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PR R T O, 3 BT Y A AR PR B AR L ML TR H 4%
B S BV S5 A0 AR AL S AR A RS, PR, N g X YT
T AL AR S R G R B &, A B TS
PR S R GE W e AT Rk e

W) S5 7 F ) e R E SR, X T R AR A R ) AH B
TER R ARG A SRR e A EREE, A
DT RREEAES RGN E g B0, Bl e
BRI K T, Shy T 1 ) 0 235 1 0 BT BB 1 A 0 42 3t
TAHEMITE, Hr, 002k MR8 (Linear Inverse Model,
LIM) &3t FE 328 Ji ¢ R M A S R G e R R
AR U L TR M Bk B B R s e, B A
20 22 80 AE AR A B T T & ¥ W 1Y g Ui B A 5
i, 53 4h, 456 524 R 2 5K AT K 5% (Markov Chain
Monte Carlo, MCMC) 32, il it 2 AE B R S ig i
it Bl I HE R 23T, T LA R0RE S (I A £ I R A &
Z PR A [a) O, JEAEAR KRR BT b 2% 08 T s M el
AT E M. BHAT, 2T 55 R Y GRBHEREE A RN
390 2% P45 AU ( Linear Inverse Models using a Monte Carlo
Method Coupled with Markov Chain, LIM-MCMC) £ hi%
i 11T 4 BR 2 A K B & ) W5 rhro ) iy
PisSAE T AL e it Pl AN P 7 2, JE ik SR
Tl RE AN (E, JTRE R AE 158 22 S AR H E T I R %
JEAE N, B 8 37 B ) 2 ST R A — R 2%
I

BT T 2019-2021 4F 78 VT 45 3L 83 AL A 1 ok
T 1 2 M Ml 5% 5 EC D 3 A A A
LIM-MCMC £, 455 A= 35 W 2% 73 BT (Ecological Net-
work Analysis, ENA) ()77 %, 707 TN A S R
SRS Y)W BE i I S RRE, B A8 AT I8 T 1L ER
TR BB ) W 5 B ) 2 IR AR AR S H K, R
S L T AR AN R G Y I A PR HE RS S

2 BRIk

2.1 HmERE

FE iR A 2019-2021 48 75 VL 95 3 1 36 3 o 5l i
A7 B 25 PR vl B IR S S A 25 A e A, A
WAL IEIEIK A . WA AR L 07 Ui B0 ) R I D A
Y. 845 B AE 34.00°~35.50°N, 119.00°~ 121.00°E
2Z V6] PR T 38, il S BT R g et 19 5 vk, LA
WE A SRR — B D)o WA MK 32.6 m, 98
6.3 m, EHLTF 184 kW [ HLHE My, N 2.5 kn 22
A, Bl TR 292 1 he 9 A 1 E SR A
125.32 m x 59.1 m(36.0 m) % F J& & < & 4K (3F
W), W FEREE 12 m, 2 W H 20 mm, 21+ 59 m 1Y
A PR I R K T T 2R R A 2 B

117 119° 121 123°E
T T
Y
39° .
N
37°
35° 1
33°
——
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1 VL3RI T AL U SR A 0 057 3 A
Fig. 1 Distribution of sampling stations in northern areas of Ji-
angsu Province
« g JE AU A R A 0 5+ W DK A W U S AN
T U AR 08 A 3 L
* Benthic survey stations; + nekton, zooplankton and phytoplankton sur-

vey stations

2.2 LIM-MCMC & 5!
2.2.1 AR i BN A

LIM-MCMC & B 2 7 ) o [v] Jo o5 - 47 5C 5% 1) Ak
filt b, A 9% 3h ) 24 RO, IR25 A SRR P TR
F(MCMO) F B E M AES RERBE RN, %
PERLIE o — RO A SRR DI ReRE, &€ WES RS &
Hor, T UIReRF A B X ERRE R 2T
o BALE T AR RGN TREIRE N R, &
FERER A R A 1 Ak, 25 DI RERE RE A
5 1 PR A0, BV RE BT A AR R (Q) =7
(P + HEHE (U + PP (R). LAY AR Hi5 45 D RE T AH ¢
A R 5 R, ST T T U R R 2 PR RE R
BH A A 5 R 38 i 2B R 5 S 96 T vk AR
(1) i A 5 AE, DTN AR 3 R G Y IR A
FIRE TS HEAT PPN o

LIM-MCMC #& B py J57 s - 15 75 7 F0 A - 5 7 7%
ZH B

IR
E(mxn)'-x:Fw ( 1 )
TR
G x2h, (2)

K, E o Gy 370 RE T B B AR R BB m AR
F A5 DI RERE Y A7 DA K8 S S A5 Y B A
U BN AR R 5 ¢ ORI AT i AN S5 208G 0 e
B AR RO (xy, Xy, o0, )5 F 7R 55 5 (H A9 48 B
(mx1); h FRAEXHE (e x 1),
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222 WIREREN o MR A SR

ARAFFEEE T OLAFIIFLR A B > Pk | W SR
5245 Ty Be Ja PR i A AUk, A a2 AR RV A R
26 D IRERE, BE AL 4G U0 S A = Sl AP, S
PR AUVE R I VAU PR, DL RCA HLRRJE | PR IEAE
Y. e s RS Sh Y R B RN A B ) A A%
BIRBAY .

A HLEE S A, 45 D Re e A AR 7 AR )
(P/B). /Wi (Q/B) . HE i /2B ¥y (U/B) Al
WP /A ) i (R/B) A AW B M2 8K, 43 i s B
PP R A & SRR R R R, A
A8 1 U 2l 1 BR ) 2 B0 32 B S 25 AR il 3k 1 Dy R S
ke, Jf A o) & D e BE Y P/B. O/B. U/IB 1 R/B %5
2 H0 Y Fe KARL AN e /MELTE BT, 6 R S U 3l (8D DA BR
il o BEAM, XF 2019-2021 45 9 A FUHE $4 HE 4 5 (2 kn)
FE VB[R] (1 h) 3647 A o £k Ak B, AR 4 471 0 1 AR
Al 5 f:, 40 R A A R D RE AR R AT R .
HR A P T AR A R A T A R R O B S
BT, I25 6 A O S 25 SCHRIEAT fy 202029, A g o
Re SN ¥ LR HIE A FROR, B0 348 t(km?>a).
2.2.3  FBEALEI

55 780 9 120 i R(3.5.2 i) 1 ) “Lim” Fl “Lim-
Solve 0 A ST, WEHY W A7 AE 22 45 RE I o) AR M
DL Ak (m < n), HBCHE % A A7 16 A 09 R 8 8
PEo R, AT RE B0 PR 5% 4 AH B P i i R R R R
SRR E MR D7 58 o TH O R A 45 D RE R Y PR ] S 1,
B —U AT IR, BB i1 e, &
D AEAE — LS, W B T RSP AR, B
Y B it i 2l A BT . O AR AL 2%, A IE
17 100 ¥, i 1k 45 4 MCMC &5 %) i 47 7] B 1 45
HEAT BORE SR g OF 158 Y, P Y B0 o 1 45 Bk AR
1Y) RE 12 VL B 1 o
23 EBNMELH

AW 53 BT (ENA) J5 16 2 AT AE S R G Al |
YEFI 2 2 . PEIR AR G0 N 7 VAR 1 19— Fh A 305
BT V502, OB UE B 26 4 34 AR S R g D e 45 Uy 1 2 R
WA, ERARE. AR BT, M
At RG R RGBS 0 L R FR R
BAEAE LA (% 1o b4 35 802 8 i Net-
MatCalc B8,

231 HEBRFFIESE

B EERE ENA Y FE A HE 80U M A= 28 R 40
PRARAE . 7RI —Jh % I8 — e A AR R G m Pk,
3 50 DN B O RO A A 2 R 4 T e A Y U 8

z1 ESNEIHIEY
Table 1 Ecological network analysis (ENA) indices

A R4 S TR Rk TREAA R IR
FEAHEEL ABRG R TST
ST R TR
L) TS 1 e TDET
ARG sol
SRR AT R TPP
BRI/ B TPP/TR
SRNYAE) EA R TPP/TB
HEHERL L
HERERA C
SR A E TST/L
S22 88 ] A TST/n
FEARSTHT BRGAGIA Tt TSTc
R ARARIR B bk TSTs
Finn’s{ 54 FCI
R APL
LA IR TR AMI
S A E M Hy
PR P Dy
LI AT b RUy
[EESSPN Hc
EID ) €3 CE
B W IS PRz A
FEnES DC
R IERERE AC
s 5347 fiil gk HP
BIMRIR0N TR E blc
SRR ild
BIRAAE TR IR TL
TRE AR ol

i, Hid, A 35 & 4 B i (Total System Throughput,
TST) J& A& R G T A e it it 19 SR, H R A & A=
B RGN EAE KOR O SBW R A Ty /5
( Total Primary Production/Total Respiration, TPP/TR) f2&
RAE A B R G A B 1 — A Z 48 AR5, TPP/TR B
T 1.00, 3 WY AR 25 28 40 035 3% 452 465 %0 ( Con-
nectance, C) Fll £ 4t 4% & 45 £ ( System Omnivory Index,
SOI) 34 42 iy 12 A2 75 F G0 N R EK &R 1Y & Je B FE B, ot
Ah, i A FE 5 0] 9 HE 77 1 (Total Primary Production,
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TPP). A% 5 ( Total Respiratory Flows, TR). ¥ [f] i
JE 1Y BE & ( Total Flows into Detritus, TDET) . % %L
( Number of Links, L), 1 i $ # & ( Average Link
Weight, TST/L) F1-F- 2 [ [] J7i i# 5 ( Average Compart-
ment Throughflow, TST/n) ZE 4845 o
232 EBRGREMEMK RS

MR AT . 8 AN e P . R G0 R R A KL
K ABE 53 B 5 46 A S B 4 B AS B 2 MR
K &S, A1 45 Finn’s 1 5 45 %0 (Finn’ s Cycling In-
dex, FCI). ZJ % 5% % ( Constraint Efficiency, CE). & &
& & ( Extent of Development, AC) . P [\ % b 38 3¢
(Synergism Index, b/c) Fl 32T [A] #: 2% )i ( Dominance In-
direct Effects, i/d), H.H#, FC1 2 B4 SR A PHEE
FHAE PR A H ) H A5 B CE 2 P AE X 26 24 30X die K
RN E PE R DTRR AR Y ACHT B T AR S RGN A
JEEB RIS 10, DL ble B i/d SEFERRE,

3 RS0

3.1 EYMEEER T
F T LIM-MCMC #5570 44 S (%) Y1 55 30T 16 A 30 16 Ja
HEB RGN EY M EE R R AE A 2 FroR o

RUGE IR (3 2) AT 0, I U A 00 RV LI A T 58 18
Fg, HAEESY R 20.673 t/(km?a) F151.912 t/(km?-a),
A B Y 65.46%; T I Sh P R S T
9, IRt Je (Syngnathus acus) . JEWish ) . AR Y |
B B ¥y . 40 %5 U ( Leptochela gracilis) . J& JI\HF
( Trachypenaeus curvirostris) . & WP, H A #F 2 Fn
B T4 11 AN IIL 8 SR 9 2 )5 8 LG R U ( Metapen-
aeopsis dalei). 11 Y8k ( Oratosquilla oratoria) . T )% JZ
s, HAthrp B2 02 HARE A 7GR A
fRE SRS AR B B RO T A AN IV E R
B) 5 TR & &, WK e 6§ (Saurida elongata) . B
6% ( Conger myriaster) F ¥ % 8 ( Lophius litulon), i F
BV EFRRU b R T 035 IIIREREA 4
AR HANR)E M Hfh b )R 02 TR)E G
g BB DERBS AR Sk 2, 209 TLAN IV i
L E R, MRS F7 GO TR B 38 10 2% B 48 B X
BN 2),

R A S R G AL 299 SR RE R T Bl AR, BE
UL Bl 40 A R A B SR Y B I AE A . MK AR R
SIE I KN, B A o8 4 41 (K 3) 4245 : a. 0.00~
1.00 t/(km*>a); b. 1.00~ 10.00 t/(km>a); c. 10.00~

& 2 T35 30 i b 3 Vi 3£ 4 N R R B R AR
Fig. 2 Energy flow characteristics of food webs in northern sea areas of Jiangsu Province
G1-G26 F7R 26 M UIRERE; 1 AR ARITI, KEAFR CO,, FEMOAFEREIERK, MEATRE N - ERK, A OFRE N-1VERH, &
RN V-V E IR BIE KN RR B EE; >RREE A N 1]

G1-G26 represents 26 functional groups; blue for respiration, gray for CO,, tomato colour for I trophic level, orange colour for IT —III trophic level, red trophic

level for 11— IV trophic level, yellow for IV—V trophic level; the magnitude of circle represents the energy flow value; — indicates the direction of energy flow
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Table 2 Functional groups division and basic parameters of LIM-MCMC model in northern sea areas of Jiangsu Province

TIRER AR (tkm 2T AR EYR(P/B) RER/EYIE(O/B) HEMHR /YR (U/B) WRULR/ AR (R/B) E IR AR
G1 0.002 1.52 0.10~0.50 0.50~0.52 419 0242
G2 RRE 18 0.002 4.60 0.10~0.50 0.50~0.52 408 0259
G3 HE iz 0.001 1.16~1.26 1.40~3.80 0.10~0.50 0.50~0.52 431 0.136
G4 WFFE Ak 0.099 1.59 0.10~0.50 0.52~0.55 3.39 0.156
G5 fif 0.015 0.74~1.46 5.60~16.10 0.10~0.50 0.52~0.55 346 0219
G6 1 taf} 0.172 1.15~4.60 5.90~9.10 0.10~0.50 0.52~0.55 3.64 0371
G7 R} 0.096 2.37~2.70 0.10~0.50 0.52~0.55 3.08 0.190
G8 HAth)icZ 2k 0.079 1.45~2.90 4.23~9.90 0.10~0.50 0.52~0.55 336 0378
G9 Hftsrh L2 #0254 0.023 0.46~2.37 3.10~18.70 0.10~0.50 0.52~0.55 325 0376
G10 EJR/E 0.041 0.63~3.26 4.80~9.00 0.10~0.50 0.52~0.55 329 0.400
Gl1 ek 0.664 3,50 0.10~0.50 0.55~0.75 290  0.460
G12 [ i 0.726 1.34~8.00 7.43~30.00 0.10~0.50 0.52~0.55 320 0.386
G13 #CHRAF 0.006 3.90~5.65 15.00~26.90 0.10~0.50 0.52~0.55 3.02 0301
G14 4li%siF 0.071 3.75 0.10~0.50 0.55~0.75 266 0245
G15 &R 0.061 1.84 0.10~0.50 0.55~0.75 299  0.154
G16 K UFE 0.372 7.69 0.10~0.50 0.55~0.75 288 0.161
G17 HAb#F 0.381 8.00~8.80 28.00~30.00 0.10~0.50 0.55~0.75 282 0.112
G183kt 0.024 2.00~4.50 7.00~17.00 0.10~0.50 0.52~0.55 3.61  0.466
G19 HAL 2% 0.003 459 0.10~0.50 0.52~0.55 345 0.198
G20 J &z sy 0.365 1.20~4.50 3.58~16.70 0.10~0.50 0.55~0.75 252 0301
G21 Ak zhy 29.869 6.00 0.10~0.50 0.55~0.75 2.03 0.025
G22 ik 2.944 1.57~5.00 8.60~20.00 0.10~0.50 0.55~0.75 203 0.151
G23 Rif§ e 0.005 2.30 0.10~0.50 0.55~0.75 285 0014
G24 Vi) 2271 25.00~40.00 122.10~180.03 0.10~0.50 0.70~0.93 200  0.014
G25 IFFHE ) 20.673 106.52 0.05~0.50 0.05~0.30 1.00 0.000
G26H B 51.912 - - - 1.00  0.000
TE: R TEE

100.00 t/(km*a); d. >100.00 t/(km*-a), a ZH f03% 227 &
AE W sh kAR, 5 R AR Y 75.92%, HAEREHsh £
BREFEAEFRRIGERE, EAS RGP A REE
{2 (I 3a). b 4 322l W09 9% 3 e B R AR
A 3SAER AL, 5 11.71%, H 11 4R & —
F R L Sk 2 25 0P T #E (RES) . I 3h ) —
PR )Z 028 | K2 2 S IF I #E (RES). VRIiF5)
Y 5RO ER G A LR JE R i dR
- MR BAT B R RE 8l 23 3k 7.74 t(km?-a).

7.07t/(km?-a)., 6.44t/(km-a). 6.41t/(km*-a). 6.40t/(km*-a).
6.32 t/(km?-a) Fil 6.26 t/(km>a)( [&] 3b). c £ fg & ¥ 3h
14 rrg s i sh B AE, 5 SRR 1Y 4.68%, TERE G (1)
1% 33 2ok B v B S 22 B0 2o P I T FE B A AT HLRE
& . FERE R ) AR AL VR AR Y TS | O
by e 2 A1 25 I I FE (RES) . Hifh BF 25— 47 HLIE
J& WA A LIRS | HAl b B2 SR
JB R ALY — I A (RES), 43518 98.68 t/(km?-a).,
98.25 t/(km?-a). 86.10 t/(km’-a), 82.58 t/(km>a). 82.50 t/
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a9 O AV R DDA AP ~D >
NS "‘) SN ‘o °o k ‘b Q
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a°
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1800.00 4 >100.00 t/(km?-a)
1 600.00

1 400.00

= 1200.00
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800.00
600.00
400.00
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)

B /(¢ ke -

PSS B @@@$$
RS ASOTINTS SOSRTs S

AR 1R

AR Eh 12

O W A & 5 © & AN QO O N o & QO & H

S LR T~ R~ A G A NGRS DS AN S CCRC s o=

FEFFFI ST I F A
AR g

P03 TR L AR i s gy 0 A A Sl B AR e T (RE R TR 3l 4 5 L3R AT)

40@@

Fig. 3 Energy flow of food webs in northern areas of Jiangsu Province (The number of energy flows see Fig. A1)
JEAR B | I Ui AL — 0 U 5 ) R i AL — R B
VI BE B, 43 98 246.39 t/(km?a)., 245.45 t/(km?-a) Fl
Hh B A A

(km?*-a) F181.75 t/(km*a)( ¥l 3¢), ZAEB RGP HE=
TSN E 3 100.00 t/(kma) (4 BE W B AR A 23 4,
7.69%. Hrf 4% Ty B HE =2 8] 78 H: At 4R 28 I 1% 7 FE
(RES) fit & f i, M 278.32 t/(km? a), HUC A PRI —

224.51 t/(km?*-a), 7E/E 7S RS0
HE 3d).

Bl ik
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VL3 AT T S 9 R ) ) 45 T BE T BE Bk U A
T AR RN 3 R, Hob B AR AR JE
Je . JLA R S FIAT BILWE T T RE R Y RE U I A48 AH X 4
AR, b B YRR RE B AR RRY L ] 2y g A
10.70%. 11.04%. 10.03% #1 10.70%. i I% 7 24 . %«
PRy B 8 e S T AR R, L AR ek U A 5
T B AR R H B (3R 3),

®3 IWHIEEILEEEHEYM I INEEHEERAN.
R B 12 B R B 451
Table 3 The number and ratio of energy flow paths of each

functional group in the food web in northern sea areas of

Jiangsu Province

et ﬁ%%‘iﬁ/\ REHH ﬁaﬁﬁ‘iﬁﬂ%ﬁ
BEARAL AL Bt/ %

G1 FKp:fiff 16 6 7.36
G2 B 8 19 2 7.02
G3 Bl 15 2 5.69
G4 tFpR R} 16 12 9.36
G5 fipi 21 7 9.36
G6 fiE ff} 20 12 10.70
G7 gkt 7 12 6.35
G8 HAthJe)2 1% 23 10 11.04
G9 HAlrp |20 16 6 7.36
G10 TRk 11 12 7.69
G11 B8k 7 15 7.36
G12 [18Fi 13 11 8.03
G13 B [CHRIF 4 11 5.02
G14 4y 2 16 6.02
G15 Ji& TR 9 9 6.02
G16 KR 4 8 4.01
G17 HAb#FH 11 19 10.03
G18 k2% 13 13 8.70
G19 HAthk 22 6 11 5.69
G20 FEz sh) 5 13 6.02
G21 B4k sy 2 21 7.69
G22 Jkttish#) 5 21 8.70
G23 Riff e 1 2 1.00
G24 IFilEsh ) 2 25 9.03
G25 TREHH ) 1 13 4.68
G6 A ML) 25 7 10.70

32 HREZEMRNEBEERI

EEYMBER 3T, A 25 U Re R H A 0
WL RE VAL, 110 1613.32 t/(km>a)(J8 4a), Hr, H
b R 28 TR B RN IS A 3N W A IRCE SR ) e
rh B B e 1 I I R T AR, 49 0 278.32 t/(km?-a).
201.53 t/(km?-a) Fl 186.54 t/(km>a). *F & ¥ 35 4% 2 fig
BT, L PR AR HE I AE R R RE R R,
UK R B 8 | B e B R PR £ B 4 T RE R,
I 1% 314 #E 4 BE &5/ 4 0.001 t/(km?-a). 0.005 t/(km?-a).
0.001 t/(km?a) F1 0.009 t/(km? a), 75 4= 25 22 45 ME I I #E
I RE I TP A RN . A 25 AN ACH DL S D e
(4 e 1t U 2l Hh (18] 4b), o RS )23 0 28 i A HILRE JE
IHARERERY AE B e 5, 4 137.09 t/(km?-a)., HL i
Ffa Rk, 43904 110.42 t/(km?-a) 1 103.65 t/(km?-a).
A 8 SR P AAR B D RERE, WHIF AR ) . AL 2h i Fi
T B ) A B A A i R B HE TR A LA o
33 EBMESH

VL 75 3T U A6 0 38 3 R G Y AR A W A bt
(ENA) i3k 4 fros . 85 R R, A S RGN A
Wi (TST) K 6 345.21 t/(km?-a), H: i S0 0 & (TR)
91 613.32 t/(km*a), Ji [1] #% J& () B & ( TDET) 4
749.55 t/(km*a), 43 A i ELUI TR Y 25.43% F1 11.81%.
B RGN B HA =5 (TPP) 4 1 695.90 t/(km*a),
SR AT RS B A Y & L (TPP/TB) 2y 27.30, &4
gz PR 5 BRI G e (TPP/TR) N 1.05, 84243 #F
FeBERM, ZAEB RGP RS AE I & (TSTe) Ky
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Fig. 4 Respiratory consumption and energy flow to detritus by functional groups of the food web in northern sea areas of Jiangsu Province
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Table 4 Ecological network analysis indices in northern sea areas of Jiangsu Province
LN Sy R e R R {H
FEATREL B RG R (TST) 634521
SIFR & (TR) 1613.32
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Table 5 Comparation of characteristic parameters between northern sea areas of Jiangsu Province and other marine ecosystems
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Table A1 Energy flow paths of food webs and their symbolic meanings in northern sea areas of
Jiangsu Province and other marine ecosystems
iass [HIEET o) g e 5 RER I SR 75 [ Rslin e e REmI Bl KA e REmIR B KA
x1 G1-Gl1 x61 G8—GI10 x121 G14—G4 x181 G18—G17 x241 G22—Gl12
x2 G1-G2 x62 G8—G26 x122 G14—-G5 x182 G18—Gl18 X242 G22—Gl13
x3 G1-G8 x63 G8—RES x123 G14—G6 x183 G18—G26 x243 G22—Gl15
x4 G1-G9 x64 G9—G5 x124 G14—G7 x184 G18—RES x244 G22—-Gl16
x5 G1—-G26 xX65 G9—G8 x125 G14—G8 x185 G19—-G2 x245 G22—-G17
X6 G1—RES xX66 G9—GI10 x126 G14—G9 x186 G19—-G4 X246 G22—-Gl18
x7 G2—G26 x67 G9—GI18 x127 G14—G10 x187 G19—-G6 x247 G22—G19
x8 G2—RES x68 G9—G26 x128 G14—GI12 x188 G19—G8 X248 G22—G20
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Energy flow characteristics of the food web in the northern waters of
Jiangsu Province based on LIM-MCMC model

Zhang Hu', Li Pengcheng2 , Hu Haisheng1 , Xue Ying2 , Yuan Jianmei', Ben Chengkail R
Zhu Chaowen!, Xiao Yueyuel , Zu Kaiwei!

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

Abstract: Study on the structure and energy flow of food webs is important for maintaining the stability of struc-
ture and function of marine ecosystems, which will contribute to the in-depth understanding of the complex pro-
cesses of marine ecosystems. Based on the seasonal bottom trawl survey data in the northern waters of Jiangsu
Province from 2019-2021, a linear inverse models using a Monte Carlo method coupled with Markov chain model
combined with ecological network analysis (ENA) were used to explore the status of the ecosystem and energy flow
characteristics of the food web in this area. The results showed that there were 299 energy flow paths in the ecosys-
tem, which showed a typical pyramid structure. In addition, the energy consumed by respiration and the energy
flowing into the detritus of each functional group remains synchronized. Compared with other sea areas, connect-
ance (C) and system omnivory index (SOI) were 0.40 and 0.22, respectively, which were at relatively high levels,
indicating that organisms from different trophic levels in this ecosystem were closely connected. It has a relatively
complex food web structure, which can resist external disturbance. Total primary production/total respiration
(TPP/TR) and Finn’s cycling index (FCI) were 1.05 and 5.76%, respectively, indicating that the ecosystem was rel-
atively mature and used energy efficiently. In addition, constraint efficiency (CE), extent of development (AC), syn-
ergism index (b/c) and dominance indirect effects (i/d) also indicated high potential for development and regenera-
tion. This study will provide a theoretical basis for the restoration and sustainable utilization of fishery resources in
the northern waters of Jiangsu Povince, and provide a scientific basis for the implementation of Ecosystem-based
fishery management in this area.

Key words: linear inverse models using a Monte Carlo method coupled with Markov chain; ecological network analysis;

energy flows; ecosystem characteristics; food web



	1 引言
	2 材料与方法
	2.1 样品采集
	2.2 LIM-MCMC模型
	2.2.1 模型原理及构建
	2.2.2 功能群划分及模型参数确定
	2.2.3 模型调试

	2.3 生态网络分析
	2.3.1 生态系统特征参数
	2.3.2 生态系统稳定性和发展参数


	3 结果与分析
	3.1 食物网能量流动特征
	3.2 呼吸消耗和流入碎屑能量流动
	3.3 生态网络分析
	3.4 与其他海域生态系统特征参数的比较

	4 讨论
	参考文献

