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Simple Shell Strength and Shape Based Methods for Distinguishing
Golden Apple Snail Pomacea canaliculata from Native Pond Snail Sinotaia quadrata histrica
Captured During a Former Snail Control Activities

Daisuque KITANO and Hirotsugu KONDO
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A 13588 L ATEROMIZIEOBER AT, b A X = CIEZ ORI, RUSE THT 5L, 27 IV 3w
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1. #&

il

ST RRIAEPEOS TH D & L HiZ, SERAmOAREM
L L TCOBRER R, BHICART 2403, F RO
KIMLOIRER R & Dbk RAERER Y —E 22 BT2H6 LT D
DoLL, BEEEORERBRC L A AR~ OB X
<, TAERER & AR O Z WSS D HAT O T
PSS TS 2. BT, (EFHBROERIZHBO T
FERVEMN SR ED E\ LA BRIR L, TEROKEE M 72
TR, RO T & W o T FRER A 2 T
R#T D2 EARDONTNDY . 7z, ISR T v
X D& & OYERIBERRZ 0T 2 IR AR OIRE S
SNTNDY D ZEns, FEEAEDORARIH RIS
[ROTEETNEIETH 5.

A7 IV AHA Pomacea canaliculata (Lamarck) XV
v IHAF (Ampullariidae) ICBT HHOKEERTHY, M
KEPEOIRECTHH Y. ARIIEATETHY, KHITEA

U7 BIRIIASAEE . DA & Oryza sativa L. OHEZEREEL,
WEEH2DT. O, AREIKFECRT 25 EEY
LHRIRENTRBY, BEOPRFEMERINTNDY. A
IV ITTAMEALTZKHRE TIE, e AX=
Sinotaia quadrata histrica (Gould) <~ /L& =
Cipangopaludina chinensis laeta (Martens) 732 EMEIFTIC
HERBLTWAZERHDHY > 971D AR =R L Z =
NIF =R (Viviparidae) (2@ ATEROYOKMEER TH
%, ZNHOX = ISHITAKIEOERERIC T, ASkEED
PRofrfaifia ' 2, IBEEAIC L B REOMH LD 7ok
FIZR-L TS, MAT, v AE =Tl <IEaME LT
HFH SHEFR IR OEE 272 UL IR CTh o722 L 1Y 72
U RS = VBT A IRARER Y —E R & b2 6 LTS,

VRO AT IV A9 A SR ISV T, AR
DTy TERETDHE, RMAEETHEAZ=20vL
AoV NRESND Y. Fio, BHMROEHIE T, 27
Y IHA OBBRE B E LTRICBW T, EEEEIEA
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ACEF R - TREER c A7 IV v aAHA L e A X = DX

7Y rIHA N E = ERBILTELT, A7V
IHA LY HEL OE =N SNDHARH D Y.
ZDTH, A7 IV IHA ORIV TRES NS EER
X = EORENNETH D EBZLND.

1Bk =L A7 Y v A B A DIEIERETIEL T 5 !
3 BROTIRIZRRR > TRY, Bk 5 0EE
T AZ =V ED BRI I Y ahHATREL, AZIV
IHAIFE VIR E LTODH, Z0ZT 10%5H2ETH
219 AEOBAR IO CTHA RB L CORWEHD 233 5
TEMD, MM LA XI5 Z &1,
BRI I 2 N BT D EHFENTII R, £,
TEERIZIRR EDMPE LTREEC I b DR XI5 2 &
TELICHEEEEA S, LiidoT, A7 Il L1k
B = O AR 2 LD ETH S,
2T, KRBT DHERI O DI LA ) v
IHA DRI DIMETH D Z LD, FEEXRIT 5 LRk
WCAZ IV o ATABTIETE DL ENEE L.
ARFETIE, A7 2V IHA BRI CRE SN DTE
Sk = HEORAE AT, A7 IV oI L L AR =Y
ERRE LT, WEOXHIE AT 2 oI 0 A OREEZ AR
BB TG EMT& 5 L0z A5 L. 95, 3
ENDTeODOAMEROZERAHE L, FMOXNHEA T
LINERE LT, RIS, WREORROIARAN R 2% Z & 2 FH
L, TROEESCHIECE 55 B Lo THA XFIT
XDODERET D & &I, ERE LG L

2. MHELUVAHE

2. 1 #EEE

27 Y rIAHA1L, 2021 4F 12 H 15 HICEIEREFNTZE
7R (35708 N, 136°00° E) DEEEKKCEHAE L. B EW
DIERZ = HHE LT AZ U EEEL, 2021 4F12 A 15
HIZEPNTIZIAT, FHE12 A 22 BICUmT\IEiZ LT RH
(35°10° N, 136°07 E) DEIKEECELEE 7=, BE L7-(H
HI%, -18CT24 R R LTz, Zh b & =R THAR
WL, fEAGSHROD 7 DI AN R R~ — 7 —CH & L
T, TUXN XFRACHE LR Fig. 1, mm) ZFHAIL7Z
#%, BBRICHEL

2. 2 FHEND-HOETESIZKSEOXH

A7 IV rATA 70 EOBEEATE, [F U cig L7z
BE, BPNEVEROERENTEL 2519, F7-, WkIEER
BEOVF=ClE, EEAELEIIRY EE gk LTy, F
bbb, RO EAVRIBESN TS, s g
FHTHDLHLOD, FERF = DH D, b AX = OFIE
WEENDY ZEMD, b AX =T ORBIMFE & il U CRE

UWVRTREMEN S D. 22 C, A7 I Y a3 L v A X =2 D
WEN DT OOARERZFHIL, ZDE CHOXBIA ]
BENERT LTz, ZD7=DIT, BASEINTZBHIBIZ ) > T
WieAfTER (kg) ZLLNOIAETHEILZ. AF—1 4o
M (450 X 300 mm, JEX: 0.75 mm) (ZHEREA 1 EIKE,
ROV TORICET 5 L 2B, T RIZHIDAT—/UK
R, HEERD BT OMDEE LK 5 RO OH
INZHEY 23t BONENZEEO, ol EEY OAF
EEAMERE L CRosk L7, DL EORBRIC, 54E 19—45 mn
DA IV T AF 31 %, %5 16—30 mm Dk A X
=R R M LT, Jeds, A7 IV L FAHAITONT
1%, MEREA RO D 7o DI O E AR L, AGERO
TERER LA RHFHET B 4 L IROGEE'® 2B L=,

2. 3 FOMAKIZEZEORI

A7 IYraAHA L AZ = OBOTARTRR D, B
WXIT 2R OEIRL, EAX =XV AR IV THA
TREWY, ZORBOIROBENIIESE, MG ICHRDX
BEAT 5 IEa R L.

2. 3. 1 MHROEEFFERATSAE

2. 3. 1. 1 REBBESEDIHE

—TEDORE EOFUMSE 2 EH S W 5 EOFEE
BREL 7z, BRI, =% 2 — il GEE O 212 m
W)y, $vrerru—Ax— kieEbEkat, T
Kbiti), FHEL Sy MR WEEHOWSE 13 X 110 mm, 7Sy
MM 15, BOaRE TEERSH, Kk BXOT 72
Fo 732y b @EROWNS 145 m P05, =74 k
SRRy N, REBERRRSHE, mERNED 2R L R
30 fERD A7 TV ITA L AR = FN TN EEEAE
IR TR L, AKFE ORiitRIs K OVEA 7B A% 30
BREHZVE LT, EEO_RFE - TSIy 15 &
POE LT T=®FEL, 7Y ST 7o EiRidAAr & U CRidk L
7o AFRBRITIT, E12—27 m DA I U L AHA 200
TEA L FREE 11—20 mm Db A X =41 122 fEiR A fHE L7,

Shell width

Shell height

v

Fig. 1 Pomacea canaliculata shell height and width.
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2. 3. 1. 2 EEOHDEEEXERT HFHE

LD & 51 B A HEMEED - CliEas HiEDO A2
FEL7-. TERICHY, BREEOSEE CHVWLA L R LA
F$E D —F— BHE = —F—30ASY128 /X, ¥r~—ih—/L
T v T AMASHE, KR AR L. AEEE, Mk
Koozt (EE 15 mm, EAE20 mm) OTESAS 30 mm FEFEIZE
SEIEEIIN TS, K 30 [BIROA7 I Y IHA L
AR = FNENE B SRNE HITRT TAF—/URD |
WZEHE L, ZOLTHEEr—T7—% AJ1C2E RN L.
ZORY, TR —T — DI PO Y 7 R ORI E
EDNTTZ. FNENARRESEL, Blieh - T Bk E A7
LRk LTz, AR, B8 13—26 mDR7 I Y
THA 100 AL R 1119 mm Db A Z =3 62 fFfk
PR LT

2. 3. 2 fERTHTAE

2 D AF—)VIRDMICAR R & 3% (8 L CHIREZRIT, £0
MICH A B CRe A1 Fig. 2) CliFEDXBIASATRE) %
WRREL 72, Mo AR OE S 10, 13, 15 8L TVN18 mm D
4BEE L, THOWROMBIZAR %2 | >3 oskE Lz, T
EROROHYLH 20 BED R 7 S Yo IAHA L AX =
ENENEFERLRVE IR THEL, 0 HORZE
E, ARICY T D ETFCIRE L. EEORE IR frE,
Az LT 10 BRIT TS Liztk, FE ok
BEWTTCHREM LTz, B3 EN R E e, Elihied-o
AR EALFE UCRtsk LT, ARBRICIE, 7% 12~27 mm
DA IV IHAF 150 ER LR 11~19 mm DL A X =
TEF105 ARE MG L. 2B, B bEVARN M ORBRELT
VY, 10 mm DISANOARF 2 UGS B BRI, L0
WARZ#H LIZ5AIc b5 s LIGE LZ. filzis, JBE
13 mm OARFZEH LG58 E - ERIE, 10 mm D
K OEEITHEID &l L7

2. 4 ffEHENT

2. 4. 1 FHENL-HOEFEZIZLHEOXT
BT EIZ L DFEOXBIDOEREAMGET 572D, FHD
ik & ATEROBOBRE, ERATET /L (M) CHT
LTz BT VORI SE, AT A ER L Lz,

Press

¥
( ]
- d - Wood block
( \ J

Steel plate \
Tested individual

Fig. 2 Schematic diagram of the sandwich method.

T— X O BRE L, AR TR U7
AL A7 Y0304 T, MERZEENRE L GEA
AATE. 7238, HRED L < MEES TR TH - 7= 3 ki
W, ZNENDEREEBZAR E Uiz, e AX =T,
PEEMZ BT & U CTHAAAT. %l T 25X 212, 7R
TX DI ROARERE TN o T B I, D DER
7. WEEMHOBFBEMEZRGET 272018, FHRMEL LT ¢ K
ExfTo7=. U LEOTIZIY, Y7 b7 =7 R ver. 4.1.21
O BE W Ined /o —20 BAERA LT

2. 4. 2 FHOWKIZKHEDOXA

2. 4. 2. 1 2/BEEBORS EREDRBRFR

A FREEETHAY I L IATA DI A AWEETTREN
TNB2V 7L, —fic, BREOYA NI TREIND Z
ENZ. LipL, BETHRRDIEY, AHFIECHREE L7k
DIGARIZ L 2 KRIO BT MET L T D B2 bz,
TG LIZAZ I Y o THA 231 AL B A X =32/155
TEEEIEN DR & BEROBREHEE S 5729, MifEDR
RERA7 IV A THHEET L M) T, eXF=
TITHPEIRATT LT LT, 5 VOB 35,
BB L Uiz, e A X =0T, BEME B ER
& UGHAAAT. HEEBOE B RGET 572018, Fth
WEL LTt MEER T, LYY, Y7 ho=T
R ver. 4. 1.2 BEX W med R r— %A1 LT,

2. 4. 2. 2 RARETIUZLDRFERTROEED
#E

ERDTCAR DN L DFRO KRN O ERGET D128
TR LS FARCE DA IV v IHA L e A =V OR%
LR OBSREARNT LTz, TRV T, BYAT 4 v
ZEFET N E L CUID, T A—F T AHEE LT,
IMEEOFECOFHEL, ITOET /L (1) & @) Tiidsi
7=,

n; ~ Bernoulli (p) (1)

logit(p) = a+ ¢ X width; 2)

AETNTH, BIEEPEMEOTE, T7bbiERT
BHD LI, RGNV R — A ARIRE D ERGE L=
(1) N n 35 (BROEFRERL, FECOBHAITIEL %,
ETFEOBEAIL0 24 T T, p I ROYIFHEE £
(2) WD logit(p) X pOr Ty NEWE, aldbh %k
c & widthil¥, TNEIUREL LR e T

A X EBELURRERESEDL A7 IV I A1, 7%
%21 mm DLEOEATHH2Y. b4 Hmb, #E &R0
B2 G, 3% 21 mm OEAORRESE 17. 6 m EHEE SV
72D, AWFZETIE, BREE17.6 mn DAY I L THA DIELE
R O; LAT, D &%) CHRORRIGEEZHGLZ. D 25
WHFIEIZOWT, EAX = THRERCRT A—Z aB L)
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c FHWEE L. F, L0VEEOEAX =V DREEEZD
720, KO A = PEFTE D HENEL TV D
LEZOND. ZTOFMIRAEL LT, B XX =T OIRTZRN
50%DFE (m; AT, SWep &3°5) ZHEEL, SHp ALV K
XUWHEE, OB LZRBOFELFHMELZ. D 13 TFo
ETL B)BLT @) T, SHplIET/V (6) THEINE.

d=a+c¢ X 17.6 3)
D=exp(d / {exp(d + 1} X 100 4)
W= —a/ c ()

Y EOFRTMIFENT — 4 24 Chdd, YR a BdR0Of%
¥ e, D B IO SHy OF#534M %, Marcov chain Monte Carlo
(MOMC) YEIZ Lo THERE L 7=, #EEIZIX Y 7 b7 =7 WinBUGS
1.4.322 LR ver. 4. 1.2 %A L. A AMEETIE, &
NI A=HZALTHLEN O SN 2> T D AR EE
A E LTRWD ZEMNTE D, AT CIEFaiE e
Motzizdh, EOXIRETHED 5D L AT LIHE
R AR Lz,

IRT A—BOHEEIZIHT= > T, 10 AlEO MOC AT >
ZHUNIMNAC 3 [ERR L, FIEOREZEY B 720l
BOID 2 TAT v TEROERN: LT, BV AT v 7HOA
CHEREZ H Y B < 7212 50 2T > A2 1 BloY 7Y v
1otz BTV o TRERO RN LTS ESTC, %
DR YYEEHETE, FEOMOTR 95hE e, 72
B 95%~ A ZfEHXME (95% Bayes credible interval; LA
T, 95% BCI &9°%) #HEsiAEL Lz, 5 e —2L
DEETEL MOIC AT T OUGRIA SR L, HIlTEIE

(a) Pomacea canaliculata

& UCRIF?® ZFHR LTz, IR RV AR 1. 0 1TiT
ST, FT A= OREN 1.1 R ChoEAIL, B
FRICRTH D L LT, /T A—ZHEEIZH = WinBUGS =
— R, Appendix 1 1Z7RL7=.

3. R

3. 1 BAENDIEZICKHEDXF

A7 IV AHA OBOAMERYE, 5 33.8 mm OfEF
D13.1 kg BREARTHY, By/NIFHEE 19.6 mn D 3. 02 kg T
dHote (Fig. 3a). B4E & AMBEEOMIZIIT R/ IEORMR
NHBIT- (M, HEEIE (95%EHEX) = 0.033 (0. 025—
0.041) ; ¢ ¥E, t=8.35, p<0.001). BIA1E0.96 (MM,
95%(EHHIX, 0.72—1.21) LHEESN, #HEEMEIZ0 LY v F
BlCKEN-T2 (¢ BE, t=7.65, p<0.001).

b A H = DRk OB RO RIS 22. 7 mm OfEK
D 18.3 kg THY (Fig. 3b), A7 IV ITHA LV HK5
kg EA o7z, 72720, BRUNTZIE CHEE L7oids 21. 2 mn O
TEAL, ABEOIFETHINCE 2R KER (23.8kg) TH
BNEINR D o0 BN, 3% 16.3 im0 3. 30 kg Tho
Too A7 Y ATA L3RR, R L ARMTEEORIZIX
HERBHRDFED SR -T2 (M, HEEE Q5% SHEXM)
=0.11 (-0.19—0.40) ; ¢ ME, ¢t =0.72, p=0.48). )
F1X0.05 (LM, 95%EAEIXIH], -6.43—6.54) ELHEESN,
HEEMEIE 0 ST rlfeMAvVR Sz (¢ Mg, ¢=0.02, p=

(b) Sinotaia quadrata histrica

O Male (n=13) @ Female (n = 15) [ Yasu (n = 14)

— /\ Sex unknown (n = 3) Il Omihachiman (n = 18)
22701 3.0 - -
3 g ] y=096+003x -
> o6 ] i Bo

17.6 6 - .
£ T ] : ° o
v g ] 4 ] [m]
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2 s . . Boo
3 587 §L8: 1 .Eal .
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Shell height (mm)

Fig. 3 Relation between shell height and weight required to break the shell for (a) P canaliculata and (b) S

q. histrica. Symbols represent sexes of individuals in (a) and locations from which tested individuals were

collected in (b). Panel (b) does not include individuals with shells that did not break at the maximum weight

that was measured for this study: 21.2 mm shell height and 23.8 kg required weight. The solid line in (a)

represents the regression line estimated using a linear mixed model.
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0.99).

A7 IV TATA THEE ST/ T A—2 Iz K B ENFE (v
=0.96 + 0.03x) &bRAX=VOAREELHIETHE, [F
UE Tl A X = TREWVEARE ) -7, LosL, &
7Y A TA OAWMERDORNETH D 13.1 kg T, ik
AL A X =0 32 flED 5 6 26 EEOBNEIND Z &M
IRENT.

3. 2 BROMARIZKDHIEHIA
3. 2. 1 2BBREOHS EHEDORER

WFEORNE & FRITIEOBRR A LI Fig 4). A7
Y IHA T, FAENT0.93 (LM, 95%{EHEIXR, 0.89—
0.97; t ME, t=47.9, p<0.001), GIHI3-1.92 (LM, 95%
fEMEIRE, —2.82— —1.02; ¢ MuE, ¢=-4.21, p < 0.001)
LHEEEN, W BHEEIL0 LA RICE >0, 15
SIEIFE (r=-1.92 +0.93%) 2B, A XHEERETSD
% 21 mm O D OREERIZ 17. 6 mn Th D EHEE Shu-.
b A X = CHRBRIS, 8503 0. 55 (LM, 95%(E4HEIXH, 0.51
—0.60; ¢ ME, ¢=25.5, p<0.001), BIA1Z4. 12 (MM
OSW{EHEIXE], 3.23—5.02; ¢ ME, ¢ =9.10, p < 0.001)
EHEESN, WTNBHEEIIZ0 LV b AEEICKE DT

A7 I ATA OB T D3R OES Bt/ #%
) OWHNEIT0.84 (BFHERZZ £ 0.06), FKAEIL0.99
ThoTc. B AZ = TIEAE 0. 77 GFHERAS £+ 0.05),
BAREE 0.87 Thotz, WITHORETHEMR LV kmnly
BREL, TOBE@IZE AZ =2 TV FETH-T-.

3. 2. 2 ARARETIVZKZHZELEFTEDORBZROHEE
ETCO/RT A—FHEEICBIT DRIEE 1.1 K& 72 o722
LMD, MOMC AT v 7 OIRFIZREFTH Y, ~f XET /T

(a) Pomacea canaliculata (n = 231)

50 1~

40 -

30 -

20 -

Shell width (mm)

10 4

y=-192 + 0.93x

50

%57 & (2024)

F—H A LW Sl ST,

3. 2. 2. 1 FHBELECEOBRZR

W% o — i, FRE Sy NAEB IO T AF v I
A4y MR LTEEAIZRO T, W bRk ¢ OHEEE
D 95% BCI 230 LY K& D-72Z £t (Table 1a), A7 3
U o IHA DR L FEL RO M2 IEDRWRN A BT,
¢ ODHEEED R b KE D> T=DIF A A—~_F o —FfEE A L
=5 E8TThorl-.

TV N LA R — T — 2R L725AIch, KAYER
DI EMEEN B BT, R e OHEEED 95% BCT
230 LD KEL (Table la), A7 I Y ITHA OBEEELIELE
RO IEDOBIRD - DLz,

18 mm O Z R TR CEAIZG AT, LAy
Y IHA B BEETE R o 10, 13FBXLTN5 mn
DOEIRZFRT AL, WI BRI ¢ OHEEED 95%
BCI 230 LD K& Mo7=Z &b (Table 1b), A7 I Y=
T A ik & FETHROMI R IEDBHRN AR B, ¢ D
HEEWA M b RE D o 72D 10 mn DRI AR -4 TH

>7.

3. 2. 2. 2 FEORFELIZFEOWHRE

AT Y AN A OMEESE LT FEORIEE LT, 3%
17.6 mm OEIROIECHE (D) EHEE LIZE 25, ROV
EREAZBRSEZ 3 OOHED Y B, /S—F o — izl
H LT E O DD 0%L ETHY, 97.2% (95% BCI, 93.3
—99.0%) ELHEFEENT- (Table la). MUCHE HIEZ -
BAE, A7V oIhA BEECE 3B (10, 13,
15 mm) OO S5, DIF10 mm OBEAIZ 50524 ETH Y
83.4% (95% BCI, 73.7—90.4%) EHEESH7= (Table 1b).

(b) Sinotaia quadrata histrica

30 [ Yasu (n = 65)
1 Il Omihachiman (n = 90)
20 -
10
0 ——

10

Shell height (mm)

Fig. 4 Relation between shell height and width of (a) P canaliculata and (b) S q histrica. Symbols represent

locations from which tested individuals were collected in (b). Solid lines represent the regression line

estimated using (a) a linear model or (b) a linear mixed model.
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Table 1 Estimated coefficients for mortality and shell width and mortalities of £ canaliculata
individuals with 17.6 mm shell width (Z) using each method
(a) Using protruding tool

Estimated values (95% Bayes credible interval)

Tool n
Shell width ¢ D (%)

Passing through holes in a tool

Wire mesh for barbecue 200 1.20(0.97-1.83) 97.2(93.3-99.0)

Wire mesh for cooking bat 200 0.80 (0.60-1.03) 741 (3.81-12.7)

Plastic basket 200 0.66 (0.49-0.85) 19.7 (13.1-27.2)
Rolling a tool with protrusions

Roller for cell tray 100 0.16 (0.03-0.31) 45.7 (35.7-56.4)

(b) Sandwich method

Estimated values (95% Bayes credible interval)

Spacing between plates (mm) n Shell width c b %)
10 150 0.92 (0.68-1.18) 83.4(73.7-90.4)
13 150 0.48 (0.31-0.67) 9.70(5.31-16.1)
15 150 053 (0.32-0.77) 2.26 (0.67-5.66)

Table 2 Estimated coefficients for mortality and shell width of S ¢ Aistrica using two methods

Estimated values (95% Bayes credible interval)

Methods n

Intercept a Shell width ¢

Passing through holes in wire mesh
122

for barbecue
Sandwiching with 10 mm spacing 105

-14.1(-18.8—-9.70)

-9.00 (-13.9—-4.43)

1.02 (0.71-1.35)

0.52 (0.23-0.85)

D BONEA ETH B LHEE S 2 DOFEZSONT, b
AB =TT A—HEREE Uz, £58 e OHEEITO T
H95% BCI 230 KD K& o722 &b, B AX =T Oi%E
L RO IR EDOBRNRA LT (Table 2). 4%
Ble 13T\ —~"Fa—HEEEH L2 A T1.02 (95% BCL,
0.71—1.35), 10 mm OFEZFHIT TR CHae TR D/l &
< 0.52 (95% BCI, 0.23—0.85) LHeEIhi-. Znool
KIZE D A X = OB LR FROERZ Fig. 5 (TR~7.
PN—F o — R L7 A CIE, B0%D ' A X =358
15L&kt (W 1313.8 mm (95% BCI, 13.3—14.2
m) LHEESN- (Fig 5a). —J5C, 10 mm ORIFRERT
THCCER S FEETIE, SWp 1 17.1 mm (95% BCI, 16.0—20. 1
m) THY Fig 5b), N—Fa—fiEEHERLISHED
Sy 20 % 3.3 mm REWEHEES L.

4. B

AHFGETIL, A7 2 2 IHA OWERIBARRIZ B CIRE

SNDIERY = VORI, A7V valifLt
AB =V EBGIZERIL, M TR IV ITHA 3R
S 2 GO BIE L., £9, WROAMERD
AR Uz, ARECHE L- A E R ORE R
G2 b DO TH DT, ARG TR & AfTEEOHICD
WCOBFERwT D, A7 IV I hA T, ikm s AER
OMICHERBRIEOBER A LN, Thebb, A7 IYr=
HA VTR GG IR D88, BEND T-OIZIERE VWV EfTE
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(a) Passing through holes in wire net
for barbeque (n = 122)

(b) Sandwich method with spacing of 10 mm
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Fig. 5 Relation between shell width and mortality of S ¢ Aistrica using (a) passing through holes in wire mesh

for barbeque or (b) sandwich method with spacing of 10 mm. Solid lines and shaded areas respectively represent

the estimated values (median of posterior distributions) and error ranges (95% BCI) of mortality. Arrows
represent the 95% BCI of SWyp (shell width with 50% mortality).
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Appendix 1 WinBUGS code used for analysis in this study.
Text after “#” 1in each line represents comments.
model {
for (i in 1:N){
nli] ~ dbern(p[il)
logit (p[il)
between shell width and mortality

# deceased or not on each

{— a + ¢ * width[i] # relation

# prior distributions
a " dnorm(0.0, 0.01)
¢~ dnorm(0.0, 0.01)

# estimation for indexes
d<—a+c*17.6
D <~ exp(d) / (exp(d) + 1) * 100
canaliculata only
SW50 <--a / ¢

# estimate P

# estimate S, quadrata histrica only
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7. Summary

During control activities for the golden apple snail Pomacea canaliculata, an alien pest which feeds on young rice
seedlings, native snails are caught as by-catch. To protect the native snails, we evaluated simple methods to distinguish P,
canaliculata from native pond snails Sinotaia quadrata histrica.

1) Methods based on weight required for snail shell breakage: Results show that the weight required to break the P
canaliculata shell increased with increased shell height. No relation between shell height and weight required to break the shell
was clarified for S, q. histrica, but this weight was often heavier than that for P. canaliculata of equal shell height. However, the
weight necessary to break a P, canaliculata shell was sufficient to break more than 80% of \S. q. Aistrica shells.

2) Methods based on shell shape differences: We evaluated 8 species identification methods based on differences
between P. canaliculata and S. q. histrica shell shapes (shell width / height). Results demonstrated that the mortality of P,
canaliculata with a size sufficient to cause damage to rice production was higher when they passed through holes in a wire net
with a mesh size of 12 X 12 mm or sandwiching between plates with spacing of 10 mm than when using any of the other six
methods. Of these 2 methods, the large S. q. Aistrica survival rate was higher when the sandwich method was used.

These results indicate that, among the methods evaluated for this study, the sandwich method with 10 mm spacing is
the most suitable for identifying P. canaliculata and for conserving S. q. histrica. To protect the native snails more efficiently, a

completely different method such as discrimination by diet must be considered.

10
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FAC X DT Dm0’ TRb/NEL, BARTHD
VWE 10 BRLSIFEMZIZ 72 R5EET BEIY BIA
ED LT, #E3ER, A & HICENERR LY | AR
IR BRRETH T,

#®2 RRDBEHHNO B H B LUMERE T
KIETHEE (2018~2019 4F345R)

o L 253 - o o 253 - 5
i il 15 11 A 2 H i ER B i Fill 165 14 A 2 H i ER B
9H19H PRSIl - 5H9H (—2H) 9H27H ARl - 5A9H (—=3H)

X% 10H18H 4H20H (*0H) BHHILILH (£0H)

AEV 11H19H 4A22H (+2H) 5HI13H (+2AH)

X% 10A12H 4HA8H (*£0H) 5HI12H (+0H)
HEY  11HA5H 4A18H (+10H) 5H14H (+2AH)
3H13H 4H22H (+14H) 5H16H (+4H)

3H12H 4H218 (+1H) 5H14H (+3H)
9H 198  BUAR] - 568 (—20)
%5 10H18H 4H10H (£0H) 5H8H (*0H)
X7 11H19H 4H12H (+2H) 5H11H (+3H)
3A12H 4A138 (+3H) S5HI11H (+3H)

9A27TH  HEAHI — 5HA10A (—3H)
»uv 10H128 4H13A (+0A) 5A13A (£0H)
D x< 11A5H 4H21H (+8H) B5HITH (+4H)

3SHI3H 4H28H (+15H) 5H22H (+9H)

9H19H  BUAR - 548 (—4H)
59 10A18H 4H12H (*£0H) 5HI10H (X£0H)
LeA 114190 48208 (+8H) 5A13H (+3H)
3AH12H 4H24B8 (+120) 5H150 (+5H)

9H27TH 44138 (-10H) B5H16H (—3H)
%5 10HA12H 4H23H (£0H) 5H19H (£0H)
72 1158 4H24R (+1\8) B5H20A (4+1\)
3SHI3H 4H29H (+6H) 5H24H (+5H)

9H19H 4w — 5A11H (—2H)
< 10A18HF 4H18H (£0H) 5HI3A (x0H)
ALY 11H198 4H208 (4+2R) B5H15A (4+2A)
3H12H 4H22H (+4H) 5HI17TH (+4H)

9A27H 4A21H (—1H) B5HI9H (—1H)
27 10H12H 4H22A (£0H) 5H20H (*0H)
HEY 1158 4268 (4+4R8) 5H238 (+3\)
3SHI3H 4H29H (+7H) 5H24H (+4H)

) 20X 20ecmOFENFIAE (22 FT X 3XIE) .
() PITERERER (107 1I8HEERY) & o HLik H %L,

) 20X 20emDMPFHAT (272> X 3AH) .
() PR (107 12AHE) & o R B



3. 2. 3 —BRONEBHEIUVMEICRIFTHE
3, 412, YRR I1T % 5 2 FEEIRHES AR DI
B LU eER A BRI KT A R LT
WTRORTEZIN TS, BEREINES 2570, H2HWV
(TR0 L HHFEDPELS RY, RS T3
) OFEFIPE TR L. O DFHIE

VLRI IR I o 2 — T ZE R

%56 & (2024)

FZHHNIZDIL, 2017~2018 FfBRD 59 Ly A & 2018
~2019 FFRBRD EZHED, DY 1< Thotz 5D
LA’ T, B & Mol U O & i Tl
D3I 16%8), 2018~2019 A5kl ‘S X ALY’ ClIFK
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A CEIFEDS 41 %E < S 17%0 Lz,
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it WEE O WEENM WMxE  H¥E O WEN WYE e
B R i EEFREH R
e (cm) 0 (%) (g) (AR/m) (g/mi) (% D.B.)
9A19H 4.5 b 2.8 a 47.9 2 33.6 2 1496 @ 501 2 5.8 @
. . 104 18H 4.6 b 2.8 a 46.6 2 32.4 2 1700 @ 556 @ 5.4 b
XZAED ] ] ] ] ]
11H9H 4.3 b 2.9 a 50.4 2 34.9 2 1517 @ 523 2 5.4 b
3HA12H 5.6 2 2.9a 40.9 2 38.0 2 1658 @ 633 2 5.6 b
9H19H 4.9 b 2.9 b 38.3 b 35.7 P 1754 @ 625 @ 5.3 a
. 104 18 5.4 b 3.2 57.2 2 40.9 ab 1467 2 596 2 5.0 b
REE Ji 180 : :
11A9H 5.6 b 3.2a 58.5 2 44.0 @ 1488 @ 654 2 4.9 b
3H12H 6.3 @ 3.1 44,0 2P 43.7 @ 1492 @ 647 ° 5.1 2
9H19H 5.5 ¢ 3.3 34.0 2 43.8 © 1654 ab 726 2 5.7 2
i} 104 18 6.3 ab 3.32 34.8 2 50. 2 ab 1721 @ 861 2 5.5
59 LA A 18H ) ) )
11A9H 5.6 be 3.4 41.5 2 50. 3 ab 1458 737 2 5.4
3A12H 6.8 @ 3.5 33.14 55.3 @ 1438 789 a 5.5
9A19H 7.2 b 3.7 2 30.12 46.3 2 1850 2 860 2 5.5 2
. 107 18H 6.9 b 3.5 45.1 @ 49.4 a 1679 @ 830 @ 5.5
B AHED
11A9H 5.8 ¢ 3.2 b 43.4 2 44.2 a 1621 @ 706 @ 5.5
3H12H 8.5 2 3.62 28.8 2 58.9 2 1563 @ 912 a 5.3
) 20X 20emO A FRA (2 FT X 3KH) o FHEFITRKEEALE A B + lemod ) S CHEM.
[Fl— AN ORG ERINITABERZEZEN DD Z & &R T (Tukey HSDRRE., 5%) . HBHE BT Eak 28 U 7= 5l & B e .
F£4 B 2BEpREIMIEREREO—BRNERER, ROEFRICKIETE (2018~2019 &350
e . N N e o e
o Ay B i 2E BE HABH & & I E i 2E 5k i E P
il 1 PR
! (cm) (¢59) (%) (2) (A&/m) (g/nd) (% D.B.)
9A27H 4.8 2.7 % 31.6 @ 20.6 1646 @ 488 @ 5.7 @
N . 104 12H 5.1 ab 2.9 ab 31.54 35.4 be 1688 @ 594 @ 5.5 ab
IZHED .
11H5H 5.5 4 3.18 38.14 42.8 ab 1433 ab 616 @ 5.3 P
3A13A 5.5 ab 3.18 38.6 @ 46.4 2 1333 ® 619 @ 5.4 ab
9A27H 3.4 ab 3.0 65.1 P 34.2 b 1546 @ 531 @ 5.4 2
104 12H 3.4 ab 3.0 78.4 ab 39.3 b 1408 @ 553 @ 4.8 2
HWND x<
11A5H 2.9 b 3.0 95.8 2 44.0 b 1121 b 495 2 5.14
3A13H 3.98 3.28 87.9 2 55.5 @ 1175 b 650 @ 4.8 2
9A27H 5.1% 2.9 b 59.7 @ 42.7 b 1450 b 617 b 5.0
. 104 12H 5.8 @ 3.3 70.7 @ 47.7 ab 1738 @ 829 2 4.9 2
REE = , , , , )
11A5H 5.4 3.28 67.0 2 46. 6 b 1358 b 634 b 4.9 2
3A13H 5.4 3.28 60.3 2 54.0 @ 1283 b 695 ab 4.9 2
9A27H 5.1 3.5 89. 1 ab 38.7 @ 1717 @ 668 2 4.5
. 104 12H 4.5 3.5 91.0 2 39.5 1596 b 629 2 4.5
NIpRHED ] ) ) . . .
11A5H 4.4 b 3.3 83.9 ab 47.0 2 1338 b 609 2 4.3 2
3H13H 4.7 @ 3.3 77.3 b 44.2 2 1654 2 730 @ 4.5

1) 20X 20emD P FRA (22T X 3RAME) . FSFITRIEALE 2> 5 + LlemdD &) & C F .

[l — N O BT B RINCIT AR R =N H D Z & 2T (Tukey HSDIRE, 5%) .

HABH & HEI 3 IE SR A L 7= B 2
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7. Summary

Varietal differences in effects of skiffing time in autumn or spring on the growth of the first crop of tea were examined in

connection with the dominance of top lateral buds in 6 main cultivars.
Considerable varietal differences were observed in the dominance of top lateral buds, which could be classified from ‘Meiryoku’

with extremely strong dominance to ‘Kanayamidori’ and ‘Okumidori’ with weaker dominance.

The effects of skiffing time on the sprouting and plucking times of the first crop were considerable in Meiryoku’ and ‘Fusyun’,

but less pronounced in ‘Kanayamidori’ and ‘Okumidori’.

Similarly, the effects of skiffing time on the yield components of the first crop were also substantial in Meiryoku’ and

‘Fusyur’, but not as marked in ‘Kanaya-midori’ and ‘Okumidory’.

‘Meiryoku’, the medium-early cultivar, was considerably affected by skiffing time, while ‘Kanayamidori’ and ‘Okumidort’, the
late cultivars, were less affected. These results indicated that the magnitude of the effects of skiffing time was related to the

earliness of cultivars.

On the other hand, for the medium-late cultivar ‘Fusyun’, which showed strong dominance in its top lateral bud, the skiffing

time had a large effect on its first crop.

In this study, as previously reported, it has been found that the effects of skiffing time on the first crop are related to the

earliness of cultivars. However, the results from this study revealed that there is a stronger relationship between the
dominance of top lateral buds and the effects of skiffing time on the first crop.
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