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ABSTRACT: Purple loosestrife, Lythrum salicaria, was introduced into North America
from Europe at the beginning of the nineteenth century. The plant has progressively spread
westward and now occurs throughout the northern half of the United States and southern
Canada. It aggressively invades wetlands and displaces native vegetation. The high costand
transitory nature of various chemical and cultural control methods have led to the
development of a classical biological control program against purple loosestrife. Research
has shown that three phytophagous European insects—a weevil, Hylobius transversovittatus,
and two leafbeetles, Galerucella calmariensis and G. pusilla— are very host-specific and
highly damaging to the plant. These insects are being considered for release into North
America in an attempt to control L. salicaria. If these insects are as effective as research
indicates, the outlook for successful classical biological control against purple loosestrife

is excellent.

CLASSICAL BIOLOGICAL
CONTROL

An exotic plant species that invades a new
region usually does so without the guild of
phytophagous insects, mites, and patho-
gens that help suppress populations of the
plant in its area of origin. In many cases a
natural enemy carefully selected from this
guild and introduced into the area invaded
by the plant will reduce the plant to nonpest
status. This concept is referred to as “clas-
sical biological control.” The term classi-
cal differentiates this more traditional use
of exotic organisms for pest control from
other biological control approaches that
utilize, forexample, augmentation and mass
releases of natural enemies. Still other ap-
proaches are based on insect byproducts
such as pheromones and kairomones.

A successful classical biological control
project reduces the population density of a
pestto an environmentally or economically
acceptable level through the action of one
or more natural enemies. This is accom-
plished without totally eliminating the tar-
get plant. There will be oscillations in the
populations ofthe pest and its control agents
over time in response to environmental
conditions, activities of people, and the
normal interactions of the host plant and its
associated organisms. In an ideal situation,
peaks of these fluctuations remain below
the damaging population level and the plant
remains innocuous. Residual populations
of the plant act as reservoirs of the natural
enemies.

An essential activity of a classical project is
the researchrequired to reunite one ormore
of the most effective natural enemies with
their host in the invaded area (Rosenthal et
al. 1984). The phytophagous agent must be
introduced without its own parasites and
diseases, which would decrease or nullify
the impact of the natural enemy on the
target plant. A successful natural enemy
has several basic attributes: the agent must
substantially damage the host; the damage
must be done during a vulnerable phase of
the host’s life cycle; attack should interrupt
the reproductive ability of the plant popula-
tion; and a natural enemy should be intro-
duced into a niche that is free of other
phytophages, otherwise the introduced
agent will be in direct competition with
other organisms and will be susceptible to
their parasites and diseases (Harris 1984).

Before an organism can be introduced into
North America for release against a target
plant, the agent must be subjected to a
rigorous host specificity screening pro-
gram. This screening process ensures that
the agent is acceptably host-specific and
will not itself become a pest when intro-
duced (Drea 1991). Usually the first organ-
isms selected for study are those that are
monophagousorrestrictively oligophagous.
This selection may be based on an exami-
nation of the literature, information from
museum collections, direct observations,
orpreliminary laboratory and field studies.
An agent will be proposed for introduction
only if it develops exclusively on the target
weed, or within acceptable limits on a few
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closely related species.

The use of insects and other types of natural
enemies to control exotic unwanted plants
has been successfully applied throughout
the world since 1863 (Rosenthal etal. 1984).
As 0f 1980, 192 organisms had been estab-
lished on 82 introduced weed species
throughout the world (Julien 1982). Only
an isolated few of these subsequently have
attacked other nontarget plants. For ex-
ample, Andres (1985) reports that three
insects introduced against Hypericum
perforatum (Klamath weed), an exotic plant
of European origin, develop to varying
degrees on other species of Hypericum in
California. But in no instance has an insect
introduced against an exotic weed in North
America become a pest itself or endan-
gered a native plant species (Harris 1988).

Biological control of weeds was first used
successfully in North America in the 1940s
against Klamath weed (Huffaker and
Kennett 1959). Other plants of economic
importance that have been the target of
classical biological control in the United
States are alligatorweed [Alternanthera
philoxeroides (Mart.) Griseb.] (Coulson
1977), leafy spurge (Euphorbia esula L.)
(Pemberton and Johnson 1985), musk thistle
(Carduus thoermeri Weinm.) (Kok and
Pienkowski 1985), and tansy ragwort (Se-
necio jacobaea L.) (Pemberton and Turner
1990). In all of these cases the target of
control was an introduced plant that had
dramatically increased its population in its
new habitat. The plant clogged waterways,
poisoned livestock, or was otherwise detri-
mental to agricultural areas.

There is great potential for the use of clas-
sical biological control against Lythrum
salicaria L. (purple loosestrife) in North
America. The plant has many of the at-
tributes of other plants that have been con-
trolled by biotic agents. Itis (1) a perennial
plant, (2) an introduced species, (3) host to
a series of effective biotic agents in its area
of origin, (4) restricted to a specific and
relatively stable habitat, (5) found in more
or less continuous populations, (6) is rela-
tively isolated taxonomically from eco-
nomically valuable plants, and (7) a plant
that offers feeding niches that are unfilled
in North America by natural enemies.

THE TARGET PLANT

Lythrum salicaria is an erect, emergent,
aquatic to semiaquatic plant occurring in
wetlands, coastal areas, ditches, and along
stream banks. This perennial herbaceous
plant grows to an average height of 1.5-2
m. It is readily identified during the sum-
mer months by the reddish-purple flowers
that cover the terminal spikelike panicles
from late-June to early-September. Dense
flowering stands are readily visible from a
distance. Three forms of the species are
distinguished based on the length of the
style (Levinand Kerster 1973, Teale 1982).
The flowers are self-incompatible and in-
sect-pollinated (Mulcahy and Caporello
1970). Minute seeds are produced in cap-
sules, and a mature plant (average of 30
stems) may produce as many as 2.5 million
seeds annually (Thompson et al. 1987).
Stems die in late autumn but may remain
standing throughout the winter. New stems
emerge from the perennial roots, and the
plant can establish dense stands within a
few years. Reproduction occurs by sexual
means; L. salicaria does not produce rhi-
zomes (Thompson et al. 1987).

The plantis native to Eurasia (Hultén 1971).
Its European distribution extends from
Great Britain to central Russia and from
Italy northward to the 65th parallel. The
Asian distribution is centered on the main
islands of Japan, with populations extend-
ing into the lowlands of Manchuria and
Chinato southeast Asia and northern India.
The plant has invaded northern and eastern
Africa, Australia, Tasmania, and North
America (Thompson et al. 1987).

L. salicaria appeared in North America
prior to 1830, probably arriving as a con-
taminant in ship ballast (Stuckey 1980). By
the 1830s, the plant was well-established
along the New England seaboard. The con-
struction and heavy use of canals and wa-
terways for commerce during the 1880s
favored the spread of the plant westward
throughout New York and the St. Lawrence
Valley (Thompson et al. 1987). Today it
occurs in dense stands throughoutthe north-
eastern United States and southeastern
Canada, and in scattered locations in the
Midwest, the Pacific Northwest, Califor-
nia, and south-central Canada (Figure 1)

(Thompson et al. 1987). The development
of new irrigation systems in many of the
western states has favored the establish-
ment and spread of L. salicaria in these
areas.

Because L. salicaria replaces native spe-
cies in wetland plant communities, it is
considered a highly competitive and un-
wanted species (Stuckey 1980). In some
states the plant has been officially declared
a“noxious weed,” indicating that control is
mandated by law where the plant is found.
The plant is a serious problem for private,
state, and federal range, wildlife, and natu-
ral area managers. Purple loosestrife de-
velops rapidly in new areas and quickly
expands its range by infesting all suitable
terrain; this is accompanied by the loss of
native flora (Malecki 1987). Disappear-
ance of native plants leads to the elimina-
tion of the essential natural food and cover
of many wetland inhabitants, including
waterfow! (McKeon 1959, Smith 1964,
Friesen 1966, Pfannmueller and Djupstrom
1983). The formation of monotypic stands
of L. salicaria has jeopardized various al-
ready threatened and endangered native
wetland plants and wildlife, such as an
endemic bulrush (Scirpus longii Fern.) in
Massachusetts (Coddington and Field
197R), dwarfspikerush [Eleocharis parvula
(R. & S.) Link] in New York (Rawinski
1982), and the bog turtle (Clemmys
muhlenbergii Schoepff) in the northeast-
ern United States (Thompson et al. 1987).

The impact of L. salicaria on agriculture is
seen in the degradation of wetland pastures
and wild hay meadows. The weed is much
less palatable to livestock than the dis-
placed grasses and sedges (Thompson et
al. 1987). Sites with heavy infestations are
less productive and are difficult to mow
and manage. The plant can be devastating
to irrigation systems. Based on a cost-
benefit analysis of infestations of L.
salicaria in 19 states, Thompson et al.
(1987) reported an estimated loss of nearly
$46 million annually due to the devaluation
of freshwater real estate, the reduction for
hunters of populations of muskrats and
migratory waterfowl, and the destruction
of “natural” habitats for recreational enjoy-
ment.

152 Natural Areas Journal

Volume 11(3), 1991



Figure 1. Distribution of Lythrum salicaria in North America as of 1985 (after Thompson et al. 1987).

Small localized stands of L. salicaria can
be controlled by hand uprooting of plants
and removal of all vegetative parts (Rude
1988). Other methods include water level
manipulation, mowing or cutting, burning,
and herbicide application (McKeon 1959,
Smith 1964, Malecki and Rawinski 1985).
These techniques can eliminate small and
young stands, but they are costly, tempo-
rary, and require periodic application. A
control method was needed that would be
permanent, effective, relatively inexpen-
sive, environmentally safe, widespread, and
that would require minimal human effort.
Because L. salicaria is an introduced pest,
the possibility of using classical biological
control was investigated.

RESEARCH PROGRAM

Before introducing exotic natural enemies,

it was important to determine the composi-
tion of the existing fauna associated with
the plant in North America and in Europe.
Did empty niches occur on the plant in the
invaded area? What organisms associated
with the plant in Europe already occurred
in North America?

Surveys

Stands of L. salicaria were surveyed in the
northeastern United States to determine
the fauna associated with the plant in North
America (Hight 1990). Fifty-nine species
of phytophagous insects were collected.
Their identification indicated that they had
moved onto L. salicaria from other plants
in the environment. There were 50 species
on the foliage, 3 on the stems, and 6 feeding
on the reproductive parts. No species were
recovered in or on the roots. None of the

insects reduced populations of L. salicaria
or caused appreciable damage to plants.
Most of these species appeared to be inci-
dental feeders on the plant and wouldnot be
severely competitive with a biotic agent
introduced into the same niche.

We found no reports in the American or
European literature of important patho-
gens being recovered from purple loose-
strife (Schroeder and Mendl 1984). The
few species of fungi reported as incidental
and minor pathogens of L. salicaria were
from other species of plants including na-
tive North American Lythrum spp. and
Oenothera spp. (Farr et al. 1989). Field
surveys conducted in Europe did not un-
cover any pathogens attacking L. salicaria
(Blossey and Schroeder 1986).

Surveys for natural enemies in Europe un-
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covered 15 oligophagous insect species
closely associated with L. salicaria
throughout its range in Europe (Schroeder
and Mendl 1984, Batra et al. 1986). Of
these, three were selected for testing and
screening as potential control agents. The
most promising insect was a root-infesting
weevil, Hylobius transversovittatus
(Goeze). Two species of leaf-feeding
beetles, Galerucella calmariensis (L.) and
G. pusilla (Duftschmidt), also were se-
lected because they could defoliate plants
and destroy the flowers. Studies of the
insects’ life history, population dynamics,
impact on L. salicaria, and host specificity
conducted at the CAB-International Insti-
tute of Biological Control (CIBC), were
completed in February 1991 (Blossey and
Schroeder 1988, 1989, 1991). Quarantine
screening and testing studies at the Virginia
Polytechnic Institute and State University
(VPI&SU) to obtain biological data essen-
tial to request authorization for the release
of these insects into North America were
completed in November 1990 (Kok and
McAvoy 1989, 1990). The following infor-
mation was derived from these reports pre-
pared at the two institutes.

Natural Enemies

Hylobius transversovittatus

Aduits of this weevil emerged from over-
wintering sites in mid-April. Oviposition
began in April, peaked in July and August,
and ended in September. Eggs were depos-
ited singly or in groups in stems at ground
level, or on or near the roots just under the
soil surface. A female may lay one to three
eggs per day during peak period. Many
adults hibernated for a second winter and
began activities, including oviposition, the
following spring.

Eggs hatched in about two weeks. The first
instar larvae fed on the root surface. Sec-
ond instar larvae mined into the root and
consumed the vascular tissue. Mature lar-
vae prepared pupal chambers in the upper
parts of the root. Pupation itselflasted three
to four weeks. The adults that emerged,
usually in July and August, were often
sexually inactive before hibernating in the
autumn. Normally, a female required two
years from the egg stage to develop to an

actively ovipositing adult. Males appar-
ently required the same amount of time for
development. Thebeetles were well adapted
to flooding. All stages survived total im-
mersion in water for several days. Larvae
survived and developed normally after
seven months of submersion within plants.

Weevil larvae and adults seriously dam-
aged the root system of L. salicaria. Plants
may be killed by the attack, or stunted and
produce fewer stems and consequently
fewer seeds. Field studies showed that nearly
100% of the roots may be infested. Smaller
roots produced smaller weevils.

Galerucella calmariensis and G. pusilla

The two species of Galerucella were found
throughout the range of L. salicaria in
Europe. In the north, G. calmariensis was
the dominant species; G. pusilla was more
abundant in the south. Both insects often
occurred in the same field. The two species
had very similar life histories. Overwin-
tered adults appeared on young L. salicaria
in early May and their feeding produced
holes in the new leaves. Copulation began
within a few days and oviposition com-
menced shortly thereafter. During the pe-
riod from mid-May to mid-July, a female
may produce up to 500 eggs. Most eggs
were laid in small clusters, primarily on the
lower stem, shoot axils, or lower side of the
leaves.

Larvae hatched in about a week and fed on
developing buds of stems, leaves, and flow-
ers. The late instar larvae that fed on the leaf
surfaces removed the chlorophyll-contain-
ing tissues and formed the “window” type
of damage so characteristic of many chry-
somelid beetles. Because of the extended
oviposition period, larvae were present on
the plant throughout the summer. Three
weeks after hatching, the mature larvae
moved into the soil and pupated a few
centimeters below the surface. In flooded
areas, the larvae formed pupal cells in the
thick aerenchyma tissue of the plant stems.
Adults emerged in approximately three
weeks. Both of the species had only one
generationper year. The adults entered hiber-
nation in late September to mid-October.

Feeding by the leaf beetles had an impor-

tant and substantial impact on the growth
and survival of L. salicaria. At high densi-
ties of attack (200 larvae/plant) plants were
entirely stripped of all green tissue, leaving
only whitish skeletons and thereby pre-
venting seed production. Larvae readily
left defoliated plants and sought unattacked
plants. At lower populations of the beetles,
adult and early larval feeding prevented
normal growth of L. salicaria by destroy-
ing meristematic regions. The continued
larval feeding throughout the period of
maximum plant growth delayed, and often
prevented, the production of flower spikes.
Both species of Galerucellahad a negative
impact on L. salicaria. In outbreak densi-
ties the beetles killed seedlings, completely
defoliated mature plants,.and destroyed or
prevented the formation of flower spikes.

Host Specificity Studies

In 1987, the Agricultural Research Service
(ARS) and the U.S. Fish and Wildlife Ser-
vice (FWS) agreed to support the research
required to determine the host specificity
of the insects selected. A list of 50 different
plant species was prepared. The plants fell
into four categories: (1) species in the fam-
ily Lythraceae (18 species); (2) species in
families closely related to Lythraceae, based
on the phylogenetic system of Cronquist
(1981) (11 species); (3) wetland species
most commonly associated with purple
loosestrife habitat, especially those impor-
tant to wildlife (14 species); and (4) impor-
tant agricultural crops (7 species). This list
was reviewed and approved by Plant Pro-
tection and Quarantine (PPQ), a division of
the Animal and Plant Health Inspection
Service (APHIS), through their Technical
Advisory Group for the Introduction of
Biological Control Agents for Weeds
(TAG).

The majority of the host specificity tests
were conducted by CIBC in 1988-1990
(Blossey and Schroeder 1989, 1991).
Supplemental screening with plants not
available to CIBC were conducted in the
VPI&SU quarantine laboratory in 1989
and 1990 (Kok and McAvoy 1990). The
screening tests confirmed that H. frans-
versovittatus, G. calmariensis, and G.
pusilla are highly host-specific for purple
loosestrife. The scientists at the VPI&SU
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and CIBC laboratories have recommended
that these insects be considered for release
into the United States. A report derived
from this data has been submitted to TAG
for consideration and subsequent recom-
mendation of the release of the insects into
North America.

Release Sites

Normally, introduced natural enemies are
not haphazardly released in the field with-
out consideration to the environmental con-
ditions of the release sites. This is espe-
cially true for organisms that have been
subjected to long and expensive research.
A list of criteria constituting “acceptability
for study sites” was developed; it describes
the minimum conditions a site must meet to
be selected for the initial release of the
exotic insects for the purple loosestrife
project.

A release site should

+ Beinthe climatic regions of the northern
United States or southern Canada. This
is to avoid the more southern limits of the
plant’s range in North America, where
the introduced insects might not be able
to survive.

+ Be in a marsh or wetland that does not
normally have standing water from May
through September. This is to facilitate
the development of the insects.

+ Have a dense, well-established stand of
L. salicaria more than 2 ha in extent.

+ Have neighboring stands of the plant
within a kilometer to reduce isolation
and permit the spread of an insect out of
the release site after establishment.

+ Not be subject to chemical applications
or cultural control methods (e.g., burn-
ing, mowing, water level manipulation,
etc.).

+ Be free from major environmental
changes (flooding, grazing, commercial
development, camping).

+ Berelatively isolated from human activi-
ties but reasonably accessible.

+ Beavailable to the project for a seven-to
ten-year period.

The list was sent to approximately 50 po-
tential cooperators in 1988. From the re-
sponses, 30 sites were selected and visited
during 1988. Of these, 12 met all the crite-

ria and were chosen for study and use as
eventual release sites for any of the ap-
proved natural enemies.

During the growing seasons of 1989 and
1990, basic information was gathered at the
12 selected sites. The density of the popula-
tions of L. salicaria was estimated using
three methods: (1) percent cover (of L.
salicaria and associated vegetation) along
randomly established transects, (2) density
counts of the number of L. salicaria indi-
viduals within randomly distributed quad-
rats, and (3) number of stems per L. salicaria
plant within each quadrat. Abiotic data col-
lected were soil pH, soil type, topography,
and site orientation. The study sites will be
monitored periodically before, during, and
after the release of any of the approved
natural enemies. Examination will be more
frequent at more accessible sites.

FUTURE PLANS AND OUTLOOK

As of February 1991, the host specificity
tests were essentially completed and the test
results appeared to be acceptable. A request
for field release of the insects has been
submitted to APHIS-PPQ. The firstreleases
are expected to occur during 1991. Field-
collected insects of foreign origin will be
reared in quarantine to ensure the absence
of all parasites and diseases. The natural
enemies will be released, probably asadults,
at the 12 study sites as soon as a sufficient
pumber of individuals become available.

To determine the impact of the three species
on L. salicaria infestations, present plans
are to release each species alone at some
sites, and in combination with one or two of
the other species at other sites. Fifty ormore
beetles per release per site is the minimum
number being considered at this time. The
availability of insects for release will be the
deciding factor. The weevil will be the
hardest to obtain in large numbers because
ithas alonger life cycle and fewer individu-
als per host plant.

The sites will be monitored annually for (1)
the establishment of the insects, (2) changes
in the purple loosestrife populations and
other vegetation (as discussed earlier), and
(3) relative impact of the various combina-
tions of species released on the plant popu-

lation.

Questions that this biological control
project is expected to address include (1)
Can successful biological control be
achieved through a single release (lottery
model) or are multiple releases (cumula-
tive stress model) necessary (Meyers
1985)? (2) What constitutes a “successful”
biological control agent (i.e., what type of
organism should be considered for estab-
lishment in future projects)? (3) How do
insects allocate resources ona “new” host?
(4) What changes occur in habitat parti-
tioning of insects released into a new envi-
ronment?

SUMMARY

Biological control of weeds is generally
perceived as more environmentally safe
than the use of herbicides (Pimentel et al.
1984). Phytophagous insects are not poi-
sonous to humans or other animals; they do
not contaminate groundwater supplies or
accumulate in the soil; and, unlike most
herbicides, insect agents are selected be-
cause of their specificity to a single plant.
However the inability to recall a natural
control agent once it has been successfully
introduced raises the concern thatthe agent
itself may become a pest. To reduce this
risk, the introduction of plant-feeding bio-
logical control agentsinto the United States
isregulated (Klingman and Coulson 1983,
Drea 1991).

Regulation guidelines have been followed
with respect to the purple loosestrife
project. This included the following activi-
ties: (1) developing an approved list of
plants for use in the host specificity test-
ing, (2) conducting host specificity tests in
Europe with the three potential control
agents. (the research included adult and
larval no-choice and multiple preference
feeding tests and oviposition tests), and (3)
introduction of the three insects into a
quarantine facility in the United States for
completion ofhostspecificity testsonplants
that were not tested in Europe. The host
specificity tests suggest that H. trans-
versovittatus, G. calmariensis, and G.
pusilla have excellent potential for suc-
cessfully controlling L. salicaria in North
America without jeopardizing other or-
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ganisms in the environment.
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