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SOME ENVIRO1'1MTAL YACTORS fiFFECTING DVELOPME 11D 

EMERGENCE OF THE DOU(LAS-Ffl BEETLE, DENDROCTONUS PSEUDOTSUG 
HOPKINS (COLDPTRL: COLYTIDE), DT THE LABORATORY 

I!rRoDUcTIoN 

und. How Th1 Stuxiv Strrted 

Th1 pPT)er 1 reu1t of r roject heflded by Dr. Juliu9 I. 
Rucìin'v, Asociote Professor of Entomolog'r -t Oregon St'te College, 

to develoD nd perfect l.bor-torr rearing methods for forest 
insecte. The Dougl-fir beetle, bec'ue of the re-einhr1s of tt 
iraortnce?n eneir' of the riuraber one titnber rodue1ng tree in 

the countrr by it recent outbre-c! in the P-cifl.c Northveet, W to 

be given top pr1ortt» in PDroposed insecticide screenthg irogrin. 

Th urìcertrintv- of . spl of beetles t cert4n of the 

veer gve iInpetu5 to these stidies on rerin tnethocls. Tvo ubltcr- 
tions (Li, 51), one on the effect! of tei,erpture uron the ctIvit' 
nd the behvior of the beetle nd the other sbid of the eve1op- 

ment of the in!ect, were r result of the erl' inve!tigtions of 

thi? project. Rudinskr nd Vit in side !tud.ie found thrt 1nbor- 
tor'r_repred bT3Od! of the Doug1-s-fir beetle fi1ed to emerge from 

the log! in 1ich the" h7d been re-'red. In the!e studie! f ter 
evelopin1g to the d.ult !tge, the beetles ''ere 1lowed to rem-in 

in tne wrm environment of the l'borptor' where -f ter more th-'n 

two months the still hrd not emerged1. s 'n inquir into sorne of 

1. Person4 coTnnlunic°tion. 
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the poasible reseons for this, the author 1aurhed this study on 

some of the environmental fsotors which affect the develoixaent and 

emergence of the Douglas-fir beetle. 

Life Cycle Under Natural Conditions 

The life cycle of the Douglas-fir beetle under natural condi- 

tions has been described many times (7, p. 7-9; 39, p. 2-3; 52, 

p. 6-8). Barring differences in attack periods dus to climatic 

conditions, there is general agreement, so only a few salient pcnts 

will be stressed here. The beetle has one generation per year. The 

broods pass the winter either as young adults, full-grom larvae, or 

pupae, however, predominately as adults, The young adult8 eierge in 

early spring and attack healthy or weakened Douglas-fir trees and 

establish broods. Shortly thereafter mar' of these beetles re-emerge, 

reattack another tree and establish a second brood, after which they 

die. Their first brood usually develops to the adult stage by mid- 

summer arid remains under the bark through the rest of the summer and 

through the fall and winter, emerging in the early spring. 

Those beetles that overwinter as larvae or pupae complete their 

development by mid-summer when they emerge from the tree and estab- 

li5h broods in another tree, remaining there through the fall and 

winter to re-emerge, reattack and establish a second brood in the 

early spring. Their first broods reach the late larval or pupal 

stage by late fall and overwinter in this stage. 



t, 

The Prob1en -nd Po1h1e o1ution 

The rob1eì, of course, i to detern1ne the best nd qu1ccet 

etÌiod of obtiniiìg 1rge numbers of rnture Doug1-fir 'beetlee. 

The groundwork for 1bor'tor're'ring of this beetle, the logicrl 
rnens to th5. erd, w lr'id 1y vit6 -id Thudirk" 4th their tncuie9 

on the deve1orrnent of th1 ineect (51, 156-157). Their method. 

of re'ring eerned to be good oìe, 1ut the f'ilure of the rdult 

'oeetlee to eîierge froni the ìogc 'nd etb1i!h brood, indicted thnt 

there j corm-1e, intern1, re1ptorr niechnisin controlling the 

ntur'-'t1on of the heet1e. The'- tr'te tht fter being tored out- 

side for nortion of the iinter the beetic would, horever, energe. 

mergerice fro!n 1og brought into the greenhoure in 

1oveibcr bcg'.n 'fter tmo "ee''' r»eure "nd continued 

over fou.r 'eeks, with peek energence t the end of the 

ecoi. weck. The time of exrosure necerv for 

emergence of the beet1e r't 220 C. de reed in reveree 

rtio to the length of the incct' hirntion." 
Obviou1' sorne rroces too' 1ce in1de the beet1e' bod' 

while the 10 vere stored 3utside tht w not prenirg in the 

1borrtor». he nture of the'e reonce cern cuircteritic of 

di»-uing irlRect. Althowh coined b» Wheeler (, p 68) to rml? 

t the ,eriod of rest bet'-een rntrejs ndkttptg in devel- 

oping ebrro, the word diuee hs grcdurll' tken on different 
connot-tlon, It '.r' firet used to rl» to the rret of growth, 

whether in the egg or in the develoning insect, bi? Hennegu" (2L, 
. L2L_)27). 



Andrew-rthp (3, t. 52-53) rerded deve1ornent hayIng two 

distinct r)ie: 
"In coneidering di2u8e it i heirful to thinc of 

development in ternis of its nor"1io1ogic1 'pect, 
ITlorphogenesis, nd it rh'-sio1ogici1. rect, which 

bv-n!1og rn'v be c].1ed nhviogenei. Diii.ie 
írr'- then be con9idered. (t1ert for ecologiepi 

urrosez) stge in nhvsiogenei which r'nit 

be corr'1eted ,rerequi1te for the reurmtion 

of rnorrhogenei. In the rore cc'im1icpted or 

intenee dinuer whole c1in of toge In 

hviogenesi r.r nee( to be cori1eteñ before 

fflophogenei !fl be resuied. Ye hr1i therefore 

e1,erç of the dipue ste, ¡e-n1ng tÌt te in 

the life crc1e during which mornhoeneis is more 

or 1es 't st'ndti1l; nd we h11 use dipnse 
develoment to ie'n the 'nh'sio1ogic1 develorrnent, 

or phvs1oenesjs, whith goes ori during the diopruse 

ste in rre'nrtion for the -ctive reeution of 

rnornhogeneis." 

It is in this sense tht these terms hll be used here. Therefore, 

when tored outside for îrt of the rinter the Dougls-f ir beetles 
ere undergoing rh.*iogenesis or dirpuse d3yelontnent which, 

Andrewrths rointed out, gust 1v-ve been corïn,leted befmre morpho- 

genesis could 'be resumed. 



Lees (314, p. 63-) has pointed out that the aotion of 

temperature on diapause development may be regarded as having two 

distinct optimums, a low temperature optimum where the procese is 

initiated, and a higher temperature optimum where the final stages 

are completed. The more time, longer than a certain critical 

ininiinwn, spent at the lower temperature the shorter would be the 

time required at the higher temperature. This seem3 quite analagous 

to the responses of the Douglas-fir beetle to longer periods of 

exposure to outside conditions as observed by Vit and Rudinsky. 

The certain critical minimum exposure to low temperature evidently 

required, was not satisfied in their laboratory rearings, hut was 

satisfied when beetles were stored outside. 

on the basis of Vita and Rudinsky' work, wo might say then 

that the Douglas-fir beetle exhibits an imaginai diapause which 

probably is terminated by a sufficient cold rest period. As pre- 

vious],y stated, however, in the brief summary of the life history 

of this insect under natural conditions, not only adulta, but also 

larvae and pupae overwinter. These transform to the adult stage 

but do not co into a diapause state as adults. They emerge and 

attack that very same season without having to undergo a cold rest 

period. If they had an imaginai diapause they would hìave to undergo 

a winter before being ready to attack. 

Is there any explanation for these apparently contradictory 

phenomena? 
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11 Oib1.r, under ntur-1 conditicn, the 1nect doee not go 

into ' true d1pue, but merci-- tLt cold ether of f11 overtce 

t nd 1o:s dom rnorrhoenei? before it hf's - clv'nce to erierge; 

.'here, in the suer the we'ther i sufficienti" wrì to '11ow 

comr1etion of thich reu1t in ernerence. The vri1- 

"ble evidence hrd1v fvor this view. Phis h"notheis would not 

exn1in the inverse re1tionhlr found to ey1t between the 1en,t1i 

of cold rest nd the length of the period ubeqiient to return to 

fvorrble teiw'er'tures th't it took for e:iergence. 1or would it 
exnl»in the fi1ure of lbor-tor-rered beetles to undergo continu- 

ol1,- '.cvelopment. 

In some insects dipuee is not recli?ed in ech genertion. 

The onset of frculttiTe dinp'use, s this is clled,is influented 

b» environment nd rìr either induced or verted br rrorer niu- 
1tion of the v-rious frctors of the environment (3/i, n 5). If 

this is the cose, one would reson thrt under nthrl conditions the 

environment of lrte sumner induces dicnruse '.'heres th't of l'te 
siring orer1» summer doec not. lso those conditions in the 

1-bar-torr where the beet1e 'ere re'red induced dinpuse. If this 

i true .ith the Doul-fir beetle, the continuous rering of the 

insect in the lborrtor iill be ile t'' once the conditions 

"Ì;ICII induce dirnue re determined 'nd re voided in the rering. 
nother noss1bil1t exists to exnl'ln whir lbortorir_rered 

'd.ults md overvintering rdult? of the ild o'ultion go into clin- 

puse hi1e rdi)lt from over?intering lmrvpe nnd 'une do not. 



Phrp the insect is trulr univoltine with ' strict d1use in 

ech genertion but th't conditions which serve to terminote dir- 

ìuse re effective when nrlied either to the lrvl or to tie 
du1t stes. Overwintering 1rve 's well -s 'dults fter ererieno- 

ing these conditions ms' then develo end. emerge 'ithout lnterru'ntior 

Lbortorv-rered insects, on the other hnd, never hving been 

exnosed to these conditions would be forced into diruse once they 

reched the du1t st-ge. 

The processes involved in the r'rrest of owth nd the subse- 

nuent resumition of morohogenesis ore not entirel' known. Excellent 

works b' Mre'rrth (1) 'nd Lees (34) h-ye uinm'rized corne of the 

irtest kno.'ledge on the subject, nd works b,r Willims (62) nd 

v-Ji1 der Kloot (so) h-ye ided teri'll- in our underst!nding of the 

'hviiolog of dirruse. fts Lees (5L, r. 2) ttes, "It is now well 

known thrt both the rrestof rovth 'nd the ccotmn'ing met-bouc 

'djustments re governed br the org-ns of internl secretion. Phe"e 

endocrine centers re in turn resronsive to cert-in definite stimuli 
from the environment." 

We shsll now consider sorne environmentl f-'ctors which hrve been 

known to rct stimuli to these endocrine centers. Photoreriod hs 
iroven to be regultorv rnech9nism in the life c'cle of some insects, 

rrinciDll' insecte which re continul1' eosed to the light such 

s extern-). feeding Ler,idoîter-. Since the- remr'in under the bark, 

rrobblx Dhoto'eriod cn be discounted in the ce of the Dougls-fir 



beetle, for .indoubted1v the brrk ct s n efficient block for fl 

viib1e 1i1ì.t rrs excert rosib1; n in:Pinitei'1 mount eeTing 

through entrnce nd venti1tlon ho1e. 

In one incct'- the chr'eteritic f the food. injeted. in- 

duces d1rpuse. Thus, when l"rve of Pectthoîhor omieli! und. 

're fed on green cotton boils their cìevelo without rrest; '?rhile 

those fed. on ones continin ripe blrck 3eed entered d.iue (25). 

It i; unh1e1 tht the c1iemic1 cozmoition of the inner br'.r on 

/}iich the Dougl-fir beetle feeds 1 in nv way, exce't in those 

ffected b olture content, corre1itecI i1.th certe1n eon of 
the Prob'b1 there i rrogreive deteriorntion from the 

time of -tt-cz until tht when the brk i unuitrble for heetle 

develo'rtnent. Bcet1e in trees -ttc1ced t n' month of the -11 

ho' thc îe strìctl- univoitine chrrcteristìc. 

iurn1djt- of the oir M moisture content of the bor would., on 

the other hnd, be correl'ted to the sepon of the «e'r. Since the 

generol 're íhere these studies :ere conducted receives rnot of it 

preci1trtion in the ¶inter (19), the environnent of the 'beetles, i.e. 
the inner brk of the iog, would tend to be ore moist during the 

winter thn in the uinmer. Could the more noit conditions during 

the winter, then, ere to tert'iínte the diryuse stte? If o, 

this hothesi 'xould not elin the dippuse in the 1rbortor'- 
rered beetlet 1nce the log were contlnull kent in oulte humid 

-'tmorhere. There rre cse In the llterr'ture vhere rent1 the 



ddition of ?rter li served to terriin'-te However s 

pointed out br Lees (3L, 7L) insect 1rve which enter 
d1pue with n increed 'roortiûn of dry invtter restore the 

wr.ter b1rnce in the rost-diìuse period b imbibing nioisture froi 

their mrroundings. Ifthese iriect 're denied contact .r'ter the 

reumi,tion of' gro-th m- be de1ved or even rrevente1 indefinite1r. 
However, their condition i no'.' ne of quiecence for ther re soon 

rect1vrted if w'ter i u'nr1iec1. Becrue of thi effect woter hr'8 

often been rn1sten for the genc" which terinin"te jppuN 

Church (11, . 8-97) h's shown thiF to be the cese with Ceiphus 

cnctus. 

The most 11ke1? environnent'1 fctor contro11in the ince"tion 
nd termin'tion of dirnue i terr'erture. Lee-, considering 

rrthrorod in generrl (3h, '. 53), sttes,"....thic factor i b 

fr the r.iot iiirortnt envlronrnent'1 gencv contro11in ternintion 
of dip'use...." The of 1oT tmer'ture would exnlin the 

fi1ure of 1bortorr-rered beetle° to energe nd 'lo the rerctions 
of the wild r'oul'tion. 

therefore, hmothesi7ed tht the Doul-fir beetle is 
trictlr univoltine in nture bccue of the low ten'erture re- 

quireent for dirtruse 'nd, -lo, th»t - cold rest period would. 

terrninrte the diiuse if «p1ied to the l'rvl, ru'rl or '4u1t 

ctge. 
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Brief Mistor' of Rering B'rk Beetles 

There is little inform'tion in the 1itertw'e 'bout m'ss rer- 

Ing of b'r- beetles in the 1bor'tor. Most of the references on 

the subject refer to "rering" in one of to In one it 

entils the nere collection of nturrl1v Infeeted nteril in the 

field md tdn' it into the lborrtorv where the Insects re 

collected «s the' eierge. The other cnsists of the 'rrecIse rerings 

nd. observmtions of only relctivel few insects In connection pith 

life hIstor nd other studies. 

Griswold (22), ho':ever, described « rn''ss, ibo.tor renring 

method for Sco1rtus ritultlstri'tus ('l'rsh.) nd !tiugoinu5 rufIî'e 

(ith.) in connection with Dutch ein dise"se investig'tions. Elm 

wood vs prtifici1lir 1nfeted in the vhere the beetles 

developed stisf-ctoril' t teraner'ture of 780 F. nd r' 1iiìmidit 

of 50 to 60 percent. ? crltic4 fctor In the success of the re»r- 

ing wsthe condition of the host od, best results being re'li7ed 

iii Scolrtus rering with wood sesoned ten or fifteen d's but for 

}Tlurgorinus no sesonIng w required before beetle introduction. 

'fter develoring in the rering room -dults would strt to emerge In 

rbout five nd eight weeks for Scol"tus md. Tfrlurgorinus, resnectively. 

no din'use corm-lic-ted the rering of thiF insect. 
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AND MT1iODS 

Obt1r'1ng 13eet1e 

The beetles used in this stu&r vere from three sowces. The 

gretest nunther "ere obt"ined from OreCon St'te College McDon'1d 

Forest pproximate1' fire miles north of Cor'v'llis, Oregon b" cutting 

lo- to 15-inch Douilrs-fir trees duringerl ring of l9f6 nd. 1957. 

The trees were limbed nd '1lowed tol' 's the' fell throui the 

spring nd summer nionths. Thus,the' ':ere er'oed to ndttcked br 

the over.i.nteríng beetles -s the" eierged in r11 nd M of eth 

Where the trees .'ere exnosed to the direct rs of the suri nd 

fter they hd been 'ttrcked tne» 1ere covered with brncnes to 'rro- 

tect the develoning broods fro: excessivel high teI!merturec. In 

the fl1 the trees were bucked into nrroi!ntel s-foot sections, 

nd stored in the insectrv until used. 

The other two sources of beetles tere sfollos. In 1956 

sections of n Infested windf1]. fron the 14rrIF Penk 're, 20 mlles 

west of Corv»ilis, Oregon, pere stored f-nd used 1ong with those 

from !4vcDon4d Forest. In ftugast 1957 one tnding infested Doug1s- 

fir from 'n re 10 miles west of Philomth, Oregon ws used for 

exoeriments in th't f1l. The infested logs were se-led on both ends 

with Drrffin to conserve the molture within s much s ossible. 

As beetles were needed throuehout te ensuing winter -nd ring 

the logs 'ere brought into the lbortor -nà rlced inside lrstic- 

ccreened crge. .fter being in the 75° y hert of the lbortor! for 
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periods of fron i to 16 r- the beet1e 'ou1d tort to emerge from 

the 1os. The' collected on the ide ton of the cge 'here 
the ere epsi1r gthered either in screw ced ron jr fitted 
rith screen cover or 'etri dihe. 

C 'ge ? 

The frmevnrk of the cne conited of 2-1ch b" -irc 
Dou1s-fir lumber ni1ed together, trenthened t the corners br 

screwing on L" !rred corner br'ce'. Sixteen neh '1tic acreen- 

ing ws stretched round the outside of the four eides of the frame- 

work nd t'cked in rl'ce. This left the ton nd bottom onen. 

cover w nd.e of the smne 2-inch b' 2-inch rood to the exct 1enth 
-nd :idth dimensions of the cge «nd creen1ng t'eed. over the top. 

The cover rested on tor of the ce 'nd revente from moving 

idew2rs b' 1-ths tcked to the Ingide of the tor' frmeorc 'nd th1ch 

nung down o thet hlf their vidth extended Into the cge. Theee, 

therefore, held the to ecure1r in noition s ie11 revented nv 

beet1e from ettin bet''een the ce nd the tor. 

The bottoos of the cre 1.ere 'urpoel left uncreened in order 

to frcIl1tte cging -nd uncrging 1og. If screening conrletel' 
enclosed the ce excert for the ton it would neceitrte lifting the 

1og wi 'nd over the side 'md setting them down into the coge. !here 

, Tith the bottom o'en it ws ethnie mtter to roll the log in 

p1ce nd et the cre down over it. )ij 'c eecll1» iv'reci"ted 
}en lrndling the lrier loge. The bottom of the crge vt constructed 



so th-t lt set rerfect1 f1't. Strins of fo'm rubber bout 1/2 inch 

b 1 inch were ni1ed to the bottom of the cge to cornrenste for 

the unevenne of the floor nd greenhouse tcble won which the cges 

vere n1-ced. \'lhen set on greenhouse trb1e sheet of her' brown 

wrrpning pper ws rlced u.nderneth the cge to nrevent beetles from 

escrpin throußh the cr»cks bet'een the bords. 

The ces nroved entire1 s'tisfrctor. 0n1' one sm11 irrrove- 

rient could be sugested to future users of cges of this design. t 

750 p the beetles regu1r1r t1ce flight. When rnn' beetles emerge 

from e log in one In ? c'-ge of this design it is difficult to 

prevent escDe of few beetle while collecting them. Those thrt did 

esc-e in this mnner f1e' to the light nd l'ere ecsl1 cught. 

Cheesecloth sleeves :ere f'stened in nlce In two c'ge to see if thev 

"ould m'ke collection e'sier, however, the beetles e.'-sllr chewed 

through these 'nd esced. These were rbrndoned. Should one 'lsh to 

r'ise these beetle in lrge numbers lt would fçilitrte collection 

if the emergence cge were desi'ned so tht tbe were cormilete1 

enclosed with drk iteril to keep out the 1iht excent for ' 

collection j-r. Since, through the normrl rnge of temner-tures the 

beetles re nositivel» nhototroic the» would collect t the oni" 

lieht source, the col1ectin; jr. 

Obt"inlri Att-ck 

The method of obtlning ott'c ws slmi1r to tht emnlo'ed b'r 

Vlt nd Rudinzci (51, 157). Beetles obtined from infested logs 

s desibed in the section "Obtinlng Beetles" ere sirnnl' nlrced in 
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cge with '3-foot section of Doug1-fir which h-'d been stored in 

p cool p1'ce fter being cut no more th'n four months rrevious1 in 

the re1jmjnr' experimente cfld one nonth reyiou1- in the f in'1 

experimente. Beetlee could be etored In etri dishee t teinner'-ture 

of F. for sever'l reeke before introducti'n into the logs 4thout 
suffering n- notIceble lost of fecundit'-. 

The 10 ere ee4ed on one, both or neither of the ends 'pith 

Drrffin. In the reliminr' eerimente both ends re ee1ed nd 

the loge rere r1ced incgee during beetle develotment, however, 

these logs seemer5 to dr» out exceesive1r resulting in high lrrvl 
mort1itr. In the finl emerient the loge 'vere se1ed on one end 

on1'-, nd the other e 'lced in moist end. 
The rerIng room 't the entomology frm t Oregon Stte College 

h2d wifldO1S t one end To rrevent uneven distribution of 

rttpc -round the log the windors «ere se"led with heer' brown r'per 

'iile beetles ere being introduced. When the' ere introduced in the 

greenhouse there some concentr'tion of ittck becuse of the 

woxiniit'- of the greenhouse room used to the he»d huee. Then 

rel'-tivel' fe beetles were introduced nttck e he'viest on the side 

-w from the herd house. ?Iot of the beetles bored in within 2h 

hours. 

Eli'ninting ?'r»eites nd Predrtore 

The method of introducing rdult beetles described in the 

Drevious section eliminted 41 rprsites 'nd 'rre&'tore of the 

'beetle with the excertion of vrrious species of mites cnd nemrtodes. 



A few ereriment 'ere rAnducted in îhlch rIte were c1ener 4f the 

beetles before ntrrdtictinin order to eT1u'te their 'red'ct'. 
The beet1e .rere held ?ent1' under « htnocily 1tQecting m1crcoi,e 

'ìi.t1ì - force thi).e sni11 rnite ;ere remoyel 'tt1'i blunt. 1ectin 
needle dimed in 1cho1. Lre mites 'ere re'oe '1th )'rn 
pointed force'-'. o'ver, for not of the introductions it w» felt 
thrt time spent rn'nul1 c1enIng n1t.e rm 1J bet1. covld be 

more rrofitbl-- sDent 'lone other lineî. No effort v me tr, 

Introduce nern-tode-free beetles'. Nemtode vere herved under the 

e1tr- of the inectr, mwt rUfficiilt n1ce for rernovl v1t1out 

inflictini inur to the heet]. one or lore endoiritic 
nerrtode zrecie ':'ere -'resent, the diffieultr of renoving "hich le 

obvIou. 

Mr'intpinln, De1red nvironmentl Cond1tion 

Temnertue - From the tirio f introduction cf dult beet1e into 

lor until their rroen develoned ufficientl' tht 1rnul-teä. 

4nter conditions could be iosed unon t}ie'i, the loge were rint»ined 

t n verge te!nner-'ture of 750 Kvtth fluctuttons wmupll'r not 

exceeding 50 F. in the nre1íninrr eerinients ond 30 F. in the 

fin-1. 

Low tenmer"tur were obt'Ined by severl serIes of w-'l:-in 

coolers mnlntincd b the Dep'rtnents of Horticulture nd Food 'nd 

Dir' Tethnoloies -t Oregon St-'te College. Also used ere the 

'"lk-in cooler -t tne Forest Insect L-borptorv M ' te'nierture 
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cbnet built b" the Oregr'n Stt iegPhrcicr'1 r1nt. The 

1'tter " cnp9trlcted 'et ir feet b! 1. feet qf /l inch 1'-ood. 

?'nd heated b» ±'our light bu1b i eie w&th therrvtt, nd in 

which w '1ctd - r1l ele'trlc f'n th4 °n Conttl'r, circu1ting 

the ni?. Th cbinet ws In vn1'rin cool.ei' where it he't- 

ints unit it teettu'e 5 F. hove the rnb1ent 

teinoerture. . FoThro hr,thernoi,h1 checked irr r hnd-'rted 
i'chrorneter, Ino(lel HA-2 of T1 Frie Instrument DivIsion of the 

ier..di Ait1n Corcrtirn -rd ever']. nrcur»-fiuled glss 

t1 erinorter» of the Owens-Il 1inoi Cor ny, were used to chec1 the 

te«iper-ture nd huir!idit" in the vriou coolers eM in the reering 

room. Temper-'ture fiuetii'tior.s of the coolers generll did not 

orc.eed 2 F, 

Moistureend hunhditv -Minteiniri the î'hloem region et e desired 

moisture level ws rttemi'ted in severl we's. First, logs e 

cut 15 iossIble 'ere used for rnisirig the beetles. In the relininerv 

exneriments both ends of the logs were se'led with rffin f1ofed 

onto the ends ihile in linuid strte with itnt brush. The object 

of this ws to 'prevent, n mush nossible, 'n" evetorrtion from the 

cut ends of the logs end pnv moisture loss would then h've to nss 
thrgiigh the corr' l8yers of the outer brk. In the finl exnerirnents 

only- one end of e-ch log w thus se-led nd the other ws ni-ced in 
moist s-nd. Weter "-s conducted 1x!wPrd, keeting the nhloemn moist. 

F1nllr, the logs were kept in - ro'ni mninte1ned t - rel-tive 

iu.midit'- of proxirnetel' 60 nercent. It wes felt tht the huxiid 
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environmcnt would further Drevent cvporotionr1 1osse. The re1.tive 

humidity w mr1it1ned b' riens of one or two electric n bioing 

oil i11 whlth kept et ir tLc contnt ir1ì ing of 

;.'ter fron grrdn hose do:1" trickled ilito r qJ1'11ow woodCn troAh 

inclined t digììt cng1e to the horiott1. Along tue bottom of 

the trongh ser1e of m11 hoie h been drilled bout everr /4 

inches to r1low tne esc're of the vrter. Thus, the w'ter drbrod 

even1 for the lenÌì of tue w11. By wn1ulting the nuiber of 

fn running nd the openin of the ;ri;ith,' ve.it in tne rmo f'ir1 

constrit tiixiidjt could be intined. 

Pehrking Proceedure 

After the rious cold rest eriod the loge were gnjn plAced 

't75° F.t) observe the enerence f the beetlee. For 4 let 115 
d!r'rs in the Drelim1nrv ererinient md 30 in the uin i erieri- 

ent the cages were exrined dril nd -11 energed beetles 'ere 

collected. ergence dt -nd other 'ertinent lnforiuti3n 'ere 

recorded on 3-inch br 5-inch indec crd thunib t!c'eci to erch 1o. 

At the end. of this eriod. the 1os .ere debrked. single cut s 

mde with hrnner nd chisel through the bFr: longitu in'11'- nd the 

brrrz creful1- pried loose. All live dult insecte were counted.. 



18

Bearing Individual Beetles

In two experiments vipls were employed to re*r pnd observe the

development of individual beetles similpr to the method recommended

by L. H. McMullen . Ep.ch vipl (Fig. 1) w^s filled pbout two-thirds

full of inner -nhloera of Douglas-fir

which h^d been ground in 8 Waring

blender pnd wrung to s moist consistency

in cheesecloth. The vipl was stotitiered

with p plug of glass wool. This wps

found to be vei"r suitable to observe the

development of individual insects. When

it wps desired to plpce s nupp in a vipl

it was a simple mptter to construct p.

pupal cell for it by mepns of p dissect

ing needle with the tip bent Pt '•bout a

100 degree pngle pbout l/k inch from the

tip. This tool could be inserted through the mouth of the vipl ^nd

could be used to ppek the phloem in pn prep next to the gl^ss.

filter the papp wps ^l^ced in, the upr>er T^-rt of the tiudpI cell w~s

completed, leaving enough room for the pdult to spread its wings. A

strip of Basking tppe was tilpced pbout the neck of the vi*l on which

the time pnd date of trpnsformption to the pdult stpge were recorded.

Fig. 1. Vipl used
for individual repiings.

1. Presented at the Seventh Annual Western Forest Insect Work
Conference, December 1955, Spokane, Washington.
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Determin1nc o1?ture Content 

Frequently it i,r'q desirb1e to determine the mkiture content 

of t1e inner b'rk of the 1og or of the ound b'rk uei for mdlvi- 

du1 rering. A 5tn11 snrn1e of the nteri1 1ced in 2- or 

3-dr'rn vi'1 nd weighed on ch'inro brl2n to the neret .001 

gr'm. The vi-1 w' then p1cced in 900 F. oven 2nd dried to con- 

strnt we1ht. B' !ubtrccting the weicht of the vl1 before nd fter 

dr'lng the tnp1e the 'et 'elght nd dry weight of the 'nrn1e re 

obtined. oiture rercent wn then c21cu1'-ted 'ccording to t 

fortnul 

.re t weight - dr' lt 
x 100 Hoiture Percent. 

dr weight 

St-tietic1 TretDent Used in Ev1upt1n the ffectivenes' 
of the V'rioiis Cold 1est Tretment 

Undoubted1, the ide1 wr' to ev4urte the effectivene of 

cold rest tretnent would hove been to obBerve the insecte until 1l 

hcì either terTi1inted dlÌYuse -'nd energed from the b'ric or 1i'd died. 

ut in these eperirents rrctic1lt 'rrecluded. nr such effort. It 
105 decided to exoress tue effectiveness of the cold. rest tre-'trnents 

in terms of the ercent'ge of insects which emerged in ' given eriod 

fbllowlng trertnent. In the rre1iminr exnerirnente I5 dr'crs were 

used; in the f1nl eerirnent 30 dnr were ised. 

It more difficult to corapere mthemrtic41r the r-te of 

termintion of diprue in the rorulptions. For, t the end of the 

nerioci, -n eoul nercentge of the thsects fl-.r hve termin2ted 
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di'rruse nd emerged froi the 1og, 'nd '-et t.h rete t hich the 

beet1e emerged r'r hve been quite different. In soe ce tiere 

's no well defined rek eoergence -th1c}i could be used to conmre 

ru trentrnent. Hd the insects been obierved until '11 h energed 

the ne2n of' emergence ou1d Ii-ve been n Dropri-te ttitic to 

use. For soe of the cold rest trertiients, eeci11 the nost 

effective ones, the cumu1tiye ercentge of eniergence when ilotted 

giiist the nuiber of d!s fter the cold rest reriodon ' log 

cle, proxinted tright line. Regreeion nrlrs1 in there 

ce could hve been used.. However, for rnnr of the tretnents this 

method of rresenttiori seemed inrorriete since tro1ght lines were 

obviousl not formed. One re'sn r-s th't since eggs re lrid over 

reriod of severl ees, ll the beetles were not of the s'nie ge t 
the time of the cold rest tretnents, nd therefore the o"ulrtions 

were not homogeneous in respect to their res'onivenes to the cold 

rest. 

It ws decided tht the d' of medicn emergence, or the dr by 

whjc1i 50 î'ercertt f the beetlec hd terriin'ted di.iu*e emered 

from the br'r, ''s the best expression of the rte of diuse 
termin»tlon in the 'oru.l'tionsq BUt this stt1tic fils to erwese 

tue sctter of the individu»ls, so for this rlot of the cuu1rtive 

ercent of emergence over the number of th!7s rfter tre'tment nust be 

re2erred to. 
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EPERIMENTS 'lfl) RESULTS 

The Nture of the Response to Normnl Winter Ter!merPtures 

Logs 'ere cut nd ntur11'- infested t the Oregon St'te College 

lVcDon"l Forest in the er1 s,ring of 1956. The infete 1os 
remrinecl in the forest throughout the srring nd sumner, b" 1'te 
Aurust 11 beetles "ere in the «dult str;e. The logs 'iere then 

trrnsferred. to the insectr" 't the Oregon Stte College fri, rend 

there left exrosed to the outside temnertures throughout the winter 

(see APPADIX, T"ble 8). 

Strting December 7, 1956 log ws removed t irroxirnte1 on 

month 1nterv1s until emergence beg'n on P-ril '3, 1957. The 1os 'ere 
c'ged in the reering room t tenmerture of 750 

F. Toble i nd 

Figure 2 show the emergence for the five logs used in this exneririent. 

Althou the number of dpr from the first to the lst insect 

emerging from pn" one log denends to cert-in extent on the number 

of insects, it is shown in Figure 2 t}it this sred of emergence 

gener1lr v"ried inverel' rjt} the dur'tion of exrooure to outsifte 

teerrture. Thus, emergence from the logs lr"'ted for 28, 19, 12, 

15 nd 6 c1»'rs. Evident from Trble 1 "nd Figure 2 is the fact tir-t 

t1e length of time necessr «t 750 F. vr1ed in the sme inverse 

re1tionshi with the enosire. 
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Table 1. Summary of emergence of Who beetles troni logs csged 

at 75° 7. followIng outside etorge for different 
lengtha of time. 

Stored iTY*rgence - No. days 1ter cain Day of 
Log outside Tot1 No. median 
no. until 

______ 
i 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25 26 27 2 29 30 31 32 33 34 35 36 37 38 39 1j 2 43 emerged Emergence 

i Dec.7 5 12i2879 io6i'. 2 i i i 83 22.0 

2 Jan. 2 15 21S 5 23 )4 )42 1 113 15.3 

3 Jan. 31 2 3 5 20 28 22 23 1t 2 2 3 3 132 10.4 

10 Feb. 2 i 21 52 6 28 19 12 6 7 4 3 
51 

i. 235 5.5 

i6 Mar. 30 1 1 6 2 1 1 12 2.7 

1. Repreeents the emergence of two deys. 

2. Represents the emergence of three ds. 
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The Role of Temier-ture ifi the Ter1ntion of Due 
In Lbortorv-Repred Beet1e 

From 20 to 140 beet1e were Introduced intoech of ' series of 
¿,5 log$ in «ccordnCe with the rethod ì'reyioul' decribed. TIìee 

loge vere then ert in rearing room rnint'ined 't 750 F. nc1 

rel-tive humidit'- of prroxirn'te1'- 60 ìercent 'hile the broods 

develoted. The logc rere rreTiousl-- eled on one end with rrff in; 

the other w r1'ced in mojt 'nd thi1e the broods develo'ed. 

Periodic srnrllng of other logs mintined °t the teniìerture 
s1ioed t)v't rnot of the brood would he in the du1t ct-ge bont 75 

dpye fter introduction of the rrent beet1e, After brief 
!I'turtion reriod, cold rest 'T inflicted on the inectc b 

trnferring the lo to w''1k-in cooler. After this the ere 

returned to the 750 F. room nd l'ced in crge o tht the 1nect 
could be collected the' ernered. 

Prelirninrr ernerlrnentr (see APPiDIX) he'd indicted tht 
cold. rest ieriod plvs rn imrmrtnt role in the terrnintion of 

dipcue lì, the Doug1-fir beetle. Cold rest erioà of 20, 50, 

nd 90 d' t teinner4ure of 3, 'nd 5li0 F. were "lied to 

the beetles 90 rind 110 dr fter the thte the rent beetles ere 

introduced Into trie logc. The 21° F. terierrture w fr more 

efrective in terriin'tin< di,use th»n either the ' or the 5)° F. 

teimtoertu.res. At 130 F. both the 50- - rid 9O-d cold rest neriods 

s'tified the di18e requirernente of niot of the beetles, '4th 
the 9O-dv reriod cusing slibtl' rccelerted emergence cornred to 

the 5O-dv nertod. The 20-d cold. rest !eriod, ho'ever, " 
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relntivel7r ineffective in cusin' beetle ernerence during the /L5 

di' ubequent to the cold rest. Identic1 cold rest tret.ente 
vere rlied to the different ged beetlec to ctpin if the 

terminntion of dip»ue w' influenced b' the rge of the beetles. 

Slight difference5 were noted, but becue of ml1 tenmerture 

fluctitions beond control during the develonmentrl md cold rest 

erioc1s these differences cçuld not be cmlled sIgnificant. The 

resulte of these re1lminrìr exneriments re to be fond in Tmble 9 

'nd Figures 12 - nd 13 in the APPiflDIX. 

With this inforr'tion s m bsis, new serles of cold rest 

tre'tments were pn1ied tothe Dou+gls-fir beetle in order to 

estpblish more conclusivel the beetlele resonse to v-ricus cold 

rest tretrnents. ch of the 5 logs in this new serie received 

m cUfferent tre'tuent. Beetles which hd develoned for 1(J, 80, nd 

120 ds t1ere eosed 20, O, nd 90 drs to temner»tures of 33, 39, 

)3, 49, nd 5° F. The terrner-tures nd d'u.rtion of cold. rest were 

the íne mS in the nreliminprv exreriments rTlth the 'ddit1on of two 

extrm tennertures, 38 mnd ¿O p In order to briw out more cleprl' 
the difference th4 the ge of the beetles h»d on the effectiveness 

of the cold rest tremtinents indic-ted in the nre1lrninr- exnerl- 

rnents,8O- 'nd l2O-d'-o1d beetles rere usedinte'd of 90- nd 

llO-d-old beetles. Fin'].l''-, to test the hvnothesis thmt the cold 

rest would terìnin-tetbe dipue in the irnmture etge! S well 

in the ìu1ts, 1O-d-old beetles rere used. .According to V1t 

Rudins (51, n. 161) the 10-.d'- neriod t 75 F. would be jumt 
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8uíficlent development for the first eggs laid to reach the adult 

stage and most of the brood would therefore be in the last larval 

or pupal stage. 

As co1uiin 2 of Tables 2, 3 and h indicate only 20 beetles were 

introduced into each log for the first part of the series beoauae of 

the scarcity of beetles at that tii:ie. it was felt that 20 per log, 

if mortality of the brood was not excessive, would yield a uffioient 

number of offspring to evaluate the effctiveness of the cold rest 

treatme.nt5. For the latter part of the series ho beetles per log 

were introduced because there were more available and to utilize the 

logs more completely. 

The results of this experiment are shown in Tables 2, 3, and b 

arid in Figure 3. As indicated in Table 2 the broods ir. ioga 76 

through 90, which were mostly in the late larval and pupal stagea at 

the tinte of cold rest, almost always failed to emerge during the 

30-day period following the cold rest. Because of tili8, the data 

in Table 2 were omitted in Figure 3. Most of the adults which did 

ernerce froni logs 76 through 90 were believed to be the re-emerging 

parent beetles. Only in logs 89 and 90 at the higher cold rest 

temperatures for the 90-day cold rest are there indications of brood 

emergence. Under these conditions probably ¡ïìorphogenesis as weil as 

diapause development could proceed sufficiently so that the beetles 

would mature during the subsequent 30 days at high texatperature. lt 
is this writer's belief that had the ensuing period at high tempera- 

ture been extended, some of the other logs would have shown emergence 

als o. 
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Table 14, Summary- of emergence from loge to which oo1 rest periods 
were apo1ie 120 dayB Íter introduction of prnt beetles. 
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_It is obYiou fron T'b1e 3 nd. ¿ thrtthe2O-d' cold ret' 
1w's cused. virtu-11' no einertence. Fift ds cold rest reu1ted 

lii sorie ernerence but l20-d'- rest s the beet of the three In 

tiLls respect. The relrtive efectIvenescof the vri-us tretnient 

-z rnepured by the ercent of eilergence b! the thirtieth d °fter 

tretrnent is 'resented in Yigure 1 The two 50-d.r curve re Dosi- 

tivelr stewed indlc2tlng ' steerer threho1d t the loer tenmerr 

tures. The high ioInt occur t rîrroxiiptelv Lt1O F. The 90-dnv 

curves cover riuch wider rnre of ternner'ture,pre disil-ced 

)u1her then the curves, nd re re1etive1 f]»'t-tored fron 

39 to 50 F. At the higher te''erture the to 5O-d cur've 

Ivere, the lover one being tLe curve rerreenting the l20-drr-o1d 

beetles rt tle ti. e cf cold rest. t the lover terirnerture the two 

90-th- curves 1so diverged. gnin the curve reresentine the 

120-d'-o1d. becties 't the time of cold re't s the lower one. These 

dIvergences ere tested for signific'nce b comparing logs 101 nd 

116, nd 100 nd 115 for the 90- -nd 50-drr curves, resrect1vel, 
nd found signific-nt 't the .001 ercent level (p36. !:07-IO8). 

Another experiment ws desiied to ee 1f dii,pue develorment 

could be rrested b- trnsferring the beetles to ' lower terrer'ture. 
For tnis experiroent froto 18 to 27 beetles ere introduced Into eth 
of six All six logs received 9O-d.r cold rest reriod, three 

fter the brood h-d develoned for drs nd three fter develorin 

120 d's. All logs ;'ere 1niti11v pieced t o cold rest teîper-ture 

of L30 F. for rortion of the 90 drs ond then tronsferred to 3'3O p 
for the reriinder. The three durtions of exnosure to the 110 F. 
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tenrer'ture, 30, 50, nd 70 d, were -m11ed to both the 80- 'nd 

120-d-o1d beetles. Thus, 41 trertents 'Tere eentid1v the sre 

excet for the durtion of e'osure to the vrious tenrertures. 

Trhle 5 llts tiese tre'trents rnd the emergence of the brood. iznon 

return to 750 F. Little v'rition occurred in either the 'ercent of 

the insects hich emerged or the rte 't thich the' emerged. 

]e-einergence of Prent Beetles 

Figure 5 shows, br sex, the beetles thich emerged from 11 logs 

for . 'neriod of 18 dpirs fter introduction. The number of beetles 

of undetermined sex introducedinto e'ch log vried from 22 to 82, 

nd tot4ed 1r68. The first dv -fter introduction ' tot'l of 19 h'd. 

not bored in 'nd vere removed. Therefore, on1r tL9 beetle 'ttYcked 

these logs. During the ¿8dp'r reriod tot'l of 199 hod re-energed 

rccording to the pettern shown in the figure. These insects were 

sexed Th.r diseection to observe the gonds. It is rrob"ble tht more 

did re-emerge thrn vere collected, for the cages were 'visited but 

once er'cL dru, 'nd these insects re-entered the seme log without 

h-'ving been collected. 

It cn be seen that the epic re-eiergence reriod cme nbout the 

trentrf1ftii d with more m4es then fem'le re-emerging before 

tht tine, nd riore fem''les thrn m4e' ft'r thrt time. Although 1.8 

d'z W2' S fr '-s this studr 'j''s continued, beetles continued to 

re-emerge s1ow1 until the los vere trn'ferred to the coolers nd 

'Iso subsequent to the cold ret 'eriods s indic'ted in Tb1es 2, '3, 



Pable 5. Sumnary of emergence from logs to which 9O-di cold rest periods 32 

consisting of different dur.tions at 43 and 33° F. were Rpplied. 
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rfld J b the sc-tterecl erergece e1e1,.rhere tfn te .n eerce 
'erioñ.. Even when emergence of the brood eeed corir1ete 'nd the 
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Figure 5. e-emergence of prent beet1e frorn eleven 
logs for oeriod of ¿8 drs fter introduction. 

logs were fin'1l debred, frequent1r there rernnined r few beetles 

th1Ch hd not eierged. It is nown tht it 1est r fei of those 

rera1ning teere nj-rent beetles bec-use the gller ntterns could be 

tr-ced in the inner berk. Ho"ever, ere there ''s lre nurther 

of beetlec introduced nd good brood urviv'l, the g11er rtterns 
were obscure -nd lt could not be 'scertined thether thoe remininß 
s'ere rents or brood. 

Coiioetition 

B counting the nurber of rttcks nd ieruring the size of the 

logs, the nuNber of pttr.cks rer squre foot of brk re w-s corriputed 

for 17 logs. The number of ttcks rnged from 0.6 to 3.2 per sqw-re 
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foot. i\n estimte of the rnount of 1i1oeni utilized b" the develoring 

broods showed tht percent uti1íztion incresed the number of 

-ttcks incresed until t 3.2 ttcr er !qure foot it etimted 

thrt 95 Dercent of the h1oen hd been utilized. If there re ore 

thrin tlii number, it i nrob'ble thrt there s411 be exceive 

inortlit" clue to coripetition. 

iffect of Moisture on Survivl 

In the relthinr' experiments the broods developed in logi 

ert -t 75° F. 'nd 20 to LO nercent rel'tive humidit nd which hrd 

been vexed on both ends. No further ttemt vere nrde to conserve 

or to sup'4ement the originel noisture in the'e log!. Mort"lit"' w-s 

quite higburvivnl being n 'verge of $1.7 beetles for 13 logs. 

The Terge number introduced wz's 135. Probblr the 1og dried out -'t 

too rr'id r-te to be su.itrble environment for the beetles to 

deve1o. In the l-'ter enerinents ttemrts were rde to correct this 

rid dr'ing b setting one end of the log in roist s"nd. The rel- 

tive humidit in tne re-'rinc room ws 1so mint-'ined 't hiher 

ercent, 60 to 70 coinrered with 20 to LO in the preltminrv 

experiments. 

Considerble vrition w-s obcerved in the number of insects 

which survived. in the logs tre'ted. in ti is nenner. SurTivl er log 

r-nged froi O to 7i'7 insects even though the number of insects 

Introduced rer log vrriecì onl' hetveen 20 -nd nd -Ji ios received 

the S'-me tre'-tment thile the broods 'ere develoning. The gre'-test 
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portion of the niort"1itr occurred in the 1c'ryr1 st'ge. Those 

insct .icIi successfu11r rum-ted rernined, for the rot rrrt 
he1thir froni tht time until the-' either energed from the brk or 

tiere exposed durin& the finl enirition. 
The surviving insectc ir cert-in logs frequenti"- teere concen- 

trted in one portion of the log, gener1ly one side of the urmer 

end.; the insects in the other nortion of the log 'ere ded. dvi- 

dent1' in the lrtter ce the raol-ture h-d been rn'intined t such o 

high level exce-rt in the'e -rc- :here the insecto "ere concentr' ted, 

tht the» were ti1lec1. Whenever the number of 1nects introduced. 

into c' loG ¶'ï high in relction to the i?e of the log or then the 

re1tivel-"- fer vtt-ck iere concentr-ted in one 'ortion of the log, 

the conductjn r!tem of the 'nhloem v effective1r br&en, 1e 

mnoiture noved urwrd fron the snd belov. 

There "- rart-lit-- rel'tionhir eñsting between the number 

of inect introduced nd the minber of brood urvivir. hown 

in Tble 6, when r- 1rger number of inect intrnduced " higher 

nuriber of insectg °urvived. Ti.i nunber ' fr gre-ter thr'n would 

be exrected considering onl' the rninber of inct introduced. Thucm, 

roughi» trice s rnr'n insecto 'rere introduced in the firt rt of 

the ex'-'eriinent in the 1ttcr irt, but, 1nted of t'4ce s 

mrn' broo& surviving, there uere i.3 tines r motiv. 



T°ble 6. Re1'tionhth of nunber of 1nsect 
Introduced nd nuriber of brood sur- 
viving in 10 et in nioit rìd. 

Av. No. .v. o. 
:o. of Insects Brood 

Introduced urviv1r 

73 20.1 98.3 

22 39.6 

Another exrerinent wcs designed to confirm the hvpothesi that 

excessive moisture soci-'ted rith the m'11 number of introduced 

beetle' cueed 'n cxcesive1'r high brood nortclit'.. Also r second 

objective ws to scertin the dyisrbi1it' of using taoist s-nd nd 

wx to n1nt'in Diiloem moisture. Four 'djcent sct1on were cut 

from r fresh1r felled Dou1rs-fir nd designted fr., B, C, "M D. 

After logs A nd B were corted on one end vlth wrx, 25 r,nd 8 "rir of 

beetles were introduced into the cges cont1ning k nd B, reectíve- 
1v. One drr 1ter these logs ;'ere r1ced çJ!' end ut' in moist snd. 

The beetles 'ere sexed cc:ording to the method of Chrnntn (12). Log 

C w-s wrxed on both ends but D received no wx. Eight ni'jr f 

beetles ':ere introduced Into these to logs, it they ''ere not r1'ced 

in send. 

The spine results obtolned in Trble were obt'ined with the two 

logs î1ced in send, surviyl be1ri higher in the log where flore 

beetles tt"cked, 36.7 rercent in A compred with 4.3 rercent In B 

(Tble 7). Survivl in the 1os out of srid ws nd 30.9 i,ercent 

for the w'xed nd uni'xed logs, C nd D, res'nectivelr. If the 95 
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rercent confidence level i ten, B differed fro-' ech A, C, nd 

D, ?Ì!ile the'e l'tter did not differ ignificntl ong therwelves, 

Tble 7. Cornprison of rnirvivl in logs 
wider different tretinente. 

Perçent Brood Phloein oiture 
Beetle Surviving 72 (Percent of Oven 

Ends ir D's After Dr eight-.verge 
Log Wrxed. Introduced Introduction of Three Smtles) 

In 

B urer 8 179.h 

p 25 26.7 157.h 

Trot in 
s 

C bot1 8 79.7 131.5 

D neitLer 8 3O. l7.5 

Tot 1l of the fern1es introduced into the cge with log A 

estblished broods. Therefore, not -'11 of tle rhloe'i conducting 

system '' disrupted, which reiûted in ' noisture level sorneìi't 

higher thr'n wr exnected. On the bsis of this exrerinent 'lone it 

is not possible to s whether tì:e differences in urviv-1 betieen 

loes A, C, -nd D tou]À hve resulted if there hd been cormlete 

Utili7Ption of the ihloem In lo A b the brood. 



4ornho1ogic1 nd Phio1ogic»]. 11'nifet'tione of Di-rnue 

Beetles WhiCh hve eìerged from the brk re 

inture nd re red' to ttr'ck other trees 'nd etbliR1i broods. At 

this time the re cble of uetined flight for rotrcte3 neriod 

. 263) nd their ond re fu1l ture. During the rreent 
exîeriinent beetles removed from the berk 4iile In di,"ue m'de no 

ttenmts to fl. Dissection of these beetles sho-'ed th't the fliht 
muscles 'ere extremel!r underc1evelored. Ini ddition, no egg could 

be seen in the lrter1 oviducts of the femrles nd the rnle semin4 
v,sicles 'ere widerdeveloped. then cortrvcred to thoe of rnture mdlvi- 
du-'ls. Probbl» the development of the f1Iht muscles 'nd the 

Tj'tiÌrrtjon of the gon'ds 'roceed concotnitpntlr 'f ter some stimulus, 

in this cse -dequte chilling, 1i-s set in motion the rroner 

endocrine -ctivit le'ding eventu'1l- to mturtion md emergence of 
the beetles from the b.'rl. 

It :s de1rrble therefore to trce the course of rhvsiologlc4 
mtur'tion s evidenced b' the development of the flight muscles nd 

gonrds. Insects ere rerred 't 750 F. to the up'l st-ge in logs. 
Tite logs 'ere d.ebr':ed mnd emch unr we's rl-ced in en'rte v1'l 
contining moist, .'ound nhloem ' described in the ection 
"li/TIPLS AND ÌETTIODS". These insects vere exrmined t;Ice dilv mnd 
-s e-ch becnìe rfl 'dult the time nd dte, considered from then on s 

time zero, were recorded on the viri. Some of the vi-ls vere '-tept 't 
750 1. until the insects were 'wcserved. A few insects ich ere 
Coil5tflt1r rt, this "rm tenrnermture ,iere reserved on 5, 10, 20, 



- 39 

30, !<), 'nd 60. Others 'ere trn9ferred to h'3 for ' 9O-iv 

criod comnienc1n cn the tenth fter hith the were returned 
to 750 y few of these beetlee ererteacin the cold. rest ere 

reerved 2, , 6, 8, 10, id 12 d's fter being returnedto 75n F. 

T}u, the e of ech 'beetle ' zno'n ithin ,rroximete1 12 hours, 

nd the beetlee of 'no'n ge forned two contlnuous er1e, one h'v1 

been eynoed to t]e cold nd the other not. 11 beetles et 

contnt1.' t the 75° 1, eierture ìd f1iht mue1e ru9 ovr1es 

or tete i1-r t those In the left i11utrctions of Figures 6, 

7, 8, nd 9. The i11utrrtion of th3 flight ucle hve been Con- 

fined to the longitudinri 'nedi-n cior-1, the oblique 1.ter1 dor1 
nd. the ter orternl unic1ec, becuce these re the mjor one (41, 

p. 228-233) nd the other sceied ol'' to be in tte of eve1- 

o'rnnent corrrb1e to thoce illutrted. TLoíe beetler 'hich undervent 
.-, cold rert when (liPrected through the tenth dr" -fter the cold rest 

period Leemed in the rrne tte of c'.eve1ornent thore tith id not 

undergo cold rest. However, ori the twelfth d- fter cold rert 
one nv'le r disrected. which hd fli;ht nu?c1es nd tete inter- 

rnedi'te betreen thoe illutrrted in Figure 6, 7, -nd 9 slgn-llin.g 

the reuption of .roth in this lndivid.url following dipue. It 

is wifortunte th"t this e,merinent not crried to rerhps the 

tyentieth d'- -fter cold rest so thrt fully rîture beetles could hve 

been found. 



ltg. 6 

Intem.al view of the right sid.e of the thorax of two beetles showing the development of the main 

muscles of flight at two different times in the uf. ojele. Lefts beetle in diapana.. 

Eight: mature beetle. 



Fig. 7 

Dorsal view of the main mucIes of f1iit at two ilfferent times in the life cc1e. 
Left: beetle in dipause. iight: mature beetle. 



Pig. 8 

Ovtrtes of two fe.al.s showing the 4ievelopment a two different ti.ø. in the life cycle. 
Lefts beetle in diapsu... gìt: iiatur. beetle. 



FIg. 9 

Testes of' two ma1e showing the development at two different times in the life c'c1e. Left: beetle in dinpiuse. Right: mature beetle. 



DI SCUSSI1 

A penad, of cold rest is necess'r» before lbortor'-rered 
Dou.l-s-fir beetles will eere in lrge naihers - nr one tiie. 
This fct is ',eli illutr»ted b'- Figure lo in which eiergence froi p 

lo that 's not ubjcctcd to cold rest is coiprrd to tht of 

severpi logs thrt were subjected to cold rest. The nber on e»ch 

cu've reresent the !miber cf drrs t 750 F. before cold. re!t, the 

iiisnbers of d,v 't the lo':' ter.n'er»ture, nd the tenerture of cold 

rc't, resrectivel-». T1u, 12O-9O2) re'nresent log in îhich the 

beetles developed rt 75° F. for 120 d's before undergoing 90-d- 

cold. rest t J2ú 

itL the exrerieiice giried to d.tethe minimun tiie necessr1r 

for co::c1ete lrbor:torr gener"ion m' be estim'ted. In the 

exeninients described in this rper the minirnun time w»s ll6 d,p'n'. 

This w's log number 98 receiving cold rest of 50 d""s dur"tion 

coiinencthg 60 d::vs 'fter the introduction of the îrents. The medirn 

00 

r 

to 0 

40 

,s 
o 

loo 120 140 60 90 200 220 140 

MUIBER OF DM5 AFTER INTROOtICTION 

Fig. 10. Cornprison of emergence of beetles from sever-1 logs fter cold rest ;'it): those from arie which received no cold rest. 
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emergence of the brood occurred. on the 1xteenth dr' fter cold rest. 
owever, these insects develored t 750 F. inted of t the ontthum 

of 4-86° F. letermined b Vit nd Bud1nkr (51, . 161). Accord- 

to then the brood will re2ch the dult ?tge rrüxite1" five 

dnr sooner t 81f_860 F. thnn t 73-75°F. We ' reronb] ssume, 

therefore, tht the cold rest eriod r-' be pplied five dci's sooner 

or tthen the beetles h've developed for 75 The tot4 e1psed 

tlìae would then be 14l ths for r co!m1ete genertion or t the rte 
of 2.6 lbortor- enerrtions per err. 

It should be rointed out th-'t the iininrnrq deve1oentl time 

'nd the mlniiuri durtíon of the cold rest hi-e been certinedto 
lie on1' bet'een the "ide limits of Zio 'nd 80, cnd 20 nd 50 

reectiye1ir. Therefore, 1.ith further exneriments the 1141 ds 
neceser- for one genertion rrobbl cn be reduced ti11 further 

to brirw the totl number of genertions os!ib1e ret 'epr closer to 

three. T}is reresents m'rked increrse over the one genertion 

er ecr under nrturrl conditions. 



1Th].Ç Py 

1. Beetles were rered In 3-foot sections of fresìil' cut logs. The 

otinrnn niniber of beetles to introduce w-s roxImte1 three 

pirs 'er squre foot of bor re'. 
2. Provided there were rìore then roximte1'- two .'ttcics ner 

squre foot, urvivl did not differ eignific.ntl'!r -mong 1o.s 

with one end et L malst 'n -nd loxs 'iot et in snd, either 

coted ori the cut ends with n'rff1n or not. Survirl w's sig- 

nificnt1' reduced in logs set in moist snd if there r's less 

thrn pproxirntel'r two ttcks per qure foot. 

J. The insects reunivoltine under noturl conditions, nd low 

teerture lys n iinortsnt role in the termintion of dIn'us 
4. When rered In the lborotorv under conetnt tenmer-ture of 

750 F. beetles went Into -n 1nl dipuse. Ernergence fron 

the logs, therefore , ws delved 'rd occurred over - neriod of 

aeverrl months. 

5. B subjecting l-hortor"-resred beetles to vorious cold re't 
periods lt w- determined thrt tenmer-'ture of -nroxinv'te1 
¿440 the oT,tinrnrn for dinnuse develonment. T"entv d-ifs 4 
this ternner'ture w-n not enowh to cuoe s1gnif1cnt nercent of 

the brood to ternjnte di-ruse rnd energefrorn the logs during 

r 30-dr'- eriod follow1nr cold rest. Fift'' ds cold rest c-'used 

some of the. brood to terminte dIi'nuse erìerge during the 

ensuing 3O-d neriod, 'nd 90 d'c caused rlmot 11 of them to 

do so. 
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6. BeetleF iut hve ee1ore, t 750 y fo riore thn 1(j 

before cold rest is Inflicted morder th-t cdgnificnt emergence 

will t1e r1ce ui'jg the )-d2P reriod follo"ing cold rest. 

B? the eiíìt1eth d rt 750 F. develoi'ment h 'roceedec! 

uffícient1r ç tht most of the beetle i11 terîninte dipruse 

dur1n the 3O-thv period fo11o1ng the rroer cold re't. 3'rr the 

120th d,r of develornnent there ' ' reluction of the effective- 

ness of o:e of the cold rest tre-'tnient 'hen coìîn"red rith 

trertnents Dlied tc' the J-c1-old beetles, 'hile others ere 

not inificntl'- different. 

7. Diu1n dult t.iere found to h-ve underdeveloDed flight 

rnuc1e rrd gonds rhen comnired pith nwture individul. 

8. The 1riirìui time for one co'rlete lbortorv enertion in these 

exrerinLent w lL dr; but 'ith further e,erimenttion nd 

roner ni'-ul-tion of the te«!rerture, it i felt th-t thii n' 

be reduced to rroxthrtel' 130 



BIBLIOGRAPHY 

li. ?e11, Ivr. The d1-r'ue rob1em. L'nr,e'e 1c1rg1cue 
55:287-295. 1951. 

2. Andrerrth-, IT. (. Dwuso in th nf Äutroiccte crur.1"t, 
S'UsR. ( 'cridid-'e) 4th rtici1'r reference to the influence ot 
terer'ture on the e1imint.on of d1pue. Bulletin of ntomo- 
1oic1 Reer.th V:1-1?. 191. 

:3. _________________ 1)1rue in re1tion to the eco1og' of insects. 
Bio1ogic-1 Tevievs of the Cbrtde Phiinoh1c1 Society 
27:50-107. 1952. 

4. Andrewrt, H. . -th L. C. Brcìi. The d.itribution nd bunth'n 
of cn1m.1. Chico, 11niverit' of Chicgo Pre, 1951. 728 'n. 

5. ?t1Uns, ;.. D. & tuthr of the effect of nen'todes nd mites on 
Dou1-fir beetle flight. Cnrá.-, Dent. of .4ricu1ture, cien 
Service, D1Ti3ion of Foreet Bio1oe, Bi-monthl" Prore Rerort 
13:2-3. Se'nt.-Oct. 1957. 

6. tkins, D. nd S. Ji. Frf1R. ,5 technique for ¡enuring flight 
rnuc1e ch'nge in the Dou).-fir beetle, DeMroctonus'nseudota- 
ß.. C-nd, Dent. ûf iicu1ture, ScIence Service, Diviton of 
Forest B1olog», Bi-rnonth1 Prore Pe'-ort 1:3-1J. JV1TU. 1958. 

7. Bedrd, Y. D. The Doug1-fir beetle. 1950. 10 'n. (U. . De'nt. of 
P.griculture. Circu1r 817) 

8. Birch, L. C. Te influence of terperture bov#r the deve1o'nmcnt1 
zero on the development of the eggs of Autroicete cruci-t' 
SPU5. (Orthopter'). ftustrrlirn Journ1 of reritnent'1 Bio1n' 
rfl Medic1 Science 20:17-25. 192. 

9. onnion, L. rrt de d6ve1o'n'neent et nn-1e de 
.pipb»t1e 11:19-56. 19)L5. 

10. Chiber1ln, Wlllnrd Joserh. Br1c-beet1e infesting the u1- 
fir. 1918. ¿O 'r (Oregon ricnJ.tur4 E"nerirnent 5t-tion. 
Bulletin V7) 

11.. __________________ The brrk nd tirnber bet1er of Trth Americe. 
Corv'11i-, Oregoi Strte College Correrrtive oc1"tion, 1939. 
513 . 



12. ChDnr-n, J. A Sex detern1ntion by stridul'ting sound1n the 
Doug1s-fir beetle, Denroctonu eudotu«re. Crndp, Deyt. of 
gricu1ture, Science Service, Division of 'oret Blob 

Bi-rnonth1 ?rogres Reort 11:2. -June 

13. _________________ F1i&htruc1e cIìrnge during rdu1t life in 
the Scol'tide. Cn°d, Dert. of Agriculture, Science Service, 
Division of Forest Bio1or, Bi:ionthl Progrese erort l3:3-. 
J-n.-Feb. 1957. 

hr. ClflhiCh, Nortn-n Stn1e. Noistì.ré r'nd dituse in the het stem 
sif1v, Cehu cinctu Tort. (Uieno,ter : CeÑiid2e) Cn'din 
Entooloíit 87:-97. 1955. 

15. ___________________ Pormone nd the teinintion 'nd reinduction 
of d1"pue in Cehuc cinctus ort. (H'inenoîter : Cehi&e) 
Cpnc'di'n Journ1 of Zoology 3:3'9-69. 1955. 

16. Church, N. S. nd R. W. S1t. Soue effect of teìrerture on 
develooment nd dio2ue in eggs of T4e1non1u bivittrtu (S-:r) 
(Orthoîter : cridid'e) Cnc'cIirn Journ-1 of Zoo1op' 3O:17'181. 
1952. 

17. Di&son, R. C. Fctor governing the indiction of diue In 
the orient1 fruit nioth. Annr1 of the Entoo1oicl ociet of 

fteric Ij7:511-537. 199. 

1. Fife, L. Courtne. tudie' of the cuicpuse itt the ntn' bollworm 
in Puerto Rico. 19L9. 26 . (U. S. Dent. gricu1ture. Technic]. 
Bulletin ?o. 97?) 

19. (iion, ?4. Pierre. Renrque ur de Dhnohee de d1ue 
vr1e breyg ctde irngin1 chez le Dornhore (Lentinotrr 
ú.eceìilinet S) Coipte Rendue }1ebdornd'ires de Sénce de 
l'cd6rnie de Seience 219:32J. 19!'4. 

20. Deloprerent r-ns di-pruße dec cheni11e de 
iu:procti n1ieorrhe L. (Ler. Liprrldes ) Conite endu 
Heb.oidp1res de? Snces de l'cd6rie de cience 2'5: 
1089-1090. 1947. 

21. ___________________ ffets d'inrn1'nttion de cerveux chez Le 
DoriDhore (Letin6tPrs9 decilinet S) en div'p'ue. Corrite 
iendus 1tebdoard4re de Sence de de Sciences 
228:2L28LO. 19'9. 

22. Griîo1d, Chrles L. Bu.l re-ring of Scoltu mu1titri'tus 
nd 11 lurgoinu rufie iich. 19L.8. 5 n. (U. S. Dent. 

of Pricu1ture. igricultur-1 Reserrch Administr'tion. Bureu of 
ntonìolo nd P1'nt Qu'r-ntine. ET-252) 



23. Ure'-, George T. The occurreice 'nd nrture f d1ue-free 
deve1omont in the siuce buth,orrn, Chort,toneur fumifsrii 
(Clern.) (Leidûter : Tort1c&'e Crn°d.t-n Joumi. 't 
.001o3:5ò9-72, 1957. 

2k;. Renngu-r, L. Felix. Le tnect: Morho1ogIE, rrr.uctior, 
erthr-ogn1e. Pr1;, Wison, 1904. 00h n. 

25. Hinton, H. E. The 1.nitlntion, m1iitennce, 'nd rurture of 
dIrp"u.e: r ne' theorY. !ntorio1og1t 86279-291. 1953. 

26. ilorklns, A. fl. ContributIonc. totrÑ r monogrph of t1c scolttd 
beetle!. I. The genus ndroctonus.19O9. 164 n. (U. S. Dept. 
of Âricii1ture. Bureu of EntoDo1ogr. Technlcpl 8er. flO. 17. prrt 1) 

27. flo'-ing, George R. Notes on the eonp1 develor'rient of Medeterr' 
rldrich&i Wheeler (D1pter, Do1ichopide) r. i i,redtor of the 
Dou,1 fj.r bi'k-beetle, Dendroctonu D!eudotr'iige 'p'ii. 

Cndi»n ìtomo1oit 79:15O-15. 1947. 
28. Jo1i-, Pierre. Sur le raie d8 coT!por p11,t d'n 1 tonte d.es 

Thrt1SCj. Cotipte Rendue He1xioiPd9Ire! deE Srnce de 
1Acd1e de' Sciences 214:807-809. 192. 

29. - L» fonction ovr1etrne et sn contr8le hunorr]. - - -. jr f 
cke 1e Dt1*c1de9. Archire cte Zoologie icxpertment1e et 
Gen4r1e 84:19-164. 1945. 

30. Ktin, M, A. hperu1u1rir uii1crud sy. nov. (Nenr"tod : 

i'11r'ntonemr't1d'e) from tieDoug1r'9 fIT beetle, Dendroctcnu 
Dseidotsuge TTork., 4tb ke' to Sphperu].rr1 ecie (eeended) 
Cndi-n .Tourn'l of Zoo1or 35:635-639. 1957. 

:31. K10!Th, J. M. Aninduced differentirl brk-beetle cttrck. 
Cinp1, Deìt. of Ariculture, 

. Science Service, Divl8ton of 'ore3t 
BIo1og, Bt-toatJi1 Progress Reriort 1 :3-4. Mr'rCh-ri1 1957. 

32. Lees, A. D. The nhvsiolog'r Cf dtwe. Science ProgreR 38: 
735-72. 1950. 

33. __________________ Dirruse. Science Progress 'io: 306-312. 1952. 

34. __________________ T rhio1og' of di'ue in rthroods. 
LondD11, Cinbridge Universit,r Pre9, 1955. 150 . 

35. __________________ The nhvs1o1ogr biochemitrr of di'uso. 
Annur'1 fleview oTEnt0001ogrr 1:1-16. 1956. 



5]. 

36. Li, Jerone C. Inti'cductlm to -t-ti11ci inference. Ann rbor, 
Edwrd, 1957. 55:1 ! 

:3?'. Mev, C. L. Ieratoe îrite -M oc1tes of the Enie1inmn 
ruce beetle (Declroct'rus eie1nnni Honk. ) oced1n cf the 

He1!airtho1ogic1 ocietr f frsuiingtor 23:1i-2. 1956. 

38. Hner, C. r. -nö . D. i-gnt. Btolog' nd control of the 
Ene1xnnn ruce beetle in C,1ordo. 1951. 5 (IJ. S. Det. 
of griculture. Forest Service. Circulorno. 9) 

39. tcCo'n, Vuhn F. -nd Julius .'. Riidink'. Bio1ogic1 tuiiles 
n the Dug1 fir br' beetle illico forest tree frt, Coos B, Oregon: progrese report. Centrr1i, e'erhcuer Tiriber 

Corr'n, 1953. 21 . 

O. neid, R. W. Nernptode 'socite ''ith the tountin ine beetle. 
Cnc1n, T)eDt. of Agriculture, c1ence erv'ice, Division of 
Fore't 131olocr, 3i_rinth1r ?rogres Re'ort 1IL:3. J'n.-Th. 1953. 

'1. J. j. d J. P. Vit'. ffect nf tenerture unon the ctivit 'ncl the behvior of the Dou1' fir beetle. Fore't 
Science :258-267. 1956. 

2. Th.st, H. J. l4n br beet1edestrored b-i rred.rceou rnitc. 
Journ'l of Enonic ntono1ogv 26:753-7L. 1933. 

!ir3. S.:.lt, R. W. Sone effects of terrn-erture on the rothiction 'n 
el1min'tio of di'iy'use in the the't stern prf1v, CeDhus cinctus 
Nort, CncIirn Journ'1 of Rererch, Sec. D 5:66-8 197. 

¿ai. Snodgrrs, R. E. Princ1r1e of insect nornho1og. We' York, 
1cGr;'-IIi1l, 1935. 667 p 

15. Squire, F. A. A theor-- of d.i.-'ue in ?1t-ed.r go!sie11 
Sruiìd. Tropicd. .A'icu1ture 11:299-3O1. 193?. (Abstrcted. in 
ReTiew of Ap'lied Etoo1o, ?er. &, 26:83-8'. l)3.) 

___________________ C5bservtìois on the 1'rv1 dic-use :f the 
-'ink bo1l'cro, P1'tdrr gossrnic1l', ScuM. Bulletin of 
ntonolo4c»l Reenrch 3O:1-3l. l.1tO. 

!.7. Stelir, G. 1'bortor riethod for rering the i,ruce budvorm 
Choritoneu.r fifei'nr (Clert.), (Liorter- : Tortricide 
C'n'cii ry ìitontologist % :23-?8. 195h. 

Iß. Stre1ni.:ov, I. und àipuse bei Loostege .ctic-iin. 
Comptez Bendu Acdeinie de Sciences U.R.S.s. 1:767-271. 1936. 
(&bstrcted. in Bevie of mliec. .ntorno1og', zer. A, 2l:673. 
1936.) 



52 

L9 j. S. etIier mirera. C11nt1ogic1 dtr, Oregon. ehington, 
1938-1958. '.P. 

50. Vn der K1ot,!i111m G. The control of neuroeecreticn 'nd 
d1p'ue bV h'rio1ogi'1 chne in the brin of the Cecroti 
ei1içworn. Bio1ogic'1 Bu11etin1O9:276-29I. 1955. 

5].. Vite, J. . nd J. A. B'udinkv. Contribution tord studi' of 
Doug1-'! fir beetle deve1onent. Foreflt Science 1:156-167. 1957. 

52. '!1ter, J. Biolog» nd control of the Doug1!-fir beetle in 
the interior of Brítith Co1u.ibi. Ott, 15f. 11 r. (Cnd. 
Dett. of gricu1ture. science ervlce. Division of Yoret 
Biolog". Pub1iction 975) 

W1ter', J. 'nd D. K. Cmpbe11. 1ite ent of nturi cn- 
trol of the Doug1 fir beetle. Dept. of rlcu1ture, 
Science Service, Division of Forest Biolog»-, Bi-vionthl' Progre 
Tierort 1l::3-. J-'n.-Feb. 1955. 

5L. Wir, i.. J. nd B. A. Hopk1n. The influence of rhotoeríod th 
temperture on the induction of d1prue in Ditrxi 
olerce- L. (Lenidopter) Journrl of Experirnentl Biolo' 
27:365-'76. 1950. 

55. wheeler, i1lim Morrn. contribution to insect embr'ro1ogr. 
Journ'l of Morrhologv 3:l-16O. 1893. 

5). WIglewort1, V. B. Metrmorphoi in inect9. London, Crbri&ge 
Un1verit- Prec-, 195!. 152 p. 

57. ;iilde, J. de. Proviionl nplti of the ign1 dipue In en 
lnect (IDtinot'r decerilinet Srv) cte Phviolog1cn et 
Phrr' co lo gi C! Neer n.ic 3 : ll11_1L3 . 1953. 

58. ______________________ rect of dicî,use jrj rdult inect Tith 

sieciPl regrd to the Color-do beetle, Lent1notr decemline't 
Sp", Prthie Ner1nd1se de Zoologie 1O:17-385. 1951k. 

59. il1ic, Crrroll . Ph'siolog of in!ect d1Pru!e: The roleof 
the brnin j the production nd terinin-tion of nup]. dorurncv in 
the int silkworm, Pjr't'mj- cecrorir. Biologicl Bulletin 
9O:2342143. 19L6. 



53 

&o. ___________________ Phvio1ocr of insect di'ue. II. Interct1on 
between the îw1 brin nd nrothorc1c g1nd9 in the rnptrrnor- 'hoi of the gint llkworm, P1t'-nii- cecrori. Bio1ogíc1 
Bulletin 93:89-98. l97. 

61. 
in!e4te. In: Thi Pre, 1953. . 

VI. 

crine cWnlsm 
ru1ng ii o 

201-216. 1956. 

Mohoenel nd the metori,ho1 of 
Prver Lecture! 1951-1952'. Tew Iork, 'cdem1c 

126-155. 

- Phrio1ogP of 1nect d1'ue. X. ftn endri- 
for the influence of temrerture on the die- 
the cerori 111corm. Blologlc'l Th'lletin 110: 

63. Wl11im, Joenh L. The nrtOr1v of the intern1 genet-1i of 
some Coleopter". Proceedings of the intomo1ogic1 ociet" of 
W»ehington L7:739l. 1915. 



5Z 

APPEÌDIX 

Pre1iminrr 

Before exrer1nent9tion st'rted on 1rge ic1e, the 

':robb1e temrerrtures nd dur'tion of cold. ret thrt would suffice 

to terrninte diriue in the D«ug1c-fir beetle were certined by 

rerforrning r 
fe'r irr1e exnerirent nd b" eonu1ting ex1t1ng 

'ether bureu recorde. One of the first exnerirnent erforiìecl s 

inm1'- «n ttenmt to rer beet1e under contnt termercture of 
750 F. following the method reviou1' decribed. Eight'-two freh1r 
ernere(I beet1e were introduced into r fresh log nd the brood 'c 

'11oed to d.eve1o' rt constrnt teuiperrture of 750 P. Pcriotc 
smp1ing of tie 1O: reve-led tht -bout 75 d' ,&fter introducto 
tnot of the brood w in the thi1t tge. 

The cree continin the 10 exrnined ech d nd '11 

eierged beet1e 'ere collected. On the 137th d the 10 . cut 

into tiro equ1 ortionc'. The br1: of one rortion w then tered 

tuìoroui1' once ech dm"-, but the otuier received no wter. Fiure 11 

shows the number of beetles TLich emerged e'ch dpr. Until the 
r' 

ORY 

i1 I Ii. ... 

iIi 
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Figure 11. Ñnergence of beetles rered under con!tnnt temrérture 
of 75° Y. The log w cut in hlf on the 137th d md. 
one ectlon therefter keit thoroughl' rioit. 
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fiftieth dr'i. the eierging beet1e were, of course, the re-ererging 
du1t 2eekinß to estb1ish their recond broods in nother log. 

Finp1l', on the 180th dnr both sections were debrked rever ling 8 

r live du1t still unenerged in the terec1 sct1on nd 23 in the 

dr-Y section. 

Ptteîants ?ere !nde to inthice soneof there beetler to ttCk 
fresh lor. rn the )A5th nd 156th d' 25 «nd 35 beetles :ere cre- 
fully renoved fr(?a under the brk of the wet nd dr sectinn of the 

log, rerective1r. Thee 'ere î1'ced in cge with freo}ilog. 
Four dr.s 1'ter 18 from the 'get ortion nd 17 from the dr" '-ortion 

h"d e.ttcP.ed. bout three weeks fter '-'1'cîng the'e beetle in the 

ccges the logs were d.ehrlced. In e»ch of the two lo there '-r 
on1- one eg rller?, e'ch contr'lning both nle nd fen1e, vhere 

.roung 1»rvre were '-reent. In ddit3n, In the log ''hlch hed been 

ctt-cked b beetles from the dr» î'ortion there wrs g1ler' contin- 

r single fernrle nd three egrs which crnrentlr vere unfertilized. 

(51, p. lo) The other beetles hd -tt-cked the logs but hc1 rnde 

onl' ver» short grilerier rrngin froflt l/Z to 2 inches in length. 

There beetles were evldentl in di'puse nd not sexuliv rapture. 

There re two 1terntives for exn1ining the presence of the fen1es 

which were u.pjlr inture. One is tht the1 were 'rent beetles 

which were rird- to re-emerge nd re-'tt-ck tthe time their .,rere 

d.ebrrked. Th tht tthe 1l the hrooc .rere ver- drrk in color 'nd 

incuistinguishble from the r'rentr. Also, the beetler in the 

originl logs t the time of debr:ing h'd lang rince obllterted 
mnr hote of distinguishing prentr from brood b,r tr'cing gller 
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-tterns. ThereThre, it îou1cI hve been n mrtter to d.eb-rk 

prent beetlec irdvertent1v -'long '1th the brood. But Bedrd1 h 

shown th't re-eeriin beet1&5 neei. no second fertiU7Ption to ect'- 
bush second brood. If there e:xu11" n'ture beet1e 'ere, in 

frct, the nrent of the broúd, the fem1e th't 1id iinferti1ied 
eggs rou1d not hve needed to m'1e to fertili7e her. There.- 

fores the second ex1n°tion S to te îreence ôf the ei11 

inrture bect1e scen more 1ueib1. Th't i tht thee exw11'r 

urture beet1c ere ofThrring 'hich hd tertninted 
Mr. Ke right2 hs shown 

emerge sexu11' ¡nture 

(7Q0 
75° F.) (rerson1 

few inrectc rereenttÄ 

ended dipue. 

th't Dovi1rs-fir beetles will eventu'11v 

beetles if mr4ntined in r w'rrn environment 

ornrnunic'tion). It lo thought thrt these 

sm1l ercente of inect which hd 

Ternperture d-te- ere obtrined for the fr11 .'n winter nths 

(Trble C) for the ener-1 re There the logs were stored 9). 
Using then, n ttsnt wr n"de to estnblish the rrobhle terierature 

'nd durtion of the neceserr cold rest reriod tht would cue the 

beetles to emerge. Since beet1e h'd energed from ' log Cved du.rï.n 

1. W. D. Bed-rd. Tite Doug].s-fir beetle - its e'onl hitor, 
biolog", }bits, nd control. 193. (U. S. !rt. f r1cilture. 
Forent Insect FIeld t'tion. Coeir 9'Alene, Id4xo.) (Umrnblished. reort) Cited b» Vit nd flucìins"- (51, r 162). 

2. Entorno1ogit, Division of Forest Insect Reerch, Pcific north- 
vest Foret fl(1 Ronge ixrertheit t'tion, O. Box O5), 
'ort1nd , Oregon. 
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the first rcrt receber, it felt tt t1e eperi!nentrt1on 

sh,u].d be bsed. nritnrj1r on the r-ne of ever-ge tenrer'tures 
encotthtered during; the rrecedin r1ionths, or hi to 51 F., ìid cold 

rest rerio of t'o to three nonths. 

Trble 8. Temrerti,.res for the months Se'ternber 1956 
through Mrch 1957 recorded 't the 
Oregon St»te CD11ee Wether ttion. 

Monti. A.y mt'-. sv, min. Ay. 

S&tenber 76.5 b7.l 61.8 
October 61.2 !Q.8 51.0 
November 50.5 32.7 
December li5.O y.8 39.1 
Jrnupr'- 37.6 25.8 31.7 
Februr 19,3 34.5 L1.9 

rch 53.1 39.5 LI6.3 

Role of Tenirerrture in the TerTninrtion of DiDue: 
re1i:d1nr- x'eriments 

V'r1ou numbers of beetles rn1n fron 1- to 110 were intro- 
duced into r erie of iS logs. These were kert in r rerririg room 

mintjned t 75° F. while the brooddeve1oìed. No tterirmt w 

mde to contr1 the re1tive 1iuinidit' of the room or molture level 

of the logs other th'n the initi'l e1ing of both ends of the logs 

with ì'rrffjrj irnriedirtelir -fter felling nd bucking. 

M rreYi;u!1' tted noFt of tie brood wr found to be in the 

di.ilt te 75 dF'S fter introduction. Arnroximote1 15 dditionrl 

dc'r were rl1oed for feeding nd mturtion of the oung 'd.ults md 

riso to rne cert2ln tht 11 bec'tles would be in the cu1t t'ge. 



Ten p cold reEt eríoci of rc,inte1v 20, 50, or 90 ' 't ' 
tenmerture of 33, l3, or 5° F w ijir,oed on eth of nine of the 

logs. T'.ientv d' 1ter iini19r coM1tion of cold rest "ere tmîosed. 

on the remaining nine loge. The ctu1 nunber of i?rs deye1oient1 
time r cold rest in sone cteivried from the 90 or liC' end. the 

20, 50, or 90 rerective1 for '.'i'ich the design of the exnerl- 

nent cplled, but in onl' one ce v- there rr riuth - three dr 

vprirnce. TIi Yrirnce 19 9hon in T'b1e 9 but becue of diffirult'- 
of presentrti.in in the grnh hs been i9regrded in Figure 12. 

Columns four -rid five of Tble 9 'how the cold rect tre'-'tment which 

w.s ri,rlied to e"ch log nd colu2m sly the dj1- emergence t 750 F. 

fter the cold rest tre'tment. 

After )5 hd elreri, the log ere debrked cnd ll remin- 
ínect9 ere counted. The ercentge! of beetles which h-jd 

emerged rior to tht tine 'ere 1otted in Figure 12. L1ne connect 

tr'tnients which ''ere siinll"r excert for the tem'nernture of cold re!t. 
The light nd heyr lines re'reent beetles which hd cleveloned 90 

-nd 110 d"s rnd the interrupted, d-'thed, i-nd o1id 1ine renresent 

the 20-, h0, nd 9O-dr tre-'tments, renective1'. Unfortuntelv the 

conditions under which the beetle deyeloned npe-red to be tor dr, 
for four logs not rerreented t the 5/ F. temneroture li-d rio insects 
urivirig. 1Ioever, it is felt tht enough surviyed in the rest of 

the loge to give r good 1ndicrtion of the effectiveness of the vriou 
trc-tments in ternint1ng dlrnuse. The three teinner'tures ner 
to strFddle the optimum cold rest teirer'ture with )0 F. being ch 



more effcctive tk.t eit1r J r 1' 2. t tL ¿J F. tciuperrture 

both the C- 9O-d tr-tment seem dequte fornot f the 

bet1es to teruinTte the diue, 'here tLe 2O-dr tretnent 

rrpers iot 1nß euouh. S11t differencet cn be seen bet'een the 

effectiveness of the cold rest tretients rir11ed to the 9O-d-old 

beetles when couir'-red with those rrí'licd to the llO_dTold beetles. 

However, these differences v ii've been due to exrerimentl error, 

since due to resons berond. control the environntent could not 

be mrintrined ct the desired terneroture. 

Plie eerence îtternc for the 50- nd 90r1; cold. rest tret- 
!nents t 

¿3O 
F. cn be seen in Figure 11. Agin the lig1t nd her 

lines rcprecnt the 90- nd 110-dr'--olc. beetles nd the dshed -nd 

oli lines the 50- nd 90-d cold. rest trettnents, resnectivel-'. 

The lorer cole. rct reriod defluitel-- ws nore effective in bringing 

«-bout f ster oerßdnce since the two curves of the 9O-d" tretment 

sre ditlnctl.r closer to the origin thrn the 50- rves. 



Table 9. Suinmry of emergence after the various co1 rest treatments in the DreltminRry experimente. 
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1. Repreeents the emergence of l4 days. 



H 

o 
-J o o 

w 

6O 

4O 

ILl 

H2° 
z 
w o 
w 
Q- 

et' - - - - - . - . - . - - . - 

s. - - - - 20 DAY GOLD REST 
s. 

s.' 
- D DAY COLD REST 

's. 90 DAY COLD REST 
s. 

LIGHT LINES -90 (AY [ELQPMENTAL PERIOD 

HE.m/Y LINES -110 [AY DE\iELOPMENTÂL PERIOD 
s. 

s. 

s. 
s. 

s. 
s. 

s. 
s. 

s. 
s. 

s. 
s. 

s. 
s. 

s. 
.5 

5. 

-o 

33 43 54 

Fig. 12 TEERATIJRE OF COLD REST - DEGREES FAHRENHEIT 

Percent of emergence by 45 days after the various cold rest treatments in pre1iminrv 
experiments, 
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Fig. 13 P&JMBER 0F DAYS AT 75F AFTER COLD REST 

Emergence patterns exhibited by the beetles in the pre1iminrv experinient fter the 50 nd 90 
dy cold. rest periods t &3O F. 


