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Abstract

Theprogressofremotesensingtechnologyhasmadesignificantcontributionstovarious

fieldsinlandusemanagement,suchasfOrests.Thegreatadvantageofsatelliteremote

sensingdata,suchasLANDSATTM,isthatitcanbeobtainedonaregularbasisat

relativelylowcost.Inseveralcountries,remotesensingdataisalreadybeingusedto

dealwithactualfOrestmanagementproblemslikeinsectoutbreaksandforestdecline.

Inthem可orityofthesecases,vegetationindex(VI),whichisgreatlyloweredbyinsect

defoliation,wasusedfOrtheseanalysesbecausefOliagequalityandquantitygreatly

innuencefOrestspectra.Becausethereareavarietyoffactorsthatcouldpossibly

innuenceVI,itisnecessarytoinvestigategroundtruthdatatoinvestigatecausalfactors
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whenthemeanVIvaluefbralargeareaislowerthanstatisticsrecordedinthepast.

Possiblecausesotherthaninsectdefbliationinclude:decreaseoffbrestedareaby

cuttingorbuming,increaseinthepercentageofweakordied-backtrees,andequivalent

deteriorationofindividualtrees.Howeveritwouldnegatethevalueofremotesensing

tocollectgroundtruthdatafbreachandeverypixelinthetargetarea・Therefbre,the

developmentofmixelanalysistechnologyinconjunctionwithgroundtruthdatawill

becomeanextremelyimportantkeytomonitoringoffbresthealthviaremotesensing

data

1.Introduction

hsectsanddiseaseannuallyclaimanestimatedmorethanlmillionm3ofwoodvolume

fromJapaneseForests[1].Thesetimberlossesaffectboththefbrestryatresource

managementlevelandwoodlandconservationatlevelsofenvironmentprotectionand

oflandpreservation.Forestershavetraditionallyreliedonaerialphotography,aerial

sketchmapping,andgroundsamplingtechniquestomaintainandupdatetheirfbrest

inventoryrecords.Theseinventorytechniquesarecumbersome.Theprogressof

remotesensingtechnologyhasmadesignificantcontributionstovariousfieldsinland

usemanagement,suchasfbrests.Therapidimprovementofcomputertechnology

makesitpossibletohandlelargeamountsofdata,andGISsoftwaregreatlysimplified

landscapemanagement,asthecapabilitytooverlaymanykindsofdatasetsenables

scientiststomonitoralargeareaofterrain.Thegreatadvantageofsatelliteremote

sensingdata,suchasLANDSATTM,isthatitcanbeobtainedonaregularbasisat

relativelylowcost.hafieldoffOrestpestmanagement,remotesensingdatais

alreadybeingusedtodealwithinsectoutbreaksanddiebacks.Severalattemptshave
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beenmadetodetectfbrestdeclineoverperiodsofyearsviastatisticalanalysisoftime

seriesdatasetsofthesametargetarea,suchasLANDSATTMdata.Inthemajorityof

thesecases,vegetationindex(VI)wasusedfbrtheseanalysesbecausefbliagequality

andquantitygreatlyinfluencefbrestspectra.Insectdefbliationisoneofthefactors

thatgreatlylowerVI｡SuchanextremedecreaseinVIisatemporalphenomenon,but

vegetationindexisstillbelownonnallevelsintheyearsfbllowingseveredefbliation

becausefbliagedecreasesandrelevantnitrogendeficitsbothprecipitateadecreasein

thechlorophyllcontentsoffbliage,resultinginalowerVI.Secondarypestssuchas

barkbeetlesattacktrees,therebycausingarecognizablechangeinleafspectraofthese

trees,butreflectanceofinfraredradiationhadalreadydecreasedbefbretheonsetof

beetleattacks,showingthatthesetreeswerealreadyinaweakenedstate.Naturally,if

largeamountsofvegetationaredecimatedduetodiebackorharvesting,thiscausesa

tremendousdecreaseinVI,andrecoveryisquiteslow.

2.InsectDefOliationandVegetationlndex

2.1TypeoflnsectDefOliators

Insectdefbliatorsinclude:chewinginsectssuchasLepidoptera･Coleopteraand

Hymenoptera,andsuckingorgall-fbnninginsectssuchasHempteraandDiptera.

sawflies(Hymenoptera)andmothcaterpillar(Lepidoptera)arethemostpopular

defbliatorsamongstthem.Someoftheseoutbreaksareknowntooccurperiodicallyor

quasi-periodically,withintervalsof8-llyears(beechcaterpillar,Sy"り伽加p""αqre"α

[2];larchbudmoth,ZE"αp/zemd加iα"α[3];autumnalmoth,EPirr"αα“"""α"[4];

Douglas-firtussockmoth,Orgympsel"ﾉ""gfzm[5]);30-40years(sprucebudwonn

c加廊SrO"el"-α血加推、"α[6]).
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observedinthenaturalbeechfbrestsfacingsoutheasternslopeofMt.Kushigaminein

Hakkohdamonuntains,AomoriPrefecture[101.Thebeechcatelpillarreached

outbreakdensity,and280hectaresofbeechfbrestswerecompletelydefbliatedAugust

1982(Fig.la).Itwasextremelyhotanddryinthesummerofl984.Conspicuous

diebackstaltedthissummerandcontinueduntill987.Thedie-offareaspreadsca.100

hectareswithvolumeofca.10,000cubicmeters(Fig.1a)．Withinthisarea,47%of

individualtreeswerekilled,21%weresuffereddamagesontrunkwithconspicuous

decreaseinfbliage,20%decreasedtheircrownfbliagewithoutnodamageontrunk,no

conspicuouschangewasfbundononly9%ofindividualtrees.
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InsectDebliationinl982

Fig.11Dcationofdefbliatedfbrestbythebeechcatelpillar,

Sy"I)pis"sp""αα花"α,anddie-offfbrest:

(a)amapdrawnbyagroundtruthdata,

(b)agray-scaleimageofLandsatTMdata(band4).
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2.4DetectionoftheDie-offbyLandsatTMData

ALandsatTMdataobservedinJunel985wasusedfOranalysisofthedied-offbeech

fOrestsinHakkohdamentionedabove[ll,12]・Renectanceofband4(0.83.m)in

died-offareawaslowerthanthatofsurroundingbeechfOrests,andthedifferencewas

statisticallysignificant(p<0.0001,ANOVA)(Fig.2).Died-offareawasclearly

differentiatedfromthesurroundingbeechfOrestsbygray-scaledimageprocessedbythe

renectanceofband4(Fig.lb).
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Fig.2RenectanceofBandl,4,and5ofLandsatTMdataofdie-offarea(bottom)

andthesurroundingbeechfOrests(upper).

2.51nsectDefbliationandSubsequentDeteriorationofFoliageQuality

InsectdefOliationusuallydeterioratesqualityoffOliageinthefOllowingseasons;1.e.

decreaseinfOliarnitrogenandincreaseinfOliarphenolics[13,141.Becausemostof

thefOliarnitrogenisusedinchloroplasts,colorofindividualleavestumsbrightergreen.
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WeightoffOliageperindividualtreealsobecamealmosthalfintheyearfbllowing

insectdefOliation.Thisdecreaseinweightwascausedbydecreasesinbothareaand

LMA(leafmassperarea)ofindividualleaves.TheSeinnuenceSareStrongonclimax

plantspeciesand/orplantslivinginenvironmentswithlownitrogenavailabilitybecause

thesedeteriorationsafterinsectdefOliationsal℃closelyl℃latedtonitrogendeficitatan

individualtreelevel[14].Ittakesmol℃thanthreeyearsfOrtheSiebold'sbeechto

recoverfOliarnitrogenlevelfromthedamageofcompletedefOliation[15].

3.Die-OffCausedbyMicroorganismsAssociatedWithlnsectVector

3.1PineWiltDisease

APinewiltdisease,whichiscauSedbypinewoodnematode(B"『sap/iele"cID"s

xylOp〃"IJs)carriedbyCeranbycidbeetles(Mo"oc/I"""spp.),iSoneoftheserious

fOrestpestsinAsiancountries[16].hJapan,thevolumeofpinekilledbythispest

exceedsamillioncubicmeterseveryyear.Japaneseblackpine,Japaneseredpine,and

someotherpinespeciesoriginatedinAsiaaresusceptibletopinewoodnematode

althoughthosefromNorthAmericaareresistant.

3.20akDeclineandLeafRenectance

OaKdeclinebecameanotherseriousfOrestprobleminJapan.Itisprovedthata

pathogenicunknownfUngusassociatedwithanambrosiabeetle(PI"""9脚〃cﾊﾉo『“

(Murayama))isrelatedtothisdecline[17]・Thispathogenicfimgusdidnotbelongto

theknowngenus.Anambrosiabeetleisatypicalsecondarypestwhichcannotliveon

healthytrees.AmbrosiabeetlesareknownasagroupofColeopteraninsectswhich

cultivatespecificfUngifOrtheirfbodinsidetheirtunnels.Thesebeetleshaveaspecial

organ,calledmycangia,inwhichtheycaITythefUngitoanewhost・However,the
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unknownfmgusrelatedtothediebackisnotanessentialone.Itisspeculatedthatthe

pathogenicfungilefiatthetimeofinitialattacksoftheambrosiabeetlesgradually

weakentheoaktree,whichmakesmassattackoftheambrosiabeetlessuccessful.

Leafreflectanceofattackedandnon-attackedoaktreesweremeasuredbya

spectrummeter.Leavesoftwooakspecies,Q"erc"sserr"mandg.cr""/a,living

togetherinthesamestandinMt.Kariyasuyama,IshikawaPrefecture,weresampledon

3,Junel999.Adultbeetleshavenotemergedatthatmoment.Alltheentrance

holesofthisambrosiabeetlewereonesattackedthepreviousyear.Becauseapeak

reflectanceofinfiaredradiationat753nmseemedtobeinnuencedbyinsectattack,

effeCtsofinsectattack,treespecies,andtheirinteractionontherenectanceweretested

by2-wayANOVA・Boththeinsectattackandtreespecieshadasignificanteffecton

thereflectance,butnosignificanteffectwasfbundintheinteraction(Tablel).This

resultsuggeststhatleafrenectanceoftreesattackedbythebeetleswasweakerthanthat

ofnon-attackedtreesforbothtwooakspecies.

TablelEffectsoftreespecies(Q"erc"sserrα"α×g.cr""/a)andinsectattack

(attacked×withoutattack)onrenectanceofinfiaredradiationat753nm

(Two-wayANOVA).

SumofSquares FRatio DF Prob>F

Species 135960209 67．8091 1 ＜､0001

Insectattack 232661701 116.0382 1 ＜､0001

Interaction 1332225.1 0．6644 1 0．4174
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4.VariedⅥ:Whatareweseeing？

Naturally,iflargeamountsofvegetatiOnaredecimatedduetodiebackorharveSting,

thiscausesatremendousdecreaseinvegetationindex,andrecoveryisquiteslow.

BecausethereareavarietyoffactorsthatcouldpossiblyinfluenceVI,itisnecessaryto

investigategroundtruthdatatoinvestigatecausalfactorswhenthemeanVIvaluefOra

largeareaislowerthanstatisticsrecordedinthepast.Possiblecausesinclude:

decreaseoffCIestedareabycuttingorburning,increaseinthepercentageofweakor

died-backtrees,andequivalentdeteriorationofindividualtrees.Howeveritwould

negatethevalueofremotesensingtocollectgroundtruthdatafOreachandeverypixel

inthetargetarea.TherefOre,thedevelopmentofmixelanalysistechnologyin

coIUunctionwithgroundtruthdatawillbecomeanextremelyimportantkeyto

monitoringoffOresthealthviaremotesensingdata.

Refrences

[1]ForestryAgencyJapan,"WhitepaperofSylviculture''Tokyo,Japan:Ministryof

FinanceJapan,1998.(inJapanese).

[2]A.M.Liebhold,N.KamataandT・Jacob,@GCyclicityandsynchronyofhistorical

outbreaksofthebeechcaterpillar,Q""ricczIc"i/tm〃"c〃e"α(Motschulsky)in

Japan,''Res.Pop.Ecol.vol.37,no.1,pp.87-W,June,1996.

[3]W.BaltensweilerandA.Fischlin,"ThelarchbudmothintheAlps,''In:Dy"αmjcs

qfFわだ師肋“αP叩"jα肋"s.(A.A.Berrymaned.),NewYork,USA:PlenumPub.

Co,ch.17,pp.33I-351,1988.

[4]E.Haukima,S.Neuvonen,S.HanhimakiandP・NiemelaF6Theautumnalmothin

Fennoscandia,''In:Dy"α"@jcs〃仰resrl"secrP叩"jα伽"s.(A.A.Berrymaned.),

106



NewYork,USA:PlenumPub.Co,ch.9,pp.163-178,1988.

[5]R.R.MasonandB.E.Wickman,@4TheDouglas-firtussockmothintheinterior

PacificNorthwest,"In:Dy"""csQfFo"sr伽secrPOp"Iα"o"s.(A.A.BeITyman

ed｡),NewYork,USA:Plenum,ch.10,pp.18I-209,1988.

[61W.J.Mattson,G.A.SimmonsandJ.A.Witter,"Thesprucebudwonnineastem

northAmericat,''In:Dy"{z"csQfForesrl)zsecrPOp"Iα"o"s.(A.A.BeITymaned.),

NewYork,USA:PlenumPub.Co,ch.16,pp.309-330,1988.

[71N・Kamata,:GThebeechcatelPillar(Sy"Zypis"sp""αα彫"α),''In:Pesrsqf"α"ml

bro"""yedjbresrs腕ノapa".(JAFTAed.),Tokyo,Japan:ForestryAgencyJapan,

pp.IOI-I47,1997.(inJapanese)

[8]T.YanbeandM.Igarashi,:GOutbreaksofbeechcatelpillaranditsparasite

Co'のcq7s加""α"s,''ForesrPesrs(JIZpα"ﾉ,vol.33,no.6,pp."5-"9,June,1983.

(inJapanese).

[9]N｡KamataandY.Igarashi,@GSynchronouspopulationdynamcsofthebeech

caterpillar,Q"qdrjccJIccJriltrqp""crme"α(Motschulsky):rainfallisthekey.In:

Be/myjoJ"pOp"Iα"o"dy"αmjcsα"dco""oIQ"bres""secrs(F.Haine,S.M.Salom,

W.F｡Ravlin,T.PayneandK.F.Raffaeds.),Wooster,OH,USA:TheOhioState

University,pp､452-473,1995.

[10]N.Kamata,M・Igarashi,S.KanekoandF.Hishiya,･&Die-offofnaturalbeech

fOrestsobservedafterdefbliationbythebeechcatrerpillar,Q"αd"ccJIccJriltrq

”"αα彫"a(Motschulsky),''ForesrPesrs(JIZpα"ﾉ,vol、38,no.8,pp.144-I46,

August,1989.(inJapanese).

[ll]N.Kamata,:6ForestdamageassessmentbyLANDSATTMdata-beechfbrest

dyingafterdefbliationiIjuredbythebeechcatemillar,Q""drjccJIcα'．旅ra

107



p""αare"a(Motschulsky)(Lepidoptera:Notodontidae),''Pmceedj"gsQflO"ﾉ1

S)""p"""@qf､”α"eseSocjeZyqfFo'"",pp.513-514,October,1990.(in

Japanese)｡

[12]NKamata,(6Utilizationofsatellitedatafbrmanagementonfbrestdefbliators,''

血pα"eseJo""6JIQfRemoreSe"sj"g,vol｡10,no.3,pp.397-403,December,1990.

(inJapanese)

[13]N・Kamata,M.IgarashiandS.Ohara,｡GInducedresponseoftheSieboldisbeech

(F"g"sc"""qBlume)tomanualdefbliation,''J.FoKR".,vol.1,no.1,pp.I-7,

Febmary,1996.

[14]N.Kamata,"EcologicalcharacteristicsoftheSiebold'sbeech(Fag"c""αrα

Blume)andplant-herbivoreinteractions,''B"此"〃Q/r/JeSocjezyqfPopIJIα"o〃

EcoIogy,vol.56,pp.29-46,June,1999

[15]N.Kamata,M､IgarashiandS.Ohara,"DefbliationofFaguscrenataaffectsthe

populationdynamicsofthebeechcaterpillar,Q"αd"cLJIcL"旅γα”"αare"α,''In:

Dy"α""q//b'"rﾉ'e'bivo".･q""r/b'pα"er〃α"dp""c"Ie(W.J・Mattson,P.

NiemelaandM.Rousieds.),pp.68-85,U.S.F.S.Gen.Tech.Rept.,NC-183.

[16]Y・Kishi,WIepi"ewood"em"odeα"d的eJZzpα""epi"esqwy〃・Thomas,Tokyo,

Japan,1995.

[17]S.Ito,T・Kubono,N.SahashiandT.Yamada,｡6AssociatedfUngiwiththemass

mortalityofoaktrees,''J〃".For・Soc.,vol.80,no.3,pp.I70-I",August,1998.

108


