PROCEEDINGS OF THE SYMPOSIUM
ON
EXOTIC PEST PLANTS

United States Department of the Interior / National Park Service

The National Park Service disseminates the results of biological, physical,
and social science research through the Natural Resources Technical
Report Series. Natural resources inventories and monitoring activities,
scientific literature reviews, bibliographies, and proceedings of technical
workshops and conferences are also disseminated through this series.
Documents in this series usually contain information of a preliminary
nature and are prepared primarily for internal use within the National
Park Service. This information is not intended for use in open literature.
Mention of trade names or commercial products does not constitute
endorsement or recommendation for use by the National Park Service.
Copies are available from the following:
Dr. Robert F. Doren
Everglades National Park
P.O. Box 279
Homestead, FL 33030

(FTS) 350-4653
(305) 245-5266

Publications Coordinator
National Park Service
Natural Resources Publication Office
P.O. Box 25287
Denver, CO 80225-0287

(FTS) 327-2156
(303) 969-2156

Printed on Recycled Paper

As the nation's principal conservation agency, the Department of the Interior has
responsibility for most of our nationally owned public lands and natural and
cultural resources. This includes fostering wise use of our land and water
resources, protecting our fish and wildlife, preserving the environmental and
cultural values of our national parks and historical places, and providing for
enjoyment of life through outdoor recreation. The department assesses our
energy and mineral resources and works to ensure that their development is in
the best interests of all our people. The department also promotes the goals of
the Take Pride in America campaign by encouraging stewardship and citizen
responsibility for the public lands and promoting citizen participation in their
care. The department also has a major responsibility for American Indian
reservation communities and for people who live in island territories under U.S.
administration.
Publication services were provided by the Branch of Publications and Graphic
Design of the Denver Service Center. NPS D-686 September 1991

PROCEEDINGS OF THE SYMPOSIUM
ON
EXOTIC PEST PLANTS

Technical Report
NPS/ NREVER/NRTR-91 / 06
With a Foreword
by
Robert F. Doren
November 2-4, 1988
University of Miami
Rosenstiel School of Marine and Atmospheric Science
Miami, Florida

Edited by: editors names are alphabetical
Ted D. Center
United States Department of the Interior, Agricultural Research Service
Robert F. Doren
United States Department of the Interior, National Park Service
Ronald L. Hofstetter
University of Miami
Ronald L. Myers
The Nature Conservancy
Louis D. Whiteaker
United States Department of the Interior, National Park Service
United States Department of the Interior / National Park Service
Washington, D.C.

September 1991

SYMPOSIUM STEERING COMMITTEE MEMBERS
Chairman:

Robert F. Doren, United States Department of the Interior,
National Park Service, Everglades National Park

Committee
Members:

Dr. Ted D. Center, United States D e p a r t m e n t of
Agriculture, Agricultural Service

Steve Farnsworth, Florida Native Plant Society
Dr. Ron Hofstetter, University of Miami
Dianne Johnston, United States Department of
Agriculture, Agricultural Research Service
Joyce Kleen, United States Fish and Wildlife Service,
Arthur R. Marshall Loxahatchee National Wildlife Refuge
Dr. Mark Maffei, United States Fish and Wildlife
Service, Arthur R. Marshall Loxahatchee National
Wildlife Refuge
J.B. Miller, Florida Department of Natural Resources
Dr. Ronald L. Myers, The Nature Conservancy
George Molnar, Dade County Department of
Environmental Resources Management
Allan Short, Dow-Elanco Chemical Company
William F. Theobold, Florida Division of Forestry
Louis D. Whiteaker, United States Department of the
Interior, National Park Service, Everglades National Park
Jora Young, The Nature Conservancy

Names of committee members are alphabetical

PATRON SPONSORS
Exotic Pest Plant Council
United States Department of the Interior, National Park Service
University of Miami
Florida Division of Forestry
The Nature Conservancy
Fairchild Tropical Garden
United States Department of Agriculture, Agricultural Research Service

CORPORATE SPONSORS
Dow-Elanco Chemical Company
Ecohorizons, Inc.

iv

CONTENTS
Foreword - Robert F. Doren
Chapter 1: Biological Control of Melaleuca quinquenervia: Prospects
and Conflicts / 1
Joseph K. Balciunas and Ted D. Center
Chapter 2: Brazilian Peppertree - Prospects for Biological Control in
Florida / 23
Fred D. Bennett and Dale H. Habeck
Chapter 3: The Establishment and Dispersal of Cytisus scoparius
(Scotch Broom) in California Sierra Nevada Foothill and Northern
Coastal Habitats / 35
Carla Bossard
Chapter 4: Melaleuca Control in Big Cypress National
Preserve / 63
Rebecca R. Burkhead
Chapter 5: Exotic Plant Control and Restoration Management of a
South Florida Hammock / 73
Patricia M. Cunningham
Chapter 6: Economic Impact Statement: The Addition of Melaleuca
quinquenervia to the Florida Prohibited Aquatic Plant List / 87
Craig Diamond, Darrell Davis, and Don C. Schmitz
Chapter 7: The Exotic Pest Plant Council: An Example of
Interagency Cooperation to Solve Resource Related Problems / 111
Robert F. Doren and Louis D. Whiteaker
Chapter 8: Seasonal Effects on Herbicide Basal Bark Treatment of
Schinus terebinthifolius I 115
Robert F. Doren and Louis D. Whiteaker
Chapter 9: Establishment of Native Hammock Vegetation on Spoil
Islands Dominated by Australian Pine (Casuarina equisetifolia) and
Brazilian Pepper (Schinus terebinthifolius) I 131
Raymond T. Fernald and Brian S. Barnett

Chapter 10: Subtropical Fire Suppression in Melaleuca
quinquenervia / 151
John D. Flowers, II
Chapter 11: The Current Status of Melaleuca quinquenervia in
Southern Florida \ 159
Ronald H. Hofstetter
Chapter 12: Population Biology of an Invading Tree, Psidium
cattleianum, in Hawaii Volcanoes National Park / 177
Laura Foster Huenneke
Chapter 13: Climatic Associations and Establishment of Biological
Control of Weed Insects / 189
Rosemary Leen
Chapter 14: Melaleuca Control on Arthur R. Marshall Loxahatchee
National Wildlife Refuge / 197
Mark D. Maffei
Chapter 15: Rubber Vine, Cryptostegia grandiflora, A Major Threat
to Natural Ecosystems in Northern Australia / 209
R.E. McFadyen and G.J. Harvey
Chapter 16: Naturalization of Exotic Ficus Species (Moraceae) in
South Florida / 221
Doyle B. McKey and Sandra C. Kaufmann
Chapter 17: Management of Melaleuca quinquenervia Within East
Everglades Wetlands / 237
George Molnar, Ronald H. Hofstetter, Robert F. Doren, Louis D.
Whiteaker, and Michael T. Brennan
Chapter 18: Are We Serious About Exotic Species Control? A
Symposium Conclusion / 255
Ronald L. Myers
Chapter 19: Population Dynamics and Control of Bull Thistle,
Cirsium vulgare, in Yosemite Valley / 261
John M. Randall
Chapter 20: Growth of 19 Exotic and Two Native Tree Species on
Organic Soils in Southern Florida / 283
D.L. Rockwood and T.F. Geary

Chapter 21: Exotic Aquatic Plants in Florida: A Historical
Perspective and Review of the Present Aquatic Plant Regulation
Program / 303
Don C. Schmitz, Brian V. Nelson, Larry E. Nail, and Jeffery D.
Schardt
Chapter 22: The Alien Plant Problem in Hawaii / 327
Clifford W. Smith
Chapter 23: Melaleuca Eradication Program: Assessment of
Methodology and Efficacy / 339
C. Elroy Timmer and Stanley S. Teague
Chapter 24: Strategies and Successes in Controlling Alien Plants in
an Hawaiian National Park / 353
J.T. Tunison
Chapter 25: Efforts of Biological Control of Christmas Berry
(Schinus terebinthifolius) in Hawaii / 377
E.R. Yoshioka and G.P. Markin

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 w e t l a n d restoration study project in
Everglades National Park, for $650,000.00.
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•

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

•

P u b l i s h e d public information b r o c h u r e s
quinquenervia in both English and Spanish.

•

Published public information brochures about the Exotic Pest Plant
Council.

•

Presented 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.

a b o u t Melaleuca

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
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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.

>di

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 b r o a d - l e a v e d
paperbark
tree (Melaleuca
quinquenervia) is native to coastal regions of northeastern
Australia, s o u t h e a s t e r n N e w Guinea, and N e w
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 a n d p l a n t h o p p e r s ) , flower-feeders
(caterpillars), gall insects, and others. Earlier concerns
over conflicts of interest concerning biological control of
M.
quinquenervia have been o v e r s t a t e d . 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
e n v i r o n m e n t a l consciousness of b e e k e e p e r s . 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.
A t t e m p t s to control M. quinquenervia
h a v e p r o v e n 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 AT 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 n a t u r a l 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 p r e p a r a t i o n of the TAG report required the acquisition of
information needed for the project. Of utmost importance w a s
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

5

Proceedings of the Symposium on Exotic Pest Plants

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 n u m e r o u s on M. quinquenervia a n d 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 c o m m o n 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.
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DISCUSSION
Economic Impacts
The economic consequences associated with the unabated spread of M.
quinquenervia in southern wetlands has never been fully assessed.
However, the loss of key environmental areas is a near certainty.
Biologists at Everglades National Park believe that M. quinquenervia will
displace native vegetation throughout the park. They feel that, at best,
they will be able to maintain melaleuca-free areas on only a few acres
to demonstrate to visitors what the Everglades were once like (R. Doren ,
pers. comm.). Surveys estimate that one million tourists visit south
Florida annually specifically to see the Everglades and each spends an
average of $1,400 while in the area. This represents a potential negative
impact on the local economy of well over a billion dollars. Other equally
important areas, such as Big Cypress National Preserve, Audubon's
Corkscrew Swamp Sanctuary, and Loxahatchee National Wildlife
Refuge, would also be lost as well as large portions of the Everglades
Conservation Areas. This would surely impact wildlife populations and
the revenues associated with such outdoor activities as fishing, hunting,
and airboating. Also, the loss of native vegetation and the resultant
destruction of wetland ecosystems would surely impinge upon the
continued survival of rare, threatened, and endangered plant and animal
species (Grow 1984).
Although the precise impact of M. quinquenervia coverage on underlying
water supplies has never been studied, the resultant increased plant
canopy would probably increase water loss through evapotranspiration.
Therefore, massive infestations could also potentially impact the entire
south Florida water supply. With the stress already placed on the
underground aquifer by the burgeoning human population, this could
ill be afforded. Management of water supplies could also be affected if
storm flow and irrigation are impeded by M. quinquenervia infestations.
The increased hazard of fire is a major economic consideration that
should be of critical concern. Urban development has pushed housing
projects into the midst of vast expanses of M. quinquenervia stands.
Because of the high content of essential oils, intense crown fire quickly
develop in these stands. Nearby buildings are certainly at risk when these
fires occur. Fires also have caused prolonged power outages. One such
outage occurred in 1985 as a result of M. quinquenervia fires under major
north-south transmission lines (see the paper by John Flowers in this
proceedings). Service was cut off throughout south Florida and the
ultimate cost to Florida Power and Light was estimated at over a billion
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dollars. Reduced visibility due to smoke from a similar, earlier M.
quinquenervia fire that occurred adjacent to the Florida turnpike caused
massive, chain-reaction automobile collisions. This resulted in thousands
of dollars in damage as well as several injuries.
Estimates of economic losses that would result from the continued,
unbridled expansion of M. quinquenervia infestations are provided in
Table 3. For the most part, we feel that these estimates are conservative.
A total loss of $2 billion annually probably grossly underestimates the
benefits associated with the preservation of pristine wild areas. The
"gains" listed in Table 3 portrays benefits that vast infestations of AT
quinquenervia might provide. While nursery growers wouldn't really
benefit, we felt compelled to show small proceeds from the sale of
ornamental M. quinquenervia specimens. This would likely be offset by
the sale of replacement plantings after increased public consciousness
compelled removal of existing AT quinquenervia plantings from public
areas. We also feel that the $5 million figure allotted to beekeepers is
high. Whether these figures are accurate or not, this assessment should
serve to illustrate the lopsided nature of the losses over the gains.
Conflicts of Interest
Despite the tremendous costs associated with the continued spread of
AT quinquenervia, concerns over its beneficial attributes persist. In our
discussions with various agencies that are considering control programs
for this pest, fears of economic damage to two groups, nursery growers
and beekeepers, are frequently expressed.
The presumption that nursery growers might suffer economic losses
from the biological control of M. quinquenervia is not substantiated by
current sales practices. Although nursery growers once provided M.
quinquenervia saplings for use in landscaping, this is no longer true. In
fact, several county ordinances expressly forbid M. quinquenervia in
l a n d s c a p e p l a n t i n g s . No r e p u t a b l e Florida n u r s e r y stocks M.
quinquenervia mainly because no market for it exists. The Florida Plant
Finder, a monthly trade publication, does not show M. quinquenervia to
be available at any of the nurseries that it lists. Nurseries are more likely
to profit from the removal of M. quinquenervia by selling replacement
plants as home owners, local agencies, and landscapers become
increasingly aware of the undesirability of M. quinquenervia.
Officials concerned with potential negative impacts to the beekeeping
industry have been reticent to institute biological control efforts against
M. quinquenervia. Concerns about the importance of M. quinquenervia to
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honey bees are germane, but nonetheless appear to be exaggerated. M.
quinquenervia is clearly one of the most important and productive sources
of nectar in central and south Florida (Sanford 1988). The reliable
presence of M. quinquenervia blossoms during months when other nectar
sources are scarce (Sanford 1988) is an asset to some beekeepers. Honey
bees, however, pollinate M. quinquenervia flowers, and so contribute to
copious seed production and the resultant annual production of millions
of saplings on public lands.
Melaleuca quinquenervia h o n e y is v e r y d a r k w i t h a distinctive,
unappealing aftertaste that results in a negligible commercial value.
"Punk-honey", as it is known in the trade, does not qualify as collateral
for federal " h o n e y loans" u n d e r the Federal C o m m o d i t y Price
Stabilization Program. Most of the honey sold by wholesalers is
purchased directly from the federal government (D. McGuiness , pers.
comm.). Thus, there is effectively no commercial market for "punk
honey" although some producers sell minor quantities directly to stables
(for use as a supplement to horse fodder) or to bakeries that dilute it
with higher value honey (Bastinelli , pers. comm.). The assertion by
Robinson (1981, p. 79) that " . . . in today's honey market melaleuca sells
just as readily, and at the same price, as any other bakery grade of honey
of similar color class" is certainly not true in 1989. Likewise, his statement
that " . . . far from being worthless, unpalatable honey it is readily
accepted or even preferred by many consumers" finds few avid
defenders, even within the beekeeping industry.
M. quinquenervia is unique among Florida's important nectar plants in
the lack of wholesale commercial value for its honey. For example,
Brazilian Pepper (Schinus terebinthifolius), another pest tree, also produces
a low quality honey. "Pepper" honey qualifies for federal "honey loans"
and is readily purchased by honey wholesalers at the same price as other
non-table grade honey (presently about $0.38/lb.) for resale to bakeries
(D. McGuiness , pers. comm.).
Of the estimated 32 million pounds of extracted honey produced
annually in Florida (T. Sanford , pers. comm.), "punk" honey forms a
minute fraction. Most "punk" honey is not extracted, but simply left in
the hive to serve as food. Many beekeepers feel that it "adrenalizes" their
bees and increases brood production, especially in the late summer and
fall (Bastinelli , pers. comm.).
Keen competition exists among beekeepers for access to nectar sources
that produce commercially valuable honey. It is standard practice to pay
rent, on a per-hive basis, to landowners for placing hives in desirable
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areas such as citrus groves. To our knowledge, no one pays rent to place
their hives in melaleuca stands.
Fortunately, many beekeepers, especially those who reside in south
Florida, are aware of the noxious nature of M. quinquenervia and are
concerned about the impacts of the infestations. They also realize that
control of M. quinquenervia is underway and that increased efforts are
inevitable. We must strive to inform them about the virtues of biological
control and emphasize that it is the only practical means of control. We
must be sure that they realize that plant-feeding insects are unlikely to
kill large, mature trees and that our focus is on the control of sapling
and seed production. With this knowledge, we feel that beekeepers will
see biological control as the least damaging and most favored control
approach. We believe that concerns over their opposition tend to
overemphasize the i m p o r t a n c e of M. quinquenervia h o n e y while
underestimating the environmental consciousness of most beekeepers.
Current Best Prospects
Although the search for natural enemies of M. quinquenervia in Australia
is at an early stage, some insects show promise as potential biocontrol
agents. Based on information acquired by the end of 1988, our top ten
prospects are listed in Table 2. This list mirrors our emphasis on finding
insects that will control the further spread of M. quinquenervia in Florida,
rather than trying to eliminate well-established, mature trees. We believe
that the best strategy will be to introduce insects that reduce seed
production and increase the mortality of seedlings and saplings.
The sawfly Lophyrotoma zonalis (Figure 2) has extremely destructive
larvae that pupate beneath the papery bark on the trunks of several
Melaleuca species. This insect defoliates mature trees. This defoliation
usually occurs prior to flowering, and when severe, appears to
significantly reduce flower production.
The weevil Oxyops sp. A (Figure 3), along with most of the Paropsis
species of chrysomelid beetles (Figure 4), all prefer saplings or young
foliage. Since both adults and larvae feed on M. quinquenervia, heavy
damage and deformation result. Large populations of this weevil could
kill seedlings and small saplings.
We have included two common species of Eurymelid plant hoppers and
a cicadellid on the list. These likewise appear to prefer saplings and,
even at low levels, they severely retard sapling growth.
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While insects that feed on flowers would theoretically be ideal candidates
for use in Florida, M. quinquenervia produces flowers only during a brief
period in Australia. This lack of food for flower-feeders during most of
the year precludes rapid testing of these insects. Nevertheless, two
promising flower feeders are on the list. The larvae of the moth
Syntonarcha irastis (Figure 5) are geographically widely distributed and
the feeding and associated webbing of the larvae cause considerable
damage to inflorescences. The larvae of the weevil, Haplonyx sp., burrow
within the stems that subtend the inflorescences thereby destroying most
of the flowers.
The final insect, a xyloryctid moth, Clerarcha poliochyta and related
species, have larvae with unusual habits. They bore a short tunnel into
the axil of a stem and cover the entrance with interwoven fecal material
and wood borings. They reside within this retreat during the day, but
emerge at night to snip nearby leaves that they insert in their web, and
then consume from inside their tunnel. The damage from this pervasive
moth causes small trees to become deformed and branches on mature
trees to become brittle.
None of the above species have yet been colonized or tested. If sufficient
funds eventuate, these and others will be evaluated for safety, host
specificity a n d effectiveness. As additional information on the
distribution, host specificity, and life history of the insects becomes
available, the priority rankings, as we have presented them, are likely
to change.
Is M. quinquenervia a Suitable Target for Biological Control?
The need for biological control of M. quinquenervia is increasing and it
is a good candidate for many reasons. Its native range is small and well
defined. Its range in the U.S. is limited so biological control agents could
disseminate quickly throughout the infested area. Numerous insect
enemies of AT quinquenervia occur in Australia and several appear to be
promising candidates for a biological control effort. Paperbark foliage
contains essential oils (Meskimen 1962) and other anti-herbivore
substances that promote specialization by adapted herbivores. Few close
relatives of AT quinquenervia occur in Florida, and no major crops are
related to it. The dense M. quinquenervia monocultures provide ideal
conditions for establishment of bioagent populations. Few conflicts of
interest occur and those that do can be resolved by striving to reduce
the reproductive potential of AT quinquenervia rather than by attempting
to destroy existing stands. Thus, we conclude that it is indeed an
appropriate target and some degree of success is likely. It is most likely
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that the greatest success will be against seedlings and saplings rather
than large trees. Importation of defoliating species, however, could
reduce flower production and accompanying seed-set. Flower and
fruit-feeders could also retard the awesome reproductive potential of
mature trees. This reduction of flowers is unlikely to preclude availability
of nectar for bees and so should not be feared by apiculturists. A
full-scale biological control effort is clearly warranted.
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Figure 1. The native range of Melaleuca quinquenervia.

Figure 2. An adult Oxyops sp. Both the adults and larvae feed on saplings
and on young foliage of mature M. quinquenervia trees.
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Figure 3. A larva of the chrysomelid beetle Paropsis sp. These feed primarily
on Melaleuca sp. saplings.

Figure 4. Larvae of Lophyrotoma zonalis, a sawfly that periodically defoliates
Melaleuca spp. in Australia.
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Figure 5. A larva of the flower-feeding moth Syntonarcha irastis on unopened
flower buds.

Table 1. Melaleuca leucadendra species complex.

M. arcana
M. argentea
M. cajeputi
M. dealbata
M. fluviatilis
M. leucadendra
M. nervosa
M. quinquenervia
M. saligna
M. stenostachya
M. viridiflora
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Table 2. Most promising Australian insects for control of Melaleuca
quinquenervia as of 1988.

Name

Order

Mode of
Feeding

Pupation
Site

Plant Stage
Attacked

Lophyrotoma
zonalis

Hymenoptera:
Pergidae

foliage feeder

saplings

mature trees,
in bark

Oxyops sp. A

Coleoptera:
Curculionidae

foliage feeder

primarily
saplings

in soil

Paropsis sp. A

Coleoptera:
Chrysomelidae

foliage feeder

parimarily
saplings

in soil

Paropsis sp. B

Coleoptera:
Chrysomelidae

foliage feeder

primarily
saplings

in soil

Hishinomus
melaleucae

sap-sucker
Homoptera:
Deltocephalinae

saplings, new
growth

3

Ipo conferata

Homoptera:
Eurymelidae

sap-sucker

saplings, new
growth

3

Ipoides
melaleucae

Homoptera:
Eurymelidae

sap-sucker

saplings, new
growth

3

Syntonarcha
irastis

Lepidoptera:
Pyralidae

flower feeder

mature trees

on flower
spikes 4

Haploynx sp.

Coleoptera:
Curculionidae

flower feeder

mature trees

in floral axis 5

Clerarcha
poliochyta

Lepidoptera:
Zyloryctidae

foliage feeder

all aged trees ?

in stem

Key to Comments:
larvae can completely defoliate even large trees, this stops
season

flowering

for the

larvae and adults feed on young foliage causing wilting, deformation,
destruction of apical buds, and possibly death of the saplings
4

feeding by nymphs and adults slows sapling growth
larvae feed on flower buds and new flowers
larvae feed inside floral axis
larvae reside in tunnel at stem axil, emerge at night to gather leaves that
they insert into web over entrance then consume from within the burrow.
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Table 3. Potential annual ecomonic impact (by the year 2010) of Melaleuca
quinquenervia expansion in southern Florida.
Losses

Tourism - Everglades National Park
other south Florida
Increased water loss
Storm flow and irrigation
Recreation
Fires
Control efforts
Loss of endangered species
Nursery growers
Medical - allergies, injuries, etc., over $2,000

(Millions of dollars)

$1,000
250
??
??
250
250
1
10
1
??

Gains

Nursery growers
Beekeeprs
Homeowners over $5

.001
5
??
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FOOTNOTES
When Melaleuca quinquenervia was introduced into Florida, it was
commonly referred to as the "cajeput" or "punk" tree but the common
name "melaleuca" now predominates. However, the recent introduction
of other Melaleuca species, especially M. decora and M. trichostachya, into
Florida make "melaleuca" an inappropriate common name. In Australia
M. quinquenervia is the "broad-leaved paperbark" and we propose that
this common name be adopted in the U.S. to eliminate confusion.
Mr. R. F. Doren, Botanist, Everglades National Park, P.O. Box 279,
Homestead, Florida 33030.
•a
Mr. D. McGuiness, Tropical Blossum Honey, 106 N. Ridgewood, P.O.
Box 8, Edgewater, Florida 32132
Mr. J. Bastinelli, Agricultural Inspector, Florida Department of
Agriculture, Division of Plant Industry, P.O. Box 662, Loxahatchee, Fla.,
33470
Dr. M. T. Sanford, Extension Apiculturist, Entomology Department,
Newell Hall, University of Florida, Gainesville, Fla. 32611.
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CHAPTER 2
Brazilian Peppertree - Prospects For
Biological Control In Florida
Fred D. Bennett and Dale H. Habeck
Entomology and Nematology Department
3103 McCarty Hall
University of Florida, Institute of Food and Agricultural Sciences
Gainesville, FL 32611
ABSTRACT
Brazilian peppertree, Schinus terebinthifolius Raddi, native
to Brazil has become an aggressive perennial weed in
s o u t h e r n Florida following its introduction as an
ornamental. Prospects for biological control, based on a
survey of the literature and two preliminary field
surveys, are discussed. More than 150 phytophagous
arthropods attack this plant in Brazil. Potential control
agents for this species in Florida include Lithraeus
atronotatus (Pic) (Bruchidae), Episimus utilis Zimmerman
(Tortricidae), a n d Crasimorpha infuscata H o d g e s
(Gelechiidae), which were tested and released in Hawaii,
a n d Liothrips ichini Hood (Phlaeothripidae). Areas of
conflict of interest are also reviewed. The two major
concerns are the value of the plant to apiarists and the
risk that introduced control agents will also attack
Schinus molle L, a prized ornamental in California.
INTRODUCTION
Brazilian peppertree (Schinus terebinthifolius Raddi) was present in Florida
as early as the 1840s (Barkley 1944). It was reintroduced into the United
States on several occasions as an ornamental prior to 1900 and is still
planted in this capacity in California, Texas, and Louisiana. Brazilian
peppertree (hereafter referred to as BP), also known as schinus and the
C h r i s t m a s - b e r r y , a n d in Brazil as aroeira, is a m e m b e r of the
Anacardiaceae and is closely allied to poison ivy (Rhus spp.). In Florida,
as in Hawaii, Bermuda, Bahamas, and more recently in Australia, it has
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become an aggressive, rapidly spreading weed that displaces native
vegetation. In this paper we review the pest status and the useful
attributes of BP, earlier investigations on natural enemies that attack it
in Florida and Brazil, and earlier biological control attempts in Hawaii.
We describe briefly our current research program, which includes
exploration for natural enemies in Brazil. We also discuss the feasibility
of biological control of woody shrubs and trees, and areas of potential
conflict of interest.
STATUS AS A WEED
In Florida, BP has invaded and formed dense thickets in poorly managed
pastures, abandoned agricultural land, along roadsides, on canal banks,
and in pine woods and hammocks. It develops into trees 10 m high and
forms dense thickets. The tangled branches make it difficult to clear the
land. In Everglades National Park, its rapid invasion has threatened the
destruction of part of the natural ecosystem. It covers thousands of
hectares in south and central Florida, the Florida keys, and other islands
off the east and west coasts of Florida. In the Bahamas, it has overrun
large areas of Grand Bahama, New Providence, and several other islands.
It has also escaped cultivation in Bermuda where the costs of periodic
control to protect the native vegetation are becoming prohibitive. In
Hawaii BP has been declared a noxious weed (Morton 1978). It is
spreading rapidly in Queensland, Australia, to the extent that a biological
control program is being considered (R. E. McFadyen pers. comm. 1988).
S. terebinthifolius apparently is allelopathic and suppresses the growth of
other plants (Morton 1978). Direct contact with the sap or resin can cause
a severe rash and intense discomfort (in sensitive individuals). A gummy
exudate can cause severe blistering and excessive contact with cut
branches produces lesions. In Florida, some waste disposal personnel
who handle tree trimmings are subject to a rash and inflammation. In
Brazil, some individuals who seek shade under trees of this species may
experience skin rash and eruptions. The green fruit, if ingested, can be
fatal to horses, and the ripe fruit causes intoxication, if eaten in large
quantities by certain species of birds (Morton 1978). During the main
flowering season (September-October, but now in Florida throughout
most of the year), an airborne chemical from the blooms is believed to
cause sinus and nasal congestion, headaches, sneezing, eye irritation, and
labored breathing (Morton 1978). S. terebinthifolius, in south and central
Florida, ranks with melaleuca, Melaleuca quinquenervia (Cav.) Blake, as
one of the most serious threats to the Everglades. Although attempts to
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eradicate it locally have been made, the efforts have proven to be costly
and require continuous vigilance.
USEFUL ATTRIBUTES OF BP
Several uses for BP have been listed by Morton (1978). It serves as a
source of tannin and of resinous extracts used to preserve fishing nets.
The timber is used in construction, as stakes, posts, and railway sleepers.
It is grown as an ornamental: streets in some Brazilian towns, including
Piracicaba, are lined with these trees that provide shade, and are
especially attractive when flowering and when the berries are ripe.
Medicinal uses include a remedy for gout, muscular agony, arthritic pain,
intestinal weakness, diarrhea, etc. It is even reported to be a remedy for
inertia of the reproductive organs!
In Brazil the vernacular name "aroeira" is also used for certain other
trees, and some of the uses and detrimental aspects attributed to S.
terebinthifolius may refer to other plants. For example, contact with
Lithraea molleoides (Veil.) Engl, causes a more serious allergic reaction to
humans than that resulting from contact with the closely related Brazilian
peppertree.
NATURAL ENEMIES OF BP IN FLORIDA
One of the tactics being considered for combatting this weed is classical
biological control. Surveys for natural enemies in Brazil have commenced
and, if the results are encouraging, a comprehensive biological control
program will be developed.
One of the basic steps of a classical biological control program is to
inventory the arthropod fauna present in the target areas where control
is required (Bennett 1982). Exotic plants, once well established, usually
attract a range of polyphagous insects and mites, and often stenophagous
species from botanically related native plants. There is also the possibility
that phytophagous organisms may have accompanied the plant at the
time of its introduction, or may have arrived independently. For
example, the water hyacinth mite, Orthogalumna terebrantis Wallwork,
had already arrived, but had not been detected, in Florida when hostrange studies were initiated in Argentina to assess its potential as a
candidate for introduction into the USA. In Florida, where it has been
present for almost 150 years, BP has acquired a substantial fauna. During
a 14-month survey, Cassani (1986) collected 115 arthropods associated
with this plant. Of these, 46 (40%) were listed as phytophagous, but
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several, such as the Elateridae, which shelter on the plant during day
time, probably do not feed on this plant. The species listed by Cassani
(1986) do not cause significant damage. A few additional records of
defoliators have been accumulated subsequently (J. Cassani pers.
comm.), but it is improbable that these species are likely to have any
significant impact on plant growth or plant vigor in Florida.
Although Cassani (1986).did not list any seed feeders in Florida a
phytophagous torymid Megastigmus transvaalensis (Hussey) was reared
from the drupes of BP collected at Jupiter, Palm Beach Co. Florida, on
23 Feb 1988, and later from two other counties, Monroe and Broward
(Habeck et al. 1989). These are the first records of this torymid from
Florida, and further surveys to determine its distribution and impact on
production of viable seed are in progress.
There have been major advances in the control of certain native and
imported weeds by manipulation of locally occurring plant pathogens,
and mycoherbicides have been developed for the control of certain
weeds, but the results of attempts to mass-culture insects for inundative
releases to control weeds have been disappointing. Hence, while there
is justification within Florida to survey for, isolate, manipulate, and
evaluate plant pathogens as potential control agents, any resources that
become available for further studies on arthropods should be channelled
into surveys within the native range of the plant, i.e., South America,
and to prepare for the introduction of selected species, after intensive
screening, into Florida.
RECORDS OF INSECTS ASSOCIATED WITH BP IN BRAZIL
In the fourth catalogue of the insects of Brazil, Silva et al. (1968) record
only 31 species of phytophagous insects from BP, whereas Cassani (1986)
records 74 from Florida (Table 1). The higher number from Florida is
the result of a specific faunal survey, whereas the Brazilian list was
compiled from incidental collection records. Krauss (1963) provided an
annotated list containing 30 species of insects that he reared from Schinus
spp. in South America; many of these were not identified to the specific
level, and it is not possible to ascertain how many of them refer to species
listed by Silva et al. (1968). Campbell et al. (1980) also searched for
natural enemies of Schinus in Brazil and, although they obtained useful
information on ecotypes of S. terebinthifolius, their survey gave no
positive leads to effective natural enemies.
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POSSIBILITIES OF BIOLOGICAL CONTROL
Investigations on biological control of Brazilian peppertree were initiated
in Hawaii during the 1950s. Surveys in southern Brazil and elsewhere
in South America were carried out by N. L. Krauss, exploratory
entomologist for Hawaii. Three of the 30 insect species that he discovered
attacking the weed and its close relatives were introduced under
quarantine into Hawaii between 1954 and 1961, and, after appropriate
host-range studies were released (Krauss 1963, Cassani 1986, Yoshioka
and Markin 1988). These insects were Lithraeus (=Bruchus) atronotatus
(Pic) (Bruchidae), Episimus utilis Z i m m e r m a n (Tortricidae), and
Crasimorpha infuscata Hodges (Gelechiidae). Although the first two
became established, they have apparently only caused minor damage.
No dramatic die-back or reduction in aggressiveness of the weed has
been reported. For a current review, see Yoshioka and Markin (1988).
A fourth species, the thrips Liothrips ichini Hood (Phlaeothripidae), was
investigated subsequently by C. A. Garcia (1977 unpublished thesis,
Universidad Federal do Parana, Curitiba, Brazil). He did not conduct
host-range tests, but was unable to find this species on any other plant.
He recommended further studies to assess its potential as a biological
agent.
Current Investigations in Brazil
In 1986, the Institute of Food and Agricultural Sciences and the Escola
Superior de Agricultura, "Luiz de Queiroz", signed an agreement to
work cooperatively on selected insect pests and weeds. Brazilian pepper
was identified as one of the target weeds of interest to Florida. L.
Crestana, a Brazilian scientist, was engaged to conduct preliminary
surveys, which were started in early 1987. In March 1987, and in
February 1988, the authors with L. Crestana's assistance undertook
transect surveys between Piracicaba, Sao Paulo, and Curitiba, Parana,
and established a series of permanent sites where periodic sampling
would be conducted over the next two years. To date, 150 herbivorous
insects have been reared. Studies to supplement those undertaken by
Hawaii on Lithraeus atronotatus, Crasimorpha infuscata and Episimus utilis,
and on Liothrips ichini, are in progress. Identifications of several other
species, including flower and seed feeders as well as stem borers and
defoliators, are pending. The biologies of certain of these are also being
investigated.
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DISCUSSION
Two questions have been raised about the feasibility and safety of
biological control of Schinus terebinthifolius. Does biological control of
trees work? Are there areas of conflict of interest? Our discussion
addresses these issues.
Biological Control of Woody Shrubs and Trees
The size and permanency of well established BP trees have raised doubts
about the likelihood of finding effective host-specific control agents.
Historically, the catastrophic impact of chestnut blight on the American
chestnut, of the cedar scale Carulaspis minima (Targioni-Tozzetti) on the
Bermuda cedar, and the virtual disappearance of the American elm due
to the ravages of Dutch elm disease provide ample proof that insects
and pathogens with an adequate level of host specificity and the capacity
to kill or weaken trees do occur. The successful biological control of
Cordia curassavica in Mauritius (Simmonds 1958, Williams 1960), Malaysia
(Simmonds 1980), and Sri Lanka (Simmonds 1981) is a clear example
that biological control of woody plants can be achieved. In South Africa
the i n t r o d u c t i o n of the p h y t o p h a g o u s p t e r o m a l i d Trichilogaster
acaciaelongifoliae (Froggart) for the control of Acacia longifolia (Andr.) is
producing encouraging results (Neser 1986). Also in South Africa, the
weevil, Erytenna consputa Pascoe, introduced from Australia, has greatly
reduced viable seed production of the woody perennial Hakea sericea
Shrader (Neser and Kluge 1986). In Australia importations of control
agents from Asia for the biological control of Acacia indica (Benth.) Brenan
have been made (Willson 1986), and surveys for natural enemies of
Parkinsonia aculeata L. have been conducted (Woods 1986). Other
examples are given by Harley (1986) in a discussion on the role of seed
and flower destruction by insects. Although biological control of woody
weeds may require a longer time frame (both in testing candidate agents
and in providing effective control), there is no reason to dismiss this
control strategy for any woody weed without a careful evaluation of the
herbivores associated with it in its country of origin.

Areas of Conflict of Interest
S. terebinthifolius w a s deliberately i n t r o d u c e d into Florida as an
ornamental and is still grown, although seldom deliberately planted for
this purpose in recent years. Although there might still be minor
opposition from gardeners and from garden clubs, it should not be
difficult to persuade the general public that it would be in their best
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interests to proceed with a biological control program, particularly in
view of recent publicity pointing out its detrimental features and adverse
impact on the ecosystem. In Hawaii, honey of a good color and
acceptable quality is produced commercially, and some apiarists would
no longer agree to the introduction of additional control agents for BP.
Morton (1978) suggests that there might be opposition from apiarists in
Florida. Sanford (1987) lists BP as one of Florida's best nectar-producing
plants and commented that "the honey has a distinct 'peppery' taste and
is not considered by many to be of a table grade, but is accepted well
locally." The views of the apiarists in Florida must be ascertained and,
if there is a serious conflict of interest problem, it must be resolved, by
public hearing if necessary, during the early stages of the program. A
somewhat similar case occurred in Australia when a biological control
program against Echium plantagineum L. (called Salvation Jane by the
beekeepers and Paterson's curse by the ranchers) was initiated (Cullen
and Delfosse 1986). Legislation was passed that declared this plant a
noxious weed and permitted biological control to proceed (Delfosse in
press).
There has also been some consideration to the value of BP for timber
and other wood products and by-products. The inferior quality of the
material and the problems associated with the disposal of the resinous
wastes suggest that BP is of little commercial value to the forest industry
(Morton 1978).
Another major area of concern relates to the value of Schinus molle L.,
which is a prized ornamental in California. Efforts are under way by
California to obtain effective n a t u r a l enemies of Calophya rubra
(Blanchard), a psyllid pest that reduces the aesthetic value of trees that
have been planted extensively along parkways. Insects that attack S. molle
as well as BP might not receive clearance for release in Florida because
of the possibility that they might be inadvertently transported to
California.
Now that we have identified and referred to the main areas of conflict
of interest likely to arise should we apply for permission for the release
of organisms for the control of Brazilian pepper? The main concern of
apiarists is that biological control of Brazilian peppertree will remove a
nectar source that is important during the winter months. The insects
that are currently under study are unlikely to cause a dramatic, sudden
reduction of the target plant. Seed-feeding insects, such as the seed
bruchid and the seed chalcid, will have little or no immediate impact on
the supply of nectar and pollen. The other species are unlikely to prevent
flowering of or destroy well-established trees completely. Their main
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impact will be on seedlings. Our intent is to select species of control
agents that apply continuous pressure to reduce the vigor of seedlings
so that the native flora can compete more successfully. Certain species
of the native flora undoubtedly will serve as a source of nectar and pollen
that might produce a higher quality of honey than that produced by BP.
Our investigations in Brazil have already demonstrated a rich fauna of
specialized phytophages. Also, the recent discovery of Megastigma
transvaalensis in Florida is of interest. In Hawaii, this species, in unison
with Lithraeus atronotatus, destroys a considerable proportion of the
seeds. Our surveys in Florida suggest that the distribution of this wasp
is still patchy. We consider that M. transvaalensis is probably a recent
arrival to Florida and that its full potential as a control agent has not
been expressed. If the same or a higher incidence of attack that occurs
in Hawaii is eventually achieved, and if the bruchid, following its
introduction into Florida, also becomes established, total seed production
of Brazilian peppertree may eventually drop significantly. Our surveys
in Brazil are still not complete, but it is already evident that there are
several additional stenophagous insects that can be considered as
potential control agents for introduction into Florida or other areas where
S. terebinthifolius is a weed. Therefore we consider the possibilities of
successful biological control of Brazilian peppertree by the introduction
of its specific natural enemies from Brazil to be high. Additional funding
to strengthen the Brazilian control program would enable more rapid
progress in finding a biological control solution to this serious weed in
Florida.
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Table 1. Comparison of phytophagous arthropod fauna associated with
Brazilian peppertree in Brazil and Florida

Order
Orthoptera

Brazil (Silva et
al. 1968)
2

Florida (Cassani
1986)

Brazil (UF
Survey 1987-88)

6

4

Thysanoptera

1

1

Hemiptera

5

55

2
42

19

2

41

9

48

Lepidoptera
Coleoptera
Diptera

3
—
_

1
_

2

Hymenoptera

30

74

140

Total

1
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CHAPTER 3
The Establishment And Dispersal Of
Cytisus scoparius (Scotch Broom) In
California Sierra Nevada Foothill
And Northern Coastal Habitats
Carla Bossard
Botany Department
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ABSTRACT
Cytisus scoparius Link (Scotch broom) is an alien shrub
species that is naturalized in California and currently
occupies over 200,000 hectares (500,000 acres). To
develop a sound basis for a control program for Cytisus
scoparius, growth, effects of herbivory and disturbance
on establishment, and dispersal patterns of two C.
scoparius populations (one in the Sierra foothills and one
along the California northern coast) were assessed in the
field. No vertebrate or invertebrate herbivory was found
at any life stage of the foothills population. The seedbank
was still contributing significantly to recruitment three
years after removal of seed sources. Soil disturbance
increased seedling establishment in the foothills
population. In the northern coastal population the
pattern of myrmecochory confounded disturbance
effects on seedling establishment. Myrmecochory of the
foothills p o p u l a t i o n w a s habitat d e p e n d e n t . The
maximum distance C. scoparius may be expected to
disperse annually through a combination of ballistic and
ant dispersal is about 10.5 meters in the Sierra Nevada
foothills. The implications of these findings for a control
program are discussed.
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INTRODUCTION
Displacement of native vegetation and economically important plant
species by exotic leguminous shrubs is a problem of growing concern
worldwide (Hughes and Styles 1987). Cytisus scoparius Link (Scotch
broom; Fabaceae) is an alien shrub species introduced into California as
an ornamental (Gieckey 1957) and used by the Soil Conservation Service
of the United States Department of Agriculture to prevent erosion along
road cuts and in sand dune areas (Schwendiman 1977, McClintock 1985).
It has naturalized in California and currently occupies over 200,000
hectares (500,000 acres) both in north-west coastal and Sierra Nevada
foothill regions (D. Barbe pers. comm.). Scotch broom is considered a
noxious weed by most botanists, conservationists, and foresters in
California because it aggressively displaces native plant species and
associated fauna, a n d i n v a d e s tree plantations r e n d e r i n g them
economically untenable (Andres 1979).
Attempts to control C. scoparius have met with a multitude of problems.
Efforts to remove these shrubs by hand usually fail because they
reappear from the seed bank (Williams 1981) and sometimes resprout
(Bossard 1988, Bravo 1980). When these sources are controlled by three
to five years of grazing, herbicides (Parsons 1973) or repeated hand
removal (Bravo 1980), reinfestation frequently occurs via dispersal of C.
scoparius from nearby sites. Scotch b r o o m s h r u b s usually reach
reproductive maturity by their third year and thereafter produce a large
quantity of long lived seeds (Williams 1981). C. scoparius survives up to
17 years in California (Rejmanek unpublished data). C. scoparius is
diplochorus, dispersing seeds by means of ballistics (explosive pods) and
ants (Weiss 1909). Myrmecochory can increase the distance seed
disperses (Westoby and Rice 1981) thereby affecting the quality of the
dispersal (Anderson 1988, Heithaus 1986) and their capacity for
colonization (Baker 1974, Hughes and Fahey 1988).
Because only a small proportion of C. scoparius phytophagous fauna was
introduced from Europe (Waloff 1966), Leucoptera spartifoliella (a twig
boring moth) and Apion fuscirostre (a seed weevil) were imported in 1960
(Frick 1964) and 1964 (Andres et al. 1967) respectively, in an attempt to
control C. scoparius biologically. These insects have not stopped the
spread of broom, which has been reported from three new counties and
numerous new townships since 1975, well after these biological control
agents were introduced (D. Barbe pers. comm.).
1. Senior Plant Taxonomist, Division of Plant Industry, Department of Food
and Agriculture, State of California, Sacramento, CA.
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Invasion by exotic plant species is particularly common in disturbed
areas (Hobbs 1989, Kruger at al. 1986, Orians 1986). Cleaning roadside
ditches, overgrazing grasslands, and preparing land for forest plantations
and natural disturbances occurring in native vegetation provide ample
opportunities for invasion by C. scoparius. A trade-off frequently exists
in successful invasion between the density and longevity of the invader's
seed source and the amount of disturbance in a potentially colonizable
area. Successful invasion can result from much of one or the other
(Rejmanek 1989).
To develop an effective control program it is important to have a sound
knowledge of the ecology of the target plant (Pieterse and Cairns 1988).
In light of what is known about C. scoparius, it is logical to begin by
determining its demographic and production characteristics, the role of
herbivory and disturbance in its establishment, and its dispersal
capabilities. In this paper I discuss several experiments developed with
the following objectives and hypotheses:
1. To ascertain production characteristics of C. scoparius a n d
examine the hypothesis that herbivory has little impact on this
exotic species,
2. To examine what type and intensity of disturbance encourages
germination and establishment, and
3. To determine the potential annual dispersal distance of C.
scoparius and the proportion of dispersal due to ballistics and to
ants.
METHODS AND MATERIALS
Field Sites
The primary field site is an 8-hectare area of the Eldorado National Forest
(ENF) most of which is dominated by Cytisus scoparius, interspersed with
20-year-old Pinus ponderosa and, in spring, with patches of annual grass
and herbs. The area borders Wentworth Springs Road 4 km east of the
Georgetown Ranger Station in the foothills of the Sierra Nevada
mountains at an elevation of 1067 m (Figure 1). It is in the Northern
Yellow Pine Forest as described by Kuchler (1988). The slope varies from
1 to 9%. Soil is Maymen rocky loam and varies in depth from 10 to 65
cm. Rainfall averages 142 cm annually, with a range of 69 to 290 cm;

37

Proceedings of the Symposium on Exotic Pest Plants

almost no rain occurs from May to November. Total rainfall in 1987 was
117 cm, and in 1988, 74 cm. (Eldorado National Forest District
H e a d q u a r t e r s , E l d o r a d o C o u n t y , California). Dense s t a n d s of
Arctostaphylos viscida, on this land were cut and burned prior to planting
it with Pinus ponderosa seedlings for what was intended to be a forest
plantation in 1968. The plantation was invaded by C. scoparius and
Arctostaphylos viscida, which resulted in the death of more than 70% of
the pine and the stunting of the remainder. In 1980 the Arctostaphylos
viscida was removed by hydro-ax, which allowed for greater infestation
by C. scoparius, which was removed by hand cutting in January of 1985
(Gary Kabody pers. comm. 1988). Mule deer (Odocoieus hemionus) and
jack rabbits (Lepus californicus) abound in the area.
A second field site used for part of the disturbance and dispersal
experiments is in Elk Camp and Dolason Prairies in the Bald Hills area
of Redwood National Park at an elevation of 1000 m near the northwest
corner of California 15 km from the coast (Figure 1). This area is a prairie
within the region described by Kuchler (1988) as Redwood Forest. It is
an area of mixed annual grasses and herbs, grazed until 1982, part of
which was invaded by C. scoparius over the past 30 years. The soil is
fine-loamy, mixed, mesic Xeric Haplohumult, with depths from 20 to 65
cm on slopes varying from 1 to 9%. Rainfall ranges from 178 to 203 cm
per year, and 90% of the rain falls October to May (Sugihara and Reed
1987, Popenoe 1987). The C. scoparius at Elk Camp Prairie was sprayed
with 1-2% Roundup in August, 1986, then cut and burned in January of
1986 (Mary Hektner pers. comm. 1988). Deer (Odocoilus hemionus) and
elk (Cerrus elaphus) are common in the area.
Establishment, Growth and Herbivory
In April 1987, to determine effects of herbivory on establishment and
growth of C. scoparius, 75 50 cm by 50 cm plots were placed along four
nearly parallel transects approximately 40 m long that ran from the top
to the middle of a 5% slope at the (ENF) site. All plots were at least 50
cm apart. Within the center of each plot was a 25 cm by 25 cm zone in
which vegetation was measured, the rest of the plot served as a buffer
zone. The transects were divided into four zones from top to bottom
with five treatments assigned randomly to plots along each transect
within each zone. The five treatments consisted of:
1.
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2. plots exclosed with 60 cm by 60 cm by 60 cm cages made of
1.3 cm chicken wire anchored at four points at the base to exclude
vertebrate herbivores,
3. plots exclosed with the cages and sprayed every 3 weeks with
a 0.03% solution of malathion in a hand-held mist sprayer until all
vegetation was dampened, to exclude invertebrate herbivores,
4. plots exclosed with cages and sprayed every 3 weeks with
water in a hand-held mist sprayer until all vegetation was
dampened to check on any possible effects of the water in the
malathion,
5. plots shaded on the southwest and southeast sides and half
the top by chicken wire, but open to vertebrate herbivores to check
on any possible effects of shading by the cages.
The number of C. scoparius plants in each plot was recorded by height
categories as was the number of branches >2 cm long on each plant.
Measurements were done every 8-12 weeks starting 1 May 1987.
Ten C. scoparius plants from this area, but from outside the plots, in each
height category, were cut at the soil surface, dried, and weighed to
develop an equation to estimate biomass without destructive sampling.
To determine the amount of seed production five early-flowering and
five late-flowering reproductive C. scoparius shrubs >1 m high were
randomly selected. The number of pods per plant, the number of seeds
in 100 pods on each plant, and the number of seeds damaged by seed
weevils were recorded each year.
Disturbance
In November 1987, at the beginning of the germination period for C.
scoparius, parallel experiments were begun in Eldorado National Forest
and Redwood National Park to gain some insight into the effects of
disturbance on germination and seedling establishment of C. scoparius.
Fifteen nested plots at each of three levels of disturbance were placed
along three transects, which ran perpendicular to the slope. The three
treatments consisted of:
1.

cutting and removing the vegetation to the soil surface,
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2. cutting the vegetation to the soil surface and turning over the
soil to a depth of 7 cm,
3.

controls, in which plots were left undisturbed.

All plots in this set had 100 C. scoparius seeds, which were gathered from
the local area in July 1987 dropped on their surface. Because some of the
area in which the Redwood National Park plots were placed had been
exposed to seed rain prior to the removal of shrubs, a second set of
fifteen of each of the three treatment plots was added on which no seeds
were placed. Treatments were randomized for plots on each of the
transects.
Bimonthly determinations were made of number and size of C. scoparius
seedlings, beginning with the first germinations in December 1988. Slope,
depth of litter layer, and pH were recorded in February. Soil temperature
w a s recorded in April and July. Soil moisture was determined
gravimetrically. Soil cores from depths of 0 to 20 cm were extracted in
July 1988 and placed in preweighed capped soil tins. These were weighed
within 18 hours, opened and dried at 90°C for three days, then
reweighed. The percent of the plot covered with vegetation and the
percent of the plot disturbed by gophers a n d / o r elk were measured with
each bimonthly count. Location of ant nests on any of the plots was also
recorded. Analysis of the affects of biotic and abiotic factors and
disturbance treatments on seedling germination was done using
multivariate analysis.

Ballistic Dispersal
To determine the pattern and distance of C. scoparius seed dispersal
resulting from its ballistic mechanism for dispersal, four pie-wedge
shaped (0.1 m by 8 m by 8 m by 0.39 m) tapes were placed at 90° from
each other (Venable and Levin 1985), extending out from the base of the
stem around three isolated C. scoparius shrubs each 1.6 m high and with
a radius of 90-95 cm. The first tape placed was upslope, the second
upwind, the third downslope, the fourth downwind. The tapes were
made by cutting heavy-weight roll paper the correct size, spreading a 2
mm coating of Tangletrap, a non-drying adhesive, over the entire surface,
and then anchoring the tapes with wires pushed into the ground. The
isolated shrubs chosen were at least 4 m from any other woody
vegetation. Three additional tapes were placed perpendicular to the
fronts of two dense >10 m diameter stands of C. scoparius extending out
from the base of shrubs, which were 1.6 m high. These stands were on
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approximately level land and the tapes extended downwind. Vegetation
that was in the way of the tapes was cleared back 1 m on either side of
the tape. Any within 10 m (Ridley 1930) of the tapes on-test shrubs that
were reproductive had their pods removed.
The tapes were placed in the field on 1 July 1988, when ballistic dispersal
began and were left in place until 7 August 1988, when the ballistic
dispersal period ended. The number of seeds landing within each 10 cm
segment along the tape from the base to the outer edge were recorded
every four days for the entire ballistic dispersal period. Seed loss from
the tapes was observed to be negligible. Data were converted to seed
densities per square meter.
Ant Dispersal
In myrmecochorus and diplochorus plants, studying seed dispersal by
ants and location of ant nests in the research area is usually accomplished
by baiting seed depots and watching the seed movement continuously
for hours, days, or weeks (Anderson 1988, Beattie 1985a). This is very
time consuming and constrains the number of sites that can be studied
simultaneously. An alternate method for location of ant nests in an area
is baiting with oily tuna and following ants carrying the tuna back to
their nests (Hanzawa et al. 1988). This may result in marking of ant nests
of species not actively involved in dispersal of the seed of the plant
species being examined. Consequently, an alternate technique for
studying ant dispersal of seed was developed. Seeds collected locally on
28 June 1988 were painted with fluorescent paint on both sides in one
of 5 colors (red, orange, green, pink, or yellow) or with two colors (one
on each side in combinations of pink/green, yellow /green, yellow/red,
orange/pink, or yellow/orange). Care was taken not to get any paint on
the eliaosome. Preliminary tests were done on ant reactions using
non-painted and painted seed in all color patterns in July 1987, but no
significant differences were found in the rate of seed removal or
treatment of seed after removal. In this study 10 seed depots were
arranged in a line, 50 cm apart, extending 30 cm from the base of a
reproductive C. scoparius to 5.3 m downslope of the shrub. Fifteen seeds
with the same color code were placed in each seed depot. Initially, I
returned one, two, three, five, and seven nights after depositing the seeds
and scanned all ground within 10 meters (Buckley 1982) of the seed
depot line with a longwave ultraviolet (UV) lamp noting the number
and location of seeds found. This was done carefully to create minimum
disturbance of ant scent lines (Pudlo et al. 1980). The mean distances of
the seeds dispersed by ants, then located with the UV light did not
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change appreciably after the third night, and the percent seeds recovered
of those originally placed in the seed depots was higher the third night
than the fifth or seventh night after deposition of seed (47%, 17%, and
18%, respectively). Consequently, for this site and combination of ant
species, UV scanning three nights after deposition seemed optimal.
Two ant depot lines each were located in areas:
1.

with dense 1 m high C. scoparius shrubs,

2.

with dense grass cover,

3.

with naturally sparse vegetation, and

4. with sparse vegetation as a result of C. scoparius being hand
cut, allowed to dry, and then burned in April 1988.
All areas within 10 m of ant depot lines were examined the third night
after deposition with the ultraviolet lamp approximately every ten days
from July 8 to August 24, 1988. The color code of found seed and the
condition of its eliasome was noted and the distance between the seed
and its seed depot measured. Twice the dispersed seeds were mapped.
When five or more seeds of different colors were clustered within a <40
cm diameter area, close examination of that area usually revealed the
opening of an ant nest, which was recorded and flagged. Flagged nests
were rechecked for seeds ejected from the nests every four days.
On 5 and 18 July 1988, for two hours each in morning, afternoon, and
evening, seeds were observed, seed fates recorded, and ants handling
seeds were captured for identification. On 7 and 18 July 1988, in three
areas, three seed depots with 20 seeds in each depot (two of each color
code) were placed in 30 cm by 60 cm by 60 cm, 1.3 cm chicken wire
bird- and rodent-proof exdosures. Three control seed depots were each
placed within 1 m of the exclosed seed depots.
RESULTS
Establishment, Growth, and Herbivory
Seedling germination from the seed bank the second and third year after
C. scoparius removal of above-ground seed sources by hand cutting was
not significantly different between treatments (p. > 05) as shown in
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Figure 2. The mean number of seedlings per 0.25 m ranged from 120
to 161 in the five treatments in May at the end of the second germination
period. At the end of the third germination period after removal the
range was 15 to 25 per 0.25 m .
Density decreased from approximately 250 per 0.25 m in May 1987, to
25 per 0.25 m in July 1988, with a temporary increase in density
occurring in spring of 1988 resulting from seedling germination (Figure
3).
There was an exponential relationship between dry weight and height
in C. scoparius (Figure 4). The estimated mean shoot dry weight
biomasses (g.m" ) by treatment for seven sampling dates from May 1987
to July 1988 were not significantly different among sampling dates (p >
0.05) (Figure 5). The initial mean biomass on all plots of 196 g.m"
increased to 1664 g.m"2 by mid July 1987, and to 4992 g.m"2 by July 1988.
There is a period of die back and no growth that extends from mid-July
to April with the largest decrease in biomass concurrent with the drought
season between July and November.
These shrubs show a decrease in relative growth rate (RGR) during their
spring growth periods as they mature (Figure 6) mean RGR = 0.0506 g.
g"\d"" for spring 1987, and mean RGR = 0.0194 g.g'^d"1 for spring 1988.
The mean RGR for summer and fall = -0.0016 g.g" .d. Over the whole
time period from May 1, 1987, to July 12, 1988, the mean RGR for all
plots = 0.0073g. g" .d" . There is no significant difference among mean
RGR of plots with different treatments in any time period (p > 0.05).
The number of pods and seeds decreased for both early and late
flowering shrubs from 1987 to 1988 (Table 1).
Disturbance
At Eldorado National Forest soil disturbance promoted C. scoparius
seedling establishment. The mean number of seedlings was significantly
greater (p < 0.001) in the vegetation cut to surface+soil disturbed
treatment, starting with the initial germination and remaining so through
late July 1988 (Figure 7). No significant difference was found between
control and vegetation cut to surface treatments (p > 0.05). Unlike the
results in Eldorado National Forest, in Redwood National Park there was
no significant difference between any of the treatments (p > 0.05) (Figure
8).
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The variance in the number of seedlings establishing per plot was great
in Redwood National Park areas even within treatments. For example,
the number of seedlings that became established in 0.25 m ranged from
0 to 84 for the vegetation cut to surface treatment. Consequently, soil
moisture, soil temperature, slope, depth of litter layer, percent of plot
covered with vegetation, pH, percent of plot disturbed by gopher, and
percent of plot disturbed by elk were examined to see if they were
effecting establishment on the disturbance plots, but were found to be
not significant (p > 0.05). The location of the ant nests of Aphenogaster
occidentalis, however, the only ant observed dispersing C. scoparius seed
in Redwood National Park did have a significant effect on seedling
establishment (p < 0.001) (Table 2). In both 20 and 50 cm 2 plots, those
plots with ant nests had significantly more seedling establishment than
those plots without ant nests. Further, four out of the five ant nests were
located in the vegetation cut to surface treatment plots. The fifth nest
was located on a vegetation cut+soil disturbed plot next to a vegetation
cut to surface plot. When these same factors were examined for the ENF
disturbance plots, none, including location of ant nests of the seven
species observed handling C. scoparius seed were significant (p > 0.05).

Ballistic Dispersal
The shape of the pattern of dispersal at distances >50 cm from shrub
base for isolated C. scoparius shrubs and those shrubs at the front of a
stand were similar, but fewer seeds fell within 50 cm of the isolated
shrubs than within 50 cm of those at the front of a stand (Figure 9).
Dispersal of seeds from shrubs with different conditions showed the
mean distance achieved by all seed was 96 cm and the median distance
was 112.8 cm (Table 3). The maximum ballistically dispersed distance
for a seed was 540 cm.
Ant Dispersal
Painting the C. scoparius seeds with fluorescent paint before placement
in seed depots did allow for dispersed seeds to be found readily and ant
nests of relevant species to be located easily. Of 1950 seeds placed in
seed depots during this experiment in the 56 hours after deposition
search 48.9% were found, 33% of those found then were not in the seed
depot. Of the found seeds, 39% had their eliasome removed, 9% had
partially removed eliasomes and 52% had the eliasome intact; 49%
percent of the seeds without eliasomes found in this search w a s
associated with an ant nest. Another 19% of the seeds originally placed
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in the depots were ejected from ant nests without eliasomes 1-14 days
after the main seed search. Distance data on these seeds was added to
that obtained during the main search. There was no significant difference
in the rate at which seeds were removed from the exclosed and open
depots (p > 0.05).
There was no significant difference in the ant dispersal distance of C.
scoparius seed resulting from the seed distance from the parent bush or
date (p > 0.05). Hours of the day when ants were most active in foraging
for seeds were observed to vary during the season, but this was not
quantified. Sparse vegetation habitats had significantly larger ant
dispersal distances (p < 0.001) (Figure 10).
The mean dispersal distances are shown in Table 4. Distance of
directional d i s p e r s a l a w a y from the p s e u d o - p a r e n t s h r u b w a s
determined for the two seed depot lines that were mapped, which
showed those seeds were moved an average of 15.1 cm farther from the
parent plant. The furthest distance any seed was found to have been
moved solely by ants was 5.5 m.
There are at least six species of ants effecting dispersal of C. scoparius
seed in Eldorado National Forest: Camponotus semitestaceus, Aphenagaster
occidentalis, Lepotothorax nevadensis, Tapinoma sessile, Formica subpolita, and
Formica occulta.
DISCUSSION
Establishment, Growth, and Herbivory
Growth patterns of C. scoparius in the Sierra Nevada foothills of
California show both similarities and differences to descriptions of this
species in other localities. The positive exponential relationship between
height and dry-weight biomass is a pattern comparable to that found for
several Smokey Mountain shrub species (Whittaker 1961).
Shoot biomass accretion in California foothills broom displayed a peak
in the spring, but not in the fall and there was considerable decrease
during the summer. The amount of shoot elongation on C. scoparius
peaked in New Zealand in the spring and fall, and shoot elongation
continued throughout the summer (Williams 1981). An increase of 23%
in shoot biomass is reported between March and September 1978, in
Oregon on C. scoparius (Wheeler et al. 1988), but no mention is made of
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a dieback period. Biomass of broom has been recorded at 84,000 kg.ha"
for 5-6 year-old broom in Scotland and 44,000 kg.ha" on predominantly
2-4 year-old broom in Oregon (Wheeler et al. 1988), which is similar to
the 49,000 kg.ha" found for the predominantly 2-3 year-old broom in
this study. In France recruitment and adult survivorship of C. scoparius
were severely impacted by grazing pasture animals (Rousseau and
Loiseau 1982). While no pasture animals graze in the site at Eldorado
National Forest, it is open to grazing by the deer population and jack
rabbits, both of whom were known to browse on shrubs. Deer and elk
browse on C. scoparius at the Redwood National Park research site, but
the amount of this herbivory is still in the process of being quantified.
Apparently little grazing occurs on broom at ENF, however, because no
significant difference existed in seedling or post seedling density,
biomass or relative growth rate between plots open and closed to
vertebrate herbivory. There are several possible explanations. The broom
at ENF may be so dense as to discourage vertebrate herbivores from
entering the broom stands. The plants in this more xeric climate may
have less palatable foliage (Crawley 1983). There may exist a large
quantity of more attractive forage species in the ENF area. Further
research is in process to discern which is the most likely explanation.
In 1963 in reference to C. scoparius in California, Waloff (1966) reported,
"by English standards broom appeared to be very free of insects." In
spite of the introduction of two insects as biocontrol agents the situation
may not have changed very much in the last 25 years. A continuing
increase in height of malathion-sprayed versus unsprayed broom was
noticeable from the second year of a long-term study on effects of insects
on broom in England (Waloff and Richards 1977). This contrasts with
the lack of impact of insect herbivory on growth found in this study.
This difference may result from predator release. Even with the
introduction of the two species for biological control, only nine
phytophagous species are found on broom in ENF compared to the 35
herbivorous species occurring on C. scoparius in England where it is
native.
Differences in climate may allow the broom to escape some of the impact
the Scotch broom phytophagous insects have in their native area. C.
scoparius shrubs, which flower in the first two weeks of the season and
consequently set seed early in ENF, can largely escape infestation by the
seed weevil, Apion fuscirostre, as illustrated by the counts of seeds
damaged per pod, while at the end of the reproductive season only 15%
of the seeds are not damaged. Even 15% of 12,701 seeds per shrub is a
sizable number of seeds when there are over 200,000 hectares (500,000
acres) of these shrubs. With C. scoparius having many foci for invasion
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and a still large reproductive output it is not surprising the insects
introduced for biological control have not been successful in controlling
the spread of C. scoparius in California.
Disturbance
The hypotheses that increased disturbance encourages germination and
establishment of C. scoparius were supported by results at the Eldorado
National Forest site, but not at the Redwood National Park site. The
increase in seedling establishment with soil disturbance at Eldorado
National Forest may have been due to more germination-enhancing
microsites being available following soil crust disruption. Decreased
competition from herb and grass species likely enhanced establishment
of seedlings as well. This result agrees with other studies of C. scoparius,
which note its ability to colonize nitrogen poor, seasonally moisture
stressed, disturbed areas like sand dunes, river beds, road side, and steep
slopes (Williams 1981, Johnson 1982, Weiss 1909).
The lack of significance of disturbance between treatments at Redwood
National Park relates to the ant species Aphenogaster occidentalis being the
dominant and probably the exclusive ant disperser of Scotch broom seeds
in the area and the fact that these ants always carry the C. scoparius seed
back to their nest before c h e w i n g off the eliaosome (personal
observation). This, in combination with the seed herbivory by quail and
grouse of seeds not in ant nests, results in a very aggregated pattern for
dispersed seed.
The seven ant species effecting dispersal of C. scoparius at Eldorado
National Forest vary in foraging behavior. Some eat the eliaosome off
the seed as soon as it is found and do not move it from where it landed
after ballistic dispersal, other species carry C. scoparius seed short
distances to a crevice and then eat the eliaosome and leave the seed,
others always haul seeds to their nests before removing the eliaosome.
This contrasts with the findings on nine ant species in Colorado, all of
whom consistently returned to their nest with seed before removing the
eliaosome (Hanzawa et al. 1988). The larger number of ant species and
variation in foraging behavior creates a less clustered distribution of seed
at ENF. This at least partially explains the lack of significant effect of
ant nest locations in combination with disturbance on seedling
establishment in this area. Further research is in progress to determine
to what degree interactions of ant dispersal, habitat disturbance, and
seedling establishment change the invasive capacity of C. scoparius in
these two California sites.
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Ballistic and Ant Dispersal
The seed-density-versus-distance curve for ballistic dispersal of C.
scoparius has a skewed normal shape similar to the seed-density to
distance curve for Verbena stricta, a subshrub perennial that colonizes
gopher-disturbed soil in prairie habitats (Piatt and Weiss 1977). The
greater downwind dispersal distance for isolated shrubs compared to
advancing front shrubs is attributable to the greater influence of
prevailing winds on ballistic dispersal of isolated shrub seeds since the
winds are largely blocked from downwind shrubs at the advancing front
by the shrubs behind it.
Ant dispersal following ballistic dispersal is thought to benefit the plant
by: (1.) d i r e c t i n g seed to sites c o n d u c i v e to g e r m i n a t i o n a n d
establishment (Davidson and Morten 1981, Culver and Beattie 1978,
Beattie 1985b) or to sites in which seeds are protected from predation
(O'Dowd and Hay 1980) and/or fire (Shea et al 1979, Majer 1982); (2.)
increasing the distance of dispersal which allows escape from parent
competition (Horvitz and Schemske 1986, Lound and Lound 1981) or
increases colonizing capacity (Howe and Smallwood 1982, Anderson
1982). In different environments and for different species the relative
importance of these may vary. Because Scotch broom is known to
colonize disturbed areas, its diplochorous dispersal distance gives some
indication of its annual potential to invade new territory.
Westoby and Rice (1981) predicted the average seed only achieves a
reasonable increase in final dispersal distance when the secondary
dispersal distance is roughly equal or greater than the primary dispersal
distance. This is certainly the case for Scotch broom whose mean and
maximum ballistic and ant dispersal distances were approximately the
same. Because seed may be moved back toward the parent plant it was
estimated there is no more than a 40% median net gain in distribution
from the parent plant resulting from ant dispersal (Westoby and Rice
1981). This infers the mean dispersal distance from the parent for C.
scoparius would be <1.4 m., but as Anderson (1988) and Westoby and
Rice (1981) point out, it may be the tail of the distribution that is critically
important for invasive species.
Ignoring effects of differences in wind and slope the diplochorous
dispersal distance for C. scoparius is probably still not a constant from
one locale to another. Most studies of myrmecochory have found the
eliaosome is only removed after the seed is carried to the nest (Hanzawa
et al. 1988, Culver and Beattie 1978, Majer 1982, O'Dowd and Hay 1980).
This was not the case at ENF where there was considerable variation in
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when the eliaosome was removed by different ant species. If seeds are
foraged only by species that consistently haul them to their nests the
mean ant dispersal distance would be larger than if dispersal parasite
ants take the eliasome without providing dispersal service in return. In
ENF, of the total number of seeds recovered, a minimum of 20% were
not associated with a nest, without eliaosomes, and therefore unlikely to
be moved again. Most of the seeds still having eliasomes at the 56th
hour after seed deposition search were likely to be moved further by
ants eventually (Anderson 1982, Beattie 1985b), although another study
found some seeds with eliaosomes may never be moved (Anderson
1982). This later movement would also increase the mean dispersal
distance of seed.
It is not surprising that exclosed and open seed depots showed no
significant differences. Unlike at Redwood National Park ground birds
or rodents are not prevalent at the ENF site. During the study period
no bird or rodent has ever been observed taking a C. scoparius seed.
There are several possible explanations for ant dispersal distance being
apparently habitat-dependent at ENF. First, since seeds are more difficult
to find in dense vegetation, more distant seeds could have been
overlooked. The search was quite thorough, however, so this is unlikely.
Secondly, the proportions of ant species might be unchanged, but the
ant-nest density may depend on habitat (Anderson 1988) or the ants
might change their foraging behavior when faced with more vegetative
obstacles. Finally, maybe the proportion of various ant species in the
different habitats do vary. In this event the rate of seed movement (Berg
1975, Anderson 1988), foraging distance (Beattie 1985), a n d / o r the
amount and duration of underground seed storage (Buckley 1982, Culver
and Beattie 1980, Majer 1982) could vary from one habitat to another.
Very little is known about habitat effects on myrmecochory. Majer (1982)
observed in the jarrah of Australia that shading may modify location of
nests, while ant nest location in a West Virginia forest was reportedly
not dependent on intensity or duration of sunlight (Heithaus 1986).
Fire-increased activity of myrmecochorous species in some areas and
decreased it in others in Australian shrubland (Whelan et al. 1980). Sites
disturbed by trampling had notably decreased ant dispersal distance in
West Virginia forest (Pudlo et al. 1980). The effects of habitat on seed
dispersal distance may prove to be largely site specific and not
generalizable. This aspect of ant dispersal, however, still merits more
research because of its potential importance to invasion capacities of
diplochorous or myrmecochorous plants.
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CONCLUSION
Seed bank germination of C. scoparius was still significant three years
after the removal of seed sources. There was no evidence of insect or
vertebrate herbivory effecting the density, biomass, relative growth rate,
or seedling germination of C. scoparius in Eldorado National Forest. Soil
disturbance significantly increased seedling establishment in ENF In
R e d w o o d N a t i o n a l Park the effect of d i s t u r b a n c e on seedling
establishment is modified by biotic factors and difficult to interpret. Ant
dispersal distance was habitat dependent in ENF. The mean distance
seeds are moved by myrmecochory and ballistic dispersal approximates
1 m for each dispersal mechanism; the maximum approximates 5.5 m
for each dispersal mechanism. The maximum potential combined
dispersal distance is about 10.5 m.
Because vertebrate and insect herbivory do not impact the high growth
and reproductive capacity of this widespread exotic shrub in the Sierra
Nevada foothills, it will be necessary to remove it directly from land it
currently occupies to control its spread and increase the utility of those
lands. Research is needed on the most effective methods of reclaiming
lands from occupation by this species. Maximum and mean dispersal
distances may vary by habitat and locality and consequently should not
be considered precise predictors of the rate of potential annual invasion.
Disturbance of the soil promotes C. scoparius establishment in the Sierra
foothills. Therefore reduction in human caused disturbance and removal
of Scotch broom shrubs peripheral to areas in which disturbance is
necessary is advisable.
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Table 1. Fecundity of C. scoparius at Eldorado National Forest during 1987
and 1988
Late flowering shrubs
1987
1988

Early flowering shrubs
1988
1987
Mean # of pods

2891

1287

3876

1400

Mean # of seeds

8.1

2.9

8.1

2.4

5

5

80

91

% of seeds damaged

Mean # pods early+late flowering shrubs for 1987-88

2363

Mean # seeds per pod early+late flowering shrubs 1987-88

5.37

Total mean # of seeds per shrub

12,701

Table 2. Mean number of C. scoparius seedlings establishing per plot for
plots with and without ant nests
Mean # seedlings per plot

Ant nests
Plots without ant nests
Plots with ant nests

N

20 cm sq

50 cm sq

15

6.467

27.0

5

17.6
p<0.02

87.6
p<0.002

Table 3. Ballistic dispersal distance for C. scoparius seeds under different
conditions
Mean seed distance
Isolated shrubs
Advancing front shrubs

Median seed distance

98.5

114.0

93.0

111.0

Downwind of shrub

105.0

118.5

Upwind of shrub

104.0

113.0

Downslope of shrub

94.0

114.0

Upslope of shrub

93.2

108.1
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Table 4. Summary of ballistic and ant dispersal distances
Summary Of Dispersal Distances
Maximum Ant Dispersal = 525 cm
Mean Ant Dispersal = 96 cm
Maximum Ballistic Dispersal = 540 cm
Mean Ballistic Dispersal = 98 cm
Maximum Potential Total Dispersal = 10.5 cm

Figure 1. Distribution of C. scoparius in California (based on data from the
California Department of Food and Agriculture) and location of research sites.
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Figure 2. Mean total density of C. scoparius by treatment over time.

Figure 3. Seedling germination from the seed bank the second and third year
after C. scoparius removal by cutting.
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Figure 4. The relationship of dry weight biomass to height in C. scoparius.

Figure 5. Mean dry weight shoot biomass of C. scoparius by treatment over
time.

59

Proceedings of the Symposium on Exotic Pest Plants

Figure 6. Mean relative growth rates of C. scoparius for all plots.

Figure 7. Mean number of C. scoparius seedlings per plot by treatment for the
Eldorado National Forest disturbance plots.
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Figure 8. Mean number of C. scoparius seedlings per plot by treatment for the
Redwood National Park disturbance plots.

Figure 9. Ballistic dispersal of C. scoparius as mean seed density versus
distance from shrub base for isolated shrubs and shrubs at the head of an
advancing front.
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Figure 10. Mean ant dispersal distance of C. scoparius seeds in different
habitats.
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CHAPTER 4
Melaleuca Control In Big Cypress
National Preserve
Rebecca R. Burkhead
Bureau of Land Management
Colorado State Office (912)
2850 Youngfield Street
Lakewood, CO 80215
ABSTRACT
Melaleuca quinquenervia is an exotic plant species that is
displacing the natural flora and fauna of Big Cypress
National Preserve, Florida. In 1983, study plots were
established to monitor the effectiveness of herbicide
application to Melaleuca in the w e t season (May October) and dry season (November - April) in two
different ecosystems. Trees were tagged and inventoried
in cypress and wet prairie ecosystems. Two herbicides,
active ingredients hexazinone (25%) and triclopyr (44%),
were applied to Melaleuca by the "hack and squirt"
method. Application of triclopyr in cypress and prairie
dry season subplots had 79% mortality. Hexazinone
application in cypress and prairie subplots was 89%
effective in the dry season and 83% effective in the wet
season.
INTRODUCTION
Big Cypress National Preserve is a 230,850 hectare National Park System
unit in South Florida. Current distribution of Melaleuca in the preserve
is 155 square kilometers (Gunderson 1983) or 3% of Big Cypress and
represents over 40 years of uninhibited growth. Most of the current
populations can be traced to intentional planting of single trees. Melaleuca
is the most critical invader of the six exotic trees in the preserve and is
the object of a National Park Service eradication effort. Melaleuca trees
are native to Australia and New Guinea. They were introduced into the
Big Cypress area for landscaping purposes in the mid-1940s. A tree can
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start to reproduce 2 years after germination (Crowder 1974), grow 12 167 cm/year (Duever et al. 1979, Meskimen 1962, Myers 1975) and a
mature open grown tree can store 20 million seeds (Alexander and
Hofstetter 1975). Melaleuca seeds are small (30,000/gram) (Woodall 1982)
and wind dispersed. Fire, frost, and cutting cause the capsules to open
and seeds to be released. The germination rate is dependent on the
hydroperiod and soil types, among other things. A majority of native
plant communities in the preserve are susceptible to Melaleuca invasion.
Prior to this study, attempts to control Melaleuca within the preserve
using various herbicides and techniques were ineffective. Cut stumps
and felled trees resprouted and seeds from the downed and treated trees
germinated, compounding the initial problem. In 1983 control study plots
were established to test the effectiveness of two herbicides in two
ecosystems (Duever et al. 1979) during both the wet season (May October) and dry season (November - May).
METHODS AND MATERIALS
Plots were located southwest of Monroe Station in prairie and cypress
ecosystems. In each ecosystem, Melaleuca trees were tagged a n d
inventoried (prior to herbicide application) for height, total number of
stems 1.3 meters above ground, and diameter 1.3 meters above ground.
Plots were oriented along a north/south axis and were approximately
0.6 hectare in size. Each ecosystem (prairie and cypress) had two plots
established. Replicate plots were not established due to limited time and
budget. Location was determined by finding enough trees (about 90) in
an ecosystem to establish a plot. Each plot was established to monitor
one herbicide. The plot was divided into a wet season application, control
(no application), and dry season application subplots (Figure 1). There
were 21 to 42 trees in each of these subplots. The southern subplot was
established to monitor herbicide application to Melaleuca during the dry
season (November - April) or when soils were dry to the touch. The
middle subplot was a control site, which had no herbicide applied.
Northern subplots had herbicide applied during the wet season (May October) or when soils were muddy/submerged. For monitoring seed
germination, the herbicide plots had seedlings removed prior to
treatment. Seedlings were not removed in the control plots.
Choices of herbicides were limited by National Park Service integrated
pest management regulations. Hexazinone (25%) and triclopyr (44%)
were used. These herbicides were chosen based on demonstrated
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Melaleuca kill rates (Stocker 1982) and because of their relatively short
half lives.
Due to the thick papery bark of Melaleuca, "hack and squirt" was the
method of application chosen. "Hack and squirt" treatment consists of
cutting through the bark at 8 cm intervals along the circumference of
the tree's stems at approximately 1.3 meters above ground level. Cuts
were made with a machete through the bark to expose the cambium.
Approximately 3 ml of herbicide (enough to wet the cambium
thoroughly) were applied to the cambium with a hand-held pressurized
applicator.
Approximately 6 m o n t h s after herbicide application, trees were
inventoried for percent defoliation, percent sprouting, seedlings present,
and clear cambium. Clear cambium indicated a tree was healthy. Black
cambium, above and below the cuts along the circumference, indicated
a tree was dead. Cambium color was checked at several locations,
depending on diameter, around the circumference of the tree. Trees were
monitored approximately every 6 months for 2 years. Seedlings were
pulled during the monitoring period in the herbicide-study subplots.
This ensured that they would not be counted during the next inventory.
RESULTS
Herbicide application by "hack and squirt" had little adverse impact on
neighboring plant species. Grasses within 0.5 meters of hexazinone
treated trees were killed, but reestablished within 1 year of treatment.
Melaleuca seed capsules opened within 6 months after treatment with
both herbicides although there was only one seedling found established
during this inventory. One year post-treatment, each plot had between
0 and 6 seedlings. The most seedlings, 32 total for all plots, were present
18 months after herbicide application.
Defoliation occurred within 6 months of application of hexazinone.
Copious chlorotic resprouting occurred above the cut and at branch ends
for up to 18 months post-treatment. If healthy leaves were not present
within 18 months of herbicide application, the tree would be dead within
6 months. Triclopyr caused defoliation but often the tree would refoliate
completely 2 years after treatment.
Triclopyr plots showed an average of 79% mortality during the dry
season (Figure 2). There were more new seedlings in the cypress dry
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subplot (33 total for all monitoring dates) than in the prairie dry subplot
(2 total for all monitoring dates). The wet season subplots had triclopyr
and water (50% mix) applied, following label instructions. This was
found to be ineffective (less than 25% mortality) and no data are
presented.
Hexazinone dry subplots had 89% effectiveness (Figure 3). The wet
season plots showed 83% effectiveness (Figure 4). The hexazinone
cypress dry subplots had 22 seedlings; 4 seedlings were found in the
hexazinone cypress wet subplots over the entire monitoring period. The
hexazinone prairie dry subplot had 8 seedlings, and 7 seedlings were
found in the wet hexazinone subplot.
DISCUSSION
Individual trees in prairie plots had more stems at 1.3 meters above
ground (average 5) than did the cypress plots (average 2). This may be
due to the openness of prairies verses the more closed canopy of cypress.
Fewer stems per individual tree may result in more successful
application percentages in the cypress ecosystems.
Follow-up treatment is a must for Melaleuca control. Seedlings may have
been missed and trees may need retreatment. Defoliation is not an
accurate reflection of mortality, since trees may refoliate months later.
Therefore, it may be wise to skip a year between visiting sites or plan
on two consecutive years of visitation. A single treatment without followup visits is ineffective since resprouting or seed germination can occur.
Although wet and dry season plots were established for two herbicides,
the experimental design, variation in herbicide concentration, and lack
of replicates does not allow conclusions to be drawn on season of
application. Both herbicides show some effectiveness, but Hexazinone
had a higher rate of kill and should be the chemical of choice.
Other methods of control are being tested at Big Cypress National
Preserve. All treatment done in the preserve after February 1984 has been
e n t e r e d on a d a t a b a s e c o m p u t e r p r o g r a m . There have been
approximately 231,000 trees treated on 6284 acres since February 1984.
The average mortality of Melaleuca during this time ( 2 / 8 4 - 1 1 / 8 8 ) using
triclopyr was 77%, with hexazinone 94%.
One of the more promising herbicide control techniques appears to be
hexazinone "hack and squirt" application in conjunction with manually
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pulling seedlings. This is a very labor intensive but effective technique
for treating small populations or solitary trees. A new herbicide,
Isopropylamine salt of Imazapyr, has shown promising kill rates on a 1
acre site southeast of Monroe Station in the preserve. Due to the
exponential population growth of Melaleuca, herbicide treatment of
individual trees is a very costly choice for eradication of the large
populations. Alternative methods of herbicide application (aerial),
biological control, and use of prescribed fire to control seedlings should
be considered.
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Figure 1. Triclopyr Dry Study Plots
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Figure 2. Hexazinone Dry Study Plots

71

Proceedings of the Symposium on Exotic Pest Plants

Figure 3. Hexazinone Wet Study Plots
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CHAPTER 5
Exotic Plant Control And Restoration
Management Of A South Florida
Hammock
Patricia M. Cunningham
Dade County Parks and Recreation Department
Arch Creek Park, 1855 N.E. 135 Street
North Miami, FL 33131
ABSTRACT
The Arch Creek Hammock, a recovering hardwood
hammock located on the Atlantic Coastal Ridge in
northeast Dade County, has had a history of severe
disturbance, which began in the early 1900s and peaked
in the 1940s with the building of a trailer park. This
disruption resulted in two-thirds of the canopy being
removed and numerous exotic plant species introduced.
Permanent transects were established in May 1987 to
study canopy composition. Frequency and dominance
estimates in multiple 10 m x 10 m quadrats enabled
comparison of species composition of the canopy at
various stages of plant succession. Presently, we are
attempting to reestablish the historic native community.
In this paper, I evaluate exotic plant control methods
and establishment of pioneer canopy species.

INTRODUCTION
South Florida's unique mix of temperate and tropical floras has created
a diverse array of plants. South Florida is an acquiescent breeding
ground for the invasion of exotic plants. The term "exotic plant" has
taken on the meaning of not only being non-native, but invasive.
Numerous exotic plants including Schinus terebinthifolius, Albizzia lebbeck,
Pennisetum purpureum, a n d Ardisia solanaceae have become firmly
established throughout south Florida and are diminishing the quality of
many environments, including tropical hardwood hammocks.
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Tropical hardwood hammocks represent one of the most diverse
environments in south Florida. Craighead (1974) recognized 170 species
of mostly tropical plants that make up hammock vegetation, including
18 temperate genera. The majority of tropical hardwood hammocks
occurred along the Atlantic Coastal Ridge. Hammocks or tree islands
also occur near solution holes where increased moisture protects them
from fire and creates a humid atmosphere where epiphytes and ferns
thrive.
Arch Creek Hammock
The Arch Creek Hammock served a prominent place in the early
settlement of Dade County, which resulted in it being disturbed.
Tequesta Indians inhabited the hammock from 1300 B.C. to 300 A.D. It
is thought that Indian activity facilitated an increase in tree species
abundance though it is not known how this was achieved (Craighead
1974). Settlers between 1850 and 1930 cleared the hammock for
dwellings. The most intensive disturbance occurred during the 1940s,
when a trailer park was established. Through tree removal, gaps were
created in two-thirds of the canopy, which allowed for the invasion of
exotic plants, such as Schinus terebinthifolius, Pennisetum purpureum, and
Albizzia lebbeck. Trailer residents introduced other ornamental exotics
such as Sansevieria thyrsiflora, Wedelia trilobata, and Eugenia uniflora. The
removal of trees and introduction of exotic plants altered the intact
canopy. This resulted in the disturbed nature of Arch Creek Hammock
and establishment of exotics throughout.
The eight remaining acres of the hammock were purchased by the State
of Florida in 1972. George Avery and William T. Gillis surveyed the
property and in 1972 estimated percent presence of tree species to be:
Quercus Virginiana - 75%, Coccoloba diversifolia - 8%, Ficus aurea - 5%,
Sabal palmetto - 4%, Bursera simaruba - 3%, Mastichodendron foetidissum 2%, and Casuarina equisetifolia - 1%. Other minor species included
Simarouba glauca, Persea borbonia, Mangifera indica, Delonix regia, and Celtis
laevigata. This early study gives some indication of the composition of
the hammock. The Metropolitan Dade County Parks Department took
over management of the hammock in 1972. The park was officially
opened in 1982.
METHODS
A study of the hammock was conducted in 1987 to determine its true
composition and successional development. Two parallel north-south
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transects were established through the hammock. Twenty-eight 10 m x
10 m quadrats were located along each transect. The total number of
canopy trees at least 2 m (6 feet) high and 5 cm (2 inches) in diameter
(d.b.h.) were counted and measured for diameter by species. All
understory woody stems were counted by species. Ground-cover species
were noted, but not counted.
Exotic Plant Control Methods
Manual removal of exotic plants is very labor intensive and time
consuming. At Arch Creek Park several manual and chemical means of
removal were tried in order to establish the best method of eradication.
Methods used were constrained by available equipment, labor, and
funds. The removal of exotics is still on-going, but most of the intensive
growth including 1 hectare (2.5 acres) of Schinus terebinthifolius and 0.8
hectares (two acres) of Pennisetum purpureum have been removed. The
following procedures of removal were used at Arch Creek on the various
types of invasive exotic plants.
Schinus terebinthifolius, Brazilian Pepper, occurs in clumps, usually as a
result of animal dispersed seeds. Widespread dispersal of Schinus occurs
by birds. The reproductive activity occurs for a short time with flowering
in October and fruits ripening in early December. By March all fruits are
dispersed with a high germination, but there is high mortality of
seedlings (Ewel 1978). It is best then not to remove plants or disrupt the
overstory during these times because Schinus survival rates are the lowest
under dense shade. Disruption of a site during reproductive activity will
increase germination potential.
Various methods have been tried for control of Schinus. Manual removal
of the plant and either removal or chemical treatment of the stump and
root system is best. At Arch Creek we first removed all the overstory,
cutting the stump as close to the ground as possible, and treated the
stumps with Garlon 4, or if possible removed them. Garlon 4 was
determined in studies by Woodall (1978) to be the most effective. If
stumps are not chemically treated or removed, sprouts will grow from
the cut trunk or suckers from the roots. We found that by treating the
stump first the wood's cellular structure became so dense that it was
very difficult to cut the remaining dead trunk.
Casuarina spp.; Albizzia lebbeck, Ardisia solanacea, and other woody
stemmed plants, excluding Melaleuca, should be controlled by following
the procedures described in controlling Schinus terebinthifolius.
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Pennisetum purpureum, Cane grass, and other grasses can form clumps
so dense that removing them can take 45 minutes to an hour per clump.
We found that although manual removal is the most effective, small roots
missed can easily resprout.
It is best to cut all vegetation, when it is not seeding, to the lowest level
possible. When the grass resprouts, a foliar spray of Round-Up can be
used to kill the plant. The grass quickly breaks down. Periodical checks
for resprouting will be necesssary for complete eradication.
Wedelia trilobata and other matted ground cover have thick mats of
layered stems and spraying the top layer with a chemical will not
completely kill the plant. We found mowing the mat to its lowest level
and spraying the resprouted leaves to be most effective in controlling
this plant. Wedelia can be very aggressive, even growing under dense
canopy cover, eventually eliminating ferns and other native ground
covers.
Sansevieria thyrsiflora and other tuber-rooted plants must be manually
removed. There is no other choice. Garlon 4 and Round-Up were tested
on mature and new leaves, but due to the extensive root system they
always reprouted.
Dioscorea bulbifera - Air Yam, Mucuna pruriens - Cowitch, and other vines
die after being cut off at the base and again at above head level, but
Dioscorea is an exception. It produces a hardy yam that is dropped in
the winter after being produced in the summer. With the cool weather
the leaves yellow and die, and the yam falls to the ground. These yams
must be collected manually or this vine can easily get out of control. We
found even native vines Vitis shuttleworthii and Parthenocissus quinquefolia
will grow out of control when the canopy layer is removed and therefore
they should be cut off at the base.
While developing our exotic plant control management plan, we tried
two approaches: (1.) prioritizing the exotics and removing those that are
the most aggressive first and (2.) dividing the area into plots and
removing all contained exotics from each plot. We found that removal
of the most aggressive exotics first allowed for the reestablishment of
native seedlings from surrounding seed sources and growth of those
native plants that survived the exotic invasion. Opening up large areas,
however, allowed for the recolonization of exotics. Mulching of the areas
and monitoring for resprouts or seedlings provided effective control.
Many large parks opt to remove all exotics at one time due to equipment,
economic, and labor constraints. The second option we found to be the
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most effective when reestablishing the area with native plants. By
removing a small area of exotics, mulching, and immediately planting
the area thereby establishing a native community, the reintroduction of
exotics is minimal. This small area plan can be a goal easily accomplished
by staff or volunteers and aids in maintaining morale in the difficult task
of removing exotic plants.
RESULTS
Vegetation data for the Arch Creek Hammock in 10 m x 10 m quadrats
including frequency, dominance, and density are given in Table 1 for
the 26 tree species encountered. The relative frequency, relative
dominance, and relative density were summed to determine the
Importance Value of each tree species (Table 2). Quercus virginiana was
found to have the highest Importance Value, with Sabal palmetto and
Coccoloba diversifolia also figuring highly. The undisturbed portion of the
hammock plays an important role in the overall species composition.
These intact areas provide seeds for colonization in surrounding
disturbed areas. The Importance Values of many of the exotics are low
for Schinus terebinthifolius, Mangifera indica, and Albizzia lebbeck due to
exotic control methods. Understory species were studied for their
composition in the hammock and potential for becoming canopy species
(Table 3). Coccoloba diversifolia had by far the highest density. Other
species with high relative frequency and relative density included Bursera
simaruba, Sabal palmetto, Quercus virginiana, all canopy species, and
Psychotria nervosa, an understory shrub.
The comparison of canopy tree species in 10 quadrats, 5 with a disturbed
canopy and 5 with an undisturbed canopy (Table 4) shows the different
stages of succession in the hammock. Undisturbed canopy quadrats were
dominated by Quercus virginiana with a value of 58.8 and a relative
frequency of 20.0, while early successional species such as Trema
micrantha had a relative dominance of 0.2 and a relative frequency of 3.3.
In d i s t u r b e d q u a d r a t s Quercus virginiana, a s h a d e loving, later
successional species had a relative dominance of 7.4 and relative
frequency of 8.7, while Trema micrantha, an early pioneer species, had a
higher relative dominance 11.3 and relative frequency of 13.0. The high
dominance and frequency of Bursera simaruba and Coccoloba diversefolia
could be due to the planting of individuals of these species in these areas.
The total dominance of tree species in undisturbed quadrats was 1130.4
cm, but only 253.1 cm in quadrats where the canopy was disturbed,
which shows the higher productivity of the undisturbed canopy areas
of the hammock. The study was not able to draw any conclusions about
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diversity, in that undisturbed canopy and disturbed canopy quadrats
had about the same number of tree species, though herbaceous and
understory plants were not taken into account. Intermediate serai stages
composed of a mixture of early and late successional species generally
have the highest diversity (Horn 1974).
The processes involved during secondary succession can provide the
mechanisms for rapid reforestation by mimicking the natural process of
plant establishment. A study in the tropics by Fournier and Fournier
(1985) found that a disturbed area will change over space-time, where
there will be an increase in tree species and families represented. This
study showed that within 3 years after canopy removal, a site had 13
families and 26 species of plants. Within 9 years these values doubled.
DISCUSSION
The process of restoring disturbed forest environments will be
determined by: the degree of site preparation necessary, the tree species
selected, and the degree of maintenance required.
Site Preparation
Exotic plants should be removed in order to facilitate the reforestation
and eventual restoration of a site to its natural state. Without removing
the aggressive exotics, planted trees have little chance of survival. A
7-year study done in Malaysia on planting 20 cm tall seedlings of Acacia
auricykufirnus in Imperata, an exotic aggressive-invader grass, yielded a
2.6% survival rate (Office of Technology Assessment 1984). This site had
been prepared by burning the Imperata, but still yielded poor results.
Heavily mulching a cleared site suppresses weed and exotic plant
growth, and increases soil moisture and organic matter. Native, early
successional plants eventually become established as the mulch begins
to break down. Periodic checks must be done to remove any resprouts
or seed-originated exotic plants into the site. When preparing a site for
restoration the soil surface must be disturbed as little as possible.
Disturbing the soil surface allows for the rapid establishment of Schinus
terebinthifolius seedlings (Fernald et al. 1985).
Tree Species Selection
It is important to select species that naturally occurred on the site prior
to exotic plant disturbance. A study done by planting native species on
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a spoil island dominated by Casuarina equisetifolia found that naturally
occurring tree species had 87 to 100% survival rate, while those natives
not previously occurring had a 27% survival rate (Fernald et al. 1985).
Naturally occurring native plants require less maintenance and, when
properly cared for, fertilized, and watered, will grow rapidly. We have
found that legumes such as Lysiloma latisiliqua and Piscidia piscipula act
as early pioneer species, forming a quick canopy and shading out exotic
plants. Piscidia piscipula was found in a study to have a 367% mean height
growth rate of seedlings after 19 months (Fernald et al. 1985). Piscidia
piscipula seedlings planted at Arch Creek in 1981 have reached heights
of 10 m in 7 years. These trees have now formed dense shade, limiting
weed and exotic plant growth, where understory and shade-tolerant
species can now be planted. Trema micrantha also forms a quick canopy.
Trema can reach heights of 6 to 7 m in 2 years. Trema seeds are easily
dispersed and are an early pioneer species throughout the tropics (Opler
et al. 1975). Ricinus communis was used to shade young transplants in a
University of Miami planted hammock, but this plant can become a
nuisance when not controlled (Alexander 1983).
When first restoring the hammock, we tried to fill in the gaps by planting
donated large trees in open spaces. It has now become apparent that this
procedure is not effective in quickly establishing canopy cover. Vines
have engulfed these areas, including smaller planted seedlings. In some
cases due to lack of equipment or availability of trees this may be the
only option. We have found that it is more effective to restore small
plots, following the procedure of removing existing exotic plants, heavily
mulching the area, then planting as many early pioneer tree species as
possible (we use Lysiloma, Trema, and Piscipula). These can be planted as
close as 2 to 3 m apart and when they shade out the herbaceous
undergrowth, shade-tolerant trees and shrubs can be planted. The
pioneer species will be later taken over by the shade-tolerant species as
succession progresses. These pioneer species are short-lived and become
less dominant (Table 4). In general, open-canopy trees are better to plant
initially, because they are highly productive in early succession in an
open environment (Florn 1974).

Site Maintenance
After an area is cleared, a check should be made within 2 to 3 weeks
for resprouts on root suckers. These can be removed manually or treated
chemically. Bimonthly checks on plots to remove any resprouts on
recently dispersed exotics should be made. Once an area has been
planted and trees begin to shade undergrowth, checks can be less
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frequent. Escaped exotics must not be allowed to reach reproductive age.
Exotic reinvasion will have to be monitored throughout the entire
restoration process.
CONCLUSION
As more native areas are destroyed by our ever expanding growth,
public lands will play a vital role in preserving biological diversity. The
unchecked growth of exotic pest plants within these lands poses a serious
danger that cries for immediate attention and sound management
decisions. Restoration of native plant communities deserves a higher
priority than it has been receiving. Budgetary funds should be
established to accomplish this necessary task. The rampant destruction
and extinction of species in the tropical rain forest should serve as a
warning to us all to protect, preserve, and enhance the few natural areas
that remain.
A closed, intact hammock canopy can play a major role in limiting exotic
plant growth. In disturbed forest communities exotic plants must be
removed using various manual and chemical means. The sites must be
continually monitored for regrowth or reinvasion of exotic species. The
promotion of secondary succession by mulching a cleared area will allow
native plants to establish into the system. This process can be accelerated
by planting pioneer species that can quickly form a canopy and shade
out the regrowth of most exotic plants. Shade-tolerant species can later
be planted to increase diversity and restore the native community. The
enhancement and restoration of public lands, though a difficult task, will
become crucial as fewer and fewer natural areas remain intact.
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Table 1. Canopy Species of the Arch Creek Hammock (Data for 26 species
of trees collected from twenty-eight 10 m x 10 m quadrats)

SpeciesCommon

Common Name

Freq.

Dom.
(cm)

Dens,
(per ha)

Albizzia lebbeck-X

Women's-Tongue

0.03

1.1

3.6

Bursera simarub

Gumbo Limbo

0.60

275.0

186.0

Chrysophyllum oliviforme

Satinleaf

0.03

1.6

3.6

Citharexylum fruticosum

Fiddlewood

0.11

2.0

0.7

Coccoloba diversifolia

Pigeon Plum

0.55

0.2

254.0

Delonix regia-X

Royal Poinciana

0.03

2.5

3.6

Erythrina herbacca

Coral Bean

0.16

0.6

0.7

Eugenia axillaris

White Stopper

0.10

4.8

10.7

Eugenia foetida

Spanish Stopper

0.07

0.2

0.7

Ficus aurea

Strangler Fig

0.20

146.0

21.4

Ficus citrifolia

Shortleaf Fig

0.18

.4

0.3

Forestiera segregata

Privet

0.03

0.2

0.6

Lysiloma latisiligua

Wild Tamarind

0.03

2.2

7.1

Mangifera indica-X

Mango

0.03

46.2

3.6

Mastichodendron foetidissimum

Mastic

0.32

0.13

Morus rubra

Red Mulberry

0.07

8.3

7.1

Nectandra coriacea

Lancewood

0.08

0.21

0.3

Persea borbonia

Red Bay

0.31

0.7

57.1

Piscidia piscipula

Jamaican Dogwood

0.04

0.1

.6

Quercus virginiana

Live Oak

0.61

0.1

154.0

Randia aculeata

Indigo Berry

0.03

0.2

3.6
0.7
46.4

0.6

Sabal palmetto

Sabal Palm

0.41

0.2

Schinus terebinthifolius-X

Brazilian Pepper

0.30

12.4

Simarouba glauca

Paradise Tree

0.15

0.1

0.3

Trema micrantha

Trema

0.28

0.0

78.6

Zanthoxylum clavaherculis

Hercules' Club

0.03

4.0

3.6

X = Exotic species
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Table 2. Canopy Species of the Arch Creek Hammock (Data for 26 species
of trees collected from twenty-eight 10 m x 10 m quadrats)
Relative
Density

Relative
Frequency

Relative
Dominance

Albizzia lebbeck-X

0.7

0.0

0.3

1.0

Burbera simaruba

13.5

7.9

17.0

38.4

0.7

0.1

0.3

1.1

Species

Chrysophyllum oliviforme

Importance
Value

2.2

0.3

1.0

3.5

11.2

14.1

23.3

48.6

Delonix regia-X

0.7

0.1

0.3

1.1

Erythrina herbacca

2.2

0.2

1.0

3.4

Eugenia axillaris

2.2

0.1

1.0

3.3

Eugenia foetida

1.6

0.1

1.0

2.7

Ficus aurea

4.5

4.2

2.0

10.7

Ficus citrifolia

2.2

2.2

1.3

5.7

Forestiera segregata

0.7

0.0

0.3

1.0

Lysiloma latisiligua

0.7

0.1

0.7

1.5

Mangifera indica-X

0.7

1.3

0.3

2.3

Mastichodendron foetidissimum

6.7

0.6

2.6

9.9

Morus rubra

1.6

0.2

0.7

2.5

Nectandra coriacea

1.6

0.3

1.3

3.2

Persea borbonia

6.7

2.9

15.2

24.9

Piscidia piscipula

0.7

0.2

0.3

1.2

13.5

31.2

14.1

58.8

Randia aculeata

0.7

0.1

0.3

1.1

Sabal palmetto

9.0

29.7

12.5

51.2

Schinus terebinthifolius-X

6.7

0.4

4.3

11.4

Simarouba glauca

2.2

1.4

1.3

4.9

Trema micrantha

6.3

1.8

7.2

15.3

Zanthoxylum clavaherculis

0.7

0.1

0.3

1.1

Citharexylym fruticosum
Coccoloba diversifolia

Quercus virginiana

X = Exotic species
Importance Value = Relative density + Relative dominance + Relative frequency.
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Table 3. Understory Species of the Arch Creek Hammock (Data for 28
species of understory plants from twenty-eight 10 m x 10 m quadrats.)

Species

Frequency

Relative
Frequency

Density
(per ha)

Relative
Density

Albizzia lebbeck-X

0.0

0.5

3.6

0.1

Ardisia solanacea-X

0.2

3.8

75.0

2.4

Baccharius halimifolia

0.1

1.2

7.1

0.2
3.8

Bursera simaruba

0.5

8.2

117.9

Callicarpa americana

0.5

10.2

207.1

6.6

Cistrum diurnum

0.0

0.5

7.1

0.2

Chrysobalanus icaco

0.0

0.5

3.6

0.1

Cocoloba diversifolia

0.6

10.9

971.4

31.0

Eugenia uniflora-X

0.0

0.5

3.6

0.1

Figus aurea

0.0

0.5

14.2

0.5

Lantana camara-?

0.1

1.2

7.1

0.2

Malvaviscus arborcus-X

0.0

0.5

3.6

0.1

Mastichodendron foetidissimum

0.2

4.5

42.9

1.4

Myrsine floridana

0.2

3.0

35.7

1.1

Nectandra coriacea

0.0

0.5

7.1

0.2

Pennisetum purpureum-X

0.0

0.5

3.6

0.1

Persea borbonia

0.1

2.0

28.6

0.9

Psychotria nervosa

6.7

12.0

450.0

14.4

Psychotria sulzneri

0.1

2.0

67.9

2.2

Quercus virginiana

0.4

6.4

282.1

9.0

Sabal palmetto

0.7

12.0

389.3

12.4

Schinus terebinthifolius-X

0.5

8.9

217.9

7.0

Simarouba glauca

0.0

0.5

3.6

0.1

Sohpora tomentosa

0.1

1.2

17.9

0.6

Stachytarpheta sp?

0.0

0.5

10.7

0.3

Toxicodendron radicans

0.1

1.2

7.1

0.2

Trema micrantha

0.2

3.2

117.9

3.8

X = Exotic ? - Status unknown
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Table 4. Comparison of a canopy tree species in 10 m x 10 m undisturbed
and disturbed quadrats
Undisturbed
Species
Albrizzia lebbeck-X

Dominance
(cm.)

Relative
Dominance

Frequency

Relative
Frequency

1.1

0.1

0.2

3.3

31.2

2.8

0.8

13.3

Citharexylum fruticosum

1.7

0.1

0.2

3.3

Eugenia axillaris

3.6

0.3

0.4

6.6

Ficus aurea

9.2

0.8

0.2

3.3

20.8

1.8

0.4

6.6

7.9

0.7

0.6

10.0

Bursera simaruba

Ficus citrifolia
Mastichodendron foetidissimum

41.2

3.6

0.6

10.0

Quercus virginiana

665.0

58.8

1.0

20.0

Sabal palmetto

291.8

25.8

0.6

10.0

9.0

0.8

0.6

10.0

Simarouba glauca

45.3

4.0

0.2

3.3

Trema micrantha

2.6

0.2

0.2

3.3

Dominance
(cm.)

Relative
Dominance

Frequency

Relative
Frequency

63.6

25.1

0.8

17.4

Persea borbonia

Schinus terebinthifolius

Disturbed
Species
Bursera simaruba

1.6

0.6

0.2

4.3

35.2

14.0

0.2

4.3

Erythrina herbacea

0.5

2.0

0.4

8.7

Eugenia foetida

3.2

1.3

0.2

4.3

Lysiloma latisiliqua

2.2

0.9

0.2

4.3

Mastichodendron foetidissimum

1.8

0.7

0.2

4.3

Morus rubra

5.1

2.0

0.2

4.3

Persea borbonia

25.6

10.1

0.2

4.3

Quercus virginiana

18.7

7.4

0.4

8.7

Sabal palmetto

53.4

21.0

0.4

8.7

Schinus terebinthifolius-X

6.4

2.5

0.4

8.7

Simarouba glauca

2.8

1.1

0.2

4.3

Trema micrantha

28.5

11.3

0.6

13.0

Chrysophyllum oliviforme
Coccoloba diversefolia

X = Exotic Species
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CHAPTER 6
Economic Impact Statement: The
Addition Of Melaleuca quinquenervia
To The Florida Prohibited Aquatic
Plant List
Craig Diamond and Darrell Davis
Florida Atlantic University - Florida International University
Joint Center for Environmental and Urban Problems
220 SE 2nd Avenue
Ft. Lauderdale, FL 33301
and
Don C. Schmitz
Florida Department of Natural Resources
Bureau of Aquatic Plant Management
2051 East Dirac Drive
Tallahassee, FL 32310
ABSTRACT
An economic impact statement was developed in
a c c o r d a n c e w i t h s. 120.54, F.S., (Administrative
Procedures Act) to determine the public costs and
benefits associated with the addition of Melaleuca
quinquenervia to the Florida Prohibited Aquatic Plants
List. Costs related to the sale and planting of the species
were restricted to those local governments which have
no regulations controlling its possession. Hendry County
is believed to be the unit of government most affected
by the proposed rule in terms of use for landscaping.
Listing of the species will not generate any economic
impacts, however, an analysis of the potential impacts
should the act of listing ultimately result in reduction or
eradication of the species was performed. Opinion
remains divided as to the effects of regulation on
beekeeping and honey production. The value of the
species is primarily for bee maintenance and subsequent

87

Proceedings of the Symposium on Exotic Pest Plants

pollination of vegetable crops rather than for honey. No
negative impacts are expected regarding use of the
species for woodchips and mulch. Benefits include the
l o n g - t e r m p r o t e c t i o n of r e g i o n a l w a t e r tables,
maintenance of tourism worth a minimum of $4.2
million in direct receipts and as much as $145 million in
regional expenditures, reduction in expenditures for
allergy treatment worth between $0.5 and $2.0 million,
and a reduction in eradication expenses which require
between $150 and $842 per acre. No significant economic
effects are anticipated for small businesses nor will there
be impacts on competition or employment.
INTRODUCTION
The Florida Legislature has recognized that the uncontrolled growth of
nonindigenous aquatic plants, including ditchbank plants, in the state's
waters and associated wetlands poses a variety of environmental, health,
safety, and economic problems. Melaleuca quinquenervia (Melaleuca) has
been broadly cited (Deuver et al. 1979, Center and Dray 1986, Morton
1966, among others) as impacting public health, and a variety of skin
and respiratory allergic reactions have been attributed to it. More
important, the species has received much attention because of the rate
at which it has been displacing native species, especially in south Florida
wetlands.
Section 369.20, Florida Statutes, (F.S.), vests the Department of Natural
Resources (DNR) with the authority to direct the control, eradication,
and regulation of noxious aquatic weeds. Subsection 369.25(3), F.S.,
empowers DNR to make rules governing the importation, transportation,
cultivation, collection, and possession of aquatic plants as may be
necessary for the eradication, control, or prevention of the dissemination
of noxious aquatic plants. Further, under s. 369.25(3)(b), F.S., DNR may
establish by rule lists of aquatic plant species to be regulated.
Pursuant to this legislation, DNR has promulgated a rule, Chapter
16C-52, Florida Administrative Code (F.AC.), defining those species of
aquatic plants to be prohibited and establishing permitting, enforcement,
and penalty procedures and guidelines. Rule 16C-52.011(1), (F.AC.),
provides the existing list of common and scientific names of species
subject to Department action. Rule 16C-52.011(3), F.A.C., provides that
any non-naturalized aquatic plants which have become established in
waters within the state be considered for inclusion in the list of
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prohibited plants. The addition of a species to the prohibited plant list
established by rule necessitates an amendment to the existing rule.
Melaleuca is being proposed for inclusion to the list.
In accordance with the Administrative Procedures Act (s. 120.54, F.S. Rulemaking; adoption procedures) DNR, has set forth an estimate of the
economic impact of the addition of Melaleuca to the list of prohibited
aquatic p l a n t s . Economic impact is associated with the permit
requirements for cultivation, transportation, and possession of Melaleuca,
and with the secondary effects of regulation upon all sectors which are
linked to the species. This statement addresses five areas of specific
economic impact:
1. An estimate of the cost to the agency of the implementation of
the proposed action, including the estimated amount of paperwork;
2. An estimate of the cost and the economic benefit to all persons
directly affected by the proposed action;
3. An estimate of the impact of the p r o p o s e d actions on
competition and the open market for employment, if applicable;
4. A detailed statement of the data and method used in making
each of the above estimates; and
5. An analysis of the impact of the proposed actions on small
business as defined in the Florida Small and Minority Business
Assistance Act of 1985.
METHODS
The costs and benefits associated with the prohibition of Melaleuca were
developed through corroboration of existing sources of data and analysis
of minimum and maximum degrees of impact. Journal articles and
symposium proceedings were used to identify initial areas for further
analysis. Telephone interviews were then conducted with local planning,
building and zoning departments; businesses such as nurseries and retail
outlets; associations such as the BeeKeeper's Association and the Florida
Nurserymen's and Growers Association; and state agencies including
Bureau of Aquatic Plants (Department of Natural Resources), the
Division of Plant Industry (Department of Agriculture and Consumer
Services), the Department of Citrus, the Florida Fresh Water Fish and
Game Commission, and the Institute of Food and Agricultural Sciences.
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The University of Miami Department of Immunology and several private
medical specialists were also contacted.
Calculations regarding economic impacts were based upon the percent
of south Florida's surface area affected, the percent of the general
population which is species-sensitive, and the numbers of tourists and
recreationists which would be impacted by shifts in habitat type.
RESULTS AND DISCUSSION
Estimate Of The Costs and Benefits to All Persons Directly Affected
by The Proposed Action
The a m e n d m e n t of the Prohibited Aquatic Plants List to include
Melaleuca can be expected to result in impacts to Florida's honey and
beekeeping industry and to the mulch and wood by-product industry.
The benefits will be the protection of Florida's interior wetlands and
improvements to public health. Each of these factors is explicitly
addressed below.
It must be emphasized that the proposed rule amendment does not
address eradication of the species or its possession as the result of natural
dispersion. The proposed rule amendment only affects new importation,
cultivation, planting, and transportation of Melaleuca as per Rule
16C-52.003(1), F.A.C.
Further, implementation of the proposed rule will not have impacts
statewide because several local governments already prohibit the sale
and propagation of the species or its use for the landscaping of new
residential units. In some instances, removal of the species is a
requirement for site plan or subdivision approval. Specifically, the
following local governments restrict the sale, transportation, or
cultivation of Melaleuca by law in a manner similar to that imposed by
the proposed rule amendment:
Martin County (Ordinance No. 285),
Dade County (Ordinance No. 82-68),
Collier County (Ordinance Nos. 82-113 and 82-37), and
the City of Hollywood, Broward County.
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Other south Florida counties do not explicitly prohibit the sale or
planting of Melaleuca, however, they do not protect the species under
tree preservation ordinances and they have expressed policies regarding
its eradication. For example, Lee County's Ordinance No. 86-34 addresses
Melaleuca indirectly by not including it in its list of protected tree species.
The county's draft comprehensive plan prohibited planting of Melaleuca,
but the plan has not yet been adopted. Monroe County requires the
removal of the species as part of the county's "environmental design
criteria" within that county's development ordinance and the species
may not be used to meet landscaping requirements. Broward County
has exempted Melaleuca from protection under its ordinance addressing
tree preservation. Palm Beach County requires removal of the species
for site development, prohibits the use of Melaleuca for landscaping
(Section 500.35, Palm Beach County Zoning Code), and does not
incorporate the species within the county's vegetation protection
ordinance (Section 500.36, Palm Beach County Zoning Code). St. Lucie
County's Ordinance No. EC-8703 requires removal of the species upon
site development and does not allow the use of Melaleuca to meet
landscaping requirements. Punta Gorda Ordinance 521-78 prohibits the
planting of Melaleuca and Charlotte County's Tree Ordinance (No. 150)
does not protect the species. The Broward County Planning Department
indicated that several other municipalities within the county also have
ordinances addressing Melaleuca, but could not provide a list. There may
be other communities throughout the state which prohibit sale or
cultivation of the species.
Within all of the communities identified above, there will be no economic
impacts related to rule a m e n d m e n t because the p r o p o s e d rule
amendment will not be restricting activities involving Melaleuca any
further than the local codes already do. Consequently, the proposed rule
a m e n d m e n t will only affect those communities which have no
regulations governing the species. Given the known range of Melaleuca
and the government data available as of mid-1989, those communities
most affected would be in Hendry County.
It is emphasized here that the following discussions of costs and benefits
of rule-related impacts and the economic aspects of managing Melaleuca
assume that the long-term goals for which Chapter 16C-52, F.AC, is
being amended is the cessation of expansion of the species and ultimately
its reduction. The decision to list the species as a prohibited aquatic plant
is but the first step towards these goals. Thus, the costs evaluated are
those which might occur should implementation of the rule result in
species eradication; the benefits evaluated are primarily avoided
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damages, i.e., the public and private costs that may occur if the species
continues to spread.
Economic Costs of Implementing the Proposed Rule Amendment
Pursuant to the requirements of Chapter 16C-52, F.A.C., the addition of
Melaleuca to the prohibited aquatic plants list may increase the costs for
the following industries: operating nurseries which currently sell
Melaleuca, beekeeping and related by-products, and manufacturers which
use the species or any of its by-products.
Impacts to Florida's Beekeeping Industry. Melaleuca has become an
important component of Florida's beekeeping industry. The tree is a
prime source of nectar for honey, package bees, and wax. It is
emphasized here, however, that there are no indications that bees are
flower limited in south Florida in any season and that the emergence of
Melaleuca as a nectar source is a response to the tree's increased
availability relative to traditional sources. For purposes of examining
potential economic impacts, the following discussion assumes that a
percentage of Florida's bee population is Me/a/euoz-dependent.
Honeybees. Bees themselves are an important part of the
beekeeping industry which includes the production of queen and
package bees for sale elsewhere. The total annual value of the beekeeping
industry is about $6 million while the production of package bees is
worth between $175,000 and $200,000 annually. There are at least 3000
beekeepers statewide.
Robinson (1981) estimated that south Florida serves as a maintenance
area for approximately one-half of the total number of bee colonies in
Florida (350,000 to 375,000 colonies) and that in 1979, more than
two-thirds of all of the colonies in Florida were located in Melaleuca areas.
The degree of species dominance over these areas was not defined.
Robinson estimated that without Melaleuca the number of bees which
could be maintained in south Florida would be reduced by between
one-third and one-half, i.e., Melaleuca is primarily responsible for
supporting between 60,000 and 110,000 colonies, both resident and
migratory.
Accurate data were not available regarding the number of bees which
are wintered in Florida; these bees are brought literally in truckloads and
many are fed on Melaleuca. The Division of Plant Industry estimates
300,000 migratory colonies based on information from one Florida
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beekeeper. It is possible to estimate the number of colonies brought in
by out-of-state keepers from other sources; USDA reports 240,000
colonies in the state and Robinson (1981) estimated a total of 350-375,000
colonies year-round. The difference, conservatively 110,000, may be
assumed to be hives in transit, statewide. For purposes of discussion, it
is assumed that Melaleuca primarily supports an average of 85,000
colonies apportioned according to statewide totals, i.e., 57,000 resident
and 28,000 migratory. Based on these estimates, Melaleuca may support
over $48,000 in package bee production.
Honey. Florida is second to California as a honey-producing
state with average annual production between 20 and 25 million pounds
worth about $12.4 million. Total production during 1987 and 1988
dropped to below 20 million pounds worth $9.5 million (BEBR 1988).
Melaleuca honey is considered a "baker's" honey, not a table honey, and
the dollar value of Melaleuca honey is a relatively unimportant share of
total production (Robinson 1980). There has been limited demand for
Melaleuca honey by the natural foods and baking industries, primarily
for blending (Huffman 1977). According to the Palm Beach County
Beekeeper's Association, most table honey has small amounts of
Melaleuca honey in it: bees do not discriminate among flowers and
therefore pollinate everything they come in contact with (Durando pers.
comm.).
Another consideration regarding Melaleuca and honey is that if the
dominant floral source is Melaleuca, a beekeeper cannot be part of the
federal loan support program (Durando pers. comm.). Price supports for
honey were $135,500 and $153,000 in 1984 and 1985, respectively
(Diamond 1986). Local keepers generally rely on work areas of citrus
and wildflowers and thereby are eligible for support.
Based on the contribution of Melaleuca to honeybee maintenance stated
above, approximately 23% of resident and migratory colonies depend on
the tree. Thus, Melaleuca contributes to honey production worth $3.5
million in-state and about $1.8 million out-of-state. Using production
estimates developed below, Melaleuca s u p p o r t s $2.2 million of
honey-in-state and $1.2 million out-of-state.
It is emphasized here that the value of Melaleuca honey is minor; the
larger value of the species is in its maintenance of wintering hives which
in turn are responsible for honey production from other sources. While
significant bee populations could be affected by the absence of Melaleuca,
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Balcuiunas (pers. comm.) has suggested that bees will find alternate
sources of pollen during wintering.
Pollination of Crops. The state's population of bees is necessary
for the pollination and cross-fertilization of a broad range of cirrus,
vegetables, and melons. Honeybees make possible an estimated $2.4
billion of commercial citrus, $25-30 million of specialty citrus, and $80
million of vegetables in Florida (Robinson 1981). These values are
corroborated by recent U.S. Department of Agriculture research which
has estimated that each $1 of honey produced yields $143 of pollinated
crops nationwide.
For Florida, Robinson (1981) estimated that the one-third to one-half
reduction in colonies attributable to an absence of Melaleuca would
translate into a $10 million dollar reduction in the value of those crops
which require honeybees for adequate pollination, approximately a
9-10% loss. Huffman (1977) estimated the value of the service of
pollinating the $45 million of south Florida specialty crops to be $10
million. No estimate was provided for impacts to crops which are less
dependent on pollination.
Data were not available for the value of crops which are pollinated by
bees which are wintered in Florida. It is possible, however, to estimate
the value of such crops based on the relationships identified above and
a Florida Division of Plant Industry estimate of average annual
production of 80 pounds of honey per colony:
(100,000 colonies) (80 lbs/colony)($0.50/lb) = $4.4 million
Using the U$DA nationwide ratio, $629 million in crops nationwide are
dependent on Florida wintering and of this total up to $315 million may
be dependent on Melaleuca. Again, this estimate is an upper limit as bees
may find alternate sources of off-season pollen.
Beeswax. Beeswax is an important by-product of the beekeeping
industry. Florida produces an average of 345,000 pounds per year worth
an estimated $633,000 (1980 dollars) (BEBR 1988). Again, using the fact
that about 23% of the state's bees are in some way dependent on
Melaleuca, the species contributes to the production of about $145,000 of
beeswax.
In summary, the impacts to the beekeeping industry will be largely to
those beekeepers out-of-state and from north Florida that rely heavily
on rebuilding their hives during the winter in south Florida. There may
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be as much as a 10% reduction to the volume of crops which are
pollinated primarily by these bees.
Impacts to Melaleuca By-products Industries. Globally, Melaleuca has
been used for structural lumber, fuel, pulpwood, insulation and stuffing,
and its oil has been used in medicines. In Florida, however, no major
industries exist which make extensive use of the tree.
Wood Chips and Mulch. The use of Melaleuca is being promoted
via comparisons with mulch derived from other species and education
about Melaleuca's negative environmental characteristics (Cauthen pers.
comm.). While Melaleuca seeds have been shown to germinate after as
long as five months under submerged conditions (Myers 1975), the seed
apparently becomes non-viable after as little as three weeks exposure
following whole tree chipping. Cauthen reports no instances of
germination occurring in commercially distributed mulch during a
six-year period (pers. comm.). Allelopathy has been suggested as an
explanation. Thus, there appears to be little to no risk of dispersal via
application of chips or mulch. Under Rule 16C-52.010(1), F.A.C., persons
transporting Melaleuca for disposal pursuant to Chapter 16C-20, F.A.C.,
are not required to obtain a permit. Consequently, no additional costs
for permitting are to be expected for firms using Melaleuca for mulch or
wood chips.
Lumber and Pulp. Only experimental work has been performed
on Melaleuca for the production of sawnwood, gunstocks, cutting boards,
trophy plaques, furniture, fenceposts, etc. According to Huffman (1977)
the results of these tests have been satisfactory to excellent, except for
use as gunstock, although this may have been attributed to improper
seasoning. Balciunas (pers. comm.) reports, however, that the species has
been shown to be undesirable even for tomato stakes because of
allelopathic resins. The tree has been posed as a substitute for some of
the more than 300 million boardfeet of hardwood lumber imported by
the state and species also has met the requirements of most unbleached
Kraft products. Nevertheless, because no market exists for these products
at this time, the proposed rule amendment will have no effect on these
industries.
Oils. The leaves, twigs, and seeds of the species have been
crushed and distilled to produce cajeput oil which has been used as an
antiseptic and analgesic for centuries. The oil has also been used in
perfumes, cough drops, and as a flavoring for sweets, ice cream, and
beverages. No data were available regarding the extent of consumption
of such products in Florida, but no impact is expected either since most
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production of oil occurs abroad and oil produced in south Florida is not
of commercial grade (Center and Dray 1986).
Impacts to the Medical Community. Reduction in the spread of
Melaleuca may result in reduced demand for services of allergy specialists
and related treatment. Based on data from Palm Beach County, board
certified allergists represent less than 0.3% of the total number of
physicians. The numbers of ear, nose, and throat specialists, dietitians,
and acupuncture practitioners who address allergies is unknown (Kevin
Todd pers. comm.). Individuals with reactions to the species generally
have reactions to other species as well. Consequently, medical services
will still be r e q u i r e d a n d any reduction in d e m a n d should be
insignificant.
Economic Benefits of Implementing the Proposed Rule Amendment
Adoption of the proposed amendment to Rule 16C-52.011, F.A.C., will
generate public benefits via the protection of important native
ecosystems, the maintenance of tourism and related revenues, a
reduction in the need for public management and removal, and an
improvement in ambient conditions for individuals suffering from
allergies specific to the species. Accurate values for these public benefits
are difficult to develop; estimates for the impact of the proposed rule
amendment are provided.
Protection of South Florida's Ecology. Melaleuca has b e c o m e a
widespread species in south Florida, with large concentrations along the
eastern edges of Dade, Broward, Palm Beach, and Martin counties, and
the western half of Lee County. A 1976 assessment estimated that 1.3
million acres of the 8.5 million acres south of S.R. 60 had varying
amounts of the tree (Ewel et al. 1976). In 1980, an aerial mapping study
estimated species coverage in south Florida to be 459,000 acres, or 6
percent of the area south of the Martin, Glades, and Charlotte county
lines. Of that area, approximately 9% or 41,000 acres were solid stands
(Cost and Carver 1981). In south Florida, acreage infested by Melaleuca
is now conservatively estimated at 3 million acres (DiStefano and Fisher
1983) and is expected to cover two-thirds to three-fourths of all
Everglades wetlands by the year 2000 (Doren pers. comm.). Dense
monocultural or monospecific stands can be found in southeastern
Collier County in the Big Cypress Swamp (29,000 acres), along the
southern shore of Lake Okeechobee (10,000 acres), and in western Dade
and Broward counties (75,000 acres). Individual trees have been reported
as far north as Alachua County (Center and Dray 1986).
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This species can tolerate a wide range of soils, pH, saline, and saturation
conditions and it is adapted to reproduce aggressively under conditions
of cutting, drought, and fire. The greatest concerns to south Florida's
ecology are that the reproductive strategies of the species are enabling
it to outcompete and displace native species and that the species may
be lowering regional water tables. Both conditions have economic
implications.
Species Displacement. Interior south Florida habitats and
resident species are significant economic attractors, both for tourists and
recreational users, such as birders and hunters. Deuver (et al. 1979)
indicated that several species, some of which are endangered or
threatened, may be seriously or moderately impacted by the spread of
Melaleuca. These species include the American Bittern, Wood Stork,
Sandhill Crane, Everglades Kite, American Alligator, Big Cypress Fox
Squirrel, Florida Panther, and Cape Sable Sparrow.
In general, as native vegetation contracts, the range of habitat-specific
species contracts proportionately. R. Hofstetter, a University of Miami
biologist, predicted that more than 100 species of local plants could be
permanently displaced should Melaleuca continue to spread throughout
the Everglades. One area of Water Conservation Area 3B which had been
dominated by coco plum was converted to a stand of Melaleuca within
a few years (Villano 1988). Exclusion of native vegetation may reduce
deer abundance and impact the primary food source of the endangered
Florida Panther.
The species provides little food for wildlife, and dense young stands of
the tree have been labeled "particularly poor wildlife habitat". Center
and Dray (1986) report studies indicating that 10% of birds active in
Melaleuca heads actually feed there while only 1.5% nest in these trees.
Consequently, populations of animal species of economic value, such as
alligator, deer, and hog, may be reduced as their preferred habitats and
food sources are converted to Melaleuca. Corresponding losses to the
regional economy in terms of numbers of hunting licenses purchased,
supply expenditures, hides processed, and meat butchered may be
expected. Expenditures and licenses are discussed below.
During 1984-89, total deer and hog taken throughout the conservation
areas and the Holeyland and Rotenberger properties averaged 230 and
20 per year, respectively (Dave Johnson, Florida Game and Fresh Water
Fish Commission, pers. comm.). The estimated dressed meat is 25
pounds per deer and 45 pounds per hog. Average annual yield of meat
is about 6650 pounds and if purchased retail would be worth over $9,000.
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The hides, based on an average of 9 sq. ft. per deer and 20 sq. ft. per
hog, are worth over $3,700. These sums reflect market value only, not
what individuals are willing to pay.
Lowered Regional Water Tables. Whether Melaleuca lowers
surface water tables via high rates of evapotranspiration (ET) relative to
native species has not been adequately proven. It is difficult to separate
the effects of the species from the long-term effects of regional land and
water management, i.e., drainage and flood protection (Deuver et al.
1979). While estimates of ET for Melaleuca and sawgrass are similar (pers.
comm.) ET increases as forest density and total leaf area increases since
mature Melaleuca stands are more dense than native prairie vegetation,
such as sawgrass. Overall rates of ET have been estimated to range from
3 to 6 times that of sawgrass in open field conditions (Hofstetter pers.
comm.). Consequently, the spread of Melaleuca may result in lowered
water tables.
South Florida's economy depends strongly on reliable supplies of surface
waters which recharge potable aquifers (Diamond and Brown 1988). The
economy of the region, as estimated by the total personal income of the
12 counties, is over $80 billion in 1986 dollars (BEBR 1989). While the
r e g i o n ' s general economy is not completely d e p e n d e n t on the
maintenance of relatively unimpacted natural systems that filter and
store water, any reduction in overall supply would imply further
competition between the region's natural, agricultural, and urban sectors.
Competition would inevitably result in some reduction in the economic
value inherent in each of these sectors. While drying of the overall
landscape permits continued urbanization, natural resources, such as
wetlands and lakes, are still significant in terms of attracting tourists and
new residents. The productivity and general characteristics of estuaries
depend strongly on freshwater flow from surface and groundwater
sources. These natural resources have evolved in accordance with
historical patterns and quantities of surface flow. Any measures which
reduce the drying of the landscape will maintain the regional hydrology,
preserve the dependent ecosystems, and provide urban and agricultural
south Florida with needed storage and filtration of surface waters.
Maintenance of South Florida's Tourism and Related Revenues. Many
visitors to Florida come specifically to enjoy those habitats which are
potentially affected by Melaleuca. Table 1 provides attendance data for
national and Florida parks and recreation areas which exhibit Melaleuca
infestation. Attendance is for 1987. These figures do not include hunting
club members or travelers using the two highways crossing south
Florida, Tamiami Trail (U.S. 41) and Alligator Alley (S.R. 84; 1-75). These
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club members or travelers are not park visitors but nonetheless may
enjoy roadside views and other habitat characteristics. For admissions to
Everglades National Park and the Loxahatchee National Wildlife Refuge,
visitors pay an estimated $2.5 million and $1.2 million per year,
respectively.
Attendance reported in Table 1 does not include those who visit the
Water Conservation Areas 2 and 3, primarily for fishing and hunting.
The Florida Game and Fresh Water Commission and the South Florida
Water Management District had no estimates as to the number of users
of these areas. Table 2 describes the number of users by type for the J.W.
Corbett Wildlife Area, which has pockets of Melaleuca. Based on habitat
similarity, users of the Water Conservation Areas may be divided
similarly to the users of J.W. Corbett, i.e., 89% fishing and 11% hunting.
Again using the J.W. Corbett data, in the Big Cypress National Preserve,
7% of all visitors are assumed to be hunters while 57% fish.
The minimum economic value of these visitors to the state and regional
economy can be estimated by the costs of access fees and permits. In-state
fishing licenses cost $7 per year; hunting licenses are $11. Assuming no
repeats among visitors and using the above ratio of hunters to fishers
implies revenues of over $168,000 for licenses used in the Big Cypress
and $223,000 at J.W. Corbett. In addition to license costs, hunters and
fishers at J.W. Corbett must pay $10 per year for property access.
Revenues for this fee alone are $280,000.
Total receipts for fishing and hunting licenses statewide are over $9.8
million (Ray, pers. comm.). Receipts in the nine-county area of south
Florida in FY 87/88 are $1.63 million (data for Broward County was
unavailable). Monies received strictly for hunting in the region were over
$377,000 and monies received for access to management areas were
greater than $144,000. Purchasers of these licenses use them statewide,
although it may be assumed that a larger proportion of licensees hunt
and fish locally.
Other estimates of impacts to tourism revenues range as high as $112
million in losses at the Everglades National Park to $33 million in losses
for the Big Cypress National Preserve and Loxhatchee National Wildlife
Refuge (for year 2010). These estimates were based on complete
infestation, a 50% drop in number of visitors, and a $147 per day
multiplier effect (Balciunas pers. comm.).
It is not known how many of the visitors identified in Tables 1 and 2
are tourists, however, some indication of the number of tourists in
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Me/fl/eucrt-impacted areas can be developed. According to the 1987 Visitor
Study (Florida Department of Commerce, Division of Tourism), 4.8% of
all tourists arriving by auto (i.e., 841,000 visitors) specified fishing as
their primary reason for coming to Florida. Of these, 5.3% (44,570) came
to Broward County. (Other south Florida counties were not included
among the top 10 destination counties for tourists arriving by car.) While
most of the 44,570 visitors arrive for salt-water fishing, it may be assumed
that some arrive to fish in south Florida's freshwater systems. Also,
among the 9.48 million tourists to Dade, Broward, Palm Beach, Monroe,
and Lee counties arriving by air, there are an estimated 455,000 who fish
during their visits.
There are 18 freshwater marinas (7.8% of all marinas) in the general area
addressed by this study. If fishing tourists are distributed equally among
marinas, then an estimated 3475 visitors arrived for recreational use of
habitat affected by Melaleuca in Broward County alone. These individuals
spend an average of $429.52 per person per trip; expenditures of these
visitors would be nearly $1.5 million per year. Using this ratio, there
may be over 35,000 tourists to the above counties who fish in systems
which may be affected by Melaleuca infestation. Expenditures are
estimated at over $15 million per year. These are coarse estimates, but
they underestimate the scope of tourist usage and expenditures in the
area; complete data for the twelve affected counties are not developed
here and other types of recreation have not been considered. Losses
based on impacts to fishing in Lake Okeechobee and nearby canals have
been estimated at $250 million (Balciunas - based on data from Bell 1987
- pers. comm.). It must be added that Me/a/euca-induced changes to
estuaries like Florida Bay may have significant effects on both
commercial a n d sportfishing, which are worth over $72 million
throughout south Florida (BEBR 1988).
Some percentage of these individuals visit the area expressly for
appreciation of the wildlife species these natural systems attract. Any
m i n i m i z a t i o n of the s p r e a d i n g of Melaleuca attributable to state
prohibition under the proposed rule amendment would maintain the
interests of such visitors and the extent of their expenditures, including
park admissions, expenditures for gasoline, food, and supplies, and all
related permit fees and taxes. Tourist development taxes in Broward,
Dade, Lee, Monroe, and Palm Beach counties were worth nearly $23.5
million in 1987 (BEBR 1988). Based on the numbers developed above,
over $88,000 of these development taxes can be attributed to freshwater
fishing tourists alone.
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Reduction in Health Problems. Melaleuca has been identified as a
respiratory irritant, in part because of its volatile oils and in part because
of its extensive pollination. Symptoms range from hay-fever to
asthma-like reactions. Morton (1966) stated that even small amounts may
cause skin eruptions in sensitive persons. The species blooms fully twice
a year (October-November and June-July) with scattered flowering at
two to three other times (Center and Dray 1986).
The University of Miami Department of Immunology was not able to
estimate the number of affected individuals. Kevin Todd of Allergy
Associates of the Palm Beaches, however, estimates that one in five
individuals in Palm Beach County is sensitive to the species, either by
inhalation of volatiles and pollen or by skin contact. It is assumed here
that the population of that county is indicative of the population at large
and that this percentage applies regionwide.
The economic value of any reduction in Melaleuca in terms of health is
difficult to assess. Mr. Todd stated that expenditures statewide for allergy
specialists and for medication, both over-the-counter and prescription is
"in the millions."
Alternatives to Cypress and Pine Mulches. Florida is the nation's
leading producer of mulch (Decatur n.d.). As stated above, Melaleuca is
being promoted as an alternative to species such as Cypress and Pine
for mulch and chips. Expanded use of Melaleuca mulch may reduce the
overall demand for native varieties. An estimated 4000 to 6000 acres of
pond cypress are cleared annually in Florida for mulch production, some
of which is shipped out-of-state. Inclusion of Melaleuca on the prohibited
plants list will not affect the use of Melaleuca mulch directly, however,
heightened attention to the species brought about by inclusion may
encourage other generators of mulch to use it.
The cost of Melaleuca mulch is generally less than that for other mulches.
Melaleuca mulch sells for about $1 per 25 pound bag; Cypress mulch
costs about $1.37 per 25 pounds and Pine chips cost $2.27 for 30 pounds
($1.89 for 25 pounds). While substitution of Melaleuca for other traditional
Florida sources of mulch may translate into less earnings for producers
of cypress and pine mulch (assuming that harvesting and production
costs are similar), there may be significant savings for consumers of the
product. The Melaleuca mulch industry consists of one facility and has
gross sales of nearly $1.6 million per year. Heightened attention to the
species related to the proposed rule amendment may result in new,
competitive enterprises. The result may be lowered costs for consumers.
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Reduction in Eradication Costs. The proposed rule amendment may
reduce the need for eradication measures in those counties which still
permit the sale and planting of Melaleuca. Costs for treatment vary
widely, depending on the methods used. In 1984-85, $55,000 was spent
on chemical treatment and individual pulling of seedlings at a cost of
$0.55 per tree in the Big Cypress National Preserve. U.S. Army Corps of
Engineers reported expenditures for mechanical harvesting of $842 per
acre which had approximately 400 trees per acre, i.e., $2.11 per tree.
Chemical control is estimated to cost between $150 and $200 per acre
(Center and Dray 1986).
An eradication program in Dade County which provides a buffer along
the Everglades National Park boundary has required expenditures of
approximately $1 million. Other means of control and reduction in the
spread of the species elsewhere via rule implementation would suggest
savings of at least this sum.
Reduction in Losses due to Fires. Florida Power & Light (FP&L) has
estimated that the "Andytown fire" of 1986, which knocked out power
for 2.5 million customers in Dade and Broward counties for nearly six
hours resulted in $1.5 billion in damages in terms of business losses,
food spoilage, etc. (Quincy pers. comm.). However, this incident was
primarily a sawgrass and not a Melaleuca fire. The costs of transmission
and distribution system repair was not tallied by FP&L. Flowers (1981)
notes that control of Melaleuca fires has become almost impossible.
Expansion of the species (and in conjunction with lowered water tables)
may result in more frequent and more intense fires due to greater
biomass and resin flammability. The heat of Melaleuca fires apparently
r e s u l t s in carbon a r c i n g w i t h i n t r a n s f o r m e r s which r e q u i r e s
supplemental cleaning as well.
Costs for fire-fighting itself have been estimated by the Division of
Forestry. Fire control for Melaleuca fires over nearly 12,000 acres near the
Dade County Northwest Wellfield in 1985 and 1989 were $25,000 and
$21,000, respectively. Expenditures to control about 1,000 acres in
Pembroke Pines (Broward County) were $10,000 (Utley pers. comm.).
Local government expenditures can cost twice as much because of the
higher expenses associated with fire-fighting equipment. Consequently,
Melaleuca fires covering several thousand acres may be expected to
require between $30,000 and $60,000 each.
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An Estimate of the Impact of Proposed Actions on Competition and
the Open Market for Employment
Impact on Competition. No data were available regarding the number
of nurseries which sell Melaleuca. Only those nurseries which still stock
the species would be affected by the restriction in sales proposed by the
rule amendment. A spokesperson for the Florida Nurserymen and
Growers Association indicated that Melaleuca w a s not sold as an
ornamental any longer. Of local nurseries contacted (two each in
Broward, Collier, and Monroe counties; one each in Dade and Palm
Beach counties), none reported any sales of Melaleuca or any awareness
of other nurseries which sell the tree.
It can be assumed that few, if any, nurseries in south Florida sell
Melaleuca. Further, the dates of prohibitive ordinances, e.g., as early as
1982 for Dade and Collier counties, would suggest that existing stocks
have already been eliminated or depreciated for taxes. No impact on
competition among south Florida nurseries can be expected. Impacts
statewide would be proportional to (1) ratio of the purchase value of
remaining stocks to the value of all other stock at individual nurseries,
and (2) the percent share of regional market that each individual nursery
has. If the Growers Association is correct, no impacts on competition
will be experienced statewide as a result of the p r o p o s e d rule
amendment.
Any growers or businesses which do obtain a permit for the sale,
cultivation, or transportation of Melaleuca will incur the costs associated
with such permits: filing necessary materials, the required fee, and the
costs of delay associated with regulation.
Impact on Employment. There are approximately 3300 wholesale and
3000 retail nurseries (including department stores) operating in Florida.
No data, however, were available indicating how many of these nurseries
currently stock Melaleuca. Again, based on communication with the
Nurserymen's and Growers Association there are few if any nurseries
statewide which sell the tree, and none in south Florida, which has been
the dominant market, were known to carry it. Consequently, no impact
on employment is to be expected.
Table 4 describes the employment characteristics of the horticultural
production industry in south Florida (horticultural services such as
landscaping are not included). Approximately 41% of the state's
horticultural employees are in those counties which exhibit infestation
by Melaleuca. Only 16.4% of the state's total are employed in counties

103

Proceedings of the Symposium on Exotic Pest Plants

which do not have ordinances explicitly prohibiting the sale or
cultivation of Melaleuca. Consequently, it can be assumed that the
remaining employees in the region most likely to produce the tree (4834)
may be affected by the proposed rule amendment. However, it would
be fallacious to assume that all of these workers would be affected. As
above, and based on equal effort applied to all existing stock,
employment would be affected only to the degree that remaining stock
represents of all other stock. It must be emphasized that no evidence
suggests that any stock currently exists.
An Analysis of the Impact on Small Businesses as Defined in the
Florida Small and Minority Business Assistance Act of 1985
Small businesses are those which employ less than 25 employees as per
the Florida Small and Minority Business Assistance Act of 1985 (s. 120.54,
F.S.). Presumably, the only economic sector which may be affected by
the proposed rule amendment is the horticultural industry. Table 4
addressed the size of the nursery industry in Florida and the counties
most likely to be affected, i.e., the 10-county region of south Florida.
No data were available regarding the number of units of employment
in this sector at the county level. Consequently, accurate assessment of
the n u m b e r s of small businesses affected by the proposed rule
amendment is impossible. However, it is possible to estimate the average
size of such businesses. The average size of agricultural units in general
in south Florida was 44.7 employees per firm, approximately 40% greater
than the statewide average of 31.7 per unit. At the state level there were
770 units involved in horticulture in south Florida that employ more
than 25 persons each. From the table, however, it is clear that small
businesses comprise the entirety of horticultural production in Monroe
and Glades counties and that they dominate the industry in Charlotte
and Hendry counties.
The above numbers represent outer boundaries for potentially affected
small businesses. Based on calls to nurseries in each of the counties with
the greatest likelihood of stocking Melaleuca, n o n e carried it.
Consequently, the probability of any small businesses in horticulture
being affected by the proposed rule amendment is extremely small.
As previously discussed, there may be insignificant reductions in the
demand for the services of allergists in response to reductions in
Melaleuca in the landscape. The typical size of such physicians' offices is
unknown; however, the average size of physicians' offices statewide is
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16.5 employees, i.e., if any offices are impacted by reduction in demand
they are likely to qualify as small businesses.
The average number of employees per beekeeping business is less than
seven based on Robinson's estimate of as many as 20,000 employees
statewide and Durando's estimate of over 3000 beekeepers. These small
businesses, however, are not expected to be impacted provided that
honey production is not flower-limited in Florida.
Summary of Costs and Benefits
A simple total of costs and benefits cannot be easily determined. Again,
the expected costs of rule-related impacts are negligible; potential costs
are those which may occur if the ultimate consequence of implementing
the rule amendment is eradication. Similarly, the benefits evaluated,
especially those related to recreation, reflect the costs which would
otherwise be incurred if Melaleuca is permitted to spread, i.e., dollar
benefits are proportional to the extent to which Melaleuca is prevented
from expanding or intensifying its current degree of infestation. Table 5
summarizes these costs and benefits. The analysis points to relatively
low impacts to industries which are directly or indirectly supported by
Melaleuca. The largest impact in-state, if any occurs, would be to the
expansion of the beekeeping industry. Higher costs for honey, beeswax,
and produce dependent on honeybee pollination may occur, although
these cost increases are more likely to occur out-of-state. Reduced
pollination and production of specialty citrus and winter vegetables
(primarily in Dade County) may result in higher prices for these
products. Maximum annual costs developed in this statement are $2.2
million in losses to the honey trade, $10 million in crop losses due to
reduced pollination, and $0.13 million in beeswax: a total of $12.3 million.
This total assumes that beekeepers do not find an alternative source of
winter pollen, an unlikely condition. No significant impacts to the
horticultural industry are expected. The general public will not directly
incur costs as a consequence of this regulation.
Indirect and direct benefits occur to a broader range of activities, from
tourism to water supply to health benefits. Tourists and users of south
Florida habitat will be afforded an additional measure of security that
these ecosystems will remain intact and exhibit those characteristics
which attract them. Park admissions alone are worth $3.7 million per
year, future tourism affected by infestation may be worth nearly $150
million per year, and fishing subject to habitat impacts in Broward
County is estimated at $1.5 million. The value of endangered species can
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only be hinted at by the monies spent on protection, e.g., over $10 million
has been spent on Florida panther recovery. Individuals sensitive to the
species will benefit from no further expansion of the species' range and
density directly caused by human activities and savings in allergy
expenditures related to Melaleuca are conservatively estimated at $1
million. Savings of $1 million per year can be attributed to reduced need
for control and eradication. Heightened attention to the effects of the
species may result in greater rates of harvesting for mulch. Costs for
eradication needs attributable to planting and cultivation of the species
will be eliminated. Costs for fire control may be reduced.
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Table 1. Attendance at South Florida Parks Which Are Subject to Effects of
Melaleuca Infestation
Location

Attendance

Everglades National Park

837,000

Loxahatchee National Wildlife Refuge

450,000

Big Cypress National Preserve

33,300

Koreshan State Park

46,100

Chekika Hammock State Park

31,500

Myakka River State Park

254,000

Biscayne National Monument*

608,000

John Pennekamp State Park*

510,000
2,769,900

Total

*Biscayne National and John Pennekamp feature offshore ecosystems which
may be significantly affected by changes in freshwater flow attributed to
Melaleuca drawdown.

Table 2. Distribution of Visitors at JW Corbett Wildlife Area by Use
Category of Use
Hunting (Deer and Hog)
Hunting (Small Game and Turkey)

Attendance
1,600
1,400

Fishing

25,000

Camping

15,000

Hiking

200

Birding and Photography
Total
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Table 3. Summary of Tourism in South Florida
Estimated Numbers
of Tourists (millions)

County
Broward
Charlotte
Dade
Lee
Monroe
Palm Beach
Sarasota

$6,711
337
5,933
3,009
3,811
3,961

3.410
4.512
0.627
0.788
1.645
0.529

Total

Development Taxes
($1000s)

_
$23,762

11.511

Sources: 1988 Florida Statistical Abstract (BEBR); Florida Visitor Study, 1987
(Florida Department of Commerce).

Table 4. Employment Characteristics of the Horticultural Sector in South
Florida

County
Broward
Charlotte

Number of
Emps. in Agric.
Prod.

Number of
Emps. in Hort.
Prod.

Percent of Agric.
Emps. in Hort.
Prod.

1161

825

71.0

148

60

40.5

Collier

8537

305

3.6

Dade

4773

2565

53.7

Glades

175

<20

5.7

Hendry

2119

74

3.5

Lee

1573

1122

71.3

Martin

677

343

50.7

Monroe

<20

<20

100.0

11486

2733

23.8

30669
58161

8067
9556

26.2

Palm Beach
Total
Statewide

16.4

Source: 1987 Florida Statistical Abstract (BEBR)
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Table 5. Summary of Expected Annual Costs and Benefits* Associated with
Implementation of the Proposed Rule
Subject
Honey Production
Pollination Service
Beeswax
Park Admissions
Licenses and Fees
Tourism and Related Expenditures
Fishing and Related Expenditures
Eradication Reduction
Fire Control
Allergy Benefits
Endangered Species Habitat
Mulch Production
Total
*In millions of dollars
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Costs

Benefits

2.2
10.0
0.1

2.0

3.7
0.5
145.0
15.2
1.0
0.1
1.0
0.7
1.6

15.0

168.6

0.1

CHAPTER 7
The Exotic Pest Plant Council: An
Example Of Interagency Cooperation
To Solve Resource Related Problems
Robert F. Doren and Louis D. Whiteaker
Everglades National Park
P.O. Box 279
Homestead, FL 33030
ABSTRACT
The Exotic Pest Plant Council was formed to broaden
the scope of exotic pest plant issues in Florida and serve
as a forum where all interested parties may participate
in, and benefit from, the activities of the council. The
activities of the council have included: development of
model ordinances to guide local and state governments
in dealing with exotic plant problems; cooperative
interagency efforts to control melaleuca in the East
Everglades; work towards publication of handbooks on
identification of exotic pest plants and on control
m e t h o d s ; and cooperative interagency efforts for
developing a biocontrol program for melaleuca. Based
on such efforts and accomplishments, interagency
organizations such as EPPC can be a very significant
factor in dealing with such issues.

INTRODUCTION
Many people involved with management, control, and research of exotic
pest plants may be unfamiliar with the Exotic Pest Plant Council (EPPC).
The purpose of this paper is to describe the council's goals, and to
provide a brief history that might be helpful in understanding how and
why the Exotic Pest Plant Council was formed.
Environmental threats posed by exotic pest plants have been recognized
and addressed in southern Florida only in the last twenty years or so.
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This may be due to the fact that many species of exotic plants were not
introduced prior to this period, and those that had been introduced had
not yet become widespread. Population dynamics of a particular exotic
pest plant, and the availability of suitable invasion sites, have a large
impact on the rate of spread from the initial introduction. Most of south
Florida's exotic pest plants were deliberately introduced to beautify the
landscape or to "improve" the environment. Some were imported to help
"reclaim" the wetlands, to dry up the "swamp", and to allow people to
live and farm otherwise "useless" places. John Gifford, whose photo is
on the cover of the Symposium Agenda, and other individuals with
similar ideas were instrumental in introducing many of these pest plants
for "reclamation" purposes.
The first exotic pest plant problems to receive attention were those that
were perceived by people to have direct socioeconomic impacts, for
example canals or lakes being "choked" with aquatic weeds. Eventually
the environmental problems associated with the loss of native habitat
and the dependent plant and animal communities in our natural
preserves became recognized. Many people responded to these problems,
but usually only as individuals. Often a single state or county park,
agency, or i n d i v i d u a l w i t h i n an agency reacted w i t h o u t any
communication or outside participation. Most of the work was isolated
and done virtually alone. Occasionally individuals within an agency
would share information, but any coordinated efforts were essentially
non-existent.
The first organized effort to address exotic pest plant problems focused
on the control of aquatic weeds. Private, local, state, and federal agencies
coordinated cooperative research and control of exotic aquatic weeds. In
contrast, the Exotic Pest Plant Council concentrates its efforts on woody
exotic weeds. Very little was being done to coordinate any work on
w o o d y exotic weeds prior to formation of the council. Even the
Melaleuca Symposium in 1980 was ad hoc. There was essentially no
coordination, little or no communication among agencies, a general lack
of recognition of many exotic weeds as pests (because problems caused
by woody weeds were not perceived to have direct socioecomonic
impacts), and a serious lack of funding for control (which is still the
case). Additionally, the scope of exotic pest plant problems had grown
beyond political boundaries and made the whole issue of exotic pest
plants (at least as far as woody weeds were concerned) unmanageable
without a coordinated effort.
Formation of the Exotic Pest Plant Council began with informal, personal
contacts, sharing information and ideas about the issue, and sharing
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contacts. Eventually meetings were held where people involved with the
management, control, and research of exotic plants began getting
together. The results of these meeting were felt to be very positive. The
Melaleuca Symposium in 1980 is a good example of this process.
Eventually the interest became so overwhelming that the informal nature
of the coordination was not enough, and a larger and more formal
organization was necessary. After several years of hard work, EPPC has
become that formal organization. The purposes of the council outlined
by the object of the bylaws are:
1) to facilitate communication and exchange of information
regarding all aspects of exotic pest plant control and management;
2) to provide a forum where all interested parties may participate
and share in the meetings and benefit from the information
generated and promulgated by this council;
3) to promote an understanding regarding exotic pest plants and
their control;
4) to serve as an advisory council for the continued needs for
funding, research, management, and control of exotic pest plants;
5) to serve as an advisory panel for various interests concerned
with exotic pest plants and suggest possible management actions to
meet specific management needs;
6) to provide a focus for the issues and concerns regarding exotic
pest plants;
7) to promote dissemination of pertinent information regarding
exotic pest plant management;
8) to review exotic pest plant management problems and activities
and provide updated information to interested parties.
CONCLUSION
One way the council has been effective in pursuing these goals is the
organization of this symposium, which has brought together people from
all over the world to exchange information and ideas. Some of our other
activities have included:
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•

development of a model county ordinance as a guide for local
governments in writing exotic pest plant control legislation.

•

provision of support for an interagency agreement for a biological
control program for Melaleuca.

•

development of an extensive, prioritized list of exotic pest plant
species for Florida that will include descriptions and photos of the
23 most disruptive species.

•

production of a treatment-methods handbook for control of exotics.

•

provision of information to the news media regarding exotic pest
plant problems.

•

provision of annual meetings that highlight current research and
management efforts to control exotic pest plants, and field trips to
areas where these programs are occurring.

The council is continuing to work on other concerns and issues related
to the management of exotic pest plants. The most important function
of the council, however, is to bring people together in order to recognize
the issues and deal with them in a unified manner. Ultimately it is the
members of the organization that make it work, and Exotic Pest Plant
Council has effectively assisted many dedicated people in dealing with
very serious resource related problems.
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CHAPTER 8
Seasonal Effects On Herbicide Basal
Bark Treatment Of Schinus
terebin th ifolius
Robert F. Doren, Louis D. Whiteaker and Regina Rochefort
Everglades National Park
P.O. Box 279
Homestead, FL 33030
ABSTRACT
Schinus terebinthifolius, a woody shrub or small tree
native to Brazil, has become an aggressive weed in south
Florida, displacing native vegetation as well as rapidly
invading disturbed sites. Studies on the effective use of
herbicides to control Schinus began in 1982. These studies
showed resprouting to be a problem after some initial
treatments. Monthly treatment studies using Triclopyr
for basal bark treatment were established to determine
the effectiveness of treatment by time of year. Treatments
in particular months resulted in lower levels of
effectiveness that appear related to the physiological
state of the plant at the time of treatment.
INTRODUCTION
The remarkable vegetation and flora of south Florida have fascinated
scientists and naturalists since their discovery and were major reasons
for the establishment of Everglades National Park. One cause of this
fascination is the presence of a high percentage of West Indian species.
Of approximately 1600 species of vascular plants in Dade, Monroe, and
Collier counties, Florida (Figure 1), 60-70% have tropical affinities (Small
1904, Long 1974, Little 1978, Tomlinson 1980). Another noteworthy
feature of the south Florida flora is the rather high degree of local
endemism. Approximately 65 taxa are endemic to south Florida, and
about 25 of these are confined to the small area of slash pine forest in

115

Proceedings of the Symposium on Exotic Pest Plants

southeastern Florida (Alexander and Crook 1975, Davis 1943, Loope and
Avery 1979).
Plant communities and individual taxa of south Florida have proved
extremely vulnerable to disturbance from human activities. Although the
area was settled late, compared to most eastern states, and was in a near
pristine condition prior to 1900, changes occurred rapidly in the early
decades of the 20th century (Small 1929). This deterioration has
continued, through agriculture, urbanization, drainage, deliberate and
accidental burning, and introduction of exotic species.
Exotic plants pose one of the greatest threats to the integrity of
Everglades ecosystems. Over 217 species of introduced plants occur in
Everglades National Park (Whiteaker and Doren 1989). One of the major
areas of exotic plant invasion within the park is 4000 hectares of
previously farmed land known as the "Hole-in-the-Donut" (Figure 1).
In the early 1950s rockplowing, which crushes the native limestone rock,
was developed as a means of producing a soil much better suited for
crops than the existing substrate (Ewel et al. 1982). Rockplowing changed
the area from low nutrient, anaerobic conditions to higher nutrient,
aerobic conditions that have been tied to increased susceptibility to
invasion by exotics (Gerrish and Mueller-Dombois 1980, Bridgewater and
Backshall 1981). Rockplowing continued in the Donut through 1975 by
which time approximately 2000 hectares of land were rockplowed. This
rockplowed land has become dominated by extensive, nearly
monospecific stands of an exotic, woody shrub to small tree, Schinus
terebinthifolius, that is native to Brazil (Ewel et al. 1982, Krauss 1987). The
remaining 2000 hectares of unrockplowed land were abandoned from
the 1930's through the early 1960s. The majority of non-rockplowed land
has returned to essentially native vegetation; only a small portion has
become dominated by Schinus (Ewel et al. 1982). The 2000 hectares of
rockplowed land formerly consisted of approximately 1600 hectares of
wetland prairies, 140 hectares of sawgrass glade, 40 hectares of ponds,
180 hectares of pineland, and the remainder in bayheads or hammocks
(Krauss 1987).
Farming in the Donut ended in July 1975 with the final acquisition of
the privately held agricultural land. Virtually no information was
available regarding the successional trends of abandoned rockplowed
farm land. Therefore, several attempts were made to define and describe
old field succession under these conditions. Robertson (1953, 1955) and
Hilsenbeck (1976) attempted to quantify succession and early serai
stages. Loope and Dunevitz (1981), Ewel et al. (1982), and Krauss (1987)
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quantitatively examined the patterns of old field succession occurring in
the park. Loope and Dunevitz (1981) determined that Schinus
terebinthifolius was increasing by as much as twenty times its population
density per year. Krauss (1987) and Ewel et al. (1982) were unable to
relate successional patterns or apparent final stages to farming history,
hydrological differences, or substrate variations, but stated that
successional forests dominated by Schinus are maintaining themselves.
These results lend additional support to previous work by Allen (1936),
Egler (1942), Myers (1983), Ewel (1986), Smith (1985), Harper (1965),
Crawley (1987), and Sukopp and Trepl (1987) which has shown that
perturbation favors the colonization of weedy, principally exotic species.
The purpose of this study was to determine if the effectiveness of
herbicide treatment on Schinus varies with season of application, and if
any differences in effectiveness of herbicide treatment are related to sex
of the tree. The study was proposed as a result of observations during
earlier treatments of Schinus, where root and stem resprouting occurred
after some initial treatments. This research was originally conceived to
determine if the observed resprouting was related to the time of year of
herbicide application.
STUDY AREA
The study area is located in the extreme southern everglades in the
Hole-in-the-Donut area of Everglades National Park, Ranges 36 and 37
East, Township 58 South in Dade County, Florida (Figures 1 and 2). The
natural features and vegetation of the area have been described by Davis
(1943), Egler (1952), Robertson (1955), Craighead (1971), Alexander and
Crook (1973), Hilsenbeck (1976), Wade et al. (1980), and Krauss (1987).
Soils were mapped and described by USDA (1958).
METHODS
Monthly treatments of Schinus were conducted on forty-eight (48)
permanent transects (Figure 2). Each transect was 10 m wide and
subjectively placed in Schinus dominated areas of the Donut such that
access during subsequent monitoring would be convenient. The first 10
male and first 10 female trees encountered in each transect were
permanently tagged. The transects were, therefore, of various lengths,
but contained 20 trees each. Two transects were treated each month; one
with a 4% Garlon 4/diesel mixture, the other with a 2% Garlon 4/diesel
mixture. Treatments began in March 1984 and continued through
February 1986.
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During the treatment of each transect, the following parameters were
collected: date of treatment, tree number, tree sex, tree height, canopywidth, and number of stems. Stem number was the number of branches
2.0 cm or greater occurring 60 cm or less above ground. Each stem of
each tree was treated according to label direction for basal bark treatment
with the designated herbicide. Trees were then monitored at the time of
treatment and 2, 4, 6, 8, 12, 16, 20, 32, and 52 weeks after treatment. At
treatment time and at each monitoring, tree vigor and presence or
absence of resprouts were determined. Vigor classes used were: 1 = tree
healthy; 2 = tree sickly (10% leaves yellowed or brown); 3 = tree dead
(100% leaves brown). Sprout index is a weighted/cumulative measure
of success of control and was generated using the following formula:
SI = (n x l)+(n x 2)+(n x 4)+(n x 6)+(n x 8)+(n x 12)+(n x 16)+
(n x 20)+(n x 32)+(n x 52)
where n = 1 if resprouts are absent or n = 0 if resprouts are present, and
n is multiplied by the number of weeks after treatment. As a measure
of treatment effectiveness, SI increased by larger increments the longer
the tree was classified as dead after treatment.
The percent effectiveness was defined as the percent of treated trees
classified as dead. No tests for statistical significance were applied to
differences between percent effectiveness because this study was
intended to aid managers w h o must make decisions concerning
treatment methods for exotic pest plants based on a number of practical
considerations, not simply on an arbitrarily determined level of statistical
significance.
One transect (20 trees, 10 male and 10 female) used as a control was
treated using only diesel fuel in April, 1985.
RESULTS
Area graphs of the number of trees in each vigor class over time show
the progression from live to sickly to dead for treatments with both
herbicide concentrations during both years (Figures 3-6). In all, but one,
of these combinations of year of treatment and concentration of herbicide
(1985 - 4%), an increase in the number of sickly and /or live trees is
indicated by the monitoring data recorded during week 52.
Male trees treated in March, May, June, August, September, and October
had large decreases in sprout index (Figure 7). Female trees treated in
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March, April, May, and September also had large decreases in sprout
index (Fig. 8).
Table 1 compares the percent effectiveness of treatment after one year
among several treatment categories for all treatment months, that exclude
the results from months when treatments resulted in decreases in sprout
index (A), and data from only those months when treatments resulted
in decreases in sprout index (B). The mean percent effectiveness for
treatments in all months is 95% versus a mean of 98% for treatments
that exclude months when treatments were less effective, and a mean of
91% for treatments only in those months when treatments were less
effective.
Table 1 also shows a 94% overall effectiveness for the 2% Garlon in diesel
mixture and a 96% overall effectiveness for the 4% Garlon 4 in diesel
mixture.
None of the trees in the control transect were classified as sickly or dead
after the 52-week monitoring period.
DISCUSSION AND CONCLUSIONS
The increase in the number of sickly and healthy trees at week 52
(Figures 3-6) indicates that some trees that previously had been
considered dead had started to resprout, and some trees that previously
had been considered sickly had put out healthy foliage. For exotic plant
management, this implies that Schinus in particular, and woody plants
in general, that appear dead several months after treatment should be
monitored for more than one year because they may subsequently
resprout. Further monitoring of the trees in this study is currently needed
(3 to 5 years after treatment) in order to assess the long-term effectiveness
of a single treatment.
Lower values of sprout index for treatments in particular months
(Figures 7-8) indicate that more trees that were treated in those months
resprouted relative to trees treated in other months, thus treatments in
months with lower sprout index values can be considered less effective.
Several of the months with lower sprout index values for both male and
female plants are included in the March-through-May period, which is
the end of the dry season in south Florida and, therefore, the driest
months of the year with the lowest mean ground water level. Therefore,
plants treated during the March-through-May period may be under
water stress with their stomata frequently closed, and may not
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translocate the herbicide efficiently. Thus, some plants treated during
this period may be minimally affected by the herbicide and are able to
resprout.
The l o w e r s p r o u t index v a l u e s for t r e a t m e n t s d u r i n g the
September-through- October period (Figures 7-8) correspond to the
period of most active flowering for both sexes of Schinus (Ewel et al.
1982). This increased flowering activity is associated with decreased
vegetative growth and, therefore, a lower metabolic rate (Ewel et al.
1982). Consequently, translocation of herbicide may again be less efficient
allowing some parts of the plants treated during the active flowering
period to be less affected and then resprout.
About 10% of Schinus plants flower in the March-through-May period
(Ewel et al. 1982). This flowering activity may further contribute to the
observed decrease in effectiveness of treatments during this period.
We found no obvious relationships between the sex of the tree treated
and the values for sprout index or to the observed variations in the
values of sprout index. We therefore conclude that the sex of the trees
that are treated does not affect treatment effectiveness or the timing of
variations in treatment effectiveness.
There was very little difference (2%) in treatment effectiveness over all
months between the two concentrations of herbicide tested (Table 1).
This implies that management efforts using a 2% Garlon in diesel mixture
will be more cost-effective by u s i n g less herbicide, a n d more
e n v i r o n m e n t a l l y s o u n d by i n t r o d u c i n g less herbicide into the
environment while maintaining a high level of treatment effectiveness.
These results may have implications for Schinus management programs
in south Florida where treatments are often limited to the dry season for
logistical or environmental reasons, because the dry season includes
some of the months when treatments were less effective. If treatments
are limited to these months, then treatment effectiveness may be lowered
to about 91% instead of the overall rate of 95% for treatments in all
months or the 98% effectiveness of treatments in months that did not
show a decrease in treatment effectiveness (Table 1). If logistical factors,
such as the risk of heavy rainfall subsequent to treatments during the
wet season, or environmental factors, such as applying herbicide over
standing, water, are the primary factors determining the scheduling of
field work for treatment of Schinus, however, then these slightly lower
levels of treatment effectiveness may be acceptable. This may not be a
serious limitation to a management program because in no case can it
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be assumed that a single treatment will result in 100% treatment
effectiveness, and treatment sites will need to be monitored for regrowth,
regardless of the timing of the initial treatment.
In summary, we conclude that herbicidal treatments of Schinus need to
be monitored for more than one year after treatment; that a 2%
Garlon/diesel mixture is not significantly less effective than higher
concentrations, and is more economical and environmentally sound by
using less herbicide; and that treatments in particular months result in
lower levels of effectiveness that may be related to the physiological state
of the plant at the time of treatment. We feel that these slightly lower
levels of effectiveness may not be significant to a management program
if logistical and environmental factors determine the times when
treatments are practical. We also found that treatment effectiveness and
variations in treatment effectiveness did not vary relative to the sex of
the trees.
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Table 1. Percent effectiveness for both herbicide concentrations in both
years for all months, for months that did not result in low sprout index
values (A), and for only those months that resulted in low sprout index
values (B)
Treatment

A

B

2% 1984

95%

99%

89%

4% 1984

93%

99%

85%

2% 1985

93%

95%

4% 1985

99%

99%

90%
99%

Overall
Effectiveness
all combined

124

All

All

A

B

95%

98%

91%

all 2%

94%

97%

89.5%

all 4%

96%

99%

92%
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Figure 1. Map of south Florida.
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Figure 2. Map of the Hole-in-the-Donut area
within Everglades National Park, showing the locations of the monthly transects.

Seasonal Effects on Herbicide Basal Bark Treatment of Schinus terebinthifolius

Figure 3. Area graph of vigor class indicating number of trees by weeks
post-treatment for 1984 2% Garlon 4 treatment.

Figure 4. Area graph of vigor class indicating number of trees by weeks
post-treatment for 1984 4% Garlon 4 treatment.
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Figure 5. Area graph of vigor class indicating number of trees by weeks
post-treatment for 1985 2% Garlon 4 treatment.

Figure 6. Area graph of vigor class indicating number of trees by weeks
post-treatment for 1985 4% Garlon 4 treatment.
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Figure 7. Graph of sprout index by month of treatment of male trees for all
four treatment regimes.

Figure 8. Graph of sprout index by month of treatment of female trees for all
four treatment regimes.
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CHAPTER 9
Establishment Of Native Hammock
Vegetation On Spoil Islands
Dominated By Australian Pine
(Casuarina equisetifolia) And
Brazilian Pepper (Schinus
terebinthifolius)
Raymond T. Fernald and Brian S. Barnett
Office of Environmental Services
Florida Game and Fresh Water Fish Commission
110 43rd Avenue, SW
Vero Beach, FL 32968
ABSTRACT
To explore the p o t e n t i a l for native h a m m o c k
establishment on dredge spoil dominated by Australian
pine and Brazilian pepper, 5,296 seedlings of 37 species
were planted on spoil islands in the Indian River near
Vero Beach; 32 selected species are indigenous to
east-central Florida, 4 others are indigenous to south
Florida, and 1 is an ornamental exotic. The seedlings
were planted beneath the Australian pine canopy with
no soil preparation or subsequent maintenance. Three
hundred seedlings (20 species) ranging from 2-28 cm in
height were planted in September 1983. Fifty-one percent
(154 seedlings) of those seedlings survived through
S e p t e m b e r 1988. G r o w t h of the s u r v i v o r s w a s
substantial, with four species averaging over 2 m tall,
and nine additional species averaging over 1 m in height
after 5 years. Of 600 individually monitored seedlings
(30 species) planted in September 1986, 59 percent (354
seedlings) survived t h r o u g h September 1988. Net
survival by species ranged from 0-100 percent in both
studies. Species selection, seedling condition when
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planted, parasitism, severe storms, winter freezes, and
droughts were significant factors affecting seedling
survival and growth. Species planted in 1983 were
classified as stabilizers, decliners, or transitional between
those groups based on survival profiles during the 5-year
s t u d y . Disturbance of the soil-litter layer greatly
increased invasion of the site by Brazilian pepper.
Australian pines provide a valuable nurse crop for
establishment of native seedlings on spoil islands. They
apparently contribute most of the organic content of the
sand-shell substrate, and also protect the seedlings from
winter freezes and scorching summer heat. We consider
it feasible to establish native coastal hammock vegetation
on spoil i s l a n d s c u r r e n t l y d o m i n a t e d by m a t u r e
Australian pines.
INTRODUCTION
Land development accompanying human population growth during the
last century has altered the landscape to the extent that several upland
habitat types are endangered or, in fact, have already been eliminated
from some areas of coastal Florida (Iverson and Austin 1988, Fernald
1989). Unfortunately, disturbed uplands and newly created uplands (e.g.,
spoil islands) often are rapidly colonized by exotic plant species that
prevent or retard subsequent establishment of native vegetation. Because
of these threats, opportunities for upland habitat restoration or creation
should be pursued whenever feasible, especially on publicly owned
lands.
Upland habitat restoration on spoil derived from dredging projects has
been studied by numerous agencies, especially the U. S. Army Corps of
Engineers (Hunt et al. 1978, Lunz et al. 1978, Ocean Data Systems 1978).
Most of these efforts have concentrated on temperate zone plant species
of proven value for wildlife or soil erosion prevention. Beamon (1973)
and Carlson (1972) reviewed vegetation patterns on southwest Florida
spoil islands. Other than shorebird or colonial wading bird utilization
(Lewis and Lewis 1978, Schreiber and Schreiber 1978, Soots and Landin
1978), there has been little study of upland wildlife habitat development
on spoil islands in Florida.
The Indian River is a 195-km-long shallow estuarine lagoon separating
the mainland from a series of barrier islands along Florida's east-central
coast. Spoil islands are numerous, with over 50 spoil islands in the 45-km
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lagoon segment between Sebastian and Fort Pierce inlets. Most of these
islands were created by deposition of spoil dredged from the Indian
River during excavation of the Intracoastal Waterway during the 1940"s
and 1950s, although a few are natural islands upon which spoil was
placed. Additional description of Indian River spoil islands is found in
reports by Indian River County (1980), Fernald et al. (1982), and
Brown-Peterson and Eames (1989a,b).
The floral and faunal diversity of the area's coastal hammocks is
i m p r e s s i v e , especially w h e n contrasted with their spoil island
counterparts (Kale and Webber 1968, Fernald et al. 1982). During surveys
of natural islands in the Indian River, we were impressed by the number
of native tropical plant species spreading into the understory and ground
cover of the few Australian pine (Casuarina equisetifolia Forst.) dominated
spoil sites that are adjacent to native coastal hammocks. That prompted
us to investigate the feasibility of establishing native hammock
vegetation on spoil islands that are relatively isolated from natural seed
sources of coastal hammock plant species. Gilmore (Indian River County
1980), Fernald et al. (1985), and Brown-Peterson and Eames (1989a)
reported colonization of spoil islands by native species, and discussed
the potential for restoration to improve wildlife habitat conditions.
Several publications have reviewed ways of propagating native plant
species normally found in these hammocks (Watkins and Sheehan 1969,
Gann 1979, Workman 1980), and Fernald et al. (1985) published an
account of the first 19 months' survival and growth of some of the
seedlings discussed in this paper.
METHODS AND MATERIALS
Oslo Island
Our study site for the 1983 pilot project, Oslo Island, is typical of Indian
River C o u n t y spoil i s l a n d s . It is a m a n - m a d e island, covers
approximately 1.8 ha, and is about 300 m from the mainland shoreline.
It has a wetland fringe and transitional zone averaging 15 m in width
which is best developed on the southern and western shorelines. This
zone is dominated by red mangrove (Rhizophora mangle L.), black
mangrove (Avicennia germinans [L.] L.), white mangrove (Laguncularia
racemosa Gaertn. f.), and buttonwood (Conocarpus erecta L.). The northern
and eastern shorelines are partially eroded, with rocky oyster bars and
scattered seagrass beds (primarily Halodule wrightii Aschers.) occurring
in the nearshore shallows, and numerous windfallen Australian pines
along the shoreline. The island has little topographical relief, being
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essentially a low dome with maximum elevation of about 1.0 to 1.5 m
above mean sea level.
Much of the island uplands support a near monoculture of 10- to
15-m-tall Australian pines, with Brazilian pepper (Schinus terebinthifolias
Raddi) as the primary, although scattered, understory species (Figure 1).
Light penetration to the forest floor was visually estimated at
approximately 25-75%. Australian pine litter covers the forest floor,
overlaying a 5- to 10-cm-deep layer of decomposing pine debris. Below
that, the sediment is sand and shell, with an apparently declining organic
content.
Gilmore (Indian River County 1980) reported a depauperate terrestrial
flora for this island, including only 12 species. Gumbo limbo, Florida
privet (Forestiera segregata [Jacq.] Krug and Urban), and Hercules' club
(Zanthoxylutn clava-herculis L.) are the most common native woody
upland species, but strangler fig, cabbage palm, and seagrape also occur
naturally. Brown-Peterson and Eames (1989a) reported only one
additional native woody species from this island (gray nicker Caesalpinia
bonduc [L.] Roxb.), excluding our plantings. All of these indigenous
species, however, occur as widely scattered individuals or groups of
seedlings, and only a few Florida privets and strangler figs are over 2
m tall.
We selected 20 species for our pilot project (Table 1). Fifteen individuals
of each species were purchased from a Florida Keys native plant nursery.
All seedlings were in 5.08-cm (2-inch) liners, and ranged in height from
2-28 cm. Our planting site was arranged in a 15-m x 20-m rectangular
grid, using nylon cord to mark 1-m centers for seedling placement. The
seedlings were well-soaked with fresh water, then transferred to the
island and hand planted. The soil and surface litter were disturbed as
little as possible during planting. No water or fertilizer were applied to
the seedlings. The only maintenance performed was to casually remove
Brazilian pepper seedings from the planting grid, and removal of
Australian pine debris which occasionally covered a few seedlings
(unburying of seedlings after the November 1984 storm, as discussed
later in this paper, was the exception to this program of minimal
maintenance). Seedling condition and height were recorded periodically.
The September seedling conditions and heights reported in this paper
represent the approximate end of the "growing" season, when seedling
1.
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condition would be enhanced, and height would represent the peak of
the current year. The September monitoring date varied, and was
purposefully selected to follow 2-3 weeks of good weather with ample
rainfall, if possible.
Each seedling was assigned to a condition class as follows: (1) healthy
s e e d l i n g s w e r e a p p a r e n t l y healthy, t h o u g h recent leaf-loss or
discoloration due to weather conditions or insect damage may have been
apparent; (2) distressed seedlings were essentially leafless, or revealed
extensive damage to nearly all leaves, but had supple stems and /or green
buds; (3) dead seedlings were missing or showed no signs of life. Seedling
height was measured to the highest living bud. Though seedling height
was initially measured to the nearest cm, growth data as reported are
rounded to the nearest 0.1 m.
Acorn Planting Trial
As an adjunct experiment, we collected several thousand Uve oak acorns
from a mainland hammock to see if they would germinate and survive
on the spoil island. We chose a barren area typical of the forest floor,
raked the surface litter aside, and sowed the acorns over the prepared
bed. We then raked the surface litter back over the planting site. Adjacent
to that planting strip, we. scattered acorns on the ground with no soil
preparation.
Determining "Northeaster" Mortality
A severe "northeaster" storm passed through Indian River County on
21-23 November 1984. These dates coincided with the full moon, and
also with the fall period when sea level is about 30 cm higher than
normal on Florida's east-central coast. The resulting storm tides and
waves inundated 37 seedlings in the northeastern portion of our grid,
and buried 79 additional seedlings with debris washed up by the storm.
This debris consisted primarily of pine litter, seagrasses, and drift algae,
but also included bottles, lumber, and other jetsam, and ranged in depth
to about 35 cm. Rather than suffer probable loss of most of the buried
seedlings, we decided to uncover as many buried seedlings as possible.
By carefully locating seedling positions, we were able to uncover nearly
all of the buried seedlings, although a few had been washed away.
Except for the resulting holes in the debris, the wrack line and debris
were left intact.
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To determine the effects of the storm, we divided the planting area into
three zones: an undisturbed zone, a debris zone which included those
seedlings buried or partially buried by debris deposited by the storm,
and an inundated zone including the area that had been flooded and from
which the surface litter had been scoured by waves and tide. We then
plotted the location of each seedling relative to these zones, and
determined percent survival for each zone.
Wabasso Island
In 1986, encouraged by the apparent success of the pilot project (Fernald
et al. 1985), we planted an additional 4,996 seedlings, representing 31
species (Table 1), on three other islands in the Indian River. One of these
islands, Wabasso Island, is a natural island which had spoil placed on
it. It totals about 22 ha, of which about 10 ha are Australian pine
dominated uplands. The remainder of the island is an intertidal
mangrove swamp which historically was ditched for mosquito control.
Six hundred of these seedlings, 20 each of 30 species, were planted in a
20-m x 30-m grid on Wabasso Island, utilizing the methods discussed
above. Monitoring and maintenance of the Wabasso Island seedlings
paralleled those of the Oslo Island experiment.
RESULTS
Oslo Island
Figure 2 illustrates net survival through time of the Oslo Island seedlings.
Fifty-one percent, or 154 of 300 seedlings, have survived the 5 years to
date. It is notable that, of the 146 seedlings which have died, 94 died
during the first 2 years of the study, with only 54 succumbing since
September 1985. Figure 3 depicts seedling condition by species in
September 1988. Survival by species has ranged from 100 percent for
Spanish stopper, to 0 percent for scaevola. There is a very smooth
transition from the species with greatest survival to those with greatest
mortality. Based on net survival alone, there are no apparent groups of
"successful" or "unsuccessful" species.
Examination of the survival of each species through time, however,
reveals a distinction between two groups of species (Figure 4). Nine
species, including Spanish stopper, white stopper, Jamaica caper, white
i n d i g o b e r r y , Jamaica d o g w o o d , wild lime, g u m b o limbo, black
ironwood, and West Indies mahogany, lost 0-13 seedlings (0-87%) during
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the first 2 years, but no additional seedlings of those species died during
the subsequent 3 years. Those species are thus considered to be stabilizing
species. Conversely, there were seven other species, including seagrape,
wild mastic, necklace pod, myrsine, willow bustic, wild coffee, and
scaevola, which lost 0-12 seedlings during the first 2 years, but then
continued to suffer mortality, losing at least 33% of the 2-year survivors
during the latter 3 years. This group of species we dub the decliners.
Three species were transitional between those two groups: pigeon plum,
strangler fig, and inkwood all suffered loss of one or two seedlings
(7-20% of the 2-year survivors) during the latter 3 years of the study to
date.
Of the 15 lancewood seedlings, only two died during the first 2 years,
and no additional seedlings died during the third year. During the
summer of 1987, however, virtually every seedling of this species was
attacked by an unidentified twig-boring larvae, ultimately resulting in
death of all but two seedlings of this species.
Initial planting height and subsequent growth of surviving seedlings are
presented in Figure 5. Survivors of all species exhibited substantial
growth during the 5 years, with Jamaica dogwood, strangler fig, wild
lime, and gumbo limbo now averaging over 2 m tall (Figure 6). All 10
species which exhibited over 50% survival during the study now average
at least 1 m in height. The four fastest growing species were among those
with 55-75% survival, as opposed to being those species with at least
80% survival.
Acorn Planting Trial
By September 1984, germination and growth of many Brazilian pepper
seedlings were apparent in the planted strip. By April 1985, these
volunteers reached heights of approximately 1-2 m, and by 1987, many
were over 3 m tall. In contrast, only 32 live oak seedlings were produced,
only 9 lived for at least 2 years, and none survived for 5 years. No live
oaks or Brazilian peppers became established in the adjacent strip where
we scattered the acorns with no soil disturbance.
"Northeaster"-induced Mortality
Figure 7 depicts seedling survival in the three zones. Six months after
the storm, in May 1985, net survival in the undisturbed zone was 84%,
contrasted with 66% survival in the debris zone, and only 38% survival
in the inundated zone. After 5 years, net survival in the undisturbed,
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debris, and inundated zones were 62, 38, and 24%, respectively. A
dramatic increase in seedling mortality during the second year was
apparent for both the debris zone and the inundated zone.
Wabasso Island
Fifty-nine percent (354) of the 600 seedlings planted in 1986 in the
Wabasso Island grid survived through September 1988. Figure 8 presents
a condition summary for those seedlings by species. A smooth survival
profile is also emerging among those species, with survival ranging from
0-100% over the last 2 years. Twelve species have exhibited 80% or
greater survival to date.
DISCUSSION
It is notable that eight of the nine best-surviving species from the Oslo
Island experiment are among the best survivors (at least 80% survival
for 2 years) on Wabasso Island. The ninth, wild lime, was not planted
on Wabasso Island. None of the other Wabasso Island species with at
least 80% survival for 2 years were planted on Oslo Island. Thus, the
two plantings seem to be in general agreement regarding the species
most likely to thrive on spoil islands.
Species Selection
Most of the species we selected are indigenous to coastal or tropical
hammocks of the counties adjacent to the Indian River. A few of the
non-indigenous tropical species (i.e., West Indies mahogany, willow
bustic, and Jamaica dogwood) were selected because of their significance
in Florida Keys hammocks. We report willow bustic as a questionable
native, because, although this species is not reported to occur naturally
this far north (West and Arnold 1956, Wunderlin 1982), willow bustic
recently has been reported from a spoil island in Saint Lucie County
(Brown-Peterson and Eames 1989b). That spoil island, as were many in
Saint Lucie County, was inhabited by squatters for many years, and it
is likely that this species was thus introduced to the island. Cat's claw
was planted on Wabasso Island as a trial for that species which, although
not found naturally in these counties, offered promise based on its
habitat preferences in southwestern Florida. The exotic scaevola was
planted in error. We purchased the seedlings believing them to be the
native Scaevola plumieri (L.) VahL, and discovered our error only after
seedling growth made the species misidentification apparent. Some
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non-indigenous species, such as Jamaica dogwood and West Indies
mahogany, may be desirable in restoration projects due to their rapid
growth, value to wildlife, or human interest. Except for Jamaica
dogwood, however, the exotic species have been among the poorest
survivors of the species planted. We strongly recommend planting only
native species where possible, and believe a sufficient number of species
is now available to justify this selectivity.
We originally concentrated on tropical species, reasoning that their
ability to survive under harsh environmental conditions often
encountered in the Florida Keys, and in the spoil areas we observed to
be colonized by these species, would portend better survival for these
species than for most temperate-zone species. This prediction has been
verified, although perhaps not for the reasons suggested. The red bay,
live oak, and beautybush seedlings purchased were inadequately rooted,
and in obviously poorer condition than the other species purchased for
the Wabasso Island experiment. The other temperate species (i.e., tough
buckthorn and sugarberry) were in better condition, but still did not
appear as vigorous as most of the tropical seedlings when planted. We
suspect that seedling condition at planting was an important factor in
seedling survival, especially since we endured a 6-week drought
immediately following planting of Wabasso Island. We have no way of
testing this hypothesis with our current data, however, and recommend
further planting trials with these and other temperate species.
Nine species were characterized as stabilizers, seven as decliners, and
three as transitional between these two groups. The stabilizers included
the eight best-surviving species, whereas the decliners included seven of
the eight poorest survivors, if lancewood and the transitional species are
excluded. Continued monitoring will probably reveal some future loss
of seedlings from both groups, and our categorization of species will
likely be modified somewhat. It is likely, for example, that some species
currently dubbed decliners may stabilize in future years, after the
surviving seedlings reach sufficient size. On the other hand, severe
freezes or storms, or other catastrophic events such as the parasitism
suffered by lancewood, may jeopardize the continued survival of species
categorized as stabilizers. We are convinced for the moment, however,
that the trend toward stabilization by certain species after 1 or 2 years
of acclimatization to the site is not simply an artifact of our data.
Other species that have not fared well in these experiments may also
warrant further tests. For example, lancewood was doing well until
attacked by the twig-borer. Interestingly, 80% (16 of 20 seedlings planted)
of the Wabasso Island lancewood seedlings also died during the 1986-87
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experiment year (unpubl. data, research in progress), though we were
unable to determine cause of death for these seedlings. Lancewood is
indigenous to the region, and we are curious as to the frequency of such
species-specific epidemics, and the implications for future restoration
efforts.
Wild coffee is another species that warrants consideration for future
efforts despite poor results on Oslo Island. This species is a common
understory shrub in coastal hammocks of east-central Florida, and may
simply be unable to adapt to the harsh conditions of these experiments.
Wild coffee, snowberry (Chiococca alba [L.] Hitchc), and other typical
hammock understory species may be best suited to later introduction to
restored sites, after maturation of the original plantings has ameliorated
the harsh environmental site conditions.
Factors In Seedling Mortality
Initial species selection and seedling condition aside, we have observed
two primary causes of seedling mortality: weather and parasitism.
Mortality of lancewoods via parasitism has already been discussed.
Except for that species, short-term weather conditions have been the
most apparent factor in seedling survival. Severe storms, freezes, and
drought have all been implicated in increased seedling mortality.
The "northeaster" discussed previously had the most obvious impact on
seedling survival. The greatly enhanced survival of seedlings in the
undisturbed zone testifies to the importance of locating such planting
efforts above the anticipated storm tide and overwash zone. Residual
effects of such storms may reduce future growth and vigor of seedlings
that survive the original storm event.
Freezes are of great concern to agricultural interests in east-central
Florida, and can also be an important factor in survival of seedlings
planted in habitat restoration attempts. Our previous paper (Fernald et
al. 1985) discussed the impact of freezes in January and February 1985
on the Oslo Island seedlings, and condition-time profiles constructed for
that paper permitted some distinction between the effects of freezes and
the November 1984 storm event, at least for some species. The year-long
monitoring interval presented in these data is too long to assess the
impact of individual weather events, but our informal observations have
convinced us that hard freezes continue to affect seedling survival.
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Droughts are the other most likely weather event to affect seedling
survival. As stated, the Wabasso Island seedlings endured a 6-week
drought immediately after planting. Several species, including red bay,
live oak, and beautybush, suffered loss of many seedlings during that
initial drought. Others, such as gumbo limbo, typically respond to
drought by dropping their leaves, but rapidly recover when the rainy
season commences. It is perhaps significant that the Wabasso Island
species in noticeably poorest health when purchased suffered the greatest
losses d u r i n g the September-October 1986 drought. This clearly
illustrates the importance of purchasing adequately grown and
well-rooted stock, and may also indicate inherent differences between
the ability of tropical versus temperate species to endure unseasonably
dry weather.
Growth
We have been generally impressed with the growth exhibited by the
seedlings planted. Although certain species (e.g., Jamaica dogwood, wild
lime, strangler fig) would be expected to have greater growth rates than
others (e.g., seagrape, Spanish stopper, white stopper), the greater than
ten-fold average increase in seedling height has surpassed our
expectations. Some species, such as Jamaica dogwood, wild lime, and
strangler fig, are already contributing substantially to the canopy, and
shorter species such as Jamaica caper, black ironwood, and both stoppers
are greatly increasing the apparent understory foliage.
Disturbance of Canopy or Soil-litter Surface
Rapid invasion of the planting bed sown with acorns testifies to the
abundant supply of Brazilian pepper propagules on Oslo Island, at least,
and to the importance of not disturbing the soil and litter layer when
planting seedlings. We believe that any attempt to remove the Australian
pines from the site, or to clear the site in preparation for seedling
p l a n t i n g , w o u l d have resulted in r a p i d and virtually complete
colonization of the disturbed area by Brazilian pepper (Ewel 1978, Koepp
1978). Reproduction of Australian pines, rare on most canopied spoil
islands encountered, may also be enhanced by such disturbances.
Recommendations for Future Research
To summarize, we believe the Australian pines provide a valuable nurse
crop for establishment of native seedlings on spoil islands. Not only do
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they apparently contribute most of the organic content of these sand and
shell substrates, but they also protect the seedlings from winter freezes
and scorching summer heat, and the dense carpet of pine debris reduces
invasion by Brazilian pepper. We are encouraged by the results of our
planting efforts to date, and will continue monitoring the condition and
growth of these seedlings. The Florida Department of Natural Resources
planted 1,600 seedlings of these and other species on four more spoil
islands in the Indian River in September 1988, and will monitor survival
and growth of those seedlings for 12 months (Nancy Brown-Peterson,
pers. comm.). After September 1989, we hope to assume responsibility
for monitoring those seedlings, increasing our long-term monitoring to
include 2,500 seedlings of about 40 species, on six spoil islands in the
Indian River.
Collectively, these projects will provide significant long-term monitoring
opportunities for the foreseeable future. We anticipate that accumulation
of additional data will also facilitate statistical analyses. There are,
however, several issues relevant to these and future attempts at spoil
island restoration that warrant immediate attention. Complete soil
analyses of typical spoil island substrates should be pursued, as should
the possible role of allelopathy in inhibiting natural germination or
growth of native species beneath the Australian pines (Sweet 1976). The
value of site enhancement with fertilizer or fresh water could also be
examined, though such practices would be most feasible in mainland or
barrier island parks, rather than on isolated spoil islands. Determining
current levels of wildlife utilization of spoil island uplands (apparently
very low except for use by wading birds), and initiation of a monitoring
program to determine changes in wildlife utilization as these restored
islands mature, would be particularly valuable. It also may prove useful
to monitor plant species colonization of restored islands versus
non-planted islands, to determine differences in colonization rates as a
result of propagules being imported by animals. Finally, additional study
of the rapid invasion of disturbed sites on spoil islands by Brazilian
pepper would facilitate development of additional guidelines relative to
disturbance of the Australian pine canopy and surface litter in spoil
island restoration efforts.
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Table 1. Species selected for spoil Island restoration projects, 1983-1986.
PL/ LNTED
OSLO WA BASSO

COMMON NAME

SPECIES NAME

FAMILY

Sweet Acacia
Torchwood
Tough Buckthorn
Gumbo Limbo
Beautybush
Jamaica Caper
Limber Caper
Sugarberry
Flddlcwood
Pigeon Plum
Scagrapc
Willow BusUc
Coralbcan
White Stopper
Spanish Stopper
Inkwood
Strangler Fig

Acacia farnestana (L.) Wllld.
Amijris clemlfera L. C. H. Wood.
Bumella tenax (L.) Wllld.
Bursera simaruba (L.) Sarg.
Calltcarpa americana L.
Capporis cunaphallophora L.
Capparis Juxxuosa L.
Coltis laevigata Wllld.
Cltharexylumfruticosum
L.
Coccaloba diuerstfolla Jacq.
Coccoiaba uvlfera L.
Dipholls salici/blia (L.) A. DC.
Erytnrina herbacea L.
Eugenia axillaris (Sw.) Wllld.
Eugenia foetida Pers.
Exolhea panlculata p u s s . ) Radlk.
Flcus aurea Nutt.
Guaplra discolor (Spreng.) Little
Harnella patens Jacq.
Krugkxiendron feneum (Vahl.) Urban
Mastlchodendmn foctldlssununx (Jacq.) H. J . LAM.
Myaianlhes Jnxgnxns (Sw.) McVaugh
Myrslne tloridcma A. DC.
Ocotea coriacea (Sw.) Brltt.
Persea borbonln (L.) Spreng.
Plsctdla plsclpula (L.) Sarg.
Pluuxelloblum unguls-cali (L.) Bcnth.
Psychotria nervosa Sw.
Quenzus vtrgintana Mill.
Randta aculeata L.
Saba! palmetto (Wait) Lodd. ex Schultes
SaplnAus saponaria L.
Scaevola Jrutescens (Mill.) Kurt Krause
Slmarouba glauca DC.
Sophara tornentosa L.
Swletenta nvahagonl (L.) Jacq.
Tanthoxylxim fagara (L.j Sarg.

FABACEAE
RUTACEAE
SAPOTACEAE
SIMAROUBACEAE
VERBENACEAE
X
CAPPARACEAE
CAPPARACEAE
ULMACEAE
VERBENACEAE
POLYGONACEAE X
X
POLYGONACEAE X
X
SAPOTACEAE
FABACEAE
MYRTACEAE
X
MYRTACEAE
X
SAPINDACEAE
X
MORACEAE
X
NYCTAGINACEAE
RUBIACEAE
RHAMNACEAE
X
SAPOTACEAE
MYRTACEAE
X
MYRSINACEAE
X
LAURACEAE
LAURACEAE
FABACEAE
X
FABACEAE
RUBIACEAE
X
FAGACEAE
RUBIACEAE
ARECACEAE
SAPINDACEAE
GOODEN1ACEAE X
SIMAROUBACEAE
X
FABACEAE
MEL1ACEAE
X
X
RUTACEAE

Blolly
Flrcbush
Black Ironwood
WUd Mastic
Twinbcrry
Myrslne
Lancewood
Red Bay
Jamaica Dogwood
Cat's Claw
WUd Coffee
Live Oak
White Indlgoberry
Cabbage Palm
Soapberry
Scaevola
Paradise Tree
Necklace Pod
West Indies Mahogany
WUd Lime
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Figure 1. Oslo Island planting site, September 1983.

Figure 2. Oslo Island seedling condition-time profile, 1983-1988.
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Figure 3. Oslo Island seedling condition by species, September 1988.

Figure 4. Survival of stabilizing versus declining species, Oslo island.
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Figure 5. Planting height and growth of Oslo Island seedlings.

Figure 6. Oslo Island planting site, September 1988.
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Figure 7. Impact of seedling location on survival of Oslo Island seedlings.

Figure 8. Wabasso Island seedling condition by species, September 1988.
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CHAPTER 10
Subtropical Fire Suppression In
Melaleuca quinquenervia
John D. Flowers, II
Florida Department of Agriculture and Consumer Services
Division of Forestry
3125 Conner Blvd.
Tallahassee, FL 32301
ABSTRACT
Pure stands of Melaleuca quinquenervia are spreading
across hundreds of square kilometers in south Florida.
Such stands burn with great intensity. The problem
continues to worsen because melaleuca trees survive and
their reproduction is promoted by fires. These fires are
more frequent and severe in drier years, most recently
in 1985. The threat of these fires to public health and
safety and property is very real. These fires are difficult
to combat and present a great difficulty to fire-fighting
agencies. Existing equipment has proven very ineffective
in e x t i n g u i s h i n g fires in these dense fuels. Very
expensive equipment of Low Ground Pressure type is
badly needed to function on peatlands. Retention of
experienced help is also a problem in some agencies.
Because droughts occur on a 5 to 7 year cycle in southern
Florida, by the time the next drought arrives, there will
be few fire fighters left who experienced the severe
melaleuca fires of 1985. With the spread of urbanization,
h o w e v e r , there is even m o r e p r e s s u r e u p o n the
responsible agencies to extinguish all fires.

1.
All figures and tables referred to in this paper have not been printed
in this publication because the author did not provide original, reproducable
copies of the figures and tables.
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INTRODUCTION
History
Until 1985, fire suppression tactics in melaleuca fuels consisted of
allowing the fires to burn to existing barriers. When direct attack was
absolutely necessary, fire fighters waited until the fire left the melaleuca
stands and suppressed the fire in the open sawgrass areas. In normal
weather conditions these tactics may be adequate. The 58th Street fire
(in Miami) of 1985, however, made a tremendous impact on the Division
of Forestry and south Florida. Over a 35-day period 8720 acres burned
(Fig. 1). A tremendous volume of black smoke generated by burning
melaleuca blanketed the heavily populated southeast coast causing
severe problems. Due to concerns for public health, safety, and welfare,
a n e w e m p h a s i s has been placed on "Smoke M a n a g e m e n t " in
conjunction with wildland fires. A change in attitude toward fires in
melaleuca stands is necessary. We can no longer afford to "monitor"
fires in this type fuel!
Fire Conditions
Three major factors determine the severity of a wildland fire: (1) fuel
loading, (2) topography, and (3) weather conditions.
Fuel Loading. Fire records for the Ft. Lauderdale District reveal that the
area in Township 55, Range 39 had 11 fires from January 1978 to
December 1983. These fires were small, averaging less than 2 hectares,
in fuels described as light grasses. Because less than 1% of the area had
been burned over that seven year period, a resulting buildup of fuels
was expected. Meanwhile melaleuca had rapidly invaded and developed
in this area. As dense stands of pure melaleuca develop, very little
understory growth survives in the dense shade. As sawgrass was
replaced by melaleuca, fuel conditions changed significantly. Melaleuca
burns readily. The continuous rain of leaves and small branches and the
periodic sloughing off of the outer bark keeps a litter bed ever present.
A 10.2 cm layer of dead leaves, killed by the freeze in December 1984,
doubled the previous ground fuel load (Fig. 2). Values for unburned
sites plots, adjacent to the 58th Street fire (Fig. 3), are representative of
the general stocking of this area.
Topography. Stands of pure melaleuca are thriving on the poorly
drained organic soils of southeast Florida. There may not be any place
that melaleuca cannot grow. Woodall (1980) maintains that once
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established, it makes little difference if the site is continually flooded, or
never flooded at all.
Initially isolated melaleuca stands develop around reproductively mature
trees, which are usually scattered in recently invaded areas. With time
these heads grow upward as the trees mature and outward as new plants
are added. These epicenters, usually less than 0.5 hectare in size, only
cover about 10% of the entire area. The ancestral trees, up to 6.6 dm dbh,
growing only 1 to 1.5 m apart, and 9.1 to 12.2 m in height. When these
sites ignite the fire quickly spreads through them and the entire canopy
suddenly torches, with flames rising well into the atmosphere. These
conditions provide the necessary fuel and atmospheric conditions for
spotting, that is development of new fires started well down-wind as a
result of burning materials falling to the ground. The presence of heavy
fuels on the ground often ignites the organic soils, a condition that is
much less common in the cooler burning sawgrass fires, and produce
ground fires that produce very acrid smoke. After the first fire has gone
through and ignited the dry muck soil, bark continues to slough off the
trees, falling onto the burning muck, and ignites. This "new" fire then
climbs back through the tree tops. This action sends millions of sparks,
and burning embers aloft. Only one spark need reach a suitable
unburned area to cause a new fire breakout.
On most fire incidents, the relationship of soil to fire occurrence and/or
intensity has never been considered. This is not the case in Dade and
Broward counties where melaleuca thrives. In the 58th Street Fire 100%
of the interior reignitions were attributed to burning muck.
Weather. Recent past and current atmospheric conditions affect all
wildland fires. From October 1984 through March 1985 there was only
a below-normal 12 cm of rain. With days passing with little or no rain,
temperatures in the 90s (degree F), humidities dropping to less than 40%
by 0930 hours each morning; and sustained wind speeds reaching 15
mph with gusts up to 25 mph, the fire danger increases accordingly.
Freezing temperatures in December caused an additional fuel load of
dead leaves. Because the majority of ground layer fuels in melaleuca
stands are "light" fuels, they dry out rapidly under these extreme drying
conditions.
Figures 6, 7, and 8 show the relationship between weather factors and
the area of burned in the 24-hour time period. There is a direct
relationship between high winds, high temperatures and low humidities
and the number of hectares burned. While these conditions are not an
annual occurrence, they will occur again. Extreme fire weather conditions

153

Proceedings of the Symposium on Exotic Pest Plants

arrive on a 5 to 7 year rotation (U.S. Weather Bureau), but even moderate
fire weather can create dangerous situation on melaleuca fires.
CONCLUSIONS AND RECOMMENDATIONS
The 58th Street fire (and Pennsuco fire to the southwest) was a very
costly fire. M a n y lessons w e r e l e a r n e d on these fires in
melaleuca-dominated wetlands. Many were learned the hard way and
at considerable cost. Regrettably, much of this knowledge will be lost
and the personal experience of personnel will be lacking by the time the
next dry cycle and severe melaleuca fire occurs. Maybe the following
information will be of benefit for that next time. We learned that:
1) The standard wildland fire fighting machine, (used in Dade
and Broward counties), the Muskeg Bombardier, will not push over
the dense melaleuca, so mobility will be limited. Attempts damaged
track systems, and hanging up on the trees meant defending the
stalled vehicle from the on-coming fire.
2) Attempts to make stands on streets, canal banks, and firelines,
using these bombardiers were futile on headfires in melaleuca.
These vehicles were better used to chase "spot overs" (i.e., spot
fires).
3) Most of the melaleuca in Dade and Broward counties growing
on muck averaging from 1 to 2 m deep. For these areas only "LGP",
(Low Ground Pressure) equipment is suitable. A ground pressure
of less than 1.8 k per 6.452 sq cm is desirable.
4) Fire line plows can be used behind LGP equipment. As soon
as the open flames are stopped, however, the fire lines must be
disced down flat to avoid the rolls of muck soil on each side of the
line because these elevated mucks will further dry out and ignite,
with the potential of embers blowing across the line and igniting
unburned fuel.
5) Once the open flames have been controlled, a fire in melaleuca
must be treated as a "muck fire." This means constant patrolling of
fire lines with ATVs (All Terrain Vehicles) and wetting down hot
spots along the line. For the bark and leaves to be consumed as
quickly as possible, dozers should be "walked" over trees standing
along the burned side of the line. This laying down of standing
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vegetation back onto the burn should continue as far as time will
allow.
6) All fire fighters should be cautioned to wash down equipment
that has been out on the burn before it is moved to areas of
unburned fuels. The burning muck will cling to the tracks and can
set fires across the line.
7) Pushing and plowing 3.7 m wide fire lines when the fire is
crossing 1.5 k wide clearings under power lines and 6.1 k wide
turnpikes is a waste of valuable time and unnecessary wear on men
and equipment.
8) Burning muck will ignite the paper thin bark left on the trees
after the fire has burned over the area. Sometimes this can burn
three or four times, in as many weeks. (100% of all reburns were
attributed to burning muck on the 58th Street fire).
9) Heat from flames reaching up into powerlines can cause
expensive damage to the lines. The damage may be even greater
when the oily black smoke of burning melaleuca coats the lines and
insulators. The carbon makes contact between the wires and arcing
occurs. This causes severe overloads of transformers, which often
explode beyond repair. This turns power off to a rather large area.
In south Florida it may be tens of thousands of people affected such
a power outage. Power outages are a threat to public safety and
welfare. In May 1985, when a forest fire at Andytown arced the
lines, the power loss caused elevators to be stuck between floors in
hundreds of buildings in Miami and Ft. Lauderdale. Traffic lights
were inoperable and hundreds of accidents occurred in the 2 hours
and 58 minutes before power could be restored. Thousands of
computer systems went down. Business came to an abrupt halt. An
estimated 2.3 million people had no electrical power. There was
near panic in several of the large office buildings in Miami. The
emergency phone number, 911, was overloaded and it took over 8
hours to clear out the backlog of calls (Metropolitan Dade County
Alarm Office Activity Report #-0623-85).
10) Conditions in Item # 9 can be prevented by working closely
with Florida Power and Light (FPSL) personnel at the scene. Because
the Florida Division of Forestry does not have radio
communications with FPSL, at this time, contact must be person to
person. FPSL, with a little time, can transfer loads from line to line;
even reroute power to another system for short periods of time.
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11) Fire "blowup" situations can occur with humidities between
40% and 60% and if two lines of fire are allowed to come together.
12) Fire spread in melaleuca after a long period without rain
u s u a l l y exceeds w h a t is accepted as " n o r m a l " in
pine/palmetto/gallberry type fires. I attribute this, in part, to the
amount of radiant heat necessary to ignite the light fuels in the path
of the fire. Fire brands being blown out in front of the headfire 27
to 46 m, ignites the melaleuca bark. The bark acts as a "ladder fuel",
and crowns out the top, causing further pre-heating/drying. This
also aids the fire spread. (Note: Men and equipment caught in this
30 to 50 yard area can become trapped.)
13) Local fire department and FPSL equipment can only work on
travelable roads. They can deliver water only to the roadside. This
is often the only source to refill ATV tanks. Much time is consumed
running back and forth tanking water into the fire area, which can
be as much as a mile or more from the nearest road. Very little
progress can be expected when these situations exist. There is not
enough DOF personnel locally to operate shuttle equipment from
the road to other personnel fighting the fire. The necessary
equipment is not even available locally.
14) Working Forest Rangers 12 to 16 hours per day, day after day,
quickly wears out the available manpower. An increase in personal
and equipment accidents can be expected if this condition lasts for
two or more days.
15) S o m e t h i n g n e w (since 1985) that Supervisors m u s t be
concerned with is the 28 day-160 hour work cycle for fire fighters.
This means that overtime is earned if the fire fighter works over
160 hours within the 28 day period. Because no money has been
appropriated to pay this overtime, the time must be given back,
hour for hour, as compensatory leave. This has the effect of reducing
available fire fighters, not only to fight fires as they occur, but to
keep their equipment serviced as it should be. With the work force
often r e d u c e d by t u r n o v e r , and h a v i n g to give employees
compensatory time off, almost any fire can escalate into a major
incident.
16) The use of helicopters to drop water and to set counter fires
using aerial ignition devices should be considered on fires that have
potential for escalating into a major incident.
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Based on observations made after the 58th Street and the Pennsuco fires,
as to the survival rate and increased spread rate of melaleuca, I believe
management cannot be considered as a means of effective control of this
prolific exotic. I have observed many fires in melaleuca fuels since 1982.
I cannot show you any stand that fire has destroyed. I can, however,
show you where multiple stems have sprouted from the stumps left by
the fire.
Effective fire suppression in subtropical melaleuca stands will depend
u p o n the knowledge by both the fire fighters of the equipment
capabilities and their supervisors. Decisions must be made based on the
"worst case scenario", and nothing should taken for granted.
The cost of the equipment and manpower necessary to suppress fires in
melaleuca is e n o r m o u s compared to what is now spent on fire
suppression in south Florida.
Urbanization is rapidly spreading into these areas of dense melaleuca.
The utilization of "natural" vegetation as part of the landscape plan is
common practice. In effect, Dade and Broward counties are in the process
of preparing the next generation of homes to be burned by wildland
fires. This influx of people increases the possibility of wildland fires.
Above all else it demands quick and effective response from fire
suppression agencies. As the stands of melaleuca increase, so does the
suppression problem. Something must be done to reverse this trend.
Solutions to the melaleuca problem are going to be expensive, but not
as expensive as it is going to be if it is not controlled.
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CHAPTER 11
The Current Status Of Melaleuca
quinquenervia In Southern Florida
Ronald H. Hofstetter
Department of Biology, University of Miami
Coral Gables, FL 33124
ABSTRACT
The exotic species Melaleuca quinquenervia, following its
introduction after 1900 along both coasts of southern
Florida, has advanced into the interior freshwater
w e t l a n d s , invading most of the communities and
displacing native species to a significant degree. This
paper reviews the biological characteristics of the plant,
seeds, and seedlings of melaleuca pertinent to survival
in s o u t h e r n Florida; a n d the c o m m u n i t i e s a n d
environmental conditions that have been invaded by
melaleuca. Melaleuca possesses many characteristics
generally associated with weeds, although it does have
a long life. Melaleuca is well adapted to freshwater
w e t l a n d s in their p r e s e n t altered state. Native
communities that are most susceptible to melaleuca
invasion and establishment are those that are often
stressed, most commonly by shortened hydroperiods
and by frequent dry-season fires. Ecotonal communities
and disturbed sites are particularly susceptible in the Big
Cypress. Communities with calcareous sediments in the
east Everglades are now being invaded. Hypotheses of
genetic variability are offered as explanation for regional
differences in melaleuca. Melaleuca is an environmental
problem of major p r o p o r t i o n s to which adequate
concern has not yet been given. Unless increased control
measures are taken, the accelerating spread of melaleuca
across the interior wetlands will continue with dire
consequences to native species and humans.
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INTRODUCTION
Melaleuca quinquenervia (Cav.) Blake, locally called melaleuca or cajeput,
is an alien (exotic) tree that poses severe problems to freshwater wetland
habitats in southern Florida. The purpose of this paper is to summarize
the information existing on those biological characteristics of melaleuca
that affect its invasion and establishment in southern Florida, and to
identify those communities and habitat conditions that are susceptible
to melaleuca invasion and establishment.
Historical Background
Although not undisputed, the credit for the successful introduction of
melaleuca into southern Florida is given to John C. Gifford in 1906 in
Dade County on the southeast coast (Meskimen 1962). Allen H. Andrews
also obtained seeds from Australia and in 1912 planted a melaleuca forest
at Estero, from which trees spread over "vast areas of swamps and wet
flatwoods" in southwestern Florida (Andrews 1950, reported by Morton
1966). Both men, seeking tree species that would thrive in wet soils and
yield a commercial product as well as promote drying of the wetlands,
independently received seeds from two separate sources in Australia
(Meskimen 1962). Morton (1966) r e p o r t s that there were other
introductions, for example, the U. S. Department of Agriculture received
and distributed melaleuca seeds obtained through France in 1900, and
seeds were received from Madagascar in 1916 and 1917. Gifford's friend,
Hully Stirling, reportedly scattered melaleuca seeds from an airplane
over the Everglades (possibly in the region of what is now Conservation
Area 2B) in 1936. A more thorough account of the introduction of
melaleuca may be found in Meskimen (1962).
When melaleuca became naturalized in southern Florida is not known.
Meskimen (1962) reported that there was a rapid spread of melaleuca
mostly on cut-over wetland sites in Lee County. Austin (1978) reported
that "shortly thereafter" (i.e., after 1906) trees derived from seeds of
Gifford's planting in Davie began to invade wet prairies and marshes of
the eastern Everglades. Although in the 1940s David Fairchild expressed
concern at melaleuca's spread (Morton cited in Villano 1988), and H. E.
Wallace, w h o was with the Florida Game and Freshwater Fish
Commission, was worried about a spread of melaleuca from the L.
O k e e c h o b e e p l a n t i n g s (Meskimen 1962), significant ecological
publications through the early 1950s, (e.g., Davis 1943, Egler 1952), do
not mention the presence of melaleuca in natural communities. Egler
(1952), however, did report considerable numbers and spread of
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Australian pine (Casuarina) on marl s e d i m e n t s of the southeast
Everglades. Craighead (1971) identified melaleuca as a tree that was
invading cypress forests and sawgrass glades, and warned "Unless
destroyed, they [melaleuca trees] will in time occupy extensive areas of
these swamps, destroying their recreational values".
Recent and Current Status
In the last three decades the spread of melaleuca across southern Florida
may be described as explosive, with the rate of spread accelerating. Even
those who have followed this invasion with more than casual interest
are overwhelmed with annual increases in area and density of melaleuca.
There has not been a successful survey of the distribution of melaleuca
in southern Florida, so the area occupied has not been determined.
DiStefano and Fisher (1983) reported that melaleuca occupied a million
hectares [2.5 million acres], and was invading at a rate of 1000 hectares
[2500 acres] per year. Villano, in a recent popular article (Villano 1988),
reported that more than 40% of the Big Cypress 230,000 hectares [574,000
acres] was invaded by melaleuca, and about 4000 hectares [10,000 acres]
of dense melaleuca exist along the edge of Lake Okeechobee, the result
of a planting by the U.S. Army Corps of Engineers in 1940-41 to protect
levees (Meskimen 1962).
Why has melaleuca become such a serious problem in southern Florida?
The native habitat of Melaleuca quinquenervia in subtropical Australia is
freshwater a n d coastal w e t l a n d s . Melaleuca was independently
recommended by two sources in Australia as a tree that would thrive
in wetlands in southern Florida (Meskimen 1962). There are similarities
in climate, hydrologic, and soil properties in southern Florida with those
in the native range. Weedy species typically thrive when they locate in
suitable habitats where there is an absence of natural competitors,
predators, and diseases. There is still much we do not know, so our
understanding of the environmental preferences of and predictions for
the spread of this species has been derived mostly from limited
observations and inductive generalizations. Other than Meskimen's
(1962) silvical study of melaleuca, only in the 1970s, beginning with the
work of Myers (1975, 1976), did research start to address the biological
character of melaleuca with regards to the southern Florida environment.
Increasing environmental concerns of exotic pest plants led to a series
of "melaleuca workshops", beginning at Hollywood in June and at West
Palm Beach in N o v e m b e r 1975 (Maier 1975a, 1975b) u n d e r the
sponsorship of the Florida Game and Freshwater Fish Commission. A
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"Melaleuca Symposium" sponsored by the Florida Division of Forestry
was held in 1980 (Geiger 1981). A conference on the status of exotic
woody plants in southern Florida was held in November 1982 at
Fairchild Tropical G a r d e n s in Miami. An "Exotic Woody Plant
W o r k s h o p " at Everglades National Park in 1984 (Takekawa and
Burkhead 1984) provided an opportunity for those working on specific
aspects of melaleuca or its then more restricted areas of establishment,
to exchange ideas and begin to assemble a body of knowledge. The
recently evolved Exotic Pest Plant Council continues to serve as a forum
for discussion not only of melaleuca, but of other or potential pest plant
species.
Over the last decade opinions have changed as additional characteristics
of melaleuca are recognized, and as new areas and conditions succumb
to the increasing invasion of melaleuca. There are apparent paradoxes
and disagreements that have not yet been resolved.
The information presented here is based on my 20 years of observations,
a review of the literature, and discussions with many individuals who
are w o r k i n g on melaleuca. Personal communications have been
particularly useful because there have been very few recent publications
on melaleuca.
BIOLOGICAL CHARACTERISTICS OF MELALEUCA
QUINQUENERVIA
The tree introduced into southern Florida was believed to be Melaleuca
leucodendra, but has been recently identified as M. quinquenervia. It is one
of 11 species in the "leuco-dendra complex" in the genus Melaleuca,
family Myrtaceae (Blake 1968, Barlow 1986). The genus Melaleuca, which
includes over 250 species of woody plants, is currently undergoing a
taxonomic review and so there may be further changes. Eucalyptus,
another genus in this family, appears to be a potential problem in
southern Florida.
Blake (1968) reports that Melaleuca quinquenervia commonly occurs "as
usual with members of this genus - as pure communities in swampy
ground but frequently on hillsides, usually where the ground water is
close to the surface."
While Melaleuca leucadendra a n d M. cajeputi range widely outside
Australia, M. quinquenervia occurs naturally only in northeastern
Australia, eastern New Guinea, and northern Caledonia (Ted Center,
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pers. comm.). M. quinquenervia has since been moved about the tropics,
and it, along with several other species, were included in the earlier
species M. leucodendra (sensu lato), thus making it difficult to determine
the history of its pan-tropic spread.
Characteristics of Plants
It will help us to understand why melaleuca is thriving in southern
Florida if we examine the relevant biological characteristics of the mature
p l a n t s , seeds, a n d s e e d l i n g s . This species s h o w s most of the
characteristics of a weed (see Hill 1977, for a discussion of weed
characteristics), but has other significant features.
Melaleuca in dense stands shows strong indeterminate growth, growing
tall and slender with little branching. It is relatively fast growing, with
rates of 2 m (6.5 feet) per year (Alexander and Hofstetter 1975), and it
exhibits year-round growth, although showing some seasonal variability
(Meskimen 1962). Trees here are now over 20 m (65 feet) tall, well
exceeding the height in its native range (Joe Balciunas, pers. comm.).
These growth features enable it to out-compete many native species for
sunlight. The plant locally appears to be relatively long-lived, some now
being at least 70 years old and showing no signs of senescence. Melaleuca
exhibits considerable phenotypic plasticity, particularly in architectural
adaptations to sun and shade, and to a considerable range of edaphic
conditions. Trees growing in a typical, dense monoculture stand are
self-pruning, producing a tall whip-like tree, generally lacking branches
on the lower two-thirds of its bole. The branches at the tops of these
trees are slender and moderately short, with little additional branching.
Trees growing in the open typically have a broader, columnar form with
dense branching extending from near the soil surface to the top of the
tree. In some trees the lower branches may be quite robust and long.
Many trees that were at least initially growing in the open have multiple,
often more than a dozen, trunks that originate close to the sediment
surface and diverge outward. Meskimen (1962) reported finding several
individuals that exhibited a shrub form that appeared unrelated to
edaphic conditions.
Melaleuca is generally restricted to parts of the tropics and subtropics.
Buds and small branches, and young plants are sensitive to frost damage.
Several hours of -5°C (23°F) temperatures in Dade County on January
1977, killed the shoots and cambium of the bole of some trees down to
near ground level, but only very rarely resulted in death of a large tree.
This same freeze did result in death of a substantial number of trees
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farther north and the northward march of melaleuca up Florida is
curtailed by freezing temperatures.
The tree grows in soils that are considered quite nutrient-poor, but will
respond to added nutrients with improved growth (Meskimen 1962). It
will survive on local soil-sediment types, including acid sands, organic
soils, and alkaline marls and limestone of varied thickness. The tree
appears to grow best in soils that are saturated or flooded for several
months. The tree tolerates very low concentrations of oxygen in the
rhizosphere. It will also grow well, flower, and set seed over the range
of permanently flooded to upland sites. Melaleuca will also tolerate
brackish sites, and grow in mangroves (Taylor Alexander, pers. comm.).
Melaleuca's adaptations to survive, and even be promoted by, fire are
multifold. No species appears to be better adapted to the present
unnatural fire conditions that have prevailed for at least the past two
decades. Most important for survival are its thick bark (up to twice the
diameter of the inner wood on small shoots), which consists of multiple
layers of paper-like material that retains both considerable moisture and
abundant small air spaces. This bark protects the cambium from
damaging temperatures of fires and frosts, as well as from mechanical
damage, pests, and disease. Melaleuca has a great ability to generate
adventitious buds on its roots and shoots. This characteristic results in
coppicing below a cut or when the apical bud is destroyed. A tree that
is uprooted and on the ground may develop into a row of trees as a
result of some branches on the upper side of the bole assuming
dominance and becoming individual trunks (Meskimen 1962). Broken
branches that fall on suitable edaphic conditions may root and grow.
The adventitious buds also generate a collar of "water roots" in the water
column above the sediment when there is prolonged flooding, especially
where oxygen is limiting (Meskimen 1962).
Melaleuca will grow in extremely dense stands that have resulted from
massive localized seed fall. Densities for 3-4 m. (10-15 ft.) high trees of
over 250,000/hectare (100,000/acre) have been found by Alexander and
Hofstetter (1975). As such stands mature a thinning process reduces the
density to under 5000 12 m. trees per hectare (2000 40-ft. trees/acre)
(Hofstetter, unpub.). Developing forests have little ground cover, perhaps
as a consequence of low light intensities. To date there is no clear
successional trend to indicate replacement of melaleuca in its dense
stands, although native ground cover reappears as the canopy opens in
other stands.
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DiStefano and Fisher (1983) found the apparent presence of allelopathic
compounds in the melaleuca litter that reduce shoot and root growth
and inhibit germination not only of other species, but also of its own.
Duever et al. (1979), Taylor Alexander (pers. comm.) and I have found
no allelopathic activity in melaleuca litter.
Melaleuca is precocious, achieving sexual reproduction in plants believed
to be only a year (Meskimen 1962). Fortunately most trees do not flower
that young. Flowers are produced in spikes near the tips of branches
that show a limited pattern of indeterminate growth. Flowering is quite
variable among individuals in a given area and among different areas
(Meskimen 1962). Because flowering may take place over several months
(July through January), and may occur up to 5 times a year (Meskimen
1962), the probability for an annual event of pollination, fertilization, and
seed set is high, but varies from year to year (Meskimen 1962). The major
pollinator, the introduced honey bee, probably causes more fertilization
to occur than if only native pollinators were present. Honey bees were
brought into southern Florida from more northern climes in immense
numbers each winter through the early 1980s, adding substantially to
the resident honey bee population when heaviest flowering of melaleuca
occurs. The honey bee may have played a role in the increased rate of
spread of melaleuca since the 1950s.
Characteristics of Seeds
The small seeds (17,000/g or 482,000/oz. (Alexander and Hofstetter
1975), 950,000/oz. (Meskimen 1962)) are borne in clusters of sessile,
barrel-shaped capsules that persist on the branches 7 years or longer
(Meskimen 1962). Alexander and Hofstetter (1975) found an average of
250 seeds/capsule (200-350 (Meskimen 1962)). Because of the abundant
annual flowering, high fertilization, and the fact that closed capsules may
be retained on a tree (Meskimen 1962), a 10 m (32 ft.) tall, open-grown
tree may hold about 20 million seeds (Alexander and Hofstetter 1975).
Meskimen (1962) calculated that a 12 m. (40 ft.) open-grown tree
contained over 2.7 million seeds. Seed viability is 20 to 30% (Meskimen
1962, Alexander and Hofstetter 1975, Myers 1975, Woodall 1981). Viable
seeds are present in capsules that are 10 years old, but viability declines
with age of seeds (Meskimen 1962). Some capsules apparently open
continuously, releasing perhaps an almost continuous light rain of seeds.
Most capsules are serotinous, however, not opening until the conductive
tissue connecting them to the tree is disrupted by shoot growth and bark
production, or by stress, such as fire, frost, mechanical damage, or
herbicide treatment. Following stress, a massive seed release may begin
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within a few hours and occur over several days (Meskimen 1962). Once
opened, capsules on the underside of the branches release their seeds
before those on the upper sides, which require considerable shaking as
a prerequisite to release.
There are no adaptations of the plant or seed that aids in seed dispersal.
No native small mammals or birds are suspected of eating the seeds.
Most seeds fall close to the mother tree, with dispersal by wind affected
by height of seed release and wind speed (Meskimen 1962, Woodall 1979,
Browder and Schroeder 1981). The seeds will also float on water, if the
surface tension is maintained (Duever et al. 1979), up to two days
(Woodall 1981) or "four days" (Meskimen 1962, p. 45), but water
dispersal is hypothesized as being minimal in the presence of emergent
vegetation and other obstacles (Woodall 1979). Meskimen (1962) stated
that water dispersal, particularly by rafting, could be important in
dispersal in some situations. I have observed seedlings concentrated
along water lines. Accidental transport of seeds on the body of birds has
been suggested by Meskimen (1962) and offered as an explanation
(Gunderson 1983) for the presence of scattered melaleuca plants up to 6
km. (10 miles) from the nearest seed tree during a period when there
were no hurricanes. In spite of their small size, the seeds are surprisingly
long lived after release from the tree. Seeds are still viable up to 10
months on wet swamp soils (Myers 1975,1976; Woodall 1983). The seeds
if submerged in water will survive 6 months (Meskimen 1962), but not
a year (Myers 1975). Whether germination is immediate or delayed is
determined by wetting (Myers 1975). Germination typically occurs
within 3 days of wetting (Myers 1975). Meskimen (1962) observed
germination of seeds floating on water. Myers (1975) and Duever et al.
(1979) reported adequate oxygen levels in the water as important to
germination.

Characteristics of Seedlings
The requirements for seedling survival are apparently more restrictive
than those for established plants (Myers 1976) and therefore more a factor
in limiting the spread of melaleuca than any other conditions. Seedlings
in the first few months of existence require wet, preferably saturated
s o i l / s e d i m e n t (Meskimen 1962, Myers 1975). They will survive
completely submerged for up to 5 or 6 months (Meskimen 1962, Myers
1976), but growth of totally submerged seedlings is greatly slowed,
internodes are short, the normal leaves are replaced by very short, thick
leaves, and the apical bud often dies (Meskimen 1962). Meskimen (1962)
and Myers (1975) observed germination of seeds under a great range of
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soil moisture conditions, but death of most, if not all, of the seedlings
occurs due to subsequent drought stress. This requirement of adequately
wet substrate for some critical period may be the primary reason why
there are not orders of magnitude more melaleuca trees present here
than there are now.
CONDITIONS FOR GERMINATION AND SEEDLING
DEVELOPMENT
Germination and seedling development will occur in shade, but are
greater in sun (Meskimen 1962). Seedlings are less likely to establish
where there is dense litter than on the soil surface (DiStephano and
Fisher 1983). Pot and field studies have shown some seedling preference
for sediment type, with establishment more likely on organic sediments
and acid sandy soils than on other sediments (Meskimen 1962, Myers
1975, Duever et al. 1979). Several workers (Meskimen 1962, Myers 1975,
1976; Duever et al. 1979) reported that seedlings either do not grow or
grow poorly on alkaline marl soils. Melaleuca has recently become
widespread in muhly and mixed species prairies in the east Everglades,
however, where soils are predominantly marls of various thickness over
limestone (Hofstetter 1976, Hofstetter and Hilsenbeck 1980). The spread
of melaleuca into the "rocky glades" area of the east Everglades indicates
that some establishment on less desirable sediments does occur.
Seedlings will grow in sediments with very low nutrient concentrations
(Meskimen 1962, Myers 1975), but are capable of increased growth where
nutrient level are higher (Myers 1975).
Seedlings that are less than 3 to 6 months old, or only one or two
decimeters (4-8 in.) high, are often killed by a hot surface fire. Death
may occur as a result of lethal temperatures, insufficient food reserves
to produce new shoots, or drying of the sediment due to increased
exposure. Older seedlings are pruned by fire, often back to near the soil
surface, but recover quickly, often with multiple shoots from the collar.
Fire-pruning and frost-pruning of seedlings may be the primary causes
of the development of multi-trunked trees.
Melaleuca quinquenervia is well suited to the many current environmental
conditions (climate, sediment types, hydroperiod, climatic, diseases, and
pests) in the Everglades. No species now present appears better adapted
to more habitats, and capable of invading and persisting in a greater
area of southern Florida than melaleuca.
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SITE SUSCEPTIBILITY TO MELALEUCA ESTABLISHMENT
For melaleuca establishment to occur in an area, the following three
conditions must be met in proper sequence: (1) viable seeds must be
present, (2) germination must be initiated, and (3) the seedlings must
survive and mature (Meskimen 1962; Myers 1975, 1983; Woodall 1979,
1981). The probability of viable seeds being present increases with
increasing proximity to increasing density of seed-bearing trees. This
probability is also affected by any phenomenon (e.g., fire) that triggers
the release of seeds from those trees, and the direction and extent of
dispersal. Seed availability is probably the factor most often overlooked
or underestimated when interpreting and predicting the spread of
melaleuca. Germination of melaleuca seeds requires adequate wetting of
the seeds, adequate oxygen concentrations in the water or soil/sediment,
and possibly adequate light a n d / o r heat. Seed predators must not
destroy all the seeds. Allelopathic compounds should not be present in
c o n c e n t r a t i o n s a d e q u a t e to r e d u c e g e r m i n a t i o n significantly.
Germination conditions are probably the least limiting of these
prerequisites. Survival of the seedlings is determined by the factors
mentioned above, the presence of strong competitors for light and
nutrients, and the incidence of predation and disease. Survival of
melaleuca seedlings is favored when other vegetation is absent or
weakened through stress. Such stress may come about by shortened
hydroperiods, disturbed sediment surface, and, for more tropical species,
cold weather. Fires not only promote the release of melaleuca seeds, but,
at least temporarily, reduce competition and increase available nutrients.
Fires in the early and middle dry season should be particularly favorable
to melaleuca because native species are not adapted to fires then, and
suffer from them (personal observation). There are not yet any serious
predators or diseases of melaleuca seeds or plants in southern Florida.
The requirements for establishment of the seedlings is in most cases the
most limiting or critical of the three factor. Once past the early seedling
stage, melaleuca rarely succumbs to natural forces in southern Florida.
The characteristics and habitat requirements of melaleuca are not
adequately known to explain the observed differences in the pattern of
spread of melaleuca in southern Florida. Even less is known about the
requirements of native species. It is strongly suspected that there are
synergistic and antagonistic interactions among the various natural
forces, complicated further by the alterations of natural conditions and
forces that man has effected.
The information that we have on site susceptibility to melaleuca is based
mostly on observations of where it exists, as well as commendable, but
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limited, pot and field studies on germination and early seedling
development. Opinion of site susceptibility has changed over the past
dozen years, and may well change further with time and additional
studies. In the following summary of site susceptibility the Big Cypress
and southwestern Florida is separated from the Everglades and the
eastern part because there appears to be some appreciable differences.
Through the early 1980s there was a significant difference of opinion
between those working in the Big Cypress and southwestern coastal
areas, and those working in the Everglades and southeastern coastal
areas on site susceptibility and the relative importance of the various
environmental forces, particularly fire, to melaleuca invasion.
In the southwestern part of Florida melaleuca was described primarily
as a ruderal species, that is one that appears early on disturbed sites
(Alexander and Crook 1973,1975; Myers 1975,1976; Austin 1978; Duever
et al. 1979; Wade et al. 1980). Removal of the existing vegetation and
particularly mechanical disturbance of the sediment enables melaleuca
to establish itself quickly, provided soil moisture is adequate over the
following critical months. This view is best summarized by Myers in
Ewel et al. (1976) who stated "massive invasion by Melaleuca is largely
restricted to disturbed areas (i.e., not natural (R. Myers pers. comm.)). It
seems clear that most undisturbed ecosystems are to a large degree
resistent to, but not necessarily immune to, colonization." (p. 6), and "An
important point that should be emphasized is that in the majority of
cases Melaleuca does not displace native vegetation but replaces that
which has already been lost through environmental alteration" (p. 7).
In the Big Cypress melaleuca has also invaded habitats that primarily
lie transitional between upland and wetland (Duever et al. 1979). Among
the most common locations of invasion is the pine-cypress ecotone
(Myers 1975, 1983, 1984; Ewel et al. 1976; Duever et al. 1979; Woodall
1983). It is hypothesized that in these ecotones there are conditions for
which melaleuca is either better suited than are available native species,
or there are no significant competitors, so that the exotic species is
occupying an "empty niche" (Myers 1976, Duever et al. 1979). This
phenomenon is especially prevalent where the hydroperiod has been
shortened through man's actions. Pine flatwoods and muhly mixed
graminoid prairies, which are generally considered as local wetlands
having among the shortest hydroperiods, have also been communities
where melaleuca is readily establishing following a lowering of the water
table and a shortening of the hydroperiod (Gunderson 1983). This
invasion has occurred primarily where the sediments are acid sands and
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highly organic soils, but less commonly or less readily on alkaline soils
(Meskimen 1962, Duever et al. 1979, Gunderson 1983).
In the Everglades and southeastern Florida melaleuca has not shown a
preference for areas where sediments have been disturbed mechanically.
There, melaleuca has invaded essentially all types of communities,
including those where vegetative components appear to be healthy and
presumed comparable to historical vigor. There are no fresh-water
wetlands remaining in southern Florida, however, where the suite of
natural (historical) conditions, especially hydrologic, exists today.
Melaleuca, fortunately, is not invading each community type equally,
and establishment does not occur every year. The wetter communities
appear more susceptible under droughtier conditions than average,
especially if the community was burned in the middle or latter part of
the dry season. Drier communities are more susceptible when wetter
than normal, a condition that is now uncommon. In the east Everglades
over the last decade melaleuca has spread across wetlands with
limestone and marl, as well as p e a t / m u c k , soils. The pattern has
consisted of the establishment of a few widely scattered trees that release
their seeds after being burned by a dry-season fire. Within a few months
this results in innumerable seedlings, particularly around each burned
parent tree. The incendiary (i.e., arson) fire (ENP Fire #8613) of 27 April
1986, is a good example of the problem of arson ignitions and another
destructive consequence (i.e., in addition to extensive ground fires) of
such dry-season fires.
Are the geographical differences in views expressed above real? Some
probably are not, some I do not know, but some are. The opinions on
site susceptibility described above may differ in some cases only in the
interpretation of "disturbed". The differences in opinion may result from
the fact that the biota, habitats, and ecosystems within these two
subregions are different. The two subregions differ in the timing and
degree of change in hydrologic conditions. Other explanations for real
differences may exist. One possibility is that the melaleuca in
southwestern Florida are genetically different from those on the
southeastern side. Meskimen (1962) suggested that because the two major
introductions were of seeds from separate sources, the seeds may have
come from two different locations in Australia. He further speculated
that, because of the relatively few seeds in each package, the seeds in
each package could have come from a single tree, perhaps each being a
different ecotype. Particularly in light of the confusion in species
identification, this explanation seems plausible. Another possibility is
that, whether or not the initial introductions were genetically distinct,
new ecotypes may have evolved differentially in the two subregions. The
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more recent accelerated growth may reflect natural genetic variation
among the melaleuca present. Some of the individuals may now be better
adapted to more recent environmental conditions than other individuals
were to earlier, less disturbed conditions. Further explanations could
incorporate combinations of the above hypotheses. Genetic diversity in
melaleuca now can and should be determined.
With the present knowledge and technology, melaleuca is impossible to
eradicate and difficult to control in southern Florida. Other papers in
this symposium address aspects of this issue. In many parts of southern
Florida, however, melaleuca does not yet dominate the landscape. In
those areas it could be controlled if funds and effort were provided.
Minimal control efforts should consist of searching for and killing
outliers (i.e., those trees beyond the advancing front), ideally before they
set seed (because it reduces the cost of follow-up control of offspring).
This will reduce the seed rain and the probability of invasion in those
areas where melaleuca is not yet common.
CONCLUSIONS
Melaleuca quinquenervia is a species with characteristics (such as rapid
growth, precocious development, and abundance of small seeds) that are
commonly associated with weedy species. It is well adapted with a broad
range of tolerances to thriving in the fresh-water wetlands of southern
Florida, especially under the present environmental conditions. The
adaptations of the plant for survival and the abundance of seed have
enabled this species to spread and establish in a wide range of habitat
conditions.
With its numerous adaptations (thick, protective bark; serotinous
capsules; and adventitious buds) to fire, melaleuca has a particular
advantage over many native species to the dry-season fire conditions,
which are not natural and to which native species are not adapted.
The presence of viable seeds, conditions triggering germination, and
conditions that enable survival of the developing seedling must all occur
in the proper sequence and for the proper time period if melaleuca is to
become established. The seed rain is highly variable in space and time,
and has generally not been given adequate consideration. The more
continuous and heavier the seed rain and the longer the time period, the
greater the probability for conditions to occur that favor establishment
of melaleuca. Adequate wetting of the seed, the primary requirement for
germination, is likely to be the least exacting requirement. The
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requirements for adequate soil moisture, light, and nutrients for the
seedling in the first year probably limit most where melaleuca can
establish.
Communities are not equally susceptible to melaleuca invasion and
invasion is not uniform in space or time. Some communities are
inherently less susceptible only because they experience conditions
favorable for melaleuca establishment less frequently than do other
communities. Under the present range of environmental conditions,
melaleuca can invade all fresh-water wetland communities in southern
Florida. Even the wettest sites may be susceptible to invasion during
drier periods. Communities with short hydroperiods may become more
susceptible in particularly wet years. The controlling factor is typically
hydrologic.
A perceived lack of susceptibility of some communities, habitats, and
sites, however, in some cases at least, has been due more to the absence
of melaleuca seeds than to the existence of the necessary suite of habitat
conditions. We must not be complacent about the threat to those
communities where melaleuca is not yet common.
If control measures are not increased, melaleuca and its seeds will spread
over an increasing geographical area, so that the invasion and dominance
of melaleuca will continue to accelerate with time.
Melaleuca dramatically, and generally irreversibly, changes the systems
that it has invaded through displacement of the species and changes in
sediment properties and microclimate. The impact has been major, but
possibly to a degree and with consequences that we can not yet fully
comprehend.
POSTSCRIPT
Significant information on and control of melaleuca has resulted from
the support of many environmental agencies. Some of these accounts are
presented in other papers. Not all environmental agencies have made
the necessary commitment or developed a strong control program. Some
may believe that we now know enough about melaleuca. If we expect
to have any appreciable success against melaleuca, we must continue to
learn more about it, our native species, and the degree of influence of
environmental conditions on them. Funding for such studies has been
inadequate. Funding should be increased for the search for biocontrol
agents of melaleuca. These efforts must be made, because to do otherwise
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will prove to be much more difficult and costly with time. The cost to
prevent or slow further expansion of melaleuca is appreciably less than
the cost of removal and replacement of melaleuca with native species in
the future. If increased efforts are not made to control melaleuca at least
in the vicinity of important ecological areas, we should expect significant
changes of diverse nature to occur.
We must also increase our efforts to educate those who can provide the
means for control, particularly at the national level, where the purses
are bigger. We must fight for legislation that recognizes important
ecological problems, such as exotic organisms like melaleuca, and that
provides impetus for control measures. Each of us must work much
harder to educate the local citizens on the problems of melaleuca and of
other pest p l a n t s a n d a n i m a l s , a n d the i m p o r t a n c e of n a t u r a l
communities to them.
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CHAPTER 12
Population Biology Of An Invading
Tree, Psidium cattleianum, In Hawaii
Volcanoes National Park
Laura Foster Huenneke
Department of Biology
New Mexico State University
Box 30001
Las Cruces, NM 88003
ABSTRACT
Psidium cattleianum (Myrtaceae) is an aggressive invader
of moist tropical forests. The early stages of its spread
in Hawaii Volcanoes National Park, USA, are being
followed, with emphasis on demographic, reproductive,
and phenological behavior. Active growth and fruit
production occurred in all months of observation (Aug
1987 - Jan 1988) over the elevational range studied (150
m - 915 m). In laboratory tests, germination occurred at
high rates over a wide range of temperature and
moisture. In field populations, both seedlings and
suckers c o n t r i b u t e d significantly to recruitment.
Seedlings occurred on the same substrates as did native
plants, and not necessarily on disturbed soil areas.
Psidium possesses a number of traits characteristic of
opportunistic invaders, but apparently its clonal growth
habit is most responsible for its success in invading and
dominating intact native forests.
INTRODUCTION
Ecologists have long been interested in the behavior of those species
most successful at moving around the globe and into new settings, with
or without the direct help of humans (Elton 1958). Resource managers
(from agriculturalists to the designers of nature preserves) also have
reason to focus on the behavior of plants that spread and grow
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opportunistically. Plant ecologists and weed scientists have come to
understand very well the characteristics of plants that contribute to
weediness: effective dispersal capacity, physiological tolerance of a wide
geographic and habitat range, and opportunistic response to human
disturbance (Baker 1974, Baker and Stebbins 1965). Many of these
characteristics are features of sexual or seed reproduction: e.g., high
fecundity, rapid germination and very broad tolerance to germination
conditions, and effective seed dispersal. Vegetative or clonal behavior
may also influence weediness (Baker 1986).
These traits typify many species that respond well to human disturbance
(as in roadsides or cultivation). Some plants, however, are capable of
establishing themselves irt relatively intact natural communities or
ecosystems, and the relative importance of life history, competitive
ability, and physiological tolerances is not clear (Bazzaz 1986).
For the past year I have been studying the invasion of a small tree,
Psidium cattleianum, into forests in Hawaii Volcanoes National Park and
vicinity. Strawberry guava or waiawi is noted for its ability to colonize
along roadsides and in other disturbed areas, as well as in dense,
seemingly little-disturbed tropical forests. Strawberry guava is a prolific
producer of sweet fleshy fruits that are attractive to non-native birds and
feral pigs in Hawaiian forests. The species is found in a variety of forest
types on the island of Hawaii, and is considered a potential management
problem in Hawaii Volcanoes National Park (Higashino et al. 1988, Jacobi
and Warshauer in press). In this study of strawberry guava's biology I
have attempted to characterize the plant's reproductive behavior, and to
elucidate the plant's dependence on non-native animals and on
d i s t u r b a n c e (of c a n o p y or of soil) for successful reproduction.
Understanding the reproductive behavior and potential of an invader
are essential for any management or control strategy, and for prediction
of the plant's impact on native forests.
METHODS AND MATERIALS
Research on the population biology of Psidium cattleianum in Hawaii
Volcanoes National Park and vicinity began in June 1987. Approaches
include the comparison of stand structure and phenology at several sites
along an elevational gradient, the measurement of seed germination
potential in the lab and in field conditions, assessment of the relative
importance of seedling and vegetative recruitment of new stems in
existing populations, and demographic observations of recently
established populations within the park boundaries.
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Elevational Gradient
Five stands or stations were selected along an elevational gradient, from
150 m to 760 m, in state forest reserve land (west from Hilo along the
Stainback Highway). Strawberry guava forms dense thickets along much
of the roadside. Only scattered individuals of native species (chiefly
Cibotium tree ferns and a few Metrosideros) remain in the canopy of these
thickets. Tagged stems at each station are censused at monthly intervals
for phenological stage (ripe fruit, unripe fruit, flowering, in bud, new
leaf flush, green vegetative state only).
Stand structure (numbers and diameters of strawberry guava and other
woody stems) was recorded for three 5-m by 5-m plots within the thicket
interior at each station. Stem density, total stem area per unit area, and
proportion of small stems were compared across the elevational gradient.
Laboratory Germination Trials
Fruits were collected from the canopy and from the forest floor in dense
stands in November 1987, from the five stands along the elevational
gradient. The hard-coated seeds were removed from the fruit pulp and
allowed to air-dry; numbers of seeds per fruit were counted for 15 fruits
from each station. Seed mass (air-dry weight) was measured for 4 sets
of 10 seeds each for each station.
After storage for a month at room temperature, seeds were germinated
under various conditions (in light and in dark, 22°C; in dark, 18"C, 37°C,
22°C after 2 or 14 days prechilling treatment, after scarification with
sandpaper, and with a drought period of one week imposed after 2
weeks of moisture, with and without prior scarification). Seeds were
germinated on filter paper wetted with deionized water in covered Petri
dishes, in sets of 25 seeds per dish (4 replicate dishes per trial).
Field Germination Experiments
To estimate germination rates, batches of 10 cleaned seeds each were
placed on bryophyte mats, on cleared soil surface, and on the litter layer,
in November 1987, in a wet forest site at 460 m elevation. Intact ripe
fruits were also placed on moss-covered substrates and tagged. In
addition, 1-m quadrats were cleared of all leaf litter in several thickets
and the soil was disturbed to simulate pig damage. All locations were
revisited in late March 1988, and the number and condition of germinants
noted. Seedling densities and locations of seedlings on particular

17Q

Proceedings of the Symposium on Exotic Pest Plants

microsites, such as bryophyte mats or decomposing wood, were noted
in several populations.
Seedling vs Sucker Recruitment
At several thickets within the park and vicinity, understory guava
recruits 10-50 cm in height were collected and identified as either
seedling or sucker (produced vegetatively from underground parts).
These populations include both dense thickets with few individuals of
other species, and native forest (dominated by Metrosideros) with
scattered strawberry guava in the understory. Recruits were removed to
the laboratory, their height measured, and the number and total surface
area of leaves recorded. Regressions of leaf area against recruit height
were used to compare the contributions of seedlings and suckers in the
production of understory leaf area.
Demographic Observations
At four locations within the park boundaries, populations of strawberry
guava stems have been located and tagged. Each population has been
revisited at least once since the original census, and all stems relocated
and their diameter remeasured. Survivorship and growth rates are
estimated for size classes of stems in each site.
RESULTS
Elevational Gradient
Phenological observations suggest that in roadside thickets the stems on
the thicket edge have higher frequencies of sexual reproductive activity.
At least some stems there bore unripe fruit at all five elevations in every
month from August through December. In August and September
reproductive activity was high in all stations, but by late autumn only
the 460-m and 610-m stations had high percentages of stems (more than
40%) bearing fruit; both lower and higher elevations showed little
flowering or fruiting by then. Active shoot growth (indicated by the
production of new leaf flushes) was greatest in August and declined
after that; there was little correlation between elevation and shoot
growth.
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Stand structure varied significantly with elevation. For example, stem
density varied from 3 to nearly 9 stems/m (ANOVA, F4,i4 = 8.00, p<
.005). Densities were highest at the intermediate elevations (Figure 1).
Total stem area did not differ significantly among sites except for the
highest elevation, which had lower stem areas (Figure 2). A large
percentage of stems at the highest elevation were recent recruits less than
1 m in height (Table 1).
Laboratory Germination Trials
Germination rates were high (approaching 80%) under most conditions
(Figure 3). The highest temperature killed the seeds. Scarified seeds had
significantly lower germination rates than all other treatments. Chilling
prior to germination had relatively little effect on eventual germination.
There were significant differences in germination rates between
elevational stations under laboratory conditions (Table 1; ANOVA, Fs,i8
= 7.29, p<.001). Germination was not related in any clear way to elevation
or to seed weights. Seed numbers per fruit were highest for the
intermediate elevations (Table 1).
Field Germination Experiments
Germination in the field was markedly lower than that observed in the
laboratory. None of the seeds placed on leaf litter, or on cleared soil
germinated. Several of these seed plots had disappeared. Most seeds
placed on bryophytes could be relocated, intact but ungerminated; only
1 of over 180 seeds on bryophytes had germinated by March. Of the
fruits placed on moss mats, several had produced groups of germinants
(from 2 to 10 seedlings per cluster).
Low natural densities of germinants were observed in marked quadrats
in thicket understories. Few or no strawberry guava became established
in soil disturbance quadrats, and where they did occur they were located
on the edge of such disturbances. Naturally occurring seedlings occurred
primarily on bryophyte mats, far out of proportion to the availability of
such substrates on the forest floor (Figure 4).
Seedling vs Sucker Recruitment
Both true seedlings and suckers (vegetative recruits) were observed in
all populations. Ratios of seedlings to suckers varied from 16 : 84 (at 780
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m along the Stainback Highway) to 94 : 6 (Upper Kalapana Trail, in the
park).
Seedlings tended to have more leaves than did suckers at any given
height, but mean leaf size was significantly greater for suckers. Total leaf
area was consistently higher for suckers than for seedlings of the same
height (Figure 5).
Demographic Observations
Tagged stems of all sizes at all sites within the park grew slowly through
the first year. Mortality rates have been very low. One year is too brief
a time to provide good estimates of demographic rates in a woody
species. It has been possible, however, to observe the response of
strawberry guava to one of the common disturbances of these forests.
Numerous guava stems in the smaller size classes have been bent or
prostrated by falling tree fern fronds or other litter; these stems have all
survived, and most are sending up numerous vigorous shoots and
released branches. In contrast, several seedlings of native Hawaiian trees
and shrubs (particularly Cheirodendron trigynum or olapa) have been
observed to have been killed by falling litter.
DISCUSSION
Both growth and reproductive activity of strawberry guava are vigorous
over the elevational range studied; there is little suggestion of an inherent
environmental upper limit being approached at 760 m. Indeed, some of
the invading populations within the park boundaries are at higher
elevations (up to 1200 m or more). Jacobi and Warshauer (in press) found
Psidium cattleianum growing from 100 to 1300 m in elevation, over a wide
range in rainfall conditions. The plant clearly has broad environmental
tolerances.
Both the highest elevational station along the Stainback gradient, and
most populations within the park boundaries, have lower stem densities
and total stem area than do the densest thickets at intermediate
elevations. It is not yet clear whether these stands are merely younger,
and have not yet established a dense stand, or whether environmental
differences (e.g., occurrence under a well-developed canopy) limit stand
structure. The ability of strawberry guava to produce dense populations
of seedlings and suckers, even in thickets with low light availability,
suggests that most invading populations are capable of reaching high
densities eventually.
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Prolific fruit production and high rates of germination over a range of
conditions typify weedy plants. Interestingly, scarification lowered
germination rates. Diong (1982) found that passage through the gut of
feral pigs had little effect on total germination of Psidium cattleianum, but
did shorten the time required for germination. Possibly ingestion thins
the tough seed coat enough to make the embryo more sensitive to minor
or short-term drying events. At any rate, it is clear that high germination
rates are possible without animal dispersal or scarification.
Seedling establishment in the field is also i n d e p e n d e n t of soil
disturbance, such as that provided by the rooting activities of feral pigs.
Little germination was observed in experimental soil disturbances, and
naturally occurring 'seedlings are found disproportionately often on
bryophyte mats and other undisturbed substrates. These are the same
substrates that appear to support germination of many native forest
plants, as well. In this regard strawberry guava is not behaving so
differently from native species. Much more information is needed on
possible interactions between guava and seedlings of native plants.
Both seedlings and vegetatively-produced recruits are frequent in the
understory of strawberry guava populations. Suckers appear to be more
effective at forming high leaf areas and dominating the forest floor,
presumably because of resources acquired from the parent plant. The
vegetative response of guava individuals to a common source of
mortality in the understory (falling litter and tree fern fronds) constitutes
an important difference between guava and at least some native species.
A priority for future research is the investigation of differences in clonal
behavior and disturbance response between strawberry guava and the
native forest understory plants it is displacing.
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Table 1. Stand, seed, and fruit characteristics of strawberry guava
populations at five elevations. Different letters within a column indicate
significant differences between elevations.
Elev (m)
50-100 cm

% stems (mg)

seed mass
per frt

seed # (%)

germination

150

18.2

21.8 a

25.3 a

85.9 a

300

16.2

15.0 b

59.6 be

42.0 b

460

18.5

70.2 c
41.4 d

76.0 a
38.0 b

42.3 abd

40.5 b

610

14.5

12.5 c
15.9 bd

762

35.1

17.4 d
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Figure 1. Density of strawberry guava (stems per m ) in five sites along an
elevational gradient on the island of Hawaii. Plotted are means for three 25
m plots per elevation, with 95% confidence intervals.

Figure 2. Total basal stem area for strawberry guava (cm ) in 25 m plots (n
= 3), with 95% confidence intervals.
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Figure 3. Percentage of seeds germinating within 16 weeks under various
laboratory conditions. Plotted are means and 95% confidence intervals for 4
replicate sets of 25 seeds each. LT = light, 22° C; DK = dark, 22° C; 18 =
dark, 18° C; 37 = dark, 37° C; P2 = prechilling for 2 days prior to DK; P14 =
prechilling for 14 days; S18 = scarification with sandpaper, prior to 18; S =
scarification with sandpaper, prior to DK; D = DK with one week of drought
imposed after one week of watering, then watering resumed; SD =
scarification followed by D.

187

Proceedings of the Symposium on Exotic Pest Plants

Figure 4. Distribution of strawberry guava seedlings on litter-covered soil,
bryophyte mats, and other microsite types (left chart), compared to the
abundance of such substrates as sampled by a grid of 200 points (right chart).

7

Figure 5. Total leaf area (cm ) versus stem height (in cm) for seedling and
sucker recruits in a population of strawberry guava.
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CHAPTER 13
Climatic Associations And
Establishment Of Biological Control
Of Weed Insects
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Division of Biological Control
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1050 San Pablo Avenue
Albany, CA 94706
ABSTRACT
The purpose of this research was to examine cases of
past attempts to introduce and establish insects for
biological control of weeds and to examine the climatic
relationships of source and release locations of these
agents. Complete failure of establishment at all release
sites is suggested to be associated with factors not
directly related to climate. Failure of establishment is
probably due to climatic factors if insects are released
into a wide range of climates and establishment is
effected in some but not all release locations. Thus far,
the evidence indicates that climate has rarely
confounded the establishment of insects introduced for
biological control of weeds.
INTRODUCTION
The influence of climate on insect distribution and population dynamics
is well-founded and has been discussed elsewhere by several authors
(Uvarov 1931, Andrewartha and Birch 1954, Messenger 1959, and
Wellington and Trimble 1984). The significance of climate in relation to
establishment (successful colonization) and successful control by a
biological control agent has been exemplified in a number of cases where
the agent was a parasitoid (Messenger 1971). In such cases, the
importation of climatically-adapted strains or species of parasitoids have
led to successful colonization and control where previously such success
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was lacking. Van den Bosch (1968) describes climate as a scapegoat for
failures of establishment or control following parasitoid introductions.
When other factors are not apparent, a poor match of source and release
climates are offered as the explanation for the failure. Such discussions
in relation to biological control have focused on entomophagous insects.
Climate and its relevance to phytophagous insects introduced for the
biological control of weeds has received far less attention. Discussion has
been largely limited to inferences drawn from cases where establishment
failed at all release locations or from cases where establishment failed in
colder climates but has been effected in warmer climates (Julien 1988).
The evidence has been largely observational and without a statistical
comparison of climates a n d / o r establishment. The purpose of this
research was to examine cases of past attempts to introduce and establish
insects for biological control of weeds and to examine the climatic
relationships of source and release locations of these agents.
DATA SOURCES
All import and shipment (release) records of the United States
Department of Agriculture - Biological Control of Weeds Lab in Albany,
California, from 1944 to 1986, correspondence with state and county
cooperators from this lab and James' Holloway's field notes were used
for sources of import and release data. These sources yielded more than
600 import records and more than 1000 release records.
Establishment data were obtained from: the same USDA records; Julien's
World Catalogue of Agents and Their Target Weeds (1988); literature on
establishment of introduced insects; and personal communications for
unpublished data. The criterion for establishment was the presence of
the insect population for two or more years after the time of release. In
most cases, this is equivalent to two or more generations. The criterion
was chosen because in some cases insects were recovered two years after
release but these locations were not surveyed again or data were not
recorded beyond two years. This criterion obviously disregards Clausen's
three year or three generation criterion for establishment of parasitoids
and predators (Clausen 1951).
Climatic data w e r e obtained from Walter a n d Lieth's
Klimadiagramm-Wetatlas (1960-1967) for information on source site
climates and release site climates when comparing source to release
climates. U n i t e d States N a t i o n a l Oceanic a n d A t m o s p h e r i c
Administration climatological data (1982) were used to compare climates
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of sites where insects did not establish to climates of sites where insects
did establish.
Five hundred and twenty-seven records on 30 species were used for data
analyses. Any record with inaccurate data on: where the insects
originated; where the insects were released; and whether the insects did
or did not establish was excluded from the analyses. Also excluded from
data analyses were records on aquatic insects, mites, and releases made
outside the contiguous United States.
Analyses of data encompassed a comparison of source versus release
climates and a comparison of release climates for locations where insects
failed to establish versus locations where insects became established.
Data sets analyzed were limited to large data sets on particular genera
or species and analyses of the entire available data set without regard
for individual taxa. For all comparisons, data were tested using the
appropriate bivariate, multivariate, paired or unpaired t tests with an
alpha level of 5%.
COLEOPHORA, MICROLARINUS, AND TRICHOSIROCALUS
Source climate was compared to release climate for three genera:
Coleophora, Microlarinus, a n d Trichosirocalus. These insects were
introduced for the control of Salsola australis, Russian thistle, Tribulus
terrestris, puncture vine and Carduus spp., musk thistle, plumeless thistle,
respectively. For each genus, the source climates were found to be
significantly different from the release climates. Release climates were
then compared for locations where the insects established versus where
they did not establish. Again, climates were found to be significantly
different.
Coleophora and Microlarinus have previously been suggested to be limited
in their distributions to warmer, southern climates (Julien 1988).
C o l d - h a r d y p o p u l a t i o n s of Microlarinus lareynii a n d Microlarinus
lypriformis have been reported in Colorado and Nevada (Aubrey
Mayfield, pers. comm.) These populations originated from the same
source populations as the populations in California. The California
populations also served as the source of the insects released to other cold
climates where they failed to establish (Aubrey Mayfield, pers. comm.).
Why insects established in some colder climates but not in others,
remains a question. Alternatively, why insects failed to establish in the
warm, southern climates of Alabama and Mississippi also remains a
question. The ability of some populations to adapt to cold climates was
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tested again in 1989 with the shipment for release of 36,000 adults of
Microlarinus spp. from California to Idaho for control of puncture vine.
The results of these releases may provide interesting implications as to
whether or not the release of such large numbers of insects will improve
the likelihood of successful establishment. In 1990, plans are to obtain
cold-adapted insects from Nevada or Colorado for shipment to Idaho.
This may also provide useful information on the climatic adaptations of
Microlarinus.
Coleophora varthenica and Coleophora klimeschiella also failed to establish
in cold, northern states (Julien 1988). Cold-hardy populations of
Coleophora are not known to occur in the United States. These data
support the contention that establishment of Coleophora spp. is limited
by climate.
Establishment of Trichosirocalus horridus has not p r e v i o u s l y been
suggested to have been affected by climate. These data indicate that a
climatic difference among sites may explain the lack of establishment in
some locations. However, T. horridus has established in every location
where it was released in Canada and reports of lack of establishment
were due to the inability of the surveyor to detect the insects (Peter
Harris, pers. comm.). Reports on lack of establishment in the United
States may also be attributed to inability to detect the insects. Any
conclusions drawn, without substantiating failure of establishment, are
premature and unfounded.
CALOPHASIA AND ALTICA
Calophasia lunula was introduced to the United States for the control of
Linaria vulgaris, common toadflax, and Linaria dalmatica, Dalmation
toadflax. Altica carduorum was introduced to the United States for the
control of Cirsium arvense, Canada thistle. Calophasia and Altica failed to
establish at all release locations in the United States. Attempts to establish
Calophasia lunula were made in Idaho, Oregon, Montana, Washington,
and Wyoming. Climatic data analyses between source and release
climates indicate the climates are significantly different. However, this
species established in Ontario, Canada, on Linaria dalmatica. Failed
attempts to establish Calophasia were made on both L. vulgaris and L.
dalmatica in the United States suggesting that host plant species did not
influence establishment. Viruses have been reported from Canadian
populations and may have hindered establishment in the United States.
In addition, Albany records indicate many and perhaps all insects were
lab reared for at least one generation (one year) before release. Genetic
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variation may have decreased as a result and thus, limited their capacity
to adapt to a new climate. These factors and others may have had a
more significant impact on establishment than the direct effects of
climate. Establishment in Canada, as opposed to the United States,
suggests that these factors were more important.
Although Altica carduorum failed to establish at all release locations in
the United States, data indicate no significant difference between source
and release climates.
Predation by carabids that specilize on Altica spp. and climatic factors
such as temperature extremes and relative humidity have been proposed
to have prevented establishment of this species in North America
(Peschken 1977). Data on relative humidity were not included in my
analysis, so this may still be a significant climatic factor. Or if, as the
data indicate, climate was not important, then predation by the carabids
may be significant.
ANALYSES OF ENTIRE DATA SET
A comparison of all release climates to source climates was made for all
insect taxa which did not establish and separately, for all insect taxa
which established. In both cases, a significant difference between source
and release climates was determined.
Release climates, where insects established was then compared to release
climates where insects did not estalish. Release climates were not found
to be significantly different.
Climates where insects were collected differ from climates where they
were released, but climates where they did not establish are generally not
different from those climates where they established. This suggests, other
factors, perhaps biological, prevented establishment.
The establishment of insects in locations where the release climates differ
from the source climates is consistent with the practice of the biological
control of weed scientists in Canada. The Canadians have not always
been able to obtain insects from regions of similar climates due to
political problems with the source countries (Peter Harris, pers. comm.).
Nevertheless, their attitude has been to introduce whatever insects they
are able to obtain. Establishment of insects from these less than optimal
climatic regions has been effected.
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SUMMARY
Insects, for example Calophasia and Altica, which failed to establish at all
release locations were obtained from source climates which were and
were not significantly different from the release climates. Complete
failure of establishment is suggested to be associated with factors not
directly related to climate.
Failure of establishment is probably due to climatic factors, as in the
cases of Microlarinus and Coleophora, if insects are released into a wide
range of climates and establishment is effected in some but not all release
locations. Release locations where establishment was not effected would
be locations where the release climates are significantly different from
the source climates and significantly different from release locations
where establishment was effected.
Common sense and practice has resulted in the tendency to collect and
release insects into similar climates. The data indicate that insects have
been collected and released between significantly different climates and
establishment has been effected nevertheless. In the United States, insects
have not always been released into climates that significantly differ
among each other. This suggests that for most species climate has not
had a significant impact on establishment. The climatic effect may not
have been detected because the insects were simply not released into
significantly different climates or they were released into too few
locations to be examined statistically. Further examination of these data
in relation to other climatic variables and, more importantly, biological
variables as listed by Messenger (1971) are needed. Thus far, the evidence
indicates climate has rarely confounded the establishment of insects
introduced for biological control of weeds.
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Melaleuca Control On Arthur R.
Marshall Loxahatchee National
Wildlife Refuge 1
Mark D. Maffei
U. S. Fish and Wildlife Service
Arthur R. Marshall Loxahatchee National Wildlife Refuge
Route 1, Box 278
Boynton Beach, FL 33437
ABSTRACT
Arthur R. Marshall Loxahatchee National Wildlife
Refuge is 59,061 hectares of northern Everglades habitat.
Melaleuca invasion of the refuge became apparent in the
late 1960s. Melaleuca currently occupies approximately
1200 hectares within the refuge. In 1983, a program was
initiated to test the efficacy of various commercially
available herbicides and treatment methods for control
of melaleuca in Everglades habitat. From November 1983
to November 1985, 1,894 trees were treated in 93 sites.
Chemicals used included: Velpar L R , Garlon 3A ,
Arsenal , a n d 2,4-D. Results of this initial s t u d y
suggested Velpar L was the herbicide of choice for
treatment of melaleuca on the refuge. Since this initial
study, additional products have been tested including
Spike pellets, Escort , and Garlon 4 . Results of these
studies were used to design a comprehensive melaleuca
control program for the refuge.

1.

Discussion of herbicides in this paper does not constitute recommendation
of their use or imply that uses discussed are registered. The use of specific
trade names is for information only and does not constitute official
endorsement or approval by the U.S. Fish and Wildlife Service to the
exclusion of any other product.
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INTRODUCTION
Melaleuca (Melaleuca quinquenervia) is an Australian tree that was
introduced into south Florida around 1900. This species, which is a
dominant subtropical wetlands tree in Australia (Meskimen 1962), is
rapidly invading wetlands in south Florida. Large expanses of native
plant communities have been replaced by dense mono-specific stands of
this fast growing tree. These stands are of limited value as wildlife habitat
(Crowder 1974).
Melaleuca is an extremely hardy tree that thrives in
habitats (Woodall 1980, Myers 1984). It is cold and fire
it is very flammable and readily produces crown
generally recover after a fire because the thick, corky
cambium from extreme heat (Wade 1980).

moist or flooded
resistant. Though
fires, adult trees
bark protects the

Melaleuca saplings one or two years old have been reported flowering
(Meskimen 1962). In south Florida, a mature tree will flower up to 6
times a year. The inflorescence of melaleuca contains upwards of 40
flowers spirally arranged on a stem. Each flower produces as many as
350 seeds. The very small seeds are stored in capsules, and accumulate
throughout the life of the tree. In this way a single mature tree may hold
many millions of seeds. Any disturbance to the tree, including fire,
drought, lightning strike, mechanical damage or cold, causes the seed
capsules to open and release the seeds (Meskimen 1962). Herbicide
treatment also results in seeds being released. Mature seeds are not
connected to the plants vascular system and herbicide treatment does
not impact the viability of the seeds.
The r e p r o d u c t i v e strategy of Melaleuca quinquenervia, that of an
"r"-selected species, is responsible for its explosive expansion throughout
south Florida. In its native Australia, numerous invertebrate pests,
especially those that feed on seeds and seedlings, prevent significant
population increases (Habeck 1980, Center and Balciunas, this volume).
Only when these pests fail to locate a seedfall does a young stand of
melaleuca trees succeed in becoming established.
The lack of natural enemies in south Florida provides melaleuca with a
great competitive advantage over native Everglades vegetation. Once a
single tree becomes established, dense heads or stands of trees gradually
develop as new trees are produced stepwise out from the seed or
"mother" tree. Sawgrass (Cladium jamaicense) and other herbaceous and
woody plant species are shaded by the spreading melaleuca and are
gradually eliminated from the site.
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There are numerous heads containing up to several thousand trees along
the edges of the refuge. Natural events such as drought and wildfire
facilitate the expansion of this exotic. As melaleuca advances into more
remote and undisturbed portions of the refuge, each tree produced
becomes a new seed source and a threat to native habitats.
In order to control the spread of melaleuca in a land management unit,
a plan must be prepared that outlines the manner in which control is to
be achieved. This paper presents the plan which has been designed to
control the spread of melaleuca on Arthur R. Marshall Loxahatchee
National Wildlife Refuge.
Study Area
Arthur R. Marshall Loxahatchee National Wildlife Refuge is 59,061
hectares; 57,906 hectares are contained within by a 90 kilometer levy and
associated borrow canal, 1032 hectares are maintained as small
impoundments and cypress swamp. The land elevation of the refuge
varies from about 5.0 meters m.s.l. at the northern end of the refuge to
a b o u t 3.4 m e t e r s m.s.l. in the s o u t h . The habitat of the main
impoundment, also known as Water Conservation Area 1, is primarily
that of the northern Everglades. This is characterized by the interspersion
of four main plant communities: slough, wet prairie, sawgrass and
sawgrass-brush, and tree island or bayhead. The main soil type on the
refuge is white water lily peat, also known as Loxahatchee peat. Peat
depths within the refuge vary between 1 and 4 meters.
Conditions on the refuge are very wet and, with the exception of the
higher tree islands, all areas are flooded for at least part of the year.
Sloughs are the deepest water areas and, except for very dry years, tend
to hold water throughout the year. Wet prairies have shallower surface
waters than sloughs, but also have an extended hydroperiod, and
generally hold water for all but one or two months of the year. Sawgrass
stands have slightly shorter hydroperiods and shallower surface waters
than do wet prairies, and occur in two forms. Throughout most of the
refuge, sawgrass occurs on elevated ridges, or at the fringe of tree islands.
In the western and southern portions of the refuge there are very large
expanses of sawgrass studded with pockets of wet prairie and slough;
this is habitat more typical of the southern Everglades. Many thousands
of tree islands comprise the fourth habitat type. These islands may be
0.3 to 1.5 meters higher than surrounding land elevations.
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Water Conservation Area 1 is owned by the State of Florida and is part
of the Central and South Florida Flood Control Project. Water levels in
the area are managed by the South Florida Water Management District
at the direction of the U.S. Army Corps of Engineers. The primary
purpose of the water management schedule is flood control and water
storage. Under the current regulation schedule, water levels are allowed
to fluctuate between 4.3 meters and 5.2 meters m.s.l. To accommodate
water storage and flood control needs, both peak and low water periods
are artificially delayed by one or two months. Water levels are scheduled
to be highest from late October through December, and lowest from May
1 through June.
The invasion of melaleuca on the refuge is a relatively recent
phenomenon. As recently as 1965, few trees were present. Today,
melaleuca has become so abundant that it can be found in every section
of the refuge and in some locations its presence has completely changed
the profile of plant communities. The abundance of bayheads with deep
peat sediments in the interior is unique to the refuge. These tree islands
are being rapidly invaded by melaleuca. Melaleuca has become a threat
to the character of this irreplaceable Everglades community.
Melaleuca is most common in the sawgrass and sawgrass-brush
communities of the refuge. The hydroperiod typical of sawgrass areas is
one in which melaleuca thrives. Tree islands, particularly along the
eastern edge of the refuge, also contain large numbers of melaleuca trees.
It is estimated that in 1988, the combined area occupied by melaleuca
on the refuge is 1214 hectares.
Previous Control Efforts
Between 1983 and 1988 approximately 40,000 melaleuca trees, ranging
in size from 1-meter tall seedlings to mature trees were treated or
removed from the refuge. This was accomplished through refuge
research programs, the awarding of contracts, and the use of refuge
personnel to treat and remove trees. The work to date has been
performed on approximately 1620 hectares of the eastern portion of the
refuge.
In November 1983, a management study was initiated to identify an
effective and environmentally acceptable method for controlling
melaleuca. The study was aimed at testing various control techniques to
determine those that would be effective in the unique and very wet
habitat found on the refuge. Special attention was focused not only on
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effectiveness, but also on any adverse impacts to surrounding habitat.
Labor-saving techniques were also investigated.
The results of this study indicated that on A.R.M. Loxahatchee N.W.R.
melaleuca remains alive for an extremely long period following chemical
treatment. In many sites trees were showing signs of life in the cambium
for over 1 year after treatment. Velpar L , an inhibitor of photosynthesis,
was determined to be the most effective product for controlling
melaleuca on the refuge during the early phases of this research (Schultz
et al. 1987). Subsequent to this, Arsenal , an inhibitor of amino acid
synthesis, was determined to be the most efficacious product at killing
melaleuca trees when applied using the hack-and-squirt method.
As a result of the initial management study, two contracts for the
treatment of melaleuca trees on the refuge were let. The first was
awarded to Florida Aquatics, Inc., in September 1985. The contract
specified that 10,000 melaleuca trees were to be chemically treated with
Velpar L . The treatment area encompassed 1376 hectares on the east
side of the refuge. The initial treatment was completed in April 1986. A
prescribed burn was conducted in the treatment area in July 1987 to kill
seedlings that resulted from the initial treatment. An inspection in
August 1987 revealed that as many as 60% of the trees survived the
initial treatment. Because the contractor guaranteed the death of 80% of
treated trees, the contractor was required to retreat surviving trees. This
work was completed by January 1988. The work of the contractor was
passed during an inspection in July 1988.
The second contract was awarded to Mr. Darryl Jones of Arkansas. This
contract required that all melaleuca trees over 1.52 meters tall on the day
that refuge personnel inspected the work be treated in a 280 hectare area.
The contractor was permitted to use either Vehpar L or Arsenal ; with
few exceptions, this contractor used Velpar L or pulled and removed
trees from the marsh. The work took place between July and November
1987. As of August 1988 a final inspection of the work had not been
requested or conducted. The total cost of the two contracts was $68,000;
$20,000 was provided by the South Florida Water Management District,
with the U.S. Fish and Wildlife Service providing the balance.
Through 1987 and 1988, the testing of herbicides and application
techniques for the control of melaleuca continued. In June 1987, three
small sites were treated with ground applications of Spike pellets
produced by Elanco. Preliminary results indicated this is an effective
product for controlling melaleuca. Spike , an inhibitor of photosynthesis,
is reported to maintain activity in the soil for 3 years following treatment.
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This is beneficial as it provides for control of seedlings in treated areas.
In 1988, Elanco donated approximately $1,000 worth of Spike' . This was
used to treat 2 hectares of melaleuca-infested areas in April. Early results
are promising, with melaleuca trees in the treated areas dead or defoliate,
while many native plants, including sawgrass, ferns, wax myrtle (Myrica
cerifera), and coco plum (Chrysobalanus icaco) are surviving.
In 1987, Arsenal was issued a supplemental label that its use with
hack-and-squirt treatment of trees as long as they were not in "flowing
water". This increased the flexibility of using Arsenal on the refuge. In
April 1988, Arsenal and Garlon 3A were aerially applied by helicopter
to two islands with 24 hectares a n d 16 hectares of melaleuca,
respectively. Trees sprayed with Garlon 3A' browned within 6 weeks
of treatment, while those treated with Arsenal remained green for up
to 8 months following treatment. Ten months after treatment, 50% of
trees treated with Garlon 3A were judged to be dead, with feathering
(i.e., small numbers of green leaves) occurring on less than 10% of treated
trees. Trees treated with Arsenal were not inspected.
DISCUSSION
Control of melaleuca on Arthur R. Marshall Loxahatchee National
Wildlife Refuge is based on an integrated approach using a variety of
chemical control agents, application techniques, and non-chemical
control methods. This strategy is designed to minimize the spread of
melaleuca on the refuge, while slowly eliminating adult trees. The
specific methods utilized vary with conditions at each site. In cases where
herbicide is applied to standing trees, applications are at labelled rates;
in these cases the objective of the treatment is to get complete seedfall
as quickly as possible following treatment. Complete records are kept of
all areas treated. These records include the treatment dates, latitude and
longitude coordinates of treatment areas, number and sizes of trees
treated, treatment methods used, quantities of herbicides used when
applicable, and notes on surrounding native vegetation.
Areas treated and treatment methods are based on the following priority
ranking:
1.

202

Treat seedlings and saplings in contract areas.
A.

Prescribed burn for initial control.

B.

Hand pull when numbers are low.
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C.
2.

3.

4.

5.

Foliar application of Garlon 3A

in dry sites.

Treat individual trees or small heads in interior of marsh.
A.

Hand pull and remove from marsh.

B.

Cut trees down, remove seed bearing branches from
marsh, stack logs in pile at a dry site.

Treat heads with ground application of Spike
A.

Heads on west side of refuge.

B.

Heads on east side of refuge.

C.

Heads on northern portion of refuge.

pellets.

Treat heads with aerial application of Garlon 3A .
A.

Heads on northern portion of refuge.

B.

Heads on west side of refuge.

C.

Heads on east side of refuge.

Treat trees with Arsenal

applied hack and squirt.

While this ranking is based on the importance of conducting each of
these activities, it is desirable to conduct concurrent treatments on several
areas with a variety of techniques. The actual choice of treatment area
and method will vary with availability of manpower, funding, and
equipment, as well as water levels and season.
Maintenance of Areas Treated by Contractors
Melaleuca has been treated by contractors on approximately 1620
hectares of refuge marsh. In order to prevent reinfestation of these areas
from the seeds present when mature trees were treated, systematic
follow-up treatment is required.
The initial follow-up treatment is burning of the areas treated. This
should occur within two years following treatment. Melaleuca seedlings
that remain or sprout after the burn will be treated with foliar
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applications of Garlon 3A applied from a backpack sprayer when water
levels permit. Areas will be monitored continuously after treatment to
keep treated areas free from melaleuca. Garlon 3A is currently not
labeled for use over water. Treatments of trees in water will be done
under an Experimental Use Permit administered by Dow Chemical
U.S.A. Dow Chemical is currently pursuing an aquatic label for Garlon
3A®.
Treatment of Outlier Trees in the Interior
The treatment of outlier trees in the interior, undisturbed areas of the
refuge is of the utmost importance. Each of these trees has the potential
to produce thousands of trees in areas where there currently are very
few. In order to prevent most effectively the infestation of the refuge
interior with melaleuca trees, those trees currently in the central portion
of the refuge will be cut down, or in the case of saplings, pulled.
Seed-bearing branches of downed trees will be cut off and removed from
the marsh for disposal. Trees that are uprooted will also be removed
from the marsh. Portions of downed trees that are not removed from
the marsh will be stacked on islands in locations where inundation is
not likely to occur. Because these portions of melaleuca trees readily
sprout and result in new trees developing, small quantities of Spike 40P
will be placed in and around the stacks. The locations of all such stacks
will be recorded.
Treatment of Melaleuca in Sawgrass
Infestations of melaleuca in sawgrass stands on the refuge currently are
in melaleuca heads of less than 1.5 hectares. When these heads are
located in areas that dry completely during the spring, application of
Spike 40P with a backpack blower is the control technique to be used.
When the head is in a location that does not dry, or is not accessible
during low water periods, trees must be treated individually using
Arsenal with a hack-and-squirt application method. Treated areas
should be burned within 2 years of treatment. Treatment should be
systematic to remove the seed source from an entire area and to prevent
prescribed fires from impacting untreated trees. Treatment with Arsenal
should occur as water levels are rising.
A priority of this control plan is to initiate treatment of melaleuca heads
in the sawgrass flats on the western portion of the refuge. Expansion of
melaleuca has been most rapid in that area. Due to the inaccessibility of
that portion of the refuge during the dry period, many of these heads,
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particularly in the northwest part of the refuge, will be treated with aerial
application of Garlon 3A . These treatments will occur in a stepwise
fashion from north to south. When water levels rise following aerial
treatment, individual trees or small clusters of trees will be treated using
Arsenal applied with the hack-and-squirt method or, when possible,
trees will be cut down and the stumps painted with Rodeo . Downed
trees will be stacked in piles within or adjacent to treated heads to limit
seed dispersal. Areas treated in this manner will be burned within two
years of treatment.
Treatment of Tree Islands Less Than 0.4 Hectares.
On the east side of the refuge are many small tree islands that are infested
with melaleuca. While these islands may contain over 1,000 trees, they
generally contain fewer than 200 seed-bearing trees. These islands will
be treated with Spike 40P applied using a back-pack blower. An island
of 0.4 hectares requires approximately 30 minutes to treat. Most islands
are dry for all, but the wettest, portions of the year. In normal years
treatment of such islands could occur from early February, when water
levels drop below 4.9 meters m.s.l., to late August, when levels approach
4.9 meters m.s.l. Some islands remain above the water line throughout
the year and could be treated at any time. Islands will be prioritized for
treatment, with low islands receiving priority for treatment during
low-water periods. Islands to be treated with Spike 40P will be
inspected for the presence of the curly-grass fern and other endangered
plants prior to treatment. In the event an endangered plant is found,
treatment will be modified to prevent damage to those plants. Spike 40P
will not be spread within 10 meters of endangered plants.
Treatment of Tree Islands Greater Than 0.4 Hectares.
When a tree island greater than 0.4 hectares is infested with melaleuca,
the treatment methods to be considered are (1) ground application of
Spike 40P and (2) aerial application of Garlon 3A . When understory
growth would prevent or severely hinder the application of Spike 40P ,
aerial application of herbicide should be considered.
When aerial application of herbicide is performed, in order to prevent
contamination of water due to drift, such applications should occur only
during periods when water levels are below 4.4 meters m.s.l. In addition
to preventing water contamination, spraying during these periods will
usually ensure that seed-drop occurs during or just prior to a period of
rising water. Since seedlings of melaleuca do not survive prolonged
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inundation, this will control the spread of trees from these islands.
Follow-up treatment will be required for these islands. The methods used
in follow-up will vary with the conditions present on individual islands.
The first treatment to be considered is prescribed burning of the treated
tree islands. When fuel availability is such that a surface fire will carry,
a burn will be conducted to optimize the impact of the fire on seedlings.
Fire will also further stress surviving mature trees.
When burning does not appear to be a viable option, a second aerial
application of herbicide should be considered. Seedling control is the
primary function of follow-up treatment, therefore, aerial application
should not be used unless the initial treatment opened up the canopy
sufficiently to allow herbicide to penetrate to the ground.
When neither burning nor a second aerial application of herbicide is
appropriate for follow-up treatments, the specific follow-up treatment to
be used will be based on the conditions of the site in question.
CONCLUSIONS
The integrated melaleuca control plan presented in this paper is one that
provides a framework by which melaleuca can be controlled on the
refuge. In order to implement this plan fully, requirements of the
Endangered Species Act and the National Environmental Protection Act
must be followed. Accordingly, Section 7 evaluations have been written
and approved for all endangered species resident on the refuge, and an
Environmental Assessment is in preparation.
The plan for the control of melaleuca on Arthur R. Marshall Loxahatchee
National Wildlife Refuge can be successful only if funding levels are
sufficient to implement this plan fully. This is an expensive problem,
with an estimated 51 million needed over the next 5 years if this species
is to be brought under control. Fiscal realities are such that funding levels
much below those desired are expected. By prioritizing treatment
methods and areas, monies provided for the control of melaleuca can be
utilized most efficiently.
While chemical and manual methods of melaleuca control can impact
the population of these trees, it is a difficult job given the limited
resources available. Efforts at identifying safe and effective biological
control agents provide hope that help is on the way. It is not expected
that one or a combination of biological control agents will eradicate
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melaleuca from south Florida. It is likely, however, that agents can be
found that reduce the vigor of these trees and the rate at which they
spread. This may provide managers the time needed to remove these
trees from areas where they are not wanted, and the opportunity to save
south Florida's fragile and unique wetlands.
REFERENCES
Crowder, J. P. 1974. Exotic pest plants of south Florida. A study appendix
to the South Florida Ecological Study, Bureau of Sport Fisheries
and Wildlife. U. S. Dept. of Interior. 49 pp.
Habeck, D. H. 1980. Potential for biological control of melaleuca. Pages
125-128 in R. K. Geiger (ed.) P r o c e e d i n g s of Melaleuca
Symposium, Florida Division of Forestry, Tallahassee.
Meskimen, G. F. 1962. A silvical study of the melaleuca tree in south
Florida. M.S. Thesis, University of Florida, Gainesville. 176 pp.
Myers, R. L. 1984. Ecological compression of Taxodium distichum var.
nutans by Melaleuca quinquenervia in southern Florida. Pages
358-364 in: K. C. Ewel and H. T. Odum (eds.) Cypress Swamps.
University of Florida Press, Gainesville.
Schultz, D. P., T. W. Barnes, and J. M. Kleen. 1987. Melaleuca control at
Loxahatchee National Wildlife Refuge, Florida. Proc. Southern
Weed Science Society 40: 291-294.
Wade, D. D. 1980. Some melaleuca-fire relationships including
recommendations for homesite protection. Pages 29-35 in: R. K.
Geiger (ed.) Proceedings of Melaleuca Symposium, Florida
Division of Forestry, Tallahassee.
Woodall, S. L. 1980. Site r e q u i r e m e n t s for melaleuca seedling
establishment. Pages 9-15 in: R. K. Geiger (ed.) Proceedings of
Melaleuca Symposium, Florida Division of Forestry, Tallahassee.

207

CHAPTER 15
Rubber Vine, Cryptostegia
grandiflora, A Major Threat To
Natural Ecosystems In Northern
Australia
R.E. McFadyen and GJ. Harvey
Queensland Department of Lands
Alan Fletcher Research Station
PO Box 36
Sherwood, Queensland 4075
ABSTRACT
Rubber vine, Cryptostegia grandiflora (Asclepiadaceae),
from M a d a g a s c a r , was i n t r o d u c e d into n o r t h e r n
Australia as an ornamental and possible rubber source.
Since first noted in 1917, it has spread till it currently
affects over 30,000 sq km of tropical Queensland with
annual rainfall between 400 and 1400 mm. Initial
infestations occur along rivers and creeks, the river edge
quickly becoming a dense impenetrable thicket of rubber
vine, covering trees up to 30 m tall and choking out the
native vegetation. The rubber vine then progressively
i n v a d e s the c o u n t r y s i d e , s m o t h e r i n g overstorey
vegetation and replacing the native vine thicket, and has
been d e s c r i b e d as the greatest threat to n a t u r a l
ecosystems within national park areas in northern
Queensland. The vast areas and difficult terrain make
herbicide control uneconomic, and a programme of
biological control w a s s t a r t e d in 1985 with an
entomologist based in Madagascar to investigate insects
attacking the plant there. A leaf-feeding moth, Euclasta
whalleyi, has recently been introduced, and 2 other
species are under investigation. A leaf rust, Maravalia
cryptostegiae, is also being investigated.

209

Proceedings of the Symposium on Exotic Pest Plants

INTRODUCTION
Rubber vine, Cryptostegia grandiflora R. Br. (Asclepiadaceae), a native of
Madagascar, is an aggressive and invasive weed in Queensland north of
25°S, particularly from Rockhampton to the Cape and west almost to
the Northern Territory border (Figure 1). Initial infestations generally
occur along rivers and creeks until the river edge is completely choked
by an impenetrable thicket of rubber vine, covering trees up to 30 m tall
and smothering the native vegetation. From the rivers and creeks, rubber
vine progressively invades pasture, developing in open country into low
straggling bushes 1.5-2 m tall. Rubber vine currently affects over 30,000
sq km in Queensland and, is continuing to spread.
Rubber vine contains cardenolides (cardiac glycosides) (Aebi and
Reichstein 1950, Doskotch et al. 1972), and feeding tests showed the
leaves to be toxic to cattle, horses, goats and sheep, with horses being
particularly susceptible (McGavin 1969, Everist 1974). Extracts of the
stems are also extremely toxic (Thorp and Watson 1953), and the plant
has been implicated in human as well as animal deaths (Hooper 1930,
Perrot and Raymond-Hamet 1932). Fortunately, the plant is unpalatable
and seldom eaten, so that deaths are few (McGavin 1969, Everist 1974).
The major problem for the grazing industry is the difficulty and extra
costs involved in mustering cattle out of rubber vine. In 1985 estimates
put the cost of mustering at about A$5.42 per head in infested country
against A$2.03 per head in uninfested country. Rubber vine is estimated
to cost the north Queensland cattle industry in excess of A$5 million
annually through increased management costs and the cost of control
measures.
Rubber vine also poses a very serious problem to those entrusted with
conservation of the national estate, and has been described as the greatest
single threat to natural ecosystems within north Queensland national
park areas because of its ability to completely destroy the overstorey
vegetation (J.P. Stanton, Qld National Parks & Wildlife, pers. comm.,
1986).
DISTRIBUTION
There are two clearly defined species of Cryptostegia, C. grandiflora and
C. madagascariensis Bojer, both native to western Madagascar. A form of
C. madagascariensis with densely pubescent leaves, stems and fruit may
be a third species from Madagascar; it has not been recorded elsewhere.
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The two species are easily separated with living specimens. The leaves
of C. grandiflora have purple-coloured mid-ribs and petioles, the flowers
are paler and larger and the fruit is larger, and the corolla glands in the
flowers are white or pale pink, and bifurcate, forming 2 narrow filaments.
The leaves of C. madagascariensis never have purple colouration in the
petiole and midribs, and the corolla glands are deep pink and single.
In Madagascar, Cryptostegia occurs on the western coastal plain, below
500 m altitude. C. grandiflora is confined to the south-west, from the river
Mangoky to Fort Dauphin in the extreme south, in areas receiving
350-800 mm rainfall annually. C. madagascariensis is found from Tulear
in the south west to Diego Suarez in the extreme north, in areas receiving
400 to 2400 mm rain (Figure 2). Unfortunately, some recent vegetation
studies have not d i s t i n g u i s h e d the species, using either name
indiscriminately (Morat 1972, Thomasson 1981).
C. madagascariensis is widely grown as an ornamental in the tropics and
is recorded as an ornamental or naturalized in Kenya, Florida, the West
Indies, India, and West Australia. There is no record of this species
becoming a weed. C. grandiflora is also widely grown as an ornamental,
and has become naturalized and weedy in Mexico, Central America, the
drier West Indian islands, New Caledonia, and Australia.
In Australia, C. grandiflora is confined to tropical and subtropical
Queensland, where it chiefly occurs in areas with an annual rainfall
between 400 and 1400 mm; in the lower rainfall regions the plant is less
vigorous and spreads more slowly. The rainfall pattern for this area is
strongly summer-dominant, with some northern localities receiving over
95% of their annual average rainfall between November and April each
year. Major infestations occur chiefly along the watercourses, permanent
or temporary, while infested areas away from watercourses often have
a high water table (Dale 1980).
Rubber vine distribution appears to be independent of soil type, but
establishment is favoured by the presence of a layer of leaf litter and the
absence of fires (Dale 1980).
CHEMICAL CONTROL
Rubber vine is susceptible to a wide range of herbicides, but results
obtained are dependent upon formulation, application method, and, for
foliar sprays, the timing of spray application. Scattered plants may be
treated by basal-bark application of picloram (4 - amino - 3,5,6 -

211

Proceedings of the Symposium on Exotic Pest Plants

trichloropicolinic acid), triclopyr [(3,5,6 - trichloro - 2 - pyridinyl) acetic
acid], or 2,4-D [(2,4 - diclorophenoxy) - acetic acid] esters or mixtures of
these, or with hexazinone [3 - cyclohexyl - 6 - dimethylamino - 1 - methyl
- 1,3,5 - triazine - 2,4(1H,3H) - dione] (Velpar®) through a Spotgun®.
Excellent control can be obtained with tebuthiuron {N - [5 - (1,1 dimethyl ethyl) - 1,3,4 - thiadiazol - 2 - yl] - N,N - dimethylurea}
(Graslan ) broadcast from the air or in the new dispenser pack, but
results are dependent upon the soil type, and the native eucalypts
(Eucalyptus spp.), which it would be desirable to retain, are very
susceptible to this herbicide.
Best results from foliar treatments have been obtained with picloram
plus 2,4-D as the tri-isopropanolamine salts (Tordon 50-D ), or dicamba
(2-methoxy-3,6-dichlorobenzoic acid) as the dimethylamine salt. Of the
various phenoxy acids tested, 2,4-D is the most effective and MCPA (2
- methyl - 4 - chlorophenoxy - acetic acid) the least effective. Ester
formulations, if available, are more effective than salt formulations
(Harvey 1987). All of the above are more effective if applied in autumn.
Of the newer herbicides tested, metsulfuron is most promising, and may
not be critically influenced by the season of application (Vitelli et al.
1987). Krenite (ammonium ethyl carbamoyl-phosphonate) is effective
but slow-acting and for this reason is not recommended for use in
Q u e e n s l a n d . Likewise, n e i t h e r triclopyr nor clopyralid (3,6 dichloropicolinic acid) is effective enough as a foliar spray to be
recommended (Harvey 1987). Other herbicides tested which proved
ineffective include glyphosate (N - (phosphonomethyl) glycine), atrazine
(2 - chloro - 4 - ethylamino - 6 - isopropylamino - s - triazine) and asulam
(Methyl sulphanilycarbamate) (Harvey 1981).
Of the recommended chemicals, 2,4-D is the most acceptable from an
environmental point-of-view, since it is neither residual nor effective
against most Australian woody species. Caution is warranted before
undertaking wide-spread application of dicamba, picloram, hexazinone,
or tebuthiuron, since they are, in that order, increasingly residual and
effective in killing desirable native species.
BIOLOGICAL CONTROL PROGRAMME
Initial attempts in the early 1970s to undertake overseas exploration were
unsuccessful because permission to work in Madagascar could not be
obtained from the Malagasy Government. Eventually this permission
was received and, in May 1985, a preliminary survey of rubber vine
insects and diseases was made in Madagascar, and an entomologist has
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been based in Toliary in the south-west of the island since December
1985.
Some potentially useful insects and diseases have been found, but
unfortunately the first two investigated, a diaspid scale Hulaspis sp. and
a margarodid mealybug, Steatococcus sp., both proved insufficiently
host-specific. Hulaspis sp. was rejected without testing because it was
found in Madagascar on a tree in the Sterculiaceae. Steatococcus sp. occurs
in Madagascar on 4 plant genera in the family Asclepiadaceae and was
b r o u g h t into q u a r a n t i n e in Brisbane in 1986 for further tests.
Unfortunately these showed that it would develop on a number of
Asclepiadaceae including the ornamental Stephanotis floribunda Brongn.
and the native Australian species Hoya spp. and Sarcostemma australe R.
Br. It was therefore rejected as unsuitable for release in Australia, which
has a rich flora of Asclepiadaceae and Apocynaceae, and the quarantine
colony was destroyed.
The moth Euclasta whalleyi
The next insect investigated was a leaf-feeding Pyralid moth Euclasta
whalleyi Popescu-Gorj and Constantinescu. Preliminary host-testing in
Madagascar showed it to be host-specific, and in February 1987 it was
brought into quarantine in Brisbane for exhaustive host tests including
a range of native plants related to rubber vine.
Biology. £. whalleyi occurs only in Madagascar. A closely related moth
Euclasta maceratalis Lederer is found in northern Australia from the
Kimberleys to Bundaberg, where its host plant is the native vine
Gymnanthera nitida R. Br., a close relative of rubber vine.
Adult E. whalleyi are about 2 cm long, with narrow dusty brown
fore-wings, and pale hind wings. The moths are nocturnal and live 5 to
14 days feeding on nectar or honey and water. The cream-coloured
flattened eggs are laid in batches along stem tips or on the underside of
leaves. The small larvae feed in groups on the young leaves and older
larvae feed singly on the leaves at night, spending the day resting along
the plant stem or leaf midrib where they are well camouflaged.
After about 13 to 20 days, the mature larva pupates in a loosely woven
cocoon in leaf litter at the base of the plants, the adult emerging 7 to 12
days later. The complete life cycle takes about 28 days and each female
lays 450 to 500 eggs.
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Host-specificity. Detailed host-testing in quarantine at Sherwood
showed that larvae would develop on rubber vine, C. grandiflora, the
o r n a m e n t a l Cryptostegia madagascariensis, and the native vine
Gymnanthera nitida, all in the sub-family Periplocoidea. In Madagascar,
Pentapetia and Gonocrypta in the same sub-family were also attacked. All
other native and ornamental Asclepiadaceae and Apocynaceae tested
were not suitable hosts.
£. whalleyi is thus restricted to plants in the sub-family Periplocoidea,
but is not restricted within that sub-family. Fortunately, the sub-family
contains no crop plants or important ornamentals and Gymnanthera is
the only Australian native. There are 2 described species of Gymnanthera
in Australia, G. fruticosa Wilson, a shrub from near Alice Springs, and
the vine G. nitida, which is common in humid vine scrubs along the coast
and rivers from Bundaberg in Queensland to the Kimberleys in Western
Australia (Figure 3). It is also common in Indonesia.
On the basis that G. nitida is a common plant and is under greater threat
from rubber vine invading its habitat, together with the absence of
alternative control methods, permission for field release was granted by
the Federal Authorities in October 1987. Releases started in the Charters
Towers area in January 1988 and have since also been made near
Rockhampton and on the Gilbert River in Cape York. It is too soon to
know whether establishment has occurred, but preliminary indications
are good. As the larvae only feed on the leaves, very large populations
would be necessary to have any real controlling effect on the plant.
However, regular defoliation should reduce seedling competitiveness
and encourage the growth of competing plants under the rubber vine
canopy.
Other agents. Two other insects are currently under investigation, a
h a w k m o t h , Nephele densoi Keferstein, and a bud-galling midge,
Schizomyia sp. The latter is difficult to rear in the laboratory, and both
are likely to attack native and ornamental plants in the Asclepiadaceae
or Apocynaceae. If detailed tests showed that attack on these did occur,
the insects would be rejected for release in Australia, as was the
mealybug, Steatococcus. No other suitable insects have been found in 3
years' work in Madagascar.
Other possible agents for biological control are plant diseases (Tomley,
in press). A rust, Maravalia cryptostegiae (Cumm.) Ono is common on the
leaves of rubber vine in Madagascar, causing severe damage and
frequently resulting in total defoliation. Field results confirmed by
preliminary glasshouse tests in the U.K. with native Australian species
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of Gymnanthera, Hoya and other Asclepiadaceae, showed that it is
completely specific to Cryptostegia, with no attack on any other plants.
Detailed host-testing on this rust will start shortly in the U.K. as plant
diseases cannot be tested in quarantine in Australia, and if all goes well,
permission for field release might be given 2 or 3 years from now.
Several other diseases also occur in Madagascar, of which 2 are probably
host-specific. Dr Harry Evans of C.A.B.I, visited Madagascar in March
1986 and again this year, and will keep spore material of these diseases.
Host-testing of plant diseases is expensive and slow, and any work on
further species would not be undertaken until there are some results
from the releases of the moth Euclasta and the rust Maravalia.
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Figure 1. Distribution of Rubber Vine in Queensland
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Figure 2: Distribution ot CRYPTOSTEGIA in Madagascar

Figure 2. Distribution of Cryptostegia in Madagascar
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Figure 3. Distribution of Gymnanthera in Australia
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CHAPTER 16
Naturalization Of Exotic Ficus
Species (Moraceae) In South Florida
Doyle B. McKey and Sandra C. Kaufmann
Department of Biology, University of Miami
P. O. Box 249118
Coral Gables, FL 33124
ABSTRACT
Three species of Asian figs w i d e l y p l a n t e d as
ornamentals in subtropical south Florida are now
regularly producing viable seeds, as a result of the
establishment, within the past 15 years, of breeding
p o p u l a t i o n s of their respective species-specific
pollinating fig wasps (Hymenoptera: Agaonidae). This
study reports on work in progress aimed at determining
the potential for spread of exotic figs and fig wasps into
natural habitats in south Florida. The three species
concerned are Ficus altissima, F. benghalensis, and F.
microcarpa. At present, adults of all three are restricted
to suburban habitats. Of the three species, F. microcarpa
seems most likely to colonize natural habitats in large
n u m b e r s . In s u b u r b a n habitats, this species is
represented by a much larger number of juveniles per
adult tree, and juveniles are found further from adults,
than in the other exotic figs. Data so far link the greater
success of F. microcarpa with more effective dispersal of
its seeds. Its smaller fruits can be taken by a much larger
number of native vertebrates than the larger fruits of the
other two species. Direct observations of birds at fruiting
trees show that visitors include not only residents but
also long-distance migrants and species with wide
ranging movements that could disperse the seeds into
natural habitats remote from suburbia.
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INTRODUCTION
Naturalized species account for about 18% of the flora of subtropical
south Florida (Ewel 1986). Among these are many ornamental trees and
shrubs with fleshy fruits and seeds that are dispersed by birds and other
v e r t e b r a t e s . These include some n o t o r i o u s pests, e.g., Schinus
terebinthifolius Raddi. (Anacardiaceae), as well as other species more
recently recognized as significant threats to remaining native plant
c o m m u n i t i e s in south Florida, such as Bischofia javanica Blume
(Euphorbiaceae), Ardisia humilis Vahl (Myrsinaceae) and Schefflera
actinophylla Harms (Araliaceae) (Morton 1976).
One large group of ornamental trees commonly planted in south Florida,
the genus Ficus (Moraceae), has been conspicuous by its absence thus
far from lists of naturalized plants. This is not surprising in view of the
pollination biology of species of this genus. In what is probably the most
highly species-specific plant-pollinator interaction that exists, each of the
world's 900-odd species of Ficus depends for its pollination on a different
species of fig wasp (Hymenoptera: Agaonidae). If the pollinating wasp
that is associated with a fig species in its natural range is not present,
the fig species cannot reproduce (Ramirez 1970). Known exceptions to
these generalizations are few (Piatos et al. 1975, Ramirez and Montero
in press).
Exotic ornamental Ficus spp. were introduced into south Florida without
their wasps, and have remained effectively sterile until recently.
Apparently within the last 15 years, however, the pollinators of at least
three exotic ornamental Ficus spp. have somehow been introduced to
south Florida. Encountering large numbers of adult trees of their
respective host species, they have established breeding populations. As
a result, for the first time in their over 60-year history in south Florida
their host species are producing viable seeds and vigorous seedlings.
This was first described by Stange and Knight (1987) for F. microcarpa L.
and F. benghalensis L. (though the first observations of seedlings in
Florida date back to the early 1970s for F. microcarpa and 1986 for F.
benghalensis: R. J. Knight, pers. comm.). It was later noted by McKey
(unpubl.) for F. altissima Blume as well. All three species are from tropical
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Asia, and all three are being pollinated in south Florida by the wasp
with which they are associated in their natural range.
This phenomenon is not restricted to south Florida. One of the species
concerned, F. microcarpa, is being pollinated by its associated agaonid,
Parapristina verticillata (Waterston), not only in Florida but also in
Bermuda (Monkman 1984, Dow and Terceira 1985, Hilburn 1987) and in
Mexico and Central America (Ramirez and Montero in press). P.
verticillata was purposely introduced into Hawaii from the Philippines
in 1920-1921 as part of a reforestation scheme (Condit 1969), and it is
thought that Hawaii is the most likely source of the wasps introduced
into Florida (Stange and Knight 1987). The arrival of P. verticillata in
Bermuda, in Mexico, and in Central America seems to be more recent
than its arrival in Florida, within the last 10 years (Monkman 1984,
Ramirez and Montero in press). For a review of intentional and
accidental introduction of this and other fig wasp species see McKey (in
press).
Though they are presently only regarded as expensive nuisances, by
virtue of their effects on man-made structures (Cardozo 1981), these
species must be considered potential pests in native communities of
south Florida. Though exotic Ficus do not yet appear to be common far
from the suburban habitats where most adult trees are located, it is
possible that we are witnessing the lag phase typical of many invasions
(Ewel 1986). This study summarizes what is known about the present
status of naturalized exotic figs in south Florida. The wide distribution
of P. verticillata (and hence of F. microcarpa seedlings) in suburban
habitats throughout south Florida has already been noted by Knight et
al. (unpubl.). We here report on work in progress aimed at studying the
spread of F. microcarpa and other exotic figs into natural vegetation.
METHODS AND MATERIALS
Fig wasps were originally identified by Dr. J. T. Wiebes (Leiden, the
Netherlands), and subsequent samples were determined using the key
presented by Stange and Knight (1987). Figs at the appropriate stages
1. This is certainly true for F. microcarpa and F. benghalensis. The pollinator of
F. altissima is Eupristina altissima Balakrishnana & Abdurahiman. The agaonids
reared from F. altissima in Florida are a member of the Asian genus Eupristina,
but present some small differences from the description of E. altissima (J.T.
Wiebes, pers. comm.). More material of E. altissima and of the agaonids from
Florida is necessary for absolute identification.
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were periodically checked to confirm the regular presence of pollinating
females and of progeny of the agaonids in the three fig species.
To estimate the relative abundance of adults of different species of Ficus
in the suburban flora, we noted the numbers of adults of each species
found along segments of streets opportunistically selected in Miami and
Coral Gables. Length of street segments was measured by a car
odometer. The total length of roadside censused was 37.7 km. Ficus trees
were identified to species and counted on both sides of the street (and
on the median strip, w h e n present). Most trees were along the
right-of-way within 5 m of the street, their large size precluding planting
in most private yards.
To compare recruitment of juveniles of native and introduced naturalized
fig species in a suburban habitat, we censused adults and juveniles of
all Ficus spp. found in a centrally located portion of the University of
Miami Coral Gables campus with a surface area of approximately 15
hectares (38 acres). Locations of adults and juveniles were plotted on
aerial photographs (scale approximately 1:475) obtained from the
University of Miami's Physical Plant. These censuses were completed
over a two-month period (January-March 1988). In addition, we
conducted opportunistic searches for juveniles of exotic Ficus in other
areas of Coral Gables and South Miami.
To determine which animals disperse seeds of exotic Ficus spp., we
located trees bearing mature figs and recorded all animals seen eating
fruits. These observations, which so far include only F. microcarpa, were
conducted during one-hour periods in early morning (7-8 AM) on four
separate days in October 1988. During this period, fall migrant birds as
well as residents could be observed. Visitation by frugivores was
recorded at two individual trees, each observed on two days.
To determine whether seedlings of exotic Ficus are establishing from
seeds dispersed into natural vegetation, we conducted opportunistic
searches for them in hardwood hammocks remote from the suburban
areas where adult trees are common. Systematic surveys of natural
vegetation for seedlings of exotic Ficws are planned, but have not yet
been conducted.
RESULTS
Though over 60 species of introduced Ficws may be found planted in
subtropical southern Florida (Knight et al., unpubl.), and 20-odd species
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are listed by Barrett (1956) as frequently planted, only a small number
of these are very commonly encountered. In the census of street trees in
Coral Gables/South Miami (Table 1), we found 481 individuals of exotic
Fiats. All but four of these were identified to species. These 477
individuals represented only 7 species. The three species whose
pollinators have become established are among the most abundant of
these, all of them occurring at densities of about one or more adult tree
per kilometer of street in the suburban habitats we sampled. In our
sample only two species were more frequent. F. benjamina L., the most
abundant species in our sample, is probably also the most abundantly
planted exotic fig in southern Florida. Our sample overestimates the
density of F. religiosa L., however, since 135 of the 145 trees encountered
were planted in the median strip of a single 3.6 km section of street.
Our own collections from dissected figs, along with the findings of
Knight et al. (unpubl.), confirm that three species of Asian figs are
regularly pollinated by agaonids in the South Miami area. Of the three
species, two (F. microcarpa and F. altissima) are common on the University
of Miami campus. In an area of campus in which all adult Ficus spp.
had been identified and mapped, we compared recruitment of seedlings
and saplings of these two species and of F. aurea Nutt., a native Florida
fig also abundant on campus. Our data can only be used to estimate
relative abundance of juveniles, not absolute abundance, since the area
is visited regularly (at 3-month intervals) by the University's grounds
maintenance crews and some juvenile figs, particularly those growing
on stone walls within easy reach of workers, are destroyed. Our census
was conducted just before a scheduled maintenance job in the area. The
data from this portion of the study are presented in Table 2.
The most striking result is the abundance of F. microcarpa juveniles.
Relative to the number of adult trees, F. microcarpa is producing a much
larger number of juveniles than either of the other two species. F. altissima
is least successful in this respect. Also, F. altissima juveniles are usually
found close to a conspecific adult (probable maternal parent). While
juveniles of F. aurea and F. microcarpa were found on average 123 m and
109 m, respectively, from the closest conspecific adult, F. altissima
juveniles were on average only 30 m from the closest adult. The low
abundance of juveniles, and their concentration near adult trees, suggest
that successful seed dispersal may be an infrequent event in this species
and that dispersal distances are usually shorter than in the other two
species.
We hypothesized that differences in dispersal between F. microcarpa and
F. altissima are due to large differences in the size of mature fruits of the
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two species. Fruits of the latter species are large, averaging over 2 cm
in diameter, and with firm flesh. No native or common established exotic
bird species is large enough to swallow them whole, and their firm
consistency would make it difficult for small fruit-eating birds to peck
pieces from them. They may depend primarily on mammals for effective
seed dispersal, and these are uncommon in suburban habitats. In
contrast, fruits of F. microcarpa are smaller, averaging about 1 cm in
diameter. Like fruits of the two native Fkus species, they should be easily
harvestable by a large number of native and exotic birds. Consequently
a larger number of seeds may be dispersed, and at greater distances from
the parent. Since in F. microcarpa, as in many figs, fruiting trees may be
encountered at any time of year (Corlett 1984), fruits of this species might
also be taken by migratory birds, that could carry seeds far from the
suburban habitats where adults are presently concentrated.
To test these ideas, and to estimate the likelihood of dispersal of seeds
of exotic Ficus from suburban habitats into reserves of native vegetation,
we conducted systematic observations of frugivore visitation at Ficus
trees bearing mature fruits. So far these systematic observations concern
only F. aurea and F. microcarpa, but some opportunistic observations of
frugivores at fruiting F. altissima and F. benghalensis are available for
comparison.
Results for F. microcarpa, representing a total of four hours' observation
at two trees, are presented in Table 3. These results confirm that fruits
of this small-fruited exotic fig are eaten by a large number of native bird
species. Five of the eleven bird species observed eating fruits of F.
microcarpa were also seen eating fruits of the native F. aurea. Based on
how these birds handle seeds of other plant species, it is likely that all
of them except possibly the White-Crowned Pigeon are primarily seed
dispersers of F. microcarpa rather than seed predators (A. Mack, pers.
comm.). It is not known whether the sole mammal observed to eat fruits,
the Gray Squirrel, is a seed predator or seed disperse^.
The number of potential dispersal agents of F. microcarpa could probably
be considerably extended by further observations. Nevertheless, the data
already available point to some tentative conclusions. Most interesting
is the large number of fall migrant wood warblers, belonging to at least
four species, that were observed at the trees. These birds were definitely
observed to be eating mature fruits in the trees, not foraging for insects.
While resident species such as the Mockingbird, Blue Jay, and
Red-Bellied Woodpecker primarily move seeds to other sites within
suburban habitats, these long-distance migrants, as well as species like
the White-Crowned Pigeon with wide-ranging habits, may spread seeds
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to native vegetation throughout southern Florida, and perhaps elsewhere
in the neotropics, e.g., in the warblers' Caribbean winter ranges.
Scattered observations of frugivores at trees of F. altissima and F.
benghalensis do suggest that these large-fruited species are visited by a
smaller cohort of fruit-eating animals. The only bird we have thus far
seen eating fruits of either of these in southern Florida is the Red-Bellied
Woodpecker. At Fairchild Tropical Garden, the senior author has
observed woodpeckers pluck mature fruits of F. benghalensis, lodge them
in fissures in the bark of the tree, and hammer out small chunks, which
were swallowed. Fruiting trees of F. benghalensis at the USDA Plant
Introduction Station in Miami are heavily visited by raccoons, and
raccoon scat beneath the trees contains thousands of F. benghalensis seeds.
It is likely that raccoons and another arboreal mammal, the Virginia
Opossum, are the principal dispersal agents of these two large-fruited
figs.
As yet no systematic searches for juveniles of exotic figs have been
conducted in tropical hardwood hammocks and other native vegetation
likely to be suitable for these trees. We have not found them during
several walks through Mahogany Hammock and Gumbo Limbo
Hammock, two hammocks in Everglades National Park. We found none
during a two-hour search in Tim's Hammock, located much closer to
Miami in Camp Owaissa Bauer, or in nearby Castellow Hammock (Roger
Hammer, pers. comm.). Seedlings of F. microcarpa have been observed,
however, in the tree preserve at Burger King World Headquarters in
south Dade County (George Gann-Matzen, pers. comm.).
DISCUSSION
Current Status of Exotic Figs in Southern Florida
Though all three species of exotic figs whose pollinators have become
established are abundant as planted adults, only one, F. microcarpa, seems
to be producing large numbers of juveniles. Seedlings and saplings of
this species are a b u n d a n t in suburban habitats. Those growing
epiphytically are regarded by some as a nuisance, and those growing on
man-made structures, if not trimmed away, may cause enough damage
to be economically significant (Cardozo 1981). Though juveniles of native
Ficus, especially F. aurea, may also be found on rock walls and other
structures, those of F. microcarpa give the impression of being more
xerophytic and more successful at establishing on such structures. They
may cause greater problems in this setting than the native Ficus.
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Seedlings of F. microcarpa do not seem to have yet reached most native
habitats in significant numbers, though they have been found in at least
one semi-natural setting near a suburban area. Considering that large
numbers of seeds may be carried into the remotest areas of southern
Florida by migrant and wide-ranging birds, it is probably only a matter
of time before juveniles of this species begin to appear in native habitats.
Careful searches for this species should be conducted in natural areas
throughout southern Florida; it is possible that seedlings are already
present in low density but have not been detected.
Pest Potential of Exotic Figs
Of the three species, F. microcarpa is of greatest concern. This tree
produces large numbers of seeds, and they seem to be as effectively
dispersed as those of the native figs. As in Hawaii (Condit 1969), F.
microcarpa in Florida seems likely to spread as a weed. The consequences
of this spread are difficult to estimate. Where the plant occurs as an
epiphyte, it will never be a pest of the magnitude of Schinus or Melaleuca
- which colonize disturbed sites and preempt large areas - or is it likely
to monopolize establishment sites in small light gaps within natural
hammocks, as do Schinus, Ardisia humilis, and some other exotics.
Dependent on the presence of other trees for its establishment, and
competing with few other plants for establishment sites, this species is
not likely to lead to local decreases in plant diversity, in contrast to the
other species mentioned above.
F. microcarpa does merit close attention in one important habitat of
southern Florida, however. Several accounts of the natural history of this
species in its native Asia (Corner 1940, 1981; Backer and Bakhuizen van
den Brink 1965) note that it is especially common along the coast, where,
as a free-living tree, it is a frequent component of forest just inland of
mangrove vegetation. The senior author has seen a 2-m tall free-living
juvenile on the inland edge of a thin strip of mangrove bordering
Fairchild Tropical Garden in Miami, but this important habitat type,
extensive in southern Florida, has virtually not been searched at all for
presence of this species. This is a priority objective of further research.
As Janzen (1983) notes, species foreign to a community may be of
concern not only because they replace native species, but because they
alter, obscure, or destroy natural interspecies interactions. The effects of
adding an exotic fig species to southern Florida communities are difficult
to predict. It is important to note, however, that figs in general are
characterized by unusual fruiting phenologies, one feature of which is
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production of fruit year-round by the population (Janzen 1979). This
feature of the biology of many figs has led to their recognition as
"keystone resources" for frugivores - plant species crucial for the
persistence of essential mutualists, in this case by providing food
resources during periods when other food is scarce or nonexistent.
Furthermore, F. microcardia is even unusual among figs in that an
individual tree may bear at least some mature fruit at all times of the
year (Hill 1967, Corlett 1984). This is also true of F. microcarpa in south
Florida (J. Bronstein, pers. comm.). If it becomes at all abundant, addition
of F. microcarpa could greatly alter the temporal and spatial pattern of
fruit availability in plant communities of southern Florida, with effects
on competitive interactions between plants for dispersal agents,
movement patterns of birds, and likelihood of establishment of exotic
tropical bird species that require year-round fruit availability.
Establishment, Persistence, and Spread of Fig/Fig-Wasp Systems in
Comparison with Other Biological Invasions
Establishment. Though we will never know for sure, it is likely that
establishment of the pollinators of three species of Asian figs in Florida
followed accidental introductions of a small number of wasps of each
species. Their successful establishment may at first seem surprising, since
the biology of fig/fig wasp systems, under natural conditions, presents
a peculiar barrier to colonization and range expansion, related to the
requirement of figs for a species-specific pollinator (for a review, see
McKey (in press)). Fig and wasp are absolutely dependent on one
another for reproduction, but they disperse independently of one
another. Both must arrive at any new location if either is to persist,
making invasion difficult (Ramirez 1970, Janzen 1979). Furthermore,
because a considerable number of adult figs must be present before an
isolated population of figs can maintain a population of pollinators
(Janzen 1979), the plants must usually arrive in numerous independent
dispersal events.
Two features of fig biology are important here. First, in most species, all
the figs on a particular tree develop and ripen synchronously (Ramirez
1970, Janzen 1979). This means that a female wasp emerging from a fig
cannot go to another fig on the same tree, but must fly to another tree.
Secondly, studies so far indicate that the adult female wasps live only a
short time (estimates vary from a few hours to a week or two: Bronstein,
in press) after leaving their natal fig. So, if the pollinator is to be
maintained, there must be a succession of trees with receptive-stage figs
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throughout the year. This means that the fig population must include a
considerable number of adults.
In natural invasions by figs, e.g., a range extension onto an island, the
requisite number of adult fig trees must accumulate by repeated
dispersal events, since individuals in the isolated new patch are not
reproducing. Wasps that chance to disperse to the site can establish only
much later, when the figs have reached reproductive age and when
enough adult trees have accumulated to provide a succession of
flowering fig trees over the year. This would appear difficult to
accomplish 0anzen 1979).
In southern Florida and other areas where F. microcarpa is naturalizing,
though, conditions for establishment of the fig/fig-wasp system are quite
different. Large populations of planted adults have been present for
decades, so that the problems peculiar to fig/fig-wasp systems as
invaders have been largely solved by human-aided dispersal of figs. All
that was further necessary was establishment of the fig wasps in an area
already harboring a large population of adult hosts. Information about
their biology indicates strongly that fig wasps, once a sufficient number
of host plants are present, should be very good at establishing
populations from a very small number of initial colonists. First, a gravid
female lays all her eggs in a single fig. Second, mating takes place inside
the fig, before dispersal of the progeny. These two facts mean that the
problem of finding mates in a very small initial population is much less
severe than for many other insects. Third, we can expect fig wasps to
be highly tolerant of the inbreeding that would occur in this situation.
The c o n s t a n t e x p o s u r e of recessive alleles to selection by the
hymenopteran haplodiploid genetic system (Borgia 1980) and by the
extensive inbreeding that in fact occurs in fig wasps (e.g., Hamilton 1979)
will have shaped a genome tolerant of inbreeding.
Persistence. Given the large number of adult host plants present in
suburban southern Florida, the ability of fig wasps to establish from
small foci means that they are probably here to stay. Control measures
aimed at them or, more likely, the occasional cold snaps that hit
subtropical southern Florida, may lead to high mortality but will have
little lasting impact if pockets of fig wasps remain.
Spread. It is more difficult to make predictions about the spread of fig
wasps from the suburban habitats where they are now concentrated and
their establishment in natural habitats. If seedlings of F. microcarpa do in
fact succeed in colonizing tropical hardwood hammocks and other
natural habitats in southern Florida, the lag between establishment and
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reproductive maturity of the plant may be long enough to enable
removal of a high enough proportion of juveniles that the minimum
viable population of adults needed to maintain the pollinator is never
reached. The plant would be held in check as non-reproducing stragglers
from suburban habitats. It must be remembered, however, that F.
microcarpa has an unusual reproductive phenology, in that an individual
tree may bear some fruit at all times of the year (Hill 1967, Corlett 1984).
This opens the possibility of intra-tree transfer of wasps, which would
greatly reduce the minimum viable population of trees needed to
maintain them.
Further speculation on this point seems idle until we know whether the
plant itself is establishing abundantly in these habitats. If juveniles
become abundant, any control measure aimed at breaking the fig/wasp
link is likely to be unfeasible.
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Table 1. Relative abundances of figs planted as street trees in the the Coral
Gables/South Miami Area
Species

Number of Trees

Proportion of Total

F. benjamina

192

0.38

F. religiosa
F. altissima/ F.
benghalensis

145
72

0.28

F. microcarpa

44

0.09

F. elastica

17

0.03

F. lyrata

0.14

7

0.01

F. aurea (native)

28

0.06

Unidentified spp.

4

0.01

509

1.00

Total

Census included 37.7 km of streets, censused on both sides
135 F. religiosa were encountered in a single 3.6 km section of streets
These two species can be distinguished by close examination of leaf or
other characteristics. Although F. benghalensis produce more aerial roots, so
that the two species differ in aspect, from a moving car we did not feel
confident that we could always distinguish them. Of the two species, F.
altissima is more frequent.

Table 2. Census of adults and juveniles of native and introduced fig
species in a 15.4-hectare portion of University of Miami Campus

Species
reproducing

No.
Juveniles

9

147

13.4

F. altissima

4

30.2 ± 3.8m

9

15
26

3.8

F. aurea (native)

2.9

122.9 ± 60.0m

F. microcarpa

mean ± S.D.
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Juveniles/
Adults

Juvenile to
nearest
adult4

No.
Adults

109.1 ± 1.2m
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Table 3. Vertebrates observed eating mature figs of Ficus microcarpa in
suburban Dade County, Florida (September - October 1988)
Total No.
Visits
Recorded

Total No.
Minutes
Spent in Tree

38

43

9

14

8

12

5

5

4

5

4

5

Birds
Wood Warblers 1

2

(Parulidae) (4 spp.)

2

Mockingbird Mimus poluglottos
n
White-Crowned Pigeon Columba leucocephala
Blue Jay Cyanocitta cristata
2

Red-Bellied Woodpecker Centurus carolinus
Wood Thrush Hylocichla mustelina
Catbird Dumetella carolinensis
2

Boat-Tailed Grackle Cassidix major

1

1

1

1

4

60

Mammals
Gray Squirrel Sciurus carolinensis
Migrants
2
2

Species also seen eating mature fruits of F. aurear
Species with wide-ranging movements
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Wetlands
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Miami, FL 33128
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Coral Gables, FL 33124
Robert F. Doren, Louis D. Whiteaker, and Michael T. Brennan
Everglades National Park
P.O. Box 279
Homestead, FL 33030
ABSTRACT
Everglades National Park has remained relatively free
from Melaleuca quinquenervia colonization, due primarily
to its isolation from adjacent seed sources. In recent
years, however, stands of seed-bearing melaleuca trees
have been found in a region known as the "East
Everglades" lying immediately east of the park. The East
Everglades, as well as major portions of the adjacent
E v e r g l a d e s N a t i o n a l Park, are c h a r a c t e r i z e d by
fire-promoted seasonal wetlands that are well suited for
successful melaleuca germination and survival. The
spread of melaleuca within the East Everglades therefore
represents a considerable threat to the ecological
integrity of the natural systems in Everglades National
Park. A multi-agency m a n a g e m e n t p r o g r a m w a s
initiated in 1986 to remove melaleuca seed sources from
an a p p r o x i m a t e 27,200 h e c t a r e zone of the East
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Everglades wetlands along the park's eastern boundary.
Trees and tree stands of melaleuca were located using
remote sensing and helicopter reconnaissance, then
uprooted or herbicide treated. Prescribed b u r n i n g
approaches are also to be used in order to discourage
the reestablishment of seedlings within treated zones.
Under this integrated control approach, the prospects of
m a i n t a i n i n g a melaleuca-free buffer adjacent to
E v e r g l a d e s N a t i o n a l Park a p p e a r e n c o u r a g i n g .
Additionally, the management program shall include
control of Casuarina s p p . a n d Schinus terebinthifolius
during future treatment years within the buffer zone in
order to limit the spread of these harmful exotic species
in the East Everglades.

INTRODUCTION
The ability of Melaleuca quinquenervia to colonize rapidly and eventually
dominate seasonal wetland communities in southern Florida has been
previously documented (Alexander and Crook 1975, Hofstetter 1976,
Austin 1978, Cost and Carver 1980). In particular, seasonal wetlands that
are characterized by frequent wildfires and hydrological stress have been
shown to be particularly susceptible to such colonization. This is due to
melaleuca's physiological response to fire and hydric stress (Hofstetter
and Hilsenbeck 1979, Wade et al. 1980, Woodall 1980a).
The East Everglades region of southern Florida, located immediately east
of Everglades National Park (Figure 1), contains a range of hydric to
mesic vegetational community types. Nearly all East Everglades
communities are considered to be fire-maintained seasonal wetlands
(Hofstetter and Hilsenbeck 1979, Wade et al. 1980). Furthermore, the
effects of drainage have subjected the East Everglades to abnormally
frequent, extensive wildfires in recent years (Wade et al. 1980, Loope and
Urban 1980).
The East Everglades is also located immediately southwest of dense
melaleuca forests that have displaced hydrologically-stressed wetlands
near the urban limits of Dade County, Florida. The proximity of these
nearby seed sources, coupled with the environmental suitability of the
East Everglades for melaleuca establishment and colonization, have
resulted in a rapid spread of melaleuca westward and southwestward
in the region t o w a r d Everglades National Park. Hofstetter and
Hilsenbeck (1979) and Molnar (1988) documented this spread through
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aerial photographic interpretation and ground-truthing techniques. Table
1 provides data from these studies that suggests the rate of spread.
Observations by the authors indicate that dense, mature melaleuca
stands, ranging from a few hectares to approximately 150 hectares in
size, occur in the eastern portions of the East Everglades. These stands
tend to be progressively smaller proceeding westward and southwesterly
trend toward the national park boundary until only occasional small
heads (<0.5 hectare) and isolated outlier trees are found closest to the
park. This pattern of melaleuca spread is consistent with its theorized
population cell distributional pattern (Woodall 1980b, Browder and
Schroeder 1980, Moody and Mack 1988).
Woodall (1980b) proposed for seasonal wetlands an "integrated control
approach" for melaleuca that is designed to take advantage of the tree's
physiology, fire response, and pattern of spread. This integrated
approach, which was not attempted prior to this project, is designed to
prevent the tree from spreading from heavily infested areas into areas
where it does not yet occur. The approach consists of the following
elements:
1) Limit preliminary control treatment to outlier trees and outlier
heads only.
2) Initiate treatments at the end of the rainy season or the
beginning of the dry season. This stimulates seedfall, and moist
conditions trigger germination. Through the onset of the dry season,
seedlings will be subjected to increasing hydrological stress
resulting in a seedling die-off.
3) One year after treatment, subject the treated area to a
prescribed burn. This should kill surviving seedlings and also
stimulate germination of seeds that have remained viable in the soil.
These germinants will again be subject to dry season stress.
4)

Two years later, pull up any remaining seedlings.

5) Continue monitoring and continue prescribed burns every two
to three years.
The transition of the East Everglades from seasonal emergent wetland
prairies to forested wetlands dominated by exotic species represents a
profound and perhaps irreversible ecological degradation (Alexander
and Crook 1975, Hofstetter and Hilsenbeck 1979, Cost and Carver 1980,
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Vitousek et al. 1987). Wildlife populations that use Everglades National
Park also rely heavily on the adjacent East Everglades for nesting,
foraging, and feeding. In particular highly-stressed populations of
wading birds and the endangered Florida Panther would be adversely
affected by this degradation (South Florida Research Center 1979).
Although some studies have suggested that melaleuca-invaded seasonal
wetlands maintain remnant habitat value for some faunal species
(Schortemeyer et al. 1980, Mazzotti et al. 1981, Sowder and Woodall
1985), a severe reduction in wildlife populations and diversity in such
wetlands can nevertheless be expected, particularly where dense
even-aged stands have diverse vegetational mosaics (Austin 1978).
Habitat degradation is also occurring in the East Everglades as a result
of invasions by other exotic plant species. In particular, Casuarina
equisetifolia, Casuarina glauca, and Schinus terebinthifolius are colonizing
natural communities in the area. Casuarina has rapidly spread through
short hydroperiod, mesic prairie/tree island mosaic communities of the
"Rocky Glades" in the central and southern portions of the region
(Hofstetter and Hilsenbeck 1979). Bayhead tree islands in the Rocky
Glades communities have been particularly susceptible to both Casuarina
and Schinus following the loss of native hardwoods from destructive
wildfires (Loope and Urban 1980). These post-burn bayheads have, in
many locations, become characterized by dense Casuarina stands and a
thick litter layer. Casuarina litter has presented a serious impediment to
the control of wildfire in the East Everglades due to the litter's propensity
to "holdover" fires throughout the night (S. Husari, ENP, pers. comm.).
Moreover, successive burns through bayhead tree islands appears to be
promoting a successional sequence whereby Schinus eventually displaces
Casuarina (R. Hofstetter, personal observations). Loope and Urban (1980)
suggested that, if current trends continue, Sc/zmus-dominated tree islands
may displace native tree islands t h r o u g h o u t the Rocky Glades
communities.
The East Everglades is considered critical to Everglades National Park
both ecologically and hydrologically. Historically about half of the
surface water flow into the park entered through the Northeast Shark
River Slough (Neidrauer and Cooper 1988). Nearly all surface flow
associated with Taylor Slough also originated in the East Everglades. For
these reasons, the East Everglades is the subject of ongoing governmental
efforts to mitigate existing hydrological stresses and restore natural
surface flow patterns (U.S. Army Corps of Engineers 1986). Additionally,
the East Everglades was recently recommended by an interagency task
force for acquisition and inclusion into the National Park (East
Everglades Land Acquisition Task Force 1988).
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Hofstetter and Hilsenbeck (1979) and Cost and Craver (1980) presented
compelling evidence that failure to act decisively on the control of
harmful exotic vegetation, particularly melaleuca in the East Everglades,
will result in the ecological degradation of major portions of Everglades
National Park. In recognition of this threat, the Governor's East
E v e r g l a d e s Resource P l a n n i n g a n d M a n a g e m e n t Committee
recommended in 1985 that an exotic vegetation control program be given
high priority (Everglades National Park/East Everglades Resources
Planning and Management Committee 1985). The Committee also
appropriated an initial funding grant for the program to the Exotic Pest
Plant Council (EPPC).
The participating members of the Exotic Pest Plant Council have
developed and administered this program since February 1986, as a
c o o p e r a t i v e i n t e r a g e n c y effort. D a d e C o u n t y D e p a r t m e n t of
Environmental Resources Management (DERM) has been responsible for
program oversight and continued funding beyond the initial State of
Florida grant. This funding has been derived primarily from Dade
County's off-site wetland mitigation trust fund. Everglades National Park
has provided technical guidance and administration, manpower,
supplies, and data management. Other participants have been the Florida
Game and Freshwater Fish Commission (manpower), South Florida
Water Management District (infrared aerial photography), and Ronald
Hofstetter, University of Miami (technical guidance).
The EPPC implementation plan recommended the control of Melaleuca,
Casuarina, a n d Schinus, in that order of priority. The basis for this
prioritization was that melaleuca presented the greatest threat to the East
Everglades and Everglades National Park, due to its strong affinity for
seasonal, fire-maintained wetland communities, and rapid rate of spread.
The populational distribution of melaleuca in the East Everglades, as
well as the seasonal nature of East Everglades wetlands, suggested that
the i n t e g r a t e d control a p p r o a c h of Woodall (1980b) w o u l d be
appropriate.
The EPPC implementation plan established the following program
objectives:
1) Eliminate harmful exotic vegetation from an East Everglades
buffer zone, adjacent to Everglades National Park. The buffer zone
must be of sufficient size to reduce substantially the probability of
seed dispersal into the park.
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2) Eliminate harmful exotic vegetation outside the buffer zone to
the extent that seedout into the zone can be minimized and
controlled.
3) As funding permits, expand the buffer zone eastward, away
from the park boundaries, thereby enlarging the buffer zone.
This paper provides a summary of the project, its current status, and
problems that have been encountered. Project results provide a basis
an assessment of the interagency resource management approach
exotic vegetation control, as well as an initial view of the success of
integrated control approach for melaleuca.

the
for
for
the

METHODS AND MATERIALS
Application of the integrated control approach (Woodall 1980b) required
that a sufficiently-sized buffer zone be established to reduce substantially
the threat of melaleuca seed dispersal into Everglades National Park.
Browder and Schroeder (1980) simulated melaleuca seed dispersal
patterns based on mechanical and convective turbulence factors and seed
terminal velocities in southern Florida. Their simulations showed that,
under heavy wind conditions (100 knots), melaleuca seeds, of average
terminal velocity, could carry as far as 2.4 kilometers from a tall, mature
tree. Therefore an initial buffer zone of 4.8 km. (3 miles) was considered
adequate for melaleuca treatments.
False-color infrared aerial photographs (scale 1:12,000) were taken of the
entire East Everglades in the spring of 1986, in accordance with the
recommendations of Arvanitis and Newburne (1984). These were used
to locate and map melaleuca trees of 1.5 meter minimum height.
Helicopter overflights were conducted to verify mapped trees, locate
unmapped trees, and record Loran-C coordinates for each tree or tree
stand. These coordinates were subsequently used to locate sites in the
treatment, monitoring and retreatment phases of the integrated control
approach. All treated trees or stands of trees were also given a numbered
aluminum tag to facilitate relocation and identification.
The sensitive nature of the East Everglades, as well as the large size of
the treatment area (approx. 23,000 hectares) and its lack of roads
necessitated the use of a helicopter for access to treatment sites. Several
treatment techniques were applied. Saplings (hgts <1 m) and seedlings
were hand pulled and placed in the canopies of other trees to avoid
re-rooting. Herbicide was systemically applied to individual trees using
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a "hack-and-squirt" method (Rochefort 1983). This method consisted of
removal of a ring of bark down to the cambium, at a height of
approximately 0.5 - 1.0 meters above ground. Herbicide was then
applied to the exposed cambium. Where dense stands or heads of trees
occurred, the hack-and-squirt treatment was not feasible. In these
instances, stump treatments were applied. Stump treatments consisted
of felling the trees with a brush saw and treating the exposed stumps
with herbicide.
The herbicides used were either Hexazinone (Velpar L) or Triclopyr
(Garlon 3A). Velpar L was the preferred because of its effectiveness in
Big Cypress Preserve (R. Burkhead, pers. comm.). Garlon 3A was used
where Velpar could not be used due to EPA label restrictions. No
herbicide applications were made during rain or within six hours of
forecasted rain conditions. All treatments were completed during the dry
season (January - May) thus minimizing standing water or rainy
conditions.
Retreatments involved inspections of each treatment site for resprouting,
live cambium and new seedlings. If any signs of life were observed in
standing treated trees or stumps, additional herbicide treatments were
made. All seedlings were again pulled.
The project also includes prescribed burning that is to be conducted 1.5
years following herbicide treatments, during the late summer/early fall
(August-October). Prescribed burn frequencies of 1.5 years, rather than
1.0 years as recommended by Woodall (1980b), were chosen because of
fuel limitations of the East Everglades fire prescription (Florida Game
and Freshwater Fish Commission 1987). Burns will be initiated within
specified zones surrounding large potential sources of seed dispersal
such as treated heads. This technique will produce a patchwork pattern
of burned zones, consistent with the East Everglades Fire Management
Program (Florida Game and Freshwater Fish Commission 1987). This
burn pattern is considered, under the fire management program, to
provide optimal wildlife habitat, particularly for the endangered Cape
Sable Sparrow.
RESULTS
Melaleuca treatments have thus far been completed over a total of 20,205
hectares of East Everglades wetlands. This represents a total 58,594 trees,
saplings and seedlings. Table 2 summarizes treatment results through
1988.
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An analysis of Table 2 indicates that in 1988 only 780 new hectares were
treated. During that same period, however, 39,071 new trees, saplings
and seedlings were treated (68% of the total). This disparity is due to
the unreliability of the infrared aerial photography for identifying
melaleuca infestations within much of the treatment zone. Although the
photography did successfully serve to locate trees within the northern
portions of the buffer zone, it failed to do so consistently in the central
and southern portions. The northern portions are characterized by open
stretches of sawgrass prairies and emergent flats typical of Northeast
Shark Slough (Hofstetter and Hilsenbeck 1979). Individual melaleuca
trees and heads provide distinct and identifiable aerial photographic
s i g n a t u r e s in this area. These s i g n a t u r e s , h o w e v e r , become
indistinguishable from the numerous small native trees and tree islands
that form the vegetational mosaic of the Rocky Glades/Taylor Slough
communities in the central and southern portions of the buffer zone.
This weakness in the photographic mapping, which was discovered in
1987, necessitated a helicopter resurvey at a height of about 150 meters
covering 0.4 km-wide transects. This resurveying effort located a large
number of previously unobserved trees that were subsequently treated
in 1988.
Although many hack-and-squirt-treated trees required retreatments, no
trees required more than one retreatment (Table 3). It should be noted
that, during the monitoring process, all trees exhibiting regrowth were
retreated, regardless of the extent and apparent viability of the regrowth.
Prior experience in the Big Cypress National Preserve suggests that many
regrowth trees eventually die (R. Burkhead, pers. comm.). Therefore, the
percentages of retreatments shown in Table 3 may not reflect the rate of
success of initial hack-and-squirt treatments.
Nearly all stump treatments were performed during 1988. Therefore, at
this time, adequate data do not exist to assess their effectiveness.
Hexazinone appeared to be a more effective herbicide than Triclopyr,
based on the percentages of necessary retreatments (Table 3). This
disparity in effectiveness, however, may be due to environmental
characteristics of the respective treatment areas of the two herbicides, as
discussed in the Discussion section of this paper.
The distribution of numbers of seedlings established following herbicide
treatments are summarized in Table 4. Trees in the Rocky Glades region
of the buffer zone exhibited substantially greater seedling establishment
than those in Northeast Shark Slough. A large number of trees, however,
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had no observed seedling establishment in either area (85% in Shark
Slough, 57% in Rocky Glades).
Another distinction between the two areas of the buffer zone is the
general extent of melaleuca colonization. Although both regions are
located roughly the same distance from heavily infested areas, melaleuca
has invaded the Rocky Glades far more successfully than the Northeast
Shark Slough. This is reflected in the number and population size class
distribution of melaleuca heads (Table 5). Only one relatively small head
(<50 individuals) was observed in Northeast Shark Slough, while a total
of 59 heads were observed in the Rocky Glades region. More than 30%
of these heads were considered large (>500 individuals).
Financial and workload factors and costs are summarized in Table 6.
The most costly element of the project has been helicopter use, which
accounts for 87% of the total budget.
No evidence of herbicide effects on non-target vegetation was observed.
This is believed to be a result of careful application techniques as well
as the timing of applications, which occurred exclusively in the dry
season when surface waters did not occur through most of the area.
Prescribed burning of 1987 treatment zones was scheduled for the late
summer/early fall of 1988; however, certain logistical and environmental
factors precluded such burning. Qualified fire specialists were not
available because they were dispatched to fight the serious wildfires in
the western United States. Also, the East Everglades experienced an
unusually early dry season and was not within the required moisture
prescriptions for much of the fall.
DISCUSSION
Results of treatments in the East Everglades buffer zone indicate that
seed sources for melaleuca have been effectively removed from large
areas of wetlands (27,200 hectares). The elimination of these seed sources
can be considered a possible reversal of ongoing secondary successional
trends caused by melaleuca colonization (Alexander and Crook 1975).
These secondary successional trends result in a clear ecological
degradation to East Everglades wetlands. Project results therefore
suggest that effective control of melaleuca makes it possible to enhance
natural buffer zones in the Everglades, and that such buffer zones can
protect larger adjacent natural areas, such as Everglades National Park,
from melaleuca invasion.
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Effective melaleuca control programs are only possible if the long-term
financial commitment is made to ensure the funding of both the initial
treatments and the necessary follow-up monitoring and retreatments.
The amount of seedling establishment from treated trees (Table 5)
demonstrates that failure to conduct adequate follow-up treatments is
counterproductive. One-time treatments may only accellerate the tree's
spread through enhanced seedout from treated trees.
The limitations on the effectiveness of low altitude infrared aerial
p h o t o g r a p h y suggest that it is not an a p p r o p r i a t e tool for the
identification and mapping of individual melaleuca trees, particularly
those not appreciably taller than the surrounding vegetation, nor is it an
effective mapping tool for melaleuca heads in certain vegetational
community types. This problem may be somewhat ameliorated through
emphasis on winter photography (Arvanitis and Newburne 1984). Due
to the high costs of such photography, however, it is recommended that
program planning always include a careful assessment of the relative
advantages of aerial photography versus ground or helicopter surveys.
Project results have suggested that melaleuca more readily colonizes the
Rocky Glades communities of the East Everglades than the Northeast
Shark Slough communities. Furthermore, the Rocky Glades exhibited far
greater seedout and resprouting from treated trees did than Northeast
Shark Slough (Tables 3 and 4). The Rocky Glades are characterized by
more of the environmental characteristics that are considered conducive
to melaleuca colonization (Table 7). In particular, the frequency of
wildfires and extent of yearly water drydown seem to favor such
colonization. It should also be noted, however, that the Rocky Glades
soil types (marls) are considered less favorable to melaleuca than the
peat soils of Northeast Shark Slough (Woodall 1980a). This suggests that
fire and hydrology may play a more important environmental role than
edaphic conditions for melaleuca colonization in the Everglades.
The difference in seedling establishment and tree resprouting responses
between the two East Everglades subareas may not necessarily be related
to environmental factors. Rather these responses may be due to a
dichotomy in herbicide use. EPA label restrictions and surface water
conditions precluded the use Hexazinone in the slough, and Triclopyr
was therefore used exclusively there in 1986-1987. In the Rocky Glades,
h o w e v e r , H e x a z i n o n e w a s u s e d exclusively, d u e to its greater
effectiveness observed in other South Florida locations. Surface water
conditions in 1988 allowed the use of both herbicides in both areas.
Monitoring of these treatment sites in 1989 therefore may provide further
insight into seedling establishment and resprouting responses.

246

Management of Melaleuca quinquenervia Within East Everglades Wetlands

The success of the project indicates that a cooperative interagency
approach can successfully treat large-scale melaleuca infestations
provided that participating agencies are willing to make extended
financial and manpower commitments. Clearly defined roles and
responsibilities of participating agencies are an integral part of the
interagency approach, and a willingness to forego shortsighted "turf"
battles are essential. The EPPC has been an effective mechanism for
avoiding such problems in the East Everglades project.
Project goals for 1989-1990 are the following:
1) Monitor and retreat, as needed, all previously-treated locations
in the buffer zone.
2) Prescribe burn those portions of the 1988 treatment zones that
have a high potential for seedout.
3) Map and treat melaleuca within at least 1.6 km of wetlands
lying beyond the buffer zone.
4) Map and treat Casuarina spp. within the first 2.4 km of the
buffer zone.
5) Digitize all mapped melaleuca and Casuarina and input data
into a Geographic Information System cartographic base.
6) C o n d u c t an a s s e s s m e n t of the feasibility of Schinus
terebinthifolius treatments within bayhead tree islands.
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Figure 1. East Everglades
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Table 1. Melaleuca Densities Within Randomly Selected Sections of Land
in East Everglades
Estimated Density of Melaleuca
Section/Township/Range
(1 square mile = 2.6 sq km)

(# inds./2.6 sq km)
1978

1985

6 - 55S - 38E

6

170

7 - 55S - 38E

30

14 - 54S - 37E

0

32
32

36 - 54S - 37E

27

70

30 - 54S - 38E

3

46

Data is from false IR aerial photographic interpretation at 1:12000 scale from
studies by Hofstetter and Hillsenbeck (1979) and Molnar (1988).

Table 2. Summary of Treatment Results (1986-1988)
Year
Treatment Technique

1988

1986

1987

Trees - Hack & Squirt
Trees - Cut & Herbicide

107
0

116

363

500

12868

Seedlings /Saplings Pulled

800*

18000 *

25841

Foliar Spray

0

0

730

Retreatments (H & S Only)
New Hectares Treated

_

18

60

7770

11655

780

Cumulative Hectares

7770

19425

20205

*estimated number
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Table 3. Summary of Retreatments - Hack and Squirt Only
Herbicide
Years

Velpar L
(Hexazinone)

Garlon 3A
(Triclopyr)

1986 / 1987

9 5 / 6 (6.3%)

12 / 12 (100%)

1987 / 1988

70 / 32 (45.4)

46 / 28 (60.8%)

1986 / 1987 / 1988

0

0

Table 4. Seedling Establishment from Treated Trees - 1987 / 1988
Number of Seedlings Observed

Total
Number of
Trees

(>100)

(11-100)

(1-10)

None

Shark Slough
Marsh

48

0

6

7

41

Rocky Glades

68

5

11

13

39

Community

Notes:

1. All Shark Slough treatments were with Garlon.
All marl prairie treatments were with Velpar.
2. No fires occurred within the treatment areas.

Table 5. Population Size Class Distribution of Melaleuca Heads in the
Treatment Area
Number of Individuals
Seed-bearing
All Inds

0-10

11-50

51-100

13

14
11

11

0

8

101-500 501-1000 1001-250
2
15
3
6
19
8

>2500
1
4

Note: Only one head (11-50 inds.) was found in the Shark Slough treatment
subarea.
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Table 6. Summary of Monetary and Manpower Costs
Item

Unit Cost

Total Units

Total Cost

Helicopter*

Approx
$401/Hour

101 Hours

$40,500

Herbicides

Average $0.38/oz.

2140 ozs.

$813

$10.77/sq km

483 sq km

$5200

Aerial Photos

Personnel** - 1200 Manhours = 150 Working Days
Total Cost = $46513
Notes:

*Includes running and flight time
"Field work only
Costs per seedbearing-sized stem
Costs per stem (includes seedlings)

=
=
=
=

$3.35/stem
$0.86 manhrs./stem
$0.80/stem
$0,002 manhrs./stem

Table 7. General Characteristics of East Everglades Vegetation Communities
Shark Slough Marsh

Marl Prairie

Fire Cycle 10 - 15 years

Fire cycle 1 . 5 - 5 years

Organic Histosols
Long Hydroperiod (8 12 months)

Marls
Short Hydroperiod ( 3 - 6 months)

Saturated Soils Year-Round (High
Capillarity)

Wide Range of Soil Saturation
Conditions

Surface Water Flow

Little or No Flow
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CHAPTER 18
Are We Serious About Exotic Species
Control? A Symposium Conclusion
Ronald L. Myers
The Nature Conservancy
Rt. 1, Box 678
Tallahassee, FL 32312
This symposium was organized to discuss the ecological, economic, and
sociopolitical problems that arise when non-native plant species become
pests in wildlands. As managers and administrators of environmentally
significant lands, our goal was to describe the extent of the loss of native
landscapes and habitats to exotic species invasions and to review the
status of various remedial efforts. Case histories from Hawaii, California,
Florida, and Australia presented both the scope of the problem and our
general lack of success in coping with it.
So what have we accomplished this week? Nathaniel Reed led off the
symposium with the charge that we make "a last ditch effort." Although
his presentation was upbeat and optimistic, he implied that, at least for
south Florida, this was our last chance. If action isn't taken this time,
then we might as well give up. He didn't say that, but we all read
between the lines.
I don't know about the rest of the participants and attendees, but I found
the review of our accomplishments troubling. Maybe I've become weary,
but I am not encouraged about our ability to solve serious exotic species
problems in Florida, or anywhere for that matter. The melaleuca problem
in south Florida is a case in point. I think we have a pretty good idea
of the consequences of not accepting Nat Reed's charge. Melaleuca is
clearly one of those species that, as outlined by Laura Huenneke in her
plenary presentation "Biological Invasions and Ecosystem Alterations,"
falls into the category of exotics that significantly alter community
structure and adversely affect ecosystem properties. South Florida
marshes, prairies, and cypress savannas will become fire-maintained
monospecific forests and thickets, the Everglades will be no more. We
know it will happen, but I wonder if we have the resolve to prevent it.
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Ron Hoffstetter pointed out in his presentation on the current status of
melaleuca that he has been watching, observing, and studying the species
since 1971. My own studies of melaleuca began two years later. Maybe
that's why I'm weary. Ron Hoffstetter and I are becoming the old men
of melaleuca. We have been around long enough to have seen significant
landscape changes. We've heard the same themes many times before.
Let's take a look at what has happened over the past two decades. Bob
Doren mentioned in his presentation on the formation and activities of
the Exotic Pest Plant Council that the exotic species problem in Florida
has been recognized for only about 20 years. Fifteen years ago, the
Florida Game and Freshwater Fish Commission took the lead and
organized the first Melaleuca Workshop. Only a handful of the people
here at this symposium were at that workshop. Back then the Game
Commission was the only agency making a large-scale attempt to control
melaleuca. They made a valiant effort, but they probably never killed a
single tree; they may even have facilitated its spread. Notwithstanding,
that workshop was exciting. There was a lot of enthusiasm there.
Everyone left convinced that something was going to be done about the
problem.
A year later, the Game Commission sponsored a second Melaleuca
Workshop. It was held at Pine Jog Environmental Center in West Palm
Beach. It was a lively meeting, but we found out there were political
forces working against us. The Florida Beekeepers Association showed
up touting the importance of melaleuca to their industry and threatening
political action to block control initiatives. A third workshop was held
the following year in Ft. Lauderdale. Politicians were there, the National
Wildlife Federation was behind our cause, other problems were besetting
the beekeeping industry, and we knew then that the control of melaleuca
was at hand.
Then a scary thing happened - the attention of the forest industry was
attracted. Perhaps melaleuca could supply a new forest industry,
possibly serving as a source of fuel in biomass utilization programs.
Utilization meant increasing demand. Greater demand would encourage
spread, not control. The next melaleuca meeting, held in 1980, was
organized by the Florida Division of Forestry. It was a well balanced
meeting and some useful control strategies were promoted. For example,
George Molnar in his presentation yesterday mentioned that the
integrated control strategy outlined by Steve Woodall at the DOF
meeting serves as the guide for current control efforts in the East
Everglades. But the underlying theme of that symposium was utilization.
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At the time, the Division of Forestry's primary thought when they saw
melaleuca was fiber; the fire control problems that John Flowers related
in his presentation were largely unrecognized back then. Fortunately
(from our perspective), of the host of utilization pilot projects begun in
the late 1970s, few highlighted melaleuca as a good forest investment.
This low potential was confirmed by Don Rockwood, who presented
data on the growth rates of 19 exotic trees on south Florida organic soils.
Melaleuca ended up near the bottom of the list. Today, the fire
management problems associated with melaleuca are the Division of
Forestry's primary concern.
Seven years ago, the National Park Service organized the last symposium
on exotic species. It was held at Fairchild Tropical Garden. Once again,
the it's-time-to-do-something ball was dropped, but this time there was
actually an effort to pick it u p and do something. The conference
prompted the establishment of the Exotic Pest Plant Council and led to
this EPPC-sponsored symposium. The formation of EPPC meant a local
coordinated effort against, and a more global view of, the spread of exotic
pest species in southern Florida.
We have seen from the presentations these past three days that we have
come a long way from those early days. We know more about the life
histories of some of the more troublesome species. We are trying
innovative approaches to control, with some positive results, and we are
developing interagency cooperation that did not exist in the past. But
the primary problem still needs to be recognized. It needs to be pointed
out bluntly: WE ARE STILL LOSING GROUND - not only with
melaleuca but with hosts of other problem species that we are only
beginning to recognize as such. Elroy Timmer in his presentation
mentioned one: Mimosa pigra. I found the slide he showed of the mimosa
encroaching on a south Florida cypress swamp frightening. Why?
Because melaleuca in its native Australia is an ecological analogue of
our cypresses, and in northern Australia Mimosa pigra seriously threatens
the integrity of the native melaleuca swamps. Anyone who has seen what
this mimosa species has done in Australia and elsewhere should fear for
what may happen here.
The question needs to be asked: Is the exotic species problem in Florida
simply too big? In spite of all the study, concern, and effort, not a single
agency's control efforts have gained ground, at least not on a large scale.
Big Cypress National Preserve is a case in point. Ten years ago we felt
that with a concerted effort melaleuca could be eliminated from the Big
Cypress in 10 years. Instead, over the past decade we have lost ground.
The ultimate cause for that lack of success is insufficient and inconsistent
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funding not only to proceed but also to monitor past efforts. I don't
mean to pick on the Big Cypress - agency after agency has suffered from
the same fundamental problem and, except for a few short-term or
isolated successes, we have failed everywhere. Look at the National Park
Service's fruitless a t t e m p t s to control Brazilian p e p p e r in the
Hole-in-the-Donut of Everglades National Park. Loxahatchee National
Wildlife Refuge has never received enough funding to make a dent in
melaleuca's advance there.
Is there a solution? I contend there is. I still maintain that we could have
melaleuca under control in the Big Cypress in 10 years. What we don't
need is another symposium. We need money. And I think we are finally
ready for that money. As we have seen from the presentations this week,
we've learned a lot. We are beyond the stage of trial and error. We are
better prepared to use that money now than we were in the early years
of those first melaleuca workshops. As Don Schmitz pointed out in his
presentation on the aquatic plant regulation program, the State of Florida
successfully controls aquatic weed species on Florida's waterways by
spending $13 million annually. The state is willing to spend that much
because open waterways for recreational fishing and boating are
important to its residents and to its many visitors. If the south Florida
exotic species problem were publicized better, I am sure we'd find the
p u b l i c w i l l i n g to back efforts n e e d e d to p r e s e r v e the n a t u r a l
environments of the Everglades. They already support expensive Florida
panther recovery programs and a Save-Our-Everglades campaign efforts which will be for naught should melaleuca's spread continue
unchecked.
We know we are not going to eradicate species like melaleuca, but I am
convinced that we can control the most troublesome exotics within the
boundaries of significant natural areas (e.g., Everglades National Park,
Big Cypress National Preserve, Loxahatchee National Wildlife Refuge,
the South Florida Water Management District's conservation areas) and
maintain adequate buffer zones around them to limit reinvasion. It
would simply take consistent funding to provide for a long-term control
strategy.
We also need money for more research and for monitoring our treatment
results. We heard some very good research papers at this symposium
on the ecological life histories of exotics in California and Hawaii. Where
are the Florida studies? Those on melaleuca and brazilian pepper are
now a decade old. We understand the basic ecology of those two species,
but many of the details have yet to be filled in. Nothing is known about
downy rosemyrtle (Rhodomyrtus tomentosus), yet it is becoming the
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dominant understory species in the low pinelands of southwest Florida.
I have already mentioned Mimosa pigra. Silk reed (Neyraudia reynaudiana)
is becoming a pest in the remnant tropical pinelands of Dade County.
Will it become a serious problem? Is it enhanced by burning? Are there
weak links in its life cycle? We don't know, but we should.
Where is the money for biological control? I must admit I'm no great
fan of biological control. What is often looked upon as a panacea is more
like looking for a needle in a haystack. But I think the preliminary work
of Ted Center and Joe Balciunas (on insect enemies of melaleuca)
indicates that they are on to something. There ought to be resources
available for them to find out.
The papers presented here have each contributed to our understanding
of how introduced alien species are part of the reality of land
preservation and land management. As this fifth Florida conference on
exotic species comes to a close, it's time to decide. Do we commit to the
last ditch effort, or do we admit that this exotic pest thing is simply too
big for us, accept defeat, let the Everglades ecosystems go, and move on
to some environmental issue that we know we can handle?
I vote for the former, but the final effort requires something new. We
need a coalition of concerned citizens willing to undertake the political
action necessary to fund a coordinated control program. Without taking
this new direction, we can't be serious about our efforts to control exotics.
We will only fail as we have before.
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CHAPTER 19
Population Dynamics And Control
Of Bull Thistle, Cirsium vulgare, In
Yosemite Valley
John M. Randall
Botany Department
University of California
Davis, CA 95616
ABSTRACT
Bull thistle, Cirsium vulgare, is an alien biennial that has
become established at lower elevations in Yosemite
National Park. It is common in meadows in Yosemite
Valley and is classified as one of the park's three worst
weeds. Transects were established in two meadows
heavily infested with thistles and 1-m permanent plots
set at intervals along them. The plots were censused for
thistles three times: September 1987, May 1988, and
September 1988. All plants in the central 0.25-m of each
plot were mapped at these times so fates of individual
plants could be followed. The total number of thistles in
the 1-m permanent plots increased from 387 to 972
between September 1987 and September 1988. The
increase was almost entirely due to an increase in
rosettes. There was a net loss of 23 rosettes during the
winter but nearly 1500 seedlings germinated before the
May census. Most seedlings died during the summer but
a small percentage became established rosettes, more
than making up for deaths of rosettes and flowering
plants. Plots with both the greatest numbers and the
greatest increases in n u m b e r s of thistles had
intermediate soil moisture levels. In the mapped areas a
total of 1192 new thistles appeared and 963 died during
the year. Seedlings accounted for approximately 85% of
both new appearances and deaths observed. Thistle
establishment decreased exponentially with increasing
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v e g e t a t i v e cover in a g r e e n h o u s e e x p e r i m e n t .
Establishment was proportional to seed input under
dense cover but under no cover or light cover final
densities were more independent of seed input due to
self-thinning. Related work indicated cutting adult
thistles at the root crown may be an effective method of
control.
INTRODUCTION
Statement of Problem
Bull thistle, Cirsium vulgare (Savi) Ten., is an alien weed that has become
established at lower elevations in Yosemite National Park. It may be
found in recently disturbed wooded areas but is especially common in
meadows in Yosemite Valley, the area of the park most popular with
tourists. Alien plants capable of reproducing and spreading are
undesirable in national parks because they compete with native species
and alter the natural scene. Consequently, Park Service policy dictates
that their populations be controlled or, if possible, eradicated (National
Park Service 1978). At least 84 other non-indigenous plant species may
be found in Yosemite Valley and many have become naturalized or have
the potential to do so. The Park Service has determined that bull thistle,
however, is one of the three worst weeds in the Park (National Park
Service 1985).
Bull thistle populations in Yosemite Valley have been especially difficult
to control. Urophora stylata F., a gall-forming fruit fly, was introduced as
a biocontrol agent for bull thistle in Canada (Harris and Wilkinson 1984).
This has not been attempted in California, however, because of bull
thistle's status as a minor agricultural pest there and the potential for
d a m a g e to native Cirsium species, some of which are rare a n d
endangered (Andres 1980; Andres, pers. comm.). Three native Cirsium
species are present in the Park (S. Botti, pers. comm.). Several herbicides,
including 2,4-D and MCPA, are effective means of controlling bull thistle
populations (Lorenzi and Jeffrey 1987, Burrill et al. 1987). The Park
Service has banned 2,4-D, however, and allows use of herbicides to
control alien species only as a last resort (National Park Service 1985).
Harris and Wilkinson (1984) stated that bull thistle can be controlled
effectively by mowing shortly before the plants flower, but cautioned
that they will resprout and flower if mown too early in the season.
Mowing is impractical in the meadows but work parties pulled a n d / o r
dug thousands of thistles out of them each summer in the 1960s and
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early 1970s. This reduced the populations noticeably but they rebounded
after the practice was discontinued (National Park Service 1985, L. West,
pers. comm.).
The problem was compounded in the 1970s after thistle densities
apparently increased dramatically in a meadow that had been treated
with a prescribed burn. It was suggested that the burn was responsible
for the increase and prescribed burns in the meadows have been strictly
limited since that time. The burns were designed, in part, to kill young
trees, particularly ponderosa pines (Pinus ponderosa Dougl. ex P.C.
Lawson), that would otherwise invade the meadows. Extensive meadows
existed in Yosemite Valley when Euro-Americans first saw it in the
mid-1800s and had probably been maintained for centuries, at least in
part, by burning conducted by native-Americans (Ernst 1949, 1961,
Gibbens and Heady 1964, Heady and Zinke 1978). If pines take over
these areas spectacular views of the surrounding waterfalls, granite cliffs,
and mountains that many Park visitors come to see will be obscured.
Thus, the Park Service has a dilemma on its hands.
Despite the circumstantial evidence, it is not known if prescribed burns
do, indeed, promote bull thistle populations. It is well known, however,
that in a given area populations of biennial or monocarpic perennial
plants like bull thistle often fluctuate dramatically from one year to the
next (Harper 1977). These species can appear in large numbers suddenly
following the relatively rare occurance of conditions suitable for their
establishment. They may then decline in numbers or disappear from the
area entirely until the appropriate conditions recur (Gross and Werner
1978, Silvertown 1983). As Harper (1977) put it: " . . . it is a curious
feature of the dynamics of these populations that when they are
conspicuous enough to be chosen for study they are usually already in
a condition of decline!". Various forms of disturbance produce conditions
which promote such plants and prescribed burns may serve this function
for bull thistle. Flushes of establishment may also require or be promoted
by certain climatic conditions. For example, de Jong and Klinkhamer
(1988a, b) suggested bull thistle establishment may be greatly enhanced
d u r i n g wet s u m m e r s a m o n g coastal d u n e p o p u l a t i o n s in the
Netherlands. Differences in seed input, both in space and between years,
may also lead to differences in thistle establishment. Bull thistles are
prolific seed producers and seed densities on the soil surface may exceed
4000 m" in Yosemite Valley (personal observation). Although the seeds
have a well developed pappus, Klinkhamer et al. (1988) reported
dispersal was limited and densities varied widely over short distances.
Spatial variations in post-dispersal seed predation further influenced
variations in establishment.
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A better understanding of bull thistle population dynamics in Yosemite
Valley will provide insight into conditions which promote the species
and perhaps suggest management practices which could prevent or
mitigate these conditions. Here I discuss observations of bull thistle
populations in control plots made over a one-year period. I also discuss
a greenhouse experiment designed to determine the influence of
vegetation cover and seed input on thistle establishment. In addition, I
discuss a short study (presented in detail in Randall in press) designed
to determine whether cutting adult plants at the root crown might be
used as a control method.
Background
Cirsium vulgare is a member of the sunflower family (Compositae) native
to Europe and Asia minor. It was probably introduced to eastern North
America during colonial times (Moore and Frankton 1974) but was
unknown in California until the beginning of this century (Jepson 1911).
It is now found at elevations up to 2750 m (9000 feet) and is common
in waste places, pastures, and mountain meadows below 1520 m (5000
feet) in the northern and central portions of the state (Munz and Keck
1959).
Bull thistle is generally classified as a biennial but some individuals
flower in their first year while others require 4 to 5 years (Klinkhamer
et al. 1987, de Jong and Klinkhamer 1988a, Randall in press). In montane
California bull thistle sets seed in late summer through early autumn
and germination may occur shortly after the onset of autumn rains or
in the spring after the snow melts. An individual produces a rosette of
spiny leaves in its first year and generally overwinters in this form. It
typically bolts and produces a flowering stalk 0.5 to 1.5 m high in its
second year. In Yosemite Valley the striking purple inflorescences can
be seen from the first week in July until the first hard frost or snowfall
in October or November. A single inflorescence may produce up to 250
seeds (van Leeuwen 1983). The number of inflorescences per plant varies
widely but individuals with more than 60 are not uncommon. Each seed
is loosely attached to a feathery pappus and well suited for wind
dispersal. The plants reproduce only by seed and die after they set seed.
Study Site Description
The field experiments and observations were conducted in meadows in
Yosemite Valley. The Valley is located in the central Sierra Nevada of
California with its floor at an elevation of approximately 1220 m (4000
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feet; Figure 1). It is approximately 11 km long and 1 km wide. The area
has a Mediterranean-type climate with hot, dry summers and cool, wet
winters. Descriptions of the meadows may be found in Ernst (1949,1961),
Gibbens and Heady (1964) and Heady and Zinke (1978). They cover an
estimated 150 hectares bordering the Merced River or its tributaries and
are relatively flat with slopes of less than 3%. Soils are principally derived
from alluvial sands and have not developed mature profiles although
some are rich in organic matter. Differences in vegetation within the
meadows appear to be determined by drainage or depth to water table.
The wettest areas in sloughs and old meander scars are dominated by
Carex vesicaria L. a n d C. senta Boott. Intermediate areas are often
dominated by other Carex species, Poa pratensis L. or Agrostis alba L. and
drier sites by Elymus glaucus Buck!., Lessingia leptoclada Gray, and Bromns
tectorum L. A number of other species, including several grasses,
Pteridium aquilinum (L.) Kuhn (bracken fern), Heracleum lanatum Michx.
(cow parsnip), Apocynum cannabinum L. (dogbane) and bull thistle are
conspicuous in some meadows. The meadows were significantly altered
within the last 120 years by human activities including ditching to
improve drainage, plowing and use for crop production and pasturage.
Today they are subject to locally heavy trampling by Park visitors and
horses (Foin et al. 1977).
METHODS
Population dynamics in permanent plots
In August 1987 large sections of Stoneman meadow and Cook's meadow
in Yosemite Valley were selected for long-term observations of
population dynamics. Both meadows were divided into 4 areas (total of
8 areas). Two of the areas were assigned a treatment providing for
manual removal of all adult thistles each summer. The remaining 6 areas
served as control for the first year of the study and data from them is
presented in detail below. A transect was established in each area and
1 m permanent plots set along it at 10-m intervals. Altogether, 53 plots
were established in the control areas, 5 along each transect in Stoneman
meadow and 12 or 13 along each transect in Cook's meadow. In
September 1987 all bull thistles in each plot were counted and classified
as seedlings, rosettes, bolting vegetative plants or flowering/seeding
plants. Numbers of inflorescences on flowering/seeding plants were
counted. Percent cover and percent litter cover were estimated for each
plot and the vegetation in a central 0.25 m subplot was mapped so that
fates of individual plants in these areas could be followed through time.
Each plot was censused and mapped again in May 1988, shortly after
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the spring flush of germination, and again in September 1988. In early
July 1988 soil m o i s t u r e levels in each plot were d e t e r m i n e d
gravimetrically from samples taken 5 and 20 cm below the surface.
Greenhouse competition experiment
A greenhouse study of competition between Carex veskaria and Cirsium
vulgare was begun in the spring of 1988. The purpose of this experiment
was to determine conditions that allow bull thistle to invade an area;
i.e., how density of plant cover and the number of thistle seeds reaching
an area influence chances for a successful invasion. Carex veskaria was
chosen because it is a native species with which the thistle is frequently
found. Small, rooted sections of C. veskaria were taken from a meadow
in Tenaya Canyon, immediately east of Yosemite Valley (Figure 1). They
were planted at 4 densities (0, 1, 3 and 6 cuttings) in small pots (19 cm
diameter) with a 1:1 mixture of peat moss and sand (U.C. mix). The pots
were kept in a greenhouse in Davis and watered twice daily with a
modified Hoagland's solution for 2 months. In late June they were
thinned so that each pot had 0, 17, 34 or 68 tillers of Carex. Bull thistle
seeds were scattered in the pots at one of 4 densities (3, 9, 27 or 81 seeds)
for a total of 16 treatments. The seeds had been collected in Yosemite
Valley in September 1987. Thistle germination and survival were
monitored at weekly intervals through mid-September 1988.
RESULTS
Population dynamics in permanent plots
The total number of thistles in the 1-m permanent plots increased from
387 in September 1987 to 972 in September 1988 (mean numbers of
thistles per plot were 7.3 and 18.3 respectively). A paired t-test indicated
the changes were significant (p = .005). The relationship between the
numbers of thistles in a given plot in September 1987 and in September
1988 is depicted in Figure 2. Points above the y / x = 1 line represent
plots that gained thistles and points below it represent those that lost
thistles. Fluxes ranged from a loss of 17 to a gain of 121. Thistles were
absent from 25 of the 53 plots the first year. They were present in 3 of
these plots a year later, but had disappeared from another 3 in the
meantime. The overall population increase was almost entirely due to
an increase in rosettes from 333 to 925. A paired t-test indicated the
increase of rosettes in the plots was significant (p = .01). A few seedlings
and non-flowering adults (bolted individuals) were present in the plots

266

Population Dynamics and Control of Bull Thistle, Cirsium vulgare, in Yosemite Valley

during September in both years. Forty-five flowering plants were
counted both years. Bull thistle dies after setting fruit so those flowering
in 1987 were not present the following year. The total number of
inflorescences on individuals in the plots was far greater the second year,
545 in 1988 versus 280 in 1987, due to the presence of a few very large
individuals (>60 inflorescences) in 1988.
Large numbers of seedlings were present on many plots during the
spring 1988 census. Of 1710 thistles counted at this time, 87% were
seedlings, 12% were rosettes and 1% were bolting vegetative plants. More
than 200 seedlings were present on several plots in both meadows and
at least a few were present on 3 plots that contained no thistles during
either fall census. There was a 6.8% decrease in the number of rosettes
between the fall of 1987 and the following spring and an increase of
nearly 1500 seedlings. The number of thistles on the plots fell by almost
two thirds (65.8%) between the spring and fall of 1988, however, mainly
because many seedlings died during this period. Plots with both the
greatest numbers and the greatest increases in numbers of thistles had
intermediate soil moisture levels.
Population changes followed the same trends in both meadows but, on
average, plots in Stoneman meadow had more thistles during each
census. The differences were significant only in September 1988 when
plots in Stoneman and Cook's had means of 33.7 and 12.3 thistles,
respectively (p = .034; t-test). Plots in Stoneman gained more thistles
during the year (p = .057). The difference was in part the result of
differences in rosette survival between September 1987 and May 1988 (p
= .041). During this period, numbers of rosettes per plot decreased in
Cook's and increased slightly in Stoneman.
Population changes in the 0.25-m subplots where individual thistles
were mapped were even more striking. The number of bull thistles in
all 53 subplots totalled 180 in September 1987, rose to 1120 the following
spring and then fell to 409 in September 1988 (Figure 3). During that
time 1192 new thistles appeared while 963 died. Nearly 88% of the new
plants .were first counted in the spring census and of these 97% were
seedlings. The majority of the seedlings died during the summer
accounting for over 85% of the mortality observed. Nearly 13% of the
observed mortality was accounted for by rosette deaths and less than
2% was due to individuals that died after flowering. Two individuals
less than 1 year old flowered in September 1988.
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Greenhouse Competition Experiment
Bull thistle germination was not suppressed by Carex cover b u t
subsequent survival was (Figure 4). Under dense cover most thistles died
within 2 months but under light cover approximately one third
germinated and survived and with no Carex cover nearly two thirds
survived (Figure 4). Percentages of seeds that germinated and survived
2 months decreased exponentially with increasing cover (Figure 5).
Tukey's w procedure indicated that after 2 months the percentage of
survivors in pots without cover was significantly higher than in pots
with light cover (p<0.025) and that, in turn, the percentage of survivors
in pots with light cover was significantly higher than in pots with the 2
heaviest classes of cover (p<0.05; Figure 4). One week after planting,
percentages of seeds that had germinated in pots with no cover were
significantly lower than in pots with light, medium or heavy cover (p<
0.05). The seeds continued to germinate, however, and by the second
week no significant differences in germination existed between cover
classes.
The number of seedlings surviving in pots with heavy Carex cover was
approximately proportional to the initial seed input. Percentages of seeds
surviving from each of the four input classes declined at approximately
the same rate to near zero by the sixth week after highs in the first or
second week (Figure 6a). Differences between proportions of seeds
surviving were also slight in pots with medium cover and few seedlings
r e m a i n e d after 6 w e e k s . With no Carex cover, however, greater
proportions of seeds survived 8 weeks in pots that started with just 3
seeds (81.5%) than in pots that started with 27 or 81 seeds (45 to 48%;
Figure 6b). Survival in pots initially given 9 seeds was intermediate
(63%). Seedling survival in pots with light Carex cover was highest when
initial seed input was lowest (44% after 8 weeks), but differences were
not as pronounced as in pots with no Carex.
DISCUSSION
Population dynamics in permanent plots
Bull thistle populations in the permanent plots were remarkably dynamic
during the 1 year period in which they were monitored. The recruitment
of new rosettes far exceeded losses of rosettes and flowering plants and
the total number of thistles in September 1988 was more than twice that
of a year earlier. Increases occurred in both meadows but were generally
greater in Stoneman. The reasons for the increases and the differences
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between the meadows are not clear. The numbers of thistles and the
increases in those numbers in the plots during the year were greatest on
plots with intermediate levels of soil moisture. In a nearby meadow
germination was poor to nonexistant on relatively dry areas while
established plants and seedlings alike were killed by standing water that
remained on lowlying areas for several weeks during the spring (Randall
in press). Precipitation was well below average during the study, but an
unusual storm brought rain to the area during the early part of the dry
season and this may have favored bull thistle.
Year-to-year variations in environmental conditions, especially rainfall,
strongly influenced fluctuations of bull thistle populations observed by
de Jong and Klinkhamer (1988a, b). These populations declined over a
3-year period and the authors suggested that this may be the norm, the
exception being rare years when climatic conditions are especially
favorable for seed production or establishment. On the other hand,
Forcella and Wood (1986) observed steady increases in bull thistle
densities in a sheep pasture over a 3-year period. Densities declined in
an adjacent ungrazed pasture apparently due to competition from other
species. The sheep preferred these species and cropped them presumably
reducing competition for light and water.
Trampling by Park visitors may similarly favor bull thistle in Yosemite
Valley. Its rosette growth form makes it relatively resistant to trampling
and after it bolts most people give it a wide berth due to its spiny leaves.
Experiments in Yosemite Valley and elsewhere have shown that it is
promoted by the removal of vegetative cover and disturbance of the soil
(Randall in press, Klinkhamer and de Jong 1988, George et al. 1970).
Removal of vegetative cover may reduce competition and disturbance
of the soil alters the microtopography of a site and may increase nutrient
availability (Grime 1973, Anderson and McMahon 1985, Grant and
McBrayer 1981, Jonasson and Skold 1983). Competition studies indicated
bull thistle does especially well under high nutrient conditions (Austin
et al. 1985).
It is clear that meadows with the heaviest infestations are among those
most heavily used by visitors. Stoneman meadow, for example, is
bordered by a large campground, a parking lot, and a popular concession
area. It was bisected by 27 substantial trails totalling 2.4 km of tread
when it was first censused in 1987 (Hadley 1988). Yosemite Valley's
meadows differ from one another in other ways, however. Snow tends
to remain on Stoneman meadow longer, for example, because it is located
on the south side of the Valley and is in the shadow of nearby cliffs for
much of the day.
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Other types of disturbance, notably digging by pocket gophers
(Thomomys sp.), may be important in the meadows. I have observed high
bull thistle densities in areas that appear to have been sites of intense
gopher digging a year or two earlier. Often, recently killed rosettes may
be found in these area and close inspection reveals their taproots have
been consumed from below. The gophers appear to be attracted back to
these areas by the thistles themselves and their renewed digging may
again provide favorable sites for thistle establishment. Thus, they may
effectively "farm" the thistle as Huntley and Inouye (1988) suggested
they do with a number of their food plants.
Greenhouse Competition Experiment
Thistle establishment decreased exponentially with increasing vegetation
cover and was severely limited under the 2 densest cover classes (34 and
68 Carex tillers per pot) in the greenhouse experiment. Percentages of
seeds germinating were not significantly different under different levels
of cover but seeds in pots with no cover were slower to germinate (Figure
4). This may have been because the soil surface dried out more quickly
in these pots exposing the seeds to cycles of hydration and dehydration
(Fenner 1985). The decrease in establishment with cover was due to an
exponential increase in seedling mortality. These results cannot be
directly applied to a field situation but they indicate that vegetative cover
might be used to predict potential for invasion by bull thistle in areas
where its seeds are dispersed. After 8 weeks the few survivors in pots
with dense cover were small and spindly, apparently due to light
limitation. The ability of established Carex vesicaria to shade out seedlings
may have been exaggerated by the favorable growing conditions
(warmth and availability of water) in the greenhouse. In a field
experiment a small percentage of seeds sewn in plots with dense cover
of Carex vesicaria germinated and became established (Randall in press).
H o w e v e r , this e x p e r i m e n t a n d a n u m b e r of others indicated
establishment was reduced under dense cover relative to open areas
(Klinkhamer and de Jong 1988, George et al. 1970, Forcella and Wood
1986). Klinkhamer and de Jong's (1988) results indicated that under dense
cover germination rates were lower or seedlings died quickly after
germinating and were never counted. Van Leeuwen (1981) reported
higher seedling mortality rates under dense cover as was found in the
present study. He hypothesized that the difference was the result of
differences in the soil microflora which encouraged seeds in undisturbed
areas to germinate under unfavorable climatic conditions and increased
their chances of being attacked by pathogens after germinating.
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Competition for light appears to be the best explanation for the
differences in the present study.
In pots with dense cover the numbers of thistles establishing successfully
were proportional to the numbers of seeds sown. In pots with no cover
or light cover the absolute numbers of successful thistles increased with
seed input but the ratio of survivors to seed sown declined with
increased seed input. The number of seedlings that become established
in a particular area is often assumed to be linearly proportional to seed
input. Self-thinning may occur in dense populations, however, resulting
in final densities independent of seed input (c.f. Yoda et al. 1963, White
and Harper 1970). Mean weight per plant may also decrease as crowding
increases (Harper 1977) and this in turn affects the plant's probability of
flowering. Flowering probability decreased as rosette size decreased for
bull thistle (Klinkhamer et al. 1987) and a number of other "biennial"
species (Gross 1981, Werner 1975) and plants growing in crowded
conditions are thus likely to take longer to flower and set seed if they
are able to do so at all.
Manual control possibilities
I conducted experiments described in detail elsewhere (Randall in press)
in which adult thistles were cut at the soil surface to determine if they
were capable of resprouting and whether date of cutting or removal of
cut plants from the area influenced this ability. Three sites with heavy
bull thistle infestations in Ahwahnee meadow (Figure 1) were chosen in
late June 1988 and two 4-m plots set up at each site. In one plot at each
site all thistles were cut at the soil surface with hand clippers or a
machete and the cut portion removed (cut-and-remove). In the other plot
all thistles were cut at the soil surface and the plants left lying on the
ground (cut-and-leave). Each thistle was classified as a bolted adult,
rosette or seedling and the numbers of each type were recorded. The
experiment was repeated on nearby plots in mid-July, late July and
mid-August. Two control plots in which thistles were counted but not
cut were set up at each of the 3 sites in mid-July. All treatment and
control plots were censused for re-sprouted or surviving adults and
rosettes in mid-September and the number of inflorescences on and
height of each adult was recorded. I was interested only in the ability
of adults to resprout but rosettes may bolt any time between early June
and mid-September in Yosemite Valley (personal observation). Therefore,
I also cut rosettes to prevent them from bolting later in the season and
being confused with resprouted adults.
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Cutting thistles at the soil surface proved to be a surprisingly effective
method of killing them. Over 80% of the adult thistles originally counted
in the control plots were alive and flowering in September. Less than
2% of the adult thistles in the cut-and-remove plots had resprouted at
this time while slightly more than 5% resprouted in the cut-and-leave
plots. Differences in survival between treatments were significant
(ANOVA; p < 0.0001) and survival was significantly higher in control
plots than in plots given either cutting treatment (Tukey's w procedure;
p < 0.01). Differences between cutting treatments, however, were not
significant. Means of height and number of inflorescences produced were
lower for plants that resprouted (44 cm and 3.7 inflorescences) than for
adults in the control plots (85 cm and 15.8 inflorescences). Klinkhamer
et al. (1988) noted that variations in seed production have more influence
on population fluctuations of biennials than do variations in adult
mortality and Klinkhamer and de Jong (1988) found seed input limited
bull thistle establishment on coastal dunes in the Netherlands. Harris
(1984) reported that populations of the related musk thistle (Carduus
nutans) were sharply reduced by a weevil, Rhinocyllus conicus Froelich,
that eats its seeds. Thus although some plants resprout, cutting may help
control bull thistle populations by limiting seed production.
Removing cut plants from the plots increased the method's effectiveness
slightly. The difference was not significant, however, and may have been
the result of living plants being covered by recently cut neighbors and
thus being left uncut. It is likely that more plants would be missed under
recently cut neighbors by a hardworking crew clearing an area several
hectares in extent than by a researcher looking for treatment differences
by clearing 4-m plots! A closely related plant, musk thistle, produced
seed when cut just 4 days after its flowers first opened (McCarty and
Hattling 1975) and observations indicate that bull thistle can do likewise.
Thus, apart from aesthetic reasons, it is advisable to remove thistles after
they have been cut. Thistles cleared from a 2-hectare area in Yosemite
Valley, however, filled 7 dumpsters (personal observation). Thus, if
thistles are to be removed from a heavily infested a n d / o r large area
plans should be made for disposing of them beforehand.
Rosettes are usually far more numerous than adults in a given area (over
200 m in densely infested locations) and attempts to cut them would
be extremely inefficient and probably lead to extensive trampling of the
remaining vegetation. Thus although there was no detectable difference
in the probability of resprouting due to date of cutting it would be most
efficient to cut late in the season when most plants have bolted but before
significant numbers have begun to flower. Observations in a nearby
meadow where adults were removed from a 2-hectare area (to be
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published elsewhere) indicated plants cut 20 cm or more above the
surface have a greater chance of resprouting. A second sweep through
these areas approximately one month after the first could probably be
done rapidly and would probably result in the elimination of nearly all
flowering plants.
Efforts to control thistle poulations manually w o u l d be greatly
complicated if a large reserve of seeds persisted in the soil from year to
year. Little evidence of a bull thistle seed bank was found in coastal
dune populations in the Netherlands (Klinkhamer and de Jong 1988a,
Klinkhamer et al. 1988, van Breeman and van Leeuwen 1983) or in British
populations (Roberts and Chancellor 1979). A reserve of rosettes will
remain after the adults have been killed, however, and an individual
may remain in this stage for up to 5 years (de Jong and Klinkhamer
1988a, Klinkhamer et al. 1987). Thus a program to control bull thistle
populations by cutting the adults should be continued for at least 4 years.
A small control program would probably need to continue even after
this time in order to eliminate plants that arrived as seed from distant
locations since they could quickly repopulate a large area.
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Figure 1. Map of Yosemite Valley indicating the location of the study sites.
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Figure 2. The relationship between the number of bull thistles in 1-m plots in
September 1987 and September 1988.

Figure 3. The population flux of Cirsium vulgare in 0.25-m subplots between
September 1987 and September 1988. 0 cumulative gains; 0 cumulative losses;
0 actual population.
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Figure 4. Germination and survival of Cirsium vulgare under different
densities of vegetation cover in a greenhouse experiment.

Figure 5. The percentage of bull thistle seeds that germinated and survived 8
weeks versus the initial cover of Carex versicaria in a greenhouse experiment.
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Figure 6. Percentages of Cirsium vulgare seeds germinating and surviving with
time at different initial seed inputs, a. Initial Carex cover = 68 tillers per pot.
b. Initial Carex cover = 0 tillers per pot.
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ABSTRACT
To determine the growth potential of trees on organic
soils in southern Florida, 21 species were established in
three studies on an abandoned agricultural field near
Belle Glade. Of seven species grown at 2.5 x 2.5 m
spacing, only two Eucalyptus species overtopped napier
grass competition. At 1 x 1 m spacing, two Acacia species,
Albizia falcataria, two Casuarina species, Leucaena
diversifolia, Schinus terebinthifolius,
and Spathodea
campanulata grew rapidly, up to 4.9 m tall in 13 months,
but were killed or damaged by freezes and subsequently
overwhelmed by napier grass. Callicarpa americana, Ficus
benjamina, L. leucocephala, Mimosa scabrella, and Sesbania
grandiflora grew slowly and also were outcompeted by
napier grass. Order of growth of species that dominated
napier grass when planted at 1 x 1 m was: E. grandis (up
to 14 m in 2.5 years) >E. robusta (12 m in 2.5 years)
>Casuarina glauca (15 m in 7.5 years) >Taxodium distichum
(12 m after 7.5 years) >Sapium sebiferum (4 m after 1.7
years) >E. amplifolia (8 m after 2.5 years) >E. dunnii (7 m
in 2.5 years) >Melaleuca quinquenervia (5 m in 2.5 years).
Only T. distichum and S. sebiferum coppiced consistently.
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INTRODUCTION
Exotic tree species can contribute to the conservation of natural resources
when their rapid biomass production is used for energy, chemicals, wood
products, and other applications. Exotic trees can, however, create
problems if they escape and invade natural areas.
Several exotics h a v e become n a t u r a l i z e d in Florida. Melaleuca
quinquenervia (Cav.) S. T. Blake, which was introduced in the early 1900s,
now occurs on over 186,000 ha in southern Florida (Cost and Craver
1981) due to its ability to invade disturbed sites (Geary and Woodall
1989) and non-disturbed native communities. Established Casuarlna
species include Casuarina equisetifolia L. ex J. R. & G. Forst in coastal
ecosystems, C. glauca Sieb. ex Spreng, and C. cunninghamiana Miq.
(Rockwood et al. 1985, Woodall and Geary 1985). Schinus terebinthifolius
Raddi has become a weed throughout southern Florida (Crowder 1974).
Since 1980, the growth of 19 exotic and two native tree species has been
studied on organic soils in southern Florida. Initially, seven species
(Eucalyptus grandis Hill ex Maid., Eucalyptus robusta Sm., C.
cunninghamiana,
C. equisetifolia,
C. cunninghamiana,
Melaleuca
quinquenervia, a n d Taxodium distichums (L.) Rich.) were assessed
(Rockwood et al. 1983). In 1982, an additional 12 species (Rockwood and
DeValerio 1986) were established at an adjacent site. The most recent
evaluation extended the examination of Eucalyptus species on the site to
Eucalyptus amplifolia Naud. and Eucalyptus dunnii Maid. (Rockwood et al.
1988). This paper synthesizes concluding results from these efforts to
assess the potential growth, properties, and impacts of tree species on
the more than 200,000 ha in the Everglades Agricultural Area that may
be unsuitable for conventional agriculture in the year 2000 (Snyder et al.
1978).
MATERIALS AND METHODS
The test site represented the shallower drained organic soils near Belle
Glade, Florida. The organic soil, approximately 90 cm deep, was
underlain by an impervious layer of limerock. Since 1925, annual climatic
averages on the site have been 1350 mm of rain, 35.7°C maximum
temperature, and -1.4°C minimum temperature with two frosts per year.
This previously cultivated site, which was dominated by napier grass
(Pennisetum purpureum Schumach), was disked thoroughly before each
planting to eliminate all surface evidence of napier grass.
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The best available propagation materials were used. For species
indigenous to Florida, seed or cuttings were obtained from selected trees
with good vigor, straightness, and crown form; £. grandis and £. robusta
were represented by genetic stocks obtained from tree improvement
programs (Geary et al. 1983, Dvorak et al. 1981). Exotics not naturalized
in Florida were represented by untested materials. Up to 27 genetic
entries (propagules derived from individual trees or seed sources) were
included per species.
Most species were propagated by seed, with seedlings grown in
containers by methods described by Geary et al. (1983). Cuttings of
Callicarpa americana L. and Ficus benjamina L. and root suckers of C. glauca
were grown in larger containers. Trees were planted when they were 25
to 30 cm high.
The first of three studies on the site was planted in May 1980. Study
ORNL-16 consisted of two planting densities (10,000 trees/ha at 1 x 1 m
spacing and 1600 trees/ha at 2.5 x 2.5 m spacing) and seven species.
Within each density, the species were assigned to 100-tree square plots
according to a randomized completed block design with five replications;
an additional mixed plot of 14-15 randomly located trees of the 7 species
was included in each replication. The two sets of 40 plots were separated
by a 20 m buffer within a 150 x 230 m area. Through the first year, the
wide spacing was disked, and both spacings were hand-hoed.
Trees in ORNL-16 were measured at least semiannually for size and
survival through 2.5 years and periodically thereafter until December
1987. At various ages, trees representative of the diameter breast height
(DBH) range in a species were felled and processed for specific gravity
and moisture content determinations. Several 1 x 1 m plots were
harvested periodically to evaluate coppicing.
Study SS-1 was established with 12 species in July 1982 at 1 x 1 m
spacing. One replication in the randomized complete block design had
100-tree square plots. The other two replications used 36-tree square
plots. Each plot was separated by two meters from adjacent plots. Within
a plot, genetic entries for a species were typically randomly assigned to
"block-like" equal allocations of planting positions.
Survival was measured within one year after planting. Height, DBH, and
survival were then taken periodically for species with good early
survival. Measurement of coppice following harvest in August 1983 or
frost-kill included height, DBH, and survival. Coppicing of Sapium
sebiferum was monitored through March 1987.
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Study ORNL-35 was established in July 1985 with 27, 16, 6, and 5
progenies/sources of £. grandis, E. robusta, E. amplifolia, and £. dunnii,
respectively, in 10-tree row plots in six replications at 1 x 1 m spacing.
Survival and tree size were measured through 30 months of age. Three
replications were felled in December 1986, and coppicing was evaluated
in March 1987 and December 1987. A fourth replication harvested in
March 1987 was assessed in December 1987.
RESULTS
ORNL-16. Planting density strongly influenced diameter growth of £.
grandis in ORNL-16 (Table 1). DBHs of trees at 1600 trees/ha were
typically 50% greater than those at 10,000 trees/ha. Tree heights were
similar at both densities through 24 months. Survival was similar at the
two densities through one year, but survival at 10,000 trees/ha was less
after two years. Maximum annual basal area increment at the 1 x 1 m
spacing was reached at 15 months, with maximum volume accumulation
obtained three months later due to continued height growth and low
mortality. At 1600 trees/ha, basal area increments, which were less than
half of those at 10,000 trees/ha at every measurement date, were highest
at 21 months.
Growth of E. robusta in response to spacing was similar to that of £.
grandis, but survival response differed (Table 1). For every measurement,
stem diameters were greater at 1,600 trees/ha while heights were greater
at 10,000 trees/ha. Survival at 10,000 trees/ha was comparable at 1,600
trees/ha and equal to £. grandis after one year, but dropped sharply
thereafter to 65% after two years compared to 83% for 1600 trees/ha.
Accordingly, £. robusta productivity at 10,000 trees/ha was more than
twice that at 1600 trees/ha after two years, but the basal area and volume
yields of £. robusta at 10,000 trees/ha were much less than those of E.
grandis.
Casuarina species differed in cold tolerance, growth, and possibly
competitive ability (Table 1). After six months, C. cunninghamiana, C.
equisetifolia, and C. glauca were similar in survival. Following the winter
of 1980-81, which was typically mild with temperatures only slightly
below freezing (-2°C) for limited periods, C. equisetifolia survival dropped
to 62% at the higher density and to 1% in the lower density, which may
reflect poorer ability to compete with other vigorous invading vegetation
as well as lesser frost-hardiness. Casuarina cunninghamiana was
intermediate in cold tolerance, and C. glauca maintained a better than
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90% survival rate in the denser planting in addition to having a
somewhat greater tree height.
The winter of 1981-82 (10 hour freeze with low of -6°C) was devastating;
no C. equisetifolia trees survived, and mortality in C. cunninghamiana was
high. Survival of C. glauca was reduced to 75% in the 10,000 trees/ha
density and remained constant through an additional winter. This
superior frost tolerance of C. glauca in relation to C. cunninghamiana and
C. equisetifolia is consistent with results on sandy "palmetto prairie" soils
of southern Florida (Rockwood et al. 1983).
Casuarina glauca survived and grew well (Table 1). At 10,000 trees/ha,
survival was 74% at 31 months, and individual trees averaged over 5 m
in height and 5 cm in DBH. Survival at the 10,000 trees/ha planting
density was over 70% after 82 months, and trees averaged over 8 m tall
and 8 cm in DBH, with individual trees up to 15 m in height.
Melaleauca quinquenervia grew somewhat better than than the Casuarina
species for two years but was heavily damaged by subsequent freezes.
Through the succession of freezes, Melaleuca persisted but did not
approach the growth of C. glauca.
The native Taxodium distichum was not affected by frost. It was, however,
heavily damaged by rabbits eating the bark of young trees, and resulting
mortality was so severe at 1,600 t r e e s / h a that those plots were
discontinued. Rabbits did very little damage to exotic species. After two
years, trees were slightly under 3 m tall and 3 cm in DBH. As with the
Casuarina species, survival was better at 10,000 trees/ha than at the lower
planting density. At the higher density with low mortality, trees quickly
shaded out competing vegetation. Survival in the seedling rotation
varied considerably from plot to plot, averaging 48% after 82 months.
Survival of all species was reduced at the lesser planting density due to
the invasion of plots by napier grass (Table 1). Only the Eucalyptus
species grew rapidly enough to outcompete napier grass at the wide
spacing, despite intensive disking and hoeing after planting. All other
species plots were overwhelmed within two years.
Successful coppicing was achieved with E. grandis, E. robusta, and T.
distichum (Table 2). Experience with Eucalyptus in ORNL-16, however,
generally supported the observation that good coppicing can only be
expected when Eucalyptus is harvested during the winter (Webley et al.
1986). Coppicing of E. grandis was nil after an August harvest, which
typically results in poor coppicing, and reached only 31% with a
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February harvest, which is an optimum month for coppice (Geary et al.
1983). The progenies of £. grandis observed to coppice well elsewhere
did not provide a necessary improvement in coppicing at ORNL-16. In
contrast, £. robusta coppiced somewhat better.
Coppicing of T. distichum was best, as good coppice survival and growth
were observed after two harvests (Table 2). Of the live trees on the plot
at age 34 months, 96% showed signs of coppice development after two
months after cutting. Survival after harvest of 45-month-old trees was
over 70% with stems approximately 4 m tall three years later. A harvest
of 82-month-old trees in March 1987 resulted in 82% coppicing of live
stumps and trees 1.6 m tall after nine months. A second coppice initiated
on one plot in March 1987 had good survival after nine months.
Wood and bark properties of Eucalyptus at 2.5 years were similar to those
observed earlier (Table 3). At the higher planting density, wood density
was lower, and wood and bark moisture contents and bark specific
gravity were higher. In comparison to £. grandis on "palmetto prairie,"
wood and bark moisture contents were generally higher for the rapidly
growing trees in ORNL-16, and wood specific gravity was lower,
suggesting differences due to age and/or site factors. Interestingly, the
wood and bark properties of the progenies at the 1600 trees/ha density
in ORNL-16 were virtually similar to those of the slower growing
17-month-old progenies on "palmetto prairie."
Casuarina wood generally had higher density and lower moisture content
than other species (Table 3). While the density of C. glauca was lower in
the young trees in ORNL-16, and the moisture content was relatively
higher than in older trees, these properties were better than those of
other species at the same age and planting density.
SS-1. Early growth of certain species was spectacular (Table 4). Acacia
auriculiformis, A. mangium, Albizia falcataria, S. terebinthifolius, a n d
Spathodea campanulata exceeded 60% in survival and 1.1 m in height after
five months and averaged between 3.2 and 4.6 m after 17 to 20 months.
Sapium sebiferum started more slowly but achieved comparable size after
20 months.
Several species did not grow rapidly and were quickly overtopped by
napier grass and other herbaceaous competition. The exotics Ficus
benjaminas, Leucaena leucocephala, Mimosa scabrella, and Sesbania scabrella
and the native Callicarpa americana were notably poor competitors within
five months.
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Species also differed in coppice growth initiated either by a December
1983 freeze (four hour freeze to -2°C after a high of 23"C the previous
day) or February 1984 harvest (Table 4). Acacia auriculiformis did not
resprout, A. mangium had few but large sprouts, Sapium sebiferum
coppiced from all live stools, and Schinus terebinthifolius and Spathodea
campanulata had excellent regrowth. Coppice survival of Sapium sebiferum
at age 20 months was low, but surviving stems were over 8 m tall and
nearly 8 cm DBH after 24 months. The same stools regrew vigorously
after a March 1987 harvest.
ORNL-35. Before the first coppice was initiated at age 18 months, species
ranking for tree height and DBH was £. grandis, E. robusta, E. dunnii, and
£. amplifolia (Table 5). In survival, however, £. robusta was first, E. grandis
second, £. amplifolia third, and £. dunnii fourth. The poorer growth of E.
dunnii and E. amplifolia compared to E. grandis or E. robusta w a s
influenced by the considerable improvement accruing from four and
three generations of selection, respectively, within £. grandis and E.
robusta (Reddy et al. 1986, Dvorak et al. 1981). The tree size comparisons
between £. grandis and E. robusta were the same as observed in ORNL-16,
but the survival results were reversed.
Under the relatively warm and dry conditions that followed the
December 1986 harvest, however, E. amplifolia had the highest coppicing
rate of the four Eucalyptus species. At 68% overall coppicing and with
one seed source having 94% of live trees coppicing, E. amplifolia was the
only species to coppice adequately. No E. dunnii source exceeded 50%,
and most E. grandis and E. robusta progenies failed to coppice.
Coppicing after the March 1987 harvest was even less overall. Species
ranks changed as E. robusta averaged 26%, and E. amplifolia had only 2%
coppicing, perhaps due to extremely heavy herbaceous competition. The
rates for E. dunnii and E. grandis were virtually the same as for the
December harvest. For E. grandis, most progenies again failed to coppice.
DISCUSSION
Early propagule development of the evaluated species is critical to their
establishment in the field. For most of the 21 species, germination or
rooting rates, time to reach outplantable size, and ease of outplanting
were adequate or better (Gilreath et al. 1983). Fast growing species such
as A. falcataria, S. sebiferum, and Spathodea campanulata were ready for
outplanting in as little as eight weeks; most attained outplantable size
within three months. Overall, for the nursery procedures employed,
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Sapium sebiferum and Schinus terebinthifolius propagated most easily. After
planting, however, damage by freezes and rabbits, competition from
weeds, and failure to coppice resulted in considerable species differences.
The best species for seedling growth in these well-prepared, organic soil
studies was £. grandis. Its growth in ORNL-16 is among the highest yet
reported for tree species. It grew rapidly enough to dominate emerging
napier-grass at both 1 x 1 m and 2.5 x 2.5 m spacings. Growth of £.
grandis on organic soils appears to be some three times greater than that
on "palmetto prairie" (Rockwood et al. 1983). Without vegetation control,
however, the growth of young E. grandis seedlings is considerably
reduced (Geary et al. 1983).
Eucalyptus robusta may be preferable to £. grandis for multi-coppice
systems on wetter, relatively frost-free sites in southern Florida, although
initial growth of £. robusta is less than that of £. grandis. To a certain
extent these deficiencies may be due to the lesser degree of genetic
improvement that has been practiced with £. robusta. Coppicing of E.
robusta exceeded that of E. grandis. The E. robusta progenies in ORNL-16
were not as productive as progenies included in ORNL-35.
Melaleuca and Casuarina trees can attain considerable size in southern
Florida (Table 6). Differences across regions in the size of trees chosen
for inclusion in these studies based on good stem form, small
crown/branches, and apparently good vigor were probably related to
stand age as well as site.
Melaleuca naturally establishes readily and grows well on periodically
flooded sites. Once established, it may persist on a wide variety of sites.
The trees are prolific seed producers, fire adapted (Wade 1981), coppice
well when cut, and are somewhat frost tolerant. Branches of large trees
are frozen back to varying degrees depending on the severity of the
freeze. Seedling and small saplings may occasionally be killed but are
most commonly only frozen to the ground. Morton (1966), Myers (1983),
Meskimen (1962), and Duever et al. (1986) report height growths ranging
from .12 to 1.69 m/yr. Increments of 1 m / y r were not unusual. Under
favorable conditions, melaleuca forms incredibly dense stands that
virtually exclude other plants. A large stand east of Ft. Myers had
average annual increments of 10 dry metric t o n s / h a or greater
(Rockwood et al. 1983).
Planted stands of Melaleuca have generally developed poorly (Rockwood
et al. 1983). Two plantings on "palmetto prairie" in 1979 and 1980 were
damaged by hogs and freezing temperatures. These did suggest a slight
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height growth response to fertilizer additions. Melaleuca did not initially
tolerate herbaceous weedy competition, which slowed growth and
probably caused some mortality, but the trees were establishing and
beginning to grow well before the freezes. The dramatic growth rates
initially observed at ORNL-16 are due to weed control and the greater
supply of nutrients. Melaleuca's frost sensitivity and poor competitiveness
make it less threatening as a weed, though.
Relatively dense natural stands of Casuarina can be as productive as
melaleuca stands (Rockwood et al. 1983). One presumably 5-year-old
stand of C. cunninghamiana growing on very thin organic soil over
limestone in the eastern Everglades had 11,600 trees/ha, an average
height of 6.5 m, and a mean annual increment of 11 dry metric tons/ha.
A C. equisetifolia stand on dredge spoils near Clearwater, not more than
7.5 years old, had an annual production of between 12.3 and 16.8 dry
metric tons/ha.
Difficulties in establishing Casuarina plantings suggest that seedlings are
not strong competitors (Rockwood et al. 1983). Weed competition,
particularly grasses and sedges, virtually eliminated Casuarina fertilized
near the time of planting. Survival was better with no fertilizer, due
primarily to the reduced growth of the competing weeds. Seedlings that
were not well nodulated with nitrogen-fixing bateria responded
dramatically to nitrogen fertilizers, especially sewage sludge, applied six
months after planting. Since the effective rates of fertilization in the
sludge applications were 565/330 and 1130/660 k g / h a of N / P , the
response was suggestive of the growth in ORNL-16.
Although C. glauca grew fairly well through seven years in ORNL-16,
dry weight yields were still less than those of E. grandis and E. robusta
on the site. Coppicing following a March 1987 harvest was even lower
than the worst eucalypts in ORNL-35. These performances, however,
may not truly represent C. glauca in Florida because many of the
ORNL-16 trees originated as one seed source from Cyprus and a second
seed source from Israel; only the rooted suckers were from Florida trees.
Taxodium distichum has some potential on drained organic soils and wet
sites when established at close spacing. Its annual productivity increased
from 4.7 dry metric tons /ha after 2.5 years, a level well below those of
E. grandis, E. robusta, and C. glauca, to 9.8 dry metric tons/ha after 82
months, when survival was lower and tree size only slightly smaller than
the Casuarina glauca. Good coppice survival and growth after two
harvests were encouraging.
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Sapium sebiferum did not grow as rapidly as several tropical species in
the seedling rotation, but its size after 17 months and particularly
survival after the December 1983 freeze were notable. Subsequent
coppice survival and growth suggested annual yields as high as 24 dry
metric t o n s / h a . Although its productivity was below that of the
eucalypts, it is more frost resistant. Sapium sebiferum has also grown
rapidly in northern Florida (Rockwood 1985) and in Texas (Cowles and
Scheld 1987). The poor seedling performance of 13 species was largely
due to two factors particular to these studies, namely, napier grass
competition and unusually severe freezes (including freezes to -4"C in
1985). Callicarpa americana, Ficus benjamina, L. leucocephala, Mimosa
scabrella, and Sesbania grandiflora did not grow quickly enough to
suppress the napier grass. Acacia auriculiformis, Acacia 7nangium, Albizia
falcataria, Casuarina cunninghamiana, Casuarina equisetifolia, Leucaena
diversifolia, Schinus terebinthifolius, and Spathodea campanulata were either
killed or so severely damaged by freezes that they were subsequently
overwhelmed by napier grass. To the extent that these factors represent
conditions that will recur on old agricultural lands in the Everglades
Agricultural Area, these species appear to have very limited potential
for establishment.
Environmental stress may have contributed to the poor coppicing of
Eucaluptus species on organic soils. On "palmetto prairie," harvesting of
E. grandis, and to a lesser extent E. robusta, must be restricted for adequate
coppice regeneration (Webley et al. 1986). For £. grandis, summer month
harvests (June to September) should be avoided. For E. robusta, all harvest
months, except August, appear generally suitable. On black organic soils,
abnormally dry and warm weather during even winter months may
warm the soil markedly and adversely affect the very shallow root
systems. Another factor that may contribute is the relative level of soil
P. Other species evaluated on the organic soils coppiced adequately
when the eucalypts failed. Coppice survival of S. sebiferum was low, but
surviving stool vigor was good (Table 3). Similar succesful coppicing has
been observed in northern Florida and elsewhere for S. sebiferum.
Excellent coppice survival was noted for T. distichum following two
harvests.
The biomass properties of the species with good growth potential are
generally acceptable (Table 3). Their average heat values are similar for
stemwood. The heat of combustion of Melaleuca bark is unique because
it is comparable with that of some coals at 25,000 kj/kg, the highest
figure yet determined for tree material. The densities of stemwood are
typically less than 0.40 for young trees grown at close spacings and
higher for older trees. Young trees usually have higher bark density,
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wood moisture content, and bark moisture content. Apparently rapid
early growth will result in less desirable biomass characteristics. In
comparison to the other species, the Casuarina s p p . and Schinus
terebinthifolius (Rockwood and DeValerio 1986) were denser and had less
moisture in stemwood and stembark. In terms of total tree energy value,
a Casuarina tree will have appreciably higher energy content than a
Melaleuca or Eucalyptus of the same size.
No species in these studies gave evidence for potential spread by seed
or vegetatively. Numerous trees, notably Eucalyptus species, reached ages
and sizes for abundant seed production. Given the widespread presence
of Eucalyptus in Florida since 1878 and the considerable experience with
Eucalyptus in seed orchards (Geary et al. 1983), Eucalyptus species appear
to present little hazard for escape.
CONCLUSIONS
Eucalyptus grandis is without peer for seedling productivity on drained
organic soils in southern Florida. Its coppicing though appears to be
questionable. When multiple coppice systems with Eucalyptus are
desired, £. robusta, and perhaps E. amplifolia, may be better.
While no species were comparable to £. grandis and E. robusta on this
drained organic soil, several approached the productivity of Casuarina
glauca. Sapium sebiferum, Schinus terebinthifolius, Spathodea campanulata,
and T. distichum grew well as seedlings and coppice; however, the severe
weed potential of Schinus terebinthifolius and the low specific gravity and
cold sensitivity of Spathodea campanulata limit their utilization. Sapium
sebiferum has good frost tolerance, moderate biomass properties, and
favorable growth.
Based on these studies, Casuarina cunninghamiana, C. equisetifolia, and M.
quinquenervia appear unlikely to establish on abandoned agricultural
lands when napier grass is present. They were not frost tolerant and
were overwhelmed by napier grass competition.
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Table 1. Mean survival, diameter at breast height (DBH), and total height
of seedlings of species established in ORNL-16 at two planting densities
10,000 trees/h i
Species

1,600 trecs^a

DBH
(cm)

Height
(m)

Survival

(%)

DBH
(cm)

Height
(m)

97

2.5

4.2

93

2.9

3.7

4.2
5.6

6.8

92

18

93
83
80

6.2

88
86

6.4
9.8

24

10.0
9.6

6.7
9.3

-

6.8

10.7

83

10.6
12.3

10.2

30
34

-

10.8

-

-

14.2

Survival
Age

(%)

E. grtwdis
6
12

13.6

E. robusta
6

94

2.0

3.6

96

1.8

2.7

12

92

3.7

5.7

94

4.8

4.6

18
24

78
65

5.1
5.9

7.8

7.5
8.9

8.0
7.9

30

-

6.7

8.6
10.1

93
83
81

10.5

11.1

6.6

-

-

12.3

-

6
12

89
80

31
34

7

-

-

6
12

96
62

24

0

34
C. cunningfvimiarm

0

-

84

2.1

45

-

0

-

1.8

-

C. cquisctifoliti

-

1.6

94

1.7

11

-

0

-

1.6
.8

-

C. ghuca
6

94

85

92

-

-

12

2.5

70

-

-

24
31

75
74

4.1
5.3

3.7
5.6

45
60

3.8
6.7

39

72

6.1

5.4

82

70

8.4

8.4

-

-

6
12

98
97

2.1

96
94

1.9
2.1

24

100

31
34

33

-

6
12

90

1.7
2.6

-

M. quinqucncrvia

-

-

-

-

63

2.6

3.3

.7

2.8
5.0

-

T. distichum

24

81
72

-

-

76

1.5

50

-

73

2.8
4.4

2.8

31
39

-

27
17

1.8
4.8

68

5.4

82

48

8.6

4.4
7.9

-

-

2.0

-

297

Proceedings of the Symposium on Exotic Pest Plants

Table 2. Mean survival and total height of first- and second-coppice of
species established in ORNL-16 at two planting densities

Species

Rotation

Coppice
Date
Initiated

Age
(mos)

10,000 trees/ha
Height
Survival
(m)
{%)

1,600 trees/ha
Survival

(%)

E. grandis
First
First
First
First
First
First
Second
Second

8/81
2/82
5/82
11/82
3/83
2/84
2/82, 11/83
11/82, 11/83

12
21
15
12
16
4
3
3

0
31
1
42
45
38
1
0

-

First
First
First
First
First
First
Second
Second

8/81
2/82
5/82
11/82
3/83
2/84
2/82, 11/83
11/82, 11/83

12
21
15
12
16
4
3
3

3
66
12
46
68
65
22
9

-

First

11/82
2/84
3/87

50
28
4
2

-

First
First

4
6
4
9

1.6

First

3/83

2
5
8
11
4
37
9

83
81
83
81
86
73
37

.3
.5
.4
.6
3.9
1.6

46
28
11

E. Robusta

C. glauca

-

T. distichum

- not measured
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2/84

First

3/87

41
71
14
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Table 3. Heat of combustion (HC), specific gravity (SG), moisture content
(MC), and ash content (AC) of Eucalyptus grandis, Eucalyptus robusta,
Casuarina, and Melaleuca stemwood and stembark
Species/
Age/Trees
ha 1

HC
(kj/kg)

Stemwood
SG
MC
(g/cm3)
(%)

AC
(%)

E. grandis in ORNL-16
15-mo/10,000
21-mo/10,000 19,368
30-mo/10,000
30-mo/1,600

0.32
0.34
0.34
0.39

191
175
171
149

E. robusta in ORNL-16
15-mo/10,000
21-mo/10,000 19,468
30-mO/10,000
30-mo/l,600

0.33
0.39
0.37
0.39

220
173
183
160

E. grandis
11-yr-old

19,213

0.48

108

1.5

E. robusta
11-vr-old

19,628

0.53

107

HC
(kj/kg)

Stembark
SG
MC
(g/cm3)
(%)

-

AC
(%)

0.27
.25

306
261

0.25
0.24

313
264

-

14,683

0.35

186

10.1

_

18,074

0.22

157

_

C. equisetifolia/C. cunninghamiana in natura stands
19,025
0.72
69
0.64

18,330

0.43

124

-

0.46

166

_

0.56

113

-

0.36

168

_

0.19

150

2.7

-

C. equisetifolia at 7.5 years

-

0.61

89

-

C. glauca in natural stands
18,464
0.61

89

-

0.39

170

_

0.51

90

0.7

C. glauca in ORNL-16
_
30-mo/10,000

_

17,225

_

Melaleuca
18,422

25,791
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Table 4. Mean survival, diameter at breat height (DBH), and total height of
seedlings and coppice (C) of species in SS-1
Species
Acacia auriculiformis
A. Cunn. ex. Benth
Acacia mangium Willd.

Albizia falcataria
(L.) Fosberg
Callicarpa americana L.
Ficus benjamina L.
Leucaena diversifolia
(Schlecht.) Benth. in
Hook
Leucaena leucocephala
(Lam.) de Wit
Mimosa scabrella Benth.
Sapium sebiferum
(L.) Roxb.

Schinus terebinthifolius
Raddi
Sesbania grandiflora
(L.) Pers.
Spathodea campanulata
Beauvois

Age (mo)
5
17
20
5
17
12C
5
17
5
13
5
5
13

Survival
(%)
61
56
56
66
59
33
61
35
47
17
48
41
5

5
13
5
13
5
20
12C
36C
5
20
6C
5
13
5
20
12C

64
5
4
2
55
40
37
37
97
89
37
16
1
98
9
97

Adapted from Rockwood and Devalerio (1986)
- not measured
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DBH (cm)

3.8
4.4
4.9
8.2
7.0

_
4,3

1.0
2.9
2.9
3.3
7.9
3.9
7.9
1.2
4.9
2.9

Height (m)
1.2
4.2
4.4
1.5
4.0
5.6
1.5
4.2
0.7
0.8
0.5
0.7
4.9
0.5
0.8
0.7
3.7
0.9
3.2
3.5
8.3
.5
4.6
8.3
1.2
2.8
1.1
4.3
3.6
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Table 5. Seedling height and survival and coppice survival following
December 1986 and March 1987 harvests of Eucalyptus grandis, E. robusta,
E. dunnii, and E. amplifolia in ORNL-35
Height

Survival
Mean
Species/Age

Range

Mean

Range
-(m)-

- 1%) -

E. grandis
5-mo. Seedlings
12-mo. Seedlings
18-mo. Seedlings
30-mo. Seedlings
3-mo. Coppice
9-mo. Coppice

87.81
83.0
60.6
57.6
3.6c
3.3c

71 - 1002
68 - 98
20 - 86
_

E. robusta
5-mo. Seedlings
12-mo. Seedlings
18-mo. Seedlings
30-mo. Seedlings
3-mo. Coppice
9-mo. Coppice

92.1
88.0
75.2a
76.9
6.0c
25.8

83 - 100
70-98
57-96
_

E. amplifolia
5-mo. Seedlings
12-mo. Seedlings
18-mo. Seedlings
30-mo. Seedlings
3-mo. Coppice
9-mo. Coppice

75.0
70.0
49.4c
64.2
68.0a
2.0c

63-85
58 - 92
17-70
_

E. dunnii
5-mo. Seedlings
12-mo. Seedlings
18-mo. Seedlings
30-mo. Seedlings
3-mo. Coppice
9-mo. Coppice

55.0
40.0
36.0
11.0
20.8b
16.7b

40-63
27-48
13 -50
_

0 - 15
0 - 33

0-31
0-43

22 - 94
0 - 11

0-46
0-57

2.56

1.39 - 2.49
4.30 - 6.10
6.10 - 10.40
_
2.05 - 4.20

2.39
5.30
7.41
9.30
-

2.04 - 2.68
4.60 - 5.90
5.70 - 8.01
-

2.69

1.90 - 3.45

1.96
3.90
5.88
8.60
_
3.55

1.71 - 2.20
3.50 - 4.50
5.44 - 7.11
_
_

1.36
4.20
6.26
8.20
_

1.26 - 1.44
4.00 - 4.50
8.60 - 4.80
_
_

2.79

2.12 - 3.26

2.26
5.40
8.10
11.60
_
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Table 6. Heights and DBHs of selected Casuarina and Melaleuca trees in
southern Florida

No. of
Trees
C. cunninghamiana
-southeast Florida
-southwest Florida
C. equisetifolia
M. quinquenervia
-southeast Florida
-southcentral Florida
-southwest Florida
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Height
Mean
Range
-(m)-

DBH
Mean
Range
- (cm) -

10
8

23.1
20.2

16.8 - 29.6
15.6 - 23.2

22
19

13 - 37
14 - 23

8

21.5

13.9 - 31.4

19

11 - 32

17
5
16

8.2
23.2
11.5

5.2 - 13.4
15.0 - 29.3
6.4 - 15.9

15
28
16

6 - 27
22 - 44
8 -25
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ABSTRACT
Florida has been particularly susceptible to exotic aquatic
and wetland plant infestations because of a warm
climate and an abundance of aquatic habitats. Florida is
also home to a large exotic a q u a r i u m plant a n d
ornamental foliage industry that imports millions of
non-native plants each year. Many of these imported
plants have escaped and control efforts on exotic aquatic
plants have cost the Florida taxpayers more than $104
million to control since 1980. Presently, there are at least
25 exotic plant species that inhabit the state's water
bodies and wetlands. A number of these species were
introduced in the late 19th century, probably by the
discharge of seed or spore contaminated water ballast
from international ocean-going vessels. Others, notably
the waterhyacinth (Eichhornia crassipes) and Brazilian
pepper (Schinus terebinthifolius), were introduced for
aesthetic reasons. During the early part of this century,
several exotic plants were introduced into Florida as
forage grasses that subsequently became established
both in and immediately adjacent to canals, lakes, and
rivers. By the early 1950s, the aquarium plant industry
had introduced additional exotic plants, one of which
w a s the n o x i o u s a q u a t i c w e e d , hydrilla (Hydrilla
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verticillata). In 1988, 22 exotic aquatic plant species
comprised over 36,000 hectares of Florida's waterways.
In 1972, rules and regulations were established, and a
comprehensive list of prohibited aquatic and wetland
plants was developed by the Florida Department of
Natural Resources (FDNR) to prevent the introduction
of new, potentially noxious weed species. In 1974, the
Federal Noxious Weed Act was passed by Congress and
a federal noxious weed list was established. However,
the United States Department of Agriculture (USDA),
which administers the Federal Noxious Weed Act,
controls only the importation of federal noxious weeds
into this country; it fails to prevent the interstate
shipment of federally prohibited aquatic weeds that are
being sold commercially. It is clear that the USDA needs
to properly administer the Federal Noxious Weed Act,
or Florida, as well as other states, will be recipients of
new exotic aquatic weed infestations.
INTRODUCTION
The number of exotic (non-native) plant introductions into the United
States by 1950 was estimated to be at least 180,000 species (Klose 1950).
Florida has been particularly susceptible to exotic plant invasions due to
its semi-tropical climate and an abundance of aquatic habitats. Florida
is also home to a large exotic aquarium and ornamental foliage plant
industry that imports millions of non-native plants each year. It has been
reported that over 170 exotic plant species have escaped and have
become "naturalized" in south Florida alone (Morton 1976). This paper
will focus on the spread, history, and economic costs of introduced exotic
aquatic and wetland plant species in Florida's waterways. Also, the
present rules and regulations of the State of Florida and the federal
government concerning exotic aquatic plants will be briefly discussed.
SURVEY OF EXOTIC AQUATIC PLANTS IN FLORIDA
In 1988, 518,016 hectares of freshwater lakes, rivers, and canal systems
were surveyed in Florida by the Florida Department of Natural
Resources (FDNR) to evaluate the distribution and coverage of aquatic
plant species present for management purposes (please see Schardt 1986
for survey methods). The survey detected 137 aquatic plant species
covering 137,598 hectares. Twenty-two species, 26% of all species
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observed, were exotic and comprised over 36,000 hectares (Table 1). The
submersed exotic species hydrilla (Hydrilla verticillata) comprised 16% of
all aquatic species or 62% of all the exotic species observed. Wetland
species were not surveyed, however, it was estimated that melaleuca
(Melaleuca quinqueyiervia) and Brazilian pepper (Schinus terebinthifolius)
comprised greater than 10,000 hectares each (Center and Balciunas 1988;
Dale Habeck, University of Florida, pers. comm., 1989).
HISTORY
Floating Plants
Waterlettuce (Pistia stratiotes) was first observed in Florida by John and
William Bartram during their early explorations in 1765 (Bartram 1942).
This led many to believe waterlettuce was native to North America.
Others have speculated that this floating plant may have had its origins
in the Old World because of its use as a medicinal agent in A.D. 77 in
Egypt (Stuckey and Les 1984). An African origin for waterlettuce was
also proposed (Dray et al. 1988) because African waterlettuce plants set
seed readily (Holm et al. 1977) while it was believed that plants in the
United States were seedless (Godfrey and Wooten 1979). Basing the
origin of this species on viable seed production was eliminated when
Dray and Center (1989) reported that waterlettuce does produce seeds
in North America. Probably the strongest evidence that exists supporting
an exotic origin of waterlettuce to North America is its lack of any
co-evolved phytophagous fauna associated with this species in Florida
(Dray et al. 1988). Cordo et al. (1981) suggested that waterlettuce may
be native to South America because there is an abundance of regionally
native insect species associated with waterlettuce in South America. It
has also been suggested that waterlettuce was first introduced into
Florida by early Spanish settlers who established the City of St.
Augustine in 1565 (Stuckey and Les 1984). However, Stoddard (1989), in
reviewing the available fossil floras, concluded that the genus Pistia is
most likely a native to both the northern and southern hemispheres when
considered on a geological time scale. On a human time scale, he noted
that the genus has been widespread since "antiquity." As of this date, it
is still open to speculation whether waterlettuce is exotic to Florida.
Waterhyacinth (Eichhornia crassipes), a native of South America, is
commonly believed to have been first introduced into the United States
at the World's Industrial and Cotton Centennial Exposition of 1884-85,
which was held in New Orleans, Louisiana (Klorer 1909, Anon. 1956,
Tabita and Woods 1962, Weldon et al. 1969, Vietmeyer 1975). However,
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there are other reports that the species was in North America 20 years
earlier (United States Congress 1898, Tabita and Woods 1962), and may
have been cultivated as a greenhouse and landscape exotic plant shortly
after the U.S. Civil War (Penfound and Earle 1948). Supposedly, during
the World's Industrial and Cotton Centennial exposition, it has been
reported that the waterhyacinth was imported from the Orinoco River
in Venezuela by members of the Japanese Exhibit, and was given away
to the fair visitors as souvenirs (Gowanloch 1944, 1945). Curiously, there
is no mention of waterhyacinth in the informational brochures from the
exposition's Japanese and Venezuelan Exhibits that contain extensive
information regarding imported horticultural species (Anon. 1884,
Takamine and Tamari 1885). Similarly, magazine articles and a book
published about the exposition do not mention this beautiful and
unusual floating water plant (Fairall 1885, Smalley 1885a,b). Gowanloch's
papers (Gowanloch 1944, 1945) include statements assigning the
responsibility for introducing the waterhyacinth at the exposition to the
Japanese. They are the first and earliest references pointing to the
Japanese as accountable. Coincidentally, it should be noted that
anti-Japanese public sentiment was high when these papers were
published in the mid 1940s. Another version is that it was brought into
New Orleans by a sea-captain who returned from Venezuela with the
lavender-flowered waterhyacinth as a gift for his wife sometime in the
1880s. His wife was very successful in cultivating the species and
eventually sold the waterhyacinth at the exposition (Don Bryne, pers.
comm., Suwannee Laboratories, Lake City, FL 1988). In conclusion, the
historical records of the Cotton Centennial Exposition are devoid of
references to waterhyacinth, leaving some doubt to when, where, and
how this floating exotic plant was first introduced into North America.

The introduction of waterhyacinth into Florida is better documented. It
apparently occurred after a visitor from the 1884 exposition returned to
his farm grove located a few Idlometers north of the City of Palatka with
several of the plants and placed them in a lawn fountain near the banks
of the St. Johns River (Tabita and Woods 1962). It should be noted that
there are other reports that he actually obtained waterhyacinth from
Europe, instead of New Orleans (Anon. 1896, United States Congress
1898). The plants in the lawn fountain quickly multiplied and the excess
plants were innocently discarded into the St. Johns River (Anon. 1896).
The owner of this farm grove, who claimed to have introduced this exotic
plant into Florida, was interviewed in 1896 (Anon. 1896) and stated "the
people of Florida ought to thank me for putting these plants here."
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The result of this introduction was an economic and ecological
catastrophe. By 1893, waterhyacinth was already becoming a nuisance
by hindering boat navigation on the St. Johns River (Buker 1982). A few
years later (1896), the species had spread throughout most of the river
system, assisted by cattlemen who introduced waterhyacinth from water
basin to water basin because they thought the species would make good
cattle feed (United States Congress 1957). It was estimated that
waterhyacinth occupied over 51,000 hectares of Florida's waterways in
the late 1950s (United States Congress 1965). In 1988 waterhyacinth
occupied less than 1500 hectares in Florida (Table 1) due to an aggressive
aquatic plant management strategy organized by FDNR.
Another common exotic floating plant found in Florida's waterways is
salvinia (Salvinia minima, formerly S. rotundifolia). Salvinia, believed to
be native to South America (Rataj and Horman 1977), was first reported
in the United States during 1814 growing in the central or western New
York area (Small 1931). In Florida, this aquatic fern was first collected
in 1928 in the St. Johns River near the large shipping port of commerce,
Jacksonville. Most likely the discharge of spore contaminated ship ballast
from international ship traffic in the St. Johns River at Jacksonville was
responsible for introducing this species into Florida.
Emergent Plants
The discharge of ship ballast was also the most likely means of
introduction into North America of another South American plant,
alligatorweed (Alternanthera philoxeroides) (Coulson 1977). This emersed,
rooted species was reported to be first collected in 1897 near another
large shipping port of commerce, Mobile, Alabama (Coulson 1977).
However, there is also a report that this aggressive weed species was in
Florida in 1894 (Weldon 1960). Even though alligatorweed was
recognized for its potential threat to the waterways of the United States
as early as 1901, little effort was made to control or stop the spread of
this species until the advent of organic herbicides in 1945 (Coulson 1977).
When herbicide control o p e r a t i o n s r e d u c e d the floating weed
waterhyacinth, the herbicide-resistant alligatorweed quickly expanded
and occupied that new open water habitat. As waterhyacinth control
operations increased during the 1950s, there was a corresponding
increase in alligatorweed population size. Since 1964, a number of
host-specific biological control agents have been released into the United
States to manage alligatorweed and have generally been effective in
reducing this weed's aggressiveness.
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Water sprite presently occupies 61 hectares of Florida's waterways. There
are two species of water sprite (Ceratopteris) in Florida, C. pteridoides
(native) and C. thalictroides (exotic). These species are difficult to
distinguish morphologically from each other and, consequently, Table 1
only lists Ceratopteris spp. The exotic water sprite was reported to be in
Florida as early as 1879 (Small 1931). Bodle (1986) believes that the
species achieved a wider distribution in Florida because of the aquarium
plant trade. C. thalictroides is considered to be the most widespread
species of Ceratopteris in Florida's waterways (Dr. David Hall, pers.
comm., University of Florida, Gainesville, FL 1988).
Grasses
Torpedo grass (Panicum repens), a native grass of Europe, was first
collected in North America near Mobile, Alabama, in 1876 (Hodges and
Jones 1950). In Florida, torpedo grass was first observed growing in the
lower Kissimmee River Valley in the early 1920s (Kretchman 1962).
Additional seeds of torpedo grass were imported in 1926 and were
distributed by the United States Department of Agriculture (USDA) for
planting in cattle pastures throughout the southern states (Tarver 1979).
Torpedo grass was planted in every southern Florida county and, to a
lesser extent, in counties in central and north Florida (Hodges and Jones
1950). Ironically, it was later determined that torpedo grass was not a
good cattle feed. By 1962, the plant was considered to be a serious weed
species (Tarver 1979), and now infests over 4,600 hectares in Florida
(Table 1). It is particularly troublesome in flood control canals.
Two other exotic grasses have also invaded Florida's waterways.
Para-grass (Brachiaria mutica), a native of Africa, may have been
introduced into the United States in the 1870s (Austin 1978). It is
uncertain when para-grass was first introduced into Florida, but during
World War II, para-grass was used in the southeastern portion of the
state for camouflage around military installations (Austin 1978). Another
forage grass native to Africa (Hitchcock 1971), napier grass (Pennisetum
purpureum), has recently invaded Florida waterways and presently
occupies 5 hectares.
Submersed Species
Holm et al. (1969) reported that Eurasian watermilfoil (Myriophyllum
spicatum) was first introduced into North America at the Chesapeake Bay
Region in the late 19th century. Couch and Nelson (1986), however,
believe this submersed aquatic macrophyte was introduced from Europe
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into the United States much later, probably in the early 1940s. They
speculate that government officials may have been responsible for the
first introduction into North America because the first confirmed
population of Eurasian watermilfoil was found in the District of
Columbia in 1942. However, it was not until Bertholdt (1958) published
an article promoting the species for aquarium hobbyists that it began to
spread. The first infestations of Eurasian watermilfoil in Florida were
deliberately planted by the aquarium plant collectors, and were first
noticed in the Crystal and Homosassa River Basins in 1964 (Blackburn
et al. 1967, 1969).
The aquatic plant collectors are also linked with introducing the South
American species parrots-feather (Myriophyllum aquaticum) into the
United States in the late 1800s or early 1900s (Sutton 1985). This species
easily tolerates freezing weather and can grow both submersed and
emersed, and has been popular as an aquarium and ornamental pond
plant.
Another popular aquarium plant collected by the aquatic plant collectors
in Florida is anacharis (Egeria densa). It is considered to be native to the
coast of southeastern Brazil through Argentina (Cook and Urmi-Konig
1984). Anacharis was first reported growing in the United States in
Millneck, Long Island in 1893 (Weatherby 1932). It was first offered for
sale in 1915 when one plant dealer described it as "a rapid grower and
one of the best oxygenators" (Countryman 1970). According to Cook and
Urmi-Konig (1984), "oxygenator plants" were considered to be essential
in providing habitat in which fish were raised to control mosquito larvae.
Anacharis was most likely planted in Florida as part of malaria
eradication programs that were prevalent in the early part of this century.
Ironically, dense growths of submerged vegetation, like the anacharis
infestations in Florida, inhibit water circulation that can lead to low
dissolved oxygen concentrations and ideal breeding conditions for
mosquitos.
Slender naiad (Najas minor), an European species, was first collected in
this country in 1932 (Wentz and Stuckey 1971), and is now well
established in Florida's waterways (Table 1). Another exotic naiad, N.
ancistrocarpa, is considered to be rare in its native Japan, but can now be
found growing in North Florida (Haynes 1978). The circumstances
concerning the introduction of these two species are unknown.
Hygro (Hygrophila polysperma), a native of India (Rataj and Horman 1977),
was imported into Ohio near the end of World War II by an aquarium
nursery (Reams 1953). Before the second World War, aquarium plant
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importations were rare in this country because slow-going ship
t r a n s p o r t a t i o n resulted in high mortality rates (McLane 1969).
International contacts* made by servicemen returning after the war and
the advent of new air-freight shipping techniques produced a rapid
expansion of all aspects of the pet industry, including increased
importations of exotic aquarium plants.
Initially, hygro was believed to be a species of the genus Ludwigia (Innes
1947) and was given the name of "Oriental Ludwigia." Hygro was
imported into Florida during the early 1950s and a number of waterways
were stocked with this species by the aquarium plant collectors. Hygro
was first noticed near Tampa in 1965, but was misidentified as Dyschoriste
sp. until it was correctly identified in 1977 (Les and Wunderlin 1981).
Hygro is now naturalized in many of Florida's waterways (Table 1) and
often expands into degraded or polluted waters, especially where other
exotic plants have been chemically controlled. This species is resistant to
available herbicides even when applied at maximum label rates (Schmitz
and Nail 1984). Hygro presently occupies 121 hectares of Florida's canals
and rivers.
Ambulia (Limnophila sessiliflora) is a n o t h e r 1950s Florida plant
introduction via the aquarium plant industry (Mahler 1980). This species
is a native of India and Southeast Asia, and can grow both submersed
and emersed. It was first reported growing wild in Glades County (Long
and Lakela 1971), and is now established in many locations throughout
the state (Gilbert 1984).
Until the early 1970s, the practice of planting exotic aquatic plants into
Florida's drainage canals, roadside ditches, streams, springs, ponds,
lakes, and rivers was common. This enabled aquarium plant collectors
to have a year-round free supply of plants and eliminated the high cost
of an established nursery (McLane 1969), In 1968, one aquatic plant firm
from North Carolina stocked more than 25 waterbodies in Florida with
aquatic plants, both native and exotic, for future harvest (McLane 1969).
Also, many plant growers and collectors habitually carried exotic
aquarium plants with them when they traveled. In Florida, many
herbarium specimens of exotic aquatic plants were first collected near
non-populated bridge area locations (Dr. David Hall, pers. comm.,
University of Florida, Gainesville, 1988).
One of the most noxious of all of the exotic aquatic weeds that presently
plague Florida's waterways was introduced in either 1951 or 1952. A
tropical fish and plant farmer from St. Louis, Missouri, imported what
he thought was another species of anacharis from Ceylon (now Sri
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Lanka) and sent six small bundles of this new exotic plant species to
another farmer located in the Tampa Bay area. This farmer, who wishes
to remain anonymous, was not impressed with the color and overall
appearance of this new exotic. He dumped the six bundles into a canal
located in back of his business address near Cypress Street, Tampa. A
few months later, he noticed that this new species grew very well in the
canal, and then decided to market the plant species under the common
name Indian star-vine.
The first south Florida farmer to receive Indian star-vine was located
near Old Cutler Road in southern Miami. A former employee of this
farm stated that Indian star-vine was being cultured and sold when she
started this job in 1955. A substantial quantity of their aquarium plants
were also collected from Black Creek, Miami. Although another former
employee who worked at this farm denies that deliberate planting of
Indian star-vine occurred in the creek, however, he did notice that it was
well established there by 1959.
In 1960, the Central and Southern Flood Control District (now the South
Florida Water Management District) contacted personnel from the USDA
Plantation Field Station regarding a severe aquatic weed infestation in
the Snapper Creek canal, which is also located in southern Miami
(Blackburn et al. 1967). Lyle Weldon and Bob Blackburn, USDA
Scientists, obtained samples of the unidentified plant species and
promptly sent them to the University of Florida and the Smithsonian
Institution for identification. They were misidentified as Elodea canadensis
(a common water plant of the central and northern United States) by
both institutions (Bob Blackburn, pers. comm., Joyce Environmental
Consultants, Orlando, FL, 1988). Other papers published during the
mid-1960s referred to Indian star-vine as Florida elodea or Elodea densa
(Egeria densa) (Seabrook and Scherer 1965, Ware 1966). In 1965, Lyle
Weldon and Bob Blackburn noticed that an "Elodea canadensis" plant
obtained from Lake Osborne in Palm Beach County had a subterranean
tuber attached to its roots. They speculated that the original identification
of this species was incorrect because neither Egeria densa nor Elodea
canadensis produce tubers or subterranean vegetative propagules. They
sent another sample of the Indian star-vine to Dr. Harold St. John, a
recognized authority on the genus Elodea. This time it was correctly
identified as Hydrilla verticillata (Blackburn et al. 1969). Ironically, Lyle
Weldon, who was instrumental in confirming the first hydrilla infestation
in North America, later lost his life entangled in hydrilla in a SCUBA
diving accident in 1972.
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Hydrilla rapidly spread throughout Florida during the 1960s and
throughout the South in the 1970s. In 1988, hydrilla infested over 22,000
hectares of Florida's waterbodies with more than 6,000 hectares annually
controlled. Only the female biotype of hydrilla is known to be infesting
Florida's waterways, but in 1982, hydrilla obtained from a northern plant
nursery produced male and female flowers confirming the monoecious
biotype has been introduced into North America (Steward et al. 1984).
Steward et al. (1984) believes that with the potential of sexual
reproduction now existing, hydrilla will be able to, in the future, adapt
to different habitats and expand its range in North America.
Escaped Exotic Ornamental and Wetland Species
Probably the most aggressive exotic wetland plant species introduced
into Florida is melaleuca. A native tree of eastern Australia, it was
probably introduced into the United States in 1900 (Morton 1966). In
Florida, this melaleuca was first introduced in 1906 by a forester (Morton
1966, Austin 1978). In 1908, this forester gave to the USDA Plant
Introduction Station, located in Coral Gables, FL, seeds of melaleuca from
Australia and cuttings from a mature tree growing near Coconut Grove,
FL, (Morton 1966). Shortly thereafter, melaleuca invaded the wet prairies
and wetlands of south Florida. Not satisfied with melaleuca being
restricted to the eastern coastal area, this forester and a colleague decided
to reforest the Everglades and scattered seeds by airplane in 1936 (Austin
1978). Large melaleuca populations now threaten the ecological integrity
of the Everglades. More than 10,000 hectares of south Florida's wetlands
are believed to be infested with melaleuca (Center and Balciunas 1988).
Another serious exotic wetland pest is Brazilian pepper. It was present
in Florida as early as the 1840s (Barkley 1944), and was reintroduced
into the state in 1898 by a celebrated plant explorer (Morton 1978). Its
popularization as an ornamental, however, was not until the 1920s when
a physician and plant hobbyist started to cultivate 100s of Brazilian
pepper trees on his property in the City of Punta Gorda, FL. He
distributed seedlings among his friends and plant enthusiasts, and many
were planted along city streets (Nehrling 1944). Brazilian pepper quickly
spread throughout south Florida and now is believed to infest over
10,000 hectares (Dr. Dale Habeck, University of Florida, Gainesville, pers.
comm., 1989). Brazilian pepper infestations have been troublesome in
hindering the management of aquatic plants in south Florida's flood
control canals and ditches.
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Catclaw mimosa {Mimosa pigra), a native of Central and South America,
may have been introduced into Florida as a botanical curiosity because
its leaves fold on touch. There is some evidence that it was introduced
into Florida as early as 1926 (Fairchild 1944). This species is known to
form a very dense canopy that grows into impenetrable thickets.
Presently, there are three localized infestations of catclaw mimosa in
south Florida, one that dates back to 1953 (Hall 1985).
Other exotic aquatic plants that have escaped from cultivation and are
now established in Florida's aquatic environments include: elephant ear
(Colocasia esculenta), a native of tropical Asia and introduced by the
USDA in 1910 (Greenwell 1947); water primrose (Ludzuigia peruviana),
which is commonly found in Central and South America; watercress
{Nasturtium officinale), a native of Europe that has been introduced and
cultivated throughout the United States as an ingredient of salads; and
Hydrocleis nymphoides and Potamogeton crispus that were probably
imported as ornamental pond plants that were eventually dumped into
Florida waterways.
ECONOMIC IMPACT OF EXOTIC AQUATIC PLANTS IN FLORIDA
Among the greatest threats to Florida's waterbodies is the uncontrolled
growth of exotic aquatic plants. These "biological pollutants" have
caused extensive economic, water-use, and resource management
problems in Florida's waterbodies. Their introduction and spread have
hindered navigation, flood control efforts, recreational activities such as
fishing and water sports, and their expansive growth has displaced
native wildlife habitat and downgraded water quality. Aquatic plant
management programs are necessary to control many of these aggressive
exotic aquatic and wetland plants in Florida.
Between 1980 and 1989, the a p p r o x i m a t e cost of aquatic plant
management programs to public agencies and private individuals in
Florida was at least $104 million (Table 2). This amount does not include
the total cost of aquatic plant management operations in areas exempt
from FDNR's control permitting requirements. Presently, hydrilla is the
most troublesome plant to manage with an annual control expenditure
of $7 million. Even with these expenditures, the number of new hydrilla
infestations continues to increase. Waterhyacinth and waterlettuce are
second in control costs with annual combined control expenditures near
$4 million. The species that were introduced and/or spread as forage
grasses, torpedo grass and para-grass, are third with annual control
expenditures of greater than $2.5 million. Other exotics, such as
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alligatorweed, salvinia, and hygro comprise approximately $386,000 of
the $14 million spent annually to control exotic aquatic plants in Florida's
waterways.
Presently, the majority of control operations in the state are funded under
the Cooperative Aquatic Plant Control and State Funding for Aquatic
Plant Control Programs. In 1987, the U.S. Army Corps of Engineers
provided 30% of the funds expended, while the State of Florida provided
29%. Local governments, including water management districts,
provided 26%. The remainder (15%) is estimated expenditures by private
individuals based on permits issued to control exotic aquatic weeds.
REGULATIONS BY THE STATE OF FLORIDA AND THE FEDERAL
GOVERNMENT TO PREVENT THE INTRODUCTION OF NEW
EXOTIC AQUATIC WEEDS
McLane (1969), who owned and operated an aquatic plant nursery in
south Florida from the late 1940s to the early 1970s, first proposed that
rules and regulations regarding the importation of exotic aquatic plants
be established. In 1969, the Florida State Legislature enacted a State
Statute (Section 403.271) that prohibited the importation, transportation,
and cultivation of aquatic plants without first obtaining a permit from
the Department of Pollution Control (now the Florida Department of
Environmental Regulation). In 1973, the controlling authority was
transferred to the Florida Department of Natural Resources Bureau of
Aquatic Plant Research and Control (now the Bureau of Aquatic Plant
Management) (Goldsby et al. 1976). In 1984, legislation was introduced
that revised Section 403.271 by authorizing the permitting and inspection
of all persons involved with the aquatic plant business. A violation of
this statute can result in a misdemeanor charge of the second degree.
Chapter 16C-52, Florida Administrative Code, specifies the regulations
governing aquatic plant collection, importation, transportation,
cultivation, possession, and retail sales. This chapter provides for an
annual permitting of persons who are involved with the use of aquatic
plants for business purposes and scientific research. The FDNR has
established a prohibited plant list (Table 3) that consists of a number of
species from 18 different genera. The major requirements of the
regulatory program are as follows:
1. Prohibited aquatic plant species may not be collected,
imported, transported, cultivated, or sold unless permitted by
the FDNR.

314

Exotic Aquatic Plants in Florida: A Historical Perspective and Review of the Present
Aquatic Plant Regulation Program

2. Exotic aquatic plant species are not permitted to be planted
in the state's waterways.
3. Permittees are required to notify the Bureau of Aquatic
Plant Management with a complete botanical listing of species
received within seven days after importing plants from abroad
(out of state and foreign importations).
4. Permittees who cultivate aquatic plants must have secure
a n d a d e q u a t e q u a r a n t i n e facilities to avoid accidental
introductions of exotic plants into adjacent waterways.
5. All permitted wholesale and culturing facilities, and retail
outlets are subject to inspection.
6. Violations can result in the suspension or revocation of the
permit, or a misdemeanor charge of the second degree.
The USDA has been charged with administering the Federal Noxious
Weed Act of 1974. This responsibility includes the identification of actual
or potential noxious weeds, preventing their entry into the United States,
early detection, and eradication of incipient infestations. According to
Part 360.100 Definitions (Federal Noxious Weed Regulations), Section 32
of the Federal Noxious Weed Act of 1974 defines "noxious weed" as
"any living stage (including but not limited to, seeds and reproductive
parts) of any parasitic or other plant of a kind, or subdivision of a kind,
which is of foreign origin, is new to or not widely prevalent in the United
States, and can directly or indirectly injure crops, other useful plants,
livestock, or poultry or other interests of agriculture, including irrigation,
or navigation or the fish or wildlife resources of the United States or the
public health." The USDA has designated fifteen aquatic plant species
as Federal Noxious Weeds (Table 3). The FDNR's prohibited aquatic
plant list contains a larger number of species because it is believed that
a larger number of exotic species could invade and infest south Florida's
unique semi-tropical waterways.
Incoming plant shipments from other countries are first inspected at an
USDA inspection station for agricultural pests and plants that are listed
as federal noxious weeds. All federal noxious weed species that are
intentionally or accidentally imported are destroyed. The FDNR has an
agreement with the USDA Miami and New York plant inspection
stations, where the majority of the tropical plants enter the continental
United States, to monitor plant shipments for species listed as FDNR
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prohibited aquatic plants. All FDNR prohibited aquatic plant species are
either seized or destroyed.
Past FDNR permittee inspections have resulted in the seizure or
eradication of a number of federal noxious weed species:
Salvinia molesta, or giant salvinia, is an aggressive weed that has caused
problems in Africa, India, Sri Lanka, South East Asia, and Australia
(Nelson 1984). This troublesome plant has been found in two aquatic
plant nurseries in Florida, apparently the result of contaminated aquatic
plant shipments from Sri Lanka.
A n o t h e r federal noxious weed, Eichhornia azurea (anchored
waterhyacinth), was seized at a private residence after it was learned the
species was obtained from a mail-order aquatic plant nursery located in
Ohio.
A native of Southeast Asia, water spinach (lpomoea aquatica), has become
Florida's most problematic non-naturalized federal noxious weed
species. This plant species is cultivated as an edible vegetable by Asian
immigrants for personal use and for sale in oriental food markets
throughout the United States. This vine-like species can grow in a wide
range of habitats and is quite aggressive in Florida's waterbodies due to
its prolific growth rate. The FDNR has seized seeds and harvested plants
from Oriental food stores and destroyed many water spinach infestations
in south and central Florida drainage ditches and ponds. Many believe
it is only a matter of time before this species becomes established in this
state.
Although Florida's rules and regulations governing aquatic plant
importation, transportation, cultivation, possession, and retail sales have
been effective in preventing our permittees from introducing new exotic
aquatic plants into the state's waterways, there is no way to regulate
plant species that are grown and shipped from another state, via U.S.
mail or commercial freight carrier into Florida. The USDA has the
authority, according to Section 2803(a) of the Federal Noxious Weed Act,
to stop the interstate spread of federal noxious weeds, but fails to use
it. It is clear that the USDA needs to properly administer the Federal
Noxious Weed Act of 1974, or Florida, as well as other states, will be
recipients of new exotic aquatic plant infestations.
In summation, the practice of planting exotic aquatic plants in Florida's
waterways is no longer common. With the exceptions of a few species,
aquatic plants collected from the wild are not as attractive or easy to sell
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as nursery-grown plants. Also, members of the aquarium plant industry
realize that if a new aggressive exotic aquarium plant becomes
established in this state, they believe FDNR will add the species to the
prohibited aquatic plant list (Brad McLane, pers. comm., Florida Aquatic
Plant Nursery, Ft. Lauderdale, FL 1988). The other means of exotic
aquatic plant introduction that probably accounts for a number of these
biological pollutants in Florida is seed contaminated ballast discharge
from international ship traffic. Since no new exotic aquatic plants species
have been introduced, or suspected to have been introduced, via this
means in this state in at least six decades, rules and regulations to control
the discharge of water ballast are not needed at this time.
Finally, it should be noted that a number of exotic weeds that presently
foul Florida's waterways were misidentified at first, and in some cases,
misidentified for years. The opportunity possibly to eradicate or limit
the spread of these noxious weeds was lost because of a lack of
environmental professionals who could identify and evaluate the threat
that these exotic aquatic weeds posed to Florida's waterbodies. It is
important for Florida to maintain its guard against future exotic weed
infestations.
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Table 1. Exotic aquatic and wetland plants found in Florida. All aquatic
plants and estimated water surface area occupied are from the FDNR
aquatic plant survey of the state's waters in 1988. All wetland plant survey
estimates are compiled from sources other than the FDNR survey
Aquatic plant species
Hydrilla verticillata
Panicum repens
Salvinia minima
Eichhornia crassipcs
Brachiaria mutica
Altcrnanthera philoxeroides
Pistia stratiotcs
Ludwigia spp.*
Myriophyllum spicatum
Colocasia esculenta
Hygrophila polysperma
Egeria dcnsa
Ceratopteris spp.**
Najas minor
Najas ancistrocarpa
Myriophyllm aquaticum
Pcnnisetum purpureum
Limnophila sessiliflora
Nasturtium officinale
Ipomoea aquatica
Potamogeton crispus
Hydrocleis nymphoides
Total hectares infested in surveyed waters
Wetland plant species
Melaleuca quinquenervia
Schinus terebinthifolius
Mimosa pigra

Hectares infested
22,635
4,654
2,147
1,428
1,211
1,154
1,099
755
427
293
121
79
61
54
36
27
5
3
<1
<1
<1
<1
35,513
>10,000
>10,000
<20

'Survey estimate comprising L. octavalis (native) and L. peruviana (exotic).
"Survey estimate comprising C. pteridoides (native) and C. thalictroides
(exotic).
Area infested estimated by Center and Balciunas (1988).
Area infested estimated by Dr. Dale H. Habeck, University of Florida.
Area infested estimated by Robert Kipker, FDNR.
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Table 2. Hectares Controlled and Dollars Spent to Manage Introduced
Aquatic Plant Species in Florida from 1980 to 19881
1980-1988
Plant
Hydrilla verticillata
Eichhornia
crassipes/Pistia stratiotes
Panicum
rcpens/Brachiaria
purpurascens
Alternanthera

Hectares
Controlled

1988

Dollars
Spent

Hectares
Controlled

Dollars
Spent

60,649

$43,572,254

7,937

$7,011,576

219,478

35,668,018

23,324

3,935,078

60,039

22,901,995

6,905

2,727,840

3,885

1,570,702

763

316,344

2

philoxeroides 2
Salvinia minima
Hygrophila polysperma
Total

246

108,894

39

16,296

536

257,704

217

53,816

344,833

$104,079,567

39,185

$14,060,950

Figures do not incude some of the work conducted in exempt waters so
the actual total would be somewhat higher.
2

1983-1988

3

1984-1988
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Table 3. Aquatic and wetland plant species that are listed as federal
noxious weeds (USDA) and prohibited aquatic plants (FDNR)
USDA noxious weeds

FDNR prohibited list
Alternanthera philoxcroidcs
Cabomba aquatica

Azolla pinnata
Eichhornia azurea

Eichhornia spp.

Hydrilla verticillata

Hydrilla spp.

Hygrophila polysperma

Hygrophila polysperma

Ipomoea aquatica

Ipomoea aquatica

Lagarosiphon major

Lagarosiphon spp.

Limnophila sessiliflora

Limnophila sessiliflora

Mimosa pigra

Mimosa pigra

Monochoria hastata

Monochoria hastata

Monochoria vaginalis

Monochoria vaginalis
Myriophyllum spicatum
Nechamandra alternifolia
Pontederia rotundifolia

Sagittaria sagittifolia
Salvinia auriculata

Salvinia spp. (except S. minima)

Salvinia biloba
Salvinia herzogii
Salvinia molesta
Sparganium erectum

Sparganium erectum

Stratiotes aloides

Stratiotes aloides
Trapa spp.
Vossi'd cuspidata

Proposed species to be added
Crassula helmsii
Ipomoea fistulosa
Melaleuca quinquenervia
Panicum repens
Schinus terebinthifolius
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The Alien Plant Problem In Hawaii
Clifford W. Smith
Department of Botany
University of Hawaii at Manoa
3190 Maile Way
Honolulu, HI 96822
ABSTRACT
It is conservatively estimated that since the arrival of
Captain Cook in 1778, of 4000 species of flowering plants
that have been introduced to the Hawaiian Islands, 891
have naturalized. Over 10% of these alien species exert
a significant negative impact on the integrity of native
ecosystems. The principal effects are displacement of
native species, nutrient enrichment, fire enhancement,
positive interactions with other alien organisms, and
hybridization with native species. Severe infestations are
nearly always associated with disturbance, both natural
and alien, so successful management must deal with
both problems simultaneously. Biocontrol has been very
successful against some widespread weeds, but standard
techniques are used against local infestations. Plants and
animals are still being introduced by the military, botanic
gardens, horticulturists, and residents. New records of
establishment outpace successes in controlling problem
species. More effective importation control, greater
integration between government agency efforts, and
public education are necessary. Some significant
progress has been made.
INTRODUCTION
The native flora of the Hawaiian Islands is among the best examples of
the modern concept of evolution. Eight hundred and fifty two species
evolved from an estimated 280 original introductions (Wagner et al. in
press), resulting in a flora that is 89% endemic. Thirty two genera (15%
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of the native flora) are endemic. Adaptive radiation accounts for "50%
of the flowering plant species . . . derived from only 20 genera
representing only 26-32 of the original species" (Wagner et al. in press).
The natural rate of establishment of species in the Hawaiian Islands is
very low (Table 1) due to their extreme isolation, more than 2,000 miles
from the nearest continental landmass. The aboriginal Polynesians
introduced no more than 32 species (Nagata 1985) and had little effect
on the status of the established flora. The rates of introduction increased
dramatically after the arrival of Captain Cook in 1778 (Table 2). Today,
the number of native and naturalized angiosperms is almost equal (957
vs. 859 respectively) according to the latest treatment of the Hawaiian
flora (Wagner et al. in press). It is conservatively estimated that a further
4000 species are present in gardens and arboreta or are commercially
exploited. Eighty-six of the almost 900 naturalized species have been
identified as serious pests in native ecosystems (Smith 1985); four more
have since been added to the list. A number of gymnosperms, ferns,
bryophytes, and algae have also become pests. The only group for which
no alien species has been identified is the lichens.
Kirch (1982), from archaeological evidence, and Olson & James (1982),
from semi-fossilized bird remains, have shown that the aboriginal
Hawaiians had a significant negative impact on native ecosystems,
particularly lowland areas. However, these impacts have been greatly
exceeded since 1778. Wetlands have been drained and filled in, forests
have been cleared and converted into pasture, and domesticated
ungulates have been allowed to become feral. Alien diseases and
predators have also had devastating effects. Alien plants have a
significant negative impact (Vitousek 1986) that is equally as strong as
those of alien animals. Alien influences are so pervasive that there are
very few areas left that are not affected (Smith 1985). The impact on the
flora has been devastating: 107 flowering plant taxa are presumed extinct;
136 are endangered; 39 vulnerable; and 136 rare (Wagner et al. in press).
Weeds are particularly common in some families, yet absent from others.
The five families with the largest number of species in the flora are
Asteraceae, Campanulaceae, Fabaceae, Lamiaceae, and Poaceae (Table 3).
Campanulaceae and Fabaceae have very few established alien species
and none of them is a significant weed. The other three families have
large alien elements, some them highly disruptive. Other families with
high proportions of alien species include: Euphorbiaceae 22 (51%),
Malvaceae 25 (51%), Melastomataceae 15 (100%), Myrtaceae 42 (84%),
Passifloraceae 12 (100%), and Solonaceae 24 (69%).
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A number of papers dealing with alien weed problems in natural
ecosystems of Hawaii have recently appeared (Gardner & Davis 1982,
Gerrish & Mueller-Dombois 1980, La Rosa 1983, Mueller-Dombois 1981,
Smith 1985, Sorenson 1980, Stone et al. in press, Warshauer et al. 1983,
Wester & Wood 1977). On-going research on various aspects of the
biology of 10 other species is also underway. These are just the beginning
of our attempt to understand the issues and develop ways of combating
this threat to Hawaii's unique ecosystems. There are many as yet
unresolved questions that need to be answered.
One problem facing managers of native ecosystems is the determination
of the significance of negative impacts of alien plants in native ecological
processes. Smith (1985), using criteria such as monotypic stand
formation, association w i t h d i s t u r b a n c e , allelopathic activity,
enhancement by fire, ability to fix nitrogen, etc., identified 86, since
increased to 90, alien plants which are serious weeds in native Hawaiian
ecosystems. These are the species of most concern to natural resource
managers. The other 90% of naturalized species are relatively innocuous.
Smith (1985) suggested that the 10 most serious weeds in Hawaii, in
order of priority, are: Strawberry guava (Psidium cattleianum Sabine Myrtaceae, Myrtales), Roster's curse (Clidemia hirta (L.) D.Don Melastomataceae, Myrtales), Banana poka (Passiflora mollissima (HBK.)
Bailey - Passifloraceae, Violales), Fountaingrass (Pennisetum setaceum
(Forsk.) Chiov. - Poaceae, Cyperales), Faya tree (Myrica faya Ait. Myricaceae, Myricales), Kikuyugrass {Pennisetum clandestinum Hochst. ex
Chiov. - Poaceae, Cyperales), Christmasberry (Schinus terebinthifolius
Raddi - Anacardiaceae, Sapindales), Blackberry (Rubus argutus Link Rosaceae, Rosales), Molasses grass (Melinis minutiflora Beauv. - Poaceae,
Cyperales), and Broomsedge (Andropogon virginicus L. - Poaceae,
Cyperales).
The majority of introduced plants in Hawaii are innocuous. Probably no
species is beyond control as long as sufficient time and money are
available. Political and practical considerations, however, may preclude
such optimism. Problems include whether: the target species is socially
useful in some context (guava control is limited to managed areas
because of its value for juice); it is too closely related to a commercial
crop species (biological control of grasses is improbable because of
potential impacts on sugarcane); its impact in a remote ecosystem is too
unfamiliar to attract the necessary funding (mullein (Verbascum thapsus
L. - Scrophulariales, Scrophulariales) is confined to high elevation
habitats); or the control program interferes with the activities of a special
interest group (hunters spread banana poka because feral pigs feed on
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it, biological control of the gingers is virtually impossible because it is
such an attractive ornamental and used for leis).
All but one of the 90 serious weeds, Hypochaeris radicata L. (Asteraceae,
Asterales), displace native species when growing in the same habitat.
Twenty-six (29%) have, or are suspected of having, allelopathic activity
against native species. Twelve (13%), principally grasses, are
fire-enhanced species that invade or recover in fire-disturbed areas much
faster than natives. In so doing, they increase the fuel level in the
ecosystem and carry fires over larger areas than before and generally at
higher intensities. On the other hand, 12 (13%) species, principally
evergreen trees, inhibit fire.
Forty seven (52%) of the problem alien taxa are trees, 18 (20%) are shrubs,
11 (12%) are bunch grasses, 7 (8%) are vines, 5 (6%) are bulbs, and 2
(2%) are annuals. The preponderance of trees, particularly evergreen
species, is of considerable concern because they have a much greater
disruptive influence on ecological processes. The vines, all of them
gap-replacement species, are particularly important in Hawaii where this
growth form is poorly represented in the flora. They thrive in disturbed
areas, destroying the native forest by shading or breaking native tree
branches.
Seventy-five percent of these disruptive species are well-adapted for
d i s p e r s a l in the I s l a n d s . Thirty three (37%) are d i s p e r s e d by
predominantly alien, frugivorous birds; 31 (34%) by wind; 9 (10%) on
clothing or animal hides; and one by water. It is somewhat surprising,
however, that 23 (25%) are dispersed only by man in the Islands. (The
numbers do not sum correctly because a few species are distributed by
multiple agents).
Once established, their infestation intensifies with some local dispersal
by physical means. One might assume that the behavior pf an introduced
plant elsewhere would indicate its potential weediness in a new
environment. Such an assumption can be deceptive, especially in insular
environments with their specialized and species-poor floras. Many niches
appear to be unfilled, and invading species generally arrive without
predators and parasites that restrict their distribution in their native
environment.
Less than 20% of the plants introduced to Hawaii have become
naturalized and only 2% have become serious pests. These pests,
however, have sufficient features in common that we can establish
certain guidelines for banning importation of plants (Smith 1985). Weeds
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known to be noxious elsewhere should also be banned. It is very hard
to understand why Koster's curse was introduced to Hawaii after its
known behavior in Fiji. It is thought, however, that the forester Lyon
brought it in as a potential ground cover for eroded watershed areas.
Importation of early successional and gap replacement species should
also be forbidden. Certain families should also be carefully examined,
e.g., Melastomataceae, Myrtaceae, Passifloraceae, Poaceae. Mack (in
press) has suggested that invasive species have common traits not yet
recognized. He advocates a comparison of the ecology of closely related
species, one of which is a weed, the other not. He suggests such a study
would provide a better understanding of what characteristics are
important determinants of weediness in given conditions.
Documentation of the biology of alien species is essential yet rarely done.
Academics and naturalists tend to focus on the native elements of a flora.
Notes on weed distributions, preferably supported by herbarium
specimens, published in local newsletters, etc., are highly desirable.
Databases of weed distributions, built with this information, can provide
an understanding of rates of spread, impact, and population levels of
the species of concern. Problems can often be seen as they develop
allowing appropriate action before they become major infestations.
Hawaiian ecosystems were once thought to be in very serious decline
and unable to resist alien invasions (Lyon 1919, Degener 1930). Recent
studies, however, suggest that they are quite resilient. In general, island
ecosystems are stable, invasion-resistant assemblages of species whose
combined resource exploitation is in balance with productivity
(Mueller-Dombois 1981). Most island ecosystems, however, are disturbed
to varying degrees by man, fire, feral ungulates, introduced birds and
plants, and a vast array of alien invertebrates, all of which have driven
a significant number of native species into extinction. The extirpation of
so many components has changed, probably irreversibly, the native
ecological processes. Lowland ecosystems in Hawaii have suffered the
most disruption from alien species because of agriculture, fire, and
urbanization. This situation is not unexpected due to the extent and
variety of disturbance there, as well as the opportunity for introduction.
Natural disturbance factors (e.g., high winds, lava flows, tree falls) are
relatively rare in Hawaii. Though browsing and digging animals were
absent before 1776, they are now abundant. Fires were also highly
localized, but now spread over significantly larger areas (Smith and
Tunison in press). Disturbance is generally a prerequisite to alien species'
domination of a native ecosystem. Species dispersed by wind or birds
can invade native ecosystems, but generally remain minor components
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until some disturbance occurs. However, 23 species have the ability to
i n v a d e and take over native ecosystems without any a p p a r e n t
disturbance.
Vitousek (1986) has summarized the effects of alien plants on native
ecosystems. He noted that their effect is equally as strong as the impacts
of alien animals. Five specific adverse effects not commonly associated
with weed activity are mentioned below because of their particular
importance to managers in Hawaii.
1.
The loss of diversity in even small areas of insular
ecosystems can have a devastating effect on the survival of
species, many of which are already endangered or have highly
localized distributions. No plant taxon has been incontrovertibly
documented as having extirpated another. I suspect, however,
that it is the lack of suitable studies rather than reality.
2.
The role of fire in natural Hawaiian ecosystems is
somewhat controversial (Vogl 1969, Mueller-Dombois 1981,
Smith and Tunison in press). Weeds, particularly grasses,
provide the fine fuels lacking in most native ecosystems. Fires
are now more frequent, generally due to human activity, and at
least one order of magnitude more extensive than historically.
3.
The lava or ash substrata of volcanically active areas is
characterized by low levels of nitrates. Plants that grow in such
areas are adapted to survive under these conditions. Alien
species that can fix nitrogen, however, have significantly faster
growth rates than natives. Eleven of the 90 highly disruptive
alien plants in Hawaii fix nitrogen, enriching the soil as their
litter decomposes. Serai stages are shortened and the climax
community composition changed.
4.
The interaction of alien flora and fauna can exacerbate
the detrimental effects. Some alien plants are held in check until
the right pollinating or dispersal agent is introduced. Feral pigs
gorge on strawberry guava fruit and then disseminate the seeds
in their feces, frequently in freshly plowed areas (Diong 1983).
5.
Hybridization between alien and native species is
becoming an increasing problem, e.g., the hybrids between
Argemone glauca Pope a n d A. mexicana L. (Papaveraceae,
Papaverales), Wedelia and Lipochaeta (Asteraceae, Asterales).
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Alien species enter the Islands in many different ways. Commercial
ventures interested in diversifying agriculture and horticulture continue
to import large numbers of species with only minor restrictions. Hawaii's
botanic gardens also introduce enormous numbers of species that
sometimes themselves host large numbers of epiphytes. For example, the
Honolulu Botanic Gardens imported "well over 10,000 accessions" from
1975-1985 (Weissich 1984). The Pacific Tropical Botanical Garden is
systematically establishing gene banks of several crop plants as well as
extensive collections of several genera, e.g., Erythrina (Fabaceae, Fabales)
(Theobald 1982). Weissich (1984) went so far as to suggest that Hawaii
should become an "alternate site" for many of the tropical rainforest
species that are now disappearing under the axe. Needless to say, that
idea met strong and immediate opposition (Gagne 1986). The extensive
military complex imports large quantities of material. Organisms
inadvertently brought in along with this material create serious problems
for resource managers (e.g., Beardsley 1979). Perhaps most alarming is
the recent capture of two brown tree snakes (Boiga irregularis Merrem Colubridae, Squamata) at Honolulu Airport. This snake has essentially
extirpated the avifauna on Guam. The resident human population
(1,062,344 in 1986) is also a significant threat in importing pets and plants,
frequently on the whim that it would look nice in their garden. First
class mail entering the state is not inspected and is another avenue of
introductions. The political system is under enormous pressure to
support, endorse, or at least not prevent many activities that are
detrimental to the native ecosystems.
Weed management in Hawaii, as in most parts of the world, has
concentrated on preserving agricultural interests. Economically
disruptive weeds, are deemed "noxious", which prohibits importation,
focuses managers' attention on these species, frequently raises a weed's
position on priority lists, and, in certain instances, makes control
mandatory and directs funding towards a species' control. Animal, plant,
and soil importations are controlled only in so far as they will affect
crops and other farming interests, even though regulations are normally
written more broadly; the larger the potential economic impact the more
aggressive the control.
The management of alien plants in natural island ecosystems presents
some formidable problems. New threats are always appearing and the
expanding population continuously encroaches on the buffer zones
around the remaining natural areas. In agricultural crops all species are
controlled other than the crop plant. In natural ecosystem management,
generally only one species is controlled while other species are protected.
All previously developed techniques are used, but, because of the
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extreme selectivity, integrated pest management is required. These
control efforts are discussed in the papers by Tunison (this conference).
The perception of Hawaii as a paradise by the majority of people is a
disaster from a conservation viewpoint. The tourist industry (5.6 million
visitors in 1986) is in large part responsible for this attitude that colors
the perception of visitor and resident alike. People expect to see brilliant
flowers and lush foliage. To meet these perceptions hotels landscape with
"exotic" plants. That, however, is not the true Hawaii.
Education is the primary defense against unwanted introductions. A well
thought out program explaining the economic, health, and moral
consequences of unwanted introductions, and the need for everyone's
cooperation can be developed in a tasteful manner that evokes
compliance. Getting the message prepared, much less delivered in the
right place at the right time, however, is a much more difficult problem.
Where the majority of traffic comes in by air you have a captive audience.
Unfortunately, bureaucracy and other vested interests make it difficult
to develop such a program as part of an orientation package for incoming
tourists and returning residents.
Research on disruptive alien species in natural areas and their
invasiveness is urgently needed. Many areas still have inadequate
inventories of their weeds and consistent monitoring programs are rare.
The ranking of weeds, other than on the most obvious problem species,
is rarely a logical program. Distribution maps that are so important for
assessing the threat, alerting managers on problems as they emerge, and
developing control strategies are nonexistent in many cases. Studies on
the basic biology of these species are quite infrequent yet these studies
can often highlight potentially exploitable vulnerabilities. In many
instances, research on alien species is more important than studies on
natives.
In conclusion, even in Hawaii, the alien plant problem, though
formidable, is not completely hopeless. The primary problem is
carelessness and ignorance. There will be little enforcement of the
regulations or support for significant management programs until the
general public understands the need for conservation. The education of
the public has to take place at all levels from kindergarten to senior
citizens. Getting the communications media to publicize the problems
and successes is a significant first step, but we have to communicate
with the media effectively first.
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Table 1. Average number of years for each successful introduction of plants
into the Hawaiian Islands
Naturally

By Polynesians

Since 1778
0.24

Angiosperms

72,727

72

Gymnosperms

0

0

Pteridophytes

153,846

0

8

Bryophytes

85,837

0

16

Lichens

28,531

0

0

Algae

66,667

0

5

52

Table 2. Number of successful establishments of plants in Hawaiian Islands

Naturally

By Polynesians

Since 1778

Angiosperms

275

25

860

Gymnosperms

0

0

40?

Ferns

130

0

Bryophytes

233

0

25
13

Lichens

701

0

0

Algae

300

0

40

Table 3. The number of native and alien species in the five largest families
in the Hawaiian Islands
Family

Total

Alien

Native

Invasive

Asteraceae

182

90 (49%)

92 (51%)

6 (3%)

Poaceae
Campanulace

147
114

100 (68%)

47 (32%)

15 (10%)

4 (3%)

110 (97%)

0

Fabaceae

114

94 (82%)

20 (18%)

9 (8%)

Lamiacea

70

16 (23%)

54 (37%)

0
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CHAPTER 23
Melaleuca Eradication Program:
Assessment Of Methodology And
Efficacy
C. Elroy Timmer and Stanley S. Teague
AmerAquatic, Inc.
Deerfield Beach, FL 33442
ABSTRACT
A two-year study was undertaken to evaluate the
application techniques and efficacy of herbicides on
melaleuca in southern Florida. Herbicides Velpar L,
Arsenal, Rodeo, and Garlon were compared for foliar
applications and trunk-cambial treatment. Arsenal was
the most effective agent using the frill and girdle
technique. Combinations of herbicidal, mechanical, and
environmental control methods are proposed for trees,
seedlings, and seed germination.
INTRODUCTION
The biology and taxonomy of melaleuca {Melaleuca quinquenervia) have
been amply described in the literature and are well known to wetlands
biologists. Also well documented is its emergence as a major pest species
in southern Florida. It grows rapidly and is aggressively crowding out
native species in consequence of its prodigious reproductive capability.
In the opinion of most observers, melaleuca growth has been essentially
unchecked in Florida south of Orlando. It is established in many wetland
areas of great value such as the Big Cypress Preserve and the
Loxahatchee Wildlife Refuge and now challenges the borders of
Everglades National Park.
Although initial establishment is often in the transition zone along
wetlands perimeters, melaleuca takes advantage of seasonal low water
to move into lower areas and establish islands of new growth. At the
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same time, it moves opportunistically upland to invade pine/palmetto
communities.
The invasion of melaleuca poses a multiple threat. Its competitive success
stresses other species and gradually converts mixed communities into
melaleuca monocultures. These monocultures are generally regarded as
poor habitat and low in wildlife utilization value.
Melaleuca plant materials are annoying to people with allergic or
respiratory illnesses and may be a serious threat to highly sensitive
persons.
It is a severe fire threat. The resinous tree burns explosively and a dense
melaleuca fire exceeds the capabilities of the most modern fire control
effort.
Lastly, melaleuca is a formidable competitor for water resources.
Originally imported to "dry up the swamps", melaleuca succeeds all too
well. Although the evapo-transpiration rates of melaleuca have not been
extensively researched, many observers believe them to be higher than
those of either s a w g r a s s / c a t t a i l communities or p i n e / p a l m e t t o
communities. The consequence of melaleuca expansion, whether towards
wetland or upland, is therefore an increase in water loss to the
atmosphere.
Governmental agencies, environmental groups, and natural resource
communities are beginning to recognize the challenge of melaleuca and
are searching for solutions. This paper provides an overview of
melaleuca control techniques and assesses the strengths and limitations
of each.
CONTROL METHODS
Biocontrol
Since melaleuca is not a pest problem in Australia, where it is indigenous,
it is likely that one or more biological control agents will provide a
long-term solution to the melaleuca problem in the United States.
At this writing, workers in Australia have identified more than 50 species
of insects utilizing melaleuca as a food source or habitat. Work to
evaluate their potential as bio-control agents in Florida is continuing,
and deserves significant financial support.
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Nonetheless, the prospect of biological agents solving the problem within
the next decade is remote.
Physical Control
Physical control, including mechanical methods and environmental
manipulation, holds relatively little promise for wide scale control. Water
level fluctuation alone does not retard melaleuca growth and may even
abet that growth by imposing stresses on other plants.
Other physical stresses such as fire, wind storm, frost, and drought may
injure individual trees, but they usually trigger seed release as well.
Melaleuca seeds prolifically, and seeds germinate and establish readily,
so new growth can easily dwarf the original condition.
Mechanical clearing is an effective long-term solution in areas where the
land will be maintained in another cover, or where a follow-up seedling
control program is undertaken. If the cleared land receives no mechanical
on-going management, however, melaleuca and other invasive exotic
species rapidly recolonize in the disturbed soil. If only minimal on-going
maintenance is planned, the soil and predominant flora of the area
should not be disturbed.
Cleared trees should be removed from the site to eliminate the seed
source and because melaleuca usually re-sprout wherever parent
material remains in contact with soil.
Seedling Control
Seedling control can be accomplished by several methods. Purposeful
flooding prevents seeds from germinating or establishing. Controlled
burning will destroy most young seedlings (less than about 30 cm tall).
Herbicide treatments using either broadcast foliar sprays or soil
treatment may prevent germination and/or establishment.
Herbicidal Control
Treatment with chemical herbicides has proven the most successful of
all approaches to melaleuca control, both in terms of lasting results and
cost.

341

Proceedings of the Symposium on Exotic Pest Plants

Herbicides, however, are not without limitations. They vary widely in
efficacy, application cost, and potential for environmental degradation.
The most effective of the products now registered for this use are
non-selective, causing injury to desirable species as well as to melaleuca.
Lastly, special amendments (usually by supplemental "special local
needs" registrations) may be required before an herbicide may be used
for this purpose.
HERBICIDAL CONTROL PLAN
Before undertaking a melaleuca control project, one should first go
through several planning steps: an ecological assessment; a melaleuca
assessment; and a chemical assessment.
The ecological assessment establishes p r o g r a m objectives and,
importantly, its constraints. What effect will a control program (or no
control program, inaction) have on wildlife? What hydroperiod is
expected? What duration of control is sought? Which species are
expected to recolonize the melaleuca-dominated area? What preventive
steps should be taken to inhibit the growth of such other invasive or
pest species as Brazilian pepper (Schinus terebinthifolius) or ragweed
(Ambrosia spp.) or others?
The melaleuca assessment evaluates tree size, tree density, germination
potential, tree condition and health, soil type, season of the year, and
degree of damage to non-target plants which may be tolerated.
With these factors as background, the third planning step assesses control
methodology: chemical (active ingredient), rate, application method,
timing, and amount of follow-up work (seedling control) required.
CONTROL OF TREES
Mature melaleuca trees (over 4 m high, 3 years old, and 10 cm DBH)
are classified into two growth habits: monocultures and outliers.
The monoculture is a dominant assemblage of melaleuca in an area
where other plant species, if present, may be ignored. In most
monocultures, melaleuca has formed a closed canopy to shade out and
exclude shorter or less competitive species.
Melaleuca trees growing in mixed culture with desirable species are
considered outliers. These may be individual trees, sparse assemblages,
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small groupings of melaleuca (typically, parent and offspring), or pioneer
beachhead establishments of melaleuca.
Treatment of Melaleuca in Monocultures
Although many herbicides show limited activity against melaleuca
(typically, partial or complete defoliation), most provide only short-term
results, and melaleuca trees quickly refoliate.
However, three herbicides (hexazinone, Imazapyr, and triclopyr) have
yielded good efficacy and long-term results. They vary in selectivity,
persistence, and soil activity. Several of the soil active herbicides
registered for industrial applications may also prove useful, but
insufficient research work has been done on them in southern Florida
conditions.
Hexazinone (Velpar) may be applied by lacing and streaking technique,
as a broadcast spray, or aerially from aircraft. It has several advantages:
high efficacy, economy, and inhibition of seedling germination.
Velpar also offers limited selectivity (Table 1). Cypress (Taxodium spp.)
and pine (Pinus spp.) growing in mixed cultures with melaleuca show
resistance to damage from Velpar at certain rates. Also, its physical
placement offers added potential for selectivity when using the lacing
and streaking technique, as streaks may be placed to avoid the root
systems of desirable species.
Since Velpar's half-life in soil is between one and six months (depending
upon soil type and temperature), treated areas can either be re-planted
or allowed to recolonize naturally in one or two years.
Velpar's primary limitation is its water solubility. Under current labeling,
the product may be applied only to dry ground where water is not
anticipated for three months.
Arsenal, applied as a foliar spray by terrestrial or aerial equipment, is
highly effective against melaleuca. Also, it appears to inhibit the
germination of melaleuca seeds after they are released, probably from
herbicide residues retained by the soil following initial treatment.
Arsenal is relatively non-selective and controls a broad spectrum of
plants. Cypress and pine show limited resistance, however, particularly
if treatment is made during their dormant season.
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Current labeling allows Arsenal to be used only on terrestrial sites.
Although the active ingredient is highly soluble in water, it binds tightly
to soil and does not leach or migrate to any significant degree.
At current pricing, Arsenal is somewhat more expensive than Velpar,
but this cost may be justified in some cases by its difference in label
restrictions (Table 2).
Garlon 3A (triclopyr) also shows promise for melaleuca control. It may
be applied by ground or aerial spray to foliage. It has little soil activity.
Garlon is fairly selective and has little impact on most grasses and sedges
except at the 3 gal./acre rate necessary for control of mature trees. Also,
pine at lower rates may be somewhat resistant if treatments are timed
properly. Since Garlon has little soil activity, recolonization of plants in
treated areas begins rapidly.
Current labeling limits Garlon uses but research is now being carried
forward under an experimental permit to investigate control of melaleuca
over water.
Garlon's limitations are a higher cost (compared to Velpar) and the need
to cover foliage thoroughly. For effective control, it is necessary to retreat
mature trees several times. Garlon appears to have little effect in
reducing seed germination. More research on aerially applied Garlon
must be conducted.
Many of the soil active herbicides used in industrial weed control may
prove effective against melaleuca, but their non-selectivity and soil
persistence will probably limit their usefulness for melaleuca control,
particularly where recolonization by native species is desired. Some of
these products, if selectively applied at low rates, may play an effective
role in an integrated melaleuca control program. For example, if applied
at a low rate prior to seed release, they may prevent melaleuca seed
germination, yet have minimal impact on established non-target species.
Re-sprouting
A topic requiring additional research is the re-sprouting behavior of
melaleuca with various herbicides. A common response of melaleuca
after treatment is to resprout from the base of the tree. The tree takes
on a bushy character, with multiple trunks growing from the root crown.
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This is a step backwards for long-term control since this growth pattern
is far more difficult to deal with than a single-trunked tree.
Control of Outliers
O u t l i e r s may be controlled using the same techniques as on
monocultures, but this is not recommended because damage to
non-target plants will be excessive. Denuding an area to control a small
portion of melaleuca growing in it is irresponsible. Outliers require
techniques which target individual trees and ignore desirable species.
Since no herbicide exhibits high selectivity for melaleuca, one must rely
on rate control, application timing, and application method to increase
selectivity.
If the mixed species are primarily grasses, Garlon (at lower rates)
provides control of melaleuca with limited non-target damage. Arsenal
and Velpar oversprays, however, cause unacceptable losses to desired
plants.
The frill and girdle application technique is the most
for controlling target melaleuca without injuring
Arsenal, Garlon, Rodeo, and Velpar L have all been
method, and all can achieve the goal of non-target
appropriate care is taken during application.

promising method
non-target plants.
applied using this
damage provided

The spray apparatus should not produce any fine particles; tiny droplets,
too small to be detected by the applicator, contain enough herbicide to
kill susceptible plants. And when using Velpar, tree wounds may be
wrapped after being treated to keep the herbicide from washing in the
rain. This method is highly effective, b u t labor intensive, and,
consequently, costly.
Our experiments and field trials with the frill and girdle technique have
shown Arsenal to be the most effective of these herbicides. There is little
regrowth if proper care is taken during treatment. The tree is girdled
completely (around the entire circumference) in a 1-2 cm band to expose
the cambium. The exposed cambium is sprayed with the herbicide
mixture. The wound is then wrapped with masking tape to prevent
runoff.
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After being treated, the melaleuca trees should not be disturbed (for
example, cut to inspect the cambium) for at least 24 months, or control
may be lost. Even a minor wound can trigger re-sprouting.
Arsenal, Garlon and Rodeo all give quick tree response measured by leaf
kill and seed release, although Garlon causes trees to hold their leaves
longer than either Arsenal or Rodeo.
Velpar L exhibits different behavior. It is not necessary to ring the tree
entirely; two to four cuts, depending on tree size, deep enough to
penetrate the cambium around the trunk, are sufficient (Table 3).
All Velpar kills are slow. Leaf drop and refoliation may occur several
times over a two-year period. Also, Velpar-treated trees release seeds
over a protracted time period, complicating the task of managing the
seed inventory and seedling establishment.
When using the frill and girdle or hack and squirt technique, it is
important to make only one cut in each position. Cuts above one another
merely trap the herbicide and prevent it from being circulated to roots
and terminal branches. The "unused" herbicide also presents a potential
for runoff, which may cause non-target damage.
Control of mature melaleuca trees is also possible by drilling holes every
5-7 cm and injecting herbicide into the holes. Arsenal and Velpar have
been tried. Table 4 indicates the results from Arsenal.
CONTROL OF SEEDLINGS
Herbicide choices are expanded somewhat when dealing with melaleuca
seedlings, as these plants have fewer defense mechanisms and lower
recovery potential than trees
Both selective and non-selective foliar herbicides can be used. They may
be applied by broadcast spraying, wiping, or wicking. Soil active
herbicides are also effective, particularly herbicide residues remaining
after broadcast treatment of monocultures. However, soil active
herbicides have only a limited role in treating outliers (either trees or
seedlings) because of inadequate selectivity. Additional research may
reveal combinations of soil active herbicides, rates, and adjuvants which
give selective control of melaleuca seedlings in established stands of
mature grasses and sedges.
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Our data show Arsenal effective against seedlings, but with significant
non-target damage. Limited trials using Garlon are promising, with
minimal damage to most grasses. However, broadleaf species, including
wax myrtle (Myrtle cerifera) are vulnerable. Spot re-treatment can be
effective with both Arsenal and Garlon.
Under current labeling, both Arsenal and Garlon must be applied over
land, but experimental work is now being conducted to evaluate Garlon
applied over water.
Aquatic labeled Banvel 720 and 2,4-D also provide selective control of
seedlings and may be applied over water. While neither product is as
effective as Arsenal or Garlon, several retreatments with these products
give effective control with minimal non-target damage (Table 5).
Rodeo may also be used over water, but it is effective only against very
small s e e d l i n g s , a n d even these show considerable r e g r o w t h .
Non-selectivity is another limitation of Rodeo, as it causes considerable
damage to grasses.
SEED GERMINATION AND SEEDLING ESTABLISHMENT
Of great interest to persons working in melaleuca control are techniques
to limit seed germination and seedling establishment. Since treatment of
seed-bearing adults inevitably triggers seed release, an inadequate
control program can easily increase the melaleuca problem rather than
reduce it. If seeds are prevented from germinating or seedlings from
establishing, the need for retreatment and follow-up work may be
significantly reduced. A promising approach in areas where the water
level can be manipulated is to treat mature trees to yield rapid and
uniform release of seeds, and flood the area 4-6 weeks later. This method
can reduce seedling establishment by more than 90%.
Fire (controlled burn) can also be used to limit seedling establishment.
Proper fuel, condition of seedlings, moisture levels, environmental
conditions, and safety factors, however, need to be evaluated before
using this technique for seedling control.
While our work in melaleuca control has not been directed toward
controlling seed germination, we have observed significant differences
between herbicides in this regard. Areas treated with Velpar show high
continuing activity against seedlings. Few seeds germinate, and those
that do die before they reach 5 cm in height. Arsenal also seems to inhibit
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germination of seedlings, probably due to small concentrations of
Arsenal residues in the soil. Sonar (fluridone) was evaluated in one test,
but failed to inhibit seedling development.
Additional research into this important area is needed. Products
suggested for an evaluation of their potential for seedling control include
Aquazine (simazine), Diuron, Kerb, Lasso, Ronstar, Surflan, and Treflan.
SUMMARY
If long-term melaleuca control is to be achieved, an effective biological
control agent is required. Unfortunately, one cannot predict when it will
be discovered, evaluated, or released, much less when it will turn the
tide. In the meantime, wetlands are being converted to melaleuca forests
at a rapid rate, a problem that demands prompt attention.
To fail to take action is to allow the continued degradation of valuable
habitat, loss of desirable species, and depletion of water resources.
The magnitude of the threat and the prospective cost of the control effort
are enormous, and no control technology should be dismissed out of
hand. Fire, water level manipulation, herbicides, and mechanical
methods will have to be used in some combination. In the short run, the
primary tool will be chemical herbicides. They are presently the most
cost effective technique available, and large acreages may be treated at
reasonable expense. Fire and water level manipulation will be useful in
areas where physical circumstances are favorable. However, they cannot
be relied upon as a general control method.
Mechanical clearing is effective where land is being cleared for other
purposes (development, road building, etc.), but it is not feasible
(economically or technically) in large open tracts. And clearing without
on-going management to control other invasive species may easily cause
more harm than good.
Commercial operations using melaleuca for mulch may be feasible at an
attractive cost in areas where tree density is high and transportation costs
to markets are low, since the value of the mulch can offset a significant
portion of the control cost.
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Table 1. Control of Melaleuca trees with soil application by broadcast spray
20 Week Control

Treatment

Chemical

Rate
gal/ac (ml/
Hectare)
Melaleuca

Grasses %

Cypress
and Pine %

Wax
Myrtle %

1

Velpar L

0.25 (2318)

50

70

0

35

2

Velpar L

0.5 (4637)

85

85

0

70

3

Velpar L

1.0 (6823)

99

95

5

95

NOTES:
1.

Small trees are easier to control, particularly at 0.25 gal/acre (2318 ml/hectare).

2.

Each experiment was an average of three 0.0405 hectare plots.

3.

Time of year and water table can influence:
a.

4.

Speed of control

b.

% control

c.

Seedling germination

Experiment initiated in June 1988. Treated November 1988

Table 2. Chemical cost comparisons of treating mature Melaleuca in
monocultures

Herbicide
Velpar L
Arsenal
Garlon 3A

Suggested
Rate
(GaE/Acre)

Approx.
Retail Price

Cost of
Herbicide
Per Acre

Probable
Retreatments

Total
Herbicide
Cost Per
Acre

1

$48.00/gal.

$48.00

1.2

$57.60

0.31

$167.00/gal

$52.18

2.0

$104.37

3

$56.00./gal.

$168.00

3.0

$504.00

NOTES:
1.

These are not absolute rates and absolute replications are needed.

2.

Data is based on field trials.

3.

Time of year, water table, and soil types will greatly influence control.
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Table 3. Control of Melaleuca trees using ringing technique

Chemical

Rate (about 1-4
ml/dbh)

Average
Control @
18 Mos.

Notes

Arsenal

Wet cambium

95-99%

Witches broom develops only if
injury occurs to tree

Rodeo

Wet cambium

80-85%

Witches broom on 10-20% of the
trees

Garlon

Wet cambium

80-90%

Holds leaves on tree even though
leaves are brown

2,4-D ester

Wet cambium

50-60%

Velpar

Wet cambium

75-85%

Sonar

Wet cambium

0%

Witches broom common; trees often
flush with growth 2-3 times before
dying
No impact. The cambium regrew
and the tree was unaffected

NOTES:
1.

Rate is less important than proper application technique.

2.
Small trees can be effectively treated by striking the tree once with
hatchet or machete/twisting the machete down and applying chemical to the wound
while machete is still in place.
3.
Results are an average of many experiments in different areas of
South Florida from 1986-1989.
4.
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Table 4. Control of Melaleuca trees near Fort Myers with drilling holes
every 3 inches
Experiment #

Chemical

Tree Size

Control Average

1

Arsenal

1-3" (2.5-7.6 cm)

99%

2

Arsenal

3-14" (7.6-35.6 cm)

97%

3
NOTES:

Arsenal

15-36" (35.6-91.4 cm)

70%

1.

A total of 75 trees from 1" - 36" (2.5-91.4 cm) dbh were treated.

2.
The results were categorized into 3 groups: 29 trees in Experiment 1,
39 trees in Experiment 2 and 7 trees in Experiment 3.
3.

Control is that percent of the trees dead in 6 months.

4.

The trees are still in the process of dying.

5.

Rate was 2.25 ml/dbh.

Table 5. Control of Melaleuca seedlings by broadcast spray at Bonita
Springs, Florida

Treatment
No.

Control
Range @ 3
Mos.

Control
Range of
Grasses

1

Garlon 3A plus
2% X-77

50-70 (3623-5072)

60-80%

0-40%

2

Garlon 3A plus
2% X-77

90-100 (6521-7245)

80-95%

0-65%

3

Garlon 3A plus
2% X-77

110-130 (7970-9419)

90-99%

45-80%

4

Arsenal

32 (2319)

95-99%

95-99%

2,4-D Lv ester

32-65 (2319-4710)

30-70%

10-50%

5
NOTES:
1.

Chemical

Rate Oz./Acre
(ml/hectare)

Total spray solution per plot was 50 gal/acre.

2.

Average of 32 plots at different times of the year.

3.

Plot size varied from 400 sq. ft. (121.92 sq. meters) to 1600 sq. ft.
(482.68 sq. meters)

4.

Control range is the low and high of all plots tested.

5.

Control range of grasses was greatly influenced by drought.
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CHAPTER 24
Strategies And Successes In
Controlling Alien Plants In An
Hawaiian National Park
J.T. Tunison
Hawai'i Volcanoes National Park
P.O. Box 52
Hawai'i National Park, HI 96718
ABSTRACT
Alien (exotic) plants have greatly altered some plant
communities and threaten other intact communities in
Hawai'i Volcanoes National Park (HAVO). The park
contains a p p r o x i m a t e l y 405 alien and 375 native
naturalized vascular plant species. Although the alien
plant problem was recognized in the 1920s, a systematic
control program was not developed until the 1980s. The
following strategies or actions have been taken to protect
native species assemblages: (1) controlling feral pigs and
goats; (2) excluding fire; (3) distributing mapping of
important alien plants species; (4) controlling localized
alien plant species throughout the park; (5) developing
biological controls for some widespread species; (6)
controlling all d i s r u p t i v e alien plants in Special
Ecological Areas (SEAs), the most diverse and intact sites
in the park; (7) confining one widespread species,
fountain grass, to the area it currently infests; (8)
developing herbidical control methods for target species;
(9) researching the ecology, seed biology, and phenology
of important alien plant pest species; (10) educating the
public to the importance of alien plant control and
working with other agencies and groups in alien plant
management. HAVO has been notably successful in
controlling new introductions and incipient infestations
and in protecting some of the most diverse and intact
areas (SEAs). Biological control programs, now in a
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research phase, are the potential long-term solution to
control of some widespread species. The long-term
success of alien plant control cannot be predicted at this
time because of uncertainties about levels of funding, the
effectiveness of the biological control programs, the
long-range effectiveness of SEA management, the
i m p a c t s of u n m a n a g e a b l e species, and future
introductions of disruptive species.
INTRODUCTION
Alien (exotic) plant problems have been recognized by park managers
at Hawaii' Volcanoes National Park (HAVO) since the 1920s. Desultory
efforts were taken to control alien plants until the 1970s. During this
decade, alien plant management intensified in response to the rapid
spread of several obviously disruptive alien plant species at HAVO and
Servicewide recognition of natural resource problems in national parks.
By 1982 the most important alien plant species were listed and
prioritized, and an agreement with the State of Hawai'i was reached for
initiating biological control research on some of the most disruptive
forest alien plant pests. Twenty-six species were targeted for mechanical
and chemical control programs, with control efforts applied to 14 species.
However, no species was considered to be controlled and management
was not applied to the entire range in the park of any target species.
The alien plant control program expanded and became more systematic
in the mid-1980s, and some successful control efforts have resulted. By
1988, work was in progress on 48 target species using herbicide or
mechanical control measures, and biocontrol research on three target
species was underway. Alien plant control accounted for approximately
one-third of the Resources Management budget, with four full-time
equivalents (FTEs) allocated to alien plant control. The removal of feral
goats (Capra hircus L. Bovidae, Artiodactyla) and feral pigs (Sus scrofa L.
Suidae, Artiodactyla) dominated resource management activities at
HAVO, despite the spread of alien plants.
The purpose of this paper is to describe the current alien plant program
at Hawai'i Volcanoes National Park. The paper will emphasize alien
plant control management strategies and an evaluation of program
effectiveness. Predictions about the short- and long-term success of the
programs will be offered.
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Alien Plant Problems
Alien plants have significantly modified many plant communities in
HAVO, and are serious threats to the remaining intact communities.
Smith (1985 and this volume) has characterized alien plant problems in
Hawai'i, delineated impacts, and identified disruptive species in the
state. In HAVO, approximately 405 alien plant species are now
n a t u r a l i z e d in a park that has a native vascular plant flora of
approximately 370 native species (Higashino et al. 1988). These alien
species include 34 of the 86 most disruptive introduced plant species in
Hawai'i (Smith 1985) (Table 1). HAVO plant communities vary from
essentially alien-dominated to native-dominated, with the degree of
intactness increasing with elevation. In general, the coastal lowlands are
alien-dominated, whereas the upper montane seasonal, subalpine and
alpine zones (above 1400 m elevation) are native-dominated. The
submontane seasonal zone and montane rainforest between the two
elevational extremes are a mosaic of native and semi-native plant
communities, which support a mix of native and alien plant species.
Disruptive alien plant species are capable of replacing native vegetation,
often forming monospecific stands, or significantly altering fire and
nutrient cycling regimes (Smith 1985). Some of the most disruptive
species such as faya tree (Myrica faya Ait., Myricaceae, Myricales), banana
poka (Passiflora mollissima (HKB.) Bailey, Passifloraceae, Violales), bush
beardgrass (Andropogon glomeratus (Walt.) BSP., Poaceae, Cyperales), and
broomsedge (Andropogon virginicus L. Poaceae, Cyperales) expanded
their ranges significantly in Hawai'i only in the last 25 years. These
species and many other alien plant are apparently continuing to expand
and to increase in density (Warshauer et al. 1983; Whiteaker and Gardner
1985; and Tunison et al., in press). Twenty-nine disruptive alien plant
species in HAVO are now too widespread to control using herbicides or
mechanical measures, at least at current funding levels.
The solutions to the alien plant problem in HAVO are complicated by
several factors. Most alien plant species are too widespread to be
controlled by conventional means islandwide. Reinvasion of the park is
inevitable in spite of successful parkwide control programs. Quarantine
programs for the state are inadequate as the Islands are visited by
millions of tourists yearly. Thus, newly introduced alien plant species
are anticipated. Many alien plants have occupied the park for a number
of years, and seed banks are substantial. Therefore, control is a long-term
process. The park is predominantly remote backcountry, and dense
vegetation, particularly in rainforest areas, makes control of alien plants
and an appreciation of alien species distributions very labor intensive.
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Control techniques are not known for many species and /or are not
permitted by the National Park Service.
ALIEN PLANT CONTROL STRATEGIES
Program Objectives and Strategies
The immediate objective of all resources management programs at
HAVO is to protect native species assemblages from alien biota (National
Park Service 1988). The long-range objective is to protect and promote
natural processes, the evolutionary potential of native species, and the
diversity of genotypes, species, and communities. Alien plant species are
well-established in Hawai'i and the park. Therefore, managers must
realistically accept some alien species, but only those species and
population levels compatible with the survival of native species
assemblages. Alien plant control is directed only at these disruptive alien
species, recognizing that the great majority of alien plant species
probably do not significantly affect native species populations.
Plant Management Strategies
Alien plant management at HAVO consists of the following approaches
or actions:
1.

Controlling feral pigs and goats.

2.

Excluding fire.

3.

Mapping distributions of important alien plant species.

4. Controlling localized alien plant species, throughout the
park.
5.

Developing biological controls for some widespread species.

6. Controlling all disruptive alien plants in Special Ecological
Areas (SEAs).
7. Confining one w i d e s p r e a d species, fountain grass
(Pennisetum setaceum (Forsk.) Chiov. Poaceae, Cyperales) to the
area it currently infests.

356

Strategies and Successes in Controlling Alien Plants in an Hawaiian \ational Park

8.

Developing herbidical control methods for target species.

9.

Researching the biology of important weed species.

10. Educating the public to the importance of alien plant control
and working with other agencies and groups in alien plant
management.
Controlling Feral Pigs and Feral Goats
The success of alien species has been attributed, in part, to the fact that
island ecosystems have developed in isolation from many of the selective
pressures found in continental systems (Loope and Mueller-Dombois, in
1989). Feral ungulates are probably the most important introduced
selective force or disturbance factor in Hawaiian ecosystems. Hawaiian
vegetation evolved in the absence of ungulates and lacks defenses against
herbivory by introduced mammals. Alien ungulates browse and graze
native vegetation, disperse alien plant seeds, and disturb the soil to favor
the establishment of alien plants.
The main alien ungulates at HAVO are feral goats and feral pigs, both
introduced to Hawai'i in the late eighteenth century. Feral goats were
essentially eradicated in the park below 2000 m elevation by the early
1980s, and removal of the few remaining goats above this elevation is
planned for 1989. Feral pigs have been controlled to low levels in
approximately 25% of the pig habitat in the park or in eight management
units totalling approximately 7000 ha. At current levels of funding, pigs
will be removed from additional areas but not all pig habitat in HAVO.
The strategy of removing ungulates to prevent or mitigate alien plant
problems is predicated on observations of natural exclosures and data
from experimental exclosures. Natural exclosures (e.g., steep slopes or
pit craters) tend to be areas of pristine vegetation with few aliens. This
tendency suggests that damage by ungulates is a prerequisite for the
large-scale invasion of alien plants (Loope and Scowcroft 1985,
Mueller-Dombois et al. 1981). Patterns of vegetation recovery in
experimental exclosures from which ungulates are removed is less
definitive. Native vegetation tends to hold its own or even recover
dramatically in areas that are native-dominated. In areas that are mostly
alien-dominated, alien plants tend to persist or even increase, inhibiting
the invasion of alien vegetation (Loope and Scowcroft 1985).
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The success of ungulate control in controlling alien plants over large
areas though is not as well documented as that of small experimental
exclosures. Managers and researchers have not documented recovery
patterns in some cases. However, in most areas feral goats and pigs have
only recently been removed and trends are not apparent. Documenting
the recovery of vegetation following ungulate removal is one of the most
important research and monitoring activities in HAVO.
Recovery patterns appear to vary with many factors, some of which
include: the proximity and kind of alien plant invaders; the duration and
intensity of ungulate disturbance; the vulnerability and palatability of
key native plant species; and the susceptibility of habitats to alien plant
invasions (Stone et al., in press).
The success of alien plants in rainforest cleared of ungulates appears to
vary depending on the kind and proximity of key disruptive alien plant
species. Native plant species appear to recover significantly and there is
little encroachment by alien plants in subalpine and upper montane
seasonal environments, when ungulates have been removed. In coastal
lowland areas, removal of ungulates has resulted in an explosive
proliferation of fire-adapted alien grasses (Smith and Tunison, in press).
In submontane seasonal environments, ungulate removal has probably
favored the recovery of native woody plants. Pyrophytic, alien grasses,
h o w e v e r , have also i n v a d e d these areas. Results to date from
management indicate that in some areas, ungulate removal is only one
of a number of steps required for successful ecosystem restoration (Stone
et al., in press).
Excluding Fire
The spread and intensification of alien grasses in the coastal lowlands
and submontane seasonal zones have dramatically altered the natural
fire regime in much of HAVO in the last 20 years (Smith and Tunison,
in press). Fire was probably not an important ecological factor until
recently in Hawai'i, mainly because of the paucity of grassy fine fuels.
Alien grasses have increased the size, intensity, and frequency of fire.
Between 1916 and 1967, there were 27 fires at HAVO averaging 4 ha;
since 1968 there have been 58 fires averaging 229 ha (National Park
Service 1985). Native plants are not as well adapted as aliens to frequent
and intense fires. Therefore, fire now results in not only the diminution
of native plant populations but also the intensification of alien vegetation,
particularly fire-adapted bunch grasses. All fires cause unfavorable fire
effects, even those of low intensity and those ignited by natural sources
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such as lava flows or lightning. Burned areas are more likely to burn
again, and repeated fires incrementally degrade native vegetation (Smith
and Tunison, in press).
To prevent the loss of native vegetation and the stimulation of alien
plants, HAVO has adopted a total fire suppression policy and does not
allow natural fire and prescribed burning (National Park Service 1985).
An active fire prevention program emphasizing manual hazardous fuel
reduction along roadsides and construction of fuel breaks was started in
1988 to reduce the number of fire starts and the size of fires. Distribution
maps of park fuels are being prepared and preliminary customized fuel
models are being developed. An intensive effort to assess fire effects in
both recent and old burns has been undertaken to assess the ecological
impacts and need of fire exclusion. The effectiveness of these research
and management programs in reducing the impacts of fire cannot be
predicted at this time.
Distribution Mapping of Important Alien Plant Species
A systematic program to map the distribution of 38 alien plant species
was conducted 1983-1985 (Tunison et al., in press). Prior to this, the
paucity and quality of distribution maps hampered the alien plant
control program. Systematic mapping was undertaken to achieve these
objectives:
1. Determine the feasibility of controlling alien plant species
targeted for management in the Resources Management Plan.
2.

Develop a strategy for controlling target species.

3. Locate every population of a target species to assure that
all plants are treated once a control program commences.
3. Establish a baseline for assessing the spread of individual
alien plant populations.
4.

Assess the effectiveness of control programs.

Distribution mapping was very effective in defining target species,
developing alien plant control strategies (Tunison et al, in press), and
establishing workload requirements. Twelve new target species were
identified as a consequence of mapping efforts. These were either
disruptive species found for the first time in the park or species known
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to occur but discovered to be spreading rapidly. Mapping revealed the
location of all populations and indicated that only portions of some
target species (e.g., black wattle (Acacia decurrens (Wendl.) VVilld.
Leguminosae, Rosales) were being treated. Mapping also changed
priorities among current target species. For example, the distribution of
nasturtium (Tropaeolum majus L. Tropaeolaceae, Geraniales), was
determined to be much greater than previously thought and to require
immediate control efforts. More importantly, distribution mapping
indicated that eight species targeted for parkwide control were too
widespread for control efforts with the resources available. Control
efforts on these species were shifted from a parkwide emphasis to control
in selected areas with high biological values and a greater chance of
success (Special Ecological Areas) (Tunison and Stone, in press).
Monitoring of alien plants continues through a systematic distribution
mapping program. Research and Resources Management personnel are
collecting data on approximately 75 alien plant species incidental to other
field work. Research personnel have collected distribution data in 1988
on all alien plant species in the park's rainforest while conducting
surveys to recommend new areas to be managed. Alien plants are also
quantitatively monitored in a number of Special Ecological Areas.

Controlling Localized Alien Plant Species
Forty-one potentially disruptive, localized alien plant species are
controlled throughout the park. These species are represented by
populations with few to several thousand individuals that are localized
in distribution. They are either new introductions to the park or more
established populations now viewed as incipient infestations. Many alien
species were planted as range or reforestation plants in a former
inholding used as a sheep and cattle ranch, and many ornamental species
were planted near Kilauea Caldera, the main visitor attraction in the
Park.
Localized alien plant species are controlled to withdraw alien species
from park ecosystems and forestall costly control programs in the future.
The s p r e a d of kahili ginger (Hedychium gardneraianum Roscoe,
Zingiberaceae, Zingiberales), an aggressive perennial herb now well
established in park rainforests, might have been curtailed in much of
HAVO if it had been removed when the first few plants were noticed
in the Park Residential area 40 years ago (Fagerlund 1947).
Target species are selected for control primarily on the basis of
invasiveness in the park or other parts of the State. Other considerations
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include viney habit, taxonomic affinities to invasive species, and
potential for dispersal. Many aggressive aliens are thought to become
established initially in ruderal habitats from which they spread to natural
communities. Therefore, roads, trails, and developed areas are surveyed
at least annually to detect new establishments.
Control efforts have been highly effective on 26 of the 41 target species
(Tunison and Zimmer, in press) (Table 1). Seed production has been
curtailed and populations have been markedly reduced. Nine of these
26 species have apparently been eradicated. Seven others have been
reduced to seedling stages, with eradication awaiting depletion of the
seed bank. Control efforts have been partially successful on the balance
of the 41 target species, with reductions in populations and seed
production (Table 1). Workloads have dropped significantly for the
program, from nearly two FTE at the outset of localized alien plant
control efforts in 1985 to less than .5 FTE/year in 1988.
Developing Biological Controls for Some Widespread Species
Biological control (biocontrol) is the preferred approach for alien plants
that are widespread in the park or that are present outside the park and
have the potential to continously reinfest the park (National Park Service
1988). For example, biocontrol is perceived as the long-range solution
for banana poka and faya tree infestations. These species are already too
widespread in the park for parkwide control by herbicides, and
reinvasion is inevitable because they are widely distributed on the Island.
Biological control programs have been effective in Hawai'i in controlling
several alien plant species, including lantana (Lantana camara L.
Verbenaceae, Lamiales), prickly pear cactus (Opuntia megacantha
Salm-Dyck, Cactaceae, Caryophyllales), and Hamakua pamakani
(Eupatoriwn riparium Regel, Compositae, Asterales).
A Memorandum of Understanding has been established among the
National Park Service, US Forest Service, Hawai'i State Departments of
Land and Natural Resources and Agriculture, and University of Hawai'i
to coordinate biological control efforts on forest pests in the State. A
quarantine facility for entomological studies has been constructed in
HAVO and is staffed by the US Forest Service. Studies on biocontrol
with pathogens have been started by a NPS Park Service Research
Scientist stationed at the University of Hawai'i; however facilities are
inadequate for continued studies. Eight target species have been
identified for study, and work is in progress on four of these species
(Table 1), with one release in HAVO pending.
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Controlling All Disruptive Alien Plants in Special Ecological Areas
Since 1985, all disruptive alien plant species, including those too
widespread for control parkwide, are now controlled in intensive
management and research units called Special Ecological Areas (SEA's)
(Tunison et al. 1986; Tunison and Stone, in press). This approach to alien
plant control developed from these perceptions:
1. The impossibility of managing widespread alien plant
species on a parkwide basis. Some of these species are too dense
a n d / o r widespread for control by herbicidal or mechanical
means. The establishment of SEA's is partly a concession that
the alien plant problem at HAVO is too a d v a n c e d for
conventional means of control except in localized areas.
2. The need to protect the most intact, most representative and
richest sites of the park from disruptive alien species, and to
begin control efforts in these areas while alien species are still
localized and hence manageable by conventional methods. Many
of these sites are readily recognized and immediately threatened
by alien plants.
3. The need to integrate alien plant control with feral animal
control, with research on small mammals, arthropods, and
ecosystem processes, and with interpretation of biological
resources to park visitors. Almost without exception, ungulate
control has been completed or planned for these areas. SEA's are
becoming the foci for research and ungulate control in the park.
4. The awareness that the most effective management of alien
biota has occurred incrementally at HAVO. As with feral
ungulates, once alien plant populations reach maintenance
levels, SEA's can then be expanded or new SEA's can be
managed. SEA's can serve as models of successful management.
Control of widespsread alien plants with SEA's was started in 1985. All
disruptive alien plant species controllable by chemical or mechanical
means were targeted for control. Even species targeted for biological
control were managed because the effectiveness or timeliness of control
with biological control agents is uncertain at this time (Markin et al., in
press). Considerable and possibly irreversible ecological damage may
occur in the interim.
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Ten SEA's totalling 7600 ha (of approximately 53,000 vegetated hectares)
are now managed. These areas range from 12-2700 ha, with four areas
less than 50 ha. Half of the SEA's include a buffer zone from which
selected alien plants are removed. An additional 11 areas comprising
approximately 7800 ha have been proposed as SEA's. Several SEA's were
selected or proposed in each ecological zone in the park.
Populations of the eight target plant species have been reduced to very
low levels, seed production has been essentially eliminated, and
recruitment has been relatively low after four years of management
(Tunison and Stone, in press). The three target species that require
essentially all the time allocated to alien plant control in SEA's are faya
tree, strawberry guava (Psidium cattleianum Sabine, Myrtaceae, Myrtales),
and kahili ginger. The density of faya tree found (and treated) in all
SEA's has declined from approximately 14 plants/ha to less than two
plants/ha. Strawberry guava has declined from 11 plants/ha to 0.5
plants/ha. The quantity of kahili ginger rhizome removed from SEA's
declined from 24 kg/ha to less than 0.5 kg/ha. Workloads for the total
program have dropped markedly from 1,150 worker-days the first year
to less than 250 worker-days after four years.
Confining One Widespread Species to the Existing Infestation
Managed widespread alien plant species are usually targeted for
biological control a n d / o r for conventional control in Special Ecological
Areas. The management of one widespread species, fountain grass,
differs in that it also includes an attempt to confine this species to the
existing infestation in the park (Tunison, in press), an 8000 ha area in
the southwest corner of the park. Fountain grass is a highly disruptive
species that increases fuel loadings and endangers native woody species
through increased fire frequency and intensity. It can colonize bare lava
flows, thereby upsetting primary succession at any early stage on
geological substrates normally supporting native plant communities. The
workload required for treatment was quantified while conducting
distribution mapping. Control of fountain grass was found to initially
require approximately 4-5 FTE's, far beyond the means of park
m a n a g e m e n t w i t h o u t major funding increases or reversals of
long-standing priorities (Tunison, in press). The prospects for successful
biological control were deemed to be minimal because no pests or
pathogens of fountain grass are known and agricultural interests in the
State are prone to resist biological control for grasses.
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Control efforts began on the edge of the range in HAVO in a "buffer
zone" to prevent the spread of this species to the north and east. As
funding became available or workloads decreased, control efforts were
extended toward the center of the infestation. This strategy was based
on distribution mapping data which indicated that fountain grass was
normally dispersed short distances, and that the current 8000 ha
infestation has two major centers of distribution grading into areas of
very low density (plant/ha) on the periphery of the range. Fountain grass
was perceived as actively spreading on the periphery of its range. Results
to date using a strategy of confining fountain grass are promising
(Tunison et al., 1989). Workloads and populations have been declining
noticeably in portions of the buffer zone on the periphery of the
infestation managed for more than two years. Furthermore, there has
been little establishment across the buffer zone into previously
uninfested areas.
Developing Herbicidal Control Methods for Target Species
An integrated pest management approach is used in HAVO. The proper
combination of control methods to achieve ecologically safe and efficient
control are considered. Herbicides, however, are needed to control most
target species because mechanical control methods are not feasible in
native or semi-native communities in a park setting; most target species
resprout when cut; and effective biocontrol agents are not available.
Chemical means of control are not known for many target species in
HAVO or, in some cases, are known but not permitted in national parks.
Frequently, treatment methods must be developed by NPS researchers
who attempt to develop ecologically sound, safe, and efficient means of
chemical control with consideration of impacts on non-target species and
the environment.
Treatment methods have been developed by NPS researchers for nine
target species, with work on progress on six others. In some cases, effects
on non-target plant species have been investigated. In all but two cases,
cut stump or frill techniques have been found to localize and minimize
pesticide application, and less than 35 liters of herbicide were used in
alien plant control and research in 1987.
Researching the Biology of Important Weed Species
Understanding the biology of disruptive alien plant species is important
for these reasons:
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1.

Identifying species requiring control.

2.

Predicting the ranges and densities of invasive species.

3. Identifying vulnerable links in the life cycles of managed
species to formulate control strategies.
4. Monitoring the impacts of alien plants and control
programs on park ecosystems.
These objectives can be achieved by understanding features such as
dispersal, factors limiting establishment, alien plant population
dynamics, and interactions of alien species and native species.
These factors have been studied in depth in HAVO for only one species,
faya tree (Vitousek et al. 1987; Vitousek and Walker, pers. comm.;
Whiteaker and Gardner 1985 & 1987). The researchers studied biological
factors responsible for the success of this species such as demography,
growth rates, phenology, seed biology including dispersal and viability
in the soil, and soil nutrient changes resulting from the invasion of this
nitrogen-fixing species. Vitousek and other researchers are now assessing
the impacts of faya tree on the vegetation of invaded sites and factors
that may limit the distribution of faya tree in HAVO. Studies addressing
limiting factors to establishment are planned for fountain grass.
Population studies of strawberry guava are in progress (Huenneke, this
volume). Population data have been collected on a number of rainforest
species while investigating the recovery of vegetation following ungulate
removal or comparing rainforest areas in prioritizing them for alien biota
management. Seed viability and germination studies have been
conducted on a number of alien plant species.
Without biological studies of weed species, managers have prioritized
species for management and developed control strategies largely from
distributing mapping information, qualitative observations, and the
advice of local botanists. Fortunately, alien plant populations dynamics,
impacts, and even limiting factors are obvious in some cases, or can be
determined through monitoring of control programs. Furthermore, little
or no research is needed to manage the majority of target species which
are localized in distribution. However, thorough weed ecology studies
are needed at HAVO for widespread disruptive species requiring a
greater investment of resources to manage.
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Educating the Public to the Importance of Alien Plant Control and
Working with Other Agencies
HAVO tries to educate the public about alien plant problems in Hawai'i
and thereby develop support for alien plant control programs. Alien
plant problems are a minor theme of some park interpretive programs
which emphasize geological, cultural, and feral animal control messages.
The Resources Management Division at HAVO has an active volunteer
program, but has been able to generate little sustained interest in alien
plant control activities, with volunteers preferring technical assignments
with wildlife or fire (Misaki and Tunison, in press). On the whole, it has
been very difficult to excite the public about alien plant problems and
the need to control alien plants. A major reason is that Hawai'i Island
has a mostly rural and small town culture with little interest in
conservation problems. In fact, there has been little success in convincing
NPS m a n a g e r s , w h o typically are very interested in u n g u l a t e
management, that alien plant management requires the same funding
and attention as feral animal problems. A shortcoming of the alien plant
control program has been the inability to find a way to make alien plant
problems important to the public.
Education of the scientific and conservation communities about alien
plant problems has been exemplary. Alien plant problems were the
theme of a three day symposium in HAVO in 1986 (Stone et al. in press),
and a number of papers have addressed alien plants in the biennial
science conferences and symposia held at HAVO since 1976.
The Hawai'i State Department of Agriculture, the lead state agency in
alien plant control, employs a small crew to control some alien plant
species using mechanical or chemical means. However, it mostly confines
its efforts to species affecting rangelands, and their efforts have not
helped HAVO directly. The state is also the lead agency in an interagency
effort for statewide control of gorse (Ulex europaeu$, Leguminosae,
Rosales) using herbicides, grazing, reforestation, and biocontrol.
Considerable common interests have developed in biocontrol of some
alien plants disruptive to rangelands or forests (e.g., banana poka, faya
tree, and gorse). State cooperation is needed in biocontrol research
because the state determines which biocontrol agents may be imported.
They will not allow importation of biocontrol agents for any target alien
plant species which is closely related to economically valuable species
or desirable plants. This precludes a biocontrol solution to several target
species in HAVO. On the whole, cooperation with local agencies has
improved in the 1980s, particulary in biocontrol.
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DISCUSSION: LONG-TERM EFFECTIVENESS OF CONTROL
PROGRAMS
HAVO has overwhelming and seemingly intractable alien plant
problems. Island ecosystems are highly vulnerable to alien plant
invasions, and the park has a history of disturbance by fire and
ungulates, factors facilitating the spread of alien plant species.
Furthermore, alien invasions are well advanced, and some alien species
have demonstrated the ability to alter native plant communities
completely. Finally, disruptive alien plant species outside the park will
inevitably reach HAVO.
Two recently adopted alien plant control strategies have been notably
successful at HAVO in the short-term. These are offered as models to
other preserves with serious alien plant problems: control of localized
alien plant species and control of widespread alien plant species in
Special Ecological Areas. Target species have been reduced to low levels
and workloads necessary for control programs have declined greatly in
managed areas. Furthermore, many new introductions, which might
have otherwise become potential pest species, are now under control.
Finally, some of the most diverse and intact areas in the park are
protected from alien plant species. The localized alien plant control and
Special Ecological Area programs have shortcomings. The localized alien
plant control program addresses new invasions only along predictable
sites of establishment, namely roads, trails, and developed sites, all areas
which can be routinely scouted. Species can readily become established
in backcountry areas and spread from these invasion sites. Alien plant
control will require indefinite maintenance efforts in Special Ecological
Areas because of reinvasion from outside areas. Areas outside SEA's may
become increasingly degraded so that SEA's become islands in a sea of
alien plants. Reinvasion of the SEA's mandates indefinite management,
may require increased workloads, and may even make control programs
unfeasible. Many of the SEA's are quite small and may suffer genetic
and demographic erosion due to insularization. The boundary to area
ratios and edge effects of small SEA's makes invasion more likely and
management more difficult. If, on the other hand, areas between the
SEA's do not degrade, they can serve as corridors of dispersal and gene
flow for native species between SEA's. Parkwide management programs
such as control of localized alien plants, biocontrol, and control of feral
ungulates may be sufficient to perpetuate many native species and
near-natural processes between SEA's.
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Biocontrol is considered to be a potential long-range solution for alien
plant problems in Hawai'i. However, optimism about biocontrol should
be tempered by these considerations (Markin et al, in press):
1. Successful biological control programs on weeds have been
successful with 50% of the target species attempted.
2.

Effective biocontrol agents may not be available or found.

3. Even if effective biological control agents can be introduced,
effective population control may require 5-10 years from the
beginning of research; considerable ecological damage may occur
in the intermin.
4. Biological control is expensive and control programs may
cost 1-1.5 million dollars per species, with consistent and
continuous funding a prerequisite.
5. Finally, biological control may not be feasible for a number
of widespread disruptive species targeted for this approach. For
example, State agencies may not permit the importation of
biocontrol agents because some target species are economically
valuable plants in Hawai'i or related to such species. Biocontrol
programs for alien grasses such as fountain grass or broomsedge
are problematical because of concerns, real or perceived, about
t h r e a t s to sugar cane (Saccharum officinarum L., Poaceae,
Cyperales) or pasture grasses.
On the positive side, biocontrol efforts have been successful in the past
in Hawai'i, an approach utilizing both pathogens and arthropods has
been taken, and the costs of biocontrol are minimal once effective
population levels of biocontrol agents are established. Biological control
efforts may prove to be more effective once research using pathogens as
biocontrol agents is supported sufficiently.
The above comments mainly address capabilities of management
programs to prevent the encroachment of alien plants in largely intact
communities. The restoration of alien-dominated plant communities is a
much more challenging task. Chemical and mechanical control measures
are obviously more labor intensive in these areas. In addition,
conventional and biological control alone will do little to restore native
vegetation once it is eliminated. Alien species tend to replace alien plants
removed in alien-dominated plant communities. Native plant seed
sources have been depleted in some coastal lowland communities
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because of a long history of Polynesian land use and feral goat damage.
Repatriation programs, unsuccessful when tried in the 1970s, will
therefore be required for restoration of the coastal lowlands.
The long-term effectiveness of control programs at HAVO cannot be
predicted because of uncertainties about the effectiveness of biological
control, potential invasion of new alien plants species, the eventual
impacts of uncontrollable plant species, and the uncertainty of support
for continued programs. The alien plant control program is now still in
its infancy and lags behind successful ungulate control programs in
funding. However, the short-term effectiveness of localized alien plant
control and Special Ecological Area management has given managers
considerable hope where little progress had been made previously,
where the best biological resources of the park were threatened, and
where alien plant populations were expanding very rapidly. These
productive approaches could be expanded to larger areas of the park
with similar effectiveness with sufficient funding levels.
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Table 1. Important alien plant species in Hawai'i Volcanoes National Park
and their management

Species

Common Name

Family

Distribution
in H A V O

Management
Status

Acacia confusus*

Formosan koa

I.eguminosae

Localizied

Controlled

Acacia decurrens1*

Blackwattle

Lcguminosae

Localized

Controlled;
reduced to
seedling stages

Acacia
melanoxvlons-

Blackwood acacia

Leguminosae

Localized

Possibly
eradicated

Agave americana

Agave

Amaryllidaceae

Localized

Possibly
eradicated

Agave sisalana

Sisal

Amaryllidaccae

Localized

Mostly controlled

Albizia sp.

Albizzia

Leguminosae

Localized

Possibly
eradicated

Andropogon
glomeratus*

Bush beardgrass

Gramineae

Widespread

Not controlled;
targeted tor
biological control
research but
permission to
import biocontrol
agents is
problematical

Andropogon
virginicus*

Broom sedge

Gramineae

Widespread

Not controlled;
targeted for
biological control
research and
comments for A.
glomerulus apply

Anthoxanthum
odoratum*

Sweet vernal grass Gramineae

Widespread

Not managed

Ardisia crispa

Hilo holly

Myrsinaccae

Localized

Controlled

Arthrostemma
Latifolia

Arthrostemma

Melastomataceae

Localized

Partially
controlled

Benicasa hispida

Chinese melon

Cucurbitaceae

Localized

Probably
eradicated

Casuarina
equisetifolia*

Ironwood

Casuarinaceae

Localized

Controlled with
some rcsprouting

Eleagnus
umbellata

Oleaster

Eleagnaceae

Localized

Controlled

Eriobotrya
japonica

Loquat

Rosaceae

Localized

Controlled;
reduced to
seedling stages

Eucalyptus
gobosuss-

Eucalyptus

Myrtaccae

Localized

Controlled except
where planted in
a campground

Eugcnia cumini*

Java plum

Myrtaceae

Widespread

Not managed

Eugenia jambos*

Rose apple

Myrtaceae

Widespread

One disjunct
population
controlled

Fcijoya sellowiana

Pineapple guava

Myrtaceae

Localized

Probably
eradicated
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Species

Common Name

Family

Distribution
in H A V O

Management
Status

Fraxinus
americana

White ash

Olcaccae

Localized

Controlled;
reduced to
seedling stages

Fraxinus uhdei*

Tropical ash

Olcaceae

Localized

Probably
eradicated

Grevillea robusta*

Silky oak

Proteaceae

Widespread

Controlled in
SEA's; funding
requested for
parkwide control

Hedera helix

Fnglish ivy

Araliaceae

Localized

Controlled

Hedychium
gardnerianum*

Kahili ginger

Zingibcraceae

Widespread

Controlled in
SEA's; funding
requested for
parkwide control

Holcus lanatus*

Velvet grass

Gramincae

Widespread

Not managed

Hyparrhenia rufa

Thactching grass

Gramincae

Widespread

Not managed

Lantana camara*

Lantana

Verbcnaccae

Widespread

Partially
controlled by
biological control
agents introduced
to state

Leucaena
leucocephala*

Koa haole

Leguminosae

Widespread

Not managed;
funding
requested for
parkwide control

Linocicra
ligustrina*

Russian olive

Oleaceae

Widespread

Controlled in
SEA's; funding
requested for
parkwide control

Lupinus hybridus

Lupine

Leguminosae

Localized

Controlled;
reduced to
seedling stages

Melaleuca
leucadcndra*

Paperbark

Myrtaceae

Localized

Probably
eradicated

Melochia
umbellata*

Gunpowder tree

Stcrculiaceae

Localized

Controlled;
reduced to
seedling stages

Melinis
minutiflora*

Molasses grass

Gramincae

Widespread

Targeted for
biological control
research but
permission to
import biocontrol
agents
problematical

Microlaena
stipoidcs*

Meadow ricegrass

Gramincae

Widespread

Not managed but
research in
progress for
chemical control
in localized sites
in SEA's
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Species

Common Name

Family

Distribution
in H A V O

Management
Status

Myrica faya*

Faya tree

Myricaceae

Widespread

Controlled in
SFA's; biocontrol
research
underway

Optunia
megacantha

Prickly pear
cactus

Cactaceac

Localized

Biocontrol agents
introduced to
aprk from west
side of island to
park without
noticeable effects
to date

Paederia foetida

Maile Pilau

Rubiaceae

Localized

Possibly
eradicated

Paspaiurn
conjugatum*

Hilo grass

Gramincac

Widespread

Not managed;
research in
progress for
chemical control
in localized sites
in some SFA's

Paspalum
dilatatum

Dallis grass

Cramineae

Widespread

Not managed;
comments for P.
conjugatum apply

Paspalum urvillei

Vasey grass

Gramineae

Widespread

Not managed;
comments for P.
conjugation apply

Pass i flora
molissima*

Banana poka

Passifloraccae

Widespread

Controlled
chemically in
SFA's; biological
control research
in progress and
first release
planned for 1988

Pennisetum
clandestinum*

Kikuyu grass

Gramineae

Widespread

Controlled in
SEA's and other
localized sites

Pennisetum
setaccum*

Fountain grass

Gramineae

Widespread

Controlled in
SEA's, in
outlying
populations, and
on periphery of
main infestation

Phormium tenax

New Zealand flax

Liliaceae

Localized

Controlled with
some rcsprouting

Pinus caribaea

Slash pine

Pinaceae

Localized

Controlled to
seedling stages

Pittosporum
undulatum

Pittosporum

Pittosporaceae

Localized

Possibly
eradicated

Prosopis pallida*

Kiawe

Leguminosae

Localized

Controlled with
some rcsprouting

Psidium
cattleianum*

Strawberry Guava

Myrtaceae

Widespread

Controlled in
SEA's; targeted
for biocontrol
research
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Species

Common Name

Family

Distribution
in H A V O

Management
Status

Psidium guagava*

Common guava

Myrtaceae

Widespread

Controlled in
some SFA's

Pueraria lobata

Kudzu

Leguminosae

Localized

Controlled with
some resprouting

Ricinus communis

Castorbean

Euphorbiaceae

Localized

Controlled to
seedling stages

Rubus ellipticus

Himalayan
raspberry

Rosaceae

Widespread

Targeted for
biocontrol
research

Rubus glaucus

Raspberry

Rosaceac

Widespread

Funding
requesstcd for
parkwide control

Rubus penetrans

Blackberry

Rosaceae

Widespread

Biocontrol
research in
progress

Schinus
terebinthifolius*

Christmasberry

Anocardiaceae

Widespread

Not managed but
funding
requested for
control in part of
park

Setaria
palmaefolia*

Palm grass

Gramincae

Widespread

Controlled only
in SEA's

Solanum
pseudocapsicum

Jurusalcm cherry

Solanaceae

Widespread

Controlled only
in SEA's

Soliva sessilis

Compositae

Localized

Controlled

Tibouchina
urvilleana*

Glory bush

Melatomataceae

Localized

Partially
controlled

Tropaclolum
ma jus

Nasturtium

Trapaeoleaceae

Localized

Controlled

Trema orientalise-

Trema

Ulmaceae

Localized

Controlled to
seedling stages

Verbascum
thapsus*

Common mullein

Scrophulariaceae

Localized

Not managed

"Considered by Smith (1985) to be serious plant pests in natural communities in Hawai'i.
•fConsidcred by Smith (1985) to be potential plant pests in natural communities in Hawai'i.
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CHAPTER 25
Efforts Of Biological Control Of
Christmas Berry (Schinus
terebinthifolius) In Hawaii
E.R. Yoshioka
Hawaii Department of Agriculture
16 E. Lanikaula Street
Hilo, Hawaii 96720
and
G.P. Markin
USDA Forest Service
1643 Kilauea Avenue
Hilo, Hawaii 96720
ABSTRACT
Introduced to Hawaii as an ornamental before 1900,
C h r i s t m a s berry, Schinus terebinthifolius
Raddi.
(Anacardiaceae), has escaped from cultivation and
presently is established on over 50,000 ha of the drier
parts of our six major Islands. Early efforts at biological
control that began in 1954 with a search for natural
enemies in Brazil identified over 30 species of associated
insects, seven of which were eventually shipped to
Hawaii for testing. The first to be released was a leaf
feeding caterpillar, Episimus utilis (Lepidoptera:
Tortricidae) in 1954, followed by a seed-feeding beetle
Bruchus atronotatus Pic. (Coleoptera: Bruchidae) in 1960,
and a gall-forming caterpillar, Crasimorpha infuscata
Hodges (Lepidoptera: Gelechiidae) in 1961. E. utilis and
B. atronotatus have become established, but for some
unknown reason, high populations of E. utilis have not
been observed in most areas. In 1970, a fourth insect, a
seed feeding wasp, Megastigmus transvaalensis (Hussey)
(Hymenoptera: Torymidae), was reported attacking
seeds of Christmas berry on the island of Oahu. By 1984,
this wasp had naturally spread to at least 4 other islands.
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On the Island of Hawaii, populations initially were low
(1 to 5% of seeds attacked), but have steadily increased
(9.7% in 1988), and this species has replaced B.
atronotatus as the dominant insect attacking Christmas
berry seeds.
INTRODUCTION
Christmas berry, Schinus terebinthifolius, a medium-sized shrub or small
tree native to Brazil, was introduced to Hawaii sometime before 1900
(Neal 1965), and has now spread to all our major islands and become
another of the 300 plants recognized as weeds (Haselwood, et al. 1983).
Besides Hawaii, this plant has also been introduced into Florida, where
it is now considered a very serious pest (Doren et al., in press), and
South Africa, where it is an insignificant problem (Neser, in press).
The reason for its original introduction into Hawaii is unknown, but it
is suspected that it was brought in as an ornamental. With its bright
green, waxy evergreen foliage, abundant, dense clusters of small, red
berries, and spicy aromatic odor, it is an attractive ornamental, and can
be found in landscaping in the drier parts of the islands, such as in the
city of Honolulu. It is still commonly used in Christmas decorations,
such as wreaths, hence the local name Christmas berry. Shipments of
these decorations are probably the means by which it was distributed
throughout the islands. It is suspected that once this plant is established
on a new island, birds cause its further spread (Pemberton 1957, Hosaka
and Thistle 1954). No recent survey has been conducted to determine its
total distribution in Hawaii, but estimates made in 1962 indicated 42,000
ha of moderate to heavy infestation statewide (Hawaii Dept. of
Agriculture 1962). Personal contact with weed control personnel
throughout the State leads us to believe that it has probably increased
its range to about 50,000 ha of moderate to heavy infestation, with an
additional 200,000 ha containing occasional to scattered plants.
Present Status on the Island of Hawaii
On our largest island, the island of Hawaii, which comprises two thirds
the land area of the state, and where both the authors are stationed, we
have been able to obtain more specific information on its distribution
(Fig. 1). On the island of Hawaii, Christmas berry is found from sea level
up to approximately 750 m, with scattered plants found up to 1000 m.
It is most abundant in a band stretching from 200 to 700 m on the drier,
west side of the island where rainfall ranges from 100 to 175 cm per
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year. Above 700 m, rainfall increases to over 250 cm, and while the plant
readily grows and produces abundant fruit, it apparently is limited by
competition from other vegetation. Soil type does not seem to limit the
spread of this plant since we found it in soils ranging from deep, fertile,
agricultural land to fresh lava flows less than 100 years old. The only
extensive survey of its range on the island of Hawaii was conducted in
the early 1960's (Hawaii Department of Agriculture 1962), and indicated
that, at that time, it was abundant enough to be considered a weed on
approximately 25,000 ha. Spot checks on its distribution conducted over
the past three years show that the main portion of its range has increased
to only 32,000 ha since the 1960's, indicating that, at least temporarily,
the plant may have reached its potential ecological range on this island.
Besides this main infestation, scattered plants can be found on an
additional 90,000 ha on most of the drier parts of the island that are
below 700 m. In this area of light infestation, Christmas berry is usually
found in a zone of highly modified vegetation comprised mostly of other
introduced grasses, shrubs, and trees. Within this ecosystem of exotics,
Christmas berry is just another plant and few efforts have been made to
control it. The exceptions are in a few of our remaining pockets of native
vegetation at lower elevations, such as the coastal portion of Hawaii
Volcanoes National Park. Here, along with many other introduced
plants, it can readily invade and replace our native species and is
recognized by the National Park Service as a potentially important weed
potential (Gardner and Davis 1982). It is so scattered and widespread,
however, that control would be very difficult, and it is not now included
in any ongoing management programs.
The major band of Christmas berry on the west side of the island is
generally in an area of steep, undeveloped land, fresh lava flows, or
subdevelopments, where it is not recognized as a problem. It is also not
a problem in the few areas under cultivation (avocado, coffee, and
macadamia nuts). It is a problem to ranchers scattered in this band,
particularly in the south end, in the district of Ka'u, which contains the
most extensive infestation. Near the communities of Waiohinu and
Naalehu, it is the dominate plant. From the turn of the century until the
mid 1940"s, much of the range land in this area supported extensive
stands of another shrubby weed, Lantana camara. A very successful
biological control program (Krauss 1962b) which began in 1902,
significantly eliminated Lantana from this area by the mid 1940's. As the
Lantana disappeared, it was soon replaced by Christmas berry, and today
thousands of acres of potentially valuable grazing lands are dominated
by 3 to 5 m high stands of solid Christmas berry. In this area, the Ka'u
district, ranchers now consider Christmas berry to be their most
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important weed, and have abandoned or sold for development the worst
of the infested areas, or depend on periodic control, usually with
mechanical mowers, to keep it from invading remaining pastures. The
State of Hawaii Weed Control Branch, however, does not consider this
weed to be significant enough to control it on any state lands, or to have
initiated cooperative programs to help the ranchers.
Efforts at Biological Control
In the late 1940s and 1950s, Christmas berry was considered a serious
problem (Hosaka and Thistle 1954), and in the early 1950's, it was
declared a candidate for a biological control project (Pemberton 1957,
Krauss 1962a, 1963). Efforts at finding potential biological control agents
were undertaken by the Department of Agriculture's Foreign Exploratory
Entomologist, Noel Krauss, who visited Brazil to study its complex of
natural enemies. He eventually recorded over 30 species of insects
associated with this plant (Krauss 1963), identified 11 insects that he felt
were potential biological control agents, and shipped seven to quarantine
facility in Honolulu. Of the seven, several could not be propagated or
failed their host testing, but eventually three were released.
1.
Episimus utilis Zimmerman (Lepidoptera: Tortricidae). E.
utilis is a small (14 mm wing span), grey moth, whose young
larvae web together adjacent leaflets and older larvae roll a single
leaflet, to form a shelter in which to feed. Feeding usually begins
while the leaves are still young and expanding, and continues
for 30 to 45 days.
Originally collected at Salvador, Bahia, and Rio de Janerio, Brazil,
four lots were sent to quarantine in Honolulu in July 1954, and
following screening and host testing, several hundred adults
were released on the islands of Hawaii, and Oahu in December
of 1954. E. utilis was mass-reared in Honolulu, and additional
releases were made on Molokai in 1955 and on Maui and Kauai
in 1956 (Krauss 1963, Zimmerman 1978a). Its first recovery was
made on Oahu in September 1957 (Davis 1959) and on Molokai
in 1959 (Beardsley 1959). It is now established statewide over the
entire range of Christmas berry.
2.
Crasimorpha infuscata Hodges (Lepidoptera: Gelechiidae).
The larvae of this moth mine the terminals of branches,
eventually forming galls. Larval attack was not expected to kill
the twigs, but would reduce flowering and seed formation
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(Zimmerman 1978b). Krauss (1963) reported finding it widelydistributed in Brazil and made numerous shipments between
1954 and 1955 to a quarantine facility in Honolulu, but the moth
was difficult to propagate. Several more shipments in the
summer of 1961 were more successful and a colony was finally
established. In December of 1961, the first release consisting of
15 adults was made on the island of Hawaii (Davis and Krauss
1962) and additional releases were made through March 1962.
No field recoveries have since been recorded and it is presumed
that the introduction was unsuccessful.
3.
Bruchus atronotatus Pic. (Coleoptera: Bruchidae). This
small, grey weevil (adults app. 2 mm) feeds in the seeds of
Christmas berry. It was first collected and shipped to Hawaii
from Brazil in 1954 and 1955, but could not be propagated and
none were released. However, new shipments made in 1960 were
held in quarantine only long enough to allow 8000 adults to
emerge and eliminate any parasites, then released directly in the
field (Davis 1961, Krauss 1963) on the islands of Hawaii and
Oahu. By 1962, it was found established on both islands, and
once a source of additional insects w a s assured, it was
redistributed over the entire range of Christmas berry in the
Islands.
Following release of E. utilis in the mid-1950s, a classic case of
conflict of interest occurred when local beekeepers, realizing that
biological control might succeed, began to question the program,
since they felt that Christmas berry flowers were a valuable
source of honey and pollen when other major sources were not
available. State records are not entirely clear, but apparently a
compromise was reached so the program could proceed with the
release of gall-forming C. infuscata and the seed weevil, B.
atronatatus. These insects, it was felt, would leave the existing
stands of Christmas berry untouched to serve as a nectar source
for the bee industry, but, by eliminating seeds, would prevent
further spread of the plant. By the early 1960s, interest in
controlling Christmas berry had declined, partly because of the
establishment and rapid increase in population of B. atronotatus,
which, it was felt, would soon bring a halt in seed production.
The biological control program was discontinued in the 1960s,
with the establishment of only the moth and the seed weevil.
From 1965 until 1984, no further effort was given to Christmas
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berry other than occasional surveys to judge the abundance of
the two established biological control agents.
PRESENT STATUS OF CHRISTMAS BERRY INSECTS
In 1984, in an effort to up-date information on the status of biological
control agents introduced for weed control on the Big Island, a
preliminary survey was done of several weeds, including Christmas
berry. Christmas berry seeds collected at several sites around the island
were held in the lab to check on emerging insects. In one area, a number
of small, yellow, parasitic wasps, which were initially presumed to be
parasites of the seed weevil, B. atronotatus, emerged. Subsequent
identification revealed that this wasp was Megastigmus transvaalensis
(Hussey), a seed feeding Hymenoptera (family Torymidae), and not a
parasite. The wasp had first been collected on the Island of Oahu
(Beardsley 1971) from Christmas berry. It had not been recorded from
1975 to 1980 in general surveys of Christmas berry on the Island of
Hawaii, and in 1984 we recovered it in low numbers (1 to 5%, average
2.9%, of seeds) only from the west side of the island near Waiohinu. By
the summer of 1988 (Table 1), it was found in samples collected from
all surveyed areas on the Big Island (we have also found it on the islands
of Maui, Oahu, and Kauai). It apparently has now spread through the
entire range of Christmas berry, and in some locations is attacking and
destroying up to 20% of the berries. M. transvaalensis is not restricted to
Christmas berry; it has also emerged from seeds of the introduced pepper
tree, Schinus molle L., collected in the Waimea (Kamuela Post Office) area
of the Big Island.
An interesting observation is that up through 1975 on the Big Island, the
seed weevil, B. atronotatus, was fairly abundant, often destroying over
10% of the seeds. In the last 4 years the seed weevil has become very
rare and in 1988 it was found in only 2 of 130 berry clusters sampled.
Whether the seed weevil is going through a natural population decline,
or whether some type of competition exists between it and the newly
introduced M. transvaalensis is unknown at this time.
Our surveys also indicated that the small moth, E. utilis, is still widely
distributed through the entire Christmas berry area, but, generally, it is
not abundant enough to destroy significant vegetation (usually 1.0% or
less of the leaves are destroyed). In 1988, we recovered no parasites in
rearing over 106 larvae of this moth collected from different locations
around the Island of Hawaii, although this species is reported to be
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attacked by the parasites Bracon omiodirorum (Terry) (Zimmerman 1978a)
and Pachodynerus nasideus (Davis 1959).
Other than attack by E. utilis, Christmas berry foliage is almost totally
free of feeding by insects. A number of sucking insects, the green scale,
Coccus viridis (Green), and the spiraling white fly, Aleuwdicus dispersus
Russell, are commonly e n c o u n t e r e d , and the black twig borer,
Xylosandrus compactus (Eichoff), is occasionally found destroying new
tips. To date, B. atronotatus and M. transvaalensis are the only insects that
have been reared from seeds. A general scavenging caterpillar, Opogana
sp. (Lepidoptera: Tineidae), is commonly found in old fruit clusters, but
it feeds only on the skin and pulp, not the seed itself.
PRESENT STATUS OF CHRISTMAS BERRY
In general, the conclusion of the Hawaii Department of Agriculture is
that Christmas berry is not a threatening weed specie that is readily
spreading into new areas. The main infestation is still restricted to the
same areas where it has been found for the last 20 years, except for a
few minor shifts in abundance, usually related to changes in land use
patterns. Over most of this area, it is not a significant weed that worries
land owners. In addition, it is still recognized as an important nectar
and pollen source by the bee industry in Hawaii. This industry brings
in over $654,000 from the sale of honey and bees' wax (Hawaii
Agricultural Reporting Service 1984), and two queen rearing operations
on the Big Island produced over 70,000 new queens for export in 1988.
The bee industry in Hawaii, therefore, currently represents a net value
of almost a million dollars. The opinion of most beekeepers interviewed
(senior author is the Apiary Inspector for the island of Hawaii) is that
C h r i s t m a s berry is a very i m p o r t a n t nectar and pollen source,
particularly during the fall months (August to October) when few other
reliable nectar sources are available. In general, beekeepers would oppose
any new biological control program that might threaten this plant.
To date, Christmas berry is still considered a significant weed by ranchers
in the Kau district in the southern part of the Island of Hawaii and a
few sites on the Island of Maui. In these areas, ranchers would be happy
to see this weed eliminated by an effective biological control program.
In view of the value of Christmas berry to the beekeepers and the limited
area where it is a weed problem, further efforts at biological control by
the Hawaii Department of Agriculture will be minimal and there are
presently no plans to reinstitute this program in Hawaii.
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Figure 1. Map of the Island of Hawaii. Course stippling indicates general area
of suitable climate, with occasional to scattered plants (124,400 ha). Fine
stippling indicates area of heavy infestation, where Christmas berry is a
dominate plant (32,800 ha).
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Table 1. Relative abundance of insects found attacking Christmas Berry
(Schinus terebinthifolius) on the island of Hawaii
Location No. of
and
Sampled
Date
Sites

% Seed Attacked2

Insects Observed
E. utilis

C.
infuscata

M.
transvaalensi

B. atronotatus

West Side
1984

4

yes

no

2.1

6.0+

1985

2

yes

no

8.5

0.5

1986

4

yes

no

11.5

0

1987

4

yes

no

15.8

0

1988

4

yes

no
Puna (East end)

14.8

0.3

1984

3

yes

no

0

0

1985

3

yes

no

0

0

1986

3

yes

no

0

0

1987

3

yes

no

1.3

0

1988

3

yes

no

5.8

0
5.0
0.4

Honokaa (East coast)
1986
1987

2
2

yes
yes

no
no

0
7.6

1988

2

yes

no

14.0

1988

4

yes

0

North Kohala (North end)
no

4.5

0

Not always the same site, sampling depends on availability of ripe berries,
but usually within 1 km of same location.
Ten clusters of ripe berries were collected from different plants, then 100
berries were randomly removed, each cluster was placed in a petri dish,
and allowed to sit 2 months or more for seed attacking insects to emerge.
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