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Fig. 1 Sampling stations in the fishery resource surveys
in Shandong offshore
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Tab.1 Species composition of fish community in Shandong offshore and indices of relative importance (IRI)
A ES 4 R

order species scientific name ER w5 R e =

full year  spring  summer autumn _ winter

#%H  Perciformes TR Pholis fangi 1796.1 2493.1  436.1 1919  734.6

AR b Apogon lineatus 631.8 79.8 485 18839 214.1

x RAF R Chaeturichthys stigmatias 513.6 326.4 26.6 587.9 156.4

H A i Scomber japonicus 350.8 0.0 7287 0.0 0.0

N 22 AT A Amblychaeturichthys hexanema 303.7 148.2 493 1047 671.1

NEE £ Larimichthys polyactis 300.2 243.6 50.2 103.1 94.9

H IRAR Zoarces gilli 221.1 232.5 25.0 82.0 814

1 i 1 Argyrosomus argentatus 145.4 2.4 85.6 30.3 0.2

HRAE Pampus argenteus 76.5 1.2 3.4 62.5 221

FL IR Callionymus valenciennei 54.3 55.5 21.6 25 405

=i Scomberomorrus niphonius 31.1 0.0 70.8 0.0 0.0

B R 4 f Johnius belangerii 22.4 8.9 1.8 163 216

AT 2 U 2 Acanthogobius ommaturus 20.5 0.1 0.0 11.8  146.0

21310 Repomucenus beniteguri 18.7 34 0.6 304 343

Ny Eupleurogrammus muticus 14.8 59 1.4 21.4 1.3

ThET Sphyraena pinguis 11.6 0.1 1.5 24.2 0.0

K Ammodytes personatus 8.5 72.2 0.2 0.1 0.6

A FCAT i Amoya pflaumi 5.4 1.0 0.1 09 862

€4 Sillago sihama 4.4 0.5 0.4 5.7 5.9

ity Trichiurus lepturus 32 0.0 2.6 1.0 0.0

15 [ 2 Decapterus maruadsi 3.1 0.0 0.1 13.5 0.0

KLU Myersina filifer 22 3.4 0.2 0.8 1.6

PRMEMEEE Collichthys niveatus 1.9 0.1 0.1 0.3 7.7

HRAERIFLIR T Ctenotrypauchen chinensis 1.5 1.4 0.0 4.9 0.0

= Pholis nebulosa L5 1.7 0.7 0.1 0.0

H A5 Chirolophis japonicus 1.4 1.3 0.5 0.0 0.7

NSRRI FLAT B £ Ctenotrypauchen microcephalus 1.3 3.5 0.0 1.2 1.1

ifZ H  Scorpaeniformes e L Liparis tanakae 3009.8 1673.1 4805 820.2 3769

/NIR SR fiE Chelidonichthys kumu 906.2 0.0 1480 10569 202.8

K/t Hexagrammos otakii 509.4 598.8  173.5 79.0 364

VF I firh Sebastes schlegelii 52.4 1.6 33 58.7 10.9

fiff Platycephalus indicus 22.7 1.4 1.3 21.4 12.8

AR S Hemitripterus villosus 34 3.8 0.9 0.2 1.7

- fly Erisphex potti 2.5 0.4 0.1 43 1.6

ey E fihy Sebastiscus marmoratus 1.6 0.5 0.0 0.2 15.8
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order species scientific name Excd HF e & =

full year spring summer autumn winter

)2 H  Clupeiformes it Engraulis japonicus 10111.5 2245  6894.0 380.2 54.2
piR=Xr0d Thryssa chefuensis 240.5 129.0 49.4 312.9 12.0

A Setipinna taty 156.1 246.2 7.1 9.4 398.3

B 5% Konosirus punctatus 54.8 5.8 54 36.6 77.1

Hig DT Sardinella zunasi 6.7 0.2 0.1 29.1 0.0

rp R fi Thryssa mystax 2.5 0.0 0.0 6.0 8.7

% H  Pleuronectiformes e IR il Cleisthenes herzensteini 130.4 55.7 20.0 56.5 48.8
R AT Cynoglossus joyneri 73.7 455 3.7 45.7 61.2

e o iy Paralichthys olivaceus 29.7 7.5 0.0 26.0 6.0

FAARM: Pleuronichthys cornutus 19.0 18.8 8.5 2.2 0.7

itk Platichthys bicoloratus 2.0 3.6 0.1 0.2 0.0

fif H  Lophiiformes B fricfe Lophius litulon 31131 1517.1 363.0 701.7 3094.1
i H  Gadiformes Kkt Gadus macrocephalus 471.3 779.8 114.9 87.4 25.4
figfifi H  Anguilliformes Y Conger myriaster 137.4 144.9 32.8 33.8 26.2
fii%fa H  Aulopiformes Kot i Saurida elongata 124.3 6.5 10.1 245.7 0.9
#W W H  Syngnathiformes R Syngnathus acus 100.3 11.1 13.0 82.0 530.0
fifijZ H  Tetraodontiformes 30 Ty T Thamnaconus modestus 22 0.6 0.5 1.8 0.0
@2/ H  Rajiformes FLtz Raja porosa 4.4 0.1 0.1 3.7 2.4

3 iR

3.1 AR

LR T 1 b Ak B R R X, 2
FEPE S, B ol A= 9 1) B B 5P 3 F R
Y, IR SO IR il i EEE A Y, B
WOl BE R PR S A R L, AR
Wk AR R L, BAEY R R -5 DL
FAFTE—EZES . ARG 53 Ff B2,
DIBE K MM G 2, A EF 2 B8 40.74%;
Hk B, (5ol 35.19%; Wik
HKedeb, ALY 24.07%, TAE 20 22 80 4FAL, %
MR DR IR R SR 2, 295 PR B
50.81%, BE/KFPUR 2P, #2830 IR S 7 i el A% mf
e 5 AMEAR . WBT S NIE B L, A,
PR A R FH B ) HL R () AT R L 2 5 ) 9 A 25 R Y
HEEHNEK,

LR 3T T i 2 9 1 40 4 ol 2 R P S
ZATEAR . ARBFGE R, a AR Ry I 3 M e R
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i, 52— bR RSHEEENGE,
FEA AR AR AT /N . S R A2 2
Vo U LR UM RN R K Y R RO 22 R
Koy WETE L 8 FE R 2RI BB A —
E . B L S I LR A, F 3L
BRBEAE T M A Y R AR O = 2™, K
B NMDS 4] 53 Ky [F]— 25 HE o ¢ FERHEHE v AR Bk
I, YRS AR AR, RIAMARAE K
X 2 P W IR 0 SRR UK T £ 28 4 AR
A M 2 1 L T AR BRI . 3X AT RB X R
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PRI T A0 2 20 1 R B AR A 1438 I 1
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WE S Sebasriscus marmRratus

C

BEEGIARIE & Acanthogobins ommaturis
P AR IR Amava pflawmi

PR Thryssa mystax
MG Collichthys niveaius
PEES Konosirus punctats
i Platvcephalus indicus
ACERITLER I Clenotrypauchen microcephalus
ity Evisphex porti
WL S Cyvnoglossus fovneri

Ul Repomucenus beniteguri 3 [RE) Zoarces gilli
MFF W Apogon lineatus

; EIREE Cleisthenes herzensieln
FRAFRE Chaerichthys stigmatias
ittt Fuplenragrammus muticus

BE Pampus argentens

L5 Raja porasa

FFEC Pl Sebastes schlegelii
KekiE8l Sanrida elongata

NFHIILFIR 1 Crenoirypauchen chinensis
HiFEE Decapterus maruadsi
T Sphyree
HW i T Sardinelia zunasi

& 2

E8RE Sillago sihama
W% 8F Lophius lirlon T ICE Callionymus valenciennei
HE ok & Johnius belangerii HEZW Pholis fangi
NI R R Amblychaetrichthys hexanema
B8 Conger myriaster

MEW T Liparis fanakae
WBFE Paralichthys olivaceusT 8% Platichthys bicolorgtus

AEREE L Chelidonichtings kum

Stress: 0.11

Eithil  Ammodvies personatus

WM Seripinna tary
AR Myersina filifer
FHE T Syngnathus acus b

(AL Hemitriprerus villosus
H #5210 Rhabdoblennius ellipse

=W Pholis nebulosa
¥t Larimichthys polyactis

Tk Gadus macrocephaius A8 Plevronichthys cormunus
Kilg Atk Hexagrammaos otakii

AR HEEE Thryssa chefiensis
GRS ES Thamnacomis modesius

i Engraulis japonicus

BhE Argyrosomus argentaius
WA S Scomberamarrus niphonis

Wil Trich 5 lephurus

il Trichiurus leptirus A

Scomber japonighs

WWARIEHE F F & MR NMDS 45 R

Fig.2 NMDS results of main fish species in Shandong offshore
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Fig. 3 Seasonal changes in mean catch weight and number per net of fish groups a, b and ¢ in Shandong offshore

The error line in the figure is SD value
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B, C kKX AR X 53 A% B K <30 m F1 > 30 m R 6L, (a) F3F,

b EZE, o) K=E, d)%ZFE

Fig. 4 NMDS analyses of the fisheries community in Shandong coastal waters

Shallow water and deep water in Zone B & C correspond to stations with water depths <30 m and > 30 m, (a) spring, (b) summer, (c) autumn, (d) winter
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Tab. 2 Typical species within station groups/discriminating species between spatial groups and
their contribution percentage for fish assemblage in Shandong offshore %
B4 i AL groups
season species Zone A Zone B & C Zone A & Zone B & C
%2 spring HWZL &) Cynoglossus joyneri 242 9.25
TRELMEEE  Thryssa chefuensis 20.41 8.71
I RMRFEf  Chaeturichthys stigmatias 13.8 6.45
TR Lophius litulon 32.52 11.84
F R Pholis fangi 7.24 17.86 5.78
MBUN¥ 1 Liparis  tanakae 13.96 6.34
578 summer MW T Cynoglossus joyneri 22.86 5.85
BEER  Konosirus punctatus 18.31 6.60
T RMRFEf  Chaeturichthys stigmatias 16.12 1.49 5.54
HAEE  Scomber japonicus 14.99 6.85
fit  Engraulis japonicus 14.8 6.88
MY Liparis tanakae 13.89 6.48
#*Z  autumn IREMEE  Thryssa chefuensis 18.87 5.93
INIREEEE S Chelidonichthys kumu 25.36 8.36
Kl  Saurida elongata 16.29 6.96
&7 winter BERRFNURFE . Acanthogobius ommaturus 77.13 23.19
MW T Cynoglossus joyneri 20.62 8.38
TR Lophius litulon 50.76 16.80

e R PAAUE STIR A R 57 05 SO A AR ] PRIMER 5 BPFREAT 113, AR IZ AR Z I H iR AR T13%,  $Rsih

Notes: similarity and dissimilarity contribution percentage in the table were calculated by software PRIMER 5. Null value indicates that the contribution

percentage of the species in the project was less than 13%, so it was not listed

S5 R AF A BN 2 0 23 () S TP 7 A sk R B
G RN, — 7 T TR L 2R T i AR B b B PR 05
MRS R IR 28 AH K5 o5 — J7 L [R) A Vg e B
PR RO S, | T A AR O SRR AR O, B
i1 T P 45 A0 T8 A [ ¥ DA ) 22745 19 93 A K 3L
H—E B S e o PR, O L AR G A A 3
GEUE B, LB RS A [A] 14 v DX S A [ B
S, AT S A B 1 S5 30X i b B 9 R
AR, oA R T el B DR I S (A A A dls

2 %E 3k (References):

[1]

ARG ST L RIEEZ B A BRI A S
PR [M]. Ab5T PR H AL, 2010.
Shandong Provincial Oceanic and Fishery Department.

Investigation and evaluation of economic resources in

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

[2]

Shandong costal waters[M]. Beijing: China Ocean Press,
2010 (in Chinese).

s, BHA, DR, A i IR LS
Fo 5P (M. ALt R B AL, 2006.

Jin X S, Cheng J S, Qiu S'Y, et al. Integrated research
and evaluation on fisheries resources in Yellow Sea and
Bohai Sea[M]. Beijing: China Ocean Press, 2006 (in
Chinese).

XIEE, 77 HIGERA R X RRHE & 7 AR (1]
WL RENE, 2011, 19(6): 764-769.

Liu J, Ning P. Species composition and faunal character-
istics of fishes in the Yellow Sea[J]. Biodiversity Sci-
ence, 2011, 19(6): 764-769(in Chinese).

KA, BFE, R, & IR In i A &R i R ZR 40
T 45 M B A ) AR AR D], R AR A A A, 2018,

https://www.china-fishery.cn


https://www.china-fishery.cn

560

Ko AR

45 %

[6]

[81]

[10]

29(1): 285-292.

Wo J, Mou X X, Xu B D, ef al. Interannual changes in
fish community structure in the northern part of the
coastal waters of Jiangsu Province, China in Spring[J].
Chinese Journal of Applied Ecology, 2018, 29(1): 285-
292(in Chinese).

RFFEE, AU, T, S R B 2R R B R
T 8 G YR R I A L SBR[ T A SR R [T].
KPR, 2019, 43(8): 1759-1767.

Mou X X, Li M K, Yin J, et al. Relationship between
spatio-temporal distribution of Conger myriaster and the
environment factors in the southeast waters of Shandong
Peninsula[J]. Journal of Fisheries of China, 2019, 43(8):
1759-1767(in Chinese).

ZRE R, IR, B, S, LU AR P A I 1 AT ol ¢ )
Sy A REAE e B2 AT AR AR []. K P= 22 3], 2019, 43(8):
1749-1758.

Li MK, Xu B D, Xue Y, et al. Spatial distribution char-
acteristics and seasonal variation of Oratosquilla ora-
toria in the southern coastal waters of Shandong
Province[J]. Journal of Fisheries of China, 2019, 43(8):
1749-1758(in Chinese).

sS4, U7 BE R, LR B e LA
RIY AN BN 2 RV B R G MRHE (D], b ¥ R
22472017, 47(S1): 58-66.

Zhang M S, Qu F Y, Sui J X, et al. Diversity and com-
munity structure of macrobenthos in southern coast of
Shandong Peninsula in Winter[J]. Periodical of Ocean
University of China, 2017, 47(S1): 58-66(in Chinese).
BV, IRF M, TRIZR, A8 LR B e AL R VA
b B R VR S5 M R ZE AT ARG [T]. o R R A AR,
2011, 41(1-2): 41-50.

Li T, Zhang X M, Zhang P D, et al. Seasonal variation
on community structure of fishery resources in the
coastal waters of southern Shandong Peninsular[J]. Peri-
odical of Ocean University of China, 2011, 41(1-2): 41-
50(in Chinese).

I, B, BRI, S5 MR BRI TR S T S5
WEFC[I]. dEEEslk, 2019, 41(2): 179-187.

Gao X, Li F, Lii Z B, et al. Study of nekton community
structure in the offshore of Yantai and Weihai[J]. Mar-
ine Fisheries, 2019, 41(2): 179-187(in Chinese).

Vs, B0, 4 RAL, 5. SIS M TV Y oc i
. K= 224K, 2016, 40(10): 1613-1623.

https://www.china-fishery.cn

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

Yang T, Shan X J, Jin X S, et al. Keystone species of
fish community in the Laizhou Bay[J]. Journal of Fisher-
ies of China, 2016, 40(10): 1613-1623(in Chinese).

] 5 B AR Wi B R . GBY/T 12763-2007 37 178 25 41
3 [S]. Akt AR EARAE H ARFE, 2008.

State Bureau of Quality Technical Supervision. GB/T
12763-2007 The specification for oceanographic
survey[S]. Beijing: China Standards Press, 2008 (in
Chinese).

Pinkas L, Oliphant M S, Iverson I L K. Food habits of
albacore, bluefin tuna and bonito in California waters[J].
Fish Bulletin, 1970, 52: 5-10.

FERE, B TR, TRk A, S, 1980—20074F K I fi
KPP Z L. X RFER B =R G]. B AR
%, 2010, 21(9): 2403-2410.

Wang X H, Du F Y, Qiu Y S, et al. Variations of fish
species diversity, faunal assemblage, and abundances in
Daya Bay in 1980-2007[J]. Chinese Journal of Applied
Ecology, 2010, 21(9): 2403-2410(in Chinese).

XI5 L BN AL S AP B (M. Jb o BlaE
itt, 1992.

Liu R Y. Ecology and living resources of the Jiaozhou
Bay[M]. Beijing: Science Press, 1992 (in Chinese).
2, G, TR, A LRI 0 SRR 4y R 2 R
[J]. LR, 2015, 35(7): 2322-2330.

Li F, Zhou X, Zhang L, et al. Taxonomic diversity of
fish assemblages in coastal waters off Shandong[J]. Acta
Ecologica Sinica, 2015, 35(7): 2322-2330(in Chinese).

Tk TR, B AR SR, L AR 0 v SR DR W5 A 7 0],
B R (H AR5 TR, 2019, 32(1): 61-67,
102.

Zhang Y Q, Qiu S Y. A preliminary study on current
situation of fishery resources in Shandong Offshore[J].
Journal of Yantai University (Natural Science and
Engineering Edition), 2019, 32(1): 61-67, 102(in
Chinese).

Clarke K R, Warwick R M. Change in Marine Com-
munities: an approach to statistical analysis and inter-
pretation[M]. Plymouth, UK: Primer-E Ltd., 2001: 689-
692.

Kruskal J B. Nonmetric multidimensional scaling: a
numerical method[J]. Psychometrika, 1964, 29(2): 115-
129.

Khalaf M A, Kochzius M. Changes in trophic com-

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1007/BF02289694
http://dx.doi.org/10.1007/BF02289694
http://dx.doi.org/10.1007/BF02289694
http://dx.doi.org/10.1007/BF02289694
https://www.china-fishery.cn

4 14 BRI, SF R AR AN A 2 A S5 B0 e 4R AR AL 561
munity structure of shore fishes at an industrial site in Chinese).
the Gulf of Aqaba, Red Sea[J]. Marine Ecology Pro- [27]  Yemane D, Field J G, Leslie R W. Exploring the effects
gress Series, 2002, 239(1): 287-299. of fishing on fish assemblages using Abundance Bio-
[20] Clarke K R. Non-parametric multivariate analyses of mass Comparison (ABC) curves[J]. ICES Journal of
changes in community structure[J]. Australian Journal of Marine Science, 2005, 62(3): 374-379.
Ecology, 1993, 18(1): 117-143. [28] Warwick R M. A new method for detecting pollution
211 R, i R KSR S AR (M) T effects on marine macrobenthic communities[J]. Marine
e A R R A A, 2004. Biology, 1986, 92(4): 557-562.
Cheng J S. Ecological environment and community in 291 5Kk, EET, & R4 EEBEESRE S E REREY
the offshore waters of the Yellow and Bohai Seas[M]. FEVE DhRe I S L A2 BERR 38 [0]. AR 224, 2009, 29(3):
Qingdao: Ocean University of China Press, 2004 (in 1099-1111.
Chinese). Zhang B, Tang Q S, Jin X S. Functional groups of com-
[22]  ZRFEME, BG4 R0L, ZE 3. ENES KT K munities and their major species at high trophic level in
W Bk VR 25 R i S A% R S R A T[], B R AR, the Yellow Sea ecosystem[J]. Acta Ecologica Sinica,
1994, 40(3): 241-252. 2009, 29(3): 1099-1111(in Chinese).
Zhu X H, Wu H Z, Xu F S, et al. The heterogeneity of 301 T, B, JENS, & il B s T M
spatiotemporal patterns of nekton community structure LHHE S RHE AR BRAR AL D). bRk fE, 2014,
in the coastal waters of Yellow Sea and Bohai Sea[J]. 35(3): 1-8.
Acta  Zoologica Sinica, 1994, 40(3): 241-252(in Shan X J, Chen Y L, Zhou Z P, et al. Inter-annual vari-
Chinese). ations in propagational biological characteristics of
23]  4EIE, TR, b, & iR AN SO mETER Liparis tanakae in central and southern Yellow Sea[J].
I FEAEZRE, 2013, 32(1): 114-121. Progress in Fishery Sciences, 2014, 35(3): 1-8(in
Niu M X, Wang J, Yuan W, et al. Seasonal dissimilarity Chinese).
of Engraulis japonicus spatiotemporal distribution in (B1]  BE%, &AL, SR, 45, B0 PN B B ALK
Yellow Sea[J]. Chinese Journal of Ecology, 2013, 32(1): AT Fr o 1 10 =45 AR A 0], o DK S RS, 2004,
114-121(in Chinese). 11(3): 237-243.
[24] Bk, Bk, & BAL, % EE A A kRS E I ST Xue Y, Jin X S, Zhang B, et al. Diet composition and
[T]. KPR AT, 2004, 25(6): 7-12. seasonal variation in feeding habits of small yellow
Zhang H, Zhang B, Jin X S, et al. Seasonal variations in croaker Pseudosciaena polyactis Bleeker in the central
energy content of anchovy (Engraulis japonicus) in the Yellow Sea[J]. Journal of Fishery Sciences of China,
Yellow Sea[J]. Marine Fisheries Research, 2004, 25(6): 2004, 11(3): 237-243(in Chinese).
7-12(in Chinese). [32] Akl Hoe H . AR DX A R JRCIR O 1 ) 25 4R
[25]  BROKRIL. ol 75 (M), bt b AR AR, BT #2004, 26(3): 179-183.
1997. Lin L S, Zheng Y J. Preliminary research on stock of
Chen D G. Fishery resources biology[M]. Beijing: China Lophius litulon in the East China Sea region[J]. Marine
Agriculture Press, 1997 (in Chinese). Fisheries, 2004, 26(3): 179-183(in Chinese).
[26] i Al, XOEME. SN Y BHR RS SE A A £ [33]  kEEf, RESKUE, VoA, 55, BT 0 S M AR

FETERIAEALLT]. 2B 2 RETE, 2000, 8(1): 65-72.
Jin X S, Deng J Y. Variations in community structure of
fishery resources and biodiversity in the Laizhou Bay,

Shandong[J]. Chinese Biodiversity, 2000, 8(1): 65-72(in

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

B[] AR, 2010, 30(12): 3117-3125.

Zhang X J, Cheng J H, Shen W, ef al. Feeding ecology
of Lophius litulon in the south of Yellow Sea[J]. Acta
Ecologica Sinica, 2010, 30(12): 3117-3125(in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:0001-7302.1994.03.001
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.3321/j.issn:1005-0094.2000.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1016/j.icesjms.2005.01.009
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.1007/BF00392515
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.3321/j.issn:1000-0933.2009.03.006
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.11758/yykxjz.20140301
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3321/j.issn:1005-8737.2004.03.011
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
http://dx.doi.org/10.3969/j.issn.1004-2490.2004.03.004
https://www.china-fishery.cn

562 KopE o R 45 4

Annual variation of species composition and spatial structure of
fish community in Shandong offshore

LI Xuetong ¥,  WANG Kun '?, XU Binduo ’, XUE Ying "?, REN Yiping "*’,  ZHANG Chongliang "**

(1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology, Qingdao 266237, China)

Abstract: The coastal waters of Shandong have rich fisheries resources but have suffered from pressures includ-
ing overfishing. In order to comprehensively understand the composition and structure of the fish community in
Shandong coastal waters and to provide a scientific basis for the conservation of fishery resources, a fishery
resources survey was conducted in Shandong coastal waters from 2016 to 2017 using bottom trawl in four seasons.
A range of multivariate statistical methods including non-metric multi-dimensional scaling (NMDS) and ANOSIM
were used to analyze the species composition and spatial heterogeneity of the community structure. The results
showed that a total of 134 species were caught in this survey, of which 53 species had Index of relative importance
IRI = 1. NMDS analysis showed that the 53 species could be divided into three groups, a, b, c. Among them,
Group a was characterized by the large biomass in summer and Group ¢ in autumn. Group b was characterized by
the relatively small changes of biomass throughout the year and the obvious dominance in spring and winter.
Regarding the spatial structure of fish community, NMDS and ANOSIM showed that the fish community struc-
ture in Laizhou Bay (Zone A) was significantly different from that in the northern and southern adjacent waters
(Zones B and C) of the Shandong Peninsula, and the differences persisted in all seasons. SIMPER showed that the
species that caused the spatial heterogeneity of community structure between Zone A and Zone B & C were Cyno-
glossus joyneri and Lophius litulon in spring; Engraulis japonicus in summer; Chelidonichthys kumu in autumn;

Acanthogobius ommaturus and L. litulon in winter.
Key words: fish; community structure; spatial heterogeneity; Shandong offshore
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