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Fig. 1 Bottom trawl fishery survey stations in Guangdong offshore waters in spring
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Tab. 1 Listof 21 main fish speciesin the coastal
waters of Guangdong in spring

%ﬂ%% Wi species 2£44 scientific name AR (g
species ID catch rate
S1 Giwicl Trichiurus japonicus 4.63
S2 WHE LI Thamnaconus hypargyreus 7.76
S3 K42t  Nemipterus bathybius 5.17
sS4 Z Ui Saurida tumbil 1.70
S5 SRR Upeneus bensasi 1.96
S6 Voo | Acropoma japonicum 9.63
S7 T RIALG Y Evynnis cardinalis 2.61
S8 AEBE e iff Saurida undosquamis 1.30
S9 ragta Trachurus japonicus 1.58
S10  XPEMH:th  Synodus macrops 2.03
S11 PR  Daicocus peterseni 4.01
S12 Wik Decapterus lajang 2.61
S13 562 ta  Champsodon atridorsalis 1.04
S14  FEBETEMIEL  Amblyrhynchotes rufopunctatus 2.93
S15  WPEs Decapterus maruadsi 0.82
S16  ifphg Muraenesox cinereus 2.78
S17  HEKIREY  Priacanthus macracanthus 0.69
S18  RkMytktti  Trachiocephalus myops 1.71
S19  AEME il Gastrophysus spadiceus 0.78
S20  IRfrfi Lophiomus setigerus 0.97
S21  faf [GhE Raja hollandi 1.80
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BLAL N BF HMSC SR B IT R 8 S BEALARN, LA
B 7™ IS X Y 43 AT 11 [ 5 RN, Q 7R )b (]
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TS
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iF, KR 72 5 BN (Widely Applicable Information
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Y 535S Z A AR OC R R ML ; 55
3, HAFFEBENLALN; BIRY 4, Pfh 535 2 B A7
TEARZR PR R, BIAL 5, Yl 55 Z A FEFE 2k
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Tab.2 Models of the distribution of the main fish speciesin the coastal waters of Guangdong in spring

LR

environment variable

R PP SHEEMOCHR relationship R AEAEBENLEUN
model between species and environment including random effect or not
7Y 1 model 1 JEZkPE nonlinear & yes
#5272 model 2 Z& P linear & yes
#5273 model 3 JG not & yes
55 4 model 4 JEZé%: nonlinear 7 not
7 5 model 5 2 linear % not

KB TRE+RZER KK 2 BM+SBT+SSS+BM?
IR 2 +3R)Z 3 BM+SBT+SSS

1

IRGHE 2 +R 2K * BM+SBT+SSS+BM?
IRERHIE 2 E+3RZ . BM+SBT+SSS

2 HRE5SH

21 SRigRaERU S
SAEEI G BT Q 1 ess (HIHE K, [F]HT psrf
IEERTE 1 2247 X R 5 MR SUPE R

(R 3). Hir, B3 1 B Y ess HEK, Mtk
BT Q1Y ess fHf/N o AP 1, FEAL 2
FIALRY 3 (1) ess Fll psrf (S FIIE AT L85 LR, B
ZH ess FIE W] = TS5k Q AR (E
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Tab. 3 Comparison of five model parameters of the main fish speciesin the coastal waters of Guangdong in spring

BB S B El‘ﬁ’s%lm B EIERL Elﬁ:ﬁ)ﬁi B I AE L B EETJL%IM QMAHR Fﬁﬁwﬁtm Q HIVEAE L
model type | WAIC BARIOTAM  GMETOTHE  RARRET I T T 1
average of ess for f average of psrf for S average of ess for Q average of psrf for Q
4 1 model 1 39.5237 3966.92 1.00269 2529.263 1.01189
LA 2 model 2 38.3708 4056.31 1.00176 3568.563 1.003207
7 3 model 3 37.1851 4102.628 1.001753 3616.363 1.003848
7 4 model 4 3536112 4010.739 1.001441
1 5 model 5 35.04444 4048.573 1.001951

MKl PR 358 X o o 1) T AR, O
KRS 7, 4352 BM., SSS 1 SBT., 7EZ A%
BEAY PR3 3 AN ERBEAR B A SR N, 7EIEZ vk
BRI BM 2 IEL R, HIREKBUNGIA
T BM M kI, MAERIRIOR A, A 1 Y
WAIC {H & He = 1Y, AR 4 R AL 5 (1) WAIC {E Hix
G o [T st Py F AR 4 R S AL & B AL, FT
PIRHE Q 1Y ess [ELL K psrfE.
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A R BN 5 AN R A 0043 R T )y 1 1)
REVEAT T LA (D 2) S5 5RR M, ARBAILA A
T R AETEA b EAFAE R K22 5, A
RIMLE RO, S LN BT 1 Fik
2 FIE A, Hidp, B 1 R T IME A
0.348, H/MEJE 0.061, HARMEXFT 0.977; &
2 R2TEHIME N 0.312, F/IMEH 0.008, ik
{H°M 0.973, #EHR 3 R4 T RELRLN, HAlA R
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0.037, HRAH N 0.420, 111 AFL 55 BEHLRLN (R
4 TR S, A FEREHIXHRAR . B 4 R 19724
54 0.186, fie/IME A2 0.019, fcK{E K 0.324; #
5 RPITF-HIE K 0.186, F/IMEJE 0.031, Fk
fH} 0.993,

A {) T 4 B A 4B, T BG4
FhEAT N IS BT A5 R (E R T H 4 B S
Ho FERXELMIAI A S BN iR 3,
AR R ESHMA R EZ K2 SR N BE
(P<0.05); T A& BENLAON FIBIRL 4 FIgLAL S,
THTERLA ORI G R A b 25 SN TR
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BRECT 3 Ak, HAy 4 ADRIRVE XA R R Y
T 45 R ARAR ] . DT R T 6 S10 SUBE
M £F £ (Synodus macrops) . S14 ¥ BE 5 Wy fifi
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(Lophiomus setigerus) . S3 IR 7K 4 2% fii(Nemipterus
bathybius)Fl S5 2% B 4EAY(Upeneus bensasi) i 7l
WO AL, XS S1 # f(Trichiurus japonicus) .
S16 #% (Muraenesox cinereus) . S6 K& 't
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XTGP R B — 30, AU 1 FIEAY 2
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MALA RO R AF R*>0.6; Xt S1 A fa . S15 ¥ [
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Jjaponicus) AU EROR K AE RP<0.2; HiAy 10 Fhfa
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23 YFEIMEMXER

WRAEAE I A ST R [ PR 1 45
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YR B i RS LS (B 3) o 2 R4 25 R B,
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Fig. 2 Comparison of R* of five HMSC models for main fish species in coastal waters of Guangdong in spring
a. Model 1; b. model 2; c. model 3; d. model 4; e. model 5. The boxplots represent R?, an indicator of predictive
performance of the HMSC models from cross-validation; the points in red indicate the R> of the model fit.
Refer to Tab. 1 for fish species corresponding to the species ID in the horizontal axis.
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Fig. 3 Variance partitioning diagram of the explanatory rates of 21 fish species in the coastal waters of Guangdong in spring
For colors (top to bottom) in the barplot, light yellow represents the variance explained rate of random effects; yellow represents the
variance explained rate of the quadratic term of water depth; orange represents the variance explained rate of bottom temperature;
orange-red represents the variance explained rate of the linear term of water depth; and red represents the variance explained rate of
surface salinity. Refer to Tab. 1 for fish species corresponding to the species ID in the horizontal axis.
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Fig. 4 Significance of the responses of 21 fish species to
environmental factors in the coastal waters of Guangdong in spring
C1: the intercept; C2: the regression coefficient for surface
salinity; C3: the regression coefficient for water depth; C4: the
regression coefficient for bottom temperature; C5 and C6: the
parameters f corresponding to the linear and quadratic terms of
water depth, respectively. For the legend, red indicates a
positive correlation between the species and environment
factors, while blue indicates a negative correlation. The
intensity of the color deepens with the strength of the
correlation. Refer to Tab. 1 for fish species corresponding
to the species ID in the horizontal axis.
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Fig. 5 Interspecies relationships among the 21 main fish species in the offshore waters of Guangdong during spring
Both the horizontal and vertical axes represent species ID, and refer to Tab. 1 for corresponding fish species.
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Abstract: The relationships between the distribution of marine fish and environmental factors have long been a
focal point in marine ecology research. The hierarchical multispecies community model (HMSC), a multivariate
hierarchical generalized linear mixed-effects model grounded in Bayesian statistics, enables simultaneous analysis
of how environmental conditions, interspecific relationships, and phylogeny influence species distribution patterns.
To investigate the environmental adaptability of fish species and their interspecific interactions in the coastal
waters of Guangdong, we constructed five HMSC models. These models were developed using fisheries
independent data from bottom trawl surveys conducted during four spring cruises in 2018, 2019, 2020, and 2022,
and related environmental data on water depth, surface salinity, and surface temperature. The research results
showed models with random effects fit the data better than those without random effects. The introduction of
random effects enables the models to detect hidden variables that have not been observed yet, thereby improving
the models' ability to fit complex ecological relationships. However, during the cross-validation process, these
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hidden variables could not be accurately estimated. As a result, the prediced R* values of models without random
effects were close to those of models with random effects. In particular, when random effects were added to the
models related to predators at higher trophic levels, the model fit improved considerably. This indicates that
interspecific relationships have a remarkable effect on the distribution of predators. Water depth is a crucial factor
affecting the distribution of fish in the coastal waters of Guangdong, accounting for 62.1% of the variance in fish
distribution. Moreover, most fish species exhibited nonlinear relationships with water depth. Changes in water
depth often triggered a series of chain reactions in related factors such as temperature and salinity. The explanatory
powers of surface temperature and surface salinity were relatively weak, accounting for only 3.5% and 3.3% of the
variance, respectively. This might be due to the limitation of the survey time, as the environmental impacts on fish
vary across different seasons. The random effects of some fish species had a relatively high explanatory rate. This
suggests that, in addition to being influenced by water depth, surface temperature, and surface salinity, the
distribution and survival of these fish species might also be affected by other potential factors. The relationships
among fish populations could be broadly classified into two distinct groups. The first group of fish species
predominantly exhibited positive correlations with other species. These fish were mostly small in size and
inhabited the bottom or near-bottom layers of the water column. Their similar spatial distributions and comparable
body sizes likely contributed to the significant positive associations observed among them. This suggests that
shared ecological niches and habitat preferences play a crucial role in fostering co-occurrence patterns within this
group. In contrast, the second group of fish species showed predominantly negative correlations with others. This
phenomenon was likely linked to their positions in the food chains. Some species within this group occupied lower
trophic levels, making them prey for a wide range of other fish, while others were higher-level predators. Such
trophic interactions, whether as prey or predator, created competitive or predatory relationships that lead to
negative correlations in their distributions. These findings underscore the inadequacy of relying solely on
individual environmental factors to explain fish distribution patterns. Instead, both water depth and interspecific
relationships emerge as key determinants of fish distribution in the coastal waters of Guangdong. Water depth
influences various environmental conditions, while interspecific interactions shape the co-existence and
distribution of species. Overall, the results of this study provide essential theoretical insights and empirical data
that can inform the sustainable management of fish resources and the conservation of marine ecosystems in the
coastal waters of Guangdong.

Key words. hierarchical multispecies community model; interspecific relationships; random effects; Guangdong
coastal waters; fish distribution
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