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Abstract; [ Aim] This study aims to explore the effects of Spartina alterniflora invasion on the structural
characteristics and seasonal dynamics of insect functional groups in salt marshes. [ Methods] In 2015,
insects were seasonally collected by a sweeping net along a 10 m long transect line in different sample

plots of S. alterniflora, Phragmites australis and Scirpus triqueter communities in Jiuduansha wetland of the
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Yangize River Estuary, East China. The nonparametric test method was adopted to compare the variations
in the species richness, individual abundance and seasonal dynamics of different functional feeding
groups of insects between different plant communities. The effects of plant habitats on the assemblage
compositions of different insect functional groups were assessed by the nonmetric multidimensional scaling
(NMS) ordination analysis. The habitat preferences of insect species were analysed by the indicator
species analysis (ISA). [Results] A total of 10 338 individuals belonging to 188 species in 72 insect
families were collected. Species richness and individual abundance of insects were significantly lower in
S. alterniflora than in P. australis. The species richness of insects in Sc. triqueter was not significantly
different from that in S. alterniflora. However, the individual number of insects in Sc. triqueter was
significantly higher than that in S. alterniflora. As far as different insect functional groups were
concerned, Sc. triqueter had the lowest species number but the highest individual number of insect
herbivores. Both species and individual numbers of insect herbivores were not significantly different
between S. alterniflora and P. australis. The species richness and abundance of predator/parasitoid
insects were significantly higher in P. australis than in S. alterniflora and Sc. triqueter. The species and
individual numbers of insect detritivores were not significantly different among plants. In addition, it was
shown that the richness and abundance of all insect functional groups in S. alterniflora reached their peak
values in spring. However, in P. australis and Sc. triqueter, different functional groups reached their
species richness and abundance peaks in different seasons. According to the results of NMS ordination
analysis, S. alterniflora invasion significantly changed the insect community composition,even when each
functional group was individually concerned. According to the results of ISA, the number of insect
species preferring S. alterniflora was the lowest. Of these species, most were generalist herbivores. The
number of species preferring P. ausiralis was the highest. Among these species, most were predator/
parasitoid and specialist herbivore species. Herbivore species preferring Sc. trigueter were all generalists,
but with relatively high indicator values. [ Conclusion] S. alterniflora invasion reduces the insect
biodiversity and significantly changes the structural characteristics and seasonal dynamics of insect
functional groups in Jiuduansha wetland. In comparison with insect herbivores, natural enemy insects are
more sensitive to the effects of S. alterniflora invasion. Some generalist herbivores may have developed
adaptation mechanisms to S. alterniflora. Enough attention should be paid to the potential ecological and
evolutionary consequences behind these phenomena.
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wetland of the Yangtze River Estuary, East China
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Table 1 Insect species collected by sweeping net from different plant communities in Jiuduansha

R, IR E T R AL 10 H,72 7,188 Fi,
BTt 10 338 Sk P R R ML 49 B ol B AT AR K
FL 103 Ff, i £/ B £ R 3L 20 B, B vk R By

ol et B HiHE Plant communities
Species Functional group  Total individual mumber g (,23)  Pa (n=9)  Sa (n=9)
38 H Dermaptera
HPHYRL Chelisochidae
B A Proreus simulans PP 7 0/0 5/3 2/2
EL# H Orthoptera
H & B} Conocephalidae
R & Conocephalus shanghaiensis H 10 0/0 7/3 3/3
W& WEA) Trigonidiidae
JNEEWE Natula matsuurai H 15 0/0 1/1 14/7
% H Psocoptera
AR} Caeciliusidae
Bamg Caecilius sp. H 139 0/0 11/5 128/9
SRRl Ectopsocidae
A4 Ectopsocopsis sp. DF 2 0/0 0/0 22
248 H Thysanoptera
48] ThF} Phlaeothripidae
TEE 4 5 Haplothrips aculeatus 4 688 359873 300/9 790/9
R4 #] &y Bactrothrips sp. H 10 0/0 7/3 3/3
#i LB} Thripidae
KR ] 5 Anaphothrips obscurus H 9 0/0 0/0 9/1
AE#] 5 Frankliniella intonsa H 11 2/1 0/0 9/2
i Ko H#] &y Megalurothrips distalis H 13 0/0 1/1 1272
G V5 H] Yy Thrips formosanus H 74 0/0 56/9 18/5
2238 H Hemiptera
BL kil A Meenoplidae
3 EVRLDKS 0 Nisia atrovenosa H 2 0/0 2/1 0/0
“K@E} Delphacidae
U4k K@ Chloriona alaica H 117 0/0 114/8 3/2
1145 G Sogatella furcifera H 3 0/0 11 22
7K 2 KA Stenocranus matsumurai H 345 0/0 322/9 23/4
K Delphacidae sp. 03 H 1 11 0/0 0/0
K Delphacidae sp. 04 H 3 0/0 3/3 0/0
iR} Cicadellidae
TS Macrosteles fascifrons H 149 149/3 0/0 0/0
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43R 1 Table 1 continued
YiFh TR AAREL TP BEEY% Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)
I} Aphididae
Bk KBS Hyalopterus amygdali H 39 7/2 22/6 10/5
HALKIER! Orsillidae
INKIE Nysius erica H 2 0/0 0/0 2/1
AR %R} Blissidae
KB W% Dimorphopterus pallipes H 1027 0/0 975/9 52/3
R Anthocoridae
/NFESE Orius sp. PP 2 0/0 0/0 2/2
% F} Nabidae
%% Nabis sp. PP 3 2/2 0/0 1/1
B %R Miridae
Z A B W Taylorilygus apicalis H 8 0/0 1/1 7/3
PR R Cymidae
WV K Cymus koreanus H 22 0/0 2/1 20/3
fik3# H Neuroptera
SR Chrysopidae
H A WS Chrysoperla nippoensis PP 2 0/0 22 0/0
38 H Coleoptera
A HB} Carabidae
#5451 Harpalini sp. PP 2 0/0 2/2 0/0
[ B} Staphylinidae
[if 3 d Atheta sp. PP 2 0/0 1/1 171
FLH B} Byrrhidae sp.
FLH Byrrhidae sp. DF 2 0/0 2/2 0/0
2R H R} Priliidae
2 Priliidae sp. DF 24 0/0 0/0 24/6
B s H R} Cryptophagidae
BB Cryptophagus sp. DF 1 0/0 0/0 1/1
SR HER] Cleridae
B EB A Neohydnus hozumii PP 30 0/0 28/9 2/2
Wi 46l Phalacridae
WEFEH Merobrachys sp. DF 36 0/0 28/5 8/4
[ B} Coccinellidae
SB[ Harmonia axyridis PP 1 0/0 0/0 1/1
2Bl Propylea japonica PP 6 0/0 22 42
MACE I Scymnus babai PP 31 1/1 28/9 2/2
At 3 A1 Scymnus hoffmanni PP 367 1/1 346/9 20/6
BRI B} Corylophidae
22 TR Sericoderus sp. DF 10 0/0 0/0 10/5
FHHEL Lathridiidae
Kt H Melanophthalma sp. DF 252 0/0 212/9 40/7
WOEEEEEH Corticaria ornata DF 5 0/0 3/2 2/1
Jit 25 %5 #} Laemophloeidae
&R 45 ¥ Cryptolestes sp. DF 36 0/0 7/5 29/7

W H AL Anthicidae
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43R 1 Table 1 continued
YiFh TR AAREL TP BEEY% Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)
KHUEH Macratria sp. PP 136 0/0 128/9 8/4
e Bl Crioceridae
JE Bk - H Donacia frontalis H 8 8/3 0/0 0/0
% BB} Curculionidae
fE% Baridinae sp. 01 H 1 0/0 0/0 1/1
JNEEF} Scolytidae
Ri/NEE Cryphalus sp. H 3 0/0 22 1/1
- FI &} Chrysomelidae
#2532 B Phyllotreia striolata H 1 0/0 0/0 1/1
X# H Diptera
FEERL Otitidae
WABEBEME Melieria omissa H 29 0/0 1/1 28/5
KA} Tipulidae
Y Tipulidae sp. 03 DF 7 0/0 7/4 0/0
KAY Tipulidae sp. 04 DF 1 0/0 1/1 0/0
KAY Tipulidae sp. 05 DF 1 0/0 1/1 0/0
PR} Cecidomyiidae
P EEZEML Giraudiella inclusa H 1 0/0 1/1 0/0
MY Cecidomyiidae sp. 04 Oth 14 0/0 0/0 14/2
Rl Culicidae
JEW R Culex sp. Oth 11 0/0 3/3 8/5
Y Culicidae sp. Oth 4 0/0 1/1 3/2
I Simuliidae
1] Simuliidae sp. Oth 7 2/2 3/3 2/2
5B} Ceratopogonidae
JEIE Culicoides sp. Oth 1 0/0 1/1 0/0
1528} Ceratopogonidae sp. 01 Oth 7 0/0 5/2 2/2
B2F} Ceratopogonidae sp. 02 Oth 5 0/0 0/0 5/2
128} Ceratopogonidae sp. 03 Oth 4 1/1 3/3 0/0
128} Ceratopogonidae sp. 07 Oth 7 3/1 2/2 2/1
18} Ceratopogonidae sp. 11 Oth 6 2/1 2/1 2/2
FEUCR} Chironomidae
FEIL Chironomidae sp. 01 Oth 93 6/3 42/8 45/6
FEIL Chironomidae sp. 03 Oth 10 1/1 6/4 3/3
FEIL Chironomidae sp. 07 Oth 1 0/0 0/0 1/1
FEIL Chironomidae sp. 09 Oth 2 0/0 0/0 2/2
&ML Chironomidae sp. 10 Oth 5 0/0 3/1 2/1
&ML Chironomidae sp. 12 Oth 1 0/0 1/1 0/0
P00} Empididac
#Ei- Empididae sp. PP 95 0/0 69/8 26/7
FLUFHERL Syrphidae
MO Episyrphus balteatus PP 1 0/0 0/0 1/1
TR WA UG Metasyrphus corollae PP 1 0/0 1/1 0/0
R} Muscidae
R Lispe pygmaca PP 11 0/0 3/3 8/5
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43R 1 Table 1 continued
YrFh THRERE AAREL MBS Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)

JRIER} Sarcophagidae

AT EF IR Goniophyto honshuensis DF 5 0/0 3/2 2/2
ZE bR}l Lauxaniidae

AR 45 1 Trigonometopus eborifacies DF 3 0/0 2/2 1/1

[7] ik 45 s Homoneura sp. DF 2 0/0 2/2 0/0
BOUBEFL Sepsidae

PABTGHER Sepsis monostigma DF 7 0/0 0/0 7/1
FEKIERL Asteiidae

FLIKUE Asteiidae sp. DF 30 1/1 21/6 8/4
fUFRERE Aulacigastridae

RS Aulacigaster sp. DF 1 0/0 1/1 0/0
7K 4R} Ephydridae

KR Allotrichoma sp. H 6 0/0 5/4 1/1

FEHRKME Hydrellia sp. H 184 0/0 2177 163/8

MAFK I Psilopa sp. 01 H 24 15/3 3/3 6/4

MKW Psilopa sp. 02 H 1 0/0 0/0 1/1

MY %57 Psilopa sp. 03 H 6 0/0 6/3 0/0

JEIR SR K W Scatella major DF 14 7/3 0/0 7/3

7K i Ephydridae sp. 10 H 26 472 2/1 20/5
S 1A} Drosophilidae

S Drosophila sp. DF 1 0/0 0/0 1/1
FIFL Phoridae

St & Megaselia sp. PP 1 0/0 1/1 0/0

&g Phoridae sp. 02 PP 2 0/0 0/0 2/1

K Phoridae sp. 03 pp 1 0/0 0/0 1/1
SRR} Tephritidae

PESLZME Paroxyna sp. H 1 0/0 0/0 1/1
TRl Chloropidae

LBFFHE Cryptonevra flavitarsis H 30 0/0 26/9 4/1

HFTbE Cadrema sp. H 8 0/0 0/0 8/3

JEFTFME Elachiptera sp. H 10 0/0 1/1 9/4

AT AR Lasiosina sp. H 513 0/0 74/9 439/9

SF-Ha kTl Mepachymerus sp. H 5 0/0 4/1 1/1

ITEEFTIE Thaumatomyia sp. H 1 0/0 1/1 0/0

K Z T Oscinellinae sp. 01 H 31 0/0 3/3 28/6

K21 Oscinellinae sp. 02 H 17 0/0 10/6 7/2

K2 T Oscinellinae sp. 03 H 3 0/0 2/2 1/1

K Z T Oscinellinae sp. 21 H 11 0/0 0/0 11/1

KL AP Oscinellinae sp. 28 H 1 0/0 0/0 /1

FFig Chloropidae sp. 02 H 1 0/0 0/0 1/1

FFiE Chloropidae sp. 14 H 3 0/0 372 0/0

i H Lepidoptera

FEIRRF Lymantriidae

E BRI Laelia coenosa H 53 0/0 0/0 53/7

WE Ik A} Pyralidae
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#ZE3R 1 Table 1 continued

Wyl THRERE AR HHYIHEY% Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)
FEIE Chilo luteellus H 1 0/0 171 0/0
Ji53# H Hymenoptera

TR 1R} Trichogrammatidae

IRHR¥E Trichogramma sp. 01 PP 36 30/3 5/4 1/1

FAR#E Trichogramma sp. 02 PP 10 10/3 0/0 0/0
AUNEFRE Mymaridae

RN Anagrus sp. PP 186 12/3 173/9 1/1

AU Mymaridae sp. 08 PP 2 1/1 0/0 1/1
/NERL Chalcidiae

FoliE /N Brachymeria sp. PP 1 0/0 0/0 171
K F/NEFRL Torymidae

K F2/IN#E Torymus sp. PP 14 0/0 6/4 8/2
I JE /MRl Eurytomidae

ErBAT i /N Sycophila sp. PP 1 0/0 0/0 171

I JH /N Eurytoma sp. 01 PP 7 0/0 6/6 1/1

I~ JR /N Eurytoma sp. 03 PP 16 0/0 15/7 1/1
f/NERL Aphelinidae

Wf/NWE Aphelinus sp. 06 PP 7 0/0 2/2 5/4
i /N L Eulophidae

KM /N Aprostocetus sp. 01 PP 68 /3 53/9 8,2

K MG/ N Aprostocetus sp. 03 PP 38 38/3 0/0 0/0

KB/ N Aprostocetus sp. 11 PP 4 0/0 4/3 0/0

Jiit FE U /NWE Closterocerus sp. PP 4 0/0 3/3 171

/N Tetrastichus sp. 07 PP 2 0/0 2/1 0/0

Ik /N Tetrastichus sp. 13 PP 2 1/1 0/0 1/1

i /N Eulophidae sp. 05 PP 2 0/0 2/1 0/0

i /N Eulophidae sp. 08 PP 1 1/1 0/0 0/0

1 /N Eulophidae sp. 09 PP 2 0/0 1/1 1/1

fii /N Eulophidae sp. 11 PP 1 1/1 0/0 0/0

I /N Eulophidae sp. 13 PP 3 0/0 2/2 /1

§E /N Eulophidae sp. 20 PP 3 0/0 32 0/0

i /)N i Eulophidae sp. 21 pP 2 0/0 2/0 0/0

/N Eulophidae sp. 22 PP 1 0/0 0/0 /1
Bk/ Nl Encyrtidae

H A7 Z2 BN Astymachus japonicus PP 19 0/0 19/9 0/0

Jit W fif [C Bk /N8 Boucekiella depressa PP 67 0/0 64/9 3/2

S BN Platencyrtus aclerus PP 16 0/0 14/6 2/2

Bk/INEE Encyrtidae sp. 01 PP 2 0/0 2/2 0/0
Tie/NE Rl Eupelmidae

We/INEE Eupelmus sp. PP 1 0/0 /1 0/0
4= /Mg R} Preromalidae

M 45 /N Propicroscytus sp. PP 1 0/0 1/1 0/0

Ped# 4z /N Panstenon sp. 03 PP 9 1/1 1/1 7/3

Bed# 4z /N Panstenon sp. 05 PP 2 0/0 2/1 0/0

4z /NI Preromalidae sp. 05 PP 3 0/0 3/2 0/0
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43R 1 Table 1 continued
YiFh THRERE AAREL TP BEEY% Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)
4x/\Ni% Pteromalidae sp. 22 PP 2 0/0 1/1 1/1
4z /N Pteromalidae sp. 30 pp 4 0/0 4/1 0/0
4x/Ni% Pteromalidae sp. 31 PP 5 0/0 5/1 0/0
4z/Ni% Peromalidae sp. 32 PP 1 0/0 1/1 0/0
4 /NI Pteromalidae sp. 33 PP 1 1/1 0/0 0/0
4/ N Preromalidae sp. 34 PP 5 1/1 1/1 3/2
I 4Rl Platygastridae
/N Eumicrosoma sp. PP 540 0/0 537/9 3/2
P BRI B O 4% Telenomus laelia pp 10 0/0 7/5 32
LRI Telenomus sp. 01 pp 7 0/0 0/0 7/3
LAY Telenomus sp. 02 pp 11 11/3 0/0 0/0
AR Telenomus sp. 03 pp 3 0/0 1/1 2/1
AP Telenomus sp. 04 PP 71 0/0 71/8 0/0
P R A% Platygaster sp. PP 23 0/0 20/7 3/2
I G 4% Platygastrinae sp. PP 3 0/0 3/1 0/0
2 [ 2#% Scelioninae sp. 01 PP 2 0/0 2/2 0/0
28 41 Scelioninae sp. 03 PP 1 0/0 1/1 0/0
2% I8 241 ¥ Scelioninae sp. 04 PP 1 0/0 0/0 1/1
28 41 % Scelioninae sp. 05 PP 1 0/0 1/1 0/0
28 411 Scelioninae sp. 21 PP 3 0/0 2/2 1/1
KB IR Megaspilidae
KLY Megaspilidae sp. pp 1 0/0 1/1 0/0
1%} Ichneumonidae
A& i 6 Agrothereutes sp. PP 1 0/0 0/0 1/1
B 525 R I Diadegma akoensis PP 1 0/0 1/1 0/0
AEHR i W MR Diplazon laetatorius PP 2 0/0 0/0 2/1
VAU Gelis sp. PP 2 0/0 1/1 1/1
i Ichneumonidae sp. 01 PP 1 0/0 1/1 0/0
i Ichneumonidae sp. 08 pp 3 0/0 3/3 0/0
i 4% TIchneumonidae sp. 14 pp 1 0/0 1/1 0/0
i %% Ichneumonidae sp. 15 pp 1 0/0 0/0 1/1
R} Braconidae
B H W Aleiodes sp. PP 4 0/0 472 0/0
Y H W Apanteles sp. PP 3 0/0 3/1 0/0
JE& B W Aspidobracon sp. PP 5 0/0 2/1 3/1
KNk e Bracon adoxophyesi PP 7 0/0 7/4 0/0
g # W Chelonus sp. PP 2 0/0 2/2 0/0
2515 W% Rhaconotus sp. 01 PP 11 0/0 11/5 0/0
25 ¥ Rhaconotus sp. 02 PP 1 0/0 1/1 0/0
4 J& HiW Schizoprymnus sp. 01 pp 1 1/1 0/0 0/0
J S W Chorebus sp. pp 1 0/0 1/1 0/0
J i W Alyssinae sp. 01 pp 1 0/0 1/1 0/0
J i W Alyssinae sp. 02 pp 1 0/0 1/1 0/0
H{#4% Braconidae sp. 08 PP 1 1/1 0/0 0/0
H{J% Braconidae sp. 15 pp 3 0/0 3/3 0/0
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#73k 1 Table 1 continued

b kR BA A Hi1BE#& Plant communities
Species Functional group Total individual number St (n=3) Pa (n=9) Sa (n=9)

1% Braconidae sp. 20 PP 1 0/0 0/0 1/1

1% Braconidae sp. 21 PP 1 0/0 0/0 1/1

1% Braconidae sp. 23 PP 3 0/0 1/1 2/1

1% Braconidae sp. 25 PP 1 0/0 0/0 1/1
WAL RL Aphidiidae

WF % Aphidiidae sp. 02 PP 2 0/0 0/0 2/2

W H{% Aphidiidae sp. 04 pp 1 0/0 1/1 0/0
A iR #4 Rl Bethylidae

F A £ BB 4% Goniozus japonicus PP 2 0/0 2/2 0/0
#F} Formicidae

TCBM R Ochetellus glaber PP 56 0/0 16/5 40/5
753k R} Crabronidae

KA. Mimumesa sp. PP 4 0/0 4/3 0/0

B AR YE R Psenulus sp. PP 1 0/0 1/1 0/0

H: & Herbivores; PP. i &/ % 4= Predators/parasitoids; DF;

J& £/ £ Detritivores/fungivores; Oth: HAfth Others; Sa: H. £ K ¥ Spartina

alterniflora; Pa: 725 Phragmites australis; St: FEHL Scirpus triqueter. AEPITETERLIBUE N “ AMAB/ HH YK " . Numbers under plant communities are

“individual number/occurrence frequency”.

2.2 YMEEESESE
FEERERM TR MY MR Z, B EET
H ALK #E B ( Mann-Whitney U test, P <0.05)
(Bl 1: A) o BRE MM S, A R R
MAFR R 2 I AR KR E T3 B A R g
Mg/ b (E 1 B) o XA B IR fe o il k17
Pl R LA, e BUA & R U (HD) ~F 3 ) A B
RN E ALK B R 22 7 IR R B AR L b
A

YR
Species number
) w 2w
o [e) o) (=)
T T T T

—_
=]
T

Sa Pa St

&1
Fig. 1

(E2: A)o 735 B/ 7L R (PP) TRl
W% 2 F AR AR R R/ AR R A (DF)
YRR E B AKFR 2 22 5 A B2 (HI B4 2
TR AR R BRI LU R R
ERE R REOR B 2 T HAR AR (18 2: B).
i/ A R BB AR 25 b 22, T 7E B AEK R
FRE R R 22 5 AN 2 o T/ R R R OO
bR HAPKR EIRZ R b
B
2000 |

o
S
S

MK

Individual number
—
=)
S
S

500 F

Sa Pa St

KA LB [ A RS SR AR 1 B HL b (A) R A (B) ¥t

The numbers of insect species (A) and individuals (B) collected in different plant

communities in Jiuduansha wetland of the Yangtze River Estuary, East China
Sa: HALKE Spartina alterniflora; Pa: 725 Phragmites australis; St: FE¥E Scirpus triqueter. WP BUE R FHME + FrifElR 4 EARFR FRFRE R A
T REVS ] 22 5 B 3 (Mann-Whitney U test, P <0.05), Data in the figure are mean + SE. Different letters above bars indicate significant difference

between different plant communities ( Mann-Whitney U test, P <0.05).

2.3 FEEHRINBEHZTEHE
XA ) B HUERERE 19 2= A b AT o0 i, 4 2R

KU B R RERE ARl 42 AR Z BE g
B4 2A) BRI A (4H) R (8 ) =i



139 WP HAKE AR UL LB b B e T RE AL RS E B 215 S A 52 ) 77

A B
W L 7EKE Spartina alterniflora
30T W 735 Phragmites australis 1500 b
z O EEEiScirpus triqueter l
g £
ﬁé 20 ” E 1000 |
El g
g X3
51 <3
10 ~ 500 F
a
& b
a a . b (,
0 0 ]
H PP DF Oth H PP DF Oth

K2 KU H LB A IR TS R AR A AN ] B R S RERE R i (A) MR (B) Hod
Fig. 2 The numbers of species (A) and individuals (B) of different insect functional groups collected
in different plant communities in Jiuduansha wetland of the Yangtze River Estuary, East China
H. # B Herbivores; PP. i1/ 274k B i Predators/parasitoids; DF: J& £/ . Detritivores/fungivores; Oth: FHAt [ Ht Others. B
TR + SRR B A [R5 R 35 A ) M 400 B 7 17) 22 5 i 25 ( Mann-Whitney U test, P <0.05), Data in the figure are mean + SE. Different

letters above bars indicate significant differences between different plant communities ( Mann-Whitney U test, P <0.05).

A H ¢ KELSpartina alterniflora B 20 7% 35 Phragmites australis C o TR Scirpus triqueter
13 r I r =
g 10 15t 8T
#E g 6F
&y 10 F
F2 5 at
(=9
0 L
3 = 2k
0 0 0
D E F
300 } L fE Kk F Spartina alterniflora 500 725 Phragmites australis 1500 } EEEEScirpus triqueter
g
E 200} 150 1000 |
=
2*% E 100 f
2 100} 500
E 50
0 0 0

2 4 8 1 > 4 8
H1/yMonth H/yMonth H1/yMonth
K3 KV H LB A [ R A AT B e S RE AR AL A 2 1y sl s
Fig. 3 Temporal dynamics of the functional group composition of insects in different plant

communities in Jiuduansha wetland of the Yangtze River Estuary, East China

H. &R d Herbivores; PP. #ili /% 4k B H1 Predators/parasitoids; DF: Ji &/ F & E M Detritivores/fungivores. [& R EHE N F I {E = brifEiR

Data in the figure are mean + SE.

ZWHE(E3: A~F), KM, AFEINERAAEAR 2% %A B3 (Mann-Whitney U test, P > 0.05)
HYIREE TN NSAEES . BAKEESME  (K3: B, E), BHE EERAYMBEREEME
EERE BRI & £ T HALZTY ( Mann-Whitney U Z22 BN g #F ( Mann-Whitney U test, P > 0.05)
test, P>0.05) (3. A, D), M~ CAMERRY  (K3:.0) HEFMEE MR B2 T HA
FECAMABAE R M E R AR e, B 2275 (Mann-Whitney U test, P <0.05) (& 3: F),
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HARKEREE P /7R B A R SO R
el R B R BRI W (4 R 2 A
N ZE 2 [A) 1 22 S ok Z G2 1o SCHF (Mann-
Whitney U test, P >0.05), A3 FfiE/ &4 K&
S s my Wy RS AR W 7R R 2Rk B A,
5 T HAth Z 37 ( Mann-Whitney U test, P <
0.05) . JEHLHE I /37 A2 B du ) M B0m) 25719 I8
G RM L BRER D ARERE Y EEE
B/ R B R B 2= s S WS AL, TR
FinZ, BE/HERRMAEE SIS B ALK EA
PRI A 22 5, ALK E AL R R L, ™ = W
RIEEFRZ , A PRI RD, HI A
HiRTAio) =Rz
2.4 BEHEEHBLUELLR

NMS HEJF45 5 R, Wb B RV P Fh 2 i

A
A {0 KEiSpartina alterniflora
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10+ o A
. [e)
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Or A A
A
A
% A
A
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T EBEOC AR Y], AN TR R 1 R AN [F] )
(MRPP, 4 =0.31, P <0.001) (& 4: A), #MHEA
7] B IR ULAT NMS HE7 , AR R A A
WIREVE £ B HU (MRPP, A =0.37, P <0.001)
(4. B) it/ %ERMR(MRPP, A= 0.30, P<
0.001) (& 4: C) FJE £/H & H (MRPP, A =
0.29, P <0.001) (&l 4: D) A MIIAFAE R E 25
SR L, EAEOK AN R TR 2 A R U
AR A, A R AT R e (B 42 C) o T
B/ L L HUUTRERE W b 2L F8 A AR DL 7 A TR AE )
TER i) 22 5 AR A0 3 (HLP S5 R B AR SR 5 22 ]
e —E IVE R, R WY IO I B/ TR 12 R )
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Fig. 4 Nonmetric multidimensional scaling ordination results of different insect functional groups
in Jiuduansha wetland of the Yangtze River Estuary, East China
A: I R All insect groups (final stress =7.3, 2, =0.56, r2,., =0.34) ; B: iR B I HE#E Herbivores (final stress =10.0, 2, , =0.51,

r,’;m , =0.38); C: &2 LIRERE Predators and parasitoids ( final stress =8. 8, riml =0.38, rixis ,=0.36); D: & E RINEERE Detritivores (final

axis
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2.5 AFEERYFMBEFERLT
TRRFh AR WAL A 39 il Bt AE ) A S A
TERZE BIRPEIIF (2 2) o i)™ =5 1 B R Fh &L
HIRZ, 4 22 Pl ERIRZ, O 9 iy HAEK B D
N8 B AT R A S B, o 4 Rl
LR H, 3 ) O A5 KR R B Stenocranus
matsumural Y13 25t K@\ Chloriona alaica . B 1%
Dimorphopterus pallipes F1 K118 Cryptonevra flavitarsis ,
F—FE R R G E] D Thrips formosanus W) BUE
T o IRGFRE R R AR B A 4 i, Horh — R
M- W Macrosteles fascifrons . §§ & #i & Haplothrips
aculeatus F5E R K B Donacia frontalis Bk 14

B BAERE R RAA AR S e s i W br H.
EARF R R IR S f, Hh R Laelia
coenosa FI/NEWS Natula matsuurai 8T EVERH,
H AW AT AT Lasiosina sp. K2 FF 1 Oscinellinae
sp. ML Caecilius sp. 1EHAMREYIRE TR ML A 2010
PRz ) Bk R L . XA A 358 AT e i
TP B/ A A B VDR BGK 20 Fifr, Horb 16 i i 4
PO A R GF RE L TE TR RAR IR A O G
A A, B/ R AR, RA S R
(13% ) , Horh (e 2 =5 1 b, Dl 4 RE 55 1 b, i 4 F
FEKF 3 i,

R2 HETFMONBETRNARENRHEEGRTFENERYH

Table 2 Insect species with a preference to different plant communities according to indicator species analysis

kb IRERE

Species

Functional group

(CLSgit]

Preference plant

R

Indicator value

AR

Individual number

Hi# H Orthoptera
AR} Trigonidiidae
/NEEWE Natula matsuurai H
% H Psocoptera
FAmGE} Caeciliusidae
il Caecilius sp. H
248 H Thysanoptera
&) R} Phlaeothripidae

T ] D Haplothrips aculeatus H
i B} Thripidae

& V5 H] Yy Thrips formosanus H

2238 H Hemiptera

“KHEE} Delphacidae

PR 98 KL Stenocranus matsumurai H

352 K & Chloriona alaica H
F 1%} Blissidae

KK Dimorphopterus pallipes H
-1} Cicadellidae

A Macrosteles fascifrons H

38 H Coleoptera

0 H B Ptiliidae

2 Piliidae sp. DF
BN R} Cleridae

BN B Neohydnus hozumii PP
BLHRL Coccinellidae

AL LI Seymnus babai PP

HEEE IR Scymnus hoffmanni PP
FUERF R} Corylophidae

223 ERH Sericoderus sp. DF
FH H B} Lathridiidae

K #FH Melanophthalma sp. DF

Ji A #5F} Laemophloeidae
[ i 4 #s Cryptolestes sp. DF

Sa 72.6* 15
Sa 92, 1 ™ 139
St 90. 8 ** 4 688
Pa 75.7* 74
Pa 93,3 ™ 345
Pa 86. 6 117
Pa 94,9 ** 1027
St 100. 0 *** 149
Sa 66.7" 24
Pa 93.3 ™ 30
Pa 84.8 " 31
Pa 93, 8 ** 367
Sa 55.6* 10
Pa 84. 1" 252
Sa 62.7" 36
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ZE3R 2 Table 2 continued

W et Aty sl T
Species Functional group Preference plant Indicator value Individual number

B B R Anthicidae

KHIE B Macratria sp. PP Pa 94, 1" 136
- B R} Chrysomelidae

% B 7k H-H Donacia frontalis H St 100. 0 ™ 8

X3 H Diptera

FEin Bl Empididae

B Empididae sp. pp Pa 64.6" 95
JK R Ephydridae

MK Psilopa sp. 01 H St 83.3 " 24

JEIR SR IK MG Scatella major DF St 75.0* 14
AT} Chloropidae

AU Cryptonevra flavitarsis H Pa 86.7 " 30

AU AU Lasiosina sp. H Sa 85.6* 513

K ZF1 W Oscinellinae sp. 01 H Sa 60.2" 31

%3 H Lepidoptera
FEIE AR} Lymantriidae
KM Laelia coenosa H Sa 77. g 53
JiZ3# H Hymenoptera
TR MR %} Trichogrammatidae

JRHR ¥ Trichogramma sp. 01 PP St 037+ 36

JRHR¥E Trichogramma sp. 02 PP St 100, 0 *** 10
Z/NEER Mymaridae

SR/ NE Anagrus sp. PP Pa 80, 4+ 186
I JR /N Eurytomidae

I~ JH /N Eurytoma sp. 01 PP Pa 72,9 % 16

I /N Eurytoma sp. 02 PP Pa 57.17 ;
li/NgERL Eulophidae

KB/ N Aprostocetus sp. 01 PP Pa 64.6 " 63

K Emi/NgE Aprostocetus sp. 02 PP St 100. 0 ** 33
Bk/NEER Encyrtidae

H A Bf i 22 Wk /N Astymachus japonicus PP Pa 100. 0 *** 19

it W S 6 /1N Boucekiella depressa PP Pa 95.5 o

S5 kN Platencyrtus aclerus PP Pa 583" 16
I HE ARl Platygasteridae

/N Eumicrosoma sp. PP Pa 99, 4 540

2% [ 44 Scelioninae sp. PP Pa 8. 9 71

PRI R AW Platygaster sp. PP Pa 67.6* 23

MY Telenomus sp. 02 PP St 100. 0 *** 11
R} Braconidae

Z5 % Rhaconotus sp. 01 PP Pa 55.6" 11

H: ffi & Herbivores; PP: fifi /%74 Predators/parasitoid; DF: J& &/ & Detritivores/fungivores; Sa: H 6K B Spartina alterniflora; Pa; 7% 3
Phragmites australis; St; FEL Scirpus trigueter. * P <0.05; ™ P <0.01; ™ P <0. 001 ( Z245 K% K:56 Monte Carlo test).

L 1 B T A b = RN £ B 7 R R B
3 Fig5itig R, T 3 T T T I M A 1 B TR VA 4
PO RS A (2006) M4 — B B

ASCHFF A R, HAEKE AR AR (2006) A , T 76 K B A (I 1) J 785 75 R it I



139 WP HAKE AR UL LB b B e T RE AL RS E B 215 S A 52 ) 81

MRS, & B E M A R M E A
KB 3 N I R BAEK RIS B I AR T R
M E S o SR, AWF R B, B B R AL
i 2H AR BLABOK BRI 35 RE TS 2 () 22 5 3%, (ELAE
1B B APy oF R AR 22 B TR I AR R A v 1)
WESIFARE, ZERET Wu g (2009) 45 R
FEAR—H, X R Y] - F A B A B K B AR W]
RECL AR TGNk, Hoh AN R e B LB A
B R B AR K B B3 1 22 S P RE SR A R LR Y
HERHE, AT B R A, )t R A S %)
SR ANRFEY) 7 L N, I R o R Sk A ) K
SRS & B FEI( Novotny et al., 2003 ; Parker and
Hay, 2005; Bezemer et al., 2014; Avanesyan and
Culley, 2015) , 3 ) A8 W 1 V& A &7 3 A , A< B 50 1
SR SE T PR A R N AR R A B
A3 AT AR LT, I AT RE O X BAEK B A T 27 258 .
H AT A A A B O B AR K i 3 AL A 9
FEE T /D B il Ju 55 (2016) A 5E 48 H A
FEKF Y LR 2T B SR Bt I ) 32 B2
S, BB P ECT 2 W H A B RO R R e
PRI 7% S BN ) Sh A2 A e ) S P ot
Hb, i T = SR s AR AR AT BEXTHR 43
TR A R U R B = A SO ) AR A B T
B, AT REAS (R 71X 2 4 25 Al B B R0 ey A e 4
{4 ( Parker and Hay, 2005; Verhoeven et al.,
2009) , HAR EARYLEIE B WAFTE T HAEKE S 1
FAHE B AR EAE R C R T A TR SE  H 2+
HIT RS R IR B AR AR S T RE AT
A PIRHATLAE T, DA KON B A6 K REFN 4 35 A ) 36
KZR AR HE RS2 5 R 8 Y AL (Ju et al.,
2016) ,

S B AL, A R B TE R He )
AR ALK B Y AR S B, A ESE
FW], BIR AMRAR Y e i 3 ) 52 Al 2 2 E AR
BT, A S Ml B2 AR A A TR ) 5B AN O3 A i
(de Groot et al., 2007 ; Lau, 2013) , HAEKFREE
iR R IR ER B R T B A R R T
TRk Z R B F R B R B~
B DS RUA  An, TE O G 2 43 A 1
HEER R R £ 8 T/% L et
EERE B, K Bmk /N Aprostocetus sp. 01, H A< ] H
ZE Bk /N W Astymachus japonicus | J ) # £G Bk /)N 1
Boucekiella depressa F1 - 1§ Bk /N & Platencyrtus
aclerus , o7 E¥hm 25 P HREF L EFE H W

Nipponaclerda biwakoensis, ZE38 %2 /N Anagrus sp.
FEA AR CE I, PL N Eumicrosoma sp.
WU Ry KB A s B ) Ay A 0 (R 2) o B AR & (2012)
W3 R IAE FACK T | =5 R — e JE AE W V%
Hh R R B S R R SO A R TR A TR R A A
KM, TR Ry AT REAFAE 7Y EERBEI G . AT BT
FAE—EFEEE B SR T3 — W A, BR T8
e R £ 27 AR ) I B, AP R AR T LU
T BUS R YIRE TS 0 23 [B] 25 4 FAL 215 5 R A, R
M SR T AT A 48 R AT Dy, AT 52 ) K i B
B0 AT A FR E S 5= ( Pearson, 2009 ; Bezemer et al.,
2014) , FZEFNH ALK FALIL B S5 /M EILRAE B
HrFHEY =R, FRYLHE S WAAATE T AR
KBS R AR EAE IR T (AR ADII
AN, BAEAK B AN KRR B2 A
TR AT RE 23l B R R AN R RIS AR
S CITE s A T B CIE IR A A b

TEABETE D JE B/ R R RS2 B AR
NARFEM /N A ol 2H B AE AN [R)AR ) A T v ) A
IV R . X AT RE 5 1 B/ B RO YR IR
VEPEA i P AN 5 A K (Makkonen et al., 2012) , 4%
1M, BT RAETT R A R, AT 5E Kb K 1 R kSR i
B/ R R R SRR O, BAEK AR XS
R PR B/ R R R 2R e A
— 5.

R 15200 B HL D RE A 2H AR R A0 2 RE 1, AR 0T
FUIE R I HACAKFL R AAZ REXSAS [F] B HL S REAERY 2=
TR A . HALK BRI B BA BRI
BERBYFFE AR, ATRE S BAE KRR
AAR T R A K A OC (Liao et
al., 2007) . T EHAEKFH EAERRAL 2280, O
HBBE AR A TR B — o W Hb SR SR A bR, R 1 — 2k
P B WA AT BRI R B K RO B AR 4 i AR
KT ], I3 A AR 853, AT R R AR
BT AR B0 (Ju et al., 2016)
BEE TSR IR T M A A I B, — e
B AT B2 iT R 2 7 35 45 L E MY HEVR , AT 5 2
G AR FIREE A B YR BRI A (A8 1Y
TR, MHELZ T, P MR R TP A B L 2
WA AT RETE 2 MR A 7 AR AL R T
AR . BR TSI B R R R B A, AR
K EIRREXS K EL B b 5 R R 22 B ) Z 1 Bl A
PR, HAEKFLRETE R ) YR B AR
Fony 2y sh A S R HURIRL, W 35 B R 2
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1T 25 IR AR v DK T B L o SR A A R g e (L
W B R Ao ol T A4 K R U i 4 22
S PR B A R T A AR A R R - R R
T = EFR R EA R B, FRAE XS AN R A P A
VR R R T B3 A R o AR Z A OCHIE ST
MF ST, HATAARMEXT A S 2 M BL A A T e
(EURH SR Wi R RE 3 B AR 25 R AL I 2R B 5 1 ke
Mo MHAEBEFATE A, R/ HER R m TRE
B KD KA B S A R R v () S A
WA .

g b AW A R L], BAEKREARALBER
XoF TRV 1) [ L 2 R AR s 5 7 AR TH A
Wi, i RERE R 678 10 b B TR D) RE AR 21 U4t # A= 1
A, HIE AT HAER AR S B A B RGN
BOPOr R RERARSC N A HATEIR R o LT,
TR R HOAIR £ R SR DR, LU ) PR
B B L E PR B B O B AR B AR A 36 T
25, U S b e sl SRR B 4, OF
ANBEFE S H AR AR X ER TR TR R A= 25 0
RE AT BRI L RO o A DB SR AR I REZ B
PEAR BERMIETE B AEA TR SR I A5 R S
P ANV EE AP SE S

BOM s B A R LR AR AR R B A1 8
EEER, LPPEMAFR EEL XS ERL
KWL RAELRFRELT Fo A FH
A RHARAMA L RAFA, FEAAZRDDARL
PR a2 T Ao iR 5 8 A UR AN B0 26 8 T se s At
R Ao 3R 5Bk EERHAR A WL K F TR F L R
IR By SR T B IR A B e ) I
AT

S % 30k (References)

Avanesyan A, Culley TM, 2015. Herbivory of native and exotic North-
American prairie grasses by nymph Melanoplus grasshoppers. Plant
Ecol., 216(3) : 451 —464.

Ayres DR, Smith DL, Zaremba K, Klohr S, Strong DR, 2004. Spread of
exotic cordgrasses and hybrids (Spartina sp.) in the tidal marshes of
San Francisco Bay, California, USA. Biol. Inwvasions, 6: 221 -
231.

Bertness MD, Crain C, Holdredge C, Sala N, 2008. Eutrophication and
consumer control of New England salt marsh primary productivity.
Conserv. Biol., 22(1) : 131 —=139.

Bezemer TM, Harvey JA, Cronin T, 2014. Response of native insect
communities to invasive plants. Annu. Rev. Entomol., 59: 119 -

141.

Canepuccia AD, Montemayor D, Pascual J, Farina JL, Iribarne OO,
2011. A stem-boring moth drives detritus production in SW Atlantic
marshes. Mar. Ecol. Prog. Ser., 442(12).1-9.

Chen HL, Li B, Hu JB, Chen JK, Wu JH, 2007. Effects of Spartina
alterniflora invasion on benthic nematode communities in the Yangtze
Estuary. Mar. Ecol. Prog. Ser., 336: 99 —110.

Chen XZ, 2012. Insect diversity and its influencing factors in Jiuduansha
wetland national nature reserve, Shanghai. Journal of Shanghai
Normal University ( Natural Sciences) , 41(4): 399 -409. [ x5
2, 2012, R UBOD E R YR B AR X B A R
MRS, BRI RS2 (A ARBEM) , 41(4) 2 399
-409]

Chen ZY, Fu CC, Wang HY, Li B, Wu JH, Chen JK, 2005. Effects of
Spartina alterniflora invasions on the benthic macro-invertebrates
community at Dongtan of Chongming Salt Marsh, the Yangtze River
Estuary. Wetland Science, 3(1): 1 =7. [ X, f1#EK, Tiff
B, A, Rate, BREIE, 2005, B ARKE AR RMEELEX K
TR JCH S P 152 SRRl , 3(1) . 1-7]

Chen ZY, Li B, Chen JK, 2004. Ecological consequences and
management of Spartina spp. invasions in coastal ecosystems.
Biodiversity Science, 12(2) ; 280 —=289. [ B X, 251, K TE,
2004. KELJEAEY AR 094 S5 R B B, R B,
12(2) : 280 -289]

Chen ZY, Li B, Hu JB, Chen JK, 2004. Local competitive effects of
introduced Spartina alterniflora on Scirpus marqueter at Dongtan of
Chongming Island, the Yangtze River Estuary and their potential
ecological consequences. Hydrobiologia, 528 (1) : 99 - 106.

Cheng XL, Luo YQ, Chen JQ, Lin GH, Chen JK, Li B, 2006. Short-
term C4 plant Spartina alterniflora invasions change the soil carbon
in C3 plant-dominated tidal wetlands on a growing estuarine island.
Soil Biol. Biochem., 38(12) : 3380 —3386.

Crooks JA, 2002. Characterizing ecosystem-level consequences of
biological invasions: the role of ecosystem engineers. Oikos, 97
(2): 153 - 166.

Cui BS, He Q, An Y, 2011. Spartina alterniflora invasions and effects
on crab communities in a western Pacific estuary. Ecol. Eng., 37:
1920 - 1924.

Daehler CC, Strong DR, 1996. Status, prediction and prevention of
introduced cordgrass Spartina spp. invasions in Pacific estuaries,
USA. Biol. Conserv., 78 51 —58.

de Groot M, Kleijn D, Jogan N, 2007. Species groups occupying
different trophic levels respond differently to the invasion of semi-
natural vegetation by Solidago canadensis. Biol. Conserv., 136
(136) : 612 -617.

Deng ZF, An SQ, Zhi YB, Zhou CF, Chen L, Zhao CJ, Fang SB, Li
HL, 2006. Preliminary studies on invasive model and outbreak
mechanism of exotic species, Spartina alterniflora Loise. Acta
Ecologica Sinica, 26(8) : 2678 -2686. [ XS A Kk, LW, & H
B, DS, BRMk, BUREE, Jrildk, 4R40mN, 2006. SPORFPE.
AR AR GEHALHR. 55, 26(8) : 2678 -2686]

Dufréne M, Legendre P, 1997. Species assemblages and indicator

species: the need for a flexible asymmetrical approach. Ecol.



139 WP HAKE AR UL LB b B e T RE AL RS E B 215 S A 52 ) 83

Monogr., 67 ; 345 —366.

Gan XJ, Cai YT, Choi CY, Ma ZJ, Chen JK, Li B, 2009. Potential
impacts of invasive Spartina alterniflora on spring bird communities
at Chongming Dongtan, a Chinese wetland of international
importance. Estuar. Coast. Shelf Sci., 83(2) . 211 —218.

Gao H, Peng XW, Li B, Wu QH, Dong HQ, 2006. Effects of the
invasive plant Spartina alterniflora on insect diversity in Jiuduansha
wetlands in the Yangtze River Estuary. Biodiversity Science, 14(5) :
400 -409. [, WAL, 250, RT4L, #EE, 2006, HAL
KEEAMRILBUN %o 2 b B B SRR . A=) 2
P, 14(5) . 400 -409 ]

Hanson MA, Riggs MR, 1995. Potential effects of fish predation on
wetland invertebrates: a comparison of wetlands with and without
fathead minnow. Wetlands, 15. 167 —175.

Hengstum TV, Hooftman DAP, Oostermeijer JGB, Tienderen PHV,
2014. Impact of plant invasions on local arthropod communities: a
meta-analysis. J. Ecol., 102(1) .4 -11.

Jiang K, Chen XN, Bao YX, Li HH, Shi WW, Wang H, Ren P, 2016.
Effect of Spartina alterniflora invasion on the vertical structure of
macrobenthic community. Acta Ecologica Sinica, 36 (2): 535 —
S44. [IW-, B/bEs, SEBOHT, 2R, MR, B4R, RN,
2016. TAEKEL A fRXT IR AN Sl 1 7% 10 45 M 5 . A
AR, 36(2) 535 -544]

Ju RT, Chen YY, Gao L, Li B, 2016. The extended phenology of
Spartina, invasion alters a native herbivorous insect’ s abundance
and diet in a Chinese salt marsh. Biol. Invasions, 18(8) : 2229 —
2236.

Lau JA, 2013. Trophic consequences of a biological invasion: do plant
invasions increase predator abundance? Oikos, 122 ( 122 );
474 - 480.

Liao CZ, Luo YQ, Jiang LF, Zhou XH, Wu XW, Chen JK, Li B,
2007. Invasion of Spartina alterniflora enhanced ecosystem carbon
and nitrogen stocks in the Yangtze Estuary, China. Ecosystems, 10
1351 - 1361.

Liao CZ, Peng RH, Luo YQ, Zhou XH, Wu XW, Fang CM, Chen JK,
Li B, 2008. Altered ecosystem carbon and nitrogen cycles by plant
invasion: a meta-analysis. New Phytol., 177(3) : 706 —714.

Liu Y, Li XZ, Yan ZZ, Chen XZ, He YL, Guo WY, Sun PY, 2013.
Biomass and carbon storage of Phragmites australis and Spartina
alterniflora in Jiuduan Shoal Wetland of Yangtze Estuary, East
China. Chinese Journal of Applied Ecology, 24(8) : 2129 —2134.
[XIEE, 2F2, EPIE, KEZ, MEK, WI0K, I,
2013 VL A JUBL Vb =5 AU B ALK B A Wy e K e k. B
JAES M, 24(8) : 2129 -2134]

Makkonen M, Berg MP, Handa IT, Hittenschwiler S, Ruijven JV,
Bodegom PMV, Aerts R, 2012. Highly consistent effects of plant
litter identity and functional traits on decomposition across a
latitudinal gradient. Ecol. Lett., 15(9): 1033 —1041.

McCune B, Grace JB, 2002. Analysis of Ecological Communities. MjM
Software Design, Gleneden Beach, Oregon.

Novotny V, Miller S, Cizek L, Leps J, Janda M, Basset Y, Weiblen
GD, Karrow K, 2003. Colonising aliens: caterpillars ( Lepidoptera)

feeding on Piper aduncum and P. umbellatum in rainforests in Papua
New Guinea. Ecol. Entomol., 28 704 —716.

Parker JD, Hay ME, 2005. Biotic resistance to plant invasions? Native
herbivores prefer non-native plants. Ecol. Leit., 8(9): 959 -967.

Pearson DE, 2009. Invasive plant architecture alters trophic interactions
by changing predator abundance and behavior. Oecologia, 159(3) :
549 -558.

Peng XW, Gao H, Dong HQ, Wu QH, 2006. Study on diurnal insect
communities in different habitats at the Jiuduansha Wetland National
Nature Reserve. Journal of Fudan University ( Natural Science) , 45
(6): 784 -790. [, miEk, #EZ, RTLL, 2006. JUBk
U E B A AR AE SR AT I R R OF Y. B
2, 45(6): 784 =790 ]

Rand TA, 2003. Herbivore-mediated apparent competition between two
salt marsh forbs. Ecology, 84(6): 1517 - 1526.

Schwartz MW, Brigham CA, Hoeksema JD, Lyons KG, Mills MH,
Mantgem PJV, 2000. Linking biodiversity to ecosystem function:
implications for conservation ecology. Oecologia, 122 (3) . 297 —
305.

Tong CF, 2012. Effects of vegetation type on arthropod functional groups
in the aerial habitat of salt marsh. Acta Ecologica Sinica, 32(3) :
786 ~795. [FA R, 2012. AHPSEAINT HVE ML %S A
S TIRERERE M. AESAER, 32(3) : 786 -795]

Verhoeven KJF, Biere A, Harvey JA, Putten WHVD, 2009. Plant
invaders and their novel natural enemies: who is naive? Ecol. Leit.,
12(2) . 107 -117.

Vila M, Espinar JL, Hejda M, Hulme PE, Jarosik V, Maron JL, Pergl
J, Schaffner U, Sun Y, Pysek P, 2011. Ecological impacts of
invasive alien plants: a meta analysis of their effects on species,
communities and ecosystems. Ecol. Lett., 14 702 —708.

Vitousek PM, D’ Antonio CM, Loope LL, Rejmanek M, Westbrooks R,
1997. Introduced species; a significant component of human-caused
global change. New Zeal. J. Ecol., 21(1): 1 -16.

Winfree RW, Fox J, Williams NM, Reilly JR, Cariveau DP, 2015.
Abundance of common species, not species richness, drives delivery
of a real world ecosystem service. Ecol. Lett., 18(7) : 626 —635.

Wu YT, Wang CH, Zhang XD, Zhao B, Jiang LF, Chen JK, Li B,
2009. Effects of saltmarsh invasion by Spartina alterniflora on
arthropod community structure and diets. Biol. Invasions, 11(3):
635 - 649.

Xiong LH, Wu X, Lu JJ, 2010. Bird predation on concealed insects in a
reed-dominated estuarine tidal marsh. Wetlands, 30 ( 6 ):
1203 - 1211.

Zhang Y, Ding W, Luo J, Donnison A, 2010. Changes in soil organic
carbon dynamics in an Eastern Chinese coastal wetland following
invasion by a C, plant Spartina alterniflora. Soil Biol. Biochem., 42
(10): 1712 -1720.

Zheng LY, Gui H, 1999. Insect Classification. Nanjing Normal
University Press, Nanjing. [ 446, HES, 1999. B Hp2k. ®
A s P AU IR Y AL ]

LG )



