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CONCURRENT SESSION 1: AUGUST 2, 1-3 PM 

Species Interactions and Ecosystem Services: How the Loss of Native Species 
and the Introduction of Exotic Species are Changing Hawai‘i’s Forests  

1-1 The Complex Roles of Alien Animals as Plant Pollinators, Seed Dispersers, and Seed 
Predators in Hawaiian Forests 
Donald Drake 
University of Hawai‘i, Honolulu, HI 

Animals play direct roles in the reproduction of most tropical forest plants through pollination, 
seed dispersal, and seed predation. Following human colonization of the Hawaiian Islands, most 
of the native fauna in the islands' forests has become rare, extirpated or extinct, and a diverse 
array of alien species has invaded and proliferated. As a result, plants today are interacting with 
very different animal communities than they were during most of their evolutionary history, and 
the implications for plant reproduction are poorly understood. Several case studies highlight the 
expected and unexpected roles that alien animals play in reproduction of Hawaiian forest plants. 
Honeybees (Apis mellifera) are important flower visitors in many forest types, and may now be 
the only flower visitors for some native plant species. Japanese white-eyes (Zosterops japonicus) 
may be effective pollinators of some plant species rarely visited by native birds, but they are 
nectar robbers of others. Japanese white-eyes and Kalij pheasants (Lophura leucomelanos) 
disperse seeds of some native plants that are no longer dispersed by native birds.  Ship rats 
(Rattus rattus) are seed predators of some species, but disperse seeds of others.  The roles of 
these alien animals are further complicated by the fact that they are involved in the reproduction 
of invasive alien plants and may be competing for plant resources with native animals. A thorough 
understanding of the roles of alien species in plant reproduction is necessary if we are to 
anticipate and avoid unexpected effects that may arise following their removal. 

1-2 Spatial Changes to Disperser and Pollinator Relationships with Hawaiian Plants 
Jonathan Price 
University of Hawai‘i at Hilo, Hilo, HI 

Hawai‘i's terrestrial communities have been subjected to unprecedented changes since the arrival 
of the first people, with these changes accelerating over the last century. Major drivers of change 
include habitat conversion, species loss, species introduction, and now climate change. Here I 
explore the spatial nature of these changes with the following objectives: 1) examine the spatial 
configuration of different periods of habitat loss, 2) identify the habitats and islands with the 
greatest numbers of avian extinctions, 3) consider the ecology of avian extinctions and range 
contractions in light of dispersal and pollination services, and 4) evaluate the optimal locations for 
improving or restoring bird-plant interactions in the face of multiple vectors of change. Avian 
extinctions and range contractions have generally tracked habitat loss being most severe in dry to 
mesic lowland habitats on older islands and least severe in montane habitats of the island of 
Hawai‘i. Most extinctions and range collapse of seed dispersers and pollinators have occurred in 
the last century, most significantly affecting plants of lowland habitats and with either large seeds 
or specialized flowers. Despite this, considerable function can be restored through a combination 
of habitat restoration in mesic uplands, strategic translocations of bird populations and a focus on 
environmental gradients as a buffer against climate change. 
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1-3 The Role of Food Web Disruption by Alien Species in the Decline of Hawaiian Forest 
Birds 
Paul Banko1, Robert Peck2, Winston Banko1 
1U.S. Geological Survey, Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 
2Hawai‘i Cooperative Studies Unit, University of Hawai‘i at Hilo, Pacific Aquaculture and Coastal 
Resources Center, Hawai‘i National Park, HI 

Human disturbance and alien species impacts have reduced Hawaiian forest bird populations 
through predation, disease, habitat destruction, and food web disruption. An analysis of 15,600 
historical records reveals that species that evolved specialized bills and feeding behaviors 
suffered greater population losses as habitats and food webs were damaged by a wide range of 
invasive species. Ecological studies demonstrate that specialists also have been demographically 
disadvantaged by producing smaller clutches and slower-growing young. This suggests energetic 
constraints imposed by narrower foraging niches and limitations in provisioning offspring. 
 Historical observations and modern diet studies indicate the overwhelming importance of 
caterpillars to nestlings and adults, despite spectacular adaptations for feeding upon particular 
arthropods, seeds, fruits, and flowers. Caterpillars are nutritious and easily captured, even by 
birds with specialized bills, but surveys across windward Hawai‘i reveal low caterpillar abundance 
in lowland forests, due primarily to threats from alien parasitoid wasps. The relative abundance of 
caterpillars at higher elevations may partly explain the persistence of specialist birds there.  
Nevertheless, low transmission of mosquito-borne diseases and habitat quality are also important 
factors.  Interactions between invasive species may obscure their individual impacts on native 
bird populations and food webs, but the most serious threats are parasitoid wasps, predaceous 
wasps and ants, ungulates, rats, and introduced birds. Additionally, weeds may alter food webs 
by changing vegetation structure and composition, although they sometimes also provide 
alternative sources of nectar and fruit. Although climate change may further disrupt food webs, 
reducing invasive species threats are critical to bird recovery. 

1-4 The Role of the Critically Endangered ‘Alalā (Corvus Hawaiiensis) in Dispersing Seeds 
of Native Hawaiian Fruiting Plants                                 
Susan Culliney1, Liba Pejchar1, Richard Switzer2 
1Colorado State University, Fort Collins, CO, 2Keauhou Bird Conservation Center, Volcano, HI 

The ‘Alalā, or Hawaiian Crow, (Corvus Hawaiiensis) is presumed extinct in the wild but persists in 
captivity. To advance conservation of ‘Alalā and Hawai‘i’s forests, we assessed seed dispersal, 
seed germination services and the human dimensions surrounding this culturally-significant 
species. As the largest native Hawaiian frugivore, the ‘Alalā may play an ecological role in 
establishing and maintaining native Hawaiian forests by dispersing seeds for a wide range of 
native plants. We fed captive ‘Alalā a variety of native fruits, documented behavior, and measured 
germination of seeds passed by ‘Alalā compared to seeds in control groups. ‘Alalā ate and 
carried fourteen native plants and provided germination benefits to several species by ingesting 
their seeds. An AIC approach to analysis of bird behavior and germination success suggests that 
some plants may rely heavily on ‘Alalā for these services. For most plants, model averaged 
estimates indicate higher probabilities for observing eating and carrying behaviors in younger 
birds. We introduced captive birds to two dry forest fruits, not previously recorded as ‘Alalā food 
resources, but which may have once been part of ‘Alalā diet. Positive reaction towards these 
species supports the consideration of dry and mesic forests in ‘Alalā habitat restoration plans and 
increasing connectivity across the landscape. Although the human dimensions component of our 
study uncovered limited recognition of ‘Alalā among local community members, participants 
expressed enthusiasm for the ‘Alalā and a stewardship approach to resource conservation. 
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1-5 Alone But Not Apart? The Pollination Ecology of Dioecious Plant Species in a 
Fragmented Forest 
Colin Phifer 
University of Hawai‘i at Hilo, Hilo, HI 

Habitat fragmentation is a leading threat to biodiversity that can impact existing populations as 
well as future recruitment. For plants, habitat fragmentation can affect pollinator community 
structure and pollination rates with consequent reductions in seed production. Previous research 
suggests that breeding system may be an important predictor of a plant species’ response to 
fragmentation, with self-incompatible plant species more susceptible to fragmentation. To better 
understand the relationship between habitat fragmentation and pollinator-mediated reproductive 
success, I am studying the pollination ecology of two common dioecious species, Broussaisia 
arguta (Hydrangeaceae) and Astelia menziesiana (Asteliaceae), which represent the most 
extreme form of self-incompatibility in plants. I am examining the pollinator identities and visitation 
rates, fruit set and seed germination of open-pollinated flowers, and degree of pollen limitation in 
a naturally fragmented forest and a nearby continuous forest on the Island of Hawai‘i. Eighty 
hours of observation for B. arguata during peak flowering revealed 187 visits and 53 visits in the 
continuous forest and forest fragments, respectively. A majority (70%) of the pollinator visits in the 
continuous forest comprised honeybees (Apis melifera), whereas in the forest fragment moth 
species accounted for 66% of the visitors. Seed viability will be compared with pollination results 
to relate pollinator assemblages and visitation with reproductive success. Results from this study 
will provide important baseline information for the pollination ecology of these native species and 
Hawai‘i’s other dioecious plants, and contribute to the growing body of literature on the effects of 
fragmentation on pollination and plant population persistence. 

1-6 Can Honeycreepers Still Function as Pollinators for an Endangered Hawaiian Lobeliad, 
Clermontia lindseyana, at Hakalau National Wildlife Refuge? 
Richard Pender 
University of Hawai‘i at Mānoa, Honolulu, HI 

Restoration plantings of Clermontia lindseyana have been undertaken at Hakalau National 
Wildlife Refuge on the Island of Hawai‘i for over a decade. The purpose of these restoration 
plantings has been to restore this species and its historical pollination interactions with 
nectarivorous honeycreepers. To ascertain whether honeycreepers can still function as 
pollinators for C. lindseyana at Hakalau, avian and invertebrate floral visitors were recorded at 
nine plants at Hakalau Tract and eight plants at Maulua Tract during the 2010 flowering season. 
Two manipulative pollination treatments were undertaken; the first to assess if pollinators 
deposited pollen on receptive stigmas, and the second; to assess if pollen limitation was 
occurring. ‘I‘iwi (Vestiaria coccinea) and Hawai‘i ‘amakihi (Hemignathus virens virens) were 
infrequent floral visitors at both sites. ‘I‘iwi appeared to be the only floral visitors capable of acting 
as effective pollinators. They contacted the floral reproductive organs on the majority of flowers 
they visited; however, nectar robbed ca. 15% of the flowers at each site. ‘Amakihi nectar robbed 
most flowers and were probably not pollinating C. lindseyana. Diurnal insects rarely visited the 
flowers and were, again, probably ineffective pollinators. Based on seed counts, the pollination 
treatments suggest: 1) that pollen deposition by floral visitors (probably ‘i‘iwi) was rare, and 2) 
pollen limitation is widespread. The C. lindseyana plants are likely reproducing by autogamy 
(selfing), thereby producing seeds in the absence of pollinators. However, selfing and pollen 
limitation may have genetic as well as population level consequences for these restoration 
plantings in the future. 
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Environmental Effects of Climate Change  

1-7 An Integrated Framework for Biocultural Climate Change Adaptation 
Jeff Burgett, Stanton Enomoto 
Pacific Islands Climate Change Cooperative, Honolulu, HI 

The impacts from global climate change are anticipated to have a significant effect on the 
biological and cultural resources of the Pacific Islands during the remainder of the 21st century 
and beyond. Conservation strategies and climate-related research in the region to date have 
largely focused on impacts to sensitive species and critical ecosystem functions. Member 
organizations within the Pacific Islands Climate Change Cooperative (PICCC), however, are also 
responsible for managing culturally important lands or resources that are utilized for traditional 
practices and subsistence gathering purposes. Consequently, the PICCC, through the direction of 
its Steering Committee, is undertaking an integrated approach to understanding climate change 
impacts on both biological and cultural resources. A biocultural framework is proposed that 
involves a facilitated information exchange with field-level managers, technicians, stakeholders 
and cultural practitioners. Climate data, regional models, impact analyses and vulnerability 
assessments are discussed in conjunction with site-specific monitoring information, recorded 
observations, and traditional ecological knowledge. Together, such dialog can be used as a 
context for understanding potential landscape-scale biocultural impacts. Further, such integrated 
information will guide the PICCC to better understand existing knowledge gaps, allocate finite 
resources, target research, and develop appropriate adaptation strategies and tools that meet the 
needs of its members. 

1-8 Innovative Coral Reef and Climate Change Education Opportunity 
Corbett Nash2, Greg Kudray1 
1National Park Service Pacific Island Network, HI, Guam, CNMI, 2Hawai‘i - Pacific Island 
Cooperative Ecosystem Studies Unit, Honolulu, HI 

Successfully bringing the fundamentals of coral reef ecosystems to classrooms combined with 
climate change, resources monitoring, and cultural connections is a goal that teachers and 
scientists share. The National Park Service Inventory and Monitoring Program has teamed up 
with the Integration and Application Network from the University of Maryland to create a truly 
unique, web-based, educational program that captures this goal. By incorporating a 
comprehensive series of web-pages covering topics such as reef composition, predators, 
watersheds, bleaching, cultural ties, monitoring, and more with classroom and field activities, 
students are able to explore the complexities of coral reefs and climate change in a single 
resource. Framed in the context of coral reefs in the national parks of Hawai‘i, Guam, and 
American Samoa, this program follows state educational standards through detailed lessons, 
interactive activities, inspirational videos, and thoughtful links to related materials.  

1-9 Is Climate Change Already Impacting Haleakalā Silverswords? 
Paul Krushelnycky1, Lloyd Loope2, Forest Starr3, Kim Starr3, Thomas Giambelluca4 
1Department of Plant and Environmental Protection Sciences, University of Hawai‘i at Mānoa, 
Honolulu, HI, 2USGS, Pacific Island Ecosystems Research Center, Makawao, HI, 3Pacific 
Cooperative Studies Unit, University of Hawai‘i at Mānoa, Makawao, HI, 4Department of 
Geography, University of Hawai‘i at Mānoa, Honolulu, HI 

The threatened Haleakalā silversword is a spectacular and integral component of the alpine 
ecosystem in Haleakalā National Park. Due to damage from introduced ungulates and human 
vandalism, the population of Haleakalā silverswords reached a critical low around the 1920's. 
Management actions subsequently helped the subspecies make a dramatic recovery over the 
next five or six decades, and it has commonly been regarded as a conservation success story. 
Since about 1990, however, silversword demography plots have recorded a severe decline in 
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plant numbers. This decline coincides with a more persistent trade wind inversion regime, and 
presumably drier conditions in silversword habitat. To better understand the spatial extent of this 
downturn, we censused thirty subpopulations spanning the silversword's geographic range in 
2010. We found a trend of decreasing proportion of live plants with decreasing elevation. While 
much work remains to understand the precise mechanisms underlying the high rates of observed 
mortality and/or lack of recruitment at lower elevations, the evidence accumulated so far suggests 
that a combination of drier conditions and higher temperatures may be responsible. Depending 
on how climate changes unfold at Haleakalā, this interpretation of recent silversword mortality 
may bode poorly for the long term viability of the subspecies. 

 
1-10 Strategies for Protecting Native Hawaiian Forest Birds from Avian Malaria in the Face 
of Global Warming 
Eben H. Paxton1, Carter T. Atkinson1, Donna Ball2, Jeff Burgett3, Colleen Cole4, Lisa Crampton5, 
Jim Kraus6, Dennis A. LaPointe1, Loyal Mehrhoff7, Michael D. Samuel8 
1USGS Pacific Island Ecological Research Center, Hawai‘i National Park, HI, 2USFWS Partners 
Program, Hilo, HI, 3Pacific Islands Climate Change Cooperative, Honolulu, HI, 4Three Mountain 
Alliance, Hawai‘i National Park, HI, 5Kaua‘i Forest Bird Recovery Project, Waimea, HI, 6USFWS 
Hakalau Forest National Wildlife Refuge, Hilo, HI, 7USFWS Ecological Services, Honolulu, HI, 
8USGS Wisconsin Cooperative Wildlife Research Unit, Madison, WI 

Avian malaria has profoundly affected the abundance and distribution of Hawai‘i's forest birds. 
Today, most native Hawaiian forest birds have been lost from both low-lying islands and low-
elevation forests on the higher islands (Hawai‘i, Kaua‘i, Maui). Malaria parasites and their 
mosquito vectors cannot develop in cold temperatures, generally restricting disease transmission 
to below ~ 1500m. As a result, most native species are restricted to elevations above 1500 
m.Unfortunately, global warming is predicted to facilitate the encroachment of mosquitoes and 
disease into increasingly higher elevations, potentially threatening the existence of many 
remaining native Hawaiian forest birds. Although potential problems could be years away, actions 
to confront these threats need to be considered now to reduce future population impacts. 
However, there are no obvious solutions for this long-term problem. We discuss management 
strategies that may help address the problem, methods for evaluating different strategies, and 
highlight where gaps in our knowledge require more research. 

1-11 Structured Decision Making for Laysan Duck and Laysan Finch Conservation: Using 
Translocations to Reduce Extinction Risk in the Face of Climate Change 
Andrew McClung1, Ray Born2, Jeff Hatfield3, Ian Jamieson4, Annie Marshall5, Brady Mattsson6, 
Michelle Reynolds1, Erin Rivenbark7, Sabrina Servanty3 
1USGS-BRD/PIERC, Hawai‘i National Park, HI, 2 Papahānaumokuākea Marine NM, Honolulu, HI, 
3USGS Patuxent NWRC, Laurel, MD, 4Dept. of Zoology, Univ. of Otago, Dunedin, New Zealand, 
5USFWS Pacific Islands Office, Honolulu, HI, 6USGS Western Ecological Research Center, 
Sacramento, CA, 7USFWS Region 4, Atlanta, GA 

The Laysan Finch (Telespiza cantans) and Laysan Duck (Anas laysanensis) are endangered 
endemic Hawaiian birds facing high extinction risk due to their limited range and their vulnerability 
to unpredictable threats such as disease, major storms, and tsunamis. Both species have been 
translocated to create secondary, "insurance" populations; however the mean elevation of the 
translocation targets is lower than that of the source island, so increased sea level and wave 
action due to global climate change are likely to inundate portions of their very limited habitat. To 
assess the interactions likely to occur between species and identify optimal sequences of 
management actions, we explored the potentially conflicting sources of risk and uncertainty 
involved in undertaking additional tranlsocations of both species. We applied multiple analytical 
methods to model the decisions that resource managers will need to make over the next 10-20 
years. We then described a set of tools for transparent decisions needed to minimize overall 
extinction risk, subject to cost and logistical constraints. Translocation to high-elevation islands is 
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likely to enhance persistence primarily for the most disease-resistant species, but translocations 
among low-lying islands may still be required given the long lead times needed to improve 
habitat, remove mammalian predators, and build the degree of public support necessary to 
ensure project success. 

1-12 Structured Decision Making Case Study:  Black-footed Albatross Management in the 
Face of Sea Level Rise 
Crystal Krause1, Beth Flint2, Bill Kendall3, Andre Breton4, Karen Courtot5, Maura Naughton6, 
Michele Zwartjes7, Michelle Reynolds1 
1USGS, Pacific Islands Ecosystem Research Center, Hawai‘i National Park, HI, 2USFWS, Pacific 
Reefs Natinal Wildlife Refuge Complex, Honolulu, HI, 3USGS, Colorado Cooperative Fish and 
Wildlife Unit, Fort Collins, CO, 4Colorado Cooperative Fish and Wildlife Research Unit, Fort 
Collins, CO, 5Hawai‘i Cooperative Studies Unit, UH Hilo, Hilo, HI, 6USFWS, Migratory Birds 
Division, Region 1, Portland, OR, 7USFWS, Ecological Services Division, Region 1, Portland, OR 

Understanding the dynamics of climate change on small island populations of breeding seabirds 
is essential for future management strategies to prevent species population declines and 
extinctions. Small islands are predicted to be especially vulnerable to the effects of climate 
change such as sea-level rise, severe storms, and wash over events. Sea-level rise could lead to 
a reduction of island size, shrinking already limited habitat for the 14 million seabirds that use the 
small low lying islands of the Northwest Hawaiian Islands (NWHI). Climate change scenarios 
predict an increase in storm intensity and changes in habitat conditions that could cause high 
mortality in many breeding seabird colonies. The resilience of seabird population toward more 
frequent extreme events due to climate change is a topic of interest to managers.  The role of 
density dependence on the nesting biology of colonially nesting seabirds is also unknown, and 
species flexibility to establish successful new colonies on higher ground in the Hawaiian Islands 
given sea level rise is also uncertain given the numerous introduced predators that have invaded 
the main Hawaiian Islands.  Mammalian predators on high elevation islands, along with strong 
natal philopatry could hinder colony establishment of the main Hawaiian Islands less vulnerable 
to sea level rise impacts. We used structured decision making to identify the best sequence of 
actions to help protect the BFAL against sea level rise and support the goals set out in the 
Albatross Action Plan, USFWS Seabird Conservation Plan. 

Hawai‘i Coral Reef Strategy Implementation  

1-13 The Hawai‘i Coral Reef Strategy:  Program Overview 
Katherine Cullison, Petra MacGowan 
DLNR  Division of Aquatic Resources, Honolulu, HI 

The Division of Aquatic Resources is tasked with implementing the Hawai‘i Coral Reef Strategy 
through Local Action Strategies (LASs), which are locally-driven initiatives for cooperative action 
among federal, state, territory, non-governmental and community partners which identify and 
implement priority actions needed to reduce key threats to valuable coral reef resources. Current 
LAS include Fisheries, Recreational Impacts, Land-Based Sources of Pollution, Climate Change 
and Marine Disease, and Aquatic Invasive Species. Each LAS has a coordinator and an advisory 
group comprised of local representatives from research, public, conservation, and government 
entities. The advisory groups provide oversight and direction for the implementation of their LAS 
objectives. In addition to LAS advisory groups, the Coral Reef Working Group provides similar 
services but on a programmatic all-LAS level; reviewing and ranking projects for funding while 
incorporating the comments and priorities of the individual advisory groups. Many projects have 
been funded over the years and much has been learned to facilitate effective coral reef 
conservation. As resources have diminished, the Coral Program has recently shifted its focus 
from statewide implementation to priority-sites, located at Kahekili, Maui and Puako, HI. The new 
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strategy allows for limited resources to be strategically allocated to maximize the collective 
outcome of individual projects. 

1-14 Overview of Hawai‘i’s Fisheries Local Action Strategy 
Mike Lameier 
NOAA Fisheries Service, Honolulu 

The Fisheries Local Action Strategy Hawai’i (FLASH) is one of five other Local Action Strategies 
(LASs), all of which are locally-driven initiatives for cooperative action among federal, state, 
territory, non-governmental and community partners which identify and implement priority actions 
needed to reduce key threats to valuable coral reef resources. The FLASH is coordinated by Mike 
Lameier, who is based in National Marine Fisheries Service’s Habitat Conservation Division.  He 
works with a Steering Committee comprised of members from State, Federal and NGOs. This 
Committee meets 1-2 times a year to guide the LAS and discuss developing and implementing 
projects designed to reduce threats to coral reef fisheries. The development of FLASH began in 
2003 with DAR and NOAA leading the collaboration. In 2009, the FLASH completed a Strategic 
Plan, which guides the types of projects the FLASH selects to submit to the Coral Reef Working 
Group (CRWG) for approval. While the FLASH has no management authority, it develops 
projects to support coral reef fisheries management. The majority of FLASH projects have 
historically focused on the following areas: life history research, fishermen outreach and 
compliance, community-based recreational fisheries catch data collection, management, legal 
and communication projects. 

1-15 Recreation Impacts to Reefs Local Action Strategy 
Emma Anders 
DLNR  Division of Aquatic Resources, Honolulu, HI 

Hawai‘i’s coral reefs offer both unique recreation opportunities for residents and support for a 
thriving tourism industry in the state, but unmanaged and uninformed recreation can result in 
damage to the resource and diminished visitor experiences. The Recreation Impacts to Reefs 
Local Action Strategy (RIRLAS) has worked for 6 years to address various recreation impacts 
through outreach, research and implementation of day use moorings.  A recent research project 
conducted at the Molokini Marine Life Conservation District (MLCD) by Drs. Brian Szuster and 
Mark Needham applied focus group and survey methods to assess social impacts of marine 
recreation activities at the site.  Results of this study suggest that a majority of visitors expected 
to escape crowds at Molokini, but over two-thirds of respondents felt crowded by the number of 
people and boats at the site. A significant amount of interpersonal conflict between snorkelers 
was also found. Visitors to Molokini reported strong support for a range of management actions to 
address crowding and conflict including use level restrictions and increasing shipboard education. 
The RIRLAS is currently working with the Division of Aquatic Resources and Dr. Brian Szuster to 
support improved management of Molokini MLCD based on the results of this study. 

1-16 The Aquatic Invasive Species Local Action Strategy (AIS LAS) 
Katherine Cullison 
DLNR Division of Aquatic Resources, Honolulu, HI  

The Division of Aquatic Resources (DAR) Aquatic Invasive Species (AIS) Coordinator is tasked 
with implementing the State of Hawai‘i AIS Management Plan, which was written in 2003 and 
provides the framework for the DAR AIS program. The coordinator also leads the AIS Local 
Action Strategy for the Hawai‘i Coral Program. The objective of this LAS is to prevent the 
introduction of new invasive species and control the distribution of those that have already 
established in Hawai‘i. The primary focus of the program has been invasive algae, which have 
infested many coral reefs in the state and are continually spreading to new areas by both 
deliberate human-mediated transport and natural expansion. The AIS LAS has funded several 
projects over the years to combat alien algae, including public outreach, ecological research, 
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control methods, and habitat restoration. The projects have each provided valuable information 
and lessons for future direction. 

1-17 Hawai‘i’s Climate Change and Marine Disease Local Action Strategy  
Greta Aeby 
Hawai‘i Institute of Marine Biology, Kaneohe, HI 

Changing environmental conditions associated with global climate change are predicted to result 
in an increased frequency of coral bleaching and disease events.  In response to these threats, 
DAR initiated the development of the Climate Change and Marine Disease (CCMD) LAS in 2005 
with a steering committee composed of State, Federal, University, and NGO members. The goals 
and objectives of the CCMD LAS were developed with the goal, “To understand and manage 
impacts to reef ecosystems from climate change and marine disease for increased resistance 
and resilience”. The critical first step was to develop a baseline of the types, distribution, and 
prevalence of coral diseases on Hawai‘i’s reefs. Studies on diseases of concern are now 
encouraged to understand disease processes (mode of transmission, virulence, etiology, etc).  
Outreach and education included production of coral disease identification cards and numerous 
public lectures. In 2008, DAR helped develop Hawai‘i’s Rapid Response Contingency Plan for 
unusual outbreaks of coral bleaching, disease and crown of thorn outbreaks.  During ensuing 
workshops, it became evident that identifying outbreaks in Hawai‘i was problematic due to the 
widespread and numerous reefs under DAR’s jurisdiction. Hence, the Eyes of the Reef reporting 
network (www.reefcheckhawaii.org/eyesofthereef.htm) was developed to educate and engage 
stakeholders in identifying and reporting outbreak events. This is an ongoing collaboration 
between DAR, Hawai‘i Institute of Marine Biology and Reef Check Hawai‘i. A Rapid Response 
team was assembled and trained in 2009 and deployed in 2010 to investigate an outbreak of 
Montipora White Syndrome in Kāne‘ohe Bay, O‘ahu. 

1-18 The Marine Law Fellowship Program Update 
Wayne Tanaka 
University of Hawai‘i, Honolulu, HI  

The Department of Land And Natural Resources' (DLNR) Marine Law Fellowship Program first 
began in 2006, to assist with DLNR's management responsibilities over Hawai‘i‘s aquatic and 
marine resources. Originally a joint venture between the William S. Richardson School of Law, 
the Hawai‘i Coral Reef Initiative, DLNR, and the Department of the Attorney General, the Marine 
Law Fellowship Program has most recently been supported with funding from the Castle 
Foundation and the Coral Reef Grant under the DLNR-NOAA Local Action Strategies Hawai‘i. 
The Marine Law Fellows have proved invaluable in advancing the state’s management 
responsibilities. Fellowship activities have included revising and drafting regulations relating to 
aquatic resource management; building consensus on recommendations for regulatory and 
statutory changes to better implement policy; and facilitating administrative enforcement of 
resource violations. This has included the first-ever administrative fine imposed for coral damage 
in the state of Hawai‘i. The Law Fellow position was also fundamental in developing the legal 
infrastructure necessary to implement the DLNR's Civil Resource Violation System to commercial 
marine catch reports. The current fellow, Wayne Tanaka, has focused on the facilitation of staff 
consensus on future policy initiatives; drafting and revising regulations to more effectively 
implement policies; helping navigate complex rulemaking processes; acting as liaison between 
other marine management-related agencies; and communicating with staff regarding legislative 
proposals relating to the state's marine resources. He has also worked extensively with the 
DOCARE and representatives of other governmental and non-governmental organizations to 
facilitate DOCARE's education and compliance efforts. 
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CONCURRENT SESSION 2: AUGUST 2, 3:20-5:20 PM  

Implementing Rare Plant Recovery 

2-1 Saving Hawai‘i’s Rarest Plants: The Plant Extinction Prevention (PEP) Program 
Hank Oppenheimer 
University of Hawai‘i, Dept. of Botany, Pacific Cooperative Studies Unit, Honolulu, HI 

At least 170 native plant taxa in Hawai‘i have fewer than 50 wild individuals, and are at risk of 
going extinct within the next several years. Already, we have lost at least 100 plant species to 
extinction. The Hawai‘i Rare Plant Restoration Group, an informal coalition convened of over 60 
participants from Federal, State, and local government agencies; botanical gardens; private 
organizations; and private landowners dedicated to the preservation of the Hawaiian flora, hopes 
to prevent the extinction of rare Hawaiian plants with an archipelago-wide project. The PEP 
Program (formerly Genetic Safety Net) is now operating on all the main Hawaiian Islands after the 
initial pilot program on O‘ahu. Staff are based on Kaua‘i, O‘ahu, Moloka‘i, Maui, and the Big 
Island. The Program regularly gathers all knowledgeable botanists to collectively plan for the 
management of each individual plant known for each target species.The taxa monitored and 
sampled under this project are slated for seed collection and/or vegetative sampling of every 
remaining individual from these small remnant populations, in order to capture all existing genetic 
variation. Detailed data are collected on phenology and the most imminent threats to identify 
actions needed and provide data for future efforts. Protocols for monitoring and sampling 
populations for adequate genetic representation have been developed by the HRPRG. Major 
objectives also include mitigation of in situ threats; surveys for new individuals and/or populations; 
ex situ propagation and seed storage; and outplanting nursery stock into appropriate habitat. 

2-2 Recovery of Hawaiian Lobeliads at Hawai‘i Volcanoes National Park 
Sierra McDaniel1, Rhonda Loh1, Thomas Belfield2, Susan Dale2 
1National Park Service, Hawai‘i Volcanoes National Park, Division of Natural Resources 
Managment, Hawai‘i National Park, 2Pacific Cooperative Ecosystems Studies Unit, Hawai‘i 
National Park 

The native lobeliads of Hawai‘i are recognized as one of the world’s premier examples of 
adaptive radiation, in which a single colonizing ancestor has given rise to a spectacular array of 
descendant species exhibiting great ecological and morphological variation. Unfortunately, they 
also epitomize the severity of the threats confronting the Hawaiian flora, especially the threats 
posed by alien animals. Nearly 40% of the 113 species teeter on the brink of extinction and are 
listed as federally endangered species. Recovery efforts for the 12 species found within Hawai‘i 
Volcanoes National Park (HAVO) have focused first on habitat protection by removing invasive 
ungulates and plants through the Special Ecological Area (SEA) approach. Although more 
common species have started to recover following protection from these known threats, small 
population sizes or extirpation have limited rare species ability to re-colonize. HAVO resource 
managers are testing establishment techniques and stabilizing existing populations in mesic and 
wet forest in the park. The intent is to establish meta-populations across a broader ecological 
range to increase capacity for these species to persist in the wake of climatic changes and 
altered disturbance regimes, and provide a better understanding of species specific tolerances to 
variations in microclimatic conditions. In addition, partnerships with multiple state and federal 
agencies have allowed us to begin large scale restoration efforts for two highly endangered 
species Cyanea shipmanii and Clermontia peleana. 
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2-3 Rare Plant Restoration on Private Land: A Land Owner’s Perspective 
Stephanie Dunbar Co, Kip Dunbar 
Kainalu Ranch, Kainalu, HI 

The Hawaiian archipelago is generally considered home to an unparalleled array of native 
species. Unfortunately, direct and indirect human activities have so ravaged the Hawaiian 
environment that over one-half of Hawai‘i’s native plants are considered either threatened, 
endangered or of concern by the U.S. Fish and Wildlife Service. Often a critical yet difficult step in 
the long-term survival of these vulnerable plant species is in situ restoration. Accounting for 
approximately 50% of Hawai‘i’s total land area, private lands are critical components to 
successful restoration efforts throughout all available remaining habitats. However, both 
management agencies and private landowners need to be informed of the benefits and 
challenges of restoring rare species on private lands. One example is Kainalu Ranch on eastern 
Moloka‘i, which is privately owned and managed by the Dunbar family. The 1,100 acre ranch 
comprises the majority of the ahupua‘a of Kainalu, stretching from the mauka summit down 
through to makai fishponds. The Dunbar family has raised cattle on the ranch for nearly 100 
years; however, in recent years focus has shifted toward more environmentally responsible land 
practices. Current conservation projects include outplanting populations of Cyanea dunbariae, 
Pritchardia munroi, Bidens wiebkei, Acacia koa and koa‘ia, experimenting with herbicide 
treatments on Formosan Koa, and restoring a coastal wetland. These efforts have been 
supported by both public grant monies and private resources. The benefits and challenges of 
these projects will be discussed. 

2-4 History of the Division of Forestry and Wildlife Rare Plant Restoration on the Island of 
Kaua‘i  
Michael Wysong 
DLNR Division of Forestry and Wildlife, Lihue, HI 

Kaua‘i has the highest rate of endemism among the Hawaiian Islands with 225 single island 
endemic species out of a total of 671 native plants. Kaua‘i, like the rest of the state, faces dire 
rare plant statistics with 30% of the native flora, 199 species, considered rare. Currently, 122 
species on Kaua‘i are listed as endangered under the Federal Endangered Species Act. In the 
late 1980s, the Division of Forestry and Wildlife (DOFAW) on Kaua‘i began an earnest program to 
help restore and protect these critically endangered plant species. Kaua‘i DOFAW was 
instrumental in protecting many individuals of rare plants on State lands throughout the island 
through the construction of several dozen small fenced enclosures. Not only were populations of 
rare plants fenced, but Kaua‘i DOFAW collected, propagated, and out planted many of these 
species into protected enclosures. In 2007, Kaua‘i DOFAW conducted detailed inventories of 
these out planting sites to evaluate the success of rare plant restoration efforts over the past 20 
years. The results of these inventories show a mixed level of success that varies across different 
species and locations, and also highlight additional needs to improve rare plant restoration on 
Kaua‘i . In the past 5 years, focus for rare plant protection on Kaua‘i has shifted from an emphasis 
on individual plant population protection to larger scale habitat and watershed protection. These 
efforts have protected additional wild populations of rare plants and allowed for current and future 
recovery efforts to focus on reintroductions on a larger landscape scale.  

2-5 Registration of Sluggo for Rare Plant Restoration: An Effective New Tool for Slug 
Control 
Stephanie Joe 
University of Hawai‘i Pacific Cooperative Studies Unit, Honolulu, HI 

Introduced slugs are seedling predators of several endangered plant species. Since 2006, the 
O‘ahu Army Natural Resource Program (OANRP) has worked with state and federal agencies to 
investigate the safety and efficacy of the molluscicidal bait, Sluggo (a.i. iron phosphate), to control 
slugs in forestry settings without harming native snails. In late 2010, OANRP successfully 
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petitioned the Hawai‘i Department of Agriculture to pass Special Local Needs (SLN) labeling for 
Sluggo. This label amendment means that, for the first time, eradication of slugs in a natural area 
is possible. Prior to Sluggo, available slug control methods (e.g. traps baited with beer, copper 
barriers) were highly labor intensive and of limited efficacy. Here we describe the SLN registration 
process. We review label restrictions intended to reduce risk to native snails. Finally, we 
describe Sluggo application techniques to maximize protection of vulnerable plants. 

2-6 Implementing Rare Plant Recovery, Coastal and Dry Forest Restoration at Kalaupapa 
National Park: Some Lessons Learned over the Past 10 Years 
William Garnett 
Wiliwili Hawaiian Plants, Ho‘olehua, HI 

Kalaupapa National Historical Park and the islets off Moloka‘i’s north shore have some of 
Hawai‘i’s best examples of mesic and wet native coastal plant communities and habitat for many 
endangered plant species. This presentation will cover planning, permitting and site selection, the 
first considerations in a rare plant habitat restoration project. Next, some examples will be 
provided on how to create and maintain ungulate free planting zones or "kipukas" using traditional 
fencing and how to select the appropriate fence for your site. It will also include examples of 
some non-traditional fences and barriers including horizontal fences, railings and brush piles, and 
naturally occurring refuges such as cliff faces, offshore islands and boulder fields. In addition, 
techniques such as double dibble succession plantings in a tube will be discussed as a better 
way to plant large seeds rather than surface scattering, help successfully establish younger 
woody plants, and help bind root ball of plants that lack fibrous roots. We will discuss planning for 
succession by choosing the right species, timing, spacing and follow up maintenance for 
restoration sites. The presentation will conclude with an examination of the real funding and labor 
requirements for long-term maintenance of remote sites. 

Avifauna  

2-7 A Geographical Evaluation of Nesting Substrate for the Puaiohi, Myadestes palmeri 
Pauline Roberts1, Lisa Crampton2, Ruby Hammond2 
1Sapphos Environmental, Inc., Pasadena, CA, 2Kaua‘i  Forest Bird Recovery Project, Hanapepe, 
HI 

The Puaiohi, or Small Kaua‘i Thrush, is one of two endemic solitaire species still extant in Hawai‘i. 
Now severely threatened by anthropogenic threats, this critically endangered single island 
endemic is now restricted to less than 20 km2 on the Alaka‘i Plateau of Kaua‘i. Territorial Puaiohi 
occupy areas with deeply-incised streams, and usually nest on vertical walls or cliffs bordering 
these streams, and it has been suggested that their distribution in the Alaka‘i may be driven by 
availability of suitable nest sites. To test this hypothesis, we assessed Puaiohi nest site selection 
at several hierarchical scales: 1) nest site within a nest wall, 2) nest walls within territories, and 3) 
distribution of walls within used (territories) and unused sections of streams. Our results suggest 
that Puaiohi actively preferred larger nest walls. For example, we found that walls with nests were 
significantly taller (12.9 ± 5.6 m) than walls without nests (P = 0.02, N = 142), and walls with nests 
used multiple times were larger than walls with nests used only once. However, Puaiohi only 
used a small proportion of available walls: walls with nests represented only 10% of the total wall 
length in the study area, and many of these unused walls did not differ statistically or subjectively 
from walls that were used. We discuss possible nest-site limitations on Puaiohi and speculate 
how such impediments restrict use of other streams outside their current range. We assess 
implications for management, including suitability of release sites for future Puaiohi 
translocations. 
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2-8 The Pathogenesis and Experimental Transmission of Knemidokoptic Mange in Hawai‘i 
‘Amakihi Hemignathus virens 
Dennis LaPointe1, Jacqueline Gaudioso2, Carter Atkinson1, David Leonard3 
1US Geological Survey, Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 
2USDA/APHIS/WS National Wildlife Research Center, Hilo, HI, 3State of Hawai‘i Department of 
Land and Natural Resources, Division of Forestry and Wildlife, Honolulu, HI 

Knemidokoptic mange (KM) or scaly leg was first documented in 2007 in Hawai‘i ‘amakihi, an 
endemic Hawaiian honeycreeper, in Manuka Natural Area Reserve (NAR) on the island of 
Hawai‘i.  The skin burrowing mite, Knemidokoptes jamaicensis, had not been previously reported 
in the Hawaiian Islands and the impact to endemic Hawaiian birds is unknown.  Evidence from 
mainland North American bird species suggests possible population level impacts. In order to 
determine routes of transmission, pathogenesis and the ultimate fate of mite-infested Hawai‘i 
‘amakihi, we brought 13 infested ‘amakihi from Manuka NAR and 10 clean ‘amakihi from the 
Upper Waiakea Forest Reserve into the USGS aviary for a long-term study of lesion development 
and transmission between individuals. Lesion status at the time of capture was documented by 
photograph and assigned a descriptive score of early, intermediate, or advanced. We also took 
blood samples, measured lesions and made detail descriptions of the lesions. We followed lesion 
development for over 12 months and conducted transmission experiments by housing infested 
and clean birds together and using the mosquito, Culex quinquefasciatus, as a phoretic vector of 
the mite. Results of this study and implications for Hawai‘i ‘amakihi and other Hawaiian passerine 
populations will be discussed. 

2-9 Recent Progress in Palila Conservation and Management  
Chris Farmer1, David Leonard2, George Wallace3 
1American Bird Conservancy, Hawai‘i Volcanoes National Park, HI, 2Pacific Cooperative Studies 
Unit (University of Hawai‘i at Mānoa), Honululu, HI, 3American Bird Conservancy, The Plains, 
Virginia 

The endangered Palila (Loxioides bailleui) is only found on the southwestern slope of Mauna 
Kea, and is almost completely dependent on māmane trees for food and nesting. The population 
has declined for eight straight years, with a 79% decrease in abundance since 2003, the longest 
continuous trend in 31 years of monitoring. The species’ distribution has also contracted from 
occupying multiple islands to less than 5% of its historic range. Browsing ungulates damage the 
māmane forest, and their removal from Palila Critical Habitat is required by court order. There 
have been 23 aerial hunts over the past 14 years which have removed 4,612 animals, with an 
additional 4,613 removed via public hunting. However, immigration and internal recruitment are 
ongoing, and animals continue to degrade Mauna Kea’s forests. As of March 2011, approximately 
10% of a 95 km (59 mile) ungulate-proof fence that will enclose 94% of critical habitat has been 
built; and funding for another 29 km (18 mile) has been secured. An ungulate removal plan will be 
implemented once the fence is completed and ingress has been stopped. Multiple agencies 
created a second population of Palila on the northern slope of Mauna Kea from 2003–2009. This 
population has persisted into 2011, with at least three clutches and four juveniles produced in 
2010. This suggests that reintroduction could create new Palila populations once their habitat is 
protected and has had time to recover. There is an urgent need for public outreach to overcome 
opposition to fencing and ungulate eradication. 

2-10 First Steps in Creating a New Population of Nihoa Millerbirds  
Chris Farmer1, Robby Kohley2, Peter Luscomb3, Holly Freifeld4, Sheldon Plentovich5 
1American Bird Conservancy, Hawai‘i Volcanoes National Park, HI, 2Maui Forest Bird Recovery 
Project, Makawao, HI, 3Honolulu Zoo, Honolulu, HI, 4US Fish and Wildlife Service, Portland, 
Oregon, 5US Fish and Wildlife Service, Honolulu, HI 

The critically endangered Nihoa Millerbird (Acrocephalus familiaris kingi) is found only on Nihoa, 
one of the Northwestern Hawaiian Islands. In 2010 the population was estimated at 
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approximately 500 Millerbirds, and the species has historically fluctuated between 30–800 
individuals, thus it is at high risk of extinction due to demographic and environmental 
stochasticity. Millerbirds are listed as endangered under the ESA and by the State of Hawai‘i, and 
translocation of this species to another of the Northwestern Hawaiian Islands has been 
recommended for over 30 years as an important recovery action to reduce the risk of extinction. 
Laysan Island was selected as the most suitable release site because it once harbored a closely 
related subspecies (which was extirpated in 1923), it has sufficient habitat, and the threats 
common throughout the main Hawaiian Islands are absent. We conducted feeding trials with 
captive birds on Nihoa in 2009 (3 days, n = 8 birds) and 2010 (8 days, n = 12 birds) to determine 
appropriate avicultural practices to safely translocate Millerbirds the 1,036 km to Laysan. The 
2009 cohort lost a mean of 1.9 ± 3.5% of their initial capture weight while in captivity, and the 
2010 cohort lost 2.1 ± 4.3%, suggesting the birds can adjust to captivity for the duration of the 
combined holding and transport period. We will also present a brief overview of the methods that 
will be used in September 2011 to translocate 24 Millerbirds from Nihoa to Laysan and monitor 
the birds following release. 

2-11 Forest Bird Populations In Relation to Forest Vegetation and Structure on the Alaka‘i 
Plateau: Baseline Abundance and Richness Pre-installation of the Alaka‘i Protective Fence  
Barbara Heindl, Lisa Crampton, Lucas Behnke 
Kaua‘i Forest Bird Recovery Project, Waimea, HI 

Kaua‘’s high elevation Alaka‘i Plateau contains most of the island's remaining native montane 
rainforest. Restricted to high elevations by habitat loss/ degradation, introduced predators, and 
avian diseases, this is the largest contiguous habitat for native forest birds. In early 2010, The 
Nature Conservancy and partners began installing a fence to exclude invasive ungulates from 
2,000 acres of the plateau and promote habitat restoration. As the first step in a pre/post-control 
study to monitor impacts of the fence on forest vegetation and birds, we surveyed avian richness 
and abundance using variable circular plot surveys at 159 points that fell inside and outside of the 
fence line. Vegetation structure and composition were measured in 5.6 m radius circular plots at 
68 of these points in fall 2010. Vegetation and avian community composition were compared on 
both sides of the proposed fence to examine baseline differences. We related avian community 
characteristics to vegetation components, the first such analysis for Kaua‘i. Seventeen bird 
species were detected, including all eight extant native forest bird species, which were detected 
on both sides of the fence. The most common were ‘Apapane (Himatione sanguine), Kaua‘i 
‘Elepaio (Chasiempis sclateri), and Japanese White-eye (Zosterops japonicas). Canopy cover of 
both sides of the fence ranged from 0% to 100% canopy cover (mean = 70.8%) across all plots. 
The most common trees were ‘ōhi‘a lehua (Metrosideros polymorpha), lapalapa (Cheirodendron 
platyphyllum) and ‘ōlapa (Cheirodendron trigynum). Monitoring post fence completion and the 
potential for this exclusion to restore forest bird habitat will be discussed. 

2-12 The Kaua‘i Seabird Habitat Conservation Plan: Threats to the Species, Approach, and 
the Role of Adaptive Management 
Paul Belson, Andrea Erichsen, Adam Griesemer 
DLNR- Kaua‘i Seabird Habitat Conservation Planning Office, Lihu‘e, HI 

Adaptive management is an essential tool to inform policy and management decisions and to 
reduce the level of scientific uncertainty over time. The Hawai‘i Division of Forestry and Wildlife in 
coordination with the USFWS is creating the Kaua‘i Seabird Habitat Conservation Plan (KSHCP) 
to address light attraction and collisions with manmade structures which effect threatened 
Newell's shearwater (Puffinus newelli) and endangered Hawaiian petrel (Pterodroma 
sandwichensis). The KSHCP is a unique island-wide approach to provide incidental take permits 
for a host of public and private participants whose activities have caused "incidental take" of listed 
seabirds. While bundling individual participants into one HCP provides efficiency and benefits, the 
combined and cumulative impacts to the populations hightlight the role of adaptive management. 
The KSHCP monitoring program will collect data to inform management and policy decisions over 
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the proposed 30 yr. duration of the Plan. This presentation will provide an overview of the 
KSHCP, discuss the threats to the covered seabirds, and focus on the role adaptive management 
to answer key questions over time. 

2-13 Newell’s Shearwater Population Modeling: Impacts of Threats and Benefits of 
Protection 
Adam Griesemer1, Nick Holmes2 
1Kaua‘i Seabird Habitat Conservation Plan, Lihue, HI, 2Kaua‘i  Endangered Seabird Recovery 
Project, Waimea, HI 

The Newell’s shearwater (Puffinus newelli), an ESA listed species, faces terrestrial threats from 
predation, attraction to artificial lights and collision with powerlines. Population modeling was 
conducted for Habitat Conservation Plan and recovery planning to consider the benefits of 
management actions to the Kaua‘i population. Population scenarios modeled included a) stable, 
realistic and optimal growth; b) threats of predation, fallout and powerline collision; and c) 
management actions of minimizing fallout and powerline mortality, predator control, predator 
eradication and chick translocation. The growth rate (lambda) produced in our worst case threat 
scenario (0.906) fell within the range of annual change suggested by ornithological radar data 
from 1993-2010 using only Newell’s shearwater traffic (0.899), and Save Our Shearwater data of 
Newell’s shearwater fledglings from 1988-2009 (0.905). Combined management scenarios with 
1) 10% population subjected to predator control, 5% to predator eradication, and 100 chicks 
translocated over five years, and 2) 20% population subjected to predator control, 10% to 
predator eradication, and 400 chicks translocated over 10 years, would provide an estimated 
benefit of 2,000 - 4,000 birds over 25 years, compared to no management undertaken. A 
"recovered" (i.e. stable, self-sustaining) Newell's shearwater population in 25 years will likely be 
much reduced in size from what exists today. Combined management actions likely to provide the 
greatest potential benefit should be targeted to prevent this species from becoming extinct, 
including predator control of Northwest colonies, predator eradication projects in combination with 
aggressive powerline and fallout minimization in the same region, and chick translocation to 
threat-free environments. 

2-14 Seasonal Variation in Hawaiian Hoary Bat (Lasiurus cinereus semotus) Acoustic 
Activity on Leeward Kaua‘i Island 
Corinna A. Pinzari1, Frank J. Bonaccorso2, P. Marcos Gorresen1 
1Hawai‘i Cooperative Studies Unit, University of Hawai‘i at Hilo, Hawai‘i National Park, HI, 2U.S. 
Geological Survey, Pacific Island Ecosystems Research Center, Kīlauea Field Station, Hawai‘i 
National Park, HI 

The endangered Hawaiian Hoary bat, the State’s only native terrestrial land mammal, is an 
insectivorous, solitary tree-roosting species dependent on forest habitats at many different 
elevations. On windward Hawai‘i Island, we have observed that bats annually migrate from high 
elevation forested slopes, where they spend the winter and spring months, to low elevation 
habitats to reproduce during the summer and fall. We investigated the seasonal nature of bat 
activity across an elevation gradient in western Kaua‘i to determine if bats undergo similar 
elevation migrations between the dry coastal lowlands of Mana and temperate forests along the 
ridgelines of Kōke‘e. We monitored nightly bat activity with automated full-spectrum acoustic 
detectors, on a bi-monthly basis for one full year. We chose a total of twenty recording stations, 
twelve within the Barking Sands Pacific Missile Range Facility and eight within the Pu'u ka Pele 
Forest Reserve. We examined the timing and patterns of nightly echolocation activity in 
relationship to roost proximity and movement to determine seasonal patterns in occupancy of 
Hawaiian hoary bats in western Kaua‘i. 
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Marine and Coastal Systems  

2-15 Historical Biogeography of Sea Turtle Populations in the Pacific Ocean 
Kyle Van Houtan1, Jack Kittinger2, Loren McClenachan3, Amanda Lawrence1 
1NOAA Fisheries, Pacific Islands Fisheries Science Center, Honolulu, HI, 2Kainalu Consulting, 
Honolulu, HI, 3Department of Biological Science, Simon Fraser University, Burnaby, BC, Canada 

What is the historical baseline for sea turtle populations in the Pacific Ocean? Various 
hypotheses can explain the current distribution of Pacific sea turtles, but these ultimately rely on 
accurate historical information. Hawksbill (Eretmochelys imbricata) and green sea turtle (Chelonia 
mydas) populations today are: 1) recent colonists to Pacific islands, 2) a response to changes in 
nearshore ecosystems, or; 3) reflect anthropogenic impacts including overexploitation. We tested 
the validity of these major competing hypotheses by conducting a comprehensive search of 
historical sources, including zooarchaeological deposits, anecdotal and ethnographic accounts 
and contemporary fisheries and ecological data spanning the entire Pacific basin. Our dataset 
includes over a thousand individual data points, which allow us to establish historical ecological 
baselines for both hawksbill and green sea turtles in the Pacific. Our results suggest that 
hawksbills were previously much more widely distributed and that colonial exploitation patterns 
for hawksbill shell provide the best explanation for current biogeographic distribution. Notably, 
historical harvest data are highly correlated with current nesting distribution, which supports the 
hypothesis that anthropogenic impacts severely reduced population size and reproductive sites 
(nesting beach locations). Similarly, green sea turtles were also much more widely distributed in 
pre-colonial times, but exploitation for food in prehistoric and post-European contact times 
probably the major driver for reductions in these populations. Our analysis provides strong 
support to the role of human disturbance as a primary hypothesis for current sea turtle 
distributions and demonstrates that historical data can inform modern-day population 
assessments. 

2-16 Habitat Restoration Using the Native Collector Urchin, Tripneustes gratilla, in 
Kaneohe Bay, O‘ahu 
Jono Blodgett, David Cohen, Cathy Gewecke, Kate Cullison 
DLNR Division of Aquatic Resources, Honolulu, HI 

Kāne‘ohe Bay is located on the island of O‘ahu and is considered a complex mix of both 
estuarine and coral reef ecosystems. Kāne‘ohe Bay has been subjected to a number of 
ecological stresses over the last century including overfishing and land-based pollution. However, 
the increased introduction of non-native species has been one of the largest impacts of the last 
decade. Specifically, the introduction of non-native algae has allowed a phase shift to change the 
bay from a coral dominated system to a non-native algal dominated system. A partnership of 
State government, University researchers, and a non-profit have worked for over five years to 
develop a multi-tiered approach to address the expanding distribution of non-native algae in 
Kāne‘ohe Bay. This approach includes the efficient mechanical removal of algae coupled with an 
increase in native herbivory via outplanting of the sea urchin, Tripnuestes gratilla. This sea urchin 
species has been shown to be an effective component in control of alien algae in experimental 
plots in Kāne‘ohe Bay, particularly when used as a follow-up to mechanical removal of alien 
algae.  These techniques will aid managers in habitat restoration, which will help to save existing 
corals as well as create increased habitat for coral recruitment and fish habitat.  This presentation 
will cover progress made since the original pilot study, the success with raising and transplanting 
collector urchins from captivity, and future plans towards restoring the reefs in Kāne‘ohe Bay, 
O‘ahu.  
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2-17 Species Interactions Affect Corals: Evaluating Positive and Negative Herbivore 
Impacts in a Marine Protected Area (Midway Atoll) 
Wendy Cover 
University of California Santa Cruz, Santa Cruz, CA 

Herbivores, by removing algae that compete with corals, are considered to be key players in 
maintaining the resilience of coral reefs to the many natural and anthropogenic stresses 
threatening their persistence. Despite their importance, we still know little about the relative 
influence of the primary guilds, fish and urchins, and even less about potential negative impacts 
of their grazing activities. I conducted experiments in the shallow backreef of Midway Atoll, 
Northwestern Hawaiian Islands, Papahānaumokuākea Marine National Monument, which has 
been protected from reef fishing for at least 15 years and has an intact trophic structure with an 
abundance of large herbivores. The first experiment exposed three different coral species to the 
two most common urchin species, Echinometra mathaei and Heterocentrotus mammillatus. H. 
mammillatus did not affect the corals but E. mathaei removed large portions of coral tissue and 
skeleton, indicating that the grazing activities of some herbivores can be directly detrimental to 
corals. The second was a factorial caging experiment in which treatments exposed for a year to 
fish herbivores had little to no macroalgae and many coral recruits, whereas treatments without 
fish (one with urchins and one without urchins) showed substantial macroalgal growth and 
significantly fewer coral recruits, indicating that protecting fish herbivores is of primary importance 
for keeping macroalgae at bay and maintaining the resilience of reefs. 

2-18 Evidence of Multiple Populations of a Poorly-Known Odontocete, the Melon-Headed 
Whale (Peponocephala electra), in Hawaiian Waters  
Jessica M. Aschettino1, Robin W. Baird2, Daniel J. McSweeney3, Daniel L. Webster2, Gregory S. 
Schorr2, Jessica L. Huggins2, Karen K. Martien4, Sabre D. Mahaffy2, Kristi L. West1 
1Hawai‘i Pacific University, Kaneohe, HI, 2Cascadia Research Collective, Olympia, WA, 3Wild 
Whale Research Foundation, Holualoa, HI, 4Southwest Fisheries Science Center, La Jolla, CA 

The melon-headed whale is a poorly-known tropical odontocete, originally identified in Hawai‘i, 
with the first account coming from Hilo Bay in 1841 when approximately 60 animals were driven 
ashore and harvested for their meat and oil. Within the Hawaiian EEZ a single stock of melon-
headed whales is recognized. This species is thought to be susceptible to impacts from mid-
frequency sonar, with a near mass-stranding event on Kaua‘i in 2004 associated with a large 
naval exercise. To assess population structure of this species in Hawai‘i, we use information from 
dedicated small-boat research efforts undertaken from 2000-2009. Using only good-quality 
photographs, there were 1,433 unique photo-identified individuals, of which 1,046 were 
distinctive. Of these, 31.5% were seen more than once. Re-sighting data combined with social 
network analyses showed evidence of two populations - a smaller (estimated <500 individuals), 
resident population, seen exclusively off the northwest region of the island of Hawai‘i, and a larger 
(estimated ~5,000 individuals) main Hawaiian Islands (MHI) population, seen throughout the 
entire range of the MHI. A Bayesian analysis examining the probability of movements of 
individuals between the populations suggests they are demographically independent. Depth of 
encounters with the Hawai‘i Island resident population were significantly shallower 
(median=381m) than those with the MHI population (median=1,844m). Re-sightings of individuals 
occurred up to 22-years suggesting long-term residency to the islands for both populations. Our 
results suggest that two populations should be recognized within Hawaiian waters and the small 
Hawai‘i Island resident population may particularly be at risk from anthropogenic impacts. 
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2-19 Investigating the Spillover Effect for a Marine Protected Area in Hawai‘i  
Kostantinos Stamoulis1, Alan Friedlander1 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2Hawai‘i Cooperative Fisheries Research Unit, 
Honolulu, HI 

Marine protected areas (MPAs) are widely utilized as a management tool to conserve biodiversity 
and to protect and restore fish populations within their borders. Another potential benefit of MPAs 
is that they supplement adjacent fisheries through two primary mechanisms: increased production 
due to export of pelagic eggs and larvae, and the net emigration of adults and juveniles 
(spillover). While it is generally accepted that larval export provides greater overall fishery 
benefits, adult spillover can mitigate costs associated with marine reserves providing incentive for 
fishermen to accept this form of management. This effect was investigated for a marine reserve 
on the north shore of O‘ahu in the Hawaiian Islands. Underwater visual surveys were conducted 
both inside and outside of the MPA at varying distances from the boundary. Habitat information 
was also collected at each transect. The relationship between fish assemblage metrics and 
habitat parameters at two distinct scales (in situ and remotely sensed) was explored and found to 
account for a large portion of the variability. The remaining variation in fish abundance and 
biomass was correlated with distance from the reserve boundary showing a decreasing gradient 
from inside to outside. This indicates the emigration or spillover of adult fish. These results 
improve understanding of the ecological and fishery effects of marine reserves in Hawai‘i. 
Lessons learned can help inform MPA design, ecosystem-based management, and marine 
spatial planning. 

2-20 Unraveling the Effects of Multiple Stressors: Manipulative Experiments to Assess the 
Simultaneous Effects of Metals on Estuarine Communities. 
Atsuko Fukunaga1, Marti Anderson2 
1Leigh Marine Laboratory, University of Auckland, Auckland, New Zealand, 2Massey University, 
Albany Campus, Auckland, New Zealand 

Trace metals are introduced into estuaries through polluted stormwater runoff and become 
incorporated in sediments. In Auckland, New Zealand, the primary sediment contaminants 
include copper, lead and zinc. Such co-occurrence of metals may generate additive or complex 
non-additive effects. The simultaneous effects of copper, lead and zinc on estuarine infauna were 
assessed through field and laboratory experiments. In the field, copper and zinc individually 
affected the colonization of infauna, while the effect of lead was not evident. Next, a field 
experiment explored the nature of the simultaneous effects of copper and zinc on colonization.  
Results depended on the response variables being examined (e.g. abundances and species 
richness), revealing either additive or antagonistic effects.  Sublethal impacts can result in longer-
term effects on benthos, including through bioaccumulation of metals.  Laboratory experiments 
measured survival and bioaccumulation of metals in the bivalve Macomona liliana.  Copper 
and/or zinc reduced their survival.  Despite the lack of any apparent effects, the presence of lead 
increased the bioavailability of copper and/or zinc and, thus, uptake of these metals by the 
bivalve in some cases. These results clearly showed direct negative and cumulative effects of 
copper and zinc and potential indirect effects of lead on estuarine infauna, highlighting the 
importance of considering the co-occurrence of multiple metals when assessing their ecological 
impacts.  Manipulative field experiments need to be combined with laboratory ecotoxicological 
studies in order to unravel the interactive effects of multiple metals so that their potential impacts 
on estuarine communities may be accurately modeled and predicted. 

2-21 A Comparison of Coral Composition Between Man-Made and Natural Backreef Pools  
Kelley Anderson 
American Samoa Community College, Mapusaga, American Samoa 

Flow-restricted backreef pools are uncommon in American Samoa, due to reef crests being close 
to the shoreline. Students at the American Samoan Community College will study the coral 
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species composition within the man-made pools that were blasted to form the Pago Pago airport 
runway by the Navy in the 1940s. The species composition will be compared to that found in the 
naturally occurring backreef pools found around Tutuila in Taputimu and later to pools along the 
south coast of Ofu island. Ofu pools are much studied due to their resiliency to thermally induced 
bleaching as well as large pH (up to 1 unit) and salinity (up to 10ppt) perturbations. Coral cover 
remains high within these pools despite these challenging conditions and annual bleaching. The 
airport pools are the deepest (approx. up to 8m) and contain many branching Acroporid thickets, 
while the other pools are dominated by boulder corals that appear to be more resilient to 
bleaching. Studies conducted in the Ofu pools have failed to find a particular factor to attribute 
this resilience to, but instead led to a hypothesis that the species found therein have evolved to 
their unique environment. By comparing the younger (man-made) and older (natural) pool's 
species composition, we hope to gain a unique perspective on the process of coral's 
environmental adaptation and factors related to coral bleaching. 

CONCURRENT SESSION 3: AUGUST 3, 10 AM – 12 PM 

Effect of Native and Invasive Forest Species on Hydrological Components of 
Hawaiian Watersheds  

3-1 What's the Fate of a Drop of Water in a Hawaiian Watershed? 
Ali Fares, Samira Fares, Farhat Abbas 
University of Hawai‘i at Mānoa, Honolulu, HI 

Compared to average continental US watersheds, Hawai'i watersheds have steep topography, 
small size, precipitation with strong spatio-temporal variability, high infiltration rates, and variable 
vegetation cover with strong presence of non-native plant species.  Development of conservation 
techniques requires a complete understanding of the hydrology of these watersheds. Ongoing 
studies include intensive field monitoring of hydrologic cycle components followed by data 
processing and analysis. Two experimental watersheds have been intensely instrumented in  
Mākaha valley (O‘ahu) and Hanalei Bay (Kaua‘i) areas to quantify the spatio-temporal variability 
of their major hydrologic cycle components, which include gross and canopy intercepted rainfall, 
throughfall, stemflow, evapotranspiration (ET), groundwater recharge, streamflow, and soil water 
content storage. Rainfall gradient shows strong spatial variability between 200 and 440 mm km-1; 
however, the ET gradient is near constant (-205 mm km-1). Rainfall intensity and frequency 
increased with elevation. In Makaha valley watershed, mean throughfall varied from 45 to 65%. 
Stemflow ranged from 4 to 35%. Monthly average canopy interception ranged from 20 to 35%.  
Groundwater recharge was over 30% of the gross rainfall. The upper parts of the watersheds are 
the major contributors to streamflow and groundwater recharge. 

3-2 Vegetation Maps for the Hanalei (Kaua‘i) and Kawela-Kamalo (Moloka‘i) Watersheds as 
a Foundation for Hydrological Research 
Jim Jacobi 
U.S. Geological Survey, Pacific Island Ecosystems Research Center, Honolulu, HI 

The composition, structure, and cover of plant communities influence the amount and intensity of 
precipitation penetrating to the ground layer, as well as the amount of surface runoff and 
infiltration. In this presentation I describe vegetation maps that have been produced for two 
Hawaiian watersheds Hawai‘i: Hanalei Valley on the island of Kaua‘i; and the Kawela - Kamalo 
watershed on the island of Moloka‘i. These sites represent extremes in both precipitation and 
vegetation. The Hanalei watershed encompasses 106 km2 and has a perennial river running its 
length. The valley extends from the summit of the Alaka‘i region in central Kaua‘i, which receives 
an average of 10,800 mm of rainfall per year. While native forest and shrubland are found in the 
upper sections of the watershed, much of the lower sections of the valley have been invaded by 
alien plants, partly in response to the damage caused by the two hurricanes that hit this area in 
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1982 and 1992. In contrast, the Kawela - Kamalo watershed on the island of Moloka‘i is on the 
lee (southern) side of the island and is predominately within the moderately dry to dry moisture 
zones. None of the streams in this area are perennial, but experience heavy flow and sediment 
loads during episodic storms. The upper portion of this watershed includes native dominated wet 
and mesic forest and shrubland. However, most of the area below 800 m elevation is very dry 
and heavily impacted by feral goats and Axis deer, and dominated by alien plants. 

3-3 Transpiration Variability Across Species and Forest Stands in Hawai‘i 
Aurora Kagawa1, Lawren Sack2, Kaeo Duarte3, Shelley James4 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2University of California, Los Angeles, Los Angeles, 
CA, 3Kamehameha Schools, Honolulu, HI, 4Bishop Museum, Honolulu, HI 

Tropical forests are becoming increasingly alien-dominated through the establishment of timber 
plantations and secondary forests. Despite widespread recognition that afforestation results in 
increased evapotranspiration and lower catchment yields, little is known of the impacts of timber 
plantations on water balance relative to native forest. We measured sap flow of dominant tree 
and tree fern species over eight weeks for native Metrosideros polymorpha forest and adjacent 
alien timber plantations on the island of Hawai‘i and estimated total stand transpiration. We found 
old-growth M. polymorpha had less than half the daily whole-tree water use (8 kg day-1, 35 cm 
mean diameter) of Fraxinus uhdei (34 kg day-1, 30 cm mean diameter). At 1.8 mm day-1, stand-
level transpiration for F. uhdei was more than twice that of M. polymorpha forest. Interestingly, in 
M. polymorpha-dominated forest, hapuu (Cibotium spp. tree ferns) accounted for an estimated 
70% of water use demonstrating understory species can play a significant role in local water 
balance. Stand water use was also influenced strongly by forest structure and species-specific 
traits of maximum sap flow velocities and sapwood allocation. We will discuss our current work 
modeling species-specific sap flow on environmental drivers, to explore relationships between 
easily measured micrometeorology and harder to measure transpiration, which may enable 
prediction of transpiration at other locations. Further comparisons of water use for other 
vegetation covers should provide additional insights for ecosystem valuation and land 
management decisions. 

3-4 Groundwater Availability Alters Soil Nitrogen Inputs in a Leeward Stand of Kiawe 
(Prosopis pallida) 
Bruce Dudley1, Flint Hughes2, Rebecca Ostertag1, Susan Cordell2 
1University of Hawai‘i, Department of Biology, Hilo, HI, 2U.S. Forest Service, Institute of Pacific 
Island Forestry, Hilo, HI  

During primary succession on young Hawaiian lava flows, nitrogen is typically the nutrient most 
limiting to plant growth when water is in sufficient supply. Hence, processes that control N 
accumulation and loss, and water availability, in young soils are likely to affect terrestrial primary 
production in much of Hawai‘i. Kiawe (Prosopis pallida) is an N-fixing legume, introduced in the 
early 19th century, which now forms monospecific stands on much of lowland leeward Hawai‘i. 
Stem sap δ18O values suggest Prosopis trees in a thin band near the Hawai‘i Island coast are 
able to access a shallow groundwater aquifer. Following a period of low rainfall in late 2010, trees 
from this band had lower water potential, higher leaf mass per unit leaf area, higher pre-dawn 
photosynthetic yield, and lower δ13C, %N and %P in sun-leaf tissue than Prosopis from upland 
plots. Both soil nitrogen and Prosopis leaf tissue were considerably depleted in δ15N at lowland 
relative to upland sites. This suggests an increased proportion of N accumulated in lowland areas 
from low δ15N sources (e.g., N2 fixation or low δ15N groundwater nitrate), and/or a decreased 
‘leakiness' of total N accumulated in lowland plots. Lowland O horizon soils contained around four 
times the nitrogen and four times the carbon of upland soils. These results indicate both slower 
growth and less water availability at upland sites, where the trees may not be able to fix N as well, 
and appear unable to access the (deeper) groundwater aquifer. 
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3-5 Modeling Water Supply and Demand on Maui: Future Development, Water Adequacy, 
and the Role of Forests 
Emily Grubert, Carey King, Michael Webber 
University of Texas at Austin, Austin, TX 

Maui’s ability to adequately supply its freshwater users is increasingly challenged by precipitation 
decline, climate change, increased demand, and water infrastructure costs. A growing population, 
island goals for increased self-sufficiency in food and fuel production, and streamflow restoration 
activities contribute to Maui Island’s growing need for improved water management. Maui’s future 
water demand will reflect its development choices, including environmental and land use choices. 
The ability to identify trends in water demand could be a useful tool for decisionmakers because 
the interactions between different water demands are often not intuitive. This work uses a new 
Excel-based model to link water intensity factors and land use choices to flexibly model Maui’s 
future water demand, generating input files for hydrologic geographic information system software 
for visualization. Planners and other users can model various land uses and estimate the water 
impact of those choices. Major land use categories include urban and resort, agriculture for fuel, 
local food, or export, forest lands, and restored forest. Water supply is modeled by linking 
precipitation to surface water availability and linking energy and infrastructure costs to 
groundwater, desalinated water, and reclaimed water supply. This presentation will describe the 
results of some modeled development scenarios and discuss forests’ role in the water balance. 
Forested regions can be associated with increased water capture, storage and quality, but 
climate and land use change have contributed to declining forest cover on Maui. Reforestation 
and afforestation replace water demand from other potential land uses with forest water cycles. 

3-6 The Anatomy of Light Precipitation Events and Their Influence on Cloud Forest Water 
Balance at Alakahi, Kohala, Hawai‘i  
Eric Hansen 
University Hawai‘i at Hilo, Hilo, HI 

This study investigated the anatomy of precipitation events in a Hawaiian montane cloud forest 
with the particular focus on the relative contribution of fog and rainfall. Research was conducted 
at Alakahi in the Kohala Forest Reserve on the Island of Hawai‘i. This research aimed to clarify 
the disparity in fog, rain, and canopy throughfall values reported in previous studies at this site. 
The majority of precipitation events occurred < 5mm. However, most of the precipitation during 
this study occurred in a few large-scale events (>25mm). Although these few large-scale events 
provided most of the precipitation, the overwhelming amount of small-scale events allowed for 
consistent canopy wetting to reduce potential evapotranspiration from the forest. At Alakahi, 
throughfall was not significantly enhanced by supplemental fog drip. In general this study 
confirms earlier results of Delay (2005), and both studies stand in stark contrast to an earlier 
“forest edge” fog drip study conducted at a near-by site with direct exposure to prevailing 
tradewinds coming off Alakahi gulch (Juvik and Nullet 1995, Juvik et al. 2008). At that site canopy 
throughfall was found to range from 120-180% of open-site rainfall and fog gauge event totals 
explained more of the variation in canopy throughfall than rain. In contrast this study under 
continuous canopy with significant (1-2 km) upwind fetch (i.e. not at forest edge) across a closed 
canopy; throughfall was best explained by above canopy rain (83%) rather than fog gauge 
interception. 

 

 

 

 



2011 Hawai‘i Conservation Conference • Island Ecosystems: The Year of the Forest   21

Forest Pests: Insects and Disease  

3-7 Integrated Management of Alien Predators in Hawai‘i Volcanoes National Park 
David Foote1, Cause Hanna2, Eric Spurr3 
1USGS Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 2University of 
California Berkeley, ESPM, Berkeley, CA, 3Landcare Research Inc, Lincoln, New Zealand 

Rodents and social hymenoptera (ants and wasps), because of their close association with 
humans often share the distinction of having the longest histories of invasion on many islands 
throughout the world. As novel predators, these two taxa have altered the structure and diversity 
of arthropod communities and led to the scarcity of many unique endemic insect species.  
Eradication and suppression campaigns for alien predators on islands have targeted individual 
taxa. Here we explore the feasibility of joint control of vertebrate and invertebrate predators on 
the Hawaiian Islands. Efficacy studies for chemical control of the western yellowjacket wasp 
(Vespula pensylvanica) and rats (Rattus spp.) have been carried out within Hawai‘i Volcanoes 
National Park over the past decade. In both cases, successful local suppression of these 
predators has been demonstrated. The contrasting population biology of park rodents and 
yellowjacket wasps coupled with the mechanics of bait application illustrate how joint 
management programs for these species can be integrated. Examples of successful predator 
control in park "kīpuka" (or ecological islands) are discussed in the context of long-term forest 
restoration programs undertaken by the National Park Service. 

3-8 Eurytoma erythrinae: A Successful Biological Control Agent Against the Erythrina Gall 
Wasp in Hawai‘i 
Leyla V. Kaufman1, Juliana Yalemar2, Mark G. Wright1 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2Hawai‘i Department of Agriculture, Honolulu, HI 

The Erythrina Gall Wasp, Quadrastichus erythrinae Kim (Hymenoptera: Eulophidae), was 
accidently introduced to Hawai‘i in 2004 and quickly spread throughout the state infesting many 
species of Erythrina, including all stands of the endemic Erythrina sandwicensis to varying 
degrees. Soon after the gall wasp arrival, the Hawai‘i Department of Agriculture and the 
University of Hawai‘i initiated a biological control program. In November 2008 Eurytoma 
erythrinae (Hymenoptera: Eulophidae) was approved for release. Three months after the official 
release, E. erythrinae was recovered at some sites and it is now established throughout the state. 
Results from post-release monitoring indicate that E. erythrinae is successfully controlling gall 
wasp populations at most sites, and surviving wiliwili trees are recovering from gall wasp damage. 
Post release monitoring continues in order to determine the impact that E. erythrinae will have on 
the species’ long-term viability.   

3-9 Genetic Variation in Puccinia psidii, the Fungus that Causes Slight Rust of ‘Ōhi‘a 
Philip Cannon 
U.S. Forest Service, Vallejo, CA 

Puccinia psidii can cause a rust disease of many species of Myrtaceae including the eucalypts, 
guava, rose apple and ‘ōhi‘a. The fungus is native to Brazil, but recently it has spread to Jamaica, 
Puerto Rico, Mexico, Florida and California. In 2004 Puccinia psidii showed up in Hawai‘i and 
within six months it was found on all the islands of this state. Fortunately only one strain has been 
found in Hawai‘i and this strain appears to do little damage to ‘ōhi‘a under most circumstances. 
Two studies were initiated to determine if there are more aggressive strains of this rust fungus. In 
the first study, a PhD candidate at the Federal University of Vicosa, in Brazil, made a collection of 
150 single-pustule isolates of the rust from different myrtaceous hosts and geographic 
locations in Brazil. The DNA of each of these isolates was subsequently extracted and analyzed 
using genetic markers to identify the molecular relationships between these isolates. The 
phylogenetic patterns showed eight distinct lines of this rust. Then, well replicated tests were run 
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in Brazil to determine the pathogenicity of five of these strains on seedlings of thirteen different 
open-pollinated families of ‘ōhi‘a. The results of these tests will be presented at this conference.  
It is hoped, and expected, that the results of these tests will be useful for helping Hawaiian 
quarantine authorities decide which actions, if any, would be appropriate for keeping further 
possible entries of of this fungus from entering the state. 

3-10 A Rule Designed to Protect ‘Ōhi‘a Forests by Preventing New Strains of Puccinia 
psidii from Establishing in Hawai‘i: Rationale, Process, and Implications 
Carol Okada1, Lloyd Loope2, Robert Hauff3 
1 Hawai‘i Department of Agriculture Plant Quarantine, Honolulu, HI, 2USGS Pacific Island 
Ecosystems Research Center, Makawao, HI, 3DLNR Division of Forestry and Wildlife, Honolulu, 
HI 

Hawai‘i is in the process of moving forward new (in 2011) quarantine restrictions to protect 
against arrival of new strains of the notorious rust fungus Puccinia psidii (a.k.a. ‘ōhi‘a rust, guava 
rust, eucalyptus rust), with urgent protection of ‘ōhi‘a forest as the major motivation. New genetic 
information is confirming that promulgation of the required state rule is well justified biologically. 
This rust has already invaded Australia, and its eventual spread to many other countries is likely. 
The consensus in Hawai‘i is that only near-complete interdiction of plants or plant parts of 
members of the myrtle family will accomplish the rule’s objective over the long-term. Because of 
the recognized importance for periodically allowing seeds of Eucalyptus and perhaps other 
Myrtaceae into the state, myrtle family seeds/germ plasm will be allowed under permit but only 
with provision for scientifically sound safeguards subject to approval by the Hawai‘i Board of 
Agriculture. Although information is currently sparse on what treatments may be effective, we 
foresee that increased international research on this topic will likely be forthcoming in the near 
future. 

3-11 Evaluating Policy Options for the Management of Puccinia psidii in Hawai‘i 
Kimberly Burnett, Sean D'Evelyn, Christopher Wada 
University of Hawai‘i Economic Research Organization, Honolulu, HI 

Since its first documented introduction to Hawai‘i in 2005, the rust fungus P. psidii has already 
severely damaged the Syzyzium jamos (Indian rose apple) and the federally-endangered 
Eugenia koolauensis (nioi). Fortunately, the particular strain has yet to cause serious damage to 
‘ohi‘a, which comprises roughly 85% of the state’s native forests and covers 400,000 ha. 
Although the rust has affected less than 5% of Hawai‘i’s ‘ōhi‘a trees thus far, the introduction of 
more virulent strains and the genetic evolution of the current strain are still possible. Since the 
primary pathway of introduction is Myrtaceae plant material imported from outside the state, 
potential damage to ‘ōhi‘a can be minimized by regulating those high-risk imports. We estimate 
the potential economic impact on the state’s florist, nursery, and forest plantation industries of 
several policy options that would restrict Myrtaceae imports. A statewide phone survey of 205 
florists and 158 nurseries indicated that less than 25% grow or currently sell products that contain 
Myrtaceae (Eucalyputs, Myrtle, or Waxflower). Correspondence with forest nurseries and 
plantations revealed that only 1 out of 12 respondents currently import non-seed Myrtaceae 
material. Preliminary results of our analysis indicate that the benefits to the forest plantation 
industry of a complete ban on non-seed material would likely outweigh the costs to other affected 
sectors, even without considering the reduction in risk to ‘ohi‘a. Incorporating the value of ‘ōhi‘a 
protection would further increase the benefit-cost ratio in favor of an import ban. 
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CONCURRENT SESSION 4: AUGUST 3, 1-3 PM  

Forest and Watershed Conservation  

4-1 A History of Watershed Protection: Forestry in Hawai‘i 
Darcey Iwashita, J.B. Friday, Travis Idol 
University of Hawai‘i at Mānoa, Honolulu, HI 

Watershed degradation in Hawai‘i began as soon as humans arrived and began clearing and 
altering the vegetation. Agriculture, the introduction of ungulates, commercial lumbering, and 
ranching all contributed to the deterioration of watersheds in Hawai‘i, leading to water crises and 
conflicts that eventually resulted in the birth of watershed protection forestry in the 1800s. We 
present a history of forestry in Hawai‘i as it relates to watershed management, tracing forestry 
development through seven eras: (1) Hawaiian Kingdom, (2) early reforestation during the 
Hawaiian Kingdom, (3) the battle between ranching interests and agriculture, (4) the American 
Era and the establishment of the Forest Reserve System, (5) replanting and eradication of feral 
animals during the CCC era, (6) renewed interest in protecting remnant native forests, and (7) the 
current era of watershed partnerships and native forest restoration. Key figures, events, 
motivations, strategies, and successes will be discussed and compared between eras. Finally, 
since many of the historical problems afflicting watersheds exist today, we will discuss lessons 
learned from these eras of forestry and consider what direction watershed protection forestry is 
headed. 

4-2 Three Mountain Alliance: New Directions for Hawai‘i’s Largest Watershed Partnership  
Colleen Cole 
Three Mountain Alliance, Hawai‘i National Park, HI 

The Three Mountain Alliance (TMA) formed 17 years ago as the ‘Ōla‘a-Kīlauea Management 
Group with five partners covering approximately 32,000 acres of land on Hawai‘i Island.  Today, 
TMA is comprised of nine voluntary partners (both public agencies and private organizations) and 
spans over 1 million acres across the mountains of Kīlauea, Mauna Loa, and Hualālai.  The goal 
of the TMA is to enhance the long-term survival of native ecosystems, across ownership 
boundaries, at a landscape scale. Through the leveraging of partner resources, TMA seeks to 
protect and restore ecosystems to re-establish watershed function, improve habitat for native 
plants and animals, provide refuge for critically endangered species, and to increase awareness 
among surrounding communities about the threats facing Hawai‘i’s natural 
resources. Management actions include the common tools in Hawai‘i's conservation toolbox such 
as fencing, controlling feral ungulates and introduced predators, and improving habitat (weed 
control, reforestation). TMA was among the first watershed partnerships to coordinate the 
construction of fenced conservation management units across ownership boundaries to protect 
important forest bird habitat. Today, TMA continues to coordinate large-scale conservation 
management projects across the landscape. Major new initiatives include facilitating watershed 
and endangered species habitat protection in Ka‘ū; montane dry forest conservation and 
restoration in North Kona; and participation in Ka Mauli Hou or the Hawai‘i Restoration and 
Conservation Initiative, which seeks to develop a novel, comprehensive approach to ecosystem 
restoration and management. 

4-3 Long Run Outcomes of Forest Watershed Conservation Expenditures on O‘ahu 
Brooks Kaiser 
Gettysburg College, Gettysburg, PA 

We examine the state of forest watersheds on O‘ahu during the 20th century. In the first half of the 
century, conservation activities including forest replanting and fencing occurred in response to 
visible damages. We investigate the economic incentives behind these investments, and estimate 
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the long run outcomes of these conservation activities as measured by minimum net benefits 
generated.  We incorporate remote-sensing data, expert opinion on the state of the watersheds, 
and a spatial economic and hydrological model of O‘ahu’s freshwater use (ground and surface 
water) with reports of annual conservation activities from 1910-1960 to assess these benefits.  In 
general terms, we generate a what-if scenario for freshwater without the conservation 
investments and compare this to the actual scenario. We include the changes to costs expected 
in extraction of water from the aquifers and expected changes in prices due to scarcity. Without 
these conservation efforts of $156-208 million (2002 dollars), we find that an additional $1.49 
trillion dollars in expenditure value (range $0.58-2.4 trillion) would have been expended on the 
same water usage. We find a 2.3% annual increase in groundwater recharge levels from these 
activities, which we estimate has generated a minimum benefit-cost ratio of 7.1 - 9.5, even 
excluding returns from such high value amenities as species preservation and cultural activities. 
These benefits became visible in the mid 1920s (good investments), as the net cost of water 
consumed fell because of the lower opportunity cost of its use, with the biggest returns in the late 
1950s. 

4-4 The Dynamic Forest at Pu‘u ‘Ōhi‘a (Mount Tantalus), O‘ahu 
Glenn Metzler, Mashuri Waite 
Mānoa Cliff Native Forest Restoration Group, Honolulu, HI 

The forest on Pu‘u ‘Ōhi‘a has been radically altered over time. With its summit at 2013 feet and 
moderate topographic relief, it was relatively accessible. Substantial changes to this mesic to wet 
forest probably occurred in the early 1800s with the removal of sandalwood and accelerated with 
the introduction of cattle and other grazers, followed by revegetation of the denuded mountain 
with alien plants. Some of these have spread rapidly. Recently, the Mānoa Cliff Native Forest 
Restoration Project has been working to control these invasive plants and restore the once highly 
biodiverse forest in a 6-acre fenced area, with much success. Over 200 vascular plant species 
have been recorded historically in the area, including 69 ferns and fern allies. Current surveys 
document only 110 of these plants remaining. In addition, abundant Achatinella tree snails and 
most other native fauna no longer occur. Invasive plant species have increased and changed in 
importance over time. Currently some of the most aggressive plant species are Bischofia 
javanica, Cinnamomum burmannii, and bamboo (Phyllostachys nigra), the first rapidly expanding 
in all areas of open forest and the latter two forming dense monotypic stands, spreading around 
the edges. Aerial photo interpretation reveals that bamboo has spread from about 12 acres in 
1959 to 46 acres in 2005. Despite the prevalence of invasive species, scattered native mature 
koa (Acacia koa) and ‘ōhi‘a (Metrosideros spp.) are still present in most areas not dominated by 
bamboo or cinnamon and koa shows excellent seed germination in areas opened to light. 

4-5 Recent Vegetation Change in the Kauhakō Crater, Kalaupapa National Historical Park  
Paul Hosten1, Nathan Johnson1 
1National Park Service, Kalaupapa National Historical Park, 2School of Forest Resources, 
University of Washington 

Repeat inventory of vegetation plots established in 1995 in ‘Ohe makai (Reynoldsia 
sandwicensis)-Hala pepe (Pleomele auwahiensis) and Wiliwili (Erythrina sandwicensis)-Ohe 
makai forests indicate high rates of native tree loss over the intervening 14 years. Native species 
richness declined over time with increasing canopy, while non-native richness remained relatively 
unaffected. Several factors contribute to the continued decline of native forest within the Kauhakō 
crater.  Individual and plant community change identify Java Plum (Syzygium cumin) and 
Christmasberry (Schinus terebinthifolia) as the primary threats to remaining mature native trees. 
Previously tagged Wiliwili were lost to Chinese banyan (Ficus microcarpa), and current rate of 
infection by banyan is higher than the time of plot selection. Past girdling of ironwood along the 
rim of the crater resulted in subsequent native tree damage as girdled trees eventually 
succumbed to windfall thus damaging native vegetation below. The gall-forming wasp 
(Quadrastichus erythrinae) likely contributed to the decline of wiliwili within the study area. 
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Minimal maintenance of native heritage trees and community patches within which they occur 
should include: poisoning of banyan; removal of expanding patches of ironwood; opening non-
native canopy around native vegetation; and the introduction of a younger native tree/shrub 
cohort. Cultural history, historic photos, and surveys for native shrub/trees indicate dryland forest 
in the vicinity of Kauhakō crater was limited to the interior scree slopes through historic times. 

4-6 What's Going Down and What’s Coming Up: Seed Rain and Seedling Establishment of 
Native Species in Hawaiian Wet Forest  
Faith Inman-Narahari1, Rebecca Ostertag2, Susan Cordell3, Christian Giardina3, Molly Murphy2, 
Kahealani Wailani-Nihipali2, Lawren Sack1 
1University of California, Los Angeles, CA, 2University of Hawai‘i, Hilo, HI, 3Institute of Pacific 
Island Forestry, USDA Forest Service, Hilo, HI 

Seed rain and seedling establishment regulate plant regeneration in forests and may be sensitive 
to invasive species and climate change. We measured seed rain, new recruits, and habitat 
variables (light and substrate) in 192 1x1m seedling plots and in 64 0.5m2 seed traps within 
native dominated wet forest in the Laupāhoehoe Permanent Plot located in the Hawai‘i 
Experimental Tropical Forest on Hawai‘i Island. We found >900,000 seeds over 16 months and 
2,437 seedling recruits over 18 months, representing 8 of the 18 native woody angiosperm 
species found within the 4 hectare plot. All but three species were seed limited in their 
establishment, with two-thirds limited by low seed production and 80% by dispersal. Tree 
regeneration of most native species (~80%) was limited both by the number of seedlings 
produced and by their ability to establish given adequate seed input. As expected, small seeded 
species such as ōhi‘a had relatively lower seed limitation and higher establishment limitation than 
large seeded species such as pilo. We did not find evidence of niche differences despite strong 
habitat preferences for light and substrate. Seedling of most species occurred on organic 
substrates such as logs and dead tree ferns, perhaps due to protection from pig disturbance. 
Overall we found relatively few seeds or seedlings for most species, suggesting that both seed 
rain and seedling establishment represent barriers to recruitment even for common species in 
intact native forest. 

4-7 Hawai‘i and Puerto Rico: A Story of Shared Orchid Weeds  
James D. Ackerman, Wilfredo Falcon, Wilnelia Recart, Pablo J. Hernández-García 
Department of Biology, University of Puerto Rico - Río Piedras Campus, San Juan, Puerto Rico 

The Hawaiian Islands have suffered from a long history of species introductions that have 
resulted in the establishment and spread of invasive species. Puerto Rico has had numerous 
introductions as well, but their prevalence and impact is just beginning to be noticed and studied.  
Amongst the exotic species that have established to both the Hawaiian and the Puerto Rican 
archipelagos are populations of orchids (Orchidaceae). Compared to other species, exotic orchid 
populations have received little attention from researchers. In this study, we compare the 
population biology of established Spathoglottis plicata Bl., and Arundina graminifolia (D. Don) 
Hochr. in both archipelagos. Moreover, we present data for two new records of naturalized 
Orchidaceae. Spathoglottis plicata populations in Hawai’i showed a significantly higher average 
fruit set when compared to Puerto Rican populations, with a twofold increase. Populations of S. 
plicata seemed to be autogamous; the differences in fruit set are attributed to weevil damage to 
inflorescences in Puerto Rico. As for Arundina graminifolia, populations in both Hawai‘i and 
Puerto Rico appear to be outcrossing, but Hawaiian populations had a 17.5-fold increase in fruit 
set over populations in Puerto Rico, and pollinarium removals were also significantly higher in 
Hawai‘i (53%) than in Puerto Rico (3%).  Arundina flowers in Hawai‘i are smaller than those in 
Puerto Rico, which may affect the effectiveness of pollinators and account for the lower 
reproductive success.  Although we do not know how quickly these species have spread in 
Hawai‘i, their march across Puerto Rico faces hurdles not seen in Hawai‘i. 
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Invasive Species 

4-8 A Decision-Making Guide for Invasive Species Program Managers 
Michael Buck 
National Association of State Foresters, Washington, D.C., 2Continental Dialogue on Non-native 
Forest Insects and Diseases, Virginia 

Invasive species are inflicting significant economic, social, and environmental burdens.  Yet the 
nation’s current protection system is piecemeal, lacks adequate rigor and comprehensiveness, 
resulting in the continuing arrival and spread of invasive species. Invasive species program 
managers will be forced to establish priorities about which invasive species to focus on and what 
management options to choose. The decisions made as well as the ones you don’t will both have 
an impact.This guide was prepared to assist senior level program managers and policy makers in 
establishing priorities and making choices for invasive species management programs. It focuses 
on the management of invasive species once they have arrived, which is an uncomfortable, but 
increasingly familiar role for many program managers and policy makers. The idea for the guide 
was conceived at the October 2010 annual meeting of the Continental Dialogue on Non-Native 
Forest Insects and Diseases. Michael Buck, former Hawai‘i State Forester and Wildllife Director 
led the effort to draft and complete the guide, assisted by many other Dialogue members. The 
Dialogue’s Steering Committee believes this guide can be a valuable resource and invites you to 
distribute it to those who you think might find it useful 
(http://www.continentalforestdialogue.org/library/index.html). While the guide may not provide 
specific answers to your invasive species problems, it can provide context, based on many years 
of experience and lessons learned, to assist in making the best management decisions possible. 

4-9 The Brown Treesnake Rapid Response Team: Activities Update and New Challenges to 
Snake Interdiction 
James Stanford 
USGS, Guam 

The Brown Treesnake (Boiga irregularis), or BTS, is an invasive species established on Guam 
that has impacted the environment, economy, and human population. Significant losses in native 
fauna were among these impacts, including the extirpation of most of the island’s forest birds.  
The snake population on Guam is now a threat to other Pacific Islands and the US mainland via 
the transportation network. There are numerous known BTS transportation events to the 
Hawaiian Islands and elsewhere through air and ship traffic. The BTS Rapid Response Team 
(RRT) was established to respond to credible snake reports, removing snakes before they 
establish in new locations. The RRT is an affiliation of Pacific Federal, State, Territorial, and 
foreign agencies. The training of local, frontline responders is a critical component of the RRT.  
The regional response coordination office supports local responses with additional resources 
upon request. To date, the regional office has assisted in 21 snake detection actions. Given the 
anticipated increase in activity throughout the Pacific region including the military build-up in 
Micronesia, there is significant concern that increased transit from Guam may lead to an 
increased potential for snakes to be moved. Response challenges associated with this increased 
activity include new geographic locations and increased traffic to existing areas already at risk.  
Until such a time when the snake population on Guam is sufficiently reduced and controlled (or 
possibly eradicated), having a well prepared response mechanism for the region will remain 
essential to insuring that the Guam BTS population does not spread. 
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4-10 How to Spray a Frog: Isaac Newton and Rudolf Diesel Prevail 
Adam Radford, Darrell Aquino, Abe Vandenberg, Dennis Green, Teya Penniman 
Maui Invasive Species Committee, Makawao, HI 

A variety of chemicals have been used to control coqui frogs (Eleutherodactylus coqui) in Hawai‘i. 
The most common method involves thoroughly spraying areas inhabited by the pest with a citric 
acid solution, typically covering refugia from the ground to 15 feet high. Various types of industrial 
spray equipment have been used to deliver the chemical agent; however, challenging terrain, 
loud noise produced by engine-driven pumps, and restricted holding capacity (400 gallons or 
less) has limited effectiveness in the field. Two delivery systems were developed by the Maui 
Invasive Species Committee (MISC) in an effort to overcome these limitations. The first, a high-
volume sprinkler system, uses a centrifugal pump driven by an 80 horsepower diesel engine to 
deliver 400 - 600 gallons of citric acid per minute to a 500 foot diameter area. The second, a 
gravity-fed system, uses a large-volume storage tank placed above the treatment area and a 1.5" 
PVC pipe to deliver the solution to the control area. Applicators attach 1" fire hoses and nozzles 
to the pipe at 150 foot intervals and treat the infested area. The gravity-fed system delivers the 
solution at a rate of 34 - 126 gallons per minute at one pound per square inch (PSI) per 2.31 foot 
of height. Friction loss and other variables were not considered for these systems because any 
loss is mitigated by smaller-diameter discharge points. Each method appears effective at 
overcoming site limitations and significantly reducing pest density. 

4-11 Eradicated? Maui Menace Meets Maker 
Brooke Mahnken, Adam Radford 
Maui Invasive Species Committee, Makawao, Maui, HI 

The veiled chameleon (Chamaeleo calyptratus), an arboreal lizard native to southwestern Saudi 
Arabia and Yemen, is a common pet on the mainland U.S., but it is illegal to import, sell or keep 
them in the Hawaiian Islands. Because of their arboreal nature, large size, broad climatic and 
elevational tolerances, and omnivorous diet, veiled chameleons are considered a serious threat 
to native Hawaiian biota, especially insects and birds. Despite restrictions and the designation in 
Hawai‘i as injurious wildlife, a veiled chameleon was discovered on West Maui in 2002, and a 
larger breeding population subsequently detected in upcountry Maui shortly thereafter. The Maui 
Invasive Species Committee (MISC) and their cooperators have been searching this location 
since their discovery, however none have been found since 2008. Although the population has 
dropped below detectable levels, when do you stop searching for such a cryptic species? This is 
a particularly important decision considering that this is the only known population in Hawai‘i and 
the successful eradication of herpetofauna is almost unheard of. We present the process we used 
for determining the probability of eradication of veiled chameleons on Maui. We consider metrics 
on the history of capture/removal (e.g. date found, searcher capability), what it takes to capture 
an individual as a factor of effort needed for eradication, catch per unit effort, the biology of the 
species, and the function of covariates (e.g. weather, recovered animal phenology). 

4-12 What are the Factors Contributing to the Expansion of the Invasive Macroalga 
Avrainvillea amadelpha Around Kalaeloa: Pollution, Grazing or Both?  
Kimberly Peyton, Atsuko Fukunaga, Florence Thomas 
Hawai‘i Institute of Marine Biology, University of Hawai‘i, Kāne‘ohe, HI 

Phase shifts on coral reefs are reported with increasing frequency worldwide as communities shift 
to unusually low levels of coral and turf algae cover coincident with a persistent dominance of 
macroalgae. Considerable evidence points to two primary factors that separately or collectively 
drive these phase shifts: increases in pollution and reductions in herbivory. On Hawaiian reefs 
these phase shifts have been exacerbated further by introduced macroalgae, such as Avrainvillea 
amadelpha. We took a three-fold approach to examine factors that contribute to the invasion of 
Avrainvillea around Kalaeloa: 1) ecological assessments of 33 sites provided information on 
habitat characteristics of invaded versus non-invaded areas; 2) native and invasive macroalgae 
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were sampled to trace potential source(s) of pollution (nitrogen (d15N) and heavy metals) and; 3) 
experimental manipulations tested the role of grazing on the distribution of Avrainvillea, reported 
to produce anti-grazing compounds. The invasion of Avrainvillea at Kalaeloa was not linked to 
pollution because neither nutrient enrichment nor heavy metals accumulation from anthropogenic 
sources was detected. Distribution surveys showed a negative correlation between grazing 
pressure and Avrainvillea biomass with Avrainvillea rarely found at sites supporting ≥1 urchin per 
m2. Accordingly, Avrainvillea was found to be palatable to native herbivores. Grazing rates 
measured showed that an Avrainvillea ramet weighting ca. 30 grams would be consumed in <6 
days. This study provides evidence that native grazers can contribute to a low standing crop of 
Avrainvillea, however the identity of these herbivores (urchins; fish) and their relative 
contributions in controlling this invasion require further investigation. 

4-13 Determining the Effects of the Introduced Predatory Grouper Roi (Cephalopholis 
argus) on a Native Hawaiian Reef Fish Assemblage  
Jonatha Giddens1, Eric Conklin2, Chad Wiggins3, Charles Birkeland3 
1University of Hawai‘i at Hilo, Hilo, HI, 2The Nature Conservancy, Honolulu, HI, 3University of 
Hawai‘i at Mānoa, HI Cooperative Fisheries Research Unit, Honolulu, HI 

Introduced species have had community-level effects on island ecosystems and the Hawaiian 
coral-reef fish species assemblage is potentially vulnerable to the impacts of an alien predator. 
Previous studies show that roi (Cephalopholis argus), an introduced predatory grouper, 
consumes 8.2 million fish/year (93.7 metric tons) from the reefs on the Kona coast of the Big 
Island. Yet, recent studies also suggest that predation by roi has not produced a substantive 
effect on the community structure of the prey populations. We are testing the actual effects of 
predation by roi in West Hawai‘i by working with a local Puakō fishing community to 
experimentally remove roi from 3 acres of patch reef and monitoring potential changes in reef-fish 
associations in areas with and without the predator. A Before-After-Control-Impact strategy is 
used to assess changes in fish communities associated with the removal activities. At each site, 
visual fish transects are conducted for 4m X 25m with all fish identified to the species level and 
placed in size bins for total length (cm). The removal of roi is expected to have differential effects 
on reef-fish populations according to size class. Larger (> 13-15cm) fishes are expected to show 
little change, while smaller fishes (<13-15cm) and competing predator species may exhibit an 
increase in abundance following the release from predation and competition after roi removal. 
This study evaluates if and to what extent predation by roi structures reef-fish assemblages in 
West Hawai‘i and assess management options for island coral reef ecosystem restoration. 

4-14 A Review of the Biology of Social Wasps in the Hawaiian Islands  
Parker Gambino, James Carpenter 
American Museum of Natural History, New York, NY 

No social wasps are native to the Hawaiian Islands. The nine social Vespidae species recorded 
from Hawai‘i, all predators, account for a variety of natural histories and potential impacts on 
native fauna. The seven Hawaiian Polistinae species construct open nests with a single 
exposed horizontal comb.  Although these wasps take live prey, their nests are small (usually 
fewer than 100 cells) and occur mostly at lower elevations, where they have only minor impacts 
on native fauna. Within the Vespinae, two species of Vespula are recorded. The nearctic Vespula 
pensylvanica spread westward to Hawai‘i and has been recorded from all of the main islands. A 
second Vespula species, collected from Maui in the 1970s, apparently did not become 
established. Re-examination of specimens is necessary to determine if it was the palearctic V. 
vulgaris or the nearctic V. alascensis. Vespula pensylvanica typically constructs underground 
nests comprised of successive horizontal combs surrounded by an envelope. In Hawai‘i, V. 
pensylvanica colony cycles include both the typical annual cycle and overwintered multi-year 
colonies whose exceptional nests might include hundreds of thousands of cells. V. pensylvanica 
exerts intense predation pressure on native insects in upland forests. V. pensylvanica also 
forages as a scavenger, which supports toxic baiting as an effective management tool. 
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CONCURRENT SESSION 5: AUGUST 3, 3:20 – 5:20 PM 

Forest Restoration 

5-1 Clonal Root Suckering of Acacia koa Enhances Forest Restoration on Deforested 
Portions of Hakalau Forest National Wildlife Refuge 
Paul Scowcroft1, Justin Yeh2 
1U.S. Forest Service, Pacific Southwest Research Station, Institute of Pacific Islands Forestry, 
Hilo, HI, 2University of Hawai‘i, College of Arts and Sciences, Hilo, HI 

Planting in Hakalau Forest National Wildlife Refuge has produced a network of Acacia koa tree 
corridors in otherwise deforested grasslands above 1700 m elevation. Root suckering has 
potential to augment reforestation efforts. This study was done to guide management planning by 
providing managers with the first information on clonal stand structure, sucker survival, growth 
rates, architecture, and rates of encroachment into grassland. Data were collected from random 
replicate strip transects that started inside 23-year-old koa plantations and ended in suckerless 
open grassland. A few suppressed suckers occurred inside plantations, but they seemed to be an 
artifact of long-ago-closed canopy gaps caused by early seedling mortality. Moving away from 
plantations, sucker densities increased to a maximum and then decreased to zero. Maximum 
density occurred 7 m from the canopy edge and exceeded 220,000 individuals/ha. No suckers 
occurred more than 28 m from the canopy edge on east-facing slopes, or more than 18 m on 
south-facing slopes. Survival of the oldest 20-year-old suckers was estimated to be 30% and 5% 
on east- and south-facing slopes, respectively. Growth rates for the three tallest individuals per 
transect averaged 0.1 to 0.3 m/yr for height, 0.1 to 0.5 cm/yr for DBH and 0.06 to 0.11 m/yr for 
crown diameter. Suckers were tall with slender trunks compared to nearby naturally regenerated 
koa trees of similar age. Rates of expansion into grassland were 0.8 to 1.5 m/yr. These results 
indicated that grasslands between planted corridors will eventually be colonized by root suckers, 
despite grass competition. 

5-2 First Evidence for Annual Rings in a Native Hawaiian Tree: Investigating Growth 
Dynamics of Māmane (Sophora chrysophylla) on Maunakea 
Kainana S. Francisco, Patrick J. Hart 
Tropical Conservation Biology and Environmental Science, University of Hawai‘i at Hilo, Hilo, HI 

When trees form annual growth rings, the patterns can be used to gain information that can help 
to better understand the stand history and growth dynamics of a forest. Information on tree age, 
growth rates, and natural regeneration cycles is essential to developing appropriate management 
plans for any forest. Annual rings are not commonly produced in tropical trees because they grow 
in a relatively aseasonal environment, however, in the subalpine zones of Hawai‘i’s highest 
volcanoes, there is often strong seasonal variability in temperature and rainfall. Using a 
combination of classical tree ring analysis methods and radiocarbon (14C) dating, we evaluated 
the periodicity of growth rings in māmane (Sophora chrysophylla), a native hardwood tree 
species, on Maunakea, Hawai‘i. We collected cross-sections from ten dead, fallen māmane trees 
and found general agreement between the number of rings present in the discs and the 
radiocarbon age of a sample taken from the oldest portion of the tree. In addition, we found 
strong correlation in ring patterns among individual trees. It is likely that standard “crossdating” 
methods may be used to examine the way māmane stands have responded to past climate 
variability, and to make predictions of how future climate change may affect growth dynamics of 
this important tree. 
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5-3 Managing Upper Limahuli Preserve, Protecting a Threatened Valley 
Emory Griffin-Noyes 
National Tropical Botanical Garden, Kalaheo, HI 

The National Tropical Botanical Garden’s Upper Limahuli Preserve (ULP) is a relatively small, 
160 hectare hanging valley located on the northern end of Kaua‘i. Due to the steep and winding 
terrain, this secluded valley is a gem of an ecosystem. The isolation and dramatic physical 
features of the valley have slowed the introduction of invasive species, helping to preserve the 
native species community. This fairly intact native forest is home to many endangered plant 
species and two critically endangered ground-nesting sea birds. Despite the remote nature of 
Limahuli Upper Preserve, invasive plant and animal species have been able to establish 
themselves within the ULP, threatening the ongoing integrity of the area. As is the case 
throughout Hawai‘i, naturalized plants and animals have moved in and threaten to permanently 
alter the composition and diversity of the area. National Tropical Botanical Garden (NTBG) has 
been dedicated to preserving the diversity of the ULP by implementing a systematic removal of 
incipient weed species, collection and horticulture of plant species within the preserve and an 
ongoing monitoring program for the most threatened plants within the preserve. After years of 
experience in the ULP, the staff at NTBG have become familiar with the manifold challenges in 
maintaining such an important area. It is our goal to share what we have learned about identifying 
potential threats, effectively removing invasive species, protecting native diversity and increasing 
population sizes of rare and endangered plants. 

 5-4 Short-Term versus Long-Term Plant Community Monitoring at Hawai‘i Volcanoes 
National Park 
Alison Ainsworth 
National Park Service, Hawai‘i Volcanoes National Park 

Plant communities are key indicators of ecosystem health, provide critical habitat, and reflect the 
dynamic relationship between invasive and native species. The Focal Terrestrial Plant 
Communities Monitoring Protocol was designed to take a long-term systematic approach to 
monitor the plant communities within Pacific island National Parks. The primary objective is to 
assess the status and trends of plant community composition and structure at five-year intervals.  
Monitoring began in 2010 at Hawai‘i Volcanoes National Park where forty rectangular community 
plots (20 x 50 m) were sampled in the wet forest. These data demonstrate the tremendous 
diversity in vegetation composition and structure found within the wet forest community. Initial 
analysis indicates high variance in the data for species richness, understory cover, and tree 
density which reflect differences in the disturbance history among sample plots within these 
forests. In the Ola’a forest, six of the 17 plots sampled were located outside of pig-managed 
(fenced) areas and had significantly reduced vegetation cover as compared to sites located in the 
pig-managed areas. Because of the high variances associated with vegetation community data 
across the park, single sample season analysis for management purposes is best performed on a 
site-specific scale (fenced versus unfenced) and/or recent disturbance history (burned versus 
unburned). However, long-term analysis  to detect significant change within community types 
requires baseline sampling frames defined by moisture availability indices and substrate, as 
opposed to utilizing frames based on current vegetation patterns which tend to reflect short term 
community fluctuations (e.g. fires, disease outbreaks). 

5-5 Monitoring Results from Forest Restorations at Makauwahi Cave Reserve, Kaua‘i 
Lida Pigott Burney1, David Burney2 
1Makauwahi Cave Reserve, Kalaheo, HI, 2National Tropical Botanical Garden, Kalaheo, HI 

Life histories and ecological conditions have been monitored continuously at Makauwahi Cave 
Reserve since October 2005 for now more than 3000 native plants reintroduced to the site. Most 
species were selected on the basis of their prevalence as fossils in the cave sediments, although 
the majority no longer occur on the abandoned farmlands and mine spoil used as a substrate for 
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these plants. Overall survival rates for plants known only as fossils is almost as high as that of 
species that were present in the vicinity at the inception of the project, generally above 80%.  
Plants that fit neither of these criteria but were judged suitable for reintroduction on the basis of 
their occurrence in similar habitats elsewhere on the island have survival rates that are only about 
half as high on average. In this paper we present updates on the survival, mortality factors, and 
fecundity of the plants, but also provide new data on growth rates, irrigation regimes, weather 
patterns, soil moisture, and groundwater conditions. A program to produce seeds suitable for the 
Lehua Islet restoration has exceeded all expectations, producing nearly 5 million seeds of 40 
species. A protocol has been developed for short-term bulk seed storage, elimination of insects, 
and efficient dispersal in seeding sites. At Makauwahi Cave Reserve, the seed production sites 
have now also become a reliable source for volunteer seedlings to use in other restorations via 
direct transplantation, eliminating the need for expensive nursery care and producing hardy, pre-
adapted individuals. 

5-6 Successes and Challenges of Community-Based Watershed Restoration in Hawai‘i 
Todd Cullison1, Matt Schirman2, Matt Rosener3 
1Hui o Ko‘olaupoko, Kailua, HI, 2Hui Kū Maoli Ola, Kailua, HI, 3Waipa Foundation, Hanalei, HI 

Hui o Ko‘olaupoko (HOK) is a 501(c)3 non-profit organization located in the Ko‘olaupoko moku of 
O‘ahu that implements on-the-ground projects to address watershed health. Over the last several 
years, the organization has had successes, failures and missed opportunities to implement 
projects aimed at improving water quality and watershed health. Case studies will be presented 
for projects the author has been involved in that include watershed planning, implementation and 
monitoring. Case studies will include two successful community-based riparian restoration 
projects. These projects, located in the He‘eia Watershed of Ko‘olaupoko and Waipā Stream of 
Kaua‘i are restoring several thousand feet of riparian corridor with the help community 
volunteers. A second project highlighted includes a state-of-the-art storm water project in 
Kāne’ohe. The project sponsors secured over $500,000 from local and federal funds; however, 
the project was never implemented. Lastly, the author will discuss a current storm water 
infiltration project being planned that is slowed by permit review. 

Threatened Marine Species  

5-7 Assessment of Critical Habitat of Endangered False Killer Whales in Hawai‘i 
Robin Baird1, Bradley Hanson2, Gregory Schorr1, Daniel Webster1, Antoinette Gorgone3, Sabre 
Mahaffy1, Dan McSweeney4, Erin Oleson5, Russel Andrews6 
1Cascadia Research Collective, Olympia, WA, 2Northwest Fisheries Science Center, Seattle, WA, 
3Southeast Fisheries Science Center, Beaufort, NC, 4Wild Whale Research Foundation, Holualoa, 
HI, 5Pacific Islands Fisheries Science Center, Honolulu, HI, 6Alaska SeaLife Center, Seward, AK 

For ESA-listed species federal agencies must designate “critical habitat” areas containing 
features essential to conservation and/or which may require special management considerations. 
In November 2010 NMFS proposed listing a small (~150 individuals) demographically-isolated 
population of false killer whales in Hawai‘i as Endangered, but has not proposed designating 
critical habitat. We assessed the population’s range and critical habitat using data from 27 
satellite tags deployed from 2007-2010. Assessment of independence of individuals with 
temporally overlapping data indicated data were from 22 “groups”, with analyses restricted to one 
individual/group. Data were available for periods from 13-105 days (median=40.5 days), with 
8,513 locations (87% from August-January). Association analyses of photo-identification data 
indicated the population is divided into three large associations of individuals, with tag data from 
two. While the range of individuals from the two associations were similar, one used significantly 
deeper waters than the other, and their high use areas differed. Individuals moved extensively 
and often rapidly among islands, using both the leeward and windward sides. A minimum convex 
polygon range encompassing all locations was ~82,800 km2, with individuals ranging from Ni‘ihau 
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to Hawai‘i Island and up to 122 km offshore.  High use areas were off the north half of Hawai‘i 
Island, north of Maui and Moloka‘i, and west of Lana‘i. While this analysis provides a basis for 
designation of critical habitat, there are likely other high use areas that have not yet been 
identified due to seasonal limitations and availability of data from only two of the three main 
associations. 

5-8 Juvenile Green Sea Turtle (Chelonia mydas) Diving Behavior in Relation to Habitat 
Heterogeneity and Water Temperature in Kawainui, O‘ahu, HI 
Devon Francke, K. David Hyrenbach 
Hawai‘I Pacific University, Kaneohe, HI 

Few studies have focused on the diving behaviour of juvenile green sea turtles (Chelonia mydas) 
within their foraging habitats because their movements and residency patterns can be 
unpredictable. The Kawainui Marsh Estuary (KME) on O‘ahu, HI, supports a large number 
(seasonal estimates: 40 – 100 turtles) of juvenile green turtles during spring – summer. Sea 
turtles at this site overlap with recreational activities and are susceptible to incidental hooking and 
entanglement in discarded debris. We quantified the diving behaviour of six resident green sea 
turtles (11 total tracking periods) in relation to habitat and environmental variability on diel, tidal, 
and seasonal (spring – summer) time scales. We used four complementary methods to achieve 
this goal: deploying time-depth-temperature recorders on turtles; monitoring water temperature 
using loggers placed throughout KME; measuring algal biomass and percent cover in areas of 
high algae concentration; and conducting behavioural visual surveys of turtle behaviour. We 
integrated these disparate datasets using multivariate analyses and related turtle diving 
behaviour to environmental variables. These results highlighted two distinct behavioural patterns: 
turtles spent considerable time foraging during the day in the shallows with high algal abundance, 
particularly at higher tides, and spent more time resting in the deeper channel and canal, 
particularly at night. This information will help managers to both interpret turtle activity patterns at 
this high-use site and to assess locations and times when juvenile turtles are most at risk from 
human activity. These results may be applicable to other shallow foraging locations. 

5-9 Response to July 2008 Petition to Designate Critical Habitat for the Hawaiian Monk 
Seal in the Main Hawaiian Islands under the Endangered Species Act  
Jean Higgins 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

The Hawaiian monk seal (Monachus schauinslandi) was listed as endangered under the 
Endangered Species Act (ESA) in 1978, and critical habitat was designated in 1988. In July 2008, 
NOAA Fisheries received a petition to revise critical habitat, requesting that the 1988 critical 
habitat designation be extended in the Northwestern Hawaiian Islands, and the addition of new 
areas in the main Hawaiian Islands. In June 2009, NOAA Fisheries found the petition to be 
warranted due to new information that has become available regarding Hawaiian monk seal 
foraging and habitat use, and announced the intention to move forward with a proposed rule. 
While the State of Hawai‘i has a large amount of designated critical habitat for ESA-listed 
terrestrial species, the Hawaiian monk seal is the first marine species to have critical habitat 
proposed for the main Hawaiian Islands. Critical habitat designations require not only a biological 
evaluation of the species habitat needs, but also a complex evaluation of potential economic and 
national security impacts. The unique biology of the species and recovery goals of this wide-
ranging carnivore present a challenge to appropriately identifying areas essential to the 
conservation of the species, while identifying and balancing potential economic and national 
security impacts. This presentation describes the current status of NOAA Fisheries’ response to 
the 2008 petition. 
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5-10 Response to October 2009 Petition to List Hawaiian Insular False Killer Whales under 
the Endangered Species Act  
Krista Graham 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

In response to an October 2009 petition, NOAA Fisheries proposed the Hawaiian insular false 
killer whale (Pseudorca crassidens) for listing as an endangered distinct population segment 
(DPS) under the Endangered Species Act (ESA) on November 17, 2010. The population is 
estimated to be less than 170, down from a plausible historical abundance of 769. The insular 
DPS is considered to be genetically, ecologically, and behaviouraly distinct from the pelagic 
population, as well as from populations found elsewhere in the Pacific. Threats to the insular DPS 
are numerous and significant. The most severe threats are due to small population effects, such 
as decreased genetic diversity and inbreeding depression, and hooking, entanglement, or 
intentional harm by fishers. The insular DPS has a high probability of becoming functionally 
extinct within 75 years due to small-scale incremental impacts, such as decreased fecundity or 
survivorship due to direct or indirect effects of fisheries, or a possible single catastrophic event, 
such as a disease outbreak or oil spill. Following a public comment period on the proposed listing 
from November 2010 to February 2011, a final determination on whether to list the DPS under the 
ESA is due from NOAA Fisheries by November 2011. 

5-11 Response to October 2009 Petition to List 75 Reef-building Coral Species in the 
US Pacific Islands under the Endangered Species Act  
Chelsey Lahiff 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

In October 2009, NOAA Fisheries received a petition from the Center of Biological Diversity to list 
83 coral species as threatened or endangered under the Endangered Species Act (ESA). In 
2010, NOAA Fisheries determined that 82 of the 83 petitioned species should be considered for 
possible listing under the ESA. Of the 82 species, 75 occur in the U.S. Pacific Islands, including 9 
species in Hawai‘i. When determining whether to propose listing a species or not under the ESA, 
NOAA Fisheries must consider 5 factors stipulated under Section 4 of the ESA: (1) present or 
threatened destruction, modification, or curtailment of its habitat or range; (2) overutilization for 
commercial, recreation, scientific, or educational purposes; (3) disease or predation; (4) 
inadequacy of existing regulatory mechanisms; or (5) other natural or manmade factors affecting 
the continued existence of the species. In early 2011, NOAA Fisheries completed assessments of 
the status and trends of the 82 species with regard to these 5 factors. Based on these 
assessments, NOAA Fisheries will determine whether some, all, or none of the 82 species should 
be proposed for listing as threatened or endangered under the ESA. 

5-12 Response to January 2010 Petition to List the Bumphead Parrotfish in the Mariana 
Islands and American Samoa under the Endangered Species Act  
David Nichols 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

In January 2010, NOAA Fisheries received a petition from WildEarth Guardians to list bumphead 
parrotfish (Bolbometopon muricatum) as an endangered species under the Endangered Species 
Act (ESA). Within the U.S. Pacific Islands, the bumphead parrotfish occurs in the Mariana Islands 
(Guam and Commonwealth of the Northern Mariana Islands) and American Samoa, but not in 
Hawai‘i. When determining whether to propose listing a species or not under the ESA, NOAA 
Fisheries must consider 5 factors stipulated under Section 4 of the ESA: (1) present or threatened 
destruction, modification, or curtailment of its habitat or range; (2) overutilization for commercial, 
recreation, scientific, or educational purposes; (3) disease or predation; (4) inadequacy of existing 
regulatory mechanisms; or (5) other natural or manmade factors affecting the continued existence 
of the species. In early 2011, NOAA Fisheries completed assessments of the status and trends of 
the bumphead parrotfish with regard to these 5 factors. Based on these assessments, NOAA 
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Fisheries will determine whether the bumphead parrotfish should be proposed for listing as 
threatened or endangered under the ESA.  

5-13 Response to Incidental Take of False Killer Whales in the Hawai‘i-based Longline 
Fishery under the Marine Mammal Protection Act  
Nancy Young 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

Under the Marine Mammal Protection Act (MMPA), NOAA Fisheries is required to develop and 
implement take reduction plans designed to assist in the recovery or prevent the depletion of 
strategic marine mammal stocks that interact with MMPA Category I or II fisheries, which are 
those fisheries with frequent or occasional mortality or serious injury of marine mammals, as 
classified in the annual MMPA List of Fisheries. NOAA Fisheries established the False Killer 
Whale Take Reduction Team (TRT) on January 19, 2010, to address the bycatch of 3 stocks of 
false killer whales (Pseudorca crassidens) in the Hawai‘i-based deep-set and shallow-set longline 
fisheries. The TRT is an advisory group consisting of nineteen appointed members representing a 
variety of stakeholders, including the longline fishing industry, conservation organizations, 
research and academic institutions, the State of Hawai‘i, the Marine Mammal Commission, the 
Western Pacific Fishery Management Council, and NOAA Fisheries. The TRT met four times 
between February and July 2010, and submitted consensus recommendations to NOAA 
Fisheries on July 19, 2010. The TRT recommended a package of regulatory and non-regulatory 
measures, including gear requirements, spatial management (including closed areas), marine 
mammal handling and release training, and a prioritized list of 35 research recommendations. 
Based on the TRT’s recommendations, NOAA Fisheries is currently developing a proposed Take 
Reduction Plan which will be published in the Federal Register. 

5-14 Response to Disturbance of Hawaiian Spinner Dolphins Within Their Daytime Resting 
Habitat under the Marine Mammal Protection Act  
Laura McCue 
NOAA Fisheries, Pacific Islands Regional Office, Honolulu, HI 

Under the Marine Mammal Protection Act (MMPA), NOAA Fisheries may protect essential 
habitats of marine mammal species. Hawaiian spinner dolphins (Stenella longirostris) rest during 
the day and feed and forage at night. These dolphins routinely utilize shallow coves and bays off 
multiple Hawaiian islands close to shore during the day to rest, care for their young, and avoid 
predators, before moving to deeper water offshore at night to hunt for food. Human interactions 
with dolphins in their resting habitats has increased over the past decade, with spinner dolphins 
being the target of viewing or swim-with tours on a daily basis. These interactions are disturbing 
the dolphins’ daytime rest, likely disrupting their natural behavioural patterns. The cumulative 
impacts on Hawaiian spinner dolphin populations are also of concern as many of these dolphins 
may be targeted multiple times per day. This could lead to population-level effects, and reduce 
the dolphins’ overall fitness. In response to these human impacts on spinner dolphin resting 
habitat, NOAA Fisheries may propose time-area closures in four bays on the island of Hawai‘i, 
and one on the island of Maui. These closures would protect the essential resting habitat of wild 
spinner dolphins in the main Hawaiian Islands, and reduce the human activities that may cause 
“take,” as defined in the MMPA and its implementing regulations, or from other actions that 
otherwise adversely affect the dolphins. 
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CONCURRENT SESSION 6: AUGUST 4, 8 – 10 AM  

USDA Forest Service Efforts to Provide Long-Term Forest Monitoring that Meets 
Island Conservation Needs: Accomplishments and Future Directions of the Forest 

Inventory and Monitoring Program (FIA)  

6-1 Monitoring Conservation Efforts: Research Applications to Forest Inventories 
Andrew Gray1, Robert Pattison1 
1USDA Forest Service PNW Research Station, Corvallis, OR, 2USDA Forest Service PNW 
Research Station, Anchorage, AK 

A variety of research applications exist in regions with a history of FIA sampling which enhance 
the utility of monitoring information to aid conservation efforts. These studies will prove useful in 
Hawai‘i and the Pacific Islands as FIA inventories are completed. Research to understand the 
effects of human use, climate, and natural disturbances builds on inventory plot, historic 
information, and other environmental data sets to understand the current and future implications 
of management policies. The probabilistic sample of all forest land enables robust field-based 
estimates of carbon storage and flux, timber and biomass resources and their availability, the 
distribution of invasive species and correlated factors. While ground measurements inform map 
development with satellite images, satellite and other geographic data are used to update plot 
information and model implications of alternative vegetation treatments (e.g., for fire risk). 
Inventories are being used to describe habitat availability for wildlife and monitor changes in 
habitat quality for endangered species. Focused studies include the intensive sample of the 
Hawai‘i Experimental Tropical Forest (HETF) units on the leeward and windward sides of Hawai'i 
Island. These studies will examine the recovery of vegetation and wildlife habitat in response to 
removal of mammals and vegetation restoration treatments like planting koa and removal of 
invasive plants removal. Comparison of vegetation changes on experimental lands with changes 
on forests across the Hawaiian Islands will suggest the status and future potential for 
conservation of forests and native species. 

6-2 Determining Forest Carbon Across the Hawaiian Islands: Use of FIA plots and Remote 
Sensing (LiDAR) Approaches. 
Flint Hughes1, Gregory Asner1, Amanda Uowolo1, Joseph Mascero1 
1Institute for Pacific Islands Forestry, Pacific Southwest Research Station, USDA Forest Service, 
Hilo, HI, 2Carnegie Institute for Science, Stanford, CA 

Forests represent major sinks and sources for carbon. Yet it is often challenging to credibly 
determine how much C is actually stored in forested landscapes that change across space and 
through time. This is particularly true for Hawai‘i’s forests, where lava flows, climate, and plant 
communities often vary dramatically over short distances. Here we present an approach to 
estimate aboveground C stocks in Hawai‘i’s forests using a combination of 1) field-based 
inventory plots such as those currently being established through the USFS Forest Inventory and 
Analysis (FIA) program; and 2) airborne mapping approaches, especially Light Detection and 
Ranging (LiDAR). We present results from the application of this combined approach to map the 
wide range of ecosystems and vegetation types - from sparse shrublands to dense rainforest - on 
the one million hectare island of Hawai‘i at a 0.01 hectare spatial resolution. We estimated that a 
total of 28.3 Tg C (i.e., 28 trillion grams) is sequestered in aboveground woody vegetation on the 
island. Further, our approach revealed the manifestation of fundamental controls over C storage, 
including climate, geology, introduced species, and land-use change, and it provides a 4-fold 
decrease in regional-scale costs of C measurement over field sampling alone. We discuss how 
the estimated 700 FIA plots that will be arrayed across the main Hawaiian Islands can be used to 
effectively provide the field-based information critical to such island-wide forest carbon 
assessements. 
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6-3 Linking Forest Inventories with Satellite Vegetation Mapping for Forest Conservation 
Lisa Fischer1, Joseph Donnegan1 
1USDA Forest Service, Davis, CA, 2USDA Forest Service, Portland, OR 

The USDA Forest Service Pacific Southwest Region, State and Private Forestry and the Pacific 
Northwest Research Station, Forest Inventory and Analysis Program are leading an effort with 
other federal, state, and local government agencies to acquire recurring high resolution satellite 
imagery, create vegetation maps and detect changes in land cover/use over the US Affilitated 
Islands and Hawai‘i. Completed vegetation maps and digital data have been distributed to local 
governments and other agencies that are part of the consortium. These mapping products along 
with the high resolution imagery are now providing critical information in support of island 
resource management and ecosystem protection. Joint workshops in GIS and forest inventory 
data analysis were held in Pohnpei, Palau, and Hawai‘i to build and enhance resource monitoring 
capacity, and provide expert knowledge of land cover and use for mapping efforts. New imagery 
products combined with increased participation of island forestry staff in mapping has resulted in 
products that extend the spatial resolution of forest inventory data. 

6-4 Forest Inventory and Analysis (FIA): Witnessing Forest Change 
Heather Franklin, Lori Tango, Molly Murphy, Kai Hiraoka, Flint Hughes 
Institute of Pacific Islands Forestry, Hilo 

Forest Inventory and Analysis (FIA) program in Hawai‘i is part of a nation-wide effort to monitor 
forest resources and their dynamics. FIA Hawai‘i will inventory 4,141,469 acres across the 
Hawaiian Islands. The inventory has the benefit of providing detailed information across extensive 
areas in an unbiased fashion through diverse ecosystems. Currently FIA Hawai‘i is focusing their 
efforts within Hawai‘i Experimental Tropical Forest, where 60 plots will be installed, and will 
continue a broader inventory over the years to come. Currently being 
inventoried, Laupāhoehoe and Pu‘u Wa‘awa‘a, are amazing representatives of native forests that 
contain many of Hawai‘i’s rare plant taxa but also our worst invasive species. The Hawai‘i’s FIA 
data collection team witnesses and documents first-hand the changes occurring in our Hawaiian 
landscapes, presenting a snapshot of the degree of invasive encroachment that will serve as a 
benchmark for trends in future species adaptations and/or extinctions. FIA’s forest inventory and 
analysis allows scientists and managers to access the data collected to see the changes in forest 
species composition, carbon storage and disturbance as the data is collected. This long term 
inventory will provide many opportunities to students for future crew positions and to policy 
makers and land managers as a resource for answering critical conservation questions. 

 6-5 A Multi-Tier Approach to Mapping, Monitoring and Understanding Carbon Stocks, 
Processes and Changes in Hawaiian Forests. 
Christian Giardina, Flint Hughes 
USDA Forest Service, Hilo, HI 

Hawai‘i needs to understand how climate change, invasive species and their interactions will 
impact forest structure and function. To meet this need, researchers on the Hawai‘i Experimental 
Tropical Forest have relied on diverse tools and approaches to map, measure and understand 
carbon storage and processes including state-of-the-science remote sensing; instrumented plots 
for quantifying climate, carbon stocks and carbon process rates across wide soil and climate 
gradients; and standardized methods for measuring forest composition, structure and dynamics. 
The Forest Inventory and Analysis Program (FIA) of the USDA Forest Service provides an 
opportunity to establish a multi-tiered approach to quantifying carbon processes at landscape 
scales that include: Tier 1 - Landscape-scale, plane-based LiDAR and hyperspectral imagery that 
provides quantitative information on forest structure, aboveground carbon stocks, tree species 
composition, and change over time; Tier 2 - FIA plots with a 5-year measurement cycle arrayed 
across the HETF at 10x intensities; Tier 3 - FIA plots with a 1-year measurement cycle located in 
the HETF at 3X intensity to complement a network of permanent plots, to measure ecosystem 
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carbon stocks, annual change in these stocks, and net ecosystem productivity; and Tier 4 - 
Monthly to continuous measurements for instrumented plots to quantify litterfall and soil 
respiration for annual estimates of total belowground carbon flux and net primary production, 
which control carbon sequestration. This multi-scale approach will create a research platform for 
future ecosystems studies to understand forest carbon storage and process at stand to landscape 
scales. 

Environmental Education 

6-6 GEARUP Summer Scholars Program: Merging Traditional Knowledge with Earth 
Science Inquiry in Mānoa Valley 
Lucas Moxey1, Rosalyn Dias2, Erwin Legaspi3 
1University of Hawai‘i  at Mānoa/NOAA, Honolulu, HI, 2Pacific American Foundation, Honolulu, HI, 
3Univeristy of Hawai‘i at Mānoa - GEARUP, Honolulu, HI 

The GEARUP Summer Scholars Program (GSSP) provides under-served and under-represented 
minority public high school students (Hawaiian, part-Hawaiian, Filipino, Pacific Islanders) from 
Farrington High School with the opportunity of participating in the Mālama Ke Ahupua‘a (to care 
for our watershed) summer program. This hands-on place-based multidiscipline course takes 
place within Mānoa Valley in the Ahupua‘a O Kona (Mānoa watershed) with the objective of 
engaging students to conduct scientific environmental studies while exploring Hawai‘i’s linkages 
between traditional knowledge, culture, and science. The rigorous 3-week program enables 
participants to conduct a watershed assessment and water quality study of Mānoa Stream by 
means of GPS/GIS technology, and quantitative water quality testing equipment. While earning 
DOE academic credit, students collect and analyze water samples to document changes along 
the stream as related to pollution and urbanization. In addition, students also visit various cultural 
sites throughout Kalihi and Mānoa, and participate in community-driven environmental service-
learning projects that highlight the Hawaiian values of laulima (teamwork), mālama (to care for), 
and imi ‘ike (to seek knowledge). By merging earth science inquiry with native Hawaiian culture, 
students are able to experience the significance of their ahupua‘a (watershed), as well as the 
direct links with its historical sustainable usage. The experiences from this program highlight how 
engaging activities can serve as powerful tools for contextualizing and promoting environmental 
literacy and sustainability (mālama `āina) from a rich native Hawaiian cultural framework. 

6-7 Assessing the Social Dimensions of the Maunalua Bay Coral Reef Ecosystem 
Restoration Project 
Jack Kittinger2, Trisann Bambico2, Edward Glazier2, Leila Madge2, Manuel Mejia1, Nahaku Kalei1, 
Bradley Wong1, Alyssa Miller3, Tegan Hammond3 
1The Nature Conservancy of Hawai‘i, Honolulu, HI, 2Impact Assessment, Inc., Pacific Islands 
Office, Honolulu, HI, 3Malama Maunalua, Honolulu, HI 

Environmental restoration projects are commonly touted for their ecological positives, but such 
projects also provide significant benefits to local communities. We assessed social ecosystem 
services associated with a large-scale coral reef restoration project in Maunalua Bay, O‘ahu, 
where >2.9 million lbs of invasive algae were removed from 23 acres of impacted coral reef in an 
urbanized setting. We interviewed >90 community stakeholders and analyzed both quantitative 
and qualitative data to assess human uses of the environment, perceptions of environmental 
change, and characterize social dimensions (+/–) associated with the invasive algae removal 
effort. Our results indicate that direct economic benefits include the creation of 75+ jobs, 
benefited over 250 individuals and 81 households and increased capacity in community 
organizations related to the restoration. Other major benefits include revitalization of cultural 
ecosystem services (e.g. practices, traditions and place names), increased awareness and 
involvement by community members and organizations, increased opportunities for education, 
outreach and research, and the successful use of harvested alien algae as compost by local 
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farmers. Our results suggest that the collaborative efforts of this project have resulted in 
heightened awareness and engagement of the community and have built a growing sense of 
stewardship for natural resources and ecosystems in the area. We conclude by discussing 
lessons learned for engaging productively with communities in environmental restoration and 
stewardship, which remains a central focus in conservation worldwide. 

6-8 Culture, Conservation and Conflict:  Assessing the Human Dimensions of Hawaiian 
Monk Seal Recovery 
Trisann Bambico1, John Kittinger1, Trisha Kehaulani Watson2, Jeffrey Walters3 
1Impact Assessment, Inc., Pacific Islands Office, Honolulu, HI, 2Honua Consulting, Honolulu, HI, 
3Protected Resources Division, Pacific Islands Regional Office, NOAA National Marine Fisheries 
Service, Honolulu, HI 

The Hawaiian monk seal is highly endangered but relatively little is known about how human 
societies interacted with the species in the past. The lack of an accurate historical ecological 
baseline and information on the significance of the species in Native Hawaiian culture is 
potentially impacting conservation and recovery planning for the species. We reviewed historical 
documents and conducted oral history interviews to reconstruct past human-monk seal 
relationships in the Hawaiian archipelago. Though the prehistoric period remains poorly 
understood, our findings suggest that monk seals were likely rare but not unknown to Hawaiian 
communities in the 19-20th centuries. References are made to monk seals in Hawaiian-language 
newspapers, traditional knowledge forms, and in familial histories. Oral histories also reveal 
different patterns of human-monk seal interactions related to place-specific histories and cultures. 
Our findings also suggest that the species is not uniformly known in contemporary Native 
Hawaiian communities and that perspectives are related to place-specific histories and traditions. 
Conflict between humans and monk seals appear to be related to specific stakeholder groups that 
view the species as a nuisance or threat. We introduce the concept of ‘cultural endemism’ and 
characterize the place-specific context and socio-cultural factors that influence indigenous 
societies’ relationships with natural resources. This information may prove useful in crafting 
culturally appropriate management plans for endangered species and for developing effective 
outreach activities to engage coastal communities. Our research may also aid in establishing 
long-term ecological baselines that can inform modern conservation efforts. 

6-9 Status and Perspectives of the Forestry Education in Papua New Guinea 
David Lopez Cornelio 
UNITECH, Lae, Papua New Guinea 

The worldwide decline of enrollment in forestry education, particularly since the 1990s, is a 
product of the modern forester’s inability to adequately respond to rapidly changing social, 
economic and political environments. Unpopulated areas of Papua New Guinea (PNG) have 
been affected by recent expansions of extractive economic activities such as unsustainable 
logging (the primary source for national income, second only to mining). Insufficient and 
uncoordinated education and research reflects the inadequacy of forestry multi-functionality. A 
review of the current status of forestry science development considering its geographical location, 
new market trends, potential advantages, historical enrollment of students and staff, facilities and 
cooperation with other institutions. It is reported that the forestry department of UNITECH has 
been releasing graduates in the last 36 years with sub-optimal expertise: causes are discussed 
and possible solutions formulated.   
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Invasive Species (Feral Mammals)  

6-10 Spatial and Temporal Dynamics and Effects of Feral Pigs (Sus scrofa) on Enterococci 
in Soils and Runoff in the Mānoa Watershed. 
Victor Bovino Agostini, Greg Bruland, Creighton Litton, Carl Evensen 
University of at Hawai‘i Mānoa, Honolulu, HI 

Feral pigs (Sus scrofa) are well distributed across Hawaiian landscapes and typically have 
adverse impacts on native ecosystems. Feral pig wallowing and rooting reduces vegetation 
cover, facilitates the spread of invasive species, and causes soil erosion. Little work has been 
done to study the impact of fecal inputs by feral pigs on pathogen transport throughout Hawaiian 
watersheds. This research focuses on the fecal indicator bacterium (FIB) Enterococcus spp. 
(ENT), a regular component of the gastrointestinal tracts of mammals, in soils and runoff in a 
forested Hawaiian watershed. Seven paired fenced/unfenced runoff plots were installed 
throughout the Mānoa watershed in the summer of 2007. Throughfall, soil moisture, runoff 
volume, total suspended solids (TSS) in runoff, and ENT in soil and runoff were measured during 
and after six rain events to assess spatial and temporal patterns in runoff, and the effects of feral 
pig exclusion. Sampling was conducted on a quarterly basis (Jan., Apr., Jul., Oct.) from January 
2010 to April 2011. Feral pig and other mammal activity (i.e., cat) within all unfenced plots were 
documented on multiple occasions with motion-activated game cameras. Results indicate high 
spatial and temporal variability in runoff and soil ENT. In addition, mean ENT level in runoff for the 
study period was 4,060 MPN/100 mL-1, which exceeded the EPA standard of 33 MPN/100 mL-. 
There was also a significant correlation between ENT runoff and soil ENT, as well as with the pig 
activity index (as measured by game cameras) and soil ENT. 

6-11 Movement Patterns and Habitat Utilization of Nonnative Feral Goats in Hawaiian 
Dryland Montane Landscapes. 
Mark Chynoweth1, Christopher Lepczyk1, Creighton Litton1, Susan Cordell2, James Kellner3 
1Department of Natural Resources and Environmental Management, University of Hawai‘i at 
Mānoa, Honolulu, HI, 2Institute of Pacific Islands Forestry, USDA Forest Service, Hilo, HI, 
3Department of Geography, University of Maryland, College Park, MD 

Large populations of nonnative, feral goats (Capra hircus) are present on five of the eight main 
Hawaiian Islands where they have been notable components of the landscape for at least a 
century. However, very little information exists on their spatial and temporal patterns of habitat 
use. Such an understanding is essential to manage not only the goats, but also the native and 
nonnative plant communities that they inhabit. We deployed GPS satellite collars (n = 12) to track 
movement patterns of feral goats every two hours for one year in one of the last remaining 
montane dry forest habitats on the island of Hawai‘i in the Pohakoloa Training Area. Movement 
data from collars were combined with land cover data and remotely sensed imagery (NASA's 
MODIS sensor; Carnegie Airborne Observatory LiDAR) to quantify how movement patterns are 
correlated with seasonal changes in vegetation dynamics and plant community composition. 
Using a Euclidean distance-based analysis, results of this work indicate that feral goats did not 
use habitat uniformly, but rather showed preference for native-dominated shrublands during the 
day and barren lava at night. Males generally had larger home ranges (27.8 km2) than females 
(12.8 km2). Displacement data also suggested that three movement phases occur over diel 
scales: (i) resting; (ii) searching; and (iii) foraging. Ultimately, the results of this study can be used 
in the context of both the conservation and restoration of native Hawaiian dry forest ecosystems, 
arguably the most degraded ecosystem in the Hawaiian Islands. 
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6-12 How Do Large Herbivores Influence Ecosystem Processes? 
Elliott Parsons1 
1Three Mountain Alliance, Volcanoes NP, Hawai‘i 2The University of Montana, Missoula, Montana 

It is well known that large herbivores including ungulates (hooved mammals) can affect plant 
communities by influencing plant growth, survival, and reproduction. Recent work also suggests 
that large herbivores can affect ecosystem N cycling through a number of different mechanisms. 
Browsing ungulates can shift communities from those dominated by palatable, nutrient rich 
species to those that are unpalatable and nutrient poor. Also, ungulate browsing and trampling 
can create disturbances which influence soil moisture and temperature, and this can also lead to 
changes in N cycling. Through these different mechanisms, ungulates can alter feedbacks 
between plants and soil processes, and this can affect rates of nutrient cycling and available soil 
nutrients. In many parts of Hawai‘i, ecosystems are relatively young and are nutrient-limited. This 
means that large herbivores may play an important role in controlling the availability of resources 
to the rest of the community. In order to understand how large herbivores affect N cycling and 
how this might relate to ecosystems in Hawai‘i, I'll draw on research from northern Michigan, East 
Africa, Scandinavia, and New Zealand. While data on this is currently limited in Hawai‘i, a general 
understanding of the myriad ways in which ungulates affect ecosystems will help provide 
directions for future research. 

6-13 Public Policy and the Spread of Mouflon on the Island of Hawai‘i 
Mary Ikagawa 
University of Hawai‘i at Mānoa, Honolulu, HI 

Introduced ungulates are a primary threat to Hawai‘i’s native ecosystems. Mouflon sheep (Ovis 
gmelini musimon), released on the Big Island of Hawai‘i in the 1960s for hunting, have reportedly 
experienced significant population and range expansion over the past 30 years. The only 
previously published reports of mouflon distribution on the island have been limited to single 
management units. I mapped the current range of mouflon islandwide and examined it in relation 
to known populations of rare Hawaiian plants and federally designated critical habitat. The results 
show a dramatic increase in mouflon range since 1980. I then broaden the discussion to axis 
deer and feral ungulate species, and examine Hawai‘i’s statutes and rules pertaining to 
management of introduced ungulates. Recent efforts to change management through legislation, 
and public policy in other places experiencing land modification by introduced ungulates are 
discussed. 

6-14 Feral Cats in Hawai‘i – Population Structure and Origin 
Katrin Koch1, Jay Penniman4, Dave Algar2, Fern P. Duvall II3, Klaus Schwenk1 
1Biodiversity and Climate Research Centre (BiK-F), Frankfurt, Germany,  2Department of 
Environment and Conservation, Woodvale, Perth, WA, Australia,  3Hawai‘i Department of Land & 
Natural Resources, Division of Forestry & Wildlife, Kahului, HI,  4Maui Nui Seabird Recovery 
Project, Ha‘iku, HI 

Invasive species pose a major threat on global endemic fauna. Feral cats (Felis catus) are 
extremely adaptable and are now present on all continents except Antarctica. Their ability to live 
in almost every habitat has led to their listing as one of the 100 world’s worst invasive alien 
species. Domestic housecats cats were brought to Hawai'i with European ships around 1700 and 
first feral cats were observed in 1840. In Hawai‘i they are frequent predators of endangered 
Hawaiian birds including ground-nesting waterfowl, tree-nesting passerines and colonial seabirds. 
Research on the genetic structure of feral cats was carried out with samples from Kaho‘olawe 
and Lana‘i.We studied mitochondrial and 12 highly polymorphic microsatellite markers to evaluate 
genetic diversity and population structure. The frequency and time span of invasion events can 
be determined through genetic analysis. In particular, we can determine if invasion is still ongoing 
or terminated. If reinvasion events are inferred, future studies with samples from more Hawaiian 
islands will enable us to determine where reinvaded cats originated from and where further 
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quarantine measures need to be established.  In the future we will be able to detect putative 
source populations and localise demographic groups that should be targeted. These findings will 
thus help to enhance feral cat control strategies and effectiveness of current management efforts. 

CONCURRENT SESSION 7: AUGUST 4, 10:20 AM – 12:20 PM 

Management Tools and Technology  

7-1 GIS on Mobile Devices 
Stephanie Tom 
The Nature Conservancy, Honolulu, HI 

Did you know you can view GIS data on your smartphone or tablet? Find out which GIS apps are 
great for viewing geospatial data on your mobile device. Bring your own smartphone or tablet and 
download these apps during this session, or look on with someone else’s mobile device. View 
relevant conservation data like 1m IKONOS imagery, ecosystems, zones, ahupua’a, TMKs, soil 
type, and preserve boundaries to your phone from anywhere you have wireless data coverage 
(e.g., 3G). Learn how to upload your own GIS data into the cloud so you can see it on your 
mobile device. Query all data at a location just by pointing at it. It's like having the whole world in 
the palm of your hand! 

7-2 Through the Eyes of a Fencer: Remote Fencing Techniques and Challenges  
Justin Luafalemana, Munsta Souza, B.J. Davis, Josiah Jury, Simoi Luafalemana, Robert 
Romualdo 
O‘ahu Army Natural Resources Program – RCUH/PCSU, Wahiawa, HI  

Who ever thought of putting a fence in a mountain to make it more beautiful? The need to install 
ungulate-proof fencing around biologically sensitive areas has increased tremendously and has 
sparked an evolution in the remote fencing trade. With the establishment of the O‘ahu Army 
Natural Resource Program’s (OANRP) fence crew in 2006, remote fencing techniques have been 
explored at a new level. Various materials, tools and design features are being evaluated daily in 
order to maximize ungulate-fence effectiveness. Techniques are being adjusted in response to 
changing obstacles and ungulate threats. After each fence line is cleared and construction is 
completed, new lessons are learned. These lessons can be grouped within three broad themes: 
(1) effective fencing takes time, and requires a series of stages; (2) every fence presents different 
challenges and obstacles; and (3) to construct a proper ungulate-proof fence, one needs to 
understand ungulate behavior and movement. Members of the OANRP fence crew - individuals 
with extensive backcountry ungulate experience - will highlight examples of how these themes 
play out in the native forests of O‘ahu, sharing "lessons learned" for other conservation 
organizations. Comparisons between building fences in ecologically diverse locations such as 
Ēkahanui and Kea‘au in the Wai‘anae mountain range, and Helemano and Waimano in the 
Ko‘olau mountain range will be discussed. 

7-3 A Hawaiian Biologist's Assessment of Predator Proof Fencing Projects in Aotearoa, 
New Zealand. 
Arthur Medeiros 
Pacific Island Ecosystems Research Center, U.S. Geological Survey, HI 

New Zealand has become a world leader in development of predator-proof and rodent-proof 
fencing efforts. Through the courtesy of Alan Saunders (Landcare Research), John Innes 
(Landcare Research), and others, leading New Zealand restoration projects utilizing predator-
proof fencing in New Zealand, visited in March 2011, will be the focus of this talk. Topics will 
include: fence construction overview; initial and recurrent costs; control and re-incursion detection 
methods; methodologies for experimentally evaluating changes in vegetation, vertebrates, 
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invertebrates; and attitudes of general public towards such projects. Predator/rodent proof 
exclusion projects, a number near completion or slated to be in future years in Hawai‘i, are 
invariably quite costly, and information transfer from New Zealand colleagues is timely and 
important. Techniques learned here also have broad applicability throughout the Pacific islands 
where rodents and small mammalian predators are often not native and their impacts often 
impact native biota. 

7-4 Restoring Coastal Ecosystems: the Story of Hawai‘i's First Predator-Proof Fence at 
Ka‘ena Point Natural Area Reserve 
Lindsay Young1, Chris Swenson2, Pauline Sato3, Ati Jeffers-Fabro4, Eric VanderWerf1, 
Christopher Miller4, Randy Kennedy4, Sheldon Plentovich5, David Smith4 
1Pacific Rim Conservation, Honolulu, HI,  2U.S. Fish and Wildlife Service, Portland, OR, 3 Mālama 
Hawai‘i, Honolulu, HI, 4Hawai‘i Division of Forestry and Wildlife, Honolulu, HI,  5U.S. Fish and 
Wildlife Service, Honolulu, HI 

The coastal strand ecosystem of Ka‘ena Point Natural Area Reserve on O‘ahu hosts one of the 
largest seabird colonies in the main Hawaiian Islands, and contains up to 11 species of 
endangered plants. It is also one of the most culturally significant sites in Hawai‘i. Due to the 
negative impacts of invasive mammals on native species and the cost of the ongoing predator 
control program, construction of a predator-proof fence was proposed in 2006 and completed in 
2011. Prior to construction, three and a half years of public outreach efforts reached more than 
2300 individuals directly, and thousands more indirectly via 15 printed news stories and airing of 
ten unique television pieces. As a result of these efforts, broad public support was achieved. 
Monitoring of birds, plants, invertebrates and soils established a baseline and continues in an 
effort to carefully document the effects of predator removal on native species over the long term.  
Evaluation of rat and mouse populations over two years informed predator removal efforts that 
began upon fence completion. Diphacinone in bait boxes and live traps were used. Predator 
exclusion and removal is anticipated to result in an increase in the existing population of nesting 
seabirds, encourage new seabird species to nest at Ka‘ena Point, and enhance regeneration and 
recruitment of native plants and invertebrates. Perhaps just as significant, this project has 
increased the public awareness of restoration techniques and will provide the people of Hawai‘i 
with a rare opportunity to visit a restored ecosystem. 

7-5 Developing Metered Herbicide Incision Techniques to Control Invasive Arboreal and 
Shrub Targets in the Pacific Basin  
James Leary 
University of Hawai‘i at Mānoa, Kula, Maui, HI  

Several organizations are managing significant portions of natural areas with priorities to 
suppress non-native arboreal and shrub species invasions that are negatively impacting the 
environment. The logistics for delivering resources to these remote areas is often a limiting factor 
to a satisfactory operation. Thus, there is a need to develop simple techniques for administering 
discreet herbicide doses to weed targets, which promotes a minimalist approach to cover broader 
areas more efficiently. This starts with optimizing herbicide formulations that are consistently 
lethal to weed targets at very low doses. The active ingredient triclopyr is the most utilized 
herbicide for individual plant treatments and typically provides acceptable results, but has also 
shown variability and failure as a treatment. This field project is investigating the utility of five 
different herbicides including triclopyr using a surgical incision technique for treating major weed 
targets (e.g. Schinus terebinthifolius, Falcataria moluccana, Spathodea campanulata, Schefflera 
actinophylla, Psidium cattleianum and Rauvolfia vomitoria). The technique applies milliliter doses 
of herbicide concentrates directly to exposed cambium created by clean incisions at equidistant 
positions around the basal circumference of the target. The adoption of a metered draw-off 
syringe designed for veterinary vaccinations allows for an accurate, hygienic herbicide 
application. This study matches effective formulations (e.g. imazapyr, glyphosate, aminopyralid 
and aminocyclopyrachlor) to the above listed targets, which are superior to triclopyr. On average, 
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these new formulations can effectively treat up to 200 mature large-class specimens with a 1-liter 
total volume and can be administered in less than one minute per target.  

7-6 Characterizing Herbicide Ballistic Technology (active ingredient: triclopyr) as a New 
Tool for the Containment Strategy of Miconia calvescens in East Maui  
James Leary1, Donna Lee2, Adam Radford3, Imi Nelson3, Chad Smith3, Jeremy Gooding4 
1University of Hawai‘i at Mānoa, Kula, HI 2DJL Economic Consulting, Honolulu, HI 3Maui Invasive 
Species Committee, Piiholo, HI 4National Park Service Exotic Plant Management Team, 
Haleakalā National Park, HI 

Critical components of the containment strategy of Miconia calvescens in East Maui includes: (i) 
population reduction within the core infestation and (ii) elimination of incipient satellite populations 
beyond the core. This presentation provides results of experimental deployments using Herbicide 
Ballistic Technology (HBT-TCP200, active ingredient triclopyr) as a new application technique 
with long-range accuracy (30m) that improves target accessibility. In September 2010, 
experimental HBT ground operations were deployed to create buffer zones along road sections 
within the core. Dual-applicator teams recorded their operations with geographical references and 
timestamps of each target acquired, which were then used to characterize field efficiency. In our 
initial operations, with newly trained applicators, we were able to sweep 3.1 hectares (770 meters 
of roadside) and acquire 211 targets per hour on average. In November 2010, experimental HBT 
helicopter operations were deployed to target incipient miconia colonizing an East Maui gulch 
outside of the core infestation. During a one-hour flight operation, the single-applicator platform 
acquired 133 targets across a sweep area of 3.6 hectares. A successful management strategy is 
realized when target elimination outpaces recruitment, which typically requires a sequence of 
repeated operations. These experiments are scheduled for sequential operations every 120 days 
in order to plot target reduction over time. Results from these additional operations will be 
included in this 2011 presentation.  This research compliments efforts to establish Standard 
Operating Procedures and a FIFRA 24c Special Local Needs registration for making HBT 
available to Hawai‘i’s Invasive Species Committees, Watershed Partnerships and local 
conservation groups. 

7-7 Hawai‘i Watershed Guidance Overview 
Kenny Roberts1, Brian Hunter1,2, Lawana Collier1,3, Hudson Slay1,3, Steve Frano1,4 
1Coastal Zone Management, Hawai‘i, 2Department of Health, CWB, Hawai‘i, 3U.S. EPA, Hawai‘i, 
4NOAA, Hawai‘i 

Hawai‘i’s Coastal Nonpoint Pollution Control Program (CNPCP) is responsible for overseeing the 
management of nonpoint source pollution for the entire state of Hawai‘i. This requires 
collaboration with other state agencies as well as the four counties and community resource 
management groups. The most recent development of the CNPCP is the Hawai‘i Watershed 
Guidance (HWG) which summarizes the two federal Clean Water Act documents developed to 
assist coastal states in nonpoint source management. Both the Handbook for Developing 
Watershed Plans to Restore and Protect Our Waters (EPA 841-B-08-002 March 2008), and 
Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters 
(EPA 840-B-92-002 January 1993) have been integrated into the HWG. The objective of the 
HWG is to provide guidance for local governments, watershed organizations, NGOs, and the 
public regarding technical tools and sources of useful information for developing and 
implementing watershed based plans. It includes both assessment and management approaches 
that encourage an efficient and cost effective systems approach to natural resource management 
with an emphasis on water quality protection or restoration. The HWG is designed to be a user 
friendly document which outlines the minimum requirements to qualify for section 319 funding. It 
incorporates the CNPCP management measures as an implementation menu of strategies/best 
management practices applicable to six main sources of polluted runoff. 
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POSTER ABSTRACTS BY CATEGORY 

Avifauna 

P-1 Kaua‘i’s Save Our Shearwater Program - Past, Present and Future 
Tracy Anderson 
Kaua‘i Island Utility Cooperative (KIUC), Lihu‘e, HI  

Young federally threatened Newell's Shearwaters (Puffinus newelli) and Hawaiian Petrels 
(Pterodroma sandwichensis) leaving their natal burrows in the mountains become confused by 
the lights of human settlements. "Fallout" occurs when the disoriented birds circle the lights until 
they become exhausted or collide with objects and become grounded. In 1979, the State of 
Hawai’i set up aid stations around Kaua‘i and began encouraging members of the public to pick 
up grounded seabirds and place them in the stations. Staff would then collect, band and release 
them. Recovery of former SOS birds is currently limited to pickup of grounded returning adults.  
According to Kaua’i seabird biologists, Newell’s Shearwater and Hawaiian Petrel numbers are in 
steep decline. Pressure is rising to ensure that every rescued fallout bird is given the best chance 
of survival post-release. In the past two years, additional information from these birds such as 
basic blood values (total proteins, packed cell volumes) and body condition scores (mass, body-
fat and pectoral muscle) have been collected. Advancing the program will include utilizing current 
"best practices" husbandry techniques and ensuring that, at release, the previously compromised 
birds are waterproof, within accepted mean for weight, and exhibiting normal species- specific 
behavior. Aboveground pools, re-designed specifically for housing seabirds, will allow for 
observation of behavior (bathing, preening, hunting) in a more natural medium than was 
previously available. To be considered 'waterproof' birds must demonstrate that they can maintain 
their body temperature and have no wet areas on/in the plumage following extended time in the 
pools. 

P-2 Influence of Vegetation Community, Food Abundance, and Predation on Kaua‘i’s 
Endangered Honeycreepers: Research Study Design and Initial Results 
Lucas Behnke1,2, Liba Pejchar1, Lisa Crampton1 
1Colorado State University, Fort Collins, CO, 2Hawai‘i Department of Land and Natural 
Resources, Division of Forestry and Wildlife, Hanapepe, HI 

Two of Kaua‘i’s endemic honeycreepers, the ‘Akikiki (Oreomystis bairdi) and the ‘Akeke‘e 
(Loxops caeruleirostris) were listed as Federally Endangered in 2010, yet neither species has 
been the subject of rigorous scientific study. To address this gap, in March 2011 we initiated a 
study to quantify which factors or groups of factors, including habitat characteristics, food 
resources, and predation pressure, are most strongly correlated with ‘Akikiki and ‘Akeke‘e home 
range size, density and reproductive success. Here we present preliminary data from three study 
sites across the Alaka‘i Plateau. These two rare species are still infrequently detected on Hawai‘i 
Forest Bird Surveys within two of these sites and the third site encompasses an area of forest 
where detections of each species has dropped precipitously since surveys were first initiated. We 
found and observed nests and used spot mapping techniques to delineate home ranges for each 
species. We compared habitat quality (vegetation structure/composition, invertebrate composition 
and rat density as a indicator of predation pressure) across our three study sites and within study 
sites between areas occupied and unoccupied by the focal species. Because data on the basic 
biology and habitat relationships of these species is so poorly known, our findings will help to 
prioritize future research and conservation efforts for these two unique species. 
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P-3 Do Repeat Samples Improve Kiwikiu (Psuedonestor xanthophrys) Abundance 
Estimates? 
Kevin Brinck1, Richard Camp1, Marcos Gorresen1, David Leonard2, Hanna Mounce3, Kelly 
Iknayan3, Eben Paxton4 
1Hawai‘i Cooperative Studies Unit, University of Hawai‘i at Hilo, Hawai‘i National Park, HI, 
2Department of Land and Natural Resources, Division of Forestry and Wildlife, Honolulu, HI,  
3Maui Forest Bird Recovery Project, Makawao, HI,  4USGS Pacific Island Ecosystems Research 
Center, Hawai‘i National Park, HI 

Effective management and conservation of wildlife populations requires accurate estimates of 
abundance. Unfortunately, accurately estimating abundance in rare or endangered species poses 
several challenges. They occur in remote, difficult to access terrain at low densities which makes 
them difficult to detect and reduces the accuracy of counts. Distance sampling methods are an 
effective approach to minimizing these challenges, and have been used in Hawai‘i for over 30 
years to produce reliable bird density estimates. All sampling methods, however, are hindered if 
sufficient sample sizes are not obtained. With proper sampling design these estimates will be 
unbiased, but their uncertainty may be too large to allow assessing the effects of management 
actions. The Kiwikiu, or Maui parrotbill, is an example, with only 590 ± 208 birds occurring in a 
single, small area (50 km2) restricted to high elevation ‘ōhi‘a (Metrosideros polymorpha) forests of 
East Maui. In 2006 and 2011, repeated surveys of several transects passing through the species’ 
core range were initiated specifically to ascertain whether multiple surveys improve overall 
Kiwikiu abundance estimates. We present results of the analysis detailing the precision gained in 
the Kiwikiu estimate with repeat samples, and discuss the tradeoffs between the resources 
needed for the additional survey efforts versus increases in precision. This information should 
help managers choose where best to use resources in their effort to manage this endangered 
species. 

P-4 Habitat Selection of the Endangered Hawaiian Goose: A Multi-Scale Approach 
Christina Cornett1, Steven C. Hess3 
1Tropical Conservation Biology & Environnmental Science, University of Hawai‘i, Hilo, Hilo, HI, 
2Hawai‘i Cooperative Studies Unit, University of Hawai‘i, Hilo, Hilo, HI, 3U.S. Geological Survey 
Pacific Island Ecosystems Research Center, Hawai‘i Volcanoes National Park, HI 

While much is known about the Hawaiian goose or Nēnē (Branta sandvicensis) during the 
breeding season, very little is understood about their movements and habitat use in the non-
breeding season. This habitat use versus availability study will identify preferred Nēnē habitats 
and how preference shifts seasonally. Satellite telemetry is becoming increasingly important for 
habitat use and movement studies in wildlife species. In 2009 and 2010, we outfitted eight Nēnē 
ganders on Hawai‘i Island with backpack harnesses and 40-45 gram Platform Transmitter 
Terminals (PTTs). Nēnē accepted the transmitters and provided us with over 3500 GPS locations 
in near real-time. One of the most frequently used travel routes by Nēnē in this study has been 
along the windward slopes of Mauna Kea and Mauna Loa from the northern terminus of Hakalau 
Forest National Wildlife Refuge to the southern terminus of the Kahuku Unit of Hawai‘i Volcanoes 
National Park. Two subjects at the Kahuku Unit revealed roosting areas within a subalpine 
shrubland known as Kīpuka Nēnē surrounded by rugged a‘ā lava flows, where Nēnē had not 
been observed since 1949. Despite the fact that Nēnē are among the most terrestrial of all geese, 
our subjects have all centered their clusters of locations around small ponds, wetlands, or water 
catchments, which are unusual anthropogenic features for Nēnē to use given the lack of natural 
sources of standing water on Hawai‘i island. Hawai‘i Island Nēnē appear to be recovering some 
traditional movement patterns lost during their severe population reduction of the 20th century. 
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P-5 Long-Term Variability and Stability of Passerine Population Clusters at Hakalau Forest 
National Wildlife Refuge 
P. Marcos Gorresen1, Eben H. Paxton2, Richard J. Camp1 
1Hawai‘i Cooperative Studies Unit, University of Hawai‘i at Hilo, Hawai‘i National Park, HI, 2U.S. 
Geological Survey, Pacific Island Ecosystems Research Center, Kīlauea Field Station, Hawai‘i 
National Park, HI 

Habitat structure, resource availability, and inter- and intra-specific interactions strongly affect 
distributional patterns of individuals and populations. These patterns range from being strongly 
clumped and contiguous to sparse and highly fragmented, and bear the signature of past trends 
in abundance. The location of population clusters and gaps can be used to demonstrate a 
species’ association with particular habitat attributes, and the variability in these patterns over 
time can yield information about local population stability and persistence, including whether a 
species’ range is expanding or collapsing. We analyzed a 22-year (1987-2008) dataset of bird 
counts from the Hakalau Forest National Wildlife Refuge on Hawai‘i Island with a geostatistical 
approach to measure the location and cohesiveness of population clusters. The spatial patterns 
of 8 native and 2 non-native passerine species were evaluated in light of general habitat 
attributes associated with resource management (i.e., reforestation of pasture, formerly grazed 
recovering forest, relatively intact forest). We examined this data for a range of time spans (lags) 
to quantify the strength of year-to-year correlation in spatial patterns. Patterns for pairs of species 
with similar and dissimilar food niche requirements were also evaluated as possible evidence for 
competitive displacement. This analysis of spatial temporal dynamics across Hakalau Forest 
NWR's avian community is an important step in understanding how differences across the 
landscape shape the distribution and abundance of Hawai‘i’s forest birds. 

P-6 Peregrine Falcon Predation of Endangered Species in the Northwestern Hawaiian 
Islands 
Andrew McClung1, Michelle Reynolds1, Mark Vekasy2, John Klavitter3, McKenzie Mudge4, Matt 
Henschen5, Amanda Boyd6 
1USGS Biological Resource Discipline/Pacific Island Ecosystems Research Center, Hawai‘i 
National Park, HI, 2Idaho Dept. of Fish & Game, Lewiston, ID, 3USFWS Midway Atoll NWR, 
Midway Island,  4Wildlife Conservation Society, New York, NY, 5Independent Researcher, 
Eugene, OR,  6USFWS Nantucket NWR, Nantucket, MA 

We report the first records of Peregrine Falcon (Falco peregrinus) predation on endangered 
Laysan Ducks (Anas laysanensis) and endangered Laysan Finches (Telespiza cantans). We 
estimate that, at Midway Atoll, a vagrant falcon killed ~ 4% of the newly reintroduced Laysan 
Duck population in 2006 and ~ 2% in 2008. Peregrine Falcons also visited Laysan Island in 2008-
2009, but raptor predation on Laysan Ducks was not documented there. Instead, over 79 Laysan 
Finches (plus varying numbers of 7 seabird species) were depredated and recovered at three 
roost sites. On Midway, all depredated Laysan Ducks and seabirds - Black Noddies (Anous 
minutus), Brown Noddies (Anous stolidus), Bonin Petrels (Pterodroma hypoleuca), Tristram’s 
Storm-Petrels (Oceanodroma tristrami), Ruddy Turnstones (Arenaria interpres), Pacific Golden 
Plovers (Pluvialis fulva), White Tern (Gygis alba) - were recovered at kill sites on tarmac. 
Vegetation restoration of the abandoned airstrips at Midway could provide cover and reduce the 
potential for mortality due to vagrant raptors. Vagrant Peregrine Falcons overwintering on small 
islands could exert adverse effects on populations of endangered birds with greater risk of 
significant impact for newly translocated populations. 
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P-7 Kiwikiu Productivity: Nest Survival and Annual Reproductive Success in the Hanawi 
Natural Area Reserve, Maui, HI 
Hanna Mounce1, Kelly Iknayan1, Laura Berthold1, David Leonard2 
1Maui Forest Bird Recovery Project, Makawao, HI,  2Department of Land and Natural Resources, 
Division of Forestry and Wildlife, Honolulu, HI 

Nest success is often used as a metric of reproduction for population modeling. Documenting 
annual reproductive success is less common because of the time and effort required compared to 
determining nest survival. However, for rare and/or cryptic species with difficult to locate nests, 
tracking fledglings’ production may be superior to locating and monitoring nests. The Kiwikiu 
(Maui Parrotbill; Pseudonestor xanthophrys) is a critically endangered Hawaiian honeycreeper 
endemic to the island of Maui. Monitoring productivity for this species is challenging due to its 
small population size, the large home range that pairs occupy in very rough mountainous terrain, 
and the location of nests high in the canopy. From January to June 2006-2010, we searched for 
nests and fledglings within 133 ha of the Hanawi Natural Area Reserve (NAR) on windward east 
Maui, Hawai‘i. We followed marked and unmarked individuals, documenting nest success, home 
range boundaries, and the presence of fledglings. The number of nests located were inadequate 
for calculating a robust nest success estimates and insufficient for determining annual nest 
success estimates. This is illustrated by the fact that the nest success calculated would suggest a 
sharp population decline. However, based on the number of birds observed over this same area, 
a decline of this magnitude is unlikely. The number of fledglings located annually suggests that 
productivity was higher than would be indicated by nest success and provides a more accurate 
picture of reproductive output for this rare species. 

P-8 Territory Selection by Puaiohi: Influence of Food Abundance and Forest Composition 
and Structure 
Lauren Solomon, Lisa Crampton, Lucas Behnke, Barbara Heindl 
Kaua‘i Forest Bird Recovery Project, Waimea, HI 

The Puaiohi, Myadestes palmeri, is an endangered forest songbird endemic to Kaua‘i.  It is 
confined to forested stream valleys above 1000 m elevation in the Alaka‘i Wilderness where it 
nests on vertical cliff faces along streams. Breeding pairs establish territories that include cliff 
faces and forested areas on stream banks, yet relative influences of factors such as topography, 
vegetation or food on Puaiohi distribution are unknown. To determine Puaiohi habitat 
preferences, we mapped territories using spot mapping techniques then compared vegetation 
characteristics and fruit abundance of Puaiohi territories with unused areas during the 2010 
breeding season. We surveyed plots at 35 stations, with 18 stations falling inside Puaiohi 
territories and 17 stations lying in unused areas. At each survey station, we surveyed fruiting 
vegetation in three 6-m² plots established at distances of 10, 25 and 50 m along random bearings 
from the station. We recorded number of plants of fruit bearing age, number of individual plants 
bearing fruit, and total fruits within plots. Around the 25-m fruit plot, we surveyed vegetation 
structure and composition in a larger circular 5.6-m radius plot, recording tree and shrub species 
present, ground cover, canopy cover and canopy height. The three most common species 
bearing fruit were ‘Ohelo (Vaccinum spp.), Alani (Melicope spp.) and Pukiawe (Styphelia 
tameiameiae), both within and outside of territories. Although preliminary results suggested no 
influence of relative abundance of food-bearing plants on territory distribution, further analysis 
may provide additional information that improves our knowledge of Puaiohi habitat use. 
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Climate Change  

P-9 The Pacific Islands Climate Change Cooperative: Informing Conservation in a 
Changing Climate 
Jeff Burgett, Deanna Spooner 
Pacific Islands Climate Change Cooperative, Honolulu, HI 

Pacific Islands including Hawai‘i, the Mariana Islands, America Samoa, and other Pacific Island 
groups will face multiple challenges from a warming climate. Thousands of unique island plant 
and animal species, including 410 species on the Endangered Species list, are threatened by a 
variety of effects of environmental change being driven or exacerbated by global climate change. 
Over 90% of U.S. coral reefs are also located around the Pacific Islands, which are at risk from 
increased ocean temperatures and acidification. Other negative impacts of a warming climate will 
include changes to rainfall patterns and freshwater availability, increasing diseases in wildlife, 
wildfires, coastal erosion, and even the disappearance of entire low-lying islands. Fortunately, 
local conservation organizations are strengthening their capacity to respond to environmental 
change through the assistance of the Pacific Islands Climate Change Cooperative (PICCC). The 
PICCC is coordinating geospatial and other technologies to help inform land- and ocean-
management activities; helping plan coordinated programs aimed at protecting priority species 
and biocultural resources; and making recommendations for policy makers, resource managers 
and Pacific Island communities to adapt to a changing climate. This poster highlights research 
and tools the PICCC is funding and providing to help managers anticipate climate change effects 
and prioritize where to focus their resources. 

P-10 Population Trends of Hawaiian Seabirds Vulnerable to Sea Level Rise at French 
Frigate Shoals 
Michelle Reynolds1, Jeff Hatfield3, Paula Hartzell4, Elizabeth Flint2, Crystal Krause1 
1USGS Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 2USFWS Pacific 
Reefs National Wildlife Refuge Complex, Honolulu, HI, 3USGS Patuxent Wildlife Research 
Center, Laurel, MD, 4USFWS Hawaiian Islands National Wildlife Refuge, Honolulu, HI, 5USGS 
Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI 

Throughout the first half of the 1900s, seabirds in the Northwest Hawaiian Islands (NWHI) 
suffered from hunting, persecution, and introduced predators. In the second half of the century, 
there has been an extensive effort to improve the conditions for these and other NWHI species by 
decreasing human disturbance, eradicating non-native predators and plants, and removing 
hazards. As part of Papahānaumokuākea Marine National Monument, the NWHI provide nesting 
habitat for the largest assemblage of tropical seabirds in the world. Long-term monitoring at 
French Frigate Shoals (1980-2009) has documented recolonization by breeding seabirds after 
dramatic disturbance. These data provide a unique opportunity to understand issues associated 
with seabird restoration and potential consequences of sea level rise at low-lying islands. Future 
conservation strategies for seabird populations will benefit from an understanding of population 
dynamics and vulnerability to sea level rise and additional climate change threats such as storm 
surges. Long-term population monitoring data, combined with spatial data of nesting areas, are 
used to assess species vulnerability due to climate change. Specifically, species that are already 
at carrying capacity, or exhibit strong density dependence, and those that utilize nesting habitat 
most vulnerable to sea level rise are likely to be the first to respond to small losses of habitat due 
to sea level rise caused by climate change. 
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P-11 Expected Rainfall Changes Over Hawai‘i in the 21st Century 
Oliver Elison Timm1, Thomas W. Giambelluca2, Mami Takahashi2, Henry F. Diaz3 
1International Pacific Research Center, University of Hawai‘i at Mānoa, Honolulu, HI, 2Department 
of Geography, University of Hawai‘i at Mānoa, Honolulu, HI,  3Climate Diagnostics Center, 
National Oceanic and Atmospheric Administration - Cooperative Institute for Research in 
Environmental Sciences, Boulder, CO  

The hydrological cycle affects many aspects of Hawai‘i’s ecosystems and agricultural production. 
It has been argued that climate change could cause a significant disturbance to the freshwater 
balance in the coming decades. Here, we review the current state of scientific understanding 
what changes are expected in a warming climate during the 21st century. We have studied the 
relationship between observed Pacific climate variability and rainfall variations at 153 sites across 
the state of Hawai‘i over the years 1948-2008. Based on the past observations, which reflect 
mostly naturally occurring fluctuations in the atmospheric and oceanic circulation pattern, we 
applied statistical downscaling methods to build a transfer-model from large-scale circulation 
anomalies to station-specific rainfall anomalies. The statistical downscaling model reproduces the 
shift in the rainfall towards lower mean precipitation that was observed in the years after the 
Pacific climate shift in the 1970s. We analyzed several model simulations for future climate 
change scenarios and extrapolated the large-scale circulation changes onto the station rainfall 
using the statistical transfer model. The results from this downscaling study show small to 
moderate changes in the rainfall amounts. The most likely scenario – based on the IPCC AR4 
emissions scenario A1B - is a slight reduction in winter rainfall and weak increase during the 
summer months. We discuss the implications of our current results for heavy rainfall events, 
droughts, and the sources of uncertainty. 

P-12 Climate Change Vulnerability Assessments for Effective Adaptation of Pacific Islands 
Conservation 
Lucas Fortini 
Pacific Islands Climate Change Cooperative, Honolulu, HI 

As global climate change continues to impact Pacific Island biocultural resources, the clear need 
for local and regional adaptation has made vulnerability assessments an increasingly useful tool 
for effective adaptation planning. With this in mind, the Pacific Island Climate Change 
Cooperative (PICCC) is conducting climate change vulnerability assessments (VAs) to help 
resource managers prioritize conservation efforts aimed at improving the ability of Pacific Island 
species, ecosystems and key cultural resources to endure climate change and other threats. A 
climate change VA examines a natural or cultural resource (e.g., a species or suite of species) to 
assess exposure, sensitivity, and adaptive capacity. However, there is yet no consensus on the 
best approaches to conduct scientifically robust VAs that provide managers with urgently needed 
answers. Outstanding questions include: What is the best approach for conducting a VA under 
data, time and financial constraints? How should a VA incorporate climate change vulnerability 
within a context of existing serious threats to Pacific Island resources such as invasive species 
and land use and land cover change? This poster will summarize the vulnerability assessment 
framework the PICCC is developing to deal with these challenges while aiming to increase 
stakeholder collaboration and capacity necessary to deal with large-scale and interacting 
conservation threats. 

P-13 Tropical Island Listening Post: HaleNet-The Climate Monitoring Network on Haleakalā 
Thomas Giambelluca1, Michael Nullet1, Lloyd Loope2, Ryan Longman1 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2USGS-PIERC, Makawao, HI 

The climate network on Haleakalā was initially established in 1988 with a goal of monitoring three 
stations for a period of six months. Since that time, the objectives of the HaleNet project have 
expanded and the value of the accumulated climate record has grown. With up to 23 years of 
record at 11 sites, HaleNet is now recognized as a unique resource for operational conservation 
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biology activities, climate change monitoring, and research on spatial patterns and temporal 
variability in atmospheric variables affecting water resources and terrestrial ecosystems in 
Hawai‘i. HaleNet is unique in Hawai‘i for its coverage of highly diverse environments, range 
different climate variables monitored, high temporal resolution, and long-term record. As the 
record length has grown and climate change has begun to affect Hawai‘i, the value of this vital 
network has increased. HaleNet provides a stream of high quality climate observations needed 
for detecting trends and to allow validation of ecological models. Research facilitated by HaleNet 
observations will lead to improved understanding and prediction of the responses of invasive 
species, rare native species, and common native species to climate variability and climate 
change. Presented here is a description of the HaleNet system and a summary of some key 
results of climate monitoring. 

P-14 Coarse Woody Debris Biomass Does Not Vary with Temperature in Hawaiian Tropical 
Montane Wet Forests 
Darcey Iwashita1, Creighton M. Litton1, Christian P. Giardina2 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2Institute of Pacific Islands Forestry, Pacific 
Southwest Research Station, USDA Forest Service, Hilo, HI 

Fallen dead wood, known as coarse woody debris (CWD), is an important structural and 
functional component of forest ecosystems, providing carbon and nutrient storage, substrate for 
seedling establishment, and habitat for a diversity of organisms. Despite these roles, the effects 
of temperature on CWD biomass and distribution are largely unknown. The objective of this study 
was to determine the relationship between mean annual temperature (MAT) and CWD biomass in 
Hawaiian tropical montane wet forest. Because both net primary productivity and decomposition 
increase with temperature, we hypothesized that CWD biomass would not vary with MAT. To test 
this hypothesis, we quantified CWD biomass in and around nine 400 m2 plots located across a 
13-18.2°C MAT gradient in the Hawai‘i Experimental Tropical Forest and the Hakalau Forest 
National Wildlife Refuge. In addition, we compared CWD biomass estimates obtained using three 
long (200m) versus 13 short (20m) transects. Our results demonstrate that CWD biomass does 
not vary with MAT, which suggests that warming will not affect carbon storage in CWD in the 
absence of changes in recruitment. We also found that CWD biomass is significantly higher when 
calculated with three long transects versus 13 short transects (89.2 Mg ha-1 versus 38.7 Mg ha-
1, respectively), but that both sampling methods result in the same relationship with MAT. These 
results indicate that while different sampling methods influence CWD biomass estimates, 
temperature does not affect the structural and functional roles CWD plays in Hawaiian montane 
wet forests. 

P-15 Quantifying a Spatially Variable Estimation of DEM Uncertainties to Better Model Sea-
level Rise Impacts to Coastal Plain Ecosystems 
Haunani Kane1, Charles Fletcher1 
1University of Hawai‘i, Honolulu, HI, 2Pacific Islands Climate Change Cooperative (PICCC), 
Honolulu, HI 

Sea-level rise (SLR) is likely to impact coastal ecosystems via several processes including, but 
not limited to, direct inundation. Vermeer and Rahmstorf (2009) project sea-level to rise between 
75 to 190 cm by 2100 based upon future global emissions and temperature scenarios. Rignot et 
al. (2011) consider acceleration of ice sheet loss, as well as oceanic thermal expansion, resulting 
in a 32 + 5 cm total SLR by 2050. Hawai‘i agency stakeholders are attentive to the impacts of 
SLR but question how to define appropriate responses. Currently it is not possible to map with 
statistical significance the spatial extent of inundation by 2050 using LiDAR-derived high 
resolution digital elevation models (DEMs), because the linear error at the 95% CI is greater than 
32 cm. Wheaton et al. (2009) employ the fuzzy inference system method for quantifying a 
spatially variable estimation of DEM uncertainties. By calculating vertical accuracy on a cell-by-
cell basis, rather than using a single average value, we may identify areas where the 32 cm 
contour can be significantly mapped. To assess temporal aspects of inundation we developed a 
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local relative model of SLR based on the Honolulu tide station. We model SLR by 2100 based 
upon historical tidal variability, to provide a temporal schedule of inundation. By combining both 
spatial and temporal aspects, this study provides localized, high resolution definition to the 
problem of SLR impacts so that place-based solutions can be formulated among stakeholders. 

P-16 Habitat Change Analysis and Sea Level Rise Assessment for Nesting Seabirds at 
French Frigate Shoals 
Crystal Krause1, Jeff Hatfield2, Michelle Reynolds1, Karen Courtot3 
1USGS, Pacific Island Ecosystems Research Center, Hawai‘i National Park, HI, 2USGS, Patuxent 
Wildlife Research Center, Laurel, MD, 3Hawai‘i Cooperative Studies Unit, University of Hawai‘I at  
Hilo, Hawai‘i National Park, HI 

Conservation management strategies for seabird populations benefit from an understanding of 
how climate change and landscape dynamics may impact breeding colonies. The small islands of 
the French Frigate Shoals are especially vulnerable to the effects of climate change, such as sea-
level rise and extreme weather events. Identification of the potential impacts of climate change on 
suitable breeding habitat for seabirds is crucial for management decisions. Digital change 
detection techniques based on multi-temporal imagery has demonstrated great potential as a 
means to understanding landscape dynamics. We analyzed a time series of aerial imagery of 
multiple islands within French Frigate Shoals from 1932 to 2010. We identified changes in island 
area, seabird habitat and areas vulnerable to erosion. We also examined sea-level rise scenarios 
using newly acquired LiDAR digital elevation data. Of the original 15 islands documented in 1925, 
seven have been inundated and Tern and East Islands have lost seabird nesting habitat from 
shoreline erosion and beach encroachment. We predict sand islets are most vulnerable to habitat 
loss due to sea-level rise and increased frequency of storms and islands in French Frigate Shoals 
will lose additional habitat in areas not protected by sea walls. 

P-17 Structure of Wet and Dry Hawaiian Forests of Low Diversity: Global Comparisons 
Across Tropical Forests 
Rebecca Ostertag1, Faith Inman-Narahari2, Susan Cordell3, Christian Giardina3, Lawren Sack2 
1University of Hawai‘i at Hilo, Hilo, HI, 2University of California, Los Angeles, CA, 3Institute of 
Pacific Islands Forestry, USDA Forest Service, Hilo, HI 

Hawai‛i is the most isolated archipelago on Earth, and this isolation has resulted in very low 
biodiversity but very high rates of endemism compared with other tropical forests at similar 
latitudes. To examine forest structure and composition in a comparative global framework, Center 
for Tropical Forest Science (CTFS) methods were used to tag and measure all stems ≤ 1 cm 
diameter in a 4-ha area in montane wet forest (MWF; Lāupahoehoe) and a lowland dry forest 
(LDF; Pālamanui). Of the 21 species at the MWF site and the 15 species of the LDF site, only 
one species, Metrosideros polymorpha, was common to both forests. The MWF had 12311 stems 
(3078/ha) and a basal area of 67.3 m2/ha (of which 45% was due to the tree ferns) and the LDF 
plots had 13946 stems (3486/ha) and a basal area of 8.6 m2/ha. These stem densities and basal 
area values fell within the range of other CTFS sites despite the forests having only 1/5th of the 
number of tree species. Notably, for both MWF and LDF in Hawai‘i, only 20% of the species were 
locally rare (≤ 1 stem/ha) where rarity in most CTFS plots ranged from 30-45%. Despite 
contrasting diversity patterns, Hawaiian tropical wet and dry forests were similar to other tropical 
forests in their structural properties including tree sizes and abundances, which suggests that 
climate rather than diversity may be particularly important in determining structure across tropical 
forests. 
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P-18 Predicting the Impact of Storm Waves and Sea-level Rise on Laysan Island's 
Terrestrial Habitats 
Curt Storlazzi1, Paul Berkowitz2, Michelle Reynolds2 
1USGS Pacific Coastal and Marine Science Center, Santa Cruz, CA, 2USGS Pacific Islands 
Ecosystem Research Center, Hawai‘i National Park, HI 

The Northwestern Hawaiian Islands (NWHI) includes 10 sub-tropical islands of high conservation 
value. Designated as the Papahānaumokuākea Marine National Monument, the islands provide 
habitat for the largest assemblage of tropical seabirds in the world and support island endemic 
species restricted to the NWHI. For many species foraging, haul-out, and nesting habitats are 
sensitive to sea level. On low, flat atolls that typify much of the central and western Pacific 
Islands, a small rise in sea level may cause horizontal migrations of shoreline or complete loss of 
atoll islets. Increased sea level will shift the elevation of intertidal habitat upwards, in some cases 
onto unsuitable substrate, or cause complete loss of habitat on islets, bluff-backed beaches, and 
bedrock benches where there is little habitat. Beaches and many of the atoll islets in the NWHI 
are subject to inundation from storm-induced waves, yet no information exists from which to 
predict the likelihood of damage under present and predicted sea-level rise scenarios. This study 
explores the potential impact of storm-induced, wave-driven inundation of Laysan Island under 
different sea-level rise scenarios based on sea-level rise predictions. We use model simulations 
for 3 sea-level rise scenarios (+0.25m, +0.50m, and +1.00m) and compare results to recent storm 
and tsunami events to evaluate impacts to wildlife. This information is needed by managers to 
develop climate-change adaptation plans for natural resources within the NWHI and adequate 
emergency response tactics by providing the range of parameters under which significant natural 
resources and infrastructure may be threatened from storm-induced waves. 

 
P-19 Long-Term Dynamics in Hawaiian Forests: The First Glimpse of Forest Demography 
from the Hawai’i Permanent Plot Network (HIPPNET) 
Joshua VanDeMark1, Susan Cordell2, Thomas Giambelluca3, Christian Giardina2, Creighton 
Litton3, Faith Inman-Narahari4, Rebecca Ostertag5, Lawren Sack4 
1EPSCoR-ENDER, Hilo, HI, 2USDA Forest Service, Institue of Pacific Islands Forestry, Pacific 
Southwest Region, Hilo, HI, 3University of Hawai‘i, Mānoa, Honolulu, HI, 4University of California, 
Los Angeles, Los Angeles, CA, 5University of Hawai‘i, Hilo, HI 

Basic aspects of forest function such as growth, mortality and recruitment are critical in 
understanding long-term forest dynamics. To examine these processes in Hawaiian ecosystems, 
we used standardized methods developed by the Center for Tropical Forest Science to establish 
two 4-ha plots on the island of Hawai‘i, one in montane wet forest (MWF) and one in lowland dry 
forest (LDF). In each plot all stems ≥1 cm diameter were tagged and measured. Approximately 
two years after plot establishment a 0.4-ha subset of each was recensused. In MWF, the 
diameter growth rates of canopy dominants Acacia koa and Metrosideros polymorpha were 0.71 
cm yr-1 (SD=0.61, n=49) and 0.11 cm yr-1 (SD=0.29, n=232), respectively.  The mean diameter 
growth rate for all species was 0.10 cm yr-1 (SD=0.18, n=1546).  Both A. koa (n=50) and M. 
polymorpha (n=238) experienced mortality of ~1.0% yr-1 with mortality of other species ranging 
between 0.6-5.1% yr-1. Recruitment was limited to a total of 16 stems of 7 different species. In 
LDF, the most common canopy species was Diospyros sandwicensis, which had a diameter 
growth rate of 0.01 cm yr-1 (SD=0.12, n=222) and a mortality rate of 0.7% yr-1. Mean diameter 
growth for all LDF species was 0.01 cm yr-1 and mortality rates ranged from 0.0-31.0% yr-1. 
Regeneration in LDF consisted of 22 stems of 2 species. Compared to other tropical forests, 
Hawaiian forests appear to have low growth rates, high mortality for some species, and overall 
low recruitment, making them particularly susceptible to non-native invasions and climate change. 
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Ecological Restoration 

P-20 Relationships Among Substrate, Seabirds, and Vegetation at Ka‘ena Point, A 
Recovering Hawaiian Ecosystem 
Donald Drake1, Lindsay Young2, Eric VanderWerf2, Clifford Morden1 
1Botany Department, University of Hawai‘i, Honolulu, HI, 2Pacific Rim Conservation, Honolulu, HI 

Ka‘ena Point is a 16 ha coastal ecosystem at the northwest tip of O‘ahu, HI. Along a gradient 
from land to sea, the substrate shifts from basalt boulders to volcanic soil to sand dunes, and 
exposure to salt-laden sea spray increases. The vegetation is a patchwork of shrubland and 
grassland communities composed of 47 plant species ranging from endangered endemics to 
invasive aliens. Since off-road vehicles were excluded in 1989 and predator control and 
vegetation management began in 1992, this ecosystem has recovered dramatically. The 
vegetation has regenerated and breeding populations of wedge-tailed shearwaters (Puffinus 
pacificus; ca. 3000 pairs) and Laysan albatross (Phoebastria immutabilis; ca. 65 pairs) have 
recolonized. To examine relationships among the physical environment, plants, and seabirds, we 
quantified substrate type, plant cover, and shearwater burrow density in 52 plots across the site. 
Plant community composition is strongly related to seaward-landward gradients in substrate and 
exposure, and dominance shifts from alien to native species as distance from the north-facing 
shore increases. Shearwater burrows are concentrated in sand and soil substrates.  Burrow 
density is positively correlated with total native plant cover but not total alien plant cover, though 
some invasive alien species (e.g., Atriplex semibaccata) are associated with burrows. The 
construction of a mammal-proof fence and eradication of invasive mammals in 2011 should 
further enhance recovery of the flora and fauna. Research on interactions among seabirds, 
plants, and other biota will help ensure that management maximizes recovery of all native 
components of the ecosystem. 

P-21 Mapping the Distribution of Red Mangrove on Hawai‘i Island and Developing a 
Strategy for Coastal Restoration and Recovery of Native Species 
Jean Franklin1, Logan Berner1, Jan Schipper1, Ann Kobsa1,2 
1Big Island Invasive Species Committee, Hilo, HI, 2Malama O Puna, Pahoa, HI 

Red mangrove (Rhizophora mangle) is a coastal tree native to the West Indies, southeast USA, 
and South America, though which now occurs on the five main Hawaiian Islands. In their native 
habitat, mangroves play an important role in maintaining and stabilizing coastal ecosystems; 
however, in Hawai‘i, they spread rapidly along the coastlines, damage coral reefs, block coastal 
access, decrease near-shore water quality, and reduce available foraging and nesting habitat for 
native species already threatened or endangered. On Hawai‘i Island, mangroves are incipient 
relative to their presence on the other main islands and to date eradication efforts have largely 
eliminated the most extensive known infestations. We currently have an incomplete knowledge of 
the distribution of mangrove on Hawai‘i Island, which hinders the development of a long-term 
eradication strategy. To better understand the population size and distribution of mangrove, we 
are conducting island-wide ground surveys and using both high-resolution satellite imagery and 
GIS habitat models. To date, we have been working on several populations between Hilo and 
Kalapana, and two on the leeward side of the island. Herein we present on-going efforts to map 
the population size and distribution, as well as discuss outreach efforts, compliance challenges 
and eradication methods. A proactive containment and eradication strategy, together with a long-
term monitoring plan, will be important steps in facilitating coastal ecosystem restoration. 
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P-22 Restoration Efforts at Laysan Island: Transforming a Barren Atoll into a Thriving 
Habitat 
Ruby Hammond1, Andrea Kristof2 
1Kaua‘i Forest Bird Recovery Project, Hanapepe, HI, 2U.S. Fish and Wildlife Service, Honolulu, HI 

Located 709 nautical miles northwest of Honolulu, HI, Laysan Island is set apart from other 
islands in Papahānaumokuākea Marine National Monument by its large size, its verdure and its 
relatively intact native, botanical assemblage. Laysan is home to an endemic passerine, an 
endemic dabbling duck and seventeen species of nesting seabirds. Most of these birds depend 
upon the island’s lush vegetation for shelter, food, or nesting. However, Laysan has not always 
been covered with the diversity of vegetation that now blankets much of the island. In 1903, 
introduced rabbits devastated the flora at Laysan, leaving the island almost devoid of vegetation. 
Since the eradication of rabbits in 1923, the reintroduction of many plant species has guided a 
slow recovery of the island’s vegetation. Unfortunately, sporadic visitation throughout the 
following decades has also allowed for the introduction and establishment of several non-native 
species. We composed a recent vegetation map of Laysan to compare the current vegetation 
distribution with mapping conducted in 1988. The total expansion of vegetation into barren, 
exterior areas of the island is estimated to demonstrate the efficacy of recovery efforts at Laysan. 
Species accounts are also given for indigenous plants that are included in the propagation and 
reintroduction program. We conclude with a discussion of Laysan’s ecological losses, success 
stories for species’ recovery, non-native species threats and future plans for restoration. 

P-23 Photo-Retake Derived Patterns of Coastal Vegetation Change, Kalaupapa National 
Historical Park 
Paul Hosten, Guy Hughes 
National Park Service, Kalaupapa National Historical Park 

Retakes of historic photos show several patterns of vegetation change within different low-
elevation environments of Kalaupapa National Historical Park. Major loss of open low-statured 
vegetation has occurred over the past 120 years. Invasion by lantana (Lantana camara) and 
subsequent domination by Java plum (Syzygium cumini) and Christmas berry (Schinus 
terebinthifolius) has occurred over much of the pali (cliff) base and peninsula interior. The strongly 
salt-affected northeastern coastal ocean-spray zone of the peninsula subject to trade winds is an 
exception to the otherwise peninsula-wide non-native shrub/tree invasion. Several fencing 
projects over the past 20 years in the coastal spray zone allowed the expansion of Naupaka 
(Scaevola sericea), Akia (Wikstroemia uva-ursi), Ilima (Sida fallax), and Mau‘u ‘aki‘aki 
(Fimbristylis cymosa). Fenced low-shrub dominated areas outside of the coastal spray zone 
showed a rapid increase in Digitaria insularis. Woody species currently expanding their range in 
the fenced coastal management unit, but outside of the coastal spray zone, include the date palm 
(Phoenix dactylifera) and ironwood (Casuarina equisetifolia). Recently observed drought during 
2009 and 2010 resulted in die-back of Mau‘u ‘aki‘aki and lantana and more intense browse on 
naupaka by deer. The removal of goats from Kukaiwa‘a (a higher precipitation eastern, coastal 
zone in the park) allowed the rapid expansion of hala (Pandanus tectorius) and hinahina kuahiwi 
(Artemisia australis). 

P-24 Use of Selective Herbicides to Control Russian Thistle (Salsola tragus), a Priority 
Invasive Weed of Dry Shrublands 
Springer Kaye 
Colorado State University, Fort Collins, CO 

Russian thistle (Salsola tragus) is a disturbance-dependent invasive weed which competes for 
water and fuels wildfires. Treatment of this high-priority weed with standard, non-selective 
herbicides destroyed surrounding non-target plant cover, leaving barren patches of disturbed 
soil. In arid environments barren patches perpetuate the disturbance-invasion cycle and increase 
the long term cost and effort for control. If non-target cover, e.g. established pasture grass, is 
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preserved, soil remains stabilized and subsequent germination and growth of the priority weed is 
reduced. We tested this idea at Pohakuloa Training Area, HI, using two broadleaf-specific 
herbicide treatments and one non-selective herbicide. Each treatment was applied in a blocked 
design to five test plots. Russian thistle plants were sprayed with backpack sprayers in a similar 
manner in each block. Intervening alien vegetation was sprayed only when required to cover the 
Russian thistle. Plant cover was documented in test and control plots before treatment and 
monthly thereafter. At one month, broadleaf-specific 1% Garlon-4® (triclopyr ester) provided poor 
control, though non-target plant cover was preserved. The non-selective RoundupPro®/Garlon-
4® (glyphosate + triclopyr ester) mixture removed all plant cover within plots. Broadleaf-specific 
1% Crossbow® (2,4-D + triclopyr ester) killed most, but not all, Russian thistle and broadleaves, 
leaving grass cover intact. At three months, robust Russian thistle juveniles were found in the 
RoundupPro/Garlon plots. In the Crossbow plots, healthy grass cover was mixed with broadleaf 
weeds in poor condition, including some surviving Russian thistle. It is expected that the 
established grass cover will reduce the Russian thistle control effort required in subsequent 
growing seasons. 

P-25 Kona Veterans’ Cemetery Dry-Land Re-Forestation Project 
Reko Libby1, Richard Stevens1 
1University of Hawai‘i, Mānoa, HI, 2University of Hawai‘i, Kealakekua, HI 

The Kona dry-land forests is one of Hawai‘i’s most culturally important forest and it a habitat that 
is severely endangered. With the rapid increase of Hawai‘i’s human population, the cause of 
human and invasive species against dry-land forests have been devastating, elimating about 90% 
of the forest. Although these forests receive the least amount of rain than other habitats, the 
amount of forest life and biodiversity rival against the productive rainforests of Hawai‘i. During my 
involvement in this project, we had and still are performing many methods in order to keep this 
precious habitat strong and healthy. Some methods include weeding (especially fountain grass) 
of invasive species, watering with frozen water bottles, and continuosly planting new native plants 
to the area. Every month or so we invite volunteers to help plant and weed the area while also 
teaching them the history of the area and how important their help is to Hawai‘i itself. The project 
has received many grants and awards to help us put in a new irrigation system that has greatly 
helped the growth of the area, bringing in not only healthier plants but a habitat for incoming birds 
and insects. A fence that was put in with the help of NRCS has helped keep out wild goats and 
other hoofed animals. Keeping out invasive species is a major part in restoring a forest habitat but 
the most important part is having more people in our communities aware of our dissapearing 
forest.  We need everyone’s participation. 

P-26 The Kaua‘i Natural Area Reserve System: Conservation Highlights from the Past 
Three Years and Goals for the Future 
Jeffrey Santos, Michael Wysong, Chris Mottley, Kanoe Woodward 
DLNR Division of Forestry and Wildlife: Natural Area Reserve System, Lihue, Kaua‘i, HI 

The Natural Area Reserves System (NARS) is a program of the Department of Land and Natural 
Resources, Division of Forestry and Wildlife, and was established in 1970 ‘to preserve in 
perpetuity specific land and water areas which support communities, as relatively unmodified as 
possible, of the natural flora and fauna of Hawai‘i’. The system presently consists of 19 reserves 
on five islands. On Kaua‘i, there are two Natural Area Reserves (NAR). Kuia NAR on the leeward 
side of Kokee contains some of the best mesic forest in the state, and is home to 58 rare plant 
species. Hono O Na Pali NAR contains mesic and wet forest stretching in elevation from sea level 
to 4,200 feet on the steep Na Pali coast. This area is home to 93 rare plant species, 3 
endangered forest birds, and 3 federally listed seabirds. Over the past 3 years the Kaua‘i NARS 
program has made significant gains in protecting and restoring native forest in these Reserves. 
Prior to 2008, there were only 5 acres of forest protected in several small enclosures between the 
two Reserves. Today, there is a total of 46 acres protected in Kuia NAR with an additional 87 
acres expected to be fenced in 2012. In Hono O Na Pali, plans are underway to protect 2,200 
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acres of high-quality montane wet forest. In addition to resource protection through fencing, 
Kaua‘i NARS staff is actively engaged in invasive species control, habitat restoration, and rare 
species recovery. 

P-27 Community Vegetation Changes 10 Years Following Large-Scale Rehabilitation of 
Seasonally Dry ‘ōhi‘a  Woodlands in the Broomsedge Burn, Hawai‘i Volcanoes National 
Park 
Mark Wasser1, Sierra McDaniel2, Rhonda Loh2, Susan Dale1 
1Research Corporation of the University of Hawai‘i, Pacific Cooperative Studies Unit,Hawai‘i 
National Park, HI, 2National Park Service, Division of Resource Management, Hawai‘i National 
Park, HI  

The Broomsedge Burn provided an opportunity for resource managers to apply results from small 
scale experiments to maintain native structure and diversity in an alien grass invaded ‘ōhia 
(Metrosideros polymorpha) woodland (900 acres). Since the invasion of non-native grasses 
Broomsedge (Andorpogon virginicus) and Beardgrass (Schizachyrium condensatum) fire size 
and frequency has significantly increased. Fire has destroyed over 65% of the ‘ōhi‘a woodlands in 
the park, replacing woodlands with vast expanses of alien grassland with scattered native shrubs. 
Vegetation recovery following the Broomsedge fire was expected to follow this pattern. The 
strategy following this burn was to establish a community of fire-tolerant native species that could 
persist in competition with non-native grasses and recurrent wildfire. Fifteen fire-tolerant native 
plant species were established in the burn by a combination of seeding and planting nursery 
reared seedlings. Fifty permanent monitoring plots (20 m x 30 m) were established and the 
vegetation measured to evaluate project success. Ten years post fire native woody vegetation 
cover, tree density, and species richness was significantly higher in the planted/seeded plots 
compared with natural recovery. Plant survival was high in the five years following the burn 
(72%). By year 10, 12 of the 15 species had reached maturity and six species had recruited 
seedlings. There were no significant differences in non-native vegetation abundance or 
composition. The full impact of these rehabilitation efforts will be realized over time. The results of 
this project will be used to guide future rehabilitation projects following fire. 

Education and Outreach  

P-28 ‘Imi Pono no ka ‘Āina - Seeking Excellence for the Land 
Lahela Camara1, Mililani Browning2, Emily Leucht1, Lauren Solodky1, Colleen Cole1 
1Three Mountain Alliance, Hawai‘i National Park, HI, 2DLNR Division of Forestry and Wildlife, Hilo, 
HI 

‘Imi Pono no ka ‘Āina (‘Imi Pono) is the environmental education and outreach program for the 
Three Mountain Alliance watershed partnership. Since its creation in 1999, ‘Imi Pono has 
provided conservation-themed programs for students and teachers, led community service trips, 
and participated at community events across the island. ‘Imi pono strives to nurture 
environmentally conscious young individuals, working to instill a sense of kuleana in them so that 
they will become advocates of the land. ‘Imi Pono’s student program invites students in grades 6-
12 to take part in programs during summer, spring and fall where they travel to different natural 
areas across the island and engage in hands-on activities such as native plant propagation, 
invasive species control, and reforestation. As a result, students complete a curriculum which 
includes science, Hawaiian culture, and geography. ‘Imi Pono’s teacher education workshops 
encourage educators to incorporate environmental education into their curriculum. At the 
workshops, ‘Imi Pono offers field-based experiential learning with themes of Hawaiian ecology 
and threats to native ecosystems. Teachers receive lesson plans and activities designed for the 
classroom and based on Hawai‘i State Department of Education Content and Performance 
Standards.  Community and school groups participate in conservation management with ‘Imi 
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Pono through native plant propagation and reforestation. ‘Imi Pono is also active at community 
events throughout the year including Hawai‘i County Fair and the Merrie Monarch Parade. 

P-29 Digital Interactive Key to Common Hawaiian Plant Families 
Fiona Greatbanks1, Micheal Thomas1 
1University of Hawai‘i, Honolulu, HI, 2John F. Rock Herbarium, Honolulu, HI 

Lucid3.3 Builder software was used to construct a user-friendly polychotomous key for identifying 
66 angiosperm plant families commonly found in the Hawaiian Islands. Thirteen features and 193 
morphological states were used to define common plant family characteristics. Associated media 
(illustrations, images, photographs, html files, web pages) provide additional interactive 
information for the user to assist in confirming the identity of an unknown plant. The key is 
designed for users with some botanical experience in plant identification and permits users to 
choose from a wide range of common morphological features and quickly identify a plant to the 
family level. 

P-30 Plants of Kaho‘olawe: A Bilingual Digital Resource 
Katie Kamelamela1, Michael B. Thomas2, Tom Ranker2 
1University of Hawai‘i at Mānoa, Botany Department, Honolulu, HI, 2University of Hawai‘i at 
Mānoa, Botany Department, Joseph Rock Herbarium, Honololulu, HI 

Native Hawaiian culture is heavily dependent upon biological resources, primarily plant 
resources. Much of the contemporary biological knowledge about Kaho‘olawe is available only in 
English and not presented in Hawaiian, an official language of the State of Hawai‘i. A new 
biological plant database and digital collection of plants of Kaho‘olawe was developed to increase 
general access to herbarium specimens and related digital plant photographs. Through utilizing 
historically published literature, the online Hawai‘i Ecosystem at Risk (HEAR) project, and 
consultation with the Kaho‘olawe Island Reserve Commission, 242 vascular plant species (61 
families) were identified. Species names were updated utilizing the International Taxonomic 
Integrated System and HEAR digital photographs were connected to the database when 
available. In the Joseph Rock Herbarium an internal search for herbarium specimens was 
conducted producing 73% of the total plants of Kaho‘olawe list. Digital images were created of 
each representative specimen. A database model was developed for dissemination of the plants 
of Kaho‘olawe online interface including presentation of taxonomic plant information, descriptions, 
digital photographs and scans of herbarium specimens. The English web site interface terms 
were translated to complete the development of a Hawaiian language interface. Resulting from 
this project is a functional bi-lingual digital library, evaluation data, a standard methodology for 
compiling previously documented biological data and increased awareness and use of the library 
reference collection. This bi-lingual model supports institutions that prioritize empowering native 
speakers. 

P-31 What's Eating Kaho‘olawe's Marine Debris?  "Sharkastics" Are Providing Many Clues, 
and It's Not Fantastic News... 
Cheryl King 
Kaho‘olawe Island Reserve Commission, Wailuku, HI  

The island of Kaho‘olawe has a rich history, always being valued culturally, going through a 
ranching phase, used for live-fire military practices (1941-1990), and now being actively restored 
from these impacts. The island-wide reserve (2-nautical mile boundary) is managed by the State 
of Hawai‘i’s Kaho‘olawe Island Reserve Commission (KIRC), which is holding it in trust until a 
native Hawaiian sovereign entity is established. The KIRC Ocean Resources Management 
Program flies monthly standardized, circumnavigational helicopter surveys to survey 
Kaho‘olawe’s ~29-mile coastline. Kaho‘olawe’s shoreline collects marine debris from all over the 
Pacific Ocean. Helicopters provide an excellent platform for not only documenting these 
accumulations, but also quantifying animals (sea turtles, sharks, monk seals, fish, rays, and 
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seabirds) associated with them. In addition to potential entanglement hazards, it is a concern that 
animals may be consuming the debris that has been documented washing ashore during coastal 
cleanups. Items of particular interest are what we've termed "sharkastics", which are plastics that 
have evidence of obvious shark bites (jagged serrations and puncture marks). KIRC has collected 
hundreds of sharkastics, of all shapes, colors and sizes on Kaho‘olawe, and they can also be 
found throughout the Hawaiian Islands. If animals are in fact consuming this non-biodegradable 
debris, toxins can be transferred and objects can cause internal blockages leading to medical 
complications including starvation. It is unknown how species’ survival is affected, so a global 
educational campaign has been launched to raise awareness of this issue in hopes of assessing 
its impacts and seeking solutions:  www.sharkastics.org. 

P-32 Developing a Community-based Biological Monitoring Program for the Waikīkī Marine 
Life Conservation District 
Heather Hillard, Cassidy Lum, Jennifer Barrett 
Reef Watch Waikīkī, University of Hawai‘i Sea Grant College Program, Honolulu, HI  

Between 1928 and today, approximately 40% of the native coral species found on the reefs 
offshore of Waikīkī have been lost. Coral colonies not only form the foundation of nearshore 
habitat for reef fish and marine invertebrates, but help attract over 4 million visitors annually to the 
waters of Waikīkī. In December 2010, Reef Watch Waikīkī expanded its existing citizen science 
monitoring program, "Fish Watch,” to include benthic surveys to monitor the abundance, 
distribution, diversity and coverage of coral and algal species in the Waikīkī Marine Life 
Conservation District (MLCD). The MLCD is specifically targeted for survey activities because of 
its protected status and potential for coral outplanting and intensive restoration projects in the 
future. The "Coral and Limu Watch" program will act as a training platform for community 
residents to better understand, and engage in, marine ecosystem surveying and monitoring 
efforts. Between October and November 2010, the survey methods were field-tested and 
modified to the environment in the MLCD. From December through March 2011, trained 
volunteers completed 14 surveys at random locations in the MLCD utilizing photoquadrats, belt 
transects and the point-intercept method. Going forward, the benthic surveys will be conducted 
one to two times per year and may be expanded to include fish biomass, mobile invertebrate and 
coral disease surveys. Over time, the monitoring data will be analyzed to document and track any 
changes in Waikīkī's coral reef community and to help guide Reef Watch Waikīkī's long-term 
goal: to restore the health of Waikīkī's once-thriving coral reefs. 

Forest Health and Management 

P-33 Koa Silviculture in Keauhou, Ka‘ū: 30 Years of Reforestation 
Nicholas Koch 
Forest Solutions Inc, Paauilo, HI 

Keauhou Ranch is a Kamehameha Schools-owned 40,000-acre parcel located adjacent to the 
Hawai‘i Volcanoes National Park, Ka‘ū, Hawai‘i Island. While most of the surface is covered in 
recent lava flows, approximately 6,000 acres were once dominated by native ‘ōhi‘a (Metrosideros 
ploymorpha)/koa (Acacia koa) forest that was harvested and converted to pasture in the early to 
mid-1900s. Starting in the mid-1970s, Kamehameha Schools has led the restoration efforts in 
upland forests through collaboration with various researchers and practitioners. Varying 
techniques have been employed over the years, with differing results and degrees of success. 
The main restoration strategies to date, in order of intensity, include natural regeneration (300 
acres), scarification (1800 acres), and planting (800 acres), though treatments were not 
concurrent. Subsequent treatments include varying degrees of thinning, competition control and 
fertilization. Current focus is on planting success and intensive stand management, including 
mechanization and improved seedling quality. As a result of the 30 years of work in Keauhou 
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Ranch, there is today a showcase of different techniques and their resulting stand characteristics 
that serve as a guide for land managers in Hawai‘i. 

P-34 Effects of Kipuka Forest Size on Litter Dynamics and Net Primary Productivity 
Devin Leopold2, Bernice Hwang2, Christian Giardina2, Tadashi Fukami1 
1Stanford University, Palo Alto, CA, 2US Forest Service, Institue of Pacific Islands Forestry, Hilo, 
HI 

Forests on the slopes of Mauna Loa are periodically fragmented by lava flows such that the 
resulting forest islands, known as kīpuka, provide an ideal experimental system for the study of 
forest fragmentation - a process with increasing impacts on forests across the globe. Few studies 
have addressed the effects of forest fragmentation and the size of forest patches on net primary 
production (NPP). To this end, we examined leaf litter production, which scales closely with NPP, 
and nutrient return through litterfall, which is a key index of nutrient cycling. Estimating 
fragmentation effects on NPP and nutrient cycling is useful because these processes influence 
both plant and animal community composition and dynamics, which ultimately affect forest vitality 
and composition. We measured forest productivity in 32 kīpuka of similar substrate age (3000-
5000 years old), ranging in size from 0.1 to 10 ha and isolated since the 1855 and 1882 Mauna 
Loa lava flows. Clusters of litter traps were established at the center and edge of each kīpuka, 
and forest litter inputs collected. We found a positive relationship between fragment size and NPP 
in kīpuka interiors (R2=0.3278) with edge effects overwhelming this phenomenon in the edge 
plots (R2=0.0785). Preliminary nutrient data from collected live Metrosideros polymorpha leaf 
tissue indicate that there is a corresponding and significant increase of both %N and %C and litter 
return of these nutrients with increasing kīpuka size. These results suggest that forest size affects 
forest productivity and nutrient dynamics in the kīpuka system. 

P-35 Opportunistic Fuels Reductions on PTA Firebreaks 
Pomai Lyman 
US Army Garrison, HI and Colorado State University, Pohakuloa Training Area 

At Pōhakuloa Training Area (PTA), firebreaks serve an important function in reducing the impact 
of wildland fires. They help to contain fires in discrete plots thus limiting their size and severity 
while aiding the Army to maintain a high level of combat readiness through compliance with U.S 
Fish and Wildlife Service (U.S FWS) regulatory obligations. Factors such as moisture level, wind, 
ignition source and fuel load help determine the chances a wildland fire will occur. The 2003 
Biological Opinion (BO) issued by the U.S. Fish and Wildlife Service concludes that wildland fire 
poses a severe threat to all listed species at PTA. Currently the first priority in fuels reduction is 
the cutting and herbicide spraying of fine flashy fuels. The drought that occurred from June 2009 
to November 2010 prompted the PTA Natural Resource Office (NRO) to refocus fuels reduction 
efforts to maximize the functionality of PTA firebreaks. Although the drought created an extreme 
fire danger, it provided an opportunity to focus on the next two priorities of fuels reduction, 
removing shrubs and limbs, especially in forested areas. This resulted in a significant reduction of 
fuel loads on the Western Firebreak, which is currently the highest priority break at PTA. 

P-36 Efficient Propagation of Hawaiian Ferns for Forest Protection 
Kay Lynch 
Lā‘au Hawai‘i / The Hawaiian Fern Project, Kāne‘ohe, HI and Tropical Plant and Soil Sciences, 
College of Tropical Agriculture and Human Resources, University of Hawai‘i Mānoa, Honolulu, HI 

One in six native Hawaiian vascular plants is a fern -- about 170 taxa (species, with their 
subspecies, varieties and forms). They still occur in all Hawaiian forest types. Ferns help create 
favorable conditions for other native Hawaiian species, but are seldom used in conservation work 
because they are seldom available. In 2000 work began to identify a few Hawaiian fern species 
that could be propagated in quantity and on a time line. For some ferns, simple laboratory 
techniques proved far more efficient than conventional nursery methods. Examples: (1) 
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Indigenous palapalai (Microlepia strigosa) is produced by micropropagation. Material from 
intended outplanting sites can be used. Palapalai from the Hawaiian gene pool (not imported!) 
has been welcomed by nurseries, lei makers, conservation projects, and graduate students 
seeking ferns for ecological research. (2) Endemic hāpu‘u (Cibotium chamissoi) is grown from 
spores under aseptic conditions. This is still a slow process, but reduces the weed, alga and 
fungus contamination that may plague fern propagation from spores. Much more hāpu‘u is 
needed to discourage landscaping use of invasive non-native tree ferns (Australian tree fern, 
Sphaeropteris cooperi, and mule’s foot fern, Angiopteris evecta). Using our protocols, agencies 
might reach economies of scale that could make Hawaiian ferns more available for native forest 
protection, Hawaiian cultural practices, ecological research and public appreciation. This research 
is supported in part by Hatch Project funds (Project 844) for laboratory space at the University of 
Hawai‘i Mānoa, Department of Tropical Plant and Soil Sciences. 

P-37 Understory Forest Cultivation of Three Native Plants under Different Light Conditions 
Cynthia Nazario-Leary, Travis Idol 
University of Hawai‘i at Mānoa, Honolulu, HI 

Understory cultivation within a forest farming system is a promising approach to increase 
abundance of desired plant material while reducing collection pressures on wild plants. We 
assessed the impact of cleared forest understory and resulting light availability on the 
establishment and growth of three culturally valued native plants: palapalai (Microlepia strigosa), 
māmaki (Pipturus albidus) and maile (Alyxia stellata). Species were outplanted within a wet-mesic 
non-native forest on O‘ahu in 2006. Survival and species-specific plant measurements were 
monitored for two years; percent light transmittance and canopy cover measured once in 2007. 
Palapalai had the highest survival; maile and māmaki only survived in the cleared understory 
treatments. Growth of surviving plants for all three species was greatest in plots cleared of 
understory species and under a non-continuous overstory. Thus, palapalai can survive in low light 
levels (1-5%) of an intact forest understory, but higher light levels associated with understory 
clearing (15-20%) maybe necessary to support harvesting. Maile and māmaki did not establish 
well in the intact understory and growth rates, even with understory clearing, were insufficient for 
harvesting after two years. Our study suggests that within lowland wet mesic forests dominated 
by non-native species, light availability is the most critical resource limiting establishment and 
growth of understory native species. Successful and sustainable cultivation will require some 
level of canopy opening or manipulation to ensure adequate light levels. 

P-38 Supplemental Watering of the Endangered Tetramolopium arenarium ssp. arenarium 
Robert Yagi1 
Pohakuloa Training Area, Hilo, H and Center for Environmental Management of Military Lands, 
Fort Collins, CO 

In June of 2010, supplemental watering of the endangered plant, Tetramolopium arenarium ssp. 
arenarium, was initiated in response to extreme (D3) and exceptional (D4) drought at Pōhakuloa 
Training Area, Hawai‘i Island, Hawai‘i. These individuals comprise the only known natural 
population of T. arenarium and numbers have declined from 200 adults in 2008 to 29 individuals 
upon first watering. Of those 29, only 11 individuals recovered. Once intervention was deemed 
necessary, drip irrigation was implemented to give each individual a half gallon of water every two 
weeks. This was then scaled back to once a month in December of 2010 due to increased 
rainfall. Subsequent precipitation had allowed watering to be scaled back even further to a 
quarter gallon of water for the month of February, after which, all watering operations ceased. 
Throughout the seven month watering period and beyond, monitoring of plant vigor had shown 
each of the 11 remaining individuals to have sustained a healthy status and facilitated in plant 
reproduction. Rainfall seen in the months leading up to February has allowed many T. arenarium 
seeds to germinate and several hundred seedlings have been found. Although there are many 
ethical and philosophical challenges in the watering of natural plants, the goal of this 
supplemental watering was to maintain a healthy population of Tetramolopium arenarium until 
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sufficient rainfall was restored and remaining individuals could reproduce and increase the 
surrounding seed set. 

Invasive Species 

P-39 Mapping and Control Prioritization of the Invasive Albizia Tree (Falcataria moluccana) 
in South Hilo, HI 
Logan Berner, Jan Schipper, Page Else 
Big Island Invasive Species Committee, Hilo, HI 

Molucca albizia (Falcataria moluccana) is a N2-fixing tree from Southeast Asia that was planted 
widely through the Pacific Islands. Albizia is now considered invasive in many wet, lowland 
forests and is of growing concern in eastern Hawai‘i, where fallen branches and trees have 
damaged power lines, roads, and buildings. Fallen trees can also block emergency access 
corridors and clog drainage systems. To better understand the spatial extent and potential public 
threat in northern Hilo, we mapped albizia using road-side surveys and a high-resolution satellite 
image (2.4 m, QuickBird). We used an unsupervised, object-oriented classification to identify 
regions in the satellite image though to represent albizia. Additionally, we identified and prioritized 
areas where wind-thrown trees could impact roads and water courses. An estimate 8.9% (2.3 
km2) of the study area was covered by albizia, with large monotypic stands occurring along the 
Wailuku River and smaller stream corridors. Large stands also occur in forested parcels 
bordering both neighborhoods and the Hilo Medical Center. The model captures the landscape-
level distribution of albizia, though likely overestimates the extent due to inclusion of different tree 
species with spectrally-similar canopies. The spread of albizia on Hawai‘i threatens native 
lowland forests and will increase the expense of maintaining roads, houses and power lines. A 
broader study of the extent and rate of spread of albizia is needed, as is consideration of 
management options and potential economic impact. 

P-40 Allelopathy of Psidium cattleainum 
Kelly Bongolan, Wendy Kuntz 
Kapiolani Community College, Honolulu, HI 

Psidium cattleainum, or the strawberry guava, is an invasive species found throughout the 
Hawaiian Islands. Its rapid growth and ability to disperse seeds easily poses a great threat to 
Hawai‘i’s native flora and fauna. Many plants produce secondary metabolites that help in its 
defense against pathogens and herbivores, but these chemicals may also help with resource 
competition by inhibiting the growth and germination of nearby plants. I hypothesized that P. 
cattleainum may contain allelopathic properties that negatively affect plants in close proximity. To 
determine if P. cattleainum contains these allelochemicals, I tested its growth inhibitory effects 
against lettuce seeds. I extracted bioactive compounds by grinding the leaves of P. cattleainum 
with water in a blender. I added the mixture every other day for 7 days and measured the 
germination and growth of the lettuce seeds. As control groups, I had a group of seeds where I 
added water and another group where I added ground lettuce with water. Root and shoot growth 
measurements as well as the number of seedlings sprouted were recorded and a t-test was used 
to analyze the data. These findings are of particular importance because it suggests a reason 
why and how this species may inhibit the growth of nearby plants in Hawai‘i’s native forests. 

 
P-41 Invasive Plant Management and Forest Restoration at Keauhou, Hawai‘i 
Andrew Christie 
The Three Mountain Alliance, Volcano, HI 

The Three Mountain Alliance (TMA) is a watershed partnership which extends a little over a 
million acres across Kīlauea, Mauna Loa, and Hualalai, the three mountains that make up the 
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southern half of the island of Hawai‘i. This alliance facilitates ecosystem protection across the 
landscape and is comprised of nine members including state, and federal agencies as well as 
large private landowners such as Kamehameha Schools (KS) and The Nature Conservancy. At 
the core of the vast area on the windward side of Mauna Loa is Keauhou, a 33,000 acre former 
cattle ranch owned by KS, where TMA staff has been working on reforestation and habitat 
management for over 10 years.  Keauhou is home to a number of endangered plants and forest 
birds making it a key area for habitat preservation and restoration. A major component of TMA's 
habitat management plan for the area is invasive weed control. Although Keauhou has relatively 
few problem weed species, those few have spread over hundreds of acres and present unique 
management issues. As a result of these challenges, TMA weed control staff has worked to 
develop novel methods such as large-volume sprayers and augers to make our small staff more 
efficient and productive over large areas with high weed densities. This innovation has allowed us 
to more than double our treatment areas and has led to more areas being opened for native 
forest restoration.  

P-42 Phenotypic Plasticity and Climatic Breadth - A Comparison Between a Pantropic 
Invader and Native Hawaiian Grasses 
Alexandre Sampaio, Curtis Daehler 
University of Hawai‘i, Honolulu, HI 

No single trait can definitively predict if an introduced species will become invasive, but high 
phenotypic plasticity is common among invasives. Species with high plasticity are expected to 
have wide distribution and environmental breadth. Our objective was to compare plasticity in 
biomass allocation and climatic breadth among four grass species: Melinis minutiflora (invasive) 
and Eragrostis atropioides, E. Variabilis, and Heteropogon contortus (Hawai’i natives). Plants 
were grown in pots singly or in pairs (native with invasive), and plasticity in biomass allocation 
was determined in response to two levels of light, irrigation and fertilization. Eragrostis atropioides 
had the highest biomass allocation plasticity (21% of pairwise comparisons for root-to-shoot ratios 
were significantly different between treatment levels) followed by M. minutiflora (18%), H. 
contortus (16%) and E. variabilis (9%). To compare climatic breadth among species, we used 
field surveys and museum specimens to identify occurrence sites on the islands of O’ahu and 
Hawai’i. We then used annual rainfall, driest quarter rainfall and minimum temperature to define 
the climate space for each species relative to the total study area climate space. Melinis 
minutiflora and E. variabilis were the species with largest climatic breadth (59% and 53% of total 
climate space, respectively), followed by E. atropioides (39%) and H. contortus (28%). Hawaiian 
grasses can have plasticity and climatic breadth comparable to invasive species. However, M. 
minutiflora had both high plasticity and wide environmental breadth, corroborating expectations 
that these are important traits for invasiveness that can help identify current and future threats to 
native Hawaiian ecosystems. 

P-43 A Custom Fuel Model for Improving Wildfire Prediction in Nonnative Guinea 
Grasslands (Megathyrsus maximus) in Hawai‘i 
Lisa M. Ellsworth1, Creighton M. Litton1, J. Boone Kauffman2 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2USDA Forest Service, Durham, NH 

Frequent wildfires in tropical landscapes dominated by nonnative invasive grasses such as 
Megathyrsus maximus (guinea grass) threaten surrounding native ecosystems and developed 
areas. To better manage fire, improved fuel load estimates and fire behavior prediction are 
needed. The objectives of this study were to: (i) quantify the spatial and temporal variability in live 
and dead fuel loads in Hawaiian grasslands dominated by M. maximus, and (ii) use field data to 
develop a custom fuel model. On the Waianae Coast of O‘ahu, we quantified the spatial variability 
in live and dead M. maximus fuels at four sites for three years, and the temporal variability in fuels 
at three sites for one year. We used these data to develop a custom fuel model for the 
BehavePlus fire model to predict fire behavior, and tested model predictions against observed fire 
behavior in M. maximus grasslands. Live and dead fuel loads ranged from 0.85 to 8.66 Mg ha-1 
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and 1.50 to 27.74 Mg ha-1, respectively, and varied by site (p=0.03), but not between years 
(p=0.34). Live and dead fuel moisture ranged from 67->250% and <10%-48%, respectively, 
throughout the year. Using the BehavePlus fire model parameterized with our custom fuel model, 
predicted wildfire rates of spread for summer scenarios ranged from 0.18-0.32 m s-1. These 
model predictions corresponded well with observed headfire spread rates in M. maximus 
grasslands (0.04-0.35 m s-1). These results suggest that a custom fuel model can greatly improve 
the accuracy of fire behavior modeling in M. maximus ecosystems in Hawai‘i. 

P-44 Review of Status, Impacts, Assessment and Control Efforts for Invasive Grasses and 
Sedges in Hawai‘i. 
Page Else 
Big Island Invasive Species Committee, Hilo, HI 

Over one hundred species of grasses and sedges have been introduced into Hawai‘i since 
European contact, as forage and ornamental species. Some of these grasses have become 
highly invasive. Since the demise of sugar plantations, several giant grasses have begun to 
spread widely. These tall grasses can shade out native plant and tree seedlings, threatening 
forest health. This poster describes the current state of knowledge of the impacts and distribution 
of introduced species, and agencies efforts in control and monitoring. Island based invasive 
species committees include some grasses and sedges in their target lists. How these target 
species are selected and the current status of ISC control efforts are described. Some grasses 
and sedges threaten wetland integrity. Other invasive grasses are less palatable or even toxic to 
livestock. Many non-native grasses are fire-prone and fire resistent. As fires occur, cycles of 
progressive degradation replace grass species with even more fire-prone and noxious species. 
This poster will discuss known fire history and organizations which attempt to control grass 
infested areas and fires. 

P-45 Monitoring the Impacts of an Invasive Thrips on Naio (Myoporum sandwicensis) on 
the Big Island 
Cynthia King1, Leyla Kaufman2, Robert Hauff1, Mark Wright2 
1State of Hawai‘i, Deptartment. of Land and Natural Resources, Division of Forestry and Wildlife, 
Honolulu, HI, 2University of Hawai‘i at Mānoa, Honolulu, HI 

Myoporum thrips (Klambothrips myopori) is a recently established invasive insect that infests naio 
(Myoporum sandwicensis) in Hawai‘i. Feeding damage by the Myoporum thrips includes leaf 
distortion and gall-like symptoms, and severe infestation can cause branch die back and 
ultimately result in tree death. Naio has a wide ecological range that includes dry coastal 
shrublands, montane wet forests, and subalpine dry forests. The degradation and/or loss of naio 
will be biological detrimental to native forest ecosystems, altering forest composition and 
structure, as well as resource availability to native biota. While the Myoporum thrips is currently 
restricted to the island of Hawai‘i, given the frequency of inter-island transport of goods and 
people, and the precedence of pest range expansions, this species is likely to spread throughout 
the state. With funding from the U.S. Forest Service, the State of Hawai‘i, Department of Land 
and Natural Resources, Division of Forestry and Wildlife has partnered with the University of 
Hawai‘i to initiate a Myoporum thrips survey and monitoring program. The project was initiated in 
2010, and research objectives include assessing pest distribution, rates of spread and quantifying 
the impacts of Myoporum thrips on naio populations. Monthly monitoring and survey data will help 
us understand the impact Myoporum thrips is having on Hawaiian ecosystems, and enable 
resource managers to take important and timely management actions in the event that this 
species becomes established on other Hawaiian Islands. 
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P-46 Early Detection and Chemical Control of Rubus niveus (Hill Raspberry) at Pōhakuloa 
Training Area, Island of Hawai‘i 
Jen Lawson1, Julia Parish1 
1Colorado State University, Center for Environmental Management on Military Lands, Fort 
Collins, Colorado, 2U.S. Army Garrison Hawai‘i, Pohakuloa Training Area, Hilo, HI 

In May of 2009 a single occurrence of the highly invasive shrub Rubus niveus (hill raspberry) was 
found during rare plant surveys in the southwestern portion of Pōhakuloa Training Area (location 
1). In September of 2009, several plants were observed in a second location (location 2), 3km 
southeast of the original occurrence, and cut back immediately. In March of 2010, surveys were 
conducted in 100m and 200m buffers around each known location of R. niveus, and were later 
expanded to 400m at location 2. After the local distribution was mapped a chemical control 
scheme was developed to determine the effectiveness of two herbicide treatments commonly 
used to control a variety of Rubus species. The geographic distribution of R. niveus at location 2 
was divided into four equal areas and two sections were randomly selected for each treatment. 
Plants were relocated and treated with either an herbicide cocktail comprised of Garlon 4, 
Roundup Promax and Escort XP (Treatment 1) or, Milestone VM Plus (Treatment 2).  A total of 
200 plants were included in this and all plants treated with either herbicide treatment twice were 
dead as of March 2011. No tests for statistical differences between treatments were used as both 
were effective in killing all R. niveus. Depending on the extent of the population, remoteness of 
work locations and concerns about non-target species, both treatments could be recommended 
to land managers as effective techniques for controlling R. niveus in Hawai‘i, especially in high 
elevation, dry environments. 

P-47 Assessing Gene Flow Potential Between Commercial Cotton and Endemic Hawaiian 
Cotton, Gossypium spp. 
Alex Lehman, Ania Wieczorek 
University of Hawai‘i, Honolulu, HI 

Seed companies regularly grow transgenic cotton in Hawai‘i, with 2725 acres in production from 
2008-2009 (http://www.isb.vt.edu/search-release-data.aspx). Little is known about the 
hybridization potential between commercial cotton (Gossypium hirsutum and G. barbadense) and 
the endemic Hawaiian cotton, G. tomentosum. Bi-directional gene flow in cotton potentially 
impacts both those in agriculture, who need to maintain crops true to type, and conservationists, 
who aim to preserve this culturally significant island endemic. This project aims to elucidate bi-
directional gene flow potential through manipulated reciprocal crosses between commercial and 
Hawaiian cotton species. Shared pollinators, co-occurring habitats and interfertile allopolyploid 
genomes indicate that these species have a high risk of gene flow. Non-GE cotton varieties, 
grown from propagules collected from naturalized populations on O‘ahu, were used to assess the 
likelihood of gene flow between existing cultivars and to eliminate the risk of undesired transgene 
movement. Overall propensity of hybridization between domesticated cotton and Hawaiian cotton, 
along with hybrid fitness and fecundity, will be evaluated. Preliminary results show all interspecific 
F1 crosses showing high fertility and vigor when compared to their parent’s self progeny.  
Confirmation of in vitro hybridization potential elucidates the risk of gene flow. To help assess 
regions at greatest risk for pollen-mediated gene flow, populations of all three species (native and 
naturalized), along with agriculture land suitable for cotton production, will be mapped using GPS 
and ArcGis software. Risk maps will enable agricultural and environmental resource managers to 
make more informed decisions pertaining to low risk crop plantings and habitat conservation, 
respectively. 
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P-48 Changes in Soil-Surface CO2 Efflux Following Nonnative Feral Pig (Sus scrofa) 
Removal in Hawaiian Tropical Wet Forest 
Michael Long1, Creighton Litton1, Christian Giardina2, Jed Sparks3 
1University of Hawai‘i at Mānoa, Honolulu, HI, 2USDA Forest Service, Hilo, HI, 3Cornell University, 
Ithaca, NY 

Nonnative feral pigs (Sus scrofa) disturb soils and thus may alter soil respiration (SR), the second 
largest flux in the terrestrial carbon cycle, but few studies have examined feral pig impacts on soil 
processes. We measured SR in 5 paired sites (pig present vs. pig removal) along a 
chronosequence of feral pig exclosures ranging in age from 6.5 to 18.5 years since pig removal in 
native tropical montane wet forests on the Island of Hawai‘i. All sites were located in areas with 
similar soil type/age, climate, and plant community composition. Our hypotheses were that: (i) SR 
would be lower in pig present sites due to pig-induced soil disturbance; (ii) the difference in SR 
between pig removal and pig present sites would increase with time since pig removal; and (iii) 
spatial heterogeneity in SR would be higher in pig present sites. SR was measured once on 
twelve 20 cm diameter collars in each of four plots at each site. Across all sites, SR was ~10% 
lower in pig present sites (3.64 vs. 3.28 µmol CO2 m-2 s-1; P<0.05). In addition, the relative 
difference in SR between paired sites increased linearly and positively with time since pig 
removal (r2= 0.80; P<0.01). Feral pigs had no apparent impact on the spatial variability in SR.  
These results demonstrate that nonnative feral pigs strongly influence SR, with the potential to 
significantly alter carbon cycling in forests impacted by these invasions, an increasingly common 
scenario in Hawai‘i and throughout the world. 

P-49 Preserving Native Ecosystems on Kaua‘i 
Katie Cassel1, Eben Manini1, Kyle Brown1, Cherith Andrade1, Mapuana O'Sullivan1 
1Koke‘e Resource Conservation Program, Kokee, HI 

Invasive species severely alter fragile island ecosystems and drastically affect the watershed. It is 
critical to educate volunteers on the threat and methods of removal of invasive species. It is also 
vital to try and maintain a native forest for its significant cultural value and community 
sustainability. Volunteers come from around the world and the hope is that they can take away 
global conservation awareness to help better their home environment. Since 1998, the Koke‘e 
Resource Conservation Program has been removing invasive non-native plants primarily in 
Koke‘e State Park and the Alaka‘i Wilderness Preserve area. The top three targets that are the 
most destructive to the ecosystems are Strawberry Guava (Psidium cattleianum), Kahili Ginger 
(Hedychium gardnerianum) and Australian Tree Ferns (Sphaeropteris Cooperi). With the help of 
114,000 hours of local and global volunteer time, and contributed labor from The Nature 
Conservancy, Kaua‘i’s Plant Extinction Prevention Program, National Tropical Botanical Garden, 
HIState DLNR- DOFAW and NARS, over 9 million weeds have been removed in over 8,000 
acres. 

P-50 The Three Faces of Strawberry Guava: Growth and Development of Psidium 
Cattleianum Varieties in a Common Garden Experiment. 
Erin Raboin, M. Tracy Johnson 
USDA Forest Service, Pacific Southwest Research Station, Institute of Pacific Islands Forestry, 
Volcano Insect Quarantine, Volcano, HI 

Three varieties of the noxious weed Strawberry Guava (Psidium cattleianum) are present in 
Hawai‘i:  P. cattleianum cattleianum (red fruit), P. cattleianum lucidum (yellow fruit), and P. 
cattleianum littorale (spindle fruit). A common garden experiment was conducted in order to 
understand how these varieties grow relative to one another at different elevations.  Eight plots 
were arranged in paired block design at two sites (low elevation:  185m, high elevation: 1220m).  
Basal growth, height, flowering, and fruit production were monitored quarterly over a period of five 
years. Elevation influenced fruit production and growth form in two of the three varieties. At high 
elevations the yellow lucidum variety thrives as a willowy slender shrub, while the red cattleianum 



2011 Hawai‘i Conservation Conference • Island Ecosystems: The Year of the Forest   69

variety is stunted in growth and fruit production. This sharply contrasts with the low-elevation 
common garden site where an inverse pattern is observed; at lower elevations, P. cattleianum 
cattleianum quickly grows into a robust fruit-producing shrub and the lucidum variety persists as a 
short sprawling bush. The onset of flowering and fruit in the littorale spindle variety lags behind 
the others at both elevations, and this variety instead appears to be allocating most of its 
resources into producing lush vegetative growth. Based on these results, we predict that mid- and 
high-elevation native forests will be most susceptible to invasion by the lucidum variety of 
Strawberry guava. In the face of changing climatic conditions this work can help predict the 
competitive ability and potential spread of this highly invasive weed. 

P-51 The Non-Volant Small Mammals of Pagan Island, Northern Mariana Islands 
James Stanford1, Amy Yackel-Adams2, Robert N. Reed2, Gordon Rodda2 
1USGS, Guam, 2USGS, Fort Collins, CO 

The present work describes efforts to survey the non-volant small mammal population of Pagan 
Island of the Mariana Island chain. Survey work was undertaken during June and July 2010 and 
involved both snap trapping in five habitat types and a live trap mark/recapture grid in Casuarina 
(Casuarina equisetifolia) forest with native plant understory. This forest type is the most abundant 
habitat on the northern half of the island. Despite evidence from visual observations of two 
possible rat morphotypes, all non-volant small mammals encountered in this effort were 
determined by genetic analysis to represent a single species of rat, the Oriental House Rat 
(Rattus tanezumi). No house mice (Mus musculus), musk shrews (Suncus murinus), or other 
non-volant small mammals were detected. Density estimates for Casuarina forest with native 
understory in northern Pagan Island were calculated to be 16 R. tanezumi per hectare. R. 
tanezumi were also encountered during nocturnal visual survey efforts and diurnal opportunistic 
sampling. Encounter rates for Pagan imply that rodents are found at moderately low densities 
when compared to population estimates from more southern islands in the Mariana Islands chain. 
R. tanezumi appears to have been replaced by the Mayalan House Rat (R. diardii) on some of 
the southern islands. The current existence of R. tanezumi on Pagan Island may be the result of 
reduced arrival opportunities by R. diardii at this relatively isolated island. 

P-52 Host Range Testing of Puccinia psidii on Myrtaceae 
Janice Uchida, Chris Kadooka, Kristin Takaba 
University of Hawai‘i, Honolulu, HI 

Guava rust caused by Puccinia psidii was first discovered on young Metrosideros polymorpha 
(‘ōhi‘a) on O‘ahu in 2005 and since then, has been found infecting Myrtaceae plants on all major 
islands. Molecular analysis of urediniospores collected from various hosts indicate that of the 15 
P. psidii genotypes, the rust found in Hawai‘i is a single strain and is similar to one found in 
Florida and California. To determine the specificity of the rust, host range testing of the Hawai‘i 
strains was begun in 2011. A single spore culture from Wax apple (Syzygium samarangense) 
was first bulked on rose apple, the most susceptaible host. Spores were then used to inoculate 
rose apple, wax apple, ‘ōhi‘a, and Eucalyptus (E. robusta). Two weeks after inoculation all hosts 
were infected with many pustules on rose apple and wax apple, moderate numbers on ‘ōhi‘a and 
few on Eucalyptus. Inoculated plants were kept moist for two weeks.  

Management Tools and Technology  

P-53 An Overview of the Kaua‘i Watershed Alliance's East Alaka‘i Protective Fence Project 
Nicolai Barca, Kyle Kagimoto 
The Nature Conservancy, Lihue, HI 

The Kaua‘i Watershed Alliance (KWA) was formed in 2003 with the goal of long-term protection of 
Kaua‘i’s core watershed. It is a partnership between nine public and private landowners and 
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encompasses most of Kaua‘i’s conservation district. In 2005, the KWA contracted The Nature 
Conservancy to write, and subsequently implement, a management plan. This past year, the plan 
took a major step forward with the construction of a four and a half mile long, pig-proof fence 
located in the far eastern portion of the Alaka‘i plateau. This fence links with natural cliff barriers 
to protect over 2,000 acres of irreplaceable watershed from the devastating impacts of feral pigs 
and goats. The protected area contains 95% native-dominated forests and is home to an 
astounding diversity of unique plants and animals including over 200 plant species, numerous 
forest and sea birds, and dozens of invertebrate species. Many of these species are rare and 
endangered, making the preservation of this area vital for maintaining biodiversity. This fence is 
the largest of its kind on Kaua‘i and includes step-over gates for human access, dog ramps, and 
in-line pig traps with one-way gates that transfer pigs into adjacent public hunting areas. The 
remoteness and extreme environmental conditions of the project area will require the 
development of innovative solutions such as pig traps that can be monitored and activated 
remotely, a network of cameras to monitor traps and trails, and the use of aerial imagery to detect 
invasive weeds.  

P-54 State Department of Transportation's Initiatives to Complement Conservation Efforts 
Along Hawai‘i’s Roadsides 
Chris Dacus1, Shahin Ansari2, Jaap Eijzenga2 
1Highways Division, State Department of Transportation, Kapolei, HI, 2SWCA Environmental 
Consultants, Honolulu, HI 

Highways Division of the Hawai‘i Department of Transportation (HDOT) is finalizing the nation’s 
first ‘Highway Manual for Sustainable Landscape Maintenance’. This manual focuses on how 
HDOT can be a better steward by sustainably managing roadsides in Hawai‘i. In this manual 
HDOT aims to capture various conservation activities on lands adjacent to State roads and 
ensure that at the minimum their maintenance activities are not counterproductive to and at best 
are contributing to the conservation efforts of their neighbors. HDOT is seeking input and 
recommendations from conservation agencies in the state to produce a series of maps for the 
manual that include spatially explicit management prescriptions for stretches of road that intersect 
or are adjacent to ecologically sensitive areas such as national parks, wildlife refuges and natural 
area reserves on all islands. Following are some examples of conservation based activities that 
HDOT is developing: 

• Focus on removing specific invasive species and minimizing the concern of state roads 
as vectors for invasive species. 

• Installing and/ or replacing full cutoff lights for shearwaters where HDOT would be the 
major light source. 

• Using appropriate native plants for landscaping and erosion control.  
• Limit construction periods to mitigate for wildlife impacts (breeding season, migratory 

patterns, etc.).  
• Limit use of herbicides that may not be selective for restoration plantings and limit use of 

fast release fertilizers that cause algal outbreaks.  

Incorporating these conservation measures in their day-to-day activities is a major paradigm shift 
on how HDOT does maintenance along State roads. 

P-55 Assessing Land Management’s Impacts on the Provisioning of Ecosystem Services 
in Hawai‘i 
Erin Guth, Creighton Litton, Chris Lepczyk, Carl Evenson 
University of Hawai‘i Mānoa, Honolulu, HI, Pacific Islands 

The increasing demand on natural resources as a result of continued human population growth 
makes it important for land managers to carefully consider the tradeoffs inherent in allocating 
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resources to meet specific objectives without undermining the functioning of larger ecological 
systems that are fundamental to maintaining ecosystem services. However, managing for 
ecosystem services at large scales is a complex task when balancing the varied needs of multiple 
stakeholders and management agencies, each with independent, and sometimes contrasting, 
objectives. Understanding these tradeoffs is all the more difficult as a result of the complexity of 
interrelated networks and feedbacks in natural ecological systems that drive the provisioning of 
these services. A large portion of the diverse landscape along the eastern slopes of Mauna Kea 
Volcano, Island of Hawai‘i, is managed by five land management agencies: the Department of 
Land and Natural Resources (DLNR), the U.S. Fish and Wildlife Service (USFWS), the U.S. 
Department of Agriculture (USDA), the Department of Hawaiian Homelands (DHHL), and 
Kamehameha Schools. Using fuzzy cognitive mapping techniques, we will identify factors 
influencing the provisioning of ecosystem services across this varied landscape from the 
perspective of different stakeholders. Results will identify how different land management 
strategies are facilitating and/or constraining the provisioning of ecosystem services in the pursuit 
of their distinct objectives, and generate understanding of how these management decisions may 
be able to balance the tradeoffs inherent in implementing these distinct objectives while 
simultaneously maximizing the provisioning of ecosystem services. 

P-56 Managing Marine National Monuments in the Pacific Islands Region 
Heidi Hirsh, Katie Nichols, Patricia Pinto da Silva 
NOAA National Marine Fisheries Service, Honolulu, HI 

In January 2009, three Pacific Marine National Monuments were established by Presidential 
Proclamation: Rose Atoll, Pacific Remote Islands, and Marianas Trench. These monuments were 
created to protect the abundant and diverse marine ecosystems, to facilitate exploration and 
scientific research, and to promote public education regarding the value of these unique areas. 
The NOAA National Marine Fisheries Service and the Fish and Wildlife Service are co-trustees of 
these monuments, that total 498,000 km2, and are working together to identify the protection, 
scientific research, and management priorities for the resources in these areas. Managing these 
vast bodies of water and island resources poses challenges regarding climate change adaptation, 
prevention of invasive species, illegal fishing, marine debris control, and access for site 
assessments and monitoring. NOAA and the Fish and Wildlife Service are initiating preparation of 
management plans for the Pacific Remote Islands Monument and, in collaboration with 
Commonwealth of the Northern Marianas government, the Marianas Trench Monument. he Rose 
Atoll monument management plan is expected to be available for public review in June 2011 as 
part of the draft environmental impact statement for site expansion of the Fagatele Bay National 
Marine Sanctuary. These management plans will guide the protection of the abundant and 
diverse marine life found in these spectacular new Monuments. 

P-57 Imu o Nui Mai Mauka i Makai: Contemporary Native Hawaiian Gathering Practices in 
Culturally Vibrant Communities 
Katie Kamelamela 
University of Hawai‘i at Mānoa, Botany Department, Honolulu, HI 

Communities around the world depend on plants for subsistence and cultural perpetuation. There 
is limited data available on contemporary gathering practices in indigenous communities 
worldwide. Factors affecting current gathering practices in Hawai‘i include ungulates, disease, 
invasive species, water diversion, urbanization, climate change and national security. This 
research addresses: 1) what (42) plants Hawaiians commonly gathered and cultivated 
historically, 2) plants currently gathered in culturally vibrant communities, and 3) plants currently 
wanted or sold in Hawai‘i.  In an ahupua‘a case study it was observed that 60% of plants 
gathered were in support of imu practices. Imu, or umu, is a traditional food preparation technique 
utilized across Oceania for over 4,000 years, where staples are baked or steamed in an 
underground oven for nutritional or ceremonial purposes. A comparison of gathering practices 
was conducted utilizing 2 years of participant observations, (20) semi-structured interviews, (130) 
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national surveys and online market tracking methodology. The gathering of native species for 
timber is a historical preference on Hawai‘i Island for imu and is possible because of continued 
land clearing in areas such as Puna and Hilo, but invasive species are heavily harvested in 
comparison. Practitioners would prefer to see timber, native and invasive, be put to use rather 
than rot or used for mulch. Native Hawaiians still depend on plants for subsistence and cultural 
perpetuation. Understanding what plants are commonly gathered and what species the 
community would like to gather more of can provide insight for conservation efforts and place-
based partnerships in Hawai‘i. 

P-58 Using Kona Eco-Site GIS data for Land Inventory, Analysis and Management 
Decisions. 
Reese Libby 
U.S. Department of Agricultura Natural Resources Conservation Service, Kamuela, HI 

NRCS is involved with restoration and conservation practices on forest and rangelands.  They 
have developed ecological site descriptions (ESDs) nationally that are based on extensive field 
data and GIS analysis. ESDs are useful information sources for land management. On the Big 
Island of Hawai‘i ESDs have nearly been completed. ESDs describe vegetation types and 
disturbance pathways between them. Each ESD is correlated to map units of the NRCS soil 
survey, from which a map of the ESD can be generated. This presentation will cover the different 
ESDs in the Kona area. This data will be a complement to other data that is available to do 
analysis, land inventory and making land management decisions for the rangeland and 
forestlands. The ecological site description is the document that will contain information about the 
individual ecological sites. The information contains four categories: 1. Site Characteristics – 
Identifies the site and describes the physiographic, climate, soil, and water features associated 
with the site.  2. Plant Communities – Describes the ecological dynamics and the common plant 
communities comprising the various vegetation states of the site. The disturbances that cause a 
shift from one state to another are also described. 3. Site Interpretations – Interpretive information 
pertinent to the use and management of the site and its related resources.  4. Supporting 
Information – Provides information on sources of information and data utilized in developing the 
site description and the relationship of the site to other ecological sites. GIS is a useful tool to 
interpret this data. 

P-59 Analysis of Plant Communities at Haleakalā National Park 
Woody Mallinson, Colin Meston 
Haleakalā National Park, Maui, HI 

In January of 2011, the Pacific Island Network Inventory and Monitoring program initiated field 
data collection at Haleakalā National Park. This data will be used in combination with park legacy 
data to classify the vegetation communities and produce a vegetation map of park lands. This 
effort is part of a nationwide National Park Service effort to provide baseline data in the form of 
association level plant community classification and high quality standardized maps of parklands 
in the Pacific Islands. Over 200 plots will be assessed throughout the park to encompass an 
estimated 54 different plant community associations. Haleakalā is particularly challenging to 
accurately and safely classify and map due to constant cloud cover, dense vegetation, steep 
slopes, and limited access. Plot data includes an environmental description of the plot site as well 
as plant species cover stratified by height and type, thus providing a snapshot of the vegetation of 
Haleakalā in 2011. This is an opportunity to compare this survey with past efforts assessing plant 
communities to examine trends and changes over time, and provides baseline information on the 
vegetation of newly acquired park lands totaling approximately 4100 acres. The inventory will 
provide information useful to guide resource management actions in rare plant communities, 
assist in the management of invasive plant species, and identify potential restoration sites or 
wildlife habitat 
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P-60 Development of Hawai‘i and U.S. Affiliated Pacific Island Fire Science Consortium 
Susan Cordell2, Christian Giardina2, Miles Nakahara1, Elizabeth Pickett Fee1, Carolyn Stewart1 
1Hawai‘i Wildfire Management Organization, Kamuela, HI, 2U.S. Forest Service, Institute of Pacific 
Island Forestry, Hilo, HI 

Despite an urgent need for detailed, relevant and accessible information, the Pacific region is 
generally underrepresented in regionally-specific fire science information and technology. While 
initial efforts have made significant progress in understanding fire dynamics, ecological impacts, 
and fuels mitigation in the Pacific region, there is a growing need for additional region-specific fire 
research. To maximize the value of this next generation of fire science, effective communication 
and bidirectional information transfer must be expanded and formalized so that future research is 
guided by manager needs, and knowledge and tools gained from the science are efficiently 
transferred back to end-users. The Pacific Fire Consortium was recently formed to address this 
need for a collaborative and regionally specific approach toward effective fire prevention, 
mitigation, and management, and to stimulate and utilize “best available” research to reduce 
wildfire management costs and enhance our ability to effectively protect natural, cultural, and 
community resources from wildfire devastation. The Pacific Fire Consortium is working to 
develop: 1) A broad base of Hawai‘i- and U.S.-affiliated island-focused fire science to project 
impacts of wildfire to the natural resources, human communities, and built environments of the 
region; 2) A means of transferring knowledge within and among islands and areas of similar fire 
fuels, fire hazards, and ecoregions; 3) A means of transferring knowledge between scientists, 
resource managers, decision-makers, fire suppression agencies, and communities in Hawai‘i and 
the U.S. affiliated Pacific; 4) A structured forum and process for identifying and prioritizing new 
research areas. 

P-61 Public Preference toward Waiahole Irrigation System Water Allocation 
Chan-Halbrendt Catherine, Zhang Quanguo 
University of Hawai‘i at Mānoa, Honolulu, HI 

Fresh water is a fundamental resource for all life and is essential for the functioning of ecological 
systems. Conflicts often happen due to the multiple competing uses and the limitation of fresh 
water. The Waiahole water system is a typical case of water conflict between irrigation and 
instream uses in Hawai‘i. The Commission of Water Resource Management made a water 
allocation decision but amended it twice so far due to the appeals and court opinions. This study 
designed an experimental survey and interviewed 210 homeowners face to face in windward and 
leeward O‘ahu in order to gauge the general public’s preferences concerning water usage. The 
results show that nearly two-thirds of those interviewed consider stream ecosystem use the most 
important use of water and the remaining third are concerned more about agribusiness jobs. This 
indicates public concern for the stream ecosystem. Policy-makers should consider public 
preferences in their decision to allocate the water efficiently. 

P-62 How Do Land Management Practices and Ecological Gradients Affect Conservation of 
Biological Diversity Across a Tropical Mountain Landscape? 
Julia Rowe, Creighton Litton, Chris Lepczyk 
University of Hawai‘i, Honolulu, HI 

Hawai‘i is known globally for high rates of endemism.  Unfortunately Hawai‘i is also known for 
being the extinction capital of the world, in large part due to high rates of nonnative introductions 
and subsequent invasions. Biodiversity loss is, in turn, linked to loss of ecosystem goods and 
services, where the central concept of ecosystem goods and services is explicitly built on a 
conceptual framework that links biodiversity with the goods and services ecosystems provide. On 
the eastern slope of Mauna Kea, multiple land management agencies manage large tracts of 
native habitat in varying degrees of intactness. Habitat, elevation, and precipitation vary strongly 
across this large landscape. In turn, management agencies place varying importance on issues 
such as restoration, and nonnative ungulate and plant control. This study is assessing how 
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variations in ecological gradients and management practices affect biodiversity, as expressed by 
native and non-native plant and bird species. I am comparing biodiversity with the use of spatial 
analyses, data synthesis and field-collected data on selected native and invasive plant and bird 
species. Every management agency in this landscape has within its mission statement the 
preservation of native ecosystems. Importantly, this study is exploring ways to enhance neighbor 
stakeholder cooperation and acceptance with the use of an environmental decision making model 
to aid cooperative agency management efforts. 

P-63 Resource Land Acquisition Plan for the Legacy Land Conservation Program 
Molly Schmidt 
Deptartment. of Land and Natural Resources, Honolulu, HI 

Under Chapter 173A, Hawai’i Revised Statutes, the Department of Land and Natural Resources 
is mandated to create a "Resource Land Acquisition Plan" to guide the Board of Land and Natural 
Resources in using funds from the Legacy Land Conservation Program to acquire lands having 
value as a resource to the State of Hawai‘i. This research-based plan and will serve as an 
informational tool for the Board of Land and Natural Resources and the land acquisition 
community. It will include an analysis on the use of land acquisition for resource protection as well 
as a reference section of current State and county plans relating to resource land protection. 

Marine and Coastal Systems 

P-64 Coral Bleaching Reversal in Two Pacific Acropora Species 
Brian Von Herzen1, Doug Fenner2, Kelley Anderson3 
1The Climate Foundation, Beaverton, OR, 2Department of Marine and Wildlife Resources, Pago 
Pago, American Samoa, 3American Samoa Community College, Pago Pago, American Samoa 

There are very few tools available to coral reef managers for counteracting mass coral bleaching, 
which is primarily caused by elevated seawater temperatures. We developed a field-based 
cooling system for reef water. The water released on the treated coral was an average of 1°C 
cooler than the surrounding control corals. Photos of coral measured the change in color, while 
temperature and illumination data loggers recorded temperature. Seven sites were treated 
sequentially for 18-48 hrs. Experiments were conducted on the staghorn corals on Tutuila Island, 
American Samoa. Color intensity increased significantly at test sites in one day. Increasing 
resilience means increasing the ability of coral reefs to recover from damaging events. Methods 
of directly reducing or preventing bleaching would be preferable, but thus far have not been 
available. In these experiments, cooling produced a very rapid return of color to the coral 
colonies, which persisted for a much longer period than the treatment period after cooling was 
removed. The rapid return of color to the coral tissue suggests there may be zooxanthellae 
present with very low pigment concentrations that rapidly increase. Reversing coral bleaching 
using temperature management suggests that small sections of coral reef ecosystems might be 
preserved in the face of global bleaching events and unprecedented historic climate change. 

 
P-65 Herbivorous Crabs May Have Large Effects on Reef Communities 
Kaleonani Hurley2, Kimberly Peyton1, Florence Thomas1 
1Hawai‘i Institute of Marine Biology, Kāne‘ohe, HI, 2Kupu Hawai‘i, Kahala, HI 

Herbivores play important roles in maintaining healthy coral reefs. The relationships between reef 
communities and conspicuous grazers such as fishes and urchins are well studied compared to 
more cryptic herbivores that are easily overlooked. In this study, we examined the role of one 
grazer, Leptodius sp., a small (<4 cm) crab. Field observations indicate that Leptodius occurs in 
aggregations of two to eight individuals, preferring rocks at least 100 cm2 in size. To determine 
whether Leptodius consumes macroalgae, crabs were collected from rubble zones on the 



2011 Hawai‘i Conservation Conference • Island Ecosystems: The Year of the Forest   75

northwestern shore of Coconut Island, Kāne‘ohe Bay, and offered either an invasive species 
(Acanthophora spicifera or Gracilaria salicornia) or a native species (Padina or Rosenvingea 
intricata). In only two days, these small herbivores consumed 20-50% of the macroalgae offered 
to them, regardless of species. These experiments show that Leptodius sp. consumed 
macroalgae even though the spoon-shape of the chelae have been interpreted as better suited 
for scraping turf algae. Given the amount of macroalgae consumed in this experiment, Leptodius 
sp. is an important species to include when modeling grazer effects on coral reefs. In addition, we 
have found a number of other Xanthidae crab genera with similarly shaped chelae on Hawaiian 
reefs, indicating that herbivorous crabs may be both more numerous and diverse than previously 
understood. Future studies are necessary to determine the diversity and distribution of 
herbivorous crabs in Hawai‘i and to quantify how these populations structure benthic communities 
on reefs. 

P-66 From Land to Sea:  Terrestrial Degradation and Monk Seal Recovery 
Trisha Kehaulani Watson1, Jeff Walters2, Charles Littnan3, David Schofield4, Dera Look4 
1Honua Consulting, Honolulu, HI, 2NOAA PIRO, Honolulu, HI, 3NOAA PIFSC, Honolulu, HI, 
4NOAA PRD, Honolulu, HI 

Degradation to terrestrial ecosystems continues to have a significant impact upon marine 
resources. Drawing examples from the Hawaiian monk seal (Monachus schauinslandi) and other 
recovery efforts mandated under the Marine Mammal Protection Act (MMPA) and the 
Endangered Species Act (ESA), the forum will discuss emerging terrestrial based threats to 
marine resources (i.e., the impact of toxoplasmosis on monk seal recovery efforts). Further, the 
poster will discuss the implementation of new community and indigenous based methodologies to 
encourage adaptation to increasing recovery and protection activities. Such methodologies 
include the use of community and cultural liaisons in stranding activities; integrating cultural 
practices and protocols into protection activities; community outreach and education that focuses 
on science and culture; and place based ethnographic and traditional ecological knowledge 
research.      

P-67 Coral Bleaching: How Elevated Seawater Temperatures Affect Hawai‘i’s Corals 
Tiana Leina’ala Naholowaa  
James Campbell High School, Ewa Beach, HI 
 
This project consists of two experiments that are tested with 25 coral nubbins from the Montipora 
Capitata coral. It explains what a coral is, what coral bleaching is, and why coral bleaching is so 
bad for the Earth; it explains the examples and actual events happening in the world today, and it 
explains which corals are healthy and which corals are not healthy using a coral health chart. The 
first test involved leaving 10 coral nubbins in at 32o C; 5 for 30 minutes, the other 5 for 60 
minutes. After observing those nubbins for another week, there was a gradual change of the coral 
bleaching noticeable. Another 10 were tested with the temperature raised to 34o C: there was a 
big difference. It didn’t gradually change over time but it constantly changed after 30-60 minutes. 
It can be concluded that a short duration exposure (1 hour or less) to a 6 degree increase in 
seawater temperature was sufficient to cause coral bleaching. Additional experiments are needed 
to determine if longer exposures to smaller temperature changes will have similar results.  
 
P-68 Reef Teach 
Gabrielle Desimone, Morgan Taylor, Taylor Wainani Traub 
West Hawai’i Explorations Academy, Kailua-Kona, HI 
 
Coral reefs are enormously important, not only in the marine ecosystem, but also to humans.  
Millions of dollars are collected annually in Hawaii from marine recreational activities. A large part 
of that money is due to the attraction of coral. Coral provides food and shelter for 25 percent of 
the world’s fish. NOAA and Brian Tissot have done extensive research on environmental and 
human impacts on coral. Unfortunately humans are unknowingly killing coral. Reef Teach is a 
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non-profit organization dedicated to coral conservation through education. Reef Teach educators 
approach snorkelers on Kahalu’u Beach and attempt to educate them on coral; people who reject 
education are categorized as reject data and those who accept are standard data. Swimmers in 
the water then follow them for five minutes and record whether they step, stand, or touch the 
coral and for how long. Other swimmers take control data which involves following any random 
snorkeler that has not received education and recording if they step, stand, or touch the coral and 
for how long. Average weekly impacts are compared and gender is analyzed. The data shows 
that control people impact the most, and males impact more than females. A T test was done to 
see whether the education really was significant. The results of the T test revealed that education 
was significant at a 99 percent confidence level which proves that it is not by chance that 
education is effective in reducing human impact on coral.  

 
P-69 Estimating Population Densities and Potential Take of Blackburn’s Sphinx Moth 
(Manduca blackburni) at Pu‘u Wa‘awa‘a and Pu‘u Anahulu 
Edith Adkins1, Cynthia King2, Mark Wright3 
1 DLNR Division of Forestry and Wildlife, Hilo, HI, 2DLNR Division of Forestry and Wildlife, 
Honolulu, HI, 3University of Hawai‘i at Mānoa, Honolulu, HI 

Blackburn’s sphinx moth (Manduca blackburni) is one of Hawai‘i’s largest native insects, and is a 
federally listed endangered species. Manduca blackburni larvae feed on plants in the nightshade 
family (Solanaceae). The native larval host species, ‘aiea, (Nothocestrum spp.) is in decline 
throughout the State. Manduca blackburni has host-shifted to tree tobacco (Nicotiana glauca), an 
invasive plant, that is spreading across dry, arid landscapes. Once thought extinct, M. blackburni 
larvae have been found to be locally abundant on N. glauca. A Habitat Conservation Plan is being 
developed in North Kona to assess and mitigate for potential take of Blackburn’s sphinx moth due 
to clearing of roadways and fuel breaks. In order to determine potential adverse impacts to M. 
Blackburni, and to maximize avoidance of take, we initiated surveys for eggs and larvae and 
documented host plant use to estimate density and distribution of M. blackburni in the Plan area. 
To date, 54 survey transects (14 in 2010, 40 in 2011) have been completed. Data will be 
analyzed to examine how host plant size, leaf density, location, and the presence of predators 
and/or parasitoids affect the distribution of M. blackburni. These data will inform the development 
of mitigation efforts for M. blackburni in Pu‘u Wa‘awa‘a and Pu‘u Anahulu, and survey 
methodology may be applied elsewhere in the State to assess population densities and 
potentially evaluate the status of this species. 

P-70 Long Distance Makes it Easy to Drift Apart: Investigating Reproductive 
Barriers Within Hawaiian Cyrtandra (Gesneriaceae) 
Melissa Johnson, Elizabeth Stacy 
University of Hawai‘i at Hilo, Hilo, HI 

Cyrtandra is the second largest genus in the Hawaiian angiosperm flora with 58 morphologically 
diverse species occurring throughout the main Hawaiian Islands.  Despite the group’s 
tremendous species richness and its predominance in the understory of Hawai‘i’s wet forests, 
the causes of its diversification remain unknown. Species of Hawaiian Cyrtandra occupy similar 
ecological habitats, have similar floral morphology, and exhibit overlap in flowering times, 
suggesting the group's initial divergence was likely not in response to divergent selection.  
Rather, speciation within this group appears to be the result of geographic isolation following 
founder events, with associated morphological divergence being driven by genetic drift in small 
populations, and pre-zygotic reproductive barriers evolving in sympatry via reinforcement. To 
assess the importance of geographic isolation and reinforcement in the evolution of reproductive 
barriers, hand-pollinations were performed within and between four species of Cyrtandra located 
on Kaua‘i and Hawai‘i Island. Flowering phenology was recorded at monthly intervals and the 
strength of reproductive isolation was assessed for each cross type at several pre- and post-
zygotic stages. Preliminary results suggest the possibility of reinforcement via diverging flowering 
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times between sympatric species on Kaua‘i.  In addition, germination trials revealed significant 
early post-zygotic reproductive isolation between sympatric species on Kaua‘i. These preliminary 
results support the proposed speciation model for Hawaiian Cyrtandra, with both early post-
zygotic and pre-zygotic reproductive barriers being strongest between sympatric species on the 
oldest island of Kaua‘i.   

Terrestrial Systems 

P-71 A Survey of Ex-Situ Propagation of Endangered Native Hawaiian Ferns at Harold L. 
Lyon Arboretum’s Hawaiian Rare Plant Program 
Timothy Kroessig 
Harold L. Lyon Arboretum-University of Hawai‘i at Mānoa-Hawaiian Rare Plant Program, 
Honolulu, HI 

Ferns are an integral part of the native Hawaiian forest ecosystem. Palmer, of Hawai‘i’s Ferns 
and Fern Allies, recognizes approximately 170 taxa of ferns that are native to the Hawaiian 
Islands. Of these species, 76% are considered endemic, found nowhere else in the world. With 
external pressures such as the introduction of invasive plants and animals and habitat loss due to 
human development, many of these very unique species of ferns are being pushed to the brink of 
extinction. Currently, 13 species of native Hawaiian ferns are listed as federally endangered by 
the United States Fish and Wildlife Service. Of these 13 endangered fern species, 7 are currently 
being propagated in Lyon Arboretum-Hawaiian Rare Plant Program’s ex-situ facilities (HRPP).  
These species include: Asplenium peruvianum-insularis, Ctenitis squamigera, Diellia erecta, 
Diellia mannii, Diplazium Moloka‘iensis, Doryopteris angelica, and Pteris lydgatei. Collection and 
handling protocols for these rare fern species have been established by technicians at the HRPP. 
Disinfestation methods for sowing of fern spores in aseptic conditions have proven effective for 
germination in 6 of these endangered fern species. A common method for disinfestation of fern 
spores involves submersion of spores in diluted Clorox solution for an extended period of time, 
followed by a rinse with sterile water, and then sowing onto a nutrient medium. Spores generally 
germinate and form the gametophyte growth stage within 6 months of sowing. Sporophytes have 
been successfully produced and identified in 3 of these species, utilizing various nutrient media 
solutions and cultural practices. 

P-72 Social Carrying Capacity for Introduced Terrestrial Vertebrates in the Hawaiian 
Islands 
Cheryl Lohr 
University of Hawai‘i at Mānoa, Honolulu, HI 

There are at least 98 introduced terrestrial vertebrates with established wild populations in the 
Hawaiian Islands. There is conflict among people over the impacts and management of many of 
these species. The goal of this research is to describe the variation in peoples’ perceptions of 
introduced wildlife such as wild pigs (Sus scrofa), axis deer (Axis axis), feral cats (Felis catus), 
black rats (Rattus rattus), turkeys (Melagris gallopavo), doves (Geopelia striata), rose-ringed 
parakeets (Psittacula krameri), coqui frogs (Eleutherodactylus coqui), and cane toads (Bufo 
marinus). Between March and June 2011, I will use a survey to ask people questions designed to 
measure the social carrying capacity, or the minimum and maximum number of wild animals that 
people desire to have on their property or in their surrounding environment, for several species of 
introduced wildlife. The survey will be sent out to several stakeholder groups including 
agriculturalists, hunters, conservationists, pet owners/breeders, native Hawaiians, animal welfare 
advocates, and the general public. Data will be analyzed using the potential for 
conflict/consensus index, consensus convergence models, and cluster analysis. Cluster analysis 
is used to define stakeholder groups according to a suite of characteristics including occupation, 
and participating in recreational activities such as hunting. Consensus convergence models and 
the potential for conflict/consensus index define the variation in the social carrying capacity for 
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species of introduced wildlife, for each stakeholder group. The ultimate goal of this dissertation 
research is to gather data from the people of Hawai‘i that may be used to advise future wildlife 
management plans. 

P-73 The Effect of Forest Fire Disturbance on the Hawaiian Hoary Bat (Lasiurus cinereus 
semotus) 
Kristina Montoya1, Corinna Pinzari1, P. Marcos Gorresen1, Frank Bonaccorso1 
1U.S. Geological Survey, Pacific Islands Ecosystem Research Center, Hawai‘i National Park,  

The distribution of the endangered Hawaiian Hawaiian Hoary Bat (‘Ope‘ape‘a, Lasiurus cinereus 
semotus) has been found to include low elevation agricultural land, mid-elevation ‘Ō‘hia/Koa 
forest and high elevation dry native woodland, across the island of Hawai‘i. However, little is 
known about the effects of habitat disturbance on the Hawaiian Hoary Bat. The Mauna Kea State 
Recreation area is located at approximately 2,000 m (6,500 ft) in elevation. Historically it is a 
mostly Māmane and Naio native dry forest with grass understory and was designated as critical 
habitat for native Hawaiian endangered species. However, in August 2010 a fire destroyed 1,387 
acres. We have monitored bat occupancy in the Mauna Kea State Recreation Area from January 
2007 to present, using automated acoustic detectors. Annually, this site shows high amounts of 
bat activity during the fall months. However, following the habitat disturbance caused by the fire, 
the peak in bat activity was not observed. We compared seasonal activity patterns of the 
Hawaiian Hoary Bat in the 3 years prior to the one-year period following forest fire disturbance. 

P-74 Soil Survey Update of the Hilo Forest Reserve 
Amy Saunders, Patrick Niemeyer 
United States Department of Agriculture Natural Resources Conservation Service Pacific Islands 
Area (USDA-NRCS PIA), Hilo, HI 

The 1973 Soil Survey of the Island of Hawai‘i (United States Department of Agriculture Soil 
Conservation Service, 1973) depended on reconnaissance survey methods for inaccessible land 
such as the Hilo Forest Reserve, located just north of Hilo on the eastern flank of Mauna Kea 
volcano. The reserve covers approximately 81,000 acres and includes large tracts of native 
forest, yet the 1973 survey identifies only one reconnaissance map unit, the ‘Akaka series, with 
small inclusions of “small, swampy areas”. The soil delineation follows a lower boundary with 
cultivated agricultural land and an upper boundary with high elevation pasture. Recent advances 
in technology coupled with the availability of climatic, geologic, topographic, and remotely sensed 
data have made it possible to update the 1973 soil map in this remote area. Groundwork for the 
update included hiking into the area from above and below the reserve, as well as helicopter 
drops into specific areas. Soil scientists also used infrared satellite imagery and digital elevation 
models to make correlations between vegetation, slope, and soil. The resulting update soil survey 
of Hawai‘i Island (United States Department of Agriculture Natural Resources Conservation 
Service, not published) identifies multiple delineations composed of combinations of Kaiwiki, 
‘Akaka, Onomea, and Waiākea soils. These soils are distinguished by vegetation, drainage class, 
substrate age, and landscape position. The more complex update map in this ecologically diverse 
and significant area will allow soil survey users to improve land use planning, forest conservation, 
and watershed modeling. 

P-75 Soil Seed Bank Dynamics in a Remnant Lowland Hawaiian Dry Forest: Implications 
for Restoration 
Tiffany Thair, Tom Ranker, Creighton Litton 
University of Hawai‘i at Mānoa, Honolulu, HI 

Tropical dry forests, despite historically being a widely distributed and diverse ecosystem type in 
Hawai‘i, are currently the rarest native ecosystem in the main Hawaiian Islands. An examination 
of soil seed bank dynamics provides insight into regeneration potential, community resilience, and 
constraints to recovery, and is critical to informing management and restoration of these 
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ecosystems. This study investigated the composition, seasonality, and relationships among the 
seed rain, seed bank, and aboveground vegetation in a remnant lowland dry forest in Lualualei 
Valley, Wai‘anae Mountains, O‘ahu. From February 2010 to February 2011, seed rain was 
monitored monthly and soil cores were taken quarterly. The species and density of seeds in soil 
cores were estimated using the seedling emergence method. Native seeds accounted for less 
than 1.22% of the total seed rain. Of the 47 taxa identified in the seed rain, only eight are native 
to the Hawaiian Islands. The most abundant species in the seed rain are nonnative and included 
Rivina humulis, Digitaria insularis, and Ageratum conyzoides, which together comprised 54.7% of 
the seed rain. Forty-five taxa (37 non-native, 8 native) have been identified from soil cores to 
date. Only one native species, Solanum americanum, appears persistent in the seed bank, 
whereas many nonnative taxa form persistent seed banks. These results suggest that lack of 
native seed dispersal and seed persistence in soil will limit natural regeneration at this remnant 
dry forest. Direct seeding, outplanting, and continual nonnative control are essential to maintain 
native vegetation in Hawaiian lowland dry forests. 

P-76 A Web-based Interactive Identification Key to the Hawaiian Ferns 
Amanda Vernon, Tom Ranker 
University of Hawai‘i at Mānoa, Honolulu, HI 

The Hawaiian Islands are well known for having one of the highest documented percentages of 
endemic plants in the world. Hawaiian ferns represent a relatively large percentage of the 
endemic flora, but few complete reviews focusing on identification have been published. 
Approximately 74% of the Hawaiian fern species are considered endemic. In addition, at least 33 
species are naturalized aliens. Over half of these naturalized species have become common and 
abundant and therefore have invasive potential. To help prevent the spread of invasive ferns and 
preserve native ecosystems it is critical that species be identified correctly and quickly. Current 
identification is difficult due to old nomenclature, few illustrations, and esoteric terminology. As the 
number of fern and lycophyte species increases and taxonomic changes occur, a more efficient 
and easily accessible method of identification is needed to help slow the introduction of alien taxa 
and to preserve native ecosystems. An interactive identification key of the Hawaiian ferns can 
provide students, ecologists, and land managers with a better method of identification. I am 
preparing an interactive key for all 203 taxa of Hawaiian ferns using Lucid v.3.3 software. The 
interactive key includes all previously recorded native and naturalized taxa and incorporates 
newly described species and recently discovered naturalized species. To assist in identification, 
multiple images of diagnostic characters are being compiled and added to the key. Fact sheets 
will be composed using Fact Sheet Fusion software. The interactive key will be freely available 
through the University of Hawai‘i’s website this summer. 
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