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Fig. 1 Location of five artificial reef areas
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial reef area; RZ: Rizhao Shunfeng artificial reef area;
TSA: Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
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Tab. 1 Overview of the five artificial reef areas

Mo site HuHA7 & location RS reef type AR/ m® reef volume  f#%/months reef age

RZ WS Haizhou Bay {R#E - concrete reef (3 mx3 mx3 m) 1.53x10* 27
FA T stone reef 1.30x10*

HR 8711175 Laoshan Bay  JR¥t 1Mt concrete reef (3 mx3 mx4 m) 3.97x10* 14.5
FA T stone reef 1.93x10*

LY %55 Zhuchalsland  WE%E+HE concrete reef (2 mx2 mx2 m) 3.68x10" 17
fA T stone reef 2.11x10*

TSA #&7 Xiangyun Bay JR#E i concrete reef (1.8 mx1.8 mx1.7 m) 3.63x10* 49
fA T stone reef 4.08x10*

TSB #Ea7S Xiangyun Bay  JR#E i concrete reef (1.8 mx1.8 mx1.7 m) 4.52x10* 137
fAHTE stone reef 7.81x10*

W LY B THRMEX; HR SRR HE X RZ R H XX TSA S A TEIX; TSB HHE =18 B X,
Note: LY is Laoyinjia artificial reef area; HR is Huarun Boda artificial reef area; RZ is Rizhao Shunfeng artificial reef area; TSA is Xiangyun
Bay A reef area; TSB is Xiangyun Bay B reef area.
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Fig. 2 Layout of survey stations in the study
a. Rizhao Shunfeng artificial reef area (RZ); b. Huarun Boda artificial reef area (HR); c. Laoyinjia artificial reef area (LY).

d. Xiangyun Bay A reef area (TSA) and Xiangyun Bay B reef area (TSB). Solid and hollow dots represent
survey stations in reef and control areas, respectively.
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Fig. 3 Proportion of fishery species numbers (a) and biomass (b) in each reef area
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial reef area; RZ: Rizhao Shunfeng artificial reef area;
TSA: Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
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Tab. 2 Distribution of relative importance index of dominant species in each survey area

FHXTEZEEFE %L index of relative importance, IRI

& species

LY HR RZ TSA TSB
¥ E M Sebastiscus marmoratus 1914 - 1822 - -
EHEF 8 Conger myriaster - 1441 - - -
IRl Sebastes schlegelii - - 160 2328 3109
RIEWE Okamejei acutispina 1241 - - - -
T RN Chaemrichthys stigmatias - 915 269 227 1448
OIRAIREE Ophiothrix marenzelleri 4130 - - - -
NI ZN R RR Temnopleurus toreumaticus 2435 - 75 - -
=R T Portunus trituberculatus - 1401 450 - 46
F1URES  Oratosquilla oratoria 267 1072 1830 857 173
HA4& Charybdis japonica 583 1573 2457 6329 6207
bt &2 Luidia quinariavon - - 2251 - -
WK£IW8 Rapana venosa 42 - 563 1142 2369

TE: LY BT EMEX; HR NI A ; RZ 2 H BUBUXAEX; TSA FH¥ 515 A fEX; TSB AH &8 B #EX; —FRm AR HiE.
Note: LY is Laoyinjia artificial reef area; HR is Huarun Boda artificial reef area; RZ is Rizhao Shunfeng artificial reef area; TSA is Xiangyun
Bay A reef area; TSB is Xiangyun Bay B reef area; — means this species was not caught.

F3 EXEEVEMSHFEIER
Tab.3 Characteristic parameters of fishery community
structure in each survey area

n=3; x +£SD
ZFEMEFEEL diversity index
X 4
area Margalef Shannon Pielou
FEERE D ZHMREH  WAEER Y

LY 2.06+0.20 1.43+0.34 0.65+0.17
LY CA 2.30+0.46 1.83+0.20 0.85+0.05
HR 2.42+0.85 1.82+0.45 0.88+0.04
HR CA 2.53+0.78 1.74+0.56 0.91+0.07
RZ 2.46+0.26 1.86+0.15 0.87+0.03
RZ CA 2.74+0.69 2.07+0.32 0.89+0.00
TSA 3.02+0.35 2.23+0.24 0.83+0.06
TSA CA 1.95+0.60 1.81+0.47 0.83+0.08
TSB 2.66+0.53 2.11+0.12 0.81+0.08
TSB CA 1.95+0.60 1.81+0.47 0.83+0.08

TE: LY ST 50X HR 9 A ki X, RZ S F HRIGUXUE X ;
TSA A= ATEIX; TSB HH =15 B #EX.
Note: LY is Laoyinjia artificial reef area; HR is Huarun Boda

artificial reef area; RZ is Rizhao Shunfeng artificial reef area; TSA
is Xiangyun Bay A reef area; TSB is Xiangyun Bay B reef area.

X DX el AR W R V& 64T SIMPER AR PE
HAr e, 45588 LY. HR, RZ, TSA. TSB
& KIS A E a3 50.88%
43.06%. 38.85%. 69.14%. 66.58%, H:, LY ik

DX AR ARLPE BTk R AT 3 37 ity L 750 b Ay 240 fe %) i vt
fR. DGR . W E, % 3 Rl 4
PRI BT 5Tk 69.18%; HR kX AHAL
PESTRRCRAT 3 ALAGMALFP A H A S | IRy, =
PEWR 718, % 3 FhHagR x4l E A ARk i B3
TR N 46.48%; RZ HE DX AH LU 5T #k 717 3 (211
SLAGRR R CTEREG KL H AR, % 3 Fhifask

1 RZ3

RZ5
LY2
LY3
L 1 1 1 1 J LYl
0 20 40 60 80 100
M similarity

K4 B A P RE TS R8I0 Hr
FREFOR X, BT FROR LGS LY: I AKX HR:
A IR REC; RZ: H BRUXUARE DS TSA: #£2 A fEIX;
TSB: =15 B ffEX.
Fig. 4 Cluster analysis of the fishery community
in each reef area
Letters represent areas, and figures represent station numbers;
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial

reef area; RZ: Rizhao Shunfeng artificial reef area; TSA:
Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
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FRFOR X, BOFFRu 0T LY: EF KX HR:
AN A HE D RZ: H BRIBOXUAE D TSA: #E A5 A TEIX;

TSB: H- =& B fEIX.
Fig. 5 Nonmetric multidimensional scaling analysis of the
fishery community in each reef area
Letters represent areas, and figures represent station numbers;
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial
reef area; RZ: Rizhao Shunfeng artificial reef area; TSA:
Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
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Tab. 4 Main disproportionate species and their dissimilarity contribution rates among different reef area

%
2H (A A 53 P 5 Mk % dissimilarity contribution rate
PIFh species LY&HR LY&RZ HR&RZ LY&TSA HR&TSA RZ&TSA LY&TSB HR&TSB RZ&TSB TSA&TSB
(88.28) (76.41) (71.40) (87.48) (80.58)  (74.8)  (90.80)  (80.70)  (76.49)  (38.37)

o, [ il s 16.15  18.13 0 9.94 0 0 9.23 0 0 0
Ophiothrix marenzelleri
71 8k 221 1 ¥ B 1222 12.03 22 0 0 0 6.66 0 0 0
Temnopleurus toreumaticus
18 B tilh Sebastiscus marmoratus ~ 5.87 4.07 8.02 3.48 0 4.12 3.2 0 0 0
b & Luidia quinariavon 0 6.68 8.69 0 0 4.66 0 0 438 0
WKZI M8 Rapana venosa 0 3.12 6.42 6.23 8.65 5.82 9.83 13.38 10.74 8.35
H AW Charybdis japonica 2.92 422 5.27 8.52 9.84 9.99 9.21 11.04 11.06 5.07
VFECF-fil Sebastes schlegelii 0 0 0 8.03 9.81 9.48 7.01 8.84 8.33 2.3
KW Octopus variabilis 0 0 0 6.15 7 7.95 3.11 3.76 4.04 6.15
F SR UF £ 427 2.84 4.48 2.5 2.52 2.7 6.91 5.74 7.22 8.37
Chaemrichthys stigmatias
B[R SLZE Asterias rollestoni 0 0 0 4.18 5.12 5.4 0 0 0 7.11

W 455 N RN A X A 4 RS 3A S LY: 2T RHEX; HR: f8i Mk X ; RZ: H BRIFAEEX; TSA: FE= A TEIX; TSB: =

% B kX,

Note: Average dissimilarity between groups in different reef area is in parenthese; LY: Laoyinjia artificial reef area; HR: Huarun Boda
artificial reef area; RZ: Rizhao Shunfeng artificial reef area; TSA: Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
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Tab.5 Comparison of fishery biological resources between reef area and control area

n=3; X +SD; g/h

W5 biomass

X35 area
128 fish P iz 2% echinoderm FF5¢2% crustacean & EJE gastropod 3k /£ cephalopod

LY 25.65+5.70" 12.53£1.55 6.35+1.74 1.77+0.38" 2.23+0.75"
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Bay A reef area; TSB is Xiangyun Bay B reef area; CA is control area; * represents significant differences between reef area and control area
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Fig. 6 Biological increment index of each reef area
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial
reef area; RZ: Rizhao Shunfeng artificial reef area; TSA:
Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef
area; different letters on the column indicate
significant difference (P<0.05).
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Fig. 7 Difference of diversity index of fishery biocommunity

in each reef area
LY: Laoyinjia artificial reef area; HR: Huarun Boda artificial
reef area; RZ: Rizhao Shunfeng artificial reef area; TSA:
Xiangyun Bay A reef area; TSB: Xiangyun Bay B reef area.
Different letters on the column indicate significant
difference (P<0.05).
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Study on the characteristics of fishery biological community structure
and factors influencing biomass increments in different artificial reefs
in the Yellow Sea and Bohai Sea

LI Jiandu, ZHAO Qi, LIU Jinji, ZHANG Yanhao, ZHANG Peidong

The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China

Abstract: In order to explore the structural characteristics of biological communities in fisheries in the Yellow Sea
and Bohai Sea reef regions and quantify the relationship between the characteristic elements of reefs and con-
servation of fishery resources, a biological survey of five artificial reef areas along the Yellow Sea and Bohai Sea
was conducted from October, 2021 to November, 2021. Biodiversity index, cluster analysis (CLUSTER), non-
metric multidimensional scaling (NMDS), and similarity percentage analysis (SIMPER) were used to analyze the
biological community structure of fisheries in different reef areas. The effects of different reef areas on fish were
compared based on differences in the biomass increment and biodiversity indexes. Finally, correlation analysis and
curve fitting were used to analyze the relationship between the gain effect of artificial reef and characteristics of
the reef area. A total of 47 species belonging to 33 families of fishery organisms were obtained in the survey. The
dominant species in each reef area were different, but Charybdis japonica was the common dominant species in
most reef areas. The average similarity within each reef community group ranged from 38.85% to 69.14%, and the
average dissimilarity between different reef communities was more than 70%. The biological community structure
in the older reef area was better than that in the younger reef area. The average values of the Shannon diversity
index and Margalef species richness index in the older reef area were approximately 1.3 times and 1.2 times those
in the younger reef area, respectively, and the difference in the diversity index in the older reef area was higher
than that in the younger reef area. The biomass gain effect of the older reef area was also better than that of the
younger reef area. The maximum biomass increment index was 13.3 in the older reef area, which was 8.3 times
that of the younger reef area. The difference in the biomass increment index and Margalef species richness index
was significantly positively correlated with the size of the reef area and reef age (P<0.01). The biomass increment
index showed a significant linear function relationship with the size of the reef area and reef age, and the
goodness-of-fit was 0.95 and 0.87, respectively. These results confirm that the construction of artificial reefs has a
significant conservation effect on fishery resources. Reef age and reef volume are the key characteristic factors
affecting the conservation of biological resources in fisheries. The findings of this study provide a new reference
for the construction of artificial reefs and evaluation of their effects.
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