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Introduction 
Since the early 1980s, an epidemic forest disease, Japanese Oak Wilt (JOW), has been spreading from 
coastal areas along the Sea of Japan to the interior of Honshu island and has been devastating huge 
areas of forests by killing an enormous number of oak trees in urban fringe mountains, gardens, and 
parks. The disease is caused by a fungus, Raffaelea quercivora, and is spread by the vector beetle, 
Platypus quercivorus (Coleoptera: Platypodidae). On the thorax of female P. quercivorus, are several 
holes, so called mycangia, where several species of yeasts are kept as the beetles’ food. Together with 
such yeasts, the pathogenic fungus R. quercivora exists in the mycangia and is thereby transferred to 
the next tree. The spreading pattern of this disease is, therefore, determined by the searching and host 
preference behavior of the vector beetle. To control epidemic spreading of JOW, it is essential to 
understand the spread dynamics of JOW in infected trees. The object of this study was to analyze the 
spread dynamics of JOW in infected trees in relation to the host selection behavior of vector beetles in 
a stand. 

Materials and Methods 
Study Site 
We have been studying the spreading pattern of this disease at a nearby low elevation mountain (109 
m, 35°01´N, 135°47´E) in Kyoto city. The experimental site established at the mountain in the spring 
of 2009 is 1.36 ha and involved 288 living oak trees (Quercus serrata Murray) with DBH ranging 
from 10 to 90 cm.  
 

Categorization of Host Damage  
Based on the quality of frass produced from beetle tunnels, the density of beetle attacks (= number of 
entrance holes per given area of trunk surface), exudates from the trunks, and symptoms (alive or 
killed, and if killed, which year it was killed), we diagnosed the damage of each tree and classified the 
different levels of damage into seven categories (Cat.) (table 1).     
 

Spatial Relationships Between Two Categories of Trees 
To examine if the trees attacked by P. quercivorus in a given year influenced the occurrence of newly 
attacked trees in the following year, we analyzed the overlap between the trees attacked in 2009 and 
those newly attacked in 2010 using Iwao’s m-m* method (Iwao 1977). When the individuals 
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Table 1—Categorization of host trees based on their damage history 
Boring attack in Condition in Category 

2009 2010 October 2010 (Cat.) 
+ + Alive I 
+ + Dead II 
+ - Alive III 
+ - Dead IV 
- + Alive V 
- + Dead VI 
- - Alive VII 

 
belonging to species X and Y are distributed over the same space, the mean crowding on sp. X by sp. 
Y can be given by        

       
and mean crowding on sp. Y by sp. X by 

        
where xXj and xYj are the numbers of individuals of sp. X and sp. Y in the j quadrat respectively, and 
Q is the total number of quadrats contained in the whole area. The mean crowding within each 
species is denoted by  

   and  . 
 
Then, as a measure of the degree of spatial correlation or the degree of overlapping relative to the 
independent distributions, we have 
 

  or    
where the value ω changes from its maximum of +1 for complete overlapping, to the minimum of -1 
for complete exclusion. In this method, we calculated the ω value as an index of spatial overlapping 
of two categories of trees while changing the unit size from 25 m2 to 625 m2 (Iwao 1972). 
 

 
 
The Densities of Beetle Holes on the Stems of Host Trees  
To estimate the number of beetles visiting each host tree, the densities of beetle holes on the host 
stems were compared among five categories of trees. We also examined the density of beetle holes in 
relation to the distance from the trees of Category III.  
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Results and Discussion 
Disease Spreading in the Stand  
There were 288 trees in the spring of 2009. Then in June and July 2009, 177 trees were attacked; 111 
trees remained without attack. Among the 177 trees attacked, only 10 trees were killed and the 
remaining 167 trees survived. In the following year, 2010, 113 (67.7 percent) of 167 trees that 
survived the 2009 attack were re-attacked, while the other 54 trees avoided the attack. 

Among 111 trees that avoided the attack in 2009, 103 trees (92.8 percent) were newly attacked in 
2010. So, only 8 trees remained free from Platypus attack over 2 successive years. Thus, the 
probability of being attacked in 2010 was markedly lower in the trees that had survived the attack in 
2009 (67.7 percent) than those not attacked in 2009 (92.8 percent). 

  

Spatial Relationships Between Two Categories of Trees  
As shown in fig. 1, the distribution of a group of trees (Category III) that had survived beetle attack in 
2009 and avoided the attack of 2010 did not overlap the distribution of the trees newly attacked in 
2010 (Category V, VI). On the other hand, the distribution of Category I trees that had survived the 
attack in 2009 and were reattacked in 2010 overlapped the trees that were newly attacked in 2010. 
Iwao’s m-m* analysis revealed that the trees newly attacked in 2010 (Category V, VI) were spatially 
segregated from the trees of Category III at the quadrat sizes of 100 m2 and 225 m2 (fig. 2). Thus, 
beetles of P. quercivorus seem to be repelled from the trees of Category III, and are thereby 
segregated from the trees newly attacked in 2010.  
 

 
Figure 1—Distribution of the trees newly attacked in 2010 (Category V and VI) and those that had 
survived beetle attack in 2009 and were re-attacked (Category I) or avoided the attack (Category III) 
in 2010. 

The Densities of Beetle Holes  
As shown in fig. 3, the density of beetle holes on the surviving trees, such as those in Cat. I and III, 
were significantly lower than those on the stems of dead trees (Cat. II and VI). This suggests that the 
density of boring attack affects host survivability. More importantly, Platypus beetles seem to select 
host trees, preferring the trees of Cat.II and VI, while seeming to be repelled by the trees of Cat. I and 
III.  
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Figure 2—Spatial overlapping between the trees newly attacked in 2010 (Category V, VI) and the 
trees that had survived beetle attack in 2009 and were re-attacked (Category I) or avoided the attack 
(Category III) in 2010. 

 

 
Figure 3—The density of beetle holes made on the stems of five categories of trees.  
For categories see table 1. 
 

We also examined the density of beetle attack in relation to the distance from the trees of Category 
III, and found that the density of beetle attack was lower within a 5 m radius around the trees of 
Category III than that of the outer area, suggesting the lower flight frequency in the vicinity of the 
Category III trees. The trees that exuded sap were mainly found among the trees surviving the beetle 
attack in 2009, such as those in Category I and III.  

From these findings we hypothesize that there are some differences in resistance against the attack 
of P. quercivorus beetle among oak trees in a stand. Resistant trees may survive the first attack of the 
beetle and then release some repellent from the trunk and thereby escape the following attack.   

Acknowledgments 
We thank Dr. H. Barclay, a visiting professor from Pacific Forestry Centre, Victoria, BC, Canada, for critical 
reading of the manuscript and linguistic correction. 



GENERAL TECHNICAL REPORT PSW-GTR-240 
 

130 

Literature Cited 
Iwao, S. 1972. Application of m-m* method to the analysis of spatial patterns by changing the quadrat size. 

Researches on Population Ecology. 14: 97–128. 
Iwao, S. 1977. Analysis of spatial association between two species based on the interspecies mean crowding. 

Researches on Population Ecology. 18: 243–260. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


