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INTRODUCTION

This bulletin is & report on studies of the codling moth (Carpocapsa
pomonelle L), in continuation of those under way by the Bureau of
Entomology for some years. The plau has been to study the life
history and behavior of this inportant pest in the principal spple-
growing regions of the country, especially as representing different
climatic conditions. Reports have already been issued on studies
made in Michigan, northwestern Pennsylvaania, Maine, the middle
Allegheny region, Arkansas, New Mexico, Colorado, and the Yakima
Valley, Wash. Investigations have been completed and manuscript
prepared on the codling moth in northern Georgiz. This report
deals with the codling moth in the vicinity of Dover, Del,, & locality

! The work coverad by this report was begun in 1018 and eerried out by tho senior puthor, assisted by
H. I Dodd. 'Pho work was uedor tie goneral supervision of A. L. Quaintunce, in ehinrge of investigntions
of decidizos ruil inseets, The Dalwware aprledtural Experiment Station couﬁemled throughout the
course of tho work. T'ha resigeation frn tho huremt of Lhe souior suthor, befors the mmnnseript hud beon
gm]mrecl. led bo the nsshemitent of the junior anthor to the proparstion of the mmnuseript from Mr,

atkragg's notes, in which be waes pssisted by 1 Tinker,

MOWE—28—1
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fairly representative of the insect in the Middle Atlantic States. A
large part of the work was dono in a rearing shelter or insectary, in
which the conditions approximated natural conditions in the open.

EXPLANATION OF TERMS

For the seke of uniformity the terms employed in this bulletin have
been made to conform in meening with similar terms used in previous
life-hictory studies of the codling moth.

The term “gencration’ is here used to include all of the consccutive
stages of the codling moth throughout the season, starting with the
ogg and ending with the adult or moth. The first eggs to be laid
would thus start the lirst generation and the resulting larve, pupe,
and moths would belong to this same generation.  T'he eges deposited
by the moths of the first genervation start the second generation, to
wiiich belong the resulting larve, pupe, and moths, and so on.

The tersn “brood™ as wsed in this bulletin is applied to any stage
of the codling moth, which may belong to a specific generation ortoan
unknown generation.  Thus the eggs, larve, pups, and moths which
belong to the first gencration are called first-brood eggs, larve, pupe,
and moths,

According to the studies o Deirware the larvie which pass the
winter inelude all of the nontransforining lurve of the first and second
broods and all of the Iarvee of the third brood.  The speeilic generation
to which ench of these individuals belongs can not bLe determined
unless they have boen kept separate by roarving methods. The term
“generation” can not properly be applied to the various stages of
their transformation, and for this reason they are simply called
“wintering”’ or “spring-brood”’ larve, and the pupe and moths into
which they transform arce designated “spring-brood” pupz and moths.

In Dover, Del,, and vicinity the larve which hatch from the eggs
deposited by the second brood of moths do not transform into pupes
and moths the same season as hatched but pass the winter in the
larval stage. Hence, this gives what might be termed as & “partial”
or “incomplete’’ third generation. Ilowever, the eges and larve
are known as third-brood egys and larve.

The “life cycle” of any generation includes the time from the
deposition of the egy to the emergence of the moth of the same
gensration.

The *complete life cycle” of any generstion mcludes the time
from the deposition of the egg of one generation to the deposition
of the cgg of the next generation, and strictly speaking should be
applied to the femele sex only.

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

The moths of the spring brood deposit the eggs of the first brood,
and these eggs, upon hatching, form larve of the frst brood. Some
of these larve remnin in the larval stage until the following spring,
while the remainder transform successively into the pupe sand moths
of the first brood.

The moths of the first brood produce the eggs of the second brood,
whiech, after their incubation period, become the larve of the second
brood. Some of these larve do not transform but remain as larve
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unitil the following spring, while the remainder pass successively into
pupz and moshs of the second brood.

The moths of the second brood deposit the eggs of the third brood,
which, upon hutching, form larve of the thivd brood. All of these
larves pass the winter without transforming.

Wintering larve or larvee of the spring brood (spring-brood larve)
include all of the nontransforming larvae of the first and second
hroods and all of the larve of the third brood.

Pupw of the spring brood (spring-brond pup:we) include all of the
pupm from larvie of the spring brood.

Moths of the spring brood (spring-brood moths) include il of the
moths from pupm of the spring brood.

The first generation includes: (1) The eges of the {irst hrood;
(2} the larvie of the first brood, including the transforming first-
brood larve, and the wintering first-brood larvm; (3) the pupe of
the first brood; und (4) the moths of the first brood.

The second generntion includes: (1) The eges ol the second brood;
(2) the larve of the second brood, including transforming second-
brood larve, and wintering second-brood larvee; (3) the pupee of the
second brood; and {4) the moths of the second brood.

The third generation (10t complete in Delaware) necludes: (11 The
egers of the third brood; and (2Y the lnvva of the third brood, all of
which arve wintering individuals.

SEASONAL-HISTORY STUDIES OF 191%

The sensonal-history studics of the codling moth were begun at
Dover in the spring of 1919 with the collection ol overwintering
larvie and the observation of their subsequent pupation. In March
1919, search for overwintering codling-imoth larve in orchards in,
this vicinity failed to yield a sufficient number for experiinental
purposes, but examination of picking baskets in the packing house
of u grower at Woodside revealed larege numbers of the larve in their
cocoons, spun between the slats of the baskets. Approximately 2,000
larvee were collected from these picking baskets from March 20 to
24. A few larvie were talken from beueath bark scales in the orchards
prior te the collections in the packing heuse. All of these larvae
were sllowed to enter pupation sticks for further use in the life-
history studies.

It should be explained that each table in this study 1s o unit in
itsel{, Successive tables are not necessarily continuations of the life
history of all of the same individuals given in a previous table. For
example, it will be noted that Table 1 is a record of the time of pupa-
tion of 405 wintering larve, whereas Table 2 is a record of the length
of the pupal stage of only 338 of these individuals. Differencesof this
charncter may be due to natural or artifieinl causes, such as death,
aceidental injury, parnsites, the removal of specimens for other pur-
poses, or the accidental escape of moths during examination.

WINTERING LARVAE

The wintering larve consist of all nontransforming larve of the
first and second broods and all of the larve of the third breod.
These larvee pass the winter beneath the loose bark on the trunk and




4  TECHNICAL BULLETIN 12, U. 8. DEPT. OF AGRICULTURE

larger imbs of the tree, or in other similarly protected places on or
about the tree. A considerable numnber of winter cocoons can
usually be found also in various eracks and crevices in and about
packing houses and storsge cellars where harvested fruit or the
containers of such fruit have beon kept. The larve are inactive
until spring, when they remodel their cocoons in order to furnish
exit tubes which will provide for the safe issuance of the moths.

As previously montioned, the larve which were collected wers
allowed to enter cocooning racks (sometimes termed pupation sticks)
and there form thoir cocoons. These cocooning racks consist of two
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Fio, L—"Time af pupntiop of 403 wintaring larvee of the codling moth, Dover, Del., Juna, 1919

pieces of soft wood, the lower piece being provided with artificial
cells or compartments. These were covered with a thin piece of mica
or celluloid. The whole apparatus was held together by two metal
clamps. 'This makes it possible to remove the top wooden strip and
observe the specimens without actually disturbing them.

PUPE OF THE SPRING BROOD

Time of pupation—QObservations of the time of pupation of the
wintering larva were made daily by an examinstion of the larve within
the cocooning racks. The time of pupation of 405 of the wintering
larvee is tabulated in Table 1 and illustrated in Figure 1.
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Tapue 1L—T%me of pupation of 405 winlering laroe of the codling moth, Dover,
Del., 1919

Datonf D I Bato of Nume gy of Num- £ pata of
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pupm pupation

pupation pupation
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Apr.... day ' Bluy M. ..

Mayos .. _
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The first pupation occurred on April 10, while the last larva under
observation did not pupate until June 4, spproximately eight weeks
later. The rate of pupation wes more or less irregular, incrcasing
end decressing every few days with the rise and {all of the tempera-
ture. Tle first real increase in pupation occurred April 14, when 10
Jarve transformed. However, this increase occurred somewhat
}Jre maturely, ns general pupation did not begin until about a week
ater, when a marked increase oceurred April 20. During the period
of approximately two and one-half weeks immedintely following—
April 20 to May 8, inclusive—271 or 66.91 per cent of the wintering
larva: pupated. However, during this peried pupation declined to
such nn extent that only threc individuals transformed on April 25
and none on April 26, at which time there was a marked {all In the
tetperature, The maximun pupation was reached on May 4 when
28 larvm transformed, and from this date on pupation graduslly
diminished.

Length of the pupal stage—Table 2 records the length of the pupal
stage of 338 individual pups, the first of which pupated on April 11
and the last on May 17. The pupal period of the individuals that
pupated early in the senson is considerably longer than that of those
which pupated later in the scasorn. This is due to the lower average
daily temperature naturally occurring early in the spring. The
average length of the pupal stage was found to be 25.13 days, the
maximuwn 3%, snd the mimmum 14,

Taprny 2—Length of the pupal stage of 338 pupe of the spring brood of codling
moth, Dover, Del., 1915

Num- Leagih of the piepal stoye in speciliod dnys

berof . - e —_ —— .

Dmteof
PUHE- indl- T T d 1 ) i ;
HON Cfupls 1415 16 7 ISTI0 20 20 22 2391 23 26 272520 30 31 32733 3435736 3739
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TanLk 2.~—Length of the pupal stage of 338 pupe of the spring brosd of crdling
moth, Dover, Del., {818 —Continued
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Time of emergence—
The time of emergence
of 425 moths of the
spring brood is recorded
in Table 3 and shown
in graphic form in Fig-
ure 2. The first moth
issued May 23 and the
last June 30, a period
of approximately five
weeks. In the course
of emergence there were
two periods of ineressed
oLl iitieging ilIillllllHIEll!l\M‘N.!.{lr t?mergenceofmoths,one

<7 zz . e /6 25 . & from May 29 to June 3,

ST AINE %5 inclusive, and the other,

e el et tegrie ot which was the main
period of emergence,

from June 9 to June 17, inclusive. The maximum emergence of
39 was reached on June 13, followed by a slight decrease and later
a more ~apld one as the period for issuance of the moths drew to a
close. Weatherconditionshad a part in creating the period of decreased
emergence of June 4 to 8, inclusive. The average daily tempera-
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ture {(fig. 2) declined gradually from -June 4 to June 10, inclusive,
while at the sume time, in the period {rom June 5 to 12, inclusive,
the weather was either cloudy, showery, or rainy.

Tasui 3.—Time of emergence of 425 moths of the spring brood of the codling moti,
Dover, Del., 1918
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Tapve 4-—Cuiposition by 976 moths of the spring brood of codling moth in rearing
cages, Daver, Del., 1819
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TasLe 4.—Oviposition by 976 moths of the spring brood of codling moth in rearing
cages, Dover, Del., 1915—Continued
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Oviposition by moths of the spring brood.~—In Table 4 are recorded
the observations of the oviposition of 976 moths which were con-
fined with 696 male moths in 55 cages. The data of this table may
be summarized as follows: The average number of days before ovi-
position was 2.85, the maximum was 8, and the minimum was 1;
the average number of days of oviposition was 7.69, the maximum
was 17, and the minimum was 3; the average number of days from
dute of emergence to last oviposition was 9.54, the maximum was 18,
and the minimum was 5.

Number of eggs per moth.—The average number of eggs deposited
by moths of the spring breod wus 12.16. This nwnber was deter-
nuned by dividing 11,869, the totsl number of eges deposited, by
976, the total number of female moths caged, as shown hy the data
included in Table 4.

Length of life of moths—The dead moths in the oviposition cages
were removed daily, their sex determined, and the length of their
life computed. ‘T'he results of the obscrvations of 607 male and 879
fernale moths, or a total of 1,486 moths, are given in Table 5. This
table shows that the average length of life of the male moths was
8.27 days and that of the female moths was 8.51 days. The maxi-
lmum and winimum length of life of both the male and female moths
in this case proved to be the same, the maximum being 22 days and
the minimum 1 day.

Tanve 5.—Length of life of 6807 male and 879 female moths of the spring brood
of codling moth in captivity, Dover, Del., 1919

- _ Num. | 1\'—:.1m R  Num- i .r\'um- Nurm- | Num-

Leugthoffiis Q000 DTl Longtn ot lite § Bor of foomats | Length of life | berof | borof

moths . moths | moths moths
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THE FIRST GENERATION

LBGO8 OF THE FIRST BRCOD

Time of egy deposition.~—The first eggs of this brood were deposited
on May 25, and, as shown in Table 6, deposition of eggs continued up
to and including June 24. During this period not a day passed without
deposition, as will be noted by an examination of Figure 3. The
maximuin number of eggs deposited in any one day was 1,453 on
June 3, which date, ss can be observed in Figure 3, was the day of the
highest averege deily temperature during the period of egg deposition.
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Fia. 3.—Time of doposition of 11,915 eges of the ey brood of codling woth, Dover, Del, 1018

Length of incubation.—The length of the incubation period is given
in Table 6. The average number of days from the date of deposition
until the appearance of the red ring was 4.55, the maximum 6, and the
minimum 3; the average number of days from the date of deposition
to the black-spot stage was 5.55, the maximum 7, and the minimum
4; the average incubation period was 6.64 days, the maximum 8, and
the minimum 5.

66028 —28——2
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TaABLE 8.—T"ime of deposition, length of incubation, and time of halching of 11,915
etigs of the first brood of codling moth, Dover, Del., 1919
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LARYZE OF THE FIRST BRQOD

Time of hatching.—Eggs of the first brood commenced to hatch on
June 1 and continued to hatch until July 1, as given in the hatching
data in Table 6 and shown in graphic form in Figure 4. The aggs
hatched in large numbers from June 4 to June 11, inclusive, except
for June 10, on which date no eggs were recorded as hatching, The
eggs hatched in_maximum numbers on June 9, when 1,453 hatched.
Tuis was just six days after the time when the greatest number of
oggs was deposited and eight days after the appearance of the first
larve. The first iarva of this brood was noted in the field on June 2,
when a smeall individual was found feeding in the side of an apple.

Length of the feeding period, stock-jar method —The length of the
feeding period of 852 larve of the first Lrood (both transforming and
nontransforming), according to the stock-jar method,? is given n
Table 7. The first larva entered the fruit June 2 and the last June
26. The average length of the feeding period was 21.21 days, with a
maximum of 47 and a minimum of 9.

1 Thho stoek-jor method ls the method of determining the length of feading pariod of larvm ju apples placsd
in glass battory jars.
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Length of the cocooming period—The cocooning period is here
considered as extending from the time that the transforming larva
leaves the fruit until it has pupated. The data in Table 8, therefore,
apply to 175 transforming larve of the first brood, which left the fruit
from June 20 to July 19. ~ The average length of the cocooning period
was 6.34 days, the maximum 22 days, and the minimum 2 days.

TasLe B.—Length af cocooning period of 175 transforming larve of the Jirst brood
of the codling moth, Dover, Del,, 1519

Num-l Langth of encousing porlod in specifled days, belng Lhe time '

Larvwe | ber 0[1 from laaving the froit to Lhe time of pupation Avor Mnxi—l Mini-
lofl fruit i 13;"'!' ] TECY P YTTCY T 7o) tEe mum mam

unls ! 2 l 4 l 518(7]6|w]101L }12 1415011651719, 2022 :

! b B . . e

i ! : i
i ' ) ; Puys | Davs i Dnys
: S S O S S L 1.00 41 4
: 2 | [ | .00 71 4
N . 10.50 11 - 10
1] 3.40 T 2
391 5. 60 71 3
413 6.75 a9 ]
o1 7.50 20 3
2|2 0. 83 17, 4
Sl 6.79 10 3
111 6.12 20 ! 4
4113 h. 62 15 3
102 4,12 7. 3
- 3 - .33 B 4
4 - 1075 22 . 3
2 1 PR ORI RO N 4050 . B 3
5 9. 00 15 7
3 49.00, 15 4
1 1.00 F 11 11
1 - A [ &
a’ 550, 7 4
1 4.00 4 4
1! 4,00 ! 4 4
1 5,00 5 5
1 |- N NN S O ) O | 300} 2 3
. | ; I
Totelor | ! n ; i i
averags: 175 | 1 ;20 33 3 |35 g | S|4 |4{1|1[4}2 ; 11 I 211 i a. 34 | 2 2
; : i

FPUPE OF THE FIR3T BROGD

Tume of pupation—The record of the time of pupation of 678
transforming larve of the first brood is given in Table 9, and shown
graphically in Figure 5. The first pupation is recorded for June 24
and the last for August 4, ap]promnately six weeks apart. The
greater amount of pupation took place between July 1 and July 18,
nclusive, the maximum pupation being reached on July 5 and July 7.

TanLe 9. —Pime of pupation of 678 trensforming lerve of the ﬁr:st brood of codling
moth, Dover, Del., 1919

| . - N - — ...N. . e ._{;_._.

Datgor | Nwwe Dute of B | pate of um- Doteof | Num.

I ro k b , + ber
pupation \ ]?g;g ! jupntion [l;al‘p:] ' pupation pg;g pupation _ngpg

S . L D

1
1 July s 37 4 July 15.
1H July 7. 65 1 July 16.
3 ;| Tuly 8... 81 | July 17
2 Jaly 9 .. 18 [ July 18
10§ July 10__ 28 | July i9
18 July 1. 28 11 July 20,
8% 0 July 12__ “July 21,
July 4. 3z 1" July 13.. 20 ’i July 22,

Total. -..i L:Fi]
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Length of the pupal stage—As shown in Table 10, the average length
of the pupal stage of the first brood was 12.11 days, the maximum 30,
and the niinimumn 5. The average length of the pupal stage of this
brood of pup® is approximately only half as long as the average
length of the pupal stage of the spring-brood pupe.
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Fig. 5.—T'ime of pupstion of 678 transforming lary « of the first
brood of the codiing math, Dover, Lrel., 1919

Taptk 10.—Length of the pupal stage of 522 pupz of the first brood of codling moth,
Dover, Del., 1918
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MOTHES OF THE FIRBT BROOD

Time of emergence—The records of the time of emerzence of moths
of the firat brood were taken from two sources of material: (1) Moths
that issued from first-brood larve resred in the insectary, and (2)
moths that issued from larve collected every second or third day
froin banded apple trees in the orchard. 'The first of these sources
w:ll give the approximate limits of emergence of first-brood moths as
accurately as such limits can be determined from reared material,
and the second of these sources will give the limits of emergence of
first-brood moths under actual field conditions.

From the insectery-bred material as shown in Table 11 and Figure
6, ths first moth appeared July 5, ahd emergence continued daily
with a few interruptions until August 11. The maximum emergence
was reached on July 19.
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Fi6. 6.—Tine cf cinergenee of 532 mothbs of the first brood f the codling moth, insectary-reared
mataerisl, Dover, Del,, 1919

Tasue 11.—7ime of emergence of 532 moths of the first brood of codling wmoth fram
material reared al the insectary, Dover, Del., 1919
wum: || | Num:

|
Doherof || Duteotemer- | o
i moths

Num-

Nuni- : ;
H : { Dnts ol emer- | T

berpof
moths .

Dnte of emer-
gonee

Dnte af gmer-
Bncy

] DO b Bl

Reference to Table 21 will show that the first moth of the second
brood did not emerge until Angust 22, thus leaving an interval of 10
days from August 11 to August 22 when no moths emerged from the
ingeetery-reared larvee.
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Table 12 and Figure 7 show that such a condition did not occur with
the band-collected larve. Emergence of moths from this lot of
material began July 5 and ended September 6, the maximum emer-
gence occurring on July 24, nearly a week later than that of the
insectary-bred material, This is a normal condition in the field and
is explained by the fact that there is usuelly an overlapping of the
first and second broods, the end of the one and the beginning of the
other probably occurring some time within the period when no mo ths
emerged from the insectary-reared larve.

Panue 12.—Pime of emergence of 1,050 moths of the first brood of codling moth
reared from field muaterial, Dover, Del., 1918
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F16. T.—Tiue of emergence of 1,050 moths of the frst broed of the eodling moth, reared from field
material, Daver, Del., 1910

Number of eggs per female moth.—Table 13 shows that 527 moths
of the first brood deposited a total of 19,386 eggs, or an average of
36,70 eggs each. The average deposition of eggs of this brood of
moths was over three times as great as the moths of the springbrood.
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Taere 18.—CQviposition by 527 moths of the first breod af codling moth in rearing
cages, Dover, Del., 1918
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malo | gence : position | position | GG | O4ID W54 1 40 last
i sition [ ovipo- ovipe
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Time of oviposition.—The oviposition records of 527 moths of the
first brood, confined in 39 cages (Table 13), show that the average
number of days which elapsed before oviposition was 2.14, the
maximum 5, and the minimum 1; that the average number of days
from the first to the last oviposition was 7.19, the maximum 13,
and the minimum 2; and that the average number of days from
date of emergence to last oviposition was 8.32, the maximum 13 days,
and the minimum § days.

The first eggs were deposited July 10 by moths which emerged
either July 4, 5, or 6, and the last eggs were laid August 8 by moths
which emerged August 1.

Length of life of moths.—Table 14 gives a summary of records of
the length of life of 1,010 moths of the first brood, 483 being male
and 527 female. The average length of life of 483 male mot%s was
7.17 days, of 527 female moths 7.38 days; the maximum length of
life of male moths 14 days, of female moths 15 days; and the mini-
mum length of life of male and female moths 1 day.
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TasLE 14— Length of life of 483 mele and 627 female moths of the first braod of
codling moth in captivily, Dover, Del., 1913
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LIFE CYCLE OF THE FIRST GENSRATION

Life cycle, stock-jar feeding method —The length of the life cyele of the
first generation of the codling moth, by the stock-jar feeding meathod,
as given in Table 15, includes the time from the deposition of the
egy to the emergence of the moth. As the complete life cyele
extends from the deposition of the eggs of one generation to the
deposition of the eggs of the next, it is necessary to add the average
number of days from emergence of moth to first oviposition. o
this case 2.14 days (Table 13% should be added to the figures in Table
15 to determine the complete life cycle of female moths. The data
in this teble cover 526 individuals, and give the incubation period,
the average, maximum, and minimum length of the larval feedin,
period, the pupal period, and the life cycle. The summarize
averages by days are: Incubation period, 8.97; larval feeding period,
20.34; cocooning period, 6.40; pupal period, 12.09; life cyele, 45.81,
and complete life cycle, 47.95.

Tasve 15.-—Life cycle of 628 inlividuals of the first generalion of codling moth,
as obscrved by rearing, stock-far feeding method, Dover, Del., 1915
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THE SECOND GENERATION
EGGS OF THE SECOND BRroOD

Time of deposition—Table 16 shows the number of sggs deposited
daily by moths of the first brood in oviposition jare in the insectary.
Reference to cither
Table 16 or Figwe §
will show that the (irst
egzs were deposited
on July 11 and thelast
on August 6. The
date ol maximum dep-
osition was July 13,
somewhuat nearer the
begiening of deposi-
\j : tion than is ordinarily

\ the case. Although

the maximum deposi-

—— = TEMPERATIRE tion was reached
NIECT ACTIVIEY quickly, it was not
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* E?E[m; wath, Dovfri:%cl.. lilil!} root nu‘mbc[ -0{ eggs [(]llll(l
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the last daily record.
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Tanuk 16—Time of deposition, length of incubation, and time of halching of 2,946
eggs of the second brood of codling moth, Dover, Del., 1919

Daie~ 1 .Apprarsnee of—
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o7 Judy 16 July o July vl July e 3 b i}
W Fely 1T July W July W Jaly 2 3 h G
150 July 15 D July B July 1 July 2. 3 5 i}
s July 10 o b duly 25 o 4 i3
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107 July 25 Aug. ! oAw ¥ oAug 3 P ] 5
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150 Aug. 47 Aug. 5 oAumd ¥ Aug 10 4 il 8
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Length of incubalion.—A record ol the observations of the develop-
ment and ineubation period of eggs ol the second brood is given
Table 16. The average number of days [rom the time ol deposition
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to the appearance of the red ring was 3.23, the maximum §, and the
minimun 2; the average number of days from the time of deposition
to the sppearance of the blacl spot was 4.74, the maxiraum 6, and
the minimwm 3; the average length of the ingubation pericd was 5.90
days, tho maximum 7, and the minimum 3.

LARV/E OF THE SBECOND BROCD

Time of hatching.—The pericd of hatching of eggs of the second
brood (Table 16 and fig. 9) began on July 17 and continued through
August 12, & period of
nearly four weeks,
The maximuw hateh
was recorded for July
25, when the pertod of
icubation of 274 cggs
was Tunshed.

Length of the feed-
ing pertod ---In Table
17 the vecord of the
observations of the
feeding period of 424
larve of the sceond
brood, us determined
by the stock-jar feed-
ing method, 15 gives,
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Fig. 0.—T'ime of hateling of 2,946 egys of the s:.'.cgnd brood of the

codking matl, Dover, Del,, 181

the feeding period
was 24,00 days, the waxitaum 40, and the minimum 82

Tanue 17— Leagth of feeding period of 427 larve of the second broed of codling
math, stock-fur method, Dover, Del., 1915
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plaged 13 the cages,
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Length of the cocooning period.—The length of the cocooning period
of 50 transforming larve of the second brood is given in Table 18,
The first larva recorded left the fruit August 10 and the last on
September 1. The average cocooning period for the 50 individuals
was 8.32 days, the maximum 17 days, and the minimum 3 days.

Taoue 18.—Length of ecocooning period of 50 lransforming larve of the second
brood of codiing moth, Dover, Del., 1818
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PUPE OF THE SECOND
EROOD

Thme of pupation.—
Table 19 and Figure
10 show that pupsation
of the second brood
took place from Au-
gust 16 to Septem-

o L L - ber 8,inclusive. Max-

) AT . & JEPTE/WS’EAF imwn pupation took
F1a. 10.—T'ime of pupation of &l transforming larve of the second place from A.ugust

brood of the codling meoth, Dover, Del,, 1910 28 to September 3,
inclusive, the greatest number pupating on any one day being
BOVEN. '

3

AR BT LINL Y T TR T s

I | LI N O [

if

Tanve 19.—Time of pupalion of 51 transforming lorve of ihe second brood of
codling moth, Dover, Del., 1819
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Length of the pupal stage.~—DLhe length of the pupal stage of 33

pupe of the second brood is given in Table 20. The first pupation

occurred August 16 and the last September 5. The average length of

the Pupal period was 12.39 days, the maximuin 232, and the mimmum

5. 'Mie average length of the pupal period agrees very closely wath
that recorded for the pupz of the first broed. (Teable 10.)

TanLe 20.—Length of the pupol stage of 38 pupz of the second brood of the codling
moth, Dover, Del., 1818

Langth of the pupal stage in specified days
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MOTHS OF THE BECOND BROOD

Time of emergence.—The time of amergence of moths of the second
brood reared from insectary-bred material is presented in Table 21
and Figure 11. The first moth of this brood issued on August 22
and the last on September 24, a period of approximately one month.
Maximum emergence occurred August 27 when 12 moths issued.

TabLE 21.—Time of emergence of 66 moths of the second brood of the cedling wmolh
from maoterial reared ol the insectary, Dover, Del., 1819

i
Num- pp. | NFLIN- o Mum- _ | Num-
Dateolewmer- . e Datealemer- [y, Date of erncr I ber af Datgcol:‘ é:emer bet of

e " moths moths senes : mnths moths

Aug. . i 2| Sept. 17 ...
Aug. .
A
Sept. ' 1

 Sept. ! . i Total___.
Soht. :

LIFE OF THE BRECOND GEWNERATION

Life vycle, stock-jar feeding method —In T able 22 are given the
sununarized data showing the average length of each period in the
life cyele of the codling moth, as derived from observations of 33 indi-
viduals of the second generation reared by the stock-jar method,
The average Jength of the various periods in days is as follows: In-
cubation, 5.48; larval-feeding, 20.73; cocooning, 8.39; pupal, 12.09;
amd lile eycle, 46.69.
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Tanve 22.—Life eyele of 33 individuals of the second generation of codling moth,
as observed by reuring, slock-jar Jeeding method, Dover, Del,, 1919
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Fio. 11, —Thno of ewergence of 33 noths of the sceond brood of L codling meth, Dever, Dal., 1019

A comparison of Table 22 with Table 15 shows the average life
cvele of the second brood of the codling moth to be slightly less than
one day longer than that of the first brood.

THE THIRD GENERATION

BGGS OF THE THIRD BROOD

Tvme of deposition—Table 23 shows the number of cggs deposited
by moths of the sacond brood. As shown in Figure 12 and Table 23
the first eggs were deposited August 25, the last September 24, and
the maximum, 195, August 31.

Length of incubation.—A rocord of the observations of the devalop-
ment and incubation period of the eggs of the third brood is found
iz Tablo 23. The average number of days from the time of deposi-
tion to the appoarunce of the red ring was 5.03, the maximum 7,
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and the minimum 3; the average numnber of days from the time of
deposition to the appearance of the black spot was 6.25, the maxi-

mum 7, and the minimum 5; the average length of the Incubation
period was 7.66, the maximum 11, and the minimum 8.

Tanue 23.—Time of deposition, length of incubation, and lime of hatching of 639
egps of the Uird brood of codling moth, Dover, Del., 1813
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F1g. 12.—11me of depesition of 039 eggs of the third brood of the codling moth, Dover, Del,, 1019

LARV.E OF TEE THIRD BROOD

Time of hatching —The time of hatching of eggs of the third brood
(Table 23 and fig. 13) began September 4 and ended October 1,
the maximum hateh occurring September 7, just one weelk from the
date of maximum deposition and approximately two weeks after the
deposition of the first eggs of the third brood. A number of the
egos {ailed to develop.
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Length of the Jeeding period —The length of the feeding period of
lervze of the third brood was established by means of the stock-jar
feeding method. The observations of the feeding period of 15 larve
are recorded in Table 24. Of the 15 larve, 7 entered the fruit Sep-
tember 5, and 8 September 9. The average length of the feeding
geriod was 25.07 days, the maximum 32 days, and the minimim 13

avs.

TaBLE 24.—Length of feeding period of 15 larve of the third brood of codling moth,
stock-jar feeding wmethod, Dover, Del., 1919

) . Leogth of Ieeding period Ib spe.
' Number - citied days

i Dnte of enterlng lrait - of !ndi- -
L vhlunis

soBepb. bt
Bept. & ...

The length of the feeding period of 418 larve of the second and third
broods, reared from mothis which transformed from larve collected
from banded trees, is given in Table 25. Because of the fact that the
second and third broods overlap in the field it was not possible to
determine positively to which brood the above larve actuelly belonged,
and for this reason they are recorded together in one table. The
first of these larve entered the frujt July 17, the last August 18.
The average longth of the feeding period was 21.92 days, the maximum
49 days, and the minimum 13 days.

TaBLE 25.—Length of feeding period of 418 larva of the second and third broods
of the codling moth, bund-record malerial, Dover, Del., 1915
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CODLING-MOTH BAND STUDIES OF 1918

“ As previously stated, the collecting of codling-moth larve from
banded trees serves as & basis for comparison of the larve living under
field conditions with those reared under laboratory conditions. For
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this reason a number of trees were banded early in the season and the
larve were collected from beneath these bands every few days. In
1919, as shown in Table 26 and Figure 14, the first larva were col-
lected from banded trees June 19 and the last September 13. During

86028—28——1¢
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this period 5,559 larva were obtained, the maximum number collected
&t any one time being 851 on July 8. During the season of 1919,
1,050 moths, or 18.89 per cent of the total number of larvae collected,
issuod from the band material. The percentage of moths emerging
from each collection is shown graphically in Figure 15. No moths
emerged in 1919 from the band-collected material after August 12.
In the following spring 723 1noths, or 13.01 per cent of the total num-
ber of larvae collected, issued from the band materiel. The re-
mainder of the larve, 68.1 per cent, failed to reach the adult stage.
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Fra. 15.—Parcentnge of cadling inoths emerging on different dates from
band-collected material, Dover, Del., 1018
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Tanre 26.—Bend-record data of 5,3559 lerve of codling moth collected at Dover,
Del., 1918
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SEASONAL-HISTORY STUDIES OF 19520

During the season of 1920 the life-history studies of the codling
moth were continued and carried out in much the same manner as
in the year previous.

PUPAE OF THE SPRING BROOD

Ls

Time of pupation.—The daily observations of the time of pupation
of 531 overwintering larve are tabulated in Table 27 and ilFustrated
in Figure 16. The first pupation occurred April 12 and the last took
place June 22, the maximum being reached May 23. The period of
greatest pupation was May 20 to June 3, inclusive, somewhat later
than the period of maximum pupation for 1919 as shown by Table 1
and Figure 1. The first pupa of the season, however, was observed
April 5, having transformed from a larva collected in the field and
brought into the insectary April 3. ’
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TF1g. .—Time of pupation of 531 overwintering larvm of codling maoth, Dover, Dal., 1818

Tanue 27—Time of pupalion of 5811 overwintering larve of codling moth, Dover,
Del., 1920
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Length of the pupal stage.—The length of the pupel stage of pups
of the spring brood was computed from observations made on 416
individuals and recorded in Table 28. The pupal stage steadily
decreased in length as the season advanced. The average pupal
pecll*iod was 2242 deys, the maximum 49 days, and the minimum
8 days.

Tasre 28.—Length of the pupel stage of 416 pupe of lhe spring brood of codling
math, Doger, Del., 1920
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MOTHS OF THE SPRING BROOD

Time of emergence.—The time of emergence of 1,620 moths of the
spring brood is recorded in Table 29. This table shows that the first
emergence took place on May 23, the last on July 9, and the maxi-
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mum on June 13. However, empi(;{y Canai cases signifying the
presence of moths were found in the field on tree trunks prior to the
earliest date named above, one empty case being found May 20 and
another May 22. Also three moths were found flying about the
insectary May 16. The daily rate of emergence is shown in Figure 17
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F16. I7.—Tlme of emergenca of 1,620 moths of the spring brood of the
codling moth, Daver, Del,, 1920

TanLe}29,—Time of emergence of 1,620 molhs of the spring brood aof cedling molk,
Douer, Del., 1920
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Ovtposition by moths of the spring brood.—The oviposition records of
731 moths of the spring brood, confined in 47 cages with 751 male
moths, are given in Table 30, The summarized higures show that
the average number of days before oviposition was 3.23, the maximum
7, and the minimuin 1; the average number of days of oviposition
was 8.42; the maximum 21, and the minimum 2; the average number
of duys from date of cinergence to last oviposition was 10.65, the
maximum 23, and the minimum 3,
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Tanue 30.—O0viposition by 751 moths of the spring brood of codling moth in rearing
cages, Dover, Dell, 1920
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Number of eggs per female moth.—The 731 moths of the spring brood
deposited 8,031 cgus, or an average of 10.99 per moth, which is a
slightly lewer average than that for the corresponding brood of
nmoths in 1919,

Length of life of moths—As the dead moths were removed from the
oviposition cages their length of life was recorded. Tabie 31 gives
the length of life of 1,345 moths —690 males and 655 females. The
average length of life of the male moths was 8.33 days, the maximam
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24, and the minimum 1 day; while the average length of life of the
fernale moths was 8.75 days, the maxinum 24, and the minimum 1.

ranie 31.—Length of life of 690 wnale end 853 female wmoths of the spring brood of
endiing moth in caplivity, Dover, Del., 1220
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THE FIRST GENERATION

EGQS GF THE FIRST BROOD

Time of eqy deposition.—Table 32 and Figure 18 show that the
first eggs of the hrst brood were deposited June 1 and the last July
3, a period of sliglrmtly 1200 551
over one month. The ————  TEMPERATURE &
height of the deposition WSECT ACTTVITY
period  extended  from I
June § to June 23, in- A
clusive, fhe maximum vy
being reached on June 16
when 1,082 eggs were de-
posited. This date was
epproximately the middle
of the oviposition period.
Reference to Table 6 will
show that the [irst eggs
were deposited nearly o
week earlier in 1919 than
in 1920,

Length of incubution. —
The length of the embry-
ological development and
incubation period of eggs
of the first brood is given \
in Table 32. These data
nmy be summarized as o ARRSREERd HNONYIN! L
Tollows: The average 0 20 2. 1S
number of days from date AWE ey
of depositiou to appesr- l-‘lr..lS.——'I‘Itnﬁngcgmmi%sétiggt?lr‘ ?lfr:\jc(:'!,;gls) éif,l'l?l?ﬂms" brood of
ance of the red ring was
442, the maximum 7, and the minimum 3; the average pumber
of days from date of deposition to appearance ol the black spot was
6.19, the maximum 8§, and the minimum 4; while the average length
of incubation period was 7.41 days, the maximum 10, and the mini-
mum 3.
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Tanve 32.—"%me of deposition, length of incubation, and lime of helching of 7,562
etips of the first brood of codling math, Dover, Del., 1920
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INSECY ACTIVITY Time of hatching.—The time of
hatching of eggs of the first brood is
given in Table 32 and Figure 19.
The first hatching oceurred June 10,
the last July 3, and the maximum
June 24, 8 days after the date of
maximum deposition and 14 days
after the appearance of the first
larva. The eggs deposited after
June 28 failed to develop. While
the first hatching is recorded in
Table 32 as having taken place
June 10, a newly hatched codling-
moth egg was noted on an apple
an orchard at Woodside on June 7,
three days earlier than the frst
hatching at Dover.
Length of the feeding period, stock-
ot HIIII,?I IIHI'P‘{egl'! L --y jﬂ.-"' _feeding metﬁod.—Tl_Je recqrd of
2 2 o the length of the feeding period of
Fi6. 10~Thne of hiatebilng of 7,582 oggs of 875 larve of the _hrst. brood by
13¢, frst Lrood of the codling moth, Dover,  )a stock-jar feeding method is
' given in Table 33. The first larve
entered the fruit June 10 and the last July 2. The average length
of the feeding period was 19.75 days, the maximum 42 deys, and the
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minimum 10 days.  ‘This avernge is approximately a day and a half
shorter thau that of the first brood of larvee in 1919.

TanLe 38.—Length of the feoding period of 875 lurvm of the first brood of the codling
moth, slock-jer feeding method, Dover, Del., 1820

Nune . - l.ung..:LI! of feading pu-riod in .spnclﬂud. ;i‘lll)"s.

Dote of enlering bar of £« ¢ e G Co

frui 3'“3!.‘,'&‘1"10 1112181415 10 17 18 14

R L
My 23 2 04 2555 27 25 20 10 31,3283 3435

37 39

June 10..
June 1l .
Jumne 13

“'?.‘!.—r'::_.'ﬁ‘.’-‘-

June
June

et
E=
L5
&=
v
=Rl S

TAE2A 1 1 A L0 Si T

Todnl. : 3 2114080 BH'\JI}_S!!;?U_?IHEi-I .
L i oLt i

Lenglh of the cocooning period.—The length of the cocooning period
of 408 transforming larvie of the first brood, which is the time from
leaving the [ruit until pupation takes place, is given in Table 34.

Tavwe 34, —Length of coceening period of 408 transferming larve of the first brood
of the eodling moth, Dover, Del., 1980

Num ! L{J'l:u.’lll Ufcucinnning p}erin(l {:1 spe{:lﬁuitl (111?'5, buini;: tho
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The average length of the cocooning period was 5.65 days, the maxi-
mum 26 days, and the minimum 2 days. While the period extended
up to 26 days as a maxi-
mum, the greater number,
287, or slightly over 70 per
cent, cocooned in 4, 5, or
G days.
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Time of pupation.—The
time of pupation of 416
transforming larve of the
first brood is recorded in
Table 35 and shown graphi-
e rEmrERATORE cally in Figure 20.  The first
——— NSECT ACTIVITY pupation took place on July
5, the last on August 6, and
the maximum July 13, on
which date 40 larve trans-
f[ormed into pupm. The
1 period of maximum pupa-
v tion lasted from July 9 to

July 23, inclusive, a period

/\ ofLingh?tlj} over t.w? weeks.

SN SRTNNIST SN ERATRERNE NN ATEE! engtho tkejmpa stage. —
- T B The records of the length of

Flg, 20,—Thne of_pupeiion of 416 nrva: af Lho frst brood of thl?. pll[)ill penod of 326
o kt:‘mil!:u;i molh, Devar, Del,, 1420 root o pupe of the first bI‘DOd,
beginning with 3 larve

which pupated July 5 and ending with 1 larva which pupated August
6, arc given in Table 86. 'These records show that the average length

of the pupal period was 11.47 days, the maximum 32 days, and the
minimum 5 days.
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Tanve 38.~-Time of pupation of 416 transforming larve of the first brood of the
codiing moth, Dover, Del., 1920
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Panue 36— Length of pupal stage of 326 pupe of the first brood of the codling moth,
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Dover, Del., 1920

Leogth of pupal pariod in specifled days

MUTILS GF THE FLIRST HRODD

Time of emergence.-—
Table 37 and Figure 21
givo the time of emer-
sonce of 348 moths of
the first brood reared
from insectarv-bred
material, and Table 38
snd Figure 22 give the
time of omergence ol
1,078 moths of the first
brood reared from band-
collected  mnaterial.
Emergence from  the
insectary-bred material
began on July 13 and
ended on August 21,
reaching the maximum
on July 23, and emerg-
euce lrom the band-col-
lected material began
one dayv later, July 14,
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F16. 21.—Time af emergence of 348 moths of the first hroad of the
eodling math, ingectary-brod molerinl, Dover, Lel., 1920

and continued three weeks longer, through September 12, reaching
the maximum on July 21, two days earlier than the maximum for
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the insectary-bred materinl. There is 2 period of 21 days betwesn
the last emergence recorded in Table 37 and the last one recorded in
Table 38, while reference to Table 47 will show a period of 12 days
elapsing between emergence of first and second brood moths from
iusectary-bred material. This can be explained by the fact that in
the field there is an overlapping of the first and second broods which
did not take placs in the material resred in the insectary. In all
probability the dividing line between first and second brood moths
as they occur in the field comes in the period of o moth emergence
s shown by the insectary-bred material.
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Fi6. 22 —Time of amargence of 1,058 moths ofthe first brood of the codling moth, bend-collsetod
materind, Pover, 1el,, 1920

Taere 37.—DPime of emergence of 348 moths of the Jirst brood of the codling moth
From maleriul reared ai the insectary, Dover, Del., 1920
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Dote of MNume I © Dateof N Date of
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TapLe 38.—Time of emergence of 1,078 moths of the first brood of codling moth,
band-collected malerial, Dover, Del., 1820

1
Number ' Bex “ Nutnber Sex
Daie of amergence [ of moths - - - -~ - - » Date of emergente | of moths| - - P
emerged © peo0 Famale cemerged [ ageje | Fomale
P, .

! i6 5 & 19 6 13
July 15. ' 85 - 1z 13 LY T 10
July 10 a0 15 i1 28 13 15
: a7 i 20 21 17 8" 9
68 25 4 il 8. 3
HLe 0 10 4 2 2
67+ g3l 34 18 4 15
70 2, 44 b 2, 3
52 2 i i 4 2 l 4
7] 21 41 4 1 3
an a 18 2 1 i
0 12 Iy 2 1 1
1 e it} 3 1 2
12 4 10 F I TN 1
43, 20 ; A |3 IR 1
17 L. ] 2 1 1
45 - b o] 1 ) I
Jix] 22 21 1 ) .
1 19 10 [ 1] 1
. 2.. 1ni G & | 2 2
. 3 o M 14 | 2 1
-l i 10 13 E 14. 1
. % G 23 10 1 1

. 39 14 25 i
. T 25 | iL! ! 11 Tatpl .. ...} 680

U TT- T T —— 2 1 H 18 1

Number of eggs per moth.—Tho number of eggs deposited by 639
moths, confined in 48 eages with 521 male moths, is recorded in
Table 38. The moths produced 24,145 eggs, or an average of 37.79
each. This is an increase of one egg per moth over the average for
moths of this broed in 1919,

Time of oviposition.—Oviposition by first-brood moths in rearing
cages bogan July 16 and ended August 25. The average number of
days from the date of emergence of the moths to the first oviposition
wos 2.16, the maximum 6, and the minimum 1; the average number
of days from the first to the last oviposition was 12.71, the maximum
21, und the minimum 1; the svernge number of days from date of
emergence 1o last oviposition was 13.87, the maximum 22, end the
aminimum 2.

Length of life of moths—A record of the length of life of 1,048
moths of the first hrood in captivity, 469 being male and 579 female,
is given in Table 40. The average length of life of the male moths
was 9.98 days, the maximum 24 days, and the minimum 1 day;
while the average length of life of the female moths was 10.62 days,
the maxhnum 23 days, and the minimum 1 day. Reference to
Table 14 will show that moths of the corresponding brood in 1919
had an average length of life between twe and_three days shorter
than the moths of this brood in 1920, as shown in Table 40.
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TasLe 39.—Oviposition by 639 moths of the first brood of codling moth in rearing
cages, Dover, Del., 1520
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TasLe 40, —Length of life of 469 male end 579 femule moths of the first brood of
the vodling moth in captivity, Dover, Del., 1920
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LIFE CYCLE OF THE FIRST GENBRATION

Life cycle, stock-jar feeding method.—The life cycle of the first gener-
ation of the codling moth, obtained by observation of 329 individuals
reared by the stock-jar feeding method, is recorded in Table 41. The
average length in days of the Incubation period was 7.69; of the larval
feeding period, 18.27; of the cocooning period, 5.49; of the pupsl
Fcriod, 11.46; and of the life cycle, 42.91. The average complete
ife cycle was 45.07 days, obtained by adding to the average life
cyele, as shown in Table 41, 2.16 days, which is the average time
that elapsed from the emergence of the moths to the deposition of
the first egg as shown in Table 39. Reference to Table 15 will show
that both the average life cycle and the average complete life cycle
of the first generation in 1919 were nearly three days longer.

TanLE 41.—Life cycle of 829 individuals of the first generution of the codling moll,
as obsereed by reering, stock-jer Jeeding method, Dover, Del., 1320
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THE SECOND GENERATION

EGGE OF THE SZECOND BHOOD

Time of deposition—Table 42 and Figure 23 show that 24,319
eggs of the second brood were deposited between July 16 and August
19, inclusive. The maximum was reached July 30, when 1,342 eges
were deposited.

Length of incubation.—The embryological development and length
of Incubation of the second-brood ocggs are recorded in Table 42.
The aversge number of days from time of deposition to sppearance
of the red ring was 3.8,
the maximum 5, and the
minimum 2; the average
number of days from the
deposition of the eggs to
appearance of the black
spot was 4,96, the maxi-
mum 7, and the mini-
mum ¢; while the average
length of the incubation
period was 5.96 days, the
meximumn 8 days, and
the minimum 5 days.
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LARYE OF THE BECOND BRQOPD

Time of hatching ~The
hatching of eggs of the
scecond brood took place
between July 21 and Au-
J gust 26, as recorded in

Table 42 and represented
in Figure 24. The maxi-
mumn hatch took place on
——— TEMPERATURS August 9, 24 days after
wEET ACTIIT Y the first eggs were de-
ablussnunndindud  pol, vigs 150 e

7 Ty AABCTT nearly midway between

1, 23.—T'lme of deposition of 24,310 oggs of the second hrood 3 y v
of tho codilng moth, Dover, Del., 1020 the time Of t'be ﬁI‘st hﬂt("ﬂ
and the last,

Length of the feeding period—The data on the length of the feeding
period of 425 larva of the second brood, stock-jar feeding metkod,
are presented in Table 43. The first Inrve entered the fruit July 23,
the last August 26, and the naximum number August 9, The
average length of the feeding period was 24.94 days, the maximum
45 days and the minimwn 18 days.
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Fic. 24.—"Tinte of hatching of 24,319 eggs of the sacond broed of
codling motly, Dover, Del,, 1820

TanLe 42.—Time of deposition, length of incubalion, and time of hatehing of 24,818
eggs of the second brood of the codling moth, Dover, Del., 1920
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Tanue 43.—Length of the feeding period of 485 larvie of the second brood of the
codling moth, slock-qur feeding method, Dover, Del., 1920
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Length of the cocooning period.—Table 44 records the length of the
cocooning period of six transforming larve of the second brood.
The first larva left the fruit August 14 and the last August 26. The
average length of the cocooning period was 7.17 days, the maximum
12 days, and the micimum 3 days.

TaBLE 44.—Length of cocooning peried of sic transforming larse of the second
brood of the codling moth, Dover, Del., 1520

i Length of coconning | Langth of cacoonin
peried in specifiad period in specifs
. I dnys (time from days (time from
Num: | leaving the Iruit Num- | [enying the frult
Date larvm lelt ber of to tima of pups- Dinte larvm lelf ber of to time of pupos
fruit indi- fruit indi- tion
! tlon) )
vidimls - vidunals

Aug 17,
Aug. 18,
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PURE OF TIE SRCOND BRCOD

 Time of pupation.—Pupation of the second brood of transforming
larve began August 20 and ended September 2. Details are given
in Table 45 and Figure 25.

TasrLe 45, —1ime of pupation of six trmwfurmin? larvae of the second brood of the
codling moth, Dover, Del., 1980

] R

C Nnmber P Number

Date of pupation of rate af pupation ' of
Uopupm pUHE

Mg, o Aug. 200
Ay 25, Bept. 2__
Ay, : :

Length of the pupal stege.—The length of
the pupal stege of pupm of bhe second ey
brood ‘is recorded in Table 46. Data I e ety
were obtained on only four individuals, !
and from these data the average length of
the pupal stage was found to be 13.5
days, the maximum 14 days, and the min-
imum 13 days.
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Time of emergence—The time of emerg- 5. 2 vime of pupation of six
ence of four moths of the second brood —larvm of thesecond brood of cod-
from insectary-reared material is recorded M MOt Peven Dat., 1020
in Table 47 and shown graphically in Figure 26. The first moth
emerged September 3 and the last September 12. Owing to the
smell number of moths for which data were obtained, no date of
maximum emergence could be determined.

MOTHS OF THE SECOND BLROOD

Q

VLTITRER O U

Taete 46.—Length of the pupal stage of Jour pupz of the second brood of codling
math, Dover, Del., 1980
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Number of eggs per female moth—Four moths, two male and two
feranle, were confined in one cage for the purpose of determining the
numnber of eggs per moth of this brood. Table 48 shows thet the two
females deposited 55 eggs, or an average of 27.5 each.
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Py SO . Tasrp 47 ~—Ttme of emergence of four moths of the
y second brood of the codling molh from material

rearcd af the insectary, Dover, Del., 1920 oo i
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Fm, 20.—Time of emergence of
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of the codiing math, Deover,
Del,, 1650
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TapLe 48.—Oviposition by twe moths of the second brood of the codling wmoth in
rearing cages, Dover, Del., 1930

Dale ofg Sex . Tolal

Cage No. {;\fl[:;:;?;;: pruier: i — mumber
1 Rence

. of eggs
Muale ' Female deposited

[Sept. 3
1 -1Sept.
Sepit. 8
Sepit. 2.4

LIFE CYCLE OF THE SECOND GENERATION

Life cycle, stock-jar feeding method —The life cyele of the second
Fenemtion, as given in Table 49, is in & way not representative of the
ife cycle of this generation in view of the fact thet only four indi-
viduals were successfully reared through the complete cycle. The
surnmarized data show the average of the various periods as follow_:
Incubation 5 days, larval feeding 21.25 days, cocooning 7 days, pupak
13.5 days, and life cycle 46.75 days. Notwithstanding the fact that
date were obtained on only four individuals, reference to Table 22
shows that the life ¢ycle as recorded therein coincides very elosely
with that obtained from the four individuals as given in Table 49.
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TasLe 40.—Life cycle of four individusls of the second generation of the codling
moth, as observed by rearing, stock-far feeding method, Dover, Det., 1820
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Fra, 27.—Time of deposition of 55 egys of the third Fia, 28.—Pime of hutching of 55 2ggs
brood of eottling 1noth, Dover, Doi., 1920 of the third brood of codling moth,

LDaver, Dal., 1920
THE THIRD GENERATION

BGAS OF TRE THIRD EROCOD

Time of deposition.—Second-brood moths began the deposition of
third-brood oggs September 10 and ceased September 15. Further
details are given in Table 50 sand Figure 27.

Length 0}5 sneubation.—The embryological changes and incubation
period of eggs of the third brood ere recorded in Table 50. The data
show that the period from the date of deposition to the appearance
of the red ring was 4 days; the average period from the date of
deposition to the appearance of the black spot was 10.56 days, the
maximum 12 days, and the minimum 8 days; the average incubation
period was 12.56 days, the maximum 14 days, and the minimum
10 days.
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Taste 50.—T%me of deposition, length of incubution, and time of haiching of 56
eggs of the third brood of codling moth, Dorer, Del., 1520

Date - Appearance of -
. - . - — I el T
Quservetion number 2?:";';;’ ted gk Snck ! r.!onl
Depos-  Hed ricg . " ol i et ilack ° period
C ited appenred | SPOL Hateled  Hoed ring sqiot
wppeared |
. Days Days ° Duys
Sept. 100 Sepl. 14 - Sept, 22 ] Sept. 24 . 4 1 i
Suepl. 1 Pept, 16 . Sepr. 211 Sept, 25 + " 14
SHept. 12 e 16 L oo Lo dD. e 4 1 . [
CBepL 1 Sept, I8 LLdtloaee Gl do L E 1l 1
_ CSent, 13 Sept. 18 4L deo oo ldel 1l 4 3 i
Tolslo. ol 55 2 : E I (N 1256

LARYE OF THE THIUD BROOD

Time of haiching.—Eggs of the third brood hatched September 24
and 25, as reference to Table 50 or Figure 28 will show.
200 o No data were obtained

iy ou the length of the leed-
N ‘ A % ing period of the above
AN I ; ¥ larve, and the lile-history
P s B~ i E studies at Dover, Del,,
TR Aas At 1w 7y were brought to a close
% ! 11, : f i "‘ “ % at this time.
r25 + 1 1 4 I, A
Yor IR} Y copLiNg-MoTH BAND
i Vo . STUDIES OF 1920
‘é/ao it g 65
Y ' 'I l\ §  Asin 1019, larve were
§ T scir acrmrer \ 3 from banded trees in com-
Y <o ss4 mercial orchards. In
\ § 1920 two orchards, the
a5 N AT YA Pyott and Hardesty or-
N VWV chards, were used for this
ol e el Lol ds purpose. Data on the
D190 (e Q03 0TI O ISP QR pOTIN G ™ S collections made in the
N L N R L7 T N N Pyott orchard are given
AN ALAE Y ATEATCATT FESTT DG in Table 51 B'11(1 Flgul(.‘.

Fig. 28,—Number af lrvie of coling wmoth collecled Irom bunded 29, These show that 31

trees, Proft orebincd, Dover, Lel, 1920 .

collections were made,
the first Junc 20 and the last Qctober 15. [rom which 1,061 larve were
obtained. The maximum collection was made on September 14, when
196 larve were found.  Data on the collections made in the Hardesty
orchard are given in Tuble 532 and Figure 30.  HReference to the above
will show that 32 collections were made, the first June 23 and the last
October 15, from which 3,979 larve were obtained. “L'he maximum
collection was made on September 14, when 659 larve were found.
The maximun_collection was obtnined from both orchards on the
same date.  No record of the percentage ol emergence in 1920
was kept.
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Tanuk 51, —Bend-record deta of 1,081 larve of codling moth collecled at the Pyolt
orchard, Dover, Del., 1820
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Tanoe 52— Bund-record daie of 8,978 larva of codling moth collected at the Hurdesty
orchard, Doyer, Lel., 1980

Tres No,

—

EmwrnwSnetre—

oo et

———

55 21 40400 125 7

Pate of
collectian

e L e ]
B! 32733 :34.38

June ... ...
June20..

[XEN T
—
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Ll R TR Y T L yee b iy e ]
.. X .
1

H
5 £
885

B e et e d pam B e
£ it D et £ ek O e e 0 e
—
o

a3
8k

Totpl... 38 57 - 137 3 loy 15110 50 : 45 0 130 @1 1 550 128 57 41 247 38 8 - 3,079
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REYIEW OF SEASONAL-HISTORY STUDIES OF THE CODLING MOTH
IN 1819 AND 1820

A generelized review of the seasonal-history studies of the codling
moth is given graphically in Figures 31 and 32 for the seasons of 1919
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Fio. 31, —Diagram of Iifo history of the codling moth in Dover, Dal,, 1018
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and 1920, respoctively. The curves shown in these figures represent
approximately the beginning, end, and height of activity of the more
important stages of the insect, together with the epproximate rate
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of development from the begiuning of & period to its height and
thence to the end. In Figure 32, owing to the small number of
mdividuals under observation, s number of the diagramas are given
only in outline, it being considered that representative diagrams
could not be made from the small amount of data at hand. A sum-
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Fia, 32,—Dilagranm of life histary of the codling moth in Dover, Del,, 1920

marized account of the beginning, maximuum, and end of the more
important biological stages for 1919 and 1920 is given in Table 53
for the purpose of a comparison of the seasonal history of these two
years. This table shows that the various stages in the seasonal his-
tory were somewhat later in 1920 than in 1919, although in both
years two broods and a partial third developed.
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TanLE 53.—Summarized comparison of the life history of the codling moth, Dover,
Del., 1818 and 1820
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Tanns S ---Supunarized compearison of the depelopmeni of the more imporiant

stages of the codling moth, Dover, Del., 1918 and 1920
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A summarized review of the development of the various stages of
the codling moth, together with the average number of eges per
female moth, is given in Table 54 for the years 1919 and 1920, for the
purpose of comparing the averags, maximum, and minimum length of
each stage under observation for the two years named. All figures
are in terms of days, except in the case of the item giving the average
number of eggs per female moth, which naturally is in terms of BZgs.

NATURAL ENEMIES OF THE CODLING MOTH

PREDACIOUS ENEMIES

The predacious enemies of the codling inoth in Delaware during
the seasons of 1919 and 1920 were too few to have any appreciable
effect in reducing the nunbers of this pest. One species of heetle,
Tenebroides corticalis Melsh., was found beneath bands [eeding upon
the codling-moth lurve. In addition to this predator, two species
of ants were occasionully found feeding on the larve heneath the
bands,

PARASITIC ENEMIES

Three species of hymenopterous parusites, namely, Ascogaster
carpocapse Vier., Bussus carpocupse Cush., and Phanerotoma tibialis
Hald., were [requently present 1n considerable numbers, especially
4. carpocapsee, Three or four other species were present in very
sl numbers, Table 55 will give some iden of the number of
bywmenopierous parasites present in 1920, Of 11,482 lurve collected
in the field at various times throughout the season, 3,107 of thern,
or 27.06 per cent, are recorded as parasitized,

Tasre 55.—Parasilismn of the codling moth by hymenoplereus parasites, Dover,
Del., 15820

Number - Percent- |
of - agool

parasites  parasit-

cmerged Ism

i Number
D of lurvm Whaen collected
! eallueted

i . Jupe 14 10 June 18 168 10,50 |
July M to Aug. W 174 -
- Bept. 14 1o Oct. 15 132 038
Sept, 23 K0 Oct, 70 2,633 . 43,01

3 Zon !

DISEASES OF THE CODLING' MOTH

A smull percentage of hibernating larve during the winter of
1919-20 were killed by a fungous disease which was identified by
A. T. Spears, of the Bureau of Entomology, as a species of Hirsutella.
The early stages of this disease cause the larvie to become bloated
until the cntire space within the cocoon is filled up. The larve then
become inactive until, after death, they appear as a mere chalky
mass, In the lntter part of the season of 1920 a small proportion of
the larve were killed by an unidentified wilt disease.
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MISCELLANEOUS STUDIES
TIME OF DAY MOTHS EMERGE

AMoths of the first brood, 1819.— At the time ol emergence of moths of
the first brood in 1919, hourly emergence records were kept from &
a. m. Lo 7 p. m. in order to determine at what time of day the moths
emerge most freely. Records taken of 1,564 moths emerging from
July 15 to July 26, inclusive, are given in Table 56, The moths
emerged in greatest numbers between 12 m. and 6 p. m., inclusive,
although some nioths were recorded as emerging at every hour
included within the iimiks of the observations.

"PanLe 56.—Bmergence of 1,664 moths of the first brood of codling moth  hourly,
from & a. m. to ¥ p.om., Dover, Del., 1919

.' -
Mumber of moths emerging at—
=| Totai
Ulsser-
Bate of euvrgencs o 4 ) | nim-
P ‘:‘;‘ézggr i M P. M, her of
, . - e muoths
sarslnw[n 12 y'ziz. 4 sl617
- _..,,1 ! . = _;r , T A
.- 2 11 si31e 1 22’507 o
T o o122, 4 2] 1 1 4123, 4 81
2 3 1'@| 433 3 4712, 518" 50
9 2 1.t 4] 1 410, 8}8!'s 88
4 01 4 2l 50T 4 b5i12i6, B, 7%
v 1,202 4]l 7 o s il 5] o
217 6i 6| 2 4 M3 oo wlugl o7, 140
cecm mmen, 304 6120 5 B[37j13' 10, 3161 126
2 2001 w13 T OS54 P18 15,2 10145 ] 20
B9 7. 5lisliv 48 aiz: W0:23 467 9 3 249
1 W 27t |00 33 262 | w3, S|32) 2| 234
I 2.-1|D 1] 2001 344 .10|29E24 T ki 158
16 50076, 5 |7 |90 157 185 {208 ]125 im W12 126 | 12| 1,564
i [ : H
TIME OF DAY MOTHS V- x-
OVIFOSIT
A series of siudies /\
was started in 1919 and 7999 e
continued in 1920 to a
ascertain the time of %
day that the moths de- - 750
posit their eggs most g
freely. @
Moths of the first 'g so
brood, 1919.—In this ex- ¥ \
periment six cages were %
used, in each of which 250
were confined & number
Of _m.nle nnd fc ma]e INSECT ACTIVITY
moths. Observations |
were taken daily every
A . 8 7 Z 5 2 7

three hours except at
2 g, m.; in other words,
observations were made
at 5, 8, and Il a.m,
and 2, 5, 8, and 11 p. m,

July 29 and the last at 11 p. m.

B

i
FHNTLE O LR TE TV
Fie, 43.~Time of day of oviposition of muths of the first brood

of tho codling moth, Daver, Del., 810

The first observation wuas msade at 5 8. m.

August 5, a period of eight days.
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All eggs found were removed at each examination. Table 57 gives a
record of the time of deposition of 2,466 eggs. No ezes wore found in
the observations made at 5 and at 8§ . m., and 2,031, or approxi-
mately five-sixths of the eges, were found in the observations made
at 5 and at 8 p. m., thus indicating that the period of graatest depo-
sition of egys is between 2 and 8§ p. m. The time of oviposition is
shown graphically in Figure 33.

Tasue 57.—Tme of oviposilion and number of egygs luid by moths of the first brood
of the codling moth; observations taken daily every three fiours excepl al 2 a, m,;
Dever, Del., 1919
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I Observotions were made a1 5 and § a. m,, but no eggs were found.

Moths of the spring brood, 1920.—Records of the time of oviposition
by muoths of the spring brood in 1920 were begun ‘at 6 2. m. June
18 and taken thereafter every three hours (except 2t 3 a. m.) until 12
o’clock midnight, June 24, when the experiment was brought to a
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close for this brood of moths. Records were taken from moths
confined in six cages. Details of this experiment are given in
Table 58 and Figure

600
34. Qf t-he 937 eggs ‘3 e L L= i o3 g
deposited, 759, or 81 % \
er cent, were recorded 400
1n the observations ¢©
made at 6 and at 9 %
p. m., and the period of §zoc N
maximum  deposition 4
was from 3 to 9 p. m,, 3
which agrees with the i
corresponding  experi- 2 L, Tt .
ment carried out in TIAIE O B E PRI T AON

1916, 'NO eggs  were i, 34,—T'ime of Gy of oviposition of mobhs of the spring
found in the obsorva- brood of the cauiing moth, Dover, Del., 1029

tions made at 6 and at 9 a. m.

TaBLe 58.-—Time of ovipusiiion and number of eggs laid by moths of Lthe spring
brood of the codling molk; observalions laken daily every three hours exceptal 8
a. m.; Dovger, Del., 1920

. Numnber of oggs found depositad at 1—
- - Crea
Date of observation " Number Total

. 12 m. Sp.m. | Bp.om. | FDom. | 12D m.
H ¢ [H 1] a il
b3 1 0 0 [¢] 1 2
3 0 0 borf [V 0 27
4 L] 34 30 34 2 100
5 13 20 20 5 0 a7
6 ] 4 G 2 1] ]
3 0 ] 2 T G ']
2 o} 1 15 i} o 18
3 1] b 5 & ¢ ]
4 1] 12 35 11 o 58
a5 ] 1] ] ] 8 o
i} 1 1] 1 ] 0 2
1 0 & 4 1 1] 5
2 Q 1] 0 ] 1] G
3 a ] 1 1] ] 1
4 0 ] 14 G 0 16
5 a 0 0 G 0 o
) ¢ 0 0 a q 0
1. ¢ 1! i5 14 0 a3
2 o 68 | 0 ] 0 68
3. ] 1] 0 i 0 ]
47 1N v} { B 12 [t} 9
51 8 a8, 24 10 ¢ 34
6! g 9 [ i o o
1 0! 0 1 0 0 17
FE| Gl 1] a L] ] 0
3! 0! 3 G ¢ g $
4! ¢! i 7 2 g 9
5t i 0 0 ¢ i] 0
6 9 g o ¢ 0 o
1l il 8 14 Bg 0 103
2: 0 ¢ g 0 0 18
3. g 0 35§ ] I 38
4 . 0 0! 4 1} Qi 14
5 4 9. 3z [} 0 38
6 0 ¢! 5 1 6 8 11
i | ] 0 8 15 Q 44
2 a 1} 23 0 i) 23
3 G 2 15! 14 1] 3
4 ] 0! 4! 1 1] 5
5 i 1i ; 5! ] 1] b
6| 8 o’ 5; 4 0 ]

__________ i 15 40 516 243 3 37

' i

! Ohservations wers made ot 0 and 9 9. 21., bud no eggs were found.
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Moths of the first brood, 1920.—Observations of the time of deposi-
tion of eggs by moths of this brood wers taken every three hours ex-
cept &t 3 . m. The

100 first observation was
made at 6 a, m., July
N 23, and t3e last at

\ 12 midnight, July 29,

During this period
1,822 eges were re-
corded as deposited
e iwEECT ACTIF In six cages. Tabls
59 and Figure 35
show the records to
agree with previous
results, as 1,517 eggs,
/ \ or slightly over 83
per cent, were found

in the observations
Cei® B, T—5—2 M2 mede at 6 and at 9
THATE ©FT QESEITRT I ON p_ m. No eggﬂ wera

Fra, §6,—Tlme of doy of ovipoaition of moths of the first brood of the found in the observa-
codling moth, Dover, Thl, 1920, tions made &t 6 8. m.
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TseLe 69.~—Time of oviposition by moths of lhe first brood of codling math; obser-
vations laken deily every three hours excent at 3 a. m.; Dover, Del., 1520

Onga Numbar of sggs found deposited at .

Data of observation [
aRmber [ 2m. 1 3p.m 9p.m, | 12p. m.
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t Ohservatlons wer mada at 8 8. m., but oo eges wern found,
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OYIFPOSITION BY INDIVIDUAL MOTHS

Studies of the number of eggs deposited by individual moths were
made in 1919 and 1920 by isolating pairs of male and femsale moths
in separate cages. The cages were examined daily and a record
mede of all epgs found.

Moths of the spring brood, 1819.—Table 60 gives the number of
sggs deposited by each female and the day on which they were de-
posited. In Ghis experiment no records of those which feiled to
oviposit are included. In all, 12 paired females deposited 207 eggs
from May 23 to June 17, inclusive, giving an average ol 17.25 oggs
per cogre. The maximuzs: number of eggs deposited by any indi-
viduual was 79, and the minimum (for those which oviposited) was 2.

Tanue 60.—00 position by individual moihs of the spring brood of codling moth,
Dover, Del., 1018

Dirte of oviposition

Falr No

Moths of the first brood, i.19.—Records of the oviposition of the
ferunlos of 233 palrs of moths of the frst brood ave given in Teble 61.
Of those 233 pairs, ouly 59, or slichtly over 25 per cent, deposited any
sges.  Sixteen oub of the filty-nine pairs which did oviposit, or shghtly
over 27 per cont, deposited only a single egg. Those which failed to
oviposit are not listed in the table. Oviposition begen July 22 and
censed August 26. No eggs were deposited between August 7 and
13 and between August 1S and 26, During this peried 1,277 egga
were Iaid. Considering only those which oviposited, this gives an
average of 21.64 eggs per femele, with a maximum of 106 and a
minimum of 1; whereas, considering the total 233 peirs under obser-
vation, the avernge was 5,43 eggs per fenale, with a maximum of 108
and a minimum of 1.
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Tasre §1.—Quviposition by 69 individual moths of the first brood the of codling moth '
Dover, Del., 1818

Date of oviposition

July

T W b i L

cnm-a—..-:.a.-g-eo“

kol

OU’@G;U\‘QHQ

-

{4
21
1
5
25
1
42
43
i1
8
I
i
1
2
a0
69
21
1
g
2
23
6
1
41
&
&4
42
1
|3
a6

Total.. 17 37 19 18541 B 1I7 282 54 62 130 &1 3955 13

Moths of the spring brood, 1920.—Data as to the number of eggs
deposited by individual pairs of moths were obtained in the same
manner as in 1919, Out of 75 paired females observed only 22
deposited eggs. As shown in Table 62, the 22 female moths deposited
455 eggs from June ¢ to June 27, inclusive. Considering only the
individuals which oviposited, this gives an average of 20.68 eggs,
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with & maximum of 99 and o minunum of 1; while for the total
number of pairs under observation the average was 6.07 eggs, with
afmaxiinum of 99, and & minimum of 1.

Tanve 62.—0viposilion by 22 individual molhs of the spring brood of the codling
mathk, Dover, Del., 1920

Duate of doeposition, Juno
Pair Na. o

"

| [ - R S,

Totat.. 3 TR Los: 3600, 0 65,100 7
ot }

AMoths of the first brood, 1820.-—Palrs of moths of the first brood of
1920 were observed for the nuwmber of eggs deposited and the date of
ench deposition, Of the 181 paired fomeales observed, 76 deposited
1,859 oges from July 26 to August 24, inclusive, while 105 pairs failed
to deposil any eggs and are consequently oinitted from Table 63, in
which the details are recorded.  Eight {females deposited only one egg
each. The average number of oges deposited by the females ovipos-
iting was 24.46, the maxtmum 209, and the mnintmum }; while
the average nuber of eggs for the total number of females under
observation was 10.27, the maximom 209, and the mininum 1.

Tanue 63. ~Oeiposilion by 76 fndividual moths of the first brood of codling moth,
Doyer, Del., 1820

Date of aviposition

P No. July AURUSE
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TaBLE 63.—Oviposition by 70 individual molhs of the firat brood of codling math
Dover, Del., 1820—Continnad .

1 Date of pviposition
¥

Pair Nop, I Juiy Angust ;Tnlx\l
— | - - . o . T
!2!.1]'.’-‘32115 08012 % 468 T8 91011 LZ 13 14 15,16 17 18 HE20 21 22 2
S ! . i ro '
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Tetnl... 1.3 2 & 484 b 2t 15 2, 17y 85 143:49511-10124‘ §10 21,850
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