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Abstract Pine wilt disease (PWD) is one of the hazardous pine tree diseases in whole world. In Korea,
PWD has been spreading since it was first observed in Busan in 1988. Dispersion of PWD is mainly mediated
by its vectors such as Japanese pine sawyer. In this study, we characterized environmental condition including
meteorological factors, geographical factors, and land use factors influencing on the occurrence of PWD. The
occurrence data of PWD were collected at 153 sites where were the initial occurrence sites of PWD in local
government regions such as city, Gun, or Gu scale. We used Akaike Information Criterion (AIC) to evaluate
the relative importance of environmental variables on the discrimination of occurrence or absence of PWD.
The results showed that altitude, slope, and distance to road were the most influential factors on the occurrence
of PWD, followed by distance to building. Finally, our study presented that human activities highly influenced
on the long term dispersal of PWD.

Key words: occurrence patterns, nationwide scale, pine wood nematode, environmental factors, human
mediated dispersal, invasive species dispersal, hazard rating of invasive species
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At Qlo] 2 QIRZ AR T (Lu et al., 2005; Futai,
2008; Hirata et al., 2017). ¥utz o2 AYRALZH S
A HF-ZE7F 20°C oA A oA HAsH= Aoz &
A o (Rutherford and Webster, 1987) QB #-2%7}
14°C olkel AolA 2LpRA o] BHato] £, o)
M e A 7]E 2=7F 132°CHth= Havt
Atk (Kwon et al., 2006). SHH, &= 450 m o]A ol A Ak
DY) W7 gt BE 750 m o AAL 4
U ASE E A7 W AA yehdtir 2
T} (Kiyohara et al., 1975). 23, Z+ it 1= 1,150
m A Yo M= 2FRAZE | o7t IAHRO] UEhEt
= X317} Itk (Kiyohara et al., 1975; Ohsawa and Akiba,
2014). e 2URAAZY 7|34 2l IF
2UFRAZFE Y it &S vlAl=

Qlth (Futai, 2008; Park et al., 2013). T3t 4
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1. Data collection

— Coordinates of PWD occurrence site (153)

— Coordinates of PWD pseudo-absence sites (153)
— Environment variables for analysis (7 variables)

J

2. Date formation for analysis (Dataset) :

- Coordinates-based extraction from variable on GIS
— PWD occurrence sites (Presence, P)

— PWD pseudo-absence sites (Absence, A)

3. Data analysis

- Using stat, rpart, MuMIn package on R

— Distribution properties of PWD P sites
(Histogram, percentile)

— Statistic comparison of PWD P & A sites

(t-test, x2-test)

— Checking influence factor about PWD occurrence
(AICc)
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FAo] S ¥ ¢tk (Mota and Vieira,
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Fig. 1. Conceptual diagram for studying the effects of environmental variables (altitude, slope, aspect, annual precipitation, annual mean
temperature, distance to building, and distance to road) on the occurrence of pine wilt disease (PWD).
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F0 2 Ag-Hrh(Aho et al., 2014). AIC At
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(o= wgsto] AT AICE & A7 5
o 93t AIC 3+l WH3lE 2433 AICc (Corrected AIC,
second order AIC)E AME-3le] mdlo] W Q48 Wy}
SF3ITH(Aho er al., 2014). W=9] A3 F2/4& F7tst
= AAF A& R T2 Aol A4 MuMIn (Barton, 2016)
packageE ©]83}%tt. MuMin packaget= 2E AL W4
of gk A9 #RtE AY RdEE T F, A AlCce
E 71 2dE 7|20 2 Foj7 AICe HY(Ad) Y RE=
oA AH&-E Wt 1 §94E Al4St= R package©]th.
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2UERAZE 27 DA 15370 - F 80%7F 1L
= 200 m ©]3tof] Y25 L™, 300 m ©]5te] Ak 2]
o] AAY 90% Tt EZF 7] WA F 90%7F FAE
30° ujgke]] Rt en, BE 27| WA= FAE 40°
njgko] SRSt WA 27) YA 9] 54% (8270 A %) 7}
H5Z(SE), % (S), §AF (SW)ll /A5t AB+t7]
22 10°C~13°C, 7% 950 mm~1,300 mm <
Ao 22 Fxct TH HA 27] YA F 85%
7} A2 R 5km oW, 95%7 TEZFE 200 m o]
of X8ttt (Fig. 2).

2UERAZE 27] SR = LA of vl AA
AHog o no 95 ch(t=—6.734, p<0.001). 3
AHZEE 27] HAREEC] AHH R F2 FAtEo| ¢
Aotz AFLS B9 FAHCEE FostA &%
oh(t=-0.855, p=0.392). H¥¢l= HEAYA o H|s} =7
A7 B2 N)ETh G (S)o] Aides gol B
stgom EAHCR fo7 Aolg Bk =38372,
p<0.001). @F 7|22 dHH o2 27 HAYANH=
AN FRHO U (t=4.675, p<0.001), AT 27 T
AR e} v R] 7E Z 2polE HolA] gttt (t=0.728,
p=0467). 7] YYAZREH & 4 27129 A=
HE v o] vls) o ZR7RTh(dE: t=—-4.889, p<
0001, =2: t=—4.178, p<0.001)(Fig. 3).

AICcE o83 24l Y o Ad Fa4S £43%
A3t A AICc7} 359.822 YEG o™, AICc HYE +2
7HA] & A (Ad=2) AA 67 AP mdo] A==
g REEE B4 A 1k, FAbE, a1 R
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Fig. 2. Characteristics of environmental variables at the occurrence sites of pine wilt disease. F: flat area, NW: northwest, N: north, NE:
northeast, E: East, SE: southeast, SE: southeast, SW: southwest, and W: west orientation.
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Fig. 3. Differences of environmental variables between occurrence sites and pseudo-absence sites of pine wilt disease. Pseudo-absence
sites were selected randomly from the area where pine wilt disease did not occurred. T-test was conducted on six variables (altitude,
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Table 1. Relative importance of variables for determining presence or absence for pine wilt disease using AICc. Minimum AICc was 359.82
and six models was included in AICc range (A3 =2, 359.82-361.82).

Variables Estimate Adjusted SE* Average p-value Number of models Relative importance
Altitude -6.111x107° 1.343%x107° <0.001 6 1.00
Slope 6.071x1072 1.641x107° <0.001 6 1.00
Distance to road -3917x107° 1.393x107° 0.005 6 1.00
Distance to building -5.082x107° 5296%107° 0.337 4 0.67
Orientation 3.526% 107 1.036x 107" 0.734 2 0.26
Annual precipitation 7.039% 107 4044% 107 0.862 1 0.12
Annual mean temperature 6.537%x107° 4542x1072 0.886 1 0.11

*SE: Standard error

kA9 A7k 67h mde] mE AYEy, AR
G5t ZFo]E B ETh(p<0.001)(Table 1). AE7IA] 9] A
& a7l mdoA FES QAAE A=A

Eo| W #E
2URAASE 27] SR &7 E4S
¥, 27] AR o Bl Atolof ALk, e
2, =298 A, A=Y A7t FAHLE Fo3 2
olF Hith 27| WA= AFH R AHer
L& (300m ©]3h), FZ BAE (30° |3}, §E Abdo] ¢
Akt 28 7)1F 21 A7)0l 10°C~13°C
HelolA F2 Fastgict E3F AR o Bls A
o7 AW =20 A ARt Uit HE AlCe
2 o83 W BARIS B9 WY FHL B
A, 2U4EAEFY B o R 1T, AR, B2
A7t AijH o Fad W 243 Bah o)y
3 2T Kim(006)°] $38 A4HE A o]
AR A B4 B4 AT ATStE SARE o]
o}, Kim (2006)2 33 ®AYZ] 9] 80%7F L= 100 m ©]3}
o, 71%7F ZA= 10° oJstel, 75.5%7F €& ¢kl 18}
ok stk
AUEANEY o] glo LEo} B, AT} 2
23 Yo R o] A4 E et (Rutherford
and Webster, 1987; Akema and Futai, 2005; Kim, 2006;
Pérez et al., 2008; Mota et al., 2009; Boyd et al., 2013;
Ohsawa and Akiba, 2014). ¢+, 2=} FHEo] AL}
FAASHES AdFw7]0] 20°C oFolA T3t
3 B3 %9 (Rutherford and Webster, 1987; Ohsawa
and Akiba, 2014), dEoA AFH7]20] 14°CET} =
2 AFoA 2uF YAdFHe] ittt Bzt gk
(Mamiya, 1988). 3 A% 7] 15°CE 7|#22 A4

BEAASE T FAH Bxdde A AL AA
B7kst A Axte Qith(Hirata er al., 2017). 1 £
vt SRS 27 YA = 2 A%
20] 10°C~13°C Atolof $Jx|sh= AR Vrebyth (Fig.
3). ol =W AUFALAZTE DA st 2=7F 10°CE
AZ-Echs 248 LA Eoh(Kwon er al., 2006).
Z7] AR 2} v A] v 2o

Ao v iAoz Fpwfo]l A W == A
Hog o Aot} o] EAL /HEOR 3 E
LEHA7F v T ARl A FF= A &
Rl AAE BAAITL, YR NS et A7
= =0l= 245 2ddthe A A 2ot 73 4

QITh (Mamiya, 1983; Ikeda, 1996; Miki et al., 2001; Akema
and Futai, 2005; Park et al., 2013).

aziu, 712 9 Aol auFAAFE A F8
g A&z AHgSAE AR E Tl A= &
£ 240 Ug 237} g eslne L8} e
N WA U kel vl dRel e SR A7
7} 2 8 3}t (Rutherford and Webster, 1987; Mamiya, 1988;
Kwon et al., 2006; Ohsawa and Akiba, 2014). T3t 743
of WE B AEd AT 2URALEY B vlAE
Qo] g HAA AFE RS, olof dhat b
A77} Basi.

AE 4 =299 A v o vlsf 27] HAYA|
oA Bt} Zokth(Fig. 3). A& ¥ =2& At &5 §F
o) i Ao AURAMFY B AATA 2l
2 olue A7t BEE F83 02 LEUTtE AL
AA3l 2t} (Mota and Vieira, 2008; Shin, 2008). Z=+of| ]
£ AURANEY S0l A7 YRS} Qo] gof ATt
5o 7113 AAE0] AUFARASE SHate] a3 o
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