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Fig.1 Distribution of sampling sites and the structure of one monomer artificial reef (AR)
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x1 WEVMMHENEZEERSE
Tab.1 Distribution of IRI for species from trap

' ?l,gl ﬁT% 2017 2018 2019 .

scientific name Latin name 200m 400m 600m 200m 400m 600m 200m 400m 600 m
H A Charybdis japonica 2767 3241 3246 5274 619 — 2332 3618 2028 2891
Kb\t Hexagrammos otakii 3289 1172 414 3407 2277 4804 3123 1554 1119 2351
iz Asterina pectinifera 3754 1255 386 669 2242 2607 2927 4090 2242 2241
VPl Sebastes schlegelii 2588 1427 1132 1746 2293 4404 1261 975 609 1826
WL Oratosquilla oratoria — 1944 804 — — 253 — 133 414 710
H A i 3 Chirolophis japonicus — 454 332 — 1271 — 193 662 — 582
ik 10 Rapana venosa — 917 541 — 885  — 373 | — 565
Frfilt Kareius bicoloratus 399 537 — — — — — — — 468
i A M Acanthogobius flavimanus — — — — — — — 181 754 467
L] Octopus ocellatus — — 782 — — — 100 134 739 439
RS Conger myriaster 495 — — — — — — 583 170 416
BV 5 B Pseudopleuronectes yokohamae 362 280 0 — 816  — — 189 — — 412
3t Ty T Thamnaconus modestus 311 448 — — — — — — — 379
£t T fih Sebastes hubbsi 794 233 — 304 — — 286 245 — 372
Kl Octopus variabilis — 77 102 — 514 — 306 659 574 372
il 8 R R Oregonia gracilis — — — — 363 — — — — 363
FLEE Okamejei kenojei — — 276 — — — — — — 276
Ty 4 i Sebastiscus marmoratus 349 — — 377 317 — 51 19 212 231
# K4n i Zoarces gillii — — — — — — 221 191 — 206
IR Crangon affinis — — — — — 172 — — — 172
Yl R 2 Apogonichthys lineatus — — — — — — — 76 266 171
o Pagurus minutus — 107 109 — 287 — — — — 168
B KT Palaemon gravieri — — 280 — — — — 10 — 145
VAYZA: =L N5k Amblychaeturichthys hexanema — 167 123 — — — — — — 145
H AR R Alpheus japonicus — 56 41 — — 335 — 11 269 142
i & Typhlocarcinops sp. 134 — — — — — — — — 134
S]] Argyrosomus argentatus — 122 — — — — — — — 122
Z g% Asterias amurensis — 169 301 45 — — 21 38 — 115
TEPH % Pinnotheres haiyangensis — — — — — — — — 85 85
KU e Charybdis bimaculata — — — — 80 — — — — 80
i I Alpheus heterocarpus 65 73 71 — — — — — — 70
LU R Tridentiger trigonocephalus — — 54 — — — 36 — — 45
VY 15 L Pugettia quadridens — — — — — — — 29 51 40
A GNEL Palaemon ortmanni — — — — — — — — 33 33
B /N2 Hexagrammos agrammus — — — — — — — 31 — 31
i 08 Glossaulax didyma — — — — — — — — 29 29
T K Enedrias fangi — — — — — — 20 — — 20
BRI 7 1% Hemigrapsus sanguineus — — — — — — — 19 — 19

d: — KRR, FHE.

Notes: —. not found, the same below.
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#2 KTHEGYMENEZESERSH
Tab. 2 Distribution of IRI for species from visual census
2y T4 2017 2018 2019 .
sclentific name Latin name 200m 400m 600m  200m 400m 600m 200m 400m 600 m
I Asterina pectinifera 5476 6358 5510 7728 8939 267 8 020 34 3228 5062
SUERUT R AL Tridentiger trigonocephalus 668 103 77 — — — 49 9459 1860 2036
HIRKEIR Palaemon gravieri — — — — — 624 — — — 624
7 R R T Chaeturichthys stigmatias — — — — — 2316 1 42 34 598
NLELRIFR®  Amblychaeturichthys hexanema 194 131 152 — — 1501 — — — 494
EFN Charybdis japonica 50 106 159 672 386 846 702 — 35 370
LR Asterias amurensis 143 232 273 751 514 — 237 — 375 361
Ky Octopus variabilis — — — — — 267 — — — 267
F A4 Loliolus japonica — — — — — 156 — — — 156
VF Iy Sebastes schlegelii 125 — — 183 48 — 172 — — 132
BB Triaenopogon barbatus — — — — — — 7 220 164 130
K/ e Hexagrammos otakii 186 20 14 164 — — 173 — 23 97
% Stichopus japonicus 28 — 27 59 112 — 10 — — 47
Tus R BB AR Pterogobius zacalles 107 90 19 1 — — 1 2 — 37
77 Kz Enedrias fangi — — — — — — — — 35 35
Tty Sebastes hubbsi 16 15 — 20 — — 29 — — 20
Jok 4102 Rapana venosa — — — 18 — — 37 2 — 19
1 0ty Oratosquilla oratoria 1 — 38 — — — — 5 — 15
B Glyptocidaris crenularis 1 5 — 37 — — — — — 14
SeiEk e Strongylocentrotus nudus 7 5 — 1 — — 20 — — 8
i Paralichthys olivaceus — — 14 — — — 1 — — 7
R Y fil Sebastiscus marmoratus 2 — — — — — — — — 2
Bl 3 a6 it Pseudopleuronectes yokohamae — 5 — 1 — — 1 — — 2
St 1 THI Thamnaconus modestus 2 — — — — — 1 — — 2
VY Pugettia quadridens — — — 1 — — — — — 1
e Hemicentrotus pulcherrimus — — — 1 — — — — — 1
o fil Kareius bicoloratus — — — 1 — — — — — 1
EENEL ) Chirolophis japonicus — — — — — — 1 — — 1
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Fig. 2 Double sequence diagram of PCoA with
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1-42. visual census; 43-79. trap. S1. A. pectinifera, S2. A. hexanema, S3.
C. japonica, S4. A. amurensis, S5. H. otakii, S6. S. schlegelii, ST7. T. tri-
gonocephalus, S8. T. barbatus, S9. C. stigmatias, S10. O. variabilis,
S11. P. gravieri, S12. L. japonica, S13. fusiform fish, S14. flatfish, S15.
Crustacea, S16. Echinodermata, S17. Cephalopoda, S18. Gastropod.
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e, TN CPUE FY 52 I S 5 th 4R i
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*®3 % CPUE MEMSHMERNERESESH
Tab.3 One-Way ANOVA of biodiversity and CPUE for trap

W 7 A B HAL & H IR ¥ Fld Pla
response variables independent variable df sum of square mean square F value P value
CPUE Fy 2 500.285 250.142 5.752 0.007""
year
X3 2 332.692 166.346 3.825 0.032™
district
= XI5 4 116.760 29.191 0.641 0.638
yearxdistrict
PP LA ¥ I FHH i FHE PfE
Tukey HSD mean deviance low limit up limit P value
2018 vs. 2017 —8.762 -15.907 -1.616 0.014™
2019 vs. 2017 —1.598 —8.351 5.154 0.831
2019 vs. 2018 7.163 0.975 13.352 0.020™
400 m vs. 200 m —0.703 —6.980 5.573 0.959
600 m vs. 200 m —7.006 —-13.622 —0.390 0.036™
600 m vs. 400 m —6.303 —13.241 0.636 0.081"
2= URIE G 2 1.151 0.575 6.837 0.003""
biodiversity year
X 32 2 0.294 0.147 1.747 0.191
district
= X5 4 0.253 0.063 0.726 0.581
yearxdistrict
PR AL Sop i S [ P
Tukey HSD mean deviance low limit up limit P value
2018 vs. 2017 —0.467 —0.781 —0.153 0.003™"
2019 vs. 2017 -0.210 —-0.507 0.087 0.208
2019 vs. 2018 0.257 —0.015 0.530 0.067"
400 m vs. 200 m 0.205 —-0.071 0.481 0.178
600 m vs. 200 m 0.125 —0.166 0.416 0.550
600 m vs. 400 m —0.080 —0.386 0.225 0.795

Notes: **** P<(0.001, *** 0.001<P<0.01, **, 0.01<P<0.05, *. 0.05<P<0.1, the same below.

- By B0 I8 S A B 1L v N T A A S
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(IR SR TA IR A X e, JFkEmsE s
JE R B By AT SRR . 2018 4EHSRABE A 1 I5 5
%, BRI AR o i N R Z
—, BRI i R R R SR . R
fIRE, (H 5k 2 3 T b 58 Bk R R R 11 45

Hb%E CPUETE 2018 4F i fik, 1% CPUE & 4FFt
F, GAM BERIZERL R | CPUE 5 2R 8 508y
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#*4 BB CPUE MEYZHMERNERRFESH
Tab.4 One-Way ANOVA of biodiversity and CPUE for visual census
LIRS HA R H ST iy Fld PlE
response variables independent variable dr sum of square mean square F value P value
CPUE Fr 2 1102.251 551.125 6.803 0.003™"
year
X35 2 788.148 394.074 4.864 0.013"
district
= X 5 4 535.890 133.970 1.796 0.153
yearxdistrict
P L8 Bz I FHH el S PlE
Tukey HSD mean deviance low limit up limit P value
2018 vs. 2017 4383 —4.224 12.991 0.436
2019 vs. 2017 11.852 3.954 19.750 0.002 ™
2019 vs. 2018 7.468 —1.255 16.192 0.096 *
400 m vs. 200 m 3.031 —5.293 11.355 0.650
600 m vs. 200 m —9.148 —17.788 —0.508 0.036
600 m vs. 400 m -12.179 —22.276 —2.082 0.015™
2= URIE GO 2 0.057 0.028 0.252 0.779
biodiversity year
X3 2 0.569 0.285 2.536 0.093"
district
= X5 4 0.286 0.071 0.610 0.659
yearxdistrict
PR LA ¥z I FHH fei e FAEL PfH
Tukey HSD mean deviance low limit up limit P value
2018 vs. 2017 —0.003 —0.324 0.317 1.000
2019 vs. 2017 —0.078 —0.372 0.216 0.795
2019 vs. 2018 —0.074 —0.399 0.250 0.842
400 m vs. 200 m —0.276 —0.586 0.034 0.089"
600 m vs. 200 m -0.014 —0.336 0.307 0.994
600 m vs. 400 m 0.262 —0.114 0.638 0.218

RSB, e N T A DXyl 5 5 R A v
Bz R KT AR — R AR BRI A Ty
5, AR BORAANE. . SE A EZ M)
R AT, EZ BRI A R | i DA K
KB LD B RESFE, I A 4 RS Y R B R
BAK, SZEYMERRDNEEREN . 55 5HE
(SRR Xt G 4 O iR 2 B IR R e Dk A, T L —
BRI A T R, BIANIL S 402k
VRIGP il . RUE /S LR AR H A b8 )8 T8 2 vk A=
Yy, WRE T A S A RN, HE K AE

5, Sy WA B KRR T A M A 3R . H AR |
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= 2017 2018 2019 = 2017 2018 2019 S 2017 2018 2019
SRR SRR KRG o comna
sampling year sampling year sampling year = A,pe‘f;gli}’lfff“"i
(a) (b) (©) i
i EZE","LZI“JS‘T.Q
3 1% visual-200 m 3 1% visual-400 m o 1% visual-600 m L Gropod
=] =] g
. 1.00 | sy s . 1.00 } e . 1.00 | ——
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= # 2 -
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(d) (e) ®
4 BELEMERERE Stb
Fig. 4 Abundance ratio histogram of community structure composition
*=5 SHMIEHI CPUE B9 GAM HiLiEHR
Tab.S5 Optimal Generalized Additive Model (GAM) for biodiversity and CPUE
i) 7 AR BAEMBR % RIEJE /3L W HT ;
variables explained (adjusted) factors
CPUE 56.000 0.499 —42.186  #EEIR — — 0536 10221  <0.001""
2018 — — 0.066 1.080 0.203
2019 — — 0.120 2.143 0.027"
g — — -0.219  —4.402  <0.001""
X I FEH7400 m 0.106 1.787 0.078"
X I FEH7600 m —-0.005  —0.076 0.940
hE(s) 1.000 8.222 — — 0.005™
IR (s) 1.823 11.571 — — <0.001"
JE 573 H(s) 1.630 8.921 — — 0.003™
EZRHEECE 66.700 0.597 -61.280 I — — 0912 20.500  <0.001""
biodiversity 2018 — — -0.052  —0.602  0.550
2019 — — -0.102  -1.739 0.087"
g — — -0.304  —7.456  <0.001""
TR4(s) 1.000 3.924 — — 0.052"
HIE(s) 1.000  10.406 — — 0.002""
pH (s) 1.879 2.833 — — 0.082"
I (s) 1911 7.306 — — 0.002"
M4E%a () 1.887 3.104 — — 0.064"
TKIR(s) 1.675 1.613 — — 0.149
JEJF 7L (s) 1.175 2.817 — — 0.122
e s LRI R
Notes: s. cubic regression spline.
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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Fig. 7 Influence of factors for biodiversity index

*6 WMESHEEETRFMNRXEEREE CPUE, MFSHMHERRFRTTENE

Tab. 6 Average+SD of CPUE, biodiversity index and all environmental variables among different sampling years and districts

RETE H K CPUE RIS RECC MR FKa/(mg/L) B/ (mg/L) " HE BEYE/m  KF/m JR T H
sampling method year district biodiversity  temperature Chl. a DO p salinity transparency depth  bottom type score

b 2017200 m 17.96+7.89  1.50+0.14  19.03+£0.23  1.62+0.54 9.58+0.24 8.00£0.0731.44£0.23 1.77£0.23 15.29+1.50 41.24+38.95
trap 400 m 21.73£1.10  1.67+0.40  18.97+0.23  2.68+0.43 9.49+£0.14 8.01+0.0331.45+0.23 1.80+0.23 17.57£1.63 22.36+19.17

600m 8.13+9.81  1.73x0.16  8.73+0.07 179055  10.37+0.91 7.63£0.4031.79+0.07 0.70+0.07 18.25+2.98 11.66+6.56

2018200m 8.69+1.88  1.08£0.37  10.65+0.07  2.02+0.98  10.66£0.90 7.51+0.0431.63+0.07 2.22+0.07 15.98+6.63 56.71+9.89

400m 7334437  1.46+0.51  8.40+0.01 1.87+033  11.39+0.10 7.54+0.0231.68+0.01 1.70£0.01 16.60+3.39 19.28+11.62

600m 4.00+2.29  1.03£0.03  833+0.01 3.40+2.18  11.54+0.09 7.54+0.0131.69+0.01 2.10+£0.01 25.47+9.69  7.44+6.15

2019200m 17.1349.91  1.324022  14.53+0.17  1.0320.50 8.98+1.40 8.16+0.1231.22+0.17 1.63+0.17 16.30£1.90 51.25+10.17

400m 14.214£523 1463032 14.45£032  1.02+0.46 8.89+1.60 8.20+0.0631.16+032 1.48+0.32 21.78+5.23 32.07+10.36

600m 10.3849.33  1.51+0.13  14.55+0.19  1.09+0.74 9.01£1.50 8.18+0.0831.23+0.19 1.50£0.19 20.68+5.56 12.26+3.89

LA 2017200m 8.68+7.17  0.89+0.46  18.96+339  2.11+0.91 9.48+0.20 8.02+0.0531.45£0.20 2.2240.59 15.44+1.49 45.53+34.89
visual 400m 8994931  0.65+0.09  19.45+3.43  2.57+1.22 9.52+0.13  8.01:0.0431.42£0.20 235£0.31 17.404043 26.78+23.13
600m 7.4146.81  0.68+0.30  18.90+3.98  2.84+0.66 9.48+0.16  8.03£0.0631.45£0.23 2.23£0.31 20.60+3.14 17.30+15.51

2018 200m 18.16£5.28  0.79+0.18  11.88+2.70  2.35+1.75  10.46£0.74 7.51£0.0331.58+0.07 1.45£0.36 14.61£0.25 61.09+13.00

400 m 13.7740.29  0.42+0 13.60+0.14  2.07+0.83  10.05£0.09 7.52+0.0131.55:0  2.15+0.35 19.030.36 20.57+8.78

600m 1.81£0.66 1.03£0.61  24.43+0.06  4.92+323 6.50£0.04 7.99+0.0130.86+0.01 1.63+0.21 24.50+6.74  0.60+0.74

2019200 m 19.81+6.43  0.80+0.23  17.20£1.61  0.98+0.44 8.48+1.15 8.07+0.1031.43+0.54 1.60+0.15 14.20+1.17 54.59+10.24

400 m 30.14+19.7  0.52+0.48 1625137  1.33+0.20 9.18£0.99 7.94+0.1731.810.52 1.43£0.10 18.60+1.21 11.37+11.69

600m 8.84+7.20  0.75+0.10  16.40£1.57  1.09+0.88 9.40+1.21 8.05£0.1131.72£0.60 1.53£0.06 24.53+5.95 11.78+3.99

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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Effects of different substrate types on community characteristics of
benthic swimming organisms in the artificial reef area

YU Haolin', FANG Guangjie', ZHOU Guangjun’, TANG Yanli'", SONG Xiefa '

(1. College of Fisheries, Ocean University of China, Qingdao 266071, China;
2. Yantai Marine Economic Research Institute, Yantai 264004, China)

Abstract: In order to explore the impact of different substrate types after the deployment of artificial reefs on the
community structure characteristics of benthic swimming species, six cruises of field surveys were conducted in
the artificial reef area located in the Xiaozhushan Island. The survey area was divided into three transects with a
radius of 200 m, 400 m, and 600 m based on the artificial reef modules deployed in the center of the sea area. Trap
and visual census methods were combined to sample benthic swimming organisms in June, August 2017, June
2018 (twice), and June, July 2019. Relative importance index (IRI), principal coordinate analysis (PCoA) and one-
way analysis of variance (ANOVA) were utilized to explore the variance of spatial-temporal constitution of the
community, and General additive model (GAM) was utilized analyze the effects of environmental factors to catch
per unit effort (CPUE) and biodiversity index of the community. The results showed that two sampling methods
totally obtained 47 species in 5 categories, including 38 species from trap, 28 species from visual census and 19
species in common. IRT and PCoA indicated that Charybdis japonica, Asterina pectinifera, Hexagrammos otakii,
Sebastes schlegelii, and other fusiform fish were mainly captured by trap; Echinodermata such as 4. pectinifera,
Palaemon graviera, Tridentiger trigonocephalus, Amblychaeturichthys hexanema, Triaenopogon barbatus and
Chaeturichthys stigmatias were mainly captured by visual census. One-way ANOVA of both sampling methods
indicated that the CPUE of 200 m and 400 m transects was significantly higher than 600 m transect, but there was
no significant difference between years. GAM showed CPUE increased with the rising complexity of substrate
types and duration of the deployment of artificial reefs, was positively correlated with substrates of artificial reef
and rock, and was affected by salinity and temperature. In addition, GAM showed that biodiversity index of trap
was significantly higher than visual census, and it was influenced by salinity and transparency. But there was no
connection with substate types. This study revealed the effects of different substrate types to benthic swimming
organisms, proved the complementary of the combination of trap and visual census, and provided a reference for
the management of reef substrate.

Key words: benthic swimming organisms; substrate type; environmental factors; community structure; species

constitution; artificial reef
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