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Community assembly mechanism of dominant macrobenthos species in mussel

culture area of Gougqi Island, Shengsi
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Abstract: Macrobenthic species are pivotal in aquatic ecosystems, as they play indispensable roles in maintaining
ecological balance, biodiversity, and energy cycling. In-depth studies of the dominant species among large benthic animals
can significantly enhance our comprehension of the structure and function of benthic ecosystems. This knowledge not only
furnishes a scientific foundation but also offers strategies for ecological conservation, environmental management, and
sustainable resource utilization, consequently fostering the health and stability of ecosystems. In order to explore the

distribution characteristics and community assembly mechanisms of dominant macrobenthic species in mussel culture areas,
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this study utilized survey data on macrobenthic species from the mussel culture area of Gouqi Island, Shengsi. The data were
collected in spring ( April) , summer ( August), autumn ( November) of 2021, and winter ( January) of 2022. Various
methods, including diversity indices, the Raup-Crick index, the diffusion-niche continuum index ( DNCI), mantel
analysis, principal coordinates of neighbor matrices, and variation partitioning analysis, were employed to investigate the
relationships between the diversity distribution of dominant taxa and environmental and spatial factors, as well as the
community assembly mechanisms. A total of 195 macrobenthic species were identified, with 42 dominant species selected for
study. Polychaeta constituted the largest proportion (76.2% ), followed by Malacostraca (7.1%). Sternaspis scutata,
Amphioplus japonicus, and Heteromastus filiformis were the dominant species observed across all seasons. The temporal and
spatial variations in diversity indices were significant (0.63—2.39) , with the overall diversity of dominant taxa being higher
inside the aquaculture area than in the periphery. The average diversity was highest in summer and lowest in winter. Nitrate,
nitrite,, dissolved oxygen, water temperature, and offshore distance were identified as key environmental factors influencing
the distribution of dominant macrobenthic species. The distribution and diversity of dominant species were significantly
affected by environmental filtering. The assembly of dominant macrobenthic species’ communities was influenced by a
combination of stochastic and deterministic processes. In autumn, the roles of stochastic and deterministic processes in
community formation were relatively balanced, while deterministic ecological processes, such as environmental filtering,
played a dominant role in community assembly in spring and winter. Community assembly in summer was more influenced by
stochastic processes. Further analysis revealed that both diffusion processes and niche processes jointly dominated the
community assembly of dominant taxa, with diffusion processes having a greater impact on community assembly than niche
processes. The results of this study provide a reference for the ecological evaluation of mussel culture activities and their

carrying capacity management.
Key Words: macrobenthos; community assembly; driving factors; Mytilus coruscus

TETE A LT R T T 2 A2 D S L2 8 oy, W S RV A A DL TR W R A7 TV T8 DA S A S
ROEE R RE R R E e A R X B A R LR (0 S Rk o] 54 pLIEVE BEVE 5 R TR LRI
AERE 0 TR DA R ) 3 S o) R A A A R ARHIL T . B T A AL A AE R P Clements Fl Gleason 5% 7E
20 20T I Y RIS SR BRI M R TS A R 0 BTRR Y | S ok B2 R v LS A LS 1
P AL R AR A A R PR B e L BRI, AR AR S i DA B AL ML S 7 BE AL
SE PRI R IR 5 N ) A 25 R GE R T RE A2 BN [l i B A 2 00 R o e ol AR A2 i [ AR BV AN
RS Ik YR 38 P RO A 1 R E A SRR A 2 (R AR AR R LA SRl 5 AR SR Z A OGRS
RGeS OR MR, FEALPE I RN B2 i HORR ] RS S LA R st A AR S, S I T AN E T A
A, TTRE 2 BSOS R G IR AR L BT, A SCHFE A @ L i BIF o 24 b T A
AU T R A W R SCRIFFT M A T AE W B, FLATFSR X S SR v ey 11 i R

R EE LA K TR IR EY R RSS2, R IR AR A A A T DS IR A
R i 2 0 45 i Y K A BEL 8, A0 A A P 2 DT e A 7 i X PN (R B ARG S T35 il 75 9 [
JIEARA D RE TS 4 . RBI AR W0 A 28 R GE P A A e R A SR T ORI 45 M 25 5 52 1) F AR BR
B R TR A, B8 R B SIS AL R AR BRI R, DAL IR 5 Xy K7
JECH Sh i T i T e T B R B ARFRIE O A AR /N L Fabi SRS R B 2R R 2 1 IR X
KAV E YRR AR E BRI T O AR AT T 45 R R I | B SR IE G S5 0 (G 5 R 2R Bl a2
BRI  ORER AT RS (b rT REXT R AR e M e A K, ZEREVE P B R R 2R
ARROE A ) BV SRR Z N AEE T XS A T REAE AL AT b SRS M B S AR A A
JIEAIR], A5 ARSAFPAE Ry SERE P A T I 5 PT LA B oP Al 9% B M JF U0 T R s s e PR IR R 2 i

http ; //www.ecologica.cn



7H WRIZTE 45 R AL 8 T DL 575 DX OR Y JEE A 3 W D0 S HE A P Al i L 3509

AEXS KRB S P AT (R 7E T2 e S A AR S 55T T, 3 855 B 9E R B R 1 3 2 R
VERIERAERE 5 VB TR R AREVE R T AN JBCIRR I A 2 ) N e U b AL A 3 4 )
FTHE S B R BRAS LS b A 25 00 58 BE 7, (I3 18] 1) BRI A 37 32 X

R X A 75 DX R AU JECATG Sl ) DI 35 R A+ AL ) A 41T, M LA RO DL 2 R TG 2l R B
WS REE RO RE R . DR, AR SCLABRIIAR AT &5 i D SR 5 IX RS A sh My LSS A I e X 42, oo A AN [l 2=
VR DUIATI AL ZREE B AR, R4S 6 25 6] PRI N RS R A L . B 1 iR DL IR IX R TR
WS ZAEPE ORI RIS BEER BERL A8 , 75 D ity D SR BRI By 9 A 8O S R A AT R S5

1 #R57EE

1.1 WF5EIX e

UM AL A5 T T ] AR VA G, L BT Ak v 38 52 AN [) 7K 3R S I A E A 2K S P B A e i Rk AR |
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Fig.1 Sampling stations of mussel culture area of Shengsi Gouqi Island
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Table 1 Dominant species composition of macrobenthic

P Fi fi#4# Dominance

Dominant species # Spring X Summer Fk Autumn 4 Winter
BB . Notomdstouos aberans 0.056 0.053 / /
BV A Tambalagamia fauveli 0.029 0.005 0.004 /
N ERR Sternaspis scutata 0.149 0.184 0.076 0.036
WIEEBH R L Amphiura koreae 0.115 0.013 0.023 0.031
KA BLIEEIUF Hyale grandicornis / / / 0.031
G IY F R Xenophthalmus pinnotheroides / / 0.023 0.006
LGV TLZE Nephtys polybranchia 0.039 / / /
222 B W, Tharyx multifilis 0.004 0.037 0.035 /
TR 5| L Notomastus fauvel / 0.021 / /
78 FUM 85 1 Harmothoe imbricata / / 0.004 0.031
W8 H. Chaetozone sefosa 0.012 0.071 0.046 0.010
BTV TS Nephtys oligobranchia 0.097 0.010 0.011 /
JEHEH Laonice cirrata 0.026 0.004 / /
JEHBTR Dasybranchus caducus 0.004 0.022 / /
IR NN KR8 . Ehlersileanira incisa hwanghaiensis 0.004 / 0.013 0.021
RS2 Protankyra bidentata 0.035 0.061 0.008 0.006
VLV BHAR MG Moerella jedoensis 0.032 0.004

B A 22 HEVG B Prionospio queenslandica / / 0.058 0.021
LR Eucrate crenata / 0.025 0.019 0.058
LM W Tharyx marioni / 0.035 0.011 0.006
EAGWIVEZE Nephtys ciliata / / / 0.031
LI Cirriformia filigera / 0.074 0.053 0.075
H AL HME F& Amphioplus japonicus 0.168 0.217 0.156 0.168
H 2§53 B HL Phascolosoma japonicum / / 0.033 /
HAMYI TS % Goniada japonica 0.050 0.061 / /

H A58 8% B Sthenolepis japonica 0.023 / 0.004 0.006
Wil 5 Terebellides stroemii 0.152 0.029 / /
WIEZ P % Lumbrineris cruzensis 0.026 0.004 0.100 /
22 S5 ML Heteromastus filiformis 0.078 0.257 0.637 0.407
ML Cirratulus filiformis 0.102 0.042 0.049 0.006
INSKHIFLER A0 Crenotrypauchen microcephalus / 0.005 0.034 0.006
EH, Cirriformia tentaculata 0.019 0.193 0.073 0.036
45 W Marphysa sanguinea / / 0.033 0.036
KitE 4 Ophelia limacina / 0.099 0.026 /
SRR AL Lumbrineris heteropoda 0.066 / 0.015 0.123
KWL 4 Glycera chirori 0.029 0.058 0.005 /
KMt HL Haploscoloplos elongates 0.029 0.141 / /
HPESEEIUR Photis sinensis 0.023 0.004 / /
RV ZE Ninoe palmate / 0.031 0.022 0.006
FRAE S HE L Heterospio sinica 0.004 0.010 0.036 0.008
THLMIISE Glycera rouxii 0.018 / 0.114 0.067
JEHIALLBATE 1 Cossurella aciculata 0.004 0.005 0.017 0.036
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Table 2 Diversity index of dominant species of macrobenthic

bt #H Spring X Summer FK Autumn 2% Winter

Site H' D J H' D J H' D J H' D J
Gl 1.10 0.67 1.00 1.39 0.67 0.77 1.35 0.73 0.98 1.01 0.61 0.92
G2 2.07 0.86 0.94 1.45 0.66 0.70 1.95 0.82 0.89 1.88 0.84 0.97
G3 1.86 0.81 0.85 0.94 0.58 0.86 1.55 0.78 0.96 0.63 0.44 0.92
G4 1.54 0.62 0.67 2.19 0.86 0.88 1.13 0.49 0.55 1.52 0.64 0.69
G5 1.08 0.48 0.56 2.12 0.87 0.92 1.48 0.61 0.64 1.56 0.78 0.97
G6 2.02 0.86 0.97 1.84 0.77 0.77 1.25 0.58 0.64 0.83 0.43 0.60
G7 0.90 0.38 0.46 1.34 0.73 0.97 0.81 0.44 0.59 1.11 0.51 0.57
G8 1.24 0.59 0.69 1.94 0.81 0.84 1.66 0.79 0.92 0.80 0.45 0.72
G9 2.15 0.87 0.94 2.39 0.90 0.93 1.78 0.81 0.92 1.75 0.82 0.98
G10 1.32 0.72 0.95 1.48 0.67 0.76 1.18 0.49 0.54 1.20 0.61 0.75
Gl1 1.73 0.81 0.97 2.03 0.85 0.93 1.98 0.81 0.83 1.01 0.61 0.92
G12 1.87 0.84 0.96 1.80 0.81 0.92 1.86 0.79 0.85 1.38 0.67 0.77
SFEHI{E Mean 1.57 0.71 0.83 1.74 0.77 0.85 1.50 0.68 0.78 1.22 0.62 0.82
fz/IMA Min 0.90 0.38 0.46 0.94 0.58 0.70 0.81 0.44 0.54 0.63 0.43 0.57
e R AE Max 2.15 0.87 1.00 2.39 0.90 0.97 1.98 0.82 0.98 1.88 0.84 0.98

H':Shannon ZFEMEAEEL, D ; Simpson ZFEMEFREL, J : Pielou Y5 EEHR 4L

PEF Shannon ZHEPEFEEUNCT- /010 6 (81 2) . 52 R, B =M 2R P iR, & m Ak, 25
1,62 .G s P E e, G \G3 \GT st ik, HFRUE(EAL T FRFH X A0 G ulhihr, A EAL T FRHH X
ZRACERHY G7 i fr  BRWE(EAL T GO Shifi , AHENL TFRIHIX M AR 72 1Y G3 sl o ; BRI AL T FR 5 X Y
G113, AMENE T G7 S ; & FRIEAE AL T G2 30, A E AL T G3 ulifir, A b, FRFE X Ho0 1 2R PR 4K
T FRFE XA
2.3 WESEEEE T

i Mantel ZH ARG B R F- 5 R FP - AR I AHOCHE . S50 (&1 3)  EIASHERY 4310 5 LA R AR AN
iR B A (P<0.01) , SR ER A A AR 2 B 3 A2 (P<0.05) , RIS & B0, S0 A iR &k 15 il i 6 2
WA E(P<0.01) , 5E0EF B0 B IEAE(P<0.01) . A S5/KIE SN B FH AL (P<0.01), 58k
BLB 5L 35 IE A DG (P<0.01) o /KIS 4 BB & IE A (P<0.01) , 545 B A B 3 7 OE (P<0.01) , 37
B IDXC 7 i A TR R 30T 2 i, 7 TR B 5 T8 7 2 O RS (45 ) 39 g g KR 5 B PILa A 3 T O
(P<0.01),

fdHH PCNM 3470 35 114) 1 235 18] A% £ A/ Shy 2 18] PR 7 RO 3 25 ok o 4 P ol v 1) B % DXL 1 0E A7 48 22 0
(VPA) 53T, LU4E 78 PR A1 25 (8] R 7 X A2 2R o B AE G DTk, IFSE & 3, A58 PR 7 R 2 i) R 7 %o R A
JERG S FIETE ZAEVE BRI B 33.4% F1 15.2% , JCHL Al it BB oy , R AR 70k 3 51.4% (K 4)
S PRBE AR 1 0 A BRI K T4l 2 () AR i, Bk 0 45 S R Sl PR AR Bk B B SRR (F=2.83, P=0.003),
25 SRR B R DL SR B X R R JFCAT sh P e S 2 2 B2 a2 PR % TR 2 i), AR 8 KB sh i e S e 3
YEM .

2.4 RBSEHEBEE AL
R AR5 A R 2295 1 Raup-Crick A S840 (B 5) o SHEVR = FEREHL , B 9% 0] 5 FE 41T, RC
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Fig.2 Spatio-temporal distribution map of dominant species diversity of macrobenthos
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Table 3 DNCI values between dominant macrobenthos taxa in
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HUE S B0 L e B #5200, B A BE A Y # Autunn ~1.655 0.896
RS 5 A, B 2 L S M AR K % Winter ~0.931 1655

PUZEY DNCI 85055128 -0.037 . -0.736 . - 1.655 .
-0.931,¥)/NF 0( 5 3) . R KRBCH sh L 5t
FRETE A ML Y B0 2 A e R FAE S AL 2, DNCI

DNCI: ¥ #-A= A # 2L 4RF5 4L Dispersal-niche continuum;S.DNCI;
YHL-A 25 L 3% 22 R 48 BB B5 fE 22 The standard deviation of the

dispersal-niche continuum

Za XA T 0, RIABEE A ENLG i A S Ry Bod B ILF £ S, FE, 2T PER-SIMPER = Fp 24
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