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M N LV (SIMPER)
( x X ), Vo (463m°) 70% Canoco 5
2 10min CCA (Canonical correlation analysis),
1.3.2 ( ,
, 2013) s (One-Way ANOVA) (Spearman rank
( , 1995) , correlations) SPSS 19.0
2
(R): R(%) = [(a+b-2c)/(a+b—c)] X100
(Y) = (n/N)f; 2.1
,a b , 20m
; N i , N )
s Ji , )
(N=0.02
1.3.3
(Shannon-Weiner index) (H’, log, ) Margalef (0—10cm)
(d) Pielou’s evenness 4] 2 55
, , , 18 ( 32.73%),
PRIMER 6.0 “DIVERSE” (17 R 30.91%) (16 s
, PRIMER 6.0 Bray-Curtis 29.09%), 3 (5.45%), ,
/ 1 (1.82%)
s ABC 46 5
10 18 33 ,
(Square root transform) , ( 3
Bray-Curtis , (Cluster) I ) ( 2
, (38 )> (36 ),
(MDS) 15 13,
, 6
> ) 15
(Schiel et al, 2004) 14 )
, ( 3
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Fig.2

The species number and members of macrobenthos in sea area adjacent to Tantoushan Island in summer
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Fig.3 The species number and distribution of macrobenthos in in sea area adjacent to Tantoushan Island in summer
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Fig.4 The species number and members of macrobenthos in sea area adjacent to Tantoushan Island in autumn
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Fig.5 The species number and distribution of macrobenthos in in sea area adjacent to Tantoushan Island in autumn
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2.2 ( ) R
4.15g/Agt  3.42g/Agt, 247% 2.04%
( Y=0.02), >
2 14 56.15ind/Agt, 69.25%; , 23.45ind/
2013 7 ) R 10 , Agt, 26.24%; 3.95ind/Agt,
(2013 11 ), 6 2 2 4.69%; ,
s Palaemon gravieri 0.65ind/Agt, 0.77%
Parapenaeopsis tenella, 7 , SO01
26 R 419.01g/Agt, S02 S07 S10
51.85% S11  S15 R 200g/Agt, S05
£ ERREHIRERBET) S e i Bl S ’
Tab.1 The dominant species and/i;s dominance in each 30—100g/Agt >
voyages S01 ,
) 211ind/Agt, S19 s 197ind/Agt, S05
Oratosquilla oratoria 0.1218 S12 , 11 lind/Agt 146ind/Agt,
Palaemon gravieri 0.0604 S02 S03 S04 S06 SO7 S08 S09 SI3 SI4
L& Charybdis japonica 0.0365 S15 ’ 20—100ind/Agt
Portunus trituberculatus 0.0575 (2013 11 )
Leptochela gracilis 0.0328 8 ’ 26.41g/Agt,
Parapenaeopsis tenella 0.0698
Acetes chinensis 0.0890 45.66%; ’
Solenocera crassicornis 0.0298 16.26g/Agt, 28.12%; ’
Collichthys lucidus 0.1034 12.49g/Agt, 21.60%;
Harpadon nehereus 0.0436 ’ 2'67g/Agt’ 4.62%
Siliqua minima 0.0699 ’
Palaemon gravieri 0.1245 s 24.55ind/Agt, 72.31%;
Exopalaemon carinicauda 0.0322 > 6.35ind/Agt, 18.70%;
Alpheus japonicas 0.2932 , 2.65ind/Agt
Parapenaeopsis tenella 0.0228 O.40ind/Agt, 7.81% 1.18%
L Trypauchen vagina 0.0215 9 , S02
, 357.25g/Agt, SO3 S09
2.3 , 188.06g/Agt 113.10g/Agt, S19
. 168.71g/Agt, ., 1.73g/Agt, S13 S14 S16 S20
R 57.82g/Agt
, 84.25ind/Agt, : ’ S01 ,
33.95ind/Agt 147ind/Agt, S03 ,  136ind/Agt, S02
(One-Way ANOVA) , (F=14.343, . 99ind/Agt, S04 S05 S06

P=0.001<0.01) (F=11.574, P=0.002<0.01)
(P>0.05)
(2013 7 )
6 5 ’
66.69%; ,
27.85%;

116.20g/Agt,
44.03g/Agt,

S07 S08 S09 S11 S12 S15 S17 SI18
20—50ind/Agt ,S10  S19

, 3ind/Agt  2ind/Agt

2.4

(Shannon-Weiner index) (H') Margalef
(d) Pielou’s evenness " 2
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Fig.6 Abundance and biomass of different assemblages of macrobenthos in sea area adjacent to Tantoushan Island in summer
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Fig.7 Spatial distributions of abundance and biomass of macrobenthos in sea area adjacent to Tantoushan Island in summer
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Fig.8 Abundance and biomass of different assemblages of
macrobenthos in sea area adjacent to Tantoushan Island in
autumn
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d , H J d
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Fig.9 Spatial distributions of abundance and biomass of macrobenthos in sea area adjacent to Tantoushan Island in autumn
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(Cluster)
(nMDS), Stress
) 0.2( , 2003),
) Stress 0.16 0.01,
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(Cluster) (nMDS), 45%
(Similarity level)
20 5 ( 10), a 1
(S09) b 6 (S05 S07 S16 S18
S19 S20) ¢ 1 (S08) d 1
(S01) e 11 (S02 S03 S04 S06
S10 S11 S12 S13 S14 S15 S17) 20%
(Similarity level)
20 6 ( 10),a
1 (S20) b 1 (S16) ¢ 1
(S14) d 1 (S13) e 2
(S10 S19) f 14 (S01 S11 S02

29.05°

SI2 S03 S05 S04 S06 S07 S08 S09 SIS
S17 S18)

F2 BRLUEEAEBSHEFMREXE RN L
PFE(S)s MEREL(V). Margalef 417 £ F [E 15 ()~
Pielou’s evenness ¥ 5] EIEHI(J). D HERSHMEIBL

H
Tab.2 Spatial distributi(gns?)f total species (S), total
individuals (&), Shannon-Weiner index (H'), Margalef richness
index (d), and Pielou’s evenness index (J) in each site in sea
area adjacent to Tantoushan Island

S N d J H S N d J  H
SO01 24 198 4.35 0.80 3.69 25 218 446 0.71 3.30
S02 13 93 2.65 0.83 3.08 16 99 3.26 0.70 2.81
S03 15 82 3.18 0.77 2.99 20 136 3.87 0.73 3.16
S04 11 53 252 092 3.17 7 22 194 0.77 2.15
S05 15 111 2.97 0.61 2.37 9 17 2.82 0.96 3.03
S06 17 74 3.72 091 3.71 7 25 186 0.65 1.84
S07 16 82 3.40 0.88 3.51 10 42 241 0.65 2.17
S08 8 19 2.38 0.95 2.84 9 12 3.22 097 3.09
S09 9 54 2.01 0.88 2.79 15 37 3.88 0.94 3.67
S10 13 93 2.65 090 3.33 2 3 091 092 092
S11 17 86 3.59 0.85 3.48 11 41 2.69 0.66 2.30
S12 17 145 3.22 0.83 3.39 7 33 1.72 0.59 1.65
S13 12 49 2.83 0.80 2.85 0 0 * *0.00
S14 14 39 3.55 0.85 3.24 0 0 * * 0 0.00
SI15 20 45 499 091 3.93 9 18 2.77 0.87 2.75
S16 9 46 2.09 0.86 2.72 0 0 * *0.00
S17 14 62 3.15 091 3.47 8 26 215 0.74 221
S18 12 39 3.00 0.87 3.13 9 18 2.77 0.89 2.82
S19 10 196 1.71 0.51 1.71 2 2 1.44 1.00 1.00
S20 10 78 2.07 0.77 2.56 0 0 * *0.00
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PRIMER 6.0 , 2.6 ABC
, ABC , / (Abundance-Biomass
(SIMPER) 70% Comparison) ,
, b
54.52%, , w>0,
Oratosquilla oratoria Acetes chinensis s
I Charybdis japonica Leptochela ,
gracilis Portunus trituberculatus, ( 11)
e 58.32%, 2.7
Parapenaeopsis tenella (WT) (26.02+

Collichthys lucidus Portunus

trituberculatu Oratosquilla oratoria
Harpadon nehereus Palaemon
Solenocera crassicornis,
2( 3 , f
37.61%,

Alpheus japonicas

gravieri

a ¢ d

Palaemon gravieri Siliqua minima

Exopalaemon carinicauda fif Trypauchen
vagina Raphidopus ciliatus, e
45.31%,
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(MGS) (9.03+0.38)um
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Fig.10 Cluster and nMDS analysis of macrobenthos assemblages in sea area adjacent to Tantoushan Island in summer autumn
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Tab.3 SIMPER similarity analysis on species in cumulative contribution (%) >70% in sea area adjacent to Tantoushan Island in

summer
(%) (%)
a ¢ d( 2 )
e( 1 58.32%)
Parapenaeopsis tenella 2.28 13.87 13.87
Collichthys lucidus 3.22 12.74 26.60
Portunus trituberculatus 2.47 11.86 38.46
Oratosquilla oratoria 2.53 11.65 50.12
Harpadon nehereus 2.34 9.24 59.35
Palaemon gravieri 2.27 9.19 68.55
Solenocera crassicornis 1.97 8.81 77.35
b ( 1 54.52%)
Oratosquilla oratoria 4.22 22.14 22.14
Acetes chinensis 5.06 19.55 41.70
i Charybdis japonica 2.87 16.55 58.24
Leptochela gracilis 1.97 10.80 69.04
Portunus trituberculatus 1.55 7.20 76.24

F4 BRUEEFBEBEMRENIREEEANMEZEZBRITTTMEET 0%

Tab.4 SIMPER similarity analysis on species in cumulative contribution (%) >70% in sea area adjacent to Tantoushan Island in

autumn
(%) (%)
a b ¢ d( 2 )
f( :37.61%)
Alpheus japonicas 3.23 21.51 21.51
Palaemon gravieri 2.31 16.72 38.23
Siliqua minima 1.77 12.88 51.11
Exopalaemon carinicauda 1.43 11.28 62.39
fix Trypauchen vagina 0.99 6.00 68.39
Raphidopus ciliatus 0.80 4.61 73.00
e ( 145.31%)
Nassarius variciferus 1.00 100.00 100.00
100 + 100
2 M
AxE AxE
—~ 80+ v g 80+ A v EME
g K A
B el y 4 4
B N /\/ e ',V
@ 60 + //"/ /‘ 60 T // {
{0 v~ A /
% K// W=0.079 Vs b4 W=-0.104
1 1 /
j% 40 / 407, ’,
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B 20l 20t "
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Fig.11 The ABC plots in the abundance and biomass in sea area adjacent to Tantoushan Island in summer autumn
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) (P>0.05)
(Shannon-Weiner index) (H') Pielou ( ,2012) (WT) (SAL) (Depth)
(J) Margalef (d) (DO) s 4
(Biomass) (Abundance) (Depth) ,
(WT) (SAL) (MGS) 4
Spearman , CCA ,
(WT) (SAL) (MGS) (Silt) pH
( 5 6) (2013 7 ), (MGS) (Sand) ,
(Abundance) (WT) (Clay) s
(r=0.663, P<0.05, n=20), (SAL) ,
(re=-0.525, P<0.05, n=20), ,
, (2013 , (WT) (SAL) (MGS)
11 ), Pielou ) (Silt) pH (MGS) (Sand)
(WT) (re=-0.473, P<0.05, n=20), , (Sand)
(SAL) (Abundance) (re=-0.633, CCA , (Depth) (DO)
P<0.05, n=20), (Biomass) (r= s s
—0.540, P<0.05, n=20), (SAL) (Depth)
(r=0.721, P<0.05, n=20) ,
Canoco 5 (CCA), k& Charybdis japonica
Oratosquilla oratoria (SAL)
« 7 (Depth) , Portunus trituberculatus
(WT) (SAL) (MGS) (Clay) Collichthys lucidus Solenocera
(Silt) (Sand) (DO) pH crassicornis Harpadon nehereus
(CcA) ( 12 , 8 (WT)

®5 EXUSEARGEHEF13 F 7 AR EMESEANEY L R (6 L3 Spearman FREX 547
Tab.5 Spearman rank correlations between pairwise environmental parameters and benthic variables in sea area adjacent to
Tantoushan Island in July, 2013

H' J' d Abundance Biomass Depth WT SAL MGS
H' 1
J' 0.538* 1
d 0.857** 0.211 1
Abundance 0.039 -0.561* 0.077 1
Biomass 0.663** 0.063 0.519* 0.503* 1
Depth —0.344 -0.165 —0.405 —0.165 —-0.165 1
WT 0.334 —-0.146 0.370 0.663** 0.433 —0.692** 1
SAL —0.089 0.202 —0.141 —0.525% —0.235 0.498* —0.749%* 1
MGS -0.120 —0.069 —0.098 0.145 —0.038 -0.055 0.086 -0.412 1
J Rk 0.01 ( ) * 0.05 ( ) (Shannon-Weiner index) (H') Pielou (04)
Margalef d) (Biomass) (Abundance) (Depth) (WT) (SAL) (MGS)
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Tab.6 Spearman rank correlations between pairwise environmental parameters and benthic variables in sea area adjacent to
Tantoushan Island in November, 2013
H' J' d Abundance Biomass Depth WT SAL MGS
H' 1
J' 0.642%* 1
d 0.982%* 0.578** 1
Abundance 0.596** 0.086 0.671%* 1
Biomass 0.798** 0.348 0.853** 0.831%** 1
Depth -0.284 0.028 -0.328 —0.472% —0.423 1
Temp -0.233 -0.473%* -0.180 0.049 0.078 —-0.145 1
SAL —-0.203 0.185 -0.296 —0.633%* —0.540%* 0.721%* —0.454%* 1
MGS 0.155 -0.032 0.135 0.350 0.340 -0.142 0.105 -0.317 1
ok 0.01 ( ); * 0.05 ( ) (Shannon-Weiner index) (H') Pielou (04)
Margalef () (Biomass) (Abundance) (Depth) (WT) (SAL) (MGS)
*7 HBEMNSHER
Tab.7 Statistics for the axes of canonical correspondence analysis (CCA) in sea area adjacent to Tantoushan Island
1 2 3 4
0.383 0.1317 0.0372 0.0253
22.46 30.19 32.37 33.85
0.9298 0.6951 0.5491 0.4393
62.05 83.39 89.42 93.51
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Fig.12 Canonical correspondence analysis (CCA) between ( , 2012), 2006—2007 124 (
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2008), ( , 1996) (
, 2002) :

B

(Davies et al, 2005; Hovick et al, 2015),

(Levin et al, 2003;
Kroncke et al, 2011; De Leo et al, 2014);
b / 2

, (Montiel et al,

2011),
3.2
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20 2 s b
6 , e 11 ,
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, e 2 , f 14
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gravieri Solenocera crassicornis
Portunus trituberculatus
( , 2008; ,
2015) ( ,2014) ( ,2015)

(Linares et al, 2005; Pranovi et
al, 2008), ABC
index) (H') Pielou o4
(d)

(Shannon-Weiner

Margalef

(Chainho et al, 2007; Specchiulli et al,
2010), (Water
Framework Directive)(Vincent et al, 2003) -
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CHARACTERISTICS OF THE COMMUNITY STRUCTURE OF MACROBENTHOS
AROUND ZHEJIANG TANTOUSHAN ISLAND WATERS IN SUMMER AND AUTUMN

LIU Xun"?*? ~WANG Li', GU Xiao-Ying', CAI Lin-Ting', JIAO Hai-Feng"*,
WANG Yi-Nong', YOU Zhong-Jie"*

(1. School of Marine Science, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Urban Environment and Health, Institute
of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China; 3. University of Chinese Academy of Sciences, Beijing
100049, China; 4. Ningbo Academy of Oceanology and Fisheries, Ningbo 315012, China)

Abstract This study reveals the status of macrobenthic fauna in the surrounding area of Tantoushan Island in Zhejiang
Province. In July 2013 and November 2013, the macrobenthos fauna survey of 20 sampling stations was carried out.
Fifty-five macrobenthos species were sampled with Agassiz trawl and identified, including, in number of species, 18
crustacean (32.73%), 17 benthic flatfish (30.91%), 16 mollusks (29.09%), 3 coelenterates (5.45%), and 1 annelid (1.82%).
Fourteen dominant species of macrobenthos were recognized in the 2 seasons, among which Palaemon gravieri and
Parapenaeopsis tenella were dominant in both seasons, while the rest were dominant in one season only. The species
replacement rate was high for 51.85% between summer and autumn. The average biomass and abundance were greater in
summer than in autumn. Variance analysis showed that biomass and abundance was significantly different in season
(P<0.05), but in space inshore and offshore (P>0.05). Clustering analysis and nMDS ordination for the macrobenthos
community presented two major clusters made of mainly euryhaline and eurythermal species, such as Oratosquilla oratoria,
Acetes chinensis, Leptochela gracilis, Palaemon gravieri, Solenocera crassicornis, Portunus trituberculatus etc. ABC
curve and diversity index analysis found that the macrobenthos communities were extensively disturbed in the autumn but
slightly in the summer. Particle size analysis displayed that the sediment of the study area was mainly fine-grained clay and
silty sand. Finally, canonical correlation analysis revealed that temperature, salinity, water depth, and dissolved oxygen
were the main environmental factors affecting the macrobenthos communities.

Key words community structure; biodiversity; macrobenthos; Agassiz trawl; Tantoushan Island; ordination
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