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Abstract: The apple snail, Pomacea canaliculata, is a cosmopolitan alien invasive species. It
was introduced to mainland China in 1981 and has caused serious damage to aquatic crop produc-
tion and ecosystem functioning. Phenotypic plasticity may play an important role during the inva-
sion of P. canaliculata, which help invaders to increase their environmental adaptation and toler-
ance. Phenotypic plasticity frequently involves predator-induced defenses. In this paper, the
response strategies and underlying mechanisms of P. canaliculata against predator stresses were
reviewed and summarized from three aspects: behaviors (defense, growth, reproduction, learned
predator recognition) , morphology (shell shape and strength) , and physiology and biochemistry
(eggs, antioxidant system ). The response diversity and sexual dimorphism of P. canaliculata
under predation were highlighted, and the predator-induced energy distribution and trade-off
mechanisms were discussed. Finally, we proposed research priorities on the interaction mecha-
nisms of P. canaliculata with its predators, technological developments and performance evalua-

tion of biological control.

Key words: Pomacea canaliculata ; natural enemy ; defense strategy ; response mechanism; phe-
notypic plasticity.
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TR 2 D1 3 7 AR Az B ok i) R s ) (Pérez et
al.,2006) , &7 AT IR A Py 1oy P05 A A Y
B SRR AR — DA AUR GaAE AR 2
AR PR EE RS2 2l A 5 B AT O 2 AR B 7 A=
AR IR (555, 2014) , KA A] I
REAEHE D) AR T o FLRR B 52 M IR 9 R A=
XA B8 1 A 238 PR AN AR P (Tamburi et al.
2011 ; Ouellette-Plante et al.,2017)

IR ( Pomacea canaliculata) JR. 7= T 7 £
L] s, et B B AR DR Pk SR 91 AT S L
100 P13 d5c 0 )™ B A2 P Fh Z — (Lowe et al.,
2000) . H 1979 4FHE AT [ 5 1 LIk, 48 47 1508 i3
K7 52 oy RO T K ) 52 2 i A U AR AR ST
R 10 2/~ E K ( Hayes et al.,2008) , 5 f& 3
IKAEVEI A FOK AR RS R G, AR A IR R A Al A 1
5, >R B AN [R) U B b A ] 98 30 L AR R B 22 S
(Lach et al.,2000) , H T ff % 48 19 IR E8 sh 1, A [A]
FREA S R R Y225+ (Guo et al.,2019b) |, [F]—
A B 5 AN [ BURE 5 2 [ A A R e MR A AEAR
KA S (TR AR5, 2015) , £L 2 FhE N AR 77 1R IR 25
FEI B FE (0 R AL AR S | X AR S5 TE R AN A
P PH 2 i B ( Torres et al.,2011) , 77 4R ] eI H
HERBY a] SR P # 7 A [m] A 45 33 5 Bl T 9 R
(Guo et al.,2019b)

K075 T B AE A R A ] S b i — i DL SRR
TR R R AT JEASRA: BER R
TIEAE N 1) Z AL R I DL X 2 fE L ( Bucciarelli
et al.,2017) . WFFEAAZEWTE KRB E T By LA
FIRPEXS TR AR AW, LA B o off Ak 0 i 0 K
PRI RO A R E ., AR A MR
/N ATEh G B SRS B 5 T M 54 L, 2
AT RFENR Y RA T AR Z — 4
TR FEAAZ N AR BT, X a2 PR A W) Z A1 I
NEERHIXZ—, MR, REA IR 7
WA R FSE IR 2= DA B+ Bl (63 55, 2015) , {HEH
IEA T AR AFIRIZ WK F Tl A AR A7 IR 2
SR IBU— R 1) TR M A 2 fifp R T BIh 3 % A R i e F 41
HIVEM . SR AR X R EUE A T 48 A R R A ]
PEMR I IR ABFIE, A SCERE E NS E AT,
MARFFIRRIA TR I A A A AR AR AE 3 AT T X 4
T BN XF R 3 1 i 87 SR s 5 ML AT T R R
VA4 FF48 HASRTEMR A7 1R 5 KECEAEDLS] 2E D) B
TRTARTT KRR DA 55 07 T 1 A B FSE I 7 1]

1 TR A R

L1 BT

TEA I ) A A7 o At # v AR IR s R
IR R 4 B3 R K T ) AT Ry SR, R A R B Al
BE MBI BB ROV (R 1) o Ha A7 IRTE 8
RELEAEZE T I AR 23 R U A7 3 5 3 s (55 1]
JEEH) SEIERR R &S, W &P, g i ( Tetraodon ni-
groviridis ) 23R ] H B8 R 1 2 14 FDLHE Y Mk g
) HEZRE T SRS R AR AR | T AR 75 MR T 8 52 4
B, oo B A A OF A AL AR S5 3l DL sk
SInT il AR A, LA 7 85 1 JAT HR R 52 T o 1) 340 2%
BT T 2 4k 7 K Fows B B Y 5E B A5 ( Guo et
al.,2016) . 2 NI S K B, 75 5 il ffi A7 1
24 h N, M 95% 14 77 R — AL T S5 P AR ARk
& (Guo et al.,2016) . FlHh, 17 5 IR FlE 15 21 H-
,( Trachemys scripta elegans ) FEAF I A SE | 5232
P L2 W N, 22 o FOR T i S s B (R0
4% ,2016;Guo et al.,2019b) ; itk 4 26105 ( Whitmania
pigra) TEFEEARFFIRIS , 20K LR ARSEIN, B 3%
WA IR AR 2L (Guo et al.,2017b) |, 4 FF 12
e 2 SR P L K e % L A

WA B A 18 52 RO AR B, 2R B XU
F T IR, —E T N A R AR S 2
I #E iR 1T 4 (Daleo et al.,2012) , %
LS e B A A AT 4 R B A TR R 2 i
AN BB 4 ) R A AR T 1) A 215 5 I e
TR ], 23 >R B 22 A 1) 3 348 sl T80 5 s O 2 A 8 [XC
(1), YMR(FERE <10 mm) FEFELE H K 1 Pk
KL B 48 A (Ichinose et al., 2003 ; Carlsson et al.,
2004) , AR AFIRAAR (520 =25 mm) W &PTAK
JiS ( Carlsson et al.,2004) , 5% H ¥ FI6 vb vp k47 B 1
( Yoshie et al.,2008; Aizaki et al.,2009; Guo et al.,
2017a) , B PR T B fE 6 X ( Xu et al.,2014) , 5
b, Ichinose (2002) fF 58 & BL, 5 A [) H # 1) 4 75 12
T3 IR AFIR KRS, 15 B LT B4R
75 84T Ry i 07 54 B ] i 1 T 30 60 H IR

R TR IR % 22 S5 LASD A 77 IR NN R
FLRAT A0 B 3 52 Z2 A PR B s, He— 2 vl
Xu 552014 ) BT 5 8L, il BR7E BN 3] [w) Ao A A 18
L, ( Chinemys reevesii ) 3 B I BRI I Z 95 5 )5,
T H B v T R ) e 7 R R R 3k iR
35 5 N SRR TR A M I A A AR R
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Table 1 Behavioral characteristics of Pomacea canaliculata and its predator-induced response
el ih A REN AL AR 225 30k
Response Behavior of snails Possible motivation/ Snails response References
aspects of significance characteristics
snails
gl B JEE et RO 5E 1 BT Pk Guo et al., 2016,
Defense Close opercula Avoid attacks from aperture by  Rapidly 2017b
predators
& H K T el KB Z WL T 4R (52E <10 mm) Ichinose et al.,
Crawl out of the water Avoid attacks from predators Commonly found among juvenile snails 2003; Carlsson et
(<10 mm shell height) al., 2004
PLAIKE VISEPNGelGh Z 0T R (785 =25 mm) Carlsson et al.,
Sink into the water Avoid attacks from predators Commonly found among adult snails 2004
(=25 mm shell height)
[SpLl S PN 8l &N Z LT R (588 =25 mm) , HHiPE  Yoshie e al.,
Self-burial Avoid attacks from predators SOV 5% T e Commonly found among 20085  Aizaki et
adult snails ( =25 mm shell height), al., 2009; Xu et
females respond to predation risk more al., 2014; Guo et
strongly than males al., 2017a
T fER X VISIPNeiG T O A0 P A Xu et al., 2014
Escape far away from the Avoid attacks from predators Females escape more rapidly than males
danger zone
AR s UISEFNG G WEVEAE 18 T Guo et al., 2017a
Growth Reduce feeding Avoid attacks from predators Females grow more slowly than males
LY JId B 7K A B SR P REN R - FAAE, 2014b
Reproduction Lay eggs out of water Avoid hazards from predators in
water
T[] 7= B Kz HEiiEsh) - XI55, 2016
Lay eggs at night Miss the active time of mostly diur-
nal predators
iU N Pl KO AT 194 — AL T RE AR A A J 91338 Burela et al.,
Store sperms in females Reduce interference from predators Y B0 41 il 52 K§ One time copulation 2011
on snails mating might ensure the fertilization of ova pro-
duced during the entire lifetime of fe-
males
7R S JESEFPRE K - Guo et al., 2017a
Lay eggs in priority Continue population development
HEPEAS R T3 TR 2T FRARMERE R B R BOR Ry Al - FrREUEESE, 2011
Seek copulation actively in fiEME: Reduce the likelihood of be-
males ing caught of females by predators
%2 K T 3 Rk - Aizaki et al., 2010
Learning Learn to rapidly recognize Conducive to escape earlier in the

predators

case of predator exposure

B dlat 1 I 2Ry MER Y 2= 2 4 X (AR HAF
R T (Xu et al.,2014) . H 2R
K R FIRBENS BN 2 2265 ( Anabas testudineus ) FIEK
T 5 ( Tinca tinca) BUEMREF B 1L 225 B &,
IR B U] A6 IR AT Sy, X b B ( Esanthel-
phusa nimoaft ) BT B AL 2245 8 2 TC W 047 Sy e 1
(Carlsson et al.,2004) , BLAN, 427 B 2] w5 fa,
T A XU A ] 15 38T v v TR )
111 ( Cyprinus carpio) WE BRI BERLAY AL 2705 BRI,
DU 15 T )€ H K 1T ( Ueshima et al.,2015) , {HA37E
R AR AR AR A T A A AU
5 [ HAT Ay o J37 1) A 7T RE 2ok A T [ il
AR DR SO B8N Ay B AR B R 1Y T R R AR

BRI r1E B 2% (Ueshima et al.,2015) . H= E5
WA Ay i 7 5 B 2% 52 N A A 94 [ A A AR 1) 2R/
(R REI] , Y4 4 77 -5 0 1A 1) [ b A A 1) /N ML 45
IF, 2% 3¢ B M B 98 2 1Y 3 3% A7y 0 1Y ( Ichinose,
2002) , DU, 48 75 B2 B AT o W N 2 52 2% iR N (] Y
SN, 3 H S 4l IR B E [R) H O i [ AR 8
PRI BT B A 5 IS, 60% ~ 90% MM 234E 1 h
P 7K TR, XS B (] G4 28 24 h B € S 7K o 1
KT FEZE 40% (Ichinose et al.,2003) .
L2 AR

it 77 B 1) R A R R BT R N T A
FRUKAES R G IF i A SR 2 X H 2 (Song et
al.,2014;Guo et al.,2017a) , & FFM88 7 H K A4
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I, (A2 I B A A T 7 B, X AT 3k G R O 7 B Ak
W2 K T R BRI F (SR 55, 2014b) 75 A5 B
FER I ARFFIR I R FLGEIR 2 R B ATV Wy (6%
85,2015, T e AR 25 DE R0 [B) BB B 7 B (X 15 4%
2016) , IXHFE AT JE AR R FORT fE A ol MR 1 9 B LR
REARXT = IR AT S B T4 73 ob, 4 A5 R AS i I G
Z NBUNE  H KGR 20 b, Koo FE RS S 8 1758
Heid i 809 LA - A ], e R . 45 ik s fiE
IXAFAG— YR SETC 1T BT A M MR A i S S 0 )
BT U0 240 M 08 5724 ( Burela et al.,2011) , R AT
ol /o S A MR 5 T T 8 A4 A% 18 IR A B R
B fE AR IR AT AT (R 1) .

e A WA AE B B A K Ty TP T ) 2 S, AR
R AR AR TR TR R XA A T AR R AT O v 4
ERMEYFEALRCER (Tamburi et al., 2009 ; 143 5%
S5,2011) HAE R T A T, e 8R4 < o B S i 12
THER (Guo et al.,2017a) , JEH Al GEAEABR T LLF
PR 7 THT « 2 E MR 1 X6T 4 12 XIS P A7 Sy e 1 B Ay
sRZL, ATV b B MERR A R 2 TR (Xu et
al.,2014) , B¢ [ 3 ] TR S 1A 117 75 M 8R4
T I )RR/ T R | DA T 5 50 R A K A o
RS2 IR 5 R MR SR B A KU S, 23 I R B
PN HEMTAEH B B AR SZ B R T A
AN 8 /)N, AR H 1 K R 32 2B 52 W) ( Guo et al.
2017a) , {HAF—IRZE, Guo %5 (2017a) WF5E K EK,
PR T 2T A i 3 p A U T A R A
R A O i 34 52 A {E S0 o R 1 5 B
U I 2 X AT RE R I T MEIRTE S0 3 B B A=
AT SZ U I 23 D0 S AT 7 B0, LA SE 22 b i
(R 1) HHAT UL A IR TR B U T A 4 iy
2 S RO SE 7 OAT Sy SRR 1 AR 5 BB X R
B A AR A - B AL LR

TEF B XURS T A 25 07 B ) 57 v BE VAT 52
BN RFAFAER R 31X 7] GE 2 T4 73 12 3 /K T
s BPEHE 25 4  fEAL (Guo et al.,2017a) . B2, 1@
FRARTEAEE AURG: T i 7 114 B B0 A Iy 10 2 B G 4
B WVRTE T A e 4 () B /K PR T A A7 4 Ik (] 31
2 IXREAR T UROW A K A B R ) RT RE T
(Guo et al.,2017a) , BLAHM, e M R AH B I 75
TR AR 32 20 T HRME MR SE E , BEAH X i DR A7 T e AR
RE I (PR IS A5, 2011 ), I AT B R AR 9k K &0k 0
MIRATRETE (R 1) o TEAR A U8 H ARFPRE b, e e LL 11
FEIE T 1, 3 A7 B T 52 = A e Y S5 AR ) A e

L (Guo et al.,2019a) , I e T 4 1 b X) K &8
Xof TR 2 JR 1 11 THT 52 )
1.3 22211 h

WA (1) K2R B T AN TR Y [ Fb
AT — K B (B A0 BY B ) AR B REE T (488
FR &Lz 8] A7 P £L Y 5 5 B, DABEHELH 1 XL
W), 22 T 2 05 % 7 £ R BRI A AR 1)
AGE . ARXT TR S P B Be R BOR — B g O,
YR — 1 B (R ) fEEM R T, &%
IR TR A A T e 0, 2 P A 2 R R 3 e B AR
24 ) W RHHEAT I (Aizaki et al.,2010)

2 HASYFER NG R

2.1 5Bk

(7] Fofr A= 4 A [R] 1 310 A R S 2 300 1 ok 7 A 2 R
N BN R B JH A 3 280 5 T 1) 2 S B R R ) S
Pk, BFFE R I, Hi A SR AE 7S T RO TR FR AR P 2
St (SRS, 2014a) , JEAR 1Y 25 55 5 SOME i 4 77 02
FER B 38 T 2R BB B LY 25 5% (Guo et al.,
2019b) , N3 2 Fin, FERH KA RGO T,
T SRR S P 2 B L e T MR X D 2% S 5 A A R A
RSP R R K, FEIE MR A B YRR E
(FB¥ELE 2014a;Guo et al.,2019b) T 7E R F A
T, R AR MR IR I I 2 e 1 P ) 22 | MERRER S 1) e
B LA AN ] B | e AR 52 %) 2 58 L T 3 0 ( Guo
et al.,2019b) , ¥ F Z, MEURAE R EL 38 T A2
AR A ARG BB, AR 28 118 50t ol 45 R T
55 it NGREXMERIT (INAE B8 Th 25 Ak ) | AT B A )
F skt R EL A9 A ( Moreno-Rueda , 2009)

BEA, 4 77 W 2 3 2ok % DA A P Ol kit R 1) 28
o BRI, ANE R EE 2 A 7E e 1 Jar H
T RS /N TN, | H AR 77 W27 21 H- 1, 1 3 i A 2 I
B I A A B[] P O R S Y T R4 B
AN LLFERE N Z I Guo et al.,2019b) . J&F H i R
A5/ NLAT I T SR RSP E 5 58 F v R B B8 Y R L
(Rochette et al.,2007) , M X} R EE 1 kK
B, MEREAE = 98 LR AT B T AR L Y R I O T R
(LA ], X REAE — 2 R B 1ok /b Kl o 78 1
X AR A RS AR T4 A 8 (2 R ) %o
T FRf 1 K I ZE 2 1) DURiR
2.2 SEEREE

ANRLR B AR AR A IR A RIS T RS — A BR T
Wi 5E N 28 di e A 18RS, 28R Bas REUE 7S ) J5
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KB WAL, STl (PURRED) ) 8, 05
WREA DL R RO A . WFSE R B, TELL HA
I B4 B KUK T 30 d 5, A 7 MR A 5E oik 3 B (g 4
M (Guo et al.,2019b) . — 75 i i T 48 %5 4R 7
b LG (FeE /) G I, Fe i LBGE , R
A W B T AR B A B Y 58 T RE R R
BOHTE R )& 25 E#E (Jordaens et al. ,2006) , 55—
75 Tl e A A W 5¢ J5 B2 A TC AL 3% 2 1 n A s
B BRIRES J& 2H W7 e B TCHLAL AT, TS 7E 7e o
FE 7 T 5 18 OC #HE A 2 ( Jordaens et al.,2006) . {H%
R B A R B R AR AR A B XU T 232 2 o]
(Guo et al.,2017a) , H 5855 5 1 50 2 (#1546 75 1R
AMARFE H 81 3 H AE T 2 (W E &2 ( Brookes et al.
2007) , 022 J7 T (4 GE £ 75 K BB 1 A 73 18 %t 5¢ By
TR o Fh ] L AR G MR A 4l XU 1 i 2
ZR B HE AR (Guo et al.,2019b)

ANE R FIE AR, ME 2 70 50 B T e R
(£2), JHHRRZ TR, Ho—  HERAY 7R T HEIR
(Guo et al.,2019b) , 7 /5 B 2 U8 BT R BE I 1) S
% (Jordaens et al.,2006; Lakowitz et al.,2008) .
H T MR SE B A48 TR | 3K 7T BB H T AR
T BB ORIR F5 3 B0 52, T M IR BR iY 52 e

LS i £ ( Tamburi et al.,2012) ,3X A] fE 55K
SHERER S BAFGS T HERR I A 45 & S i e, HE
= BERR 5T A AR TSR R Se E LA
WRAE S 22 I N A ) AT 1A A T AR 40 AR K
FZHE = H (Trussell et al.,2000) . 4# A W 1E 7C 5%
JEE P 531 22 5 T R Sz ket A A MR TE S T 25 Bl A 0 25
FE I AT (Guo et al.,2019b)

SRR FEOR BE L T MEAR | (HBERRTE 1 2 4
FEAILI S0 B g S, 08 3% o S AN B PR (Xu et all.,
2014) , 3% AT RE R DR A5 77 R TE WX 12 RS B2 T
A7 Ay SF VRO 25 i AN ] A AA | AR RSP xR 3 )
o R BT S P Y 25 7 A 52 67 A 9% 5 2R (Cotton et
al.,2004) , AR, e R A ERR T AT B L MR e T
LR RS SR HL 2 (RN ER 45, 2011) X W] REARE
oA A MR B ) P A S M ST T 25 B A 1) 4k
(Meuthen et al.,2018) , 7 78 {0 HERE | 7 GEH% A E £
A RETE T 2518 ( Guo et al.,2019b) .

3 AR AEWHEHER N R

3.1 §p
A 75 R DR B PR B 21 8 1 A7 A 2 BUEE B 1 A
21 ¢, ] Re XS Rl A A B A — P RAE T, DLk

x2 BEHFBENOESHESXYFSIM
Table 2 Morphological characteristics of Pomacea canaliculata and its predator-induced response
S LERN TR FrH K0 AT REIRA /2 L S 30k
Indicator Character/ Without predator Under predator stress Possible intention/significance References
index stress

TR FTEL Tt > W Mt JEHA A EAER T T8 H AR T3 A 35 e Moreno-Rueda, 2009;
Shell Aspect ratio Higher in males ~ No obvious changes in males, but  Easy for snails with high aspect ratio to enter ~ Guo et al., 2019b
shape an increase in females narrow habitats to avoid predator

JaFH T AR e > WHERGE ST R > JERTE AN F TR KR BN B g Rochette et al., 2007;

Opercular area

Larger in males

Decrease in both males and females,
but still larger in males

FEMAE PiHRE Tt > TP T, e T T 4 A
Shell Anti-pressure Higher in males >HEYE An increase and higher in
strength capacity males, but no obvious changes in fe-
males
TR Tt > TCHA AL ; Bt > v
Shell thickness Thicker in No obvious change, but still thicker
males in males

il Mt > et TEH] AR

Calcification Higher in males  No obvious change for males and fe-

rate males

FEi/ (KR T > eV WIS A ;> A

Shell mass/ Higher in An increase in males and females,

body mass males but still higher in males

Conducive for snails with small operculum to
avoid attacks from aperture by predators

FEHE AN T B ROR T
Higher shell strength of snails, more difficult
to be crushed by predators

FERERI T ST e bR AR A
Increased shell thickness may improve shell
anti-pressure capacity

WV B A TE 2 (Y BRI 1T T 16 B o
BRIRFERI I S5 ARG $& T} e i T
BE7) Females need more CaCO5 inputs for
eggshells and embryonic shell growth. In-
creased calcification rate may improve shell
anti-pressure capacity

S R R T e URRE I e E A
PO TR A 4 SR | 2 1
High shell mass ratio may improve shell anti-
pressure capacity, while low shell mass ratio is
conducive for snails to improve tissue growth
and reproductivity, and flee from dangers

Guo et al., 2019b

Guo et al., 2019b

Jordaens et al., 2006
Lakowitz et al., 2008;
Guo et al., 2019b

Jordaens et al., 2006;
Tamburi et al., 2012;
Guo et al., 2019b

Trussell et al., 2000;
Jordaens et al., 2006;
Xu et al., 2014; Guo
et al., 2019b
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PR AZ W5 IR ( Frassa et al.,2010; X354 2016)
[ A8 IR B vh & A HUE IR SRR 2R R Y
J5i ( Dreon et al.,2013; XI5 45 2016), Dreon 5§
(2014) K3, K A8 A5 R BN il W 48 AN K BLE R rh 4
4 d J5 , KREMIEE A A 338952 2 W] 552, F
A4 £ 2 5 77 W WA RE 7 52 8 BIR A 5 1 A 2 R B
(BN £ 2 R 4 ] R BB g 1 b A Y K A
(Dreon et al.,2010) , [F) B 5P A 54 41K 58 90 B8 S 26
PcPV2 AEFHUN UG SR A , {84540 5C A #h 22 40 L IR
BE AT/ INER X A 28 R G2 01 1 W A8 1T (He-
ras et al.,2008) . H I AT UL, A5 75 08 O 1Y 2 068, K
Hoh ) Z a3 R BA A R 1ER], H Ay
ANz PRTA] Y B 2F ( Bradybaena similaris) 56 RE 12
( Quantula striata) 371 KWL ( Solenopsis geminata) |
401 ( Conocephalous longipennis ) 55 4 Fl K F e BUE
Ha A7 RO ($B54F,2015)
3.2 PUERS
TERTUA T, A A IR AR Z B3],
T AU, 23 I At B 5 AR A A 8, e 75 400 i
WP BT, T AR S By 1k A
I LS5 F 5 — B B £k, IS W] BE AL AR 4 R AE 1
H 7K (Korsloot et al.,2004) , WAFAE G IETER &
WU B — A~ H IS, SOD 1 3 2 F5 78 1F 5 7K F-, b
B2 CAT 3% Sy B AR, BERR CAT 3% Jy o B e, X vl
AEJE I T B A T 2 2 MR R AR A Bk
K, DUE S 473t 137 X0 418§ £ XU ( Slos et al.,2008) , 5
BB EFE D, DS A 2R AR X WA TR
T MR NN T R T A 3 I 140 A IR B k50 A T AU SR s
SOD #Efk 0, B4k A H,0,, BJ5 Bk CAT LA H,
O 1 0, , Tk i 75 1Y H 1Y ( Felton et al.,1995) ,
1M 0, " tb H,0, XL 145147 2 B K (Korsloot et al. ,
2004 ) , Bl €24 AT AE A T PE ookt % SOD /b
(Slos et al.,2008) , A& SOD CAT, HE#2 AT 2H 41
N GSH . PCO & i AR oA i BL TR A2 AL, 2 W] M 4R 0
PrAa A 2 58I R 1 B8 XURS: T 300G . i e AR Ry
GSH Hil PCO & ¥ 7+, GSH HAT P AL/ A
Ik AR EE IR B XU N GSH & i IR A R
T BRI N TR, BERETE — € REJE A B A
I X R P S AR A2 407 s PCO S R 11 o S AR 38 403 1)
JEFE PR ( Monaghan et al.,2009) , HFH =32 B GSH )
ThE A BERH 1L HE SR BT S AL 0 i & . R
Ui, BUEML RGBT AE — E R E WA RE S 2
P 75 PE AR S8 AL AE FH ( Pamplona et al. ,2011)

A 7 R il KBS IR BT R Pk 25 5 T R BR
PR (1) 5 A BRER A DG, T4t IR B SR i
FAR R A B (Slos et al.,2009) . X724 (2012)
WFGE R BN, M B2 55 I R %) - 35 25 4 il ol 2.40 Al
1.984F, 4T AW B 7E BT 3 2 v Al B 21 5C B Y 7k
F(Martin et al.,2006) ., i858 0450 AL RE 7 38 T
HERT e B LA MR A A G I BB 1 B R P Y
PRLLER e — RS 2 MR Ay, IR 28
B MNR(IMERS) BA MBI 68 77 (Dre-
on et al.,2004,2006) ,

4 HREE

(CEe PR EZ e A ER Pk S PN AL P
N A S € = N N U S e Y A
I, TR A A RS 4] 4 E R FH A B PR 0 A Bz
XFREOMRA R 7 HFT I, A8 75 R R R EhE T 47
TERFEPE AR AR T MEVE MR D0 587 B Y A= - BEFE AR
i, LA B e S W7 480 -5 E5E AT 0 A 2 1) B AL A
SR, 3% 2L 18 L DA 5 MR ) e — ffy B 5P A 5 THD
KT, SR L RE I B A SR T 6 — 1R fk
(4, R, A SR AR A7 IR AE R R IE B A A 980
Ty Wi SEIE A B AR B A 25 5 T B RE A
DA BE S AUAE SR, LA K2 R FL 30 T A8 A7 R R R
o PRIEEHEAL T8 7 45 LR 5 B — 2B AR 5T, 0RO
U TR R MR 110 2 28 T I P | A AR R HL R R
T3 B 7 A SO AL A 4 R S A

TE AR ST Hh A 7 SRR 3] 9 K B a8 1 A
K B F 52 AR R AR A N TR sl R B ) L {5
ANBEHERR ST SR | 73 5 ) sHE L ) ] BEX 0 A7
MRS RN T L, B ST R T AR AR 0 R
P g i IO R TSP IS | B 194 [ b A A /N4
WENEA R, F59 0 AR KB F IR0 8
07 X FERBCRA — | 77 A B A A IR 2 AN T £
Z RO AN TR RN 8 A 7 12 ] RESR IO S AL O Al 12
TR o PRI, AN ) R 0T At 4 B 7 A i 3 R £ £
BARES D742 300 Fead R 8 15 19 5 1k 2 0
T A R TR R GIR A MIBE ST, I I D T8 5 75 18
WA SRS PR BOR R RS H . AN, DITE
W2 Ja IR T WA SE SR fE AR ) S A 2 1) 2R
Yy 5 R Z AR LG R AR LR RBP4 R, K
O3 XA A MR P S M AR LA B AR 7 MR 4 W i
SR L 5 e — 2B AT ATA

RS T KB AR A7 SR P R BCR A R R T



2782

EREAE OE39E M

BRI, 3558 1, KB i RS A7 A]
FE 210 T 10 1) A 7 AR A | B R A0 M A A SR (]
e D AR FF IR ARG KA ( Guo et al.,2017a) ,
S A A A5 X6 SR TR ) 22 e 1 SR S 55 L 25 AT
HARHAR A, Preisser 55 (2005 ) i@ i 4t i1
AHSETE SR PR, A1 2 XU o 4l £ 28 b 2R 14 ] 2 4
HIRCR 20 b BB R0 1Y 50% LA F, HAl R
I AAE 547 RN B TP AR X AR e A
S, R g 2 B A A B K i 3 22 R
(Ydenberg et al.,2004) . K1, X F 32 W WK 048
FR MR, RO A i) 4R 5 AL ) B o ) 2 Y
“ JREE” IR RSN AR B KU 2% BB AE I, A s AR
T IR ARG,

PRI 25 T e 25 T S50H 2 IXURSS: (4 1 ) A S 1
( Costantini et al.,2007 ; Owen-Smith,2008 ) , [F] i, B
HEMARLERD LR AF A AT T ) T e 22 57 (AR 2B
TE I XoF R i 3 s 21 T i L T 9 iy ) ) 2
5 (Meuthen et al.,2018) , EATWFFE R, #8217
FEPE 284, BAE R EOHE ~ R BTy JEER
Az PR AR AL A5 5 TSP 531 22 S R e 7 3K b 22 5 ] g
SRR B A P B 2E (Xu et al.,2014) it
— 2 GRS W B e R b & AR B 4R (Hirst et al.,
2010) , Pk HEIEBRAE AR AR B S5 7 A A 3 A
B K Z— (Guo et al.,2019a) , 1 7518 1 A= At
PEHCICH A 2 | TR 3 AR JICAE R vh A0 13 A 1
KT 1(Xu et al.,2014) , 45546 7718 10 B5H > 1%
JE XA AR AR SRR S Ty B AR K, R, 4
JETETRFAR IR TS 2 Hop AR AW 5 RE ) BAERL
il WERE A 1 22 S A A H

7] s, 7 A 7 R 114 £ ) 9 42 O R R 5 A 7 5
B 7T A e/ IR VAR JL 5 T A5 . (1) i
HTANE L A AR5 (AN Tl sE TR IR AR ) T
AL PR A R A T — M/ — M KRB R A AR
AT R, Gl R FR 2 B el | s hs a8 307
2 BEROR S (2) KRB B R - T
PR SFAE Y B SRR R B BN T8 o B
BORBIW S 5 2277 BT 5 (3) B & Wi A K
A7 R AV 5 Jal P I e 2 A A A R D 1Y) R P 8
PR e B E SRV 5 (4) 200 K EUEAR 75 1R
Bt A I, D B R S B 45 5 A R B A UF
BUEOAR (OB 12 A B 155 ) A5 I HIBESE

S2%5 3k

PREEW], 20, R, 4. 2016. 3E 20 AEAMSEA AR

& 5 M PEAG SCRR IR B, AR AR, 36 (12)
6677-6685. [ Chen BM, Peng SL, Wu XP, et al. 2016. A
bibliometric analysis of researches on topics related to the
ecological damage caused by and risk assessments of exotic
invasive species from 1995 to 2014. Acta Ecologica Sinica,
36(12) . 6677-6685. ]

;ovE, OB, £ P, A 2014a MEERRFIREREAEK
BORBNERZEZFDIE. T AL AE, 41(8) : 96-100.
[Guo J, Chen M, Wang Y, et al. 2014a. Sex-related
differences in feeding, growth and morphological character-
istics of Pomacea canaliculata. Guangdong Agricultural Sci-
ences, 41(8) : 96-100. ]

$6 o, kAR, BAKIE, 4F. 2016, WP XA AR IR Y 4%
TR K TR, R AR R # 4l , 37(6) : 59~
64. [ Guo J, Zhang CX, Zhang JE, et al. 2016. Predation
and indirect interference effects of Trachemys scripta elegans
on Pomacea canaliculata. Journal of South China Agricul-
tural University, 37(6) ;: 59-64.]

o, BEEL 2014b. EAFRARHLH BT, A3
2fZeii ) 33(3): 806-815. [ Guo J, Zhang JE. 2014b.
Research progress on invasion mechanisms of Pomacea
canaliculata. Chinese Journal of Ecology, 33(3) . 806-
815.]

8w, B 2015, 4R A IR A Wy B i BUR | (RS %)
K. AAEAE, 34(10) ; 2943-2950. [ Guo J, Zhang
JE. 2015. Status, problems and countermeasures in biologi-
cal control of Pomacea canaliculata. Chinese Journal of
Ecology, 34(10) : 2943-2950. ]

X G, A, 4. 2012 ARSI T AR IR EH

Bepk. AR, 23(2) : 559-565. [Liu J, He YJ,

Tan JC, et al. 2012. Characteristics of Pomacea canalicula-

ta reproduction under natural conditions. Chinese Journal of

Applied Ecology, 23(2) : 559-565.]

5, B, A WS, S 2016, HRAREBLER 5T

JB. SRS, 35(4) : 1072-1079. [Liu Q, Zhao LL,

Yang S, et al. 2016. Research progress on the stress resis-

b

tance of Pomacea canaliculata eggs. Chinese Journal of
Ecology, 35(4) . 1072-1079. ]

Mg, Mg BRIRAE AR 2014, MTRREIRT R B BRI
MR ——R BT, A4, 34(20) @ 5687-5695.
[Shi JM, Ye XH, Chen FS, et al. 2014. Adaptation of
bamboo to heterogeneous habitat; Phenotypic plasticity.
Acta Ecologica Sinica, 34(20) : 5687-5695. ]

WO, U, BSER, % 2015, fRAFIREA MR A A ]
RS 22, 35(7) : 2331-2338. [ Xu M, Luo
D, Gu DE, et al. 2015. Variability in phenotypic traits of

the apple snail ( Pomacea canaliculata, Ampullariidae) at
different spatial scales. Acta Ecologica Sinica, 35 (7).
2331-2338.]

RS, BRRKAE, ZEARIG, AE. 2011, A A IR ORI S
PEVEFEAT NI, AEAEARGE, 30(11) ; 2528-2533.
[ Xu WB, Zhong QH, Li LF, et al. 2011. Differences of
female and male Pomacea canaliculata in foraging and

heterosexual choice. Chinese Journal of Ecology, 30(11) .



SR A A R X IR T ) 7 SR RS AL A

2783

2528-2533.]

Aizaki K, Yusa Y. 2009. Field observations of the alarm re-
sponse to crushed conspecifics in the freshwater snail
Pomacea canaliculata: Effects of habitat, vegetation, and
body size. Journal of Ethology, 27, 175-180.

Aizaki K, Yusa Y. 2010. Learned predator recognition in a
freshwater snail, Pomacea canaliculata. Malacologia, 52
21-29.

Brookes JI, Rochette R. 2007. Mechanism of a plastic phenoty-
pic response: Predator-induced shell thickening in the in-
tertidal gastropod Littorina obtusata. Journal of Evolutionary
Biology, 20; 1015-1027.

Bucciarelli GM, Shaffer HB, Green DB, et al. 2017. An am-
phibian chemical defense phenotype is inducible across life
history stages. Scientific Reports, 7. 8185.

Burela S, Martin PR. 2011. Evolutionary and functional signifi-
cance of lengthy copulations in a promiscuous apple snail,
Pomacea canaliculata ( Caenogastropoda; Ampullariidae ).
Journal of Molluscan Studies, 77. 54-64.

Carlsson N, Kestrup A, Martensson M, et al. 2004. Lethal and
non-lethal effects of multiple indigenous predators on the
invasive golden apple snail ( Pomacea canaliculata) . Fresh-
water Biology, 49. 1269-1279.

Costantini D, Bruner E, Fanfani A, et al. 2007. Male-biased
predation of western green lizards by Eurasian kestrels.
Naturwissenschaften, 94. 1015-1020.

Cotton PA, Rundle SD, Smith KE. 2004. Trait compensation in
marine gastropods: shell shape, avoidance behavior, and
susceptibility to predation. Ecology, 85. 1581-1584.

Daleo P, Alberti J, Avaca MS, et al. 2012. Avoidance of feed-
ing opportunities by the whelk Buccinanops globulosum in
the presence of damaged conspecifics. Marine Biology,
159. 2359-2365.

Davidson AM, Jennions M, Nicotra AB. 2011. Do invasive spe-
cies show higher phenotypic plasticity than native species
and, if so, is it adaptive? A meta-analysis. Ecology Letters ,
14 419-431.

Dreon MS, Frassa MV, Ceolin M, et al. 2013. Novel animal de-
fenses against predation; A snail egg neurotoxin combining
lectin and pore-forming chains that resembles plant defense
and bacteria attack toxins. PLoS ONE, 8. e63782.

Dreon MS, Ferndndez PE, Gimeno EJ, et al. 2014. Insights into
embryo defenses of the invasive apple snail Pomacea cana-
liculata; egg mass ingestion affects rat intestine morphology
and growth. PLoS Neglected Tropical Diseases, 8: €2961.

Dreon MS, Heras H, Pollero RJ. 2004. Characterization of the
major egg elycolipoproteins from the perivitellin fluid of the
apple snail Pomacea canaliculata. Molecular Reproduction
Development , 68 359-364.

Dreon MS, Heras H, Pollero RJ. 2006. Biochemical composi-
tion, tissue origin and functional properties of egg perivitel-
lins from Pomacea canaliculata. Biocell, 30: 359-365.

Dreon MS, Ituarte S, Heras H. 2010. The role of the proteinase

inhibitor ovorubin in apple snail eggs resembles plant em-

bryo defense against predation. PLoS ONE, 5. e15059.

Felton GW, Summers CB. 1995. Antioxidant systems in insects.
Archives of Insect Biochemistry and Physiology, 29. 187 -
197.

Frassa MV, Ceolin M, Dreon MS, et al. 2010. Structure and
stability of the neurotoxin PV2 from the eggs of the apple
snail Pomacea canaliculata. Biochimica et Biophysica Acta :
Proteins and Proteomics, 1804, 1492-1499.

Guo J, Martin PR, Zhang C, et al. 2017a. Predation risk affects
growth and reproduction of an invasive snail and its lethal
effect depends on prey size. PLoS ONE, 12 e0187747.

Guo J, Xu W, Martin PR, et al. 2019a. Sex differences in cold
hardiness and desiccation tolerance of invasive apple snails
in South China. Malacologia, 62 215-224.

Guo J, Zhang C, Xiang Y, et al. 2017b. Biological control of
the exotic invasive snail Pomacea canaliculata with the
indigenous medicinal leech Whitmania pigra. Biocontrol
Science and Technology, 27. 1071-1081.

Guo J, Zhang C, Zhang J, et al. 2019b. Sex differences in the
morphological defenses of an invasive snail: Dimorphism
and predator-induced plasticity. Freshwater Science, 38.
582-590.

Guo J, Zhang J, Zhao B, et al. 2016. The role of spotted green
pufferfish Teiraodon nigroviridis in controlling golden apple
snail Pomacea canaliculata: An effective biological control
approach involving a new agent. Bioconirol Science and
Technology, 26: 1100—1112.

Guo Q. 2006. Intercontinental biotic invasions: What can we
learn from native populations and habitats? Biological Inva-
sions, 8: 1451-1459.

Hayes KA, Joshi RC, Thiengo SC, et al. 2008. Out of South
America: Multiple origins of non-native apple snails in
Asia. Diversity and Distributions, 14. 701-712.

Heras H, Frassa MV, Fernandez PE, et al. 2008. First egg pro-
tein with a neurotoxic effect on mice. Toxicon, 52 481—
488.

Hirst AG, Bonnet D, Conway DVP, et al. 2010. Does predation
control adult sex ratios and longevities in marine pelagic
copepods? Limnology and Oceanography, 55 2193-2206.

Ichinose K. 2002. Influence of age and body size on alarm
responses in a freshwater snail Pomacea canaliculata. Jour-
nal of Chemical Ecology, 28 2017-2028.

Ichinose K, Yusa Y, Yoshida K. 2003. Alarm response of
hatchlings of the apple snail, Pomacea canaliculata ( Gas-
tropoda; Ampullariidae) , to aqueous extracts of other indi-
viduals. Ecological Research, 18 213-219.

Jordaens K, de Wolf H, Vandecasteele B, et al. 2006. Associa-
tions between shell strength, shell morphology and heavy
metals in the land snail Cepaea nemoralis ( Gastropoda,
Helicidae) . Science of the Total Environment, 363: 285-—
293.

Kistner EJ, Dybdahl MF. 2013. Adaptive responses and inva-
sion: The role of plasticity and evolution in snail shell mor-
phology. Ecology and Evolution, 3. 424-436.



2784

EREAE OE39E M

Korsloot A, van Gesterl CAM, van Straalen NM. 2004. Environ-
mental Stress and Cellular Response in Arthropods. Flori-
da: CRC Press.

Lach L, Britton DK, Rundell RJ, et al. 2000. Food preference
and reproductive plasticity in an invasive snail. Biological
Invasions, 2. 279-288.

Lakowitz T, Bronmark C, Nystrom P. 2008. Tuning in to multi-
ple predators: Conflicting demands for shell morphology in
a freshwater snail. Freshwater Biology, 53: 2184-2191.

Lowe S, Browne M, Boudjelas S, et al. 2000. 100 of the world’ s
worst invasive alien species: A selection from the global in-
vasive species database. Auckland, New Zealand: Invasive
Species Specialist Group.

Martin I, Grotewiel MS. 2006. Oxidative damage and age-related
functional declines. Mechanisms of Ageing and Develop-
ment, 127, 411-423.

Meuthen D, Baldauf SA, Bakker TCM, et al. 2018. Neglected
patterns of variation in phenotypic plasticity: Age- and sex-
specific antipredator plasticity in a cichlid fish. The Ameri-
can Naturalist, 191 475-490.

Monaghan P, Metcalfe NB, Torres R. 2009. Oxidative stress as
a mediator of life history trade-offs: Mechanisms, measure-
ments and interpretation. Ecology Letters, 12: 75-92.

Moreno-Rueda G. 2009. Disruptive selection by predation offsets
stabilizing selection on shell morphology in the land snail
Iberus g. gualtieranus. Evolutionary Ecology, 23. 463—-471.

Ouellette-Plante J, Morden AL, Johnson LE, et al. 2017. Accli-
mation by invasive mussels; Spatiotemporal variation in
phenotypic response to turbidity. Freshwater Science, 36:
325-337.

Owen-Smith N. 2008. Changing vulnerability to predation related
to season and sex in an African ungulate assemblage.
Oikos, 117 602-610.

Pamplona R, Costantini D. 2011. Molecular and structural an-
tioxidant defense against oxidative stress in animals. Ameri-
can Journal of Physiology: Regulatory, Integrative and
Comparative Physiology, 301. 843-863.

Pérez JE, Nirchio M, Alfonsi C, et al. 2006. The biology of in-
vasions: The genetic adaptation paradox. Biological Inva-
sions, 8: 1115-1121.

Preisser EL, Bolnick DI, Benard MF. 2005. Scared to death?
The effects of intimidation and consumption in predator-prey
interactions. Ecology, 86. 501-509.

Rochette R, Doyle SP, Edgell TC. 2007. Ecological interaction
between an invasive decapod and a native gastropod: Pre-
dator foraging tactics and prey architectural defenses.
Marine Ecology Progress Series, 330, 179—-188.

Slos S, De Meester L, Stoks R. 2009. Food level and sex shape

predator-induced physiological stress: Immune defence and

antioxidant defence. Oecologia, 161 461-467.

Slos S, Stoks R. 2008. Predation risk induces stress proteins and
reduces antioxidant defense. Functional Ecology, 22. 637-
642.

Song HM, Mu XD, Gu DE, et al. 2014. Molecular characteris-
tics of the HSP70 gene and its differential expression in fe-
male and male golden apple snails ( Pomacea canaliculata)
under temperature stimulation. Cell Stress and Chaperones ,
19. 579-589.

Tamburi NE, Martin PR. 2009. Feeding rates and food conver-
sion efficiencies in the apple snail Pomacea canaliculata
( Caenogastropoda: Ampullariidae ). Malacologia, 51; 221
-232.

Tamburi NE, Martin PR. 2011. Effects of food availability on re-
productive output, offspring quality and reproductive effi-
ciency in the apple snail Pomacea canaliculata. Biological
Invasions , 13; 2351-2360.

Torres MAJ, Joshi RC, Sebastian LS, et al. 2011. Geographic
phenetic variation in the golden apple snail, Pomacea
canaliculata ( Ampullariidae ) based on geometric approa-
ches to morphometrics. Advances in Environmental Sciences ,
3. 243-258.

Trussell GC, Smith LD. 2000. Induced defenses in response to
an invading crab predator: An explanation of historical and
geographic phenotypic change. Proceedings of the National
Academy of Sciences of the United States of America, 97 .
2123-2127.

Ueshima E, Yusa Y. 2015. Antipredator behaviour in response
to single or combined predator cues in the apple snail
Pomacea canaliculata. Journal of Molluscan Studies, 81:
51-57.

Xu W, Zhang J, Du S, et al. 2014. Sex differences in alarm
response and predation risk in the freshwater snail Pomacea
canaliculata. Journal of Molluscan Studies, 80 117-122.

Ydenberg RC, Butler RW, Lank DB, et al. 2004. Western
sandpipers have altered migration tactics as peregrine falcon
populations have recovered. Proceedings of the Royal Society
of London, Series B: Biological Sciences, 271 1263—1269.

Yoshie H, Yusa Y. 2008. Effects of predation on the exotic
freshwater snail Pomacea canaliculata ( Caenogastropoda:
Ampullariidae) by the indigenous turtle Chinemys reevesii
( Testudines: Geoemydidae ). Applied Entomology and
Zoology, 43. 475-482.

EERIN 5 35,5, 1980 4EA T PRIW, EENE R
WA 2= AARAEYETT IS, E-mail; jingaj@ 163.
com

RIEHRE PRUT




