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Abstract

Effect of invasive alien species mostly involves behavioral responses. The
apple snail (Pomacea canaliculata) is one of the world worst invasive alien species.
Its invasion might affect on living organisms in ecosystems, especially native apple
snails (Pila spp.). It is possible that the apple snails might show better aggressive
behavior, predator avoidance and higher boldness than the native apple snails.
Therefore, this invasive species becomes successful and invades the native species.
Purposes of this study are to investigate these snails distribution and behavioral
interactions. There are 2 parts of this study: field study and laboratory experiments.
In the field, we collected the basic data of the snails’ habitats in order that we could
evaluate their status and distribution. The native apple snails (Pila pesmei) were
most found (23 individuals) in Pak Phanang, Nakhon Si Thammarat Province while the
invasive apple snails were most found (134 individuals) in Bueng Boraphet, Nakhon
Sawan Province. In the laboratory for the experiments in behavioral interaction
between the invasive apple snails and the native apple snails, it was found that the
invasive species had higher feeding rates and longer distance for predator avoidance
than the native species with the statistical difference. However, there was no such

difference in the boldness experiment.
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2.1.5 ihieyaillfanmmeasuninneimeadaselusunsy SPSS
Version 17.0

2.2 Predator avoidance

o gal

dninldnnany
1. vegldaiugiuiles (Pila pesmei) 313U 35 6
2. MeuLe3 (Pomacea canaliculata) 37U 35 7

3. Yawwalny (Anabas testudineus) 31U 21 i
Tneiismanaaoall

2.2.1 WIPUAMARDIVUIANTIG 30 LURALUAT 817 30 LWURALUAT WAzga 30
ufns uwdldihadlulszanm 3 Ans

2.2.2 wipusegmetltaiusiudiouasveneifiaglilunimeaes Tng
Fonshituunalndifesiu uavisdentamuslneg (Anabas testudineus) daduganiildlu
nsvaaesd laedaulasainnsingues Carlsson et al. (2004)

2.23 maneassvadu 3 ngumnaaes THuA (1) veslwed 1 6 (2) nesli
fusiudios 161 (3) veswwed 1 Fuasvesldeiugiiudies 1§ uiaenguraaoserhnig
yaaed 30 91 uazvosusaziarlilunsvanouiivsndafen

2.2.4 dwammelngldlugnaaes uildnvusdifizszuigeniaseus aseu

Yamuelveld Mald 10 wilieuTuanin udiderese) invegliaiusiuilouas iosivesas



fvuslndiAssiuldluinaaemungunaaes lngnsviesnsenansgnaassdainaainauugi
Asovlamualveliseana 2-3 wuRwns uagldndesmesumesumiemesusazyin
reudunmnaes TWaalunsveaesisau 2 Falus

2.25 ilepsuszazina 2 Halus lindesdiosudedumisomesusazia
niansnaaes wagshnsinszogmeiiesiadoudiluannmumiafsluneusumsvaass
tufindunsvesviesusiazviin sanfedoyadug Aldanmsdunawginssuseninems
ZGRN

2.2.6 MEWINNIMPRRLInTLIAANEILaEAUN YR URonvey Lagly
lfussvindwmsuinauinudennes (Vemier caliper)

2.2.7 ihdeyanliannnisvaaswninsgivisaifmelusunsy SPSS

Version 17.0

2.3 Shyness-boldness traits
N157NaBINARLUAIINANSAN®IVBY Brown et al. (2005) way Cote et al. (2010)
Tneiasnns@nwinatl

o/

daditldnaans
1. woglaetugiiudles (Pila pesmei)  #1uam 30 ¢
2. Meewed (Pomacea canaliculata) 31w 30 67
Tneiismanaaoall
2.3.1 WILUAMARDIVUIANTG 30 LWURAUAT 817 30 LUFALIAT WAzge 30
e S 12 § duthadudnaaosday 3 303
2.3.2 wisufogmesiveiasvesviesldsiugiudiesiingldlunimaaes
Tngidensiflvuelndidsstu 3 nqunisvaaes léun (1) nesiwed 1 i
(2) neelvausiugios 1 6 (3) veswed 1 & wazvesldaiugiiuiiles 1 6
usaznauMIMAREYNISTIAGes 30 91
233 hnsgavddeadaduiugng fefidvesteiusiuiios uagth

Ay o @ & < a Ao a A Y '
ﬂizmwaammﬂwmam fanmvoues Wislwdunniny
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234 vhweswiazyile (Musnuvessiazngumaass) Tdlundemanafniidia

A WAZTIULAY TUIANTIT 10 WURIAT 817 12.5 LURliAT Waged 24 luRling muntives
naeanafndzvindugestiilliumeeentemes (trapdoor) N319 10 WURWAST LAXEd
14 Wi Susunanafnfivuadlidmiuda-Un andeawanafinihnsegiunimsanans
YBIVBURNARDN

235 lndesineguinefumisemesusarsiiatouiunismnaes uagiialy
10 unil LiteUduaniw

236 \leasuszaziian 10 Wil Aoy snuuNaERNTULATY LioUdeslives
\eufieanainndeswanaiin Ianlunismeassisdu 2 42lus

237 \lensuszezinan 2 Hlus Wndesdegudedumiseamesusazain
wiansnaass wagshnsinszegmaivesindoudiluangaisusiluneuBunsmaass tudin
MumisivesudazviinadounluangaiFudy

2.3.8 MAINIINARBY TATUINANEGY kazAUNIvesUFenviey tagld

Vernier caliper

A0UNNINISNNABY

WU URNINATINAIINGT AUYINGIANANT UNTINGTEYTN 2.98Y3

NAN13Y
1.n15AnwINIAUIY
msszyiunsiaefitanisndmanslagldgunsalssysiumisuuiiulan (GPS)
1.1 81U nnels FamiauATAIsITNTIY
annilil 1 avfign 08° 19' 237" Aadign 100° 08' 589"
a0l 2 azfign 08° 15' 934" Apsfign 100°09' 925"
1.2 Jedln Fminnang
avfiygn 167 24' 982" avafga 100° 19' 153"
1.3 Jevasziiia JaninuAsaIssA
aoniiil 1 azfign 15°43' 225" aesfign 100”12 773"
01l 2 azfign 15° 42 681" apsfign 100”7 11' 338"

1.4 viugaunun Ny Jmingassiil
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el @J@ 17°12' 755" aaamm 103° 02' 035"

1 [

1.5 fufiduiluasvnudrdniisrafviauuty Smiagasud

aoniiil 1 azfign 14° 38 239" aosfign 103°04' 368"
A0il 2 avia 30 14738 335" aa3fgn 103 04' 783"

1.6 N “QNUﬂUL‘UGM’]JJﬁ’]ﬁWJUWE]’NLﬂUu’]‘U’NWiu mmmaus

azhl 0 13°13' 560" aaamm 100° 58' 465"

a [

1.7 UiL’JMU’]ﬂLLﬂJU’]L’JW mmmwus

ay @Jm 12°18' 157" aaqmm 102° 20" 674"

a0

1.8 ﬁuVl?IMUWIUQVIEIWNLLVQ%W]L“U'Wﬁ’]lli@‘&lﬁl@ﬂ JTAUTLIIVASTUS

of

= dd)

sqmm‘luLﬁummumammmmm M TNGNIIUYI
avfign 14" 55' 240" avafign 100° 02' 327"
1.10 ﬁu uiilusinuadn i inldenuas Induminau Sarinunusnd
avfign 147 04' 598" avaign 100° 31' 539"
vilndneavierisdimenn Smingremas

avfign 14" 38' 759" avsfign 100° 21' 049"

'
ol a1

1.12 Wy sumuﬂuwmmumamﬂmvmuaa ’«NVI’J@‘W‘W@Q

3

annilil 1 avfign 077 46' 619" avdign 100° 07' 358"
a0niiil 2 azfign 07° 44' 046" Apsfign 100°09' 039"

1NAITN K-1 Nswenvinveslysiugiulisuasiosyes Iskenatniuianvay

JewaUion llalden uasiuves lneveslusiugiulledivinadilugnivesiyes
a o v ! i ! i J

A = a A a a A aa
Wasnazrukazlan by H1UalUaannuININUeeLes @IUnaeLynIUannasuIarildaau

U1nnnakaziuianuanIveglueiusiiuilee frlaudsnune seswenudsnanniivieslas

]
[

ftusiuiles Auuvaunimeslreiuiiudles uenanivesldsiusiudomslidvnuuiu
usvesiveTN sl
2519 K2 nwueslteiusiuiies sxnuiiusinnsjiun vussi 01 Aaes
vath w117 Joni vaidssan i
1) mavhwesldsiugiudesiihenmssutssniu (fu 613w 61 nar aw foe

wnanz wnaUn wneseu Tddus danseing daIeaninu datie) wseldusylewd lawn

Praiwvesldsunminisy Wdueimside 1dwmieastaniva wazilduie
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a <

2) awindue Nldnuveslaiugiuiies glvdunvallinanudauiuil dn1svinun
U5a3dldansiafidnuauann uashfianuses dnsgayiug venuiiihnmsdsaaduuds
Jalinuneslvsiugiudios vieiiunnvimsdsaduiunlimeauindadanuhy

INAITN H-3 NTNUNBELYET ENUUTIAYIUN Fo9t1 w13 Ung viweat U9

(%
1Y

widsi iy gt Suusith aaes e e veidesan
1) iudemefiinanuesiveseiniufin Idun dnds fnnszian dnauen
SRR LIR ﬁagﬂumsﬁn
2) Ansdemedu Midnanvesiwed loud Auuarfiiaatne Auliuad
3) Bnstiestunazidanesiwed Ingldivdede IHun lungagnevFomauenin
Inglddngnusssumd liun ununviie (undeunes) axwu Walavs neldasadnain
533099 Iiun ninen dwiinayulng waglasldansiadl ldun eraiwosited (wuwun) o1y
(W3du1)
a) M meswesUlFuszlev Tngldiduamns @ une wn 61 nendsa)
5) mytweswe3luliusglond Tngldiduomsdnd wu Uargn fe aeniv wazide
6) mameswe3luliusglond Tngnsinlunennay 1-3 um iethluviiewiin
AUVIENN.AZ 4-5 UM (mﬁuﬁmaﬂﬂ.az 150 U) uneiiornenn.ay 50-70 v
7) msthneswesldliusslenisun ldun MWaanuduegunde Wumtesnlailua
nsRnwanuEnmNInsEEvemeslisuii il ar osyel
1.1 81UNNI TIAUATATETTNTIY
401l 1 Pila spp. 0 67 P. canaliculata 65 67
anniifi 2 Pila pesmei 23 & P. canaliculata 0 &7
1.2 Gedln Faniniidng
Pila spp. 0 A1 P. canaliculata 41 §
1.3 Jeuesuiiin J9ninunsaIss
anndifi 1 Pila spp. 0 61 P. canaliculata 59 &7
anndlfi 2 Pila spp. 0 6 P. canaliculata 75 &7
1.4 vupunun Ny Jwingassil

Pila polita. 11 §n P. canaliculata 10 #7

v ' 1%
I~ IS o [

1.5 fuiguinlusiuadnivisrafuihauudu dwmiayisud

3

@079l 1 Pila polita. 2 §1 P. canaliculata 0 6

a0ndif 2 Pila spp. 0 67 P. canaliculata 5 &7
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1.6 Mufiguiluaariuadnitheraivivimsy Sorfavay3
Pila spp. 0 A P. canaliculata 3 §in
1.7 Usnmuhnuaiiig Smiaduny3
Pila spp. 0 7 P. canaliculata 57 $1
1.8 fufiguinlugneuusisfunaniosson fwinUszauasdus
Pila spp. 0 A1 P. canaliculata 32 §
1.9 fufiduiluasvuddnitindann Sminanseny
Pila spp. 0 §i1 P. canaliculata 40
1.10 Mufiguiilumariuadnioninlidouas fndumnan fwiauyusil
Pila spp. 0 A P. canaliculata 9 §in
1.11 vjslvdvesvidorsdmenn Smineramas
Pila spp. 0 §7 P. canaliculata 10 2
1.12 fufigeilusinuddnivmeados fwiaing
anndlfi 1 Pila spp. 0 61 P. canaliculata 15 &7

annilfi 2 Pila pesmei. 13 61 P. canaliculata 53 67

2. nMsAn luiesufunnis
2.1. Feeding interactions
2.2.1 #anN1SUSHUTIEUNISAU M SVBIDULARL YA
Wisugun1siuesvesmesunazsdalagldadfinagounuuiananduy
(The Wilcoxon Signed Rank Test) wuindasiawesldsiusiudosiud1niug nu1s
waransewenszsentusanildunnseiu (Fuandunsed 2-1) uasnuieses

'
>, o w aaa

AudIiug NU15 wazameninsesentudnsiuandiueg1sltudAynatifnseay

CY Y

vd1Agy 0.05 (AILandlun5199 2-1 LazgnIwi 2-1)
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M19197 2-1 NSAUANIIENINTEIONUALAUTIINUG NV 15 VoIBLHAzYLln

N3NNI

a v i

NNSAUATNINYNNTLIONUAL AUT1IVDINDYLLDT 3l

=

'
a

MsAuEmIIEInsETonLaz AUt Nvewenes 71 6 Falua
nstuamMsIEIInsEsonLas A v ees 7 12 Falus
nstuaEmMsIEmensEsonLaz AT v enes 7 18 Falus
MsfuamIEInsEsonLazAut vewewes i1 24 Halus
mMsfuamIemansEsonLaziutnveeslys 1 3 Falug
MsAuEmTIEInsEsenLariudveeslts 1 6 Halug
MsAuEmTIEInsEsenLariudveseslt 71 12 Hlus
mMsfuamIemensEsonLaziutnveeslys i1 18 Halus

ASAUAINIIEMINTEITBNLAZAUT VDIV 1 24 F2lalg

V4 P
-4.552 0.001
-4.602 0.001
-4.541 0.001
-4.107 0.001
-3.408 0.001
-1.214 0.225
-0.734 0.463
-1.400 0.161
-1.122 0.262
-1.021 0.307

30 -

25 4
20 4
15 -
10 4
0 A T T T T

U

(V.)/

ANSAUDINNG

(6,1
1

3dalue 64alus 12 40lws 18 dalue 24 Falua

vaan (va.)

B g nuis

O awsemansysen

AR 2-1 MsiudIRLg NU15 waramenensysonluusiazdIIavemIosLYes

2.2.2. Han15:USguMIguUsnIINISIUDIMITIENINMBENY 2 YU

= = = a i & a Y aa a a
WIBUMNEUNISLADNNUBINITTENINUBYNG 2 %uﬂiﬂﬂi%aﬂmm@a@‘ULL‘U‘ULL@JU'J‘Vlu

(The Mann-Whitney U Test) luusiagaagian wuin veens 2 vl laeniudriiug nu1s
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Y

LAz AUINNNNITTIONUANAN LR NIt A Ivats NszdutediAgy 0.05 Auuandly

AN19N 2-2

M13199 2-2 NMSAUTIIRUG NV15 wagaMTIeNaNTEIoNTENINmeENs 2 ¥ilaly

LARZYINIAT

N13NAABY z p
MsAudsEInvesTs 2 via 3 Halug -6.339 0.001
Msfudsywinaiesa 2 via 6 Falu -6.658 0.001
MsAudsywinaesa 2 via 12 dalua -6.66( 0.001
MsAudsEwInavesTs 2 via 18 Falus -6.711 0.001
MsAudswinaiesa 2 via 24 dalug -6.675 0.001
MsAuEMsIEMansESENsYWinaies T 2 uila 7 Hlus 2191 0.028
NSAUEMSIEMINSESONSYRIaeERa 2 ¥in 1 6 Falus  4.005 0.001
MsAYEMsIEWanSESONsYWaieea 2 wie 71 12 Falus 5.595 0.001
MsAuEMsIEMansESensEWinaiess 2 uila 7 18 Falus  -5.719 0.001
MsAYEMsIEManSESENsYWIaiesa 2 wia 7 24 Falus -6.069 0.001

2.3. Predator avoidance

1%

2.3.1 sgermanmsvilfaiveseslvsiugiuiloasnesiveos

INMINARRINSUTRA1veIesldIugulpuaseeLYes LaKaR o lUL Ll

9
1%

~ a N Y ! I v e A a o a Y] |
LTJ?EJ'UL‘V]EJ‘Uig‘EJS‘VﬂQﬂ’]iﬂuaaqﬁgﬁf‘]"lﬂ1/1@EJISUQWHQWHLQJE]QV]W"IﬂWﬁ/]@a@QL@U?ﬂ‘U'ViE]EJIGUQ

1%
U 6 IS

WUGHULININNTNAaDITIAUNDILEIWUIT (Wilcoxon Signed Rank Test: Z= -0.318,

p > 0.05) wazlIsuiisuszermsmaniiansenitmvesiediinisvaassifeiu
neuieITnassTuAufuneslvetusiuiomuilaiianuuansieiu (Wilcoxon Signed
Rank Test: Z = -0.090, p > 0.05) Iummsﬁlﬁam’%auLﬁwszssmqmwﬁé’dﬁsij‘wasﬁfu'q
ftusiudlesivhnmmaaessufuiuvesives wuiweswetsvermaluniliaunnn

o w

vegldaiugiuilesagelidedfgyneada (Wilcoxon Signed Rank Test: Z = -2.699,



)

LIURLUAT

@
o

@
o
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p < 0.05) flapn5199 3-1 Inefiveeldaiugiuiiesivinnmmaasaieiiiszegnalunismilyan

= o a aa o al' = Y a:' W
WRAULNINY 2.5 tURLUNT ‘V]@EJLGU@TV]'VV]W]TV]@@@\TL@ﬁﬂﬂi%ﬂgwqﬂiuﬂqiﬁuaaq RAYLNINY 17

Ny d'

LuRng vesldaiuiulliesinismaaessiuduveswes dsvegmslunisuilian wd

Y

S o ]

WU 10 WURLAS LavneglasNvinn1sveaeesiu furesldaiugiudiedsvagnislunis

a Yo dl ! U a U d‘
WURAT RAUNINY 19 L9UALLAT AINTINN 3-1

[

a a ¢ aa aN Y v e oA
A15799 3-1 maﬂ’mLﬂﬁwvmaamaaﬁzazmﬂumwwgawmM@ﬂiﬂawquuLMQQLLag
PRYLBINYIINITNARBILENNU (Solo trial) kagnAasIsIuAu 2 ¥in

(Interspecific trial) Iag Wilcoxon Signed Rank Test

N1INAADI n A P

#o8l9d (Solo trial) Auneslas (Interspecific trial) 35 -0.318 0.751
woBka3 (Solo trial) funesve3 (Interspecific trial) 35 0090  0.928

voeldafuviesiwed (Interspecific trial) 35 2699 0.007

%k %k

30,0 T

250 T

200 T

150 T J

19 (

100 T

Y

0.0

— I — |
sl (Solo trial) o83 (Solo trial) newlva (Interspecific trial) o813 (Interspecific trial)

' 1%
a v

AR 3-1 Wiguiguszeemansuilianvemesetias viegldiugiiuiles

v v 1

1ABLATOMNE ** LAAIAIIULANANNNEDATNTEAUTYEIALYLAU 0.01
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2.3.2 anuduiusseninssegmalummilgaiiuiuin (auae) veameslus

¥
Ly

s A =
quULN@QLLﬁ%‘VT@SL%@?

Yo L%

INMTIATIEN ANUFTUSTENIesragmlumMsvilgaiurun (auge) viey

Y

v v
1 (7 U

Toiugiulieuaseslreing 3 n1svaaes nuitsseeymslunsuddanlaiinnuduiusnie

(%

aa U d‘
FORNUVUINUVBINBYRAINITIN 3-2

M19197 3-2 /aNTIATIRRANAITUSSEIasEeenlunsniigandurunn (Auas) ves
1 1y o‘d’lj = a0 [ .
vegldaiugiulouazreslreIiinn1snaaeakeniy (Solo trial) Wasvnass

S22 ¥la (Interspecific trial) 1ny Spearman Rank Correlation

Coefficient
N1INARBY n p R
srggnamnilariurunaveaveslia (Solo trial) 35 0357 0.161
Jre¥N1aN TNy nfuravesMesLe3(Solo trial) 35 0.623  -0.086
szggnansnilianiuvunnveaieslds (Interspecific tia) -~ 35 0757  0.112
svoymensviliafurunnvomeniwed (nterspecific trial) 35 0252 0.199

2.4. Shyness-boldness traits

2.4.1 szggnamaedeuiivesvesldaiuiuileiunesiyes

A = =~ a = o el A Ao a Y

WalUSeuigussEEnaMsiAGeunvas e llsiugNuleslin1svaaefeIiy
veglUsiugiuliesinsvaaessuiuveewes wuitvesldaiugiuiodsseesn1anis
indauNIINYASUALLIRANAaRY (Wilcoxon Signed Rank Test: Z = -0.123, p > 0.05)
dIUNINAABAUTIUMIEUSEEENIINISAROUTNVBIMRELYDININNTNAAB AL INUNDELYDIT
nsnaaessiniuresldaiugiuiles wuin veswesilsseensadeunangasuaull
wANA19AY (Wilcoxon Signed Rank Test: Z = -0.463, p > 0.05) lUULABIAUTZEZN

A =i o e A Ao ] Y 5 ' o e A
nsifeunvesveslisiuguliesiin1snaaesuiuveewes wuil veglusiugiuiios
LagnealreIlssuEn1enIsnaouaINgaLuAulluaNd 13U (Wilcoxon Signed Rank Test:
Z =-0.141, p > 0.05) A9915°199 4-1 lpeesldanugiudomvihnismaasufend
a - = o a Ao A

JLYLNNMTAFIUN RALWITU 14.20 WwURLUAT MR8 ININITVAABARALINTEHENg

dl dl dl 1 o a ! ! v 6‘&! = dl o 1 L
NFLARDUN LRAUVNINY 14.05 LYUNLUAT ﬂ’)u‘lfiaEJISUQW‘L!Q‘WULllEN‘VWHﬂ’ﬁ‘V]@ﬁBQi'JlIﬂ‘U
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MOYLYDIHTTHLNINISIATOUN WAUWINAY 15.60 LYURIAT LagyeglwesNvinNITmMAaes
Suiuneglvsiugiuilowlsseeninsadeun Wwaswiiu 14.45 @uFng Auay

(m‘wﬁ 4-1)

M19197 4-1 HaN1TIATIBYINIsEdAvessssenslunsinfauves e ldaius iU ouas
veeLreINvIN1IMAaeIMENU (Solo trial) Laznaasesiuiy 2 vila

(Interspecific trial) lagly Wilcoxon Signed Rank Test

N1INAADY n z p
nolas (Solo trial) Auneslas (Interspecific trial) 30 -0.123 0.902
weewe3 (Solo trial) funesiwe3 (Interspecific trial) 30 -0.463 0.644
voslaafiunesiwed (Interspecific trial) 30 -0.141 0.888

25.0 T

200 +

150 1

100 r

STELNNG LURLUAS)

50

0.0

I I f !
voelaa (Solo trial) ese3 (Solo trial) woslds (Interspecific trial) Viosies (Interspecific trial)

(%

] ~ = A d' R ] <
AN 4-1 LU?EJULV]EJU?ZEJ%VI'NV]Lﬂa@u‘V]GUE]\‘iV@EJI%QWUSQWULQJ@QLLﬁ%WE]EJLGUE]'E
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2.4.2 ANUENRUSIENINNTEEENINSIARUNTUTA (A1NEY) vaevoeli

¥
Ly

s A =
quULN@QLLﬁ%‘VT@SL%@?

IINMTAATIENANUTURUTTENINTEEENNNTAROUNAUIWIA (AINE) VBT
a‘dy IS

1108 lUINUSNULLIDILAZNDUDING 4 N1SNAABDT WUINTLEENIINSPAUN lUTANUdUNLS

9

o

meadaturuinvemeglunnnisnaees w19 4-2

M19197 4-2 HANITIATILVANUEUTUSTENINTEEENNSIATEUNT VTR (AI1UE)
1 9 e’dy =l aa o U .
vawegldsiugiuilotayveslyainvinisnisaasdieniu (Solo trial) uay

NSNAABITIUAU 2 ¥TA (Interspecific trial) Iny Spearman Rank Correlation

Coefficient
AN n p R
SrevneMSAdeuffuTLInveIies T (Solo trial) 30 0585 -0.104
SYULNNINNSIAAB LT UYLIAY DI YLYES (Solo trial) 30  0.622 0.094

srezIMTAaeuiifuruinveiesia (Interspecific trial) 30  0.383 0.165

3LELNNNISAOUNNUVUINVOWBBIYDS (Interspecific trial) 30 0.703  -0.072
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anUse

INMIANYIANIUNINNTNTEBVBVRL LTI US U DA oBweS U 12 Nuf

Anwn nuvesldaiugiuiies 2 wiia laun Pila polita wae Pila pesmei Tu 4 Fanin loun

& o

9A5571 YSTUE a9 waruAIASIIINTIY Banuvesliuiudiuilewila P. pesmei 11n1gn

U 23 F1 TUUSNUD1IUINNLY JITAUATAISIIUSIY NNNNSANYIYRAVD
vegldaiugiuilowas Kaewjam (1986) linunesldaiugiuilois 2 yila Tlunaldves

IS a

Uszimnelng Franmsfnwassiinuveslusiugiuilowdn P, pesmei Niludaminimasuiay

% s

UATATSTINTIY UONIINT A8 BIUATLINA WazaRuAAvS wavaniiusi (2545) 1e91ui
uwiasnanewilulsznalne Sunuvesliwiusiuilosiosauaslimluuinadives
wedenduey uarnuimesieiinsiuaumniulunnuvani Tnensnylusdaiinuves
wesiinsnszseglunanedminuarivinadesein SminunsmssAnuvesiveiun
flan 1w 134 6 Ineudnadiwunesiedininuvesldsiugiudes
PnmsAnynginssunsdeniuemsssviaveslteiusiudouasosise
3 nudnulunuauniguiidslife wesweidalurdaiusiefufisnsudoniudn
wnnhaminemenszsen uasinownslutiinasnnnimesldeiusiugios wanisinu
adailaonndasiufinuives Chaichana and Sumpan (2014) ¥msiUseuiieunisiuems
uaznsideniuemslnenuin vesweiiuomnsliidonuarivulusnsfisnnnimesls

Wugiuiles (Pila scutata) wenannildsaenndes iUl NAnwINAneImITwarensINIg

v Y

WidvlaemeseIylaiugiiuiios (Pomacea paludosa) winiudsnsulisnau
(Pomacea haustum wag Pomacea paludosa) LLazﬂjﬁﬂﬁuﬁjﬁhﬂauﬁqﬂi’m (Pomacea
insularum, Pomacea canaliculata wag Marisa cornuaritis) ¥84 Morrison and Hay
(2011) Tnewuimesiweivinfusinsduisnsuiueovnsuaziaiadulalsunnnitviniug
sredufilisnruuasiaiusiudos

NnwamsAnwMsugamuindulumuausign fe vesive3iisnsnsmilian
wnnniweslteiusiuiios uaraonadastumsfinuues Keller wag Moore (2000) Anw
Svswavesvwaveaisihdailumbe (Orconectes virilis) feUfduiusssvitandouasan
Tnglduanfidugan 4 win Fawui suemestaidadedousulafidugdudniliun
voafisihinliifinaseouan saufedalimsfinurlag Nystrom (2005) Anwiransznuues

s

nlivilimEenie (non-lethal predator effect) W3suiieuseninafaiiduyiiniug

9
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WULLBY (Astacus astacus) WagIUUTUANUGR1SaU (Pacifastacus leniusculus) WU
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PrananAuvagtgafnindInviaiudinediu (Pacifastacus leniusculus) THaaeglud
dsnnnieihdnviaiugiiudies (Astacus astacus) uenaniididenndoafunisding
Y94 Pennuto Wag Keppler (2008) fifnwwgAnssunsvilfavesueuiinon
Echinogammarus ischnus Miuviaiudsnsdiuisnsu uazwonfinen Gammarus
fasciatus Pusiimiugiudodunsiaaunsnand nelduan 5 sdadufa Wi round
goby (Apollonia melanostoma), black crappies (Promoxis nigromaculatus), rainbow
darters(Etheostoma caeruleum), yellow perch (Perca lavescens) ez brown bullhead
(Ameiurus nebulosus) WuI1 Echinosammarus ischnus ﬁLﬁuﬁuﬁmﬁuﬁjﬁi’Nﬁuﬁqﬂim
LﬂﬁauﬁiuigazmﬁﬁaaﬂdﬂLﬁamaauﬁ’uﬂmﬂmﬁy’q 5 yiadlaSeuiieuiuantedlid

1 TuvagfianuuwanasinuianzussilavesUaniiduganinty Gammarus fasciatus
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Wiguiigussegneiiveswiaveliniedeuiliaingasudu wudmeslusiugnuios

LA ouLYeITEeENINTARBUNINYASNAUILANAIY kanviveevisaevliniilinig

wansngRnssuAUNaTliiwmne 1Y Faliaonndediun1sfineives Pintor et al. (2008) A

= a v v . A A o Y a A o €1 a a

AnwingAnssuaunatluns Crayfish Mluvliniugviosdu wavelaiugandu losvin

Pacifastacus leniusculus \Juvfiawugvieadiu waz win P. fortis \Durdanuganedu wuin
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Usedteudseann w.m.2558

UNNINYHYTNN

PolATINIINIINDUAUBIN NG ANTIURAZANUNUNIUsBlanzrinuaseslys (Pila spp.) N

[

< a v & & a . a a v 61 a A Y
Jurilaiugiuilosasveeiyes (Pomacea canaliculata) Mluwiaiugsanuelddu

v ' '
1 a a

LWINNsAIVANERIUnsdungnsululszmalne Behavioral responses and heavy

9

metal tolerance of Pila spp. (native species) and Pomacea canaliculata (invasive
alien species): approaches for controlling invasive aquatic animals in Thailand
ForrmilasaNTIFLETUNL WIaIuAinn Yoenay

TeUluTAATUN 1 nanau 2557 feTui 30 fue1eu 2558

(% '
(% 1 =

SregIaeilung 1 U Aausduil 1 ganaw 2557 Baduil 30 fugngu 2558

51850
Sruduiilasy
A7 1 (509) 350,000 oo U ety Wou . unTIAN2558
909 2 (60%) 280,000 v ety ieu U NQUNIAN 2558
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T ettt s e e et e e e ee e

518918
518015 suUsTanaisals suUsTINaileass FUIURUALED/AAY

1.ANRDULNY 108,000 108,000 -
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3.A1780) 48,995 60,000 -11,005
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6.Ald 8B - -
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y ., Us VeY 12 18 24 6 18 24 W
asell n419 g9 3 %, 12 3. )
f YN, v, W 2. ¥y, v 4]
7 q Taig 2.83 3.68 0 0 0 2.6 2.6 2.6 2.6 2.8 27
7 6 Taig 2.89 3.25 0 0 0 0 0 0 0 0 27
7 8 Taig 273 3.67 0 0 0 0 0 0 0 0 27
8 1 Taig 2.86 q 0.8 10 10 0 0 0 0 0 27.5
8 3 Taig 2.78 3.85 11.2 11.2 11.2 0 0 0 0 0.8 27.5
8 5 Taig 2.93 4.1 0 0 0 0 0 0 0 0 27.5

v



M99 K-6 Wmtinanlavininuiavestaiug nu1s

a1nu dvtnansuzild (n3u) dmndrnan (nfu) Ymtindraudte (nda)
1 1.3493 0.0391 0.0141
2 1.4004 0.0433 0.0146
3 1.3857 0.0333 0.0130
4 1.3811 0.0419 0.0145
5 1.4006 0.0534 0.0163
6 1.3945 0.0460 0.0148
7 1.3735 0.0445 0.0144
8 1.1972 0.0453 0.0143
9 1.3860 0.0438 0.0145
10 1.4109 0.0426 0.0143
11 1.3944 0.0307 0.0091
12 1.3818 0.0373 0.0112
13 1.1663 0.0346 0.0129
14 1.3725 0.0371 0.0130

4y



M99 W-6 UmMTiNankaNTnueuesdInug nu15 (o)

v

a1nu dvinanwusiild (n3w) Umind12da (n3u) drwtindrausis (nda)
15 1.3952 0.0420 0.0138
16 1.3702 0.0332 0.0118
17 1.3719 0.0505 0.0136
18 1.3922 0.0329 0.0130
19 1.3724 0.0429 0.0154
20 1.3852 0.0426 0.0133
21 1.3886 0.0492 0.0172
22 1.3863 0.0397 0.0126
23 1.3938 0.0393 0.0103
24 1.3783 0.0415 0.0143
25 1.3975 0.0398 0.0141
26 1.3967 0.0288 0.0096
27 1.3610 0.0374 0.0123
28 1.2881 0.0299 0.0091

1%



M99 W-6 UmTinankanvinuisueadIiug nuls (de)

aANau Srvtinnnvusiild (nda) Bvindnngn (n3w) Svtindnudie (nda)
29 1.3718 0.0336 0.0109
30 1.1491 0.0334 0.0113

1%



A519 W=7 UNAUNEALAT UM NWIAIUDIEINIT1UIINTLTN

a1au dvinanwusiild (n3w) Ywtnamitewanszsendn (n3u) dwinamsnesnensesanutie (nda)
1 1.3624 0.3195 0.0505
2 1.3473 0.3157 0.3673
3 1.3189 0.2716 0.6390
4 1.3142 0.2875 0.03186
5 1.3721 0.3408 0.0359
6 1.3811 0.4262 0.0492
7 1.3903 0.4488 0.0527
8 1.1147 0.3406 0.0454
9 1.3092 0.3591 0.0415
10 1.3043 0.2553 0.0324
11 1.2953 0.3923 0.0482
12 1.34695 0.3397 0.0369
13 1.27696 0.3552 0.0441

14 1.2829 0.4367 0.0507

)%



A1519 N-7 U AUNEALATUN MN8N NI IEMINTESN (A1)

Uunavusitd (nsu)

ﬁﬂ%ﬁhﬂﬂﬁfﬂﬂ%ﬂﬂﬂi%i@ﬂﬂﬂ(ﬂ%ﬂ)

UNMUNEINIIENINTLIDNLMAS (NSU)

GRIAY
15 1.3342 0.3352 0.0278
16 1.3202 0.2509 0.0335
17 1.3120 0.2248 0.0224
18 1.3269 0.2550 0.0413
19 1.3393 0.2858 0.0348
20 1.3101 0.2038 0.0279
21 1.3007 0.3190 0.0362
22 1.3181 0.3211 0.0450
23 1.3561 0.3073 0.0437
24 1.3516 0.2691 0.0267
25 1.3736 0.2869 0.0445
26 1.3886 0.3008 0.0391
27 1.4099 0.2050 0.0236
28 1.3313 0.2023 0.0301
29 1.3782 0.2126 0.0366

v



A519 W-7 UNATNAALALUNNTNWIAIUDIEINITI8N9NTEIaN (D)

AU Umunavusitd (nsu) WIUNaIMTIgNIeNsEsandn (nSY)

UNMUNEINIIEN1INTLIDNLMAS (NSU)

30 1.3794 0.2550

0.0424

LY
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M1919 K-8 NANITAATIEVNITHINLIIVBITRLABN TN AUl LYY I IATBIVIREA 2 %iln

Shapiro-Wilk
Statistic df Sig.
nsAudvemesivy (349l 324 30 .000
mMsfutvemeslys (69lu) 377 30 .000
msudvemeslds (1242149) 455 30 .000
nsAutiivesmeslas (2444l9) 541 30 .000
nsAutivesmeslas (184414) 492 30 .000
MsAuamsIemensEsenvemesive (349l 277 30 .000
mMsAuamsenInsesonvemeslty (6431u9) 348 30 .000
mMsAuamsenInsesonvemaslay (1247159) 349 30 .000
MsAuamTIemensEsenvemesive (1847lu9) 441 30 .000
mMsAuamsemInszsonvemeslty (2445139) 500 30 .000
nsAuivemeewe3 (34l 850 30 .001
mMsAuivemeswe3 (69lua) 500 30 .000
nMsAuivemeswe3 (1241u4) 396 30 .000
nsAuivemeswes (1841ua) 344 30 .000
mMsAuivesese3 (2447Tua) 288 30 .000
MIAUEMTIEIINTETONTEMBEe3 (3HT1a) 546 30 .000
MSALEVSIENINTETONVDINDELYES (668"313&1) 446 30 .000
MIAUEMTIEMINTETONTEMBE3 (1244114) 892 30 005
MIAUEMTIEIINTETONTEMBE3 (18%4T1A) 922 30 030
nsAuamsienansEsenvemienlve’ (2497ua) 807 30 000
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M99 -9 HANTSIATILIANRALNIIADAVDITNITINSAUIULABLYIIANVBINDLNS 2 YA

Percentiles

25th | 50th | 75th
msAudrvemesia (34alu) 0000] .0000| 0000
3Ryt vemeslds (6991u9) .0000| .0000 .0000
msAutivemeela (1244la) 0000 .0000]  .0000
mMsAutivemeela (1844lua) .0000|  .0000|  .0000
nsAudvemeslvs (24931u9) .0000| .0000 6750
mMsAutvemeewe3 (34l 14.0500| 20.0000| 30.0000
mMsAutivemeewes (6471u) 27.2000| 30.0000| 30.0000
MsAudveenwe’ (1247149) 30.0000| 30.0000| 30.0000
MsAudveenwe’ (18931u4) 30.0000| 30.0000| 30.0000
mMsAutivemeewe’ (24971u) 30.0000| 30.0000| 30.0000
AsAuEmIInsEsonuemeslys (3991u9) .0000| .0000 .0000
AsAuEmIInsEsonuemeslYs (6991u9) .0000| .0000 .0000
MsAuamsEwInssonuamaslys (124919) .0000| .0000 .0000
AsAuamIensEsonueeslys (18431u4) .0000| .0000 .0000
AsAuE MBS sonuemeslYs (24971u9) .0000|  .0000 5000
MsfuamsIenInsEsonvaeee’ (34alua) 0000 .0000| 5250
ﬂ?’iﬁﬂ?ﬂﬁﬁﬁﬁ]?ﬁ\‘iﬂi%ﬁ@ﬂsUE]\‘iME]EJL“UE]%‘l (658;313&‘1) .0000 .7500 2.0250
ﬂ?’iﬁﬂ?ﬂﬁﬁﬁﬁ]?ﬁ\‘iﬂi%ﬁ@ﬂsUE]\‘iME]EJL“UE]%‘l (1258;313&1) 2.0000| 6.4500{ 11.1000
ﬂﬁiﬁuﬁ’mﬁﬁﬂ%’mﬂizi@ﬂGEJEN‘WeJEJL“UEJ% (18%@@) 6.2750| 15.6000| 23.6750
MsfuaMsIENINsESonUaeeLYe3 (244Ta) 13.3500| 25.5000| 30.0000




M99 W-10 HANISAIATIEVONTINTAUBIMTVRINRDT el tadAnadauwuU

The Wilcoxon Signed Rank Test

50

n13nu
#1918
$#19N5250N
VBDINDYNYDS
(347%a19) -
A1SAUL2
VDINDYNYDS

(3421u4)

n13nu
#1918
$#19N5250N
VDINDYNYDS
(642%a19) -
A1SAUL2
VDINDYNYDS

(642134)

n13nu
#1918
$#19N5259N
YBINDELYDS
(1247T4) -
A1SAUL2
YBIDELYDS

(12%Ta19)

n13nu
#1918
$#19N5259N
YBIDELYDS
(18%7Tu) -
A1SAUL12
YBIDELYDS

(18%Ta19)

n13nu
d%918
wensEIaN
YBIDELYDS
(24%7Ta) -
A1SAUL12
YBIDELYDS

(24%Ta19)

Z

4.552°

4.602°

4.541°

4.107°

-3.408°

Asymp. Sig. (2-
tailed)

.000

.000

.000

.000

.001

M1919 K-11 HANTIATIRNSRI NSRSV meelUsiug e Inuldadaneaeuwuy

The Wilcoxon Signed Rank Test

ANsNY  |n1snu n13nu n13nu n13nu
AT [FMTIUWNN | EIURTIEWE | EUTIERN | EIURTIENS
N5259NVDY |NS2TONVUDY | NILTONVDY | NTLIDNVDY | NSZTONVDY
vouldy  |vewluq woylys noelys woylys
(34ala9) - [(69a%a9) - | (1297Ta9) - | (1897Ta) - | (24%3Ta) -
AsNUdN |NsAud1 | nsAuda | asiudnn | A1siudng
Yaevouldy |voweelds | veaneslvs | vaweulds | vsvalul
Baalug)  |(637Na) (1247%09) | (18%7%a9) | (244i71a9)
ya -1.214° -734° -1.400° -1.122° -1.021°
Asymp. Sig. (2- .225 463 161 262 .307
tailed)
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M1319 W-12 NANTIATILVBNTINTAUTIINUG NUL5 SeMIaveeia 2 sliaiiaan 3 Talug

BNTINITNUTIITLNINVI08 L UIHASVIBELYDS 3 TILUY

Mann-Whitney U
Wilcoxon W

Z

Asymp. Sig. (2-
tailed)

51.000

516.000

-6.339

.000

M1319 W-13 NANTIATILVBNTINTAUTIINUG NUL5 TeNIeea 2 sHa7iaan 6 TIlug

BNIINISNUTIITLNINMDL LUILALNDLLYDT 6 T

Mann-Whitney U
Wilcoxon W

Z

Asymp. Sig. (2-
tailed)

35.000

500.000

-6.658

.000

M1919 K-14 HANITIATINONTINITAUTIINUS NU15 S8mIameens 2 ¥lafiaa

12 $7las

Y a v 1 1 = &
BAIINIINUVTIITERINKGY EJI‘IN LAsRYLYRT 12 Fug

Mann-Whitney U
Wilcoxon W

Z

Asymp. Sig. (2-
tailed)

37.500

502.500

-6.664

.000




M1319 W-15 HANTIATIENERTINSAUTIINUG NYL5 SenInameena 2 Yilafivia

18 F7las

52

BNTINISNUTIITLNINMBL VAL NBLLYDS 18 FILUS

Mann-Whitney U
Wilcoxon W

Z

Asymp. Sig. (2-
tailed)

37.000

502.000

-6.711

.000

M99 W- 16 HANMTIATIZYENTINTAUTIRUS NV15 seniravieeis 2 yllaiiaan

24 71319

BNTINISNUTIITLNINMB L UIALNBELYDS 24 FILUS

Mann-Whitney U
Wilcoxon W

Z

Asymp. Sig. (2-
tailed)

5

37.000

02.000

-6.675

.000
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A1919 W-17 NANITIATIEMONTINITNUEININEPNTLIDNTEUINMOYNG 2 FUATILIAN

3 47l
$nsn1sAuAIMIIENINsEIanTEInvieslYauasieeIYe3 3 4alug
Mann-Whitney U 350.000
Wilcoxon W 815.000
Z -2.191
Asymp. Sig. (2- .028
tailed)

A1519 W- 18 HANITILATIZNONTINISIUAINIIENNTEIDNTENINMDLNG 2 FUANLIAN

6 Hla
$nTnN1sAuAMIIENINsEIaNTERINes Y auALIeEIYe3 6 Falus
Mann-Whitney U 213.000
Wilcoxon W 678.000
4 -4.005
Asymp. Sig. (2- .000
tailed)
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A1919 W-19 NANITIATIEVONTINITNUAININYPINTLIDNTEUINMBYNY 2 FRATILIAN

12 il
$nsn1sAuaMIIERINsEIanTEInvieslYauasieewes 12 Halus
Mann-Whitney U 96.000
Wilcoxon W 561.000
Z -5.595
Asymp. Sig. (2- .000
tailed)

A1519 W-20 NANISIATIEMONTINITAUAININEPINTLIDNTEUINNBENY 2 YRATILIAN

18 F7las

BNTINITNUAIMIIENIINTLIONTLNIN9V08 L UIHALVIBELYDS 18 U9

Mann-Whitney U 74.500
Wilcoxon W 509.500
Z -5.719
Asymp. Sig. (2- .000

tailed)
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A1919 W-21 NANISIATIEVONTINITNUEININEPIINTEIONTLNINMNBENT 2 YRATILIAN

24 %819

BNTINITNUAIMITIINIINTLIBNTLNIN9VD8 L UIHALVBYLYDS 24 T4

Mann-Whitney U 55.000
Wilcoxon W 520.000
Z -6.069
Asymp. Sig. (2- .000

tailed)




M1319 W-22 VUIAAVINEMATAUNIIVB VDL LY ITUG Y

WARINARIATI9RD lUT

TUMN1sMeaee : 26 Tquieu 2556

adai 1 1an 18.44 .

1

a8y 1-8

adai 2 1ian 21.14 .

WA (Haauns)

WIDILAYNBUDT 31U 35 90

56

oyl WoulYa3
RUELAY AN AUN3Y NUELAY AN A2°UN39
1 65 51 1 66 45
2 62 51 2 65 45
3 56 47 3 55 42
4 35 29 4 39 27
5 50 41 5 53 39
6 51 42 6 61 42
7 54 45 7 63 42
8 36 30 8 32 25
Fuivihmsnaaes : 27 fiquisu 2556 NELaY 9-16
a%ail 1 a1 18.57 u. adall 2 ian 21,17 w.
YuUIn (Uadung)
oyl WoulYe3
NUYLAY ANE AMUN3Y RUELAY AN A2°UN9

9 73 51 9 73 51
10 7 60 10 81 57
11 54 42 11 61 a1
12 62 46 12 64 50
13 67 51 13 71 53
14 74 57 14 12 48
15 58 43 15 62 45
16 63 48 16 66 49




o A o

UNNINTNAGDY : 28 EQJQ‘U’]EJ‘LJ 2556 wageY 17-24

adai 1 181 1835 w. ad3i 2 19an 2055 1.

R (HAaauns)

oyl WoulYa3
RUELAY AN AUNIN9 NUELAY AN A21UNI9
17 78 54 17 69 50
18 65 50 18 66 49
19 68 52 19 67 48
20 55 41 20 60 41
21 76 55 21 71 49
22 59 45 22 67 49
23 83 63 23 79 54
24 12 50 24 70 48
Fuivhnisvaaed : 15 nsnAN 2556 NUNBLAY 25-30
p%ail 1 a1 19.35 w. A%afl 2 ian 22.08 .
Un (Hagung)
oyl WouLYD3
RUELAY GRRHGN AMUNAS NUELAY AN A2°UN39
25 70 54 25 67 46
26 66 51 26 68 49
27 66 50 27 63 46
28 82 65 28 65 a7
29 66 50 29 72 51
30 85 67 30 66 49




o A o

58

WNYNINAERY : 17 NINNIAN 2556 nueLaY 31-35
afait 1 e 17.42 u. a%ait 2 1aan 20.00 w.
Yun (Haguns)
oyl WoulYa3
RUBLAY GRGHER AUNIN9 RUBLAY GRQHEN A2UNIN4
31 70 58 31 70 48
32 74 57 32 75 50
33 12 55 33 70 53
34 73 58 34 12 52
35 80 55 35 79 60

M99 K-23 S2ErnNaveIveereIkarvesldaiugiuiles 311U 35 91 Lanmanin1ga

oluil

TUMN1sMeRee : 26 Tquigu 2556

ﬂ%’jﬂ‘ﬁl 11781 18.44 1.

a1 1-8

ﬂ%’jﬂ'ﬁl 21381 21.14 1.

STYLNY (LYURLUNT)

Azafl 1 Asafl 2
wuelay | e 8 ey | MoELYD 8 08 oy | ¥oulYe

daefiy | wenduy | Tus 3 aaefy | wendy | Tus 3
1 / 10.0 3 / 29 14
2 / 2.0 13 / 15 29
3 / 7.0 20 / 0 15
4 / -2.0 23 / 20 12
5 / 22.0 28 / -2 17.5
6 / 0.0 18 / 0 6.5
7 / 6.0 10 / 28 17
8 / 28.0 -2 / 11 2
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o A o

UNNINITNAAaDY : 27 ﬁq‘lﬂﬁlu 2556 RUYLAY 9-16
ad3i 1 18 18.57 . adai 2 1A 21.17 w.

5282N19 (WURLUAST)

Asadl 1 ASadl 2
NUELAY 08 08 108 | M08LYD 08 08 oY | V0uLYD
aaefu | wennu | las 3 gaefu | wennu | las 3
9 / 10.0 29 / 9 175
10 / 28.0 11 / 22 255
11 / 0.0 0 / 0 255
12 / 0.0 27.5 / 8.5 25.5
13 / 10.0 24.5 / 28.5 25.5
14 / 0.0 20 / 13 255
15 / 7.0 18.5 / 27 25.5
16 / 0.0 15 / 22.5 25.5
Fuivihmsnaaes : 28 figuiou 2556 N 17-24
A%ail 1 a0 18.35 . a%afl 2 1aan 20.55 w.

STYLNY (LYURLUNT)

AN 1 AN 2
NUELAY 08 08 %08 | M0ULYD 08 08 oY | MOULYD
faenu | wennu | laq 3 fanu | wennu | Tag 3
17 / 0.0 29 / 6 25.5
18 / 2.5 14.5 / 16 25.5
19 / 0.0 0 / 0 25.5
20 / 29.5 30 / 10.5 25.5
21 / 3.0 0 / 26.5 25.5
22 / 0.0 17 / 8.5 25.5
23 / 16.0 4 / -3 25.5
24 / 2.5 31 / 0 25.5




o A o

UNNINTNAGDY @ 15 AR AIGEY 2556

adai 1 18 19.35 .

RUYLAY 25-30
adai 2 1nan 22.08 .

5282N19 (LUURALUANS)

60

Asadl 1 ASadl 2
NUELAY 08 08 108 | M08LYD 08 08 oY | V0uLYD
aaefu | wennu | las 3 gaefu | wennu | las 3
25 / 14.0 175 / 28.5 25.5
26 / 11.5 29.5 / -3 255
27 / 27.0 30 / 14 255
28 / 30.0 14 / 24.5 255
29 / -8.0 26 / 10 255
30 / 0.0 20 / 24 255
Suiivinnisneaes : 17 nINIAL 2556 PR 31-35
ﬂ%’jq‘ﬁ' 1181 17.42 . ﬂ%’jﬁ 2 1381 20.00 u.
F2UENN (LBURLUAT)
Asedl 1 Asedl 2
wunelay | e 8 ey | MeELYD 8 08 oy | ¥oulYe
faefu | wennu | las 3 gaefu | wennu | las 3
31 / 5.5 2.5 / 0 25.5
32 / 0.0 27 / 4.5 25.5
33 / 315 30 / 32 25.5
34 / 0.0 13 / 5 25.5
35 / 0.5 2 / 31 25.5
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M1319 W-24 HANTIATIEVTOLANINAABUNTHANKIMUUUNRLUS B ULTIg UT BE NN SW]

B
Y

a' -
']GUEN‘V]@EJL%@iLLﬁz‘VT@EJIGU\TWUﬁqWULN@Q

Tests of Normality

KoLmogorov—Smirnova Shapiro-Wilk

Statistic Df Sie. Statistic df Sig.
a_kong solo .260 35 .000 773 35 .000
a_apple_solo .145 35 062 931 35 .029
a_kong duo 103 35| 200 970 35 452
a_apple_duo .170 35 012 .894 35 .003
a_height_kong .107 35 200 954 35 154
a_height_apple 171 35 011 851 35 .000

Descriptive Statistics
Percentiles

25th  [50th (Median)| 75"
a_kong solo .0000 2.5000| 28.0000
a_apple _solo | 13.0000 17.0000{ 26.0000
a_apple duo 6.0000 19.0000{ 28.0000
a_kong duo 3.0000 10.0000| 16.0000
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(%

M1319 W-25 HaNTIATIEVteyaadin1IVAdeUTTEEN1NveRelYsiug iulewuas

<
REINIRR

Test Statistics

a_apple duo
a_kong duo - - a_kong duo -

a_kong solo |a apple solo | a apple duo

7 _318° -.090" 22.699°
Asymp. Sig. (2- 751 928 .007
tailed)

AT K-26 HANITIATIENTBLAANUAITLETENINUUTIN (AHE) Waysyeen1en1Tvilyan

YowoglUuiugiudlominn1snaassfeagyinn1saaedsIuiu

Correlations

a_height _kong| a_kong solo

Spearman's rho a_height_kong |Correlation 1.000 161
Coefficient

Sig. (2-tailed) : 357

N 35 35

a_kong solo |Correlation 161 1.000
Coefficient

Sig. (2-tailed) 357
N 35 35




Correlations

a_height_kong| kong _duo

Spearman's rho a_height kong Correlation 1.000 112
Coefficient

Sig. (2-tailed) 757

N 35 10

kong duo Correlation 112 1.000
Coefficient

Sig. (2-tailed) 757
N 10 10

63
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M99 K-27 HANITIATIERTBYAANUAUTLETENINUUIN (ATNE) WasyaenIen1suilyean

YDIDULDINIINNITNAADIALILALYININTNAADITINNY

Correlations

a_height appl
a_apple solo e
Spearman's rho a apple solo  Correlation 1.000 -.086
Coefficient
Sig. (2-tailed) 623
N 35 35
a_height_apple Correlation -.086 1.000
Coefficient
Sig. (2-tailed) 623
N 35 35
Correlations
a_height_appl
e a_apple_duo
Spearman's rho a_height apple Correlation 1.000 199
Coefficient
Sig. (2-tailed) 252
N 35 35
a_apple_duo  Correlation 199 1.000
Coefficient
Sig. (2-tailed) 252
N 35 35




M99 K-28 S88¥N19 (WURLNT) veaesldaiugiuilodlazneslyes 31U 30 91

o A o

WARINARIAII9RD lUT

AUNNNTNAABY: 1 WouNIAN 2557

A%ed 1 a0 18.29 w.

NU8LaY 15-22

adaii 2 1an 21.15 .

65

Adadi 1 adedi 2
PULAY . . . y . . . -
ag ag  weelds vewwes oy ag  weelds vewlwas
f8nNy  aNNU fAeny  weannu

15 / 24.0 18.0 / 16.0 14.5

16 / 6.4 18.5 / 22.0 23.0

18 / 23.0 11.5 / 15.2 22.6

21 / 13.5 255 / 15.0 25.0

TUNINIINRaDN: 1 WewnIAL 2557

adsit 3 1181 00.06 .

nu8LaY 23-30

adai 4 1an 02.45 .

Aaft 1 Aafl 2
i ¢ o weelie vewwes o o  weelie vewLved
aaefi wenfiu faefiu weniu
23 / 15.6 11.0 / 9.5 7.2
25 / 58 11.5 / 15.7 9.0
26 / 23.5 9.1 / 9.0 8.5
27 / 6.2 23.0 / 8.4 8.2
28 / 13.4 111 / 26.0 147

VINELVA): YINELaY ARTHAYDIviDEusiay

Y

HINUIUYINNTNARBI I ULAALSOU
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M99 K-28 S88¥N19 (WURLNT) veaesldaiugiuilodlazneslyes 31U 30 91

waARINARIAT9salUT (#0)

o A o

AUNNNTNAABY: 2 WO BNIAN 2557

ASed 1 1nan 18.54 1,

LY 1-8

adai 2 e 21.29 .

Asedl 1 asaft 2
RUYLAY . .
o od  vieelds vewlwes By od  viewldy  vRELYD3
faefu  wunny faefiu  wennu
2 / 23.5 15.9 / 24.9 26.2
3 / 15.6 26.0 / 15.0 25.6
4 / 27.0 22.1 / 7.4 14.5
7 / 9.5 9.2 / 26.0 13.6
8 / 7.0 26.0 / 22.9 22.8
Suiivinnisneaes: 2 WEwA1AU 2557 MR 9-14, 31-32
a%ail 3 1381 00.20 w. a%afl 4 1an 02.58 w.
Asadt 1 Ased 2
RUYLAY . .
2 od  veeldy veulwes  ad od  vieeldy  vELYD3
faefu  wennuy faefu  weniu
9 / 24.0 11.2 / 19.8 5.0
10 / 12.9 15.6 / 11.6 13.9
11 / 14.8 25.1 / 21.7 23.2
12 / 25.0 26.5 / 22.6 4.6
13 / 8.0 16.8 / 11.2 5.2
14 / 22.5 14.2 / 4.4 25.5
31 / 17.9 12.7 / 8.0 13.3
32 / 9.5 12.6 / 11.4 14.7
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M99 K-28 S88¥N19 (WURLNT) veaesldaiugiuilodlazneslyes 31U 30 91
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Funvhnsneaes: 5 ngun1AL 2557 MNELaY 33-40
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Aafl 1 ATl 2
e o og woolvs vewlwes ogdneiu  eof weslds veslved
daefiu weniu uenfiy

33 / 13.0 113 / 5.6 3.6
34 / 10.0 10.0 / 4.5 17.2
35 / 24.0 13.9 / 224 11.5
36 / 23.7 14.4 / 3.5 52
37 / 12.0 12,5 / 6.0 14.0
38 / 26.9 13.5 / 54 16.3
39 / 24.0 23.9 / 24.2 21.6

40 / 18.3 26.9 / 10.7 15.7
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Fufivhnnsneaes: 1 weunA 2557 MY 15-22
a%sit 1 1an 18.29 ., adsit 2 an 21.15 u,
vioglag NooLYeS
NUYLAY ANEA A1UNINY NUYLAY ANE AUNITY
15 38.1 27.9 15 43 31.6
16 37.5 28.5 16 39.4 30.1
18 37.8 26.5 18 38.4 28.9
21 37.5 279 21 41.3 30.6
Suiivinsneass: 1 WEwA1AU 2557 RUBLEY 23-30
a4t 3 1ian 00.06 . adsit 4 1an 02.45 v,
VLRGN NouLYes
UYL ANEA AUNIY NUNYLAY ANEA AUNAS
23 36.8 27.4 23 419 30.7
25 36.2 28.5 25 39.2 28.6
26 355 28.1 26 39.2 28.5
27 40.2 28.9 27 a2.7 28.9

28 40.5 30.2 28 41.0 30.8
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Fufivhnnsneass: 2 weunA 2557 NUUaY 1-8
asit 1 1nan 18.54 w, adsit 2 nan 21.29 U,
VEEIGN NouLYes
NULLAY GRRHGN A1UNINY AULLAY AN AUNAY
2 40.5 30.3 2 41.1 28.6
3 39.9 31.3 3 42.0 31.0
q 40.4 29.5 q 41.4 32.1
7 aa.5 31.6 7 439 32.0
8 40.9 32.5 8 43.8 337
Fuivinsneaes: 2 wewnAL 2557 MY 9-14, 31-32
asit 3 1ian 00.20 . adsit 4 1nan 02,58 U,
vioglag NooLYeS
NULLAY AN AN NULLAY AN AUNANY
9 40.6 29.2 9 41.6 31.6
10 41.3 31.5 10 a4.2 35.0
11 36.3 28.7 11 43.6 33.0
12 a1.2 31.0 12 a2.8 32.0
13 43.0 32.2 13 42.6 32.3
14 39.0 23.0 14 41.8 32.9
31 42.0 32.0 31 43.0 32.4

32 41.3 29.5 32 4az2.1 29.2
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noylys WouLya3
RUBLAY GRGHER AMUNINN NELAY GRGHER A2°UN 39
33 40.3 30.3 33 44.4 33.0
34 44.4 31.0 34 41.3 35.4
35 43.6 30.0 35 44 33.2
36 42.4 29.5 36 41.2 31.0
37 43.0 32.6 37 43.7 33.2
38 39.2 31.9 38 43.5 32.3
39 43.5 32.9 39 34.5 30.0
40 43.6 32.8 40 45.2 34.0




M1319 W-30 HANTIATIEVTOLANTNAABUNTUANKAIUNFATBULIEUTEEEN 19D

¥

]

1 U 6 N =] a
ogldenusiulloalaznoalved

Tests of Normality

71

Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Pl SOLO 165 30 .036 922 30 .030
PO _SOLO 124 30 .200% .946 30 129
PI_INTER .160 30 .048 .906 30 012
PO_INTER 204 30 .003 .929 30 .046

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

A1519 W-31 HANTTILATITUANRAILALAINITIATIERAULANA NN BN AVD I UL19N

(%

voglUaiugNuLllpIuas ioeLya3LATaUNlUINYALTUGY

Descriptive Statistics

Percentiles

25th 50th (Median) 75th
Pl SOLO 9.475 14.200 23.500
PO SOLO 9.625 14.050 22.225
PI_INTER 7.850 15.600 22.925
PO_INTER 11.425 14.450 22.850
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Wilcoxon Signed Ran

ks Test

Test Statisticsa

PI_INTER -
PI_SOLO

PO_INTER -
PO_SOLO

PO_INTER -
PI_INTER

z

_123°

-463°

-141°

Asymp. Sig. (2-tailed)

902

644

.888

M1319 W-33 HANTIATENTRLAANUANTUSTENINUWIN (ANNGY) UaETEEEN1aNITIAREUT

YooglUuiugiudesinn1snnasune JuazyiNINAaeTINiY

Correlations

H_PI PI_SOLO
Sig. (2-tailed) .585
N 30 30
PI_SOLO Correlation Coefficient -.104 1.000
Sig. (2-tailed) 585
N 30 30
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M1319 W-33 HAN1TIATENTRYAANUANTUSTENINUWIA (ANNEY) UagTeaenanTsiAdeui

YDINBULLDINIINNITNAADUALILALYIINITNAFBITIUNY (F1D)

H_PI PI_INTER
Spearman's rho H PI Correlation Coefficient 1.000 165
Sig. (2-tailed) 383
N 30 30
PI_INTER Correlation Coefficient .165 1.000
Sig. (2-tailed) .383
N 30 30
Correlations
H_PO PO_SOLO
Spearman's rho H PO Correlation Coefficient 1.000 .094
Sig. (2-tailed) 622
N 30 30
PO SOLO  Correlation Coefficient .094 1.000
Sig. (2-tailed) 622
N 30 30
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M1319 W-33 HANTIATENTRYAANUANTUSTENINUWIN (ANXEY) UaeTEeen1aNIsARoud

YDINBULLDINIINNITNAADUALILALYIINITNAFBITIUNY (F1D)

H PO | PO_INTER
Spearman's rho  H PO Correlation Coefficient 1.000 -072
Sig. (2-tailed) 703
N 30 30
PO_INTER Correlation Coefficient -072 1.000
Sig. (2-tailed) 703
N 30 30
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Abstract

The apple snail (Pomacea canaliculata) is one of the 100 worst invasive alien species in the world. Its invasion might affect
living organisms in ecosystems, especially native apple snails. Effect of invasive alien species on native species mostly
involves behavioral responses such as they might have better boldness than the native apple snails. Hence, this invasive alien
species becomes successful and invades the native species. The purpose of this study was to examine shyness and boldness
behavior between the invasive apple snail (P. canaliculata) and the native apple snail (Pila pesmei). The distance to move
from the shelter to explore the new environment was recorded as a measure of shyness and boldness. The experiments were
divided into 3 groups: solo invasive apple snail, solo native apple snail and interspecific apple snails. It was found that the
results did not support the prediction. There was no statistically significant difference in movement distance between the
invasive apple snails and the native apple snails. In addition, it was found that there was no size effect on the movement
distance for both species. We discuss factors underlying this contradictory result in order to quantify the existence of this
behavioral difference between the native apple snail and the invasive apple snail in the future.
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1. Introduction

The golden apple snail (Pomacea canaliculata) is a native freshwater snail of South America. It was
introduced into many countries in Asia, North and Central America in the 1980s for decorative snails in
aquarium, a protein source for people and as an aquatic weed control agent (Naylor, 1996; Yusa and Wada,
1999; Cowie, 2002; Sin, 2003; Li-na et al., 2007; Kwong et al., 2009). When market demand for the snail
declined because consumers did not like their taste, they were released from many snail-farming projects
(Naylor, 1996; Yusa and Wada, 1999; Cowie, 2002). Also, the snails escaped from captivity and subsequently
became spread and plentiful in many countries (Cowie, 2002). P. canaliculata is now considered to be one of
the 100 worst invasive alien species in the world according to The International Union for Conservation of
Nature (IUCN) due to its serious impact on biodiversity and biological invasion (Lowe et al., 2000).

Several life history traits of P. canaliculata may encourage its success to colonize in the invaded
ecosystem, i.e., it can reach early sexual maturity and high fecundity under preferable conditions, it has high
rates of dispersal, it is omnivore which feeds on various kinds of aquatic plants and any decomposing organic
matter, it lacks natural enemies in the invaded areas, it is able to tolerate wide range of climatic conditions and
highly polluted water, it has a high adaptability to new environments, and it can aestivate in the moist mud
during the dry season (Naylor, 1996; Lach et al., 2000; Cowie, 2002; Yusa et al., 2006; Li-na et al., 2007,
Dong et al., 2011). For these reasons, P. canaliculata has spreaded rapidly from agricultural areas into
wetlands and other natural freshwater systems to become one of the most serious pests of agricultural and
non-agricultural wetlands (Naylor, 1996; Halwart et al., 1998; Lach et al., 2000; Cowie, 2002; Qiu and
Kwong, 2009; Horgan et al., 2014). Its invasion might affect living organisms in ecosystems, especially native
apple snails (Lach et al., 2000; Cowie, 2002).

Effect of invasive alien species on native species mostly involves behavioral responses (Phillips and
Suarez, 2012). Behavioral flexibility is an important determinant of whether the species will die or establish
and become invasion success in a new area (Sol et al., 2002; Wright et al., 2010). In particular, behavioral
interactions may enhance some advantage to species invading novel environments (Rehage et al., 2005).
Individual variation in behavioral traits may influence the success or failure of arriving non-native species
(alien species) at novel environments (Weis, 2010; Chapple et al., 2012). One behavioral trait that might
promote invasion success is shy-bold continuum. Shy individuals averse to take risks in novel situations by
retreating, less competitive, reduce activity levels and becoming more cautious, whereas bold individuals are
more prone to take risks, more foraging or competing for resources, increase activity levels, quick to approach
novel objects and explore the novel environments (Wilson et al., 1993; Wilson et al., 1994; Brown et al.,
2007a; Brown et al., 2007b; Webster et al., 2007; Wilson and Godin, 2009; Scharnweber et al., 2011;
Gonzalez-Bernal et al., 2014). However, bold individuals are not only more active, but also tend to disperse
further than shy ones (Wilson and Godin, 2009). For example, Fraser et al. (2001) found that the bolder
Trinidadian killifish (Rivulus hartii) in the experimental-stream release moved farther than shy fish.
Dingemanse et al. (2003) found that the female great tits (Parus major) which were fast or bold moved over
greater distances than the slow or shy bird. Also, Magnhagen et al. (2014) found that a bolder two-spotted
goby (Gobiusculus flavescens) moved further away from the shelter area than a shyer fish. Likewise,
Bremner-Harrison et al. (2004) found that bolder captive-bred swift fox (Vulpes velox) moved over greater
distance from the release point. Boldness is considered a key element influencing the dispersal distance which
is important in a population rate (Fraser et al., 2001). For example, bold cane toads (Rhinella marina) may be
the most likely to be major component of the population expansion, while shy individuals may benefit from
established populations by bold individuals. Moreover, bold toads may be more likely to exploit resources in
highly disturbed areas or to displace native species from their habitat (Gonzalez-Bernal et al., 2014).
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To see how the invasive apple snail (P. canaliculata) affected the native apple snails (Pila spp.), shyness
and boldness behavior was studied and compared between the snails. The purpose of this study was to
examine shyness and boldness behavior between the invasive apple snail and the native apple snail (Pila
pesmei). We predicted that the invasive apple snail would be bolder than the native apple snail.

2. Methodology

Adults of shell P. pesmei (size 35.0-53.2 mm) were collected using a spade dig up from a run dry
irrigation canal at Na Yai Subdistrict, Suwannaphum District, Roi Et Province, Thailand (WGS-84: 15" 42'N,
103" 45" E). P. canaliculata (size 27.3-79.5 mm.) were collected from the pond in Sa Khu Subdistrict,
Suwannaphum District, Roi Et Province, Thailand (15 36’ N, 103" 48’ E) using a hand net when they were
floating or attached to aquatic plants (water primrose [Ludwigia adscendens], water spinach [Ipomoea
aquatica], and water hyacinth [Eichhornia crassipes]) or by hand if they were on the bottom of the body of
water. All apple snails were collected between the 20™ and 22" April 2014. Captured apple snails were placed
in a paper box and transported to the laboratory at Burapha University, Chon Buri Province, Thailand.
Individual apple snail species were placed into separate cement pond (79 x 79 x 30 cm) containing
dechlorinated tap water (12 cm water depth) maintained at 25-28°C and clay substratum. Each cement pond
was covered by nylon net (mesh size 2 mm) and overlaid with rock to prevent the apple snails’ escape. All
apple snails were acclimated for at least 3 days before the start of the experiment under a natural photoperiod
and were fed once daily with Hydrilla verticillata, a known preferred food of P. canaliculata (Sitti, 1988;
Ajith Kumara et al., 1999; Wang and Pei, 2012). H. verticillata were purchased from a water plant shop at
Chatuchak Chon Buri market, Chon Buri, Thailand (13° 18' N, 100° 56' E) then were planted in tubs and were
taken when needed for experiments. The water was changed weekly during the course of the study. The adult
apple snails were randomly selected to use in laboratory experiment and to examine the shyness and boldness
trait between the native apple snail (P. pesmei) and the invasive apple snail (P. canaliculata).

The experiment was a repeated measure design in which 30 P. pesmei and 30 P. canaliculata were tested
in both of 2 conditions. In the first condition, an individual of each species were tested alone in a test tank. In
the second condition, P. pesmei and P. canaliculata were tested together in the same test tank. The order of
the testing was randomized but was balanced so that an apple snail was first experienced either the solo trial
or the interspecific trial. Overall, there were 30 replicates for each trial. Competitors in each trial were also
tested with size match. All experiments were conducted in a secluded room during night time between 18.00
and 05.00, when the apple snails are most active (Kwong et al., 2009).

Each apple snail was individually marked with different color of reflective tape before being individually
placed into a shelter in a test tank (30 x 30 x 30 cm) filled with 3 L of dechlorinated tap water. The shelter
was a dark plastic box (13 x 10 x 24 cm) with a trapdoor (10 x 14 cm; door 8 x 12 cm) placed at one middle
edge of the test tank. To allow each apple snail to acclimatize, the trapdoor at the front of the plastic box was
closed for the first 10 min of each trial. After the acclimation period, the trapdoor was lifted to allow the apple
snail emerged from the shelter, come into and crawl freely throughout the remaining open arena of the test
tank during the 2 h trial period. The position of each apple snail was photographed before and after the trials.

Boldness may be an important factor influencing the dispersal distance which is important in a spreading
population (Fraser et al., 2001). The moving measure provides a means of estimation levels of boldness in an
individual that reflect personality trait. Therefore, this measurement providing a method for predicting
behavioral responses to new stimulus or the situations after release that is bold individuals should be less
likely to avoid potential predators or stimulus that may pose a risk. (Bremner-Harrison et al., 2004). Here, the
distance taken for the apple snails to leave the shelter (as measured by the shortest straight line from the
release point to the end of the locomotion) and to explore the novel arena was recorded as a measure of
shyness and boldness. Hence, we assumed that the apple snail leaving the shelter or greater moving distances
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from the release point was an indicator of boldness behavior. In contrast, an individual residing in the shelter
or lesser moving distances from the release point was an indicator of shyness behavior. At the end of each
trial, the apple snail was removed from the test tank. Likewise the water was removed and was replaced with
new water to avoid any confounding effect associated with olfactory cues from conspecifics and/or
heterospecifics.

Data analysis

Shapiro-Wilk test was used to examine the hypothesis that a given sample was from a normal population.
Since the data did not conform to a normal distribution for a parametric test, we then analyzed the data using
nonparametric tests throughout these experiments. To investigate the individual shyness and boldness trait,
that is, the distance apple snails moved from release point into an open experimental arena was analysed by
using the Wilcoxon signed rank test. Exact tests were used throughout. Also, we evaluated the relationship
between the distance moved for the apple snails in the experimental tank and their sizes by the Spearman rank
correlation test. All analyses were performed using SPSS version 22.0 and the significance level at p< 0.05
was used to indicate the statistical difference.

3. Results

A Wilcoxon signed rank test revealed that there was no significant difference in distance to move from the
shelter to explore the new environment between P. pesmei from solo trial and interspecific trial (Z = -0.123,
p =0.902, n = 30) and it was the same with P. canaliculata (Z = -0.463, p = 0.644, n = 30). Moreover, there
was no significant difference between the pairwise comparison trial of P. pesmei and P. canaliculata
(Z=-0.141, p = 0.888, n = 30) (see Table 1 and Fig. 1).

Table 1. Distance to move from the shelter for P. pesmei and P. canaliculata when tested separately (solo trial) and tested together
(interspecific trial)

n Z p-value
P. pesmei (solo trial) and P. pesmei (interspecific trial) 30 -0.123 0.902
P. canaliculata (solo trial) and P. canaliculata (interspecific trial) 30 -0.463 0.644
P. pesmei (interspecific trial) and P. canaliculata (interspecific trial) 30 -0.141 0.888

In addition, size (shell height) of apple snails was analyzed in relation to the distance to move from the
shelter. We did not find a significant correlation between size (shell height) and the distance to move from the
shelter for P. pesmei when tested separately (solo trial) and tested together (interspecific trial) (Spearman rank
correlation: r =-0.104, p = 0.585, n =30 and r = 0.165, p = 0.383, n = 30, respectively). Likewise there was
no significant correlation between shell size and the distance to move from the shelter of P. canaliculata from
solo trial and interspecific trial (r = 0.094, p = 0.622, n = 30 and r = -0.072, p = 0.703, n = 30, respectively)
(see Fig 2).
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Fig. 1. Distance for P. pesmei and P. canaliculata to move from the shelter to open area of the test tank during an observation period.
Each datum represents the median of 30 replicates + quartile.
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Fig. 2. The relationship between size (shell height) and the distance moved for P. pesmei and P. canaliculata in the experimental tank.
Open circles = P. pesmei (solo trial), close circles = P. canaliculata (solo trial), open squares = P. pesmei (interspecific trial) and close
squares = P. canaliculata (interspecific trial). Dashed lines represents regression line for P. pesmei and solid lines for P. canaliculata
both in solo trial (thin line) and interspecific trial (thick line).
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4. Discussions

To our best knowledge, we present the first study to quantify the behavioral variation in the context of
shyness and boldness of the mollusks. However, it was found that P. pesmei and P. canaliculata did not differ
in the distance moved from the shelter when tested in solo trial or interspecific trial, which indicates that no
effect of social context (group size of competitors) on the expression of shyness-boldness trait. This result is
contradictory with previous studies which found significant effects of group size on boldness. For example,
Webster et al. (2007) showed that threespine sticklebacks (Gasterosteus aculeatus) behaved more boldly
when in a group, were more active and resumed foraging more rapidly compared to when they were alone.
Magnhagen and Bunnefeld (2009) also found that individual perch (Perca fluviatilis) tended to behave more
boldly (spending more time in open arena) when they were in a group than were tested alone. These previous
results demonstrate that the individuals that behave shyly when alone in one situation may act more boldly
when in a group (Webster et al., 2007). Also, our contradictory results compared with previously the reported
studies can be explained in two ways. Firstly, there is variation across populations in the wild of the native
apple snail (P. pesmei). We only quantified one population. Therefore, this study might have been insufficient
and not informative enough to conclude that there was no difference in this personality trait between the
native apple snail and the invasive apple snail. More populations might be needed to prove the existence of
this difference. Secondly, it is possible that there is species difference in relation to shy-bold continuum of the
native apple snails. Comparing to the previous study (Keawjam, 1986), it was hardly to find other species
(P. ampullacea, P. angelica, P. gracilis and P. polita) in natural habitats in Thailand (unpublished data) while
P. permei was more common in the wild than the others and was chosen to study in the laboratory in the
current study.

In addition, we did not find consistent differences between the native apple snail and the invasive apple
snail in their behavioral responses (shy-bold continuum) to novel environment. This finding did not offer
substantial support for our initial prediction that the invasive apple snail would behave bolder than the native
apple snail. Contrary to the previous studies that invasive alien species often predominate over native species
in boldness. For example, Rehage and Sih (2004) found that invasive mosquitofish (Gambusia holbrooki and
G. affinis) were significantly bolder than non-invasive species (G. hispaniolae), but not G. geiseri. Also,
Pintor et al. (2008) found that invasive single crayfish (Pacifastasus leniusculus) from invaded range and
allopatric with a native congener (IRA) was bolder under predation risk in comparison to both populations
from native range (NR) and from invaded range and sympatric with a native congener, the Shasta crayfish
P. fortis (IRS). It could be explained that variation in behavioral trait (i.e. shy-boldness continuum) might
promote invasion success of species. That is, bolder individuals (those that are more active, more disperse out
of the shelter to explore novel objects or environments and approach the predator more often) may be more
likely to expand population and become a successful invader. Moreover, the results reported by Rehage and
Sih (2004) and Pintor et al. (2008) show that an individual’s position on the shy-bold continuum is influenced
by ecological context (ponds versus laboratory environment) and ecological factors (existence of predation
risk-stimuli within the laboratory environment). However, we did not employ any predation risk-stimuli in our
shyness and boldness tests. Therefore, the native species and invasive alien species in this study are equally
likely to show shyness-boldness trait. The assessments of shyness and boldness behavior under laboratory
conditions should observe both with and without explicit predation risk, thereby differentiating between
adaptation of shyness and boldness on the basal level of behavior (in the absence of predation risk) and in
response to explicit risk of predation.

Finally, we did not find any significant correlation between the shyness-boldness of P. pesmei and
P. canaliculata and their size. It could be that each apple snail in this study was tested with similar size to
avoid the effect of size differences. Our study is consistent with the previous studies of the freshwater fishes
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(Wilson et al., 1993; Fraser et al., 2001; Wilson and Godin, 2009): the pumpkinseed sunfish (Lepomis
gibbosus), the killfish (Rivulus hartii) and the bluegill sunfish (Lepomis macrochirus), respectively. Together
with the current study suggested that these animals had similar energetic conditions. However, our results in
this relationship were contradictory with the results reported by Brown and Braithwaite (2004) and Brown et
al. (2005). They found that boldness was correlated with size when examining 8 populations of the poeciliid
fish (Brachyraphis episcopi) and there was a significant positive relation between standard length and
boldness. These results suggested this pattern was associated with a metabolic hypothesis: smaller fish had a
higher metabolic rate and fewer body fat reserves, and smaller fish were compelled to emerge from shelter
sooner than larger fish.

In conclusion, even though this study did not illustrate that the invasive apple snails were bolder than the
native apple snails, it conveys the first study of this personality trait in mollusks. This study provides the use
of a method available as tool for investigating the shy-bold continuum in the mollusks, especially gastropods,
in the future.
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Abstract

The apple snail (Pomacea canaliculata) is one of the 100 world’s worst invasive alien species that has
the potential to cause harm to aquatic ecosystems, wetland restoration projects, and agriculture. It is
responsible for an altered aquatic biodiversity, by causing environmental impacts on the native
aquatic fauna and native snail species. We hypotheses that 1) this invasive alien species successfully
invades habitats of the native species Pila pesmei because it is more efficient in its resource (plant)
exploitation and 2) there is a significant overlap in their resources (plants as food). Overall we predict
that one impact of P. canaliculata on Pila pesmei is through resource (plant) removal from a shared
habitat. The aims of this study were to examine feeding behavior and feeding preference of the native
apple snail (Pila pesmei) and the invasive apple snail (P. canaliculata). The native species and the
invasive species were tested separately and together to determine consumption rates. It was found that
the present study supported the prediction. With the statistical significance, the invasive apple snails
had higher consumption rates than the native apple snails when comparing both when tested
separately and when tested together, respectively. To predict the potential impact of apple snails on
aquatic plants, we tested the feeding preferences of P. pesmei and P. canaliculata by using the
hydrilla plant (Hydrilla verticillata) and rice (Oryza sativa) in food-choice experiments. It was
revealed that P. canaliculata preferred to consume the emergent plant O. sativa, over the rooted
aquatic weed H. verticillata. Moreover, P. canaliculata consumed most in all plant species compared
to P. pesmei. These experiments suggest that the invasive apple snail P. canaliculata is a superior
competitor to native apple snail P. pesmei for consuming food as it also can exploit almost everything
of plant origin in the environment. For these reasons, the invasive P. canaliculata is a strong
competitor of the native P. pesmei and can highly degrade native species’ ability to survive or

establish in new environments.

Keywords: feeding behavior, feeding preference, native species, invasive alien species, ecological

niche



©CO~NOOOTA~AWNPE

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

Introduction

Biological invasions by alien species are now considered as one of the world’s most important
environmental threats to natural ecosystems, biological diversity and a significant element of global
change (Ruesink et al. 1995; Vitousek et al. 1996; Wittenberg and Cock 2001). They have also given
rise to some of the most serious pest of agriculture, forest productivity, and fishery, causing yield loss
and economic costs, as well as effects on human health (Wittenberg and Cock 2001). The
International Union for Conservation of Nature (IUCN) has prepared a list of “100 of the World’s
Worst Invasive Alien Species” according to their severity of impact on biodiversity and/or human
activities, and the severity of problems surrounding biological invasion by them (Lowe et al. 2000).
On this list of invasive alien species is Pomacea canaliculata, a native freshwater snail of South
America. This snail had been introduced into many countries in North and Central America and Asia
in the 1980s as a decorative snail in aquaria or as a food source for people (Naylor 1996; Kwong et al.
2009). However, the snails have not become a successful food item because consumers did not like

their taste and many snail farms were abandoned (Naylor 1996; Yusa and Wada 1999; Cowie 2002).

P. canaliculata can reach maturity in a short period of time and possesses a high fecundity (Cowie
2002). In addition, it is omnivore, feeding on soft aquatic plants and decomposing organic matter
(Sitti 1988; Sebastian 2003; Carlsson and Brénmark 2006). Furthermore, P. canaliculata is extremely
polyphagous and it is less selective in its choice of food and feed upon many types of aquatic plants in
its environment (Estebenet and Martin 2002; Memon et al. 2011). This apple snail can inhabit in
many types of aquatic ecosystems, such as standing water or slow-moving water in swamps, marshes,
ditches, ponds, rivers, lakes, irrigation canals, and reservoirs (Cowie 2002; Thaewnon-ngiw et al.
2003). It also survives harsh environments such as polluted water with very low dissolved oxygen
levels (Sebastian 2003; Li-na et al. 2007). For these reasons, P. canaliculata has spread rapidly from
agricultural areas into wetlands and other natural freshwater systems to become one of the most
serious pests of agricultural and non-agricultural wetlands (Naylor 1996; Halwart et al. 1998; Lach et
al. 2000; Cowie 2002; Qiu and Kwong 2009; Horgan et al. 2014). The successful establishment and

invasion of P. canaliculata in aquatic ecosystems (especially rice fields) causes yield loss and adds to
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costs associated with replanting and control measures (Naylor 1996; Cowie 2002). It also has effects
on human health, the natural environment and aquatic biodiversity, including impacts on the native

aquatic fauna and native snail population (Naylor 1996; Cowie 2002).

The rate at which invasive alien species spread and the impact they have on native species might be
associated with behavioral abilities and characteristics (Phillips and Suarez 2012). Some behavioral
traits can influence the success or failure of non-native species (alien species) in novel environments
(Weis 2010; Chapple et al. 2012). A comparative approach involves pairing invasive alien species
with native species and is often useful to help understand why an invasive alien species has become so
successful (Daehler 2003). Previous studies have examined the behavior of invasive alien species that
can contribute to their invasion success. Many of these studies have focused on feeding behavior. The
invasive alien species can be more successful by having a very broad diet and can outcompete native
species for food resource (Weis 2010). In other words, feeding by the invasive alien species and
competition with native species severely impacts native ecosystems (Martin et al. 2012). Morrison
and Hay (2011) determined the feeding rates of native and non-native apple snails, and found that the
invasive apple snail Pomacea insularum and P. canaliculata tended to eat more than the native
Pomacea paludosa or the non-invasive Pomacea haustrum. In a similar study, the golden apple snail
(P. canaliculata) was compared in the laboratory with an apple snail that is widely distributed in
Thailand (Pila scutata) by Chaichana and Sumpan (2014). The result showed that P. canaliculata
consumed more food than P. scutata. Moreover, P. canaliculata was also non-selective for food,
while local apple snail (P. scutata) fed in preferred plants. This suggests that the decline in native
snail populations may be linked to the invasion by P. canaliculata in a shared environment. The
invasive apple snail P. canaliculata may displace native apple snails competing for resource (food)

and that this competition is associated with feeding behavior and feeding preference.

The feeding behavior and feeding preference of P. canaliculata have been examined in both
laboratory and field experiments (Lach et al. 2000; Carlsson et al. 2004; Carlsson and Brsé nmark

2006; Boland et al. 2008; Burlakova et al. 2009; Qiu and Kwong 2009; Tamburi and Martin 2009;
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Memon et al. 2011; Morrison and Hay 2011; Wang and Pei 2012; Zhao et al. 2012). Nevertheless,
much less information exists about the feeding of Pila spp. and even less is known about the
comparison experiments between feeding of invasive alien species (P. canaliculata) and native
species (Pila spp.). Several species of apple snails of Thailand (Pila spp.) are important economically
by providing food, especially for farmers (Keawjam 1986). However, unfortunately, Pila spp. have
decreased in their natural habitats. Pila pesmei was more common to be found in the wild in Thailand
than the other species (P. ampullacea, P. angelica, P. gracilis and P. polita) (unpublished data) — a
reason for examination in this study. In order to contribute to the knowledge of this behavioral
interaction that could be significant in contributing to explain why this invasive alien species has
become successful in new environment, we investigated the feeding behavior and feeding preference
of the native apple snail P. pesmei and the invasive apple snail P. canaliculata. We predict that i) the
invasive P. canaliculata exhibits higher consumption rates than the native P. pesmei and ii)

P. canaliculata is non-selective for food while P. pesmei is a food selective apple snail.

Materials and methods

Feeding behavior

Adult native apple snails (P. pesmei) (shell height 33-71 mm) were collected using a hand net from a
canal in a palm oil plantation in Bankaun Subdistrict, Lang Suan District, Chumphon, Thailand
(WGS-84: 9° 53' N, 99° 02' E) while invasive apple snails (Pomacea canaliculata) (shell height 30-71
mm) were collected using traps with papaya as bait from marsh in Hadnangkaew Subdistrict, Kabin
Buri District, Prachin Buri, Thailand (13° 58' N, 101° 38' E). Apple snail sampling was conducted
between May and June 2013. The specimens of both species were transported to the laboratory
(Burapha University, Chon Buri, Thailand) and were reared in separate aquaria (30 x 45 x 30 cm)
filled with 5 L of tap water (leaving it for 24 hours to dechlorinate). Fifteen adult snails were added to
each aquarium. All apple snails were acclimated for at least 3 days until use under the experimental
conditions (approximately 25-30°C and a natural photoperiod). Hydrilla (Hydrilla verticillata) was
used as the main food for the apple snails which is a known preferred food of P. canaliculata (Sitti

1988; Ajith Kunlara et al. 1999; Wang and Pei 2012). H. verticillata were purchased from water plant
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shop at Chatuchak Chon Buri market, Chon Buri, Thailand (13° 18' N, 100° 56' E) then were planted
in tubs and were taken when needed for experiments. Feature board was used to cover each aquarium
and overlaid with rock to avoid apple shails escape. All aguaria were checked every day to add water
and food. Once a week, water was changed and plants that are not consumed were removed to prevent
contamination of water. The adult apple snails were randomly selected to use in laboratory
experiments to investigate the feeding behavior of the native apple shails (P. pesmei) and the invasive

apple snail (P. canaliculata).

The comparisons of individual feeding behavior of the native apple snails and invasive apple snail
were tested in the laboratory. We used a repeated measures design with each apple snail (10 P. pesmei
and 10 P. canaliculata) being tested in both of two conditions. In the first condition, P. pesmei and
P. canaliculata were tested separately (one apple snail individual of each species in each test tank)
with the food to obtain baseline data for each species. In the second condition, one individual of each
species were tested together in a test tank. Each apple snail was randomly chosen with the size
matched (shell height of approximately 30-81 mm which was measured by a vernier caliper), to
determine whether responses change depending on the species of the competitor. Before testing, the
shell of each apple snail species used was marked individually using different color of reflective tape.
P. canaliculata is a highly voracious nocturnal herbivore that attends to food mostly at nighttime
(Joshi et al. 2005; Memon et al. 2011; Massaguni and Latip 2012); therefore, all experiments were run

at night.

The adults of each apple snail species were starved for 24 hours before the beginning of the
experiment then removed from the aquaria and placed into each test tank (30 x 30 x 30 cm; containing
3 L tap water) at the middle of the bottom of the tank. The apple snails were allowed to acclimate for
10 minutes in the test tank. After the acclimatization period, 3 stalks of H. verticillata (each stalk
length of 10 cm) were placed in the tank approximately 5 cm from the aperture of the apple snails.
Feeding behavior of the apple snail was recorded video using a digital camera on top of each test tank

and the time that each apple snail consumed the food was recorded. The apple snail that neither
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contacted nor otherwise showed any interest in the food within 30 minutes was discarded from

analysis of feeding interactions.

The shoot length measurement can provide a good estimate non-destructive biomass of aquatic plants
(Pine et al. 1989); thus, it was used to measure the amount of plants consumed. After 30 minutes, the
apple snail was removed from the test tank and the remaining plant material was measured and
converted to the shoot length of plant consumed (cm). The consumption rate of each apple snail was
expressed as shoot length of H. verticillata consumed per the time (cm/min). At the end of an
experiment, the water in test tank was removed and was replaced with new water between trials to
avoid any confounding effects associated with olfactory cues from conspecifics and/or

heterospecifics.

Feeding preference

Adult native apple snails (P. pesmei) (shell height 35-53.2 mm) were collected using a spade and dug
up from a run dry irrigation canal at Na Yai Subdistrict, Suwannaphum District, Roi Et, Thailand
(WGS-84: 15° 42’ N, 103° 45’ E). Invasive apple snails (P. canaliculata) (shell height 27.3-79.5 mm)
were collected from the pond in Sa Khu Subdistrict, Suwannaphum District, Roi Et, Thailand (15° 36’
N, 103° 48' E). If the apple snails were floating or attached to aquatic plants (e.g., water primrose
[Ludwigia adscendens], water spinach [Ipomoea aquatica], and water hyacinth [Eichhornia
crassipes]) they were collected using a hand net. In addition, the apple snails were collected by hand
if they were on the bottom of the body of water. The apple snails were collected in April 2014, were
transported to the laboratory (Burapha University, Chon Buri, Thailand) and were maintained for at
least 3 days before the start of experiment in cement pond (42 x 42 x 33 cm) that contained
dechlorinated tap water (water level was */, of the height of the cement pond). All apple snails were
fed once daily with a mixed diet of two aquatic plants commonly available in the laboratory area
including common duckweed (Lemna minor) and water lettuce (Pistia stratiotes), maintained at 25-
28°C with a natural photoperiod, covered with nylon net (2 mm mesh) and overlaid with rock to

prevent their escape. Food was renewed every day and the water was changed once a week.
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A species of aquatic plant that is a preferred food of P. canaliculata, hydrilla (H. verticillata) (Sitti
1988; Ajith Kunlara et al. 1999; Wang and Pei 2012) and a species of agricultural plant that is
negatively impacted by P. canaliculata, rice (Oryza sativa) (Joshi et al. 2002) were used in choice
feeding experiments to determine the feeding preference of these apple snails, which could be used to
predict the potential impact of P. canaliculata on aquatic plants and the native species (Pila spp.).
H. verticillata were purchased from a water plant shop at Chatuchak Chon Buri market, Chon Buri,
Thailand (13° 18' N, 100° 56' E) and were planted in tubs. O. sativa were collected at seedling stage
(47 days) from a rice field in Na Yai Subdistrict, Suwannaphum District, Roi Et, Thailand (15° 42’ N,

103° 45’ E) and were planted in jardiniere. All plants were taken when needed for experiments.

Most studies have shown that P. canaliculata has a highly voracious appetite and is considered a
nocturnal forager (Joshi et al. 2005; Memon et al. 2011; Massaguni and Latip 2012). However, in one
study P. canaliculata showed rapid attraction to food whenever it was added to aquaria (Memon et al.
2011). Therefore, this experiment was carried out during both daytime and nighttime (24 hours),
during daytime from 06.00 h to 18.00 h and during nighttime from 18:00 h to 06.00 h, in order to

demonstrate the different consumption rates of the apple snails relative to time.

This experiment was conducted outdoors under natural light in a cement pond (42 x 42 x 33 cm) filled
with 6 L of tap water that was left for 24 hours to dechlorinate before the experiments. After 24 hours
settling time, one individual of P. pesmei and P. canaliculata of matched size with shell height of
32.5-46 mm were randomly removed from their housing cement pond, each species was placed in
different cement ponds, and allowed to acclimate for 24 hours with no food. Afterwards, 3 stalks of
H. verticillata (each stalk length of 10 cm) and 3 tender leaves of O. sativa (each leaf length of 10 cm
from the top) were simultaneously placed in each cement pond and the apple snails were allowed to
feed for 24 hours. The feeding preference of each apple snail was observed at 12 hours intervals.
Thus, plants consumed were assessed at 06:00 h and 18:00 h. At the end of each trial, unconsumed

H. verticillata and O. sativa parts in each cement ponds was measured and the food consumed by each
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apple snail was estimated. Also, all apple snails were removed from the cement ponds and water was
changed to prevent contamination of water. Each experiment was repeated 30 times and each apple
snail was only used once. Shoot length was used to measure the amount of plants consumed due to
high accuracy for non-destructive biomass estimates of aquatic plants (Pine et al. 1989); therefore,

consumption was assessed as shoot length of plant consumed in 12 hours and 24 hours.

Statistical analysis

We used the Shapiro-Wilk test to examine the hypothesis that a given sample was from a normal
population. The data did not meet the requirements for a parametric test; therefore, nonparametric
tests were used throughout these experiments as none of the data conformed to a normal distribution.
Pairwise comparisons of the consumption rate between P. pesmei and P. canaliculata were conducted
with the Mann-Whitney U test. Also, the Wilcoxon signed ranks test was used for within-group
comparisons of the consumption rate for P. pesmei versus P. canaliculata. Exact tests were used
throughout. Subsequently, the effect of size on the consumption rate of each apple snail species was
determined with Spearman’s Rank Correlation Coefficient. Both the consumption rate of each species
and correlation between size and consumption rate were compared separately between solo trials and
trials with a heterospecific competitor. For the feeding preference experiment, we used the Wilcoxon
signed ranks tests to measure the differences between consumption rate of P. pesmei and
P. canaliculata when feeding on different plant species (H. verticillata and O. sativa) within each
replicate. In addition, consumption rate of these apple snails on each plant species were compared
using Mann-Whitney U test. All statistical analyses were carried out in SPSS version 22.0 and the

statistical level of significance was accepted at P < 0.05.

Results

Feeding behavior

The consumption rate was calculated as the amount of plant consumed per the time apple snail took to
consume the food (Table 1 and Fig. 1). P. canaliculata consumed food significantly more than

P. pesmei both when P. canaliculata and P. pesmei were tested separately (Mann-Whitney U test,
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Z = -2.797, P = 0.005) and when they were tested together (Wilcoxon signed ranks test, Z = -2.497,
P =0.013). P. pesmei consumed significantly more food when it was tested separately compared with
the consumption rate when it tested together with P. canaliculata (Z = -3.593, P < 0.001). In contrast,
the consumption rate of P. canaliculata showed no significant differences between when tested
separately and when tested together with P. pesmei (Z = -1.512, P = 0.130). In addition,
P. canaliculata when tested separately consumed significantly more food than P. pesmei when tested
together (Z = -3.905, P < 0.001). However, P. pesmei when tested separately did not differ

significantly from P. canaliculata when tested together (Z = -0.719, P = 0.472).

Table 1. Consumption of H. verticillata by P. pesmei and P. canaliculata when tested separately and tested together feeding

on H. verticillata (N = 10).

z p-value
P. pesmei (Tested separately) and P. canaliculata (Tested separately) -2.797 0.005"
P. pesmei (Tested separately) and P. pesmei (Tested together) -3.593 <0.001"
P. pesmei (Tested separately) and P. canaliculata (Tested together) -0.719 0.472
P. canaliculata (Tested separately) and P. pesmei (Tested together) -3.905 <0.001"
P. canaliculata (Tested separately) and P. canaliculata (Tested together) -1.512 0.130
P. pesmei (Tested together) and P. canaliculata (Tested together) -2.497 0.013"

Level of significance: "P < 0.05
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Fig. 1. Consumption rate of P. pesmei and P. canaliculata when tested separately and tested together feeding on
H. verticillata. Each datum represents the median of 10 replicates + quartile. The x axis refers to the competitor and “None”
refers to solo trials (tested separately). Blank bar = P. pesmei and diagonal bar = P. canaliculata. (Significance level:

P <0.05).

In our study, size of apple snails was a significant correlate of consumption rate of P. canaliculata
when tested separately (Spearman rank correlation, r = 0.733, P = 0.016) but not when it tested
together with P. pesmei (r = 0.266, P = 0.457). There was no significant correlation between shell size
and consumption rate of P. pesmei when tested separately and P. pesmei when tested together with

P. canaliculata (r = 0.200, P = 0.580; r = -0.399, P = 0.253, respectively) (Fig. 2).
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Fig. 2. The relationship between different size (shell height) and consumption rate of P. pesmei and P. canaliculata. Blank
circle represents P. pesmei when tested separately, black circle for P. canaliculata when tested separately, blank square for
P. pesmei when tested together with P. canaliculata and black square for P. canaliculata when tested together with
P. pesmei. Dash line represents regression line for P. pesmei and solid line for P. canaliculata both when tested separately

(thick line) and tested together (thin line).

Feeding preference

When offered a choice between the different food plants, H. verticillata and O. sativa, P. canaliculata
showed significantly more preference for O. sativa than H. verticillata both in 12 hours and 24 hours
(Z = -4.541, P < 0.001; Z = -3.408, P < 0.001, respectively) (Table 2 and Fig. 3) while P. pesmei
consumed very little of any plant that there were no significant differences in its consumption between
plants both when feeding in 12 hours and 24 hours (Wilcoxon signed ranks test, Z = -1.400,

P =0.161; Z=-1.021, P = 0.307, respectively) (Table 2).
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Table 2. Consumption rate of P. pesmei and P. canaliculata feeding on H. verticillata and O. sativa in 12 hours and 24

hours (N = 30).

Z p-value
Consumption rate of P. canaliculata in 12 hours -4.541 <0.001"
Consumption rate of P. canaliculata in 24 hours -3.408 <0.001"
Consumption rate of P. pesmei in 12 hours -1.400 0.161
Consumption rate of P. pesmei in 24 hours -1.021 0.307

Level of significance: 'P < 0.05
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Fig. 3. Consumption of P. canaliculata feeding on H. verticillata (diagonal bar) and O. sativa (blank bar). Each datum

represents the median of 30 replicates + quartile. (Significance level: P < 0.05).

The amount of leaves of O. sativa and stalk of H. verticillata consumed by different apple snail

species indicated that P. canaliculata showed significantly higher consumption on O. sativa and

H. verticillata than P. pesmei both when feeding in 12 hours (Mann-Whitney U test, Z = -6.664,

P < 0.001; Z = -5.595, P < 0.001, respectively) and 24 hours (Z = -6.675, P < 0.001; Z = -6.069,

P <0.001) (Table 3).



©CO~NOOOTA~AWNPE

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

14

Table 3. H. verticillata and O. sativa consumption by P. pesmei and P. canaliculata in 12 hours and 24 hours (N = 30).

Zz p-value
H. verticillata consumption in 12 hours -5.595 <0.001"
H. verticillata consumption in 24 hours -6.069 <0.001"
O. sativa consumption in 12 hours -6.664 <0.001"
O. sativa consumption in 24 hours -6.675 <0.001"

Level of significance: P < 0.05

Discussion

Our results demonstrate feeding behavior that might help explain what makes invasive alien species
successful. We found that P. canaliculata exhibited higher consumption rates on food tested
compared with the native apple snail, P. pesmei, when both were tested separately and when they
were tested in comparison to other species. The results from this study provide evidence that a
superior consuming ability may be an important element in the invasiveness of P. canaliculata. This
is similar to the study of Morrison and Hay (2011): the invasive apple snails P. insularum and
P. canaliculata consumed more food than the native Pomacea paludosa or the non-invasive Pomacea
haustrum. Furthermore, Chaichana and Sumpan (2014) experimentally demonstrated that the food
consumption by P. canaliculata was higher than the local apple snail (P. scutata) when they were
raised separately and when both they were raised together. We also found that the consumption rates
of both apple snail species when tested together were lower than when they tested separately. This
result is consistent with a situation observed by Chaichana and Sumpan (2014), who determined that
there may be competition for food between species and a space limitation when they tested together in

the same container.

Correlation analysis indicated that shell size of P. canaliculata when tested alone had a significant
effect on the consumption rate. In contrast, there were no significant correlation between snail size
and snail consumption rate of P. pesmei when tested separately and P. pesmei and P. canaliculata
when tested together. Previous studies have demonstrated that small Pomacea snails have higher

consumption than larger snails; thus, the damage to ecosystem and agriculture depend on size of the
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invasive apple snail. For example, in a study of the snail P. canaliculata by Carlsson and Brénmark
(2006) found that all snails regardless of size had a significant negative effect on the biomass of both
macrophyte species and periphytic algae. However, the size-dependent foraging capacity (g plant
consumed per g of snail) was higher for small snails (3 mm) compared with medium (10 mm) and
adult snails (>25 mm). In a similar study, juvenile P. canaliculata and P. insularum consumed more
resource by mass than adult apple snails (Boland et al. 2008). Burlakova et al. (2009) also found that
smaller snails of P. insularum consumed greater amounts of plants than the larger snails. These results
suggest that small snails remove more plant material than large ones because of the greater energetic
demands (Steinman 1991) so they will have a greater impact on the ecosystem. Thus, the most
important measure for protecting aquatic plants or agriculture plants from significant damage should

be control the younger life stages of snails.

In the feeding preference experiment, P. pesmei consumed very little of any plant but the amount of
each plant species consumed was not different while P. canaliculata consumed almost all of both
species of plants tested. Our study is consistent with the previous studies of the freshwater snails.
These studies suggested that the invasive alien species can be more successful by having a very broad
diet (Weis 2010). In a laboratory experiment, Lach et al. (2000) found that P. canaliculata feeds on all
available food except water hyacinth (E. crassipes). Another study also showed that the invasive
apple snail P. inslilarum consumed all the invasive plants provided and consumed greater amounts of
the native plants than invasive plants (Burlakova et al. 2009). Chaichana and Sumpan (2014)
demonstrate that P. canaliculata was non-selective in its choice of food and consumed all the
different food plants offered while P. scutata had preferred plant species. In addition, Carlsson et al.
(2004) surveyed 14 wetlands in Thailand found the absence of certain aquatic plants in natural
wetlands may associate with the high densities of the snail. These previous results demonstrate that
P. canaliculata is non-selective snail, so it may spread readily and survive better in natural
environments than native species (Chaichana and Sumpan 2014). Regarding P. pesmei consumption
of plants during the choice assays, our finding can be explained in two ways. Firstly, this study was

carried out outdoor under natural light in cement ponds. It is possible that the conditions inside the
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pond may be unsuitable to the native apple snail (P. pesmei) compared to the conditions in a natural
water source which could affect the feeding habits. Secondly, the native apple snail was selective for
food which indicates that it tended to feed on preferred plants. Comparing to the previous studies
(Sitti 1988; Ajith Kunlara et al. 1999; Wang and Pei 2012), H. verticillata was the most preferable
plant of P. canaliculata. Moreover, the invasive apple snail (P. canaliculata) feed on various kinds of
plants, especially some commercially important crops such as rice (O. sativa) (Sitti 1988; Ajith
Kunlara et al. 1999). However, the plants have been chosen as food sources in this study are probably
not the most preferred plants of P. pesmei but there was no other plants species preference in a choice
assay. Hence, it is necessary to consume the available plants in the experimental habitat. For these
reasons, P. pesmei consumed very little of any plant tested. The studies on the feeding preferences of
P. pesmei and P. canaliculata under natural conditions in Thailand might be needed to investigate

their potential to become pests of agricultural and non-agricultural plants.

In addition, we found that O. sativa was a preferred food and H. verticillata was consumed at low rate
by P. canaliculata, while P. pesmei did not show any difference in food preference. Our result is in
contrast to the previous studies of Sitti (1988), Ajith Kunlara et al. (1999) and Wang and Pei (2012).
They found that H. verticillata was the highly preferred food of P. canaliculata when different food
types were offered. Ajith Kunlara et al. (1999) suggested a possible reason for why H. verticillata is
the preferred food since hydrilla is a rooted macrophyte and has a simple stalk to support the snails
while feeding. However, Azolla and Salvinia are on the water surface and do not produce this facility.
Wang and Pei (2012) also showed that P. canaliculata consumed submerged plants such as
H. verticillata and Potamogeten crispus more than the emergent plants. Moreover, Burlakova et al.
(2009) found that the invasive apple snail, P. insularum, consumed submerged plants at a significantly
higher rate than emergent plants. This may be because the submerged plants have tissues that contain
small amounts of lignin and tend to have higher protein concentrations than emergent plants.
However, the apple snails cut the base of emergent plants with its radula (layered tooth) and eat the
succulent leaves (Joshi et al. 2002). Thus, they have to spend more energy to come to the water

surface to consume the submerged plants than in feeding emerged plants in the water column (Ajith
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Kunlara et al. 1999). The emergent plants have heavy cell walls and very thick cuticles but they have
succulent leaves and stalks that are easy to consume (Burlakova et al. 2009). Nonetheless, even
though P. canaliculata can consume any plant, it prefers plants with soft tissues or young plant parts
(Sin 2003). It could be that the apple snails may have preferred the emerged plants (i.e. O. sativa)
because of the softness of leaves thus allowing easier consumption. Therefore, the apple snails

showed more preference for O. sativa than H. verticillata.

In conclusion, our study has shown that the invasive apple snail P. canaliculata was a superior
competitor to the native apple snail P. pesmei in consuming food and consumed almost everything
available (plant origin) in the experimental environment. For these reason, P. canaliculata can
influence the ability of the native snail to establish in a new environment. The tendency of the alien
species to substantially outperform the co-occurring native species may have important consequences

for conservation of Thai native apple shails and their ecology.
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