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Fig. 1 Sampling areas in Haizhou Bay
A, B, C, D and E represent different sampling areas. Number
1-76 in the squares represent different subsections of the
sampling areas.
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TEFAR Al 5 22 i BK Rl 7 (variance  inflation
factor, VIF)X} i A5 228 A0 45: 7K{R(depth) , FJZK
i (sea surface temperature, SST). JiK)Z /K ik (sea
bottom temperature, SBT). #/ZEh & (sea surface
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Tab.1 Ten speciesdistribution models for single species applied in this study

% no A2 FRK model name 4iT abbreviation
1 ANTHZR LR artificial neural networks model ANN
2 IR AR classification tree analysis model CTA
3 NG/ AE A flexible discriminant analysis model FDA
4 J7 AN RS generalized additive model GAM
5 J SRR generalized boosted model GBM
6 J7 X ERLRY generalized linear model GLM
7 22 03 7 [P I A 25 PR %L multivariate additive regression splines MARS
8 B KLY maximum entropy model MaxEnt
9 FEHLARARAE A random forest model RF
10 R34 X432 surface range envelope model SRE
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®2 TESWERPITFMRIER TSSEM n
AUC RS E 1 2.6
Tab.2 Standardsfor evaluating indicators TSS and AUC Y= In— “4)
valuesin spatial distribution models Zci
i

SR W ORI % kI
standardization excellent good  general  poor  failed o, X BRI O RE, Y Ry
SO0 DO0S 0400 0204 02 gy G BT K B
— : HoIE EMERE L HST, x 2 | AR B 1 4
K Surfer 13 BAF4H1 7 BIFEAE AN 2, yi &S MR BLS A E, n oY
PSS I B S R T R 3 & Tt D R T Y VA D N 8
IR A %ﬁﬁ?X¢ ttéz\‘*{?o AR, ‘L‘xkz‘ms @% > EREsNE
FEMP PR () 25 [B) A3 A B O M SR, DA Sk BT 48 O
IR IER, SHrBIFEM 2013—2022 2.1 #EEIERE LB
A 25 () 3 A FLD 9 RS Sh L o 10 PR o3 A BRI AUC {H
YiRh e M 3R 2S (8] E AR sh Bl & =S o4 0.78~0.93, #kZF 10 FMERIAY AUC {HYEH A
AR Y ARG R BT 0.58~0.92 (& 2), Hirh, %2 Rk Z AR 0 01 1 75
A2k BN B Y E IR R A G, BRI R IR B4 51 GAM I RF, H AUC i

AAE: A3 0.93 F1 0.92, MeAh, FETF AUC I TSS fi
36 %) 54 B LR 6145 GAM. GBM. RF Al
X =1 (3)  MARS, R LRI B 055 GAM . GBM #l1 RF

> (# 3)s

i RIOVBCTHJ7 5, 483K % FIB 32 i
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a b
085 | ® CTA + L ®CTA +
® FDA 08 ® FDA
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® GLM | [}
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& o070} B o5l
: SRE 717 ® SRE _+_
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AUC AUC

Pl 2 U OF R I B — W R A3 A RS RIZE & W R S A B 1Y) TSS 5 AUC i L85
a. B b, HE ANN: N THZEREER, CTA: Jr2ER 0TI FDA: PRI TR il; GAM: 7 SUIM AR Y
GBM: |7 SUHESREIRY; GLM: ) LR PR, MARS: £ J038& N [ A 55 bR MaxEnt: S RBIAEL; RF: BEHLAR AL
SRE: R/ X532 B8, ESDM: H-E W) Fh /3 A A AL
Fig. 2 Comparison of TSS and AUC value of individual models and ensemble species distribution model of
Chaeturichthys stigmatias in Haizhou Bay
a. Spring; b. Autumn. ANN: artificial neural networks model; CTA: classification tree analysis model; FDA: flexible discriminant
analysis model; GAM: generalized additive model; GBM: generalized boosted model; GLM: generalized linear model;
MARS: multivariate additive regression splines; MaxEnt: maximum entropy model; RF: random forest model; SRE: surface
range envelope model; ESDM: ensemble species distribution model.
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x3 HEENMUEZENEMEENAEMFHY
HAEE) TSSH1 AUC &
Tab. 3 Valuesof TSSand AUC values of different basic

models and ensemble species distribution model in
spring and autumn

Z=75 season 5 model TSS AUC

GAM 0.84 0.93

GBM 0.76 0.90

ﬁé MARS 0.74 0.90
spring

RF 0.83 0.93

ESDM 0.85 0.97

GAM 0.70 0.88

*Z GBM 0.76 0.90

autumn RF 0.78 0.92

ESDM 0.81 0.94

TE: GAM, J7 HMERLRY; GBM, |7 ISR ABITY; MARS, £I0iE
N [AIERE S PR EL; RE, FEALZRAASSS, ESDM, 41& R0 o i f L.
Note: GAM, generalized additive model; GBM, generalized

boosted model; MARS, multivariate additive regression splines; RF,
random forest model; ESDM, ensemble species distribution model.

() — IR AT AR A, W EEAS R A5 W R oy A
B g5 IREH, BRI GRS AR AUC
1TSS B FHMES 50 0.97 F1 0.85, FKZ435 N
0.94 1 0.81, ¥ T A R—Fp ARl 2).
22 HWEFHEZEY

2277 22 B MK IR 1 (VIR ) G 36 1] 7 5 B A 2 1Y)
AECOKIR C JREKIR . RZEE | LR
AR, HO B — Yy o A B RV RN 4 5 Y A o3
MBI EE LR ER 4. AE YR kR
e . BB R ASE, PR
Fe N R BE>OK IR > IR 2 26 > K 2K iR Bk ZE
KRS 2 KR > B2 48 B> TR B (% 4). Xt
LU 21 A W o A AR TR 5 B — g o3 A A T 4 SR %
L, 5200 PR T 1) B P A A R AR R[] 22 0 AR
Hi, 7 ANN 5 ESDM (#3500 R 7 5 2k
P R—2 #c% CTA. GAM., GBM, MaxEnt
FIRF 5 ESDM (152 1 PR ¥ 2 4 HE i 45 SR — 2

x4 BNZFEONEEE—YHLHGRAEMASYHSGREPEMEFHEEYS

Tab. 4 Importance of influence factorsin individual models and ESDM of Chaeturichthys stigmatias in Haizhou Bay
5 4 % spring FkZ* autumn
model KT KR RESE R KT BRKE  REERE PR
depth SBT SBS PD Depth SBT SBS PD
ANN 0.85 0.10 0.20 0.93 0.83 0.34 0.13 0.59
CTA 0.92 0.06 0.01 0.93 0.58 0.28 0.19 0.06
FDA 0.50 0.05 0.39 0.02 0.51 0.36 0.03 0.11
GAM 0.62 0.42 0.61 0.04 0.40 0.28 0.22 0.05
GBM 0.56 0.12 0.07 0.09 0.39 0.22 0.12 0.11
GLM 0.75 0.05 0.11 0.09 0.42 0.28 0.11 0.18
MARS 0.73 0.12 0.19 0.60 0.52 0.32 0.05 0.10
MaxEnt 0.64 0.06 0.04 0.67 0.39 0.28 0.16 0.10
RF 0.33 0.08 0.23 0.07 0.32 0.25 0.17 0.10
SRE 0.44 0.42 0.32 0.76 0.31 0.21 0.31 0.10
ESDM 0.56 0.19 0.28 0.72 0.37 0.25 0.17 0.09

e P BUEAR A RO R R e 45 BB v X E AR 0 4 ) A0 A R AR BE . ANN: A T2 B RY; CTA: 4328 43 i A5 78
FDA: ZZHEHIBN AR EL, GAM: T~ M PE# R, GBM: |~ XIE R, GLM: | SCZR PR, MARS: 2 J03 I [ 5 B 2% R 3K

MaxEnt: fRMHIEL; RF: BEALARMABIRY; SRE: KM X F AL ESDM: G W /Ay

Note: The values in the table represent the influence of influence factors on the spatial distribution of target species in each model. ANN:
artificial neural networks model; CTA: classification tree analysis model; FDA: flexible discriminant analysis model; GAM: generalized
additive model; GBM: generalized boosted model; GLM: generalized linear model; MARS: multivariate additive regression splines; MaxEnt:

maximum entropy model; RF: random forest model; SRE: surface range envelope model; ESDM: ensemble species distribution model.
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Fig. 3 Distribution of relative resources densities of Chaeturichthys stigmatias in Haizhou
Bay during spring and autumn of 2013-2022
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Fig. 4 Habitat suitability of Chaeturichthys stigmatias in Haizhou Bay during spring of 2013-2022
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Spatial distribution of Chaeturichthys stigmatias and influence factors
in Haizhou Bay based on ensemble species distribution model
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Abstract: The spatial distribution of species can reflect the interrelationships among individuals, which are the
result of long-term adaptation and selection between species and the environment. This has a significant impact on
the development and resource utilization of species. This study constructed 10 species distribution models based
on the samples collected from the bottom trawl surveys in Haizhou Bay and adjacent waters during springs and
autumns of 2013-2022. We selected models with better performance and prediction accuracy to construct an
ensemble species distribution model (ESDM) based on the true skill statistic and area under the receiver operator
characteristic (ROC) curve. We analyzed the spatial distribution of Chaeturichthys stigmatias and the influencing
factors. The results showed that ESDM could effectively reduce the uncertainty of single-species distribution
models, improve the accuracy of model prediction, and analyze the spatial distribution characteristics of C.
stigmatias in Haizhou Bay with higher accuracy. C. stigmatias generally concentrated in the western coastal and
southern waters of Haizhou Bay during the spring seasons of 2013-2022, with lower distribution in the eastern,
central, and northern waters. The longitude and latitude deviation ranges of the distribution center during this
period were approximately 1°. C. stigmatias were mainly distributed in the southwestern area of Haizhou Bay
during autumn, with the distribution center moving slightly. Additionally, we found that water depth, prey density,
sea bottom temperature, and sea bottom salinity were significantly correlated with the spatial distribution of C.
stigmatias in Haizhou Bay, of which prey density generated the greatest effect in spring, and water depth generated
the greatest effect in autumn. This study analyzed the spatial distribution characteristics and changes in the
distribution centers of C. stigmatias on a regional scale and explored seasonal differences in important influencing
factors. This study provides basic information for sustainable utilization of C. stigmatias.

Key words: Chaeturichthys stigmatias; ensemble species distribution model; spatial distribution; influence factor;
Haizhou Bay
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