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Fig. 1 The sampling stations of the waters around Miaodao Archipelago
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The triangle is the sampling station of 10 stations carried out in some months
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Tab. 1 The relative importance index IRI of major species in the waters around Miaodao Archipelago

‘ AR H ZEE R IR
Y% Species Nflﬁmj%’er 2020 2021
9 11 12 3 4 5 6 7 8 9 10 11 12
f1 2% Fishes
[ 4 # Pennahia argentata 1 549 022 — — — 29 117 171 1044 976 101 — —
¥ AT 2 48 Chaemrichthys stigmatias 2 2617 889 842 258 — 13 — 627 2330 1077 2292 2058 2161
INEL TP R R #a Amblychaeturichthys hexanema 3 244 482 263 252 1.56 437 25 13 395 765 39 737 385
K7~k fa Hexagrammos otakii 4 37 13 9  — — 60 55 9 12 241 874 638 —
Y4 R M Jaydia lineata 5 012 — — — — — 30 240 20 171 — — —
fiffi Platycephalus indicus 6 79 4 - — — 12 10 57 116 414 191 — —
VF K FifiSebastes schlegelii 7 35 18 070 032 — 6 107 277 — 215 184 — 37
HEKE B Cynoglossus joyneri 8 93 35 79 — — — 53 12 9 — 159 190 6.56
6 5 8 Paralichthys olivaceus 9 — — 250 — — 476 — 069 — — — — —
AL Callionymus beniteguri 10 12 7 7 8§ — — 40 139 0.17 22 227 039 —
A 72X Crustaceans
5 RKAE AR Palaemon gravieri 11 210 21 4 207 73 249 1222 135 84 64 216 158 1111
[& JNEF Trachypenaeus curvirostris 12 328 1860 — — — 15 7 42 187 1372 1899 12 —
MR Oratosquilla oratoria 13 438 429 38 72 296 1243 1161 2090 1806 244 1623 471 63
H A B4R Alpheus japonicus 14 134 832 9675 6569 1037 611 476 630 237 137 356 6238 4269
et W S5l Alpheus distinguendus 15 18 20 29 128 15 15 6 13 12 17 16 178 19
MBS Charybdis bimaculata 16 714 1621 230 — 050 18 191 702 278 51 37 0.75 —
H A48 Charybdis japonica 17 67 18 15 4 14 — 55 156 221 673 350 56 196
H A7 Heikeopsis japonicus 18 9 - — 016 — — 11 126 73 — — 142 —
[% 5 318 8 Cancer gibbosulus 19 _ = — 116 - - — — 162 — — — 138
VeI TS 1% Carcinoplax vestitus 20 019 — 0.17 312 1.80 9 160 77 61 19 54 137 —
=R T Portunus trituberculatus 21 172 — — — — — — 18 56 962 389 — —
N RIEEE & # Diogenes edwardsii 2 022 — — 334 — — 10 1544 — — — — —
AR P Mollusk
S Octopus ocellatus 23 1722 508 56 — 420 — — 073 85 982 733 37 70
KM Octopus variabilis 24 13 11 101 15 158 — 58 84 6.77 105 315 — 495
H A 2 Loligo _japonica 25 4 012 — — — 180 — 186 41 21 1.99 1.80 1.95
i A2 Glossaulax didyma 26 5 6 443 304 194 318 404 132 10 2.18 2.93 3010 130
Wk 4T 42 Rapana venosa 27 885 926 0.98 167 871 724 730 994 479 842 1376 454 141
K44 Ostrea gigas thunberg 28 1 5 — — 70 11 13 10 — 12 124 — 157
B N Mytilus edulis 29 027 4 072 27 11 — 152 4 166 2.80 578 — 201
MIT Bk Atrina pectinata 30 — — 6 106 — — — — 760 77 — 398 —
%4 UG Philine kinglipini 31 00 - — — — 33 — — — — — — —
7 ¥ Echinoderm
W& % i RE Temnopleurus hardwickii 32 433 326 82 678 842 88 2561 386 199 854 620 141 303
i Asterina pectinifera 33 164 292 17 243 158 35 1128 66 46 298 322 51 267
% WRiEHL 7E Asterias amurensis 34 34 27 69 92 22 — — 5 644 136 970 27 —
I [ B Ophiothrix marenzelleri 35  — 257 115 328 3118 584 39 — 26 — — — —
4 KB B Ophiura kinbergi 36 _ - - - - I8 - - — — — — 21
N FDIE S Luidia yesoensis Goto 37 108 174 18 302 71 110 275 79 27 683 351 433 22
J#i /2 3/ Brachiopoda

BR3¢ T Terebratella coreanica — 42 5 5 278 78 492 470 56 186 564 41 236 2.69
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Tab. 2 Structure and complexity index of the food web of in the sea adjacent to the Miaodao Archipelago

BV MBI E AR WA E  EEEE RECEE  ERE AR

Index S L S/L L/S

FHEMAEKE CFHORERH
LS SC ChPath CC

HfE Value 37 223 0.17 6.03

0.16 12.21 2.10 0.30
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Fig. 2 Topological structure of bottom biomes in the sea adjacent to the Miaodao Archipelago
HHG s H B ZLARR AN T AR EOBOIGEUR, B 5 2 E B B R R A BUE ok R 2 . (B P RN AR SR L B R
ANo FUEEHEA BT UL PR 4 i H AR ERIR . VRS 7 RS R A . MR S LR 1. PR A 245850 Gephi 0.9.24
i, 5 &K F ForceAtlas 277 20AT R, 715 s R OR/INFI S AR A8 B2 FR R /N i, 320 BT Eh JHG R4 KD A1 s IR B VR 5 45 30

The color from blue to red in the figure indicates that the degree of the species is increasing, that is, the number of species feeding with the

species is increasing. The size of the circle also represents the size of the degree. The top four species in the degree ranking are Alpheus

Jjaponicus, Oratosquilla oratoria, Chaemrichthys stigmatias, and Pennahia argentata. The species numbers are shown in Tab. 1. The

topological network of food web is drawn by Gephi 0.9.2. The network graph is laid out in ForceAtlas 2 mode. The size and color of nodes

are drawn according to the size of degrees, and the color of edges is obtained by mixing the colors of the two nodes connected
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Tab. 3 Topological structure of food web of bottom fishery communities in the sea adjacent to the Miaodao Archipelago

RE N ol R e s BERE ey TOAE AR 5o g
D Dy Doy BC cC Ic R ) D K (n:]) (11:5)
AF AF K Ky
142813211418 14 1911 14 8781 14 644 13 0.17 14 0.07 21 8.68 31 523 21 8.68 3528231 1.05
132721182517 13 816 13 7826 13 6.5 14 0.12 13 0.07 13 844 35 5 13 792 3128135 1

2251163515 25 641 1 7500 1 6.02 25 012 25 0.05 1 569 29 415 9 5.04 29 2.67 29 0.83
121 4152614 1 5.83 2 7347 2 594 1 004 2 0.05 31 523 26 359 7 497 14 23 26 0.72
2118 6 152914 26 544 25 6923 25 575 2 004 1 003 9 504 14 3.02 4 448 26 2.18 14 0.60
2517 9 14 2 13 2 377 26 6793 26 566 3 004 16 003 14 503 25 282 1 442 252.13 250.56
315212512 29 363 21 6667 21 555 S5 004 3 003 35 500 5 226 6 386 5 136 5 045
4157 111511 31 256 16 6546 16 546 8 004 5 003 7 497 10 198 14 201 1 12210 040

6 1514101010 21 222 4 6429 35 544 10 004 21 003 4 448 15 149 2 196 151.11 150.30

151516 7 3110 35 2.09 29 6429 S5 543 12 004 15 0.02 29 415 1 127 24 13510098 1 025
3515207 3 9 4 1.81 6 6316 29 535 15 004 17 002 6 386 11 1.05 20 1.05 11 0.72 11 0.21
9 1434 711 9 6 163 5 6207 4 534 16 004 19 002 26 359 3 083 34 09 3 07 3 0.18
26143 613 6 16 147 35 6207 6 523 17 004 10 002 25 282 2 0.80 16 089 2 0.61 2 0.16
291418 6 16 6 5 137 15 61.02 3 507 18 0.04 22 002 2 276 36 0.74 33 0.80 22 0.48 36 0.15
161319 6 17 6 22 0.77 17 61.02 27 507 19 004 20 0.02 S5 226 28 0.71 19 0.77 13 0.42 28 0.14
512336 1 5 17 075 22 61.02 15 498 20 0.04 23 0.02 10 215 27 0.65 8 0.71 28 0.41 27 0.13
1012 8 5125 3 071 10 6000 17 498 21 0.04 18 0.02 15 185 17 058 3 0.70 16 0.4 17 0.12
111217 5225 27 071 19 60.00 22 497 22 004 12 0.02 3 1.57 22 055 18 0.67 17 04 22 0.11
711124 8 4 20 070 20 60.00 19 482 23 004 8 002 16 141 16 052 17 044 36 037 12 0.10
1711154194 11 057 3 59.02 20 482 24 004 24 0.02 24 141 12 051 32 043 12 032 13 0.10

T R AT R 5 5 22 51 HEA HT2010 4

Note: The bold numbers in the table are the species numbers; List the top 20 species in the table

*P<0.05 **P<0.01

D D *k k3 . . . * ‘ ‘ * k% * * 10
Jos b ® o 0@ e ol
o 0. @ @ @ @ @ ' ® ' ' 0.6
BC |0.79 0.63  BC ‘ ' - @ @ & EOR o
cc |0.86 059 092 CC . o . ‘ wox LB '
IC | 0.86 059 092 097 Ic @ ‘ () EO 02
AF AF . -0
ADF | 0.66 055 0.61 076 074 089 ADF @ @ ® @ s
K |0.84 0.66 | 0.71 | 0.70 K =
K, ~0.52 1 0.93 | 0.56 k @ ‘ . e
K, 0.96 042 058 & @ @ 06
I ~0:44| 0.96 | 0.62 | 0.54 0.53 0.98 —0.50 TII . 08
r ~0:510.93 | 0.56 1.00 —0.57 098 TI5 e
D D, D, BC CC 1IC AF ADF K K, K, TI' TP

P 3 )i T o I &0 PR 2 U M A DT £ A0 T 5 1 5 M ) P AR SR
Fig. 3 Correlation between topological index of food web of bottom fishery community in the sea adjacent to the Miaodao Archipelago
T2 T EB AR AR IR AL, A L4 B Y R /ANFIE IR BUAR R R B/, LLERFRIEARG, W EAR AR
The lower left part of the figure is divided into correlation coefficient, the upper right part of the circle size and color depth correspond to the
correlation coefficient, red represents positive correlation, blue represents negative correlation
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FE AR AN 1Ly 2R 2 55 1 B R 2 0 0 9 1 45 K 0
5 R BN, B (Engraulis japonicus) & HEv%& 1 IS HE K
WAl &, TR (Lophius litulon) e V% v ) O
. JFRERR SN AT At K TR S5 A
AR TR I, B PR iR AN A (Lari-
michthys polyactis) BT FHER . T LIRS % Wi
VL R AT £ 2 S SR ) B 9 R B, s f(Trichiu-
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e 85 T % L A0 v 355 JES 2 L A D TR B
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Tab. 4 Comparison of food web complexity index of bottom fishery community in the sea adjacent to the Miaodao Archipelago and other

typical waters

XI5 T ESEIE RESRE RS BERAKE TIERERN

Area S/L L/S LS SC ChPath cc
ﬁiiﬁiArchipelago 0.17 6.03 0.16 12.21 2.10 0.30
I‘i{'zllfu Bay™! 0.09 10.98 0.12 2220 2.11 0.23
iiﬂlfu Baym] 0.33 3 0.18 6.38 0.33
ﬁi@%“ow Sea 0.23 436 0.04 8.8 0.14
InghLe s 0.09 11.10 0.22 22.45 1.60 0.36
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Caribbean coral reef '
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Tab. 5 The role of keystone species in the food web of bottom
fisheries communities in the sea adjacent to the Miaodao Archi-

pelago
Kk fhKeystone A HEE

ffittRole specics D, Doy
b OWRh O.oratoria 21 6
Keystone predator MUkt P.argentata 16 5
S (a] FE

! . AR £
Keystone intermediate C.stigmatias 12 13
species
\ H A sh
R BV A.japonicus 10 18

Keystone prey species i E U G.didyma 0 14

S AT B 2 5 R AL 16 B A0 AN X g
R R 2 2 A e AN A ., R
SR R B I B T BB LE I TR AR S R G R R
S B2 . SR, 1E AR T R A
AR B 2K 2 (5 4, BRIt 1 0 T DL RS ™
OB, 4RI B R T DLZE AR S s LA
*hFe, AT 2l 4 HE B S — A e R 2
Wi, R T T R B 42 K B AL I = & A |
11 FE 00 2% 1T R 2 B, iR 71 £ S 0 T DA Sl 3 0 )
AN, TR AT (T e e 3 e s

4 ZHip

AT G LA 55 B 5 B A0 o 50U 2 ol AR ) v
(¥ 2 ELRROAR 24 Fh (IRT> 100) 18] (1935 1 9% R oA 56R,
FE T W) W 4 1 45 46 R0 I 2% 23 A v B 45 R 1)
W ARHR, THIE B . WA R, %W
DX A A0 7 B R AT 25 R 374 (IRT> 100), $ &
KERFE223, T REEN0.17, IS5 K 6.03,
HEEEEARPETR BN 12,21, FE] OCHR B H8 M0 16,
FROE B2 K Z 92101, FRIRE AR HON0.301. 2%
G5 R EHF (D Doy Dy~ BC. CC.
IC. TI'. TP’ TP\ K. Ky« K.« FFI"F), ffi 0
i ik (Oratosquilla oratoria)~ H ARZUF(Alpheus ja-
ponicus)~ Ukt (Pennahia argentata)~ 7 JFBHFE
fh.(Chaemrichthys stigmatias) i Ji KUY (Glossaulax
didyma) 9 i B FE I W AR 4 2 B OCEE M. Hop
Ut R £ OB B, P R MR R A R
[F) o, i T WA S BREATDRE M, T H A SR ) AT 5%
v R R G B VEL R M 2 TA] o AN T A SR AT
AT JF 5 5 AT v 33 £ ) X 285 A 5 LR AP i AR )
Z R ALERAL, SR E M EE . NAE S SMEAR
WL — DB IR E R, RIS,
AR TR R e H A AR A R, A JE B2

5 2 JTVE R % DX O B ol ) 21 RAE B A2 A fie
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TOPOLOGICAL STRUCTURE AND KEYSTONE SPECIES OF BOTTOM
FISHERY COMMUNITIES IN THE SEA ADJACENT TO MIAODAO
ARCHIPELAGO

ZHAO Yong-Song', SHAN Xiu-Juan"?, SU Cheng-Cheng"’, YANG Tao"’, JIN Xian-shi"* and WEI Chao'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Shandong Provincial
Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071, China; 2. National Field Observation and Research Center for Fisheries Resources in Changdao
Waters, Changdao 265800, China; 3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Biodiversity is not only the key factor to maintain the stability of the ecosystem, but also the basis of human
survival and sustainable development. Both dominant and key species play important roles in maintaining biodiversity
and ecosystem stability. Therefore, the selection of key species is the basis of biodiversity conservation and one of the
beneficial methods to analyze and explore the structure of the ecosystem. As a typical nearshore island in the north of
China, Miaodao Archipelago has important value in ecosystem services and biodiversity maintenance. Phica largha
pallas and Neophocaena Asiaeorientalis sunameri are representative flagship species. In the past, researchers have car-
ried out a systematic and comprehensive investigation of the ecological environment, vegetation status, and plankton
distribution in the adjacent waters of the region, but there are few reports on the scientific research on the fishery re-
sources in the adjacent waters. In recent decades, the structure of fishery resources in the Bohai Sea and the North Yel-
low Sea, which are important fishery waters in northern China, has changed to some extent due to the influence of human activi-
ties and climate change. The adjacent sea area of Miaodao Archipelago plays an important role in maintaining fishery
resource structure and biodiversity in the Bohai Sea and the North Yellow Sea as an important migration channel and
habitat. Therefore, it is urgent to carry out systematic research on fishery communities in this area to make up for the
lack of relevant data. This study focuses on the key species of the bottom fishery community in this area. Since there
are many small benthic invertebrates and small fishes in the bottom fishery community in the adjacent waters of
Miaodao Islands, it is impossible to obtain feeding data by traditional gastric content method and published literature.
Therefore, important and dominant species with IRI>100 were selected as the research objects for this key species
screening. Remove the interference of a smaller number of redundant species. Based on the feeding relationship
between important species and dominant species (IR[>100) in bottom fishery organisms in the adjacent waters of
Miaodao Islands, this study calculated the topological index of the structure based on the topological structure of food
web and network analysis method, and screened key species. The results showed that the study area contains a total of
37 important and dominant species (IR[>100), 223 feeding relationships, node density of 0.17, connection density of
6.03, connection complexity index of 12.21, and interspecific association degree. The index is 0.16, the feature path
length is 2.10, and the average clustering coefficient is 0.30. Comprehensive topological index ranking (D, Dy, Djn,
BC, CC, IC, I, TIS, T15, K, K, K, F and DF), screening for export mantis shrimp (Oratosquilla oratoria), Japanese
drum shrimp (Alpheus japonicus), Pennahia argentata, Chaemrichthys stigmatias, Glossaulax didyma are the main key
species in the study area. Among them, mantis shrimp and white jellyfish are the key predators, gobies are the key inter-
mediate species, and the platy snail is the key bait species, while the Japanese drum shrimp is between the key interme-
diate species and the key bait species. Most species in the regional food web are likely to be very close “neighbors”, and
negative impacts can spread rapidly and widely throughout the food web. For example, the effects of disturbances such
as overfishing may be more widespread in this marine ecosystem. However, rich interaction networks quantified by
high connectivity and low path lengths may also suggest that strong effects can spread rapidly throughout the marine
food web, reducing the overall impact of any particular fluctuation. The results can provide basic data and a scientific
basis for further understanding of the marine food web structure in the adjacent waters of the Miaodao Islands and the
protection of biodiversity. In the future, more methods should be combined to carry out a more systematic study on the
seasonal and interannual changes of key species in this area, to provide information for the adjacent islands in my coun-
try. The related research on the structure of the marine food web provides a more scientific and valuable reference.

Key words: Miaodao Archipelago; Food web; Topological structure; Keystone species; Biodiversity
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