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Abstract; Using the Ecopath with Ecosim software, we constructed a trophic structure model of a large enclosed sea area in
north Hangzhou Bay to analyze the main biomass flows in the artificial ecosystem. The structure model is based mostly on
the 2006 survey data and it provides a snapshot of how the artificial ecosystem operates. The model consists of 13 functional
groups, which are piscivorous fish, benthic-feeding fish, zooplanktivorous fish , herbivorous fish, crabs, shrimp, mollusca,
infauna, carnivorous zooplankton, herbivorous zooplankton, periphyton, phytoplankton and detritus. Each group represents
organisms with a similar role in the food web, and the 13 functional groups cover the main trophic flow in the artificial
ecosystem. The results show that the food web in a large enclosed sea area is dominated by the detrital path, and
herbivorous zooplankton plays a significant role in transferring energy from detritus to higher trophic levels. Trophic levels of
the compartments vary from 1.00 for the primary producers and detritus to 3. 90 for the piscivorous fish. Through network
analysis , the system network is mapped into a linear food chain and six discrete trophic levels are found with a mean transfer
efficiency of 9. 8% from detritus and 9. 4% from the primary producers within the ecosystem. The geometric mean of the
trophic transfer efficiencies is 9.6% . In the course of energy flow, the proportion of total flow originating from detritus is
57% , and that from the primary producers is 43% . Three indexes of ecosystem maturity, TPP/TR, FCI and Ascendancy,
are 2.672, 0.25 and 0. 315 respectively, indicating that the artificial ecosystem of a large enclosed sea area in north
Hangzhou Bay is in the state of development. This is the first reported trophic model of a large artificially enclosed sea area;

it may serve as the basis for future bioremediation and ecosystem management in eutrophic coastal sea areas.

Key Words: enclosed sea area; artificial ecosystem; Ecopath model ; network analysis
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BE B Sh, LT R S R T MRS B, T BB SR AL SRR AR B S 1R B AR
1 TxRREFZE
1.1 BRI

KA ERE AT Y4 I KB EIL R , BT AN O, B @0h B0 A Yo £ B IR IR B i T
FEHEIL TR, T, BN, SR 15.7 ~15.9C EHHKE 988.1 ~ 1197. 2mm ",

O BFEES. SWLRMYMASKEEASTREN R AESEE TER B SEHE, 2007

hitp : //www. ecologica. cn



5 WHE BN ILR KB R A TAES R R ER MBI ML 4T 2067
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B, R ALK 3. 16 km, BRI LA 3625 m, BE Sly
YEAEAFH 500 m, BIVGE AL 1.72 k(B 1), Py s
KBS m, EHEUE, EIFRERA BT A IF B B2
& H rp ok # A ( Pseudosciaena crocea) 6 J7 B, KK
15cm. 22844 ( Sparus macrocephalus)2000 B , /&K 7cm . fff
£ ( Mugil cephalus) F1#& . ( Liza haematocheila) & 1 Jj
B, & 8cm, B B H #F ( Exopalaemon carinicauda )
700kg, 4K 0.5 ~ Scm., T 55T SFAF ( Metapenaeus ensis) 121°18' 24 12118’ 36"
240 7772, WK 0.6 ~0. Bom  ZIEMT R (Portunus tritie g o s M T2 5 R AT MR
berculatus) 100kg., K F ¥ 4t W5 ( Crassostrea gigas ) BE
4000kg., U £ 45 W] ( Mactra veneriformis ) 1000kg, &4 1 ~  Fig. 1 Map showing the artificial ecosystem of a large enclosed sea
2cm . JEREE WS F ( Ruditapes philippinarum )50 J7 i , /K|  area in north Hangzhou Bay and sampling sites
Lem YR 4l ( Tegillarca granosa)2000kg, &K lem P2 A%
W8 ( Thais clavigera)1000kg, & Smm . 22 3 35 ( Polychaete ) 100kg ., YL B ( Gracilaria verrucosa) 9700kg . #7 & ( En-
teromorpha clathrata)500kg S AT AR RS,
1.2 AN

Ecopath RIZEE N R ESRETHLAEYIRRHARTREN, XRFESREN BRAA S BR HHBL
HE, AAXTURSRN:Q=P+R+U, X8 Q RIHEE,P RAETR,REFRE, U R ELUNEYE,
Ecopath # B3 XA S R G2 H — RIERCERE DI BE B (box B, group ) 4L, FTA THRBL B b VB F4E
BRARERSISTR, XEHMIHEHKRTMER T BN RENEEBEIFIR Y, RETIRELT
DI DURE R Y — A 2K U R A SRt R R s . ARIEA ) 253 , Ecopath FA!
ENX RGP E—NIIEEH () KRR M A AR S A B-HAR T - HE AR HE =0, #A
F—HB e e L—ERRE, AP AU T BRARRETH— 1 TI884

k
B, x (P/B), x EE, - ¥ B, x (Q/B); x DC; - EX, = 0
=

AH, (P/B) N i AR B SEMEE, (0/B) ATHNESEY B E, DCoV MR A | SHEd
J BRI A, E, 8% | HRT H (EEHTENIER) .
RIEHRE, — D n NMEYTHRBAR AR RGEH] Ecopath S5 W[ IFINT n MR KB EER .

30°42' 06" 30°42' 06"

Bridge approach

B
Hangzhou Bay

B, x (P/B), xEE, -B, x (Q/B), xDC,, — B, x(Q/B), xDCy — --- =B, x (Q/B), xDC,, —EX, =0
B, x (P/B), xEE, -B, x (Q/B), xDC,, — B, x(Q/B), xDCy, ---- =B, x (Q/B), x DC,, —EX, =0
B, x (P/B),xEE,-B, x(Q/B), xDC,, -B, x (Q/B), xDC,, —--- -B, x(Q/B), x DC,, —-EX, =0

I BRI R , Ecopath AR TR R A BEREASRETE— 1 IRAZ F Y 3R
FrE, E B MR ESRE T E TR WEY S EL Ecopath HAFEMANELSHELEYE
B, Ay 5HEY R WE(P/B), RS MR WE(Q/B), A EFRE R EE,  RYH AR DC, 7™ H
B EX;, Fi4 MSHETLUAEE—MERME, R EES RS HOTE R, G 2 S8, e R ER
DC, A= i EX,ZORMEA
1.3 ZheedH%ln

RIEA EYF R (ERFSETR) KBRS, BRERATESRERNEFEEEEH 13 )
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TEATLABRGREBRIAIN TR, 13 MIRHASF NS EER R HEE AL FirsiaZs =
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BB,
1.4 THRRHAYESHORR

£ Ecopath A fEB7E RAF RS T LAUARERE R (HIANEK g C-m " BAYBE t-km~°) REKR,
BHE] — MR E Hy 1a 5% 1 S H 4, /DNEITTEMESI Y A YRR E, A S0 EwE BRI AHRES S,
RETOCFHES YA KA Y8 F 2ok B WA (RO EAMIE) GB12763. 6-91 #147) . X THEEA
[FIFPRHTIREL , h TRYER € H P/B WAERM Q/B H, KX SH L EMESRERE SHMEREMREK &
LB KuoSheng ' F1 & B P RGER Chiku Y531 570 b p 2 I S ABLH , HE 45 Yl 5ot e ' Sl < Aot
b P/B M /B 3%, BEIFRMEERAHRE KR FAIRESMEAERINSB ARMGE" s Thid
BEYHBAEMEE B TREAEXNE SWRT,
1.5 Ecopath R

Ecopath 151 i R A2 R A S RGN AT W R R 74, B R 2 i% P/B.Q/B.EE Mg W4H B
SH R P E DR A TR L 2T S, ERERBHRBE(EE) B—1BERBHSH, 7
Ecopath A K AS¥0H , B H R ARFR ST TIRELAN EE R A4, e AR B ol irE EE (E1RE R/
F 1, ERREREBNRE TR TE , ATTREBES ARG HMAESES RN A HE, &, ERKNHH
25 R W LA [F]— X3 [6] A ] B Ecopath #2545 R B0 891745 75 8 LU 3, 41 W] A5 A28 X ) Ecopath
BRI R A, B HE AR H R . ASCIr i g KB E R R A S B AR R R L B %
T B KB A i HEE
2 HREWm

ASCHTER B M VB K BBl [R5, Ecoapth SEITHRBA S H I AT B S R ILE 1, R RAW A
THERHME LR 2, BBR MBI E R X R 23 WK 2 F1E 3,

®1 AUERSE Ecopath HEIHEEAME S 8 (BRECHEETTENZSH0)
Table 1 Input and output (in black) parameters of the Ecopath of a large enclosed sea area

i b PE 0B, ERR O
Group (t-km?) (a™!) (a’l) Trophic level (t-km?)
FiEAEY) Phytoplankton 14.0 476 — 0.192 — 1.00 —
A EIEE Periphyton 10.6 1.4 — 0.625 — 1.00 6.80
AR R H3h Y Herbivorous zooplankton 14.8 86 280 0.340 0.307 2.00 —
PR i3l Camivorous zooplankton 6.00 25 89 0.585 0.281 2.84 —
JEMIzh4Y) Infauna 8.00 4.0 20 0.902 0.200 2.44 —
AKX 5h#7 Mollusca 6.82 1.75 7.5 0.376 0.233 3.05 —
WF& Shrimp 3.15 1.84 13 0.266 0.142 2.96 —
#£5 Crabs 1.50 1.22 7.0 0.492 0.174 3.63 —
Ef 2k Herb. fish 1.21 1.32 12 0.553 0.110 2.09 0.05
B sh¥ i 2 Zooplanktivorous fish 1.25 1.28 1.5 0.779 0.171 3.14 0.05
JE M & £125 Benthic-feeding fish 1.21 1.22 5.89 0.501 0.207 3.22 0.002
P& M f12% Piscivorous fish 0.41 0.90 6.0 0.407 0.150 3.9 0.15
BB Detritus 1000 — — 0.429 — 1.00 —

2.1 ANTEZRGEFEZIRAEFTELRXR
MBI H R R E R A TAESREEF KR (B 2) TUA N, — BN E , R E Kb fed
ST AEBURRON , & M3 HA D R4 ™ A B B B RN . IR YA PR BN R
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Fig. 2 Flow chart of trophic interaction in the artificial ecosystem
BB R EREEN  Species on the Y-axis has positive (black bar) , negative (grey bar) or no effect on species listed on the X-
axis. Phytoplankton YE{i# 45 #J; Periphyton K BU#E 2 ; Herbivorous zooplankton A5 & V¥ ##3)#); Camivorous zooplankton P & B #sh ¥ ;
Infauna IEHZ) #; Mollusca 3% (& 3 4y; Shrimp KF2%; Crabs #82&; Herbivorous fish 25 & ¥k £ 3K; Zooplanktivorous fish ¥ % 3) ¥y i 2 2% ;
Benthic-feeding fish IRfff & f1J¢; Piscivorous fish Py A {EfJE; Detritus A HFJE ; Fishery ¥\l ; T [F] the same below

P ST KR BB A BURRBN . KRBV y TR s 55 2k SOl S K ) A A AR TR T, 3
WY A O . R MR ShYITE AR B R RS R e, R R B A PR R L R
WEZNNEER, BN REREW LEIRE ., b TRMa R P R XSRS, B2 mEE
BRI RYRBES XA, BRI A X PR AR BRER. PR b2 R
BT B RENHEEES, A aRF R E R BIERN . BTZATESRASHEN HEE, £
U AR R Z S A ) R AR 1 S S K o T8 SR S R B B SR AL, B BUIFSR IF R AL 4T
B, B A i o B B K, T £ 2K D BB B BRI/ o
2.2 EFRGIAEHNER

ME 3 TUE N, ZERERA TAESRENERRAIR BT EAERLA: — RIS S WEE, FirEY—
WY (BE ) —EIRirsh a2 (S R KA ) s B— R ERB s, B A LY— B— B
B H (VT PRI TR 5EE) —/NE M ARG R BT JTBETE S50 T8 ) — KBS s (%
k), ESAENEERHTEE 6 MERREL, FERR MM ERRENE 2, A\TESREE
e B R T 88,353 10.7% , BIAREBHHME N 9. 6% , KT KBS ARG 10% 8P H 5 #
AR WAKTE— 8K 5 A 8-SR 12% U FA LR A ) Sundays Beach 12% ™ ity iR B 5
¥Fk, RFEREETRRAGHENERE, R DS U ERNE, BRI T ERERB (57%) 888
B R TR S, N BRI T KRB, MR TR H A EATIRE . B, REH ERE
Wit BB BB TOIRE, ATTHBE T 25 BB R, S B B2 MR AR SR ERE b, K
TR B T BE R B BELIE” o
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Fig. 3 Flow chart of trophic interaction in the artificial ecosystem (t-km2-a~')
£2 ATESRGEEEFRRORIHHE
Table 2 Transfer efficiency of discrete trophic levels in the artificial ecosystem (% )
B ESRIR\E FEK Sources\TL I o m v A VI v
H: =% Producers — 9.1 10.8 8.1 7.2 7.2 6.1
/8 Detritus — 9.8 10.6 8.5 7.4 7.6 6.5
Bz All flows — 9.5 10.7 8.3 7.3 7.4 6.3

W B APk AR i LUl Proportion of

total flow originating from detritus; 0.57

Sk #4472 From primary producers: 9.4%
3 B#JB From detritus: 9.8%

B3 Total: 9.6%

2.3 ANTADRRG BHRFHE

BT, BN A TAES RAMSHAIIEEH R, 3R 3 AFIA Ecopath 151 ¥ W 48 7347 Th Bl B 1Y
BZRABREBATASRANWFLES Y., REALREERIERENENER, EE AT, Bl . BIFR
DA AT B R B BT, T3k 18958 t-km a ™!, B AR WY BAEFE B 8159 t-km T a ™  REMB T S
(TPP) % 6678.84 t-km*-a™' B KT RE MIPIR & 2499. 863 t-km-a™' | FHHFZEZNELELHHE
4178.978 t-km a™', EEIBMRALEIRPREMTRENTH AL LBEENER, BERAN RS, B
A THER R B AR, REBRRE X B AR E RIS EOR RG22 245505 127 0.306 1 0.333(F3),
RERICRPMITSHAEMRYHMER, BERE T RAAEMNRBEYNEZRRES & £ A, EEXR
B @B EMR Eh 4. 8:1, XU T RA B R BRI EFA, NPT ARG EHEL

BE,
3 itig

Ecopath B2V LATE /3% BAES RAL A AR R, RE KRR E SR ARS8 N
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F— IR AKBESRENE H TR, BRI CERER 120 2K (EFEEIE JKE S R T
F)PRINA,BRTHAZEEAFHAREATHENAESRE MR RIRE, AXHA EvE K HE
Ecopath #5307 I RGE 04T T HUME KRB ER A TESRENRRABRMAETRERSES, AL
AERRGHBERFHHINTR(9.6% ) KT 10% B FRFBRR, AR FHRERE D11 |05, A8
SRR R e B PREISCRIEN . BEARBRYHENERERNIL4.8:1KE, REPRBRENEAKR
N EUFHEAN RGN ERERSIBRE K, MELE, G THERYNERBERZESRAERER S
9 EZRIR, BRELHIRAE B S IR R Y N EVEA , e YRy 2 S R SRR A, ZE SR 058 IR 13
BEE R ERE, ZFATESRAWEN RS , BREEH B, ME R Y PR RSIR A AT
REBE— N ERER,

Ecopath #EI A 1 SRR AT LAFRAE S RE R ML T e A R 45 RAERHE , \TAERREH B
BIESHNE 3, 7 Odum™ LT BRE R BRBWRMESET , KA BHFA A FEARE AN R
A, Hr FCI,A(Ascendancy) \TPP/TR 2R RGRAH) 3 N REIEIR . FCI M RG4S YR
TEERFMEIN LB, R LS REA VYRR , 7R A b iE S BT AR, RIS A RS
FIIET 1. A RREGE, RS IIREH RN IR ER, RESRERERTE, ZESZET 1,3
Wl BG4 ThRBA ) I B, REMAEE . TPP/TR RAIG A7 5 BRI &/ HAE, bR FRE R 4% R
B EEAER, RAKESRET , ZWEZRTRET 1, RARA ZROE B RERMNMH, MER
Y I AR A T ARG R FCILA TPP/TR B HuAE> 509 0. 25 0. 315 F12. 672, %W H Rl R AR #IH A ™
HEETRGREMR, RESIRRE M EERBN L, R R L PR sIH B8 (MPL =2. 174) , i B&MRE
FEHAEEL C1(0.306) Fl RGEZL A 185 SOL(0. 333) #RMA ARG BRIt TARER “ P18 B, A TAS
RAERALUTREE B, RER R e RGN TIMRE S B, RERGFEN FRERBR, X
FERLA B BT RAME ™ H 3G A . HK, ERE | BAIRRME, ERUE R SIER , A2 87
BB R T B EEFRL . RAANREBRET IR, &RBKER, IR P AV E , R
FERME L, BOV RN R R ZOR IR, HI, AT - PHRAREE L, —HEHRASREREE
B, A ¥ R B 5 A BN I R PR LT B A K 5 5 — O T TR BN R R B R AR SR IR B R TR
WrHITEsh, DRI R G H, RIS RER MBI BRI E o

£3 ATESRGEFRHTESE
Table 3 Summary statistics of net flow in the model of the artificial ecosystem
$SAES ¥ Attribute parameters

MR (TQ) Sum of all consumption (t-km2a~') 4974.082
KEIH R (TEX) Sum of all exports (t-km~2a~') 4178.978
MR & (TR) Sum of all respiratory flows (t-km2-a~') 2499. 863
BB BB (TDET) Sum of all flows into detritus (t-km2-a~!) 7305. 005
RS BB (T) Total system throughput (t-km=%a~1) 18958
BB (TP) Sum of all production (t-km~%a™") 8159
BAZ A5 8 (TPP) Calculated total net primary production (t-km2a~!) 6678. 84
KR Total biomass (t-km~2) 68.95
BRREFTE R/ SR E (TPP/TR) Calculated total net primary production/total respiration 2.672
TEIFFEH(FCI) Finn Cycling Index 0.25
SEIEERL %42 (MPL) Finn's mean path length 2.174
B4E(A) Ascendancy 0.315
BIERB(CI) Connectance index 0.306
RG24 8 (SOI) System omnivory index 0.333
Detrivory: Herbivory; (D:H) 4.8:1
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AIFERT 13 N HERER M RESRENSH , BREABRE T ZARBEM ISR, R T ES
RGHPRZS BB ARE TR TIRRA R P/B Fl Q/B MBS HEMSHWIE KR, X BRRZR B IR
T ZEEA SURERIBT R MR 6 T I 0k , B R R SR B BRSO B R R, T B B & W82
WSS BAE—ERME, B, AR TP, AMUEMSEEE N TAERRERAE, F R X @S
BOR B ATEIBTSE, R 500 N.C R REOR NS, LUE 4R R B T (5 %
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