YEU#HiY) Phytoplankton 1 6.676 380 - 0.1141 -
17 W Detritus 1 13 - - 0.0186 -
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EsS
1992
k4 ¥
(erprﬂ %3%?,& gﬁaﬁ; P/B (/a) Q/B (/a) BT {%jfc;lﬁ
Trophic level (Vkn?) R EE (1 (km? - 2))
1 &% Engraulis japonicus 3.38 0.688 3.0045 9.7 0.9971 1.49
2 $54lY Setipinna taty 3.33 0.198 1.6971 5.5 0.9729 0.28
3 5 35 T8 Scomberomorus niphonius 3.99 0.0096 0.74 5.8 0.9572 0.01
4 Hp v |22 Other pelagic fishes 3.12 1.7691 1.02 6.9 0.95 0.34
5 /N¥¢ 48 Larimichthys polyactis 3.98 0.0996 1.5 4.5 0.9741 0.14
6 1L Lateolabrax japonicus 4.38 0.0194 1.058 5.29 0.95 0.05
7 JEEM 128 Benthic fishes 3.82 0.2937 0.9456 4.933 0.893 0.12
8 H B /22 Other demersal fishes 3.72 0.3056 1.05 4.95 0.9863 0.2
9 ¥R, Oratosquilla oratoria 3.35 0.0329 8.2 28.9 0.9289 0.09
10 #F2 Shrimps 2.82 0.3549 8.6 28 0.8969 0.03
11 &2 Crabs 2.93 0.2221 2.5 11.3 0.8663 0.08
12 ik Kz 1% Echinoderms 2.04 6.6275 1.3 4.7 0.3031
13 £ %2 Polychaetes 2.01 2.135 2 27.8 0. 6286 -
14 {5304 Zooplankton 2.11 1.452 25 122.1 0.95 -
15 3k J£ & Cephalopods 3.3 0.0594 3.7 18.5 0.95 0.17
16 ¥2{iFAE%Y) Phytoplankton 1 3.935 398 - 0.1334 -
17 #JE Detritus 1 10 - - 0.0253 -

SRR AR f5115 ) Bold parameters were estimated by using the model ; * ZifEZ T [F] Group name below

2 H#R

MR L ATAE L i AR S R G 1982 4F51] 1992 41 10a [6] , R YRR R Y B EZ A T 3,
/NP R SR L SRR ) EE ), B g AR W BN Tk 3 4%, s AR R A T R,
gt AR O IR AR IR R F B AR, TGO R R 8 B R AN B TR PR
HARBLTRIAR LU R, 1992 SR B A ThBERE R RUE TR LL 1982 R ZH BT T [

2.1 ZErX

a8 PSS B EE R AR B R SR TR G SR T SR AR Lo LA 1. fa 28 i f f) B AR T
RERFN,1982 £ EEFRBM AT, MR TR L 76% ;1992 4F FZRMHFC T, M FE R 1982
FEHFHN, GBS RE T1% , FH R SE T RAHBIR A . SRS TR, 1982 FHEIE TR G

TP TR
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Ve &8 g NEg 5 %
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Fig.1 Relative mortality of fishes,shrimps and crabs between 1982 and 1992
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45% ;1992 4F 5 BACT M) 84% B T- R EEFE . 1992 FiE s Dk NEfa Hed LEAaZ KA
R HERZ A TR, RS BB 58 TR B i
2.2 HERBWHBERNEYE

MHHESEFRBAEABERE (B 2) , AR S FEEPESEN BV ERK. HHEK,
1992 ARS8 M B FR KK BB B2 1982 1) 3.2 5, B IVEFRZMHE B4 1982 FH T 113% , L EEFR
R B R A .

MEYBERERFAINIEOE (B 3) , EYBEFEEPESE I BENVNERK, 192 4,581 . V&
TR H) Y E L 1982 454 fr N RE, e8I & SR E A2 Wt 1982 245 frs fin .

25 052 10 - 1982
1992 B 0 1992
20} . ~ sl
= 10F uﬁ“_ §
s \
£ g \
0.5 2 L § §
A% v

I 1 1l I

B2 HEFLIOMEE B3 HEFRI YR

Fig.2 Total catch in discrete trophic levels Fig.3 Total biomass in discrete trophic levels

2.3 EBERREMRERFEHBEMERLR

Yy B RE BE S R B R R RS A TR N M RE BV E R EER RGBT, A KRR
BN, BB . B—BRRNFERMRERX R AR’ (MR sLEM) Si—ERR e R
ZHo.

MK 2 W LAE ), i A S R EERA AR R RN B RN AR YRR £
TES NVERRE R BIFRH ] — I FEHTR, 1992 40T 1982 4, T MAFEHAR 1992 4F 1L 1982
FEEIIN, M-V RE R E SRR FBRARAZ 1992 505, 1992 SF AT RGN BB 16.2%
L 1982 SRR B FE B AR 12. 3% o 8 IR 1A I FE B ORI T AL 9 LA B AR R A 3R B AR, Bk
Lindeman BT H I EFRZ L | PREMSIHHARESRKS " .

F2 1982 £ 192 FHBESRARERRANEENE
Table 2 Transfer efficiency of discrete trophic levels in Bohai Sea ecosystem between 1982 and 1992

1982 1992

R I W I
Source/TL I m I\ A% Source/TL i m I\ A"
H: 7= % Producer 6.7 14.7 18.6 19.6 He 723 Producer 8.9 19.9 25.0 23.5
)8 Detritus 7.2 15.4 18.8 19.7 )8 Detritus 6.8 21.3 24.5 23.9
ELBETR All flow 6.8 14.8 18.6 19.6 EBETR All flow 8.6 20.1 24.9 23.6
TR JB BT (5 Y RB I HE TR BT 5 R BB IAE LE
Proportion of total flow originating from detritus: 0. 46 Proportion of total flow originating from detritus: 0.45
BRI Transfer efficiencies BRI Transfer efficiencies

WG 72 F WA R From primary producers:12. 2% VG 72 H 5 3L % From primary producers: 16.4%

B H3#R From detritus: 12.8% T JB ¥ 3R From detritus: 15.2%
TR Total ; 12.3% R Total ; 16.2%

http ://www. ecologica. cn



3618 B ¥ R 29 &

RTENEEHIEIRRR B W FIZRERE B T B0 , (R 2 P9 AR 22 18] 19 5 4 Bl A 0 2 A 388 i T
TIN5 s B B X R D AR AR IE AR 5 4 B U i B O S B A 7 A B A R A S o AT 4
AT, 1982 AEER A A Y BRI IR B ER A ICE N, B LR A A YR B Xt i £t
SR, T X B A SO TE RN 5 1992 AR 4 A M) B i i xo s 0 N SR fe LB P ERARAA R
AR R , XS /N A IE RN, Rl e bR R A Y B A ity B 68 A TR i o 72 DT 3 A
Bieh, PRI TR Sh M R 20 D REREAR AR R M, TR 15 A ™ X R 20 AT 4 A 2R TR
2.4 EBESRGEH BAFHE

M3 ATLIE T, 1992 SRR S R B AV R AR 1982 /B PR, 1992 4 1Ry F X8
TR L 1982 SEA BT W 51992 SRR 7= 12 1982 AR AR, Bl S AE 7= B 1982 4R 61.7% 51992 42 5%
BRI EARIL 1982 FETHET —¥L, RELTE R T REMBK/N, 1982 4 5362t/ (km™ a) L 1992 4
3316 t/(km™a) k5%, 7& Odum" ™ B RE R EHIWH , B F AP B/ MR (TPP/TR) R G4
7“8 (NSP) {5 B (information) \ RGLA & R EL(SOI) SF/ERAE RS BBVE I E ZI54T , TE A AT R L+,
RGEA ZRIEBEA M, TPP/TR (HZHH#GE T 1, NSPEHGE T 0, 5 EEHER , RENE REEMK.
1982 4EF1 1992 4E ) TPP/TR {65331 9. 745 F1 8. 4003 , Hi B PI /S 805 A B R B T AR T
951982 4F A1 1992 49 NSP {H#RE =, VLA AR 8 R A B R ORI AR AR = BAA R A 51992 4215 1982
A EL R BEER RS B AR BRI, UL 1992 4R e BEsE il o

x3 BBESREHEBEFMELE
Table 3 Comparison of system statistics between 1982 and 1992

R SAAKFHE System statistics 1982 1992
Ha 3K Y- 145 55 4% Trophic level of catch 3.69 3.41
RS A YR (HERRTE)B ) Total biomass (excluding detritus) (t/km?) 19.898 18.2018
M2 H Total capacity(t/(km?-a)) 10495.25 7013.137
MEHI R AE 7 B Total net primary production(t/(km?+a) ) 2536. 88 1566. 13
M #E R Total consumption(t/(km?+a)) 441.533 305. 866
S Total export(t/(km?-a)) 2308. 805 1395.19
S NFI & Total respiration(t/(km?-a)) 260. 327 186.4383
SE 72 HE Total production(t/(km?+a) ) 2631 1623
R M Total system throughput (t/(km?+a)) 5362 3316
RS 4 77 Net system production(t/(km? -a) ) 2276.553 1379. 692
FEARESE a8 Total flows to detritus(t/(km?+a)) 2351.483 1428.373
RG34 2% Systems Omnivory index 0.508 0.3408
1% 8. Information 1.162 1.1787
BRI TR B & TPP/TR 9.745 8.4003
J& P/B Total primary production/total biomass 127.493 86.0427
YR/ E 77 H & Total biomass/total throughput 0.004 0.0055
3 e

1982 421 1992 48 H -~ S A EUAE LR B, i LR AR ARG 1992 4R i gk A7 8 R G b 1982 4F
AEREER TR, ERH TREFRRREZEYREFRBEARMERNREFRC PN EREIEHT
B, U0 1990 4FA9) 8 g 4 A B A R BEME 3K 8 300 J7 ¢, ARk A 0y B o v O R 288, T v ) 28 L R
VR AL RURIAE S TN B R T BT BRI . SRS A S RS E R 2
PIGAEF= T A R AT R R o AR B B S BRI R A N R, & AE S RS — R 5
SEPURRL, WS YR TR R SR TR AR TS, WA RER s 02 AP M3 87 JE TR 4
o, G BRI KR S EAEYEBON - ERRR, RS EREREYE RS WX E
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a 1982

Japanese anchovy
Scaly hairfin anchov
Japanese Spanish mac
Other pelagic fishes
Small yellow croaker
Seabass

Benthic fishes

Other demersal fishe
Mantis shrimp
Shrimps

Crabs

Zooplankton
Cephalopods
Phytoplankton
Fishery

b 1992

Japanese anchovy
Scaly hairfin anchov
Japanese Spanish mac
Other pelagic fishes
Small yellow croaker
Seabass

Benthic fishes

Other demersal fishe
Mantis shrimp
Shrimps

Crabs

Zooplankton
Cephalopods
Phytoplankton

e e

1982 451 1992 4 HIIFE S R EF R RE

Japanses anchovy
Scaly hairfin anchov
Japanese Spanish mac
Other pelagic fishes

Small yellow croaker

FEWAZH Impacted group

Seabass

Benthic fishes
Other demersal fishe
Mantis shrimp

Shrimps

Crabs

Zooplankton
Cephalopods
Phytoplankton

Fishery

|

Japanses anchovy
Scaly hairfin anchov
Japanese Spanish mac
Other pelagic fishes

Small yellow croaker

Seabass

W4 Tmpacted group

Benthic fishes
Other demersal fishe
Mantis shrimp

Shrimps

Crabs

Zooplankton
Cephalopods
Phytoplankton

i

e

Fishery

[

&l 4

Fig.4 Mixed trophic impact on the Bohai Sea ecosystem between 1982 and 1992
AR RE IR 5 — 2 A W RSN R/ N B S T il < SETE PR 1) L AR IE B R0, 18] 27 S RS M, SETE F T AR R /MR R il B3 55
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Ayl A 7 7 AL, LA SRS t R i 3 it it Lk B IR 2 3 o

P i AR S R G T AR 2 B, A BR R AR A B R A, REREUE B
AR BRI, BOE LRSI, DB, vl R A PR A i B W SR R AN T 1 89

References:

[ 1] Christensen V,Walters C J, Pauly D. Ecopath with Ecosim: A User’ s Guide. Fisheries Centre, University of British, Columbia, Canada,
2005. 11.

[ 2] Christensen V,Walters C J. Ecopath with Ecosim: methods, capabilities and limitations. Ecol Model, 2004, 172:109 —139.

[3] TongL, Tang Q S, Pauly D. A preliminary approach on mass-balance ecopath model of the Bohai Sea. Chin J Appl Ecol, 2000,11 (3): 435 —
440.

[4] WangXH, DuF Y, QiuYS. Study on the ecosystem model of Daya Bay I. A preliminary approach on energy flow model. South China
Fisheries Science, 2005,1(3) :1 —8.

[5] ChenZZ,QiuY S,Jia X P. Mass-balance ecopath model of Beibu Gulf ecosystem. Chin J Appl Ecol, 2006, 17(6) :1107 —1111.

[6] LinHJ, Shao KT, Kuo S R, et al. A trophic model of a sandy barrier lagoon at Chiku in southwestern Taiwan. Estuarine, Coastal and Shelf
Science, 1999, 48 . 575 —588.

[ 7] Pitcher T, Buchary E, Asumaila U R, et al. Spatial simulations of Hong Kong’ s marine ecosystem: Ecological and economic forecasting of marine
protected areas with human-made reefs. Fish Cent Res Rep, 2000,10(3) ;: 1 —168.

[8] Zhang Y Y and Chen Y. Modeling and evaluating ecosysytem in 1980s and 1990s for American lobster ( Homarus americanus) in the Gulf of
Maine. Ecol Model, 2007, 203 ; 475 —489.

[9] IJinXS. The dynamics of major fishery resources in the Bohai Sea. Journal of Fishery Sciences of China, 2001,7(4) ;22 —26.

[10] DengJ Y,Meng T X, Ren S M. Food web of fishes in the Bohai Sea. Marine Fisheries Research, 1988, 9. 151 —172.

[11] Jin X S, Tang Q S. The structure, distribution and variation of the fishery resources in the Bohai Sea. Journal of Fishery Sciences of China, 1998,
5(3):18 —24.

[12] Gulland J A. Fish stock assessment; a manual of basic methods. Johan Wiley and sons, NewYork, 1983.

[13] Pauly D. On the interrelationships between natural mortality, growth parameters, and mean environmental temperature in 175 fish stocks. J Cons int
Explor Mer, 1980, 39(2): 175 —192.

[14] Palomares M L D, Pauly D. A multiple regression model for predicting the food consumption of marine fish populations. Freshwat Res, 1989, 40

259 —273.
[15] Kavanagh P, Newlands N, Christensen V, et al. Automated parameter optimization for Ecopath ecosystem models. Ecol Model, 2004, 172 ; 141 —
149.

[16] Zhang B, Tang Q S. Study on trophic level of important resources species at high trophic levels in the Bohai Sea, Yellow Sea and East China Sea.
Advances in Marine Science, 2004 ,22(4) :393 —404.

[17] Heymans J J, Shannon L J,Jarre A. Changes in the northern Benguela ecosystem over three decades: 1970s, 1980s, and 1990s. Ecol Model,
2004, 172:175 —195.

[18] Odum E P. The strategy of ecosystem development. Science, 1969, 104262 —270.

[19] Tang Q,Jin X,Wang J,et al. Decadal-scale variation of ecosystem productivity and control mechanisms in the Bohai Sea. Fish. Oceanogr. , 2003,
12(4/5) :223 —233.

[20] Jin X S. Variations of community structure, diversity and biomass of demersal fish assemblage in the Bohai Sea between 1982/1983 and 1992/
1993. Journal of Fishery Sciences of China,1996, 3(3) :31 —47.

[21] DengJ Y, Jin X S. Dynamic characteristics of abundance and community structure of fishery species in the overwintering ground of the Bohai Sea.
Journal of Natural Resources, 2001, 16(1) :42 —46.

S E 3k

(4] ESh, MR, Bk, % REBESASREHERTR 1. ERFBSMERWE. BiKk™, 2005, 1(3):1 ~8.
(5] BEfERR, BRACH, BT b A A0 A M A . B FAE A524H),2006, 17(6) :1107 ~1111.

(9] & BH. ¥ EE YA s B, T E/K PRl ,2001,7(4) 22 ~26.

[10] XBEtHE, T HM ATHER. ¥ a2 M B YRR, WH/K™W5,1988,9:151 ~172.

(11]  &®H:, B sl % IR B A XAk, K= H)4%,1998,5(3) 118 ~24.

[16] k¥, A 83 AR ERBREEA YRR E R, EHEREIERE,2004,22(4) :393 ~404.
[21] XPRHE, & BH:. ¥ERA S Ol AL Y Y IR BRI S5 M I BhASRRAE. B AR WEUR 24,2001 ,16 (1) :42 ~46.

http ://www. ecologica. cn



	07b38.pdf
	07b39.pdf
	07b40.pdf
	07b41.pdf
	07b42.pdf
	07b43.pdf
	07b44.pdf
	07b45.pdf

