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Fig. 1 Bottom trawl survey areas of fishery resources in the Haizhou Bay
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Fig. 2 Cluster analysis dendrogram and MDS plot of temporal changes of fish community structure in

Haizhou Bay and its adjacent waters
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Fig. 3 Spatial structure of fish assemblage in Haizhou Bay and its adjacent waters in spring
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Fig. 4 Spatial structure of fish assemblage in Haizhou Bay and its adjacent waters in autumn
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Fig.5 MDS plots of fish assemblage in Haizhou Bay and its adjacent waters in spring

(a) all species; (b) response unit 1 (14 species, p=0.950); (c) response unit 2 (30 species, p=0.703)
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Fig. 6 MDS plots of fish assemblage in Haizhou Bay and its adjacent waters in autumn

(a) all species; (b) response unit 1 (12 species, p=0.950); (c) response unit 2 (32 species, p=0.836)

5—6 HIFRIE L, ERELILM, 7—8H &
B IR G R, 1THATRS, E1R2A%S
WK, MR KAEKEC L TS, X
T M VS Y Sl U R S W A /0N, AV SRR 2R OK IR
B, B ARk = U Y 100 i R 5 5k R Ay
FRANEN S PRS- F  1 SA Afe [] Fof e 2 26 ) 1 4
B, BT R A8, N
R 2 B AR R MR B S . E— 20T R B, Xk
S AYFR 53 B[] R T A BE 4 A e e B
T MR 2E o BRI, i M £ 2SR 4 [H) 4
) 1) 22 5 S 2 /D BRI B i A1 78 A B

MiEfREtE s 52K RE—
B, A YN e, BEEIRPUAN T T
PR g, (2 EY Mt E 56k T
B IEHN Y FhOT A FFRRE N Y8R 25 A T4y
BEYMATREEE EH T ERRN TR DG
— R K Y fs, WA T DU B B R 5] R
), B IRYN B FhRRE A R — o 1 7 R
HA, JERETE R HCHT T PR 4 4 A X AR e
A JE PR, AR 5T AT T SRR I 2509 TU AR
B, HEFREWIURA R Tt — 505

AW S . KRR RV A5
TURBEAR, FAFTE 1AW 2 p>0.95 1) i i BT,
2 W] pe e 10 2 BE VR 45 P R AR 1Y AT RR 4 A 2R 8
o Y EEREZHAN, FELSHSKERK
Ak, BEE S ATRE o A RN SN [F] A P
I EE A TR FE K BA — A8k, % K
YA Bl ) BE TR S TUAR B K P, FETE
A~S5ANW N BTG , 1T IR A VR TR K
W3 B, HA D EOR 28R B e AR T
B 4n, Morlaix ¥ ¥ K R 2h P BE 95 HHAFAE S

http://www.scxuebao.cn

Wi W ¥ JG ;3 Northumberland?hf 5= AU I A 3l 4 B
VEAEAE3~44 1 of BATEPY,  Adriatic Seals W14 B Hb
KA S P eI AEAE 2D N 50T, TUARE
IR, 1985—20024F & = g B it 0 JEHE VK 45 14
TOREER2, EFHE TABESE 2R 5 454400
KRB, ATUREAKTFEAR", BRI ITTRE
TKOF R, R A AL Ak, O R AR 2 XT
T v 25 ] %5 0% A1) HH 4B B 1) T B AR I AR SR
G, GEFGIUA BE 1G0T LA G 98 R U A
ordeae i Bl Wk, TE Y R A O
e, N B R N R A A s KT AT i BT R Y
A AR B

SEH:

[1] Odum E P. Basic Ecology[M]. Philadelphia: Saunders
College Publishing, 1983.

[2] StIR BURAEZEM M. dbat: Bl2E AR, 1990.
Ma S J. Perspective of Modern Ecology[M]. Beijing:
Science Press, 1990 (in Chinese).

[3]1 FMEk. FEASHM]. b0 @R E LA, 1993.
Sun R Y. General Ecology[M]. Beijing: Higher Educa-
tion Press, 1993 (in Chinese).

[4] &R#, SR ESREREETTI[]. LEFMR,
1991, 11(4): 361-366.

Yue T X, Ma S J. Ecosystem stability and its analysing
model[J]. Acta Ecologica Sinica, 1991, 11(4): 361-
366(in Chinese).

[51 ZE . EYBEIERRE M — Pl € 7 ik [I]. o 5
i, 1991(2): 78-80.

LiY Z. A method and its application of determining

plant community stability[J]. Grassland of China,


http://www.scxuebao.cn

78

P, AR TN I R AT AT A R i ST K A R TR 1047

[10]

[11]

[12]

[13]

[14]

[15]

1991(2): 78-80(in Chinese).

HICIE. FRARBEVE AL E MR S NEYIR[T]. MRk,
2000, 36(5): 28-32.

Zheng Y R. Comparison of methods for studying stabil-
ity of forest community[J]. Scientia Silvae Sinicae, 2000,
36(5): 28-32(in Chinese).

LW, REL, EF%2, & TR DEARX F 8K
ARBETE HR& 5 M M 0], PE AL AE S 3], 2007, 27(5):
1000-1007.

AnLJ, Zhu Z H, Wang X A, et al. Stability analysis of
major communities in Malan forest region of Ziwuling
mountain[J]. Acta Botanica Boreali-Occidentalia Sinica,
2007, 27(5): 1000-1007(in Chinese).

Clarke K R. Non-parametric multivariate analyses of
changes in community structure[J]. Australian Ecology,
1993, 18(1): 117-143.

Clarke K R, Warwick R M. Quantifying structural re-
dundancy in ecological communities[J]. Oecologia,
1998, 113(2): 278-289.

Hughes T P. Catastrophes, phase shifts, and large-scale
degradation of a Caribbean coral reef[J]. Science, 1994,
265(5178): 1547-1551.

Jennings S, Kaiser M J. The effects of fishing on marine
ecosystems[J]. Advances in Marine Biology, 1998, 34:
201-212, 212e, 213-352.

Naeem S. Species redundancy and ecosystem reliability[J].
Conservation Biology, 1998, 12(1): 39-45.

TRERE. S R TRR AR LT AR A
FHE[D]. 7 & o B K5, 2004,

Xu B D. Variation in fish community structure and bio-
logical aspects of some important species in the Yellow
Sea[D]. Qingdao: Ocean University of China, 2004 (in
Chinese)

FEAM, RI6R. 2 XUHE S AR R RS R AR )
FEA[T]. =R EWR(E AR FR), 1992, 14(2):
95-107.

Dang C L, Wu Z L. Studies on the biomass for Castan-
opsis echidnocarpa community of monsoon evergreen
broad-leaved forest[J]. Journal of Yunan University,
1992, 14(2): 95-107(in Chinese).

LA, RIEF. STILH BRI A ETRA]. Zr K
2R (EAREBLFAR), 1994, 16(3): 195-199.

Dang C L, Wu Z L. Studies on the biomass of Castano-

spsis orthacantha community[J]. Journal of Yunan Uni-

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

versity (Natural Sciences), 1994, 16(3): 195-199(in
Chinese).

BRI, 38 i vt b A 2 5 (M. BT IV H R,
1991.

Chen D G. Fishery Ecology of Yellow and Bohai
Seas[M]. Beijing: China Ocean Press, 1991 (in Chinese)
WA, KR, R, S S N L R R
BB LL[T]. /K23, 2006, 30(4): 475-480.
Zhang S'Y, Zhang H J, Jiao J P, et al. Change of ecolo-
gical environment of artificial reef waters in Haizhou
Bay[J]. Journal of Fisheries of China, 2006, 30(4): 475-
480(in Chinese).

FOCHE, B, mNR, S5 B E S I M),
JEat: A ARAL, 1993.

Wang W H, Xia D X, Gao X C, et al. Chinese Bay-
IV[M]. Beijing: China Ocean Press, 1993 (in Chinese).
EAEUE PN TR AR ) R A XA B R A T PR
[D]. FA: M A IME R, 2011,

Wang Z F. Research on ecological recovery suitability
assessment for Haizhou Bay special marine reserves[D].
Nanjing: Nanjing Normal University, 2011 (in Chinese).
SREE. N T A SRR R B L SRR T
KZ[D]. F &: HEEFEKREE, 2014,

Su W. Fish community diversity in Haizhou Bay and its
relationship with environment factors[D]. Qingdao:
Ocean University of China, 2014 (in Chinese).

AN N T B AT A R S T U 4 M O I R AR AL
[D]. H &: HEWEFEKRE, 2013.

Wang X L. Temporal and spatial variations of the fish
community structure in Haizhou Bay and adjacent wa-
ters[D]. Qingdao: Ocean University of China, 2013 (in
Chinese).

Fdh. FET 0RO/ bR I b B R AR AR
LKD) 5 &t E RS, 2016.

Wang J. Optimization of sampling effort for a fishery-in-
dependent survey with the objective measuring size-
based indicators of fish assemblage[D]. Qingdao: Ocean
University of China, 2016 (in Chinese).

VTR, TRO, AT, 5. I N L A A i I A 2R
VR BLTCE MEB) WD HE T8 LR T R R AT ], gt
KA, 2010, 19(4): 505-513.

Sun X W, Zhang S, Zhao Y Q, et a/. Community struc-
ture of fish and macroinvertebrates in the artificial reef

sea area of Haizhou Bay[J]. Journal of Shanghai Ocean

http://www.scxuebao.cn


http://dx.doi.org/10.11707/j.1001-7488.20000513
http://dx.doi.org/10.11707/j.1001-7488.20000513
http://dx.doi.org/10.1111/aec.1993.18.issue-1
http://dx.doi.org/10.1007/s004420050379
http://dx.doi.org/10.1126/science.265.5178.1547
http://dx.doi.org/10.1016/S0065-2881(08)60212-6
http://dx.doi.org/10.1046/j.1523-1739.1998.96379.x
http://dx.doi.org/10.11707/j.1001-7488.20000513
http://dx.doi.org/10.11707/j.1001-7488.20000513
http://dx.doi.org/10.1111/aec.1993.18.issue-1
http://dx.doi.org/10.1007/s004420050379
http://dx.doi.org/10.1126/science.265.5178.1547
http://dx.doi.org/10.1016/S0065-2881(08)60212-6
http://dx.doi.org/10.1046/j.1523-1739.1998.96379.x
http://www.scxuebao.cn

1048

Ko AR

0 E

[24]

(23]

[26]

[27]

(28]

[29]

University, 2010, 19(4): 505-513(in Chinese).

JE WA, VORI, 2 e NV B AT v M R R
AT KPR, 2011, 30(6): 335-341.

Tang F H, Shen X Q, Wang Y L. Dynamics of fisheries
resources near Haizhou Bay waters[J]. Fisheries Science,
2011, 30(6): 335-341(in Chinese).

Xu B D, Zhang C L, Xue Y, et al. Optimization of
sampling effort for a fishery-independent survey with
multiple goals[J]. Environmental Monitoring and As-
sessment, 2015, 187(5): 252.

Clarke K R, Ainsworth M. A method of linking mul-
tivariate community structure to environmental vari-
ables[J]. Marine Ecology Progress Series, 1993, 92: 205-
219.

Clarke K R, Warwick R M. Changes in Marine Com-
munities: An Approach to Statistical Analysis and Inter-
pretation[M]. 2nd ed. Plymouth: Primer-E Ltd., 2001.
MRS, SEIGIGIR IR 5 X K SRR [T MR,
1989(6): 7-15.

Lin M H. The submarine geomorphological zones and
geomorphological types in the Huanghai Sea[J]. Marine
Sciences, 1989(6): 7-15(in Chinese).

Tk, SRER, AHIR, 5. B K A A AR K
ALK B3 RIS HT[I]. dFE243R, 2006, 28(5): 26-
34.

YuF, Zhang Z X, Diao X Y, et al. Analysis of evolution
of the Huanghai Sea Cold Water Mass and its relation-
ship with adjacent water masses[J]. Acta Oceanologica

Sinica, 2006, 28(5): 26-34(in Chinese).

http://www.scxuebao.cn

[30]

[31]

[32]

[33]

[34]

[35]

R M. b BEYE A2 M. At o RO Y R,
1997.

Chen D G. Fishery Resources Biology[M]. Beijing:
China Agriculture Press, 1997 (in Chinese).

FROCHI, GRS, ch R g 2R M. 3 5 v R
SE AL, 2016.

Chen D G, Zhang M Z. Marine Fishes of China[M].
Qingdao: Ocean University of China Press, 2016 (in
Chinese).

5t 55, ARDURR. {LIF R M]. dbat: AR B A,
2006.

Ni Y, Wu H L. Ichthyography of Jiangsu Province[M].
Beijing: China Agriculture Press, 2006 (in Chinese).
A, A, R, &L I RIER SR R 0 i
77 IRz U BT UR A R AT B[], K R
2015, 22(4): 812-819.

Li M, Li Z G, Xu B D, et al. Effects of spatiotemporal
and environmental factors on the distribution and abund-
ance of Pholis fangi in Haizhou Bay using a generalized
additive model[J]. Journal of Fishery Sciences of China,
2015, 22(4): 812-819(in Chinese).

SEAM, E R LS RARTTAR 58 FRE T,
AZSARE, 1997, 16(4): 39-46.

Dang C L, Huang R F. Redundancy in ecosystems and
the model for trophic structure[J]. Chinese Journal of
Ecology, 1997, 16(4): 39-46(in Chinese).

Mistri M, Fano E A, Rossi R. Redundancy of mac-
robenthos from lagoonal habitats in the Adriatic Sea[J].

Marine Ecology Progress Series, 2001, 215: 289-296.


http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.3354/meps092205
http://dx.doi.org/10.3354/meps215289
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.3354/meps092205
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.1007/s10661-015-4483-9
http://dx.doi.org/10.3354/meps092205
http://dx.doi.org/10.3354/meps215289
http://dx.doi.org/10.3354/meps215289
http://www.scxuebao.cn

73 v, A MM KRR R A R VE S A TUAR 1049

¥

Structural redundancy of fish assemblage in Haizhou Bay and
its adjacent waters

ZHANGRui', XUEYing', ZHANG Chongliang', REN Yiping'?, XU Binduo "
(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;

2. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 2662377, China)

Abstract: Human activities including overfishing, environmental pollution and climate change affect the dynam-
ics and stability of marine fish communities. In order to deeply explore the community structure and its change of
fish assemblage, multivariate statistical analysis and structural redundancy analysis were used to examine the spa-
tial structure and structural redundancy of fish community based on the data from the bottom trawl surveys in
spring and autumn in 2011, 2013-2016 in the Haizhou Bay and its adjacent waters. The results showed that the fish
assemblage could be divided into two fish communities, i.e. the northern community and the southern community
in spring and autumn in the waters. Typifying species were composed of Enedrias fangi, Liparis tanakae, Lophius
litulon and Hexagrammos otakii for the northern community and Larimichthys polyactis, Cynoglossus joyneri, E.
fangi and Conger myriaster for the southern community in spring. Typifying species included Chelidonichthys
spinosus, Saurida elongate and C. myriaster for the northern communities, and comprised C. joyneri, Collichthys
lucidus, Miichthys miiuy, Chaeturichthys stigmatias, L. polyactis and Johnius belangerii in the southern com-
munity in autumn. There was one response unit for the fish assemblages in spring and autumn, and the structural
redundancy of fish community was low. The composite species in the response unit was similar to the typifying
species in the northern and southern fish communities, indicating that the spatial patterns of fish community in
spring and autumn in the Haizhou Bay were determined by a few species. The number of substitute species was

few, and the stability of fish community was low in the Haizhou Bay and its adjacent waters.
Key words: fish community; structural redundancy; typifying species; response unit; Haizhou Bay
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