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TE1 EFFECT OF COLD VERATJS ON THI 
I$NGTh OF DIAPATJSE OF ThE SPRUCE BUDWOFUVI 

(CHORISTONEURA FUMIFERANA (CLEM.)) 

INTRODIJCTI ON 

A current outbreak of the spruce budworm, Choris- 

toneura fumirerana (Clem.), which covered 406,000 acres 

when first reorted In central Montana in 194S, has sub- 

seuent1y covered approximately 6 raillion acres ol tiiaber- 

land in western Montana, northern Idaho, and Yellowstone 

National Park, Vyorning. More than 2 niillion acres of 

budworni-infested Douglas-fir (seudotsuga iaenziesii var. 

glauca (Beissn.) (Franco)) were treated by aerial appli- 
cation of DDT insecticide to control this native Insect 
during the years 1952, 1953, 1955, 1956, 1957, 1958, and 

1959. It is still epideiaic on 3.5 mIllion acres in 

western Montana. 

During the years o! budworm control in western 

Montana between 1952 and 1959, plans were made in the 

fa].1 for control ojerations to be carried out the follow- 

ing suiainer. In planning control projects several factors 
are considered, any one of which can affect the size and 

location of units tentatively proposed for control. 

Before these factors are considered, however, units 

supporting the greatest budworm populations usually are 

given the highest priority for control consideration. 
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It would. be desirable, therefore, in control planning, if 

information on budworm population densities, which is not 

available until April or May, ould be available in late 

fall or early winter. That it is not always easy to make 

an accurate estimate of spruce budworm populations is 

attested by Dowden and Carolin (16, p.775) who state thAt, 

"irobably no research problem dealing with the spruce bud- 
worm is more difficult than that of determining the 

number of budworms present in an area." 

EVENTS LiAi)ING TO THJ PROBL.LiM 

Each year Intermountan Forest and Range Experl- 

ment Jtation crews conduct ground surveys to record 

current year's defoliation to be compared with that of 

the previous year (27, p.1). This type of survey, based 

on host tree damage, serves as an index of budworm 

population trends from year to year. This index is not, 

however, a definite indication of future populations. 

Since these damage surveys are made in August and 

September or each year, they measure defoliation that 

occurred during the preceding May, June and July. This 

defoliation--the basis 01 the budworm population index-- 

is the result of the feeding of a generation of insects 

no longer existent. 

While damage surveys are being made, the budworm 
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population which will begin feeding on foliage the Lollow- 

Ing summer is lying dormant as inactive second stage 

larvae within tiny hibarnacula concealed beneath bark 

flakes on host trees. Terrell (34, p.1) states, "The 

lack of a direct relationship between needle daniage and 

the inactive budworin population leaves estimates of the 

following year's population drawn from summer survey 

data somewhat questionable; and because applied control 

will be directed against this emerging brood, positive 

information regarding its abundance is important." 

During the 8 to 10 months following damage surveys, 

buciworm larvae are subjected to daily fluctuations of 

air temperatures. Overwintering larvae nearly always 

endure sustained periods of near- or below-freezing air 
temperatures c1urin.: the winter months. It is known 

that at this time certain physiological ohanes take 

place within the insect which will assure its continued 

development when temperatures moderate in the spring. 

Although overwintering second stage larvae are often 

referred to as "hibernating larvae" or "larvae in 

hibernation", Harvey (19, p.7) shows that second stage 

spruce budwori larv: e undergoing these physiological 

changes are in a state 01 true diapause as distinguish- 

ed from a hibernation or quiescence. He is supoted 
by recent definitions of a true diapause summarized by 
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Prebble (32, p.296) as follows: 

"The terni 'diapause' coined by Wheeler to 
designate a teiporary L'urnobility between 
the dorsal migration of the embryo and its 
return to the ventral surface of the egg, 
and extended by Henneguy to include resting 
periods during any stage in the life cycle, 
Is by Shelford considered to be synonymous 
with true dormancy, and is defined as '... 

a condition in which no further activity or 
progress can be induced until certain physio- 
logical changes of a physico-eheraical 
character have taken place.'" 

When larvae emerge from their hibernac ula in spring,, 

they travel to branch tips and begin feeding on new 

foliage or they nine old needles or new buds until new 

foliage appears. Larvae feed on current foliage during 

June and July and pupate among needles 01' the host tree. 

Emerging moths mate and females begin laying eggs on 

needles of host trees soon thereafter. In this region 

after eggs hatch late in July or early in august, most 

first stage larvae wander about until they find locations 

under bark flakes on host tree boles where they can con- 

ceal themselves. Here they spin hibernacula and molt to 

second stage larvae. A second stage larva in its 

hibernaculwri is shown in Figure 1. 

Late fall niontha seem to be un ideal time to study 

overwintering budworm populations since most second stage 

larvae are dormant within hibernacula. However, these 

hibernacula are so small and. so concealed that to 
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Fi9ure 1. Second-instar spruce budworm larvae in hibernaculum (26X). 

Note shed head-capsule (arrow) of first-instar larvae. 



acourately count them by direct examination Is impractic- 

able. 

Techniques have been developed to estimate over- 

wintering spruce budworiii population3. In Oregon in 1949 

Lindster and Iright (26, p.29) collected crown and bole 

saniples from i)ouglas-fir to determine favored overwinter- 

in sites ol' second-instar larvae in hibernacula. They 

collected smooth- and rough-bark sections from the tree 

bole, large branches, small branches, small twigs, and 

needles. Results showed that rough limbs and crevassed 

bark of larger branches and mein bole viere preferred 

overwintering sites. Carolin (6, p. 15-21) also found a 

considerable portion of the population overwinteririg on 

the bark of larger branches and on tree trunks, and 

'hiteside et. al., (40, p. 33) used rough-bark limbs as 

a sampling unit. More recent investigators in Oref::orL 

(5, p. 6) found that limb section samples give a more 

reliable estimate o:: budwormn populations in hibernation 

than do bole section samples. 

In the northern Rocky Mountains, according to 

Denton (12, p. 69) the greatest number 01' larvae, at 

least in heavy infestations, overwinter on rough bark 

surfaces of trac boles at a out breast height. rerrell 

(36, p. 2-3) indicates that a more representative sample 

of overwintering budwormn populations can be obtained by 
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using as a sailing unit a section cut from the tree bole 

approxImately 3 feet below the junction of smooth and 

rough bark. This sampling unit described by Terrell Is 

presently being used in sruce budworin population sampling 

in western ontana. 

After bole section samples are cut from the tree 

they are removed to the laboratory, placed in rearing 

cartons and the overwintaring larvae forced to emerge. 

Several different types of rearing cartons have been 

tried and used (41, p. 2) but the most efficient seems 

to be five-;allon cylindrical cardboard ice cream cartons 

(li, p. 3). Glass vials are inserted into one end of 

these sealed rearing cartons. By keeping the rearing 

room at approximately 7O0. and continuously lighted, 

photopositive larvae will emerge and crawl into the 

vials. Emerged larvae are counted daily. By comparing 

larval emergency from samples collected In units proposed 

for control, It can be deterIned II' sufficient hudworm 

populations exist to justify control that was recocmended 

on the basis of defoliation surveys. 

Pinal entomological justification of all 7 spruce 

budworm control projects in western Montana, northern 

Idaho and Yellowstone National Park in Montana and 

Jyoming between l92 and 1959, 1954 excepted, was based 

on results of forced emergency of overwintering spruce 



budworm larvae (14, p. 3) (15, p. 2) (28, p. 3) (34, p. 

6) (35, p. 2). 

Overwintering spruce budworm population data 

collected late in winter also can be used to predict 

damage that can be expected to occur in Douglas-fir 

forests the following summer. Carolin (6, p. 16) working 

in Oregon and I)enton (9, p. 6-7) (II, P. 5-8) (13, p. 4-5) 

working in Idaho were able to establish relationships 

between the number oÍ larvae overwintering on host trees 

and the degree oí infestation the following summer. In 

1953 Denton (14, p. 3) was able to successfully predict 

the degree of damage in a spruce budwora control unit on 

the basis of overwintering spruce budworm population data. 

3ince diapause requirements of overwintering 

spruce budworm larvae are fulfilled during the winter, 

investigators (lo, p. 2) have been cautious not to attempt 

to force emergence of overwintering larvae too early in 

inter.c tudies in Oregon (40, p. 33-35) show that 

sataple material can be collected in November before roads 

become blocked by snow, stored at accessible locations 

outdoors, and brought indoors to force larvae to emerge 

in midwinter. 

In western Montana, too, many roads are still 

blockec'by snow in late spring. Consequently spring 

collections of budworm-infested samples are difficult to 



make. Sampling points often must be planned for acces- 

sibility rather than for ideal sampling distribution 

(36, p. 5). 

An experiment was conducted in 1956 and 1957 at 

the 1issoula Forest Insect Laboratory to compare larval 

emergence from sample bole sections collected in fall and 

stored, wit that from spring-cut sections. In the fall 

of 1956 Terrell (36, p. 5-6) collected 210 bole sections 

from sample points in 5 proposed spruce budworm control 

units in western iontana. The bole sections were stored 

in burlap sacks in a rather tightly-packed pile on a 

ground-level concrete floor in a field insectary at 

Miss otile, Montana. 

Early in March, 1957, these bole sections were 

taken to a greenhouse and placed in rearing cartons to 

induce the overwintering larvae to emerge. Also in early 

March, fresh bole sections were cut at the fall couac- 

tion points that were accessible. These bole sections 

were also placeu in rearin. cartons in the greenhouse to 

induce larval emergence. Comparative data on larval 

emergence between the Lall-out and stored to spring-cut 

bole sections is shown in the following tabulation: 
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Larvae per square foot 
No. of a11-cut and Spring-out 

Unit Samples Stored Samples Samples 

1 9 8.7 42.1 
2 2 9.7 41.2 
3 7 14.4 74.7 
¡4. 3 2.6 9.6 
5 4. 9.3 43.5 

Larval emergence from fall-out and stored samples was an 

average of only 21.4 per cent as great as larval eerence 

from sprinß-cut samples. Results of this experiment indi- 

cated that diapause requirements of approimately 79.6 

per cent of overwintering larvae were not satisfied by 

these conditions of storage at the field insectary. 

The present study was planned to determine whether 

artificial temperature conditionin could force hibernat- 

Ing second-instar spruce budworm to emerge in fall or 

early winter and whether this population would be a 

relioble estimate of larval populations the following 

summer. It would be advantageous ii this particular 

phase of spruce budworm population sampling could be done 

in fall. In addition to the ease of getting sample bole 

sections out of the woods while roads are still passable, 

information on relative population estimates from areas 

considered for control would be availtb1e months sooner. 
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LITERATURE REVIW 

Only a small part .r the volwnlnous re3earch work 

on the spruce budworm has been directed toward Investi- 
atIn the diapause requirements which niust be iatIsÍied 

before second stage larvae will continue their develop- 
ment. This research work usually has Involved rearing 

successive enerations oi t e insect throughout the year. 
Objectives usually have been achieved by subjecting 
second-instar budwora to various treatments of time and 

temperature in an atteiapt to shorten the dlapause. 
The present study Is concerned with the possibil- 

ities of shortenin the diapause period as a prerequisite 
to sampling overwintering spruce budworin populations. 
Literature on diapause studies o1 the spruce budworm with 

this objective Is sparse, although a few authors have 

presented methods, technIcues and ideas concerning 

general studies of forced energence. Concerning spruce 

budworm populations on balsam fir in Ontario, Fettes 
(17, p. 131) states, 

"The technique for forcing hibernating larvae 
from foliage samples, utilizing the photo- 
positive reaction of the larvae, have been 
used with some success, but there is no 
certainty of the fraction of the larvae re- 
covered. Furthermore, the artiricial condi- 
tions set up in the laboratory or insectary 
may be detrimental to the larvae and cause 
abnormal mortality. The techniques also 
assume that the majority of the larvae hiber- 
nate in the foliage or on small twigs." 
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Harvey (19, p. 1) Induced second stage spruce buct- 

worin larvae to resuiie development o11owing a 15-30 week 

period or cold storage at a noar-rreezIn; teniperature. 

He relt that the resumed development was evidence tnat 

the cold storage period satisfied diapause i'equIremnts 

01, the larvae. k-fe concluded rroni his experiments that 

with only ¡amor exceptions spruce budworin reared under 

laboratory conditions with approximately natural photo- 

perious do retjuire a period or cold storage treatment or 

at least 10 weeks at 32i. He round that 14 weeks seemed 

to be the erfective storage time if the photoperiod was 

lengthened to 24 hours. 

Bergold (1, p. 17-23) found that second stage 

spruce budworrn larvae develop successfully f ol1owin, a 

period of artificial cold storage. He stored second- 

instar budworin in hibernacula for one week at 6°C., 

followed by 4-6 months at 1°C. The larvae become active 

after being exposed to 220G., and 60-80 per cent 

relative humidity. In this way he was able to success- 

fully rear 57 per cent or the stock. 

Cole (8, p. 2-5) explored the effect of cold 

temperature treatment on terialnating diapause of second 

stage spruce budworm larvae in southern Idaho. His work 

was done with larvae In hibernacula on 15-inch-long bole 

sections (billets) 01' Douglas-fir. Cole describes his 
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techniques as follows: 

"All logs (billets) were first stored for i 
week at a temperature range of 32°to 400F. 
After this period 4 billets each were stored 
under the following temperature-time condi- 
t ions: 

-2°F. 320-400F. 

B hours 7 days 
24 hours 14 days 
7 days 25 days 

At the arid of each period the billets were 
removed to a constant temperature room where 
the average daily ewnulative temperature was 
33.45 degrees." 

Cole surnuiarizes his results by stating, "Diapause of the 

overwintering larvae was broken by subjecting the larvae 

to (1) 32 to 400F. for 1 week, (2) -25°F. for S hours, 

and (3) 
7QO until emergence." 

Miller (31, p. 416-422) has thoroughly described 

two methods of asaessing second-instar budworm poj ulations 

in hibernacula. In the first method he collected foliage 

and bark samples and clipped them into small sections. 

The samples were placed in paper bags in a controlled- 

temperature room, first at 42°F. for 5 days, then at 320F. 

l'or approximately 26 weeks, and again at 4.2°P. for 5 days. 

Then the bags were placed in a rearing room at 72°-76°F. 

and approximately 70 per cent relative humidity, well 

sprayed with water daily for 3 days, dried on the fourth 

day, and placed in an emergence cage. The second method 
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differs from the first in that sa.p1es were collected In 

spring after larvae had overwintered under natural condì- 

tions, and In that the sampling unit was a whole branch. 

In both methods Miller adjusted the population by the 

percentage emergence figure obtained either from control- 

led experiments conducted simultaneously or froni dissec- 

tion of hibernacula. The percentage emergence of larvae 

from hibernacu1 ranged from 59 to 85 per cent in Method 

I and from 78 to 83 per cent in Method II. 

Miller concluded that if a choice were available 

Method II would be the better technique because the 

population overwinterd under natural conditions and no 

special facilities were needed to recover larvae from 

hibernation. 

Techniques of these research workrs Investigating 

spruce budworxa diapause requirements have been helpful 

in planning the present study. However, none of the 

methods described is wholly applicable to reach present 

objectives. eole's work lacks a percentage emergence 

figure by which the population can be adjusted. The 

others--Bergold, Harvey and Miller--present data on 

percentage of larval emergence but the periods of cold 

storage described by theui are too 1on to be useful in 

sampling overwintering. spruce budworm populations in the 

northern Rocky Mountain region. In this Region 
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inroriîiation on overviinter1ng budworrn populations Is avail- 

able by the middle o1 April since sanipling usually begins 

the first 0:1 that month. If, tor exaraple, Method I of' 

i11er were used in thia Region, results would be avail- 
able no sooner than with present methods because cold 

temperature treatments could not begin until tha last 
week in September. It the period of' cold storage could 

be shortened, Method I of' Miller would be suitable to 

use in estimetiiìg overwintering budworni populations in 

the Northern Rocky Mountains. 

OBJJLCTIVI?S 

The immediate objectives of' this study were to 

deterraine (1) whether artií'icial temperatures tor vary- 

ing lengths ol time would induce second-instar spruce 

budworm to emerge from hiberneoula, (2) what fraction of' 

the larval population would emerge with varying periods 

of' artiticiaJ.. temperature conditioning,,(3) what tempera- 

turo and length of' exposure would be required to cause 

maimuiu percentages of' larvae to emerge, and (4) what 

length cI' exposure to natural outdoor fluctuating 

temperatures would be required to cause muximwn 

percentages of larvae to emerge. 
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ME TilO US 

2o experimente were performed during this study 

to estiiiate percentages ol' larval emergence following 

various cold storage treatments. The first experiment 

aB conaucted to determine percentages of larval emer- 

gence from hibernacula established on natural spinning 

sites--Douglas-fir bole sections. From previous exper- 

ience it was expected that difficulties in examining 

bole sections for larvae established in hibernacula 

ni1êht render inaccurate the expression of larval einer- 

gence as percentages. Therefore in the second experiment 

percentages of larval emergence were dete:c:mined from 

larvae emerging from hibernacula established on artif i- 
dal spinning sites--gauze webbing in Fetri dishes. 

Although artificial, a very accurate assessment could be 

made of the nwuber of larvae established in hibernacula 

and the number of larvae emerging following cold storage. 

Field and laboratory methods are discussed in detail 
below. 

FIILD 

To obtain a quantity of second stage larvae es- 

tablished in hibernacula, almost 10,000 sixth stage 

larvae and pupae 01' the precedin. generation were 

collected and daily brou;ht to a field laboratory in the 



Bitterroot National Forest Live iai1es north of Sula, 

Montana. 

The rrìost intensive collecting o1 larvae and pupae 

was done in areas where recundity of fem1e moths was 

expected to be highest. Moth fecundity was 1aportant be- 

cause the more eggs obtained er moth reared, the nore 

second stage larvae would be available for the experinient. 

Studies made in Ontario (2, p. 443) indicate that fecun- 

dity of female adults is lowest in areas where larval 
starvation occurred because of insufficient new foliage. 
Collections were restricted, therefore, to areas where 

intensity of larval feeding on new growth was low to 

moderate. Techniciues developed by Buchanan (4., p. 1) in 

Colorado were used to make collections. 
At the field laboratory, larvae and pupae were 

separated from foliage and placed In one of four cages 

each enclosin a young Douglas-fir about 5 feet high 

(Figure 2). Egg masses deposited by ensuing gravid 

female moths were removed from cages each dey, but early 

in the mofning while moths were inactive. 
A laboratory technique developed by 3tehr (33, 

p. 424) in Canada was used for rearing second stage 

larvae that would be established in hibernacula on 

artificial sites. His teckmnicjue was modified for use 

under field conditions. As egg-bearing Douglas-f ir 
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Figure 2. Cage enclosing young Douglas-fir. Note spruce budworm 

moths clinging to screen and tree foliage. 

.. 

Figure 3. Petri dish with egg-bearing needles cemented to the bottom. 
Second-instar spruce budworm larvae ¡n hibernaculae appear 
as dark flecks ¡n the gauze on the parafiim cover. 
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need1s were taken from cages they were cemented to the 

inside oi the bottom half 01' a l'etri dish, over which was 

placed a paraflim coverin to ;hich previously had been 

attached a double layer of 2- x 2-Inch ordinary r;auze 

(Figure 3). ThIs in turn was covered by the other one- 

half of the dish. The equivalent egg output of one 

feniale was used per dish. Eaoh dish was placed In an 

envelope, which had holes punched in the under side, in 

such a waj that the gauze-parafilni was next to the holes. 

The envelopes, containing, the dishes, were placed hori- 

zontally on vooden racks which were constructed so that 

there was a vertical distance of approximately 3 inches 

between envelopes. The racks were placed in one ol two 

large cartons from which all light was e,cc1uded except 

from below. The cartons were attached to spruce trees 

about Live reet above the gi:ound (igu.re 4). khotoposi- 

tive first staue larvae hatching from egg clusters 

directly above the gauze were attracted to it by licht 

entering troni below and reached it by dropping (38, p. 

57). Approxizaately 320 ketri dishes containing second 

stage larvae in hibernacula were stored in this manner at 

the field laboratory until late October. 

One-half of the total number of eggs gathered were 

treated as above while the remaining one-half were placed 

on rough-barked trees for hatching. Fourteen small trees 
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Figure Li.. Storage carton attached to spruce trees five feet above the 
ground. Front panel removed to show wooden racks support- 
¡ng envelopes containing Petri dishes. 
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4-5" in dianieter, were selected which together had a 

total of 84 linear feet of the lower bole with rough- 

barked 5urface as a suitable habitat l'or overwintering 

larvae. Fir needles bearing the equivalent egg output of 

at least 2 feniale moths vere fastened to eoh 6-inch see- 

tion of bole. Fossible losses from wandering first stage 

larvae were minimized by placing egg-bearing needles 

close to eventual hibernating sites under bark scales 

(Figure 5). Some authors (16, p. 774) found that first 

stage larvae wander considerably before spinning their 

hibernacula, but others (23, p. 223) feel that if desir- 

able places are available larvae do not wander far before 

hibernating. Trees were banded with tanglefoot, both 

above and below the roug,h-barked area selected, to dis- 

courage apterous predators from feeding on unhatched 

eggs. The 168 six-inch bole sections were stored in 

situ until late October when the trees were felled and 

sectioned. 

During field collections and rearing, insect 

mortality which could have been caused by direct handling 

as avoided whenever possible. Sixth stage larvae were 

co'lected from trees and placed in rearing cages by 

handling foliage enclosing thei.. Forceps were used to 

extricate pupae from foliage and webbing enclosing them 

and to place them in rearing cages. During transfer, 
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Figure 5. Needles bearing spruce budworm egg masses fastened to 

Douglas-fir bote (2.5X): A S. B, new egg masses; C, 

5-day-old egg mass about 2+ hours before hatching with 

black head capsule of first-instar larvae visible 
through transparent chorion; D, eggs hatching. 
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pupae were grasped with rorceps by their erernaster. For- 

ceps were also used in handling egg-bearing needles. 

LABORATORY 

To determ.ine the effect of cold teinDeratures on the 

length of' diapause of the spruce budworin the following 

cold storage treatments were chosen: artificial cold 

storage at constant temperatures of -LF. (-20°C.), 10°F. 

(-12°C.), and 320F. (0°C.); and natural cold storage at 

fluctuating outdoor temperatures at a field insectary. 

Why these particular treatments were chosen is explained 

in the following paragraph. 

Insects vary In their thermal reuirexuents for 

diapause development (24, p. 54-55). Many insects from 

temperate climates with moderately severe winters have 

been found to respond most readily to temperatures with- 

in the general range 0°C. to l200. There are exceptions. 

For eÁainple, diapause development In the tent caterpillar, 
Malacosoma disstrla (Hbn.) falls of below the thermal 

optimum (2°C.) but remains appreciable at -50C. Further, 

in the sawfly, Gilpinia polytoma (Hartig), diapause can 

be completed at -100C., while a temperature of 1000. Is 

too high Tor satisfactory diapause development. $ince 

temperature requirement for diapause development in 

second-instar spruce budworni probably is not too 
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di::rerent from that of other forest Insects oi: temperate 

climates described above, the cold temperature treat- 

ments mentioned in the preceding paragraph were chosen. 

Introduction to Cold Storage 

Near the end of October at the field laboratory, 

the Petri dishes were taken from the storage cartons and 

numbered consecutively from i to 320. The six-inch bole 

sections were numbered from i to 168 beginning with the 

lower-most section of tree ¿1 and ending with the upper- 

most of tree 1l4. t the saiae time, ends of each bole 

section were sealed with paraffin to retard drying. The 

entire group of bole sections and Petri dishes was then 

taken from the field laboratory and removed to a field 

inseetary at Missoula, Montana, where they were randomiz- 

ed into 4 groups 01' 42 and 80, respectively. 

The transfer of bole sections and ketri dishes 

from the field laboratory to the field inseetary was made 

as efficiently as possible to keep abrupt temperature 

changes to a mlnimriwn. ixperiments with early-instar 

spruce budworm In Connecticut (3, p. 5-6) indIcate that 

sudden changes in temperature have a much more adverse 

effect on larvae than gradual changes. 

At midday on October 23 placement of bole sections 

and Petri dishes in their respective cold storage units 
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was begun. The temperature at the insectary at this time 

was 41°F. Forty-two bole sections and 80 ±etri dishes 
were placed directly into 2 household refrigerators at 

)2 1. Eighty-four bole sections and 160 dishes were 

placed in a cold temperature cabinet at 34°F. To prevent 

larvae from suddenly being exposed to rapid temperature 

changes, temperature of the cabinet was gradually lowered 

to -4 F. as follows: 

Cabinet 
Temperat ure 

Date Hour Lowered Ironi 

Oct. 23 6:00 p.m. 34°F. to 2°F. 
Oct. 24 6:00 p.m. 28°F. to 20°F. 
Oct. 25 9:00 a.ra. 200F. to 15°F. 
Oct. 26 3:00 p.m. 15°F. to 4F. 
Oct. 27 8:00 a.xn. 4°F. to -4°F. 

Cumulative 
No. Hours Hours During 
At Lowered Temperature 
Temperature Lowering 

5 5 

24 29 
15 44 
30 74 
17 91 

ahile the cabinet temperature was at 150F. on October 25, 

42 sections and 80 dishes were removed and placed in a 

locker in a cold storage locker plant whore temperature 

was maintained at 10°F, Material was transferred from 

the cabinet to the locker plant in a 5-gallon insulated 

container which was pre-cooled to 15°F. The 42 sections 

and 80 dishes reivairilng in the cold temperature cabinet 

were further cooled to -4°F. Forty-two sections and 80 

dishes reaained at the field insectary where they were 

to be exposed to daily fluctuations in temperature. 

By midday on October 27, all bole sections and ketri 
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dishes were in their respective cold storage units. 

Period of Cold 3tora&e 

During the period or cold storage, bole sections 

and Petri dishes were arranged in their respective cold 

storage units .in such a way that air circulation among 

them would be most efficient. Log bole sections were 

stored vertically end to end. Dishes in envelopes were 

stored in flat layers with 1-inch square wooden sticks 

separating each layer. A recording therniograph was used 

to maintain a continuous record of temperatures in the 

cold temperature cabinet, in the locker at the cold stor- 

age plant, and at the field insectary. Space did not 

permit the use of a recording thermograph in the house- 

hold refrigerators. However, two maxiniuxi-min1mum 

thermonieters were placed in each of the two refrigerators 

and temperatures were checked daily. This technique did 

not supply a continuous tenperature record but it did 

enable temperature fluctuations to be detected and 

corrected. 
Twenty-seven days after the experiinnt began, the 

valve controllin: the refrigerant in the cold temperature 

cabinet became defective. Before it could be repaired, 

temperature in the tank warmed f roL -40P., to 20°F. 

Repairs were made ililmediately and seven hours later the 
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temperature had returned to _40F. However, all larvae in 

the first group of L .etri dishes taken from the cabinet 

following this mishaj. were dead. lour more dishes were 

removed and in these, too, all larvae were dead. Death 

of these larvae indicated the detrimental effect abrupt 

temperature changes may have on second stage spruce bud- 

worm larvae in hibernacula. At this point cold storage 

treatment in this cold temperature cabinet was discontin- 

ue d. 

Removal from Cold 3torage 

At midday on October 31, and every four days 

thereafter for a period of 8u days, four dishes and two 

6-inch bole sections were removed from each cold storage 

unit and from the field insectary to the rearing room. 

As rauch as possible, temperature and relative humidity in 

the rearing room were maintained at 7O8O0F. and from 60 

to O per cent, respectively. Material from the two 

refrigerators at 320F. and from the field insectary was 

taken directly to the rearing room. Material from both 

the cold temperature cabinet at -40F. and the cold stor- 

age locker at 10°F., was broußht to rearing room tempera- 

turc gradually by placing it in a 5-gallon insulated 

container. 



Every 4 days, 2 bole sections and 4 PetrI dishes 

from both the cold storage locker and the cold tempera- 

turc cabinet were placed in the insulated container which 

was then placed in the rearing room. nS the temperature 

within the insulated container warmed to rearing room 

temperature, it was measured with two 28-guage copper- 

constantan thermocouples connected to a "queen" portable 

potentiometer. It took approximately seven hours for 

teniperature within the container to warm to rearing, room 

temperature. Then the two temperatures were in e'uili- 

brium., the Petri dishes and bole sections were removed 

from the container. 

Petri dishes and bole sections then were handled 

as follows: k-etri dishes were taken from the envelopes 

and placed on :lass shelves illuminated from below by 

continuous light but shielded from all other liht 

('igure 6). As larvae emerged froni hibernacula they were 

attracted to the light and dropped to the bottom of the 

dishes. 

hach six-inch bole section was placed in a 

5-gallon cylindrical paperboard ice cream carton. A 22 

x 100 mrii. pyrex shell vial was placed into a reinforced 
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iae: 
Figure 6. Petri dishes on glass shelves illuminated from below 

by continuous light. 
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hole In the lid of each carton (Figure 7). small ztick 

about the size of a wooden match was tapped into the end 

of each bole section in such a way that it extended out 

into the vial when the lid was placed on the carton. 

Cartons then were placed on shelves in the rearing roon 

(ìigure 8). Newly-emerged second-instar budworm, being 

strongly photopositive (39, p. 169), were attracted by 

continuous room lieht and crswlea out onto the sticks and 

into the vials. 

Recording and djusting EierKenoe 

Two days after beine placed on one of the glass 

shelves, each dish was removed for approximately 10 

minutes while hibernacula established in the gauze were 

thoroughly examined for living and dead larvae. 

During this exaraination lt was noted that nearly 

all dishes contained some dead and desicoatec second 

stage larvae on gauze outside of their hibernacula. This 

was of interest since Harvey (18, p. 1) found similar 

occurrences when examining laboratory-re arad material 

following cold storage at 32°F. He noticed that larvae 

would leave the hibernacula soon after the second molt. 

According to Harvey (20, p. 554-556), these individuals 

nay correctly be called "non diapause" Insects and their 
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Figure 7. Cylindrical carton with 6-inch Douglas-fir bole section, 

cover, and pyrex shell vial. 

__i 

Figure 8. Cylindrical cartons on shelves in rearing room. Emerging 

larvae crawl into the vials on sticks protruding from 

Douglas-fir bole sections within the cartons. 
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deve1opiient referred to as "diapause £ree." At least in 

laboratory-reared stocks apparently 3-4 per cent of the 

larvae from each generation reu1re no period of arrest- 

ed growth. 

In examining hibornacula, each was gently touched 

with the tip of a soft camel's hair brush. Live larvae 

would react by instantaneously withdrawing the part of 

their body nearest the stimulus. ior each diah the 

living, dead, and total number of larvae ;as recorded, 

and the percentage living wac calculated. An average 

percentage of larvae alive in the Petri dishes follow- 

ing cold storage was then cornputed for each of the 4 

treatments. 

Soon aftei the dishes were placed on the shelves, 

larvae began to emerge from theii hibernacula in the 

gauze in the dishes. they emerged they were counted 

daily. ;hen six days passed with no larval emergence in 

a particular dish, that diah was removed froia the shelf. 

Total larval emergence in each dish was expressed as a 

percentage oi total number of larvae alive in hiberna- 

cula in that dish two days after it was taken from cold 

storage. An average perconta of larval emergence was 

then computed for each 4 dishes taken fron each cold 

storage treatment every 4 days e 
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Larvae emerging from hibernacula on each 6-inch 

bole section were also counted each day. When larval 

emergence ceased, each bole section was thoroughly exam- 

med with a high-magnification reading class Tor 

hibernacula containin. uneniergeci larvae. This was done 

in order to express larval emergence fro:ri bole 3ections 

on a percentage basis. Since each si;-inch bole section 

presumably supported unecjual numbers of larvae in 

hibernaoulae, larval emergence expressed in whole numbers 

as the number of larvae per section or per square foot 

would have been meaningless. 

Because of technique difficulties in exarining 

bole sections tor unemerged larvae, discussed in detall 

on pages 48-51, it is doubtful 1f eaminers recovered 

all larvae. However, since bole sections were all nearly 

the sane size it was felt that by examlnin, each section 

Tor an 6qUl period of time, a proportionate number of 

hibernacula would be recovered Train each one. Any 

obviously larger or smaller than average sections were 

exaiuined for a longer or shorter timo, respectively. 

There is also doubt that all of the unenierged 

larvae in hibernacula found during the examination of 

each bole section were alive when that section was 

removed from cold storage several weeks prior. 
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Therel'ore, the number of unemerged larvue round during the 

examination was adjusted by a reduction coi respond1n to 

the average percentage o1 larvae lound dead in hiber- 

nacula in the Petri dishes following similar cold storage 

treatments. The total larval emergence from hibernacula 

on each bole section was then expressed as a percentage 

of the adjusted number of larvae alive following cold 

storage. An average percentage of larval emergence \as 

computed for each 2 bole sections taken from each cold 

storage treatment every 4 days. 

RESULTS 

Percentages of larval emergence from Petri dishes 

(i:igure 9) were dissimilar to percentages of larval 

emergence from ble sections (Figure 10). Because of 

these discrepancies in percentages of larval emergence, 

results of each method are presented separately in the 

fïrst two sections below. The third section belovi is 

concerned with larval mortality during cold storage. 

LARVAL EMERGENCE IN PETRI DISELS 

Percentages of second stage s truce budworin 

larvae emerging from hibernaeulae spun in gauze in 

Petri dishes following various periods and intensities 

of cold storage are presented graphically in Figure 9. 
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Figure 9. Comparison of the effect of lenyth of cold storage on the erneryence of overwinteriny 
second-instar spruce budworm larvae from hibernaculae established In gauze In Petri 

after (A) natural cold storage at fluctuatjn temperatures in an outdoor Ins,ct- 
ary, and (B & C) artificial cold storaye at constant temperatures of 32SF. , and 10F., 
respectively. Avera9e percentage emeryence for each u-day period of cold storage was 
computed from the percentage of larval emergence from 4 Petri dishes. 
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These saine data are presented in detail in tabular Íorm 

in Tables 2, 3 and 4. Length of time larvae were In 

cold storage at the outdoor insectary, expressed In 

Figure 9(a) in ternis of "calendar days" is also expressed 

in terms of "degree days below 42°F." in Table 1. 

Regardless of the cold storage treatment, artifi- 

cial constant temperatures or natural fluctuating tern- 

peratures, there was no appreciable larval emergence 

until larvae were subjected to (1) 32°F. or lO0F. for at 

least 32 days (Figure 9 (B&C)), or (2) natural outdoor 

fluctuatInr temperatures for at least 32 calendar days 

(Figure 9(a) or for 202 degree-days below 420F. (Table 1). 

The highest percentage of larval emergence follow- 

Ing any one of the 3 treatments was approximately 22 

per cent. It occurred following cold storage at natural 

fluctuating temperatures at the outdoor insectary for 

40-44 calendar days. (Figure 9(A). This peak emergence 

decreased moderately to a low 01' about 18 per cent after 

the cold storage period was extended to 76 days. 

Insufficient larvae established in hibernacula forced 

this treatment to be terrLi.Inatod at 76 instead of SO days. 

Following cold storage treatments at artificial 

constant temperatures of 320F. or 10°F. for 48 and 40 

days, resectively, approximately 15 per cent 01' the 
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Table 1 

Accumulated degree days below 42°F. during a 

period of natural cold storage a fluctuating tempera- 
tures at the outdoor insectary.J 

:No.of 
:Calendar 
:DayS or : : Accumulated 
:Cold : Degree Days : Degree Days 

Date :3torae : Below 42°F. : _B1wj°F._ 

Sept. 18-Oct. 24 (period prior to cold storage) 46 
October 25 0 0 46 

28 4 0 46 
November 1 8 3 49 

5 12 27 76 
9 16 28 104 

13 20 13 117 
17 24 138 
21 28 50 188 
25 32 14 202 
29 36 24 226 

December 2' 40 22 248 

7-' 44 32 280 

/f Accumulated degree days were calculated by adding the 
differences obtained when subtracting the mean 
temperature for each day from 42°F. If the difference 
was negative it was considered zero. Mean tempera- 
tures were coiputed using U.S. Vleatber Bureau 
technicjues, i.e., of the stun of the maximum and 
minimum temperatures. 

£/' ocumulated degree days were not computed beyond this 
period of cold storage since the highest percentage 
of larval emergence occurred following 40-44 calendar 
days or 248-280 degree days of cold storage. 
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larvae emerged after bein exposed to rearing room tem- 

perature of 700F. This was the peak of larval emergence 

with the 32°F. treatment but a second peak, slightly 

higher than the first, occurred with the 10°F. treatment 

following cold storage for 56 days (lIgure 9 (B & C)). 

Following the peaks, percentage of larval emergence 

decreased rather sharply, in both the 320P. and the 100F. 

treatments, to less than 5 per cent at the end of the 

cold storage period. 

The 15 per cent larval emergence following cold 

storage at 32F., for 4k3 days, discussed in the paragraph 

above, Is considerably less than Harvey (21, p. 1205) 

produced. He induced almost 70 per cent of the larvae 

to emerge after cold storage at 320F. for 6 weeks 

followed by a 24-hour photoperiod for 55 ays in the 

rearing room. Difference between his results and results 

of this study probably is due at least in part to length 

of photoperlod. The effects of photoperiod length are 

described in detail on pages 45-47. 

LJRVAL EMERGENCE FROM B01 SECTIONS 

Percentages of second stage spruce budworm larvae 

emerging from hibernacula spun beneath bark flakes on 

Douglas-fir bole sections following various periods and 



intensities of cold storage are presented graphically in 

F1L;ure 10. These same data are presented in detail in 

tabular form in Tables 5, 6, and 7. 

Figure 10 purposely was prepared identical in 

style to Figure 9 so percentages of larval emergence 

from bole sections could be coxared with percentages of 

larval emergence from the Petri dishes for equal periods 

and intensities of cold storage. 

Several things indicating an inconclusiveness of 

the results presented in Figure 10 are pointed out as 

follows: (1) absence of any larval emergence following 

any period of cold storage at 10°F., (2) erratic dis- 

tributions of larval emergences following cold storage 

at outdoor temperatures and at 32°F., (3) absence of any 

emergence following cold storage at 32°F. for 48-64 days, 

and (4) dissiiìilarity in percentages of larval emergence 

between Figures 9 and 10. 

Difficulties 01 the technique of assessing, spruce 

budworm populations on bole sections, which are in part 

responsible for discrepancies in percentages of larval 

emergence between the two methods, are discussed in 

detail on pages 48-51. 
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Fiyure IO. Ciiparison of the effect of 'ength of cold storage on the emerjence of overwirttering 
second-instar spruce budworm larvae, from hibernaculae established beneath the bark flakes 
onDoulas-fir bole sections, after (A) natural cold storage at fluctuating temperatures 
in an oùtdoor insectary, and (3 t C) artificial cold storage at constant temperatures of 
32°F. , and 10°F. , respectively. Averaje percentage emergence for each a-day period of 
cold storage was computed fron, the percentage of larval emergence from 2 bole sections. 
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LARVAL MOiTiLITY DURflG COLD STOiìAG 

On 30-34 a riethod is described whereby larval 
mortality attributable to cold storage treatments was de- 

terndned. Average percentages of 1&rvae alive in Petri 
dishes following cold storage treatrn3nts were as ío11ows: 

89.8 per cent of those which had been in cold storage at 

the field insectary, 84.7 per cent ol those in cold 

storage at 320F. and 70.7 per cent of those in cola stor- 
age at lO. Until the meehanic1 ai1ure of the cold 

temperature cabinet occurred (explained on page 26), 

approximately 65 per cent of the larvae were alive in 

their hibernacula in this cold storage treatment of -4°F. 

$urvival percentages 1ised in the previous pare- 

graph indicate a higher percentage of larval mortality 

with lower cold storage temperatures. Percentage of 

larval mortality following cold storage at 320v., how- 

ever, was considerably higher than that found by others. 

Brown (3, p. 6) found that a temperature of 31°F. for 

68 hours had practically no killing effect on second- 

instar spruce budworni. Harvey (19, p. 6) found mortality 

of larvae in hibernacula stored at 320Y. for 30 or 35 

weeks in the laboratory to be negligible. 
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DISCUSSION 

Three points were brought out in the results of 

this study which reiuire further elaboration or expl3na- 

tion. They are: (1) dirrerences in peroentage of 

larval enierenee between etri dishes and bole sections, 

(2) differences between percentages of larval eniergence 

following cold storage at artificial constant ternpera- 

tures and percentages f ollowin cold storage at natural 

fluctuating temperatures and (3) the technique of ex- 

pressing period of cold storage as accumulated degree 

days below 420F. These three points are discussed in 

detail below. 

DISCREPANCTh'S DT LARVAL E!1RGENCE BETWEEN PETRI DISHES 

AND BOLE CTIONS 

Larval emergence from hibernacula in gauze in 

Petri dishes (1igure 9) was consistently greater than 

larval emergence from hibernacula spun beneath bark 

flakes on bole sections (igure 10). ¿everal factors 

could be responsible for higher percentages of larval 

emergence from ì-etri dishes for comparable periods of 

cold storage treatment. The factors are discussed and 

evaluated below. 
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1. Relative hwnldlty In the rearing room. In 

the past some investigators felt that larval eiaergeric 

was influenced by the amount or moisture in bole seo- 
tions, twigs, and/or rouage on which first-instar 

spruce budworm had spun hibernaeu.la. In most cases lt 

was the drying oV this material that caused most concern. 

Some researchers attained high humidities in rearing 

cartons by molstenin iiateria1 prior to placing lt in 

cartons for larval eniergence. In New Haven, Connecti- 

cut, in Tanuary and February of 1950, Dowderi and 

Carolin (3, p. 9-10) found that regardless o1 the typo of 

rearing carton used, very few, if any, larvae emerged 
unless a supply of moisture was provided. They sprayed 

foliage lightly with water and lined roaring cartons with 

paraffin paper. They did not, however, experiment with 

the type of rearing carton used during the present 
study--a 5-gallon cylindrical ice cream carton. Also 

in their studies they used twigs which probably dry much 

faster than do tree bole sections, 

Denton (11, p. 3) in Idaho, lined 5-gallon ice 

cream cartons with moisture-proof paper to keep 

evaporation and bark drying at a minimum. Larval orner- 

genes was greater from these lined 5-gallon containers 
than troni that obtained previously troni unlined, 

rectangular, cardboard bOÁ.e5. However, he did not 
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compare larval emergence between lined and unlined 5- 

gallon cartons. An unlined 5-gallon ice creani carton 

is much niore nioisture-roof than an unlined, ordinary 

cardboard box. 

Later work during the winter of 1951-1952 at 

ì'ortland, Oregon (41, p. 7) showed that excessive humid- 

ity occasionally was encountered with th3 5-gallon type 

01' rearing carton. At times mold formed on the logs and 

excessive humidity was sometinies indicated when moisture 

would accumulate in emergence vials. 

MIller, (31, p. 422) workIng with balsam fir, 

found that i foliage was too wet before it was placed in 

emergence cages fungus growth soon developed and samples 

had to be discarded. However, he also found that mortal- 

Ity of larvae in hibernacula would increase if foliage 

was too dry. Foliage, as well as twigs, undoubtedly 

dries much faster than does bark on tree bole sections. 

Other work has shown that excessive moisture could 

be more important in retarding larval emergence than 

excessively dry conditions. Laboratory observations 

(39, p. 169) show that saturated air depresses the 

locomotor activity of all instars of spruce budworm. 

Because of experience of others no attempt was 

made during this study to regulate relative humidity 

within cartons. Rather, an attempt was made to 
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regulate relative humidity in the rear1n room at approx- 

imately 60-80 per cent dur1n tue period when larvae 

were eniergin. There was no way io ooinpltely control 

hwnidlty so some daily fluctuations were unavoidable. 

ixcetionaily high and low humidities were avoided as 

Lauch as possible by openinß and closing outside windows, 

by the use of eireulatin fans and by placiní open- 

topped contaiixer of water on steam radiators. 

earing room humidity did not appear to be de- 

trimental to larval emergence froa hibernacula 

In ketri dishes. n occasional dish was taken from the 

shelf, after it had been there for several days f ollowin 

cold storage, and examined for larvae still alive but 

uneznerged. One such dish which had been on the shelf 

since December 6, was removed and examined on beceznber 

23. Of 154 larvae in the dish, 147 were still active 

and moved readily then hibernacula enclosing, them were 

disturbed. 

Relative humidity in the rearin(; room durinç the 

period of larval emergence probably was not responsible 

for the low incidence of larval emercence froxi hibernac- 

ula on bole sections. 

2. £hotoperiod. Length of photoperiod is one of 

several factors influencing both onset and termination of 



46 

diapause in insects (24, p. 13,65). Harvey (19, p. 6) 

found 1enth of photoperiod affected the percentage of 

spruce budworm larval emergence after various periods 

of cold storage. He describes the effect of photopexiod 

on larval emergence from Petri dishes as follows: 

"After six weeks storage (at 32°F.) the 
physiologioal processes of diapause which 
liiiiit further growth and development have 
been completed in only a small proportion 
of the insects - those emerging within the 

initial period. Under most conditions the 
remainder of the insects cannot proceed 
with their development and eventually die. 
Ir, however, these insects \vhioh cannot 
energe are subjected to continuous light 
they do emerge, after a short time and 
continue their development. In other words 
the continuous light has somewhat the same 
effect at this stage as further cold trest- 
ment. After 1 weeks storage there is 

little of this effect left, as mi.ht be 

expected, since by this timas the cold 
treatment has been long enough to make most 
of the insects capable of resuming their 
development." 

Harvey found that exposure to any photoperiod, even con- 

tinuous 1ijht, failed to produce appreciable emergence 

fter storage for less than four-six weeks. Even after 

six weeks storage at least ten days of cintinuous light 

were needed to effect emergence of larvas which ou1d 

not emerge in ni;re normal photoperiods. 

During the present study, Petri dishes were 

removed from shelves four or five days after the initial 
emergence period. There was no possibility, therefore, 
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for insects not emerging during the Initial emergence 

er1od to elaerce later after further exposure to continu- 

ous 1i:ht. 

Length of photoperiod pprent1y was not 

responsible for the higher ercentae of emergence of 

larvae from hibernacula in Petri dishes. 

3. Light striking hibernacula. :iht intensity, 

as well as length of photoper1od, probably has some in- 

fluence on behavior of second stage spruce budworm 

larvae in hibernacula. 

A limited experiment at the Missoula Forest Insset 
Laboratory has shown that the amount of light enteinp. 

the emergence carton or container nay affect incidence 
of larval emergence. Four 18-inch bole sections were 

cut from each of four budworni-infosted trees and ran- 
doraized into four groups. The eight sections in group 

one and two each were placed in one of eight five-gallon 
iearing cartons such as those used during this study 

(Figure 7). The four sections from group three were 

placed in a galvanized iron can with a flat lid to which 

was attached a one-half pint jar. The four sections 

from group four were placed in a similar galvanized 

iron can but having a cone-shaped lid. A bank of liFhts 

continuously illuiainated the vials on the rearing carton 

and cans. verage number of larvae emerging f roma each 
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of the four groups was as follows: 

Group Larvae per sg.ft. 

1 44.6 
2 70.4 
3 30.4 
4 71.5 

It is interestin: to note that iore than tv'jce as ivany 

larvae em.erged from the galvanized can with the cone- 

shaped lid (group 4) than from the galvanized can with 

the flat lid (group 3). Evidently light striking tha 

sides of the cone-shaped lid was projected inward caus- 

ing greater illwnination within the can. Larval emer- 

genoa from group 4 also was much higher than average 

emergence from croups i arid 2. Results ol' this experi- 

ment are by no means conclusive but they indicate that 

intensity of light striking bole sections may have some 

influence on the emergence of second stage larvae from 

hiberna cula. 

4. ExamInation of hibernating sites. Gauze in 

Petri dishes and rough-barked surfaces of tree bolo 

sections both were used as strata on which first stage 

budworm larvae could spin hibernacula. The formar was 

used because larval populations in gauze were easy to 

evaluate and the latter because tree bark is the natural 

stratum on which hibernacula are spun. It was siriple 

to determine the number of iibernacula spun in the gauze, 
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and the number of dead and living second stage larvae 

in hibernacula following cold storage. But, direct 

examination of bole sections to recover larvae in hiber- 

nacula, in order to express larval emergence from bole 

sections on a percentage basis, was attended with certain 

difficulties. 

The technique is tedious, time-consuming, and at 

times inaccurate, Hibernacula are so small and so con- 

cealed that to find them all would seem to be nearly 

impossible. Nevertheless the technique has been used by 

other workers. In a study to deterLilne some of the causes 

of mortality of overwintering spruce budworm larvae, 

Jaynes and Speere (23, p. 223) minutely examined, twig 

by twig, with a binocular microscope, an entire 6-foot 

balsam tree and expressed their results as percentages 

of the total population round. 

During the present study, too, results were ex- 

pressed as percentages of the total population found. 

However, an adjustment had to be made in this total 

population recovered since lt is doubtful that this en- 

tire population was alive followin cold storage. 

It was impossible to examine bole sections inmed- 

iately following cold storage and before mergenoe began, 

as was done with the ietri dishes, because all bark 

flakes had to be removed in searching for concealed 



50 

hibernacula. It this would have been done prior to einer- 

gence, the sarap].e obviously would have been destroyed. 

o of necessity the examination was made when larval 

emergence had stopped. .n assu.mption was made that per- 

centages of larvae still J.Iving following the cold stor- 

age period were the same as percentages of larvae alive 

In the Petri dishes fo1lowin similar cold storage treat- 

ntent. On this assumption larval populations found on 

bole sections were adjusted by a percentage corresponding 

tu the percentage of larval survival in the Petri dishes. 

In other words, supjose for earple that during the 

examination 25 larvae in hibernacula were found on a six- 

inch bole section that had been in cold storage at 32°F. 

This nuiuber would have been reduced by 15.3 per cent, 

which was the average percentage of mortality that 

occurred to larvae In Petri dishes after cold storage 

at 320F. The number of larvae assumed to have been 

alive on this particular bolo section after cold storage 

would have been 21. 

Errors involved in accurately expressing larval 

populations on bole soction in terms of percentages 

were adLnittedly high. These errors--the physical 

difficulties of the technique in examining bole sections 

for tiny lilbernacula, and assumptions that had to be 

made in order to adjust the larval population recovered-- 
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were no doubt lurgely resonsible for erretic percentages 

of larval emergence that were realized from the bole 

section method. 

5. Sample size. Variances of sample means are 

determined partly by sample sizes (25, p. 37); i.e., 

the smaller the sample size, us a rule the larger the 

variance between sample means. Sample mean variances 

probably were hi,her from bole sections than from. Petri 

dishes since for each period of cold storage average 

percentage of larval emergence was computed from only 

two bole sections but from four Petri dishes. Bole 

section sample size was unavoidably restricted to two 

by limited cold storage space. 

In addition to the smaller sample size, larval 

populations on bole sections were much lower than those 

established in gauze in Petri dishes. Of approximately 

200 first stage larvae successfully hatching from eggs 

on each six-inch bole section, an average of less than 

20 established thinselves in hibernacula. Lfl average 

of 87 larvae were established in hibernacula in Petri 

dishes. If larval populations on bole sections would 

have been higher, the accuracy of the attempt to 

express larval populations on bole sections would no 

doubt have been correspondingly higher. 
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Smaller sample size and low larval populations 

probably accounted in part for low and erratic percenta - 

es of larval emergence from bole sections. 

In swìimary then, discrepancies in larval emergence 
between Fetri dishes and bole sections are believed 

attributable to three causes: (1) inaccuracy in examining 

larval hibernating sites by direct examination oi bole 

sections, (2) smaller swple size in the bole section 

method, and (3) low larval populations established on 

bole sections. Not considered to be responsible for the 

discrepancies are: (1) relative humidity in the rearing 

room, (2) length of photoperiod, end (3) intensity of 

licht strIking hibernacula. There is no explanation for 

the complete absence of larval emergence from bole 

sections following cold storage for any length of time 

at 100F., or for 48-64 days at 320]. 

CON3TANT VS. FLUCTUATING COLD STORAGE TEMPERATUR1S 

Larval emergence from hibernacula following cold 

storage at fluctuating temperatures was consistently 

greater than larval emergence from hibernacula following 

cold storage at constant temperatures. This discrepancy 

merits some discussion. 

Literature contains numerous references concern- 

ing relative effects oí constant and fluctuating 
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tem.peratures on various life processes of insects and. re- 
lated arthropods. Most of the work has been concerned 

with the effect of these types of temperatures on the 

rate of insect development. 

Validity of work doria with constant temperatures 

is often questioned from the ecoloßical point of view, 

since temperatures in natural environments usually are 

not constant (7, p. 53). Although there is not general 

agreement about the advantage of fluctuating or constant 

temnperatu.res in insect development, there are instances 

of more beneficial effects of fluctuating temperatures 

on development of insects that normally undergo 

fluctuating temperatures in nature. 

nesults of some investigations on rate of develop- 

ment of the spruce buciworm, which normally is subjected 

to widely fluctuating temperatures during most of its 
life cycle, indicate fluctuating temperatures to be 

more beneficiai than constant temperatures. Harvey (20, 

p. 552) found average incubation period of spruce bud- 

worin eggs to be more than twice as long, in terms of 

Developmental Units with constant temn eratures, tren 

did MeGugan (29, p. 440) with natural fluctuating 

conditions. Miller (31, p. 418-422) obtained a higher 

percentage ol' larval emergence from a treatment in which 
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larvae had overwintered under natural conditions than 

from a treatment where larvae tiad been subjected to 

artificial overwinterinf. conditions of cold storag. at 

a constant temperature of 32°F. 

Fesults of the present study also indicate that 

diapause requirements of more second stage larvae in 

hibernacula are satisfied by natural outdoor fiuctuat- 

in: temp eratures than by artificiel constant tempera- 

tures. For equal periods of cold storage the average 

percentage of larval emergence following cold storage 

at fluctuatin outdoor temperatures (Figure 9(Â)) was 

consistently higher than average percentages of larval 

emergence following cold. storage at constant tempera- 

tures of either 32°F. (Iigure 9(B)) or 10°F. (Figure 

9(C)). 

The previous comparisons and citations are pre- 

sented to: (1) support results of the present study-- 

that cold storage under natural field conditions was 

more efficient in satisfying diapause reouirenients of 

overwintering larvae than was cold storage under 

artificial conditions, and (2) review other instances 

where effects of fluctuating temperatures apparently 

have been more beneficial than constant temperatures 

on phases of development of the spruce budworin. 
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COLD STORAE EJRESSED AS DEGREE DAYS BELOW 42°F. 

It did not seem entirely niean1nfu1 to express 

periods or cold storage at the outdoor Inseetary in 

terms of calendar days of cold storage since warm days 

probably did not contribute to diapause requirements 

of overwintering larvae. Therefore th period of cold 

storage at the outdoor insectary, represented as the 

abscissa of igure 9(A), was transformed into degree 

days of cold storage below 42°F., and presented in Table 

1. The following discussion is presented as an explana- 

tion or why this particular teohnijue of expressing cold 

storage was used. 

Many investigators have expressed the rate of 

development of plants and animals on the basis of so many 

developmental units, developmental degrees or degree days, 

above some specific temperature often referred to as a 

tbreshhold temperature or hreshhold 01 development. 

In 1894 Merriam (30, p. 212) in describing geographical 

distribution of animals and plants in North America 

assumed a temperature of 6°C. (4301.) to represent the 

onset of physiological activity in spring. He described 

the northward distribution of terrestrial animals and 

plants to be restricted by th sum of positive tempera- 

tures above 430ii. during. the season of growth and 



reproduction. 

Specifically with the spruce 

(29, p. 439-440) and Harvey (20, p. 

Developmental Units or degree-hours 

ing periods of incubation of spruce 

(37, p. 1.0), studying:; environmental 
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budworin, MoGugan 

552) both used 

above 420k. in express- 

budworm eggs. 7agg 

factors affecting 

spruce budworm growth in Oregon, used Merriam's principle 

of heat accumulation. He calculated degree days by 

subtracting the threshhold of development (42°F.) for 

grand fir from average daily temperatures. Degree days 

were then added to give accwnulated degree days. Hanson 

p. 2) states, of heat, an 

air temperature of 42F. has been (istermined as the 

threshhold for commencement of movement of second stage 

larvae." He refers to spruce budworin larvae. 

It seems logical that if spru3e budworm larvae 

are activated by air temperatures above 4201f. and if 

environmental factors affecting their rate of develop- 

ment can be expressed as an accuniulation of degree days 

above this temperature that the same principle could 

be applied to their period of inactivity below 42°F. 

In other words, the period of cold storage which satis- 

Lies diapause requirements of second-instar budworm in 

hibernacula could be expressed in terms of accumulated 
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degree days below 42°F. 

Coo). days in spring and early summer retard bud- 

worin development and are eceounted for when development 

Is expressed as an accumulation or degree days above 

42°F. It seems reasonable to expect, therere, that 

warm days in late fall and early winter would not 

contribute to diapause requirements during a period when 

cool temperatures are apparently desirable. If this is 

true, the ineffectiveness oi warm days during this period 

woU.d be accounted for if a period of cold storage were 

expressed as degree days below 42°F. 

In sumniary, work of others with budworm 

activity above 42°F., and the reasoning that principles 

of heat accumulation could be applied in accumulation of 

cold, led to the technique used in the present study-- 

that of expressing periods of cold storage at outdoor 

fluctuating temperatures on the basis of accumulated 

degree days below 42°F. 



C ONCLTJSIONS 

1. Cold storage conditioning at either artificial 

constant temperatures or natural fluctuating temperatures 

will satisfy diapause requirements of some second-instar 

spruce budworm overwintering in gauze in ì-etri dishes 

and enable them to emerge in fall or early winter, i.e.: 

À. Artificial cold storage of second-instar 

spruce budworia at constant temperatures of lO°P., or 

32°F., for 40 or 48 days, respectively, will enable ap- 

proximately 15 per cent of the larvae to emerge when 

placed in a rearing room at 70°F. 

B. Cold storage under natural conditions of 

fluctuating outdoor temperatures at a field insectary 

for approximately 40-44 calendar days or for 248-280 

degree days below 42°F. will enable approximately 22 per 

cent of the larvae to emerge when placed in a rearing 

room at 70°F. 

C. 0f A and B above, the latter is consider- 

ed the most satisfactory cold storage treatment to satis- 

fy diapause requirements of larvae overwintering in 

Petri dishes. This outdoor cold storage treatment is 

considered advantageous over an artificial constant 

temperature cold storage treatment because: (1) dia- 

pause requirements of a greater percentage of larvae 



are satIsfied, (2) larvae in cold storage are subjected 

to conditions very similar to those which they normally 

undergo in nature, (3) there is a lower incidence of 

larval mortality during the period of cold storage, nd 

(u.) no special cold storage facilities are required. 

2. Cold storage conditioning at either artifi- 
dal constant temperatures or natural fluctuating 

temperature will satisfy diapause requireinants of some 

second-instar spruce budworm established in hibernacula 

on Douglas-fir bole sections and enable them to emerge 

in fai]. or early winter. However the attempt to express 

larval emergence from bole sections as a percentage of 

total larval populations established on the sections was 

considered to be unsuccessful. The attempt failed 

primarily because of (1) the inability to accurately 

assess larval populations by direct examination of the 

bole sections and (2) low larval populations established 

in hibernacula on the bole sections. 

3, ±ercentages of larval emergence from hiber- 

nacula on Douglas-fir bole sections, the natural stratum, 

were not comparable with percentages froci hibernaculs in 

gauze in etri dishes, the artificial stratum, where 

accurate deteriainations were niade of percentages of 

larval emergence; and since bole sections must be 



used in the field application of this research, no recoin- 

niendations can be ¡aude or procedures given for fall 

sampling of overwintering spruce budworm populations in 

the northern ocky Mountain region. 
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Table 2.--Swrnary of second-instar spruoe budworia emerging 
rrom hibernacula in Petri dishes following 
periods Oí cold storage ut 3201. 

; :No. of ;No. of : 

: :Larvae :Larvae : 

:No. of :Alive :Exaerging ;ker Cent 
Petri:Days in :Following:Following:F'xuergexiee : Average 
Dish :Cold :Cold :Cold :Col. 4. . : Per Uent 
No. _:trg :torae :3torae :Col. 3 : Ernerenoe 

263 100 - - 

239 100 - - 

108 124 - - 

122 4 101 - - - 

171 75 - - 
228 141 - - 

273 61 - - 

90 8 141 - - 

195 60 - - 

155 7Ö - - 

169 38 - - 

4.7 12 4.8 - - 

270 72 - - 

236 132 - - 

248 107 - - 

267 16 75 - - 

225 95 2 2.10 
259 103 - - 

186 83 - - 

165 20 75 - - 0.53 

308 165 1 0.60 
36 78 1 1.28 

77 64 . 1.6 0.86 

177 24 89 - - 

159 97 1 1.03 
262 132 1 0.75 
185 80 - - 

232 28 88 - - 0.45 
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Table 2 - Continued 

; ;No. or No. of 
: :Larvae : Larvae : 

:No. of :Allve : Emer4ng :Per Cent 
Petri:Days in :Following: Following :Erergenoe: Average 
Dish ;Cold :Cold : Cold :Col. 4 ... : Fer Cent 
:o..: _:trg :Storae ! Storage :Col. 3 z Eraerence 

120 36 1 2.77 
54 - - - 

224 65 3 4.61 
274 32 21 1 4.76 3.04 

41 167 8 4.79 
304 93 - - 
83 108 1 0.92 

142 36 84 1 1.19 1.73 

80 77 6 7.79 
229 26 1 3.84 
257 114 3 2.63 
2E8 40 150 16 10.66 6.23 

10 116 2 1.72 
180 - - 

315 52 3 5.76 
226 44 69 5 7.24 3.68 

272 103 6 5.82 
84 75 17 22.66 

200 75 19 25.33 
105 48 19 4 21.05 18.72 

158 114 - - 
183 86 10 11.62 
13 14. 2 14.28 

298 52 136 19 13.97 9.97 

237 18 1 5.55 
160 88 2 2.27 

314 4.6 13 28.26 
107 56 89 7 7.86 10.99 



Table 2 - Continued 

- n - - ------------------------ 
:No. of :No. of : 

: :Larvae :Larvae : 

:No. of :U.ive :Emerging :er Cent 
Petri:Days in :Following:Following:.Eiiergence : Average 
Dish :Cold :Cold :Cold :Col. 4 : !er Cent 
No. _:Strag Stoae_ joae_ !C2.l 3 -_:Jegne_ 
213 97 6 6.18 
130 85 1 1.17 

91 3 - - 
208 60 95 5 5.26 3.15 

32 102 5 1,..90 
55 72 2 2.27 
18 120 2 1.66 

110 64 78 3 3.84 3.29 

61 105 8 7.61 
246 108 17 15.74 

9 90 - - 

277 68 136 11 8.08 7.86 

222 110 1 0.90 
50 98 5 5.10 

133 123 7 5.69 
255 72 116 6 5.17 4.22 

252 127 5 3.93 
23 114 6 5.26 

7 69 1 1.44 
44 76 98 13 13.26 5.97 

74. 111 1 0.90 
250 99 3 3.03 

45 105 2 1.90 
143 80 68 3 4.4.1 2.56 



Table 3.--Suinmary of second-instar spruce budworxa emerging 
from hibernacula in Petri dis..es following 
periods of cold storage at 10 F. 

: :No. of :No. of : 

: :Larvae :Larvae : 

: No. of :Alive :Emerging :Per Cent 
Petri : Days in:Following:Following:Emergence: Average 
Dish : Cold :Cold :Cold :Col. 4 : Per Cent 
No. : Storage :Storage :Storage :Col.3 :_Eiergence 

135 94 - - 
254 64 - - 
279 61 - - 
214 4 98 - - - 

34 59 - - 

43 76 - - 
215 28 - - 

104 8 25 - - - 

33 59 - - 
317 112 - - 
241 88 - - 

287 12 112 - - - 

306 47 - - 
82 12 - - 

65 74 - - 
216 16 104 - - - 

271 71 2 2.81 
99 102 - - 

94 24 - - 
150 20 69 1 1.44 1.06 

81 66 1 1.51 
211 40 - - 

48 95 - - 
230 24 16 - - 0.38 

3 81 - - 

194 72 1 1.38 
251 54 - - 
261 28 127 - - 0.35 



Table 3 - Continued 

: ¡No. or :No. of : 

: :Larvae :Larvae : 

: No. of :Alive :Emergin : i-er Cent 
Petri : Days in :Pollowin:Following: Einergence:Average 
Dish : Cold :Cold :Cold : Col. 4 .. :Per Cent 

i 3torage :Stoae_ Soae_ : 

64. 33 4 12.12 
20 56 - - 

240 75 1 1.33 
40 32 108 1 0.92 3.59 

114 50 4. 8.00 
203 107 3 2.80 
265 86 17 19.76 
201 36 112 3 2.67 8.31 

168 4.5 1 2.22 
120 2 1.66 

75 83 14 16.86 
115 40 18 7 38.88 14.91 

173 72 - - 

109 88 26 29.54 
4 91 6 6.59 

59 44 32 2 6.25 10.60 

95 91 7 7.69 
175 98 1 1.02 
198 116 38 32.75 
290 48 57 5 8.77 12.56 

179 76 2 2.63 
234 83 6 7.22 
112 149 8 5.36 
35 52 62 - - 3.80 

96 92 14 15.21 
258 81 22 27.16 
121 82 17 20.73 
282 56 127 5 3.93 16.76 



71 

Table 3 - Continued 

; ;No. of :No. at' : 

: :Larvae :Larvae : 

: No. of :Âlive :Exnerging : Per Cent 
Petri : Days in :Following:Followlng: Eniergence:Average 
Dish : Cold :Cold :Cold : Col. 4. . :ier Cent 
No, : Storage :Storae_ Soae_ : 

266 119 5 4.20 
307 89 8 8.98 
70 129 5 3.87 

123 60 69 4 5.79 5.71 

102 83 - - 

146 23 - - 

291 107 J. 0.93 
164 64 84 2 2.38 0.83 

26 - - - 

139 66 - - 

157 52 1 1.92 
86 68 76 7 9.21 2.78 

38 103 3 2.91 

156 69 - - 

278 22 3 13.63 
8 72 65 3. 1.53 4.52 

17 50 - - 
231 137 1 0.72 
161 88 - - 

299 76 80 2 2.50 0.81 

312 102 3 2.94 
128 34 1 2.94 
302 54 2 3.70 
311 80 115 1 0.86 2.61 
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Table 4.--Sunuuary of second-instar spruce budworni emerging 
from hibernacu.la in letri dishes o1lowing 
periods of storage in inseetary. 

; ;No. of ;No. of : 

: :Larvae :3merging : 

:NO. of :Alive :Lurvae :er Cent : 

Petri:Days in:Folloviing ¡Following :Emergence : Average 
Dish :Insec- :Period in :Period in :Gol. 4. . : Per Cent 

.o2_ _:ay_ :netrL :Insoay_:o1...3__ Emerence 

136 37 - - 

113 101 - - 

245 83 - - 

79 14. 64 - - - 

256 46 - - 

15 4.8 - - 

87 3 - - 

116 8 125 - - - 

293 116 1 0.86 
319 66 - - 

2 103 - - 

289 12 115 - - 0.22 

318 1 - - 
100 73 - - 

71 153 1 0.65 
281 16 22 - - 0.16 

1 153 1 0.65 
172 117 - - 
283 86 1 1.16 

78 20 86 - - 0.45 

140 70 - - 
42 132 6 4.54 

125 127 - - 
119 24 70 - - 1.14 

166 95 - - 
153 117 1 0.85 
264 175 1 0.57 

167 28 94 1 1.06 0.62 
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Table 4 - Continued 

; ;No. of :No. of 
: :Larvae :i'merging : 

:No. of' :Alive :Larvae :ier Cent 
Petri:Days in:Pollowing:Foilowing :Ernergence : Average 
Dish :InseO- :± 'eriod in:Period in :Col. 4 : Per Cent 
!o.: _:ay_ :Inseetar:InsectarL :001. : 

a5 83 7 8.43 
118 62 - - 2l 130 1 0.76 

6 32 114 9 7.89 4.27 

210 99 6 6.06 
152 82 11 13.41 
276 113 23 20.35 

60 36 55 2 3.63 10.86 

309 65 21 32.30 
52 59 10 16.94 

103 92 11 10.86 
134 40 32 9 28.12 22.06 

97 82 10 12.19 
197 119 20 16.80 

5 135 32 23.70 
300 44 136 49 36.02 22.18 

196 75 11 14.66 
187 153 36 23.52 
280 101 7 6.93 
111 48 61 17 27.86 18.24 

190 189 21 11.11 
37 120 8 6.66 

227 119 35 29.41 
170 52 104 8 7.69 13.72 

22 123 37 30.00 
106 9 1 11.11 
285 172 20 11.62 
101 56 100 33 33.00 21.43 



74. 

Table 4 - Continued 

. 

%1. .( 

¡riO. OL j:'4O. O 

: :Larvae :Emergin : 

:NO. of :Alive :Larvae :Per Cent 
Petri:Da.ys in :Following :Following :Enierence:Average 
Dish :Izisec- :Period in :Period in :Col. 4 . :er Cent 

ay_ :Inseotary:InsectarL :Col. 

76 2 5.26 
154 36 6 6.97 
2 112 7 6.25 

305 60 lii. 22 19.81 9.57 

9 5 1 20.00 
275 92 17 18.47 

62 52 14 26.92 
199 64 43 4 9.30 18.67 

217 44 10 22.72 
93 22 7 31.81 

15). 136 6 4.41 
11 68 110 24 21.81 20.19 

144 73 6 8.21 
243 148 26 17.56 
202 110 14 12.72 
131 72 111 25 22.52 15.25 

191 66 15 22.72 
219 91 16 17.58 
209 76 16 23.68 
138 76 69 3 4.34 17.08 

178 78 14 17.94 
127 101 61 60.39 
72 80 105 16 15.23 31.85 
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Table 5,--Su.rninary of seoond-instar spruce bixdworm 
emerging from hibernacula on Douglas-fir 
bole sections following periods of cold 
storage at 32°F. 

: :No.of : 

: :Larvae :No. of : 

: :Found. in :Larvae : 

:No. of :Hiber- :Emerging :Per Cent 
:Days in :nacula :Following:Emergence : iverage 

Log :Cold :on Bole ¡Coid :Col. 4 . : F er Cent 

±°__ :Storae:ection :Storage _:o3_'_ : Enier&ence 

82 12 - - 

116 L1. 7 - - - 

7 2 - - 

102 8 47 - - - 

150 31 - - 
140 12 61 - - - 

26 16 - - 

5 16 20 - - - 

17 4 - - 
92 20 14 - - - 

72 15 - - 
2 24 9 1 10.0 5.0 

13 23 2 8.3 
139 28 37 4 9.8 9.1 

73 17 - - 
144 32 35 1 2.8 1.1+ 

157 63 8 11.3 
6 36 22 1 4.3 7.8 

119 38 - - 

149 40 21 1 4.50 2.3 

31 16 6 27.3 
84 44. 14 - - 13.7 
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Table 5 - Continued 

-- - 
: :No.or : : 

: :Lavae ;No. of : 

: :?ound in :Larvae : 

:No. of :Hiber- :Emerglng :Per Cent 
:Days in :naøula :Following:Eniergence : Average 

Log :Cold :on Bole :Cold :Col. 4 . : Per Cent 
No. :Storage:Section _:trg _:o1._3 _:_Eene 

64 12 - - 

61 4.8 7 - - - 

6 15 - - 

36 52 26 - - - 

9 5 - - 

94. 56 14 - - - 

128 12 - - 

50 60 9 - - - 

104 9 - - 
122 64. 8 - - - 

117 4. - - 

93 68 10 2 16.7 8.4 

160 12 6 33.3 
57 72 36 3 7.7 20.5 

159 14 4 22.2 
156 76 19 4 17.4 14.8 

75 12 - - 
80 80 34. 4 10.5 5.3 

27 5 - - 

34 84 21 2 8.7 4.4 
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Table 6. -- 3uuary of second-instar spruce budworzn 
emerging from hibernaoula on Douglas-fir 
bole sections foll8wing periods of 
cold. storage at 10 F. 

; :No.of ; ; 

: :Larvae : No. of : 

: :Found. in : Larvae : 

:NO. of :Hiber- : Emerging :Per Cent : 

:Days in :nacula : Following :Emergence :Average 
Log :Cold :on Bole : Cold :Col. 4 . :Per Cent 
No. :Storage :SeetIon _:_SOae_ 

98 15 - - 

22 4 15 - - 

33 13 - - 

135 8 77 - - - 

41 11 - - 

25 12 5 - - - 

70 10 - - 

38 16 21 - - - 

28 5 - - 

151 20 27 - - - 

40 26 - - 

12 24 30 - - - 

115 15 - - 

4 28 16 - - - 

4.3 15 1 
11 32 28 - - - 

89 32 - - 

138 36 32 - - - 

65 7 - - 

45 40 4 - - - 

96 11 - - 

58 44 15 - - - 



Table 6 - Continued 

. . , 

: :No.or : 

: :Larvae No. oi' : 

: :Found in :Larvae : 

:No. of :Eiber- :Erncrging :Pcr Cent : 

:Days in :nau1a :Following :Eniergence: Average 
Log :Cold :on Bole :Cold :Col. 4 : Per Cent 
No. '3torao:Setion :torae 
67 17 - - 

18 43 12 - - - 

116 11 - - 

10 52 62 - - - 

35 13 - - 

23 56 3 - - - 

127 3 - - 

137 60 19 - - - 

21 8 - - 

155 64 17 - - - 

112 16 - - 

32 68 26 - - - 

ill 8 - - 

121 72 12 - - - 

79 27 - - 

4.4 76 26 - - - 

53 4 - 

129 80 9 - - - 

141 21 - - 

38 - - - 
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Table 7. -- Summary or second-instar spruce budworm 
emerging from hibernacula on Douglas-fir 
bole sections folloving periods oÍ' 
storage at an outdoor insectary. 

: :No. of : : 

: :Larvae : No. of : 

: :Found in : Larvae : 

:No. of :Hiber- : Emerging :Per Cent : 

:Days in :nacula : Following :Eiiergenoe:Äverage 
Log :Cold :on Bole : Cold :Col. ¿ :Per Cent 
i!o.: StoraeS8otio _:Soae_ 

71 38 - - 

14.7 4. 32 - - - 

19 14 - - 
106 8 - .- - 

16 13 - - 
146 12 

48 13 - - 
126 16 31 - - - 

167 lO - - 

69 20 20 - - 

20 4.0 1 2.4 
145 24 46 5 9.8 6.1 

133 5 - - 
131 2 7 - - - 

105 16 - - 
118 32 26 - - - 

8 7 - - 
152 36 

56 
2 3.4 1.7 

154 ¡4.8 1 2.0 
29 /4.0 34 - - 1.00 

142 22 - - 

109 44. 8]. 5 5.8 2.9 
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Table 7 - Continued 

: :No. of : : 

: :Larvae :No. oÍ : 

: :Found in :Larvae : 

:No. of :Hlber- :Emerging : Pr Cent 
:Day in :nacuL :Following : Linergence :Averae 

Log ;Cold :on Bole :Cold : Col. 4 .. :Per Cent :Ctorge:3etion _:tg _:_C,l : :Eeerence 

77 17 - - 

39 48 26 1 .7 1.9 

114. 25 1 3.8 
143 52 30 - - 1.9 

59 8 - - 

3 56 12 2 14.3 7.2 

100 14 1 6.7 
46 60 17 - - 34 

37 39 1 2.5 
52 64 6 - - 1.3 

30 29 3 21.6 
153 68 54 4 6.9 14.3 

110 23 - - 
108 72 5 - - - 

49 20 1 4.8 
168 76 21 - - 2.4 

14 26 1 3.7 
76 11 - - 1.9 

107 10 - - 

95 84 4. 2 33.3 16.7 


