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( , 2013;
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26°57'52.14"N ( , 2014), 726.75km?,
, 299.44km?,
41.2%, ( , 2012;
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2 4 >
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>
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Primer6.0
N GTH1-2 p6THI-1
TH1-3

26°45'

26°40'

26°35'

119°35' 119°40'E
1
Fig.1 Sampling transects of intertidal benthos in the Sansha Bay, Fujian Province
F1 BETRMRENESZ
Tab.1 The methods of marine sediment quality determination
1 GB/T 12763.8-2007
2 GB/T 12763.8-2007
3 GB 17378.5-2007
4 - GB 17378.5-2007
1.2.2 1.2.4 SPSS
Y=P;xf 21.0 ,
» Pi i ; (2-way ANOVA)
fi i 5 Y>0.02 1.2.5
3 ( > s SPSS 21.0 s Pearson
2012) Correlation
1.2.3
s Bray-Curtis , 2
(Cluster)( ) 2.1
, / (ABC)( HSHI
, 2003) <2%,

, HSH2 2.00+
0.06<3%,
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, (1.94+0.08)> , (167.19+41.28)>
(1.4940.27)> (1.19£ 0.22)(  2) (143.18+38.74)> (82.07+13.64)(  2)
<300mg S’kg,

x2 TRGEEBUEFKECEHESHREE)

Tab.2 Levels of physical-chemical factors in different habitats (mean + S.D.)

HSHI( ) HSH2( ) GTHI( ) MCHI( ) MCH2( )
(%) 1.88+0.04 2.00+0.06 1.19+0.22 1.58+0.13 1.41+0.39
(mg S/kg) 112.67+16.14 173.7+26.40 82.07+13.64 134.35+27.43 200.03+16.45
(%) 13.49+7.38 11.5+3.18 2.43+1.14 8.00+3.03 23.38+20.94
(%) 61.08+2.52 64.29+2.00 66.76+1.47 64.44+0.66 51.06+15.23
(%) 25.43+5.02 24.21+1.19 30.82+42.41 27.5743.15 25.56+5.79
0=0.05 s
(Mdo)
(Mzo) (o1) (Kgo) F R 2.2
(Kgo) F=13.96412, 2.2.1
P=0.001108<0.01, R 68 7
(Kgo) , 40 ( ) , 23,
33.82%; 22, 32.35%; 13
F s ( 3 ,4 ,1
F=9.143673, P=0.004443<0.01, , 5 ), 19.12%; 10
Ja , 14.71% : (40)>
F=22.27, P=0.000215<0.01, , (37)> 26)( 3)

®3 FREERERBENNIFHDSF

Tab.3  Distribution of macrofauna species in different habitats

GTHI( ) HSHI( ) HSH2( ) MCHI( ) MCH2( )
13 11 7 11 5 5 9
3 2 1 3 2 7
6 13 10 15 10 11 15
0 0 0 0 0 0 0
4 8 9 11 5 3 6
26 34 27 40 22 26 37
2.2.2 , a=0.05
) F :
4 3 4 ,3 F=5.088398, P=0.016806<0.05, ,
, 2
(0.186) (0.063) (0.152) 3
s 0=0.05

(0.163) (0.036) (0.131) F
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x4 TRIEFEAB RN
Tab.4 Dominant species of macrofauna in different habitats
Ilyoplax ningpoensis Shen 0.186
Heteromastus filiformis (Claparede) 0.093
Assiminea brevicula Pfeiffer 0.078
Barantolla sp. 0.023
Barantolla sp. 0.063
Uca (Deltuca) arcuata (de Haan) 0.043
Parheteromastus sp. 0.027
Assiminea brevicula Pfeiffer 0.152
Perinereis aibuhitensis Grube 0.086
Haploscoloplos sp. 0.046
Parasesarma plicata (Latreille) 0.021
2.3 MCH2( ) ,
2.3.1
62.49g/m’, , 2013 2014 ,
(81.78g/m’)> (5L.12g/m%>  (46.68g/m’) : MCH2(  >MCHI( ) 5)
x5 TREEAEREAMENERFELTL
Tab.5 Biomass and annual changes of macrofauna in different habitats
MCHI1 3.70 0.76 37.58 23.41 65.46
MCH2 43.80 21.99 28.94 222 96.96
23.75 11.38 33.26 12.82 81.21
2013 GTH1 11.95 1.12 33.62 0.39 47.08
HSHI 8.82 0.00 43.40 0.66 52.87
HSH2 1.71 0.04 18.97 1.28 21.99
5.26 0.02 31.18 0.97 37.43
13.99 4.78 32.50 5.59 56.87
MCHI1 6.83 1.17 39.68 8.71 56.39
MCH2 34.70 27.43 30.54 15.64 108.32
20.76 14.30 35.11 12.18 82.36
014 GTH1 13.65 2.35 29.89 0.39 46.28
HSHI 10.52 0.76 47.64 0.76 59.70
HSH2 6.54 0.00 47.57 15.79 69.90
8.53 0.38 47.61 8.28 64.80
14.45 6.34 39.07 8.26 68.12
g/m?
2.3.2
. a=0.05 607ind./m’,
F ,2013 (1017ind./m*)> (662ind./m?)>
F=6.4817, P=0.007426<0.01, , 2014 (346ind./m?)
F=12.8671, P=0.000466<0.01, 2013 2014 ,
, , MCH2(

>MCHI(  )( 6)
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xo6 BHHEALRWMIVBEEERFELL

Tab.6 Density and annual changes of macrofauna in different transects

MCH1 57 21 44 21 144
MCH2 256 140 43 7 446
156 81 44 14 295
GTHI 1052 110 240 11 1413
2013
HSH1 171 0 82 11 263
HSH2 142 4 66 12 224
156 2 74 12 244
336 55 95 12 498
MCH1 256 36 28 32 352
MCH2 284 117 30 9 441
270 76 29 20 396
GTHI 398 52 160 11 620
2014
HSH1 1536 4 66 53 1659
HSH2 370 0 69 64 503
953 2 68 59 1081
569 42 71 34 715
ind./m’
> > ,
s 0=0.05
F , 2013 ,2013 2014 ,
F=2.9014, P=0.0787>0.05, ,2014 MCHI(  )>MCH2( ) 7
F=3.8263, P=0.0511>0.05, ,
s 0=0.05
2.4 F , 2013
Shannon-Wiener (H) F=423.18, P=1.97x107"%<0.01, ,
Pielous (/) Margalef 2014 F=94.905, P=1.26x10"%<0.01,
(d)  Simpson o :
£ FREEXBREHNMEHEFCRZTT RIS HIEEY
Tab.7 The species diversity indices of macrofauna communities in different habitats
GTHI( )
HSHI( ) HSH2( ) MCHI( ) MCH2( )
2013 2.344 2.692 2.402 2.547 2.415 2.950 2.683
Richness (d) 2014 2.177 3.237 3.054 3.146 2.729 2.628 2.679
2.261 2.965 2.728 2.846 2.572 2.789 2.681
2013 2.946 3.057 2.741 2.899 3.191 3.122 3.157
Shannon (H") 2014 3.213 2.469 3.320 2.895 2.843 2.416 2.630
3.080 2.763 3.031 2.897 3.017 2.769 2.893
2013 0.707 0.764 0.720 0.742 0.862 0.735 0.799
Evenness (J) 2014 0.822 0.532 0.768 0.650 0.696 0.591 0.644
0.765 0.648 0.744 0.696 0.779 0.663 0.721
2013 0.183 0.166 0.211 0.189 0.135 0.164 0.150
Simpson (D) 2014 0.130 0.332 0.156 0.244 0.217 0.280 0.249

0.157 0.249 0.184 0.216 0.176 0.222 0.199
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2.5 P=0.038<0.05,
2.5.1 CLUSTER
, 5 3, ( 98
: A ; 3
B HSH1 HSH2 R
, ; C ,
MCHI( )  MCH2( ) , (40)> (37)> (206), s
50, , R
35, (Lana et al, 1991; Daehler
> (2 et al, 1996; Engle et al, 1999; , 2013)
0
Pearson R
20 1
40
60 ,
80 P
ciEEiEffgzizizs (BC ) 3
Co o2 ¥ EeEEEEREEELEEEE
2 CLUSTER > >
Fig.2 The hierarchical cluster dendrogram of benthic ,
communities in the Sansha Bay
(Lana et al,
2.5.2 1992),
(ABC ) 3 (Netto et al, 1997); ,
R ; 2013
R , 2014 R s
(MCH1) >
R ; (MCH2) >
, , R (2003) (2005)
¢ 3 ; ,
2.6 >
Pearson ( , 2003; , 2005)
s R (2014) s

r=0.539,
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Fig.3 Comparison in the abundance biomass (k-dominance curve) of the intertidal benthos
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*8 RARWMMMEVSHESNRYNEEFHEXRY

Tab.8 The Spearman rank correlations between benthos biotic parameters and environmental variables

Pearson -0.415 0.379 0.372 0.435 0.411 -0.255 -0.332 0.504 -0.030
( ) 0.124 0.164 0.172 0.105 0.128 0.358 0.227 0.055 0915
Pearson -0.142 0.145 0.096 0.103 0.140 -0.179 -0.323 0.288 -0.311
( ) 0.613 0.605 0.734 0.716 0.618 0.522 0.240 0.297 0.259
Pearson 0.362 —0.474 -0.033 -0.254 -0.283 0.420 0.488 —0.099 0.539*
( ) 0.185 0.074 0.906 0.361 0.306 0.120 0.065 0.726 0.038
N 15 15 15 15 15 15 15 15 15
o 005 ()
, MCHI( )
, , (2008) , ,
(Hedge et al, 2000), 2013 2014
, ( ,2009)
. ’ 4
( ,2010) Neira (2007) s
8—10
, 15 ( ,2004; An et al, 2007; Zhang et al,
s 2012; , 2018),
, 30 ,
(Neira et al, 2007)
, 5 20 , s
(Ge et al, 2012, , R
2014) (2008)
( , 2008)
MCHI1( ) , >
, MCH2( ) ,
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, , , 2017.
(
), 41(1): 9—14
, , , 2014.
, (4):
572—577
, , , 2010.
. , 34(8): 50—55
, s , 2018.
, 37(3):
943—951
s , 2003.
, 24(5): 355—361
) ) , 2016.
, 36(2): 535—544
, 2012. ,
29(9): 70—73
, , , 2014.
, 49
, , , 2007.
,27(11): 4387—4393
, , , 2013.
, 32(4): 638—644
) ) , 2005.
,3(1): 1—7
, , , 2004.
, 12(2): 280—289
, , , 2012.
, 23(7): 1904—
1912
) , #t o, 2013.
(
), 52(2): 259—266
, 2019.
,37—38
, , 2003. PRIMER
33(1): 58—64
, , . 2017.
, 32(4): 714—720
, 2012.
,3
, 2014. , 36(4):
306—314
R R , 2009. (Spartina
alterniflora Loisel)
, 24(4): 630—639
, , , 2014,
, 12(6):
733—739
, 2013.

,56—57
, , , 2006.
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89—95
, , , 2012.
32(10): 3160—3169
, 2, , 2014
, 38(2):
279—290
) , , 2010.
, 18(2): 156—161
, ) , 2011.
, 35(10):
110—116
, , , 2008.
, 27(1):
63—67
, 1988.

Able K W, Hagan S M, 2000. Effects of common reed

(Phragmites  australis) invasion on marsh surface
macrofauna: response of fishes and decapod crustaceans.
Estuaries, 23(5): 633—646

An S Q, Gu B H, Zhou C F et al, 2007. Spartina invasion in
China: Implications for invasive species management and
future research. Weed Research, 47(3): 183—191

Daehler C C, Strong D R, 1996. Status, prediction and prevention
of introduced cordgrass Spartina spp. invasions in pacific
estuaries, USA. Biological Conservation, 78(1—2): 51—58

Engle V D, Summers J K, 1999. Latitudinal gradients in benthic
community composition in western Atlantic estuaries.
Journal of Biogeography, 26(5): 1007—1023

Ge B M, Bao Y X, Cheng H'Y et al, 2012. Influence of Spartina
alterniflora invasion stages on macrobenthic communities
on a tidal flat in Wenzhou Bay, China. Brazilian Journal of
Oceanography, 60(3): 441—448

Hedge P, Kriwoken L K, 2000. Evidence for effects of Spartina
anglica invasion on benthic macrofauna in Little Swanport
estuary, Tasmania. Austral Ecology, 25(2): 150—159

Lana P D C, Guiss C, 1991. Influence of Spartina alterniflora on
structure and temporal variability of macrobenthic
associations in a tidal flat of Paranagu& Bay (southeastern
Brazil). Marine Ecology Progress Series, 73: 231—234

Lana P D C, Guiss C, 1992. Macrofauna-plant-biomass
interactions in a euhaline salt marsh in Paranagud Bay (SE
Brazil). Marine Ecology Progress Series, 80: 57—64

Neira C, Levin L A, Grosholz E D ef al, 2007. Influence of
invasive Spartina growth stages on associated macrofaunal
communities. Biological Invasions, 9(8): 975—993

Netto S A, Lana P C, 1997. Influence of Spartina alterniflora on
superficial sediment characteristics of tidal flats in
Paranagua Bay (south-eastern Brazil). Estuarine, Coastal
and Shelf Science, 44(5): 641—648

Posey M H, Alphin T D, Meyer D L et al, 2003. Benthic



516 51

communities of common reed Phragmites australis and within a Zostera marina Seagrass bed. Estuarine, Coastal

marsh  cordgrass Spartina  alterniflora marshes in and Shelf Science, 47(3): 351—357

Chesapeake Bay. Marine Ecology Progress Series, 261: Zhang Y H, Huang G M, Wang W Q et a/, 2012. Interactions

51—61 between mangroves and exotic Spartina in an
Webster P J, Rowden A A, Attrill M J, 1998. Effect of shoot anthropogenically disturbed estuary in southern China.

density on the infaunal macro-invertebrate community Ecology, 93(3): 588—597

EFFECT OF SPARTINA ALTERNIFLORA INVASION ON COMMUNITY STRUCTURE
OF MACROBENTHOS IN SANSHA BAY, FUJIAN

HUANG Ya-Qin"**, WANG Jian-Jun?, HE Xue-Bao’, LIN He-Shan"?, LIN Jun-Hui’, MOU Jian-Feng?,
LIU Kun?, ZHANG Shu-Yi?>, LI Zhong-Bao"*

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Third Institute of Oceanography Ministry of Natural Resources,
Xiamen 361005, China; 3. Fujian Provincial Key Laboratory of Marine Fishery Resources and Eco-environment,
Xiamen 361021, China)

Abstract In order to research the ecological impact of Spartina alterniflora invasion on community structure of
macrobenthos in Sansha Bay, Fujian, by comparing the benthic macro-invertebrate communities in S. alterniflora salt
marsh, bare flat, and mangroves. The ecology of macrobenthos community, research methods, and the results, including the
differences in disturbance of macrobenthos, the relationship with environmental factors, and bio-indicators of water health,
were summarized and reviewed. There were Sixty-eight macro-invertebrate species, belonging to Arthropoda, Mollusca,
Annelida and Sipuncula, were collected in three habitats in October 2013 and September 2014, Assiminea brevicula was
the dominant species in the S. alterniflora salt marsh, Ilyoplax ningpoensis in the mudflat, and Barantolla sp. in the
mangrove. The results of the two-way analysis of variance (ANOVA) show that the benthos species varied significantly in
different habitats. The S. alterniflora invasion decreased slightly the number of benthos species in the mangrove, but
increased in the mudflat. In different habitats, the biomass of benthic animal differed significantly, while the density
remained unchanged. In addition, the abundance biomass comparison (ABC) showed that the community structure in the
mudflat remained stable. After the invasion, the dominant species changed significantly, and Perinereis aibuhitensis
community boosted, which weakened the stability of previous benthos community. In addition to the impact on the habitat,
the tide zonation, the growth density, and the invasion stage affected considerably the community structure of local
macrobenthos.

Key words Spartina alterniflora; mangroves; macrobenthos; diversity; community structure
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Appendix The list of macrobenthos in the Sansha Bay

ANNELIDA

PHYLLODOCIDAE

Eteone longa (Fabricius) +
POLYNOIDAE

Gattyana pohaiensis Fauvel +
PILARGIIDAE

Sigambra sp. + +
NEREIDAE

Namalycastis abiuma (Muller) +
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Neanthes japonica (I1zuka) +
Leonnates persica Wesenberg Lund +
Ceratonereis sp.

Nereis sp.

Perinereis aibuhitensis Grube

NEPHTYIDAE

Dentinephtys glabra (Hartman) +
SPIONIDAE

Pseudopolydora kempi (Southern)

Prionospio sp. +
Paraprionospio pinnata (Ehlers)

ORBINIIDAE

Haploscoloplos sp.

CAPITELLIDAE

Capitella capitata (Fabriceus) +
Heteromastus filiformis (Claparede)

Barantolla sp. +
Parheteromastus sp. +
Mastobranchus sp.

Scyphoproctus sp.

AMPHARETIDAE

Melinna cf. aberrans Fauvel +
Oligochaeta +
MOLLUSCA

GLAUCONOMIDAE

Glauconme chinensis Gray
CORBULIDAE

Potamocorbula ustulata (Reeve)

PHARELLIDAE

Pharella acutidens (Broderip et Sowerby) +
CORBICULIDAE

Geloina coaxans (Gmelin) +
LITTORINIDAE

Littoraria (Palustorina) melanostoma Gray
ASSIMINEIDAE

Assiminea brevicula Pfeiffer +
POTAMIDIDAE

Cerithidea cingulata (Gmelin)

Cerithidea largillierti (Philippi)
RISSOIDAE

Ceratia sp.

ELLOBIIDAE

Cassidula plectorematoides (Mollendorff)
RTHOPODA
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YALIDAE

Hyale schmidti (Heller)

Hyale grandicornis (Kroyer)
COROPHIIDAE

Grandidierella japonica Stephensen
Grandidierella tridentium Hirayama
OEDICEROTIDAE

Pontocrates altamarimus (Bate et Westwood)
GAMMARIDAE

Melita koreana Stephensen
PASIPHAEIDAE

Leptochela aculeocaudata Paulson
PALAEMONIDAE

Palaemon gravieri (Yu)

Palaemon serrifer (Stimpson)
ALPHEIDAE

Alpheus hoplocheles Coutiere
CALLIANASSIDAE

Callianassa japonica Ortmann
CAMPTANDRIIDAE
Camptandrium sexdentatum Stimpson
Paracleistostma depressum De man
OCYPODIDAE

Uca (Deltuca) arcuata (de Haan)
DOTILLIDAE

Ilyoplax ningpoensis Shen

Ilyoplax serrata Shen
SESARMINDAE

Parasesarma plicata (Latreille)
Parasesarma tripectinis Shen
Sesarma (Holometopus) dehaani H. Milne Edwards
Helice (Helice) latimera Parisi
VARUNIDAE

Metaplax elegans de Man
Hemigrapsus penicillatus (de Haan)
Parapyxidognatus deianira (de Haan)
CNIDARIA

EDWARDSIDAE

Edwardsia sp.

ACTINIIDAE

Anthopleura sp.

SAGARTIIDAE

Cereus sinensis Veerrill

NEMERTINEA

+ o+ o+ o+
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fibe

CEPHALATHRICIDAE
Procephalathrix arenarius Gibson
Procephalathrix sp.

LINEIDAE

Cerebratulus sp.

Nemertinea und.

SIPUNCULA
PHASCOLOSOMATIDAE
Phascolosoma arcuatum Gray
CHORDATA

ELEOTRIDAE

Bostrichthys sinensis (Lacépede)
GOBIIDAE

Oxyurichthys tentacularis (Cuvier et Valenciennes)

Apocryptod glyphisodon Bleeker
PERIOPHTHALMIDAE

Periophthalmus cantonensis (Osbeck)

Scartelaos gigas Chu et Wu




