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Spatio-epidemiological and Risk Analysis of Factors Leading to the Establishment of an Invading Population of the West
Indian Sweet Potato Weevil in Tbusuki City, Kagoshima Prefecture, Japan. Kazuya NisHioka,"* ' Yositaka SAkAMAKI,>
Takahisa NakAMURA' and Takuhiro YamagucH!' ! Kagoshima Prefectural Institute for Agricultural Development; 2200
Oono, Kinpou-cho, Minamisatuma, Kagoshima 899-3401, Japan. *Faculty of Agriculture, Kagoshima University;
1-21-24, Korimoto, Kagoshima, Kagoshima 890-0065, Japan. Jpn. J. Appl. Entomol. Zool. 58: 237-247 (2014)

Abstract: The West Indian sweet potato weevil, Euscepes postfasciatus Fairmaire, was distributed only on Nansei and
Ogasawara (Bonin) Islands in Japan until 2008, when the weevil was found for the first time in Ibusuki City, which pre-
viously regarded as a weevil-free area. In this study, we used epidemiological approaches to determine how the weevil
population in Ibusuki City was established. We conducted spatial distribution analysis and case—control studies based
on survey data gathered from 270 farmers who cultivated sweet potato in 2008. Weevils were present at 46 sweet potato
(Ipomoea batatas) cultivation sites and four blue morning glory (Ipomoea indica) growing sites. The weevil infesta-
tion rate was higher in sweet potato plants than in wild host plants. Weevil infestation was strongly associated with the
use of tuber trench silo storage (odds ratio, 4.45) . The association with silo storage suggested that the tuber storage silos
provided an overwintering refuge for the weevil. The case—control study also revealed that cultivation without pesticides
and for home use were associated with weevil infestation. Activities such as the transfer of tubers or leaving tubers in the
field may expand the distribution of the weevil population over a wider area.

Key words: Case-control study; spatial distribution; tuber storage silo; questionnaire survey; pesticide application
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FOHERNOEEHT S Z ENRBALEE LT
3ATERELD.
220, KT, AEOEEERAHL AT HN
T, EEERNFHEOH AL, ZOFEE, 1854 F
Iy RYTHITLZT VY S OEFEE A U7 John Snow
O] (Newsom, 2006) #iEY & LT, BUTE S AR
JERFICEH E N, V2 BERAOHEEIZHGLEN TN
Wik K, 2007). AFTIE, BRETICET2AKEOERN
REFIZE O NAT — 206, QAR EJIFEH) 2 AT RE 24
PP Il A FF R R L2 2 L, @QARTEOMLIGT
BEELREZZE, OFHROHKICEZENEEOMIC, FE
LSRR 2 %0 AREIIOBE SR H 722 &, O34
FEEEEORBE L ZLT, Zhs2RiET57289
12, BAEMARHFIMYOSHOEMOMETH>ELD
12, B #EETEOhRBHRAL:, EELERO
PR AR R X H0F - CTHHMET 2 ERI EiH#E (BE,
2009) OFFEEHWCEKEOEE & Y 2 o BREORREGK
EHEE L= &b, ARIZHWT B &3, KEHFE
AL 7= Hisic BRI s (A LI A DKL Thw3) L
TWAZ EERT

AL B, AREL DT LDBH) A TR AT
BT E AT HRAES N IPM A Oy b DOl
IR, X oI#EICl L CHEC - EEHTROSM, #Af
% RE LTIV - IBTE TR EGER, MIRHEbhEn, ek
YIRS ST, FRRE IR R BER O BAIJE < AL
LEF3s.

T,
%

Mkl & Uk

1. BEdsHE

KO [FAE N2 g] 13, 2008 45 11 AIZEIRE EE
B TA Y Y LY ORESHR I NS, 5 EF
500m O A E, AEEGALTMNE Uk #HER
IR ORI 410ha D, WEH Om A 5 60m D HJA =
OFEFEIZEAL 2.0km, HPE 2.5km ORI 2,700 fitHF
DAY BB & /NKH O RBHIAR L T, SR
AMeDAS Bl AL (J8T8) D 1999~2008 -0 7 — & % F| Al
U7z, B8 g c o 2 & PR sER, R
B fEEHOBENT -7 KT Y <14 Ehin]
i3, YA BRSNS, E IS LT
Wil - RSB ER Y. [HAEFEEYIE] &3
H v 4 YN OFFEY AL L R AR

2. PEHES JUEELRED

HEHRBIE, V<A FEH 20084 11 A~2009 4 12
A, BAFEEYA 2009 F1 A~128& 0Lk vyvA
THE TR, FEN RO RIS TR X ik & I
PR, BN BRI TR X I - RE SR B
FSUEETIEHNTHREIN IR LRICHEELT-

7. BHOEDIZEHTHAL, BRICRELTH -7
BT B L Uiz, BEFTEDE, 2EAOILFTAF
WHITH 5 /7 HAA Ipomoea indica, I VN ILHF
Ipomoea caivica, Y I F Calystegia japonica, 2 €I F
Calystegia hederacea © 4 FERFIEL, ZTho#HNRE. &
B, —HEEOCNLTAREI TS % 7Y H A Ipomoea nil
&RV T HH A Ipomoea triloba \EAFEOFTE R » 6 Rt
L7z, Z0HHEE LT, FEOHHIZERE 2.8mm Ol
ZICHFET L 2R EN TS S (Bl 5, 2001),
T2 oRFTEIT7YHA LRI T AL, EOKRSH
BEREE 3mm IZAERT DRI, KA E LTk
FEL7DTH 5.

3. AEVILYORERERFE

(1) <4 EHE TOWERE

AESYLVIZEBY YA EOWHEE, WL L
#B30cm £ TOMICENT 520 (KH, 1990, 1997), #
WA BEBICE T AFE, TR0 ZIZBY
B BROBEAFL (B 3mm FBE OB LIRBOI) OF
ez BT L, RICBRITO /T HEIAT & U5 U T AR
BLUAHOFELFNL, HERIE, #AEE U &
I ML BEEBIED & - 2853 (BUR) od3lé e
LT, YA BHET IR 2, BERDL L2 &
N TO BV TRBESHE O A 5 100~200 # % i
WU THEET o 72, MR O/ X L RIEFE T Ekk

TOWAEEBTE, £ (EBX1ma 19y 7L) PEIBOEK
AR 100 v FURE L TEHEL -

(2) B bt TORERE Ak

B 3Imm Y LORBELAZZEEFRL, £&
Im% 1Yy 7l BEFEMY 1 hEd-0Ek
1009 Y ZURE AR Uz il LA, BhRoBid
lof 4 B RS, UL TREESKEOH K
PNT BEERE, REERICITARAACEETED
H o EEEROBEE E LT, WEF RS T LK
Wiz, W0 OFARE ARV, ZOHME
100m" BEOT oy 7 I288LT, 1 78y 2 H70 100
U TAEEOEEMAL, 2TOTay 708 »HH
ERLRD 7 (BRI 1,000m” QRS TIE 100m® 1253
#HUZ10 70y 7h58100% Y TAERERRL 2,
1,000 4V 7T FE L THERZRD LI EICE D).

4. BEHEDHE ERERSOEESHR

(1) 27 REHy O H p B A

W ETiE, b y~vA BEEPHAESTFHEBOREE L
i S AETRENS,. KT, ThZho%FEE
WYONEZRT20, FABOELREFRERE L
7z WEEEERD B0, DTOIEZ2ETOY Y4
EWALWEF IR ECEAL 2 Oy Y~ 4 £
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B AEF Y OMAE U I, MR 11500 £~
1d 1/3000 DEEIR (¥ Y v AEIIREERET NO.1, #ia
SHE V) V) LV EDFOEABOBINTHEL 2. @
FEMHIZEE L Z2ABOTEEE, Wb ¥4 FDT Y~
7 b [EMiEAEERCBE - BEEHR with Google map
(http://www.n-survey.com/online/gmap.html) LD HIXIZ A H]
L, BTEAOEZEA MR HED < FiHEAERED
X, YEEICER L2, @OTHL WA STHADEREE Web
PAPDTY =T b [Excel I2&3ZMBEOEL (KL)
3 5 Ver. 1.0 (http//www.sit.ac jp/user/konishi/JPN/Freeware/

X, YIEETE XN AELMERD .

(2) %Y= A EHURO IS T

2007 SFIZUNRE & 72 35BS & Mz BRR A A (2007 4R 12
HE2 6 200843 AEHZ T) I L 22 TOHR» S
WG A B &0 72, SUROEFEEMIIETHT -4 &
UC{FEIRNICEEsR L, RN 4.(1) OFHE AT
MRBHRO X, YEERIZER L=, ak, AFETE, &
V2 4 T AR L 725 & R U A B R A B L 22 2
& TSR] &L TRBIL 7.

(3) F A b R DZER AT M

A4Sy LAVEREET, BBEFTAEATTH S
(Sherman and Tamashiro, 1954; %%, 1968) /=%, ZFFFHEW
WS A EWIZEE L CHET 5 2 SIEEIBIICFE TS
BLEZONE ZIT, RENGHENIC T 5%
YIS O B AFEO BN L T2 E 0 % 5l 3
728, R ET 72 EESHHOE, EamoEEhE
RS 5 i BEEEEE (BUA, 2001) Wz, Rk
&k BRI O (DUF, SaRBEEED 3, Slhrs
WO 2RI, Zh P h OB, & =FHD
EHERCTER L, MBI EIUEAA L TR 72,
ZOE, KEOBNIBEAMTIC LS I L aBEL, HIC
ROFENBFNPPARE S SR EE L 2BAE IS
EEAEOHSEOREMREEE Uk, REBIERRET
12, TSRO FOEERE (q) OVEE w= (1/n) Ti=d;
iRz, Iz, EREPEERZMR TR RT Y v
SANZHE S BB O ik B e WRHE 20V]=1/2n/S
(n: Moy, s MR 2k LT, mom0EH
FEIE, A5 H S O R BEREEE O S IaME WA SEY R R
HEOMRHE Elw] LIkt L T, B (w<elw]), v 4
o (w=ELW]), 28 (w>E[w]) (2430, FHEL 7=,

(4) 4 BV LV FEMEOZEM G5

4BV LY FER S ORI & ) 2 2 BR DEE %
179 728, #HEETBHISIZHIT 3 2008 ED4 Y v 4 TiHh
HTORER A A ER L. =2 & LR, 8
FE T 0D 1/2500 Ht (X (1 5330030 3 iR B fd 3k X 2500 Juil-2,
SER 151 A B3R, BB 27—V 7 N0

SuperMap Viewer 2008 (HA 2 —78— v 7 Hkal&4l) 125
BIRAATE S OEHEH L 1R PRI 721 2 3%
AU, FEAHS & BUROIRIG I O MR BERE & A bt
T, FAEMSOREE Uk, £, SFBEREEORER
JREEASRY, ZThABSEERIC X BB 5 2 2 — 458
TREMBOI N -V T E T 72 SNty 7 -
@ IMP®8.0.2 (SAS Institute Inc.) & FV /=, HUARO R
PREEBE DN 4. (3) O EE RRIZT - 72,

5 1EVILVICKBHERCHIROEFRIEMOBE
KETR, FESBEATE LTS EVWEELSAS
+ A4 EHUROBEIIIEE L, RKEOFREHE» 5
BB % B U T 2380 £ TORTBEIRG & st — %
BORRE Kendall DIER AR T, i id#iEty
7+ IMP®8.0.2 (SAS Institute Inc.) %7z, HigiEo
FOEMHEREO SN 4. 3) DR LRSI - 72

6. PYTA ERIFEEOMEIMYEER

PE WL IR T 2008 12 Vv A TEARELAEZET
DHE 270 4) &5 & U T, 2008 S04V = 4 EHA
(277 B35) 2B 2 RIBBIESCHBOE D P izl 3
BEH O FAEET- 772 #HENRRZ, YA EOHFH»
S UL RER DFENIE E TORBEWE, 1TV 7 4vilDd0
TOLEERHEBEOMR, REOHN, LT EAORR
Al O g, WOAFIHE, SROHOFERE 203
Fr, WL 22 BRIR OB ORI OV TRE 1 FRIOEH
FREHR -7 BEEDIE, BEMROFELE LT - 2RI
FRIFAIC L 0FEBL 2. BIE % EE & -8 B IR EE
ELTH -7,

7. REBROEFNBHE

4T LTORAEIIEE LR BRI S TS
T B 728, 2008 O FEAMEREHE & B 2O FEOH
RzHD & A ORI EEFEA (case—control study)
AT . ERI B T, BASERHI N Y v A
TG (44 o) ZIEGIEAZ, BAEDOEP LYY VA E
M35 (233 M) A XHEEHIZ 0 2. R4S L 28R
ELTE, OREPOBRBAEHOER, OREOH,
CUIB ORISR OA D 3 DD LT, FhFho
BRP ST FE IEG & & TEE 5 A0S 7.
bEh OB ARFHEEOAIZ VTR, 2008 FOY Y
A4 EAREE AR AT U 2R R A O FEEE S AL BRI % R D
F, LERLEBEAOMIEHE L 72 E 2 ORGSR AW
7o BIBOBHMIZOWTE, vy EBEEMTILEZEN
DEFHEEHAPRFRAOE S L Th 3 »DEIEFHREHN
72, BEEHERIZNHEL 2y Yy v 4 B HETHBEE 2R
FUEESPFIAICEIET 2O 0L L, IRFEMIZER Y
T EI3EETOREEZ BMIZT 2808 L. BUROMM
BN OFEICOWTE, REOBELSH & U THIRD
WRERAE L TOWEELI DN, YU A EEE
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Fig. 1. Geographical distribution of host plant sites. J¥, average nearest-neighbor distance between each point; E[J7], estimate of average

nearest-neighbor distance with the assumption that the points (1) are uniformly Poisson distributed within the research area. A closed circle
represents a site of a sweet potato field. A closed diamond represents a site of wild host plants. The area enclosed with a broken line represents

the research area.

1) U2z [@5 N TN BMR 2 BTk L 72 2 21220 T o
OIEARGHR 2 7z,

INE3DORRAMEKEL, FEUYZT 4 v
\RE TS L 7. ETOLEROMEEL, 7 ) —HaEl
% = 7 [R] (R Development Core Team, 2005) # YT, &
WO EH R #E (Akaike Information Criterion, EL'F AIC) {2
KDWY DETIT-72. F LT, AIC 2/ & 78 5 B A
DMAEDOEEM>TOY 2T 4 v 7GR ETV, T
FTUOFYYE BRMEAMRRL 22, HTICIEHETY 7 2o
JMP®8.0.2 (SAS Institute Inc.) % FV 7z,

i ES

1. BEEMEORE

BETICE T 2 MO THKIRIT 183°C Th » 7. 4
M2 U THO AR, e xamds & ORISR % &
K720 1 A CE¥88°C, &M 12.9°C, ®&IK4.9°C)
THY, WAT2H, 12H,3 ADIEE & 72, HIEHXK
WA Y A VR EROFE TN 12.4°C (RH, 1998)
ETEZHEAREE L -7-HE1H 274 H) T, &
2H (226H), 127 (21.7H), 3 (148 H) DIEL 75 - 7-.
2. FERNGWEICE T AETHEYOEEI

2008 DY v 4 EH I, FAENS R THES LT
AR BAE A (W<E [W], W=51.9, E [W]=60.4) »72
bz, —F, BAEFFHMHEIL, 2008 FOH Y v A E
S e T B L, 5V AT AlEE (WSE (W],
W=478, E[W]=493) 2@&® 5N (Fig. 1). Zhid,
Y v 4 EHEAMFEH R PHETTRE A BRI 22 IS LT
W= DI UT, B B 3R At R B E R
3 ML T Z LA RL TS EE L 5N
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Fig. 2. Histograms of nearest-neighbor distances between sweet
potato field sites and between wild host plant sites. A: Sites of
sweet potato fields in 2008 (n=277, median=40.0, Quartile
point: 25.0-64.5) . B: Sites of wild host plants (n=422, me-
dian=39.0, Quartile point: 26.0-57.0) .

2008 4F-D 4V v A AT & PP AR A RE Hb R 0 e B
R B D LB 40.0m & 39.0m TH Y, WiH & B 20~
40m O THE &< &5 —1WBO 54 &R L 72 (Fig.
2). Wi OO M T O T BEE R S ARE I A 2R
B 51T (Wilcoxon DIEN FIBTE, 2=0.558, p=0.58), [dl
U &S aMRTHmL T,

3. AEVILYDFERS

(1) FEREIANOD A4 T 22 FA 5= L 5 g

AV LY DRAEND, FAELZYY A4 E 356 ik D
35 46 M (FAEHSE 12.9%) & B2 LY 422 Hhis
DI B 4 FBAEMLEE 0.9%) TR®D 57z (Table 1).
4B Y LY OREMSRIFAEFERI LD VY < A
ETHBEIIED > 7= (Pearson BIE, y =46.034, p<0.001).
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Table 1. Number of host plant and infested sites in the weevil research area in 2008
Number of sites Weevil
Host plant inf :
Infested Non-infested Total Inifestation rate

Sweet potato Home use 39 232 271
Commercial use 5 32 37
Discarded” 46 48

Subtotal 46 310 356 12.9%
Wild host plant Ipomoea indica 4 413 417
Others’ 0 5 5

Subtotal 4 418 422 0.9%

Total 50 728 778 6.4%

* Tuberous roots were discarded.

2 Ipomoea cairica, Calystegia japonica, Calystegia hederacea.

Fig; 3.

+V w4 B TOREHRIL, 2008 FFITHERK ST

Vv 4 EEEGAKES (44 Hi) &7
M) FEFRHEES BN THE SN RERE DY Y < 4

ZDKR¥F (39

ETHol. HY v A BHRFRER S NG T 2 A

+».# River or Drainage

=
I\ ) Research area
-

Cluster by average linkage

Occurrence site of F. postfasciatus
O : Without tuber storage(19 sites)
© : With tuber storage(25 sites)

Damage rate
o: 0%<, =5%
O 5%<, =25%
O :25%<, =50%
O : 50%<

Spatial distribution of infested sites and their hierarchical clustering by average linkage.

TRAENRD N BIZAET I L L ITEERHEED
FHICEEINTED, AEOKRNED DT Y v A
FEORKIE#EEIE U 7= 2009 721 THUR DB 48 Higi T
RS h7z. BAEFFEBOKB S (41758 37 7%
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HATHY, REZ /) THAAD 4 MEF T THRD NI
(Table 1). ZHAD 2 AIZiT > 23 TIE, FISAEE O
B E 2 TH HADOETEFRERD 2 (F— 2 ENK).
(2) 2008 SEDH Y v A EHHIZ 1) B FAEH D2
i

2008 F-DH Y v 4 TSI BT B RS AR S
I A8 =3 LR, 2~o i E# AL 10O L -7
&, T —=Thohnr g I 6z (Fig. 3). 10
fHD 7N — TN & £tz 36 ik O UE B REEE O rhJufi
13 36m (U437 19.0-57.0, %/ 9.0, I K 83.0) TH - 7=.
FEREE, KoL —TNTEERE L 20528 26 s (72%) T
RO (F— 2 HMG, MR o BREE 5 O E= O s
Ol # 223720, BT 2@IGR ORI om &34 5
W), —HT, ZSAh—=ThrEhNhizs s, WIho
AWML S & 100m L EHiN TR O, FHIZZL—T%
e B S A 2> 72 (Fig. 3). KO A NFEE O I
Ko7z BE LSNP HAKEEIZ K > THRTE 5T
120, 2D 7L — 7 & 5 AR 6z (Fig. 3).

(3) 4 YV U LY OWEIZ KIZ T HAR O [HI5 TR O

iz

BTl 2 5 2 4 —fric k DR Sz 100D 7L —
7L, FRENIUE A FBIGAETR L 2R H A TV
(Fig. 3). ZOfERIT, BUROMS AR S, £ Ok %

b E T B RO DOREAE AR v PR LA &
ERLTWB EEL BN,

PeEH A 259 Ll EoSIX 10 S THRL 5, TO4
T O THAR DO BN % 1T > T 72 (Fig. 3). 2D
7o, 44 M OFRBAEM RO HERE, WS NITEE 17T -
P LT A2 o I T THER U 7=, Z D &G
[ 35 N Bk 2 47 o 72 i O e =R (Ll 18.5%) 13, 1T
bl o R OWHER (PIE3.9%) IS THEIS
@7 > 72 (Fig. 4, Wilcoxon DIERFIRE, z=—4.076, p<
0.001).

BUR O BIS AT %17 - 72 2 & ARt T o ER
EED T B AREME D RIE X /2728 (Fig. 4), SR
D 7135 PN e 70 X 1 0D 8 24 b s D Bl 2 R0 T 4 5028 4
N7z, ZORER, BEHSOHEERE, ZOMA» RS
VST OIS £ COREEEE ORI s B OB
A8 617z (Fig. 5, Kendall DIERAHRE, t=—0.404, p<
0.01). ZOFERIZE, BUROMIGANEA, [F—85tmg
20 TaLELORAEMEOWEREED T\ L &R
LTWwW3EEZ bR

4. PYTA EOFEHE @Y RBE)

AT R IR B B Y v A TSI & Fig. 6 (2
ARU7z HEHDRAOME, HoOEMZ4 ATa2»5 6
ATaNZ Ty, WL o A N2 6 12 A LA To i
12T - T /e, IHER DL MG N C+ ik & &
7RI, BEHNE 2 IZESGNICHI XA T ENFES T

100 A
7z, WREU 78Rz Wel 3 23558103, 50 RIS - 7=
80 A
3
<
5 60 A 100% 1
B0 L]
£
= 40 4 & 80% - °
= g
= 20 A & 60% {°
% :
= be®
0 - 1 S 40% *
With storage silo Without storage silo <
- °
(n=25) L w0 .
0% :“ .l..'.o.c.. a ‘.
Fig. 4. Comparison of the damage rate between sweet potato 6 &5 1655 50 60
field sites with and without a storage silo. The lower part of Bigtamee o
each box indicates 25%, the upper part indicates 75%, and
the center line marks the 50% value. A statistically significant Fig. 5. Correlation between the distance from a neighbor tuber
difference was observed between the two (Wilcoxon rank sum storage silo and the damage rate at each site in 2008 (Kendall
test, p<<0.01). rank correlation, t=—0.404, p<0.01).
Month
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

BIM:E[BIM E[BIM/E|BIM:E[B!M E[BIM

M/ E|[BIMIE|BIM!E|[BIMI!E B%M?E BIMIE

Storage of tuberous root

Raising seedlings

Plaritin-g seediingé

Storage of tuberous root

Harvest

*

Fig. 6. Annual sweet potato cropping systems in Ibusuki City.
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FUZYHE L 72 BUR O — % AR, ISR 5% 298 5 fif
Gys [k 2 [EXrE] 2 11 A2 563 A
HETIT->TW BRBEHZT2HA4E, L T\
BUR % 3 AL ICHIRICIREIAA, Z 268 L T
Wiz FRE AR T L2 WR ORI, B0 R S 7=
FUZREIET 3 HERFILTbR T,

Table 212, A BV AVOREICHASGLZEELON
TEBANDORSERERER L 72, KFEOERECE 2 B L
TV, 271084 D5 B 1 HDATHYD, KFEICHTS
FEN BB OFEROBFIIETITE - 72, FIEER
i, BEZRIEE L 277 HH D S B 240 M (87%) & KE 4
w7 REHORBAEAGIZ, 277 LD S 5 242 1
M(87%) RERLTHE 5T, ZOKXKE (233 Higd) »H
FMBEEHNE LAEREERTH > 72, SR % BIG A

Table 2. Results of a questionnaire given to farmers in the weevil
research area in 2008

Answer
Question N*

Yes No
Knowledge about weevils?” 270 1 269
Cultivation for home use? 277 240 37°
Pesticide application? 277 35 242
Within-field tuber storage? 277 79 198
Raised seedlings yourself? 86 79 7
Transfer of tuberous 45 9 36"

roots to other people?

* Number of answers.

K Knowledge about the ecology and damage of West Indian sweet po-
tato weevil.

c .
Commercial use.

d
Same farmers.

¢ Transfer from others=3, purchase=4.

"Transport to a food market was treated as “No.”

LTWz 9 A TEIXNTEREN2T->TkD, ZT0DIF
EAE (75 HE) BAREEPHNOREERTH - 7=
UNFE L 7= BUAR D EEIEIC DWW TR 45 S S EEAE 6 R
7. [BEH] LEBZLZHEORIZR, HEDZIT7-
BURICARBOREERO 27 — 25 1 b - 7=,

5. WHEOHRAZER (EFIXEHRAL)

2008 FDH Y v A4 EHIBIZEWT, 41 BT LVDHE
AICRS L2 eE 2 57 3 DDOER GREEh oAl
HOFE, HIEoOBT, SRS N OH ) %L
ZRELTCELEOY 2T 4 v Z7EGEETILOREREZT 72
R, ZHEMAAEE AV I DOERZTDEF LD AIC
AN (203.8) L o7z, 22T, 3 DOERA T EHAN
TuY A7 4 yolRahzEiTo72Z4h, ZOETILD
W I3/ X < (df=4, x*=0.674, p=0.955), ZDTY
MR 5Nz (df.=3,,°=29.13, p<0.001).

ZDETAD»L, 3DOFEREZNZENAH LR,
¥, WIEhoORBAIGERICE LT, [RBSREE#ERL X
Motz] & [BEFAEMHEHLZ] OF v i 18.76 & &
D, FRFEMBEL LD 2B CRESOEE S H
BUCE A o 72 (Table 3, fREVREREL 1.47, p=0.012). &I,
AEOHWICEL T, TEREER] & [IkRFEH] 04+ v X
i3 021 (RIEVRRE—0.78, p=0.029) &% b0, BERIEE
DEHBOFKEETH - GBI REMSOEEPERICE
757z (Table 3). 3&FHEIZ, BUROEIZAIEIZEI L T
[HESZAE S 0 | & [ESSAETE A L] O v i3 4.45
(mEFEREL 0.75, p<0.001) & &0, EHAREIGFEL
A SRS OEIE AERIZE» > 72 (Table 3).

% =

BEHTA TV LAVRRELREER, /7954
EOWAEFTHMEID Y Y4 ETED 572 (Table 1).

Table 3. Case—control study results for screening risk factors based on the questionnaire in the weevil research area in 2008

[Case] [Control] Partial regression
Risk factor Infested sites Non-infested sites g a Standard error* p value® Odds ratio”
(=it (n=233) coefficient
Pesticide application
Yes 1 34 1.47 0.586 0.012* 18.76
No 43 199
Purpose of cultivation
Home use 39 201 —0.78 0.357 0.029* 0.21
Commercial use 5 32
Tuber trench silo within site
Yes 25 54 0.75 0.177 <0.001** 4.45
No 19 179

* Calculated the final model of multiple logistic regression analysis by selection using AIC (Degree of deviance of the final model; p=0.955).

*p<0.05, ** p<0.01.
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7= BEHRHIRNIC BT B3 HEFEREY O,
2008 DY v 4 THHEE R TE LM 1568<, 7
VALIZHRLTEY (Fig 1), ZOREREHED oL
(39.0m) TH Vw4 EHIA (PRIE40.0m) &KL TH
EREBED LN, L L, BESEETORE
HEERIZ A HEDATH D, V<4 TTORAEHE & ik
LThhradz, 2O ENE, 2008 FFIZREDHER SN
74T, JBEEICEA LK, BRIy TE
HEHEW & LT E S OIKRET > TR TH -
FrEZONZ KES (2006) 1, WHBEZKE TAME
OFTREW B 2 ENER & 72 D O 4 % Y5
IR L, YA T TOFEMERES 7441 EDE
o/l EEERLTVWA, BEHIIBWVLTYE, KM
Lo TH YA RE ) TH AL BRI L AT
WTh-Ime e ENns.

ZOHLT TR, EEHOFEEROYy Y v 4 £
HWRIZEFH L, METRLLARKE TS L-EEICBET 5
3 DOEFEICOOTHEENIZHERL /-,

W1 AEVILLOEHBEN EEE S EERICIFE

LETHEMFERLEIL

2008 SR YV = A EHE THE U 22 iEF A T,
AFOFAEIIR LT, BHEAZHEH L a» -2 REEH
FHE B OO S PR &z (Table 3). T
ZHIRIZ BT 5 2008 SED 4V < 4 THUAITE R A $
BHEMEAED 5N (Fig. 1), ZO3BFAHEMHL &
2o - AZIHE WO ZFEFERIZ Y Y < 4 BHREDOKHES
57 (84%, 277 Higirb 233 M) # i, BT TIEY
VA LIZB Y BRI T 5 BB PIERIR A
e o TWBA (R, 1991), AHbikid Al %
HUAE» > 7-HEMNEHNOY Y v 4 TSR L 272
W, WEMZIRE) Z2OENVHIRTH >72&EL 5N
7=,

KEEO B DRI OWNT, HERRIEE & & 5% Y
B E NS EHF TP E RS TIERICHII L (R
H, 1996a), ZOWHHZSHH720 33m LHEESI L TH
% (Kinjo et al., 1995). 7=, KHOHERR L PLRA
LEZTICAEL MR ROFHEFER RSN T AT
3 (&H, 1996b) Z &ML SN TS, KifFRIZE T
LZEEND L, O, ROV Y v 4 EREITEIBANT
TR T B ETIREINTE D, Mk EIEL LR
MHZIET 2 F TOHBER B L, BRIy <
A EBBANE NI L 2 WEEE s - 2 &l & .
% 7z, Kuriwada et al. (2011) &, AREEIZEZRHFFTHBIEE A
EGWZ eEHEMILTED, ZOZ &L, BHTE-
RS PETH -2 LT Y, BEROY Y v 1 EHE
TREEIND 5 VVZBTEMABE CH B T & 2R LT 5. 1878
HTI, 2008 4D H Y v 4 T TORE RO 22 75 A H>

5, BRI Y 528 -4 HFI2 &0 S — T4 &R 36
SO EESE O R IUE IR 36m TH D, ZD 5B 26 Ml
(%) BERFhEEEL-EETH -2 (Fig 3). Z
Db d, KEOBNBEHOE L, BbAlzFHL
B EAREEEROY Y v 4 BHEAER L THAT
BIRANHENTIThRTO I E L 5.

2 A EVILYOBKIGHIFEELLECE

4 ESY L ORFEREGE  BEFERL Sh (B,
2000), %D &> ik E A & 3 2 BdUIIRIRIERF 2
v ({7, 2012). HWEHICET 3 1-2 A0 AEEE
T 10°CLITTa D, FEXRSE SSCUTTH-7 K
FED IR & T84 B 5 212 L 64T RIS id Ay, 3
(1988) I3 AMOAREL BHIZEY 350k, 7Y E
FE:R YA EIIELS, KIRLAWERELT
W5, ZH (1998) DR KRB OFEE R (12.4°C)
EFTEH-2ZAEZ 2262 Hlch3T£<L, 2O
BN TORBIZIZEAEHE L > AT
200942 A BAICIE 7 A OERTEE 2 HE
BERERL L 7248, PHBR & B L 72 2 0 WA i Lot
ROTREMERMERTE B o). FO—TT, RO
LTI, 10°C DUF OfRIRIC & 5 SR O H (H8H, 1980)
PLHATFIZ X AWREA M < 720, IFRIRE & 13~15°C 1o
DEAIES R D R, 1999). 200942 B FEIICIE,
BHBONESETIC B W TEE RIS RA L RIER S A
7o, JEBI R T, ATEOIEA L SR o [ A B
D5 H7REE 417z (Table 3). AEESFELE L 2HIA T,
BB O BN 21T - 2 O ERE N M 2 Th %
Mol kD EEITHEL (Fig. 4), WA A H—
WHIA T ORBEREEZD T LA S N, F 7,
FAEMED 7 5 A & — 12130 HAR O FISE Py e 5 T & A
L (Fig. 3), BRI MSIE S HERENE &
B F 7= (Fig. 5). BEED AT, SUROME
AEHEIT-> 22 TOAREEHFN 17> Tz (Table
2). ThoDZens, BROIRET RARTEOITE L
AL a0, BROFHMM 2T, B> o5&
HOSY v 4 EFBICHEIL, WML 2280, WEEE
[t ool (SR ARAR

R 3 DFOILKICIE, BHABHOMICHEL LHBE

DOEZE, ABEHOESEFH- LI &

2008 £ DA EYV Y AT OFBAEN LMK £ RS 7 2
A =R & > THFL 2882 5, WP X -
THRTONERIC s oMy Licige 2o -7
DHERRT & 7z (Fig. 3). BEIZFHTICHALEL I 6D
HRICENTERET 20 TH D, AOFETLTH
B L -HREMAE L S,

FEGIHEERE T3, AEORAE & ARME Y BN ORE:
DL R/ X 7z (Table 3). 2008 SEDH Y = A EH
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128 B RERBDOKE T, AFIEE Y HOORERER
MED TR (44 Hpirh 39 #50), KO RETHIZIT -
HEZEDFEE T, BEASOHRICABOMRS &
Mol Z LS MITE 57 (Table 2). FKRRIZFLE X R
7 BRE, BEHFLS RO SMEZ O THeEBIIR T 2 &
T 2 DEWEETH 5 (K, 1968). L TR, HEH
BAEDES REO»HE EFHE, ZTOFECRMN -
ELTCHEMRPMEHAE THTBICEES T, HEEENE
MTREE X N8 Ok 5 IXHATHRESONIES HHEHMIC
ToTWwWizbEZ SN/ 2009 FIZEEARE I -
B s &, 2095 2 MATTARBORE NI X
NEFERZZIOELFENT TS, /-, BEI)H#HE
TiE, UHES OBUAR & M SRR L 7 — X BUEFRR Y,
ZOHT, BEHBOREE D GFED 2 2RI TED
BENHREN LB 1 b -7z 7272, TOBEBIZH
T 5B 45 1 (RO 16%) &k <, BURE B
L7mEEIET A2 Itk TEOPRLERE LTHEDIS
ZEREBR L EREEZ NS BE (2007) &, Sk
FAMA & A DR THRFEEMIFIZBZA L2211z, Mk
B2 UEFICRNT A EROVEDE LT, BARETHE
ADHED B LT DRI B HHIRIE (propagule pressure) Dk
IR LTS, KEOFEREZ L KO»T, SR
FIEHRHIS BT 2 iAot L RO Z 2175
THE, AEOBAZROELT - TWAEIEEFETH
D, KHOSHOHKIZEE LEZEEZ 5.
DEDEFIZBT L3 D2ORBAZT LD D &, AMIEY
VA BETERFEEME LT, OBRETH» 6 DN,
@OIRES IR s, OIURETESE TIY, ORDAEIE~D
Ak, OBALITIAOABN T, &5 IXEBIIERT
LR A REME O BT R BN & 5 VR A AR DR L 72
ZETEFIIRIILEEEZ Sk,
KEEMFICE T BTV LVBREENDEZ
RN AT ) Y RESE IR THEW, £ Y
LVIIHLT, fBET TR h - iREE, O Y4
EOBEERLTS, QAT Y v A TITATHEEL
W5, @YY eA TOFZEREOZEL L ROFRE
JigEiEn b, OREFEMEDELETHRET S, OFEF
FERAHEL A CERMICEE LI Th 72, 20
MR, ARMORERYERE» L | FRE TR MG &
D, ZOBOBMEEHERTIFEEARTIF 40 AKRIE
MEAERL X Nz (MTEIEMIBE AT, 2012). LEEOPIERE
L, AR THEL 2AEBOEHFEROMEICEHL, &
ZONANZE (BRICHT 2P0 s 5 42620 500
) ITEDS NS, DI ki, SRERNFEEH
Wiz ) A o BHAOHEER, ABOBRISGETHZT TEL,
AIED & S ITRNHO R % § 2 RAEREEH UiAD 3445
ICEHYTHBIEERBLTWS, =27, FETE, K

FOESR Z#HET 2 KNP HA T 2EMEOFHE, Ao
MM ERIT E I ENTELRD 572, KHEORFE
WMTOEE#IE L EBOLMIREARZE LT, Th
EOMHBESHOBETH A5, KEOXSIZ, EW
R THE E TS BAZEROBRER RAVIEEE
) 1, BEOHGA,»L) A EREEEHL, GRS
DE#HOLET, FREEBICVRZAI -V gy
IZHRECRHT 2 2 2 6 B0 AT IEh 5 0,

1 £

PRV ELIRTE T © 2008 4R 11 AIZ, MEMBEERIZ X DR
AL FAEAERT HEEERICBEEA TS Y'Y
LY BT U 72 (2012 4R 3 FARME) . AR TIE, FAHA
CH R EOER S L, TR S OB ERD D
WERRE GEFINIREE) 2llAADLE T, FEOE
HIZET 5 3 DOREIOMHEEE 2 DY A o BRDOHERE % 3R
PN

AEOREE, VYA T (46 HH) WEFEWEYO
T A (AHE) TRO SR AROREEE S,
WEFTRME DY~ 4 ETHERICE» 2. 72, &
FRAHEADOYY v 4 TRIEOLEABRF L HHL &
W, BB HBORE TS 572, X651, FERY
& FE NS OB AN 21T o 2R, Y v A4 BHAIR
36m [ (Fhoefl) THEPSMH LT AEOEED -
WIZiE, BEAHERLEVEZEERNOY Y v 4 224
WEFFHETHY, AMETRIOLS &y Yot ER
HOBEOTREAGFANICER LT B A bk (R
).

FEHBIZBWT, LR E Y < A BN T
AT o 72 A O ERBI A Thas > 2 im &0 &
FRICEL, WS> b RAEHE E coMk e giERIC
TR OB R E D 72, MR ITEIA T A TEDBA I
e LTz 24> T bR I hr (REO).

AR B PN RIS OF RO BT IER 2K <,
PEEBR A M S TICBMROBEREZ 21T - Th D, K
DR & 5 OHKRITIT AR EI OB L2 E & h e ()
FE).

EHEOBRZF®FEITW > TRGE GEFSFERE) L
BO[RmAASEL VRS, TEZNEE A B0k
B LU [SUROEIGAIE] DB5 2 RIE & hi.

50 8 X m
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Estimation of population density,
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