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INTRODUCTION
This bulletin is one of a series by the Bureau of Enfomology re-
porting life-history studies of the

codling moth (Oamocapsa pomo-
nella 1..) in different parts of the Uniteﬁ States. Bulletins of this
series* have elready been published reporting studjes in Michigan,
-~ the SBanta’ Clara Valley of California, the central Appalachian
%3 region, Maine, the Ozarks in Arkensas. the Pecos Valley of New
Megzico, the Grand Valley of Gcalorsn,dc\z the Yakima Valley of Wash-
ington, Delaware, and northern Georgia. The object of the work in
each case has been to determine the correlation and the differences
in the occurrence of the stages under varying seasonal conditions.
From these studies a greater knowledge of the necessary comtrol
operations can be obtained.

The studies reported in this bulletin were carried on in the Rogue
River Vall%of Oregon, at Medford, during the years 1918 to 1922,
inclusive, e work was in charge of the senior writer, assisted by
R. Bruce McKeown, in 1918, 1919, and part of 1920; by Lorens

f
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Strattoi in 1919, 1920, and 192%;"and by the junior- writer in 1939.
The whole project was under the supervision of A. L. Quaintance,
'in charge of deciduous-fruit insect investigations. The junior
writer, assisted by L. C. McAlister, prepared the data for publica-
tion and is largely responsible for the report in ifs present form.
Many of the other reports cover studies made during & period of
two or three years, whereas the investigations covered in this bulle-
tin sre for five seasons. On acsount of the Iarge mass of dats which
hes accumulated it has been considered advisable to omit the large
tables ususlly found in reports of this kind and concentrate the
more important data into graphs and short tables.

THE ROGUE RIVER VALLEY OF OREGON

The Rogue River Valley is located in Jackson County, Qreg., the
southern boundary of which joins the northern boundary of Califor-
nia, 50 miles inland from the Pacific Ocean. The valley is sur-

- rounded on all sides, except where the Rogue River cuts its way
westward toward the Pacific, by spurs of the Cascade Mountains and
the coast range, If has an ares of approximately 60,000 acres, and
lies at an average elevation of about 1,400 feet, the elevation at Med-
ford. Of the above area, about 30,000 acres are under cultivation,
one-half of which is planted to pear and apple orchards. While
there are larpger pear-producing areas in the United States than the
Rogue River Valley, this is one of the most concentrated. Annual
shipments of pears and apples from this section average 8,000 to
3,500 cars of pears and about 500 to 700 cars of apples.

CLIMATE

The climate is relatively dry, the average annual precipitation
being 16 or 17 inches, very litile of which comes during the growin
season. Moisture is provided by means of irrigation systems, o
which there are a numger, the water being su plieg%)y Yarious Ioun-
tain streams. Little water is taken from the Rogue River proper,
sinee it crosses only the extreme lower end of the valle}y;. e day
temperatures during the summer season are often high, while the
nights are usually comparatively cool. {Table 1.)

Taprs 1--Climaiological data® for Medford, Oreg., 1918 16 1922, inclusive
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COPLING MOTH IN BOGUE RIVER. VATLEY OF OREGON 3
D ).CLBIA_;'OLOGIGQAL DATA FOR m STATE OF OREGON, 1913-1922
" The following staterients from the United States Weather Bu-

*Teau’s reports  for the State as 2 whole agree very closely with the

chimatological data for Medford; they are, thereforg, given as a
-Statement of the weather conditions prevailing in the iiogue River
~ Valley for the five years 1918 to 1922, inclusive,
b}
1918

The year was unusually warm and dry. The mean temsperature was the
highest recorded in Oregon in the last 14 years. June and September were
the warmest months of the name on record, awd over a large part of the

. Btate the summer a5 8 whole was the warmest ¢n record. The average pre-
eipimit;ion was the least experienced in Oregon slace state-wide racords Dhave
been kept.

1919

The year as & whole was only slightly cocler than usual, mt the minimum
temperatures were quite generally the lowest on record, * * % The drought
thet prevailed from the latter part of April to the frst week in September
was the most severe on record.

1920

The year a3 a whole did not depart materially from the normal in any
weather element, * * * January, February, and May were the driest
monthg of the pame on record. * » * The temperature during the spring
wad Delow normai, * * * April * * * gwag the coldest April on ree
ord. * * * Throughout most of the summer the temperature was
seesonable,

1921

The year, as a whole, was slightly milder and wetter than usual, but no
new state-wide records were established. Mareh was rather mild and dry,
but the preceding winfer months hed been npusually wet, The summer
months were about normal, Widespread killing frosts in the second week in
September caused some damage to tender crops.

1922

The yenr, 5 a whole, was nnusually dry, and somewhat colder than usual,
Only one yesr since state-wide records have been published has been drier.
Bight of the 12 months had less than the normal brecipitation, and July was
the driest month of the anme on record, The deficieney in temperature wag
most promounced in the winter, early spring, and late fall, while In the late
aprlng, carly sumer, and early fall some unusuaily high temperature wag
experienced. * * * fThe Smonth period, December, 1821, to April, 1922,
Inclusive, was the coldest of record. * ' o Vegetation * * * wag une
usually late in startipg in the apring, A heavy drop of frujt resulted from
unfavorable weather during the blossoming peried. Summer came suddenly
in the last week in May. At many stations tha maximum femperatwre for the
nionth was the highest May temperature in many years, Jane, July, and
September were bnusually warm and dry, Mild weather continued until weli
into October,

EXPLANATION OF TERMS
+«Certain definite terms, adopted by the Bureay of Entomolt_rgy

- and used in its other publications on the life history of the ¢o

moth, have been used in this bulletin, The more important of these

-are as follows:

*These statemiente are guoted or.Listracted from Climztole cal Data, O n Section,
_pablizhied by the Weather Barenu of the T, 8. Departmrent of .ﬂ-r!eultu:_-e: reqo ection,
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_The term “ generation ” is here nsed to include all of the conseca
tive stages of the codling moth throughout the season, starting with

the egg and ending with the adult or moth. Thus the first eggs Ve

be laid (those deposited by the first moths of the season) would start,
the first generition ; these and the resulting larvae, pupae, and moths
would belong to this generation. The eggs deposited by the moths
which belong to fhe ést su%'eneration gtart the second generation, to
which also belong the resnlting larvae, pupas, atd moths, and so om.
" The term “ brood » as used in this bulletin 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, larvae, pupae, and
mcths which belong to the first generation are called first-brood
eg%s, Jarvae, pupae and moths.® '
he larvae which pass the winter include all the nontransforming
larvae of the first and second broods, and, in the Rogue River Valley,
-all the larvae of the third brood. The specific generation to which
ench of these individuals belongs ean not be determined unless they
have been reared. The term © generation,” therefore, can not prop-
erly be used to include the various stages of their transformations;
they are simply called  wintering » or “ spring-brood ” larvae, an
the pupae and moths info which they transform are designated
& sgzmg-brood ? pupae and moths.
menticned previously and exgplained lafer, the larvsae avhich
hateh from the eggs deposited by the second broed of moths do not
transform into pupae and moths the same season as hatched, but
Eiss the winter in the larval stage. Mence there is, in the Rogue
iver Valley, what might be called a Fartial or incomplete third
generation. however, these eggs and larvae are known as third-
brood eggs and larvae.

The “life cycle” of a Eeneration includes the time from the
deposition of the egg to the emergence of the moth of the same
generation.

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

The seasonal-hirtory studies hegin with the wintering or spring-
brood larvae which iransform to pupae of the spring brood and
from which issue the moths of the spring brood.

The moths of the sEring breod deposit eggs of the first brood,
which, after their incubation period, result in the larvae of the first
‘hrood. Some of these “emain in the lerval stage until the fo],lowing
spring, while most of them transform successively into pupae an
moths of the first brood.

The moths of the first brood deposit the eggs of the second brood,
~which, after their incubation period, produce larvae of the second
brood. Soms of these, like some of the first-brood larvae, are winter-
ing individusls, while the others transform and become successively
the pupae and moths of the second brood. :

TI;:)ne moths of the second brood deposit the eggs of the third

‘brood. In the Rogue River Valley 2]l the larvae of this brood pass-

i—

€]t thos h ne that the fivet motha to A r in the spring are not * first-hroud *'
m&othtl. I:r:: “:?}gianz- “ mothsy, which 1= te‘::ﬁlmlly con%?!t. gut greatly confusloy to
g O rilet.
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- larvae) include: All of the nontransforming larvae of t;
- second broods and all of the larvae of the third brood of the preced-
- ing sesson.

- CODLING MOTH IN ROGUE RIVER VALLEY OF OREGON 5

B  the winter and eomprise part of the spring brood of pupae and moths
- the following season.

' Winfering larvae or larvae of the spring brood (s%ring-brood
e first and

_Pupae of the spring brood (spring-brood pupse} include: All of
the pupse from the spring-brood or wintering larvae.
oths of the spring brood (spring-brood moths) include: All of
the moths from the pupae of the spring brood.
The first generation includes:
(1) The eggs of the firat brood {(deposited by spring-brood moths).
{2) The larvae of the flrst brood:
{6} Trensforming frst-trood larvae,
' (b)) Wintering frst-brosd larvae. .
{8) The pupae of the first braod,
(4) The moths of the first brood,

The second generstion ineludes:

(1) The epgs of the second brood,
(2} The larvae of the gecoad brood:
{a) Treaosterming second-brood larvaa
{b) Wintering second-brogd lurvae,
{3) The pupae of the second brood,
{4) The moths of the seeond brood.
. The third generation {not complete in the Rogue River Valley)
includes:
{1} The eges of the third brood.
{2} The larvae of the third brood, all of which ore wintering Individuals.

SEASONAL BISTORY STUDIES

The methods used in the study of the life history of the codlin
moth were similar in most respects to those used by the Bureau o
Entomology at other places ang need not be repestod here. A large
outdoor iusectary was used in conducting most of the studies. Field
observations were made daily as a check on the development of the
moth under inssctary conditions. The very first activity among
the wintering codling-moth larvae is the rebuilding of the cocoon
to form an exit tube which permits the moth to free itself more
readily. This change in the cocoon is not reported in this bulletin.
The first activity recorded was the pupation of the wirtering larvae.

Great care was taken to have large numbers of individuals from:

‘which to draw conclusions. The number of individuals for each

stage is given either in the graphs showing the sctivity of the brood:
or 18 stated in the final summary (p. 26).

PUPAE OF THE SPRING BROOD

Time. of pupation~The recorded time of the pupation of the

spring brood is shown graphically for each season in Figure I.

he graphs show the resuits of daily observations. The larvae kept

in eocooning racks were gathered from wintering field material the:

previous fall, and the records were taken before ¢ a. m, dsily, The
very first pupation was not observed during 1919 and 1921, but from
the observations of the other three years it will be noted that there
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‘was_considerable varistion in the time the first lsrva transformed
to the pupal stage. The earliest larva to pupate was recorded on

 March 16, 1920, and the latest one on June 17, 1920. The date of

maximpum pupatior is just as variable as the time the first and last
pupation occurred. The peried of pupation ranged from s mini-
mum.of 53 days in 1918 to 2 mexzimum of 94 days in 1920. Tt is
believed thet pupation genorally begins during the last part of
March or the first part of April.

Length of pupalp siage~—The maximum length of the pupsl stage
for the spring brood varied from 35 days in 1918 to 60 days in 1920.
The average Jength of this stage variedy from 25.56 fo 48.8 days, and
the minimum varied from 14 days in 1920 to 25 days in 1921. A
totsl of 2,005 pupae were obssrve durin_% the five years in obtaining
theTalitive ‘tecords. The Zength of time Tor the pupal stage is given
in Table 2. ' ' :

Tans 2-—Length of the pupsl stape of 2,095 pupas of the spring brood of the
codling moth, Medford, Oreg.

Length of pupal stage
Indiwid-
Year asls )
Minimum | Average | Marimum

Numbzr Days Days Days
1918 240 I 26, 0d B
1016 et m—m— i ————————— 823 24 36,42 45
IO e et e 418 14 81. B0 &0
1021 302 26 43. 80 58
1822 12 15 25, 5

MOTHS OF THE SPRING BROOD

Time of emergence—~The emergence of the spring-brood moths is
lzrgely dependent upon the temperature and atmosphevic conditions
and is shown in Figure 2. The very earliest moth to emerge in each
of the five years was recorded, as well as the number of moths dur-

"ing the entire emergence period. The earliest moth issued on April

18, 19195 in 1920 the first moth was recorded on May 15, or shout 28
days later. Moth emergence took place over a considerable period
of time. Most years the emergence began during the latter part of
April and continued into the latter half of June. The shortest
period of moth emer%ence was in 1921 when it covered a period of
ongest period of moth emergence occurred in

1922 over a period of 81 days. The period of mazimum emergence
is just as variable. In the %’raph the time of the blooming period
of the Yellow Newtown apple 1s shown by the straight heavy line.
Oviposition by moths of the spring brood.—The averzge pumber

- of days before oviposition ocenrred varied between 6.4 days in 1918

and 3.12 days in 1922. The maximum period before ovipesition for
the five years was 16 days and the minimum wsas 1 day. Althougk
the moths of this brood ususlly began depositing their eggs within
from 3 to 6 days after emergence, the maximum ovipoesition occurred
from 7 to 10 days after emergence. The maximum pertod before the
atest oviposition was 26 cﬁlys. Some moths confinued to oviposit

or & period of 87 days after emergsnce; the average oviposition
period ranged from 12.81 to 20.2 days.
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Number of eggs per female moth—The records on the number of
eggs depositéd per female moth are based on the total number of
eggs teken from the stock jars where all moths under observation
were confined. Under these conditions it is impossible to know the
number of eggs deposited by an individusl meth. Tt is possible
that some moths did not deposit any eggs during the entire period.
The maximum number of eggs deposited per female moth during
the five yesars of study was 89 in 1921, whereas the maximum number
wag 26 in both 1918 and 1920. The average number of eggs per
fomals moth ranged from 6,15 in 1920 to £0.07 in 1922,

Lerngth of life of moths—The dead motbs in the oviposition

. cages were removed each day; their sex was determined and their

length of life computed. The results of thess studies, in which
3,106 moths were observed, are as follows: The nverage length of
life of the male moths ranged from 13.18 days to 15.24 days; that of
the female moths ranged from 14.08 days to 16.61 days. The maxi-
mum length of life for a male moth was 38 days, female moth 37
days. The minimum length of life for both sexes was 1 day.

THE FIRST GENERATION
K338 OF THE FIRST BROOD

Time of egg deposition.—The number of ﬁ degosited during
five years is shown graphically in Figure 3. ﬁfoug there is some
variation in the time eggs were deposited during the years the studies
were made, the first eggs were usually deposited during the early part
of May. The earliest deposition occurred on May 1, 1918. The
latest date of deposition was July 6, 1920. The periods of greatest
deposition of first-brood eggs for the five seasons during which rec-
ords were taken were as follows: 1918, May 3 to 22; 1919, May 16'to
June 1; 1920, June 4 to 19; 1921, May 26 to June 12; and 1992, May
26 to June 10,

Length of incubation—The records on length of incubation are not
complete for the years 1919, 1920, and 1921, but the average for the
other two years was 10.62 and 1431 days. The maximum ineuba-
tion p:dzfriody for the two years was 92 days and the minimum 5 days,
The only year records were taken on davelopment of red rmg and
black spot was in 1922. For that year the average lengik of time
from date of deposition to appearance of the red ring was 3.37 days,
maximum 7, and minimum 2 days; the average length of time from
deposition to appearancs of the black spot was 8.91 days, maximum
15, minimum € days.

LAEVAE OF THE FIR3ST BROOD

T'ime of hatehing—The records of the daily hatching of t(eig of
the first brood over a period of five years, shown by the soli es,
with the mean’ daily temperatures, shown by the broken lines, are
presented graphicaliy in Figure 4. The earliest date of hatching
was May 11, 1918, e latest date of first hatching was June 14,
1920, which is later then the date of maximum hatching for any
other year. Possibly this can be accounted for by the low temper-
atures which prevailed during the first part of June that year. Duz-
ing the five years as a whole the period of hatching of eggs of the first

5TIE3—31-—2
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_brood extended over part of May, all of June, and part of July;
in 1920 most of the ha;tchin%;}ccurred during the latter part of June.
The latest date of last hatching was July 8, 1920, The date of the
earliest Eeak of hatching was May 28, 1319, and the date of the latest

 peak of hatching wes June 26, 1920. "The period of maximum hatch-
II;gJusua.IIy occurred during the last part of May and the first part
of June, -

Length of feeding period.—The records for the year 1921 are not
complete in this connection, but for the other four years the average
fength of the feeding period was a8 follows: 1918, 20.07 days; 1919,
28.27 days; 1920, 30.6 days; and 1922, 2243 days. The maximum
feeding period ranged from 33 days in 1918 to 52 days in 1920, The
ehortest period of time for a larva to complete its feeding was 10
days, in 1922, while 27 days was the shortest period in 1920.

ength of cocooning period—The cocooning peried for the four
years recorded varied but little. The average period ranged from
2.32 to 6.61 days. The greatest length of time spent in the cocoon
boefore pupating occurref;; 1992, with a maximum of 29 days. The
shortest periods were from 2 to 4 days.

PIFPAF OF THE FIRBT BROOD

Time of pupation——Figure 5 presents %raphically the records for
five years of daily pupation of larvae of the first brood shown by
the solid lines, with the mean daily temperatures shown by the
broken lines. The earliest pupation of transforming larvae of the
first brood occurred June 16, 1918, and the latest took place August
10, in 19920 and 1992. Im 1918 the peak of pupation was on June 19,
and the period of pupation ended July 4, the earliest date of last
pupetion. In 1922 the period of pupation was longest, extending
from June 24 to August 10. Maximum pupation oceurred durin
June in 1818, during the first half of July in 1919 and 1922, n.ug
during the second half of July in 1920 and 1921. :

Length of pupal stage~The average langth of the pupation period
was about the same for each year of the five years studied. It ranged
from 12,12 to 14.95 days. The maximum pugal period ranged from
. 17 to 31 days, the minimum from 6 to 11 days. A fotal of 1,446

pupae were observed during the 5-year period.

AMOTHS OF THE FISST BREOOD

Time of emergence~The earliest emergence of first-brood moths,
a¢ indicated by the solid lines in Figure 6, was recorded in 1918 on
June 96. Fmergence in 1922 began on July 5, being followed b
July 13 in 1918, and July 15 in 1921, while the Tatest date on which
the first moths of this broed apgearaél was on July 24 in 1920,

The comparatively even high temperature in 1918 resulied in an
early completion of emergence for that year, and the last insect
emerging was recorded on July 25, 21 daﬁs earlier than the last
moths of 1919 and 1922 which appeared on August 15 of both years.
In 1920, despite a late start, the last moth was recorded on August
186, and the last noted in any year was on August 17 in 1921

In 1920 the Seriod of emergence exiended over 24 days, The
maximum period occurred in'1922 when moths appeared on 42 days.
Emergence covered 30 days in 1918 znd 34 days in 1819 and 1921,
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* . The maximum smérgence ocourred on widely separated days in

two of ‘the years considered. In 1918 the meximum fook plass on

July 9, sithough in 1920 it did not oceur until Angust 5, 1819,

S 1921, and 1922 the dates of maximum emergence were frfmped 13_301‘8
uly 21, July

closely in.this respect, the maximum oceurring on
80, and. July 25, respectively. ' :
- Ouiposition. by moths of the first brood—The records in this
connection are not complete for 1919. The data given below are for
four years only. The oviposition records were taken on 2,435
. female moths of the first brood. These moths began to lay eggs
more quickly after emergence than the spring-brood moths. A
large percentage of the cages .howed eggs within one day after
emergence. The average time E.fore egg deposition ranged from
1.71 to 8.1 days. The maximum period before egg deposition was
12 days, and the mintmum 1 day. The average time I?efore maxi-
muin oviposition ranged from 4.29 to 7.5 days; the maximum was
24 days and the minimum 1 day. The average number of days from
emergence to last oviposition varied between 9.23 days in 1921 and
17.29 days in 1922. In general the period of egg deposition was
much shorter than the period for spring-brood moths.

Numbder of eggs per fesmale moth—~The tecord for 1919 not bein
complete, the following averages are based on the observations o
four years: The average num%er of eggs per female moth ranged
from 23.1 to 524. Tt will be noted that the average is much higher
for the first brood than for the spring brood. The maximum num-
ber of eggs deposited by one female was 241 and the minimum was
1. These records sre not the results of individual observations but
are taken from the records of moths in the egg-laying cages.

Length of Z{z‘{e of moths~~The maximum length of life for the
males was 492 days and for the females 35 days. The higﬁlest aver-
age length of life for female moths was 17.5 in 1920, whereas the
lowest average was 9.45 days in 1921. Male moths lived sn average
of 15.5 days in 1920 and only 9.27 days in 1921. The minimum
length of life was 1 day for both sexes.

THE SECOND GENERATION

EGGS OF THE SECOND BROGD

Time of deposition~-The daily daé)osition of second-brood eggn
18 shown graphically in Figure 7. 'The earliest date that eggs were
deposited was July 2, 1918. Bach season during the five years of
observation the first eggs were deposited durin% July. Eggs con-
tinued o be laid until well into September and in one esse until
October 6. The period of egg deposition thus extended from s
minimum of 63 days in 1921 fo a maximum of 84 days in 1919.
Certain periods occurred when eggs were being laid in maximum
numbers, but generally the eggs were deposifed quite regularly
over a long period of time, fluctuating somewhat with the change
in temperature. .
Length of incubation—~The records are not complete in this con-
nection for 1919 and 1920, but-the average for the other thres years
varies from 7.1 days to 9.48 days. The maximum incubation period
for the three years was 12 days, minimum 5 days. The period is
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" . much shorter than for earlier broods. - This is accounted for by
- tha}g.ghgf temperatures prevailing during the later périods.

LARVAE OF THE SECOND BROOD

" Pime of hatohing—The sessonal distribution of the hatching ot
‘lervae, or the time when fruit becomes infested, follows the distribu-
tion of oviposition with quite dependable reguian_ty.
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Tropmm 7.—Thne of deposition of eggs of the mecond brood of the codiing moth,
Medford, Oreg.

Figure 8 (})resents graphically the daily hatching of eggs of the
second brood for five years. The second-brood eggs generally began
to hatch during the latter half of July, and hatching continued into
September, or for a period of about two months. The earliest date
of%atching was on July 12 in 1918 and 1922,

The first hatcbing usually follows oviposition at an interval of
from seven to nine days. The bulk of hatching in sll years was in
the Iatter part of July and early August.

Length of the_feeding period—During the observation on the
length of the feeding period of 4,173 larvae of the second brood the
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average length of the feeding period was found to vary from 24.79
days to 30.17 days: The number of individuals observed etich season
was as Tollows: 1918, 1,079; 1919, 517; 1920, 528; 1921, 219; and
1922, 1,880. The maximum feeding period ranged from 40 days in
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1919 to 78 days in 19922; the minimum ranged from ¢ days in 1920
to 19 days in 1921.

PUPAE OF THE BECOND BROOD
Time of fpupm'on.-—’mgure 9 graphically illustrates the time of

pupation of second-brood larvae over the 5-year period. The earli-
est pupation of larvae of this brood was noted on August 3 of 1918,
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August 4 of 1922, and on August 12, 18, and 16 of 1919, 1920, and
1921, respectively. .

The last pupation of 1918 was noted on August 13, the earliest
of any of the five years considered. August 26 msrked the cessa-
tion In 1919. Although a few larvae pugated on September £,
August 26 may be taken ss practicelly the final date for 1920.
Pupstion of this breod continued until September 4 in 1921 and
until September 21 in 1922, _

The period in which larvae pupated varied considerably over the
five years, the minimum being 11 days in 1918 and the maximum
49 days in 1922, In 1919 this period was 15 days, in 1920, 18 days,
and in 1921, 20 days.

Maximum pupation took place on August 6 and 8 in 1918 and
on August 23 in 1920 and 1921. Although the period of pupation
in 1922 covered 49 days, the maximum was noted on August 10,
or 8 days after the first Iarvae pupated.

Length of the pupal stage-—Records for the length of the pupal
stage ave not complete for 1920 and 1921. The records taken daily
durmg 1918, 1919, and 1922 showed that the average length of this
stage varied from 14.3 days to 1747 days. The maximum number
of days spent in the pupal stage was 38 in 1992, 25 in 1918, and 17
in 1918, whereas the minimum for these same years was 6, 10, and
12 days, respectively.

MOTHS OF THE SECOND BROOD

Time of emergence—~The solid lines of Figure 10 illustrate the
emergence of second-brood moths from 1918 to 1922, inclusive.
Avera%e daily temperatures for the corresponding periods are indi-
cated by the broken lines. Moths of this broed appeared earliest
in 1918, the first being recorded on August 17. In three of the
other years considered the first moths appeared on August 24, while
in 19922 the first moth appeared on August 20. Over the 5-year
period the dates Tor the first emergence of this brood fall within
an 8-day period. .

In 1918 the last moth emerged on August 28, which was consider-
ably earlier than in the succeeding four years. The last moth ap-
peared on Beptember 11 in 1521 and on September 15 in 1919. In
1520 the final record was made on September 22, but the emergence
was practically finished, with the exception of three indiviguals,
by September 10. In 1922 the last moth emerged October 22.

The minimum period required for the emergence, 12 days, was in
1518, and the maximum period of 65 days occurred in 1922,

Meximum emergence is found on August 22 in 1918, which is fol-
lowed closely b iug%t 24 of 1922 and August 25 of 1920. The
emergence in 1819 shows several equal peaks, but as the maximum
was only two moths in each case 1t becomes difficult to determine
ght; ] t;a for this season. The latest peak occurred on September

, *

Ouviposition by moths of the second brood—Qwing to the small
number of moths of the second generation that were resred in the
insectary, data on oviposition by this brood are somewhat meager.
The records are incomplete in this connection for 1921 and 1922,
The average number of days from the fime of emergence to day of
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" first oviposition was 4.75, 5.33, 8.81, and 17.47, for 1918, 1919, 1920,
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and 1922, respectively. ‘The maximum number of days from date
of emergence to first oviposition was 38 and the minimum was 1.

 The avbrage number of days from day of emergence to date of

maximum oviposition rarnged from 3.5 to 9.25, the maximum was
15, and the minimum 2. The average number of days from emer-
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Viguss I0.—Tlhme of emergence of moths of the gecond brood of the codiing moth,
edford, Qreg.

gence to last oviposition ranged from 13.5 to 21, the maximum was
23, and the minimum 11.

Number of eggs per female moth.—The average number of eggs
deposited fer female moth varied from 283 to 49.58. The maximum
number of eggs deposited was 97, and the minimum 1. The records
on this item wers not complete for 1621,

Length of life of moths—The length of life of male and female
moths was not determined for this brood because the moths emerg-

'y
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& ing on different days wers placed together in egg-laying jars., More
L importance was }}la.ced' on securing %e‘rtila thir%-abmod eggs than on
n determining the length of life of moths. :
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Fravae 11,—Time of deposition of e of the third brood of the codling moth,
Medford, Oreg.

.3 THE THIRD GENEZATION

EGGS OF THE THIRD BROOD

Time of egg deposition.—The deily records of deposition of third-
> brood eggs are shown in Figure 11 Durinﬁ the four years, deposi-

tion began during s 15-day period centered on September 1, The
earliest deposition occurred on August 25, 1918, the latest on Octo-
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ber 3, 1920, The period of deposition is important from the stand-
point of control. The rasximum deposition varies in length and
time of appearance with the different seasoms. During the four .
ears the peak of deposition occurred as follows: August 25, 1918;
epteriber 11, 1919; September 12, 1920; and August 23, 1922.
Daposition took place over a period varying from 20 days in 1918
to 32 days in 1922. _ i
Length of incubetion—The incubation period of the third brood
was determined for 1918, 1919, and 1922. The average length of ‘
c the incubation period during the three years was 7.41, 8.04, and 10.4 \
B days, respectively. The maximum length of the incubation period
Lo was 14 days; the minimum was 6.

LARVAE OF THE THIRD BROOD 4

Time of hatehing.—Records of daily hatching of eg%s of the third ]
brood for three years are shown in Figure 12. Very few egfs were
observed in determining the time of hatching, therefore the datz are i
somewhat meager. The first egg of this brood hatched on August

- 31, 1918, six days after the first eggs were deposited. In 1919 the

first o hatched on September 20, and in 1922 the first eggs

hatched on September 4. The perio& of hatching during each of
;;)he ct{gxree years studied was much shorter than for the earlier .

roods.

LARVAE OF THE THIED BEMID

Length of the feeding period.~Individuals of this generation pass
through only two stages of development, egg and larval. Inasmuch
a8 the third-brood larvae became overwintering larvae, along
with nontransforming larvae of the frst and second broods, the
length of the feeding period of this brood completes the data on the
normsal development of the codling moth. Only two years’ records
on this last stage are complete. e average length of the feeding
period was 28,25 days in 1918 and 44.58 days in 1922, The maxi- 1
mum Ian%lth of the feeding period was 41 days in 1918 and 86 days

in 1922, the minimum was 21 days in 1918 and 34 days in 1922.
CODLING-MOTH BAND STUDIES ' M
BANIX RECORDS FOR 1518

Band records were made in 1918 in the Wortman orchard in 4

; which the season’s spraying experiments were conducted. This
- orchard was so situated that it represented about the average con- >

dition for the valley. Bands were placed gn 70 fairly large 20 to 256
year old apple trees which were sprayed five times during the sea- /

son. The spraying was not eflicient encugh to control the worms,
consequently considerable numbers were captured, ss shown in

Figure 18.  Larvae were emerging earlier than the bands indicate, i
since large numbers were captured on June 30 at the time of the first
examination.
BAND RECORDS FOR 1919
The band records for 1919 were made in the Sheldon orchard, in ‘
which spraying experiments were being carried on. This tract of q
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-iga.yearaold apple trees was situated on the extreme eastern edge of
 the fruit district and was probably freer of codling-moth infesta-

tion than msimyl other orchards, thlglj';tﬁ:al i]il‘ﬁaﬂgﬁil;on in most of the
experimental plois running very lght. For this reason compara-
tively few larvae were captured in the bands. A few larvae
wore already emerging at the time «f the first examination, June 26
end & few were still entering on October 15 at the termination of
the records. Although but few individuals were caught, two dis-
tinet broods were in evidence. (Fig. 18.)

BAND RECORDE FOR 1510

The band-record exzperiments of 1920 were conducted on 24 trees
in the Phipps orcha:&p of mixed varieties of apples 25 to 27 years
old. This orchard adjoined Medford on the southeast and was
fairly representative of & neglected orchard. The trees were sprayed
twice in an indifferent manner; consequently considerable numbers
of larvae were captured. (Fig. 13.) a.‘he bands were evidently not
applied in time to cateh the Very earliest larvae, since large numbers

were emer, on July 1, at the time of the first examination. Con--

siderable numbers were still emerging on October 3 at the termina-
tion of the tests,
BAND RECOHDS FOR 1921

The band records in 1921 were again made in the Phipps orchsrd,
which was cared for in about the same manner as in the previous sea-
son. The October records were lost and zre therefors not included
in the record for this season. In this series the very earliest larvae
were captured on June 24, none having been taken in the 20 bands
on June 21. (Fig. 18.)

BAND RECORDS FOR 1522

The band-vecord experiments for 1922 were conducted in two
orchards, the Phipps orchard, iocated on the outskirts of Medford,
and the Pendleton orchard, located 12 miles north of Medford, near
the northern edge of the apple and pear growing sections of the
Rogue River Valley. These two widely separated orchards were
chosen for the purpose of establishing kstter average results and to
determine, as far as possible, the extent of variation in the time of
development of the codling moth in the selected localities.

The trees selected in both orchards were of the Ben Davis variety,
unsprayed, bearing, and in a neglected condition. The conditions
were excellent for the normal growth of the insect. The trees were
pradpared by removing all of the rough bark seales, filling the cracks
and crevices with cement, and placing 3-ply buriap bands around
the trunks. The bands were examined every three days, and the
larvae collected were brought to the laboratory for observation of
moth emergence and for other studies.

The number of larvae taken every three days from the Phipps
‘orchard is represented by the solid line chown in Figure 13, whereas
the number of larvase collected at the Pendleton orchard is shown by
the broken line. The date of collection of the first larvae and the
date of maximum collection occurred earlier in the Phipps orchard,
as was expected, since it was located some distance south of the

. .OUDLING MOTE IN ROGUE RIVER VALLEY OF OREGON 25
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*.  Pendléton orchard. The first larve in the Phipps orchard was col- -

lected on June 20, whereas the first darvs in the Pendleton orchard

' was taken on June 27. The maximum number of larvas of the first.

broed left the apples in the Phipps orchard on June 29, while in the
‘Pendleton orchard this oscurred on July 6. Since there is an over-
lapping of the two broods, it is impossible, from band collections, to
determine the date when the véry earliest of the second brood left
the fruit. According to the records, this occurred approximately
during early August. In the Phipps orchard meximum numbers
-of seconid-brood larvae left the frait on August 25 and in the Pendle-
ton orchard on Aungust 29. Larvae continued to leave the fruit in
both orchards until late Qctober.
Tt will be noted from Figure 18 that a majority of the first-brood
larvde left the fruit early in the season. This was mestly due to
- & d'eiiged spring and & rapid development of the seasor later ori.
The first half of Ap#il was cold and backward, and the last of April
was warm, the provailing femperature being a little above normal.
The monthly report of the Weather Bureau * for April, 1922, states:
“April was cold, cloudy, and unfavorable and was the fifth sue-
‘cessive month with temperature below normal, and the mear tem-
perature for Oregon was the lowest in April since the beginning
of the state-wide records.” For May, 1922, the report states: “ This
was the first month since November, 1921, to have temperature above
normal.”
PARASITES

Tn 19922 the junior writer reared three female tachinid parasites
from codling-moth material collected from beneath burlap bands
placed about the trunks of apple trees. The parasifes were ve
scarce and somewhat localized in two or thres orchards near Med-
ford. Thev were referred to J M. Aldrich of the United States
National Museum, who has identified them as Anachaetopsis tor-
tricis Coq.

: ' SUMMARY

The life-history studies recorded herein were made in the Rogue
River Valley during the seasons of 1918 to 1922, imclusive.
According to the data obtained in these studies, there are two
_ complete generations and a partial third generation of the cedling:
moth in the Rogue River Vailey. '
The time of appearance and the periods of occurrence of the dif-
ferent stages of the codling meth for 1918, 1919, 1820, 1921, and
1992 are shown graphically in Figures 1 o 13, inclusive. The curves
shown in these figures represent approximately the beginning,
- height, and end of activity of the more imgortant stages of the
insect, together with the approximate rate of development during
the period coverad. ’

A summarized account of the beginping, maximum, and end of
the more important biological stages for 1918 to 1922, inclusive, is
iven in Table 3 for the purpose of a comparison of the seasonal
Elistory of these years. A summary of the life history in graphie
form is presented in Figures 14, 15, 16, 17, and 18.

& Op, cit., see fooincte 2, p. 8.
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of the
codling moth. Hedford, Oreg., 1918-1922
Data of—
L Peripd Year B i
. :[%1? lgum Ending
Bpring broed: )
1918 | Muar. 29 | Apr. 20| May 20
1810 May 20
Popation of larvae - 1920 | Mar, 18 | May 8 | Jume 17
he 1921 June 4
1 Apr, 47 Apr. %1} Jume 3§
1018 | Apr. 20 { May 7] Jupe &
1610 § Apr, 18 | May 14 | Fuoe 24
‘Emergence of motha — 1920 | May 16 | June 4 | June 27
121 | May 4 | May 2 | Jape 10
1022 | Apr. 28 ) May 23 ) Jume 325
First generation:
M8 | May !| Mny 12 | Tuns 15
1919 | Mey 2] May 2t | June 24
Dopusition of cggs 1020 f May 28 | June 17 | July &
1921 | May 14 | June 2 |Jums 20
1022 | Mey & | Mar 29 Do,
1958 | May 11 | May 31 | June 18
1010 | Mey 19 | May 28 [ July 4
Hatching of epga__.___. . 1 1025 | June 14 | June 25 | July &
. 1921 | May 31 | June 30 | Juna 28
1922 | May 22 | Jone 8| July &
1818 | June 12 July 0| July 27
hiot] une 19| July 8| July 25
Larvae leaving fruit. + 1020 | June 28 [ Yuly 12| Aug. 3
1821 | Jumes 34§ Juiy 49| Aug. &
1022 | Tuse 20| July §| Lo,
1818 | Jupe 18 | June 13 | July 4
10 1 Taly 1|July 9 Suly 2%
Pepation of lacvas 4 1920 | July 18 | Jolr 21| Aug. 10
102t | June 3¢ | July ¥7 2.
1922 June 24 | Tuly 4
1918 | Yune 2§ | July 9
100 | Tuly 12 ] July 21
Emergencn ¢f moths 1020 | July 24| Ang. 5
. 1621 | July 15 | July 30
iz | July 5| July 25
Sevond generation:
1918 | July 2| July 30
1019 | July 15 | Ang a0
Deposltion of eggs 1920 | Yy 19| Aug. 1L
1821 | July 17| July 30
1922 | uly & July 14
1818 | July 12| Aug. 6
1919 | July 21 ) Aug. 30
HatchIng of egf8 - oo ;e e s cse oo oo ] 1020 | Ty 27 | Aug. 8
121 ) July 241 Aug. 7
1822 | July 12 | hady 27
1018 | July 3! | Sept. 19
1810 | Aug. 12| Aug. 30
Larvae leaving frult 1 1020 | Aug, 16 | Bept. 1%
. 24
Fupation of larvae.
- Bmergance ol motha.
Third genecation:
Dapoaitlon of eges
Hatohing of eggs.
Larves lesving fruit
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fiauze 14.—Diagram of the life history of the coMling moth at Medford, Oreg, 1018
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- .CODLING MOTH IN ROGUE RIVER VALLEY OF OREGON
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CODLING MOYH IN BOGUE RIVER VALLEY OF OREGON 38
A summanzed review oi dats 1:)1;1:11& devdoPmen{;)e of t;]e various
es of the codling moth, with the average number of eg T
%ale moth, is given in Table 4 for the years 1918 to 1922, ine 3131%96,
for the purpose of comparing the minimum, average, and maximum
length of each stage under observation for the years named. All
figures are in terms of days, except in the case of the jtems giving
the average number of eggs per female moth, which naturally are in
terms of eggs.

Tabrx 4—Bummary of daic on the depclopment of the more important stager
of the codling moth, Medford, Oreg., 1918-1928

§tage of devalopment Year | Number IMinfmuomt| Average? Meoximgm
Bpring brood:

pring 1018 1 20.04 a5
b tage 1o i AN ®
Length of pupal stage___ ... ... I 31. 80
B pupal ig21 362 43,80 56
022 4132 1 25. 56 5
1918 -3 1 6. 48 4
Length of {position perlod 5% 3 i 34 b

pgth of preovipesition cvrmre oo B.
g F P 1921 o] 1 4, A ]
1022 a1b 1 312 L]
{ 1018 328 3 B34 24
1018 355 3 10. 90 21
Period befors marimam ovipesitfon...__.. < 1920 345 2 8,70 15
1t 1021 270 1 & 10 2
i 1 875 1 7.48 14
1018 s 3 16.80 av
Period from emergence to Jast ovlposition..| 1959 b i RE H

etiod from am nce to Jast oviposition.. 15
1521 270 3 2281 i)
iges s 2 17,91 32
1018 38 1 1048 26
N oo | 3 | i 48 &

fumber ¢ smath,. ... __..}4 [ %
per 1921 290 i 1C. £9 89
1 376 1 D07 85
1818 an 1 1+ % a8
1018 HE 2 15,24 38
Length of Weof malemoths.________..._.\¢ 1926 pirg i 15 O 31
1921 285 2 13.5 25
1622 360 2 13. 18 a8
1918 300 1 i4. 4 37
1819 30 3 15. 6 38
Lengt® of }ife of female moths.._ 1640 327 ] 14.08 o7
fity 20 2 156 X
1922 353 2 14.61 59

First generstlon:
{ 1018 625 ) i+ 3 s
Length of tnctbation perfod...o...oeu.__...l{ 1520 s
1922 14, 068 T 10 62 17
| 151 £ B =y &
I
Length of isrval feeding perlod__..... ... 1920 154 27 3068 =
19 834 19 -] it
w0 B i i B
Length of cocooning perdod.van oo cueaeannnd 1 1920 126 % © {47 2
1622 783 2 5,33 -]
1918 85 13 138 a
Length of popel stags. igg 432 g & %5 ?}
pE; A saEm T eraa——

ln 24 18 4.3 3¢
2 718 i 13.02 81
1518 387 2 310 7
1019 1 245 8
Period before ovipasition. 1920 451 1 a5 11
121 1 a7 12
1 1.71 3
3 A 33
F] 638 20
...... 1 581 U
1 4 82 12
2 +.% 10
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Pagew 4—Summary of deic on ihe development of the more imporlant slages
of the codling moth, Medford, Oreg., 1918-1922.—Continued

Btage of development Wumber |Minlmum!; Average?l

First goneration—Continued.

-

S1Em I = BRI BT v b B RS RD e = D D RO D RS O 0

Period from emergence to ast oviposition.

Wumber of egge par lemale moth. .. __;

Length of Ifs of mals moths. . ooooee -1

Length of life of femala moths. ...

BRTBORRTRVEC S HENPE

Second genaration:
Tangth of ineubation period

Length of larval feeding period

Length of ning period

Langth of pupal BLBEe oo e e

worpbEhpeoaStiiRRenn KoRiRRRoERREBRREN-ERE

Perled befare ovipoaition

-
=
SURSEEINCRERERR IRER T

Teriod before mazimum ovipesition

BE! moeomaos

Perlod [rome emergence to lost oviposition.- |

-

Oy e OO
[l

Numbet of egep per ismaio math }gglg

1922
[ 1919

Wi eSal o

Length of life of mmale motha

10902

Length of Hfs of femals moths_...oeeeees o { llgég
‘I'nlrd generation:

108

0
Longth of fneubatlon period. oo 1819 g
1022 g
Length of larval feedlng pericd }gég éi

Bl ES8BERERE wawe

1Al flgures represent days, except those for the mwmber of eggs- ner moth,
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