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INTRODUCTION. 

The codling moth, Laspeyresia pomonella (L.) (Pl. I, A) is 
generally recognized as the most serious insect pest attacking the 
fruit of the apple and pear and is particularly abundant and destruc- 
tive in the Grand Valley of Colorado. As a result of the extensive 
injury to the fruit industry of this valley for which this insect is re- 
sponsible, it was deemed desirable to make a thorough study of its 
life history as a basis for control experiments. 
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The data reported in the present publication fill an urgent need of 
long standing for more complete and useful information regarding 
the seasonal habits of the codling moth in the Grand Valley of Col- 
orado. It should form a basis for constructive control measures for 
the use of orchardists in this region. 

The plans for this investigation were made by the United States 
Department of Agriculture, Bureau of Entomology, in cooperation 
with the Colorado Agricultural Experiment Station. The work 
was done under the general supervision of Dr. A. L. Quaintance, in 
charge of deciduous fruit insect investigations, Bureau of Ento- 
mology, and Prof. C. P. Gillette, director and entomologist of the 
Colorado Agricultural Experiment Station. 
A field station was established at Grand Junction, Colo., in the 

fall of 1914, by Mr. R. J. Fiske, of the Bureau of Entomology. The 
senior author was placed in immediate charge of the work in 1915, 
and was assisted during the year by Mr. E. R. Van Leeuwen, of the 
Bureau of Entomology, and in 1916 by the junior author. Much 
valuable information was given from time to time by Messrs. George 
M. List and Claude Wakeland, of the entomological department of 
the Colorado Agricultural Experiment Station. 

The general character of the work in the Grand Valley was quite 
similar to that of the codling-moth investigations conducted by the 
Bureau of Entomology in several other fruit districts, but it was 
carried out on a somewhat larger scale and includes certain phases 
of the life history and habits of the codling moth not hitherto 
reported. 

THE GRAND VALLEY OF COLORADO. 

L@CATION AND DESCRIPTION. 

The Grand Valley of Colorado is located in Mesa County, on the 
western slope of the Rocky Mountains, is about 32 miles in length, 
and has an extreme width of 5 miles. It comprises nearly 75,000 
acres of land, about one-fifth of whichis: planted to fruit. At the 
time of these investigations there were approximately 10,000 acres 
of apples and about 2,500 acres of pears, while the remainder of the 
fruited area was devoted chiefly to peaches, plums, cherries, apri- 
cots, and bush fruits. The great majority of the orchards, of which 

the one shown in Plate II is a good example, were planted north of the 
Grand River, which flows through the entire length of the valley. 

TOPOGRAPHY AND ELEVATION. 

The valley is comparatively level, with the exception of a few 
elevations known locally as the “ Fruit Ridges.” The fruit district 
of Orchard Mesa, while higher than most other parts of the valley, 
is typical tableland. The general elevation of the Grand Valley 
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varies from about 4,500 to 4,800 feet, Grand Junction being approxi- 
mately 4,600 feet above sea level. 

CLIMATE. 

The climate is relatively dry, the annual rainfall being usually 
8 to 9 inches, distributed according to the normal precipitation up 
to and including 1916 as follows: January 0.49, February 0.64, 
March 0.71, April 0.76, May 0.92, June 0.40, July 0.50, August 1.04, 
September 0.95, October 0.91, November 0.55, December 0.44, or a 
total of 8.31 inches per year. Moisture is supphed the crops by 

means of irrigation systems, use being made of the water from the 
Grand River. 

The day temperatures during the summer season are high, while 
those at night are relatively low. For further details as to weather 
conditions in the Grand Valley see Tables I and II (pp. 4 and 5), 
which give the annual meteorological summaries of the United States 
Weather Bureau for the years 1915 and 1916. 

EXPLANATION OF TERMS. 

In conformity with the previous life-history studies of the codling 
moth by members of the Bureau of Entomology, certain definitions 
of the terms employed have been adopted. 

The term “ generation” is here used to include all the consecutive 
stages of the coding moth throughout the season, starting with the 
egg and ending with the adult or moth. Thus the first eggs to be 
laid (those deposited by the first moths of the season) would start 
the first generation; these and the resulting larve, pups, and moths 
would belong to this generation. The eggs deposited by the moths 
which belong to the first generation start the second generation, 
to which also belong the resulting larvee, pupze, and moths, and so on. 

The term “brood” as used in this publication is applied to any 
stage of the codling moth which may belong to a specific generation 
or to an unknown generation. For example, the eggs, larvee, pups, 
and moths which belong to the first generation are called first-brood 
eggs, larvee, etc. 

The larvee which pass the winter include all the nontransforming 
larvee of the first and second broods, and, in the Grand Valley of 
Colorado, all of the larve of the third brood. The specific generation 
to which each of these individuals belongs can not be determined 
unless they have been reared. The term “ generation,” therefore, can 
not properly be used to include the various stages of their transforma- 
tions; they are simply called “ wintering” or “spring-brood ” larve, 
and the pup and moths into which they transform are designated 
“ spring-brood ” pup and moths. 
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PLATE |. Bul. 932, U. S. Dept. of Agriculture. 

A. ADULT MOTH RESTING ON APPLE LEAF. 

PAIR OF MOTHS IN COPULA B 

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO 



Bul. 932, U. S. Dept. of Agriculture. PLATE II. 

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO. 

View of experimental orchard. 
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As mentioned previously and explained later, the larve which 
hatch from the eggs deposited by the second brood of moths do not 
transform into pups and moths the same season as hatched, but pass 
the winter in the larva stage. Hence there is, in the Grand Valley 
of Colorado, what might be called a “ partial” or “ incomplete” third 
generation. However, these eggs and larve are known as third-brood 
eggs and larve. | 

The “ life cycle” of a generation includes the time from the deposi- 
tion of the egg to the emergence of the moth of the same generation. 

The “ complete life cycle” extends from the time of the deposition 
of the egg of one generation to the deposition of the egg of the next 
generation and, strictly speaking, should include the female sex only. 

The seasonal-history studies begin with the wintering or spring- 
brood larve which transform to pupe of the spring brood and from 
which issue the moths of the spring brood. 

The moths of the spring brood deposit the eggs of the first brood, 

which, upon hatching, are known as larve of the first brood. Some 
of these remain in the larva stage until the following spring, while 
the remainder transform successively into the pupe and moths of the 
first brood. 

The moths of the first brood produce the eggs of the second brood, 
which, after their incubation period, result in the larve of the second 
brood. Some of these, like some of the first-brood larve, are 
wintering individuals, while the others transform and become suc- 
cessively the pupz and moths of the second brood. 

The moths of the second brood deposit the eggs of the third brood. 

In the Grand Valley of Colorado all the larve of this brood pass 
the winter, comprising part of the spring brood of pup and moths 
the following season. 

Wintering larve or larve of the spring brood (spring-brood larve) 
include: All of the nontransforming larve of the first and second 
broods and all of the larve of the third brood. 
Pupe of the spring brood (spring brood pupe) include: All of the 

pupe from the spring-brood larve. 
Moths of the spring brood (spring-brood moths) include: All of 

the moths from the pupe of the spring brood. 
The first generation includes : 

1. The eggs of the first brood. 
2. The larve of the first brood: 

(az) Transforming first-brood larve; 
(6) Wintering first-brood larve. 

3. The pupe of the first brood. 
4. The moths of the first brood. 
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The second generation includes: 

1. The eggs of the second brood. 
2. The larvee of the second brood: 

(a) Transforming second-brood larve; 
(6) Wintering second-brood larve. 

3. The pupe of the second brood. 
4, The moths of the second brood. 

The third generation (not complete in the Grand Valley) includes: 

1. The eggs of the third brood. 
2. The larve of the third brood, all of which are wintering 

individuals. 

METHODS AND REARING APPARATUS EMPLOYED IN THE LIFE- 
HISTORY STUDIES. 

The methods used in the study of the biology of the codling moth in 
the Grand Valley were in most respects like those employed in simi- 

lar investigations of the bureau at other places. 
The rearing apparatus likewise conformed with that previously 

used, with the exception of an improved cocooning rack, devised by 
Mr. Van Leeuwen. This device was made of wooden strips 8 inches 
long, 12 inches wide, + inch thick, having two rows of compartments 

or cells, each cell of which would accommodate one codling moth 
larva. These cells were covered with a strip of celluloid, through 
which the transformation of the insect could be observed, and the 
record of the observations was kept by placing a reference number 
at the head of each cell in the space provided for that purpose. 
After the inspection of the insects, the cells were covered by a strip 
of woed one-eighth inch in thickness, which was held in place by 
means of wire clamps made from paper clips. Three views of the 
cocooning rack are shown in Plate III: a, the rack with cover re- 
moved, showing the cells and larve within as well as the reference 
numbers; 0, side view, showing cover held in place by wire clamps; 
c, top view. 

The cages used in the studies usually consisted of glass battery 
jars, 6 by 8 inches, covered with cloth tops which are held in place 
by rubber bands. 

The oviposition cages consisted of the regular battery jars, the 
bottoms of which were covered with a 2-inch layer of slightly moist 
sand. A fresh twig of apple or pear foliage was placed daily in 
each cage, as was also a small piece of sponge moistened with a solu- 

tion of brown sugar. 
The incubation cages, in which the eggs were kept, were similar 

to those used for oviposition purposes. The leaves, on which the 
eggs had been deposited, were held in a flat position between two 

pieces of wire screen for a day or more to prevent curling while they 
dried. 
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Pupation studies—tThe time of pupation of the larve was found 
by a daily examination of the cocooning racks. 

Studies of the pupal period—The pupal period was determined 

for each individual by noting the time of pupation and emergence 
of the moth. 

Studies of moth emergence-——The records of the emergence of 
moths were made daily. 

Studies of the oviposition.—In order to secure data on the ovipo- 

sition of the moths, it was necessary to confine the moths issuing on 
different days in separate cages. The foliage in these cages was re- 
moved daily and the number of eggs recorded. 

Studies of the length of life of moths—At the time of changing 
the foliage in the oviposition cages, all dead moths were removed. 
The sex was then determined and the length of life computed. 

Studies of the incubation period—The two distinct embryological 
stages of the eggs previous to hatching were noted, namely, (1) the 
“red-ring stage,” or the first marked indication of the development 
of the circulatory system, and (2) the so-called “black-spot stage,” 
or the initial appearance of the black head of the developing larva. 
(See PI. IV, B.) 
Studies of the larval feeding periods.—The feeding studies of the 

larvee of the first brood were conducted in two ways: (1) By the 
stock-jar method and (2) by the bagged-fruit method. The feeding 
periods of the larvee of the second and third broods were ascertained 
according to the stock-jar method only. 

In the stock-jar method, apples free from codling-moth larvee were 
placed in a wire basket within a battery jar into which were in- 
troduced newly-hatched larve. These soon entered the apples and 
completed their feeding period within the fruit. Cocooning racks 
were placed in each jar and these were examined daily to ascertain 
when the larve left the fruit, and from these data the length of 
the feeding period was computed. 

The bagged-fruit method consisted in placing newly-hatched larve 
on apples developing on the tree and covering the fruit with finely 
perforated paper bags. The fruit selected was first carefully 
examined to insure its freedom from previous infestation. The in- 
closed fruit was allowed to remain on the tree for a period of two 
weeks, after which it was removed and kept at the insectary under 
conditions identical with those described for the stock-jar method. 

THE INSECTARY. 

Most of the life-history studies of the codling moth were made 
at the insectary, a partial interior view of which is shown in Plate 
V. This was located to the rear of the laboratory and was partially 
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Greatly enlarged. 
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Greatly enlarged. 
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B. LARVAE AND PUPZ IN COCOONS. 

THE CODLING MOTH IN THE GRAND VALLEY OF COLORADO. 
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shaded by trees, vines, awnings, and other buildings. As will be 
noted in the photograph, the insectary was of open-type construc- 

tion, permitting free circulation of the air; it was 40 feet long 
and 11 feet wide, with the lowest part of the roof 11 feet in elevation. 
The temperature conditions within the insectary closely paralleled 
those in the orchards, as was determined by frequent observations. 
A thermograph and maximum and minimum thermometers were 
kept in the insectary for temperature records; and the average daily 
temperatures used in the various graphs and charts throughout this 
publication were computed for each day by adding the temperature 
recorded by this thermograph for each hour of that day and divid- 
ing the sum by 24. Other data pertaining to weather conditions 
were obtained through the courtesy of the local station of the United 
States Weather Bureau, which was located within a half mile of 
the insectary. 

SEASONAL-HISTORY STUDIES OF 1915. 

The seasonal-history studies of the codling moth were commenced 
in 1915 with the observations of the time of pupation of the spring- 
brood larvee.t The-climate throughout the season was generally nor- 
mal, except in early May, when subnormal temperatures which fell 
below the freezing point occurred successively on the mornings of 
May 1 to 4 inclusive and again on May 7. On the 2d of May the tem- 

perature dropped to 22° or 23° F’. in many sections of the valley, one 
exception being the Palisade peach district, which is usually favored 
with higher minimum temperatures. At the time of the freezes most 
apples had just dropped their blossoms, except the late-blooming 
varieties, as Rome Beauty and Jeniton. 
As a result of the low temperatures, the apple crop in the Grand 

Valley, with the exception of that included in the Palisade district 
and in a few orchards where oil heaters were employed, was prac- 
tically destroyed. Here and there were to be found a few pears, the 
blossoms of which seemingly were not so readily destroyed by the 
freezes as were those of the apple. The general shortage of the apple 
crop, however, did not in any way interfere with the life-history 
studies, since sufficient fruit was at hand for feeding and other 
purposes. 

In referring to the tables the reader should bear in mind that each 
table is a unit in itself. Successive tables are not necessarily con- 

tinuations of the life history of all of the individuals given in the 
previous table. For example, it will be noted that Table III is the 
record of the time of pupation of 320 wintering larve and that Table 
IV includes observations on the length of the pupal stage of only 
233 of these individuals. Differences of this character may be due to 

i These larve were collected from banded apple trees in the fall of 1914 by Mr. R. J. 

Fiske, of the Bureau of Entomology. 
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natural or artificial causes, such as death, accidental injury, para- 
sites, the removal of specimens for other purposes, etc. 

WINTERING LARVZ. 

As previously stated (p. 6), the wintering larve consist of all of 
the nontransforming larve of the first and second broods and all of 
the larvee of the third brood. (See Plate VI, B.) 

The winter cocoon.—The winter cocoon is a small, well-built struc- 

ture, having heavy silk walls in which are frequently interwoven 
small particles of bark. When compared with the more hastily con- 
structed summer cocoon, it will be noted that the winter cocoon is 
of heavier construction and thus affords the larva protection against 
the low temperatures of the winter season. The cocoon is gen- 
erally more or less oval in form, but varies to conform with the 
space in which it is built. The winter cocoon is usually found be- 
neath the bark on the trunk of the tree, well concealed from birds 
and insect enemies, in the crotches of the larger hmbs, or in decayed 
or partially decayed tree cavities, etc. Not infrequently, in the Grand 
Valley, a mass of 10 to 20 cocoons, side by side or partially on top of 
one another, may be found on the tree in places particularly favor- 
able for hibernation. The cocoons are occasionally to be found 
around the base of the tree just below the surface soil or within 
cracks in the soil. Again, a considerable number of winter cocoons 
are constructed in various cracks and crevices within packing 
houses and storage cellars where the harvested fruit has been kept. 
Remodeling of the cocoon—The wintering larva begins activity 

during the first warm days of spring; it then remodels its cocoon 
by attaching thereto a slender silken exit tube which provides for 
the safe issuance of the moth. This tube is usually a fraction of 
an inch in length, although tubes have been found that were 2 or 
more inches long, depending upon the location of the cocoon. Upon 
the completion of the exit tube a hghtly constructed silken partition, 
which serves to separate the tube from the cocoon proper, is frequently 

built at its base. 
Emergence of the moth—Shortly before the time the moth emerges, 

the pupa punctures this silken partition and, by means of its retrose 
spines, wriggles its way to the end of the exit tube. The moth then 
ruptures the pupal skin, crawls into clear space, spreads and dries 
its wings, and in due course of time takes flight. Were it not for the 
exit tube, many moths would be unable to free themselves from the 
place in which the larve have cocooned. 

PUPZ OF THE SPRING BROOD. 

Time of pupation.—Observations of the time of pupation of the 
wintering larve were made daily by examination of the larve within 
the cocooning racks. The tabulated results showing the time of 
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pupation of 320 larve are given in Table III and illustrated in 

figure 1. 
Tt will be noted that the earliest pupation occurred April 14, when 

two larve transformed, and that the last of the wintering larve 

pupated June 8 or approximately 8 weeks later. On April 26 there 

was a marked increase in the rate of pupation and a still greater 

increase two days later, owing to 
higher temperatures, asshownin [[[// {1111/1} 111, 
figure 1. Following this activity PECGE COCR a 
the temperatures became abnor- AGRACLE MT M De 
mally low, reaching in the insect- VA PA Ae pies 
ary a minimum of 27° F. on May : Pepe re oe 
2, on this date only one larva ‘ CCAR 
pupating. This freeze contributed $ | | | [FA TY AT TL I I | 

Laat te Nea or) 
See 

largely to the destruction of prac- 
tically the entire fruit crop of the 
Grand Valley west of the Pali- Fic. 1—Time of pupation of  spring- 

sade district. Freezing tempera- Behera Saint ce Se ae 
tures recurred on the mornings of 
May 3, 4, and 7, but on the latter date the temperature reached a 
maximum of 70° F., and, as a result, 18 larvee pupated. Pupation 
thereafter continued quite regularly (except on May 10) and reached 
its maximum on May 12. During the period of one week, May 7 
to 13, inclusive, approximately 40 per cent of the wintering larve 
pupated. Following this crest of activity the rate of pupation gradu- 
ally diminished in the normal way. 

TABLE IIIl.—Time of pupation of wintering larve of the codling moth, Grand 

Junction, Colo. 1915. 

Date of | Num-|} Dateof | Num-|| Dateof | Num-|| Dateof | Num-|| Dateof | Num- 
pupa- | ber of pupa- | ber of pupa- | ber of pupa- | ber of pupa- | ber of 
tion. | pupe. tion. pupe. tion. | pupe. tion. | pupe. tion. | pupe. 

Apr. 14 2|| Apr. 26 13 || May 8 19 || May 20 {|| June 1 1 
15 0 27 8 9 13 21 1 2 1 
16 1 28 25 10 4 22 1 3 0 
17 0 29 13 11 26 23 5 4 1 
18 2 30 11 12 30 24 4 5 0 
19 2}| May 1 4 13 20 25 2 6 0 
20 3 2 1 14 12 26 2 7 1 
21 7 3 3 15 10 27 2 8 2 
22 0 4 3 16 8 28 = 
23 1 5 1 17 7 29 2 Total...| 320 
24 4 6 3 18 4 30 8 
25 3 7 18 19 0 31 1 

Length of the pupal stage—In Table IV will be found the length 

of the pupal stage of 233 pup of the spring brood. Reference to 
this table will show that the first pupation occurred April 14 and 
the-last June 7. The pupal period of the individuals that pupated 
early in the season was naturally longer, owing to the lower average 
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temperatures, than was the pupal period of those insects that trans- 

formed later in the spring. The average length of the pupal stage 
was 27.58 days, the maximum 34 days, and the minimum 15 days. . 

TABLE [V.—Length of the pupal stage of pupe of the spring brood of the cod- 
ling moth, Grand Junction, Colo., 1915. 

Num- Length of the pupal stage in specified days. 
Date of | ber of 

pupation. |individ- 
uals. | 15 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28} 29 | 30 | 31 | 32 | 33 | 34 

Apr. 14 I, eepolisasalecso|oSss)lccco|ienealloossllecociiescagleconllesesiense Pl peaelenoe 
16 10 Sey | eS (eae (eee eae cal Peas ALL CR teal MeL djl eA ee 
18 2 -saa|euteccaleoce| =a - Reeser ee cars eee (siecle 1 1 etl Bose ae 
19 7S alle Gace eas eee ae isso Sa eres | ge eae eters ees ie Raed be | 
20 776 ESS ROA ese! socal ae seed acs) tess fected Fee rl ieee bog See bere jar 
21 Tiel ec cel eaee te ele 22 |e Paes eee, ee bas a a ae ee 1} 5/1 
23 TR Ae eel a ines I I a ene reel |i ee Pers cae a es 3p ee 
24 3 | rT) a a PE ee 
25 77a eel ages (eel eS ROSE sce esd jo see Iona acta sal US eee [inte | oa ee 
26 10) Sebo \-aca le teal 2 Sa[ eee Gia h ET F347 a ae 
27 (6) BBs eee lates soe Sac joes secallecec isecn lscas 3 3 1 BR sees see 
28 185) S55| eo Se5| Secale es a ee [oe Dt Os | Aaa Gleam ces 
29 1A) ee ea (roe mae lel eee less) mise) eras! (a eel PR ie] ee P| ee ae 
30 Slles AS RAS SS Se SSE clo See |e Ets) SAS he Bele ieee ale eee 

May 1 Sul ee al eect seal et Resse ee Pit | Pvc 2 at 
3 2 ial P(E a Pi fl Peas era Pile. Sa ete ee das le ae eal ee 
4 3 ae Lose asl Seentes scleaae gees Teoh ie fe Saeed ee AeA oe Paael ee Se 
5 Ty Rae teat aE eee P| Mie. 8 Paley eee eee ee B 
6 | Sit esa siecle lator 1 Ds | apn ese emer 55 ears Ie 
7 UES esee) saeco aaa oaae 2 Oo) Wigs HT La Seed cee (aes bee |b See Fea ee be 
8 15 SS a= ei! UTM) \seeal 1 Bel eee Be Sl beer |e 
9 7 SAK seb ho 1 BU lste een [eet oes. s | eeeyeull e r 

10 DE IPE ae Beale fel ol autre et aaa Pete od eee |e Psat ce : 
11 Oh Is eee APE S| Sats aa Ss Sh lee| els 
12 710 as ios] SE Oe [ace lec iS P41) MO Palle Z| 
13 Ayia tes (aod lerscocg bees) Ieee) ree eva Be fee 4 lee eel eel be ae 
14 LOM eS easter hers Se laeacelineeiel eee 7 1 fe 0 Be ae eee be 
15 oy les aes keel eet Sees aca esr see Al aoe |e aaate Stee tes | seek lses 
16 Bi oe eel Sets | eee |eve Ee a eas Meera beseech) a eS a Se 
17 6) adie cia |. PAs | Sek yaa S| De Saleh eibeee 
18 Ase ol atee aes See les ‘ I et et Bi esa Sone saad ase 
21 AS eee) aera eerste bese 5 MOS Sa SSS Se Se eos |e cord| eros teereraloraere 
22 1 rere ees cl aes sess te—a A ea ec ASS eoecl sade aoc 
23 33 esos 1 1 1 SSS8 ean eee asec lace 2 
24 Ds sue 1 Pie MES Secale bs- | eaeialliseretei stereo art Sereollinge A 
25 Saree =| sees |S s4| SoS: Sees meses sosleeae | Mesa lease H : 
26 1 eer|S Sah eles Be) fee eee ee eee ete |e eee eee ; 
27 PAA ead seal) ok LS) sea 2 alee ale SoS ee ee eee : 
28 2 Nee | aan | ee aS oe coe Hecate tl yack yorleyel| tatoos ogee ‘ 
30 C6 J) [eae femal OF (Sree 1a eae Fearn [neni love eed ee be ee eae eleo el onl (on ae 

June 7 Det Pare See. |e eee |e ea eee lect Seer) cigs Hadas t 2 

233 1 Ca G 9 | 22} 19 7 | 32} 39°) 25 | 21 | 23) 138 5 | 4 

: Days. 

Averarelensthorpupalistace. so22 5.52 ok eee Wee ee oe eee ee eee ee ee eee 27.58 
Maximumaeneth of-pupal'stage: 2: .s- o2 Ss ee es Se ee ee sae erates 34 
Minimum leneth of pupal stage.» 2 22 2: ls. eee ee ee re ieee 15 

MOTHS OF THE SPRING BROOD. 

Time of emergence—The tabulated data of the emergence of 
1,539 moths of the spring brood are given in Table V. It will be 
noted in this table that the first moths issued May 12, while the last 
moth of this brood did not emerge until June 29 or nearly seven 
weeks later. The emergence is largely dependent upon temperature 
and atmospheric conditions and hence the number of moths issuing 
daily fluctuates more or less in accordance with the climatic factors. 
The number of moths appearing daily gradually increased (with 



CODLING MOTH IN COLORADO. ee 

one exception) up to May 17, as shown diagrammatically in figure 2, 

and probably would have ceuonrall growing larger had it not been 

for the retarding influence of the weather, which began May 18 and 

continued to May 21, inclusive. The foraperature dropped consid- 

erably on May 18 aa was accompanied by 0.12 inch of precipitation. 

WAL sane 
Pee 
eee ee 
ee ee 
Ce a eS 

VWERAGCE OANLY TEMPERATURE. 

ae 
Oe eee 
eee ee 
ee esha stoped ah bucks he 

[oN eee es Naaileg nas i oe 
meen sabia iyr(bid is fave 

JE 

Fic. 2._Time of emergence of moths of the spring brood of the codling moth, Grand 

Junction, Colo., 1915. 

On the following day, May 19, the temperature dropped somewhat 

lower and heavy rains (0.44 sale) occurred in the afternoon and 

evening. The next day, May 20, was colder than the two preceding 

days, the maximum temperature being 58° F. and the minimum 44° 

F. In addition to the low temperature, it rained practically the en- 
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tire day, with a total of 0.29 inch of precipitation. The development. 
and activity of the codling moth were almost completely arrested, 
with the result that no moths issued and no eggs were deposited. 
With normal temperature conditions on May 18, 19, and 20, the 
emergence of moths would doubtless have been large. The weather 
turned increasingly warmer May 22, 23, and 24, and on the latter 
date the maximum number of moths (196) issued. Thereafter the 
emergence gradually decreased, the rate conforming closely to the 
variations of the temperature until all of the moths had issued. 

TABLE V.—Time of emergence of codling moths of the spring brood, Grand 
Junction, Colo., 1915. 

Date of |Num-|| Dateof |Num-|| Dateof |Num-|| Dateof | Num- | Date of | Num- 
emer- ber of emer- ber of emer- ber of | emer- ber of emer- ber of 
gence. j|moths. gence. |moths.|| gence. |{moths.|| gence. moths.|} gence. | moths. 

1] 

May 12 8 || May 23 126 || June 2 17} Sune 12 8 || June 22 | 2 
13 30 24 196 3 14 13 1 23) | 0 
14 15 25 135 4 4 14 10 24 1 
15 30 26 41 5 6 15 8 25 0 
16 83 27 102 6 3 16 2 26 0 
17 108 28 95 7 15 17 2 27 0 
18 24 29 74 8 32 18 4 28 0 
19 26 || 30 65 9 33 19 6 29 1 
20 | 0 Bul 46 10 26 | 20 8 | 
21 | 2 || June 1 56 11 10 | 21 0) Total...|1, 539 

22 80 || | | | 
| | | | 

Oviposition by moths of the spring brood—tIn Table VI are re- 
corded the observations of the oviposition of 1,140 female moths con- 
fined with 1,007 male moths in 92 cages. In this connection it is 
of interest to note the variations in the time of oviposition by the 
moths in the several cages. Thus, moths emerging May 12 and 
confined in cage 1 did not deposit eggs until May 22, whereas the 
moths in cage 2, although issuing a day later, commenced oviposi- 

tion May 15. A more detailed study of the table will show numerous 
variations of the oviposition habits of the moths. A summary of the 
data is as follows: The number of days before oviposition averaged 
6.19, the maximum was 19, and the minimum 2; the number of days 
for the period of oviposition averaged 13.82, maximum 383, mini- 
mum 1; the average number of days from the date of emergence to 

the date of last oviposition was 19.14, maximum 37, minimum 5. 
Number of eggs per female moth.—I\t was found in the oviposi- 

tion studies of the moths of the spring brood that the average num- 
ber of eggs deposited was 12.59 per female moth. This number was 
obtained by dividing the total number of eggs deposited by the 
total number of female moths caged, as shown in Table VI, 
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TABLE V1.—Oviposition of codling moths of the spring brood im rearing cages, 
Grand Junction, Colo., 1915. 

Cage 
No. 

ODOIDUIPWNH 

Sex. 

Fe- 
Male nine 

15 14 
6 14 

11 13 
12 16 
12 13 
9 16 

11 14 
12 12 
6 13 
ie 16 

14 20 
10 13 
15 7 
16 11 
16 9 
19 9 
5 3 
7 15 

13 12 
15 12 
5 ih 

10 11 
14 11 
8 15 
7 14 
7 5 

15 9 
13 15 
12 11 
10 14 
8 12 

10 16 
15 il 
8 15 

15 9 
10 14 
9 12 

13 10 
fe) 13 
) il 

12 18 
13 12 
9 12 

12 10 
14 10 
10 14 
Ue 15 
F 15 
8 il 

14 17 
8 13 

11 
15 8 
9 we 
8 18 

14 11 
14 9 
15 8 
11 9 
10 16 
10 11 
14 10 
13 9 
12 15 
3 8 

11 12 
7 4 
4 2 
9 10 

Date of— 

Emer- First Last 
gence of | oviposi- | oviposi- 
moths tion. tion. 

May 12 | May 22] June 1 
May 13 | May 15} June 9 
SOs re May 24|June 3 
May 14 | May 17] May 31 
May 15 | May 18] June 15 
Masy: 116) |S=-dors=- June 11 
ee dOeee May 21 | June 22 
se cOlOxeese May 22 | June 
Band OFeees May 23 | June 
Ee OS eae May 28 | June 
May 17 | May 22) June 14 
aad Ores May 24|June 1 
Ad Owe a Osa June 11 
=O: doer June 15 
May 18] May 25 | June 13 
May 19 doses June 17 
May 21] June 9 | June 10 
May 22| May 24 | June 14 
Ado May 25 | June 11 
Ad O ee et dom EdOes os: 
AEGON Asse May 99 | June 9 
are 23 | May 25] June 15 
Gore edOwsa June 17 
Bend Ouest _| May 27 | June 8 
FXO Ore May 31 | June 17 
SOK eae June 9} June 23 
May 24 | May 27 | June 19 
Ped OSes May 31 | June 20 
BAO ses June 1] June 8 
Onna "00:25" June il 
SOs dors June 19 
eG Ones “does June 25 
doses ‘June 3 | June 23 
eT en June 6] June 19 
May 25 | May 28] June 18 
OOP ees May 30 | June 17 
BAC OMaae June 1] June 19 
sds June 9] June 15 
May 26 | May 31 | June 19 
Bed Ossese -do. elope 
May 27 | Jume- 1 }-.-do_..- 
AG Ose ts And Oar June 6 
Ome ee ce dOu June 18 
ee GQ ae May 31 | June 16 
May 28 | June 1 !.--.do_...- 
weed Osa s ..do ree Kon ae 
OO batse Ed Osa June 19 
eed Ome EC Onsaes June 26 
May 29 ‘June 2|June 18 
LSC Ol=e do June 28 
SG Y0 epee June 4 | June i6 
EGE June 7 RG Os = 
SECO. e June 10 | June 11 
May 30} June 4 | June 19 

oe KOO lene do=ae June 22 
SEOs. ee June 7 | June 17 
Oss June 9 | June 22 
May 31] June 7} June 7 
Ser Onna doe June 17 
ad Oessae June 9 | June 14 
Red Ouse 2 Om een Osan 
June 1 e 7| June 16 
Se Olee June 10 | June 19 
SOO Asoo RO | eee Ome 
June 2 | June 11 | June 12 
June 3/|June 9 | June 16 
June 4/ June 10 | June 11 
June 5] June 11 |} June 22 
June ee Owl=s-dOlse = June 21 

of eggs 
depos- 
ited. 

Number of days— 

From 
date of 

Before | Of ovi-| emer- 
oviposi-|position| gence 
tion. | period.| to last 

Oviposi- 
tion. 

10 11 20 
2 26 27 

is Be) S221 
3 15 17 
3 29 31 
2 25 26 
5 33 37 
6 17 22 
7 13 19 

12 6 17 
5 24 28 
7 9 15 
7 19 25 
7 23 29 
a 20 26 
6 24 29 | 

19 | 2 20 
2 22 Zona 
3 18 20 
3 18 20 
i 12 18 
2 22. | 2 | 
2 24 | 25 
4 13 16 
8 18 | 25 

17 15.| lea 
3 24 | 26 
7 21 | 27 
8 8 | to | 
8 11 18 
8 19 | 26 | 
8 25 | BR | 

10 21 30 
13 14 | 26 
3 22m 24 
5 19 | 23 | 
7 19° je) 325 

15 Te | 21 
5 20 | 24 | 
5 DOs wed 
5 19 | PRX | 
By 6 10 | 
5 18 22 
4 7) 20 
4 16 | 19 
4 16 19 
4 19 22 
4 26 29 
4 17 20 
4 27 30 
6 13 18 
S 10 18 

12 2 13 
BY 16 20 
5 19 23 
8 11 18 

10 14 23 
7 ] 7 
7 11 17 
9 6 14 
9 6 14 | 
6 OM ees 
9 10 | 18 | 
9 10 Se 
9 2 | 10 
6 Bl as 
6 oa al 
8 ra 7 
5) 11 15 
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TasLeE VI.—Oviposition of codling moths of the spring brood in rearing cages, 
Grand Junction, Colo., 1915—Continued. 

Sex. Date of— | Number of days— 

Total 
Num- num- From 

Cage ber ber date of 
No. of Fe Emer- First Last of eggs | Before | Of ovi-| emer- 

moths.| Male. ane gence of | oviposi- | oviposi- | depos- | oviposi-|position| gence 
‘| moths. tion. tion. ited. tion. | period.| to last 

ovipos:- 
tion 

| 
| 70 23 10 13 | June 7 | June 11 | June 20 251 | 4 10 | 13 

71 25 15 10 dow June 16 | June 16 3 9 is 9 
72 27 15 12 | June 8} June 11 | June 27 250 3 7 | 19 
73 22 13 9 OeS2 June 18 | June 21 10 10 40 13 
74 22 7 15 do-4332 June 21 | June 25 a 13 5 | 17 
75 31 18 13 | June 9} June 16} June 26 238 a 11 Ty 
76 29 12 17 (0) -= (d0=-254 June 27 52 7 12 | 18 
77 33 13 20 | June 10} June 12 | June 23 211 2 12 13 
7 31 21 ON 2d Oss | a Oe ae June 26 100 2 15 | 16 
79 31 | 18 13 Chop oe June 15 | June 25 367 5 11 | 15 
80 38 16 22 | June 11 | June 16 dose 134 5 10 | 14 
81 29 14 IMSS | ciphers 119) || ACO. June 23 275 4 8 | il 
82 9 | 1 8 | June 13 } June 19 | June 21 7 6 3 8 
83 20 10 105) Smee bAg as Sean S| eee L| Sees ee | eee ae eee 
84 30 13 17 | June 15 | June 18 | June 29 54 3 12 | 14 
85 | 32 11 21 | June 16 | June 19 | June 26 129 3 8 10 
86 30 13 Wie) Snes (a| Sad onsa | hy pe 293 2 15 16 
87 25 7 18 | June 18 | June 22 | June 30 92 4 9 12 
88 25 10 15 GOs June 23] July 1 202 5 9 | 13 
89 24 10 14 | June 19 | June 24] July 4 152 5 11 | 15 
90 25 11 14 | June 20] June 22]| July 1 182 2 10 11 
91 12 4 8) | Dune 2ies st ey ales eran On| cose oe |e ee 
92 9 3 6 | June 22 | June 27 | June 27 24 5 1 5 

PSV CT AL Ci Se Se a fe eR pes Sy CI a ae Sa iN SR A Pa a ee 6.19 | 13.82 _ 19.14 
Wi Repco a0 00 a SE yee apie Fence es es SS ee NE Ee ee Selle oh wees 19 33 | 37 
MAG NUN 2 Peis aka eee ee Se ee ence 2 1 5 

1 Deposited on side of cage. 

INUmMberolaniale MOS. s ass Saha ee ee ee ee ee eee 1, 007 
INumberoftemale moths aa. 2 sSae=c cae ae esis ee eee eee 1,140 
‘Lotal mumiberOtin ot hs: se 2s..sircedee, 22 ae See Nee ete a Ce ae One ee 2,147 
ALOLal MUIMbDeE ONCEES  e8. 5 os eee Pe eo ee ee ee eres 14,359 
AVCrAGe MUMDEHOLE SES Per. femal] © vrrT O tha ps ore ee ee le ee 12.59 

Length of life of moths—The dead moths in the oviposition cages 
were removed each day; their sex was then determined and the 
length of their life computed. The results of these observations are 
given in Table VII, in which it will be found that the average length 
of life of 1,283 male moths was 14.59 days and of 1,462 female moths 

15.86 days; the maximum length of life of the male moths was 36 
days, of the female moths 39 days; the minimum length of life of 
the male moths was 1 day, of the female moths 1 day. 
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TABLE VII.—Length of life of male and female codling moths of the spring 
brood in captivity: Summary of records of 2,745 individual moths, Grand 
Junction, Colo., 1915. 

| 

Male. Female. Male. Female. Male. Female. 

um- Num- Num- Num- Num- Num 
pent ne r of Ten eth ber of Venath ber of Pength ber of Hengih ber of Tengen pero: of 
2 moths. moths. * lmot - | moths - |moths. moths. | 

Days. Days. Days. Days. Days. Days. 
1 9 1 5 Jereoley 61 15 95 29 8 29 15 
2 9 2 3 16 58 16 99 30 11 30 6 
3 4 3 5 17 58 17 88 31 4 31 4 
4 14 4 11 18 50 18 73 32 6 32 5 
5 29 5 12 19 41 19 72 33 5 33 OR 
6 46 | 6 18 20 65 20 91 34 3 34 2 
7 63 7 41 21 43 21 69 35 2 35 3 
8 79 8 39 22 38 22 36 36 1 36 0 
9 49 9 72 23 26 23 37 37 0 37 0 

10 77 10 77 24 27 24 33 38 0) 38 1 
11 65 11 7 25 21 25 28 39 0 39 1 
12 71 12 88 1 = 26 25 26 24 a 
13 99 13 97 27 10 27 14 Total.|1, 283 Total. |1, 462 
14 79 14 98 late e 17 Pees oben TUE 

Average length of life of male moths, 14.59 days; female moths, 15.86 days. 
Maximum length of life, male moths, 36 days; female moths, 39 days. 
Minimum length of life of male moths, 1 day; female moths, sil day. 

THE FIRST GENERATION. 

Eecs oF THE First Broop. 

Lime of egg deposition—The first eggs of this brood were de- 
posited on May 13 in a cage in which were confined some of the 
earliest moths of the spring brood, emerging on different dates. 
The deposition of the eggs, as shown in Table VIII, continued daily 

AUERAGE DAILY TEMPERATURE. 

ns Ay 
Peers CaV agg aan . : Ly MAY une U1 

Fic. 3.—Time of deposition of eggs of the first brood of the codling moth, Grand 
Junction, Colo., 1915. 

up to and including July 8, with the exception of May 19 and 20, 
on which days no eggs were laid owing to the unfavorable weather 
conditions previously mentioned (see p. 13). The greatest number 
of eggs deposited on any one day was 1,379, as will be noted in the 

19552°—21 2 
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graph, figure 3. By further reference to this figure it will be seen 
that the average daily temperatures from June 3 to June 7 were 
relatively low and that during this period the moths did not de- 
posit very freely. With the rise in temperature from June 7 to 10, 
the moths were much more active and deposited 828 eggs on June 8, 
1,106 eggs on June 9, and the maximum number of eggs, 1,379, on 
June 10. The average temperature was also high on June 11, but 
the deposition of eggs was notably less than on the preceding days. 
Following the crest of egg deposition, the number daily deposited 
gradually diminished, except on June 19, when 564 eggs were laid. 

Taste VIII.—Time of deposition, length of incubation, and time of hatching of 
eggs of the first brood of the codling moth, Grand Junction, Colo., 1915. 

| Date— Appearance of— 

Num- | Incu- 

vation. | Bet of | Pane bation 
"| eggs. | Deposit-| Red Black yatchea.| Bed | Black | period. 

| ed. ring. spot. | "| ring. | spot. | 

| | Days. | Days. | Days. 
1 15 | May 13 | May 16 | May 25 | May 27 3 12 14 
2 10 do:2.2 4s 2 Sea ee Maye 28h |=. See eee 15 
3 2) May 14] May 16 | May 27 |.--do.-..- 2 13 14 
4 904 doe ae ee el eee eee May 299: beec Ie ee 15 
5 5 | May 15| May 17] May 28 |--..do.-..-- 2 13 14 
6 | 14): Sder see iee May 30 |-22 = 15 
7 4| May 16] May 22| May 29 |..-do....- 6 13 14 
8 DSS Sido S| Fie ee ee eee May isis 2ie eee ee 15 
9 1} May 17| May 23] May 30 |-..-do....- 6 13 14 

10 | Seed Orca Neetees eee eee oe tea) Sune de aes eel eee 15 
gy 8 | May 18 | May 27 | May 31 |-.-do--- 9 13 14 
12 | 2 SOs Sele sores 2 eee June Ot) se eee 15 
13 | 5 | May 21] May 27 | May 31] June 1 6 10 11 
14 | 39 | May 22 | May 28 |..-do- June 2 6 ) 11 
15 | fac dos. s|see ees [este oe dane 234 | eee 12 
16 | fa Bers Peers) eee eer eee 8 Jane:4 4-2 ee 13 
17 | #412dol |e oleae Vaid Sale: eee 14 
18 | 45 | May 23 | May 28| June 1/)| June 2 5 9 10 
19 | DONE Ota alee oases eee eee JUDE 232|22 Se Sse 11 
20 | S4Ntoe dor: = ).2 sae esas aes June =. 45 || eee 12 
21 145 |Peesdo. 2 2o|2o a eee San ot Sune Sic oes: | eeiwies 13 
22 | Sale dome. a2 2 2 Baa Sse as Tune =-63|) 22 e ee see ee 14 
233 | Go| hs 3 OR Sn Sees | Sieg eee JUNG le Se eee 15 
24 | 20| May 24] May 29] June 1] June 4 5 8 11 
25 | 1364] e 20s 22 ee = Se |e ene June! 259 ees | ee ee 12 
26 140 ote laser Parie 6 ye ace 13 
27 65 |. dower cear cae a ee June. -7: [eo dee 14 
28 19 | May 25 | May 29] June 4 |..-do.... 2 10 13 
29 AD |. -2 Oe aa oa ees os beet JUNE CS"): 2.2- see | eee 14 
30 8. () 0, ee ce eee June, 39" eon aoe eee 15 

| 31 284 | May 26 | May 30| June 4/| June 8 4 9 13 
32 9015-02 a.2] Se eee Jone Ole =e ee ae 14 
33 2| May 27] May 31| June 7| June 8 4 11 12 
34 1ST eld Oe 5s eee eee JUNC 29 see) ae ore 13 
35 157 | May 28] May 31] June 7 |..-do-...- 3 10 12 
36 AN} _@ GOs 222] 225.2 seeee Sseeeeeeess June WOM eee see | soccer 13 
37 5 edo. oa) oe ee eee June stl |e eee see 14 
38 120 | May 29| June 1] June 8 | June 10 3 10 12 
39 Bilal Oe ee) sos eee 2 =| acres June ws ee | eae 13 
40 162 | May 30| June 3] June 9/ June 10 4 10 11 
41 Fel AY (ES Ue ee ec Sfriiley 18 Pe -Sae eee lescelice- 12 
42 1 Ee eet (es See Bel ener saaee June. 1242 ees ee pees 13 
43 367 | May 31/ June 3] June 10} June ll 3 10 11 | 
as Gl Wee yee eee 3 oe I Se ee SMC? 22 Sel n eee 1b: 
45 Tle) Ie et6 MRS e el Seca seee aos eae June213"|2eo sees (Sas ee ee 13 
46 7| June 1/{ June 4] June 10} June 12 3 | 9 11 
47 iy ee | RAR eS ce June As! os. ee eee 12 
48 OR ea | iat EG cee Jarie 4] 28 faeces 13 
49 324] June 2| June 8 | June il | June 13 6 | 9 11 
59 AS) nee @. 5 2 eee eoe olan June 140) Set See eee 12 
51 30) |S dos. 21 eae ies eee ee Jumenia es Sect saa 13 
52 64. June 3 jasere se June 11} June 14 }...-..-.-- 8 11 
53 2G OOO ae ee eee et June’ 15,1522: 6¢2) 22sec 12 
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TasLe VIII.—Time of deposition, length of incubation, and time of hatching of 
eggs of the first brood of the codling moth, Grand Junction, Colo., 1915—Con. 

Date— Appearance of— 

um- TIncu- 
ases ber of bation 

eggs. |Deposit-| Red | Black |y.;-neq.| Red | Black | period. 
ed. ring spot. | ‘| ring. | spot. 

Days. | Days. | Days. 
54 46 | June 4| June 9] June 11} June 14 5 7 10 
55 Sige OM se See eee ee ae June 15 Selena ccae 11 
56 Abs aban: Ge aoseaccse June 13 | June 15 }....-... 8 10 
57 Da (eC KO al PGES pee al (Eee hs EUDET Cl Oya | epee re = 11 
58 gL] Pa E(G 0 ee | [nie mere ee BS te SUN OLA ie hrss eee ys 12 
59 163 | June 6] June 10] June 12 | June 15 4 6 9 
69 ESS ieglsae 6 (0 eae) (eae eae Ns Je) fn ia FUNG sG ee gales yee 10 
61 49 | June 7] June 10} June 12} June 15 3 5 8 
62 keds be] Pepe Ua epee See [ep a ea | ee te PMTNVOLN OS Ses hee eee 8 9 

63 215| June 8| June 10} June 14} June 17 2 6 9 
64 GU S4 Oe S| eee ayes AN TRIE TG es eal ee 10 

65 619 | June 9} June 11 | June 16] June 17 2 7 8 
65 55 | June 10} June 12 _do. June 17 2 6 7 
67 GQOHE rad Ow res Peers eae ea June 18 2 6 8 
68 Gone sd Oe | eee ee TUNG MLO’ ae es ee eee 9 
69 233 | June 11] June 15} June 18 |..-do....- 4 7 8 
70 SFI SERCO (Os es | Re Ree Se, | I SE Ferme s-2 Op Paes ee | ese 9 
71 76} June 12] June 16 |} June 18 |...do.... 4 6 8 
72 1D | EO hates Ale earn tS a | ee Toe PUNO Ze | eee | aes ee 9 
73 102 ; June 13 | June 16] June 19} June 20 3 6 7 
74 O98 eC Ons- cole min as ee ae PUNK 2s soe eS soo 8 
7s 241 | June 14] June 17.| June 19 |...do..._- 3 5 7 
76 56a |e Ose hee sarees a sen June 22) | aa ese 8 
ae 237 | June 15} June 17 | June 20 }...do...-- 2 5 7 
78 idee Med Qa M aS coer lan eee FUME 23a ee ees See ae 8 
79 245 | June 16} June 18 | June 21 |.-..do-..-- 2 5 7 
80 20 ACG VO ee ed | ae eee Se ee JUN OM 24S sae tos a retare 8 
81 248 | June 17} June 19 | June 22 | June 23 2 5 6 
82 12 yi eee IS Se MAES! a rs Funes 247 | See sen ae tee 7 
83 141 | June 18 | June 21 | June 24 | June 25 3 6 vi 
84 AGB rer Cl Queriak| eerste el hs a oe FUND 5a esa See ceeee 8 
&5 502 | June 19 | June 21! June 24 |..-.do....- 2 5 7 
86 149 | June 20 | June 22} June 25 |...do....- 2 5 6 
87 Del seeed Qercrse |ecains Bene Pye Sees ANDAs) OVA isis Sees ee ees 
88 198 | June 21 | June 22 | June 28 } June 28 1 5 7 
89 31 ACL E Nisa | Seer Ma OH epee Abba Vey SOAS) eRe el eee 8 
90 117 | June 22 | June 23] June 27 | June 28 1 5 6 
O1 5 SO BeO S| eae Bene ae le eee Se aJiCLTRO ae Oe | tee ees ee Sere 7 
92 145 | June 23 | June 24 | June 28 | June 30 1 5 7 
93 3 eed OE ee (eee reds eee el ore Publlycsssla| esate eens 8 
94 13 | June 24] June 25 | June 29 | June 30 1 5 6 
95 TEU Te 0 Las See | Shee ae ee ee ea Jlyes ea Ber sce |S ea cee 7 
96 191 | June 25} June 26 | June 30} July 2 1 5 7 
97 DUE bea eae eE se scl Con Sae nae ADH ny ctee ie] amiss ee tere Ey 8 
98 65 | June 26} June 28} July 1 |...do..... 2 5 7 
99 AG TSA CLO See ehcp eel wae eres oe TUT Vere aes fess pees leer 8 

100 11 | June 27) June 29} July 2/]...do..... 2 5 7 
101 27 | June 28} June 30} July 3 |...do..... 2 5 6 
102 "| ere KO Se Sl reece aa hg SE Joly AlGy:| Bseetons Aseasose 7 
103 (As une] 29) | duly Le dulyen ou|2=-dole—- 2 4 6 
104 35 | June 30} July 2] July 4] Tuly 6 2 4 6 
105 GA SACO ats es ot eae Uuliv ese eae Stee aSSeeeee 7 
106 94} July 1|July 2|July 6]/July 8 1 5 7 
107 63 | July 2} July 4] July 7] July 9 2 5 7 
108 ea eee Ose sl eens eee ae eee Hiliye Os|\ Saat one |ece eee. 8 
109 16] July 3] July 6] July 8| July 10 3 5 7 
110 Soe eve Ae Ouse July 10] July 11 2 6 7 
11 flee Coren nee est eee Se se Julyzek 2 Pee cce seek 225 r 8 
112 EVEN Rhy - 96) | -oeGOn cea Pah Wak |e oe 1 Guise: 
113 24| July 6) July 8] July 12] July 13 2 6 7 
114 SS evan en Onean| sense eee eee} 11) a | eee 
115 TIF URS SSI ee ee es ee nee | Peete yee ee 

INN ee oe es Sa Cy eee a eng Seg Cae eee 2.70 6.62 | 9.14 
IN BB Gee Re tee Br og heap Re cht iar a 9 13 15 
HIVE a epson eget RN Stn dO UR a 1 4 8 

! Eggs not included in averages due to failure to deveiop fully. 
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Length of incubation.—As will be noted in Table VIII, the earliest 
eggs required an incubation period about twice as long as those de- 
posited later. This is accounted for by the lower temperatures to 
which the earlier eggs were subjected. The incubation period 
gradually decreased as the daily temperatures became higher with 
the advance of the season. The average number of days from the 
date of deposition to the time of the appearance of the red ring was 
2.70, maximum 9 days, minimum 1 day; the average number of days 
from the date of deposition to the black-spot stage was 6.62, maxi- 
mum 13 days, minimum 4 days; the average incubation period was 
9.14 days, maximum 15 days, minimum 6 days. 
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Fic. 4.—Time of hatching of eggs of the first brood of the codling moth, Grand 
Junction, Colo., 1915. 

LARV OF THE First Broop. 

Time of hatching.—Larve of the first brood commenced to hatch 
on May 27 and continued to hatch until July 13, as given in the com- 
plete hatching data in Table VIII. The eggs were hatching in 
maximum numbers on June 17, just one week after the time when the 
greatest number of eggs was deposited. The interval from the date 
of the appearance of the first larva to the time of hatching of the 
larvee in maximum numbers was 21 days. This interval would prob- 
ably have been reduced somewhat had the weather been warmer on 
June 12, 13, and 14. The time of hatching of the eggs of the first 
brood is presented graphically in figure 4. 

Length of the feeding period, stock-jar method —The length of 
the feeding period of 758 larve of the first brood (both transforming 
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and nontransforming) according to the stock-jar method (see p. 8) 
is given in Table IX. As will be observed, the length of the feeding 
period averaged 21.64 days, maximum 35 days, minimum 12 days. 
Length of the feeding period, bagged-fruit method—In Table X 

will be found the results of the observations of the feeding period of 
249 larvee of the first brood (both transforming and nontransform- 
ing) by means of the bagged-fruit method (see p. 8). The average 
period of feeding was 22.77 days, maximum 35 days, minimum 15 
days. 

* 

TaBLE 1X.—Length of feeding period of larve of the first bruvod of the codling 
moth, stock-jar method, Grand Junction, Colo., 1915. 

Num- Length of feeding period in specified days. 
Date of | ber of 
entering | indi- 
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TaBLe X.—Length of feeding period of larve of the first brood of the codling 
moth, bagged-fruit method, Grand Junction, Colo., 1915. 

Num- Length of feeding period in specified days. ~ 

Dateof | ber 
entering |ofin- | | | 
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iAverncelsnot motieed me periods. jo... 1c-saw eas eee ee eee Ce eae ee ee ee ee 
Maximum length of feeding period --.-......-.------------------------ +--+ 2-22 2--- 2-222 -5-- 22 -- = 390 
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Length of the cocooning period—The cocooning period is herein 

considered as extending from the time the larva leaves the fruit 

until it has pupated. The data given in Table XI, therefore, apply 

only to the transforming larve of the first brood. By-reference to 
this table it will be seen that the cocooning period was recorded for 
430 individuals which left the fruit from June 23 to July 26. Of 

this number, 86 formed their cocoon in 4 days, 85 in 5 days, and 67 

in 6 days. The average number of days for all individuals was 6.70, 

maximum 28, and minimum 1. This minimum cocooning period of 

1 day is the shortest period recorded for any larva throughout this 

and the following season. The cocoon was of normal size, but was 

constructed very lightly. 
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Tasite XI.—Length of cocooning period of transforming codling moth larve of 
the first brood, Grand Junction, Colo., 1915. 

lar 

Num- Length of cocooning period in specified days, being the time | 
Larve | ber of from leaving the fruit to the time of pupation. : 
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PUPZ OF THE First Broop. 

Time of pupation—tThe earliest pupation of the transforming 

larve of the first brood occurred June 27, and the latest took place 
August 4. The larve ar 

were therefore pu- 
pating during a pe- = 
riod of slightly more , tot 

than one month. See N 
Table XII and dia- * s 
gram, figure 5. a 

Length of pupal ‘ 
stage.—The average . 
length of the pupal § 
stage of pupe of the : 
first brood is consid- § 
erably shorter § 
(about 16 days) ee re eee 
than that of the Fic. 5—Time of pupation of first brood of the codling 
spring-brood pupe, moth, Grand Junction, Colo., 1915. 

owing to the higher temperatures prevailing during midsummer. As 
given in Table XIII the average length of the first-brood pupal stage 

was 11.44 days, maximum 31 days, and minimum 6 days. 
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TABLE XII.—Time of pupation of transforming larve of the first brood of the 
codling moth, Grand Junction, Colo., 1915. 

Date of Num | Date of Num- Date of Num- Date of Num- Date of Num- 
- ber of |) . ber of : ber of . ber of : ber of 

pupation. pupe. | pupation. pup. pupation. pup. pupation. pup2. pupation. pup:e. 

June 27 1|| July 7 15 || July 15 11 || July 23 16 || July 31 2 
30 5 || 8 20 16 9 || - 24 5 || Aug 1 7 

July 1 17 |j 9 16 17 15 25 19 2 0 
2 13 |} 10 18 18 13 26 6 3 0 
3 13 || 11 19 || 19 19 27 4 | 4 1 
4 10 || 12 16 20 18 || 28 9 | 
5 12 || 13 19 21 14 || 29 3 || Total.....| 432 
6 a 4 

TABLE XIII.—Length of the pupal stage of pupe of the first brood of the cod- 
ling moth, Grand Junction, Colo., 1915. 

Num- Length of the pupal stage in specified days. 
Date of | berof 
pupa- | indi- | l 
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;, Morus OF THE First Broop. 

Time of emergence.—The records of the time of emergence of 
moths of the first brood were taken from two sources of material: 
(1) From moths that issued from first-brood larve reared in the in- 

sectary and (2) from moths that issued from the larve collected every 

ee ae eee Oe, ee Sm ae 

3 
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three days from banded apple trees in the Hamilton orchard. The 

first of these sources was used primarily as a means of establishing 

the approximate emergence limits of the first-brood moths, while the 

moths that issued up 
to August 19 from the iene. | 

larvee collected in the el ne 

Hamilton orchard \ vf ae 

were used for the ovi- 2 f LI file \ nf h eens “THI RY ANY: 
Stead 
TC aaaes 

first brood. The lat- ~ 

i) H 

N a 

QERAGE QAILY TEMPERATURE. ter moths were em- 
ployed for this pur- 
pose because their 
relative rate of emer- 
gence approaches nor- 
mal field conditions 
more closely than 
that of the moths 
from the insectary 
reared larvee. 
According to the insectary-bred material, the first moth appeared 

July 7 and the emergence continued daily, except on a few days, to 
August 15, (See Table XIV and fig. 6.) 

a 

NUMBER OF MOTHS. 

— is) 

O 

43 @ 

Fie. 6.—Time of emergence of moths of the first brood of 

the codling moth, Grand Junction, Colo., 1915. 

TABLE XIV.—Time of emergence of codling moths of the first brood, from 
material reared at the insectary, Grand Junction, Colo., 1915. 

Date of | Num- Date of Num- Date of Num- Date of |Num- 
emer- ber of emer- ber of emer- ber of emer- ber of 
gence. moths. | gence. moths. gence. moths. gence. moths. 

July 7 2 July 19 iN Saliva 29 10 INGE = 7 
9 24 20 est 30 1 8 Sie) 

11 20 | 21 17 | 31 13 0) 5 
12 12 22 OFFA oe ell 12 10 3 
13 30 23 14 ‘|| 2 9 12 1 
14 13 24 14 3 9 13 2 
15 19 D5 27 4 15 15 1 
16 24 26 2 5 17 
17 13 27 13 6 3 Total 426 
18 30 28 8) 

As given in Table X XV, the first moth of the second brood issued 
August 23, thus leaving a period from August 16 to 22, inclusive, 
during which no moths issued from larve reared at the insectary. 

This condition did not obtain with the material from the Hamilton 
orchard on account of the much larger number of individuals in- 
volved, but instead moths issued continuously during the foregoing 
period as would naturally occur in the field. During the interval 
August 16 to 22 there was probably an overlapping of the broods 
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and, for this reason, it was impossible to determine from field ma- 

terial when the last moth of the first brood emerged and when the 

400 nee 
LS bal 
VEEN N\A | a | 
on Ay | FEEE SCONE 
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70 

NUMBER OF MOTHS. 

AUGUST YSULY 

® 9 

3 

8 

8 
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os 

CULERAIGE DAILY TEMPERATURE. 

Fie. 7.—Time of emergence of moths of the first brood of 

the codling 

Colo., 1915. 

ure 7. 

TABLE XV.—Time of emergence of codling moths of the first brood, 

moth, Hamilton orchard, Grand Junction, 

first moth of the sec- 
ond brood appeared. 
It is reasonable to 
infer, however, that 
the approximate di- 
vision of the broods 
occurred during the 
period of overlap- 
ping, and for this 
reason August 19 
was selected as the 
end of the emergence 
of the first brood of 
moths. The time of 
emergence of the 
moths of the first 
brood from the 
larvee collected in the 
Hamilton orchard 
is given in Table 
XV and presented 
graphically in fig- 

According to these data the first moths issued July 10, and 
emerged in maximum numbers on August 9. 

reared 
from field material, Grand Junction, Colo., 1915. 

} || 

Date of Num- Date of Num- Date of Num- Date of Num- 
emer- ber of | emer- ber of emer- ber of emer- ber of 
gence. moths. | gence. moths. gence. moths. | gence moths. 

July 10 4 || July 21 16 || Aug. 1 39 || Aug. 12 75 
11 22 22 i7/ 2 3 | 13 79 
12 50 23 27 3 44 | 14 69 
13 5 24 34 4 ied 15 fe 
14 22 25 56 5 56 | 16 13 
15 26 26 26 6 74 17 52 
16 9 27 35 7 67 18 41 
l7/ 4 28 41 8 59 19 46 
18 13 29 64 9 &9 — 
19 33 30 57 10 87 Total..|1,737 | 
20 25 31 33 11 61 

Number of eggs per female moth.—It will be observed in Table 
XVI that the total number of eggs deposited by the 945 female 
moths of the first brood was 44,158 or 46.73 eggs per female moth. 
This average is nearly four times greater than that made by the 
spring-brood moths (12.59 eg es) owing, doubtless, to the more favor- 

able climatic factors during ine oviposition neoed of the first-brood 
moths. 

a Ne a4 

ote To ae 
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TasLE XVI.—Oviposition by codling moths of the first brood in rearing cages, 
Grand Junction, Colo., 1915. 

Sex. Date oi— Number of days— 

Total From 

Gigs Num. num- From | date of 
N B ber of Fe. | Emerg- First Last ber of | Before | first to | emerg- 

* |moths.| Male anal ence of | oviposi- | oviposi- | €885 | ovipo-} last |ence to 
moths tion. tion. | depos- | sition. | ovipo-| last 

ited. sition. | ovipo- 
sition. 

1 24 10 14 | July 12} July 13] July 24 797 1 12 12 
2 26 17 9 |...do....| July 14 | July 25 679 2 12 13 
3 15 il AD Splye al Sued Ons eee Ose 501 1 12 12 
4 22 11 11 | July 14 July | 16 | daly 24 390 2 9 10 
5 | 26 14 12 | July 15 |...do.. July 28 351 1 13 13 
6 9 7 PAC Abbie Ay ee so cno5slascaees aes (GO) i ae Sarai ees [rae othe le 
7 4 2 2/| July 17| July 20] July 31 74 3 12 14 
8 13 3 10 | July 18 |...do....} Aug. 1 667 2 13 14 
9 33 11 22 | July 19 |...do....| Aug. 5 | 1,475 1 17 iL? 

10 25 12 13 | July 20 July 22 | Aug. 14 624 2 24 25 
11 16 8 8 | July 21 | July 23} Aug. 5 767 2 14 15 
12 17 9 8 | July 22] July 24] Aug. 6 684 2 14 15 
13 PHY 14 13 | July 23 | July 25 | Aug. 18 427 2 25 26 
14 34 12 22 | July 24 |...do.. Aug. 10 | 1,089 1 17 17 
15 26 11 15 | July 25 July o7 Aug. 13 860 2 18 19 
16 . 30 15 Wa es ClWOs es ales do....| Aug. 12 662 2 17 18 
17 26 13 13 | July 26 | July 28; Aug. 8 602 2 12 13 
18 35 12 23 | July 27 | July 29 | Aug. 18] 1,127 2 21 22 
19 19 4 15 | July 28 | July 30 “dOe 776 2 20 21 
20 22 9 133 a esol). FdOs A ee dons. 640 2 20 21 
21 33 15 18 | July 29} July 31 | Aug. 14 517 2 15 16 
22 31 10 Bil don ||dor =) Aue: ol 723 2 22 23 
23 29 16 13 | July 30 Aug. 1 | Aug. 25 700 2 25 26 
24 28 6 22 |..-do. July 31 | Aug. 19 737 1 20 20 
25 12 6 6 | July 31; Aug. 2] Aug. 16 229 2 15 16 
26 21 8 1 eo Koy Aug. 1 | Aug. 20 | 641 1 20 20 
27 18 7 11 | Aug. 1/ Aug. 5] Aug. 18 114 4 14 17 
28 21 11 10 |..-do IMR GENE | lS Ss 382 3 15 17 
29 31 13 igh eAtion = 2) |= do. a) Ate. 26 694 2 23 24 
30 22 8 14} Aug. 3] Aug. 5 | Aug. 17 512 2 13 14 
31 22 7 152200 Aug. 6 | Aug. 25 465 3 20 22 
32 23 10 13 | Aug. 4 do...-| Aug. 28} 1,068 2 23 24 
33 30 13 Ile sedo: Gor. =| Ae. 22 903 2 Uy 18 
34 30 14 16 | Aug. 5 do..-.-| Aug. 27 703 1 22 22 
35 26 16 10 |...do. do...-| Aug. 23 C68 1 18 18 
36 25 8 17 | Aug. 6 | Aug. 11 | Aug. 22 171 5 12 16 
37 22 8 14 |_..do Aug. 8 Aug. 24} 1,185 2 17 18 
38 27 17 10 |..-do-.. Aug. 10 | Aug. 25 200 4 16 19 
39 35 18 17 | Aug. 7 | Aug. 9 Aug. 26 742 2 18 19 
40 32 13 19 |...do. -do...-| Aug. 28 | 1,434 2 20 21 
41 34 15 19 | Aug. 8] Aug. 10 | Aug. 25] 1,393 2 16 | 17 
42 25 115) 10 |...do 0: =: =) Aug =29 684 2 20 21 
43 26 13 13\| Aug. 9 | Aug. 11 | Aug. 26 568 2 16 17 
44 35 15 20 |...do RGOEe Aug. 22 990 2 12 13 
45 27 12 Ws olo. Aug. 10 Aug. 28 838 1 19 19 
46 34 14 20 | Aug. 10 Aug. 12 | Aug. 30 755 2 19 20 
47 27 10 i Wan ee Key do....| Aug. 26 350 2 15 16 
48 26 17 95 s-edoz do....| Aug. 24 1,000 2 13 14 
49 31 14 17 | Aug. 11 | Aug. 13 | Sept. 2 622 2 Z, 22 
50 30 16 [Acie does Esa ug. 27 980 2 15 16 
51 24 14 190 | Aug. 12 | Aug. 14 | Aug. 28 436 2 15 16 
52 29 9 PAN (60) Coe ieee d Or ae 701 2 15 16 
53 22 6 16 ...do Aug. 13 | Aug. 31 456 1 19 19 
54 27 10 17 | Aug. 13} Aug. 15 | Aug. 29 357 2 15 16 
55 26 11 5 66) Aug. 16 | Aug. 28 756 3 13 15 
56 25 13 1 Bei Aug. 15 donee 591 2 14 15 
57 24 14 | 10 | Aug. 14 | Aug. 19 | Sept. 1 372 5 14 | 18 
58 23 | 6 17 |__.do Aug. 16 | Aug. 31 583 2 Ge [oe lee 
59 22 8 14 |...d Aug. 15 | Aug. 29| 700 1 5} 15 
60 25 10 15 | Aug. 15 | Aug. 17 | Sept. 9 | 1,103 2 24 25 
61 22 11 11 |...do Aug. 18 | Sept. 1 749 3 15 17 
62 25 11 15 |...do Aug. 17 | Sept. 2 403 2 17 18 
63 13 5 8 | Aug. 16 | Aug. 21 | Aug. 27 29 5 74 11 
64 25 12 13 | Aug. 17 | Aug. 18 | Sept. 1 299 1 i 15 
65 27 16 ft do Aug. 19 | Aug. 28 473 2 10:|5 Sit 
66 D1 | 9 12 | Aug. 18 | Aug. 20 | Sept. 7 502 2 19-1 2220 
67 20 9 GL. 3G! sscGlO@s = Sept. 12 639 2 24 25 
68 22 | 12 10 | Aug. 19 Aug. 2 22 |. Sept. 7 340 3 17 19 
69 24 9 15 |...do....| Aug. 20 | Sept. 12 565 1 24 24 

BVO eae 2 ae Se Se a ee es SN a eon ee ea eee 2.07 | 16.78 | 17.85 
AVI exe epee Seen aa tah et epee oe Ry elegy nae SS ee i fe oe) 25 26 
AUER PIOSOIED. Ss Si eG eee ce oe ene eee eeu 7 10 

1 No eggs. 

Numperotmale moths:-. 2.22.50... ..-2.- 166) |; Lota lnum ber Of C2 2S"22--. ae -eee aoe suageee 
Number offemale moths..................-. 945 | Average number of eggs per female moth... 46.73 
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Time of oviposition—One of the most important problems in con- 
nection with the control of the codling moth in the Grand Valley 
was to determine when the earhest eggs of the second brood were 
deposited and when oviposition was at its height. It is believed 
that these data could best be secured by using moths that emerged 
from larve collected regularly from banded orchard trees, since 
the subsequent emergence of the moths would correspond to that 
which would naturally have occurred in the field. With this in 
view, the moths from the Hamilton orchard material were kept for 

oviposition studies, beginning with those that emerged July 12 and 
ending with those that issued August 19. 

As is given in Table XVI, 69 cages containing a total of 1,711 
moths were employed and, as will be noted therein, the average 
number of days before oviposition was 2.07, maximum 5, and mini- 
mum 1; the average number of days from the first to the last ovi- 
position was 16.78, maximum 25, and minimum 7; the average num- 
ber of days from the date of emergence to last oviposition was 17.85, 
maximum 26, and minimum 10. 

According to this table the first eggs were deposited July 13 by 
moths that emerged July 12 and the last eggs were laid September 
12. A few moths issued July 10 and 11 from the Hamilton orchard 
material, and, in addition to these, several moths emerged from 
insectary-bred and other material as early as July 7. These moths 
were confined together in a cage and deposited the earliest second- 
brood eggs on July 11, as shown in figure 8, page 31. 
Length of life of moths—Table XVII includes the summary of 

records of the length of life of 1,719 male and female moths of the 
first brood. The data in this table show that the average length of 
life of 769 male moths was 11.86 days, of 950 female moths 12.68 
days; the maximum length of life of male moths 41 days, of female 
moths 35 days; the minimum iength of life of male moths 1 day, 
of female moths 1 day. As has been frequently observed in other 
studies of the life history of the coding moth with but few excep- 
tions, the average life of the female moth is longer than that of the 
male. 

a aL eu, 

ie os 
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TABLE XVII.—Length of life of male and female codling moths of the first 
brood in captivity; summary of records of 1,719 individual moths, Grand 
Junction, Colo., 1915. 

| 

Male. Female. Male. Female. || Male. Female. 

, eal _ - 
Length| parge|Length| poror || Length | aror| Length! Derot | Length | per of | Length) per of 
of life. moths. of life. moths of lif ‘ore: of life oths. of life moths. of life. moths. 

Days. Days Days Days. Days Days. 
1 4 1 26 16 64 31 1 31 0 
2 8 2 2 |I 17 29 17 39 32 0 32 0 
3 24 3 10 18 27 18 36 33 0 33 0 
4 15 4 10 19 10 19 21 34 0 34 0 
5 44 5 16 20 12 20 20 35 0 35 1 
6 48 6 35 21 16 21 13 36 1 36 0 
7 55 7 35 22 7 22 16 || 37 1 37 0 
8 55 8 61 23 6 23 7 38 1 38 0 
9 38 9 72 24 7 24 7 || 39 0 39 0 

10 68 10 75 25 8 25 3 40 0 40 0 
il 49 11 103 26 7 26 5 41 1 Al 0 
12 58 12 96 27 = 27 3 |————— —_ 
13 45 13 74 28 3 28 3 || Total-| 769 Total.| 950 
14 39 14 65 29 2 29 3 || 
15 46 15 54 30 4 30 0 || 

| 

Average length of life of male moths, 11.86 days; female moths, 12.48 days. 
Maximum length of life of male moths, 41 days; female moths, 35 days. 
Minimum length of life of male moths, 1 day; female moths, 1 day. 

LIFE CYCLE OF THE FIRST GENERATION. 

Life cycle, stock-jar feeding method.—The length of the life cycle 
of the first generation of the codling moth, by the stock-jar feeding 
method, is given in Table XVIII and, as shown therein, includes 
the time from the deposition of the egg to the emergence of the moth. 
The complete life cycle extends from the deposition of the eggs of 
one generation to the deposition of the eggs of the next, and it will 
therefore be necessary to add 2.07 days, the average number of days 
from emergence of moth to first oviposition, to the figures in Table 
XVIII to determine the complete life cycle. It will be noted in 
this table that the data include 221 individuals, giving the incuba- 
tion period, and the average, maximum, and minimum length of the 
larval feeding period, the cocooning weriodl the pupal period, and 

the life cycle. The summarized averages are: Incubation period 
9.91 days, larval feeding period 20.75 days, cocooning period 6.99 
days, pupal period 11.64 days, and life cycle 49.30 days, complete 
life cycle 51.37 days. 

Life cycle, bagged-fruit feeding method—In Table XIX the life 
cycle of the first generation of the codling moth, by the bagged-fruit 
method, is given for 109 individuals. The summarized average 
figures are: Incubation period 10.55 days, larval feeding period 
22.18 days, cocooning period 5.40 days, pupal period 11.03 days, life 
cycle 49.18 days, complete life cycle 51.25 days. 
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TABLE XVIII.—Life cycle of the first generation of the codling moth, as observed 
by rearing, stock-jar feeding method, Grand Junction, Colo., 1915. 

{ 

Teter ocean wren period. ocooning period. Pupal period. Life cycle. 

egg depo-| indi-| ba- SSS SEE 

sition. ate tion.| ay. |Max.|Min.| Av. |Max.| Min. | Av. |Max.| Min.| Av. | Max.) Min. 

Days. | Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days. | Days. 
May 13 1 14 | 27.00 27 27 | 4.00 4 4 | 12.00 12 12 | 57.00 57 | 57 

23 4 118} || 22S 23 21>) 23750 5 3 | 10.25 11 8 | 49.00 50 | 47 
24 11 13 | 21.45 25 19} 5.36 11 2 | 10.81 13 6 | 50.63 54 | 48 
24 1 14 | 20.00 20 20 |} 4.00 4 4 | 11.00 11 11 | 49.00 49 | 49 
26 2 13 | 20.00 21 19 | 5.00 8 2} 9.00 10 8 | 47.00 48 | 46 
27 9 13 | 19.77 23 18 | 5.22 9 3 | 10.33 12 8 | 48.33 53 | 45 
29 11 12 | 20.63 22 18 | 5.09 7 3 | 11.27 13 10 | 49.00 51 | 45 
29 15 13 | 21.80 27 19 | 6.66 9 SE lelss26 31 9 | 54.73 2 NAT 
31 3 12 | 20.66 22 19 | 14.33 28 4 | 10.66 12 9 | 57.66 70 | 46 

June 1 2 12 | 20.50 21 20 | 7.00 7 7 | 10.00 11 9 | 49.50 51 | 48 
2 12 12 | 21.08 25 18 | 9.25 23 Shielizss 13 7 | 53.66 66 | 46 
4 31 11 | 19.83 2 14 | 6.77 20 3 | 11.45 20 7 | 49.06 65 | 39 
6 15 10 | 22.20 32 18 | 8.40 14 4 | 13.13 21 9 | 53.73 63 | 45 
9 20 8 | 20.55 26 US | 7/8 14 2 | 11.60 14 8 | 47.70 56 | 38 

10 23 8 | 20. 86 29 IN Ce EG 13 4 | 11.47 15 9 | 47.52 56 | 40 
11 13 8 | 20. 84 26 19 | 6.84 13 3 | 12.38 25 10 | 48.07 57 | 42 
12 10 8 | 21.20 24 18 | 7.60 11 4 | 12.10 16 10 | 48.90 53 | 45 
13 6 8 | 21.00 24 19; 6.66 9 4 | 12.50 14 11 | 48.16 52 | 45 
15 3 7 | 24.66 29 20 | 10.33 11 9| 9.66 ital 8 | 51.66 55 | 46 
16 3 7 | 22.66 25 20 | 6.66 10 2 | 12.00 14 10 | 48.33 50 | 46 
16 1 8 | 18.00 18 18 | 5.00 Oye on ela 00 13 13 | 44.00 44 | 44 
18 1 7 | 21.00 21 21 | 12.00 12 12a CO 11 11.| 51.00 Sia sol 
19 3 7 | 20.00 24 17 | 7.66 9 6 | 12.00 15 10 | 46.66 54 | 42 
20 2 7 | 18.50 20 173) 25500 6 4 | 11.00 12 10 | 41.50 45 | 38 
21 6 7 | 21.50 26 16 | 7.16 9 4 | 11.16 12 10 | 46.83 53 | 44 
21 4 8 | 17.50 19 15 | 6.50 8 5 | 11.00 12 10 | 43.00 46 | 38 
23 2 7 | 19.50 20 19 | 8.50 12 5 | 9:50 11 8 | 44.50 47 | 42 
25 il 7 | 16.00 16 16 | 5.00 5 5 | 11.00 11 11 | 39.00 39 | 39 
26 3 almlsses 23 16 | 6.00 6 6 | 12.66 14 11 | 44.00 50 | 40 
27 2 Ca de 50 18 17 | 6.00 6 6 | 12.00 12 12 | 42.50 43 | 42 
30 1 6 | 17.00 17 17 | 6.00 6 6 | 12.00 12 12 | 41.00 41 | 41 

(ee22i1 | ROROI ROO NS 32 14 | 6.99 28 2 | 11.64 31 6 | 49.30 72 |. 38 

1 Add 2.07 days for complete life cycle. 

TABLE XIX.—Life cycle of the first generation of the codling moth, as observed 
by rearing, bagged-fruit feeding method, Grand Junction, Colo., 1915. 

Num- Larvalfeeding | Qocooning period. | P eri Lif 1 Mer lberell ince, period. ocooning perio upal period. e cycle. 

egg depo-|indi- |) \ba=s ka oe ee | | S| 

sition. Rae tion.| ay. |Max.|Min.| Av. |Max.|Min.| Av. |Max.|Min.| Av. |Max.| Min. 

Days.| Days. |Days.|\Days.| Days. |Days.|Days.' Days. |Days.|Days.| Days. |Days. |Days. 
May 16 1 15 | 32.00 32 32 5.00 5 5 | 10.00 10 10 | 62.00 62 62 

22 1 11 | 25.00 25 25 4.00 4 4! 10.00 10 10 | 50.00 50 50 
23 5 11 | 26.40 30 23 4.80 6 4 | 11.00 12 10 | 53.20 59 49 
23 8 T2a | 237 32 23 6.25 15 3 | 10.62 13 9 | 56.25 63 50 
23 5 13 | 21.80 23 21 4.60 6 4 | 10.40 11 10 | 49. 80 51 49 
24 8 i) WP PAL 22 21 4.12 5 3) We 7 13 9 | 49.00 52 48 
24 9 14 | 22.22 25 21 5.66 8 4 | 10.55 12 9 | 52. 44 57 49 
26 3 13 | 26.33 27 26 (33333 12 4 9. 00 11 8 | 55.66 60 51 
27 6 13 | 23.66 27 20 9.33 22 il |) 383 17 10 | 58.33 74 49 
29 4 12 | 19.50 21 18 7.00 8 6 | 10.25 11 9 | 48.75 50 47 
29 2 13 | 19.00 20 18 5.00 5 | oo) 12 11 | 48.50 50 47 
31 1 12 | 19.00 19 19 4.00 4 4 | 11.00 11 11 | 46.00 46 46 

June 1 5 12 | 21.20 26 19 4.80 6 4 | 10.80 12 9 | 48. 80 55 44 
2 2 12 | 21.50 23 20 3.00 4 2 | 11.50 12 11 | 48.00 51 45 
4 3 Til |} 206883 21 20 4.66 5 4 | 11.00 12 10 | 47.00 48 46 
6 5 10 | 21.40 28 16 5. 40 8 4 9.60 11 8 | 46.40 54 42 
9 4 8 | 20.50 21 19 4.25 5 3 | 11.50 13 10 | 44. 25 46 41 

10 3 8 | 22.33 28 19 9.66 15 (3) |) 1S }.88! 15 LU basoo 57 46 
13 8 8 | 23.25 29 21 4.75 7 4 | 12.75 19 11 | 48.75 53 44 
16 4 8 | 21.75 24 20 4.25 5 4} 11.75 12 11 | 45.75 48 43 
18 1 7 | 21.00 21 21 5.00 5 5 | 12.00 12 12 | 45.00 45 45 
19 4 7 | 22.50 24 20 4.50 6 SrLON5 12 10 | 44.75 47 43 
21 3 7 | 17.00 19 es) Ze BR! 5 4 | 10.66 11 10 | 39.00 41 | 36 
21 3 8 | 21-33 25 19 4.66 5 4 | 11.66 12 11 | 45.66 50 43 
23 3 7 | 18.00 20 16 4.00 5 3 | 10.00 11 9 | 39.00 41 38 
24 4 7 | 20.50 21 20 4.75 6 4 | 12.25 16 10 | 44. 50 50 42 
25 4 fe WP Les, 71055 21 18 6.50 10 3 | 10.00 13 8 | 42.25 44 41 

109 |10.55 | 22.18 32 15 5.40 22 1 | 11.03 19 8 | 49.18 74 36 

1 Add 2.07 days for complete life cycle. 
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THE SECOND GENERATION. 

EGeés oF THE SECOND BrRoop. 

Time of deposition—Table XX shows the number of eggs de- 
posited daily by moths of the first brood in oviposition jars in the 
insectary. It will be noted that the period of egg deposition extended 
from July 11 to September 15, inclusive, and that during this interval 

TEs 5a CG) es ad Se Ee 
5 eS Vad Ea AR es Ze" = ya ee a ee 
TE a ee ae | 
aoe AAA A A 

(i ane a rs (ee ee 

AVERAGE QAILY TEMPERATURE. 

Pa eae eel es 
(iS ea ada — AA} tt} 
at ee 
pe ina vee ee aa 
<a Sere ee eae be: | eae 
aE ee a be elise cos ees cr ee 
apy sp aaiem 
—-f VV p=] 

2g ee ae 
oe: AUGUST SEPTEMBER 

~ 

Fig. 8.—Time of deposition of eggs of the second brood of codling moth, Grand Junction, 

Colo., 1915. 

38,485 eggs were deposited. The largest number deposited in any 
one day was 2,452 on August 14, as will be seen by reference to this 
table. The time of maximum deposition, as shown in figure 8, 
occurred about midway between the earliest and latest deposition. 
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TABLE XX.—Time of deposition, length of incubation, and time of hatching of 
eggs of the second brood of the codling moth, Grand Junction, Colo., 1915. 

Date— Appearance of— = 
Obser- ee Number Tncu- 

“No. [eeesde| —p Red | Black atened! | deed) Bie | aeoe 0. 2b: e- e ac atched. e ac eriod. 
posited. josited. | ring. spot, |Hatched. ring. | spot. . 

| D D D ays. ays ays 
1 6o aay: GEL! lly: 13c)2 Sas = =| ee fo | ee Os eee eal ee i ge ee 3 
2 10 | July 12 One| Waly. 17) sulky 19 8 1 5 7 
3 53 | July 13} July 14} July 16} ---.do... 50 1 3 6 
Aaa. Sees ta Ss = eto ae oem te July 20 G8] vee al Pe me 7 
5 2) Saly 14| uly, 15°) July. 19"|22do--2: 179 il 5 6 
GS eee tee eer |e ae oa eee ee uly 21 ASLIE. tc an8 soca ee 7 
7 303 | July 15 | July 16 | July 20 (WOR AC 170 1 5 6 
8 288 | July 16 | July 17| July 21 | July 22 282 1 5 6 
9 176) | uly, Le) Sully 13)|=2-dos---| July23 169 1 4 6 

10 398 | July 18 | July 19| July 23 | July 24 378 1 5 6 
110 Ek Ss eee el (oe ero PR eee) bes Se July 25 115%) epee | See a 7 
12 208 | July 19 | July 20] July 23] July 24 94 1 4 5 
EY] ea 4 Be See een Pmsel tant” 3 See July 25 TO Ieee oe [AP 6 
14 396 | July 20] July 211] July 24} July 26 376 1 4 6 
Lt | ieee tae laminiaeiss ser nce Genel laerscue cise July 27 | D3 Sara ss Seats 7 
16 395 | July 21 | July 22] July 25! July 26 51 1 4A 5 
Ty fi Pe inn fag em ea fen pmee Om) SH | Rei Ses July 27 BOOS esse | Scare 6 
18 539 | July 22} July 24] July 26 “doze 32 2 : 5 
OTR (epee Os Sie trey neta Meee sa eS eee July 28 496 || enone asl eee 6 
20 455 | July 23} July 25] July 28 | July 29 446 2 5 6 
1) el eee See (eee RM En [er entree te See ake s July 30 Si liseavicale: Aas 7 
22 261 | July 24 | July 25 | July 28 |...do 245 1 4 6 
Fs al ese ie IRIS ORS ES cart Nt eee July 31 TOSS eee i 
24 404 | July 25 | July 28 | July 30 |...do-. 315 3 5 6 
iia) [aie ee etre Seon oral ioteise ine Aug. 1 GG lataetsae ec sae. 7 
26 309 | July 26) July 28) July 31 |...do.. 250 2 5 6 
Di Neg bisa sls coe ice 5 pais Me eller BRO Aug. 2 iT | Se ee Oe 7 
28 645 | July 27} July 28} Aug. 1|...do.. 555 1 5 6 
70) Semana eke gel | Wai = otal | SC 9 2a Aug. 3 BG |e: a ee eee 7 
30 6845) July 28) || Julyssl | Anes 2 |s=don-. 588 3 5 6 
2) Re ap capers St) fee satay | Dien A GS Sly ea gh Aug. 4 TOR Pept nee See Gerae 7 
32 909 | July 29} July 31} Aug. 3 !..-.do.. 709 2 5 6 
TOY Paaadeelaes | ee Nomen, | Maat ee Ss ee Aug. 5 Ts Ga ape a Wer ree 7 
34 595 | July 30} Aug. 1] Aug. 4 |...do. 303 2 5 6 
Pal (Sees ed ee SR rns Ae | ee Se Sal Ieee eh ge Aug. 6 PAN )a| I (Se Sees q 
36 OS ial Jilly eo Le RATIOS 2a PAIIo Soul =adonee 581 2 5 6 
Sia epeecr ea | ee eae ne oye | Se eters era| reer te Aug. 7 SURE ene se Seer it 
38 966 | Aug. 1] Aug. 3] Aug. 6 |...do. 58 2 5 6 
3 Ole eee aes | nce IAS | eee era | cevseeaeess Aug. 8 Sse eoas eee 7 
40 641 | Aug. 2) Aug. 4] Aug. 7|..-do- 340 2 5 6 
ATA irc aos ects a eters al iore eeavete erases | emer ees Aug. 9 244 ie eee hee “i 
Aa) bearer bel aa eee a eee 53a |e eee Aug. 10 DOM aeeee eee 8 
43'| 1,013 | Aug. 3 | Aug. 5} Aug. 8} Aug. 9 223 2 5 6 
BAN Scio ere os | ee ee ee eae ca i eee | eae Aug. 10 (OOK Bees one Steen if 
45 020 ARIES Aa AUIS Oa WATE son need Osa 554 2 5 6 
PA | eee eet cee | ees eaegae| t Aals Geet Aug. 11 gS Ye eee eccesce 7 
47 693 | Aug. 5] Aug. 6] Aug. 10 |.-.do. 464 1 5 6 
AQs| Rese (Eee tee. S| eee cael ct ee pee Aug. 12 194;'| 33523 ose See 7 
49| 1,045} Aug. 6] Aug. 8} Aug. 11 |...do...- 543 2 5 6 
5O"|Hasae cake es. ees Sete ae comes Aug. 13 AOS sa 5- SSE EL eae 7 
51 314 ; Aug. 7 | Aug. 10 | Aug. 12 |...do-.- 223 3 5 6 
5Qile ica s| Se Gat Soe eo ee ees Aug. 14 (al anes oe I it 7 
53 787 | Aug. 8| Aug. 10] Aug. 13 |...do.... 401 2 5 6 
GCS Renee aomeeraa ns mcrae oan boosese Aug. 15 PA eon Hoe aane 7 
55} 1,400] Aug. 9] Aug. 10} Aug. 14 |...do... 1,064 1 5 6 
i3\t | fe ees| ee (oieteren deny. (be Foo A BY Aug. 16 DW loam eel a ee Ss 7 
57 | 1,495 | Aug. 10} Aug. 11} Aug. 15 |...do-- 837 1 5 6 
Fe} | [cee amar] ee eam ne Eee (ee Aug. 17 403 [22s - pepe eae 7 
FO | be Sa al bene aos ee (ce ere Mee ee Se Aug. 18 15 4 Sot cece |p ae 8 
60} 1,311 | Aug. 11} Aug. 12] Aug. 16 | Aug. 17 105 1 5 6 
(Hil | 63268665 GeNeeoaes SeSeareaee sane sese Aug. 18 ISU te ease aac eee e vi 
GD ene | teins ae boots al Ge mes Aug. 19 6B lactecose saeene 8 
63 | 1,358 | Aug. 12} Aug. 13 | Aug. 17} Aug. 18 1 1 5 6 
(GM Se ee laces SoCal eco ero Hel Peer ees: Aug. 19 D127 es oe oee| cece 7 
ie eee aos ce Sos lb anSaaaaas mers sae Age: 200 se e955 2c. eee eee 8 
66 | 1,626 | Aug. 13 | Aug. 14| Aug. 19 |...do.. 1,480 1 6 7 
67 | 2,452 | Aug. 14} Aug. 16 | Aug. 20 | Aug. 21 2, 280 2 6 i 
68 583 | Aug. 15 | Aug. 17] Aug. 21 | Aug. 22 501 2 6 7 
692|2 5.0. aia) senceece’ s|aaseonsee aoktcntes= = Aug. 23 O2 b= ate oe | Rees 8 
70 | 1,378 | Aug. 16 | Aug. 18 | Aug. 21 | Aug. 22 978 2 5 6 
Pte ics te] eee | ene Aug. 23 989 'bs.. 5 eee 7 
72| 1,462} Aug. 17} Aug. 20 | Aug. 22 |...do. 1,067 3 5 6 
Tan|oocce S.3|eeeseacan a |Uasrecrtae | emer PAIGE 324 St SBM acetate eee eee 7 
74| 1,485 | Aug. 18| Aug. 20| Aug. 23 |...do. , 292 2 5 8 
(Ae ere nie) Pees ee Sr tn ma 5c Aug. 25 1632224. Seee| Sa 7 

=) 
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TABLE XX.—Time of deposition, length of incubation, and time of hatching of 

eggs of the second brood of the codling moth, Grand Junction, Colo., 1915— 

Continued. 

Date— Appearance of— 

Obser- bee Number Tncu- 

No lesesde|  p Red | Black Pareheas | nea aimee |e 0. ees e- e ac atched. e ac eriod. 
posited.| posited | ring. spot. |Hatched. ring. | spot. - 

Days. | Days. | Days 
76 | 1,353 | Aug. 19 | Aug. 21 | Aug. 24 | Aug. 25 352 2 5 6 
Adel hada hee te aac Sie SER al Asses ate ellisteee arateteets Aug. 26 QA (h Re Bee |e SRS 7 
78 | 1,340 | Aug. 20} Aug. 22 | Aug. 25 .do.. 456 2 5 6 
TAS) Nine eee el I Ee ee Ned (bein) es ee Beer Aug. 27 GilG wl eee ces ee 7 
80 | 1,490 | Aug. 21 | Aug. 24 | Aug. 26 |...do...- 45 3 5 6 
SSN Sos Ol le ae ee eo se eee oe Aug. 28 1S Ale | Eeccceelees ea s 7 
82] 1,526] Aug. 22| Aug. 24} Aug. 27 |...do.. 889 2 5 6 
C8) live Deel nie naa Slee ae aeiaos| pooocoron Aug. 29 504s es ee ers |i See 7 
84 895 | Aug. 23 |} Aug. 26 | Aug. 29 | Aug. 30 841 3 6 a 
85 343 | Aug. 24 -do....| Aug. 30 | Aug. 31 278 2 6 7 
Cee vise eee emt wales See aanae Nba oeocoss Sept. 1 yh [ie ese rss stra le A we 8 
87 702 | Aug. 25 | Aug. 27 | Aug. 30 | Aug. 31 407 2 5 6 
Sales ae ee ee eeltsine | ieerse rere Sept. 1 QBS idl erase wae 7 
89 412 | Aug. 26 | Aug. 28 | Sept. 1] Sept. 2 325 2 6 7 
OW ilssaccacslodonasescaledecous saclleacoveocne Sept. 3 PALM eesti eee | SER a 8 
91 348 | Aug. 27 | Aug. 28} Sept. 1|...do.. 282 1 5 7 
OP Bee oo cad loosases Gan Op aaeaenna Beceuasose Sept. 5 DX teiene aa (ay ea eeaiar 9 
93 224 | Aug. 28 | Aug. 29| Sept. 2] Sept. 3 146 1 5 6 
Ou Ne he We earaaasaolbosteucsed|scouapeces Sept. 4 IDS eaeene ool SSE CeeoE 7 
OH |e oacodad|asenscoondloodossanun|secosedcec pepe. 5) LG Rene Soe Ben piee 8 
96 129 | Aug. 29{ Aug. 31} Sept. 4 |...do... 18 2 6 7 
Os ee OC aal la toocu ane poooerees co losduucaacs Sept. 6 OOM ceases eteee oe 8 
Oa eel eel oo ee al eter as ns APIS ese Sept. 7 BiUsl aeerooagellaemen oe 9 
99 309 | Aug. 30| Sept. 1| Sept. 6 |...do-. 133 2 7 8 
QO aac Boa cl eanems Soa lSkanaOeS Selon ooaecd= Sept. 8 Ty bs (esse ats al Ler ee 9 
TOW ees cers Gade eee see octieeere ns) Omaenerces Sept. 9 nS) epee sed ieee gees 10 
102 300 | Aug. 31 | Sept. 1! Sept. 7 | Sept. 8 171 1 7 8 
13 |, oscdsca|lsoeaseasoclsocanoooce|bcoduacass Sept. 9 Od Lee seeerset tl eet eee 9 
CU) eal eee yl eer Ses ce tesa craved ceoecatns | erp mrecorcts Sept. 10 Dil | eases Ses |e SRE 10 
105 35 | Sept. 1] Sept. 3} Sept. 8 |...do. 30 2 7 9 
1013) | Rosocescjossacko aos Sosdecobed|scoccocaes Sept. 11 Aleck Ser olen sass 10 
107 29 | Sept. 2| Sept. 6 | Sept. 10 |...do-. 22 4 8 9 
1S) Nosacas oullsbemastoon [Sadao cadsa seeansenus Sept. 12 @|Jposesoualsogusese 10 
109 28 | Sept. 5 | Sept. 8! Sept. 13 | Sept. 14 22 8 9 
ALL see ae Ll ps aan nk | els oie neler rd Sept. 15 dL | ee eee | ele i 10 
1G eS Sees a ee eae SAN acme Sete ee Sept. 16 1 eee ee eae eee 11 
112 4|Sept. 6| Sept. 8 | Sept. 14 | Sept. 15 3 2 8 9 
MEL in| eee | mee rere ee ee See | aes Sept. 16 ial [SS Fel Peewee 10 
114 7|Sept. 7} Sept. 9 | Sept. 15 |...do. 1 2 8 9 
10S) SS be Sesl Sacsesense Sesee- Shae Bere Eeoers Sept. 17 Le Seca re emetic 10 
116 2| Sept. 8 | Sept. 11 | Sept. 17 | Sept. 18 2 3 9 10 
117 33) Seats OlseClOsccdllecc do...-| Sept. 19 2 2 8 10 
Tilia eens sites 2 ears eR ae ee (eee eee Sept. 20 P| Seca ote Meaae oe 11 
119 2 | Sept. 10 | Sept. 12 | Sept. 18 |...do.... 2 2 8 10 
120 32 | Sept. 12 | Sept. 14 | Sept. 20 | Sept. 22 26 2 8 10 
121 1 | Sept. 15 | Sept. 18 | Sept. 23 | Sept. 24 1 3 8 9 

BIO DELLA ES SAS oy | preteens ee Se pe aca 2 ae A he SOO OLE |e spree spe oye wan ana sete ee 

INV. GE CIS SOS chores es eee ol ees ee eg mee eet | te ene aon el Ue ree ee 1.85 5. 54 7.22 
NIB Ses 21 Se eb Se Ge eek Sl te eee eee eae eg ee Gea ael aee 4 8 11 
aurea | pseetae ee eee oe || SA a otal een Ace See re Poet eS 1 3 6 

Length of ncubation.—A record of the observations of the em- 

bryological development and incubation period of the eggs of the 
second brood will be found in Table XX. It will be observed that 
the length of the incubation period was increased toward the latter 
part of the season, as the temperatures became lower. The average 

number of days from the time of deposition to the appearance of the 
red ring was 1.85, maximum 4 days, and minimum 1 day; the average 
number of days from the time of deposition to the appearance of the 

19552°—21 3 
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black spot was 5.54 days, maximum 8 days, and minimum 3 days; 
the average length of the incubation period was 7.22 days, maximum 
11 days, and minimum 6 days. 

LARVE OF THE SECOND BROop. 

Time of hatching—By reference to Table XX it will be seen that 
the time of hatching of eggs of the second brood extended over a 
period of more than two months, namely, from July 19 to September 
24. The largest number hatching in any one day was 2,280 on 
August 21, a date which is just midway between that when the first 

3 

EMPERATUPE. is Oy, vf. 

: 
Se ee eT) sea if 

S 
eae ial 
Cans ns kno! or | GT PS eS 

PET Wi ilce Sie I 

i) q ~ ~ N : ~ 
JSULY AUGUST SEPTEMBER 

Fic. 9.—Time of hatching of eggs of the second brood of the codling moth, Grand 

Junction, Colo., 1915. 

larve of this brood appeared and the date when the last larva 
hatched. In figure 9 the daily hatching record is shown diagram- 
matically with average daily temperatures. 

Length of the feeding period.—The length of the feeding period of 
larvee of the second brood was established by means of the stock-jar 
method (see p. 8). The observations of 1,939 larve are presented 
in Table X XI, in which it will be noted that the feeding periods 
during the warmer weather of July and August were considerably 
shorter than those during September and October. The first larvee 
of the second brood entered the fruit July 19, and although some of 

Nag. AIPM Nejarch emit RRA 
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the larvee hatched and commenced feeding as late as September 24, 
none that entered the fruit later than September 12 successfully 
completed its feeding period. The average length of the feeding 
period was 28.69 days, the maximum 67 days, and the minimum 15 
days. 

TaBLE XXI.—Length of feeding period of larve of the second brood of the 
codling moth, stock-jar method, Grand Junction, Colo., 1915. 

Num- Length of feeding period in specified days. 

entering | indi- 

fruit. oe 15/16) 17| 18| 19| 20] 21 | 22 | 23 | 24 | 25| 26] 27) 28| 29] 30| 31| 32| 33| 34| 35| 36/37/ 38 

July 19 20 eset e2lDi geal See te Te Te A ele. oR (ame Se eas dle ee 
2 AS Pats Mee slr Ae A A BlenS| Olas Ohe les is alee ee ee 
91 Se BP DAG a ea Soy RE i OL sl epee) She nate Pall eect Tl 
22 Alea ole Dede Ol Sih 13) 9 Sin A Sia vie Oe Sid ble Aloe ee ee aT ate) 
93 Dee Ree 2 eee et Ne Be Te Sy olk ae ier filet aa [ee | se 
24 67]... HeleeCe a lola OCle Ole ei Sie Sime) eth il sealed 
25 20). . Dice 3 MO See eth atl esl. Dy aie le Fy cl 5 ne ea en 
26 48} _. Die tGeete es beee7| OTC Seth Osea Gt eal aed ie ty | esas ore 
27 4A\ D2 A UE OOS OS US ae Oy) All eal aes Bien alata 
28 38). 2 ie Ae Glee Olek ole 7 [el eal celle SU ah ee SRM EO Gil eee ee es 
29 50. - Mesa sa ee Te Lier aT OT Bie Oe hie Pa sae | aera OAL Ce aca 
30 39]... Mesa Al Sl asia Teas OTe Mee cE leh Teleco et ico me 
31 Bey Ge A 10. Se Gees Sl ole Met Sue ak He ade eee eres, 

Aug. 1 gh Toate MB CEN ceded ah Sik Perio, Sib ai ai erica oblh Talieeml ied alpen oe 
2 62:..| 1 Ds S10 Bh celine Te Gh tie Sie Ol Sle cl Ih Ole aol | ee 
3 52 Dea alesis aGie7 Ole 4 ale Ole Ten (Sanlu i Ol salucrs lame 
4 a7\.° Tle eles El rll eA Oe Slo Sle Si Ole Diels ele ete 
5 56)... Be Oe eo) Al eA Tle Ris Oh 63 Tie Ol Och 8| ape eee ley 
6 64... ou VOR ANE SOS Ge eb 9d, SH) | Oey ese SS CS eS Oy I Te 
7 51. .| 1 AS Aa 1a Ale Sh el Oi Me oe, 1 
8 illoe Be Tie Sle eG) 16h esol 15), 2918 1 20 sole ul Peale el tie 
9 55. - Ty STEERS cord les Ae) PSA My eon, MORO) eed ee eee elle 

10 le Se Maso eo) eral: Sela OP Ole Sled Om Ale dle qian SieAly vilaeile Malin 
11 ee 1 De OSCR TON esee S| Olea ate le A el Tie ice 3 
12 47. SA adler Dic een. Mil Gie Al ade Ole tS |. Tl tebrg| wale Mell nae 
13 49... 1 FMEA PES Gl Gla Slee Sie ieee ols oo Se sleae le 1 
14 33]. Rl Sk Tee i eto a Cae ales ZUR yi] oat a ea She UU cosa 4 
15 35]... Hee coe ae eel Ate Ala SISO et aol ole Ol al dinsol ee he 
16 AA| Ae es ee ee Nee Sheed GeO ler Giese aie Ieee Ole atl ONS) arleeo 
17 29). - Dee Meet TA ele Ole bles 2 Ole, ieee Ite ee |e) 
18 40). 1 Stan ete) ee Shou viele Oo Peohe Otte Sle Si olay Mc also ae 
19 39]. . ec Oe ey te Niel eed OO ie sab ail lee 
20 34]. Lee cAN alee eA ome Ret 8) Oey ees) aay 
21 Al}. See mn Se OaeOluerh| 6 |e Ane Ol eal less 1 
22 Dl vane Hee lcs: SG De HS eae Oia eal nae al a ne 
23 Ole Pes teed Seetiel eC le Ol Glas pene: lee |e arlene 
24 Pale 1 eee Meera On O levi |e el Dees: Qhek 
25 yes Te SU Sa A ZI ee A | ee ao) oie Ea 2 
26 40}. cake hee Ze Dl PBI SSE OAD (A eS esis 
27 291. - WeeSye Oe ean SAR ere yh eh a 
28 Tien ele Se Slee iiee eS ican Tem ae ire 
29 Sere eee se lee eles |osce [eel a. Bt Bcc Bleed ese| Sil sae Siete iol 
30 DAleeiie Sw eelenier ol ec Ce eer Serle iie Ole Sette Qh ati eso. Manes 
31 CN oe eae eal | ee arte ee Meee Ole Ors ila Olerale re 

Sept. 1 17 Ses ee ae eee Bele ee ee le ele Olan en ie 
Soar aes) | ee Eel a le! Fosgate | | 

1} 4} 13] 19] 57] 93} 132] 144] 142] 167/135/123| 99/105) 89] 69| 47) 62! 40| 56] 35] 15) 19) 25 
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TABLE XXI.—Length of feeding period of larve of the second brood of the 
codling moth, stock-jar method, Grand Junction, Colo., 1915—Continued. 

Num- Length of feeding period in specified days. | 

Date of | ber of | 
entering | indi- | 4 

fruit. vidu- 39 | 40 | 41 42 43 | 44 | 45| 46 | 47 148 49/50/51 52/53/54) 55| 56 sols 59/60/61)62/63 64/65/66) 67 a als. | altos 4 

July 24 Ol Alssclincallose Se lsoa Wee llesa Bac Salles ealeeesaeligelias” E 
28 38} - 1 SE) ese lsc eal eae leseteal Sse (| [el feel [selbst Lastane f 

Aug. 1 52| 1} 1 Seo ERE ee aera ieee ele ered lec) Gel lec eallase 2 
Z CA Wisselisce Pes) PS |e (ES ol Lae gt EUR lento ons | eral| erate 2 
5 Woo Nbocice= ere lhe care SD sl peal |e es [ae 
6 64) 2 1 Sele Me eyelets AL ee eee ee eo | at 
7 sitll AL 1 1} 1 i]: eee |e BE eH SC lta al eseke sees eas lease 
8 Si eee nee IWS We Nee liseelsee 1 FB ees 2 a a | Sa 
9 00 eee eeleee ects | eeces| ae AACA Seal louse Salton lose 

10 Hien. leecliees TEN Al Baie eal tes} (Salleel oct Sa See eclteas Sel Melioslsedls cs alt 
iJ As\\- FAln Wes cleScilsoc Pre Feel [Ete etal ees ess feed ioe [Geel ses 
12 47]. Hi pe eae Pel se leals5 eal Sotteclloealo aa lees 
13 AQ |\ ied |e Wee) il) al BS Aa eallecielied) ealtaas| (Saal soeleaaisalles 
14 Stey] INN aoe as ear elec eloolise ecleatscallopolsec Se 
15 35} - Bloc 1} 1 Be) Se OS sci sales Gocioosoas 5 
16 44). Des coer Se | Salles plea aa lacie lSaoseoeal ios alesse . 
17 291 esl as |e Lee eee Wh 74 BSR ge EE OT P| age Roe 
18 Ae | ly) AU Sell 83] Salles sees sclleal ealesalloel sac ae 
19 BO WS olh. Ue Alessia |e [al eller ac kes Peete = 
20 A fees | eee | | et ee By a5] rel teseil tose ove esate eee [see eae we 
21 AM ip Sill Roe | eee RE a es | es | 1 elec Feel a) ee (enol al ees oie seee : 
24 72 Valeo? Rata Hy eg! sea ne Ne pe eV hae oe es Se esc lao Se aIASeeel eal sallaettoclloatealiacisalodlacc 
25 Wt llseclicee 2S Se Ss eae ees les orale allele vf eae eas Se eae ee Esl Sal Sales 
26 AMicaalt Wh alis cel) 4b. JU) I aly GF UL Se olcclealloctte 74 \- 7S ee alter Ieee esllcliod| looc 
27 Me Sisco MM) AWS el) SP aul Bool Weclsalloallociic if seat ae I pes teal | ole ieee 
28 21). Le | eae 72) \ eel | =e babar 25) Ls SS Vs TU ae? les es) RE | [oe Be ee Seer tral ol sohoe 
29 Sy AM ait alll. alle se fe eee (ees) fl [es Al sleet itso Reals) (el acs | ec 
30 FM A, Aloe Biseslese ike pa Fes lees eS ees cteal es) eel Sel eel eee Sa [es (eal leer ealters|isstloos 
31 PAs sal: PA PA Wes Sees le Ses Ws Slisalh dissh Alege LN ae eaten eae pa Ni See | ee 

Sept. 1 UA soal! IN Bseles alle Spal es Me ctsct! 24] J) Ap Ale 1 Rese Fase [es oil eres Vs Ut Pe | a 
2 1 pee | es eas 1 UP sUe YET st) Tue eas A eet SOA aT Sl 1 
3 Wooo Ale caese 2). OU ei EH My ere | (8 aa a ee a Elles Sool) ly 74) sao = = 
4 NPA oA Ala Hf ete | ae Ws ellesligs allie ileal es 2| 3 dL] Sa Se | ee 
5 Hoel We ey Tes atl Des | eee We TSAI ot 1 
6 NO) Seale el eee 1 ose hes 1 DN) allie bee fe AU pl (eS el IN Secles tea eu SHlsse 
7 Si if) Reeders WPA Ua Is elle We we ae eee salealelisalsatasitaso 
8 SIRE ec NE A ae | BS (oe eee Nee ele ileal esol Sel oltcoc 
9 Wise 1 | egy | Peet 1 PA A A) SS Hh al ill eeu eel Fes eres 

10 alse Dis eee |e eek 7A Vea ea te ees PBT Le I 
12 af ste [es eee ou ae Pa I 2 [Sel  Wecee at eee Iete alee Ee] Oe Pe 

1,939] 29] 22] 16] 15) 12] 12] 12 6] 17| 7| 6] 5) 6} 8} 7} 4) 11) 8] 4! 10} 7 4) 5} 3} 4] 3] 2) 1) 2 
1 

' Days 

Avieragenencthy of Leedinte perro ye ok 5 a2 tke Os eat ee eee a ay Seo eS 28. 69 
Maxatmum length oftecding, periode2 25:22 © 252 ee oe See ee a ee eee eee ae eee eae eee 67 
Minimumelencthyotst eedingaperiod sess see sae eee eee eae ee ee ee ERE ses xo 15 

Length of the cocooning period—The time consumed in construct- 

ing the cocoon by the transforming larvee of the second brood will be 
found in Table XXII. Ag will be noted therein, the average cocoon- 
ing period for 20 individuals was 9.385 days, the maximum 31 days, 
and the minimum 3 days. The maximum here reported is the longest 
cocooning period secured for any larva throughout this and the fol- 
lowing season. As will be seen from Table XXII, this individual lett 
the fruit September 1 and pupated October 2. 
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TABLE XXII.—Length of cocooing period of transforming larve of the second 
brood of the codling moth, Grand Junction, Colo., 1915. 

Num-| Length of cocooning period in specified days, 

ber 
Larve : 

left fruit. | indi- 
vid- 
uals. 

CO Cl ee eee ay 

hounOh ateng 6 DO O10 

730) |) ale a 

8) G2 

ele ae 
es ba 

A ets | Saige 

IA Seal ae 

eee EE ees 

| |B 

16 8 | 10 | 11 | 12 

1 

a eee «|=: 

Intec | erelaa st 

fe aelhans 

Riey|s wes 

being the time from leaving the fruit to the 
time of pupation. 

Pur oF THE SECOND Broop. 

Aver- | Maxi- | Mini- 
age. | mum. | mum, 

31 

Days. | Days. | Davs. 
11.00 12 10 
12.00 12 12 
4.00 4 4 
5.00 5 5 
6.00 6 6 

10. 00 10 10 
3.00 3 3 

16.00 16 16 
6. 50 7 6 
6.00 6 6 
8.33 10 7 
5. 00 5) 5 

12.00 12 12 
1] 31.00 31 31 

11.00 11 11 
a 6.00 6 6 

1 9.35 31 3 

Time of pupation.—lt will be observed in Table X XIII and figure 
10 that pupation of 
the second brood oc- 
curred from August 
12 to October 2, in- 
clusive. 
Length of the pupal 

stage —In Table 
XXIV the length of 
the pupal stage of 
16 pupz of the sec- 
ond brood is given 

NUIBER OF PUPAE. 

AUEUST 

CE Ee ee a a ee 
AVES AEE En Od aa 
SEA Ries ADA te 

AE Sau NaS cy 

WOW CAT 
SEPTEMBER 

PUERAGE ORILY TEVIPERA TURE, 

AAI 
N 

OCTOBER 

Fic. 10.—Time of pupation of the second brood of the 

codling moth, Grand Junction, Colo., 1915. 

and, as recorded therein, the average was 15.62 days, the maximum 
31 days, and the minimum 11 days. 

TABLE XXIII.—Time of pupation of transforming larve of the second brood of 
the codling moth, 

Date of Number]! Date of 
pupation. | of pupe.||pupation.jof pupe. ||pupation. 

Number Date 

Grand Junction, Colo., 1915. 

of | Number |} Date of | Number 
of pup. ||pupation. |of pup. 

2 || Sept. 13 1 
28 1 14 1 
29 1 Octe.2 1 
30 1 |}—-—_—-—————_ — 
9 1 Total.. 20 
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TABLE XXIV.—Length of the pupal stage of pupe of the second brood of the 
codling moth, Grand Junction, Colo., 1915. 

| 

| Num-| Length ofthe — stage in speci- 
| Tr fied days. 
Date of | of 

pupation. | indi- 
vid- 

| uals.} 11 | 12] 13 | 14] 16 | 19 | 21-| 31 | 
aoe eek Boke: 

Aug. 12 dO Dsl i aces (Seeger! Cecil res Se ae | 
i4 1 da) HEP ae, (assent PE [Sa aS cod ee te 
15 iE | [ected bi peer hI) oleate (en ae acy Mee 
17 I Fe beso ee ase ees tan ee eters 
19 i le Ss ee xe eae peers resis (es aa 
22 te eee easy bene | Et | il Wises ec} era Het 
23 f Fy Gee ef e (Secs 1D [sere eceiecey ee pe 
25 dal Nel Seal See Gy oe) Bes See ee 

i 27 2 ee (Bae 
28 SO eee Pees ae IE hate | 1 
rie Pe By Stgigs Fe tl Se TW see Pitas eal tea 
30 | j Fe Lege Wea el cae PE ae fac Ue etd pier 

Sept. 9. Hoos ee Pe RR (ie oe i os bye 
TE Namek i eerie Baiada iaiae Me \ieciee, oan TLR 1 
14 i as fe ge] Hapa (FE Ta (Bees (ae 9 cen ae 

16 | 2 1 2) 6 1 2 1 1 

Days 

Average lene th: Of pupal Stage aoe oe a es ar oh a ee ee eh ee 
Maximum teneih of pupalstave 322 ee ee ee ee SS os Se ee a ee 31 
Minimum lensth of pupal stage -< 285 Si 2 et eee ae ee ee a ee eee ee 11 

MoTHS OF THE SECOND Broop. 

Time of emergence-——The time of emergence of moths of the sec- 
ond brood reared from insectary-bred material is presented in Table 

er i ee ee 
CY, A ee ee WUA\WUR TAGUFANURTAUHIYA FWP A WOOT Env A FOOnLEOCT WD S 

AUGUST SEPTEMBER OCTOBER 

NOMBER OF MOTHS 

Fic. 11.—Time of emergence of moths of the second brood of the codling moth, 

Grand Junction, Colo., 1915. 

XXYV and figure 11. The first moth of this brood issued August 238, 

the last October 14; thus the emergence extended over a period of 
more than one and a half months. 

= bd ; 

2 

* 

Miah aid’ Yectist +. OD, ben pmb ege Ral sedi bal ibeokh wt herby <>! - ¢ 
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TABLE XXV.—Time of emergence of codling moths of the second brood, Grand 
Junction, Colo., 1915. 

| 

Date of | Number], Dateof | Number 
emer- of | emer- of 
gence. moths. gence. moths. 

Aug. 23 1 |} Sept. 12 1 
25 1 18 2 
29 24 23 1 

Sept. 1 tROctsrn 13 1 
6 1 14 1 
7 2 ||. es 

10 2 Total... 16 

LIFE CYCLE OF THE SECOND GENERATION. 

| In Table X XVI are given the summarized data showing the 
average length of each period in the life cycle of the codling moth as 
derived from observations of 16 individuals of the second generation 
reared by the stock-jar feeding method. It will be noted that the 
average length of the incubation period was 6.12 days, the larval 
feeding period 20.49 days, the cocooning period 8.56 days, the pupal 
period 15.62 days, and the average life cycle 50.81 days. 

TABLE XXVI.—Life cycle of the second generation of the codling moth, as 
observed by rearing by the stock-jar feeding method, Grand Junction, Colo., 

MOL: 

Num- Larval feeding : : . : 
Pate of Neal TAGE period. Cocooning period. Pupal period. Life cycle. 

egg depo-|indi-| ba- Sa S| SNS a 
sition. | vid- | tion. 

uals. Ay. |Max.| Min.| Av. |Max.| Min.| Av. |Max.| Min.| Av. | Max.} Min. 

Days.| Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days. |Days.| Days. |Days. | Days. 
6 20 8. 12 4 44. 00 47 July 13 2 18. 50 17 00 11. 50 12 11 41 

14 3 6 | 19.33 24 16 | 12. 66 16 10 | 13. 66 14 13 | 51. 66 60} 46 
16 2 6 | 21.50 25 18} 5.50 6 5 | 13.50 16 11 | 46.50 53 | 40 
21 1 6 | 20.00 20 20} 7.00 7 7 | 14.00 14 14 } 47.00 47 | 47 
25 4 6 | 19.75 20 19] 7.75 10 6 | 16.75 21 13 } 50.25 50 | 44 
27 1 6 | 20. 00 20 20 | 5.00 5 5 | 14.00 14 14 |} 45.00 45 | 45 
31 1 6 | 28.00 28 28 | 11.00 il 11 | 19.00 19 19 | 64. 00 64] 64 

Aug. 3 1 7 | 18. 00 18 18 | 12.00 12 12 | 14. 00 14 14 |} 51.00 dl | 51 
6 1 7 | 25. 00 25 25} 6.00 6 6 | 31.00 31 31 | 69.00 69 | 69 
a LN | | | 
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THE THIRD GENERATION. 

Owing to the small number of moths of the second brood that were 
reared at the insectary, data of the third generation were not se- 
cured. The moths of the second brood deposited third-brood eggs 
but none of these hatched. Complete data of the third generation, 
however, were obtained in 1916 (see p. 75-78). 

CODLING-MOTH BAND STUDIES OF 1915. 

Two orchards were selected for banding purposes. The first of 
these, known as the Edwards orchard, was unsprayed; it was located 
about one-half mile west of the insectary. The second, or Hamilton 
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a ma ra i J Number of larve of the codling moth collected from banded trees, Edwards 
orchard, Grand Junction, Colo., 1915. 

orchard, was well sprayed throughout the season, and was located 
about 2 miles west and 3} miles north of the insectary. Certain 
trees in each orchard were scraped to remove the loose bark on the 
trunk and larger limbs and were then banded with a strip of burlap 
cloth, folded to three thicknesses, having a width after folding of 
about 5 inches. These bands were romaved every three days with 
one exception in both orchards when the interval was four days. The 
larve of each collection were kept separate and were allowed to spin 
up in corrugated pasteboard strips at the insectary for further 
study. 
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in Table XXVII and figure 12 will be found the data for the 
Edwards orchard. As noted therein, the first larval collection was 
made June 22 and the last November 11, and during this period 
3,551 larvee were secured. The maximum number of larve collected 
at any one time was 250, and this number was successively obtained 
on July 20 and 23. During the season of 1915, 1,417 moths, or 39.96 
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Fig. 13.—Percentage of codling moths emerging from band- 

collected material, Edwards orchard, Grand Junction, 

Colo., 1915. 

per cent. of the total number of larve collected, issued from the band 
material. The percentage of moths emerging from each collection 
is Shown in figure 18. No moths from this orchard emerged in 1915 
from larve collected after August 16 In the following spring 976, 
or 27.52 per cent, of the moths emerged. The remainder of the larve, 
32.52 per cent, failed to transform to the adult stage. 
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TABLE XXVII.—Band-record experiment. Codling moth larve collected at the 
Edwards orchard, Grand Junction, Colo., 1915. 

Total | Total Per cent of— 
Date | qoj. | Num- | num- | num- 

ber of | ber of | ber of | 
col- lec- | larve | moths | moths | Moths | Moths | f tion Dead lection, | yo col- | emerg- | emerg- | emerg- | emerg- |; qiviq- 
1915 * |lected.| ing, ing, ing, ing, ae ze 

1915. 1916. 1915. 1916. | 3 

June 22 1 10 2 0! 20.00 0 | 80.00 
26 2 66 31 0; 46.96 0 | 53.04 
29 3 82 62 0| 75.60 0 | 24. 40 

July 2 4 172 51 0 | 472.80 0 |427.15 
5 5 2 69 63 0 | 494. 02 0 | 45.98 
8 6 89 77 0; 86.51 0 | 13.49 

11 7| 3104 100 1 | 497.08 | 40.97 | 41.95 
14 8 144 97 0, 67.36 0 | 32.64 
17 9 171 128 1| 74.85 0.58 | 24.57 
20 10 250 197 3 | 78.80 1.20 | 20.00 
2B ali 250 173 9} 69.20 3. 60 | 27.20 
26 12 173 123 10| 71.09 5.78 | 23.13 
29 13 182 89 17| 48.90 9.34 | 41.76 

AN Ok) |) ate! 155 80 of |) ol GE) 237187 )\) 24552 
15 167 58 55 | 34.73 | 32.94 | 32.33 

7 16 198 49 85 | 24.74] 42.97 | 32.29 
10 17 153 24 43 | 15.68} 28.10} 56.22 
13 18 162 9 50 5.55 | 30.86 | 63.59 
16 19 135 4 100 2.96 | 74.07 | 22.97 
19 20 126 0 63 0} 50.00 | 50.00 
22 21 127 0 : 78 0} 61.41 | 38.59 
25 22 117 0 88 0} 75.21 | 24.79 
28 23 123 0 81 0| 65.85 | 34.15 
31 | 24 70 0 44 OF | O258ou le odalo 

Sept. 3 25 82 0 54 0} 65.85 | 34.15 
675 226 56 0 40 O| 71.42 | 28.58 
9 27 44 0 34 O03) 27.27 | 22°73 
125228 42 0 13 0} 30.95 | 69.05 
15 | 29 27 0 15 0| 50.55 | 44. 45 
18 | 30 18 0 11 0| 61.11 | 38.89 
21 3l 19 0 13 0] 68.42 | 31.58 
24 32 18 0 8 Q| 44.44 | 55.56 
27 33 4 0 1 0! 25.00! 75.00 
30| 34 9 0 2 0 | 2228028) ares 

OV SB | BE 10 0 7 0} 70.00 ; 30.00 
6 36 0 0 0 0 0 0 
Oi Bel 7 0 4 O| 57.14 | 42.86 

12 38 6 0 1 0| 16.66 | 83.34 
15 39 1 0 1 0 | 100.00 | 0 
18 40 1 0 1 0 | 100.00 0 
21 4] 0 0 0 0) 0 
24 42 5 0 1 0; 20.00 80.00 
27| 43 3 0 3 0 1. 00 0 
30| 44 0 0 0 0 0 

Nov. 2 45 2 0 | 0. 50.00 | 50.00 
5| 46 0 | 0 0) 0 07 0 
8| 47 0 | 0 0) 0 0 | 
11/483) 2 0 4 0 50.00 | 50.00 

| 

Total Tavvees. haSeaol ke Sse cosas eee eee ee 
Total moths: see 1,417 976 | 439.96 427.52 |132.52 

1 A larva killed in handling; 1 killed Rupraiatars spider. 
22 larvee killed in handling. 
31 larva killed in handling. 
4 All percentages based upon number of live larve collected. 

The data in connection with the band studies made at the Hamil- 
ton orchard are shown in Table X XVIII and figure 14. The earliest 
collection was made June 28; the latest, October 21 following the 
final harvest of the fruit. A total of 4,183 larvee was collected from 

which 2,092 moths, or 50.01 per cent, emerged in 1915. No moths 
issued during the season of 1915 from any larve that were collected 
in this orchard after August 19. For the percentage of moths issu- 
ing in 1915 from each collection of larve see figure 15. In the 

wl ae i 
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spring of 1916, 869 moths issued, or 20.77 per cent of the total num- 
ber of larve collected. The rest of the material, 29.22 per cent, 
did not reach the adult stage. 

has i ee 
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8 

Fic. 14.—Number of larve of codling moth collected from banded trees, Hamilton 
orchard, Grand Junction, Colo., 1915. 

Under field, or nor- 
mal, conditions, 
there is a distinct 8 

overlapping of the re 
larve of the first 758 
and second broods $ 4 
and of the second ty 
and third broods and 90 » 
similarly the moths { sae 
of the first and sec- &” G 
ond broods overlap. *° ot 
Hence with larve Le g 
collected in the field &” 5 
it is impossible to & 

X20 5O know at all times to 

which brood the in- “” 
dividuals belong. 
But with the insects 
reared at the insect- Irie. 15.—Percentage of codling moths emerging from band- 

3 - collected material, Hamilton orchard, Grand Junction, arythebroodidentity — cColo., 1915. 
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of each individual is definitely known, and this information aids in the 
establishment of the approximate limits of the broods as they occur 
in the field. 

TABLE XXVIII.—Band-record experiment. Codling moth larve collected at the 
Hamilton orchard, Grand Junction, Colo., 1915. 

col- dee larve | moths | moths | Moths | Moths me 
f ad lection, No col- | emerg- | emerg- | emerg- | emerg- aadicid 

1915. | -**: |lected.| ing, ing, ing, ing, ae 
1915. | 1916. | 1915. | 1916. | US 

| —_]—_—_|_—_ 

June 28} 1 138 98 | 0| 71.01 0| 28.99 
Nilyoaetl 42 127 63 | 0} 49.60 0| 50.40 

Bilt= 2 116 84 0| 72.41 0| 27.59 
Sil pd 124 7 0| 57.25 0| 42.75 

At) 5 130 116 0| 89.23 0| 10.77 
14 6 185 158 2} 85.40] 1.08] 13.52 
7 7 191 151 1] 79.05| 5.23] 15.72 

20 8 252 201 | 3] 79.761 1.19] 19.05 
23 9 333 {| <8] 8| 71.47] 2.40] 26.13 
26| 10 322 245 | 8] 76.08} 2.48) 21.44 
29.\ I 311| 225 | 14| 72.34] 4.50] 23.16 

Aug. 1| 12 235 165 | 13] 70.21| 5.53| 24.26 
4| 13 176 101 | 25| 57.38| 14.20| 28.42 
71) 44 176 | 89 | 53| 50-56 | 30.11] 19.33 

10 15 127 | 44 | 31| 34.64] 24.40] 40.96 
34] 5-46 123 | 24 37 | 19.51 | 30.08] 50.41 
16 AT 131 16 | 51| 12.21| 38.93] 48.86 
195|- 4S 101 3 | 54 | 29.70| 53.46] 16.84 
223) 19 109 0 54 0| 49.54] 50.46 
25| 20 108 0 82 0| 75.92] 24.08 
28) 21 98 0 81 0| 82.65] 17.35 
314|_ 22 123 0 7 0] 61.78 | 38.22 

| Sept. 3] 2 129 0 100 0 |: 77.51 | 22.49 
6| 24 46 0 26 0| 56.52] 43.48 
9| 2 58 0 30 0| 51.72.| 48.28 

12) 2% 48| 0 22 0| 45.83] 54.17 
15| 27 31 0 16 0 51. 16 | 48. 39 
18-28 14 0 11 0| 78.571 21.43 
Rial 250 23 0. 15 0| 65.21 | 34.7 
24| 30 22 0. 13 0} 59.09} 40.91 
27] 3h 27 0) 18 0| 66.66] 33.34 
30} 32 11 0 | 8 0} 72272 |, 27,28 

Oct 3-33 8 | 0 | 4 0} 50.00} 50.00 
6| 34 1 0 | 0 0 0 | 100.00 
9| 35 6 | 0. 2 0| 33.33] 66.67 

12} 36 12 | 0 7 0} 58.33] 41.67 
15| 37 2 0 1 0| 50.00} 50.00 
135} © 38 4 0 2 0} 50.00! 50.00 
215). 439 5 0 1 0} 20.00! 80.00 

Total larve.. | 42183 2S 4 See eos Sel oes el ee eee ee 
Totalmoths...|........ | 2,092 869 | 50.01 | 20.77 | 29.22 

In figure 16 is presented the total combined number of moths emerg- 
ing daily from the larve collected in the Edwards and Hamilton 
orchards during the season of 1915. As will be observed therein, the 
moths began to emerge on July 9 and continued their emergence 
until September 8, except on September 4 and 6, when no moths 
issued. The maximum emergence, 152 moths, issued August 6. The 
total number of moths emerging from this combined material in 
1915 was 3,509 and in the spring of 1916, 1,845, or 45.37 per cent and 

23.86 per cent, respectively, of the total number of larve collected. 
The rest of the larvee, 2380, or 30.77 per cent, died over winter or 
through injury as a result of handling or from other undetermined 

causes. 
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The life-history data obtained in 1915 are shown in diagram in 
figure 17. 

SEASONAL-HISTORY STUDIES OF 1916. 

During the season of 1916 the life-history studies of the codling 
moth were continued along the same lines as in the preceding year. 
In several instances, however, the work was elaborated somewhat, 
since the amount of material on hand was a little larger than in 
1915. The biology of the codling moth in 1916 was quite similar to 
that of 1915, except that the second generation began somewhat 
earlier in the season. Full data on the third brood were obtained. 
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Fic. 16.—Time of emergence of codling moths from band-collected material, Hamilton 

and Edwards orchards, Grand Junction, Colo., 1915. 

The blooming period of apple trees occurred in 1916 about the 
same time as in the previous year and, as in 1915, was followed by a 
little freezing weather. On the morning of June 30 the temperature 
dropped to 27° or 28° F. in some parts of the valley, while on the 
next morning the temperature was about 1° lower. At this time 
about 85 to 90 per cent of the blossoms had dropped in the orchards 
of the Fruitvale district. While some injury resulted from these 
freezes, it was not sufficient to cause a serious crop loss. Frost rings 
and pits, the latter being in the calyx cavity, developed in much of 

the fruit, however, and, as a result, the codling moth larve fre- 
quently entered the fruit through these frost pits. 
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PUPA OF THE SPRING BROOD. 

Time of pupation—tThe daily observations of the time of pupa- 
tion of the wintering larve are tabulated in Table X XIX and pre- 

APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER 

$10 15 202530 5 15 20 2530 5 10 15 20 2530 § 10 15 2025 30 § 10 182025 3 & 1015 202585 JOIS 202 WH 5 10 15 2025 X 

APPLES INF 
22-24 

SPRING BROOD. 

FUAPST GENERATION. 

SECOND GENERATION, 

TH/RO 

GENERATION, 

PING LRREIVAL 

IBIF-1916. 
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Fig. 17.—Diagram of life history of the eae moth in the Grand Valley of ulsende! 1915. 

sented graphically in figure 18. Reference to this table will show 

that 508 larvee were under observation and that the earliest pupation 
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Fic. 18.—Time of pupation of spring 

brood of the codling moth, Grand 

Junction, Colo., 1916. 

occurred April 16 and the latest 
June 12, the period thus covering 
about two months. The maximum 
pupation took place May 6, when 
37 individuals pupated. On April 
28, 36 larve transformed to pupe, 
and if weather conditions had con- 
tinued normal for the remainder 
of the month, it is probable that 
the maximum pupation would 
have occurred about May 1; but, 
as will be seen in the graph, the 
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temperature dropped considerably, resulting in a check to the pupa- 
tion activity. 

TABLE XXIX.—Time of pupation of wintering larve of the codling moth, Grand 
Junction, Colo., 1916. 

Num- Num- Num- Num- Num- 

pieation. (SE OHl| tren, | Ber fll sation. | BELO | nasation. | Pet of ||| sportier | bene! 
"| pupe. "| pupe.| “| pupe. "| pupe. *| pupe. 

Apr. 16 1 Apr. 27 24 May 8 29 May 19 6 May 30 6 
17 6 28 36 21 20 1 2 
18 8 29 3 10 6 21 3 June 1 2 
19 0 30 9 11 13 22 4 2 1 
20 6 May 1 9 12 8 23 3 3 0 
21 5 2 6 13 2 24 7 4 4 
22 10 3 10 14 1 25 3 || 5 0 
23 24 4 | 18 15 5 26 0 6 2, 
24 22 5 29 16 4 27 7 12 1 
25 23 6 37 17 10 28 3 II 
26 24 7 25 18 12 29 7 || Total -| 508 

Length of the pupal stage——The length of the pupal stage of the 
pupz of the spring brood was computed from 390 individuals, be- 
ginning with five larve that pupated April 17 and ending with one 
that pupated June 12. The results of the observations are given in 
Table XXX, in which it will be noted that, as the season advanced 
with its higher temperatures, the pupal stage became shorter. Nearly 
20 per cent of the pups were in the pupal stage 27 days, while the 

average length of this stage for all of the pupz was 26.80 days with 
a range of from 13 to 36 days. 

TACDLE XXX.—Length of the pupal stage of pupe of the spring brood of the 
codling moth, Grand Junction, Colo., 1916. 

Num- Length of the pupal stage in specified days. 

Date of Le | 
pupa- di | | 
fiony oe posal | | 

vid- |13 14/16 17 | 18 |} 19| 20} 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 34 | 36 
uals. | | | 

| Reserl| lpraraae| 
| 

Apr. 17 5 eee eee Tele 2p eee ee late ed ae 
18 aoe ees ete a bosses ee | el eee eA ferae Sohal SUPA Veal Bes | S004 hr ea Bees 
20 Ns ae taal Me ee fee (eel ee Sse aol Ae yale ef le lies 
21 Brel eee Ne Sl rig el TS eae Spel poss faa al a a eg el ete gee ele 
22 SASS kal em eel Ree a Lee erred IO pee ale i Seales [ist Se a 
23 iba [a eee ae Fecal FS oa ESS) oe rey fe 1 Esa | ee shee 
24 Tomer tele | ee Le aor hs a lee De esd. (nO | meee | 
25 Mites he tee le ee ae eels esta a 
26 1) 2 ee a a P| bale La ay ae lecovs i) al 4 Bases sostseolsee 
27 [SGN See eee aoe a ee ieee eet Ole Slt O eG lke les |e st aeet 
DES | oS ke egal aed eee ee es eral ee ee Ee Seccial sel Te ieeee 3a) Oa ese I> jae 
29 Dae. Bless oacloseels goals oe sol od Lela ies eee ati acd pea Paar Ae Allee 
30 hee ae ah Ba nia ew eae jie (| ah Ra flor lea (nace 

May 1 F0eaa | eee era | eee seers | snare per eal GS ncreslte sae See Gate de ee Ee 
2 Hyp ene |r (eae es SEIN ON ele lee ee ee exer WO Si leeas 
3 Oileasllenaliaee! Seoecaledeol secilocclicecilscss lsbeciloocaleces 1 3 De eee 

4 11S el eh ea el ie eee ier lens bal hal ed hace a 
5 ae cn tlhe kee oleae tele ee Uiseaien |e AGE lan | eee ele 1 
6 Sh || mee | anc EeallS co Sf |e fea Ue Wee MONE Gal 13 ened 
7 05 \a= 1 ee es ek i pee a TEA SIA Gell sees : 
8 ZS oie lee = prea | peer (Presa | eee al Wealden 1a) Boils Ara eels eee 
9 ig ees eee a eee ee be bee eee bee eee LAS SOIR Oe 

10 CF | inet ll eel Me el pe St |e I de) ira eal aarti tele 
11 11 eel ae ana 1 3 | Aral ede eee eB eee 
12 Cy | ee | | ee one at Be ee tap [ere 1| 4 | 15 Re eae te 3 2 
13 ite Se ee eS oe alee Von |e 1 boar ME 8 
14 se ene it gente eh see DOS Se rece sl) eee | eee | ee 
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TABLE XXX.—Length of the pupal stage of pupe of the spring brood of the 
codling moth, Grand Junction, Colo., 1916—Continued. 

Nan Length of the pupal stage in specified days. 

Date of | ber 
pupa- indi- 

eon: vid- | 13|14|16| 17 | 18 [19| 20] 21! 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 39 | 31 |32] 34/36 
uals. | 

| eee 
| May 15 7 a es, ey! |. a PS a (Eke eee IO, aS Peers so Reger x Ind eaeies, etree) (oem ones Prue [eee 2 5 (Ee 

16 “He (GS |G Le, (eS I bape ics | 6 Fee ames ics OS [ys es es Ee ai (eae ee eo Sele - ess 
17 7 | re 8 Set 2 Ue bees | Ne Arle (Sac cWece ale comes geen eeee eee ieee gh ee 
18 O See See a eealee c | er eee (eG hes Us Pe Kat ee, ea) (Se (eet Pas Lak eel 
19 2A] es Wes Wee 8 Wis Fey Ses) ena are) Wy o8 ly 2A. ees See see eerie a as 
20 1 LR Fai) [eee (pee Ne doe es ee bi ee (Ee [ogee Is ror (eter, Pees) eames [SOPs bp seelse 
21 Ya Pe eet) (ies, Pega [eat (Pai Be ter 8 eas eersa Ey ey PSE) ees erty eee noe le Be 5 |B 
22 = Na ee (ES (Hae FEO isi i Ieee Fee es ges ess etd 4s aa Be 8 ee 
23 7) Peed (Sie Meese (Seeks fase fegaee Pah Pe be Ee = 1 See eee sealeeed 
24 Ss (eal eee) Baer Aa Hat GM Paes Beal (era eg Be eee ee) ee ei (ssl east ones Bee ae 
25 A a (et py [Soa rt ee [sp ge ace Ba oes | oo erik | ee ees [2 rhe send De ae 
27 if [S52 bes) ESS es |[saisss bes S55) Sse Bee be S5) 6235 Es 2 ossa base sass 254 52- asses: 
28 726 Oe Nie fee OS is Wa Den Fees Set aes ica ee See aes BP ae WS |S ae 
PAb) Bee Ms 22 1 2 7 A [eS pes ep = Res Renamed (es) [eles (SI ted [Deru | rots bead SS oo 
30 By Eee ae La Fi Eos Fe a (ea i IES el aad Bees ees Seis ee eed see eS Saat 
31 1 Tet See ae ry (ee ei Ses See eee [a-ses ees be es [ares eee eae aes Bees See Ee me 

June 2 Tog Fis RS ee! tay Pape is eee, Nie 2 Slee ba cad ee le Peas bane Bere Bey Eis ears 
4 | 77a \e EWES [rs be (Sra (See? AY 2 x (Bertee ers eed (ERS Seah ee POE Re ee se ee ss fs 
6 7a ee Vs Bl ee 7 FS, Le ee ek See ees Shae me oe ced bee | |e WEES ae ee ne 

fae nF I Fe se) ie (Ss ey Bets Dee ss Sass Dees Bee Ss 

Pupe....| 0) 11/10/2/3]/6] 6/12] 9| 8 | 37 0/7 58 40 18/4) 2)20 
| l | | } | | 

Days 

Ayveracclencthoenpupal Stage. oc. Ass Ss 3 ae ee eee GSE. epee Se 26.8 
Maxamnmilenet hon pupal stage: >= o =. pic 5 See ee ee ee ee ee ee ee - 36 
Miainamilensth of pupal stave. <. si: L 555-52 ee ae eee ee eee eee 13 

MOTHS OF THE SPRING BROOD. 

Time of emergence.—The tabulated data of the time of emergence 
of 4,808 moths of the spring brood are given in Table XX XI. The 
first of these emerged May 10 and the emergence period continued 
until June 28, when the last moth of this brood issued. The emer- 
gence reached its maximum on May 24, on which day 552 moths ap- 

peared. On the preceding day, May 23, the next highest in number, 
432 moths, issued. The retardation of emergence, as caused by ad- 
verse climatic factors on May 20, is readily seen by the marked 
decrease in emergence from 309 moths May 19 to 3 moths May 20. 
The daily rate of emergence is shown in figure 19. 

TABLE XXXI.—Time of emergence of codling moths of the spring brood, Grand 
Junction, Colo, 1916. 

Date of Num- || Date of |Num-|| Date of | Num- Date of |Num-|} Dateof |Num- 
emer- ber of|) emer- | ber of emer- ber of emer- ber of |} emer- ber of 
gence. |moths.|| gence. |moths.|| gence. j/moths. gence. |moths.| gence. j/moths. 

May 10 3 || May 21 13 June 1] 169 June 11 7 June 21 1 
11 10 | 22 368 2 80 12 58 22 5 
12 ZA 3 432 3 146 13 42 23 1 

13 49 24| 552 4] 150 || 14 43 24 3 
14 8 25.) 151 5 | 120 |] 15 29 25 2 
15 4 26 135 6 Fredy 16 26 | 26 1 
16 39 27 160 | % 45 || 17 17 7 | 0 
17 36 28 274. | 8 | 86 || 18 17 | 28 | 1 
18 162 29 247 9 7 19 cig em | 
19} 309 | 30 | 283 | 10} 53 || 20; 14 | Total..../4,808 
20 3 31 179 

j 

bee tet b ged 
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Oviposition by moths of the spring brood—The data obtained 
from the oviposition studies of 1,449 female moths confined in 123 
cages with 1,292 male moths are presented in Table XXXII. The 
summarized figures give for the average number of days from the 
time of emergence to day of first oviposition 6.07, maximum 13 days, 
minimum 2 days; average number of days of oviposition 13.38, maxi- 

X 

NUMBEP OF MOTHS. y & 

ee Se eee 

FAR AA PETE 
| TS ee 
Pie Pa 
JS eee ee 
Oe eS eee 
| ES ae eee 
J) CoE SS ee ee aa 
HH Pee ae 

aa 
J 2 ee ea 
, Ee ee 
| Se a ane 
Je Se 
eee 

|e EE eee see 
evi 

a 8 

} 8G 

QUE/ICE DALY TEMPERATURE. 

$488 

ei a 26 
aa eect 

Sea SSS ee 

2 Q 

S07 oo NEL 

Fic. 19.—Time of emergence of codling moths of the spring brood, Grand Junction, 

mum 32 days, minimum 1 day; average number of days from the date 
of emergence to last oviposition 18.46, maximum 34 days, minimum 

7 days. 
Number of eggs per female moth.—In connection with the ovi- 

position studies of moths of the spring brood, it was found that the 
average number of eggs per female moth was 11.84. 

19552°—21—4 
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TABLE XXXII.—Oviposition by codling moths of the spring brood m rearing 
cages, Grand Junction, Colo., 1916. 

Sex. Date of— Number of days— 

Total 
num- From 

Cage oe : ber of date of 
No ath Fe- Emer- First Last eggs | Before | Of ovi-| emer- 

Male. male, | 8emce of | ovipo- ovipo- de- ovipo- | posi- | gence : 
* | moths. | sition. | sition. |posited.| sition. | tion. | to last - 

ovipo- . 
sition. 

1 20 10 10 | May 13 | May 21] June 4 76 8 15 22 : 

2 5 3 ee 1 ; May bb: 29S ces Pas tases ove maa Sit cecies emcee a eee IOS ; 
3 13 7 6 | May 16| May 19| June 4 89 3 17 19 ; 
4 23 14 9 | May 17 | May 22 ]|...do..-.. 110 5 14 18 
5 25 19 6 -do....| May 24] June 1 145 7 9 15 7. 
6 25 20 Sosa GOne ae |see do....| June 16 209 u 24 30 
7 26 18 8 | May 18 | May 23} June 5 184 5 14 18 
8 28 17 dB ES (epee 0 0 eee tee do.. June 11 440 5 20 24 
9 27 18 0 ee-dosess|eMays 24 | Sdore. 241 6 19 24 

10: 25 10 15 | May 19 | May 23 }June 6 283 4 15 18 
li 15 8 UN sacohsess| sae do..-.-.| June 10 247 4 19 22 
12 25 11 nee dose May 24] June 8 267 x 16 20 r 
13 2 12 11 td Osea eee do..-..| June 14 304 5 22 26 
14 24 13 11 'doze May 27 | June 11 135 6 16 yal 
15 23 7 16 edOss eter do....| June 16 210 6 21 26 $ 
16 24 11 13) 5-200. May 31 | June 13 286 12 14 25 
17 1 1 eae May: 720: |Sesacseeee|seecooteee (OS Bae aeesae Pee 55525 Ea52o22- 
18 2 1 del Maye 216 Se seal eee WS Seti oe ate | sicieeletree | Seeceeee 
19 22 11 11 | May 22 | May 26 | June 11 229 4 17 20 
20 25 8 WAN cds cealees0 Ore a4|-s UNneEAG 202 4 22 25 4 
21 21 13 8 |..-do_----| May 27 | June 14 214 5 19 23 3 
22 24 14 10 do.. ---G0:-..| June 17 138 5 22 26 x 
23 16 4 12 |...do....| May 28 | June 14 186 6 18 23 
24 25 10 15 do.. May 29 | June 11 79 7 14 20 ‘ 
25 25 7 18 Goz 232 |5 do.. June 16 186 7 19 25 = 
26 25 11 14 |...do May 30| June 9 86 8 11 18 
27 24 11 13 | May 23 | May 26! June 12 189 3 18 20 
28 26 14 12 OFS May 27 | June 9 258 4 14 17 
29 20 5 15 doses |Sae do....| June 17 322 4 22 25 
30 25 10 15 dow May 29 | June 11 198 6 14 19 
31 23 12 i eeedo 2COESS =\-ee dOzk=e 254 6 14 19 
32 25 14 aed On| Boe do June 15 172 6 18 23 
33 23 9 Ip eel Solos do eed Orcs 244 6 18 23 
34 25 14 ib eS aClose May 31 | June 11 154 8 12 19 
35 16 aa 12 |...do June 3 | June 17 44 11 15 25 
36 24 li 13 | May 24 | May 29 | June 12 179 5 15 19 
37 25 8 17 =COz= May 30| June 5 11 6 7 12 
38 25 11 14 doses |se-d0==—s| suneass 40 6 10 15 
39 24 7 UES AOOS SES bow do....| June 12 45 6 14 19 
40 20 13 7 |...do....| May 31] June 16 12 7 17 23 
41 25 12 tee Ose a aleee do.. June 18 50 7 19 25 
42 24 13 11 |...do June 1 | June 15 156 8 15 22 
43 24 11 Bile sons June 2] June 8 49 9 7 15 
44 25 11 14a dos June 3, June 17 63 10 15 24 
45 25 aD, Be ips okOs Sa] siti Bis s-ckos 5 - 108 13 12 24 
46 25 9 1GW=e2d0 sesso | oune 13 1 13 
47 20 14 Gi scd Onn el Lecce oe ee eee (SOS eliceeee eee See 
48 13 6 CANS OO aes i oe ee eee 145) 2 oo tkee| be oes sal eae 
49 25 11 14 | May 25] June 4 | June 17 247 10 14 23 
50 24 11 i =doze June 5 | June 11 44 11 7 17 
51 25 14 li AOOSSoulls54 do....| June 16 226 11 12 22 . 
52 11 7 edose June 7 | June 13 78 13 7 19 F 
53 23 12 11 | May 26 | May 31 | June 20 182 5 21 25 
54 25 12 alae Ore une 1 | June 16 83 6 16 21 
55 14 4 LORPeedor June 3] June 17 68 8 15 22 
56 24 10 14 |...do....| June 5] June 18 141 10 14 23 : 
57 20 12 8 | May 27] May 30] June 6 91 3 8 10 cs 
58 25 8 15 solos = June 3} June 16 63 7 14 20 } 
59 25 12 13) |. --do- June 4] June 13 17 8 10 17 3 
60 19 9 10 .do. June 8 doz2 97 12 6 17 é 
61 27 8 19 | May 28| May 31 | June 14 57 3 15 17 2 
62 25 14 ia sd Ost leer Oe ee hye 19 3 32 34 
63 22 10 12) ee xckoe June 1/] June 9 126 4 9 12 
64 24 8 16nleeados. June 2] June 17 97 5 16 20 
65 24 10 14S Peed oOre June 3 | June 25 241 6 23 28 c 
66 27 11 16s dox- June 5] June 9 53 8 5 12 ‘ 
67 27 12 15 | May 29] June 2] June 15 194 4 14 17 e 
68 25 11 143) 35-G02" -ellece o....| June 17 132 4 16 19 ~ 
69 13 5 8. --dO-.ee| Junero- |=. dO... 83 ef 13 19 . 
70 25 14 1 eeedo2 26 5) Nite Gx|he Ose 206 8 12 19 , 
7p 25 13 1212. -dOn. cl JNO mS Hee 20 66 10 13 22 
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TaBLE XXXII.—Oviposition by codling moths of the spring brood in rearing 
cages, Grand Junction, Colo., 1916—Continued. 

Sex. Date of— Number of days— 

| Total = 
num- rom 

Cage ia ¢ ber of date of 
No. ite Ke Emer- First Last eggs Before | Of ovi- | emer- 

"| Male. | male, | Semce of | ovipo- ovipo- e- | ovipo-| posi- | gence 
i ; * | moths. sition. sition. j|posited.| sition. | tion. | to last 
| ovipo- 

sition. 

| 

72 23 | 10 13 | May 29 | June 10} June 16 154 12 | 7 18 
73 25 | 10 15 | May 30] June 2} June 13 39 3 12 14 
74 28 12 16 dos. 422-0022. 2| June. 18 95 3 WA 19 
75 27 14 13 |..-do....| June 5 | June 15 174 6 | 11 16 
76 27 Ui 20-22-00: --|2--dos-- | June 18 98 6 | 14 19 
77 2d 14 11 }...do....| June 9 | June 15 25 10 i 16 
78 20 13 14 |...do....| June 10 | June 16 35 11 7 17 
79 15 8 7| May 31| June 5] June 18 61 5 14 18 
80 24 16 8 |..-do....| June 6] June 17 126 6 12 17 
81 25 14 dose june 0) |=--doe = 58 10 8 17 
82 24 10 145} 2= 200s do....| June 20 44 10 11 20 
83 25 14 is|Eezdors 20-22] suTIeL 25 67 10 16 25 
84 16 7 9} June 1] June 5] June 18 252 4 14 17 
85 24 10 14° |= -do June 8 }...do.. 126 vi is) 17 
86 24 16 See dore- dOsa-H ==. 0 082 203 7 11 17 
87 23 10 13 |...do .| June 10 | June 17 46 9 8 16 
88 24 14 10} June 2} June 7 |..-do. 188 5 11 | 15 
89 25 14 DSe=-do June 8 | June 16 SO 6 Q | 14 
90 24 5 19} June 3] June 5/| June 14 106 2 10-1) 218 
91 22 11 11 |..-do June 6/ June 20 171 3 15 | 17 
92 2d 13 IPA ERGO e Saliedipbneye fe) | A SeO Se 73 | 13 17 
93 25 9 16 |..-do June 10; June 17 34 7 8 | 14 
94 24 12 12| June 4} June 6} June 24 269 2 19 | 20 
95 24 9 155 |e=-d0% June 7/| June 21 327 3 15 | 17 
96 26 11 1iGy | SSH oe: June 9 }..:do- 158 5 13 | 17 
97 28 14 1st doz June 10} June 20 95 6 11 16 
98 24 12 12 | June 5'|...do._..} June 21 94 5 12 16 
99 23 11 WHE GIG) June 12 June 26 139 7 15 21 

100 11 4 7 do June 14 | June 18 10 9 5 13 
101 25 13 12} June 6] June 8 | June 20 103 2 13 14 
102 23 10 15 td Oe. June 9/ July 2 376 3 24 26 
103 19 9 1052 =doss2-| Junest1-| June: 19 25 5 9 13 
104 30 17 13 | June 7! June 9/| June 21 342 2 13 | 14 
105 28 14 14 | June 8 | June 10 |..-do-- 152 2 12 | 13 
106 30 13 ie Sd Ose Eves tls ize edous 266 3 11 | 13 
107 24 15 9| June 9 |..-do June 20 138 2 10 il 
108 | 26 12 14 |._.do....| June 14 | June 19 92 5 6 10 
109 | 25 15 10 | June 10} June 13 | June 17 59 3 5 7 
110 | 12 5 7 Sd Oss | Ped Ons al COs: 98 3 5 | 7 
111 | 25 13 12 | June 11 !...do....| June 18 106 2 6 7 
Hig 9R Guled 19: dos. (he: do....| June 30| 350 2 18:49 
113 | 32 Lari 15 | June 12] June 14} July 2 290 2 19 20 
114 33 18 15 | June 13] June 16| July 5 297 3 20 22 
415 | 32 11 21 | June 14| June 17} July 2 224 3 16 18 
116 22 8 14 | June 15| ..do...-.|...do- 208 2 16 17 
117 20 9 11 | June 16| June 19 | June 27 40 3 9 11 
118 10 4 6 | June 17 |...do June 28 157 2 10 11 
119 14 3 11 | June 18} June 25 | June 25 4 7 1 7 
120 8 1 7 | June 19} June 26} July 7 13 7 12 18 
121 13 3 10 | June 20| July 1/| July 3 11 1:4 3 13 
122 2 1 jis! SUUTs C7 ear ee ates plea tae eee aneee [eee Rae |e oss 
123 4 1 31 June 23| July 2] July 7 | 9 6 14 

BETGUIRE 2 Se SS Se Aen ee et ee as eee | 6.07} 18.38 | 18.46 
MEK TRUE epee ee ee «oie od SS ee et oes 7c Eeaane ae | 13 32 34 
WATERS Se oe on i ee eg een ee ea fay 1 7 

weULTEEPTDVRE GUTEEDE] DTPA HS 2 SS a a ap ey a Oi a8 ee eer ae 1,292 
IOTEEED ROE @TIDTTO) OTOH NS Ga SRS SEN Ses AS ee ee en aR a ee ee ers 1,449 
2 TUE PURE AGE ETE DS. Soe eae ee a ee eee er 2,741 
Ui} LEIREP SR GPG a a ala ee 16, 435 
Average number of eggs per female moth............--.------------ Eta Ce eyed be ae cena arate 11.34 

Length of life of moths—As in the previous season, the dead 

moths were removed daily from the oviposition cages and the date 
of their death recorded. From these records the length of life of 

2,738 moths was computed. As shown in Table XXXIII, the 
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_average length of life of 1,281 male moths was 14.67 days, maximum 
35 days, minimum 1 day; the average length of life of 1,457 female 
moths was 15.73 days, maximum 389 days, minimum 1 day. 

TABLE XX XIII.—Length of life of male and female codling moths of the spring 
brood in captivity: Summary of records of 2,738 individual moths, Grand 
Junction, Colo., 1916. : 

{ 

Male. Female. Male. Female. Male. Female. 

tr = i . z "3 Length) NUM: |Lengin| NUR: | Length | NUM:| rengtn| NEB | Length | NOM: | rengtn] Num 
of life. anne. of life. Fath! of life. ane. f life. ahine. of life. Santa: of life. OLS! 

Days. | Days. | Days Days Days Days 
1 9 ia 6 15 15 96 29 7 29 13 
2 7 74 | 4 16 56 16 96 30 2 30 6 
3 6 3 | 6 17 59 17 88 31 3 31 4 
4 14 4 1] 18 50 18 70 32 6 32 Ooi 
5 29 5 12 19 43 19 68 33 5 33 4 
6 46 6 | 18 20 64 20 94 34 3 34 2 
7 64 U | 41 21 48 = WL 70 35 2 35 3 
8 7 g 40) 22 39 22 41 36 0) 36 Oe 
9 | 48 S| 73 23 Jef 23 40 37 0 37 0 | 

10 | 88 10 | 75 24 30 24 Pel 38 0 38 ate! 
11 | 78 It) 77 25 18 25 23 39 0 39 if! 
1172 | 56 1A | 93 26 27 26 23. |————_ 
igi} 86 13 | 98 27 19 27 14 | Total..| 1,281 | Total. .|1, 457 
14 | 84 14 | 99 28 14 28 14 

| : 

Average length of life of male moths, 14.67 days; female moths, 15.73 days. 
Maximum length of life of male moths, 35 days; female moths, 39 days. 
Minimum length of life of male moths, 1 day; female moths, 1 day. 

THE FIRST GENERATION. 

EXGGs OF THE FIRST BRoop. 

Time of egg deposition.—In Table XXXIV and figure 20 it will 
be observed that the 
first eggs of the first 
brood were deposited 

1. May 19, and the last 
July 7, the period of 
deposition covering 
about 7 weeks. The 
eggs laid on the lat- 
ter date, however, 
were infertile, but 
the single egg de- 
posited July 5 com- 

« pleted its develop- 
ment and hatched on 
July 11. The largest 
number of eggs laid 

Ee oae| eu ; 
Ue aes ae in one day was 883 on 
BAe ec ee) June 9, and this date 

EA FP OOWE ON PO enc as Nealon) ; 
my YUNE YULY was approximately 

the middle of the 
Fic, 20.—Time of deposition of eggs of the first brood of a Rc i 

the codling moth, Grand Junction, Colo., 1916. oviposition period. 

PLERAGE DOFILY TEMPERATURE, 

NUMBER OF EGGS. 

? 
~ 
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TABLE XXXIV.—Time of deposition, length of incubation, and time of hatching 
of eggs of the first brood of the codling moth, Grand Junction, Colo., 1916. 

Date— Appearance of— 

Obser- Aes ee Number Ee Tncu- 
vation e of eggs bation 
No. eae pep Os Red ring Black | Hatcheq.| hatched.| Red | Black | period. z ea! : f : 

Tring. spot. 

Days. | Days. | Days. 
| 1 16 | May 19| May 29] May 30] June 1 14 1 13 

Oil 2 aes ero | ea ites ies Pn ns me dee ears ee er ee June 2 OAs Wes San es | (pee eee ok 14 
| 3 7| May 21| May 24| May 30| June 1 3 3 9 il 

ZN N as al (pesca een eS | See re | ees eens ee June 2 ZW | [Bee erie | ee meect 12 
| 5 12 | May 22] May 24] May 81 |...do....- 7 2 9 11 

Gil eons ae te a | yen cia een pe June 3 OR | ee aere nk fees Sed 12 
7 86 | May 23 | May 25] May 31{June 2 4 2 8 10 
Boo Pie a eg eps. eee (een AE ote aad June 3 DAG ee nee |e eee 11 
Oi ey ent tal Pe Sete tetas wien’ eee ie oct June 4 CGY as se eel eee es 12 

10 117 | May 24 | May 28] May 30| June 3 2 6 10 
UM eee erat eae eee | nwa eet Sel rrarce «st 3 June 4 GO; Sess leet 11 
TO age IE eo Aa tie Seer || eee te | ak eee a June 5 TL Sieh] eres om Be |e eee eer 12 

| Pal Stas5e sa SSaSoseee Saoasos ons Aso oeRanoe June 6 De| tase renal [ee Shae 13 
14 2| May 25! May 29] June 4] June 5 ) 4 10 <u 
15 38 | May 26 do.. .-do Se CLOeer ss 28 3 9 10 
Gp Ree ares. cs nee aslo e eee eee e ems Lae June 6 fei) | Serene teers see 11 
17 130 | May 27 | May 29] June 5 |.-..do.... 108 2. 9 8 
TBS ses Urs ol Caper Es eee See a June 7 TPA a ae Fee so eps le 9 
19 353 | May 28] May 30] June 6 |}...do.... 304 2 9 10 
20g ees Setiajceeciee le moss Saaes | ensues June 8 BN ete arenes ea rag Bh 11 
21 218 | May 29 | May 31] June 7 |-..-do.. 176 2 7 8 
2 Dir | aan e es [ene iw ater] Ran yer ave etsy a ems cers ais ave June 9 203 ea eee ee 9 
23 194 | May 30; June 2] June 8 |...do-.. 173 3 9 10 
AE | ey teeta for ate vetcrstor awe era assyeeave aioe tlelevera Sie reiale = June 10 Gi FES Sey or= |e ere 11 
25 177 | May 31] June 3] June Q }...do. 141 3 9 10 
COA SY. d as Sere a ae Re al anor ee gs) es ae June 11 Dialees Sere aes | eae ee 11 
27 106 | June 1] June 4/{ June 9] June 10 70 3 8 9 
PS tl be es Pera rR an | peg be ees cae ie a June il i2u| eevee No eta nee 10 
a ei | ie Ee ae as Siar Sn ANN ee June 12 YI Res Sree ee near 11 
30 179 | June 2] June 6] June 10} June 11 143 4 8 9 
Sill | ee | ee ee eee Ieee ee June 12 Y fa acres Siete | eee eee 10 
32 425 | June 3] June 6] June 10] June 11 272 3 Ul 8 
SEE FES hes at ae ee ora | terme cya [ara a June 12 BST IIR aac aoe 9 
34 451 | June 4] June 7/| June 11 |}...do.. 307 3 7 8 
Sa ee en ee a ae See en | ee eee June 13 Zlbilpoweaston | Sarees 9 
36 486 | June 5] June 8] June 12 }-..-.do. 403 3 7 8 
37 180 | June 6] June 9 do saH6lO. 101 3 6 7 
Sop een saa Seeeseecion scice se aos |e sees e ens June 14 AOE | Bera s= ho/3| eee eee 8 
SO eee Snes | Saye eee llores yl eis See June 15 Onleaahe sce 9 
40 176 | June 7| June 9/| June 13 | June 14 93 2 6 7 
Z| ee a I A Mel (x June 15 DEB Ya | CS Raia eins ae 8 
42 471 | June 8| June 10] June 14 |..-do. 320 2 6 7 
Cit) ba FS eee [cae eee el en June 16 7117 (Ol ie ae es al le es Se 8 
44 883 | June 9} June 11} June 15 |..-do.... 539 2 6 7 
ZN Gel |e IS a Ne eee | [gens ee] | ares Set June 17 AUS eee tere leeclncion © 8 
AG ac st lic SiR aS BOB Se nae ns ae ones June 18 Bl ees [Aaa DOee 9 
47 420 | June 10 | June 11! June 16 | June 17 210 1 6 7 
A hal als ee een ae a aeiies [Stat 5 ea ee ee June 18 Sid lee eed Sle egee 8 
49 272 | June 11 | June 13} June 17 |..-.do. 239 2 6 id 
50 361 | June 12} June 14! June 18 | June 19 245 2 6 a 
OU peepee es ere hee 2 | Peo ent owe ee June 20 AD) | a aad ree | a 8 
52 267 | June 13 | June 15 | June 19]...do. 131 2 6 7 
53 380 | June 14 | June 17 | June 20 } June 21 251 3 6 7 
54 136 | June 15 dos |=--dor ==doz 49 2 5 6 
PDE ee rena ete et eyo arate cece as ae = |S eats Se June 22 BiG eas Sees Peete ae a 
56 429 | June 16 | June 18 | June 21 |...do... 2 5 6 
Df lesen: ISAS SN Eee ates eres June 23 G0) | 8 osn5el|s Soucings 7 
DO meen Sah eee ome SME claw csc jeje e June 24 SORES CRG. |e anasoee 8 
59 623 | June 17 | June 19 | June 23 |...do 355 2 6 7 
Ge ees ee eee [tai June 25 OD res =e ee ea 8 
61 558 | June 18 |} June 20} June 24 |...do 402 2 6 7 
G25 emeeres Boe nes ee ee ae ee June 26 | | Gameaeerles seacae 8 
63 103 | June 19 | June 21 | June 25 |...do. 37 2 6 7 
O4e |Bane case seen oes | soso Kos oisialcreimeecets June 27 2 | eee) serie yates = 8 
G56 ee ee Sse eee Soon ee ae cligecs cseces June 28 Be eempicnoe easapeoe 9. 
66 158 | June 20 | June 22 | June 26 } June 27 46 2 6 7 
67 125 | June 21 | June 24 | June 27 | June 28 31 3 6 7 
iS ISS SHO el fe oes eel Ee een a eter oa June 29 gil | sncdgose |------<- 8 
69 8 | June 22 | June 25 | June 28 |__-do.... 8 3 6 7 
70 16 | June 23 |.-..do. ---do:...] June 30 6 2 5 7 
71 29 | June 24} June 26 | June 29 |...do.. 15 2 5 6 
FIA | eos eats NCE TN ae en Se diethyl 28 Se seSnoclooacsocs ( 
R34) ells Be ee el en July 2 a) IBneoeddel Saooceos 8 
74 37 | June 25 | June 27/| July 1 |..-.do.... 33 2 6 8 
75 21 | June 26 | June 28} July 2] July 3 16 2 6 8 
76 16s une: 27a) une! 30 -/-2-dO..-.!=-.G0: ...- 6 3 5 7 
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TABLE XXXIV.—Time of deposition, length of incubation, and time of hatching 
of eggs of the first brood of the codling moth, Grand Junction, Colo., 1916— 
Continued. 

Bee Ss a Se eS Le 

= Date— Appearance of— 
Obser- | § at | Number Incu- 
vation eggs de- se | of eggs bation 
No. posited. D ea. | Red ring. Black “Hatched. hatched. zed ee period. | 

- i | — . : 

: 

Days. | Days. | Days. : 77 35 | June 28 | June 30/ July 3) July 4 | 12 2 5 7 4 
78 3 | June 29/ July 1{ July 4] July 5} 1 2 5 6 3 
79 SH errr tees OF RAST bg fy mele SRL ee ete 0 Se eee 0 ; 
80 15 | July 1 |...do July 6] July 7| 9 2 5 6 ay 
81 8| July 2]July 4|July 7] July 8 5 2 5 6 : 
O2 Aes so cd] ese es a ee ee July 9 Did. = eee el er Rae 7 : 
83 zi) BAL TU gies 7s ape segiky (oe eee Ng Se SEC O92 ee eles eee 0 4 
&4 1; July 5/ July 8] July 10] July 11 1 3 5 6 = 
85 oA | TELS Tf [S355 5S32 55 | Ni cse Ss SSM e ac See es Oe aes ee 0 .. 

Pol | sears |. a Besa ke. Pere Se eet ni 6,507 422 ee : 
Aver. 0 Ace, een ee a ee 2.62| 6.68| 7.32 

Magee occ eS en eee ie ees 10 11 14 ; 
MIS = a 3 So ee ee, ee ee ee 1 5 6 3 

Length of incubation —The length of ‘incubation and embryolog- 
ical changes of eggs of the first brood are given in Table XXXIV 
as iolione: Average number of days from date of deposition to the 
appearance of the red ring 2.62 days, maximum 10 days, minimum 1 
day; average appearance of the black spot from time of deposition 
§.68 days, maximum 11 days, minimum 5 days; average incubation 
period 7.32 days, maximum 14 days, minimum 6 days. 

’ 

LARVZ OF THE First Broop. 

Time of hatching.—The time of hatching of eggs of the first brood 
will be found in Table XXXIV. The first eggs of this brood 

hatched June 1; the 
last, July 11. Thus 
the period of incu- 
bation extended over 
one month, the maxi- 
mum number hatch- 
ing on June 16, or 
15 days after the 
first larve appeared. 
The rate of hatching 
is shown diagram- 

ui matically in figure 

Sorte esta Foe fe 21 ae whieh ee 
laa > eee PPR DR in 9 be noted that the 

: "majority of the 
; : pees eS larve hatched about 

Fic. 21.—Time of batching of eggs of the first brood o a 

the codling moth, Grand Junction, Colo., 1916. the middle of the 

URE. 

® 

ee Te eae Co ee ee ey eT ee 

CWERAGE DAILY TEMPERAT 

hatching period. 
Length of the feeding period, stock-jar method—The summarized 

account of the length of the feeding period of 817 larve of the first 
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brood, stock-jar method, will be found in Table XXXV. The first 
larvee, as will be noted therein, entered the fruit June 8, while the last 
larvee began feeding July 10. The average length of the feeding 
period was 20.19 days, maximum 42 days, and minimum 14 days. 

Length of the feeding period, bagged-fruit method—In Table 
XXXVI is given the length of the feeding period of 264 larve of 
the first brood according to the bagged-fruit method. In this study 
the first larvee entered the fruit June 1, the last June 28. Reference 
to the summary of the table will show that the average feeding period 
was 21.10 days, maximum 29 days, and minimum 17 days. 

TABLE XXXV.—Length of feeding period of larve of the first brood of the 
codling moth, stock-jar method, Grand Junction, Colo., 1916. 

Num- Length of feeding period in specified days. 
Date of} ber of 
entering} indi- | le 

fruit. | vidu-| 14! 15/16|17| 18 | 19 | 20 | 21/ 22] 23| 24) 25] 26| 27| 28) 29 30 | 31 |32'33]34)35|36/37)/38 42 
als. | | 

| | 
June’ 8 | — 30:1-<_|-. Distal se laiali i hk eel soe eee bel peeled nea 

9 Tol easel fas es PJ ec Ss Se ts |e ae 1h ea PR [ee Se ioe eee pe ee el esl 
10; | aod else. Seoyf 2h Scie: 2th ey hese parla fee jo ale eel ee Made SAS eat 
El 67 Pe enG (ot lsuIsatOre 7 3 joe eect lee | | ah 
TO = tap Vi es Dal-ae | 51S TOH "62110 (03 |i Sees cle allie 
13| 51 ese elise S coed Seed ed | i 
4e\ =. 16-|eecle5 oe Sale ole ee olet Dietalecelo ele dl alle 
15| 43 PG a5 [ocd ee Seo Z te [ee c| <4 lela ili ale i 
16 (A652 Hite eat Te SS Te sayy ste ee aria leiel ae ali 
Aga era eT MeO 7 ovale Sclp Was lg ett | [sae les le | i 
Aosta esos eatleG ics 1 4) A Ou | ales strolled Bader lecla i 
191-199 So s25| =e SalegGs [ees el eo One Saleeela ee fea) Re cycle | Sees te j 
DO Oe laecle TNs eh dU ovrtat (8 457 slice sy el Fe ced i | 5 
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Sole settete al Sale ehaleeee ley iets it | 21 Les |e asecioee 
PEt Theo UG toe Tt | esas leer) fee a sae a eg espa base re gl fey fs PO te 
| 78 fae eS iz etoe | |S 4) 4) | | hele eta 
25 | 78 |...|..: 516617 9 he | fei10.12 |ofe4 | sl 4 | elie. | 
261 20.|---l2-- Sele meaner tees tae Gear oot are | 
7 | 94 {2 |: Balee eG fecal Sees lati} Flea ee (eels ales Ieee ls 
Pr [eae ie ee Tila ese fe ee ea etlere| orale ap oe ener a \Ee : gales 
Se. 5 ee eae 1 jd feoroHl Pera ee a aa Bee) Cale ee 5 gee 
Spa 2 ye eae [ce ee (Ea [pees ies 3 Ve |e lf aa 

July 2 7A See NSE as ee ieee eed isc ee eee eae Aselec loge 
3 1 | lS se | ae eee [ce a Ps lee Jee 
tl a tee alee HO Nei fete tea leonaatls lea (ei[ee eck ee i: 
Be eialee ee ele in|. ete alee |e 11 | al eel ol fpf gon 
Ae ce jie SEE eels Aa ee es = i sleeelcelee( 
Si 2 see ig ecclesia lean 1 allie 

iC eg al eee ee fee eam econ Pane TE | Pee less oe Vel espe oe Pe |e pa ae nT a 

817 | 1 {10 /48 |83 |107 |139 |140 [90 |75 |37 |31 (14 [16 | 8] 441] 2] 211 |1 [2 [2 (a [a fa [a 

Days. 

Mauer Cele od lla Thee ed bl one! Oe ae vee eens eee ON OR ffn te Soc ca Lowbacsvesessaccecee ts 20. 19 
Maximum length of feeding period.....................-- Sb eS Re OE ae aE a a TS 42 
MEADS GH Mt We Gist COIN Papel OU a= se meee eae aoe Sac oo eae Soe ec oes t oe Sek wee Seeesaeectaseeeeeess 14 
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TABLE XXXVI—Length of feeding period of codling-moth larve of the first 
brood, bagged-fruit method, Grand Junction, Colo., 1916. 

Num- Length of feeding period in specified days. 
Date of | berof 
entering | indi- i 

fruit. | vidu-! 17 | 18 | 19 | 20 | 21 | 22| 23 | 24] 25 | 26 | 27 | 28 | 20 

Mela Pac fe Dh JE (ERS ee Gf i Rg eS a 

June 1 Ife sale ered) ieee i Hele meel (Boa fe fel Eee ae Tl ee 
72 Zoe 1 |-- wae Se oe ees eal et Meee) ete Et | ae <4 
3 iT gendee aeee ee V  a e a eB Se ie (CE oe Rant! 
4 rie rg (a, ees be eel ST ea rig See eee oe 
5 3 fetes |e ads In ares ee WW) Wah ON LBC a eC SS < 
ah eoeee eee pat 7 |. a Baws Bear apes 2 
Wile QE scab | Bl) LOH oh Aah ae ee] ee oe ee 
8 7a hes Peg ced fetes Saha llce Ss[ AMER ts en eee 
9 74 mee Me C1 Shia ee Ie We 5% (eles So 

10 i Eee ees ae TFs fe ok as Ip (PRP (BF et (el |. 
he 10M, ab ee Se aa oe ee a Tee ee ee ee 
12 5 |. ib peed eae Pe ieee rhs Peer anaes 1 
13h OSS) 2 | eo ON eee gored teal EAB ea 
14} 10 Pe es Be ps TE | eB LA ell re 1 
15S 10) Oe| Sat =a basse (ed (ah fc (SD gl 1 1 
16 | Stel SA eer ee eee tl es |e eae 
Ty ib Waect -4, Fe Pe ie es ee actrees eid fs el Pa a] ee 
18 alee re a Sk Le pve sl Sey see] el opal eee uals col eee 
19 ig eee le ait Wes cg Lo [odbc AV ea Pe Ss i as Be” 8 te ora fa 
OD | TAC a or a le Balk rae sl ae | ee ee 
21 Sig FE a (emake Hehe Je TOM (ease tl Fag et pa ek ee Me 
22 Dad a6 Ps ie es es See Se eee 
23 8 |. aetna] cede aplal gda oles 1] eles. a bees pee 
SF 16 Joes c eS Sh ease eee 2| pl eae a 
25) 298 Ve TA OMe Sy at | 2apalee 7 aoa ee amen ean (aime Se Rees 
26 7 Ripe a) aA OM ahs eek Bie Ee aes [Encode eee 
27 1 i i<Ca Sees [ek TANCE ell hs Sl SR all cee 
28 P| Dee) aN ee see 1 es: BE OR OL MG al eae 

264) 7 | 44 | 54 30 | 38 are oe 

Days 

Averagelensth oficeding period 2 =. 22. See es oe eee ee eee eee eee 21.10 
Maximum length Ot feed trig period Se eee ee ee ee ee ee eee 29 
Minimumileneth of feeding period:== e235 6.-c.ascec see Sac ce eee oe ee ee eee 17 

Length of the cocooning period—Table XX XVII gives the data 
for 761 larvee, on the time which elapsed from the time each larva 
left the fruit until it pupated. Attention is drawn to the fact that 
300, or nearly one-half, of these individuals formed their cocoons 
in 4 days, 195 in 5 days, and 89 in 6 days. The average cocooning 
period for all the larve was 5.53 days, the maximum 30 days, and 
the minimum 2 days. 
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TABLE XXXVII.—Length of cocooning period, transforming codling moth larve 
; of the first brood, Grand Junction, Colo., 1916. 

Num-| Length of cocooning period in specified days, being the time from 

Larvee per ot 
left fruit. aa Fie 

AlSha lez leoa | 

June 20 11s aeeinees See 1 
21 a eta eee pe i Mat ae ete 
22 2 1 bel peel ieee 
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13 aS) leo aloac 18 | 11 
14 AF Nes sieac 5 7 
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27 ial eh | eee 1 He eee er 
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PuP or THE First Broop. 

Time of pupation.—The larve of the first brood reared in the 
insectary began to 
pupate on June 25 and 
at this time 3 indi- 
viduals transformed. 
The rate of pupation 
gradually increased 

until it reached its 
maximum on July 7, 
when 50 individuals 
pupated, as will be 
seen by reference to 
Table XX XVIII and 

figure 22. The last 
larva of this brood 
transformed to the 
pupal stage August 11. 

"WUMBER OF PUPAE. 

See 

2) Ay 
AUGUST 

PUERAGE OFLY TEMPERATURE, 

Fic. 22.—Time of pupation of first brood of the codling 

moth, Grand Junction, Colo., 1916. 

In all a total of 766 pup was recorded. 
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TasLeE XXX VIII.—Time of pupation of transforming codling moth larve of the 
first brood, Grand Junction, Colo., 1916, 

um- Num- um- 
Dever ber of Patek ber of Deter ber of 

pupeuer: pupe. iD “| pupe. POP “| pupe. 

June 25 3 || July 5 49 || July 14 23 
#4 2 6 41 15 14 
28 6 7 50 16 35 
29 13 8 22 17 37 
30 12 9 48 18 26 

July 1 17 10 41 19 28 
2 27 11 37 20 30 
3 21 12 43 21 21 
4 36 13 32 22 7 

Date of | NUM! pate of 
pupation. ber of pupation pupz. : 

July 23 Ue lesa ah 
24 12 2 
25 2 6 
26 5 7 
27 3 11 
28 4 
29 1 Total.. 
30 3 
31 3 

Num- 

ber of 
pupe. 

ft et 

766 

Length of the pupal stage——The data pertaining to the length 
of the pupal stage of first-brood pup began with the individuals 
that transformed June 25 and ended with the larva that pupated 
August 6. During this interval the variations in climatic conditions 
were not pronounced and, as a result, the range in the pupal period 
is not as great as with the spring-brood pups, it being from a 
minimum of 6 to a maximum of 19 days, with an average of 11.23 
days. Out of a total of 638 pupe, 284 had a pupal period of 12 days. 
For further details see Table XX XIX. 
TABLE XXXIX.—Length of the pupal stage of codling moth pupe of the first 

brood, Grand Junction, Colo., 1916. 

ae Length of the pupal stage in specified days. 
Date of of 

pupation. | indi- 

vidu-| 6 | 8 | 9 | 10} 11 12 | 13 | 14 | 15 |] 16} 17 | 19 
als. pee oe 
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29 a As esl estes ens 1 7 Ale Sek accel eater a meester 
SOT Oul ch alesis 2 9 Us Oe Se eel ear ese oe 

dioubye al 1 (Zieh renee eel eS ilieee : 8 8 a Nil ees eee ae alle 2 
2 QGr esi snes EN a UO) 9 be ra ere | RON WT 
3 20 Ms) secre 5 9 2A nese (ee 1 
4 35 1 PY | allay | Abs) TG esd WN ee Neal 
5 ANC eae ep Sap 2 Sire ttl A isch eee | 
6 SON be alee es nae 1 Se [eee eA epee lee Coen ee 
7 AQ Usa eee Se ey apse tos | seed li ye ed le | | ete eee | 
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9 ATA Seas Zila oaieeee QUA Es al ge eae ar tiags 3 

10 Shi Re Saleteo eae 1 AU PAD) PS} Ms eee See 
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MoTHS OF THE First Broop, 

Time of emergence.—As in the studies of 1915 (p. 24), a record 
was kept of the time of emergence of first-brood moths reared from 
iInsectary-bred material in order to determine the approximate limits 
of the brood. In Table XL it will be noted that 829 moths issued 
from July 5 to August 19, inclusive; the same data are presented 

graphically with temperatures in figure 23. Records were also taken 
of the time of emer- 
gence of the moths tk 
that issued from the 

VAS AL 
ew Wh A 

Pare VE 

larve collected every 
three daysin the Ham- 
ilton and Edwards or- 
chards. The moths 
that issued up to Au- 
oust 13, inclusive, were 
used for oviposition 
purposes in preference 2. 
to those from the in- 
sectary-bred material, 
because their rate of 
emer gence corre- vuey AUGUST 

sponded more closely Fig. 23.—Time of emergence of codling moths of the first 

° brood, insectary-bred material, Grand Junction, Colo., 
to that which would  joi¢ ae fe ee re 

7O 

CUWERAGE OOLY TEMPERATURE, , 

NUMGER OF PIOTHS. 

4 6 " 6 
2/ 26 a 

& 10 16 20 

have occurred in the 
field. These data are given in Table XLI and ae 24, and, as seen 
therein, the first moth emerged June 25. The rate of emergence, how- 
ever, was very low until July 1, but on this date 17 moths issued. 

The first moths of the second brood from insectary-bred material 
issued August 7, and the data indicate that from August 7 to 19 
there was an overlapping of the moths of the first and second broods. 
Since there is no way of determining the brood to which the moths 
from field material belong, a date (Aug. 13) midway between 
that of the last emergence of the first-brood moths and the first emer- 
gence of the second-brood moths was taken as the dividing line be- 
tween the two broods. 

TABLE XL.—Time of emergence of codling moths of the first brood, from ma- 
terial reared at the insectary, Grand Junction, Colo., 1916. 

| 

Date of | Num- Date of | Num- Date of | Num- Date of | Num- Date of | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of emer- ber of 
gence. | moths. gence. | moths. gence. | moths.|| gence. |moths.|} gence. moths. 

July 5 1 || July 15 39 || July 24 46 || Aug. 2 26 ||Aug. 11 2 
7 3 16 30 25 26 3 22 12) 1 
8 3 17 31 26 40 4 8 14 3 
9 6 18 50 27 19 5 é 15 1 

10 19 19 40 28 22 6 5 16 1 
11 19 20 49 29 21 7 5 19 1 
12 19 21 47 v0 31 8 8 
13 24 22 44 31 22 9 3 Total... 829 
14 13 23 45 || Aug. 1 22 10 5 
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TABLE XLI.—Time of emergence of codling moths of the first brood reared from 
field material, Grand Junction, Colo., 1916. 

Date of | Num-| Dateof | Num- Date of | Num- || Dateof | Num- ||} Dateof | Num- 
emer- ber of || emer- ber of emer- | ber of emer- ber of emer- | ber of 
gence. | moths. gence. | moths. gence. |moths.|| gence. | moths. gence. |moths. 

June 25 1|| July 6 25 || July 17 40 || July 28 165 || Aug. 8| 152 
26 0 || 7 42 | 18 68 29 96 9 117 
27 0 8 28 | 19 70 30 93 10 133 
28 2 9 16 | 20 53 31 94 il 132 
29 1 10 45 || 21 OF || Aug 21 110 12 77 
30 5 11 4] | 22 | 125 2 111 13 72 

July 1 17 12 72 23 76 3 95 
2 9 13 51 | 24 121 4 76 3, 309 
3 6 14 34 || 25 | 109 5 92 
4 30 15 59 || 26 | 83 6 111 
5 28 || 16 41 | 27 59 | 7 | 135 || 
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Fic. 24.—Time of emergence of codling moths of the first brood from band-collected 

material, Hamilton and Edwards orchards, Grand Junction, Colo., 1916. 
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_ Number of eggs per female moth.—The observations presented in 
Table XLII include 1,713 female moths which were confined with 
1,596 male moths in 133 cages. These moths produced a total of 

75,337 eggs, or an average of 43.98 eggs per female moth. 

TABLE XLII.—Oviposition by codling moths of the first brood in rearing cages, 
Grand Junction, Colo., 1916. 

Date of— Number of days— 

Total 
Num- num- From 

Cage ber ener : ber of date of 
No. of = an ea First Last | eggs | Before Of emer- 

moths.| Male ta 8 ai Oviposi- | Oviposi- de- Ovipo- | ovipo-| gence 
| Meee: ene ion. tion. |posited.| sition. | sition. | to last 

ovipo- 
sition 

| 

See ane bee LS epee ee ee Sees eel Or aon |e Senet eer | ee ener es CIR 2 lia Poll io SOA onlin on ee 
Ee ce eee Se De eee Mee Seem Ee IUITL Oa 2 Bi | eee eraes te ete See ie oa ee I Ser Ne eee or eee 
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EES dees ame Syria reer a heen UTA O SS SAD) eek eo ae Ar es er eas pel siege leet ele Bec 
cate Seeman es A ees eat, ee Aa Bie Jrullyaras | eM sere eos | See eee ede scad SeGken col Season. 

1 26 | 11 ii) eae eae July 3) July 15 SHA ARs 2 fee Sees ee 
ese es SI Desi cl eee peel ET SCS ec ees Sees ed | Rc (le a kee agen gs Bee go ogee 
She Se eee @ le ccesSeclassecee a) UUUAY 9S) lo seceeds oe lsese sated Pecncbos soe seced|Sbancaa.|leeeee 
Dee eer ee Ly ie cise dell See el AUB Sp, Ne eae oes | cre ae ea a ee ee em el Ree ee a] VE ge 

2) 26 9 ZS | scien July 6] July 16 GAR ces eee ae [eens 
3 19 10 Qi eduly.  4°)=-200- July 17 315 | 2 12 | 13 
4 28 14 48 Sully 55 -doe July 16 | 322 1 11 11 
5 25 6 Ie) Uulby  @jdwlhy = Se soso ee) 753 2 9 10 
6 21 13 Say duthyee ss | 22002 le duly. 24 398 1 17 17 
7 21 14 Teac Dasa) Ub UE | alii ke 134 | 4 8 11 
8 28 14 ia leJuly: <8\-= doe. .2| July 28 541 3 13e ee ts 
9 16 4 12a euly= 98 |< doe i-5|: duly 28 256 2 18 | 19 

10 22 et Ss 4G Soraya LOs Pee dons sullye 24 161 1 14 | 14 
ll 23 15 Sl 2do-2 =.) July 12.) July 23 479 2 po) eg 
12 21 9 1 Uiedbyy Uk cae g en! Valle 1G 125 1 5 5 
13 20 15 Slee Ons el) duly 13) | aly 20 219 2 8 | 9 
14 26 | 14 125 Inky 127|22-do== 2) July 28 352 1 16 16 
15 20 9 i oa does = suly= (5) \: duly 23 516 3 9 11 
16 26 10 Gas Ons leases nliy: 24 204 3 10 12 
17 25 12 13 | July 13 | July 14 | July 27 612 1 14 14 
18 26 13 138 Oe eos cuiliye L6s| sully; 28 357 | 3 13 15 
19 34 17 17 | July 14 | July 15} July 26 1, 020 1 12 12 
20 33 12 21 | July 15 | July 17) July 30 900 2 14 15 
21 26 12 Moe COs es) Julye 21. | \ulye 27 85 6 fll 12 
22 26 10 16 | July 16 | July 17| Aug. 1] 1,222 ile eG 16 
23 15 3 12 |...do....| July 19 | July 30 184 3 12 14 
24 24 12 12 | July 17 | July 18} July 28 665 1 ile |eh a 
25 16 6 10 |...do....| July 19 | July 30 436 2 12 13 
26 25 13 12a dhye tSe|e GOn sss) Aue, pA 748 1 14 | 14 
27 25 16 Ooi adore esiuliys, 20) eee CO= 4 -- 654 2 13 14 
28 18 5 133" 2oGlOses Hes eOOse a aleasC@s sea = hss 2 13 14 

_ 29 21 1 10;| July 19°|---do-5--| July 30 555 1 11 11 
30 25 10 1 jee -dor= 2) July 22) duly. 28 420 3 7 9 
31 24 14 LOH Bed On Sal =endOn es lauly: 30 579 3 9 | 11 
32 26 12 4s E Slye 208] don =| July. 3 794 2 10 | 11 
33 27 8 19sb= dose: -| duly 23: | July. -28 341 3 6 8 
34 24 7 17 | July 21) July 22) July 31 281 1 10 10 
35 21 5 IG 5 ClWOas sola cCl@2555) ZAURRS 7 5 ei 1 7) AL 
36 25 11 14) Erdos July 23 | July 30 385 2 8 | 9 
37 21 11 10 |...do....| July 24 | July 29 391 3 6 | 8 
38 25 16 9] July 22} July 23} Aug. 4 791 1 13 | 13 
39 24 14 OWE] does | vullye 24) |eAuge Ss 5 250 2 13 | 14 
40 20 9 iG) eed Osane |e d Oss s|s0-005- > 296 | 2 13 14 
41 19 3 Woe OlOs 5 5 ssseGlOos Sa) Hiss 2 7/ 536 | 2 Gy | 16 
42 24 12 1 ec eOlOes ale als = Sal) Are 822 | 2 16 | 17 
43 13 8 hot dosse ci dulys25)| Auge. 4 228 | 3 11 13 
44 26 14 12 | July 23 | July 24| Aug. 6 595 1 14 | 14 
45 25 16 Onl eedore July 225 |. 2-dos..<|° 1,153 2 1ssge4 
46 25 15 NOS | Fee G One i ailivee 27a |p GOs. — = 444 | 4 11 14 
47 24 9 15 | July 24] July 25| Aug. 4] 1,013 | 1 (ie eae 
48 25 11 14 does cle aon. | Aug. 83> 1305) 1 15 | 15 
49 25 13 tale dos July 26| Aug. 9] 1,017 | 2 15: (2 616 
50 23 8 a ee ad Of se doeeee| Auge 14 931 | 2 20 21 
51 24 16 Sileeedo. st July e238: |)Aus. 4 540 | 4 8 11 
52 28 16 12| July 25 | July 27| Aug. 8 979 | 2 13 14 
53 26 15 i ae Gon eet ulya 28) | Aue .0 7 802 | 3 11 13 
54 27 11 HGS s Ons setoce doxc ee CMsese Zea + 3 11 13 
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TABLE XLII.—Oviposition by codling moths of the first brood in rearing cages, 
Grand Junction, Colo., 1916—Continued. 

Sex. Date of— Number of days— 

xs Total 72 
um- num- om 

Cage ber anes , ber of date of 
No. of Fe aes First Last | eggs | Before| Of | emers- 

moths.| Male eanie 8 of Oviposi- | Oviposi- | de- | ovipo-| ovipo-| gence 
2 Re tion. tion. posited.) sition. | sition. | to last 

ovipo- 
sition. 

55 28 16 12 | July 28 | July 28} Aug. 8] 1,065 3 12 14 
56 28 18 104 July! 2641---aOr ea Os le 709 2 12 13 
67 27 14 1384 do. e4jsSdos > do..--| 1,018 2 12 13 
58 28 10 18 dos. 2|tdot ss Aug 1,616 2 15 16 
59 29 6 934) July 27 | S-doeu ea Aig. 1 915 1 19 19 
60 30 13 17 o....| July 29 | Aug. 10 558 2 13 14 
61 27 17 10 | July 28} July 30 0 276 2 12 13 
62 28 13 15a ced oe eeleee do: ==) Aug. 13 381 2 15 16 
63 28 20 | $\-.-do. =.) daly. 31 j-Aug. 7 107 3 8 10 
64 28 23 5 d0>.=3|e- 02-24) Auge 8 341 3 9 11 
65 28 13 15 e005. 22]22- Goes pencetiey alll 606 3 12 14 
66 26 9 17 ado --do....| Aug. 12] 1,016 3 13 15 
67 24 11 IS Suly. 2942 doze2 Ando 601 2 13 14 
68 22 10 12 Gone {2005.24 Awe oo a. La 2 16 17 
69 24 az, AP eR Osce eee do....| Aug. 16 277 2 17 18 
70 26 20 6 _.do Aug. 1 | Aug. 11 432 3 11 13 
71 20 13 7! July 30| July 31 |...do.-- 408 1 12 12 
72 24 15 9:|.--do. -.j7Aug. ol Auge. 14 344 2 14 15 
73 24 14 10 ;...do .do. Of=E 427 2 iN [ee LS 
74 25 8 17 do..../Aug. 2 do 442 3 13 15 | 
75 24 5 19 | July 31] Aug. 1 | Aug. 15 197 1 15 15 
76 25 15 10 |...do-...| Aug. 2] Aug. 8 199 2 y 8 
77 24 10 14 |_..do ad oF Aug. 11 468 2 10 li 
78 21 9) 12). dos.) Aug). 3 | Aus: 12 455 3 10 12 
a 28 13 | Tbsp fesalgo res @ iL Sdo=e se Ane i6 565 2 14 15 
80 26 15 | 1 z= 2do do-- = Ame U7 oly db054 2 15 16 
81 29 ibe 18 |...do do....| Aug. 21 991 2 19 20 
82 27 12 | 15-002 doz 4.2-do- 1, 484 Earn 19 20 
83 29 6) 23 | Aug. 2) Aug. 4/}]Aug. 19] 1,144 2 16 17 
84 27 10 17 |_..do Aug. 5 | Aug. 14 323 3 10 12 
85 28 9) 19 je ore ees do...-| Aug. 19 415 3 15 17 
86 27 10 | 172 = 500 Aug. 6 | Aug. 13 562 4 8 11 
7 25 11 | 14] Aug. 3] Aug. 5 | Aug 11 608 2 4 8 

88 25 14 | 11 |...do do....} Aug. 14 484 2 10 11 
89 25 10 | g Dah Pace Koes iS do....| Aug. 16 680 2 12 13 
90 20 10 | 10 |_..do Aug. 6] Aug. 18 373 3 13 15 
91 22 5 | 17| Aug. 4]|...do....| Aug. 17 457 2 12 13 
92 22 12 | 10 |...do ed ose 4 Anes 22. 652 2 17 18 
93 32 8 24) = dO. Sat Ser et a CARI Ss iy 335 3 11 13 
94 25 10 | 15; Aug. 5| Aug. 6] Aug. 22] 1,043 1 17 17 
95 25 6 s Ti partacae ¢ Ke epee Ee do. Aug. 25 502 1 20 20 
96 25 15 1042: dos sss Augs ee “do=2 =. 468 2 19 20 
7 7 15 21 =-d0 Aug. 10 | Aug. 10 3 5 1 5 

98 26 7 19| Aug. 6| Aug. 7 | Aug. 15 126 i 9 9 
99 28 10 ; 18 |...do COE = Aug. 17 950 1 11 11 

100 28 16 12 do...-| Aug. 8 | Aug. 21 575 2 14 15 
101 29 10 | 19 do... -|..-do.-.-| Aug. 24} 1,048 2 Lat AS 
102 26 19 | Wel AUS te OLS Aug. 19 247 1 12 12 
103 28 14- 145) o= 5) Aug. 2 9o Aqgs 8 173 2 10 il 
104 26 11 1s does. 1c eae dG 511 2 a4 i 
105 27 18 | 9 .do. =.d05< Aug. 22 479 2 14 15 
106 28 12 16 |...do....| Aug. 10 | Aug. 24 143 3 15 17 
107 27 17 10 | Aug. 8 | Aug. 9 | Aug. 26 155 1 18 18 
108 25 13 12 .do- 2 GG ..do 785 1 18 18 
109 25 9 | 16: |22 dor Aug. 10 | Aug. 19 332 2 10 11 
110 25 13 | 12°] :-do--)- ts -do-7 =e Aug 20 234 2 11 12 
111 25 16 | 9 |...do- Ye od O22 ATE eG 388 2 17 18 
112 25 14 | 11 |_..do....| Aug. 11 | Aug. 18 218 3 8 10 
113 25 15 | 10} Aug. 9] Aug. 10 |-Aug. 23 517 | 1 14 14 
114 25 10 | 15712054) 0e e:2 733 | 1 14 14 
115 25 11 14 -do....| Aug. 11 | Aug. 22 710 2 12 13 
116 24 9 5 dares |e: do. Aug. 26 755 2 16 17 
117 18 8 | 10d des Ss Aes 14 do 377 5 13 17 
118 27 il 16 | Aug. 10 | Aug. 12 | Aug. 27 376 2 16 17 
119 25 12 13)|- dees. do A200 568 2 16 17 
120 28 12 | 16 |...do....| Aug. 14 | Aug. 26 707 4 13 16 
121 26 14 12" | 2. dee. .-do -| Aug. 29 624 | 4 16 19 
122 27 14 | 13 4: do? 212 -dew 3] Aug 30 57 4 17 20 
123 27 12 15 | Aug. 11 | Aug. 13 | Aug. 27 703 2 15 16 
124 25 13 | 1Zho Ss AiO Ss. SNES do....| Aug. 29 346 2 17 18 
125 27 16 | 11 do Aug. 14 | Aug. 21 146 3 8 10 
126 26 16 | 10 |...do ..do....! Aug. 22 445 3 9 11 
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TABLE XLII.—Oviposition by codling moths of the first brood in rearing cages, 
Grand Junction, Colo., 1916—Continued. 

Sex. Date of— Number of days— 

Total 
Num- a one 

Cage ber 2 er Oo ate 0 
Sion s NO: of Fe- te First Last eggs | Before} Of emer- 

moths.| Male. Ge 8 ae oviposi- | oviposi- de- | ovipo-| ovipo- | gence | 
ae ee Gin tion. tion. |posited.| sition. | sition. | to last 

ovipo- 
sition. 

127 27 14 13 | Aug. 11 | Aug. 14 | Aug. 27 84 3 14 16 
128 25 13 12 | Aug. 12 |...do Aug. 28 643 2 15 16 
129 26 18 8 -do....| Aug. 15 | Aug. 23 190 3 9 11 
130 26 17 9 dos |-d0 Aug. 26 406 3 12 14 
131 25 iy 8 | Aug. 13 |..-do Aug. 29 146 2 15 16 
132 25 12 IB eels see| sa ke dos == 735 2 15 16 
133 22 11 | edo Aug. 16 | Aug. 31 | €09 3 16)|25= 18 

Wotals*.|e.3)309"| = 1,506), ie m3 haa one acs. a leaeer ss Pgeeaa7e esas el: aoene ieee: 
| 

| | 

Avene: Mirenee aie: ES Ae A ee ARS Ee es PE SOS ASS 2.21} 12.69 | 13.63 
I aa a sa a et 5 20 0 

Se ee ae ee oe ee eae Sa ae wem Menge ke eee sabe o sees ee eacns ess 1 1 5 

Average number of eggs per female moth, 43.98. 

Time of oviposition—As previously mentioned, the moths that 
issued up to August 13, inclusive, from the larve collected every 
three days from banded trees in the Hamilton and Edwards orchards, 
were employed for the oviposition studies. 

It will be noted in the summary of this table that the average 
number of days from the date of emergence to the first oviposition 
was 2.21, maximum 5 days, minimum 1 day; the average number of 
days of oviposition was 12.69 days, maximum 20 days, minimum 1 
day; the average number of days from the time of emergence to last 
oviposition was 13.63, maximum 20 days, minimum 5 days. 
Length of life of moths —A record was kept of the length of life 

of 3,231 moths of the first brood of which 1,561 were of the male sex 
and 1,670 of the female sex. According to the mortality data given 
in Table XLIII, the average length of life of the male moths was 
13.12 days and of the female moths 12.20 days. The maximum 
length of life of the male moths was 38 days, female moths 26 days; 
minimum length of life of both the male and female moths 1 day. 
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Taste XLIII.—Length of life of male and female coaling moths of the first 
brood in captivity: Summary of records of 3,231 individual moths, Grand 
Junction, Colo., 1916. 

Male. | Female. Male. Female. Male. | Female. 

Num- Num- Num- Num- Num- Num- Length) ;“™"| Length Length Length] + | Length | Length 
of life. | P&T OF} of tite. | Perot || “oftife. | Det Of} of tite. | Pet of |! oftite. | Perot) oftize. | ber of 

moths moths moths. moths. moths.) moths | 

Days. Days | Days. Days Days. | Days. 
1 11 if 6 15 76 15 111 29 5 29 Or 
2 12 2 i) 16 81 16 89 30 | 4 30 O-F} 
3 8 3 Tf 17 75 17 65 31 0 31 0 | 
4 18 4 15 18 65 18 51 32 if: 32 0 
5 13 5 20 19 56 19 40 33 0 33 0 | 
6 | 36 6 33 20 51 20 29 I 34 0 34 OFFI 
(ie eel Ti 70 21 42 21 18 |] 35 0 35 oO | 
8 107 8 99 22 35 22 12 36 0 36 0 | 
9. | 151 147 || 2 22 23 sa 37 0 oy gt me 

10 AS7e “|= 10 172 24 12 24 4 38 | 1 38 | 0 
11 141 il 195 25 13 29 1 
Ee 124 12 156 26 5 26 1 Total... 1,561 | Total..1,670 
13 102 13° wie 169 27 4 27 0 
14 103 14 142 28 1 28 0 

| | | 

Average length of life of male moths, 13.12 days; female moths, 12.20 days. 
Maximum length of life of male moths, 38 days; female moths, 26 days. 
Minimum length of life of male moths, 1 day ; female moths, 1 day. 

LIFE CYCLE OF THE FIRST GENERATION, 

Life cycle, stock-jar feeding method—The summarized data 
giving the average length of each stage in the life cycle of the codling 
moth, first generation, are given in Table XLIV. These data are 
derived from the observations of 550 individuals reared by the stock- 
jar feeding method. By reference to this table it will be found 
that the average length of the incubation period was 7.67 days, 
larval feeding period 19.33 days, cocooning period 5.61 days, and 
pupal period 12.26 days. The average life cycle was 44.89 days and 

the average’ complete life cycle 47.10 days, obtained by adding to the 
life cycle 2.21 days, which is the average time that elapsed from 
the emergence of the moths to the deposition of the first egg 

Life cycle, bagged-fruit feeding method.—In Table XLV the re- 
sults of rearing 188 individuals of the first generation from the egg 
to the adult stage, bagged-fruit method, are given. By reference to 
this table it will be seen that the average incubation period was 8.56 
days, the larval feeding period 20.45 days, cocooning period 5.26 days, 
pupal period 11.86 days, average life cycle 46.37 days, and the aver- 
age complete life cycle 48.58 days. 
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TABLE XLIV.—Life cycle of the first generation of the codling moth, as observed 
by rearing, stock-jar feeding method, Grand Junction, Colo., 1916. 

Num- Larvel feeding 

Date of | ber of] Incu- period. 
egg depo-|indi-| ba- 
sition. | vid- | tion. 

uals. Ay. |Max.} Min. 

Days.| Days. | Days. | Days 
May 29 29 | 10 18. 79 23 16 

30 25 | 10 18. 80 24 15 
31 16 | 10 19. 12 22 17 

June 3 60 8 19. 63 24 15 
4 32 8 19. 93 24 16 
5 a a 3 20. 27 26 18 
7 13 Uf 19. 46 23 17 
8 SUR 18. 60 2a 15 
9 AG NF 19. 58 25 16 
9 34 8 19. 82 34 15 

ill 25 7 18. 16 26 15 
12 fs |) ef 19. 66 30 17 
13 UR i 7 19. 38 25 Wi 
14 19| 7 19. 63 29 16 
15 26 a 18. 57 26 14 
16 4 7 18. 7 22 15 
17 52 U 19, 44 26 15 
18 32 7 19. 37 28 16 
19 2 Uf 20. 66 26 16 
20 16 7 17. 81 22 il 
21 1 7 16. 60 16 16 
21 3 8 fs}, By 2) 16 
24 1 6 19. 09 19 19 
28 3 6 74ls BB BR 20 

July 1 1 6 16. 00 16 16 
6 19. 00 19 19 

550 | 7.67 | 19.38 | 34 14 

Cocooning period. 

Av. |Max.| Min. 

.| Days. |Days. | Days. 
6. 37 30 4 
5. 52 9 4 
4,62 9 3 
6. 06 16 4 
5. 34 12 2 
5. 94 18 4 
4.15 6 3 
5. 66 16 3 
6. 61 15 3 
6. 08 12 4 
5. 56 12 3 
5. 16 13 4 
5. 53 11 4 
4.A7 9 3 
5. 34 12 3 
4, 25 5 4 
5. 51 13 3 
6. 25 19 4 
3. 91 5 3 
4, 56 8 4 
5. 00 5 5 
3. 66 4 3 | 
4.00 4 4 
5. 33 6 5 | 
3. 00 3 3 
4. 00 4 4 

5. 61 30 2 

1 Add 2.21 days for complete l:fe cycle. 

Pupal period. Life cycle.1 

Av. |Max.| Min.| Av. |Max.| Min. 

Days. |Days.|Days.| Days. |Days., Days 
12. 03 17 8 | 47. 20 77 | 42 
12, 24 16 10 | 46. 56 Die 39 
11. 87 14 10 | 45. 62 52} 40 
12. 18 14 10 | 45. 88 59 | 40 
12. 25 13 11 | 45. 53 52 | 40 
12. 62 14 11 | 46. 8&8 59 | 42 
T2515 13 10 | 42. 76 A7 | 38 
12. 23 5 ae le [e432 100 Oil} Bz 
12. 42 14 11 | 45. 59 55 | 39 
12. 29 14 10 | 45. 20 62| 39 
11. 88 15! 10 | 42. 60 58 7 
12. 33 15 10 | 44. 16 Diletta 
AQT SAS. 195" dn 4476, len Sie ae 
11. 94 14 10} 43. 05 54 | 37 
18} 14 6 | 42. 65 BM |i Bia) 
11. 25 13 10 | 41. 25 AT Nee Sih 
12. 65 15 11 | 44. 61 54) 37 
12. 40 15 10 | 45. 03 58 | 39 
12. 00 13 10 | 43. 58 dl | 36 
12. 25 13 11 | 41. 62 46) 38 
12. 00 12 12 | 40. 00 40 | 40 
12. 66 13 12 | 42. 66 45 | 41 
12500) 12 12 | 41. 00 41} 41 
12.33) 14 11 | 45. 00 49 | 43 
13.00 18 13 | 38. 00 38 | 38 
14.00; 14 14 | 43. 00 43 | 43 

| 12, 26 19 6 | 44. 89 | a 36 | 

TABLE XLV.—Life cycle of the first generation of the codling moth, as observed 

by rearing, bagged-fruit feeding method, Grand Junction, Colo., 1916. 

Num- Larval feeding irene . a : eer 
TDG ero oee onic period. Cocooning period. Pupal period. Life cycle. 

egg depo-}indi-| ba- 
sition. | vid- | tion. 

uals. Av. \Max. |Min. | Avy. |Max. |Min. | Av. | Max.| Min.| Av. | Max.| Min. 

ee | | 

Days.| Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days.|Daus.| Days. Days |Daue 
May 19 1/8} 19. 00 ig 19 | 5.00 5 5 | 10. 00 i0 i0 | 47. 00 47 | 47 

22 2) 11 22. 00 25 1g ; 4.00 4 4 | 11. 50 12 11 | 49. 50 51 | 46 
24 Geile Ul 20. 66 23 18 | 3.66 5 3 | 11. 00 12 10 | 46. 33 50 | 44 
26 6 | 10 21. 00 23 1Qn eA 33 5 S110. 16 12 11 | 46.5 49 | 44 
27 28 | 10 21. 46 27 18) soe25 it 3.) 42 14 8 | 48. 14 58 | 42 
28 24 | 10 21, 25 24 19 | 6.62 18 3 | 12. 00 14 9 | 49. 87 66 | 44 
29 7 {10 21. 71 20 Wo} Ize Tal 7 3 | 11. 42 13 10 | 47. 85 52) 45 

d 30 1 | 10 19. 00 if 19 | 4.00 4 4 | 12. 00 12 12 | 45. 00 45 | 40 
31 5 | 10 21008 2: 20} 4. 20 5 AS AOS |i £2 10 | 47. 20 50.| 44 

June 3 Oikes 20. 55 25 17 | 4.44 6 4 | 11. 66 13 10 | 44. 66 49 | 41 
4 4| 8 21. 75 27 18} 4.50 H) 4 | 12. 75 13 12 | 47. 00 52] 44 
5 22S 20. 04 25 17 | 4.95 15 3 | 11. 90 14 11 | 44. 90 57 | 40 
Z Gil 7, 21. 33 25 19} 5.50 8 3 ; 12.00 13 10 | 45. 83 50 | 42 
8 6 7 19. 83 i 19 | 5.00 6 4} 12.16 13 12 | 44. 00 46 | 42 
9 9 7 19, 77 24 7 | 4.66 a 2 | 11. 88 13 11 | 43. 33 49 | 39 
9 8 8 19. 62 22 79) Oy 80 19 4 | 11. 62 il33 11 | 45. 75 62 40 

12 5 7 19. 00 PAL = Ay as AY) 5 4 | 12. 20 3 12 | 42. 40 44.) 41 
13 Weleert 20. 00 238) |ie00 18 4 | 11. 70 13 10 | 45. 71 60 | 39 
14 1 1 22. 00 22 | 22) 4.00 4 4 } 13. CO 13 13 | 45. 00 46 | 46 
15 sl ceed 20. 00 20 20 | 4.00 4 4 | 10. 00 10 10 | 41. 00 ATG) rail 
16 4 7 21. 50 24 LOR TAs 6 4 | 12. 50 14 11 | 45. 75 49} 41 
17) 4) 7 20. 25 AE ee 19 55,00 6 A 12.25 14 11 | 44. 50 47 | 43 
18 ii 7 20. 72 Pay || Ae Nf D7 19 3 | 12, 45 14 10 | 47. 45 62; 38 
19 SLE yy 21. 66 23) 215 4566 5 A 13533 14 13 | 46. 66 48 | 46 
20 eed? 18. 00 TSy i aS e100 5 5 | 12. 00 12 12 | 42. 00 42 | 42 
21 WN @ 18. 85 P| I || Be BH 5 2)13.14|) 15 12 | 42. 59 49} 40 

188 | 8.56 | 20. 45 ile elif e20 | 19 2 | 11. 86 15 8 | 46. 37 66 | 38 

1 Add 2.21 days for complete life cycle. 

19552°—21——_5 
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THE SECOND GENERATION. 

HGGs OF THE SECOND Broop. 

Time of deposition—As given in Table XLVI, eggs of the second 
brood were deposited from July 3 to August 31, inclusive, and dur- 
ing this period 46,410 eggs were laid. These data were obtained by 
confining the moths that emerged from the larve collected in the 
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Fie. 25.—Time of deposition of eggs of the second brood of the codling moth, Grand 

field, 

Junction, Colo., 1916. 

using all of the moths that issued up to August 18, inclusive. 
The greatest number of eggs laid on any one day was 2,333, and 
these were deposited on August 2. The time of egg deposition is 
shown graphically with average daily temperatures in figure 25. 
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TABLE XLVI.—Time of deposition, length of incubation, and time of hatching 
of eggs of the second brood of the codling moth, Grand Junction, Colo., 1916. 

Date— 

Red Black 
ring. spot. Hatched. 

July 5| July 8] July 9 
July 6| July 91] July 10 
July 7| July 10} July il 
July 8| July 11] July 12 
July 9] July 12] July 13 

July 14 
July 15 

July 10 | July 13} July 14 
July 15 

july Lie sulys 14-1 dors: 
July 16 

july, 12) | sulye 155 | do. 
July 17 
July 18 

July 13 | July 16+} July 17 
July 18 

uly, 24) Sulye17, |e dor. 
July 19. 

July 15 | July 18)...do.- - 
July 20. 

July 16 | July 19 |...do.... 
July 21 

iulye ie sly 20) |e dos 
July 22 
July 23 

July 18 | July 21 | July 22 
ieee gee July 23 

Sulyo A9e uly. 22) | ==dor = =- 
July 20 | July 23} July 24 
July 21) July 24! July 25 
Juy 22) July 25! July 26 

See | July 27 
July. 223) | sithye 26) |= -G0ns = 

ESS EE July 28 
oa Sone July 29 

July 24 | July 27} July 28 
ee eee July 29 

July 25 | July 29} July 30 
Seeceasaee July 31 

July. 265) July, 30s---do..—- 
See eee iNoreS ail 

july. 27 | July. st | 5--do= = 
Se er | Aug. 2 

diaby 235 Aue.— | dose 
See ae Aug. 3 

July 29; Aug. 2 |...do-. 
SA aS Aug. 4 

July, Si eAuse 3 |E--do- 
- O35 2d0-- = ox" 

Seek See oS Aug. 5 
Stel catiot Aug. 6 

Aug. 1| Aug. 4] Aug. 5 
Seasoqsase Aug. 6 

Auge tot Aue. 25 {2=-dos--- 
sects i Aug. 7 

Aug. 3| Aug. 7}| Aug. 8 
Aug. 4] Aug. 8] Aug. 9 
Aug. 6| Aug. 9} Aug. 10 
= dO: Aug. 10 | Aug. 11 

ug. 12 
AQIS (| PAtioes AN |= Ose 

Pore Sase Aug. 13 
Serco Aug. 14 

Aug. 8 | Aug. 12} Aug. 13 
Bere cess Aug. 14 

Aug. 9| Aug. 13 |...do..-. 
ere Aug. 15 
Bp ete ae Aug. 16 

Aug. 10 | Aug. 14 |...do--..- 
3 GEES Aug. 17 

Auge. 1) Aue. 14 ||5-.d0 -2-- 
Aug. 12 | Aug. 17 | Aug. 18 

ee ee Aug. 19 
Aue d4 | Aug. 18sl-.-do=.-- 
.-do....| Aug. 19 | Aug. 20 

Se ae cctee Aug. 21 

Number 
of eggs 

hatched. 

Appearance of— 

Red | Black 
ring. | spot. 

Days. | Days. 
2 5 
2 5 
2 5 
2 5 
2 5 

ne eee Sale 

ee ee oe 

Pesan - iaeaes 

ee Shee 

See cars 

es ae alam ee 

Saas pl eae oe 

spies Bl sca 

Secs e oe 

Sore plese 

2 5 
2 5 
2 5 

Sesiecis piles 

Denes 5 a ees 

Beers ple ee 

Sheps Stare 

pe ee 
jeer eee Dilesmeanas 

Ewe aee lee a 

[neers A eer ess 

2 5 

[Epes ieee 

SBO5GE pee 

Se ea 

2 6 
3 6 
2 6 

| egaeeee ieceaeee = 

eee gases 6 
esas pgecres 

Eee lar 

ceases Paper: 

2 7 
eee 5) esas So 

3 7 9 a 

© 00.00 00 COO COO CO M1. ICO GO VO ST ST ST ATT OD AT. WD AAD $1.0 $1.00 $1.00 $1.00 SIO ST TD OID AID DD MAD 0 AID AD AD UID AD WUMPUIRPAURMBWOWAIARABABAMS 
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TABLE XLVI.—Time of deposition, length of incubation, and time of hatching : 
of eggs of the second brood of the codling moth, Grand Junction, Colo,, 1916— S 
Continued. = 

: 
| a, 
Num- Date— Appearance of— 4 ‘ 

Obser- | ber of Number | Incu- 4 
vation | eggs | of eggs bation i» 
No. | depos-| Depos- Red | Black Hatched hatched.| Red | Black | period. 4 

ited. ited. ring. spot. ccc ring. | spot. | 

Ae | 

Days. | Days. | Days. 
77 212 | Aug. 13 | Aug. 16 | Aug. 19 | Aug. 20 155 " ae a 
7 1,806 } Aug. 14 |...do....} Aug. 20 | Aug. 21 307 2 6 7 
CON Sees so dl rerssacis Sere een ao cell eee ORS oe Aug. 22 18005) sete 5-5] ses- nee 8 
SOu| tee ra ee eee ee eae ae ae vee Aug. 23 ED. ere Sete a eee crete 9 
SIS RGA PATON Se ATI Oe tia PATI CA 220 Red or 1,411 2 7 8 
CVS Sap. | Been eegee Be eee ool een Bie Aug. 24 Ee eCOSeH Seueneee 9 
83 | 1,335} Aug. 16 | Aug. 18 | Aug. 22 | Aug. 23 147 2 6 a 
Beenie ore Mer Ty We. AIC Ss oY Seen coe Aug. 24 Q75pl Saera al aes 8 
1 |e aad ne ee TICS OF Aug. 25 UUM EER tien entree 9 
86 943 | Aug. 17 | Aug. 19 | Aug. 24 |...do. 811 2 a 8 
87 723 | Aug. 18 | Aug. 20 | Aug. 25 | Aug. 26 578 2 7 8 
88 689 | Aug. 19 | Aug. 21 |...do....|...do.- 145 2 6 il 
Sd lo eaesa Pee noaee Sepa shade eellsqseenaese Aug. 27 ADD E|--aanoa seeene 8 
OO eet aoe 2 ae ae eee enn 2 eA ee oe Aug. 28 SAU es: Ala te 9 
91 613 | Aug. 20 | Aug. 22} Aug. 26 | Aug. 27 80 2 6 7 
CP (RNR fe a sae | tase lar Hiren 2 Aug. 28 Cie Ree aan percent 8 
93 263 | Aug. 21 | Aug. 23 | Aug. 27 |...do.. 8 2 6 7 
Qa) | ee Saree eese eee |e cern pads Sue ee Aug. 29 PAIS Peete | Seca 8 
95 306 | Aug. 22 | Aug. 24 | Aug. 29] Aug. 30 205 2 7 8 
To aac aed Dinan aa Meh US atest 5 Ae Aug. 31 AGE serena Romeo 9 
97 132 | Aug. 23 | Aug. 25 | Aug. 29 |...do. 111 2 6 8 
O85 |BWergs soci hole < a tra|e mee wate Be td eee Sept. 1 7p ig| Weed || aR 9 
99 89 | Aug. 24] Aug. 26 | Aug. 31 |...do..-. 42 2 7 8 

LOUIE SS Sah INRE Se ies | anes se po ene eee Sept. 2 Bales eck Wee 2 o. 9 
Nhe ERP 2s oc lB ga gn Sept. 3 pl ae aali? | Beat tere 10 
102 74} Aug. 25 | Aug. 27] Sept. 1] Sept. 2 46 2 7 8 * 
ORS cet et) ee ee Nel eee Seas yo] |e ae oa ae Sept. 3 ZA cereal ae cs se 9 
104 80 | Aug. 26 | Aug. 28 | Sept. 2 |...do-. -. 51 2 i 8 
TAG} See Samco pogies | c,h ER Hh A eae oh Sept. 4 TQ chess ok Aleebe es 9 
106 65 | Aug. 27] Aug. 29| Sept. 3 |...do.-.. 52 2 7 8 
LO pate MaMa fe a oa S| i Beal mde Sept. 5 OD eA oe leks ene 9 
108 18 | Aug. 28| Aug. 30 | Sept. 4 |...do.... 12 2 7 8 
TCHS ae ig aban aie tae Ieee aesie lla Pate Sept. 6 Oh RIIaSR ee pear, Se 9 
110 9 | Aug. 29 | Sept. 1] Sept. 5 doszees 7 3 a 8 
111 ie ATION ON Eee dios soy -co. 1 2 6 7 
112 12 | Aug. 31 | Sept. 2| Sept. 6] Sept. 8 10 2 6 8 

Mota: | PAG e410.) | sehen ee erect Che tee ee ee ema ae BB" GOATIE A Sul RE ce eel eee 

Rejere Ce fa ae en e ea a owe 2.06| 5.80| 6.93 
ING I Tocca | lee pee tea | nal) PB al ed eel a VO cae a 3 7 10 
Min.._.. eee Se ie eee 0 Fe oe ea fae ge 2 1 5 6 

Length of incubation.—As previously noted, eggs of the second ; 
brood were deposited from July 3 to August 31, inclusive, and dur- 
ing this period observations of the length of incubation and em-. 
bryological changes of these eggs were taken. The results in detail 
are shown in Table XLVI. From the data obtained it was found 
that the appearance of the red ring averaged 2.06 days from the time 
of deposition, maximum 3 days, minimum 1 day; the black spot ap- 
peared on an average of 5.80 days subsequent to the time of oviposi- 
tion, maximum 7 days, minimum 5 days; the average total length 
of the incubation period was 6.93 days, maximum 10 days, minimum 

6 days. 
LARVZ OF THE SECOND BRoopD. 

% AMS 7’ 64 wil , , 

Time of hatching—The hatching period of larve of the second 
brood is given in Table XLVI and, as appears therein, the first of 
these hatched July 9, while the last hatched September 8. In con- 
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nection with the control of the codling moth, the time of hatching of 
the second brood of eggs is of great importance, as is also the time 
when these eggs are hatching in largest numbers. It will be noted 
in this table and in figure 26 that the larve were appearing in 
greatest numbers during the middle of the hatching period. The 
maximum number of eggs, 2,098, hatched on August 8. 

a 

N 8 

AWERAGE DAILY TEMPERATURE, 
Pe ea 2 

[Sa aoa i eteeaaaiel 
ees Oe 
Se ——-}-- + AA a 
[Ee Eee 

eS meee e sees 

NUMGEP OF EGGS. 

SEPTEMBER AUGUST 

Fie. 26.—Time of hatching of eggs of the second brood of the codling moth, Grand 

Junction, Colo., 1916. 

Length of the feeding period—The data on the length of the 
feeding period of larve of the second brood, stock-jar method, are 
presented in detail in Table XLVII. The records are given for 
2,569 larvee, the dates of the entrance of which into the fruit and of 
leaving the fruit were observed. The summarized computations 
show that the average length of the feeding period of these larvee 
was 28.61 days, maximum 70 days, minimum 14 days. 
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TABLE XLVII.—Length of feeding period of codling moth larve of the second 
brood, stock-jar method, Grand Junction, Colo., 1916—Continued. 

Num- Length of feeding periodin specified days. 

Date of | ber of 
entering | indi- 

fruit. yigu 41| 42 | 43 | 44 | 45 | 46 | 47 |48/49]50] 51 | 52 | 53 154) 55 1561/57/58! 59 |60/61|62 63/64/65/66 67/68] 70 
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21 55 O [tee | ee et es iissetlecclios Bel tees esd] (teal Suit eral aril Pall siimalicat ea ( 
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6 ANGER AICS, SN rere rl Laue SST eee | yeas Peel es alte ne IS aps | oa Tele 
7 4 alk Gl eel ee le cel Saale Sel ete seljos|ooc\(eocllode||== Ha\[e =fei|e ees ese lee ees telle eea ae 
8 AVA ON So ae Tes Stl Seale Celia Wee Lee ere [ie Hee Wale See St | | 
9 70) el ne es eae ic all ea | ae fe Gl eeal alee ee elelloe ee 

10 20) S15 celle25l| onal eee aan eael ee Alea 8 eared ial fellas eel col lige eel eal ; 
11 Se Tce eleoe ea HL ESO fe ae I oan mall ES |b 
12 BO) th colis celleccllose IWS Nesloeel| Ue eel: male Palloelle | 
14 tS | ees ipree | |Peeoellieve lira iW Ales Ses [fret tet [acai Saal poe te Fell sees Ned tes elfen el Need Vm tl ss 
15 ART Wars eats fee | ee aes Sale lie ale lea dees Pb Na day pat 

| 16 AS Teale illse | ee AS ST ses [else ee eT (e ea foal oe see ieee ae [2 
| 18 FA cased A peeshie THe abe |S leases llasallec malls sell all I 
| 19 Ol fey es ee Ua Ege ee oe So bea tical oneal els Lal's Selb 
| 20 Nes a|| Is B dle Bell ve iar Selene Seales (oe Sale ile eel 

21 TG eee ere Wes a lees Uy) a Soll gee eee eee (ee tesla Ble SAE 
22 A Mte) fees es Ash ol hee Me calles AL) [Fol eal Be Real tenes ue PA fe Sass Et 
23 1G | eels, ea oe ue reer Si SH icra ee [Brae lece [eel va ale 
24 Silligee ll eee 2 ee ee) se Tie ie aye | ee et ee Pt he) ea sell lies 
25 SOs a2 oll noWle ealewolee es eid |e oe sale oe : wrelhe iiealp a | 
26 Nae all EA eel ee eel ol) Tir Ue ee Se a walt leah 
27 BPA AE Pala [hl soe, | Fees | eee te 1|. Woshacelle asl al Bais 
28 Al TU ess eller Si teser cl yal dace ee set fetes [eee es = legge a eleale Sia pale: 5a) a 
29 Dill ce Teg SEs sel OY bl tel be i) Satie ee le | 
30 iA el pemep | ee ee eas Wels soe Ill: ayscecalis esl Serle cals S 
31 Soho) Pee etal Uh a 2). 2]. 1h alls allen elle TR | eral | ee os | be 

Sept. 1 AGW el oe aI oe PAS TUN DAI PAL zee ll ole ell) Saeed db SailGalk ea eal 7 aS i a 
2 A) Oh SN Ne eee elle Mies oye cle toe SP 2 eee ae 3) 3) 1 nae 
3 25 |e We Pts sella celle saloall Te Tuy TW eat) ats sales a ay 1} 1 1 
4 14 etl S| 2d Poa | 1 Uh al ea ol | gel TF al Ile ese Wess s 
5 Talal ee) eS ee ae ee Mleaoe 1 1 oa MW Woes 4 
6 iD eel eset ee Ble calle tee St Se a bea 1 esi 
8 LO) SSelee- iD fa eg | =| | een ED | een | eae ill} eat Weeelkesh 

7 2, 569] 36] 25| 26| 22] 16| 14| 12] 6| 8| 8) 11] 10] 10] 6| 10] 3| 8] 6| 11) 4 6| 7| 7| 3) 2] 1) a] 2) 1 

Days. 

PaueHine lenetneoiieedineperlOde cuss is en ee ee eke 28. 61 
ieexd Marlen et mOnleediMeypCrOds 20 i522. 5 cate eich nis a ene anise se se eee sense dew ne ain ee eee ese sl 70 
Mirrmimunmlenothonreedime periods. s. 2. lusie teeta bende oo ciniwisicle Salo = Sie wicieee cals o be fete eeecee cee 14 

Length of cocooning period.—The data on the length of time con- 
sumed in constructing the cocoon by the transforming larve of the 
second brood are presented in Table XLVIII. By reference to this 
table it will be seen that the average cocooning period of 171 indi- 
viduals was 4.80 days, the maximum 14, and the minimum 2 days. 

pe Se 
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TABLE XLVIII.—Length of cocooning period of transforming codling moth larve 
of the second brood, Grand Junction, Colo., 1916. 

Length of cocooning period in specified days, 
Num- being the time from leaving the fruit to the 

Larve | berof | time of pupation. ; 
left fruit. | indi- Ave. | Max.) Min. 

viduals 
74 || 38} 4 | 5 6 7 Sree On a2 | 

Days. |Days. as 
July 23 OF laa eee Decale el os Nea fe pecs Weta coms | el eae 4. 00 4| 4 

24 8 Cl e770 ire ese ciel BOS acces SEealiaeiae 4.75 6 4 
25 6 MACE alls esas alice cal etait | acre eee 4. 83 5 4 
26 15 5 odie eke sey eee Ieee) lala) iene Ietaere| eles 4. 80 6 4 
27 18 Side Oleh Hal ocie S eew tell as, wel Ae | | et 4.61 6 4 
28 155 2A ne Ices ve ere Wa ee) ese) eae ec) [scien sero 4,27 it 3 
29 13 3 tila el socal sesel opal lates isecellbesaltee alo) 5 3 
30 12 | ab2| erases a aes «eke ea|eenslbeealseee 3. 67 5 3 
31 INN ees a 5 TA 3 7 Ha ae learns (ere ete [ee ere see 4.89 7 3 

Aug. 1 DOM ce ctoly ea 6) |e Za 2 ENS eerste cael icpereset eee oa eee 4.50 Bie 
2 I eee 5 5 5 te Sees eal eee eee 5. 65 14 4 
3 Seat 4} 1] 2 1 ere) Saal eee lee 5.13 8 4 
4 Guleee Ae i Dali seri siarec| Ceska als ber Nepean gs a 4.33 5 4 
5 7 I lle 74 \ 3 a sees eee [rel eseaee ia wise! Lae 4, 43 6 2 
6 3) eae tS Pen Pe Rectal eee aca Poel te Sollee 4. 67 5 4 
7 73 \\ 75a SSO eee eee aac lAeeal esa (oat booe 4.00 4 4 
8 4]. Beak pal 1 1 st se ree 1 7. 50 12 5 
9 iL |e ye EI | ets se hapa acrtal le 6. 00 6 6 

10 i Se eee eer peers itan. lea nee (oe 10. 00 10; 10 
11 ik sas Pete Lo" | ees, | Beyer ues 9. 00 9 9 
13 2 ewe il Bs el Weal eli 8. 50 10 7 
14 1 1 See eaoleealsosallee acl Sau. 5. 00 5 5 

Motatl= == ib7Ail 1 | 15 | 67 | 56 | 20) 6 1 1 2 1 4. 80 Mab 

PUP& OF THE SECOND Broop. 

Time of pupation—The insectary reared larvee of the second brood 
began pupating July 27, when 2 individuals transformed. The 

3 

Sy o 

AVERAGE OAILY TEVIPERATURPE. ' 

s 

65 

NOMBER OF PUPAE, 

+ 
AUGUST 

Fic. 27.—Time of pupation of second brood 

of the codling moth, Grand Junction, 

Colo., 1916. 

number of larve transforming 
daily increased up to August 1 
and, as will be seen in Table XLIX 
and figure 27, 23 individuals pu- 
pated on this date. The last pu- 
pation occurred August 23. 

Length of the pupal stage.— 
Data on the length of the pupal 
stage of 160 pupe of the second 
brood were obtained. These ob- 
servations are recorded in Table 
L, and, as shown therein, the ob- 
servations included pupe that 
transformed from July 27 to Au- 

gust 23. Owing to the fairly even climatic conditions during this 

period there was little difference in the length of the pupal stage, 

the range being from 11 to 16 days, with an average of 13.51 days. 
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TABLE XLIX.—Time of pupation of transforming codling moth larve of the 
second brood, Grand Junction, Colo., 1916. 

Num- Num- Num- Num- 
Date of Date of Date of Date of Date of 

p ber of : ber of : ber of - ber of ; ber of 
pupation. pupe. pupation. pup. pupation. | pupe. pupation. pup. pupation. pupe. 

July 27 2 || Aug. 2 19 Aug. 8 10 Aug. 14 J Aug. 20 4 
28 4 3 6 9 7 15 2 21 0 
29 3 4 10 10 4 16 1 22 0 
30 12 5 12 11 6 17 0 23 1 
31 18 6 10 12 0 18 0 

Aug. 1 23 7 14 13 1 19 tee Lotals 171 
| 

TABLE L.—Length of the pupal stage of codling moth pupe of the second brood, 
Grand Junction, Colo., 1916. 

Num-| Length ofthe pupalstage | Num-| Length ofthe pupalstage 
ber of in specified days. ber of| in specified days. 

Date of indi Date of iadie 
pupation .| id- pupation. | Liq. 

EN, | SOE UP By ey) alee ala ENE Pp Wal || 12")) als} 14 | 15 | 16 

S| EE —_  —— - | 

July 27 Helge eas eee toate aleeae Aug. 9 Ue Ale Bo Fa Be 
28 3 Te | 10 aS ey oa ard ose 
29 By Ilpalled aon een ERE 11 6 |. satel aw 
30 IPA eel Ee neta ee elisece 13 | I ile S| aed US 
31 NZ/ 1 1 6 2) lea eleaers 14 Ie So eed | | a fests s 

Acre TY Sl SAL | ON eae 15 ae ile eal Ee RS 1 
2 Ri Nesdellasesit= Ch Seal = @ 1 Galiceee tes: 1 poScitenue|Gose 
3 6 Pe Saleeseve nee 19 ie SA nl Be Peace oee 
A 9. fala lesa): | BE ah da a 
BaP AE Pat) oA aaa 23 ile Lees | Sees 
6 9 |. Ne @ |t Bajbsealle | —|— |: |——_ 
ae 31 9| 1 |... || Pupw...| 160} 5/19/52 |60|20/4 | 
8] 10 |. Te erie ie Sh eat Fees 

| | } | | 

Days. 

Average Teneth OUD UTD ENUS Gero reper roee ten ee ete eae cree haya Be etal ata severe eid sineieiace eet ae men aS IBS 
ipso einen Or UO ISIEYSS.5—. 55 ssooGseoosSsens sos sooKus er eosqusees seca sdeesu on scosoSsonSogce> 16 
Nitin eran Ohi Oy OR ISIAEROs S36 oboe sossosoeaues vo casdubddce so saoadEsacgcaqgcooddecd soon SSo0N8sEsE 11 

Morus oF THE SECOND BRoop. 

Time of emergence.—The time of emergence of 170 moths of the 
second brood is presented in Table LI. The first of these moths 
issued August 7, the last about one month later on September 6. The 
period of greatest _ = c 

acer POPE 
Pere te | 
ere ME po 

Nace 

August 21. As has 
already been referred 
to (p. 59), there is 
an overlapping of 
moths of the first 
and second broods aa : 

8 air ot sing tothe of the os 
time when the first 
moths of the second brood appeared, to August 19, when the last of 
the first brood of moths emerged. In figure 28 will be found a graph 
illustrating the time of emergence with average daily temperatures. 

NUMBER OF MOTHS. 
a 

WWERAGE OAILY TEMP 

2 re] 
AUGUS. Ta 
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TABLE LI.—Time of emergence of codling moths of the second brood, from ma- 
terial reared at the insectary, Grand Junction, Colo., 1916. 

| Date of Sas Date of | Num- Date of Num- |) Date of ‘Num- | Date of | Num- 
| emer- | berof emer- | berof emer- | berof||) emer- | berof| emer- 

‘gence. moths. gence. moths. gence. 
| | il | 

ber of 
mae gence. ae gence. |moths. 

Aug. 7 1 || Aug. 14} 18 | Aug. 20 | 11 || Aug. 26|- 3 ||-Sept. 3 1 
9 2 15 14 || 7g ieee || ce 2 4 1 
1°; 5 16 7 22| 9] Pe ees | 6 1 
11 10 || 17 16 23 6 29 | 1 |} 
12 5 || 18 13 || 24 7 31 1 Total..| 170 
13 8 || 19 11 25 | + Sept. 2 2 

| | 

Number of eggs per female moth.—kIncluded in this study were 
86 female moths which were confined with 78 males in four cages. 
As will be noted in Table LII, 3,920 eggs were deposited, or 45.58 

eggs per female moth. 
Time of oviposition.—Since only a comparatively small number 

of moths of the second brood emerged each day, the maximum never 
exceeding 16, it was thought best, for purposes of uniform manipu- 
lation, to confine moths of several days’ emergence in the same cage, 
as shown in Table LII. It was therefore impossible to obtain accu- 
rately the length of life of these moths and the period before, of, 
and after oviposition. It will be noted, however, by reference to 
this table and Table LIV, that the first oviposition by these moths 
occurred August 12, three days after the first female moth emerged. 
The last female died September 28, 7 days after the last egg was 
deposited. 

TABLE LII.—Oviposition by codling moths of the second brood in rearing cages, 
Grand Junction, Colo., 1916. 

| | | 
| Sex of 

Ser of ; | hs Total t F | = , | Date of moths. aoe | Cae |Num- Date cf | mot acesein 
Cage ber of | ©™@er- number | age | her of| mer ol eggs 
No. moihs.| 8°nee of of eggs No. moths.| 8&nce of depos- 

~~ "| moths. | yra12|_Fe- | depos- ‘| moths. |ysare| Fe | ited 
Mare) male.| ited. | le male.| — 

| re 

ie St loAaie-* 27 | 9| Aug. 22 | | 
2| Aug. 9 6 | Aug. 23 
5 | Aug. 10 7 | Aug. 24 | 

1 9 | Aug. 11 20 25 1,631 4] Aug. 25 
5 | Aug. 12 3 | Aug. 26 
7} Aug. 13 2) Aug. 27 

15 | Aug. 14 4 1} Aug. 28 21 13 | 571 
14 ae 15 J aoe a 
6 ug. 16 ROT Aug. 

2 36| Aug. i7|p 20] 23] 1,627 2| Sept. 2 
13 | Aug. 18 1| Sept. 3 

3 | 11 | Aug. 19 | 1} Sept. 4 
10} Aug. 20|$ 11] 20 91 1| Sept. 6 |} 
10 | Aug. 21 —————————— 

| Total... 1643) Ae ee 78 86 | 3, 920 

Average number of eggs per female, 45.58. 

Length of life of moths —As noted in the preceding paragraph, 
it was impossible to obtain accurate data on the length of life of the 
moths of the second brood, since the moths of several days’ emergence 
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were confined in the same cage. However, one moth, a male, lived 
until September. 30, 24 days after the last moth emerged. The last 
female died September 28, 22 days after the last moth emerged. 

LIFE CYCLE OF THE SECOND GENERATION. 

The data on the life cycle of the second generation, as given in 
Table LIII, include 161 individuals. The summary of the records 
gives an average for the incubation period of 6.01 days, larval feed- 
ing period 18.08 days, cocooning period 4.78 days, pupal period 
13.52 days, and life cycle 42.40 days. To determine the length of the 
complete life cycle of this generation for 1916, approximately 3 
days should be added to these figures, since as noted in a previous 
paragraph headed “Time of oviposition,” 3 days elapsed between 

the date of emergence of the first female moth and the date the first 
ege was deposited. 

TABLE LIII.—Life cycle of the second generation of the codling moth, as 
observed by rearing, stock-jar feeding method, Grand Junction, Colo., 1916. 

Num- Larval feeding | Gocooning period Pupal period. Life cycle 
Date of | ber of| Incu- period. 3 gee y 
egg depo-| indi-| ba- 
sition. | vid- | tion. 

uals. Av. |Max.| Min.| Av. |Max.| Min.| Av. | Max.| Min.| Av. | Max.| Min. 

7 Days.| Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days.|Days.| Days. |Days.|Days 
July 3 22 | 6 16.45 19 14} 5.00 U 13.04 15 11 | 40.50 46)| 3. 

4 20 | 6 17.00 21 14 4.60 6 31 438220 16 11 | 40.85 46 | 36 
5 24 | 6 19.00 24 15.| 4.79 6 4 | 14.12 16 12 | 43.91 50 | 37 
6 34 | 6 17.85 25 14 4.35 U 3 13538 16 11 | 41.58 ol | 36 
7 12 | 6 18.16 23 15 4.58 6 3 | 13250 15 12 | 42.25 49 | 36 
8 We 18. 64 21 15 4.64 8 SHlt3229 15 12 | 42.58 48 | 36 
9 7|6 18. 00 21 [ee Da S5 14 3) Wsno7 14 13 | 43.42 plead 
10 9/6 18. 44 20 16 4.00 5 DA Wes Od 15 13> | 42.22 45 | 39 
il 5 | 6 20. 20 22 18 5. 20 a 4 | 13.40 14 12 | 44.80 47 41 
12 3 | 6 19. 66 23 17 6.00 10 A | 14.33 15 14 | 46.00 54 41 
13 Wal 0) 20. 00 20 29 6.00 6 6 | 14.00 14 14 | 46.00 46 | 46 
13 PASE 21.00 24 18 5. 50 7 4 | 13.50 14 13 | 47.00 ol 43 
15 2) 6 18. 00 19 17} 5.00 6 4 | 15.50 16 15 | 44.50 47 42 
16 2| 6 21.00 22 20} 9.50 10 9 | 14.00 14 14 | 50.50 52 | 49 
20 1| 6 19. 00 19 19 | 5.00 5 5 | 14.00 14 14 | 44.00 44 44 

161 | 6.01 | 18.08 25 14 4.78 14 2 | 13.52 16 11 | 42.40 54 | 35 

THE THIRD GENERATION. 

HGGs OF THE THIRD BrRoop. 

Time of deposition—The moths of the second brood commenced 
to deposit third-brood eggs on August 12 and on September 10 laid 
the last ege that fully developed. One egg was laid much later, 
September 21, but this failed to reach maturity. The largest number 
of eggs laid in any one day, 223, was deposited on August 27. For 

further details of the time of oviposition see Table LIV and figure 29. 
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TasLtE LIV.—Time of deposition, length of incubation, and time of hatching of 
eggs of the third brood of the codling moth, Grand Junction, Colo., 1916. 

- 
Date AEDS 

Obser- | Num- Incu- 
eae ber of | bauce 

<: €88S- | Depos- | : Black | Red | Black | Pet0e- | ] 

ited. Redring.) “spot. | Hatched. ring. | spot. | 
| 

| Days. | Days. Days. 
1 49 | Aug. 12} Aug. 17 | Aug. 19 |} Aug. 20 5 7 8 
2 OA ieee « (s eeccpri Wee Siberia Dives aes Sea SAGE SO Sie eh a aes 9 
3 3 | Aug. 13 | Aug. 15 | Aug. 19 | Aug. 20 | 2 6 i 
4 Sie dO ol oe ae ae a eee DATED bells eae urate 8 
5 15 | Aug. 14 | Aug. 16 | Aug. 20 |...do. 2 6 a 
Gal washeidos. 15s Sele eee Kup oF bo es es 8 
Z| 26 | Aug. 15 | Aug. 17} Aug. 21 |.-.do.-_--| 2 6 7 
8 17 edo: 3) ee ee eae yr ep ah ee eee eel bs eee 8 
9 | 21 | Aug. 16 | Aug. 18 | Aug. 22 |...do-_-.-- 2 | 6 | 7 

10 | 82h -= dO™ 425) seen eee eee Asin. 2h iss 2. 52h eee 8 
li Siiitdo: 22) | Ae ee ee Must tohh|s. - eeeee 9 
12 | 34 | Aug. 17| Aug. 19} Aug. 23 | Aug. 24 2 6 | 7 
13 | (aah fsa 0 Kayes sl ie ns 2 oS Se ae IAI GS (D5, || Seca Se ee eee 8 
14 | ed AS Cs YeRcees ae sic ogee Ae pea AUPE 20)|- aes eee 9 
15 | 89 | Aug. 18 | Aug. 20} Aug. 24 | Aug. 25 2 6. 7 
16 | GS i S22 GO 2 ee eee |e ee eee ATE 26 rece e ales eee 8 
17 | 79) Aug. 19) |-Aug: 20 | Ame 25 do. 2 | 6 | 7 
18 TP S50 Or 25") Pane Gee eee Ae 2 a ee Pe 8 
19 | 98 | Aug. 20 | Aug. 22 | Aug. 26 |..-do. 2 6 7 
20 | S2 Goss oa eee eee | eee IAQTE 280 rae see ne 8 
21 | 80 | Aug. 21 | Aug. 23 | Aug: 27 |...do- .--| 2, | 6 7 
22 | dG pl eucye (8 Co espe tape eect ne be RO en AE 229 eae ees SIs 8 
23 | 63 | Aug. 22} Aug. 24 | Aug. 28 |.-.do. 2 | 6 7 
2A | DF |e O53. 2 |. 3. Fees ee ee Ang. SOs oe ee eae 8 
25 | 84 | Aug. 23 | Aug. 25 | Aug. 29 | Aug. 31 | 2 | 6 8 
26 5: | Oo | eee Sepiatls ae. .se eee | 9 
27 | 68 | Aug. 24| Aug. 26| Aug. 31 |...do..-- 2 | 7 8 
28 | 5 || Aug, 25:1) Aree ogee. seeee dena 2 | Gihpsoee 
29 | 723 i Pee 0 Co pe Pies cede es ie Seplr ius cases ee eee | 8 
30 | 16%). GOeloe a ee ae Sepi- iowa pees Soe eee 9 
31 107 | Aug. 26 | Aug. 28 | Sept. 2 |..-do..-- 2 7 8 
32 bE AIdO S823 aes ee eee PoC) 0) Fagen cal eee es es eS 9 
235) 150 |} Aug. 27 | Aug. 31 | Sept. 3 |...do.--- 4 7 8 
34 | TB 00226): ere Ae ie ee Sépt: (Sl. Se 9 
35 | 2, {dO Bee ie BAS eee: Sept: Gals 2 = eee 10 
36 | 31 | Aug. 28 | Aug. 31 | Sept. 3 | Sept. 4 3 | 6 7 
37 PAN erat 12 ee Es A ee ee SeDt tombe =2- = leo ee | 8 
38 | 2} Aug. 29} Sept. 1] Sept. 4 |...do..--| 3 6. 7 
39 | Sia). 2d OS rae ee eee ee eee Septs 100 so). Pe taes one 8 
40 | 20 | Aug. 30 | Sept. 2| Sept. 5 |...do..-- 3 6 | 7 l 
41 Co) cee So See aor eect bed adedee Sie | cecestec cecees=4 8 } 
42 7 | Aug. 31 | Sept. 3 | Sept. 6 |...do-__--| 3 6 | 4 
43 1) dose: Eh sts ea ae ee Sept, Sites et toe $1 
44 5 Bisel sm Reae eae a erp 4 8 Sept. 10 | SSR oS eS 10 |} 
45 3 | Sept. 1} Sept. 4 | Sept. 7 | Sept. 8 | aesal 6 ea 
46 5h Sed OSes 2 Vis sets eee Sieilie | eae baa aa ee Seal 
47 TA Sepbieisul= ses. sae Sept.LOs Sept. Lis sss oe — {hy 8 } 
48 TS OSS ie sk eae See Sli 17s |e ceeded eecio-2| 9 | 
49 PtSephs kA ey ae Sept. #2) Septai4ce 2s = 8 10 | 
50 #5 Sept. 85 cone alt means Solos eer eo ee eee eee fee 
51 1S | ISCD Grand sl etter eh alee ae eee eee ae eee ae Soe ee Ree es ee { 
52 1} Sept. 10 | Sept. 12 | Sept. 19 | Sept. 21 | 2 9 1 ta 
53 | #15)" Sept soba sat: one [eam ee eer eee Sere Gees 

i ean’ ae SM ees che ee oe ceeds ae ere a ae ee Ls DAG” SG=S6ch Sars 
Mad oF pitas eee [iy Sa bee cel a Dee 98 ec er | 5 9 113) 
Wiis | peewee AOS ee | eh. Deaf Sue elie erm Sie 2 6 | d 

| | i 

* Eggs not included in averages, due to failure to develop fully. 

Length of incubation.—The tabulated data of the embryological 
changes and length of the incubation of eggs of the third brood 
are given in Table LIV. From these data it was found that the 
average number of days from the date of deposition to the appear- 
ance of the red ring was 2.49 days, maximum 5 days, and minimum 
2 days; the average number of days from the time of deposition 
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to the appearance of the black spot was 6.36 days, maximum 9 days, 
and minimum 6 days; the average incubation period was 7.77 days, 

ert TA | A Ree 
Pee ee 
pee bel eae 
ee) UE ae 
ATRL 

7S 

Sy 

LARVZ OF THE 'THIRD 

Broop. 250 

PUERAGCE OAILY TEIIPERATURE. 

Timeofhatching— x 
The larve of the 

third brood com- too 

g 

menced to hatch Au- é eo Se noted in Table LIV §, 
andfigure30. Hatch- Sas | * ee re 
ing continued daily. 5 S © 

AUGUST SE; PIENBER” 

with some exceptions, 
up to September ae Fia. 29.— Time of deposition of third-brood eggs of the 
fe period fhe tia codling moth, Grand Junction, Colo., 1916. 

ing a duration of about one month. The larve were hatching in 
maximum numbers on September 4, and on this date 188 fatened: 
A large proportion of the eggs, nore hatched previous to this, 

namely from August 
22 to 29. 

Length.of.thefeed- 
mg period—tThe 
study of the feeding 
period of larve of 
the third brood, 

stock-jar method, in- 
cluded 331 larve. 

The first larve to 
hatch entered the 
fruit August 20, 
while the last larvee 
entered the fruit Sep- 

Fic. 30.—Time of hatching of third-brood eggs of the tember 21. None of 
codling moth, Grand Junction, Colo., 1916. 

AVERAGE OAILY TEMPERATURE, 

NUMBER OF ECGS. 

~ 

AUGUST SEPTLEVISER 

the larve that en- 
tered the fruit after ‘September 11 reached maturity. It will be 
noted in Table LV that the average feeding period of the larve 
under observation was 37.55 days, maximum 68 days, and minimum 
20 days. 
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TaBLe LY.—Length of feeding period of codling moth larve of the third brood, 
stock-jar method, Grand Junction, Colo., 1916. 

| Num- Length of feeding period in specified days. 
Date of | ber of 
entering | indi- | | ee | al ia Boe fruit. wid” | 20| 22 23/24) 25 26 | 27 | 28 | 29 | 30 | 31 | 32 a ioe (cs ee a |35| 40 

bad | ey | i = 

/ 
j 1 r iTS j ] 

Nee Pt Brel S| 2) el Sa} 3) ed Ta et ee 
21 16-}---] 15):-2)| By 3S ee, 9 ak ie eee 

| roo Name of a Gs ji >) es Fe) aie Pr Ps Losses ee ee eee ee cone 
2 a ll i gs Pa Ws PS 9G EF POR ae ea sacs ee 2 

| 24 A Vass (eee fee ae oe ee oe ae bore ee ee fie a Saale: He: ¢ sit 
| 25 174,41 4h edie eee ee 2 1 ee ee See Be ae Ca pee oes 

7 moe <p red ry Wi VR ig es Nat = Vs Bee ae ig Be ee eg ee eee a 
7 fs etic ( | a i Sl We ae VS Vc fe aera CBM os ae re ee ere ie eco | 4 

| 7 eg Ms ee ed dB A a ee ee a). 2 Teel ae eee 
29 1 lS aS ee ee eee ee eee 7 ae Fr Ne Mr ie | 1) 4}--.-) 1) 1)... 
eee (SM OE eC a ae ae See ee pac aot oe ee 

| CT ee Paes Pees ees Pied Fe He ae Pe ee Wee es eg aes ee ee ee ee 
Renee oss. | ase ||: aha ee ca te ee Pea ey beg ees eer) oT! rhs a! Te 
| 2 PT) SS ea ce a a ee 

3 PFo. |. ps | ae ee ee ee ee 1) 210 dS 1h ae Pe eee 
| 4 7 Meek bs fae fn tee (eae fae Ha ed (Es ie ts hed ee re BC 

5 | cy) eee (ee (eee Re os ee ees fais IEE [eke sae eo ape ised Biss eat petal 1 
6 ry Pla es Pee Fe anaes Se Pees ors Stas ese Seis Pe) Ee 

i 7 = SSS Be SE ED ee ee lies Ses R= [ee ‘eee ea ee SBE ESS Eee eee Bets FO es 

11 | je ses ae eke eee ES) a [tas es es 3 Me ee Ba eae ic. SE =e eaes pees joc=cl. Se ees 

Lary... 331/3/313)/4/) 5] 6| 7 | 10 17 14/18] 16 11 |-11 | 19 | 25 | 12 | 16] 16 | 12 

= Num-_ Length of feeding period in specified days. 
Date of | ber of! 
entering indi- ] | 

fruit.) wid’ | 41 | 42 | 43 | 44| 45 | 46 | 47 | 48] 49 | 50 | 51 | 52 | 53 | 54] 55 | 58 [59/63/67] 68 Is, | | | at | 

| Peta ser 
JSC. 1 ee Ril eae, ced ya, EP ee (fp A Rees rg ees en eo Tg Ne Dea eee ES pes Ba ee 

21 (ig, See a eS eta a (F eee es Peres Fe rs ed Est Be Ee CS eS 
22 A] Ea RR Me Be 7 dy hace Weak i (ee feed eee, LO oes eee 2 eee ees ee ee ES ee 
23 (i, estes FRc NOS ae a bees eee bee See ee ee ee ES ee 
24 Fe Sino yaae foes Heame Prd (aM PER Bes By ae ee oa eee aes Bere Aa Be SE 
25 fj eee fe een Rees fei hy eee Pies (eee eee Pee Poke (eed eee bose es |----|--- a ee ee 
26 754) iar’ (ee Oi RR a Frame fel ooo iy Pape pe Sad ful | | apm je cs faces eg eee Py (oe Ree 

| Dal £193). --} re ae ae (ie Rese fe ces es eo ee pdt Oe | Bee? ee Bae es ee 
| 28 1G is] ee | PO see ee ae ee Se eee aes ee Se 
| OH ABE ae das ep eee SE a bee Bee cee vets steel eee cee ane 
| 30 ree Bate Ee fhe eae yy Weta hee | wa eee Bere. PLE ees B= = 
| SPE 0 ot S15 | ee ci eee eit HP eens Be Be 1 Ae 
| Sept. 1 eee ee pe a eg ee ad ee Soe a ae Se SS PE Bee ae 
| 7 | gee ee PM I a |e, ee ee) ie Hiatal ae Se Sa 2 rie ee Eee 

hg lage bg A poe Ei, ri is Bh Uae sR ee Ms (oe aes be ee BEE wes ke Se cee Pe St 
| 4 | Oi) 52. UL a ee jg ees Ee Pee) Se Be a ae eee See EP 
| 5 | = Rg i Fates Mee) ies (EE eg MM (ee ee ee ae ei Beis 11 Sees 

5 (ges Fs iy iy eee ESE oe =f) eae Fees P82 Bae TS Be 6 ads ES Se re fee See 
| 7 | fae af eS ie a Seal ee Coe iF] eae Sees eae rig Maas Soe Cee 
| 8 sy ase eae Ee es 7G) Rebibed (ee a ES iO ea eee 9 Se 1 ----| Bass Mae fe 

li Ts Peel ices Ves Fae) [ager eee fire es ee TE PS is dl ee ce OE Eee Bei BS 

tarve..| 321/00) 4) 6) 9134130] 6) 3-5) -74 24) T1347 1-4 eee See 

‘Average length: of feeding period ----- =. 22... 052... ss ea ee 
Maximumlenpthieiiceding period . 2 2... -222 5252252520 - Se ee eee 
Maumium length: offeedimg period =... ...--. -===----2252-2s255 23 eee ee eee eee 

CODLING MOTH BAND STUDIES OF 1916. 

The same orchards, the Edwards and Hamilton, that were used in 
the band studies in 1915 were again made use of in 1916. As in 1915, 
the larve were collected every three days from beneath burlap bands 
that encircled the trunks of certain trees and were kept under condi- 
tions identical with those that obtained the previous season. 
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The data from the studies of the larve collected in the Edwards 
orchard are given in Table LVI, in which it will be found that 50 
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Fie. 31.—Number of codling moth larve collected from banded trees, Edwards orchard, 
Grand Junction, Colo., 1916. 

collections were made beginning June 17 and ending November 11. 
During this period 4,998 larvee were collected. Figure 31 represents 
the rate at which the. 
larvee were leaving 
the fruit during the 
three-day intervals 
throughout the sea- 
son. It will be noted 
in the table that 49.19 
per cent of the larvee 
transformed to the 
adult stage in 1916, 
and that the remain- 
der, 50.81 per cent, 
were wintering indi- 2 
viduals. Noneofthe ” 
larve collected in 
this orchard aft €Y wie. 32.—Percentage of codling moths emerging from band- 

Au £u st 19 trans- collected material, Edwards orchard, Grand Junction, 
Colo., 1916. 
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formed until the 
spring of the following year. The percentage of moths emerging 
in 1916 from each collection is shown diagrammatically in figure 32. 
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TasLE LVI.—Band-record experiment.—Codling moth larve collected at the 
Edwards orchard, Grand Junction, Colo., 1916. 

Total | Per cent of— Total | Percent of— 
Num- | num- Num-} num- 

ate Collec- | ber of| ber of vas ! | Collec- | ber of] ber of 
aaa tion | larve |moths| Moths} Indi- ian tion |larvee}moths|Moths| Indi- 
1916. No. col-_ jemerg-)emerg-| viduals 1916. No. col- |emerg-|emerg-| viduals 

lected | ing, | ing, | winter- lected.) ing, | ing, | winter- 
1916. | 1916. ing. 1916. | 1916. ing. 

June 17 1 32 20 | 62.50 | 37.50 Sept. 3 27 84 0 | 0.00 | 100.00 
20 2 59 48 | 81.35 | 18.65 28 82 0 | 0.00 | 100.00 
23 3 71 64 | 90.14 9. 86 9 29 69 0{ 0.00 | 100.00 
26 4 76 69 | 90.78 §. 22 12 30 40 0} 0.00 | 100.00 
29 5 86 69 | 89.23 | 19.77 15 31 64: 0} 0.00 | 100.00 

July 2 6 98 70 | 71.42 | 25.58 18 32 62 0 | 0.00 | 100.00 
5 7 182 157 | 86.26 | 13.47 21 33 80 0 | 0.00 | 100.00 
8 8 233 202 | 86.69 | 13.31 24 34 80 0] 0.00 | 100.00 

11 9 245 228 | 93.06 6.94 27 35 68 0} 0.00 } 100. 00 
14 10 280 246 | 87.85 | 12.15 30 36 56 0 | 0.00 | 100.00 
17 il 261 219 | 83.90 | 16.10 Oct. 3 37 58 0} 0.00 | 100.00 
20 12 198 172 | 86.86} 13.14 6 38 24 0] 0.00 | 100. 00 
23 118} 226 192 | 84.95 15. 05 9 39 24 0} 0.C0O | 100.00 
26 14 215 175 | 81.39 | 18.61 12 40 18 0} 0.00 | 100. 00 
29 15 192 146 | 76.04 | 23.96 15 41 13 0] 0.00 | 100.00 

Aug. 1 16 225 169 | 75.11 | 24.89 * 18 42 23 0! 0.00 | 100.00 
4 17 216 121 | 56.01 | 43.99 21 43 8 0} 0.00 | 100.00 
7 18 190 54 | 28.42; 71.58 24 44 18 0} 0.00 } 100.00 

10 19 165 30 | 18.18} 81.82 27 45 2 0] 0.00 | 100. 00 
13 20 171 6 | 3.50] 96.50 30 46 10 0} 0.00 | 100. CO 
16 21 117 0] 0.00 | 100. 00 Nov. 2 47 9 0] 0.00 | 100.00 
19 22 142 2] 1.40] 98.60 5 48 6 0 | 0.00 } 100.00 
22 23 149 0] 0.00 | 100.00 8 49 4 0} 0.00 | 100. 00 
25 24 111 0} 0.00 | 100.00 11 50 2 0] 0.00 } 100.00 
28 25 83 0} 0.00 | 100. 00 ——_ 
31 26 71 0} 0.00 | 100.00 | Total. .| 4,998 | 2,459 | 49.19 | 50.81 

In the Hamilton orchard 46 collections of larvee were made, begin- 
ning on June 17 and ending October 30, following the harvest of the 
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Fic. 33.—Percentage of codling moths emerging from band- 

collected material, Hamilton orchard, Grand Junction, 

Colo., 1916. 

after August 22. 

lected from banded trees at each interval. 

fruit. A total of 
5,716 larvee was col- 
lected as will be seen 
by reference to Table 
LVII. Of this num- 
ber 33.60 per cent 
transformed to the 
imago in 1916 and 
66.40 per cent win- 
tered. The percent- 
age of transforming 
larvee from each col- 
lection in 1916 is 
shown in the graph, 
figure 33. No larve 
transformed in 1916 
from any collection 
made in this orchard 

Figure 34 represents the number of larve col- 
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In figure 35 the graph is intended to show the average daily tem- 
peratures and the number of first and second brood moths that 
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Fig. 34.—Number of codling moth larve collected from banded trees, Hamilton orchard, 
Grand Junction, Colo., 1916. 
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emerged from the larvee collected from the banded trees at both the 
Edwards and Hamilton orchards. The first moth emerged June 25, 
the last September 8, a period of about two and a half months. The 
highest number of moths that issued in one day from this combined 
material was 167 on July 28, and this day was almost midway be- 
tween the date of the first and last emergence. It will be recalled 
that, according to the insectary bred material, there was an over- 
lapping of the first and second brood moths from August 7 to Au- 
gust 19 and that August 13 was theoretically considered as the divid- 
ing line between the two broods. 

TaBLe LVII.—Band-record experiment, codling moth larve collected at the Ham- 
ilton orchard, Grand Junction, Colo., 1916. 

Total| Per cent of— | Total| Per cent of— 
INGEN =| n=" |e Se Num- |} num- 

ote of | Collec- | ber of| ber of pee Collee- | ber of| ber of 
a ee tion larve |moths|Moths  Indi- tion tion larvee |moths| Moths| Indi- 
igi No col-_|emerg-jemerg- viduals | 4919’ No col- |emerg-/emerg-| viduals 

: lected| ing, | ing, | winter- lected.| ing, | ing, | winter- 
1916. | 1916. | ing. 1916. | 1916. ing. 

| | 
June 17 1 19 13 | 68.42 | 31.58 Aug.28 2225 0} 0.00 | 100.00 

20 2 27 20 | 74. 07 25. 93 31 26 206 0} 0.00} 100.00 
23 3 32 20 | 62.50 | 37.50 Sept. 3 27 149 0} 0.00 | 100.00 
26 4 96 53 | 55. 20 44, 80 28 169 0 0.00 | 100. 00 
29 5 88 81 | 92.04 7.96 9 29} 129 0| 0.00 | 100.00 

July 2 6 95 7 83.15 16. 85 12 30 76 0 0.00 | 100. 00 
5 7 119 77 | 64.70 35. 30 15 31 72 0 0.00 | 100.00 
8 8 121 100 | 82.64 17. 36 18 32 106 0 0.00 | 100.00 

11 9 125 91 | 72. 80 27. 20 21 33 123 0! 0.00 | 100.00 
14 10 165 154 | 98. 33 6. 67 24 34 99 0 0.00 | 100.00 
17 11 173 134 | 77.45 | 22.55 27 35 105 0 0.00 | 100. 00 
20 12 204 153 | 75.00 | 25.00 30 36 7 0} 0.00 | 100.00 
23 13 272 201 | 73.89 | 26.11 Oct. 3 37 56 0 0.00 | 100. 00 
26 14 246 194 | 78. 86 21.14 || 6 38 37 0 0.00 | 100. 00 
29 15 175 T2269 30229) 1 9 39 41 0 0.00 | 100. 00 

Aug. 1 16 217 128 | 58.98 | 41.02 12 40 Ve 0 0.00 | 100. 00 
17 262 106 | 40.45 | 59.55 15 4] 44 0} 0.00 | 100.00 

i 18 264 94 | 35.60! 64.40 18 42 27 0} 0.00! 100.00 
10 19 258 63 | 24. 41 75. 59 21 43 6 0 0.00 | 100. 00 
13 20 202 21 | 10.39 89. 61 24 44 6 0 0.00 | 100. 00 
16 21 164 8 4. 87 95.13 27 45 i 0 0.00 | 100. 00 
19 22. 209 6 2. 87 97.13 30 46 5 0} 0.00 | 100.00 
22 23 | 1188 1 | 20.54 | 299. 46 — —— 
25 24 207 0 0.00 | 100.00 | Total. _| 5,716 | 1,919 |? 33.60 | 2 66. 40 

| 

15 larve killed in handling. 2 All percentages based upon number of live larvz collected. 

NATURAL ENEMIES OF THE CODLING MOTH. © 

PREDACIOUS ENEMIES. 

The codling moth in the Grand Valley is seldom attacked by 
predacious insects and, as a result, the reduction of the pest by this 
means is quite inconsequential. A small beetle, Tenebroides corti- 
calis Melsh., which, in its larval and adult stages, is known to feed 
upon the codling moth larva, was occasionally taken from beneath 
the bands on apple trees. <A spider, Coriarachne versicolor Keys., 
was found from time to time feeding upon larve of the codling moth. 
This spider is a general feeder and is commonly found beneath the 
loose bark of orchard and shade trees. 

In view of the comparative absence of predacious insect enemies 
an attempt was made to introduce the well-known beetle Calosoma 

—' = 

et se s 
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sycophanta L., which has been instrumental in partially reducing 
the number of brown-tail moth and gipsy moth larve as well as other 
lepidopterous larve of the New England States. Over 1,000 of 
these beetles were released in June, 1915, but none were recovered 
after their distribution. 

PARASITIC ENEMIES. 

The parasitic enemies of the codling moth in the Grand Valley 
play a very unimportant role in its control, although in one instance 
an egg parasite, Trichogramma minutum Riley, was found quite 
abundant in the field in a small pear orchard. Some of the fohage 
surrounding the fruit was pulled at random and then was exam- 
ined for eggs. Out of the first 100 eggs found, 15 were parasitized 
by this insect. As many as three of these parasites were found 
developing within one codling moth egg, while quite frequently 
two of the parasites inhabited the same egg. 

Another parasite, Dibrachys clisiocampae Fitch, was found to 
attack the codling-moth larva and continue to feed upon the host 
after it had transformed to the pupa stage. 

The parasite Arthrolytus apatelae Ashmead was also reared from 
material collected in the field. 

In general, the occurrence of parasitism was so infrequent that 
little good was accomplished by this class of natural enemies. 

° MISCELLANEOUS STUDIES. 

EFFECT OF COOL TEMPERATURES ON EMERGENCE OF MOTHS OF THE 
SPRING BROOD. 

In laboratory cellar —As a means of studying the influence of cool 
temperatures upon the emergence of moths of the spring brood, a 
number of wintering larve were placed in the cellar of the lab- 
oratory. This cellar was of the usual type, having stone walls and 
a cement floor, and was moderately dry. The temperature and 
atmospheric conditions within would compare somewhat with the 
fruit cellars or caves in which fruit is sometimes stored in the 
Grand Valley. The cage containing the insects was examined daily 
and the results of the observations will be found in Table LYVIII. 
A study of this table will show that the first moth, under cellar 

conditions, did not emerge until May 30, or 18 days after the first 
adult appeared in the outdoor insectary. It is noteworthy that the 
last emergence of moths in the cellar cage and the insectary cages 

occurred the same day, June 29. From these observations it would 
appear that the lower temperature in the cellar had a retarding 
influence in the development of the insect for some time, but that 
after the insects had been subjected to a sufficient accumulation of 
effective temperatures, their complete transformations to the adult 
stage were not long delayed. 
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TABLE LVIII.—EHmergence of codling moths of the spring brood, laboratory 
cellar, Grand Junction, Colo., 1915. 

Date of Date of Date of Date of Date of 
observa- | Num-)|} observa- | Num-||} observa- | Num-|| observa- | Num-|| observa- | Num- 
tion and | ber of || tion and | ber of |} tion and | ber of || tion and | ber of || tion and | ber of 
collec- |moths.|| collec- |moths.|| collec- |moths.|| collec- |moths.|| collec- {moths 
tion. tion. tion. || tion. tion 

May 30 1 |] June 10 3 || June 15 6 | June 20 9||June 27| 2 
31 Z 11 6 1 15 21 2 28 3 

June 6 4 12 3 17 al 22 2 29 72 
7 1 13 1 18 13 23 1 
5 3 14 2 19 8 | 26 4 Total.| 105 
¢ 5 

In fruit cellar—Observations were also taken of the time of emer- 
gence of moths of the spring brood in a fruit cellar beneath a large 
packing house where considerable wormy fruit had been temporarily 
stored the previous fall. The records are from moths secured from 

a cage containing wintering larve and also from moths captured at 
a screened window. The observations were made only on the dates 
recorded in Table LIX. In this table it will be seen that 105 moths 
emerged in the cage, while 48 were captured at the window. In 
the latter connection it should be borne in mind that the records 
of the insects found at the window do not necessarily indicate the 
true time of their emergence. The emergence period of the caged 
insects in the fruit cellar was somewhat similar to that in the labora- 
tory cellar. 

It will be observed from the foregoing that moths may be ex- 
pected to emerge from fruit cellars later than those out-of-doors, 
and this emergence augments, to a certain extent, the late injury as 
caused by the first brood of larvee. 

TasLE LIX.—Hmergence of codling moths of the spring brood, cellar of fruit 
packing house, Grand Junction, Colo., 1915. 

Number of Nautber of Nunes of 
oths— ths— oths— 

Date of pha Date of presi Date of caiis 
cb setres on eerves op Serve 
tion an tion an tion an 
collec- Heung collec- Hound collec- Hound 
tion. {In cage. eerccned tion. In cage. peroneal tion. /|In cage. Scronded 

window. window. window. 

June 2 1 0 || June 19 5 2|| July 3 0 2 
8 21 0 21 6 16 if 1 8 

12 32 0 23 3 3 26 0 1 
15 26 0 24 1 4 seaeSsassit 
16 U 1 29 2 11 Total 105 48 

TIME OF DAY MOTHS EMERGE. 

During the seasons of 1915 and 1916 observations were made to 
obtain data relative to the time of day the moths of the spring and 
first broods emerged in largest numbers. These studies are reported 
herewith. 
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Moths of the spring brood, 1915—A certain lot of wintering 
larvee were placed in cages with the view to determining at what 
periods of the day the moths of the spring brood emerge. The ob- 
servations were taken at 8 a. m., noon, and 6 p. m. from May 14 to 
May 28, inclusive. It will be noted in Table LX that 1,189 moths 
issued during the 15-day period; 60, or 5.05 per cent, issued between 
6 p. m. and 8 a. m.; 928, or 78.05 per cent, between 8 a. m. and 12 

o’clock noon, and 201 moths, or 16.90 per cent, between 12 noon 
and 6 p. m. 

TABLE LX.—Hmergence of codling moths of the spring brood, Grand J unction, 
Colo., 1915. 

Number of moths emerging— Number of moths emerging— 

DI | — SSS] DEE UE 
observa- | observa- | 

tion. |6p.m.to|8a.m.to|12noonto|| “°- |6p.m to|8a.m.to '12noon to 
| 8a.m. |12noon.| 6p.m. 8a.m. | 12noon.} 6p. m. 

May. 14 0 0 19 || May 23 0 104 | 20 
15 9 23 13 || 24 5 175 | 17 
16 0 114 | 12 25 9 109 | 0 
17 34 98 16 | 26 0 25 | 22 
18 0 21 8 | 27 0 75 | 29 
19 | 1 28 0 28 1 75 | 24 
20 1 0 0 — 
21 | 0 3 5 Total. 60 928 | 201 
22 | 0 78 16 || Perct. 5. 05 78.05 | 16.90 

| 

Moths of the first brood, 1915—Records of the emergence of moths 
of the first brood were taken hourly from 6 a. m. to 6 p. m., inclusive, 
and again at 9 p. m. and 12 o’clock midnight from August 16 to 20, 
inclusive. A total of 641 moths was used in this study, the details of 
which are given in Table L-XI, in which it will be observed that 
no moths issued between midnight and 6 a. m., nor did any emerge 
between 6 a.m.and7a.m. During the 5-hour interval from 9 a. m. 
to 2 p. m., 431 moths, or 67.24 per cent, issued. The maximum emer- 

gence for any one hour occurred during the period from 9 a. m. to 
10 a.m. From 6 p. m. to 7 a.m.,a period of 13 hours, there emerged 

35 moths, or 5.46 per cent of the total. 

TABLE LXI.—Hmergence of codling moths of the first brood, hourly, from 6 
a. m. to 6 p. m., and at 9 p. m. and 12 midnight, Grand Junction, Colo., 

1915. 

| Number of moths emerging at— | 

Ob Total 
Date of |. eee num- 

emergence | “455 A.M. P.M. | ber 
of moths. ame 

. ] | | moths 

CBS CPP tah ol et ae Pas OYE oe Lot oe ea | rey petal GS ARG |p meyer a 4 
| | | 

Aug. 16 a see creel] See re Sales eee Onna or de leno) |e Silat one 50 
17 De esa| bes Sees heer 48/ 36|18/ 3] 8| 2] 7|12| 8| 10)- 152 
18 Sere sees see = 16} 24} 25] 11/12/11) 10/14; 12; 1| 6; 1 143 
19 7 ees (a ae 1) 9] 34) 22 | 20) 25/12) 8| 8/10) 9) 3). 161 
20 5 ~-+-|---- ILS] TL = SO | eg Sa Ss aU SaaS Sal esto 135 

‘Rotals|s-=5-<4|- 0 | One | 26 | 134 | 118 | 67 | 64 | 48 | 40 | 42 | 43 | 22 | 32 | 3 641 
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Moths of the spring brood, 1916—Observations of the time of 
emergence of moths of the spring brood were made hourly from 
7 a.m. to 6 p.m. from May 17 to 81, inclusive, as recorded in Table 
LXII. It will be noted therein that the largest number of moths 
issued between 12 o’clock noon and 1 p.m. The heaviest emergence 
period was the five-hour interval from 9 a. m. to 2 p. m., during 
which 895 moths, or 67.14 per cent of the total number of 1,333 moths, 
issued. Only 40 moths, or 3 per cent of the total, emerged during 
the period of 13 hours from 6 p. m. until 7 a. m. 

TasLeE LXII—Hmergence of codling moths of the spring brood, hourly, from 
7a.m.to6 p.m., Grand Junction, Colo., 1916. 

Number of moths emerging at— 

b Total 
Date of serva- num- 

emergene| “547 A.M. P.M. ber 
ofmoths. No of 

7 moths 
CO fetes tad Feet at | fs | ts gm SW Pe hE 

ear DAS lal (Soe a he | eRe 

May 17 yal ese, Peel Bee el es es Ty Regs 218 Fecal ae ON ee) ea) ae BS 
2 Meese ee Ay) 30i| S19 sO) Ral 6 bass See mee eo 

19 3 A AR OT CDT eee S15: er S at a) eae pee tie he ent 
20 7M PP Ree ee lee oe See Re eit | eet 1th Site oe Ss 0 
21 5. ah oe eee ee ee ee ESS bey ape ie 11 
22 6 1 To 21 40ns 405 nO aha eos SL Sale ag, 
Pat aes (tel eee eee Paeel Bate 291 <502| 83207 | tad 5 e291 Ee) at49 
24 8 137 | 29 | bd) 34°) 251998 | 13) 15.) 96 | 10 | 7) 6) 245 
25 9.) 514 ee De ee Tpke Asal bea aye | eal lige ie) ae 62 
26 LOTS Seaeeee | cee aesemeee| rag ry Se V5 20%) Boa) alee ae eae 
27 1 Ee eae eee eka etalon) are 34| OAS |S bd ele ee 50 
28 5 eae Eel a ee 50] 24| 18 6 fe] de Sasa) VEOS 
29 S| aa | ee A WO Wel We Gers Males 2) Pa) al Le as 3 91 
30 iW Wen 2) {A+ ) “Daal e SHAS aS |i Se kaa Toa Sa 
31 PS | ys eee TOA| 1210 Bape Bille Oh) PD a ess wae lees 

je ePotale Fr | 40 | 35 | 61 | 123 | 238 | 218 | 266 173 | 92 | 48 | 27 | 12 | 1,333 
j \ 1 } 

a 
1 About 5 of these moths found at 7 a. m. were spreading their wings, having 

emerged between 6 and 7 a. m. 

Moths of the first brood, 1916—A study of the time of emergence 

‘of first-brood moths was begun July 17 and ended August 4, and 

during this time observations were taken hourly from 6 a. m. to 

6 p.m. The record of the observations shows that a total of 1,761 

moths emerged, as is given in Table LXIII. The maximum emer- 

gence for a 1-hour period was 213 moths, which issued from 9 to 10 

a.m. During the 5-hour period from 9 a. m. to 2 p. m. 923 issued, 

or 52.41 per cent of the total number of moths emerging. For the 

13-hour period from 6 p. m. to 7 a. m. 61 moths, or 3.46 per cent. 

emerged. 
From the foregoing studies it will be noted that the majority of 

the moths of the spring and first broods emerged during the latter 

part of the morning and early part of the afternoon, with the max1- 

mum emergence usually occurring from 9 to 11 a. m. During the 

5-hour period from 9 a. m. to 2 p. m. from 52 to 67 per cent of the 

moths emerged; whereas during the 13-hour interval from 6 p. m. 

to 7 a. m. only from 8 to 5 per cent issued. 
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6 a.m. to 6 p. m., Grand Junction, Colo., 1916. 

Number of moths emerging at— 

87 

TABLE LXIII.—Hmergence of codling moths of the first brood, hourly, from 

Date of | Ob- Fo 
emer- | serva- gence tion A.M. 129 Wie per 

of moths.| No. aANEE 

GP Chal a 9 NO 4) wae We 1 2 3 a 5 6 

July 17 Ul eccalicced|icose 3 6 6 5 1 5 2 4 6| 3 41 
18 AN Seelloacall db-\easoc TE) ales} a 7 9 6 3 5| 3 69 
19 Sil aes Se ies| anal 4 7 iS) | 4 8 4); i1 nee 71 
20 Ad sael Ga28| 8 oll 1 1 5 2 7 8 Mee 5| 8 53 
21 A Bil he Dalle SS] Sf) Tak We) ey | Wo) On| eae! 96 
22 Ole Ze ieeselleaecl| et). ZU Io B74) al by See glGr eo 5| 4 141 
23 UW BA Pe BB ehh 2 eS 5 5 4 1 2 2 | -3 76 
24 3 lesscleccaleece 1 eee Salar 2a eel On eLOn ee 22a alone s2 «| e206 119 
25 9| 3 Ib We 4/ 10} 18} 16 Oillbeeee OF le ez Diller 111 
26 UO] Sst Ab Ne 2 3 + 1 5 6 4/ 18] 21) 9 77 
27 UE Qs I & 8 6 4 Mi Gel ADL | oy Gy Eee Se] 68 
28 W2eeo les eaacte cee LO) | r20 6 Aaa One lON so) SON palSr lh msulre LO 
29 UB ty al he dh leew 2 5 7 Shi eiG: ts ei) 81S}. |) - aki yo 94 
30 Wet Ale 24 Nose 4] 26}; 20 te eS 4 3 U4) LO) 91 
31 1309 |e (ec BoSel Seer Sileeel2 + 74h PAD UGS |) ales fl Bal 103 

Aug. 1 Wor Dyessall Ley We AAD GN ey ih ake te yO ye Ia 117 
2 UG lbs po Belews SAO A; Taba P27) P25} 9 7 8 5) AN eee 110 
3 Wey ab Le Bt 7 4) § 9} 22) 13 8} 13 92 97 
4 OR eet Soe 4 UE| oa te 3 74 \\e lel 3 hy) ale 60 

DOG sllecseesas 44 | 17} 15 | 114 | 213 | 206 | 161 | 178 | 165 | 177 | 189 | 190 | 92 | 1, 761 
| | 

CODLING-MOTH FLIGHT TRIALS. 

In connection with the habits of the codling moth, the question, 
*“‘ How far does the codling moth fly?” has frequently been asked, but 
it has not been possible to answer this query definitely on account of 
the lack of satisfactory data. It is generally conceded by the fruit 
growers of the Grand Valley that the codling moth migrates to a 
certain extent. They have observed that the outside rows of their 
orchards frequently have a greater percentage of wormy fruit, which 
they attribute to the immigration of moths from near-by orchards. 
It has also been found that the fruit on trees in the vicinity of the 
packing houses is, as a rule, quite wormy, due to the migration of the 
moths from the packing houses. 

According to the observations of the writers, it is believed that the 
codling moth does not migrate long distances in a continuous flight, 
but by means of short flights may proceed from one tree to the next 
or fiy across a road from one orchard to the adjoining or from the 
packing house to the neighboring trees, or occasionally fly a few hun- 
dred feet from one orchard to another. The normal flight, however, 
is restricted, as my be noted about dusk, when the moths are most 
active and may be seen flitting about in a tree or flying from one tree 

to another near by. 
Perhaps the strongest evidence that the moths do not migrate in 

large numbers to any considerable extent was noted in 1915, when 
only a few smudged orchards, outside of the Palisade district, had-a 
fruit crop. While the apples in these protected orchards were quite 
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wormy, it is believed that had there been a large influx of moths from 
the hundreds of acres of surrounding orchards in which there was no 
fruit, it would have been practically impossible to have saved the 
crop with the normal spraying schedule. 

In order to determine how far the adults can actually fly, it was 
thought desirable to make some moth-flight tests. Accordingly, 
trials were made on the mornings of June 11, 17, 24, July 27, 29, and 
August 3,1915. These tests were usually made early in the morning 
and, in so far as possible, when the atmosphere was quiet and the tem- 
perature moderately low in order that the moths would fly at a slow 
speed. When the wind is moderate to strong or the temperature 
high, the moths are very rapid in their flight, so that it is impossible 
to follow them. 

The moths were released one at a time from a central point, and 
Mr. Van Leeuwen and the senior author followed their course on foot. 
In all, several hundred moths were released and out of this number it 
was possible to secure data on.a few. In many instances the moths 
ascended high into the air and were lost from view, in other instances 
they dropped into bushes, while in some cases their flight was either 
too erratic or swift to follow. The flight of the male moths was gen- 
erally much more irregular and speedy than that of the other sex. 

In determining the distance covered, measurements were made 
from the starting point to the place where the moths dropped or were 
lost from view. It should be noted, however, that the actual distance 

between the starting and finishing points, as measured by pacing, 
was usually only a small part of the distance the moths flew, since 
they seldom went in a straight line and it was impossible to take 
into account the numerous deviations from a direct course. Never- 
theless, an attempt was made to estimate the number of feet actually 
traveled during the flight whenever the moths proceeded in a new 
direction for a considerable distance. This was done by counting 
the steps of the observers and allowing a certain distance per step. 
In this connection it should be borne in mind that the estimated dis- 
tances, although approximate, are conservative. 

In Table LXIV the flight records of 35 moths are given. Three 
of these covered a distance of over a thousand feet in one flight, 
measuring from the point of release to the place where the moths 
disappeared from view or dropped to the ground. The maximum 
air-line distance of 1,344 feet was made by a male moth. One female 
moth that flew, in 63 minutes, a distance of 1,035 feet measured in a 

straight line, traveled an estimated distance of 3,000 feet and was 
still flying when it disappeared from sight. Another female moth, 

after flying continuously for 7} minutes, was lost from view. 
It would seem from the foregoing that the codling moth is capable 

of making a fairly long and sustained flight, but it does not neces- 
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sarily follow from this that the moth naturally migrates to any con- 
siderable extent. 

Taste LXIV.—F light records of the codling moth, Grand Junction, Colo., 1915. 

Moth 
No. 

10 

Sex of 
moth. 

Male 
Female ls : : 

Date of 
flight. Remarks. 

In two flights. 
Lost from view. 
Dropped to ground; when released, flew from sight. 
On wine 2 minutes, then lost from view. 

O. 
On wing 5 minutes, then lost from view. 
On wing 73 minutes, then lost from view. 
In two flights, on wing 64 minutes, then lost from view. 
Flew out of sight. 
On wing 3 m:nutes, then lost from view. 
On wing 4 minutes, then lost from view. 
On wing 1 minute, then lost from view. 
On wing 13 minutes, then lost from view; swift flier. 
On wing 1+ minutes, then lost from view. 
Dropped to bushes. 
On wing 13 minutes, dropped to bushes. 
On wing 2 minutes, then lost from view. 
On wing 23 minutes, then lost from view. | 
Very erratic; exhausted after 6-minute flight. 

Esti- 
Actual mated 
distance | distance 
between | of flight 
starting | between 

and starting 
finishing and 
points. | finishing 

points 

Feet. Feet 
ly 5 Yn | aes se se 
P20 Eee eet 
360 720 
iS 8 eee eee 
PRON Eee Sea 
840 2,500 
600 1, 800 
420 1, 200 
TESTO Dessert 
390 600 
57 750 
JANOS Bese ees 
7S) | Sa aie 
PAS Ye OS ape ee 
118 $6 |e betel see nS 
Wi(iilleeess ae Ss 
180 350 
le, 1,000 
HO neat sos 
ODS | ree cers 
699 749 

1, 035 3, 000 
OLOMeSt sss 
50 Diese 
SRY se ee oe ae 
LOR Reece e 

1S anal eens ae ae 
Tie lane eae 

ale | eee eS 
5GOU eae ars 
FG ol isi Bee eer 

IRS MOM bees Sees 
(Caflsseeanease 
(EQ eS tee Se 
LOR eaasasee se 

Dropped to bushes. 
On wing 2 minutes. 
On wing 64 minutes, then lost from view 
Lost from view. | 
On wing 2 minutes. 
On wing 1 minute. 

On wing 4 minutes, then lost from view 

In two flights. 
Dropped to ground, apparently exhausted 
In two flights, on wing 2 minutes. 
In thrée flights, on wing 13 minutes. 

TIME OF COPULATION. 

Observations of the time of copulation of the codling moth were 
taken during the seasons of 1915 and 1916. (See; RB) fhe 
data for 1916 are more extensive than those for the preceding year. 
No attempt was made to watch the moths closely at all times, but 
instead they were examined at intervals to note if they had separated. 

In 1915 the following records were secured: 
Moths of the spring brood—May 30, one pair found in copula 

at 7 p. m.; June 8, one at 6.50 a. m.; June 9, one at 6.45 a. m., and 
another pair at 7 a. m. 

Moths of the first brood—The data for moths of this brood are 

presented in Table LXV. 
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The observations in 1916 of the copulatory period of moths are 
given in two tables: Table LX VI for moths of the spring brood and 
Table LX VII for moths of the first brood. 

TABLE LXV.—Observations of the copulatory period of codling moths of the 
first brood, Grand Junction, Colo., 1915. 

Maa imie 
‘ Date . 2 attached. 

Pair -_ | Time found in 
- found in Moths separated. No. copula. copula. 

Hours. | Minutes. 

i || ANS 7 |) COD ey se ce Afters Okara: Ses see ee Di eat eee 
® loo cGlOs 5 sal) SASH. NS soeoe Miter 2:30hpeMeceeeeceetereere 5 45 
3 | Aug. 10 | 6.30 a.m-.----.. Miter 9 oan Ses eyaeyeeone 2 30 
4| Aug. 14 | 8.40a.m...... Afterssp aa acs 2 cas. poceeozise 6 20 
5 | Aug. 16 | 7.00a.m...... Before! spss erect ce alee oe eee 
Gileee ao: OS) Oy Ww seooe After 12.45 a.m. (Aug. 17)..... 3 15 
U Noo e@os 9.50 p. m....-- After 12 midnight............. 2 10 
SAL SECS 6 Sal O15 Os TNS 6658e Before 2 erat dint eG ae | ee es | eee 
9 | Aug. 18 | 9.05a.m...... Before. 30) pails he asseeee Soc lke ee ea eee 

10 | Aug. 19 | 2.45a.m-...... Before.G1as Maes. eee ceemeee acai esceeee beeeeeae 
IW ss-GOs Se cslecas slo : ACiter: Zl Siapmle poke ee aes a 4 30 
12 do Osi} 10s Ws koes Before d2imidnichite sess ee see ese Eee eee 

o 

TasLE LXVI.—Obdservations of the copulatory period of codling moths of the 
spring brood, Grand Junction, Colo., 1916. 

Aare 
: Date Date Time attached. 

ete aT RS cauimtel arial Moths separated subsequent 

* |emerged.jin copula.jin copula. 
Hours. | Minutes. 

A. M. 
I i pI ae May 19 | 9.40....- 6:30 Pama eee aes eee 8 50 
2 Mave 6h | sMays ¢25)i| 103025 es 606s sami Maye 26s5eeee a eee 31 36 
3) | Wiley 1 | Wien a0) O50). 6 ool) Ib ios Tle scoossscocsusscoosooe 2 10 
eo OOS 5 sal Why Sib I Shes sce MOD 8a TNs Se oe pak eee eee 2 3 
| Mien PR ClO Se WUD. see OUD S MS hea ee eee 7 1 
@ || Wleny 2) Wien 25) Des all WA igor, Wiehy 2feeaccancosoones 48 10 
TlessGOs scul) Wien 30) |) 1023.5. 2l) 0S M, Mls Ss scoseasocs conencosolléccosocal 32 
Siizeedoe May 31 | 7.45.. QPS SIM 2 es ee Ree ee ee een ina ede 1 52 
ON eezdor June 2 | 7.58. . 40 p sam se ee ee ee eee 5 42 

10) |22doz djmmae). S|) 7 ie coe Poel W oi Oi ad eee RIE IRs Ae ee 7 3 
Nes eGlos 0) alt Celle e GEA Onn) ge eee eo ee gar 11 13 
ID Ne ClOSS Solos sOOsse} Cols. 5S. 4g) OSM AS ae ee em or iil 11 
138! May 24] May 381 ; 7.29_...- S06 ae7mS See Sai asee See ee eee 37 
4) | oeGlo, - scl) duis 2) VA0Os case AO poor ies, See eee creepers 6 40 
1D Woo cClOs s salics OO (elo eee Dus OMd ideas Bees ete oe A ee 10 33 
1G es -Glos. Sa! deine 18}\) PAs so AS cad ara eyes ae ee eee ee 6 3 
| Wen dipiavey 2!) Gy: oe PO Oars 0a ae Bets Bea a 8 22 
18 dose As) uney yomlG45e see LUG TIGVC Hoole essa ake Sere 4 30 
19} May 28) June 2 | 6.45..... CLD ..5 BOR BEE earn Se ee Ne te 15 
20 | May 29 |...do G:2bme eA Sa EIT arte eee ae ee 11 23 
al Wileny Bil |) dome 8} GY. 3555 OLS O tase eee ee ee en eee 3 25 
AP) | Weta) S}\) diwaavey 20) |) 7/5555 1E33\0) On 0es eee cee nok caes 6 5 
23 | June 4] June 7 | 6.25.. Mio sama ee ee ee eee 4 35 
24 ClOscsal) denne Oi Geings ss - 2:30 speak aren ee eee 7 55 
25) aune Sn aume: L256:202e eee G15 pS ee eee 11 55 
AAO | Afwaayey TUL |} apohavey 113)" )) Gls 325) Dou Toe 1 oso Combe Socsececce= see oar 
27 | June 15 | June 21 | 6.45.. Bin Olas 0d eetesees ere riers Rei SS 8 15 
28 | June 16} June 23 | 6.50..... 6 40D. TM eyes Sa ae el 10 55 

: 
+ 
a 

7 
€ 
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TABLE LXVII.—Observations of the copulatory period of codling moths of the 
first brood, Grand Junction, Colo., 1916. 

: Minimum time 
~ Date Date Time attached. 

Pair | moths found found Moths separated subsequent 
No. | emerged. |in copula.|in copula. po 

Hours. | Minutes. 

A. M. 
Tabby AS | Uli Das) Veale MEA Oona es 8 3 57 
|) sibhy 2 |) Ae D4 CHD ses APD OND spL sre erae sete sexs ioe te oe oc 9 30 
S| duly 285) July, Si alse. = LDA SKE Mee ose fe 5-25 5 2 
CAO Baal noe do Us. Ase 2S DaMee cer aee sacs ss seas 4 56 
5 | Aug. 3) Aug. 5 | 6.54....- DOTS Mp Te ese ote spate yee U 43 
GB leest@scodlsec GO. = 44] OSM 5.52 GLOOM eee ee Ss 8 8 
Me eAti one As PAS Sl e209 eee SAS pase see ne mete 10 19 
Sis pe Acioe i Sn |ppAtt oa vin tee OO ere AAS) FOS TO tees er ae apo ae 9 55 
8 |...do Aug. 8] 7.05.-.-- AQ SUOMD eI see sites eres cre sare ee 5 14 
9 | Aug. 6] Aug. 13 | 6.20....- IN CQLOLE NN 0 ey eee es ee en 3 49 

10) |2<do2-=-| Augy 20 17-45-— 2). IUD ob tle ae onosesoonsone anne 14 15 
Tat | Noes Ore, TO OReS oee DUS, Gia ae eS ie 7 39 
12} Aug. 10 | Aug. 15 | 7.25.-.-- LDA OW Dee sees seers Sete 4 45 
TSB pATIS AEG PATI Cee Sn NG: 005 eee IOPAOIARIME. eee Seti sin claairoes A 40 
14 | Aug. 12} Aug. 23 | 7.45...-- SiO 2iamornlca ee a eyes te sich a asall Career 17 
15 | Augt 14) Aug: 171 7.20. --- UT LAr ata Sia We een a io eee 4 7 
16) S2e=doeeee|Aucs 200"6:505. 422 BHI) D> ils aSecocEbaro SpeeememeE 9 5 
U/jLe soln. Septa. 2 \a7-40e= =22 Died previous to separation 
18 | Aug. 28 Occ| (00s occa) SHUG IN. So SaoooouaooSUdese5se 1 5 

TIME OF DAY MOTHS OVIPOSIT. 

A series of studies was inaugurated in 1915 and continued in 

1916 to ascertain the time of day the moths deposit their eggs most 
freely. ‘The results of these studies are given herewith. 

Moths of the first brood, 1915.—This experiment included 11 cages 
in which were confined a number of male and female moths. The 
observations were made at 3 p.m., 6 p. m., 9 p. m., 12 o’clock mid- 
night, 6 a. m., 9 a. m. and 12 o’clock noon, or, in other words, daily 

every 3 hours except at 3 a.m. These studies were commenced at 
12 o’clock noon August 16 and were concluded at 6 a. m. August 21. 
At each examination the old foliage was removed and a fresh 

supply furnished, and at the same time the number of eggs deposited 
on the sides of the cages was recorded and the eggs removed. Some 
eggs were deposited on the sand in the bottom of the jars, but as 
these could not be accurately counted, they were not taken into con- 
sideration. 

In Table LX VIII the tabulated data of the time of deposition of 
3,621 eggs will be found in addition to the mean temperatures during 
the periods of observation. This table has been summarized and the 

data presented in Table L-XIX, by reference to which it will be 
noted that the great majority of the eggs were deposited between 
12 o’clock noon and 9 p.m. The time of greatest deposition occurred 
just before dusk, the moths being very active at this time. It is of 
interest to note that with a mean temperature of 78.90° IF’. during 5 
observation periods from 9 a. m. till 12 o’clock noon, only 2.34 per 
cent of the eggs were laid, whereas the moths laid much more abund- 
antly with both higher and lower mean temperatures when these 
occurred later in the day. 
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CODLING MOTH IN COLORADO. 93 

TABLE LXIX.—Time of oviposition by codling moths of the first brood; observa- 
tions taken daily every three hours, except at 3 a. m.; Grand Junction, Colo., 
1915; summary of Table LXVIII, 

Average | Percent} Mean 
Spe Total | number | ofeggs |tempera- 
Gbsce Period of number | ofegygs | deposited] ture dur- 
SAPIOTT observation. of eggs | per Ovi- | per ovi- | ing ovi- 
aniods deposited.| position | position | position 

P period. | period. | periods. 

°F, 
5 | 12 mt.to6a.m iG 1.40 0.19 59.00 
4|6a.m.to 9a.m 24 6.00 64. 56 
5} 9asm:. tol2mzs=.- 85 17.00 2.34 78. 90 
5|12m.to3p.m 598 119.60 16.49 87.15 
5|3p.m.to6p.m 1,375 275. 00 37.91 85.10 
5|6p.m.to9p.m 1,492 298. 40 41.14 73.70 
5 | 9p. m. to 12 mt 40 8.00 1.10 64.00 

m—=noon; mt.—=midnight. 

Moths of the spring brood, 1916—The study of the time of ovi- 

position by moths of the spring brood was commenced at 12 o’clock 
noon on June 5 and the observations were made daily every 3 hours, 
except at 3 a. m., until 12 o’clock noon June 12, a period of one week. 
The details of this study are presented in Table LXX and sum- 
marized in Table LX XI. By reference to the latter it will be noted 
that over 79 per cent of the eggs were deposited from 3 p. m. to 9 
p.m. It will be seen in the table that the mean temperature for the 
7 days from 9 a. m to 12 o’clock noon was 76.39° F. Although this 
temperature is in no wise unfavorable for egg deposition, yet only 
1.54 per cent of the eggs were deposited during this interval. Later 
in the day, with both higher and lower mean temperatures, much 
higher percentages of eggs were deposited. From 3 p. m. to 6 p. m. 
58.80 per cent of the eggs were laid, the mean temperature being 
82.92° F., or a little over 6° higher than the temperature from 9 a. m. 
to 12 o’clock noon. From 6 p. m. to 9 p. m., with a temperature of 

73.14° F., 20.52 per cent of the eggs were deposited. 
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TABLE LXXI.—Time of oviposition by moths of the spring brood; observations 
taken daily every three hours, except at 3 a. m.; Grand Junction, Colo., 1916 ; 
summary of Table LXX. 

Average | Per cent ean 
Nene ; Total | number | ofeggs ae 
ARTE Period of observa- | number | ofeggs | deposited aici 
aon tion. ofeggs | per ovi- | per ovi- ae o 
penode deposited.| position | position pups 

period. | period. monde 

CIK. 
7 | 12mt.to6a.m 0 0. 00 0. 00 57.07 
7|6a.m.to9a.m 0 0. 00 0. 00 62. 64 
7|9a.m.to1l2m 10 1. 42 1. 54 76. 39 
7|12m.to3p.m 92 13. 14 14. 20 83.75 
7|/3p.m.to6p.m 381 54. 42 58. 80 82. 92 
7|6p.m.to9p.m 133 19. 00 20.52 | 73.14 
7|9p.m.to12 mt 32 4.57 4.94 64. 96 

m=noon; mt=midnight. 

Moths of the first brood, 1916—Oviposition studies, similar to 
those just described, were made with moths of the first brood during 
a period of one week from July 24 to 31, inclusive. The results are 
given in Table LX XII and presented in a summarized form in 
Table LX XIII. 

The eggs were deposited in largest numbers from 3 p. m. to 6 
p. m., with the greatest activity about dusk. With a mean tem- 
aera of 79.28° F., from 3 p. m. to 6 p. m., over 35 per cent of 
the eggs were laid, whereas with a lower aes temperature, 12.96° 

F., from 6 p. m. to 9 p. m., over 46 per cent of the eggs were 
deposited. 

It would appear from the foregoing studies that the time of day 
is the most influential factor relating to the time of oviposition by 
moths of the spring and first broods. The moths, as a rule, are 
most active in depositing their eggs late in the afternoon to early 
in the evening, their activity being greatest just about dusk. 
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TaBLeE LXXIII.—Time of oviposition by moths of the first brood, observations 
taken daily every three hours, except at 3 a. m., Grand Junction, Colo., 1916; 
summary of Table LXXII. 

Mean Average | P t 
None Total | number Siesee veneer 
obser. | Petiod of observa- | number | ofeggs | deposited aie os 
Sata tion. ofeggs | per ovi- | per ovi- | Cuin ee 
ade! deposited.) position | position | 7220 

period. | period. periods. 

ele 
7 12 mt. to6a.m. 24 3. 42 0. 56 65. 46 
|| Owoags ROWE, 00) 13 1.85 0. 30 68. 57 
7 |9a.m.to12m 58 8. 28 1.36 76. 60 
7) 125nstos p: m7 268 38. 28 6. 27 81. 64 
7 |}3p.m.to6p.m 1, 585 219. 28 35. 92 79. 28 
“| Gop; m. to9 py im 1, 998 285. 00 46. 68 72. 96 
a 9 p.m. to 12 mt 381 54. 42 8. 91 69. 60 

m—noon ; mt=midnight. 

OVIPOSITION BY INDIVIDUAL MOTHS. 

Studies of the fecundity of individual moths were made in 1915 . 
and 1916 by isolating pairs of male and female moths in separate 
cages. These moths were segregated either one or two days after 
their emergence and were then confined in jelly-glass tumblers into 
which were placed daily fresh apple or pear foliage and a small 
piece of sponge moistened with newly made sugar solution. Each 
cage was examined daily for eggs. 

Moths of the first brood, 1915——As shown in Table LX XIV, the 
first moths in this study emerged July 26, while the last pair, No. 
83, emerged August 19. The summarized results of the observations 
show that the 83 moths deposited a total of 3,762 eggs, or an aver- 
age of 45.33 eggs per female. The maximum number of eggs laid 
by a single individual was 185; the average number of eggs laid 
by a single female in one day was 10.84 and the maximum 80. 

Attention is here drawn to certain facts as revealed by a com- 
parison of Tables XVI and LXXIV. It will be noted in the 
former table, which gives in detail the oviposition data of moths 
of the first brood confined, in 1915, in the usual large battery-jar 
cages, that 46.73 was the average number of eggs deposited per 
female moth, while 45.33 was the average number deposited per 
female by the individual caging method, as shown in the latter 
table. This latter method seems to have reduced the length of the 
period of oviposition as well as delayed it somewhat. However, as 
will be seen by a comparison of Tables XVII and LXXIV, the 
average length of life of the female moth was about the same by 
either method, it being 12.68 days when the moths were confined in 
the large battery-jar cages and 12.80 days when caged individually. 
A detailed record of this and other important oviposition data ob- 
tained by the individual caging method in 1915 is given completely 
in Table LXXIV. 
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j iti indivi 0dlin. he first brood, Grand <X1IV.—Oviposition by individual codling moths of t : 

ar cae Junction, Colo., 1915. 

[eee 2ihdf3s |3s {3 
Date of— Period (in days). S| 2. E = a 

| S| fe|8 | |s3 > feo oer tee Ee = age bo ° 2 = : BESS se aide Se ae Og | 3a = : 2 = Bon SaiS | PaaS | Seas z z 5 s S| .l°s |S8|s2] Bol uS | 338) 8a | = <= = wm ie [= 2 2|¢s| 68 ne So 
S = = - Sa o1S/o= |nue/|ag | oe ee | se s 3 zg z si | 213 loog| °s |e | c= Lee pent 2S 2 a z Sa le |3is"s 81/2 122 |38 | 281 gs = & Es Bem we eles Sele |se1_ je (se — Par =F =— s nd = : | 

: 2 z 2 + S (81s Bes) 212 | #5 |S Jee 
2 5 2 = a | Oe a.” Shara be, Ee pao fe 

ge Bees Pa ae ae esc | eee 
| 

| Days. | 
7 5 5.8 | 12 1| July 26! July 28| Aug. 3 Aug. -4| 2 Z 8 ; - 2 3 al ; 

2| July 27 | July 29 |...do...-.. Aug. 5| 2 6 : eed | at | a8| 24 
3 | Aug. 2 | Aug 4 Aug 10 |} Aug. 15| 2 d gE : ; re Ps 
4| Aug. 4] Aug. 5| Aug. 5/| Aug. 8| 1 | 1 Ey ig BO 
5 6| Aug. 6] Aug. 16| 2| 1 2} 10) 12 2 | oe 2 
6 ete a | oe Seed Se 21-9 boat) pine} a aden muse aan ee 6 |---@0.----).--d0.----| Sots SP eis as el P 7 eh fame g PAae- 00. .~5|---00-.---) Aug. 43 | Auge ag 2 = 9 ; = | : ee ser lees 

= seek o hock Ane 12 as P13 7 gotta Tig 6| 136| 22.7] 51 
RS a ae on PSE SS 2 5 | 19] 63] 10 s 22 Aa aol g 3 1 : 10012 =-do--2|-. -do=2-5s} Aug: 9) Aug 2 bear 

a |S rier eres See | 1 18 | 13.1| 36 13 |--do.....|---do.....] Aug. 16 |..-do....| 2| 11 12 ! 13 : 118 Boa 
#2: | 2do-222) Aug.“ 74 2de-- <2 Aug. 19] 3] + 12 3 15 | = 391 5.6| 15 tavlc-do <2: | Betzee do. .de- : } 10) 12 as u aa ritee 
16 |-..do- *d0.-<> Aug. 11 | Aug. 11 2 7 = 4 | : 77 145.41. 44 
17. |..-do..--.| Aug. 8 | Aug. 13 | Aug. 19} 4 9 SY ne z o1- phere 
PS 200. = 2 a1 S45 do Aug. 9} Aug. 16! 4 ; 5- - ee | Z 46 \11.5| 98 
19: |23¢d02-== Aug. 10 | Aug. 13 |-.-do--.- | £ ie 9 ; : 2 103 |17.2| 38 

lipo aneeg Re ee eae Gece bog a Peat Pes 2} 30|15.0| 27 21 ..do - -G@0.-..-} AU = £ — oH = | = 9 15.0 7 le dees... see ae 10 Aug 13 | z | 3 : 3 : 2 aa = 
iS (BRAG reas ees (i lien pees (7 Seamus Peers [yee | larey e Spgs: oe 
2: = dos Aug be ee 2 4 : ms : = ae 
75g EG eee Aug. 10} Aug. 18} Aug. 19 | ea ee ze a : 16 [oat ~ 
26 | Aug. 7} Aug. 16| Aug. 20) Aug 21 peo ho 13 2 me : 711178| 28 

| San 2cipaneae| ane. as [cae | ol te [ee ee ee 10fo 3| 3.0] 3 28 |==-d0-_---< Aug. 15 | Aug. 15 do:2- 8 ; : | + ; of Bs | 3 
29 do:2:: | Aug. 16} Aug. 16 |_.-do....- 2 > 7 J Po Waar 8 ear 
30 | Aug. 8 | Aug. 10 ae i” Aug Ae Z : | soled x ari ig (aes 
31 =d0==--<|--d0=- | PAGS Aug ee | | 10 1 
Se f2- 20d O- 222) AGS. OLE doe: Aug. 19) 3 | : : : i | : | = Be Oe 
Sl SO oe | Aug. 12| Aug. 12} Aug. 16 4 & : 2 | a a 35/1251 68 
34) Aug. -9*|SAug. OF |=2:do.22-2| Auge 19} 5 fe 3 e ad =| oy | a toa 
35%) eae (eee | Aug. 12} Aug. 16 | Aug 20 : | i S| e $1 y41lini| 30 

See eee eee Aneuab | Ane outs etn O14 | a| 3] 2] 73] 2 37 |---do..---|-.-do.....| Aug. 16 | Aug steed 8.7 13 38 |___do.....| Aug. 13 | Aug. 15| Aug. 19| 4| 3| 6 aoe oa Roe ee io 39 -do..- Aug. 14 | Aug. 14! Aug = 5 | : 7 ; a 2 7 1127\. 21 
40 | Aug. 11 |...do..... Aug. 21 | Aug. 2 2 | 8} s a : ee Rar Ser 
3819 aed Tae Aug. 15 | Aug. 20 dos 4) 6 : 1 : fal Gee 
A eSip Sib dos=-.| Aue 15 | Aug. 18; 4 | ee 4 : an | : ya ey a 
ASL: }...do...-.| Aug. 27: Aug. 31 4/13 | 16 3 = | = a icatgeeed 
44 |_..do.-..- ee eee Le : A eg. 
45 | Aug. 13 | Aug. 17 Aug 23 Aug aE 4 | 7 | z ; = i0 es 6 2s 

(be eaed pe ery pede toe red ie i8 3| 21 13] 170} 13.1} 56 47 |..-do...--)| Aug. 18 Aug. 31 | Sept : | oy u AS ; 2 = al Sots 

gubestie care is [Ane 2 ane ate ae sb wel 4} 69|17.3| 62 
oe Bere ae Orpen pete see 0| 16 9| 158|17.6| 63 50 |__.do...-.|...do.....] Aug. 29| Aug. 29} 6| 11 a o| 16 9] 158] 15.6 | “63 
51 |- ae = ae ae ee 50 aE 9 8 | 16 3] 19 3 20| 6.7] 10 
Ge Sa ee oes (ee eed Romane 6 45} 5.6} .1 slog sfame Ieee flash 2/2] ia] ft] ml a) el ney 
Pe eee ee peo ee a ag ee Pieses hy eke r 16| 4.0] 6 55 |..-do.----| Aug. 29 | Sept. 2 | Sept. 3| 16] 5 20 | ‘Choe 
58 de s Aug 30 | Aug. 30 | Aug. 31 si iets | ve : 3 - ee Fe 
57 |...do-.---| Aug. 19 | Aug. 23 | Aug. 27 | 6 : | 10 Bhitae ; =a Bye 
58 |.--do- Aug. 20 | Aug. 20 oles: - a : a 2 an o4.0| 37 
59 | Aug. 15 ee 18 ee 22 Aug. 26 = : A Z “r : 0011801 98 

vty Se aoe bee a Ae aS 7| 9o| 7| 46 3 9| 3.0| 7 61 dov-c-2 |. .do. Aug. 24} Aup- 31|-3) 7]: § Low * re as 
62 |...do.....| Aug. 19 | Aug. 28 | Aug. 29 4 ~ | 13 | : = = ee pera eS 

paleer nat fear aecae e es ee eerie eaten per oer 6} 30| 5.0] 9 64 tdp*** |" > dot Aug. 27 Sept. 1 o 5 9 8 I? 5 6) 3.0 5 

65 dos se Aug. 23.1 Auge74 |=4-d0-s-— 5 8 : g : 2 ai 09| 9.7| 24 
66 | Aug. 19 | Aug. 22 | Aug. = Aug. 27 3 4 Hy > $ ‘ 123 | 30.8] 80 

oe jaca oie Aus. Aug 20] 3| 2} 4| 6| 10 | 2) 17] 8&5] 16 i Otte: Aug. Aug. = a | 
e0 ae Ma ee donot Sept. 4| Sept. 5| 3113 tae} 2] 17] 204 2107] tho ee 
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TasLE LXXIV.—Oviposition by individual codling moths of the first brood, 
Grand Junction, Colo., 1915—Continued. 

. 2 2 ia t mR n 
Date of— Period (in days). | 3 iC & a Boe 

g od = 2 Db 
seg Ba BO a0 a0 oa 

= = g| |BE lea |S |-as [2 1s4 | se 
S d é 3 8 Igo |es|s Bs Se SS: ee 5 
g S 3S g Sig ee a2 | = .4 > Oo Cease q = 
= aa = o-: 216 “%8 “Hh | OS Sr iS So Q | Sx 5 2 Z eRe Ver eelnwe ae ieee | ao beeipee 

; S a, S, NONE Sel tae rere OS le0 | voy il Seen) cee eae 
; a 15. is og 6 || Qtek ee Se |i HB = oo | 3a 

Z o 2 ° re CS enteral Gala le Oya es 3 ES. 
7 5 3 2 = 6/6 |8s¢=2\8 | SE 13 5 | eS 
3 = = B S Sl lez, |S alos easy aalpeget lees 2 at) 
ow eal ee 4 =) ma) O° & ° oH |! = < =) 

Days. 
70 pias 19 | Aug. 22 | Aug. 30/ Aug. 31} 3] 9 il 1 12 8 827 10535 ao 
Ti Vecs@lOncestloes dora Aug. 25 Cd Oss-c= 3 4 6 6 12 4 83 | 20.8 46 
72 Gokse.: Aug. 23 | Aug. 29} Sept. 1 4 7 10 3 13 4 WHEN (antsy |) 
73 GOES sea\loas doles Aug. 30 Wi Sae Sie eee nS, 11 1 12 6 I Ot NG 
Wael ed osens" Muipes25 | Sept. t1\\Sept. 2s6c|.8)) 13 1 14 3 19) | G23) eng 
75 SO OuS errs | ae do..... Aug. 29| Sept. 1 GaleeD 10 3 13 5 32] 6.4 9 
76 does INDE AS os OO sacar IND BIEN eh 10 2 12 3 SS SOs} aial 
Tel CO ash lsee GO ssessllognOusasc Sept. 1 7 4 10 3 13 2 PE oy WA 3) 
7S || eee Aug. 27| Sept. 7| Sept.10| 8/12] 19 Shite 22 8 CN SEC AP 5s 
79 16lOsesse INU, AS NE a ClO nacec Sept. 8 9) 11 19 1 20 6 BO) ie ata 0) 10 
80 GOs=ce. Aug. 29| Aug. 31} Sept. 2/10) 3 12 2 14 2 8| 4.9 5 
Sil ee dOz= as = Sepie lalssept. a eSepts -Srlel3s eal 13 7 20 1 9} 9.0 9 
Sue AMOS setae C@sssec Sept. 9] Sept. 12 | 13 9 21 3 24 4 13 Sno ii 
8S) |[osa0l@scsec Sept. 2] Sept. 2] Sept. 5] 14] 1 14 3 WF 1 4| 4.0 4 

MN ofall Set spe eee Sepgcees [occ asceesooeea|eaa= Beer AS A ie Bales 762 (ee ee leet 

SUMMARY. 

| Average. | Maximum.| Minimum. 

Number of days from emergence to first oviposition....... | 4.90 Lis 1 
Number of days from emergence to last oviposition. ....-- | 9. 66 21 1 
Number of daysin period during which female was Gepost: 

| TY ROLLS ae pre rare Sis seee nceooinioe  isiaie oie wb tele Sues ob ets 5.70 16 i 
Number of days on which oviposition occurred.--......-.. 4.18 13 1 
Number of days female moth lived after last oviposition - . Soule 10 0 
Total length of life of female moth in days.............--- 12. 86 26 4 
Number of eggs deposited by one female moth...........- | 45. 33 185 esl 
Number of eggs deposited by one female moth in one day. | 10. 84 80 0 | 

In Table LX XV it will be noted that 14 moths have an oviposition 
record of 100 or more eggs, one having laid 185 eggs, two over 150 
eggs, one over 125, and ten between 100 and 125 eggs. 

TABLE LXXV.—Oviposition by individual codling moths of the first brood, 
Grand Junction, Colo., 1915; data taken from Table LXXTIV. 

Number of eggs deposited by individual moths. 

100 to 125 | 125 to 150 | 150to0175 | 175 to 200 

101 136 158 185 
103 170 
103 
110 
115 
118 
120 
121 
121 
123 

——— eee 
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Moths of the first brood, 1916 —The study of the number of eggs 
deposited by moths of the first brood was continued in 1916 on a more 
extensive scale than during the preceding year. The methods em- 
ployed, however, were identical in all respects. The data herewith 
given were obtained by recording daily the number of eggs laid by 
201 female moths, beginning with moths that emerged July 11 and 
ending with moths that issued August 22. As will be seen in Table 
LXXVI, these 201 individuals deposited a total of 17,225 eggs, or an 
average of 85.70 eggs per female. 

TABLE LXXVI.—Oviposition by individual ecodling moths of the first brood, Grand 
Junction, Colo., 1916. 

Be wl | 2 | ! | sa a 
Date of— Period (in days). | 3 5 = 5 | =e 

Pa) a 

& |@3)a |B las a © Sa | @ |x Sel ee ae tee 
re = - oF oS. oS a3 = KO 

: 3 (te Beas ee ee eee SI 5 5 E a | .(°s (28 |2s | be} 8 |Seleq 
= = ze oo. |%)a{ss 2/88/38 | so lea] 3 
° Zz “- ae QHLOw dps “~O/] <a as | 26 o|/&s 
s © re) = Oo Sls i[2o0.| Ca] — as, SES) 2 

z = = S: of -leiees| S|] ca 1 3 SS | 8s 
z Ss E ie ee he ees iS ee Se aa |e 
bs 5 > = & BIE |gsaeiseols Sp S a2 

2 z z : > {Sia [eee 5/5 | Bo |S |e [am 
p ss] 4 as sc) Ke [28 SS & Zz ge |< = 

Days. 
4 |. July 11) July 13 | July. 22) July 23 2/10 11 | 1 12 9 229 | 25.4 | 57 
2 do July 14 | July 21/| July 22) 3] 8 10 | 1 11 5 109 | 21.8] 38 
3 Gok July 19 | July 25 | July 27 8 7 14 | 2 16 5 15° |- 350 6 
4 -do do July 23 | July 28) 8 5 12 5 17 5 48 ; 9.6] 29 
A) (SBC SSE | eee os Sead i Bees ee July 16 Cae | (eae se i ig Seen eaae Ue enters lee 2 
6 0.  saly. 20°) uly, 20:4 July 237) 9a 9 | 3 12 il 33.0 3 
wi soly, Analy, Ag) Sully 23" | aly 264hon we. 11 | 3 14 cf 185 | 26.4] 67 
8 dopz5 Sualy. AON dons Jilyes0 Hono 11 | 7 18 8 192 | 24.0} 45 
Ms (Ess re k oer July 14) July 14) July 24] 2) 1 231: 340 12 1 39 39.0} 39 

TO cil se i gee July 21| July 21 | July 26] 9| 1 seule aw 1 6| 6.0] 6 
fe doe 4 salty 19) faly 238s do HESS 11 3 14 3 3 est ar 3 
= 7 Fees c Ke Sareea (2p Seer ere ee ens (4) oc oles 2 [fos SSS ee ee Oe 
13 | July 13 | July 23 | July 29 | July 30110! 7 16 1 17 5 124254 6 
14 O58 July 18 | July 26] July 28/ 5 9 13 2 15 9 186 | 20.7 66 
15 dos. Lee O.c--2|| July; 25) |5 2dieree= 5] 8 12 3 15 8 551 Os OMe 
16 200!2 July 15 | July 27 | July 27 2] 13 14 0 14 13 199 | 15.3 64 
17 qdoi-t22 aoic-e= July 20] July 21) 2) 6 4 1 8 6 st iy/e heb Arse peste 
18 do:<ez Goss | July 21 @) Diieey te ee was ee aes 7 185 | 26.4 | 54 
19 doz:<2. July 16 |...do Jalye Zone She 8 4 12 5 197 | 25.4 1-54 
20 GOs dozce=s July 13 425-do2: Saline 5 7 12 3 146 | 48.7 | 77 
21 Gee eee es oseese Aug. 5 Poesia) I hale PAY Gee aes Oj eee 
22 (e) July 29; July 29] July 29 | 16 i! 16 0 16 1 d=|-74-0 1 
23] July 14] July 16 | July 21] July 22| 2) 6 7 1 8 6 159 | 26.5 | 48 
24 do-:- July 22} July 29] July 30; 8] 8 15 1 6 = ON 2s a 
25 Gost-2. July 23 |...do -does2 9 7 15 1 6 5 46 9.2) 21 
26 do.. July 16 Sully, 31) Aue. 5) 2 AG 17 1 18 8 89 | 11.1] 45 
27 dora -do..-.-| July 29} July 29 2) 14 15 0 15 11 69 | 6.3 10 
28 do July 18 |:..do....- «dol 4) 12 15 0 15 10 245 | 24.5 | 74 
99M beidose July 16] Aug. 1] Aug. 2| 2/17] 18 1| 19 10 58 | 5.8| 22 
SOM eee Grren ease hie: C3 (Beane Bul haem i oo) Ae Se eS ae aha (Baeese Ob. 3-4 
31 GOP Ssh. 8 ee es | aseec as JULY 25 See eRe eee ee ee 7G ie ee eee Og ere Sa 
32 | July 15 | July 17} July 22) July 30 2) 6 rf 8 15 5 99 | 19.8; 40 
33 soe July 20 | July 20) July 20] 5] 1 5 0 5 1 8] 8.0 8 
34 Gor tre July 17 | July 27 | July 28) 2) 11 12 1 13 ll 266 | 24.2] 78 
35 doeces July 18 | July 30] July 30] 3 | 13 15 0 15 13 168 | 12.9) 48 
36 tedie ce July 19| Aug. 3] Aug. 4] 4/16] 19 1| 20 7 91; 3.0| 8 
= Yh locate lee mae July 31 | Aug. 5} Aug. 7/16) 6 21 2 23 6 PAM IE SES 8 
38 fdoe July 18 | July 30] July 31 Si as 15 1 16 11 207 | 18.8]. 51 
39 do July 22 | Aug. 5} Aug. 6 C4 a5 21 1 22 13 ihe eS) 18 
AQ Ado |e ee | es eee oe Sr hanes Uy (ol eee eerie eee Pau Sere Og Beets sey se 
41 do July 24| Aug. 7] Aug. 9/ 9) 15 23 Di eae 3 3) nao 1 
42| July 16| July 18| July 29/ Aug. 1/ 2/12] 13 Bb Pie 5| 120/| 24.0] 76 
43 ) do.....| July 24| July 30] 2) 7 8 6| 14 4 i ale 8 
oes Goes. July 22} Aug. 3] Aug. 3 6 | 13 18 OF. .18 13 271 | 20.8 | 54 
45 doz July 18 | July 23) July 25 2U.c0 7 2 | 9 6 152 2522 1 80 
46 do July 23 | July 30) Aug. 1 fates 14 2 46 7 113 | 16.1} 45 
47 do July 22 | Aug. 1 do oad 16 ) 16 5 8} 1.6 3 
48 do July 20! Aug. 15! Aug. 16] 4: 27 30 1 31 | 14 351 2.5 6 

1 Date of death unknown. 

_. 

re ve 0 ee > Cir ie 



CODLING MOTH IN COLORADO. 103 

TABLE LX XV1I.—Oviposition by individual codling moths of the first brood, Grand 
Junction, Colo., 1916—Continued. 

i) 1 a ( w 

Date of— Period (in days). FE iS ge ae a 5b 

So eee lee al ars 
Z S Slee lots |e! Soles! (\|peeycticlstore alone leet 
= owe di | o> |'sd|s S5 fl steeple 
iS) | g = 9 | SUS) Si feiecea| Ss yw2 | 6d [oS |/2°9 
= & S = ES es |p al Sect een | a= 2 | 82 | dq 

— oa Sal is} ee 2) SS = Ss SSeS 2:7 -— = = = ° Zisios ES Gs Rel) SS 
2 g a “8S 18/3 loo a| 32 Seale fa | 38] 58 5 sa lon jo Sa a7) S| se= S a = = See ie feiss 05 | |S.) sores) aa 

a Bo 2 S r=! 2 | |,oe| Se |= ro) a ease. 
fe S = 2 = So lesele sees ics a5 |3 a rae 
3 g = 3 S See eceesles ols les 2 ales 
Ay a e s A pm 1° is Salsas || 24 a ee = 

Days. | 
49 | July 16 | July 19) July 31; Aug. 1 3) }/ 13 15 1 16 11 119) 10285 est 
50 Ossees | et se- S| Saion see Sealy: 329 Re es |e neal, aoe Pile Steses OU bees aseseS 
51 | July 17 | July 24} July 31] July 1 7 8 14 1 15 8 67 8.4 20 
52 Ors July 23 | Aug. 2; July 2/ 6) 11 16 0 16 10 128 | 12.8; 71 
53 -do.....| July 20 | July 30| July 1 3 | 10 13 2 15 8 Ob TS Oe tot 
54 ed Os se2 July 19 | July 28} July 29 2; 10 11 1 12 10 213 | 2153) | VA? 
55 Gols: Jil vee 2 Ze Anion 2s Ania 2 ed: [el 16 0 16 10 175 [ 17.5 81 
56 do.. July 19 | July 27 | July 30| 2] 9 10 3 13 9 DS e280 fst 
57 GOPse = |p tlyan2 2) PAU OAs Anion Ae 5 4 18 0 18 12 ala) s Comp ike 
58 dowee=- July 21 | July 31) July 31 4} 11 14 0 14 11 O55 eee 
59 do.. July 19 |} July 28 | July 30] 2] 10 11 2 13 8 121 | 15.1 | 61 
60 (e) July 23 | July 27) Aug. 1 Gi) 10 5 15 2 2 6) || il 
61 | July 18] July 20} July 30) Aug. 2} 2/11 12 3 15 11 215 | 19.5 | 62 
62 0. GOs eee Onasn= July 31 74 \\ AN 12 1 13 10 126 | 12.6 | 28 
63 do.. July 22; Aug. 6/] Aug. 7| 4] 16 19 il 20 9 OTS estes 56 
64 do. edOrs-es| ulyacolalpAnioe 2 eA 10 13 2 15 9 139 | 15.4 | 58 
65 Gore. July 20 | July 29! July 29 2) 10 11 0 11 10 236 | 23.6 69 

| 66 do. July 22 | July 31} Aug. 2) 4/1] 10 13 2 15 9 183 | 20.3 69 
67 do do. eAsiroea ln PAG ot An ee4AS tit 14 3 17 oa 5 ine 2 
68 do do -| July 22 | July 26) 4 1 + 4 8 1 | 2D 2 
69 Gos July 26 | July 26|] Aug. 2] 8 1 8 1 15 1 1 1.0 1 
70 | July 19 | July 21! July 31 do... 75 |) aul 12 2 14 5 DOF eA: 8 
71 dokze=- July 28 | Aug. 6} Aug. 7] 9} 10 18 1 19 8 NO el) |) 2) 
72 OO-s552 July 22 | July 31] Aug. 1 3 | 10 12 1 13 10 165-| 16.5 | 37 
73 do.. July 28) Aug. 2| Aug. 5] 9 6 14 3 17 4 20 | 5.0 a 
74 EQOsoee- July 24} July 30} July 30] 5 7 11 0 11 7 126 | 18.0 | 27 
75 Gossss- July 28 | Aug. 3] Aug. 4) 9) 7 15 1 16 6 98 | 16.3 | 38 
BOHR dO se alee = eee aoe efile 2208 |= 2 oe le coe oe LOM oe Oriasa Pewee 
77 dossaie Adiga 2 Adie. 22| Anes 9) 141 14 7 21 | 1 PANE (0) 2 
US: BSAC Oe S| se mec |e ee YALU rae Ste | cece te ee metsees | eerste Sal eset OQ: | Seeee a saa 
79 | July 20| July 24| Aug. 5}| Aug. 6] 4) 13 16 1 17 | 9 223 | 24.8 | 111 
80 |...do July 25| Aug. 9| Aug. 14| 5/16] 20 age ea) 20| 2.2! 5 
Site G0 2.452 July 24 | Aug. 4] Aug. 4] 4 | 12 15 0 15 | 10 DDE pOsOnl eel 
82 do.. July, 22) Aus. 5 | Auge 37. 2 | 15 16 2 18 | 10 200 | 20.0 | 109 
83 2QOssee2 July 265 | July 30| July 30) 5) 6 10 0 10 | 6 165 | 27.5 | 44 
84 do. Julliys 23q|s220 0: Aug. 1 By il] ts 10 2 12 | 8 292) |i. 5). 89 
Soy eeedoncns| duly 22.) Aug 60) Amps 29> | 2 146. 1% Sri 20) | 9 RT pte 
86 | July 21 do Headly 29 sulye oO) 1a\) 98 8 1 9 | 6 102 | 17.0 | 47 
87 ea 0s=2 July 23 | July 30) Aug. 5] 2) 8 9 6 15 | 6 91 | 15.2} 40 
B8ilendoms. July 31| Aug. 8|.Aug. 9|10! 9] 18 1| 19 | 9} 181 | 20.1] 50 
897\e ed O0s=se" July 25 | Aug. 17) Aug. 18 | 4 | 24 27 1 28 | 20 136 | 6.8] 22 
90 Ed OSes terse en on see oosnen oly Sales s Loss| Nene nol Gene se he Sees Ouleee see e er 
91| Aug. 5| Aug. 7| Aug. 24] Aug. 25| 2/18] 19 10 | ee20: eerctte|iea ol 6 \ntsson cli 
92 | Mus. 6 |.--do:....| Aug. 17| Aug. 18; 1] 11]. 11 eae 11; 240| 21.8; 52 
93 |...do.....| Aug. 14| Aug. 28 | Aug. 29/ 8/15| 22 ie | 23 12] 249 | 20.8 | 106 
945\-22d05.- JN eae Gla Wo ean ee Sept. 1} 5 | 18 22 4 26 | 7 13>|5 4-9") 3 
95 JOrces Aug. 14 ' Aug. 21 | Aug. 23} 8] 8 15 2 | 8 175 | 21.9 | 69 
O63 == Oss | Oksse a Uehara dO 8| 4 11 6 ile 3 S| Ce) || ke 
SU do: Aug. 8| Aug. 14| Aug. 20| 2| 7| 8 Gy lanes 6 88 | 14.7 | 47 
Geaetdon snes: =... eee AGS Sh ae aes eee lec tae Dygle oe (id Beene licen ass 
99 GOs -a=- AGIOS 8) Anite <5 19) || Aurea. 19) |n9 2 p12) |) 13 0 13 2 2 (1 Onree 

HOOH Gee Osea acess lose .t 2 Animes lee Sanco eee (RBaeseee ON eeeene |----05 
1 OU doz: Aug. 19} Aug. 19| Sept. 4/13] 1] 13 16 29 1 2) 2.0] 2 
102 | Aug. 8 | Aug. 10 | Aug. 27 (1) Del Sale WO eee eee sn 2 8 56 | 7.0 | 18 
1035) R= 0! se= ug. 12} Aug. 23 | Aug. 24) 4;12) 15 1 16 | li 39 | 3.5) 12 

‘ 104 |...d0....- Aug. 11 | Aug. 17 | Aug. 20} 3] 7 9 3 12 7 158 | 22.6 | 49 
‘ 1059 Send 085<52 AGI SS Noa eAnIS 22) | pATISS 240 7 8 le 14 2 16 | 5 | B> ligt G) aoe 

106 2008. —-> Aug. 14} Aug. 16 | Aug. 18} 6) 3 8 2 10 3 133 | 44.3 115 
OVE Ales ING. Oy | Seo Z| Same 5) aye ahh || 7 1 28 2 3] 1.5 2 
108 doz2 = Aug. 12 | Aug. 18 | Aug. 21 Ard il LO 3 13 | 2 4) 2.0 3 
109 | Aug. 9 | Aug. 17 | Aug. 19 | Aug. 22} 8| 3; 10 3} 13] 3 Abe ee 
110 On dor. ..do Aug. 19 8 | 3 | 10 OF i eet0 | 3 20: | eaGaialtetO 
Wt |. 2.do:. = Aug. 18 | Aug. 31/ (2) Opt ie 225 bat aes | taza | << 10;|) * 20 |e 2-9he oe 
Peed osse- Aue. Ito Sept. or} wepe. 11) 2 | 26 || 27 Giles] 16 74) 4.6) 17 
HH Sa eead Of ees | cc. dove Aug. 29 | Aug. 30| 2 | 19 | 20 ibe Al 18 227 | 12.6 | 29 
HAS a=. O8.. dOseece Aug. 23 | Aug. 24! 2113! 14 Tg 6 221 3.7! 18 

1 Date of death unknown. 
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TasBLeE LXXVI.—Oviposition by individual codling moths of the first brood, Grand 
Junction, Colo., 1916—Continued. 
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1 Date of death unknown. 
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TABLE LX XVI.—Oviposition by individual codling moths of the first brood, Grand 
Junction, Colo., 1916—Continued. 

& < d 2 0 
Date of— Period (in days). s = so) roy 0 

= ise a SS 
2 BS 9 50 = 3 

3g © bine” ae box ak | & o <s 
oa 4 o> ad ro) Paes 

= E E ; § SIS eee aS ees | SE Se 
S g S =| Sl eeaiOr. Weenet el estey se aslo ceo Wace | 1S ye) 
= = s o; | 8/8 \s3 BaP Se oie a Gr ee | ee 

Q 2B pare a} | teh oe aq = | 26 Sh its) 
2 =) rs) iS i ee Oo Slee) | = 64 ga | 3.2 < 
A = = Se hs Welezs| 95 Le 6) Shee ear 2 i) > 5 Oo] 8 ldon| oo | & Be, | 4 rey pels 

Z oD ° iS) a o ay O| sk ian! 2-H ae g Q 

bs 3 3 5 3 BS escice ia | 85 |e. 3 bas 3 . = 3B o | cep IS Sey) Cais as 5 2 2 rs 
Ay ica) By = a) A \|° | o) a Z, i= < = 

| 

| Days. | 
183 |-Aug. 21 | Aug. 24 | Sept. 9 | Sept. 9] 3 17 19 0 19 14 247 | 17.6. | 46 
184 Oneal dO. se Sept. 14 (4) 3 | 22 DA ectete el Bee | 20 135) | 276sS8e 20 
185 do... Sols Sept. 8 | Sept. 10; 3 | 16 18 2 20 | 14 309 | 22.1 | 76 
186 Gores: Aug. 26} Sept. 3} Sept.12; 5] 9 13 9 22 | 6 IB PEA <2 
HS Ne aClOs bac Aug. 24 | Sept. 2] Sept. 3 3 10 12 1 1133 | 7 SOM eb Sala 28 
188 do ..do. Sept. 4] Sept. 6 Sulit 14 | 2 16 5 12 2.4; 4 
189 (Ol@scaec Aug. 26 | Sept. 17 | Sept. 18 | 5 | 23 27 1 28 16 SN) eel 7 
190 do Aug. 25 | Sept Sept. 11] 4) 15 18 3 21 8 PIN P6 5 
191 |...do Mies DONE Atics QOL Sepiero)| “28 le Sil 7 15 | 7 el oni aby) 
192 | Aug. 22 | Aug. 24 | Sept. 24 | Sept. 25 ZEtO2) |eoo 1 34 3l 203 6.5 17 
193 Gdiosaee Aug. 31 | Sept. 15 | Sept. 18 9 | 16 24 | 3 27 11 33 3.0 13 
194 dome Aug. 26 | Sept. 25 | Sept. 30 | 4 | 31 34 | 5 39 | 19 47 2.5 9 
195 do Aug. 30 | Sept. 13 | Sept. 17 8 | 15 22 | 4 26 | 10 42 | 4.2 14 
196 |...do ie Sa PAtTe BOE Aue Sie 3) lmlGii= asta of 9 | 6 Gall BAO} EGR 
197 do Sept. 2 | Sept. 11 | Sept. 14 | 11 | 10 20 | 3 23 | a 118 | 16.9 | 55 
198 do Aug. 28 | Sept. 22 | Sept. 25 | 6 | 26 31 | 3 34 | 21 USS) [t= teh df 64 
199 done Aug. 27 | Sept. 12 | Sept. 13 | 5] 17 21 | 1 22 12 DOT DA: 5) 
200 ClOsoSae Aug. 24 | Sept. 1] Sept. 5 Bt 10 4 14 5 9 1.8 3 
201 doses Aug. 28 do do a 8 MO a 14 4 32 | 8.0 8 

HI reat] Bese ei all rete sivas eae et os oe SE a aS Oe reed leSsacee 1,467 17, 225 |.-----|-..--- 

1Date of death unknown. 

SUMMARY. 

| Average. | Maximum. | Minimum. 

ui 

Number of days from emergence to first oviposition 5.19 22 1 
Number of days from emergence to last oviposition. 14. 47 34 2 
Number of daysin period during which female was 
GEPOSitiMnnes eS ay as coarser cies clureisics bow ets rere 10. 26 32 1 

Number of days on which oviposition occurred. ... 8. 06 31 1 
Number of days female moth lived after last ovipo- 
SUMO Soe ae oe SS aaa ee tots nee Se 2. 80 16 0 

Total length of life of female moth in days......... 16. 42 39 3 
Number of eggs deposited by one female moth..... 85.70 316 Cc 
Number of eggs deposited by one female moth in 

ONC AVE Sei ese ae he Brae Cs i ae 11. 74 115 0 

It will be noted also in this table that the female moth of pair No. 
91 deposited 316 eggs, which is, so far as the writers are aware, the 
highest number of eggs ever recorded from one individual codling 
moth. This moth was seen in copula on August 7, or two days after 
issuance, and two days later, August 9, deposited 112 eggs, or over 
one-third of her total. Another moth, of pair No. 106, emerged 
August 8, but did not deposit an egg until August 14, on this date 
laying 115 eges. This is believed to be the highest recorded number 
of eggs deposited in one day by an individual codling moth. In ad- 
dition to this moth several other females deposited over 100 eggs 

in one day. the average being 11.74. 
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A comparison of Tables XLII and LX XVI will show that the 
average number of eggs per female was greater in 1916, but that, as in 

1915, the period of oviposition was shortened somewhat and that it 
was also delayed where the pairs were confined alone in individual 
cages. However, in 1916, the female lived for an average of 12.20 
days when confined with other moths in a large battery-jar cage, as 
shown in Table XLIII, compared with 16.42 days when caged in- 
dividually. Other important phases of the individual oviposition 
studies of 1916 are given in detail in Table LX XVI. 
An abbreviated table giving the data for all of the moths that 

deposited 100.or more eggs is given herewith. (See Table LX XVII.) 
Referring to this table, it will be noted that 3 moths deposited over 
300 eggs each, 1 moth deposited between 275 and 300 eggs, 6 moths 
between 250 and 275 eggs, 8 moths between 225 and 250 eggs. 10 
moths between 200 and 225 eggs, 13 moths between 175 and 200 eggs, 
9 moths between 150 and 175 eggs, 14 moths between 125 and 150 
egos, and 14 moths between 100 and 125 eggs. 

TaBLeE LXXVII.—Oviposition by individual codling moths of the first brood. 
Grand Junction, Colo., 1916. Data taken from Table LXXVI. 

Number of eggs deposited. 

100 to 125 | 125%0 150 150 to 175 | 175 to 200 | 200 to 225-225 to 250 | 250 to 275 | 275 to 300 | 300 to 325 | 
| 
| ? 

101 126 151 | 175 200 227 | 251 277 308 
102 | 126 157 | 175 203 227 | 252 309 | 
103 127 158 | 181 207 229 | 252 pee ol 
107 128 159 | 182 210 236 | 258 
109 133 163 | 183 213 240 | 266 
112 | 133 165 185 213 245 271 | | 
113 134 165 | 185 215 47 
116 | 135 168 186 221 249 
116 | 136 | 168 | 186 223 | 
118 139 | 188 223 
119 139 | 192 
120 142 | 195 
120 | 144 199 
121 146 | | 

DEPOSITICN OF INFERTILE EGGS. 

On July 15, 1915, 30 female moths of the first brood which emerged 
on this day were confined alone in a cage to find the number of eggs 
deposited when male moths were not present. The results are given 
in Table LX XVIII, in which it will be seen that a total of 232 eggs 
were deposited, or an average of 7.40 eggs per moth. 
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TaBLE LXXVIII.—Deposition of infertile codling moth eggs, Grand Junction, 
Colo., 1915 (30 female moths emerged July 15). 

Number | Dateof | Number! Date of 
of eggs deposi- | of dead | death of 

deposited.| tion. moths. moths. 

2| July 18 1} July 21 
3 19 3 23 

30 20 5 24 
16 21 1 25 
8 22 3 26 

42 23 1 27 
31 | 24 2 28 
4 | 26 1 29 

40 | 27 3 30 
6 | 28 2 31 

12 | 29 || iN, 
35 30 1 2, 
3 |pAugs: 1 3 3 

1 4 
I 5 

DODO ES 5A Gl) eae Bekere 

TIME REQUIRED FOR CODLING-MOTH LARVA TO LEAVE THE EGG. 

The following notes were made July 30, 1915, on the time re- 
quired for a codling-moth larva to leave the egg 

E'gg No. 1—At 1.10 p. m. there was a small rent in the chorion 

and at 1.50 p. m. the larva had completely left the eggshell. 
E’'gg No. 2.—At 1.15 p. m. the larva had cut a anal) opening in the 

egeshell, and had hatched by 1.23 p. m. 
E’'gg No. 3—At 1.20 p. m. the larva was found moving its body 

and mandibles intermittently until 2.03 p.m. It hatched at 2.06 p. m. 
Egg No. 4.—The eggshell was found slightly opened at 2.09 p. m. 

The larva hatched at 2.13 p. m. 
Egg No. 5.—This egg was shehtly open at 2.18 p. m., and although 

the larva made repeated attempts to extricate itself it did not ac- 
complish its task until 2.55 p. m. 

As previously stated, the codling-moth larva normally tears a 
small opening in the seashell by means of its mandibles and then 
passes out of the shell head foremost. 

LARVZ THAT FAIL TO EXTRICATE THEMSELVES FROM THE CHORION. 

On several occasions larve were found dead after having par- 
tially extricated themselves from the chorion. In these instances 
it was noted that the anal end was protruding through the cut in 
the eggshell, but that the larva was held from freeing itself on ac- 
count of the cervical shield and head, which were too large to pass 
through the opening. Normally, as previously mentioned, the larva 
tears a slit in the eggshell by means of its mandibles and then passes 

head first through the rent. 
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HABITS OF NEWLY HATCHED LARVZ. 

The natural instinct of newly-hatched insect larve is to seek suit- 

able food on which to commence feeding. In the case of the codling 
moth the fruit of the apple and pear is the preferred food, but the 
larvee will also attack the foliage and occasionally will burrow into 
the tips of tender twigs. The injury to the foliage is of little conse- 
quence, consisting of small holes through the lower epidermis, usually 
where the leaf is fleshy, as at the junction of the veins with the 
midrib. 

The frequency and amount of foliage feeding depend mainly on the 
distance of the eggs from the fruit and the ease with which the 
larvee find their ultimate object. Normally the early-season eggs are 
deposited upon the whorl of leaves about the fruit, while later in 
the year many eggs are laid directly on the fruit. It has been ob- 
served that some larve spend considerable time before they reach 
the fruit and that these satisfy their appetites on the folage during 
the interim. ) 

Upon reaching the fruit, the larve seek a place of entrance, as 
through the calyx, side, or stem. (See.Pl. VI, A.) Some individuals 
crawl over the fruit for some little time before making an attack, 
while others proceed to enter with little hesitation. The larve 
will frequently take advantage of depressions or ruptures in the skin, 

as frost pits, hail marks, or injury from other causes. 
The larve, in starting to feed, tear away the skin by means of 

their mandibles and cast most of it aside, consuming very little. 
They first work directly beneath the skin, forming a shallow excava- 
tion just large enough to accommodate them, and at the same time, 
plug their entrance with frass. 

THE CODLING-MOTH “ STING.” 

The so-called “sting” is caused by the larvee that succumb to the 
poison before they are able to make more than the shallow excavation 
above referred to. They sometimes die from natural causes after 
having penetrated beneath the skin and occasionally they leave an 
entrance hole to start a new one. 

CODLING-MOTH LARV FEEDING ON PEAR TWIGS. 

On June 24, 1915, an examination of a pear orchard was made to 
determine the cause of the browning of the leaves. At first sight the 
orchard appeared to be affected with pear blight, Bacillus amylovorus 
(Burrill) De Toni, but on closer inspection it was found that cod- 
ling-moth larve were responsible for the injury. There was practi- 

cally no fruit in the orchard, owing to the spring freezes, and, as a 
result, the larvee burrowed into the terminal ends of the twigs to a 

7 

; 
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distance of about three-fourths inch. In many of the burrows no 
larvee were found, they evidently having decided to leave after they 
had consumed most of the softer tissue of the new growth. The 
larvee found were in either the third or fourth instars. An attempt 
was made to rear some of these larvee in pear twigs, but this was un- 
successful. Two of the larve obtained from the pear twigs, how- 
ever, were transferred to apples on the date collected, June 24, and 
from these two moths were reared, one moth issuing on July 19 and 
the other on July 20. 

EXPERIMENTS WITH BLACK AND WHITE BANDS. 

In fruit districts where the codling moth is abundant, spraying is 
frequently supplemented with banding. With the banding method 
a strip of cloth is placed around the trunk of the tree and the cod- 
ling-moth larvee that form cocoons beneath the cloth are destroyed at 
intervals of about 10 days throughout the season. The question has 
frequently been asked whether dark-colored bands are more attrac- 
tive as a place of concealment than bands of a light color. To deter- 
mine this, an experiment was made in 1916 in which were used bands 
of-cloth folded to three thicknesses, each alternate quarter of which 
was black and white. (See Pl. VII.) The trunks of 10 trees were 
first thoroughly scraped and were then encircled with bands of this 
description on July 5. The segments of the bands were arranged so 
that the white and black quarters alternated with the four quarters 

of the trunk. Thus on 5 trees there was a black segment on the 
northeast side of the tree, while on the 5 remaining trees there was 
a white segment covering this quarter. The bands were first exam- 
ined for larve on July 8 and every 3 days thereafter to August 19, 
inclusive. The results of this study are given in Table LX XIX, in 
which it will be seen that the codling-moth larva is strongly inclined, 
when the opportunity is present, to spin its cocoon beneath dark- 
colored cloth. Out of a total of 2,362 larve collected, 2,083, or 
"88.19 per cent, spun their cocoons beneath the black segments of the 
bands. A summary of this table is given in Table LX XX, which 
shows the number of larve collected under each segment. Accord- 
ing to these figures, the codling-moth larvee, with one exception, pre- 

ferred the northern exposure of the tree trunk. 
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TABLE LXXIX.—Esperiments with black and white bands for the codling moth, 
Grand Junction, Colo., 1916. 
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| 
Color of band | 

Tree | sectionand | 
| No. | location on | 
| | tree trunk. 

| July 11. 

Black, N. E. 
White, S. E. 
Black, S. W. 
White,N.W. 
White, N.E. 
Black, S. E.. 
White, S. W. 
Black, N.W. 
Black, N.E.. 
White, S. E. 
Black,S.W.. 
White, N.W. 
White, N. E. 
Black, S. E-- 
White, S.W. 
Black, N.W. 
Black, N.E.. 
White, S. E. 
Black, S.W.. 
White,N.W. 
White, N. E. 
Black, S.E.. 
White, S.W. 
Black, N.W.| 2 
Black, N.E.. 
White, S.E.. 
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White, N. E.j 
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TABLE LXXX.—EHaperiments with black and white bands for the codling moth, 
Grand Junction, Colo., 1916; summary of Table LXXIX. 

Color of band sec- pee perce Color of band sec- enon Perea 
tion and location | orjaryee | number || tionand location | orjaryee | number > 

on tree trunk. | ooijected.| oflarve.|| 0" tee trunk. | conected.| oflarve. 

{ ‘ 

Black, N.E..... 610 | 25.83 || White, N.E.... 61 | 2.58 
Black, S.E..... 347 | 14.69 || White,S.B....- Sele caer | 
Black, S. W..--- 363 | 15.37 || White,S.W.... 55 | 2.33 . 
Black, N. W.-.. 763 32.30 || White, N.W.... 75 3.18 ») 

|) Se sotal eae- = 2,083 | 88.19 Totaleeeees 279 | 11.81 

This experiment merely indicates that the codling-moth larva | 
prefers a dark cocooning place. It should not be inferred that light- | 
colored bands are of no value, since it is entirely possible that if the ; 
codling-moth larva has no better place to cocoon, it will be content to 
spin beneath bands of a light color. In orchard practice, burlap- | 
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cloth bands, folded to two or three thicknesses, are very satisfactory 
for banding purposes. 

PERCENTAGE OF TRANSFORMING AND WINTERING LARVZ. 

Season of 1915.—By reference to Table LX XXT it will be seen 
that 482 larvee, or 47.52 per cent, of the first-brood larve that were 
reared in the insectary, transformed in 1915 to form the second 
brood; the remainder, 477, or 52.48 per cent, wintered. Out of 
1,858 larvee of the second brood, 20, or 1.08 per cent, transformed 
to form a third brood and the remainder, 1,838 larvee, or 98.92 per 
cent, wintered. As previously mentioned, in the Grand Valley none 
of the third-brood larve transform until the spring of the next year. 

TABLE LXXXI.—Percentage of codling moth larve wintering, Grand Junction, 
Colo., 1915. 

Number of larve— 

ie Pencent Per cent 
rood. . | Wwinter- 

Leaving nee Winter- eS ing. 
fruit. in 1915. ing. : 

IMS is booceskonenes 909 432 477 47. 52 52. 48 
Secondmase-sss-e5 1, 858 20 1, 838 1.08 98. 92 

Season of 1916.—The percentage of transforming and wintering 

larve of the first, second, and third broods reared in the insectary is 
given in Table LX XXII. As shown therein, 766 larvee, or 74.15 per 
cent, of the first brood transformed; 267 larve, or 25.85 per cent, 
wintered. With the second brood, 170 larvee, or 6.71 per cent, trans- 

formed and 2,362 larvee, or 93.29 per cent, wintered. There were 
328 third-brood larve, all of which wintered. 

TABLE LXXXII.—Percentage of codling moth larve wintering, Grand Junction, 
Colo., 1916. 

Number of larvee— | 

iiss Pere Per cone 
rood. : winter- 

a Trans- rT forming 5 

eeavine forming Meas in 1916. ae 
: in 1916. see 

UES Ges ines so ene 1,033 | 766 267 74. 15 25. 85 
Secondly. s-- 2s 2, 532 170 Oy) | 6.71 93. 29 
ANCHE Se a aese ae 328 0 328 | 0. 00 100. 00 

| 

LASPEYRESIA POMONELLA (L.) VAR. SIMPSONII (BUSCK). 

During the course of the codling-moth studies, the light buff col- 
ored variety of the codling moth known as Laspeyresia pomonella - 
(L.) var. stmpsonii (Busck) was bred from material collected in 
the field. 
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REVIEW OF SEASONAL-HISTORY STUDIES OF THE CODLING 
MOTH IN 1915 AND 1916. 

ak generalized review of the seasonal-history studies of the codling 

moth is given graphically in figures 17 and 36 for the seasons of 

1915 and 1916 respectively. The curves represent approximately 

the beginning, ending, and crest of activity of the more important 

biolonical stages of the insect. , 

APRIL MAY JUNE JULY AUGUST SEPTEMBER | ICTOBER NOLEMBER 

& 10182025 30 § 10 15 20 2590 51015202530 & 10/5 2025 30 & 10 15 20 2530 5 10 15 202530 5/015 2025 30 § 1015 2025 H 

PUPATION OF \SPRING BROOD. 

SPRING BROOD. 

FIP?ST GENERATION. 

SECOND GENERATION. 

THIPO 

GENERATION. 

PING LARVAE Se ee 
—— 1915-1916. (16-1917. 

Fic. 36.—Diagram of life history of the codling moth in the Grand Valley of Colorado, 1916. 

Pupation of spring brood—In 1915 pupation commenced April 

14, reached its maximum May 12, and ended June 8; in 1916 the 

Pe pupation took place April 16, was at its enh May 6, and 

ceased June 12. 
Emergence of spring-brood moths—The first moth of the spring 

brood (1915) emerged May 12, the maximum emergence occurred 

May 24, and the last moth of this brood issued June 29. In 1916 

the first spring-brood moth appeared May 10, the maximum emer- 

gence took place May 24, and the last moth issued June 28. 

. ity eer, 
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Deposition of first-brood eggs—The spring-brood moths just re- 

ferred to were employed in the oviposition studies. The earliest 
deposition of eggs of the first brood in 1915 occurred May 15, the 
greatest number of eggs was deposited on June 10, while the last 

egg was laid July 8. In the following year, the first eggs were de- 
posited May 19, the crest of deposition was reached June 9, and the 
oviposition pened ended July 7. 
Hatching of first-brood eggs.——Hatching of first-brood eggs beeen 

in 1915 on May 27, and the eggs were hatching in largest numbers 
June 17. The last of the eggs hatched July 13. Hatching of first- 
brood eggs the next year commenced June 1, and on June 16 the 
eggs were hatching in maximum numbers, while the last of the eggs 
hatched on July 11. 

First-brood larve leaving the fruit—The time of larve leaving 
the fruit refers only to the insectary-reared individuals. In 1915 
the first of these larve left the fruit June 21, on July 20 the largest 
number of larve made their exit from the apples, and on August 

10 the last first-brood larva completed its feeding. According to the 
observations in the field, the first larve were collected in the Edwards 
orchard June 22 and in the Hamilton orchard June 28. In 1916 
the first of the insectary-reared larve left the fruit June 20, the 
largest number left the fruit on July 2, and the last larva of this 
brood left the fruit August 15. But in the field the larve left the 
fruit at least three days earlier as shown by collections made in the 
Edwards and Hamilton orchards on June 17. 

Pupation of first-brood larve.—The time of pupation of the first- 
brood insectary-reared larve in 1915 was as follows: First pupa- 

tion June 27, maximum pupation July 6, last pupation August 4; in 
1916 the first pupation took place June 25, the maximum pupation 
occurred July 7, and the last larva transformed on August 11. 
Emergence of first-brood moths—The time of emergence of first- 

brood moths as indicated in the diagrams refers to the moths that 

transformed from the field-collected larve. In 1915 the first moths 
of this brood (Hamilton orchard material) issued July 10, the 
maximum emergence occurred August 9, and the theoretical limit of 

emergence was August 19. In the following year all of the moths 
from the transforming larve collected in the Hamilton and Ed- 
wards orchards were used for oviposition purposes. The first of 
these moths issued June 25, the maximum emergence occurred July 
28, and the theoretical hmit of emergence was August 13. 

Deposition of second-brood eggs——Kggs of the second brood were 
first deposited in 1915 on July 12, on August 14 they were laid in 
maximum numbers, and on September 15 the last eggs were de- 
posited. In 1916 the earliest deposition occurred July 3, the maxi- 

19552°—21——_8 
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mum deposition on August 2, and the deposition period ended 
August 31. 

Hatching of second-brood eggs.—Kggs of the second brood (1915) 
commenced hatching July 19 and were hatching in maximum num- 
bers August 21. The last eggs of this brood hatched September 24. 
In the following year the first eggs hatched July 9, and the largest 
number August 8. The hatching of this brood of eggs ceased 
September 8. 
Second-brood larve leaving the fruit——The data for these curves 

were taken from insectary-reared larve, and as shown in the graph 
the first larve left the fruit in 1915 on August 5. The larve left the 
fruit in largest numbers September 1, while the last larva of this 
brood completed its feeding period November 11. In 1916 the first 
larva emerged from the fruit July 22, on August 9 they left the fruit 
in maximum numbers, and the last larva of this brood made its exit 
from the fruit on November 12. 
Pupation of second-brood larve.—tLarve of the second brood 

(1915) began to pupate August 12. The last transformation took 
place October 2. In the succeeding year the pupation was as fol- 
lows: First July 27, maximum August 1, last August 23. 

Emergence of second-brood moths.—According to the insectary- 
reared material of 1915, the moths of the second brood commenced 
to issue August 23. The emergence ended October 14. During the 
season of 1916 the emergence period extended from August 7 to 
September 6, with the maximum of emergence occurring August 14. 

Deposition of third-brood eggs.—The eggs of the third brood de- 

posited in 1915 failed to hatch. The first egg was laid September 
16, the last September 23. In 1916, however, fertile eggs were de- 

posited, the oviposition period extending from August 12 to Sep- 
tember 21 with the maximum deposition August 27. 

Hatching of third-brood eggs.—None of the third-brood eggs from 

insectary-reared material hatched in 1915. In the following year 

the hatching period commenced August 20 and ended September 21. 

On September 4 the third-brood eggs hatched in greatest numbers. 
Wintering larve.—The last of the wintering larve of the season 

of 1914 pupated June 8, 1915. The first larva taken in the field dur- 
ing the season of 1915 to pass the winter successfully and transform 
the following year to the adult stage was collected July 11 in the 
Edwards orchard. In 1916 the last wintering individual pupated 

June 12. Since no observations of the time of emergence of moths 
were taken in 1917, it is impossible to state just when the first win- 
tering larve appeared in 1916. The part of the graph referring to 
the wintering larve of 1915-16 should be considered as an approxi- 

mate estimate only. 

"! 
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SUMMARY. 

The life-history studies recorded herein were made in the Grand 
Valley of Colorado during the seasons of 1915 and 1916. = 

The climate of the Grand Valley is comparatively dry and warm 
during the summer season, and is very favorable to the development 
of the codling moth. : 

According to the data secured in these studies, there are two com- 

plete generations and a partial third generation of the codling moth 
in the Grand Valley. 

Length of the pupal stage of the spring brood.—In 1915 the length 
of the pupal stage of the spring brood averaged 27.58 days, the maxi- 
mum was 34 days, and the minimum 15. In 1916 the average was 
26.80 days, the maximum 36, and the minimum 13. 

Oviposition by moths of the spring brood.—In 1915 the average 

number of days before oviposition was 6.19, the maximum 19, and 
the minimum 2; the average number of days for the period of ovi- 
position was 13.82, the maximum 33, and the minimum 1; the average 
number of days from the date of emergence to the date of last ovi- 
position was 19.14, the maximum 37, and the minimum 5. In 1916 
the average number of days before oviposition was 6.07, the maxi- 
mum 13, and the minimum 2; the average number of days for the 
period of oviposition was 13.38, the maximum 32, and the minimum 
1; the average number of davs from the date of emergence to the 
last oviposition was 18.46, the maximum 34, and the minimum 7. 
Number of eggs per female moth of the spring brood.—Accord- 

ing to the oviposition studies of the spring-brood moths of 1915, 
the average number of eggs per female moth was 12.59; in 1916, 11.34 
egos. 

Length of life of moths of the spring brood.—In 1915 the average 

length of life of the male moths was 14.59 days and of the female 
moths 15.86 days; the maximum length of hfe of the male moths 
was 36 days and of the female moths 39 days; the minimum length 
of life of the male moths was 1 day and of the female moths 1 day. 
In 1916 the average length of life of the male moths was 14.67 days 
and of the female moths 15.73 days; the maximum length of life 
of the male moths was 35 days and of the female moths 39 days; the 
minimum length of life of the male moths was 1 day and of the 
female moths 1 day. 

THE FIRST GENERATION. 

Embryological changes and length of the incubation period of 
first-brood eggs—The embryological changes in the eggs of the 
first brood and the length of the incubation period were as follows: 
In 1915 the average number of days from the date of egg deposition 
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to the time of the appearance of the red ring was 2.70, the maxi- 
mum 9, and the minimum 1; the average number of days from the 
date of deposition to the black-spot stage was 6.62, the maximum 
13, and the minimum 4; the average incubation period was 9.14 days, 
the maximum 15, and the minimum 6. In 1916 the average number 
of days from the date of deposition to the appearance of the red 
ring was 2.62, the maximum 10, and the minimum 1; the average 
appearance of the black spot from the time of egg deposition was 
6.68 days, the maximum 11, and the minimum 5; the average incu- 
bation period was 7.32 days, the maximum 14, and the minimum 6. 

Length of feeding period of the first-brood larvae, stock-jar 
method.—During the season of 1915, the length of the feeding 
period averaged 21.64 days, the maximum was 35, and the minimum 
12. In the following year the average length of the feeding period 
was 20.19 days, the maximum 42, and the minimum 14. 
Length of feeding period of the first-brood larve, bagged-fruit 

method.—The records in 1915 give an average feeding period of 22.77 
days, a maximum of 35, and a minimum of 15. In 1916 the average 
feeding period was 21.10 days, the maximum 29, and the minimum 17. 
Length of cocooning period of larve of the first brood—As shown 

by the observations in 1915, the average cocooning period was 6.70 
days, the maximum 28, and the minimum 1. In the following sea- 
son the average cocooning period was 5.53 days, the maximum 30, and 
the minimum 2. 

Length of pupal stage of the first brood. —The average length of the 
pupal stage, first brood, in 1915 was 11.44 days, the maximum 31, and 
the minimum 6; in the succeeding year the average length was 11.23 
days, the maximum 19, and the minimum 6. 

Oviposition by moths of the first brood.—As shown by the studies 
in 1915, the average number of days before oviposition was 2.07, the 
maximum 5, and the minimum 1 the average number of days from 

the first to the last oviposition was 16.78, the maximum 25, and the 
minimum 7; the average number of days from date of emergence to 
last oviposition was 17.85, the maximum 26, and the minimum 10. 
The summarized data for 1916 are as follows: The average number of 
days from the date of emergence to the first oviposition was 2.21, the 
maximum 5, and the minimum 1; the average number of days from 
the first to the last oviposition was 12.69, the maximum 20, and the 
minimum 1; the average number of days from the time of emer- 
gence to the last oviposition was 13.63, the maximum 20, and the 
minimum 5. 
Number of eggs per female moth of the first brood—The moths of 

the first brood of 1915 deposited 46.73 eggs per female moth. In the 
following year the female moths deposited an average of 43.98 eggs. 
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Length of life of moths of the first brood.—In 1915 the average 
length of life of the male moths was 11.86 days, the maximum 41, and 
the minimum 1; the average life of the female moths was 12.68 days, 
the maximum 35, and minimum 1. In 1916 the summarized figures 
give 13.12 and 12.20 days as the average length of life of the male and 
female moths respectively. The maximum life of the male moths was 
38 days and of the female 26 days; the minimum length of life of both 
the male and female moths was 1 day. 

Life cycle of the first generation—The average life cycle as 
obtained by rearing individuals from the egg to the adult stage, 
stock-jar feeding method, in 1915 was 49.30 days, the maximum 72, 
and the minimum 38. According to the bagged-fruit feeding 

method, the average life cycle was 49.18 days, the maximum 74, and 
the minimum 36. To obtain the complete life-cycle add 2.07 days, 
which was the average time from the emergence of the moths to the 
deposition of the first egg. In 1916 the average life cycle, stock-jar 
feeding method, was 44.89 days, the maximum 77, and minimum 36; 
and the average complete life cycle, obtained by adding 2.21 days to 
the life cycle, was 47.10 days. The average life cycle, bagged-fruit 
feeding method, was 46.37 days, the maximum 66, and minimum 238. 
The average complete life cycle was 48.58 days. 

THE SECOND GENERATION 

Embryological changes and length of the incubation period of 
second-brood eggs.—In 1915 the average number of days from the 
deposition of the egg to the appearance of the red ring was 1.85, 
the maximum 4, and the minimum 1; the average time for the ap- 
pearance of the black spot was 5.54 days, the maximum 8, and mini- 
mum 3; the average incubation period was 7.22 days, the maximum 
11, and minimum 6. In the next year the average appearance of 
the red-ring stage was 2.06 days after egg deposition, the maximum 
3, and minimum 1. The average appearance of the black spot was 
5.80 days, the maximum 7, and minimum 5. The length of the 
incubation period averaged 6.93 days, the maximum 10, and mini- 

mum 6. 
Length of feeding period of second-brood larve—rThe average 

length of the feeding period in 1915 was 28.69 days, maximum 67, 
and the minimum 15. Im 1916 the average length of the feeding 
period was 28.61 days, the maximum 70, and the minimum 14. 

Length of cocooning period of larve of second brood.—tIn 1915 the 
average length of the cocooning period was 9.35 days, the maximum 
31, and minimum 8. In the following year the average number of 
days for the construction of the cocoon was 4.80, the maximum 14, 

and minimum 2. 
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Length of pupal stage of second brood.—The average length of 
the pupal stage of the pup of the second brood in 1915 was 15.62 
days, the maximum 31, and the minimum 11. In 1916 the average 
length of the pupal stage was 13.51 days, the maximum 16, and the 
minimum 11. 

Oviposition by moths of the second brood.—No oviposition data 
were obtained in 1915 owing to the fact that the eggs deposited by 
the moths of the second brood failed to hatch. In 1916 fertile eggs. 
were deposited, but since moths emerging on different dates were 
confined in the same cages no oviposition data were obtained. 
Number of eggs per female moth of the second brood.—In 1915 

no fertile eggs were deposited, but in the following year the aver- 
age number of eggs per female moth was 45.58. 

Length of life of moths of the second brood—The moths of the 
second brood of the seasons of 1915 and 1916 were not confined in 
separate cages according to their time of emergence. For this rea- 
son no data were obtained. 

Life cycle of the second generation.—The life cycle of the second 
generation in 1915, as determined by rearing, was as follows: Aver- 
age length of incubation period 6.12 days, average larval feeding 
period 20.49 days, average cocooning period 8.56 days, average pupal 
period 15.62 days, and average life cycle 50.81 days. In 1916 the 
records show that the average length of the incubation period was 
6.01 days, the average larval feeding period 18.08 days, the average 
cocooning period 4.78 days, the average pupal period 13.52 days, and 
the average life cycle 42.40 days. 

THE THIRD GENERATION. 

E'mbryological changes and length of the incubation period of 
third-brood eggs.—In 1916 the average number of days from the 
date of deposition to the appearance of the red ring was 2.49, the 
maximum 5, and the minimum 2; the average number of days from 
the date of deposition to the appearance of the black spot was 6.36, 

the maximum 9, and the minimum 6; the average incubation period 
was 7.77 days, the maximum 11, and the minimum 7. 

Length of feeding period of third-brood larve—rThe average 
larval feeding period of the third-brood larve in 1916 was 37.55 

days, the maximum 68, and the minimum 20. 

PERCENTAGE OF TRANSFORMING LARVZE. 

Percentage of transforming larve of the first brood—In 1915 
47.52 per cent of the first-brood larve transformed, while in the 
following season 74.15 per cent pupated. 

Percentage of transforming larve of the second brood.—In 1915 

1.08 per cent of the second-brood larvee transformed. In 1916 6.71 
per cent of these larve transformed. 
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Percentage of transforming larve, band material—In 1915 the 
_ percentage of larve collected in the field in connection with the 
band studies that transformed to the adult stage was 45.37, and in 
1916 40.88. 

MISCELLANEOUS. 

Natural enemies—The following predators were recorded: A 
small beetle, Zenebroides corticalis Melsh., and a spider, Cori- 
arachne versicolor Keys. 

The following parasites were observed: Trichogramma minutum 
Riley, Dibrachys clisiocampae Fitch, and Arthrolytus apatelae 
Ashmead. The predacious and parasitic enemies play a very unim- 
portant réle in checking the codling moth in the Grand Valley. 

The emergence of moths from fruit cellars is later than that in 
the field. The period of emergence in fruit cellars, however, is 
shorter than that which obtains under field conditions. 

The majority of the moths of the spring and first broods emerge 
during the latter part of the morning and early part of the after- 
noon. 

The codling moth is believed to be a nonmigratory species except 
for short local flights. The moths have, however, strength to fly in 
a continuous flight, unaided by the wind, for a distance of at least 
one-half mile. 

The codling moth is most active in depositing her eggs late in the 
afternoon to early in the evening, the activity being greatest just 
about dusk. : 

The fecundity of the codling moth in the Grand Valley is high. 
Three female moths of the first brood deposited in confinement over 
300 eggs each, the highest total deposition by one moth being 316 eggs, 
115 being the largest number deposited in one day by a single female. 
The codling moth larva normally cuts its way through the eggshell 

-and emerges head first. Occasionally it will protrude the anal end 
first, but in this case it is sometimes unable to extricate itself. 
An examination of a pear orchard devoid of fruit revealed the 

fact that codling moth larve will sometimes burrow into the new 
growth, resulting in the browning of the foliage. 

The codling moth larva prefers to spin up under dark-colored 
bands. : : 

The buff-colored variety of the codling moth known as Laspeyresia 
pomonella (i.) var. stmpsonu (Busck) was reared in the Grand 
‘Valley. 
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