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Fig. 1 Sampling stations in the Lvsi fishing ground
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HRAE A 37 g S A Y IR 25 R (3R 2):
I EFI A 3 B, 0] N BEER (Konosirus
punctatus). =P T (Portunus trituberculatus)
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fu, 55 BB 6 Mg B {4 (Collichthys niveatus) . fif
(Miichthys miiuy). J¢3% i (Harpadon nehereus)3% .
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Tab. 1 Ecological network analysisindicators

HE A M 4534 ecological network analysis

FEE R index name

K code

FAFFHEFE L

general indices

B AR TR KL

pathway analysis indices

o0 265 A 5 P4 R

network uncertainty indices

RGR IR KAE

system development and growth indices

LTI

environmental analysis indices

B RGEIL&E total system throughput
SR total respiratory flows

18] 7 B AY HE 2 total flows into detritus
BRI 7= & total primary production

ARG 7/ I total primary production/total respiration
BRI 7= S/ L Wi total primary production/total biomass

324X number of links

RGEHFEEL connectance

X = fk compartmentalization

SEHIEE AN average link weight

V-4 b 8] 7 B average compartment throughflow
RYAEI R total system cycled throughflow
ARG AEES B & total system non-cycled throughflow
75 BAGAFESL finn’s cycling index
-3 45 K average path length

SR H.{F . average mutual information
SEiHASHE I statistical uncertainty

S B E M conditional uncertainty

SR AN 2 PE realized uncertainty

M 4 ) network constraint

AR constraint efficiency

44 ascendency

JF & BEJ) development capacity

JF#4 overhead

KJEFERE extent of development

[7] J#i ft. homogenization

I [R50 +8 % synergism index

F F A7 A A 454 N dominance indirect effects

TST
TR
TDET
TPP
TPP/TR
TPP/TB
L

C

c
TST/L
TST/n
TSTc
TSTs
FCI
APL
AMI
Hy

Dy
RUg
He
CE

DC

AC
Hp
b/c
i/d

x2 BNAFBEHNRABFHMEERH

Tab. 2 Dominant species and important speciesin the Lvsi fishing ground

2T type

YIFp £k species name

A% B EFEEL index of relative importance

f#Fh dominant species

T ZLF important species

BE (Konosirus punctatus)
=YW TBE (Portunus trituberculatus)
R (Coilia mystus)

SR8 Mg B A4 (Collichthys niveatus)
fiff(Miichthys miiuy)

I3k fh.(Harpadon nehereus)

5 ll(Setipinna tenuifilis)

WSk Mg 2 A0 (Collichthys lucidus)

J1% (Coilia ectenes)

B K IR (Palaemon gravieri)

M1 ¥R (Oratosquilla oratoria)

#82 (Liza haematocheila)

W5 ECAJS XF MR (Parapenaeopsis hardwickii)
H A48 (Charybdis japonica)

JLBE (Pampus punctatissimus)

41 28 BL U 1 (Matuta planipes)

2413.37
2344.67
1112.20
907.51
741.05
474.02
446.52
378.50
280.56
255.45
242.37
221.50
212.28
207.03
136.43
101.19
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22 MBS TERER
BRI AR AR LS S R SR > A
SIBEHNE LA Lo 2 A W) 4 R 55 2 T
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S A B DI RE R 43 B i 2 B A 5 % Sk
MR R ZE R, ANBEAS . PR T . RUST RN
IR (G1—G3 #1 G7), WAndhordesfi . #E-d
PERA S S PR LR R, s gk 2Rk K

BEIRRL XTRERL ., Sk 226 HERRL . R AR A
fafh HABAESS | HABIRSE | HARK R SR H Al
H b2 0 25 I RERE(G4—G6 . G8&—G16), LI KK
B2 sh¥y . AR S . AR A=Y . TREEh )
U R BB (G17—G22), BT Il 4562
2SR E % LIM-MCMC 4 S RERE 1 i A2
BEE 3). WA, TR EREABETY
G BT 0B 4 B LB b, e ) A 0
£y By R 1) AF LA AR AR

*3 Bil#&FiEE LIM-MCMC NS

Tab. 3 Input parametersof LIM-MCMC in Lvsi fishing ground
%" No. AW kg/km’ /Y PIB HFEE /AW O/B Heitk /4 Yy i U/B I B/ i RIB

Gl 678.85 2.37 5.98 0.10-0.50 0.52-0.55
G2 134.27 3.50 11.00 0.10-0.50 0.55-0.75
G3 44.77 4.60 6.06 0.10-0.50 0.50-0.75
G4 149.32 1.15-4.60 5.90-9.10 0.10-0.50 0.52-0.55
G5 74.55 2.37-2.70 5.98 0.10-0.50 0.52-0.55
G6 3.93 7.69 25.00 0.10-0.50 0.55-0.75
G7 13.98 1.34-8.00 7.43-30.00 0.10-0.50 0.52-0.55
G8 4.08 1.84-5.65 13.00-26.90 0.10-0.50 0.52-0.75
G9 2.98 2.00-4.59 7.00-17.55 0.10-0.50 0.52-0.55
G10 9.16 0.74-1.46 5.60-16.10 0.10-0.50 0.52-0.55
Gl11 1.15 1.59 4.70 0.10-0.50 0.52-0.55
Gl12 7.42 0.80 4.50 0.10-0.50 0.50-0.75
G13 73.27 3.50 12.00 0.10-0.50 0.55-0.75
G14 19.84 3.75-8.80 24.90-30.00 0.10-0.50 0.55-0.75
G15 295.36 0.63—4.60 1.40-9.90 0.10-0.50 0.50-0.75
G16 10.31 0.46-2.37 3.10-18.70 0.10-0.50 0.52-0.55
G17 112.51 1.20-4.50 3.58-16.70 0.10-0.50 0.55-0.75
G138 1245.50 6.00 27.00 0.10-0.50 0.55-0.75
G19 210.84 1.57-5.00 8.60-20.00 0.10-0.50 0.55-0.75
G20 5002.07 25.00—40.00 122.10-180.03 0.10-0.50 0.70-0.93
G21 16900.04 106.52 / 0.05-0.50 0.05-0.30
G22 46131.12 / / / /

T G1—G22 73R 7R 22 A UIReRE.
Note: G1-G22 respectively represent 22 functional groups.

23 RYNMKRHEEERINER

BT B e b i 00 BB AR BE L, GE Ot
LIM-MCMC 4 812 1 385 1) £ 90 I fig B i 3l G R,
HINRERE Z A B BRSO 224, RNZEEEY)
WAL B 224 Sfe i s AR (K 2),

WA Re A, R/ANRIIOR Rk 4 4,

45 a. b, c Fl d, WI5HKHE ST 0[0.00, 1.00) kg/
(km?-year). [1.00, 10.00) kg/(km*-year). [10.00,
100.00 ) kg/(km*-year)F1[100.00, +o0) kg/(km*-year).,
a X[EMEE 210 EERMEIIEES, 5 RERARE
86.07%, FZRALET | EEFRIIREREZ (A 3a),
b XA 9 KEEETSIAR, A EEEEY
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Fig. 2 Energy flow of food webs in the Lvsi fishing ground
G1-G22 respectively represent 22 functional groups. G23 (blue)
represents respiration. Gray indicates detritus; green is
phytoplankton; white indicates others, including
zooplankton, other benthos, other mollusks, and
echinoderms; yellow indicates shrimps; orange
represents crabs; orange-red indicates
cephalopods; red is for fish. — indicates
the direction of energy flow.

3.69%. H, H AR A ) — PP IH FE(x189)

oAl A Bl ) — BE R (x152) . BE R — 0 I 9 RE
(x3) . HAbFKAAR S Y- H AW EY) (x167) . AHL
TR S — At B AR 50 W (x223) FBRE 55— A G 2 #1
FDFRERAREHRERS, 20K
3.82 kg/(km*-year) . 3.01 kg/(km*-year) . 2.35 kg/
(km?-year). 1.99 kg/(km*-year) . 1.92 kg/(km’-year)
M 1.61 kg/(km*-year), AHEF 1, HABEAIA)
oAt A Bl W R B S D RE AV A R ) | A% i
IR 22 (8] 3b)oc X R4 5 2 SRR LI BN AR, o5
SRR 0.82% o HLAKRE LI Sl AR AL B PR Ui A
B — H A B A S ) (x213) F0 At AR AR 3 ) — IR 1
THAE(x169), HAEWME /> 5 N 33.58 kg/(km® year)
M 26.02 kg/(km*-year), Hirfr, fitd WIFHFHIITR
) HAB AR S 2 T4 R A B B RS g it
N L AR (8] 30). M d IXEIFTLAE H, fER i

ML 100.00 kg/(km* year) ERIZ A 3 45, (5
HARHY 1.23%, PRIAEYE DA E I E f At i
N 1801.99 kg/(km’-year), FEHLI IS, RIVF
TEFA Y > TRIE s (x215) o Horhr, 48 Ko fig i It
PRSI VIS FEAR S, S 1764.70 kg/ (km-year),
A REA A5 ) B o SR A TR (18] 3d).

2 e B EL AR 1Y BE A U A RO A R
AR, AEaRh, LRI IFEaR, Hi
BR2E . HARZ M2 | H A I A W) A BILE T
UIRERE M RE E L S I AR A X B B 2%, RE & T
Bl BB AN ) o5 B S e A R L 1]
SR 12.89% . 10.67% . 12.00% . 12.44% .
13.33%. 12.00%F1 12.00%. i ZHEE 2, R
B A 1) T RE A 1Y BE R U Bl B AR A SR AR R
[ 2o = (BN = N T B o S A
T U 2l ) R A R S AL 1 4R E0 2 ki
TAREAR, MRS . =Pt 88 F1 75 S5k} 1 g =
iR B AR R (GR 4)

24 HEBEWBEZTH

S AR R RS ENA S5 RNk 5 fr
IR o I A S RS S L (total system throughput,
TST)H 5421.34 kg/(km’-year), F:r 2 I (total
respiratory flows, TR)} 1801.99 kg/(km?-year), i
] % J& 1Y BE & (total flows into detritus, TDET)}
1.93 ke/(km’-year), 434l di i & (9 33.24% Al
0.04% ., EXRGN DA™ &2 (total primary
production, TPP) 1803.92 kg/(km* year), 4%
He PR e/ AR W) (total primary  production/total
biomass, TPP/TB)N 25.36, I A: r= &t/ M I
(total primary production/total respiration, TPP/TR)
H1.00, BAR, ZAES RGP R RGEI S
(total cycled throughflow, TSTc) K
1765.95 kg/(km*-year), Z ¢ F 1 F 537 & (total
non-cycled TSTs) M
5487.87 kg/(km*-year), TSTc i It 24.35%, HJ7% 1
MEHFE %0 (Finn’s cycling index, FCI)A 0.24, HiAth
ENA f8FRI BARER L 5.

25 EHAEEHALER

mEk 6 frn, BN RGN TST

e S B N SN U R e [ R (N T o

system

system throughflow,
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Fig. 3 Energy flows in the food webs of Lvsi fishing ground

*4 BNEZESHEVNESIIEFESERATRLBEY

Tab.4 Theratio of energy flow paths of each functional group in the food web in the Lvsi fishing ground

s BERIABRAEEC  REREGMIMCREL 5 SRR EULE% ) AR A MRS BRI KRR BRI/ %
No. nurpber of energy number of energy  percentage of total No. nurpber of energy number of energy  percentage of total
inflow paths outflow paths paths/% inflow paths outflow paths paths/%
Gl 4 3 3.11 G12 14 4 8.00
G2 7 4 4.89 G13 7 14 9.33
G3 4 6 4.44 Gl14 11 17 12.44
G4 18 11 12.89 G15 20 10 13.33
G5 4 6 4.44 G16 13 9 9.78
G6 4 8 5.33 G17 4 11 6.67
G7 11 10 9.33 G18 2 18 8.89
G8 8 9 7.56 G19 7 20 12.00
G9 11 13 10.67 G20 1 21 9.78
G10 15 5 8.89 G21 1 7 3.56
G111 16 11 12.00 G22 21 6 12.00

TE: G1—G22 435K 22 A ThReRE. IHLRIR BE MBS 5 B AR Y LU R T 10.00%; AHA TR e I B 42 MU AR 19 L ek, EL

A B R
Note: G1-G22 respectively represent 22 functional groups. Bold indicates that the proportion of energy flow path in total path is greater than
10.00%. Italics indicate that the energy flow path accounts for a larger proportion of the total path, but the inflow or outflow number is small.
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Tab.5 Ecological network analysisin the
Lvsi fishing ground

&6 AiNaZEEHEEMEHIEHESHNLEER
Tab. 6 Comparison of characteristic parameters between
the Lvsi fishing ground and other marine ecosystems

EENCE i

ecological network analysis @75 code fii value
B AR 2L TST 5421.34
general indices TR 1801.99
TDET 1.93
TPP 1803.92
TPP/TR 1.00
TPP/TB 25.36
L 223
C 0.41
c’ 0.62
TST/L 24.31
TST/n 329.72
B %k TSTe 1765.95
pathway analysis indices TSTs 5487.87
FCI 0.24
APL 1.99
o0 2% AN 7 M HE 4L AMI 1.60
network uncertainty indices Hy 1.67
Dy 6.46
RUg 0.96
Hc 75.97
CE 0.75
YR ERIE KR 4 8689120.60
system development and DC 9389629.22
growth indices & 700508.62
AC 0.93
WA 1R Hp 0.40
environmental analysis b/c 1.32
indices ird 546

TEL RN b, AR IESE S ENATEARLLIE
BRI A B RGO E R BZEF R 7),
{045 K JEFEJE (extent of development, AC), ZJH
% (constraint efficiency, CE). FCI. Bp[aZ0
T8 %0 (synergism index, b/c)Ml 3= 5 i % 0] 4554
1 (dominance indirect effects, i/d), H:H, Hillia
Wit e S R G A AT RGN AC i,
9 0.93 LIFIAE S R GE Y CE RFCLAR 514 0.75
F10.24, A LT H AWMU TS RGEAL TR K
o WAL, id O 5.46, FEHCEIRIL D AES R LT,
B AE S RGN /d FEER R, R
HA U E B RS N T EB RG] R
B o M b/e AHEST HAAE S R G4 T HRAKF,
M 1.32,

BT study area TST TPP  TPP/TR C

B30 36 37 T S (A T 5T) 5421.34 1803.92 1.00 0.41
Lvsi fishing ground

(this study)

e e IE AT faffk [X 148 3390.13  1026.94 1.04 0.44

Zhuwang, Laizhou
Artificial reef ecosystem

FHC 12 16 s 37149 28019.00 11604.00 125 0.22
Gougqi kelp bed zone

YT 3T T b 30 1 4 %) 634521 1695.90 1.05  0.40
northern waters of

Jiangsu Province

7523 Haizhou Bay 4790.69 2202.04  7.09  0.43
F] 09 3126.35 1353.65 345 038

Yellow River Estuary

x7 BNEFBEHSHMBHESREREY
MERSHHLLR
Tab.7 Comparison of ecosystem stability and development

parameters between the Lvsi fishing ground and other
marine ecosystems

WFFTHE study area  AC CE FCI bl i/d

EaZ s (A pisT) 093 075 024 132 546
Lvsi fishing ground

(this study)

AR EERs 065 071 006  1.12  6.09

northern waters of
Jiangsu Province

Gulf of Riga"™” 059 0.65 005 329 1.19
Takapoto®"! 045 052 027 376 328
3 itig

AR5 E o Ao B i 3 i S
LIM-MCMC %54 ENA, WF5E T i &9 N i
I RIE M AT RGERE . PR AR, i
WA S R G0 RER e 5 I 3 o0 A AR FR A
BRYOEHE >, BRI 4 T e R s
EEY M BE R s, HAERAR S W) FBE AR AT
RE ] AR IMT 2, 44 s = B R M RERE
AR KEMEHSEAEMES . XD RERETERE
R R E SRR s R B R B OCE
FIVER, g8 A b A A AR e &l AT
# il (bottom-up control) B T 17 £ ilill (top-down
control)ﬁ%ﬁi%/l\ﬁ\%lmﬁ?ﬁ%iﬁfgﬁi%ﬂﬁm]o
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BYE R — DAL G — I, SERBEY
HFE SR E RS RENRE ., R, FER
e ) BT A Y RE U BN I AR A R AR T A R 2
5o BRI EE SN, . EEFREEY G R
T ARG AR R M R, (B 25 e 2 3h
EHRAR, I 55 AH BAE, T HA 5 2% op
eI, RSN IR BN 2 sz 2 S, %
RGN W e i 38 i IR [ BE R I o i A
O RE TR SN0 IC FE ], DA 25 4% Th RE L Y e Ui
SO, X HERR S R G R E Tt B Y
VERPY, Beah, IR fERE, Qnis sk A
TR AR Z ORI R G, ETE N EY MK
FERem by #, mASRSE b L IEE EEAE
o FRRE, SRr ARt mAES R
G5 )5 M TG T i), LA TS sh A8k
R TG R AR SR TR
R BCE, ERAEAS LT v] BE & & AR R F
A5 R, B XHRE SRR DAY, KH R T %
it ARSI IR A S R GRS

5 AR S R R A, B
YR E AR RS TPP/TR & 1.00, TDET #%/b,
TGS R G TH R BCRE, B
g i A WU S AR S ARG . It
Ah, IR C T REIKT, REHEYM Y FE
(R AR R B, B S5 K 1) 52 A2 55
REMSTEROARIE FIREANAI S m B>, 24
BREAHEMNMEESETH, CE. AC. blc
M id #H, ZiBBAESREAABEENRELR
JERRIE | AT R R G0k A [ L K R E 3R
IFRSEE, RIAESRGRREIEIN KT, RERE
IR SRR N, IR — s
(X215)F Bl 22 400 A8 70 38 4o 17 Uife 3l 40 1 IO W 97
PR, AR REA RO ) B R AT,
LA AT BEAE T4 W Hh i Z B VR Vi s i T
RERE, SRR B V7 U S 10 T RE HE R A KA A /N Jor
AR, EiREEES RSN EYM T, TR
PIAL s 21 SR BE B AR, HAZ X H S AR g
B IS RERE, WRUER(G3) . 8ERHGS) . Hlp B
JE 2R (G1o)HUR K sh#1(G17). H ik, 45wl it
TE 448 0 R U Sh v 2R A I P O, A R

IR S R G E SRR RE R AT, AT
PET R A AN R G R AR

UG AR R AR L R, 8B 207
T PR HEA T D RERE A0 43, (TS AS T S A b 32
B G B s s EAR TR 2
i ok [R] — A FpoAS ) A 0% s B B i AL, L3 h i
T ) R A i R U Bl AR R Y mT AR DS, A
T B ATRFRATT X Dy RE A A AR b B0 AF % By BB
R SIS RE e m BT, ik, AR 7E
LIM-MCMC Wt ferp, B TS ENY
FRER A I IE DI REREECH, W ] REBE B B kG
JE, LG HE T A 0 10 55 I R ) AN S AR sl
(3 4, DR R R s R e A R Rk, DU
FSL L, e A S RGP BN AR R TR S
REAE A A L
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Energy flow characteristics of food web in Lvs fishing ground based
on LIM-MCMC

ZHANG Hu', ZHANG Zhuodi', LI Pengcheng®, BEN Chengkai', XUE Ying®', ZHU Chaowen', XIAO Yueyue',
ZU Kaiwei', YUAN Jianmei', HU Haisheng', ZHANG Rui'

1. Jiangsu Marine Fisheries Research Institute, Nantong 226007, China;
2. Fisheries College, Ocean University of China, Qingdao 266003, China

Abstract: The energy flow in food web is of great significance for maintaining the structure, function, and stability
of marine ecosystem, and helps to gain a deeper understanding of the trophic dynamics and importance of the food
web in marine ecosystems. This study constructed a linear inverse model with markov chain monte marlo
(LIM-MCMC) based on seasonal biological resource survey data conducted in the Lvsi fishing ground in 2023,
and combined it with ecological network analysis (ENA) to explore the energy flow characteristics and ecosystem
status of the food web in the area. The results indicated that marine organisms in this area could be divided into 22
functional groups, forming a total of 224 energy flow pathways. The energy assimilated by planktonic animals was
transmitted upwards through functional groups such as Konosirus punctatus, other benthic organisms, and other
mollusks, to maintain the growth, development, and reproduction of high trophic level organisms. Although
planktonic animals have 21 energy outflow pathways, the vast majority of their ingested energy was lost through
resporation at 1764.70 kg/(km*-year), rather than transferring to high trophic levels. In addition, the total system
throughput (TST), total primary production (TPP), total primary production/total respiration (TPP/TR), and
connectance (C) were 5421.34 kg/(km*year), 1803.92 kg/(km*year), 1.00, and 0.41, respectively. Additionally,
the five ecological network analysis (ENA) indicators, including extent of development (AC), constraint efficiency
(CE), Finn's cycling index (FCI), synergism index (b/c), and dominant indirect effects (i/d), of the ecosystem in
this study area were 0.93, 0.75, 0.24, 1.32, 5.46, respectively. Compared with other marine ecosystems, this marine
ecosystem was larger in scale and more mature, with a relatively complex food web structure that could resist
external disturbances to a greater extent. In addition, the development space of the ecosystem in this sea area was
relatively large, with low network constraints, low energy utilization efficiency, and high sustainability. This study
will contribute to the in-depth study of the nutritional dynamics of the food web in the Lvsi fishing ground and
provide scientific basis for the scientific management of fishery resources in the area.

Key words: Lvsi fishing ground; LIM-MCMC; ecological network analysis; energy flow in food web; ecosystem
state
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