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"Life History and Habits of the Peachtree
) Borer in the Southeastern States'

By Ouiver 1. Sxaprr, entomologist, and J. R. TaHoMsoN, fusior entomologist,
Divigion of Pruit Insect Investipations, Bureau of Entowmology and Plent
Quarantine, Agriculiural Research Administration

CONTENTS

]
=
[}
=

|-

Bummary F o -~
Introduction_
Histarre oo
Nature of injury_
Host plants and disty; -

~latu o
Methods, ta Gue, and aquipment_ . -

For atu of t ocooning, pmpupn'l,

and puhAl periodT;
For studies of the
For studied of ovighition_____

The pupa
The adult

Life history and habi
Cocooning period__-
The prepupsl pericd
The pu

pupa
The adult
Incubation of eggs
Hatehing .
The larva. - .
Number of generations per yesr.
Purasites and predators

For stud f ioeghtion ...,
For stud fes bl theMtval perfod

Dezcriptions en.. ...
The egg_t_-}_ =

et bt
CODWE =T OO g B L e

SUMMARY

Investigatioh% of the life history and habits of the peachtree borer
in the Georgiw*peach belt were conducted during the years 1930 to
1938, inclusive, as an aid in timing applications for control. The
methods followed and the data obtained are presented in this bulletin.

The peachtree borer is a native American pest of peach trees, occur-
ring chiefly from the Rocky Mountains eastward and from New
England to the Gulf of Mexico. The injury is done by the larvae as
they feed on the cambium and inner bark of the tree. This borer is
chieﬂg & pest of peach trees, although other related trees are subject to
attack.

The construction of 128 cocoons was observed, and in every case
the cocoon was completed by the larva within 24 hours.

The prepupal and pupal periods of females averaged 44 and 19.0
days, respectively, in 1933. From none to 2 percent of the larvae
entered the prepupal stage in June, from 8 to 37 percent in July, from
55 to B0 percent in August, and from 6 to 12 C%Jeercept in September.
Pupation under orchard condittons in central orgia began as early
as April 19.

The period of moth emergence under peach-orchard conditions in
central Georgia may begir as early as May 9 and extend to as late as

DEPOSITORY

1 Spbmitted for publication Feb, 20, 1543,
535000—43——1
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November 8. Most of the moths appear in August and September, the
peak of emergence usunlly occurring about the middle of September.
Of 1,325 moths that emerged during 3 seasons, 58.1 percent were
females. The first moths to cinerge are usually males, and early in the
seuson the emergence of males is greater than that of femnles, More
females than males emerge during the peak and last of the season,

The moihs are diurngl. There is a marked tendency for female
moths to begin and do considerable ovipositing on the tree from which
they emerged.  Their flight is a vambling one with a tendency to fly in
cireles. Female moths do not {ravel great distances, their daily flight
heing confined to a few hundred feet when flying from tree io tree to
oviposit. The males are switt, active {lyers, atd disperse move quickiy
and over a larger area than do females.

Most of the female moths begin to lay eggs on the day they emerge.
Oviposition is not confined entirely to peach frees, and some egps nre
placed on grass, weeds, stumps, sticlks, and leaves of various plants
and on the soil.

'The females kept in the insectary deposited an average of one-third
of their eggs during the first day after mating, over ove-half by the end
of the second day, and over three-fourths by the end of the fourth day.
The females kept under orchard conditions deposited two-fifths of
their eggs during the first duy after mating, twe-thirds by the end of
the second dny, and over three-fourths by the end of the third day.
The maxinium number of eggs deposited by a single female was 1257,
The average numbers of egus deposited per female during ¢ years
were 579 in the insectary and 515 in the ovchard. The earliest
oviposition was recorded on May 19 and the Iatest on November 8.

In the insectary the average longevity of the female moth ranged
from 7.0 to 10.3 days. and the maximum number of days between emer-
gence and death was 24, In cages in the orchard, the average longevity
of the female moth ranged from 3.8 to 84 days, and the maximum
nuniber of days between emergence and death was 20, The average
longevicy of the male moth in the Insectary ranged from 5.0 to 118
days, and the maxinum number of days between emergence and death
wag 43,

The incubation period in the insectary ranged from T to 48 days, with
averages from 9.4 to 13.2 days. The incubation period in the orchard
ranged from § to 44 days, with averages from 104 to 13.2 duys. The
maximun incubation vecords were taken in Deceinber. Tgps hatched
us enrly as May 30 and as late as December 15.

The over-winter larval feeding period during four seasons ringed
from 264 to 383 days. The average duration of the over-winter larval
feeding period for the individuals that hatebed in the several months
of the four seasons was ns follows: Angust 335 days, September 326
days, October 318 days, and November 288 days. There is a vetarda-
tion or cessation of growth of larvae under natural conditions between
the last of October and the middle of March,

Thea peachtrve borer normally has one generation & year in Georgia.
There are no records to indieate that any mdividuals require 2 years to
complete their life cycle.

Common parasites of the peachtree borer in cenfral Georgia are
Pelenomus quainigneed Girault, Microbracon sanninoideae Gahan, and
Anthrax lateralis Say. The last-named parasite has been known to
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parasitize ns many as 4.48 percent of peachiree borer pupae. Field
mice and rats are the 'most important predators of the peachtree borer
in central Georgia. Other predators ure ants, chrysopid larvae,
spiders, pigs, moles, snd skunks.

INTRODUCTION

The peachtree borer (Sennincidea exitiosa {Say)®} is one of the
most serious insect pests that attack the peach, since every year, di-
rectly or indirectly, 1t causes the death of many trees. Its importance
- has been recoguized ever since the early settlers introduced the peach
Into this country. Since an understanding of the seasonal history
of this insect is essential to the timing of control measures, and as no
coniprehensive study of the life history and habits of this insect under
southern conditions had been made, the Bureau of Entomology of the
Uunited States Department of Agriculture in 1930 undertook investi-
gations of the biology of the borer at its Fort Valley, Ga., laboratory,
This bulletin, which contributes to such an understanding, is a report
on the results of studies carried on intensively from 1930 to 1983,
supplemented by observations made by the present Bureau of
Entomology and Plant Quarantine as opportunity offered from 1984
te 1938

HISTORY

The peachtree borer is a native of the United States and has been
written about for nearly twe centuries. Peter Kalm? the Swedish
naturalist, made the carliest statement regarding this insect that has
been noted.  In 1749, 1n his Travels into North America, he said:

Peach-trees have often been planted here, and never would succeed well,  This
was dittributed to a worm whieh lives in the ground, and eats through the root,
0 that the tree dies, Perlaps the severity of the winter contributes much to it.

A paper entitled “On The Nature of the Worms so Prejudicial to
the Peach-Trees for Some Yenrs Past, and a Method for Preventing
the Damage in Future,” by J. Cooper, printed in 1771 in the Pennsyl-
vanin Guzette and Journal,® leaves no doubt as to the ravages of the
peachtree borer during the eilghteenth century. Some time before
1800 John Lllis submitted to the American Philosophical Society ¢
prize essay ® which gave a brief and fairly correct account of the
peachitree borer. The original description of the insect was published
by Thomas Say in 1823.% after which there was a noticeable increase
in the number of references to the peachtrec borer, and a further
increase occurred after the establishment of the agricultural experi-
ment stations. Nearly five hundred papers on the peachtree horer
had been published by the close of 1933.

* (rder Lepidoptera, family Aegeriidue.

3 anyM, PEib CTRAVELS INTY NORTH AMBRICA. [Iv48.] Transiated by J. R Forster.
o2 opo 2 Varringeton [(Esgland]. 1776

f‘ i\'ot sect . s the fles of the early fssues of this paper are not avallable for the duration

of the war,

FHLLIS, . ACCOUXT OF A METHOD OF PREVENTING THE PREMATURE DECAY OF I'EACIH TREES,
Amoer. Phil. Soc. Trans, 51 (3251-326. 1802,

8 HaAY, P AMERICAN BENTOMOLOGY., V. 1, pp. 36-41. In LcConte, J. L., ed, The Com-
‘1’13?5' Writings of Thomas Suy on the Entomslegy of Morth America. 2 v, New York.
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NATURE OF INJURY

The injury is done by the larvae as they feed on the cambium and
inner bark of the tree trunk, usually just below but sometimes just
above the soil level (fig. 1). The larger roots arc also sometimes
subject to borer attack. Peuach trees of all ages from nursery stock to
the oldest trees are injured. Young frees are sometimes completely
wirdled by the insect, and though this is less likely to occur to older
trees, these uve often so severely injured that their vitality is lowered
and they are rendered espeeially susceptible to attack by other insects
or by diseases, The presence of the insect in . peach tree is usually

Ficrne 1.~—Base of young peach tree, with bark cut away to show two Iarvae
of the peachtree borer. About twice natural size.

indicated by gum, particles of bark, and frass at the base of the. tree.
The masses ot gum and other material are especially consplcuous 1n
wet weather during the growing season,

HOST PLANTS AND DISTRIBUTION

The original host plants of this native American insect are thought
to have been wild cherry and wild plum,  The female moth has been
observed ovipositing on small wild cherry trees in 2 commercial peach
orchard near Fort Valley, Ga. The insect is now chiefly a pest of
pench trees, alihough other trees belonging to the genus Prunus are
subject to attack. It has been reared at Fort Valley a number of
times from Pruws hortunlana Bailey, a species claimed to be resistant
to borer attack, and also from Frunus serrulata sachalinensis Malkino.
Othor stone-fruit trees attacked are nectarvine, plum, prune, cherry,
apricot. and almond.

This insect is found in mest ¢f the peach-growing lacalitios of North
America but ocenrs chiefly east of the Recky Mountains and from
New England to the Gult of Mexico. It is present in Canada, and
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has been reported from several Rocky Mountain and Pacific Coast

States, but it appears to be of less economic importance in these States,
where it is lnrgely replaced by the western peach borer (Sanninoides
opalescens (Hy. Edw.)). =

NOMENCLATURE

In describing the borer in 1823, Say placed it in the genus Aegeria
and gave it the specific name eaitissa, The insect has been known by .
&« number of scientific names and is nuvw placed in the genus
Sanninoidea,

The American Association of Economic Entomologists has adopted
for this species the common name “peachtree borer,” but the insect has
also been knowa as the peach borer, the major or greater peach borer

to distinguish it from the lesser peach borer (Senninoidea pictipes

. end R.}), and the eastern peach borer (to distinguish it from the
western peach borer (Sanninoidea opalescens)).

METHODS, TECHNIQUE, AND EQUIPMENT

Records and observations on each stage of the life history of the
peachtree borer, except the larval feeding period, were made both in

Fioure 2—The insectary at Fort Valley, Ga., used for {he studies of the peach-
tree borer under insectary counditions.

peach orchards and in an insectary of the usual type, located in the
laboratory yard (fig. 2) at Fort Valley. On aceount of the Jong larval
feeding period, it was not practicable to obtain records on that stage
in the insectary, and all data on the duration of the larval feeding
period were obtained in orchard trees. A peach orchard on the lab-
oratory grounds and several near the city limits provided convenient
Joeations for the studies of the life history of the peachtree borer under
orchard conditions.

In connection with the work, records were made of temperature,
humidity, rainfall. and other fuctors, by use of stumdard weather
instruments.
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For Srupies oF THE CocoorNing, Prerural, ANp Purar PERIODS

Records on the cocooning, prepupal, and pupal periods were made
from large larvae, removed from orchard peach trees just bekore and,
at times, during the pupation season.  These were placed on eelluloid

Provee 3.—=S8pecinl ventilated (in hoxis azed Tor stowlies of cocooulng, prepapal,
and pupnl periods of 1he pesehiree bocer: L Teael Tack on loase celluloid disk
in botton of hex s f celludobl disks torned apsicdes down oo tep of hoxes (o <hiow
Tarvie ab worls on peach Twick amder (e eolhuleid,

dizks in rowml, =pecially constroceted. ventilated tin boxes, al each
was supphied with o pleee of frosh peseh barvk, Fhe barlk, which was
venewed at intervals contained =afficient moisture for the development
of the insect. and the Tooze cellutoid disks in the hottous of the lox
permitted cl=erviations on the =tages (e, 3, The (evtination of
the prepupal stage and the beginning of the pupal stage were deter-
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mined by making & very small opening in the side of the cocoon with a
dissecting needle tnd using either a hand lens or a binocular if those
stages could not be cbserved through the celluloid disks. The dura-
tion of the pupatl stage was then determined through daily observations
for moth emergence from the pupation boxes.

Records on the first and last prepupa, the peak of the prepupnal
occurrence, and the prepupsi and pupal stages combined for indi-
viduals that completed their larval feeding period in peach trees in
commerctal orchards were obtained by regularly removing the cocoons
from the same trees throughout the senson and observing them daily
for tlie dates of adult emergence.

Ficreg d—Large screen cage built over n peach tree and used for various
phazes of the siudy of the peachtree horer,

For StumEes oF THE ADULTS

Records of the emergence of mothis in the orchard throughout the
senson were obtained by pluacing wire-screen cages around the lower
trunks ot a number of infested trees and regularly removing and
recording the cnst pupal skins from euach tree. Records of moth
emergence throughont the senson under insectary canditions were
obtained from the tin pupation boxes and from cocoons collected from
trees wsed for studies of the Tarval feeding period and from trees
examined regularly for vecords on the combined prepupal and pupal
stages,

The moths mated readily in u large screen cage built over a peach
rroe (R 43, The studies of the flight and movement of females in
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the orchard were minde by muarking the moths with aleohol-soluble
dyes {lig. 3) and then following them alter they were liberated, or
by recovering (hem on other (11}. after their Hberation.

Frovams A Adubes of the peachteee borer placed b sraall wive cages for marking
willy sleoliol solnbie dyes from g bnod atomdzer for ase i ight sPodies,

Records on the tongovily of all ovipositing femnles in (he insectary
and orelard were obtained From Temales eonfined i eages (fig. 6, 4
and £) e conpection with the ovipositin records. T,mn”cvlty rec-
ords were also obtained for inales contined (n speeinl containers which
wonld not permit flight.  In lavger eages that permit more or less
Hight. the fusects of ten injure themselves in atiempting to escape.

Four strpws or Ovirositos

The Ternlized femades were contived i individual oviposition eages
mimedintely after they had been mated to detesinine the namber of
cows depostted by ench insect duriug each 24-hony pertod of s life.
These eage were of Gwa evpes, one for eecords ander eomditions i the
mevetry i the other for use o the ek, Those nsed in the insce-
tary were ande entively o wive sereen and Fastened (o the vhelves
with rabber bunds (fig. G, A eard of blotting papuor on which the
cags were deposited was fitesd under the cageomud at the end of each
ihoue period this was removed, the eoes counted, and 1 new "ml
inserted, Fack eage was provided with peach folingo, o sponge wick
i n vl containing sugar solpiion for food, and water in g sponge on
a celindond disk to provide moisiore. "Fhese cages provided sdegace
venttlation mud Db and sevnied Lo give couditions fairly comparatile
vith thowe existing in the ficld, There was very little difference
bBetween the oviposition records obtatned onder inseetary comditions
aiid those obtaimed o the peaeh orchand,

The crgres wsed tn the dichd were consteucted of celulold with »
baned of sepevn wire ot eavh eisd 1o perniit ehrendation of siv. The
hotfoms= ol the-e enees were coverd with ehoeseeloth amd on foe e
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was . sleeve made of the same material throngh which a peach twig
was inserted into the eage (fig. 6, B), the slecve being then fastened
around the supporting limb.  The cage was removed at the end of

Figonre Ge--Cozes syl for ovipositon records of moths of peaebives lorer; L
Tnsectary eages: B fiel] tepe oviposition eages fasteved about twigs of H]
Pl Tree,  Note l'iillh sleeves Gastened around the limbs from which (e
twigs e rowing.

each 24-howe period, the eges an the peach leaves and in the eage
were contted, and the eage was then placed on another 1imbh,

Four Srrnies or Increamos

IPor reconds on the inenbation period onder inseetary conditions,
the blotting-paper eards boaring eges were tacked to shelves in the
inzectary.  Below cacly eard was ple acod a lass Jar to eatel the newly
hatehed farvae for use in other studies.  Records on the incubation
period under field conditions \\atv obtained by hanging the eards
eontaining oues ina peach tree. The destroction of the eoos by anis
Wi Im\\mnul hy the use ol o ring nf ~ticky banding waterial on the
trunl of the tree, At ihe end of vach 24-hour ponml 2ll egrirs on the
eards were examined nnder o binocular micrascope for records on the
inenbation period.

anantr gy - 2
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Fonr Stupms of ik Lanvar PEwion

The larval feeding period, which in some cases lasts wbout 12
months, was studied in peach trees in a commereial orchard. The
treos for these studies were proteeted from natural infestation by the
use of tav-paper protectors, which were put in place before the
adults began fo emerge in the field (fig. 7). The cone-shaped pro-
tector was cut from o roll of 2-ply tar roofing paper. Tt was sunk
8 to 10 inches n the soil and tied tightly at the top to the tree
trunk with cord. Lo preveat the entrance of Iarvae from outside,
ihe senm where the flap overlapped and the top of the protector
where it came into contaet with the tree were coverad with stieky
tree-banding material,  As soon as they were availuble, newly hatched
larvae were taken to the orchard on moist blotting paper. the pro-

Froowe 700 Protector weed to provent conianinadion of study matering of the
penehiree Dover with other hivvne,

tortor was removerd, aud the lavvae were placed on the tree [runk
at the ground line with a eamels-haie brash, afler which the pro-
toctor was repineed, Better larval enfrance was effeefed when the
tarvae were placed on o ltle mmy frass laken from another peach
tree and placed at points where entrance was desired, 'The pro-
tectors were remwoved from the trees at the close of the normal hateh-
ing poriod. The trees containiong these insectary-hatehed lirvae were
pxamined regularty the following yeav from early summier untit fall,
to remove the matured Inevae when they bad left the trees fo pupate,

DESCRIPTIONS
Tneg Eoo

The ege (fig. 8, 1} ts usunlly o rich chestuut brown, althongh some
ave lighter, almost straw colored, especially when tie female moth
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has just about completed her oviposition. The egg is distinctly flat-
tened, depressed or concave on one side, and one end 1s slightly broader
than the other. 'Fhe normul egg measuves about 0.7 me. long, 0.5 mm,
wide, and 0.8 mm. thick, Those deposited near the cldse of a female’s
oviposition period are somewhat smuller.

THE Larva

A newly hatched larva (fig. 8, B) is grayish white with brown head,
whereas oider mature larvae (fig. 8, ¢/} are white or cream-colored,
and in addition to o brown head have g yellow sclerotized area on
the dorsal aspect of the prothorax and enother on the caudal seg-
ment of the abdomen. Newly hatched larvae range in length from
1.5 to 1.7 mm, and have a head width of 0.25 mm. Normal, mature
larvae range in length from 134 to 114 inches {32 fo 38 mm.).

THE Pupa

When the pupa is first formed it is white, but it soon turns to =
medium shiny brown. Both male and female pupae remain thus
until the later stages of development, when the formation of adult
body scules causes the female pupse (ﬁg 8, F') to become shiny black
with & dull reddish band around the middle, and the male pupae
(fig. 8, D) to become black, although not so decidedly so as female
Eu ae, and without any visible band. The abdominal segments of

oth male and female pupae possess sharp chitinous projections on
the top. The male pupa has two such rows of projections on the
seventh abdominal segment, Lut the female has only one row on that
segment. Female pupae range in length from 1444 to 164 inch (22
to 24 mm.) and are more robust than male pupae, which range in
length from 1244 to 134 inch {19 to 21 mm.).

THE ADULT

Adults of the peachtree borer are very active, clear-winged moths.
They are trim and slender in body and capable, especially the males,
of swift flight. The body scales of the male are bright steel blue
together with pale yellow to white. The pale-yellow stripes on the
abdomen fringe the margins of the segments, and because of the vary-
ing intensity of these stripes the abdomens of different males appear to
vary in the number of stripes from two to six. Scales covering the legs
and face arve predominantly pale yellow. Both front and rear wings
of the male are clear (fig. 9, 4). Dark steel-blue scales cover the
front wings, legs, and entire body of the female, except that a band of
bright orange to reddish scales covers the fourth abdominal segment.
In certain northern localities the fifth abdominal segment of the
female is often also covered with orange scales, and a moth of this
type is shown in figure 9, B. The rear wings are clear {fig. 9, B).
The wing spread of female moths ranges from 1% to 1344 inches (35
to 38 mm.), and of male moths from 1144 to 1344 inches {27 o 30
mm.). Body length (measured from cephalic margin of head
to caudsal tip of tuft of scales on caudal end of shdomen) of females
ranges from 1% to 184 inch (19 to 24 mm.}, and of males from
1140 t0 134 ¢ inch (17 to 21 mm.).
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L . . . .
Incgnre 8--Dovelopmenial stages of the peaclitree borer: o1, Bges (st ol these
litve hatehed}, X 305 0, levae jost gut of the cgeshells, X 7; O, fullgrown
Inrvae, ahout bwico nalural size; D, male pupae; F, fenitle pupae; F, emply
pupsil =king of males protruding from vocouns; O, ssune of fetunles; D, B, F, G,

naturil slze.
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B

Fueure D—Adubs of the penachiree borer (Senrinoidew criliose} s 4, dMate, X
2th; B, Femnle {novihern type, with orange scales on both fourth and 8fth
sepments), X 24,
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LIFE HISTORY AND HABIFS OF THE PEACHTREE BORER

The peachtree borer hibernates as a partly grown larva in its burrow
endernsath the bark of the tree. In the spring, feeding is resumed
and the larval period is completed.

Cocoonineg PERIOD

Upon reaching maturity, the larvee that are working below ground
bore through the bark of the tree beneath the scil level and make
channels in the soil up to within an inch or less of the surface. As
soon as these channels are completed, the larvae force to the top parti-
cles of chewed-up bark, or frass, and then proceed to construct their
cocoons by webbing these particles together (fig. 8, F and @). If
the larvae are feeding above ground, especially in old trees where there
are large feeding channels, some larvae construct their cocoons above
the level of the soil at an opening which they cut through the bark.

The construction of 128 cocoons was observed during 4 seasons, 1930—
1033. The construction of the cocuon proceeds inore slowly in dry
weather than in wet weather, but in every case the cocoon was com-
pleted by the larva within 24 hours,

THE PrEPuraL Pertop

After completing the cocoon, the larva changes to the prepupal
condition, during which it is inactive and its body shortens. The
color of the full-grown, feeding larva is maintained until the latter
part of the prepupal stage, when it becomes lighter.,

The earliest date recorded in the insectary for the change to prepupa
was in 1936, when one individual completed its larval feeding period
and entered the prepupal stage on April 29. In the different years
not more than 2 percent of the larvae under observation entered the
prepupal stage in June, from 8 to 37 percent became prepupae in July,
from 55 to 80 percent in August, and from 6 to 12 percent in Septem-
ber. The prepupal period, as determained for a few individuals be-
ginning their pupafion in the insectary in Aungust and September,
1930, averaged 5.3 and 5.0 days, vespectively, in the two months, In
1933 the prepupal period for 97 individuals ranged from 8 to 7 days,
with averages of 4.2 and 4.4 days for males and females, respectively.

Tue Pupa

On completion of the prepupal stage, the insect molts and transforms
to the pupa within the cocoon.  The pupa, when first formed, is white,
but it seon turns brown and then black. It is inactive under normal
conditions, but if disturbed it reacts with circular movements of the
abdomen.

Records on the pupal period were obtained by making daily observa-
tions for moth emergence from the cocoons which had been used for
the prepupation records in the insectary. Many records were also
obtainetjl on the combined prepupal and pupal stages of larvae that
constructed their cocoens in the insectary and in peach orchards.
Table 1 presents a summary of the records on the pupal stage and
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the combined prepupal and pupal stages during the 4 years 1930 to
1933, inclusive.

Tapte 1.—8unimary of records of the pupal stage and the combined prepupal and
pupal steges of the peachiree borer at Fort Valley, Ga., seazong of 1930-1933

PUFPAL PERIOD

Duration of perlod

Individ-
Where eocoons were constrieted | Y uals ob- Average period in—
served - { Mini.
munm

July

Dapa | Daps | Daye
1932 16
1933 21 17 21 18.6

PUPAL PERTIODS COMBINED

June 28 was the earliest pupation date recorded in the insectary
during the years 1930-33. In 1935, however, pupation began in the in-
sectary on May 20, and in 1936 it began as early as April 19 in the
field and on May 4 in the insectary. In 1933, males required an average

of 17.7 days and females 19 da?rs to complete the pupal period. Dur-

ing the 4 years 1930 to 1933, males required an average of 22.8 days and
females 23.6 days to complete the combined prepupal and pupal stages.

Tue Avurr
EMERCENCE AND PROPORTION OF SEXES

A pupa preparing for emergence begins to wriggle round and
round in the cocoon and at the same time exerts pressure on the front
end. Finally an opening is made through the cocoon, after which the
pupa continues to wrigele until it has worked up through the surface
of the soil or throngh the opening previously made in the bark. The
many projecting spines on the pupa aid it 1n pushing its way out of
the cocoon and into the open. As soon as the pupa breaks through
to the open it begins to expand by repeated movements until there is a
break in the dorso-cephalic end of the pupal skin, and through this the
adult moth (fig. 8) emerges. When the adult has freed itself from the
pupal skin it usually crawls up the tree trunk or a nearby weed stem
or grass blade, where it unfolds its wings to dry.

Emergence of moths takes place between 7: 00 2. m. and 1:30 p. m.
More moths emerge on clear days than on cloudy days.

Table 2 gives the dates of fivst and last adult emergence, the peak of
emergence, and the percentage of moths emerging in each month of
the several years in which records were made throughout the season.
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TaBLE 2. —limergence of peachiree borer smoths af Fort Valley, Ga., 1330-33

Date of emergenoa Percentage of moths craerglog ln—

First Peak Last July August ] September | October

Sept, 15 | Oet, M 3 60.2
b |..-do,._.| Oct, 27 7.5
eatoa o] Nov. 8 A 3 640.7
June 26 | Sept, 9 | Ogt. 2 X 8.3

The emergence records for 1932, taken from 25 selected peach trees
in a commercial orchard at Fort Valley, are shown in graphic form in
Figure 10, They are typical for central Georgia,

lthough systematic records were not kept later than 1933, early-
season observations from 1934 to 1938, inclusive, indicated that moths

5

AN

5

MOTHS EMERGED INUMBER )

'j|\'V\J\J\ AN

) 20 25 30 5 10 15 20 25
SEPT. QT NOW.

DATE

Ficure 10.—Emergence of peachtree borer moths from 25 selected peach trees
in a commercinl peach orchard near Fort Valley, Ga., during the senson of
1932,

may begin to emerge as early as May. The earliest evidence of emer-
cence was the finding of a fresh male pupal shell on May 9, 1936.
T)uring that season a number of fresh cast pupal skins were observed
in orchards during May, and female moths emerged and begun de-
positing fertile eggas as early as May 19. In most seasons im central
Georgia, however, the greater part of the moths emerge in August and
September.  This is later than the main part of the cinergence of
moths tn northern localities, and is just the opposite of what might
be expected. No reason for this has been determined.

Of the total emergence of 1,325 moths during the seasons of 1931.
1932, and 1933 the percentage of females was 53.1. The first moths to
emerge ave usually males, and early in the season the males predomi-




THE PEACHTREE BORER IN' THE SOUTHEASTERN STATEs 17

nate, but more females than niales emerge during the pesk and latier
part of the season.

HARITS AND ACTIVITY OF MOTHS

The moths are diurnal and are most sctive in clear weather. During
the night they vest on the trunk, limbs, or foliage of peach trees, on
nearby weads, or on the ground. They also rest ﬁuring rainy periods
of daylight, and are mostly inactive on cloudy days.

Moths have been observed drinking water and taking sweetened
water from a sponge in oviposition cages, but during the 9 years of
glese studies moths have not been scen to take any kind of food in the

eld,

The flight habits of &« number of moths were observed in the orchard,
in many cases by means of moths marked with violet dye (fig. 5).
Female moths whose flight was followed until they were lost-—periods
varying in duration from a few minutes to 3 days—traveled distances
ranging up te 1,070 feet. In most cases the distances were much
shorter, and many of the moths followed s more or less cireular course,
returning to a point close to the tree near which they had been liber-
ated. None ot them flew out of the orchard in which liberated, except
to an adjacent orchard across a road. In several instances marked
moths that were Jost to view returned Iater fo the starting point. One
female moth liberated in an open ficld made circular flights and re-
turned severa! times to the starting point, instead of flying to a peach
orchard a few hundred yards away. Her instinct appeared fo lead
her to expect to find a peach tree at the point where she was Lberated.
Although the female moths are strong fliers, they seem to have a ten-

dency to remain fairly close to the tree from which they emerge, and
to deposit mest of their eggs on or close to that tree or nearby trees.
The male moths are seldom seen in the field. They are strong fliers,
seem to be readily attracted to the females, and appavently travel con-
siderable distances. In two cases marked males flew distunces of about
0.6 mile to female moths, one male making the flight in 20 minutes.

OVIPOSITION

It is the usual habit for the female moths to mate and to begin
depositing their eggs on the day on which they emerge, although in
some cases oviposition may not begin until the next day. The hours
of greatest egg-laying activity are from 9 a. m, to about 4 p. m. No
eges are deposited during the night, More eggs are deposited on
bright, sunny days than on cloudy days, although extremely hot and
dry weather retards oviposition somewhaf, and oviposition ceases
entirely during rain. As indicated in the discussion of flight habits,
most of the eggs are laid on ot near a small group of trees surrounding
the tree from which the female emerged.

The eggs are usually deposited singly, but occasionally in small
groups (fig. §, 4). Sometimes the eggs are grouped by females
returning several times to the same place to oviposit. The eggs are
placed with the flat side next to the surface on which they are de-
posited, and are held in place by an adhesive fluid. Before placing
the egg, the female usually moves her ovipositor about over the sur-
face, apparently searching for a suitable spot for each egg or a place
against which to rest the end of her ovipositor,
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All parts of a peach tree—trunk, limbs, twigs, and leaves—ave
visited and oviposited on by the female. Eggs are also placed on
weeds, grass, cotton stalks and bolls, fallen twigs and sticks, and
leaves of various plants, and on bare soil around the tree trunk. A
fow egas may be deposited on weeds and grass as far as 10 feet from
the base of the tree. The majority, however, are deposited on the
lower 6 inches of the trunk and on the soil immediately adjacent to
the trunk. Aside from ovipositing on and around normal, growing
peach trees, females have been observed depositing eggs on the stumps
and wilted or dead tops of peach trees that had been cut down.

OVIPOSITION RECCRDS

Table 3 brings together the combined egg-laying records of all
peachtree borer females under observation in the insectary and in
peach orchards during the 4 years 1930 to 1933, inclusive. During
that period oviposition records covered 159,258 eggs.

TABLE 3. —Summdry of records of egg laying by 285 peachiree Gorer females under
inscctary and field conditions «t Fort Valiley, Ga., 1830-33
INSECTARY

' " Dufe of oviposition ) Egg record
1 i
i .
Mnxi-
H N i e
Yene ﬁﬁ?‘?&f Masi- { posited { Minl- | Averape
it i’ug . Tuotel Average! mum by 1 mum | cgEein
First Last, depos- ! periodi-| laid by | indl- | luid by | body
' itedd vidual | 1indi- | vidual | 1 indi- alter
| vidus! | ina ¥ [ vidual | denth
; hotr
b period
b
 Nuwinder Number | Number | Numbey | Number { Number | Number
. 21 Aug 12! Bept. 3 ] 513 & 304 4 43§
of Aup. 1) Nov., 51 34,000 8. B 1,257 334 A2
01 | duly M Nowv, 2] 53,28 S8 1,125 HK * 4.3
54§ luly 10] Sept. 301 27,008 SE1. 1 465 3] & 245.2
Foial or ox- |
treme _. ! o3t ) July 19) Nov, 8| 10,448 5H.3 1,257 834 ! 9 218, 5
N 1
ORCHARD
32 | Ang, 12] Sept. 25 1 14,370 146, 3 jireg b L) F 513 [
x WOl Ame. 280 Ocll M OG0 ] 1,02 a7 187 0L
A% S Pef Aunp. i Oct. 2 ¢, 151 3504 ) S0 kit 148. 5
Tistulor ox- : ! I
tremin ---:‘ 83 | Aug. 1) Oeb 28 l 42, 805 ’ M5 1,826 i 555 36 179.6

The supplementary observations made from 1934 to 1938 added rec-
ords of earlier ovipositions than those shown in table 3, as eggs were
Iaid on May 19, 1936, by » female that emerged from a cocoon collected
in a peach ovchard several days eavhier. In 1935 eggs were laid as
early as June 4 by a female that emerged on June 3 from a cocoon eol-
lected in a peach orchard on May 22.

The oviposition period in the insectary was 2 little more extended
than in the orchard., The females kept in the insectary deposited an
average of one-third of their egus during the fivst day, over one-half
by the end of the second day, and over tiivee-fourths by the end of the
fourth day. The females in orchand cuges deposited two-fifths of their
eggs during the first day, two-thirds by the end of the second day, and
over three-fourths by the end of the third day,
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One hundred and twenty-one well-developed eggs were taken from
the body of an apparently uninjured field temale found dead in & peach
orchard in 1932. Two fresh-locking females captured in commercial
peach orchards in 1933 were dissected after death, and in their bodies
were found 47 and 137 undeveloped egas. Therefore, as in the cages
in the insectary or orchard, field-reared free females under natural con-
ditions in a pench orchard do not slways deposit all the eggs that form
within their bodies, :

LONGEVITY OF MOTHS

The duration of the adult stage was determined for each female
used for oviposition records in cages in the insectary and in the field
and for a number of males confined each season in cages sufficiently
small to prevent injury by flight against the sides. Table 4 gives a
summary of the longevity records of 471 peachtree borer moths during
the seasons of 1930 fo 1933, inclusive.

TasLe 4. —Longevily of peachiree borer moths at Fort Valley, Ua., 1930-33

Alaxi- | Avernge period belwesn emergenco
N and death
period

Maorhs

Locatton | under
of ¢Rge olgpr-
vatfon

tween
einer- . | Sep-
Fultee Saap | e

and )
‘ death

1
1
ENumber
o] Femades oo Inseciury.: bia
o] Mardes e ea i &
Ovipnsitiog females
Lo

1
Inseetnry.:
cdle oy

' I« T Orehnrd . .
_1 Maules _ L Inscetary.-
Jooodel R Orehned L
A Ovipesitiog fenmties. o .| inscetary.’
-} Qrehard. . |
Insectnry.!

Menpim e S o

135 0 O D e 60 OO L e Y

11 fermate.

The shorter life of ovipositing fernales in the field is attributed to
the greater effort on the part of the moths to escape from the field
cages, which received more light than the insectary cages. Males
confined in cages under orchurd conditions scon beat themselves to
death in efforts to escape, and longevity records obtained under such
conditions are not reliable. The longevity of males canght in the
orchards, however, was judged to be about the same as of those reared
in the insectary.

The moths appear to live much longer when the weather is cool, and
the duration of the adult stage is shortened by very hot summer
weather.

IncuBaTioN OF Eets

Table 5 presents a summary of the incubation records on 58824
peachtree borer eggs in the insectary and in peach orchards, taken in
the 4 years 1030 to 1983, inclusive. These records do not include
egg&}a thf?t] were lost or eggs that were parasitized during their exposure
in the field.
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TanLE 5.—Summary of the incubation records of eggs of the peachiree borer ot
Fort Vulley, Ga., seagons of 1930 to 1983, inclusive

INSECTARY

'
| Dateof hatching Egss Incubstion period
Yenar I under Egrs +
1

abhserva- | hatehing . -
Last tion 1}‘.}3‘2 1;{3;'1'1 Average

Nurmber | Percent Days
Oct. 25 1, 750 17

| Oet. 1T 14, 251
Dec, 15 15,677
Oot. 15 8, 203

ORCHARD

Dee. 1 4,719
Dee, 0 9, 630
Qct. 14 2, 585

i Many cgga were killed by some materiul in the blotting paper on which they wera laid,

In 1930 no record was made of the number of eggs lost during the
studies of incubation in the insectary; the actual proportion of eggs
hatching was therefore not determined.

In 1931 some dye or other substance in the blotting paper on which
the eggs were deposited caused a considerable number of them to fail
to hatch. This occurred only in the orchard; no such effect was ob-
served in the insectary. The chilling effect of rains, dews, and fogs
in the field is believed to be responsibﬁ; for the longer average incuba-
tion period under peach-orchard conditions as compared with that
in the insectary in 1931 and 1933.

The incubation period of the eggs was greatly influenced by tem-
perature. At daily mean temperafure averages of about 80° F. the
period was 7 to 9 days; at temperatures of about 70° the period aver-
aged 12 to 13 days; at 65° the eggs hatched in about 13 to 18 days; at
temperatures averaging below 60°, 25 to 45 days were required.
There appeared to be no correlation between humidity and the incuba-
tion period,

HarcHing

For 2 or 3 days before the egg hatches, the head capsule of the larva
can be seen through the eggshell. When time for hatching arrives,
the larva chews out an opening in the blunt (micropyle) end of the
egg and crawis out. The pieces of eggshell chewed out by the larva
are not consumed,

Hatching takes place usually at night or in the early morning
hours, although eggs have been observed hatching hourly from 8 a. m,
to 5 p.m.

The earliest hatching recorded in the course of these studies occurred
on May 30, 1936, from eggs laid by a moth that began to oviposit on
May 19. In 1985 eggs began to hatch as early as July 15, These had
been deposited by a female that emerged on July 6.

THE Larva
HARITS OF NEWLY HATCHED LARVAE

The newly hatched larvae (fig. 8, B) are negatively heliotropic and
positively geotropic. When placed on the tree trunk they begin im-
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mediately to descend. Some individuals require 2 half hour to reach
the base of a tres from a point on the trunk 16 or 18 inches above the
soil level, When placed on limbs they begin immediately to crawl
down, although in most cases they fall off before they get to the trunk.
When liberated in the sparse shade of a peach tree they went awny
from the tree toward the denser shade of nearby pecan trees. When
liberated in the sun away from any shade except that offered by a
peach tree, they went toward the tree, even though the trunk was in
the sun. When placed in the shade on the ground a few inches from
the base of a peach tree, the larvae bored inte the soil in a crack or
between loose particles of earth.

Although many are able to stick on during windy weather, even
though at times they hold on with only a thread of web, some are
blown off the trees. On arrival at the base of a peach tree the active
newly hatched larvac immediately seek entrance into the bark layers
at or below the ground line, and begin to feed. Observations have in-
dicnted that not more than 15 percent of the newly hatched larvae are
successful in gaining a foothold and beginning their development in
the tree,

CANNIBALISM

Large numbers of newly hatehed larvae confined in glass jars showed
no signs of cannibalism. No evidence of cannibulistic traits has
been noted in groups of large larvae confined together in close quarters
with fresh pench bark for food. Full-grown or nearly matured larvae
(fig. 8, €) will kill one another when several are placed together in
close quarters without food, but they have not been observed actually

to eat the dead ones under such conditions, as occurs with some lepi-
dopterous larvae.

GROWTH OF LARYAE IN NURSERY STOCK AND ORCHARD TREES

Tuble G gives the length and head width of larvae of different ages
from newly hatched to full grown, reared in peach nursery stock and
orchard peach trees,

Tarte G.—Length and head width of peachiree borer larvae reared in peach
nurscry stock and orchard frees at Fort Valley, Ga., 198/-35
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It will be noted that growth is very much retarded or ceases entirely
during the late fall and winter months, a period during which com-
paratively low temperatures prevail.

LARVAL FEEDING PERIOQD

Information on the duration of the larval feeding period was ob-
tained in peach trees in commercinl orchards during the seasons of
1930-31, 19831-32, 1932-33, and 1938-34¢. From a few to 200 newly
hatched larvae were placed on each tree used for these studies. Table
7 presents a summary of the records of the lavval feeding period taken
during the 4 seasons.

TanLe T.—Suntiary of records on the larval feeding period of the peachiree borer
in peach frees at Port Valley, Ga., during the scazons of 1930 te 183}, inclusive

Total S ing |oAVEIDEE  duration  of feeding
larvae Lun}rjﬁrifou&dmg period of larvae that hatched
Totnl I‘I‘atnl that n—
- ) arvae coni-
Season jomees 1 placed | pleted
: o frees their |
fouding : Mt Mini- August ch- Cetor |Novems
Joriod mn ¢ onn |7 tember| ber ber
I3
i ;
Nuwber | Nigter | Numiber | Days | Dops | Dags | Duys | Dags | Daps
it g2y i) B3 ST -5y 348 b 711 P,
k-1 2,15 B A3 e 20 336 33 284
¥ - - ol 3, 153 ELE AL o] 327 313 a1l 289
193334 o mamcac e 1 o P B R 352 337 B
Total, ail sese ! | i : ! :
SORS- o amrmns i B 7 s, w3 I el s { 3| 310 238

B

The larvae hatching in successive months required progressively
less time to complete their feeding periods. Very dry weather during
the summer is believed to retard the growth of the young larvae in
peach trees, possibly because of a toughening, effect on the bark, and
this may be vesponsible for the longer feeding period for larvae hatch-
ing during the summer.  As a result of this condition, the later-hatch-
ing larvae tend to catch up with the carlier ones in their development.
The shortest overwinter larval feeding period noted, however, was
that of a larva hatching on August 21, 1935. This was placed on a
potted nursery tree, and completed its feeding on May 11, a period of
264 days.

NumBer OF GENERATIONS PER YEAR

Although it has been generally believed that in this country the
peachtree borer has only one generation annually, observations at Fort
Valley in 1985 showed that two generations in one year are possible
under certain conditions, Peach nursery stock was artificially infested
with the season’s first newly hatched borers on July 15 and 17, and on
September 30 females, smaller than normal, emerged from these trees,
having completed their larval feeding, cocooning, prepupal, and pupal
periods in 73 days. It is Delieved that some individuals completed
thess periods in 63 days, as males, smaller than normal, were taken
near these nursery trees on September 20. The female moths mated
with normal males on the day they emerged and immediately began
to deposit second-generation eggs, which proved to be fertile. The
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second-brood larvae liad every appearanes of being normal, healthy
individuals, Al the second-generation adults reared in 1935 were
undersized, however, indicating some abnormal condition in their
environment or stamina.

In 1936 all overwintered larvae were removed from twelve 4-year-
old ovchard peach trees. Sixty lurvae from eggs that began to hatch
ot May 30 were then placed on ench of these trees at each of six differ-
ent times during the period May 30 to June 14, These trees were ex-
amited every 2 weeks from September 14 to October 30 for second-
generation pupas or adults, but none were found. The very dry
weather in the sunmer of 1936 is believed to have prevented rapid
growth of the Inrvae after they were placed on the trees. Three indi-
viduals of a seeond generation were reared in normal peach trees in
each of the seasons of 1937 and 1938, 1t is evident that the proportion
of peschitree borer larvae comipleting their developiment and emerging
as moths the same season is an insignifieant fraction of the tfota]
population.

No records or observations made during the 9 years' study of this
insect inclicate that in Georgia more than 1 year s required for some
individuals to complete their life cycle. Screen cages were constructed
over orchard peach trees in which fertile females were kept during the
entive oviposition period of 1984, These trees were kept caged again
during the oviposition period of 1935, and during that season all
cocools were vemoved before the moths emerged.  Caveful examina-
tions in 1936 showed that these trees contained no borers, which is
evidence that none of the larvae entering the trees in 1934 required 2
yenrs (o complete its life cyele,

PARASITES AND PREDATORS

‘Three parasites of the penchtree borer arve common in central Geor-
gia. These are the hymenopterous ege parasite Telenomus quaintan-
cei Uirault)? the hymenopterous larval pavasite Microbracon sanmni-
noideae QGahan and the dipterons pupal parasite Anthrex lateralis
Su}rls

The egg parasite Lelenomus quaintancei required from 30 to 33 days
in the fall and more than 2 months in the early winter to complete its
life cycle at Fort Valley. This parasite was rather abundant from
September to December 1932, and parasitized 1.3 percent of the eggs
exposed in the orchard on blotting paper eards during that period.

he favval parasite Mierobracon sanninotdeas (fig. 11) was fairly
abundant throughout the season of 1932, It was deterimined the fol-
lowing year that these parasites pass the winter us pupae. Thirvty-two
of them, about two-thirds of then: females, einerged from one peach-
tree borer cocoon ou September 3, 1933, Mure females thau males have
abways been vearved from single bover cocoons, and of those that emerge
late in the season practically all are females.

The pupal parasite Infhrey laferalis {fig. 12) is an abundant para-
site of the peachiree borer in some years. Of 782 peachtree borer
pupae collected in Aupnst 1933, 35, or 4.48 percent, were parasitized by
that species.  In 1933 most of the parasite adults emerged in Septem-

! Itentified by C. ¥ W. Muesebeck,
¥ Identified by C. D Grecne.
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Ler, although they have emerged as late as October 12. From 40 to 45
days are probably required for this parasite to complete its life cycle
during the fall in central Georgis.

Field niice and vats arve the most important predators of the peach-
tree borer in central Georgin., They destroved hundreds of pupae in
practically every conmmercial peach orchard there in 1932, and in many
orchards they destroyed about two-thirds of the individuals thut pu-
pated in August 1983, These predators dig the peachiree borer co-
coons from avound the irees and eal out the contenis.

Frgerg 11L—Adutt fe-
male ol Jirrobravon
sunningideae, a o hy-
monoplersus  prastie Fiove 12.—Adult fomale of Awthraw lateralis,
of peaehiror boarer o dimerong puarasite of penchtree boper
Iatviae, X about o. pupae, X aboust 314,

Ants are important predators of the peachtree borer in Georgia.
Dorymyrmes pyramicus (Roger)? and Pheidole sp.® were found prey-
ing on newly hatched peachiree bover larvae in 1932 and 1933, and no
doubt nnts kill large numbers of newly batched larvae during their
journey from the egg to the point of entrance into the peach tree. D.
pyramicus were also found carrying off peachtree borer eggs from a
peach tree in August 1933, Solenopsis ayloni MacCook® destroys
peachtree borer Jarvae and pupae in cocoons. These ants have been
observed erawling in and out of small holes which they made for
enfrance info the cocoons o feed on the contents,

One of the jumping spiders of the family Attidae has been observed
preying on newly hatehed peachtree borer larvae as they crawled
around the lower part of the trunk of a peach tree. Peachtree borers
are wlso killed by chryvsopid tarvae, pigs, moles, and skunks.

f ldentiliod by WhHitunm Mani.
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