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Sample stations in the Yan-Wei fishing ground
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TR S B AT, FREL 20 g KUTHE K2
2 mm M IRE A 100 mL 2 Z 48 8RHE T, A
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IR I St 0.15 mm (I, PSR B AR R AR -4
IR DU R POC & 28 FREL 3 g Jo R Wik:
AHGH TR IR, DUBUIAIZK L 12 10 A EL
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FREE TR
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TEARJE R & T o 0] Z0g A i1521, Ecopath #5171
TR ABEARZSH B, P/B. Q/B F1 DCy, EE A
P A AR A FAR 5]
1.3.2  IREHRI
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W B K Z AT YRR 0 S — AT Re 4L, MK s 4 A (Liparis tanakae). VEEHE(Lophius litulon) . H ikt
H A RN B3, K465 (Scomber japonicus) . BE (Pennahia argentata) . ¥Wetfi(Saurida elongata).
% (Konosirus punctatus) . ¥ x5 D8 (Scomberomorus W I (Oratosquilla oratoria) Fl = PE R F & (Portunus
niphonius) . #% (Engraulis japonicus) . 42+ £ trituberculatus) 53 i B K] 43 R — A DB 4L (3 1),

xR 1 WECEHEEHESRERBTEEAER 77 R EFPLE R
Tab.1 Classification and composition of functional groups in the Yan-Wei fishing ground ecosystem
T Uitedd UiEE Y
1 iy fify Scomber japonicus
2 bin B Konosirus punctatus
3 WK W5 S Scomberomorus niphonius
4 it fii¢ Engraulis japonicus
5 HApthdp BE0E #2F} Engraulidae, #FF} Clupeidae, X /il Ammodytes personatus
6 MBI MBI £ Liparis tanakae
B HISF S £4 Acanthogobius ommaturus, PR IR 4 Odontamblyopus lacepedii, 7542450 IR E
7 WRpE £ 2% Amblychaeturichthys hexanema, & [CHEET 1 Amoya pflaumi, 77 BEF M Chaeturichthys stigmatias,
e =L AN =R Tridentiger trigonocephalus, FRAEFS LU FE £ Ctenotrypauchen chinensis
8 P B Lophius litulon
9 it MUt Pennahia argentata
10 K g K mpptlls Saurida elongata
WA Trichiurus lepturus, KIE7NLt0 Hexagrammos otakii, 1885 Lateolabrax maculatus, G757 fili
11 BRI Takifugu pseudommus, 118 iR} Sciaenidae, H83F} Cynoglossidae, #lif} Scorpaenidae, #F} Bothidae,
%7} Pleuronectidae
12 I iR il LRy Oratosquilla oratoria
13 AR HASEEUF Alpheus japonicus, BEHELNF Alpheus distinguendus, J&J\YF Trachysalambria curvirostris, &
RASELF Trachysalambria curvirostris, ¥ [CIRYF Metapenaeopsis dalei
14 SRR ZHER T Portunus trituberculatus
s f ek FELR i Eucrate crenata, %ﬂﬁ]ﬁé%ﬁ& Carcinoplax vestitus, H 7R Charybdis japonica, WUk
Pugettia quadridens, IEIE Charybdis bimaculate, 77 )E1JS Hermit crabs
16 g% 2 [RTCEN B, Sepiella maindroni, YW H- 2 Sepiola birost.rata, KW Octopus variabilis, JEHH
Octopus ocellatus, W& Loliolus sp.
Wk Bivalvia SRIG DL Mytilus edulis, JEiT Scc{pharca broughtonii, &Ml Anadara kagoshimensis,
HAHTBRIR Atrina pectinata
17 ik ‘
¥ 2.2 Gastropoda i U2 Neverita didyma,. éI%?ﬂéXﬂ}? Nassarius succinctus, ZFeNGIT Philine
kinglipini, WK£I32 Rapana venosa
8 s VAR Nereis succinea, NMEIZTH Sternaspis scutata, A HE Ampharete sp., 77 & Praxillella sp.,
NG L Scolelepis squamata, W] '2 5 B Armandia intermedia
19 B2 B W2 Stichopus japonicus, ZFEE%- Asterias amurensis, V2 Luidia quinaria
20  /NERRishY) Ui £ 2S Amphipoda, 5% /22 Isopoda, JEAFiKE 2 Copepoda
21 TS INUFF K Paracalanus parvus, EERIEWIKEE Clytia hemisphaerica, AN Dolioletta gegenbauri
22 TR fik % Bacillariophyta, H/# Pyrrophyta
23 A WA B DOC, WIRLA HLEK POC
22 L/ 2025 4F /5 49 % /5 7 W)
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TR A= Y (Biomass, BRI 4K a S EE
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DOCGH A PLIK) & =5 IFiEsh ) . eiishy) Kt
VKB HE Wy pR AR Y S b R A SR A S B B B
AT 2R e /A Wy i LU AEL(P/B) ST AE &/ E W)
& HAA(O/B)B] A itk % IR AHE % Fishbase (http:/www.
Fishbase.org), HAWRFIEAYIR P/B 8¢ O/B HAE R
245 Itk T Vi ST I IR B30 A 358 FR AR (EE)
A B S A BUEYE R 0~1); DhRE4l & 41 slrE
DO B E Yk e U E R R, 4ERE
[R5 28 2 it AT TR DTk (R i

Ecopath 58 I i 4 4% 0 7 T M A S R B
e A S, EN4ikr 0<EE<1. 7ERE AL K473,
A REL Y EE(EAFTERT 1 MO0, 5 2l i
S5 355 RV AN Y- 5 T e 4L A AL B Al A G
24, BEERAYIREAIAF] 0<EE<1,

Pedigree &2 i 11 1k Ecopath ##i A ZHI1:
PRI SEREAS BT, R8T Ecopath A&7
FIEHE S BORBIRI T . MorissettelB3fH ] Pedigree $
X 50 1> Ecopath A AIBT 71T T2 AIEA, Pedigree
TEBOL B 45 R—AE 0.16~0.68 ZIH], M &b T 1% X 8] /Y
Pedigree FEEULRIAMNIK) Ecopath AT {5,
Pedigree f8 %0115 A20U0 T

P=z":ﬁ, 3)

IR

K, P RS Pedigree 1850, n HINREH B, i MEE
i YIRE4l, j A B. P/B. Q/B LA} DC $fH, I, A5
HRXE . DI BELH i 1) Pedigree $8 4451,
1.4 A 5Z2%ERIFERIL

AEBRGELDEFIES B R IRE S RGN
REER 56, JUHRHMAE | RREtE . B4
HEASRRIE . Hid, RSB & (total system throughput,
TST) A= 2 R G0 09 S AR FLASE 0] i 5 #E £ (total con-
sumption, TC)., 4t (total export, TE), &Ik &
(total respiration, TR) A ¥ [n] #8¢ J& f%) &L & (total flows
into fetritus, TFD)4 4~ J7 I AN LA & o ARG A
BRI A P B S S Y B (total primary
production/total respiration, TPP/TR)# 1714, HAH
B 1, fERRGEE T R 24 TPP/TR>1, Ui
RGEAT EE BB 4 TPP/TR<1, WA figZ 2441
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EYTHEE, AN, Finn fE3RF8 %X (finn’ s cycling index,
FC Wt T ARG Y IR B9 G PARE, 1T Finn -2 %
K (finn> s mean path length, FML)MH#ikE 35
T A BT EE AR, A R AR R RS
B RN FEFEAR o R GLi%E FE45 B (connectance index, CI)
i S PR IR I R S IS R K R B LU E, TR S
Ze PR 5 (system omnivory index, SOT)NIET7H %%
HREZHAS BN 435, PIE T R
YIS E 22, CLS SO ki 1, FRIAAM
LRI T . RGUARE TR SR I,
1.5 ZRRTFEBALSEEI G

TE Ecopath BRI, (REFHADD)RELL R
A REE, B PR TR A Y i, R
e e HOR R AE Y BE YA L, BRI RS,
BRI — T HE41R) EE>1 I, 3RIH =Pk FHExT
ZIREA R B YT R CX AR RGOV A,
IF A = et 8 AR ) 1 A A HO A A AR A ),

2 %X
2.1 P REK

A5 Ecopath #ifl Pedigree $§%0H 0.538,
& W R i AR AL T BT R, R A R A
154 o MR B0 7T 35 Ecopath A5 7Y () A RN 4 S 40
%2 R, HEBRYG 23 NURELLE FR Y EE Sy
MET—IVZ[H], HIEREJE 1.00~4.16, H PR
FIE B 078 32 9 i A% (1.00), [H ZF LW 2 fim ik
68.25 tkm2a’l, HZEBRFELAEYERN 70.69%;
5 F29%(2.00~2.66) I e FE It = E i E
H, WY . 2B AR AN AT )
Y55, NIE FR90(3.05~3.38) I Re 4] HZ M B M a2k,
MG . A H AL R 2K E, IVEFRHG.39~
4.16)IhfE2H FE A A e, sl | mai T
i OB T S ORI AR AT, DL
(4.16)FIE 7 T B (4.07) 18 R e imi, —PEMR T
BTN N 3.44, A DIRELLIY EE fH7E 0.21~0.92
Z 8], HorpdR g fa e W5 S BE EAH S, 4
5124 0.90 F1 0.92, FAKSNY) EE [ERAK,  0.21, =
Pt T A EE H-M 0.42,

22 ERARGEHAKE
HRRHAMEIR L 45 e % EE R R R 0
S, TPP {HN 2 376.15 tkm2-a!, Jif 825 tkm2-a’!
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# 2 MEBEHEE Ecopath AN ML B
Tab.2 Input—output parameters of the Ecopath model within the Yan-Wei fishing ground ecosystem

Yiged BN B/(t-km) P/B O/B EE

fify 3.38 0.03 2.16 5.20 0.75

Bl 3.28 0.04 0.62 11.30 0.56
W05 T 4.07 0.01 0.65 5.80 0.90
fifg 2.66 0.05 3.00 9.70 0.79
HApthrr b2 02 3.05 0.12 2.31 8.90 0.58
AL+ 3.89 0.03 0.80 3.60 0.89
LINEREER 3.39 0.09 1.59 4.70 0.92

B A 4.16 0.05 1.16 3.80 0.89
SRl 3.41 0.01 1.07 5.50 0.81

K g fif§ 3.39 0.02 0.52 5.00 0.88
HAhJE 22 3.88 0.25 2.75 9.52 0.77
REYY 3.25 0.19 8.00 30.00 0.26
HAthtiF 2 2.25 0.06 8.00 28.00 0.48
=yt 3.44 0.05 3.45 11.70 0.42
oA 82k 3.39 0.08 3.50 12.00 0.44
LB 3.55 0.05 3.34 12.60 0.43
WAz 2.45 6.63 6.00 27.00 0.21
EASES 2.00 4.51 5.60 22.00 0.23
Bz ) 2.64 3.27 1.20 3.58 0.29
N AT B4 2.27 5.11 9.00 33.00 0.31
TFUESN Y 2.00 7.65 29.00 125.00 0.50
Y 1.00 22.63 105.00 0.35
A 1.00 45.62 0.23

B EFERINGELALIEAE, &5 TPP {HAY 34.72%, F4x A& SHRBHERE SR 2 035 tkm2al, [RTHA
1551 vkm2-a ' REAIH, &R 65.28%, HE W TR Z A, HiAy 484 tkm2-a ! 3K HAth B F 4%
) R S S RE Lk AT R 2) R JE ThREL R REL .

10.000 0.000 0.000 0.000

P 4078 oo ) 209 [“2.106 1935 [0\.1084 8] 0405 ovoo7 00

0.0954 0.0402 . 0.0821
—122.63 21.78 5.750 0.715 0.058 0
461.9 47298 -70.16 J2.663 J0236

1551
L) 34.93

D
45.62
2035 434.3 47.63 1.871 0.126

|exports and catches

\ 0,
;ET( %) predation
TE

e biomass e
flow from rati flow from
detritus Jrespiration | deqritus

Bl 2 MRl i A S R A R Y B
Fig. 2 Linear food chain of the Yan-Wei fishing ground ecosystem
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ek, PRIl =g T RN 56.0%, FRIET L
REVLLL A 44.0%. PIFPEYIEERE SR e s
A B 22 57 ML= BIE SR BE R L AL RUR
49.71%, MRS SRR BERFE TN 3.79%, 11T
FNIVEFIIRER RN 8.01%, IVE] V EFHW
AR AR, N 10.62%; TEE B M A RER
FARBR T 9.24%, TIEIIIE FE9% Y RE R B AL RCRIL A
4.45%, TE| IV EFRHRAIRERACRE N 8.52%, IV £ V
BIRRNIRE R CR IR, 18] 1221%. EERGHE
KR BERILALRCR N 6.80%, Hh g =4 FteE (1)
AR LR BN 6.65%F1 7.05%(F 3).

2.3 R REMER

MR Al BT TR, K A0 v 1 £ 4 19X
IRV E YR, — e LU R
B, — B WEE IR IR 2 TR s N B
Yy AN R BR AU S ) — 452 DU JE R A
ZWE)E |« RS (ARSI R 2 B2 . NVELER 2
F/INEL 0 28 B R R A S R JE BE (8] 3). PSR BE

\
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R3 MWECRIEHESRFERRBEEHELHE(%)

Tab. 3 Energy flow efficiency among functional groups
at different trophic levels in the Yan-Wei fishing
ground ecosystem (%)

SR BRER
I il v \%
LIE Lt 971 379 8.01  10.62
i )E 924 445 852 1221
B 9.54 4.02 8.1 11.26

B AT (S RE L LE: 0.44
K BRAET=H: 6.65%
KHEEIE: 7.05%
REGFALRUR: 6.80%

N R 2 R H At )2 S AN SRR K S L TR
YN WS 2 B2 AE Dy Re 41 BE LA PR Ui s A ) sk
PR M, TR SRR R 0 2K Nk g | HoAl )i 2
1 S T RE AL (0 B A R 4, X LI RE L AE P &%
EYEE I T e RE R S E A A, CL.
SOT B4+ 514 0.34, 0.18, 2 WM i 37 6 3 12 4 0
SitEch TR, HZRE e, ARYhed
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Fig. 3 Food web structure in the Yan-Wei fishing ground ecosystem
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Evaluation of the enhancement of the ecological carrying ca-
pacity of Portunus trituberculatus in the Yan-Wei fishing
ground based on the Ecopath model

LI Shengfu', LIU Shude?, DONG Xiugiang?, WANG Tiantian®, CUl Wenhui",
JIANG Wenliang', LU Zhenbo', REN Zhonghua'

(1. Ludong University, Institute for Advanced Study of Coastal Ecology, Yantai 264025, China; 2. Shandong
Fisheries Development and Resources Conservation Center, Yantai 264003, China; 3. Yantai Marine Economy
Research Institute, Yantai 264003, China)

Received: Apr. 10, 2025
Key words: Yan-Wei fishing ground; functional group; energy flow; food web structure; Portunus trituberculatus; ecological
carrying capacity

Abstract: To scientifically guide stock enhancement strategies, this study aimed to evaluate the ecological carrying
capacity of Portunus trituberculatus in the Yan-Wei fishing ground. During the spring, summer, autumn, and winter
of 2022-2023, an Ecopath model incorporating 23 functional groups was developed using seasonally collected ma-
rine biological and environmental datasets. This model was used to characterize the energy flow and food web
structure in this ecosystem and evaluate the ecological carrying capacity for the stock enhancement of P. trituber-
culatus. The trophic levels of functional groups ranged from 1.00 to 4.16, with ecological efficiency (EE) values
ranging from 0.21 to 0.92. The trophic level of P. trituberculatus was 3.44, with an EE value of 0.42. The total en-
ergy transfer efficiency of the ecosystem was 6.80%. For primary producers and detritus, the energy transfer effi-
ciencies were the lowest at trophic levels II and III (3.79% and 4.45%, respectively) and the highest at levels IV and
V (10.62% and 12.21%, respectively). The food web was structured by grazing and detritus food chains, with the
grazing food chain accounting for 56.0% of the energy flow. The connectance index and system omnivory index
values were 0.34 and 0.18, respectively. The ecological carrying capacity of P. trituberculatus was reached when its
biomass increased to 0.482 4 t-km2 (9.1 times the current biomass), at which point the EE of another shrimp func-
tional group reached a threshold value of 1. These findings provide a theoretical basis for optimizing stock en-
hancement strategies for P. trituberculatus in the Yan-Wei fishing ground and offer technical support for the sus-

tainable development and management of fishery resources.
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