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BIOLOGICAL CONTROL OF INVASIVE PLANTS IN
NATIVE HAWAIIAN ECOSYSTEMS

SYNTHESIS AND CONCLUSIONS

Biological control can be an effective approach to control widespread ecologically and
economically harmful species, but it is only one tool of many that should be employed to
mitigate the impacts of invasive weeds on natural and managed ecosystems. For
example, the magnitude of personnel and financial resources invested in weed
management could be substantially reduced if there were adequate programs to prevent
inappropriate introductions. Similarly, early action to eradicate newly-established,
potentially invasive species would also reduce the need for expensive control programs.
To date, effective preemptive action, such as screening species proposed for
introduction, has not been supported in Hawai'i, but the political will for their
establishment is building. The development of an integrated state-wide strategy to
reduce new introductions and control existing problem species was highly recommended
by Forum participants, land managers, conservationists, and the research community.
In reality, the magnitude of the invasive species problem in Hawai'i is so severe, that
concerted, focused, state-wide measures are needed to protect its natural heritage.
Biological control of invasive wildland weeds is an important component of any such
strategy. In a series of working groups and plenary discussions, forum participants
discussed ways in which the development and use of biological control agents for
wildland weeds could be made more efficient, more effective and safer. Here we
summarize those remarks.

HISTORICAL PERSPECTIVE OF BIOCONTROL IN HAWAF'L.

Several speakers critically examined past attempts at biological control of weeds in the
United States. They found several examples of success (Pemberton this volume,
Delfosse this volume) as well as reason for caution (Myers this volume). Unforseen,
non-target impacts among biocontrol agents released to controi weeds were scarce
among Post World War li releases. Herbivorous insects are relatively host specific in
comparison to predators and parasitoids released to control insect pests. Hawai'i has a
relatively good track record in this regard. Most examples of non-target impacts by
biological control agents have been among predatory insects and vertebrates and most

—-———————gccurred-before- World-War-lt-when-pre-releaseresearch-on-the-potentialagentswas——————
less thorough and when the health of native species and ecosystems less of a concern.
Nevertheless, examples of unanticipated host range extensions by some agents raise
justifiable concerns about the fates of biocontrol agents once they have been released.
While successes in one part of the world may suggest promising agents for another,
potential local hosts should always be tested for new introductions. Moreover agents
once released are not limited by political boundaries and may be spread unintentionally
across water, inhospitable environments, and regional boundaries.

Unfortunately, the success rate is also low. Probable causes for low success rates
include inadequate release procedures, selection of ineffective agents, and limited
growth or establishment of the agent population due to local predator, pathogen, and
parasitoid loads. Research to improve effectiveness of biocontrol agents should include
a better understanding of factors contributing to their population control in the country of
origin, controlled release studies, and better post-release monitoring of the fates,
impacts, and effectiveness of newly released agents.
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No introduction of insects or pathogens is done without risk. However, in
comparison to other alternatives the risks are small. Invasive weeds can alter native
communities and ecosystems within a very few years threatening all species of fauna
and flora dependent on them as well as altering their utility for human inhabitants.
Outside of high priority management areas such as parks and nature reserves where
chemical and mechanical control is feasible on limited target areas, practical tools to
protect the integrity of wildlands are scarce and expensive. Nevertheless, the recent
requirement for ecological impact analyses prior to release is an important step in further
decreasing unanticipated negative impacts or ineffective agents.

THE ROLE OF BIOLOGICAL CONTROL IN NATURAL AREA MANAGEMENT

Natural area managers are reluctant to engage in biological control for both practical and
ethical reasons. Managers need rapid solutions to weed management; the lengthy delay
required to ensure the safety of the potential control agents and their relatively low
success rate make biocontrol a risky strategy. There is considerable reluctance on the
part of some managers to add further alien species to the Hawaii's biota even when the
risk to native species is small. Future problems well may arise through synergies with
other species. There is also a suspicion that introduced agents might adapt to other non-
target species in time. Some of this apprehension is the resuit of highly publicized
mistakes in the past where misguided or political decisions allowed the release of agents
that themselves are now significant problems for native species.

Most managers consider biological control as the last resort after all other efforts at
control have failed. Few programs systematically target those species that are the most
disruptive to ecosystems for biological control. Rather efforts are directed at species
that are of immediate concem in a specific area. This attitude is not surprising. Itis the
result of management mandates, financial constraints and program needs. In part it
derives from the agricultural origin of biological control where economic impact was the
determining factor in establishing control priorities. It is also important that potential
impact be considered when establishing priorities for weed control in natural
ecosystems, but in this case it is the ecological rather than the economic impact that
should be of foremost concem. To date it has proved difficult to reach consensus about
control priorities. In Hawaii, priority target weeds are likely to be different for each island.
The decision to target strawberry guava was based on the experience and
recommendations of national park managers and of scientists working with other land
managers. No practical manual or chemical control strategy was available. Even in this
case, however, only the National Park Service paid the bill. A consensus to target

Miconia calvescens took several years even though the situatiornrin Tahiti was well
known. Scientists and managers on Maui took the initiative and effectively publicized
the threat in the local press. Oahu and Kauai joined in the effort somewhat later but
managers on Big Island did not become invoived in a serious way for several years even
though Miconia populations were large and readily visible. They believed that the
species could be eradicated by manual and chemical means. The difficulty in
maintaining the necessary funding and managing the program island-wide ultimately led
to their joining the search for a biological control alternative.

Discussants agreed that biocontrol had a place in the management of natural
ecosystems in Hawaii. Done correctly it can offer managers effective, long-term, low-
cost solutions to major weed control problems. Managers should understand that
biological control generally results in reduction of the target population, often by
restricting its range or its density; eradication is rarely achieved. There is a need for
more effective communication between biocontrol scientists and managers to develop
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priorities for biocontrol research and to plan for the restoration of ecosystems foliowing
successful weed reduction. Research opportunities in studies of post-release behavior of
populations are considerable. They include their epidemiology, factors contributing to
efficacy of biocontrol, and the nature of population interactions with pests, pathogens,
and non-target species.

EDUCATION AND PUBLIC INFORMATION

Perhaps the biggest weakness in Hawaiian biological control programs has been the
lack of documentation of all stages of development of biocontrol agents. Priority has
been placed on rapid evaluation and release of agents to the exculsion of post-release
follow-up and publication of results. Failure to document results has resuited in a poor
understanding of the biological control efforts in the state to the detriment of the
program. Lack of information undermines public support in the political process of
securing funding and administrative support. Misinformation abounds and the absence
of the discipline of peer review can contribute both to the perpetuation of inappropriate
methods and lack of public confidence in the results. Focus on successful establishment
of an agent rather than on its impact on the target organism has meant that many
significant issues, including effective release strategies, a better understanding of the
risk to non-target species, and interactions with local pests and pathogens have gone
unaddressed. In the absence of publication, valuable information effectively is lost in
files or in memories as researchers relocate or retire. Critical analysis and thinking
required in the process of publication improves the quality of the research process and
forges interactions with other scientists that will enhance the effectiveness of Hawaiian
scientists working in isolation.

Hawaii’s biological control program has lost its deserved international reputation in
the absence of publication. A reputation for careful, high-quality science in the
development of biological control agents will also foster greater public understanding
and acceptance of biological control as a safe, effective approach to the management of
invasive weeds, bringing with it better support in the form of needed facilities and
funding. There was consensus among forum participants that a greater effort to inform
the public about the objectives and methods of biological control as well as about its
successes and failures likely would be met by better public support and understanding.

POST-RELEASE MONITORING

.. .___Many-participants emphasized the importance of follow-up information on the

establishment, effectiveness, and impacts of agents released into the environment.
Perhaps one of the most important oversights of biological control research in Hawai'i
has been its failure to carry out post release monitoring of new releases. A large
number of species have been released but failed to establish. Yet we have no
understanding of factors contributing to this failure. Were release techniques
inadequate? Were agents released into inappropriate habitat? Were local predator or
pest loads too high? Failure to follow through with post-release evaluations risks loss of
potentially successful agents as well as the time and effort spent in exploration and
evaluation of the agent leading up to the release.

Many successes are claimed but not substantiated in any way. As noted earlier,
success frequently is defined as establishment of the agent, not in effectiveness in
limiting the population growth, abundance or distribution of the target organism.
Unpublished anecdotal information exists in a few instances, but that information as well
will disappear as researchers retire.
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Delfosse (pers. comm.) noted that federal agencies involved in biological control
now require substantial post-release monitoring studies. It is important that Hawaiian
biological control programs have the same requirement. Without such studies, we are
unable to evaluate factors associated with the release of a potential control agent which
may contribute to population declines, including climatic variation, competition, or
existing pest or pathogen pressures. Coincidence of population decline following the
release of a biological control agent is not always strong evidence of effectiveness. For
example, substantial disagreement still surrounds the success of two pathogens
released against Hamakua pamakani (Ageratina ripana — Asterales, Asteraceae) and
banana poka (Passiflora mollissima (Kunth.) L. H. Bailey - Violales, Passifloraceae). It
is impossible to distinguish among alternative hypotheses about causes for their decline
because of a lack of scientific data. The disagreement in turn undermines faith of
managers in the effectiveness of biological control as a weed management strategy,
reducing support for further development.

Forum participants were unanimous in their support for the publication of information
on insects and pathogens using the target organism in Hawai'i as well as in its original
and other parts of their naturalized ranges; of life history studies of all potential agents
and especially for species actually released; and of the post-release status of the agent
and its impact on target and non-target species.

HOST RANGE EVALUATION

Several contributors recommended revisiting the commonly used zero-tolerance release
criterion that a potential control agent shows no propensity for feeding on native species.
If researchers can demonstrate that impacts on native species are likely to be minor,
then low levels of feeding on non-target species might be tolerated for promising control
agents. To the extent possible, research objectives should focus on the potential
population level impacts of the control agent on both target and non-target species. We
should seek to identify agents that have a high likelihood of strongly affecting population
processes of target species while inflicting minor effects at most on non-target species.
This is a formidable challenge because the behavior of a potential agent in a new
environment may be predictable only weakly by its behavior in quarantine or in natural
communities in countries of origin. A better understanding of post-release
consequences of releases should improve our understanding of these processes.
Research is needed also on the magnitude of biotic interference in Hawaii. For
example, several participants suggested that lepidopteran leaf-feeders may not be
______ effective biocontrol agents in Hawai'i because they are so vulnerable to introduced

parasitoids. Others suggested that diseases were responsible. However, we lack data
bearing on these hypotheses or on the impacts of predators and other negative
influences.

THE ROLE OF WORK IN COUNTRIES OF ORIGIN

Early in the 20" century, evaluation of biological control agents was necessarily
conducted in the country where they were to be used because there were few
institutions where such studies could be conducted in the native environments of the
target weed. More stringent host-specificity requirements, expansion of target
organisms to include weeds of conservation areas, financial and political constraints on
agencies, quarantine facility bottlenecks, and demands for more demonstrable impacts
by potential agents on target species have mandated a better understanding of the
biology of potential control agents while at the same time imposing stringent cost
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controls. At the same time institutions in countries of origin are increasingly well
qualified to conduct the necessary research. Consequently, ever more investigative
work is being done in the natural range of the host.

There are four distinct advantages to this approach. First, impact analyses of
potential agents can be conducted in a natural environment not, as in most previous
studies, within the confines of quarantine. The most deleterious agents are identified,
eliminating unnecessary research on species that will not be useful. Second, host
specificity can be evaluated in the wild first by examining the activity of the potential
agent on all associated species (a very broad analysis of host specificity), then by
experimental tests in the field against common agricultural/horticuitural species. The
danger of false positive tests is minimized. Host specificity testing in Hawaiian
quarantine facilities may then be restricted to high priority species designated by
oversight agencies. Third, detailed studies of the life-history and rearing techniques can
provide a more complete ecological understanding of the potential agents. Manipulation
of the species is quarantine is facilitated and post-release monitoring programs better
organized because the biology of the agents is understood. Fourth, development of
scientists and institutions in the country of origin is supported through funding,
professional collaborations, student training, publications, museum collections, and the
like, further strengthening the capacity for research.

WHICH SPECIES SHOULD BE TARGETS FOR BIOLOGICAL CONTROL?

Pemberton (this volume) recommends that weeds with native congeners should be
a low priority as targets of biological control. This recommendation is of particular
importance in Hawai'i where almost all of our endemic flora has evolved in the absence
of the normal array of predators. Unfortunately, some particularly problematic weeds of
Hawaiian natural areas are in this category. For example, alien species in the genus
Rubus, (R. argutus Link, R. ellipticus Sm., and R. niveus Thunb — Rosales, Rosaceas),
are spreading so rapidly that they will be controlled only if suitable biological control
agents can be found. Hawai'i has two native species of Rubus (R. hawaiiensis Gray and
R. macraei Gray) . Pemberton’s caution is particularly applicable in Hawai'i because
insular endemic species often lose many of their defenses against consumers. Data
from host range expansions elsewhere also indicate that allopatric congeners can be
susceptible to host-shifting insects when the previously allopatric congeners come to
occupy the same habitat.

Pemberton’s recommendation should be extended to confamilial species during

——————host-range evaluations-in-Hawai'i.-Hight (this volume), for example, has shown thatthe

sawfly of the Brazilian pepper (Schinus terebinthifolius Raddi — Sapindales,
Anacardiaceae) attacks the native Hawaiian Rhus sandwicensis Gray —Sapinales,
Anacardiaceae), but not Rhus species native to Florida. The sawfly thus may be an
acceptable agent in Florida but not in Hawai'i. In contrast, Wikler and Smith (this
volume) note that a 10-year study in Brazil was able to identify five gall-forming insects
that attack Psidium cattleianum Sabine (Myrtales, Myrtaceae) but not P. guajava L. In
this case, appropriate and highly selective agents may be identified to target one of a
pair of congeners. Development of biological control agents today demands challenging
the insects with native species related at the familial level, a practice that has led to the
exclusion of a number of potential agents. However, several Hawaiian conservationists
take exception to such a cautious approach noting that where the impact of alien species
is so substantial that threatened and endangered species face extinction we may
consider accepting higher levels of non-target impacts. Although this concern is
particularly acute in Hawai'i because of its high numbers of threatened and endangered
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species, the interaction of biological control and endangered species will become a point
of conflict between the law and the needs of managers and conservationists.

Disagreements among the various stakeholders in Hawaiian biological control are
not new. Howarth has raised concem about techniques to develop biological control
agents targeting insect pests. In contrast, the agricultural industry and political urgency
create substantial pressure for rapid evaluation of potential agents. Resolution of these
conflicts is not easy. Though much of the information is anecdotal, the Leucaena
leucocephala (Lam.) de Wit — Fabales, Fabaceae/ Heteropsylla cubana Crawford—
(Homoptera, Thripidae) story is illustrative of these disagreements. The arrival of the
psyllid where Leucaena provided fodder in environmentally marginal areas for ranching
was met with considerable concemn by the cattle industry. In contrast conservationists
initially opposed the HDOA search for biological control agents against the psyllid
because Leucaena had been a serious weed of lowiand xeric and mesic habitats. An
insect that partially controlled this weed therefore was welcomed by one segment of the
community. However, as Leucaena stands opened up, broomsedge (Andropogon
virginicus L. — Cyperales, Poaceae) invaded the understory, providing a continuous fuel
for wildfires. As fires in mesic lowland areas became hotter and more extensive than in
the past, pockets of remnant natural vegetation were threatened. Opposition to
development of the psyllid agent weakened among the conservation community and a
coccinellid eventually was released. '

Biological control projects profit from community oversight, preferably from project-
specific “Action Committees”. Such committees, representing a wide array of people
and organizations affected by the weed, provide guidance to the project and help to
raise financial support, where they may compete with island Invasive Species
Committees. Statewide coordination and facilitation of biological control programs would
be considerably strengthened by appropriate leadership.

Biological control remains the strategy of last resort in resolving previously
intractable weed management problems in agriculture, forestry and natural areas in the
Islands. Development of effective and safe agents demands a long-term commitment to
the development, evaluation, and post-release monitoring of each agent on the part of
the conservation, scientific, management and political communities. Prevention, early
eradication and limitation of spread are more cost effective strategies for the control of
potentially invasive species. Until such are implemented, however, the need for new
biological agents will continue to grow and to challenge the skills, patience and wisdom
of all concerned with the health of natural ecosystems.

J. Denslow
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