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Forest Lands Research Center 

Its Purpose 
Develop the full potential of Oregon 's timber resource by: 

increasing productiveness of forest lands with improved forest 
practices. 

improving timber quality through intensified management and superior 
tree selection. 

reducing losses from fire, insects, and diseases-thus saving timber 
for products and jobs. 

Keep development of the forest resource in harmony with development of 
other Oregon resources. 

. . . Its Current Program 
Seed production, collection, extraction, cleaning, storage, and germination . 

Seedling production, establishment , and survival for new forests . 

Growth and development of trees, quality of growth, and methods of 
thinning and harvesting to grow improved trees. 

Study of forest fire behavior and fire weather to prevent fires. 

Insect pests and their control, to save trees. 

Disease control and prevention in Oregon forests. 

Mammal damage and the controls to help regrowth. 

Soils and their relatio_nship to growth. 

Development of improved forests through selection and breeding. 
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Abstract 
The spruce budworm is an important enemy of 

the Douglas fir-true fir forests in Oregon. It can be 
successfully controlled by aerial spraying with DDT. 

The influence of air temperature on spruce bud
worm growth, the growth of the host, and interrela
tionships between insect and host were studied on 15 
areas in northeast Oregon. The principle of heat ac
cumulation as advanced by Merriam was used. 

Growth of the spruce budworm was found to de
pend upon the growth of the host-grand fir. The 
growth of grand fir is related to accumulated degree 
days. Spruce budworm development on an area was 
best estimated from a consideration of the growth of 
grand fir in combination with the accumulation of de
gree days. Growth of the insect is also related to 
degree days. 

Insect development from the third to succeeding 
instars showed an ineffective relationship with time 
and an improved relationship with increase in accu
mulated degr~e days. 

The relationship of insect development to eleva
tion was determined for the La Grande data of 1953. 

Temperature data, gathered either by the United 
States Weather Bureau or by special stations using 
hygrothermographs set up in the forest, can be used 
for prediction of spruce budworm development. . 

For any one year, the development of the insect 
from a given date can be estimated for a future date, 
subject to all the year to year irregularities of temp
erature for the area. 
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Environmental Factors Affecting 

SPRUCE BUDWORM GROWTH 

... The spruce budworm, Choristoneura 
fumif erana (Clem.), was epidemic 
over nearly 3 million acres _of Douglas 
fir, Pseudotsuga menziesii (Mirb.) 
Franco, and true firs, Abies spp., in 
Oregon and Washington by 1950 (1) 
with most of the affected area east of 
the crest of the Cascade Mountains. 
Before the end of 1954 over 2,900,000 
acres of Oregon forest land had been 
treated for control of the pest at a cost 
of over $3,000,000, or about $1.05 per 
acre. 

Damage by the spruce budworm oc
curs as the larvae eat developing fo
liage, with three successive years of 
severe defoliation sufficient to kill a 
tree. Effective control of the insect 
can be realized when a maximum num
ber are in the fourth larval stage. 

A spruce budworm overwinters as a 
second instar larva under the protec
tion of scales on the twigs, branches, 
and trunk of the host tree. In the 
spring the larva begins movement 
when average air temperatures reach 
42°F. (8). During the spring it feeds 
on the developing foliage of the host 
and passes through four moults to the 
sixth instar. It pupates on the foliage 
and eventually transforms to the adult 
during summer. Eggs laid in masses 
on the needles by the adult ~atch into 
first instar larvae and then moult once 
to form second instar larvae by fall. 
The second instar hibernates. 

Instars before the fourth remain in 
a silken sheath on the foliage and are 
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not exposed to any spray controls. 
After the fourth instar the larvae for
age from the silken sheath and are ex
posed on the growing foliage. It seems 
to take about ten days for the insect 
to develop from the fourth to fifth in
star. Because of this pattern of insect 
development, precise timing of spray 
applications is essential. 

Effective control is realized by ap
plying a spray of one pound of DDT 
per gallon of petroleum carrier at a 
rate of one gallon per acre (2). The 
application must occur while the insect 
is in its later larval stages but before 
pupation. On the Meacham area in 
1951 the average in star prior to con
trol was 4.4 instars. 

Contracts for equipment and mater
ials must be let far in advance of the 
program. This situation is unavoidable 
although arriv,tl of !?lanes and men in 
the field too early results in excessive 
costs, whereas delayed preparedness 
results in inadequate control. 

To aid in administration of an aer
ial spray program, an estimate is 
needed of the approximate time of 
the insect's development to the fourth 
instar. The most logical approach to 
gaining the necessary information ap
peared to be a study of insect develop
ment as related to air temperature. 

J n the field, relationships between 
insect development and air tempera
ture could be used to determine the 
time at which the budworms were de
veloped enough to spray. 



History of Present Study 
Variations in the required time for 

insect development to a given instar 
were observed between large areas. As 
in 1950, the average fourth instar was 
reached at Roseburg about May 17, 
w_hereas at an average elevation of 
4,000 feet at Kinzua, it was reached 

on June 22, as illustrated in figure 1. 
Since these areas are extreme, and lie 
on opposite sides of the Cascade 
Mountains, they illustrate that calen
dar time is of no value in determining 
relative insect development on diverse 
areas. 
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Figure I. lnstar development of the spruce budworm for Roseburg and Kinzua in 1950. 

1Also, vanat10ns in insect develop
ment due to mountainous terrain were 
observed. Assuming that insect devel
opment is delayed one day for each 
100 foot increase in elevation ( 10), 
then a correlation is observed between 
the areas at Kinzua. Actual develop-
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ment to the fourth instar was retarded 
nine days in the climb from 3,000 to 
4,000 feet. The theoretical difference 
would be ten days. The relationship 
between Roseburg and Kinzua is much 
less exact, with an estimated develop
ment lag of 18 to 28 days for Kinzua's 



3,000 to 4,000 foot elevations and an 
actual development retardation of 26 
to 35 days. 

This relationship will not hold over 
widely separated areas, since it is im
probable that the same air mass will 
cover both areas. Within areas cov
ered by the same air mass, the rela
tion of insect development to elevation 
will be useful. 

What is the length of time before· 
each area reaches an average instar of 
5.0? Again there was no adequate an
swer in number of days. Indications 
were that the younger instars devel
oped faster, or with less total heat 
than the older. Due to the elevation 
differences, however, older instars at 
lower elevations could develop as rap
idly as younger instars at higher ele
vations in the same number of days. 
Although more heat was required to 
produce an instar of growth in the 
later instar~, with more heat available 
at the lower elevations changes from 
instar to instar seemed to require the 
same number of days at all elevations. 
The need was obvious for additional 
study of the development of the insect 
under field conditions. 

In 1951 an exploratory study was 
started concerning the influence of 

temperature on spruce budworm de
velopment under field conditions. From 
this beginning the study was expanded 
the following season and terminated 
in 1954. The study occupied fourteen 
separate locations in the Blue Moun
tain area of northeast Oregon (3), a 
generally mountainous area with char
acteristic timber types. Grand fir, 
Abies grandis; Douglas fir, and pon
derosa pine, Pinus ponderosa; occur 
below 5,500 feet, yielding to alpine fir, 
Abies lasiocarpa; Engelmann spruce, 
Picea engelmanni; and lodgepole pine, 
Pinus contorta in the higher eleva
tions. Ponderosa pine occupies the 
southern exposures and the firs the 
northern exposures. On the plateaus 
or scab rock flats, the distribution of 
species was probably influenced by 
soil, with the firs being replaced by 
ponderosa pine, juniper, Juniperus oc
cidentalis and mountain mahogany, 
C er co carpus ledifolius. Lower distri
butions of timber are various, depend
ing on soil and aspect. The timber ex
tends like fingers downward into the 
valleys to an elevation of about 3,500 
feet. 

In varying degrees the spruce bud
worm infested the major part of this 
area. 

Procedures 
The study was designed to disclose 

some of the environmental factors in
fluencing the development of the in
sect. Air temperature and soil temper
ature were studied in relation to insect 
development under field conditions. 
These are considered the two most im
portant physical factors since air tem
perature influences the movement of 
the insect and soil temperature the de-
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velopment of the host. The influence 
of the growth of the host on the 
growth of the spruce budworm is also 
studied. It is hoped that, with this in
creased knowledge, a better forecast of 
development can be made that will be 
of assistance in control operations. 

The principle on which the study is 
based is outlined. Study areas and the 
data collected are described. 



A Major Principle of Ecological Study 

A major principle applied in the 
study is one of the temperature laws 
of Merriam ( 4) which states: "Ani
mals and plants are restricted in north
ward distribution by the total quantity 
of heat during the period of growth 
and reproduction." 

This theory of temperature summa
tion utilizes the accumulation of heat 
above the threshold of development as 
an index for the distribution of plants 
and animals. The threshold of develop
ment is that temperature, on the as
cending scale, initiating growth in 

plants, and growth and activity in ani
mals. One degree of the mean daily 
temperature above the threshold of 
development is known as a degree day. 
Accumulated degree days are the ex
pression of accumulated heat. 

Pearis ( 5) and Cook ( 6) have uti
lized this principle in the study of in
sect activity. Ripening of peas (7) 
also has been gauged by this method. 
The application of the method to 
mountainous forest conditions is not 
known to have been employed pre
viously. 

Method of Field Study 

The selection of the study areas is 
important in order to fulfill the re
quirements for data on temperature, 
insect, and host. 

Areas of study 

Study areas for each year were lo
cated within working limits of each 
other but did not overlap from year to 
year. Each area needed sufficient bud
worm population for inventory. The 
exact location for an area was dictated 
by topography and distribution of the 
host species. 

A study area consisted of five ¾
acre plots. The center, or number 1 
plot, was selected to represent the area. 
It was never chosen in a very dense 
stand, in an area without timber, in a 
creek bottom, or on a ridge, but was 
always selected in an area of free air 
movement. Usually it was located on 
an upper sidehill or saddle and in 
mixed timber. From the center plot, 
number 2 was located five chains 
north; 3, five chains east; 4, five chains 
south; and 5, five chains west. Since 
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the remaining four plots were located 
systematically, they sometimes fell in 
conditions that were avoided in the lo
cation of plot 1. Figure 2, for Marks 
Creek Summit area, is an example of 
the arrangement used. 

The number of trees from 1.1 to 
2.0 inches D. B. H. were recorded, 
and the D. B. H. of all trees above 2.0 
inches were listed for each plot. 

A hygrothermograph was located 
4.5 feet above ground in a standard 
weather shelter in the center of plot 1. 
No use has, as yet, been made of the 
humidity data, but this instrument was 
used because it was readily available 
for measuring air temperature. 

Study plot description 
Each plot was circular with a radius 

of 58.9 feet and an area equivalent to 
one-quarter of an acre. The legal de
scription, aspect, slope, and elevation 
were recorded. 

Data collected on each area 
Data were collected on each area 

from the time the number 1 plot had 
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Figure 2. Plot l~yout for Marks Creek Summit area. 

at least 50% ground cover of snow 
until the spruce budworm had pupated, 
and in some cases further. A 50% 
snow cover would usually mean that 
there was no herbaceous growth on 
the area. Plots that fell on the south
ern aspects with rocky soils sometimes 
were exceptions. 

Air temperature data were collected 
from the hygrothermograph on the 
center of number 1 plot only, as shown 
in figure 3. Soil temperature was 
measured by the use of thermometers 
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at a 6-inch depth under the duff on 
all plots. Four measurements were 
taken once a week for each plot about 
30 feet from the center on each of 
the cardinal directions. These values 
were averaged for each plot. The soil 
temperature measurements were taken 
betwe en 10 a.m. and 2 p.m. 

Insects were collected from two of 
the plots from the time they entered 
the buds until pupation. Collections 
of about 25 larvae were made at week
ly intervals until there was about 0.75 



inch of growth on the host, or 80% 
of the bud scales had fallen. After 
this time collections were made every 
four days and consisted of 50 larvae. 
Since the larvae then were distributed 
OYer a greater number of instars, 
larger collections were necessary to 
obtain an estimate of development. 
For statistical purposes in this study 

Figure 3. 
Muk1 Creek Summit, Plot I. 

the instars were numbered from 1 to 
6, the pupae indicated as number 7 
and the adults as number 8. 

The stage of larval instars can be 
determined by the width of the head 
capsule as outlined by Freeman (9). 
Spruce budworm development on an 
area is expressed as the average instar. 

JJ 
DEVELOP! NG BUD 

NEW TWIG GROWTH 

Figure 4. 
Method of measuring lateral growth of grand fir. 

Table 1. RELATIOXSHIP oF WIDTH OF HEAD CAPSULE TO SPRUCE BuDWORM 
Ix sTAR (9) 

Millimeters 
< -0 .41 

0.41 - 0.62 
0 63- 1.01 
I 02 - l.64 
165- > 

Width of head capsu le 

8 

lnstar 

2 
3 
4 
5 
6 



Hosts 

Observations of lateral growth were 
made on grand fir, Douglas fir, and 
alpine fir. Grand fir was the most 
abundant host on the study areas. 
Early observations on foliage develop
ment were visual selections of the av
erage development in the area. Aver
age typical growth was selected by oc
ular estimate and measured. No at
tempt was made to measure the same 
twig each time since early develop
ment is erratic both between and with
in trees. 

When the new foliage of the host 

had developed to a length of 0.75 inch, 
three twigs were tagged, each on a 
different tree. These were measured 
at each time of observation thereafter. 
Figure 4 is a diagrammatic presenta
tion of the growth of grand fir and 
the method for measuring the growth. 

Plant development 

Observations on the stage of herba
ceous plant growth were also made. 
A standard form was used for this 
purpose. The more common plants 
were observed as to the stage of bud
ding, flowering, and fruiting. 

Environment and Spruce Budworm Development 

Growth of the host, air tempera
ture, and soil temperature are factors 
of varying importance in the develop
ment of the spruce budworm. 

Growth of spruce budworm related 
to the growth of grand fir 

The relation of instar development 
( Y) to the average growth of the lat
erals of grand fir ( X) was explored. 
The equation Y = a + bX was fitted 
to the data. Although differences in 
the regression coefficient ( b) were ob
served in the analysis, these were not 
considered of great enough magnitude 
to prevent the use of a common co
efficient for all plots. The a value was 
significantly different for all plots. The 
equation resolved to Y = a + l .856X 
with an error of estimate ( s2

) equal to 
0.144. Figure 5 indicates the extreme 
range of the data by plots. 

At the third instar, growth of grand 
fir varied from 0.39 to 1.21 inches. 
From observation, . trees in dense 
stands began growth later than those 
in adjacent, sparse stands due to dif
ferences in retention of snow which 
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maintained soil temperatures below 
42°F., the growth threshold for grand 
fir. In the dense stands, the insect de
velops before the foliage while in the 
sparse stands insect and foliage de
velop at about the same time. Uniform
ity in insect movement in adjacent 
stands is due to the temperature simi
larity of the air mass about each stand. 

Although growth of trees on these 
plots varied as to beginning date, all 
plots terminated growth, as nearly as 
could be measured, at the same time. 
Hence, some trees would produce 
longer laterals than others. A variance 
of growth from 1.47 to 2.28 inches ap
peared at the fifth instar of the insect. 

Taking into account the expected 
variation in amount of growth between 
trees in open and in dense situations, 
it is possible to estimate the develop
ment of the spruce budwonn from the 
amount of lateral growth on the host. 
With 1.25 inches of lateral growth of 
grand fir, the spruce budworm would 
range in development from 3.08 instars 
in less favorable locations to 4.60 in
stars in the more favorable places. 
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Figure 5. lnstar development of the spruce budworm related to the growth in inches of laterals of 
grand fir. 

Growth of grand fir as 
influenced by air temperature 

Since it was observed that spruce 
budworm development is related to the 
growth of grand fir, an analysis was 
made of the influence of air tempera
ture on the growth of the tree. The 
threshold of development for grand 
fir was considered as 42°F. The prin
ciple of temperature summation was 
used. ~rom the mean temperature for 
each day, 42°F. was subtracted; each 
degree above 42°F. was termed a de
gree day. Degree days were added to
gether successively to give accumulated 
degree days. If, in calculation, degree 
days had a negative value, this result 
was considered as a zero, since it is 
only possible to arrest growth and not 
reverse it. 
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An analysis was made of accumu
lated degree days ( Y) and the growth 
of the laterals of grand fir ( X). The 
equation Y = a + bX was fitted. Ana
lysis was terminated at 2¼ inches of 
growth for grand fir. The termination 
was influenced by two factors : the 
maximum growth that may occur on 
grand fir in the area, and the beginning 
of the insect's pupal stage. Out of 39 
plots tested, 31 had a correlation co
efficient of 0.91 or greater. A common 
slope is used for all plots ( b = 
0.00349), but individual a· values are 

necessary. The error of estimate ( s2
) 

equals 0.052. Figure 6 indicates the 
extremes of the data. 

From this analysis it is observed 
that a relationship does exist between 
growth of grand fir and air tempera-
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Figure 6. Average growth in inches of laterals of grand fir related to accumulated degree days 
above 42°F. 

ture. This relationship is not the same 
for all areas. One densely forested 
plot located in a creek bottom produced 
only 0.39 inch of growth for 400 de
gree days of air temperature. The 
grand fir on another plot, located in 
open forest on an upper sidehill, grew 
1.24 inches during an accumulation of 
400 degree days. 

Initial observations relating degree 
day and grand fir growth to spruce 
budworm development 

An attempt to improve the estima
tion of spruce budworm development 
was made by including growth of 
grand fir along with accumulated de
gree days in the analysis. The equation 
Y = bo + b1X1 + b2X2 was fitted. The 

Table 2. REGRESSION STATISTICS OF SPRUCE BuDWORM 

GROWTH RELATED TO GRAND FIR GROWTH AND DEGREE DAYS 

Name 

Regression coefficient 
Intercept ..................................................... . 
Regression on growth ............................. . 
Regression on degree days ..................... . 

Error of estimate ............................................. . 
Coefficient of determination ........................... . 
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Symbols Value 

0.2705 
0.871 
0.00318 
0.00136 
0.91 

Standard 
error 

0.0031 
0.0109 
0.0001 



instar growth ( Y) was related to 
growth of the laterals of grand fir 
( X 1 ) in inches and the accumulation 
of degree days(X 2 )-all from the first 
observation. 

These statistics would indicate that 
if a single observation for spruce bud-

worm growth, growth of grand fir, 
and accumulated degree days were to 
be made early on an area, excellent 
future predictions could be made of in
star growth, using the increase in 
grand fir growth and accumulated de
gree days. 

Table 3. ESTIMATED SPRUCE BunwoRM GROWTH BASED ON GROWTH 

OF GRAND FIR AND INCREASE IN DAY DEGREES 

Growth 
of 

grand fir Accumulated degree days from first observation (X2) 
(X,) 

100 200 300 400 500 600 700 
0.25 .................................... 0.79 1.11 1.43 1.75 2.07 
0.50 .................................... 1.00 1.32 1.64 1.96 2.28 2.60 
0.75 .................................... 1.20 1.52 1.84 2.16 2.48 2.80 3.12 
1.00 .................................... 1.41 1.73 2.05 2.37 2.69 3.01 3.33 
1.25 .................................... 1.61 1.93 2.25 2.57 2.89 3.21 3.53 
1.50 .................................... 1.82 2.14 2.46 2.78 3.10 3.42 3.74 
1.75 .................................... 2.34 2.66 2.98 3.30 3.62 3.94 
2.00 .................................... 2.86 3.18 3.50 3.82 4.14 
2.25 .................................... 3.39 3.71 4.03 4.35 
2.50 .................................... 3.91 4.23 4.55 

The data are illustrated in figure 7. 

ACCUMULATEO OEGREE CAYS FROM FIRST OBSERVATION IX,l 

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 

z 
0 .: 
!l 

25 

22 "' i\. "' "' '\. " "' 

800 

3.65 
3.85 
4.06 
4.26 
4.46 
4.67 
4.87 

1000 

4.70 
4.90 
5.10 
5.31 
5.51 

"' "' "' Cl) 
0 "' "" "\ .. "\. y • . 2705 + .8172X 1 + .0032 i\. ... 
"' "' .;: 

175 

I"\. 
15 

I\.. 
12 

10 

7 " 

5 "" "' 2 
"\. 

'"' " " ! 

"'' "\. 
"\. 

"" ' 
I\. 

~ 

"' "' 
... 00136 

"' 
R2 • 91 

i\. i\.. 

"' '\ " 
"' "' ", " i\. 

"' "' I\.. i\.. I"\ 

~ ~ 4 5 

INCREASE IN SPRUCE BUOWOAM OEVELOPMENT FROM FIRST OBSERVATION ITI 

Figure 7. Initial observations of instar development related to growth of grand fir and accumulated 
degree days. 

12 



From table 3, with an increase of 
300 degree days and a growth of 1.00 
inch by grand fir from the first ob
servation, the spruce budworm devel
oped 2.05 instars from the first ob
servation. If at the first observation 
the average budworm instar was 2.50, 
the estimated average instar would be 
4.55 instars. 

Growth of spruce budworm as 
influenced by air temperature 

By plotting the data, growth of the 
spruce budworm was observed to be 
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related to the logarithm of accumulated 
air temperature above 42°F. With 
spruce budworm development ( Y), in 
instars, related to the logarithm of ac
cumulated air temperatures ( X), the 
equation Y = a + b log X was fitted 
for each plot. The development was 
significantly related to the logarithm 
of air temperature on all plots, but the 
regression coefficients were different 
for some plots. Figure 8 represents the 
two extreme plots studied. 

This variation could be the result of 
a number of interacting factors. It is 
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Figure 8. lnstar development of spruce budworm related to logarithm of accumulated degree days 
above 42 ° F. for two areas. 

not possible to measure temperature 
under uniform conditions between 
areas, for there are the inevitable vari
ations of slope, exposure, and forest 
composition. Then, too, air tempera-
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ture is measured within the stand and 
is not wholly representative of the en
vironment activating either growth of 
the host or of the insect. The insect, 
for growth and movement, is depend-



ent upon a suitable microenvironment 
combined with a synchronized response 
of growth in the tree. 

As no particular factors could be 
isolated from the data, and their con
tribution to the variation evaluated, a 
common equation was fitted to the data. 
The equation Y = 6.8559 log X -
14.0323 resulted from the analysis. 
The error of estimate of instar growth 
(s 2

) equals 0.3331. 
The 95% confidence limits of the 

predicted instar growth are repre
sented in figure 9. For 95% of all sta
tions showing an accumulation of 600 
degree days, the budworm instar de
velopment will range between 3.85 and 
6.15 instars. If the station should re
cord the average of all stations reported 
in this data, the average of instars 
would be 5.00. 
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From these data it was observed 
that, although the relationship of insect 
development to accumulated air temp
erature was a logarithmic growth curve 
for each plot, the variation between 
plots would make a common curve a 
poor estimate of spruce budworm de
velopment for an individual plot. Con
versely, once the relationship is es
tablished between insect development 
and temperature measurements at an 
individual station, that station could 
provide a good estimate of budworm 
development for the following years. 

Air temperature and soil 
temperature related to spruce 
budworm development 

From a multiple regression analysis 
of accumulated degree days on soil 
temperature measurements and insect 
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Figure 9. lnstar development of spruce budworm related to accumulated degree days above 42° F. 
for all plots. 

14 



development, the effect of soil temper
ature was shown to be nonsignificant. 
It is as effective to use air temperature 
alone to determine insect growth. 

When the increase in the number 
of degree days for an initial observa
tion and the change in soil temperature 
for the same time were related to 
the growth of the insect from the 
first observation, little contribution 
was found from soil temperature. 

Soil temperatures are deemed. inade
quate. They are subject to diurnal 

fluctuation, the magnitude of which 
varies with the type of forest area 
being sampled. The fluctuation in 
dense stands is less than in open stands 
because of shading of the soil surface 
from direct sunlight and retention of 
precipitation by the tree crowns. 

The use of increase in the growth of 
the host, as earlier described, is to be 
preferred over the soil temperature 
change for estimating the budworm de
velopment. 

Time and Spruce Budworm Development 

Spruce budworm development from 
third to succeeding instars 

At first, an analysis was made of 
the relation of spruce budworm de
velopment ( Y) to the number of days 
(X) required for development from 
the third instar to the adult. This analy 0 

sis is expressed by the equation Y = 
0.1403 + 0.0872X. By observation of 
the data presented in figure 9, it is 
concluded that only a very poor esti
mate of instar development is possible 
on an individual plot. Considering a 
period of 27 days from the third instar 
as an example, the budworm developed 
anywhere from 1.54 to 3.74 instars as 
indicated in figure 10. 

In an attempt to improve this re
lationship a second analysis was made. 

This was a multiple regression analy
sis relating development of the spruce 
budworm from the third instar, to the 
number of days and accumulated de
gree days from the third to the sixth 
instar. It was shown that the number 
of days was not significant and that 
accumulated degree days alone would 
produce as good relationship. 

A third analysis was based on the 
relationship of the spruce budworm 
development ( Y) to the increase in 
accumulated degree days (X) from 
the third to the sixth instars. The form 
of the analysis is expressed by the 
equation Y = b0 + b1 x+ b2 X 2

. The 
solution of the equation provided the 
statistics in table 4. 

Table 4. REGRESSION STATISTICS FOR SPRUCE BuDWORM 
GROWTH FROM THE THIRD !NSTAR TO DEGREE DAYS 

Standard 
Name Symbols Value error 

Regression coeffi ci en t 

Intercept ·························------------------------- bo 0.0205 0.0042 
Regression on degree days ---------------- bl 0.009797 0.000117 
Regression on degree days squared .. b2 -0.00000785 0.00000018 

Error of estimate ••••••••••••••••••••••••••••••••••••-•H•• s2 0.001114 ----------~-----
Coefficient of determination ------------------------R2 0.85 ----------------
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Figure 10. lnstar development of the spruce budworm from the third instar as related to number 
of days for development from the, third instar. 

The use of accumulated air temp
erature gives the best estimate of 
spruce budworm development at any 
stage from the third to the sixth in
stars. Figure 11 illustrates the data. 

Elevation and spruce 
budworm development 

The following analysis was based 
on data gathered in the La Grande 
area in 1953. This is a part of the 
data used to develop the earlier rela
.tionships. 

In order to compare insect develop 1-

ment at different elevations, each area 
was related to the others in terms of 
phenological time. Phenological time is 
the successive numbering of the days 
of the year beginning with January 1 
as 1 and ending with December 31 as 
365 or 366. 

Fro~ Hopkins (10), each 100 foot 
increase in elevation results in a one
day retardation of insect development. 

The development of the spruce bud
worm at La Grande in 1953 was an
alyzed according to Hopkins' state
ment. Since the average elevation for 
timber in the area is 5,000 feet, devel-
9pment of the spruce budworm on all 
plots was corrected to this elevation. 
This means that since development is 
later at high elevations, one day was 

• subtracted from the development for 
every 100 feet over the 5,000 foot ele
vation. Also, one day was added to 
the time of development for each 100 
feet under 5,000 feet. 
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The equation Y =a+ bX was fitted 
to the data with the instar develop
ment ( Y) of the spruce budworm and 
phenological time ( X) corrected for 
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Figure 11. lnstar development of the spruce budworm from the third instar as related to the increase 
in accumulated degree days above 42°F. from the third instar. 

elevation. This resulted in a solution 
of Y = 0.0906 X - 13.30 and a stand
ard error of estimate ( s2

) equal to 
0.401. These data are presented in 
figure 12. 

The La Grande data were further 
analyzed to determine if a better rela
tionship than that of Hopkins' could 
be found between elevation ( Y) and 
instar development ( X). The regres
sion coefficient ( b) of in star develop
ment for 100 feet of elevation was cal
culated in order to determine the best 
correction for spruce budworm de
velopi:nent at different elevations. 

The adjustment of time for eleva
tion would be the regression coeffi
cient ( b = 0.07 46) of development for 
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100 feet of elevation divided by the 
regression coefficient ( b = 0.09178) 
of instar development for one day. 
This resulted in 0.81 day of difference 
in time of development with each 100 
foot change in elevation. Figure 13 
illustrates the time of development of 
fourth and sixth instar larvae and 
adults for different elevations in the 
La Grande area for 1953. 

The 0.81 day of change for each 
100 feet of elevation is not considered 
important when compared to the 1.00 
day as advanced by Hopkins. 

Herbaceous plant development at the 
fourth spruce budworm instar 

Observations were made on develop
ment of the herbaceous plants. The 
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Figure 12. lnstar development of the spruce budworm on all areas adjusted to a 5,000 foot elevation 
and related to the number of days for development from December 31. 

definitions of the symbols used are as 
follows: 

1. First growth refers to the leaf 
bud elongation up to the time of 
unfolding of the leaves. 

2. Leaves unfolded includes that 
period from the first unfolding 
of the leaves to their appearance 
as normal leaves except in size. 

3. First flower buds indicates the 
period from first observation of 
the flower buds to the next stage. 

4. First flowers open includes the 
period from first flower buds up 
to one-third of the flowers being 
open. No seed has formed nor 
have flowers withered. 

5. Flowering indicates the period of 
greatest number of flowers. In 
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this stage some buds are not 
open while others have begun to 
form seed. 

6. Last flowers indicates the period 
when more flowers are withered 
than remain in flower. 

Table 5 lists stage of development 
of the predominant herbaceous spe
cies of interest at the time of the 
fourth spruce budworm instar. 

It was observed that many of the 
plants were flowering ( stage 5) at the 
time the spruce budworm was in the 
fourth in star. These included the 
more showy species of Achillea, Bro
diaea, Geum, Potentilla, S corzonella, 
and Vicia. Fragaria was also in flower 
but this species blooms over a very 
long period and is of little value as an 
indicator. 



Table 5. STAGES IN DEVELOPMENT oF PLANTS AT THE FouRTH SPRUCE 
BUDWORM INSTAR 

Stage of 
Species development 

Achillea lanulosa (Western Yarrow).............................................. 3.92 
Antcnnaria spp. (Everlasting).......................................................... 4.70 
Arnica cordifolia (Heart-leaved Amica)...................................... 5.67 
Brodiaea spp. (Brodiaea) .................................................................. 5.14 
Castilleja spp. (Paint-brush)............................................................ 4.33 
Chinzaphila umbellata (Western Prince's Pine).......................... 3.00 
Erythronium grandifiorum (Yellow Adder's-tongue)................ 6.00 
Fragaria spp. (Strawberry).............................................................. 5.00 
Geum cileatum (Long-plumed Avens)............................................ 4.70 
Geum spp. (Avens).............................................................................. 5.00 
Hieracium spp. (Hawkweed)............................................................ 2.80 
Linnaea borealis (American Twin-flower).................................... 2.60 
Lithophragma parvifiorum ( Small-flowered Fringe-cup).......... 5.60 
Lupinus leucophyllus ( Woolly-leaved Lupine).............................. 3.67 
Lupinus polyphyllus (Large-leaved Lupine).................................. 4.71 
Lupinus sulphureus ( Sulphur-flowered Lupine).......................... 4.00 
Potentilla spp. (Cinquefoil)................................................................ 5.00 
S corzonella spp. ( Scorzonella) ........................................................ 5.00 
S edum spp. ( Stonecrop) ...................................................................... 3.40 
Trifolium eriocephalum (Woolly-headed Clover)........................ 5.67 
Vicia spp. (Vetch)................................................................................ 4.71 

Total 
plots 

observed 

25 
10 
12 
7 
3 
2 
2 

29 
10 
2 

10 
5 
5 

12 
17 
2 
3 

11 
10 
3 
7 

Some Problems Pertaining to the Use of Weather Data 
In Predicting Budworm Development 

The relationship of accumulated de
gree days and spruce budworm devel
opment can be useful in estimating in
sect development over large areas or 
for estimating future development on 
an area. 

Air temperature data expressed in 
degree days above 42°F. from United 
States Weather Bureau stations may 
be used in at least two ways to esti
mate budworm development. The data 
from these stations, situated in or 
about the forest area, can be related 
to spruce budworm development with
in the forest. In the following years 
the relationship may be used as a 
guide to insect development. 

For any station the rate of degree 
day accumulation, expressed in days, 
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may be estimated from an initial ac
cumulation to a desired total accumu
lation. In this manner the number of 
days required for the spruce bud
worm to develop from one instar to 
another can be estimated. 

Both of these uses assume the re
lationship of budworm development 
to degree days as developed in fig
ure 9. 

Relationship of accumulated degree 
days, as determined by weather 
stations, to spruce budworm 
development near and within 
the forest area 

The 1953 development of the spruce 
budworm for five areas west of La 
Grande was related to accumulated de
gree days for weather stations within 
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Figure 13. The influence of elevation on time required for spruce budworm to develop to fourth, 
sixth, and adult stages. 

and near the forest area. The distribu
tion of the study areas and weather 
stations can be observed from figure 
14. For all stations, Granite, Ukiah, 
Meacham, La Grande, Union, and Pilot 
Rock, accumulated degree days were 
related to spruce budworm instar de
velopment at 5,000 feet. Instar devel
opment for all study plots was cor
rected to the 5,000 foot elevation by 
using the coefficient ( 0.07 46) of in star 
change for each 100 feet of elevation 
from the La Grande data of 1953. 
The relationship of degree days to 
instar development was significant for 
all stations, and all are equally reliable 
for predicting insect development with
in the forest area. Once this relation
ship has been established the accumu-
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lation of degree days could be used 
in succeeding years for determining 
insect devclopment within the forest 
area. From figure 15 the accumula
tion of degree days to the fourth in
star is greater at Pilot Rock than at 
Granite, being 1,476 and 385 degree 
days respectively. This is the result of 
a change in elevation from 1,640 feet 
at Pilot Rock to 4,939 feet at Granite. 
In mountainous country, weather sta
tions are seldom situated within the 
forest area but are usually at lower 
elevations about the forest. The rela
tionship between the degree day re
corded at the weather station and in
sect development in the forest must 
be known to predict development of 
the insect in future years. 



STUDY AREA LOCATION • CONTOUR INTERv A\. 2000 ' 
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Figure 14. Topographic matp of the headwaters of the Grand Ronde River showing study areas and 
U. S. Weather Bureau stations. 

Existing accumulated degree days 
as an index of the number of days 
required to accumulate 300, 400, 
and 500 degree days 

A relationship has been found to 
ex ist between spruce budwo rm devel
opment and temperat ure, ex pressed in 
degree clays, as recorded by a weather 
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statio n for Lhe fores t area . The long
term temperature data of the weather 
stat ion can be used to deve lop an an
ticipated tempe ratur e patte rn for the 
stat ion and that informat ion can be 
related to the insect development . 

Fig ure 16 illustrates 20 years of 
tempe rature data for Meac ham fro m 
1936 to 1955. T he degree day accum u-



lation above 42°F. from March 1 
through April 30 was related to the 
number of days required to accumu
late a total of 300, 400, and 500 de
gree days . The actual data is plotted 
for an accumulation of 400 degree 
days. 

If Meacham on April 30 has an ac
cumulation of 100 degree days, then 
it will require 30, 41, and SO days 
from April 30 to accumulate 300, 400, 
and 500 degre e days. From figure 7, 

at 300, 400, and 500 degree clays the 
spruce buclworm is in the 2.9, 3.8, and 
4.5 instars respectively . It is obvious 
that the accuracy of this method of 
prediction is dependent upon uniform 
weather conditions. Extr eme numbers 
of either hot or cold days can shorten 
or lengthen the period of time for a 
desired accumulation. However, since 
the estimate can be made daily from 
April 30, extremes of weather are 
considered. 
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Figure 15. Relationship of spruce budworm lnstar development at 5,000 feet to the accumulated 
degree days above 42 • F. based on 1953 data for five U. S. Weather Bureau stations. 
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Summary 
The spruce budworm, Choristone

ura fumiferana (Clem.), is an im
portant enemy of the Douglas fir-true 
fir forests of Oregon. At the end of 
1954 about 3 million acres of forest 
had been aerially sprayed with DDT 
to control the insect. 

The influence of air temperature on 
spruce budworm growth, the growth 
of the host, and interrelationships be
tween insect and host were studied on 
15 areas from 1951 to 1954. 

The principle of heat accumulation 
as advanced by Merriam ( 4) was 
used. Degree days are calculated by 
subtracting the threshold of develop
ment ( 42°F.) for the spruce bud
worm from the average daily temper
ature. The degree days are added to
gether in sequence to give the value of 
accumulated degree days. Air temper
ature was measured at 4.5 feet above 
the ground by the use of hygrotherm
ographs on each area. 

The following data were collected 
for the plots : the instar value for each 
plot was the average for all insects 
found on the plot, the average lateral 
growth on grand fir was determined, 
spot soil temperatures at a 6-inch 
depth were recorded weekly, and ob
servations were made on herbaceous 
plant development. Relationships were 
found from the observed data. 

Growth of the spruce budworm was 
found to depend upon the growth of 
the host-grand fir-but varied with 
the forest density. At the fifth spruce 
budworm instar, laterals of grand fir 
in dense situations grew 1.47 inches 
as compared to 2.28 inches of growth 
m open areas. 

The growth of grand fir is related 
to accumulated degree days but is also 
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related to stand density. F9r an accu
mulation of 400 degree days the grand 
fir of a densely forested area . grew 
only 0.39 inch, whereas in a more 
open area, growth was 1.24 inches. 

Spruce budworm development on an 
area was best estimated from a con
sideration of the growth of grand fir 
in combination with the accumulation 
of degree days. From an initial ob
servation of insect and grand fir de
velopment the growth of the insect, 
in instars, can be predicted from the 
increase in the growth of grand fir and 
the number of accumulated degree 
days from the first observation. With 
1.00 inch increase in growth of the 
laterals of grand fir during a period 
with an increase of 300 degree days, 
the spruce budworm would develop 
2.05 instars. 

Growth of the insect, in instars, is 
related to accumulated degree days. At 
an average accumulation, for all areas, 
of 300, 400, and 500 degree days, the 
spruce budworm developed to 2.9, 3.8, 
and 4.5 instars. 

A poor relationship exists between 
insect development, accumulated de
gree days, and spot soil temperature 
measurements at the 6-inch depth, 
Spot soil temperature measurements 
are particularly subject to the vari
ables of diurnal fluctuation and pre
cipitation and cannot be considered a 
reliable basis for analysis. 

Insect development from the third 
to succeeding instars showed an in
effective relationship with time but an 
improved relationship with increase in 
accumulated degree days. When a per
iod of 27 days was considered starting 
with the third instar, the spruce bud
worm developed from 1.54 to 3.74 in-



stars with respective increased accu
mulations of 252 and 553 degree days. 
With the difference in the degree day 
accumulation, a dissimilarity of insect 
development would be expected. 

The relationship of insect develop
ment to elevation was determined for 
the La Grande data of 1953. The de
velopment was found to be retarded 
0.81 day for each increase of 100 feet 
in elevation. For practical purposes, 
this approximates the one day retard
ment of development for each 100 foot 
increase in elevation advanced by Hop
kins. The amount of instar change for 
the La Grande data was 0.0746 instars 
for each 100 foot change in elevation. 

At the fourth spruce budworm in
star the following herbaceous species 
were found to be in flower: Ac hill ea, 
Brodiaea, Geum, Potentilla, Scorzon
ella, and Vicia. 

Temperature data, gathered either 
by the United States Weather Bureau 
or by special stations using hygro
thermographs set up in the forest, can 
be used for the prediction of spruce 
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budworm development. Such data, con
verted to degree days, from forest and 
nonforest stations can be related to 
spruce budworm development within. 
the forest area. The degree day-instar 
development relationship is calculated 
for the average elevation of the forest; 
then other elevations can be adjusted 
to the average. Once the insect de,·el
opment is related to the degree days 
of a given weather station, it \Yould 
be possible in the follmYing years to 
predict the deYelopment by using that 
same weather station. 

For any one year, deYelopment of 
the insect from a giYen date can be es
timated for a future date, subject to 
all the year to year irregularities of 
temperature for the area. If the in
sect's rate of dewlopment for addi
tional degree days, and the number 
of days required for a station to ac
cumulate a specified number of degree 
daYs are estimated, then an e;;timate 
ca~ be made of the number of day;; r.e
quired for the insect to develop from 
one instar to another. 
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