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Fig.1 Study area and the location of the stations
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®1 MIOESRGREARTEME

Tab.1 Functional groups and main species in Oujiang estuary

loiac Digedl ik
no. functional group species
1 PRI phytoplankton BUREISHHE. e H B, AR oo B s 4
Coscinodiscus jonesianus, C. argus, Odentella sinensis, C. centralis, etc.
2 F#ENY)  zooplankton AR RS AR, RREKE. =R
Calanus sinicus, Labidocera euchaeta, Tortanus vermiculus, Diastylis tricincta, etc.
3 PE#E K. punctatus BE#E K. punctatus
4 JIt%  C. nasus JI%  C. nasus
5 % L. haematocheila i L. haematocheila
6 AT shark stingray species YRR ARET
Scoliodon laticaudus, Dasyatis akajei
7 HAAESS  Lateolabrax japonicus  HARTESS L. maculatus
8 Tkt Harpadon nehereus Kk H. nehereus
9 XJUFAEL  Penaeidae NS L2 D L NSO SN SN B DA (NN B D LN

F. chinensis, Metapenaeus joyneri, Parapenaeopsis hardwickii, P. tenella, etc.

10 HAhURSE  other shrimp species HRAMR, PR HR, 5 IR, ZIRAER, HARSUR, G R 4
Exopalaemon  carinicauda, Solenocera crassicornis, Palaemon gravieri, P. annandalei,
Alpheus japonicus, A. distinguendus, etc.

11 /2 H  Stomatopoda (LN T ARATTE N N S W N
Oratosquilla oratoria, Dictyosquilla foveolata, O. interrupta
12 IR T P. trituberculatus =R T8 P. trituberculatus
13 HAh#EIS  other crabs At Fple, ok mg, Fa o @, BEmEs
Charybdis japonica, C. feriatus, Eriochier leptognathus, Varuna litterata, Eucrate crenata, etc.
14 LML Cephalopoda KIS 2 RTCE S
Loliolus beka, Sepiella maindroni
15 PARSIT Mollusca Vet PJEH AR VR IR
Tegillarca granosa, Thais clavigera, Murex aduncospinosus, etc.
16 Wk E M C lucidus WSk E M C lucidus
17 FAF Rl other Sciaenidae K. N, UL EE . At 0. R EGIY Lt A

L. crocea, L. polyactis, Chrysochir aureus, Pennahia argentata, Miichthys miiuy, Johnius
belangerii, etc.

18 JEE I detritivorous fish  RTEEER. fiff, PAEHEGL
Planiliza affinis, Mugil cephalus, Arius sinensis
19 HoAt R e 2R R, bR SR, SRR BRI AN, 85
other planktivorous fish C. mystus, Thryssa mystax, T. chefuensis, Stolephorus commersonnii, Ilisha elongata, etc.
20 FSCAb vk B 1 £ g, B, 6, Pt
other piscivorous fish Muraenesox cinereus, Sebastiscus marmoratus, Mugil cephalus, Lepturacanthus savala, etc.
21 LA AT A ) £ 2 BRI, PROBOR. RV, AR, kRS, b E s
other benthivorous fish Lepidotrigla alata, Acanthopagrus schlegelii, Cynoglossus abbreviatus, Paerargyrops edita, C.
gracilis, Sillago sinica
22 HoAtRA e a3k BREE . B, FEVIERE. TRERG LT, g AR5
other omnivorous fish Pampus echinogaster,Psenopsis anomala,Leiognathus brevirostris,Lagocephalusinermis, Takifugu
xanthopterus
23 JRAL A AR . AESHL g LA R
benthic organisms Amphioplus praestans, Sternaspis scutata, Mediomastus californiensis, Lineus
24 W detritus

I P RENE L ESAE.

Notes: The meaning represented by the serial numbers is the same as in Fig.5.

LA, SMRRHNEREBRPCEEEN T Em BRI HALLS A A Uk sh i & 1
O~1, BRILH ARG EIRBILHY 1.00~3.55,  HE(3.55), WUAFHIBEERNEIRH N 2.46, TIH}
Horp i A8 FR RO PRI R HLIEJE (1.00),  FUEFRRN 2.97, MBAYEFRF N 244, FEHZ
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Fig. 2 Sensitivity analysis of Ecopath model for Oujiang estuary

#*2 BUIO%SHRE Ecopath iHEIGEMBESH

Tab.2 Basic input and output parameters of groups estimated by Ecopath for Oujiang estuary ecosystem

F5 Thhedl HRE AME(km)) EFFEAEYE() HERAEYRG)  EREE
no. functional group trophic level B P/B O/B EE
1 FifHE% phytoplankton 1.00 3.260 180.00 0.392
2 VRS zooplankton 2.00 1.189 25.00 180.00 0.603
3 B K punctatus 2.46 0.019 3.05 8.90 0.594
4 JIF  C nasus 2.97 0.038 3.04 8.60 0.406
5 % L. haematocheila 2.44 0.006 3.40 11.50 0.695
6 #HT25  shark stingray species 3.45 0.033 0.81 2.47 0.090
7 HATESS L. japonicus 3.55 0.169 1.05 3.30 0.171
8 ks H nehereus 327 0.156 1.62 5.00 0.308
9 KR  Penaeidae 242 0.021 5.65 20.00 0.924
10 HABEFZE  other shrimp species 2.42 0.085 8.00 28.00 0.980
11 H&H Stomatopoda 2.62 0.059 4.50 20.30 0.545
12 =R TE P trituberculatus 2.70 0.257 2.50 7.50 0.224
13 HAB#EESE  other crabs 2.66 0.041 3.50 12.00 0.462
14 k2% Cephalopoda 2.96 0.016 3.10 9.00 0.735
15 HARE1T  Mollusca 2.16 3.254 7.20 30.00 0.471
16 WEkMg# A C. lucidus 3.14 0.045 1.72 5.50 0.527
17 HALE @A other Sciaenidae 3.20 0.073 1.85 5.78 0.377
18 FEEEMEAS  detritivorous fish 2.26 0.026 3.20 9.76 0.753
19 HAFHFEY &M other planktivorous fish 2.74 0.072 3.40 10.00 0.615
20  HARWEKSIYIEEMAIE  other piscivorous fish 3.55 0.051 1.46 479 0.863
21 HABRWAEY EPEMZE other benthivorous fish 2.69 0.058 2.47 7.10 0.733
22 HAWEAEMEMZL  other omnivorous fish 3.06 0.047 2.98 8.50 0.404
23 JRAEEY  benthic organisms 2.17 3.655 6.57 27.40 0.241
24 FJE  detritus 1.00 24.000 0.322

TR E RN T 2.44~3.50, ERREFHRR R
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Fig.3 Food web of Oujiang estuary ecosystem

XK BRI TAIEENEREWEE,  SYiede7EnE,

A HUEJE > A 31—/ N 0 R — KA a2 KILVL RS AR 6.882%, W1
24 BEES TSR FPEHALRCE 7.000%, WE ARG (6.699%)

VLT 112 25 2 55 1 24 /3 R 0L 0 FE B (£ 4); RGERER TS EERIEFREHE R & S EE
g PO S T it 4406, B PA LG S0,
WREEEIN 4 TR EIM (R3), RAME st g yr 0128 25 255 98 LUMCR X0
EEEEJ\X4/\E‘?§2&IEHY}ﬁZ¢$H{§J$O E?%gﬁl %’ﬁ EzkAbEfgﬁ%/xtF' %%fgﬁfﬁ%ﬁ
o NN . . ° SRHEEE i, " RUF B
RIEEAE AR S, EAMERESRE R S or S 1 R [ s g .

o \ e Boh 7.903%, K HRBHEREN SV, HE
PORHORIR . WA G B BT A RERY 93.49% . oy oo e g e e o
L T TR R T - W R 7.739%; EFRAEBBREIEN 5.664%,
UL ) R T R R L 73.49%, E R S 1 o I e 2 S X

e e o s L RAWBMERED S, HEARER 6.487%,
RV TR 72.19%, BERBILRIER e e g i o

o o L R P R X B85 FR 2 2 [A] AU RE BAL 1B AN, 17AE
ljjalé\‘{}lbgllmﬁ\iﬂg 2601%,—5'&%‘%&%@ IEJE\EE,:J mﬁfm%
93.49%, I HEJE B G R 73.49%, ERH] : ‘
LR B 72.19%, HRA GRS R 25 AR SRR
[ 26.01%, FEFEL M~V IE 5 1.80%, & MRAIT RAERROLE (4 4 R E - ESRS
NASRGEWRER EERAMRL =, ME HORFEI DR R A B R R, R BLEEAS T RE 4
BRI, BiEEHEERIK, fFE4 AW AR Ak X At T B8 2H A4 5 M RN RS

=3 FINESRGERS T

Tab.3  Distribution of energy flows at aggregated trophic levels in Oujiang estuary ecosystem t/(km’-a)

HIRN Wik e iy & T W SRR

trophic level consumption by predation export flow to detritus respiration throughput

v 0.21 0.00 0.79 0.87 1.64

11 1.63 0.00 9.21 14.23 25.06

I 25.06 0.00 118.60 242.70 386.30

I 386.30 329.00 356.50 0.00 1072.00

BE total 413.20 329.00 485.10 257.80 1485.00
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x4 IOESRGEFRFLHE
Tab. 4 Transfer efficiency of discrete trophic levels in the Oujiang estuary ecosystem

Sk EFEH  trophic level

source 1l 11 v
H7=#%  producer 7.044% 6.370% 7.645%
8 detritus 5.664% 6.715% 7.903%
MR all flows 6.487% 6.492% 7.739%

T G BT LL  proportion of total flow originating from detritus 44%
VI P2 H AL RCE from primary producers 7.000%
FHUEEEALE  from detritus 6.699%

RGFEAE  total transfer efficiencies 6.882%
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— N Nt N O I~ 00 QN e e =

—_— = =
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B BIMEXTER  negative

N=le e e Y R R S
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Fig. 4 Mixed trophic impact of functional groups in Qujiang estuary ecosytem
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R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

BRA 5

JK P54, 2025, 49(2): 029307

x5 HRAMEENIOESREGHINERESENHE
Tab.5 Maximum ecological carrying capacity in

Oujiang estuary ecosystem

NN EXNiigast /i =v} BRI
roy K
g AR (km) WA (Ukm)
no. . current multiplier ~ maximum
species biomass capacity
1 B# K punctatus 0.0189 3.7 0.070
2 JIt  C nasus 0.0379 1.7 0.065
3 #% L. haematocheila 0.0055 24 0.132

2L )BT R AR AR | 0.065 vkm®, B2 1 AR
BTN 0.132 t/hkm?,

2R RO P ok B A S A i i A REYT 1
HEBRGDERFIESEOLE 6. 41T RERE
T, MIEFEE N 423.001 vkm®, A E N
329.006 t/km®, ELIEWG &SN 257.794 thkm®, I[N
eI sk 485.061 tkm?, 4395 R4 A
) 28.30%. 22.01%. 17.25% Fl 32.45%, R4
R (CT) 0367, ARG 74 MEFE %L (SO
9 0.217, % kb Ecopath A5 7 4 fij R 2% 55 B 5 |
TR 43 )k B A AR A A AR B M AE S R
GRFESEL, KRS80 B8k, Ui
TR Y I E AR S AN, LA

RGHARTGE
3 Wi

3.1 BT AKIEESREEFETN

A5 T RELYT 10 3 0 37 8 A e, A
FERR YT O A4 25 R 48 Ecopath B 8 , 4» Ar RELYT. H
ARG EFREWMEE RIS, RIHE KL
TR YT AR S R G B IES BRI, &
WIH A 7= 1 /I & (TPP/TR) J& Ecopath #5 7
i R G A AR E M B R bR, ER
GEBYIW, KEawaHTRENED ML
KER, HibAdr-m K FiEkas, B TPP/TR>1,
K2, W TPP/TR<1, MIEHHIZAEZS R 552 5
754, I TPP/TR ML 1, Ui
ARG R TIEN E, WEAERRENAEY
WL R KM, EERERAFRED, ML
A2 RS0 TPP/TR B o 2.276>1 (3% 6), X
A RN BRSPS 4 AR SN =17 ) N
FIH, AT g4 BB, 194 1 R AL
FANT Y, CLEEY N SEPrsE 2 5 nl e g 42
A5, SOL J2& i A T 2 & i £ 1 & 1 % B0

F=6 BIAKBESRGENREFIESH
Tab. 6 Summary statistics of net flow in Oujiang estuary ecosystem by Ecopath

FHESH L HTHUE Ktk Hifh2 A3

attribute parameter value valuel value2 value3
M FER/[t/(km®-a)]  total consumption 423.001 423.456 423.234 424.456
Sk E/[t/(km*a)]  total export 329.006 328.798 328.902 328.272
SR /[t/(km®a)]  total respiratory flow 257.794 258.002 257.898 258.528
W IAREJE 8 B/[t/(km*-a)]  total flows into detritus 485.061 484.935 484.975 485.112
ARG SR /[t/(km®-a)]  total system throughput 1494.861 1495.190 1495.009 1496.368
S PER/[t/(km™a)]  total production 667.406 667.562 667.489 667.837
MR ))[t/(km*a)]  calculated total net primary production 586.800 586.800 586.800 586.800
SWIFRAEFE )1 R total primary production/total respiration 2.276 2.274 2.275 2.270
ARG E ®/[tY(km®-a)]  net system production 329.006 328.798 328.902 328.272
SWIRAEFE 18P total primary production/total biomass 46.472 46.284 46.372 46.011
MAEYE/SIEE/ (")  total biomass/total throughput 0.008 0.008 0.008 0.009
MAEYE/[t/(km?a)]  total biomass (excluding detritus) 12.627 12.678 12.654 12.754
BELETEH0(CI)  connectance index 0.367 0.367 0.367 0.367
REG A MEFEH(SOI)  system omnivory index 0.217 0.220 0.217 0.217

i “HATEE AR AT RGRE: “BUE D RBRER R ESENREN ARG S L B2 R IIG m KA SRR IR GHRFIE

28 “BUEIRERF RS ENE N R RIESH

Notes: "value" indicates current status of the system, "value 1" indicates status at ecological carrying capacity of K. punctatus, "value 2" indicates status

at ecological carrying capacity of C. nasus, "value 3" indicates status at ecological carrying capacity of L. haematocheila.
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FCEEIE", 33X 2 MER R/ 1, stk
YRS 2%, DIREA] 2 IA] 15 5 b X
RGARGUAN PRI T LAY RE ) s o BV I AR

BERGH CL{H N 0439, SOI{H K 0.184, —F
FIERNF 1, WHHIZESRGE S M AH

X, RGN ARG, REFREE AT
HMRTHLRE S 2

W AHIE G 5 3 A Sk AT 11 WS Y Eco-
path B R 32 5 25 R PEATXF L o 4%V B S AR
BTN T 1.0~4.5, ZFE/N, 2019 3N
TP TPP/TR (HEAZIT 1, RGHIMEAE Filf
P R T AR VTS 5 2020 4F 5 11U Bl
FE e 255 BRYL O A RGN TPP/TR HAE T K
LR RN R =TGR 7).
BHFI A S R G ERLE CLE AN SO {4/ T 1,
KUK LB RGN RS, BN H
YR, REWATARERE, BTOAES
RGN CUHAM FETE", SOLAEM FE 1]
T SN VB RN N ISR, SRR UL, REYT
1 7K 38, Ecopath 1517l iz 5 45 5L 5 HAh oK sl A=
BRGEML, SYMELR, RERAEAG,
SIHTIRIE, AT RE R AR R A S I B M R
il B TR R R s, (15 40 208 A B 1l 2] 1
N, R REVERRAG, REYT O BAH W a3 1
T 25 A R B 28 08 A 1 T R R A,
T U SR EIL VT T4 I 25 A4 B

3.2 R, JISTRIRAESSE

HATH R 8 E R DK A S RGN A
MFBLZ—, 3T Ecopath 4 52 m PEAL AR
Al AR K B 55 S5 A AT RE i s Y, Ok
TR TR A /N, DA SR PR 52 el 9% 1 ) I o
g, SCIATRREEIG AR AR Y. PR T) 6

R JERYT 1 R FE ORI R, BB
4% R 0.0189, 0.0379 F1 0.0055 t/km?, )i F
Ecopath i 5 A0 A 2 54354 0.070, 0.065 A1
0.132 t/km®, BB KRIIETHIE T1. A5 EE R
FWT, BEEETFN TG ) R p X AR A R
B B RN, L B 2 e T L A7 B ) S 4 1Y
W2y, 82 FEZELIEIE 0, BRI H RS 55 5
K, FBCEABKGBEGEE ), LA+
BZ BN YR

WEFEPEAS T A I —Fh B A s i A A
W, RGO SR AR 2 A R R o, B
CA T TR) s 16 T BRE B . ) 68 R 62 D RE 4L A AR W
SRR AR GG . 5% B — YRl ik 2
AR I AR, KBRS | T RIER L
3.7+ 1.7 1 24.0 I LA [R) 25 38 i A= &, AR 8
AR, USRI 2.59 f% . TIET A=
119 £ BRI 16.8 fEI;, HRIEINAELH
FRG ORI 1, BRI R A . R )
REZH EE 1978 o)y 32 21 37 BE 8RN U 5% A ) o 1Y) 52
M, % UK IR Je R A N B, XTHER
ZTIRe 4 EE M2/, PR A 2 S A R
F B BEEE AN T B R e o X AT 2 R
)25 U S5 B — O R 45 R R B, ORI R
S ESMEN, YRR D H0R e r 3
B A 2 B /N B — O

Ecopath #& 7 Ay REL YT 11384 58 B B9 25 & 1F
flPEHE T —FP o7k, & W RE - 1 A
XoF AR 2 I ] 25 () Y ) 38 8 B8 A 1 A ) I
BRU, A TR E TR, A —
MR RRYE, AR R H R R RN A DB my A
KARE s [ 484k . DiRedlml gt 2, L
FOoKIR IR B AL E R 2, TR B s AR 2
FA AL AR PR AE KT o BB 25 BT AR S B E 1Y)

®7 MINESREGSEMERERGIHFIESHNLLE

Tab.7 Comparison of characteristic parameters of Oujiang estuary ecosystem model with other models

: \ i 4
gc:oﬂii:}ri i}f;a/rﬂE troshi?ffﬁ(vel TPP/TR a soI

FE{L. T Oujiang estuary 2021 1.000~3.545 2276 0.367 0.217
KIT O Yangtze estuary™ 2020 1.000~4.438 3.200 0.388 0.234
JZI17  Xiamen Bay"® 2020 1.000~3.850 18.300 0.316 0.175
M Laizhou Bay™ 2019 1.000~3.978 1.454 0.402 0.211
#M%  Haizhou Bay™" 2018 1.000~4.190 7.096 0.429 0.204
=[]  Sanmen Bay"” 2017 1.000~3.800 13.590 0.400 0.240
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* 8 REIHEBMARIPE Y ERTERTRIER
Tab.8 Changes in the model with

simultaneous increases in biomass

SIE M ohEE Y
FE O OMRE% RS EWEk)
. L . mass-balance
no. release species multiplier biomass
change
1 B#E K punctatus 0.37 0.0019 -1l
JItF C. nasus 0.17 0.0038
% L. haematocheila ~ 2.40 0.0132
2 W K punctatus 1.85 0.0350 P
JIt5%  C. nasus 0.85 0.0322
#% L. haematocheila ~ 12.00 0.0660
3 B K punctatus 2.59 0.0490 HoAhaR 2
IhRgZH
JIt%  C. nasus 1.19 0.0451 EE=0.998
% L. haematocheila  16.80 0.0924

Bd, 2BENEARCm L, P re i ]
28 B SR B A A L S 8 A 2k A
PR . SISk UL, Ecopath 5 R 2
L AT [ BB 550 S IS5 8 % DR 28T PP A5 1 2

__.[130]
b

BIRFFAEA L, (BRI AT LA MLV 1 3

SO AR SR SRS
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Ecological carrying capacity of Konosirus punctatus, Coilia nasus,
Liza haematocheila of stock enhancement in
Oujiang estuary based on Ecopath model

ZHANG Xinyi ***,  ZHENG Chunfang >, QIN Song '*, LIU Weicheng ",
ZHANG Chuan "**,  FAN Qingsong "’
1. Zhejiang Mariculture Research Institute , Wenzhou 325005, China;
2. College of Life and Environmental Sciences, Wenzhou University , Wenzhou 325035, China;
3. Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bioresource , Wenzhou 325005, China

Abstract: Ecological capacity assessment is an important prerequisite for fishery resource restoration and conservation. Based
on the survey data of the Oujiang estuary fishery resources and ecological environment survey in March, May, August and
November 2021, the Ecopath model consisting of 24 functional groups was constructed to analyze the trophic level structure
and energy flow and calculated the ecological carrying capacity for Konosirus punctatus, Coilia nasus and Liza haematocheila.
The results showed that the trophic level of the Oujiang estuary ecosystem ranged from 1.00 to 3.55, the trophic level of K.
punctatus (2.46), C. nasus (2.97) and L. haematocheila (2.44) were lower than other fish. The evaluation of the ecosystem
structure and function showed that the total primary production/total respiration (TPP/TR) was 2.276, connectance index (CI)
and system omnivory index (SOI) were 0.367 and 0.217, respectively. The results indicated that most of the trophic in the eco-
system were not utilized, the primary productivity utilization efficiency was low, and the system was still immature. The cur-
rent ecological carrying capacity for K. punctatus, C. nasus and L. haematocheila was 0.0189, 0.0379 and 0.0055 t/km’, and
the potential ecological carrying capacity, based on the Ecopath model, was estimated at 0.070, 0.065 and 0.132 t/km’. When
reaching the ecological carrying capacity, the TPP/TR, CI and SOI changed marginally. The stability and structure of the eco-

system of Oujiang estuary were not altered significantly, the system has a potential for continuous enhancement.
Key words: ecological capacity; ecosystem structure; food webs; Ecopath model; Oujiang estuary
Corresponding author: LIU Weicheng. E-mail: Iwch80@126.com

Funding projects: National Key Research and Development Program of China (2020YFD0900805)

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries

12


https://doi.org/10.12153/j.issn.1674-991X.20210714
https://doi.org/10.12153/j.issn.1674-991X.20210714
https://doi.org/10.12153/j.issn.1674-991X.20210714
https://doi.org/10.1016/j.aquaculture.2008.02.019
https://doi.org/10.1016/j.aquaculture.2008.02.019
mailto:lwch80@126.com
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

	1 材料与方法
	1.1 调查站位和数据来源
	1.2 模型原理
	1.3 功能组划分
	1.4 功能组参数来源
	1.5 Ecopath模型的调试及敏感性分析
	1.6 生态容量估算

	2 结果
	2.1 Ecopath模型的数据敏感性
	2.2 瓯江口Ecopath模型构建
	2.3 食物网结构
	2.4 能流分布和转换效率
	2.5 功能组间混合营养效应
	2.6 斑鰶、刀鲚和鮻的生态容量估算

	3 讨论
	3.1 瓯江口水域生态系统特征评价
	3.2 斑鰶、刀鲚和鮻的生态容量

	参考文献

