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Fig.1 Sampling stations of amphioxus and benthic macrofauna in subtidal zone of Xiamen in September 2017

2014 (2014 8 ) 2016 (2016 (S1—S9) ( )
7 ) 1—2m

9 (H1—H9) 9 , 32cmx34cm



496 51
s 0.5mm R I M E .
5% HEHR
E : 5
( , 2015) 3 /HEE @55
/I | mET
o /N
rimer 5.0 _ & v v
(1) v oftlie 4G N K €N K
=8 malaE s onl =EEsEel Be
) ; SPSS17.0 2%%5 2%2?2 2017479 A
2
Fig.2 Spatial and temporal distribution of sediment grain size
2 composition in five subtidal areas in Xiamen
2.1 s 50% ,
2014 2016 , 2017 9 2014 2016
0.10% 3.43%, 0.51% 2.2
57.45%; , 2014
0.28% 3.01%, 3.17%
88.25% , (H") ) (d) 2016
, 58.29% 32.61%, , 23 89 ,80.3 298.9ind./m? 13.17
41.10% 6.51%; 17.57g/m?, 1.728  3.579, 0.630  0.815, 1.239
, 83.83% 7.33%, 4.038 2014
12.72% 1.40% ( 2) (H)
2017 9 ) (d) 2016 , 25
6.82% 4.62% 57 ,76.2 195.1ind./m% 1.635  2.943,0.620
4.40%, 0.715,1.313  3.201( 1)
14.42%  15.92%, 2014 2016
; 35
, , 20%
, , 2014 S6
59.52% 57.80%  64.95%, 5 >
19.42% (Ceratonereis  erythraeenis)
14.04%, . (Typhlocarcinus villosus),
( 2 (1.43%) 2014 S6
, (3.
2014 2016 2017 9 (Branchiostoma belcheri)
, (Amphioplus laevis)
2014 2016 2017 9
, 2017 9 83
2014 80 68 54 (97
2016 )
, 2014 2016 (H)
, , 2017 9 (d) ( 2



497

F1 EBNHTHERLEIXBEREHYIHE ST REMEZSHNECEHESNREES)

Tab.1

two subtidal areas in Xiamen

Benthic macrofaunal species number (total value) and other community parameters (average value+standard deviation) from

2014 2016
23 25 89 57
(ind./mz) 80.3+20.5 76.2+£36.7 298.9+170.5 195.1+111.3
(g/mz) 13.17+15.44 6.53+3.70 17.57+18.45 2.95+2.89
(H") 1.728+0.974 1.635+0.645 3.579+0.986 2.943+1.107
(®)) 0.630+0.252 0.620+0.155 0.815+0.096 0.715+0.187
(d) 1.239+0.679 1.313+0.620 4.038+1.756 3.201+1.342
0 VN
FAENE
A 2014F88
20 v 2016574
H
= 40
a
®
b=
>
Q 60
>
o
[2a]
80
100-
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DT ITIITITITOVOLOOLUDOITODODODODDITIONDIIITIIIOLVCOLOOITIOLVWWLWIWIII
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Fig.3 Cluster analysis for 35 sampling stations from two subtidal areas in Xiamen in summers 2014 and 2016
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Tab.2 Benthic macrofaunal species number (total value) and other community parameters (average valuetstandard deviation) from
five subtidal areas in Xiamen in September 2017

97 83 80 68 54
(ind./m?) 1139.24+511.2 934.24+960.1 373.3+£360.7 544.2+470.2 132.5+88.1
(g/m?) 33.53+20.58 11.99£10.79 33.04+68.92 57.02+£50.18 3.36+2.37
(H") 3.995+0.529 3.322+0.668 3.678+1.096 3.373+0.577 3.418+0.733
) 0.761+0.100 0.772+0.143 0.849+0.130 0.771£0.131 0.939+0.034
(d) 5.445+0.955 4.017+2.281 3.910£2.159 3.442+1.088 2.729+1.275
2017 9 30 dibranchis) (Neoxenophthalmus obscurus)
) , 44 16.43%
20% , 6
44 46 , 4 4,
, (Aglaophamus (Chaetozone setosa)
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Fig.4 Cluster analysis for 30 sampling stations from five subtidal areas in Xiamen in September 2017

2.3 , 2016

, , 2014
2014 , 2016
(Notomastus latericeus)
(Prionospio pacifica) (Eunice 2014 2016
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(Byblis spp.), 2016 2014 2016
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Tab.3 The average density and biomass of the common species of benthic macrofauna in Xiamen Huangcuo and Nanxian subtidal areas

(ind./m?) (g/m?)
2014 2016 2014 2016

(Notomastus latericeus) 0 0.4 7.5 4.1 0 0.01 0.04 0.01

(Chaetozone setosa) 0 0 1.4 0 0 0 0.01 0
(Aglaophamus dibranchis) 0 1.1 2.4 6.5 0 0.01 0.01 0.03
(Prionospi pacifica) 0 0 6.5 0.7 0 0 0.02 0.01
(Ceratonereis erythraeensis) 7.8 8.8 23.5 44 0.05 0.05 0.35 0.01
(Eunice indica) 0 0 19.7 1.7 0 0 0.19 0.02
(Ruditapes philippinarum) 0 0 3.1 0.3 0 0 7.58 0.19
(Solen dunkeriana) 0 0.8 7.8 28.6 0 0.04 0.06 0.53

(Neoxenophthalmus obscurus) 0.3 3.8 1.4 0 0.02 0.29 0.02 0
(Byblis sp.) 0 0 40.2 3.1 0 0 0.03 0.01
(Amphioplus laevis) 1.0 4.2 8.2 4.1 0.01 1.24 0.24 0.27
(Branchiostoma belcheri) 51.1 39.8 34.7 74.9 435 3.68 0.04 0.49

2017 9
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Tab.4 The values (average valuetstandard deviation) of the density and biomass of the dominant species in Xiamen five subtidal areas
in September 2017

(Notomastus latericeus) 69.2+39.7 52.5+58.7 14.2+14.6 25.0+£27.9 3.3+4.1

(Chaetozone setosa) 105.0+88.4 125.8+185.9 21.7+£28.2 127.5+170.1 0.0+0.0

(Aglaophamus dibranchis) 46.7+22.5 7.5+8.2 10.8+17.4 11.7£10.8 6.7+7.5
(Prionospi pacifica) 323.3+295.7 90.8+171.6 25.8+37.1 75.0+£129.3 12.5+19.9

(Ceratonereis erythraeensis) 10.8+5.8 14.2+19.6 9.2+13.9 0.8+2.0 5.8+9.7

(Eunice indica) 23.3+21.4 2.5+6.1 8.3£7.5 5.8+14.3 3.3+5.2

(ind./m?) (Ruditapes philippinarum) 0.8+2.0 0.8+2.0 0.00.0 35.0£44.0 0.0£0.0
(Solen dunkeriana) 0.8£2.0 1.7+4.1 0.84+2.0 1.7+4.1 0.0=£0.0

(Neoxenophthalmus obscurus) 32.5+8.2 1.7£2.6 9.2+11.1 0.0+0.0 5.0£7.7

(Byblis sp.) 57.5+35.2 146.7+230.7 6.7+8.2 9.2+15.8 6.7+10.8

(Amphioplus laevis) 5.8+3.8 14.2+£27.6 3.3+4.1 55.0£110.0 4.2+4.9

(Branchiostoma belcheri) 0.0£0.0 18.3£37.8 17.5+£27.5 0.0+0.0 4.245.8
(Notomastus latericeus) 0.4740.69 0.10+0.17 0.03+0.04 0.09+0.09 0.00+0.00
(Chaetozone setosa) 0.14+0.20 0.96+1.39 0.06+0.09 1.14+1.63 0.00+0.00
(Aglaophamus dibranchis) 0.14+0.21 0.01+0.02 0.04+0.07 0.06+0.07 0.02+0.02
(Prionospi pacifica) 1.79+1.62 0.35+0.55 0.17+0.28 0.72+1.30 0.07+0.14
(Ceratonereis erythraeensis) 0.02+0.01 0.07+0.11 0.28+0.67 0.01+0.02 0.02+0.03
(Eunice indica) 0.51+0.68 0.03+0.06 0.06+0.08 0.12+0.30 0.30+0.71
(g/m’) (Ruditapes philippinarum) 0.39+0.97 0.02+0.05 0.00+0.00 6.83+4.32 0.00+0.00
(Solen dunkeriana) 0.25+0.62 0.07+0.18 0.03+0.08 0.05+0.11 0.00+0.00
(Neoxenophthalmus obscurus) 3.00+1.09 0.22+0.53 0.52+0.71 0.00+0.00 0.40+0.62
(Byblis sp.) 0.04+0.03 0.08+0.15 0.00+0.01 0.01+0.01 0.00+0.00
(Amphioplus laevis) 0.06+0.05 2.08+5.00 0.11£0.21 3.29+6.23 0.84+1.33
(Branchiostoma belcheri) 0.00+0.00 0.32+0.63 0.15+0.28 0.00+0.00 0.01+0.01

2.4
: ( 5
, 2014 2016 5 , 2017 9
6 >
2014 2016 ;
2014 2016 :
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x5 BENEEMRA&P THRERENYIEENERMMBESHNFTES N
Tab.5 Variance analysis of community and population parameters of benthic macrofauna and common species in Xiamen Huangcuo
and Nanxian subtidal areas

df F P df F P df F P
1 1.513 0.228 1 33.306 0.001° 1 1.951 0.172
1 2.287 0.141 1 22.338 0.001° 1 1.951 0.172
1 6.375 0.017° 1 0.009 0.923 1 0.898 0.351
H~ 1 1.278 0.267 1 24.034 0.001° 1 0.709 0.406
J 1 0.796 0.379 1 5.119 0.031° 1 0.528 0473
d 1 0.865 0.359 1 32.686 0.001° 1 1.237 0.275
1 1.076 0.308 1 14771 0.001° 1 1.692 0.203
1 0.939 0.340 1 0.939 0.340 1 0.939 0.340
1 4.896 0.034° 1 10.601  0.003" 1 1.541 0.224
1 3.331 0.078 1 5.083 0.031° 1 3.331 0.078
1 1.398 0.246 1 0.544 0.466 1 1.717 0.200
1 5.278 0.029° 1 7.457 0.010° 1 5.278 0.029°
1 1.730 0.198 1 2.703 0.110 1 1.730 0.198
1 0.831 0.369 1 2.279 0.141 1 0.717 0.404
1 0.437 0.513 1 0.762 0.389 1 2273 0.142
1 8.248 0.007" 1 11.196 0.002° 1 8.248 0.007°
1 0.051 0.824 1 3.119 0.087 1 3.350 0.077
1 1.029 0.318 1 0.431 0.515 1 3.247 0.081
1 1.504 0.229 1 3.724 0.063 1 1.675 0.205
1 0.939 0.340 1 0.939 0.340 1 0.939 0.340
1 4.207 0.049° 1 9.652 0.004° 1 2.251 0.144
1 3.127 0.087 1 4.925 0.034° 1 3.127 0.087
1 0.911 0.347 1 0.537 0.469 1 0.972 0.332
1 1.944 0.173 1 3.040 0.091 1 1.944 0.173
1 3.031 0.092 1 3.350 0.077 1 3.031 0.092
1 1.687 0.204 1 1.864 0.182 1 1.181 0.286
1 1.158 0.290 1 1.578 0.218 1 1.518 0.227
1 5.895 0.021° 1 10.539  0.003" 1 5.895 0.021°
1 1.322 0.259 1 0.463 0.501 1 1.179 0.286
1 0.024 0.877 1 30.640 0.001° 1 0.685 0.414

:%0.05 ;°:0.01 ;¢0.001
2.5 (H') )
(d) ,
2017 9 2016 2014 65
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Tab.6  Variance analysis of community and population parameters of benthic macrofauna and common species in Xiamen five subtidal
areas in September 2017

df F P df F P

4 2.659 0.056 (H") 4 0.844 0.510
4 3.269 0.028° ) 4 2.650 0.057
4 1.691 0.184 (d) 4 2.198 0.098
4 3.714 0.017* 4 3.686 0.017*
4 1.529 0.224 4 0.350 0.842
4 8.152 0.001° 4 20.347 0.001°
4 3.523 0.021° 4 2.002 0.125
4 1.090 0.383 4 1.119 0.370
4 2.780 0.049° 4 1.149 0.357
4 2.098 0.111 4 13.891 0.001°
4 1.920 0.138 4 0.683 0.610
4 1.586 0.209 4 19.354 0.001°
4 3.108 0.033* 4 1.733 0.174
4 0.833 0.517 4 0.887 0.486
4 1.117 0.371 4 1.214 0.330

F7 RERWHVORESHNERMHMBESLES REAEZESHRERXZE(n=65)

Tab.7 Correlation coefficients among benthic macrofaunal community parameters, the common species population parameters, and

sediment grain size parameters

—-0.427° -0.371° 0.528° 0.512°
-0.327° -0.452° 0.548° 0.564°
-0.167 -0.369° 0.391° 0.460°
H —-0.415° -0.287* 0.451° 0.422°
J -0.210 -0.075 0.168 0.143
d -0.438° -0.308" 0.479° 0.457°
-0.300° -0.479° 0.562° 0.565°
-0.238 -0.426" 0.475" 0.539°
-0.379° -0.520° 0.637° 0.627°
-0.209 -0.301° 0.357° 0.387°
0.021 -0.092 0.080 0.041
-0.088 -0.193 0.216 0.195
-0.122 -0.281° 0.299° 0.334°
—0.069 0.051 0.007 -0.101
-0.303° -0.393° 0.492° 0.470°
-0.146 -0.243 0.275° 0.313°
-0.066 -0.098 0.115 0.126
0.172 0.480° -0.508° -0.489°
-0.175 -0.291° 0.339° 0.338"
—-0.172 -0.361° 0.383° 0.468"
-0.261° -0.352° 0.430° 0.442°
—-0.211 -0.308° 0.367° 0.383°
0.003 -0.006 0.014 -0.039
-0.149 -0.065 0.124 0.138
—0.084 -0.126 0.138 0.203
—0.111 -0.025 0.095 -0.021
-0.286" -0.426" 0.512° 0.495°
-0.144 -0.247° 0.279* 0.315°
—0.047 -0.075 0.084 0.109
0.511° 0.182 -0.399° -0.382°




502 51
3 ,2017 9
3.1
2017 9 ( 200
’ . . ( , 1984;
29.00%  23.27%, .2018) 15%
0,
68.53%, 60%
, 60%
11.99  33.04g/m?,
57.02g/m?,
2014 2016 (
’ )
2 ( 2
2018)
’ (Amphioplus japonica)2013 2014
2
5.8g/m’, 0.036  0.38, ( ,2017)
2 .
24.7g/m*( , 1984); (Eunice)
(Chen et al, 2013),
60% ) ( , 2017, , 2018)
, , 2017 9
, 1988); ,
( , 1999);
(Dubois et al, 2009); ( ,2018)
, (Tai Long Wan)
(Pak Lap Wan)
(Chen et al, 2013); 2014 , ,
S6 , 85.13%, ,
, (Wang et al,
( , 2015); , 2016) (Dendronereis
, pinnaticirris) (Neanthes glandicincta)
( ,2019) )
) (Cai et al,
, 2013)

(Antoniadou et al, 2004),
(Rota et al, 2009)



503

( , 2005)
( ,2019)
( 2
2017)
( , 2013)
( , 1990; )
2002; , 2015)
3.2
, ; (
, 2019) ,
( , 1953);
( , 1990);
( , 1996); (Branchiostoma
lanceolatum)
(Antoniadou et al, 2004);
77.8%—99.4% 0.5—2.0
(Chen et al, 2013), «“
(amphioxus sand)” (Antoniadou et al, 2004) ,
( , 2012);
( ,

2015);

(Rota et al, 2009; de Moura Barboza et al, 2013);

, (
, 2017); :
( , 2019)
0—16%
0—70%
15% 60%
4
.5
(H") (@), 7
) 4

Bift RotERRE RS LR M,
RERE. TR, FEZR. THW. WLE. HEEF
Al A L) R AT KB RAB B ) R A ik

, , 2010.
,(2): 78—81
, , 2013.
, 44(6): 1667—1680
, , , 2017.
, 48(6):
1371—1382
, , , 2002.
,26(10): 9—12
, , , 2016.
, 40(1): 54—63
, , 1997. . ,
16(3): 88—91
, 2005.

s s

,29(10): 27—31



504 51
, , ,2017. s s , 2019.
, 48(3): , 41(4):
553—567 293—301
, , , 2018. , , , 2005.
, 49(4): . ,25(4): 412—416
873—882 , , , 2017.
s , 2019. , 48(3): 536—542
, 48(5): 28—32 , s , 1996.
, , , 1984. . , 15(2): 174—181
, 6(3): 389—398 , 2006.
, , 1988. ( ) ( ), 45( 2): 83—89
,(2):43—49 Antoniadou C, Krestenitis Y, Chintiroglou C, 2004. Structure of
, , , 2008. the “Amphioxus sand” community in Thermaikos bay
, 15(2): 252—259 (Eastern Mediterranean). Fresenius Environmental Bulletin,
, , , 2018. 13(11a): 1122—1128
, 49(6): Cai L Z, Hwang J S, Dahms H W et a/, 2013. Does high organic
1294—1307 matter content affect polychaete assemblages in a Shenzhen
S , 1992. Bay mudflat, China? Journal of Marine Science and
. , 14(1): 108—114 Technology, 21(S1): 274—284
s R , 1999. Chen Y, Cheung S G, Shin P K S, 2013. A baseline study of
, 21(5): 101—109 benthic community associated with Amphioxus Sand in
s R , 2017. subtropical Hong Kong. Marine Pollution Bulletin, 72(1):
, 48(3): 274—280
617—627 de Moura Barboza C A, Hadlich H L, Sandrini-Neto L et al, 2013.
s , 1953. , S5(1): Is the distribution of the lancelet Branchiostoma caribaeum
65—78 affected by sewage discharges? An analysis at multiple
R R , 1990. scales of variability. Marine Pollution Bulletin, 69(1—2):
, 9(2): 185—189 178—188
s s , 2015. Dubois S, Gelpi Jr C G, Condrey R E ef al, 2009. Diversity and
. , 34(5): 577—585 composition of macrobenthic community associated with
s R , 2012. sandy shoals of the Louisiana continental shelf. Biodiversity
( ), 17(4): and Conservation, 18(14): 3759—3784
259—264 Rota E, Perra G, Focardi S, 2009. The European lancelet
s s , 2017. Branchiostoma lanceolatum (Pallas) as an indicator of
, (4): 91—97 environmental quality of Tuscan Archipelago (Western
2019. Mediterranean Sea). Chemistry and Ecology, 25(1): 61—69

,35(8): 1034—1042
, , 2017.

s>

, 48(3): 543—552

Wang Y, Zhang M M, Zhang D et al, 2016. The influence of
sediment particle size on the properties of adsorbed dissolved
organic matter in the Yangtze Estuary and its interactions with
As/Sb. Marine Pollution Bulletin, 105(1): 351—358



3 : 505

EFFECTS OF SEDIMENT FINING ON BENTHIC MACROFAUNAL COMMUNITY IN
SUBTIDAL AMPHIOXUS HABITATS IN XIAMEN

CHEN Bing-Wen', CAILi-Zhe"?, RAO Yi-Yong', LI Wen-Jun', CHEN Xin-Wei', FU Su-Jing',
PENG Wen-Qing', ZHENG Bin'

(1. College of the Environment & Ecology, Xiamen University, Xiamen 361102, China; 2. Key Laboratory of Ministry of Education for
Coastal and Wetland Ecosystems, Xiamen University, Xiamen 361102, China)

Abstract The effects of sediment fining on the benthic macrofaunal community in Xiamen subtidal zone was studied
using the data of benthic macrofauna and grain size analyses for five subtidal areas in Xiamen from 2014 to 2017. The
Cluster analysis and one-way ANOVA were conducted. Results show that in those stations with higher clay content, no
amphioxus fish but few macrobenthic species were found. Significant differences were seen in some community
parameters of benthic macrofauna and dominant species. The contents of clay and silt in Eyu Island and Baicheng subtidal
areas were higher than those in Huangcuo, Nanxianshibaxian and Xiaodeng Island subtidal areas in September 2017. The
contents of clay and silt in Huangcuo and Nanxianshibaxian subtidal areas in the summer 2016 were significantly higher
than those in summer 2014. Significantly positive correlations were found not only between the five community parameters
of benthic macrofauna such as the species number, density, biomass, diversity index (H'), richness index (d), and silt plus
clay contents, but also between the density and biomass of seven dominant species and silt plus clay contents. No
significant correlations were observed between evenness index (J) and silt plus clay contents, and between density plus
biomass of four dominant species and silt plus clay contents. Significantly negative correlations were revealed between the
density plus biomass of Branchiostoma belcheri and silt plus clay contents. The above results confirmed that when silt or
clay contents increased up to 15% or 60%, respectively, it favored the increase in density and biomass of most benthic
macrofauna, but resulted in the decrease in the density and biomass of B. belcheri; however, those of Ceratonereis
erythraeensis, Eunice indica, and Amphioplus laevis were less affected by sediment fining.

Key words benthic macrofauna; community structure; amphioxus habitats; sediment fining; subtidal areas;

Xiamen



