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WE T 1982 540 2014~2015 “Fuh i id b ¥R 5 B3 &4 4%, KJF Ecopath AL, 247 7
HEESRANERK R MBS, TF T F E X4 (Fenneropenaeus chinensis)fE i # i
EXBEET N, ZRET, BELEARATRMAFRE, RAEIWESRBLTEENERME,
(B E AR £ A R AW KM, H A4 E 03 o xt b i & (Oratosquilla oratoria), = 1%
F % (Portunus trituberculatus). % &£, KAEW 77 X H A%, 164" (Lateolabrax japonicus). #F ¢
BREEMBEWNR R E I E AR, BEESRR 2 AN BHLTREN R EEH,
HREHNF R EFTEAFEFA, 2014~2015 Fihig £ A RGR AR E R 1982 F 7 A E1K,
AABIAN—wFEE R, FEIIT 1982 FF1 2014~2015 FEFEHNESEE N 0810 fr
0.702 tkm®; 5 Y4 RKAEEERIE TFHNEMEALE, PEMITARANEIAS S, SEMER
KZE 71.68 541 585 fFo, A 2BIAEARE

KHEA Wi PEMIEE; BERxR; £AKE; Ecopath A

FESHES S931.1  XEFRIRAE A XEHRES  2095-9869(2018)04-0019-11

VI S B 2 R AR R A B BRI RIS AETFRR A /IR B [ At L Rl S A B TR R 4 1980
B, BTG R R, HAr28un M ARIRE RSO, 1990; Tang et al, 2003; 4 A,
W AEEREIR | WRIRAN TSR R, AMAK . BEFRER 2004; SRIBEABAE, 2006, BFHIRAE, 2012; MEESE, 2016;
O S FOZ B  SAN  EFRE AR R /NE T B2 Shan et al, 2016), il % IG5 BLIE B 2 190 2l A kb
KA, —SefR AR B AL /NEAL . RIS ME,  Foi, HGERMERSSH, BE M E iR ol R A
PE R FT /)N ff (Larimichthys polyactis) . £ W F-Bt(Bell et al, 2005; 4 A%, 2014), {H[RIAH

(Lateolabrax japonicus). [ F-fifli(Sebastes schlegel) TEAE— B B 725 KBS L 3o i 1 7 Xt A 75 2R 55 3 il ™
LSRR ETE 1990 4F F FEAGHE, H 3 2000 H J5 £ (Blaxter, 2000; Mcdowell, 2002; Aprahamian
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etal, 2003), H[EXFHF S R Z —, 20
e 80 4FAX, HhEIXTHRAN TR RIE TR, M IT LG
Hh R ) R B SRR, B4, HOR IR AT v ok
PRI o N BE RECRIE IS R CR , M REERFAE S R
Gt MIfE R E 7 XTHEERAETREN B
RETRARAE . BFRLR . MMM RN AESE RS
(Blankenship, 1995; Lorenzen et al, 2010), HJ, #i
R AR S A R T R M S RGN I, AR =
Ak S e RO ST T4 . ST, RIS
WA 1982 4EF1 2014~2015 4F iR i el 9% PR H 27 5
W, MEE T 2 AR S SR E R, ST T
WEBRGENEFMERR | S RDIGERE, 115
TRV s v v X AR R A S R, B T R
2E I T IO R TS S

1 M5
11 #EBREESHMRAE

WA S R B8 378 IE B (BEcopath A5 70) 1] F
AL B Ecopath with Ecosim AN 5.1 A1 6.5
(Christensen et al, 2004)f4 &, Ecopath £ 7 5 T 7%
SR, E AR RGEH — RIS KCEK . Be
AT 55 A2 AR R G ne i ik 2h i B B D) RE A (Group) 4
B, BEESRERN A YA RIS, IWHEE T
TR Y 2 15 Z 4 & & (Polovina 1984; Christensen et al,
1992), BEAVEE R oy A A= W) (B) A 77 1 /4 ) 2 (PIB)
THAER /LW (QIB)FIE B E IR (EE) 4 M A S
B 34, DR YA U R R S
55 Fy 8 R A A AN R S A D RE A 1Y fan A R
PRFEVAT, VA R AR K2 0<EE<1, &
AN JH R i vk B S MR 45(2012)

Ecopath £ 8 F| F 1R & & 3% 70 1 72 J¥ (Mixed
trophic impact, MTL)ZM 874 DI RERFIA] 1Y 5 F2 AH BLOC &R
(Leontief, 1951; Ulanowicz et al, 1990), Z&F MTI 43
Br, $eft T HRRA S R G OCHFN Y 7k (Power et al,
1996; Libralato et al, 2006), 2R 4% 53 #r(Network
analysis) DI BE AT LATEAL FAF AR S R G 45/ AT ) A=
AFEEC. WOl A B oo AR 2 R GE A5 5 e 1Y AH G 3R
%7(0Odum, 1969; Christensen et al, 2004),

A B E ORI R e T T RE S FE
1), NSRBI ML S ES RGBS Mg &
AR EERUE W B R A i, Ecopath FA A 84S
WS PR T ES R S, B T A 7
filh, TR SRS BT R . SRR B A
HAEH, AIPEAG A i, 8 AW S

AR e (Rl 47 e A A O S R EE 3 Ty, R R G
TR 4 A5 A D) RE R A A8 A, A AT 2 H At 1)
RERERY EE>1 B AHDRE G J5 1M T ek 228 M i R RS
AR TR RIVRE AN S A5 T P O o o A 4 (R R O AR S
%% i (Jiang et al, 2005; Byron et al, 2011; FRHESE,
2013).

1.2 IhEEBEEIRI 9> B 8ISk

R AS /b RO Y TIPS K e (1 MNA SrN= =2 (| N1
TR W 5T SR R A T, 1999) LA B2 pFAk v [ %
IRA SRR BB, K Es Ra R0k
19~20 IIRERE, AL HE B ARE . PEXTER,
FE XU ) B 5 S B AR A, AR LS
TRURRLY) . TRIEShY . KA ShY . NELE A 54
R ), AWM THIBESRE AR
YU Ar o A . A R H At B R 3 3h DA R
H(t/km?) B R E R

BRI K AT 1982 4E2 AL S AL 8
A, 10 AM 2014410 . 2015462 . 5.8 J
T O VR AR R A, A A LR I 11 R KA
A, 1982 4E 600 H . 2014~2015 4E K 1740 H,
HASHARE, W1 6 m. %% 22.6 m. M H 63 mm.
FR M H 20 mm, HE#E KL 3 nmile/h, FTA REEE
AT T AR UELL AL B AR W AT AR A D 2
FUE S, s RAETCHEHEsh Yy £ Y
3o 499 T AR 5 (Gulland, 1965)3H3545 ), FRIEHE Y A=
Yy b4 %R a B 45 1 (Bundy, 2004; Li et al,
2009), I ViFsh ¥ A P e AR A T U S R R 4 K
W, AP VL (A5, 2003) i85 . RIS
F A 2R U A% R BE L KB R A 3 W 4K Al AR
Pk E R A, 1990; TKE A, 2017)iE A fe, /N
TR AT 3 AR A A R 0 B 1 (5K T TS, 201 1) A=
o PR E AR RS ) 9 R ) 28 56 8 20T
. (Christensen, 1993), 2% P/BH . Q/B{HAIHZLK
A4S H (Pauly, 1980; Palomares et al, 1989), H:
I RERERI R P/IB. Q/BAE, LAK Al R AN S 404%
FE S AR KA A (AR SE, 2009, 2012), BPE
ST BRI S MBS 45 R B S %
BROB SRR, 1988; 42, 2001; 3Ki%F, 2004; Zhang
et al, 2007). FHFEEIES % hEL ST 4(1982 47,
2014 4F, 2015 4F), #iHi{E B shBREMLIZITTEK
R A B ¥ 5 B A 9 R (http://www.eastfish.cn/index.
aspx) A I R, EE {HJEXERIS S5, hs
UG AR .
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Tab.1 Definition of functional groups in the Ecopath model of Bohai Sea ecosystem

45 No. Y)HEH# Functional group 2H ¥, Composition

1 fit Anchovy fi Engraulis japonicus

2 ) Scaly hairfin anchovy Y Setipinna taty

3 4 55 I # Japanese spanish mackerel — # 55 Z#% Scomberomorus niphonius

4 HAlhrf FJZ 126 Other pelagic fishes  #2%} Engraulidae. iR} Clupeidae. 4R Pampus argenteus

5 AEHf Seabass 1E#5 L. japonicus

6 HAJE )2 125 Other demersal fishes #7418l Trichiuridae . K I /S 2k i Hexagrammos otakii . H 4
Argyrosomus argentatus, ff Platycephalusindicus, ffif} Tetraodontidae .
HoAth 47 85 f R} Sciaenidae . £¢f% D [ #fi Navodon modestus. /)N fa
L. polyactis, #iF} Sparidac. 4i##%l Zoarcidae 55

7 IR & £ 2% Gobiidae ¥ B UF j§ fa  Chaeturichthys stigmatias . 7~ £ 4 B IF & f&
Amblychaeturichthys hexanema, 7 &% I £ i Synechogobius hasta, H
48 % ¥l HF ¥ fi Ctenotrypauchen chinensis . T R 7 #F % fa
Odontamblyopus rubicundus %

8 HABEA 225 Other benthic fishes VPGVl S schlegel . 40400 T fa Liparis tanakae. ##%#f Lophius
litulon, #FF Bothidae. Rl Pleuronectidae, 7 #3F} Cynoglossidae %

9 1 [ X F Chinese shrimp = % EF F. chinensis

10 ¥Rt Mantis shrimp ¥Rl O. oratoria

11 =JER T Swimming crab =R F1& P. trituberculatus

12 3L JE3% Cephalopods H A6 241 Loligo japonica. # Mk H- &1 Sepiola birostrat, 1 Octopus
variabilis, %1 Octopus ocellatus %

13 AR Molluscs W5 Bivalvia, i £ Gastropoda

14 % &2k Polychaetes % £ Polychaeta

15 Wi Bz 314 Echinoderms T 52 5% Echinodermata

16 JEMH 224 Benthic crustaceans HERKEIF Palaemon gravieri. #HIE#IF Crangon affinis, & HIT
Palaemon carinicouda. /& JJUHF Trachypenaeus curvirostris, H 7< g iR
Alpheus japonicus, ff£{EZHF Alpheus distinguendus, H'[EEXF Acetes
chinensis, H7Z<#& Charybdisjaponica, J&JEIRETT % Carcinoplax vestita,
H A5/ Dorippe japonica, XUE#S Charybdis bimaculata, %5 JFE254)
& Brachyura larva, K E254/{& Maeruran larva %

17 /NEY AT 314 Meiobenthos B2 Ostracoda, ##H Cumacea, ¥ii£2¢ Amphipoda, £ H Nematoda .,
JEMIRE LSS Copepoda. /NEIZL FS Polychaeta, /NEIXL5ES Bivalvia
2% Kinorhyncha, % H# Turbellaria, 5 /&3¢ Tanaidacea, % £2K
Isopoda %5

18 i3 Zooplankton FUH|JE 17k % Labidocera euchaeta, #4177 Ht Sagitta crassa, H14E#i7k
# Calanus sinicus. & [CHfg3fil 7k & Centropages memurrichi . /MUK %
Paracalanus parvus &

19 IFUFAEY) Phytoplankton fi % Bacillariophyta, H' i Pyrrophyta %

20 F8JE Detritus )5 Detritus

et al, 2004)43 %14 0.495, 0.507, ¥Ihb T4 PRIE [,
2 HRE5HH

21 BRESYHESERHH

BANTE B o TER Gt # b, o A
SR, TR HEAT TR U o M, 2 SRR B Uk
JESIAER20% L BN, il S PR AR o IR i A

Ecopath B A Pedigree 8 BUMIEIEARIRN g Bcopath BUBDEREY BE (/N T 1, R
WAL TR, 2 DIHIREAL) Pedigree F840(Christensen A sty 25 5440132 2 7%, 1982 4F 1 2014~2015 4F.,
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Tab.2 Basic input data and estimated parameters (bold) for Bohai Sea Ecopath model

Tfest e E7/h VRS THFER HEREFR
Functional group Trophic level Biomass (tkm?) /=¥ PIB IEY)a QIB % EE
(a) 1982 4

1 #% Anchovy 3.23 0.184 3.004 9.700 0.982
2 FE A Scaly hairfin anchovy 3.18 0.349 1.697 5.500 0.910
3 155 DX Japanese spanish mackerel 4.29 0.0815 0.650 5.800 0.961
4 HAbh )2 435 Other pelagic fishes 3.14 0.651 1.420 6.900 0.950
5456 Seabass 4.10 0.0443 1.058 5.290 0.64

6 HAEE 2 3¢ Other demersal fishes 3.64 0.453 1.179 4.950 0.929
7 ¥R pE 28 Gobiidae 3.47 0.0309 1.59 4.700 0.862
8 HAMKEMI 2 Other benthic fishes 3.58 0.185 0.958 4.933 0.854
9 HEXFHF Chinese shrimp 3.11 0.0113 8.50 25.00 0.743
10 K dFsf Mantis shrimp 3.15 0.0654 8.00 28.90 0.944
11 =P F# Swimming crab 3.36 0.084 3.50 11.00 0.729
12 3k J£2% Cephalopods 3.42 0.158 3.70 18.50 0.806
13 #4k3h% Molluscs 2.14 13.37 6.00 27.00 0.429
14 Z2F2 Polychaetes 2.10 4.290 2.00 27.80 0.366
15§l 3% Echinoderms 2.33 4.470 1.20 3.58 0.250
16 JEMEFH 722% Benthic crustaceans 2.46 4.700 5.65 26.90 0.738
17 /NEUERGE%) Meiobenthos 2.00 5.095 9.00 33.00 0.69

18 72iF8h%Y Zooplankton 2.00 2.805 25.00 125.00 0.58

19 72U Phytoplankton 1.00 6.676 250.00 - 0.265
20 7% )8 Detritus 1.00 13.00 - - 0.398

(b) 2014~2015 4E

1 % Anchovy 3.15 0.092 3.004 9.700 0.816
2 ##l Scaly hairfin anchovy 3.23 0.124 1.697 5.500 0.564
3 Wi HBS Japanese spanish mackerel 4.11 0.012 0.650 5.800 0.641
4 HArp EJ24626 Other pelagic fishes 3.14 0.152 1.420 6.900 0.950
5 JKJE2£JE Demersal fishes 3.35 0.0121 1.179 4.950 0.944
6 IR pE i3S Gobiidae 3.49 0.0157 1.590 4.700 0.471
7 HAEM 28 Other benthic fishes 3.45 0.0051 0.958 4.933 0.614
8 HEXFHF Chinese shrimp 3.22 0.0012 8.500 25.00 0.898
9 [I#FI Mantis shrimp 3.08 0.0295 8.000 28.90 0.865
10 =HtR 78 Swimming crab 3.32 0.004 3.500 11.00 0.73

11 3k /2% Cephalopods 331 0.0172 3.700 18.50 0.941
12 AR5 Molluscs 2.33 8.000 6.000 27.00 0.407
13 £%2% Polychaetes 2.00 4.500 2.000 27.80 0.535
14 12 5% Echinoderms 2.33 2.600 1.200 3.580 0.163
15 KW 522 Benthic crustaceans 2.29 6.400 5.650 26.90 0.296
16 /NEYJEAE B Meiobenthos 2.08 2.070 9.000 33.00 0.257
17 7780 Zooplankton 2.00 4.950 25.00 125.00 0.680
18 V2IiFfEY) Phytoplankton 1.00 19.270 250.00 - 0.113
19 #J8 Detritus 1.00 45.00 - - 0.122

e o Joxt

Note: “~” No corresponding value
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(a) 19824F

Other demersal fishes
Other benthic fishes

Scaly hairfin anchovy
Gobiidae

Cephalopods

Chinese shrimp
Swimming crab

Mantis shrimp

Molluscs

II Japanese spanish mackerel
Seabass

I Other pelagic fishes

| Anchovy

Polychaetes

KR WA RGRRE, DI BERE ] i 5540 5 OC R FH
MTI 53 Mot , HEXTIR YT d 3 . FEERE
YIRECE AW EZ M E R XRIEE R LR
AT R R (B 1) 1982 4F,  Hp [ X oR A= 4 e Y 386 i
FEXFER PR AL BT AR, 5 AE 5 5 A

B4 Impacted group

[ ] Positive impact IEF4H
Il Negative impact IR

Benthic crustaceans
Zooplankton
Phytoplankton
Detritus

Echinoderms
Meiobenthos

Fleetl

Anchovy

— Scaly hairfin anchovy
Japanese spanish mackerel
Other pelagic fishes
Seabass
Other demersal fishes
Gobiidae
Other benthic fishes
Chinese shrimp
Mantis shrimp
Swimming crab
Cephalopods

— Molluscs
Polychaetes
Echinoderms
Benthic crustaceans

U4 Impacting group

Meiobenthos
Zooplankton

Phytoplankton
— Detritus

Japanese spanish mackerel I |

(b) 2014~2015

Chinese shrimp

Mantis shrimp

Molluscs

Gobiidae
| | Other benthic fishes

Scaly hairfin anchovy
| | | Cephalopods

| Demersal fishes

I Other pelagic fishes
| Swimming crab

| Anchovy

Polychaetes

— Fishery

BFE ML Impacted group

[ Positive impact TE540H
Il Negative impact 1150

Benthic crustaceans

Meiobenthos
Zooplankton
Phytoplankton

Echinoderms
Detritus

Fleetl

— Anchovy

— Scaly hairfin anchovy
Japanese spanish mackerel
Other pelagic fishes
Demersal fishes
Gobiidae
Other benthic fishes
Chinese shrimp
Mantis shrimp
Swimming crab
Cephalopods
Molluscs

e sy —— " i — —-_—

Bl 1
Fig.1

—_— O e——e——r——

Polychaetes
Echinoderms

4 Impacting group

—— — — ——— p— w——— —— —— —— Benthic crustaceans

Meiobenthos
Zooplankton
== mmmm —— —— Phytoplankton
— Detritus

— Fishery

IR S AR G RERE 18] A5 TR K AR

Trophic relations of functional groups in Bohai Sea ecosystem

iolh s HALZhREREA L3 2
Fishery; See Tab.2 for other functional groups
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0.0742. 0.0544, XZEH | RN A H 7227247
S, SEOR{E S 50-0.0207. —0.002. —0.0007; HFE
s AEHT . SRR TR . RS AR A R A X e
FE %R A 75200 (—0.197 . —0.119, —0.0145. —0.0052),
2014~2015 4F, v [ %0 R A= ) £ A 184 0 %o MR A0 28
HoAh JEE A f 2 = A IE R, 2 4R 0.085 .
0.0042, X} FREL . 2RI IR FEMH A
BN, 3 9 h—0.002 . —0.0012, —0.0005 .
—0.0005, B 5% A S A ) AR 3 0 6t Hh D GHER A AR
MR (-0.673)0 I T E IR, B X UF 5 H
b ) e 478 55 T BE B A7 A B 22 B/ [R1 B A 5

() AR FR B (E T B KT O)TIRERE . KT 4
FEBOMBARRNAE, 1982 4F, TRUFsh e i A7
R EBERA, FIAK | 4 By . iy
IS 2 215 I 52268 MR 2 289 A5 3 4.
2014~2015 4F, BRI . R 7RIS 1 45
W L VRS . MRR A ROASE 2 4L TRIEAE
WHIAG 3 4 XU DIREREE e AE S R h
PG EEMAG,

23 HEMITHESTERE
TE 1982 4FF1 2014~2015 4F Ecopath FE A1 LAl |-,

TR 1L 25 2R G4 DI AN 5 O B i BB HE S DU
UL IS PET 2 o SRR RO AT A2 1 A B AR L

0_

A3 PEAL T E R AR A A

NN
=)

(a) 19824F
018
0.2
6 13
& 2 ¥ °
5 04 S 6
¥ 30
@ o
g 061 10,
% 7 1. ##Anchovy; 2. #flJl Scaly hairfin anchovy; 3. #5f ZH Japanese spanish
M o8 L mackerel; 4. HAth b )23 Other pelagic fishes; 5. #E#% Seabass; 6. HAEZ
§ 017 4435 Other demersal fishes; 7. ¥F £ 435 Gobiidae; 8. HAthEEAG 2% Other benthic
8" 1o 11 fishes; 9. HEXT#F Chinese shrimp; 10. [1#Fig5 Mantis shrimp; 11. =R TE
K -1 9¢ Swimming crab; 12. 3k £3& Cephalopods; 13. 3X/&3h4H) Molluscs; 14. ZER
Polychaetes; 15. 1 FZ 314 Echinoderms; 16. JiEA 7238 Benthic crustaceans; 17. />
-12 - 5 RIEMIShY) Meiobenthos; 18. Fii#51#%) Zooplankton; 19. FE {44 Phytoplankton
o
_ | 1 | | | |
L4 0.2 0.4 0.6 0.8 1.0 12
BRZLY  Relative total impact
02
(b) 2014~20154F
15 12
0r 03 o
6 17
02} © 0
5 L ol
2 % Q13 o
g —0.6 - 7
(=]
2 _os 168 1. #Anchovy; 2. ##J Scaly hairfin anchovy; 3. #5/5 T#X Japanese spanish
N/ 5 mackerel; 4. HAthH FE3E Other pelagic fishes; 5. HAMEZE IS Other
ﬁ -1.0 - 1§l4 demersal fishes; 6. ¥Fj2 2% Gobiidae; 7. HAthJIEI 2 Other benthic fishes; 8. H
@ 8 [EXFHF Chinese shrimp; 9. 1 ¥R Mantis shrimp; 10. =HE#2 T4 Swimming crab;
K12 11. 3k /22K Cephalopods; 12. #4454 Molluscs; 13. £ Polychaetes; 14. B{5Z
14 - %) Echinoderms; 15. JEMiE 5525 Benthic crustaceans; 16. /NEUEAGZIY)
Meiobenthos; 17. £ 31# Zooplankton; 18. ¥ FE4) Phytoplankton
-1.6 -
10
_1 8 1 1 1 1 1 1 ]
’ 0.2 0.4 0.6 0.8 1.0 1.2
SRS Relative total impact
B 2 iR R G TIRRRE E] 1Y SRR 5 OGBS HL

Fig.2 Relative overall effect and keystoneness index values in the functional groups of Bohai Sea

1982 AF- & %] o
IAE YRR 0.0113 tvkm?, 44E 5 H i E X iR
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Y2 0.0017 t/km?, T Ecopath #EAUEE 4 K%
HR R, RO P E X, 2 b X A A
it 0.810 t/km® B, HEZ BRIAERF EE= 1, SR
W S22 RERE LK BEE>1(38 3), B SR T %k
VIR E R, SR LA o % LY EDIR S
S5iom A EXFZE 0.810 t/km? BT A S R SR A
RERIES (R 4), RG5 4L iR 882.76 t/km®-year
REAIC R 873.67 t/km® year; &L AE R He sl R AT ik

H 8.90%IETINN 9.80%, AL = T iZifg s I fili A
PRI ol B BT RCREA R, i 0.0008
FEEH] 0.0015, ARV T-EIE SR M 2.92 H ]
3.00; EARIGE e RETEREA B, AL REH
fhRER S5 AT RER B IA LA, RMERS
HABH L A 5 s, KREmBKIRAR S WA
FooE M, U A T T I A 1 g A S AR
0.810 t/km’,

F3 GitHENIMEEESEE(TRIL)TE PEB AT FEIR (1982 451 2014~2015 4F)
Tab.3 Changes in Ecopath model in estimating ecological carrying capacity of Chinese shrimp (underline)
in the Bohai Sea ecosystem in 1982 and 2014~2015

(% Y EEC BETRY A5 3y 8 EWE i TERY ) A 5l
5] K =] .
Multiplier Blomazss Catclzl Mass-bglance Multiplier Blomazss Catclzl Mass—bglance changes
(t/km”®) (t/km”®) changes in model (t/km”~) (t/km”®) in model
1477 Current) 0.0113  0.015 1982 4¢ 1477 Current)  0.0012 0.001 2014~2015 4E
2 0.0226 0.03 - 2 0.0024 0.002
10 0.113 0.15 Ay 10 0.012 0.01  PAfi
20 0.226 0.3 Al 20 0.024 0.02 A
70 0.791 1.05 Aty 100 0.12 0.1 A
71.68 0.810 1.075 Ay 500 0.60 0.5 S
71.77 0.811 1.076 £ EJ EE=1 585 0.702 0.585 P-4
152.2 172 2283 JEATH 7225 EE=1.001 585.8 0.703 0.586 {kzh¥ EE=1.001
£ B2 EE=1.721 2300 2.76 23 £ F2 EE=2.362

=4

HBETRENEBRFESH

Tab.4 General characteristic parameters for Bohai Sea ecosystem

Z# Parameters 1982(V1)  1982(V1") 2014~2015(V2) 2014~2015(V2")
JMIH#ER Total consumption (t/km?-year) 1159.66 1179.63 1213.72 1231.24
MR Total exports (t/km?* year) 882.77 873.69 3922.88 3914.88
JNEE R Total respiratory flows (t/km?* year) 786.25 795.33 894.61 902.62
WAWEE B Total flows into detritus (t/km?*-year) 1465.05 1456.18 4467.43 4458.84
RS R E Total system throughput (TST) (t/km?-year) 4294.00 4305.00 10499.00 10508.00
S i Total production (t/km?-year) 1912.00 1919.00 5057.00 5063.00
HARYI 2475 35 9% Mean trophic level of the catch (TLc) 2.92 3.00 2.68 2.90
BRI Gross efficiency (catch/net p.p.) 0.0008 0.0015 0.00018 0.00031
MWL R Total net primary production (t/km?-year) 1669.00  1669.00 4817.50 4817.50
SR R T
Tof;ﬂﬁidril::yi;)ioduitin/total respiration (TPP/TR) (t/km?*-year) 212 209 338 538
#4477 & Net system production 882.76 873.67 3922.88 3914.88
MY /R AEYE
gofflfrii}%;rocﬁiﬁi/total biomass (TPP/B) 38.19 37.30 99-83 o8.41
SRR ORI
llt‘oizquiir(lj;_'(—:fi)ding detritus) (t/km?®-year) 43.70 44.50 48.25 48.95
HEFEFEE Connectance index (CI) 0.35 0.35 0.33 0.33
ARG Z KL System omnivory index (SOI) 0.15 0.15 0.14 0.13
BRE AR Total transfer efficiency (%) 8.90 9.80 5.10 7.60

TE: VI, V2: HETRSRAE: VI, V2 O b E Rk B A A A I RS
Note: V1, V2: The current status of the system; V1', V2': The status at ecological carrying capacity of Chinese shrimp



26 ook B

2 )R 39 %

2014~2015 4P EXFER A= H8 0.0012 t/km?,
2015 4 5 H AR E] P EIXTER, S o H E X EE,
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JIMRI 2 ol SR H5 R A it =, | 0.00018
R E] 0.00031, WFRYIAGT-H4E IR R 2.68 $2 5 F]
2.90; EAIG LA RET R EA—B, AL REH
BB 5 AR R G B I AR 22 B K, AR ]k
ARG SRR EE, t R E I XU Y 3 i
7N 0.702 t/km?,
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FT BN, 4 B8 THBESREN
— ZINBRFHE S RGE AT T RGEHBIR
N, ENEA S ARG R EARUEA BTN, 2014~2015 4§
RGP 1982 AFEAIN T 1.44 £ ln s o g
WAPT LT, 2014~2015 AFERY L Ia g it & 1982 4F
352, REERBMMMFEEIL, B 0.15 FEh
0.14, BeAEEIEXTE RGP TIARNE 2 . 18R
MAEBRGET, RERAZR/ARHAA, 29
b e i 5 R Y F (B (TPP/TRYEEE 1, BRIk
AP 5 R YR ) (B (TPP/B) AR, 1982 4E )it
ARG TPP/TR N 2.12, 55 2014~2015 4E 1 5.38 1% ;
1982 4= TPP/B 4 38.19, #HLL 2014~2015 419 99.83
WAAE, 1982 4EFH 2014~2015 4E R G54E =i 43 )
Jy 882.76 Fl 3922.88 t/km*-year, WIRYIKF1E T
% (TLc)il ok 715838 F2 GR35 R S0 B W ik v e
AR PR RR 7, 1T DA SR PPN U A A R Gl WU
FIRELE R R A S8 bR, W T2 TTHEHESIY
SETT AP AN A A B S Ak, BT AR BT E R
LN 1982 4F11 2.92 T RE %] 2014~2015 419 2.68.

3 iTie

SRERES BT o, 2 A S R S
AR RAOFREBARAN, REWLETEEN
AREW, H2NRATH; 2014~2015 4E15 1982 4F
FHEL , Wi A 45 2R G0 17 W AE B R TS 4 A 4 e T el 444
i, REFBARWY K, B8R RS R E M
WA, AR FIA R RGP U, — 5

TR b 5 B R G A B 5805 AT T RRAIG, R 0 1)
JE AR E PR 1982 4 FTRRAK ., T LB AR IR PRl 7 0
JEE (R RTINS . ATERT 358 114 i U35 % H 7™ 5 LA KA
SIS A0S, 2 B A A R G A AR e
PERFAR Y LR i A 5 R Gl B a3k 1 735
BIRIH 1982 4119 2.92 N FEF] 2014~2015 411 2.68,
F2 i R AR v R R SR A Y L R R, IR
BRI Y LA BT BT, AR 58 SOkt E
SET A, BB IR Q0120 LI, H i
FRERAL T AT RS, Bt f0 SRV AR S el
AR E SRR U2 O 25 e A
BRBZRMEG/NE R R aE R FEE
Z5(2014)IA i A 28 R G0 e 8 SR g AR W T %
W AR | AR IR A PR A Wy A RS 2 i
A B AR V- 2078 SR KO REAR AR AR R, 35
AT AR PR 2R A R 9V A 5 AR T 4 R R AR
FIRELRN R, Boh, Bl R =8 20 D 80 4E4L
HOAF 4R — BLOR R TR, R T EE RN
Ref AR o it B2 10 18 T, B8 8 R DG (BRAESEE, 2016)

H ] X R A Gk e A A R G I G B b 8
SR TIRERE, P E R AR P i I & Y T
(THRES . =Pl 7). ZZMREY(Z B ik
Y. IRMTHR R ZOA g, BRRME . L
SRR /D E AR AR (R S T4, 1997), 66
U P 10 288 55 A W i P 398 A o e [0 MR 7 A £ 5
2014~2015 FRYAAKRZI Y . TG 7225, 1982 4F 1T
TEsh o AL F i A S RGN B R EBEALE , Kk
YERIRAE T —E WA, WERXRNMBERE, |
] X A 4 344 B I IE e SHE O A 25 R A I 1) 5 P LA
1982 41 2014~2015 4E (1) Ecopath BRI N LAY, 1k
B G R B R AR AR AR 0.810 t/km® Al
0.702 t /km®, 5 EXFUEFBLAE A P REAH LG, i
X URAT AR B B 25 (0] o A2 i AR S R AR 5
M, 2014~2015 AEHrEIXFURA AR AL 1982 4FA P
o P b il BT b [ G R e e = Bl 401 Tt
PRI B AL 77000 km?, ARHE LA A=Y SR
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AR B R WO 1.075 tkm® B 82775 t.
0.585 t/km” BY 45045 t, F A5G 2 A4 Asf 3] e [ X
A A AL L A 155 7 e R e g S ) e e 7 A
IR EAG R AR S R A SRR A
SNBSS ERR, AR I A= A B R Y SR AT
FREL B (MSY) IR, RS mERCER, B
TR AR A B AR %, DR g 3 o o) X W %) 348 B 7
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Changesin Chinese Shrimp (Fenneropenaeus chinensis)
Carrying Capacity of the Bohai Sea

LIN Qun', SHAN Xiujuan"?, WANG Jun'”, LI Zhongyi'

(1. The Yellow & Bohai Seas Scientific Observation and Experiment Sation for Fishery Resources and Environment, Ministry of
Agriculture and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract
Bohai Sea ware used to construct an Ecopath model of 1982 and 2014~20135, respectively. Based on the

In this study, data from surveys of fishery resources and environments collected from the

models, we analyzed the trophic impact relationship, structure, and functional parameters of the Bohai Sea
ecosystem. Furthermore, we calculated the ecological carrying capacity for Chinese shrimp in the Bohai
Sea and compared its changes between the two periods. Trophic impact and keystoness index results
showed that the Chinese shrimp was not a keystone species or an important functional group of this
ecosystem. Benthic crustaceans, mollusks, and other functional groups occupied important trophic
positions in the Bohai Sea ecosystem. The increase in Chinese shrimp biomass will have a negative
impact on Oratosquilla oratoria, Portunus trituberculatus, other benthic crustaceans, and polychaetes.
The increase in the biomass of functional groups such as Lateolabrax japonicus and gobies may have a
negative impact on Chinese shrimp. Network analysis showed that this ecosystem was at an unstable
developmental stage during these two periods, and the Bohai Sea ecosystem had higher surplus
production. A comparison of the 1982 and 2014~2015 models showed that the maturity and stability of
the ecosystem decreased, resulting from its degeneration. The carrying capacity of Chinese shrimp was
found to be 0.810 and 0.702 t/km” in Bohai Sea in 1982 and 2014~2015, respectively. Compared with its
current biomass, Chinese shrimp had great potential for continuous enhancement, e.g., by releasing larvae
in the Bohai Sea, and the ecological carrying capacity was not exceeded even when the biomass of the
Chinese shrimp was increased by 71.68 and 585 fold in 1982 and 2014~2015, respectively. This study
provides information for rational implementation of stock enhancement and promotion of sustainable
development of fisheries resources in this sea area.

Key words Bohai Sea; Fenneropenaeus chinensis; Trophic impact relationship; Ecological carrying
capacity; Ecopath model
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