
 

   

 

 
  
   
  

   

 
 

 
 

  
  

 

   

  

    Ehartet 1:   
Patkxe Datk Deetneu anf Yqqf Dqtetu 
kn Mefktettanean Hqteutu qh Eankhqtnka                     

Ehtkutqrhet   J.     Hettki    

Abuttaet Ugvgtan spgekgs qh datm dggvngs (Cqngqpvgta: Cwtewnkqpkdag. Ueqnyvkpag+. 
apd vq a mwej ngssgt gzvgpv yqqd dqtgts (ptkmatkny Cqngqpvgta: Dwptgsvkdag apd 
Cgtamdyekdag+. atg eapadng qh eawskpg eqpkhgt mqtvankvy kp Ogdkvgttapgap hqtgsvs qh 
Cankhqtpka. U.U. Vjks mqtvankvy ks ap kmpqtvapv patv qh vjg geqnqgy qh vjgsg geqsys/ 
vgms. dwv vjg geqpqmke apd sqekan kmpnkeavkqps eap dg skgpkfieapv yjgp qwvdtgams 
qeewt. I tgvkgy vjg geqnqgy. kmpaev apd mapaggmgpv qh vjg mqtg pqvadng spgekgs. 
kpenwdkpg ygsvgtp pkpg dggvng. Dendroctonus brevicomis LgCqpvg. mqwpvakp pkpg 
dggvng. D. ponderosae Jqpmkps. Lghhtgy pkpg dggvng.  D. jeffreyi Jqpmkps. tgd vwtpgp/ 
vkpg dggvng. D. valens LgCqpvg. Cankhqtpka fi vgspkpgd kps.  Ips paraconfusus Lapkgt. 
pkpg gpgtavgt.  I. pini (Uay+. pkpyqp kps.  I. confusus LgCqpvg. fi t gpgtavgt.  Scolytus 
ventralis LgCqpvg. egdat datm dggvngs. Phloeosinus spp.. apd sgvgtan yqqd dqtgts. 

1:.1       Knttqfwetkqn 

Datm dggvngs (Cqngqpvgta: Cwtewnkqpkdag. Ueqnyvkpag+. a natgg apd dkvgtsg gtqwp qh 
kpsgevs eqpsksvkpg qh @772 spgekgs kp Pqtvj Cmgtkea (Yqqd  1;:4d+. atg eqmmqpny 
tgeqgpkzgd as kmpqtvapv dksvwtdapeg aggpvs kp eqpkhgt hqtgsvs. Yjkng sqmg 422 spg/ 
ekgs atg pavkvg vq Cankhqtpka (Yqqd  1;:4d+. qpny a japdhwn ks eapadng qh eawskpg vtgg 
mqtvankvy kp Ogdkvgttapgap hqtgsvs (Vadng  1:.1+. Vtggs qh ann spgekgs. aggs apd skzg 
enassgs may dg eqnqpkzgd apd mknngd. dwv gaej datm dggvng spgekgs gzjkdkvs wpkswg 
jqsv ptghgtgpegs. nkhg jksvqty vtakvs. apd kmpaevs. Fqt gzampng. sqmg spgekgs. swej as 
Ips. atg eqpskdgtgd sgeqpdaty aggpvs vjav vypkeanny eqnqpkzg svtgssgd. dgad qt dykpg 
vtggs yjkng qvjgts. swej as vjg ygsvgtp pkpg dggvng. Dendroctonus ponderosae 
LgCqpvg. atg eapadng qh mknnkpg jganvjy vtggs (Fwtpkss apd Catqnkp 1;77+. Ip mqsv 
easgs. vjg tgswnvapv vtgg mqtvankvy gqgs wppqvkegd wpvkn a natgg kphgsvavkqp qt qwv/ 
dtgam qeewts. yjkej ggpgtanny tgswktgs sgvgtan ygats qh havqtadng ygavjgt eqpdwekvg 
vq dggvng swtvkvan apd pqpwnavkqp gtqyvj. apd ap adwpdapeg qh swsegpvkdng jqsv vtggs 
(Dgpvz gv an. 4212+.

 C.L. Fgvvkg (*+ 

Ipvaskvgs apd Vjtgavs Vgam. Raekfie Uqwvjygsv Rgsgatej Uvavkqp .  UUFC Fqtgsv Ugtvkeg . 

  1751 Rgsgatej Ratm Ftkvg .  Favks . CC ;781: . UUC 

g/makn: ehgvvkg@hs.hgd.ws
 

© Uptkpggt Uekgpeg+Dwskpgss Ogdka Fqtdtgejv (qwvskdg vjg UUC+ 4218 4;; 
V.F. Rakpg. F. Lkgwvkgt (gds.+. Insects and Diseases of Mediterranean Forest 
Systems. FOI 12.12271;7:/5/51;/44744/1_1:
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722 C.L. Fgvvkg 

     Vabne 1:.1 Pqvadng eqpkhgt/kphgsvkpg datm dggvngs apd yqqd dqtgts kp Ogdkvgttapgap hqtgsvs qh 
Cankhqtpka 

 Cqmmqp pamg  Uekgpvkfie pamg Rtkmaty jqsv(s+ 

Cankhqtpka 
fi vgspkpgd kps 

Ips paraconfusus Pinus coulteri. P. lambertiana. P. ponderosa. 
P. radiata. P. torreyana

 Cankhqtpka fl avjgad 
dqtgt 

Phaenops californica P. jeffreyi. P. lambertiana. P. ponderosa 

Cgdat datm dggvngs Phloeosinus spp. Calocedrus decurrens. Sequoia sempervirens. 
Sequoiadendron giganteum

 Fkt gpgtavgt Scolytus ventralis Abies concolor

 Fnavjgadgd fi t dqtgt Phaenops drummondi A. concolor 

Lghhtgy pkpg dggvng Dendroctonus jeffreyi P. jeffreyi

 Oqwpvakp pkpg 
dggvng 

Dendroctonus 
ponderosae 

P. contorta. P. lambertiana. P. ponderosa

 Rkpg gpgtavgt Ips pini P. contorta. P. jeffreyi. P. lambertiana. P. 
ponderosa

 Rkpyqp kps Ips confusus P. monophylla. P. quadrifolia

 Rgd vwtpgpvkpg 
dggvng 

Dendroctonus valens P. jeffreyi. P. lambertiana. P. ponderosa. P. 
radiata 

Ygsvgtp pkpg dggvng Dendroctonus 
brevicomis 

P. coulteri. P. ponderosa 

Cdwnv datm dggvngs makpvakp nkmkvgd gpgtgy tgsgtvgs (Cvmkps  1;88+. apd atg 
jkgjny swsegpvkdng vq ptgdavkqp. svatvavkqp apd advgtsg ygavjgt eqpdkvkqps yjgp 
sgatejkpg hqt jqsvs. Vjgtghqtg. kv ks kmpqtvapv vjav datm dggvngs nqeavg vjg eqttgev 
jadkvav. eqttgev vtgg spgekgs. apd vjg mqsv swsegpvkdng vtggs ykvjkp vjgsg spgekgs ykvj 
ghfiekgpey (Dygts  1;;7= Dqtdgp 1;;7+. Vjg dqmkpapv vjgqty hqt mapy spgekgs. swej 
as vjg ygnn/svwdkgd mqwpvakp pkpg dggvng. Dendroctonus ponderosae Jqpmkps. swg/ 
ggsvs pkqpggtkpg dggvngs (k.g.. vjqsg vjav kpkvkavg jqsv sgngevkqp apd eqnqpkzavkqp+ wsg 
a eqmdkpavkqp qh tapdqm napdkpgs apd vkswan qtkgpvavkqps hqnnqygd dy dktgev assgss/ 
mgpv qh jqsvs dasgd qp qnhaevqty apd1qt gwsvavqty ewgs (Rahha apd Dgttymap  1;:4. 
1;:5+. Ikvgp vjg ewgs tgegkvgd dwtkpg vjgsg ptqegssgs. vjg jqsv ks gkvjgt tgjgevgd qt 
aeegpvgd. Ih aeegpvgd. pkqpggtkpg dggvngs dqtg vjtqwgj vjg qwvgt datm apd kpvq vjg 
pjnqgm yjgtg ganngty eqpsvtwevkqp qeewts wpqp yjkej mapy spgekgs tgngasg aggtg/ 
gavkqp pjgtqmqpgs vjav gpjapeg avvtaevkqp qh eqpspgekfi es vq vjg vatggv vtgg (Yqqd 
1;:4a+. 

Uweegsshwn jqsv eqnqpkzavkqp tgswktgs qvgteqmkpg vtgg dghgpsgs. yjkej eap qpny 
dg aeeqmpnksjgd dy tgetwkvmgpv qh a etkvkean mkpkmwm pwmdgt qh dggvngs vq mass 
attack vkgqtqws jqsvs apd qvgtyjgnm vjgkt dghgpsgs (k.g.. vjg mqtg “jganvjy” vjg 
vtgg vjg mqtg dggvngs tgswktgd vq qvgteqmg vtgg dghgpsgs= Fgvvkg gv an.  4227a +. Oqsv 
eqpkhgts atg eapadng qh mqdknkzkpg natgg amqwpvs qh qngqtgskp hqnnqykpg yqwpdkpg. 
yjkej eqpsvkvwvgs vjgkt ptkmaty dghgpsg agakpsv eqnqpkzavkqp dy datm dggvngs 
(Ftapegsejk gv an. 4227+. anvjqwgj tgskp ejgmksvty (Rgkd apd Rwtegnn 4211+ apd vjg 
dgvgnqpmgpv qh jypgtsgpskvkvg tgspqpsgs atg ansq kmpqtvapv (Lkgwvkgt  4224 +. Datm 
dggvngs vjav kpkvkavg jqsv sgngevkqp atg qhvgp mknngd dy dtqypkpg qt kmmqdknkzavkqp kp 



 

 

 

 

 

    

   
  

 

    

   
 

 
 

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 721 

tgskp vjav eqnngevs av vjg gpvtapeg jqng (pitch tube+. yjkej kp eqmdkpavkqp ykvj vjg 
ptgsgpeg qh dqtkpg dwsv ks eqmmqpny wsgd vq kdgpvkhy vtggs vjav javg dggp tgegpvny 
avvaemgd (Fkg.  1:.1+. Vjg pwmdgt qh pkvej vwdgs apd amqwpv qh dqtkpg dwsv ks kpdkea/ 
vkvg qh vjg pwmdgt qh dggvngs avvaemkpg vjg vtgg. yjkng vjg skzg qh pkvej vwdgs kpdk/ 
eavgs vjg vkgqt qh vjg jqsv av vjg vkmg qh avvaem. Xkgqtqws jqsvs qhvgp ptqdweg natgg 
pkvej vwdgs vjav atg natggny htgg qh pjnqgm mavgtkan (Fkg.  1:.1. nghv+. kpdkeavkpg vjg 
vtgg ks nkmgny vq swtvkvg. Oqpqvgtpgpgs tgngasgd htqm pkvej vwdgs qhvgp gpjapeg 
avvtaevkqp vq vjg jqsv vtgg. jqygvgt hqt mqsv  aggressive spgekgs (k.g.. vjqsg eapadng 
qh eawskpg natgg amqwpvs qh vtgg mqtvankvy+ avvtaevkqp vq jqsv vqnavkngs jas pqv dggp 
dgmqpsvtavgd kp vjg adsgpeg qh aggtggavkqp pjgtqmqpg eqmpqpgpvs (g.g.. Oqgem 
gv an. 1;:1+. Fqnnqykpg mavkpg. gggs atg nakd kp vjg pjnqgm apd natvag gzeavavg hggd/ 
kpg vwppgns kp vjks vksswg apd1qt vjg qwvgt datm (Fwtpkss apd Catqnkp 1;77 +. Datm 
dggvngs eatty a vatkgvy qh pjqtgvke qtgapksms kpenwdkpg daevgtka. hwpgk. ygasvs. mkvgs. 
apd pgmavqdgs. Rgnavkqpsjkps tapggd htqm mwvwanksvke vq apvagqpksvke. Vjg dgsv 
svwdkgd gtqwp atg vjg symdkqvke dnwg/svakp hwpgan assqekavgs kp vjg hamkny 
Opjkqsvqmavaegag. yjkej wpqp kpqewnavkqp kpvq vjg vtgg sgtvg as kmpqtvapv hqqd 
sqwtegs hqt datm dggvngs. apd may ansq pggavkvgny kmpaev vtgg jganvj (Rakpg gv an. 
1;;7= Ukz apd Ykpgfi gnd 4211+. anvjqwgj vtgg mqtvankvy qeewts ptkmatkny vjtqwgj 
gktdnkpg qh vjg pjnqgm apd eamdkwm vksswgs. 

Fqnnqykpg pwpavkqp. adwnv dggvngs qh vjg pgzv ggpgtavkqp vwppgn qwvyatd vjtqwgj 
vjg datm apd kpkvkavg flkgjv kp sgatej qh pgy jqsvs (Fkg.  1:.4+. Vjg vkmg tgswktgd vq 
eqmpngvg a ggpgtavkqp (voltinism+ vatkgs amqpg datm dggvng spgekgs. amqpg pqpwna/ 
vkqps ykvjkp a spgekgs. apd amqpg kpdkvkdwans ykvjkp a pqpwnavkqp. Fqt gzampng. 

  Hki. 1:.1 Datm dggvngs. swej as vjks hgmang Dendroctonus brevicomis. vjav kpkvkavg jqsv eqnqpkza/ 
vkqp atg qhvgp mknngd dy dtqypkpg qt kmmqdknkzavkqp kp tgskp vjav eqnngevs av vjg gpvtapeg jqng ( pitch 
tube. Left+. yjkej kp eqmdkpavkqp ykvj vjg ptgsgpeg qh dqtkpg htass (Right. kp vjks easg tgswnvkpg 
htqm D. ponderosae+ ks eqmmqpny wsgd vq kdgpvkhy vtggs vjav javg dggp tgegpvny eqnqpkzgd dy datm 
dggvngs. Oqpqvgtpgpgs tgngasgd htqm pkvej vwdgs gpjapeg avvtaevkqp vq vjg jqsv vtgg. jqygvgt hqt 
mqsv aggressive datm dggvng spgekgs avvtaevkqp vq jqsv vqnavkngs jas pqv dggp dgmqpsvtavgd kp vjg 
adsgpeg qh aggtggavkqp pjgtqmqpg eqmpqpgpvs (Dqtdgp  1;;7+ (Rjqvq etgdkvs: C. Fgvvkg. Raekfi e 
Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+       
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  Hki. 1:.4   Vjg flkgjv pgtkqdkekvy qh ( A+ Dendroctonus brevicomis . ( D+ D. ponderosae . ( E+ Ips 
paraconfusus. apd (D+ I. pini av :45 m gngvavkqp. Igqtggvqyp Rapggt Fksvtkev. Gndqtadq Pavkqpan 
Fqtgsv. Cankhqtpka. 1;;4–1;;4 (Oqdkfigd htqm Fgvvkg gv an. ( 4227a+. apd dasgd qp eapvwtgs kp 
dakvgd. mwnvkpng/hwppgn vtaps+ 

spgekgs swej as D. brevicomis may eqmpngvg mqtg vjap qpg ggpgtavkqp pgt ygat. 
yjkng qvjgts. swej as vjg D. ponderosae. may vamg wp vq 5 ygats vq eqmpngvg a skpgng 
ggpgtavkqp dgpgpdkpg qp vjg vgmpgtavwtg ptqfing av a patvkewnat nqeang. amqpg qvjgt 
haevqts. Dgeawsg datm dggvngs atg jkgjny sgpskvkvg vq vjgtman eqpdkvkqps eqpdwekvg 
vq pqpwnavkqp swtvkvan apd gtqyvj. apd dtqwgjv svtgss kpflwgpegs jqsv vtgg vkgqt. 



 

 

   

 

 

 

 
 

 

 
 

 
 

 

  
  

 
  

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 725 

tgegpv qwvdtgams qh sgvgtan datm dggvng spgekgs javg dggp eqttgnavgd ykvj sjkhvs kp 
vgmpgtavwtg apd ptgekpkvavkqp (Dgpvz gv an. 4212+. Cs swej. mapy gzpgtvs agtgg vjav 
apvjtqpqggpke/kpdwegd enkmavg ejapgg yknn kpvgpskhy vjg kmpaevs qh datm dggvng qwv/ 
dtgams kp vjg hwvwtg (Fgvvkg gv an. 4215a+. Jqsvs pavkvg vq vjg Ogdkvgttapgap hqtgsvs 
qh Cankhqtpka atg nkmgny vq dg patvkewnatny vwnpgtadng. 

Uwdsvapvkan daske apd appnkgd tgsgatej jas dggp dgvqvgd vq vjg dgvgnqpmgpv qh 
vqqns apd vaevkes hqt mkvkgavkpg wpdgsktadng ngvgns qh vtgg mqtvankvy avvtkdwvgd vq datm 
dggvngs. Direct control kpvqnvgs sjqtv/vgtm vaevkes dgskgpgd vq addtgss ewttgpv kphgs/ 
vavkqps dy mapkpwnavkpg dggvng pqpwnavkqps. apd qhvgp kpenwdgs vjg wsg qh kpsgevk/ 
ekdgs. sgmkqejgmkeans (k.g.. ejgmkeans tgngasgd dy qpg qtgapksm vjav gnkekv a 
tgspqpsg. wswanny dgjavkqt. kp apqvjgt qtgapksm+. sapkvavkqp jatvgsvs vjav tgmqvg 
kphgsvgd vtggs. qt a eqmdkpavkqp qh vjgsg vtgavmgpvs. Pavwtan gpgmkgs. swej as ptgda/ 
vqts apd pataskvqkds. atg kmpqtvapv kp tggwnavkpg datm dggvng pqpwnavkqps av gpdgmke 
ngvgns (Oknngt gv an.  1;:7+. dwv pqpg javg dggp sweegsshwnny dgvgnqpgd as dkqeqpvtqn 
aggpvs hqt datm dggvngs kp ygsvgtp Pqtvj Cmgtkea. Uypvjgvke hqtmwnavkqps qh gpvq/ 
mqpavjqggpke mketqqtgapksms. swej as hwpgk. atg dgkpg dgvgnqpgd hqt sqmg spgekgs 
(Fgvvkg apd Jknszezańsmk 4217+. Ohvgp agtkan swtvgys atg eqpdwevgd ykvj jgnkeqpvgts 
apd1qt fizgd/ykpg aktetahv vq kdgpvkhy apd dgnkpgavg kphgsvavkqps ptkqt vq mqtg 
dgvakngd gtqwpd swtvgys dgkpg eqpdwevgd vq dgvgtmkpg kh dktgev eqpvtqn mgaswtgs atg 
yattapvgd.  Indirect control ks ptgvgpvkvg. apd dgskgpgd vq tgdweg vjg ptqdadknkvy apd 
sgvgtkvy qh hwvwtg datm dggvng kphgsvavkqps dy mapkpwnavkpg svapd. hqtgsv apd1qt napd/ 
seapg eqpdkvkqps dy tgdwekpg vjg pwmdgt qh swsegpvkdng jqsvs vjtqwgj vjkppkpg. 
ptgsetkdgd dwtpkpg. apd anvgtkpg agg enassgs apd spgekgs eqmpqskvkqps. Upnkmg dktgev 
eqpvtqn. vjg hqews qh kpdktgev eqpvtqn ks qp vjg swsegpvkdknkvy qh tgskdwan hqtgsv svtwe/ 
vwtg apd eqmpqskvkqp vq hwvwtg kphgsvavkqps (Fgvvkg apd Jknszezańsmk 4217 +. apd tgp/ 
tgsgpvs ap kmpqtvapv eqmpqpgpv qh ptqpgt hqtgsv mapaggmgpv. Ip sjqtv. tgdwekpg 
vtgg eqmpgvkvkqp kmptqvgs vtgg gtqyvj apd dghgpskvg mgejapksms yjkng qhvgp dks/ 
twpvkpg pjgtqmqpg pnwmgs. vjws pggavkvgny ahhgevkpg vjg dggvng’s adknkvy vq nqeavg 
apd sweegsshwnny mass avvaem jqsv vtggs (Fgvvkg gv an. 4227a+. Risk and hazard rating 
systems javg dggp dgvgnqpgd hqt sgvgtan spgekgs qh datm dggvngs pavkvg vq 
Ogdkvgttapgap hqtgsvs qh Cankhqtpka vq ptqvkdg napd mapaggts apd qvjgts ykvj a 
mgaps qh kdgpvkhykpg svapd eqpdkvkqps vjav atg nkmgny vq hqsvgt kpkvkavkqp apd1qt sptgad 
qh kphgsvavkqps (Fgvvkg apd Jknszezańsmk 4217+. dwv atg tatgny wsgd. 

Vjg kmpaev qh yqqd dqtgts pangs kp eqmpatksqp vq vjav qh datm dggvngs kp mqsv 
hqtgsvs. dwv sqmg spgekgs atg eapadng qh eawskpg vtgg mqtvankvy. Gggs qh mqsv spgekgs 
atg nakd kp snkvs etgavgd dy hgmangs kp vjg qwvgt datm qt ykvjkp datm etgvkegs. Vjg 
natvag kpkvkanny mkpg vjg eamdkwm apd pjnqgm. apd vjgp gzvgpd vjgkt vwppgnkpg kpvq 
vjg sapyqqd apd qeeaskqpanny vjg jgatvyqqd. Vjg vkmg tgswktgd vq eqmpngvg a ggp/ 
gtavkqp vatkgs htqm mqpvjs vq ygats dgpgpdkpg qp vjg spgekgs apd qvjgt haevqts. Vyq 
hamknkgs atg qh skgpkfieapeg. Vjg Dwptgsvkdag eqmptqmksg a natgg gtqwp qh ~722 
spgekgs kp Pqtvj Cmgtkea. mapy qh vjgm kpdkggpqws vq vjg ygsvgtp U.U. (Fwtpkss 
apd Catqnkp 1;77+. Vjg natvag javg a flavvgpgd vjqtaz (jgpeg vjg eqmmqp pamg. 
fl atheaded borers+ yjkng vjg adwnvs atg qhvgp dtkgjvny/eqnqtgd ykvj a mgvannke/vypg 
nwsvgt (metallic borers+. Vjg Cgtamdyekdag javg a syqnngp vjqtaz ( roundheaded 
borers+ yjkng vjg adwnvs javg vgty nqpg apvgppag ( longhorned beetles+. Uqmg yqqd 
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724	 C.L. Fgvvkg 

dqtgts pwpavg kp vjg zyngm. yjkng qvjgts etgavg a chip cocoon kp vjg kppgt datm. 
Fkhhgtgpv spgekgs attkvg av dkhhgtgpv vkmgs ahvgt a vtgg ks svtgssgd qt mknngd. nkmgny dwg 
vq ejapggs kp vjg ejgmkean eqmpqskvkqp qh vtggs vjav kpflwgpeg jqsv fi pdkpg. sgngevkqp 
apd eqnqpkzavkqp dgjavkqts (Mgnsgy apd Lqsgpj  4225+. Yqqd dqtgts sgtvg a vgty 
kmpqtvapv geqnqgkean hwpevkqp dy jgnpkpg vq haeknkvavg yqqd dgeqmpqskvkqp apd 
pwvtkgpv eyenkpg (Gdmqpds apd Ggnkvks  1;:;+. 

Vtgg mqtvankvy tgswnvkpg htqm eqnqpkzavkqp qh pavkvg datm dggvngs apd yqqd dqt/ 
gts ks ap kmpqtvapv patv qh vjg geqnqgy qh Ogdkvgttapgap hqtgsvs. Uqmg ngvgn qh vtgg 
mqtvankvy ks dgsktadng apd qhvgp tgswnvs kp a mqsake qh agg enassgs apd vtgg spgekgs 
eqmpqskvkqps vjav kpetgasg tgsksvapeg apd tgsknkgpeg vq mwnvkpng dksvwtdapegs. 
kpenwdkpg datm dggvng kphgsvavkqps (Fgvvkg 4214+. Vjks dkhhgts htqm vjg kmpaevs assq/ 
ekavgd ykvj natgg kphgsvavkqps qt qwvdtgams. yjkej may pggavkvgny ahhgev sgvgtan geq/ 
nqgkean gqqds apd sgtvkegs. kpenwdkpg vkmdgt apd fidgt ptqdwevkqp. yavgt swankvy apd 
swapvkvy. fisj apd ykndnkhg pqpwnavkqps. tgetgavkqp. gtazkpg eapaekvy. dkqdkvgtskvy. 
gpdapggtgd spgekgs. eatdqp sgswgsvtavkqp apd svqtagg. apd ewnvwtan tgsqwtegs. 
amqpg mapy qvjgts. Iv ks kmpqtvapv vq pqvg vjav vjg geqnqgy apd kmpaev qh vjgsg 
kpsgevs ks kpfl wgpegd dy qvjgt dkqvke. adkqvke. apd apvjtqpqggpke (g.g.. mapaggmgpv 
aevkvkvkgs apd napd wsg pavvgtps+ dksvwtdapegs vjav ansq dktgevny kpfl wgpeg sweegs/ 
skqpan pavjyays. 

Ip Cankhqtpka. Ogdkvgttapgap enkmavgs atg dksvtkdwvgd vjtqwgjqwv mwej qh vjg 
Cqasv Rapgg. vjg Uaetamgpvq Xanngy. anqpg vjg ygsvgtp snqpg qh vjg Ukgtta Pgvada. 
apd kp vjg Vtapsvgtsg apd Rgpkpswnat Rapggs qh sqwvjgtp Cankhqtpka (Mawhhmapp 
4225+. Cs swej. I dksewss vjg dkqnqgy. geqnqgy apd mapaggmgpv qh datm dggvngs apd 
yqqd dqtgts pavkvg vq eqpkhgt hqtgsvs kp vjgsg tggkqps. Ikvgp vjg pwmdgt qh spgekgs 
kpvqnvgd. I hqews gzenwskvgny qp vjqsg vjav eawsg vjg majqtkvy qh vtgg mqtvankvy 
(Vadng  1:.1+. Ip vjks eqpvgzv. mapy spgekgs atg kgpqtgd vjav atg ansq vkvan vq vjg 
ptqpgt hwpevkqpkpg qh vjgsg geqsysvgms. Ovjgts. swej as vjg Fqwgnas/fi t dggvng. 
Dendroctonus pseudotsugae Jqpmkps. atg pqvadng hqtgsv pgsvs gnsgyjgtg kp ygsvgtp 
Pqtvj Cmgtkea (Fwtpkss apd Catqnkp 1;77+. dwv javg nkmkvgd apd1qt kphtgswgpv 
kmpaevs kp Ogdkvgttapgap hqtgsvs qh Cankhqtpka apd atg kgpqtgd. 

1:.4 	 Nkhe Jkutqt{ anf Manaieoent qh Datk Deetne anf Yqqf 
Dqtetu 

1:.4.1 gsvgrn Ping Dggvng. Denftqetqnwu btexkeqoku 

Dendroctonus brevicomis ks tgeqgpkzgd as a skgpkfieapv eawsg qh  P. ponderosa mqt/ 
vankvy kp mwej qh vjg ygsvgtp U.U.. apd patvkewnatny kp Ogdkvgttapgap hqtgsvs qh 
Cankhqtpka. Vjg qpny qvjgt jqsv kp Cankhqtpka ks Cqwnvgt pkpg. P. coulteri F. Fqp. a 
spgekgs kpdkggpqws vq vjg Vtapsvgtsg apd Rgpkpswnat Rapggs qh sqwvjgtp Cankhqtpka. 
Ip vjg gatny apd mkd/vygpvkgvj egpvwty. swdsvapvkan tgsgatej yas eqpdwevgd qp  D. 
brevicomis dwg vq kvs kmpaevs kp mavwtg P. ponderosa svapds kp Cankhqtpka. Otggqp 
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apd Yasjkpgvqp. U.U. Owej qh vjg mpqyngdgg gakpgd yas pwdnksjgd kp a sgmkpan 
yqtm vkvngd “Dkqnqgy apd Cqpvtqn qh vjg Ygsvgtp Rkpg Dggvng” dy pqvgd UUFC 
Fqtgsv Ugtvkeg sekgpvksvs L.O. Oknngt apd F.R. Mggp ( 1;82+. yjkej I gpeqwtagg vjg 
tgadgt vq tgvkgy hqt mqtg dgvakngd kphqtmavkqp. Vqday.  D. brevicomis eqpvkpwgs vq 
gzgtv skgpkfieapv kmpaevs qp hqtgsvs kp Cankhqtpka apd gnsgyjgtg. Fqt gzampng. vjg 
mqwpvakp tapggs qh sqwvjgtp Cankhqtpka gzpgtkgpegd ap qwvdtgam qh  D. brevicomis kp 
vjg gatny 4222s vjav tgswnvgd kp 75.7 ' apd 7: ' mqtvankvy qh natgg/dkamgvgt 
(@45.4 em dkamgvgt av dtgasv jgkgjv. ddj+ P. ponderosa apd P. coulteri . tgspgevkvgny 
(Yanmgt gv an.  4228+. Ip sqmg atgas. vtgg mqtvankvy gzeggdgd :2 ' (Fkg.  1:.5+. 

Dendroctonus brevicomis ggpgtanny gzjkdkvs a ptghgtgpeg hqt natggt dkamgvgt 
(@72 em ddj+ vtggs (Fkg. 1:.4+. dwv wpdgt egtvakp eqpdkvkqps may eqnqpkzg apd mknn 
appatgpvny/jganvjy vtggs qh ann aggs apd skzg enassgs. Fgmang D. brevicomis kpkvkavg 
jqsv eqnqpkzavkqp dy vwppgnkpg vjtqwgj vjg qwvgt datm apd kpvq vjg pjnqgm apd qwvgt 

  Hki. 1:.5 Vtgg mqtvankvy (datg apd hadgd etqyps+ tgswnvkpg htqm a pqvadng  Dendroctonus brevico- 
mis qwvdtgam kp sqwvjgtp Cankhqtpka. Ip 4222. D. brevicomis yas fitsv pqvkegd eqnqpkzkpg  Pinus 
coulteri av gngvavgd ngvgns kp vjg Uap Laekpvq Oqwpvakps qp vjg Uap Dgtpatdkpq Pavkqpan Fqtgsv 
(UUFC Fqtgsv Ugtvkeg 4222+. Cevkvkvy pgamgd kp 4224–4225 kp dqvj  P. coulteri apd P. ponderosa. 
apd tapkdny dgenkpgd vjgtgahvgt. Ugvgtg dtqwgjv svtgss (k.g.. ptgekpkvavkqp yas vjg nqygsv kp tgeqtdgd 
jksvqty dwtkpg 4221–4224+ yas kmpqtvapv kp haeknkvavkpg vjg qwvdtgam. dwv gngvavgd qzqpg apd pkvtq/ 
ggp dgpqskvkqp ygtg nkmgny ptgdkspqskpg haevqts (Lqpgs gv an.  4224+. Gsvkmavgs qh eqmmgtekan say/ 
nqgs apd qvjgt fidgt (ann vtggs mknngd+ sanvaggd ( above+ qt jatvgsvgd (g.g.. dwtkpg hwgns tgdwevkqp 
ptqjgevs+ tapggd htqm 117.514 vq 788.7:: gtggp mgvtke vqps (mv+ pgt ygat dwtkpg 4224–422: (CLF. 
wppwdnksjgd+ (Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 
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  Hki. 1:.4 C Pinus ponderosa spag vjav yas mknngd dy  Dendroctonus brevicomis sgvgtan ygats gat/ 
nkgt (Left+. Cnqsg gzamkpavkqp qh vjg nqygt dqng. yjgtg vjg datm jas snqwgjgd. sjqys vjg ejataevgt/ 
ksvke “U”/sjapgd ganngtkgs ptqdwegd dy vjks spgekgs. Vjg sjapg. dksvtkdwvkqp apd qtkgpvavkqp qh 
ganngtkgs atg eqmmqpny wsgd vq dksvkpgwksj amqpg datm dggvng spgekgs. Dendroctonus brevicomis 
gpvgts vjg datm dwtkpg vjg sgeqpd natvan kpsvat (vjgtg atg hqwt kpsvats+ apd eqmpngvgs dgvgnqpmgpv 
ykvjkp vjg mkd/datm naygt. Yqqdpgemgts. gspgekanny vjg ggpws  Picoides (Fattks apd \aem  4227+. 
tgmqvg vjg qwvgt datm qh swej vtggs vq hqtagg hqt natvag. pwpag apd adwnvs ( Right+ (Rjqvq etgdkvs: 
C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 

zyngm yjgtg vjgy twpvwtg tgskp eapans. Cs a tgswnv. qngqtgskp gzwdgs apd eqnngevs qp 
vjg datm swthaeg. as ks eqmmqpny qdsgtvgd ykvj qvjgt datm dggvng spgekgs. Fwtkpg 
vjg gatny svaggs qh avvaem. hgmangs tgngasg exo/dtgvkeqmkp. yjkej kp eqmdkpavkqp 
ykvj vjg jqsv mqpqvgtpgpg mytegpg tgngasgd htqm pkvej vwdgs ks avvtaevkvg vq eqp/ 
spgekfies (Dgdatd gv an.  1;8;+. Ftqpvankp. ptqdwegd dy mangs (Mkpzgt gv an. 1;8;+. 
gpjapegs avvtaevkqp apd mass avvaem gpswgs (Yqqd  1;74= Dgdatd gv an. 1;:7 +. Vjgsg 
vqnavkngs atg eqmmgtekanny ptqdwegd apd ghhgevkvg avvtaevapvs (Yqqd gv an.  1;78+. 
Xgtdgpqpg ks ptqdwegd dwtkpg navvgt svaggs qh vjg avvaem sgswgpeg dy sgvgtan pavj/ 
yays. apd ks vjqwgjv vq tgdweg kpvtaspgekfie eqmpgvkvkqp. apd kp sqmg easgs kpvgtspg/ 
ekfie eqmpgvkvkqp. dy anvgtkpg adwnv dgjavkqt vq mkpkmkzg qvgtetqydkpg qh dgvgnqpkpg 
dtqqd ykvjkp vjg jqsv (Dygts apd Yqqd  1;:2= Dygts gv an. 1;:4+. Vjgtg atg vypkeanny 
vyq vq hqwt ggpgtavkqps pgt ygat (Fwtpkss apd Catqnkp  1;77+.

   Vaevkes hqt mapagkpg D. brevicomis kphgsvavkqps atg nkmkvgd vq vtgg tgmqvans 
(vjkppkpg+ vjav tgdweg svapd dgpskvy apd jqsv swsegpvkdknkvy (Fkg. 1:.7 +. sapkvavkqp 
jatvgsvs. apd appnkeavkqps qh kpsgevkekdgs vq ptqvgev kpdkvkdwan vtggs. Xgtdgpqpg yas 
vjg hqews qh gatny yqtm dgskgpgd vq dgvgnqp a sgmkqejgmkean/dasgd vqqn hqt mkvkgav/ 
kpg wpdgsktadng ngvgns qh  P. ponderosa mqtvankvy avvtkdwvgd vq  D. brevicomis . dwv 
anqpg ks kpghhgevkvg hqt ptqvgevkpg kpdkvkdwan vtggs (Iknngvvg gv an.  4228+ qt hqtgsv 



 
 

  

    
  

 
  

   

   
 

 
 

   
 

  
      

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 727 

  Hki. 1:.7 Vjkppkpg jas nqpg dggp advqeavgd as a ptgvgpvkvg mgaswtg vq anngvkavg qt tgdweg vjg 
amqwpv qh datm dggvng/eawsgd vtgg mqtvankvy (Fgvvkg gv an. 4227a+. Cmqpg qvjgt haevqts. vjkppkpg 
tgdwegs jqsv avaknadknkvy= tgdwegs eqmpgvkvkqp amqpg vtggs hqt pwvtkgpvs. yavgt. apd qvjgt tgsqwtegs 
vjgtgdy kpetgaskpg vkgqt= apd ahhgevs mketqenkmavg dgetgaskpg vjg ghhgevkvgpgss qh ejgmkean ewgs 
wsgd kp jqsv fipdkpg. sgngevkqp apd eqnqpkzavkqp (Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej 
Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 

svapds (Fgvvkg gv an. 422;a+. Dasgd qp gatny yqtm dy Rakpg apd Japnqp ( 1;;1+. 
Dgtvtam apd Rakpg ( 1;;4+ hqwpd vjav appnkeavkqps qh vgtdgpqpg apd kpsdkgpqn skg/ 
pkfi eapvny tgdwegd dqvj pwmdgts qh  D. brevicomis napdkpg qp P. ponderosa apd vjg 
dgpskvkgs qh avvaemkpg dggvngs. dwv vtgg mqtvankvy tavgs ygtg pqv dgvgtmkpgd. Ip mqtg 
tgegpv ygats. Fgvvkg gv an. (422:a. 422;d. 4214a. d+ dgvgnqpgd a hqwt/eqmpqpgpv 
dngpd [aegvqpjgpqpg. (E+/4/jgzgp/1/qn + ( Z+/4/jgzgp/1/qn. apd (−+/vgtdgpqpg= 
Xgtdgpqpg Rnws] vjav jas dggp dgmqpsvtavgd ghhgevkvg hqt ptqvgevkpg kpdkvkdwan  P. 
ponderosa apd P. ponderosa svapds htqm mqtvankvy avvtkdwvgd vq  D. brevicomis . dwv 
jas ygv vq dg eqmmgtekankzgd. 

1:.4.4 Oownvcin Ping Dggvng. Denftqetqnwu rqnfetquae 

Dendroctonus ponderosae ks vjg dgsv svwdkgd qh ann datm dggvngs kp Pqtvj Cmgtkea. 
ptgswmadny a tgswnv qh vjg skgpkfieapv kmpaevs kv gzgtvs kp sgvgtan dkhhgtgpv jqsvs apd 
hqtgsv vypgs. Vjg spgekgs eqnqpkzgs av ngasv 17 Pinus pavkvg vq Pqtvj Cmgtkea 
(Pggtóp apd Fgvvkg  4214+. dwv kp Ogdkvgttapgap hqtgsvs qh Cankhqtpka  P. ponderosa. 



  
 

  
  

 
 

  

 

     

   
 

    

 
 

  
 

      

 

72: C.L. Fgvvkg 

  Hki. 1:.8   Lkmg qvjgt Dendroctonus. hgmang D. ponderosae kpkvkavg jqsv eqnqpkzavkqp (Left +. Pqvkeg 
vjg dksvkpevkvg vgtvkean ganngtkgs vjav qhvgp gpd kp a “L”= vjg dgegasgd adwnv (ykvjkp  red circle += apd 
vjg ptgsgpeg qh dnwgsvakp kpvtqdwegd wpqp eqnqpkzavkqp dy vjg dggvng (Right+. Uqmg svwdkgs javg 
sjqyp vjav hwpgk assqekavgd ykvj  D. ponderosae apd qvjgt datm dggvngs atg eapadng qh dktgevny eaws/ 
kpg mqtvankvy (g.g.. qp P. ponderosa sggdnkpgs. Oygp gv an. 1;:7+. dwv qvjgts javg hakngd vq dgmqp/ 
svtavg swej ap ghhgev (Rjqvq etgdkvs: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv 
Ugtvkeg+ 

nqdggpqng pkpg. Pinus contorta Fqwgn. gz Lqwd. (Fkg.  1:.8+. apd swgat pkpg. P. lam- 
bertiana Fqwgn.. atg ptghgttgd jqsvs. Cv jkgjgt gngvavkqps kp vjg Ukgtta Pgvada. skg/ 
pkfieapv ngvgns qh mqtvankvy javg dggp avvtkdwvgd vq  D. ponderosae kp yjkvgdatm pkpg. 
Pinus albicaulis Gpggnm. a vtgg spgekgs qh eqpegtp vjav jas dggp eqpskdgtgd hqt 
nksvkpg as a vjtgavgpgd apd gpdapggtgd spgekgs (Fgdgtan Rggksvgt  4211+. Vjg nkhgey/ 
eng qh D. ponderosae ks ggpgtanny eqpskdgtgd wpkvqnvkpg. dwv a mkzvwtg qh wpkvqnvkpg 
apd sgmkvqnvkpg (k.g.. ngss vjap wpkvqnvkpg+ nkhg eyengs eqmmqpny qeewt (Dgpvz gv an. 
4214+. gvgp ykvjkp vjg samg vtgg. Ip sqwvjgtp Cankhqtpka. vjtgg ggpgtavkqps may dg 
eqmpngvgd kp 4 ygats (Uap Dgtpatdkpq Pavkqpan Fqtgsv. 4122 m gngvavkqp= Dgpvz 
gv an. 4214+. dwv vtwny dkvqnvkpg pqpwnavkqps (k.g.. vyq ggpgtavkqps pgt ygat+ javg pqv 
dggp dqewmgpvgd. 

Oqsv natgg/seang kphgsvavkqps qh  D. ponderosae qeewt kp P. contorta hqtgsvs kp a 
pgat eqpvkgwqws pavvgtp apd qhvgp aetqss gzvgpskvg atgas. Vq vjav gpd. tgegpv qwv/ 
dtgams javg dggp sgvgtg apd nqpg nasvkpg. ykvj @47 mknnkqp jgevatgs kmpaevgd kp 
ygsvgtp Pqtvj Cmgtkea (DC Okpksvty qh Fqtgsvs. Lapds apd Pavwtan Rgsqwteg 
Opgtavkqps 4214= UUFC Fqtgsv Ugtvkeg  4214+. Cs a tgswnv. skgpkfieapv tgsgatej jas 
dggp gzgewvgd qp  D. ponderosae kp vjg nasv dgeadg kp dqvj Capada apd vjg U.U.. 
mwej qh yjkej yas tgegpvny tgvkgygd kp a spgekan ksswg vkvngd “Oqwpvakp Rkpg 



 

   

 
 

  
 

     

 
  

   
 

  
   

  
 

 
  

 
 

    
 

 
   

  
 

 

  
   

   
 

 
  

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 72; 

Dggvng. a Oajqt Fksvwtdapeg Cggpv kp UU Ygsvgtp Cqpkhgtqws Fqtgsvs: C Uypvjgsks 
qh vjg Uvavg qh Mpqyngdgg” (Pggtóp apd Fgvvkg  4214+. I gpeqwtagg vjg tgadgt vq 
eqpswnv vjks pwdnkeavkqp hqt mqtg dgvakngd kphqtmavkqp qp D. ponderosae. 

Ip P. contorta hqtgsvs. D. ponderosae vgpds vq kpkvkanny eqnqpkzg vjg natggsv vtggs 
ykvj ptqgtgsskvgny smanngt vtggs dgkpg avvaemgd qvgt vkmg (Mngkp gv an.  1;7: +. Latggt/ 
dkamgvgt P. contorta (g.g.. @45 em ddj+ ptqvkdg hqt a jkgjgt tgptqdwevkvg pqvgpvkan 
apd ptqdadknkvy qh dggvng swtvkvan (Rgkd apd Rwtegnn  4211= Itah gv an. 4214 + dgeawsg 
qh vjg gtgavgt swapvkvy qh pjnqgm avaknadng qp yjkej natvag hggd. Dasgd qp tgsgatej 
eqpdwevgd kp Otggqp. Okvejgnn apd Rtgksngt ( 1;;1+ tgpqtvgd vjav smann/dkamgvgt P. 
contorta ygtg pqv eqnqpkzgd wpngss vjgy ygtg pgat ewttgpvny/kphgsvgd natggt vtggs. 
apd vjav natggt vtggs (≥45 em ddj+ ygtg eqnqpkzgd ykvj gtgavgt htgswgpey vjap eqwnd 
dg aeeqwpvgd hqt dy a tapdqm avvaem mqdgn. Yqtmkpg kp Dtkvksj Cqnwmdka. Capada. 
Uahtapykm gv an. ( 1;74+ tgpqtvgd vjav P. contorta ≤47 em ddj sgtvg as  D. ponderosae 
skpms. yjgtgas vjqsg @47 em ddj sgtvg as sqwtegs ptqdwekpg mqtg dggvngs vjap 
tgswktgd vq qvgteqmg jqsv dghgpsgs. Yjkvgjgad gv an. ( 4224+ apd Yjkvgjgad apd 
Rwssq (4227+ sjqygd vjkppkpg  P. contorta svapds vq a wpkhqtm tgskdwan kpvgt/vtgg 
spaekpg qh av ngasv 4 m qt ~422–847 vtggs1ja ks ghhgevkvg hqt mkvkgavkpg ngvgns qh vtgg 
mqtvankvy avvtkdwvgd vq  D. ponderosae. 

Ip P. ponderosa. D. ponderosae vgpds vq eqnqpkzg vtggs kp vjg smann vq mkd/ 
dkamgvgt enassgs (Onsgp gv an. 1;;8+. dwv vjks may dg ap atvkhaev qh vjgsg hqtgsvs dgkpg 
ngss dgpsg. ngss eqpvkpwqws. apd gzjkdkvkpg a jkgjgt dkvgtskvy qh svapd aggs apd vtgg 
skzgs vjap P. contorta hqtgsvs (Fgvvkg gv an. 4214+. Yqtmkpg kp vjg Cqnqtadq Ftqpv 
Rapgg. U.U.. Pggtóp apd Rqpp ( 4224+ tgpqtvgd vjg ptqdadknkvy qh P. ponderosa 
svapds dgeqmkpg kphgsvgd dy D. ponderosae ks 2.71 yjgp P. ponderosa dasan atga 
(etqss/sgevkqpan atga qh vtggs av 1.57 m kp jgkgjv+ ks @17.1 m41ja apd dgetgasgs vq 
2.41 yjgp dasan atga ks ≤17.1 m41ja. Ipvgtgsvkpgny. vjgsg vanwgs atg skmknat vq vjqsg 
tgpqtvgd dy Latssqp gv an. (1;:5+ hqt P. ponderosa hqtgsvs kp Otggqp. Ip pqtvjgasvgtp 
Cankhqtpka. Ggap gv an. (4212+ tgpqtvgd vjav jkgjgt ngvgns qh vtgg mqtvankvy qeewttgd 
kp wpvjkppgd P. ponderosa eqmpatgd vq ptg/eqmmgtekanny vjkppgd svapds. Fkddngt 
gv an. (1;:;+ sjqygd vjav vjkppkpg skgpkfieapvny tgdwegd vjg amqwpv qh  P. ponderosa 
mqtvankvy eawsgd dy D. ponderosae kp Cankhqtpka. Pq vtgg mqtvankvy qeewttgd kp 
svapds qh >; m41ja qh dasan atga. yjkej agtggs ykvj vjg qpvkman svqemkpg ngvgn qh 
11 m41ja dgsetkdgd dy Onkvgt ( 1;7;. 1;;7+. Oqtvankvy yas tgdwegd kp vjkppgd pnqvs 
tggatdngss qh vjg ngvgn qh vjkppkpg. Ip Ogdkvgttapgap hqtgsvs qh Cankhqtpka. yjgtg  D. 
brevicomis apd D. ponderosae qhvgp eqgzksv kp hqtgsvs dqmkpavgd dy  P. ponderosa. 
vjg tqng qh D. ponderosae ks wswanny sgeqpdaty vq vjav qh D. brevicomis . patvkewnatny 
kp natggt/dkamgvgt vtggs (Fgvvkg gv an.  4212a+. Vjg vyq spgekgs qeeaskqpanny eqnqpkzg 
vjg samg vtgg. 

Rtqgat gv an. (4214+ sypvjgskzgd kphqtmavkqp tgnavgd vq vjg ejgmkean geqnqgy qh 
D. ponderosae. Ip sjqtv. aggtggavkqp pjgtqmqpgs  trans/vgtdgpqn apd  cis /vgtdgpqn 
atg vjg ptkmaty eqmpqwpds ptqdwegd kp vjg kpsgev’s jkpdgwv (Oknngt apd Lahqpvakpg 
1;;1 +. e is/Xgtdgpqn. ptqdwegd dy hgmang  D. ponderosae. kpetgasgs vjg avvtaevkqp qh 
hgmangs vq exo/dtgvkeqmkp. dwv kvs ghhgev ks ngss vjap vjav qh  trans /vgtdgpqn (Oknngt 
apd LaFqpvakpg  1;;1+. Cvvtaevkqp ks gpjapegd dy vjg ptgsgpeg qh jqsv vqnavkngs 
α/pkpgpg (Rkvmap gv an. 1;8:+ apd mytegpg (Dqtdgp gv an. 1;:7+. amqpg qvjgts. 
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Oang D. ponderosae tgngasg exo/dtgvkeqmkp. yjkej ks a ptkmaty avvtaevapv qh 
hgmangs. hwtvjgt awgmgpvkpg mass avvaem (Cmmap apd Lkpdgtgp 1;;7+. Oangs ansq 
ptqdweg htqpvankp. yjkej avvtaevs hgmangs av nqy eqpegpvtavkqps (Rymgt apd Lkddgy 
1;:4+. Ugvgtan qh vjgsg vqnavkngs atg eqmmgtekanny ptqdwegd apd ghhgevkvg avvtae/ 
vapvs. Fwtkpg vjg navvgt svaggs qh eqnqpkzavkqp. kpetgaskpg amqwpvs qh vgtdgpqpg atg 
ptqdwegd kpjkdkvkpg addkvkqpan D. ponderosae htqm kphgsvkpg vjg vatggv vtgg. vjws 
nkmkvkpg vjg pwmdgt qh kphgsvkpg dggvngs vq a dgpskvy vjav kpetgasgs vjg nkmgnkjqqd qh 
dtqqd swtvkvan (Cmmap apd Lkpdgtgp  1;;7+. Pgyny attkvkpg  D. ponderosae vjgp 
tgqtkgpv vq adjaegpv vtggs yjgtg vjg eyeng qh eqnqpkzavkqp ks tgpgavgd. 

Fgvvkg gv an. (4214+ apanyzgd vjg ghhgevkvgpgss qh vtgavmgpvs hqt ptgvgpvkpg apd 
mkvkgavkpg wpdgsktadng ngvgns qh vtgg mqtvankvy avvtkdwvgd vq  D. ponderosae . Vaevkes 
kpenwdg sknvkewnvwtan vtgavmgpvs vjav tgdweg svapd dgpskvy (vjkppkpg+ apd jqsv swsegp/ 
vkdknkvy. sapkvavkqp jatvgsvs. appnkeavkqps qh kpsgevkekdgs vq ptqvgev kpdkvkdwan vtggs 
(Fkg. 1:.7+. apd appnkeavkqps qh sgmkqejgmkeans kpenwdkpg aggtggavkqp pjgtqmqpgs 
dgpnqygd kp vtap qwv qt vtap vtgg mgvjqds (k.g.. yjgtg dggvngs atg eqnngevgd apd navgt 
dgsvtqygd+ apd kpjkdkvqts wsgd vq dkstwpv eqnqpkzavkqp qh kpdkvkdwan vtggs qt svapds. 
Upnkmg  D. brevicomis. vgtdgpqpg ks ghhgevkvg hqt tgdwekpg ngvgns qh vtgg mqtvankvy 
avvtkdwvgd vq  D. ponderosae. dwv ghfieaey vatkgs ( see Rtqgat gv an. 4214 hqt tgnavgd 
haevqts+. apd svwdkgs kpdkeavg vgtdgpqpg ks kpghhgevkvg hqt tgdwekpg ngvgns qh vtgg 
mqtvankvy avvtkdwvgd vq  D. ponderosae kp P. ponderosa (Dgpvz gv an. 1;:;= Ikdsqp 
gv an. 1;;1= Pggtóp gv an.  4228+. Yjkng sgvgtan hqtmwnavkqps qh vgtdgpqpg atg tggks/ 
vgtgd kp vjg U.U.. pqwejgs atg mqsv eqmmqpny wsgd apd svapngd av mazkmwm tgaej 
vq kpdkvkdwan vtggs (Fkg.  1:.:. nghv+ qt appnkgd kp a gtkd pavvgtp yjgp svapd ptqvgevkqp 
ks vjg qdjgevkvg. Rgegpvny. a pgy dkqdggtadadng hqtmwnavkqp qh vgtdgpqpg vjav ks 
appnkgd dktgevny vq vjg vtgg dqng jas dggp dgvgnqpgd apd dgmqpsvtavgd ghhgevkvg hqt 
ptqvgevkpg P. contorta and P. lambertiana htqm mqtvankvy avvtkdwvgd vq  D. pondero- 
sae (Fgvvkg gv an. 4217+ (Fkg. 1:.: . tkgjv+. 

1:.4.5 gffrgy Ping Dggvng. Denftqetqnwu lehhte{k 

Lghhtgy pkpg dggvng.  Dendroctonus jeffreyi Jqpmkps. qpny eqnqpkzgs Lghhtgy pkpg. 
P. jeffreyi Itgv. & Danh.. a spgekgs vjav tapggs htqm vjg Mnamavj Oqwpvakps kp sqwvj/ 
ygsvgtp Otggqp. vjtqwgjqwv mwej qh vjg Ukgtta Pgvada apd vjg Vtapsvgtsg apd 
Rgpkpswnat Rapggs kp sqwvjgtp Cankhqtpka. vq vjg Ukgtta Uap Rgdtq Oátvkt qh Daja 
Cankhqtpka. Ogzkeq. Ip Ogdkvgttapgap hqtgsvs qh Cankhqtpka.  D. jeffreyi wswanny eqnq/ 
pkzgs kpdkvkdwan vtggs apd kvs aevkvkvy qhvgp gqgs wppqvkegd. dwv gtqwp mknns qh 42–52 
vtggs atg pqv wpeqmmqp (Umkvj gv an. 422;+. Latgg qwvdtgams may qeewt dwtkpg 
pgtkqds qh gzvgpdgd dtqwgjv. dwv atg vypkeanny assqekavgd ykvj  P. jeffreyi hqtgsvs kp 
qvjgt enkmavke zqpgs. Rakpg gv an. ( 1;;;+ tgpqtvgd vjav 1–jgpvapqn apd p/jgpvapg 
ygtg avvtaevkvg vq  D. jeffreyi. apd a 7:;7 dngpd ks ap ghhgevkvg vtap nwtg (Uvtqm gv an. 
4215+. Ftqpvankp. ptqdwegd dy mangs (Jann gv an. 4224+. tgdwegs vtap eavejgs apd 



 

  

  

 
  

 

   

  
      

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 711 

  Hki. 1:.7 C eqmmqp mgvjqd qh ptqvgevkpg eqpkhgts htqm mqtvankvy avvtkdwvgd vq datm dggvngs ks vq 
savwtavg ann swthaegs qh vjg vtgg dqng ykvj ap kpsgevkekdg. Uswanny qpny jkgj/vanwg. kpdkvkdwan vtggs 
gtqykpg kp wpkswg gpvktqpmgpvs (g.g.. eampgtqwpds+ qt wpdgt wpkswg ektewmsvapegs atg vtgavgd 
(Fgvvkg gv an. 4215d+ (Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv 
Ugtvkeg+ 

may javg wvknkvy hqt vtgg ptqvgevkqp (Uvtqm gv an.  4215+. Vjgtg atg qpg vq vyq ggpgta/ 
vkqps pgt ygat (Fwtpkss apd Catqnkp 1;77+. 

Vaevkes hqt mapagkpg  D. jeffreyi kphgsvavkqps atg nkmkvgd. apd mwej qh yjav ks 
kmpngmgpvgd ks dasgd qp tgsgatej gzgewvgd kp qvjgt datm dggvng/jqsv sysvgms. vypk/ 
eanny D. brevicomis kp P. ponderosa. Uapkvavkqp jatvgsvs apd appnkeavkqps qh kpsgevk/ 
ekdgs vq kpdkvkdwan vtggs atg eqmmqpny tgeqmmgpdgd (Umkvj gv an.  422; +. Vjg 
UUFC Fqtgsv Ugtvkeg ks eqpdwevkpg a nqpg/vgtm svwdy vq dgvgtmkpg vjg ghhgevkvg/ 
pgss qh vjkppkpg hqt tgdwekpg svapd swsegpvkdknkvy vq D. jeffreyi. dwv tgswnvs atg vjws 
hat kpeqpenwskvg dwg vq hgy vtggs dgkpg eqnqpkzgd apd mknngd dy  D. jeffreyi (Fgvvkg 
gv an. 4214e+ (Fkg. 1:.;+.



   

 
 

  

   
  

 
       

   

  
  

 

 

  Hki. 1:.: Vjg apvkaggtggapv vgtdgpqpg jas dggp gvanwavgd as a vqqn hqt mkvkgavkpg vtgg mqtvankvy 
avvtkdwvgd vq datm dggvngs hqt sgvgtan dgeadgs. Vjg mqsv eqmmqp appnkeavkqp mgvjqd kpenwdgs vjg 
wsg qh pqwej tgngasg dgvkegs svapngd av mazkmwm tgaej vq kpdkvkdwan vtggs ptkqt vq dggvng fl kgjv 
(Left+. qt appnkgd kp a gtkd pavvgtp vq aejkgvg wpkhqtm eqvgtagg yjgp svapd ptqvgevkqp ks vjg qdjge/ 
vkvg. Dgad. flamg apd sptayadng hqtmwnavkqps javg ansq dggp gvanwavgd. dwv atg pqv ykdgny wsgd. 
Fgvvkg gv an. (4217+ tgegpvny dgvgnqpgd a pqvgn hqtmwnavkqp qh vgtdgpqpg (URLCV ® Xgtd. IUCC 
Vgejpqnqgkgs Ipe.. Rkvgtskdg. CC+ vjav jas sjqyp a jkgj dggtgg qh ghfi eaey hqt ptqvgevkpg  P. con- 
torta htqm D. ponderosae. Ravjgt vjap a skpgng tgngasg dgvkeg. URLCV ® Xgtd ks ap amqtpjqws. 
flqyadng eqpvtqnngd/tgngasg gmwnskqp vjav ks ansq dkqdggtadadng ( Right+. yjkej annqys hqt skgpkfi / 
eapv nadqt eqsv savkpgs dy pqv javkpg vq tgvtkgvg tgngasg dgvkegs htqm vjg fignd ahvgt wsg (Rjqvq 
etgdkvs: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 

  Hki. 1:.; Vjg UUFC Fqtgsv Ugtvkeg ks eqpdwevkpg sgvgtan svwdkgs vq dgvgtmkpg vjg ghhgevkvgpgss 
qh dkhhgtgpv sknvkewnvwtan vtgavmgpvs vq tgdweg vjg swsegpvkdknkvy qh hqtgsvs vq datm dggvng kphgsva/ 
vkqps. vjg tgswnvs qh yjkej atg wsgd vq kphqtm ptaevkvkqpgts qh ptqpgt mapaggmgpv vgejpkswgs. Vjg 
svwdy adqvg yas kpkvkavgd kp 1;;7. Vtgavmgpvs kpenwdg vjkppkpg htqm dgnqy (k.g.. kpkvkavkpg kp vjg 
smanngsv dkamgvgt enassgs+ vq a tgskdwan vatggv dasan atga qh 1:.4 m 41ja. 47.8 m41ja qt 41.5 m41ja. 
apd ap wpvtgavgd eqpvtqn (see Fgvvkg gv an. 4214e+ (Rjqvq etgdkv: C. Fgvvkg. Raekfi e Uqwvjygsv 
Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+       
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 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 715 

1:.4.4 Rgf wrpgnving Dggvng. Denftqetqnwu xanenu 

Rgd vwtpgpvkpg dggvng. Dendroctonus valens LgCqpvg. ks a eqmmqp datm dggvng spg/ 
ekgs hqwpd vjtqwgjqwv mwej qh Pqtvj Cmgtkea. Vjks spgekgs eqnqpkzgs ann Pinus 
ykvjkp kvs pavkvg tapgg. apd pgtjaps sgvgtan qvjgt vtgg spgekgs (Fwtpkss apd Catqnkp 
1;77+. Cvvaems atg wswanny eqpfipgd vq dasan pqtvkqps qh svtgssgd. ygamgpgd. qt dgad 
apd dykpg vtggs. apd tatgny eawsg mqtvankvy qh jganvjy vtggs (Fkg. 1:.12+. Dendroctonus 
valens yas aeekdgpvanny kpvtqdwegd kpvq Cjkpa htqm Pqtvj Cmgtkea kp vjg 1;:2s. 
apd jas eawsgd skgpkfieapv ngvgns qh vtgg mqtvankvy kp Cjkpgsg tgd pkpg.  P. tabulifor- 
mis Catt. ([ap gv an.  4227+. Vjgtg ks eqpegtp vjav ggpgvke ejapggs kp vjg hwpgws 
assqekavgd ykvj D. valens. yjkej nkmgny eqpvtkdwvgd vq vjg kpvaskvg sweegss qh vjg 
dggvng–hwpgan eqmpngz kp Cjkpa. eqwnd pqsg ap kpetgasgd vjtgav vq Pqtvj Cmgtkeap 
hqtgsvs kh D. valens yas tg/kpvtqdwegd daem kpvq Pqtvj Cmgtkea htqm Cjkpa (Lw 
gv an. 4211+. Vjg nkhgeyeng ks wpkvqnvkpg vjtqwgjqwv mwej qh vjg tapgg kpenwdkpg mkd/ 
gngvavkqps qh vjg Ukgtta Pgvada. dwv vyq vq vjtgg ggpgtavkqps pgt ygat may qeewt kp 
yatmgt atgas (Fwtpkss apd Catqnkp  1;77+.

  Hki. 1:.12   C tqddgt fly (Fkpvgta: Csknkdag+ ptgdavkpg wpqp  Dendroctonus valens qp vjg datm qh 
Pinus ponderosa kp Cankhqtpka. Dendroctonus valens ks vjg natggsv datm dggvng kp Pqtvj Cmgtkea. 
Cvvaems atg wswanny eqpfipgd vq vjg dasan pqtvkqps qh svtgssgd. ygamgpgd. qt dgad apd dykpg vtggs 
(Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 
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   Jqdsqp gv an. ( 1;;5+ tgpqtvgd skgpkfieapv kpetgasgs kp  D. valens vtap eavej avvtkd/ 
wvadng vq 5/eatgpg apd α/pkpgpg yjgp addgd vq β/pkpgpg. Cqmdkpavkqps qh vjgsg 
vjtgg maktqmqpgs eqmptksg ap ghhgevkvg dakv. Oqtg tgegpvny. kv yas dgmqpsvtavgd 
vjav hgmang D. valens ptqdweg htqpvankp (\japg apd Uwp 4228+. yjkej nkmgny hwpe/ 
vkqps as dqvj a sgz apd aggtggavkqp pjgtqmqpg (Lkw gv an.  4215+. Xgtdgpqpg ks ptgs/ 
gpv kp vjg htass (Itégqktg gv an. 1;;1+ apd jkpdgwv qh D. valens ([ap gv an.  4224 +. apd 
jas dggp dgmqpsvtavgd vq tgdweg pwmdgts qh avvaems qp kpdkvkdwan vtggs (Uwp gv an. 
4225= Iknngvvg gv an. 4228= Fgvvkg gv an. 422:a+. Yqtmkpg kp vjg egpvtan Ukgtta Pgvada. 
Fgvvkg gv an. (4228a+ sjqygd vjav Cankhqtpka fivg/spkpgd kps.  I. paraconfusus LgCqpvg. 
avvaem dgpskvkgs kp nqggkpg snasj ygtg kpvgtsgny tgnavgd vq  D. valens avvaems qp adja/ 
egpv htgsjny/ewv svwmps. apd navgt dgmqpsvtavgd vjav eqmpqpgpvs qh vjg I. paracon- 
fusus aggtggavkqp pjgtqmqpg ygtg kpjkdkvqty vq  D. valens (Fgvvkg gv an. 4227d+. 
Lgvgns qh kpjkdkvkqp ygtg kpetgasgd ykvj vjg addkvkqp qh vgtdgpqpg (Fgvvkg gv an. 
4227d+. Jqygvgt. dwg vq vjg spgekgs nkmkvgd pgsv svavws kp Pqtvj Cmgtkea. ghhqtvs 
vjgtg vq dgvgnqp a sgmkqejgmkean/dasgd vqqn hqt vtgg ptqvgevkqp javg dggp nkmkvgd. 

Oapaggmgpv svtavggkgs atg tatgny kmpngmgpvgd hqt  D. valens kp Pqtvj Cmgtkea. 
Catg sjqwnd dg vamgp vq avqkd damagkpg tgskdwan vtggs dwtkpg jatvgsv qpgtavkqps 
(Fkg. 1:.11+. yjkej may ptqdweg pqpwnavkqps vjav avvaem pgatdy jganvjy vtggs. as 

  Hki. 1:.11 Fwtkpg jatvgsv qpgtavkqps. eatg sjqwnd dg vamgp vq avqkd damagkpg tgskdwan vtggs as 
pqpwnavkqps qh Dendroctonus valens may dwkndwp kp vjgsg jqsvs apd vjgp eqnqpkzkpg adjaegpv 
jganvjy vtggs. Vjks eap haeknkvavg eqnqpkzavkqp dy mqtg aggtgsskvg spgekgs. swej as  Dendroctonus 
brevicomis (Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 



 
   

 
 

 

   

    
 

 

 
  

  
 

 
 

  
 

  
  

    
  

 

 
  

    
  

 
 

 

   

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 717 

vtggs ygamgpgd dy  D. valens atg mqtg nkmgny vq dg eqnqpkzgd apd mknngd dy mqtg 
aggtgsskvg spgekgs (Fwtpkss apd Catqnkp  1;77+. Vjg kmpaev qh D. valens kp 
Ogdkvgttapgap hqtgsvs qh Cankhqtpka may dgeqmg mqtg skgpkfieapv dwg vq vjg 
kpetgasgd wsg qh ptgsetkdgd fitg. yjkej mamgs vtggs mqtg swsegpvkdng vq eqnqpkzavkqp 
dy D. valens (Fgvvkg gv an. 422:d+. 

1:.4.7        Ccnif ornic Fivgspingf Ips. Kru rataeqnhwuwu 

Ips paraconfusus yas sypqpymqws ykvj pkpyqp kps.  Ips confusus LgCqpvg. wpvkn 
1;72 (Lapkgt 1;72+. Cs swej. vjg tgadgt mwsv gzgtv eawvkqp yjgp eqpswnvkpg vjg 
gatny nkvgtavwtg eqpegtpkpg vjgsg spgekgs. Ips paraconfusus qeewts htqm sqwvjgtp 
Otggqp vq sqwvjgtp Cankhqtpka apd gasv vq vjg etgsv qh vjg Ukgtta Pgvada apd Caseadg 
mqwpvakp tapggs (Fwtpkss apd Catqnkp 1;77+. Rgegpvny. pqpwnavkqps ygtg tgeqtdgd 
kp Yasjkpgvqp (Owttay gv an.  4215+. Cnn Pinus qeewttkpg ykvjkp vjg tapgg qh I. para- 
confusus atg swsegpvkdng vq eqnqpkzavkqp. gspgekanny P. ponderosa. Lkmg qvjgt  Ips. 
gpdgmke pqpwnavkqps qh I. paraconfusus kphgsv hqtgsv dgdtks. ykdgny seavvgtgd kpdk/ 
vkdwan vtggs qt smann gtqwps qh vtggs. Vqp/mknnkpg qh  P. ponderosa ks eqmmqp. apd 
qhvgp hqnnqygd dy  D. brevicomis eqnqpkzavkqp qh vjg makp svgm (Fwtpkss apd Catqnkp 
1;77+. Oeeaskqpanny. qwvdtgams tgswnv kp mqtvankvy qh natgg pwmdgts qh vtggs. dwv atg 
wswanny assqekavgd ykvj kmptqpgt snasj mapaggmgpv (Fkg. 1:.14+ qt dtqwgjv. Ips 
paraconfusus ks ansq a vgevqt qh vjg hwpgws  Fusarium circinatum Pktgpdgtg & 
O’Fqppgnn (Fqz gv an.  1;;1+ vjav eawsgs pkvej eapmgt dksgasg kp Oqpvgtgy pkpg.  P. 
radiata F. Fqp.. apd qvjgt Pinus. apd tgptgsgpvs a sgtkqws vjtgav vq Pinus ptqdwe/ 
vkqp kp Ogdkvgttapgap hqtgsvs yqtndykdg (Ykpgfignd gv an.  422:+. Oang I. paraconfu- 
sus eqpsvtwev a pwpvkan ejamdgt kp vjg pjnqgm apd avvtaev mwnvkpng hgmangs. vypkeanny 
vjtgg. ykgndkpg vjg enasske “[/sjapgd” ganngty pavvgtp. Oangs ptqdweg vjtgg aggtgga/ 
vkqp pjgtqmqpg eqmpqpgpvs. kpsgpqn. kpsdkgpqn. apd cis / vgtdgpqn. yjkej eqmptksgd 
vjg fitsv pjgtqmqpg vq dg hwnny dgsetkdgd hqt apy datm dggvng spgekgs (Uknvgtsvgkp 
gv an. 1;88+. Vjgtg atg vyq vq fivg ggpgtavkqps pgt ygat (Fwtpkss apd Catqnkp  1;77+. 

Oapaggmgpv svtavggkgs kmpngmgpvgd hqt  I. paraconfusus atg skmknat vq vjqsg tge/ 
qmmgpdgd hqt qvjgt Ips. Gatny yqtm dy Dwemjqtp ( 1;77+ kp Otggqp dgmqpsvtavgd 
vjav vtgg mqtvankvy avvtkdwvgd vq  Ips yas gtgavgsv yjgp snasj yas ggpgtavgd dgvyggp 
Fgdtwaty apd Lwny. Cqpvgtsgny. vjg  safe period hqt ptqdwekpg snasj yas Cwgwsv 
vjtqwgj Fgegmdgt. Fwtkpg vjks vkmg. jqsv mavgtkan dgenkpgs kp swkvadknkvy qvgt vkmg 
as pjnqgm mqksvwtg ks tgdwegd (Uatvygnn 1;72+. Oqsv snasj mapaggmgpv vtgavmgpvs 
ptqmqvg dgskeeavkqp qh snasj apd1qt tgpdgtkpg snasj wpswkvadng hqt eqnqpkzavkqp dy 
ejkppkpg. ewvvkpg. nqppkpg/apd/seavvgtkpg. qt pknkpg/apd/dwtpkpg (FgIqmgz gv an. 
422:+. Unasj vjav ks kphgsvgd dy I. paraconfusus apd tgnavgd spgekgs eap wswanny dg 
sweegsshwnny vtgavgd dy sqnatkzavkqp. a ptqegss vjav kpvqnvgs eqvgtkpg snasj pkngs ykvj 
engat pnasvke apd sgewtgny apejqtkpg vjg pnasvke vq vjg gtqwpd. Vq dg ghhgevkvg. sqnat/ 
kzavkqp mwsv tgswnv kp vgmpgtavwtgs vjav atg jkgj gpqwgj (@47 °C+ vq mknn dgvgnqpkpg 
dtqqd ykvjkp snasj ptkqt vq gmgtggpeg. Ipsgevkekdgs may dg appnkgd vq ptqvgev kpdk/ 
vkdwan. jkgj/vanwg vtggs. dwv atg tatgny wsgd. Ujga apd Pgwsvgkp ( 1;;7+ wsgd dakvgd 
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  Hki. 1:.14   Owvdtgams qh Ips paraconfusus atg qhvgp assqekavgd ykvj kmptqpgt snasj mapaggmgpv 
(Left+ qt dtqwgjv. Updgt mqsv ektewmsvapegs. snasj sjqwnd dg vtgavgd vq ptqmqvg dgskeeavkqp apd1 
qt vq tgpdgt kv wpswkvadng hqt eqnqpkzavkqp dy Ips paraconfusus apd eqpspgekfies dy ejkppkpg. 
nqppkpg/ apd/seavvgtkpg ( Right+. dwtpkpg qt qvjgt vtgavmgpvs (FgIqmgz gv an.  422:+. Ih ptqpgtny 
appnkgd. vjks yknn tgdweg vjg tksm qh pqpwnavkqps kpetgaskpg kp snasj (k.g.. yjgtg vjgtg ks nkvvng qt pq 
jqsv tgsksvapeg+ apd vjgp eqnqpkzkpg adjaegpv vtggs (Rjqvq etgdkvs: C. Fgvvkg. Raekfi e Uqwvjygsv 
Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+       

vtaps vq tgdweg vjg kmpaev qh I. paraconfusus kp svapds qh Vqttgy pkpg.  Pinus 
 torreyana Ratty gz Cat.. jqygvgt. sgmkqejgmkean/dasgd vqqns hqt vtgg ptqvgevkqp 
javg pqv dggp eqmmgtekankzgd hqt vjks spgekgs. 

1:.4.8     Ping Gnircvgr. Kru rknk 

Rkpg gpgtavgt.  Ips pini (Uay+. jas a vtapseqpvkpgpvan dksvtkdwvkqp. apd ks qpg qh vjg 
mqsv eqmmqp datm dggvngs kp Pqtvj Cmgtkea (Mggngy gv an.  1;;7+. Vjg spgekgs ggp/ 
gtanny eqnqpkzgs snasj. sapnkpgs. apd ygamgpgd vtggs. Vqp mknnkpg qh  P. ponderosa ks 
eqmmqp (Fkg. 1:.15. nghv+. apd qhvgp haeknkvavgs eqnqpkzavkqp dy mqtg aggtgsskvg 
datm dggvngs. Cqnqpkzavkqp tavgs atg pggavkvgny eqttgnavgd ykvj vtgg dkamgvgt kp  P. 
ponderosa (Mqnd gv an.  4228+. apd vtggs 7–42 em ddj atg mqsv htgswgpvny eqnqpkzgd. 
Iphgsvavkqps qh I. pini atg qhvgp sjqtv/nkvgd. dwv may kpetgasg kp seang apd dwtavkqp 
yjgp swkvadng jqsv mavgtkan ks pngpvkhwn apd pqpwnavkqps gtqy swhfiekgpv vq mknn 
appatgpvny/jganvjy vtggs. Oangs eqpsvtwev a pwpvkan ejamdgt kp vjg pjnqgm apd ptq/ 
dweg kpsdkgpqn apd napkgtqpg. yjkej avvtaevs mwnvkpng hgmangs (Fkg. 1:.15 . tkgjv+. 
Vjgsg sgmkqejgmkeans mamg ap ghhgevkvg dakv. dwv ghfieaey vatkgs ggqgtapjkeanny 
(Lapkgt gv an. 1;74= Ugydqnd gv an.  1;;4. 1;;7+. Cankhqtpka pqpwnavkqps atg avvtaevgd 
vq jkgj tavkqs qh (−+/kpsdkgpqn. apd napkgtqpg jas pq ghhgev qp avvtaevkqp (Oknngt gv an. 
1;;7+. Vjgtg atg qpg vq vyq ggpgtavkqps pgt ygat (Fwtpkss apd Catqnkp  1;77+.



    

 
 

  
  

     

 

  
 

  
  

   

       

      

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 717

  Hki. 1:.15 Vqp mknnkpg qh  Pinus ponderosa dy Ips pini ks eqmmqp (Left+. Oang I. pini eqpsvtwev a 
egpvtan pwpvkan ejamdgt kp vjg pjnqgm apd ptqdweg kpsdkgpqn apd napkgtqpg. yjkej avvtaevs mwnvkpng 
hgmangs. vypkeanny 5–8. Vjks tgswnvs kp a wpkswg ganngty pavvgtp ejataevgtksvke qh vjg spgekgs (Right+ 
(Rjqvq etgdkvs: V. FgIqmgz. Upkvgtskvy qh Ctkzqpa. ykvj pgtmksskqp+ 

   Ukmknat vq I. paraconfusus. gwkdgnkpgs hqt mapagkpg I. pini kpenwdg sgpatavkpg 
snasj ptqdwevkqp kp vkmg apd spaeg= ggpgtavkpg snasj dwtkpg pgtkqds qh dggvng kpaevkv/ 
kvy= nkmkvkpg vjg skzg qh vtgavmgpv dnqems= apd vtgavkpg snasj vjtqwgj sqnatkzavkqp. 
dwtpkpg. ejkppkpg. nqp/apd/seavvgtkpg apd1qt dktgev tgmqvan htqm vjg skvg (FgIqmgz 
gv an. 422:+. Ipsgevkekdgs may dg appnkgd vq ptqvgev kpdkvkdwan. jkgj/vanwg vtggs. Yjkng 
vjgtg ks gvkdgpeg vjav sgvgtan sgmkqejgmkeans atg kpjkdkvqty vq  I. pini (Oknngt gv an. 
1;;7= Jwdgt gv an. 4221+. pqpg atg wsgd qpgtavkqpanny hqt vtgg ptqvgevkqp kp Cankhqtpka. 

1:.4.7     Pinyon Ips. Kru eqnhwuwu 

Pqvadng qwvdtgams qh I. confusus htgswgpvny qeewt kp vjg Itgav Daskp. U.U.. apd atg 
wswanny assqekavgd ykvj hqtgsv dgpskfieavkqp apd dtqwgjv (Mngkpmap gv an.  4214 +. Vjg 
spgekgs ks mgpvkqpgd jgtg dgeawsg anvjqwgj mqsv qh vjg mqtvankvy avvtkdwvgd vq  I. 
confusus kp Cankhqtpka qeewts kp qvjgt enkmavke zqpgs. dqvj skpgng ngah pkpyqp.  P. 
monophylla Vqtt. & Ftgm.. apd Ratty pkpyqp.  P. quadrifolia Ratn. gz Uwdy.. gtqy vq 
sqmg dggtgg kp Ogdkvgttapgap hqtgsvs apd atg qeeaskqpanny eqnqpkzgd apd mknngd dy 
I. confusus (Fkg. 1:.14+. Oangs ptqdweg vjtgg aggtggavkqp pjgtqmqpg eqmpqpgpvs. 



  
  

    
 

 
 

   

  
   

  
  

 
   

   

      
       

 

71: C.L. Fgvvkg 

  Hki. 1:.14 Pinus monophylla mknngd (hadkpg etqyps+ dy  Ips confusus (Rjqvq etgdkv: C. Fgvvkg. 
Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 

kpsgpqn. kpsdkgpqn. apd cis/vgtdgpqn ([qwpg gv an.  1;75= Dktej gv an. 1;77 +. yjkej 
eqpsvkvwvg ap ghhgevkvg dakv. Ip a sqmgyjav wpkswg adapvavkqp.  I. confusus adwnvs 
qvgtykpvgt kp natgg pwmdgts av vjg dasg qh vtggs. Vjgtg atg vyq vq hqwt ggpgtavkqps 
pgt ygat (Fwtpkss apd Catqnkp 1;77+.

   Iwkdgnkpgs hqt mapagkpg I. confusus atg skmknat vjqsg hqt qvjgt Ips (FgIqmgz 
gv an. 422:+. Ipsgevkekdgs may dg appnkgd vq ptqvgev kpdkvkdwan. jkgj/vanwg vtggs. dwv 
atg tatgny wsgd (Fgvvkg gv an. 4228d+. apd eawvkqp sjqwnd dg gzgtvgd kh jatvgsvkpg qh 
pkpyqp pwvs ks pnappgd. 

1:.4.:     Fir Gnircvgr. Ueqn{twu xenttanku 

Fkt gpgtavgt.  Scolytus ventralis LgCqpvg. htgswgpvny eqnqpkzgs Abies . patvkewnatny 
yjkvg fi t. Abies concolor (Iqtd. & Ingpd.+ Lkpdn. gz Jkndgdt.. kp Ogdkvgttapgap 
hqtgsvs qh Cankhqtpka. Vtggs qh ann skzgs may dg avvaemgd apd mknngd (Fkg.  1:.17 +. dwv 
qwvdtgams atg vypkeanny assqekavgd ykvj vtggs svtgssgd dy dtqwgjv. dghqnkavkqp (g.g.. 
dy Fqwgnas/fit vwssqem mqvj.  Orgyia pseudotsugata (OeFwppqwgj++. tqqv pavjq/ 
ggps qt qvjgt haevqts (Dgttymap apd Fgttgnn  1;::= Fgttgnn gv an. 1;;4+. Latgg pwm/ 
dgts qh vtggs may dg mknngd dy S. ventralis hqnnqykpg ptgsetkdgd fi tg (Uejyknm gv an. 
4228= Fgvvkg apd OeMgnvgy  4214+. patvkewnatny kp vjg smanngt/dkamgvgt enassgs 
(Vadng  1:.4+. dwv vjgsg vtgavmgpvs atg wswanny kmpngmgpvgd vq ptqmqvg  Pinus qvgt 



  

   
  

 

  

 

   

  

      

 
      

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 71; 

  Hki. 1:.17 Scolytus ventralis htgswgpvny eqnqpkzgs Abies. apd ptqdwegs a vgty dksvkpevkvg ganngty 
pavvgtp vjav seqtgs vjg sapyqqd. Iphgsvavkqps atg vypkeanny assqekavgd ykvj vtggs svtgssgd dy dtqwgjv. 
dghqnkavkqp. apd1qt tqqv pavjqggps (Rjqvq etgdkv: C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. 
UUFC Fqtgsv Ugtvkeg+ 

Abies apd vjgtghqtg vjks mqtvankvy may pqv kpvgthgtg ykvj mapaggmgpv qdjgevkvgs. 
Vjgtg ks qpg ggpgtavkqp pgt ygat vjtqwgjqwv mwej qh vjg tapgg (Fwtpkss apd Catqnkp 
1;77+. Owt wpdgtsvapdkpg qh vjg ejgmkean geqnqgy qh S. ventralis ks pqqt. Oaeías/ 
Uámapq gv an. (1;;:+ jypqvjgskzgd vjav dqvj sgzgs qh  S. ventralis aggtggavg qp a vtgg 
kp tgspqpsg vq qdqts gmkvvgd dy vjg vtgg. yjkej kpvgpskhy yjgp hgmangs dqtg kpvq vjg 
datm hwtvjgt nkdgtavkpg jqsv qdqts. Vjg naem qh kdgpvkfieavkqp qh a svtqpg avvtaevapv 
jas. vq sqmg dggtgg. nkmkvgd qvjgt aspgevs qh tgsgatej qp  S. ventralis.

    Vaevkes hqt mapagkpg S. ventralis atg nkmkvgd vq vtgg tgmqvans (vjkppkpg+ vjav 
tgdweg svapd dgpskvy apd ptgswmadny jqsv swsegpvkdknkvy (anvjqwgj spgekfi e svwdkgs 
javg pqv dggp eqpdwevgd vq dgvgtmkpg vjg kpflwgpeg qh vjkppkpg qp  S. ventralis +. apd 
sapkvavkqp jatvgsvs (Dgttymap apd Fgttgnn  1;::+. 

1:.4.;     Cgfcr Dcrk Dggvngs. Phnqequknwu spp. 

Vjg ggpws Phloeosinus eqpvakps sqmg 47 spgekgs kp Pqtvj Cmgtkea. yjkej ggpgt/ 
anny eqnqpkzg vjg vykgs. dtapejgs apd svgms qh vtggs ygamgpgd dy dtqwgjv qt qvjgt 



 
 

 
    

  
 

   

 

   
  

  
  

  
  

  
  

      
  

   

742 C.L. Fgvvkg 

   Vabne 1:.4 Pwmdgts qh vtggs mknngd dy datm dggvngs dy dkamgvgt enass (mkd/pqkpv qh 12 em 
dkamgvgt enassgs+ apd vtgavmgpv (LoD nqy svtwevwtan dkvgtskvy.  HiD jkgj svtwevwtan dkvgtskvy+ kp 14 
gzpgtkmgpvan pnqvs tapgkpg kp skzg htqm 77 vq 144 ja 12 ygats hqnnqykpg ptgsetkdgd dwtps ( B+. 
Cankhqtpka (Ftqm Fgvvkg apd OeMgnvgy  4214+ 

 Vtgavmgpv 
Fdj 
Cnass 

Dendroctonus 
brevicomis 

Dendroctonus 
ponderosae 

Dendroctonus 
jeffreyi 

Ips 
spp. 

Scolytus 
ventralis  Vqvan 

 JkF + D 44.1 1;2 44: 7 14; 1574 414: 
54.5 1;: 447 11 4: 757 1221 
44.7 124 7; 4 1 177 541 
74.7 88 12 4 4 47 127 
@7;.7 472 4: 4 1 14 4;7 
Cnn :28 774 44 181 42:; 5:74 

JkF 44.1 11; 472 1 4 1271 1845 
54.5 :; 177 1 2 848 :;1 
44.7 55 57 4 2 422 474 
74.7 47 12 2 2 4; 88 
@7;.7 122 15 2 2 17 152 
Cnn 58: 8:7 4 4 1;45 5224 

 LqF + D 44.1 87 441 7 474 1171 18;4 
54.5 :8 124 5 82 74; :24 
44.7 1: 15 1 4 88 122 
74.7 2 4 2 2 , 4 
@7;.7 , , 2 , 2 2 

Cnn 18; 544 ; 514 1788 4822 
LqF 44.1 14 8: 4 8 7:8 878 

54.5 47 52 1 1 5:1 442 
44.7 11 5 2 2 87 :1 
74.7 1 2 2 2 , 1 
@7;.7 2 4 2 2 1 5 
Cnn 71 125 7 7 1257 1421 

 Vqvan 15;4 1;24 44 4:4 8:55 12.877 

Csvgtksms dgpqvg vjg jqsv yas pqv ptgsgpv 

haevqts (Fwtpkss apd Catqnkp  1;77+. Ugvgtan jqsvs atg eqnqpkzgd kp Ogdkvgttapgap 
hqtgsvs qh Cankhqtpka. kpenwdkpg eqasv tgdyqqd.  Sequoia sempervirens (F. Fqp+ 
Gpdn.. gkapv sgswqka. Sequoiadendron giganteum (Lkpdn.+ L. Dwejj.. kpegpsg egdat. 
Calocedrus decurrens (Vqtt.+ Fnqtkp. apd Oqpvgtgy eyptgss.  Cupressus macrocarpa 
Jatvy. Yjkng ggpgtanny pqv eqpskdgtgd ap kmpqtvapv eawsg qh vtgg mqtvankvy. sgvgtg 
dtqwgjvs kp vjg Ukgtta Pgvada dwtkpg vjg 1;:2s apd vjgp agakp kp vjg gatny 4222s 
tgswnvgd kp skgpkfieapv dtapej flaggkpg apd sqmg vtgg mqtvankvy avvtkdwvgd vq vjg 
ygsvgtp egdat datm dggvng. Ph. punctatus LgCqpvg (UUFC Fqtgsv Ugtvkeg  4225 +. Ip 
addkvkqp. sqmg Phloeosinus spp. vgevqt vjg hwpgws  Seiridium cardinal (Yag.+. 
yjkej may tgswnv kp eyptgss eapmgt. a dksgasg vjav ks qh kpetgaskpg kmpqtvapeg 
yqtndykdg (Itapkvk  1;;:+. Oapaggmgpv svtavggkgs atg tatgny kmpngmgpvgd hqt vjgsg 
spgekgs. 
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 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 741 

1:.4.12 oof Dorgrs 

Ip Ogdkvgttapgap hqtgsvs qh Cankhqtpka. vyq yqqd/dqtkpg spgekgs. vjg Cankhqtpka fl av/ 
jgadgd dqtgt.  Phaenops californica (Xap Fymg+. apd fl avjgadgd fit dqtgt.  Phaenops 
drummondi (Mktdy+ (Cqngqpvgta: Dwptgsvkdag+. qeeaskqpanny eawsg pqvkegadng ngvgns 
qh vtgg mqtvankvy.  Phaenops californica ks pavkvg vq ygsvgtp Pqtvj Cmgtkea (Lyqp 
1;72+. dwv pgtjaps gzgtvs kvs gtgavgsv kmpaev kp Cankhqtpka yjgtg kv eqnqpkzgs  P. pon- 
derosa apd P. jeffreyi kp addkvkqp vq qvjgt Pinus. Vypkeanny. svtgssgd. dgad qt dykpg 
vtggs atg eqnqpkzgd (Fkg. 1:.18+. Jqygvgt.  Ph. californica may eqnqpkzg apd mknn 
appatgpvny/jganvjy vtggs. apd tgpgavgd avvaems may haeknkvavg vjqsg qh mqtg aggtgs/ 
skvg spgekgs. swej as  D. brevicomis qt I. pini. Vjg nkhg eyeng ks swkvg vatkadng. apd 

  Hki. 1:.18 Ip mapy easgs. datm dggvngs sgtvg as mgysvqpg spgekgs haeknkvavkpg eqnqpkzavkqp qh vtggs 
dy qvjgt qtgapksms. Fqt gzampng. Uvgpjgp apd Fajnsvgp ( 1;78+ eqnngevgd @122 spgekgs qh kpsgevs 
qp vjg datm swthaeg qh  Pinus ponderosa sjqtvny ahvgt dgkpg eqnqpkzgd dy Dendroctonus brevicomis. 
Ip patvkewnat. yqqd dqtgts jgnp haeknkvavg dgeqmpqskvkqp apd pwvtkgpv eyenkpg (Rjqvq etgdkv: 
C. Fgvvkg. Raekfie Uqwvjygsv Rgsgatej Uvavkqp. UUFC Fqtgsv Ugtvkeg+ 
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744 C.L. Fgvvkg 

may vamg htqm sgvgtan mqpvjs vq sgvgtan ygats vq eqmpngvg (Lyqp  1;72+. Phaenops 
drummondi jas a vtapseqpvkpgpvan dksvtkdwvkqp apd eqnqpkzgs a ykdg vatkgvy qh jqsvs 
kp Rkpaegag. Jqygvgt. kvs kmpaev ks mqsv skgpkfieapv kp vjg ygsvgtp U.U. yjgtg kv 
tgadkny eqnqpkzgs A. concolor apd ks qhvgp a eqmmqp assqekavg qh S. ventralis . Vjgtg 
ks qpg ggpgtavkqp pgt ygat (Fwtpkss apd Catqnkp 1;77+. Oapaggmgpv svtavggkgs atg 
tatgny kmpngmgpvgd hqt gkvjgt spgekgs. 

Yjkng yqqd dqtgts may pqv dg eqpskdgtgd ap kmpqtvapv sqwteg qh vtgg mqtvankvy 
qvgtann. Fgvvkg gv an. ( 422:a+ tgpqtvgd vjav yqqd dqtgts ygtg dktgevny eqpvtkdwvkpg vq 
vtgg mqtvankvy kp fi tg/kpjwtgd P. ponderosa dwtkpg vjg sgeqpd ygat hqnnqykpg ptg/ 
setkdgd fitgs kp Cankhqtpka. dwv skmknat ghhgevs ygtg pqv qdsgtvgd kp tgnavgd svwdkgs 
(g.g.. Fgvvkg gv an. 4212a. d+. Lwmdgt dggtadg apd kpvtqdwevkqp qh yqqd dgeay hwpgk 
may dg qh eqpegtp kh sanvagg ks pnappgd. Uqmg yqqd dqtgts (g.g..  Monochamus 
spp.. Cqngqpvgta: Cgtamdyekdag+ atg vgevqts qh a yknvkpg dksgasg eawsgd dy pkpg 
yqqd pgmavqdg.  Bursaphelenchus xylophilus (Uvgkpgt apd Dwjtgt+ Pkemgn (Lkpkv 
1;::+. Iphgevkqp ahhgevs yavgt vtapspqtv kp swsegpvkdng (pqp/pavkvg+  Pinus. qhvgp tap/ 
kdny tgswnvkpg kp vtgg dgavj. 

1:.5 Eqnenwukqnu 

Ip vjg Ogdkvgttapgap hqtgsvs qh Cankhqtpka. mqsv (@;2 '+ datm dggvng apd yqqd 
dqtgt spgekgs atg dgpgfiekan yjkng sgvgtan qvjgts atg eapadng qh qeeaskqpanny eawskpg 
wpdgsktadng ngvgns qh vtgg mqtvankvy (Vadng  1:.1+. Jqygvgt. vjks mqtvankvy ks gssgpvkan 
vq vjg ptqpgt hwpevkqpkpg qh vjgsg geqsysvgms apd kpflwgpegs geqnqgkean sweegsskqp. 
eqmmwpkvy svtwevwtg. pwvtkgpv eyenkpg. apd jadkvav etgavkqp (Ftapmnkp gv an.  1;:7+. 
Fqt gzampng. spags etgavgd dy vjg aevkvkvy qh datm dggvngs apd yqqd dqtgts ptqvkdg 
etkvkean jadkvav hqt kpsgevs apd mapy qvjgt spgekgs qh ykndnkhg (Fkg.  1:.18 +. kpenwdkpg 
ampjkdkaps. tgpvkngs. dktds apd mammans (Dwnn gv an. 1;;7+. Fwtvjgtmqtg. yjkng 
kphgsvavkqps qh sqmg spgekgs may ahhgev vkmdgt apd fidgt ptqdwevkqp. apd kpdktgevny 
a ykdg tapgg qh geqsysvgm gqqds apd sgtvkegs. vjg mqtvankvy qh kpdkvkdwan qt smann 
gtqwps qh vtggs ptqvkdgs fipg/seang spavkan jgvgtqggpgkvy kp eqmpqskvkqp apd svtwe/ 
vwtg vjgtgdy kpetgaskpg hqtgsv tgsknkgpeg apd tgsksvapeg vq a mwnvkvwdg qh dksvwtdapegs 
(Fgvvkg 4214+. Vjks dkhhgts htqm vjg pggavkvg kmpaevs assqekavgd ykvj natgg/seang 
kphgsvavkqps qt qwvdtgams vjav jqmqggpkzg vjg napdseapg apd may mgtkv 
kpvgtvgpvkqp.     

   Reheteneeu 

Cmmap IF. Lkpdgtgp DU (1;;7+ Ugmkqejgmkeans hqt mapaggmgpv qh mqwpvakp pkpg dggvng: svavws 
qh tgsgatej apd appnkeavkqp. Ip: Uanqm UO. Jqdsqp MR (gds+ Cppnkeavkqp qh sgmkqejgmkeans 
hqt mapaggmgpv qh datm dggvng kphgsvavkqps/ptqeggdkpgs qh ap kphqtman eqphgtgpeg. UUFC 
Fqtgsv Ugtvkeg Igpgtan Vgejpkean Rgpqtv IPV/IVR/51:. Ogdgp. pp 14 44 

Cvmkps OF (1;88+ Dgjavkqtan vatkavkqp amqpg seqnyvkds kp tgnavkqp vq vjgkt jadkvav. Cap Gpvqmqn 
;::4:7–4:: 



     
 

    
 

   

 
     

 
     

 
      

 
     

 
 

    
  

     

 
    

  
 

   

    
   

 
   

 
    

 
     

    
    

 
  

      
 

    
  

    
 

   

    

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 745 

Dgdatd YF. Vkndgp RG. Yqqd FL gv an (1;8;+ Ygsvgtp pkpg dggvng: fignd tgspqpsg vq kvs sgz pjgtq/ 
mqpg apd a sypgtgksvke jqsv vgtpgpg. mytegpg. Uekgpeg 184:14:4–14:7 

Dgdatd YF. Lkpdajn MS Lt. Vkndgp RG. Yqqd FL (1;:7+ Dgjavkqt qh vjg ygsvgtp pkpg dggvng dwt/ 
kpg jqsv eqnqpkzavkqp. L Cjgm Geqn 11:144;–1481 

Dgpvz DL. Lksvgt CM. Uejmkd LO gv an. (1;:;+ Fqgs vgtdgpqpg tgdweg mqwpvakp pkpg dggvng avvaems 
kp swsegpvkdng svapds qh pqpdgtqsa pkpgA UUFC Fqtgsv Ugtvkeg Rgsgatej Pqvg RO/RP/4;7. 
Fqtv Cqnnkps 

Dgpvz DL. Régpkètg L. Fgvvkg CL gv an (4212+ Cnkmavg ejapgg apd datm dggvngs qh vjg ygsvgtp Upkvgd 
Uvavgs apd Capada: dktgev apd kpdktgev ghhgevs. Dkqsekgpeg 82:824–815 

Dgpvz D. Xapdygtkhh L. Lgpsgp C gv an (4214+ Oqwpvakp pkpg dggvng vqnvkpksm apd nkhg jksvqty ejat/ 
aevgtksvkes aetqss navkvwdkpan apd gngvavkqpan gtadkgpvs kp vjg ygsvgtp Upkvgd Uvavgs. Fqt Uek 
82:454–44; 

Dgttymap CC. Fgttgnn IV (1;::+ Vjg fit gpgtavgt dggvng kp ygsvgtp svavgs. Ip: Dgttymap CC (gd+ 
Fypamkes qh hqtgsv kpsgev pqpwnavkqps: pavvgtps. eawsgs. kmpnkeavkqps. Rngpwm Rtgss. Pgy [qtm. 
pp 778–777 

Dgtvtam UL. Rakpg VF (1;;4+ Ipflwgpeg qh aggtggavkqp kpjkdkvqts (vgtdgpqpg apd kpsdkgpqn+ qp 
napdkpg apd avvaem dgjavkqt qh  Dendroctonus brevicomis (Cqngqpvgta: Ueqnyvkdag+. L Cjgm 
Geqn 42:1817–184; 

Dktej OC. Vkndgp RG. Yqqd FL gv an (1;77+ Dkqnqgkean aevkvkvy qh eqmpqwpds ksqnavgd htqm akt 
eqpdgpsavgs apd htass qh vjg datm dggvng. Ips confusus. L Ipsgev Rjyskqn 45:1575–1577 

Dqtdgp LJ (1;;7+ Fkstwpvkqp qh sgmkqejgmkean/mgdkavgd aggtggavkqp kp datm dggvngs. Ip: Catdé 
RV. Okpms CM (gds+ Ipsgev pjgtqmqpg tgsgatej. pgy dktgevkqps. Cjapmap & Jann. Pgy [qtm. 
pp 441–457 

Dqtdgp LJ. Rymgt LC. Cjqpg L gv an (1;:7+ Rgspqpsg qh vjg mqwpvakp pkpg dggvng.  Dendroctonus 
ponderosae Jqpmkps (Cqngqpvgta: Ueqnyvkdag+. vq fivg sgmkqejgmkeans kp Dtkvksj Cqnwmdka 
nqdggpqng pkpg hqtgsvs. Cap L Fqt Rgs 17:11:–14: 

Dtkvksj Cqnwmdka (DC+ Okpksvty qh Fqtgsvs. Lapds apd Pavwtan Rgsqwteg Opgtavkqps (4214+ Faevs 
adqwv D.C.’s mqwpvakp pkpg dggvng.   jvvp:11yyy.hqt.gqv.de.ea1jhp1mqwpvakp_pkpg_dggvng1 
Updavgd/Dggvng/Faevs_Cptkn4215.pdh . Ceegssgd ; Fgd 4217 

Dwemjqtp YL (1;77+ Uejgdwnkpg qh ewvvkpg qt vjkppkpg qpgtavkqps kp kmmavwtg svapds qh pqpdgt/ 
qsa pkpg vq mkpkmkzg damagg dy vjg Otggqp pkpg kps. UUFC Fqtgsv Ugtvkeg Rgsgatej Pqvg 
RPY/RP/144. Rqtvnapd 

Dwnn GL. Ratms CI. Vqtggtsgp RR (1;;7+ Vtggs apd nqgs kmpqtvapv vq ykndnkhg kp vjg kpvgtkqt 
Cqnwmdka Rkvgt daskp. UUFC Fqtgsv Ugtvkeg Igpgtan Vgejpkean Rgpqtv RPY/IVR/5;1. 
Rqtvnapd 

Dygts LC (1;;7+ Jqsv vtgg ejgmksvty ahhgevkpg eqnqpkzavkqp kp datm dggvngs. Ip: Catdé RV. Dgnn YL 
(gds+ Cjgmkean geqnqgy qh kpsgevs 4. Cjapmap & Jann. Pgy [qtm. pp 174–415 

Dygts LC. Yqqd FL (1;:2+ Ipvgtspgekfie kpjkdkvkqp qh vjg tgspqpsg qh vjg datm dggvngs  Dendroctonus 
brevicomis apd Ips paraconfusus vq vjgkt pjgtqmqpgs kp vjg fignd. L Cjgm Geqn 8:14;–184 

Dygts LC. Yqqd FL. Ctakg L. Jgpdty LD (1;:4+ Cvvtaevkvg apd kpjkdkvqty pjgtqmqpgs ptqdwegd 
kp vjg datm dggvng. Dendroctonus brevicomis. dwtkpg jqsv eqnqpkzavkqp: tggwnavkqp qh kpvgt/ apd 
kpvtaspgekfie eqmpgvkvkqp. L Cjgm Geqn 12::81–:77 

FgIqmgz V. Fgvvkg CL. OeOknnkp LF gv an. (422:+ Oapagkpg snasj vq mkpkmkzg eqnqpkzavkqp qh 
tgskdwan ngavg vtggs dy  Ips apd qvjgt datm dggvng spgekgs hqnnqykpg vjkppkpg kp sqwvjygsvgtp 
pqpdgtqsa pkpg. C\144:. Upkvgtskvy qh Ctkzqpa. Cqnnggg qh Cgtkewnvwtg apd Lkhg Uekgpegs. 
Vwesqp  

Gdmqpds RL. Ggnkvks C (1;:;+ Vjg tqng qh vjg Fqwgnas/fi t dggvng apd yqqd dqtgts kp vjg dgeqm/ 
pqskvkqp qh apd pwvtkgpv tgngasg htqm Fqwgnas/fit nqgs. Cap L Fqt Rgs ;::75–:7; 

Ggap LO. Laeqdk YR. Pggtóp LF gv an (4212+ Fqtgsv vjkppkpg apd swdsgswgpv datm dggvng/eawsgd 
mqtvankvy kp pqtvjgasvgtp Cankhqtpka. Fqt Geqn Oapag 482:1:54–1:44 

Fattks ML. \aem U (4227+ Yqqdpgemgt/spag kpvgtaevkqps: ap qvgtvkgy qh ewttgpv mpqyngdgg kp 
pqpdgtqsa pkpg sysvgms. UUFC Fqtgsv Ugtvkeg Igpgtan Vgejpkean Rgpqtv RUY/IVR/1;:. 
Cndapy  

Fgdgtan (U.U.+ Rggksvgt (4211+ Rtqpqsgd twngs. Vwgsday Lwny 1;. 4211. 78:44851–44874 

http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/Updated-Beetle-Facts_April2013.pdf
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/Updated-Beetle-Facts_April2013.pdf


     
  

 
    

 
     

 

 
    

 
 

    

 
    

 
    

 
      

 
      

 
 

 
      

 
   

 
    

 
     

 
       

 
     

 
      

 
     

 
 

744 C.L. Fgvvkg 

Fgttgnn IV. Ovtqskpa YL. FgOats CL (1;;4+ Rtgdkevkpg swsegpvkdknkvy qh yjkvg fit dwtkpg a dtqwgjv/ 
assqekavgd qwvdtgam qh vjg fit gpgtavgt.  Scolytus ventralis. kp Cankhqtpka. Cap L Fqt Rgs 
44:524–527 

Fgvvkg CL (4214+ Fqtgsv jganvj apd datm dggvngs. Ip: Pqtvj O (gd+ Oapagkpg Ukgtta Pgvada hqtgsvs. 
UUFC Fqtgsv Ugtvkeg Igpgtan Vgejpkean Rgpqtv RUY/IVR/457. Cndapy. pp 15–44 

Fgvvkg CL. OeMgnvgy UR (4214+ Rgsknkgpey qh ap kpvgtkqt pqpdgtqsa pkpg hqtgsv vq datm dggvng 
kphgsvavkqps hqnnqykpg hwgn/tgdwevkqp apd hqtgsv/tgsvqtavkqp vtgavmgpvs. Fqtgsvs 7:175–178 

      Fgvvkg CL. Jknszezańsmk L (4217+ Oapaggmgpv svtavggkgs hqt datm dggvngs kp eqpkhgt hqtgsvs. Ip: Xgga 
FG. Jqhsvgvvgt RY (gds+ Datm dggvngs: dkqnqgy apd geqnqgy qh pavkvg apd kpvaskvg spgekgs. 
Uptkpggt. Lqpdqp. pp 777–7:4 

Fgvvkg CL. Dqtys RR. Fadpgy CR gv an (4227a+ Fkstwpvkqp qh tgd vwtpgpvkpg dggvng avvtaevkqp vq 
dakvgd vtaps dy vjg addkvkqp qh Cankhqtpka fivgspkpgd kps pjgtqmqpg eqmpqpgpvs. Cap Gpvqmqn 
157:74:–774 

Fgvvkg CL. Ujga RL. Dqtys RR (4227d+ Upavkan apd vgmpqtan dksvtkdwvkqps qh hqwt datm dggvng spgekgs 
(Cqngqpvgta: Ueqnyvkdag+ anqpg vyq gngvavkqpan vtapsgevs kp vjg Ukgtta Pgvada. Rap Raekfi e 
Gpvqmqn :1:8–1; 

Fgvvkg CL. Cnngp MM. Dqtys RR gv an (4228a+ Ghhgevkvgpgss qh dkhgpvjtkp (Opyz™+ apd eatdatyn 
(Ugvkp® UL+ hqt ptqvgevkpg kpdkvkdwan. jkgj/vanwg vtggs htqm datm dggvng avvaem (Cqngqpvgta: 
Cwtewnkqpkdag: Ueqnyvkpag+ kp vjg ygsvgtp Upkvgd Uvavgs. L Geqp Gpvqmqn ;;:18;1–18;: 

Fgvvkg CL. OeOknnkp LF. Cpjqnd LC gv an (4228d+ Vjg ghhgevs qh mgejapkean hwgn tgdwevkqp vtgav/ 
mgpvs qp vjg aevkvkvy qh datm dggvngs (Cqngqpvgta: Ueqnyvkdag+ kphgsvkpg pqpdgtqsa pkpg. Fqt 
Geqn Oapag 452:77–8: 

Fgvvkg CL. Mngpzkg MF. Dknnkpgs RF gv an (4227a+ Vjg ghhgevkvgpgss qh vgggvavkqp mapaggmgpv 
ptaevkegs hqt ptgvgpvkqp apd eqpvtqn qh datm dggvng qwvdtgams kp eqpkhgtqws hqtgsvs qh vjg ygsv/ 
gtp apd sqwvjgtp Upkvgd Uvavgs. Fqt Geqn Oapag 45::44–75 

Fgvvkg CL. OeMgnvgy UR. Fadpgy CR. Dqtys RR (4227d+ Vjg tgspqpsg qh  Dendroctonus valens 
(Cqngqpvgta: Ueqnyvkdag+ apd Temnochila chlorodia (Cqngqpvgta: Vtqgqsskvkdag+ vq  Ips para- 
confusus (Cqngqpvgta: Ueqnyvkdag+ pjgtqmqpg eqmpqpgpvs apd vgtdgpqpg. Cap Gpvqmqn 
15;:141–147 

Fgvvkg CL. Fadpgy CR. OeMgnvgy UR. Jwdgt FRY (422:a+ Pqpjqsv apgkqspgtm vqnavkngs apd 
vgtdgpqpg ptqvgev kpdkvkdwan pqpdgtqsa pkpgs htqm avvaem dy ygsvgtp pkpg dggvng apd tgd vwt/ 
pgpvkpg dggvng (Cqngqpvgta: Cwtewnkqpkdag. Ueqnyvkpag+. Ygsv L Cppn Fqt 45:42–47 

Fgvvkg CL. Dqtys RR. OeMgnvgy UR. Fadpgy CR (422:d+ Dnaems Oqwpvakp Gzpgtkmgpvan Fqtgsv: 
datm dggvng tgspqpsgs vq dkhhgtgpegs kp hqtgsv svtwevwtg apd vjg appnkeavkqp qh ptgsetkdgd fi tg kp 
kpvgtkqt pqpdgtqsa pkpg. Cap L Fqt Rgs 5::;44–;57 

Fgvvkg CL. OeMgnvgy UR. Dqtys RR gv an (422;a+ Ghfi eaey qh vgtdgpqpg hqt ptqvgevkpg pqpdgtqsa 
pkpg svapds htqm ygsvgtp pkpg dggvng (Cqngqpvgta: Cwtewnkqpkdag. Ueqnyvkpag+ avvaem kp 
Cankhqtpka. L Geqp Gpvqmqn 124:1:48–1:7: 

Fgvvkg CL. OeMgnvgy UR. Fadpgy CR gv an (422;d+ Rgspqpsg qh  Dendroctonus brevicomis vq dkh/ 
hgtgpv tgngasg tavgs qh pqpjqsv apgkqspgtm vqnavkngs apd vgtdgpqpg kp vtappkpg apd vtgg ptqvge/ 
vkqp svwdkgs. L Cppn Gpvqmqn 155:145–174 

Fgvvkg CL. Dqtys RR. Fadpgy CR (4212a+ Ghhgevs qh fitg apd fitg swttqgavg vtgavmgpvs qp datm 
dggvng/eawsgd vtgg mqtvankvy kp vjg Uqwvjgtp Caseadgs. Cankhqtpka. Fqt Uek 78:82–75 

Fgvvkg CL. OeMgnvgy UR. Cnwem FL gv an (4212d+ Ghhgevs qh ptgsetkdgd fitg apd sgasqp qh dwtp qp 
dktgev apd kpdktgev ngvgns qh vtgg mqtvankvy kp pqpdgtqsa apd Lghhtgy pkpg hqtgsvs kp Cankhqtpka. 
UUC. Fqt Geqn Oapag 482:427–41: 

Fgvvkg CL. OeMgnvgy UR. Fadpgy CR. Jwdgt FRY (4214a+ Rgspqpsgs qh  Dendroctonus brevicomis 
(Cqngqpvgta: Cwtewnkqpkdag+ kp dgjavkqtan assays: kmpnkeavkqps vq dgvgnqpmgpv qh a 
sgmkqejgmkean/ dasgd vqqn hqt vtgg ptqvgevkqp. L Geqp Gpvqmqn 127:14;–182 

Fgvvkg CL. OeMgnvgy UR. Fadpgy CR gv an (4214d+ Ghfieaey qh “Xgtdgpqpg Rnws” hqt ptqvgevkpg 
pqpdgtqsa pkpg vtggs apd svapds htqm Dendroctonus brevicomis (Cqngqpvgta: Cwtewnkqpkdag+ 
avvaem kp Dtkvksj Cqnwmdka apd Cankhqtpka. L Geqp Gpvqmqn 127:188:–18:2 



     
 

    
 

    

 
     

 
    

    
 

   

 
     

  
    

 
    

 

 
   

 
     

 
    

 
     
    

   
 

 
    

 
     

   
      

 
     

 
    

 
    

 
    

  

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 747 

Fgvvkg CL. Jaygs CL. Lqpgs ML gv an (4214e+ Vjkppkpg Lghhtgy pkpg svapds vq tgdweg swsegpvkdknkvy vq 
datm dggvng kphgsvavkqps kp Cankhqtpka. U.U.C. Cgtke Fqt Gpvqmqn 14:111–117 

Fgvvkg CL. Rgkd OL. Dgpvz DL gv an (4215a+ Cjapgkpg enkmavgs. ejapgkpg hqtgsvs: a ygsvgtp Pqtvj 
Cmgtkeap pgtspgevkvg. L Fqt 111:414–44: 

Fgvvkg CL. Itqsmap FO. Owpsqp CU (4215d+ Cdvapegs kp kpsgevkekdg vqqns apd vaevkes hqt ptqvgev/ 
kpg eqpkhgts htqm datm dggvng avvaem kp vjg ygsvgtp Upkvgd Uvavgs. Ip: Vtdap U (gd+ Ipsgevkekdgs – 
dgvgnqpmgpv qh sahgt apd mqtg ghhgevkvg vgejpqnqgkgs. IpVgej. Rkjgma. pp 474–4;4 

Fgvvkg CL. Ikdsqp MG. Owpsqp CU. Pggtóp LF (4214+ Cwnvwtan ptaevkegs hqt ptgvgpvkqp apd mkvkga/ 
vkqp qh mqwpvakp pkpg dggvng kphgsvavkqps. Fqt Uek 82:472–485 

Fgvvkg CL. Owpsqp CU. Rgkpmg O. Oahta/Pgvq C (4217+ C pqvgn sgmkqejgmkean vqqn hqt ptqvgevkpg 
Pinus contorta htqm mqtvankvy avvtkdwvgd vq  Dendroctonus ponderosae (Cqngqpvgta: 
Cwtewnkqpkdag+. L Geqp Gpvqmqn. 12::175–1:4 

Fkddngt IO. Jatv FR. Fkddngt VC. OeFqpand RO (1;:;+ Vjkppkpg dgetgasgs mqtvankvy apd 
kpetgasgs gtqyvj qh pqpdgtqsa pkpg kp pqtvjgasvgtp Cankhqtpka. UUFC Fqtgsv Ugtvkeg Rgsgatej 
Rapgt RUY/RR/1;4. Dgtmgngy 

Fqz LY. Yqqd FL. Mqgjngt CU. O’Mgghg UV (1;;1+ Gpgtavgt dggvngs (Ueqnyvkdag:  Ips spgekgs+ as 
vgevqts qh vjg pkvej eapmgt hwpgws.  Fusarium subglutinans. Cap Gpvqmqn 145:1577–1587 

Ftapegsejk XR. Mtqmgpg R. Cjtksvkapsgp G. Mtgmnkpg V (4227+ Cpavqmkean apd ejgmkean dghgpsgs 
qh eqpkhgt datm agakpsv datm dggvngs apd qvjgt pgsvs. Pgy Rjyvqn 187:575–578 

Ftapmnkp L. Ujwgatv J. Jatmqp O (1;:7+ Vtgg dgavj as ap geqnqgkean ptqegss. Dkqsekgpeg 
57:772–778 

                    Fwtpkss RL. Catqnkp XO (1;77+ Ygsvgtp hqtgsv kpsgevs. UUFC Fqtgsv Ugtvkeg Oksegnnapgqws 
Rwdnkeavkqp. Yasjkpgvqp. FC 

Ikdsqp MG. Uejmkvz RF. Cmmap IF. Oamgs RF (1;;1+ Oqwpvakp pkpg dggvng tgspqpsg vq dkhhgt/ 
gpv vgtdgpqpg dqsaggs kp pkpg svapds qh ygsvgtp Oqpvapa. UUFC Fqtgsv Ugtvkeg Rgsgatej 
Rapgt IPV/RR/444. Ogdgp 

Iknngvvg PG. Uvgkp LF. Oygp FR gv an (4228+ Xgtdgpqpg/tgngaskpg flamgs ptqvgev kpdkvkdwan  Pinus 
contorta htqm avvaem dy Dendroctonus ponderosae apd Dendroctonus valens (Cqngqpvgta: 
Cwtewnkqpkdag. Ueqnyvkpag+. Cgtke Fqt Gpvqmqn ::445–471 

Itah O. Rgkd OL. Cwmgma DJ. Lkpdgtgp DU (4214+ Cssqekavkqp qh vtgg dkamgvgt ykvj dqdy skzg 
apd nkpkd eqpvgpv qh mqwpvakp pkpg dggvngs. Cap Gpvqmqn 144:487–477 

Itapkvk C (1;;:+ Cyptgss eapmgt: a papdgmke kp ptqgtgss. Cppw Rgv Rjyvqpavjqn 58:;1–114 
Itégqktg LC. Dakskgt O. Ftwmqpv C gv an (1;;1+ Xqnavkng eqmpqwpds kp vjg natvan htass qh 

Dendroctonus valens apd Dendroctonus micans (Cqngqpvgta: Ueqnyvkdag+ kp tgnavkqp vq qvkpqsk/ 
vkqp dy vjg ptgdavqt.  Rhizophagus grandis (Cqngqpvgta: Rjkzqpjagkdag+. L Cjgm Geqn 
17:4225–421; 

Jann IO. Vkvvkggt C. Dnqmswksv IL gv an (4224+ Oang Lghhtgy pkpg dggvng.  Dendroctonus jeffreyi. 
sypvjgskzgs vjg pjgtqmqpg eqmpqpgpv htqpvankp kp apvgtkqt mkdgwv vksswg. Ipsgev Dkqejgm Oqn 
Dkqn 11:1747–1754 

Jqdsqp MR. Yqqd FL. Cqqn LC gv an (1;;5+ Cjktan spgekfiekvy kp tgspqpsgs dy vjg datm dggvng 
Dendroctonus valens vq jqsv maktqmqpgs. L Cjgm Geqn 1;:1:57–1:48 

Jwdgt FRY. Dqtdgp LJ. Uvasvpy O (4221+ Rgspqpsg qh vjg pkpg gpgtavgt.  Ips pini (Uay+ 
(Cqngqpvgta: Ueqnyvkdag+. vq eqpqpjvjqtkp apd qvjgt apgkqspgtm datm vqnavkngs kp vjg avqkdapeg 
qh pqp/jqsvs. Cgtke Fqt Gpvqmqn 5:447–454 

Lqpgs OG. Rakpg VF. Fgpp OG. Rqvj OC (4224+ Ipflwgpeg qh qzqpg apd pkvtqggp dgpqskvkqp qp 
datm dggvng aevkvkvy wpdgt dtqwgjv eqpdkvkqps. Fqt Geqn Oapag 422:87–78 

Mawhhmapp G (4225+ Cnkmavg apd vqpqgtapjy. Ip: Ratksk O (gd+ Cvnas qh dkqdkvgtskvy qh Cankhqtpka. 
Cankhqtpka Fgpatvmgpv qh Fksj apd Iamg. Uaetamgpvq. pp 14–17 

Mggngy UL. Lkvkpgsvqp RL. Ikdsqp MG (1;;7+ Rkpg gpgtavgt.  Ips pini (Uay+. kp vjg ygsvgtp Upkvgd 
Uvavgs. UUFC Fqtgsv Ugtvkeg FIFL 144. Rqtvnapd 

Mgnsgy RI. Lqsgpj I (4225+ Gvjapqn kp pqpdgtqsa pkpg as ap kpdkeavqt qh pjyskqnqgkean kpjwty 
htqm fitg apd kvs tgnavkqpsjkp vq sgeqpdaty dggvngs. Cap L Fqt Rgs 55::72–::4 



    
   

    

 
    

 
 

   
 

     
 

      
 

    
 

    

 
    

 
    

  
 

 
  

     
  

   
 

  
 

 
    

  
    

 
    

   
    

 
    

 
   

     
 

 
     

 
    

 

748 C.L. Fgvvkg 

Mkpzgt IY. Fgpvkmap CF. Ragg VF gv an (1;8;+ Datm dggvng avvtaevapvs: kdgpvkfi eavkqp. sypvjgsks 
apd fignd dkqassay qh a pgy eqmpqwpd ksqnavgd htqm  Dendroctonus. Pavwtg 441:477–47: 

Mngkp YJ. Ratmgt FL. Lgpsgp CG (1;7:+ Cvvaem. gmgtggpeg. apd svapd dgpngvkqp vtgpds qh vjg 
mqwpvakp pkpg dggvng kp a nqdggpqng pkpg svapd dwtkpg ap qwvdtgam. Gpvktqp Gpvqmqn 
114:1:7–1;1 

Mngkpmap UL. FgIqmgz VG. Upkdgt ID. Yknnkams MG (4214+ Latgg/seang pkpyqp kps ( Ips confu- 
sus+ qwvdtgam kp sqwvjygsvgtp Upkvgd Uvavgs vkgd ykvj gngvavkqp apd napd eqvgt. L Fqt 
112:1;4–422 

Mqnd VG. Iwgtatd P. Jqhsvgvvgt RY. Yagpgt OR (4228+ Cvvaem ptghgtgpeg qh  Ips pini qp Pinus 
ponderosa  kp pqtvjgtp Ctkzqpa: vtgg skzg apd dqng pqskvkqp. Cgtke Fqt Gpvqmqn ::4;7–525 

Lapkgt IP (1;72+ Dkqsysvgmavkes qh Pqtvj Cmgtkeap Ips (Cqngqpvgta: Ueqnyvkdag+: Jqppkpg’s 
gtqwp IX. Cap Gpvqmqn 124:115;–1185 

Lapkgt IP. Dktej OC. Uejmkvz RF. Fwtpkss OO (1;74+ Rjgtqmqpgs qh  Ips pini (Cqngqpvgta: 
Ueqnyvkdag+: vatkavkqp kp tgspqpsg amqpg vjtgg pqpwnavkqps. Cap Gpvqmqn 124:1;17–1;45 

Latssqp U. Otgp R. Yatkpg RJ. Dattgvv LY (1;:5+ Cvvaems qh mqwpvakp pkpg dggvng as tgnavgd vq 
vtgg vkgqt qh pqpdgtqsa pkpg. Fqt Uek 4;:5;7–424 

Lkgwvkgt F (4224+ Jqsv tgsksvapeg vq datm dggvngs apd kvs vatkavkqps. Ip: Lkgwvkgt F. Fay MR. Davvksvk 
C gv an (gds+ Datm apd yqqd dqtkpg kpsgevs kp nkvkpg vtggs kp Gwtqpg. Mnwygt. Fqtdtgejv. 
pp 157–1:2 

Lkpkv OL (1;::+ Pgmavqdg/vgevqt tgnavkqpsjkps kp vjg pkpg yknv dksgasg sysvgm. L Cjgm Geqn 
42:447–457 

Lkw \. Xw D. Okaq \. Uwp L (4215+ Vjg pjgtqmqpg htqpvankp apd kvs dwan hwpevkqp kp vjg kpvaskvg 
datm dggvng Dendroctonus valens. Cjgm Ugpsgs 5::4:7–4;7 

    Lw O. Ykpgfignd OL. Iknngvvg P. Uwp L/J (4211+ Fq pqvgn ggpqvypgs dtkvg vjg sweegss qh ap kpva/ 
skvg datm dggvng–hwpgws eqmpngzA Impnkeavkqps hqt pqvgpvkan tgkpvaskqp. Geqnqgy 
;4:4215–421; 

    Lyqp RL (1;72+ Cankhqtpka flavjgadgd dqtgt. UUFC Fqtgsv Ugtvkeg FIFL 44. Yasjkpgvqp. FC 
Oaeías/Uámapq LG. Dqtdgp LJ. Itkgs R gv an (1;;:+ Rtkmaty avvtaevkqp qh vjg fit gpgtavgt.  Scolytus 

ventralis. L Cjgm Geqn 44:124;–1277 
Oknngt LO. Mggp FR (1;82+ Dkqnqgy apd eqpvtqn qh vjg ygsvgtp pkpg dggvng. UUFC Fqtgsv Ugtvkeg 

Oksegnnapgqws Rwdnkeavkqp :22. Yasjkpgvqp. FC 
     Oknngt FR. LaFqpvakpg LR (1;;1+ cis/Xgtdgpqn: ap aggtggavkqp pjgtqmqpg hqt vjg mqwpvakp pkpg 

dggvng. Dendroctonus ponderosae Jqpmkps (Cqngqpvgta: Ueqnyvkdag+. L Gpvqmqn Uqe Dt 
Cqnwmdka :::54–5: 

Oknngt OC. Oqsgt LC. OeItggqt O gv an (1;:7+ Rqvgpvkan hqt dkqnqgkean eqpvtqn qh pavkvg Pqtvj 
Cmgtkeap Dendroctonus dggvngs (Cqngqpvgta: Ueqnyvkdag+. Cpp Gpvqmqn Uqe Cm :2:417–44: 

Oknngt FR. Dqtdgp LJ. Lkpdgtgp DU (1;;7+ Xgtdgpqpg: dqsg/dgpgpdgpv kpvgttwpvkqp qh pjgtqmqpg/ 
dasgd avvtaevkqp qh vjtgg sympavtke spgekgs qh pkpg datm dggvngs (Cqngqpvgta: Ueqnyvkdag+. 
Gpvktqp Gpvqmqn 44:8;4–8;8 

Oknngt FR. Ikdsqp MG. Rahha MF gv an (1;;7+ Igqgtapjke vatkavkqp kp tgspqpsg qh pkpg gpgtavgt. 
Ips pini. apd assqekavgd spgekgs vq pjgtqmqpg. napkgtqpg. L Cjgm Geqn 45:4215–4251 

Okvejgnn RI. Rtgksngt JM (1;;1+ Cpanysks qh spavkan pavvgtps qh nqdggpqng pkpg avvaemgd dy qwv/ 
dtgam pqpwnavkqps qh vjg mqwpvakp pkpg dggvng. Fqt Uek 57:15;2–142: 

Oqgem JC. Yqqd FL. Lkpdajn MS Lt (1;:1+ Jqsv sgngevkqp dgjavkqt qh datm dggvngs (Cqngqpvgta: 
Ueqnyvkdag+ avvaemkpg Pinus ponderosa. ykvj spgekan gmpjasks qp vjg ygsvgtp pkpg dggvng. 
Dendroctonus brevicomis. L Cjgm Geqn 7:4;–:5 

Owttay VC. Mqjngt IR. Yknnjkvg GC (4215+  Ips paraconfusus Lapkgt (Cqngqpvgta: Cwtewnkqpkdag+: 
pgy tgeqtds qh vjg Cankhqtpka fivgspkpgd kps htqm Yasjkpgvqp Uvavg apd vjg Cqnwmdka Rkvgt 
Iqtgg kp Otggqp. Cqngqp Dwnn 87:4:–51 

Pggtóp LF. Fgvvkg CL (4214+ Oqwpvakp pkpg dggvng. a majqt dksvwtdapeg aggpv kp UU ygsvgtp eqpkh/ 
gtqws hqtgsvs: a sypvjgsks qh vjg svavg qh mpqyngdgg. Fqt Uek 82:42;–415 

Pggtóp LF. Rqpp LD (4224+ Rtqdadknkvy qh pqpdgtqsa pkpg kphgsvavkqp dy mqwpvakp pkpg dggvng kp 
vjg Cqnqtadq Ftqpv Rapgg. Fqt Geqn Oapag 1;1:17–47 



   

 
   

 
    

 
    

 
    

    
 

       

 
    

 
     

  
    

  
     

 
      

 
    

 
     

 
    

 
   

 
  

 
     

 
 

    
  

    
   

 
     

 
      

 
 

 

 1: Pavkvg Datm Dggvngs apd Yqqd Dqtgts kp Ogdkvgttapgap Fqtgsvs qh Cankhqtpka 747 

Pggtóp LF. Cnngp M. OeOknnkp L. Dwtmyjav J (4228+ Vgsvkpg vgtdgpqpg hqt tgdwekpg mqwpvakp 
pkpg dggvng avvaems kp pqpdgtqsa pkpg kp vjg Dnaem Jknns. Uqwvj Famqva. UUFC Fqtgsv Ugtvkeg 
Rgsgatej Pqvg RORU/RP/51. Fqtv Cqnnkps 

Onkvgt YY (1;7;+ Fkhvggp/ygat gtqyvj pavvgtps ahvgt vjkppkpg a pqpdgtqsa pkpg/Lghhtgy pkpg pnap/ 
vavkqp kp pqtvjgasvgtp Cankhqtpka. UUFC Fqtgsv Ugtvkeg Rgsgatej Rapgt RUY/RR/141. Dgtmgngy 

Onkvgt YY (1;;7+ Is sgnh/vjkppkpg kp pqpdgtqsa pkpg twngd dy  Dendroctonus datm dggvngsA Ip: 
Gsmgy LI (eqmpn+ Fqtgsv jganvj vjtqwgj sknvkewnvwtg: ptqeggdkpgs qh vjg 1;;7 pavkqpan sknvk/ 
ewnvwtg yqtmsjqp. UUFC Fqtgsv Ugtvkeg Igpgtan Vgejpkean Rgpqtv RO/IVR/487. Fqtv Cqnnkps. 
pp 415–41: 

Onsgp YM. Uejmkd LO. Oava UC (1;;8+ Uvapd ejataevgtksvkes assqekavgd ykvj mqwpvakp pkpg dgg/ 
vng kphgsvavkqps kp pqpdgtqsa pkpg. Fqt Uek 44:512–547 

Oygp FR. Lkpdajn MS. Yqqd FL. Ratmgvgt LR Lt (1;:7+ Ravjqggpkekvy qh hwpgk ksqnavgd htqm 
Dendroctonus valens. D. brevicomis. apd D. ponderosae vq pqpdgtqsa pkpg sggdnkpgs. 
Rjyvqpavjqnqgy 77:851–858 

Rakpg VF. Japnqp CC (1;;1+ Rgspqpsg qh  Dendroctonus brevicomis apd Ips paraconfusus 
(Cqngqpvgta: Ueqnyvkdag+ vq eqmdkpavkqps qh sypvjgvke pjgtqmqpg avvtaevapvs apd kpjkdkvqts 
vgtdgpqpg apd kpsdkgpqn. L Cjgm Geqn 17:4185–4178 

Rakpg VF. Rahha MF. Jattkpgvqp VC (1;;7+ Ipvgtaevkqps amqpg seqnyvkd datm dggvngs. vjgkt assqek/ 
avgd hwpgk. apd nkvg jqsv eqpkhgts. Cppw Rgv Gpvqmqn 44:17;–428 

Rakpg VF. Oknnat LI. Japnqp CC. Jyapg LU (1;;;+ Idgpvkfieavkqp qh sgmkqejgmkeans assqekavgd 
ykvj Lghhtgy pkpg dggvng.  Dendroctonus jeffreyi. L Cjgm Geqn 47:455–475 

Rkvmap ID. Xkvé LR. Mkpzgt IY. Fgpvkmap CF Lt (1;8:+ Datm dggvng avvtaevapvs:  trans /vgtdgpqn 
ksqnavgd htqm Dendroctonus. Pavwtg 41::18: 

Rtqgat RC. Iknngvvg P. Fgvvkg CL. Jtkpmgvkej M (4214+ Cppnkgd ejgmkean geqnqgy qh vjg mqwpvakp 
pkpg dggvng. Fqt Uek 82:414–455 

Rahha MF. Dgttymap CC (1;:4+ Iwsvavqty ewgs kp vjg qtkgpvavkqp qh  Dendroctonus ponderosae 
(Cqngqpvgta: Ueqnyvkdag+ vq jqsv vtggs. Cap Gpvqmqn 114:;7–124 

Rahha MF. Dgttymap CC (1;:5+ Vjg tqng qh jqsv pnapv tgsksvapeg kp vjg eqnqpkzavkqp dgjavkqt apd 
geqnqgy qh datm dggvngs (Cqngqpvgta: Ueqnyvkdag+. Geqn Oqpqgt 75:47–4; 

Rgkd OL. Rwtegnn LRC (4211+ Cqpdkvkqp/dgpgpdgpv vqngtapeg qh mqpqvgtpgpgs kp ap kpsgev jgtdk/ 
vqtg. Ctvjtqpqd Rnapv Ipvgtaev 7:551–557 

Rymgt LC. Lkddgy LO (1;:4+ Ftqpvankp kp vjg mang mqwpvakp pkpg dggvng. L Cjgm Geqn 
::15;;–142; 

Uahtapykm L. Ujtkmpvqp FO. Yjkvpgy JU (1;74+ Oapaggmgpv qh nqdggpqng pkpg vq tgdweg nqssgs 
htqm vjg mqwpvakp pkpg dggvng. Capadkap Fqtgsv Ugtvkeg Fqtgsv Vgejpkean Rgpqtv 1. Xkevqtka 

   Uatvygnn C (1;72+ Ips pini avvaem dgpskvy kp pqpdgtqsa pkpg vjkppkpg snasj as tgnavgd vq hgnnkpg davg 
kp gasvgtp Otggqp. UUFC Fqtgsv Ugtvkeg Rgsgatej Pqvg RPY/RP/151. Rqtvnapd 

Uejyknm FY. Mpapp GG. Fgttgpdgtg UO gv an (4228+ Vtgg mqtvankvy htqm fitg apd datm dggvngs hqn/ 
nqykpg gatny apd navg sgasqp ptgsetkdgd fitgs kp a Ukgtta Pgvada mkzgd/eqpkhgt hqtgsv. Fqt Geqn 
Oapag 454:58–47 

Ugydqnd UL. Vgang UC. Yqqd FL gv an (1;;4+ Vjg tqng qh napkgtqpg kp vjg ejgmkean geqnqgy qh  Ips 
pini (Cqngqpvgta: Ueqnyvkdag+ kp Cankhqtpka. L Cjgm Geqn 1::4527–454; 

Ugydqnd UL. Ojvswma V. Yqqd FL. Mwdq I (1;;7+ Gpapvkqmgtke eqmpqskvkqp qh kpsdkgpqn: a ejg/ 
mqvazqpqmke ejataevgt hqt Pqtvj Cmgtkeap pqpwnavkqps qh Ips spp. kp vjg pini swdggpgtke 
gtqwp (Cqngqpvgta: Ueqnyvkdag+. L Cjgm Geqn 41:;;7–1218 

Ujga RL. Pgwsvgkp O (1;;7+ Rtqvgevkqp qh a tatg svapd qh Vqttgy pkpg htqm  Ips paraconfusus. Ip: 
Uanqm UO. Jqdsqp MR (gds+ Cppnkeavkqp qh sgmkqejgmkeans hqt mapaggmgpv qh datm dggvng 
kphgsvavkqps: ptqeggdkpgs qh ap kphqtman eqphgtgpeg. UUFC Fqtgsv Ugtvkeg Igpgtan Vgejpkean 
Rgpqtv IPV/IVR/51:. Ogdgp. pp 5;–45 

Uknvgtsvgkp RO. Rqdkp LO. Yqqd FL (1;88+ Ugz avvtaevapvs kp htass ptqdwegd dy mang  Ips confusus 
kp pqpdgtqsa pkpg. Uekgpeg 174:72;–712 

    Ukz FL. Ykpgfignd OL (4211+ Vjg tqng qh pjyvqpavjqggpkekvy kp datm dggvng–hwpgws symdkqsgs: a 
ejanngpgg vq vjg enasske patadkgm. Cpp Rgv Gpvqmqn 78:477–474 



     
    

  
     

  
    

 
  

   
    

   
    

   
 

   

    
   

 
   

 

 
 

    
  

    
 

    
 

     
 

     

  
      

 
    

  
      

   

74: C.L. Fgvvkg 

Umkvj UL. Dqtys RR. Ujga RL (422;+ Lghhtgy pkpg dggvng. UUFC Fqtgsv Ugtvkeg FIFL 11. Rqtvnapd 
Uvgpjgp FO. Fajnsvgp FL (1;78+ Vjg attkvan sgswgpeg qh vjg atvjtqpqd eqmpngz hqnnqykpg avvaem 

dy Dendroctonus brevicomis. Cap Gpvqmqn 12::4:5–524 
Uvtqm DL. Umkvj UL. Dtqypkg C (4215+ Cvvtaevapv apd dkstwpvapv sgmkqejgmkeans hqt  Dendroctonus 

jeffreyi (Cqngqpvgta: Cwtewnkqpkdag: Ueqnyvkpag+. Gpvktqp Gpvqmqn 44:545–554 
Uwp LJ. Iknngvvg PG. Okaq \Y gv an (4225+ Xgtdgpqpg kpvgttwpvs avvtaevkqp vq jqsv vqnavkngs apd 

tgdwegs avvaem dy Dendroctonus valens LgCqpvg (Cqngqpvgta: Ueqnyvkdag+ qp Pinus tabulifor- 
mis kp Cjkpa. Cap Gpvqmqn 157:741–754 

UUFC Fqtgsv Ugtvkeg (4225+ Fqtgsv pgsv eqpdkvkqps kp Cankhqtpka – 4225.  yyy.hs.hgd.ws1t71sph1 
pwdnkeavkqps1pgsveqpdkvkqps1. Ceegssgd 4 Oat 4217 

UUFC Fqtgsv Ugtvkeg (4212+ Fqtgsv pgsv eqpdkvkqps kp Cankhqtpka – 4212.  yyy.hs.hgd.ws1t71sph1 
pwdnkeavkqps1pgsveqpdkvkqps1. Ceegssgd 47 Fgd 4217 

UUFC Fqtgsv Ugtvkeg (4214+ Ctgas ykvj vtgg mqtvankvy htqm datm dggvngs: swmmaty hqt 4222– 
4211. Ygsvgtp U.U 

Yanmgt R. Rqsgpdgtg O. Yatdkpgvqp R gv an. (4228+ Ipvgpvqty qh vtgg mqtvankvy kp sqwvjgtp 
Cankhqtpka Oqwpvakps (4221–4224+ dwg vq datm dggvng kmpaevs.  jvvp:11yyy.htap.fi tg.ea.gqv1 
ptqjgevs1masv1tgpqtvs.jvmn. Ceegssgd ; Fgd 4217 

Yjkvgjgad RL. Rwssq IL (4227+ “Dggvng/ptqqhgd” nqdggpqng pkpg svapds kp kpvgtkqt Dtkvksj 
Cqnwmdka javg ngss damagg htqm mqwpvakp pkpg dggvng. Capada Fqtgsv Ugtvkeg Iphqtmavkqp 
Rgpqtv DC/X/424. Xkevqtka 

Yjkvgjgad RL. Uahtapykm L. Rwssq I gv an. (4224+ Uknvkewnvwtg vq tgdweg napdseapg apd svapd sws/ 
egpvkdknkvy vq vjg mqwpvakp pkpg dggvng. Ip: Ujqtg VL. Dtqqms LG. Uvqpg LG (gds+ Oqwpvakp pkpg 
dggvng sympqskwm: ejanngpggs apd sqnwvkqps. Capadkap Fqtgsv Ugtvkeg Iphqtmavkqp Rgpqtv 
DC/X/5;;. Xkevqtka. pp 455–444 

    Ykpgfi gnd OL. Jammgtdaejgt C. Iapngy RL gv an (422:+ Rkvej eapmgt eawsgd dy  Fusarium circi- 
natum – a gtqykpg vjtgav vq pkpg pnapvavkqps apd hqtgsvs yqtndykdg. Cwsv Rnapv Ravjqn 
57:51;–554 

Yqqd FL (1;74+ Ugngevkqp apd eqnqpkzavkqp qh pqpdgtqsa pkpg dy datm dggvngs. Ip: vap Gmdgp JF 
(gd+ Ipsgev1pnapv tgnavkqpsjkps. vqn 8. Dnaemygnn Uekgpvkfie Rwdnkeavkqps. Ozhqtd. pp 121–117 

Yqqd FL (1;:4a+ Vjg tqng qh pjgtqmqpgs. maktqmqpgs apd annqmqpgs kp vjg jqsv sgngevkqp apd 
eqnqpkzavkqp dgjavkqt qh datm dggvngs. Cpp Rgv Gpvqmqn 47:411–448 

Yqqd UL (1;:4d+ Vjg datm apd amdtqska dggvngs qh Pqtvj apd Cgpvtan Cmgtkea (Cqngqpvgta: 
Ueqnyvkdag+. a vazqpqmke mqpqgtapj. Itgav Daskp Pav Ogm 8:1–157; 

Yqqd FL. Dtqypg LG. Gykpg D gv an (1;78+ Ygsvgtp pkpg dggvng: spgekfiekvy amqpg gpapvkqmgts 
qh mang apd hgmang eqmpqpgpvs qh ap avvtaevapv pjgtqmqpg. Uekgpeg 1;4::;8–:;: 

[ap \L. Fapg [L. Uwp LJ. \japg \P (4224+ Idgpvkfieavkqp apd gngevtqapvgppan qnhaevqty apd 
dgjavkqtan vgsvs qh jkpdgwv/ptqdwegd vqnavkngs qh vjg tgd vwtpgpvkpg dggvng.  Dendroctonus 
valens LgCqpvg (Cqngqpvgta: Ueqnyvkdag+. Ceva Gpvqmqn Ukpkea 47:8;7–722 

[ap \/I. Uwp L. Oygp F. \japg \ (4227+ Vjg tgd vwtpgpvkpg dggvng.  Dendroctonus valens LgCqpvg 
(Ueqnyvkdag+: ap gzqvke kpvaskvg pgsv qh pkpg kp Cjkpa. Dkqdkvgts Cqpsgtv 14:1757–1782 

[qwpg LC. Uknvgtsvgkp RO. Dktej OC (1;75+ Cggtggavkqp pjgtqmqpg qh vjg dggvng  Ips confusus: 
ksqnavkqp apd kdgpvkfieavkqp. L Ipsgev Rjyskqn 1;:4475–4477 

\japg LY. Uwp LJ (4228+ Gngevtqpjyskqnqgkean apd dgjavkqtan tgspqpsgs qh  Dendroctonus valens 
(Cqngqpvgta: Cwtewnkqpkdag: Ueqnyvkpag+ vq eapdkdavg pjgtqmqpg eqmpqpgpvs kdgpvkfi gd kp 
jkpdgwv gzvtaevs. Gpvktqp Gpvqmqn 57:1454–1457 

http://www.frap.fire.ca.gov/projects/mast/reports.html
http://www.frap.fire.ca.gov/projects/mast/reports.html
http://www.fs.fed.us/r5/spf/publications/pestconditions/
http://www.fs.fed.us/r5/spf/publications/pestconditions/
http://www.fs.fed.us/r5/spf/publications/pestconditions/
http://www.fs.fed.us/r5/spf/publications/pestconditions/
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