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Pomacea canaliculata on Macrophytes
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ABSTRACT

Constructed wetlands are widely developed in Taiwan to compensate the lost and
degraded natural wetlands due to human impacts and simulate the natural wetlands to
provide many different ecosystem services such as water purification, climate regulations,
wildlife habitat, and human recreation. However, biological invasion has become a serious
threat in constructed wetland ecosystems because of their relatively low habitat stability
and complexity. Nowadays, exotic apple snails (Ampullariidae: Pomacea canaliculata)
have invaded most of the constructed wetlands in Taiwan and caused serious problems to
the ecosystem including lowering the wastewater purification efficiency by extensively
feeding on the macrophytes, competing with the native gastropods, and causing visual
impacts due to their over-dominance in the constructed wetland habitats.

In this study, we hypothesized that apple snails had different food preference on
different macrophyte species and produced different growth responses correspondingly.
We conducted laboratory feeding experiment to study the growth responses of apple
snails upon feeding on 3 common wetland macrophytes including Ipomoea aquatica,
Acorus calamus, and Phragmites australis. Results from ANOVA and Tukey Test
showed that /. aquatica supported the highest growth rate of snails in terms of shell length
and biomass increment. Pomacea canaliculata demonstrated significantly lower feeding
preference on A. calamus and P. australis. However, results from regression analysis
indicated that snails feeding on A. calamus showed the lowest growth rates. We therefore
suggested that 4. calamus would have the potential importance in controlling the
establishment of P. canaliculata to the constructed wetlands.

Our future work will involve analysis of the chemical and physical properties of
macrophyte leaves to assess the relationship between food quality and food preferences of
the apple snails. Our results could therefore provide implications for macrophyte planting
in constructed wetlands as biological control measure of the invasive snails based on the
bottom-up biomanipulative approach instead of applying traditional methods such as

using pesticides or labor-intensive physical removal.

Keywords: constructed wetlands, apple snails, macrophytes, feeding preference,

biomanipulation.
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1.1 ALIEH

RS B R s A TR AR R R
Z— HAMEZ R BN AL E i %I
NIERY A BB - B A IR UL /K BT - BRETR
18 ~ HEFEAKJR KB ~ R /KREER - g TG
DUBe 157k LIS RE (Barbier ef al. 1997)  $Xifi »
IRIT A2 AR vl 2% B e 38 Y Rt » 5L
Y AR E H 25k EECE R -
I AR fRE AR Ry E AT st E 25 325
=T NVARRE il (- PSPNE BRI EnE g s DI S P e
Moo DA e HE i B9 25 3H A RE RO I (MA
2005a ; #ERESE 2013) -

H R R A TE AR H /K SO BR BRI
53 R ARREAY » AR RIMTIERR R (Free Water
Surface, FWS) Fl1#l F i ¥ Hh 3R % (Subsurface
Flow, SSF) © FWS KA R IiEIHYE/KE » JEESH]
R NZ/K A SRR = A B HE KA - FWS A
TEM R ARUKAEY) ~ 33 Hrp A YfT
FHECHY B /K R A » F535 N Rt Pt by &%
THZ AR - NERYE EDE ~ J0) ~ 1k
LA ~ SRR ~ EVIAIEYIRI -
AW o i) B2 R BR K B8 RIS )
(Kivaisi 2001; Haberl er al. 2003)  Ei5/KHEA
FWS A T8 - RRIRIRRTF E Stk A YRy
MR AT 3 g v - R EAIE ~ B
EHEEE - R A A AR IS R )
IR (Haberl ef al. 2003) £ FWS A T EHh
HRZK ARV R S o AT A - N
YRR PTARERR K 28 - EIFA
ARRET » AL BRI T I AF S & A by e
B TAERRSEVIRRE S - BERS ERET TRR & AR
S22 (Brix 1987; Tanner 1996; Brix 1997) °
LEAh - KA YIRIRE R R TIRERS DO /K HR B A PE
PR » P AR /K A A AME RE ST
Rkt - PR A SRR - (REE TR R
ZA=Eh - ERER B AR KB EHEATRCR - 12

AL s N T sl ARG -

SRR R e RN, » YA MR
AR - FEREE R IRAY A T S R B
18 3 (Eichhornia crassipes) ~ iig 5% 1% (Pomacea
canaliculata) ~ YRE[F(Oreochromis mossambicus)
F AR BOR N TEM B AR - B Lh
SR i S HE TR )RR KA+ AR A e
KRB - HAERR A H A V) e
% HEA TEMN YRR - s
ERBIIRE o BLAN  RIADRTGKFHEREA » HEL
N T AR RR R — fist [ AR 32 B 2 1
T8 ARAEEYTERBAG KI5 3Y% - 28R
NEEMZEHS - AU R T e ARG
Y BBBRITIE Ry B B I - /KA AE YR
NEAE A R R o RN TR
B FEAZ R A RS i b A T
TEE/KER S SEE T EEE o FTLOEAKE
TP Tt R AR B 840 - H R
INEF AN SCERFC G H1 2K F il 55 B2 (Ampullarii-
dae: Pomacea canaliculata) K= E N T ERY
TRAEFEY) » AMERIRRHEA TEE AR5 306E
GRS R RTEYIREERE - HISY A TEER 48
ZA IR FITIEE (Carlsson et al. 2004; Carlsson
and Lacoursiére 2005) » R RR IR A EHIAE
RERHIRTE B LA AR -

1.2 TeSIRERITEER BRiERRIBAETE

TR » N LB AE 58 S R i B - A
BRI 15 i S R AT S B 25 TTRERY. FWS
AT EEH - SR+ R Bt RR STt & Y
AETETS 7K BRI BRI ALK » 3G ERy T s i
AEHIEEGRTS » HAlimF RO e A G E A
T - SRR IRIB VA B Ry A L M B B
BN — K PRE -

i e MR [ AE S s B SEIN + Y 1980 AUk
ARG IAGE - (BRI R % R CURA Fy B
ANFTEZ M #irg A K EF#E (Naylor 1996) * &
i - K Ryigss i it it - WEREEN: RIFH.
I HG8 - ORI R PEAT ]~ R
BRI (MR8 1986; Cowie 2002) < H
RS IR CEE 7 REIRE - ZHEKAREE
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VIKRSEBRI AR R - RRIELBE - HE
it & B A R 3 H 8 (Naylor 1996) © B gk 4E
(2004)$2 H 25 AT ER BT A 5 T v i = R
R A E IR AA B 23,161 JC 0 F
PEARA Ry 10.80% » SRR SERS TR AR IE
0o BEAh > B A T EEHIERET R (B KEE IR
WG~ IKAIEEE ~ KBRS MoK AR5
) IE S AiE SR R I - RIS IR K
BTSRRI R AE Y A RERE T ) T
A REARAT AT » B AEB AR H LR
IRTEEE S -

A EF AT A S B im S IREG 16 7 R0
FER - HATEHE iR S R R R B
L2 ~ Wy K A Vb 6 T ik =B R JE S (Cowie
2002 ; HEF25E 2010) ¢
1.2.1 {LBBRIG T

—ORPE 5 (Tri(phenyl)stannyl acetate) k5 {8
JE R I FH s dg] - ELIRI Sk A= A4 H
BIF M H erg s A\ B - FTLAE 1999 4
A - HRTHE R SRR S 70%00 sl
AR ~ 6%28 2% (metaldehyde)RZ ] ~ 80%
BB - AL LERHERE A SO
AEL BRI FH st W) T o0 145 7 R 7 2 8 v B
EEMhRISEYRY - g KT AR (AN
YOKFRR) BRI RS SRE R B
A B (WK S ) B R B B - (RISt
A RE A R B R B (BE D5 1R 2010) -

1.2.2 VIEEBRIG

YIBRIG6 77 1% 2 B Ry i B R ) AR 1L i
FETHE A - BIATHE AR I e 7K I3 E e
B3 11 SR AR B2 RS BRI SSRAl
g eI S AR LN - VIBRPG T E A S
EER AT (BRI ARSI B - IR
R AIER A YIRS IRE AR R E (B
2000) °
1.2.3 AWIBHIE

(1) M7#E (top-down control)

H i YIBGIE 51 B2 DUR T e R
PP AR A YR B R - T TR B R
BIMEIRA BYETR R B R SRR 0 DL

Hit P AR B B AR - 1
T $ #2524 RE SR 0 1O 5 A DR 22 B B RE S 1
(Hairston et al. 1960) ° Hij AFEARE A AIBOA S
F(Cyprinus carpio)$ifi B 2515 LA il i =5 B2 Y
B - (HIXE f SR R iR A g SR GRR
/A 10mm) » BERAME(Wong et al. 2009) © EEAh »
8 = RF SR E - AR B (Mylo-
pharyngodon piceus) * 1B FUNARKRFEAEEKE
B N EGTREREREAER - SR KER
BARBRMAERIKATEY) » RImATA 3 2RI
& - RERIER R FIGESE - RN
TEENAIER SR A YIRISE < IRIEL - DU T
BRI AR - BRI
AR T AR A RESR A - (B 3 2003) ©
(2)_EAT7#E (bottom-up control)

HATE PR R SR R TR W A
T (AFE Y SR AR R B & DA
EONEEIERIE - [EMmIREEE S EE -
EIRT > i N TS HE R R R A RIS A iR
Z 0 U RATEREE ) TR E R R AR
EE SR [ - 2RI - BEE Rt A A~
WZEstEt T BATHEREE ) I TR SRR S R
Y& (Hansson et al. 1988) » {HKIBX3E A
TEMIA BRI - IR ARIRE - ) H
HIRAE AR SCRRERET 1T #4E J7 vk Eim S R B
= ENEVE

1.3 B

IR VR ~ (LB YN IGTRFE R T
EEFEARRINGRE, - HE R R AT L5E
fRUUIRFRIR A TR 5 - SRR
TR AR EIR KA YA R R R - 2
H A = AL iR = 55 BRI R AHE 2 (e
Carlsson et al. 2004; Carlsson and Brénmark 2006;
Wong et al. 2010) ° [L4h » FEHHFEAEGRR i =
R SRR » {5 FH IR il AR R B R A
By £ R S AF Ry i 55 B B Y AR IR A i
(Tamburi and Martin 2011) » Fif LAEEE#E SRR EELS,
RN LE SR BRI -

AW SRR a5 B A Rk A AP B
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BARFERRLT  WERERRKEMY®REE
g SR B R B I AR A Y R R (Qiu and
Kwong 2009)  ARift7edk:E =5 A T
FAKAEMEYEREZE LR - Bl REE - ETE
ISR AR E R o IEERT DU R ERE
(1) TRFIZE SR FAEEN A EEEER
[ RRLT 2 ALE - e MR AR [ B B
Vg BRI anfa] 2
(2) TR R A FEEN /K EEY) - BEY
WEHNE 2 REIRN YR RREEE
BB SR 2R 2
FEHAIF e EESAS IR - AME T DU = A
$hiim S5 IR A RERE I R L BHE A V) B B R AT Y
TR FEEE ROE PR T EE Y - FEE R AR
TR IR R K AR - DL T8 ke hing
FENRSHE I T e B L B R B AL W REE - 1
T RS B it 2 R A TR -

— -~ MHEGE

2.1 HIMRE

AWFFEHR 2011 4 8-9 HE G IR LT 8
FIANTA LEM(DN » B DIREERERRNImES
MR R = FE EE R R KAEEYEREELE
(Ipomoea aquatica) ~ & (Acorus calamus) ~ %
(Phragmites australis) LIETTH B RIFEE - H
o EER LR EATEY) - A RIERME A
B EE S RIIFAAE R A LE L - TRl AR IR
SEUTS T 0 1 2 B BB LT T B R

1 ITSRATEMEMRA

HHEARE(Bid et al. 2010) » [KEAEE > BT
i e I R B Z B R R - AR
HEEDIERERBRERNVEREE - Kigsig
R /KRR ASEIY) - HIGBhHE Rk b R g R
+FRmHE KA EYNEER B BFZRIANT
5240 Fratini e al. 2004)t ] HLENE € #f(Gastro-
poda) B LUEYIEE b H E B RYISEIR © BL4h
AR B e FH ) 9 s Ml S AR e /K AR A ) - i
EETER LRSI R AT DURHERR iR S R
RETHREIITIEE - 5550 » AT A TR Eid et
al. 2010) AT HIZK A AEYIRIEE - Ry HE R WS
HISYE » AW Ry LTI B eGSR iR S I
FRAIISERIER - i S R E AR S
EITHREE - RIS RS A S i e K
RYIHE B A A E A R - i
fi > FRAE DN EEHIERER 350 EiEs IR (LR 100
R/ NAFEFIFBERT 250 E5%R 20-30 mm FI{RE
) B =R E S /K A EE R B A e
Bt » TERRIE VRN - RETAEAE R 4R
NG ARTER 4°C BIUKFRM » RERA 2 AER R — R EE
Fri R R RSB R 2 B DR S
B o g IR DA E R [E AR - o 100 1
[RIA/ INPRR FH AR T TSR 2 A Yy 2B 1
250 3K 20-30 mm PIERISEEIELE 25°C EHg
FEESIRER - AR R BT
R RF 22 i S IR T Ry A T e SR O S R B
DIt B B AR -

2.2 BESEE

AE B HIK AEAE YRR R VIR T
—HHEER S/ SMEMIE BB AEL30 x 20 x 20
cm) o FUELATE AN & H 27K £ 3600c.c. (K E
6 N57) » HIRAJLE RS IR (FE R 20-30 mm) »
DR C SR i B wiESE 2 RIERE/KAE
fEY) - L LB ERE T LA 1L s S e
(18 2A-2B) ° FARFEIAM G E 2K BBty 7k 4B
FEY) - B R E R RPN 2 i SR R Y
THIAE » 2P 7S KI5 U fe R I 2 i S IR 3 R
(BRLBER TR R R PERE) (£1 mm) RAFBRE
0.1 g) » EESIFEIL R 30 K -
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ERERKER SEHNBRI1 —EN
E—EKEEY RIASBNERSRK
REBERKEEKEED

B 2A

A
8 KA

Shes

2B {BRIERAIIEERIRE

23 REEREEER
2.3.1 HEEEE-57 B TIE SR I 2 B A
Y (biomass)EH 1R

RGBT - ALY R R RE R TR BN RS2
(Saint-Germain et al. 2007) » AWFFCFETR IR
Az EAREAY)E - H B RS IR A Y 8 (&
7 B ) s SR B Bl i - iy DA B R A A
R RS R A& - KA
e IR PAE e S 2 B 1. & (mm)

2. BE(mm) ~ 3. BEmm) 4. TERIEE(g)H
V)5 (o) IR EER R £ - DUFI B Es AR =g
SRR ~ R - RO BRERE A
Vi - B TR AR R Mg S
100 £ » 43 B iy — g IR 3 LU~ 3
TR« RRGRE KRR - KiiE SR Rtz
WHHIEEAEYE » 36D E VY E RS 2 8y B
YRR R - REREURRR O R
RENE 28 A Y) & B i = R
RE/EYIR © = 094 H3REEAYE © =
0.92;F% 1)
2.3.2 i SRR B EK AR H IR CRAR

ARWFFE 2 R AT T 5 1 R B B AS
R (Sharfstein and Steinma 2001) » AREEGFFLIERE
Ry 30 K+ BEIARERREA/S K2 — X EEiE
AR R B » R AR - FAM
PARTE BB T SR - 2R (Y )
EERRLR - EIRS IR R T YRR E K
E#(mg day )RR EEBIIFRERE
H(mm day’") {2 BRI R R Ry
i = I S 29— R AU Rz 8 3% R %4 {E (Qiu and
Kwong 2009) °

BRI - TS RS Rnnest R
TER BB R RERML - K AT RS IR R &
HEHZ(60°C » 72 /INKF) » i B iR B 2 EE A Ry
FIRA Y B SRR EAYEUE - AR R
U155 3 A e e W 7 5 ik 2B W i A BRI R A
RUBALR » DL 2-way ANOVA 5] iR iE 5 2R E
KAV G ERARNRENEY &8 - 5
JEFH Tukey Test W HAR BRI - &% » ANEES
LEiiE RS IR 3 R A AR Y M L R SE R 2 3
FisR » DUT fRim s s BN /KA YA s R

X1 BSROEERSHEEREQRERR
jiE Y- E A el N R? P-value
Rk y=3.1634x - 1.7333 110 0.942 3.99E-66""
WRRE y=0.0736x + 0.0481 110 0.9172 4.5E-58"
(83 y=0.3429x — 0.3138 110 0.5535 6.44E-20""
A=t y=0.4638x — 0.3468 110 0.673 5.42E-27"

*P< 05 ¥*¥P< 0] > ***P< 001 » NS : &igFMH£R
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K2 BEBOENRSHAE) ANOVA D
IR F enrs F stronss | F zaick
B4 0.8264" 0.5803"8 40.2960%%** 255.7833 %%
K AL 7.7118%%* 8.2719%%x* 1.07976™ 60.4110%**
REER 2.4322%* 2.2870%* 87.6401*** 198.5913%***
Tukey Test Eigii:&ﬁfé;% - ?;c:fﬁ:lz%if:é%: T K= &iij&? - = m>ﬁi,}ii>
5> % ERi) .4 HE#=H =5
*P<.05° **P<.0l > ***P<001 " NS: &EFEEL
R © ARIFFERIFEET TR Minitab 16.0 b
5z SPSS 16 $RASHEST - —osf A A
=" %n%;ﬂn nma 20 0.6 [ [ A
31 HEEG DAEBERRSBRENED L o] I )
RA ”‘jj
AR LRI 15T B MR R °2] Jj
e EE YA T 30 2 B (H B B0 Bl 5 R E (U 00—
B 1l}”aﬂ§$ﬁ>%lix@.§m§§1+@% 1) o FEREUR T EEEEA RS SE R R -
ARURE-LRIER - 092-P <0001 K 1) SERSAEER—EXEENEER
log(# %) 1og(£n H8H) (R*=0.94 > P<0.001 3 EANGERERTIEHEEE o
F 1)AIHH R R ARADRE SRECEE AR 0.9 » LR
e e - T2 B R 1 - 5 72 EE W S i B R
RIPERRBLET Y 30%CRIE 1 R? = 0.67 * P < £ 2) - igas Bl fZe L3 g S R R

0.001 ; 85 : R®=0.55 > P<0.001 ; 3 1) » [Klthih
AREEEIGREIE L E IR S L8 =
IBHGHE T2 y = 0.0736x +0.0481 5 F 1) °

3.2 ESEHTRKEEYRRERIEE R ARNE
3.2.1 EERSRAMEMERE

A B A E R K A A Y e SR R
R RS R R R A R AR R R
HAZE (2-way ANOVA FAFL X RS ;P> 0.05; &
2) KISL - BRI E A B i S R R R 2 A

B R BN R 7K A AE YIS BT FF 5 A8 B Fa L

k-
3.2.2 iERFIEHZ R R R ER

IR RN FERK Y - ERER
B2 (2-way ANOVA faii[ X FZERER @
P <0.001 ; 3 2) » MHMER R IINER Ry22 03
[l HE=E>EEE (Tukey Test 5 P <0.001 ;

FHEBET(0.5461 mg day™ ~ 0.5195 mg day™) * ¥
Hor iR R B NS RS ERER
(0.4301mg day™ > 0.0881 mg day )Y 1.2-1.3 {5 5
5-7 f5(1E 3) » A E R ENIE SRR RS R
AR -

i = MR B A [FIR /K A A ) 2 e R R 3R
HESR IR B 7= B (2-way ANOVA Fai] X 3%
AR 1 P<0.001 ; 3% 2)  HEE=ELEHER
IR IR B R R £(0.0018mm day )2
FERZZ0:32(0.1349 mm day ™) SR ££(0.1257 mm
day ™) 5z E38(0.0106 mm day )Y 0.01-0.17 5 (&
4) - IRBBREREFRNER - iBSRER R
I 757 Ky 2 100 5 = 18U 32 = 5 3 > 2 B 2 (Tukey
Test s P<0.001 ; ¥ 2) o

3.3 IESBERETRKEEYBHNEYESL
AT IR S5 IR0 SR A V) R EERAE 30
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0.025

~ 0.020 A
> A
—S {
g 0.015 [ A
z i
wil
% 0010
u B
#0.005

0.000

EE Y § S B HE¥

4 BEREEAREKEEVIIREMRESR -

SYRHBRE—TBKEEWNEERE
THRRMREIIEHRSEE

R H BEF R RBRRG 0 - (HH R 220 SN
i HER SR A Y B EEFE RN AR 18
BYINATEREEL - R 220 SRIIEFER - fr2 8
(g S A Y 2 B M v 7 e T i 25 R
(& 5) = BeAh - EEREE 30 REER AN FI/KAEEYN
i 2508 - R AR Y AR R M 22 B (2-way
ANOVA Fafl X 24Y)&E s P <0.001 5 %£2)°
2 RN A AR K A A Y iR S R
A o Kl s B s IR R R Y -

TERT ARG - iE SR /K AR Yy
Rl Be L il R 3R B i i 22 o2 /K AR AE VDR W) B
M RACER B AR - RNERAEEY 2 /&M
(palatability) &7 X1 ZE B RE- SR ARG S & Bl o
(A4 ~ BheE R/ AL imEL - mEREYm
B B R BRI (B4 Grantham et
al. 1993) © Wong et al. (2010)HIFRTEZIRE 21 f&
PR EHEYIRRR » RIS B Ea S
B ARNR/ B LRI K Y EIE RS (Amaranthus
gangeticus) ~ TT1FEE(Commelina diffusa) ~ 2210035
(Ipomoea aquatica) LR =k BARLT » #ERxE
T HAFELE K AEFEYIRY 20 £%  Sharfstein and
Steinma (2001)HF 55k IR & —fE/k 4= E Ak
HIEERR G » BURiE S ERE5 2 B S B
HERR R O B SRR/ A LERY /K AR BEEEAN Utricu-
laria sp. » Fit REHAIEAERATERE 100% » [MHE
HH(0.36g) KA RAHE IIER(2.15 mm) /R = » 2RI
BRI RS BRI 2 (metaphy ton) 77

0.5
mEeX MEY gl oEEF
0.4
C
o 0.3
ES
-
£ 0.2
B
ﬂ’
H 0.1
0.0- —
0 6 12 18 24 30
¥ [ (Day)
B S5 BEREERNEKEENE ST

BB - (AZNLE ; BZEEZ (OEH
DWEE - BEHBABEER—IEKEEY
B ERE AN RE E T EHEEE

TE 3R (82.5%) » MEEE(0.15g) e RE I &
(0.6 mm)HEAEHZE - Ft EHRAVEERE R B RK
AEFEFENY 20-40% © ANBFUHS R I8 HiiE SR B 22
DR E BB RIRG - RZ20SEAHER
BESRENES - AR L= 0.65% @
= 0.22%)FIA(ZE03E= 6.5% @ = 2.4%)K
o3 AR B (20 3= 7.5 B #=21.1) (Wong
et al. 2010) o (Kt » AEBEAE R ELET ARSI 2R
FELUEEES - HiEE DT iR S A S IR 0 2 BRI
R/ K EMEYIRVE BT » BN E AT
R 220 R S IR I B E A W s R B R R
BB R RS -

34 ESBEETRKEEYENRREL

WEAFR/KAEEYRESEREES G E
M2 F(2-way ANOVA FiL X BIE#RE P <
0.001 ; 3% 2) » EHRRNVEERINE » BrDAERAM
AR E BN FUK A YR SR 2R R
R

ik e MR B2 2 O S A B 1 HHR PR
[ EAR IS INAEES - AR EHIZEERN
i = R A Rl 8 A 5 B B SR IRF AT B L (& o) -
MR IR R B LAY TR R » TR IR AR
TR /K A IR B B IR AT Ry 22 D SR> T Fe>2

b ik g

1% #=E 7 (Tukey Test ; P <0.001 ; 3 2)
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3.0 — - — -

2.5

2.01

FATFH 2% &k (cm)

1.0
0.51
0.0- —
0 6 12 18 24 30
B¥ [ (Day)

6 BEFREEARKEENNFIIREREE
BRAELE - (A)ZBNE ; BYEEZ ; (0)
5% DWNEE - BEHBAEBRE—EK
SRV EERESNRERRFIIE
=

3.5 TRSIERRAVFRIEME
3.5.1 Mg SRR AR AR M s I AR b

i = MR ik R VR /K A FE A% - AR YR By
A LA BB FR T FeBHAE (P < 0.05 5 K 3) » HifE
EAYEGFEEREEML - Hr o iSRS
¥ EYEF MR K CEERER R E=
0.0032 ; P <0.05 ; 3% 3) » R A LFNiiE
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