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INTRODUCTION. 

In many localities throughout the central Appalachian region the 
recent rapid development of the apple-growing industry has made 

the control of the codling moth (Carpocapsa pomonella L.) a subject 
_ of special and increasing interest. The hilly or mountainous nature 
_ of the land has led to the location of orchards at elevations ranging 
from a few hundred feet to more than 4,000 feet above the level of 
the sea. The great diversity of temperature that occurs between the 
lower and the more elevated orchards has a marked effect on the 
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time of transformation of the different stages of the codling moth, 
_ and consequently has direct bearing on the relative number and the 
A destructiveness of second-brood larvee. 
In the spring of 1911 the Bureau of Entomology began a study of 

the codling moth in the region just mentioned, as a part of its inves- 
77013°—Bull. 189—15——1 
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tigations of this insect throughout the United States, giving particular 
attention to time of appearance of the different broods at various 
altitudes and latitudes. The work was conducted by or under the 
immediate direction of the authors of this paper and was continued 
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for three consecutive years at several points located-in Virginia, West | 
Virginia, and Maryland. : 

The writers are greatly indebted to the large number of fruit growers 
| 
j 

in the various localities where the investigations were carried on for | 
the free use of orchards in which to obtain banding records, for build- _ 
ings to shelter rearing jars, and for other courtesies. During the 
progress of the work many essential suggestions were made by 
Prof. A. L. Quaintance, in charge of Deciduous Fruit Insect Investi- | 
gations, under whose direction the studies were made. 

LOCALITIES IN WHICH INVESTIGATIONS WERE MADE. 

The studies described herein were conducted at Charlottesville, 
Fishersville, Greenwood, and Winchester, Va.; Keyser, French Creek, 

and Pickens, W. Va.; and Hagerstown, Smithsburg, and Hancock, Md. 
The senior author had charge of the investigations in West Virginia 
and the junior author had charge in Virginia and Maryland. At 
several of the points mentioned only partial or incomplete records 
were obtained. The similarity of conditions at Smithsburg and 

| 

Hancock, Md., and Keyser, W. Va., to other localities where records _ 
were being kept, together with a shortage of the fruit crop and the © 
difficulty of visiting so many places at sufficiently frequent intervals, | 
led to the discontinuance of operations at these points after the — 
first year. 

NATURE AND EXTENT OF THE INVESTIGATIONS. 

The work was conducted by selecting, for banding, from 10 to 15 
unsprayed bearing apple trees of late ripening varieties in each 
locality. Wherever it was possible medium-sized trees with smooth | 
bark were chosen. In some cases such trees could not be found and — 

old trees with rough bark were used. The rough scales of bark were 
scraped from the trunks and from the bases of the larger branches of 
these old trees, but even then they were much less desirable for the 
purpose than the younger, smooth-barked trees. 

In the spring, before the first-brood codling-moth larve had com- 
menced to leave the fruit, burlap bands were tied around the trunks 
of the trees 2 or 3 feet above the ground, and in some cases additional 
bands of the same material were placed around the bases of the larger | 
branches. The trees were all tagged and an individual account kept 
as to the number of larve going under the bands to ‘‘spin up.” The 
bands were removed and examined at frequent intervals and the — 
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larve taken from them were counted and placed in rearing jars. In 
1911 the larve were collected and the rearing jars examined every 
10 or 12 days, and in 1912 and 1913 the examinations were made 
every 3 or 4 days. During the course of the work more than 20,000 
larvee were collected and placed in the jars for rearing. 

The jars containing the larve were supplied wath small derives 
made of thin pieces of wood bound together, with openings between, 
into which the larve entered to ‘‘spin. up.” ‘Tt was found that strips 
cut from sheets of transparent celluloid could be used under the wood 
to advantage, as this permitted the wood covering to be removed for 
the purpose of examining the larve or pup without tearing or dis- 
arranging the cocoon. The jars were covered with cheesecloth and 
were placed under shelter, usually in open sheds, where they had 
out-of-door temperature. These sheds were always located near the 
orchard in which the larve had been collected. The jars were exam- 
ined on the same dates as the bands, and the moths that had issued 
at each examination were counted and destroyed. lLarvee that win- 
tered were preserved and records were made of the date they issued 
as moths the spring following. So far as possible the band records 
were checked and supplemented by observations on the condition of 
the insect in the orchard. 

EXPLANATION OF THE USE OF TERMS. 

The terminology of this paper is made to conform as nearly as 
possible with that of previous papers on the codling moth issued by 
the bureau. The term ‘‘generation”’ applies to the moth in all its 
stages from the egg to the adult, regardless of whether the life cycle 
is completed in one season or whether the insect winters during its 
development, in which case the life cycle would occupy parts of two 
seasons. The term ‘‘brood”’ is used to designate the insect in any 
of its four stages. Broods of eggs, larve, pupz, and imagos occur 
normally, with more or less seasonal regularity, in the orchards of 
any given locality, and the term “‘ brood” usually refers to the individ- 
uals in the aggregate of any particular stage of a given generation. 

In the Appalachian section a first brood and a partial, or prac- 
tically full, second brood of larve occur annually. In some southern 
localities a small third brood is possible. Some of the larve of the 
first brood and practically all those of the second brood winter in 
the cocoon. These are all spoken of as ‘‘ wintering larve.” In the 
spring these wintering larve transform to “spring pupe,’’ which in 
turn develop into “‘spring moths.” The spring-brood moths produce 

_ “first-brood eggs,” from which hatch ‘‘first-brood larve.’’ The indi- 
viduals of this generation that complete their transformation during 
the first season are known in their successive stages as ‘‘first-brood 
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- pupe” and “first-brood moths.” These moths in turn produce 
‘““second-brood eggs” and ‘“‘second-brood larve.’’ Where ‘‘second- 
brood pupe” and “‘second-brood moths” occur they may produce 
“third-brood eggs” and “‘third-brood larve.’”’ 

INVESTIGATIONS AT CHARLOTTESVILLE, VA. 

DESCRIPTION OF LOCALITY. 

Charlottesville is situated at the foot of the eastern slope of the 
Blue Ridge Mountains, at an elevation of 400 to 500 feet above sea 
level. In the immediate vicinity of the city there are several large 
and profitable bearing apple orchards, as well as a considerable acre-_ 
age of young orchards planted within the last four or five years. Its | 
own interests, therefore, as well as its proximity to the large orchards 
of the Blue Ridge section, make Charlottesville of considerable im- 
portance as a commercial apple-growing center. Investigations of 
the seasonal life history of the codling moth were carried on in this 
section in 1911, 1912, and 1913. Only the work of the last two years, 
however, was considered of sufficient value to be included in this 
report. 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

A large proportion of the larve collected in the orchard in the fall 
of 1911 succumbed to cold or disease the following winter, and the 
rearing material available for moth emergence was consequently 
rather limited. On account of the small number of insects reared 
and some irregularity in the observations the records are not in- 
cluded in detail. Moths were first observed in the rearing cages at 
Charlottesville on May 7, and at Greenwood, where conditions are not 
far from those at Charlottesville, adults began appearing about May 8. 
Also the summer brood of moths emerged in the rearing cages at Char- 
lottesville 45 days later (June 20), which is about the interval that 

must elapse between the two broods of adults in that latitude. There- 
fore we may safely assume that in 1912 the emergence of spring-brood 
moths began in the orchards at Charlottesville soon after May 1. 

FIRST-BROOD MOTHS. 

Table I gives the time of emergence of 247 moths that issued from — 
band-collected material at Charlottesville in 1912. Beginning on 
June 20, emergence continued through the rest of June, the whole of — 
July, and about half of August. One moth emerged as late as 
September 2. 
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TABLE I.—EHmer gence of jirst-brood moths of the codling moth at Charlottesville, Va., 
1912. (See fig. 1 

Ba « 2 Number } ere Number 
mata oe panSErS of moths eae of moths 

> emerging. , : emerging. 

A jie U6 (271) eee 1 Xb tea eee 5 
24.. 5 Outs 10 
Zee. 32 gees 30 

Jitly, 2. 1 Ieee 20 
Oe 42 ieee 7 
LOGOS tee 6 PAS 3 
1S se he eae 22 20s 0 
LY en ae ee 15 A.) nae ea cia f 0 
21 23 Sept 2 see sie oe 1 
25 12 
29 12 Total 247 

BAND COLLECTIONS. 

It would be difficult to find a more satisfactory orchard in which 
to conduct band-record experiments than the one used at Charlottes- 
ville in the summer of 1912. The trees used were part of an orchard 
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Fic. 1.—Diagram to illustrate emergence of first-brood moths of the codling moth ( Carpocapsa pomon- 

ella) at Charlottesville, Va., in 1912. 

that had not been sprayed for a number of years. Those banded 
were of the Winesap variety, about 18 years old, and carried a heavy 
crop of fruit throughout the season. In Table II are given the 
collections of the season and the summarized results of the rearing 
experiments. 
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TaBLe II.—Number of larve of the codling moth taken Jrom the bands and reared at 
Charlottesville, Va., in the summer of 1912 and the spring of 1913. (See fig. 2.) 

a 
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Fig. 2.—Diagram to illustrate band collections of larve of the codling moth at Charlottesville, Va.,in 

a 1912. 

Unfortunately examinations were not begun until June 12, while 
larvee were doubtless leaving the fruit as early as June 5-6. Codling- 
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moth larve appeared under the bands in considerable number 
_ throughout June and July, most of those collected previous to August 
1 transforming to adults the same season. After August 1 the num- 
ber of larve collected again increased considerably, the greater part 
of those taken after this date spinning up and wintering. Since 
~summer-brood moths appeared June 20, it is reasonable to suppose 
that second-brood larve were beginning to enter the apples about 
duly 1. If we allow a slightly longer time than has been found by 
_ other observers to be the minimum feeding period of the second brood, 
we might expect second-brood larve to be leaving the fruit by the 
last of July to the first of August. The fruit was picked shortly after 
October 5 and the records discontinued, although a few of the second 
brood had not finished feeding by that time. 

Table II gives the results of the rearing experiments carried on 
with the 905 larvee taken in the orchard in the summer of 1912. Due 
to handling, cannibalism, disease, etc., 18.12 per cent were lost in the 

rearing jars; 27.29 per cent emerged as moths that season; 54.59 per 
cent wintered; 15.36 per cent were winter-killed; and 39.23 per cent 
passed the winter and emerged as moths in the spring of 1913. 

SUMMARY FOR SEASON OF 1912. 

At Charlottesville in 1912 the spring-brood moths began emerging 
in the early part of May. First-brood larve began leaving the fruit 
the early part of June. First-brood moths began emerging June 20, 
allowing 10 days for egg-laying and incubation; second-brood larvee 
began feeding by July 1. After August 1 most of the larve taken 
under the bands belonged to the second brood. 

INVESTIGATIONS IN 1913. 

SPRING-BROOD MOTHS. 

The emergence records of 355 moths of the spring brood at Char- 

lottesville in 1913 are given in Table ITI. 

Taste II1.—Hmergence of spring-brood moths of the codling moth at 
Charlottesville, Va., in 1913. (See fig. 3.) 

Number : Number 
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It will be remembered that the work of 1912 did not include a 
detailed account of the appearance of the spring brood. There was, | 
however, very good evidence that spring-brood emergence began | 
that season shortly after May 1. On the whole the seasonal condi- | 
tions of the spring of 1913 were shghtly im advance of those of 1912, | 
and spring-brood moth emergence seems to have occurred about 10) 
days earlier in the former year. Moths began appearing in numbers} 
on April 27-30, and maximum emergence was reached on May 3.| 
Moths continued to issue in jars through May and part of June, | 
emergence ceasing June 11. It is probable that first-brood larve } 
began feeding by May 1, or 12 days after the first moth appeared in | 
the rearing cages. 

FIRST-BROOD MOTHS. 

In 1913 the first of the first brood or summer brood of moths issued 
on June 14, from material taken under the bands in the orchard on 
June 5. However, emergence occurred in numbers on June 23 and 
reached its maximum on July 8. On the whole the graph in figure 3 
probably represents fairly well the time of appearance in the orchard 
of the two broods of moths at Charlottesville in 1913. An occasional 
second-brood larva may have begun feeding by June 25, but if is 
probable that the insects were not entering the fruit in numbers | 
before July 1. 

TaBLeE [V.—Emergence of first-brood moths of the codling moth at 
Charlottesville, Va., in 1913. (See fig. 3.) 

Number || Number 
pate or aeer: of moths Ratecloneer of moths 

emerging. ‘ emerging. 
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BAND COLLECTIONS. 

At Charlottesville, as in the other parts of the central Appalachian 
section, the short crop of fruit during the season of 1913 seriously 
nienincdl with the work. After the dropping, which normally fol- 
lows the feeding of the first brood, not enough fruit remained to 
furnish food for the second-brood larvee, and the unusually small 
numbers of larve that appeared under the bands in the latter part 
of the summer throw out of line completely the proportions of trans- 
forming and wintering insects. The relatively small number of over- 
wintering larvee given in Table V must be considered as unusual and 
not as evidence of what occurs under normal conditions. 
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Fic. 3.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 

Charlottesville, Va., in 1913. 

Taste V.—Number of larvex of the codling moth taken from bands and reared at Char- 
| lottesville, Va., in 1913. (See fig. 4.) 
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First-brood larve were taken from the bands on June 5, and con- 
tinued to appear in increasing numbers through the sos of June 
and most of July, the largest collection of the season occurring on 
June 20. Since moths of the summer or first brood appeared in the 
rearing cages on June 14 and in numbers by June 20, second-brood 
larve were probably entering the fruit in the field ion 25-30, and, 
allowing a normal feeding period, must have begun to appear “Sls 
the bands in the last of July to the first of August. A few larvee were 
collected up to September 15, when the remaining fruit was picked 
and the records discontinued. Figure 4 represents graphically the | 
numbers and time of collection of the larve taken from the bands 
during the season. In all, 542 larvee were taken from the bands, 223, 

JO5 

i 
TCM 
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Fig. 4.—Diagram to illustrate band collections of larvee of the codling moth at Charlottesville, Va.,in 

1913. 

or 41.14 per cent, of which perished mm the rearing cages; 49.82 per | 
cent emerged as moths the same season, while 9.14 per cent spun up | 
and wintered. As has already been explamed, the comparative | 
numbers of wintering and transforming larve given in Table V must | 
not be considered usual. At Charlottesville in an ordinary season a 
large proportion of the first brood transforms, giving rise to a rela- 
tively large second brood, and with a fair crop of fruit the larve of 
the second brood taken under the bands should far exceed the first 
in numbers. 

SUMMARY FOR SEASON OF 1913. 

Spring-brood moths began emerging at Charlottesville on April 18. 
First-brood larye might be expected to have entered the fruit by 
April 28-30, though not in any number until several days later. 
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" First-brood larvee were taken under the bands June 5, and by August 
c probably most of them had left the fruit. First-brood rath 

_ appeared in the rearing cages on June 14, and in numbers June 23. 
- Second-brood larve must here been entering fruit June 25-30, and 
were leaving by the last of July to the first ah August. 

INVESTIGATIONS AT GREENWOOD, VA. 

DESCRIPTION OF LOCALITY. 

Greenwood is situated about 18 miles west of Charlottesville, in 
a section of the Blue Ridge Mountains where commercial apple 
- growing has been well Siipliched for years. In a mountain orchard 
section, such as this, there is considerable variation in the elevation 
of orchard sites. The orchard in which band-record experiments 
were conducted was at an altitude of about 900 feet above sea 

level. The work in this section for the season of 1912 is given in part 
_ only, the moth emergence of that summer being considered of suffi- 
cient importance to find a place in this report. 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

Table VI contains the emergence records of 180 moths as they 
_ occurred in the rearing cages at Greenwood in 1912. The first visit 
of the season to Greenwood was made on May 8, and the table 
shows that three moths were found in the jar of wintering larve at 

that time; while these may have emerged two or three days pre- 
| viously, from the number appearing two days later (May 10) it can 
_ be assumed that moth emergence was just beginning on May 8. 

Taste V1.—Emergence of spring-brood moths of the codling moth at 
Greenwood, Va.,in 1912. (See fig. 5 

Number Number 
4h ae Aan ae eee nts 

: emerging. emerging. 

Gg Oh eee 3 Maye cOsee see ee 34 
Toe Sek” aaa 11 AITO See eee 15 
11g oi ee Se 18 (ip ere Aes 5 
af ee ee 28 a 
ik ie Gee aoe 20 Totals ee 180 
ee PS Ne ote 46 

_ Some time was spent in the orchard in an unsuccessful search for 
se and young larve, and their absence indicates that moths had 

3 to June 3. None emerged in fee rearing cages after June 7, 
“ though, had more insects been under observation, an poesia 
adult would probably have appeared later. 
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FIRST-BROOD MOTHS. 

The first collection of larve in 1912 was delayed until June 12, 
though as none of those taken under the bands at the time had 
pupated, the beginning of first-brood moth emergence was not seri- 
ously affected thereby. In all 639 moths appeared in the rearing 
cages between June 23 and August 28. (See Table VII.) 
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Fig. 5.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 

Greenwood, Va., in 1912. 

TasLeE VII.—Emergence of first-brood moths of the codling moth at 
Greenwood, Va.,in 1912. (See fig. 5 

Number Number 
Pale pion Sel of moths D Bip Ore See of moths 

emerging. emerging. 

JUNC 232. sie eo 6 Aug 2 Aste ee eee 41 
Deans me 4 Dick tee sae 40 

Fuby eb eee sek 17 LS a are 24 as 
One aeons 62 As Poe eas 75 
Osean es 71 V7e pees 53 
ABS Hee Pear Coby 67 21a eee 18 
Lice peee e 29 DT ieee ete ie 9 
PA Lee er ns one at 23 teas Bee 0 
Dean Sar ee ee 65 
Po) VEGA? Sens ee | 30 Totals 639 

The seasonal appearance of the two broods of moths is eiven in 

figure 5. 
Work at Greenwood was discontinued in 1913, the transformations 

of the codling moth being apparently so nearly the same as at Char- 
lottesville sthat almost daily observation would be necessary to 
distinguish any variation at all, and according to the plan of work 
followed it was impossible to ‘alee records oftener than every three 
or four days. 
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_ INVESTIGATIONS AT HAGERSTOWN, MD. 

DESCRIPTION OF LOCALITY. 

Hagerstown, Md., is situated on a comparatively level portion 
The country is more or less roll- of the lower Cumberland Valley. 

ing, but the relative 
differences in altitude 
are not great, the ac- 

tual elevation above 
sea level of most 
of this section being 
from 500 to 600 feet. 
There are a few large 
orchards in the vi- 

cinity, but fruit grow- 
ing in a commercial 
way has not received 
much attention un- 
til recently. How- 
ever, Hagerstown is 
not far from some 
very important fruit- 
erowing districts on 
the east, the west, 
the north, and the 

NUMBER OF MOTHS 

Sy aie aioe 

y ee aie (aloe el See alee BSE ZPD Sesesheaee 
S| 

Fic. 6.—Diagram to illustrate emergence of first-brood moths of the 

codling moth at Hagerstown, Md., in 1911. 

south. Band-record experiments were carried on in this section 

for 1911, 1912, and 1913. 
INVESTIGATIONS IN 1911. 

FIRST-BROOD MOTHS. 

The long intervals between observations in 1911 (10 to 12 days) 

make the records of that year of rather doubtful value, and while 

they are included for Hagerstown and Pickens, it must not be under- 

stood that they are comparable in any but a general way to the data 

obtained in the two following years’ work in these sections. 

TapLe VIII.—Emergence of first-brood moths of the codling moth at 
Hagerstown, Md., in 1911. (See fig. 6.) 

pak Number 
te Os of moths 

; emerging. 

Uy eters ae) 82 
i ate iae e etal 151 

INO PR incemiconoece 46 
WAR see ae 16 

Aug. 25 3 
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The collection of larve from the bands, and the summer-brood 
moth emergence given in Table VIII, can be better appreciated by 
reference to figures 6 and 7, and it is doubtful if much could be added 
by a detailed discussion of the season’s work. 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

It will be noted that the records for spring-brood moth emergence 
given in Table IX were obtained at Smithsburg, Md., and therefore 
do not represent accurately what took place at Hagerstown. The 
Smithsburg section is 9 miles east of Hagerstown, at the foot of the 
Blue Ridge Mountains, and at a considerably higher elevation, and 

A ee 
NTT 
LIN EEL 
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FCCC SE 
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/40 

NUMBER 

70 

aE Set g wa oe 5 oo eo 
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Fic. 7.—Diagram to illustrate band collections of larve of the codling moth at Hagerstown, Md., in 1911. 

the seasonal conditions at Hagerstown are somewhat in advance of 
those at Smithsburg. However, no satisfactory record of moth 
emergence was obtained at ee ae in the spring of 1912, and 
as this was practically the only record of any value secured at Smiths- 
burg, it is included in the report of the work in the former section. 

TaBLe IX .—Emergence of spring-brood moths of the codling moth at 
Smithsburg, Md., in 1912. (See fig. 8.) 

| | 
Number 

| 
| Number 
ene oF obser- of moths Daterosopser: of moths 
| NACIOT. emerging. : emerging. 

Ma yiS0seaace et eee 2 SITIO HO sese e 10 
JUNC Oscee ses 9 DAS ASE eee 4 

disece nae 17 
1 ea eee 23 Total 85 
LO seceeceeeee 20 
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It will be seen from figure 8 that emergence began on May 30, and 

reached its maximum on June 11, after which time the moths de- 
-ereased in numbers, ceasing to appear altogether after June 23. 
It would probably Be safe to say that the first-brood larve were 
| entering fruit by June 1, or very soon thereafter. 

FIRST-BROOD MOTHS. 

| The emergence records of 148 moths given in Table X were obtained 
from the material collected in the orchard at Hagerstown and repre- 
sent fairly well the occurrence of the summer or first brood of moths 

in the field. The 148 moths accounted for in this table comprise all 
that transformed during that season of the 1,706 larvee reared, a fact 

ee 
ean unane i 

a 
: 
ia 

uit 
17) 

“ot 

Fie. 8.—Diagram to illustrate emergence of spring-brood moths of the codling moth at Smithsburg, 

Md., and first-brood moths at Hagerstown, Md., in 1912. 

_ which probably accounts for the relatively small number of second- 
_ brood larve that appeared under the bands later in the summer (see 

fig. 9). 
TaBLE X.—LHmergence of first-brood moths of the codling moth at 

Hagerstown, Md.,in 1912. (See fig. 8.) 

Number Number 
pee eee of moths pee to} DEE ofmoths 

: emerging. : 3 emerging. 

DOUG: 1S ee. 3 ATE CIB} eee eee 20 
7 (eae, ae 2 BCT | io ieee ig me eae aa et 9 
21 11 PAle Nahe 8 SRE AES EE Liao. 
DAP, PE eee 13 pA aia a3 ek chak 4 [Saenger 
DOR eS Le 28 OU ER ae EES 2 

anh b ty 29 eae es ae 10 
B Pr ee Le A i Dotarwises- 148 
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First-brood moths began to emerge on July 13, and emergence 
continued throughout the remainder of July and the fore part of 
August. Two adults appeared as late as August 29, though emer- 
gence had practically ceased August 17. The codling moth is very 
sensitive to weather conditions, its development being especially 
retarded by cold, and the irregularity in the emergence curve of 
first-brood moths in figure 8 is due, in part at least, to extreme tem- 
perature variations of the season. 

Second-brood larve probably began entering fruit at Hagerstown 
in 1912, about July 23 to 27. 

BAND COLLECTIONS. 

Altogether 1,706 larve were taken from the bands at Hagerstown 
in 1912. -(See Table XI.) The trees used were of the York 

Imperial variety, about 15 years old, smooth bodied and loaded with 
fruit. Bands were placed in the fore part of June and examinations 
made every three or four days, beginning June 15. 

TABLE XJI.—Numober of larvex of the codling moth taken from the bands and reared at 
Hagerstown, Md., during the summer of 1912 and the spring of 1913. (See fig. 9.) 

Number of 
Number of} dead from | Number Number Number Number 

Date of collecting larve. larvee col- | handling, | emerged, |overwinter-| winter- emerged, 
lected. cannibal- 1912. ing. killed. 1913. 

ism, ete. 

UNE 29 Me oe se cess cones etole cee 11 4 TW Sess SoM oS A ovate ae Reet ee ee 
Dliyeee ee at a2 ee wdc cee cee Eon tee coed] AE ck ook doe oa, atee lee ater eel oe eee eee 

Hy Sieh eet eee Ge Se OS ose th Shee 42 16 7 9 
ot) Ne a ria ranma Sar nana, Bs 55 24 28 3 Bs | Pc 

1 ieee ea Smee Breen 144 27 42 75 24 51 
1 by A Ae ee ae se eee 240 53 15 172 109 63 
DANE SES San weet oe os Sai 183 44 2 137 a 1 ene ay 
DO Roches eas 22 oie ret 207 61 10 136 100 36 
28 SD cae pee gh Sea ea 228 75 151 112 39 

TANI OAM ee es ele ye eo 117 29S. Peale eels 95 40 55 
Spat P taled Serer aus Dae 97 TEST eg ee oe 79 25 54 
Qi oie SUE PRL he LIE 59 NB (ete ee i) 47 36 11 
1 3 ee es Neg” Sl ee 35 Ly ae Ree ee 30 23 7 
Re eer ci en’ Sera siento cg 30 Ae Rete SEN aes 28 il 17 
7) Bs See 5 ek i re 15 AQ Vice oe see DAleeae Aare 5 
Dee a ne Rt ey eee ep te 60 ra haa fie aes Sar 29 19 10 
See ee ee oe 30 ole] cameras 22 2 20 

Sop teen rae es Pe ae eke 48 PA ME Oye Nana 26 19 7 
a ge ian A <a ee 16 9 ee ee 7 A Re es 

tL (EE eA Se ee 21 (fe Ree a oS 14 7 7 
LA ae ie ees See a 16 AD Sei ee oe 12 8 4 
1 ee 3 a Rane Are eet 28 oh ae ae eA 20 13 7 
DIIGO AN ape A RS ae es 8 Des SaPe ee 6 4 2 

Rotates hep ct; St BA Se 2 ree 1, 706 448 148 et tOn 706 404 
REM Centar sete eens | 100 26. 26 8.68 65. 06 41.38 23. 68 

From figure 9 it will be seen that the first larvee appeared under the 
bands on June 29, the numbers gradually increasing through July. 
From August 1 to 21 the collections decreased, increasing again 
slightly after the latter date, and it is probable that second-brood 
larvee were beginning to leave the apples about this time. Only 
8.68 per cent of the first-brood larve transformed to moths, which 
explains the relatively small second brood of larve shown in figure 9. 
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~ Comparison of figures 7 and 9 would suggest that, in the relative num- 
bers of the two broods of larve appearing under the bands, the sea- 
sons of 1911 and 1912 were very similar. 

As has already been said, only 8.68 per cent of the 1,706 larve 
taken under the bands at Hagerstown in 1912 transformed to moths 
that summer. The percentage of 26.26 that died in the rearing 
cages from handling, cannibalism, disease, immaturity, and other 
causes compares closely with that observed at other points, and 
the rearing work was evidently done with as much care and under 
as favorable conditions as in the localities where a much larger pro- 
portion of the first brood transformed; 65.06 per cent wintered, 

_ 41.38 per cent were winter-killed, and 23.68 per cent emerged as moths 
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Fic. 9.—Diagram to illustrate band collections of larve of the codling moth at Hagerstown, Md., in 1912. 

in the spring of 1913. The percentage of winter-killed larve at 
‘Hagerstown was much larger than in other localities that year. 

SUMMARY FOR SEASON OF 1912. 

Spring-brood moths began emerging in rearing cages at Smiths- 
burg, Md., on May 30 (probably several days later than at Hagers- 
town). First-brood larve were probably entering fruit 10 to 12 
days later (soon after June 1, at Hagerstown). First-brood larve 

were leaving apples in the field from June 25 to 29 to August 17 
to 21. 

First-brood nate began emerging from field-collected material on 
duly 13. Second-brood larve probably began feeding soon after 
July 23, and were leaving the fruit in numbers soon after August 21. 

77013°—Bull. 189—15——3 
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INVESTIGATIONS IN 1913. 

SPRING-BROOD MOTHS. 

Table XII gives the emergence of moths of the spring brood at 
Hagerstown in 1913. 

TaBLe XII.—Emergence of spring-brood moths of the codling ee at 
Hagerstown, Md.,in 1913. (See fig. 10. 

tees Number 5 Number | 
Pele ciep Ser of moths = aie at obser ] of moths 

emerging. : emerging. | 

May dda o ease | 2 JURE) bakes ee ees 45 | 
See tN 6 | Res eae 22 | 

7 NBS eee 12 Le erctsiae See 25 | 
Rag eae 9 | 27 Se eyDe | 81 | 
7d PE rs so 38 |! 

Le Nie en 77 | Motale sete: 404 
JUNCH 2 eee ee | 87 || | 

The first moths appeared in the rearing cages on May 15, but | 
maximum emergence did not occur until May 30 to June 2. Careful | 
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Fic. 10.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 
Hagerstown, Md., in 1913. 

records were taken every three days up to and including June 11, 
but from June 11 to June 27 observations were discontinued, as indi- 
cated by the dotted line in figure 10. However, of 404 moths 
accounted for in Table XII, all but 81 had emerged by June 11, 
and the break from then until June 27 does not seriously affect the | 
value of the records. Allowing 10 to 12 days for egg laying and _ 
incubation, first-brood larve were evidently beginning to feed by _ 
May 25 to 27. . 

FIRST-BROOD MOTHS. 

The relation of the two broods of moths emerging at Hagerstown 
in 1913 is clearly illustrated in figure 10. Adults appeared in the 
rearing jars with more or less regularity from July 8 to August 10. 
Emergence ceased altogether on August 28. (See also Table XIII.) 
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TasLe XIII.—Lmergence of first-brood moths of the codling moth al 
Hagerstown, Md., in 1918. (See fig. 10.) 

| : Number | ; Number 
| Spe ate bser: ofmoths | Pete Gh ONSEH of moths 

Mies emerging. | ‘ ; emerging. 

| —————— ee ee 

MUL YE Seis S..\ oes 7d i Be Xi sey (ere reas So 20 
y 5 (a 2 OR eee ae: 8 
11: ee ae ed ll 1S ee Sar ae ge 3 
MPa eesta ioe 8 Okra cece 1 
7.) (ae eees 13 eS erent 0 
PAYOR rete 10 PAS ECG ned 6 
OS Be cetagere 29 Dat etait ae 0 
A) ae aie 23 1a ea epeeion Sate 2 

SAS TAGs a eB mee 53 — 
cla wie suee ee 31 | Total. 3-2 -=- 222 

} 

BAND COLLECTIONS. 

Probably a few second-brood larvee were entering fruit in the field 
_ by July 20 to 25. 

In Table XIV are given the records of the collections and rearings 
| 
| 

: of 2,756 larve taken under the bands at Hagerstown in the summer 
of 1913. 

_ Taste XIV.—Number of larve of the codling moth taken from bands and reared at 
Hagerstown, Md., during the summer of 1913. (See fig. 11.) 

Number of ate 
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Date of collecting larve. larvee | handling, | , or ri overwin- 
collected. | cannibal- reins, | tering. 
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Larve began to appear on Jeu 27, and were taken under. tha 
bands in numbers through the roien gle of June, all of July, and | 
part of August. It will be noticed that on aoe 25 (fig. 11) there 
was a sharp decrease in the number of insects collected. Considering | 
the time first-brood moths began appearing in the rearing cages at | 
Hagerstown, and correlating with what was taking place at Win- | 
chester and elsewhere, second-brood larvee very likely began appear- — 
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Fia. 11.—Diagram to illustrate band collections of larve of the codling moth at Hagerstown, Md., in 

1913. 

ing under the bands soon after August 25, though an unusual over-— 
lapping of the two broods of larve is apparent in the collections. 
Records were discontinued about October 25, though no larvee — 
appeared under the bands later than October 18. 

The 8.24 per cent of transforming larve taken under the bands at | 
Hagerstown in 1913 compares closely with the 8.68 per cent that — 
transformed in 1912. The 32.04 per cent of larve that died from ~ 
handling, cannibalism, etc., in 1913 is much higher than has usually | 

been observed, due in part to the fact that one jar of larvee was ~ 
devoured by mice, and discarding consideration of this cage the loss ~ 
is brought down to 29.37 per cent. The 59.72 per cent of wintering © 
larve is only slightly less than the 65.06 per cent obtaimed in 1912. 4 

SUMMARY FOR SEASON OF 1913. 

Spring-brood moth emergence began May 15 and closed June 27. i 
Allowing 10 to 12 days from emergence to hatching of first eggs, We 

might expect that first-brood larve began entering the apples May — 
25 to 27. First-brood larve appeared under the bands on June 27. | 
First-brood moths began to emerge in the rearing cages on July 8, 
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though not in numbers until July 11 to 14. Second-brood larvee were 
probably beginning to enter the fruit about July 20 to 25 and were 
leaving in numbers after August 25. 

INVESTIGATIONS AT WINCHESTER, VA. 

DESCRIPTION OF LOCALITY. 

Winchester, the county seat of Frederick County, Va., is one of the 
principal shipping points for a large and well-developed apple-pro- 
ducing territory in the northern part of the Shenandoah Valley. The 
altitude of most of the country immediately surrounding Winchester 
varies from 650 to 800 feet above sea level; thus the relative variations 
in elevation are not great and the seasonal conditions are fairly uni- 
form for the whole section. The life-history studies of the codling 
moth in this section for the seasons of 1912 and 1913 follow. 

In Table XV are included the emergence records of 94 moths that 
issued at Winchester in the spring of 1912. 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

TABLE XV.—Emergence of spring-brood moths of the codling moth at 
Winchester, Va.,1n 1912. (See fig. 12.) 

Number Number 
D AGE ee 7 of moths De ee SPs of moths 

, emerging. ray emerging. 

IMR ore ar esate | oct arabe « 74 eel ibuat OO See yeaa 8 
710 eee aes. 4 seine pRuae yD 4 
BYR sis ant. 2 19 i? Ree eee i 

Tut) Sees 26 Dapoeic tote. ee 3 
Mitchie ane de 26 DE EOS oI. he 1 

Ota Aeeces 94 

The first moth appeared in the laboratory rearing cages between 
May 18 and 22, though observations indicate that moths emerged 

several days earlier in the field. On the 24th of May eggs were rather 
common in the orchard, and two newly hatched larve were found 
just entering apples. Certainly moths were emerging in the field, in 
1912, not later than May 15. By May 30 first-brood larvee were ob- 
served entering fruit in the orchard in considerable numbers. The 
last spring-brood moth emerged June 27. 

The fruit was unusually large when attacked by the codling moth 
in 1912, and it is of some interest to note that curculio cuts and rough 
spots on the apples were more frequently used by the first-brood 
larvee as points of entrance than was the calyx end of the fruit. 

The first of the 1912 summer or first-brood moths emerged on July 9. 
Eggs were laid by moths in confinement on July 13, by moths emerg- 
ing during the period from July 9 to 13, but since one moth issued 
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July 9 it is possible oviposition began two or three days earlier in the 
field. Moths emerged in the rearing cages until August 21. 7AReG 
Table QV.L) Pray 

FIRST-BROOD MOTHS. 

TaBLE X VI.—Emergence of first-brood moths of the codling moth at 
Winchester, Va., in 1912. (See fig. 12.) 

Number Number 
D aor en SEES of moths D averor ee Sore of moths 

: emerging. || : emerging. 
7 

arly Sere ee | 1 NARs Dial ccaen (isle 25 
rl Bie) ad DOR nnn aet Oban teeters 8 
Ty se Seer pee 25 Org ea ame 23 
20a eee 27 i Reh ai eg 18 
7 ere 27 aS een seco ae 13 
DOU oan 33 PA ty Rete 8 

| Total. ote = 228 
| 

The relation of the two broods of moths can be better understood 
by reference to figure 12, where their seasonal appearance is repre- 
sented graphically. 

BAND COLLECTIONS. 

An old unsprayed orchard located about a mile south of Winchester | 
was used for the band-récord experiments of 1912. The trees 
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Fic. 12.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 

Winchester, Va., in 1912. 

were of late fall and winter varieties well laden with fruit, and 
the infestation was very extensive, practically every apple being 
attacked by one or more codling-moth larve at some time during the 
season. _ : 
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moe : 

{ One larva was taken under the bands on June 19. The number 

| ‘collected increased throughout the remainder of June and the first 
| half of July. By sais to figure 13 it will be noticed that during 
|| the fore part of August fare pecaed a series of very small collec- 
| tions, and about this time evidently most of the first-brood larve 

had left the fruit, while those of the second brood were still feeding. 
On July 15 =e hatched larve were observed entering fruit in the 
field in sufficient numbers to exclude the probability of their belong- 
ing to the first brood, especially since the last of the spring-brood 
-moths appeared on jane 27. The second-brood larve did not 
hatch in the laboratory until July 19, but this was probably three or 
four days behind field conditions. Allowing for a normal feeding 
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Fig. 13.—Diagram to illustrate band collections of larve of the codling moth at Winchester, Va., in 1912. 

period, some of the second-brood lJarvze should have been leaving 
the apples about August 9 to 13. The collections increased through 
the latter part of August and the first half of September. No larve 
appeared under the bands after October 18. 

During the season of 1912 at Winchester 798 larve were taken 
' from the bands and reared. Of these 27.19 per cent were killed in 
handling or were devoured by their fellows after bemg placed in 

_ the rearing cages; 28.57 per cent emerged as moths of the first brood; 
1.38 per cent were parasitized; 42.86 per cent of the larve collected © 
wintered, and 15.04 per cent were winter killed; 27.44 per cent passed 
the winter successfully and emerged the followmg season, while 
0.38 per cent represents the proportion of parasites that issued in 

_ the spring of 1913. (See Table XVII.) 
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TasBLE X VII.—WNumeber of larvx of the codling moth taken from the bands and reared at 
Winchester, Va., during the summer of 1912 and the spring of 1918. (See fig. 13.) 

‘Number| Emerged, 1912. Emerged, 1913. 
f Number | of dead Number | Number 

Date of collection, Silanes from | of larve | of larve 
1912. Tallected handling, overwin-| winter- 

*|cannibal-| Moths. | Parasites.) tering. killed. Moths. | Parasites. 
| ism, ete. ; 
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Ce ip ae Sit a 59 GY ap Ree ed pee emer | 56 29 OT Liber 

Sent eek 32 ES Bee ee fico Aneel | 18 6 10 2 
Bir aiesuie mare 22 Guetta = high Aide 2 16 7 | 9: (2. use 
(Fates Seabed | 44 sy; | eee ee | eer ies | 27 15 | 12 | seeeSs 
ee aaa eee 34 A Meee UE (ia ae 31 14 | 17, es: eee 
7 i a aie ree 32 Pd jee a sh bs RE 26 10 16 | Sees 
ieee. Edie. 18 1. 4 lap ee inte | Ma Beet Pes | Ree SP | ee eee oa: 
eat eee nk 11 Bl Re el ee hit ae | 5 [ieee a | BER GR Gees 
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Epa aie 2 le Rees eee case eae ecrcestel | I area tg (as a oh 
fee oes ee 5 Aas a [i aie eer Lilseeeeoe se Pees 
Ny ce i 2 ee eet ene eke oli Pe ee <a > |e eee 

ad a Renee 3 | Cl ear SE ee | age Gente os \Sa Swe ered RE peer ee 

Rotate 798 | 217 228 11 342 120 | 219 3 
Per cent.......- 100} 27.19 28.57 1.38 42. 86 15.04 27. 44 0. 38 

SUMMARY FOR SEASON OF 1912, 

Spring-brood moths began emerging in the laboratory May 18 to 
22, and probably two or three days earlier in the field. First-brood 
larve began entering the fruit in the field May 24. First-brood larve 
began leaving the apples June 19. First-brood moths began emerg- 
ing July 9; second-brood larve were observed entering fruit inthe 
field on July 15, and a few had finished feeding by August 9 to 13. 

INVESTIGATIONS IN 1913. 

SPRING-BROOD AND FIRST-BROOD- MOTHS. 

The seasonal conditions of-the spring of 1913 were considerably 
in advance of those of 1912, and the appearance of the spring-brood 
moths was correspondingly earlier. Moths appeared in numbers on 
May 6 and maximum emergence occurred three days later. is 



CODLING MOTH IN CENTRAL APPALACHIAN REGION. 25 

TABLE XVI .—Hmergence i seme -brood moths of the codling moth at 
Winchester, Va., in 1913. (See fig. 14.) 

Number : , a Number 
De ghee apeet of moths Deel ae of moths 

emerging. : emerging. 

18 JUNG eee eenee 14 
38 OSE saiamren wats 10 

6 Be ag 6 
16 is es ee ee 3 
30 1 ea ee 7 
29 AW ets SV 3 
8 AO ele eee Ste he 1 

16 —_———— 
14 Total 219 

Moths continued to issue in the rearing cages until June 20. The 
irregularity of the emergence curve in figure 14 is due in most cases 
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Fic. 14.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 

at Winchester, Va., in 1913. 

to fluctuations in temperature. The first moth emergence in con- 
finement occurred 16 days earlier in 1913 than in 1912, but since 
adults were probably appearing in the field in 1912 not later than 
May 15, we may assume that spring-brood emergence began in the 
field only 10 to 12 days earlier in 1913. 

The seasonal appearance of the two broods of moths can perhaps 
_be best appreciated by referring to figure 14. The emergence of 326 
moths of the first brood are given in Table XIX. The first adults 

_ of this brood appeared in the laboratory in 1913 on June 30, nine 
days earlier than in 1912. However, not until July 5 to 8 did adults 
appear in any numbers, and in reality the difference in the time of 
appearance of summer, or first-brood, moths in the two seasons is 

77013°—Bull. 139 —15_—4 
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very slight. Maximum emergence was not attained until one month 
later, or about August 1. The last of the first-brood moths emerged 
im ae rearing cages on September 1. 

TaBLe XIX.—Emergence of Jjirst-brood moths of the coging moth at 
Wanchester, Va., in 1913. (See fig. 14.) » 

» 

Number Number 
D BLsionop oes of moths pate ae Bers of moths 

emerging. . emerging. 

June 30... Ae SAI 24h ease ted 28 
July. 225: 1 eae eves 28 

yee 3 1 Oe ee ae 37 
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| Lent eae 45 —— 

Aug. ice ae 62 Totalee sss ef | 326 

BAND COLLECTIONS. 

In 1913 bands were placed on 12 old apple trees in an orchard 
located about 2 miles south of Winchester. The rough bark was 
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Fic. 15.—Diagram to illustrate band collections of larve of the codling moth at Winchester, Va., in 1913. 

scraped down and other hiding places of the insect destroyed, and 
on the whole probably most of the larve that left the fruit during 
the season found their way under the bands. The record of collec- 
tions is given in Table XX. ! 
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TABLE XX. —Record of eating: moth larve taken from the bands and reared at Winchester, 
, in 1918. (See fig. 15.) 

Number of Emerged, 1913, 

Number of} deadfrom | Number 
Date of collection. larvee col- | handling, overwin- 
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Careful examination of the bands was made, beginning about 
June 1, but no larve were taken until June 17, only two days earlier 
than in 1912, in spite of the fact that the first of the spring-brood 
moths were probably 10 to 15 days earlier than in the former season. 
From June 17 the collections increased until about August 1, when the 
numbers of insects collected decreased slightly, the proportion of 
those wintering increasing, and probably by August 7 to 10 most of 
the larvee taken were of the second brood. The fact that the second 
brood did not equal the first in numbers and were somewhat irregular 
in their appearance under the bands is explained by the short fruit 

_ crop of the year. 
Altogether 971 larve were collected and reared. Of this number 

24.10 per cent were killed by handling, cannibalism, etc., the loss 
from this source being about the same as the 27.19 per cent that died 
from similar causes in 1912; 33.57 per cent were transformed to first- 
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brood moths and 6.70 per cent were parasitized. The light fruit crop § 
already noted reduced the number of wintering larve to 35.63 per 
cent. 

SUMMARY FOR SEASON OF 1913. 

Spring-brood moths began to emerge May 6, and a few first-brood 
larvee were probably entering the fruit by May 16. First-brood 
larvee began to appear under the bands in the orchard June 17, and 
from these larvee a few first-brood moths emerged in the laboratory 
on June 30. Second-brood larve were probably entering fruit in — 
numbers by July 15; they began leaving fruit about August 18. 

INVESTIGATIONS AT FISHERSVILLE, VA. 

DESCRIPTION OF LOCALITY. 

Fishersville is the shipping point for a part of the Shenandoah Val- | 
ley, in which commercial fruit growing has for years been of consider- 
able importance. While in approximately the same latitude as Char- 
lottesville, the seasonal conditions of this section are decidedly differ- 
ent chiefly on account of the much higher altitude; in fact, there is a 
much greater similarity of conditions between Fishersville and Win- 
chester, both of which are in the Shenandoah Valley, than between 
Fishersville and Charlottesville, between which two points the Blue 
Ridge Mountains intervene. Differences in bumidity and other cli- 
matic conditions occur between these two regions that may effect the 
development of the codling moth and that may not be entirely 
accounted for by differences in altitude. The band-record experi- 
ments were carried on in locations 1,400 to 1,500 feet above sea level, 
which is probably about the average elevation of orchards in this 
section. 

| 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

In a limited way the emergence dates of 119 moths given in Table | 
XXI probably represent fairly well the occurrence of the spring brood 
at Fishersville in 1912. The rearing material was collected from the 
bands in the fall of 1911. 

TasLe X XI.—EHmergence of spring-brood moths of the codling moth at 
Fishersville, Va.,in 1912. (See fig. 16.) 

Number Number 
Debesok obser of moths Date dheneets Sia oths 

: emerging. : emerging. 
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_ Emergence began on May 18 and reached its highest numbers on 
“May 30, 12 days later. However, since first-brood larve appeared 
under the bands on June 11, it is probable that moths emerged in the 
field several days prior to May 18. The moths continued to emerge 
through the remainder of May and in lessening number through the 
most of June, ceasing to appear altogether after June 27. 
_ The records of the appearance of 273 moths of the first brood that 
issued from band-collected material at Fishersville in the summer of 
1912 are given in Table XXII. 

FIRST-BROOD MOTHS. 

TaBLeE XXI1.—Emergence of first-brood moths of the codling moth at 
Fishersville, Va.,in 1912. (See fig. 16.) 

: Number || e 2 Number 
so ce el ee of moths be ide 5 of moths 

; emerging. ; emerging. 
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| 
| 
| The work at Fishersville in 1912 was carried on under very ideal 
conditions, and July 2, the time when the first-brood moths began 
emerging in the rearing cages, represents field conditions as nearly 
as is possible with band-collected rearmmg material. The time of first 
appearance for the first-brood moths was seven days in advance of 
Winchester, while between the first emergence of spring-brood moths 
there was a four-day difference in the two sections. 
_ Moths appeared in numbers through July and the first half of 
August, attaining their maximum on July 17. The last moth ap- 
peared in the rearing cages on August 21. The relative time of 
“appearance of the two broods of moths at Fishersville in 1912 is 
shown in figure 16. 

BAND COLLECTIONS. 

About 12 smooth-bodied young York Imperial and Ben Davis 
apple trees were banded at Fishersville in 1912. On the whole the 
records given in Table XXIII and figure 17 represent fairly well 
the time the two broods of larve were leaving the fruit that season. 
Three larve were taken under the bands on July 11 and the number 
‘increased in the succeeding collections until about July 1, when the 
‘number gradually decreased until the fore part of August. By 
August 1 a large part of the first brood had left the fruit, as is evi- 
_denced in the band-record curve of figure 17. 

Poa 
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Since first-brood moths emerged in the rearmg cages on July 2, 
larve hatching from eggs laid by these moths might reasonably be 
expected to begin feeding by July 12 to 15. After August 9 the ~ 
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Fig. 16.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth i 

at Fishersville, Va., in 1912. 

collections increased to the middle of September. Second-brood — 
larve continued to appear under the bands until November 1, when — 
the fruit was picked and the records discontinued. 
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Fig. 17.—Diagram to illustrate band collections of larve of the codling moth at Fishersville, Va., | 

in 1912. - 

In Table XXIII are recorded the numbers of larve taken in the | 

orchard at different dates through the season. Altogether 1,418 
larvee were collected and reared, of which 12.90 per cent were killed 
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22 3) 
17 1 
So Ce eer eae 
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MERE cero RE Die ee: 

“io irl in ee eS eee 1, 418 183 
IPD retin eee ee re 100 12.90 

fruit by July 12. 

i 
? 

at 
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yy handling or devoured by their fellows in the rearing secly 19.96 
/per cent emerged as adults during the summer of 1912 ; 67.14 per 
ent wintered and 24.19 per cent were winter killed; and 42.95 per 
vent emerged as moths in the spring of 1913. 

ABLE XXIII.—Number of larvx of the codling moth taken from the bands and reared at 
, during the summer of 1912 and the spring of 1918. (See fig. 17.) 

Number of | Number of} Number of } Number of 
moths larvee larvee moths 

emerging, over- winter emerging, 
1912. wintering. killed. 1913. 

ih FAR Mes rT Cavs eo NAR 
OSlsssareeerthe wail fe co eesealemn ae eee 

Fo) (on od ae | ME Rn ieee, Eitaalh 
7 Ta ae Sec 2 aes pe eer | ace Maree a 
oO ee eee! [ioe oehw Madea etme pee 
SARS ee eee ee Ree Ss. inhale Reh cE 
PA (ih Lie ta seep |e ee Miepeeree.|| Meme ene eee! 5 
28 Hal levee, Seapets 7 
28 31 Sarees 3 
23 Gilt aecoee es 6 
16 Gy LS oly atig ee 4 

blebs eal Sor | eee ee ts ee 
2 Gi Cae ae 6 
5 4 2 | 2 
4 iO) aa: ag 10 
1 (ol Re ee oe es 9 

ORE se ial 9 2 
Pees ore 36 12 24 
Bae SE 99 46 53 
at ys AEE 83 43 40 
sate Pe SENS, 95 44 51 
kee CA Shek | 97 34 63 
aap laisiatsarteees 112 39 73 
Se Sane 3 80 28 52 
Be oes 86 37 49 
RPE NES Bmp DM Se 59 32 27 
ee Be ee ive 11 26 
DEY ek oh Sere 6 ICS he Wr da a 19 
one duh MR 16 3 13 
ie 2 it Seat Tipe} [utes 8s fy sa leat 18 
St tetis Aen nf? Ja) (ee eee 19 
ne See eS ak 16 3 13 
Lap tee Sees Bi Eee ares females 8 
PRB ce Gees Be Lips Hee yeah eke ead 5 
RU oy are ys Eis ee mapa aie 5 

[ae Ree help behls Baap nO 2 

223 952 | 343 609 
19.96 67.14 24.19 42.95 

SUMMARY FOR SEASON OF 1912. 

_ Spring-brood moths began emerging in the laboratory May 18 and 
probably several days earlier in the field. Ten to 12 days later first- 
‘brood larvz were probably beginning to enter fruit. 
larve began leaving the fruit June 11. 
July 2 to August 21, and second-brood larve probably were entering 

Soon after August 5 to 9 the number of larve 
appearing under the bands increased, and most of the larve taken 
‘after this date may be considered to be of the second brood. 

First-brood 

First-brood moths emerged 
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INVESTIGATIONS IN 1913. 

SPRING-BROOD MOTHS. 

Figure 18 represents the occurrence of 608 moths of the spring 
brood that appeared in the rearing cages at Fishersville in 1913. — 
Moths emerged first on May 3, but maximum emergence was delayed ~ 
until May 30, the emergence curve in figure 18 for Fishersville being 
very different in this respect from the spring-brood curve at Win- 
chester, as it appears in figure 14. Adults continued to emerge until 
June 27. (See also Table XXIV.) 

TABLE XXIV.—Emergence of spring-brood moths of the codling moth at 
Fishersville, Va.,in 1913. (See fig. 18.) 

Number | Number 
D panera aes 3 of moths || Date aoa See of moths 

: emerging. |) : emerging. 
| 

Er as ee SaaS 6 || June 5...:.....- 44 
Bet eee Vil Sapien aes 10 
eee cee 3 1h ES ASeeisee 

1D eee 9 14s See Sos 22 
1 fy ee eee 11 } ) ye ee 10 
a ae eee 53 |} 20s esas ae 7 
ee ee ae es 28 |} FA Son aie ee 3 
EA a 9 94 || of eee 2 
Terese Se 91 || 
BQ ese as 124 || Total 608 

ADEE: oe ers 81 

First-brood larve were probably entering the fruit in the field by 
May 10 to 13, from eggs laid by moths emerging May 1 to 3. 

On account of the light crop of fruit in 1913 the records at Fishers- 
ville for the remainder of the season are of little value and are not 
included in this report 

INVESTIGATIONS AT FRENCH CREEK, W. VA. 

DESCRIPTION OF LOCALITY. 

French Creek is located near the lower border of the Transition 
Life Zone in a hilly region not far from the center of West Virginia. 
Commercial apple growing is just beginning to attract attention, and 
several orchards of considerable size are being planted in that general 
locality. Bearing orchards of from 5 to 25 acres are not uncommon. 
The orchards from which banding records were obtained are located 
at an approximate elevation of 1,600 feet above the level of the sea. 

INVESTIGATIONS IN 1911. 

On June 19, 1911, 15 suitable apple trees in an orchard that had 
never been sprayed were banded, but it was found that the bands 
were placed too late in the season to obtain a complete record of the 
time of emergence from the fruit of the first-brood larve. The bands 

* 
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furnished a supply of wintering larve to be used for emergence records 
_ of the spring brood of moths in 1912. 

_ Predaceous and parasitic enemies of the codling moth were possibly 
more abundant here than in any other orchard in which banding 
records were made during the investigation. The second-brood 

Fia. 18.—Diagram to illustrate emergence of spring-brood moths of the 

codling moth at Fishersville, Va., in 1913. 

INVESTIGATIONS IN 1912. 

SPRING-BROOD MOTHS. 

e 

On account of the high mortality, due to parasites and other causes, 
only about 50 wintering larve were alive to pupate in the spring. 
_ Pupation took place from April 22 to 28. 

TABLE XXV.—Emergence of spring-brood moths of the codling moth at 
French Creek, W. Va., in 1912. (See fig. 19.) 

‘ 
i 

Number Number 
Pe ciob Ser of moths Patectop 2S of moths 

3 emerging. J emerging. 

Maval see >. 5... 1 May) 25 ea sii dere 16 
A eee, eee Dit hy DN SN ZO feet iatete Sate 4 
Teh eee 3 JUNEL sos d 484s 2 
PA 4S ee 8 

Motels. vies 36 

Table XXV shows that the first moths of this brood issued on May 

13, the last on June 1, and the greatest number on May 25. 
last petals were dropping from apple on May 10, so that the first moth 

The 
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appeared 3 days after the blossoms were off and the maximum moth 
emergence occurred from 10 to 12 days later. 

FIRST-BROOD MOTHS. 

As indicated in Table X XVI, first-brood moths made their appear- 
ance in the jars on July 20, when seven were found. The number 

increased up to July 28, and from that date until August 17 maximum 

+ Resist + HEIN aan CP 
4% 20 

a GQ 
SPRING BROOD FIRST BROOD : 
ANE LE MG TT 
ArduJudalolalutulallubdladalaaldlld thal 
94 8 a eS 2 Oe ee oe ee a ee 
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= ~ 9 

NUMBER O 

Hh 
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Fic. 19.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 

at French Creek, W. Va., in 1912. 

numbers appeared. After the latter date the numbers decreased 
until September 11, when the last one issued. 

TABLE XXVI.—Emergence of first-brood moths of the codling moth at 
French Creek, W. Va.,in 1912. (See fig. 19.) 

| 

Number Number 
2 pater Hess | aEmothe Date e fopser of moths 

; | emerging. : | emerging. 

INL Yi o0) croc cee 7 Ate. 245 Soe ae 7 ¥ 
7 aie ae eee Goa hs 2.f 2 23 ce ae eee 2 
282 te weiss ae 16 Ps} less fag St [as Bh ay Re Fe 

EUG Lara stecee oe 11 Sept. 4. 22 eee 2 
D geniesese cols Seoceeeee| | -.. 0). aise aac el eer 
Qe was 12 Ty, Metco 1 
Oc re| 4 
Lee Sesene ss 13 Totale.s222| 82 
7) NER Set | | eee a are | 

| 

BAND COLLECTIONS. 

About the middle of June, 12 apple trees were banded in an old — 
orchard that had never been sprayed. The bands were examined _ 
twice each week. This year the larve were later by at least a week 
in beginning to leave the fruit than in 1911. The extent and dates 
of the collections are set forth in Table X XVII and figure 20. 
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TaBLeE XXVII.—Record of codling-moth larvex collected under bands at 
French Creek, W. Va., during the season of 1912. (See fig. 20.) 

| | 

Date of | Number of|| Dateof |Numboerof|| Dateof | Number of) 
collection. larve. collection. larvee. collection. larve. | 

June 24. . 2 |} Aug. 5 7 || Sept, 18... 20° | 
26. 0 9 8 7 Ne 22 

2 13 10 20). - - 24 
July 3 5 mare 12 2556 13 

7 7A Se IPSN LOX ty PAS 8 
10 19 Dae ae 6 srereral| 14 
13 12 OB 7 | 9 8 
iN pees 16 Slee 5 LOE ) 
20... 10 || Sept. 4.... 17 Gee 2 
24... 16 (seer 11 —— 
28... 13 a Bera 10 Total . 339 

July 31.. 5 1 area 11 

The first two larve were found on June 24. After June 26 the 

numbers increased with each collection until July 10. From that 
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Fic. 20.—Diagram to illustrate band collections of codling moth larve at French Creek, W. Va., in 

1912. 

’ date until July 28 the size of the collections remained fairly constant. 
Collections were smaller from July 31 to August 13, after which time 
they increased until September 25, decreasing thereafter until Octo- 
ber 16, when the last two were taken. 

INVESTIGATIONS IN 1913. 

SPRING-BROOD MOTHS. 

The details of the spring-brood moth emergence are set forth in 

Table XXVIII and are also shown graphically in figure 21. 
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TaBLE XXVIII.—Emergence of spring-brood moths of the codling moth at - 
French Creek, W. Va., in 1913. (See fig. 21.) — 

i Number Number 
oe aed ofmoths || D sree hort of moths 

emerging. |, emerging. 

May %6..-223 5255... 1S | UN OR N ies seer eee il 
ese aw ee 11 |] eee eh ee 0 7 

lee Ce ee et 4 |] C4 eee 8 
Det pee 18 || 1 ee aa 6 
pi) eben Aap 2 Se 94) 21 5 
3) be Seam | 4 7) ae Sere 2 
PA fe ne 11 a 

See Shen eome 9 Lotale-s-=---- 134 
| TUNOU OES see | 19 
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Fic. 21.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 

at French Creek, W. Va., in 1913. 

The first moth was found in the jars on May 6, the maximum num- 
bers from May 17 to June 7, and the last on June 24. A freeze 
occurring on the night of April 20 caught the apple trees just coming” 
into full bloom, practically destroying the entire crop of blossoms. 
The first moth appeared 16 days after the date of the freeze, and the 
maximum emergence was a little more than four weeks after the 

freeze. 
FIRST-BROOD MOTHS. 

Owing to the light crop of apples only a few larvee were obtained, 

and the number of first-brood moths emerging was insignificant. 

Table X XIX shows the number that were obtained. 
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B TaBLeE XXIX.—Emergence of first-brood moths of the.codling moth at 
French Creek, W. Va., in 1913. (See fig. 21.) 

‘ Number : : Number 
4 quiere 2 obser of moths ote ; opEar: of moths 

a cae a aka? emerging. ae emerging. 

ti Ne Waeo seat. Sk 2 AT gee GR aps meh is 642 6 
a Selah AI SS aS, Keele Cini | a ee ee 5 

Sete ae 20 —- 
J SoA as Ae 2 Motelte macs 41 

- It will be seen from this table that only 41 first-brood moths were 
fe obtained. Of these the first emerged on J fe 23, the maximum num- 

BAND COLLECTIONS. 

_ A period of cold, occurring April 20 and 21, when the temperature 
dropped to 20° F., followed by another drop to 25° F. on the night 
of May 10, destroyed practically all the apple crop in the locality. 
One old orchard containing a few bearing trees that were not sprayed 

| was found and eight of the trees were banded on July 1. Table XXX 
“shows the number of larve collected under these bands. 
rs 

TasBLE XXX.—Record of codling-moth larvxe collected under bands at French Creek, 
We Vaz, in 1913. 

ie 
a 
\iry T aE 

Bes Date of collection. ee Date of collection. se pat ae Date of collection. Peevey 

if 4 

|, itkyes Oe na se, 6 Aes Gotta cls 3 6 SeptsiGz 49.64 4 
Ge eye ew 17 cian Soe 4 TOR ose 1 

1G ap A og eee 19 Se ea gs 7 1 ee ah wae 2 
i Ree ope 18 Pe ee 6 ily fei a on 2 
- 1G) = eh CE 5 1 apo pa 7 DOR eee ee 0 
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P15 ah gl epee 10 PY pati ae ee 4 
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This table shows that the first larvee were found under the bands 
on July 5, the greatest number, which was 19, on July 12, and the 
last on oa omiber 24. The second-brood ibeaae were few in number, 
the collections being nearly uniform from August 6 to 23, after sant 
ti time they decreased until the last was found. 

INVESTIGATIONS AT PICKENS, W. VA. 

DESCRIPTION OF LOCALITY. , 

| The orchard at Pickens in which banding records were obtained in 
1911 and 1912 is located in a mountainous region at an elevation of 
| 3,500 feet above the level of the sea. The native flora and fauna of 
‘the immediate locality indicate the junction of the Transition and 
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Canadian Life Zones. Fruit growing is not extensively engaged in, 
although a considerable quantity of apples is produced and weg 
of in lumber camps and other local markets. , 

The codling moth was less abundant here than in other localities 
where banding records were made. This was probably due to the 
higher elevation and the consequently shorter breeding season. Data | 
were collected only in 1911 and 1912, the apple crop being an entire 
failure in 1913. 

INVESTIGATIONS IN 1911. 

On the 22d of June, 18 apple trees were banded in the orchard of | 
Mr. Lewis Wunchner, 4 miles southeast of the village of Pickens. | 

The orchard had | 
never been sprayed | 
and most of the trees - 
banded were bearing ' 
heavy crops of fruit. 

| 
The first larve were ° 

found under the bands - 
on July 7, on which} 
date 27 were collected. 
The maximum num- - 
ber were found on July © 

| 19. The last werem 
% Sy 9H 9H h Y S 0 > found on September | 

By Po p ay hee 99, at which time the © 
| fruit was gathered 

Fic. 22.—Diagram to illustrate emergence of spring-brood moths of from the trees by the | 

the codling moth at Pickens, W. Va., in 1912. owner of the orchard. 

The number of larve found had dropped from 75, on September 11, 
to 17 on September 29, and it is probable that only a few more indi- | 
viduals would have gone under the bands had the fruit remained on | 
the trees longer. The details of the band collections are shown more — 

fully in Table XXXT. 

Taste XXXI.—Record of codling-moth larve and pupe collected under ba, 
at Pickens, W. Va., in 1911. 

BAND COLLECTIONS. 

NUMBER OF MOTHS 

Number Per cent 
of larvee of larvee 

wintering. | wintering. 

Number Number Total 
Date of collection. of larve. of pupe. 
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FIRST-BROOD MOTHS. 

“Table XXXII shows that of the 59 first-brood moths reared the 
rst were found in the breeding jars on July 29, the maximum num- 

from August 8 to 28, and the last on September 11. 

TaBLE XXXITI.—Emergence of first-brood moths of the codling moth at 
Pickens, W. Va., during the season of 1911. 

: Number ‘ : Number 
i re panser of moths Fates oe of moths 

emerging. : emerging. 

Ten yen 0 we 14 AU eno Sem nea sa 5 
LN 20 Sept, diets nes. 1 

SRN Bs Ste 19 ————_—_-_ 
Motalveee ese 59 

INVESTIGATIONS IN 1912. 

In 1912 the same orchard was used for the banding records as in 
1911, although in most cases different trees were banded. Twelve 
trees were used. 

i a SPRING-BROOD MOTHS. 

Biehl XX XIII indicates the numbers and dates of emergence of 

his brood of moths at Pickens. 

TABLE XXXIII.— Emergence of spring-brood codling moths at Pickens, 
W. Va., during the season of 1912. (See fig. 22.) 

Number Number 
rob Dae of moths D ELSE Ore Eis of moths 

; : emerging. : emerging. 

iis?) 218 ae eee 5 Duly Roe eee 17 
Es ee ec. FoR i hat rhe tins BB uk cence 8 

ii | Sete Seer 1 LO eee See ee 1 
DNs Eee 15 Ty (8 Soe aine  ae 1 
Ao) at a eee 21 

_ Moths from the larve that had wintered in the rearing jars did not 
begin to emerge until nearly the middle of June, as is shown in the 

table. The first were found in the jars on June 13, the greatest num- 
bers from June 25 to July 3, and the last on July 17. 

BAND COLLECTIONS. 

_ Larve were exceedingly scarce, as is shown in Table XXXIV, only 
47 being taken under the bands during the entire season. The first 

was found on July 24 and the last on October 5. The numbers are 
so few that no distinct line can be drawn between the first and second 
broods. 
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TABLE XXXIV. moth larvx collected under bands at 
Pickens, W. Va., during the season of 1912. - a 

Dateof | Number Dateof | Number Dateof | Number i 
collection. | of larvee. collection. | of larve. collection. | of larvee. _ | 

July 24 1 Aug. 24 2 uf 
0 2 1 1 

UPS ee | eee ere 31 4 25 5 
10... 2 Sept. 4 3 28 5 
14:° 1 7 2 Oct. 5 2 
ye. 1 <a les 5 
21 2 14.. 1 Total. 47 

INVESTIGATIONS IN 1913. 

SPRING-BROOD MOTHS. 

i | 
Of the 47 larve collected in 1912, 28 wintered and transformed | 

to moths-in 1913. Table XX XV shows the time of emergence. | 

TABLE XXXV.—Emergence of spring-brood codling moths at Pickens, 
W. Va., during the season of 1918. 

if Number Number 
paiee LOPser of moths Date ot Obser : of moths 

: emerging. ; emerging. 

Jumewiles see 0 July lee oo ee 8 
7: Vaal catia anal 8 Ht Wee hee 4 
28 8 Sic naeewone 0 

Motalesaeee 28 " | 

i| 
The jars in which the larve had wintered were examined twice a | 

week and on June 24 eight moths, which were the first of the season, | 
were found. The same number were found on June 28, and also on 

July 1. The last were found on July 5. | | 
# q 

RESUME OF REARING EXPERIMENTS IN MARYLAND, VIRGINIA, AND 
WEST VIRGINIA. | 

Tables XXXVI and XX XVII summarize the rearing experiments” 
of 1912 and 1913 in the different localities. 

eae PT: CII 

TaBLE XXXVI.—Résumé of rearing experiments on the codling moth at five points in 
Virginia, West Virginia, and Maryland in 1912. | 

2 2 French 
Hagers- Winches- Fishers- | Charlottes- 

town, Md. ter, Va. ville, Va. | ville, Va. | - eee Total. 

Observation. Jf ee 

Num-} Per Num-} Per |Num-] Per |Num-) Per ;Num-} Per |Num-} Per — 
ber. | cent. | ber. | cent.| ber. | cent.| ber. | cent.| ber. |cent.| ber. | cent. | 

ere a el eal | ca ce 

Larvee collected..........-. 1, 706/100.00) 798/100.00) 1,418)109.00}) 905)100.00}. 339/100.00) 5, 166/100. 00 i 
Larve dying from hand- 

ling, cannibalism, etc. 448) 26.26) 217] 27.19) 183] 12.90} 164] 18.12 80] 23. 60) 1,092) 21.12 © 
Moths reared same season. 148) 8.68 ' 228 28.57} 283] 19.96} 247) 27.29 82| 24.19 988) 19. 12 4 
Moths reared following sea- q 

SOME aco eran seen oem einte 404| 23.68) 219] 27.44) 609] 42.95) 355] 39.238) 134] 39.53) 1,721) 33.31 — 
Wintering larve........... 1,110} 65.06) 342) 42.86) 952) 67.14) 494) 54.59) 172) 50.74) 3,070) 59.42 — 
Winter-killed larve.......- 706) 41.38) 120) 15.04) 343) 24.19) 139) 15. 36 38] 11.21) 1,346) 26.06 © 
Parasitized lary. 23.2 <5. loe sn. |oeseee 1 es ko) ate sneceal peeacedl boos ae 5} 1. 47 19 367 
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| Taser XXXVIT.—Résumé of rearing experiments on the codling moth at four points in 
Virginia, West Virginia, and Maryland in 1918. 

French 
Hagers- Winches- | Charlottes- i r 

town, Md. ter, Va. ville, Va ete Total. 

Observation. 

Num-} Per |Num-| Per |Num-| Per |Num-| Per |Num-| Per 
ber. | cent. | ber. | cent.| ber. |cent.| ber. | cent.| ber. | cent. 

| Larvee collected « QS OSS See cere eee 2, 756/100. 00 971}100.00 542/100. 00 143}100.00| 4, 412)100.00 
Larve dying from handling, cannibal- 

(SDE: GCN Ae ee ee 883} 32. 04 234| 24.10 223] 41.14 48] 33. 58) 1,388) 31.46 
f Moths emerging same season............ 227) 8.24) 326] 33.57) 270} 49. 82 41] 28.67) 864) 19.58 

BR TLOFIN OMAN WSO sat cmcire soa ce see 1, 646) 59. 72 346} 35. 63 49} 9.04 51] 35. 66) 2,092) 47.38 
BALASHIVOO NADY SL idee cis om cones tones lose cec|le ees ay) As 7s Se selladcaaec 3] 2. oe 68ie 155 

It will be noted that the proportion of larvee dying in the rearing 
cages, due to handling, cannibalism, disease, etc., varied from 12.90 
per cent to 41.14 per cent. The latter figure, however, is unduly 
high, the average loss from this source being 21.12 per cent in 1912 
and 31.46 per cent in 1913. The proportion of larve transforming 
the same season as that in which they were collected varied from 
8.24 per cent at Hagerstown to 49.82 per cent at Charlottesville, 
with an average of 19.12-per cent in 1912 and 19.58 per cent in 1913. 
For 1912 from 42.86 per cent to 67.14 per cent of all larve collected 
spun up and wintered, the average for all pomts being 59.42 per 
cent. The proportion of wintering larve in 1913 was abnormally 
small on account of the light fruit crop of that year. Loss from 
winter killing amounted to from 11.21 per cent to 41.38 per cent, 
the average for all points being 26.06 per cent. Observations on 
parasitism were made only at Winchester and French Creek, the 

highest recorded being 6.70 per cent at Winchester in 1913. It must 
| be remembered, however, that the foregoing facts are taken from 

observations of insects kept in confinement, and only in a limited 
way indicate what occurs under normal out-of-door conditions. 

Table XXXVIII gives the numbers of codling-moth larvee col- 
lected and reared in the course of the work in the different localities. 

TaBLeE XXXVIII.—Number of codling-moth larvex collected and reared in the different 
localities in Virginia, Maryland, and West Virginia during 1911, 1912, and 1913. 

Number of Number of 

Locality. Year. ee ae Locality. Year. ere ar 
reared. reared. 

Charlottesville, Va.......-.-.- 1911 1218 || Ehaperstowm, Mdeo---5- eee 1911 1, 761 
1912 905 1912 1, 706 
1913 542 ‘i 1913 2,756 

STECIWOUUS Viadeoec ss os= os. - 1911 1.979 || French Creek, W. Va....----- 1911 633 
1912 1,862 1912 339 

WashersyilleyVa.- >. ..2 2. -.-. 1911 910 1913 143 
1912 1, 408) || Pickens Videse ee scenes 1911 399 

iWanehester, Vae~ So 2.22. .- 1911 2,079 1912 47 
1912 798 —_—_———- 
1913 971 Povalseeee ee ey - Bemba are bac a ye 20, 466 
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NUMBER OF FIRST-BROOD LARVA TRANSFORMING FIRST SEASON. ‘ 

Table XXXIX shows the numbers of transforming and wintering 
band-collected larvee of the first brood for several localities. These 
data are tabulated for their value in determining the relative size of 
the second brood of larve. | 

TaBLE XX XIX.—Numober of first-brood larve of the codling moth transforming to moths 
the first season. 

SF Number of 
amber of first-brood | Percent | Number of 

Locality. Year larvee larvee transform- } first-brood 
sews transform- | ing first larvee living to = 52 A s - 

> ing first season. wintering. transform. | “3 -e con. § 

Pharloitesyitle, Visti eee pen ee a Mn Pye ee 1912 259 247 95. 37 12 
eae A ee a ee ine) Pe as Syme oh No ke HARE 1913 278 269 96. 76 9 

Hagerstown, Midet ine sO Soo os se hs epee ale 1912 1,122 147 13.19 974 
ha oe aera Se ae ie eS ER Eee DP LORS Sy Se of 1913 1,356 227 16. 74 1,1293) 

Tihany TOO Vide ce ee oss oe oe ei ee eee 1912 308 278 90. 26 309) 
Winchester, ee GES. SE Py ie see eT 1912 266 228 85. 71 38 

One eee ee eae ee eee ee oan! 1913 476 325 68. 28 151 
PEOYSOR Wie View ese tise. te eck Se ctee 1911 226 ZOU Gee Oh 5 
Preuch Creek, WV AV eh cee ere ra che Ske eer ta 1911 202 201 99. 50 1 

See erat See PoC se ta eaneate cae Sees a cileee 1912 93 81 87.10 12 
Pickens, AWieaV Stes es secrete aeie eee ke 1911 154 59 38. 31 95 

TNO Lal et ae a ns ee ego oie were ond Peete 4,740 2, 284 48.19 2, 456 

Since an indeterminate number of larve always die in the jars on | 
account of artificial conditions, only those that lived to emerge as | 
moths are considered in this table. It will beseen that there is a great | 
variation in the percentage of the larve wintering in the different — 
localities, and that in no case did all the first-brood larve transform | 
to moths the first season. At Charlottesville, Fishersville, Keyser, 
and French Creek the proportion transforming the first season was so_| 
great as to insure nearly a full second brood of larve, while at Hagers- | 
town and Pickens the large proportion wintering would indicate only 
a partial or scant second brood. 

Where the banded orchards were bearing a full crop of fruit and 
other conditions were favorable for normal development of the larve, 
the relative sizes of the first-brood and second-brood band collections 
support the conclusions to be drawn from the data given in the table. 

EFFECT OF DIFFERENCES IN ALTITUDE AND LATITUDE UPON wae DE- © 
VELOPMENT OF THE CODLING MOTH. | | 

The stations at which the codling-moth rearing work reported in 
this paper was conducted comprise a range in altitude of 3,100 feet and 
in latitude of practically 1° 40’, or about 115 statute miles. In 
correlating the data from the various stations an effort has been made 
to determine whether or not definite differences in altitude and 
latitude have a corresponding and constant effect on the time of 
metamorphic changes in this species of insect. The results indicate 
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that the codling moth in its development is so responsive to transient 
weather conditions and other local disturbing factors that the time of 
appearance of a certain brood in one locality can not be determined 
with certainty by any mathematical calculation based on the known 
time of appearance of the same brood in another locality of a known 
difference in altitude or latitude. Itis probable that local differences 

in humidity, susceptibility to sudden changes in temperature as 
E effected by topography, and, possibly, soil Sonicare. are more or 
| less direct factors mieteine the time of developmental changes in 
the insect. 

! In Table XL the results of these observations are given. In this 
table use is made of the law laid down some years ago by Dr. A. D. 

| Hopkins that in phenological phenomena a fourth of a degree of lati- 
ude, or 100 feet in altitude, is equal to one day of time. The table 
‘shows that in this particular case the law does not apply. Charlottes- 

i lave being at the lowest altitude and the mostsoutherly of thestations, 
s taken as a base and the other points considered in their relation 

“thereto. In considering this table it should be borne in mind that 
| data were collected but twice a week and that the dates given for the 
} first appearance of the insect in its various stages may ne from one to 
| three days later than the actual occurrence. Differences in latitude 
| that are equivalent to less than half a day are not considered; those 
} equivalent to more than half a day are counted as full days. 

re 

i. 
if 
: 

| hie 

| eel ABLE XL.—E fect of differences in altitude and latitude on the time of appearance of 
spring-brood and first- brood codling moths and first-brood larve. 

Date of | Date of | Date of 
emer- 

gence of | HIS? mentee Of Elevation Bley aioe 
Locality. Year. first eblledted (ut Grek: above sea ego reas 

a sit under | brood eve ville. 
Ps. bands. | moths. 

Feet. Feet 
; 1912 | May 7}; June 6 00 

: “Charlottesville, Va-..-------22-22222+--- 1913 . 18] June 5 | June 14 400: Ere ee 

f ie _ LVL ae 
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TaBLE XL.—Effect of differences in altitude and latitude on the time of appearance of 
spring-brood and first-brood codling moths and first-brood larve—Continued. . 

Distance north of | Number | Actual number of days later 
Charlottesville. | of days than Charlottesville. 

later hn 
than i 
Char- ; 

stat lottes- | - 
ocality, Year. Ville : : : 

Degrees accord- a test 3 St First Boy Miles. | ing to pring- arve | summer-— 
inane TOT brood under brooa 

. ianieads moths. | bands. | moths, 

and 
| altitude. 

° / 

Charlottesville, Vas. .2 222. /255.3.-- { i013 TEETER GIRS © Er eis PE Oo eel aa, ene | 

GrecnwoodsVaitoc sere operas { IE \ 0 4 5 5 | I Same day, 3 | 

Hagerstown jMd._0522)2 3-2... soe. ie \ 1 40 115 g a a a 

Winchester, Va............--220000- {ig |} 1 10] 80K 3 a 5 i 
1912 11 il 5 12 

Misherswalle War. .2-> st casems ccs 1913 \ 074 5 { 11 15 ye 

French Creek, W. Va.......2----0- asin {fi Oe0 4) hNCO ita te ab os 3 
PACcKens! WWisiV alse alee tess eee aoe i 0 40 45 { <i of ee o fet tees ape 

RELATIVE NUMBERS OF LARVA ASCENDING AND DESCENDING THE |} 

TREES. 

In 1911 several trees in a number of orchards were banded around 
the trunks and also around the bases of the larger branches. The 
lower bands were used to secure larve that had dropped with the 
infested fruit and ascended the trunk to spin up, and the upper 
bands were used for those that left the fruit before it dropped and 
descended toward the trunk for the same purpose. The following 
table shows the relative number of larve secured under the two sets 
of bands in the six orchards. In considermg Table XLI due allow- | 
ance should be made for an unknown number of larve that crawled © 
across the bands or that spun up under the bark before reaching the 
bands. 

TaBLeE XLI.—Relative numbers of codling-moth larve collected from bands around the 
trunks and bases of branches, season of 1911. 

Number of larvee collected. Per cent. 

Locality. 6 : 
n n 

On trunk. pranches Total. On trunk. iyrarichiest 

Hagerstown Md! 2) Grae. Sie ches 543 602 1,145 47. 42 52.58 
Smithsbure aM eee eee eee eee 179 619 798 22. 44 77.56 
Fan COCK UM Cae ee aa see ans eee 75 91 166 |. 45.18 54. 82 
Mish ersvillew Var a sees hese ose tee ee 96 68 164 58. 54 41.46 
MrenchiiCreeks We Vida ss ke eee eee coe 146 96 242 60. 33 39. 67 
TRICK CNIS Wie Vide ewes east aeotsic cin. Seteeiree wee 29 30 59 49.15 50. 85 
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‘SEASONAL EFFECT OF WEATHER CONDITIONS ON THE DIFFERENT 
. STAGES OF THE CODLING MOTH. 

The beginning of emergence of the spring-brood codling moths 
-yaries greatly from season to season, depending in any given year 
upon the temperature conditions that prevail during March, April, 

- It will be noted, however, that in spite of the wide variation in the 
es of emergence of the eee ood moths in 1912 and 1913 there 
| was a tendency for the later stages of the insect to appear at more 
nearly the same periods both years. This is probably due to an 

} equalization of midsummer weather conditions subjecting the later 
ij peteees of the insect to the influences of a more constant seasonal 

At Winchester, where the codling moth was 
idx closer Reeeuicn than at anes points, we find that while 
spring-brood moths emerged at least 10 days later in 1912 than in 
1913, the second-brood larve began entering the fruit at practically 
the same time both years. 

_ Hammar,’ in his report on the codling moth in Pennsylvania, gives 
the ee | in his general summary: 

The time of the emergence of the spring brood of the moths is variable under differ- 
_ ent seasonal conditions and depends largely upon the relative lateness of the spring. 
ts The time oi emergence of the summer brood, or first brood, of moths is fairly constant 
_ and generally commences about the Ist of August. 

| ; From the results of the band records and rearing work of 1912 and 
| 1913 it would seem, therefore, that in all except very unusual seasons 
we may expect the feeding oe second-brood larve to begin in the 
different sections about as follows: Charlottesville, Va., July 1; 
_ Fishersville, Va., July 10; Winchester, Va., July 15; Eeicemran 
Ma. , duly 25. 

CANNIBALISM AMONG CODLING-MOTH LARVA. 

_ During the progress of these studies it was noticed frequently that 
_ when a collection of codling-moth larvee was confined in a rearing jar 
a considerable loss in their numbers from cannibalism was likely to 
oceur. This habit, of the stronger larve devouring their weaker 

_ fellows, has been commented on by Hammar.’ He states that can- 
| nibalism among the larve probably takes place also under normal 

conditions. In the jars the loss from this cause during the present 
i investigations was frequently sufficient to amount to a considerable 
factor in influencing the number of moths to appear later. 

; 1 Hammar, A.G. MThecodling moth in northwestern Pennsylvania. U.S. Dept. Agr., Bur. Ent., Bul, 

i 80, Pt. VI, p. 111, 1910. 
4 4 Hammar, A. G. Life-history studies on the codling mothin Michigan. U.S. Dept. Agr., Bur. Ent., 

i Bul. 115, Pt. I, p. 186, 1912. Seep. 83. 
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NATURAL ENEMIES. 

PREDACEOUS INSECTS. 

It seems probable that many codling-moth larve, after leaving the 
fruit, are caught and destroyed by ants. A small red ant (Solenopsis 
molesta Say) was frequently met with on the bark of apple trees and 
under the bands engaged in killing and devouring the larve. Colonies 
of these ants that had their homes in the vicinity of banded trees 
seemed to form a habit of visiting the bands to obtain food. The 
collections of larve from trees in several localities were very consid- 
erably reduced in numbers from this cause. Lasius niger L. var. 
americana Emery, a species less abundant about the trees than the 
other, was also found killing the larve. These ants were determined 
by era W.-M. Wheeler. | 

Several species of beetles were found to be predatory on the larvae. 
and pup at the various stations. The most abundant of these was | 
Tenebroides corticalis Melsh., both the larve and adults of which were | 
frequently found under the bands devouring the larve and pupe. 
Another beetle, Hololepta lucida Lec. (PI. I, fig. 2), was found at Win- | 
chester with a pedis ott larva initsjaws. Two species of carabid | 
beetles (Calanthus opaculus Lec. and Platynus angustatus Dej.) were | 
common under the bands but were not observed to be feeding on the | 
codling-moth larve. These beetles were determined by Mr. E. A. | 
Schwarz, of the Bureau of Entomology. A coleopterous larva, which : 
was determined as a species of Telephorus by Mr. H. 8. Barber, was | 
observed in the act of eating a codling-moth larva at Hancock in 1911. 

HYMENOPTEROUS AND DIPTEROUS PARASITES. 

Six species of hymenopterous parasites were reared from the cod- | 
ling-moth larve in the jars. Of these, Ascogaster carpocapse Vier. | 
(Pl. I, fig. 1) was found at ane ect on Hagerstown, Smithsburg, | 
eer and French Creek, and outnumbered all others. An undeter- | 
mined secondary parasite was found to be destroying this species in 
considerable numbers at Keyserin 1911. Jtoplectis margunatus (Proy.) 
(fig. 23) occurred at Greenwood, Hagerstown, Winchester, and French 

Creek. A female of this species was observed on the trunk of an apple 
tree at French Creek ovipositing i a larva that had spun up under a 
scale of bark. Macrocentrus sp. was reared at Greenwood in July, 
1911; Meteorus sp.,? at French Creek in July, 1913; (Mcrodus) Bassus, 
n. sp. (PI. I, fig. 4), at Smithsburg in July, 1911; and Phanerotoma 
tibialis Hald. at Charlottesville in 1911. The last species was deter- 
mined by Mr. H. L. Viereck and the others 2s Mr. R. A. Cushman, 
of the Bureau of Entomology. 

1 Quaintance No. 7457. 2 Quaintance No. 7569. 
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On dipterous parasite, reared from codling-moth larve at Keyser in 
l (911, was determined by Mr. W. R. Walton, of the Bureau of Ento- 
jm Bincy, as (Hy postena) Tachinoph, yto varvabilis Coq. (Pl. I, fig. 3). 
ie nly a few specimens of this species were obtained. ¥ 

f HAIRWORM PARASITES.? 

| Hairworm parasites of the codling moth (PI. I, figs. 5, 6) were found 
#at Greenwood, Keyser, and Reeser Creek, pened ely ait in the 
| Ise ond-brood larvee at the latter place in 1911. These parasites were 
pW ithin the bodies of the codling-moth larve at the time collections 

i 
1 oe 

| 
) 
ie 

ii 
| a ~ 
- 

Fig. 23.—Itoplectis marginatus, a parasite of the codling moth. Enlarged. (Original.) 

{a 

‘were made from the bands and usually issued from their hosts 10 days 
c r 2 weeks after the larve were placed in the rearing jars. Occasionally 
dead larve, surrounded by a mass of dead fairer were found under 
‘the bands, and in a few cases the hairworms were found within apples 
‘borne by the banded trees. It was evident that infestation occurred 
‘at an early stage in the larval development and that all infested indi- 
viduals died as full-grown larve. Most of the parasitized larvee died 
‘within 10 days after being placed in the rearing jars. 
_ The hairworms were from 2} to 5 inches in length, and three or 
four were frequently observed to inhabit one larva. i leaving the 
xt ost they passed through the anal opening or broke through the 
ie 

| 3 Mermissp. Material was referred to Dr. B. H. Ransom, of the Bureau of Animal Industry, but as 
eo © specimens were all immature, they could not be determined specifically. 

é 

{ives 7 ee 
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skin at some other point. After freeing themselves from the host, 
all that were observed writhed abont actively for a few minutes 
and then died. Many of the hairworms did not escape from the! 
codling-moth cocoons, but were found, at the time of the regular. 
examinations of the oo knotted forbes and dead, beside the} 
flattened and shriveled larval remains. Table XLII shows the 
extent of parasitization at French Creek in 1911. : | 

TaBLeE XLIT.—Extent of parasitization of codling-moth larve by hairworms at French 
Creek, W. Va., in 1911. | 

Number Number 
Date larve were collected. of larve of larvee Per ee 

collected. | parasitized,| P2tastuzed.)) 

APIO) Hi Se ee SESE GEO SSI ae SR eae re eis ese oe 139 Octet se 
AULA S88 oe Sec Sa CC ee: eee Ie ee RR ER De MarR aiy a See eh 68 OW eS 
ALL yal Gee ene ee eye a ree nye em le Ra ee Be 48 6 
SUA cs ie eae, en ee rn Seer is ES SMa SMES) Se ee Tn 24 1 
CAT eel eee emerge ey ae ne oe ES od SE or eo en ene On onan epee 14 3 
SANIT i ata pee 4 ioe are eee Skee ot ating Seek ao bathe 51 7 
ETT es a ee Pe ar SEE prekes neo EE SE a eee me 34 11 
SOD betes sere ee ee san aici oe ees ie Sa eee We RRs oes ee 36 23 
rey) eee Lopes Se a ee, Ss Dek NS OS Me Ree SE ae AT as Si aca ES 9 43 21 
SOD be 9 erate ree tore cree a ets Ss ee ete arian ae en eee 23 10 

fT Fs, he de Ae a ee ee RE eee Send eS re ae Ree 22 6 

EDO LAURE Ree io) Sa ee eee oa Nek See See She oe se ee 502 88 

SUMMARY. 

The foregoing account of the codling moth is based upon band-} 
record studies conducted in 1911, 1912, and 1913 in several different | 
localities of Virginia, West Virginia, and Maryland. 

The stations at which the investigations were conducted comprise» 
a difference in latitude of about 1° 40’ and in altitude of abou 
3,100 feet. The most southerly and least elevated station was at) 
Charlottesville, Va., the most northerly at Hagerstown, Md., and) 
the one at highest elevation at Pickens, W. Va. | 

The chief features of the investigations consisted of banding 
suitable apple trees with strips of burlap, collecting at regular period 
the larve that went beneath the bands to spin up, and rearing these 
larve in jars kept in the localities where the larve were collected. 
Examinations of the bands and rearing jars were made every week: 
or ten days in 1911 and twice a week in 1912 and 1913. No detailed 
life-history studies were attempted. 

During a single year the codling moth, in the region covered by 
the present studies, produces one full iced of larve and a partial 
second brood, the size of the second brood depending more or less’ 
on the latitude and altitude of the locality. 3 

The studies show a marked difference in the time of appearance of 
the different broods in different localities. Charlottesville gave the 
earliest records for practically all broods and Pickens the latest. 
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NATURAL ENEMIES OF THE CODLING MOTH (CARPOCAPSA POMONELLA). 

Fig. 1.—Ascogaster carpocapsae. Fig. 2.—Hololepta lucida deyouring codling-moth larva. 
Fig. 3.—(Hypostena) Tachinophyto variabilis. Fig. 4.—(Microdus) Bassus n. sp. Fig. 5.— 
Codling-moth laryee killed in cocoons by hairworms (Mermis sp.). Fig.6.—Mass of hair- 
worms (Mermis sp.) taken from rearing jar, French Creek, W. Va. (Original. ) 
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sre seems, however, to be no constant rate of difference between 
Bertier and: later localities. This seems to be largely due to the 
sponsiveness of the species during its metamorphic changes to 
sal and transient weather conditions. 

During the time of the investigation the first-brood larve began 
entering the fruit at Charlottesville from April 28 to May 15, and 

cond-brood larve from June 25 to July 1. At Pickens first-brood 
rye began entering the fruit from June 20 to July 1, and second- 

brood larve about August 10. Between these two localities there 
3a greater difference in the time of the regular periodical changes 

‘of the insect that occur late in the season than of those that occur 
arly in the season. ‘This is probably due to the cumulative retard- 
ng effect of the more frequent unfavorable weather conditions at 
1¢ higher point. 
‘For any given locality the variation in the time of appearance of 
pring broods in different years is greater than that of correspond- 
ing summer and fall broods of the same years. 
BRecords of the numbers of larve collected from trees on which 

bands were placed around the trunks and also around the bases of 
the larger branches indicate that 41.49 per cent drop to the ground 
and then ascend the trunk to pupate and 58.51 per cent crawl down 
he branches from the infested fruit to pupate. 
Where a collection of larvee is confined in one jar there is apt to be 
considerable loss due to cannibalism. It is probable that the weaker 

Tarvee are sometimes devoured by their fellows under normal con- 
itions. 
Two specimens of ants (Solenopsis molesta Say and Lasius niger 

LE. var. americana Emery) were found in several localities devouring 
odling-moth larve. Larve and adults of the beetle Tenebroides 
orticalis Melsh. were found frequently feeding on codling-moth 
arve and pup. Six species of hymenopterous and one of dip- 
erous parasites were reared in the jars. Of these the most de- 
structive to the codling moth were Ascogaster carpocapse Vier. and 
ltoplectis marginatus Prov. Hairworm parasites (Mermis sp.) were 
abundant in one locality and very materially reduced the number 
of wintering larve in the year 1911. 
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