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Abstract: It is well-documented that the expansion of Wedelia biflora profoundly impacts the structure and
functions of the native plant community in the Xisha Islands, but the effects of this expansion on terrestrial
mollusks remain unclear. In this study, we investigated the population density and shell features (e.g. height,
width and mass) of the major groups of terrestrial mollusks: Achatina fulica, Subulinidae, Camaenidae and
Ariphantidae. Mollusk conditions were assessed under different degrees of W. biflora expansion on Yongxing
Island. Results showed: (1) As the coverage of W. biflora increased, the population density of 4. fulica and
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Subulinidae also increased, decreased for Camaenidae, and initially increased and then decreased for
Ariphantidae. (2) Population density of A. fulica small-sized individuals increased at a disproportionately
higher rate with . biflora expansion, while the density of other body size remained unaltered. (3) W. biflora
expansion inhibited certain shell features of 4. fulica, which adopted an r strategy to cope with W. biflora
expansion. In summary, the expansion of W. biflora on Yingxing Island altered the body sizes, population
density and community structure of terrestrial mollusks. To cope with this expansion, different mollusks
adopted different response strategies, a selective process which should be considered when managing the

spread of invasive species.
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2516 8 WL 3 (Wedelia  biflora) /& % FH 8L 25 J&
(Wedelia) ) — P 2 -4 (1 AE V224 SO HEY), ™
TIRE G TR ALATEFSIG. T, =6
SGth, FEEDRE. ENEEJBVENE. DRV, FEAEE.
H AR R EEIEA 0A 19474 5K 2 IE BURTEIR
AR 25 v ORI 2R AR I M 4 AE 3R [ TR VD T
I3 e AL LT EEYO . R, B, AR ER
VEIN, JE AR N B AR VR IV AR A R OE O AR XA,
1993; ERAE, 2013; EIHEESE, 2019), HAE{EEIHR
BTN VEVD R By (R AR 1 oA 0 8. ARSI R
PUVDTE B AR B R AR, FRATTR I 2R e e 4
TEAE ) H SR PR 5K, JF REZE I AE TR AR AT
EAK, RIE—ZRNRES, GFIFEANH
Y a0yt A (Pisonia grandis) RN (Guettarda
speciosa)~ H(Scaevola sericea)P) K, FEUR
AR B R AR ) 22 R M R/ R D) R GR K (FR I 5
2017). Rl ZRTE I 4G 1 DA sE A PR VD BE & 1A F A8
Y, FpuRy Tk SR B SIS RE R KA.

FRATTAE T PG VD B 1R 7K % B it 28 3 3 )
AT AN, SR T SRR T R 1 SRk

Tt = IR (Achatina fulica)INIR . #92= FLHE IS
NAEFRAAE R 2, T = T AR PN AR, & H AR
TERRRER . AEIRIE . FERE7E o5 B2 R4 X
GHE8, 1965). #z=ISHEIZ |20 404 NFRIH,
RS RS T R R RSB G HX Y

HoOAi (A3, 1985; B4 FI5K 4T, 2004; SRk,

2015), FEARMVAE™ . R U R AE ST 45 T T
P — R fEE (ZEMESE, 2008; Bhattacharyya et al,
2014), PEVDRES AL TG HLIX, AU e, &
FARBER IR REFEAREL L, Iz
H> S WAL o FE B, AR 1 L s D B R A
FEETAHE B, 2001; ERRIESE, 2019).

Wi A= B AR Sl ) B S5 A S5 ORI R P A T (R
A4S, 1997), FrHEY Y skl e A A
RGHIIR A D1 50V, SEma ks A A s Y
FRES) S AR 4 Al (Anderson et al, 2007; Podrouz-
kova et al, 2015). a0, #FRAEYEN S 22 RAlAE
(Impatiens glandulifera) @) ¥& DL A TP &)
MRS BAR, R LT = BRI A R e
% T P& (Horackova et al, 2014). AMRYIFH AR
RS PR MR P IS A A G Ol I A IR
3, AN S M i A= AR B WD i v 45 K (Ruckli et al,
2013). {H B AT R T F Y AL 5K QT 52
W) Ay S B 0 05 ) B 2R AR Sh DAV, B = R A
I A AT X6 AT 7E(Wu et al, 2007). FAKSI)
B AR T 1 25 85 PR R IR T 0 00 38 ) A 9 A
BN HE T g S W — U PR % E (Anderson
etal, 2007); FRAKMITEAS  FEEE /1T LA S B A A2 3
B35 & (5 1211, 2006; Kistner & Dybdahl, 2013), A<
SCIE A Y A KO B AR A A AN [R5k R B R B
ARSI SRAR A G DL, BRI A F Y
37 KX I W o A BRAR S P RO SR, R AT BB B 5

s



ks

1184 4 W £ K Biodiversity Science

08

A F LD A 15 SR K -

1 #55E
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KN ST AR 2.6 km? 5 PG VD RE S B A
34.2%. KI5 3 1A E B 0 B WA A, B
KL A g, & T 28 (S B8 S 05 S 3
T e - O X - 5 7 S W | N e w350
(EHGEE, 2011), Jv'E W s I, AU 584
R ED T 5%—10%510.4%-0.6% (3&T A%,
2013). HHTHUFUE AT . BIGHRE N, 1%
IR 43k Z R0 KGR Z B SR TR R, K BT T A
R (1 T 2 AR AR, 1T AS A2 A W AR Bl R T
o By BHEMDREVE S ARe R ARG AR [ 5,
R W 78 i B AR PR o B3 I, SRR A,
A HEAR T UE B TR ORI o A b R (E AR S
2019). ZEFEIZM 4G 22 40 A TV HE VD L B 1R B3,
BRI VA 7 R I AR A6 M5 T 4 1h) 5 b AR A
Py sk (Fl1a). 2100 3 25 OE TR AR R A T
BAK, HEARBMEY ST, HMsH A
Koo BiERARESNAE KR ER, SFer A KT R
HY — 52 PR 485 J53 (MR 1 4R 45, 1997; Pearce & Orstan,
2006), I 805 E IR A 2K R D e A 5 I T R
P T EE IR, BRI O b A AR S iR
MTERMAERSFEEHIEYEID).
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T20%; FE R KA, AR{RRAME A 55 KT 40%.
X =P 2 PR A M AR K R IR A A,
I B EARAL . B FR 5K S YR Hb Bl B IE BES
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T 1B B R 50 mo Bifi 2B SR R sh 7 ) 1 2 22 R 3 A
B E(1985) FI R84 S5(1997) I J7 7% . 20184F4

© A2 (2009) 3 F il IR By 05 AR W) 2 REVE R FE. L2
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Fig. 1 The occurrence of Wedelia biflora (a) and terrestrial
mollusks (b) in the plant community in Yongxing Island, Xisha
Islands
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SRS ERTHE. R AR R RN & RS 7 £110.01
mm)5% s (shell height, FE7CTEEE N2 1) H i
KPR 2158 %6 (shell width, #8 T BL T 5¢ il i DL 7e i
KGEFE)o 5RAARTE H (shell mass)H LT 43 B K347
M BRI £10.0001 g) (RIERSE, 2013). % T
J11(2006) 1) 77 1250 K 4R 21| ) # 2= B HG MR Bk Ak it 47 1R
FEHG T, RIS KB SRAEE < 3.5). &£
KB4 < B2 <55)FAUZUIRZE >6).
1.4 HIRELESER

R > K FHSPSS 20.0%1(SPSS Inc., Chi-
cago, USA)TE. K XK 2 5 22 73 Wk 56 2= A6 iy
WA 4 5K AN AR S PSS (1) 58 ELAE FH R BRAR 35 B
A =N o A= 0 b- 1 L SRS B =8 Tl el )
WelchiT UL P46 56 FlDunnett’s T3 & L 36 %18
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FrAEAS A 47 5K #2 B 2 18] (1) 22 5= « K F GraphPad
Prism 8.0%K {4(GraphPad software, Inc., USA)il &,

2.1 PEERAEENEE R LERL

FERF 2 X A FE SR 46 31 7764 il A2 AR Sh P B 1k
(El2a), BT %8 KPR, BRI EGIEEH = Y
R w B R, ARSI IR AR R B R, 4
SRR Tl SRR R UG R AR BT B e i R 3
Blo RO B g ig R R A E R 2, SRR
[153.06%; FLik s = PRG0S 5k AR £
28.99%. Al SkUZRL AR UG IR R R D

Mo FOFGIE . B SKIERL, R UGB BRI R 5 i
Wi B ) AR B W)L 5 R AR b P R AR T A AR
AN TR ZE AR I 0 25 4 7 R FEE PR A 3 1R SR I — E 1)
Z 5. WE2bR, BEZRE M 4G 37 ok 75 B 14 o,
ey z= BRI B S BB A o LLIZ TG I, I R
RSN PO SRR VTSR o (i Sy N e
BRGNS . R B TR
MR E Y sk B R, 48 2 IO ES IR AR AR E ) 7%
FEHARAR B H119.70% 27.30%F140.00%; %42

B o5 SRR ER A 2 2001 4.93%- 6.90%F1121.78%;

UR B AL 201 7 iR A 16.75% 4.31%F13.11%;
UNT 55 dEdr Bt o3 ) o AR AR S B 1158.62% . 61.49% i1
35.11%.
2.2 [EERAEHEE

N 3a, e, i, mfizn, WEEHIE, BiLIRR}

MR LA RS AR 0L o] 55 o iy ARk 1) 9 A 9 BEAE AN [R5k
FEBE IRE A (1) 22 R WA IR B Gt 2 B KPP >
0.05), ¥ 5KFERE S5 B AC AR F 1) 5 A 2 2
(&1, P> 0.05), FRM%E M2 57 £ EAR IR H]
(&1, P<0.001). BEEISILEZ Y TR FEE 30,
Bl SRR D TR A B P SR I N, R UG R R (1 R Ak 2
PR 2 AR, #52s FE 3SR R H0 BT 55 5 din o} ke e 25 5
I H i AR 0 W A B 5k AR R 3G 0 2 34 0 s ek b
s . W R A % E RN B kA
o> FEFEEYSKRAE > JEA R b U B 0 i
BHRAR S BE R A B TRFEHL > JF A A
o >HEY TR AL
2.3 BEERAEIR SHHE

WUR 27 2 i R B, ZRfeigii g9 7k s
FEREAR XA YRR R e TR A
BEHW(ERL P> 0.05), (Y TKFEE 5K
AR XS ARSI AR5 i 5 AN 5 B R 3
(K1, P <0.001). Ji A=A B REHD A S 2 B B ik 1
158 = (E13b, P < 0.001). 7285 (&3¢, P < 0.001)F15%
H(E3d, P = 0.004)% % KT 20855 5 5K i+
Hh, FLBEY SRR B s, AR Y kA
FEY Sk 1R 22 AN . E R IR R N 4G
SKIZRIER AR 5T = (3, P < 0.001) 158 % (K13g, P
= 0.004) 2% K TREY skt TELEEER
(EI3h, P> 0.05). ROGIBERIFR AT FEmBEY TR LT
Y18 o S 25 18 N (35, P < 0.001), 5258 SRR
BAhiast(E3k, P > 0.05), 5B (EEEY K
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Fig. 2 The shell number (a) and distribution frequency (b) of terrestrial mollusks in the sampling plots with different abundance of

Wedelia biflora. NV, Native vegetation sample plot; ME, Mild expansion sample plot; SE, Severe expansion sample plot.
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Fig. 3 Effect of Wedelia biflora abundance on the density and morphological properties of terrestrial mollusks (Mean + SE).
Columns with different letters indicate significant differences among plots of different Wedelia biflora abundance (P < 0.05). a—d,
Achatina fulica; e-h, Subulinidae; i1, Camaenidae; m—p, Ariphantidae. NV, Native vegetation sample plot; ME, Mild expansion

sample plot; SE, Severe expansion sample plot.
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Table 1

weight of mollusk

IR RIEE . AL RAE X EERMMEERAIMETEE. Ta. RRATEMNIIN
Effects of Wedelia biflora abundance, mollusk taxa and their interaction on the density, shell height, shell width, and shell

@B & Explaining variable % Density 5% Shell height 5% Shell width 5¢H Shell mass
#% Expansion 2.1(0.136) 1.6 (0.206) 1.9.(0.151) 2.4 (0.095)
KB Taxa 12.1 (< 0.001) 109.6 (< 0.001) 94.9 (< 0.001) 77.9 (< 0.001)
3 x B Expansion x Taxa 2.2 (0.061) 5.3 (< 0.001) 3.9(0.001) 5.5(<0.001)

K5 ANMUE NFE, 355 WEUE NP . The figures outside the brackets are F-value and those in the brackets are P-value.
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Fig. 4 Effect of Wedelia biflora abundance on body morphological properties of the terrestrial mollusks. NV, Native vegetation
sample plot; ME, Mild expansion sample plot; SE, Severe expansion sample plot.
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TR R b e R () AR P B A 2 A B R
W, FRefE I8 WA A AU PR ) TR T AR A TR PR A
HRKR. FMRIEYIN IR BE U A A 58 F0 -+ 43
BRURIK T, 520 o 38 AR W) B 7K 45 M (Gerber et al,
2008; McCary et al, 2016). F i 50K BHINSREEIAN
2] DL 2 [£ K (Horackova et al, 2014)3% 3 Ji11(Stoll
et al, 2012; Ruckli et al, 2013)A i 4= 2 ¥ & Al
ZREE . FEREEEYY K SASREMNR T
FEAEHE AL, FRATHENI A T HE V2R A E M 4 PR 4
gk Al fe 2 OB R ST . A AN IR AE AR
FEW)EE(Utz et al, 2018), 3 1M 520 i 22 3R AR ) A 1)
TRIE L5 PR B . TR RRIEFE BSR4
IR 25 R B, Bl A AR B (M R A 5 B T2
FRAE & B2 A EAH Y 2R AR L 45 B 5k A2 B A0 Bt A=
AR IIEAC FAE F s, w87 SUAE SR8
FhFIAS T Fh 2 (BRI B 270 5

TEARE WM 4 B 5k Hh P9 A1 SR P i e 2 30 B
R AR PR T IR AR AL R |, SR A o SRR R
1A 43 LBt A 2RI 4G 4 kR B2 3G i kg m, 1X
KRBT 1) 5 5k AR A 3 BUE = 1 1 13
FREE R AMARE 3 AR, SOmlE 7 AR
MBS H 3G . AHW) L S E R AR S
B B AR E > LRI 54 = B EG R AU
S]] AN R SV E A A R R S e T 3 4
ATAE T 2 I AR TR 5 9 5K DLJS R V& M) 18
R AR REH RGN, AR RR RS, X NG Sk I8
BHRARSI YR AL T MR RN AE PR S5 A TR A, A
I SRR 0 R R (R A A s XA, 1987, ALA,
2015%)0 i B2 U BE R AR S P (0 P % B B 2R A E 0
W A 4 KRR B2 G N I PR A 3, X AT e S AR
V) 2R AN T R IR A AR ) P AR AR IE
PEFNEE 1 AH DG (8 K48, 2008; Horackova et al,
2014; JHRESCEE, 2015). BEE 2L Tk T
(I3, A b SO R] B8 ki A SR AR BN 4 1) 9 P AR
B S 3N 5 BRAR a3 . ZRAE It A i sk vl T
F52 ) B 9 B B8 ANV B 1) 5% 40 A1 N 55 0 B T
FFIIEAE 22 JE3 B o P A58 R UL 5 i L R A4 30 )
A AE (MR TR, 1997; Ruckli et al, 2013). {H2FE%

®© HF (2015) o E 4 3k 82 5B (Subulinoidea) [ FL L & 25 5 4 2.
W20 3, B IR %, B

ok AR FE G N, GTUR AR AR TG, SRRl
= F B MR AE B UR 56 4+ 7 T 28 I HH S SR K A8 %5 (Raut
& Barker, 2002; Lima et al, 2020), 523150 55 difi gy
BHIBR R FREESZ B0, P B AR,

AR LRI 2 4 5K Tl AR SR B 1) 1) S 3R
IAEFRAR A RHAE T 1, F 22 MY AR AR
NN BAE B . ZRIEIIE A 3 TR AT AT
3N A LB AR B W) A1 2 AR BN 23 A S AR AR A
S G M AN B S B 1) ) RN T T K e . ZEAE
IR SIS PN B S CR RPN Y SN
PR TIAZ K, X 5BaurfRaboud (1988)#1Anderson
£ (2007)HIBIF Fuah R — B, AT BRI B gy 2F ]
PP AR 2 R TAR, fe st e AUMIEE A . IR iR
BRAR By s R i 28 A 0 255 4 5 R PR G i T A2 K,
TES AT BRI IMATRI AN B /D, (HAEE
FEH 5RAT A SR IR AR B AR A . IX R ZRAE
W IH A B LA RN, BRI R R R B ) T REAE
BT RSB, BT AREIRIE R L. HAH)
FhAHLL, AN RPFIAE 2 P HR TR A T AU AE X 2R A
WM A 47 O A me S I A S R Y, Feim. SR
M FEE ST TR & KA B A G N FEAIC . #5
= F SRR AR Y ek /N ] e 5 2R AR B A oK ]
TR MWEAAL, LA BRI AR & oz (i
5. B B & > A K (Goodfiiend, 1986;
Bhattacharyya et al, 2014),

TATTIA A R A 2= P HE R (R P A A Y K,
FENT4.04 mmET3.54 mm 7], & AR
(Pearce & Orstan, 2006; 14, 2015"). BlZS LI 45
IR EE RGN, 46 2= FY SR A A AR B 1K) 43 A7 AR [+
INETIAARTT ) e H 4 = B R IR Y B AR (52
i 0-10 mm) 7R A AE RS N, R R B AR (52
e 60—80 mum) 7 AT A U B S i/ o 2R AR A
KA AR T 2 B SR A A B i, 4
S K 258 mm, BE6)E AR, AT AR
A EFHREIIAR(E 5%, 1985)0 MIRAR T2 5 11 50 AT
IR (1 4) FHAR 5 058 2 8] 73 1 A A i B ) 2 AT A8
KRE(KS5), BRI AT KELZIE N, B
T TR AR AR TR B F g, ek 1 AE K
B BN 73 A AR, H R 73 AT AR T I A
TR b o AR B 7 AP, RS TR 2R eI 5
T IR At A B R B ) R = B R K Y B
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Fig. 5 The distribution frequency of the growth stage of
Achatina fulica in the plots of a different abundance of Wedelia
biflora. NV, Native vegetation sample plot; ME, Mild expan-
sion sample plot; SE, Severe expansion sample plot.
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