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ABSTRACT

The Japanese pine sawyer Monochamus alternatus Hope (Coleoptera:
Cerambycidae) is well known as a primary vector of the pine wood nematode
Bursaphelenchus xylophilus (Nematoda: Aphelenchoididae) that causes pine
wilt disease in Korea. Therefore, it is necessary to forecast the time of adult
emergence of M. alternatus for effective management of its population, and
aerial application of insecticides for its control. This study was conducted to
investigate the characteristic and pattern of M. alternatus adult emergence on
Jeju island comparing with a published forecasting model for the adult
emergence, and then to provide basic information for the control of M.

alternatus. The results obtained were as follows.

1. Total 2,705 M. alternatus adults were collected over 9 years, from 2006 to
2014. and collected numbers of female and male were 1,396 and 1,309,
respectively. The ratio of male to female was 09 (1,309 males/1,396
females).

2. Although our result shows some variations in the time of adult emergence
of M. alternatus depending on years, in overall, the first adult emergence
begun between late May and early June and completed between late July
and early August.

3. The peak time of adult emergence of M. alternatus showed some
variations depending on years, and generally occurred between 170 and
190 Julian date (late June to early July).

4. Our observed data of M. alternatus emergence from 2006 to 2013 provided
a good fit for the advanced mode of previous model except for data in
2009 and 2011, which is based on degree-day (DD) and consisted of

advanced, regular and delayed mode.



5. The deviation between forecasted and observed date was much lower in
advanced mode than in regular and delayed mode, when we compared at
25%, 50%, 75%, and 90% cumulative emergence rate in each year.

6. Residual sum of squares (RSS) of advanced mode, regular mode, and
delayed mode were 1.06, 1.95 and 5.23, respectively. Thus, RSS showed
much lower values in advanced mode than in regular and delayed modes,
indicating better fitting ability of the advanced mode.

7. The degree-days (DDs) from September to November in 2006-2014 ranged
from 341,8 to 386.1DDs (based on a lower developmental threshold
temperature of 11.9C), which was very close to the selection criterion of
379 DDs for the selection of advanced mode in the previous model.

8. For further validation of the emergence model, data sets obtained in 2014
were validated with model outputs of advanced mode, which was expected
as model selection criterion. The actual emergence was located between
advanced and regular mode with slightly skewed to regular mode.

9. Based on our study, we suggested an approach which can be used to
determine spraying time against M. alternatus through its prediction of

adult emergence using GIS technology on Jeju island.

QOur results should be useful for the prevention and control of pine wilt

disease and conservation of forest ecosystem, if the forecasting model would

be validated and improved further using actual field data sets in wide areas.
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AYF A A5 (pine wilt disease)S AU A A Z(Bursaphelenchus xylophilus
(Steiner and Buhrer))ell <¢]&ll ¥H $tth(Kiyohara and Tokushige, 1971; Mota et
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Fig. 1. Pine wood nematode and its insect vector, Monochamus alternatus, were

obtained from pine tree logs cut in forest and moved to emergence chamber.



Table 1. Origin of pine trees infested with Monochamus alternatus and the place of emergence chamber installed in Jeju,

Korea
Emergence chamber Origin of pine trees infected
Year Installed place Altitude(m) Collected area Altitude(m)
2006 Orai—-dong 270 Ora-dong 150-200
2007 Orai—-dong 270 Ora/Nohyeong-dong 150-200
2008 Orai-dong 270 Nohyeong-dong 150-200
2009 Orai-dong 270 Orai-dong/Dacheul-1i 180-200
2010 Orai-dong 270 Gwangnyeong/Yusuam 200-250
2011 Orai—-dong 270 Gwangnyeong/yusuam 200-250
2012 Orai—-dong 270 Haean-dong/Nabeup-r1i 140-150
2013 Orai—-dong 270 Sangga-r1i 50-100
2014 Orai-dong 270 Gimnycong i/ 50-350

Youngpyeong-dong
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Table 2. Suggested parameter values of the cumulative emergence model of Monochamus alternatus two—parameter Weibull

function (Park et al., 2014)

Parameter
Mode of model

Equation

Advance 374.0 3.5250 ,
f(@)=1—exp(—(z/a)’)
Regular 463.7 3.6263 x . Degree-days based on 11.9C

a, b . parameter
Delay 543.0 4.4261
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Fig. 2. Frequency distribution of emerged Monochamus alternatus adults in Jeju, Korea.
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Table 3. The first and last emergence date Monochamus alternatus adults in

Jeju, Korea
Year First Last Female Male Total
2006 5.20 8.5 150 105 295
2007 6. 4 7.30 186 169 395
2008 5.26 8. 4 329 306 635
2009 6. 3 8.10 82 82 164
2010 6.15 8.5 39 62 121
2011 6. 9 7.29 70 69 139
2012 6. 2 7.26 33 92 175
2013 6. 7 7.15 52 52 104
2014 6.2 8.12 385 372 757
Total 1,396 1,309 2,705
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Fig. 3. Cumulative frequency distribution of adult emergence of Monochamus
alternatus in Jeju, Korea.
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Fig. 4. Comparison of model outputs of Monochamus alternatus emergence with actual observed data observed in Jeju,

Korea. The model outputs were based on Park et al., (2014).
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Table 4. Discrepancy in days between actual observed and model outputs based on three models

25% 50% 15% 90%

Year

O * A R D O A R D O A R D O A R D
2006 171 7 1 =7 175 -13  -20 -27 185 -10 -17 24 192 -7 -17 -23
2007 172 4 -4 -11 178 1 -6 -16 183 0 -12  -19 192 1 -10 -16
2008 179 2 -7 -14 187 0 -7 -13 194 1 -6 -12 199 1 -7 -13
2009 173 6 -1 -10 184 9 0 -8 191 8 -2 -8 198 8 -1 -8
2010 185 11 4 -3 188 6 -1 -9 196 8 -1 =7 206 12 3 -3
2011 174 2 -4 -11 180 1 -6 -13 188 3 -6 -12 195 4 -2 -10
2012 170 6 -3 -13 172 -2 -12 -19 180 -3 -12  -19 188 -1 -11 -17
2013 168 1 -7 -15 172 -4 -12 -18 176 -7 -14  -20 183 -5 -13 -19

* O = observed Julian date and abbreviation for three models: A = advanced, R = regular and D = delayed mode.
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Table 5. The residual sum of square between actual observed and model

outputs of Monochamus alternatus (Park et al., 2014)

Year Advance Regular Delay
2006 2.66 6.80 12.35
2007 0.38 1.30 5.14
2008 0.04 1.00 4.21
2009 1.89 0.10 1.31
2010 2.20 0.20 0.90
2011 0.30 0.60 3.30
2012 0.28 2.10 6.52
2013 0.70 3.50 8.10
Mean 1.06 1.95 5.23
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Table 6. Degree-days accumulated at study site in late season for the model selection process

Degree-days based on 11.9C

Year Remark
Sep. Oct. Nov. Sep.~Nov.
2006 195.7 128.9 17.2 341.8
2007 261.3 101 2.5 364.8
2008 250.2 110.6 11.6 372.4 Degree-days
during Sep. to
2009 235.1 107.6 22.2 364.9 )
- Nov. 1n
2010 280.8 913 27 374.8 advanced
model were
2011 239.3 713 54.2 364.8 379DD
2012 198.9 2.6 0.6 282.1
2013 251.4 112.2 22.5 386.1
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Fig. 6. A forecasting map for the adult emergence time of Monochamus alternatus in degree-days in Jeju. A, B, C, D and E
are indicate 10, 25, 50, 75 and 90% emergence dates, respectively.
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