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1 2R R 4 DN A BRI & CRAR AR AL RHE A IR 2
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1ddH,OH, {3 FH 8 Tl & 45 4h 43 6 O FE A (Nano-
Drop, ND-1000)& I B2 ) 462 J, B T—20°C IR A1E

1 F 3@ H 51 )X LCO1490(5'-GGTCAACA
AATCATAAAGATATTGG-3")fIHCO2198(5'-
TAAACTTCAGGGTGACCAAAAAATCA-3")" 4~
W kiR CO 1 EFFIDNASKIEYIX Bt . PCRY™
TE25 pLIMR R R B H kAT, A HE N 12.5 uLif
TaKaRa Premix Tagq, 9.5 pLI*JddH,0, 1 uLI 3R 4H
DNA, b Fi##514)(10 umol/L)#%1 pL. PCRYEH %%
4994 °C 735 14 3min; 94°CAE14:30s, 50°CIE k30,
72°C ZEAH Tmin, H£344ME3; 72°C ZE4H 10min, 4°C 4
1k 2 B (PCRYT 144k 2 % 41 5% YangZ5™).,
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L1 LSERAR 5 A N 5 SO SREL ) S 46 7 41 A s
B AT 12 IE IR BT 1514

ZRRCO | HIBERLEFER ST MGen-
Bank ™ T #4375 201 54E 1201645 K45 H b 7
TIIAE 7 IR FE S R RIAR CO T P 3E1138%% (R 1)
gh & AR TR E 7 81, 4 H Geneious 11.1.5%8 44
AT A R R R BT V) 55 K fa, TR 12056 7
H1H1602 bpILRifRCO 1 $idi%E . 1 FIDnaSP 5%k
PR LR R CO T 5048 10 s 5 8, I H
Geneious 11.1.55K 47 M 845 T 1) 22 257 40
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Tab. 1 Samples, sequences, and haplotype distribution of the apple snails from the West Lake

= = —
bu  Noo(Adilggchieh AecewdonNo. NP M2 Hapd Hapd HpS Hpd e

2020.05 5/14 MW051334-353 14 4 0 0 1 0  ZREFFLThis study
2019.05 23/17 MW051295-334 35 4 1 0 0 0  AWHFLThis study
2018.05 13/0 MW051282-294 8 4 0 1 0 0  ZRHFLThis study
2017.07 0/10 MW051272-281 1 3 6 0 0 0  ARHFJCThis study
2016.11 26/2 MK189337-62, MH211409-10 17 9 0 0 0 2 [24]
2015.06 0/10 KT852718-20, 31-36, 61 4 6 0 0 0 0 [25]

&1 Total 67/53 / 79 30 7 1 1 2 /
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1 PEH KRR IR A 1
Fig. 1 Morphology of apple snails from the West Lake
A—C. IR, D. HEIR, B0/ NMEARFFIR

A—C. female; D. male, four snails are all P. canaliculata
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356 FH T LA o AT, AT Bl AR S b A 1 /)N 4 A
(P. canaliculata_ AR, GenBank /7 %415 : EF514961),
B2 PG Fh B PR B A4 FF MR(P. maculata BR, EF514999),
HAFHEE )/ NEFEFFIE(P. canaliculata_JP, AB433765)
FIPE S ARFFUE(P. maculata_JP, AB433777), H [E Ff
B INEFEFFUE(P. canaliculata CN, KP310268)-
PE AR A UR(P. maculata CN, KP310490) A1 §a 45
FFWE(P. occulta CN1-3, KT852790, KT852789,
KP310451).

F| H Geneious 11.1.5% %% T Kimura 2-para-
meter(K2P)ig % B 455 80 T 50 78 1 P A 75 R 45
&R 7B Je Fo 522 5 B ] I ARALRE o DA B4R
FFWE(EF515067) 0 7, 43 0 74 22 41 4232 (Neigh-
bor-joining, NJ). # K{AR7%(Maximum likelihood,
ML) A1 U1 H-H7% (Bayesian inference, B R4t K B
B o Horh, 43 HE FIMEGA X843 T KPR Hy
NI, BEE®E N1000K; FIHIQ-Tree
1.6. 12 @MLK, BASH & E N1000K, K HA
& fIModelFinder - 1H B 1 S AE LA WHK Y +F+;
i FIMrBayes 3.2. 5844 @EBIFY, 38174 H/R 7]
R(MCMC)5E50000001K, 10004 fifi A7 — 1A, F
FburninZ 404 7 5125% )5, 1HH A& —# .

MERE NS FIHDnaSP SE AT
SRR 2RV S L, G LA L 2 R 1 (Haplo-
type diversity, Hy). 1% H R 2 F£ V£ (Nucleotide di-
versity, ) FZ H R 1 12 2 7 (Average number of
nucleotide difference, k), 3117 Tajima’s D H 444
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2.1 FEHKIBEFIZLEER

FE V17K ek 77 1R 1) i A Rt b, i B AR
FFUR ORI R A LA A fUR L T AR A0, iR
ACALE H e AT 55 DX — N RE R I . RN AR,
I 15.36—7.60 cm, R %54.04—5.74 cm, IR FCEE,
FHOGH . B OB 0, 2840%. A,
W S 1) v FEAIG, 7% T A B 2048 (B 1) 1A
W4 AR B, AR AR IEAL 20 A1 T 95 32 LAVE B K8,
P IR PR IRALE . BN S X
TE P ot e IR % DX R AR FE AR, TE P IR T A
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IR 2 il R /KA R AR R A AR AR MR AT (1] 2)

VT8 7K A58 AR R 1) 70 A b s 3 A R ALK A K
K AEREYITE o, VA TR RS 1 /K3R48 3148
FRUR MR S GNP, o, BRI B R B BE KA
T EHFE: faf fENelumbo nucifera(1E 191~ #% 5 1j 18
AR A P ) 144 RUR AR AR IR O, 14/19). F1
1 Thalia dealbata(9/15). “* Colocasia esculenta
(4/16) ¥ B3 Iris pseudacorus(2/8) & Typha
orientalis(1/4)« ¥:3%& % Nuphar pumilum(1/4). 7K
Schoenoplectus tabernaemontani(1/5)F1 E & Acorus
calamus(1/5)55 . Hor, FEAR 46 K0 )6 M X R
AR A AR IR LA B v
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KR A8 FF IR L RLAR CO 1 751825, [T A L
“N602 bp, ¥ E 3 £ GenBank (/741 5 MW051272-
MWO051353). K4 H2015—20204F P4 il /K Ik 45 75
BRI 1205 2R CO T 7 5 EIL A o 45 2,
HHHapl-Hap6 73 il 05795 305k 7%&. 15%.
12267 H1(FK 1). FEOAFLA5 Y 7 51 S R TR
TIINZAALR, T AL RS E13.12%(E 3).

AR 17 H1AHACLBE, 18 V0 7K ek 114 4 7 R 4 R A
CO 1 #5731 5 GenBank/7 51 1] 43 A3 44, Hop,
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J&=94.63%, 1M -5 BE A A W5 A B2 Rk 48 A7 B2 AR 1)
¥ <89.60%, "1 Hap1 fIHap4-Hap5-5 P. canalicu-
lata_ ARIPARIARE =99.16%, Hap2-3 5 P. canalicu-
lata JPFIP. canaliculata CNIIAHLE =97.82%;
Hap6-5 A [ B P 4 B 0k 7 08— 4, )7 5104
LU =98.32%, 5 /INEAR AR 7 I HLLE <89.93%,
5 R4 75 AR AL << 94.13%; BR B4R 75187 51 [A]
AN 2).

REBEEAFE, NI, MLFIBIRZIK B W2
M= ARG . o, Hapl-55/NEHaF
BRI N —H, Hap6 St AR FFIR R AN — L, B
BAERREPEGEE 4). ENERFIBIIBA,
Hapl. Hap4-55P. canaliculata AREERIHL, R
BAHBIERRAKE KRR, MiHap2-353 74 5P. cana-
liculata CNAIP. canaliculata JPEBEILFIRFEK
HRARE 4.

FAEZ T H ENIRGR B o B4 R — 8RR,
Hap1—55 /)NE #& 75 18 1 55 K 7 91 1) — BiE IA
94.63%—100%, Hap6-5 B 4 73 45 (1) 2 (5] 17 51 (1)
— Y PEIK98.32%—100%. LA RGKR B KR Mk
FEFE B AT 45 SRR B, AR 5T A 120 FE AR LR /N
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EARFFIR 18/ FIBE fS AR A5 0524
23 FHESEMIHER SN

PO 7K 35 SRS I 21— AN B 54 7 MR B 2 o
15 2 REEAR, NERAFIBILE SR, A
[ A7 (1) /0N A 7 R A T 2 MM H M 0.229—
0.600, ZF R Z FEMEZN0.011—0.027, A% R T 14
22 HUN6.797—16.000; E AR BAfE R Z BEMEH N
0.488, TR 2 FEIEn0.023, 1 R T 2 2 7 5
kN13.494, Siil sy HrR B, 2018—20204
201520174 7] [ /N 4 75 W P B 824 2 FEME T
BEMER ., PRSI TR, 2017 /M20194F
INE AR T B R EE I Tajima’s DA TUE, HABEG 15
NI, KTajima’s DN2.334, I H 2 R 55
PE(P<0.05); 20154EF120164FE FHEfI Tajima’s D373l
N2.443F12.956, 15 A 5. 25 R 56 bR 1 (P<0.01),
HABAEA ) Tajima’s DY TC . E M GR 3).
24 ZZENES

BT8R 5 51 W % EPCRI T A R A% 3L
EF 1ot — 56 M 23 R0 AN A (1) 44 22 s Y, AL dG B
—125 bp¥ =W/ NE R FF IR (CAY), B.—151 bp
P18 P Y R AR AR R (M), R [RTI 2B R 125 1

=

AT

B2 P IR IR A7 R ) 7 A7 1 10
Fig. 2 Distribution of the apple snails in the West Lake
MAFRAS SRR AR AR B A BOESLOAREK O, 1—643 HIONFERIE . /NFil . AR DR, PRI, FHIEHKO; K
SR, 715 M. bR, EHEA. AR, —Ak. RERIE. WMam. maib,. PRHKD
The coordinates indicate the location of the apple snails; the black arrow indicate the inlet of the West Lake, 1—6. Lianhuafeng, Xiaonanhu,
Yuhuwan, Wuguitan, Maojiabu 1, Maojiabu 2 the grey arrow indicate the outlet of the West Lake, 7—15. Yuehu, Beilihu, Shengtangzha,
Wugongyuan, Yigongyuan, Dahuafandian, Yongjinzha, Yongjinchi, Liulang
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1 10 20 30 40 50 60 70 80 90 100
-Hapl CTAGTTGGGGQHGGTTTAAGITTACTTATTCGTGCTGATTAGGTCABCCTGGTGCTTTACTAGGAGAT GATCAGCTTTATAATGTTATTGTTACAGCTCA
-Hap2 CTAGTTGGGGAGGTTTAAGHTTACTTATTCGTGCTGAGTTAGGBCAACCTGGTGCTTTACTAGGAGAT GAICAGCTTTATAATGTHATTGTTACAGCTCA
Hap3 CTAGTTGGGGCNGGTTTAAGHTTACTTATTCGTGCTGATTAGGHCAACCTGGTGCTTTACTAGRBGATGATCAGCTTTATAATGTTATTGTTACAGCTCA
- Hap4 CTAGTTGGGGQMGGTTTAAGHTTACTTATTCGTGCTGARTTAGGTCABCCTGGTGCTTTACTAGGAGATGATCAGCTTTATAATGTTATTGTTACAGCTCA
- Hap5  CTAGTTGGGGQHGGTTTAAGNTTACTTATTCGTGCTGARTTAGETCAACCTGGTGCTTTAGT AGGAGATGATCAGCTTTATAATGTTATTGTTACAGCTCA
- Hap6 WTAGTTGGGGANGGTTTAAGNTTACTTATTCGTGCTGAGTTAGECAACCHGGTGCTHTANTAGGBGAT GATCARCTTTATAANGTTATTGTTACAGCTCA
110 120 130 140 150 160 170 180 190 200
Hapl TGCTTTTGICATAATTTTITTCTTAGTTATACCTATAAT AATTGGTGGATTTGGTAAC TGAT AGTRCCACTAATANT AGGAGCTCCTGACATGGCTTITC
Hap2 TGCTTTTGTCATAATTTTTTTCTTAGTTATACCTATAATAATTGGTGGATTTGGTAACTGATGGTRCCACTAATANITAGGAGCTCCTGACATGGCTTTTC
Hap3 TGCTTTTGTCATAATTTTTTTCTTAGTTATACCTATAATAATTGGTGGATTTGGTAMITGANTGG TCCRCTGATANTAGGAGCTCCTGACATGGCTTTTC
- Hap4 TGCTTTTGTCATAATTTTTTTCTTAGTTATACCTATAATAATTGGTGGATTTGGTAACTGANT AGTBCCACTAATANTAGGAGCTCCTGACATGGCTTTTC
Hap5 TGCTTTTGTCATAATTTTTTTGTTAGTTATACCTATAATAATTGGTGGATTTGGTAACTGANT AGTRCCACTAATARTAGGAGCTCCTGACATGGCTTTTC
Hap6 TGCTTTTGTHATGATTTTHTTCTTGGTTATGCCTATAATAATTGGTGGATTTGGTAMTGGET AGTCCATAATARITAGGAGCTCCTGARATRGCTTTTC
210 220 230 240 250 260 270 280 290 300
- Hapl CGCGTCTTAATARTATGAGATTTTGATTATTACCACCTTCTCTATTACTATTATTATCGTCTGCTGCNGTTGAGAGT CGTGCTGAACTGGATGAACAGTA
-Hap2 CGCGTCTTAATAABATGAGATTTTGATTATTACCACCTTCTCTATTACTANTATTATCGTCTGCTGCNGTTGAGAGT GGTGCTGGAACTGGATGAACAGTA
- Hap3  CGCGTCTTAATAAATGAGATTTTGATTATTACCACCTTCTCTANTACTANTATTATCGTCTGCTGCNGTTGAGAGTGGTGCTGGAACTGGATGAACAGTA
Hap4 CGCGTCTTAATAATATGAGATTTTGATTATTACCACCTTCTCTATTACTATTATTATCGTCTGCTGCNGTTGAGAGTGGTGCTGGAACTGGATGAACAGTA
- HapS CGCGTCTTAATAATATGAGATTTTGATTATTACGICCTTCTCTATTACTATTATTATCGTCTGCTGCNGTTGAGAGTGGTGCTGGAACTGGATGAACAGTA
Hap6 CBCGTCTTAATAATATBAGATTTGATTGTTACCRCCTTCTITATTACTITTTATTGTCHTCTGCTGCNGTTGARAGHGGTGCHGGAACBGGATGBACAGTA
310 320 330 340 3350 360 370 380 390 400
Hapl TARCCTCCTTTAGCTGGTAATTTAGCTCATGCGGGTGTTCTGTTGATTTAGCARTI TTTTCTCTACACTTAGCAGGGGCTTCTTCTATTTTAGGBGCGGT
Hap2 TARCCRCCTTTAGCTGGTAATTTAGCTCATGCGGGTGGTTCTGTTGATTTAGCAATTTTTTCTCTACACTTAGCGGGRGCTTCTTCTATTTTAGGHGCRGT
Hap3 TARCCTCCTTTAGCTGGTAATTTAGCTCATGCGGGTGGRTCTGTTGATTTAGCAATTTTTTCTCTACACTTAGCAGGIGCTTCTTCTATTTTAGGHGCHGT
Hap4 TAICCTCCTTTAGCTGGTAATTTAGCTCATGCGGGTGETTCTGTTGATTTAGCAATTTTTTCTCTACACTTAGCAGGGGCTTCTTCTATTTTAGGBGCGGT
- HapS TAICCTCCTTTAGCTGGTAATTTAGCTCATGCGGGTGGTTCTGTTGATTTAGCAATTTTTTCTCTACACTTAGCAGEGGCTTCTTCTATTTTAGGBGCGGT
- Hap6 TAICCTCCTTTAGCTGGTAATTTAGCTCATGABGGTGGTTCTGTTGATTTAGCAATTTTTTCTCTACACTTAGCGGGHGCTTCTTCTATTTTAGGHGCHGT
410 420 430 440 450 460 470 480 490 500
-Hapl GAATTTTATTACAACGGTAATTAATATACGATGGCGAGGTATACAATTTGAACGTCTTCCTTTATTTGTATGATCAGTTARAATTACGGCTATTTTATTAC
Hap2 GAATTTTATTACAACGGTAATTAATATACGATGECGAGGTATACAATTTGAACGTCTTCCTTTATTTGTATGBTCAGTTARAATTACGGCTATTTTATTGC
Hap3 GAATTTTATTACAACGGTAATTAATATACGATGECGAGGTATACAATTTGAACGTCTTCCTTTATTTGTATGBTCAGTTAARATTACGGCTATTTTATTEC
- Hap4 GAATTTTATTACAACGGTAATTAATATACGATGGCGAGGTATACAATTTGAACGTCTTCCTTTATTTGTATGATCAGTTAAIATTACGGCTATTTTATTAC
Hap5 GAATTTTATTACAACGGTAATTARTATACGATGGCGAGGTATACAATTTGAACGTCTTCCTTTATTTGTATGATCAGTTARRATTACGGCTATTTTATTAC
- Hap6 BAATTTTATTACAACHGTAATTAATATACGATGGCGAGGTATACAATTTGAACGRCTTCCTTTGTTTGTATGATCRTTARAATT ACBGCTATTTTATTAC
510 520 530 540 550 560 570 580 590 602
-Hapl TTTTATCATTACCAGTTCTTGCAGGTGCTATTACTATATTGTTGACTGATCGAAATTTTAATACATCTTTTTTTGATCCTGCGEGGRGAGAGATC
Hap2 THTTATCATTGCCRGTTCTTGCAGGTGCTATTACTATATTHTTGACTGATCGARATTTTAATACATCTTTTTTTGANCCTGCGGGNGGEGGAGATCC
- Hap3 TTTTATCATTGCCRTTCTTGCAGGTGCTATTACTATATTHTTGACTGATCGAAATTTTAATACATCTTTTTTTGATCCTGCGGRUGGBGAGATCC
-Hap4 TTTTATCATTACCAGTTCTTGCAGGTGCTATTACTATATTTTGACTGATCGAATTTTAATACATCTTTTTTTGATCCTGCGEGGEGAGGAGATCC
HapS TTTTATCATTACCAGTTCTTGCAGGTGCTATTACTATATTGTTGACTGATCGAAATTTTAATACATCTTTTTTTGATCCTGCGGGGGEAGGAGATCC
- Hap6 TTTTATCATTACCAGTTCTTGCAGGTGUATTACTATATTRTTRACTGATCGAAARTTTAATACATCTTTTTTTGABCRGCHGGRGGAGGAGATCC

3 EEHAEAFIRARIACO T £ R A5 T AR iy s
Fig.3 Variation sites of mitochondrial CO | gene haplotype in the apple snails from the West Lake

QURWINS QURWNS UELNS AUELNS LR WD

#2 FHEHFZRERFTSGenBank THF MBI RBEESHK

Tab.2 Similarity and number of variation sites among the haplotypes and sequences retrieved from GenBank

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 P. canaliculata_ AR 0 1 4 29 30 30 30 56 55 60 60 57 56 56
2 Hapl 100 1 4 29 30 30 30 56 55 60 60 57 56 56
3 Hap4 99.83 99.83 5 30 31 31 31 57 56 61 61 58 57 57
4 Hap5 99.33 9933 99.16 31 32 32 32 56 56 60 60 58 57 57
5 P. canaliculata_JP 95.13 95.13 94.97 94.80 12 12 1 60 57 60 60 55 54 54
6 P. canaliculata_CN 94.97 94.97 94.80 94.63 97.99 0 13 62 59 58 58 56 55 55
7 Hap2 9497 9497 94.80 94.63 97.99 100 13 62 59 58 58 56 55 55
8 Hap3 9497 9497 94.80 94.63 99.83 97.82 97.82 59 56 59 59 56 55 55
9 P. maculata_BR ~ 90.60 90.60 90.44 90.60 89.93 89.60 89.60 90.10 9 10 10 41 40 40
10 P. maculata JP  90.77 90.77 90.60 90.60 90.44 90.10 90.10 90.60 98.49 9 9 36 35 35
11 P. maculata_CN  89.93 89.93 89.77 89.93 89.93 90.27 90.27 90.10 98.32 98.49 0 35 34 34
12 Hap6 89.93 89.93 89.77 89.93 89.93 90.27 90.27 90.10 9832 98.49 100 35 34 34
13 P. occulta CN1 ~ 90.44 90.44 90.27 90.27 90.77 90.60 90.60 90.60 93.12 93.96 94.13 94.13 1 3
14 P. occulta_ CN2  90.60 90.60 90.44 90.44 90.94 90.77 90.77 90.77 93.29 94.13 9430 9430 99.83 2

15 P. occulta CN3 ~ 90.60 90.60 90.44 90.44 90.94 90.77 90.77 90.77 9329 94.13 9430 9430 99.50 99.66
TE: W FZ LR P AU, X fA 2k LA BB 22 S 4. ARy BRy CN. JPARAIRRIARE . BV, vl (R At A

Note: Data below the diagonal are similarity and those above the diagonal are variable sites. AR, BR, CN, and JP indicate the
populations of Argentina, Brazil, China, and Japan
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Fig. 4 The phylogenetic trees reconstructed by the haplotypes of
apple snails from the West Lake and the GenBank sequences
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Tab. 3 Population genetic diversity of P. canaliculata from the
West Lake

R BATRTSS i

Lrepe BER mma o TR,
H Haplotype %ﬁ‘fi Average ?;ELJ’%%
Date diversity Nucleotide  number neutrality

diversity (7) of nucleotide
(Hy) difference (k) 'St

202005 0.433 0.018 10.901 0.616
2019.05  0.229 0.011 6.797 0.764
201805  0.564 0.023 14.000 1.764
2017.07  0.600 0.019 11.200 ~0.696
2016.11 0.471 0.024 14.123 2.956"
201506 0.533 0.027 16.000 24437
BilTotal 0488 0.023 13.494 2334

VE: R R E R B R E(P<0.05), T RIRP<0.01
Note: indicate significantly deviated from neutrality
(P<0.05), represent P<0.01
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Fig. 5 Introgressive hybridization of the apple snails from the
West Lake based on EF/a gene multiplex PCR method

M>450 bp DNA ladder, 1—5 974 #ll K 38R 42 0 /)N85 48 7 08 RE
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M. 50 bp DNA ladder, 1—S5: samples of P. canaliculata collected
in the West Lake, represent C, M, B, M type
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SPECIES IDENTIFICATION AND POPULATION GENETIC DIVERSITY OF
NON-NATIVE APPLE SNAILS (AMPULLARIIDEA:
POMACEA) IN THE WEST LAKE

LI Jia-Nan', ZHAO Xing-Xing', WANG En’, WANG Dao', QIAN Zhou-Xing’, ZHANG Yang’, YANG Qian-Qian'
and YU Xiao-Ping1

(1. College of Life Sciences, China Jiliang University, Hangzhou 310018, China; 2. Administive Olffice of Fenghuangshan Area,
Management Committee of Hangzhou West Lake Scenic Area, Hangzhou 310002, China; 3. Zhejiang Museum of
Natural History, Hangzhou 310012, China)

Abstract: The exotic apple snails are big freshwater snails that have spread and damaged the West Lake for nearly 10
years. To understand the species and population genetic diversity of apple snails, we explored the distribution of the
apple snails in the West Lake. Based on the samples collected in the past six years, identified the species, and analyzed
their population genetic diversity. The results showed that the distribution of apple snails was concentrated in west of
the Su Causeway, with a high density in the northwest area including Xilihu, Maojiabu, Hangzhou Flowerbed, and Yue-
hu, and low density in the southwest aera such as Wuguitan and Yuhuwan. We detected 79 variable sites, and defined 6
haplotypes based on mitochondrial CO I sequences. Sequences similarity and phylogenetic relationships analysis re-
vealed that the Hap1-Hap5 were Pomacea canaliculata and the Hap6 was P. maculata in the West Lake. The analysis
of haplotype diversity, nucleotide diversity, and average number of nucleotide difference indicated that the haplotype
diversity (Hy) of P. canaliculata was 0.229—0.600, the nucleotide diversity (7) was 0.011—0.027, the average number
of nucleotide difference (k) was 6.797—16.000, and both P. canaliculata and P. maculata in the West Lake have low
genetic diversity. There was no significant difference in genetic diversity between 2018—2020 and 2015—2017. In ad-
dition, nuclear EF/a sequence analysis demonstrated that the apple snail populations of P. canaliculata in the West
Lake included CC (23.08%), CM (23.08%), and CB (53.84%) types. Introgressive hybridization were widely observed
in the apple snail populations in the West Lake with a rate over 76.92%. Due to the connectivity of the water diversion
project, there is a risk of apple snails spreading to the surrounding wetlands in the West Lake. This study provides some
suggestions for the establishment of effective prevention and control strategies of apple snails in the West Lake.

Key words: Biological invasions; Freshwater snails; Phylogenetic relationship; Introgressive hybridization;
Distribution
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