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SOME ENVIRONMENTAL FACTORS AFFECTING DEVELOPMENT AND
EMERGENCE OF THE DOUGLAS-FIR BEETLE, DENDROCTONUS PSEUDOTSUGAE
HOPKINS (COLEOPTERA: SCOLYTIDAE), Y

INTRODUCTION

¥Why and How This Study Started

This paper 1s » result of a project hesded by Dr. Julius A.
Rudinsky, Associate Professor of Entomology =t Oregon Stote College,
to develop and perfect mess, leboratorv resring methods for forest
insects. The Douglss-fir beetle, becruse of the re-emphesis of its
importsnce =¢ sn enemv of the number one timber producing tree in
the country by its recent outbresks in the Pscific Northwest, wes to
be given top priority in » _proposed insecticide screening progren.
The uncertrintv of = supply of beetles at certsin sensons of the
vesr gove impetus to these studies on resring methods. Two publice-
tions (41, 51), one on the effects of tempersture upon the ectivity
end the behsvior of the bestle ~nd the other e studv of the develop-
ment of the insect, vere » result of the esrlv investigetions of
this project. Rudinsicy »nd Vité in side studies found thet lebors-
torv-resred broods of the Douglas-fir beetle feiled to emerge from
the logs in which thev hed been resred. In these studies »fter
developing to the »dult stage, the beetles were sllowed to remrin
in the warm enviromment of the laboratorv where =fter more thsn

two months thev still hed not emergedl. Ae sn inquirv into some of

1. Personsl communicetion.



the possible reassons for this, the author launched this study on
some of the envirommental factors which affect the development and
emergence of the Douglas-fir beetle,

Life Cycle Under Natural Conditions

The 1life cyecle of the Douglas-fir beetle under natural condi-
tions has been described many times (7, p. 793 39, p. 2-3; 52,

p. 6-8), Barring differences in attack periods due to climatic
conditions, there is general agreement, so only a few salient points
will be stressed here, The beetle has one generation per year., The
broods pass the winter either as young adults, fullegrown larvae, or
pupae, however, predominately as adults, The young adults emerge in
early spring and attack healthy or weakened Douglas~fir trees and
establish broods, Shortly thereafter many 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 and 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-
1ish 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.



The Problem »nd Poseible Solutions

The problem, of course, is to determine the best =nd quickest
method of obtrining lerge numbers of meture Dougles-fir beetles.
The groundwork for laboratorv resring of this beetle, the logicel
mesns Yo this end, wes leid bv Vité ~nd Rudinskv with their studies
on the development of this insect (51, p. 156-157). Their method
of resring seemed to be » good one, Wt the failure of the ~dult
beetles to emerge from the logs =nd establish broods, indicsted thet
there is = complex, internrl, regulstorv mechsnism controlling the
nsturstion of the beetles. Thev stote that rfter being stored ocut~
side for 2 portion of the winter the beetles would, however, emerge.

"Emergence from logs brought into the greenhouse in

November begsn rfter two weeks' exposure ~nd contimued

over four weeks, vith pesk emergence rt the end of the

second week., The time of exposure necesssrv for

emergence of the beetles »t 220 (. decressed in reverse

retio to the length of the insects' hibernation." _

Obviouslv some nrocess took nlace inside the beetle's bodv
vhile the logs were stored sutside thet wes not leppening in the
l=boratorv. The noture of these recvonses seem cherscteristic of
dispeusing insecte. Although coined bv Wheeler (5%, n. 68) to epnlv
to the period of rest between rmnatrepsis end kat:trepsis in » devel-
oping embrvo, the word dispeuse hes greduslly teken on = different
connot=tion. It was first used to sprlv to the srrest of growth,

vhether in the egg or in the developing insect, bv Henneguv (24,
De L2k=li27).



Andreverthe (3, p. 52-53) regerded development as having two

distinet phases:
"In considering dispsuse it is helpful to think of
development in terms of its mornhologieel espect,

morphogenesis, end its nhvsiologicel 2spect, which

by _enelogy mev be colled phveiogenesis. Dirpouse

mev then be considered (at least for ecologicsl
Purposes) rs » stoge in phvsiogenesis vhich must
be completed =s = prerequisite for the resumntion
of morvhogenesis. In the more compliceted or
intense dispeuse » whole chein of steges in
phvelogenesis mev need to be corpleted before
morphogenesis mev be resumed. We shell therefore
speck of the dispsuse stage, mesning thot stoge in

the life cvcle during which morphogenesis is more
or less ot o stendstill; end we shell use dispruse
develonment to mesn the nhveiologicel development,

or phvsiogenesis, which goes on during the dispruse

st=ge in preperstion for the rctive resumption of
morrhogenesis, "

It is in this sense thet these terms shell be used here.

Therefore,

when stored outside for part of the winter the Dougles-fir beetles

were undergoing nhvelogenesis or dispsuse development which, =s

Andrewsrtha vointed out, must hove been completed before morpho-

genesis could be resumed.



Lees (3h, p. 63-64) has pointed out that the action of
temperature on diapause development may be regarded as having two
distinct optimums, a low temperature optimum where the process is
initiated, and a higher temperature optimum where the final stages
are completed, The more time, longer than a certain eritical
minimum, spent at the lower temperature the shorter would be the
time required at the higher temperature. This seems quite analagous
to the responses of the Douglas-fir beetle to longer periods of
exposure to outside conditions as observed by vité and Rudinsky,
The certain oritical minimum exposure to low temperature evidently
required, was not satisfied in their laboraiory rearings, but was
satisfied when beetles were stored outaside,

On the basis of Vité and Rudinsky's work, we might say then
that the Douglas-fir beetle exhibits an imaginal diapause which
probably is terminated by a sufficient cold rest period. As pre-
viously stated, however, in the brief summary of the life history
of this insect under natural conditions, not only adults, but also
larvae and pupae overwinter. These transform to the adult stage
but do not go into a diapause state as adulis. They emerge and
attack that very same season without having to undergo a cold rest
period, If they had an imaginal diapause they would have to undergo
a winter before being ready to attack.

Is there any explanation for these apparently contradictory

phenomena?



P ossiblv, under netursl conditions, the insect does not go
into » true dispsuse, but merelv thot cold weether of fell overtrkes
it ond slows down morphogenesis before it hms » chmnce to emerge;
vheress, in the summer the westher is sufficientlv werm to ~llow
completion of morphogenesis, vhich results in emergence, The ovnil-
eble evidence herdlv fevors this view. This hvpothesis would not
explain the inverse relationships found to exist between the lensgth
of cold rest snd the length of the period subsequent to return to
favorable temmeratures that it took for emergence. WNor would it
explein the failure of l-borstorv-resred beetles to undergo continu=—
ous development.

In some insects dispsuse is not reslized in esch generation,
The onset of facultetive dispouse, »s this is celled, is influenced
bv environment =nd mav be either induced or =verted bv prover menipu-—
lation of the vearious factors of the environment (3%, ». 5). If
this is the cese, one would renson thrt under netursl conditions the
environment of lnte summer induces dispruse wheress thet of lste
spring or esrlv summer does not. Also those conditions in the
l=boratorv vhere the beetles were rerred induced dispeuse. If this
is true with the Dougles-fir beetle, the continuous resring of the
insect in the leboratorv will be = simple tosk once the conditions
vhich induce dirpruse sre determined ~nd sre svoided in the rerring.

Another possibilitv exists to exnlein whv leboratorv-resred
»dults rnd overwintering sdults of the wild norul~tion go into dinr=

peuse while ndults from overwintering lervee sand runee do not.
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Perhsps the insect is truly univoltine with » strict dispeuse in

ench gener~tion but thet conditions which serve to terminste dis-
pause cre effective when spplied either to the lervel or to the

sdult steges. Overvintering larvee rs well ss sdults efter experienc-
ing these conditions mav then develop =nd emerge without interruption
L=boratorv-resred insects, on the other hond, never having been
exposed to these conditions would be forced into dispsuse once they
renched the »dult stoge.

The processes involved in the srrest of growth snd the subse-
quent resumption of morphogenesis sre not entirelv known. Excellent
works br Andrewsrtha (3) snd Lees (34) heve summerized some of the
lrtest knovledge on the subject, -nd works bv Willisms (62) =nd
Ven der Kloot (50) hove nided meterisllv in our understsnding of the
nhvsiologv of disnruse. As Lees (3%, v. 2) stotes, "It is now well
known thet both the srrest of growth snd the accommenving metrobolic
rdjustments ore governed bv the orgens of intern~l secretion. Thesee
endocrine centers sre in turn responsive to certrin definite stimuli

from the environment."

We shell now consider some environmentsl factors which heve been
known to sct s stimuli to these endocrine centers. Photomeriod hes
rroven to be = regulstorv mechenism in the life cvele of some insects,
principally insects which sre continuallv exposed to the light such
ns externrl feeding Lepidonter-, Since they remrin under the berk,

probebly photoreriod e=n be discounted in the cose of the Dougles=fir
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beetle, for undoubtedlv the berk scts as an efficient dlock for »ll
visible light rrvs except possibly =n infinitesimel =mount seeping
through entrance =nd ventil-tion holes.
In some insects the chrr-cteristics of the food injested in-
duces dispeuse. Tiue, when lerv-¢ of Pectinophore go¢svniells Seund.

ere fed on green cotton bolls ther develop without ~rrest; while
those fed on ones contsining ripe bleck seeds entered disp=use (L3).
It is unlikelv thet the chemicel composition of the inner Dber on
which the Douglrs-fir beetle feeds is in snv wav, excent in those
~ffected b~ moisture content, correlated with o certrin =esson of
the verr. Probeblv there is = progressive deterioration from the
time of =tt-ck until thet when the berit is unsuit-ble for leetle
development. Beetles in trees rttecked ot snv month of the vesr =11
show the seme strictlv univoltine cherscteristics.

Fumidit» of the oir snd moisture content of the berk would, on
the other hend, be correlated to the sesson of the vesr. Since the
genersl sres vhere these studies were conducted receives most of its
precipit-~tion in the winter (49), the environment of the beetles, i.e.
the inner berk of the logs, would tend to be more moist during the
vinter then in the summer. Could the more moist conditions during
the winter, then, serve to terminete the diepouse strte? If 80,
this hwmothesis would not exnlsin the dispeuse in the leboretorv—
rerred beetles eince the logs were continunllv kent in ouite » humid

rtmosnhere. There rre c2ses in the litersture vhere sonerently the



addition of water hos served to termincte dispsuse. However os
pointed out bv Lees (34, ». 7%), "Manv insect lervee which enter
dirpruse with ~n increesed proportion of drv metter restore the
veter belence in the post-diepsuse neriod by imbibing moisture from
their surroundings. If these insects sre denied contsct water the
resumntion of growth mer be deloved or even prevented indefinitelw,
However, their condition is nov one of quiescence for thev sre soon
reactivated if weter is supplied. Becruse of this effect weter hos
often been mistrken for the sgencv which terminstes dispruce."
Church (14, p. 85-97) hes showvn this to be the eese vith Cephus
cinctus.

The most likelv environmentsl factor controlling the incention
ond terminction of diep-use is temmersture. Lees, considering
srihropods in genersl (3%, p. 53), stetes, M....this factor is by
far the most imortent environmentsl sgency controlling terminstion
of dirpruse...." The lock of lov tempersture would exmlein the
failure of leborstorv-re-red beetles to emerge end =lso the rerctions
of the wild po-ulstion.

It wes, therefore, hvpothesized thot the Douglas-fir beetle is
strictlv univoltine in n=ture bec-use of the low temnercture re-
quirements for dispeuse end, »lso, thet o cold rest period would
terminete the dispouse if spplied to the larvel, nunel or »dult
stnge.
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Brief Historr of Rearing Bork Beetles

There is little informetion in the litersture rbout mess reer-
ing of beri beetles in the lsborstory. Most of the references on
the subject refer to “reering® in one of two wevs. In one it
entails the mere collection of naturellv infested meterisl in the
field =nd teking it into the laboratorv where the insects rre
collected =s thev emerge. The other consiste of the nrecise re~rings
end observations of onlv e relativelv few insects in connection with
life history =nd other studies. 8

Griswold (22), however, described r msss, lsboratory resring

method for Scolvius miltistristus (M~rsh,) snd Hvlurgopinus rufines

(Eieh.) in connection with Dutch elm diserse investigotions. Elm
wood wes ertificisllv infested in the lsborstorv where the beetles
developed sertisfactorily st » tempersture of 78° F. »nd » humiditv

of 50 to 60 percent. A eriticel fector in the succese of the rerr—
ing was _the condition of the host wood, best results being reslized
in Scolrtus resring vith wood sessoned ten or fifteen dsvs but for
Hvlurgopinus no sessoning wes required before beetle introduction.
After developing in the resring room ~dulte would start to emerge in

sbout five =nd eight weelts for Scolvtus end Hrlurgorinus, resrectivelw

Obviouslv no dispsuse comnliceted the resring of this insect.
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MATERIALS AND METHODS

Obteining Beetles

The beetles used in this studv were from three sources. The
grestest number wvere obteined from Oregon Stete College MacDon=1d
Forest spproximatelr five miles north of Corvsllis, Oregon bv cutting
10- to 15-inch Douglrs-fir trees during eerlv spring of 1956 »nd 1957.
The trees were limbed end clloved to lsv rs thev fell through the
spring ~nd summer months. Thus, thev were exrosed to snd eott-cked by
the overvintering beetles ss thev emerged in April snd Mev of each
vesr. Where the trees were exposed to the direct revs of the sun end
efter thev hed been sttacked thev vere covered with branches to Pro—-
tect the developing broods from excessivelv high temperatures. In
the fall the trees were bucked into spproximstely 3-foot sections,
end stored in the insectery until used.

The other two sources of beetles were =s follows. In 1956
sections of rn infested windfell from the Marv's Peak eres, 20 miles
west of Corvellis, Oregon, were stored rnd used slong with those
from M=acDoneld Forest. In August 1957 one stending infested Dougles-
fir from »n sres 10 miles west of Philom=th, Oregon wes used for
experiments in thst f=11. The infested logs were serled on both ends
with per=ffin to conserve the moisture within »s much =s nossible.

As beetles vere needed throughout the ensuing winter =nd anring
the logs vere brought into the lsborstorvy snd plrced inside plestic-

screened ceges. After being in the 75° ¥, hert of the loboratorr for
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periods of from 1 to 16 dsvs the beetles would stert to emerze from
the logs. Thev collected on the sides »nd ton of the ceges where
thevr vere ersilv gnthered either in » screw ceoped meson jer fitted

vith » screen cover or petri dishes.

Coges

The fremework of the cages consisted of 2-inch bv 2-ineh
Dougles~fir lumber neiled together, strengthened =t the corners bv
screving on "L" sheped corner broces. Sixteen mesh nlsstie sereen~
ing wes stretched rround the outside of the four sides of the frome-
work =nd tncked in plece. This left the ton =nd bottom omen. A
cover wes mrde of the seme 2-inch bv 2-inch wood to the exsct length
end width dimensions of the cege =nd sereening teered over the top.
The cover rested on ton of the esge ond wes nrevented from moving
sidewayvs bv l=ths tocked to the inside of the top freamework »nd vhich
ung down so thet hslf their width extended into the csge. These, 1
therefore, held the ton securelv in position =s well s¢ prevented snv
beetles from getting between the cage =nd the top.

The bottoms of the cages vere nurposelr left unscreened in order
to £rcilitate ceging =nd uncrging logs. If screening comletelv
enclosed the csge except for the top it would necessitste lifting the
logs wp ond over the side »nd setting them down into the cage. Vhere-
28, with the bottom oven it was » simle motter to roll the log in

place »nd set the coge down over it. This wee esmeciollv sporecisted

vhen hondling the lerger logs. The bottom of the crge wae constructed
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80 thot it set perfectlr flot. Strips of form rubber sbout 1/2 inch
by 1 inch were nsiled to the bottom of the csges to compensate for

the unevenness of the floor -nd greenhouse tebles uwpon wvhich the coges
wvere nleced. When set on greenhouse trbles » sheet of he-vv brown
wrepping pesper was nlaced underne~th the cage to nrevent beetles from
esceping through the crrcks between the bosrds.

The ceges proved entirelv s=tisfectorv. Onlv one sm=11 imvrove=
ment could be sugzested to future users of csges of this design. At
75° F. the beetles regulerly teke flight., When menv beetles emerge
from » log in one d=v in ¢ cage of this design it is difficult to
prevent escrpe of » few beetles while collecting them. Those that did
escepe in this mrnner flew to the light =nd vere essilv crught. =
Cheesecloth sleeves vere fastened in plece in two crges to see if thev
would meke collection eersier, however, the beetles essilv cheved
through these ~nd esceped. These were sbsndoned. Should one wish to
reise these beetles in lerge numbers it would facilitete collection
if the emergence csges were designed so thet thev were completelv
enclosed with dark materisl to keep out the light excent for » glass
collection jrr. Since, through the normel renge of temneratures_the
beetles are positivelv nhototropic ther would collect st the onlv
light source, the collecting jrr.

Obteining Attsck

- -

The method of obtaining sttock wos similsr to thet emmloved by
Vite end Rudinskv (51, p. 157). Beetles obte=ined from infested logs

°s described in the section "Obteining Beetles" were simnlv pleeed in
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2 cage vith a 3-foot section of Douglre~fir which h~d dbeen stored in
2 cool plece ~fter being cut no more then four months previouslv in
the preliminerv experiments snd one month previouslv in the finsl
experiments. Beetles could be stored in petri dishes =t = temerature
of 35° P, for seversl weeks before introduetion into the logs without
suffering snv noticerble loss of fecunditv.

The logs were sesled on_one, both or neither of the ends vith
pereffin, In the preliminarv experiments both ends vere serled snd
the logs were pl=ced in ceges during beetle development, however,
these logs seemed to drv out excessively resulting in » high lerval
mortelity. In the finel exveriments the logs were serled on one end
onlv, end the other wes placed in moist send.

The rearing room »t the entomology ferm et Oregon Stote College
hed windows =t one end onlv. To prevent uneven distribdution of
atteck sround the log the windows vere serled with hervv brown prper
vhile beetles were being introduced. When thev were introduced in the
greenhouse there wes some concentr-tion of stteck becouse of the
proximity of the greenhouse room used to the hesd house. When =
relativelv fev beetles were introduced rttock wes hesviest on the side
awry from the herd house. Most of the beetles bored in within 24

hours.

Eliminsting Perrsites -nd Predstors

The method of introducing =dult beetles described in the
previous section eliminated e11 neressites ~nd predstors of the

beetle with the excention of verious species of mites =nd nemetodes.
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A fev experiments were conducted in which mites were clerned off the
beetles before introduction in order to eveluete their nredscitv.
The beetles were held zentlv under = binocular dissecting microscope
with = forcens while smell mites were removed with » blunt dissecting
needle dipped in rleohol. Lorge mites were removed with sherp
pointed forcers. However, for most of the introductions it wes felt
thet time spent mamus~llv clesning mites from »11 beetles could be
more profit~blv spent =long other lines. No effort wes mede to
introduce nem~tode-free beetles. Wem~todes were observed under the
elvirs of the insecte, o moet difficult nlece for removel without
inflicting injurv to the beetles, Aleo, one or more endopsrasitic
nerrtode srecies were vresent, the difficultv of removing vhich is

obvious.

Heintrining Desired Environmentel Conditions

Tempersture — From the time of introduction of sdult beetles into n
log until their nrogenv develoned sufficientlv so thet simulnted
vinter conditions eould be immosed upon them, the loge were mointrined
at on eversge temmerature of 750 E with fluctustions usuelly not
exceeding 5° F. in the preliminerv exneriments end 3° F. in the
fin-l,

Low temperntureswere obteined bv seversl series of walk-in
coolers maintnined br the Departments of Horticulture »nd Food snd
Dairv Technologies »t Oregon State College. Also used were the

welk-in cooler nt the Forest Insect Leborstorv snd » temperrture
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cabinet duilt br the Oregon Stete College Phvsicsl Plant., The
latter wes constructed 4 feet bv L feet bv L feet of 3/4 inch nlvwood
rnd heated br four light bulbe in ceries with » thermostat, »nd in
which wee »leced » emell electric £on thot ven constentlv, cireuleting
the »ir. The c=binet wos plepeed in » well=in cooler where its hest-
ing unit meintrined ite temperoture 50 F. shove the embient
temmer-ture. A Foxbore hwgrothermogrsph, checked bv » hand-ssnirated
pevchrometer, model HA-2 of The Friez Instrument Division of the
Yendix Aviation Corroretion -nd seversl mercurv-filled gloss
thermometers of the Owens-Illinoie Companv, vere used to check the
tempersture =nd huriditv in the various coolers end in the rearing

room, Temperrture fluctustions of the coolers genersllv did not
exceed 20 F,

Moisture snd humidity = Mrintsining the phloem region st = desired

-

moisture level wrs nttempted in seversl wevs. First, logs rs freshly
cut »s possible were used for reising the beetles. In the nreliminsry
experiments both ends of the logs were serled with psrsffin flowed
onto the ends while in a liquid state with 2 peint brush. The object
of this wes to prevent, s much »s possible, snv eveporstion from the
cut ends of the logs, =nd snv moisture loss would then hrve to pess
through the corky layers of the outer berk. In the finrl experiments
onlv one end of esch log wes thus se~led nnd the other was placed in
moist s~nd. Water w-s conducted upwerd, keeping the nhloem moist.
Finrlly, the logs were kept in » room maintnined ot » relstive

huniditr of spproximetelv 60 percent. It wes felt thet the humid
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environment would further prevent evsporetionsl losses. The relstive
humidity was maintained br mesns of one or two electric £rns bloving
on 2 w=ll which ¥rs kept wet br the constent dripving of water.

Water from o gorden hose slowlv trickled into r shellow wooden trough
inclined =t = slight sngle to the horizontsl. Along the bottom of
the trough = series of smnll holes h~d been drilled rbout everr 4
inches to sllow the escepe of the wnter. Thus, the water dripned
evenl» for the length of the well. Bv menipuleting the nuaber of |
fens running end the opening of the window vents in the room - fairly

constent humiditr could be meintrined.

Debericing Proceedure

After the verious cold rest periods the logs were sgoin placed
ot 759 F.t observe the emergence of the beetles, For ot lesast 45
deve in the preliminerv experiment and 30 drvs in the fin-1 emeri-
ment the cages were exrmined deilv ~nd 11 emerged bectles were
collected. Emergence dsts =nd other rertinent inform=tion were
recorded on = 5-inch by 5-ineh index cerd thumb trcced to erch 10g.
At the end of thie period the logs were debarked. A single cut was
made with hommer snd chisel through the bsrk longitudinellr snd the

bark cerefullv pried loose. All slive sdult insects were ecounted.



18
Rearing Individurl Beetles

In two experiments viols were emploved to resr »nd observe the
development of individusl beetles similsr to the method recommended
bv L. H. McMullenl. Each visl (Fig. 1) wes filled sbout two-thirds
full of inner phloem of Dougles~fir
which hed been ground in = Wering
blender snd vrung to'p moist consistency
in cheesecloth. The visl wes storvered
vith » plug of glass wool., This wes
found to be verv suitrble to observe the
development of individuel insects. VWhen
it wes desired to plece = pupe in o viel
it vwes a simple metter to construct »

pupel cell for it bv mesns of » dissect~

ing needle with the tip bent =t cbout = '

Fig. 1. Viel used
100 degree ongle obout 1/4 inch from the for individurl resrings
tip. This tool could be inserted through the mouth of the visl »nd
could be used to n~ck the phloem in »n sres next to the gl-ss,
After the pupe wrs nleced in, the upper nert of the rupcl cell weos
completed, lec~ving enough room for the adult to spre~d its wings. A
strip of masking tepe wers pleoced sbout the neck of the visl on vhich

the time end date of tronsformstion to the edult strge were recorded.

1, Presented =t the Seventh Annusl Western Forest Insect Work
Conference, December 1955, Spokene, Washington.
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Determininz Moisture Content

Frequentlv it wes desirsble to determine the moisture content
of the inner berk of the logs or of the ground berk used for indivi-
durl resrings. A smell gsample of the moterinl wereg pleced in » 2- or
3~drem viel ond weighed on » chrin-drop belance to the nearest .001
grom. The virl wrs then pleced in » 90° F. oven »nd dried to = con-
stant weight. Bv subtrecting the weight of the visl before =nd ofter
drving the srmple the wet weight snd drv weight of the ssmples were
obteined. Moisture percent was then crleul=ted rccording to the
formula N

vet weight - drv weight
drv weight

Strtistical %‘;eatmant Used in Evelusting the Effectiveness
0 arious Cold Res entnents

—

x 100 = Moisture Percent,

Undoubtedlv, the idesl wnv to eveluste the effectiveness of a
cold rest trertment would h-ve been to observe the insects until =11
hed either terminnted dispruse and emerged from the berk or hed died.
But in these experiments prncticslit+ rrecluded snv such effort. It
ves decided to express the effectiveness of the cold rest trestments
in terms of the nercentege of insects vhich emerged in = given veriod
follovwing trestment. In the preliminsry experiments 45 devs were
used; in the finsl experiments 30 dsvs were used.

It wes more difficult to compsare mathemeticelly the rote of
terminstion of dispeuse in the vopulations. For, »t the end of the

veriod, ~n equel nercentrge of the insects mev hove terminnted
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dispeouse snd emerged from the logs, ~nd vet the rete 2t which the
beetles emerged mev heve been quite different. In some crses there
wes no well defined nesk emergence which could be used to compere
rll trestments. H=d the insects been observed until 11 hrd emerged
the mean dev of emergence would h~ve been =n opnropriete stotistic to
use, For some of the cold rest treotments, especislly the most
effective ones, the cumulative percentage of emergence when nlotted
sgrinst the number of davs ~fter the cold rest period on » log
scele, spproximoted = streight line. Regression enelvsis in these
cnses could h=ve been used. However, for menv of the treatments this
method of presentstion seemed insppropriete since straight lines were
obviouslv not formed. One rec~son was thot since eggs nre leid over =
period of sever=1l weelcs, =11 the beetles were not of the s-me oge ot
the time of the cold rest treatments, =nd therefore the nonulstions
vere not homogeneous in respect to their responsiveness to the cold

rest.

- -

It wes decided theat the dnv of medisn emergence, or the dov by
vwhich 50 percent of the beetles h~d terminested dispruse »nd emerged
from the beric, wes the best expression of the rote of dirpeuse
termination in the porulstions, But this stetistic frils to express
the scatter of the individueols, so for this o nlot of the cumulative
percent of emergence over the number of devs ofter trestment must be

referred to.



EXPERIMENTS AND RESULTS

The N-ture of the Response to Normel Winter Temmerstures

Logs were cut =nd notursllv infested ot the Oregon State College

MecDoneld Forest in the earlv spring of 1956. The infested logs
remalned in the forest throughout the epring =nd summer, ond bv late
August 2ll beetles were in the ~dult stege. The loge were then
trensferred to the insectarv ~t the Oregon Stste College farm, nnd

there left exposed to the outside temmeratures throughout the winter

(see APPENDIX, Trble 8). 5
Sterting December 7, 1956 = log wes removed st spproximatelv one—

month intervels until emergence begen on April 3, 1957. The logs were

crged in the reering room =t » tempersture of 75° F. Teble 1 snd

Figure 2 show the emergence for the five logs used in this experiment.
Although the number of davs from the first to the lnst insect

emerging from =nv one log depends to » certein extent on the number

of insects, it is shown in Figure 2 thet this spreerd of emergence

generslly veried inverselv with the durstion of exporure to outside

temperatures. Thus, emergence from the logs lasted for 28, 19, 12,

15 end 6 devs. Evident from Teble 1 ond Figure 2 is the fect thot

the length of time necesssrv ot 75° F, varied in the seme inverse

reletionship vith the exnosure.
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Table 1. Summary of emergence of wilé bdeetles from loge caged
at 75° F, following outside storage for different
lengths of time,

Stored Emergence - No. days after caging Day of
Log outside Total No. median
no, until 123 % 5 6 7 8 910111213141516171819 20 21 2223 24 25 26 27 28 29 30 31 32 33 3 35 36 37 38 39 40 41 U2 43  emerged Emergence

1 Dee. 7 5 1212 8 ¥ 79 10 6 1 & 2 1 1 1 83 22,0
2 Jenm, 2 15 >F18 52314 4 ! y2 2 113 15.3
3 Jden, B 2 3 52028222814 2 2 3 3 132 10. 4
10 Feb, 28 1225276281912 6 7 4 3 5 1 235 5.5
16 Mar. 116 2 1 1 12 2.7

1. Represents the emergence of two days.

2, Represents the emergence of three days,



1001

8(”

601

40;

CUMULATIVE PERCENT OF EMERGENCE

v L] L] T nl

10 20 ) 30 40
Fig, 2 NUMBER OF DAYS AFTER CAGING

Emergence of wild beetles from logs at 759 F, following outside storage for different lengths
of time.

g2



The Role of Temperature in the Termination of Dispsuse
sboreiorv-Reared Beetles

From 20 to 40 beetles were introduced into each of » series of
45 logs in =ccordrnece with the method previouslv described. These
logs were then kept in = resring room meinteined ot 75° ¥, snd a
reletive humidity of spproximetelv 60 percent while the broods
developed. The logs were nreviouslv sesled on ome end with peraffing
the other wes pleced in moist send while the broods develoned.
Periodic srmpling of other logs meintsined ot the seme temperesture
showved thot most of the brood would be in the ~dult stege sbout 75
devs ofter introduction of the psrent beetles. After » brief
maturation reriod, » cold rest wes inflicted on the insects by
trensferring the logs to » walk-in cooler. After this thev were
returned to the 75° F. room »nd pleced in erges so thet the insects
could be collected »s thev emerged.

Preliminerv experiments (see APPENDIX) hed indiested that »
cold rest veriod nlsve »n importsnt role in the termination of
dispeuse in the Douglas-fir beetle. Cold rest veriods of 20, 50,
rnd 90 deve =t temperotures of 33, 13, end 5L° P, were spnlied to
the beetles 90 and 110 devs ofter the dste the prrent beetles vere
introduced into the logs. The 430 F. temmersture wes fsr more
effective in terminsting dispeuse then either the 33 or the 540 F,
temerstures. At 43° F. both the 50- =nd 90-drv cold rest periods
srtisfied the dispeuse requirements of most of the beetles, vith
the 90-day period ceusing slightlv rccelersted emergence compered to
the 50-dsv period. The 20-d=v cold rest period, however, weos
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reletively ineffective in crusing beetle emergence during the 45

devs subsequent to the cold rest. Identicel cold rest trestments
were epplied to the different sged beetles to sscertsin if the
termination of diapouse wes influenced br the sge of the beetles.
Slight differences were noted, but beceuse of smell temperature
fluctuations bevond control during the develonmentrl snd cold rest
nerlods these differences could not be colled significent. The
results of these preliminerv experiments s=re to be found in Teble 9
and Figures 12 »nd 13 in the APPENDIX,

With this information =s » b-sis, » new series of cold rest
trestments were sprlied to the Dougles-fir beetle in order to
establish more conclusively the beetle's response to verious cold
rest trestments. Zach of the 45 logs in this new series received
o different treotment. Beetles which had developed for 40, 80, ond
120 devs were exposed 20, 50, #nd 90 davs to temperstures of 32, 39,
43, 49, =nd 55° F. The temmerstures snd durstion of cold rest were
the se=me »s in the preliminerv experiments with the sddition of two |
extre temperatures, 38 and £8% F. 1In order to bring out more clearly
the difference that the sge of the beetles h~d on the effectiveness
of the cold rest trestments ns indicated in the preliminsrv experi-
ments, 80- and 120-drv-0ld beetles were used instesd of 90- end
110-dsv-0ld beetles. Finellv, to test the hvpothesis thot the cold
rest would terminrte the dispsuse in the immature steges =s well rs
in the pdults, LO-dav-old beetles were used. According to Vité »nd
Rudinsky (51, p. 161) the 40-d=v veriod st 75° F. would be just
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sufficient 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 column 2 of Tables 2, 3 and 4 indicate only 20 beetles were
introduced into each log for the first part of the series because of
the scarcity of beetles at that time, It was felt that 20 per log,
if mortality of the brood was not excessive, would yield a sufficient
number of offspring to evaluate the effectiveness of the cold rest
treatments, For the latter part of the series LO 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 &
and in Pigure 3, As indicated in Table 2 the broods in logs 76
through 90, which were mostly in the late larval and pupal stages at
the time of cold rest, almost always failed to emerge during the
30-day period following the cold rest. Because of this, the data
in Table 2 were omitted in Figure 3. Most of the adults which did
emerge from 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 morphogenesis as well as
diapause development could proceed sufficiently so that the beetles
would mature during the subsequent 30 days at high temperature, It
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
also,
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were spplied 120 days after introduction of parent beetles.
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It is obvious from Tobles 3 end 4 thot the 20-dav cold reste
°lwevs crused virturllv no emergence. Fiftv dovs cold rest resulted
in some emergence but » 120-dav rest was the best of the three in
this respect. The relative effectiveness of the verious trestments
ns meesured by the percent of emergence bv the thirtieth day after
treatment is nresented in Figure 4. The two 50-dsv curves sre posi=-
tively skewed indiceting » steeper threshold =t the lover tempers-
tures. The high voints occur ot spproximatelv 440 F, The 90-dev
curves cover = much vider renge of temmerstures, sre displeced
higher then the 50-dev curves, =nd sre relstivelv flet-topned from
39 to 50° F. At the higher temperstures the two 50-dev curves.
diverge, the lower one being the curve revresenting the 120-dev-0ld
beetles et the tine of cold rest. At the lower temperotures the two
90=dev curves ~lso diverged. Agrin the curve representing the
120-dsv-0ld beetles st the time of cold rest wes the lover one. These
divergences vere tested for significence by compering logs 101 =nd
116, =nd 100 =nd 115 for the 90- -nd 50-dev curves, respectivelr,
#nd found significent »t the .00l vercent level (36, n. L07-408).
Another experiment ves designed to see if dispause development
could be arrested bv trensferring the beetles to » lower tempersture.
For this experiment from 18 to 27 beetles were introduced into ench
of six logs. All six logs received = 90-drv cold rest period, three
efter the brood hod developed for 80 deve »nd three »fter developing
120 davs. All logs were initiellv pleced ot o cold rest tempersture
of 430 F. for a portion of the 90 d~vs »nd then trensferred to 33° F,
for the remcinder. The three durstions of exnosure to the 130 F,
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tempersture, 30, 50, end 70 devs, were epvrlied to both the 80- ~nd
120=-drv=-0ld beetles, Thus, =11 trentments were es=entisllv the ssme
except for the duration of exposure to the verious temperctures.
Teble 5 lists these treotments »nd the emergence of the drood upon
return to 75° F. Little veristion occurred in either the nercent of

the insects which emerged or the rete ot which ther emerged.

Re=emergence of Porent Beetles

Figure 5 shows, br sex, the beetles vhich emerged from 1l logs

for a period of 48 dsvs after introduction. The mumber of beetles
of undetermined sex introduced into esch log veried from 22 to 82,
end toteled 468. The first dav ofter introduction » totsl of 19 hed
not bored in snd were removed, Therefore, onlv L9 beetles sttocked
these logs. During the 48-dsv period = totsl of 199 hed re-emerged
eccording to the pattern shown in the figure. These insects were
sexed by dissection to observe the gonsds. It is probedble thot more
did re-emerge than were collected, for the ce=ges were visited but
once erch dev, =nd these insects re-entered the ssme log without
having been collected.

It cen be seen thet the pesk re-emergence period ceme ebout the
tventv=fifth dev with more m=les thon femeles re-emerging before
that time, cnd more femsles then mnles »fter thet time. Although 48
devs wee rs for os this studv wes continued, beetles continued to
re-emerge slowlv until the logs were trensferred to the coolers =nd

rlso subsequent to the cold rest neriods »s indicated in Tables 2, 3,



Table 5. Summary of emergence from logs to which 90-day cold rest periods 32
consisting of different durations at 43 and 33° F, were applied.
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end L by the scrttered emergence elsevhere then the mein emergence

veriod. Even when emergence of the brood seemed complete =nd the
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Figure 5. Re-emergence of perent beetles from eleven
logs for » period of 48 devs ofter introduction.

logs were finsllv deberked, frequentlv there remcined » few beetles
which hed not emerged. It is lmown thet ot lerst = few of those
rem=ining were perent beetles beceouse the Zellerv petterns could be
treced in the inner berkt. However, vhere there wes = lrrge number
of beetles introduced ~nd good brood survivel, the gellerv patterns
vere obscure ~nd it could not be sscertsined whether those rem~ining

vere prrents or brood.

Competition

By counting the number of att-cks »nd messuring the size of the
logs, the number of =tt~cks per squere foot of bark sres wss computed

for 17 logs. The number of attocks renged from 0.6 to 3.2 per squere
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foot. An estimate of the amount of phloem utilized by the developing
broods showed that percent utilizetion incressed s the number of
ettocks incressed until ot 3.2 sttocks per squere foot it wes estimeted
thrt 95 percent of the phloem hed been utilized. If there sre more
thon this number, it is probable thet there will be excessive
mortslitr due to competition.

Effect of Moisture on Survivel

-

In the nreliminsrv experiments the broods developed in logs
kept »t 75° F. »nd 20 to 20 percent relstive humiditv =»nd which hed
been wexed on both ends. No further attempts were meode to conserve
or to supplement the origin=l moisture in these logs. Mort-litv wes
quite high, survivel being =n ~versge of 81.7 beetles for 18 logs.

The sverrge number introduced wes 35. Probsblv the logs dried out ot
too repid » rete to be 2 suitsdble environment for the beetles to
~develop. In the loter experiments ~ttempts vere mede to correct this
repld drving bv setting one end of the log in moist ssnd. The rele~
tive humiditv in the resring room wes =lso meintained »t = higher
rercent, 60 to 70 2= compered with 20 to "0 in the preliminsrv
experiments.

Considerrble varistion wrs observed in the number of insects
vhich survived in the logs trented in this menner. Survivel per log
renged from O to 747 insects even though the number of insects
introduced ver log veried onlv between 20 ~nd 40 =nd ~11 logs received
the srme tre-tment vhile the broods were develoning. The grertest
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portion of the mortelitv occurred in the lervel stoge. Those
insectg which successfully pupsted remeined, for the most nart,
heslthvy from thet time until thev either emerged from the berk or
vere exposed during the fine~l exeminetion. p

The surviving insects in cert»in logs frequentlv were concen-
tr=ted in one nortion of the log, genersllv one side of the upper
end; the insects in the other portions of the log were de~d. ZEvi-
dentlv in the lotter crse the moizture hrd been meinteined ot such e
high level excent in these ore-s where the insecte were concentreted,
thet thev were killed, Whenever the number of insects introduced
into » log wrs high in relstion to the size of the log or vhen the
reletivelr few ~tt~cks were concentrrted in one nortion of the log,
the conducting svetem of the nhloem wrs effectivelv broken, ~nd less
moisture moved upwerd from the s=nd below.

There wes o mortolit~ relrtionshin existing between the number
of insects introduced end the number of brood surviving. As shown
in Teble 6, when = leorger number of insects wers introduced ~ higher
number of insects survived. This number wes fer greoter then would
be expected considering onlv the number of insects introduced. Thus,
roughlv twice rs menv insects were introduced in the first nart of
the experiments rs in the latter prrt, but, instesd of twice ns

manr brood surviving, there were 4,3 times rs monv.



Tsble 6. Relationship of number of insects
introduced =and number of brood sur-
viving in loge set in moist eand.

Av. No . Av. No.

Yo. of Insects Brood
Logs Introduced Surviving

23 20.1 98.3

22 39.6 418.1

Another experiment wss designed to confirm the hvpothesis that
excessive moisture sssocirted with the small number of introduced
beetles caused »n excessivelv high brood mortslitv. Also » second
objective was to ascertein the ~dvissbility of using moist ssnd snd
wax to meintein phloem moisture. Four sdjncent sections were cut
from » freshlv felled Dougles~fir and designeted L, B, C, and D.

After logs A rnd B were corted on one end with wex, 25 snd 8 peirs of
beetles were introduced into the ceges conteining A =nd B, respective-
ly. One dev leter these logs were nlrced wrx end up in moiet send,
The beetles vere sexed according to the method of Chsvmen (12). Log
C wrs wrxed on both ends but D received no wex. Eight peirs of
beetles were introduced into these two logs, btut thev were not pleced
in send.

The some results obtained in Trble £ were obteined with the two
logs plrced in se=nd, survivel being higher in the log where more
beetles rttocked, 36.7 vercent in A compered with 4.3 percent in B
(Trble 7). Survivel in the logs out of send wes 29.7 rnd 30.8 percent
for the waxed snd unwaxed logs, C end D, respectivelv. If the 95
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rercent confidence level is to'ten, B differed from ecch A, C, ~nd

D, vhile these lotter did not differ significsntlv smong themselves.

Teble 7. Compsrison of survivel in logs

under different tre~tments.

Percent Brood  Phloem Molsture

Beetle Surviving 72
Ends Peirs Devs After
Log Wexed Introduced Introduction

(Percent of Oven
Drv Weight-Aversge
of Three Semples)

In
sand:
B upner 8 b3
A ' 25 36.7
Tot in
sand;
c both 8 29.7
D neither 8 30.8

179.k
157.b

131.5
107.5

Mot »11 of the females introduced into the eage with log A

estorblished broods. Therefore, not »11 of the phloem conducting

system ves disrupted, which resulted in = moisture level somewhst

higher then ves expected. On the basis of this experiment =lone it

is not possible to sev whether the differences in survivel between

logs £, C, ~nd D would hnve resulted if there h~d been comnlete

utilization of the phloem in log A bv the brood.
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Mornhological =nd Phvsiological Mrnifestotione of Disp-use

- -

Beetles which heve emerged from the berk rre rhvsiologically
mature snd sre resdv to stirck other trees »nd estsblish broods. At
this time thev »re crnable of susteined flight for protr-cted periods
(41, p. 263) »nd their gonnds ~re fullv meture. During the present
experinents beetles removed from the bert while in dirn-~uee mrde no
attemnts to flv. Dissection of these beetles showed throt the flight
muscles were extremelv underdeveloved. In sddition, no eggs could
be seen in the leterel oviducts of the femeles ond the mele seminel
vesicles were underdeveloped when comnered to those of mature indivi-
duels, Probsblv the development of the flight muscles rnd the
naturetion of the goneds proceed concomitentlv »fter some stimulus,
in this cnse ndequete chilling, hns set in motion the proper
endocrine ~ctivity lesding eventusllv to metur-tion snd emergence of
the beetles from the berk. .

It wee desiroble therefore to trace the course of rhvsiologicsl
meturation s evidenced bv the development of the £light muscles snd
goneds, Insects vere resred ot 75° ¥, to the pup~l strge in logs.
The logs were debsried ~nd each mupe woe nlaced in a sepsrote viel
conteining moist, ground nhloem ns deserided in the section
"MATERIALS AND METHODS", These insecte were exsmined twice dnilv and
ns erch beceme rn =dult the time »nd dete, considered from then on ng
time zero, were recorded on the virl., Some of the virls vere kept ot
75° F. until the insects were vreserved. A few insects which were

constentlv ot this warm tempersture were nreserved on devs 5, 10, 20,
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30, 40, ond 60. Others were trensferred to 43° F. for » 90=-dev

reriod commencing on the tenth dew, ~fter vhich ther were returned
to 75° F. A few of these beetles exeriencing the cold rest were
preserved 2, 4, 6, 8, 10, and 12 d-vs ~fter being returned to 757 F,
Thus, the »ge of ecch beetle woz Imowm within spproximetelv 12 hours,
>nd the beetles of known ~ge formed two continuoue series, one heving
been exposed to the cold ernd the other not. All bestles lent
constently ot the 75° ¥, tempersture h-~d flizht mzeles -nd overies
or testes similer to those in the left illustretions of Figures 6,

7, 8, rnd 9. The illustretions of the £light muscles hove been con-
fined to the longitudinel medirn dors~l, the obligue letersl dorsel
*nd the tergostern-1 muscles, beceuse these sre the mejor ones (44,
Pe 228~233) rnd the others seemed alurvs to be in # ctote of devel-
opment comprr-ble to those illustrated. Those beetles vhich undervent
n Ccold rest when dissected through the tenth dev »fter the cold rest
period seemed in the s=me st-te of develorment »s those whiech did not
undergo = cold rest. However, on the twelfth dsv =fter cold rest

one mnle wes dissected which hod f1ight musecles rnd testes inter-
medinte betwveen those illustreted in Figzure 6, 7, #nd 9 signnlling
the resumption of growth in thie individurl folloving dispruse. It
is unfortunote thet this experiment wee not carried to perheps the
twentieth dev rfter cold rest so thet fully meture beetles could heve
been found.
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Internal view of the right side of the thorax of two beetles showing the dmlofunt of the main
muscles of flight at two different times in the life gyele, Left: Dbeetle in dlapa
Right: mature deestle,



Fig. 7

Dorsal view of the main muscles of flight at two different times in the life cycles
Left: beetle in dispsuse. Right: mature beetle.
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Ovaries of two females showing the development at two different times in the life cycle.

Left: beetle in diapause, Rignt: mature beetle,
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Fig. 9

Testes of two males shoving the development at two different times in the life cycle.
Left: beetle in dispamse. Right: mature beetle,
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DISCUSSION

A period of cold rest is necesssrv before leboretorv-resred
Douglas=~fir beetles will emerge in lrrge numbers ot snv one time,
This fret is well illustreted br Figure 10 in vhich emergence from o
log thet wes not subjected to cold rest is comprred to thet of
seversl logs thrt were subjected to cold rest. The numbers on esch
curve revresent the nwber of davs at 75¢ F, Lefore cold rest, the
numbers of dsvs rt the low temmersture, rnd the tempersture of cold
rest, respectivelv. Thus, 120-90(42) renresents » log in which the
beetles developed =t 7509 F. for 120 devs before undergoing = 90=dav
cold rest ot 420 F, ~

With the experience geined to drte the minimum time necesserv
for = complete lsborstorv generstion msv be estimnted. In the .
experiments described in this prper the minimum time wee 1L6 devs.
This wes log number 98 receiving » cold rest of 50 devs dursation
commencing 80 deye ofter the introduction of the psrents. The medisn
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CUMULATIVE PERCENT
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Fig. 10. Compsrison of emergence of beetles from seversl logs =fter
cold rest with those from one which received no cold rest.
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emergence of the brood occurred on the sixteenth dsv ~fter cold rest.
However, these insects developed rt 750 F. insterd of =t the optimum
of 84-86° F. determined bv Vité ond Rudinskv (51, n. 161). Accord-
ing to them the brood will re=ch the =dult etoge rpproximately five
davs sooner =t 84=-86° F. thrn nt 73-750 F. Ve mav rersonablv -ssume,
therefore, that the cold rest period mev be epplied five deve sooner
or when the beetles hrve developed for 75 deve. The totsl elspsed
time would then be 141 davs for » commlete generrtion or =t the rote
of 2.6 leborstorv generrtions per vesr.

It should be pointed out thet the minimum developmentsl time
and the minimum durstion of the cold rest h-ve been =scerteined to
lie onlv between the wide limits of 40 ond 80, end 20 =nd 50 davs,
respectivelv. Therefore, with further experiments the 141 dave
necesservy for one generstion probsblv cen be reduced still further
to bring the totsl number of generstions nossidle per wesr closer to
three, This represents » morked increrse over the one generation

‘per veesr under nerturel conditions.
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SUMMARY

Beetles were resred in 3-foot sections of freshlv cut logs. The
optimum number of beetles to introduce w-s spproximstelv three
peirs ver squere foot of berk oree. .

Provided there were more than ~prroximstelv two ottscks per
squere foot, survivel did not differ significentlv ~mong logs
with one end set in moist =-nd end logs not set in seond, either
costed on the cut ends with pereffin or not. Survival wes sig-
nificentlv reduced in logs set in moist send if there wes less
thon spproximetely two attecks per squere foot.

The insects ere univoltine under netursl conditions, s=nd low
terpersture nleye »n importent role in the terminotion of dispruse,
When recred in the l-boretorv under » constant temper-ture of

750 F. beetles went into on imrgin-l dispsuse. Emergence from
the logs, therefore, wee delrved ond occurred over = veriod of
seversl months.

Br subjecting l-boratoryv-resred beetles to verious cold rest
pericds it wee determined thrt » temperature of =pprroximstelv

LEO B, was the optimum for dirpsmse develonment. Twentv dove at
this tempersture wrs not enough to ceuce = eignificent percent of
the brood to termin-te dispouse and emerge from the logs during

# 30=dar veriod following cold rest. Fiftv dsvs cold rest csused
some of the brood to terminste dispruse ond emerge during the
ensuing 30-dev period, ond 90 devs ceused =lmost all of them to

do so.
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Beetles mst hove developed »t 75° F. for more then 40 deve
before cold rest is inflicted in order thot significent emergence
will teke vlace during the 30-dev period following cold rest.

Bv the eightieth dev ~t 759 F. develonment hes proceeded
sufficientlv so thet most of the beetles vwill terminate dispruse
during the 30-dey period following the proper cold rest, Bv the
120th deav of development there wrs 2z reduction of the effective~-
ness of some of the cold rest trestments when compered with
treatments rpplied to the 80-dr-v-0ld beetles, while others were
not significentlv different.

Dispeusing =dults were found to hsve underdeveloped flight
miscles rnd gon~ds vhen compered with meture individu-ls,

The minimun time for one commlete laboratorv generstion in these
experiments wes 1L6 devs; but with further experimentotion rnd |
proper menipul-tion of the temper=fure, it is felt thet this mev

be reduced to spproxinetelv 130 devs.
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APPENDIX

Preliminsry Investigetions

Before exrerimentetion was started on = large seole, the
probeble temperatures »nd durstion of cold rest thet would suffice
to terminete dispruse in the Dougl-s-fir beetle were =scert-ined bv
verforming » few simple exveriments rnd bv consulting existing
veether bureru records. One of the first exneriments nerformed wrs
elmply en attempt to reer beetles under » constant tempersture of
75° F. following the method previouslv describded. Eightv-two freshly
emerged beetles were introduced into » fresh log =nd the brood wes
nllowed to develop =t » constant tempersture of ?5° F. Periodic
sempling of the log revesled thot ~bout 75 devs sfter introduction
most of the brood wes in the ndult strge.

The crge contrining the log wrs exemined esch dev ond rll
emerged beetles were collected. On the 137th dsv the log wes cut
into two equrl portions. The beric of one portion wes then wotered
thoroughl~ once erch dov, but the other received no weter. Figure 11

shows the number of beetles which emerged esch dev. Untllrgpe
s .
; I"" f
E 2 | I WET

20 40 80 0 100 @0 140 180 90
NUMBER OF DAYS AFTER INTRODUCTION

Figure 11. Emergence of beetles resred under » constent tempersture

of 75° F. The log wes cut in helf on the 137th dsv ond
one section wee therenfter kent thoroughlv moist.
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fiftieth drv the emerging beetles were, of course, the re-emnerging

edults seeking to esteblish their second broods in snother logz.
Finelly, on the 180th dav both sections were debsrked reverling 48
nlive sdults still unemerged in the wrtered section rnd %43 in the
drv section.

Attempts were mede to induce some of these beetles to sttack
fresh logs. On the 155th snd 156th dsv 25 =nd 35 beetles were core-
fully removed from under the berk of the wet ~nd drv sections of the
log, respectivelv. These were nleced in » crge with fresh logs.

Four devs leter 18 from the wet vwortion end 17 from the drv portion
hed sttocired, About three weelcs ofter rleeing thece beetles in the
cages the logs were deberked. In ench of the two logs there wes

onlr one egs grllerv, erch conteining both mele end fem~le, vhere
voung larvere were present. In ~ddition, in the log whieh hed been
ctincked bv beetles from the drv nortion there was _a gellerv contoin-
ing = single femrle rnd three eggs which epperentlv were unfertilized.
(51, p. 166) The other beetles hed sttecked the logs but hed mede
only very short gelleries renging from 1/b to 2 inches in length.
These beetles 'were evidentlv in dispruse #nd not sexurllv moture.
There are two slternstives for explsining the presence of the femecles
vhich were sexusllv meture. One is th~t thev vere prrent beetles
vhich vere rerdv to re-emerge rnd re-stteck ot the time thev were
deberked. By thet time =11 the brood were very derk in color s=nd
indistinguisheble from the nerente. Also, the beetles in the
originel logs st the time of deberking hed long _since obliternted

sny hope of distinguishing perents from brood bv treeing gellery
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petterns. Therefore, it would hrve been on esgv metter to debsrir

perent beetles insdvertentlv »long with the brood. But Bederdl has
shown thet re-emerging beetles need no second fertilizetion to este=-
blish » second brood. If these sexusllv meture beetles were, in
fact, the perents of the brood, the femele thet loid unfertilized
egge would not have needed to hove » mnle to fertilize her. There=
fore, the second explenstion =s to the presence of the semallv -
moture bectles seems more pleusible. Thet ie th-t these sexusllv
mrture beetles were offenring which hed termineted dispense.

Hr. Ken ¥right? hos shown thet Dougles-fir beetles will eventuelly
emerge ns sexurlly moture beetles if meinteined in » werm environment
(70° = 75° F.) (person-l communicotion). It is thought thet these
few incecte represented = smell percentsge of insects which hed
ended dispecuse.

Temperature d=tr were obtrined for the £211 »nd winter months
(Tedle 8) for the general ~res where the logs were stored (19).
Using them, =n sttempt wee mode to estsblish the probeble temmersture
end duration of the neeessarv cold rest preriod thet would ecruse the

beetles to emerge. Since beetles hod emerged from » log caged during

1. W. D. Bederd. The Dougles-fir beetle — ite seosonsl historw,
biologv, hebits, »nd control. 1933. (U. S. Dent. of Agriculture.
Forest Insect Field Stotion. Coeur d'Alene, Ideho.) (Unnublished
rerort) Cited br Vité »nd Rudins'~ (51, n. 162).

2. Entomologist, Division of Forest Insect Reserrch, Precific North-
vest Forest ~nd Renge Experiment Stetion, P. 0. Box %0%9,
Portland 8, Oregon.
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the first prrt of December, it wes felt that the experimentotion

should be brsed primerilv on the rrnge of sverrge temmeratures
encountered during the preceding months, or 41 to 51° F., rnd » cold
rect reriod of two to three months.

Trble 8. Temreratures for the months September 1956

through Merch 1957 ns recorded ~t the
Oregon Stote College Westher Station.

Month Av. mex, Av. min. AV,
September 76.5 k7.1 61.8
October 6l.2 k0.8 51.0
November 20.5 32.7 bl.6
December 5.0 33.8 39.L
Jenuspry 37.6 25.8 31.7
Februsry 49.3 34,5 b1.9
Merch 53,1 39.5 6.3

Role of Temperoture in the Terminetion of Dirpeuse:
Prelininery Ei?erfmenfs

Various numbers of beetles renging from 14 to 110 were intro-

duced into = series of 18 logs. These were kept in » resring room
meinteined at 75° F, while the brood developed. No sttempt wns
m~de to control the reletive humiditv of the room or moisture level
of the logs other then the initisl sesling of both ends of the logs
with pereffin immedintelv »fter felling snd ducking.

As previouslv stoted most of the brood wre found to be in the
adult stege 75 devs =fter introduction. Arproximetelv 15 rdditionel
devs were rllowed for feeding ~nd meturetion of the voung sdults rnd
elso to meke certerin thet 211 beetles would be in the rdult stoge.
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Then a2 eold rest reriod of ~rrroximotelv 20, 50, or 90 dsve ot n
tempersture of 33, 43, or 54° F. we= imposed on ench of nine of the
logs. Twenty dovs loter similer conditions of eold rest were immosed
on the remsining nine logs. The rcturl number of deve developmentsl
time or cold rest in some cages veried from the 90 or 110 snd the
20, 50, or 90 devs, respectivelw, for which the design of the exveri-
ment called, but in onlv one cese wrs there as much »g » three dev
verience. This verisnce is shown in Teble 9 but becemse of Aifficulty
of presentetion in the graph hes been disregerded in Figure 12,
Columns four rnd five of Toble 9 show the cold rest trestment which
wes eprlied to e~ch log »nd column six the d»ilv emergence nt 75° F,
ofter the cold rest treotment.

After 45 dave hed elapsed, the logs vere deboried snd 11 remein-
ing insects were counted. The percentsges of bectles which hed
emerged prior to that time were plotted in Figure 12. Lines eonncet
treatments vhich were similsr except for the tempersture of cold rest.
The 1ight =nd hesvr lines rerresent beetles which had developed 90
end 110 deve ond the lni}empted, dnshed, rnd no}id lines re'oresgnt
the 20~, 40-, #nd 90-d=v trertments, respectivelv. Unfortunstely the
conditions under which the beetles developed eppesred to be too drv,
for four logs not represented ot the 54° F. temnmersture hed no insects
surviving. However, it is felt thot enough survived in the rest of
the loge to give » good indicstion of the effectiveness of the verious
treatments in termincting dispruse. The three temperetures oppesr
to streddle the optimum cold rest temersture with 43° F, being mich
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more effective that either 33 or 54° F. At the 43° F. tempersture
both the 50- =nd 90-dev trertments seem rdequate for most of the
beetles to terminrte the dispeuse, vheress the 20-dsv trectment
sppesrs not long encugh. Slight differences ersn be seen between the
effectiveness of the cold rest treriments rprlied to the 90-dsv-old
beetles when compsred with those sprlied to the 110-dav-old beetles.
However, these differences mav hieve been due to experimentsl error,
since due to reersons bevond control the environment could not

nlweve be melntrined ot the desired temmereoture.

The emergence petterns for the 50— rnd 90-dsv cold rest trest=_
ments =t 43° F. e=n be seen in Figure 13. Ageln the light s=nd hesvv
lines represent the 90- end 110-dav—0ld beetles =nd the dnshed ~nd
20lid lines the 50— and 90-d=r cold rest tre-tments, respectivelr.
The longer cold rest period definitelr was more effective in bringing
sbout a foster emergence since the two curves of the 90-d-v trestment

ere distinctly closer to the origin then the 50-dsv curves.



Teble 9, Summary of emergence after the various cold rest treatments in the preliminary experiments,
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1, Represents the emergence of 1l days.
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