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FOREWORD

Looking Back from 1990
by
Robert F. Doren

Worldwide, many ecosystems, particularly in tropical and subtropical
regions, have proved vulnerable to disturbance and invasion by
introduced (usually referred to as exotic or alien) plants. Such invasions
have produced social, economic and environmental impacts and focused
attention on the threats these plants place on one-of-a-kind and
irreplaceable ecosystems.

South Florida provides a continuing example of this worldwide problem
and is the only region of the continental United States where temperate,
subtropical, and tropical floral elements coexist. This unique interface
has produced approximately 65 plant taxa endemic to south Florida,
many of which are threatened due to diminishment of habitat. The
assemblage of communities comprising south Florida vegetation is
unique as well. These unique systems have proven to be extremely
vulnerable to exotic pest plants. A number of exotic species have invaded
and threaten such diverse communities as mangroves, pinelands,
prairies, and hardwood forests (locally known as hammocks).

The Exotic Pest Plant Council is a multi-agency non-profit organization
composed of over 40 member agencies, organizations, and individuals
with expertise in the management and control of exotic vegetation. The
Council’s aim is to serve as a pivotal group to: facilitate communication
and exchange of information for all interested groups or individuals;
promote an understanding regarding exotic pest plants and their control
and management; seek funding and encourage continued support for
research, and for exotic pest plant control and management. To help
further these goals the Exotic Pest Plant Council, the USDI National Park
Service, the University of Miami, the Florida Division of Forestry, the
USDA Agricultural Research Service, Fairchild Tropical Garden, and The
Nature Conservancy cosponsored this symposium. Our objectives were
to move the issues of exotic plants into the forefront and move
aggressively toward developing a strong and practical strategy for
dealing effectively with the problems associated with these plants. We
addressed the following issues:

* What is known about the biology of these plants and how they
impact native ecosystems?



*  What social concerns and economic impacts are associated with
exotic pest plants?

* Acknowledging that an interdisciplinary and cooperative approach
involving researchers, land managers, policy makers, environmental
businesses and the public is desirable, how can information
generated by these diverse groups be consolidated to develop
programs to solve and prevent exotic pest plant problems?

Have we, by addressing these issues in our symposium, met our
objectives in relation to better understanding the biological and
socioeconomic issues of exotic pest plants? And have we been able to
move forward with these strategies and concepts utilizing this new
information and forum for furthering cooperation and, ultimately,
control of exotic pest plants?

I am fortunate to have about a year and a half of hindsight to reflect on
these original goals we set for our symposium. I am also fortunate and
pleased to be able to say unequivocally yes, we have met those objectives.
Indeed we have been exceedingly successful with regard to bringing
people together to begin to deal effectively with the problems of exotic
pest plants.

The Exotic Pest Plant Council has worked with many agencies and
individuals to accomplish what only 18 months ago would have seemed
impossible. Through this work we have:

* Secured basic interagency funding of $2.0 million for Melaleuca
quinquenervia biocontrol work.

* Secured additional interagency funding of approximately $1.5
million, to enhance the Melaleuca quinquenervia biocontrol work and
build quarantine facilities in south Florida.

* Secured interagency funding of approximately $3.5 million, for the
control and management of Melaleuca quinquenervia in high priority
natural areas in south Florida.

* Continued support work for interagency funding for Melaleuca,
Casuarina spp. and Schinus terebinthifolius control in natural land
adjacent to Everglades National Park.

* Secured funding for a wetland restoration study project in
Everglades National Park, for $650,000.00.



¢ Produced a control manual and identification manual for exotics in
Florida.

* Published public information brochures about Melaleuca
quinquenervia in both English and Spanish.

* Published public information brochures about the Exotic Pest Plant
Council.

* DPresented exotic pest plant problems and issues to local, national
and international organizations and meetings.

* Worked with a local film production company to produce a
commercial video on the serious problems associated with Melaleuca
quinquenervia.

* Worked with The Nature Conservancy to establish a full-time
position to develop a national exotic management program for The
Nature Conservancy.

* Initiated the process to establish a full time director’s position for
the Exotic Pest Plant Council and to begin a newsletter.

* Continued to work at the local, state and national level to affect
changes in legislation to be better able to deal with exotic pest plant
problems.

* Produced these proceedings, and plan within the next 3-5 years to
hold another symposium.

These items illustrate that the Exotic Pest Plant Council, through the
dedication and hard work of all its members and its Board, and through
the informational nature of this symposium has made significant strides
toward dealing with a broad spectrum of exotic pest plant problems. We
plan to continue to grow and expand and will be happy to see our
membership increase and consequently our ability to do similar kinds
of work nationally and internationally.

Eighteen months ago I agreed with Ron Myers, in his closing comments
at the symposium, about our lack of ability to solve serious exotic pest
plant problems. Not because they could not be solved, but simply
because we had been fighting the same battles over and over with
virtually no support. We still fight those battles, especially for money
and legislative support, but in the last 18 months we have been able to



win some of that money and support enough to finally see that we have
the ability to accomplish some serious exotic pest plant control and
management. Now I am encouraged and look forward to the council’s
continued accomplishments and to our next symposium.



Chapter 1

Biological Control of Melaleuca
quinquenervia: Prospects and Conflicts

Joseph K. Balciunas and Ted D. Center
United States Department of Agriculture
Agricultural Research Service
Aquatic Plant Management Laboratory
3205 College Avenue
Fort Lauderdale, FL 33314

ABSTRACT

The broad-leaved paperbark tree (Melaleuca
quinquenervia) is native to coastal regions of northeastern
Australia, southeastern New Guinea, and New
Caledonia. It was introduced into Florida for ornamental
purposes in the early 1900s and is now a rapidly
expanding problem. It infests over 13% of the wetlands
that are vital recharge areas for the Biscayne aquifer.
Current herbicidal control practices are expensive,
stop-gap measures aimed at the preservation of a few
critical areas. Biological control could slow the advance
of M. quinquenervia and safe, effective bioagents exist that
could be used in the U.S. These include several ecological
guilds of phytophagous insects such as foliage-feeders
(caterpillars, sawfly larvae, and beetles), sap-feeders
(scale insects and planthoppers), flower-feeders
(caterpillars), gall insects, and others. Earlier concerns
over conflicts of interest concerning biological control of
M. quinquenervia have been overstated. The
environmental and economical damage associated with
M. quinquenervia infestations far overrides the minor
benefits provided. Worries over opposition by the
beekeeping industry to the implementation of biological
controls are unsubstantiated and underestimate the
environmental consciousness of beekeepers. The
continuing advance of this species can not be tolerated,
and the introduction of safe, effective biological control
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agents offers the best hope of contending with this
insidious invader of wetland ecosystems.

INTRODUCTION

During the evolution of the genus, a few species of Melaleuca immigrated
northward from Australia and are included in extra-Australian floras
(Debenham 1963). Otherwise, the genus is wholly Australian in
distribution and its origin is obviously tropical Australia. Although the
genus is currently undergoing revision, it is thought that as many as 250
species occur in Australia (Barlow 1986). Broad-leaved paperbarkl
(Melaleuca quinquenervia (Cav.) Blake) is included in the M. leucadendra
group (Table 1) which is comprised of eleven closely related species that
all occur in tropical Australia. In fact, all eleven species co-exist on the
Cape York peninsula in northern Queensland which is clearly the center
of diversity for the group.

Melaleuca quinquenervia occurs in coastal swamps and marshes in
Queensland and northern New South Wales, but its range extends to
New Guinea and New Caledonia (Blombery 1977, Debenham 1963). Its
Australian range is divided into two populations by a curious disjuncture
in the central portion of Queensland (Figure 1). Its southern-most limit
seems to be near Sydney (Latitude ca. 34° S) (Debenham 1963).

Melaleuca quinquenervia was introduced into Florida near the turn of the
century when seeds were planted near Orlando and in Dade and
Broward counties (Meskimen 1962). Other introductions followed and
by 1912 specimens or seeds were planted at several locations. The
propagation of this initial stock ultimately created severe infestations of
this weed throughout the southern portion of the state (Meskimen 1962,
Pritchard 1976, Gifford 1937, Stocker and Sanders 1981, Greene 1983).
Within the last three decades the range of this invasive species increased
greatly. By 1980 it had infested nearly 500,000 acres or 6% of the total
land area of south Florida. This included over 250,000 acres or nearly
13% of all wetland areas (Cost and Carver 1981). A later paper (Di
Stefano and Fisher 1983) indicated that paperbark occupied 2.5 million
acres and was invading new areas at a rate of 2500 acres/yr. Recent
estimates suggest that the area of infestation has increased by at least
50% since the 1980 study (Villano 1988).

Melaleuca quinquenervia is characterized by rapid growth, efficient
reproduction, and the ability to invade a wide variety of habitats (Conde
et al. 1981, Woodall 1981). These characteristics have transformed it from
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an innocuous ornamental plant into an environmental and economic
liability. The ecological and environmental problems caused by
paperbark infestations are well documented by Ronald Hofstetter’s paper
in this proceedings and need not be repeated here.

Attempts to control M. quinquenervia have proven costly,
environmentally inappropriate, and generally ineffective. This has
stimulated interest in biological control as an extension of current
management practices. In 1984 the Florida Native Plant Society and the
Exotic Pest Plant Council requested that the U.S. Department of
Agriculture, Agricultural Research Service implement a biological control
program against M. quinquenervia. After appropriate investigation we
determined that if funds were available, such a project was indeed
worthwhile. The Jacksonville District of the U.S. Army Corps of
Engineers and the National Park Service provided initial funding and
preliminary surveys in Australia were begun in 1986.

In this paper we discuss the appropriateness of classical biological
control of M. quinquenervia, the probability of success, and the progress
that has been made in the search for safe, effective agents. For those
readers who are not familiar with biological control procedures, we first
review the steps involved in developing candidate biological control
agents and the various impediments to this approach. We will close by
discussing perceived conflicts of interest and place these into perspective
by providing rough estimates of the enormous economic losses that
would ensue if the unabated spread of M. quinquenervia continues. We
will also provide our prognosis for effective control of M. quinquenervia
and discuss the role that biocontrol could play within the next decade.

Classical Biological Control: Definition

In the technological climate of modern science, the definition of biological
control has become muddled and perplexingly broad. A new operational
definition was recently proposed to specifically provide for the inclusion
of new technology. This definition states that biological control is the
use of natural or modified organisms, genes, or gene products to reduce
the effect of undesirable organisms (pests), and to favor desirable
organisms such as crops, trees, animals, and beneficial insects and
microorganisms (NAS 1987).

We define biological control in a narrower sense that is often referred
to as the “classical” or “introduction” approach. This approach arises
from an understanding of natural history rather than high technology.
Its definition limits biological control to the deliberate introduction of
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host-specific natural enemies for control of alien pests. These
host-specific biological control agents (bioagents) are imported from the
native range of the pest and then introduced into the problem area. After
the infested area has been inoculated with a small number of these
bioagents, and a self-perpetuating population has become established,
they normally increase on their own to levels that hopefully provide a
substantial degree of control. This method is of greatest use when the
pest has been naturalized in the adventive area free of their normal
complement of natural enemies. As the term “classical” implies, this is
not a new approach, having been in use in the U.S. since 1889.

The introduction approach to biological control has proven to be very
safe. On a worldwide basis 192 insects have been introduced for control
of over 86 weed species and while temporary or minor feeding on
non-target plants has been reported, none of these bioagents have ever
become serious pests (Buckingham 1988, Julien 1982). This is because
specialization by plant feeding insects to one or a few host plants is the
rule, rather than the exception, and this characteristic provides a large
intrinsic margin of safety.

METHODS AND MATERIALS

The initiation of a biological control program against M. quinquenervia
required a series of steps. First, it was necessary to justify the project.
To do this, we conducted an exhaustive literature review which we
summarized in a report to an interagency Technical Advisory Group
(TAG). This group used the report and consulted with outside interests
to determine if economic losses caused by M. quinquenervia justified a
biological control approach, if the weed was a suitable target and was
amenable to biological control, and if prohibitive conflicts of interest
existed. After extensive review the TAG granted permission for us to
begin a project on M. quinquenervia in mid-1986.

The preparation of the TAG report required the acquisition of
information needed for the project. Of utmost importance was
information on the native range of the pest, particularly with regard to
the center of diversity of its near relatives. This is where host-specific
natural enemies would most likely be found. This center of diversity was
easily pin-pointed as the northeastern coast of Australia. Earlier, in 1985,
we had initiated a project in Australia to conduct studies aimed at
biological control of an aquatic weed. The research was being conducted
from bases in Townsville and Brisbane (Figure 1) and these locations
were coincidentally ideally positioned for work on M. quinquenervia.
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Therefore, in 1986, we initiated small-scale limited surveys for insects
feeding on melaleuca trees in the Townsville - Cairns vicinity. Later,
during 1987, an increased level of funding enabled us to expand this
effort. A part-time assistant was employed to work exclusively on
melaleuca in Townsville, and a full-time assistant in Brisbane began to
devote about one third of his efforts to the melaleuca project. Thus, by
1987, surveys were underway in both the northern and southern portions
of the range of M. quinquenervia.

The objective of these surveys was to provide a list of plant-feeding
insects that occur on M. quinquenervia. By early 1987, we established
standardized procedures for collecting quantitative samples of M.
quinquenervia foliage. While at the field site we cut leafy twigs from a
branch. These were placed into a large plastic bag that was then sealed.
The height and circumference of the tree as well as the height of the
sample were recorded. The samples were transferred to the laboratory
where about 1 kg of the material was carefully examined and all
invertebrates on it were collected. The different plant portions (leaves,
twigs, flowers, fruit) composing the sample were separated and weighed.
Immature insects were placed on bouquets of the appropriate plant part
and reared to adulthood. Pupational requirements for this diverse array
of insects were usually determined by trial and error.

All immatures were reared so that adults were available to be identified.
After adults were obtained they were pinned and labeled and specimens
were then identified by taxonomists located at the Australian National
Insect Collection (ANIC) in Canberra or elsewhere in Australia. Many
unnamed species were found that will later be described and named by
experts. Literature records and museums were consulted to determine if
the identified species were known economic pests or had been recorded
from other plant species.

Known pests and species that feed and develop other hosts will be
excluded from further consideration. Laboratory tests will later be
conducted in which each candidate bioagent is offered an array of
possible alternate host plants or species deemed to be at risk. This array
will include species closely related to the host plant, economically
important plants, native plants from the same habitat as the pest,
endangered species perceived to be at risk, native species in the same
family as the target weed, etc. As much testing as possible will be done
overseas. Only species that seem host-specific to and potentially effective
on M. quinquenervia will be imported to U.S. quarantine facilities for
further study. These quarantine studies are needed since many plant
species of local concern will not be available in Australia. If it is proven
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that the candidate bioagent is safe and potentially effective a detailed
report will be prepared and submitted to the TAG. If the TAG members
concur, they will recommend that permission be granted to release the
bioagent. States adjacent to Florida as well as Mexican and Canadian
agencies will also review the proposal and their concurrence is necessary.
If no objections are voiced, the U.S. Department of Agriculture’s Animal
and Plant Health Inspection Service (APHIS) will issue a permit for
release of the new bioagent.

RESULTS

Most specimens of some groups, such as the moths and planthoppers,
are now named, but identifications of species within most other groups
are incomplete. Some poorly known taxa will likely contain undescribed
species that will remain unnamed. Because identifications of most species
are pending, it is not yet practical to compile a list of the herbivores
collected. However, conservative estimates indicate that at least 150
species have been found thus far (Table 2). This number will likely
exceed 200 species as additional insects are collected and identified. For
purposes of discussion, we have grouped the herbivorous fauna into
broad feeding “guilds”.

Since sampling procedures are biased towards foliage-feeding insects,
this group predominates. The Lepidoptera (butterflies and moths) are
the most numerous, with over 50 species reared and identified to date.
Most feed externally on the leaves (leaf chewers). About six small species
tie leaves together with silk (tip-webbers). They reside on branch tips
where they feed on young leaves and buds. A few species build cases
from twigs or other plant material that they carry about while feeding
(case-bearers). The larvae of one moth species burrow within the leaves
just below the epidermis and, in so doing, create a bubble on the leaf
surface (leaf blisterers).

Numerically, the beetles (Coleoptera) are also well represented among
the foliage-feeding species. Several dozen weevil (Curculionidae) species
have been collected mostly as adults. Many are small and belong to
taxonomically difficult groups. However, Oxyops sp. A, (Figure 2) is a
fairly large weevil with larvae that feed externally. The combined feeding
of adults and larvae (restricted mainly to new foliage) causes severe
damage to saplings. Leaf beetles (Chrysomelidae) are amply represented
as well. A least a dozen species in the genus Paropsis (Figure 3) feeds on
M. quinquenervia, and they also seem to favor saplings.
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Sawflies, members of the order Hymenoptera, are represented by at least
3 species in the family Pergidae. The larvae, which are usually found in
large numbers, are highly parasitized by a tachinid fly. Despite this high
parasitization, they often severely defoliate M. quinquenervia. In the
Townsville area, outbreaks of Lophyrotoma zonalis larvae (Figure 4)
frequently occur and they strip all of the leaves from stands of mature
trees. A single defoliation does not kill large trees. Defoliation of branch
tips, however, can cause deformation and stunting of the branch. Small
trees, especially saplings, seem very susceptible to defoliation and may
die as a result. Also, we have observed reduced flowering during the
season following defoliation by this sawfly.

Grasshoppers and stick insects (Orthoptera) are found frequently but
usually in low numbers. Even a single one of these large leaf-chewing
insects, however, causes easily detectable damage.

Sap-feeding insects are numerous on M. quinquenervia and are
represented by more that 50 species. The leafhoppers, especially the
family Eurymelidae, are common and over 30 species feed on M.
quinquenervia. Other Homoptera such as Flatidae (plant-hoppers),
Cicadellidae (leafhoppers), and Cercopidae (spittle bugs) are also
frequently encountered. A variety of true bugs (Hemiptera) feed on sap,
but identifications have not yet been attained.

Some sap-sucking insects kill trees by vectoring diseases or by injecting
toxins but they otherwise are thought to lack sufficient impact to be good
biocontrol candidates. However, they produce dramatic sub-lethal effects
on potted plants. Melaleuca quinquenervia saplings treated with a systemic
insecticide to exclude sap-feeders grow much better than those not
treated. This suggests that sap-feeders could potentially limit the growth
of M. quinquenervia. Many sap-feeding species exhibit high levels of
host-specificity and therefore may be quite useful biological control
agents.

At least a half-dozen gall-forming species are common on M.
quinquenervia in Australia. Unfortunately, almost all are parasitized by
small wasps and usually only the parasites, not the actual gall-formers,
emerge from the collected galls. Thus, we haven't yet been able to
determine which species caused which galls.

Insects that feed on M. quinquenervia flowers have been of considerable
interest to us because of their potential for reducing seed-set. In
Australia, however, the M. quinquenervia flowering season is much
shorter than in Florida. In the northern tropical areas in Australia,
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flowering begins in May and lasts through June. In the southern portion
of its range flowering begins in February and lasts until mid-July. In
Florida, M. quinquenervia produces flowers profusely 3 to 5 times each
year and lesser numbers of flowers are produced almost constantly. In
Australia, the collection, rearing, and testing of flower-feeding insects is
only possible during the single, brief flowering-period each year.
Nevertheless, almost 3 dozen species of insects that feed on M.
quinquenervia flowers have been reared. Moths represent the most
common group with over 2 dozen species (mostly Tortricidae) having
been reared to date. The minute tortricid larvae destroy only 2 or 3
flowers before pupating. The somewhat larger Syntonarcha irastis larvae
(Figure 5) (Pyralidae) destroy many flowers. Almost a dozen beetle
species also feed on M. quinquenervia flowers. The larvae of one weevil
species (Haploynx sp.) bore within the floral axis. This behavior destroys
all of the flowers on the spike-like inflorescence. Each larva deflowers

"

several “spikes” before it pupates within the axis of the last one attacked.

Flower-feeding insects could play an important role in slowing the
continued spread of M. quinquenervia in Florida. Many trees in Australia
display shortened and deformed fruit clusters that attest to the presence
of flower-damaging insects. These same insects, if introduced into Florida
may be much more effective, since flowers are more available.

We have also devoted considerable effort to finding insects that feed on
M. quinquenervia fruits. Because the capsules persist for prolonged
periods on the branches, the presence of a large variety of insects was
anticipated. Only a few species actually have been found to be associated
with M. quinquenervia capsules, however. Apparently, the tough, woody
covering of the capsule forms a fairly effective barrier to insect attack.
Of the insects found, a tiny moth larva seems to be the most widespread
and damaging. Some tiny beetles including members of the families
Curculionidae, Lathridiidae, and Silvaridae are consistently associated
with M. quinquenervia capsules but we are as yet unsure of what type of
damage they cause.

We have not yet begun to investigate the insects that damage M.
quinquenervia stems and roots. The effort needed to find these species is
well beyond the present availability of funds and resources. We have
noticed beetles that feed on roots and bore into stems of saplings. The
larva of one moth species bores a short tunnel into the axils of branches
and hides there during the day. At night it emerges and feeds on the
bark. This damage in the axillary region weakens the branch so that it
is easily broken off.






