REDK T R2E 2021 £ 1 B, 28(1): 66-78

Journal of Fishery Sciences of China &t fﬂa ‘i/l} i

DOI: 10.3724/SP.J.1118.2021.20129

EF LIM-MCMC =B R R BMNERY WEEERINHFE

1,2 1,2 > 1,2 > 1,2 <y 1, 2 v 1,2,3 1,2
WAE, BRE ., hEE, KERS, 48K, £—F 7, &%

L R ETEFERAK 2B, IR 55 266003;
2. MRS W A S R HCH WA TE s, IR 758 266003,
3. W BRSO E R, AR SRy I R RS E, IR H & 266237

FE: ST 2018 475 2= FURK 2= 5 1 1 T S 400 300 Vi 353 T o 118 ¥ v 9 05 6 Do 80 A 5000, ) 1 VM T e LA 30 Vg i
i LIM-MCMC (linear inverse models using a Monte Carlo method coupled with Markov Chain)# %1, %} H A4k 25 R 4 g
WIS FE S RGAFIEIEAT THESE, B8 IR ARSI VS A2 25 22 40 DA B it 3 1 A4 25 22 40 10 Il 45 B L 13
W AFE R, EAE 18 DNIIRERFMIE NS LR R b, B 196 KRER T sh IR, TG 4 A REHE
4245 B 0.00~1.00 t/(km?-a), 1.00~10.00 t/(km?-a), 10.00~100.00 t/(km?-a)F1>100.00 t/(km*-a), 7E 0.00~1.00 t/(km*-a)
XE P EZ RS E SRR IIGERE, AHE 155 SR mshiges, KUY M A6 E sl iR b SRR 4K
TR LA, i AR S RS R E My T B EEAE A L 1.00~10.00 t/(km?-2) X 7] N0 21 S&AEERENIRAR, 7oK
RS SR YL 3 R YU B R B E B ALVE M . 7E 10.00~100.00 t/(km*-2)F1>100.00 t/(km*-a) X [H] P 43 51
45 12 M 8 ke B BIERAR, BINEFRZRIIGERE, N AEB RGN E TR, FIEMNEETRR D,
R 52 2 R Sy B 114 W WA S A B 5 U AR TS 2 /3 T 8 7B AR 0 AR BB T A A AR E R B R, BT TR, &
PR & FHS R RE R o AR A S RS BVE HLE, WM AES RGE TG ER ARG, AR KRR K
TVAN T B R B SE R o AT AT Ay T N S 0 I % 2l T A A TR AT 9 LA R M S vl B 5 A R A R IR

E2IS/

KEIF: WML LIM-MCMC #81; GEEFish; Theeht; Y™

hE S ES: S931 XERFRETS: A

T VS W B, B W I Y R KU S
fiE, b gz N e R IR
R AP . B MEEY . K
I, AR R T B . WS MR | RS
PERZR, FRIEMIEERKENA, Y2
PEREAR, Wl %05 H 55 %18, BER 45 kA
AR R, IR T A S R G AR B
TR T AT RGO AR,

X B W ) 245 46 5 T e A BIF 5% ) T = Ak B ]
HEEHAAESRGREEEAREEZE Y, 24

Yim B EE: 2020-05-10; f&iTHER: 2020-06-07.

TEHS: 1005-8737—(2021)01-0066—13

2R U R E o8 A 2 — o i 2R PEAR AU (linear
inverse model, LIM)/ZH 394 = 8] i3] i 12 F- 1l
KR, KICEFR N 2R RN S ARG E
T SRR 5 2 ) A R PR A R A R R
b, 20 28 80 AR, AN H T M fE
BRI, Klepper ¢ U Hh fift e B I
RE RS B E P, ZJF Vézina %58 it
4 A JoT dk V- R R AN A R R A
iz Ffig 12 I 3 fe /N 7 VR L (MIN) X A5 B 5K fig
I L A A E R RS R M S A T

BEEWA: EZEEEAM AR EQ0ISYFD0900904); EFK A AR FI 4T H (31772852); IIARE LI B 5HAR

T2 R 5 2 30 & L ORHB % 19 (2018SDKJ0501-2).

EERN: HmANEWN995-), F, WiEwissd, FENFARBERAES AWK, B-mail: 1007264411@qq.com
WEMEE: i, #Bi®, FENFRLEFRAY . Holl A2 S0 52, B-mail: xueying@ouc.edu.cn



5514

TR AESE: JLT LIM-MCMC BRI i P 75 £ 4y 0 8 i U s 45 11E

67

1, Van den Meersche 25 7E LIM B RIZE 1745
el b, W SRR i SRR R AR S 1% (Monte
Carlo method coupled with Markov Chain, MCMC)
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— R R TR 20, AR KRR 2% 08 T i )
BRI B EYE . FIHT, HET 545 RIg SRBER
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Fig. 1

Survey areas in Haizhou Bay and adjacent waters in the present study
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A, E(mxn)RIR BB T SR REUERE, 7E E
R, n BB RIS EE (X, X, 0, Xp), M
IR BEA T BEAE (1) JoT 12 -7 DL S 3 52 36 I 45 1)
CL N8 2 U o) S AR 25t B R Aok R ok 3 (4] G e
WM FER) o r RANYIFP 2 (0] BE B I 5J) % 42 R0 B (n
1), F #8558 2UME 04 M (mx 1) . LIM-MCMC £ 54
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TE T i VA R N T BE 2, R R A
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A E AR R e AN 25 XU (o) LA I RE AL Bl e A2
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122 IhEEBN D RERSHMWE AUTIKIE
Yrh 2z (e A A R, Ao 18
REREGR 1), BREFJEIIBERESL, A DIREMEARCL
TR PR HEM AP R 4 RBERR SR AR,
BeAh, Xt TR sh e vk s IrEthmk | oF
R E 2 DL R = e AR T A LA R Al
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F1 BMNZREPESHESRESE LIM-MCMC ZHE R T)aER#
Tab.1 Functional groupsbased on LIM-MCMC model in Haizhou Bay and adjacent waters

JF5 no Yifie#t functional group W)/ (t-km?) biomass | J75 no.  ZHfERE functional group ZE#HE/(t-km?) biomass
1 TFiFsh® e tEas zooplankivores fish 0.190 10 H A2 other crabs 0.039
2 R PEMZE shrimp predators 0.306 11 % /£ cephalopod 0.088
3 MARYEGE 0.185 12 HAKSY mollusk 5.200
shrimp or fish predators
4 fa P2 piscivores fish 0.094 13 £%E2Z& polychaetes 3.080
5  J7IRz# Pholis fangi 0.096 14 %3 echinoderm 3.080
H >=h
6 [T¥F GG Oratosquilla oratoria 0.085 15 SRS 34.000
other zoobenthos
7 i sh P &2 benthivores 0.057 16 3% zooplankton 2.271
8 WF2% shrimp 0.126 17 72lEAEY) phytoplankton 20.673
9  ZPEtRFHE Portunus trituberculatus 0.876 18  HEJH detritus 43.000
AR, BEAESRETHE®RTE I, AFEEED AN LT, BRI 2

Ak 7B 0 B [/ (k) ], 0 B0 K T T
VR A A B LA N A ] g 3k i A S S TR R DL Vg 4
fyScik BRI @), BRETAEE T SR
SR BRI D7 5 SOk A THRERER) P/B. Q/B.
U/B. RB. P/Q XA} 458 =il shi A2 m IR
HINTE Rl SR P/B JEEI7E 25~40 [,
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123 #WEEIT il R KR CLIM? L
“limSolve™ i W M T SCAE HEAT 1 220 2 jlid
Jox i VA R S AN T BRI B, BT
AR TR A7 TE 22 25 RE B I o) AR X DB ik (m<
n), I H 7B S A & A BRI E M,

FHCY, 2RI MCMC FEBEATHATH%:
SRS, AT A9 602 (0 445 2 Bt 0 5
e,

2 #REHW

21 BEERZNAW

AP IS 196 S8 3l B2 (it
), RIEREE W sh /MBI ok 4 4, |
0.00~1.00 t/(km*-a), 1.00~10.00 t/(km*-a), 10.00~
100.00 t/(km?*-a)F1>100.00 t/(km*-a), HE¥: Vi zhkE
FEFRZ R TR RS, 76<1.00 t/(km®-a)
(Bl 2a) X [8] N 43 B B i o B2 & AR 7 i B 7R
JZWRIREREZ 0], IALHE 155 SKAERTD, HA
B 79.09%, FEEEANAEB R H B EE AL,
7E 1.00~10.00 t/(km?-a)75 FE P (&l 2b), HAas 21
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a. 0.00-1.00 t/(km?-a); b. 1.00-10.00 t/(km?-a); c. 10.00-100.00 t/(km*-a); d. >100.00 t/(km?-a).
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Fig. 2 The energy flows of food web in Haizhou Bay and adjacent waters
a. 0.00-1.00 t/(km?-a); b. 1.00-10.00 t/(km?-a); ¢. 10.00-100.00 t/(km*-a); d. >100.00 t/(km*-a).
The energy flow paths corresponding to the numbers of energy flows are shown in the appendix.

SRBER AN IKAR, HEEER 10.71%. H iRz
Y — ALK S Y, RS RS Y, TR
it i — T liEsh ¥, TRlE s — 2 BRI IX [H]
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8.13 t/(km*-a). 7.87 t/(km?-a)Fl 7.46 t/(km*a).
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A IS SR R D REELL AR, AB W0 20T 9% 3 1) /&
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t/(km?*-a)H1 60.89 t/(km*a), I IX [ #F K A4 5y
Y. ZE2. HACWSY) . PRI Sh P AE AR
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PR R S D RERE o R JE VR I AR 1 D TR,

AT RERE R UL E SR S . INEI R LUE
B FR R AL BB E R AT, X5
BB RE AL B OR R — U o

H I 2d AT, 7EMEMIE AR RGP RE R i
it 100.00 t/(km*-a) A4 N 8 2%, i ARAY
4.08% . H A 7E 45 D RERE 22 ) oAl JEC AT 31 4 7 W T
FERERLIR T, M 1226.18 t/(km’-a); HUKIRIFHIY)
—>HMKW e R R thiEm, 55
1075.14 t/(km*-a), 7EEA RS ARG BA &
AR K 2 ATLAUE H, TR Mg, fE
I B A R ) A B A AR B IR R IR T
RERE, MATHREREMIE W AR mih o AR K A B R
T HEM YRR,

NS AR ARG Re R, H 17 6k
HEEA PRI BER T FE(E 3a), Hoop HALRMZhY)
AR A ARSI EFE, N
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Fig. 3 The energy flows of function groups with respiration consumption (a) and function groups with energy
flow to detritus (b) in Haizhou Bay and adjacent waters

F PR IEFE . XS R B R IReREN S, A
T REAE I o PP HE AR S RS BE R AL,
W R . A0 Pk 2R ) e A I I
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IRE R IAREIE o BLAk, AHXTFALE 722 R T6E
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AT TIRERE
22 EBRGHAE

£ LIM-MCMC #ifddr, it RESER R
ERRGRE M RE, XM A S R Y6
HAEREMEH. NFE 2 FrillES, WSS
R G MR N 494585 t/(kmPa), MR IE &
1790.80 t/(km*-a), i AREJE N 349.90 t/(km* a),
O35 BRI 36.21%H1 7.07%, 3 Z %R
SRR MY, X RUIDIRERE XS B A AR
=, BABER A RGN EARR T, S
RS WA 7 I (TPP/TR) R 1.09, EH)
¢tk 77 1952.79 t/(km*a), AW B K
31.16 t/(km*-a), B0 9% 7 /AR W) B (TPP/B)
N 62.67(3. 2),

*k2 BMNZRBEBHESREFLESH
Tab. 2 Characteristic parameters of the Haizhou Bay
and adjacent water s ecosystem

S0 parameter Y value

SR B /[t/(km?*-a)] total respiration 1790.80
ARG B2 /[t/(km? )] 349.90
sum of all flows into detritus '

R Y MR /[t/(km?-a)] total system throughput 4945.85
B 77 8 /[t/(km?-a)] total primary production 1952.79
SRV PR VR Lo
total primary production/total respiration (TPP/TR) ’

BRI B R 6267
total primary production/total biomass (TPP/B) ’

RAYRE R E )/ (Ukm?) 31.16

total biomass (excluding detritus)

3 i

AWFFEHET LIM-MCMC BEBY 20 Hr T i
T B LA v I B e U SRR AE, Y R BRAE X
HEBRG T, BARGET 0 HALE SR E R &
FRIZUGEETIR /D, ST 4 P B R R 5 P2
Al e L B4R R I AR R AR AE PRI ) IR S
FCA AR AEY) . RS R 2 B SHIRE FRZ IR
DIRERE o AEARMEST Y, A Iy s Sk i o 16
e H A A= W) D RERE B0 E AR, BT
R ERZ IR EY, T RBUZ R A
HINAERE, BLAh, HEE SR, LT
KB R, Y R Y,
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Energy flowsin the Haizhou Bay food web based on the LIM-MCMC
model

XU Congjun"?, SUI Haozhi" %, XU Binduo"*, ZHANG Chongliang" ?, JI Yupeng" *, REN Yiping"*>,
XUE Ying'?
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2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003,
China;

3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Qingdao 266237, China

Abstract: The LIM-MCMC model of the Haizhou Bay ecosystem was built to examine the energy flows and cha-
racteristics of the ecosystem based on survey data obtained from bottom trawl surveys in Haizhou Bay and adja-
cent waters in the spring and autumn of 2018. This study will provide an important theoretical basis for the
in-depth understanding of the Haizhou Bay ecosystem. Our results showed that the Haizhou Bay ecosystem con-
tained 18 functional groups and 196 energy flow paths. These energy flow paths can be divided into four energy
levels [0.00—1.00 t/(km*-a), 1.00-10.00 t/(km*-a), 10.00-100.00 t/(km*-a), and >100.00 t/(km*-a)]. In the range of
0.00-1.00 t/(km*-a), they were mainly composed of high-trophic level functional groups, including 155 weak
energy flow paths, and they played important roles in maintaining the stability of the ecosystem. There were 21
energy flow paths in the range of 1.00-10.00 t/(km?-a) that played important roles in the transfer of energy from
low to high-trophic levels. There were 12 and 8 energy flow paths in the ranges of 10.00-100.00 t/(km?-a)
and >100.00 t/(km*-a), respectively, all of which were low-trophic level groups. In the Haizhou Bay ecosystem,
the respiratory consumption and inflow to detritus of low-trophic level functional groups were much higher than
that of the high-trophic level functional groups. The overall energy flow distribution showed a typical pyramidal
energy flow, with low-trophic level functional groups having higher energy. According to the theory of ecosystem
maturity, the Haizhou Bay ecosystem matured and can now resist external disturbances to some extent. In future
research, incorporating other analytical methods into the LIM-MCMC model will help improve the accuracy of the
model, solve the limitations of parameters to a certain extent, and build a complete food web from microorganisms
to top predators. This study will provide an important basis for the in-depth understanding of the Haizhou Bay
food web and contribute to ecosystem-based fishery management (EBFM) in Haizhou Bay.

Key words: Haizhou Bay; LIM-MCMC model; energy flows; functional group; food web
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Appendix Energy flow pathsin Haizhou Bay food web
e Reht i B A e fe gl A P fe a4 i fe it A Fr fe Rt Bl A
1o, energy flow No. energy flow No. energy flow No. energy flow No. energy flow
paths paths paths paths paths
1 FiEshyatka X1 R X21 R/ a2 x31 Rz Pholis x4l JRiish itk
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fish— /1 T i I1#F i} Oratos- predators— i % shrimp or fish IV geRiES
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x4 s EtEf x14 Rk X24  fEtmRE pis- X34 Jr[Gx# Pholis x44  [HREE Oratos-
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fish — fa 3 JEZ cephalopod e sh¥y itk fa % Oratosquilla orato- o fn 25
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toria
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fish 3 Bk dators— VEIFBIY) o P £ 2k tus MR, Oratos-
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(f$%% to be continued)
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no. paths No. energy flow paths | No. paths No. paths No. paths
x5l #FZE shrimp—UF/| x63 =Ptk T Por- x75  H AW other x87 3L JEE cephalopod| x99 HAKZHY) mol-
i £ 2% tunus tritubercula- crabs— MR —WEJE  detritus lusk— i fz S
shrimp or fish tus— RS & 1 shrimp echinoderm
predators 1125 benthivores
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fish
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Portunus trituber- dators predators
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tunus tritubercu- tus—fi% )8 detritus % shrimp preda- fangi 012 piscivores
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pod B2 zoop- 2% shrimp or 2% benthivores fi# Pholis fangi
lankivores fish fish predators
x58 I shrimp— x70  HA#E2 other x82 3L JE2 cephalo- x94  HAREY mollusk | x106 ZF2% poly-
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25 shrimp preda- piscivores fish quilla oratoria BIL/N e S
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X599 =IEMR T Por- | X7l HABAEZS other x83 3L cephalo- X955 HIKFHY mollusk || x107 L FZE poly-
tunus tritubercu- crabs— MR/ &1 pod— M S ) & —HF3E shrimp chaetes— I MRy
latus— ‘{#‘Y}ﬁzj]% @7";% shrimp or fish 'l‘éﬁ%‘é benthi- OratOS.qUi”a
A zoop- predators vores oratoria
lankivores fish
x60 =R T8 Por- | x72 HAhEEZS other x84 3 JE2K cephalo- x96  HAKFY mollusk | x108 £ FZE poly-
tunus tritubercula- crabs— i B P ff 2 pod— [T HF ik — =R T chaetes— [ 2
tus— MR piscivores fish Oratosquilla ora- Portunus trituber- shrimp
shrimp predators toria culatus
X6l  =PER T Por- | x73 HABEI other x85 3L JEZK cephalo- x97  #HARZNY) mollusk | x109 ZFH poly-
tunus tritubercu- crabs— I B4 & pod— IR —H AL other chaetes— =P #i
latus— #F/fa & PER2 benthi- shrimp crabs T Portunus
2% shrimp or vores trituberculatus
fish predators
x62  =JEMRFEE Por- | x74 HAWEEZE other x86 3L JE2K cephalo- x98  HAKFY mollusk | x110 £ polycha-

tunus tritubercu-
latus— i & 1 10
2% piscivores fish

crabs— [T HF ity
Oratosquilla orato-
ria

pod—3k £ 2K
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—3k EJE cephalo-
pod

etes— Hfh# 2

other crabs

(f$%% to be continued)
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no. p{:’li/hs No. energy flow paths No. p%ii]hs No. p%ii]hs No. p%li,hs
xI11 ZEH polycha- | X124 JEZNY echino- | X137 ALK X150 3£iiE3hY zoop- x163 PZyEAEY) phy-
etes—3k B2 derm—3k £ 2K other zoobenthos lankton— K14 3h toplankton— H;
cephalopod cephalopod — H A sh i ¥ mollusk At JrE A7 3y
other zoobenthos other zoobenthos
x112 ZF£J polycha- | x125 Pz 5h¥) echino- | x138 HAJKHish X151 #RiEsh¥) zoop- x164 J7iEfEY phy-
etes— Mz 311 derm— iRz 51 ¥ other zoobenthos lankton— £ EJE toplankton—7%
echinoderm echinoderm —WEJE  detritus polychaetes Wish#) zoop-
lankton
x113 Z £ polycha- | x126 Jzsh#¥ echino- | X139 Rish#¥ zoopl- | x152 #iFsh#¥ zoop- x165 JEIFAEY) phy-
etes—HEJE detri- derm— )5 detri- ankton— TEIiEzl lankton— i Fz zh ¥ toplankton— fift
tus tus et echinoderm J& detritus
zooplankivores
fish
x114 JEz Y echi- X127 H ARG 3 x140 33 zoop- X153 1RiiEEhY zoop- x166 iR /i fr P2k
noderm— JFViF3l other zoobenthos— lankton— HF & lankton—> JFH:Ath JEE W shrimp or fish
Yk a2k T sh Yk a2 125 shrimp pre- %) other zooben- predators—Hfi i
zooplankivores zooplankivores fish dators thos harvest
fish
x115 JEz 3% echino- | x128 H AW S x141 38 zoop- X154 #iEZh%) zoop- x167 #)E detritus—
derm— MFEMH:fa other zoobenthos— lankton— W/ £ lankton— 77 JiF sh ¥ LIVAR RS
2% shrimp preda- R 2k 4125 shrimp or zooplankton shrimp or fish
tors shrimp predators fish predators predators
x116  Ji 7 5hi¥) echino- | x129 HAlJEHishY) x142 32y sh¥) zoop- | X155 I#iEsh¥ zoop- x168 #%JH detritus—
derm—UF /4 £ other zoobenthos— lankton— £ &t lankton— % J& ¥R i% Oratos-
fa2& shrimp or R/ A 1 a2 fa2 piscivores detritus quilla oratoria
fish predators shrimp or fish pre- fish
dators
x117 W ¥ echino- | X130 HABEHG S x143 s zoop- | X156 MFEPEMIS shrimp| x169 #EJH detritus—
derm— 1 &P 0 other zoobenthos— lankton—J5 [& = predators— ff 55 R shrimp
2 piscivores fish gtk f3 pisci- i Pholis fangi harvest
vores fish
x118 il iz ¥ echi- X131 FLABIE A 2 x144 YY) zoop- x157 JFUEFEY) phytop- | X170 #¢JH detritus—
noderm—J7 [K = other zoobenthos— lankton— Ji& 1 5l lankton— ¥/ & 14 =R T
# Pholis fangi TRz 8 Pholis YIEHMaAE ben- f12% shrimp or fish Portunus tritu-
fangi thivores predators berculatus
x119 W7 %) echino- | x132 HAbJEMHish x145 PRI zoop- | X158 JRUFHEY phytop- | X171 #EJH detritus—
derm— iKW 34 other zoobenthos— lankton—> [T ¥R it lankton— JEC i 214 HAhEE2 other
B2 benthi- JEC AV Sl ) B e £ 2 Oratosquilla ora- B2 benthi- crabs
vores benthivores toria vores
X120 JEZh%) echino- | x133 ARSI x146 JREEhY) zoop- | X159 VRUEAIY phytop- | X172 #%JE detritus—
derm— [ g other zoobenthos— lankton— MR 2 lankton— MR 2 BAKShY) mol-
Oratosquilla ora- [1¥F il Oratos- shrimp shrimp lusk
toria quilla oratoria
X121 W7 3% echino- | x134 HAbJEHish Y x147 UG zoop- | x160 JRFHE# phytop- | X173 #EJH detritus—
derm— IR other zoobenthos— lankton— =i # lankton— 4K {A 5h ZFZ poly-
shrimp W2 shrimp T Portunus ¥ mollusk chaetes
trituberculatus
X122 Wz s echino- | x135 HAbJEHish Y x148 RiEsh¥ zoop- | x161 JRI#AY) phytop- | X174 #EJH detritus—
derm— =M ¥ other zoobenthos— lankton— H:fth % lankton— £ E% T2 5 echi-
% Portunus tri- HAbEEZE other 2% other crabs polychaetes noderm
tuberculatus crabs
x123 i {7 1% echino- | x136 HABEWish) x149 i8I zoop- X162 JEYEAY phytop- | x175 )5 detritus—
derm— Ho{ih % 2% other zoobenthos— lankton— 3k JE 2% lankton—Jill 5z h 4y JEABh
other crabs 3k /2 cephalopod cephalopod echinoderm
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W#sh¥) zooplank- vores fish— 0% W% respiration — 00 respiration lankton— -1
ton respiration respiration
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2% zooplankivores benthivores— I crabs— -7 derm— M respi- phytoplankton
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I respiration respiration ration Wi respiration res fish— 3 155
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