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Fig. 1 Distribution of the sampling sites (a) and the structure diagram of the artificial reef monomer (b)
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Tab.1 Abundance, percentage of occurrence stations, and fitted indexes of common species

" ppp SRLHBLE A% Z 5 SDMEER G484 fitting index
species abundance percentage O.f H AL FE 3 A
occurrence stations  ,recence/absence  abundance  length weight
Ki/Nef  Hexagrammos otakii 809 85.83 — \ \ \
HAYE  Charybdis japonica 408 62.99 v \ \ \
T JRUFE L Chaeturichthys stigmatias 221 40.94 \ \ \ \
VFIKFlily  Sebastes schlegelii 131 38.58 \ — — —
ZWRLZE  Asterias amurensis 92 33.07 — — — —
4R e Oratosquilla oratoria 92 32.28 \ \ — —
KW  Octopus variabilis 114 26.77 — — — —
BK4L#2  Rapana venosa 55 25.98 \ \ — —
M Asterina pectinifera 94 25.20 — — — —
WTCFMES  Pleurbranchaea maculata 123 25.20 — — — —
LN R Tridentiger trigonocephalus 98 25.20 N — — —
WATBk  Atrina pectinata 120 21.26 — — — —
3G Hemicentrotus pulcherrimus 63 20.47 \ — — —
&R Jaydia lineata 640 19.69 \ — \ \
KA Zoarces gillii 42 18.90 N — — —
R AL Paguridae 82 15.75 — — — —
H K= Enedrias fangi 45 14.96 N — — —
SREE LGS Thamnaconus modestus 34 14.96 \/ — —
HARSEUN  Alpheus japonicus 67 14.17 N — —
HAEFNMRFE . Acanthogobius flavimanus 57 13.39 — — — —
INYLETRURFE . Amblychaeturichthys hexanema 39 10.24 — — — —
TEs AR, N NRLERT, TR
Notes: "—". fitting failure; ", successful fitting, the same below.
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Tab.2 The range of the explanatory variables

22 3 i% %ﬁ%ﬁi explaffti%ry%%iables 11%1
AR RIS , R, SREEDTIE . W IR/ C temperature 3.20-23.20

. BITERERS . KR, HE. AU RES KR/ depth 22.20-25.80

8 MAr & VIF HIN/NT 5, &it T HE &L W4/ (mg/L)  dissolved oxygen 6.50~17.00

Ju (%:2 2) EWHEE/m  transparency 0.70~4.00

2.3 SDM zi% L salinity 30.95~33.00

BITfEEE BS/m  distance with reefs 0~879.00

AR I AL TR AN A IR substrate type e Tt

S 93 L (85.83%), BRT SRR K% sampling method MK R HRAE

H5IWEE AT AT, B4 20 Frww WA A 8
P& 3 SR A 25 (AUC<0.7), W15 BEdeqik, 3
A 12 NIRRT T RIFILA 45 2R (AUC>0.7),
SUAUR R M) AUC>0.9, IERUREBH (G5 3).

AR W DT ERE AT R, R R AR
BB I R A R R A
B (3R 4).

=3 EYIRIEE SREEE
Tab.3 Biological influence scope and model accuracy
HIUAS I ESi (/SIS P E FEE
- presence/absence abundance length weight richness
species EE it Bl /m SN i [ /m S FEl/m S FEl/m S /m
influence AUC influence . influence . influence v influence v
correlation correlation correlation correlation
scope scope scope scope scope
PNU/ZAY- %) — — 0~225 0.698 0~175 0.524 0~190 0.515 0~225 0.489
H. otakii
VF T iy 0~150  0.762 — — — — — —
S. schlegelii
EEN 0~200 0.812 0~250 0.432 50~175 0.656 0~575 0.691
C. japonica
S A8 T i fi 0~125 0.898 0~210 0.455 — — — —
T. modestus
Jhk 4T 4 0~225 0.718 0~200 0.426 — — — —
R. venosa
ST 0~190 0916 — — — — — —
T. trigonocephalus
T3 0~375  0.703 — — _ _ _ -
H. pulcherrimus
gk 50~325 0.7 0~225 0.516 — — — —
O. oratoria
I 5% R 1 100~375  0.827 — — 0~525 0.488 0~625 0.473
J. lineata
Ti R 225~879  0.708 — — — — — —
E. fangi
R4 225~325  0.755 — — — — — —
Z. gillii
I R R 350~879 0.795 352~825 0.459 0~200 0.413 0~210 0.409
C. stigmatias
EENEEI 625~879 0.798 625~879 0.532 — — — —

A. japonicus

VE: AUCHIcv correlationfE SR WEAE AL IHERGTE . AUC>0.7. cv correlation>0.4 QR S48 i .

Notes: AUC and cv correlation values were used to evaluate the accuracy of the model. AUC>0.7, cv correlation>0.4 represent high fitting precision.
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F 4 PIMEIUA S DR R S UM E F SRRk E
Tab. 4 Contributions of the predictors in the species with presence/absence model %
L Tl TR TR # A R BITEEE R AY REETE
species temperature  depth  dissolved oxygen transparency salinity  distance with reefs  substrate type — sampling method
VF ISP fih 19.8 2.1 11.3 10.7 13.9 33.1 5.6 3.5
S. schlegelii
H A 17.3 7.9 17.5 11.5 10.5 333 0.8 1.2
C. japonica
el 1y i ] 48.6 9.5 114 3.6 17.9 43 1.2 3.5
T. modestus
fik 4z 22.8 10.1 10.7 10.1 27.7 17.0 1.2 0.4
R. venosa
SUHHUT PR Fh 7.4 5.9 10.4 2.1 15.2 13.0 3.1 42.9
T. trigonocephalus
L ad]E) 7.6 16.0 14.7 8.8 31.2 18.7 1.3 1.7
H. pulcherrimus
[REN 26.4 8.4 9.8 3.2 14.4 19.4 22 16.2
O. oratoria
4 5 R 2 i 30.8 18.7 13.5 4.5 13.2 15.9 1.8 1.6
J. lineata
J7 IR 30.5 17.8 13.9 7.7 6.1 22.8 0.5 0.7
E. fangi
AR 8.1 35.9 6.3 4.4 19.4 22.9 1.7 1.3
Z. gillii
TP AT J% 16.7 17.8 8.1 15.0 20.4 18.8 1.4 1.8
C. stigmatias
H A gl 14.3 10.8 22.0 1.9 8.9 25.6 3.8 12.7
A. japonicus
W AR A3 TR AR
Notes: The top three predictor variables were shown in bold.
VPRl . Segmifpefa . B3EH . IR VPIGFfil . H A | SReE Tl ke

AR 7 FRHF R AR TE 0~9 °C i BIHE AR 5 5 2
TS, HH AR 3 B T B 1) AT T vy o g
T o 3 B T 1 R R, 0~15 °C I H 3
AE S5 Bt R B P B 2 BT, w15 °C
AR TR, HAE | BKLTIR | dpi
AR . IR HAGUR RS
T EE R IEASG, YIRS KT 8 °C I i B b
TR K (F 2).

SQUEARREA . BRRS . IR . H AL
HRTE R 31.0~31.7 B AY H BUARE R 5 3 3 B2 1
FHOG, i IIARE 38 Bk B AT v o 1 LG OT- fil
IV 20 JE G B e 1 SRR 2R, SR/
T 323 0, AR RHER AN T
323 ZJ5 OB TR, H AN | 6 O ff |
FKLTHR | 04 RAA0 | 35 RApi . o7 RBEF R
TEERE T 32.1 Wh iy H B R 5 h E S2 IE A E
HB IARE 3R B R B 3 T i HE R (1] 3).

SrEEAR Rt TSR P R B R
A (B 4), BT Fh PR
I S0P i 7R 200 2% R A2 B ok N T i g i o 22
M2k, 7EBE B AT A 50 m G B NS i
8, PR SRR s, BhkkE)E
BTN TE, TR, &R, PR
IR HOAREIR S Bk B BRI OG, EaE
Iz P ROl A (AR A

FUE BRSNS YRR R B R DU R
BOIEATAR AL T X B 3 In(er DR, 543058
K FiE47 BRT BIE AN G, 45 R ER{E
7 YRR RE B A 45 SR (e correlation>0.4,
32 3). WIRRIIIE et R HAM 2%
fig Iy T fo Rk 21 MR A R S N T £ A 0~225 m Y
FINIIESMH AT 0, 225~879 m JuENILEH/NT
0; FRIFEM ., HAGINE 0~375 m JEE NS
H/NTF 0, 375~879 m {uFEINHLAIERT 0 (K 5),
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Fig. 4 Response relationships between species with presence/absence forms and the distance with artificial reefs
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Fig. 7 Spatial distribution map of the occurrence probability of each species

The numbers in the figure represent the occurrence probability of species.
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Yo

species

5 i e

habitat preference

K% H. otakii
VRl S. schlegelii
HAE  C. japonica
SEELTHEE T, modestus
WKZIHE  R. venosa
LUGRUFRM T trigonocephalus
G3MEAH  H. pulcherrimus
HUFeS  O. oratoria

NE R J. lineata
TRz E. fangi
RGN Z. gillii

T REF R C. stigmatias
HATNT 4. japonicus

W TR S S U T ML, AT D2 S v DR 7S 5 £ 5 O S5 AR 795 i ) 4 9% B ) )
AT, AT O 2SR b DT YO S 7R 3 ) ) v B ) !

R T AR KRB R A T, ARV H AR N TR pR s phe)
MDY B J 1 2R

AR AE BOR B AR KR R I e Ve DL 5 B IR )

AT VA DX R R R O P 3 i e )

G SELE W )57 K4 mA I BRSO T ), R A R B A g
& TR R R UTR R, A B Tl A S v oA A

R T e Bt

PRIV A R ZE

Z TR

RS T B VR K R A e R B K I

AT YR b T R P

*6 BARABYMARERTHDHEE

Tab. 6 Distribution scope of various types species based on different indexes m
Ly Esit] HI/AS B F (/S S A FEE
species types presence/absence abundance length weight richness
AR 0~375 0~225 0~175 0~575 0~225
r ) Y 50~375 0~225 0~525 0~625
R 325~879 325~879 0~200 0~225

AR 1T M il A0 200 2% O 22 B Sy o ] 7Y
Yokl , AR5 A7 3 B 5 2 B A P A A —
JEMES, TTREEH TR & REf LR
T3, kR R AT HRAE 11 AR 2 A R A
HASTERVY R RV . T IR A T AR
s o7 AR P AR H AU Ry A ALY R, AT
e -5 HAG 2 M B A OC, A5 H Te X se Py Fp
PR3 F IR P IRE (BRI, 7R
IR g fa AR K AR R, Ui N T X
YR EE RS T ERENEE. &
AT AL A AN AR, BETS F & B
Xof B AR S g 1 e B 25 S, 7R R R
175~400 m, & 4 B2 Pl 25 Atk B 2 (0 3 hn 2 5%
TR LT EE (B 6): OB & 175~
275 m, ANHERIYIFNAZ BN T AEE 24 B A5
TRHEY) . AR SRR R 51,
ARE 3 I 2 B 5 %) 8 T 32 47 A AR L A R H %
WrR R, BRI R, Q@B R B 275~
400 m, ANEEAVYIFPE AR W E TS, e

534 R IR, 52 YR v R i B e | B
N T A REGE R0 0 55, ) ) ol 1 0 46
Hahn, B AR B0, Hp ] 2R i AR A
BOHYE M, 3FRAY P AIEEES, B
FEETE

WA BRI FE . FEEAKREK .
(AR A R B 1 25 8] 43 A B R i DT el 9% R A
PR SR A LAl . dos Santos ™ A FEEHLE
J7SUMPEELR (GAM) Y SEIRZE LRI, fa2sAE
5 B X0 T 50 m Ab 4 3 R G 1R T B S A IXC
300 m &b o Smith&E 5 T LR MR TR A A A
(GLMM) &5 WF £ S B MR REN X R, 4
RN T iz FERE, HAITEEE
0~50 m I} £ B 4% 5 . FroeschkeZ& ™ {fi | BRT
5L AR X6 = B A =R B B R 2 6 6 IR o b AR Y
EMEATER R, TR T O IR D AL
Francis 45" B F BRT # BT O XA HE 4
B FEEE. BB A T A
A, AR O X YR A R AR S
Yu ZE U R YR B IR AR bR S PR B N

https://www.china-fishery.cn

10

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

i, %

IKPA 4R, 2025, 49(2): 029309

3.0
2.5
2.0
1.5
1.0
0.5

Vb IR %
species occurrence probability

0
0 100200300400500600700800

EHERE B9 /m
distance with reefs
(@)
8 -
7 L
~~ 6 i
255
£5 4
~im
— R0
1 L
0 1 1 1 1 1 1 1 1
0 100200300400500600700800
ERERR B /m
distance with reefs
()
ey it Gl lnpit}
off-reef intermediate

14
12 +
] 10
S
£,
2k
[ r——
0 100200300400500600700800
EHERE S /m
distance with reefs
(b)
6 -
5 L
~= 4t
2
Lo~ 2 F
o0
1k
O " " " " " " " "
0 100200300400500600700800
SORERR B /m
distance with reefs
(d)

reef-dependent

il
2 3 4 5

1

7 & 9 10 11 12 13

8 Tk RS A E

(a) Vo0 BLTIME A HE TR &L, (b) F= EETRMME A< HE TR &L, () WA -1 Tl 0 = 3 5 T AR

> () 40 7 TN ABE 5 o T AR

L AARENR, 2.8 K46, 3. 7 RIFRM, 4. TR, 5 MFRE, 6. DAFly, 7 REEL WAL, 8 S4iF g, 9. VFIR-Fél, 10. 0

A, 11 BKABR, 12, B3R, 13. KIS,

Fig. 8 Stacked area chart of predicted probability

(a) stacked area chart of species occurrence predicted probability, (b) stacked area chart of abundance predicted probability, (c) stacked area chart of spe-

cies length predicted probability, (d) stacked area chart of species weight predicted probability. 1. 4. japonicus, 2. Z. gillii, 3. C. stigmatias, 4. E. fangi, 5.

J. lineata, 6. O. oratoria, 7. T. modestus, 8. T. trigonocephalus, 9. S. schlegelii, 10. C. japonica, 11. R. venosa, 12. H. pulcherrimus, 13. H. otakii.
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Spatial distribution of benthic swimming organisms in Cheyou Island
artificial reefs area based on species distribution models
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1. Fisheries College, Ocean University of China, Qingdao 266003, China;
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Abstract: Artificial reefs positively affect on creating habitat, improving the water ecological environment, and enhancing
biodiversity. The performance of artificial reef deployment is closely related to its biological influence scope. A total of eleven
cruises of field surveys were conducted from 2019 to 2021 in the artificial reefs to explore the impact of artificial reefs on the
distribution of benthic swimming species. Trap and visual census methods were both used to sample benthic swimming organ-
isms. The response relationships between biological indicators (e.g., occurrence probability, abundance, body length and weight
of individual common species, and community richness) and the distance with artificial reefs were explored based on species
distribution models (SDMs). This study summarized the influence scope of artificial reefs and fitted the spatial distribution of
the occurrence probability for each species to verify the scope. The results indicated species could be divided into reef-depend-
ent, intermediate, and off-reef species types according to the response curve between species occurrence probability and the dis-
tance with reefs. The reef-dependent species preferred to locate at 0-375 m away from the reefs, and the intermediate and off-
reef species types were 50-375 m and 225-879 m, respectively. The abundance of reef-dependent and intermediate species types
was higher at 0-225 m away from reefs, while that of reef-off species was higher at 325-879 m. The body length and weight of
reef-dependent and reef-off species were more significant at 0-225 m away from the reefs, while those of intermediate species
were larger at 0-525 m. The community richness was higher at 0-225 m. The spatial distribution pattern of each species was
consistent with the response relationships between indicators and the distance with reefs. This study revealed the changes in
response characteristics of different benthic swimming organisms to the distance from the reefs, explored the influence scope of
artificial reefs under different indicators, and provided a reference for the construction, planning, and management of artificial

reef areas.
Key words: artificial reefs; benthic swimming organisms; biological influence scope; distance with reefs; species distribution

models; Cheyou Island
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