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UNITED STATES DEPARTMENT OF AGRICULTURE
WABHINGTON, D. C.

LIFE HiSTORY OF THE ORIENTAL PEACH MOTH AT
RIVERTON, N. J., IN RELATION
TO TEMPERATURE

By Arvau Prrsusox, Senior Entomologist, nnd &. J. Harussugr, dssistani
Entomologist, vision of Declduwous Fruit [nsects, Bureau of Entomology
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INTRODUCTION

From 1925 1o 1927, inclusive, o detalled life-history study was made
of the ortentnl peach moth at Riverton, N.J. The species, Laspeyresia
molesta Busck, belongs to the [wmily Olethreutidae (Fucosmidae} and
the order Lepidoplera.  Particular attention was paid to the relation-
ship oceurring hetween temperature and the development ol the insect.
5 In this bulletin, so [ar as possibie and advisable, long detailed life-
; 5 history tables have been onntted,  Summary tables and graphs have
' & been used in their place.  Also all general information and biological

A datn which do not have a direet bcmlnﬂ' on the life eycle are omitted.
» Most of the informution of this type which has been ascertained at
Riverton, N. J., may be lound in other publications by the writers
9,10, 11, 12))
EXPLANATION OF TERMS

The terms used in deseribing the various stages of the oriental peach
moth Tor the most part are the same as those employed by workers of
the Bureau of Entomology in life-history studies of the codling moth.

A Moeneration” begins with the ege and ends with the moth or
adult, It may or may vot be c‘ompIctcd the same scason the egg is
deposited.

A "“brood " consists of the individuals of any one stage in the life

V('I{‘ ege, larva, pupa, or adult; and it may be considered “first

[l ol

L Itul!c numbers in pmenthases refer to "Litemtum oited,” p. 37.
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broed,” “‘sacond brood,” ate., depending upon the generation to
which it belongs.  “Spring brood™ refers to pupae or adults which
come from “wintering larvae.”

“Wintering” refers to those individuals which hibernate, passing
the winter as larvae in cocoons.  Individusls of several generations
(second to fifth or more) may be represented by the “wintering”
mdividuals,

“Pranslorming ™ vefevs to those individuals which complete their
life cyele the same season the eges are deposited ; thus we have ““ trans-
forming eggs,” “‘transforming larvae,” “transforming cocoons,”
“translorming pupae " and “adults from transforming stages,”

“Black spotted ” refers to that stage in the development of the egg
m which the dark head capsule of the larva usunlly shows through
the cggshell 15 to 48 hours before the egg hatches.

The time during which the cocoon is being lormed is called the
“eoenoning period,” while the time from the beginning of lormation
of the cocoon until the adult emerges is ealled the “cocoon period.”

The *ife exvele™ of any generation is the time from the deposition
of the ey to the emergence of the adult, while the “complote life
evele™ ineludes the time from the ege deposition of one generation
to the egg deposition of the next generstion.

The seasonal developinent m any vear sturts with “winfering lar-
vie " inside of “wintering cocaons,” which give rise to “spring-brood
pupae,” and from these “spring-brood moths ™ emerge.  The “spring-
prood moths™ deposit the “first-brood eggs,” and these in turn pro-
duce *“lirst-brood larvae,” “first-brood cocoons,”” *“first-brood pupae,”
and “lirst-brood moths.”  The “first-brood moths” deposit the
“seeond-brood eggs,” and thus the story continues for several genera-
tions.

The “average temperature for s day " is the average of 12 readings
in 24 hours (one reading every 2 hours {rom midnight to midnight}
taken from a thermograph vecord.

The * theoretical zero of development? is the temperature at which
development begins when the temperature is rising and at which it
censes when the temperature is (alling.

The “degree of maximum rate of development” is the temporature
at which development proceeds most rapidiy.

The “day-degree™ is the ymnit used for measuring accumulations of
femperature and is equivalent Lo 1° of temperature maintained for
24 hours.

“Effective day-degrees ™ ave day-degrees above the zero of develop-
ment after necessary corvections have heen made for retardation due
to temperntures above the maximum rate of development. This
correction is made by subtracting twice the day-degrees above the
degree of maximumn rate from the total of day-degrees above the zero
of development.

METHODS AND EQUIPMENT

BDuring the dormant season of 1924-25 the senior author started
the lile-history study discussed in this bulletin. For several years
previous to 1925 he had the opportunity to observe the behavior of
the insact in the orchards throughout New Jersey and also conducted
a detailed life-history study at New Brunswick, N. J. The informa-
tion derived from these experiences which has already boen published
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{2,8,4,5,6,7,8, 13, 16), proved to be very valuable because it helped
to obvinte mistnkes and to improve the equipment for a careful study.
One of the most serious mistakes eliminated was in conjunction with
the spring-brood emergence of moths. In the lile-history studiss at
New Brunswick the sonior writer started with moths which emerged
from material that had been kept all winter and spring in an open
screened inscetary, or in covered wooden hoxes with sereon bottoms.
After the study was started it was learned that the moths had em erged
about two weeks later than the first moths in the orcherd; conse-
guently the life-history study got » inte start. "Lhis axperience and
considerable investication since () has shown $hat greatb care must
be taken with wintering material. Tt should be placed in a situation
where the spring-brood emergence would be approximately the saze
us that in the orchard.  Any decided deviation from the normal emer-
gence m the ovchard will influence considerably the development for
the senson.  The matter of normal spring-brood etnergence 1s most
important if one expects to muke a comparison between insectury
development and orchard conditions.

Numerous wintering covoons containing lnrvae were colleeted from
pereh and quinee trees during the dormant season of 1924-35.  These
were brought to the laberntory and placed in screened cages out of
doors, and some were placed in vials plugged with cotton in a screened
inseetary.  The spring-hrood moths used in the hile-history study
eame [ront the material kept ont of doors. When additiona! aduils
were needed some of the inseetary material was used, provided the
emergence was still taking place 1 the orchard and in the ouidoar
s,

In this investigation a serious atempt was made to determine the
extreme Lunits of time required and the average period of develop-
ment for all of the individuals of each stage in each generation for the
growing seasons of 1925 nnd 1926.  No attempt was made to make the
covelopmaent of the insect in the insectary a duplicate of that in the
orchard on a quantitative basis.  The writers are of the opinion that
bhis is almost 1tapossible and also impracticsl, especially if one takes
into considaration the tremendous and variable influence that para-
sites and other factors have on the severity of the infestation in the
orchard.

One thousand individuals per generation reared to malurity was
seb as a standard for this investigation. This gave a sufficient number
of individuals to use as a basis for any rensonable caleulations. The
mortalify in rearing to maturity runs from 50 to 70 per cont. To rear
1,000 or more individuals of each generation to meturity it is neces-
sary to start 100 eggs each day from each generation when possibic.
At the beginning and townrd the end of the period for cach brood
of cggs and sometimes during cool weather an insuflicient number
were deposited to make use of 100 per day. One advantage In start-
ing with & fixed number of individuals is that it furnishes & econstant
factor which is valuable in figuring mortality, daily avernges of de-
velopment, and many relationships between temperature and other
environmental factors, .

The insectary used in Lhese studies measured 10 by 12 by 60 teet, was
screened on all sides (except a central closed portion), and was covered
with a hip roof. (Fig. 1.) It was located. nt the edge of a small
perch orchard &t Riverton, N, J.
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The cages used for the wintering larvae kept out of doors were
similar to those described in a previous publication (71} in which
the nubhors discuss the best methods for determining the normal
spring-brood emergence ol orviental peach moths and codling moths.
These cages were covered with sereen and the cocoons were consbantly
oxposed to the weather. The cages were fastened to poles, four near
the ground and four about 5 feet above, with one of each set of four
facing north, east, south, and west,

As the moths emerged in the spring of the year under outdoor con-
ditions, 10 females and 10 males were selested each day and placed in
a 6 by 8 inch glass jar containing 2 inches ol moist sand, a wet sponge
in n waleh glass, and & sprig of fruit foliage (usually pear) 1n a small
bottle. (Fig. 2.) The jur was covered with a good grade af white
gauze held in place by two rubbor hands.  Each jar was paced on

VingrE 1,—Crienlal pencli-moth inseetary, divertan, X.J1,

the west side of the inseclary 5 leet above the ground and in such a
a location that the late afternaon sun would strike it ’

Barly in the morning while it was cool the jars were examinge for
egg deposition and adult mortality. All the eggs were counted, If
egas wore lacated on the glass they were marked or destroved. If eggs
wore found on the leaves ov stems the twig was removed end a new
one was put in its place,

Moths were also plnced in sereen cages of various sizes and covered
with gauze. Round cages, the same size as the jars, and oblong cages
mensuring 6 by 8 by 12 inches were used.  The cages were kept in an
inseetary which had a screen roof and screen side walls so sunlight
could strike them most of the day. The screen cages, particularly
the oblong type (fig. 3), proved to be the most satisfactory from the
standpoint of egg production; yet the adults lived no longer in these
cages than in the gless jars,
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The vhiel reason
why moths produee
more £gEs in sereen
enges than o glass
jars seems o be the
grenter crreulation ol
air and the possibility
of keeping them in
sunlight without in-
juring  the  moths.
Sunlight secms {0 be
essentinl - {or  miaxi-
mum ege produckion.
It was nlso [ound that
codling  moths pro-
duced a greater num-
her of eges i sereon
eages which werer ex-
posed tosunhght than
I glass jars,

All twigs benring
eges were placed in
the entirely sereened
portion of the insec-
tury where the sun-
light and rain could
strike them. 'They
wore kept in  this
location until they
were black-spotted.
When the cggs were ready to hatel, 10 were placed on » green peach
(or peaches, depending upon the size) in an 8-ounce jelly glass and
covered with surgical gauze. All rearing in the life-history study
in the inscctary was carried on in penaches, except early in the

Frouke 2--Orignin] pench-math SgE fur

+
@

Freune . —Griental peach-math LR CUReS
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sensott, when the fruit was not available or was too small and lake in
thie season (Sepbember 20 or later), when peaches were no longer
available. The first larvae of the first brood were reared on new,
succulent peach twigs. TRearing larvac on twigs in the insectary is
nob very satisfactory, for the mortality Is very high and a great deal
of time is needed for resring o fevr individuals.  The last larvae of
the late broods were reared in apples.

Each jelly glass was examined daily until the eggs hatched. When
hatching oceurred a record was made on cach glass of the deposition,
“hlack-spobted,” and hatching dates. At this time each glass re-
coived u plece of eorrugated strawboard (one-half by 3 inches long,
with four corrugations to the inch), and was covered with a piece of
strong, finoly woven gauze which was held in place by two one-eighth
by 2 inch rubber
bands, (Fig. 4.

The glasses were
piaced in frays, and
the trays were placed
in racks in the center
of the screened in-
sectary. When full-
grown larvae made
their appearance the
glasses were  exam-
ined dally. The ma-
jority of the larvac
entered the corru-
gated paper sirips
and  Spun  cocoons.
These cocoons were
removed once a day.

At the time the co-
coons were removed
from the glasses &
record was mede on
5 by 8 ineh cards of
all 'the information
gorbaining to each individual.  All the life-history records and all
sorts of notes were kepl on 5 by 8 inch cards.  (Fig. §.)

Each cocoon was given o number which was written on the smooth
part of the corrugated bosrd or on & separste piece of paper. The
individunl vocoons were placed in 3-dram homeopathic vials plugged
with cloth-covered cotton plugs. These vials were placed in small
rucks (fg. 6), which in turn were placed In trays and kept in the
center of the sercened portion of the insectary. The cocoons in the
vinls were exemined daily for adult emergence. When an sdult
emerged its number and sex were recorded. No pupation records
wore made [rom the cocoons placed in homeepathic vials.

For pupation records 5 to 10 [ull-grown arvae were placed cach
duy individually in 2-dram shell vials (fig. 7) stoppered with cloth-
covored cotton phugs. These larvae spun thelr cocoons against the
ginss, usually adjecent to the plug, consequently it was an casy
matter to note the changes in each larva through the glass.

Privng 4. deliy glass vusedd for rearing stiemisl peneli-muth hervne
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Froure 5.--Snmpla record of oriental peach-moth 1ife bistary

A thermograph and maxiraum and minimum thermometers were
kopt adjacent to the feeding lnrvae and cocoons within the insectary,
Normal air circulation was avsilable about the tomperature-recording
instruments, and no direct rays of sunlight came in contact with the

Fravne §,—Raek of howeopathie vinls eontaining orfental pench-moth cocgons used {or obtainiog
records of ndult pinergence in the insectary
bulbs. The thermometors and thermograph were read daily from
May 1, 1925, to August 1, 1927. The tempersture records were also
checked agninst those obtained at the Japanese beetle laboratory and
the near-ly Weather Bureau stations.

Ve 7. =Cefental peaeh-mnth cocanns o shell vigls nsed for pupation records
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INSECTARY AND ORCHARD COMPARED

In conducting & life-history study of an insect in an insectary one
can nob expect to duplicate the life history of the insect in the feld
in all detnils. Al one can hope to do is to provide closely approxi-
mate conditions and then earelully cheek the results with those found
in the natural environment.

In this life-history study all the stages were checked with those
under orehard conditions as careflully ns possible. In checking the
insectary resulls with the developiiens in the orchard several methods
were used, and various observations were made. The spring-brood
emergence was cheelked by noting the date ol appearance of the first
mobhs in the orchard.  This was determined by the presence of moths
or of {resh cmpty pupal skins on the south side of fruit trees. Ior
shroe vears the first emergence in the orchard has oceurred on the same
day or within 24 hours of the time the first adults appeared in the
outdoor sereen cages facing south adjacent to the ground.

Bait pans were used to determine the penk of abundance of the
spring-brood moths in the orchard, which agreed closely with the
pegk of emergence in the sereened outdoor cages. Bait-pan catches
are also useful in determining the emergence of the first-brood moths
in the orchard. After the middle of July bait-pan records are ex-
tremely irregular; consequently they can not be used as a check on
the development of the insect within the insectary.

The incubsation period in the insectary throughout the season was
checked ngainst orchard couditions by placing 30 or more eggs daily
in e pesch orchard the moruing after they were deposited. The
small bottles containing the peach or pear fuliage which had eggs on
them were placed on wooden stands in the center of 7 to 8 year old
peach trees. Almost every day the incubation period of the eggs
placed out of doors was exactly the same as that of those eggs kept
in the open screened inscctary. In a few lustances in cool weather
or during decided changes in the weather therc was a difference of
12 to 24 hours one way or the other. However, this difference is no
grestor than that which occurs in the orchard itself, beceuse eggs
exposed to direct sunlight sometimes hateh 12 to 24 hours sconer than
those which are shaded.

The senior suthor in 1924 reared a goodly number of larvae in the
orchard in twigs end fruit and at the same time resred larvae in picked
green peaches in the insectary. In most every test the period of
development of the outdoor Inrvee was the same as that of those
reared in the insectary. In a few of the tests the larvae reared out
of doors in growing green tissue required one or two days longer for
development. Under insectary couditions throughout the season
there is & distinet difference in the period of development of larvae in
green peaches and in green apples. They develop more slowly in
apples than in peaches. If a given lob of larvae require 12 days to
dsvelop in peaches, & similar lot may require 15 days in apples.

Since conditions would not permit the carrying on of a large-scale
life-history study under strictly orchard conditions, it was necessary
to rear the larvae in picked fruit in the insectary. During both
soasous peaches were used as long as they were available (from late
in May to late in September).
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The development of the larvag in twigs in voung orchards was
checked with the development of larvae in the inscetary, and for the
most part they awreed closely. By collecting larvace {rom several
youugz (2 o 4 year old) peach erchurds regularly once a2 week for a
siven rumber of minutes the peak of larval abundance was aseer-
tatned, and the size of the tmrvae gave a good chock on the develop-
ment of the carly generntions in the orchard,  This was particularly
true of the fivst and soeond generations.

The cocoon period under insectary conditious was checked against
thal under the ouldoor conditions by placing in the orchard daily, so
far as possible, small sereen cages contuining 5 to 10 newly formed
cocoons in corrugated paper. These small cages (wire sbrainers
mounted on pieces of hoard) were placed on all parts of peach trees
ot on the ground below the trees.  The eocvon period of the trans-
lorming cocoons placed out of doors checked closely with similar lots
of individuals kept in vials in the insectary. "This, however, was not
true of wintering material kept in the insectary, as montioned before
and fully discussed in au earlier publication (i7).

LIFE HISTORY OF THE ORIENTAL PEACH MOTH

GENERAL IMYUUSSION

In presenting the detailed information on the lile history the writers
do not ntend to follow the usual method which many authors have
used in presenting life-history data on the oriental peach moth or
stmilar inseets, such as the ecodling moth. Much of the detailed
tabulnr information will be omitted; however, the more important
informution pertaining to dates for each stage and sex in each generp-
tion and the period ol time required [or the development of each
stage and sex in ench generation will be found in the summary tables.
The average period for *“all broods™ in sach case was obtained by
dividing the total aumber of days by the total number of individubls.
Some of the information in these tables will not be considered in the
discussion.  The summary tables will serve as a good reference for
anvone inierested in a life-history study of the oriontal peach mosh,
especially in an aren where the elimate is similar to that in southern
New Jersey.  The summary Lables on the lile history include only
those individuals which completed all stages of their development;
consequently for any goneration the number of lndividuals for sll the
stagesis the same.  The number of individuals reared in each genera-
tion 1s shown in Table 1. This table also shows the number and per-
centage of transforming and wintering individuals in each brood for
the two voars,

The life-history discussion will consider the more important bio-
logical Tacts for each stuge in the life of the insect and the relationship
fo temperature. . The influence of effective day-degrees for each stage
is discussed under a separate heading,

The charts and tables giving inlormation on the relationship of
development to effective day-degrees include data on all of the
andividurls which completed any given stuge under consideration.

10203430 2
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TasL® 1 —Nuwwmber of individials par brood used in the life-histary stiddies of the
oriental pecch moth tn 1925 and 1928 af Riverfon, N. J., and the percentage of
transferming end wintering individuals tn each brood
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THE EGG

The egy (fig. 8) is scalelike in form, vound or oval, flattened toward
the cdge, the upper surface minutely rugose; the color is grayish
white, somewhat iridescent; and
the average measurement across is
about 0.7 millimeter.

In peach orchards most of the
eges are found on the under surface
of two-thirds to full-grown leaves,
near the terminal ends of growing
twigs. This is particularly truein
{he case of young trees. Inquince
and apple orchards the eggs are
placed on the smooth upper sur-
face of the leaves, while in pear
orchards eggs may be deposited on
the upper and lower leaf surfaces.
Eggs are also deposited on newly
formed smoeth twigs, such as those
of peach and pear. The texture
ol the surface on which eggs are deposited seems to be important.
Smoocth surfaces are preferred to rvough or pubescent ones. When
adults are placed inside nf smooth glass jars (6 by 8 inches) containing
foliage of peach, pear, or apple, most of the eggs will be deposited on
the smooth glass rather than on the leaves.  When adults ave placed
in small screen cages made entirely of sereen and cloth and containing
twigs {rom fruit trees, the eggs are deposited mainly on the twigs and
not on the cages. 1f smooth wooden supports are used in the con-
struction of the cages, many eges will be deposited on the wood.  Thas
may be prevented hy frequently coating the wooden supports with
concentrated me-sulphur.

Figree &—Fpy of oriental pench moth. 50
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A few hours previous to hatching, the newly formed larva can be
scen inside the eggshell.  Its dark head is the first visible portion and
shows as o dark spot near the coenter of the egg.  An egyg in this stape
is called ““black-spotted.” When summer temperatures prevail, the
black spot appears 15 to 48 hours before the sgr hatches, In case the
ineubation period is three and one-half days, the black spol appess
15 to 18 hours belore the larva emerges.
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When the larva has completed its developnient within the egeshell,
1t bites ils way out and emerges through the slitlike opening.  The
mortality in normal Tertilized eges which are not parasitized is very
low, being about 2 1o 5 per cent.

The incubation period of the egyr is largely dependent upon tom-
perature.  Figures 9 and 10 and Tables 2 and 3 show the decided
variations in this period.  In the summer, when warm weather is
more or less continuous, the eges hateh in Lhe inseetary and out of
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doors in 3% to 6 days, whereas early in the spring the first eggs
deposited by the aduits of the spring brood require 7 to 14 or more
days to hateh. Late in the fall (October and November), when
cool weather is almost continuous, the incubation period may be 20
days orlouger. Under constant temperature conditions in the Iabora-
bory, averaging 86° to 88° I, all eges hatch in three days or less. The
minimuin Hime for the incubation period under constant and controlled
temperature has been 60 to 65 honrs,

The incubation-period curve for the seasons shown corresponas
fairly well (inversely, of tourse) with the ups and downs in the tem-
perature curve. 1t is probable that a closer agreement between the

]
o
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FioURE W.—Average inenbouion perinds of epgs of the oriental peach moth compnred
with the average teinperalures for the respective igeubation periods, at Riverton,
N, 1, season of 102y

. details of these curves would have resulted if the observations on the
incubation period of the eggs had been made oftener than once &
day. Bach point in the incubation curve indicates the average period
of time required for all eggs deposited on a given day. Each point
on the tempersture curve opposite & deposition date is the average
temperature during the average incubation period (days and fraction)
following the deposition date. For example, the average incubation
period of eggs deposited on June 30, 1925, was five days, and the
temperature recorded on the temperature curve 1s 71° F., which is
the avernge of ail Temperaties recorded | or-five daysfronr June 36—
to July 4, inclusive.
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Kiverton, N. J., 1925
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THE LARYA

Oriental peach-moth lnrvac range in length from 1.5 to approxi-
mately 12 millimeters. (Fig. 11.} In all larval instars the larvae
possess biting mouth parts, three pairs of true jointed legs, located on
the thoracic segments, and five pairs of fleshy false legs (prolegs),
located on the vontral aspects of the third, fourth, fifth, sixth, and
tast abdominal segments. The larve in its deveclopiment casts its
skin four or five fimes; gonsequently there are four or five larval
instars. The number of instars is dependent upon the rate of growth
of the larva. With slow growth there are five Instats, and with rapid
growth, four instars. The rapidity of growth Is dependent upon at
foast two fnctors—temporature and sype of food. More detailed
information on the number of larval Instars is given in an earlier
publication (/2). Larvae in all larval instars oxcupt the last are
white, with & black head and darlk-colored thoracic and anal shields;
in the lust instar the larva is af first a divty white or gray, but as it
increases in size 1t gradually
hecomes pink or slmoess red.
It has been noted that
mature larvae which have

3:, % g:: fed on peach tissue ars

more likely to be red (or
pink) than larvee which
have fed on apples or

: : quinces. The head and the
Tiunk it —Orlontat pench-moth loeva, lateral view, X3 thorgeic and anal shields in
the last instar are brown
{mottled). A small, brown, chitinized anel fork is present on the
ventral aspect of the last abdominal segment ceudad of the enal
opening, and is most prominent in the last larval insiar.

A nowly hatched larva iminediately seeks food. Bven though small,
it is notive and can crawl a considernble distance in & short fime. It
proceeds to enter the first desivable plant tissue found. When suitable
plant food is located, the larva spins & loose gilken covering about
itsell, which probably gives it some support while gouging oub pieces
of the plans tissuc. The first mouthiuls of tissue are set to one side
anconsumed. The larva begins to feed when its head is deeply em-
hedded in the plant tissue.

Larvae transforming during the summer require § to 24 days to
complete thelr growth, she average time being approximately 12
days. Late in tho season, when cool weather is alinost continuous,
larvae {wintering) may require as many as 50 to 115 days. In New
Jersey all wintoring larvac pass the winter in cocoons go far as known.
The rate of larval development and its reletionship to temperature
is illustrated in Figures 12 and 13. Bach point on the feeding-period
curve is the average time required for all larvac hatching on that date
to complete their development irrespective of the gencration they
may represent, while eaci point on the temperature curve is the aver-
age of all temperatures the larvae of & given date were subjected to
during their average feeding period. For example, 11 days wes the
average feeding period for all larvee hetching on June 4, 1925, and
the nverage temperature recorded for that day was 79° F. This
gomperature was obtained by averasging all of the temperatures for
1t days, begiuning with and following the hatching date.
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Wintering larvae muy sometimes be found in the second generation
and are present in all succeeding generations at River ton, N. J.
In 1925 all of the first-brood larvac completed their development
during the current scason, one individual of the second breod was
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& wintering larva, and the succeeding gencrations (third, fourth, and
fifth) pwduccd su{,(.csswel\' groater petcentarrcs of wintering larvae.
(Table 4.) In 1926 all of the first and second brood larvae trans-
formed, while 75 per cent ol the third and all of the fourth generation
were wintering larvae.  (Table 5.3
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Tanve S—PFeeding periods and heiching dates uf uriental peach-moth larvac al
Riverton, N, J., 1826
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Wintering larvae have a slightly longer feeding period than trans-
forming larvee. This Is illustrated in Figures 12 and 13, where the
curves showing the nuinber of days required for the development of
larvne which started their development at the same Eime overlap.
The curve for wintering tarvae in all cuses is above that for the trans-
forming larvae.  1f one takes into cousiderntion the number of larvae
existing in the period when both transforming and wintering larvae
are developtng, it will be noted that the feeding period of wintering
larvae is approximately one or more days longer than that of trans-
forming larvae.

THE COCOON

The cocoon (fig. 14) is » silken covering spun by a full-grown larva
for 1ts protection during hibernation and while it changes to and exists
a5 a pupa.  Alter a larva completes its development in a twig or fruif
it usually eats its way out, drops to the ground by means of a silken
theead, or crawls down the tree, and secks s place suitable for spinning
n cocoon.  Larvae which drop to the ground, or come out of fallen
frutt, spin their cocoons on, under, or within some obicet on the
ground, whereas larvac which evawl down the tree may spin their
cocoons on some part of the tree.  The cocoon averages one-half inch
i length and three-sixteenths inch in width and is made of sitken
threads and particles of the objects on which it rests; these particles
may be barck, peach pubescence, sand, leaves, or other material.
Usually a cocoon is constructed in 24 1o 48 hours.

In the summer the cocoons are more fragile than are those of the
wintering forms. The summer cocoons may bhe found on fruif, in
axils of twigs, under pieces of bark, and in othor situations. The

0298 —30——-3
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more substanlinl wintering cocoons are found in rough places oun the
tree, particularly in the crotehes and under rough bark on the trunk.
It late varieties of peaches have been heavily infested, cocoons may
oceur in eonsiderable numbers on the trunks of the trees near the
cround. Old quince trees with shaggy bark afford excellent hiberna-
tion quarters; frequently a dozen or more cocoons of the oricntal
peach moth may be bunched together under one picee of quinee bark.
Tacoons may also be found under flakes of apple-tree bark, when an
infestation has occurred in the apples.
Cocoons are also found in places other than on the hest plant.
Trash of all kinds undernenth infested trees serves as hibernation

Fiouar 14.~Oricntsl peach-moth coccons and hibernation queclers: A, SUINTMET COCOONS O
peachies: B, wiptering cocsons under guinco bark; C, D, empty pupsl skins protradieg frem
typieal hiberpation quariers. Two-thitds notursi size

quarters, Coceons have been found on old dried peaches and quinces.
After heavy infestation ol quince trees some of the larvae spin co-
coous inside of Lhe [ruit, near the skin. Old dried quinces in the
spring sometimes have six or more protruding empty pupal shells
after all the adults of the spring brood have emerged.

The cocoon period {Tables 6 and 7) for transforming individuals
was 8 o 33 days, or an average of approximately 14 days for the two
seasons.  The wintering-coenon period ranged from 131 to 307 days
for the two winter periods. The relationship between the tempera-
tures oxisting during the sunmmer peried and the length of the cocoon
period is illustrated tn Figures 15 and 16. The high points of the
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temperature curve correspond for the most part with the low points
of the time curve. The location of a given point on the cocoon-
period curve indicates the nverage time required for all of the insects
within the cocoons formed on a given date to complate their develop-
ment.  The temperature indieated for any day is the average of ell
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temperatures the cocoons {ormed on a given date were subjected to
during their average cocoon perind.  For example, the average
cocaon period for all cocoons formed on July 15, 1925, was 14 days,
and the average temporature recorded for that day is 73.3° ¥. This
temperature 1s the average temperature for 14 days following end

including July 15,
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Tasrr 7—Cocoon periods and_ cocoontng dutes af oriental peuch-moth cocoons al
Biverlon, N. J., 1926
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THE PHPA

After the cocoon is completed, the larva becomes quiescent, and
gradually its body shortens and hecowmes thicker. The duration of
this prepupal stege averages
three or four days duving the
summer {Table 8), after which
the larva sheds its skin, and
a vellowish pupa (fig. 17),
about one-fourth of an inch
inlength,emerges. 1 a larva,
after constructing o covoon
late 1 Aogust and duwring
September, does not change
to & pupn within five to seven
days, more than likely it
will live over the winter un-
changed. Almost without ex-
ception alt pupae lormed lnte
in the season emerge us adults L -
during the current season, 'OYRR IOt nonch-moth pupa: A, tioral view; 3,
So lar as known no oriental
peach moth survives the winter in the pupal stage. After a pups is
formed, it gradually turns reddish and becomes darker. From 24
to 48 or more hours before the adult emerges the wing cases of the
pupn turn black, and a few hours prior to emergence the entire pupe
hecomes dark incolor. At length the pups pushesits way through the
loosely spun end of the cocoon and the adult breaks the pupal shell
near the cophalic end along the meson.

The length of the pupal stage is shown for 1826 in Table 8. Tor
transforming individuals the minimum peried is 7 days, the maximum
13 days, nnd the average for the season is 9.81 days, For wintering
individuals which change to pupae early in the spring the average




22 TECHNICAL BULLETIN 183, T, 5. DEPT. OF AGRICULTURE

pupal stege is 27.35 days, and the minimum and maximun periods
are 17 and 51 days, respectively. In the material reared for observa-
tion of the pupal stage it will be noted, from the dates shown for the
various periods, that there is not the distinet overlapping ol broods
that occurs in the life-history study of the other stages. This is due
to the [net that only a small proportion ol the life-history material
was allowed to spin up in shell vials for observation of the pupal
transformations, and owing to the scarcity of cocooning individuals
atb the beginning and end of e¢ach brood none was taken for this pur-
pose at that time. The records for the pupal stage in 1925 are in-
complete, consequently they are omitted, yet the partial records
obtuined ngrec closely with those for 1926.

Tantk 8.~ Prepupal and pupal perieds and cocooning and pupation doles of oriental
peach moths which formed cocoons in 1926 ni Biverton, N. J.
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Covonting dates Pupntion dates
Brood First Last First Lust
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First, seeontl,  nouk .} t - :
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! . wer L 19% wrr b
Third t. .. . ... At 31 Aug, 31 Get. 12 Oet, 12 Maro 18 i Bar. 19 May 20 | June 3
T ransforming individuals. T Winlering ingdivitdunls; moths emerging in spring of 127,

THE ADULT

The adult, the last stage in the life eyele of the insect, is a small
grayish-brown ([uscous) moth (fiz. 18) with n wing span of approxi-
mately one-half inch. The following description by A. Busck (14)
porees with the writers’ observations.

Luspeyresia molesta, n. sp.

Tlead dark, smoky fuscous; face n shade darker, nearly blaek; labiul palpi a
gshade lighber fuscous; antennac simple, rather stout, half as long as the forewings,
durk [useouns witlh thin, indistinet, whitish annulations. Thorex hilackish fus-
cous; patagie (nintly irrorated with white, each sealc being slightly white-tipped.
Forewings normal in form; termen with slight sinuation below apex; durk fuscous,
obscurcly irrorated by white-tipped seules; costal edge blaekish, strigulated
with ohscure, geinnte, white dashes, four very [ning pairs on basal hall andl three
more distinet on outer half besides two single white dushes belore apex; {from
the Linck cosinl intervals run very ohsewre, wivy, dark lines neross the wing,
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all wibh n strong cutwardly directed wave an the widdle of the wing; on the middle
of the dorsel edge the spaces between threc of these lines are more strongly
irrorated with white than is the rest of the wing, so as to eonstitute two faint and
poorly defined, white dorsal streaks.  All these murkings are only discernible in
rrerfect specimens and wpder a lens; ocellus strongly frvomted with white, edged

Fisrue 15,--Athalts of the orientl peaeh moth, dorsal siew: A, With wings spread; I, natural
position whenntrest, X7

by {wo broad, perpendicular, faint bluish metallic lines and containing several
small, deep blaek, irregular dashies, of which the fourth from tornus is the longest
and plaged fargher vutward, so ag to break the outer metullic edpe of ocellus;
the ling of black dashes as well as the adjoining bluish metellie lines are eontinued
[uintiy above the geellus in a curve to the last gominale costal spots; there is an
indistinet, Iaek apical spot and two or three small binek dots below it; a thin
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but distinet, decp Linck, terinal line before the eilin: eilin dark bronzy fuscous.
Hind wings dark brown with eosial edge broady white; cilin whitish; underside
of wings lighter fuscous with strouy irideseent shean; abdomen dark fuscous with
silvery white undurside; legs dark fuscous with inner sices silvery; tarsi Dinckish
with narrow, yellowish white annuintions.

Alar oxpanse: 10 to 15 mm,

United States Nutionnl Museum type 200664,

Males and females resomble ench other closely. The femele is
usually o brifle larger; this difference is espocinlly noticeable in the
abdomen of the female when filled with egws. The abdomen of n
femalo is somewhat swollon, wnd a civeular dapression or area sur-
rounded by a ring ol seales oceurs at the posterior end of the vortral
stide.  Tha abdomen of a male is narrow, pointed ot the ond, and benrs
a slitliko mark ut the posterior and on the ventral aspect.

Adulés are most active about sundown,  Thev have an irregular,
up and down, or zigzrg, flight. In the orchard they nmay be seen
darting about the terminals, or new growsh, of their host plants.
Adults are oceasionally very active in the middle of the day; this
sooms fo bo particularly true of the spring brood. When conlined m
6 by 8 inch glass jars with moist sand and water, moths were found to
live 3 to 37 days.  (Table 9.) The aversge length of life of adults is
14 or 15 days during the summer, but in the spring and [l they may
live much longer,

Tamaz S ~Length of Lfe of edulls of the oriental peach moth af Riverton, N, J.,
020 and 1024
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K deposilion usually begins 2 to 5 days after the lemales cincrge
and continues for 7 to 10 days, or even longer.  Unless the fomale is
fertilized, few or no eggs will be deposited.  The maximum nwmnber of
eggs are deposited when the females are exposed to sundight: w goadly
portion of the duy and have aceess to plain or swoetenad water,

Females deposit 100 to 200 or more egus. In one series of trinls
10 lemales were placed in each of 10 different ¢lass jars, G by 8 inches
it gize, with 5 (o 10 males in cach jar,  The gy production per female
ranged Tvom 96 to 227, and averaged 148 for the entire lob. Possibly
under neturnl conditions more egws per female might have been
deposited by these samie moths.
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Most eggs are deposited late in the afternoon, and deposition con-
tinues until an hour after sunset. On warm cloudy days the eggs may
be deposited enrlier in the day. Also some eogs may be deposited
Just before sunrise, il the temperature is near 70° F. or higher, Prac-
tically no eges are deposited when the tempernture during the normal
egr-deposition period is below 60°, The most favorable temperatures
seewn to be between 70° gnd 90°.

Temperature has considerable influence on the time of day adults
emerge.  Karly in the season or during periods when the nights are
vool (50° F. or below) and when the morning hours are cool the peak
of duily emergeuce oeeurs at noon or shortiy thereafter, whereas on
days when the night and eurly morning temperatures are Tairly high
the wdults come out earlier, and the peak of emergence oceurs about
9a.m. Asudden cold spell of two or three cdays during the period of
rapid emergence will cheek the daily emergence very decidedly for o
day or two.

The location «  *he cocoon, particularly the wintering cocoon,
influences the time f emergence ol the adult.  If the cocoon is ex.
posed {o direetl sunlight for & number of hours per day the chances are
that the adult will eueree much sooner than if the covoon is located in
a completely shaded situation. Light rays may have some influence
on the time of emergence, Tt is known that the direet rays of the sun
make a oy Sreat difference in the temperature of the environment
where a cocoon is located. This is particularly true of wintering
coceons and is Ulustrated and discussed by the writers in a previous
publication (7). The first spring-hrood moths cemerge in the orchard
about the time the (irst peach blossoms appear and the leaves are
beginning to forn:.

THE LIFE CVCLE

The lite cyele (Tables 10 and 11) of transforming individuals for the
two seasons ranges [rom 23 to 50 days, with seasonal averages of 30
end 33 days for the two scasons, (renerally speaking, an individugal
moth completes its development in one month during maost of the
growing season, The life cyele for wintering individuals ranged from
232 to 331 days, with averages of 278 and 279 days for the two winters.

Tasre 10 -Life-cncle periods and dotes af adudl emergence of oriendal peach moths
Jriie eggs depostted Th 1925 qt fiverten, N. J.
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Tanue tL.—Life-cyele periods and dates of adull emergence of ortental peach moths
Jrom eggs depostled in 1926 al fiverton, N.J

TRANSFORMING INDIVIDUALS
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e e,
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Tasre 12—First and last dates of spring-brood emergence of orienial peach moths
in 1925, 1926, and 19287, al Riverlon, N. J
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The relationship between prevailing temperatures and the length
of the life cycle of transforming individuals is fllustrated in Figures
19 and 20. The location of & given point on the time curve indicates
the average time required for the individuals from eggs deposited on
the given day to complete their life cycle. The temperature indicated
for any day 1s the average of all temperatures the individuals starting
on that day were subjected to for the period of their average life
cycle. For example, the average life cycle for all the individuals from
eges deposited on June 24, 1925, was 30 days, and the temperature
recorded for that day was 75.4. This temperature is the average of
all temperatures for 39 successive days starting with June 24,

GENERATIONS PER SEASON

At Riverton, N. J., in 1925 there were five complete or partial
generations and in 1926 four cormplete or partial generations, as shown
in ¥igure 21. This chart also shows the beginning dates and the 25,
50, 75, and 100 per cent completion dabes of moth emergence, egg
deposition, hatching, and cocoon formation for each generstion in
1925 and 1928,
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TEMPERATURE AND EFFECTIVE DAY-DEGREES

The chief reason why there was such a decided difference in the
number of generations and the dates when the various stages in the
several generations oceurred in 1925 and 1926 was the marked
difference in temperature during the two seasons. Table 13 and
Figure 22 show the decided contrast. In Table 13 it will be noted
that June, July, and September were warmer in 1925 than in 1926.
This was particularly true of June and September. From May 1
to Septemnber 30 the monthly mean termperatures for 1926 averaged
3.3° lower than for 1925, the total of the effective day-degrecs (50 to
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Finune 10.—Averngo [Hs eyele, egy to adult, of transforming individuoals of the eriental pench moth
compnrenll gléltll tiie averago temperatures for the respective life-cycle periods, at Riverton, N, J.,
sgnson of 1025

86° I'.) for this period in 1926 was 333.3 less than in 1925, and the
monthly average was 66.6 effective day-degrees less than in 1925,
In 1925 there were 66 days between May 1 and September 30 when the
temperature exceeded 86°, while in 1026 there were only 19 days when
the temperature exceeded 86°. The monthly mean temperatures were
teken from the Weather Bureau records and from temperatures
recorded by investigators at the Japanese beetle laboratory. The
accumidated eflective day-degrees (50° to 86°) in the insectary were
figured from 12 readings taken from thermograph records for each
24-hour period. In Figure 22 cach point on the curves indicates the
average number of day-degrees above 50° for seven davs. These are
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ascerfained by adding the day-degrees for the three previous days and
the three following daws to those of the yiven date and dividing by
sgven.
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Froune W.—Avermge e cyele, egp to adolt, of transformiog individeals of the oriental
neaeh meth compared with tire average tempecatures for the respective life-oycla periads,
at Miverton, N, J., senzon of 1926 @

Tasui 13.—Comparisons of femperature for' 1925 aend 1996, al Riverlgn, N. J.
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In the detailed life-history study of the oriental peach moth no
scrious attempt was made to control temperature and other factors,
However, carciul observations were made on the development of the
insect under insectary conditions (sce ‘‘Methods. and equipment,”
E 2), and continuous records werc kept of the daily temperatures

v thermographs and maximum and minimum thermometers. Most
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of the information preseuted bearing on temperature is based on these
observatiouns.

In 1922 Glenn () published & paper on the relationship existing
between effective day-degrees and the development of the codling
moth. Glenn’s paper has been subjected to considerable criticism,
yot it showed the decided importance of temperature as a factor in
the development ol the eodling moth. It also showed for the first
time that in general the effective degrees for the development of the
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Fiouie M. ~Summarized life-history chart of the eriental peach moth for 14995 nnd 1926, ot River-

tom, N. I “The trintgitlar fgures show the beginniog dates and the 25, ¥, Th, and 100 per eent

vompletion detes of adult emerpence, epg deposition, laryai hatehing, and cocaon formation for

the several generations in encl seaspn
codling moth were between 50° and 86° F.: the 50° being the theo-
retacal zero of development and the 86° being the degree of maximum
rate of development, and every additional degree above 86° retarded
development at the same rate as every advancing degree below 86°
accelerated development. In other words, to ascertain the number of
effective day-degrees nceded for the development of any stage of an
individual only those degrees between 50° and 86° are favorable, and
corrections should be made for all temperatures above 86°,




30 TECHUNICAL BULLETIN 183, U. §. DEPT. OF AGRICULTURE

In these studies extensive amd intensive use has been made of
Glenn's ideas and theories, and the results have proved to be most
interesting, Table 14 summarizes the resulis obtained when the
iden of effective day-degrees was applied to large numbers of indi-
viduals of each stage for two seasons.  When 1t is considered that the
two seasons of 1925 and 1926 were extremely different from the stand-
point of temperalure, i is rather significant that the average total of
effective day-degrees for the two sensons should so closely approximate
each other for all stuges. This fact alone indieates strongly that the
530° to §6° range 15 approximately correet for the orlental peach moth
and Murther emphasizes the close relationship existing between the
codlitgr moth and the orlental peach moth,
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Vartous renges of temuperature, 50° to §4° F., 50° Lo 86°, 50° w 88°,
and 50° to 90°, and also other ranges with 45° to 55° as the nunimamn,
were used to determine the effective day-degrees for the several stages.
In general, the 50° to $6° gave results most nearly alike for the two
seasons; consequently the writers have nssumed that this range comes
nearest 1o being correct.  For the sake of brevity the results of this
range are the only omes presented.  (Teble 14 Tables 15, 16, 17,
and 19 show the extent of variation in the number of effective day-
degrees needed o complete the development of the respective stages
by the various individuals on the basis of u 50° to 86° range.

The avernge incubation periods of the eggs (Tables 14 and 13) for
the two sensons, expressed in eflective day-degrees, were 110° and
110.8°, respectively. Thus the difference in the average totals of
effective day-degrees for the incubation period in 1925 and in 1926
was 0.8°, or & dilference of less than 1 per cont.

In "Tables 14 and 15 the entire incubation period is subdivided into
two parts; the unobserved balf day and the observed period. This
is due to the method used in taking records.  All deposition and
hatehing records were made early in the morning of each day, and
experience has shown that nearly sl eges are deposited about sunset.
To ebtain the complete record of effective duy-degrees lor any lot
of eges, 1L was necessary (o take info consideration the time aned
effective day-degrees oveurring between the deposition and the first
observation. Sinee it was impractical to make observations on the
exact time cach egg was deposited, it was estimated that an rverage
af 12 hours elapsed for all eggs between the time of deposition and the
first observation. This period has heen enlled the unobserved hatf

day.  Consequently, to obtain the entire incubntion period, it is
nocessury to add the unobserved half day to the observed period.
The unobserved hall-day period is also considered in determining the
Hife eyele, and it & included in the figures shown in Tables 14 and 19.

Fanue the Number of cygs of the oriental peach moth which complcied thelr incu-
bation period within given ranges of effeetire day-degrees wmd the arerage nimbor
of cffective day-degrees required ot Riverton, N. J.. seasons of {8257 and 1826
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soeh LT T 642 5 755

e . e O ), 525
Maiwe. . ST 25
-1, . U S 32 102

Towl. . .- . R L R .- E X3, 507

S ¥eraRs R ber of effecive day-degrees for ebiserved perfed. | L
Averige puinter of eifective gy - degros for unebrerved habl-dauy perrel
Average Bimber of effeeizve davalegress for entire peripd.... .

57
0.8

The feeding period of transforming tarvae (Tables 14 and 16} aver-
aged 278.3 and 277.6 effective day-degroes in 1925 and 1926, whereas
the Teeding period of wintering larvae averaged a litile higher, 281
and 2824 effeetive day-degrees.  Again the results {or the two sen-
sons resemble each other elosely, the variation heing less than one-
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haif of 1 per cent for both transforming and wintering larvae. The
diflerence in the effective day-degree requirement of wintering and
transforming nrvee substantictes the results shown in Figures 12
and 13, where i is evident that wintering larvae feed longor than
transforming larvae.

Tanue VW0.-- -Nember of trangforming nud winlecing larvae of the oriental peach moth
which completed their ferding peviods within given rangey of effective day-degrees,
and the arerage nwmber of effeclive dun-degrees required, o Riverton, N, J ., seadons
af 2y and 1928

Teunsforing larvne Wintering lurvae
Rangw of effective dnv-tegrees ‘ g — . R
Cowen o, 9% | w028 1026
Nitaler } Number | Number Nuwber
L U, o L] ] [ ]
sy, . o .. 8 G 20 i
Sy FALY . - . . . 55t 17 i} 1]
ot ST R . . PR L . 207 Tl i 1]
CHE20 0 e AN e e 55 132 ] &7
JUci L R . .. S 131 183 . 0 12)
. . P 375 44 121 248
ML S 2406 HT
460 | 035 208 51
: : 639 1 473 | 55 B
003090, o .. AR LY 24T | o 181
KTEATIIAY] R P S . g - 160 . ] i
M-I . L. . P 3 G 3 k13
G-t o . R R o - n 15 ! G
Total e e e . w0 .30 - “g £,532
. Duy-degrees | Duy-degrees Day-degrees Lay-degrees
Averape anunker of vifective day-depoees . L L L LI EnrAH .0 2824
1 1 .

The cocoon period {larva, prepups, and pupa) of transforming indi-
viduals (Tables 14 and 17} averaged 304.6 and 306.7 effective day-
degrees for 1925 and 1926, This stage showed the greatest variation
of all the stages for the two years, vet the difference was less than
1 pereent. P, A, Glenn has shown that the pupal stage of the codling
moth has un effective day-degree range of 52 to 86. It is probable
that if & similar correction could have been made the results for the
two yvenrs might have been closer.  Unfortunately continuous records
on the pupal stage for 1925 were not made; consequently a separate
zero of development for pupse could not be ascertained.

Tanni 17— Number of oriomtal peach moths which compleled their cocoon periods
within given ranges of effective day-degrees, and the average number of ¢ffective
day-degrevs, ftiverton, N, J., scasons of 1925 and 1926

Range of effective duy-tlegrees 1925 1926
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25800 . ... . e e 7
bt TR 118 9
pLrEh et B R ipl 40
bty PN Jil 201
BG=TIED | emmrnn s mmm e o e eeaanan o ! 502
SO0 e [ T2 id
=g o Lo Ll o [ 1, 595 550
o ERc Lt e amaaan 186 174
£ E R [ 4G . Hi
B L rimn i e s imeimmrameaers sssamemen——a—- 3, 43 210
Daylegrees Day-degrees
Averggs niimber of eHective Ry -RRTCCS . - il s e :iu}l.{iI T
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The influence of offective day-degrees on wintering larvee and
pupae in cocoons is different from that on transforming individuals
in cocoons, for it requires many more effective day-degrees to com-
plete the development of the stages within and produce adults. At
one time it was the opinion of the writers that the average of aceu-
mulated effective day-degrees in the spring of the year, starting with
danuary 1, would be the same lor wintering materinl in any season.
Apparently this is not the ease, for after teving zeros of development
from 45° {0 55° F. and liguring the accumulnted degrees above the
zere potats for each individual and averaging them for the two seasons
under consideration {(Table 18), it was learned that the average
effective day-degree requirement for the spring of 1927 was more than
12 per cent higher than for the spring of 1926, In calculating it was
lenrned that changes in the maximum degree ol developnient for the
spring of the vear had little or no effect, {or there were but two or
three days when the temperature was higher than 86°.

Tanne 18- ~deerage number of effeciive duy-degrees Vusing various ranges} lo which
the windering eoconns thal produced moths were erposet]l during the dormani seasons
af 1325 26 wid (U268 27 in he inseclary at Riverton, N. .1,

Ettegtive ] Brurniunt season
dny- Htom | e : : - More {1} or fuss {—]
P : Tiue - TR n 1920-27
IR i

© Effective  Egfictice © Effeclive ]
day-degrees  day-legrees dup-degreest Per cent
o 22 36, 5 +!§-i. i +16.7
-

! Spring .. .,
3 api. . 1
1, .

I el . B 3.5 —38.4 —6.5
1

Since there seemed to be » more or less consistent variation in the
accumulated effective day-degrees for the spring of the year for the
bwo sensons, tt was thought thut the accumulated effeetive day-degrees
in the fall of the year might have had some influence on the develop-
ment of the wintering larvae; consequently these were ascertained.
The effective day-degrees from the time the cocoon was constructed
in the Iate summer or fall until January 1 was figured for each indi-
vidual and the average determined for all. The averages for each
zero of development are recorded in Table 1S. The average of
accumulated effective day-degrees for the fall of the year of 1926 is
consistently less (by 12 per cent or more) for all zeros of development
than in 1925, This is just the reverse of the situation in the spring
of the year. This reversal indicates strongly that the sccumulated
eflective day-degrees in the Iall of the year must be teken into con-
stderation in determining the spring-broed emergence of moths.

When the accumulated effective day-degrees for the fall and spring
of the year nre added together they give (for each range of eflective
day-degrees) nll the accumuiated effective day-degrees the eocoons
are subjected to between the time of their formafion and the emergerice
of the adult. It will be noted in Table 18 that the addition of the fall
temperatures to the spring tenmiperatures for each sesson reduces the
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total difference in the two seasons 1 .aterially. The 52° to 86° range
shows the smallest difference, which s18.5°.  This difference approxi-
males 2 per cond for the two sensons when the entire cocoon period is
cousidered, Since the 52° to 86° runge shows the least difference in
the average of aceumulated effective day-degrees [or the fwo seasons,
it is assumed that 52° F. is probsbly the zero of development for the
stages within the overwintering cocoon. This is the zero of develop-
ment that (lenn established lor the cedling-moth pupe.

The foregoing facts on wintering cocoons of the orientul peach
moth indicate strongly thab in determining the spring-brood emer-
sence the nceumulnted effective dry-degrees in the fall of the year
must be considered as well as tnose 1n the spring in determining or in
forcensting the time of emergence of the spring brood.

One observabion remains, however, which may or may not have an
important bearing on the validity of the above statements. It has
been loarned that individusls which spin cocoons early in the full do
not necesserily emerge first in the spring, nor do individuals which
spin cocoons lale in the fall emerge correspondingly inte in the
spring. In fack there is some indication that larvae which spin their
cocoons late in the fall are likely to produce the earliest spring-brood
adults. These frets are difficult to explain in view of the information
presented in regard to the influence of fall temperatures on the spring-
brood emergence. It is probable that important factors other than
temperature might explain the seeming inconsistency.

The entire lile-cycle period (epg to adult) of tronsforming indi-
vidunls {Tables 14 and 19) averaged 694 and (94.4 effective day-
dewrees [or 1925 and 1926, The variation was 0.4° or less han 0.1
per cent. Il the aversge eflective day-degrees caleuluted for each
stage, eges (), transforming larvae (D), and transforming cocoons
{FY in Table 14 are combined, the totals are $692.9 and 695.1 sffective
day-degrees for the two seasons, or a variation of 2.2, which is less
than 0.4 per eent.

Tantg VL —Number of orfental peach moths which completed their life cycles

within given ranges of effective daj-degrees, and the average number of effective
dey-degrees requived, al Riverton, N. J., seasons of 18249 and 19328
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The foregoing discussion shows that the 50° to 86° F. range of
ellective duy-degroes is approxin sely correct if all the individuals of
& given stage for an entire growing scason are taken into consideration;
however, if the effective day-degrees ure sscertuined for a siven stage
in the seversl generations there is u slight difference in the generntions.
The indications arc that early or late in the season an effective day-
degrec produces a greater development than during midseason, when
high temperntures predominate.  In other words, it requires a some-
what smaller total of ellective duy-degrees within the 30° to 86°
range lor the completion of the leeding period or cocoon period (rot
so true of the incubation period) early or late in the yoar, when the
night tomperatures full below 50°, then during midsummer, when all
tomperntures iwre much nbove 50°.

It is possible that the zero of developmeut for the orientul peach
moth may be soinewhat below 50° F. for some of the stages, perticu-
tnrly the feeding period and possibly the cocoon period of transforming
individunls.  Shelford in his investigations (/5) shows that tem.
pernlures ws low as 45° are to some extent eflective in the development
of certain stages of the codling moth. 1 this is also true of the
orientnl peach moth, it may help to explain the apparent difference
in the efloctive dny-degrees required (within the 50° to 86° range) {or
development of individuals existing in temperatures which avernge
high or low,

SUMMARY

Bggs of the orientul peach moth are deposited on smooth surfaces.
Tn the insectary eggs may be found on the smooth surface of glass,
wood, or foliage (pear, apple, pesch, quitce, ete.}. TUnder orchard
conditions eggs are found on the lower surface of peach foliage, usually
o0 the upper surface of apple and quinee lolinge, on either the upper or
lower surface of pear foliage, and also on nny smooth portion of newly
formed twigs ol peach and pear.

From 15 to 48 hours hefore the newly formed larva hatches, its
hend can be seen inside the eggshell.  This is called the “black-spot '
sloge.

The incubution period of the egg ranges [rom 3} to 20 or more days,
depending upon the temperature, heing shortest during the summer
and longer in the spring and fall.

Larvie transforming during the summer require 6 to 24 (or an aver-
age of 12 days to complete their growth, while wintering larvae have
a slightly longer feeding peviod and may require s many as 50 to 115
days. There are four or five larval instars, depending upon the rate
of growth of the Inrva.

The ecocoon ix usually constructed in 24 to 48 hours, Summer
vocoons are more fragile than the wintering forms.  The cocoon period
for transforming individuals is 8 to 33 days or an average of about 14
diays, while the wintering cocoon period varies between 131 and 307
day-.
~ The prepupal stage during the summer averages 3 or 4 days.
Lurvae cocooning lute in August and during September are usually
overwintering if they do not pupate within 5 to 7 days.

The length of the pupal stage for transfornming individuals is 7 to
L3 duys or an nverage of nearly 10 days, and for wintering individuals
which pupate in the spring it is considerably longer, 17 to 51 days or
anaverage of nhout 27 duvs.
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The adult is & small grayish-browsn moth with » wing spread of
approxtuntely one-half inch.  Males snd Tenales resemble ench other
closely. The nverage length of lile when they are confined in glass
Jarsis 14 or 15 duys or longer. gy deposition begins 2 to 5 days after
emorgence and continues lor 7 to 10 days or longer.  Females deposit
100 Lo 200 or more eges,

Temperature and sunbight have eonsiderable influence upon adulf
emorgenece.

The lile eyele of translorming individuals avernged 30 to 33 davs for
the two sensons, and the average Tor wintering individuads was 278 and
279 duys for the two winters.

In 1925 thore were {ive complete or purtial generations ot Riverton
N. o, and I 1926 there were four complete or partinl generations.

The marked difference in the tempernture during the two sensons
(1925 and 1926) was chielly respousible for the decided difference in
the number of gencralions and the dates when the various stages in
the several senerations oecurred.  The season of 1926 was cousider-
ably cooler Lhan the preceding season and {rom May 1 to September
30, 1926, theve were 333.3 effective dry-degrees less than for the same
period in 1925

The worlkk ol P. A. Glean indicates that in general the effective
temperatures for the development of the codling moth exist between
50° and 86° . Although the two seasons ol 1925 and 1826 were so
extromely dillerent from the standpoint of temperature, the applica-
tion ol (ilenu's idous and theories to the orioutal peach moth indicate
that the 50° to 86° range is approximately correct for this insect.
This further emphasizes the close relationship existing between the
codling moth and the orientel peach moth. The varistion iu the
number of effective day-degrees vequired to complete the development.
of cach stage {egg, larva, nud cocoon, including pupa) in the life cycle
of the orieninl peach moth did not exceed 1 per cent for the two
Seas0ns.

The average accumulated effective day-degree requirement for the
fall of 1926 wus found to he consistently less (12 per cent or mere) for
all zeros of developmeit than that for the fall of 1925, Conversely,
the average effective duy-degree requirement for the spring of 1927
was more than 12 per cent higher than that for the spring of 1926,
Thus, in the case of wintering larvae the effective day-degrees in the
fall of the year us well as those occurring in the spring must be teken
into consideration in determining the spring-brood emergence of
moths. A temperature of 52° F. 15 probablly the zero of development
for the stages in the overwinlering cocoon. Although the 50° to 86°
range of effective day-degrees is approximately correct il all the indi-
viduals of & given stage for an entire growing season are faken into
considerntion, there is » slight difference in the generations when the
effective dry-degrees are ascertsined for a given stage in the several
generstions. It is possible that the zero of development for the
orienfal peach moth may bo somewhat below 50° for some stages,
particularty the feeding period and possibly the cocoon period of
sranstorming individuals.
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