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Fig.1

The sampling stations of the waters around Miaodao Archipelago
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The purple triangle is the sampling station of 10 stations carried out in some months.
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Fig.2 Seasonal composition and distribution of biomass of main groups in bottom fishery
communities in the waters around Miaodao Archipelago
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A shows the 10 sampling stations and B shows the 30 sampling stations. The top half of the chord diagram represents the months,

and the bottom half represents the major groups of organisms. The groups are Pennahia argentata, Gobiidae, other fishes,
Oratosquilla oratoria, Alpheus japonicas, other crustaceans, Mollusk, Echinoderm and Terebratella coreanica. The lines represent the

biomass of a particular group of organisms in that month. The color of the line matches the color of the month.
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Fig.3 Seasonal composition and distribution of abundance of main groups in bottom fishery
communities in the waters around Miaodao Archipelago
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A shows the 10 sampling stations and B shows the 30 sampling stations. The top half of the chord diagram represents the months,

and the bottom half represents the major groups of organisms. The groups are Pennahia argentata, Gobiidae, other fishes,
Oratosquilla oratoria, Alpheus japonicas, other crustaceans, Mollusk, Echinoderm and Terebratella coreanica. The lines represent the

abundance of a particular group of organisms in that month. The color of the line matches the color of the month.
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Tab.1 The index of relative importance (IRI) of major species in the waters around Miaodao Archipelago

AEXT EEPERE 4L IRI
Y Species 2020 2021
9 11 12 3 4 5 6 7 8 9 10 11 12
1712% Fishes

FH s Pennahia argentata 549 022 - - - 29 117 171 1044 976 101 - -
i @F’fﬁ@ o 2617 889 842 258  — 13 — 627 2330 1077 2292 2058 2161
Chaemrichthys stigmatias
NELT RN FE@ 244 482 263 252 1.56 437 25 13 395 765 39 737 385
Amblychaeturichthys hexanema
KE 754k 8 Hexagrammos otakii 37 13 9 - - 60 55 9 12 241 874 638 -
A4 K A2 Jaydia lineata 0.12 - - - - - 30 240 20 171 - - -
fifi Platycephalus indicus 729 4 - - - 12 10 57 116 4.14 191 - -
PFICT-fif Sebastes schlegdlii 35 18 07 032 - 6 107 277 - 215 184  — 37
#: [G 75 ) Cynoglossus joyneri 93 35 79 - - - 53 12 9 - 159 190 6.56
¥ 1 Paralichthys olivaceus - - 2.5 - - 476 - 069 - - - - -
4k Callionymus beniteguri 122 7 7 8 - - 40 139 017 22 227 039 -
FH 524 Crustaceans
B R IT Palaemon gravieri 210 21 4 207 73 249 1222 135 84 64 216 158 1111
J& JTVEF Trachypenaeus curvirostris 328 1860 — - - 15 7 42 187 1372 1899 12 -
&R Oratosquilla oratoria 438 429 38 72 296 1243 1161 2090 1806 244 1623 471 63
H A $7iTF Alpheus japonicus 134 832 9675 6569 1037 611 476 630 237 137 356 6238 4269
i B4R Alpheus distinguendus 18 20 29 128 15 15 6 13 12 17 16 178 19
S BE#E Charybdis bimaculata 714 1621 23 - 05 18 191 702 278 51 37 075 -
H 73 Charybdis japonica 67 18 15 4 14 - 55 156 221 673 350 56 196
H A5 Heikeopsisjaponicus 10 - - 016 - - 11 126 73 - - 14 -
Fe1y HiE 1% Cancer gibbosulus - - - 116 - - - - 162 - - - 138
VeI TS 4 Carcinoplax vestitus 019 - 017 3.12 18 9 1.6 77 61 19 54 137 -
=JEtL T Portunus trituberculatus 172 - - - - - - 18 56 9.62 389 - -
WG %% 5 /8 Diogenes edwardsii 022  — - 334 - - 10 1544 — - - 7 _
k3% Mollusk
41 Octopus ocellatus 1722 508 56 - 42 - - 073 8 982 733 37 170
K Octopus variabilis 13 11 101 15 158 - 58 84 677 105 315 — 495
H 246 20 Loligo japonica 4 012 - - - 1.8 - 186 41 21 199 1.8 195
Jit 42 Glossaulax didyma 5 6 443 304 194 318 404 132 10 2.18 293 3010 130
Jik 4142 Rapana venosa 885 926 098 167 871 724 730 994 479 842 1376 454 141
K445 Ostrea gigas thunberg 1 5 - - 70 11 13 10 - 12 124 - 157
201G U1 Mytilus edulis 027 4 072 27 11 - 152 4 166 28 578 - 201
HEVTBk Atrina pectinata - - 6 106 — - - - 76 77 - 398 -
22 [CFeMEHA Philine kinglipini Tchang 10 - - - - 33 - - - - - - -
R 3% Echinoderm
i T2 o 433 326 82 678 842 88 2561 386 199 854 620 141 303
Temnopleurus hardwickii
T3 Asterina pectinifera 164 292 17 243 158 35 1128 66 46 298 322 51 267
Z L4 Aterias amurensis 34 27 69 92 22 - - 5 644 136 97 27 -
G e Ophiothrix marenzelleri  — 257 115 328 3118 584 39 - 26 - - - -
4 [CE M Ophiura kinbergi - - - - - 148 - - - - - - 21
RS AL LuidiayesoensisGoto 108 174 18 302 71 110 275 79 27 683 351 433 22
Jiii JE 3% Brachiopoda

2% D1 Terebratella coreanica 42 5 5 278 78 492 470 56 186 564 41 236 2.69
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ARSI . B SR L S (R D) (1] 2 FIEL 3).
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=1000)3L45 14 Fi, 43 518 7 R AR 2 f4.(Chaemrichthys
stigmatias) . F14fiff | &[G IR (Palaemon gravieri) .
J& JIVHF (Trachypenaeus curvirostris) . T #RHE | H AR S
R . XU #E(Charybdis bimaculata) . 3 [G i %1 27 Ji %
(Diogenes edwardsii). M . Jm EIR . PKLLE2 | BAIC
ZIWE AR e . S G

22 REZEDTG

Jo 5 5 I R U A= Wy R AR 3—6 ] EE
SR TE A IR AR FE R, 7. 8 AR TR,
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INBI RS GRERE . £ HASIR . K D)
YRR 2 o E R YRR, BT MR R R
Wz,
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Jek {5 TR 3 WL 20 Vi Sl RS 2 L A ) R AR R
KRR (E 2)o YFMEARLIERN 34~61, Hrp
2021 4F 12 A HAiK, 2020 4F 9 H i S iE
J1 619~8553, Hirbr 2021 4F 10 H &A%, 2020 4F 12 A
s FEEDOEERA 4.29~7.53, HA 2020
AR 12 A, 2021 4F 10 A fA%; B2 BI)E
TG R 0.27~0.78, Hir 2020 4F 12 H &%, 2021
o9 Afm; B E)E/ER A
1.05~3.00, H:A1 2020 4F 12 A &A%, 2020 4F 9 A E.
24 FEAWMAERERIEXME

X Jpi A S WL AP U ek B A M R AT T
Spearman FESEAG K (K 6 FE 7). Fhffl H A S
WRAE AR Py o R 3 B L 34 SR R At 2 A A S (R
B r=-0.75, P<0.01; FJF:r=-0.73, P<0.01). 7£ A1}
by ME R 2 A 6y, ERKZE, HARGRT
AR ARG LA R4S, HARER IR
AR RRIE L 1LAh, b oA H A fr 28
(r=0.57). WFFEAAAIADL M5 (r=0.59), HERFEEFIE
W 0.(r=0.6) . FTUF Gl R0 HAd #6025 (r=0.62) . 1 R Ik A1
HAh 5235 (r=0.6) . Hofth i 2R HA 7 722 (r=0.56)
UF B2 A1 S TR AR B (r=0.6 1) [A] 76 & | 52 30 5 5 10
IEAHE(P<0.05), HoAl FH 72 28 F 1 I 1 (r=0.66) . HoAth
H 7 26 A I ik (r=0.6) . B 1 £ 28 R AR 3 )
(r=0.64) . FHIHMAMERIE D (r=0.57)7E £ Wi 2B
3 1 IE A 2 (P<0.05)

2.5 RDA &4

DCA a5 R 8w , 4 Al -PBR JE gradient length
A3IR 3.16, 232, 2.84 Fil 2.16, HK{EAT 3 1 4
Z ), JREEHT R A RDA 43 #Hrek CCA 4#rddmT . A&
58K ' RDA X 32 AWM bn L B S %2
IBE R F[8] 1 56 R AT 4007, DATRUN o 35 PR B R 7 1
HF EZAEY M EE R, RDA R [ £ &
Bl B —HEP RIS 0.1, 5 T HE P RlRAE
B4 0.045; 2 DHEF LA B A S S 1Y 24.5%, St
R TERETE L I 1Y 83.1%; 241K B A 16 25
R, FH—HFR P=0.002, AT P=0.002,
PRI 3 25 5 (P<0.05)(E 8) o 7K R IR B S 5 i A
YIRBE RN R B E RN T, Hodr, BO% shiy
i 2% DU 5K TR R IR IE AR OGSk sl ) Rk R 36
ARG ARG HAb s . HALFR R A
i WRPRASE . AR S Y IR K DL RN FE 2R B R I
A, SEBERIA AR, H A SR AN R
Rt ; RZHREAIKZEHRE . REKBMKEZE
FK Ul X T2 A W A B Y R e b A A W Y
X

26 ABC g%k

Jek &5 FHF S bt ARV U 20l A= ) ABC 4 WHE
f78 Bl —0.138~0.020, 2021 4E 11 A By W Zeit it &%
fiK, 2021 4 5 A WA= (& 9). M, 2020 4F 9
H 2020 4F 5 AR 6 A WAEH R IE(G514 0.009.0.020
F10.015), H WIHIEIT 0, FREh & mA Yyt
Mz pzin EA IR X, AP ERE T, HAaH
By WAEY/NT 0, FEEME A TAEY R iz
b, H WI{HAE-0.138~-0.077 Z[a], FIHEZ5mE1H
Yool BARKRE, i o5 m A0 v i 2 ol A= P B
A BB T, AEA B A R SRR R T

3 it
3.1 RKEfE A AE¥FhZEHER

e 82 I W 4608 v P 23 vl A A R A | D) R A
VR E, SRR A Y . WSEsh Y. B Eh
WA, s DL s fP RBIR R | N 2208 AR R
ff.(Amblychaeturichthys hexanema)Z /s 1 JEE A 15 il P
2800 3 o X B T B A I S 320 T A B 4
o XK GEIER N 3~35 m, KIRKHE, WKL
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Fig.4 Species composition and spatial distribution of bottom fishery community biomass in the
adjacent sea of Miaodao Archipelago in each month
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The size of the pie chart represents the height of the biomass, and the color of the interior represents the main groups of
organisms. The blue base is a normal Kriging interpolation of biomass, with darker colors representing higher biomass.
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The size of the pie chart represents the height of the abundance, and the color of the interior represents the main groups of
organisms. The blue base is a normal Kriging interpolation of abundance, with darker colors representing higher biomass.
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Tab.2 Monthly diversity indices of bottom fishery communities in the waters adjacent to Miaodao Archipelago
A i Month YIREL S N FEERRED WIS EEARE Y EY T H
2020.09 61 2895 7.53 0.73 3.00
2020.11 56 3234 6.81 0.64 2.57
2020.12 48 8553 5.19 0.27 1.05
2021.03 53 4066 6.26 0.48 1.91
2021.04 36 2849 4.40 0.31 1.11
2021.05 41 754 6.04 0.65 2.40
2021.06 47 986 6.67 0.70 2.71
2021.07 46 1724 6.04 0.58 2.23
2021.08 55 3103 6.72 0.67 2.67
2021.09 43 643 6.50 0.78 2.94
2021.10 38 619 5.76 0.75 2.75
2021.11 37 4414 4.29 0.41 1.48
2021.12 34 967 4.80 0.55 1.95
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Fig.6  Correlation plot of biomass correlation between main groups of bottom fishery
communities in the sea adjacent to the Miaodao Archipelago
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Fig.7 Correlation plot of abundance correlation between main groups of bottom fishery
communities in the sea adjacent to the Miaodao Archipelago
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Fig.9 ABC curve of bottom fishery species in the sea adjacent to the Miaodao Archipelago
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Biodiversity Characteristics of Bottom Fishery Communities
in the Sea Adjacent to the Miaodao Archipelago

ZHAO Yongsong'?, SHAN Xiujuan®, YANG Tao>?, JIN Xianshi>*", WEI Chao™”

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries Research Ingtitute,
Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture
and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment,

Qingdao, Shandong 266071, China; 3. National Field Observation and Research Center for
Fisheries Resources in Changdao Waters, Yantai, Shandong 265800, China)

Abstract Inshore islands are one of the most representative marine areas responsible for a significant
part of the oceanic primary productivity. The most representative archipelago in northern China, the
Miaodao Archipelago, is located at the confluence of the Yellow Sea and Bohai Sea. It is an important
habitat and migration channel for marine life and is a hot spot for biodiversity research. However, the
increasing exploitation of marine natural resources in the waters adjacent to inshore islands, such as
mariculture, fishing, shipping, and energy exploitation, is putting increasing pressure on marine life.
These factors have resulted in marine community disturbance to varying degrees and pose a severe
challenge to biodiversity conservation. Due to human activities and climate changes, the Miaodao
Archipelago biodiversity has been affected to some extent. Nonetheless, only few investigations have
been performed on the bottom fisheries in this area. With the establishment of the Changdao National
Wetland Nature Reserve, it is urgent to conduct systematic biodiversity research in this sea area to
promote the restoration and protection of marine biodiversity. To systematically understand the diversity
distribution characteristics of bottom fishery communities in the Miaodao Archipelago adjacent sea, a
single-ship trawl survey was conducted monthly in September, November, and December 2020 and from
March to December 2021. Based on the richness index (D), evenness index (J°), biodiversity index (H"),
redundancy analysis (RDA), and abundance-biomass comparison (ABC) curves the bottom-fishery
biodiversity and its influencing factors were analyzed to provide a scientific basis for biodiversity
conservation in the Miaodao Archipelago adjacent sea. It provides basic data and data support for
exploring the intrinsic, environmental, and human factors affecting biodiversity in typical islands. A total
of 115 species were identified in the sampling survey, including 49 species of fish, 29 mollusks, 28
crustaceans, 8 echinoderms, and one species of brachiopods. The fish are mainly Pennahia argentata,
Gobiidae, and other fish. Crustaceans are mainly Oratosquilla oratoria, Alpheus japonicus, and other
crustaceans. The bottom fishery communities in the Miaodao Archipelago adjacent sea were primarily
composed of Gobiidae, A. japonicus, Echinodermata, and Mollusca. The dominant species composition
was different in distinct months. The dominant species were Chaemrichthys stigmatias, P. argentata,
Palaemon gravieri, Trachypenaeus curvirostris, O. oratoria, A. japonicus, Charybdis bimaculata,
Diogenes edwardsii, Octopus ocellatus, Glossaulax didyma, Rapana venosa, Temnopleurus hardwickii,
Asterina pectinifera, Ophiothrix marenzelleri. From March to June, the bottom fishery community was
mainly concentrated in the southeast area of the Miaodao Archipelago but changed to the southwest area
in July and August. There was no apparent regional distribution in the rest of the months. This may be

because, in colder March and April, the warmer seawater brought by the Yellow Sea Warm Current
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provided a more suitable living environment for the bottom fishery communities, which resulted in more
communities gathering in the north Yellow Sea area southeast of the Miaodao Archipelago. In May and
June, many migratory marine organisms migrated from the North Yellow Sea to the Bohai Strait, possibly
resulting in high biodiversity in the southeast area of the Archipelago during this period. Many migratory
organisms had arrived in the Laizhou Bay by July and August. With the increase of phytoplankton along
the coast of the Laizhou Bay during summer, many consumer communities are attracted. In addition, the
annual water and sediment transfer from the Yellow River in June-July may result in the introduction of
large flows of fresh water and nutrients into the waters southwest of the Miaodao Archipelago, resulting in
higher summer biomass in this region. The summer and autumn months showed higher biodiversity, while
winter showed a single feature with higher abundance and biomass. There was a significant negative
correlation between biomass and abundance of P. argentata and A. japonicus. The A. japonicus biomass
and abundance may depend on the abundance of its predator, P. argentata. Other species with significant
positive correlations may be jointly affected by environmental factors such as temperature. The main taxa
and environmental factors RDA showed that water depth and temperature were the main environmental
factors affecting the bottom fishery community structure, among which echinoderms and Terebratella
coreanica were found in higher amounts. A. japonicus and temperature negatively correlated, while most
other species positively correlated with temperature. The ABC curves indicated that the bottom fishery
community structure was disturbed to a high degree as a whole, with only some seasons showing
moderate disturbance, such as May and June 2021. Since implementing the summer fishing ban in May,
the bottom fishery community structure disturbance level in the Miaodao Archipelago has decreased. The
off-fishing season effectively protects the young fish of fishery species and dramatically reduces the
fishing of other by-catch species, effectively recovering the fishery resources. In addition, from April to
May every year, many migratory species began to migrate to the Bohai Sea through the Miaodao
Archipelago, providing conditions for the increase of fishery species in this area. However, due to the
large area of artificial breeding in the Miaodao Archipelago and the influence of ships navigating between
the islands, the sea area experiences a significant degree of disturbance and is in an unstable state. This
study provides a scientific foundation for biodiversity protection in the Miaodao Archipelago, exploring
the intrinsic, environmental, and human factors affecting typical island biodiversity. However, the
formation and evolution mechanisms of biological diversity in typical archipelago ecosystem still need to
be explored in long-term and in-depth studies.
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