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PREFACE

The gypsy maoth is a serious pest in the forests of the northeastern
United States. Since its introduction in 18G9, it has become indigenous 10
a large portion of New England, has caused serious defolintion, and has
markedly affected the timber, aesthetic, and recreational values of many
acres of woodkand.

Foresters und entomologists alike have long been interested in the pos-
sibilities of controlling the gypsy moth by silvicultural practices,—practices
designed w create natural conditions unfavorable o the moth. The
Harvard Forest, in cooperation with the U. S, Bureau of Entomology and
Plant Quarantine, has conducied resenrch in this held sinee 1935

Fhe three integrated papers in the present bulletin are designed to
present information concerning factors which affect gypsy moth abun-
dance, and to show how these factors can be regulated through forest
practice. Part 1 summuarizes ccological studies by the Bureau “of Ento-
mology and Plant Quarantine whi(.h form the basis of the later parts.
Part 11 is an attempt to show how stands can be identified as being
resistant or susceptible to gypsy moth defoliation. In Pare 111 forest prac-
tices are suggested which should build up stand resistance 1o defoliation,

The study was made possible by the cooperation of a number of
organizations, including the U. §. Bureau of Entomology and Plant
Quaranting, the New York State Conservation Department, the Connec-
ticut Agricubtural Experiment Station, and the Harvard Forest. The
interest and cooperation of R, C. Brown, A. C. Cline and R. A, Sheals
were invaluable,

Hucn M. Raur, Director,
Flarvard Forest
Petershum, Massaclisetts.

March 1, 1947,






PART 1

RELATION OF FOREST AND SITE TO
GYPSY MOTH ABUNDANCE

By Hexey A Bess

The gypsy moth (Porthenria dispar (1)) has been in New England
for three-quarters of a century. Although for many years it has caused
widespread defoliation in eastern and central New Eﬁgland, it has seldom
caused defoliation elsewhere in the Northeast. In 1937 studies were initi-
ated by the Division of Forest Insect Investigations, Burcau of Entomology
and Plant Quarantine, U. 8. Department of Agriculture, to determine as
far as possible the contolling effect of various natural factors operating
in different parts of the infested region. The information obtained from
these studies indicates that the abundance of the gypsy moth is strongly
influenced by forest and site conditions.

Many of these studies were conducted in and near the Harvard Forest,
which lies within the town of Petersham, Massachusetts. The facilities
of the Forest were placed at the disposal of the Bureau, and the resident
staff has aided in many ways in the prosecution of the work. R. B. Friend,
State Entomologist of Connecticut, and W. M. Foss, Superintendent of
Forest Pest Control, New York Stute Conservation Department, have
given their full support to the studies made in their respective states, and
have made personnel available to carry out some of the feld work.
Members of the Division of Gypsy and Brown-tail Moths Contral of
the Bureau of Entomology and Plant Quarantine have been in constant
contact with the study and have supplied personnel to aid in carrying
out certun work,

Fruciuaiions v 1He Asunpance oF 1HE Mora

The history of the spread of the gypsy moth in the Northeast is
discussed by Craighead and Collins (1934) and summarized in a series of
maps published in 1944 by Brown and Sheals. These maps show that the
moth was well distributed over the greater part of New England in 1925.
It was well established in northeasten Connecticur and central Massa-
chusetts ten years prior to that date.

The length of tme an introduced species has been present in an
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BESS, SPURR, AND LITTLEFIELD

area must be considered in the prediction of future populations. Friend
(1945} concluded that the moth has become indigenous in Connecticut.
It seems feasible ro assume that the history of the moth over the area
where it has been well distributed for twenty or thirty years should be
a useful index to its fuwere abundance within the same area. However,
major changes in ecological conditions, whether provoked by man or
nature, may have a tremendous influence on the populations of introduced
or indigenous species during different periods. 1f ecological conditions
within the infested region become more favorable for the survival of
the inseet, it will inevitably increase in abundance; if they become less
favorable, it will decrease in abundance. This premise is fundamental
to the recommendations in Part I of forest practices designed to reduce
the gypsy moth hazard.

Defoliation Records

For many years the Bureau of Entomology and Plant Quarantine and
cooperating state agencies have procured records on gypsy moth de-
foliation throughout the infested region, These records form the basis
for the map of gypsy moth defoliation (Fig. 1).

Occusrence and frequency of outbreaks in different parts of the in-
fested region indicate, to some extent at least, the relative susceptibility of
the forests. In the pine-oak region and in parts of the white pine-transi-
tion hardwoods region, defoliation occurs practically every year; but near
the western extension of the white pinetransition hardwoods region
there have been few outbreaks, and then the defoliation has been localized
or “spotty.” For example, in the Petersham area, where the moth
became established prior to 1910, there have been two outbreaks {(Ap-
pendix A). The first one reached its peak in 1935, when nearly 1,000
acres were heavily defoliated (Baker and Cline 1935). The second oc-
curred when, following a great increase in the population in 1943, nearly
2,000 acres were stripped in 1944, and approximately 3,500 acres in 1945.

In the oak woodiands of Connecticut, western Massachusetts, and west-
ern Rhode Island, there is frequently less than one gypsy moth egg mass
per acre, despite the long history of infestation. However, in favorable
years, the moth has increased in abundance over hundreds of square
miles within this region. During such periods a few isolated trees and
small susceptible “pockets” have been noticeably defoliated. In unfavor-
able years the number of moths has decreased in both light and heavy
infestations. For example, between 1935 and 1939 the moth could be
readily found throughout the northern half of Connecticut. Noticeable
feeding occurred on a few trees in the vicinity of Woodstock, and 3,000
to 4,000 acres were defoliated near Granby in 1938 and 1939. This build-
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BESS, SPURR, AND LITFTLEFIELD

up in Connecticut occurred more or less simultaneously with the build-up
in the Petersham aren, but the peak was reached a jitde later. In 1940
there was a great reduction in the population throughout northern
Connecticut. Then in 1943 the number of moths began to increase over-
most of New England, and by the foliowing season the insect had be-
come relatively abundant again in northern Connecticut. One or more
large white oaks growing along the roadsides were defoliated at about
twenty points in that arex in 1944, but there were no woodlands de-
foliated.

Egp Mass Pepulation in Experimental Aveas

More concrete information on the fluctuations in abundance of the
moth has been obtained during the past few years in experimental study
areas located in different parts of the infested region. Observations in
these areas show that the moth persisted at a higher population level in
southeastern Massachusetts than it did in other sections (Table 1).

- Tamg 1
FLUCTUATIONS IN GYPSY MOTH ABUNDANCE AT KEY POINTS

Neumber of Epg Muasses Deposited per ere

Freetown, Alfred, Petersham, Grrandy. Eustford,
Year Muss. Maine Mass. Conn Caomn,
1937 2,005 e — —_ e
1938 38 e 360 — 0
1939 32 3,160 2 640 0
1940 1,027 250 5 6 0
1941 2417 3 i0 2 0
1942 2,153 25 i2 2 4,
1943 1,092 83 273 1 0
1944 898 1,080 7,185 7 0

YA few egg masses wore observed within the area in 3937, 1938, 1939, and 1940, but
none fefl within the sampic

Within the Freetown plots in southeastern Massachuseuws, 1,000 cgg
masses or more per acre were found in five out of eight years, with
minimum populations of between 50 and 100 egg masses per acie for
two years. Contrasted to this, far less than one egg mass per acre was
found in Eastford, Connecticut, about sixty miles to the west. The sig-
nificance of this variation is great. About 1,000 egg masses are required
per acre to cause noticeable defoliation. A population of 100 egg masses
per acre can expand to this figure in just one favorable season. Conse-

10



FOREST SITE CONDITIONS AND THE GYPSY MOTH

quently, in Freetown, the residual population was sufficient at all times
Lo cause noticeable defolimion within one or two seasons relatively favor-
able to an increase in the population. In Eastford, on the other hand,
at least four successive favorable seasons would probubly be necessary
before the moth populution could reach epidemic preportions. This has
never occurred.

The fuctuations of the pepulation in these plots and in the other
areas were largely representative of the fluctuations that occurred during
the same period in the surrounding territory. For the most part they
were also representative of the Auctuations within these regions for many
years.

Lanrval Beravior Unper Disssrent Foresr anp Sur Connifions

It has been observed thar the larger gypsy moth larvae feed mostly
at night and tend to congregate in sheltered places during the daylight
hours. Forbush and Fernald (1896) stated that, “before the caterpillars
had attained half their growth, they daily left the leaves on which they
fed during the night and clustered in sheltered places, such as cavities
in the wunks of wrees or the under sides of branches or other natural
objects. . . . As they grew larger the tendency to seek shelter during
the day became more and more noticeable. They often wandered in
search of shelter, leaving trees which did not offer secure hiding places
and retiring to rubbish heaps, stone walls, and other places of refuge,
to pass the day. It was seen thar whenever old garments, cloth, or paper
were thrown in the forks or wound around the wunks or branches of
infested wees, the shelter of such materials was sought by the larvae
during the heat ol the day.”

In the same publication, Forbush and Fernald (1896) alse noted that
“the large caterpillars leave the burlap or other places of concealment
for their places of feeding between 7 and 8 oclock in the evening, or
sometimes o iwtle later, . .. They cease feeding at day light (berween
3 and 4 o'clock in the morning), but when it is cloudy they feed later.
It would seem that the first indication of daylight is the signal for them
to return to their places of concealment.”

Observations made in Petersham in 1941, when the gypsy moth
population was far o low to cause noticeabie defoliation, revealed that
generally many of the large larvae congregated in the loose litter during
the day and molted there, while in a few small spots or stands the large
farvae remained well above the ground or forest floor. Subsequently, the
behavior of the large larvae under diverse ecological conditions in various

il



BESS, SPURR, AND LITTLEFIELD

parts of the infested region has been intensively studied in an effort to
relate forest and site conditions to larval behavior.®

Several thousand larvac were collected duwring May, June, and July
of 1942 at widely separated points in New England to study larval
mortality and to determine where they rested during the day. Most of
these locations were in stands composed largely of cak, and with the
exception of those at Petersham were considered more or less typical of
oak stands in the different regions. The points in Petersham were selected
because they had heen defoliated duming the 1935 outbreak, and there-
fore were considered the most susceptible oak stands in the town.

Records at each point were made of the number of each instar found
in the following four strata: foliage, branches and twigs, tree trunks
and litter, and debris on the ground. At cach point an attempt was
made to collect in a spiral around a temporary marker, all parts of the
environment being examined until 35 to 50 larvae were collected, or
until two hours had been spent in the search. Since larvae are found
more casily in certain places than in others, the data obtained do not
show the exact proportion of the larvae in the different parts of the
environment., Neveitheless, they are sufficient o demonstate that the
tarval behavior ar certain points was entirely different from that at
others.

Everywhere practically alf of the first- and second-instar Jarvae were
found o molt and to remain during the day on the underside of the
folinge, on small twigs, or in crevices in the bark. As they grew larger,
however, fewer were found on the foliage They tended rather to spend
the day and to molt in more secluded places, such as in tree cavities,
under loose hark, loose stones, and debiis, and in loose liter on the
ground (Fig. 2).

A far greamer percentage of the larvae were found in the litter at
certain points than at others (Table 2). Furthermore, the survival was
lower where the large larvae were found in the liter, In areas charac-
terized by large gypsy moth populations and by frequent heavy defolia-
tion, few larvae were found in the litter. For example, in Freetown none
of the larvae collected were in the litter, abour 11 percent were on the
trunks of the trees, and over G0 percent were on the foliage. On the
other hand, a large percentage of the larvae were found in the litter in
areas similar to Spencer, where the gypsy moth population was very
low. This striking correlation suggests that the habits of the larvae in

2L, D, Casey, formerly of the Burean of Entomolegy and Plant Quarantine, assisted in
these studics during the 1942 season; Michadl Mohr of the same Bureau obtained data on

larval behavior and survival in Penssylvania in 1943 and 1944; and the New York State
Conservation Department aided in the stedy dudng 1944

12
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BESS, SPURR, AND LITTLEFIELD
Tapre 2

"PROPORTION OF LARGE LARVALE FOUND IN LITTER AND
NUMBER OF EGG MASSES IN STUDY AREAS NEARBY, 1942

Larvae

Ne Percent in Egg Muasses
Locality Dhsereed Litter No per dere
Spencer, Mass 166 90 )
Petershany, Mass. 973 35 4}
Nerthampton, Mass 186 30 935
Granby, Conn. 154 22 27
North Reading, Mass. 203 17 S0
Hilishorough, N. H. 320 3 110
Brewster, Mass. 430 2 550
Wendell, Mass. 513 0.6 1,360
Alfred, Maine 107 0 40*
Freetown, Mass. 921 0 3,150

* Arca defoliated severely in 1939, but had never been before and has not been since,
= Arca freguently severely defoliated, but population at low ebb in 1942, :

spending the day in trees or in seeking shelter on the ground during the
day are closely related to their survival.

This relationship is corroborated by data collected in Petersham.
Here the behavior of the moth has been studied for a number of years
in three stands, one of which was characterized by a low population of
the moth; another, by a relatively high population; and the third, by
the largest population year after year of any stand in rown (Table 3).
In the most resistant stand, in which red oak and paper birch were the
predominant species (Fig. 3), a large percentage of the larvae were
found in the litter. In the more xerophytic oak stand (Fig. 4), 35 percent
of the larvae were found in the litter, about 60 peicent were on the
trunks of the trees, most of these being less than five fect above the
ground, and less than one percent was found on the foliage. In the gray
birch pasture (Fig. 5), none of the 256 fifth- apd sixth-instar larvae col-
lected were found en the forest floor.

The foregoing observations in Petersham were made in 1942, a year
when there was litle change in the gypsy moth population. Observa-
tions made in 1943 and 1944 revealed that relatively few large larvae
were in the litter during the day, even though large numbers had been
in the litter of the same woodlands during 1941 and 1942, The increase
in the popularien was also great in both 1943 and 1944 This change
in larval behavior and abundance apparently was associated with climactic
conditions. Rainfall was ahout normal during the early spring of 1942.

i
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BESS, SPURR, AND LITTLEFIELD
Tapre 3

YEARLY FLUCTUATIONS IN THE POPULATION OF THE
GYPSY MOTH IN ONE-FIFTH ACRE PLOTS IN
PETERSHAM, MASSACHUSETTS

Description 19401 1941 1042 1943 T4 1945
A. Red Oak and Paper Birch 3 | 0* 5 783 346
Fully stecked, moist sie

B. Black Oak, White Ouak, and

Red Gak — 16 7 147 5031 43
Medium stocked, dry site.
C. Gray Birch 001 86 363 1,498 16°% 288
Medium stocked, dry site, '
pastured.

"Yoar in which g masses were deposited
#No egg masses were Tound i the plot, but o few were soen in the stand,
4 Plots about 50 pereent defoliawd : .
FEstimated oa the basis of dofolintion in 1941 :

FPlots completcly defoliated in June with subscguent starviation of Tarvae

Later about 3.4 inches fell between May 1 and June 10, and 7.0 inches from
June 10 to July 22. During this later period in 1943, when ffth- and
sixth-instar larvae are normally present, the precipitation was only 1.1
inches, of which 08 inch fell in one day. Unusually dry conditions
persisted throughout 1943 and until the summer of 1944, From December
1, 1943 1o June 10, 1944, precipitation was only about 40 percent of normal
From May 1, about the time that gypsy moth eggs hatch, o June 10,
1944, less than one inch of rain fell. Although the drought was broken
in mid-June, practically no larvae could be found in the litter during
June, and even in early Juiy

An analysis by Stephen H. Spurr of the precipitation records ol the
Harvard Forest for the past twenty years shows that the combination
of a late spring drought in one season followed by an casly spring drought
the following season has occurred only twice, in the years 1935-1936 and
1943-1944. During both periods, and cnly during those periods, has the
poputation of the gypsy moth increased greatly, causing heavy defoliation.

During 1943 and 194 additional dawn on larval behavior were ob-
tained from points in the infested zone, not only in New England but
also in Pennsylvania. Observations were made throughout the day and
night, and many larvae were crushed at all hours to determine the con-
dition of the food in the alimentary tract. The information obtained
showed that most of the feeding by large larvac was done at night

16



FOREST SITE CONDITIONS AND THE GYPSY MOIH

There was u definite tendency for the larger larvae o mol and spend
the day in cool, moist, secluded places, provided such places were avail-
able. The movement of the large larvae to the foliage at dosk and to
the litter at dawn was very marked. For example, in one woodland
where practically no larvae could be seen at sunset, as muny as 30 came
out of the litter wround a single tree within a few minutes of dusk,
hastily ascended the tree, and began feeding immediately. In many
instances, immediately prior to pupation, more than 90 percent of the
larvae remuined in the ground hitter throughout the day.

Sunvivar oF Larae Larvar axp Purar i Dievenene Tyees or Wooptany

In 1941 in Petersham few large larvae survived in woodlands where
they congregated and molted in the litter, whereas large numbers sur-
vived where they avoided the forest floor. Since then additional data
have been obtained on the survival of large larvac and pupae under
different forest conditions. These show that survival and abundance
are influenced by ecological conditions in the forests, although further
studies are needed to ascertain and evaluate specific controlling factors.

Lurval Liberations

To determine their swrvival under varicus forest conditions, groups
of 1,000 fifth- and sixth-instar larvae were liberated at different points
in New England in 19420 A ol of 10,000, collected in a gray birch
stand in Petersham, were placed in typical oak stands in different pars
of the infested region. These stunds had few or no larvae present at the
time of liberation,

Survival varied greatly in the different localities and showed trends
similar o those of the natural population in study areas nearby in the
same towns (Table 4} For instance, 113 egg masses resulted from 2,000

lurvae in Freetown, while no egy masses were found following a similar
liberation in Eastford. Yet both areas contained highly favored food
species.

That these differences in survival could not be attributed w differences
in lucal weather conditions was shown by the exposure of 200 similar
farvae in lurge wire cages at three of the liberation points. About one
egg mass was deposited for every four larvae confined, regardless of the
locality.

Apparently, then, the differences in survival were due to some factor
other than food supply, parasites, or weather. That this factor operated
upon larvae resting in the ground litter was indicated by the fact that
survival was poorest where they left the trees in large numbers during

17
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Tapre 4

NUMBER OF EGG MASSES DEPOSITED PER 1,000 LARGE LARVAE
LIBERATED IN OAK STANDS AS COMPARED WITH THE NUMBER
FOUND PER ACRE IN STUDY ARFAS NEARBY, 1942

Egpr Masses Deposited Epg Masses Found
Locality per 1600 Liberated Lareae in Nearby Study cdeeas
Freetown, Mass. 73 3,150
40
Alfred, Maine 37 115
Petersham, Mass. 17 40
9
Simsbury, Conn. 0 2%
2
Eastford, Conn. 0 f)
0

!Swdy area in Granby, Conn, about six miles from Bberation poing, hut within an
essentiy similar stand.

the duy. A clue to the possible nature of this controlling factor was
furnished in Eastford in 1942, Here a deer mouse gnawed a hole in the
bottom of the cage confining the larvae, built a nest inside, and ate a
large number of pupae.

Larval liberations were repeated in 1943 on a scale somewhat larger
than in 1942, Unfortunately the larvac were diseased, and few survived
at any of the liberation points. About five egg masses were produced
per 1,000 liberated larvae at the Freetown points, and an average of less
than two per 1,000 at the Connecticut points.

Inasmuch as the studies indicated higher survival where larvae failed
to seek shelter on the ground during the day, attempts were made in
1944 to induce them to vemain above the forest floor. Loose burlap bands
were applied to trees as a means of providing shelter during the day.
In some instances three bands were placed about two feet apart on the
trunk of each tree, and the number of larvae found under each band
was recorded. It was found, as had been observed before, that the smailer
larvac were not attracted to the bands to the same extent us the larger
larvae. Furthermore, the majority of the larvae attracted to the bands
in June and the fArst week in July were found under the upper band.
During the yemainder of July, only about half were under the upper band

Albso in 194, more than 45000 luge farvae were liberated o check

18



FOREST SITE CONDITIONS AND THE GYPSY MOTH

on their survival under different conditions. The season was exception-
ally droughty over much of the infested aren, and there was a generad
increase in population in New England. Survival at the liberation points
in Connecticut, where it had been low in 1942, was even higher in 1944
than it had been at the Freetown points in 1942 In ceneral New England,
where extreme droughty conditions prevailed during the early larval
season of 194, the large larvae did not descend into the lerer in the better
woodlands to the extent that they had in previous years. However, where
the rainfall was nearly normal. as in Albany County, New York, and
in Pennsylvania, the larvae descended the trees and entered the liter to
rest and molt.

The liberations in 1944 confiemed previous findings: that more larvae
survived when induced to remain in trees by means of burlap bands
than when free to descend to the ground (Table 5i also Appendix B).

Tanre 5
EFFECT OF BURLAP BANDS ON DEPOSIT OF EGG MASSES, 194

Namber Treee Bunded Trees Not Bunded

of Series  Lareae  Egg Musses Lareae Ly Masses

Locality Studied  Liberated  Deposited  Liberated  Deposited
Petersham, Mass. 2 2,000 461 2,060 397
Simsbury, Conn. 2 2,004 352 2,000 268
Pittston, Pa. G 1,200 466 1,200 71
fenkins, Pa. 6 1,200 234 1200 33
Canaan, N. Y. 1 300 71 300 16

Saratega and Fuiton

Counties, N. Y, 4 01 168 0t 86
Albany County, N. Y 2 : 565 0= 223

! No larvae were liberated, but s Tew buvae were observed i all plots at the stare of the
experiment )

3N larsac were Hherated, bur 2,260 barvae were foud in the handed plots and 1591
in the usbanded plets at the start of the experiment

In the twelve plots in Pitston, where 200 large larvae were liberated in
each plot, the survival where burlap bands were applied was from five
to twenty times greater than in the check plots 200 feet away. Similar
results were obtained at the other liberation points and in the areas in
New York state where natural rather than liberated populations were
tested.

To determine whether predators could cope successfully with large
numbers of larvae simultaneously, different numbers were released in
the same woudland at various study points. No significant trends in

19



BESS, SPURR, AND LITTLEFIELD

swivival were noted (Appendixy D). However, at Simsbury and East-
ford there was some evidence that a larger percentage ol larvae survived
from the larger liberations

Since the studies of native populations and of larval liberations had
indicated that there was considerable moitality of Afth- and sixth-instar
lagvae on the ground, and since small mammals were suspected of being
responsible for much of this mortality, tests were run in which large
larvae were liberated within small plots 100 feet in circumference from
which all mammals had been removed and were thereafier excluded
by u hardware cloth fence. One such plot ar Eastford was set up in 1943,
and the results were phenomenal. From the 1,000 large larvace liberated
within the enclosure, 67 egg masses were deposited. However, from four
lats of 1,000 larvae each, liberated in the open near the enclosure, a toral
of only 12 egg masses was deposited.

The enclosure tests were repeated in 1944 in Petersham and Simsbury.
Although conditicns were such that there was a high survival of larvae
in the open, survival followed the same trend as in the previous year.
Nearly nwice as many egg masses were produced in the enclosures as
in the open, and even more were deposited where the larvae were dis-
couraged from leaving the tee by the burlap bands around the trunk
(Table 6}, These studies showed conclusively that much of the mortality

TasLe 6
NUMBER OF EGG MASSES DEPOSITED PER 1,000 LARGE LARVAE
LIBERATED UNDER DIFFERENT CONDITHONS, 1944

Conditions of Petersham, Mass Stenshary, Conn
Leread Liberation {Two Scifes) {Que Series)
Na confinement 214 96
i43
Hardware cloth enclosure 284 130
M5
Burlap bands on trees 432 180
429

of the gypsy moth in the later larval stages occurved on the ground, and
indicated strongiy that small mammals were responsible for much of it

Pupal Exposures

Experiments involving the exposure of pupae in the litter in different
woodlands have corroborated the conclustons drawn From the various
liberations of larvae.

20



FOREST SITE CONDITIONS AND THE GYPSY MOTEH

On July 23, 192, several lots of twenty female pupae cach were placed
in the litter in a good vak woudland in Pewersham and in a dry oak
woodlund in Frectown. Subsequent chservaticns revealed that far more
pupae were destroyed in Petersham than in Freetown (Table 7). More

Tangn 7
SURVIVAL OF PUPALE EXPOSED IN TWO LOCALITIES AND
NUMBER OF EGG MASSES FOUND IN STUDY
AREA NEARBY, 942

Betershani, Muss Frectawen, Mass

Pupae exposed 379 374
Adults emerged 154 315
Pupae eaten or removed ' 20 32
Pupae parasitized or dead from ather causes 1K 27

Egg masses per acre in nearby study area 40 3,150

galleries made by small mammals were observed in the woodland in
Petersham than in the one in Freetown. The logical conclusion is that
pupal predators were mure abundant and active in the Petersham area.
TInusmuch as the Petersham woodland was more densely stocked and
had o moister, deeper litter, it may be inferred that such ecological
conditicns are conducive 1o & higher population of predators. This con-
clusion is in accord with the published information en the relation of
forest conditions to forest biota,

The following year several lots of pupae were exposed in the litter
in a good onk woodland in Eastford, while othees were confined in small
wire cages placed in the litter. The cages, containing ten female pupae
each, were located on the north side of an cak tree about one foot from
its buse. A like number of pupae were placed in the litter just outside
cuch cage A tew leaves were placed over the cages. Survival was much
higher within the cages than outside in the licter (Table §). No nawral

Tasre 8
SURVIVAL OF PUPAE EXPOSED IN EASTFORD, CONN, [943

Not Confined Cuged

Pupae exposed 140 140
Adults emerged 40 128
Pupace eaten or removed 84 0
Pupae parasitized or dead from ather causes 6 12
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egg masses were found in study areas nearby. As in the other pupal
exposures, the differences in survival were apparently due largely to the
action of predators. In the course of the examination of the pupal skins,
excrement, presumably from a skunk, was found which contained many
unfertilized gypsy moth eggs.

Natural Populations

The data collected in the present study on the Ructuation of gypsy
moth abundance in natural populations (Table 1 and Appendis A)
confirm the results of Lirval and pupal exposures, and indicate strongly
that the moth can mainwin itself at a higher population level in open
dry stands than in dense moist woodiands. Of particular interest are the
records of population fluctuations which have been kept for the town
of Petersham since the frst serious cutbreak in 1933 (Table 1 and un-
published material). Here, when the general population was relatively
low, the highest populations were in stands of the poorer, diier types.
Furthermore, these stands or isolated trees which supported the highest
populations during the lean years of the moth were, almost without
exception, the first ones to be defolinted in both the 1935 and the 1944
outbreaks. From 1938 through 1942, the population was extremely low
in the more mesophytic cak stands in the town; but a few egg masses
and larvae could always be found by diligent search. The fuctuations
in representative stands in this town have already been given in Table 3.
Tables 9 and 10 in Part II show the relation of stand composition to
defoliation in Petersham.

That natural populations encouraged to remain in the trees survive
better than natural populations allowed o migrate freely to the ground
is demonstrated by results obtained from sample plots in Albany County,
New York (Appendix B) Where the trees were not banded, larvae and
pupae were found chielly in the litter. Their numbers decreased from
322 on June 5 and 6 to only 9 on July 18, Where the trees were banded
with burlap, however, most of the larvae and pupae were found under
the bands. Their numbers increased from 312 on June 5 and 6 o 459
on June 13, and decreased only to 196 on July 18. Final survival for the
unbanded trees was less than 3 percent; and for the banded trees, nearly
63 percent. ,

Throughout the infested zone, isolated roadside trees have been de-
foliated more frequently than any other type. This is illustrated by the
record of the distribution of the egg masses within an acre of woodland
in Glastonbury, Connecticut, in 1944. Here, a large roadside white oak
stood along the edge of a young stand composed chiefly of white and
black oak. There were 654 egg masses within the acre, and 500 of them
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were on this one white oak shade tree. Elsewhere along a roadside strip,
16 feet wide and 208 fect long, there were 65 additional egg masses;
whereas in the twelve strips immediately back of the road, only 89 egg
masses were found, or less than 8 per strip.

Alsor illustrating the high suscepuibility of lurge, open-grown white
oaks is the record obtained within the study area in Pitston. A careful
cruise of the ninety-ncre tract in 1944 revealed only 51 egg masses outside
of those on a single large white oak, which had approximately 300 on it.

Eeoroaical Facronrs INFLUENCING ABUNDANCE

The work of previous investigators, and the evidence obtained in the
present study, make it clear that a number of ecological factors are closely
related to gypsy moth abundance. A discussion of some of the factors
which produce mortality, without azempting w evaluate each factor
quantitatively, will emphasize the probable relation of forest and site
conditions to the abundance of this insect

Food Supply

The gypsy moth, like other defoliators, prefers certain plants for food.
Some species are highly favored by all larval stages; other are not fed
upon by larvae of early instars, but are highly favored by larger larvae.
Other species are not favored by larvae of any age. The original classifica-
tion of food plants was based on extensive laboratory tests (Mosher, 1915)
and, with modifcations, have served as a basis for all subsequent silvi-
cultural control suggestions. Baker and Cline (1935) found that in the
town of Petersham the percentage of favored food plants in a stand was
closely proportional to the amount of defoliation by the gypsy moth.

While suitable food must be preseat for larvae to survive, the history
of this insect in the oak forests of Connecticut and western Massachusetts
shows that food supply does not normally limit the abundance of the
moth in these areas. Only in infestations where practically all the suitable
food is consumed, does the quantity ot favored food folinge become the
factor actually limiting the size of the moth population.

Parasites, Predators, and Diseases

Parasites, predators, and the wilt disease kill vast numbers of the
gypsy moth. A particular parasite is frequently far more abundant in
one part of the infested region than in another. Various predators, also,
are commonly most abundant in certain types of woodlands.

Brown and Sheals (1944) analyzed daw obtained berween 1929 and
1934 in different forest regions in New England and concluded that
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“the percemage of parasitization by the principal egg parasite, Anastates
disparty Ruschke, was highest in the heavier infestations of the pine-oak
and white pine regions. The most important larval parasite, Compsilura
conpcinnate Meig, attained its highest percentage in the lightly infested
central hardwoods region and in portions of the white pine region where
the infestation was relatively light. The principal pupal parasite, Sturmia
scutellota R-1), maintained a fairly high percentage of parasitization
regardless of host density or forest region, except in the pine-oak region,
where parasitization was relatively low.” The information obtained in
recent years corroborates these conclusions for the most part.

Considerable evidence indicates that insectivorous small mammals, and
predaceous insects and other arthropods destroy many fifth- and sixth-
instar larvae in habitats where they spend the day in the ground livter,
The results of the larval and pupal liberations detailed above constitute
strong circumstantial evidence w0 this effect In woodlands where the
larvae characteristically descend to the ground about dawn, many freshly
destroyed larvae have been found. 1n Granby, Connecticut, the remains
of 13 larvae, characteristic of those killed by Calosoma beetles were seen
while 50 living larvae were collected on June 12, 1942, Of the latter,
38 were in the liter, and the others were on the lower parts of the tree
trunks. Two weeks later the population had so decreased that by diligent
search for more than one hour only one larva could be found in the
same area. It was safely lodged under u piece of loose bark on a tree
trunk. A similar decrease in population was noted in Petersham the
sime year- In many instances, 30 to 40 large larvac were collected in oak
woodlands there within fifreen minutes in the middle of June. Two
weeks later a diligent scarch was made a1 one of these points for two
hours, and oaly five larvac and pupae were found, Less time was spent
at the other points, but all egg-mass counts made in the fall revealed
that similar reductions had occurred.

The importance of small mammals in destroying insects has been
emphasized by Hamilton and Cook (1940). They state thar many insect
populations are apparently held in check principally by small mammals.
They consider that the number a given area will suppoit is dependent
upon “the forest stand, the ground cover, the presence or absence of
litter, the character and moisture content of the soil, and numerous other
factors, some of which are as yet obscure” All work to date, however,
has indicated that the population of small mammals is highest in dense
forest stands with a moist and deep forest foor—stands where litdle gypsy
moth defoliation occurs—and lowest in open stands with a dry compact
Hoor devoid of litter—stands which ordinarily are heavily defoliated if
composed of favored food species.
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In the present study, some census trapping was. done through the co-
operation of the U. S, Fish and Wildlife Service at a few widely separated
points. Although there was considerable variation in the number of
animals caught in the different quadrats, the catches in a good hardwood
stand in Petersham were consistently high tor the three-year period. Most
abundant were the short-tuiled shrew (Blarina brevicanda brevicanda
(Say)), and the deer mouse (Peromyscus lencopus noveboracensis
(Fischer)), both voracious insect eaters. No defolintion by the gypsy moth
cecurred in this stand during the same period, but some larvae were ob-
served each year

Climuate and Weather

The climate in the coastal region is less hazardous to the moth than
that in the interior of New England, Winter temperatures are seldom
low enough along the coust to kill gypsy moth eggs, whereas they fre-
quently destroy many or all of the exposed eggs in the more northern
parts of the interior. The relatively cool temperatures on Cape Cod
during the lurval and pupal periods are probably unfavorable to the
development of the wilt disease in this area. In the interior, large num-
bers of small larvae have died of starvation as a result of late spring
frosts. Cold driving rains during May and early June have also killed
farge numbers. In contrast, prolonged hot and dry weather during the
larval and pupal periods appears to be favorable to the survival of the
insect,

Land Abuse

The same unfavorable ground conditions that are temporarily brought
about by droughty climatic conditions are more or less permanently
achieved by land abuse. Torest fires, repeated clearcutting, and woodlot
grazing alf cause the deterioration of the forest floor and create conditions
favorable 1o the increase of the moth. These factors have a tremendous
influence on gypsy moth abundance in eastern New England, and also
bring about an increase in the percentage of favored food species in the
forest stand. Nutural disusters also affect the forest floor in such a way
as to favor the gypsy moth  The elimination of chestnut by the chestnut
blight and the widespread destruction of the 1938 and 1944 hurricanes
have undoubtedly made conditions more favorable to the moth.

Popudatton Density
In purtially defoliated stands, repented observations indicate that sur-
vival is high. In such stands the large farvae are likely o sty up in
the trees, while the predators in the litter are likely to be driven out or
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reduced in numbers by the hot dry condition of the forest floor. Thus,
within certain limits, the moth in its epidemic state creates conditions
favorable to its own survival.

Although moderate defoliation may produce ecological conditions
favorable to the math, heavy defoliation will cause high mortality from
starvation. For example, the gypsy moth population in a gray birch
stand in Petersham was practically eliminated by starvation in a year
when less susceptible stands supported heavy populations (Table 3).



PART 11

ECOLOGY OF SUSCEPTIBLE AND RESISTANT
FOREST TYPES AND STANDS

By Srepmeny . Seurn, E. W. Liriieriees, and Heney A Brss

The investigations described in Part 1 demonstrate that the entire
forest environment plays a part in the size of the gypsy moth population
maintained in a given arca over a period of years. Bess has shown that
dry, open woods provide a more favorable habitat than the fully stocked
forest on medium to moist sites. Since these relationships are of interest
not only to the entomologist, but to the forester and plant ecologist as
well, a more detailed analysis is presented here of the various clements
that comprise susceptible and resistant forest types and stands. During
1944 and 1945, observations on which the following discussion is based
were made at some fifty points in New England, New York, and Penn-
sylvania, These stations were locuted principally as follows: Muine:
York and Cumberland Counties; New Hampshire: all of the state south
of the White Mountains; Massachusetts: all of the state east of the Berk-
shires; Connecticut: Windham, Tolland, and Hartford Countes; New
York: Saratoga, Fulion, Albany, Greene, Ulster, and Sullivan Countics,
and Long Island; Pennsylvania: the infested area surrounding Wilkes-
Barre, and the Poconos.

CHARACILERISTICS OF SUSCEPTIBLE STANDS

Fiven the most casual inspection of the heavily infested area of south-
castern New England will impress the observer with the extremely dry,
open conditions under which repeated severe defoliation by the gypsy
moth takes place. Such susceptible areus are characterized by light sandy
or gravelly soils; a history of repeated fires; stand canopies covering less
than half the ground; short, scrubby timber; and a ground cover in which
certain plants are abundant, notably, blucherry, sweetfern, and bracken.
Leaf livter is sparse or absent; and in the more open types, especially
where grazed, mats of grass of Carex may be frequent. Dominant in the
forest are gray birch, aspen, or oaks characteristic of fairly dry sites,
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particularly scarler onk, white oak,” and black onk. An abundance of
white pine and oak reproduction in the understory is trequently charac-
teristic. Both in New York and Pennsylvania, such pockets of gypsy
moth infestation as have developed are nearly always found in forest
communizics similar in kind to those of castern Massachusetts, though
xerophytic perhaps to a lesser degree

The tree species commonly found in susceptible stands are favored
food plants of the gypsy moth. The mere presence of these species, how-
ever, does not necessarily indicate suseeptibility. Oaks, in particular, may
oecur in both highly resistant and highly susceptible stands. The oc-
currence of gray birch on the other hand, does indicate stand susceptibility,
nor primarily because it is a favored food specics, but because its presence
is associated with fire, grazing, overcutting, or other forms of abuse that
create conditions favorable 1o survival of the gypsy moth larvac.

Because forest cover types often are closely related to a given site
and fand-use history, it i possible to classify them according o their
susceptibility to defoliation by the gypsy moth. In Table 9 the types
listed as susceptible contin a large percentage of favored food plants.
These types are known to developy followiiig land abiise, dnd are qliite
generally distributed throughout the heavily infested zone {Fig. 1), as
well as throughout the general region wherever forest fires are frequent.

Borderline types generally contain a large proportion of favored food,
but are liable to be defoliated only when the environment is also favor-
able. OF these, the mixed cak (white oak-black oak-red oak) type is
by far the most extensive and imporiant, being the predominant type
of the cenual hardwood forest region. It is the principal type of Rhode
Island, Connecticut, southéastern New York, New Jersey, and much of
Pennsylvanic. Red pine and pitch pine types characteristically occur on
dry sites, but are Hable o be defoliated only when contuning & sizable
proportion of favored food plants.

Perhaps the best classification of areas as 1o susceptibility w defoliation
by the gypsy moth, however, is that based upon soils and physiography.
Within the forest regions where the gypsy moth has reached epidemic
proportions, heavy defoliaton has been largely confined 1o specific physio-
graphic sites.

The most important of these sites are the extensive areas of sincly
soils in eastern New England. These scils arc frequently burned over
and generally support a forest growth of the most susceptible type. The

" The rddegation of white oal w this catgpesy oy be somewhat confusing 1o those
famifiar with the species in regions sueh as the Mudson Valley or the Ohio Basin, where its
occrrence is associated with coves and moist bouom lands  The wide habiar range of the

species, however, s wol known: and in Now England, near its aorthern limit of distrilau-
tion, it occurs mainly oo sand plains. ridges, and sther dry sites
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FanLe 9

CLASSIFICATION OF FOREST COVER TYPES ACCORDING TO
SUSCEPTIBILITY TO DEFOLIATION BY GYPSY MOTH

Type
S.AF Na' Type Designation

Susceeriate:  Likely to be defoliuted under a wide variety of conditions.
4 Aspen
5 Pin cherry (with aspen and birch)
7 Gray birch
35 Scrub oak

Bororriing:  Susceptibility depends npon site, actual composition and condi-
tion of stand.

3 Red pine
6 Paper birch
36 Chestnut oak
37 Pirch pine
49 White cak-biack oak-red oak
50 White oak R

Russsrant: Not Lkely to be defoliated unless badly abused or swronnded by
susceptible rypes.
7 Red maple
8 White pine-red oak-white ash
9-11 White pine types
12.15  Northern hardwood types
17.22 Spruce-hr types

26 Black oak-American elm-red maple
51 Red oak-basswood-white ash

—  Red oak

59 River birch-sycamore

60 Silver maple-American el

Y Committee on forest types, Society of Amorican Foresters. 1940 Forest cover types of
. : ! - 4 . PN " N . 4
castern United States  Third edition, revised. Society of Amcerican Foresters, Washington,
Nne 39 pp

majority of the perennial outbreaks of the gypsy moth have occurred
here (Fig. 1}.

Extensive outbreaks of the gypsy moth, however, are not confined
to these sandy soils. They also occur on high, rocky ridges, sites eco-
logically similar to the lower sand plains. Fortunately, the extent of such
ridges with a forest cover of favored foods is not large in New England,
though occurring frequently in New York. Rocky ridges that are covered
with favored food species include the hills of the Lake Sebago segion
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in Maine, of the Lake Winnepesaukee region in New Hampshire, the
Blue Hills south of Boston, Wachuser: Mountain in central Massachusetts,
the upland of Wendell, Shutesbury, und Pelham east of Greenfield, and
the traprock ridges in the lower Connecticut Valley. The 1940 outbreak
in Granby, Connecticut, was on the latter type of ridge. In castern New
York such ridges are found in the Helderbergs, south of Albany, in the
southeastern Adirondacks, and along both sides of the Hudson Valley
below Albany, especially on the Shawangunk Mountains in Ulster and
Sullivan Counties.

Although stands such as those described above me most susceptible
to defoliation, and will generally be the first ones actacked in any locality,
they may not be the only stands defolinted. Even normally resistant
stands may be stripped occasionally if the local moth population reaches
an epidemic stage. Consequently, small forest stands in an area pre-
dominantly covered by susceptible stands cannot be considered safe from
the gypsy moth regardless of their compaosition, the site upon which they
grow, or other characteristics, It iy also true that less favored or non-
favored food spcu'*s may be severely defoliated when growing in open

stands lacking in leaf lirter, or as individual trees along roads or fence
TOWS, Or 1 prstures. Durmg the 194 outhreak, examples were seen in
Pennsylvania of black cheriy heavily fed upon, sugar maple defoliated in
Petersham, and other cases where defoliation was not associated with food
preferences, but rather with the lack of forest conditions and the oceur-
rence of habitats suitable for harboring the larvae, such as decay cavities,
rough bark, and nearby stone walls. If such habitats ave available, the
farvae are apparently less likely w take refuge in the forest floor, and are
therefore more likely to suvive.

Craracieristics oF RESIs1ANT Sranps

Stands which have remained relatively free from severe defoliation
within the heavily infested zone, and stands of a similar nature elsewhere
in the region, exhibit an eusily recognizable structure quite different from
that of susceptibie stands. Resistant stands are characterized by loamy
soils, 1 mederately dense crown canopy, vigorous timber growth, and the
deep fitter of a wcll—dcvcloped forest floor. Certain herbaceous and shrub
indicators will almost certainly be present in some abundance (Fig. 6).
Among the most reliable of these are (1) wild sarsapariita, (2) maple-
leafed viburnum or arrowwood, and (3) certain woodland ferns (Table
10). The forest composition of these stands may be predominantly oak,
as in Connecticut, central Massachusetts, northeastern Massachuses,
southwestern Maine, and in certain areas in New York and Pennsyivania.
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In these resistant cak stands there will usually be a high proportion of
rec oak, few black or white oaks, snd seldom any scarler oak. Still more
characteristic of these resistant stands are hardwond species such as sugans
maple, white ash, sweet birch, basswood, and yellow poplar, wgether
with occasional hemlock., These later species, which are typicatly con-
fined w the better sites, are good indicators of resistance, whether occur-
ving in the main stand or the understory.

Such forest conditions are ordinarily found on the better soii types,
but they may also occur on sandy and gravelly soils provided the crown
canopy is dense and the site generally has not suffered from fire or other
recent disturbance. In periods of drought, normally resistant stands may
become heavily defoliated, but will recover with a return o normal
precipitation levels.

An outstanding example of a forest type composed predominantly
of favered species which, nevertheless, has escaped repeated or widespread
defoliation, is furnished by the mixed oak stands of eastern Connecticut
Though chronically infested for more than twenty-five years, attack by
the gypsy moth has continued o be local and sporadic. It must be ad-
mitted, in this case, that not all the factors involved are clearly in evidence.
While these stands, on the average, are more fully stocked, more vigor-
ous, and apparently bewter protected from fire and grazing than oak
stands elsewhere in New England, the absence of defoliation in the more
open woods and on the drier sites is not readily explained.

Another example, whelly different in character, is the scrub-oak forest
of the Pocono region, in Pennsylvania. Here, the dense shade and heavy
leaf liter produced in this type is evidently sufficient to offset the presence
of favored species throughout the stand, and livle, if any, defoliation
takes place.

Many forest types and, in fact, whole forest regions ate resistant to
heavy defoliation by the gypsy moth, cither because they contain little
favared food, or hecause they are largely confined to the better sites. The
northern hardwood and the spruce-fiv regions, n particular, contain
almost no favored food. As the climates of these regions, also, are un-
favorable to the gypsy moth, they form natural barriers on the north
and west of the present infested arca. Such barriers include the uplands
of New Hampshire, the Berkshire Hills-Green Mountain chain of Mas-
sachusetts and Vermont, the Adirondack Mouniains of New York, and
the Allegheny hardwoods plateau of northern Pennsylvania and southern

New Yorl.

Indicator Plants

The use of ground vegetation to indicate site quality and to designate
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forest type conditions has been the subject of much research. The plants
fisted in Table 10 as indicators of resistant and susceptible stands have

Tanre 10

PLANT INDICATORS USEFUL IN EVALUATING STAND
SUSCEPTIBILITY TO GYPSY MOTH ATTACK

Inpreatons or Suscepiisin Sranns:
Overstory
Black oals, scarlet oak, white oak (Quercas velutina, Q. coccinea, Q. alba)
Gray birch (Betula populifolia)
Aspen (Populus tremuloides, P. grandidentata)
Understory
White pine {Pruus styobus) when abundant
Scrub oak ( Quercus iicifolia)
White oak (Quercus alba) when abundant
Ground Cover
Lowbush blueberry (Vaccinium angustifolium and V. pallidum ) when
abundant
Sweel fern (Comptonia peregrina)
Huckleberry { Gaylussacia spp.)
Bracken (Previdinm lativscrlum) when abundant
Sedges (Carex pennsylvanica and ¢ umbellata)
Bayberry (Myrica pensylvanica) along coast
Bush honeysuckle (Dicrvilla lonicera) ledges, especially southern Adiron-

dacks

Inpicarons or Resistant Sianps:

Overstory and Understory
Sugar maple (Acer sacchar um)
White ash (Fraxinus ameticana)
Biack birch (Beruda lenta)
Basswood { Tilia amerteana )
Yeliowpoplar (Luiodendron tnlipifera)
Hemlock (Tsuga canadensis)
Beech (Fagus grandifolia)

Ground Cover
Wild sarsaparilta (Aralin nrudicandis) when abundant
Mapleleaf viburnwm (Vibwernum acerifolinm) when abundant
New York fern (Dryopreiis noveboracensis)
Wood tern ( Dryopterts spinulosq )
Christmas fern (Polystichum acrostichoides)
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been checked in all parts of the infested vone. The same plants have been
extensively used by othor investigators to clzi‘;s'il:y site.

Working with second-growth pine types in Wisconsin, Gevorkiantz
and Zon (1930) cited ali the plants of our susceptible stands as charac-
teristic of peor sites, and those of our resistant stands as characteristic
of medium sites. The species listed by these authors as characteristic
of good sites appear 10 be mostly those which in the Northeast commonly
occur in very rich wonuds, often on calearcous soils, highly resistant to
defoliation by the gypsy math.

The floral types of Hazard (1937) arc not eatirely comparuble to
those of the preseat work, because they relate only to pure white pine
stands. Nevestheless, they are guite informative, as the general relation-
ships arz the same in both studies. These types, arranged in xerophytic-
mesophytic  sequence, include (A)  Cludonia, (B) Vaccrmum, (C)
Matanthenum-Vaccininm, (D) Matanthenianm, and (E} rich herbaceous.
In this sequence, Arali does not appeas uaul Type D, and becomes
deminant only in subtype 4 (dradra subtype) of Type E. This last is the
richest type recognized, & white pine type on good soil that contains a
more or less dense understory of hardwoods. Only in this type were
the New York fern and mapleleafed viburnum noted as being present
In discussing the successional relationships of these various types, Hazard
states that the Cladenia type develops on severe burns, the Vacciniam
type on heavily grazed pastures, and the Maanthemam type on slightly
grazed pastures. Plant succession gradually brings about a change of
ground vegetation up the scale toward the maore mesophytic types until
the climax type for the site in question is reached. This varies from the
Vaccinium type on poor dry sites 10 the rich herbaceous types on heavy
moist sites.

The ground-cover types established by Heimburger for the eastern
Adirondacks (1934) are pencrally comparabie to those of the region
infested by the gypsy moth, although representing a more sorthern
flora. The Vaccimium-Myrica, and the Aster-Gaudtherta types of the
Adirondacks represent the drier woodbinds favorable o the gypsy moth;
while stands comaining the dster-Corplus, Maianthemum-Vibwnam, and
Aralia-Oryzopsis types would tend to be resistant. The last named type
is particularly interesting, since its counterpart may be found withow
difficulty in the more resistant stands of New England. The ground
cover includes Arafia, As‘pirl’mm, and Po!;fgammrm, which, according to
the author, are indicative of a “dry but rich site,” characterized by good
red oak mixed with basswood, white ash, sugar maple, and hornbeam.
In this type, shrubs occurring in the understary include dogwood and
mapleleafed viburnum.
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Raup (1938) classified the forest types of the Black Rock Forest in
southeastern New York, giving due consideration o the understory and
ground cover. His type classifications are of special interest, as they
represent the more commen types of the lower Hudson Valley, a locality
where the gypsy moth problem is of vital interest at the present time.
Here, the principal upland types are (1) chestnut oak, characteristic of
extremely dry sites, and (2) red oak, a 1ype intermediate between the
chestnut oak agsociation and the various cove forest types. In the chestnut
oak association, muapleleafed viburnum, an indicator of gypsy meth re-
sistant stands, is found anly on the northern slopes; while blucherry and
huckleberry, indicative of susceptible stnds, oceur ¢n the south exposures.
Chestaut oak comprises 62 percent of these stands; red ouk, an additional
27 percent; and white oak, sugar maple, and red maple, the remainder.
In the red oak association, the proportion of red oak and chestnut oak
are appreximately reversed, and mesophytic species, such as white ash,
yellow poplar, basswood, und hemlock, make up a portion of the stand.
The herbuaceous ground cover includes several of the mesophytic ferns.
The cove forests are divided into (1) the mixed hardwood association,
{2) the hemlock-hardwond association, and (3) the beech-maple associa-
tion, all of which are definitely mesophytic and highly resistant to the
gypsy math.

The role of ground cover as o diagnostic feature of susceptible and
resistant stands has beea purposely emphasized in the present paper in
an atempt o create a breader pictwre of conditions throughour the
Northeast than is afforded solely by the analysis of stand composition.
Ground vegetation has been used, not o indicate inherent site value, but
rather to indicate an existing condition brought about by site factors and
land-use history together.  Although the use of indicator plants has
definite limitations in site diagnosis (Coile, 1938), they may yet be used
o advantage as a ool for rapid evaluation of forest conditions, provided
that their limittions and uscfulness are clearly undersiood. Throughout
the region infested with and threatened by the gypsy moth, knowledge
of a few easily recognizable plants in the ground cover is a valuable aid
in classitying forest stands as o their resistance or susceptibilty to de-
foliation

Retanion or Forgst Succession 1o Desonrarion

Forest succession, by altering both the composition of the overstory
and conditions on the ground, affects the resistance of the forest type
to defoliation by the gypsy moth. Behre, Cline, and Baker (1936) point
eut that the forest conditions maost favorable 10 gypsy moth outbreaks
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are the direct results of “a transient agriculture and the destructive lumber-
ing practices of the past” That subsequent forest succession tends to
alleviate this condition in the absence of any interference from man is
an important consideration in the silvicultural control of the insect. The
climatic climax forest of much of the Northeast is a hemlock-hardwood
association (Nichols, 1933), highly resistant to defoliation. Subclimax
associations throughout the region also are highly resistant. Among these
are red oak-red maple-white ash forests of central Massachusetts, the
mixed oak forests of Connecticut, the cove hardwoods of Pennsylvania
and southern New York, and the Allegheny-northern hardwood stands
of Pennsylvania, New York, and northern New England.

Only among the pioneer forest associations of the Northeast are highly
susceptible stands 1o be found. Chief among these, as stated previously,
are stands containing a high percentage of gray birch or aspen, and
pioneer oak types on sandy and other dry sites. Even these may in time
develop a considerable degree of resistance if left relatively undisturbed.
Disturbance, however, may set back the succession and result in the
creation of vast areas highly susceptible to gypsy moth outbreaks. Thus,
several centuries of fire and overcutting on sandy soils in southeastern
Massachusetts have resulted in the development of scrubby forests of this
type.

The moth itself markedly influences Forest succession, thus affecting
stand susceptibility over a period of years. Moderately heavy infestations
help to reduce the propordon of gray birch, aspen, and other short-lived
weed trees, thus creating resistant types in areas where nonfavored food
plants are relatively abundant. This tendency is illustrated by the records
of a large number of sample plots maintained for many years after 1912
by the U. 8. Bureau of Entomology and Plant Quarantine in eastern
Massachusetts, New Hampshire, and the southern tip of Maine (Baker,
1941). Here mortality of the favored food trees (gray birch, aspen, and
the like), whether due to gypsy moth defoliation or to other causes, such
as the short life of most of these species, greatly changed the composition
of the stands. During this time, also, parasites were extensively introduced
into this region. At the same time, the gypsy moth population sank
to a low level (Burgess and Baker, 1938)

That such a trend may well be regional is shown by the maps of gypsy
moth defoliation published by Brown and Sheals (1944). Although the
gypsy moth first became established and defoliated thousands of acres
along that portion of New England seaboard between Plymouth, Mas-
sachusetts, and Maine, no extensive defoliation has occurred in that
region in the last fifteen years or more. This phenomenon can be ex-
plained at least partially on the basis of the natural morwality of the

38



FOREST SITE CONDITIONS AND THE GYPSY MOTH

highly favored weed trees coupled with the increasing protection of the
forests, a result of the rapid growth of towns and cities in the aren,

Although moderately heavy infestations may create more resistant
forest types by reducing the proportion of favored food in the stand,
frequent severe defoliation will generally create conditions highly favor-
able to future epidemics. The stand will be opened up, the litter will
dry out, and forest succession will be set back. This is particularly true
in regions where the forest cover consists predominanty of favored food
plants growing on poor soils. For instance, frequent heavy defoliation
has undoubtedly been a contribwiing factor, along with fire and over-
cutting, in the contunuance of the epidemic status of the moth in south-
eastern Muassachusetts,

Significantly, the gypsy moth did relatively livde damage as long as
it was confined to the better sites of the metropolitan area of Boston and
the region to the north. Not uacl 1905, after the insect had been in
this country for thirty-six years, did the moth migrate into southeastern
New England and northward into southern New Hampshire and Maine,
all regions where damage has since become excessive. That the moth
happened to escape from captivity in the vicinity of a forest region that
contained an abundance of favered food species und had been rendered
highly susceptible by generations of abuse was a peculiar and unfortunate
accident - Although the moth hus subsequently spread westward beyond
the Hudson River, the area of repeated severe defoliation is thus far
confined to the sandy or fedgy sites of southeastern Massachusetts, south-
eastern New Hampshire, and southwestern Maine, where the combina-
tion of favorable factors operates. Many factors, both known and
unknown, will determine the spread of the insect and its future abun-
dance in other areas It is probably safe to assume, however, that heavy
repeated  defoliation everywhere will be confined largely 1o stands
ecologically similar to those that have proved susceptible in New England.
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PART 11

THE ROLE OF SILVICULTURE IN MAINTAINING
CONDITIONS UNFAVORABLE TO
THE GYPSY MOTH

By E. W. Liriesterp and Stepres Ho Seure

Conditions biclogically conducive to the building up of a tage gypsy
moth population, with resultant heavy defoliation year after year, are
brought about through disturbances long regarded by foresters as unde-
sirable. It is well known, for instance, that clearcutting and fire, especially
on light soils, tend w0 produce open scrubby woods, of which Cape Cod
has many examples. Heavy grazing of woodlands inhibits reproduction,
reduces stocking, favors sprouts ovei séedlings, and compicts the soil
Under the environment thus produced, all the biological activity common
to the undistutbed forest is reduced to a minimum, and progressive
deterioration of the site takes place. Recurrent defoliation by the gypsy
moth aggravates conditions by allowing further diying out of the forest
foor and reducing the vigor of the wees. Five hazard is increased also,
and thus a retrogressive cycle is inaugurated.

On the other hand, woodlands with full canopy, vigorous understory,
and an undisturbed forest ficor, while not immune from occasional or
periodic defoliation, are remarkably resistant to the type of defoliation
which recurs on abused sites, because the gypsy moth population can
exist under such conditions only ata low level. This we have scen (Parts
I and 1} is true even of stands containing a high proportion of ceitain
favored food species

When the ecology of the gypsy moth in relation to forest site conditions
is understood, it will be possible to recommend practices which may
assist cither (1) in reducing the sevesity of gypsy moth attack within
the heavily infested area, or (2) in retarding the build-up of heavy gypsv
moth concentrations on the western fringe of the territory known to be
infested. The presens paper is concerned solely with the silvicuttaral
aspects of gypsy moth control, and not with the use of insccticides, intro-
duction of parasites, or administative policies. Only those points will
be discussed which have a direct bearing on control through forest
practices
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Repuction or Favoren Foon Species

Qutline of the Theory

The application of silviculture in the conrol of the gypsy moth has,
for many years, been recognized as a possibility by entomologists and
foresters. Particularly since 1933, when the first outbreak of epidemic
proportions oceurred in Petersham and neighboring towns in central
Massachusews, there has bzen a growing interest in measures designed
1o ticrease the resistance of forest stands to gypsy moth actack.

Until recently, emphasis has been laid almost wholly on the reduction
of favored food species, such as oak, poplar, and gray birch. This doctrine
is hased on the theary that severe defoliation is unlikely 10 ke place
where the volume of Favored food tree foliage in a stand comprises less
than half the wrtal folinge. Reduction or elimination of such species
was believed, accordingly, w Ffurnish the most practicable means of con-
trol.

This concept of Favored food species is substantiated by considerable
evidence, but has nevertheless failed o explain certain phenomena as-
sociated with gypsy moth abundance. In particular, it gives no adequate
reason for the presence, in the same region, of stands similar in composi-
tion but ditfering widely in susceptibility over a period of several decades.
The study of environmental Factors cther than food preference, described
in the vwo previous sections of this bulletin, has done much 10 provide
an answer to such apparent contradictions. In the light of these investiga-
tions, it scems desirable o review the background of silvicultural control
and to point out some of the limitutions involved in s application,

Historical Development

The waork of Maosher (1915), referred to in Part 1, laid the foundation
for classifying plants by the extent to which they are preferred as food by
the gypsy moth. Prior to this time, however, on the basis of field observa-
tion, Fiske (1913) had suggested the removal of oak and some other
species from infested woodlands as a means of slowing down the attack
of the insect. A simifar idea was elaborated by Clements and Munro
(1917), whe noted, significantly, that oaks growing on thin soils, very
sandy soils, and rocky ridges were defoliated fur more heavily than onks
on the better sites, More interesting still is their report that white oak
was 2 maore favored food in the field, though not in the faboratory, than
the black oak group. In drawing conclusions from these ahservations,
however, the authors apparently did not examine the ecological relation-
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ships critically, but merely pointed out, in a general way, the desimability
of eliminating favored spc.uca from the stand.

The Petersham owbreak in 1935 provided an exceptional opportunity
for studying the relation of gypsy moth defoliation to forest cover types
and tree species. This town lies outside the heavily infested zone of
castern New England, so that extensive defoliation occurs only at inter-
vals, and then locally. The Huarvard Forest, lying within the town,
furnished a wealth of case-history material in which stocking, composition,
and other pertinent data were known in considerable detail. Studies here
by Baker and Cline (1933), and Behre, Cline and Baker (1936) em-
rhasized the possibilities of silvicultural control. In the latter paper, the
cxisting information on food preferences was sumimarized, and recom-
mendations were made [or the treatment of various forest types in New
England o decrease the hazard of gypsy moth defoliation. In outlining
these recommendations, the authors made plain the close relationship
between such forest practices and those which would be required for
erdinary forest stand improvement.

More recently Behre (1939) restated this position with particular
reference to Massachusetts woodlands, pointing out at the same time
that exploitation and fire have generally created conditions extremely
favorable to the moth; and that silvicultural control by the reduction
of favored food plants is fargely consistent with natural ecological trends.
Behre and Reineke (1943) gave specific secommendations for treating
the forest stands of southwestern Muine, assigning priotities to the various
cover types. Priority A (value at stake largest in relation to cost of
treatment) was assigned to types containing relatively small amounts of
favored food species, while conversion by planting was recommended
for stands of litle economic value, composed predominanly of favored
foods,

Limits of Application

It will be seen from the above review that a majosity of the silvi-
cultural investigations dealing with gypsy moth behavior have been
concerned ;mm.m]y with the host scleciivity which is exhibited so
p:nmmemly by this insect. Ol)vsously gypsy maoths prefer oaks the most
serious outbreaks occur in oak types; cut out the oaks, then, or replace
them with pine or maple, and the gypsy maoths will cElsnlp;u,‘:r. This, in
essence, is the reasoning on which the theory of silviculteral control is
based. In the relative abundance of favored food species, it states, “lies
the key to the silvicultural control™ of the insect. While this is undoubt-
edly true to a degree, its importance can easily be overemphasized. The
analysis presented in Part IT has revealed that (1) a high proportion
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of favored food species in o stand or forest type does not necessarily
indicate susceptibility; (2) all favored food species are not defoliated
equally under all conditions; and (3) nonfavored species may be de-
foliated where environmental conditions are particularly well suited for
maintaining a high larval population.

Data collected during the 1944 outbreak at Petersham are summarized
in Table 11. No red oak was found seriously defoliated when growing

‘Tanrr 11
AVERAGE COMPOSITION OF THE OVERSTORY IN RESISTANT
AND SUSCEPTIBLE OAK STANDS IN PETERSHAM, 1944

Resstant Sniceptible

Number of stands examined i6 10
Average percent defoliation 3 90
Speeres Percent Percent
Red onk 71 42
White oak 4 26
Black oak 3 20
Red maple 8 4
Paper birch G 2
Hemlock 2 1
White ash 2 ]
Gray birch ¢ 2
32

Others 4

' Other overstory trees inoresistant stands inchuded black birch, white prine, yellow hirch,
swegar natple, and heeeh
*Other averstory trees in swsceptible stands included hickory and scarlet oak

in a closed forest stand in which the more xerophytic oak species were
absent. Of the stands examined, sixteen were resistant with an average
defoliation of 5 percent, and ten were susceptible with an average de-
foliation of 90 percent. Additional records were obtained in the 1935-1937
outbreak (Table 12). These records, which have been continued by the
U. 8 Bureau of Entomology and Plant Quarantine in cooperation with
the Harvard Forest show also that many stands of favored food species
in Petersham have never been severely defoliated at any time, even though
complete stripping has taken place on an aggregate of 2,000 acres in
various parts of the town,

Throughout the heavily infested zone, badly abused sites, lacking in
leaf litter and characterized by stands of gray birch or aspen, are invari-
ably the most severely attacked. Ousside the oak region, a large majority
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Tapre [2

NUMBER OF CASES OF DEFOLIATION BY FOREST COVER TYPE
IN PETERSHAM, 1935-1937

1935 1v36 1937 Towd

Gray birch-aspen 64 9 12 85
White oak-black oak-red oak 4 ; 3 15
Red gak~red maple-white ash i 0 G 1
Others 2 2 0 4
Total 76 12 17 105

of the stands regularly defolinted are composed principally of these two
species, which, in the scale of food preference, rate no higher than many
other species abundant in the same neighborhood. In the New York
barrier zone region also, initial cuthieaks in a given locality are almost
always found in stands of this character.

Regarding the whole theory of favored food species and proposals
for the application of silviculiural practices. in accordance with i, one
fact scems to stund out: many of the tree species which are favored by
the gypsy moth Jappen to occur on the poorer, run-down sites in New
England; and it is this purely accidental association, we believe, that
has long obscured the more fundamental relationship berween gypsy
moth population and environmental factors,

Recontvennen Pracrices

Heavily [nfested iea

Increasing stand resistance 1o gypsy moth attack can be accomplished
by (1) preventing further fand abuse; (2) developing and maintaining
healthy biological conditions in the forest Qour; and (3) reducing the
proportion of favored-food species where thelr presence is a major factor
in prometing gypsy math abundance

Forest land abuse is responsible, more than anything else, for holding
the gypsy moth at an epidemie level. If this can be prevented or materially
curtailed, natural successional trends will eventually develop conditions
less favorable to the insect. On the other hand, if uncentrolled fires,
woodland grazing, and repeated clearcutting are not checked, no gypsy
moth control practices will be undertaken with any permanent success.
Thus, in the heavily infested zone of castern New England, intensified
fire protection and restriction of grazing could well be justified on the
grounds of gypsy moth control alone
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Any forest practices which lead to the development of open stands of
favored food species with a dry and compact forest flooe must be avoided
it the gypsy moth population is to be permanently reduced. Clearcutting
is the most obvious practice of this type, but other practices less fagrantly
undesirable are nevertheless favorable to the moth. For instance, very
heavy thinnings and other hcuvy cuttings open up the stand excessively,
and create conditions in the forest ﬁom differing only in degree from
clearcutting. In fact, some types of treatment aimed at reducing the
proportion of favored food species might actually be harmfal, if they
result in opening up the stand while leaving an appreciable amount of
gypsy moth food, Excessive cleaning-up operations should be avoided,
whether in connecticn with gypsy moth control or forest stand improve-
ment, if they tend to eliminate the undeestory, ground cover, and dead
material on the ground. 1f feft undisturbed, this material provides habitats
attractive to the larvae, and accessible to predators. I it is removed,
however, the larvae generally stay up in the trees where they are relatively
sufe.

The above recommended procedures, though essential 1o a successful
control program, are purely negative in character, and do not require
positive action by the silviculturist. There are, however, some clearly
defined and recognizable conditions where cutting practices may be
applied specifically for the purpose of gypsy moth control.

In general, the proportion of favored tood folinge in stands within
the heavily infested zone should be reduced whenever consistent with
good silviculture, White pine and other resistant species should be fav-
ored by practices which can be carried out at a moderate cost without
opening up the stand unduly or decreasing markedly the value of the
forest. Specific examples of such practices follow:

(1) Even-aged white pine-gray birch mixture: The presence of gray
birch is a potential hazard anywhere within the infested area. Where
there is an adequate stocking of white pine in the mixture, the removal
of the gray birch is the best insurance against gypsy moth defoliation.

(2) Young, even-aged white pine-oak mixtures on dry sites: Weeding
or cleaning operations to favor the growth of the white pine will do
much toward increasing the proportion of pine; and resistant hardwoods
in the stand can be similarly favored. This operation can generaily be
undertaken at a moderate cost only on relatively dry sites, such as sandy
plains or rocky ridges. On better sites, an excessive amount of weeding
is usually needed to enable the pine to compete successfully with the
hardwood sprouts.

(3) White pine under mature oak: Stands of this type are confined
largely to dry sites, as white pine is seldom found in the understory under

45



BESS, SPURR, AND LITYLEFIELD

mesophytic conditions. Consequently, this type is ordinarily suscepiible
to heavy defoliation by the gypsy moth. The removal of the oak is de-
sirable because (a) the oak is merchantble; (b) sprouting from the old
oak stumps will be relatively weak; (c) the young pine will tend two
suppress the oak sprouts and produce a cover within a relatively short
time. Here, as in the case of the white pine-gray birch mixture, the oak
overstory s a major hazard, and by its removal the pine has a good
chance of developing without being subject to serious defoliation.

(4) Artificial conversion: Conversion of susceptible stands to re-
sistant stands by clearcutting and planting is rarely, if ever, justified from
the standpoint of the value of forest products produced. The high cost
involved, the risk of such an undertaking, and the great amount of work
necessary to produce the desired results, have brought such strong-arm
methods into disrepute (Spurr and Cline, 1942; Hawley and Lutz, 1944).
Conversion by artificial reforestation and repeated weedings can be rec-
ommended only for public parks, picnic grounds, roadside strips, and
other restricted forest areas where intensive public use justifies the high
cost involved. Such operations might well materially reduce the cust of
direct control of the gypsy moth over a period of years.

Western Fringe

The heavily infested zone of eastern New England is bordered on the
north by a lightly infested area covered largely by resistant forest types,
the spruce-northern hardwood types of northern New England. On the
west of the heavy infestation lies an area made up of both resistant and
potentiaily susceptible stands. This area includes that portion of New
England west of the Connecticut River, castern New York stare, and the
anthracite region of northeastern Pennsylvania,

The same silvicultural principles are valid in this western fringe as in
the heavily infested zone. Their application, however, would naturally
be more restricted, and confined to those localities in which danger of an
increase in the population of the gypsy moth is most acute.

In the Hudson-Champlain Valley, first of all, an intensified program
of fire control and woodland management would materially reduce the
likelihood and extent of future defoliation by the gypsy moth. In this
same region, and in adjoining counties to the west where the gypsy moth
has become established, numercus and extensive stands of giay birch
and aspen constitute a real hazard. Though the wholesale elimination
of these species is obviously an impossibility, a reduction of rhe area
covered by them would certainly add to the effectiveness of any direct
control measures, Gray birch stands, in particular, are extremely hazard-
ous areas where new infestations are liable to start and build up a high
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population.  Encouragement of white pine reproduction in both gray
birch and lowland aspen types, either by planting or release cuttings,
would help to convert such stands to more resistant types.

With the eak stands in this region, the situation is quite different.
The acreage covered by the oak forest cannot be materially reduced, as
oak is one of the relatively permanent forest types, is of considerable
commercial importance, and ordinarily cannot be converted into types
composed of untavored food species by controlling cutting practices. For-
tinately, however, there is litde need of considering such stringent
measures. In the light of unpublished work by Bess, it seems evident
that the susceptibility of these vast ok forests to the gypsy moth can be
appreciably reduced if forest fires, woodlot grazing, and overcutting are
controlled, and if the forests are kept adequately stocked, in good vigor,
and with a well-developed forest floor,
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SUMMARY AND CONCLUSIONS

For two decades or more the gypsy moth has caused widespread
defoliation every year in castern New England, especially in southeastern
Massachusetts. On the other hand, it has seldom caused defoliation, even
on a small scale, over most of the remainder of the infested ares in
New England, eastern New York, and northeastern Pennsylvania. Studies
were initiated in 1937 to determine the reasons for these facts and to aid
in the development of feasible methods for combatting this pest in
America. The Auctuations in the abundance of the moth were studied
within specific woodland arcas in different seasons. These investigations
revealed that gypsy moth abundance was closely associated with forest
and site conditions.

In scasons favorable to the moth, it has increased in abundance over
practically the whole of the infested region, both in the lightly and
heavily infested woodlands, as it did in 1944 Since the population recedes
to a very low level in the onk woodlands in central and southern New
England, three or more favorable seasons in succession are required to
build up defoliation populations over extensive arcas, Flowever, in eastern
New England, especially on Cape Cod, the minimum populations are
usualiy relatively high, and certain woodlands are probably defoliated
five years or more out of every ten

The farge larvae feed mostly at night. During the day most of them
retire to cool, moist, secluded places 10 rest, provided suitable places are
available. In well stocked, mesophytic woodlands with a weli developed
forest fluor and an abundance of joose litter, many of the larvae normally
spend the daytime in the litter. Under more xeric conditions, however,
the large larvae spend the day in trees well above the forest foor.

Investigations in different types of woodland revealed that large lasvae
survived in much greater numbers where they molted and rested above
the forest floor, rather than in the litter on the ground. To check on
these differences in larval behavior and survival observed in natural
populations, thousands of farge larvae were collected, liberated, and their
survival observed. These liberations demonstrated that the morality rate
was much higher among larvae that were allowed to reach the ground
than where larvae were confined to cages, protected from small mammals
by a hardware cloth fence, or induced to remain in the trees by means of
burlap bands applied to the trunks. When the larvae descended into the
litter, they were subjected to depredations by their natural enemies, and
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the number destroyed was much greater than when the larvae remained
above the forest floor. Apparently small mammals and predaceous
arthropods play an important role in the destruction of larvae in the
litter.

Pupae exposed in the liter of relatively dense mesophytic forests were
destroyed in large numbers, while few of those exposed in comparatively
open dry stands were destroyed. Both small mammals and predaceous
arthropods destroyed pupae; but the refative importance of the different
predators was not determined.

Forest areas may be recognized as susceptible or resistant to gypsy
moth attack by specific features of site and vegetative cover. The driest
sites, sand plains and rocky ridges, are the most likely to support open
forest stands and pioneer vegetative associations, especially where the
site in question has been subjected w repeated forest fires und other torms
of land abuse. Such areas are potential centers of gypsy moth distribution.

Certain of the forest types of the eastern United States are inherently
susceptible, others inherendy resistant, while a third group varies according
to the particular combination of local factors. Some resistant types nor-
mally contain a high proportion of favored food species under site condi-
tions which reduce the possibility of defoliation.

Resistant stands occur more commenly on soils having an adequate
supply of moisture and organic matter, and are characterized by full
stocking and relatively vigorous growth. They are also found, however,
on the poorer sites where there has heen a minimum of disturbance.
On both rich and poor sites, the predominant characteristic of the resis-
tant stand is a deep accumulation of liwer, in which rodent tunnels are
easily found.

Certain plant indicators are useful in recognizing susceptible and
resistant stands, In particular, the predominance of lowbush blueberry
on a given site is a positive index of suscepuibility.

Climax and subclimax associations ordinarily furnish resistant types.
Where occurring over large areas together with climatic or physiographic
features which are unfavorable to the gypsy moth, they act as natueal
barriers to its further distribution.

Forest succession may be affected favorably by light gypsy moth in-
festations, but recurrent heavy defoliations tend to perpecuate the pioneer
associations, thus Further increasing susceptibility,

Those who have studied the problem of silvicultural conwrol have
concluded that forests under good management tend to become increas-
ingly resistant to gypsy moth auack. Opinions differ, however, as 1o
what specific silvicultural methods should be employed. Iv is appurent
from the studies and observations recorded here that atempts to alter
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APPENDIX A. ACREAGE 75 TO 100 PERCENT DEFOLIATED FRO

ECOLOGICAL STUDY

Locality 1925 19206 | 1927 1928 19202 1p30% | 19312 1932 1

Brewster = 12,770 110,520 2,315 | 765 | 116 | 350 1,500 | 5,000 | 5,
{Cape Cod)

Trestown e 0 501 2,000 0 0 0 | 2,000 |7,100
{(southeastern Mass.)

Alfred S C 0 0 0 0} 250 135 0 52
(southwestern Maine)

North Reading 0 0| 110 300 8 0 0 0
(eastern Mass)

Hillshorough . 0 0 0 40 | 1,000 15 2 0
(southern N. H.)

Wendell . .. V] 0 0 0 0 0 0 0
(contral Mass.)

Northampton 0 0 0 0 0 0 0 0
(central Mass.)

Petersham . . 0 0 0 0 0 0 0 0
{eentral Mass.)

Spencer . .. 0 0 0 0 0 0 0 0
{central Mass.)

Granby . 0 0 0 0 0 0 0 0
(northern Conn.)

Fastford . 0 0 0 0 0 0 0 0
{eastern Conn.)

Bursitiville .. 0 0 0 0 0 0 0 0
(northwestern R. L)

1This information was supplied by the Bureau of Entomology snd Plant Quarantine.
ITifty to 100 percent defolinted.






925 TO 1945 IN THE TWELVE NEW ENGLAND TOWNS IN WHICH
HAS WERE LOCATED!?

) 1984 1935 193¢ 1037 1938 19349 1840 1841 1842 1948 1844 1946
4,000 | 4,500 | 500 | 375 [1,150 (3,000 | 900 700 150 [ 500 {2,000 0
135§ 116 | 6,877 | 8,325 20 ; 265 | 1,960 |2,600 | B00 | 1,100 (3,100 | 3,400
83 1 303 0 Q 21 344 | 670 0 0 0 30 415
0 0 0| 160 30 25| 195 103 0 0 0 293
125 | 500 0 0 0} 300 | 100 0 0 0 0 148
30 | 883 10 |1,625 | 340 | 735 25 | 200 0 0 11,250 | 3,060
0 0 4] 625 11,080 | 260 0 75 0 0 0 | 4,400
85 | BI10 15 45 G 0 0 0 0 0 (1,930 | 3480
35 1 115 0 85 40 0 0 0 0 01,070 | 4,335

0 0 0 G| 1,043 12,462 0 0 0 0 0.5 23
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX B
NUMBER OF LIVING LARVAE AND PUPAE FOUND AT DIF-
FERENT LOCATIONS ON TEN BANDED AND TEN UNBANDED
TREES AND IN THF LITTER, ALBANY COUNTY,
NEW YORK, 1944

BANDED TREES
Locution Jane 5-6 June 13 fuae 200 Juwe 37 Jufy 325 [uly 18

Above 7 fr. (trunk

and foliage) 30 3 9 5 0 0
Under burlap bands,

3 ft. Lo 303 262 359 271 190
One to 7 ft. (not un-

der bands) 232 25 30 5 | 0
Ground to 1 {t. 19 0 0 I 0 0
Litter 31 38 27 21 16 9

Fotals 312 459 328 391 288 1999

UNBANDEL TRELS
Above 7 fr. (trunk

and foliage) 12 9 6 1 1 0
Onecto 7 ft. 94 44 30 3 4 2
Ground to 1 ft. 35 9 7 9 3 2
Litter . 181 93 117 96 71 5

Totals 322 155 160 129- 79 g+t

' Bands applicd on June 3 and 6

?Two hundred cighty-five larvae, 3 pupac
* Thirty-four larvae, 165 pupace

fSeven larvae, 2 pupac

54
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APPENDIX D
NUMBER OF EGG MASSES DLEPOSITED IN PLOTS IN WHICH
DIFFERENT NUMBERS OF LARGE LARVAE WERE
LIBERATED, 1944

General Sire Plot Larwae Egg Musses| Fgg Musses

Locality Counditions No | Liberated | Depositced | per 100 Lareas
Pittston, Pa. | Good ozk woodland but: 2 200 7 35
on drier site than the! 4 200 17 8.5
ones at the points be-{ 5 400 24 6.0
low in New England; | 6 400 40 10.0
rainfall near normal | 7 800 39 49
8 BOG 56 7.0
Gill, Mass. | Gray Dbirch-white pine| 1 250 100 40.0
stand in Conn. River| 2 500 176 25.2
Valley; sandy soil; un-{ 3 1,000 399 399

usually dry scason

Petersham, | Good eak  woedland;| 1 500 129 5.8
Mass. anusually dry season | 2 1,000 214 214
3 2,000 381 19.0
4 4,000 1,071 26.8
Simsbury, | Good ocak woodland;| 1 500 7 1.4
Conn. unusually dry season [ 2 1,000 80 80
3 2,000 153 76
4 4,000 674 16.8
Fastford, Good aak ® weodland; | 1 500 I3 2.6
Conn. unusually dry season | 3 500 2 04
2 1,060 163 163
3 2,060 142 71
4 4,000 208 5.2

YThe larvae libersted in Petershaw, Sinwbury, Eastford, and Gill were collecred in
Pewersham. Four lots of 250 exch were held in wire cages and 382 cgg masses were de-
posited, or 38.2 gy masscs per 100 caged larvie.

* Unfortusately there was noticcable varistion in the site conditions within the individual
plots in Eastford, even though they were within the sane woodland. Plots 1 and 2 were
consideralily drier than the others and were composed largely of white osks. Plots 4 aed 5
were on relatively moist sites, plor 5 aving considerable surface water in it when the epy

nuss counts were made In the fall

and 3.

There was a preponderance of red aak n plots 3, 4,



