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Fig. 1 Bottom trawl survey area for fishery resources in the Haizhou Bay and its adjacent waters

B X B AR, SRR e A LA S A —
AR REHLZE T,
V-ratio 318/ Rt
V-ratio= o2 (column sums) | rowc?

Hh o ? FR T 22 o %A IR 151 CRAE
i 1) 5 25 54T (| i) By 5 26 A LR . HAE
& O B P 1, ROl A R B AR R
AL,

TAR B IE TG D Fh A% Jmy R B B AL S5 44
YULIE 53 A 7E 10000 ALIE 95% {7 X [H] A
B, #e2F ik, k2, HE4FRE X F C-score,
BHALIAE /N T 10000 SAHE Y 95% &5 X 7]
TRRES, D ULEA AV 2 R A R, AR R
A BEFE YA LA S B rh R AR, W
DE R T 10000 YAALE 9 95% A% X[ 1 BRI,
D58 B P b LA 1) T 40 B A% Ry, TEZBETE e
FHFR XA EF . XT Veratio, HAW S
C-score 1,

Y& FH C-score Fll V-ratio Pi & b5 bR AL
F8 %0 SES (standardized effect size, SES)H /3 # ff12
Wb AR R, AR RN FE R A R

SES= Lobs — Isim

sim

HA Iy A C-score B V-ratio BIWLIE, Lin &
BERL 37 B AUE, SDgim 215 Y S3 AT B AUL(EL 1)
PrifEZE . XT C-score Fll V-ratio, 24 SES fF—2~2
Z A, Py Fh I AEAE SR S BEAL 5341 (P>0.05) 0 X T
C-score, SES K F 2.0 F/m Yy Fh A7 S B 0 B A%
Ja, NF-2.0 FRaRBEERIREMN R (HEXTF
V-ratio, SES KT 2.0 F/n P pIrr 2 8 RAEM
Jay, ANF=2.0 FRoRBEE RO E R, LIRS T
Yy R EE P EcoSimR SLELPY, 1
Pearson F5&ZEHT C-score Fl V-ratio 8411
SES {57 Je v 5 B A O M o

1.2.2 BEEYFXSH  RIEY P ILF AR,
R YR N7/ B8 7T 1 o VAN e TR 7 2y
AILASE Y e e [ B AT 258 RS2 s 318 A S U D0 ) A5
o BEPSRE R R E R e s KT N TR SE T
S BRI A AR, LT I R X e R IR
HATE R FOCBOMBENLER = R0, Xt TF 4
FhACAF R, ARG M A — e 4
BEAIL I A7 AE /B C BHE A R, PR UL ) P A A/
i 2 B R R S BRI B A b, e XL iy
R A AT S5 o R UL B ) R AR R Y A
FEbR, DU A AR R OK TR AL DA 32
FF3ME, Fm WY F 2 IRE N ILER R, R



352

Hh K R

%324

Z R s PR A I B RO A . AR
RO B9 & B, At 2GE IR L TR R 55
He SR REAT 2 A o R B
HF AL cooceur AP

2 HBRE5HW

MFHEFERBERTHL
TEZEFR FE B3 F, 2016.2019.2020 F1 2022
EFZE 2015, 2017 F1 2018 EFK TR IR FEHLEY

2.1

YA IAEAS SR, HABAED RS C-score MLIM{E 34 /7)N
FHREUE, FMH 2013—2022 4E K 2 2B
KL PR IEAERE R(E 2),

2016.2019.2020 F11 2022 4£HFZ=, 2015.2022
AERK TR I AL PRI AE A SRy HAAE 153 1Y
V-ratio WLI{ECR THRLIUE, RUMISHEE 2
REILFH R (K 2), C-score F V-ratio 143 BH 5
PN S 08 S v B £ R RE TR R e AE A% R B —
FEMEEE, B R R EIAEAE )R .

£ 10 CHRMEEL C-score FELWR Voratio — MBS EIONI 225

g

3 2.0
i &
7N o
g L5
N o
& g
g 1.0 &
2 8 ym
g2 05 &
N8 Iy
m; % 0 3
g9 &
8

2 2 -0.5
g

g -1.0

[75]

% -8 [ T L T T T T e - oLs

& 5B & 5 BE B BE B B B &8 B & B8 & B & B & B
S SIS EIEES&EERIELESEIELESE K
B4y Year

Bl 2 20132022 4 M K LA i 3l £ S i W o S A7 A% Jd LIRS 9 JE T 0 G R
C-score: Y4 SES /NTF—2, WIRhILAeAR R R LR EEMR ), 24 SES i T2 % 2 Z ], FRBEHLKR; 4 SES KT 2,
TR A 5y, BT Voratio (WP AT S5y 19 40 28BN 55 C-score . Spr. R /R EZ, Aut. TRk ZE,
Fig. 2 Species coexistence patterns of fish communities in the Haizhou Bay and its adjacent
waters from 2013 to 2022 and their relationships with ONI
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22 YMEFERBSEERIERY

2013—2022 4Fifg 7 e it 48 BUA B R B 4,
2015 4E /R 2016 4ERkZ= . 2018 4FEFkZE=H 2019
EHRRE TIL/RBIESRM, 2016 FF. 2018
HERTE 2020 KR 2022 EKE R THURHR
F. C-score 55 V-ratio $8FR7E S WL Fh AT Jm)
B 25 SR IEEAR—3, [A]B), Pearson AHICREFERIAM
FPEEFRIY SES {H 51 e 48 BUE R I sh a2
A —E A KN (C-score: =—0.35, P<0.05; V-ratio:
r=0.31, P<0.05). 4T ENSO H#EAEMEE, BR
2020 FHEZFEI, HBEO PRI R RN

RERL, MEMLZET ENSO FH{FH, BR 2016
HEHZE 2017 R 2018 4EHZELL M 2020 4Rk
TR 2021 ERKFESL, PIFIFE bR B W ) R AE
A% ey J) DA SR A U A8 S B AL (B 2))
23 BEBFESEYMHX

2013—2022 4775 Z= 0 JSHE T UL 21 () a5
WY 39~50 Fh, WEWFXERR 11~54 4,
HAIEE R 4~29 4, FU{ER 2~35 4~ Bk
HEDE UL 2 ) A EGE R 42~56 Fh, BEY)
FIXE RN 30~71 4, HAIEEN 14~41 4,
H°H 3~30 N(FE 1),



%5 3 4]

X R A 2013—2022 418 P 7 R HLAR 1 g 3ok £ S BV W Fh JL A7 o) IR AF P A 4k 353

x1 BHNEREMBEEHERFELE
UM BEREXR

Tab.1 Coexistent species pairs and their relationships of
fish species in the Haizhou Bay and its adjacent waters
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2019 45 22 8
2020 42 16 14
2021 56 14 21
2022 48 18 23
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(42 3 Fig. 3 continued)
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Fig. 3 Species pair relationships of fish communities in the Haizhou Bay and its adjacent waters during the spring of 2013—2022
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Interannual changes in species co-occurrence patterns of fish commu-
nities in Haizhou Bay and its adjacent waters from 2013 to 2022

LIU Weichen', XUE Ying"*?, ZHANG Chongliang"*?, JI Yupeng"®, REN Yiping"*? XU Binduo" >

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;

2. Marine Fisheries Science and Food Production Process Functional Laboratory, Qingdao Marine Science and Techno-
logy Center, Qingdao 266237, China;

3. Field Scientific Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education,
Qingdao 266003, China

Abstract: Species coexistence is one of the core issues in community ecology, and exploring the coexistence
patterns of community species can help with better understanding the ecological processes that affect community
assembly. In the context of frequent El Nifio-Southern Oscillation (ENSO) events, the changes in species coexistence
patterns of fish communities and their responses to ENSO events in the bay remain largely unknown. Changes in
species co-occurrence patterns within fish communities over the past decade and their relationships with the
Oceanic Nifio Index (ONI) were examined using null model analysis based on the data collected from the fish
resources survey in the spring and autumn in the Haizhou Bay and its adjacent waters from 2013 to 2022. The
results showed that the fish communities in the Haizhou Bay generally showed a nonrandom species co-occurrence
pattern from 2013 to 2022, and exhibited an aggregation co-occurrence pattern in most years, with the aggregation
pattern more pronounced in autumn than in spring. The species co-occurrence pattern of fish communities was
influenced by important species pairs, and the important species pairs varied in different years. In most cases,
dominant species such as Enedrias fangi and Hexagrammos otakii formed an aggregated coexistence pattern with
other fish species, while fish species such as flatfish and Callionymus formed a segregated coexistence pattern
with other fish species in most cases. The species co-occurrence pattern of fish communities was influenced by the
selection of C-score and V-ratio indicators in the null model analysis. The fish communities were almost always in
an aggregated co-occurrence pattern at ENSO neutral conditions. However, the species co-occurrence pattern
mostly shifted from an aggregated pattern to a random pattern when ENSO events occurred, and there was a
certain correlation between the fluctuation trend of ONI and species co-occurrence pattern of the fish communities.

Key words: species co-occurrence; community assembly; null model; community structure; species pairs
Corresponding author: XU Binduo. E-mail: bdxu@ouc.edu.cn
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