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THE PROCESS OF PINE WILT DISEASE

Vector YA Fay
(nematode)

(egg_laymg) RY/IAZTHIF)

(the pine sawyer beetle) '

FEA—-EKEE

(invade — disturb trees to draw up water)

Nematodes and larvae of beetle grow up in Pine from September to July.
When larvae go out the Pine, nematodes get into them through their stoma.



THE LIFE STYLE OF |
VECTOR AND NEMATODE
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life style

gl

summer

winter

spring

early June — late July

@adult emerge carrying nematodes
@feed on the twigs of the healty pine trees for maturation




HISTORY

5 | » Aboriginal
REL inhabitant of the
United States

e Its first incidents was recorded in 1905 in Nagasaki.
* Now the disease has wide spread in Japan except for Hokkaido.

« The amount of killed trees are decreasing but it is still most
serious disease in Japan.
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Predict how the spread of disease could be controlled by removal of pine
sawyers
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Detailed data on the population dynamics of pine sawyer beetles and the incidence of pine
wilt disease taken during 1980-1983 at a pine stand in Ishikawa Prefecture




DATA IN 1980-1983 BY TOGASHI

AEHKETD - O <Y RINEED

 Japanese black pine forest located at
the landward fringe of a littoral pine
forest at Oshimizu town, Ishikawa
Prefecture

Agricultural Field

19744E (24 & TR AR S N1
« Aincidence of pine wilt disease in the forest was first reported in 1974

AEMICHETE2L2TOHRERNIE. BFEORRIHATIZERE

 All dead trees were removed from the study stand before the start of adult
emergence to completely prevent the recruitment of pine sawyers

L7 O YMRTEEERDIRE EFRRAFT MM ITHONE

 The neighboring pine stand was subjected to the governmental effort to
eradicate



プレゼンター
プレゼンテーションのノート
1979年秋までは微害で抑えられていた
薬剤散布は調査地から200m離れている範囲に限る
隣接林で繁殖したカミキリが調査地に侵入していた
Beetles continued to reproduce in the neighboring stand, and some of them were presumed to immigrate into the study stand



DATA IN 1980-1983 BY TOGASHI

o NI X KBOFAEIL mark-recapture [Tk > THREHETHOT Y
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« Acensus of adult beetles was carried out by using a mark-recapture

method each week during June-September from 1980 to 1983 for all
trees in the stand
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 There wag a large variation in the number of

nematodef carried by beetles. The frequency
distributiop of nematode abundance within beetles

100-999,

did not sigpificantly change from change from year to 23%
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プレゼンター
プレゼンテーションのノート
野生のカミキリ密度はサンプリングを行うのに不十分だったため、線虫を持っていないカミキリが異なるマーキングをされて放された
Since the wild beetle density was too low to conduct direct sampling of the beetle population, additional nematode-free beetles that were distinctly marked were added to the stand to estimate accurately the wild beetle population
Togashiはカミキリが放されてから3週間で、ランダムに平均で7-38mの範囲で移動していることを明らかにした
Togashi found that the beetles underwent random dispersal and that average dispersal distance ranged 7-38m for each week during the first 3 week after release
一度に材線虫病を発症させるには一万匹以上の線虫が必要であったが、一度に不可能な場合は複数回の輸送が必要であった
Beetles carrying  >104 nematodes to induce pine wilt disease at one time, but otherwise more than two transmissions are required for infection
The average number of nematodes per beetle may be taken as constant
(the maximum number was 1.37*105), 








DATA IN 1980-1983 BY TOGASHI
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 Survival rate was estimated by the number of emerging adults divided by the
number of eggs deposited in each log
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- of bark surface [b.s.]), and the density of emerging adults of

(1 + O . O 6 SE ) the pine sawyer, 4 (no. adults/m? of b.s.). Experimental data

(solid circles) were fitted with a hyperbolic curve by using a
least-square method ( ).



プレゼンター
プレゼンテーションのノート
The number of eggs deposited by the pine sawyer per newly killed tree was estimated by counting the number of oviposition marks multiplied by the oviposition ratio



RESULTS IN 1980-1983 BY TOGASHI

Experimental property

Mean density of wild pine sawyers for June and July (m )}
Density of added nematode-free pine sawyers (m2)

Density of healthy trees in earl; June (no. pine trees/
Density of trees killed by late May of following
(no. pine trees/m?
density (no.
Average air t#mpur‘ltmn tnr TunH—Tul" “C
Average precipitation for June—July {n]_u:l.' )

T Mean of estimated beetle densities from the first day of their detection through the last census day 1n July.

e Let's make the models!!




MODELING

YD RRE T RN D HER
¢ (1) H t+1 — H t The probability that a pine tree escapes infection

o H, ' tEIZHITDEETY ORKBRE[IM?)
the population density of healthy pine trees in year t [/m?])

o PItEYEIZRITZHIXY) BEOEHEERREEIM?]
the average density of adult beetles during early summer in year t [/m?]

o o BUEGRZEERVCBELARKRESD Y O Y FHRER X gL AHME
e EERERL. EHEHBTED

the product of the average rate at which a pine tree gets infected by a unit
density of beetle per unit time and the period of maturation feeding

(1.e. the transmission efficiency that is assumed a constant)




MODELING

P

* Q)Hy = Hy — Heyq = {1 — e(_ocpt)}Ht

. I EO—ETRET 5TV OBEYEE

the density of pine trees infected by nematodes in year t

« H,  tFEIZBT LYY ORBBEE|M?]
the population density of healthy pine trees in year t [/m?]




MODELING
* (3) Pry1 = F(Py, H:)H;

o F(P,H,) #EAR—ALHDBERETDHIFRRE

the number of adult beetles that will emerge from a dead pine trees
next year (that depend on both P, and H,)

* (4) Py = (01— H)F(Pt:i{:)i']:

c OIEXRIZETDI NI F VKRR RRBFICHEEKRIREIZLSD)

excluded rate against pine sawyers by eradication efforts by insecticide or
removal of infected trees at the end of the year (0< 6 <1)




MODELING
- (5 F(P,, H;) = A(E)S

(no. adults/m” b.s.)
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Egg density (no. eggs/m2 b.s.)

c A BERBMNABRIELEYNOBRET O F)RREE

the emerging adult density per bark surface [no adults/m? b.s.]

c EtFICETIRKEMNEBELDLZYINEE
the egg density of pine sawyers in year t (no.eggs / m# of bark surface)

o SIXVY—KREEY ORKKRERE

the total area of bark surface per pine tree [no eggs/ /m? b.s.]




MODELING

e o AIFYDHELE ()
Sex ratio (female)
« K:AIHFVHERBOEHZFRENKRFERRN+2H 2 =155)

the average number of eggs that a female beetle can maximally deposit
when dead trees are extremely abundant

0.980SKP;

° (7) F(Pt) Ht) — S(a+m)+0.0650KPt




CO-RELATIONSHIPS OF EQUATIONS

year {+1

F(P, Hp H,

..{_ N —_
eradication

Fic. 3. Diagrammatic flow chart for the
population dynamics of host—vector association
in pine wilt disease. See Population dynamics
of host—vector association for the definition of
variables and functions. The dashed lines with
plus and minus signs indicate, respectively. pos-
itive and negative effects on the processes rep-
resented by the solid lines.




LET'S USE THE MODELS!!

( Equations

TaBLE 2. Estimated values of the parameters in the model.

Symbol Definition Value

The data
in
1980~83

K Maximum number of eggs 807
deposited by a female

o Sex ratio 0.487

S Area of bark surface per pine tree 2.4 m?

Q Transmission efficiency 7.7 m?

a 1/a 1s the oviposition efficiency 0.022 m~2

6 Eradication rate Various

' T Source: Togashi, 1989

e Evaluate the effect of eradication

 Find the relationships among the parameters with
changing various constants




BOUNDARY CURVES FOR SUCCESSFUL
INVASION (UNDER THE VARIOUS 6)

FiG. 6. (a) Boundary curves for the successful invasion
of the I:u:u: sawyer in the (5, P,) plane for various values of
#. H, and F, are the initial -iEﬂ-:ltit-.- of healthy pine trees and
beetles, respectively. On the right side of each curve, the
beetle density zes the next year, while on the left side
it decreas o 0.95, the threshold pine density is in-
dicated by ) ] “i.'h.[l"h 1'.1.1f'-1.-:i-:1ﬂ I:If' -:1i-"5-"a= fails at any

se of :11-;# ase in the subsequent years where
te # 15 assumed to be 0.956 (open circles Iau-:’l
0.91 (solid circles)

@® :6=091

* On the left side of the boundary — the beetle density declines in the next
year

* As 6 approaches 1, the region of unsuccessful invasion increases in an
accelerated manner

e Larger Py is, larger H, is required both for maturation and oviposition



INITIAL AND FINAL
PINE DENSITY

 Various 8 (upper) and P, (lower)

0.4

High H, helps oviposition

Ey=1}

‘ (0025
—causes low H | s ﬁ

—necessity for higher 6

At a relatively large value of H,, a
slight decrease in P, results in a
dramatic increase of eventually ~ Uif{l e
surviving rates

FiG. 7. The relationship between the mitial pine density
H; and the ratio of the final density of healthy pines to the
mnitial pine density, H:/H, for varying values of #§ and P,. (a)
P, 1s fixed as 0.03; (b) 0 15 fixed as 0.9.




POPULATION DYNAMICS OF
PINE TREE AND BEETLES

 (a) means population pine trees and
(b) means pine sawyers in various 6

* H, when 6=0.9 is very close to the
actual density

* 6=0

— P, increase explosively in 2 years
U 7!
1980 71085 199() 1905

— H, decreases rapidly to 0 in 3 years Year

Fie. 5. Population dynamics of (a) pine trees and (b) pine

sawvers from 1980 to 1996. Observed data from 1980 to 1983

milated curves with 6 1980 and # = 0.96

for 1981 and 1982 ( ; numerical results from the model

for B = 0, 0.85, 0.9, and 0.95 (———); healthy pine density
observed in 1996 ().




APPLICATION OF THE MODEL
TO INDEPENDENT DATA

 Let's see the utility of this model!

— |t was applied to data in lbaragi
Prefecture

 Almost same!!

* Due to the difference in forest
conditions or the method used to 1978 1979 1980 1981 1982 1983
count beetles Year

F-:_ Thu 1nc l'll-lﬂl._i.:" of p111n w ilt disease in a Japanese

‘lun nd ir Bl thu present model. F"inmptnr are LhG sen as R
= 80,0 =048, §5=94 o« =37 a= 031




DISCUSSION

* We cannot use the o« as a constant
* The beetles activity
* number of nematodes per beetle make o« cange
* the susceptibility of the pine tree

T make them change
« Temperature, precipitation, soil condition, air pollution, and so on

e “The studies are under way towards these goal!!”
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