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Bark Borer (Senαmotus Japonicus LACORDAIRE) and the 

Population Dynamics by Setting the Bark Borer Free in a Cage 

By  

Kazutaka KATO"、 andKaichiro K八WAMURN"

Summary : 'The releasing test to s818ct a candidate c10ne with resistance to the bark 

borer， was conductcd in a Resting cage planted with 47 clones at Kansai Breedin百 Officc，

Forest Breeding Institute and we investigated the clonal variations on rcsistance of Sugi 

(Cryptomeriαlα~pon~cα) and population dynamics of the bark borer during the period 

from April 1991 to April 1992. There were clonal variations concerning the number of lar 

vae boring in the bark】 thcboring ratio in the sapwood， ratio forming pupal chamher 

and so on. Furthermore， significant differences were also observed concerning the fresh 

weight of newly-emerged adults and borcd length of the sapwood. In July 1991， as 

Dαsychirααrgentαtαinfcsted hcavily all samplc trees， there were only two clones in 

which pupal chambers were not formed by the bark borer， and general resistivity was 

also at a low level 

The relative growth rate for each sampl8 tree was negatively correlative to both the 

numbcr of larvae boring in the bark and furming pupal chamber， and negative correla 

tion was also obtained between the number of larvae boring in the bark and fresh 

¥.vm百htof newly-emerged adults for each sample tree 

In comparing the sexes of the bark borer， not only the mean fresh weight of female 

adults but also the mean bured length 01" female larvae wcrc supcriur to thu配 ufmales 

Rased on these results， we discussed the characteristics of the Sugi clones and popula 

tion dvnamics of thc bark borcr. 

Introduction 

1-15 

The cryptomeria bark borer， Semαnotus }αponicus LACOHDAIHE (Coleopt巴ra

Ceram bycidae)ー iswell-known insect as one of thc most serious pests against this tree 

in Japan. At thc Kansai Br巴edingOffice， Forest Tree Brceding Institute， a projcct to 

find a resistanl trec against the bark borer has been conduct日dsince 1984. This proj巴ct

is divided into three strategies: Pin pricking test (simpl巴 test)， r巴lcasc tcst (thc firsl 

test) and inoculation test (the second test). The simple test has be done to select candi 

date tr巴巴swith resistance to thc bark borer from the trcos in th巴 forest. local cultivars 

and plus tree clones by pin pricking tr巴atment'). Sinc巴 1991the release test has been con-

ducted to find candidatc trccs morc procisoly by sctting thc bark borers free in a cage 

planted with the trees pass日dsimple lest and after the rcloasc test， the inoculation test 

of hatching larvac is going to carry out at the stem of the trees 

(1) (2) Kansai Br日edingOffice 



-2 林木育種センター研究報告第11号

Though a few 'th巴 firstsemi-t巴st'were examined3)， population dynamics of the bark 

borer were not investigated. To investigato the dynamics is a very important study for 

confirming reproductive strategy of the bark borer more clearly b巴cause th日re1S no re 

port on the dynamics of the bark borer in inf白日tingpreviously non-infestod tre巴s.

In this paper we report on the clona1 variation against the resistance to th巴 bark

borer and the popu1ation dynamics of the bark borer. 

n Materials and methods 

Fi巴ldcolloctions and observations were carried out at the Kansai Breeding Office 

For roleasing bark borers， nesting cage (I5m 10ng X 6 m broad X 5 m height) was estab-

lished in a field. A tota1 of 47 Sugi clones which were 7 -year-01d grafted trees were se-

lected for the study and wero plant巴d in the cage from March to Apri1 in 1990 

N um ber of p1anted trees w巴rethree ramets for each 46 clone， two ramets for one clone 

and 140 trees in total. Planting mothod followed '1'he first tost Guidanc巴 forresistant 

tree breoding against the bark borer'Jl 

1¥ ew ly-emerged ad ults w巴re collect日d from cages containing logs infestod by the 

bark bor巴rsin the previous year or from infested trees banded in the fi巴ldby using band-

trapping method5
) during the period from late March to early April in 1991. In mid-

April， heights of all sample tre日日 wer巴 measur日dand 70 pairs of adults were re1eased 

in the nesting cage. Since number of eggs tored in fema1e adults was corr巴1ative to 

their fresh woight'l， female adu1ts whose fresh weight was 1ess than 0.10g were not used 

for this tr巴atment.

All sampJe trees were cut down and their heights and DBH was mcasured fr口m

October to D巴cemberin 1991. Number of 1arvae boring in the bark and the sapwood， 

and forming pupa1 chambor in each sampJe trωwere counted， and furthermore， bored 

l巴ngthof larvae at the bark and the sapwood were measur巴d. Sample treos in which 

pupal chambers were formed by the bark borer wer巴 coveredwith a polyethylene bag in-

dividualJy and tho巴mergedadults wer巴 coJl巴ctedfrom March to April in 1992 and imme一

diately weighed them on a microbalanc巴

m Results 

Mean heights and DBH of tho sample trees at the time of the cut down was 3.40m 

and 3.71cm， respectively. One sample tree CKobe 1) was dead before releasing the bark 

borer and fifty sample trees were dead because Dαsychirαargentαta inf ested hea vily all 

the samp1e trees in Jun巴 1991



スギカミキリ抵抗性 次検定(網室による放虫検定)から得られた 3 
スギ力ミキ 1)に士、Iするスギの抵抗性のクローン間差とスギカミキリの個体群動態

1. Clonal difference 

Table 1 shows total number of larvao boring in the bark， in the sapwood and form 

ing pupal chambor for cach clone. 1n only four clones (Hiroshimα 18， Okα.yamα61， 

Okα.yamα58 and Okαyαmα43)， th巴 number of larvae boring in the bark was less than 

10 in all ramets. Yalues of three characters on Table 1 wer巴 allsignificantly differont 

among the clones且t1% level. Number of larvae boring in th巴 barkwas not signifi-

cantly different b巴tw四 nthe sample tre巴splanted on the margin and those not on the mar-

gin Ct=1.69， P>0.05). Number of larvae boring in the bark for each clone was neither 

significantly corrolati.ve to the ratio of boring in thc sapwood CFig. 1， rニ 0.08，

P>0.05) nor ratio of forming pupal room (Fig. 2， r= -0.11， P>0.05) 

Table 2 shows mean bored length of larva巴 atthc bark and the sapwood， and mean 

ratio of boring in the sapwood and forming pupal cham ber for each clone. Mean 

bored length in the sapwood was shown for each sex. Mean ratio of boring in the sap-

wood for each clone was determined by dividing the larvae boring number in the sap 

wood by the larvae boring number in the bark and mean ratio of pupal chamb巴rforma 

tion was determin日d by dividing the larvae forming pupal chambor number by the 

larvae boring number in the bark. All values of the characters were significantly differ 

ent among the clonesεxcept for the mean bored length of female larvae in the sap-

wood. 

Table 3 shows number of the emerged adults and m悶 nfresh weight of them for 

回 chclone. The emerged adults w日renot all captured b巴causesome of th巴m escaped 

from the polyethylcne bag. The mean fresh weight of mal巴 adultswas not significantly 

different among the clones， while th巴 weightof female adults was significantly differ巴nt

among the clones目 1t was of grea t in tere呂tthat negative correlation was obtained for 

each sex among the clones between th日 meanfresh weight of adults and the mean bored 

length in the sapwood (r= -0.31 for male and r= -0.35 for female， P<0.05) CFig. 3) 
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Table 1. N umber of larvae boring in barks， num ber of larva日

boring in sapwoods and number of larvae forming 

pupal chambers fur each clon日ー

Clone l¥'umber of larvae boring of forming 

In barks In sapwood Pupa1 chamber 

Nishiikukijin 36 77 34 15 
Nishiikumαtsushitα2 71 51 12 

Hyougo 26 38 33 23 

Hyougo 27 57 48 48 

Hyougo 25 60 44 41 

Hyougo 24 82 60 28 
Hiroshimα19 22 14 13 

Hiroshimα18 17 10 l 

Hiroshimα17 49 32 19 

Hiroshimα16 27 17 

Hiroshima 12 42 29 17 

Hiroshimα9 64 24 15 

Hiroshima 6 27 24 20 

Hiroshimα5 55 45 25 

Hiroshimα3 40 20 5 

Hiroshimαl 28 22 15 

Okαyαmα65 31 11 8 

Okayαmα64 66 60 50 

Okαyαmα63 76 41 22 

Okαyαmα62 45 37 33 
Okαyamα61 11 7 
Okαyαmα60 24 16 8 
Okαyαmα59 32 22 4 

Okαyαmα58 11 10 7 

Okαyαmα57 23 3 

Okαyαmα51 52 27 14 
Okαyαmα45 57 16 34 

Okαyαmα43 8 7 
Okαyαmα41 63 12 
Okayαmα38 33 17 

Okαyαmα33 50 15 27 

Okαyαmα32 日l 71 20 
Okαyαmα31 63 13 14 
Okayαmα30 38 20 10 
Okαyαmα27 43 24 18 
Okαyαmα23 29 24 16 

Okαyαmα22 29 20 12 
Okαyαmα18 40 27 3 
Okαyαmα17 57 48 42 
Okαyαηlα15 51 36 30 
Okαyαmα13 43 20 10 
Okαyαmα9 57 32 6 

Okαyαmα8 43 35 21 

Okαyαmα7 70 36 3 

Okαyαmα3 37 29 33 

Shinngu 4 62 31 21 

Kobe 52 37 20 

F 2.27 * * 2.26 * * 2.15 * * 

1: only onc ramet 

* * significant at 1% level 
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Table 2. Mean bored length at the bark， mc乱n borcd lcngth at thc 

sapwood and mean ratio of boring in the sapwood and 

forming pupal cham ber for each clone 

Clone Ratio (%) 

In sapwood Pupal room 

Nishiikukijin 36 

Nishiikumαtsushitα2 

Hyougo 26 
Hyougo 27 
Hyougo 25 
Hyougo 24 

Hiroshimα19 
Hiroshimα18 
Hiroshimα17 

Hiroshimα16 
Hiroshimα12 

Hiros!即日 9

Hiroshimα6 
Hiroshimα5 

Hiroshima 3 
Hiroshimα1 

Okαyαmα65 
Okαyαmα64 
Okαyαmα63 
Okαyαmα62 
Okαyαmα61 

Okαyαmα60 
Okαyαmα59 

Okαyαmα58 
Okayamα57 
Okαyαmα51 
Okαyαmα45 

Okαyαmα43 
Okαyαmα41 

Okαyαmα38 
Okαyαmα33 
Okαyαmα32 
Okαyαmα31 
Okαyαmα30 
Okαyαmα27 
Okαyαmα23 
Okαyαmα22 
Okαyαmα18 
Okαyαmα17 
Okαyαmα15 
Okαyαmα13 

Okαyαmα9 

Okαyαmα8 

Okαyαmα7 

Okαyαmα3 

Shinngu 4 

Kobe 

Llcan Icngth (cm) 

A t the bark A t the sapwood 

Male Female 

12.4 58.4 64.2 

13.2 62 

7.8 53.7 63.5 
16.9 34.3 108 
7.8 40 48.4 

10.0 51.7 41 
8.9 55.6 76 
7.2 
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Nishiikukijin 36 

Nishiikumαtsushitα2 
Hyougo 26 
Hyougo 27 
Hyougo 25 

Hyougo 24 

Hiroshimα19 

Hiroshimα18 

Hiroshimα17 

Hiroshima 16 
Hiroshima 12 

Hiroshima 9 
Hiroshimα6 

HiroshimαB 
Hiroshimα3 

Hiroshimα1 

Okαyαmα65 

Okαyαmα64 
Okαyαmα63 

Okayama 62 

Okαyαmα61 

Okαyαmα60 
Okαyαmα59 

Okαyαmα58 
Okαyαmα57 
Okαyαmα51 
Okαyαmα45 

Okαyαmα43 
Okαyαmα41 
Okαyαmα38 

Okαyamα33 
Okαyαmα32 
Okayamα31 
Okαyαmα30 

Okαyαmα27 
Okαyαmα23 
Okαyαmα22 
Okαyαmα18 
Okαyαmα17 
Okαyαmα15 
Okαyαmα13 
Okαyαmα9 
Okαyαmα8 

Okαyαmα7 
Okαyαmα3 

Shinngu 

Kobe 11 

2.00 * * 

1: only one ramet 

ns: not significant 

本* significant at 1% level 
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2. Factors affecting relative growth rate of the sampl巴 trees

Though num bcr of larvae boring in the bark w且S n巴ithercorrelativc to thc mcan 

ratio of boring in th巴 sapwoodnor forming pupal chamber (Figs. 1 and 2)， the number 

of larvae boring in the bark was significantly correlative to relativc growth rate of th日

samplc trees CKendall's T =-0.22， P<0.05)(Fig. 4). The relative growth rat巴 wasdeter 

mined by dividing the sample tree height at the time of cutting down by thc 日amplc

trcc height at thc timc of r巴leasingthe bark borer. The relative growth rat日 wasalso sig 

nificantly correlative to the nUl;nb巴rof larvac forming pupal chambcr (K日ndall's T 二

一0.38，P<O.Ol) (Fig. 5) 

3. Sexual difference of the bored length at the sapwood 

Since mean fresh weight of femalc adults of thc bark borer has be巴nsuggcstcd to 

bo larger than that of male adults6
)， it can b巴 consideredthat bored length in th日日ap

wood by female larvae should bc longer th且n that by malc larvae. Table 4 shows 

mean fresh weight fo了 eachsex of newly-emerged adults and the mean bored length. 

Significant differences were obtained not only betwcon mean frcsh weight of femal巴

adults and that of male adults but also betw巴巴nmcan bor巴dlength in th巴 sapwood by fe 

male larvae and that by male larva白 Butcomparing with each scx， significant differ-

cnce wa日 not obtained betw巴巴nm巴anfresh weight of the adults and mean bored length 

at the sapwood for both s日xes(Kendall' sτ= --0.07 for males and τ二 0.04 for fe-

males， P>0.05)(Fig. 6) 

4. Relationship between the number of larvae boring in the bark and fresh weight of 

newly-emerged adults 

R日lationship between the num ber of larvae boγing in the bark and mean fresh 

weight of th日 emergedadults for each sample tree was illustrated on Fig. 7. For both 

scx日s，mean fr日shweight of the emerged adults was negatively correlative to th巴 num

ber of larva日 boringin thc bark CKendall's T -0.19 for males and τ= -0.16 for fe 

males， P<0.05). 
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Table 4. Mean frcsh weight of adults and mean bored length at 

sapwood for each sex of the bark borer 

Mean bored length at sapwood 
(cm :t S.D.) 

Mean fr8sh weight of adults 
(g士 S.D.)

コ
40.4士12.9

つ
0.13:t0.04 t 

4.87 * * 

* *: significant at 1 % level 

46.7士15.4
7.68 * * 

O.20:tO.06 ♀ 
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IV D iscussion 

It has been well known that resistivity of 8ugi against the bark borer is very differ 

ent among cultivars. 80 in the field， it is probable that a 8ugi tr巴巴 with resistance to 

th巴 bark borer 巴主lStSm som巴 proportion. Our results sugg巴stthat th白rear巴 clonal varia 

tions of the sample trees concerning the number of larvae boring in the bark and the sap-

wood， forming pupal chamber， the mean bored length at the bark and th日 sapwood，

and the mean ratio of boring in the sapwood and forming pupal chambers (Tables 1， 2 

and 3)， and some clones (Hiroshimα9， Okα.yamα15 and so on) are considered to hav巴

a strong resistance to the bark bor巴rbecause the mean ratio of pupal chamber forma 

tion is showed low lev巴ls(Table 2) 

However， as the mean bored length in the sapwood for female larvae is not signifi-

cantly differ日ntamong the clones (Table 2) and also mean fresh weight of male adults 

is not among the clones (Table 3)， th日目巴 components may be influenced more strongly 

by other factors， for example number of larvae boring in the bark (Fig. 7)， rather than 

the clones of the host tree. Our interest is rath巴rin the result of th巴 negativecorrela-

tion of Fig. 3目 Ingeneral， it is assum巴dthat positive correlation should be obtained be 

tween th巴 meanfresh weight of adults and the mean bored length in the sapwood， but 

in fact the results showed a negative correlation. We must make clear whether the nega 

tive correlation is caused by clonal charactcristic or not. 

Both number of larvae boring in the bark and the number of larvae forming pupal 

cham ber are n巴gativelycorr巴lativeto the relative growth rat巴 ofthe host trees (Figs. 5 

and 6) though number of larvae boring in th巴 barkwas neither correlative to the ratio 

boring in the sapwood nor forming pupal cham ber (Figs. 1 and 2). This fact demon-

strates that th巴 en巴rgeticcost for defending the larvae decr巴asesthe relative growth of 

the host tree， so we must thus select th日 clonesto have not only resistance to the bark 

borer after boring but characteristics to prev日ntoviposition by the bark borer . 

As shown in Table 3， mean bored length at the sapwood by female larvae is longer 

than that by male larvae. This result suggests that female larvae do more serious dam-

age to host trees. Though length of pupal cham ber is not measured in this study， the 

l巴ngthby femal巴 pupawill b巴 alsolonger than that by male pupa巴 becauselength of 

pupal chamber is considered to be correlative to tho size of pupae. 

For female adults of the bark borer， it is not profitable to bore with too many lar 

vae into one host tree bccausc tho fresh weight of adults is corr巴lativeto th巴 numberof 

larvae boring into barks (Fig. 7). This is especially important for female progeni田 be-

cause number of eggs stored in them is correlativ巴 tothe fr巴shw巴ight of them CIt， 

1992). 
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Accordingly， our results suggest that there are clonal differ白nces concerning the 

resistivity against the bark borer and the population dynamics of it. However our ob 

]巴ctto find the Sugi clones which have perfect resistance to the bark borer， that is， the 

ratio of boring in the sapwood of 0%， has not been achieved in this test and the popula 

tion dynamics of the bark borer are not yet sufficiently clear， so further observations 

will be needcd 
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スギカミキリ抵抗性一次検定
「

hu

スギカミキリ抵抗性一次検定(網室による放虫検定)

から得られたスギカミキリに対するスギの抵抗性の

クローン間差とスギカミキリの個体群動態

加藤一隆111・河村嘉一郎12}

1991年4月から1992年4月にかけて，林木育種センター関西育種場に設置された網寮内においてスギ

カミキリ抵抗性候補木45クローン，精英樹2クローンを用いて今次検定を行い，スギカミキリに対する抵

抗性のスギのクローン間差およびスギカミキリの動態を調奇した。その結呆，スギカミキリ幼虫の穿孔

数，辺材部穿孔率，踊5f.:形成率などにクローン間差がみられたが，さらに羽化成虫の生体重や辺材部穿孔

長にも同様に差が認められた。 1991年の 6月には検定網室内に大量のハマキガが発生したために樹勢が

衰え，踊室形成率ゼ、ロのクローンは 2つしか得られなかった。

試験木の相対樹高生長率は，幼虫の穿孔数と踊宗形成数に対して負の相関を示し，幼虫の穿孔数の多い

試験本からは生体重の小さい成虫が得られた。

スギカミキリの雌雄での比較を行うと，生体重も辺材部穿孔距離も雌の方が大きかった。

考察では，これらの結果を踏まえてスギのクローン特性とスギカミキリの個体群動態について検討を

行ってみた。

(1) (2)林木育種センタ一関西育種場


