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Fig. 1 Bottom trawl survey stations of fishery resources in the

coastal waters of Shandong
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Table 1 The major 17 species of demersal fishes in the coastal

water of Shandong

i P oy ?i%ﬂﬁﬂ'fl?%E/
(kg'h )
S1 TRz Pholis fangi 2312
S2 K7 gt Hexagrammos otakii 1.477
S3 /N A Pseudosciaena polyactis 0.643
S4 Y ] Conger myriaster 0.563
S5 ANLEHRUFRM  Chaeturichthys hexanema 0.313
S6 balV/Eawy Cynoglossus joyneri 0.049
S7 AN IS i) Chelidonichthys spinosus 2.543
S8 M1 Liparis tanakae 5.793
S9 g1 Neea U Apogonichthys lineatus 0.392
S10 ¥ RIFE A Chaeturichthys stigmatias 0.162
S11 i G Enchelyopus gilli 0.332
S12 St Argyrosomus argentatus 0.993
S13 i Saurida elongata 0.341
S14 e MR A Cleisthenes herzensteini 0.457
S15 S ffif Johnius belangeri 0.051
S16 FUEG Callionymus valenciennei 0.262
S17 v gl Lophius litulon 4.993

PR 85 B P8 6145 K (Depth) | JiE J2 7K iR (SBT) Fll
Ji&JZ # B (SBS), Kl >k H 3R A Y FVCOM(Fi-
nite-Volume Coastal Ocean Model) ', 245 IR 411 1) T
B3 B Sl 359~ 399N, 118°~ 124°E, 43 HE %k 5'x57,
A 16 617 PR 5 o TEIZRAE Y A BEAl T, SR v B
4> (Kriging ) 1 {51017 Ak 38006 187 3 o7 SR B 5080, 5429
R AHILAC .
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PO AN A RTHE AL . ok SERTHLIE w5 A kI
A4 77 15 ( Generalized Linear Model, GLM ) ¥ M i 7% &
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Table 2 Optimal models for the habitat distribution of main

bottom fishes in the coastal waters of Shandong

g PRTER e SRR
R — Abk & Depth+SBT
Y etk & Depth+SBT+SBT?
B = x I 1
R Y Abk JE Depth+SBT
MO e[ B Depth+SBT+SBT?

B A B AHSC B A £ (ess) RV TE L A
5 I8 2R X (psrf) BYAE R PF 4 A B 8™, ess fH 4
K, WIS 5 2Z (8] 1Y A DGR B 55 , psef {19 | R
FEET 1, RUIB RIS 7™, ess s RIE
th coda i 1Y effectiveSize PR 415 5, psrf & i1 gelman.
diag PRELTFE], WAIC fHJZHH R 155 o Hmse £ com-
puteWAIC pRELTH 5],
2.4 HEEHE FATN M BE 1T 4

AT 5T A FH #7757 # i% 2% (Root Mean Squared Error,
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PE . RMSE fij £ 1 #0085 5 52 {F 2 18] 19 f 22 5,
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W, RMSE FIREY AR N

1w "
RMSE = 1/;;(0i_Pi) , (2)
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#5; SSE AR FR 1R 2% 7 fil; SST AR S 227 Al

PRSI PP P 6T BT 38 LI, R
JE G B30 WAL A3 BT S 4, L v B ML I 50% 1E R
YI 25 45 ok 8 57 MR RL, FR A% 50% 1 hy 56 31F 8 ok £ 45
R T EBE o LA 7R S 0 56 i 4 v 1 ) el
A3, 43 TR A R T 45 SR A9 RMSE FIR®, it 72
F 42100 K, {4 100 UK (1) RMSE FIR Sk PF fiy FL AL #Y
g T 24 SR
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3.1 #EBSE

AR b, 5 AR ess (BLAD HL %8 K, psrf {H AR 7E
1 BfFIE, WS S A o BT = AR T LA B ess {H
AN, psrf B AR, WSR2 o L AR Y U RN ARE Y
BNQZ ) ess I psrf {H & B, 250/ A A0 ¢ P
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R WAIC {EL BE ) 8 22 0 BB AR 5, 3 51 S K

VU A WAIC fELA M2 RS AR, DA B — A v R
AL BEHLOE, AN BETH X 9 WAIC (3% 3).

®3 WFREBETEREEES D HMSC ERHSHLRK
Table3 Parameter comparison of five HMSC models for the

main demersal fishes in the coastal waters of Shandong

FERIZEH] WAIC  ess “F34 (B) psef F (B) ess 2 (Q) psrf 2 (Q)

TR — x 2073.04 1.00
TR — x 2032.82 1.00
HRI= 17 876.67 833.14 1.86
RIPD 2107.11  1935.82 1.00 1202.29 1.01
AT 181733 2035.90 1.01 1943.30 1.00
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WF SR 4l RMSE Hl R HLAE T 5 AR AL 7E 40L& Fn
ORI PSR bR R R H AR, X LD
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FERR LG BE b, A B B AL 800, A5 7, DA
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0.281 A1 0.317, fc/ME 4351 24 0.042 F 0.068, 5z K AE
4350 0.613 F1 0.620.  Hin A Bl AL 2800 1) 45 7Y = 481
BRI b, RAEAEITA W Fh b i B 0.404, B
JME R 0.032, B KAE A 0.817. i A B ALK B A5 5
DU S A DA SO W R A, RAE PG T R0 A B,
FE BT By R (38 53 550K 0.367 F1 0.413, /M 4

TR 2K (SBT), ZeMERCRL BRI R P25 4 A0, 312k 0.052 A1 0.095, fe K AE 43514 0.986 Fi1 0.806.
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Fig. 2 R*comparison of five HMSC models of main demersal fishes in the coastal waters of Shandong
R 2 1 0% £ FH 58 SR AR R T 7k ) R 4060+ R R LA BE 1 R B AR R 9 17 A (3 1)

The boxplots represent R” in model prediction using cross validation; the red cross represents R in model fitting; the x-coordinate denotes 17 species (Tab.1)
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Fig. 3 Variogram of interpretation rates of 17 species of bot-

tom fishes in the coastal waters of Shandong
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Fig. 4 Significance of species responses to

environmental factors
YA bR SRR 17 FiOR R 02 (3% 1); Bz C1 R, C2 o
KR I3 14 11 U7 ZR 0, €3 1 C4 4351 K SBT — YR 0 — Y 3000 i
1) p 280 2L AR R YR 5 IR B 3 IE MG, i (A RoR
S AA BTG, B ERRYF G IR WA

The y-coordinate represents 17 species of bottom fishes respectively
(Tab.1); in the x-coordinate, C1 is the intercept, C2 is the regression coef-
ficient corresponding to the water depth, C3 and C4 are the  parameters
corresponding to the primary and secondary terms of SBT, respectively;
red indicates a significant positive correlation between species and envir-
onment, blue indicates a significant negative correlation between species
and environment, white indicates no significant correlation between spe-

cies and environment
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i o AR PR A R | R G A df £ R W) 217
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2 [H] B AHXT A 55 9 TE ARG, M2 3 5T B A
B A OGO R o AR, 7S 2250 2 M % 0 i 1 i #
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Fig. 5 Interspecific relationships among 17 demersal fishes in

the coastal waters of Shandong
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Red indicates a positive correlation between species; blue indicates a neg-

ative correlation between species
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Environmental adaptability and interspecific relationships of demersal
fishes in the coastal waters of Shandong in summer explored by
HMSC models

Xu Tianheng"?, Zhang Chongliang"?, Xue Ying"?, Xu Binduo"?, Ji Yupeng"?, Ren Yiping"?

(1. Fisheries College, Ocean University of China, Qingdao 266003, China; 2. Field Observation and Research Station of Haizhou Bay
Fishery Ecosystem, Ministry of Education, Qingdao 266003, China)

Abstract: Traditional species distribution models rarely incorporate interspecific relationships into the modeling
framework, which hinders their predictions of habitat distributions. In recent years, joint species distribution mod-
els (JSDMs) have drawn increasing attentions, but their practical applications remain rare in the marine realm. In
this study, we used the HMSC (hierarchical modelling of species communities) method to study their relationships
between 17 demersal fish species and environmental factors and the interspecific correlation. The model was built
on the basis of bottom trawling data collected in the coastal waters of Shandong in summer, 2017, including the en-
vironmental data of water depth, bottom water temperature and bottom water salinity. Five variants of HMSC mod-
els were developed with respect to the linear or nonlinear relationships between species and the environmental vari-
ables and the exists of random effects, and WAIC and other indicators as well as cross-validation were used to eval-
uate the performances of fitting and prediction of these models. The results showed that the optimal model was the
one incorporating nonlinear relationships and random effects (Model 5). The nonlinear models were generally su-
perior to the linear models, and including the interspecific relationships in the model could improve model fitting
performances. Temperature was the main factor influencing the distribution of demersal fishes in the coastal waters
of Shandong, accounting for 51.4% of the mean explained variance, followed by water depth and random effects,
which accounted for 35.7% and 12.8% explained variance, respectively. There were significant linear positive cor-
relations between most demersal fishes and water depth, and significant nonlinear relationships with water temperat-
ure. There were significant interspecific correlations among the demersal fishes, which could be roughly divided in-
to three groups according to the sign of the correlations, indicating that the interspecies relationships played an im-
portant role in shaping species distributions. This study suggested that the abiotic factors and biotic factors should
be integrated in species distribution modeling, and our results might provide a guideline for the prediction of habit-

at distribution of fishery resources.

Key words: joint species distribution model (JSDMs); hierarchical modelling of species communities (HMSC); interspe-

cies relationship; comparison of models; cross validation
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