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Spatio-temporal distribution of population structure of Pomacea canaliculata and
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Abstract; Pomacea canaliculata ( Lamarck, 1819) is a key invasive species in China, which has caused environmental
catastrophes, society and ecological security issues across the country. However, our present understanding of the snail’s
basic biology and ecology is still insufficient, especially in the population structure and underlying driving factors. Here, we
first determined the population density, key traits ( body weight, shell height and width, aperture length and width) and
sex ratio of P. canaliculata population across the Guijiang River Basin, the upper tributary of the Pearl River, based on
three seasonal field surveys (dry, normal and wet) in 2021—2022. Then, we explored the size structure and the driving

mechanisms that affected population processes. We set up 51 sampling sites in each survey. In each site, we quantitatively
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collected the snails using one modified sampler (3%3 m” in area) by three replicates within 100 m of each river segment
and simultaneously determined a total of 18 environmental variables with the standard methods. The collected snails were
counted , photographed, measured and sexed by the morphology of the opercula and the genital organs. The size—frequency
analysis was used to analyze size structure. Based on size—frequency histogram, we sorted the snails into 10 size classes
according to shell height: 0—20.00, 20.00—24.99, 25.00—29.99, 30.00—34.99, 35.00—39.99, 40.00—44.99,
45.00—49.99, 50.00—54.99, 55.00—59.99 and >60.00 mm. Snails < 30 mm were defined as immatures, whereas snails
>30 mm were defined as matures. The local environmental variables measured showed highly longitudinal divergences across
the region. A total of 1771 snails were collected, with estimated density of (2.21+2.35) ind./m’. There was no significant
spatio—temporal difference in density. The body weight, shell height and width, aperture length and width all showed
distinctly spatio—temporal differences, with the highest values in the upstream region and during wet season. The size—
frequency distribution was distinctly skewed towards the large (adolescent and postadolescent) , mature individuals (30—
50 mm, 54.2% of total individuals) , indicating a stable population. The sex ratio ( male;female) was 0.36+0.40, but
showed no spatio—temporal heterogeneity. Canonical correspondence analysis indicated that local factors ( pH, altitude,
dissolved oxygen, and salinity) and large—scale spatial factors (PCNM2, PCNM5, PCNM8 and PCNM9) were the key
regulators affecting the size structure. Variance partitioning indicated that both the environmental and spatial factors
significantly affected the size structure, with environmental filtering generally more important. The study can provide

theoretical reference for establishing effective prevention and control strategies of P. canaliculata.

Key Words:; Pomacea canaliculata; Guijiang River Basin; spatio-temporal distribution; population structure; dispersal

ability ; environment filtering

TRFFIR ( Pomacea canaliculata) J&BARSNY)1 T ( Mollusca ) 18 /& 40 ( Gastropoda ) F1 8 & H ( Mesogastropoda )
H2} ( Aillpullaridae) ,2000 4F B4 HH 5L [ SR G-I (TUCN) 81 2Bk 100 F 5 LB IR M I AR R 22—
i A7 R ™ T R S VI S by, 20 THEZE 80 ARARR I ATRE , ZJ5 ) 29 B, Bl b B9 R L7 4 W
T P B HR A 22 M AR AR A WA T R A i A A, T ST e R
X AR MR AL A R A 25 FR G0 5 B A O™ R . 2000 4F, )P 17 hm 4k FI 52,2006 4F 2 T
R L H] 430 71 hm?, FHOK RS 10.3 T, 2528 1764 7700 BRAh 4 A7 B8R I ) 45 I8 2% o (1 v
[ 3, — FAR A IR A Y AT At 6000 4% ) M4 R 2 | 2 B el HIR AR IR A, A &) 5 | W8 IR M s 4 i
AR A ) A HIRIOR ARG T T AR A IR A T R R 5, L AE B FP R 00 4 A B K R (RO R
W, SRR ERNE, T HUR AR IEE ISR 8—10 km AR mdby 8

B HKARFFIRA AT IR I KON ISR SR A IR Z RIS R A TR TR N RE MO
G, X LLBIF TR I A A7 R AE N T A R 0 b DX o3 A e, L2 R N B A ) A 52 22 R B R TR 1 A [ 5
i1 SR, A DA A R R I 25 84 40 A R AE S L BR S ALl A A0 B AN I SRR EEAE . (1) BFSE A (R
REEBUN, RTAR AR A R 2R FEAE SR YRR TR/ INRUK AR G ¥5 M i R Eri A, (2) te %
BRAEEA AL W) AR AR S P IR BE =, (3) AT AR A7 WA [ A 17 S I ST 0] A5 11 2 [1) 228 A ) et

AW FE LA FE VLI A 1], B TRt 1 5 =AU 98 A, DA 75 W8 R 46 4 7R A= 1% 52 7 T i A A= )
PR SRR TR AR RS A I 2 AT RRE AR R AR TR IR AP RS M 5 BT 2 8] A 22 [R] 5G5S EK Bl HL
il AR 1 i Y38 A 2 R B SR R 0 0 vt 75 B B A Sl S SR I Y Sl

1 ARREBEHARFGZE

1.1 FEVLIIRAE O ARE 2 5
FEVT A0 (23°28'—25°55'N, 110°23'—111°34'E ) HuAb W s 2 KU X, E PR ST, LT A
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Bl IR AN B AT B R S AR BRI B FAB M T AT, R0 A RSk B AEART K S, e
b3 BB G R AR s TP AT B AR B BN A ICE LR s TN R B W O, LA
WERE

FEVT IR 22 4E S0 18—21°C AR B R 2 1500—2500 mm, FEAEF T 3—8 H | (§4EME 1)
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Fig.1 Sampling sites of P.canaliculata in Guijiang River Basin
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GPS-76) iC s 4 FE S B b IR AR bR | P 20 VR A ( Speedtech SM-5A ) Il 7K %, FH U # A (So LS1206B ) i &
T, I EEAY (Leica YS-TB-CJYONE) M5 . /KA 1 L SRAKEFRIGRIZ K, Y FoHs I 5L 50 2 b4 7 1h 2
SR, ARYE KRR A W S8 07 35 CEEDURR) YU JIE T 6 A /KALA S50, 8 MR BB 2R S
A WAEAE R RS £0(CODMn)

1.4 HdlEatr

FHRUR R J7 225317 (two-way ANOVA ) A& il Aisf [1] (Al - =499 ) R 23 (8] (1 R Ui ) X4 7 SR R RE S 28000 52
Wi, A2 R 22 S R AT 22 b, SR O 22 W), IR AT LSD A6 36, W 2R 5 25 AN W) T, W% FH Games-
Howell K567, 48 s 500 A0 1 SRR 25 550, iy AR W0 8008 IR BE R F (pH BRAM ) AT 1g (w+1) i,
PR I IR B R4 10 2H (A—T 4H) : A=0—20.00 mm .B=20.00—24.99 mm ,C=25.00—29.99 mm
D=30.00—34.99 mm E=35.00—39.99 mm F=40.00—44.99 mm .G =45.00—49.99 mm .H=50.00—54.99 mm
1=55.00—59.99 mm . J>60.00 mm, 5¢ 5 /N T 30 mm 94 75 884K 188 (A—C) ,30—50 mm & H1IR (D—
G), KT 50 mm RSB (H—1) "™ FXUHE R HUE S BT (two-way ANOSIM ) A5 56 4 77 W Ff I 25 4 (1 1 25 4
255, FH5E BRI (H 1% ( Kriging ) $4 18 A8 A5 BRI 25 40 A1 . U 3R J7 22 4341 U 3 AE BLAE 43 17 R 5 L A A
B BIAERR A SPSS 26.0 PRIMER 6.0 1 ArcGIS 10.8 H5E %,

K FEHIAREE 1 (PCNM) B AR 25 R DGR VRN Bl B AR08, PCNM J2 56 T 3 Hr iy
YA 1) 23 [ 10 8 P % R A o S B 0, 32 BBCEL T i AL 1) 25 R0 25 0 R AE A M /M SR i s TR R BE R e
2 RPE B E]T 16 .18 19 N HEA IEFREE N ZS [ AR H, 25 B TR R #F(4.2.1) vegan [ [
penm PRI

K A RHE T 347 5 A W ARV L S A A PP R 25 4 S IR SR [ B OG5, WA 77 BB 28 e ik
11 Hellinger 544k, XTI EE (pH BRI 24T g+ 1) Fodte | DLBRUEBCHE (1 IE AP RN 7 2255 1, I BRAR 56 Pk 4
B >0.75) AR S50 3l RECE K (VIF>20) BRI AR 5, SR, XA 77 B8 R i 0 A7 25 fa 34 7 43 Bt
(Detrended correspondence analysis, DCA ) , M3 9 iz Al 1 6 5 & 38 B9 AL Y ( 26 M 7Y ( Redundancy analysis,
RDA ) 5§ Flg A% 7Y ( Canonical correspondence analysis, CCA) ) , ] F I 7] 34 ( Forward selection ) i % H} OC H PR
B F Rz T2 S, B FAS 2% 43 ( Variation partitioning ) 185 HH OG5 A8 FI12S 1] PR - Xo) i 77 W2 b BF
SEF AR R DL R SRR . DA R BRELE R B (4.2.1) A vegan AU, 2 IR H AR A4
Origin(2022) R #f4(4.2.1) ,Canoco(5) Fil Adobe Photoshop CC(20.0.7)

2 HREHSH

2.1 B FHHE

WHE T Z0HT R REHABERNFAHEREZMAEREEZER (DWHESR.ZARE) (P<0.05)
(F 1), KA RER R 0 IRIE R85 A S5m0 ARl | v B R 5k 48 45 i 1 Tl B
KRB, EoK A e i Al KR SR pH AT D B BS IR -1 3] B 2 ] 22 57 W 35 (P<0.05)
(UnSmE FERRRAE) (R 2) . LU EAT M IR B AL SR 67 FIDIE A A 2L, il A s R A A S
B WAL R pH MIEREE MR S A B AR KR T TE AR, A, R
B RS AR A B R IR ER A B R h 2 5 B 3
2.2 fRFFIBFNFE AL I A R
2.2.1 HPEHESFHE

FE 51 AFES A 32 MRS AIR I BLR R 62.7% , HEREMRAIZ 1771 1 S5 (2.21£2.35)
A/m? . WH T 255001 s AR IR B 5 2R (WF ) B (L R i) DLCEATT A BAE F ¥ 0 2 2
5(P>0.05) o TERFRIRE BRI FAII((2.5722.63) /m®) > PRI ((2.12+2.25) 4~/m?) SAKH((1.88+
2.02) A~/m’) R (K 3) , fEAS I REE E 23 iiE ((2.85+2.81) /m?) > FIiF((1.83£2.19) 4~/m’) >
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Table 1 Comparison of environmental variables in different seasons

At ik 3 K FIK p p
Variables Dry season Normal season Wet season

M TN/ (mg/L) 1.3420.79 1.77+0.75 1.76+1.06 2.10 0.13
S TP/ (mg/L) 0.12+0.16 0.25+0.30 0.17£0.11 2.88 0.06
AR NO5-N/(mg/L) 1.35+0.82a 1.29+0.54a 0.85+0.49b 5.89 <0.05
A NH;-N/(mg/L) 0.2171+0.2119a 0.0003+0.0002b 0.0002+0.0002b 32.59 <0.05
T2 NO;-N/(mg/L) 0.00290+0.00590a 0.00001+0.00001b 0.00003+0.00006b 7.26 <0.05
R ER R CODMn/ (mg/L) 1.18+0.73¢ 4.29+1.22a 3.16+1.66b 42.45 <0.05
S8 Air temperature/ (°C) 13.1925.14¢ 20.10+5.52b 32.66+2.54a 141.14 <0.05
7K i Water temperature/ (°C ) 14.89+1.97¢ 19.52+2.25h 30.23+2.43a 370.58 <0.05
2R EC/(pS/cm) 169.79+105.46b 139.24+63.20b 211.31+101.80a 4.81 <0.05
WAL Min/ (mg/L) 134.79+86.36 101.03+46.94 124.92+59.50 2.04 0.14
4 DO/ (mg/L) 10.45+1.68a 7.15£1.62b 6.67+1.89h 39.71 <0.05
pH 7.18+0.51¢ 7.91£0.51b 8.27+0.36a 41.83 <0.05
58 River width/m 55.17+70.49 79.37+126.08 71.51£94.56 0.43 0.66
HiH Velocity/ (m/s) 0.40+0.30 0.61+0.45 0.45+0.36 2.73 0.07
K Water depth/m 0.45+0.18b 0.61+0.27a 0.46+0.26b 4.19 <0.05
EhFE SAL/ %o 0.10+0.06 0.08+0.03 0.09+0.04 1.65 0.20
FALEJFH A, ORP/mV 162.83+46.37a 138.93+24.42b 69.68+15.61c¢ 75.17 <0.05
1K Altitude/m 136.30+48.59 132.40+47.68 124.81+54.95 0.40 0.67

TN. B Total nitrogen; TP S Total phosphorus; NO3-N: WA A Nitric nitrogen; NH;-N: 24 Ammonium nitrogen; NO,-N: RIZ IS
Nitrite nitrogen; CODMn 1 G B8 Eh 35 2% Chemical oxygen demand; EC. 1§ & Electric conductivity; Min; WAk Mineralization; DO 7
Dissolved oxygen; SAL: #hJ¥ Salinity; ORP; %A LR JFHL{ Oxidation reduction potential ; [F]—ZAF AN [F] = 8E FR 22 57 18 3% (P<0.05)

=
Al

A
o

F2 AEARRETSEIILE
Table 2 Comparison of environmental variables in different reaches

g -3 i T P p
Variables Upstream Midstream Downstream

M TN/ (mg/L) 1.45+0.58 1.68+0.83 1.7421.18 0.72 0.49
A TP/ (mg/L) 0.12+0.10b 0.15+0.13b 0.28+0.31a 5.29 <0.05
A% NO3-N/(mg/L) 1.10+0.54 1.33+0.77 0.960.52 2.69 0.07
A NH;-N/(mg/L) 0.06+0.17 0.06+0.13 0.08+0.16 0.08 0.92
WAl A% NO,-N/(mg/L) 0.0018+0.0062 0.0004+0.0012 0.0007+0.0020 1.20 0.31
R RER 84 CODMn/ (mg/L) 3.24+1.82 2.79+1.72 2.88+1.89 0.47 0.63
S Air temperature/ (°C ) 19.92+11.08 22.46+9.43 24.82+6.82 1.84 0.17
7K Water temperature/ ( °C) 20.67+6.96 21.71+7.18 23.41+6.31 1.08 0.35
2R EC/(pS/cm) 142.83+82.02b 211.52+92.55a 152.46+97.39h 5.29 <0.05
WAL Min/(mg/L) 101.02+60.92b 146.44+60.49a 100.89+67.56h 5.65 <0.05
#HE DO/ (mg/L) 8.04+2.11 8.38+2.77 7.39+1.98 1.40 0.25
pH 7.73£0.69ab 8.03+0.54a 7.61+0.65b 4.04 <0.05
5 River width/m 57.59+33.77 52.54+55.66 101.19+160.57 2.17 0.12
Wik Velocity/ (m/s) 0.48+0.37 0.44+0.35 0.56+0.43 0.69 0.51
K Water depth/m 0.49+0.24 0.50+0.22 0.53+0.30 0.20 0.82
iR SAL/ %o 0.07+0.05b 0.11+0.04a 0.08+0.05b 5.98 <0.05
AALIE AL ORP/mV 126.15+49.04 115.26+46.80 125.07+56.25 0.45 0.64
K Altitude/m 158.63+35.64a 136.68+32.48a 99.36+63.31h 11.65 <0.05
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Fig.3 Distribution of P. canaliculata density in different seasons

2.2.2 Al EAPRIRI 23 FRAE

MR R T7 22500 s AR AR IR E Fem 7258 58 1 SE 7 DR AERE (W42 B ( BT ig) L
REATTR A BAE A AE 3 25 5 (P<0.01) . ZERT ) RUEE, SF /K W A 75 08 2L A SR R IR ((12.42+10.15)
g) e ((35.66+11.40) mm) FEFE( (31.15+10.41) mm) 5¢ 58 ((17.88+6.17) mm) 52 T ((25.75+
8.35) mm) , MiAG /K HA 2 PR BAT B/ ME ((9.27+9.33) g.(30.29+12.08) mm ., (26.43+11.04) mm . (15.06+
6.24) mm,(21.77+8.85) mm) . 7EZASMAINEE, FIiEt A7 08 A o R B ((13.32+9.87) g) (7 ((35.81+
12.12) mm) FE%&( (31.26+11.13) mm) 561 F&( (17.94+6.57) mm) F15¢ K ((25.00+8.98) mm) , i | iif
IR A B/ MEL((8.50+8.61) g.(29.77+11.48) mm ,(25.99+10.55) mm  (14.87+6.24) mm (21.56+8.45)
mm) (£ 3),

®3 AEHRESEMTRENNERAZE ST

Table 3 Two-way ANOVA of quantifiable traits between seasons and reaches

E% i ¥y P P $Iﬁﬁ3@

Variables MS Ranking

fATE Body weight/g

ZEJF Seasons 2 2959.25 33.13 <0.01 =E KIS K >k
7Bt Reaches 2 2521.07 28.23 <0.01 s S T iE

Z i x{ Bt SeasonsXReaches 4 936.39 10.48 <0.01

Fei Shell height/mm

Z= Seasons 2 7600.06 62.34 <0.01 =F K >R > Ak
B Reaches 2 4861.95 39.88 <0.01 LS S T i
ZE < Bt SeasonsXReaches 4 1713.81 14.06 <0.01

565 Shell width/mm

Z2 [ Seasons 2 5964.88 58.08 <0.01 FIKI> oK > Ak
7% Reaches 2 3859.62 37.58 <0.01 s S T
ZEJE X B SeasonsXReaches 4 1462.67 14.24 <0.01

5¢ 158 Aperture width/mm

ZEJF Seasons 2 2078.49 59.16 <0.01 ESV &IPS & i P iy &l
% Reaches 2 1234.16 35.13 <0.01 s S T
Z=Ji x M B SeasonsxReaches 4 459.62 13.08 <0.01

5 Aperture length/mm

Z=J% Seasons 2 3938.69 58.89 <0.01 =F K >R > Ak
B Reaches 2 2468.86 36.92 <0.01 S S T
2 I Bt SeasonsxReaches 4 899.63 13.45 <0.01

MS: ¥ Mean square

http ; //www.ecologica.cn



9054 R 43 %

2.2.3  FPRELS I A RRE

A HORAELIE 604 H Hii2 960 H L AHE 117 0T
FUAFRCE R ENE PRIA . U A PR TN sabev- 1170
116.1% 11.1% 12.0% 14.5% 14.6% 143% 108% . Zan| 17 \(N:ml
4.5% .1.6% .0.5% (Kl 4) 2wl

SRS, fE AR i e (54.2%) |, AR IR 2 Lg
FIR R WA AR ST (two-way ANOSIM) % 2 1
W . AR SR A A AR B RO - (R=0.025,P=0.21) ® 50 /F H
2SR F(R=0.014,P=0.26) (R AR E, o L -

10 20 30 40 50 60 70

TER BB , SIS e i, M 49.6% , AR IS 46 44 R 3
Y SE K 39 A =R K 3 A R e, 43 0l o 53.2% F

5% 1= Shell height

B4 BHEBEESHESHE

61.5% ,FHELEA I fa e A, fE2s [ ROBE, Hp i 7E I i
b 5 H R A R 61.5% F1 55.2% , AE 45 ¥ J ke

Fig.4 Size-frequency histogram of P.
Mean: FJ{H; Std. Dev: #5#E 2 Standard deviation; N: FEAS

canaliculata
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Fig.5 Size-frequency histogram of P. canaliculata in different seasons and reaches
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Table 4 Sex ratio in two-way ANOVA between seasons and reaches
A5t Variables df Y97 MS F P
ZJiF Seasons 2 0.31 2.00 0.14
B Reaches 2 0.05 0.29 0.75
ZJE i Bt SeasonsXReaches 4 0.19 1.24 0.30

2.3 HRAFIRMEEAS A UK S HIL
CCA LSRR WIAR FFUR MRS F 52 B BRI AN 2 (] ] 5~ B L [ 40 1, AEAS [) 25 B2 A 38 gl PR A 7 — 2 25 5

(E6).

o

SR KA 5 SRR 2540 ) S B TR T O pHL TR I A A AS L R PCNMO Hil PCNMI2,

CCA 25 —Hh 55 — 3 REUARE 54.4% P LS 5 Hh IR 544 RS A BRI AU AR C , SR
pH F1l PCNM12 A0 56 ; 2 5 4 SR BE PCNMO9 A1 PCNMI12 L IFEAH G, SR AT pH B GUAH OC ; 117 2 5
R pH A1 PCNMI12 BLIEAISE , SifEdR VA & WA A Z A PCNM9 AL A C

1.0

CCA2 (5.42%)

-1.0

1.0 *ﬁyj(%
W& PCNM9
_ ol EF PCNM12
IS a8
E CA \ /
L AR Nt
= G
& . 5,
S R = B
Q
A
H ]A
pH
-1.0 Ja
-1.0 1.0
CCAL1 (36.27%)
ok LO [ ey Ja
T PCNMS5 i
; KR
D PCNMI11 y
a oy
CA i A C AH
= ,‘3‘A
a A AR =t 9
I gaGe ¥ E Y 3 PCNM9 R aG
S PCNMS F
ya o)
FEERRER R
PCNM2
-1.0
-1.0 1.0 -1.0 1.0

CCA1 (35.68%) CCA1 (40.86%)

El6 WEBMBEMSIEETH CCAHFE
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