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Fig. 1 Sampling stations in Laizhou Bay
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1 EMBEEBHEER
Tab.1 Fish community in Laizhou Bay

H order F} family & genus  Ff species
J 4 H Gasterosteiformes 1 1 1
i #% H Pleuronectiformes 3 4 4
fifi % H Clupeiformes 2 3 3
fi % H Salmoniformes 1 1 1
fifi7%2 H Perciformes 8 15 15
fil /2 H Scorpaeniformes 4 5 5

1580, HKCHETE B4R S8 SFr, fR Oy 8 H
3Rl4JE 4Ry, B B 2R 3JE 3R il fa H TR B
Fhse b, B 1R,

PR % FE U 5§ f.(Chaeturichthys stigmatias) .
7 = (Pholis fangi). 4L (Callionymus beniteguri)
o7 8 &2 UF B £f1 (Acanthogobius hasta)(#2).

2 EMEEZEGMERR
Tab.2 The important fish species list in Laizhou Bay

Fh species NI% Wi%  Fl% IRI
¥ RAFR . C. stigmatias 17.87  14.02 7647  2438.96
H KRB P. fangi 16.49 9.8 82.35 2164.97
4kt C. beniteguri 15.63 1297 4118 1177.91
FREUFR A A hasta 972 21.11 3529 1088.39

22 BRXA

AU A B 22 MR 1% A1 (Cryptocentrus filifer) .
LG WF 5] £ (Tridentiger trigonocephalus) . 4R 5
(Pampus argenteus) . %6 (Thryssa mystax)Fl
i MR FR ff (Tridentiger barbatus) 5 HAh 2R IE H
B RR, Wi, bR M A W50 Fh (8] 4H &
YER 2R M R ASPE IS XF 4, S bR 43 B TR AR
fL T 24F 3 E A2 (K2),

DML T 5P A B X RN Y,
D FLD o, 3 531 72 5 W Rl AT 5G4 4 1 25 M 2 4
B MR (R 3). TR AL, 8O T
fti (Liparis tanakae) . ¥4 ®F(Paralichthys oliva-
ceus). i (Pseudopleuronectes yokohamae). VF
- fi (Sebastes schlegelii) il f1 8 (Kareius bicolo-
ratus)TEREVE P E TR & ; #l(Setipinna
taty). B8 (Konosirus punctatus). J7 Kz, 4E
i . 7N 22 % M BT f(Amblychaeturichthys hexa-
nema) . WAHEFIFLYER JE 1 (Ctenotrypauchen chine-
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Fig. 2 The interspecific interaction network of
fish species in Laizhou Bay

The number from 1 to 15 denotes the Degree; a. Setipinna taty; b.
Konosirus punctatus; c. Protosalanx chinensis; d. Syngnathus acus; e.
Sebastes schlegelii; f. Platycephalus indicus; g. Hexagrammos otakii; h.
Johnius belengeriiy i. Larimichthys polyactis; j. Zoarces elongatus Kner;
k. P. fangi; 1. C. beniteguri; m. A. hasta; n. Amblychaeturichthys
hexanema; o. C. stigmatias; p. Ctenotrypauchen chinensis; q. Odon-
tamblyopus rubicundus; t. Paralichthys olivaceus; s. Kareius bicolo-
ratus; t. Pseudopleuronectes yokohamae; u. Cynoglossus joyneri; v.

Liparis tanakae; w. Cottiusculus gonez; X. Ammodytes personatus

nsis). R (Syngnathus acus) . /NEAC At (Cottius-
culus gonez)F E #jj fi.(Ammodytes personatus) T
Y HERSLE RN R Bl HoAL AP R & .
Y SO -0 R] EE B A 2R E AR 1SR, RSB
62.5%, TEREVE AL T 5 KOV 5 48 2 6T .
(Platycephalus indicus). /Nt (Larimichthys
polyactis). K754kt (Hexagrammos otakii), "
it 81 (Johnius belengerii) | OF & 42 W pE fo Fll o 55
ATREESAN DL LRy 2, X220 AT jE 4 13
AR, SPOHEM68.4%, FRIFEM
WO R Gz SRR Y A £ 5 ] g 7R DA
Ry,

23 FbEH
MW+ nyp, D,. H,. CC. TI'. TI .
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Tab.3 Network indices of the importance of fish community structure in Laizhou Bay
D Dot Dy BC cc IC Hoy o K Ky, K, r 7
v 15 n 13 v 15 v 2305 v 7188 v 321 n 228 22.17 8.81 791 8.81 3.39 2.22
f 13 o 10 r 12 r 1273 h 697 h 3.08 o 1222 20.39 7.91 2.06 6.48 2.47 1.78
h 13 a 9 f 11 n 943 n 697 f 308 a 11 12.59 6.48 1.97 3.45 1.88 1.77
n 13k 9 i 9 h 746 i 6765 n 3.08 k 10.94 11.17 3.8 1.97 3.44 1.85 1.74
i 12 x 9 g 7 f 716 f 6571 i 3.03 x 10.94 10.94 3.68 1.51 2.41 1.59 1.74
r 12 h 7 h 6 o 582 o 6571 r 301 p 875 6.88 241 1.01 2.04 1.41 1.61
o 11 p 5 m 6 i 457 r 6389 o 295 h 638 5.13 2.22 0.96 1.17 1.41 1.49
a 9 u 4 t 6 a 354 a 62116 a 279 u 4.63 4.63 2.14 0.41 0.72 1.21 1.21
k 9 i 3 e 5 k 331 k 6053 k 278 q 431 4.25 1.97 0.38 0.72 1.13 1.21
X 9 j 3 s 4 x 331 x 6053 x 278 1 338 4.25 1.97 0.35 0.58 1.13 1.2
g 8 1 3 c 2 m 312 g 5897 g 268 m 288 2.25 1.73 0.3 0.22 1.05 1.1
m 8 q 3 j 2 e 1.63 m 5897 m 264 f 275 2 1.51 0.27 0.18 0.84 1.06
t 6 d 2 [} 1 g 125 wu 5476 t 24 j 275 1.5 1.24 0.26 0.08 0.83 0.79
e 5 f 2 q 1 t 105 j 5227 w 225 i 25 1.5 0.96 0.23 0.08 0.7 0.71
j 5 m 2 u 1 p 045 q 5227 p 222 ¢ 244 1.5 0.72 0.2 0.08 0.53 0.67
p 5 b 1 a 0 j 037 t 5227 j 222 d 2 a 1 s 058 m 018 a 0 j 05 wu 0.66

5111 e 218 b

q 4 g 1 d 0 u 031 p 5111 q 201 g

s 4w 1 k 0 d 021 1 4894 s 198 w

¢ 3 e 0 1 0 s 014 s 4694 1 174 e

15 b 1 j 052 b 008 b 0 s 041 p 0.65
15 d 1 u 049 g 007 d 0 u 039 q 053
1.5 k 1 q 045 w 007 Kk 0 q 035 s 052

1 1 1 ¢ 038 e 0 1 0 ¢ 029 1 04

e L RS A2, R 20 3 SR,

HAXH d 20194

Notes: 1. The bold letters are the same as Figure 2, the same below; 2. ordering the indices from big to small, and only list the top 20 species in the table

BCHICH: K, 4y M15. 15, 22.17. 71.88,
3.39., 2.22., 23.0513.21, VEEHREYE b5 HAEAE
BEXRNMERL, ZHENZWERLR, IF
H 40 B0 7 0 78 B 95 rh AL 45 200 B R
HEMYBRE K X REE AR B S i 45
il 68 77 B ik . B A S o LA AR 28 1] A9 15 B A TR
FEATEW o 7N 227 BRI D o I H o d K,
SrBIM13122.8, 1B 7N 2208 R B B fa 7 V5
I EE & Z, XTREE 05 R K (GR3),
24 XBEMEH

247 £0 35 v KRN K1 S5 o (8 349 2 40 S0 0 1
o, 4y 8.81F18.81(£3), Al HIKAF K H
K(K=K,), VLSO okt #E I v i) g i i 30
G BAL i 5w d5 K, L HR A7 48 i 8500 B

K, B ARSI T fh 55%  FAth £ 28 518 1 i (] A
HAE RIS W B K o Ky B9 B o B2 7S 22 7 R AR 12
i, SH7.91, N7 AR MR RER A AT 4
RO fe K, RIS 2277 F U B2 438 oo 4k F5 4l 2 3
58 JEE 5 S 118 68 o A 1] A ELAE T B8 R i i K

2.5 KPPZHE

KPP-1: k=1, v, F=0.163flk=1, v, "F=0.426
FIORTEKPP-111, BB R 1, Ko WHETE H AL
i 3 — PP R, EL SR ARV TP Ok B R
% (1 R 7 235 W 1 B R B e R, WZ W b Ry,
I R AR V% 0 B U M 0.163, FE B A 5 % A
0.426, RIS HI 5 f 2 HF I Hh AL it — Fh 0
H 25 9Z 0 Fh DRV rh s % iR v 0 RS M A7 B
W IR (R B e R, W)l kg A0 SO F- f1 . KPP-
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2: k=1, v, "R=0.826, FE/RIEKPP-2/f1, Y M H
AL e — A R, ELiZ Y R RE IS K15 A
e YU PR A0 A% 336 30 A 95 1 LA RRORE L D0 iZ ) A

T4 EMEELEZNKP-setsT k=1, 2, 3, 4, 5)
Tab.4 The KP-sets of the fish community (k=1, 2, 3, 4, 5)

in Laizhou Bay

wEEU RSN Vet S e Sy ok el
0.826, UL, ASONT AN kRS L Lo
RS AR ) A5 S L b A e AR T s v ey F 0446
2.6 AEHEHERDIT 4 v r f e F  0.565
5 v r f e h F 0.62
AWEGE LIS 75 2 W W o il F5 3 . e 0426
AN 7E A IR F A5 A T R R A R 4% 4 2 v ox "E 048
B, SEAKPPIESEIO TG, W MR oy w054l
HERD (R4). Wi IHE AR BRI 15 8 tovooror w0
IR , ARS8 0 45 455G T K endall oo oo e e
HOGHESHBT, B BRmeRasfre .
FHIE, JZWIANTE . SR 5 PR 53 2 R 200 4y 5 v o h R 0979
3R e B R LA . Kendall 5 ZAH A 43 45 4 v o h r "R 1
R WIREFES), D. BC., CC. IC, TI'. TTHKF 5 v o h r i ™ !
RS OFMIE24TE 2135 BB KendallF R HH X 14
Tab.S Kendall rank correlations between 13 indices among 24 fish species in Laizhou Bay
Doy Dy, BC cc Ic Hoy Hi, ol r K Ky K,
D 0.249 04317  0.8837 09227 09727 0.246 0360 09017  0.9707  0.7917 0.229 0.392"
Doy —0.428" 0235 0.310° 0.265  0.932" —0463"  0.173 0.227 0.130  0.954"  —0.430"
Dy, 0366 03527 0396 04147 09257 04757 04367 04627 04197 0942”7
BC 0.816"  0.844" 0211 0328  0.881" 08757 0766  0.194 0.368"
cc 0.934"  0.302° 0.298  0.793"  0.887"  0.6937  0.282 0.330°
ic 0.269 0326°  0.8367 09147 07217 0.234 0.350"
Hy -0.463"  0.165 0.217 0.108 0880 —0.431"
Hi, 0421" 0366  0.479" 0453  0.958"
r 0.907"  0.867" 0.175 0.460™
7 0.799™ 0.216 0.406™
K 0.141  0518™
Ky -0.421"
T EP<0.05ACT- (UM EMISE M B2 " HEP<0.0 1K TR AR Stk 2.3
Notes: *. Correlation is significant at the 0.05 level (2-tailed); *". Correlation is significant at the 0.01 level (2-tailed)
K
——BC
P 2 ) AR A 25 TE AR 5(P<0.01), Dy, Hin MK, P 4&[{’
W 2 [ B A 588 1 TG 36 R (P<0.01), Doy 1
Hg LK 9 218 1Y 2,35 1 56 G 3R (P<0.01), O
M Dy Hin MK I35 Doy Hou M Ky 22 4 12 35 171 \—%m
HISE X R (P<0.01)0 HIDLYE %2 K55 i T — —>,
B350 2y MA (K 3): a(D. CC. IC, 80 60 40 20 0

TIM TRV AT BdL, HER Y Fp 20 $h 4544
DL EAS B b(Dy,. Hy, MK)EME B A4, £
TR E AN S L ZREVE B RE ) R AT 4R
R 5 c(Doys HonMK)BIE B 2, Wi

S VA
w
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Fig. 3 Cluster analysis dendrogram based on Kendall

similarity between the 13 network indices in Laizhou Bay
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Keystone species of fish community in the Laizhou Bay

YANG Tao'?, SHAN Xiujuan’", JIN Xianshi’, CHEN Yunlong', WU Qiang'’, LIU Wenhui'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture;
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Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306;
3. Function Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266235,
4. Ocean and Fishery Bureau of Laoshan District of Qingdao City, Qingdao 266061)

Abstract: Keystone species play a decisive role in community structure and stability, and the key species study has
both important theoretical and practical significance for the entire ecosystem. In this paper, we tried to screen out
the fishery key species from the fish community in the Laizhou Bay based on the bottom trawl survey data in May,
2011. Firstly, we established a relationship network of the 24 fish species according to the predation relationships
among fish populations. Then 13 network important indices were calculated using the Ucinet 6 and CoSBiLab
Graph1.0 software. A hierarchical clustering was conducted to show the relationships between 13 network indices,
and 3 Key Player Problem parameters were calculated using keyplayerl.44 programme. The result showed these
13 indices can be divided into 4 different information groups: a (D, CC, IC, T. T’ and TT'), basic information group; b
(D, H;, and K;), input information group; ¢ (D,,,, H,,, and K}), output information group; d (BC and K), control
information group. The species were identified as the key species based on the information of 13 indices and 3 Key
Player Problem parameters. Liparis tanakae (D, D,,, BC, CC, IC, H,,, TI', TI, K, K,, F, "F and "F) and
Amblychaeturichthys hexanema (D, H,,, and K;) had the highest rank among the 24 study species, and closely
tied to others in the fish community, controlled the structure and energy flow of the community, indicating that
they were the key species in fish community in the Layzhou Bay. And L. tanakae was the key predator which
could control the density of the predators and other competitors in fish community while 4. hexanema was the key
prey which could restrict the density of other prey species by maintaining the density of the predator.

Key words: keystone species; food web; network analysis method; Laizhou Bay
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