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CODLING MOTH STUDIES
NORTH FORK VALLEY OF COLORADO

By J. H. NIEIWTONl

Studies of the codling moth, Carpocapsa pomoneila L., in
the North Fork Valley of Colorado have been conducted at
Paonia for the past 16 years." This project was outlined for the
definite purpose of establishing correct spraying dates and prac
tices that might prove to be most economical for the control of
the codling moth in Delta County and similar apple-producing
sections of the state. Certain results of the studies were given
in Oolorado Experiment Station Bulletin 268, 1921, Codling Moth
Control for Certain Sections of Colorado. The data have been the
basis of the control recommendations during the different years
for many of the apple-growing sections of the state. This infor
mation has been given through special articles, growers' meet
ings, field meetings in the experimental orchards, and in various
other ways. The problem has been and will continue to be a
changing one but it is felt that a summary report with the pres
ent control recommendations should be given.

While the life-history data and control recommendations
contained in this report apply primarily to Delta County, they
are in a general way applicable to all other sections of Colorado
with the possible exception of Mesa County, where the problem
is more difficult and requires a separate consideration as report
ed in Colorado Experiment Station Bulletin 322 of 1927.

The North Fork Valley, with Paonia as the focal point, was
selected because of its econom-ic status in apple production in
Colorado, and the apparent difference in the problem of codling
moth control in comparison with the Grand Valley District of
Mesa County, where extensive studies had been made previous
to 1917 by both federal and state departments.

Laboratory records of codling-moth emergence and egg de
position formed the basis for the timing of spray dates from
1917 to 1924'. From 1924 to date, the laboratory work has been
gradually supplemented by field methods, until at present the
spraying dates are based entirely upon field notes of the moth
flight as indicated by the number of moths trapped in the 80

called "hooch-traps" or "bait-pails." Spray experiments for the

1 Deputy State Entornologist. The studies of the codling 1110th and its
control herein reported. 'were financed by funds frorn the Office of State
Entornologist, Bureau of Plant and Insect Control.

2 Presented for' p u b l ic n t io n April, 1~l34.
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control of the codling moth were not attempted until a compre
hensive understanding of the seasonal occurrence of the broods
had been established by laboratory records and field notes.

Delta County As an Apple-Producing Unit of Colorado

Although Delta County ranks thirty-ninth in actual agri
cultural acreage of the state, it contains 41 percent of the fruit
plantings and produces 32 percent of the total apple crop. The
fruit areas of the county are made up of valleys and table lands
or mesas, ranging in altitude from 4,980 feet above sea level to
6,100 feet at Cedaredge, or a variation of 1,120 feet in 25 miles
of distance.

This variation of altitude, in combination with the various
types of air and soil drainage, makes up a most intricate codling
moth habitat. Variation in the time of blooming throughout the
county is more pronounced than the variation in the moth ac
tivity, which will be more clearly pointed out in the discussion of
the moth-trap records. Climatic variations within the county
are large as evidenced by an annual mean precipitation of ap
proximately 8 inches at Delta and 14 inches at Paonia. Those
orchards situated on the higher mesas are frequently subjected
to local disturbances such as thunder showers which travel along
the base of the continental divide. The temperature and humid
ity fluctuations accompanying such disturbances are directly
reflected in the moth activity and therefore affect the results of
control measures.

Definition of Terms

The four distinct stages or periods of development through
which the insects pass are known as: Egg, larva, pupa and adult
or moth.

The term "generation" is applied to include all four stages
of a specific group originating from a common parentage.

The term "life cycle" denotes the period of time required to
pass through the four stages from the egg to the emergence of
the moth of the same generation.

Larvae that live over from one season to the next in hiber
nation are known as "non-transforming," "hibernating," or
Hover-wintering" larvae. Those that transform to pupae and
adults the same season they hatch are known as "transforming
larvae." .

The spring-brood pupae are the first pupae of the year, com-
ing from the over-wintering larvae.

The spring-brood moths are often spoken of as first-brood
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1110ths but since they have developed from larvae of the previ
ous season, it is more logical to speak of them as the spring
brood moths and consider the first generation to begin with the
c:ggs.

The term "active" as active emergence is used to denote an
increasing activi ty.

Seasonal History at Paonia

The percentage of first-brood larvae transforming to first
brood moths varies from season to season. In the North Fork
"Valley only 40 percent of the first-brood larvae normally trans
form to first-brood moths; the other 60 percent carryover as
hibernating or non-transforming larvae to the following spring,
when they emerge as spring-brood moths. At Austin more of
the first-brood larvae (66 percent) transform than at the high
er altitudes such as at Paonia and Cedaredge. This is largely
responsible for the variation in the size of broods, and is direct
ly responsible for the greater population of moths in the orchards
at the lower altitudes.

The seasonal history of the codling moth in Delta County is
briefly outlined by the following statements as to the broods and
their sequence:

The First Generation.-a.-The over-wintering or hibernat
ing larvae are the non-transforming larvae of the previous sea
son.

b.-The first-brood eggs are the first eggs of the season, de
posited by the spring-brood moths.

c.-The first-brood larvae hatch from the first-brood eggs
and are the basis for need of the first-brood cover sprays.

d.-The first-brood pupae are in reality the second pupae of
the year, but actually represent the first-brood pupae of the
season.

e.-The first-brood moths emerge from first-brood pupae
and are often spoken of as the summer-brood moths.

The Second Generation.-a.-The second-brood eggs are
laid by the first-brood moths.

b.-The second-brood larvae hatch from second-brood eggs
and are the basis for need of second-brood cover sprays. Ninety
eight percent of these are non-transforming, so carryover to the
following spring. Only in rare instances of long-drawn-out, dry
summers has there been an appearance of second-brood moths
in the North Fork Valley.
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Habits and Life Cycle
Hibernation.-The codling moths hibernate as mature

larvae in silken cocoons underneath bark scales, in rubbish
about the base of the tree or in tree crotches, in picking boxes?
packing sheds, or any other similar place that will afford pro
tection. Hibernating larvae are the non-transforming larvae of
the first and second broods of the previous season. In the North
Fork Valley approximately 60 percent of the first-brood larvae
and nearly all of the second enter hibernation and carryover un
til the following spring. In the Austin-Cory District only 34 per
cent of the first-brood larvae are non-transforming.

The Moth.-The moth is three-eighths of an inch in length
and one-quarter of an inch in width, when at rest with the wings
along the back. The wing expanse varies from five-eighths to
three-fourths of an inch. The female is slightly larger than the
male, The predominate color is a silken grey, with the tips of
the wings capped with a dark brown, over which there are
broken lines of a golden hue. This tipping of the wings with
brown and gold is a characteristic marking of the species. The
comparatively small size of the moth and its irregular flight
make it an inconspicuous individual even in a heavily infested
orchard. The moths are most active at dusk and during the
twilight of the evening when egg laying takes place. Normally
the moths are not strong flyers, but they may drift with the
wind during the active flight of the evening. In natural flight
they follow a zig-zag course, making their path of flight diffi
cult to follow with even the trained eye.

The Egg.-The egg is circular in outline, flat, and measures
from 1 to 1.25 millimeters in diameter. A freshly laid egg is
opaque to semi-transparent, resembling somewhat a minute drop
of paraffin compressed to a thin layer. Two distinct stages in
the embryonic development of the larva can be seen through
the egg shell; the first being a distinct red ring, known as the
"red-ring stage," and the second as the "black-spot stage," due
to the black head shield of the nearly mature larva showing
through the transparent shell.

The first eggs of the season are laid upon the surface of
leaves, preferably upon the upper surfaces and near the fruit
clusters. After the fruit has attained size, many are laid direct
ly upon the fruit surface.

Growers often argue that the larva may enter the fruit
directly beneath the egg shell; however, in studying large nUTI1
bel's of eggs in the laboratory, no evidence of this has been seen.
In fact, the larva is coiled so tightly beneath the upper surface
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of the shell that it would be impossible to make entrance into
t.ie fruit without first breaking the upper layer. All hatched
eggs show a distinct slit in the upper shell from which the larva
has emerged. It is impossible for them to make entrance directly
into the fruit beneath the egg. This point is presented to refute
the idea that cover sprays should be applied before the eggs are
laid.

Larva.-The newly hatched larva is one-sixteenth of an
inch in length, of flesh color, with a dark brown head. The
mature larva is three-quarters of an inch in length and of a
similar color. •

The newly hatched larvae often spend considerable time in
crawling about, either in search of fruit or in seeking a favor
able place to make entrance. As they crawl about they spin and
leave behind a minute thread of silk which affords protection
should they be suddenly dislodged. Newly hatched larvae are
intent upon seeking a hiding place as they often seek shelter be
neath the calyx lobes of the fruit, which undoubtedly is a pro
tective habit to get away from natural enemies. Once within the
calyx cavity, they find conditions which afford protection and
ease of entrance. The same may be partially responsible for the
entrance made where fruits touch. *It has often been observed
that the newly hatched larvae spin a small amount of silken
web for the purpose of gaining a foothold to aid in making
entrance. Certain varieties of apples which have a tough skin
are more easily protected by the arsenical sprays, because the
larvae must spend more effort to gain entrance and in so doing
are more likely to become poisoned. Many of the newly hatched
larvae are poisoned upon the leaf surface before reaching the
fruit.

Mature larvae leave the fruit and crawl down the limbs in
search of hiding places to spin their cocoons in preparation for
the pupal stage.

Cocoon and Pupa.-The insect transforms from larva to
moth within a cocoon made up of silken threads and small bits of
bark and other debris which may be available. Cccoons of the
hibernating larvae are much heavier than those of the larvae
that transform during the season. Hibernating larvae, in prep
aration for the emergence of the spring-brood moths, open the
cocoons and construct exit tubes, the length depending upon the

*I-Joerner, J. L., Journal of Eco norn ic Ein t o mo l ogy. Vo l, IS. Page 42:3. 1925.
*Sn1 it h , H. H., Hf l ga r d ia , Ca l i f., Agr i. Ex p. Sta .. Vol. 1. No. 17, 1926.
*Gilll1er, Paul 1"1., Journal of Kn n sa s Entol11010gical Society, Vol. 6, No.

I, J-:>ag"c I!), 19:3:~.
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position relative to a point of free emergence. In the spring
activity, many over-wintering larvae move to an entirely new 10-
cation and construct new cocoons.

The pupae are at first light yellow in color, becoming dark
er as they develop, until they are a mahogany brown just be
fore moth emergence. The pupal stage is often spoken of as the
"cigar stage" since it resembles, to a certain extent, the tubular
shape and color of a cigar. Just before the moth emerges, rotary
movements of the pupa cause it to move forward in the exit tube
to a point where the moth can easily emerge. T~ brownish-
colored pupal cases are often seen protruding from hiding places.

Eight Years of Laboratory Studies

From 1917 to 1924 inclusive, detailed laboratory studies
were made of the life-cycle together with moth-emergence and
egg-deposition activities of the moths. Material for the studies
"vas obtained by gathering mature larvae from banded trees"
These larvae were allowed to pupate in strips of corrugated card
board which were placed in battery jars in an outdoor insectary)
subjected to as nearly natural conditions as possible. Moth
emergence records were made by the daily removal of the newly
emerged moths from the jars containing the hibernating or
pupating larvae.

Methods Used in Life-History Studies
The newly emerged moths were placed in breeding cages to

obtain egg-deposition records. The egg-deposition cages consist
ed of battery jars covered with cheese cloth and containing a
layer of moist sand capped with a blue blotter to form the bot
tom of the cage. The moths were fed brown-sugar water by
means of a moist sponge. From 2 to 25 moths were placed in each
cage. Fresh pear leaves were introduced each day for the pur
pose of obtaining eggs for incubation records. Daily records of
the egg deposition in each cage were made by counting the eggs
upon the pear leaves and the sides and floor of the cage. The
eggs deposited upon the leaves were removed with the leaves,
while those on the sides and floor of the cage were destroyed
by crushing with some blunt instrument as they were counted.
Those upon the floor were easily counted as they were prom
inently visible against the blue blotter.

Egg-incuhation records were obtained by the use of the
freshly deposited eggs upon the pear leaves, which were placed
in screen presses and held in cloth-covered battery jars. Daily
records were made of the several stages of development. The
development of the larvae from hatching to the time of leaving
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'.-1 a b l e l.-A"eraA"e and rnillinlunl days required for the developnlcnt of the
differe-nt stages of tile codling rllotll. Paonia, Colorado,

for thl-" years 1917. 1915. IfH9 and 1920.

Feeding period of second-
brood larvae " .

Incubation period of sec-
ond .brood eggs .

Incubation period of first-
brood eggs .

1917 1~) 18 1 ~J 1 ~J II Ul2U

Av. lYIin. :i Av. Min. Av. Min.
1___A~_~~~ir~
! I

34.88 3:~.8 4 22.:3

4.15 4.11 4.53

8.3 8.9 9.7

27.6 17 30.83 17 2:~.47 18

17.46 13 : 22.84 17 16.69 13 18.85 I 16

3.1
2.65 1.69 2.87

8.1 9.9 7.8 ~~ .1

32.9 23 34.1 33 35.06 ~:i

of first-

'I'Im e from eru e r g e n c e of
second-brood moths until
first eggs are laid .

Feeding period
brood larvae

'I'i m e after first-brood lar
vae leave the apple until
second-brood moths a p -
l)ear .

'I'trn e fr om em erse nce of
first-brood 1110ths until
first eggs are laid .

Pupation period of over
,vintering larvae

the fruit was recorded from newly hatched larvae placed upon
apples in cloth-covered battery jars. No attempt was made to re
cord the instal" stages of larval growth. In Table 2 is presented
a summary of the laboratory moth emergence and egg deposi
tion for seven first broods and eight second broods of the codling
moth. This record aggregates 13,359 females and 14,275 male

Tnble 2.-Codling-llloth o,'iposition in breeding' cages. Paonia, Colorado, 1917
to 1924. (Sumnlary)

First brood Sl-"cond brood

Fen1ale ~Iale Total
Ave r a g e

Fenlale JVIale Total
Ave r a.g e

Season
moths 1110ths

per
m o t h s m o t h s

per
eggs

f e m a le
eggs

r em a le

n)17 1,14:4 l,~~F) 6:3,0(1) 55.13
1918 2,250 :?,610 53,402 2:3.28 1.8 -l7 2.:310 l):3.03:3 34.12
1919 1,133 1.165 ~7,790 24.50 2.0:3 -1: 2,117 132,868 65.:31
1920 795 63 J 13,663 17.19 472 513 18,040 37.22
1921 1,0:33 1.121 16,:363 15.72 516 491 20.114 38.~) 4
1922 174 208 3.578 20.56 184 1~)8 5.491 39.29
1~12 3 686 6:37 4,405 6.42 246 203 7.578 30.80
1924 69:3 668 11.770 16.!)8 152 106 7.404 48.71

Total 6.764 7,04:3 129.971 19.10 6.5!)5 7.395 317.588 48.1S



12 COLORADO EXPERIMENT STATION Bulletin 414

moths, from which 447,559 eggs were recorded. This is some
what less than the actual number of emerged moths for some of
them escaped in making up the cages.

Records of Seasonal History
Blooming Period and the Calyx-Spray Date.-

15 days
11 da~s

11 days
12 days

9 days
- 9 days

Number of days
from full bloom

to calyx-spray date

May 24
May 15
May 31
May 15
May 24
May 22
Mt:ty 2"4
May 9 8 days
May 17 13 days
May 14 7 days

Average 10.5 days

May 1
M3Y 4
May 7

Full bloom -
(Jonathan) Calyx spray

------
May 23
May 9
IVEay 4
May 20
May 3
lVlay 15
May 13

1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927

Year

The blooming dates given above are taken from notes made
of a Jonathan tree on Pitkin Mesa by Omar Wilson. In this rec
ord there is a variation of 22 days in the blooming period of a
Jonathan apple in this locality. The average date of full bloom
is May 12. The average number of days from full bloom to the
calyx spray is approximately 10 days.

Spring-Brood Pupae.-Spring activity of the codling moth
starts with the first warm days of April by the preparation of
the over-wintering larvae for pupation. This preparation con
sists in the opening of the winter cocoon and the construction of
an emergence tube to the surface of whatever object they may
happen to be beneath. The pupal stage of the s-pring brood
averages from 22 to 24 days, this being approximately 10 days
longer than the pupal stage of the first-brood pupae during the
IJ10nth of June. This may be accounted for by the fact that the
first warm days of early spring start pupation but is often re
tarded by cooler weather.

Spring-Brood Moths.-The time of emergence of the spring
brood moths depends upon the temperature. Twelve years of
moth-emergence records show a variation of 19 days from the
earliest moth to the latest date for the beginning of spring-brood
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