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Tab.1 Nekton fauna in the Laizhou Bay in 2010 and 2011

H FHEL JE %L Mgk

#EJ¥ H Clupeiformes 2 5 6
32 H Salmoniformes 2 3 3
fiffi 12 H Mugiliformes 1 2 2
Jf H Gasterosteiformes 1 2 2
i H Scorpaeniformes 5 5 5
%% H Perciformes 13 25 28
#9% H Pleuronectiformes 3 4 5
i}z H Tetraodontiformes 2 3 4
M & H Stomatopoda 1 1
+ £ H Decapoda 14 21 24
#JE H Teuthoidea 1 1 2
5% H Sepioidea 1 1
J\#i H Octopoda 1 1 2
A1 13 H 13 orders 47 74 85

22 AMBRARNEN T

2011 AF 8 25 I A XF A= 9 1 (52.3 keg/h) i T
2010 4:(41.3 kg/h), {HAF[A] 22 5 A8 W3 (1 = —1.186,
P>0.05), AT 22050k, MRAGHEZEY 2 4F
FEHET R, KT EYBRHETFNERES>TES> L
FE>HZ, EYWEWEHZET 255 8% (ANOVA, P<
0.001), H AW SR HAL 3 AR 2R
¥, BEEAFEYREFALE, 201045/
Y&, XFXEFALE, W 2011 SEKESH, &F
2SN KB, MRS AR RE2, . 2.
KA R A () 25 3 R B 2, (UK A7 B

%E‘(@ 23)0

IS EA SN\ N I\ S\ N
SOMIPSS PSR N N S
WEEH

B2 SN DK S AR RS A M (ke/h) B I (L. (PR E IR 22)
Fig.2 Means (+S.E.) of relative biomass (kg/h) of nekton community in the Laizhou Bay
TE:ar AHXS A (kg/h); b A 43 LU (%); AHIRD/NG SRR SR AL 30 H) 22 572 K W3 (P>0.05)
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Fig. 3 Spatial distribution of relative biomass of nekton community in the Laizhou Bay
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Fig. 4 Group average clustering (a) NMDS ordination (b) and spatial distribution (c) of sampling stations in Laizhou Bay
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&2 RMZIAEMMAEZER

Tab.2 Numbers of species, biomass, and Shannon- Wiener index of different groups of nekton community in Laizhou Bay

4H I 11 111 v
K /m 6.1+0.5 11.5+0.4° 6.4+0.8° 8.5+0.5°
MREE/C 17.99+1.47° 17.46+0.86° 16.80+1.44° 17.48+1.09°
R 28.725+0.430° 29.512+0.206° 29.079+0.404° 29.000+0.258°
THLA/(mg- L™ 0.37£0.04" 0.34+0.02° 0.36+0.03% 0.38+0.02°
ML/ (ng' L™ 7.10£1.79* 6.29+0.97* 5.65+1.46° 6.39+1.10°
H4EE a/(ugL™) 1.83+0.11° 1.5040.08" 1.77+0.15% 1.62+0.09%°
TEUFHI F /(< 10* cell-m ™) 3.71+0.36° 3.92+0.20% 4.61£0.28° 4.50+0.25°
TR Eh YR W i (mgrm ) 4.38+0.48" 4.92+0.21° 5.09+0.28° 5.21+0.23°
JEEMG S i/ (grm ) 27.44+13.67° 13.03+2.61° 7.85+1.26° 12.26+2.44°
Wik shi AP/ (kgh ) 28.75+7.68° 34.33+5.22° 56.11+12.11% 67.43+11.1°
ek 2 ) 2 FE 48 21 1.6620.09° 1.74+0.05° 1.66+0.08° 1.68+0.06°

e F—ATIE, MRF I ERARE, AR E5 B3 (P<0.05)

R3 RMITHEKEYRE AR FHEMES R
Tab.3 ANOSIM of nekton community in Laizhou Bay

2 [a] AR H T (R) BEKF(P)Y%
I, 04 0.151 0.3
I. 4 0.185 0.2
I. V4 0.272 0.1
I, 1044 0.101 1.6
I, IV4 0.057 0.5
I, 1v 4 0.050 9.4

BAY R AT RARKE, b HAEREZ
AEIAH 2 tkm®, HAZEWH/NT 1 vkm’, FEAY)
BRI E, 0.2 tkm? a4 . FHOCHFSE 0,

Wi BEZE MY R 1959 4EfY 186 kg/h FEF| T
2010 4FAIAE 1 kg/h® HFRRIDIRAE, 155
B LT- A MR AE S M TS A 7= o SEMTE Rk shi 2k
Vit [ 1959 2 1998 4F[H] Y 4 IR AT B KN B 3%,
R R R R, AR 2R T R
HELAFY G ERA R, S
B R B /N RLAE AR Th ) & SRR AL Ak
W VT g 2 R, VR A A O A i R A T B
Wl FFUE A Py AR R A B i R N, S O
AR AR T A, WIS A R A 2 A
BT SRAE IS AP R K R 200 NI, U E R
M) T g6l B Y ) b e e, TS R P R R

& 4 1RIE SIMPER 54715 2 BB % 2B ch 3t TR USRI ST E > 5% B £ ZHFIEM S

Tab.4 The indicator species contributing more than 5% within communities from SIMPER analysis

PPk I 1l 11 v
B HIUF 814 Acanthogobius ommaturus 19.84 11.40 14.95 11.62
WS, Loliolus sp. 19.38 13.73 9.03 7.72
HZAR88 Charybdis japonica 9.21 7.83 7.93 8.71
H AR YR Crangon hakodatei 8.10
4kt Callionymus beniteguri 6.90 5.93
fifi Platycephalus indicus 6.03 5.61
ﬁfﬁ?}f Konosirus punctatus 5.57 6.62 5.82
F BUYF B G Chaeturichthys stigmatias 15.64 9.72 11.64
WL A Oratosquilla oratoria 9.52 9.68 19.07
W) L1 85 Pseudopleuronectes yokohamae 5.68 6.04 5.74
B IRKNF IR Palaemon gravieri 7.43
EESEAR LI Exopalaemon carinicauda 6.00
Fig /N> T 4 Sardinella zunasi 5.43
it 75.03 75.34 82.83 70.32
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Fig. 5 Detrended canonical correspondence analysis (DCCA)
ordination of nekton biomass and environmental
factors in Laizhou Bay

¥E: Depth: /KIR; Temp: JRJE; Sal: #h¥; Din: THLE W E; Dip:

THLBEM B, Chl a: M43 a YK, Phyto: JRIFHEYIFERE; Zoo:

FUFS YY) i, Benth: RS Y i, O N MER w1 iFIK 3l

WY R

x5 NRERATSHANHF#MAEXRY

5 1959—1998 4E A 25 1> 3 3 b5 R, H
HUSEM UK S A= Py AR T 1992 4F 22 1 14 13 YK 3]
2, BT 1998 4R JRA A . ST I, 2003 4
2006 4F- . 2008 4F- 3 H 1 2l BE IR = T 1998 4F
H20 21 haljs, SEMTENFK S 7R 20 e
90 AFARAR WA Ik & . X Al kS A L ih4d 80 4R
fii 8 52 i 14 22 T 3 M 0 VR A B AT — 2 DG &R, N
1988 A4t X il 3R HY e, 1995 4 4 AR 2k ia,
DU 5 g E B XHER | V3R (Rhopilema escu-
lentum) 55 5. Fp a0l 9% IR & T4 BRI A%, R A
2005 4 L1 25 48 FF 1 S it 0l % JRA8 52 AT sl Jal Lok,
XPREIRAE RS T — M. H BT AR
FE 4y f0 RIS R GRS R IR 9 9 A 7= 7 ml A2 %
T R A ) 8, WIRLE RS E S aBEN
T o AH AR 5 0 35 W 8 037 o 28 ¢ VR i J I
T o e i R VR R, IR R A AR KA T

Tab.5 Coefficients of correlation between the first two axes of DCCA ordination and environmental factors

HF B FHEF 4 1 B A HEF A 2
ENI 1.000 0 —

EN2 0.164 2 1.000 0
TR -0.188 4 —0.180 7
piein -0.939 8 -0.0722
HhE -0.3215 -0.3393
TALA 0.039 3 —0.168 7
ToHLBE 0.060 0 0.020 9
o 0.169 0 0.284 4
iy L7/ E it 0.041 4 0.477 8
Tl Yk ) = —0.096 0 0.235 1
TR S A ) -0.152 6 —0.406 4

AL R, SMIEBWIK ) ) Y 2
WO RAE T KRR, B e, Hamik.
1959 SEHFFLY RIS S TR . &, FREYRET
B i Wy L (Trichiurus  lepturus) . /N ¥ 8 (Larimichthys
polyactis){ = BRBEATTIR, 1 HATHF M, N
i A= Wy i ) JLF T L2 s O 4 R Al 3 1, /Nl
e 2011 AFEAEFHOCP BB, G AEY R A
0.42%), T iX — B 5 3 M 85 5= 220 ik 20 4 an BiE i Fn
T /NPT S R R AR, [R5 2
FE I HF pg M ATE BT & 0E T, EINEEAEY)
HRAR. A2 AT —F P Y B R T, X
HH A A 4y £ BTER (19 45 TR Z AR X 47 A= 4y £ 1Y)
T4y, HETRKE A=W BAK T 2 3=, nThE S iR

SEORUE KA AR RB, LA RS 43 2S00 i B T A
Ko FEIMVE A LA A4 BT RO Bk, B
B M A A 7= F AP TEE 2 Bk, HAbrfhk
F2 g B B R B IR A S ——rh [ B R AR =R T
B (Portunus trituberculatus)FEH, HEFISFAAN
AETE B it O & R E) -

JIE 2 A W LU T R A i e, /AL
JCHHESH P LB TH R o F 1959 4% 1998 4F, M
bR A L] SN T, )2 2 E A )
RWFFRER, i B 2 2 A 1998 4EAT i
TR, RZ IS EIA BT ETE, & 200 A LA
51992 EEChER . 5 AEM L, Bk 2
F WAL T8 K, M S W CKAR W Loliolus
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beka FNH AWM W Loliolus japonica)ftH-eb2=5H:
F R IE SR 2011 1 2011 4R 4525 A= ) it L0 A
Frese, (BEZEHEEND T arE 2 FE AR
ERERTSHN.

3.2 RMEBHRF DAL H

TEVK SRV B 25 0 A 1 S o S5 1K ARG | 1]
REA T R S A R R AR O 1
ARSCDCCA Jp R B, il R 2 52 0 3 M I i Uk sh Py it
2R FE N R, X B TN K S
PR FE VIR IRF N 3, BEE 1284k, FhRAIEY)
Tt PRI £ 2 L i e AR O MU s A Bl A )
WS DK S YIRS I B2 12—, RIS Rt
FEALUE LA S Y7 B RSN IS A S R G &Y ¢
F R CHEVE AT, T K BRI AS S 5 1 3N Y Vg Tk
SIYIRETR ) F BRI -, X 53R MK . K
TRAR FE AR I /N (B R K RAX 18 m, KR 3 /K R AE
10 m PAN)F K&,

WG RS Y8 RS, MBIk sh Wy i
AR R 4 A dH LTINS AR EEHB, I
b TP S 32, AT e D1 AR R A IXORIT B B ) i ¥
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Community structure of nektons in Laizhou Bay, China

ZHANG Huan-jun', LIU Shu-de?, LIU Yuan-jin', TU Zhong?, ZHOU Quan-li',

CHEN Wei', SUN Wei', LI Fan'

(1. Shandong Marine Resources and Ecology Research Institute, Shandong Provincial Key Laboratory of
Restoration for Marine Ecology, Yantai 264006, China; 2. Shandong Hydrobios Resources Conservation and
Management Center, Yantai 264003, China)

Received: Dec. 6, 2019
Key words: biomass; cluster analysis; NMDS; DCCA

Abstract: Based on the data of 8 cruises in spring (May), summer (August), Autumn(October) and winter (Decem-
ber) in 2010 and 2011, the community pattern of nekton and its relationship with environmental factors in Laizhou
Bay were studied. Overall, a total of 85 species of nekton were caught, the values of nekton biomass were higher in
2011 than in 2010. The biomass had a great difference between seasons, and the order of the biomass was summer,
autumn, winter and spring. The biomass of the same season had no significant difference in different years except
autumn. In all surveys except in the spring of 2010, the biomass of fishes was highest, followed by that of crusta-
ceans and cephalopods. Nekton biomass was significantly higher in the western half of the bay (60.2 kg/h) than in
the eastern half (33.4 kg/h). We grouped the biomass values of 31 main species of nekton captured at the 20 stations
by cluster analysis: group I comprised the southeastern areas (three stations); group II comprised the eastern and
middle areas (eight stations); group III comprised the northwestern areas (three stations); and group IV comprised
the western areas (six stations). Group I had the lowest phytoplankton abundance, zooplankton biomass, and nekton
biomass and diversity, but had the highest macrobenthos biomass. Phytoplankton abundance, zooplankton biomass,
and nekton biomass were higher in groups III and IV than in groups I and II. The analysis of similarities revealed
different community structures among the four groups; however, there were no significant differences. Detrended
canonical correspondence analysis showed that temperature, salinity, benthic biomass, and phytoplankton abun-
dance are the significant factors affecting nekton communities. The nekton community of Laizhou Bay has changed
remarkably as compared with its previous survey values: total nekton biomass was at relatively low levels, espe-
cially in spring; seasonal distributions of biomass had become even lower in spring and higher in summer; and a
downward trend in the proportion of demersal fishes had somewhat reversed. The nekton community now appears
more homogeneous, possibly because of an increasingly homogeneous environment and the severe effects of human

activities.
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