Introduction

The National Park Service is proud to be a leader among federal agencies in the implementation
of Integrated Pest Management (IPM). With over 80 million acres of land, 45,000 buildings and
cultural landscapes ranging from croplands to historic rose gardens, we face every conceivable
pest problem. Since implementing an IPM program in the early 1980's, the Park Service has
reduced pesticide use by over 60 percent while improving the effectiveness of our pest
management efforts. Key elements in this success were formal training and the provision of
printed and audiovisual materials.

One of our products is an IPM Manual which is now available in a second edition. It provides
descriptions of the biology and management of 21 species or categories of pests. The Park
Service is pleased to offer this information to the IPM community.

The National Park Service wishes to thank the Entomology Department at Colorado State
University. They designed the original NPS IPM Manual website and made it available on the
Internet before the Park Service's natural resource website was fully operational.

Terry Cacek
IPM Coordinator
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This module is intended to serve as a source of basic information needed to implement an
Integrated Pest Management program for structure-infesting ants. Any pest management plan or
activity must be formulated within the framework of the management zones where it will be
implemented. Full consideration must be given to threatened and endangered species, natural and
cultural resources, human health and safety, and the legal mandates of the individual parks.
Recommendations in this module must be evaluated and applied in relation to these broader
considerations.

Ants are among the most successful insects. Experts estimate that there could be 20,000 or more
species of ants in the world. They have evolved to fill a variety of different ecological niches as
predators, herbivores, leaf-cutters, seed-harvesters, aphid- tenders, and fungus-growers. They are
found in deserts and rainforests, mountains and valleys, from the Arctic Circle to the tip of South
America. They are interesting organisms that should be studied to better understand their unique
behaviors and their roles in the earth's ecosystems.

They can also be pests, however. Fire ants and others may sting or bite people and animals.
Pharaoh ants get into wounds and dressings in hospitals. House-infesting ants can become pests
by their presence in kitchens and living areas. Carpenter ants tunnel into structural wood.
Mound-building ants mar the appearance of lawns and landscaped areas. Sometimes ants must be
managed to suppress a pest problem.

IDENTIFICATION AND BIOLOGY OF ANTS

Only a comparatively small proportion of ant species are damaging and require control. For
National Park Service personnel, the ants most often of concern will be species in three groups:
fire ants, carpenter ants, and house-infesting nuisance ants. The first two are discussed in
separate Integrated Pest Management modules. This module addresses the third group, house-
infesting ants--those ants that most commonly invade structures looking for food, water, or
nesting sites.

A detailed description of every pest ant is beyond the scope of this module. Well over a dozen
are considered common pests of structures, and many others are occasional pests. The species
most likely encountered will depend on geographic location and surrounding habitat. Detailed
information on identification, biology, and management of specific pest ants should be obtained
from the local Cooperative Extension Service, your regional National Park Service Integrated
Pest Management coordinator, or from the References listed at the end of this module. A table
that lists key features used to identify major pest species of ants follows.
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ANT IDENTIFICATION

Besic Anl Tdentification Characteristics

Ants

Antennoe Head ‘thnru Node  Abdomen Even thorax Uneven thorax
g Sad MG R
}\f{k 1
Species | Worker Color Thorax | No. of Other ID Treatment Bait
Size Shape | Nodes Characteristics
Pavement | 3/16” Dark Uneven | 2 Grooves on head Barrier-poor Sweet
ant brown +thorax stinger at tip of | nest-excellent
abdomen
Thiefant | 1/32” Yellow Uneven | 2 Stinger at tip of Barrier-poor Sweet or
abdomen protein
Crazy ant | 1/8” Dark Uneven | One Very long legs. First Barrier-good Sweet or
brown antennal segment twice | Nest-excellent | protein
as long as head.
Field ant | 3/8” Brownto | Uneven | One None Barrier- Sweet
very dark excellent
brown
Pharaoh 1/16” Yellow Uneven | One None Barrier-poor Sweet or
ant with red protein
abdomen
Argentine | 1/8” Brown; Uneven | One Sparse body hairs; no Barrier-poor sweet
Ant sometimes hairs on thorax
light
brown
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The Ant Colony and Life Cycle

Ants belong to the insect order Hymenoptera, which also includes the wasps and bees. Ants are
distinguished from many of their nearest relatives by two characteristics: a narrow "waist" (the
slender free-moving portion of the abdomen called a pedicel) and elbowed antennae.

Ants also differ from most other insects in that they are social, similar to termites and certain
bees and wasps. This means that ants live in large cooperative groups called colonies. Two or
more generations overlap in the colony; adults take care of the young and are divided into castes,
specialized groups that take care of certain tasks. Ants have reproductive castes, the queens and
males, and nonreproductive castes, the workers.

Queens. A queen is generally the largest individual in the colony. She has wings until after her
mating flight, when she removes them. The primary function of the queen is reproduction, but
after establishing a new nest she may also care for and feed the first brood of workers. Once she
has produced her first brood, she becomes an "egg-laying machine,” cleaned and fed by her
offspring. She may live for many years until replaced by a daughter queen. Some ant species
have more than one queen in the nest.

Males. Male ants are generally winged and usually keep their wings until death. Apparently, the
male ant's only function is to mate with the queen. Once he does, he dies, generally within two
weeks. Males are produced in old, mature colonies.

Workers. The workers are sterile, wingless females who build and repair the nest, care for the
brood, defend the nest, and feed both immature and adult ants, including the queen. There may
be workers and soldiers of different sizes that specialize in certain tasks.

Ants develop through a complete life cycle of egg, larva, pupa, and adult. The egg is tiny, almost
microscopic in size. The larva is legless and grub-like, very soft and whitish in color. It is also
helpless and depends totally on workers for food and care. The pupa looks somewhat like the
adult but is soft, unpigmented, and cannot move around. Some are enclosed in a cocoon, some
are not. A newly-emerged adult requires several days for its body to harden and darken.

New Colony Formation

Once a colony of ants matures, it can establish new colonies through various methods, depending
on the species. The two most common are budding and swarming. The appropriate management
strategy depends on how a colony spreads, so it is essential to correctly identify the ant species
before deciding how to manage it.

Budding. Budding is the breakaway of a group of ants from a mature colony to form a new
colony. The group usually consists of one or more queens and some workers carrying larvae.
Budding is common with species of ants that have multiple queens, such as Pharaoh ants and
Argentine ants. Residual insecticides should not be used for ants that undergo budding because
they can stimulate this process.
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Swarming. Most ants establish new colonies through swarming. Every now and then,
particularly in spring or early summer, mature ant colonies generate large numbers of winged
forms. These are the young queens and males, going off to mate. An inseminated queen then rids
herself of her wings and attempts to start a new nest in a cavity, under a stone or a piece of bark,
or by excavating a hole in the ground. She rears her first brood alone, feeding them with salivary
secretions and infertile eggs. If successful, the first brood opens up the nest and brings in food
for themselves, the queen, and subsequent broods, and the colony grows. However, the
percentage of queens that successfully begin new colonies is thought to be very small.

The Difference Between Winged Ants and Winged Termites

Although ants and termites are very different, they are often confused. They are alike in that they
live in colonies and periodically swarm. Swarming forms of both are dark and winged. But
worker termites are whitish and never seen running freely about as do ants. Instead, termites
remain protected in their nests and galleries in wood and soil.

Winged adult ants can be told from winged termites by the following differences. Winged ants
have a narrow waist, front wings that are larger than the rear, and elbowed antennae. Winged
termites have a fat waist, equally sized wings, and straight, beaded antennae.

Seasonal Abundance

Most outdoor ants increase in population and activity from spring into summer months and then
decline from fall into early winter as the temperature drops and the ants' natural food supplies
dwindle. Other ants, such as the Argentine ant, may increase in numbers in the fall as various
colonies aggregate together to overwinter. Some ants, such as the Pharaoh ant, which may live
entirely indoors, exhibit little seasonality.

Feeding Habits

Knowing the food habits of the particular ant species is important in ant management because it
may enable the location and elimination of the food that is attracting the ants to the site, it can
help to locate foraging trails to track the ants back to their nest, and it can help to choose an
effective bait.

Ants feed on many different types of food. Some species will feed on practically anything; others
may limit their food to a narrow range. Ants infesting structures are typically feeding on "people
food," both food in storage (sugar, cakes, cookies, breakfast cereals, etc.) and food from spills
and garbage. But they may also be preying on other insects or scavenging on dead insects in
windows or lights.

Food preferences are often seasonal. When the queen is actively laying eggs, worker ants
typically gather protein- based foods for the queen. At other times they may ignore protein foods
completely and restrict their foraging to sugars and greases.

Many ants obtain sugar by feeding on honeydew, a sweet substance secreted by aphids and other
plant-sucking insects. They often defend these insects from predators and tend them as if they
were their personal food supply. Indoor infestations of ants are occasionally traced to large
populations of aphids on outdoor foundation plants or indoor houseplants.
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The six most common ant species that infest buildings are the pavement ant, the thief ant, the
crazy ant, the field ant, the Pharaoh ant, and the Argentine ant.

Pavement Ant Identification and Biology

Pavement ants (Tetramorium caespitum) were introduced to the United States from Europe and
occur throughout the eastern United States. They are an important pest in the midwest and New
England. These are small ants, about 3/16™ long, and are dark brown in color. They build nests
along sidewalks, building foundations, and under stones, boards, bricks, and mulch or leaf piles.
These ants readily make trails to and from food sources and often forage along the edge of
carpeting or baseboards. They are also common around the base of toilets. They often nest in
protected areas so the nests may be hard to locate, but this is essential to manage infestations of
this species. There can be several thousand in a colony.

Pavement ants feed on a wide variety of foods including other insects, greasy foods, and plants.
While they are often found in damp areas, lack of moisture does not limit their development, so
solving moisture problems alone will not affect these ants. Vegetation-free borders should be
installed around buildings, and any cracks in building foundations should be sealed. Any loose
material under that could provide nesting habitats and should be raised off the ground.

Thief Ant Identification and Biology

The native thief ant (Solenopsis molesta) is found throughout the United States, but primarily in
the eastern and central states. A very small ant, thief ants are easily confused with the Pharaoh
ant. The best way to tell them apart is to look at the club on the end of the antenna with a
magnifying glass and count the number of segments; thief ants have two segments, while
Pharaoh ants have three. Thief ants are named for their habit of stealing food from the nests of
other ants. They nest outside under debris, rocks, or logs; indoors they nest in wall voids and
behind baseboards. They are very small and can easily enter packaged foods, so food should be
enclosed in tightly-sealed containers. Locating thief ants' nests can be difficult and time-
consuming because their small size can make it difficult to follow the trail. Thief ants feed on
both protein and sweets and will tend aphids, mealybugs, and scales to obtain the honeydew they
excrete.

All cracks in walls should be sealed to keep these ants from entering buildings. Patience is
essential in managing the ants because the nest can be so hard to locate. Baits do not seem to be
effective for thief ants since they tend not to eat enough bait to bring sufficient quantities back to
the nest for it to work.

Crazy Ant Identification and Biology

Crazy ants (Paratrechina longicornis) were introduced to the United States from India. Their
distribution is limited to the Gulf coast from Florida to Texas. They are easily identified by their
long legs and their habit of erratically moving from place to place (hence the name "crazy™).
Crazy ant trails are not readily obvious because of this erratic movement. The easiest way to find
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the nest is to look for workers carrying pieces of food or workers with swollen abdomens. These
ants are carrying food back to the nest. By observing their movement, it should be possible to
find the nest. Crazy ants are highly adaptable and will nest in a variety of locations, from very
dry to moist. They will nest under objects, in rotten wood or trash, in tree cavities, as well as in
debris left standing in buildings for long periods of time.

These ants feed on a variety of foods including grease, sweets, and other insects. In some areas
they are considered a biological control agent for houseflies. They also tend aphids and scales to
feed on their honeydew. While crazy ants need moisture, elimination of water by itself will not
get rid of these ants since they can survive under a wide range of conditions. Elimination of food
sources and nest sites are equally important in the management of this ant.

Crazy ants do not respond well to baits, so they cannot be relied upon for management of this
ant. Surrounding buildings with vegetation-free barriers such as stone or brick (but not wood
mulch) will keep ants from entering buildings to nest.

Field Ant Identification and Biology

Field ants (Formica spp.) are found throughout the United States but primarily in the Midwest
and North. They are large (3/8" long) and dark brown to black. They are often confused with the
carpenter ant, but can be distinguished by an uneven thorax (see ant identification chart at the
end of this module). Field ants feed on other insects as well as insect honeydew. They cause
concern because they usually nest near structures and are often mistaken for carpenter ants. Nests
are often made in grassy areas and can be difficult to see because they are low to the ground.
Field ants will also nest in leaf litter or mulch that is more than two inches thick, and can live
under stones, firewood, or other debris that might be found in a lawn area. If pesticide drenches
of mounds are used to manage this insect it should be remembered that they will be slow to act
because it often takes foraging ants days to return to the nest.

Pharaoh Ant Identification and Biology

Pharaoh ants, (Monomorium pharaonis), are small yellow ants about 1/16" long. They are easily
confused with thief ants, also a small yellow ant. To distinguish the two, it is necessary to look at
the antennae. Pharaoh ants have twelve segments with a three-segmented club on the end, while
thief ants have ten segments with a two-segmented club. Pharoah ants are native to tropical
Africa but are now distributed throughout the world. They are usually associated with heated
buildings since they cannot survive outside year round in the majority of the United States. These
ants will nest in any dark void in a structure as well as in folded bags or newspapers. In the
subtropical United States they will nest outside in leaf litter, piles of bricks, potted plants, or
under roof shingles.

Pharaoh ant colonies can become quite large, often containing as many as 300,000 workers with
several queens. New colonies are formed by budding, when some of the workers, brood, and a
few queens move to a new location. In warm areas where they can survive outdoors they will
move from building to building.
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Pharaoh ant management is more dependant on locating areas of ant activity than eliminating the
colony, since they are so large and can spread so easily. Place jelly baits on 1" squares of paper
or tape and place in damp, dark areas. These ants move along electrical wires, so an inspection
should include areas where wires enter walls or appliances, as well as behind switchplates and
outlets. Pharoah ants will also nest in and around appliances such as refrigerators or stoves that
have food or water around them. A useful tool for the management of this ant is to make a map
of the site and mark locations where ants and their colonies are found. This will help to identify
new areas of activity over time.

Sanitation is essential for Pharaoh ant management, since elimination of food sources will make
them more receptive to insecticide baits. Residual insecticides should not be used for Pharaoh ant
management. They can repel ants, forcing more colonies to form through budding while killing
only a small number of ants. During the first two to four weeks of the program, place baits
containing an insect growth regulator and a food attractant inside a soda straw throughout the
area of infestation. These should be located along edges and in corners where ants are most
likely to encounter them. Placing baits inside straws will keep them fresh and away from people
and domestic animals. Replace these with boric acid/food attractant baits. One food bait is three
parts honey: two parts peanut butter: one part mint apple jelly : one part egg yolk baby food.
Commercial baits are also available. Exterior treatments may be necessary in subtropical areas of
the United States or during the warmer months in northern areas. Remember that both insect
growth regulators and boric acid are EPA- registered pesticides, so your regional National Park
Service Integrated Pest Management coordinator should be consulted before using these
materials.

Argentine Ant Identification and Biology

Argentine ants, (Iridomyrmex humilis), are an imported species common throughout the
southeast and southern California. These ants will nest in soil and mulch, as well as under stones,
logs, and debris. They are often found in tree holes, bird nests, leaf litter, and bee hives. These
ants form large colonies; workers from different colonies do not fight and will often join together
to form larger colonies. This means that areas from which colonies are eliminated can quickly be
repopulated. These large colonies will often split by budding during the warmer months.
Although Argentine ants form winged reproductives, they do not swarm. They feed on a variety
of foods but seem to prefer sweets and will feed on aphid honeydew. They will even feed on fruit
crops and are considered an agricultural pest in some areas.

Argentine ant trails are easy to locate along sidewalks, foundations, and along the edges of
buildings. If grass grows to the edge of the building it should be pulled back during an
inspection. These ants will also move into buildings by climbing up trees onto wires entering
buildings, so any place where branches touch buildings should be inspected as well. As with so
many other ants, use of a vegetation-free border and correction of moisture problems will help in
management of Argentine ants. Insecticide baits are useful for managing this ant.

MONITORING AND THRESHOLDS

Identification of the species will help to determine where the nest might be located, what the ants



Integrated Pest Management Manual Ants

might be feeding on, and the best tactics for control. All parts of the building and the surrounding
area should be inspected for ant activity as well as food and water sites. People that work in the
building might have seen the ants also. Some species are most active in the evening. For these, a
daytime inspection might discover little, while significant ant activity might be observed at
midnight.

Some infestations may require an intensive survey program using nontoxic baits to determine
likely nesting sites. Good baits are jelly, honey, peanut butter, bacon grease, or raw liver. The
baits (or a combination of baits) should be placed on small pieces of cardboard, aluminum foil,
masking tape, or plastic pill bottle lids throughout the building and periodically checked for
feeding ants. Active sites should be noted on a survey diagram. Baits that haven't had any
feeding activity in 24 hours should be moved. Over a period of days the survey diagram will
pinpoint areas of activity. In addition, trails of ants feeding on the bait can sometimes be
followed back to the nest site.

There is no single threshold level for house-infesting ants. Threshold levels need to be set
separately for each site. For example, a single ant in a first-aid station may be one too many. In
an eating area, control actions might be initiated if there were more than a half-dozen ants in a
day, while most people's tolerance for ants in a rustic and open recreation room would likely be
much higher.

NON-CHEMICAL CONTROL OF ANTS

The most effective ant control results from the destruction of the queens and the nest itself. If the
nest is found by tracking workers, or through a survey, eliminating that nest is fairly simple,
particularly if it is located, as it often is, outdoors, or in the soil beneath a cracked floor. It is
simply a matter of mechanically destroying the nest.

But effective ant management is rarely that simple. Sometimes you can't find the nest. Often
there are multiple nests. (One species, the Pharaoh ant, can have hundreds of small nests within a
single room.) There may be a constant pressure from ant colonies invading from surrounding
areas. In most cases, long-term management of pest ants means integrating improved sanitation,
structural repairs, and habitat modification along with one or more direct control tactics such as
insecticide baits, crack and crevice treatments, and direct physical controls.

Successful ant management usually requires a combination of management tactics, ranging from
caulking to cleanup, improved sanitation to habitat modification, as well as targeted and limited
insecticide treatment.

The keys to success in ant management are, first, vigorous inspection to determine the nature and
extent of the infestation, and, if at all possible, the location of the nest. Second, meticulous
sanitation to eliminate readily available food and water. Third, the choice of the right
combination of tools to eliminate the problem. The listing for each ant species provides more
information on management strategies relevant to that ant.

Improved Sanitation
Like all pests, ants need food, water, and shelter to survive. By limiting these three essentials,
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you make it more difficult for ants to live in the infested area. Simply by improving sanitation
you can often suppress existing populations and discourage new invasions.

Ants can enter many types of food packaging, particularly once the package has been opened.
(They have even been found inside glass jars after traveling around the threads of a screw-on
lid!) Cereals, sugar, and other bulk food should be stored in plastic containers with snap-on lids,
in glass jars with rubber seals, or in a refrigerator.

Food spills also feed ants. As with cockroaches, enthusiastic cleaning helps to minimize ants.
Frequent vacuuming, sweeping, or mopping of floors and washing of counter and table tops
eliminates much of the food ants may be foraging on. Trash should be stored away from infested
areas and monitored for spills.

Ants can get their water from many sources inside a structure: condensation on pipes and air
conditioners, leaky plumbing, aquariums, pet dishes, houseplant containers, floor drains, etc.,
and limiting these is rarely practical.

Ant-Proofing

Ants can enter and move through a structure through innumerable tiny cracks and openings. Yet
caulking and otherwise sealing cracks and crevices being used by ants can often have great effect
in suppressing the population. Many easy-to-use and effective silicon sealers and expandable
caulk products have been recently developed, including some designed specifically for pest
management. Repairing torn screens and installing doorsweeps can also prevent ants from easily
entering a structure. Non-vegetation barriers such as stones or brick walkways next to a building
can be helpful in helping to keep ants out of structures as well.

Habitat Modification

Trim the branches of trees located close to structures so the branches do not act as runways from
nest sites to roof or siding. Alter landscaping to minimize the number of aphids and other
honeydew-producing insects that attract ants. Firewood kept indoors should be moved outdoors
or regularly inspected for ants. Don't stack wood next to structures and move trash, since ants
often nest under objects. Moisture accumulation in buildings can also result in ant infestations.

Direct Physical Control

Ants can be discouraged from foraging in certain limited sites with sticky barriers. For example,
commercially available sticky repellents or petroleum jelly can be applied in a narrow band
around table legs to prevent ants from walking up to the tabletop. Double-sided tape can also be
used.

Large numbers of worker ants can be mopped or sponged up with soapy water. Water, especially

boiling water, has also been used to flood ant nests. Some ground-ant nests have been destroyed
by digging them up and destroying the nest structure.

CHEMICAL CONTROL OF ANTS
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Many people, on discovering ants, simply spray insecticide wherever they have seen ants. This is
a poor strategy, usually doomed to failure. Applying undirected, general insecticide sprays
indoors is unsatisfactory because the sprays only "harvest" a small portion of the workers and
have little effect on the colony, the ultimate source of the problem. A further problem is that
some species are apparently triggered into "budding” new colonies when they contact insecticide
near their nests and foraging sites.

The chemical tools available for ant control have changed in the past few years with the addition
of insect growth regulators, new baits, and commercial bait stations, and new tools can be
expected in the future. Even so, insecticides are only one of the tools available for control of
ants, and not always the best or most important. Ant biology should be considered when deciding
whether or not to use insecticides. For example, insecticides are often not effective against
mound ants because it often takes foraging ants several days to return to the nests. Consult your
regional National Park Service Integrated Pest Management coordinator for information on using
pesticides as part of an ant management program.

Ant baits. The best baits for ants are those whose toxicant kills ants slowly. In this way, worker
ants live long enough to take the baits back to the nest and feed it to the colony and queen. A
number of baits are now available. Some are prepackaged in child-resistant bait stations. Some
are gels or pastes designed to be placed in small pea-shaped amounts throughout an area. Some
products (such as boric acid) are designed to be mixed with a food. Bait products typically will
work against certain species of ants but not against others, so it is important to check the label to
make sure the ant you wish to control is listed.

Insect growth regulators (IGRs). These are available in bait form for some ant species. Insect
growth regulators inhibit normal development of insects. They are slow-acting because they stop
the next generation from developing rather than killing the current generation. A recent study
comparing the insect growth regulator fenoxycarb to a commercial bait found that the growth
regulator was more effective than the bait in eliminating Pharaoh ants. This is most likely
because the bait kills ants too quickly to be effectively distributed throughout the colony
(Williams and Vail 1994). Crazy ants do not seem to respond well to bait, and baits may be slow-
acting against field ants since they often stay away from the nest for several days.

Liquid and aerosol insecticides. Nearly all of the insecticides labeled for use against
cockroaches are also labeled for use against ants. These insecticides are most effective when
used to treat actual nest sites. Insecticides are less effective, but still may provide acceptable
results when used to treat inside cracks and crevices used by ants in and around infested sites.
They are least effective, as well as offering the highest potential of human exposure, when they
are simply applied to sites where activity has been observed.

Drenches. For certain ground-nesting ants that dig deep nests outdoors, a soil drench or mound
drench can be effective where other treatments are not. As its name implies, a soil drench
consists of applying enough insecticide dilution directly to a mound or nest so that the entire nest
is drenched.

Dusts. Dusts may also be used on occasion for ant control if they are used lightly or directed into

10



Integrated Pest Management Manual Ants

nests. In large amounts, dusts tend to repel ants. But they have the advantage of floating back
through wall voids to reach nests that may not be accessible with other formulations.

Granules. Granules are rarely used in household ant control. They may be useful, however,
when a lawn or field is heavily infested with many colonies of a shallow, ground- nesting species
of ant.
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Aphids

This module is intended to serve as a source of basic information needed to implement an
Integrated Pest Management program for aphids. Any pest management plan or activity must be
formulated within the framework of the management zones where it will be implemented. Full
consideration must be given to threatened and endangered species, natural and cultural resources,
human health and safety, and the legal mandates of the individual parks. Recommendations in
this module must be evaluated and applied in relation to these broader considerations.

The term aphid is applied to a large number of species of small, soft-bodied insects of the
superfamily Aphidoidea, order Homoptera. The majority of aphid problems likely to be
encountered within the National Park Service are caused by species in three families: the
Aphididae (true aphids or plantlice), the Adelgidae (pine and spruce adelgids), and the
Phylloxeridae (phylloxerans). These families comprise thousands of species and include some of
the most important plant pests in the world.

Aphids vary greatly in their patterns of reproduction, use of hosts, and types of damage that they
cause. In a single season some species may produce sexual and asexual forms. In other species
sexual forms are unknown. Some species remain on the same host throughout the entire year and
others may have obligatory alternation between two different hosts. Because of the large number
of species and the variation which occurs within species, it is recommended that aphid
identification problems be referred to your local or state Cooperative Extension Service agent.
Color photographs and descriptions of important species can be found in Johnson and Lyon
(1988). A detailed treatise on the biology, natural enemies, and control of aphids was edited by
Minks and Harrewijn (1988).

IDENTIFICATION AND BIOLOGY OF APHIDS

Aphid identification

Other insects and abiotic disorders can produce plant injury similar in appearance to aphid
injury. Use the information presented in Table 1 to distinguish between these.

Table 1. Distinguishing between aphids and aphid-like symptoms.

Problem Symptoms Time of Apperance What to Look for
Aphids New leaves are After flushes of new Small (1/8”) green, yellow, black, white,
distorted growth Or orange insects are seen on new

growth. White cast skins are seen.
Honeydew and sooty mold are present
Ref: Johnson and Lyon

2,4D All growth is Often seen after windy or | No cast skins, honey dew or sooty mold
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herbicide distorted, twisted, very hot weather. Appears | are present.
injury including petioles very suddenly (24 hrs). Ref: Sinclair
and leaves Often only affects
windward side of plant.
Leafhoppers | New growth is Injury develops quickly (1 | Cast skins may be seen.
stunted on leaf week) Ref: Johnson and Lyon
margins or

interveinal areas are
cholorotic or necrotic

Eriophyid New growth, or Can be seen in spring or Very small, cigar-shaped mites with only
mites current season’s summer. four legs seen with a microscope.

growth or buds are Ref: Johnson and Lyon

distorted, stunted and

necrotic

Family Aphididae

Aphids are small (usually less than 1/4" long), soft-bodied, pear-shaped insects. They may be
pale yellow, green, red, blue, gray, or black, and may have spots or stripes. Winged forms have
two membranous pairs of wings, with the front pair larger than the hind pair. Immature aphids
closely resemble adults, but may differ in color and do not have wings. Most members of the
family Aphididae possess a pair of elongate tubular structures, called cornicles, on the back of
the fifth or sixth abdominal segment; in some species the cornicles are very small or absent. The
antennae have six segments. Some species are covered by white, waxy fibers secreted from
glands on the body, giving them a thick covering of fuzzy white wax; these are known as woolly
aphids. Aphids are also characterized by the production of a sugary excretion called honeydew
that may be produced in large quantities, often resulting in the growth of sooty mold on plant
surfaces. This is unsightly and can reduce the photosynthetic capability of the plant.

Family Adelgidae

The adelgids have been called pine and spruce aphids in the older literature but are not true
aphids. They lack cornicles and the antennae have three to five segments. All winged forms have
five-segmented antennae, sexual forms have four-segmented antennae, and wingless
parthenogenetic females have three-segmented antennae. Many species produce waxy threads
that cover the body. Many species produce galls on spruce and some species, such as the balsam
wooly adelgid, Adelges piceae (Ratzberg) and hemlock woolly adelgid, A. tsugae Annand, are
capable of killing trees.

Family Phylloxeridae

The Phylloxeridae, or phylloxerans, are close relatives of adelgids and aphids. Like adelgids they
also lack cornicles and in all forms the antennae are three-segmented. These insects do not
produce waxy threads, but some species are covered with a waxy powder. Like some species of
aphids and adelgids, many species of phylloxerins produce galls and some use multiple hosts.

Aphids, adelgids, and phylloxerans are distributed worldwide. Some species have restricted
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distributions that correspond to the range of their host plants. Hamamelistes agrifoliae Ferris is
found only in California where it attacks coast live oak. Some species are more widespread; the
woolly alder aphid, Prociphilus tesselatus Fitch, occurs in the east from Canada to Florida and
west to the Mississippi River, and alternates between alder and silver maple in this range. A few
species, including some of the most significant pest species, are cosmopolitan. The green peach
aphid, Myzus persicae (Sulzer), is distributed worldwide.

Many pest species have been introduced from abroad. The balsam woolly adelgid, a native of
Europe, was first discovered in North America in Maine in 1908 and quickly spread throughout
the Appalachians from the maritime provinces of Canada to Georgia and North Carolina. In 1928
it was discovered in the Pacific Northwest and now extends along the Coast and Cascade
mountains from British Columbia to California. The hemlock woolly adelgid, Adelges tsugae
Annand, is probably a native of the orient. It was first reported in this country in 1927 and now
occurs in California, the Pacific Northwest, and from the maritime provinces to the mid-Atlantic
states in the east.

Aphids consume only plant material and are most often found on their host plants. Different
species show a preference for different hosts, and their habitat is in large measure determined by
the distribution of their hosts. Species habitats are further defined by their location on the host
plant. Many species are foliage feeders, others prefer tender shoots and stems, some are found on
the woody parts of trees and shrubs, and a few are found on the roots. Some species utilize
different parts of the host at different times of the year, their choice being dependent on the
season, stage of growth, or the species of host plant. Each host plant has its own chemistry, so
aphids may select one individual plant in a stand and feed on it exclusively.

Wind may dislodge aphids from their host plant by causing the leaves to rub together, knocking
off the insects. Wind also is considered the most important factor in the dispersal of aphids from
one plant to the next, as in the case of the balsam woolly adelgid, and in the migration of winged
forms from one area to another. Because of their small size and weak flight muscles aphids,
adelgids, and phylloxerans are not strong fliers and have little control over the direction of their
flight when the wind speed is more than a few miles per hour.

Aphids often have very complicated life cycles that involve alternation of host plants, sexual and
asexual generations, and winged migrant and wingless nonmigratory generations. In temperate
regions most species overwinter as eggs, and the eggs hatch in the spring into females that give
birth to live young. Several generations may be produced asexually, resulting in very rapid
growth of populations. In some species, such as the apple aphid, Aphis pomi De Geer, the aphids
may remain on a single host throughout the year. In other species, winged females migrate to
new plants and produce more young asexually. These hosts may be quite different from the
primary host. For example, the rosy apple aphid, Dysaphis plantaginae (Passerini), moves from a
woody primary host (Malus) to a herbaceous secondary host (Plantago ). Late in the season, a
sexual generation consisting of winged males and females is produced. These return to primary
hosts where they mate and the females lay eggs that overwinter. Details of the life cycle and
patterns of host utilization vary considerably among aphid species.

Adelgids also can have complex life cycles that include sexual and asexual generations and
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alternation of hosts. Many species of adelgids utilize spruce as a primary host and other conifers
such as pines, larch, firs, and Douglas fir as secondary hosts. For example, the Cooley spruce
gall adelgid causes pineapple-like galls on spruce and needle distortion on Douglas fir. Another
unusual life cycle is that of the balsam woolly adelgid. Populations in North America consist
entirely of females. They do not give birth to live young, but instead lay eggs. There are two to
four generations per year, depending on the locality and elevation of the population, with fewer
generations produced in the northern parts and higher elevations within the range.

Phylloxerans produce galls on several species of deciduous plants. In most species of
phylloxerans the entire life cycle is completed on a single host. However, in at least two species,
Phylloxera texana Stoetzel and P. castanea Pergande, Carya serves as the primary host and oak
or hickory are secondary hosts (Stoetzel 1985).

The level of precipitation also affects the vigor of the host plant, which affects the aphids feeding
on it. Some aphid species do better when a plant is well-watered and fertilized, while others do
better if the plant suffers from stress.

The development of winged individuals in a population seems to be triggered by the degree of
crowding on the host plant, but the way in which this works depends on the species (Hille Ris
Lambers 1966). Temperature, daylength, and host plant food quality all combine to play a role in
aphid dispersal.

Ants have an important role in the development and success of many aphid species (Way 1963).
The presence of aphid-tending ants may inhibit the production of winged forms. The ants collect
honeydew excreted by the aphids and stimulate the aphids to produce large quantities of
honeydew by stroking them with their antennae. Ants protect aphids from parasites and
predators, and even transport them to suitable host plants and safe places to hibernate. Some
species of aphids live in the nests of their benefactors and are dependent on their ant protectors
for their survival. Monitors should look for ants as a clue to the presence of aphids.

Certain horticultural practices may affect the abundance of aphids and adelgids. It has long been
known that plants and plant parts rich in nitrogen are exploited by aphids (Minks and Harrewijn
1987). Recently, McClure (1991) demonstrated that populations of hemlock woolly adelgid
increased dramatically when hemlocks were fertilized. Resource managers should be aware that
the over- fertilization of plants may facilitate population increases of some associated pests such
as aphids and adelgids.

Feeding by aphids, adelgids, and phylloxerans withdraws sap from the host plant and can
interfere with the physiology of the plant by altering the balance of plant growth hormones.
Aphids feeding on leaves can cause yellowing, spotting, and premature death, and can reduce the
ability of the leaf to photosynthesize by reducing the amount of fluid in the leaf and reducing the
surface area as a result of curling. Aphids are believed to inject toxins into plant tissues as they
feed. These toxins may produce local and systemic effects in plants that include reductions in
growth and alterations in the normal patterns of nutrient distribution in the plant (Minter and
Harrewijjn 1987). Twigs may develop swelling or gouting.
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The production of large amounts of honeydew by aphids may foul plant tissues and structures,
walkways, or vehicles beneath heavily infested trees. The honeydew may attract stinging insects,
ants, and other insects and may create a nuisance. Furthermore, honeydew on plant tissues may
facilitate the growth of sooty mold which itself is unsightly and may reduce the photosynthetic
capacity of plants.

Many species of aphids, adelgids, and phylloxerans produce galls on their host plant. Galls are
distinctive growths on leaves, shoots, stems, or roots, that are a response of the plant to certain
stimuli provided by the aphids. Galls such as those produced by adelgids on spruce may interfere
with normal patterns of plant growth by killing terminals. Leaves heavily galled by phylloxerans
may be dropped prematurely. Galls may also reduce the aesthetic quality of plants. In some cases
it is possible to identify the species of aphid appearance of the gall. Useful references include
Felt (1940), Johnson and Lyon (1988), and Russo (1979).

Aphids and adelgids can cause distortions of other plant parts. Symptoms caused by balsam
woolly adelgid on fir begin with curling and dieback of the current year's growth, swelling of
buds and gouting of shoots, and thinning of the crown. In trees with a heavy infestation on the
bole, the wood becomes reddish and coarse, a condition known as "rotholz" or redwood (Knight
and Heikkenen 1980). Susceptibility varies with the species; subalpine fir dies within a few
years, sometimes before terminal swelling occurs; Grand fir may survive fifteen years; Noble fir,
Shasta red fir, and white fir may show gouting but usually are not killed. In Great Smoky
Mountains National Park, balsam woolly adelgids kill Fraser fir in two to six years (Allen-Reid
1984).

In addition to direct injury caused by their feeding, aphids are serious plant pests because of their
role as vectors of plant diseases. Hundreds of plant viruses are transmitted by aphids. The green
peach aphid, Myzus persicae (Sulzer), is the single most important vector. It is known to transmit
over 100 virus diseases to plants in about 30 different families (Ossiannilsson 1966; van Emden
et. al. 1969). The ability of aphids to transmit plant diseases is related to their piercing-sucking
feeding habit, rapid growth, and life histories that involve host alternation and migration.

MONITORING AND THRESHOLDS FOR APHIDS
Population Monitoring Techniques for Aphids

At least two methods have been used for monitoring aphids, adelgids, and phylloxerans. The first
and most commonly used technique involves visual observation of the plant. On small plants,
examine the entire plant; on larger plants and trees, examine representative leaves, twigs, stems,
or other portions of the plant. The part of the plant to be examined also will be determined by the
biology of the pest. For example, in the Great Smoky Mountains National Park, balsam woolly
adelgid infestations are greatest at about 15' above the ground rather than at breast height, the
standard position for sampling on trees. Therefore, monitoring populations of this pest is done at
this greater height (C. Eagar, pers. comm.). Data can be recorded on monitoring forms such as
the one shown in Table 2.
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A system of classifying relative levels of infestation was presented by Heathcote (1972). He used
the following population density index to classify infestations.

None (O) - no aphids seen.

Very light (V) - one to a few aphids per plant and only a few scattered young plants infested, or
one to a few aphids per leaf, shoot, or other section of larger plant or tree and only a few colonies
per large plant with the colonies on the young tender leaves or buds.

Light (L) - 5-25 aphids per plant and many plants infested, or with many colonies on larger
plants or trees, and the colonies not confined to young shoots.

Medium (M) - 25-100 aphids per plant and most plants infested, or with large numbers of aphids
on larger plants or trees and not in recognizable colonies, but diffuse and infesting many leaves,
stems, etc.

Heavy (H) - more than 100 aphids per plant with virtually all plants infested, or with stems,
leaves, buds, etc., solidly covered with aphids.

Where direct observation of aphids is difficult, such as in tall trees, monitoring may be done
indirectly by quantifying production of honeydew. Dreistadt and Dahlsten (1988) used water-
sensitive spray droplet cards to collect honeydew beneath tall tuliptrees infested with aphids. The
honeydew droplet counts correlated well with the abundance of aphids in the canopy of the trees.

When monitoring through visual observation, also survey for the presence and effectiveness of
aphid pathogens, parasites, and predators. Aphids killed by fungi, bacteria, or other pathogens
usually remain on the plant and can be recognized by their immobility and peculiar coloration.
Parasitized aphids usually are darker than unparasitized aphids, at least near the completion of
the parasite's life cycle. Aphids that have been Killed by parasitic wasps are mummified; that is,
they are discolored and papery in texture. If the adult wasp has emerged there is a round hole in
the mummy where the wasp exited. Color photographs of aphid mummies are given in Yepsen
(1984). Look for predators among the aphids on the plant, as well as flying or perching nearby.

Decision-Making and Thresholds for Aphids

Data on the number of aphids, adelgids, and phylloxerans may be combined with other
information, including the injury caused by the pest, the value of the plants being managed, and
the cost of control activities, to create economic or aesthetic injury levels and thresholds (Raupp
et al. 1988, 1989). Because of the economic importance of aphids, thresholds and action levels
have been established for several aphid-crop systems. However, there has been relatively little
work concerning aphids, adelgids, and phylloxerans infesting ornamental plants. Notable
exceptions include the following studies. In 1978 Olkowski et al. published a decision-making
guideline for ornamental spruces being attacked by the blue spruce aphid, Elatobium abietinum
Walker. They determined that about 34 aphids per quadrant of a tree collected with a beating
cloth were sufficient to cause defoliation. They used this level as an aesthetic injury level to
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justify intervention. In 1988 Dreistadt and Dahlsten presented a methodology for determining a
threshold for managing the tuliptree aphid, Illinoia liriodendri (Monell), based on honeydew
counts and public complaints about the honeydew. This methodology could be used as a model
for establishing decision-making rules for other aphid problems in the National Park Service.
Finally, Nielsen (1989)

published action thresholds for aphids found on the leaves of hardwood trees. He suggested that
two aphids per leaf in the spring and four aphids per leaf in the summer justify intervention.

In setting thresholds and action levels in the National Park Service, the particular needs of each
park must be considered. Unless threatened or endangered plants are being attacked, control is
not generally recommended in natural areas. Under normal circumstances natural mortality
factors will keep aphid populations in check in these areas. However, this may not be the case for
certain exotic species such as balsam and hemlock woolly adelgids. These species appear to lack
natural enemies in this country that are capable of establishing control.

Thresholds will be quite low and may approach zero for plants that are valuable due to their size,
age, beauty, rarity, or historic significance. Low thresholds will also be established for plants that
are extremely vulnerable to a pest capable of causing death, such as Canadian hemlocks under
attack by the hemlock woolly adelgid. Specimen plants and small groups of plantings are good
candidates for the establishment of thresholds and other decision- making guidelines.

A further complication arises if aphid-borne diseases threaten plants. If this is the case, the
threshold level will be much lower than for aphid damage alone. Accurate identification of both
the aphid vector and the disease is essential to be positive that the suspected vector and the
disease are causally related. Consult diagnostic experts at your Cooperative Extension Service or
commercial laboratory for aid in identification of aphids and plant diseases that may be
transmitted by them.

NON-CHEMICAL CONTROL OF APHIDS

1. Avoid planting species and cultivars susceptible to aphids, adelgids, and phylloxerans.

2. Begin monitoring plants early in the growing season and record your observations using a
standardized system such as the one presented in the decision-making section. Record the
presence of aphid parasitoids and predators.

3. If decision-making guidelines have not been established for the resource under management,
use the methodology outlined in the decision-making section to establish thresholds or action

levels. Intervention may also be necessary if sooty mold or honeydew are problems.

4. If aphid populations exceeded thresholds in the previous season, consider using a dormant oil
to kill overwintering life stages.

5. Use mechanical and cultural controls where feasible. Use aluminum foil or white plastic
mulches in newly planted areas if possible. The reflection of light from these materials will
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confuse aphids and prevent them from landing on plants. Crush aphids with fingers if
infestations are not too extensive. Control aphid-tending ants by preventing them from reaching
plants, using sticky substances around tree trunks, or bone meal or crushed charcoal barriers in
and around gardens. Destroy ant colonies if necessary. Eliminate alternate host plants in the
vicinity of more desirable plants.

6. Encourage natural predators and parasitoids. Release lacewings, ladybird beetles, syrphid flies,
predaceous midges, and aphid mummies. Plant nectar-producing flowering plants that attract
adults of these insects. Provide suitable habitat that will encourage predators to remain in the
vicinity.

7. Consider release of exotic parasitoids and predators in cooperation with federal and state
experts.

8. Spot treat with insecticidal soap, oil, or other approved insecticides when necessary. Spot
treatment will have less impact on biological control agents than widespread spraying.

Biological Control

Aphids, adelgids, and phylloxerans have many natural enemies, including diseases, parasites, and
predators. The ecology of aphid predators has been reviewed by Hodek (1966), and the impact of
the natural enemies of aphids has been reviewed by Hagen and van den Bosch (1968). Reviews
dealing with specific groups of pathogens, parasites, and predators of aphids include Madelin
(1966), Hodek (1967), Schneider (1969), Stary (1970), Ferron (1978), Hall (1981), Wilding
(1981), Viggiani (1984), and Minks and Harrewijn (1988).

Diseases of aphids include several species of fungi that are capable of drastically reducing aphid
populations under appropriate conditions. Excessive moisture in cool weather favors the
development of entomogenous fungi. Outbreaks of fungal pathogens are more likely to occur in
cool, moist seasons than in warm dry seasons. Aphids also are susceptible to infection by
bacteria, viruses, protozoa, and nematodes, but none of these is known to cause high mortality in
natural populations. Pathogens for the control of aphids have been used successfully in
greenhouses but only with limited success in field situations. A fungal pathogen, Verticillium
leucanii, is available commercially in Europe, but not yet in the United States.

Aphids are parasitized by many insects, the most important belonging to the hymenopteran
families Aphidiidae and Aphelinidae. The family Aphidiidae contains over 300 species, all of
which are parasites of aphids. In the family Aphelinidae, only species in the genera Aphelinus,
Mesidia, and Mesidiopsis parasitize aphids, but certain of these have proven successful in
biological control programs. Two other hymenopteran families, the Encyrtidae and the
Mymaridae, also include aphid parasites. Similarly, many insects feed on aphids, including
beetles, flies, lacewings, earwigs, and predaceous bugs. Ladybird beetles (Coccinellidae) and
green lacewings (Chrysopidae) feed on aphids as larvae and adults. Hover flies (Syrphidae) and
predaceous gall midges (Cecidomyiidae) eat aphids only as larvae. All are thought to play
important roles in reducing aphid populations (Hagen and van den Bosch 1968, Minks and
Harrewijn 1988). Few vertebrates have been reported feeding on aphids, but Smith (1966)
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reported that in Great Britain birds may have a significant impact on aphid populations under
some circumstances.

Many parasites have been successfully introduced for control of aphids (Clausen 1978, Olkowski
et. al. 1976, Minter and Harrewijn 1988). Parasites often are specific for one or a few aphid
species, requiring accurate identification of the aphid species in order to match the correct
parasite species to the problem. Consult with federal and state extension officials and your
regional National Park Service Integrated Pest Management coordinator before considering
implementation of a parasite release program. Predators also have been used successfully against
some species of aphids. Specific predators have been imported from overseas to help combat a
variety of aphids (Mitchell et al. 1970). Native predators, such as ladybird beetles, lacewings,
predaceous midges, and syrphid flies have also given good results. Ladybird beetles, lacewings,
midges, and several species of parasitoids can be obtained from commercial supply houses. A list
of suppliers is available through the Biological Control Services Program, 3288 Meadowview
Road, Sacramento, CA, 95832.

Natural predators and parasites may be augmented by various techniques. A sugar or sugar and
protein food supplement may be sprayed on plants to attract green lacewings and ladybird beetles
(Hagen et. al. 1970; Schiefelbein and Chiang 1966). Commercial preparations of such
supplements are available. Larvae of predators and aphid mummies may be collected in one area
and released in the control area. The adults of predators such as syrphid flies and parasitic wasps
may be encouraged to stay in an area by planting nectar producing flowering plants to provide
food for the adults. Carroll and Hoyt (1984) report good control of apple aphids in orchards by
using earwigs reared on dog food and released at five or six per tree. "Earwig retreats” made of
cardboard and paper towels were placed in the trees and straw was scattered on the ground under
the trees to encourage the earwigs to stay. Aphid densities declined dramatically in augmented
trees.

Beneficial organisms may also be preserved by using pesticides with short residual activities
such as soap and oil and avoiding treatments of large numbers of plants in favor of spot treating
only individual plants that require intervention.

Resistant Varieties

Use of plant cultivars and species that are less susceptible to these aphids should be encouraged.
Sadof and Raupp (1991) reported that aphid populations increased more on variegated euonymus
cultivars than on green cultivars. Cranshaw (1989) found that green individuals of Colorado blue
spruce were more likely to be infested by the Cooley spruce gall adelgid compared to blue
individuals. Avoid planting Douglas fir near spruces infested with Cooley spruce gall adelgid as
Douglas fir is the alternate host for this species.

Physical Control
A simple approach to aphid control is to crush them between your fingers. This will work on

garden plants and other ornamentals with light infestations. Another simple approach is to knock
the aphids off the plants with a stream of water from a hose or sprayer, although the efficacy of
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this technique is unknown.
Cultural Control

Cultural practices may also reduce aphid problems. Aluminum foil and white plastic mulches can
inhibit the migration of winged aphids into newly planted areas (Wyman et. al. 1979, Yepsen
1984). These work best with young, small plants up to 1' tall. The highly reflective surface of the
mulch causes migrating aphids to become disoriented, reducing the number of migrants that land
and become established on the plants. Controlling alternate hosts of the pest species can also
successfully control aphids (Knipling 1979). For example, to control the green peach aphid in
gardens and orchards, Yepsen (1984) recommends clearing plants such as plantain, bindweed,
and lamb's quarters from nearby land.

Ants play an important role in the success of aphids. Therefore, control of ant populations can
cause a significant reduction in aphid populations. If ants are observed on aphid- infested trees,
apply a commercial adhesive designed for such purposes in a band around the lower trunk of the
tree. Caution should be exercised in applying these materials directly to the bark of trees; they
can cause long-lasting discoloration or may injure thin-barked trees. In situations where
individual treatment of plants is impractical, a barrier of bone meal or crushed charcoal may keep
ants away. Destroy colonies of aphid-tending ants, if necessary; keep in mind that ants often are
beneficial insects and eliminating them may not be the best strategy.

CHEMICAL CONTROL OF APHIDS

Dormant oils are applied during the dormant season of the plant, either in fall or spring before
bud break, to kill eggs or other overwintering life stages on oil-tolerant plants. Recent
improvements in the formulation of oil products have facilitated the use of these materials on a
wide variety of plants during the growing season. Used in the nondormant seasons, summer oil
or horticultural spray oil, has proven very effective in reducing population of adelgids on
ornamental trees (McClure 1987, Baxendale and Johnson 1990). The efficacy of oils in
controlling aphids has been equivocal. For some species such as the crapemyrtle aphid,
Tinocallis kahawaluokalani (Kirkaldy), oil provided good control (Booth et al. 1990); for other
species such as the birch aphid, Euceraphis betulae (Koch), oil provided little or no control
(Nielsen 1990).

Insecticidal soaps are also recommended for aphid control. Like oils they have been effectively
used to control adelgids (McClure 1987). However, their efficacy against aphids varies (Booth et
al. 1990, Nielsen 1990).

Several conventional pesticides control aphids. Contact your regional Integrated Pest

Management coordinator to determine which, if any, pesticide is best suited for your
management program.

APHID INTEGRATED PEST MANAGEMENT DEMONSTRATION PROGRAMS
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In an integrated control program in several cities in California, many aphid management
techniques were combined to provide superior levels of aphid control and a dramatic reduction in
pesticide use (Olkowski 1973, Olkowski et al. 1976, Flint and van den Bosch 1981). The first
step was to institute a monitoring program to accurately assess the aphid problem on trees lining
city streets. Pest species were identified. Aesthetic injury levels were established and
management techniques were applied only if the thresholds were exceeded. Parasites of exotic
aphid species were located and imported for release. Several species of imported parasites
became established and have contributed to the management program. Heavily infested trees
were pruned to remove the highly susceptible inner canopy. Where aphid-tending ants interfered
with predators and parasites, bands of a commercial sticky substance were applied around the
bases of trees. In Berkeley, where the program began, pesticide usage went from hundreds of
pounds per year to zero, and the aphid problem became negligible.
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Dutch EIm Disease

This module is intended to serve as a source of basic information needed to implement an

Integrated Pest Management program for Dutch elm disease. Any pest management plan or
activity must be formulated within the framework of the management zones where it will be
implemented. Full consideration must be given to threatened and endangered species, natural and
cultural resources, human health and safety, and the legal mandates of the individual parks.
Recommendations in this module must be evaluated and applied in relation to these broader

considerations.

Dutch EIm Disease

IDENTIFICATION AND BIOLOGY OF DUTCH ELM DISEASE

Is it Dutch EIm Disease?

An IPM program for elms is much more than managing a disease (Dutch elm disease) and its
insect vectors (european elm bark beetle and native elm bark beetle). Not only are there several

alternatives available for the management of these pests, there are also several other pest
problems of elms which can cause symptoms similar to Dutch elm disease; it is essential that the
tree manager be familiar with these as well. Insect and disease problems which cause symptoms
similar to Dutch elm disease are summarized in Table 1.

Table 1. Diagnosis of elm disorders.

Symptom Time of Possible causes Diagnosis
appearance
Failure of new | March-April DED, scale insects, | DED—examine wood for streaking, culture for

growth to limb injury. disease organisms. Look for evidence of beetle
develop in feeding in branch crotches. Scale—look under
spring covers and remove to determine viability

Ref: 6,13,17,18
New growth March-April-May | DED scale insects, | DED, scale—see above. Have soil and tissue
develops nutrient deficiency, | nutrient tests performed for deficiency, nutrient
poorly in the elm yellows. levels. Determine elm fertilization history of site.
spring (slow ‘Phloem necrosis’-sudden necrosis and death of
leaf expansion undeveloped leaves. Streaking in phloem tissue
and shoot accompanied by wintergreen odor.
elongation) Ref: 6,9, 13, 17, 18
Sudden Anytime during DED, elm See
yellowing and | growing season above.

necrosis on a

branch or

branches

Uneven July-end of scorch | Biotic leaf scorch, | Biotic — positive culture for bacterial branch or
browning of season branch or root leaf scorch. Trace injury or phytotoxicity to

leaf margins on
a section of the
tree

system injury,
chemical
phytotoxicity.

chemical application.
Ref: 8, 13,17, 18

26



Integrated Pest Management Manual Dutch EIm Disease

Uniform May-end of Abiotic leaf scorch, | Abiotic—negative culture for bacterial leaf

browning of growing season root system injury, | scorch. Hot, dry, weather prior to development

leaf margins chemical of symptoms.Trace injury to phytotoxicity to
phytotoxicity chemical application. Ref: 8, 13, 17, 18

Skeletonization | May, July Elm leaf beetle Small holes in leaves from feeding by adults,

or small holes larvae skeletonization from EIm leaf beetle larvae. Both

in leaves are ¥ to 3/8” in length and yellow with black

stripes. Ref: 6, 7

Brown spots Late April-Late Anthracnose Results after a cool, wet spring.

along leaf May Ref: 17, 18

veins

Dutch EIm Disease and Its Insect Vectors

Dutch elm disease is caused by the fungus Ophiostoma ulmi (Buism.) Nannf. (=Ceratocystis
ulmi (Buism.) C. Moreau). (For a complete description of the life cycle of the pathogen, see
Sinclair et al. 1987.) O. ulmi is an introduced pathogen that arrived in North America in elm logs
from Europe. The pathogen overwinters in the bark of infected trees or logs cut from infected
trees. It is carried from infected to uninfected trees by two insect vectors, the European elm bark
beetle (Scolytus multistriatus) and the native elm bark beetle (Hylurgopinus rufipes). Althogh the
European elm bark beetle is the major vector of the disease, temperatures below -6F kill the
larvae; thus the native elm bark beetle is the primary vector in parts of the northern United
States, New England, and all of Canada. Both species of beetles bore into the bark of infected
trees and excavate egg galleries. The galleries of S. multistriatus run parallel to the grain of the
wood, while those of H. rufipes are at a 45 degree angle to the grain. Larvae hatch from the eggs
in approximately one week; the white, legless grubs tunnel perpendicularly to the maternal
gallery, feeding on elm phloem cells for 4 to 5 weeks. A 1 to 2 week long pupal stage follows.
The 1/8" adult beetles tunnel to the bark surface to emerge and fly to new trees. As they move to
the surface, fungal spores that have germinated and spread throughout the feeding galleries
attach to the beetles' bodies. These spores are then carried to new trees as the beetles move there
to feed. The beetles can fly for several miles, allowing the disease to spread over a wide area.
The pathogen also moves between trees via root grafts. The fungal spores move passively within
the tree in xylem vessels (both up and down the tree from the point of infection). The fungus also
moves actively between xylem vessels as fungal hyphae. The pathogen kills the tree by blocking
solute movement in the xylem as well and by producing a toxin. Acute and chronic forms of the
disease are recognized. The acute form is thought to cause wilt and branch death while the
chronic form is thought to lead to more gradual chlorosis and leaf drop.

After emergence from the brood tree, adult beetles fly to other elms to feed and to breed. Bark
beetles can also feed on logs cut for lumber and fuel. Such colonized wood may become a
reservoir for beetles and hence Dutch elm disease even if the wood is of a resistant elm species.
This is why debarking of elm wood that is being stored for use as fuel is stressed as part of the
management strategy for control of Dutch elm disease.

S. multistriatus commonly produces two generations per year; the first overwinters as larvae,

pupates in early spring, and emerges as elms reach full leaf. The second generation flies in late
summer, producing the broods that overwinter. H. rufipes usually overwinters as adults in the
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bark at the base of healthy elms, and may infect the tree with Dutch elm disease during fall
feeding in lower boles or spring feeding in branches. H. rufipes may produce one to one and one-
half generations per year, overwintering as either larvae or adults.

Pheromone traps for elm bark beetles are available and can be used to monitor beetle
populations. Information on flight activity is useful if insecticides are to be used to control adult
beetles.

The Dutch elm disease pathogen, O. ulmi, grows and sporulates in elm tissues throughout the
growing season. The sporulation of the fungus is temperature-related. Asexual spores are most
commonly produced during the warm months. When sexual reproduction takes place (which is
rare in nature) the production of fruiting bodies increases, occurring most commonly between
November and February.

Diagnosis of Dutch EIm Disease by Testing for the Pathogen

Pathologists now recognize that there are several strains of Dutch elm disease, and that some are
more aggressive than others. These strains kill elms more rapidly (Richards and Takai 1984).
The production of toxins by the pathogen was first recognized in 1947 (Diamond 1947), and
aggressive and non-aggressive strains were first recognized in 1984 (Sinclair et al. 1987). More
recently, an antibody specific for some of the Dutch elm disease toxins was produced
(Benhamou et al. 1985). This will enable the development of a fast, accurate test in which fluids
from the suspect tree are matched against Dutch elm disease toxins. The nature of the reaction
would confirm or deny the presence of the disease. Current tests for the pathogen involve culture
of the disease organism from diseased wood, a procedure which can take several days. This test
is usually recommended only in areas where the disease has not been previously reported.

NON-CHEMICAL CONTROL OF DUTCH ELM DISEASE

Prior to the introduction of Dutch elm disease into the United States in 1930, the American EIm
(U. americana L.) was one of the most popular street trees throughout the Northeast, Middle
Atlantic, and Midwest; about 77 million elms were growing in the United States. By 1976, about
43 million of those trees had been lost to Dutch elm disease (USFS 1977). The impressive shape,
size, fall color, and shade quality of the American elm led to the institution of a near
monoculture of this species in many urban areas, which has served to enhance the spread of
Dutch elm disease. Maintenance costs for Dutch elm disease management vary considerably
depending on the community and the nature of its elm plantings; they were estimated to range
between $26,000 and $152,000 (in 1982 dollars) annually in several communities in a four-year
demonstration project (Hanisch et al. 1983).

A management program for Dutch elm disease encompasses many different strategies. Factors to

consider in deciding which are most appropriate for a situation include the time of year, the
resources at your disposal, and the number and location of trees affected.
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Resources available for Dutch elm disease management are often limited, so the tree manager
must often balance the value of the trees in the landscape and the degree of infection in making a
decision about managing Dutch elm disease. From an aesthetic point of view, trees in natural
areas are generally considered least important when funding for maintenance is limited. The
drawback to this approach is that these trees may be close enough to valuable plantings to form
root grafts or to serve as a breeding ground for beetles which can then fly to those plantings and
infect them with the disease. In a study on the use of pheromone traps for mass trapping, beetles
were caught as far as five miles from the nearest elm tree (Birch et al. 1981).

The total amount of tree biomass affected must also be considered. Several authorities on Dutch
elm disease feel that it is most realistic to expect to control a small infection on a large tree
(Lanier 1988). Source of infection is also important; as presented in Table 2, trees with root graft
infections were not successfully treated by any available method; trees with current season's
infections were treated with a higher success rate than those with residual infections. It was also
suggested that fungicide injections directly into branches with localized infections rather than
into the bole of the tree (the current practice) would greatly increase the success rate of
therapeutic injections (Lanier 1988).

Use of Resistant Varieties

The severity of Dutch elm disease and the desirable aesthetic qualities of the elm have led to the
development of several elm varieties with resistance to Dutch elm disease as well as re- planting
with tree species that have some of the ornamental characteristics of the elm. American, English,
red, and winged elm are among the most susceptible, while Chinese, Japanese, and Siberian elms
are among the most resistant. Resistance is not the same as immunity, however. The presence of
Dutch elm disease was recently confirmed in several Chinese elms planted adjacent to the
National Mall in Washington, D.C. Several resistant cultivars have been developed from crosses
of European and Asian elms. While many of these trees are promising, none seems to be as
attractive as the American elm. They also have not been planted long enough for all their
possible insect, disease, and cultural problems to have been recognized. For example, the
Siberian elm is highly susceptible to the elm leaf beetle, as is the Japanese zelkova. (See Sinclair
et al. 1987 for more information.) Other disorders, such as bacterial leaf scorch and elm yellows
must also be considered. The mechanism of resistance seems to be related to the ability of the
tree to quickly heal the wounded area and thus prevent the movement of the pathogen to other
parts of the tree.

Sanitation

This is the most important element of a Dutch elm disease management program for existing
elms because it removes the elm bark beetle's breeding habitat from the system. No Dutch elm
disease management program will be successful without good sanitation. It consists of the
immediate removal of any dead or wounded branches, and the debarking of branches stored for
use as firewood. Flagging branches on which streaking has been observed are also removed.
Ideally, branches should be cut back 10’ from the last point where streaking is evident. This is
determined by making small cuts in the bark to look for streaking. The final pruning cut for
removal of the branch should be made approximately 10" behind the point at which healthy wood
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is first observed (Lanier 1988).

Sanitation should be viewed as a community-wide management tactic. Considering the distance
that elm bark beetles can travel, removal of branches from a single tree will have little impact in
the infection status of that tree if there are other infected trees in the area. Sanitation, while a key
component of a Dutch elm disease management program, is most effective when combined with
the judicious use of fungicides, as outlined by Lanier (Lanier 1988). This is discussed in more
detail in the section on chemical control.

Pruning Schedules

Wounding trees by pruning will attract the bark beetle vectors of Dutch elm disease (Byers et al.,
1980). Ideally, routine pruning should be done in the dormant season. If this is not possible,
pruning of healthy elms should be restricted to periods of beetle inactivity. This can be
determined by the use of pheromone traps to monitor beetle flight periods.

Mass-trapping of EIm Bark Beetles

Mass-trapping of beetles using pheromone traps has also been investigated as a way to control
the European elm bark beetle and thus reduce the spread of Dutch elm disease. A study in
California estimated that only 1%-20% of marked beetles released in three study areas were
recaptured, indicating that traps alone are not sufficient to reduce beetle populations (Birch et al.,
1981).

CHEMICAL CONTROL OF DUTCH ELM DISEASE

Lanier (1988) suggests that pruning combined with fungicide gives better disease management
than pruning or fungicides alone when dealing with a residual infection. Fungicides were most
effective when injected directly into large limbs where an infection had been found, as well as
into the bole. For current year infections, pruning alone was as effective as pruning with the use
of a fungicide. These results are summarized in Table 2.

Table 2. Effectiveness of Dutch elm disease management strategies based on history of the infection (based on
Lanier 1988).

Infection History Management Strategy Effectiveness
Current year Pruning 100%
Injection 76%
Both 100%
Residual Pruning 0%
Injection 33%
Both 71%
Root Graft Injection 0%
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Infection history can be determined by noting when and where on the tree the symptoms
develop. Symptoms that appear during the first eight weeks after leaf development are most
likely the result of a residual infection or a root graft, while those that appear later than this result
from a current season’s infection. Symptoms appearing on several branches at the same time
suggest that either a root graft or multiple beetle infections. If there is a multiple-branch infection
on a limited section of the tree, suspect disease transmission via a root graft.

As shown in Table 2, the effectiveness of fungicide injections varies considerably depending on
the nature of the Dutch elm disease infection source. Recommended timing of sprays to control
elm bark beetle varies as well; both winter (Hanisch et al., 1983) and early spring (Davidson
1991) treatments are recommended. Only the latter corresponds to a point in the beetle's life
cycle when effective control can be obtained. See Birch et al.(1981); Johnson and Lyon (1988);
Pajares and Lanier (1989) for more information on choice and timing of insecticides for beetle
control.

Trap-tree Strategy for Dutch EIm Disease Management

The use of trap trees is an alternative type of sanitation for Dutch elm disease management. In
this approach, most recently reviewed by Lanier (1989), trees infected with Dutch elm disease
that cannot immediately be removed are injected with the herbicide cacodylic acid which causes
the tree to die quickly. The goals of this approach are to remove infected trees from the system
when the labor or money to take them down is not available and to attract beetles away from
healthier trees to the dying tree. Beetles oviposit in the dying tree but the larvae do not survive
because the tree is dead when the eggs hatch. Cacodylic acid has been used successfully in parks
where site factors made tree removal impossible. This strategy is affected by the following
conditions (Lanier 1989; Lanier and Jones 1985; O'Callaghan et al. 1980).

1) The amount of beetle mortality is affected by the degree of dieback in the crown at the time of
cacodylic acid application. There will be much greater mortality if less than 50% of the crown is
dead than if more than 90% is dead.

2) If possible, time cacodylic acid applications to periods just before adult flight begins.

3) Herbicide will move through root grafts, so trees to be treated must also be trenched.

4) For maximum beetle mortality, bait the tree with a pheromone trap and treat the lower bole
with an insecticide. Lanier and Jones (1985) found that addition of an insecticide to this system
increased beetle mortality. For every beetle which landed on and bored into a tree treated with
cacodylic acid, 40 landed and did not bore into the tree. Thus the use of an insecticide greatly
enhanced beetle mortality.

MANAGEMENT OF OTHER ELM PESTS

ELM YELLOWS
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IDENTIFICATION AND BIOLOGY

Elm yellows (also known as elm phloem necrosis) is caused by an organism called a
"mycoplasma-like organism” (MLO) which biologists classify between a virus and a bacterium.
It is carried between elm trees by leafhoppers and possibly spittlebugs (Sinclair and Johnson
1987). Roots are infected first, where root tips and root hairs are killed. Foliar symptoms appear
in mid-summer of the second season of infection. Leaves droop and curl, turn yellow and then
brown. The disease is reported to be fatal in elm species native to North America but not in elms
of European or Asiatic descent. Death is sudden, occurring within a few weeks after the onset of
foliar symptoms.

MLOs cannot be cultured in the laboratory, so diagnosis is performed in the field on living but
infected trees. When the bark is peeled back it is be yellow or tan, sometimes speckled with
brown (the normal bark color is creamy white). Infected bark also emits a strong wintergreen
odor. If this is not noticed at first, warming a bark sample in a pocket will enhance the odor
(Holmes 1987).

CONTROL OF ELM YELLOWS

The management strategy for this disease is simple. Dead trees must be removed immediately,
and control measures must be applied for leafhoppers. Timing of leafhopper control coincides
with the two flushes of elm shoot growth (Holmes 1987). While the disease has been reported
throughout the eastern United States and southern Ontario (Sinclair et al., 1987), its occurrence is
sporadic; thus control of the vectors is recommended only when the disease is known to be in the
area.

SCALE INSECTS

IDENTIFICATION AND BIOLOGY

The European elm scale (Gossyparia spuria) as well as several species of leucanium scales
produce symptoms similar to Dutch elm disease on elm. For more information on the biology
and identification of scale insects that feed on elm, consult Johnson and Lyon (1988). The
important point is that dieback and poor growth, which are symptoms of Dutch elm disease could
also be caused by scale organisms, so this must be ruled out (or the presence of Dutch elm
disease confirmed) before a tree is treated for Dutch elm disease.

CONTROL OF SCALE INSECTS

Management of scale insects is straight-forward. Once the presence of scale has been
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determined, remove several scale covers to confirm that the scales are viable. If this is so, apply
horticultural oil either during the dormant season or during the growing season when scale
crawlers are active. The timing of the latter spray will depend on the specific scale insect and
geographic location of the trees. A dormant oil application in late March would be the most
effective treatment since there is no leaf surface to intercept the spray. An application in March
will have some impact on the elm bark beetles that will have started to feed.

ELM LEAF BEETLE

IDENTIFICATION AND BIOLOGY

The elm leaf beetle (Pyrrhalta luteola) is a common defoliator of all elm species as well as the
Japanese zelkova, a frequent elm replacement. It overwinters as an adult in buildings or protected
outdoor sites. It lays eggs on the expanding leaves in the spring. Females feed on elm leaves
before ovipositing. The larvae feed by skeletonizing the leaves, which causes the leaves to
appear yellow or brown from a distance; thus their injury might be mistaken for Dutch elm
disease at first. The beetle larvae move to the base of the tree to pupate; adults emerge one to two
weeks later. The pupae are bright yellow and may be seen in masses on the soil at the base of a
tree. There are one to three or more generations per year depending on the latitude.

Leaf beetle larval activity can be monitored by the use of tree bands. Place a band coated with
sticky material around the tree; as the beetles move up or down they will be caught. A large
increase in larval catch indicates they are moving to the tree base to pupate. The larvae are about
3/8" long, and are yellow with black stripes running the length of their bodies.

CONTROL OF ELM LEAF BEETLE

The beetle can be controlled with a strain of Bacillus thuringiensis and several conventional
pesticides, some of which may be applied to the bark of the tree to kill migrating larvae. In the
case of a small infestation on a few trees, the sticky bands described above for monitoring may
serve as sufficient controls. For more information on the biology and host preference of this
beetle, see Johnson and Lyon (1988) and Hall (1986).
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This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for kudzu, saltcedar, and Brazilian pepper. Any pest
management plan or activity must be formulated within the framework of the management zones
where it will be implemented. Full consideration must be given to threatened and endangered
species, natural and cultural resources, human health and safety, and the legal mandates of the
individual parks. Recommendations in this module must be evaluated and applied in relation to
these broader considerations.

This module discusses the biology and management of three woody or semi- woody exotic
weeds--kudzu, saltcedar, and Brazilian pepper--that are most abundant and damaging in the mid-
Atlantic and southern United States. Due to their aggressive growth habits, these weeds
outcompete and displace native plants. In addition they overgrow and damage structures, impede
waterways, and may have direct toxic effects on animals. The management objectives for these
three weeds differ according to the use of the affected land area, and range from local
elimination of small or newly-established infestations to reductions of well-established
populations to tolerable levels.

In some cases exotic vegetation is allowed to remain because it is historically accurate and
contributes to the character of a cultural landscape. For example, some introduced species were
brought to an area during a certain time period or by a particular group and thus provide
important information about the history of a site. Although historically correct, these species can
become an immense problem if they are not kept from spreading. Many historic sites have fallen
into disrepair, allowing introduced plant species to spread into natural zones and force out native
vegetation. Natural resource managers, cultural resource managers, and maintenance personnel
must work together to establish priorities for the preservation of historic landscapes that consider
protection of both the cultural and natural resource.

IDENTIFICATION AND BIOLOGY OF KUDZU, SALTCEDAR
AND BRAZILIAN PEPPER

Kudzu

A native of Asia, Puearia lobata was introduced into the United States at the Philadelphia
Centennial Exposition in 1876. Beginning in 1933, farmers in the South were encouraged to
plant kudzu to reduce soil erosion. By 1953, it had become such a weed problem that it was
removed from the USDA's list of permissible cover plants. In 1970, the USDA began listing
kudzu as a common weed in the south. Today, kudzu is common in Alabama, Georgia,
Mississippi, Tennessee, the Carolinas, Kentucky, Virginia, Maryland, and west to Texas and
Oklahoma (Edwards 1982). The weed has also been reported in New York, Illinois, lowa,
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Nebraska, and Washington (Shurtleff and Aoyagi 1977). It has also been observed at Biscayne
and Everglades national parks in Florida.

P. lobata (Willd.) Ohwi is a legume of the subfamily Fabaceae. It is a trailing or climbing semi-
woody perennial vine reaching 32'-100' in length. Young vines are covered with soft, fine hairs.
First-year vines may reach 1/2" in diameter; old vines may reach a diameter of 4". As many as 30
vines may radiate from a single crown. Vines can grow up to 60' in a single growing season (and
reportedly up to 1' per day). Vines may climb vertically as high as 50', completely covering trees,
buildings, or other supporting objects. During the growing season, vines are densely covered by
foliage. Leaves are alternate and compound, with three broad leaflets up to 4" across, each leaflet
entire or deeply two or three lobed and with hairy margins. Foliage drops after the first fall frost.
The roots of kudzu are fleshy; the taproot may reach over 6' in length, 7" in diameter, and may
weigh up to 400 Ibs.

Kudzu plants are perennial and do not usually flower until their third year. Flowers are purple,
fragrant, about 1/2" long, produced in long racemes resembling pea flowers in shape. They are
produced in August and September. Flowers are followed by flattened, 2" long hairy pods which
may contain 3-10 hard seeds. Seeds are rarely produced in the United States (except on plants
supported vertically on buildings, trees, or other supports [Shurtleff and Aoyagi, 1977]). In the
United States, kudzu generally spreads by means of stolons (runners) and rhizomes. In addition,
any vine contacting the soil will produce roots at nodes; these roots enlarge, forming new
crowns. Vine cuttings and root divisions will also sprout. Vine nodes that come in contact with
soil root to establish new plants; these roots produce new crowns, and the connection to the
mother crown dies within one year after rooting. Kudzu is deciduous; its leaves drop after the
first frost, and new leaves are produced each spring. See Shurtleff and Aoyagi (1977) or other
weed atlases for drawings of kudzu.

Kudzu grows well under a wide range of environmental conditions, although best growth is
achieved where winters are mild (40°-60 °F), summer temperatures rise to about 80°F, and
rainfall is abundant (40" or more). Kudzu can grow in nearly any type of soil (e.g., acid soils,
lime soils, lowlands with high water tables, and over heavy subsoil), and where winter soil
temperatures remain above -25°F (lethal temperature for roots). Forest edges or disturbed areas
such as abandoned fields and roadsides are preferred habitats. Vines are intolerant of shade and
grow toward light. Large roots store water, allowing plants to survive in fairly dry climates (to
20" of rain per year). Growth is most rapid in acid to neutral soils (pH 4.5-7.0).

Kudzu grows rapidly, choking out competing vegetation in sunny areas. Climbing vines may
completely cover and shade out trees, and may cover and damage buildings, overhead wires, and
other structures.

Saltcedar
This term includes Tamarix spp., especially T. ramosissima (Ledeb.), which is generally (but
incorrectly) known as T. pentandra (Baum 1978). Saltcedar is a native of Eurasia and Africa,

was introduced into the United States as an ornamental shrub in the early 1800s, and has now
spread throughout the inter-mountain region of the western United States (Carman and
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Brotherson 1982). Saltcedar is considered beneficial in that it provides good nesting habitat for
wildlife (including doves) and is an excellent source of nectar for honeybees in Arizona and New
Mexico (Deloach 1989).

Saltcedar is a deciduous shrub or small tree growing to 12'-15" in height. Slender, long gray-
green branches are spreading or upright, often forming dense thickets. Scalelike leaves are gray-
green, alternately arranged, narrow, pointed, about 1/16™ long, and overlap one another on the
stems. Active growth occurs from early or mid-spring to fall, when leaves drop. Leaves often
become encrusted with salt secretions. Branches take on a brown-purple color as they age. Bark
is reddish-brown and smooth on young branches, becoming ridged and furrowed on older limbs.
Large numbers of pink to white flowers, about 1/16" across, appear in a dense mass on 1/2"- 2"
spikes at branch tips from March to September. Flowers are pollinated by bees and other insects
and produce greenish-yellow to pinkish-red capsules, 1/8"-1/5" long, which split into three to
five parts on maturity. Seeds are 1/25" long, with a tuft of fine hairs at one end. The number of
seeds per capsule is not constant. Seeds are dispersed by wind to new locations. Seedlings
require extended periods of soil saturation for establishment. See Baum (1978) or Parker (1972)
for drawings of saltcedar.

Saltcedar occurs in moist rangeland and pastures, bottomlands, banks, and drainage washes of
natural or artificial waterbodies, and in other areas where seedlings can be exposed to extended
periods of saturated soil conditions for establishment. Saltcedar can grow on soils with up to
15,000 ppm soluble salt. Established plants have long roots that can tap deep water tables.
Furthermore, saltcedar has the highest known evapotranspiration rate of any desert phreatophyte
(Carman and Brotherson 1982), which may result in water depletion from the underlying soil.

Among the serious direct impacts of this species are the displacement of native range plants by
its aggressive growth, the possibly serious depletion of ground water due to its rapid
evapotranspiration rate, increased deposition of sediments in tamarisk- infested streams, and the
blockage of streams and artificial water channels by dense clumps of saltcedar growth, which
can promote flooding during periods of heavy rain.

Brazilian Pepper

Brazilian pepper (Schinus terebrinthifolius [Raddi]) is a member of the Anacardiaceae, and is
closely related to poison ivy. This weed was introduced from its native Brazil in 1898 by a
USDA plant explorer (Morton 1978). It was considered an ornamental shrub and was distributed
by the USDA Plant Introduction Station in Miami, FL, to local plant enthusiasts. Since then,
Brazilian pepper has spread over thousands of acres of land in south and central Florida, the
Florida Keys, the Hawaiian Islands, southern Arizona, and southern California.

Brazilian pepper is a broad-topped, rapidly-growing, evergreen tree reaching up to 40" tall, with a
short trunk up to 40" thick. The trunk is usually hidden by a dense head of intertwining,
contorted branches. Leaves are evergreen, pinnate, and have reddish midribs which may be
winged. Each leaf bears 3-13 sessile, oblong or elliptical, finely toothed, glossy, resinous,
aromatic 1-2" leaflets. These are dark green on the top and lighter on the underside. Five-petaled,
white, 1/8" flowers are borne in 6" sprays originating in leaf axils along the upper 32"-43" of
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each stem. Male and female flowers are borne on separate trees. Flowering peaks in October in
Florida. Blooms are followed by masses of round single-seeded drupes, which change from
green to bright red at maturity. The appearance of the fruit is responsible for the common names
"Florida holly™ and "Christmas berry." Seeds may be dispersed by birds or small mammals or
may germinate near the parent plant, producing dense spreading colonies. See Olmsted and
Yates (1984) for photographs of Brazilian pepper.

This tree quickly colonizes disturbed areas. Seedlings can tolerate low light levels, growing
slowly until the overstory canopy is opened up. Dead trees should be allowed to remain in the
canopy to provide as much shade as possible. Seedling survival is low on inundated ground.
Trees can withstand extended drought, and up to six months of inundation. Large trees can
withstand fires and high winds without suffering significant damage (Olmsted and Yates 1984).
Apparently, Brazilian pepper can tolerate Mediterranean, tropical, and desert climates.

Direct negative environmental impacts include the displacement of native plants, not only
because of this species’ aggressive, rapid growth, but also because of allelopathic effects (toxic or
inhibitory activity) of chemicals in vegetative plant parts and fruits. Brazilian pepper is closely
related to poison ivy and can produce effects similar to that plant on humans and animals (Lloyd
et al. 1977; Morton 1978; Olmsted and Yates 1984). Massive bird kills in Florida may have been
caused by excessive feeding on Brazilian pepper berries.

MONITORING AND THRESHOLDS
Kudzu

Regular monitoring of both developed and natural areas is required to determine the presence
and extent of kudzu incursions. Since this species is a rapid grower and an aggressive
competitor, these inspections should be conducted frequently (at least monthly) during the
growing season.

In addition to inspecting areas for actively growing kudzu, monitors should also inspect
disturbed areas, which can be rapidly colonized by the weed. All records of sightings of kudzu
and of disturbed sites should be recorded, maintained, and updated at each inspection.

Since this weed is an adaptable, aggressive competitor that can rapidly overgrow native
vegetation, the presence of any kudzu should trigger control activities. There is no acceptable
population level (L.K. Thomas, Jr., personal communication).

Saltcedar

Inspection of both developed and natural areas is necessary to determine the presence and extent
of saltcedar incursions. One inspection should be made early in the growing season (before or at
flowering), to identify mature plants and initiate control before seed can be set and distributed.
Additional inspections should be made later in the growing season to identify seedlings
developing from seed set in the current year. All records should be maintained and updated at
each inspection.
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The presence of any saltcedar should trigger control activities, although it should be recognized
that where stands are extensive, elimination is probably infeasible (P. Sanchez, personal
communication).

Brazilian Pepper

Inspection of all likely habitats is required to determine the presence and extent of Brazilian
pepper incursions. At least one inspection per year should be made for the presence of
established plants. Frequent inspections (at least monthly) should be made for the presence of
disturbances in the normal plant cover (e.g., due to storms, alterations of water levels, fires, and
human activities), since such sites can be rapidly colonized by this weed. All records should be
maintained and updated at each inspection.

The presence of any plants should trigger control activities, since this species is capable of
displacing native vegetation.

NON-CHEMICAL CONTROLS
Kudzu

Cutting. Vines (including runners) are chopped just above ground level and the pieces destroyed
by burning or feeding to livestock. Early in the season, cutting is repeated at two-week intervals
to weaken the crown and prevent resumption of photosynthesis. Later in the season, when the
stored energy in the taproot has been reduced, the interval between cuttings can be extended
(L.K. Thomas, Jr., personal communication). Cutting does not affect roots or crowns, which will
regrow unless their supply of stored energy is depleted.

Flaming. A kerosene torch is played over the foliage, wilting the leaves and defoliating the
plant. Flaming should be done according to the same schedule as cutting. Where all foliage can
be reached, this method may be more effective than cutting. Like cutting, flaming does not affect
the roots or crowns.

Burning. Destroys above-ground growth. Since kudzu vines usually will not burn during growth
(because of their high water content), vines may be flamed (see above) two or three days prior to
burning. This causes the leaves to wilt and dry, providing fuel for the burning process.

Grubbing. This consists of mechanical removal and destruction of the entire plant, including the
taproot. If all root tissue is removed, no regrowth can occur, so repetition should not be
necessary. However, this procedure can be destructive to the treated area. Removal of crowns
only is more effective than cutting, but must be repeated, since remaining roots will re-sprout.
Crown removal is most effective at flowering (when the plants are weakest) or in the fall.
However, the crowns are difficult to find except in the spring, when the operation will be less
effective.

Grazing. Kudzu is a favored food of goats and cows, which can provide useful levels of control.
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Where these can be accommodated in the park management plan, this technique can be effective.
Saltcedar

Cutting. This process involves removal of all growth at ground level, but regrowth is not
prevented.

Burning. This removes above-ground growth, but allows remaining roots and crowns to re-
sprout.

Grubbing. Grubbing with a grubber blade, which is smaller than a root plow, is used to remove
smaller stands. This is less destructive than root plowing.

Root pulling. Removal of the main portion of the root system and crown is labor and time
intensive. Regrowth from incompletely-removed roots may occur.

Chaining. A chain, 360'-400' long, and weighing 40-50 Ib/ft., can be doubled and pulled
between two crawler tractors. Chaining may uproot whole plants or may shear trunks at ground
level. Drawbacks of chaining include the failure to remove all below-ground tissue, allowing
regrowth as well as the destructiveness of the procedure itself.

Root plowing. This process shears vegetation below the ground surface. The root plow Kills
medium to large shrubs by shearing below the crown, largely (but not completely) preventing
regrowth. This technique is destructive to the environment but is widely used in areas where
saltcedar coverage is nearly 100% (Gangstad 1982).

Drag lining. Drag lines are used to shear vegetation growing in water bodies or channel banks. It
IS not suitable for large vegetation.

Bulldozing. This shears plants at ground level, or uproots entire plants. Regrowth from sheared
trunks can occur. This, also, is a destructive technique.

Inundation. Flooding can be used to control saltcedar growing on lake shores if root crowns can
be flooded for at least three months (DeLoach 1989).

Brazilian Pepper

Hand removal. Seedlings or small saplings can be pulled from the soil. Pulled plants must be
removed from their growing site and bagged or dried to prevent re- sprouting.

Burning. Olmsted and Yates (1984) report that prescribed burning has kept a slash pine forest in
Florida free of Brazilian pepper seedlings.

Bulldozing. This technique has been used in the Everglades National Park (Olmsted and Yates
1984).
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BIOLOGICAL CONTROL
Kudzu

In the United States, kudzu vines may be attacked by a root knot nematode (Meloidogyne sp.), a
"blackleg" fungus disease, a viral mosaic disease, and a rust fungus (Shurtleff and Aoyagi 1977).
These pests produce only minor injury and are not known to kill kudzu plants.

Saltcedar

Watts et al. (1977) found only a few native insects that fed on saltcedar in New Mexico. These
did little harm to the plants except under exceptional circumstances. Aphids, grasshoppers,
beetles, and spider mites were among the organisms found. Watts et al. also reported two
introduced insects, the leafhopper Opsius stactogalus and the scale insect Chionaspis etrusca,
were found regularly on saltcedar. The leafhopper sometimes caused substantial damage. Baum
(1978) compiled a list of insects and fungi that attack various species of Tamarix in Europe,
Africa, and Asia, but found no records of enemies of T. ramosissima. Deloach (1989) recently
reviewed the prospects for biological control of saltcedar and suggested that through the
importation of several biological control agents from Asia and other areas, control of this weed
could approach 80%.

Brazilian Pepper

Goats can graze on foliage of this species without suffering ill effects (Morton 1978). A witches'
broom disease fungus, Sphaeropsis tumefaciens Hedges, attacks Brazilian pepper, but is also a
pest of llex opaca, Citrus spp., and numerous ornamentals. The red-banded thrips (Selenothrips
rubrocinctus Giard.) occasionally kills plants, but is also a pest of mango and cashew plantings.
Recently, Bennett et al. (1989) reviewed the status of biological control activities directed
against Brazilian pepper. Three species of insects were recently imported to Hawaii from South
America for the control of Brazilian pepper. A bruchid beetle, Bruchus atronotatus, and a
tortricid moth, Episimus utilis, established on the weed but caused no significant population
reductions. A gelechiid moth, Crasimorpha infuscata, apparently failed to establish (Bennett et
al. 1898).

CHEMICAL CONTROLS

Several herbicides have been used to manage the weeds described in this module. These will not
be described in detail, since new herbicides are constantly being developed. Contact your
regional Integrated Pest Management coordinator for information on the most appropriate
materials to use in your situation.

Kudzu

Several herbicides have been successfully used in the National Park Service to manage kudzu.
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These projects are described in Bratton (1981), Rosen (1982), and Gangstad (1989). Cut stump
treatments have been effective at Great Smoky Mountains National Park. These work best on
small infestations or after foliar treatments the previous season.

Saltcedar

A variety of herbicides have been used to manage saltcedar. These are generally applied as cut-
stump treatments, although foliar, stem-sprout, root-sprout, injection, frill, and broadcast
applications are used as well. When cut-stump treatments are used, the herbicide should be in a
non-evaporative base so that the stump does not dry out before the chemical has entered.
Deloach (1989) has reported on successful use of this technique. Gangstad (1989) has also
described several methods for chemical control of saltcedar.

Brazilian Pepper

Non-woody seedlings can be treated with foliar applications. Small woody saplings and
established trees can be treated with a spray to every major stem (complete coverage to runoff, at
12"-15" above ground level). Treated sites should be monitored and surviving trees retreated at
six week intervals following treatment, until regrowth no longer occurs. Gangstad (1989)
described a technique for management of Brazilian pepper in rangeland and permanent pastures.

SUMMARY

Kudzu

Regular cutting (or flaming, where applicable) may be sufficient to control most kudzu
populations. Grubbing may control small infestations, if it will not result in too much destruction
of other vegetation. Where it can be accommodated, grazing by goats may preclude the need for
additional measures. For large overgrown areas, application of a recommended pesticide may be
necessary.

Saltcedar

Individual plants can be grubbed from the soil. Cutting followed immediately by application of
herbicide to stump ends is the most effective means of controlling small stands of mature shrubs.

Brazilian Pepper
Small trees or individual seedlings can probably be mechanically pulled by workers wearing
protective clothing. Prescribed burns may prevent establishment of seedlings in appropriate

circumstances. Cutting and bulldozing may be useful against large trees and stands. Seedling
stands and established trees may be treated with registered herbicides.
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Exotic Weeds I

This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for tree of heaven, Japanese honeysuckle, mimosa tree,
siris tree, giant sensitive plant, and sensitive plant. Any pest management plan or activity must be
formulated within the framework of the management zones where it will be implemented. Full
consideration must be given to threatened and endangered species, natural and cultural resources,
human health and safety, and the legal mandates of the individual parks. Recommendations in
this module must be evaluated and applied in relation to these broader considerations.

This module discusses the biology and management of six woody weeds that are either trees,
shrubs, or vines and are distributed throughout many regions of the United States. They are pests
because they are invasive and can displace native vegetation and because they create floristic
inaccuracies in historical landscapes due to their foreign origin. One is an alternate host to an
important nematode pest of agronomic crops.

In some cases exotic vegetation is allowed to remain because it is historically accurate and
contributes to the character of a cultural landscape. For example, some introduced species were
brought to an area during a certain time period or by a particular group and thus provide
important information about the history of a site. Although historically correct, these species
become an immense problem if they are not kept from spreading. Many historic sites have fallen
into disrepair, allowing introduced plant species to spread into natural zones and force out native
vegetation. Natural resource managers, cultural resource managers, and maintenance personnel
must work together to establish priorities for the preservation of historic landscapes that consider
protection of both the cultural and natural resource.

IDENTIFICATION AND BIOLOGY OF TREE OF HEAVEN, JAPANESE
HONEYSUCKLE, MIMOSA TREE, SIRIS TREE, GIANT SENSITIVE PLANT,
AND SENSITIVE PLANT

Tree of Heaven

Tree of Heaven (Ailanthus altissima [Miller])is in the family Simaroubaceae. It was introduced
into the United States from Asia (China) as a host tree for the Cynthia moth, Samia cynthia
(Drury), which was introduced for silk production. It was brought to the eastern United States as
nursery stock because of its ability to grow quickly under adverse conditions. Chinese miners
also brought the seeds with them to California because of their medicinal and cultural
importance. Distribution in the United States is from Massachusetts to lowa and Kansas and
south to southern Texas and Florida. Tree of heaven has established to a lesser extent in the
western United States from southern Rockies to the Pacific Coast states. It is a tall (to 60"),
deciduous, polygamous tree and often colonizes by root sprouts. Stump sprouts can grow 6'-12'
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in length in a single summer. Flowers are present in late May through early June in 12" long
terminal panicles. A large cluster of pink fruits develops from July to October. The flowers and
vegetative parts, if bruised, are ill scented, almost nauseating, on hot days.

Tree of Heaven is intolerant of deep shade and occurs most commonly along fence rows,
roadsides, and waste areas. It is tolerant of urban conditions, including compacted, poor soils,
and polluted air, and is common in dusty, smoggy areas such as inner cities where most other
trees fail. It is often used as an ornamental in urban areas. It spreads rapidly in disturbed areas
and can quickly take over forest openings created by gypsy moth damage or fire. It can pose a
serious threat to natural areas. It has been found growing up to two air miles from the nearest
seed source.

Japanese Honeysuckle

Japanese honeysuckle (Lonicera japonica [Thunberg]) is a high climbing or trailing vine in the
family Caprifoliaceae. It was introduced into the United States from Asia. Distribution in the
United States is from the central Atlantic states to Missouri and Kansas, south to Florida and
Texas. Japanese honeysuckle stems are glabrous to densely pubescent. Leaves are 3/4"-2 1/2"
long, evergreen, oval in shape, with a rounded base. In spring the leaves of new shoots are often
lobed. The flowers are very fragrant and occur in pairs. They are white or pink when they first
appear and fade to yellow with age.

This vine, originally planted as an ornamental and to stabilize road banks, has invaded
woodlands, fence rows, and fields, outcompeting and killing native wild flowers, shrubs, and tree
seedlings. It is common to abundant at low altitudes, but can spread into uplands. It grows best in
full and partial sun but t olerates partial shade. This species is considered a major pest due to its
ability to outcompete and shade out native vegetation.

Mimosa Tree, Powder-puff Tree, Silktree, Mimosa

Mimosa tree (Albizia julibrissin [Durazzini]) as introduced into the United States as an
ornamental from Asia and Africa. Distribution in the United States is from the mid-Atlantic
states south, and as far west as Indiana. It is a flat-topped, thornless, deciduous tree which
reaches 35' in height.

The mimosa tree was introduced as an ornamental but escaped into fields and waste areas. It
does not establish in forests, but commonly occurs on forest borders. It can also invade riparian
areas and spread downstream. It is o ften injured by severe winters. Its major negative impact is
its improper occurrence in historically accurate landscapes.

Siris Tree, Woman's Tongue
Albizia lebbeck (L.) Benth. (family Leguminosae) was introduced from Egypt into southern
Florida about 1900 where it escaped from cultivation. It is probably a native of tropical Asia, but

is widely planted throughout the tropics as a shade tree and ornamental. Its range extends to
Bermuda and the West Indies, Central America, and south to Brazil. It is a medium-sized
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deciduous tree 20'-40' high, to 1/2" in diameter or larger, with a spreading crown of thin foliage.
The bark is gray, and smooth but becomes rough as the tree ages. The fruits are flat pods, which
are broad, straw- colored, 4" to 8" or more in length, and 1" to 1/2" wide. They usually occur in
large numbers. Pods remain on the tree for some time after the seeds and leaves have fallen. The
sound of the empty pods rattling in the wind gives the tree its common name of woman's tongue.

This species propagates readily from seed and has established in pastures and on hillsides in dry
coastal regions. This species is highly tolerant of salt spray but is intolerant of cold temperatures.

Giant Sensitive Plant

The giant sensitive plant (Mimosa invisa [Mart.]) is a native of Brazil. This species is a weed in
many tropical and subtropical countries and is found in the United States in Hawaii. An erect,
climbing shrub, the giant sensitive plant is biennial or perennial depending on the climate, and
often forms dense thickets (Holm et al., 1977). This species possesses a strong root system that
often becomes woody at the base. Stems can be up to 6' tall, and are conspicuously angular, with
many randomly scattered recurved spines or thorns 1/4"-1/2" in length. The seeds are flat, about
1/4" long, and are adapted for dispersal by animals. Seedlings only a few weeks old may produce
viable seeds. Some of these may germinate immediately while others may remain in the soil for
several years before germination. See Holm et al. (1977) for illustrations.

Often found in moist waste places, plantations, pastures, and cultivated areas, this plant has
become a serious weed in sugar cane plantations. It covers other vegetation with the spiny stems,
forming spreading tangled masses or impenetrable thickets up to 6' high.

This species has been designated a noxious weed by the United States Department of Agriculture
(Westbrooks 1981). It overruns and outcompetes native vegetation in large areas. It further
affects native species by being unpalatable to most grazers and by trapping animals caught in
thickets; animals or people may die or become seriously injured if they become ensnared in these
thickets. Animals will not browse or step on stems due to the recurved thorns (Holm et al. 1977).

Sensitive plant

The sensitive plant (Mimosa pudica [L]) is a multistemmed, perennial shrub in the legume
family. Originally from tropical America, the sensitive plant is widely introduced and is now
found throughout the New World tropics. It is considered a troublesome weed in the Caribbean
region and South America. In the United States its distribution is limited to Hawaii and Puerto
Rico. Its bristled seeds are dispersed by attachment to animals or people. Seeds may remain in
the soil for several years before germination; seeds stored under laboratory conditions have
shown 2% germination rates after 19 years (Holm et al. 1977). See Holm et al. (1977), Radford
et al. (1964), Fernald (1950), Little (1953), Little and Wadsworth (1964), and Gleason (1963) for
more detailed descriptions of this species.

Sensitive plant is found in cultivated areas, lawns, and waste places. It grows on a wide variety

of soils and has a high tolerance for shade. It is often grown as an annual ornamental for its
showy flowers and as a cover crop in some tropic countries for its nitrogen-fixing abilities. It
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occurs as a common weed in many cultivated crops and in pastures, where its high populations
and thorny stems make grazing difficult. Sensitive plant is an alternate host to several species of
parasitic flowering plants and of the root-knot nematode Meloidogyne sp., which is a serious pest
of many crop plants (Holm et al. 1977).

MONITORING AND THRESHOLDS

Monitoring techniques for the introduced weed species described above consist of periodic visual
inspections. All observations and treatments should be recorded.

Care should be taken to monitor small, slowly expanding populations which have not reached
pest status. A slight change in environmental conditions, such as drought or fire, could enable
populations to grow rapidly (Anonymous 1983). Control efforts should be undertaken whenever
any of these species is observed, as they can all spread rapidly and overtake desired vegetation.

NON-CHEMICAL CONTROLS
Tree of Heaven

Cutting. This process involves removal of all above-ground growth. Regeneration of stump
sprouts and from underground parts is not prevented.

Japanese Honeysuckle

Cutting. Vines may be chopped just above ground level. Cutting is repeated every two weeks to
deplete nutrient reserves in the roots and prevent resumption of photosynthesis. Cutting does not
affect roots, which will continue to grow until their energy and nutrient supplies are depleted.

Flaming. By placing a kerosene torch over leaves on the same schedule as cutting, foliage is
wilted and nutrient supplies in the roots are depleted. As with cutting, flaming will not affect
roots.

Burning. Although few quantitative studies occur in the literature, Barden and Matthews (1980)
recommend controlled burning. Two annual burns in an experimental plot reduced honeysuckle
crown volume by 80%. Ground cover was reduced by 35%. Fires killed most above-ground
vines, but ground cover was maintained by re- sprouting roots. Burning may be combined with
previous flaming, which wilts and dries leaves, providing fuel for the burn.

Grubbing. Consists of mechanical removal and destruction of the entire plant, including the
root. If all root tissue is removed, no regrowth can occur, and repetition is not necessary.
Grubbing is labor intensive and may be locally destructive. Grubbing is most effective from
fruiting to winter and early spring when plant reserves are lowest.

Grazing. Controlled grazing by goats may serve to reduce honeysuckle crown and ground cover
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densities, but as with controlled burning, re-sprouting roots will regenerate unless nutrient
reserves are depleted by continuous grazing pressure.

Regardless of the control method used, care must be taken to prevent re- invasion from nearby
areas, or by seeds transported by birds or other wildlife. Planting the area with fast-growing
native vegetation or grasses may prevent recolonization.

Mimosa Tree

Cutting. See Tree of Heaven.

Siris Tree

Cutting. See Tree of Heaven.

Giant Sensitive Plant

Controlled burning. See Japanese honeysuckle.

Sensitive Plant

Controlled Burning. See Japanese honeysuckle.

BIOLOGICAL CONTROL
Tree of Heaven

The Cynthia moth, Samia cynthia, feeds on this species, but it is rare outside of urban habitats
(Pyle 1983).

Japanese Honeysuckle

No natural enemies are reported for this species.

Mimosa Tree

Attacked by mimosa wilt, Fusarium oxyapoeum perniciosum, a fungus. It is also fed upon by the
mimosa webworm, Homadaula anisocentra Meyrick, and the root-knot nematode Meliodogyne
incognita.

Siris Tree

No natural enemies are reported for this species.

Giant Sensitive Plant
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No natural enemies are reported for this species.
Sensitive Plant

No natural enemies are reported for this species.

CHEMICAL CONTROL

Tree of Heaven

Current treatment consists of felling and stump treatment with herbicide. Chemical treatment
kills remaining tissue and prevents regrowth of stump sprouts. Trees may be frilled and treated
with felling, treated by injection, or treated by hack and squirt. The latter technique involves
cutting into the cambium and applying a herbicide into the wound.

Honeysuckle

Mclemore (1981) reports that an acceptable level of control (70%) was reached during a two-
year experimental program which used 2 Ib/acre of glyphosate in the first year and 6 Ib/acre in
the second year. Japanese honeysuckle is an evergreen, so it can be treated in the dormant season
with less damage to non-target species.

Mimosa Tree

Use the same treatments described in the Tree of Heaven and Honeysuckle sections.

Siris Tree

Everglades National Park has successfully used basal bark sprays of herbicide for management
of this plant. It is applied to runoff to the complete circumference of the trunk 12" to 15" above
the ground (Anonymous 1983). A carrier and dye are added to the herbicide to ensure good
penetration and complete coverage by the herbicide.

Giant Sensitive Plant

See Sensitive Plant section.

Sensitive Plant

Patro and Tosh (1974) recommend postemergence application of 2,4-D as the best chemical
control measure for this species.

Consult with your regional integrated pest management coordinator to determine which, if any,
pesticide is best suited to your integrated pest management program.
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SUMMARY

Tree of Heaven

Felling individual problem trees and treating the cut stumps with approved herbicides to prevent
regrowth may be sufficient for control in most situations. Depending on the growth form of the
plant, basal-bark treatments or foliar treatments with herbicide may be necessary as well.
Japanese Honeysuckle

Regular cutting (or flaming, where applicable) followed by spot treatments of herbicides or
regular controlled burns combined with spot treatments or grazing pressure may control
honeysuckle in most situations. Grubbing or other mechanical methods should be sufficient for
small infestations.

Mimosa Tree

See Tree of Heaven section.

Siris Tree

See Tree of Heaven section.

Giant Sensitive Plant

Flaming, burning, and postemergence applications of herbicide followed by spot treatments with
approved herbicides may be sufficient for control in most situations. Broadcast treatments with
approved herbicides may be required to treat large infestations.

Sensitive Plant

See Giant Sensitive Plant section.
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This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for fire ants. Any pest management plan or activity must be
formulated within the framework of the management zones where it will be implemented. Full
consideration must be given to threatened and endangered species, natural and cultural resources,
human health and safety, and the legal mandates of the individual parks. Recommendations in
this module must be evaluated and applied in relation to these broader considerations.

Fire ants are so called because their venom, injected by a stinger like a wasp's, creates a burning
sensation. They are also active and aggressive, swarming over anyone or anything that disturbs
their nest, be it wild animals, domestic animals, pets or people. An encounter with a fire ant nest
can leave a lasting memory of burning pain, followed by tiny, itching pustules.

Because of this, and occasional stories of animals or people killed by multiple stings, people fear
fire ants. In some areas infested with certain species of fire ants, playgrounds, parks, and picnic
areas lie abandoned, unused because of the presence of fire ants. In campsites of state and
national parks in fire ant infested areas, it is often difficult to put up or take down a tent without
being stung by angry fire ants.

Fire ants are pests in other ways besides their stinging. They damage crops such as soybeans,
eggplant, corn, okra, strawberries, and potatoes by feeding directly on the plants or by protecting
other insects that damage the crops. They chew the bark and growing tips of citrus trees and feed
on the fruit. Fire ant mounds interfere with farming and mowing operations and turn recreational
fields into disfigured moonscapes. Fire ants have caused sections of roads to collapse by
removing soil from under the asphalt.

Increasingly, fire ants have been found nesting in wall voids, around plumbing, and under
carpeting in structures. The ants have also been found invading outdoor electrical equipment,
apparently attracted to the electrical fields. Infested sites include household electric meters,
traffic signal control boxes, and even airport runway lights.

Fire ants are voracious predators and sometimes feed on pests such as boll weevils, sugarcane
borer, ticks, and cockroaches. The imported fire ant is thought to have dramatically reduced the
range of the lone star tick, a serious livestock pest.

BIOLOGY AND IDENTIFICATION OF FIRE ANTS

Pest Species of Fire Ants

There are many species of fire ants in the United States, but the most serious pests for National
Park Service personnel are four in the genus Solenopsis: the red imported fire ant, the black
imported fire ant, the southern fire ant, and the fire ant. Distinguishing between imported and
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native species of fire ant is difficult, even for experts. Identification usually requires 40 or more
randomly collected worker ants for study. The following sections describe the four fire ants of
major concern.

Red Imported Fire Ant

Introduced from South America, this species becomes the number one fire ant pest wherever it
occurs. The red imported fire ant (Solenopsis invicta) is associated with disturbed habitats,
mostly created by humans, and is abundant in old fields, pastures, lawns, roadsides and many
other open sunny areas. It often inhabits fields used for agricultural purposes where its large
above-ground mounds create problems in planting and harvesting crops. In areas where grass is
periodically cut, mounds are flush with the ground and are hard to see. This species is rarely
found in mature forests and other areas with heavy shade, unless part of the area has been
disturbed by fire or storms.

The red imported fire ant builds mounds that are, on average, 10"-24" in diameter and 18" high.
But larger mounds are not uncommon. They also may extend 6' underground. The primary
function of mounds, beyond that of the simple ground nests of other ants, is microclimate
regulation--controlling the temperature and humidity. The ants can maintain a temperature inside
the mound much higher than that outside, allowing them to continue colony growth during cool
weather.

The mounds are symmetrical piles of excavated soil, rich in organic materials, laced with
interconnected galleries and chambers. The soil below ground also contains galleries and
chambers. During foraging periods only a small percentage of ants may be inside the mound; the
rest are out gathering food and exploring.

A newly established nest rapidly produces young, and winged reproductives are produced for
most of the year (8-10 months), much longer than native species. Red imported fire ants quickly
spread through a suitable habitat, and the species is now found throughout most of the
southeastern United States and west into Texas.

Black Imported Fire Ant

The black imported fire ant, Solenopsis richteri, is very similar to the red imported fire ant. It is
currently limited to a small area of northern Mississippi and Alabama. It may be displaced from
established habitats by the red fire ant.

Scientists have long thought that the black and red fire ants were two distinct species. Recently it
has been discovered that hybrids of these ants produce viable offspring, and some scientists now
wonder whether they are simply two races of the same species, varying in color and perhaps
behavior.

Southern Fire Ant

The southern fire ant, Solenopsis xyloni, is a native species that occurs from North Carolina
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south to northern Florida, along the Gulf Coast and west to California. Colonies may be observed
as mounds or more commonly may be constructed under the cover of stones, boards, and other
objects or at the base of plants. These ants also nest in wood or the masonry of houses, especially
around heat sources such as fireplaces. Nests often consist of loose soil with many craters
scattered over 2 to 4 square feet. In dry areas nests may be along streams, arroyos, and other
shaded locations where soil moisture is high. Southern fire ants usually swarm in late spring or
summer.

Fire Ant

The fire ant, Solenopsis geminata, is a native species sometimes called the tropical fire ant. This
ant ranges from South Carolina to Florida and west to Texas. Very similar to the southern fire
ant, it usually nests in mounds constructed around clumps of vegetation, but may also nest under
objects or in rotting wood.

The Ant Colony and Life Cycle
The life cycles of the four fire ant species discussed above are very similar.

Development of the individual: Like all ants, an individual fire ant begins life as an egg, which
hatches into a legless, grub-like larva. The larva is very soft and whitish in color. It is also
helpless and depends totally on worker ants for food and care. The larva is specialized for
feeding and growing, and almost all growth occurs during this period. As in all insects, growth is
accomplished by periodic molting, or shedding of the cuticle (skin). Having reached its final
size, the larva becomes a pupa in which various adult structures, such as legs, and in some cases
wings, become apparent for the first time. The pupal stage is the transitional stage between the
larva and the adult that emerges during the final molt. In insects in general, the adult stage is
specialized for reproduction and dispersal; with ants, some adult individuals are capable of
reproduction (queens and kings) and the remainder are sterile workers.

The colony: The social unit of fire ants is the colony. Colonies, like individuals, pass through a
characteristic life cycle.

Fire ants are very typical of ants in general. In addition to workers and a queen, mature colonies
contain males and females capable of flight and reproduction. These individuals are generally
called "reproductives.” On a warm day, usually one or two days following a rain, the workers
open holes in the nest through which the reproductives exit for a mating flight. Mating takes
place 300' to 800" in the air. Mated females descend to the ground, break off their wings, and
search for a place to dig the founding nest, a vertical tunnel 2" to 5" deep. They seal themselves
off in this founding nest to lay eggs and to rear their first brood of workers. During this period
they do not feed, instead utilizing reserves stored in their bodies. The first worker brood takes
about a month to develop; these are the smallest individuals in the entire colony cycle. They
open the nest, begin to forage for food, rear more workers, and care for the queens. Hereafter, the
queen or queens essentially become egg-laying machines, each able to lay up to 1,500 eggs per
day.

Multiple queen colonies are fairly common. A single colony may have 10 to 100 or more queens,
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each reproducing. Multiple queen colonies can mean up to 10 times more mounds per acre. The
queens generally mate several times and may live for several years. Workers are less long-lived
and usually will not survive an entire season.

The colony grows rapidly by the production of workers that gradually enlarge the original
vertical tunnel into multiple passages and chambers. Colony maturity is attained when
reproductives are once again produced. The reproductives leave to mate and form new colonies.
A mature colony of red imported fire ants can produce as many as 4,500 reproductives during the
year in 6-10 mating flights between spring and fall. Nearly 100,000 queens may be produced per
acre in heavily infested land, but mortality rates, mostly from predators, can reach 99%.

Colony size: Colonies of red and black imported fire ants become territorial as they grow; they
defend an area against all other fire ants. Therefore, fire ant colony populations often reach an
upper limit depending on the territory size of mature colonies. A typical figure for pasture land
seems to be about 20-50 mounds per acre in single queen nests and up to 250 mounds or more in
multiple queen nests. Mature colonies of imported red fire ants consist of an average 80,000
workers, but colonies of up to 240,000 and more have been reported.

Feeding Habits

The oldest and most expendable 20% or so of the colony's workers leave the nest to search for
food. They explore 50-100 feet from the nest with an efficient looping pattern. Although the
worker ants can chew and cut with their mandibles, they can only swallow liquids. When they
encounter liquid food in the field, they swallow it and carry it back to the nest. Solid food is cut
to reasonable size and carried back to the nest.

Like other ants, fire ant workers share their food with their nest mates by regurgitating it so that
it can be licked or sucked by other ants. In this way, most ants in the nest get fed equally. This
food sharing is also why baits can be an effective control tactic against fire ants.

Fire Ant Stings

In infested areas, fire ant stings occur more frequently than bee, wasp, hornet, and yellowjacket
stings. Stepping on a mound is almost unavoidable when walking in heavily infested areas.
Furthermore, many mounds are not easily seen, with many lateral tunnels extending several feet
away from the mound just beneath the soil surface. Ants defend these tunnels as part of their
mound.

A person who stands on a mound or one of its tunnels, or who leans against a fencepost included
in the defended area, can have hundreds of ants rush out to attack. Typically, the ants can be
swarming on a person for 10 or more seconds before they grab the skin with their mandibles,
double over their abdomens, and inject their stingers.

Although a single fire ant sting hurts less than a bee or wasp sting, the effect of multiple stings is
impressive. Multiple stings are common, not only because hundreds of ants may have attacked,
but because individual ants can administer several stings. Each sting usually results in the
formation of a pustule within 6 to 24 hours. The majority of stings are uncomplicated, but
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secondary infections may occur if the pustule is broken, and scars may last for several months.
Severe infections requiring skin grafting or amputation have been known to occur.

Some people experience a generalized allergic reaction to a fire ant sting. The reaction can
include hives, swelling, nausea, vomiting, and shock. People exhibiting these symptoms after
being stung by fire ants should get medical attention immediately. Death can occur in
hypersensitive people. Individuals who are allergic to fire ant toxins may require desensitization
therapy.

Fear of Fire Ants

An important indirect effect of the presence of fire ants is fear of being stung. Fear and anxiety
about fire ants may limit the use of sites where fire ants are present by park visitors and
personnel alike. In some parks, playgrounds, athletic fields, and campsites are not used because
of fear of fire ants in the area.

MONITORING AND THRESHOLDS FOR FIRE ANTS
Monitoring

The first step is to identify the species of fire ants in the area (see Pest Species of Fire Ants
above). Population monitoring for fire ant control generally consists of determining the number
of active mounds in a particular unit area. Any mound where at least three ants are observed after
mound disturbance should be considered active. Heavily infested fields can contain over 100
active mounds per acre.

Another method of estimating ant populations for comparison studies is by collecting ants
attracted at baits in a test area. A small piece of hamburger and a small piece of agar containing
40% honey are each placed on a small piece of aluminum foil or in a small plastic cup. The two
baits are placed on the ground at each bait station, 1'-3' apart, at each bait station. Bait stations
are placed about 10 yards apart. The number of ants attracted to the baits per unit time is
determined.

Threshold/Action Population Levels

The threshold population levels for fire ants will vary according to the species and the sites. In
certain camping and recreational areas, for example, very few active mounds per acre would
likely be tolerated, particularly of the imported species. In contrast, a few active mounds per acre
probably would be acceptable in other types of sites; little-used hiking areas, for example. Every
effort should be made to correlate fire ant populations observed through the use of monitoring
techniques with complaints received from park visitors and personnel. In this way, a complaint
threshold level can be established for each park site.

In areas where fire ants are not causing any problems, the best solution may be to do nothing.

Some sites will only support a limited number of fire ants. These may be in the form of a few
large colonies or many small ones. Established mounds defend territories, preventing the
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establishment of new colonies. Maintaining several large, and perhaps well-marked, colonies
may be a sound way to stabilize fire ant populations in an area, as long as there is a low risk of
people or pets stumbling into the nest.

Some researchers believe it may be best to selectively control fire ant colonies- -allowing native
species to flourish as a way to prevent the introduction of the imported species, or leaving single
queen imports alone to prevent the area from invasion by a multiple-queen "supercolony.”

Mounds built by fire ants in fields often interfere with mowing and farming operations. Not only
is equipment damaged by dried and hardened fire ant mounds, but operators may refuse to enter
fields infested by ants. The number of mounds per acre that can be tolerated as regards
equipment damage must be determined on a case- by-case basis.

NON-CHEMICAL CONTROL OF FIRE ANTS

Fire ants, particularly red and black imported fire ants, pose a serious dilemma in parks. On the
one hand, there can be no doubt that the fire ant is a major pest, stinging visitors and park
workers, disfiguring the landscape, even attacking native animals. In one private preserve,
imported fire ants were killing hatchlings of the brown pelican, a threatened species. On the
other hand, aggressive insecticide treatment of critical habitat can have negative impact on a
sensitive environment.

Fire ant management consists of a series of questions and decisions: What species are in the
area? How extensive is the infestation? How high is the risk that visitors or park personnel will
be stung? How much damage are the ants doing? Is control action justified? What are the best
strategies of control? Answering these questions requires inspection and monitoring to determine
the nature and extent of the problem.

Water

Boiling water has been added to individual mounds with varying degrees of success reported.
Approximately 3 gallons of hot water poured into each mound will eliminate about 60% of the
mounds treated. Surviving mounds will need to be treated again. Water has also been applied as
steam, using a steam generator, usually on a cool day. Both techniques are cumbersome in the
field, especially where large numbers of mounds are involved.

Area-wide flooding or prescribed burning of fire ant infested areas has proved ineffective, and
may promote the establishment of new colonies.

Mechanical Disturbance

Mounds can be dug up and moved or destroyed, but not without some risk that the fire ants will
successfully attack the digger. Dragging, or knocking down, mounds may provide a limited level
of control, but only if mounds are dragged just before the first hard freeze. Mounds are destroyed
by pulling a steel I-beam drag, weighing about a ton, behind a tractor across the ant-infested
area. Destroying mounds during the warm season will not reduce the number of active mounds;
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ants quickly rebuild their nests.

A number of mechanical mound pulverizers, ant electrocuters, even nest exploders, have been
developed for fire ant control, but so far the effectiveness and practicality of these devices is
open to question.

Biological Control

A number of biological enemies of the fire ants have been evaluated as biocontrol agents,
including nematodes, bacteria, fungi, viruses, and microsporidia. Some show promise, but
biological control is not yet a proven effective control tactic for fire ants.

So far, the most effective of these is a nematode, Neoaplectana carpocapsae. In trials, one
application has inactivated about 80% of treated mounds in 90 days. The straw itch mite,
Pyemotes tritici, has also been shown to inactivate fire ant mounds. Three to ten applications at
about two week intervals gave 70% control. Practical use of this mite for fire ant control must
await the development of more efficient methods of mass production and increased
effectiveness. Another problem is that this mite is a pest of people and animals; it bites and
causes a dermatitis.

Ant-Proofing

Fire ants, like other ants, may be nesting near buildings and can enter and move through a
structure through innumerable tiny cracks and openings. Caulking and otherwise sealing cracks
and crevices being used by fire ants can often have great effect in suppressing the population
inside. Many effective, easy-to-use silicon sealers and expandable caulk products have been
recently developed, including some designed specifically for pest management.

Public Education

The most effective measure for preventing injury to park visitors and personnel is education.
Visitor activities should be directed away from highly infested areas. Park visitors should be
informed about the habits of fire ants, how to recognize them, and how to avoid them. Visitors
should be encouraged to use proper sanitation so that fire ants are not attracted to such sites as
picnic areas. And if the worst happens, information should be available on what to do if a person
IS stung.

CHEMICAL CONTROL OF FIRE ANTS

Many different types of chemical products are available for fire ant control. There are three
major ways to manage fire ants with chemicals: treating individual mounds, broadcast treatment
of a large area, and spot treatment in and around structures. Remember to consult with your IPM

coordinator for specific pesticide recommendations for your area.

Mound Treatment
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Treating individual ant mounds is time consuming, but it is generally the most effective method
of control. It takes from a few hours to a few weeks to "kill" the mound, depending on the
product used. Individual mound treatment is usually most effective in the spring. The key is to
locate and treat all the mounds in the area to be protected, not always a simple task. If many
young mounds are missed, reinfestation of the area can take place in less than a year. The
following discussions describe different ways to treat individual mounds.

Mound drench. Follow directions for dilution of the insecticide and gently wet the mound and
surrounding area with insecticide. Then break open the top of the mound and pour the insecticide
dilution directly into the galleries.

Mound drenches are most effective after rains when the ground is wet and the ants have moved
up into the drier soil in the mound. During excessively dry weather, effectiveness of the
treatment may be enhanced if you soak the soil around the mound with plain water before you
treat.

A few granular insecticides are labeled for application to fire ant mounds. After application, the
granules are watered into the mound.

Mound injection. A growing number of insecticide products are designed to be injected directly
into fire ant mounds. They may be injected using a "termite rig" with a soil injector tip, a
standard 1-3 gallon compressed air sprayer with a fire ant injector tip, or a special aerosol soil
injector system. The mound is injected in a circular pattern, usually at 3 to 10 points. A new
product combines insecticide treatment with high temperature vapors to increase penetration in
the mound.

Baits. A few bait products are available that may be used for individual mound treatments. The
baits take from several days to several weeks to eliminate a fire ant colony, but they can be very
effective and are simple to use. Baits are available with the either a toxicant, a sterilant/toxicant,
or a growth regulator. The baits are sprinkled around and sometimes on the mounds. During hot
weather it is best to apply the bait late in the afternoon or early in the evening when the ants
begin to forage. Baits must be kept dry.

Dusts. A few insecticide dusts are labeled for dusting individual fire ant mounds. The dusts are
evenly distributed over the top of the mound. Dusts must be dry in order to be effective.

Fumigation. Large fire ant mounds can be eliminated through fumigation. Check with your IPM
coordinator to see if these products are registered for use in your area. Only those who have been
specifically trained in the use of fumigants should conduct such fumigations.

Broadcast Treatment

Several different types of products are labeled for application over wide areas to control fire ants.

Granular insecticides are often applied with hand-operated fertilizer spreaders or agricultural
application equipment. Sprays also are sometimes used. Because of the broad spectrum of such
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treatments and their effects on nontarget species, broadcast application of standard insecticides is
not a good choice for park land.

A better choice is broadcast treatment with an insect growth regulator bait, which poses much
less risks to nontarget species. For example, fenoxycarb bait has been shown to be very effective
for suppression of fire ant populations when applied in one application over a wide area.

Spot Treatment with Insecticides

If fire ants are nesting in a structure (in a wall void, for example), the nest should be treated
directly, usually by drilling and injecting with a residual insecticide. Treatment of ant trails or
barrier treatment to keep fire ants from foraging in occupied areas are generally not acceptable
choices for Park Service facilities.

Summary of Management Recommendations

Park visitors and personnel should be directed away from infested areas and encouraged to
observe proper sanitation procedures so that fire ants are not attracted to recreational sites.

Mechanical and other nonchemical control measures should be considered first if control is
deemed necessary. Remember that control may not be necessary in many cases. When it is
necessary, chemical control, particularly the use of baits, may be attempted if other control
measures have failed and the use of pesticides has been approved by the National Park Service.
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Fleas

This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for fleas. Any pest management plan or activity must be
formulated within the framework of the management zones where it will be implemented. Full
consideration must be given to threatened and endangered species, natural and cultural resources,
human health and safety, and the legal mandates of the individual parks. Recommendations in
this module must be evaluated and applied in relation to these broader considerations.

Although there are over 250 species of fleas described in North America (Pratt 1957), only a few
are commonly encountered by humans with enough frequency to be considered pests (Ehman
and Story 1982). These include the cat flea, Ctenocephalides felis (Bouche), the dog flea, C.
canis (Curtis), the human flea, Pulex irritans (L), and the oriental rat flea, Xenopsylla cheopis
(Rothschild). Other species, such as the rabbit flea, Cediopsylla symplex, the mouse flea,
Ctenopsyllus segnis, the ground squirrel flea Diamanus montanus (Baker), and Oropsylla
hirsuta, a flea that feeds on prairie dogs, may achieve pest status when their host mammals nest
in or near structures or the fleas attack hunters and hikers. Some, such as the northern rat flea,
ground squirrel flea, and Oropsylla hirsuta are important vectors of sylvatic plague, bubonic
plague, and murine typhus.

Flea management is best done via management of the host animal's habitat. Since fleas must
spend part of their life cycle on their host, the chances of encountering fleas in areas of the host's
habitat where it spends most of its time (e.g., its den or nest) are much greater than in a general
area, such as a field or barn in which the host may or may not be found at a given time. One
author has suggested that most fleas spend more time in the host nest or burrow than on the host
itself (Benton 1980). This is the emphasis that will be placed on flea management strategies in
this module.

IDENTIFICATION AND BIOLOGY OF FLEAS

This document will deal with the four most commonly encountered flea species mentioned
above: the cat flea, the dog flea, the human flea, and the oriental rat flea. These fleas are found
throughout the United States and are most likely to be encountered in mammal and bird nests or
in pet bedding. Adult fleas are ectoparasites of their hosts, but unlike many other ectoparasites
they do not spend the majority of their life cycle on their host.

Females deposit eggs in groups of 1 to 18 on the host after a blood meal. Some species, such as
the cat flea, can deposit up to 25 eggs per day and over 1000 in a lifetime. Eggs soon drop off or
are brushed off. Due to their spherical or oval shape, they roll into cracks and crevices on the
floor or in or near nests and bedding. Eggs are whitish and 1/32" in diameter. Eggs hatch in 2 to
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21 days.

Larvae are approximately 1/4" when first hatched, white, and have fine hairs. They lack legs or
eyes but possess biting mouthparts. Most species feed on dried blood from the host (in the form
of adult flea feces) or organic debris present in cracks and crevices. They also feed on cast larval
skins. Depending on the availability of food, relative humidity, and other environmental factors,
larvae pass through three stages (instars) in one week to several months. Optimal temperatures
for larval development are 65 to 80F. Larvae need a relative humidity of at least 50%. It is
important to realize that even if the relative humidity of the ambient air is not this high, it could
be much higher in the microhabitat of a burrow or den. Larvae can also survive short exposures
to below freezing temperatures (Silverman and Rust 1983). Larvae pupate within cocoons spun
from silk and may be covered with debris.

The pupal stage usually lasts approximately one week. The newly emerged adult may remain in
the cocoon for some time; under adverse conditions, the adult may spend up to a year in the
cocoon. Emergence occurs in response to pressure applied to the cocoon or detection of host
warmth, vibrations, or carbon dioxide in the host's breath.

Adult fleas are small, brownish insects flattened from side to side, without wings but with
powerful jumping legs. Adults can live for several years and go without feeding for months at a
time under extreme conditions. Fleas can remain in a structure long after the host mammals have
been removed. Depending on the species and environmental conditions, adults can breed from
two weeks to two years after emerging. Adults feed on blood, and females deposit eggs only
after a blood meal. Most species remain on the host only long enough to feed. Nearly all species
have host preferences but are not restricted to any one host species. This trait is responsible for
the transmission of several diseases (e.g. plague or murine typhus) from one host species to
another. Adults prefer warm humid places and will leave a host if it dies.

Outdoors, fleas are most abundant during humid, rainy summers and are more common outside
in the southern United States than in the north. Indoors, warmth and high relative humidities are
conducive to large populations. The sudden appearance of large numbers of adult fleas in mid-
summer and fall (“flea seasons™) is due in large part to the onset of higher humidities and
temperatures which permit larval development to accelerate. Larvae may undergo arrested
development in less than favorable conditions.

Medical Importance of Fleas

Flea bites vary in effect from short-lived itching welts to an overall rash to symptoms which may
last over a year, depending on the sensitivity of the victim. Young children are more sensitive
than older persons. Commonly, a small red spot appears where the skin has been pierced. Little
swelling ensues, but the spot is accompanied by a red halo of irritated skin which usually lasts
for several hours to a day.

Fleas are vectors of several diseases important to human health including plague, murine typhus,

and tularemia. The oriental rat flea is the most important plague vector from rodents (primarily
rats) to humans, but at least 30 other flea species can also transmit the disease, including the
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northern rat flea, dog flea, cat flea, and the human flea. Plague (in the sylvatic form) is endemic
in the western United States among small rodents such as chipmunks, ground squirrels, and
prairie dogs.

Nearly all known cases of plague in humans in the United States since 1925 have been associated
with wild rodents (mostly from the Rocky Mountain states) and their fleas. The greatest threat to
humans exist when domestic rats are exposed to infection from wild rodents in areas adjacent to
human communities.

Murine typhus is a mild form of epidemic typhus that is usually spread by the human louse. The
Norway rat population is the main reservoir of the disease. The disease is most common in the
southwestern and Gulf states. The disease is commonly spread from rat to rat, and from rat to
human by the oriental and northern rat fleas. It has also been transmitted by cat fleas from
infected feral cats.

Fleas are also vectors of tularemia, a disease related to plague. The natural reservoirs of
tularemia are cottontail rabbits in the East, and jack rabbits in the West. Most cases reported are
by hunters.

Fleas can also be intermediate hosts of several species of tapeworm including species which
parasitize humans, dogs, and cats.

MONITORING AND THRESHOLDS FOR FLEAS

Fleas can be monitored in several ways. The simplest is to count and collect fleas landing or
crawling on an observer's lower legs for one minute. In making surveys, trousers should be
tucked into white socks to prevent bites and make collecting easier (socks can be put on over
shoes). Light-colored trousers are preferred to provide greater contrast and facilitate counting
and collection. A variation on the above is to wrap fly paper (sticky side out) around the lower
legs and count fleas adhering after a predetermined interval (Cole and Burden 1978).

Fleas may also be combed off animals for an index of animal infestation. Do this over a white
surface so fleas can be easily observed (Ehmann and Storey 1982).

Pet bedding should be periodically checked for flea eggs and dried-blood feces (frass) of adult
fleas. This has been described as "salt and pepper" because it looks like small flecks of black and
white debris. The frass is generally cylindrical, twisted, and about 1/16" long. It is dark in color.
Larvae and pupae can be found at the edge of pet bedding or animal nests.

Indoors, five or more fleas on the legs of observers in less than one minute is indicative of severe
infestation.

Flea populations in animal burrows or dens can be sampled by using a flannel cloth that is run

through the burrow on the end of a plumber's snake. The number of fleas on the cloth is then
counted. See Barnes et al. (1972) for more detail.
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NON-CHEMICAL CONTROL OF FLEAS

Several studies have indicated that fleas spend the majority of their life either on the host or in
the host's bedding or nest, so flea management should focus on these. In outdoor settings, the
emphasis should be on spot treatment of nests with an insecticide. Exclusion of the host animal
from an area may be desirable as well, but the feasibility of this strategy will vary with the
animal and the location of its nest. In the case of domestic animals, sanitation should be the focus
of a flea management program. Regular cleaning of bedding and other areas where the animal
spends the majority of its time should reduce flea populations to non-irritating levels.

In areas where plague is endemic (e.g. the southwestern United States), efforts should be made to
keep humans and fleas (and their wildlife hosts) separate. Prairie dog towns should not be
allowed to expand into campgrounds and other developed areas. Camping and other outdoor
activities should be restricted during an outbreak when fleas seek other hosts. Prairie dog
burrows can be dusted with insecticide. Check with Public Health Service officials if your area is
affected.

In most other cases, fleas are considered pests due to the nuisance caused by their bites. In these
situations, management decisions should be made on a case-by- case basis.

Sanitation

Fleas require warm-blooded hosts for development and for egg maturation. Elimination of
suitable habitat for wild rodents and other animals near structures will often reduce flea
population levels. Screened vents prevent animals from resting inside or underneath structures.
Eliminating vegetation close to structures and raising woodpiles off the ground reduces rodent
harborage.

Indoors, wash or vacuum all pet bedding and sleeping areas on a regular basis. Cracks and
crevices should be vacuumed and sealed, especially the area between the baseboard and floor.
Dispose of vacuum cleaner bags to prevent reinfestation. Pets should be washed regularly and
treated with insecticides if necessary.

Ultrasound

The ultrasonic collar is sometimes for the control of fleas on domestic animals. A recent study
(Hinkel, Koehler, and Patterson, 1990) showed that ultrasound devices are ineffective.

Insect Growth Regulators
A new technology in the management of fleas is the use of insect growth regulators (IGRS).
These substances are similar to chemicals produced by the flea to regulate the shedding of its

skin during molting. They work by interfering with the molting process, thus preventing the
immature flea from developing into an adult. This method of control is a long-term process,
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since it will only Kill larvae as they molt. A recent study using pyriproxyfen (sold as Nylar), an
insect growth regulator reported to be effective against several insects, examined its
effectiveness against the cat flea. One problem with insect growth regulators is that they break
down when exposed to light, limiting their outdoor use. In this study, Nylar was determined to be
stable when exposed to light. It was found to persist in home yards for three weeks after
application and to prevent development of 90% of the fleas in treated areas (Palma and Meola
1990). Another effective IGR for flea management indoors is methoprene (trade name Precor). It
is important to combine the use of a material such as this with observations of the infested
animal's movement so that only areas where it spends the majority of its time are treated.

Flea Predators

Fleas are preyed upon by ants and beetles that feed on larvae in the host's nest (Fox and Bayona
1968).

CHEMICAL CONTROL OF FLEAS

Insecticides are also part of a flea management program. These are applied to areas where fleas
are most likely to breed, including animal bedding, cracks in floors, and baseboards. Many
veterinarians also recommend the use of indoor foggers to apply pesticides to rooms where
domestic animals spend the bulk of their time. Flea collars are not considered to be effective
(Whiteley 1987). When insecticides are used, it should be in conjunction with sanitation (Arthur
et al. 1989). One difficulty with the use of insecticides as part of a flea management program is
the ability of the adult flea to remain in its cocoon as a preemerged adult. This means that the
adult flea can remain in the cocoon in which it pupates until it encounters a suitable host.
Insecticides have been found to be ineffective against these preemerged adults (Rust and
Reierson 1989). This highlights the importance of sanitation as the key element in a flea
management program.
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Gypsy Moth

This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for gypsy moth. Any pest management plan or activity
must be formulated within the framework of the management zones where it will be
implemented. Full consideration must be given to threatened and endangered species, natural and
cultural resources, human health and safety, and the legal mandates of the individual parks.
Recommendations in this module must be evaluated and applied in relation to these broader
considerations.

BIOLOGY AND IDENTIFICATION OF THE GYPSY MOTH

Lymantria dispar (L). The adult female moth is dirty-to- creamy white, with dark bands across
the forewings. Adult females have a wingspan of about 2" but can only fly short distances. The
female's body is stout and densely covered with hairs, and her antennae appear thread-like. The
male is much darker and smaller than the female; the wings are dark brown with black bands
across the forewings. The wingspan is about 1/4", and the antennae are feathery. The abdomen is
narrower than the female's.

Eggs are globular, whitish, and about 1/32" in diameter. They are laid in oval masses of 75-1,000
(averaging 400-500) and are covered with buff-colored hairs from the female's abdomen. Egg
masses may be 1/2"-2" long, depending on their shape.

Newly-hatched larvae are buff colored but turn black within four hours after emergence.
Younger caterpillars (first to fourth instars) are brown to black in color with long body hairs.
Later instars are black with 11 pairs of colored tubercles, or bumps, along the top surface. The
front five pairs are blue, and the rear six pairs are red. Each tubercle is topped by a tuft of yellow
or brown hairs, which may be up to half a body-length long. A yellow line runs along the top
surface from the head to the last body segment. In the fourth through sixth instars, the dark-
colored head has additional yellow lines. The true legs are dark red.

Pupae are teardrop-shaped, chocolate to dark red-brown in color, and rounded in the front and
tapered at the rear. Male pupae are 3/4"-1/2" long, while female pupae may be up to 2 1/2" long.
A few hairs may occur on the head and each abdominal segment. Each pupa is attached to the
substrate by a few strands of silk.

See McManus and Zerillo (1978) for a photographic guide to all life stages of the gypsy moth.
Geographic Distribution

The gypsy moth is an exotic species that was accidentally introduced into Massachusetts in 1869.
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Since then, it has spread west to Ohio, south to North Carolina, and north to Montreal, Canada.
An isolated population has also become established in central Michigan. Scattered infestations
occur from time to time in states outside of the generally-infested area described above, but
usually these are quickly detected and eradicated.

A recent analysis (Liebhold et al. 1991) indicated that the spread of the area generally infested by
the gypsy moth ranged from 1/2-3 miles/year during 1900-1965. Since 1965, the rate of spread
has been 3 1/2 miles/year in areas with a January mean temperature of less than 44F, and 10
miles/year in areas with a January mean temperature greater than this. Based on this analysis, the
gypsy moth is expected to spread west to Wisconsin and lowa and south to Georgia by the year
2015.

Habitat

Temperate and boreal deciduous forests are the favored habitats of the gypsy moth. Defoliation
occurs most frequently in forests on dry ridges and steep slopes that have shallow soils, and on
sandy plains that have deep, excessively-drained soils. Outbreaks also occur frequently along
interfaces between forests and urban areas (Houston and Valentine 1985). High population
densities (or transport as a result of human activities) may result in migration to nearby or distant
softwood forest, urban, or agricultural environments, all of which may support gypsy moth
populations on available plant foliage.

Hosts

The leaves of close to 500 species of trees and other plants can be eaten by gypsy moth larvae
(adults do not have fully- developed mouthparts and therefore do not feed). Table 1 provides
some information on host preference based on laboratory and field observations.

Actually, host preference and suitability is more complicated than implied by Table 1, as some
tree species are not suitable hosts for first instars gypsy moths, but are good hosts for later
instars. This is the case for many coniferous tree species. Also, some hosts are suitable for only a
short period of time, after which they undergo physiological changes that reduce their suitability.
For instance, beech is suitable for young larvae for less than one week (Raupp et al. 1988).

Gypsy moths attack trees under stress (e.g., from drought or natural or man-made disturbance)
more readily than healthy trees. The presence of bark flaps and deep-bark fissures, which provide
hiding places for larvae, are considered important in determining susceptibility of forest stands to
gypsy moths.

Table 1. Host Plant Preferences of the Gypsy Moth Relative to Red Oak.
(Modified from Montgomery and Wallner [1988]).

Laboratory rearing® Defoliation level” Defoliation level™
Red Oak ++ 1.00 1.00
Black oak ++ 1.13 1.35
Chestnut oak ++ 1.11 1.47
White oak ++ 1.11 0.83
Aspen ++ 1.18 1.10
Basswood ++ 1.24 0.56
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White birch ++ 0.76 0.56
American beech ++ 0.50 0.54
Red maple + 0.42 0.42
Sugar maple + 0.20 0.68
Hickory + 0.33 0.76
Black cherry + 0.44 0.29
White pine + 0.34 0.22
Hemlock + 0.24 0.01
Black locust - - 0.20 0.15
Ash - - 0.07 0.20

% ++, favored host; +, acceptable; --, avoided; Massachusetts (Mosher 1915).

190 plots surveyed for 20 or 30 years in New England (Campbell and Sloan 1977).

575 plots surveyed | year in Pennsylvania (Gansner and Herrick 1985).

dvalues are the ratio of average defoliation of the indicated species to average defoliation of red
oak.

Life Cycle

Gypsy moths produce only one generation each year. Adults emerge from pupae during June in
the southern parts of their range and July-August in the northern parts of its range. Emergence is
accelerated under extremely high-density conditions. Males usually appear one to two days prior
to females and fly in zig-zag or (less commonly) straight patterns. Vertical objects such as tree
trunks where females are most likely to be found attract the males. Most males will fly less than
1/2 mile (usually fewer than 650') from their site of emergence. Females do not fly.

Several hours after emerging, females release a sex pheromone in bursts from abdominal glands.
This chemical attracts males, who follow the scent upwind to locate the female and begin
mating. Mating may last up to 1/2 hour, and females begin depositing eggs within 24 hours
(Giebultowicz et al. 1991). Multiple mating may be common among males, but is probably rare
among females, since the release of pheromone is inhibited by mating. Adult moths live about
one week.

Generally, gypsy moths lay their egg masses are found on tree trunks and the undersides of
branches, in crevices, under loose bark, and under or on rocks, tree stumps, foliage, or vehicles.
The egg stage lasts for eight to nine months. Hairs from the female's abdomen surround the eggs,
providing some protection from winter temperatures and natural enemies. Larval development is
completed inside the eggs about a month after laying, but the larvae enter diapause and do not
emerge until the following spring. Egg hatch usually begins at about the same time that red oak
buds open.

Most larvae will hatch from an egg mass within a week, but the hatch period may be up to a
month in egg masses in cool, shaded, or high-altitude areas. Newly-hatched larvae are about 1/8"
long and remain near their egg mass if the weather is rainy or if temperatures are below 45°F.
Once they have left the egg masses, larvae are attracted to light and move upwards, spinning a
thread of silk, until they reach the top of the tree or other object on which they hatched. Under
some conditions, they may spin down on silk threads. If the wind is strong enough, the threads
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may break and carry the larvae up to 650" within the forest canopy. Rarely, larvae may disperse
up to 12 miles if they are carried out of the canopy by updrafts (Montgomery and Wallner 1988,
Taylor and Reling 1986).

Larvae feed first on new leaves. When not feeding, the young larvae stay on the undersides of
leaves, where they form a silk mat on the leaf surface for attachment. Molting occurs at intervals
of about one week, which allows the larvae to grow in size. Males usually undergo four molts
and females usually undergo five, but as many as nine have been recorded. After the third molt,
when population density is low to moderate, larval behavior changes dramatically. Rather than
remain always in the canopy, larvae leave the foliage during daylight hours and seek hiding
places on the boles of trees or on the ground. Under high-density conditions, even large larvae
remain in the canopy during the day.

At the end of the larval period, each larva seeks a pupation site, surrounds itself with a sparse silk
net, rests for one to two days, and then becomes a pupa. The pupa breaks out of the larval cuticle,
turns dark brown, and remains in its silk net for about two weeks. When development is
complete, the newly-formed adult breaks out of the pupal skin, expands its wings over a period
of several hours, and begins its adult life.

Population Cycles

Gypsy moth populations exist in four distinct phases

(Elkinton and Liebhold 1990). The innocuous phase is characterized by very low population
levels. Gypsy moth life stages are often difficult to find during this phase, which may persist for
several years. The release phase usually takes place over one to two years and can result in
population density increases of several orders of magnitude. The outbreak phase is
characterized by populations high enough to cause noticeable tree defoliation. Outbreaks are
rarely sustained for more than one to two years, after which high levels of mortality, primarily
from starvation and disease, bring about a rapid population crash. This is the decline phase.
These population changes often occur synchronously over wide geographical regions. However,
there is little evidence that gypsy moth population outbreaks occur in regularly spaced cycles in
North America (Elkinton and Liebhold 1990).

Responses to Environmental Factors

Temperature: Exposure of eggs to temperatures of less than - 45°F causes high mortality.
Exposure of larvae to freezing temperatures may be lethal. Larval development is accelerated up
to one to two weeks under outbreak conditions, probably as a result of behavioral changes which
lead to greater exposure to higher temperatures (Elkinton and Liebhold 1990).

Moisture: Heavy rainfall at hatch may result in drowning of larvae. Rainy weather during the
first larval instar can delay migration and cause larvae to congregate on the undersides of leaves.
The duration of this instar may increase under these conditions. Extended congregation may
stress larvae and increase their susceptibility to nucleopolyhedrosis virus (also known as "wilt").
Rainfall and moisture appear to increase the transmission of the gypsy moth fungus
Entomophaga maimaiga (Weseloh and Andreadis 1992).
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Light: Gypsy moth larvae are attracted to light just after hatch, leading them to move upward to
sites from which they can be transported by wind (McManus 1973). Young larvae (instars one
through three) remain on foliage during the day, while older larvae alter this behavior, resting
away from the canopy during the day and returning to feed at night. Adult emergence and male
sperm release are also triggered by daily light/dark cycles (Giebultowicz et al. 1990).

Wind: Larvae disperse mainly by wind. Newly-hatched larvae trail silk as they climb to treetops
or the upper surface of the objects on which they hatch. These larvae are most active during the
daytime, when winds are usually strongest. When they encounter wind, they arch their bodies (to
catch the wind) and extrude a silk thread which may act as a balloon or parachute. In addition,
first instar larvae are covered with comparatively long hairs, which increase their buoyancy in
air.

Foliage Chemistry

Gypsy moth feeding has been shown to decrease the nutritional value and increase the levels of
toxic chemicals in the remaining foliage (Montgomery and Wallner 1988). As a result, larvae
grow more slowly and gain less weight on defoliated oak trees. In some cases, these changes
may contribute to the decline of high populations (Schultz and Baldwin 1982).

Population Density

Under outbreak conditions, development time is reduced (by up to two weeks), sex ratios
become male-biased, and smaller adults which lay fewer eggs are produced (Elkinton and
Liebhold 1990). Older larvae at innocuous population densities feed in the canopy only at night
and seek protected resting places during the day. Under outbreak conditions, late instars remain
in the canopy and feed intermittently throughout the day and night; however, they appear to
consume no more foliage than larvae from innocuous densities.

Impact of the Gypsy Moth

The gypsy moth is one of the most destructive defoliators of hard and softwood trees. Tree
mortality resulting from gypsy moth defoliation is highly dependent on the interaction between
tree species, tree health, environmental stresses, and the severity of defoliation. Mortality to
overstory oak trees subjected to gypsy moth defoliation in Pennsylvania ranged from 13% for
trees with good initial crown condition to 35% with poor initial crown condition (Herrick and
Gansner 1987). Mortality averaged 67% for understory oaks. Over 84% mortality of white oaks
following defoliation was recorded in a New Jersey forest (Kegg 1973). In addition to aesthetic
problems and reductions of timber stand value due to defoliation, forests suffering gypsy moth
attack may suffer increased risks of fires due to canopy reduction and accelerated drying of litter.
Effects of defoliation on watershed output and water quality are unclear at present (Corbett and
Lynch 1987). In recreation areas, unsightly defoliated areas and wandering larvae can result in
decreased visitor use and revenues (Goebl 1987).

Defoliation of forest trees can lead to increased susceptibility to other pest damage, most
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frequently invasion by the shoestring fungus, Armillaria mellea, and the twolined chestnut borer,
Agrilus bilineatus, and alteration of ecological succession at affected sites (Houston 1981). The
long-term effects of tree defoliation and mortality on the forest ecosystem are not known.

Asian Gypsy Moth

The currently established North American population of gypsy moths was introduced into
Massachusetts from France in 1869. Until recently, there was no evidence of subsequent
introductions. In 1991, gypsy moth egg masses on a Soviet ship docked in Vancouver, British
Columbia, were found to be hatching. Because it was feared that larvae may have blown
onshore, steps were taken to detect and identify new gypsy moth introductions into northwestern
North America. During the summer and fall of 1991, asian gypsy moth adults were found in
Portland, OR, and Tacoma, WA, in the United States, and in VVancouver, British Columbia in
Canada. A mitochondrial DNA sequencing technique is presently used to distinguish the asian
gypsy moths from the North American gypsy moths. Eradication efforts and extensive
delimitation trapping programs were initiated in 1991 in all three of these locations.

The asian gypsy moth is similar in appearance to the North American gypsy moth, except that
the asian larvae vary more in color. Asian females, unlike flightless North American females, are
strong fliers (&GT;20 miles). Lights attract asian females, and they lay their eggs on foliage and
on objects near lights, in addition to tree trunks and other objects. In its native range, the asian
gypsy moth feeds on at least 600 plant species and appears to thrive better on marginal hosts than
the North American gypsy moth.

MONITORING AND THRESHOLDS FOR GYPSY MOTHS

Population Monitoring

Several methods are available for monitoring gypsy moth populations. The choice of method
should be based on the population level suspected, location of sampling site in relation to the
established United States infestation area, and resources available. The U.S. Forest Service
currently provides gypsy moth survey assistance to any federal agency on request, and should be
consulted if you wish to have a survey conducted.

Adult male trapping: These techniques involve the use of special traps baited with a synthetic
form of the sex pheromone produced by receptive female gypsy moths. The trap currently used
for gypsy moth surveys by the U.S. Forest Service and the USDA Animal and Plant Health
Inspection Service (APHIS) are fully described by Schwalbe (1979). Although several variations
of the trap design are manufactured, the USDA-approved traps can be obtained from your
regional U.S. Forest Service office.

Pheromone traps should be placed before male moths begin flying (see Life Cycle section,
above). Schwalbe (1979) describes the use of pheromone traps to detect low gypsy moth
populations (detection survey) and to define specific areas of infestation (delimiting survey). An
effective technique only for relatively low populations, pheromone trapping is recommended for
use in areas outside (or on the edges of) established infestations.
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The interpretation of pheromone trapping results is subjective; no reliable relationships between
numbers of trapped males and gypsy moth population density have yet been found. Currently, for
detection surveys, APHIS recommends placing pheromone traps at a density of one trap per 1 to
4 square miles and at frequencies of every two or four years, depending on the potential for
accidental introductions to occur in a particular area (Anonymous 1990). When moths are
captured during a detection survey, a delimiting survey may be conducted in the vicinity of the
trap catches. In delimiting surveys, traps are deployed at densities of 16-36 traps per square mile
over areas of from 1 to 4 square miles. The pattern of trap catches can be used to estimate the
approximate area of infestation.

Larval trapping: The collection of gypsy moth larvae under burlap bands, while not useful in
quantifying population density, can serve as another early indicator of low (e.g., recently
established) but building populations. The most convenient method involves tying a 12"-wide
burlap band around the trunk of each tree to be monitored so that the top 6" of the band can be
pulled down over the bottom, making a shaded flap in which larvae will hide during daylight
hours. Bands should be monitored two times each week and any trapped larvae should be
destroyed. The presence of gypsy moth larvae in such traps indicates that a population may be
developing in the vicinity of the trap site and that other survey methods should be used to
determine whether treatment is required. Tar-paper wrappings and plastic tree flaps can be used
instead of burlap.

Egg mass counting: Several methods have been developed for determining the number of gypsy
moth egg masses in an infested area. Egg mass counts can be done from the time of oviposition
(usually June-August) until egg hatch the following April or May. Counts are easier and
probably more accurate, after the leaves have dropped from deciduous trees. The walks generally
follow an "M"-shaped pattern through the area to be sampled, which helps to eliminate an edge
effect. In forest situations, edge trees have found to have 2.4 times more egg masses than interior
trees (Bellinger et al. 1989). Methods currently in use include:

Threshold walk: An observer walks through the area to be monitored, counting all new (current
season) egg masses. The walk ends when the count reaches a predetermined number (see
Threshold/Action population levels, below). This method gives no approximation of the actual
gypsy moth density in an area, but it is easily done, and in areas of high gypsy moth density it
may be useful in making a treat/no-treat decision using accepted threshold values.

Five-minute walk: Two observers walk through the area to be monitored for a five-minute
period; each counts every detectable new egg mass. The average of the two counts is calculated
and converted to an approximate number of egg masses per acre by the following equation:

estimated number of egg masses per acre = (average number of egg masses observed x 20) + 15
(Schneeberger 1987). The estimated number of egg masses/acre can be compared to established
threshold levels to determine whether treatment is necessary. A recent analysis of this method

(Liebhold et al. 1991) recommends against its use because density estimates vary too much
among observers and because it is generally too imprecise.
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Intensive search. This method is used for very small populations (i.e., no evident defoliation, but
with multiple adult male catches in pheromone traps) and simply involves examination for egg
masses on all surfaces in the vicinity of traps with trapped males, including under bark flaps, on
rocks, and in tree holes. It can be quantified somewhat by reporting the number of egg masses
found per person-hour of searching. Intensive searching is recommended to support pheromone
trapping for the discovery of new infestations.

The following two methods are currently the only methods available for quantifying gypsy moth
egg mass density. Both methods consist of a complete census of all egg masses occurring within
a predetermined number of randomly located sample plots. The number of egg masses per acre is
estimated from the samples.

Fixed-and variable-radius plot counts. This method is described in detail by Wilson and
Fontaine (1978). At each sample plot, all of the egg masses are counted on trees selected from
the plot center using a prism (a tool commonly used by foresters for estimating tree basal area).
Egg masses occurring on the ground are counted within a fixed-radius plot located around the
same plot center.

Fixed-radius plot. The observer counts every new egg mass on trees and on the ground within a
circle with a radius of 18.6 feet (1/40th acre or 0.01 ha) around a chosen point. This count
multiplied by 40 gives an estimate of the number of egg masses per acre. This method is more
cost effective than the fixed- and variable-radius plot method (Kolodny-Hirsch 1986; Thorpe and
Ridgway 1992) and is currently the most widely used method.

In addition to providing an estimate of the number of egg masses in an infested area, these
methods can provide the opportunity for the observer to judge the health of the gypsy moth
population. Egg masses that are thick and of large size (about that of a 50-cent piece), showing
little or no parasitoid damage (such as small holes) and containing large quantities of undamaged
fertile eggs indicate a healthy population. In many cases, a numerically large population of small
egg masses or those showing predator/parasitoid injury may indicate a declining gypsy moth
population which may not require treatment. Unfortunately, assessment of gypsy moth
population quality must be done subjectively, as analytical guidelines do not exist.

Sequential sampling plans. A sequential sampling plan for gypsy moth has been used
successfully in Shenandoah National Park as well as in several urban areas in northern Virginia
for five years (Ravlin 1991; Ravlin 1994). Sequential sampling is a process in which a given
number of samples are taken and, based on how far above or below the threshold you are at the
end of the sample, a decision is made to either stop sampling and apply a treatment, stop
sampling without a treatment, or continue sampling to gather more information before a decision
about gypsy moth management is made.

Of course, any egg masses found in areas outside the established North American infestation
area may represent the spread of the gypsy moth and may require treatment, since isolated
infestations can usually be eradicated. Within the infested region, management of the moth
population to limit defoliation and population growth is the most sound approach, since
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eradication is impossible.
Defoliation Monitoring

In addition to directly sampling the gypsy moth population in a particular area, site managers
may wish to indirectly track zones of defoliation to determine where to treat otherwise
unidentified populations, where to set up traps next spring, and the spread of existing
infestations. Defoliation should also be monitored to assess the efficacy of any treatments that
were applied. Defoliation is generally monitored during the period of peak larval development in
one or more of the following ways.

Ground estimation: An observer may make estimates of percentage defoliation of particular
trees by walking through the infested area and examining tree crowns through binoculars. A
slightly more comprehensive method involves using the fixed- radius or fixed- and variable-
radius plot designs noted above (under Egg Mass Counting), and again estimating the percentage
defoliation noted on each tree observed. Comparing photographs of a sample area taken at
regular intervals will allow the observation of changes in canopy density due to defoliation.
These methods are very time-consuming and are subject to errors of interpretation. They are
discussed by Talerico (1981).

Sketch mapping: An observer may fly over the area to be monitored in an aircraft, sketching
zones of light, medium, or heavy infestation on a U.S. Geological Survey map of the area.
Talerico (1981) details the procedure and interpretation of such maps. As in ground observation
methods, interpretation of the results is largely a matter of experience.

Threshold/Action Population Levels

To date, efforts to construct reliable predictive models for gypsy moth defoliation based on
population density have been only partly successful at best (Ganser et al. 1985, Montgomery
1990). Current defoliation thresholds are rough estimates (Figure 1). The following population
values are currently used by the U.S. Forest Service and APHIS in their gypsy moth management
programs. The National Park Service follows U.S. Forest Service guidelines. It should be noted
that the goal of the U.S. Forest Service Forest Pest Management program differs depending on
whether or not the gypsy moth population is within the area of the United States that is
recognized as being generally infested. Contact your regional U.S. Forest Service office or
regional Integrated Pest Management coordinator for this information.
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Fhiln1. Predicting defoliation from the number of egg masses per
scre (from Gansner ot al. 1885).
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For areas in established infestation zones: At 250-500 egg masses/acre, gypsy moth
populations may produce noticeable defoliation. Treatment is recommended for high-use
recreational areas (campgrounds, trailer parks, and other areas with transient traffic) and
residential areas.

For areas outside established infestations: The capture of any male moths in a detection
survey may indicate the need to conduct a more intensive delimiting survey. The decision to
delimit the following season should be based on such factors as history, host vegetation, local
resources, and movement of people in the vicinity (Anonymous 1990). If the delimiting survey
indicates that an isolated population has developed, further delimiting surveys, intensive searches
for egg masses, and eradication treatments may be indicated.

NON-CHEMICAL CONTROL OF GYPSY MOTHS
Individual Tree Treatments

Egg mass destruction: Scraping and removing egg masses is one of the oldest methods used
against the gypsy moth in North America. In residential areas, where 50% of the egg masses may
occur within reach of the ground (Thorpe and Ridgway 1992), this approach could destroy a
significant portion of the population. However, because of the tendency of larvae to migrate in
from adjacent areas, scraping should not be relied upon for effective control. Vegetable oils have
been shown to be effective ovicides when applied to egg masses in the fall (Ralph Webb, in
manuscript), and a soybean oil product is registered for use on gypsy moth egg masses.

Barrier bands: Sticky barrier bands placed on tree trunks can prevent larvae from crossing
(Webb and Boyd 1983); there is some evidence that under outbreak conditions and on isolated
oak trees, barrier bands can reduce defoliation can be reduced (Blumenthal 1983). However,
under gypsy moth population densities capable of causing less than 60% defoliation, larval
populations on banded trees are reduced only an average of about 25%, and defoliation reduction
is highly variable (Thorpe et al. 1993). Sticky barrier bands are available commercially or can be
made from duct tape and Tree Tanglefoot. Tanglefoot should be applied to the tape and not the
surface of the tree because it can damage bark. Since they can reduce larval populations
somewhat, and because of their low cost, sticky barrier band use may be advisable on high value,
individual trees when no other treatment will be used. However, sticky barrier bands alone
should never be relied upon to prevent defoliation.
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Burlap bands can be used as a control tactic if they are checked frequently and all larvae resting
beneath them are destroyed. The efficacy of this method has not been quantitatively evaluated.

Natural Enemies of Gypsy Moth

Naturally occurring predators and parasitoids of the gypsy moth, while numerous and abundant,
are not capable of preventing outbreaks. Efforts to control gypsy moths by rearing and releasing
large numbers of parasitoids have not been successful

(Blumenthal et al. 1979, Kolodny-Hirsch et al. 1988). The best way for a site manager to make
use of available natural enemies of the gypsy moth is to use management alternatives (e.g., B.t.
or no treatment) which will not adversely affect the natural enemies, leaving them to function as
a part of a gypsy moth integrated pest management program. See Blumenthal et al. (1981) for a
detailed discussion of predator/parasitoid research. Egg mass surveys and larval surveys can
include observations of predator/parasitoid presence as a guide to maximizing their effectiveness.

Pathogens

Bacteria: The naturally-occurring bacteria Streptococcus faecalis and Pseudomonas spp.
occasionally cause high levels of mortality (up to 60%) under outbreak conditions (Podgwaite
1981).

Nucleopolyhedrosis virus: A virus of the genus Baculovirus is closely associated with all North
American gypsy moth populations. Its effects are most often seen under outbreak conditions,
when a large proportion of the larval population may be killed. For more information on this
disease, see the following section on area-wide suppression of the gypsy moth.

Entomophaga fungus: For the first time in 1989, the fungal disease Entomophaga maimaiga
was reported causing widespread mortality to North American gypsy moth populations (Hajek
and Soper 1992). This disease was known to cause extensive mortality in Japan. It is now known
to occur in 13 states from Maine to Virginia (Elkinton et al. 1991). The appearance of larvae
killed by Entomophaga is similar to that of virus-killed larvae, and definitive identification
requires examination by an expert.

Parasitoids

Since 1905, more than 40 species of parasitic flies and wasps have been introduced into North
America to control the gypsy moth. Among the 10 which have become established are the egg
parasitoids Ooencyrtus kuvanae and Anastatus disparis, the larval parasitoids Cotesia
melanoscela, Blepharipa pratensis, and Parasetigena silvestris, and the pupal parasitoid
Brachymeria intermedia. Another introduced larval parasitoid, Compsilura concinnata, which
has a wide host range, attacks many species of larvae in addition to the gypsy moth. The egg
parasite O. kuvanae is usually abundant and typically attacks from 10 to 40% of all gypsy moth
eggs (Brown 1984). However, because it can reach only the outermost eggs in an egg mass, its
effectiveness is limited. The larval parasitoid C. melanoscela typically is abundant, but high rates
of overwintering mortality and poor synchronization with host development limit its impact.
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Simons et al. (1979) provides a guide to gypsy moth parasitoid identification.
Predators

Invertebrate predators: Ground beetles, ants, and spiders are known to feed on gypsy moth
larvae and pupae. One predatory beetle, Calosoma sycophanta, was successfully introduced into
North America from Europe. This ground beetle sometimes becomes abundant in outbreak gypsy
moth populations, but usually lags one to three years behind (Weseloh 1985).

Birds: Many species of birds feed on gypsy moths, but they are not a major diet item for any of
the common species (Elkinton and Liebhold 1990). Most birds are deterred by the long hairs on
larvae. Nuthatches, chickadees, towhees, vireos, orioles, catbirds, robins, and blue jays are
probably the most important species in innocuous-phase gypsy moth populations. Cuckoos and
flocking species such as starlings, grackles, red-winged blackbirds and crows may be attracted to
outbreak populations (Smith and Lautenschlager 1978).

Mammals: Shrews and white-footed mice eat larvae and pupae and may be a major factor in the
maintenance of low gypsy moth populations (Elkinton and Liebhold 1990). There is some
evidence that regional changes in small mammal density may account for the region-wide onset
of gypsy moth outbreaks (Liebhold and Elkinton 1989).

Area-Wide Suppression

Bacillus thuringiensis: This spore-forming bacterium produces a crystalline protein during
sporulation that is toxic to the larvae of many species of butterflies and moths, including the
gypsy moth. Predators and parasitoids of the gypsy moth are not harmed by the toxin, nor are
humans, plants, or other animals. A complete review of the properties and action of B.t. toxin can
be found in Dubois (1981). B.t. is an effective alternative to chemical pesticides when used
against the gypsy moth and is currently available in a number of commercial formulations. Label
directions should be followed at all times.

Under most conditions, B.t. is generally effective at protecting foliage, although it is less
effective at reducing populations (Twardus and Machesky 1990). Two applications of B.t.
separated by three to seven days may increase the effectiveness of the treatment (Webb et al.
1991). Because it is most effective against very young larvae, the first application of B.t. should
be made when 50% of the larvae are second instars and oak leaves are at least 50% expanded.

More detailed discussions of B.t. dose, adjuvants, dilution, and nozzle type and configuration, as
well as spray calibration, characterization, and evaluation, can be found in Reardon (1991).

Nucleopolyhedrosis virus (NPV): This virus is the cause of an endemic wilt disease of gypsy
moth larvae in the United States and Europe and is a major cause of naturally-occurring gypsy
moth population decline. Its effects are most obvious under outbreak conditions, where a high
proportion of the larval population may be killed. It is often referred to as "wilt" disease, because
of the limp appearance of infected larvae. Infected larvae eventually rupture, releasing a brown
fluid containing virus particles. Transmission of the disease occurs within a generation from
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contact with infected individuals and contaminated surfaces, and to some extent by gypsy moth
parasitiods and predators (Podgwaite 1981). Transmission from generation to generation occurs
through exposure to contaminated surfaces (Woods et al. 1989).

A review of the natural occurrence, culture, and testing of NPV as an artificially- applied
larvacide can be found in Lewis (1981). Gypchek, the NPV product currently registered with the
Environmental Protection Agency, is not yet commercially available, although limited quantities
are produced by a cooperative APHIS/U.S. Forest Service project (Reardon and Podgwaite
1992). It may be available in 1994. Most of this material is used for testing of new formulations
and application technology. How a commercial product would be used is not clear, especially
because questions have been raised about its impact on non-target organisms.

Gypsy Moth Pheromone

The chemical structure of the sex pheromone produced by female gypsy moths to attract males,
known as disparlure (cis-7,8-epoxy-w-methyloctadecane) was identified in 1970 (Bierl et al.
1970) and can now be synthesized for use in management programs. While disparlure is widely
used to monitor adult male population levels (see Population monitoring section), it has also
been used to control small populations (e.g., isolated outbreaks along the leading edge of the
infestation) by trapping males in pheromone-baited traps and by disrupting mating behavior
(Plimmer et al. 1982). Currently, APHIS uses pheromone traps (at a density of three to ten traps
per acre) in attempts to eradicate small outbreaks in selected areas of the United States
(Anonymous 1990).

Mating disruption for gypsy moth management can be effective in certain situations. It cannot be
used in areas which are quarentine regulated or experiencing outbreak population levels. Mating
disruption has been used effectively to control new infestations in areas that currently have no
gypsy moth problem or on leading edge zones of current infestations. (The 100-mile border of
current infestations which border uninfested areas.) Mating disruption is used in areas where
there are fewer than 10 egg masses per acre, which corresponds to an average of 20 male
moths/trap/season, or a maximum of 40 male moths/trap/season.

There are two types of dispensing systems for the pheromone; a flake formulation, which is
currently on the market and a bead formulation, which will be fully registered by the end of
1994. The flake is expensive to apply because specialized aircraft application pods are required.
It is long-lasting (eight weeks) and has a steady release rate over that time, so it provides more
flexibility in time of application. The bead is less costly to apply, since a regular aircraft spray
boom can be used. It is less effective than the flake because it tends to release quickly, so two
applications are usually needed. Available in several bead sizes, the smaller bead releases more
quickly than the larger. Temperature governs release rate and will be faster in warmer weather
and slower under cooler conditions. See Leonard et al. (1989) for more information on this
technique.

Genetic Control

The release of sterilized gypsy moths has been attempted as a means of control, but is still in the
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research and development stage. See Mastro et al. (1981) for a detailed discussion of the USDA
sterile gypsy moth release research program.

Favored-Host Removal

Since the demise of the American chestnut as the dominant overstory tree in the eastern United
States deciduous forests, oaks have become a dominant species. Unfortunately, oaks are also the
favored hosts of the gypsy moth throughout its range. In the absence of external control
measures, repeated defoliation of favored trees may result in a shift of dominance to nonhosts
and less favored hosts, such as maples. This will ultimately reduce the magnitude of the gypsy
moth problem in these areas. While selective removal of favored gypsy moth hosts is an
impractical (at best) solution for most park sites, selection of planting material for areas under
development (e.g., urban parks) to exclude favored hosts is definitely feasible and should be
strongly encouraged.

In managed forests, one option for gypsy moth management that is available to the resource
manager is silvicultural control. This is the selective harvest of trees to reduce the susceptibility
(likelihood of defoliation) and vulnerability (likelihood of mortality after defoliation) of the
forest stand to gypsy moth outbreaks. This is done by maximizing tree growth and vigor,
removing high-risk trees, manipulating the habitat of the gypsy moth and its natural enemies, and
increasing forest diversity. Further discussion and guidelines for silvicultural management can be
found in Gottschalk (1993).

Regulatory Control

APHIS has designated most of New England, the mid-Atlantic states, and portions of Michigan
as "gypsy moth high risk areas” (Anonymous 1990). Other areas of the United States may be
designated by APHIS as high-risk areas if isolated infestations develop there, until gypsy moths
are successfully eradicated. Individuals moving household or recreational items from these areas
into or through other areas of the United States must have such items inspected and certified
“gypsy-moth-free" by a USDA-trained inspector. Since gypsy moths may be carried on surfaces
of vehicles, camping equipment, and other outdoor items, inspection of the vehicles and
equipment belonging to park visitors from high-risk areas may enable park personnel to discover
and destroy egg masses and other gypsy moth life stages which could give rise to new
infestations. Distribution of educational materials (e.g., Don't Move Gypsy Moth [Anonymous
1983]) to prospective visitors of all parks outside high-risk areas, along with the erection of
prominent informational displays outside park boundaries, are recommended as methods to
encourage visitors to voluntarily participate in such a program. Contact your regional National
Park Service Integrated Pest Management coordinator or local APHIS office for help in setting
up such a program.

The establishment of a pheromone-trapping program in areas of high vehicular traffic and other
visitor use is recommended as an adjunct to any inspection program, to permit the discovery of
isolated infestations caused by egg masses or other life stages slipping through the inspection
program. Contact your local U. S. Forest Service office for details and assistance in conducting a
trapping program.
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Currently, APHIS has responsibility for the eradication of isolated infestations of 640 acres or
less. Suppression efforts over larger areas and within the generally infested area are the
responsibility of the U.S. Forest Service. Some parks receive U.S. Forest Service funds for gypsy
moth management and contract for their own management programs. APHIS uses either
insecticides, including multiple applications of B.t., or mass trapping, to eradicate isolated
populations.

CHEMICAL CONTROL OF GYPSY MOTHS

Several chemical insecticides are currently registered for gypsy moth control. National Park
Service policy states that these pesticides may only be used in historic or developed park areas in
which B.t. or other biological methods (or pheromone trapping) are ineffective. Contact your
regional National Park Service Integrated Pest Management coordinator for further information.

Systemic injection: Injections or implants of insecticides registered for this purpose and applied
to oak trees at budswell provide significant protection from gypsy moth defoliation (Webb et al.
1988). Some wounding to the tree occurs with this procedure, with white oaks exhibiting a more
severe wound response than red oaks (Reardon and Webb 1990). It appears that most of the
wounds close and trees recover within three years.

Ground application of insecticides: Individual trees in areas accessible to vehicles can be
sprayed with registered insecticides from the ground, using hydraulic sprayers or mist blowers to
protect foliage. Although relatively expensive, this method can be quite effective. Since the
entire infested area may not be treated, the potential exists for reinfestation of treated trees from
the surrounding area. Sticky barrier bands on treated trees may be helpful in preventing
reinfestation.

SUMMARY

The U.S. Forest Service is responsible for conducting gypsy moth population monitoring
programs on all Federal lands. Each park manager should contact his/her regional U.S. Forest
Service office for assistance in setting up an appropriate gypsy moth monitoring program for
high-use areas. For further information regarding U.S. Forest Service services, contact:

U.S. Forest Service U.S. Forest Service

Forest Pest Management Forest Health Protection

1720 Peachtree Road 5 Radnor Corporate Center
Atlanta, GA 30367 Suite 200

(404) 374-2989 P.O. Box 6775

Radnor, PA 19087
(215) 975-4125

In historic and developed parks (including campgrounds, visitor facilities where shade is an
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important attraction, and specimen trees), survey programs may trigger suppression or
eradication activities. Under National Park Service policy, natural areas, areas containing
endangered species, or areas with special natural features may receive no treatments; existing
natural enemies must be allowed to exert their long- term effects in such areas.
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eafy Spurge

This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for leafy spurge. Any pest management plan or activity
must be formulated within the framework of the management zones where it will be
implemented. Full consideration must be given to threatened and endangered species, natural and
cultural resources, human health and safety, and the legal mandates of the individual parks.
Recommendations in this module must be evaluated and applied in relation to these broader
considerations.

Introduction

Leafy spurge (Euphorbia esula L.), a member of the family Euphorbiaceae, is a herbaceous,
deep-rooted perennial weed of disturbed lands. Pastures and fields left fallow for long periods,
tree rows, waste areas, roadsides, and rangelands or open grasslands are all susceptible to
infestation by leafy spurge. Leafy spurge commonly occurs along railroad rights-of-way, water
courses, and gullies. It is sometimes found in cultivated lands where infested land has been
broken for crop production. Leafy spurge rarely invades fields that have been under cultivation
for several years, but long-lived roots can regenerate at any time. The single greatest direct
impact of leafy spurge is the reduction of populations of native grasses and legumes and
associated ecosystem changes caused by the superior competitive abilities (rapid growth and
allelopathic properties) of this species (Steenhagen and Zimdahl 1979).

Indirect impacts of leafy spurge infestations include the loss of food sources for grazing animals
caused by competition with native plants in pastures and on rangeland. Leafy spurge infestations
may cut pasture production by 50%-75%. Since wildlife and cattle generally avoid grazing in
infested areas, carrying capacity may be reduced by up to 75% (Lacey et al. 1984). Leafy spurge
is toxic to most grazing mammals, and the milky latex contains substances that act as irritants,
emetics, and purgatives for many animals when eaten.

A second indirect impact of leafy spurge is the cost of control; in some cases, the cost of control
may exceed the original cost of the land (Lavigne 1984). Due to the extremely deep and hardy
root system, control of established leafy spurge populations in uncultivated areas is costly and
control measures must take place continuously over several years. Leafy spurge often
regenerates when controls are eased. Because of its economic importance, leafy spurge is listed
as a noxious weed in many states, with control legally mandated.

Although the competitiveness and toxicity of leafy spurge makes it undesirable, its pest status, as
with most introduced species, results from the lack of population suppression exerted by natural
enemies (e.g., insect herbivores and diseases). Thus, long term goals in leafy spurge management
emphasize biological and cultural controls, although emergency intervention with chemical or
mechanical controls may be necessary. Leafy spurge is fairly easy to control within the first two
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years of establishment. After the third or fourth year, the root system becomes so well developed
that the plants are little affected by mowing, cultivation, grazing, or pulling, and herbicides
cannot be translocated to the deepest portions of the roots.

IDENTIFICATION AND BIOLOGY OF LEAFY SPURGE

Leafy spurge was introduced into eastern North America from the Old World in the early 19th
century. Other introductions were made in the midwestern United States in the late 19th century,
probably as contaminants in seed grain (Messersmith and Lym 1983a). Many reintroductions and
crosses have occurred in other areas and at other times, resulting in a highly diverse and complex
population throughout North America (Lorenz and Messersmith 1981). The extreme plasticity
and genetic diversity of this plant has led several researchers to believe that the leafy spurge of
North America is a hybrid between two or more Old World spurges (Schaeffer and Gerhardt
1984).

Leafy spurge reproduces by seed and from spreading roots. The roots are deep, woody, and very
persistent. Stems are erect, glabrous, branched at the top, and contain a milky sap. Leaves are
alternate, broadly linear to narrowly oblong-lanceolate. The inflorescence is a terminal open
umbel of greenish flowers, each about 1/8 " high. The petals are fused into a cuplike structure,
borne just above the greenish-yellow heart-shaped floral bracts on the top of the stem. See
Messersmith (1983) and Eberlein et al. (1982) for complete descriptions and photographs of

leafy spurge.

Germination from overwintered seed occurs in early May. True leaves appear 6-10 days after
germination. The first pair of true leaves are opposite; later, all leaves are alternate. Stem
elongation and vegetative growth occur in mid-May.

Leafy spurge produces vegetative stems from existing roots in late April, making leafy spurge
one of the first plants to emerge in spring. Early and rapid growth gives leafy spurge a
competitive advantage over most crop and pasture plants.

Yellow bracts form in late May, with maximum display from early to mid- June. Flower
development is through mid-June, and the first fully developed seeds occur in early July. Seeds
are borne in groups of three within each pod. Seed dispersal is in mid-July, during hot, dry
weather. Pods burst violently, scattering seeds up to 15" away from the parent plant. The seeds
float and are frequently dispersed by streams.

Leaf loss and late summer dormancy occur during late July to mid-September. Plants renew
growth in mid-September with the advent of cooler weather. Several leafy branches are formed
off the main stem, which remains leafless. During this period, photosynthesis resumes and
additional photosynthates are transported to the root system for storage through the spring.

The root system is extensive, and consists of numerous coarse and fine roots which occupy a

large volume of soil. Roots are most abundant in the upper foot of soil, but some roots can
extend to a depth of 30'. The root system contains a large nutrient reserve capable of sustaining
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the plant for years. Root fragments as small as 1/2" long can give rise to new plants. Leafy
spurge can withstand repeated mowing and cultivation (Eberlein et al. 1982) due to this well-
developed food storage system in the roots. Roots have the ability to regenerate plants from
almost any depth.

Leafy spurge usually forms patches that may reach a density of over 200 stems per square yard
in sandy soils and higher in heavy clay soils. Patches of leafy spurge usually spread vegetatively
at a rate of 1' to 3' per year with allelopathic chemicals secreted by the root to reduce competition
(Eberein et al. 1982). Plants emerge in April (from root stocks) or May (from seed) and persist
throughout the growing season.

MONITORING AND THRESHOLDS FOR LEAFY SPURGE

Leafy spurge populations are best monitored when the plant is most conspicuous, i.e., when the
yellow green flower-like bracts are open in late May to mid-June. Because leafy spurge usually
occurs in patches, monitoring usually involves counting or estimating the number of patches per
unit area (acre, hectare, etc.). Calculate the average patch size, and count the number of plants
per square yard or meter in sample patches. This will give a fairly accurate estimate of the
number of plants per area. Careful records should be kept in order to establish a profile of
infestation patterns, rates, and treatments.

Leafy spurge can be monitored by aerial infrared imagery using Kodak 1443 color infrared film
(for mapping purposes, use large format 9x9 2443 film), a yellow #12 filter, and a film scale of
1:24,000 or larger. Leafy spurge should be in full "bloom" (bract display) and growing
vigorously during the second week of June to the second week of July. The image on false color
infrared film will be hot pink, which is characteristic of leafy spurge at full bloom and not easily
confused with any other plant. Patches as small as 10' x 10" (100 ft°) are easily identified using
this method. See Armstrong (1979) for further details.

Economic thresholds for leafy spurge have not been developed. While it is known that heavy
infestations can lower range productivity, the cost of mechanical and chemical controls are often
considered to be uneconomical in most of the affected areas (Sun 1981). Most ranchers consider
spurge to be below injury level if spurge patches do not expand from year to year. In natural
areas within a park, leafy spurge management should begin when an infestation is discovered. In
areas such as historic or developed sites, or where park lands are adjacent to private or public
grazing lands, management techniques should be employed to prevent spurge infestations, and
established patches should be controlled to prevent spreading.

NON-CHEMICAL CONTROL OF LEAFY SPURGE
Leafy spurge is difficult to eradicate, but control is possible if a persistent management program

is followed. Control strategies should focus on containing the spread of populations by treatment
of new populations within their first two years of establishment, and also on concentrating efforts
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on the advancing edges of established spurge populations. Treatments of well-established plants
should receive lower priority. Long-term strategies for weed control depend on biological and
cultural controls, while chemical and mechanical controls are useful for short-term suppression.
Generally, no one technique will provide adequate control. Currently available biological
controls using insects require several years for establishment of the insect, and even longer for
control. Most successful programs combine biological control with cultural controls such as
timely mowing or reseeding with competitive desirable plants. Suppression of leafy spurge may
require altering land use.

Biological Control

Herbivorous insects. Leafy spurge is attacked in North America by only a few generalist native
herbivorous insects (Harris 1979). Consequently, natural enemies of E. esula in Europe and Asia
have been imported to the United States and Canada. However, hybridization and other factors
are believed to have changed the genotype of the North American spurge, and as a result, most
natural enemies from its area of origin have had inconclusive results in North America.

The spurge hawk moth, Hyles euphorbiae (L), (family Sphingidae), was introduced into Canada
in 1977 (Forwood and McCarty 1980). Populations stabilized at densities considered too low to
provide effective control, however, and eventually declined to extinction. Subsequent
introductions in Montana and New York have become established and introductions may occur
in other states. The spurge hawk moth has one generation per year. Although caterpillars
defoliate plants, leafy spurge foliage usually regenerates.

Negative results have been obtained with most introductions. The moth Chamaesphecia
tenthrediniformis (Denis &AMP; Schoff) was released in Canada in 1970 after promising results
in feeding tests. However, all larvae released in the field died without feeding on leafy spurge.
The Canadian release of the aphid Acrythosiphum neerlandicum, which is only known from E.
esula in Europe, resulted in death on Canadian leafy spurge (Harris 1979).

The stem-and root-boring cerambycid beetle, Oberea erythrocephala (Schrank.), which attacks
both E. esula and E. virgata , has been released and established in the western United States
(Rees et al. 1986). The main influence on leafy spurge is a reduction in number and vigor of
stems produced in the following year. Long-term effects are not known.

The flea beetle, Aphthona flava Guill., feeds as an adult on the leaves of leafy spurge, causing
minor damage. The larvae feed heavily on the roots, causing stunting and eventually killing the
plant. There is one generation per year. This species has been established in the U.S. and Canada
(McClay and Harris 1984, Pemberton and Rees 1990).

The cecidomyid gall midge, Spurgia esulae Gagne, which forms galls over the branch tips that
slow growth, stunt the plant, and prevent blossoming, has been evaluated and released (Pecora et
al. 1991). This species has several generations per year, making it an excellent potential
biological control agent.

Grazing by sheep. Although grazing by livestock has not been recommended in the past,
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Landgraf et al. (1984) have found that sheep may graze on leafy spurge without ill effects. The
diet of sheep can contain up to 50% leafy spurge with no significant difference in weight gain
compared to sheep feeding in spurge-free pastures. They conclude that sheep are a viable
biological control agent for leafy spurge. Pastures grazed by sheep from May to September for
five successive seasons show up to 98% reduction in spurge populations. Utilization of and
effects of leafy spurge on lambs and lactating ewes has not yet been quantified. Grazing by sheep
may not be an appropriate control measure in natural areas. Some varieties of spurge may be
rejected by sheep, and in most cases spurge will regenerate the season after grazing pressure
ceases.

If sheep are to be used as a biological control for leafy spurge, the following guidelines from
Lacey et al. (1984) should be followed:

e Grazing should begin in the spring when spurge plants are only a few inches tall.
e Schedule sheep grazing rotations so that spurge does not go to seed.

o |If sheep graze after seed set, animals should be held for five days to allow viable seeds to
be passed before sheep are moved to new pastures.

e Sheep grazing can be combined with herbicide use around the fringes of patches for
optimal control.

Pathogens. Several plant pathogens have been tested on leafy spurge, including rust fungi,
powdery mildews, soil borne fungi, and foliar pathogens. To date, none have been found to be
desirable control agents due to wide host ranges (which include domestic crops) or lack of
permanent control. Several rusts and Alternaria species have been collected recently in Europe
and are undergoing testing at this time (Littlefield 1984, Yang et al. 1990).

Cultural Control

In areas where planting of competitive crops is possible, crops such as sudangrass or buckwheat
may be utilized. Competitive cropping reduced leafy spurge stands by 50% in the first year of
trials, and 80% in the second year when given three cultivations before seeding, and with stubble
plowed after harvest (Derscheid 1979).

Elimination of leafy spurge was also achieved in two years following planting of close-drilled
forage sorghum or soybeans. A short season of intensive cultivation followed by planting of fall
seeded crops of bromegrass reduced leafy spurge populations by 95% (Derscheid 1979). Crested
wheatgrass also competes successfully with spurge, but it should be noted that bromegrass and
crested wheatgrass are exotic species that are generally considered inappropriate for natural
areas. Reinfestation of leafy spurge from seed can be prevented by using soil-building crop
rotations. Legumes (such as sweetclover) will prevent establishment by most leafy spurge
seedlings (Derscheid 1979).

Mechanical Control

Use of controlled burning has been attempted in North Dakota and in Wyoming. Although
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burning has little effect on established plants with deep root systems, fire may be highly effective
in reducing seed and seedling viability. Controlled burns in the fall against the wind (burning
against the wind results in more complete combustion and hotter fires) resulted in reduced
germination rates.

Mowing, especially when used prior to treatments with herbicides, may allow reduced rates of
chemicals to provide effective shoot control (Ferrell and Alley 1984b). Hand pulling of leafy
spurge while in the bloom stage results in reduced regrowth vigor for two years. Pulling also
damages the root, increasing the chance of infection by pathogenic organisms (Maxwell et al.
1984).

Intensive cultivation at 2-3 week intervals will reduce leafy spurge stands by 90% in the first
year, and give complete control in 2 years. Similar results have been achieved by cultivation with
a duckfoot cultivator every 2-3 weeks or a springtooth harrow each week (Derscheid 1979).
CHEMICAL CONTROL OF LEAFY SPURGE

The use of herbicides provides a quick and easy (albeit expensive on large- scale operations)
method of control. Herbicides, applied prior to flowering, give excellent burn-down of top
growth but no long-term control of well-established plants. Without a long-term strategy,
herbicides often lead to greater problems in the future because of their effect on other plant
species, the development of resistance, and the inability to completely eradicate populations.
Consult your regional Integrated Pest Management coordinator to determine which, if any,
herbicide is best suited to your integrated pest management program.

SUMMARY

To summarize, the following steps are recommended to manage leafy spurge:

1. Monitor leafy spurge by ground checks or aerial surveys using false color infrared film.

2. Determine injury levels based on land usage (local weed ordinances should be acknowledged).
3. Control strategies should focus on containing the spread of populations by treatment of new
populations within their first two years of establishment and also to concentrate efforts on the
advancing edges of established spurge populations. Treatments of well- established plants should

receive lower priority.

4. Use cultural or mechanical controls to reduce small to medium infestations. Consider the use
of controlled grazing by sheep as a biological control.

5. Use registered herbicides where appropriate; applications should be timed for best control, and
follow-up treatments should be applied when necessary.
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This module is intended to serve as a source of basic information needed to implement an
integrated pest management program for mites. Any pest management plan or activity must be
formulated within the framework of the management zones where it will be implemented. Full
consideration must be given to threatened and endangered species, natural and cultural resources,
human health and safety, and the legal mandates of the individual parks. Recommendations in
this module must be evaluated and applied in relation to these broader considerations.

Mites

Mites are members of the order Acarina, which also includes ticks. Hundreds of species of mites
occur in the United States. This module describes life histories and integrated pest management
strategies for seven species that have been found to be of greatest concern in the National Park
System. Six of the mite species in this package are in the family Tetranychidae (which includes
the mites commonly known as spider mites), while the seventh, the eriophyid mites, are in the
family Eriophyidae. All are extremely small, requiring a hand lens to determine their presence
and numbers. Mites do not have a true head, wings, or abdomen. There are four pairs of legs and
a pair of leg-like palps associated with the mouthparts. Mouthparts consist of a pair of needle-
like stylets (chelicerae) used to pierce cell walls, allowing the mouth to suck up cell contents.
This is important because the type of mouthpart creates the stippled appearance associated with
Tetranychid mite injury. The injury caused by Eriophyid mites is much more variable, and
includes yellowed foliage, distorted foliage, or a variety of leaf and petiole galls. Mite-feeding
injury is often confused with injury caused by insects or air pollution. Refer to Table 1 for more
information on differentiating mite and insect injury.

Table 1. Plant pests and diseases which produce injury similar to

Mites

Pest

Symptoms

Detection

Control/Prevention

Teranychid mites

Leaves or needles get pale
yellow to bronze stippled
areas at any time from
early spring on. Usually on
one-year-old growth of
conifers and new growth
of broad-leaved and
deciduous plants.

Tap branches onto white
paper and examine with a
10x hand lens for small
green or red spiders or
shiny round eggs. White
cast skins may be seen on
leaf undersides. Look for
eggs at any time, mites
when temperatures are
above 50 degree