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Importance of species interactions in structuring fish community of Leizhou Bay

waters, northern South China Sea

PAN Shiyuan', LIN Kun'?, LU Shaoliang'*, WANG Xuefeng'* "

1 Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China
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Abstract; The interactions between fish species and their roles in the ecological network on structuring the fish community
is a matter of great concern not only for understanding the species coexistence, but also for the multispecies fishery
management and conservation at the community level. The data from the bottom trawl surveys of eight cruises in Leizhou Bay
waters northern South China Sea during 2016 and 2018 were applied to analyze how the species interactions ( interspecific
competition in limited resources and space) affected the stability of fish community structure in seasons and years.
Combining theories on spatial niche overlap and the ecological network modeling, six indicators such as the weighted
clustering coefficient (C) , weighted average path length (A), connectance (Co), degree (K), weighted node strength
(Si), and locally weighted clustering coefficient ( Ci) were respectively applied to measure the degree of community
aggregation, the overall energy transfer efficiencies between species, interspecific connectivity, the degree of directly
interspecific associations, the intensity of species interactions, and the degree of local aggregation between species. And

then we analyzed the importance of species interactions in structuring fish community of Leizhou Bay waters. The results
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showed that; Dthe network of species interaction which formed by spatial niche overlap of fishes varied more widely in
seasons, but comparatively minor between years, including 58—122 kinds of fishes, and 1318—7103 lines (links between
species interactions). @The fish community was characterized with the intensive interactions, high degrees of aggregation
( C ranged between 0.84 and 0.98) , high energy transfer efficiencies (A ranged between 0.02 and 0.09) , with a weakening
tendency of species interactions ( Co ranged between 0.32 and 0.48) from 2016 to 2018. The fish community of Leizhou Bay
waters was kept in a state of stability in all. At the local small scale (20°40’—21°00'N, 110°30’—110°45’E) , traits of
species interactions of the fish community were similar on the seasonal and annual scale. Two traits were the important
internal factors driving the coexistence of multiple fish species in the Leizhou Bay waters. The first was the degree of directly
interspecific associations which was positively correlated with the intensity of species interactions ( P<0.01). And the
second was the degree of local aggregation which was negatively correlated with both the degree of directly interspecific
associations and the intensity of species interactions ( P<0.01). This study provides clues for the quantitative analysis on the

stability of fish community structure and planning of effective coastal fishery resources management and conservation.

Key Words: species interaction; fish community structure; ecological networks; spatial niche overlap; Leizhou Bay
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Fig.1 Map of sampling sites in Leizhou Bay waters
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Table 1 Network features of fish communities in Leizhou Bay waters
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Season Year Connectance e L 8 Weighted average path length
coefficient
2 Spring 2016 0.39 0.90 0.03
2017 0.34 0.85 0.06
5 2% Summer 2016 0.43 0.94 0.02
2017 0.42 0.91 0.03
#ZFE Autumn 2016 0.42 0.92 0.09
2017 0.35 0.86 0.03
428 Winter 2017 0.32 0.84 0.04
2018 0.36 0.86 0.04
FEAE Whole year 2016 0.48 0.98 0.05
2017 0.47 0.96 0.06
201652 RIEJE IR B AR T34 e 4 B
20165 %
2016FkZ B r<0.01
201752 I 0.01<P<0.05
20175 % [ P>005
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Fig.2 Significance test of network parameters by One-way ANOVA
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Table 2 Correlation significance test of network parameters
e M AHSEM:Z L Correlation parameter
Z=95 Season
Year K-Si K-Ci Si-Ci
# 2 Spring 2016 0.800 " -0.832"" -0.580""
2017 0.885"" -0.878 " -0.715*"
5 Z& Summer 2016 0.724 " -0.818*" -0.455""
2017 0.814"" -0.844"" -0.632""
FkZE Autumn 2016 0.848 ** -0.859** -0.635**
2017 0.849 " -0.903 *" -0.663""
4-Z% Winter 2017 0.877** -0.896 ** -0.759 **
2018 0.770 " -0.865"" -0.611""
#E4E Whole year 2016 0.690 ** -0.780** -0.406 **
2017 0.757*" -0.700 " -0.498 "~

% FE A B W E SR L (P<0.01) 3 K-Si: S BE-NIATT f58 % the degree and weighted node strength ; K-Ci ; 5 B2 - R #0 INBUR 2 R 5K
the degree and locally weighted clustering coefficient; Si-Ci: JNAY 35 s 58 BE-Ja) 8 I AL 28 26 3R %0 weighted node strength and locally weighted

clustering coefficient
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Fig.4 Scatter plots of the degree and locally weighted clustering coefficient( K-Ci) in fish networks in Leizhou Bay waters
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Table 3 The top five species of direct interspecific associations and their parameters in fish communities in Leizhou Bay waters

, .
:ijies K Si i Propo?tzii ilf [::b/uliodance IRl k7%
2016

FZF Spring

AWt Saurida tumbil 0.983 12.150 0.845 9.83 3074 82.35
TARIEELG I Evynnis cardinalis 0.983 11.578 0.868 8.10 979 100.00
HIEE Psenopsis anomala 0.983 10.853 0.855 0.64 105 76.47
V13t Trachurus japonicus 0.966 8.315 0.745 44.82 5801 76.47
AEBENEES Saurida undosquamis 0.966 11.135 0.851 8.11 1937 82.35
¥IH Mean 0.784 8.926

HZ Summer

BTk 583 Cynoglossus puncticeps 0.989 20.950 0.920 3.32 476 100.00
T KA Evynnis cardinalis 0.989 20.438 0.907 2.23 605 70.59
AT Crossorhombus azureus 0.989 18.632 0.924 1.43 163 70.59
W% Alepes djedaba 0.989 23.283 0.912 1.06 245 100.00
kS BEAR Trachinocephalus myops 0.989 23.178 0.911 0.89 319 88.24
PIH Mean 0.869 17.391

FkZ Autumn

FRAEYEY Tachysurus sinensis 0.985 9.082 0.860 32.47 5458 94.12
Bz M Gita Johnius belangerii 0.985 16.337 0.898 12.34 1819 88.24
LR8BG Plotosus lineatus 0.985 10.740 0.897 8.59 2507 88.24
Bk 85 Cynoglossus puncticeps 0.985 17.223 0.909 8.54 1271 100.00
MBEZ A8 Ttk Polydactylus sextarius 0.985 18.222 0.897 7.01 1108 100.00
I Mean 0.837 12.226

2017

275 Winter

BEkL 583 Cynoglossus puncticeps 0.986 16.530 0.739 12.41 1973 100.00
e QM Ui . Johnius belangerii 0.986 14.319 0.731 5.32 507 64.71
L4 Sillago sihama 0.971 14.114 0.723 1.69 285 76.47
LR8BG Plotosus lineatus 0.943 13.862 0.768 3.48 1674 88.24
E[l 5 5 #5 Cynoglossus arel 0.943 14.008 0.726 1.05 143 58.82
I Mean 0.638 9.838

#Z Spring

BEL T Cynoglossus puncticeps 0.986 17.761 0.746 5.29 768 100.00
B8 S48 Pisodonophis cancrivorus 0.932 14.702 0.754 0.63 202 52.94
EV & -4l Paracentropogon rubripinnis 0.919 12.098 0.785 0.58 57 58.82
Tl Tachysurus sinensis 0.905 13.124 0.763 34.27 5038 64.71
LRETIBH Plotosus lineatus 0.892 13.785 0.750 0.43 89 47.06
I Mean 0.670 10.825

HZ Summer

YNELIR Leiognathus berbis 0.989 21.364 0.895 2.53 307 76.47
BE3k 5 f Cynoglossus puncticeps 0.989 25.152 0.893 1.67 403 100.00
W BRI Johnius belangerii 0.989 19.332 0.870 1.52 325 70.59
FEARKEEEE Tarphops oligolepis 0.989 19.578 0.894 1.37 254 88.24
Wi -5 Alepes djedaba 0.989 17.798 0.879 0.75 205 88.24
¥J{H Mean 0.836 15.561

FZ Autumn
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e .
BESL T 85 Cynoglossus puncticeps 0.986 15.652 0.789 5.57 813 100.00
Y Setipinna tenuifilis 0.986 15.026 0.797 3.79 490 76.47
8 Y388 Pisodonophis cancrivorus 0.986 14.682 0.799 1.11 518 88.24
FRBEG kbl Lagocephalus spadiceus 0.986 15.798 0.782 0.62 154 64.71
HAEREY Tachysurus sinensis 0.971 5.301 0.688 40.52 5789 76.47
¥J{H Mean 0.706 10.297
2018
22 Winter
B G440 Johnius belangerii 0.986 11.081 0.777 19.08 2544 94.12
BEL B8 Cynoglossus puncticeps 0.986 17.162 0.802 12.03 1993 100.00
FERE Sk fili Lagocephalus spadiceus 0.971 15.595 0.768 1.82 615 70.59
Vbali f Lepturacanthus savala 0.971 16.679 0.810 0.77 204 82.35
KMEWE T4 Siganus canaliculatus 0.943 9.235 0.732 4.92 765 47.06
{4 Mean 0.721 10.418

IR R AN EZEFEEL Index of Relative Importance; F: B # Frequency of occurrence

AT R R AT R0 R R A 2R VR 25 SO RE R B N R 2 — 7 BRBEIR R A A BRI 254 1 5 —
FEAR bR, W R R (VR R AP A A BB ERL B AR R S AR Y L RIS
X REE AR R R A R i — PR GG IR BRI R T S ETR sl (2 T I8 0 HA RS2 ), A B
T A [T AT 3 T R R AL AR AL S R TR S A R E

S RE IR B) FAERERE (K, Si Ci) W8 X 4% ) 2 2 bk, o 58 88 1) 2 2 M R T I s i st
WH T DR b IA) I 20 X | LM ) AR () M 4B s 5 A Fa e Y L MR S ek 2y,
BRI DG RELTI 26 AR Sh A ™ L AR o0 4 SR 38 W) 1 2 4 O BR8N B 39 10 1 O 31 A R T REVR 405
F R RaE e R R IEAT X — 25 55 Booth 457 RO 45 AR, B ME Wy fh 2 5 (g 287 Fl) | o
T T AP0 VA VA ) A 3 (466—532) MO Y 53.95%—61.59% , A= W) e JE R A (Ci = 0.688—1.000; C =
0.84—0.98) , & N ] fE 1 A4 18 RUR B R (A= 0.02—0.09) , Pl ] SEHR BE R i ( Co=0.32—0.48) , A7 /R[] L
VESSIL IS 2 S INBEE 25 A shichase . TR M f SRS AE ARl a] BAE S5 1L nT e S5V 22 200 Ak T3
A 5, Qs 7 BE BN R S B R IS O AR B LA BB R SCHE R, AR, [ 2017 AR AR AR i i
PRI B NV f SR I G AR N R T A SIS (R R ) 4 OCHE AR SR R A Y (A PR 2 R UR (1
I A ) FRLERER | 28 BB R A 4038 by R AT 2 BHL 8 0 B U5 n R % e g s 2 () it )

TN R B RE T 2 5 F B 4 3 FANRE RN, A IRERE R, 2458 e
2 B A0 2 2 PRI RS HE P 1 0 B AR AL A, BV L RV A AT R PN B R N 4 S A SRR A Bl R R A
AN AL R R E . ARG Ushio %57 BF 98 M0 (0 28 W N 45 AL, BV ST 2 = B 4 v 9 1028
P AR 2308055 (3% 3) , AT e S E BRI RE ™ i %, B ZERREDE sl N BT S5 F 3R e 5 a) BLAE
5516 ( Co (K, Si (Ci) MR 2GR (N L.C A) A, [RIET, B ZRA IR 285 AR A S i il | 0 2=
VIR BED SR AR B ERARE .
3.2 AZEPETE SR N I ) AR

T PR R] A 25057 01 mT 38 g A B B U (s ] NP R] BEDRESE ) 43 C I R B] OC A 1 5 55 LA e ) R AL A
B SE AR ™ L PSRl BERE7E 2 0 NS HT B TR0 8 R 8 2% 1M 5 35000 A 7 T BRI, AR RE 05 454
fFesE ™ Montoya 451 BFFT A W . 46 45 72 (02 (A VI 1B P9 2 BE R R A0 A ) ELAR 349750 (0 40 b ot 42 3
%, ERMEEAN , LA 2 AR, AR 5 AR5 0 0 REB o A= P Fh 2804 AE 25 () A A
o BUREE WYIRELIE Z 0055 6, 52 B 24 0 B I PR S A Y R B VR R R
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R, AR A SRR AR L P A AR P SRR AR R R AR 25 T S (R, B TR
I, AR W] 22 AR e e HE R SO T S B AR SE AR TR A A0 43107 o i) L DG IO Rt 3 o [ A 4R
B, Wi A 20 2 18] A Ei e O M AR X S g, b [ B J5UR P BE 0 AR DL AR A v 7 SRRV B e O
N AR S OLAR AR RIS A R, 0.8 7 A A B AL A LA AE R I A7 | B OCHRRR B2 v il R el SR 5 A
JFEARL A
3.3 Pl EAEGRFON L BRI B R

ol ) LA A 7 T WA B TR R IR TR 7 P 1 B DR DR L AR %) T B R B
AZS R GUNR BN, Hilly BT BT — HARFR R B0 BRI K R IR R T A R B 2 PPk
BT A R R AR S A B TR A B IR S T B v A AN R R A A 2
DRt el B 25 2R GE P AR T BB 2 i 1 52 23 P A Xt 1 1 S8 G SR TOAL T PR O i B2 A
P A AR B S H bR S BRCR RPN JCRE RO, ARG D BN L 2RI 4 5 a2 ) 2%
(8] LI IS 4 BARAR G, et S ML A M b ( 216 e i 1 . AR BERE B S5 ) 15 H At £ 28 50 4 1A 5
DY, eV N I8 2 55 A ELAE O 3 A TR EVR 4540 B0 RS FNAERp Py L A7, i Se 8538 B 1 38 At i 28 1 10
B I o R B — P S S BOREVE Th A 1 A S L B A, By 1k A B R RN ] TE A A
JRUBE B AR TR 0 36 T b b () ELARE 580 E B AR % el 20 A JS RS i o7 25 2 F R ) LA 0 e 3 RUJE
FIFR AL AU E

4 4t

TE TR NS X — /NI P, 1 2 8] ELRE S IHORE -5 o ) EL A 500 B B2 IE AR SG, JRi i R A A 5 P 4
LA (P<0.01) %A B AR R AE R R ILAF A P I B AL 250 FAR AR Ak, 78 N P e el £ 26
TR G R , (02K I RE AL RCR W Bl B DG R 7 B 5 BAT e S i a5, AL A0 R v 45 A R
SE o AWFFEBUE R AR E R i KA T A 2SR S SRR AP DB — H BRS04 B 1)
KRR Z RGBS A SN ES LS EMENERLR God BRE) , e st 8CR 5
FEtE A P IR R T
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