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INTRODUCTION 

Thc al'titiciul' ('ontl'Ol of b:l!'k l)('C't./C's h:~s rcceivcd the consideration 
of forC'stcr;, for thc last qnarter centH!'y. During this period a 
numbC'r of llleth()d~ cle::;i!!IlCd to effect control of. thc~e beetles have 
bl'en advo(,tltea, but only'a fe\\' of thl'i'e 11:1\'e pro\'ec1 efficient in actual 
pnlcti('('. 

Entomologists directly concerned with developing this phase of 
forf'sll'Y wcre not slow to avail themseh'cs of snggestions and discov­
(,I'il':; along this lim'. Eal'lyijl the history of forest. entomology in 
North Alnel'i('tl, ..:\. D. Hopkins ~ rl'comlllendccl the employment of 
11lethoc1i' desigllcd to kill the broods in the trees where they were 
dC\'l'loping. At thl' t-'amc time he formnl'ated principles of artificial 
control \\"hieh bl'(,llllle n basis for experimenbltion that has resulted 
in thc most emeient methods pmcticetl to-clay. 

SinC'l' that time such progress has been nlade in the development 
of control methods that now certain of these may be confidently 
l'elied upon to reduce infestations. Howe\er, no one method has, 
without modifications, proyccl entirely satisfactory as a cure-all in 
('ombllting epidemics of the variolls specie'S of bark beetles or even 
of controlling epidemics of a givcn species in different host trees. 
For this reason it has always been necessary to modify even the 

'DClI(il'octOIt1l8 lIIOlltico/IIC l1opk. 
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most nd iable of known methods to fit individunl condi tions. This 
need of udaptation is emphasized in the artificial control of the 
mountain pine beetle, Dend1'oct01V!tS 'lIIonticoZae Hopk., since this 
beeUe attacks It number of ditfeL'ent species of pine, For insblnce, 
two methods ha \'e Iwcn successfully used in controlling infestations 
of the lllounbLin pine beetle in yellow pine and sugHr pine, One 
method consists of felling the attacked tl'l'e and burning the bark 
of the infl'sted part of the log; the other ('onsists of l'elllo\'ing the 
burk frolll the felled tree, thus exposing the broods of beetles, ,,,hich 
results in theil' t\C'uth. 

Both of thes!' methods have bpen practiced to some extent in the 
contL'Ol of illfl'st:utions of the mOllnta.in pine beetle in lodgepole pine. 
]11 sueh infl'stations, howl'vel', neither or them is l'ntirciy satisfactory, 
Ow ing to thl' denseness of the stands of lodgepole pine, there is 
llIuch seol'l'hing of adjlll'pnt: gl'pl'n tree::; when buming is l'esorh'd 
(,0, unless til(' logs lire hllulpd, before burning, to openings in the 
for('st, This PI'Pl'tLlltioll illert'lIst's the cost of cunLl'ol, ",hieh makes 
thi::; method \t>:,;s dl'siJ'lIbll' I'm' extensive lise, The peeling nwt.ho(\ has 
lwcn wmd only in a lilllitl'lL way in infestations of lodgepole pine 
becau:,;(' of the diflil'ulty l'n('Otll\!:l'l'l'd ill n'mo\'ing the bark from 
these tl'l'l'S, Thest' di f1il'ultil's \;1.1'(' t'IIl'ount('l'ed in all at:tl'mpts to 
ilpply Ow. 1)IIl'ning 01' peeling· llIethods to the treatIm'nt of broods 
of t:\;c llIount.ain pin(' hedle in lodgepole pim' and INI to tlH' develop­
ment of t:\w ::;o.!al'-hl'at tl'l'atnll'llt a 1111 it:,; application for thc control 
of these infestations, 

The purpOSl' of tllis bull('tin i::-: to dl'scribc the development of 
the solal'-Iwat llIethod lit' l'ontrol, to 1'1;'('01'11 the salient detail:.; of the 
(~Xpl'l'illlental field \York) and to (lis(,lIss the practical application of 
the method on thl' l'ratl'L' Lake Park ('ontrol project, 

PREVIOUS INVESTIGA'l'IONS 

The prinl'i pll' 0 r the solat'-Il('at lIIethod of bn l'k-bcl'tlc control has 
beell known for a IIl11nlwr of yeal's, F. C, ('mighead published the 
fh'st account of the method as a. l'ontrol fu('tol'.:1 His first OUSCL'\'a­
tions \\'('1'(' lIIade ill 1!H7, \\'ll('n the death of broods of Oyllelle c(l'l'y«e 
Gahan in hickory logH was IH'l'ountcd for by the sun's heat. In 1918, 
in Virginia, he l'xpl'l'iIlWlltt'd with various !:i\)l'('ies of scolytid beetles 
in pine lind fOlllld thelll to 1,(' eusily killl'd by the he:Lt. Subsequent 
observations eOIlHl'llll'd the results of thl'~l' fiL'st l'xpeL'iments and led 
to :flll'til('1' illn'::;tigations illto the po~sibilit.r of utilizing direct Stlll­
litrht as II ('ontl'ol Ilgelll'Y. 

""Craighead'::; HI'st l'xp(,i'illll'llts in l!H8 in Yil'ginia werc followed by 
ot!wni iII till' "'pst. In t hl' ::;lIl11l1ll'I' () f W:W detn i It'd l'X pcrin1l'nts wen~ 
(,1ll'l'i('d Ollt at Nol'th Fod" CaliI'., by .J. M, )Iiliel', and at Ashland~ 
OI'Cg" b\' .r, I~, Pnttl'I'SOIl, 

The 1I'\l·thOll dc\'l'!oped by these expeL'illll'lIl:s was {h'st lIsed as an 
llllxilitu'y IIll'aSlln' ill l'Olltl'ol opel'atiolls against [)enl!I'oc/oJltlS ol'el'i­
('01l/..i8 Ll'(', in \\'('stl'l.'n ,Yl'llow pint', At North FOL'k, in cl'ntral 
California, ill l!):W and [!)~I. and on till' Antclope project ill noL'thcl'll 
Califol'nia, III L!I:2I, it was IIsed dllrillg the summer periods, when fire 
1I1I;'.al'd was gn·at. instea<l of the bllrning nwthod IlslI:dly pradi(~p(l. 

;1l'H.\lnln:.\O. I"w C. IJIIlHC1' se~I.IOII·L· AS A ,·',H"I'Olt 1:-; J,'flln:frr I~Sg('T l'O,STItOI... l~nt. 
Soe, W"~h, 1'1'0(', :!:!: 100 ·lOS, HI:!I.', 
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It WIlS first used as It major method of control on the Crater Lake 
Park project in combating Ull epidemic infestation of the mountain 
pine beetle, D. 'llwnt·icolae, in lodgepole pine. In addition to being 
the first large-scnle application of the method, this was the first time 
it wmj employed in the control of infestations in lodgepole pine. 

The Illl'th;)<l has, however, been tested; with varying degrees of 
success, in other localities in the tL'eatment of othel' pmes infested 
with different species of bark bet'tlt's. 

Th~' method, 'with modificl1tions~ was tried in the Knibab Forest, in 
Arizona, by F, p, Keen, who was in chnrge of control work on this 
projretin 1024 and )J)25, The beetle ill\'olnd was D, pondel'o8ae 
Hopk.. and the tree infl'stt'cl was yellow pine, PinJU8 pondeJ'osa, 
Alto/!l'tlll'l' 00:2 infested treef; werc tr('ated in these tests, The appli­
{'ution of tilt' nH'thod wus Ya1'i('(l in order to secure re~;ults on different 
wa."~ of ('XPO)-;II1'(" Th(' gNleral results wcre unsatisfactory, since only 
partiaL brood mortality resulted from eyen tilt' be~t exposures ob­
tailwd, It Itpp('al'~ from this eXI)(>riment that thl' rnethocl is not 
ett'el'tivc in ihe tr'eiltmcnt of trCl'S with thiek bark. 

AnotlH'1' h'st of the method was l'lll'l'ied Ollt ill the Bitterroot 
POl'e~t. Mont., during June and .July. 1920 llnd 1H27. This expcri­
IIwnt. undel" the SlIIWt'\'ision of .J, C, E\'endcn. was conducted in 
locig'('llOh' pine dands infl'stNI with the mountain pine iJeetle, 
i). lJIoldi('(}(u', ~\.bollt 200 infef,1ed h't'es w('re used in the test.s, and 
tlH''y \\'('1'(, ft'lIe<l on as mallY dill'el'ent sites and exposures as the 
(Ixpl'ri 111('111 al a rea a 1£01'(1('(1. Su\.Jcol'tieal l111l1 nil' temperatures were 
takell daily, T\~st::i wen' IlHlde on trees cut the preceding faU, as 
well n" upon those -telled timing the spring- months. It was found 
tllllt HiI' h'llllH'mtul'ps of 87 0 F, 01' hig-her were essential to obtain 
killill/! tpmpt:'l"atlll'l's IIlldet' til(' bark of log~ exposed in dired !:iun­
lig·lIt. III t:h('Sl' h'sts killillg t('rnpl'rntlln's were l'l'g-isterecl only four 
tilll!'s (LllI'ing the control perind. Chit'fi" becau~e of this fa,ilure to 
attain kiUillp: t(lllllwratll\,{,~, the ;.;oial'-lw;,t method was not etlieient 
fol' prat'til'aL ('ont1'ol purpoi'p:-: in tllis latitud~', Ot.her adveL'sl' factors 
\\'('1'(' the ~Iopt' of thl' Sill'. which all'ected the incidence of the sun's 
ra,r~. pndi('lllarl,v on north {'XI)():,;tll'(',,; and shade, due to the dp.llsity 
of till' tirnilPl' :-;tal\(k 

Sti IL a nnt hl'l' tl':-;t of the ~\)Ial'-heat method was made lIlHlet' t'ondi­
{iolls \'al'yill/! g-n'atl,v from tho:-;l' (If the precelling exampleH. This 
('XlWl'illll'lIt was Ilw<lp in the Pl'PH'Ott National FOI'est, Ariz., ill May, 
.TUIll', alld .Jllly, 1!)~8. by .roillt C. MeNeltv. The tl'l'l'~ used wew 
j)inll8 I)'ond/'}'o~a, in re~h';l with rni;wd I.H'o()(is of Ips lJondel'o8(w Sw., 
I, {/'('OIdl'i Sw.. alHI I. illte,fJfI' Eieh. The trees were not illfestcd 
wilt'nft'lled but Wl'rt' :,ubs('qlll'ntly attacked by all tlu'ee speeie~, 
Tl'Ulpemtllt'l' (lid not g-J'('atly all'('ct tlrrir attack of thef;e lo~~, OIl 
lo/!:-; in (Iir('d ~lIl1li!-!,ht til(' attaek \\'a~ made on the unc1ersidps first, 
thOll/!h lat('I' it \\'a~ ('xh'lI(bl to all sudn('cs, Relati.\'t'l,v high llaily 
nil' tt'Il1Pll l'fltlln'H Wl'rl' l'e('ol'(l('(!' thl' 1':lIlp:C oeinp: betwet'll 80° fllld DOa 

F, Hark tempel'at lIn')-; us hip:h llS llRO wel't' r('~istt'I'('(L tlH' It\'\.''I':\p:e 

maximum l)('lng ahout 112". )[ot'talitv of the brood" \'aried with 
Hl(' "iz(' of log" nl1(1 thicknc!;s of baric' On tllin-bnl'ked logs lip to 
11) ill('hl's ill (linllH'/,"'L', :30 P('I' cent of the inRN'ts w(,l.'e kill~'d linder.' a 
;.;t:rij> ,~ inches wi(b on tlte tops of the logs. Xo mOltality resulted 
:frolll tltl' ('xj)osl\l'e of thid\:-lJ:\I'kl'(l logs ahollt 10 il1dH'~ in diameter. 
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The conclusions reached by McNelty are: "The maximum kill from 
sun curing by turning the logs would be 50 per cent on niaterial 
under 8 inches in diameter and 20 to 30 per cent on logs up to 10 
inches in. diameter." 

'1'he results of this experiment are consistent with those obtained 
by the writer with the solar-heat method in the Crater Lake Park. 
Broods of Ips infesting the same trees infested with the mountain pine 
beetle slll'vived the heat treatment when the latter species were killed 
with short exposures. 

THE METHOD 

HOW THE INSECTS ARE lULLED 

'rhe principle underlying the solar-heat method is extremely 
simple and well known, namely, that certain high temperatures are 
fatuI to Jiying organisms. Primarily the method consists of utiliz­
ing the sun's rays to attain such temperatnl'es as are fatal to the 
broods of the beetle.in or under the bark of infested logs. It has 
been found that bark temperntures nbove 110° F. nrc }leCe::lSary 
to cause death. '1'he moisture coment of the inner bark seeins to 
be importnut only as a factor slightly conditioning the temperatures 
in the badc Beetle broods respond to this tren,tment only in thin­
barked trees. Lodgepole pine and ·western white pine are examples 
of this type. Experiments have shown that the method is not appli­
cable to trees that IUlYe thick bal'k, such as yellow pine and sugar 
pine, since the thickness of the bark of these trees acts as nn \usulatol' 
preventing the surface heat from reaching the beetle broods, which 
arc either inside or under the bark. 

TECHNIC OF APPLICATION 

Sinee the death of the insects is contin~ent upon high bark tell1­
perntures. it is necessary to expose the infested logs in such a way 
that the desired temperatures will be attaine(l. During the experi­
mental applieatioll of this llwlhod in the Crnter Lake Park control 
work. and in the tests made since, .vnrious ways of preparing anel 
exposing the logs ·were tried, nnd n technic oE handling that gave 
uni:form. and sHccessful results wns clen~lopec1. 

The in:fC'stC'd trN'S are felled so that their trunks lie in n, nodh­
and-soHth direction. It is necessary to hnye the logs in this position 
in order to expose their to!)S and both siclC's to direct sunlight t1uring 
the ('otll"se of the day. After they hare been :felled, the limbs along 
the infested length are removed, in order to expose :fully the infested 
bark, and the uninfcstecl tops are cut off. After this trentment the' 
10r,.s are left exposed to the sun :for a period o:f :from two to fiYe clays. 
They are then turned oYer in order to expose the opposite side. In 
the 'case of the lar~er trees (nbo\~e 20 inches in diameter) or trees 
Jelled in low bl"lIsh~ on uneyen grOllllct or in situations where it is 
impossible to place them in il north-and-south direction, it is some­
times HC'ct'ssnry, in order that the sun's rays may reach aU the bark 
surfaee, to turil the logs twice, one-third round. or abollt 1200 

, 

paeh time. Interynls of at least two days Q:f sunshine must eltlpse 
lwtweeu tuenings in or-del' to obta.in satisfactory results. It is neces­
sary, of coursl< to so p111('e the logs that unobstructed sunlight will 
lcach them. 

http:beetle.in
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EXPERIMENTAL PROCEDURE 

The studies reported in this bulletin were condncted in areas 
illfestell b'y the mountain pine beetle in the Crater Lake National 
Park, Oreg., during the spdng and summer seasons of 1925, 1926, 
and 1027. The'y were carried out during the time that control 
opemtions against this beetle were in progt·ess. Sinee several thou­
sand infested lodg'~pole pines were treated by the sola,t'-heat method 
clueing this time, the amount of material a ,"ailnble was more than • 
sufIicient to det<'rmine the acC'ul"llcy of the experimental data. 

Theprimar'y objects of these studies were (1) to determine the 
minimum bark temperatures required to kill the broods of the beetle, 
and (2) to develop It practical and efficient. way of handling the 
infested material. The following were the principal points about 
\vhich the investigation centered: (1) The difference, in degt'ees, 
between effective bark temperature and the temperature of the sur­
rounding air:. (2) the length of exposure at different hark tempera­
tures necessaey to cause death; (3) the period of the day when 
killing temperatures OCClll"; (4) the relation of killing tempemtures 
to humidity; (5) the surface of the log, expressed in C1egrees of arc, 
attaining killing temperature with {'xposnres for various periods; 
(6) the best position of the log relative to the angle of the sun's 
rays;. and (7) the season of the year during which the method !'3 
effecbve. 

Chemical thermometers were used to obtain the temperature data. 
This type was fmmel most satisfactor'y, as the bulb was easily inserted 
between the bark and the wood and there was no metal to n.ilfect 
the temperature readings, In each test three or more thermometers 
were used. '1'\\'0 were inserted under the bark on the top or sides 
of the log in snch positions that one registered the inner-bark tem­
jJemtures in the part exposed to direct sunlight and the miher ,rave 
the temperatures in the shaded part of the log. .Another ther­
mometer of the sama type was hung at breast height ou the north side 
of a near-by standing tree to register the air temperature. A thermo­
graph was Ilsed in some of the tests made in 1927 to record the air 
temperatures, although most of tile data are ploUed from readiuo's 
of the chemical thermometers. - I:> 

~~he data on t~le o~h.er poi nts . i~lvestigated were obtained by ex­
pOSlllg the JOgH til ddtl'rellt pOSItIOns throughout the field seasons 
and b'y variatiolls in the length of exposures. 

EXPERIMENTAL DATA 

The bark temperatures and concurrent air temperatures recorded in 
the septu'ate tests of the experiments are shown in Tables 1 to 6 and in 
Figures 1 to G, the tables giving the data in tabulated form, and the 
figures presenting the same data gra.phically. 
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TABU) 1.-llo/trI11 fCIn/lcra/llr('8 rccorded IUHler /lle Iml"l.- of (! To!! (cllc(l anu 
7JJi'tl(J in. (/. I/O/·/h·alld·sou,/h direction, Scptem/)er 10, 1!J2G 

[Ele\'ntion 6,100 feet. See fig. 1] 


t i I
' Temperature tUHler hnrk ,: : 'rempernture IIllder bark
Air i of 10g-Ij t~lil~_ of lo~- : tem­

110llr .-- I Hour peru- ~---,--~""'-------I I1ern­
iure iu t I) .. 

Ishl\(l~ On.ens On top (Il."est ' Isll~~lin :OIl.eaSI.' Oil lOll On.west 
~__ ~____I 51l1e ---.--i--(~i sille I___'~~ , 

oP. 0 P. 0 P. ; I OF' I 

, 
oJi". OF. OF.\ lop, 

811.111. •• ".. .\ 62 H, 70 64 1 ~ p. 1lL.· ......·i 841 ]()4 138 90 
!lll. m ...... "... 76, 92: 86 72 , • p. m""''''''1 13085 94 112 
10 n. 111......... 80" 110 102 78 , 3 p. m ........__ ~O I \10 1\20), 128 

1111. Ill ••••••_. 80 126 120 I 82 4 p. 111.........." ,8 86 11 120 


12111·.. ·~ ....1 80 __~~_~~i_._. 84 1 ___~~_~ 
I' 

i ~P._I~~==.~~_.~~J_. 80 
TABLFJ 2.-11ollrl'll /ClllpCm/llrcS reconiell umiet the /JarT. of (I, lo!! felled (In,l 

I,yinl/ ill a· nur/h·(/'/ld-soulh (Uree/iolt, JIIIII .10, l!1::!1 

[Ele\'ation 5,500 feet. See fig, 2J 

-----~--~-"--~-..."-~-.--"""--------;,------;------i 'l'elllpernturo under :1 I; Temperature under 
Air tern· I bark on top of log- ' l.\ir tern· hark on lop of log~ 

Hour ! perature ____ il Hour pernture 
in shndc i! in shade 

In sun III shllde :1 I In 51111 ,In shade 

I----i--------,----:----:--- ­' : 
oP. OFt. o 1~i2 r I 0 P. 0 F. ,oF. 

1Sa. In_..... ~~ ... ~ ... __ 60 72 
Un. m.~n .. 78 8"1 76 I ~ g: :::::::::::::::::i ~~ I ~~g : ~g
10 0.111 ... __ __ 80 JOO 7S I" 3 p. n1......____• __., 83 118 88 
11 II. nl." ... .. 81 122 82 Ii ~ p. 111..... _.. _..• __1 ~~ I 98 80 
L2 m. __ 83 134 84 i: ~ p. IIL......• .. ~·~~i 96 76 

'l'.\IIL~~ a,-llrl'llrl'!I /Clllperatllr('8 recordcli lIudcr the Imrk of (/. 10[/ fcUcel ana 
lyinu in (/, 'lwrtl,,'(/-I/(1·801l/h dircct'ion (/Jill pcrccntage Of /)rolJ(L killt'll bll ccrtain 
("ritiell/, /CII/./I('I':'/lIrc8, ,TIII/(' j;j, l!121 

[Ele\'lItion 0,000 feet. ~ee fil,(. 3J 
- ..- .-.. "---_._---. __.--_._---- -.__._-------------

I I 'remperaturo •.\,·r Tel11perature
,\ ir IIl1der hllrk 011 lIluler hllrk 011 

II, 

1('111' top of log- Brood 10111' top of log- I Brood 
\lollr p"rn· ! killed Hour pera· , killed 

J t.uro ill -----......-.--- lure in j I 
shnde III SIlII In shntle i ohnde In SlIn In shade 

_I __.~l___ ~ __ .__ ~____ \___ 

°P. cp. OF. ' Per cent:~ °P. °P. OF. IPer cent 
58 0 il 1 p, 111. ____ • ____ : lB 

Un. 111 .......... " 63 I i2 61 () I 2 p. 111.. _____ ... 85 122 ~~ \ I~ 
10 n, 111 ... ____., liS 79 65 0 , 3 p. 111 ...____• __ : 64 112 

Sn.n!. .... . 58 00 85 

Btl ',. __ • __ __' 
1111.111........ . ;41 lIH 69 , (!' ~ p, 111.____ ..... ' Iii 1)0 66 1__ • ____ • 

12 tn __ • SIl I 110 76 : 6 n p, IlL.__ ......, 51l i2 63 '........ 
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'l'AIlUl 4..-iIourly tCIII/icrn( IIrc,~ rccor(/ctl 'II/Iller Ihe bark of /I. loy fellcll all(l 
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DISCUSSION OF THE DATA 

The results obtained in these experiments show that a bark temper­
ature of 120° F. is fatal to broods of the mountain pine beetle with 
a minimum exposure of 20 minutes. (Figs. 7 and 8.) Longer 

FlGt:Jltl i.-Brood of the mountain pine b<.>etle which had been protected from the sun·l< 
ruys by II covering of brush piaced o,"er the log at this point; the larvae and pupae

in this part were unlnjllred 

exposure at lower temperatures will also calise death, though the 
broods of the beetle will safely endure bark temperatures of less 
than 100°. The range of critical temperatures is between 110° and 
120°. Bark temperatures at any point in this range resulted in 
death after an exposure of sufficient length. Approximately;) to 6 
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per cent of the brood was killed at 1100 with short exposures, and 
mortality increased as the temperature rose above this point, reaching 
the ,maximum at 1200 

, which was found to be 100 per cent fatal. 
(Fig. 3.) 

FlGURm S.-Brood of the mountnln line beetle under a section of the bark which had 
been exposed to the direct rays 0 the sun for one day. The maximum temperature
registered under the bark of this section was 1260 F. The larvae and pupae show as 
shrunken bodies in the pupal cells 

Bark temperatures of logs exposed to sunlight were from 300 to 
50° higher than the surrounding air temperatures, the main differ­
ence being about 40°. Bark temperatures as high as 140° F. we:re 
registered when the air temperature was 89°, a difference of 51°. 
1Vlth an air temperature of 80° the concurrent temperature in the 

i., 



CONTROL OF MOUNTAIN PINE BEETLE BY USE OF SOLAR HEAT 13 

inner bark on prostrate logs in direct sunlight was often 120° or 
higher. Temperatures of the inner bark in shaded positions did not 
vary greatly from the air temperatures and were not ratal to the 
broods. 

There is It greater correfation between the angle of incidence of 
the sun's rays and bark temperatures than between air temperatures 
and bark temperatures. Thus it will be seen that the data in Table 1 
and Figure 1 show a higher relative bark temperature on. the east 
side of an exposed log than on its top 01' west side during the hours 
from 8 a. m. to 11 a. m., and, conversely, higher bark temperatures 
are recorded on the top and west side of a log during the hours from 
11 a. m. to 2 p. m., and from 2 p. m. to 5 p. m., respectively; ~hile 
.at any given time during the daily period of exposure the concurrent 
air temperature is the same near aU surfaces of the log. Air temper­
ature, however, is perhaps a better criterion for presnpposing lethal 
bark temperatures, since it can be ascertained by simple tests, and it 
is therefore more COllYenient in practical application. Air temper­
ature::: of 80° to 85° F. and above insm;e lethal temperatures in bark 
exposef/. to the sun '8 rays. 

The length of exposure necessary to kill the broods in the upper 
ranges of bark temperatures is surprisingly short. The minimum du­
ration or exposure required to effect mortality at 120° or higher was 
from 20 to 30 minutes. Longer exposure was necessary at lower tem­
peratures, two to three hours being required with a bark temperature 
or 110°. Anesthesia set in at 110° and this condition resulted in 
death when prolonged. 

The bark of the trees on which the tests were IDfde varied in thick­
ness with the size of the trunk. At the base the thickness ranged 
from one-fourth to three-fourths of an inch, with an average of one­
half inch. Thirty feet from the ground the range was from one­
.eighth to three-fourths, with an average of three-eighths inch. At 
the top, where the top was 1'educed to about 4 inches in diameter, 
the bark averaged one-sixteenth of an inch thick. 

Broods of D. 1Jwnticolae under white pine bark up to 11,4 inches 
thick die with an exposure of six hours at the critical temperature. 

The susceptibility of the various developmental stages of the insect 
was practically the same. The old adults and new adults succumbed 
first, followed in order by the pupae and larvae. Individuals in all 
stages, however, became inactive at about 110° F., the slight differ­
ence in rate of mortality being correlated with duration of exposure 
rather than with difference in temperature. Incubation of the eggs 
was not prevented, though the newly hatched larvae were very 
susceptible to high temperatures. 

The experiments showed that killing temperatures were registered 
in the inner bark from 10 a. m. to 4 p. m. (Fig. 1.) The duration 
of this period varied slightly, however, with the season, and is 1'ela­
tive to the angle of the sun's rays. The maximum duration of this 
period occurs in June and July in the latitude in which these 
experiments were made. (Fjg. 9.) . 

The moisture content or humidity of the inner bark does not 
play an important role in the death of the insects. Broods in logs 
having a very moist inner bark died at the same temperatures as 
other broods in logs on which the bark was very dry. Humidity· 
does, however, have a direct bearing on bark temperatures, since it 
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faeilitnies the penetration of heat, and therpfore the killing point 
is renched sooner in moist bark. Equally high temperatures are 
registered in dry bark, though a slightly longer exposure is required. 
D('ath of the broods results when killing temperntures nre reached 
J't'gal'dless of humidity in the barlc 

A Htlldy of the moisture content of the beetles themselves was not 
attempted. although the fact thnt some beetles resisted critical tem­
pe!'atul'l's for :" period, but eventually succumbed, indicates that it 
iH a faetol' of importance. 

The are of the cirenmference of the log on which killing tempera­
tUres are registered dnring each exposure is dependent upon the 
position of the log relative to the axis of the earth. A greater nrc is 
sllbjeeted to direct sunlight, and resultant lethal temperatures, when 

E 

r"WFltE n.-Dlugrllm IIll1stratinll ranges of mortality from BolliI' heat undel' the bark 
of thp IIpper h:tlf of :L log uurlllg 'the trunsit of the sun through the daily arc (June 
'L1ul .July) when the log- is lying in IL north-and-south direction. When the logs 
111'(' I'olled COl' till) second exposure the part that was not thus exposed takes e:'ractly 
til(' po~ltloll oecllpled Il!~re by th.:. exposed portion 

the lug is approximately parallel with the earth's axis and at right 
angles to the apparent chiily transit of the sun, (Fig. 9.) 'Wllen 
the log is in this position almost the entire upper half of the circum­
ference is exposed to the direct rays of the sun during the daily 
period when killing temperatures are registered. Under these con­
ditions the range of mortality covers an arc of one-half the circum­
ference of the lo~, This range is not limited to the portion of the 
circumference on~ which the sun's rays fall perpendicularly during 
the period of killing temperatures, but extends down the sides of the 
log' beyond this arc, as shown in Figure 9, to where the sunlight 
strikes at an angle several degrees from the perpendicular. The 
heat reflected from the ground serves to carry this killing range 
somewhat fadhet· around the log, and its effect is an overlapping 
of the ranges of mortn1ity during the second exposure. Though 
the secant of the Jl101-tnlity arc on the log is not parallel with the 
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ground surface (fig, 9), this can be disregarded when the log is 
turned for the second exposure. since the log is turned one-half 
oyer, which brings the nnexpos('d surface into the position formed) 
occllpi('c1 by the exposed part.

'fo obtain the killing temperatmes in the inner bt1rk on the maxi­
lHum log slIrface for ('ach exposure it is necessary to place the log in 
11 position which will Iwnnit direct sunlight to reach the greatest 
ar(,ll of bark sudnce between 10 n. lll. and 4 p. m. It has been found 
by ('x perimentation and in lIe-tual praeticp that the best position of 
th(' fdled lo/!s is approximat{'l~r north and south. In this position 
the east side of the log is exposed to the direct rays of the sun during 
the period before midday, the top clm'ing midday, and the west side 
durin/! the post-middajr. 'fhe Slln\; rays also fall more nearly 
perpen<liculnr to the surface of the log when it is so placed. It is a 
well-known fact that ail' tempernturps !lrt' much higher very near 
the grollnd than a foot or more. aboye the ground sudace. Because 
the same ('onditions afl'('et bark tempernbtrl's. tlw logs should be 
chopped dil'eetly on the ground ratlwr than left beddpd on prostrate 
logs or other debris, sinC'l' more heat I'IHliation from the earth reaches 
the logs when they lie on the grollnd.

A modification of the above l)J"oep(\ure would perhaps be necessary 
ill the tr('atInent of trecs on st('('p north slopes where the angle of 
incidence ot the Slln's rays would b(' more oblique, owing to the 
inclined position of the log. In these situations the p1ncing of the 
logs in an east-anel-west Llireetion wOllld be better. though this would 
entail turning them twiee in order to secure complete exposure 
to the direct my!:> of the sun. As therp were 110 north exposures on 
the experimental control area, this detail could not be studied. 

Temperature tests made on infested standing trees gave some 
inter('sting results. (Fig. G.) The temperatures of the inner bark 
on the south sidl' an<1 til(> north side of the trunk. and the south side 
of the base Ol' stump. of tIwse tree::; were r('corc1ccl. The bark tem­
peratures 011 the top of It neighboring felled log. and the air tem­
pernhu'es were 1"Pcor<1ed at the same time. The, bark temperatures 
on the south sitle of the standing trees varied only a few degrees from 
the air temperatures. The hark temperature on the north side was 
considerably lower, the differ('nee being 17° at the peak of the curve. 
The hi/!hest bark tempemturc of thp stump was 4° lower than that of 
the trunk (south side) at breastheight. ,Yhile these temperatures 
remainec1 below 80° F., bark temperatures on the felled log reached 
a peak of 123°. TIH'se tests show the difference between bark tem­
pei'atllres of standing and of fplled tt·ees. and they explv.in why 
mortality does not occur in b1'00ds developing in stancling trees. 

It has been determined. at least for the, climate in which this work 
was elone. that an air temperature of 80° F. indicates lethal tem­
peratures in the inner bark of portions of felled logs exposed to 
direct sunlight. Since this relation is fairl~T constant, air tempera­
ture becolllt's an indicator of the efficacy of the solar-heat method of 
control at any given time. It can he 8atelv assnmed that the method 
wilt be effective during a.ny part of the year when air temperatnres 
are 80° or higher. It was employed with ('ntire. success during May, 
June, July, September, and early October of 1925, 1926, and 1927, on 
the Crater Lake Park control projeet. No control work was done in 
August, as the I)t'etles 111'6 flying at that time. 

http:explv.in


16 TECHNICAL BULLETIN 195, U. S. DEPT. OF AGRICULTUUE 

PRACTICAL APPLICATION IN THE CRATER LAKE PARK PROJECT 

The crucial test of any mot hod of insect control comes with its 
practical application in the field where natural conditions prevail. 
The solar-heat method was given a thorough trial on the Crater Lake 
Park project <.luring the yeaL'S 1D25. 1926, and 1927, Its effectiveness 
was demonstrated in the successful treatment of OYcl' ~),OOO lodgepole 
pines infested with broods of the mountain pine beetle. 

PHYSICAL CONDITIONS ON THE PROJECT AREA 

The Cmter Lake Xational Park is situated on the crest of the 
Cascade Mountains in southcl'l1 Oregon, in latitude 43° north. The 
eontrol Itl'CR is locatell in the sontbeL'll half of thc park in elevations 
ranging from 1).500 to 6.300 feet. The topography of this area 
I'Ilnges from rugged canyon walls to flat plateaus or benches. The 
slopes nrc mainly southern. with east and west exposures, The 
infested areas occurred almost cutirely in the plU'e lodgepole pine 
type of stand, 

The meteorological condition::; are typical of the high mountainous 
section of the Nor,th Pacific States, Daily tempet:atures dnring the 
l)el'iod of control operations ranged from 32° F, at night to a maxi­
mum of 90° at midday, Electrical storms, followed by rain, were 
frequent throughout the seasons. These storm periods, however, did 
not seriously interfere with the solar-heat treatment of the infested 
logs, since the percentage of clear days was comparatively high. In 
general, the conditions on this project were favorable for the effective 
employment of the solar-heat method, and accordingly the method 
shollid be equally successful on all other areas where the meteorolog:­
ical conditions are similaL', 

APPLICATION OF THE METHOD 

The use of the solar-heat method on the Crater Lake Park project 
did not involve any material changes in artificial-control technic 
prior to the actual treatment of the logs, The infestecl areas were 
;;un'eyed in the usual way, and the trees to be treated were marked by 
established methods. However. from this point on to the last detail 
of the actual treatment of the logs an entirely new procedure was 
followed, 

The trees were felled so as to lie north and south. in order to 
expo~e the greatest arc of their circumference to dii:ect sunlight. 
Care WllS exercised in feUing the logs to get them in such position 
that they were shaded as little as possible by adjacent standing trees. 
1Vhenpver feasible, the bole WllS placed in contact with the ground to 
obtain for it the highest temperatures, The limbs along the infested 
lenf,rth uf the log were then L'emonel and the top cut off. (Fig.10,) 
The limbs and tops were eithel' piled or scattered; the formel' method 
was used on camp sites, along roads, and in other l)laces where a 
thorough clean-up was elesit'ed. and the latter procedure was followed 
in mOre remote sitllations, Aft('L' the logs had been prepared in this 
way. they were left to the adion or direct sunlight from two to five 
days. They wel'e then tm'lH'd half over to expose the other side. 
(Fig, 11.) This complete(] the treatment, 
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FWt:m: 10.-M~thod of preparing 10dl-rO'pole pines infested with the mountain pine 
b<:>etle for treatment by solar heat. The trees are feUed to Ue ill a north-and-south 
direction In ol'der to secure the maximnIll e3:posure Oil the surface of the bark during 
the daily I)('riod of killing temperatures. The logs are then !Imbed Ilnd topped. and 
the 1)('\1511 is piled. or sCllttered, well away from the logs to ullow direct sun!lght to 
reach Olem 

Ft<:l:m: 11.-A I-rronp or 10;:"8 that have 1><'('11 trrated by the ~olar-heat method. Thl' 
logs are shown In til/' linnl (lo~itlon after tl1<')" IUI\'(' I><'en I'olled half over and 
('xpose.1 for the ~(>('ond time. 'rhe photo;:"t1Iph gi\"~ a I-rI'Ilcra I "iew of a treated 
Ul'C'U, showing the nXf'I'age spacing of inf('sted trees nnd sUl'rounding conditions 
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Each treatin.r erew com;i::;ted of three men, Two men felled and 
lopped the tree~ while. the thinl manl'ut off the limbs: and piled them 
when necesslu'y, Eal'h crew felled and prepared all average of 40 
'trees pel' clay, The ::;Hme crew returned a!ld rolled in one day all th~ 
hws preplLl'ed in one week, Each log was eut so that the prepared
:;:e~tioll contained the entire brood of the insect; con::;equently the 
logs mnged in length fL'om ~o to GO feet, and in some cases included 
I he entire bole of the tn'e, Cant hooks and peavey::; were used 111 
tUl'Ilillg the logs, Three nl\;'n experienced no difliculty in turning all 
hit the vcry bL'gl'St aJl(1 longl>::;t lo!!s, W"'hen such were encountered, 
they were Cllt into two 01' more sl'etions, After eHch log was tumed 
for the final ('XpOSllre, a distinguishing ax mark was made against the 
kerf 011 the butt l'nd to dl'nott' that thl' log had been tUJ'lwd, One man 
of eneh tUI'll ing ('l'l'W ehl'eke(l otr from the treating rl'eol'd the seL'ial 
number of ('Hell tl'('(' as it was tlll'lIPd, anti thus all mi:,;sed log'=' were 
identifipd and l<>l'lltl'd fill' subsl'qlll>nt turning, 

COMPARISON OF THE SOLAR-HEAT TREATMENT WITH THE 
BURNING )IETHOD 

In the finlt ('ont('()1 work on this projl'ct. cady in 19:25~ the burning 
Ill<.>thod of tt'l'atm('nt wa~ l'lIlploY('tl. It was sOon apparent that this. 
lHethod was not nt nIL :-lIitablt' for U~l' in this typo' of inf<.>sted timber 
be('tlusl' the Htand::; were fa iL'ly dense and therefore much scorching 
of gre<.>n tree::; I'('sulted, Enough trees were burnecl~ however, to 
('stabli::;h a, basis for compari ng the efFectiveness and cost of this 
methmL with the solar-heat treatment which was subsequently em­
ployed, These data. ::;ccurecl on a project where both methods were 
tlsed, are of great \"itlue in comparing results and costs, In addition 
to this basic information. similar data on the hurnin!! method are 
available fwm otheJ' projel'ts in lodgepole pine infested by the i'lUme 
beetle, 

TIH'sP data !'ihn", that tIll' two IIlcthod::; were equally effective in 
killing the beetle broods, The a \'('mgc ('ost of the bUl'lling treatment 
was $2 pet' tL'ce., and of the solar-heat treatment, $1.22 per tree, a 
difrereJlec of TS ccnb; pel' tl'pe in fa\'OL' of the solar-heat treatment. 
An nnalysis of theHe ('osts. ho\\'('\'P!\ reveals factors peculiar to each 
method whieh aC'(,Ollnt for this diffpJ'ence, For instance. it is almost 
n1ways necessary to huck th<.> logs in piles to obtain thorough treat":. 
ment by buming, ~\"IH(). wlwn working in croweled stands, it is 
n<.>('essary to haul the log,.; to 0pt'nings for bUl'Iling in orcler to avoid 
!-('or('hi:1,~ the adjacent gt'PPI1 trce~, This additional work results in 
1I1CI'P:1S(>,:' unit cost wlwn the bmning method is used, On the other 
hun(L the C'o::;t of the solar-hcat treatment is increased and approxi­
mates that of th<.> bUL'Iling method when it is; n<.>cpssary completelY to 
dispose of the slash,' .... 

TIll' aclYaJ~tages and (li~advantnges of the solar-h<.>at method, as 
!'ompfli'cd WIth the bllrmng method. may be sllmmarized in the 
following way: .. 

,Yhen slash is scattered 01,' piled. the cost is lower. the sam<.> super­
\ ision is required. and the efl'ectin:ness is eqnal. ' 

,Yhen logs arc c\rekNl nftC'r ('uring and 81:t8h is hUl'Iled. the cost 
is higher. ('losPI' Sl1l)(,l'\'j~iol1 i,.; required. and the efi'e('tin'nes3 is 
('q lIa I. 
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Other things being equlll, the absence of scorching of green sluck 
lell\'es the forest in better condition. 

'V1H'Il the weather is cloudy or thc air temperatmes 11l"e less thall 
80· ]f., thc solar-hent treatment is not effective. 

SUMMARY 

The s01l1r-hent method of bark-beetle control cOllsists primllrily 
in utilizing direct snnli/!ilt to kill bl"Oods of beetles in the inner bark 
of thin-bark trees. thus eliminatin/! the necessity for peelin/! them. 

It is particularly ('fl'l'etiv(' in trentinp; broo(lOi of the JUounblin pine 
\;p('t:.le. /}cndl'octoll1l8 month'ol:.I.e, in lodgepole pi,ne logs. It has also 
been uSl'd, with mOllifit'ntions. in treating other pincs infe"tecl with 
(\ther species of bark hc'enes. 

TempemtllL'c is the major fador. Dark temperntnres under 110" 
F, an' not eir('dive, TIark tpmperaturcs of 120° or higher will kilt 
tIll' insects with It minimum expos\Il'c or 20 minlltes, The tempem­
tlln's between 110° and 120° are el'itieal, and any tempemtnre within 
this range will kill the broods if maintained two or three hours. 
Anesthesia occnrs at about 110°. 

Bark telllperaturl's as hip;h as 1·:1O° were registered when the llil­
te l1l l)('ratllre waS 80°. The TII('a.n difference between air temperatures 
amI the cOl1eutTcnt bark tetnperabH"~s is 40°. 

Kill ing h'lllpel'ature::: are registered in the bark of logs expose(l to 
direet sunlight and lyillg north and south~ during the hours from 
10 a. Ill. to 4: p, m .• whcll thc ttir tcmperature is 80° ]f. or highet". 

Thc cfi'ectiYeness of tIll' rncthod has been demonstrated by the 
sll('ccssful treatnH.'nt (If over t)~000 lodgepole pines infested with 
broods of the mountain pine bcetlc in Crater I.ake National Pal'ic, 
Oreg. The mdcorologieal dnta gin'n apply specifically to elevations 
mnp;ing betwl'en 5.500 alld. (i.aoo i\'t't. at -13° north latitude. 

The l'ssential points ill tht, application of the metho(l are as fol­
lows: Logs should lie north and south and in contnct with the ground. 
'l'lwy mu~t be limbl'd and topped and the brush piled or scattered 
a way from the logs. The lop;s must be fully exposecl to the dil.·ect 
rays of the slm during midday for a period of from two to five 
da.n,. After the first ('XPOSIII'P they must be turned one-half over 
in ol"(kr to expose tIl(' othpr sidp. On nOlth slopes it may h" 
IIl'CNiSIU'Y to plaee the lo/!s east and west and turn them twi('p, 120" 
I'aeh time, 

..As complu'cd with the umning treatment, the solar-heat !IH'thotl 
';s ('heapel', unless the- slash is thoroughly cleanedllp, when the cost 
is the same <H' sli/!htly higher. "The-n the limbs only are burned 
till' two nwthods al'e on par as to cost. 

The main a(\\'nntages of the solar-l1l'at h'eattnent an' that no 
"tanding tl'el'S are scorelH'<l anll no conditions attl"tlctive to inserts 
:Ire s('t up by the work. a!, is the ell:::(' when the logs an' hurned. Ill;., 
principal disadvantage i:-: that ordinarily IIIOI'e slash is left in the 
forest, unless it is bUl"lwd late-I" at additional expl'nsl', Both mcthocb 
ttL'e ('frl'di\"c in killing the I.ll'etie broods. 
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