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ABSTRACT An exploited ecosystem of the southern East China Sea in 1999~2002 was de-
scribed by means of an ecopath mass-balance model with the aim of characterizing its function
and structure. This application included some complexities added to the general modeling meth-
odology due to the high biodiversity of the East China Sea and the multispecies nature of the
fishery, and the difficulties of working with fishing data which are usually irregularly or impre-

cisely collected. The model comprised 20 functional groups including primary producers, the
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main species of benthic, demersal and pelagic invertebrates, fishes and non-fish vertebrates and
detritus. Results showed that the functional groups were organized into six trophic levels with
the highest levels corresponding to the top predators, shark and rays. The system was domina-
ted by the pelagic fraction, where sardines and anchovy prevailed in terms of fish production,
biomass and catches. Detritus and detritivorous groups also played key roles in the ecosystem.
Considering Odum's theory of ecosystem development, the ecosystem was placed on a low devel-
opmental stage with high net primary production (NPP), net primary production/total respiration
(NPP/R) and lower connectance index (CI), system omnivory index (SOI) and finn's cycling index
(FCD.
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30 3k, 2HEBEHAERREAMZIARENFTAHRNEN BEIEFLABERESHERAETHA
RYRBAW TR BILRBEZUREBFEASRASENRRE, "EAETHFESRENBRMAFERRE
Gl EHF 200D, HTEFMANTBRRIMAREG N KEESRANEREBR IR AN EENH. A
FEFRDTHREYMBSERANSEAOER KRG, FRETHMHBETECR B% 2000, &,
PR E AR B A, N M BN ST ERAAMAESRAYRERER ML B R HTEHOH
AR REGER, . 2 YR SEPRFR B 43 A B (Multispecies virtual population analysis, MSVPA) F1% & ¢
S B (Ecopath with Ecosim, EwE) (Christensen et al. 2005),

BHMBEAAEREMBENER HEMBRE TR - MEE, AFEMBERDYEEEHCR E%
2007, M HAKZKMHT MEMLWASRELRLTAERZZ S, FEEBHEE HIREGESOTREER
HEAMGHEEREMENRKREBRRTESRETWHMAYFHER MARFMBEE S . HiL, BAHEIT
BB RMRBNERREWEHWFIEE TN B AR EFEESRREKF EWERERE —~ENRR
P, ANTTMELASE B E MR R AR MR B4 2007, MSVPAWREREATHAFSEI TE S,
—RAE T AR 5 KA S A BT T R BE k. AL Z T ,EwE 3@ it Ecopath, BB iR AT RAEBRYNALRM
BAER L, RE¥ H Ecopath B AIE R H T S) Ecosim, M M ELESEAT R THERENL YR
B sh BB, 2 B AE ST S BIG LLEfL(Waters ez al.  2000),

EwE BB XK A R A S REHTARWER . SEMATEBW, BEMCESERAAR S F XM
AFRBRESFENPHRPEBITRIE. BE 2000 F 3 A, ZKECEELIK 160 ZTEHEHAAHEAL 6 700
AMEMBP,BH 200 255 EwE BEA LK CHRE AT &7 (Christensen et al.  2005) .,

B BT . 7R ¥ TS S50 X Il BE U5 G A9 — > 5% 1 Ta) R L 2000 X el R 1 455 BB 0 R B e L IR B F- 4R
B8 17, AL FE & Wb 155 54 16 1 8 4L (Fishery-induced evolution) (Manickchand-Heileman ez al.  2007) , 3 £
WIEN“FEHK7 MBI KHE, EEREMEENT . RE X B RFENEHILIERE, i F 5 EERERE
ZAoBEEMATHAAEERZ P KEMERERRE, ALREGEF BRIV HERSSRIEMAR, ANE
EER; LEAK KREA/NFRZFARMEBENCERK /NG NIMRERERERZ, HAANE
AE- R FAEREAERMDNGHETBERSATHESBREZ @R 2006). KR 5k k
VIV E RGBSR, REX BN EERKTN 1965 45 3.5 TS 1990 £ 2. 8(R #|%
2005) , BB R R AIKFHEKERA, WAKE FH A AAFUFE S TEHE T G H AR IE A, SR IR XX F I 20
ERBHERETRNBEEKOERRIT 2004, BEHE B RSN KR B TR KA M EE LT,
HLUBBEHES I EHBANRZWLEFEIRM RGN, RIE 2005 FHETRRER, REFREXTE
M 10 7 t B el SR UG #  Trichiurus haumela U5 88 Decapterus maruadsi WP, Ji 8 _E ady 5 &
Ffh K Pseudosciaena crocea Wit Ilisha elongata ML BELDE R REBERGERHETESE  2006),
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R EER R, SIS RS RARENES ESHEFNESS BR. AHRUREERER
SR RFFE X4, Bl Ecopath with Ecosim 5. 1 3£ 8 7 4 25 R 4t Ecopath 88, BIL A S T H AW . D)
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Fig.1 Map of the southern East China Sea ecosystem

1 MBEEF*E
1.1 #ARBE

AEFTEXREEREMETNEX, WEHP K& EER L HEILHE, L F 22°00'~27°10" N, 117°
10'~125°0 ECE 1 @FEA B A0 R & 5% M, 8 X E R 213 237 km®, #8 X 4L T #4785
BREERX, REILEBLIM, BEEYFEMEES, ARER. R 1999~2002 FXNXBX S RBELR
W, X E ROWREHYLH 497 fb, Hp, BEREL, X 367 F, HFRBRMAERN 73.8%. H7xHK 102 f,

kR 28 FH(EKIT 2004,
1.2 Ri5EMEREDSES Ecopath B E

Ecopath #EIE A7 R G0 B — 7 51 A= 25 JC B6 9 2 6B A 40 4 A » 3X 2 3 BB A 53 % O 20 BB 4 (Functional
group), TE NEBA R A B AESRE T REB R s 1) A3 8 (Christensen ez al.  2005), WiEHSZEFEH,
RBEXAESRATENRANEERUAMARFTPE A B—HERA T - HOERE T —FHE=
0, EM 1 HRMFBHKIKREX 1 MESRLE. HP, 51T R FRARESRE PR L A

B+ (P/B), §§B -+ (Q/B); « DC;; + EX,

AH.B: HIH YR, P, HIhaed i?"% P/B. ATifEd: AR SEMBEWIE,EE, HIaE4A
iREBERERRE,Q/B. A HMBRSEYENIIE, DC, MEHEH fHEE WEHRELAL.EX, N
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FHEEHERAIBER BRFEHANEELSEE B..(P/B),.(Q/B),.EE, .DC; fMlEX,, i 4 &%+
AHAERE - TR, CEHENET EKMSEOTIBEER, BRI SH WA REMSE DC;, M-S
¥ EX,; b AZE (Christensen et al. 2005),

1.3 EEdAms

##E Ecopath with Ecosim B REBR U KR ESFEER  HESMN (BYWAR BEF X NMEKRADE
RAHBR U R@EYE T AR FTE P ERERWMHRIETE I AR YR, H 5L R R — T 8 #1748 LAY
SN 1 N8B (Christensen ez al.  2005), RIGHEIMEBXEBHLESREERH 20 NMIEAHMB R,
EABERBEREXATRANBERSI 2SR, HBAR(ELHRNS) AHESHRR. REFEHE

SREBERABAMTRE 1.
%1 FREHBIESRGELMIY LAY

Table 1 Functional groups of southern East China Sea ecosystem model

I 8E4H Functional group D My Rh 4 /R, Species
¥ Diatom
R UHY Phytoplankton H#¥ Dinoflagelate

2  Copepod
i1 Cladocera

By Zooplankton FEH Y Chaetognatha
MIEHF  Sergestids
WAEEs  Salps
- ®iksh4 Mollusk
SR Benthos . £ZE#Y Polychaete
Wi Jellyfish ¥ Rhopilema esculentum

BRYG XU Parapenaeposis cornuta
LS HENF  Solenocera crassicornis
. WX Parapenaeposis harduickii
sk Shrimp MAUYF  Metapenaeposis barbata
I ENEF  Trachypenaeus curvirostris
JAKFHSUF  Metapenaeposis joyneri

WM TR Portuns argentatus
- Crab IR T2 Portunus sanguinolentus
S8  Charybdis feriatus

FEBEB  Loligo chinesis

3] HEBSE Loligo duvaucelii
LRHK Cephalopods BB Septy aculeata

W Octopus ocellatus
¥k Harpodon nehereus

Hib Other fishes +EBH  Myctophum pterotum
Bt Argyrosomus argentatus
B4 40 Mackerel HA%% Scomber japonicus
vTH Sardines & /N TH  Sardinella aurita

! W Setipinna taty
8RR Anchovy #28 Engraulis japonicus

M¥® Trachurus japonicus

BRI Horse mackerel W HE & Decapterus maruadsi
PN Japanese Spanish mackerel W H 8 Scomberomorus niphonius
488 T T B Bluefin leatherjacket FEEDE B Navodon tessellates Giinther
- . KHIBEE Priacanthus macracanthus
NN RaR Small demersal fish RIEH  Acropoma japonicum

YE88  Muraenesox cinereus

REJRR R Large demersal fish F®E Paralichthys olivaceus
KEf Large yellow croaker K#EH  Pseudosciaena crocea
HE Hairtail W Trichiurus haumela
. Wi EE Carcharhinus sorrah
LS Shark and ray fE# Raja hollandi

LB Detritus
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1.4 WEHEEWFSERFEMREELTE

AR ABETERD 1999~2002 EFREHEFERAYRFEREAERE(S%).1997~2001 £R
BREGEREYEERAEHERS GPTHRSE 2000 FEFREARGEEE 198D X XEBM(BRYUS
2000; S HRMZE 2002;7) ME  2003) K+ E K = B2 0O B Wl S5 3 B0 PE (Froese er al. 2004). 7E
Ecopath & &, BEB7E RGP WS AT U BE R (EWBE ko’ ) RFR, B W — B RER 1 FH 14
A%, ¥EmME KRR . FWWRRRESNEYER APREXEAEREESKIT 2000, % Firb4E
YEBIENIIEEEB A SERERMCRIFE N 0. 95(Christensen et al.  2005) 3R 51T EwE BRI ZM4E/M
HESAMMIREAN EYE. M TRYMHARMINELAR P/B M Q/BE, MG X FAELE, > BINHE
gﬁ/&ﬁ*fﬁ(f’auly 1980; Palomares et al. 1998) , % T -&ARNEF B INREA, th TR MR E I P/BEM
Q/B &, ACB %MD RG-S 4508 5 300 K KM R B K T2 15 7K 88 7Y | 7 g b AR A 280 o iy 38 1)
THEEL , H 45 & WOl B8 W Sk i E A BRI Y P/B fl Q/B B3 (Froese ez al.  2004), HHLHBHKE
BB 595 P BB 7E L 25 5 30 A# 8 (Christensen ez al.  2005) , IEIFFE# /) P/B i BF 55 18 X T il
HFEMBERBEERIT 2000, WEEE PR EYWHREERA THAXE SN MTEE EE  2003;
BMEITT 2004), MABEABIEHGAZE @11 P/B.Q/B.EE HIGWHRE S8, AP &AM
HWAMBEE2SWHEE  FRESIEALSERBLYERNT 1. BE EHNGHLHERFASGEESREN
Ecopath BB 4 Rl HAL T sk T LR, B E M A AW H BB (L B 1999 . AR IWEN ARG
HEXESREEARRIREPEESEL THELTMAT B ESKAM(ESHES 2009 WA HE

1.5 RBWEENITH

LR B B /E BE A R 8 4 91R H Ecopath #5011 Pedigree Fl Sensitivity analysis #4734} (Christens-
enetal. 2005),

2 GRESW

2.1 FiEHHEE Ecopath HE 5

BA MR 2 Pedigree WM A E R 0. 513, A fEEHE. HRABEMFERT (A 2),FH—IhEEHR
FEASFSEOMEEMBRE. UHahfed R, e R/ 50 %06, £ E IR FBIEL 700;
MAERFI A M R EFNBR, YW ATIEAMN A YRR Q/B EAE4k 50 X6 B, 48 XF 5 i 4% 85 I i &
MEEAMEREREHRAET BT 20%.

PR FW, RE S REH M AESE R RYCEMBRE AT 0.59 M 0.95 ZE(E 2. FlFEYAE IR
JBH) EE N BAK, 43 514 0. 152 F1 0. 284, FHEDME MM ERE S5 1 778.392 F1 269. 724 t
km® , EHLBBRIN 1 667.064 F1 472.697 t km®, S W T A RBEAXMEM N RHAEXNEZRTAHA
2.049.4.353,5.576 M1 8. 326 t km®, FAT A EAET"RAY 85. 6%, Hit KFRAMARIHEARKNEBIHLE

fi&.
2.2 FEBHBRASREERRLEUMBERKS

AEHEPEXESRETAINR T PERLE D, HPERFUNRE AFBNAYEREFK. B
W, RIEEEEXAESRELRREEE A 6 MEFRME LR EVERETBN I HFEEFER,

REEHEXASREEFRRERXALE 3. MESERXRY. XEFRAZ N ERFRMEFHE
10N R B HERBERESRET E FRA R HBOEM S (Pauly et al. 1995), AR PRIERHHEKX
EBRENTHFHBRMER 12.0%,
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Fig. 2 Sensitivity analysis of southern East China Sea Ecopath model
#2 FEEE Ecopath BRI INEEAS Y
Table 2 Input and ocutput parameters of the southern East China Sea model
IhHE 41 4 B Functional group Trf}iivef%iz Skst)P/B (/year) Q/B (/year) EE P/Q
¥ 8225  Sharks and rays 4.23 0.012 0.820 9.50 0.758 0. 086
WM Hairtail 4,05 0. 090 1. 437 5. 00 0.877 0. 287
Kk #h Large yellow croaker 3.88 0. 002 2. 057 7.18 0. 809 0. 286
KB JE MY Large benthic fishes 4,13 0.111 0. 600 4.70 0. 950 0.128
REELE A Bluefin leatherjackets 3.16 0. 064 0. 787 4.98 0. 889 0.158
NEUEEMAZ  Small benthic fishes 3.21 0.130 1.754 6. 40 0.921 0.274
W 5 8¢ Japanese Spanish mackerels 3.81 0.106 0. 430 3.19 0.950 0.135
#52% Horse mackerels 3. 00 0.134 0. 877 6.13 0.854 0.143
#R2AL2E  Anchovy 2.83 0.569 1. 980 9. 80 0.920 0. 202
YT Sardines 3.05 0.776 0. 902 5.61 0. 950 0,161
it Mackerels 3.13 0.436 1.063 4.70 0.938 0. 226
HAf2  Other fishes 3.23 1. 390 1.590 5.99 0. 950 0. 265
k2 Cephalopods 3.54 0.230 3.100 11. 97 0. 950 0. 259
B4 Crabs 2.73 0.139 2.120 8.48 0.908 0. 250
#F2%  Shrimps 2.66 0.592 7.570 25,00 0.950 0.303
WEH#  Jellyfish 2. 38 1. 185 5.011 25.05 0. 950 0. 200
JEWizhY Benthos 2.00 1.783 6. 500 27. 40 0.590 0,737
#FiFahlY Zooplankton 2.05 3. 640 32. 000 192. 00 0. 496 0. 167
F#5HEY  Phytoplankton 1. 00 12. 630 140. 000 — 0.152 —
AHYLHEE  Detritus 1. 00 20. 000 - - 0. 284 -

T H AR E RS
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Table 3 Distribution of throughput, biomass, catch and production through aggregated trophic levels
in southern East China Sea (Unit;: t/km?)
BRE g EYE YR £=R
Trophic level Total throughput Biomass Catch Production
Vi 0.011 0.022 0. 003 0. 036
\% 0.161 0.158 0. 048 0, 367
N 1.682 0,912 0,462 3.056
m 12. 089 3. 506 1,693 17.288
I 269. 724 6.789 0,632 277.145
1 1 778,375 12.630 - 1 791. 005
ait 2 062. 042 24,017 2. 838 2 088. 897
1194.37 0.63 1.69 0.46 0.048 0.003
742.42 I 33.99 m 4.82 v 0.46 \ 0.032 Vi
1(pP) —fh 41% [P 192% [—P 192% —‘ 17.2% | 14.4%
558.12 19.93 2.83 0.28 0.02
1508.65 149.71 }7.532 1.07 0.10 0.07
1197.21 < i \ 4 \ A A
Detritus
472.70
4% 44 Output
B BRR A E Prey
i 35l ’
Feeding or Input el
Trophic transmission
efficiency
X9
W Todebris
3 FEESEXESFRESERRZAHYRM
Fig. 3 The trophic flows transmitted through aggregated trophic levels in southern East China Sea ecosystem
2.3 BEERBEIH

AEEREXASRASIEHARMNESEFME RN E O, B MDA KB FHESERA
L — RN S0, R X AR il 3 e KA IR A B SRR — M . TR R E X AR R
REAK, Tl X &M ERH A BN EERR, HPFNEa FaNREASREALVABMBER, &F
EY PR B EREY T E YR LR & IR RE R AR A B A ERT .

2.4

FHEBESRERTEN

Ecopath BT M 45 H A SR, REBMIF WU IR RRENAE BREENRAESRERE

(Christensen et al.

2005, RIEEHEXAESRENEARBESHAE 4. HPRLE LK & (Total

throughput) A SR SR E PR ERABRBREEZ M, Bk 4 265 t/km’® « year, FEEMMBET R
%1921 t/km’ » year, B ¥k W F W EFH RN 3.05,
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Note:; Bars above the line represent a positive impact, whereas bars underneath the line indicate a negative impact, the height of the bars

are proportionate to the degree of the impacts
A B#535; B #f; C. K#A; D KBEREANE; E GHIES; F. MRKESS; G ORM; H B8R L 8#E%K; ] ¥T4&;
K. #56; L. Hfifads; M. k@2, N. 83, O. #F2; P. 8E; Q R¥E3IY: R Bi#shy; S BivdEY: T. AUFEE;: U #@l
Note; A. Shark and ray; B. Hairtail; C. Large yellow croaker; D. large benthic fishes; E. Bluefin leatherjacket; F. Small benthic fishes; G.
Japanese Spanish mackerels; H. Horse mackerels; 1. Anchovy; J. Sardines; K. Mackerels; L. Other fishes; M. Cephalopods; N. Crabs; O.
Shrimps; P. Jellyfish; Q. Benthos; R. Zooplankton; S. Phytoplankton; T. Detritus; U. Fishery
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Fig.4 The mixed trophic impact analysis of groups in southern East China Sea ecosystem

x4

FHAREXES RGN SMERE

Table 4 The total system properties of southern East China Sea ecosystem

5 Index

{f Value
(t/km? + year)

847 Index

{ Value
(t/km? » year)

BER

BIPR
AHELERE
RELERR
RERAETH

FHWHERR
HRRAETN

Sum of all consumption

Sum of all exports

Sum of all respiratory flows
Sum of all flows into detritus
Total system throughput

Sum of all production

Mean trophic level of the catch

Net primary production

819.920

1197. 205
518,170
1 667.064
4 265. 000
1 921. 000
3.05

1778.375

WRET S /R

BREETN
EEEYK
REXRRHK
wEHRE

Finn's 13048 #(
Finns VY BREKE

Total primary production/total respiration 3. 060

Net system production

Connectance Index

System Omnivory Index

Throughput cycled (including detritus)
Finn's cycling index

Finn's mean path length

1197. 206
0. 330
0.213
174.70

4.10

2.398
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REVBEFEH SRR EEHRRARAENEERIR, - BRBANWRENRE= TS EFREN L ‘
B3R 1, — &2 =B A% S E ™ 5 (Net system production, NSP) , #3f 0(Odum 1969 ; Christensen et al.
2005) . RIEEIW X KRG R /1 (Net Primary production, NPP) g 1 778. 38 t/km’ « year,iB K F &

G B IPIRE L, NSP 358 1 197, 21 t/km?® « year,
FE 38 B (Connectance Index, CI) 1 % 48 Z¢ & #5 £ (System Omnivory Index, SOD # 2 K Bt R 4 3 5B Bk &

EABENER. BRBANESE, REAESDO@BARMER (B ML) BE H (Odum  1969; Christensen et
al. 2005), ABHEFPBRABREMNERBBERRARERERE SR 0. 330 #1 0. 213,

& 3R Wi B (Throughput cycled) BRIER AP EH A ABBAWEFRM AR, MM H, Finn’s fFFHEH
(Finn's cycling index, FCD#E M EREPHHARE S BN B LA, T Finn’s F# #42 K & (Finn's mean path
length, FML)# M EBMEAR KL BN EHIKE. RARGHFLZ —RED R BERN LHER, H
BRBEFFZTMEYER K (Finn  1976;Christensen ez al. 2005), KB HPERESREANBEIRRE N
174. 70 t/km?® « year,Finn’s f§¥# 3527 4. 10%,Finn’s YRR E R 2. 398,

3 g

REHTEREN-TEENESRZRE , ARBVRAETH FIFEIY REDY . DAL ERZEF
BRARTEHEE  KYMANS T+, ACEEMNESRERTREHL. MHRED 20 M HEEH. &
ARG RN R A RS Ecopath HEIM AWML R EFREZ M EFRRANHAT N, TURB EBGHE
BFREANTIERE.

AEETERATRENVLE AT EHFHEYHR . NEEYHETHEN —F W EER B FIHEE
Y. W RERBEYENBEEMENEN 115, RHKMA S YEALSREEPRMGERLEEN
#07 (Dame etal. 2008), 2B RAERRENFTERBARBHNEL, — LR YE . FItEY RIS
Y NARE-EEMTRABRE. 5 —FERBERYE : BBEANE Y ~RE -2z Y~ /N A SF
KB TR BEE.

EEFRIZERFNIWERRP.AE6T.0RXEHBEE. R EXRE P RWHEYFEILEE A
AR, RAERERERNE(EE) 4458 0.152 #1 0. 284, KRB A AN EMARAEATEN =42 —.
BRE TN ZREERZBRMEMNE 4. 7%, BR T FHERELENER 120, REMFEFIREAATE
BURREBBRE, N EEHFAEGRRNERRS . ERESRERETREER RSN HE”.

RIS BIFRDEANESERBRINEEDRR , RURWASREEANARER WENMBEFRRHE
BHAREE D, Bl BE B4 X ZHCR B EFRKM, 5 SHBER 60%, Wl B 5t KF 2 ALFdE, &
HE-SEXPAHAXNESERVNVBERAHEENRE AEHBEEARBLTRETNHEAREE.

Conover % (2002) ,Kuparinen % (2007) & # i, i KWL HTE I RBRE/ MBS BRESFRA
KB BAEEMA R, IR HERBARR A EREE N XM AN EEE S, NTTEH SERHENER
M, FEED THERBEMEZE, RIGHEHE X ERY &SRB, NI E, wEY P AN E KR,
A ABE ERNIEMESNEZNYME SEEHCETH  2003; BEHE  2006), FEAER SR,
AEERERESEAAVAHRIEERRNAETBHAE /D, KBS ERATYMNBERXRPHEIFE, HH
HEiIABEBEXESRECLEFEARTY M FE R, © G R4 E SRR, MR 4L hE

EBRBEGHERBI(Coll eral. 2006; Manickchand-Heileman ez al. 200D B EM, R HHEXASESEE
HEREAMEET IR A (NPP/R) R RG4S (NSP) i & U RBMKA SOI MairRils &5
K. RAKBRE-THENWLETOER"NESRE ESRERBUEMRT ke 7 HEG I TR
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