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In 1973 three forest insects were causing unacceptable damage to the
forest resources in the United States. In the West, the Douglas-fir
tussock moth was epidemic on more than 800,000 acres. Across the
South from Texas to Virginia, the southern pine beetle was damaging or
threatening about 85 milhon acres of pine timber. In the Northeast, the
gypsy moth had defoliated about 1.7 milUon acres of hardwood forests
in rural and urban areas.
In the wake of the damage were severe social and economic losses.
Trees on thousands of acres of commercial forest lands were damaged or
killed in the South and West. Forest managers struggled with the
problems of timber salvage and increased hazard of forest fires, and they
had to cope with the impact on wildhfe habitat and esthetic values in
recreation and scenic areas. In the East, countless residents were
distressed when shade trees were killed and their homes were covered
with swarming gypsy moth larvae. Almost as devasting as the damage
was the knowledge that little or nothing could be done to reduce
damage by these three insect pests. Methods for protecting these valuable
resources were unavailable, only partly effective, or environmentally
unacceptable.
In August 1973, the Assistant Secretary of Agriculture asked four U.S.
Department of Agriculture agencies to pool their efforts in a research
and development program aimed at finding ways to reduce the losses
from these three pests. Congress showed its support by adding $6 milUon
to the fiscal year 1975 appropriation for a U.S. Combined Forest Pest
Research and Development Program. The program was divided into
three separate research efforts—a gypsy moth program in the Northeast,
a Douglas-fir tussock moth program in the West, and a southern pine
beetle program in the South, lue Congressional appropriation, along with
the dollars the agencies were already planning to spend for similar
research and development work, gave the new program a $9 million start
in fiscal year 1975.

Several State agricultural experiment stations, colleges and universities,
State forestry organizations, and private industry groups were also part
of the cooperative effort.
Each of the three insect programs had three areas to investigate:
• New methods to detect, evaluate, and predict populations and their effect on
the forest.
• Ways to prevent or control outbreaks.
• New integrated pest management strategies. The goal was to provide forest
managers with integrated pest management systems geared to local or regional
insect, forest, climatic, socioeconomic, and environmental conditions.
Now, 4 years later, the goals of the gypsy moth and the Douglas-Fir
tussock moth programs have been attained. Although much research
remains to be done, many new and improved methods of insect
management now exist. It is with appreciation and thanks to all involved
that we are able to present in this report the accomplishments of the
Gypsy Moth Research and Development Program, headquartered in
Hyattsville, Md.
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Introduction

The gypsy moth is a major insect
pest in the Northeastern United
States. Each year during the period
1970 to 1978, gypsy moth larvae fed
on the leaves of up to 2 million
acres of forest, woodlot, and suburban vegetation, causing extensive
damage in 12 Northeastern States.
Heavy insect defoliation is predicted
again for 1979 in Pennsylvania,
New York, and New Jersey.
The gypsy moth passes through four
life stages: Egg, larva (caterpillar),
pupa, and adult. Larvae emerge
from overwintering egg masses in
early spring, coincident with bud
break of their preferred host trees.
As they feed and enlarge, larvae
molt (shed their skin) four or five
Table I.—Expanded Gypsy Moth
Program funds, 1975-78
(In millions)
Fiscal
year
1975
1976'
1977
1978
Total

USDA
Program agency
funds
base
funds

Totals

$ 2.5

$2.0

$ 4.5

3.1
2.5

2.5
2.0
2.0

5.6
4.5
4.5

$8.5

$19.1

22.5
$10.6

'Includes funds for the transition
quarter between FY 1976 and 1977.
^$175,000 unobligated funds transferred
to Canada/U.S. Spruce Budworm—East.

times before completing their development by mid-July. After cessation
of feeding, larvae enter the pupal
(resting) stage for approximately 10
days, when they emerge as adult
moths. After mating, the female
moth deposits her eggs, which will
hatch the following spring to repeat
the cycle again.
To help pest control agencies, forest
managers, and landowners cope with
the recently severe gypsy moth
problem, in 1975 the U.S. Department of Agriculture (USDA) initiated the Expanded Gypsy Moth Program. The overall goal of the program was to find ecologically
sound, biologically integrated, and
thoroughly practical measures for
managing the gypsy moth and reducing its damage. Four USDA
agencies. State and other Federal
agencies, cooperating universities,
and private industries were involved
in the coordinated effort.
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This report summarizes the activities
of the 4-year gypsy moth program
(1975-78) and highlights important
research findings.
The Expanded Gypsy Moth Program was divided into three broad
investigative areas:
• Phase I activities were designed to
iinderstand the dynamics of the insect and to quantify and predict the
effects produced upon the individual
trees, forest stands, and the amenities associated with forested lands.
• Phase II activities were directed
toward the development and improvement of both direct and indirect control methods for managing
or reducing gypsy moth populations.
• The results of Phase I and Phase
II research were implemented into
Phase III, which was the development of an integrated pest management system for the gypsy moth.
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Forest stand on Cape Cod
defoliated by gypsy moth
larvae; suburban home
surrounded by defoliated trees;
nuisance caused by larvae
swarming over suburban
dwelling.

The four Ufe stages of the
gypsy moth: Egg masses being
deposited by female moths
(bottom left); full-grown larvae
(top left); a cluster of pupae
attached to foliage (bottom
right); and female (left) and
male moths.

Predicting Pest Populations
and Impacts

For a number of years, a major
effort was underway to analyze a
large base of historical data, in order to develop mathematical models
that would assist in predicting
changes in gypsy moth populations
as well as defoliation and resultant
tree mortality. Although these models have been developed and evaluated, they do not adequately forecast recent trends in gypsy moth
populations
During the program, major emphasis
was placed on more accurate forecasting of defoliation, since this is a
major criterion needed by pest managers. There are many problems involved in estimating egg-mass density from surveys in order to make
defoliation predictions. Because egg
masses may occur anywhere in the
forest, it is a very tedious, costly,
and time-consuming process to
comb a representative part of a forest area. Consequently, inadequate
numbers of sampling units have
been used in the past. Additional
problems are caused by the biases
and subjectivity of observers.
A new fixed- and variable-radius
plot (FVP) sampling procedure will
improve the precision of sampling
needed to estimate egg-mass density.
This newly developed and tested
system promises to be more economical and accurate than previously used methods. It is most efficient
at egg-mass densities above 100 egg
masses per 0.4 ha. A field manual
has been published on this sampling
procedure.
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Because gypsy moth egg masses
may be deposited anywhere in
the forest, the new samphng
procedure, FVP, will improve
the efficiency and accuracy of
egg-mass surveys.

Several significant observations have
been made while field testing this
procedure: About 85 percent of the
egg masses are found on trees, with
the remainder on debris, rocks, and
undergrowth vegetation; large trees
contain more egg masses than small
trees; white oaks have more egg
masses than red oaks; egg-mass
sampling can begin in August, thus
eliminating problems associated with
winter weather and hunting seasons;
this sampling procedure is best used
when counting egg masses on live
overstory trees, with a small fixedplot procedure being used for all
other surfaces; and, when burlap
bands are placed on trees, a relationship seems to exist between the
number of egg masses per unit of
burlap area and total egg masses
per hectare in the fall.
A procedure called 5-minute walks
was also developed for rapidly determining the magnitude of a gypsy
moth egg-mass population. Although
less accurate than the FVP method,
it is useful for classifying areas for
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Larvae (lop) suspended on silk
prior to being blown away;
sticky traps suspended above
forest canopy, used to validate
an atmospheric dispersal model;
and newly hatched larva well
adapted for dispersal.

Field workers taking root
samples to estimate tree vigor
using the visual root-starch
technique; color-encoded
photometnc maps taken from
Landsat imagery of a spray
block in Pennsylvania.
Blues and reds indicate low
levels of defoliation, green
and yellow areas show heavy
defoUation.

control and for delineating those areas
where more intensive sampling
should be conducted.
For years it was reported that newly hatched gypsy moth larvae were
readily carried by wind for distances of up to 32 km. In 1975
program investigators developed and
tested an atmospheric dispersal
model on flat terrain that predicted
that most larvae are deposited within 180 m of the source.
This model was recently modified to
include the complex wind fields that
may be found along the seacoast in
New Jersey and around ridges in
Pennsylvania. The model suggests
that the "sea breeze," an air circulation pattern that results from the
land/sea temperature differential,
could account for the heavy infestations that have occurred in a narrow band along the New Jersey
Coast. The model also suggests that
even in ridge situations most larvae
should be deposited within 4.8 to 8
km of the source.
Researchers suspect that the gypsy
moth, like many other forest insects,
may be greatly affected by changes
in the quality of host-tree foliage,
which is affected by such conditions
as drought or defoliation. Trends in
gypsy moth populations may be determined as much by host quality
as by the natural mortality complex
of parasites, predators, and disease
usually associated with population
changes.
A series of studies to investigate
how foliage quality affects the survival of the gypsy moth suggests
that stress initiates a biochemical
change in the foliage, which may in
turn affect the reproductive capacity
and survival of the insect.
Tree vigor (physical conditions) is
cited as a factor in determining the

effects of defoliation on individual
trees. A visual root-starch technique
appears to provide an accurate indicator of tree vigor. In 1975, a largescale field test was initiated in
Pennsylvania to evaluate the visual
starch technique as a predictor of
tree mortality. Preliminary results indicate this procedure will greatly assist land managers in making pestcontrol decisions.
Over 450 white and red oak trees
were risk rated according to the
quantity of starch found in their
roots. Trees high in starch were rated as low-risk trees, while those low
or depleted in starch were rated as
high-risk trees. Trees with intermediate levels of starch were rated as
moderate-risk trees. In both oak
groups, percent mortality was highest in the high-risk group (51 percent red oaks, 50 percent white
oaks), lower in the moderate-risk
group (30 percent red oaks, 36 percent white oaks), and lowest in the
low-risk group (29 percent red oaks,
8 percent white oaks). The large
number of low-risk red oak trees
that died indicates that the procedure may be more accurate in predicting mortality of white oaks.
In addition to the visual starch
technique, researchers are continuing
to evaluate a procedure for measuring the electrical resistance of trees
as a means of measuring tree vigor.
This method has shown promise to
date and will be simpler to use in
the field.
Aerial sketch mapping has long
been used by the States to record
annual defoliation. Now available is
a new photometric process capable
of mapping defoliation over large
forested areas. A Landsat satellite
takes pictures of very large areas;
digital maps are then automatically

Two red oak root sections showing
high starch (bottom! and
depleted starch I top).

A resislant stand (liip)
compared to a \ustepliHlc stand.
Stands thai can Kc characlcn/ed
as susceptible could be
designated tor careful
monilonng and control.

produced from this information.
Photometries promise to be less expensive, more accurate, and faster—
hours instead of days—than other
methods of aerial defoliation detection.
Investigators have published the results of a study that grouped 168
forest stands from Maine to West
Virginia, with different gypsy moth
histories and responses to defoliation
on the basis of their species composition and certain tree structure features. From this study, it seems possible that stands that may be focal
points for infestation and highly
susceptible to gypsy moth defoliation and tree mortality can be identified. These stands could become
sites for intensive monitoring, detection, and control work.
Mathematical models of tree growth
and insect feeding have been developed in order to simulate the effects
of gypsy moth browsing. A decision-tree model for a general population of insect pests was developed
to help pest control agencies decide
whether or not to institute control
measures.

Trees weakened by gypsy moth
defoliation are often more
susceptible to attack by a rootrot fungus, Armillaria mellea
(top) and the twolined chestnut
borer, Agrilus bilineatus.

susceptible trees apparently lose
their ability to ward off the attack
of these opportunistic organisms.
Economic Analysis of the Gypsy
Moth Problem in the Northeast is a
series of publications produced
through the Program to assist land
managers, including resort owners,
timber producers, park officials, and
homeowners, in making decisions
about the need for controlling the
gypsy moth. The first two publications in the series deal with the
economic impacts of gypsy moth
defoliation on commercial forest
production and on residential property values. The third publication,
"Impacts on Homeowners and Managers of Recreational Areas," discusses the nonmarket social impacts
and addresses the nuisance factor
associated with the infestation and
resultant defoliation. The fourth and
most recent publication provides a
technique to assess tree mortality
and timber value loss following a
regime of defoliation. The last article in this series is forthcoming and
will discuss the impact of defoliation on fire hazard, wildlife, and
watersheds.

The role of a root-rot fungus, Armillaria mellea, and the two-lined
chestnut borer, Agrilus bilineatus, in
causing the death of defoliationstressed oaks is well documented.
But the role of Armillaria has been
greatly underestimated, because it
can be present in the root system
without necessarily being evident at
the root collar. Both these agents
occur naturally in the environment,
and although little can be done to
prevent their effects in susceptible
trees, it may be possible to identify
those sites or areas that are especially favorable for their activity.
Mortality after defoliation may be
high in such sites; research is continuing in order to determine why
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Managing
Gypsy Moth
Populations
Parasites
The purpose of the gypsy moth foreign exploration program was twofold: To search various areas of the
world for new natural enemies
whose addition to the complex already established might assist in
maintaining gypsy moth populations
in the United States at more tolerable levels; and to reevaluate introductions in the now expanded
southerly range of gypsy moth of
those exotic species that were released in New England but failed
to estabhsh.
In 1975, the Agricultural Research
Service (ARS) (now Science and
Education Administration—Agriculture Research) designated a gypsy
moth team at the European Parasite
Laboratory (EPL) in France to intensify exploration and collection of

gypsy moth parasites in Europe. At
the same time, ARS established the
Asian Parasite Laboratory (APL) at
Sapporo, Japan, to serve as a focus
for long-needed explorations in the
Orient.
The EPL concentrated its efforts to
collect parasites from sparse populations in central France, Austria,
Hungary, and Poland and acquired
additional collections through collaborations in Germany and Corsica.
After 1975, a team from EPL joined
the APL team to intensify efforts in
Japan and to obtain additional parasites from Iran and Korea.
As a result of this effort, over 281
shipments involving more than 58
species were received between 1975
and 1977 at the ARS quarantine
faciUty at Newark, Del., for evaluation and distribution to State, Federal, and university coopera tors. At
least two State laboratories assisted
in developing rearing procedures for
many of the parasite species and in
propagating numbers so that eventually releases of exotic species were
conducted in seven States, while releases of nonhost specific parasites
were made in an additional five
States.
Evaluations of Anastatus kashmirensis, Sin egg parasite recently brought
to this country from India, indicate
that the species could be established
here, but tests show it also parasitizes Apanteles melanoscelus, an established gypsy moth parasite.
Therefore, scientists decided that
this species should not be released.
Blepharipa pratensis is a tachinid fly
that deposits microtype eggs on foliage, which in turn is consumed by
gypsy moth larvae. The parasites
develop in the maturing larvae and
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emerge from the pupae, and may
account for 20 to 40 percent of the
parasitism in gypsy moth pupal collections.
A major breakthrough was realized
when program scientists developed
the methodology to mass rear Blepharipa adults in the laboratory.
Studies were then conducted to determine the ecological requirements
of this species and to evaluate the
effect that stand features such as
tree species, dominance, and crown
position had on the pattern of egg
deposition of Blepharipa females.
In 1978, Blepharipa adults were
mass reared and released in plots in
Pennsylvania utilizing the technology
and knowledge just described. Evaluation will continue in 1979 to see
if the releases were successful in
increasing the rate of parasitism by
Blepharipa in the study plots.
Augmentative releases of parasites
are thought to reduce the lag time
normally required for parasites to
increase to a level where they are
exerting pressure on the host population. This approach could be very
useful in an integrated pest-management system.
Augmentative releases of Compsilura
concinnata, SL fly, and Brachymeria
intermedia, a wasp, were made in
Pennsylvania in 1976. Brachymeria
parasitizes gypsy moth pupae, while
Compsilura parasitizes fourth- and
fifth-stage larvae. Results of these
studies indicate that the addition of
large numbers of parasites of either
species did not significantly increase
the incidence of parasitism in the
study plots. Thorough evaluation of
Brachymeria has since revealed that,
because of the ecological requirements of this species, its effectiveness is hmited to defoliating populations. Consequently, releases of Brachymeria outside the generally infested area have been curtailed.

Releases of parasites may aid in
the control of the gypsy moth:
A wasp that parasitizes gypsy
moth pupae being released in
forest plots: a parasitic wasp
stinging early-instar larva (top);
and a parasitic fly encountering
a gypsy moth larva.
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Natural predators of the gypsy
moth include the while-footed
mouse (bottom), shrews (top
right), and spiders.
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Predators
The white-footed mouse, Peromyscus
sp., is an effective predator of the
gypsy moth. Program studies have
shown that mouse populations can
be increased substantially by providing supplemental food during the
winter. Field tests have shown that
shrews can be as important as Peromyscus in destroying large numbers
of gypsy moth pupae, especially
when pupae are located in the forest litter.
Results of 1978 studies indicate that
a complex of invertebrate predators
such as harvestmen and ants may
also account for up to 25 percent
mortality of gypsy moth pupae.
Such findings will help to quantify
prédation and will be important in
the future development of realistic
population dynamics models.
Disease
In 1978, registration for the gypsy
moth nucleopolyhedrosis virus
(NPV) was approved by the Environmental Protection Agency, culminating years of intensive research
effort. This viral agent, known as
"Gypchek—Biological Insecticide for
the Gypsy Moth," is host-specific to
the gypsy moth, has a short residual
life, and is environmentally safe.
Field studies have demonstrated that
sprayed NPV persists for only days,
whereas naturally occuring infectious
NPV persists in soil, litter, and on
bark for at least 1 year.

A gypsy moth larva killed by
natural pathogenic organism, a
nucleopolyhedrosis virus.
Improvements in mass-rearing
technology aided in registration
of the virus (Gypchek) as a
control for gypsy moth and led
to implementation of the sterile
male research program.

ments to increasing gypsy moth
populations to initate epizootics early in the cycle. Efforts to improve
production will continue so that the
benefits from this microbial pesticide will be fully realized.
Mass Rearing
A major goal of the Expanded
Gypsy Moth Program was realized
when a prototype rearing facility
was developed that has the capability for mass producing quality gypsy
moths for both research and operational programs. This was achieved
by eliminating the microbial contamination that usually takes a heavy
toll on laboratory-reared insects;
through development of more economical diets and improved handling systems; and by implementing
standards for monitoring quality
control over the entire operation.
Mass-rearing expertise has led to
the development of a mass-rearing/
virus-production prototype facility and has allowed program scientists to accelerate an interagency research program to develop the sterile-male technique for possible use
against the gypsy moth.

This registered virus material, now
available for application to priority
and specific infested areas, has been
shown to protect foliage and reduce
larval populations effectively. Novel
approaches are being evaluated to
use this virus product in an integrated pest management program including topically spraying egg
masses, releasing virus-contaminated
parasites to vector the disease, and
applying multiyear, low-dose treat-
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Sex Pheromone

Feeding Deterrents

Disparlure, the synthetic gypsy moth
sex attractant. has been utilized in
male-moth traps to detect infestations outside the Federal domestic
quarantine area of the generally infested States in the East. In 1976,
Program scientists obtained and
thoroughly evaluated a small sample
of the optically pure (-I-) enantiomer of disparlure from Japanese
sources. Because this material was
both difficult and expensive to produce in quantity, the scientists developed new procedures for synthesizing this attractant and produced
quantities sufficient to incorporate
the new attractant into the 1978 national detection trapping program.
The new disparlure is five to ten
times more effective in trapping
male moths and will enable forest
pest managers to detect low-level
infestations more precisely.

The gypsy moth defoliates every
kind of tree and shrub species it
encounters, with the exception of a
few plants the pest cannot successfully feed upon. Scientists developed
procedures for isolating and evaluating chemical compounds from the
leaves of these deterrent plants in
the hope of eventually obtaining a
single potent material that could be
synthesized and then sprayed on foliage to repel hungry larvae from
threatened trees.

A concerted effort has also been
made to develop technology for applying formulations of disparlure to
forests in order to confuse male
gypsy moths and to thus prevent
their locating and mating with females. This technique could be safely used to eliminate small infestations that are detected outside the
generally infested area as a result of
accidental introduction of life stages.
An application for registration of
disparlure for this use is being prepared for submission to the Environmental Protection Agency.
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Although six out of seven complex
compounds isolated from foliage of
the deterrent tulip poplar reduced
gypsy moth feeding somewhat when
in the pure state, the most significant deterrent effect was realized
when various constituents were combined.

tive State-Federal regulatory programs in 1977-78. Additional studies
were conducted to evaluate reduced
dosages and application rates for
operational programs.
Various technological developments
were achieved that improved both
experimental and operational spray
programs. One such development, a
spray mixing trailer, was designed
and constructed with a closed mixing system so that an operator can
mix and transfer pesticides without
coming in direct contact with the
material.

Recent studies on other deterrent
species such as catalpa, mountain
laurel, and sweet pepperbush also
suggest that deterrence results from
a number of chemical constituents
that alone are not very potent but
when combined have a very significant effect.
Pesticides
During the Expanded Program,
many experimental compounds and
registered pesticides were evaluated
against gypsy moth larvae. Two materials, DimilinS and Orthene®,
were registered for aerial application
against the gypsy moth after program scientists provided needed efficacy data and conducted extensive
field evaluations of the environmental impact on nontarget organisms.
Dimilin differs from classical pesticides in that it kills larvae by interfering with the formation of cuticle
as the insect attempts to molt from
one stage to the next. Because it is
environmentally safe and efficacious
even at very low dosages, Dimilin
was used operationally in coopera-

A male moth trap, with
disparlure as an attractant. is
stapled to trees to detect new
infestations; this laurel
understory remains green despite
defoliation of surrounding trees
by hungry gypsy moth larvae.
Researchers are trying to isolate
chemical substances from laurel
and other plants that inhibit
feeding by gypsy moth larvae.
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Pesticides have long played a
major role in the control of the
gypsy moth. All studies are
carefully monitored for effects
on the environment (top left).
Infrared photo (top nght) shows
spray blocks protected with
DimilinS. which was registered
dunng the program. A pesticide
spray trailer (lower left),
developed by program scientists,
greatly expedited application of
pesticides.
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Developing an Integrated
Pest Management System

In formulating management strategies to deal with the gypsy moth,
the needs of many potential users
who have special individual requirements must be considered. Recommendations are needed for the generally infested area, recently invaded
fringe areas of infestation, and remote infestations that result from
artificial infestations.
The complexity of the gypsy moth
problem can be attributed to many
factors:
• Most of the forested land is privately owned and management objectives on these lands range from
do nothing to intensive forestry.
• The impacts of the gypsy moth on
forest resources have heretofore
been poorly defined.
• There is a lack of a coordinated
effort on the part of State and Federal agencies to cope with what is
basically a regional problem.
Program management selected an
approach that integrates systems design technology with the results of
the Expanded Gypsy Moth Program. A Gypsy Moth Planning
Task Force was formed of individuals who have forest and pest management responsibiUties in Federal
and State agencies and industry.
The main objective of the task force
was to develop the specifications for
all the activities required in a comprehensive pest management system
and then to consider how people
and resources could most effectively
be organized to cope with the gypsy
moth in all situations.

Elements of the system are organized into four major categories:
System management and administration, field activities (pest surveillance
and direct controls), planning, and
support activities (evaluation, logistics, research, and development). At
the heart of the system an annual
sequence or cycle of activities takes
place—survey and detection, evaluation, operations planning, and ultimately a selection of a strategy for
coping with each situation.
Because of the nature of the gypsy
moth problem, activities will be performed by people at three organizational structure levels: Town and
county. State and regional, and national.
A Gypsy Moth Management Board
has been estabHshed and consists of
representatives from involved State
and Federal agencies, environmental
and consumer groups, and industry.
This board will serve as a major
coordinating mechanism at the national level and will act in an advisory and evaluative capacity to
State and Federal agencies. The uniqueness of the comprehensive system approach is that it provides a
mechanism whereby participating individuals at all levels can be involved in the developmental aspects
of decisionmaking.
Utilizing a systems approach and
the outputs of the Expanded Gypsy
Moth Program, the following should
be possible to achieve:
• Better detection and monitoring of
infestations so that actions can be
initiated either to prevent outbreaks
or to limit their extent.
• A focus on high-value or high-risk
areas as determined by cost/benefit
data and predicted effects on the
resource.
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• Rational decisions on the need for
intervention and the approach(es)
(chemical, microbial, silvicultural, or
biological) to be employed.
• Improvement of the performance
of the system through feedback
from operational experiences.
A coordinated regional approach is
urgently needed. Although the gypsy
moth infestation subsided somewhat
in Pennsylvania in 1978, defoUation
increased fivefold to tenfold in at
least two adjacent States. This increases the risk and magnitude of
both artificial and natural spread of
the insect.
The gypsy moth cannot be eliminated from the oak forests of the East,
but the Expanded Gypsy Moth Program has provided both the technology and a framework to systematically attack the problem of managing this insect. Three Federal agencies have already indicated their
commitment to continue a strong
program of research and development and to implement additional
new methodology and controls as
they become available. While many
program accomplishments are easily
recognized, a multitude of significant benefits and spinoffs will be
realized in the years to come. These
will be reflected in the formal documentation of program results and in
the forthcoming scientific literature.
Natural and Artíficiaí Distribution
of The Gypsy IVÎoth
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Checking recreational vehicles
for life stages is one way to
contain the artifical spread of
the gypsy moth that results in
remote infestations.
Implementation of integrated
pest management, increased
State-funded coordination, and
continuing research are needed
to combat the gypsy moth
problem.
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Expanded Gypsy Moth
Program Cooperators 1975-78

Agricultural Research Service (now Science and Education AdministrationAgriculture Research)
Animal and Plant Health Inspection Service
Atomic Energy Commission
Bio-Serv, Inc.
Boyce-Thompson Institute
Calspan Corporation
Cape Cod Community College
Commonwealth Institute of Biological Control, Commonwealth of Britain
Cooperative State Research Service
Data Courier, Inc.
Electro-Nucleonics Laboratories
Energy Research & Development Administration
Environmental Research Associates Laboratories, Inc.
Essex Marine Laboratories
Forest Service
Ketron, Inc.
Library of Congress
Litton Bionetics, Inc.
Maryland Department of Agriculture
Massachusetts Department of Natural Resources
Michigan State University
New Jersey Department of Agriculture
Ohio State University
Pennsylvania Department of Environmental Resources
Pennsylvania State University
Rutgers University
State University of New York
University of Connecticut
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University of Delaware
University of Maine
University of Massachusetts
University of Michigan
University of New Hampshire
University of Rhode Island
University of Tokyo
University of Wisconsin
Virginia Polytechnic Institute and State University
Yale University
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