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Presenter
Presentation Notes
Our experiences and this talk are focused on tropical Pacific islands. Thanks to Flint Hughes, Amanda Uowolo, Tavita Togia and Greg Asner for contributing ideas and images to this presentation!



Tropical islands are famous 
as hotspots of diversity, 

both biological 
and cultural
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Biodiversity Hotspots:   Which stand to lose most to invasion?

(data from Myers 
et al. 2000 Nature)
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Among the 25 global hotspots of biodiversity identified by Myers et al., oceanic islands are among the smallest in area and densest in concentration of endemic species. Thus on a global basis, losses of remaining habitat areas to species invasions stand to impact islands hardest. 



Languages
Austronesian: ~400
Papuan: ~800
Micronesian: 20
Polynesian: 20+

Political Units
(ShareAlike 3.0)
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Pacific islands are highly diverse culturally, as evidenced by their numerous political divisions and languages.



Juan Wilson

Strong cultural traditions

Decision making in Palau

Polynesian voyaging

Maisu and Hokule'a at Chuuk. Photo: Mike Taylor

Hawaiian agriculture
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Cultural traditions continue to run deep in Pacific islands. Islanders are justifiably proud of the scope and sustainability of their accomplishments. Some traditions (from oceanic voyaging and native agriculture to indigenous governance) are reinvigorating modern island cultures and offer lessons to the world in how to live with finite resources.



Coastal areas have been converted for agriculture and homes;
Upland forests continue to be valued culturally 

… and as a water resource

Rarotonga

Challenges for conserving island ecosystems:
Impacts of land use
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Presentation Notes
Land use typically impacts coastal areas most heavily. Upland forests have long been revered as sacred places and as the source of life-giving fresh water.



Land conversion on Hawai`i Island

1 km2

Mauna Kea (4,000m)
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In Hawaii coastal areas were long ago converted to agricultural use by Hawaiians and later plantation farming. In the last two centuries, cattle and associated deforestation have taken a toll across vast upland areas. Urbanization has been a major force in land conversion in recent decades. Remnant native forests of varying size are concentrated on wet windward slopes of the highest islands. 



American Samoa

Samoan agroforestry

Native forests extend to the sea
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In contrast to the situation in Hawaii, lowland native forests persist in Samoa, perhaps partly due to its tradition of agroforestry.



Tropical Cyclone Ron, 1998 (NOAA)

Severe climates / Dynamic ecosystems

Vanuatu

Fiji
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The Pacific islands (especially the western Pacific) are subject to frequent severe disturbance from tropical storms. Cyclone frequency and severity are expected to increase as climate warms.



Severe climates / Dynamic ecosystems

Aftermath of Cyclone Heta, American Samoa 2004

Miconia
in Tahiti 

(J.-Y. Meyer)
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Native ecosystems in the western Pacific are adapted to frequent storms, and typically are able to rebound from such massive disturbance. However, aggressive invaders may also be facilitated by disturbance (for example, the domination of Tahitian flora by miconia following a major cyclone).



Challenges for conserving island ecosystems:
#1: Spread of Invasive species 

allhawaiinews.com

Existing 
biosecurity
measures 
often are 
inadequate 

Established invaders continue to spread

Carnegie Airborne Observatory 

HDOA
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Invasive species are generally acknowledged as the most serious threat to island ecosystems. Impacts on islands tend to be more severe than in continental systems. Invaders such as miconia and strawberry guava have demonstrated potential to penetrate intact native ecosystems and completely transform them. Biosecurity is woefully inadequate to the task of intercepting and preventing new invasions, which result from intentional and accidental introductions in the course of trade. Awareness of the problem is generally high, but the will for effective intervention is weak.



Volcanic/Metamorphic
Coralline/Limestone

Substrate Type

# Invasive 
(or potentially 

invasive) 

non-native 
plant 

species in 
Pacific 
islands

Denslow et al. 2009 Biotropica

Larger islands (esp. high islands with richer native flora, more people 
and greater economic activity) tend to have more invasive alien plants
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Consistent with biogeographical theory, larger islands appear to face more problems with invasions. Non-native plants that pose threats to native ecosystems can number in the hundreds on Pacific islands.



Challenges for conserving island ecosystems:
• Invasive species
• Impacts of land use
• Natural disturbance cycles, especially storms
• All of the above likely will worsen with climate change 
• Capacity for biocontrol research is limited

Introductions 
for biocontrol in 
Hawaii have 
declined greatly, 
while arrivals of 
new invasive 
species increase 
(Messing & 
Wright 2006)

(parasitoids)
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Adding to the challenge of managing invasive species in diverse native ecosystems, capacity for conducting biocontrol research is very low in the Pacific. Even in Hawaii, which has a remarkable history in biocontrol, activity in this field has slowed dramatically in recent decades.



Challenges for conserving island ecosystems:
• Invasive species
• Impacts of land use
• Natural disturbance cycles, especially storms
• All of the above likely worsen with climate change 
• Limited capacity for biocontrol research
• Negative attitudes toward new introductions of any kind

Invasive 
Species

in 
Hawaii

natural 
enemies 
introduced 
for pest 
control

=
Biocontrol often is 
viewed as equally risky 
and unwelcome as alien 
pest introductions
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While awareness of invasive species problems generates a healthy suspicion toward alien introductions, this mistrust unfortunately spills over onto biocontrol. In fact attitudes toward biocontrol can run even more strongly negative because it is intentional and government-controlled.



Conserving island ecosystems with biocontrol:  Opportunities
• Disharmonic flora and fauna can simplify nontarget issues

Cryptorhynchus
melastomae

Euselasia chrysippe

Nematode galls - Costa Rica

Potential biocontrols for Melastomataceae in Hawaii

Miconia

Tibouchina
Clidemia
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On the other hand, some aspects of life on islands are favorable to biocontrol. Since various taxa may be entirely absent from the native flora and fauna, nontarget issues can be greatly simplified in some cases. For instance, Melastomataceae are completely alien to Hawaii, so biocontrol agents with host ranges within this family appear to be generally acceptable. 



Conserving island ecosystems with biocontrol:  Opportunities
Islands are excellent model systems for ecological science

• compact, with steep gradients
of rainfall and temperature

• readily identifiable patterns 
in soil chemistry

(Vitousek 2002)

Ages of island substrates
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Islands can be viewed as microcosms where ecological and evolutionary processes (including those related to invasion and biocontrol) can be investigated with remarkable rigor. Clearly definable, steep gradients of rainfall, temperature and soils allow for control of environmental variables in ways that may not be possible in continental systems. Small geographic units with clear boundaries and simple biota should be easier to evaluate and understand as whole ecosystems.



Can biocontrol reduce 
strawberry guava’s impacts 
on native ecosystems?

Plot-based demographic 
studies began in 2004

Post-release monitoring plans for strawberry guava biocontrol

or on Hawaiian agriculture
(by reducing pest fruit flies)?

Carnegie Airborne Observatory

Landscape scale
Detection of strawberry guava
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Researchers in Hawaii are positioned to monitor impacts from the release of a biocontrol agent for strawberry guava with a level of scientific rigor that is relatively uncommon. Careful documentation of biocontrol impacts is critical: to demonstrate the utility of biocontrol to a skeptical public and to improve our effectiveness with future attempts. Our partnership with CAO presents an opportunity to document impacts on strawberry guava in exceptional detail at the landscape scale. We hope to extend our assessments to effects on agriculture, which is negatively affected by fruit flies emerging in huge numbers from wild guava fruits in neighboring forests.



Conserving island ecosystems with biocontrol:  Opportunities
Islanders have strong sense of place and
eagerness to participate in conservation

Invasive species management and 
forest restoration in American Samoa
(photos: T. Togia)
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Opportunities abound to recruit island community participation in conservation. This is the surest way to increase public awareness and support for conservation management, including biocontrol. 



Tamaligi
aka Albizia
(Falcataria)

killed

American Samoa

T. Togia
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Aggressive management of invasive Falcataria in American Samoa has buy-in from local communities, and results are highly visible to them.



Restoring native species habitat in Hawai`i

Clearing strawberry guava 
requires intensive  effort

(photos: J. Penniman & 
J. Beachy)
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Dedication of resources for invasive species management can be very high in some areas in Hawaii. Conservation workers appreciate the necessity for management tools like biocontrol that are broadly effective and sustainable.



Conserving island ecosystems:  Crucial targets
• Ecosystem transforming weeds    (dozens of species)

• Ants

N. Reimer

Hawaiian forest drowning in strawberry guava

Carnegie Airborne Observatory
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Not all invasive plants are as devastating to native ecosystems as strawberry guava, but unfortunately there are numerous widespread weeds that do pose grave threats and require biocontrol to bring them under effective management. Several species of invasive ants also are deeply disruptive in island ecosystems and would be welcome targets for effective biocontrol.



Mahalo!
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Integrating biocontrol with other strategies for restoration of ecosystems will be a key focus of the upcoming ISBCW in Hawaii.
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